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A total of two hundred samples of Egyptian foods including chicken, beef, milk, Kushary and Sogok 
(sausage) were obtained from local markets and super markets. The foods were examined to detect 
Salmonella heidelberg. As a result, S. heidelberg were detected in 6 of 40 (15%) chicken, 2 of 40 (5%) beef, 1 
of 40 (2.5%) milk, 1 of 40 (2.5%) Kushary, and 4 of 40 (10%) Sogok. The effects of temperature, pH, and 
antibiotics on growth of S. heidelberg were studied. The results indicated that 35°C was the optimum 
temperature and 6.8 was the optimum pH for S. heidelberg growth. Antibiotic susceptibility patterns indicated 
that 4 out of 14 (28.5%) of S. heidelberg isolates (E5, E7, E12 and E13) were resistant to cefazolin, bacitracin, 
ceftazidime and sulphamethoxazole/ trimethoprim 19:1 respectively. This study emphasized that the 
presence of S. heidelberg in some Egyptian foods under investigation, such as chicken, beef, milk, Kushary 
and Sogok (sausage), is of concern due to the fact that they have the potential to cause human infections, 
and are resistant to some antibiotics. So, the current control measures on animal origin foods should be 
improved. 
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INTRODUCTION 
 
Salmonellosis is a significant health problem (Kaldhone et 
al., 2008). In 1999, there were an estimated 1.4 million 
cases of Salmonella infections in the United States, which 
resulted in 17,000 hospitalizations and 585 deaths (Mead 
et al., 1999). Since then, the overall rate of salmonellosis 
in the United States has decreased by approximately 9%; 
however, the rate of Salmonella enterica serovar 
Heidelberg infections increased by 25% over the same 
period (CDC. 2006). S. enteric serovar Heidelberg ranks 
fourth among serotypes causing human salmonellosis 
(CDC, 2005, 2008; FDA, 2010) but is often the most 
commonly detected serotype among turkey and chicken 
Salmonella isolates submitted to the U.S. 
  
Department of Agriculture’s National Veterinary Services  
Laboratory (NVSL) (Ferris et al., 2002; Foley et al., 2008). 

Annually, human infections with S. enterica serovar 
Heidelberg lead to approximately 84,000 cases of 
salmonellosis and contribute to approximately 7% of the 
Salmonella-related deaths in the United States, the 

 
 

 
second highest percentage after S. enteric serovar 
Typhimurium (Hennessy et al., 2004; Kennedy et al., 
2004; Vugia et al., 2004).  

In addition to that, Salmonella enterica serovar 
Heidelberg ranks among the top 3 serovars isolated from 
persons infected with Salmonella in Canada (EDPNML, 
PHAC, CSCHAH, 2009), and is more frequently reported 
in North America than in other regions of the world 
(WHO, 2009). Although many Salmonella Heidelberg 
infections result in mild to moderate illness, the bacterium 
also causes severe illness with complications such as 
septicemia, myocarditis, extraintestinal infections, and 
death (Burt et al., 1990; Vugia et al., 2004).  

The most common source of S. enterica serovar 
Heidelberg infections is likely the consumption of 
undercooked or mishandled poultry products, such as 
turkey, chicken, and eggs (Hennessy et al., 2004). 
Salmonella surveillance data collected in poultry 
processing plants as part of U.S. Department of 
Agriculture’s  Pathogen  Reduction-Hazard  Analysis 
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Critical Control Point Program showed that 11.4% of 
broiler chickens and 7.1% of turkeys carried Salmonella 
infections in 2006 (U.S. Department of Agriculture, 2007). 
These findings, coupled with the fact that there has been 
a nearly fourfold increase in the per capita consumption 
of poultry products in the United States over the past half 
century (Buzby and Farah 2006), indicate that the 
contamination of poultry products with S. enterica serovar 
Heidelberg is a major public health concern. Surveillance 
data show that antimicrobial resistance among S. 
enterica serovar Heidelberg isolates has been increasing.  

