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ABSTRACT 
 
Pathogenic microorganisms can reside 
transiently or permanently in the 
gallbladder of cattle. Thus, during 
slaughter, more attention should be given 
to the gastrointestinal tract, especially to 
the accessory organ, the gallbladder. The 
aim of this study was to characterize the 
bacterial microbiota present in bile and 
gallbladder epithelium of cattle 
slaughtered in a slaughtering plant under 
sanitary conditions. Thirty intact 
gallbladders were collected and the 
presence of Total Aerobic Mesophilic 
Bacteria (TAMB), Staphylococcus spp., 
Enterobacteriaceae, Escherichia coli, 
Enterococcus spp. and Salmonella spp. in 
bile and epithelium were evaluated. The 
frequency of isolation of the 
microorganism mentioned above were, 
respectively: 23.02%, 14.39%, 13.67%, 
24.46%, 0% and 24.46%. The frequency 
of microorganisms isolation the gallbladder 
epithelium was 64.03% and in the bile was 
35.97% but no statistical difference were 
found. Nevertheless, a significant 
difference between the population 
averages can be observed. 
Staphylococcus strains from bile and 
gallbladder epithelium showed sensitivity 
to penicillin G, ceftriaxone, 
chloramphenicol and gentamicin. The high 
frequency of microorganisms in the 
gallbladder brings us to the possible fact 
that cattle be a persistent carrier of 

pathogens of great importance to public 
health. 
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INTRODUCTION 
 

Bile is a digestive secretion that 
plays a major role in the dispersion and 
absorption of fats. The composition of bile 
is complex, but can be thought of as lipid 
rich and protein poor (GUNN, 2000).  
Although the bile acids possess potent 
antimicrobial activity, recent research has 
shown that the bacterium is capable of 
tolerating high levels of bile and biofilm 
formation by pathogenic genera (BEGLEY; 
KER; HILL, 2009; STEENACKERS et al., 
2012).  

The ability of an organism to 
tolerate the bile is complex and involves 
an extensive range of proteins, including 
those which are responsible for the cellular 
membrane structure or maintenance of 
intracellular homeostasis. Proteins and 
enzymes modify and transform bile salts 
and also play an important part regarding 
the resistance of microorganisms to the 
bile (BEGLEY; GAHAN; HILL, 2005) and 
their own adaptive mechanism to support 
the environment (RYCHLIK; BARROW, 
2005). 
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The gallbladder may be a site of 
persistence and reservoir of certain enteric 
food-borne pathogens resistant to many 
antimicrobial agents. Salmonella to form 
permanent colonies and biofilms in 
gallbladders, triggering the establishment 
of chronic, asymptomatic carriers 
(STEENACKERS et al., 2012). Bacteria in 
biofilms are generally well protected 
against environmental stresses, 
antibiotics, disinfectants and the host 
immune system (JENSEN et al., 2010) 
and as a consequence are extremely 
difficult to eradicate. 
 Previous studies (MCDONOUGH; 
SHIN; LEIN, 2000; STOFFREGEN; 
POHLENZ; NYSTROM, 2004; REINSTEIN 
et al., 2007; JEONG; KANG; HEINKE, 
2007) reported isolation of E. coli O157:H7 
and Salmonella in gallbladders of cattle 
and suggested that the organism can 
reside in the organ this animals. Then, 
during the slaughter, greater attention 
must be given to the gastrointestinal tract 
of cattle, especially for gallbladder, 
implicated as a site, source and reservoir 
for Salmonella spp. and Escherichia coli 
among other pathogens. The aim of this 
study was to characterize the bacterial 
microbiota present in bile and gallbladder 
epithelium of cattle slaughtered in a 
slaughtering plant under sanitary 
conditions and evaluated the frequency of 
antimicrobial resistance in strains of genus 
Staphylococcus.  
 
 
MATERIAL AND METHODS 
 

Intact gallbladders were collected 
from 30 randomly selected healthy cattle, 
with ante-mortem and post-mortem 
inspection, in a slaughtering plant under 
sanitary conditions in the southern state of 
Rio de Janeiro, Brazil. Immediately after 
collection, the material was transported to 
the laboratory under refrigeration. 
Microbiological analysis was performed on 
the same day. 
 The gallbladder was opened in 
aseptic conditions, bile was collected and 
the biliary epithelium was sectioned and 
analyzed separately for Total Aerobic 
Mesophilic Bacteria (TAMB), 
Enterobacteriaceae, Staphylococcus 

aureus, Escherichia coli, Enterococcus 
spp. and Salmonella spp. To the first five 
analyzes cited, a total of 10 mL of bile and 
10 g of  gallbladder epithelium were 
aseptically transferred to 90 mL of 1% 
peptone water (Difco Lab., Detroit, Mich., 
U.S.A.) and homogenized for 2 min in a 
stomacher (Mayo Homogenius HG 400, 
SãoPaulo, Brazil) and serial decimal 
dilutions until 10-5 were realized for both 
samples.  

