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ABSTRACT 

 
This work aimed to isolate and identify Staphylococcus genus microorganisms in jerked beef before and after 

radiation doses between 2, 4 and 6kGy. Jerked beef samples were obtained on a Recife-PE supermarket network 

and divided into three lots. Under sterile conditions, the meat was cut and weighed. Sub-samples were assigned 

to the control group and to the irradiation source of cobalt-60 on doses of 2, 4 and 6kGy. The sub-samples were 

added to an Erlenmeyer flask with 225 ml of sterile water and stirred for 15 minutes creating wash water, and 

another part was added to an Erlenmeyer flask with 225 ml of sterile distilled water that was at rest at room 

temperature for 14 hours there is the formation of a water desalting. 1µL aliquots of this water was removed and 

sown by depletion in sheep blood agar medium and incubated at 35 °C for 24 hours for analysis of bacterial 

growth. After Gram staining colonies classified as Gram positive arranged in bunches were subjected to 

biochemical tests for identification. Were isolated and identified 94 strains of the genus Staphylococccus being 

72 (76%) of the control group and 22 (24%) after irradiation. Of the 22 isolates, after irradiation, with 2 kGy 7 

species were identified as Staphylococcus succinus, Staphylococcus carnosus sub. carnosus, Staphylococcus 

fleurettii, Staphylococcus saprophyticus sub. saprophyticus, Staphylococcus simulans, Staphylococcus 

auricularis all coagulase negative and coagulase positive Staphylococcus aureus sub. anaerobius (2). At a dose 

of 4kGy were identified six species: Staphylococcus epidermidis, Staphylococcus xylosus (2), Staphylococcus 

intermedius, Staphylococcus warneri, Staphylococcus fleurettii (2), Staphylococcus aureus sub. anaerobius. 

Staphylococcus simulans (3), Staphylococcus saprophyticus sub. saprophyticus (2), and Staphylococcus 

lugdunensis were isolated and identified after a dose of 6 kGy. Was observed that irradiation significantly 

reduced microbial load, and increased dose decreased the number of species found. 

Keywords:  jerked beef, Co-60, Staphylococcus spp. 
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1. INTRODUCTION 

 

From the standpoint of public health, the population must be within reach not only food of 

good origin, but also in good sanitary conditions. Since foods are susceptible to 

contamination by different etiologic agents, which can lead to diseases manifested by the 

action of pathogenic microorganisms or their toxins. According to the Food and Agriculture 

Organization (FAO), one fifth of the world eats meat, so there has been increasing concern to 

give people a healthier meat because this food is characterized by the nature of the protein 

consists not only in terms of quantity and quality [1, 2]. 

 

Considered to be salted meat products, meat and shredding products subjected to the action of 

common salt and other curing ingredients in solid form or in brine, in order to ensure their 

preservation for future consumption [3]. 

 

The jerked beef is a product similar to jerky. The main difference is in the flowchart of 

processing, which allows the addition of sodium nitrite, at the beginning of the process during 

the step of wet curing. This technique gives red color to meat and moisture content of at most 

56%. At the end of the process is, necessarily, vacuum-packed [4, 5, 6, 7].  

 

The food processing came from the need to preserve food at harvest to final product and has 

been developed with the implementation of new technologies that improve the quality and 

safety and can help minimize risks and maximize benefits [10].  

In order to maximize consumer safety, ways to control or reduce contamination are 

increasingly employed in particular irradiation. In this case the radiation can eliminate 

pathogenic microorganisms present in the meat and make it safe for consumption and it can 

increase its shelf life. Studies have demonstrated the effectiveness of the implementation of γ 

radiation in reducing levels of Staphylococcus in salt beef typical of Africa called biltong beef 

[8, 9, 10].  

 

The objective of this study was to evaluate the effect of radiation doses of 2, 4 and 6kGy in 

reducing microbial load jerked beef. 

 

 

2. MATERIALS AND METHODS 

 

 

 2.1 Selection of samples 

 

 

Were used two batches of jerked beef and each batch containing three samples as determined 

by the RDC No. 12 January 2001, which instructs that each sample unit must contain at least 

three samples of each lot. The samples were obtained from a large supermarket network 

active in the city of Recife –Pernambuco-Brazil, in packages weighing 500g (a pound) each. 
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2.2 Microbiological analysis 

 

 

 

The experimental procedure consisted of two series of microbiological tests. The first was 

made with the product samples before irradiation and the second irradiated samples. 

