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Staphylococcus aureus causes foodborne diseases if consumed in contaminated milk products. Rapid 
detection and characterization of foodborne pathogen S. aureus is crucial for epidemiological 
investigations and food safety surveillance. It is still a challenge to detect and identify bacterial 
pathogens quickly and accurately according to the samples. In this study, we have amplified 16S rRNA 
of S. aureus by specific primers, designed oligonucleotide probes, detected the sensitivity and 
specificity of the microarray assay, and also identified S. aureus in the raw milk samples by 
hybridization. The S. aureus and 2 control pathogens (Streptococcus suis in pigs and Shigella) were 
used for specificity of the microarray assay. Based upon the hybridization results, universal probes for 
bacterial pathogens, S. aureus probe, Staphylococcus spp. probe, nucleic acid fixture positive controls 
and positive experimental control showed positive signals with targeted S. aureus. The samples were 
diluted from 10

1
 to 10

6
 cfu per ml for evaluating the sensitivity of the microarray assay. The levels were 

as high as 10
3
 cfu per ml, all of the samples showed positive signals. This method for rapid and effective 

detection and identification of S. aureus in raw milk demonstrated high sensitivity and specificity. 
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INTRODUCTION 
 
Milk is a nutritious food for human beings, acting as a 
good medium for the growth of many microorganisms, 
especially bacterial pathogens (Chye et al., 2004). 
Staphylococcus aureus, one of the most common 
bacterial pathogens by which raw milk is contaminated in 
most cases, can result in considerable negative effects on 
the quality of milk and dairy products. S. aureus is a 
facultative anaerobic gram-positive coccus, non-motile,  
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catalase and coagulase positive which can be found in 
water, dust and air, but food handlers are the main 
sources of food contamination. Furthermore, S. aureus is 
an important human pathogen that causes foodborne 
infections in most countries of the world (Bergdoll, 1989), 
and also a wide spectrum of diseases ranging from 
benign skin infections to life-threatening endocarditis and 
toxic shock syndrome (Lowy, 1998; Projan and Novick, 
1997). Staphylococcal food poisoning is mainly caused by 
the consumption of food containing staphylococcal 
enterotoxins (Ash, 1997). Raw milk is recommended to be 
pasteurized prior to consumption, S. aureus is effectively 
killed by pasteurization, but the enterotoxins produced by 
the S. aureus retained their biological activity even after 
pasteurization, which is becoming a hazard for consumers 
(Asao et al., 2003). Therefore, utilizing the microarray to 
assay the  safety  of  pasteurized  milk   would   be  
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Table 1. Pathogenic bacteria used in the study. 
 

No. Pathogens Source 

1 Staphylococcus aureus ATCC6538 Sichuan Center for Disease Control and Prevention 

2 Staphylococcus aureus Isolated from raw milk 

3 Streptococcus suis in pigs Sichuan Center for Disease Control and Prevention 

4 Shigella Sichuan Center for Disease Control and Prevention 
 
 
 

Table 2. Oligonucleotide probes used in study. 
 

No. Name Sequences (5’-3’)  

1 Bacteria universal probe GCTGCCTCCCGTAGGAGT 

2 Staphylococcus aureus probe CGGACGAGAAGCTTGCTTCT 

3 Staphylococcus spp. probe TCCTCCATATCTCTGCGCAT 

4 Negative probe GTTGCTTCTGGAATGAGTTTGCT 

5 Streptococcus suis in pigs probe TTAGGGGGTTTCCGCCCCTTAGT 

6 Shigella probe GTCCGGGCGATCCCCTCGGTAGTG 
 
 
 

indispensable to detect S. aureus at all stages of food 
manufacturing.  

To ensure the quality of raw milk, it is important to 
supply requisitely rapid and reliable detection methods for 
S. aureus. The traditional culture-based methods are 
cumbersome and time-consuming (Aslam et al., 2003). 
Therefore, novel methods of milk safety are needed for 
fast and efficient detection of low numbers of S. aureus 
likely to be present in raw milk. Microarray technologies 
are powerful tools that can be used for the detection of 
multiple genes or target sequences on a single glass slide. 
The microarray is therefore a very useful device for 
detection of bacteria in food samples (Myers et al., 2006; 
Ikeda et al., 2006a; Ikeda et al., 2006b). This is due to 
their potential to discriminate and identify sequences of 
different origin rapidly and effectively (Kristensen et al., 
2007). Recently, more studies have been performed to 
detect bacterium’s presence mixed with different food 
matrices by way of the microarray (Siddique et al., 2009). 