The TAMB and total 
Enterobacteriaceae count were realized as 
described by Brasil (2003) and colony 
isolation was carried out in Plate Count 
Agar (PCA, Merck) and Red Bile Glucose 
(VRBG) Agar (Merck), respectively. Plates 
were incubated at 37°C for 48 hours. 
Gram staining, oxidase, nitrate reduction 
and oxidation and fermentation (O/F) of 
glucose were performed to strains 
differentiation on Enterobacteriaceae 
family. The Fluorocult LMX Broth (Merck) 
was used to detection of E. coli. Samples 
positives to Kovac`s reagent were 
streaked on Eosin Methylene Blue (EMB) 
Agar (Merck). The API20E kit (BioMérieux) 
was used to complement the biochemical 
tests to E. coli and final identification was 
performed using the API LAB Plus 
software (BioMérieux). 

The analytical procedures to 
Staphylococcus aureus isolation followed 
the technique described by Brasil (2003). 
Aliquots of 0.1 mL of different dilutions 
were streaked, in duplicates, on the Baird-
Parker agar surface. Typical colonies were 
selected and Gram staining, catalase, 
coagulase, thermonuclease, DNAse, 
oxidation/fermentation (O/F) of glucose 
and mannitol tests were used to 
characterize the genus: Enumeration of 
Enterococcus spp. was according to 
Merck (2000), the tubes with Chromocult 
broth (Merck) were inoculated and 
incubated by 48 hours at 45ºC. Tubes 
positive for Enterococcus (bluish color) 
were streaked on Chromocult Agar 
(Merck) and incubated at 35°C for 48 h. 
Typical colonies were tested for Gram 
staining.   

The genus Salmonella was 
detected as described by Pignato et al. 
(1995). Briefly, 25 mL of bile and 25 g of 
gallbladder epithelium were aseptically 
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transferred to 225 ml of preenrichment 
Salmosyst broth (Merck), homogenized in 
stomacher for 4 min and incubated at 
37°C by 6 hours; 10 ml of preenrichment 
broth was supplemented with one 
selective supplement tablet (Merck) and 
incubated for 18 hours at 37ºC. A loopful 
of broth was streaked on Rambach agar 
plates (Merck) and incubated at 37°C by 
24 hours. Typical colonies on Rambach 
agar were selected and transferred to 
tubes containing Agar Triple Sugar Iron 
(TSI) (Himedia) and Lysine Iron Agar (LIA, 
Himedia), incubated at 37°C by24 hours. 
Characteristic strains of Salmonella spp. 
were tested for differential staining of 
Gram, catalase and oxidase. To 
complement these biochemical tests was 
used API20E kit (BioMérieux) and the final 
identification was performed using the API 
LAB Plus software (BioMérieux). 
 Antimicrobial susceptibility test was 
performed by penicillin G (10 UI/disc), 
teicoplanin (30 μg/disc), vancomycin (30 
μg/disc), chloramphenicol (30 μg/disc), 
erythromycin (15 µg/disc), gentamycin (10 
µg/disc), clindamycin (2 µg/disc), 
tetracycline (30 μg/disc), aztreonam (30 
μg/disc), ceftriaxone (30 μg/disc), cefoxitin 
(30 μg/disc) and oxacillin (1 µg/disc) were 
used following the recommendations of 
the Clinical and Laboratory Standards 
Institute (CLSI, 2011). Staphylococcus 
strains were grown on Caso Agar (Merck) 
for 24 hours at 37°C. The strains were 
inoculated in 4 ml of sterile distilled water 
to achieve the nº 0.5 McFarland turbidity 
standard (Probac, Brazil). A swab was 
used to spread the inoculum across the 
surface of Muller Hinton agar (Merck), and 
then antibiotic disks (DME Polisensidisc® 
4x6-Specialized Diagnostic Microbiology, 
São Paulo, Brazil) were applied to the 

plate. Strain resistance was assessed by 
measuring the zone of inhibition of 
bacterial growth after incubation for 24 h at 
37°C. Staphylococcus aureus ATCC 
25923 was used for quality control testing.  
 In the statistical analyses were 
performed the tests: Chi-Square and 
Student T to isolated microorganisms in 
the samples. Antimicrobial resistance to 
Staphylococcus strains in the bile and 
gallbladder epithelium was correlated by 
Fisher's exact test. The Biostat 
2.0.software was used for all statistical 
analysis. 
 
RESULTS AND DISCUSSION 
 

The frequency of microorganisms 
can be observed in Table 1. Species of 
Enterococcus were not isolated in the 
samples of gallbladder and a higher 
percentage of Salmonella spp. and E. coli 
was found in both kinds of samples. The 
frequency of microorganisms in the 
gallbladder epithelium and the bile was not 
statistically different, corresponding to 
64.03% and 35.97%, respectively. The 
frequency of microorganisms in the 
gallbladder was the same, this fact 
suggest that either in the bile as the 
gallbladder epithelium are a common 
environment for the microorganisms 
isolated. According to Hancke, Nusche 
and Marklein (1986), the isolation of 
bacteria in the bile normally coincides with 
the presence of bacteria in the epithelium, 
but the frequency of isolation of 
microorganism is greater in epithelium. 
This fact is probably because the 
microorganisms replicate within 
gallbladder epithelial cells, such as, 
Salmonella (Menendez et al., 2009; 
Steenackers et al. 2012).  

