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ABSTRACT

Ready to eat foods covers a wide range of pre-processed food products that are
readily eaten by consumers without further processing. Recently, there has been
considerable increase in the demand of processed and convenience foods that are mildly
pre-cooked, rapidly chilled, portioned and distributed for refrigeration prior to reheating
and consumption by consumers. However, some of these foods such as, luncheon meals,
ready to eat vegetables, fruit salad, spinach salad, and other deli-style meat and poultry
products can be a harbor for pathogenic bacteria that are harmful to health when consumed

by people especially with weak immune system.

Unfortunately, these foods quite often may suffer from temperature abuse of 10°C or above
for extended period of time giving chance to pathogenic bacteria to grow and survive to
sufficient numbers that are harmful to human health. In spite of all the safety concem,
ready to eat foods are very popular among a wide range of consumers. Over the last few
years, these foods became popular in Sharjah grocery stores. The study evaluated the
microbiological safety of some ready to eat foods sold in supermarket stores in Sharjah and

the appropriate shelf-life for those products.

The results showed that the way of preparation of the food could be an indication of the
quantity and quality of the presence of microorganisms as in tabbouleh, hommos, greek
salad, and coleslaw (0.68, 0.50, 0.44 and 0.20 Log,o CFU/g) of E. coli and (3.57, 2.71,
2.76 and 2.52 logjo CFU/g) of total microorganisms. All ready to eat appetizers tested
contained acceptable count of total bacteria except tabbouleh with the highest count.
Twenty percent of all samples contained £. coli although the number can be as low as 3
logjo CFU/g. From the results of all products studied, it was recommended the shelf life of
ready to eat appetizers should not exceed one day, according to UAE standards and it is
recommended that Hazard Analysis Critical Control Point (HACCP) should be

implemented in all locations studied.
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I. INTRODUCTION

1. Introduction and definition of ready to eat foods

Ready-to-eat (RTE) foods include various categories of food products and they can be divided
in many different ways. According to the Codex Alimentarius Commission (An international
commission of Food Agriculture Organization and World Health Organization) definition,
RTE include any food (including beverages) that is normally consumed in its raw state, or any
food handled, processed, mixed, cooked or otherwise prepared into a form in which it is
normally consumed without further processing. RTE foods differ in different countries,
according to local eating habits, availability and the integrity of the chill chain and regulations
(CAC, 1999, FAO/ WHO, 2004).

Demand for RTE foods has led to an increase in the amount and selection of products
available for the consumer. Some examples of RTE foods are luncheon meals, fresh cut
vegetables, fruit salad, spinach salad, and other meals of meat and poultry products. The RTE
appetizers prepared from vegetable may consist of tnmmed, peeled, sliced, shredded, washed
and disinfected vegetables. The vegetables may be combined with cooked vegetables, meats
and pastas or salad dressing. The products are generally packaged and stored at refrigeration
temperatures (Menlove, 2002). RTE products evaluated in this study were tabbouleh salad,

greek salad, coleslaw salad and houmos.

1.1. tabbouleh salad
It i1s a Middle-Eastern salad dish. It consists of durum wheat, finely chopped parsley, mint,
tomato, spring onion and lemon juice. Various seasonings added to it include black pepper,

cinnamon and some other spices (Wikipedia Encyclopedia, 2008).



1.2. Greek salad

Greek salad 1s a waditional Greek salad but is consumed in different places in the world. The
salad consists of sliced or chopped lettuce, bell pepper, tomato, cucumber and red onion,
seasoned with salt, black pepper, oregano and olive oil. Feta cheese, capers and olives are

added at the end (Wikipedia Encyclopedia, 2008).

1.3. coleslaw salad
It is generally eaten as a side dish and it consists of shredded raw cabbage and carrots, mixed
with mayonnaise which is made up of vegetable oil and egg yolks (Wikipedia Encyclopedia,

2008).

1.4. hommos

It is another Middle-Eastern dish made from mashed chick peas and sesame paste seasoned
with salt, garlic, lemon and chopped green peppers, along with a little olive oil on the top.
Different ratios of mashed chick peas and sesame paste are applied to suit individual tastes

(Wikipedia Encyclopedia, 2008).

2. The microbiology quality and safety of RTE foods

The RTE foods contain several indigenous microflora of raw material from which they are
prepared. Pathogens may form part of this microflora, posing a potential microbial problem.
Also microbiological quality and safety of RTE foods are influenced by processing steps and

storage conditions that may introduce some microorganisms.

2.1. Indigenous microflora

RTE foods prepared from vegetables harbor large and various populations of microorganisms,
frequently percent at a rate of 10°/g-10"/g CFU (Gillian er al., 1999). In general, vegetables
contains eighty to nightly percent of bacteria are Gram-negative rods, predominantly
pseudomonas, Enterobacter or Erwinia species (Manvell & Ackland, 1986; Brocklehurst, er

al., 1987; Nguyen-the & Prunier, 1989; Gary eral., 1990; Magnuson eral., 1990; Marchetti er



al., 1992) Lactic acid bacteria have also been detected in mixed salads that are held at above

30°C temperatures (Manvell & Ackland, 1986).

2.2. Pathogens

RTE foods have a fairly acceptable track record in terms of food safety. However, foodbome
pathogens may be present, and a number of outbreaks of food borne disease have been traced
to RTE foods (Table 1). The predominant pathogens frequently associated with RTE foods are
Listerita monocytogenes, Salmonella spp, Escherichia coli, Staphylococcus aureus,
Clostridium botulinum, Aeromonas hydrophila, Yersinia enterocolitica and Campylocbacter

Jejuni, and some of these pathogens were investigated in this study.

Microorganism Product Place of infections References
suspected
L. monocytogenes -Shredded Canada Schlech er al ;1983
cabbage in
coleslaw
-Raw vegetables | US Hoeral., 1986
in salads
-Shredded UsS Solomon er al.,
cabbage in 1990
coleslaw
Salmonella Beansprouts UK 0O,Mahony et
al ,1990
Enteroemorrhagicic | Salads of raw Mexico Nguyen-the &
E. coli vegetables Carlin, 1994

Table 1.1: Examples of foodborne infections linked to the consumption of raw vegetables



2.2.1. Listeria monocytogenes

L. monocytogenes 1s a Gram-positive rod-shaped bacterium. This pathogen causes several
diseases in human including meningitis, septicemia, still-births and abortions (ICMSF, 1996).
The major concern with L. monocytogenes is 1ts ability to grow at refrigeration temperatures
4°C; the minimum temperatures for growth are reported to be -04°C (Walker & Stringer,
1987). It 1s also a facultative anaerobe, capable to survive and grow under the low O,
concentrations within modified atmosphere packages of RTE vegetable foods (Gillian er al.,

1999).

2.2.1.1. Sources and level of contamination

L. monocytogenes i1s considered ubiquitous in the environment, being isolated from soil,
faeces, sewage, silage, manure, water, mud, hay, animal feeds, dust, birds, animals and human
(Al-Ghaza & Al-Azawi, 1990; Nguyen & Carlin, 1994; Gunasena er al., 1995). It 1s also
associated with plant matenial including shrubs, wild grasses, com, cereals and decaying
vegetation (Welshimer & Donker-Voet, 1971). Since L. monocytogenes occurs widely in soil
and agricultural environment in general, i1t 1s present naturally on many vegetables. Also,
contamination of vegetables by L. monocytogenes may occur through agricultural practice,
such as irrigation with polluted water or fertilization with contaminated manure (Geldreich &

Bordner, 1971; Nguyen & Carlin, 1994).

L. monocytogenes has been also isolated from a wide range of whole vegetables such as
cabbage, cucumber and lettuce (Steinbruegge el al., 1988; Heisick er al., 1989; McLauchin &
Gilbert, 1990; De Simon er al., 1992; Vahidy, 1992; Arumugaswamy er al., 1994; Tang et al ,
1994; Gunasena et al., 1995). Cases of recent occurrence of L. monocytogenes on fresh
vegetables and RTE foods prepared from vegetables are summarized in Table 2; although
none of these products were associated with outbreaks of food poisoning (Gillian ez al., 1999).
L. monocytogenes has also been isolated from chilled RTE foods at concentration ranging
from 0% to 44% (Petran er. al., 1988; Fenlon er. al, 1996, Sizmur & Walker, 1988; Beckers
et. al, 1989; McLauchlin & Gilbert, 1990, Velani & Roberts, 1991; Harvery & Gilmour,
1993; Arumugaswamy er. al., 1994; MacGowan et al., 1994; Doris & Seah, 1995).



Intact vegetables | Number ( and %) | Country and ’ References
& of positive | observations ‘
Ready to eat | samples |
appetizers
Beansprouts 6/7(85%) | Malaysia fﬁg‘lﬁurﬁlgaswamy et
al ;1994
Cabbage 6/18 (33%) Sr1Lanka iGunasena et al,
1995
1/92 (1.1%) US Heisick er al.,1989
Cucumber 2/92 (2.2%) UsS ' Heisick er al., 1989
1/15 (6.7%) Pakistan Vahidy, 1992
\
Lettuce 10/20 (50%) Sri Lanka Gunasena et al,

1/28 (3.6%)

Kuala Lumpur

1995
| Tangetal, 1994

Salad vegetables | 2/108 (1.8%) UK ‘ Velani & Roberts,
| 1991
Tomato 2/15 (13.3%) Pakistan ' Vahidy, 1992
Various vegetables | 8/103 (7.8%) Spain 1 De Simon et
' al 1992
Cucumber slices 4/5 (80%) Malaysia | Arumugaswamy et
al ;1994
Coleslaw 2/92 (2.2%) Canada Schlech et al., 1983
2/50 (4%) Singapore Doris & Seah, 1995
3/38 (7.7%) UK MacGowan et
al.,1994
Prepared mixed | 8/42 (19%) UK Velani & Roberts,
vegetables ( contamination | 1991

during processing




i suspected;<200 g-1 |
present) |
Fresh  cut salad | 11/25 (44%) The Netherlands | Beckers eral., 1989
vegetables <10(2)g-1 present |
Prepared 1/26 (3.8%) UK | MacGowan et
vegetables al., 1994
Salad vegetables 4/16 (25%) Northemn Ireland [ Harvey & Gilmour,
1993

Processed (13%) UK i McLauchlin &
vegetables and ‘ Gilber, 1990
salads and salads

Table 1.2: Occurrence of L. monocytogenes on fresh RTE foods

2.2.2. Escherichia coli

Coliform bacteria are the commonly-used bactenal indicator of sanitary quality of foods and
water. They are defined as rod-shaped Gram-negative non-spore forming organisms that
ferment lactose with the production of acid and gas when incubated at 35-37°C. Coliforms are
abundant in the feces of warm-blooded animals, but can also be found in the aquatic
environment, in soil and on vegetation. The typical genera include: Cirrobacter, Enterobacter,
Escherichia, Hafnia, Klebsiella, Serratia and Yersinia. So Escherichia coli (E. coli), a rod-
shaped member of the coliform group, can be distinguished from most other coliforms by its
ability to ferment lactose at 44°C, and by its growth and color reaction on certain types of
culture media. Unlike the general coliform group, E. coli are almost exclusively of fecal onigin

and their presence is thus an effective confirmation of fecal contamination

Escherichia coli also a common inhabitant of the gastrointestinal tract of mammals.
Gastroenteritis and hemorrhagic colitis are classical symptoms of which complications include

thrombocytopenic purpura and hemolytic uraemic syndrome (Martin er al, 1986).



complication has been reported to lead to renal failure and death in 3-5% of juvenile cases

(Karmali er al,, 1983; Gnffin & Tauxe, 1991).