The aim of the present study is to develop a microarray 
method for convenient and rapid detection and identifi- 
cation of S. aureus in raw milk. In this study, we have 
designed oligonucleotide probes to analyse the sensitivity 
and specificity of the microarray assay. This method for 
easy and rapid detection and identification of S. aureus in 
raw milk is accurate and convenient. 
 

 
MATERIALS AND METHODS 
 

Bacterial strains, culture conditions and DNA extraction 
 

Bacterial strains, as show in Table 1, were used in this study. 

Bacteria were inoculated into 50 ml liquid LB (Tryptone 10 g/l; Yeast 
Extract 5 g/l; NaCl 10 g/l) media, and grown 24 h at 37°C on a 
shaker. Genomic DNA from a bacterial strain was prepared from 5 

ml of a fresh overnight culture grown in LB at 37°C by using a DNA 
extraction kit (TIANGEN, Beijing, China.) according to the manu- 
facturer’s instructions. 

 
 
PCR primers and specific oligonucleotide probes 

 
For S. aureus, Streptococcus suis in pigs and Shigella, the simplex 
PCR reaction conditions were: 1 μl of DNA template, 5 μl 10×PCR 
buffer, 2 mM MgCl2, 1 μl dNTPs (each 2.5 mM), 0.4 μl each primer 
(50 μM) and 0.4 μl Taq DNA polymerase (5 U/μl), using the following 
procedures: 4 min at 94°C and 32 cycles of 30 s at 94°C, 30 s at 
58°C, 1 min at 72°C and a final extension of 5 min at 72°C. The 
amplified bands were subjected to a 0.7% agarose gel electro- 
phoresis, and examined under UV. 

16S rRNA of S. aureus was amplified by newly designed specific 
primers (forward primer: 5`-GGTTTCGGATGTTACAGCGTAGAG 
TTTGATCCTGGCTCAG-3`, reverse primer: 5`-AAGGAGGTGAT 
CCAGCC-3`). Individual specific oligonucleotide probes were 
designed based upon the unique sequences found in the target 

genes using the ArrayDesigner software (Premier Biosoft 
International, Palo Alto, CA) (Table 2). The specificity of designed 
oligoprobes was assessed by using a BLAST search of homologous 
sequences available in the GenBank. The amplified 16S rRNA was 
labeled with fluorescent Cy3 according to the protocol described by 
Li et al. (2007). 

 
 
Design and fabrication of oligonucleotide microarrys  

 
Bacterial universal probes, S. aureus probe, Staphylococcus spp. 
probe, nucleic acid fixture positive and negative controls, S. suis in 
pigs probe, Shigella probe and experiment positive and negative 
controls were spotted on glass slides by the manufacturer (Boao, 
Beijing, China). The array described here included a total of 10 
probes (Figure 1). 

Microchips were prepared using a contact microspotting robotic 

system, PixSys 5000 (Cartesian Technologies, Inc., Irvine, CA, 
USA). The average size of the spots was 100 - 150 μm. The 
concentration of each oligoprobe before printing was adjusted to  a  
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Figure 1. The design of oligonucleotide microarray. 10 probes were spotted on glass slide.  
 
 
 

total of 100 μM in a 50% printing buffer (300 mM sodium phosphate, 
pH 8.5: H2O). 

Arrayed slides were prepared before hybridization according to 
the supplier’s protocol with the exception of an additional prehybridi- 
zation step with 5×SSC, 1% BSA, 0.1% SDS at 50°C for 1 h, 
followed by rinsing three times with sterilized distilled water for 1 min 
each. About 30 μl of the fluorescently labelled ssDNA sample was 
placed onto each of the two cells of the slide, then covered by a 5×5 
mm plastic coverslip and incubated overnight (50°C) in a 
hybridization chamber (Proteigene, Saint Marcel, France). 
Coverslips were gently removed (2×SSC, 0.2% SDS, 5 min at 50°C) 
and slides were washed at room temperature in 10 successive 
washes: 2×SSC, 0.2% SDS twice for 5 min, 2×SSC three times for 3 
min, 0.2×SSC for 5 min, 0.2×SSC three times for 2 min, 0.05×SSC 
for few seconds, and dried by centrifugation. 
 
