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The vehicles usually involved in salmonellosis outbreaks are meat, eggs, poultry and milk. Recently, 
Salmonella outbreaks were reported in some vegetables such as tomatoes and unpasteurized juice. 
After inoculation of Salmonella zanzibar onto food samples, growth and survival of S. zanzibar in 
orange juice and salami were monitored. Our results showed that S. zanzibar is able to grow and 
survive in orange juice and also in salami. However, growth in salami was more important than in the 
case of orange juice. Storage at 4°C caused a difference in the survival curve when compared to 
samples (also juice and salami) incubated at room temperature. The present study demonstrated that 
orange juice and salami can provide a favorable environment for survival and growth of S. zanzibar in 
spite of their low pH values. 
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INTRODUCTION 

 
Salmonella continues to be a major problem to public 
health in developed and developing countries (Fang, 
2005; Lampel et al., 2000). Recently, the number of food 
borne diseases due to consumption of contaminated food 
and water has increased (Sivapalasingam et al., 2004; 
Tauxe et al., 1997). Most of the reported outbreaks have 
been caused by pathogenic bacteria, especially 
Escherichia coli O157:H7 and Salmonella spp. (Beuchat, 
1996).  

The vehicles usually involved are meat, pork, poultry, 
eggs and milk (Bryan, 1981). However, it has been well 
demonstrated that Salmonella can disseminate and 
survive in various environmental niches for long periods 
of time. They are pervasive in nature and may contami-
nate animals, vegetables, water and especially food 
during its production and distribution (Chatti et al., 2007). 
Several salmonellosis outbreaks associated with unpas-
teurized juices have been reported (Cody, 1999; Cook et 
al., 1998). Salmonella anatum, Salmonella hartford, Sal-
monella muenchen (CDC, 1999), Salmonella typhimu-
rium (Chatti et al., 2007) have been identified as causa-
tive agents in orange juice and apple cider.  
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Some studies are also interested in Salmonella isolated 

from fruits or plants irrigated by treated waste water. S. 
enterica serotype Zanzibar has been reported frequently 
in Tunisia and has been isolated from poultry, red meat, 
cereals, vegetables, fruits, milk and dairy products (Aissa 
et al., 2007). The present study was initiated to investi-
gate the growth behaviour of Salmonella enterica serovar 
Zanzibar inoculated into juice and on salami, as well as 
the effectiveness of temperature storage. 

 
MATERIALS AND METHODS 
 
Samples 
 
Orange juice and salami samples were purchased from a local 
supermarket in Bizerte, Tunisia. All samples were kept at 2 to 4°C 
between the time of purchase and initiation of experiments. 

 
Bacterial strains 
 
S. enterica serotype Zanzibar, used in this study, was isolated from 
waste water at the: Institut Pasteur, Tunisia (Chatti et al., 2007). 

 
Preparation of inoculum and inoculation of salami and juice 
 
Salmonella zanzibar was incubated in nutrient broth (Difco) at 37°C 
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Figure 1. Response of S. zanzibar, incubated in Nutrient broth 
with citric acid ( ) at the pH 3.8. For a control growth curve, S. 
zanzibar was incubated in Nutrient broth pH7 ( ). All values are 
the averages of three different measures. 

 

 
for 24 h. The bacterial suspension was diluted in phosphate-
buffered saline solution (PBS). 
 
Salami: 0.1 ml of a suitable dilution was added to 2 g of salami cut 
into small pieces so that the initial concentration per 1 g were in the  

order of 6.5 × 10
3

 CFU, as determined by direct plating. Salami 

with added Salmonella was incubated in sealed polyethylene plastic 
bags at room temperature and at 4°C for 12 days. After incubation, 
200 ml of PBS was poured into the plastic bags and mixed. The 
samples were then diluted in PBS and colony counts were carried 
out by plating onto Nutrient agar and following incubation at 37°C 
for 24 h. Triplicate determinations were made of each temperature. 
 
