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ABSTRACT

The aim of this study was to evaluate the influence of different periods of pre-slaughter fasting (F1: 2 to 24
hours and F2: 48 to 72 hours) on the counts of hygiene indicator microorganisms and the presence of
Salmonella spp. in carcasses of bullfrogs. Two different stages of the slaughter process were analyzed: after
bleeding (A) and after the final carcasses cleaning (B). Samples from each fasting period were analyzed to
count hygiene indicator microorganisms (n=30) and Salmonella spp. (n=140). For aerobic mesophilic
microorganisms, the variation in fasting periods caused a reduction of 0.69 logio CFU / g (P<0.05) in F2
when compared to F1 at point B of the slaughter. Coliforms at 35° C and Escherichia coli showed no
differences (P >0.05) between the fasting analyzed periods. Considering the presence of E. coli, it was
observed that F2 resulted in a reduction of 30% (P<0.05) positivity on point B. For Salmonella spp., the
results showed that F2 contributed to an 11.5% reduction in the presence of this bacteria at point B.
(P<0.05). Therefore, it is concluded that 48 to 72 hours of pre-slaughter fasting resulted in a positive impact
on the microbiological quality of bullfrog carcasses.

Keywords: food safety, hygiene indicator, Salmonella spp
RESUMO

O objetivo deste estudo foi avaliar a influéncia de diferentes periodos de jejum pré-abate (F1: duas a 24
horas e F2: 48 a 72 horas) nas contagens de micro-organismos indicadores de higiene e na presenca de
Salmonella spp. em carcacas de rés-touro. Foram analisadas duas etapas do processo de abate: apos a
sangria (A) e apos a toalete final da carcaca (B). As amostras de cada periodo de jejum foram utilizadas
para contagem de indicadores de higiene (n = 30) e Salmonella spp. (n = 140). Para aerdbios mesdfilos,
a variacdo no tempo de jejum causou uma reducdo de 0,69 logio UFC/g (P<0,05) em F2 quando
comparado a F1 na etapa B do abate. Os coliformes a 35°C e Escherichia coli ndo apresentaram diferengas
(P>0,05) entre os dois periodos de jejum analisados. Considerando a presenca de E. coli, F2 resultou em
uma reducéo de 30% (P<0,05) de positividade na etapa B. Para Salmonella spp., os resultados mostraram
que F2 contribuiu para uma reducdo de 11,5% na presencga desse micro-organismo na etapa B. Portanto,
conclui-se que 48 a 72 horas de jejum pré-abate tiveram um impacto positivo na qualidade microbiolégica
das carcacas de ra-touro.
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INTRODUCTION

Bullfrog (Lithobates catesbeianus Shaw, 1802)
production in Brazil began in the early 1930s and
since then much has been invested in the
development of techniques and technologies that
increase the efficiency of production systems
(Cribb et al., 2013; Pahor-Filho et al., 2019).
Despite studies carried out worldwide regarding
the production of this species, many gaps are still
causing problems in the production chain and
need to be investigated (Li et al., 2019). Some of
these gaps are directly related to bullfrog meat, the
final objective of the production chain. Therefore,
studies that relate the impact of different species,
production  systems, and  pre-slaughter
management with the microbiological quality of
the retail product are important for food safety and
consumer health (Cantlay et al., 2017).

One of the steps that can be evaluated in this
regard is the influence of pre-slaughter fasting
time on the number of hygiene indicator
microorganisms in the carcass or the presence of
pathogenic microorganisms such as those
belonging to the genus Salmonella spp. and
Escherichia coli (Pointon et al., 2012). Both
bacterial genus are recognized worldwide as
important causes of foodborne illnesses with
symptoms that can vary from fever, abdominal
cramps, blood in the stool and, in some cases, may
become fatal (Doengas..., 2019). In Brazil, legal
standards are established for the main species of
production, however, there is no definition of the
appropriate pre-slaughter fasting period for
amphibians (Brasil, 2017). The concern about the
safety of the product becomes even more relevant
when we observe that there is a worldwide growth
in the consumption of frog meat, with it even
being recommended as an option in some
functional diets (Oliveira et al., 2017; Lin et al.,
2020).

