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Abstract

Charqui meats were prepared in laboratory conditions in order to carry out experiments to observe the possibility of develop-
ment of enterotoxigenic Staphylococcus aureus and Clostridium botulinum proteolytic type B spores and their toxins. Results
demonstrated that the harsh processing conditions, high salt concentration, relative high temperature, aw values, inhibited the

growth of both bacteria. Under our experimental conditions, S. aureus would survive throughout the sequence of salting steps i.e.
brine followed by rock salting and the sunshine drying step. However, at final aw value of 0.70–0.75 would create conditions to
inhibit its development. The other experiment revealed that C. botulinum spores germination also was impaired because of these low

aw values. Under these conditions, charqui meats revealed to be safe products in relation to toxins from both enterotoxigenic S.
aureus and C. botulinum.
# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Charqui (CH) meat is officially defined by Brazilian
legislation as a beef product that should contain 40.0–
50.0% moisture and 10.0–20.0% salt within intramus-
cular portion (BRASIL, 1997) and the final value of
water activity (aw) as we have determined previously
falls between 0.70 and 0.75 (Torres, Shimokomaki,
Franco et al., 1994). This aw value characterises CH as
an intermediate moisture meat product (Chang, Huang,
& Pearson 1996; Torres, Pearson, Gray, & Shimoko-
maki, 1989). It is the result of application of the so-
called hurdle technology in its processing (Leistner,
1985; Shimokomaki, Franco, Biscontini et al., 1998). As
recently described, salt, dehydration and packaging are
hurdles sequentially applied to inhibit the microorgan-
isms development (Shimokomaki et al., 1998). There is
a selection for the halophylic bacteria in particular fer-
mented microorganisms as demonstrated recently
(Pinto, Ponsano, Franco, & Shimokomaki, 2002).
Despite of dramatic conditions for its processing, we
observed by biological evaluation that CH keeps its
high protein quality (Garcia, Mizubuti, Kanashiro, &
Shimokomaki, 2001).
In Parana state, Brazil, Staphyloccus aureus is con-
sidered to be the second most common pathogen caus-
ing outbreaks of food poisoning only outnumbered by
Salmonella. Official reports from the same state men-
tioned that in 1997, 88 laboratory-diagnosed bacterial
outbreaks were reported and Salmonella was primarily
the agent representing 55.6% followed by S. aureus with
36.3% of the total outbreaks. In 1998, 106 outbreaks
were reported being 56.6% caused by Samonella and
34.1% by S. aureus. The presence of S. aureus has also
been detected in some charqui samples (Franco, Land-
graf, Shimokomaki, & Azevedo, 1987, Pinto, Ponsano,
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Franco, & Shimokomaki, 1998) and its possible critical
control point throughout processing was reviewed
recently (Senigalia, Oliveira, Popper, & Shimokomaki,
1998). Several botulism cases occurrence have also been
reported in this country including meat and derivatives.
From 1960 to 1998, 25 botulism cases occurrence in
food was reported including processed fish, pork and
poultry products (Lara, Shimokomaki, Dutra, & Pinto,
1999). In addition, in recent years, at final processing
stage, CH meat has been commercially vacuum packed
and that would obviously create further condition for
Clostridium botulinum to growth. Other aspects should
also be taken into consideration such as the continuous
epizootic report of botulism and environmental con-
tamination in Brazilian farms cattle (Lisbôa, Dutra,
Kuchembuck et al., 1996) and the lack of hygiene fre-
quently observed in small CH meat processing plants.
Thus, the objective of this work was to evaluate the
possibility of enterotoxigenic S. aureus to grow and
also to verify botulism hazard development throughout
charqui meat processing both in the laboratory
conditions.
2. Materials and methods

2.1. C. botulinum

2.1.1. Beef samples and charqui meat processing
Fifteen samples of fresh semitendinous m. were
obtained from a commercial butchery and sterilised as
described by Jackson, Acuff, Sharp, and Savell (1992)
and Pinto et al. (2002). Meat pieces were immersed in
70.0% alcohol and inflamed. The burnt layer was
removed aseptically and the remaining approximately
300 g of meat sample, were submitted to CH processing
as described above. All equipments, glassware, other
utensils and NaCl crystals were sterilised before use at
230 �C for 2 h. Brine salting was carried out by
immersing the meat sampling into autoclaved 25.0%
brine solution for about 2 h (Fig. 1) and the meat sam-
ples were subsequently submitted to dry salting with
rock NaCl overnight. The meat pieces were stacked into
piles separated from each other by layer of coarse mar-
ine salt, approximately 1 mm thick. Daily, throughout 4
subsequent days, the meat was restacked and the
uppermost meat pieces were repositioned on the bottom
of the new piles. After restack and rinsing excess salt
from the meat surfaces, samples were submitted under
the sun for an approx 8 h period when the temperature
reached the value between 40 and 45 �C. Samples were
collected at night and stored at room temperature for
40 h and this procedure were repeated three times.
Three samples were analyzed in triplicate from differ-
ent processing points: (1) drying salting, (2) restack, (3)
sun drying, (4) 30 days of storage and (5) 60 days of
storage. C. botulinum count was carried out using an
aliquot of 5 g from each sample that was carefully cut in
cubes of approx 1.0 cm3. Thus, an aliquot was set in
sterile test tubes and 100 C. botulinum spores/g of char-
qui were inoculated and kept under anaerobiosis condi-
tions by anaerobiosis jar (BBL, USA) and anaerobiosis
generator system (Anaerogen, Oxoid, UK) at 35 �C for
96 h.