Microbiological tests were performed at the Applied microbiology and antimicrobials essays 

laboratoryat Federal University of Pernambuco. Were acquired six samples of 500g and two 

different batches (three samples each). Under sterile conditions, the meat was cut and placed 

in Petri dishes and then weighed in order to obtain a more representative number of samples 

of each batch.  Eight sub-samples of each batch weighing 25g was made and then generating 

48 subsamples. Of these, 12 sub-samples were assigned to the control group and the 

remaining (36 sub-samples) were designed to irradiation. The sub-samples were added to an 

Erlenmeyer flask with 225 ml of sterile water and stirred for 15 minutes creating wash water, 

and another part was added to an Erlenmeyer flask with 225 ml of sterile distilled water that 

was at rest at room temperature for 14 hours there is the formation of a water desalting. 1μL 

aliquots of these samples were sown in the medium by exhaustion in sheep blood agar in 

Petri dishes and were incubated at 35 ° C for 24 hours for analysis of bacterial growth and 

microbial population counts. After the incubation period were made counts of colony forming 

units per gram (CFU / g) [11, 12]. 

 

 

2.3 Gamma irradiation in 
60

Co source 

 

To carry out irradiation, sub-samples were packaged in Petri dishes, in order to avoid 

subsequent contamination, the entire procedure was performed in a laminar flow hood and 

then properly identified as the irradiation dose to be submitted. The material prepared as 

described was subjected to gamma irradiation (Co-60- irradiator, Gammacell 220 Excel, with 

a dose rate of 6,619 kGy/h) using doses 2, 4 and 6kGy. The procedure was performed in 

GammaLab the Department of Nuclear Energy at the Federal University of Pernambuco. 

 

 

3. RESULTS AND DISCUSSION 

 

In the wash water was observed no growth of microorganism. All strains were obtained from 

desalting water. Were isolated and identified 94 strains of the genus Staphylococccus being 

72 (76%) of the control group and 22 (24%) after irradiation. Of the control group 72 

microorganisms were isolated, 15 in one batch, lot 32 in 2 and 25 on the lot three.  22 strains 

were isolated after irradiation. 

 

 

3.1 Isolation and identification of Staphylococcus isolated after irradiation of 2 kGy 

 

Were isolated seven species after irradiation with a dose of 2 kGy, six strains in lot 1, one 

strain in lot 2 and one in the lot 3. Species isolated were Staphylococcus succinus, 

Staphylococcus carnosus sub. carnosus, Staphylococcus fleurettii, Staphylococcus 

saprophyticus sub. saprophyticus, Staphylococcus simulans, Staphylococcus auricularis all 

coagulase negative and coagulase positive Staphylococcus aureus sub. anaerobius (2).  
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So in the discussion were only related the samples for risk of human diseases. Staphylococcus 

succinus according Taponen et al. (2008) isolated from cows with mastitis [14]. 

 

Staphylococcus saprophyticus is generally found in various locations in the human skin 

which is observed transiently and at low concentrations, but has a preferential adherence to 

exfoliated cells from the urogenital epithelium [15]. The fact of having them found in jerked 

beef can be suggested that the handlers did not use good hygiene practices. A strain of one 

batch was found that fermented glucose, maltose, sucrose, mannitol and trehalose (Figure 1), 

and identified as Staphylococcus saprophyticus sub. bovis. 

 

 
 
Figure 1. Proof of use of S. saprophyticus sub. Bovis carbohydrates. Glucose bovis (1), Maltose (2) Sucrose 

(3) Lactose (4) Mannitol (5), Mannose (6), arabinose (7) Trehalose (8) Xylose (9) Raffinose (10) . Yellow: 

positive test (using sugar) Purple: negative test (not using sugar). 

 

Mauriello et al. [16] mentions that S. saprophyticus is often isolated from salami in southern 

Europe. Samelis [17] said that S. saprophyticus should be something to be evaluated with 

potential for use as starter culture, but another author disagrees saying this be recognized as 

an opportunistic pathogen [18].  

 

Several species of coagulase-negative staphylococci are reported as common microflora in 

milk and fur in domestic ruminants and more common in bovine milk is S. simulans. The 

authors identified this microorganism in goat teats and mastitis in milk from these [19]. It 

may be suggested that the presence of this microorganism in the jerked beef may be because 

the product was made with a dubious origin of meat. 