 

Microarray hybridization and scanning 

 
All samples were hybridized in duplicate. Cy3-labeled PCR products 
were diluted in a total of 250 μl of Agilent hybridization buffer and 
hybridized at 60°C for 17 h in a dedicated hybridization oven 
(Robbins Scientific, Sunnyvale, CA). Slides were washed, dried 
under nitrogen flow, and scanned. 

Fluorescent images were recorded with a GMS 418 fluorescent 
scanner (Affymetrix, Santa Clara, USA) and quantitatively analyzed 

by using the ImaGene 4.0 software (BioDiscovery, Inc., Los Angeles, 
CA). Signal-to-noise ratios (SNRs) were determined for each probe 
as Loy et al. (2002). Probe spots with SNRs equal to or greater than 
2.0 were considered as positive. 
 
 

Oligonucleotide microarray detection of Staphylococcus 
aureus in raw milk 
 

S. aureus was enumerated by standard spread-plate method in 
duplicate. Authentic samples of raw milk were obtained from a 
collection tank of a local dairy farm. Preparation of artificially 
contaminated raw milk samples were carried out. For this purpose, 
the samples were inoculated with a colony of S. aureus which then 
were inoculated into 20 ml raw milk after pasteurized and incubated 
for 24 - 48 h at 37°C. The pasteurized raw milk was considered 
sterile after screening for S. aureus contamination according to the 
procedure described by Wang (2003). In the experiments with 

naturally or artificially contaminated samples, a total of 46 raw milk 
samples (16 naturally and 30 artificially contaminated samples) were 
examined by the microarray. 

 
 

Figure 2. Pictures of (a) S. aureus, (b) Shigella and (c) 

Streptococcus suis in pigs. Specificity hybridization spot showed in 
respective hybridization results. At the same time, no non-specificity 
hybridization spot was shown. S. aureus and 2 pathogen controls 
demonstrated high specificity. 
 
 

RESULTS AND DISCUSSION 
 

Specificity of the microarray 
 

To assess the functionality and specificity of the oligo- 
probes and eliminate cross-hybridization between patho- 
gens affecting the final result, S. aureus and 2 control 
pathogens (S. suis in pigs and Shigella) were amplified 
with single PCR. The amplified PCR of each pathogen 
was used as a template in primer extinction reaction to 
create ssDNA. Ultimately, the ssDNA of each pathogen 
was labeled and hybridized separately on the microarray. 
Figure 2a shows the specificities of the oligoprobes for S. 
aureus. 

Because of its specific nucleotide composition and the 
number, position, and types of mismatches to non-target 
organisms, theoretically, each individual probe on the 
microarray would require specific hybridization conditions 
to ensure its optimal specificity (Behr et al., 2000; Liu et al., 
2001). Initially, the optimal washing temperature was 
determined experimentally as the best compromise 
between signal intensity and stringency for some of the 
probes by hybridizing the microarray with fluorescently 
labeled target DNA of S. aureus under increasing 
stringencies (data not shown). All following experiments 
were performed at the optimal washing temperature of 
49°C. Subsequently, specificities  of  all  probes  were  
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Figure 3. Microarray for detection and identification of S. aureus in raw 
milk samples. (a) Overview of microarray with samples. (b) Details 
showing hybridization results of samples. Bacterial universal probe, S. 

aureus probe, Staphylococcus spp. probe, nucleic acid fixture positive 
controls and experiment positive control showed positive signals. The 
other probes gave negative signals. 

 
 

 
Table 3. Sensitivity test results for contaminated raw milk samples. 

 

Strain 
Test results 

10
6
 CFU/ml 10

5
 CFU/ml 10

4
 CFU/ml 10

3
 CFU/ml 10

2
 CFU/ml 10

1
 CFU/ml 

S. aureus + + + + ± - 
 

+= Positive signal; -= negative signal; ±= weak or ambiguous signal. 