2.2.2.1. Sources and level of contamination

The principal reservoir of £. coli is believed to be the bovine gastrointestinal tract (Wells er
al , 1991; Doyle eral , 1997). Hence contamination of associated food products with faeces is
a significant nisk factor. Contamination and survival of the organism in natural water sources
make these potential sources in the distribution of infection, particularly if untreated water is

consumed directly or is used to wash uncooked foods (Gillian er al., 1999).

2.2.3. Salmonella

Salmonella, a genus of the family enterobacteriaceae, are characterized as Gram-negative, rod-
shaped bacteria. Some pathogenic species of Salmonella include S. typhimurium, S. enteritidis,
S. Heidelberg, S. saint-paul, and S. Montevideo. Normal symptoms of gastroenteritis include
diarrhea, nausea, abdominal pain, vomiting, mild fever and chills (ICMSF, 1996). Salmonella
are mesophiles, with optimum temperatures for growth between 35-43 °C. The growth rate is
substantially reduced at < 15 °C, while the growth of most Sa/monella is prevented at <7 °C.

Salmonella are facultative anaerobes, capable of survival in low O; atmospheres.

2.2.3.1. Sources and level of contamination

Salmonella are abundant in faecal matenal, sewage and sewage-polluted water; consequently
they may contaminate soil and crops when they come into contact. Sewage sludge may
contain high amounts of Sa/monella and when used for agricultural practices, it can spread the
bacterium. Once introduced into the environment, it can remain viable for months (ICMSF,
1996). This microorganism has been isolated from many mammals, poultry, cattle, birds,
reptiles, fish, amphibians and insects. Food is the pnimary route of Sa/monella to humans,
especially foods from animal origin. Salmonella has been also isolated from several fresh
intact foods (Doyle, 1990; Tauxe, 1991). In a study of whole foods sampled in the field or in
retail outlets in Spain, 7.5% of the total samples were found to be contaminated with

Salmonella spp.(Garcia-villanova Ruiz er al., 1987). In a survey of food was conducted from



shops in ltaly, 68% of lettuce and 72% of fennel samples carried Salmonella spp. (Ercolani,

1976). Salmonella were also 1solated from leafy vegetables (4%) and bean sprouts (20%) in

Malaysia (Arumugaswamy et al , 1994).

2.2.4. Staphylococcus aureus

Staphylococcus aureus is commonly associated with the human body, particularly moist areas
such as the nose, throat, skin and arms pits. It produces large amounts of toxins, one of which
causes the typical food poisoning of staphylococcal intoxication. Symptoms include rapid
onset of vomiting (1-8 hours), sometimes accompanied by diarrhea, and this is usually self
resolving within 1 day (Menlove, 2002). Growth of the organism needs to occur to high levels
in the food before sufficient toxin is produced to cause illness. The toxin is very heat-resistant.
Therefore, mild pasteurization temperatures of 70 °C that can destroy the organism cannot

affect the toxin (Menlove, 2002).

2.2.4.1. Sources and level of contamination

Staphylococcus aureus can colonize the skin of humans and cause infection in cuts and sores,
and 1t 1s also associated with boils. Personnel handling practices, raw matenals, particularly
meat, can also cause contamination by Staphylococcus aureus. The microorganisms cannot
grow under chilled conditions (<10 °C) and are inhibited by pH values of <4. However, it can
tolerate very low water activity (a,) and produces enterotoxin at a,, 0.86 if other conditions are

optimal (Menlove, 2002).

2.3. Outbreaks of foodborne disease associated with RTE foods prepared from
vegetables

In England and Wales 4.4% of foodbome disease was associated with consumption of salad,

fruit and vegetables (Mintel Market Intelligence Report, 2000). However, Listeriosis

foodbome outbreak was the first to occur in the Maritime Provinces of Canada in 1981 and

involved thirty four prenatal cases and 7 adult cases. It was found that the source of the

outbreak was coleslaw where as L. monocytogenes was found in stored cabbage (Schlech er



al.,, 1983). An outbreak of L. monocytogenes infection during the summer of 1979 involving
23 patients from eight Boston hospitals was reported by Ho er al., (1986). This outbreak was
attributed to the consumption of raw salad vegetables (celery, tomatoes, lettuce), but no
attempt was made to isolate /. monocytogenes from the vegetables at the time of the outbreak.
It was also reported that an elderly patient in a London hospital acquired Listeric septicemia

after consuming contaminated lettuce (Fain, 1996).

The majority (32%) of food associated with E.coli 01 57:H7 outbreak in the USA, between
1982 and 1994, was attributed to the consumption of ground beef However, approximately
6% of the outbreaks were associated with the consumption of ready to eat foods (Doyle er al.,
1997). The large outbreak was associated with alfalfa sprouts (Como-Sabetti er al_, 1997). The
origin of contamination in such cases was likely to result from the application of contaminated
water or manure to the crops, coupled with inadequate washing procedures. Recently, at the
end of September in 2005 there were 157 cases of Escherichia coli O157: H7 food poisoning
from raw spinach in U.S.A. (US FDA, MD, USA, 2006).

Salmonella 1s one of the most frequently reported causes of foodbome outbreaks of
gastroenteritis. A number of outbreaks of Salmonellosis have been linked to vegetables. An
outbreak of Salmonellosis in UK. in 1988 was associated with consumption of bean sprouts
(attributed to S. saint-paul and S. virchow PT34; O'Mahony er al., 1990). Epidemiological
studies linked two multi-state outbreaks of Salmonellosis to raw tomatoes (Wood er al., 1991;

Hedlberg er al., 1994).

2.4. Factors affecting the growth of pathogens on RTE foods

Raw vegetables may be contaminated with pathogens when they enter the processing stages
(Nguyen & Carlin, 1994). The product itself and its source will often determine the numbers
and types of microorganisms initially present. Analysis at different chains of processing
showed that the end product is frequently less contaminated than the raw vegetable (King er

al, 1991). Because contamination with pathogens may occur during processing and

bl

distribution; scrupulous hygiene must be applied at all levels of processing.

10



The development of food poisoning microorganisms on RTE foods depends on the properties
of the microorganisms, intrinsic properties of the food itself and on the effects of processing,
storage and packaging. Each produced item may go through a series of processing steps,
including equipments, handling, slicing, contact, washing, packaging and storage. Each of
these steps may affect microbial colonization, survival and growth (Gilhan er al., 1999). The
more unit operations a product undergoes, the more its flora will reflect that of the

environment in which it 1s produced (Gillian er al , 1999).

2.4.1. Processing
Handling can damage fresh produce and it more suitable for growth and survival of spoilage
and pathogenic microorganisms (Brackett, 1994). Damage of fresh produce can occur during

harvesting, packaging, preparation, transportation and storage.

Contamination during processing may occur from lack of personnel hygiene or through
product-to-machine impacts. Slicing and shredding destroy surface cell, bruise underlying
layers and allow juices to leak from inner tissues on to equipment and on to fresh-cut products.
Cutters and slicers can be potent sources of contamination because they usually provide
inaccessible sites which harbor bactena (Garg er al, 1990). The presence of cut surfaces
allows microbial infiltration and provides an increased surface area for contamination and
growth (Brackett, 1994). Moisture and exudates on cut surfaces and on surfaces of utensils and
equipments provide excellent media for rapid growth of microorganisms. Therefore, during
the processes of slicing or shredding, there may be an increase in the number of bactena
present. Exposing foods to various types of cutting resulted in a six to seven -fold increase in
microbial populations (Brackett, 1994). Garg er al. (1990) found that shredders used to prepare
shredded lettuce and cabbage were major sources of contamination in a factory producing
RTE foods (Gilhan er al., 1999).

L. monocytogenes may be present and can survive in the environment of many types of food
processing plant, particularly in damp, moist conditions (Walker & Stringer, 1990, Farber &

Peterkin, 1991). It has been recovered from the environment of processing operations used to
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prepare RTE foods (Zhang & Farber, 1996). Shcing operation may increase contamination of
RTE foods by . monocytogenes. The pathogen was detected in 19% of prepared mixed
vegetables examined, whereas only 1.8% of individual ingredients were contaminated (Velain
& Roberts, 1991) The researchers concluded that substantial contamination by L.
monocytogenes occurred during chopping, mixing and packaging. A case reported where L.
monocytogenes was regularly found in shredded cabbage and on shredding machines in the
processing line. Nguyen er. al, (1996) reported the microbiological consequences of mixing
cooked foods with raw vegetable salads and investigators observed that L. monocyrogenes
grew better at 6 and 9°C in a mixed salad (raw endive and sweet corn) than on raw endive
alone.

Salmonella can initiate and multiply in the environment and equipment of a variety of food-
processing facilities, potentially cross-contaminating raw foods during processing (ICMSF,
1996). However, producing RTE vegetables encounter less contamination chances than

producing it with protein source.

2.4.2. Washing and antimicrobial dip treatments

An 1mportant step in the processing of RTE foods prepared from vegetables is thorough
washing, often accompanied by dipping in an antimicrobial solution, to reduce
microbiological load. Washing vegetables with water containing a free chlorine level of 100
mg L™ has been found to reduce the number of bacteria on lettuce leaves by up to 100-fold
(Adams er al , 1989). Dipping produce in ascorbic or citric acid solutions prior to packaging
greatly reduced aerobic and anaerobic plate counts and these differences persisted during
storage (McLachlan & Stark, 1985; O'Beime & Ballantyne, 1987). Strict hygiene 1s critical
during washing and disinfection in order to avoid contamination of produce. Chlorinated water
from the washing bath on a line processing chicory salads was found to contain 10° bacteria
ml"' (Nguyen-the & Prunier, 1989). Washing produce in such washing bath may result in
transfer of microorganisms, due to the re-use of wash water (Gillian, er al., 1999). Ultraviolet
radiation may be useful in inactivating vegetative bacterial cells in wash water, thus avoiding

cross-contamination (Gilhan er al., 1999).
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There are theoretical concerns regarding the safety of using antimicrobial dip for example,
pathogens if present on raw vegetables, may not be fully eliminated by commercial
disinfection procedures. On the other hand the influences of disinfection on the indigenous
microflora may reduce or remove natural competitive organisms. As a result, disinfection may

produce conditions which favor survival and growth of the pathogens (Gilhan er al., 1999).

The effects of sodium hypochlorite on L. monocytogenes have been widely studied in virro
and were shown to be very influence (Brackett, 1987; El-Kest & Marth, 1988; Tuncan, 1993).
However, the elimination of L. monocytogenes from the surface of vegetables by disinfection
1s limited and unpredictable (Nguyen & Carlin, 1994). This ineffectiveness may be due to a
number of factors; an aqueous hypochlorite solution may not wet the hydrophobic surface of
the waxy cuticle or penetrate into the crevices, creases, and natural openings of the vegetables
(Adams er al., 1989). The most useful effect of chlorine may be in inactivating vegetative cells
in washing water and on equipment during processing as part of a hazard analysis critical
control points system, thereby avoiding build-up of bacteria and cross-contamination ( Wilcox

etal ,1994).