 

Staphylococcus auricularis was found in meat and slaughterhouses of South Africa at levels 

above the National Guidelines (10
2
 UFC.g

-1
), the authors suggest that this contamination 

rolled off the production line (handlers, surface equipment and slaughtering environment). So 

evidencing bad hygiene practices on behalf of refrigerators [20]. The same can be said of the 

material analyzed. Three isolated strains of S. auricularis derived Lot 2, the fermentation 

characteristics are shown in Figure 2. 

 

 
Figure 2. Proof of use of S. S. auricularis carbohydrates. Glucose bovis (1), Maltose (2) Sucrose (3) 

Lactose (4) Mannitol (5), Mannose (6), arabinose (7) Trehalose (8) Xylose (9) Raffinose (10) . Yellow: 

positive test (using sugar) Purple: negative test (not using sugar). 

 

  1          2     3       4     5       6     7       8      9    10   

 1      2      3     4       5    6      7       8     9    10   
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Staphylococcus aureus can produce more than one type of toxin which can cause symptoms 

of poisoning, accompanied mainly by vomiting and diarrhea. Other virulence factor is 

represented by toxin-1 of the toxic shock syndrome being recognized as a cause of fever, 

hypotension, congestion of various organs and lethal shock [21]. This species is the most 

prevalent in staphylococcal food poisoning outbreaks; however, the S. intermedius and S. 

hyicus can also produce enterotoxins [22] [23] and have been implicated in several outbreaks 

of food, especially in products of animal origin [23]. 

 

 

3.1.2 Identification of Staphylococcus isolated after irradiation of 4 kGy 

 

 

Eight strains of Staphylococcus were isolated in six species after irradiation with a dose of 4 

kGy, seven in lot 1, none in lot 2 and one in the lot 3. Were identified Staphylococcus 

epidermidis, Staphylococcus xylosus (2), Staphylococcus intermedius, Staphylococcus 

warneri, Staphylococcus fleurettii (2), Staphylococcus aureus sub. Anaerobius, as shown in 

Figure 3. 

 
Figure 3. bovis (1), Maltose (2) Sucrose (3) Lactose (4) Mannitol (5), Mannose (6), arabinose (7) Trehalose 

(8) Xylose (9) Raffinose (10) . Yellow: positive test (using sugar) Purple: negative test (not using sugar). 

 

 

In a study of raw and refrigerated milk, 40% of strains were coagulase-positive staphylococci 

among these was found S. intermedius and the authors suggest that the production of 

enterotoxin by Staphylococcus is strongly associated with the production of coagulase. 

Highlighting the risk of food consumption that has such microorgnisms. According to the 

Systematic Bacteriology and Veterinary Society Staphylococcus intermedius can be isolated 

from wounds caused by animal bites in humans, the causal agent of pyoderma [24]. 
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A study to verify the production of enterotoxin by Staphylococcus coagulase negative noticed 

that S. warneri was able to produce in cooked ham and milk type long life [25]. 

 

Staphylococcus epidermidis despite being normally present in human skin and mucosa, 

presents medical interest, since according to some studies this species can cause food 

poisoning through the production of enterotoxins [26]. 

 

Staphylococcus epidermidis and Staphylococcus intermedius were found in the proportion of 

57 % and 36 % in a study conducted in Jordan with fresh meat and frozen meat, the authors 

of this study report the danger of having enterotoxigenic staphylococci in the flesh, because 

those who consume them will contract an infection staphylococcal [27].The isolation of this 

bacterium in the material analyzed reveals the potential danger of consumption due to its 

reported enterotoxigenic power. 

 

 

3.1.3 Identification of Staphylococcus isolated after irradiation of 6 kGy 

 

Six microorganisms in three species were isolated after irradiation with dose of 6 kGy , all of 

the lot 3. Three were identified: Staphylococcus saprophyticus sub. saprophyticus (2), 

Staphylococcus simulans (3)and Staphylococcus lugdnensis. 

 

A study says that the participation of coagulase negative staphylococci in human disease is 

increasing , and these a stake of 30% in bloodstream infections and that among the coagulase 

negative S. lugdunensis is the most pathogenic to present several virulence factors. 

 

 

4. CONCLUSION 

 

 

The results allowed to evaluate the effectiveness of gamma radiation at doses of 4 and 6kGy 

in control of microorganisms in samples of jerked beef. Thus ensuring greater safety for 

consumers, by the fact that by reducing the microbial load overall, certainly the level of 

pathogenic microorganisms present in this product will also be reduced. Greater demand is 

being made about food safety and the consumer market becomes more demanding about the 

product that consumes, so the radiation takes on a very important role as an assurance 

alternative for safe food production. 