Considering this increase in consumption and the
need to obtain safe food products, the objective of
the present study was to evaluate the influence of
different periods of pre-slaughter fasting on the
counts of hygiene indicator microorganisms and
the presence of Salmonella spp. in carcasses of
bullfrogs analyzed at different stages of the
slaughter process.
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MATERIAL AND METHODS

The study was carried out in Uberlandia, Minas
Gerais-Brazil, in a closed breeding system, in
which all stages of the production chain are
carried out within the farm itself, from tadpole
production to slaughter. In the bullfrog farming, a
wet system was used, with an average density of
50 animals per m2. The frogs were slaughtered
between the ages of four and six months, and with
an average weight of 462.6 grams (¥87.3g). The
slaughter was carried out in a slaughterhouse,
once a day during the morning shift, located on
the farm itself, following all the procedures
recommended for the species (Cribb et al., 2013).
This study was carried out between October and
March (Spring to Autumn) with an average
temperature of 24.83+1.35 °C.

On a weekly basis, after morning feeding, 20
animals were selected and equally distributed in
two fasting period stalls, F1 (until 24 hours, the
usual fasting period) and F2 (over 24 hours). In
order to increase the scope of the study, since
there are no studies comparing different fasting
periods for bullfrogs with the microbiological
quality of the carcass, a subdivision was proposed.
At F1 stall, 05 animals were slaughtered after a
period of 02 hours of fasting and the 05 remaining
after a period of 24 hours. Analogously, at F2
stall, 05 animals were slaughtered after a period
of 48 hours of fasting and the 05 remaining after
a period of 72 hours. Both fasting period stalls had
10 animals per square meters, were previously
sanitized and kept with constant water renewal.
The above-mentioned protocol was approved by
an ethics committee (CEUA 027/2017).

During slaughter, samples were then obtained by
superficial rinsing of the carcass, with each
carcass sampled at two different points: after
bleeding (Point A) and after the final carcasses
cleaning with chlorinated water shower (5ppm)
(Point B). In total, 30 carcasses from each fasting
period were analyzed to count the hygiene
indicator microorganisms at both slaughter steps
(A and B). For the research on Salmonella spp.,
considering its direct importance for public
health, samples were collected from 140 bullfrog
carcasses (70 animals for each evaluated fasting
period analyzed at both slaughter points A and B).

Before rinsing, each carcass was weighed and
then allocated into a sterile bag containing 100mL
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of sterile 0.85% NaCl solution, and then manually
rinsed for 30 seconds, while ensuring that all
surface areas were covered by the rinsing solution
(Cason et al., 2006). The rinse product was kept
in a Styrofoam box with ice until it arrived at the
Laboratory of Inspection and Technology of
Products of Animal Origin at the Faculty of
Veterinary Medicine of the Federal University of
Uberlandia (FAMEV-UFU).

The post-rinse product was subjected to decimal
serial dilutions in 9mL of peptone saline (0.1%).
For aerobic mesophilic (AM) counting, the
samples were homogenized with PCA (Plate
Count Agar) in sterile petri dishes and incubated
at 37°C for 48 hours. The counting of Total
Coliforms (TCC) at 35° C and Escherichia coli
(EC) was carried out using Petrifilm™ EC (3M
Company, St. Paul, MN, USA) following the
manufacturer's recommendations. The AM, TCC
and EC counts were adjusted taking into account
the weight (grams) of the carcasses and the results
were expressed in logio CFU / g. For this
adjustment, the following calculation method was
used:

mL
CFU/g = —

w/v
mL = CFU/mL
w= carcass weight at rated point
v=100mL volume constant in the rinse bag

Salmonella spp. were also investigated in the rinse
product, using 25mL of the rinse in 225mL of
Buffered Peptone Water (1%), then following the
steps of the International Organization for
Standardization Method 6579 (International...,
2002). Samples with typical characteristics in LIA
(Lysine Iron Agar — TMMedia®) and / or TSI
(Triple Sugar Iron Agar — TMMedia®) were
confirmed by Polymerase Chain Reaction (PCR),
using the ompC gene as targets (ompC-F 5”-
ATCGCTGACTTATGCAATCG-3” and ompC-
R 5”-CGGGTTGCGTTATAGGTCTG-3”)
(Almeida et al., 2014; Alvarez et al., 2004). After
confirmation, positive isolates were subjected to
serotyping at the Oswaldo Cruz Foundation
(Fiocruz, Rio de Janeiro, RJ, Brazil).