Bracket (1987) examined the influence of chlorine on Brussel sprouts contaminated with L.
monocytogenes, dried and immersed in a 200 mg L™ chlorinated solution. The counts of L.
monocytogenes were reduced approximately 100-fold, 10-fold more than those treated with
water. In addition, L. monocytogenes was undetectable in the chlorinated solution or on
Brussel sprouts subsequently immersed in the same chlorinated solution after inoculated
samples. Zhang & Farber (1996) evaluated the influences of various disinfectants against /.
monocytogenes on fresh-cut vegetables. The results for chlorine showed (200 ppm, 10 min),
the maximum observed logje reduction of L. monocytogenes at 4 °C and 22°C, respectively,
were 1.3 and 1.7 for lettuce and 0.9 and 1.2 for cabbage. Thus, the bactericidal effect on L.
monocytogenes was higher at 22 °C than at 4°C, and was higher on lettuce than on cabbage.

In relation to post-disinfection contamination, some researchers reported that disinfection of
salad leaves or tomato slices with chlorine prior to inoculation with L. monocytogenes did not

effect its subsequent growth during storage (Beuchat & Brackett, 1990; 1991).
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By contrast, Carlin er al. (1996) reported that L. monocytogenes inoculated on disinfected
(10% hydrogen peroxide) endive leaves grew better than on water-rinsed produce and gave
higher counts after 7 days at 10 °C than on leaves rinsed with water. Similarly, Francis & O’
Beime (1997) reported that dipping shredded lettuce in a chlornine (100 ppm) or citric acid
(1%) solution followed by storage at 8 °C resulted in significant increases in Listeria

populations compared with untapped samples.

Influence of organic acid as disinfectants on the growth of L. monocyrogenes on produce has
received little attention. Lactic and acetic acid (1%) reduced numbers of L. monocytogenes on

lettuce.

Salmonella are readily killed by disinfectants commonly used in the food industry (ICMSF,
1996). Zhuang er al. (1995) examined the efficacy of chlorine treatment on inactivation of S.
emonotevideo on and in tomatoes. The populations of S. emonotevide on the surface and in the
core tissues were substantially reduced by dipping tomatoes in solutions containing 60 or 110

ppm chlonne, respectively.

The efficacy of buffered sodium hypochlorite solution (Bionox) in controlling S. enterinidis
contamination on vegetables (carrot, zucchini) was studied by Park er al., (1991). The
investigators found that the sanitizing solution was very effective in reducing Salmonella

levels on vegetables (counts following 20 min exposure to the sanitizing solution were <2 g~

l)'

Beuchat & Ryu (1997) examined the efficacy of chlorine in removing Salmonella from alfalfa
sprouts. Sprouts were dipped in solution containing 200, 500 or 2,000 ppm chlorine for 2 min.
The pathogen was reduced by about 2 log;o CFU g after treatment with 500 ppm chlorine
compared to the control and to undetectable levels after treatment with 2000 ppm chlorine.

The effects of disinfection on the survival of E.coli or other pathogens on RTE foods were
poorly understood. The tolerance of £.coli 0157:H7 to acidic pH 1s well recorded (Zhao er. al ,
1993; Conner & Kotrola, 1995), particularly with respect to organic acid sprays applied to

beef surfaces (Brackett er al., 1994). Survival of the organism for a period of 35 days when
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held at 5 °C in mayonnaise based sauces (pH ~ 4.0) has been documented (Weagant er al,
1994). Therefore, following cross-contamination, such foods may act as a transmission of

infection, particularly in the context of salad bars (Gillian er al,. 1999).

2.4.3. Storage temperature

Storage temperature i1s probably the most important factor influencing the growth of
microorganisms in RTE foods. Results obtained on shredded chicory salads (Nguyen-the &
Carlin, 1994), carrot slices (Buick & Damoglou, 1987) and shredded lettuce (Bolin er al.,
1977, Beuchat & Brackett, 1990) found that growth of the mesophilic microflora was

significantly reduced when storage temperature was decreased.

French regulations imposed 8 °C as a maximum storage temperature for RTE foods in 1987.
This limit was lowered to 4 °C in 1988 (Gillian er al., 1999). However, RTE foods are often
distributed at higher temperatures. In the United Kingdom, according to the food hygiene
regulations, retail packs of prepared salad vegetables should be maintained at temperatures
below 8 °C. Guidelines for handling chilled foods, published by the UK Institute of Food
Science and Technology (IFST, 1990), recommend that the storage temperature should range
from O to 5 °C for prepared vegetables salads, noting that some foods may suffer damage 1f

kept at the lower end of this temperature range (IFST, 1990).

Storage of RTE foods at adequate refrigeration temperatures limits the growth of pathogens
that are psychrotrophic. Previous work has shown that L.monocytogenes survives or grows on
a range of RTE foods such as ice-berg lettuce (Steinbruegge er al., 1988, Beuchat & Brackett,
1990), shredded cabbage (Kallender er a/., 1991) and on a range of intact fresh vegetables at
refrigeration temperatures (Berrang er a/., 1989). In addition, at low temperatures, reducing
the storage temperature extends the lag phase and reduces the rate of growth (Beuchat &
Brackeet, 1990; Carlin er al., 1995). On the other hand, temperature abuses during storage

markedly reduce the lag and generation time and permit rapid growth of L .monocyrogenes.



Mesophilic pathogens are unable to grow when temperature control is adequate (4 °C or less).
The minimum growth temperature of Sa/monella was reported to be 5.2°C (ICMSF, 1996).
Survival and slow growth in produce stored for extended period in chilled conditions (within
the growth range for Salmonella) may be of concem. On a range of vegetables, Salmonella
consistently was viable for more than 28 days at 2-4 °C (ICMSF, 1996). Populations of S.
hadar on minimally processed cabbage were particularly similar to the initial levels after 10
days storage at 4 °C (Piagentini er al., 1997). On samples stored at 12 and 20°C, Salmonella
populations increased by 4 and 6 logs respectively after 10 days of storage (Piagentini er al.,
1997). Population of S. Montevideo on the surfaces of inoculated tomatoes stored at 10 °C not
varies significant over 18 days. However, significant increases in population occurred within 7

days when tomatoes were stored at 20°C (Zhuang er al., 1995).

The mesophilic status of E. coli growth in RTE foods slows down under good refrigeration.
Growth has been reported at 8 °C on minced beef (Weeratna & Doyle, 1991). The substantial
amounts of nutrients provided through processing (shredding) of lettuce may help the growth
of E.coli on such products (Abdul-Raoufer al., 1993).

Besides its direct effect on microbial growth, storage temperature also determines respiration
rate of the product and therefore changes in gaseous atmospheres within the package. This in
tum may affect the behavior of pathogens. In general, inhibitory influence of modified

atmosphere system increases as the storage temperature i1s lowered (Dixon & Kell, 1989).

2.4.4. Interactions between the indigenous microflora and pathogens

Interactions between pathogens and background microflora have been studied in meat and
dairy products (Nguyen & Carlin, 1994), but there were lack of data on RTE foods.

The antagonistic properties of lactic acid bacteria have been reviewed by Piard & Desmazeaud
(1992). Lactic acid bacteria pose antimicrobial effects due to one or more of the following
mechanisms: lowering pH (Raccach & Baker, 1979); generating hydrogen peroxide (Price &
Lee, 1970); competing for nutrients (landolo er al., 1965); and probably by producing
antimicrobial compounds, such as bacteriocins or antibiotics (Klaenhammer 1988; Harris er

al , 1989; Ariharaer al., 1993). Lactic acid bactena are naturally present on vegetables usually
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at low numbers and they can reach high counts on some RTE foods, in particular products
within modified atmosphere packages containing high concentrations of CO, (Carlin er al,
1990). They may grow faster than the aerobic spoilage bacteria. Thus, the use of a particular
gas atmosphere may select for proliferation of desired subpopulations, resulting in suppression
of undesirable pathogens. Competitive effects of lactic acid bacteria may limit pathogen
growth on RTE vegetable foods, but there is insufficient data available to prove this
conclusively.

Pseudomonas are major components of the indigenous microflora of RTE vegetable foods
(Nguyen & Carlin, 1994) and are capable of excreting cell wall degrading enzymes and thus
releasing nutrients (Liao er al, 1993). Since Pseudomonas are relatively sensitive to CO;
(Enfors & Molin, 1980), their suppression can effect nutrient availability for other
microorganisms. Marshall& Schmidt (1991) found that addition of Pseudomonas increased
the multiplication of L.monocytogenes. These authors proposed that proteolytic Pseudomonas
supplied free amino acids. There were no similar results for vegetables. Using an endive leaf
medium, Bennik er. al. (1996) found that the addition of strains of fluorescent Pseudomonas
very slightly reduced the final population density of L.monocytogenes. They reported that
competition of the background microflora with L.monocytogenes resided mostly with
enterobacteria and not with Pseudomonas. Francis & O'Beime (1998) also found that
competition of the background microflora of lettuce with L. monocytogenes resided primarily

with Enterobacter species.

Little data has been published with regard to interactions between E. coli and other
microorganisms. E. coli 0157:H7 is more competitive against spoilage microorganisms than
Salmonella (Vamum & Evans, 1991) and, through its acid tolerance properties, 1is
hypothetically more resistant to the acidic fermentation end-products of lactic acid

populations.
Complex interaction between elements of the microflora may have significant influence on the

growth and survival of pathogens (Gillian er al., 1999). This need to be fully understood in

order that novel mild preservation technologies can continue to be applied safely.
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Shelf life of ready-to -eat foods

The shelf Iife of a food product can be defined as the length of time during which the product
will remain microbiologically safe, will retain its sensory and physical characteristics and will
comply with the declared nutritional data (Frances, 2006). The microbiological shelf life of
ready meals can be highly variable depending on the individual product formulation but, in
general, there are two main criteria that must be considered in establishing the shelf life. First,
the potential for growth of those pathogenic bacteria that may be present in the product,
second, the potential of spoilage microorganisms. Shelf life will be influenced by the initial
microbiological load of food, as the more microorganisms are present at the time of storage,
the more rapid the deterioration of the product. So, the rate of growth of spoilage organisms is

the most important factor influencing shelf life unless the food has undergone a commercial

Sterilization process or has a water activity so low it will not permit microbial growth
(Frances, 2006). However, the safe shelf life can only be set by understanding the microbial
pathogens that may be present and assessing how they may grow in the RTE foods, given the
normal product formulation and the expected storage temperature (Menlove, 2002).
Mathematical models that predict the growth of different foodborne microorganisms are
available and can be used to estimate the growth of food-poisoning bacteria under varnable
conditions of pH, water activity, temperature and gaseous environment (Menlove, 2002). Such
models can help in identifying potentially unsafe shelf lives and assist in predicting the
formulation changes, e.g. pH reduction, that should be made to achieve a safe shelf life or,
indeed, what restrictions in shelf life that could be applied to ensure safety (Menlove, 2002).
Mathematical models need to be used carefully by professional individuals and, in many
cases, these models should be supplemented with challenge testing of individual products in
experimental facilities to determine more accurately the growth potential of key pathogens in
the food (Menlove, 2002). So, chilled food which can support the growth of pathogens for
example storage trial would normally be held at S°C, but the shelf hfe trial would be held at
temperatures above this, in order to assess food safety under conditions of temperature abuse

(Frances, 2006).
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In the majority of RTE foods, the predominant microbial pathogens known to be capable of
growing 1n the final product stored under good chill conditions are L. monocytogenes and C.
botulinum (psychotropic strains). Although some strains of B. cereus can grow and produce
toxin at 4 °C, outbreak of foodbome illness implicating this organism has resulted almost
exclusively from temperature abuse of the foods, and it is not considered a major hazard in
relation to the growth in most RTE foods that have short shelf life (8-14 days) and where
storage temperatures are generally <5 °C with short periods up to 8 °C (Menlove, 2002).
Products in which the organism may need more attention include those containing raw
ingredients where it may occur in higher numbers, such as highly spiced meals, rice or pasta
dishes and dairy based products (Menlove, 2002). In such cases, control i1s usually done by
regular monitoring of the raw ingredients for the organism to ensure that levels are under
effective control. In addition, it may also be of concern to those products where the shelf life is
extensive, for under vacuum product where greater potential exists for growth owing to the
longer life. Under such conditions, the control options include processing to destroy the

organism, formulating to stop rapid growth or strict maintenance of low temperatures (<4 °C).