In addition to that, sources of human Salmonella 
heidelberg infection include consumption of poultry or 
eggs and egg-containing products (Hennessy et al., 
2004; Bucher et al., 2007). In Canada, S. heidelberg is 
commonly isolated from healthy chickens from farm, 
abattoir, and retail sources (Diarrassouba et al., 2007; 
PHAC, 2006). It has also been isolated, although less 
frequently, from ground beef, pork, and turkey meat 
(Escartín et al., 2000; Zhao et al., 2008) and from clinical 
samples from various animal species (PHAC, 2006). 
Moreover, a variety of foods, including poultry, eggs, 
meat, milk, fruits, and vegetables, have been implicated 
as vehicles of one or more of these pathogens in 
outbreaks of food-borne illness (Beuchat, 1995; D’Aoust, 
1997; Doyle et al., 1997).  

The incidence of human infections by S. heidelberg 
increased by 20% from 1996 to 2005, even though the 
overall number of cases of salmonellosis decreased by 
9% (CDCP, 2006). However, since 2005, the incidence of 
S. heidelberg infections has decreased such that in 2009, 
the overall incidence had decreased by 33% as 
compared to 1996 baseline data (CDCP, 2010). S. 
heidelberg infections are likely caused by the 
consumption of contaminated meat, poultry, eggs, or egg 
containing products (Bucher et al., 2007; Chittick et al., 
2006; Hennessy et al., 2004). The FoodNet data 
indicated that the principal risk factor for S. heidelberg 
infections is the consumption of eggs prepared outside 
the home (Hennessy et al., 2004).  

S. heidelberg appears more invasive than other 
gastroenteritis- causing serovars; ≈9% of isolates of this 
serovar received through the Canadian Integrated 
Program for Antimicrobial Resistance Surveillance 
(CIPARS) during 2003 to 2005 were recovered from 
blood samples (PHAC, 2005). Treatment with 
antimicrobial agents may be life-saving in the case of 
invasive infections (Dutil et al., 2010). However, data from 
the National Antimicrobial Resistance Monitoring System 
(NARMS) indicates that the percentage of S. enteric 
serovar Heidelberg isolates from humans and poultry 
(chicken and turkey) that were resistant to cephalosporins 
increased overall from 1997 to 2003. For example, in 
1997, none of the isolates from humans and 1.6% of 
poultry isolates were resistant to ceftiofur (Tio); by 2003, 
the numbers increased to 5.2 and 7.4%, 

 

  
 
 

 
respectively (FDA, 2006). This increase in cephalosporin 
resistance is likely associated with the spread of the 
AmpC _-lactamase, which is encoded by blaCMY 
(Winokur et al., 2000; Zhao et al., 2003; Aarestrup et al., 
2004).  

In addition to that, the spread of multidrug resistance 
among S. heidelberg isolates is a risk to the management 
of salmonellosis in both veterinary and human clinical 
practice. Therefore, an increased understanding of 
pathogen distribution and mechanisms of antimicrobial 
resistance transmission is important for development of 
strategies to limit salmonellosis due to multidrug-resistant 
strains (Kaldhone et al., 2008). The main objective of this 
study is to detect S. heidelberg in some Egyptian food. As 
such, the isolates were characterized by studying the 
relation of pH and temperature to growth of the isolates 
and their susceptibility to different antimicrobial agents. 
 
MATERIALS AND METHODS 
 
Sample collection and analysis 
 
A total of two hundred samples of Egyptian foods 
including (quantity of samples are given in brackets): 
chicken (40), beef (40), milk (40), Kushary (40), and 
sausage (Sogok) (40) were used in this study. All 
samples under investigation were collected from local 
markets and super markets (solid in Cairo and Assuit city, 
Egypt) in sterile plastic bags and stored at -4°C until they 
were analyzed. 
 
Enrichment and isolation 
 
Pre-enrichments and isolation were performed as a 
standard method for isolation of Salmonella from foods. 
Food sample (25 g) were added to 225 ml buffer peptone 
water (BPW) (Oxoid) incubated for 24 h at 37°C. A total 
of 214 bacterial isolates were obtained in the form of 
highly pure culture from food samples under investigation 
(200 samples); these bacterial isolates were screened 
and the suspected similar ones were placed together for 
the purpose of selection and identification processes. 93 
isolates were collected and morphologically identified as 
gram negative, and subjected for dropping of 0.1 ml 
(three drops) of pre-enrichment on to modified semi-solid 
reppaport vassilliadis agar (MSRV) (Oxoid) and incubated 
for 24 h at 42°C. 
 