 
Table 1 - Frequencies of microorganisms isolated from the bile and gallbladder epithelium of 30 cattle 
slaughtered.  

Microorganism 
 

Frequency of isolates                         Percentage  (%) 

Bile Epithelium Total  Bile Epithelium Total 

Salmonella spp. 16 18 34  11.51 12.95 24.46 
TAMB 8 24 32  5.75 17.27 23.02 
E. coli 13 21 34  9.35 15.11 24.46 

Enterobacteriaceae 5 14 19  3.60 10.07 13.67 
Enterococcus spp 0 0 0  0 0 0 

Staphylococcus spp. 8 12 20  5.76 8.63 14.39 
Total 50 89 139  35.97 64.03 100.00 
Chi-square (p >0,05). 
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Salmonella resides in the 
gallbladder of cattle and goats and 
contributes to the persistent carrier status 
of these animals (WOLDEMARIAMA et al., 
2005). Previous studies report the 
presence of Salmonella in gallbladders of 
ruminants (MCDONOUGH; SHIN; LEIN, 
2000; CHANDRA; SINGH; SHANKAR, 
2006; AKOACHERE et al., 2009). 
According to Van Velkinburgh and Gunn 
(1999), the Salmonella are highly bile 
resistant, with MBC (Minimal Bactericidal 
Concentration) between 30 and 60%. 
Thus, the responses of Salmonella to bile 
are important for virulence and also the 
establishment of chronic infections or 
carrier states in the host (SPECTOR; 
KENYON, 2012). 

Another Gram negative bacteria, 
isolated with the same frequency as 
Salmonella spp was E. coli, although great 
part of it was adhered to the epithelium. 
The enterobacteria counting presented 
13.67% of isolations in the samples, 
prevailing higher count in the epithelium 
(Table 1). Contrepois et al. (1986); 
Onyekaba and Njoku (1986); Stoffregen, 
Pohlenz and Nystrom (2004); Reinstein et 
al. (2007) and Jeong, Kang and Heinke 
(2007) detected E. coli in the gallbladders 
of cattle demonstrating that this organism 
can live permanently in the organ. Second 
Stoffregen, Pohlenz and Nystrom (2004), 
the gallbladder is a possible niche for E. 
coli in cattle, as it is for other enteric 
pathogens, notably Salmonella spp. The 
gallbladder may be a site of and a source 
of gastrointestinal Shiga Toxin–producing 
E. coli (STEC), which can contaminate 
beef products.  

The TAMB frequency was of 
23.02%, being in most parts, isolated from 
the epithelium (Table 1). The occurrence 

of TAMB and other prokaryotes found in 
the gallbladder, call our attention to care 
and needs for changes in the current 
method of liver inspection as, according to 
the standardization of techniques for cattle 
slaughtering (BRASIL, 1971), in the pos-
mortem exam of cattle liver, the 
gallbladder is compressed, and incised as 
needed. Because gallstones have 
considerable market value as research 
samples, it is common to open the 
gallbladder at the slaughterhouse. As a 
result, bile is frequently spilled, often on 
the liver (DIAS et al., 2010). Therefore, 
evisceration should be done carefully and 
the bile duct should be tied before 
removing gallbladder to prevent cross-
contamination with bile. 

The frequency of Staphylococcus 
spp. was considered high in this research, 
of 14.39% where 8.63% were present in 
the epithelium of the gallbladder and the 
other corresponding 5.76% in the bile 
(Table 1). Biochemical tests allowed the 
identification of coagulase negative 
Staphylococcus, coagulase positive 
Staphylococcus and coagulase positive 
Staphylococcus aureus present in the 
epithelium and bile. In the bile the highest 
percentage of staphylococci found 
corresponded to coagulase positive 
Staphylococcus and in the epithelium was 
Staphylococcus coagulase negative 
(Figure 1). The detection of S. aureus in 
the gallbladder is more an alert to avoid 
cross-contamination by evisceration, 
especially on the liver. Staphylococcus 
aureus are capable of producing heat-
stable toxins that are frequently 
responsible for food poisoning in humans 
(LOIR; BARON; GAUTIER, 2003). 
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Figure 1 -Frequency (%) of coagulase negative Staphylococcus (SC (-)), coagulase positive 
Staphylococcus (SC (+) and S. aureus (SA) present in the bile and epithelium of gallbladders from 30 
cattle slaughtered. 