Products that are cooked in hermetically sealed containers to 90 °C for 10 minutes or
equivalent are normally considered to be safe with regard to C. botulinum and L.
monocytogenes and, although some strains of B. cereus may survive the heat treatment, as
detailed above, such products should achieve safe shelf life of several weeks, need to be
substantiated for B. cereus in long-shelf-life products. In these cases, L. monocytogenes may
be destroyed if the temperature passed 70 °C for 2 minutes but sporeforming organisms such

as C. borulinum may remain as a hazard (Menlove, 2002).

However, storage of the same product at higher temperatures, e.g. 8 °C, can significantly
accelerate the speed of growth. In many cases, the shelf life of products in this category is
restricted by food-spoilage bacteria, including thermotolerant species such as some lactic acid
bacteria, clostridia and even sporeforming yeasts and molds (Menlove, 2002). Indeed, for the
previous category of RTE foods heated to 90 °C for 10 minutes, it must be remembered that

any contaminations left in the product have very little microbial competition as the process
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eliminates most other microorganisms (Menlove, 2002). Therefore, growth of contaminating
or surviving spoilage and pathogenic microorganisms can often be unchallenged.
Nevertheless, these products, because they exclude the presence of many post-process

contaminants, can achieve fairly long shelf life at 5 °C or below 10-14 days (Menlove, 2002).

For products that are cold-mixed or filled at temperatures below 70 °C L. monocytogenes, C.
botulinum and B. cereus may all be present in the finished product and need to be controlled
(Menlove, 2002). Under such conditions, the shelf life is usually restricted to <10 days at 5°C
or below unless individual product parameters are shown to restrict the growth of the
contaminating pathogens using mathematical models or challenge tests in experimental
facilities (Menlove, 2002). It should also be remembered that such products will allow the
survival of any other contaminating pathogens such as S. aureus, Salmonella, etc., that may
have been introduced from the raw ingredients or through handling or processing (Menlove,
2002). Such orgamsms will not generally grow at low temperatures, for example <8 °C, but

refrigeration will not effect on their survival. As far

as the potential for foodborne pathogens, concemed RTE foods that are not hot-filled carry a
fairly high loading of general microflora from the component ingredients, equipment and
general handling (Menlove, 2002). Yeasts and molds, enterobactenaceae, lactic acid bactena
and Pseudomonas predominate, although sporeforming microorganisms can be high in some
products, particularly highly spiced meals. The ingredients, formulation and storage conditions
play an important role in the nature of the spoilage that the product succumbs to (Menlove,
2002). Neutrally, food can be spoiled by Pseudomonas, with the production of objectionable
off-odors apparent at time intervals dependent on the temperature of storage and, to some

degree, by the strength of flavor of the product (Menlove, 2002).

Products with large amounts of fermentable carbohydrates, such as sucrose and lactose, often
succumb to more visual spoilage caused by the growth and gas production by yeasts and
sometimes Enterobacteriaceae (Menlove, 2002). Both of these organisms grow quickly and
can produce plentiful quantities of gas, causing blowing of the pack. Low-pH products restnct

the growth of Pseudomonas and Enterobactenaceae (Menlove, 2002). Spoilage tends to occur
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as a result of the growth of yeasts, although a high proportion of spoilage in these and many
other ready meals 1s caused by mold. Mold spoilage can develop fm single spores and,
although growth is relatively slow in the low concentrations of oxygen available and at low
temperatures, they can scavenge low oxygen levels sufficient to from visible colonies on the
food such colony being readily visible to the eye and most often greeted by product rejection
(Menlove, 2002). Although less frequently, RTE foods can be spoiled by lactic acid bacteria
growth in longer-shelf life products with the production of acid and sickly sweet taints. In
many spoiled products, lactic acid bacteria and other organisms, particularly Pseudomonas,
can produce visible slime on products, but microbial levels will usually be exceptionally high

(>10%g) at the point where this occurs (Menlove, 2002).

Microbiological quality is best determined by means of simple storage experiments with
determination of microbial growth during the life which 1s more dependent on storage time
than on storage temperature (Riva er al., 2001). Although it is possible to make some
Judgment regarding shelf life using microbial counts, it 1s best assessed in conjunction with
organoleptic assessment of the product (Menlove, 2002). Shelf life determination should be
done under conditions that simulate those experienced by the product. Ideally, this should be
done using production samples, packed and stored under similar conditions intended for the
final product. Product should be stored at temperatures simulating those experienced through
manufacture, distribution, retail and with the consumed (Menlove, 2002). Although never
likely to be absolutely accurate, storage at 5-8 °C gives a good reflection of the durability of
the RTE appetizers under normal conditions (Menlove, 2002). Others have found it equally
suitable to store product under regimes of different temperatures, such as 4-6 °C for periods
from manufacture and through distribution, 4-6 °C for retail storage and 8-10 °C for customer
storage, with a short period at ambient temperature (2-4 h) to simulate consumed usage after
purchase. It is not possible to get a perfect shelf life test that simulates all conditions, but using

the above strategies has proved to be adequate (Menlove, 2002).
Microorganisms to be examined should include all those expected to be present or capable of

causing spoilage in the final products. This usually includes a basic aerobic plate count,

together with yeast and mold, Enterobacteriaceae, S. aureus, E. coli, B. cereus, Salmonella and
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Listeria (Menlove, 2002). Examinations may also be supplemented with C. perfringens for
highly spiced and meat-containing products, where its presence may occasionally be expected.
High levels of aerobic plate count, particularly at the start of life, should be investigated to

determine the nature of the organisms present (Menlove, 2002).

Shelf life can be extended by storage under modified atmospheres using carbon dioxide and
nitrogen or by the addition of preservative factors (Menlove, 2002). Increased salt
concentrations restrict the growth of many spoilage bacteria, as will the presence of additional
organic acids, for example: acetic, lactic, citric, although these are most effective at decreased
pH (<5.5). Preservatives such as benzoate and sorbates can restrict the growth of molds and
achieve longer open life, although it should be noticed that molds are best controlled by
effective hygiene and environmental cleaning programs in the filling area (William & Dennis,

1988).
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2. OBJECTIVES

The objectives of this study were:

1. To evaluate and assess the prevalence of the most common pathogenic microorganisms
(Staphylococcus, E. coli, Salmonella and Lister. monocytogenes) ready to eat foods

(tabbouleh, houmos, Greek salad and coleslaw).

2. To evaluate the effect of storage temperature and time on the survival and growth of the

isolated and i1dentified pathogenic microorganisms from the RTE foods.

3. To evaluate the shelf-life of the prepared ready-to-eat foods at different storage

temperatures.
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3. Materials and Methods

1. Location of the experiments

Shanah Municipality Food Laboratory, Sharjah

Description of experimental procedures:
1) Ready-to-eat foods Category:
tabbouleh
houmos
Greek Salad

coleslaw

2) List of the microbiological methods:

1. Standard plate count
E. coli Enumeration, 1solation and identification
Staphylococcus enumeration, 1solation and identification

Salmonella enumeration, 1solation and identification

adl I S

Listeria monocytogenes enumeration, isolation and identification
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2. Materials

2.1. Ready to eat foods samples
2.1.1. Selection of RTE foods:

The Ready-to-eat foods used and analyzed for this study were tabbouleh salad, Greek ,

coleslaw salad and houmos.

2.1.2. Ready-to-eat foods sampling and locations

The RTE foods were collected from three different branches of the Supermarket Stores in
Shanah. These Supermarket Stores represent the majority of ready-to eat foods on sale in
Sharjah Supermarket Stores. The number of samples of each product was 30 which replicate
three times and the period of sampling was one and half month which started from 10 of June

2007 to 19 of July 2007 (Appendices VII.1).

2.2. Media and reagents
All media and reagents required for the enumeration and i1dentification of total bacterial count,
Staphyloccocus aureus, E. coli, Salmonella, and Listeria monocyrogenes were prepared and

stored as manufacture requirements (Appendices VI1.2)

Type of microorganisms | Media and Sublimates used | Biochemical reagents

and strips

- Standard Plate Count Agar
(SPCA), (CM0463, Oxo1d).

Total bacterial count - Ringer Solution 1/4 |-
strength: (BR-52 tablets,
Oxo1d).
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Escherichia coli

th: (BR-52 tablets, Oxo1d).

- MacConkey Broth Purple:
(CM Sa Oxo1d)

- Brilhant Green Bile Broth
2% BGB: (CM31 Oxoid)

- Tryptone Water: (CM 87
Oxo1d)

- Indole Reagent:

(Kovacs)

- Rapid ID 32E (REF
32 700)

Staphyloccocus aureus

- Baird Parker agar base:
(CM 275 Oxoid)

yolk  Tellurite

- Egg
Emulsion: (SR 54 Oxide)

- Staphylase test kit:
(DR 595 Oxo01d )

- ID 32 STAPH (REF
32 500)

Salmonella spp

- Buffered Peptone Water
(BPW): (CM 509, Oxo1d)

- Vassihadis Soya Peptone
broth (RVS): (CM866
Oxo1d)

- Muller-Kauffmann
tetrathionate novolicon
broth (MKTTn broth): (CM-

1048, Oxoid)

Lysine
Medium
(XLD): (CM 469, Oxo1d)

- Xylose

Desoxycholate

- Rapid ID 32E (REF
30242)

- Specific Antisera:
(polyvalent O and /or

polyvalentH )
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- Brnlliant Green Agar
(Modified): (Code CM 329,
Oxo1d)

- Violet Red Bile Agar:
(Code: CM 107 Oxo1d)

s Primary enrichment | - Ap1 Listeria (REF 10
(UVM), SROI14E 300)

- Secondary enrichment | - Catalase reaction
(UVMI]]), SRO143E
Listeria monocytogenes
- Oxford agar (CMO0856),
SR140

- PALCAM agar (CM0877),
SRO150B

Table 111.3: microbiology media and reagents

2.3. Other materials

All required microbiology materials such as petri dishes, pipettes, glassware sterile,
incubators, pH meter (model Kent EIL 7045/46), refrigerators, water bath and incubators
calibrated for the shelf life study were used from Sharjah Municipality Food Control

Laboratory.
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3. Methods

3.1. Sample collection

The RTE foods were freshly prepared inside the kitchen within the supermarkets and
displayed on sale in refrigerated counters. Appropriate amounts of each RTE foods packed in
their oniginal containers (plastic plates with cover) were collected then transferred to the
Shanah Municipality Food Control Laboratory in sterile cooler bags padded with ice blocks.
At the laboratory, the samples were aseptically divided into sterile stomacher bags and stored
at three different temperatures (5, 25 and 40 °C). For 5 °C, the samples were analyzed atO h, 1,
2, 4 and 6 days, where as 25 and 40 °C samples were analyzed at 1, 2, 4 and 6 days. To check
the quality of the samples, total bacterial count test was used, for hygiene testing Escherichia
coli detection was done; finally for detecting microbial pathogens: Salmonella spp,
Staphyloccocus aureus and Listeria monocytogenes detection were used. At the end, pH of all
products was measured after microbial experiment to avoid cross contamination, and the

below flow chart shows the procedure of the sampling (Figure I1I 1).
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Three locations

l ey T

tabbouleh Greek salad coleslaw houmos

| it ol |
-

Sampling under aseptic technique

1 i 1

> s 40°C

Oh 1 day 2 days 4 days 6 days

| | |
.