In order to compare the microbiological counts of
AM, TCC and EC obtained in steps A and B, the
Mann-Whitney test was used (P<0.05). To
compare the contamination averages obtained in
each analyzed fast, the Wilcoxon matched-pairs
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signed rank test (P<0.05) was used. Finally,
comparisons of frequencies of Salmonella and E.
coli in each analyzed fasting period were made
using Fisher's exact test (P<0.05). All statistical
analyses were performed using the GraphPad
Instat software.

RESULTS

There was no impact of the fasting periods on the
AM count in step A of slaughter (P>0.05). In step
B, the fasting period of 48 to 72 hours resulted in
a reduction of 0.69 logl0 CFU / g in carcass
contamination compared to those subjected to a
shorter fasting period (P<0.05). It is also noted
that with a short fasting period (2 to 24 hours),
carcasses presented greater contamination at point
B compared to point A (P<0.05), which is not
observed in a long fasting period (48 to 72 hours)
(P >0.05) (Table 1).

In the evaluation of coliform at 35°C, no
differences were identified between fasting
periods and between slaughter points A and B (P>
0.05). Although the presence of this group of
microorganisms was identified in 95% (114/120)
of the analyzed samples, it is noted that the mean
counts were low, being less than 1logio CFU / g in
75% (90/120) of the samples (Table 2).

As observed for coliforms at 35°C, the
comparison of the average Escherichia coli
counts also did not indicate any difference
between fasting periods and between slaughter
steps A and B (P> 0.05) (Table 3). However,
considering that 61% (73/120) of the total samples
evaluated were negative for this bacterium, a
second analysis was also carried out to assess the
impact of fasting period on the presence of this
microorganism in both slaughter steps A and B
(Table 4).

In the evaluation of the impact of fasting on the
presence and absence of E coli, it was observed
that the long period of fasting resulted in a
reduction of 50% to 20% positivity in step B of
slaughter, right after the final carcasses cleaning
with running water (P<0.05). In step A, although
there was a reduction from 70% to 43.3%, it was
not possible to demonstrate a statistical
difference, however, there is a reduction trend that
a larger number of samples could be sufficient to
identify.
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Table 1. Mean counts (log CFU/ grams) of aerobic mesophilic in bullfrog carcasses subjected to different
fasting period, collected at two steps of the slaughtering process, in a slaughterhouse located in the state of
Minas Gerais-Brazil

Slaughter Steps* P value**
Fasting period (hours) n g P
A B
21024 30 3.00 (v1.20) 3.69 (+1.33) 0.0007
481072 30 2.95 (+0.98) 3.00 (+1.05) 0.4067
P valug*** 0,4390 0,0013

*A: after bleeding; B: after the carcass cleaning; ** Mann-Whitney test (P<0.05);*** Wilcoxon matched-pairs signed
rank test (P<0.05).

Table 2. Mean counts (log CFU/ grams) of coliform at 35°C in bullfrog carcasses subjected to different
fasting period, collected at two steps of the slaughtering process, in a slaughterhouse located in the state of
Minas Gerais-Brazil

* *x
Fasting period (hours) 0 - Slaughter Steps . P value
21024 30 0.98(+0.94) 0.79(x0.62) 0.6808
481072 30 0.84(+0.79) 0.69(x0.63) 0.4973
P value** 0.6100 0.4118

*A: after bleeding; B: after the carcass cleaning; ** Mann-Whitney test (P<0.05);*** Wilcoxon matched-pairs signed
rank test (P<0.05).

Table 3. Mean counts (log CFU/ grams) of Escherichia coli in bullfrog carcasses subjected to different
fasting period, collected at two steps of the slaughtering process, in a slaughterhouse located in the state of
Minas Gerais-Brazil

x *x
Fasting period (hours) n A Slaughtelr Steps B P e
21024 30 -0.08(+0.54) 0.03(x0.28) 0.4352
481072 30 0.21(+0.87) 0.11(x0.47) 0.7615
P valug*** 0.4685 0.722

*A: after bleeding; B: after the carcass cleaning; ** Mann-Whitney test (P<0.05);*** Wilcoxon matched-pairs signed
rank test (P<0.05).