 

 
 

 
Gram positive bacteria seem to be 

more sensitive to the deleterious effects of 
bile than Gram negative bacteria and bile 
salts are often used in their selective 
enrichment (e.g. Mac Conkey agar, 
Salmonella-Shigella agar, violet red bile 
agar and bile esculin agar) (BRIDSON, 
1995). However, in this study, there was 
the detection of microorganism Gram 
positive in bile. Begley, Gahan and Hill 
(2005) and Begley, Ker and Hill (2009) 
demonstrated that Listeria monocytogenes 
strain (Gram positive bacteria) is able to 
tolerate concentrations of bovine, porcine 
and human bile well in excess of those 
encountered in vivo. Clostridium spp. and 
Clostridium perfringens were isolated from 
human and animal bile suggesting an 
inherent bile tolerance in this pathogen 
(SAKAGUCHI; MURATA; KIMURA, 1983; 
CABLE; REHBUN, FORTIER, 1997). 
Ohtomo, Yoshida and San Clemente 
(1981) also demonstrated the capacity of 
growth of S. aureus, through 
encapsulation, in several concentrations of 
biliary acids. Liau and Hash (1977) 
affirmed that the taurine (a compound 
present in conjugated biliary acids) was 
detected in the capsular material produced 
by S. aureus strains, being one of the 
components of the Surface 
Polysaccharide of the Antigen (SPA). 

The effect of bile on Gram positive 
enteric bacteria is not well understood, but 
some of the mechanisms found in Gram 

negatives are likely to be found in Gram 
positive enteric bacteria as well. An 
observation made by several investigators 
is that bile tolerance is a strain-specific 
trait and tolerances of species cannot be 
generalized (BEGLEY; GAHAN; HILL, 
2005). Thus, the result found in this study 
allows questioning of the theoretical basis 
that bile salts are inhibitors of Gram 
positive bacteria and used as a 
component in bacteriological media 
selective for Gram negative 
microorganisms.  

Antimicrobial susceptibility test 
showed that the strains of Staphylococcus 
were sensitivity to penicillin G, ceftriaxone, 
chloramphenicol and gentamicin in both 
bile and gallbladder epithelium (Table 2). 
Moreover, strains of Staphylococcus were 
sensitive to teicoplanin and vancomycin in 
the gallbladder epithelium. The frequency 
of resistance in the bile and the epithelium 
was statistically significant to some 
antimicrobials. Staphylococcal strains 
present in the epithelium were more 
susceptible to erythromycin, teicoplanin, 
vancomycin and cefoxitin. This can be 
explained by a larger number of bacterial 
are aggregated in the epithelium. Due to 
high bacterial population and the low 
availability of nutrients, there is occurrence 
of a low metabolic rate of microbial cells 
as reported by Cloete (2003), which fits 
the gallbladder, and becomes an 
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interfering factor of antimicrobial resistance in the microbial population.
Table 2 - Percentage of Staphylococcus strains resistant to antimicrobials isolated from the bile and 
epithelium of the cattle gallbladder slaughtered. 

Antimicrobials Bile (8 strains) Epithelium (12 strains) P- valuea 

Clindamycin 0.00 16.66 0.49 
Erythromycin 87.50 25.00 0.01 

Oxacillin 0.00 8.30 1.00 
Penicillin G 0.00 0.00 -----* 
Teicoplanin 37.50 0.00 0.04 
Vancomycin 50.00 0.00 0.01 
Aztreonam 87.50 91.66 1.00 
Cefoxitin 87.50 33.33 0.02 

Ceftriaxone 0.00 0.00 ----* 
Chloramphenicol 0.00 0.00 ----* 

Gentamicin 0.00 0.00 ----* 
Tetracycline 75.00 50.00 0.37 

a
  Fisher's exact test 

* Value not calculated. Susceptible strains in both environments. 

 
In this survey, one Staphylococcus 

strain present in bile and two 
Staphylococcus strains isolated in the 
gallbladder epithelium were resistant to 
seven and five antimicrobials tested, 
respectively. The ability of Staphylococcus 
spp. to survive the harsh environment of 
the gallbladder and become resistant to 
antimicrobials highlights the need for 
special care to be taken during the raising 
and slaughter of cattle in order to prevent 
contamination. 

In relation to the bacterial numbers, 
there were variations between the value 
found for the epithelium and the bile 
(Table 3), prevailing the highest average 
for the epithelium in the gallbladder. By the 
Student T test, there was significant 
difference between log10 CFU/g and log10 
CFU/mL population averages in 
microorganisms present in both 
environments of the gallbladder. 

Considering the results obtained in 
this study, it can be affirmed that the 
environment for the microorganism in the 
gallbladder is common. The bacteria can 
be isolated in the bile as well as in the 
epithelium, but in larger quantities in the 
epithelium. It can be suggested that the 
frequency and average counting of 
microorganisms in the gallbladder is due 
to its adherence to the epithelium, being 
its common habitat but due to contractile 
function of the gallbladder, occurs the 
detachment of the bacteria from the 
epithelium and consequent migration 
toward the bile. According Begley, Ker and 
Hill (2009) and Steenackers et al. (2012) 
intestinal pathogens is also able to adhere 
to and subsequently form bacterial 
communities, microcolonies and even 
mature biofilms on epithelial cells. 