Microbiology tests

L » Aerobic Plate Count -

Lscherichia coli

———  Sraphyloccocus aureus — pH measured

L » Salmonella spp N

Listeria monocytogenes

L »
pH measured at the end of the shelf life

Figure IIL1: the procedure of the sampling.
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3.2. The quality assurance system in the Sharjah Food Laboratory and UKAS
accreditation.

Shagah Food Laboratory i1s an Accredited Testing Laboratory of United Kingdom
Accreditation Services (UKAS) ISO/IEC 17025.

The Food Laboratory in Sharjah uses validated methods Accredited by ISO 17025
International standard and the Gulf Co-operation Council (GCC) Standards (1998), and United
Arab Emirates, 2000 (Appendices VIIL.3).

3.3. Microbiology Methods for Total Bacterial Count

20 g of each of the RTE appetizers were weighed and placed into a stomacher bag and then
180 ml of Ringer solution were added to each sample. All bags were homogenized with
stomacher blender at medium speed according to the food matrix type. 0.1 ml of sample was
added to 3 Petri dishes (3 Replication). 0.1 ml of the dilution of the suspension was mixed
with molten agar medium in a Petri dish. Serial dilutions were also performed. After the
medium dried, the plates were incubated in an incubator for 24h +2 at 37 °C and the numbers

of colonies were counted by colony counter (ISO4833-2003 (E)) Figure I11.2.

20 g of sample

|

180 ml of ringer solution

Homogenized in stomacher blander

0.1 ml in SPCA
l Incubated at 37 °C for 24 h

Colony counter

Figure I11.2: Microbiology methods for total bacterial count
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3.4. Microbiological Methods for isolation of Staphylococcus aureus

20 g of sample

l

180 ml of ringer solution

l Homogenized in stomacher blander
0.1 mlin BPA
l Incubated at 37 °C for 24 hr or 48 hr

Confirmation

(Staphylase test, Biochemical test)

Figure 111.3: Microbiology method of Staphylococcus aureus

The number of colonies were recorded of each plate (black and shiny with narrow white
margins surrounded by a zone of clearing) on the Baird-Parker medium. Five colonies of each
dilution were selected (or all if less than five) and confirmed the colonies by used Staphylase
test which was generally accepted identifying characteristic of Sraphylococcus aureus 1s the
ability to produce free and bound coagulated (or clumped factor), the test method was
followed the instruction in the Oxoid Manual, Diagnostic reagent STAPH test Kit DR 595A.
Other confirmation test used in this method was Biochemical test by using the ID 32 STAPH
from Bio Merieux, REF. 32 500 (/SO6888-1:1999 (E).
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3.5. Detection and enumeration of Coliforms / Faecal Coliforms in foods by most

probably number (MPN).

20 g of sample

|

180 ml of ringer solution

l Homogenized in stomacher blender
1 ml in 3* 10 ml of 0.0l mlin 3 * 10 ml of 0.001 ml in 3* 10 ml of
MacConky broth MacConky broth MacConky broth 1

l Incubated at 37 °C for 24 h

Identification

l

BGB BGB ™

l

Incubated at 37 °C for 24 h l

Incubated at 44 °C for 24 h
Confirmation
((Gas production, Kovace Reagent (Dark red

ring, Gram staining), Biochemical test))

Figure I1L4: Microbiology method of Coliforms / Faecal Coliforms
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Samples were homogenized at a 1:10 dilution level. Decimal dilutions of 1:100 were prepared
by adding 1 ml of the homogenated 1 ml of the dilution 1:10 of the liquid food , to 9 ml of
Ringer Solution. Decimal dilutions of 1:1000 were prepared by adding 1 ml of the inoculated
diluents into 9 ml of blank diluents. The dilutions were inoculated and 1 ml from each dilution
level (1:10, 1:100 and 1:1000) were transferred to each of 3 separate tubes of MacConkey
Broth. Incubate the tubes at 37 °C for 24 + 2h or 48 + 2 h.

Total coliform bacteria were detected on the basis of their ability to produce gas and acid from
lactose-containing media at 37 °C. Numbers were estimated by the established Most Probable
Number (MPN) approach used successive (Appendices VII 4). At each dilution the number of
BGB tubes showing gas during 24 h or 48 h was recorded and referred to MPN tables in
Appendix 3 for 3 tubes dilution. Results as "confirmed" MPN of coliform bacteria per g. Gas
production in BGB broth tubes at 44.0 + 0.2 °C s considered positive for Faecal coliforms.
Indole production after 0.2 ml of Kovacs reagent addition to tryptone water tubes and
formation of a dark red ring on the surface of the liquid considered positive reaction for faecal

coliforms of E. coli (Type 1) origin. Additional biochemical test to confirm E. coli by using

Rapid ID 32 E BioMerieux (France). (/SO7251-2005 (E)).
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3.6. Detection of Salmonella spp. in foods

25 g of sample

|

225 ml of BPW

Homogenized in stomacher blander

Incubated at 37 °C for 20 h

' ) v
1 ml in 10 ml of MKTTn Broth 0.1 ml in 10 ml of RVS broth.
Incubated at 37 °C for 24 h Incubated at 41.5 °C for 24 h
3Mmin XLD 3 Mmin BGA 3Mmin XLD 3 Mm in BGA

Incubated at 37 °C for24 h
Confirmation

(Gram staining, Biochemical test, Serological test)

Figure IILS: Microbiology method of Salmonella spp
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Selection and growth of suspect colonies
Figure 5 shown method of Salmonella spp after incubation 24 h, the BGA plate was examined
for Salmonella colonies which were colorless to pink, surrounded by bright red medium;

lactose-fermenting organisms (coliforms) form yellow-green colored colonies.

Colonies of Salmonella on XLD plates were append pink with or without black centers. 1- S
typical Salmonella - suspect colonies were selected and purified by streaking onto pre-poured
petri dishes containing SPCA medium and then incubated for 24 + 3 hat 37 °C. Gram Staining
was done and the Oxidase test was performed.

Confirmation of suspect Salmonella colonies from Standard Plate Count Agar (SPCA)
medium carried out by serological test by used polyvalent O and polyvalent H antisera and by
performed the identification used biochemical Rapid ID 32 E, BioMerieux (France). Results
were reported as Sa/monella Detected / Not Detected in 25g food after confirmation with

biochemical & serological tests (1S06579-2002 (E)).
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3.7. Detection of Lsiteria monocytogenes

25 g of sample

|

225 ml of Primary enrichment media

Homogenized in stomacher blender

Incubated at 30 °C for 24 h

v R

0.1 ml in Oxford agar plate 0.1 ml in PALCAM agar

Incubated at 37 °C for 48 h

Confirmation
(Gram staining, Rapid ID 32 E, Serological test)
Or

Added 0.1 ml in secondary enrichment media

Incubated at 37 °C for24 h

0.1 ml in Oxford agar plate 0.1 ml in PALCAM agar

Incubated at 37 °C for 24 h

Confirmation

(Gram staining, Catalase reaction, Biochemical test)

Figure I11.6: Microbiology method of Lsiteria monocyrogenes
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Figure 111.6 shown the method of L. monocytogenes and typical colonies of Listeria spp. grow
on Oxford agar for 24 h were small grayish colonies surrounded by black halos and after 48 h
colonies become darker and increased in size was incased. Otherwise, typical colonies of
Listeria spp. grow on PALCAM agar for 24 h were small or very small grayish green and
sometimes with black centers and black halos.

The gram stain was preformed on a colony isolated from Total Plate Count, Listeria spp were
revealed as Gram-positive slim, short rods. In the Catalase reaction gas bubbles indicated a
positive reaction and then interpretation of biochemical test by used api1 Listeria 10 300.

(ISO11290-1:1996 (E)).

3.8. Measurement of pH

The pH was measured by using a pH meter (Kent EIL 7045/46) fitted with standard
combination glass electrode. The pH meter was calibrated before determination by freshly
prepared buffer solutions of pH 7.0 and pH 4.0. The diluted samples of salads were poured in

a beaker and taken the reading of instrument.

4. Statistical analysis and software
Data mean, average, Standard deviation, Standard error and graphs were analyzed using Excel

program.
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IV. RESULTS AND DISCUSSIONS
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4. Results & Discussions

1. Results

A total of 120 ready to eat foods samples were collected from 3 different locations of Sharjah
supermarkets to evaluate the prevalence of the most common pathogen microorganisms

(Staphylococcus, E. coli, Salmonella spp and Listeria monocytogenes) among the RTE foods.

1.1. Aerobic bacteria and prevalence of pathogenic mici-oorganisms in ready-to-eat foods
High count of total aerobic bacteria was obtained and the results of series of biochemical tests
in this study revealed that E. coli, were low in number; while, Salmonella species, Listeria

monocytogenes and Staphylococcus aureus were absent in all products

The total aerobic plate count is shown in (Figure IV.7). The imtial total plate count of ready to
eat foods were significantly different (p<0.05). Coleslaw and hommos had significantly lower
colonies 4.8 log colon forming unit (CFU/g) and 4.9 log CFU/g, than tabbouleh and Greek
salad that had 5.08 log CFU/g and 5.09 log CFU/g respectively. Coleslaw and hommos were

not significantly different from each other.

For E.coli, coleslaw had significantly lower numbers as per log MPN of 0.20/g than Greek
salad, hommos and tabbouleh. The numbers of bactenia per gram for Greek salad, hommos
and tabbouleh were as per log (MPN/g) of 0.44, 0.50 and 0.68 respectively. However, there
was no significant difference between hommos and Greek salad. The E. coli count 1s shown in

Figure 1V 8.
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Greek salad Tabbouleh Hommos Coleslaw
Products

Figure 1V.7: Microbial loads in ready to eat foods (columns with similar letters are not

significantly different)
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b
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z 0.3
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Tabbouleh Hommos Greek salad Coleslaw
Products

Figure 1V.8: Prevalence of E. coli in ready to eat foods (columns with similar letters are not

significantly different)
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1.2. The survival and growth of both E. coli and aerobic plate microorganisms with
respect to temperature, time of storage and pH in tabbouleh.

The effect of storage time and temperatures are shown in Figure (IV.9). Extending the storage
time tend to significantly increase the microbial load. For example, at day 0 and temperature 5
°C the mean (log CFU/g) was found to be 3.8 while after 6 day of storage at the same
temperature the mean (log CFU/g) increased to 4.9. This represents more than ten times

increase during storage times under investigation. Similar trend was observed at 25 °C and 40
°C.

It can be seen that, there i1s remarkable upward shift in the mean (log CFU/g) as the
temperature is increased. For example, at temperature S °C at day 6, the (log CFU/G)/ was 4.6
and when temperature was raised to 40 °C, it became 6.1 (log CFU/g) representing 15 times

increase in the total aerobic plate count.

The effect of storage time and temperature on E. coli growth is given in Figure (IV.10). Unlike
the case in total plate count, E. coli count had significantly decreased when the temperature
was raised from S to 40 °C as it can be seen in the curve shifting downwards. This unexpected
decrease i1s primarily attributed to the increase in temperature and time effect. The effect of
storage time has similar trend in the E. coli numbers. For example at 0 day and temperature 40
°C the E. coli count was 0.78 log (MPN/g) and after 6 day at same temperature the log
(MPN/g) of E. coli1 was 0.20.