Identification 
 
Presumptive Salmonella colonies were sub-cultured on 
tryptic soya agar (TSA) (Difco) plates for 24 to 48 h at 
37°C in order to obtain pure culture according to the 
study of Stefanovicova et al. (1998). Sub-culturing of 
positive samples was done on modified brilliant green 
agar (MBGA) (Oxoid) and xylose-lysine-desoxycholate 
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agar (XLDA) (Oxoid), and incubated for 24 h at 37°C. 38 
out of 93 G-ve isolates were pre-identified as Salmonella. 

Biochemical tests were carried out by BBL
®

 Entrotube 
TM

 
miniaturized diagnostic kit (Bacton Dikinson), and 
Salmonella serological confirmation was investigated by 
slid agglutinations O, H antiserum (Behring), according to 
the study of Hendriksen (2003). 
 
Effect of temperature on Salmonella heidelberg 
growth 
 
All S. heidelberg (14) isolates were inoculated into conical 
flasks containing nutrient broth and incubated for 24 h at 
different temperatures namely 5, 10, 15, 20, 25, 30, 35, 
40, 45, and 50°C. 
 
Effect of pH values on Salmonella heidelberg growth 
 
The pH values of nutrient broth media were adjusted by a 

model Jenway 3020 pH meter using 1N Na2OH and 1N 
HCl at different values (1.2, 2.3, 3.1, 4.3, 5.4, 6.8, 7.0, 
8.2, 9.1, and 10.2). Confirmation of measurements was 
carried out using pH meter. All S. heidelberg (14) isolates 
were inoculated into conical flasks containing nutrient 
broth and incubated at 35°C for 24 h. 
 
Antimicrobial susceptibility test 
 
Antimicrobial susceptibility of the S. heidelberg isolates 
(14) was studied by the disk diffusion technique on Iso-
sensitest medium by using the zone size criteria 
recommended by the disk manufacturer and on the basis 
of the breakpoints established by Swedish reference 
group for antibiotics (SRGA, 1990). The following 
antibiotics and antimicrobial agents (Oxoid) were used: 
Cefazolin, ceftazidime, polymxin B, tetracycline, 
cefonicid, chloramphenicol, amoxycillin clavulanic acid 
(augmentin) 2:1, bacitracin, ampicillin, gentamycin, 
kanamycin, penicillin G, sulphamethoxazole/ trimethoprim 
19:1 and nitrofurantion. 
 
RESULTS AND DISCUSSION 
 
Detection of Salmonella heidelberg 
 
S. heidelberg is among the most commonly detected 
bacteria from retail meats and food animals and ranks 
fourth among serovars associated with human infections, 
causing an estimated 84,000 illnesses in the United 
States annually (Hennessy et al., 2004; CDCP, 2008, 
FDA, 2009). While most Salmonella infections are self-
limiting and resolve within a few days, S. heidelberg 
tends to cause a disproportionately high percentage of 
invasive infections (Vugia et al., 2004) for which 
antimicrobial therapy is often warranted, making 
antimicrobial resistance a significant concern 

 
 
 

 
(Han et al., 2011).  

The examination of food samples of animal origin for 
their presence has become routine all over the world. 
However, Salmonella enterica infections are a significant 
public health concern worldwide, with an estimated 1.028 
million cases, 19,000 hospitalizations, and 400 deaths in 
the United States each year (Scallan et al., 2011). Human 
salmonellosis is typically associated with the consumption 
of contaminated foods, such as fresh and processed 
meat and poultry, eggs, and fresh produce (Benenson 
and Chin, 1995; Mead et al., 1999; Tauxe, 1991). 
 

Moreover, sources of human S. heidelberg infection 
include consumption of poultry or eggs and egg-
containing products (Hennessy et al., 2004; Bucher et al., 
2007). In addition to that, Salmonella surveillance data 
collected in poultry processing plants as part of U.S.  
Department of Agriculture’s Pathogen Reduction-Hazard 
Analysis Critical Control Point Program showed that 
11.4% of broiler chickens and 7.1% of turkeys carried 
Salmonella infections in 2006 (U.S. Department of 
Agriculture, 2007). It is confirmed that, poultry, meat, milk, 
dairy products, person-to-person spread and pet-to-
person exposures have caused many outbreaks 
(Gangarosa, 1978; Todd, 1985).  