 
  

 
 
Table 3 - Average count log10 (CFU/mL and CFU/g) of microorganisms present in bile and epithelium 
of the cattle gallbladders. * 

Microorganisms Bile (CFU/mL) Epithelium (CFU/g) 

TAMB 3.25a 6.46b 
E. coli 3.08a 5.38b 

Enterobacteriaceae 3.67a 6.11b 
Staphylococcus spp. 3.72a 5.76b 

 * 
For each row, mean values with different letters are significant (P < 0.05) according to the Student T test. 

http://www.google.com.br/url?sa=t&rct=j&q=Pathogenic+intestinal+genera+&source=web&cd=2&ved=0CDMQFjAB&url=http%3A%2F%2Fwww.gutpathogens.com%2Fcontent%2F1%2F1%2F10&ei=a4BKT7TQLsmEgweEt-H9BA&usg=AFQjCNGpu5bXWl1MLe5milE4hTCQ_lbQ3A
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CONCLUSION 
 
Pathogenic microorganisms can reside 
transiently or permanently in the 
gallbladder of cattle. This organ can play 
an important role as a contamination 
source of intestinal pathogens. Therefore, 
to control the bacterial contamination to 
meat products in slaughterhouse plants 
must be carefully observed. Attention 
should be targeting not only the 
gastrointestinal tracts but also the 
accessory organ like the gallbladder. 
Moreover, gallbladder of cattle should be 
recognized to a reservoir of some 
pathogens multidrug resistant of great 
importance to public health. 
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CARACTERIZAÇÃO DA MICROBIOTA 
BACTERIANA PRESENTE NA BILE E 
EPITÉLIO DA VESÍCULA BILIAR DE 
BOVINOS 
 
 
RESUMO 
 
Microrganismos patogênicos podem 
residir temporariamente ou 
permanentemente na vesícula biliar de 
bovinos. Assim, durante o abate, maior 
atenção deve ser dada ao trato 
gastrointestinal, especialmente para o 
órgão acessório, a vesícula biliar. O 
objetivo do estudo foi caracterizar a 
microbiota bacteriana presente na bile e 
epitélio de vesículas biliares de bovinos 
abatidos em matadouro frigorífico sob 
inspeção sanitária. Foram coletadas 30 
vesículas biliares íntegras e pesquisadas 
na bile e epitélio do órgão a presença de 
Bactérias Aeróbias Mesófilas Totais 
(BAMT), Staphylococcus spp. e 
Enterobacteriaceae, Escherichia coli, 
Enterococcus spp. e Salmonella spp. A 
frequência de isolamento dos 
microrganismos supracitados foi de 
23,02%, 14,39%, 13,67%, 24,46%, 0% e 

24,46%, respectivamente. Em relação aos 
dois ambientes da vesícula, a frequência 
de isolamento dos microrganismos no 
epitélio foi de 64,03%, e na bile, 35,97%, 
não sendo diferente estatisticamente, mas 
com diferença significativa entre as 
médias populacionais. No teste de 
susceptibilidade aos antimicrobianos, as 
estirpes de Staphylococcus isoladas a 
partir da bile e epitélio da vesícula biliar 
apresentou sensibilidade a: penicilina G, 
ceftriaxona, cloranfenicol e gentamicina. A 
observação de que a vesícula biliar 
comporta microrganismos em elevadas 
frequências atenta-nos para o fato de que 
o bovino possa ser um portador 
persistente de patógenos de grande 
importância em saúde pública. 
  
Palavras-chave: Vesícula biliar de 
bovino. Microrganismos patogênicos. 
Portador persistente. Saúde pública. 
 
 
REFERENCES 
 
AKOACHERE, J. F. T. K.; TANIH,N. F.; 
NDIP, L. M.; NDIP, R. N. Phenotypic 
characterization of Salmonella 
Typhimurium isolates from food-animals 
and abattoir drains in Buea, Cameroon. 
Journal of Health, Population and 
Nutrition, Bangladesh, v. 27, n. 5, p. 612-
618, 2009.  
 
BEGLEY, M.; GAHAN, C. G. M.; HILL, C. 
The interaction between bacteria and bile. 
Microbiology Reviews, Washington, v. 
29, n. 4, p. 625-651, 2005. 
 
BEGLEY, M.; KERR, C.; HILL, C. 
Exposure to bile influences biofilm 
formation by Listeria monocytogenes. Gut 
Pathogens, London, v. 1, n. 11, p. 1-4, 
2009.  
 