The effect of storage time and temperature on pH of tabbouleh i1s shown in Figure (IV.11). It
was observed that extending storage time significantly increased the pH of product, and
similar effect was observed when temperature was raised. For example at day O at temperature

5 °C, the pH value was 3.9 and at day 6 was 4.4 and the change was significant (P< 0.05).
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Figure 1V.11: The effect of temperature and time of storage on pH of tabbouleh.

1.3. The survival and growth of both E. coli and aerobic plate microorganisms with
respect to temperature, time of storage and pH in Greek salad.

It can be seen from Figure (IV.12), that aerobic plate count significantly increased during
different storage condition (time and temperature). At day O and temperature S °C the mean
(log CFU/g) was found to be 3.8 and after 6 days of storage at the same temperature the mean
log colony forming unit increased to 4.07. Also in day 6 at 25 °C and 40 °C the mean log
colony forming units were 5.80 and 6.20 log CFU/g, respectively. This represents more than

seven and four times higher during storage times and temperature under investigation.

On the other hand, E. coli decreased in growth during storage time and temperature (Figure
IV.13). For example, at temperature 5 °C at day 1, the log (MPN/g) was 040 and when
temperature was 25 °C it becomes 0.75 log (MPN/g) at 6 day the number of bacteria was
decreased (from 0.40 to 0.20 Log (MPN/g) at S °C and from 0.75 to 0.45 log (MPN/g) at 25

°C), and similar trend was observed at temperature 40 °C.
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The last figure i1s Figure 1V.14 shows the pH of Greek salad. It was slightly increased of pH of
Greek salad taken at the different storage conditions. For example, at 0 day and temperature 5

°C, the pH values was 4.80 and at day 6 was 5.16 and the change was significant (P<0.05).

8.00
7.00 -
6.00
5.00 |

/ I T = )
4.00 e 25°C"
SRS i o 3

3.00

Log CFU/g

2.00 -
1.00

0.00 ‘
0 1 2 3 4 5 6 7

Storage time (days)

Figure 1V.12: The effect of temperature and time of storage on the count of aerobic plate

count in Greek salad
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1.4. The survival and growth of both E. coli and aerobic plate microorganisms with
respect to temperature, time of storage and pH in coleslaw.

The effect of temperature and storage time on the aerobic plate count in coleslaw is shown in
(Figure 15). Results indicate that aerobic plate count increased with extension in the storage
time at all storage temperatures investigated. At day O and temperature 5 °C the mean log
(CFU/g) was found to be 3.16 and after 6 day of storage at the same temperature the value
reached 4.73 log (CFU/g), and the trend was not different with other temperatures.

Similar to other products, the total plate count significantly increased with increasing
temperature and the mean value was found to be 4.04 log (CFU/g) at S °C and 5.7 log (CFU/g)
at 40 °C

For E. coil, the highest growth was observed in dayl (0.2 log MPN/g) which was significantly
different from day (0.12 log (MPN/g). There was no significant difference between day |, 2
and 4.1n the growth of E. coli. With respect to temperature the effect was not significant, but

the trend indicates that higher temperature has killing effect on E. coli (Figure 16).
The pH of the product (coleslaw) registered shight difference between temperatures. The value

was higher at 5 °C (5.2) and there was no difference in the temperature effect on the pH of the

product between 25 and 40 °C (4.85 and 4.89) respectively Figure (17).
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Figure IV.17: The effect of temperature and time of storage on pH of coleslaw

1.5. The survival and growth of both E. coli and aerobic plate microorganisms with
respect to temperature, time of storage and pH in hommos.

The total plate count of hommos 1s displayed in Figure (IV.18). As expected, lowering the
storage temperature will significantly prolong the shelf life of the product and promote safety.
Similar to the other products, increasing storage temperature from S °C to 40 °C significantly
increase the microbial load. The mean log (CFU/g) was 5.3 when the temperature was kept at
40 °C, however, when the temperature was reduced to 5 °C, the number dropped to 4.4 log
(CFU/g). This reduction in the total number of microorganism will greatly improve the safety

quality and enhance the shelf life of the product.

As expected, extending the storage time of the product at any temperature will give food
spoiling microorganisms, a better chance to multiply and cause more deterioration in the food.
This negative effect can be easily observed when the microbial population of the fresh product

is compared with the load six days after at all investigated temperatures. For example at day 0
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and temperature 5 °C the mean log (CFU/g) was fond to be 4.8 and after 6 days later at same

temperature the figure jumped to 6.01 log (CFU/g) and similar trend was observed at 25 °C
and 40 °C.

It 1s apparent from Figure (IV.19) that the count of £. coli significantly decreased during the
storage times and temperatures investigated. Contrary to expectation, higher temperature
showed negative effect in the mean colonies while optimum growth was observed when the
product was kept at 25 °C throughout the period of study. The highest growth was register at
25 °C during the fourth storage day with a mean of 0.67 log (MPN/g). There was no

significant difference between S and 40 °C.

The effect of temperature and storage time on the pH of hommos is given in (Figure 1V 20).
The results suggest that higher temperature may promote certain reactions that are likely to
lower the acidity of the food which may result into negative consequences in the safety and

stability of the food. There was no significant difference between S and 25 °C at (P<0.05)

0.00 T T T =i 7
0 1 2 3 4 R 6 7
Storage time (days)

Figure 1V.18: The effect of temperature and time of storage on the count of aerobic plate

count in hommos
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1.6. The effect of location on the overall microbial quality of all ready to eat foods.

Figure (21) demonstrates that locations (1 and 3) had lack in hygiene compared to the location
(2). These two locations 1 and 3 were significantly different (P<0.05) from location 2.
Location 2 had significantly lower count of bacteria in all products than location 1 and 3.

Location 1 and 3 were not significantly different from each other.

6

5
on 4 —
E ﬂ Location 1
o3 'O Location 2
20
S B Location 3

2

1

0

Tabbouleh Greek salad Hommos Coleslaw
poducts

Figure 1V.21: Effect of locations on the overall microorganisms quality of all ready to eat

foods
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2. Discussion

As 1t was mentioned previously, the UAE standards for read-to-eat foods allows a "one day"
shelf-hfe and the products are to be kept refrigerated under 5 °C; but during the sampling, the
products indicated 4 days shelf-life (best before the manufacturing date) supposedly
refrigerated at 5 °C in open-counter. However, there is no indicator of the temperature in
refrigerator counter. Consequently this practice may lead to a high number of the bacteria
count after one day, irrespective of the storage temperature, and this affected the microbial

quality of the ready-to-eat foods samples evaluated during this study.

2.1. Prevalence of Pathogenic microorganisms in ready-to-eat foods

Salmonella species, Listeria monocytogenes and Staphylococcus aureus were not detected in
any RTE samples tested in this study and this observation was also reported by other
researchers such as Soriano er al_, (2000) who observed the absence of Salmonella in lettuce
samples. On the other hand, Meldrum er al, (2006) reported high level contamination of
aerobic plate count, F. coli, and S. aureus which could be due to poor sanitation practices and
B. cereus in ready to eat food but no detection of Sal/monella spp and Listeria spp; there are
other reasons that could inhibit the growth of pathogenic microorganisms. Rauha et al,, (2000)
reported that in nature there are large numbers of different types of antimicrobial compounds
that play an important role in the natural defense of all kind of living organisms. The possible
presence of antimicrobial compounds like allicins — released during the cutting of the onion
which 1s one of the ingredients in certain ready-to-eat foods could inhibit the growth of
pathogenic microorganisms (Cowan, 1999). Also, Yucel and Karapinar, (2005), found that
vinegar and the lemon juice containing acetic and citric acids which are naturally used as
flavoring and acidifying liquids for vegetables salads could be considered as an altemative
disinfectant which removes or at least reduces pathogens causing no health risk to consumers.
Gillian (1999) reported, that fewer than 4 °C mesophilic pathogens are unable to multiply, also
the minimum growth temperature of Sa/monella was 2 °C as reported by ICMSF (1996). We
did not measure any antimicrobial activities during this study; however, the above published
papers could be one of the reasons for not detecting the most common outbreak pathogenic

microorganisms in the ready-to-eat salads sampled during this study.
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2.2. Tabbouleh

In this study, the counts of £. coli were high. tabbouleh salads are made of leafy vegetables
and herbs particularly parsley. Johnston ez al., (2005) found that those vegetables contain high
level of aerobic plate count and E. coli.

This study showed that, during the storage at different temperatures and during the shelf life,
the counts of F. coli decreased. Naimi er al., (2003) reported similar results and found that
holding of large quantities of parsley at room temperature increased the risk of sporadic low
level of E. coli. This study showed that the E. coli counts under low temperature decreased
over time which could be an indication of survival and adaptation to the storage conditions.
This had been proven by Menlove (2002) and Seo er al., (1999) where E. coli decreased in
number when the produce was stored at 4-5 °C with a pH less than 4 4.

The pH of tabbouleh salads slightly increased from 3.9 to 4.8 duringthe storage irrespective of
the storage temperature. Prescott et al., (2002) found some of microorganisms made their

environment more alkaline by generating ammonia though amino acid degradation.

2.3. Greek salad

In this product, the total bacteria count at 25 and 40 °C increased significantly during the shelf
hife. The count at 5 °C was steady during the storage. Petram (2005) reported, that the aerobic
plate count for leafy vegetables and salads could be high but low for fruit vegetables and salad
such as tomatoes, peppers and aubergines due to the cross contamination. Many species of
microorganisms such as bacteria, yeast and mold can grow between optimal temperatures (20-
30 °C); and in general the count of microorganisms is stable at 5 °C as observed by Prescott er
al., (2002). This could be an explanation of the results observed in this study for the survival

of aerobic plate count in Greek salad.

The growth of E. coli in this study decreased when stored at low temperatures, this was in
agreement with the findings of Skandamis & Fand Nychas, (2000), where the pH, the storage
temperature and some essential oils reduced the count of E. coli at different storage
temperature (0, 5, 15 °C) and pH adjusted to 4, 4.5 or 5. Seo & Frank, (1990) reported that the
survival and growth of pathogens (E. coli) on lettuce decreased in number when the produce

was stored at 4-5 °C. In addition, Fang er al., (2001) reported, E. coli was high at 18 °C in
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ready to eat food samples Moreover, Prescott er al., (2002), documented that F. coli species
could produce bacteriocin at high temperature 40 °C which will eventually inhibit the growth

of Enterobacters.

2.4. Coleslaw

In coleslaw, the total bacteria count increased during the storage time and temperature.
Coleslaw salads are made of made shredded cabbage and mayonnaise. Man & Jones (1994)
reported that the complexity and rate of growth of the associative microflora found in
mayonnaise based salads were related to the concentration of the vanious organic acids in the
dressings and its pH These particular conditions in mayonnaise base salads such as coleslaw
would affect the decreased of E. coli (Brocklehurst er al., 1987). These authors also observed
the absence of E. coli and Sraphylococcus aureus in coleslaw at 7 °C of storage temperatures
and a pH range of 4.6 to 5.1 but the presence of Pseudomonas spp, Enterobacteriaceae and
yeast. This study showed a relatively stable pH of coleslaw salads between 4.9 and 5.1
irrespective of the temperature of storage. In general, vegetable contains a wide range of gram-
positive and Gram-negative bacteria such as Enterobacteriaceae and Streorococceae,
Pseudomonas spp, lactic acid bacteria and yeast (Manvell & Ackland,1986; Brockehurst,
1987). Gary et al., (1990) found that these microorganisms were derived mainly from the
naturally associated microflora of the plant tissues, in addition to the processing equipment
(shredders and slicers) that could give rise to the subsequent contamination of processed

vegetables.