In the current study, 200 food samples including, 
chicken (40), beef (40), milk (40), Kushary (40), and 
sausage (Sogok) (40) were collected from different 
supermarkets and local market solid in Cairo and Assuit 
city, Egypt. Total viable counts (TVCs) found in the 
individual food samples were recorded (data not shown). 
238 bacterial isolates were obtained in the form of highly 
pure culture, these bacterial isolates were screened and 
the suspected similar ones were placed together. Only 93 
G-ve isolates were selected and subjected for 
identification processes.  

The isolates were identified according to Bergey's 
Manual of Systematic Bacteriology (Krieg, 1984). Only 38 
out of 93 of these G-ve bacterial isolates were identified 
from different food samples. According to the pre-
identification (Gram's stain, cell shape and cell 
arrangement), the bacterial isolates (38) were identified 
as Salmonella sp. Only 14 of Salmonella isolates out of 
93 G-ve bacterial isolates (15%) were suggestive of being 
belonging to S. heidelberg; these isolates were identified 
as S. heidelberg according to Bergey's Manual of 
Systematic Bacteriology (Krieg, 1984) and Bergey's 
Manual of Determinative Bacteriology (Hensyl, 1994). All 
isolates were grown as well on modified semi-solid 
reppaport vassilliadis agar (MSRV) (Oxoid), modified 
brilliant green agar (Oxoid) and xylose-lysine-
desoxycholate agar (XLDA) (Oxoid). Biochemical tests 

carried out by BBL
®

 Entrotube 
TM

 miniaturized diagnostic 
kit (Bacton Dikinson) and the S. heidelberg serological 
confirmation were investigated by slid agglutinations O, H 
antiserum (Behring). 
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Table 1. Detection of S. heidelberg in some Egyptian foods. 
 

Bacterial isolate 
  Foods*   

 

Chicken Beef Milk Kushary Sausage (Sogok)  

 
 

Salmonella heidelberg E1 1 (2.5%) - - - - 
 

Salmonella heidelberg E2 1 (2.5%) - - - - 
 

Salmonella heidelberg E3 1 (2.5%) - - - - 
 

Salmonella heidelberg E4 1 (2.5%) - - - - 
 

Salmonella heidelberg E5 1 (2.5%) - - - - 
 

Salmonella heidelberg E6 1 (2.5%) - - - - 
 

Salmonella heidelberg E7 - 1 (2.5%) - - - 
 

Salmonella heidelberg E8 - 1 (2.5%) - - - 
 

Salmonella heidelberg E9 - - 1 (2.5%) - - 
 

Salmonella heidelberg E10 - - - 1 (2.5%) - 
 

Salmonella heidelberg E11 - - - - 1 (2.5%) 
 

Salmonella heidelberg E12 - - - - 1 (2.5%) 
 

Salmonella heidelberg E13 - - - - 1 (2.5%) 
 

Salmonella heidelberg E14 - - - - 1 (2.5%) 
 

Total (%) 15 5 2.5 2.5 10 
  

* 40 samples from each food. 
 
 

 
Only 14 isolates (E1, E2, E3, E4, E5, E6, E7, E8, E9, 
E10, E11, E12, E13, and E14) were identified as S. 
heidelberg by both biochemical and serological testing as 
mentioned before (Table 1). S. heidelberg were detected 
in 6 of 40 (15%) chicken, 2 of 40 (5%) beef, 1 of 40 
(2.5%) milk, 1 of 40 (2.5%) Kushary, and 4 of 40 (10%) 
Sogok as shown in Table 1. Same isolates of S. 
heidelberg, by several investigators, were isolated from 
chickens (PHAC, 2006; Bucher et al., 2007; Diarrassouba 
et al., 2007), beef (Escartín et al., 2000; Sørensen et al., 
2002; Zhao et al., 2006; Van et al., 2007; Anonymous, 
2008; Zhao et al., 2008), turkey  (Nayak and  Kenney, 
2002; Fakhr et al., 2006; Kaldhone et al., 2008); poultry 
(Chambers et al., 1998; Demczuk et al., 2000; Mammina 
et al., 2003; Van et al., 2007); eggs (Chambers et al., 
1998; Demczuk et al., 2000).  