Table 4. Occurrence of Escherichia coli and Salmonella spp. in bullfrog carcasses subjected to different
fasting period, collected at two steps of the slaughtering process, in a slaughterhouse located in the state of
Minas Gerais-Brazil

Slaughter Steps*

Fasting period (hours) n A B P value**
Positive % Positive %
Escherichia coli
2t0 24 30 21 70.0 15 50.0 0.1872
4810 72 30 13 43.3 6 20.0 0.0946
P value** 0.0673 0.0292
Salmonella spp.
2t0 24 70 7 10.0 9 12.9 0.7914
4810 72 70 2 2.9 1 14 1.0000
P value** 0.4828 0.0173
*A: after bleeding; B: after the carcass cleaning; **Fisher's exact test (P<0.05)
Regarding the occurrence of Salmonella spp. in point A and 7.14% (10/140) at point B. Again,
140 carcasses, there was no difference between there was a positive influence from the longer
the two slaughter points analyzed, with 6.43% fasting period, and an 11.5% drop in the
(9/140) of positive samples being identified at occurrence of Salmonella spp. was observed in the
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carcasses evaluated at step B (Table 4). Among
the 19 isolates of Salmonella spp. found, 3 were
classified as S. Infantis (16%) and 16 as S.
Newport (84%).

DISCUSSION

In Brazil, although amphibians are mentioned in
the Regulation of the Industrial and Sanitary
Inspection of Products of Animal Origin, there is
still no specific legislation on the stages of their
slaughter and processing, such as the ideal period
of pre-slaughter fasting (Brasil, 2017). Usually,
the period of 24 to 48 hours of pre-slaughter
fasting is used for the slaughter of bullfrogs as an
extrapolation of the rules applicable to other
species,  without  considering,  however,
particularities of the digestive system of
amphibians, type of feeding, and the impacts of
these variations on the microbiological quality of
the final product (Cribb et al., 2013).

For animals such as cattle and pigs, for example,
there is a definition of a maximum fasting period
of up to 24 hours (Brasil, 2000). For other species,
however, this maximum fasting period of 24 hours
may not be sufficient. Bermejo-Poza et al. (2017)
evaluated the influence of different times of pre-
slaughter fasting in trout and found that complete
intestinal emptying occurs after 4 days of fasting
(96 hours). In the case of bullfrogs, the present
study indicated that a fasting period of 48 to 72
hours brings benefits to the microbiological
quality of the carcass when compared to fasting
periods up to 24 hours. As most aquatic animals,
amphibians  are  ectotherms, and the
environmental  temperature interferes  on
metabolism and consequently the intestinal
emptying. In our study, the average temperature
was 24.83+1.35°C, providing adequate condition
for bullfrog growth and consequently the function
of digestive tract, according to Clayton, 2005 and
Cribb et al., 2013.

For aerobic mesophilic bacteria, a short fasting
period (2 to 24 hours) resulted in carcasses with
higher count values in step B of the slaughter
process, probably as a result of the short time that
they remained in the fasting pen, with clean
environment and water. Considering that these
animals are raised in flooded pens, there is an
inevitable cross contamination that highlights the
importance of good practices in rearing and in the
procedures that precede the slaughter process
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(Cribb et al., 2013; Ogoanah et al., 2017). On the
other hand, the individual assessment of this
relationship between fasting and AM count may
not be the only explanation for the results found.
This hygiene indicator microorganism is related
to general conditions of the environment and,
therefore, may also be influenced by other
variables such as the hygiene of the industry,
employees, and the quality of the slaughter
process carried out at the time of the analysis
(Garayoa et al., 2016).

In addition, in Brazilian legislation, there are no
established limits for counting AM in bullfrog
meat, however, as a basis of comparison the
allowed value for poultry meat is 6.7log / g
(5x10°), for cattle and pork is 6log / g (10°) and
for fish is 3log / g (10%). Thus, using the values
defined for fish, it is observed that the average
count found after the final cleaning was at the
limit for the carcasses subjected to a longer fasting
period (3logCFU / g) and above the limit for those
subjected to short fasting periods (3.691ogCFU /
g) (Brazil, 2019).

