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ABSTRACT 
This study aims to find out the relevance of enzymes and compare them with all identification tests of S. 

aureus. Staphylococcus aureus ATCC 6538 and ATCC 25923 were used as control strains and 54 typical 

colonies at BPA which were isolated from 39 raw milk and 15 white cheese samples were analyzed in terms 

of lecithinase, potassium telluride degradation, Gram positive reaction, grape-like clusters in microscope, 

growth in 10% NaCl, anaerobic mannitol and glucose fermentation, catalase, coagulase and 

thermonuclease enzyme activities. According to the results catalase and Gram reactions are not indicators 

for identification of S. aureus. The results indicate that presuming S. aureus as black colonies (potassium 

telluride degradation) with clear zones (lecithinase enzyme activity) on BPA may be deceptive and the 

accuracy is 77.8%. Additional test implementation such as coagulase and thermonuclease for S. aureus 

identification increases the accuracy up to 96.3%. 
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1. Introduction 
Staphylococcusaureus (S. aureus), a member of Staphylococcaceae (Jamalia et. al, 2015) exists in the 

nostrils and the mucosae, on the skin and the hair of warm blooded animals (Le Loir et al., 2003). Moreover, 

it may exist in the air, water, waste water, milk and dairy products and often causes staphylococcal food 

poisoning due to the ability of some strains to produce enterotoxins (Kamanlı, 2011; Nakazawa&Hosono, 
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2008; Nogueira et al., 2010; Veras et al., 2008). Although the bacteria itself is sensitive to many inactivation 

methods, including thermal processes, enterotoxins which are produced by S. aureus are termostable 

(Tükel&Doğan, 2000).  In many countries it has been recorded that 1/3 of the food poisoning affairs were 

arisen from the food, where milk and dairy products take place on the top, contaminated with 

enterotoxigenic S. aureus (Gomez et al.,1992; Küçükçetin&Milci, 2008; Mutluer et al., 1993).  

 

Enterotoxin production is usually associated with coagulase enzyme activity of the strain (Lancette&Bennet, 

2001; Le Loir et al., 2003). In most of the food legislations, process hygiene criteria have been laid down for 

the number of coagulase-positive staphylococci allowed in food products despite the fact that it has been 

reported that enterotoxigenic coagulase negative strains also cause human infections (Podkowik et al., 2013; 

Zell et al., 2008). In this date, 23 different kinds of enterotoxins, produced by S. aureus, are identified and 

10 of them are common and serologically identifiable (Podkowik et al., 2013; Reiser et al., 1984). The 

symptoms of staphylococcal food poisoning are stomachache, nauseation, vomiting, diarrhea, water loss and 

low body temperature starts 0,5-7 hours after the food contaminated with enterotoxins is consumed 

(Lancette&Bennet, 2001).  

 

S. aureus has several specifications which can be used to identify S. aureus isolates, which are potassium 

telluride degradation, lecithinase, Gram positive reaction, grape-like clusters in microscope (Le Loir et al., 

2003; Reiser et al., 1984) growth in 10 % NaCl (Albrecht, 2015; Murray et al., 1995; Parfentjev& Catelli, 

1963; Reiser et al., 1984), anaerobic mannitol and glucose fermentation, catalase, coagulase and 

thermonuclease (Kamanlı, 2011; Podkowik et al., 2013; Murray et al., 1995) enzyme activities. Four of 

these specifications can be used as identification tests for S. aureus (catalase, coagulase, thermonuclease, 

microscopic morphology) (Reiser et al., 1984). This study aims to find out the relevance of these enzymes 

and compare them with all identification and biochemical specification tests of S. aureus.  

 

2. Material and Methods 
 

2.1 Material 

50 raw milk samples were obtained from Atatürk OrmanÇiftliği (AOÇ) and 50 cheese samples were 

purchased as unpackaged from different outdoor markets. Staphylococcus aureus ATCC 6538 and ATCC 

25923 were used as control strains. 

 

2.2 Isolation of Typical Colonies 

Twenty five grams of each sample were pre-enriched in 225 ml GiolottiCantoni Broth and incubated at 37°C 

for 18-24 hours. Cultivation was performed on Baird Parker Agar (BPA) at 37°C for 24 hours (Anonymous, 

2005). Typical colonies, identified as black colonies (potassium telluride degradation) with clear zones 

(lecithinase enzyme activity), were isolated and purified by smearing the single colony for 2 more times to 

BPA and then the isolates were stored at -18°C. 