BRASIL, Ministério da Agricultura, 
Pecuária e Abastecimento. Instrução 
Normativa nº62, de 26 de agosto de 2003. 
Oficializa os Métodos Analíticos Oficiais 
para controle de Produtos de Origem 
Animal e Água. Diário Oficial da 
República Federativa do Brasil, Brasília, 
DF, p. 6, 05 abr. 2003. Seção 1. 
 

http://www.google.com.br/url?sa=t&rct=j&q=Pathogenic+intestinal+genera+&source=web&cd=2&ved=0CDMQFjAB&url=http%3A%2F%2Fwww.gutpathogens.com%2Fcontent%2F1%2F1%2F10&ei=a4BKT7TQLsmEgweEt-H9BA&usg=AFQjCNGpu5bXWl1MLe5milE4hTCQ_lbQ3A
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDoQFjAA&url=http%3A%2F%2Fwww.jhpn.net%2F&ei=LfgkUZaPO4Pk8gSi44DgBA&usg=AFQjCNHQte5ia5m-_5e3lebqVdBapYLXYA&sig2=47Ew0Voo1OghbsbdgO5Yuw&bvm=bv.42661473,d.eWU
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDoQFjAA&url=http%3A%2F%2Fwww.jhpn.net%2F&ei=LfgkUZaPO4Pk8gSi44DgBA&usg=AFQjCNHQte5ia5m-_5e3lebqVdBapYLXYA&sig2=47Ew0Voo1OghbsbdgO5Yuw&bvm=bv.42661473,d.eWU


ISSN: 1983-0777   27 

 

 

DIAS, F. S.; CARRIJO, K. F.; SANTOS, I. F.; FRANCO, R. M.; NASCIMENTO, E. R. 

 

BRASIL, Ministério da Agricultura, 
Pecuária e Abastecimento. Inspeção de 
carnes; padronização de técnicas, 
instalações e equipamentos. Brasília, 
DIPOA/DICAR, 1971. 
 
BRIDSON, E. Y. (Ed.). The Oxoid 
Manual. 6th edition. Unipath Ltd, 
Basingstoke, Wade Road. Basingstoke, 
England, 1995.    
 
CABLE, C. S.; REHBUN, W.C.; FORTIER, 
L. A. Cholelithiasis and cholecystitis in a 
dairy cow. Journal of the American 
Veterinary Medical Association, 
Schaumburg, v. 211, n. 7, p. 899–900, 
1997. 
  
CHANDRA, M.; SINGH, B. R.; SHANKAR, 
H.; AGARWAL, M.; AGRAWAL, R. K.; 
SHAMA, G.; BABU, N. Study on 
prevalence of Salmonella infection in 
goats. Small Ruminants Research, 
Amsterdam, v. 65, n. 1, p. 24 -34, 2006.  
 
CLOETE, T. E. Resistance mechanisms of 
bacteria to antimicrobial compounds. 
International Biodeteration & 
Biodegradtation, Portsmouth, v. 51, n. 4, 
p. 277-282, 2003. 
 
CLSI.  Clinical and Laboratory Standards 
Institute.  Performance standards for 
antimicrobial susceptibility testing; 
twenty first informational supplement. 
CLSI document M100-S21. Wayne, Pa.: 
CLSI. 23 pp. 2011. 
 
CONTREPOIS, M.; DUBOURGUIER, H. 
C.; PARODI, A. L. et al. Septicaemic 
Escherichia coli and experimental infection 
of calves. Veterinary Microbiology,  
Amsterdam, v. 12, n. 2, p. 109-118, 1986. 
 
DIAS, F. S.; SANTOS, I. F.; FRANCO, R. 
M.; NASCIMENTO, E. R. Antimicrobial 
resistance in Salmonella spp. isolated 
from cattle gallbladder slaughtered in the 
south of the state of Rio de Janeiro. 
Revista Brasileira de Ciência 
Veterinária, Niterói, v. 17, n. 3/4, p. 104-
107, 2010.  
 
GUNN, J. S. Mechanisms of bacterial 
resistance and response to bile. Microbes 

Infections, Paris, v. 2, n. 8, p. 907−913, 
2000. 
 
HANCKE, E.; NUSCHE, A.; MARKLEIN, 
G. Bacteria in the gallbladder wall and in 
gallstones. Langenbecks Archive fur 
Chirurgie, Berlin, v. 368, n. 4, p. 249-254, 
1986.  
 
JENSEN, P. O.; GIVSKOV, M.; 
BJARNSHOLT, T.; MOSER, C. The 
immune system vs. Pseudomonas 
aeruginosa biofilms. FEMS Immunology 
and Medical Microbiology, Amsterdam, 
v. 59, n. 3, p. 292−305, 2010. 
 
JEONG, K. C.; KANG, M. Y.; HEIMKE, C.; 
SHERE, J. A.; EROL, I.; KASPAR, C. W. 
Isolation of Escherichia coli O157:H7 from 
the gallbladder of inoculated and naturally-
infected cattle. Veterinary Microbiology, 
Amsterdam, v. 119, n. 2-4, p. 339-345, 
2007. 
 
LIAU, D. F.; HASH, J. H. Structural 
analysis of the surface polysaccharide of 
Staphylococcus aureus. Journal of 
Bacteriology, Washington, v. 131, p. 194-
200, 1977. 
 
LOIR, Y. L.; BARON, F.; GAUTIER, M. 
Staphylococcus aureus and food 
poisoning. Genetics and Molecular 
Research, Ribeirão Preto, v. 2, n. 1, p. 63-
76, 2003. 
 