 
 
 

evaluated by hybridizing fluorescently labeled target DNA 
from each of the S. aureus and 2 control pathogens (S. 
suis in pigs and Shigella) hybridized with microarray. 
Based on the hybridization results (Figure 2), bacterial 
universal probe, S. aureus probe, Staphylococcus spp. 
probe, nucleic acid fixture positive controls and 
experiment positive control showed positive signals with 
target S. aureus. Hybridization with control gram-positive 
S. suis in pigs, bacterial universal probe, S. suis in pigs 
probe, nucleic acid fixture positive controls and 
experiment positive control demonstrated positive signals; 
with control gram- negative Shigella, bacterial universal 
probe, Shigella probe, nucleic acid fixture positive controls 
and experiment positive control exhibited positive signals. 
 
 

Microarray analysed of raw milk samples 
 

The ability to correctly identify S. aureus  in  naturally  

or artificially contaminated raw milk samples by 
microarray hybridization was determined. From the 
results of hybridizing with S. aureus, the universal probe, 
S. aureus probe, Staphylococcus spp. probe, nucleic acid 
fixture positive controls and positive experimental control 
showed positive signals (Figure 3). It is proved that this 
system can be used to detect and identify S. aureus in 
raw milk. Up to now, traditional methods and many 
methods in the fields of molecular biology have been used 
for detecting S. aureus (Schuenck et al., 2006; Hwang et 
al., 2007; Leeuwen et al., 2003; Graber et al., 2007; 
Huang and Chang, 2004). At the same time, the 
microarray method has been modified and applied in 
several aspects (Call et al., 2003; Gentry et al., 2006; 
Hong et al., 2004; Jin et al., 2007; Kostić et al., 2007). In 
comparison to the traditional method and other molecular 
methods, the microarray method is high throughput, 
specific, and sensitive and  also  avoids  most  cross- 
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reactions. 
 
 
Sensitivity of microarray detection 

 
Naturally or artificially, contaminated raw milk samples 
were diluted from 10

1 
to 10

6
 cfu per ml, and then tested 

with the microarray. When the levels were higher than 10
3
 

cfu per ml, all of the samples showed positive signals; at a 
lower level, as low as 10

2
 cfu per ml, all of the samples 

showed weak or ambiguous signals. However, when the 
level was at 10

1
 cfu per ml, all of the samples showed 

negative signals (Table 3). So, in our study, the limit of 
detection (LOD) reached 10

3
 cfu per ml. To date, micro- 

array detection of pathogens have been performed in food 
materials (Siddique et al., 2009). Furthermore, these 
systems had almost sensitivities reaching the level of 10

3
 

or 10
4
 cfu per ml (Myers et al., 2006; Li et al., 2006). 

Moreover, a step of PCR amplification is included before 
the hybridization, and this step ensures that low concen- 
trations of specific pathogen and deteriorated bacteria are 
detected in the dairy product as reported by Call et al. 
(2003).  

 
 
Conclusion 

 
In the search for fast and simple genetic techniques, 
oligo-nucleotide microarray has gained acceptance in the 
methods of detecting S. aureus because it is high through 
put, specific, sensitive and easy to perform. Our research 
was pursuing and developing a kind of microarray method 
for detection and identification of S. aureus in raw milk. In 
this study, 16S rRNA of S. aureus was amplified by newly 
designed specific primers, and oligonucleotide probes 
was designed. This was used to analyse the sensitivity 
and specificity of the microarray assay. S. aureus and 2 
control pathogens (S. suis in pigs and Shigella) were used 
for specific detection through microarray. The 
hybridization results illustrated that bacterial universal 
probe, S. aureus probe, Staphylococcus spp. probe, 
nucleic acid fixture positive controls and a positive control 
in the experiment showed positive signals with target S. 
aureus. The sensi- tivity of the microarray assay was high, 
and it reached 10

3
 cfu per ml. 

The microarray system with high throughput and low 
cost developed in this study can provide powerful and 
additional evidence to traditional methods for more 
accurate risk assessment and monitoring of S. aureus in 
raw milk. 
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