In addition to that, presence of Salmonella spp. was 
detected in meat, poultry and shellfish. Thus, it highlights 
the considerably high prevalence of Salmonella spp. in 
raw meat and poultry, in which 32/50 (64%) of pork 
samples, 31/50 (62%) of beef samples, and 16/30 
(53.3%) of chicken samples were contaminated with 
Salmonella spp. However, the rate of Salmonella 
contamination in shellfish (18.0%) was much lower than 
that in meat and poultry (60.8%) (Van et al., 2007). 
Moreover, the prevalence of Salmonella in beef cattle 
was 4.6% (11/240), and the rate was significantly higher 
in fasted cattle (7.46%) than in non-fasted cattle (0.94%) 
(Abouzeed et al., 2000). S. heidelberg strains were 
isolated from humans, retail meats, and food animals 
(Kaldhone et al., 2008; Lynne et al., 2009; Nayak et al., 
2004; Oloya et al., 2009; Zhao et al., 2008). 

 
 

 
A total of 298 Salmonella serovar Heidelberg isolates 

were recovered, representing 21.6% of all Salmonella 
serovars from retail meats, of which 178 (59.7%) were 
from ground turkey, 110 (36.9%) were from chicken 
breast, and 10 (3.4%) were from pork chops; moreover, 
none was found in ground beef  (Zhao et al., 2008). In 
addition to that, Bryan and Doyle (1995) reported that 
turkey and chicken meat can be vehicles of food borne 
salmonellosis because the raw product is initially 
contaminated with Salmonella cells when it is delivered to 
the consumer or due to subsequent undercooking, cross-
contamination, or improper thawing. All bacterial isolates 
were selected to study the effect of temperature, pH and 
antimicrobial susceptibility on bacterial growth. 
 
Effect of  temperature   and  pH   on  growth  of 
Salmonella heidelberg isolates 
 
Earlier studies of predictive models describing the effects 
of environmental factors such as temperature, pH, water 
activity, and preservative agents on the growth, survival, 
or inactivation of Salmonella spp. are still limited (Park et 
al., 2007). The effect of temperature on growth of S. 
heidelberg isolates were studied at different temperatures 
including: 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50°C 
respectively. The results indicated that the optimal 
temperature for growth of all S. heidelberg isolates was 
35°C, as such the increase or decrease of temperature 
indicates weak growth (Table 2). Survival populations of 
S. heidelberg at  low-temperature (4, 7 and 10°C) showed 
a maximum growth of 2 logs in brain heart infusion broth 
(BHI) at 10°C among all the treatments  (Morey and 

http://www.ncbi.nlm.nih.gov/pubmed?term=Nayak%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12412915
http://www.ncbi.nlm.nih.gov/pubmed?term=Kenney%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=12412915
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19785533
http://www.ncbi.nlm.nih.gov/pubmed/22217013
http://www.ncbi.nlm.nih.gov/pubmed?term=Morey%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22217013
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Table 2. Growth of S. heidelberg isolates at different temperatures. 
 

 
Bacterial isolate 

    Temperature (ºC)     
 

 

5 10 15 20 25 30 35 40 45 50  

  
 

 Salmonella heidelberg E1 - w + + + + +++ + - - 
 

 Salmonella heidelberg E2 - w + + + + ++ + - - 
 

 Salmonella heidelberg E3 - vw w + + ++ ++ + - - 
 

 Salmonella heidelberg E4 - - w + + ++ +++ ++ vw - 
 

 Salmonella heidelberg E5 - vw w + + ++ +++ ++ - - 
 

 Salmonella heidelberg E6 - - w + ++ +++ ++ + - - 
 

 Salmonella heidelberg E7 - vw w + + ++ ++ + - - 
 

 Salmonella heidelberg E8 - vw w + ++ ++ +++ + vw - 
 

 Salmonella heidelberg E9 - - w + ++ ++ +++ + - - 
 

 Salmonella heidelberg E10 - vw w + + ++ ++ + - - 
 

 Salmonella heidelberg E11 - - w + ++ ++ +++ ++ - - 
 

 Salmonella heidelberg E12 - vw w + + ++ ++ + - - 
 

 Salmonella heidelberg E13 - - w + ++ ++ +++ + - - 
 

 Salmonella heidelberg E14 - vw w + + ++ ++ + - - 
 

 
-, No growth; vw, very weak growth; w, weak growth; +, moderate growth; ++, good growth; +++, abundant growth; ++++, excellent 
growth. 