MCDONOUGH, P. L.;  SHIN, S. J.; LEIN, 
D. H. Diagnostic and public health 
dilemma of lactose-fermenting Salmonella 
enterica serotype Typhimurium in cattle in 
the Northeastern United States. Journal 
of Clinical Microbiology, Washington, v. 
38, n. 3, p. 1221–1226, 2000.  
 
MERCK. Microbiology Manual. 
Germany: Laboratory Products Division, 
Merck, Darmstadt, 2000. 407p. 
 
ONYEKABA, C. O.; NJOKU, H. O. 
Bacteria and helminth isolates from bile 
and faeces of zebu cattle slaughtered for 
human consumption in the Niger Delta 
areas of Nigeria. Annals of Tropical 
Medicine Parasitology, London, v. 80, n. 
4, p. 421-4, 1986. 

https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDMQFjAA&url=http%3A%2F%2Favmajournals.avma.org%2Floi%2Fjavma&ei=IjMlUZP5NYi49gTiqYGYCg&usg=AFQjCNG6NUxosIsDhaf_PZvKX_MKERbmIQ&sig2=uxJfLaJ-SoU-lv-iUiUnSg&bvm=bv.42661473,d.eWU
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDMQFjAA&url=http%3A%2F%2Favmajournals.avma.org%2Floi%2Fjavma&ei=IjMlUZP5NYi49gTiqYGYCg&usg=AFQjCNG6NUxosIsDhaf_PZvKX_MKERbmIQ&sig2=uxJfLaJ-SoU-lv-iUiUnSg&bvm=bv.42661473,d.eWU
http://www.google.com.br/url?sa=t&rct=j&q=J.+Am.+Vet.+Med.+Assoc.&source=web&cd=4&ved=0CEMQFjAD&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0003-1488&ei=-G5VT4OjL672sQLW5oDwBQ&usg=AFQjCNGfHRFj83r7a7QQmmO-9bLQ22haJw
http://www.google.com.br/url?sa=t&rct=j&q=J.+Am.+Vet.+Med.+Assoc.&source=web&cd=4&ved=0CEMQFjAD&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0003-1488&ei=-G5VT4OjL672sQLW5oDwBQ&usg=AFQjCNGfHRFj83r7a7QQmmO-9bLQ22haJw
http://www.google.com.br/url?sa=t&rct=j&q=J.+Am.+Vet.+Med.+Assoc.&source=web&cd=4&ved=0CEMQFjAD&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0003-1488&ei=-G5VT4OjL672sQLW5oDwBQ&usg=AFQjCNGfHRFj83r7a7QQmmO-9bLQ22haJw
http://www.google.com.br/url?sa=t&rct=j&q=J.+Am.+Vet.+Med.+Assoc.&source=web&cd=4&ved=0CEMQFjAD&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0003-1488&ei=-G5VT4OjL672sQLW5oDwBQ&usg=AFQjCNGfHRFj83r7a7QQmmO-9bLQ22haJw
http://www.google.com.br/url?sa=t&rct=j&q=J.+Am.+Vet.+Med.+Assoc.&source=web&cd=4&ved=0CEMQFjAD&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0003-1488&ei=-G5VT4OjL672sQLW5oDwBQ&usg=AFQjCNGfHRFj83r7a7QQmmO-9bLQ22haJw
http://www.google.com.br/url?sa=t&rct=j&q=J.+Am.+Vet.+Med.+Assoc.&source=web&cd=4&ved=0CEMQFjAD&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0003-1488&ei=-G5VT4OjL672sQLW5oDwBQ&usg=AFQjCNGfHRFj83r7a7QQmmO-9bLQ22haJw
http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=5190&_auth=y&_acct=C000037518&_version=1&_urlVersion=0&_userid=686357&md5=cd6524bb48cac2c3f35d9db677f21ad0
http://www.sciencedirect.com/science?_ob=IssueURL&_tockey=%23TOC%235190%231986%23999879997%23362586%23FLP%23&_auth=y&view=c&_acct=C000037518&_version=1&_urlVersion=0&_userid=686357&md5=a12a319f7745fc5c8417685b1cfd3a53
http://www.elsevier.com/wps/product/cws_home/506019
http://www.elsevier.com/wps/product/cws_home/506019
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CDcQFjAB&url=http%3A%2F%2Fjcm.asm.org%2F&ei=dTklUcH0A5LC9gStqoHQBg&usg=AFQjCNEyAaPiFSxpspLVUuY49nn8rxtAkw&sig2=OyNwe5V5nmCI9fsB3UVlUg&bvm=bv.42661473,d.eWU
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CDcQFjAB&url=http%3A%2F%2Fjcm.asm.org%2F&ei=dTklUcH0A5LC9gStqoHQBg&usg=AFQjCNEyAaPiFSxpspLVUuY49nn8rxtAkw&sig2=OyNwe5V5nmCI9fsB3UVlUg&bvm=bv.42661473,d.eWU


ISSN: 1983-0777   28 

 

Vet. Not., Uberlândia, v.18. n.1, jan./jul. p. 20-28, 2012 

 
OHTOMO, T.; YOSHIDA, K.; SAN 
CLEMENTE, C. L. Effect of bile acid 
derivatives on taurine biosynthesis and 
extracellular slime production in 
encapsulated Staphylococcus aureus S-7. 
Infection and Immunity, Washington, v. 
31, n. 2, p. 798-807, 1981. 
 