 

2.3 Enzyme Activity Determination and Identification Tests 

A number of presumedisolateswereexaminedforidentification in terms of catalase, coagulase and 

thermonuclease enzyme activities and grape-like clusters in microscope. Additional biochemical tests such 

as growth in 10 % NaCl, anaerobic mannitol and glucose fermentation and Gram positive reaction all of 

which were performed according to Tükel and Doğan, 2000 were also performed to ensure. 
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3. Results 
The control strains (Staphylococcus aureus ATCC 6538 and ATCC 25923) was found to give positive 

reactions in all tests.All the isolates were lecithinase and potassium telluride degradation positive because 

they were isolated from BPA as typical colonies for showing these specifications. Out of 54 isolates, 7 of 

them didn’t show grape-like clusters in microscope which were their only negative result. 

 
Table 1   Enzyme activity and other identification test results of the isolates. 
              *Isolates which gave positive result at all tests are not given in the table. 

 

According to the results, 14.8% (8 isolates) of all 54 isolates didn’t show coagulase activity, which also 

resulted in at least one more negative identification test. All of the coagulase negative isolates were negative 

in anaerobic glucose and anaerobic mannitol fermentation. 3 isolates (5.55%) showed thermonuclease 

negative activity all of which were also coagulase negative. 5.5% (3 isolates) of the coagulase positive 

isolates could not grow in 10% NaCl, 2 of which gave negative results only in growth in NaCl. The isolates 

which showed positive activity in four identification test were positive in all tests except 2 isolates which 

couldn’t grow in 10% NaCl. 

 

4. Discussion 
All of the isolates were catalase and Gram reaction positive whereas 31.5 % (17 isolates) showed at least 

one negative reaction. It can be concluded that all the colonies on BPA might be catalase and Gram positive; 

hence, catalase and Gram reactions are not indicators for identification of S. aureus.Out of 54 isolates, 7 of 

them didn’t show grape-like clusters in microscope which were their only negative result. It can be 

explained by the age and the activity of the colony, so the microscopic morphology is not an accurate 
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1 + + + + + - + + + + 
2 + + + + + - + + + + 
3 + + + + + - + + + + 
4 + + + + + - + + + + 
5 + + + - + - + + - - 
6 + + + - - + + + - - 
7 + + + + + - + + + + 
8 + + + + + + - + + + 
9 + + + + + + - + + + 
10 + + + - - - + + - - 
11 + + + - + + + + - - 
12 + + + - - + + + - - 
13 + + + - + + + + - - 
14 + + + + + - + + + + 
15 + + + - + - + + - - 
16 + + + - + + - + - - 
17 + + + + + - + + + + 
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identity for S. aureus.When the enzyme relevance is examined, it has seen that the relation between 

lecithinase and catalase, coagulase and thermonuclease activities are 100 %, 85 % and 94,4 % respectively. 

 

Out of 520 Micrococcaceaeisolates of Zarzour and Belle (1978), which gave positive reaction in anaerobic 

glucose fermentation test, 450 of them coagulate rabbit plasma; means there is a 86.5 % relation between 

coagulase activity and anaerobic glucose fermentation whereas 447 of them produced thermonuclease which 

means the relation between anaerobic glucose fermentation and thermonuclease activity is 85.9 %. In our 

study, the relation between coagulase and anaerobic mannitol and glucose fermentation activities was found 

100 %.The study of Zarzour and Belle also shows that the relation between thermonuclease production and 

coagulation of rabbit plasma is 99.3 %. On the other hand, a study performed by Madison and Baselski 

(1983) showed that there is a 100 % relation between coagulase and thermonuclease tests of Staphylococcus 

aureus isolates. Barry et. al., (1973) concluded that the discrepancies between coagulase and thermonuclease 

tests are rare enough, so that one of these tests can be used to identify Staphylococcus species. In our study, 

relation between coagulase and thermonuclease activities was found 90,7 %. It was seen that when the 

thermonuclease activity is negative, coagulase activity is negative as well; nonetheless, not all the coagulase 

negative isolates were thermonuclease negative. 

 

Out of 54 typical colonies isolated from BPA, 77.8 % were described as S. aureus, the rest 22.2 % were 

negative at least one test which means that isolate is not S. aureus. The isolates which showed positive 

activity in four identification test were positive in all tests except 2 isolates which couldn’t grow in 10 % 

NaCl. This can describe that applying four identification tests gives 96.3 % accurate results.  

 

These results indicate that presuming S. aureus as black colonies (potassium telluride degradation) with 

clear zones (lecithinase enzyme activity) on BPA may be deceptive. Additional test implementation such as 

coagulase and thermonuclease for S. aureus identification is suggested. 
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