2.5.Hommos

In the hommos salads, the bacteria count was the lowest count when compared to other RTE;
however, the count increased was significantly over time particularly when the products were
stored at 25 and 40 °C, but E. coli significantly deceased at all of the storage temperatures. In
a study done by Gohil et al., (1996) fecal coliforms were i1solated from 22 samples of
hommos. Klaenhammer (1988); Harris er al, (1989) and Arihara (1993), found that, some
microflora in vegetables produced antimicrobial compounds such as antibiotics and
bacteriocins that could inhibit the survival of certain microorganisms. Another factor that

could exercise a bactericidal effect was the presence of olive oil and citric acid in hommos
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according to Gohil et al., (1996), where in their study without olive oil, the bacteria count of
the stored hommos showed a slight increase in number at 4 °C over a period of 3 days
incubation but at 10 °C the count remained stable, whereas at 20 °C and 40 °C the count
declined significantly after one and half day.

The hommos samples in this study experienced dryness when the temperature and storage
time increased; this latter situation caused a decline in E. coli numbers. This observation
supported the results of Menlove (2002) who noted that E. coli growth was inhibited by fairly
low a,, < 0.95 in ready to eat foods. Also, Robinson (2002) showed that, E. coli can grow
between aw 0.97 to 0.99 at 22.5 °C in foods. On the other hand, McEldowney & Fletcher

(1988) and Hirai (1991) showed that dryness exerted a significant bactericidal effect.

2.6. The effect of locations on the overall microorganism's quality and safety of all salad
products.

Location 1 and 3 were poor in hygiene compared to the location 2 due to huge load of bactera
count in the finished products, averaging 5.5 Log CFU/g for location 1 and 3 and 4.5 Log
CFU/g for location 2. These three locations used the same raw ingredients to prepare the
salads. Duning this study, poor manufacturing practices were observed when preparing the
RTE salads. Kaneko er al, (1999) conducted a study on the bacterial contamination in the
environment of food factories processing ready-to-eat fresh vegetables and found heavy
contamination of aerobic plate count isolated from interior surfaces of equipment of washing,
slicing, dehydrating, and blending. It was also reported that the surface of blades for slicing
and the floor surfaces of operation rooms, harbored various type of microorganisms which
could compromise the safety of the products; also E. coli strains were detected in the surface
of the operation room floors and employees gloves. In this study, all locations prepared the
salads in house. The fact that all kitchen surfaces and processing areas might exhibit some
degree of bacterial contamination illustrates the potential risk of bacteria being transferred to
food, and two items that are consistently contaminated are the working surfaces, the chopping
boards and knives that might be used for slicing vegetables (Komirose er al., 1972, Bloomfield

and Scott, 2003)

33



u | -
R
FRE® P e of s

3

il

sy vl d—

- ol

ﬂr'!l-l-hl-lﬂ-u-ﬁ%ﬁ .
- Gt E1* Inog. F i S S P e ) - B o .
i s e v LT iy T et o ee, A8 - MR TR ——
[ e L et rme et A h e L as R T e -
Fe . o U
1 A Y a w gV Nl B2
- « "I o at
: V. Conclusion
Tt
(- o .
. ' T
i o g g o e Wy, LS. T

. - “‘: "y Mand amlly Bl S b b 1
I T = % uye B o A ' Tty 1 e
VTG E [, r e ey ifinh g fdﬂvl-ﬂd,‘ {‘ ‘.
e s i, g s = <K o
o ool b ik 1

T ’ — 4 = ““.‘" = .
" i el Seiufiuiend 4 : - 41 T
i | I , . ) ‘:!“ *:“. A..

da il " 75 o

Wrwromprn’ «




S. Conclusion

The aims of this study were to evaluate and to assess the prevalence of the most common
pathogen microorganisms (FEscherichia coli, Salmonella, Listeria monocytogenes and
Staphylococcus aureus) among selected RTE foodsbased on the effect of temperature and time
of storage. The growth and survival of total bacteria were also assessed during the shelf life
study at different temperatures of storage. In addition the locations of the preparation of the
RTE foods were also evaluated in relation to the hygiene and source of the contamination of
the RTE foods. In this study, we found that when the temperatures increase, the total plate
count increases for all the products studied. Prolonging the storage time increased the total
plate count for all the products studies. Also the pH increases within the limit of pathogenic
microorganism's growth rate.

Salmonella, Listeria monocytogenes and Staphylococcus aureus were not detected in any of
the products studied. However, E. coli counts decreased in all products studied during the
storage periods at different temperatures (5, 25 and 40 °C).

There 1s strong relationship between the factors studied were temperature, time, and location
and the growth of both total bacteria and E. coll.

The results showed that the way of preparation of the food items and processing could give
you an indication of quantity and safety of the microorganisms present in tabbouleh, hommos,
Greek salad and coleslaw. In fact, in this study, there were some observations that some
fridges were not operating at cold temperature to keep food safe. Also, most of the employees
who worked at the supermarket stores have no qualification in food handling and preparation.
From the microbiological results of all products studied, and after one day of storage the high
count of total bacteria and high count of E. coli exceeded the maximum acceptable standards.
Consequently the shelf life of ready to eat foods should not exceed one day, according to UAE
General Secretariat of Municipalities (No.8/2003). Based on the data from the study and the
food preparation handling at the three locations in Sharjah Supermarket, it i1s recommended

that HACCP should be implemented 1in all locations studied.
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7. Appendices

Appendices |

1. Preparation of diluents

.Quarter-Strength Ringer's solution tablets (RS, BP §2):

Composition g/l
Sodium chloride 225
Pottasium chlonde 0.105
Calcium chloride 6H20 0.12
Sodium bicarbonate 0.05

Final pH of 7.0

One tablet of ingredients for Ringer's solution was dissolved in 500 ml of distilled water, and 9

ml aliquots of the mixture were dispensed into screw-capped bottles. The solution was

sterilized by autoclaving at 121 °C for 15 minutes.

2. Preparation of media

. Standard Plate Count Agar (SPCA, CM 463):

Composition g/l
Yeast extract 250
Pancreatic digest of casein 5.0
Glucose 1.0
Agar 15.0

Final pH of 7.0 £ 0.2
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An amount of SPCA (23.5 g) was added to 1 litter of distilled water, boiled, distributed into

bottles and stenlized by autoclaving at 121°C for 15 minutes.

. Baird Parker Agar Base (BPAB, CM 275):

Composition g/l
Tryptone 10.0
'Lab-Lemco’ powder 5.0
Yeast extract 1.0
Sodium pyruvate 10.0
Glycine 12.0
Lithium choride 5.0
Agar 20.0

Final pH of 6.8 £ 0.2

An amount of BPAB (63 g) was added to 1 litter of distilled water, boiled, distributed into
tubes or flasks and sterilized by autoclaving at 121°C % 1°C for 15 minutes.
The medium was then cooled to S0°C and, at this temperature, aseptically added SO ml of Egg

Yolk Tellurite Emulsion SR54, and mixed well before pouring.

. Macconkey Broth (purple) (MB, CM Sa, powder):

Composition g/l
Peptone 20.0
Lactose 10.0
Bile salts 5.0
Sodium chlonde 5.0
Bromocresol purple 0.01
Final pH of 7 4
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An amount Macconkey Broth powder (23.5 g) was added to 1 litter of distilled water,
distributed into containers fitted with fermentation (Durham) tubes and sterilized by

autoclaving at 121°C for 15 minutes.

. Brilliant Green Bile (2%) Broth (CM 31):

Composition g/l
Peptone 10.0
Lactose 10.0
Ox bile (punfied) 20.0
Bnlhant green 0.0133
Final pH of 7 4

Dissolved (40.0 g) in 1 litter of distilled water, mixed well, distributed into containers fitted

with fermentation (Durham) tubes and sterilized by autoclaving at 121 °C for 15 minutes.

. Tryptone Water (CM 87):

Composition g/l
Trypton 10.0
Sodium chlonde 5.0
Final pH of 7.5

An amount Tryptone Water (15 g) was added to 1 litter of distilled water, distributed into final

and sterilized by autoclaving at 121°C for 15 minutes.
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. Buffered Peotone Water (BPW) (CM 509):

Composition g/l
Peptone 10.0
Sodium chlonde 5.0
Disodium phosphate 35
Potassium dihydrogen phosphate 1.5

Final pH of 7.2

An amount BPW (20 g) was added to 1 litter of distilled water, distributed into final containers

and sterilized by autoclaving at 121°C for 15 minutes.

. Rappaport Vassiliadis Soya (RVS) peptone broth (CM 866):

Composition g/l
Soya peptone 4.5
Sodium chlonde £
Potassium dihydrogen phosphate 126
Di-potassium hydrogen phosphate 0.18
Magnesium chloride (anhydrous) 13.58
Malachite green 0.036

Final pH of 5.2

An amount RVS (26.75 g) was added to 1 litter of distilled water, heated, distributed 10 ml

into tubes and sterilized by autoclaving at 121°C for 15 minutes.
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- Muller-Kauffmann Teterthionate Broth Base (MKTBB, CM 343):

Composition g/l
Tryptone 70
Soya peptone 23
Sodium chlonde 23
Calcium carbonate 25.0
Sodium thiosulphate 40.0
Ox bile 4.75

Final pH of 6.8 £ 0.2

An amount of MKTBB (82 g) was added to 1 litter of distilled water, boiled, The medium was
then cooled to 45°C and, at this temperature, aseptically added 19 ml of 10dine solution and

9.5 ml of a 0.1% bnlliant green solution, and mixed well before filled out into sterile tubes.

loden Solution g/l
lodine 20
Potassium iodide 25
Distilled water to 100
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. XLD medium (CM 469):

Composition g/l
Yeast extract 3.0
L-Lysine 5.0
Xylose 3.75
Lactose 7.5
Sucrose 755
Sodium desoxycholate 1.0
Sodium chlorde 5.0
Sodium thiosulphate 6.8
Ferricammonium citrate 0.8
Phenol red 0.08
Agar 12.575
Final pH of 7.4

An amount of XLD (53 g) was added to 1 litter of distilled water, heated, the medium was

then cooled to 45°C and, at this temperature and poured into plates.

. Brilliant Green Agar (BGA, CM 329):

Composition g/l
'Lab-Lemco' powder 5.0
Peptone 10.0
Yeast extract 3.0
Disodium hydrogen phosphate 10
Sodium dihydrogen phosphate 0.6
Lactose 10.0
Sucrose 10.0
Phenol red 0.09
Bnilhant green 0.0047
Agar 12.0
Final pH of 6.9
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An amount of BGA (53 g) was added to 1 litter of distilled water, heated to boil, the medium

was then cooled to 50°C and, at this temperature and poured into plates.

. Violet Red Bile Glucose Agar (VRBGA, CM 485):

Composition g/l
Yeast extract 3.0
Peptone 70
Sodium chlonde 5.0
Bile salt No.3 13
Glucose 10.0
Neutral red 0.03
Crystal violet 0.002
Agar 12.0
Final pH of 7 4

An amount of VRBGA (38.5 g) was added to 1 htter of distilled water, boiled, the medium

was then mixed well and poured into tubes.