 
 
 
 Singh, 2012).  

On the other hand, the effect of pH values on growth of 
S. heidelberg isolates were studied at different pH values 
including: 1.3, 2.2, 3.2, 4.4, 5.2, 6.8, 7.1, 8.3, 9.2, and 
10.0 respectively. The results indicated that the optimal 
pH values for growth of all S. heidelberg isolates was 6.8, 
as such the increase or decrease of temperature 
indicates decreased growth (Table 3). However, there is 
little information about the relation of temperature, pH and 
growth of S. heidelberg as mentioned before. 
 
Antimicrobial susceptibility 
 
Antibiotic resistance of fourteen S. heidelberg isolates 
recovered from food samples were tested for antibiotic 
susceptibility against 15 antibiotics. The antibiotic 
resistance rates for each source and for the whole set of 
isolates are shown in Table 4. The isolates were studied 
by the disk diffusion technique on Iso-sensitest medium 
by using the zone size criteria recommended by the disk 
manufacturer and based on the breakpoints established 
by Swedish reference group for antibiotics (SRGA, 1990). 
Fifteen antibiotics and antimicrobial agents were applied 
during this study against the growth of the fourteen S. 
heidelberg isolates (Table 4). The following antibiotics 
and antimicrobial agents (Oxoid) were used: cefazolin, 
polymxin B, tetracycline, Amoxycillin clavulanic acid 
(augmentin) 2:1, chloramphenicol, bacitracin, ampicillin, 
Gentamicin, cefonicid, ceftazidime, kanamycin, penicillin 
G, sulphamethoxazole/ trimethoprim 19:1 and 
nitrofurantion and streptomycin, respectively.  

Results  of  the  antimicrobial susceptibility  patterns 

 
 

 
indicated that S. heidelberg isolate (E5) was resistant to 
cefazolin and S. heidelberg isolate (E7) was resistant to 
bacitracin. S. heidelberg (E12) was resistant to 
ceftazidime and S. heidelberg isolate (E13) was resistant 
to Sulphamethoxozole/Trimethoprim 19:1 as shown in 
Table 4. Briefly, in the current study, the results indicated 
that of the 4 out of 14 isolates, 28.5% were resistant to 
four antimicrobial agents tested and of the 10 out of 14 
isolates, 71.5% were susceptible to other eleven 
antimicrobial agents under investigation (Table 4). In the 
same way, 42% of the isolates were resistant to at least 1 
of the 15 antimicrobial agents tested, and 4% of the 
isolates were resistant to 8 or more antimicrobial agents. 
Resistances to streptomycin (32%), tetracycline (30%), 
and kanamycin (24%) were most commonly detected 
(Kaldhone et al., 2008).  

Conversely, the resistance rates were lower than those 
observed for NARMS isolates from turkey and ground 
turkey, where typically more than 50% of isolates in 199 
of 298 isolates (67%) were resistant to at least one 
antimicrobial agent, with 16.4% (n _ 49) of the isolates 
being resistant to at least five antimicrobials. Six isolates 
(3.0%), all recovered from ground turkey, were resistant 
to at least nine antimicrobials, including beta-lactams, 
aminoglycosides, chloramphenicol, sulfamethoxazole, 
and tetracycline. For chicken and turkey isolates 
combined, resistance to tetracycline was most common 
(39.9%), followed by streptomycin (37.8%), 
sulfamethoxazole (27.7%), gentamicin (25.7%), 
kanamycin (21.5%), ampicillin (19.8%), amoxicillin-
clavulanic acid (10.4%), cefoxitin (9.0%), and ceftiofur 
(9.0%). Rare isolates were resistant to chloramphenicol 

http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22217013
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Table 3. Growth of S. heidelberg isolates in relation to different pH values. 
 