2.1.2. C. botulinum spores
The spores to be used as inoculum, C. botulinum type
B proteolytic strain (STUA-88-CbB), were originated
from Infectious Diseases Laboratory, Paulista State
University, UNESP, Araçatuba, Brazil. In order to
obtain the inoculum culture, the C. botulinum spores
were inoculated in chopped meat medium (Dowell &
Hawkins, 1974) and incubated at 35 �C. After a period
of 14 days, the spores were submitted to thermal treat-
ment at 80 �C for 20 min and aliquots were taken for
viable cells counts according to Hauschild and Hil-
sheimer method (1977). Thus, 100 C. botulinum spores/g
were inoculated in charqui sample.

2.1.3. C. botulinum growth
C. botulinum type B spores were counted by spreading
0.2 ml of 1:5 dilutions of homogenised CH samples onto
the plate, in duplicate, on trypticase–peptone–glucose–
yeast extract mixture 0.8% egg yolk (1:1) with bromo-
cresol purple (TPGY–EY) (Hauschild & Hilsheimer,
1977). After inoculation, a layer of solution containing
ditiothreitol and agar (0.01 and 2.0%, respectively) was
added to the plate surface (Hauschild & Hilsheimer,
Fig. 1. Points of charqui processing line selected for Staphylococcus

aureus and Clostridium botulinum counts. * S. aureus inoculation (105

cfu/g).! C. botulinum inoculation (100 spores/g).
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1977) and incubated at 35 �C for 48 h, in anaerobiosis.
C. botulinum colonies were then counted according to
Hauschild and Hilsheimer (1977).

2.1.4. Toxin B assay
Botulinical toxin production was analyzed by mice
bioassay as described in Smith (1977) and by microplate
complement fixation (Dutra, Weiss, Weiss, & Döber-
einer, 1993; Weiss & Weiss, 1988). Briefly, for botulism
assay, all samples were initially diluted to 1:5 by saline
physiological solution, and centrifuged at 5000 rpm for
15 min. 0.2 ml of the supernate were further diluted with
0.8 ml of saline solution (1:5) and 0.5 ml were injected
intraperitoneally into three mice and checked daily for
four consecutive days for typical botulism symptoms
and their survival as described in FAO (1992). There-
fore it was noticed that the intoxication began within
the first 24 h with fur ruffling, followed in sequence by
labored breathing, weakness of limbs, total paralysis
with gasping for breath and finally death due to
respiratory failure. For the microplate complement fix-
ation assay, sample used was the first earlier described
dilution. In order to validate these described methods,
C. botulinum spores were inoculated in test tubes con-
taining chopped meat medium (Dowell & Hawkins,
1974).

2.1.5. Physicochemical evaluation
Sodium chloride was quantitatively measured accord-
ing to AOAC (1995). aw was monitored using a water
activity analyser (Aqualab CX-2, USA), and pH and Eh
were monitored by Sentron 1001 equipment, USA. All
measurements were performed in triplicate.

2.2. S. aureus

2.2.1. Beef samples and charqui processing
Samples of trapezius m. was used in this experiment.
Charqui meat was prepared according to known repor-
ted techniques (Pinto et al., 1998) in a model system at
Department of Food and Drugs Technology labora-
tories, Londrina State University, Londrina, PR, Brazil
and is shown in Fig. 1. This procedure was repeated
twice.

2.2.2. S. aureus FRI A-100 (W) inoculation
Enterotoxigenic toxin A S. aureus strain 722 kindly
donated by Dr. Merlin S Bergdoll, Wisconsin State
University, was cultured in brain heart infusion (Bio-
brás, Brazil). The suspension was serially diluted to 10�1

– 10�4 in 0.1% peptoned water and the inoculum level
was verified by direct surface plate count on plate
counter agar (Biobrás, Brazil). Amounts of 10�3 dilu-
tion were inoculated into sterilised 25.0% brine. The
contaminated brine was injected into meat in a 20.0%
proportion (brine:meat) followed by rock salting as
shown in the Fig. 1. The inoculum level was approxi-
mately 105 cfu of enteroxigenic S. aureus per gram of
raw meat. After 3 days of salting step, sample was left
under the sun for a period of 4 days. Five points of
charqui processing line were selected for sampling: (1)
beef sample, (2) post brine treatment, (3) dry salting, (4)
post dry re-salting and (5) post fourth period of sun
drying.