PIGNATO, S.; MARINO, A. M.; 
EMANUELE, M. C. et al. Evaluation of 
New Culture Media for Rapid Detection 
and Isolation of Salmonellae in Foods.  
Applied and Environmental 
Microbiology, Washington, v. 61, n. 5, p. 
1996–1999, 1995. 
 
MENENDEZ, A.; ARENA, E. T.; 
GUTTMAN, J. A.; THORSON, L.; 
VALLANCE, B. A.; VOGL, W.; FINLAY, B. 
B. Salmonella Infection of gallbladder 
epithelial cells drives local inflammation 
and injury in a model of acute typhoid 
fever. The Journal of Infectious 
Disease, Oxford, v. 20, n. 11, p. 1703-
1713, 2009. 
 
REINSTEIN, S.; FOX, J. T.; SHI, X.; 
NAGARAJA, T. G. Prevalence of 
Escherichia coli O157:H7 in Gallbladders 
of Beef Cattle. Applied and 
Environmental Microbiology, 

Washington, v. 73, n. 3, p. 1002–1004, 

2007.  
 
RYCHLIK, I.; BARROW, P.A. Salmonella 
stress management and its relevance to 
behaviour during intestinal colonisation 
and infection. FEMS Immunology and 
Medical Microbiology, Amsterdam, v. 29, 
n. 5, p.1021-1040, 2005. 
 

SAKAGUCHI, Y.; MURATA, K.; KIMURA, 
M. Clostridium perfringens and other 
anaerobes isolated from bile. Journal of 
Clinical Pathology, London, v. 36, n. 3, p. 
345–349, 1983.  
 
SPECTOR, M.P.; KENYON, W.J. 
Resistance and survival strategies of 
Salmonella enterica to environmental 
stresses. Food Research International, 
Amsterdam, v. 45, n. 2, p. 455- 481, 2012.  
 
STEENACKERS, H.; HERMANS, K.; 
VANDERLEYDEN, J.; DE 
KEERSMAECKER, S. C. J. Salmonella 
biofilms: An overview on occurrence, 
structure, regulation and eradication. Food 
Research International, Amsterdam, v. 
45, n. 2, p. 502- 531, 2012.  
 
STOFFREGEN, W. C.; POHLENZ, J. F. 
L.; NYSTROM, E. A. D. Escherichia coli 
O157:H7 in the gallbladders of 
experimentally infected calves. Journal of 
Veterinary Diagnostic Investigation, 
Columbia, v. 16, n. 1, p. 79-83, 2004. 
 
VAN VELKINBURGH, J. C.; GUNN, J. S. 
PhoP–phoQ regulated loci are required for 
enhanced bile resistance in Salmonella 
spp. Infection and Immunity, 
Washington, v. 67, n. 4, p. 1614–1622, 
1999. 
 
WOLDEMARIAMA, E.; MOLLA, B.; 
ALEMAYEHU, D.; MUCKL, A. Prevalence 
and distribution of Salmonella in 
apparently healthy slaughtered sheep and 
goats in Debre Zeit, Ethiopia. Small 
Ruminants Research, Amsterdam, v. 58, 
n. 1, p. 19–24, 2005. 
 

 

http://jid.oxfordjournals.org/search?author1=Alfredo+Menendez&sortspec=date&submit=Submit
http://jid.oxfordjournals.org/search?author1=Ellen+T.+Arena&sortspec=date&submit=Submit
http://jid.oxfordjournals.org/search?author1=Julian+A.+Guttman&sortspec=date&submit=Submit
http://jid.oxfordjournals.org/search?author1=Lisa+Thorson&sortspec=date&submit=Submit
http://jid.oxfordjournals.org/search?author1=Bruce+A.+Vallance&sortspec=date&submit=Submit
http://jid.oxfordjournals.org/search?author1=Wayne+Vogl&sortspec=date&submit=Submit
http://jid.oxfordjournals.org/search?author1=B.+Brett+Finlay&sortspec=date&submit=Submit
http://www.elsevier.com/wps/product/cws_home/506019
http://www.elsevier.com/wps/product/cws_home/506019
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDYQFjAA&url=http%3A%2F%2Fjcp.bmj.com%2F&ei=dzolUfn7BYjG9gT9moG4DA&usg=AFQjCNG8WTVBCG6eY2ECHDEyrRMk2uz-gg&sig2=w2yLTXOmEY_NjJLAB6widw&bvm=bv.42661473,d.eWU
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDYQFjAA&url=http%3A%2F%2Fjcp.bmj.com%2F&ei=dzolUfn7BYjG9gT9moG4DA&usg=AFQjCNG8WTVBCG6eY2ECHDEyrRMk2uz-gg&sig2=w2yLTXOmEY_NjJLAB6widw&bvm=bv.42661473,d.eWU