Bacterial isolate 
    pH values     

 

1.3 2.2 3.2 4.4 5.2 6.8 7.1 8.3 9.2 10.0  

 
  

Salmonella heidelberg E1 

Salmonella heidelberg E2 

Salmonella heidelberg E3 

Salmonella heidelberg E4 

Salmonella heidelberg E5 

Salmonella heidelberg E6 

Salmonella heidelberg E7 

Salmonella heidelberg E8 

Salmonella heidelberg E9 

Salmonella heidelberg E10 

Salmonella heidelberg E11 

Salmonella heidelberg E12 

Salmonella heidelberg E13 

Salmonella heidelberg E14 

  
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 

 
 

+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ +++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ ++ + 
+ + +++ +++ + 

 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  
 
- -  

 
-, No growth; +, moderate growth; ++, good growth; +++, abundant growth; ++++, excellent growth. 
 
 
 

Table 4. Susceptibility of some antibiotics against S. heidelberg isolates. 

 
Antibiotics 

 
 

 
Bacterial isolate 

 
 
 
 

 
Salmonella heidelberg E1 

Salmonella heidelberg E2 

Salmonella heidelberg E3 

Salmonella heidelberg E4 

Salmonella heidelberg E5 

Salmonella heidelberg E6 

Salmonella heidelberg E7 

Salmonella heidelberg E8 

Salmonella heidelberg E9 

Salmonella heidelberg E10 

Salmonella heidelberg E11 

Salmonella heidelberg E12 

Salmonella heidelberg E13 

Salmonella heidelberg E14 
 
s

1
: sensitive; r

2
: resistant. 
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(1%), nalidixic   acid   (1.0%),   and   trimethoprim- amikacin,  ceftriaxone,  and  ciprofloxacin  (Zhao  et  al.,  
sulfamethoxazole (0.7%). All isolates were susceptible to 2008). 
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Fifty-eight Salmonella enterica serovar Heidelberg 

isolates isolated from food animals were tested for 
antimicrobial susceptibilities and further characterized for 
selecting antimicrobial resistance genes, plasmid 
carriage, class 1 integrons, and genetic relatedness using 
pulsed-field gel electrophoresis (PFGE). Seventy-two 
percent of isolates displayed resistance to at least one of 
the antimicrobial agents tested, while 24% exhibited 
resistance to eight or more antimicrobial agents. 
Resistance was most commonly observed to tetracycline 
(71%), streptomycin (62%), and kanamycin (52%). 
Isolates obtained from cattle and swine displayed the 
highest rates of resistance while isolates from chickens 
more often displayed susceptibility to the tested 
antimicrobials (Lynne et al., 2009). In addition to that, 
Patchanee et al. (2008) reported that all S. heidelberg 
isolates from swine were resistant to one or more of the 
antimicrobials tested and the majority (73.3%) showed 
multidrug resistance to streptomycin, tetracycline, and 
kanamycin (R-type: StTeKm). About 80% of the S. 
heidelberg isolates of human origin were pan-susceptible, 
however, one isolate showed multidrug resistance to 10 
of the 12 antimicrobials tested.  

On the other hand, some researchers were of the 
opinion that S. heidelberg was resistant to many 
antimicrobial agents including, cephalosporin (Folster et 
al., 2010), quinolone (Boscán-Duque et al., 2007), 
ceftiofur and nalidixic acid (Donado-Godoy et al., 2012), 
gentamicin, sulfamethoxazole, tetracycline, kanamycin, 
and streptomycin (Fakhr et al., 2006), gentamicin, 
spectinomycin, streptomycin, tetracycline (Nayak and 
Kenney, 2002), gentamicin, streptomycin and 
sulfisoxazole (Abouzeed et al., 2000). This study 
emphasized that the presence of S. heidelberg in some 
Egyptian foods under investigation, such as chicken, 
beef, milk, Kushary and Sogok (sausage), is of concern 
due to the fact that they have the potential to cause 
human infections, and are resistant to some antibiotics. 
As such, the current control measures on animal origin 
foods should be improved. 
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