 

 

 

ACKNOWLEDGMENTS 

 

The authors thank the National Council for Scientific and Technological Development 

(CNPq) for a scholarship, Gammalab the Department of Nuclear Energy UFPE, by irradiating 

the samples. 

 

 

 

 



INAC 2015, São Paulo, SP, Brazil. 

 

 

REFERENCES 

 

1. Oliveira, N. M. S.; Nascimento, L. C.; Fiorini, J. E. “Isolamento e identificação de 

bactérias facultativas mesófilas em carnes frescas bovinas e suínas”. Revista Higiene 

Alimentar 16(94), pp.68-74 (2002). 

2. Pigatto, C. P; Barros, A. R. “Qualidade da carne moída bovina resfriada, 

comercializada em açougues da região de Curitiba”. Revista Higiene Alimentar v.17 ,pp.53-

57 (2003). 

3. Ordóñez, J. A. P.; Rodrigues, M. I. C.; Alvarez, L. F. Sanz, M. L. G. Migillon, G. D. 

G. F.  Tecnologia de Alimentos. São Paulo: Artmed, v. 2 (2005). 

4. Biscontini, T. M. B. Avaliação Bioquímica Estrutural de um Produto de Atividade de 

Água Intermediária, Jerked Beef. (Tese de Doutorado). Faculdade de Ciências 

Farmacêuticas. São Paulo (1995).  

5. Lara, J.A.F.; Shimokomaki, M.; Pinto, M. F.; Dutra, I.  S. “Botulismo: Riscos do 

processamento inadequado dos alimentos. O charque como enfoque”. Higiene Alimentar, 

v.13, pp. 56-62 (1999). 

6. MAPA – Ministério da Agricultura, pecuária e do Abastecimento. Instrução 

Normativa n° 22, de 31 de julho de 2000. Aprova os regulamentos técnicos de identidade e 

qualidade de copa, de jerked beef, de presunto tipo Parma, de presunto cru, de salame, de 

salaminho, de salame tipo alemão, de salame tipo calabrês, de salame tipo friolano, de salame 

tipo napolitano, de salame tipo hamburguês, de salame tipo italiano, de salame tipo milano, 

de lingüiça colonial e peperoni. Diário Oficial da União, Brasília, DF, 03 de ago. 2000, 

secção 1, p. 15. 

7. Mársico, E.T.,; Mano, S. B.; Souza, E. R; Libanio, K. R; Garrido, V. S. 

“Determinação do teor de umidade e presença de nitrito em amostras de charque”. Revista 

Higiene Alimentar 16(91), p. 45-49 (2002). 

8. Floros, J. D.; Newsome, R.; Fisher, W.; Barbosa-C´Anovas, G. V.; Chen, H.; Dunne, 

C. P.; Bruce German, J.; Hall, R. L.; Heldman,  D. R.; Karwe, M. V.; Knabel, S. J.; Labuza, 

T. P.; Lund, D. B.; Newell-Mcgloughlin, M.; Robinson, J. L.; Sebranek, J. G.; Shewfelt, R. 

L.; Tracy, W. F.; Weaver, C. M.; Ziegler, G. R. “Feeding the World Today and Tomorrow: 

The Importance of Food Science and Technology”. Comprehensive Reviews in Food Science 

and Food Safety 9 (2010). 

9. Liu, Y. “Changes in structure and color characteristics of irradiated chicken breast as 

a function of dosage and storage time”. Meat Science 63(3), pp. 301-330 (2003). 

10. Nortjé, K.; Buys, E. M; Minnaar, A. “Use of γ-irradiation to reduce high levels of 

Staphylococcus aureus on casein-whey protein coated moist beef biltong”. Food 

Microbiology 23, pp.729-737 (2006). 

11. Rajkowski, K. T.; Niebuhr, S. E.; Dickson, J. “Effect of Gama or Beta Radiation on 

Salmonella DT 104 in Ground Pork”. Journal of Food Protection 69(6), pp.1430-1433 

(2006). 

12. CORREIA, R. T. P.; BISCONTINI, T. M. B. “Influência da dessalga e cozimento 

sobre a composição química e perfil de ácidos graxos de charque e jerked beef”. Ciênc. 

Tecnol. Aliment 23(1), pp.38-42 (2003). 

13. Siqueira, R. S. Manual de microbiologia de alimentos. EMBRAPA. Centro Nacional 

de Pesquisa Agroindustrial de Alimentos. Rio de Janeiro (1995). 