Juice: 0.1 ml of a suitable bacterial dilution was added to 100 ml of 

juice samples to yield 6.5 × 10
3

 CFU/ml. Juice with added Salmo-
nella was incubated at room temperature and at 4°C for 12 days. 
The samples were then diluted and incubated at 37°C for 24 h on 
Nutrient agar to enumerate bacteria.  

Suspected colonies of S. zanzibar were confirmed serologically 
by slide agglutination using Salmonella Typing Sera (Difco) (Wilson 
et al., 1960). 

 

RESULTS 
 
Acid resistance of S. zanzibar 
 
Figure 1 illustrates the growth kinetics of S. zanzibar in a 
Nutrient broth with citric acid added at a concentration of 
10%. According to Figure 1, an increase in pH from 3.5 to 
7 decreased the lag time of S. zanzibar. 

 

Survival of S. zanzibar in orange juice 
 

The initial pH of orange juice before inoculation was 3.9. 
Figure 2 showed survival of S. zanzibar in orange juice. 
These results demonstrate that this isolate is capable of 
surviving and growing in orange juice. Therefore, our 
results showed an increase of the number of bacteria 
during the four first days post-inoculation. After this, the 
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Figure 2. Survival curves of S. zanzibar inoculated in orange 
juice (A) or salami (B) stored at 25°C ( ) and at 4°C ( ). All 
values are the averages of three different measures. 

 

 

number remained stable.  
To study the effect of temperature on the survival of S. 

zanzibar, we have incubated inoculated juice samples at 
4°C. Our results (Figure 2a) showed a difference in the 
survival curve when compared to samples incubated at 
room temperature. However, the number of this isolate 
increased slowly and the lag time was more pronounced 
than non-refrigerated samples. 

 

Survival of S. zanzibar in salami 
 
The same experiments, as above, were conducted and 
the results (Figure 2b) demonstrated that the growth 
kinetics of bacteria were different from those observed in 
the case of orange juice. The results showed an increase 
in bacterial numbers after inoculation.  

In the case of inoculated samples incubated at 4°C, we 
have shown an increase of the number of bacteria until 4 
days post-inoculation. The number then remained cons-
tant. 

 

DISCUSSION 
 
Salmonella encounters a wide variety of environments 
during its life cycle (Stocker and Makela, 1986). One 
component of the environment that fluctuates widely is 
pH. In nature, Salmonella can experience and survive 



 
dramatic acid stresses that occur in diverse ecological 
niches. The physiological state of Salmonella could influ-
ence survival in foods, resistance to food processing and 
to chemical preservatives.  

The vehicles of Salmonella usually involved are meat, 
poultry, eggs and milk (Bryan, 1981; Kristiina and Esko, 
1991). However, vegetables are frequently reported to be 
vehicles of Salmonella. In recent years, Salmonella out-
breaks have been traced back to lettuce (Ercolani, 1976), 
salads (Garcia-Villanova et al., 1987), sprouts (O’Mahony 
et al., 1990), tomatoes (Zhuang et al., 1995), and other 
fruit- and vegetable-containing dishes.  

The present study demonstrated that orange juice can 
provide a favorable environment for growth of S. zanzibar 
in spite of their low pH values. This can be explained by 
the nature of the major acidulant of juice, citric acid which 
permits the growth of salmonellae even at low pH values. 
Growth and survival of Salmonella increase particularly if 
the juice is stored at room temperatures. In this regard 
storage of juice at low temperatures is considered of 
great importance.  

In summary, results from studies on the behaviours of 
S. zanzibar inoculated onto salami and orange juice con-
firm observations made by others that Salmonella can 
grow in orange juice (also salami). However, Salmonella 
outbreaks associated with orange juice have been report-
ed (Cody, 1999; Cook et al., 1998).  

In addition, some studies have shown that acid adapta-
tion of microorganisms by addition of acidulants or under 
acidic food environments increases cell resistance again-
st various environmental stresses occurring during food 
processing (Leyer and Johnson, 1992). 
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