2.2.3. Direct S. aureus enumeration
For S. aureus enumeration, 25 g of each selected five
points of charqui processing were weighed aseptically
into a sterile blender cup, added 225 ml of 0.1% pep-
toned water and blended for 2 min at approximately
8000 rpm. Decimal dilutions were prepared in 0.1% of
peptoned water and 0.1 ml of each dilution, in dupli-
cate, were distributed onto two plates of Baird Parker
(Difco). After spreading the inoculum, the plates were
incubated for 48 h at 35 �C�1 �C. Colonies with typical
characteristic of S. aureus were counted and two or
three colonies were tested for coagulase and thermo-
nuclease production (APHA, 1992).
3. Results and discussion

3.1. C. botulinum

Table 1 shows the summarised results for moisture,
chloride residues, aw and pH during charqui meat pro-
cessing and storage. Samples taken at phase post restack
(Fig. 1), already reached the official values (BRASIL,
1997). However, the expected aw value between 0.70 and
0.75 for charqui (Torres et al., 1994) was only found at
phase post sun drying (Fig. 1). pH values remained
constant at 5.30–5.60 and they are within the minimum
growth requirements for the bacteria (Hauschild &
Dodds, 1993). The spore cell counts remained constant
at the rate of C. botulinum 100 viable cells/g of charqui
sample. These results demonstrated the inability of C.
botulinum spores to germinate during charqui proces-
sing even after 30 and 60 days of storage. The bioassay
and microplates complement fixation presented negative
results for botulinum toxin B production. However, the
bacteria spores did germinate after transference into an
appropriate culture such as TPGY–EY hence they
could be counted. Although the C. botulinum growth on
the TPGY–EY was observed the obtained counts were
similar to the original inocula spore numbers suggesting
that there was no further spore germination. In addi-
tion, the toxin B was not detected and this would mean
consequently that during charqui processing, conditions
were not adequate for this bacteria to germinate. The
counts observed were obtained in the appropriate cul-
ture media, which would correspond to the number of
recovered C. botulinum cells. These negative results were
J.A.F. Lara et al. /Meat Science 65 (2003) 609–613 611



expected although there were possibilities of C. botuli-
num growth based on the salt maximum concentration
of 10% for the bacteria growth requirements (Baird-
Parker & Freame, 1967).

3.2. S. aureus

Table 2 presents the results of S. aureus counts
throughout CH processing. It can be observed that
enterotoxigenic S. aureus was able to survive at step 2
related to brine, step 3, dry salting and step 4, re-salting.
However, at step 5, during the sun drying activity, there
was a sharp decrease on this bacteria count. This result
was in accordance to the assumption that staphylococci
develops best at higher aw values, above the inter-
mediate moisture food range (Pawsey & Davies, 1976).
In fact, it has been demonstrated that there was a slow
growth of some strains of S. aureus at 0.84 (Labuza,
Sinskey, & Cassil 1972). At the final aw of 0.70–0.75 of
processed charqui meat (Shimokomaki et al., 1998;
Torres et al., 1994), there was an occurrence of S. aureus
mortality as reported by Pawsey and Davies (1976). In
contrast, Portocarrero, Newman, and Mikel (2002)
reported the isolation of S. aureus in 75.0% experimen-
tally inoculated cured fresh hams samples and most
importantly its enterotoxin was detected in 40.0% of
these samples. Obviously, processing conditions of this
meat product were not as dramatical as the conditions
for charqui meats ie. aw 0.94–0.91 and salt concentra-
tion of 4.45–3.37%. These facts corroborate the
assumption that the high salt concentration and in par-
ticular the low aw values are important hurdles to inhi-
bit S. aureus development.
4. Conclusion

The resulting aw values of 0.70–0.75 should be con-
sidered as the official parameter for charqui meat since
it was the factor that inhibited both C. botulinum and
enterotoxigenic staphylococcal growth.
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num toxin mittles Mikro-wärmekomplementbindengsreaktion. Tier-

ärz, 43, 117–126.
J.A.F. Lara et al. /Meat Science 65 (2003) 609–613 613


	Evaluation of survival of Staphylococcus aureus and Clostridium botulinum in charqui meats
	Introduction
	Materials and methods
	C. botulinum
	Beef samples and charqui meat processing
	C. botulinum spores
	C. botulinum growth
	Toxin B assay
	Physicochemical evaluation

	S. aureus
	Beef samples and charqui processing
	S. aureus FRI A-100 (W) inoculation
	Direct S. aureus enumeration


	Results and discussion
	C. botulinum
	S. aureus

	Conclusion
	Acknowledgements
	References