. Listeria Selective Agar (Oxford formulation) (LSA, CM 856):

Composition g/l
Columbia Blood Agar Base 39.0
Aesculin 1.0
Ferric ammonium citrate 5.0
Lithium chlonde 15.0
Final pH of 7.0
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. Listeria Selective Supplement (Oxford formulation) (LSS, SR 140):

Composition mg
Cycloheximide 200.0
Colistin sulphate 10.0
Acriflavine 25
Cefotetan 1.0
Fosfomycin 5.0

Suspended (27.75 g) of the LSA CM 856 in 500 ml distilled water, boiled, sterilized by
autoclaving at 121°C for 15 minutes, the medium was then cooled to 50 °C and, at this
temperature, added the contents of one vial of LSS SR 140 which reconstituted with 5 ml of

ethanol/sterile distilled water (1:1), mixed well then poured into sterile petri dishes.

. Listeria Enrichment Broth Base (UVM), (CM 863):

Composition g/l
Proteose peptone 5.0
Tryptone 5.0
'Lab-Lemco’ powder 5.0
Yeast Extract 5.0
Sodium chloride 20.0
Disodium hydrogen phosphate 12.0
Potassium dihydrogen phosphate 1.35
Aesculin 1.0
Final pH of 7.4
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. Listeria Primary Selective Enrichment Supplement (UVM 1), (SR 142):

Composition mg
Nalidixic acid 10.0
Acrifla vine hydrochloride 12.5

Suspended (27.2 g) of the UVM CM 863 in 500 ml distilled water, sterilized by
autoclaving at 121°C for 15 minutes, the medium was then cooled to 50°C and, at this
temperature, added the contents of one vial of UVM 1 SR 142 which reconstituted

with 2 ml of sterile distilled water, mixed well then poured into sterile containers.

. Listeria Secondary Selective Enrichment Mediun (UVM 11), (CM 863):

Composition g/l
Proteose peptone 5.0
Tryptone 5.0
'Lab-Lemco’ powder 5.0
Yeast Extract 5.0
Sodium chloride 20.0
Disodium hydrogen phosphate 12.0
Potassium dihydrogen phosphate k.35
Aesculin 1.0
Final pH of 7.4

. Listeria Secondary Selective Enrichment Supplement (UVM I1), (SR 143):

Composition mg
Nalidixic acid 10.0
Acrifla vine hydrochloride 12.5
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Suspended (27.2 g) of the UVM CM 863 in 500 ml distilled water, sterilized by autoclaving at
121°C for 15 minutes, the medium was then cooled to S0°C and, at this temperature, added the
contents of one vial of UVM 1 SR 143 which reconstituted with 2 ml of sterile distilled water,

mixed well then poured into sterile containers.

. Palcam Agar Base (CM 877):

Composition g/l
Columbia blood agar base 39.0
Yeast extract 3.0
Glucose 0.5
Aesculin 0.8
Ferric ammonium citrate 0.5
Mannitol 10.0
Phenol red 0.08
Lithium chloride 15.0
Final pH of 7.2

. Palcam Selective Supplement (SR 150):

Composition mg
Polymixin B 5.0
Acrifla vine hydrochloride 23
Ceftazidime 10.0

Suspended (34.5 g) of the Palcam Agare CM 877 in 500 ml distilled water, boiled, sterilized
by autoclaving at 121 °C for 15 minutes, the medium was then cooled to 50 °C and, at this
temperature, added the contents of one vial of SR 150 which reconstituted with 2 ml of sterile

distilled water, mixed well then poured into sterile petri dishes.
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Appendices 2: Collecting Samples schedule form Sharjah Supermarket

Stores

Location:

The samples were collected from 3 different supermarket stores in Sharjah

Samples Schedule

Locations Date Products Weight
Sunday-Thursday
1 10/06/07 tabbouleh salad 790¢g
To greek salad 790g
21/06/07 coleslaw salad 790g
houmos 790g
2 24/06/07 tabbouleh salad 790g
To greek salad 790g
05/07/07 coleslaw salad 790g
houmos 790g
3 08/07/07 tabbouleh salad 790¢g
To greek salad 790g
19/07/07 coleslaw salad 790¢g
houmos 790g
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GULF STANDARD

6. Tomato products, Salad,

Vinegar and spices

Appendices 3: Microbiology Criteria for Foodstuffs (Read-to-Eat foods)

GS 1016/1998

Item Microorganisms Limit per ml or gram
n ¢ m M
Tomato Ketchup, Tomato | Shall pass commercial | No signs of microbial

juice, tomato paste, tomato
puree, tomato sauce and

tomato products

sterility test. Incubation at

25 - 30°C for 10 days

growth, no swells or seam
defective on packages are

found during incubation

Coleslaw (cabbage) Aerobic plate count Siad il 10° 10°
Staphylococci S G 10*
Escherichia coli 5 2 10 10°
Listeria monocytogenes > 0O O -
Salad of raw vegetable Aerobic plate count 5 R ¢ 10°
Salmonella S 0O O -
Mayonnaise, mustard, | Aerobic plate count LI R Ty 10°
salad sauce and other | Coliforms 5 1 10 10°
sauces dfawedv dvz Yeasts and moulds 5 2 -2 10
Salmonella S (@ 0 -
‘Vinegar | Aerobicplatecount |5 1 30 10°
Spices Staphylococci s 1 10° 10°
Salmonella S 0O O -
Yeasts and moulds ‘ 5 2 10° 10*
Fecal coliform | 5 2 10 10°
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Definitions

Sampling plan

A laboratory plan defining the number of product unit's 'n" that should be examined

and acceptance or rejection levels and tolerance values. It comprises the following:

n = Number of sample units to be examined.

m = Value or level of microbiological criterion to be met in the food product.

¢ = The maximum number of sample units allowed to have a microbiological criterion
value greater than m and below the value of M.

M = The maximum criterion value that should not achieved or exceeded any of n units.
Sample unit = A sample from the food product examined as one unit from "n". It 1s

either a single or a part of a package or a mixed compound of the product.
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Appendices 4: UAE standard of Most Probable Number

Most probable number (MPN) of bacteria; three tubes at each dilution.

Number of positive tubes at each dilution level.

Confidence limits

10" 107 10° MPN 99 % 95 %

dilution dilution | dilution Per g Lower Upper | Lower Upper

0 0 0 <3 - - - -(D)

0 ] 0 3 <] 23 <] 17 \
1 0 0 4 <l 28 1 21

I 0 I 7 I 35 3 2% ]
I I 0 7 1 |36 |2 |28

1 2 0 1 2 44 4 35

2 0 0 9 ] 50 2 38

2 0 ] 14 3 62 S 48

2 i 0 s 3 65 5 50 |
2 1 1 20 3 77 8 61 t
2 2 0 21 D 80 8 63 ‘
3 0 0 23 4 177 7 129 ‘
3 0 1 40 10 230 10 180 J‘
3 1 0 40 10 290 20 210 i
3 1 1 70 20 370 20 280 |
3 2 0 90 20 520 30 390 j
3 2 1 150 30 660 50 510 |
3 2 2 210 S50 820 80 640 ‘
3 3 0 200 <100 | 1900 100 1400 :
3 3 1 500 100 3200 | 200 2400 E
3 3 2 1100 200 6400 300 4800 i
3 3 3 >1100 — - - _©
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Calculated from data of de Man (1975)

A - At each dilution level, inoculate 1 ml into each of three tubes of media.

B - To calculate MPN from dilutions greater than those shown, multiply the MPN by the
appropriate factor of 10, 100, 1000, etc. For example, if tubes selected come from 102107,
and 107, dilutions multiply by 10; if from 10*,10™, and 107 dilutions, multiply by 100.

C- Adapted from ICMSF (1978)

D - Practical Food Microbiology (1995), 2™ Ed., Edited by D.Roberts, W.Hooper and

M.Greenwood.

F - Compendium of Methods for the Microbiological Examination of Foods, 3™ Ed, Edited by
Card Vanderzant, Don F.

92



) Aalal) (50 5 piaa JSU Al g B e 4ndd) 30T Clatia (el g (530 S JOU B alad) LY
) Ayl Sl ) (a3 (b 9 ASET) (e £ 5il) 130 Jo ) 3153 A0 G il (A | Saaall ysadaal)
s (gl 8 (a Lgalaiia g it B | Ja8 Qb pall (B Lag pou £ 555 5 el o Ly 3 585 o8 g
S Gl gall g agalll Cladiacgiluad) g 4] gill ¢ O g padd) Sllalu JUal Jaw o 5 JSOU 3 Jalad) LY
» Aaal) 5 jludall il g Saal) padl dsatia Ay

Ay gl F il (T LY 010 55158 A o 20 g 383wl sl Al 8 Y1 0da s
Y] Aauay 5 jludall Sl g ySaal)

A o) ALY 03 Gpand (e g A g pSaall Aalilf e JSSU B Al Y Aadlu gae Al jal) 224 SN
Jgadla 5 5 aaad Las « 4B ,LA A doliall g cgaandl i gilall Al (50 gl daldl)

Adu g Baga s2a OF pdipa JSOU B Jaladl L30T 0da yuaal g alas) @b of () jall oda il aal (e
LY Ladla 5,58 4 )l 08 4da i A Al Cla sl pal G g A g sSaall a5 g daali 0a LY

Ao Al ghlial) bl Jalad aUSS faadl A pall o quag 1SS aal glf o gl i ¥ o JSSU 3 Jalad)



saadall 4 all O jlaY) 4nala
Ll Gl jal) sales

pdlp gle piala mali

Al i ) g

43 LAY A A g ySaal) Laalill (e JSOU 3 Jalad) 2EY) aamy Dl g 3352

LILH\L,.L&UL...J
Saall L ¢

saalall 4y al) il jlaY) Aaaly I
Gl agle (b ptualadl A 0 L ) geaal) Cllbial Yiagio)|

2008/2009

Digitally signed by
Shrieen
DN: cn=Shrieen,

. 0=UAEU, ou=Libraries

Shrieen oeshi.

email=shrieen@uaeu.
ac.ae, c=AE
Date: 2017.06.05
12:39:15 +04'00'



	United Arab Emirates University
	Scholarworks@UAEU
	2009

	Aspects of the Microbiological Quality and Safety of Ready-to-Eat Foods in Sharjah Supermarket Stores
	Najla Ali Al-Mualla
	Recommended Citation


	0000
	0002
	0004
	0006
	0008
	0010
	0012
	0014
	0016
	0018
	0020
	0022
	0024
	0026
	0028
	0030
	0032
	0034
	0036
	0038
	0040
	0042
	0044
	0046
	0048
	0050
	0052
	0054
	0056
	0058
	0060
	0062
	0064
	0066
	0068
	0070
	0072
	0074
	0076
	0078
	0080
	0082
	0084
	0086
	0088
	0090
	0092
	0094
	0096
	0098
	0100
	0102
	0104
	0106
	0108
	0110
	0112
	0114
	0116
	0118
	0120
	0122
	0124
	0126
	0128
	0130
	0132
	0134
	0136
	0138
	0140
	0142
	0144
	0146
	0148
	0150
	0152
	0154
	0156
	0158
	0160
	0162
	0164
	0166
	0168
	0170
	0172
	0174
	0176
	0178
	0180
	0182
	0184
	0186
	0188
	0190
	0192
	0194
	0196
	0198
	0200
	0202
	0204
	0206
	0209
	0211

		2017-06-05T12:39:15+0400
	Shrieen