The lack of influence of fasting on the TCC and
EC values may be related to the low counts (Table
2 and 3) observed for these microorganisms in the
present study. These good results can be attributed
to the quality of the slaughter process, origin of
the animals, or characteristics inherent to the
processing system, which individually or with a
summation effect did not allow to observe great
variations in the counts of these hygiene
indicators (Cribb et al., 2013; Walke et al., 2014).
For other species, this impact has already been
demonstrated, with varying intensities according
to the studied species (Pointon et al., 2012; Pereira
etal., 2013).

For CTT there are no limits foreseen in the
legislation, however, for E. coli the limits for
poultry meat are 3.7 log / g (5x10%), for bovine and
swine is 2 log / g (102) and for fish is 2.7 log / g
(5%10?). For this microorganism it can be noted
that the contamination of the bullfrog meat was
much lower in both analyzed fasting periods
(Brazil, 2019). Regarding the impact of fasting on
the presence of Escherichia coli and Salmonella
spp, it was possible to show that the period
between 48 and 72 hours was sufficient to reduce
the occurrence of these microorganisms. This
result is important due to the fact that E. coli is one
of the main indicators of fecal contamination. In
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addition, this genus of bacteria can be potentially
pathogenic for consumers (Aijuka and Buys,
2019). Gray et al. (2007), in an experiment with
bullfrogs, inoculated the tadpoles orally with
Escherichia coli 0157: H7, and after 14 days,
more than half of the animals were positive for the
pathogen, suggesting that bullfrogs are suitable
hosts for E. coli 0157: H7.

For Salmonella, the current legislation in Brazil
defines that the limit for this pathogen is the
absence of 25 grams for all meats (poultry, cattle,
pork and fish). Therefore, it is noted that for this
microorganism 7.14% (10/140) carcasses from
this study would be in disagreement with the
legislation (Brazil, 2019). Salmonella spp., along
with E. coli, is one of the main bacterial genera
associated with foodborne disease outbreaks and,
therefore, the responsibility to reduce the
contamination by these bacteria should be shared
by the entire animal product chain (Doengas...,
2019; Center..., 2020). In the case of amphibians,
it is known that they can be asymptomatic carriers
of Salmonella spp., and the longer fasting time
tested in the present study (48 to 72 hours)
contributed to greater intestinal emptying and less
recovery of this bacterium during the slaughter
process (Schettino et al., 2006; Ribas and
Poonlaphdecha, 2016; Dadié et al., 2017).

Furthermore, it was observed that the isolates
found in the present study belong to serotypes
relevant to the public health area (S. Newport and
Salmonella Infantis) (Al-Rifai et al., 2020).
Salmonellla Newport is one of the foodborne
serotypes most associated with diseases in
humans. In a study conducted in the United States,
between 1998 and 2015 this serotype was among
the five most frequently associated with
outbreaks, being responsible for 11.7% of them,
with an incidence of 1.27 per 100,000 inhabitants
(Luvsansharav et al., 2020). In the same way,
Salmonella Infantis is also cited among the 20
serotypes most associated with diseases in
humans, however, less frequently linked to
outbreaks (Monte et al., 2019; Luvsansharav et
al.,, 2020). In addition, multidrug-resistant
Salmonella are increasingly being identified,
making treatment of patients increasingly difficult
(Monte et al., 2019). Although not the focus of the
present study, further studies will be important to
characterize these isolates and understand the real
risk to consumers' health.
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Despite not being evaluated in the present study,
the impact of long periods of fasting on slaughter
logistics, carcass weight, and well-being may
reveal disadvantages of this fasting option, which
would justify further studies within the studied
fasting range (greater than 24 hours and up to 72
hours) to identify possible variations. Also, the
impact of different fasting periods on the count of
other microorganisms, such as coagulase-positive
staphylococci, may also be the focus of future
studies.

CONCLUSION

Among the evaluated fasting ranges, it was
possible to conclude that the period of 48 to 72
hours of pre-slaughter fasting has benefits for the
microbiological quality of bullfrog carcasses,
including the reduction of aerobic mesophilic
bacteria and the presence of Escherichia coli and
Salmonella spp.
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