INAC 2015, São Paulo, SP, Brazil. 

 

14. Armas, R. D.; Bernardi, E.
1
; Faes, A. D. R.; Ribeiro, G. A. “Avaliação da eficácia da 

radiação gama e ultravioleta na redução dos níveis de microorganismos em amostras de carne 

suína fatiada comercializada em pelotas, RS”. Artigo [RTF] disponível em: 

<http://ufpel.edu.br>. 

15. Santos, E. B; Mantilla, S. P. S; Silva, R. A; Canto, A. C. V. C; Nunes, E. S. C. L.; 

Franco, R. M; Jesus, E. F. O. “Radiação gama na redução da microbiota de carne de siri 

(Callinectes sapisus) pré-cozida, congelada e inspecionada”. Bol.Inst. Pesca 36(3), pp.175-

183 (2010). 

16. Sopotto, M. H. F.; Gallo, C. R.; Domarco, E.; Alcarde, A. R.; Walder, J. M. M.; 

Blumer, L. “Radiação gama na redução da carga microbiana de filés de frango”. Centro de 

Energia Nuclear na Agricultura (CENA/USP) (2000). 

17. Samelis, J.; Bleicher, A.; Delbés-Paus, C.; Kakouri, A.; Neuhaus,K.; Montel, M.C. 

“FTIR-based Polyphasic Identification of lactic Acid Bacteria Isolated from Traditional 

Greek  Graviera Cheese”. Food Microbiology, pp. 76-83(2011). 

18. Hammes,W. P.; Hertel, C. New Developments in Meat Starter Cultures. Meat 

Science, v.49, pp.125-138 (1998). 

19. Marques, M. R. H.; Martins, R. P.; Cunha-Neto, A. ‘Ocorrência de Staphylococcus 

coagulase positiva em leite e queijo: identificação, perfil enzimático e biotipagem / 

Occurrence of Staphylococcus coagulase positive in milk and cheese: identification, profile 

enzyme and biotyping” . Revista Higiene alimentar, v.21, pp.86-94 (2006). 

20. Shale, K.; Lues, J.F.R.; Venter, P.; Buys, E.M. “The Distribution fo Staphylococcus 

sp. on Bovine Meat from Abattoir Deboning Rooms”. Food Microbiology, v.22 pp. 433-438 

(2005). 

21. Nader-Filho A.; Ferreira, L. M.; Amaral L. A.; Rossi Junior O. D.; Oliveira R. P. 

“Produção de enterotoxinas e da toxina da síndrome do choque tóxico por cepas de 

Staphylococcus aureus isoladas na mastite bovina”. Arquivo Brasileiro de Medicina 

Veterinária e Zootecnia, v.59, pp.1316-1318 (2007). 

22. Silva, W. P.; Gandra, E. A. “Estafilococos coagulase positiva: patógenos de 

importância em alimentos”. Higiene. Alimentar, v.18, pp.32-40 (2004). 

23. Gandra, E. A. “Identificação de Staphylococcus aureus, S. intermedius e S. hyicus 

através de testes bioquímicos e da amplificação por PCR de seqüências dos genes coa e nuc”. 

Universidade Federal de Pelotas, programa de pós-graduação em ciência e tecnologia 

agroindustrial, 2003. 

24. Santana, E. H. W.  et al. “Estafilococos: morfologia das colônias, produção de 

coagulase e enterotoxina a, em amostras isoladas de leite cru refrigerado”. Ciências Agrárias, 

v. 27, pp. 639-646 (2006). 

25. Pereira, M. L.; Carmo, L. S.; Pereira, J. L. “Comportamento de estafilococos 

coagulase negativos pauciprodutores de enterotoxinas em alimentos experimentalmente 

inoculados”. Food Science and Technology (Campinas), v.21, pp.171-175 (2001). 

26. Borges, M. F.; Nassu, R.T.; Pereira, J. L; Andrade, A. P.C; Kuaye,A.Y. “Perfil de 

contaminação por Stapylococuus e suasenterotoxinas e monitorização das condições de 

higiene em uma linha de produção de queijo coalho” Ciência Rural, v.38, pp.1431-1438 

(2008).  

27. Al-tarzi, Y. H.; Albetar, M.A.; Alaboudi, A. R. “Biotyping and Enterotoxigenicity of 

Staphylococci from Fresh and Frozen Meat Marketed in Jordan” Food Research 

International,v.42, pp.374-379 (2009). 

 


