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Abstract 

 
A multiplex PCR (mPCR) assay was developed for the detection of multiple 
Salmonella serotypes in different kind of food products. To increase specificity of 
this molecular method, three sets of oligonucleotide primer were used to detect the 
most prevalent salmonella species. PhoP primers specific to the PhoP/PhoQ loci of 
coliform pathogenic bacteria such as Salmonella, Escherichia coli and citrobacter 
species served as presemptive indicators of enteric bacteria. Whereas Hin and Hli 
primers, which targeted a 236-bp region of hin/H2 and a 173-bp region of the H-li 
flagellin gene, respectively where used for specific detection of Salmonella strains. 
Both Hin and H-li primers are specific to motile Salmonella species and are not 
present in E.coli, or Citrobacter species. The traditional cultural method and 
serotyping method for the detection of Salmonella in food was done in parallel.  
The complexity of the food matrice can make Salmonella detection difficult. For this 
reason, phenotypic methods have been supplemented by a range of molecular-based 
techniques that can detect pathogen in food material in the shortest possible time.  
We reported here the use of a mPCR based assay for the detection of Salmonella spp. 
in artificially contaminated food materials. Futhermore, we have used Ampli Taq 
GoldTM polymerase (a hot start enzyme from Perkin-Elmer) that was found to be 
quite promessing as very consistent results were obtained using this enzyme, in 
almost all the food products. 
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Multiplex PCR methodology contributes to meet the need for rapid identification and 
detection methods in food testing laboratories. Using this assay we were able to 
detect all tested Salmonella serovars. The limit of detection was 1.63 102 CFU ml-1 
of pure bacterial culture.  
This assay could detect a different concentration of bacteria that depend on 
complexity of food matrices and hours of enrichment. In this study like in previous 
reports, Taq polymerase enzyme was routinely used and seem to succumb to the 
inhibitory effect of many of the food components and so the inhibition of the 
polymerase chain reaction . For this reason, we also tested Ampli Taq GoldTM 
polymerase (a Hot Start enzyme from Perkin-Elmer). Uses of this enzyme resolve 
problems of inhibitory effect of food components.  
The main advantage of this multiplex PCR method is its sensitivity and specificity. 
We also adopted a simple method DNA template isolation cutting the processing 
time and cost which added advantage for the use of this system in simple lab setups. 
In this study Ampli Taq GoldTM polymerase was found to be quite promising and 
resolve problems of inhibitory effect of food components. 
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INTRODUCTION 
 
Salmonella is one of the major pathogens of food-borne disease outbreaks; This 
genus includes more than 2400 different known serovars (13, 11). In Spain, the 
most important serotypes causing disease are Salmonella enterica serotypes 
Enteritidis, Typhimurium, Haddar, and subsp. I serotype 4,5,12:i- (15). In view of 
limited adherence to very high standards of hygine, the probability of bacterial 
contamination of food at various stages of processing is always very high (4, 14).  
Traditional Salmonella detection methods are based on cultures using selective 
media and characterization of suspicious colonies by biochemical and serological 
tests (2, 6). These methods are generally time consuming. Therefore a rapid method 
is necessary for identification of Salmonella serotypes from food. In this way, 
Conventional microbiological methods must be supplemented by a range of 
molecular genotyping methods (3, 8). 
In recent years, molecular-based techniques, such as ribotyping and random 
amplified polymorphic DNA analysis have been published. Some of these methods 
lack sensitivity and specificity and not even tried in naturally contaminated food 
samples. 
In the present study we establish a rapid, sensitive and specific multiplex PCR 
assay using highly conserved primers to detect different serovars of Salmonella 
spp. in artificially contaminated food materials.  
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 MATERIALS AND METHODS 
 
 Bacterial strains and standard serotyping identification 
A total of 100 Salmonella spp. strains were isolated from different sources 
(mainly food and human stool samples) during the period 2002-2007. Each isolate 
was previously serotyped according to the Kauffmann-White scheme based on 
slide agglutination to identify the somatic O antigens and flagellar H antigens 
using commercial antisera (Bio-Rad, Marnes-la-Coquette, France) in Centre de 
Référence des Salmonella, Shigella et Vibrions cholériques, Institut Pasteur Tunis, 
Tunisia. We have selected thirty seven different salmonella strains belonging to 
fourteen different serovars to be tested in artificially contaminated food product. 
Salmonella serovars were selected according to their frequency and importance. 
Salmonella Typhimurium ATCC 14028 was also tested as standard strain (Table 
2). 
 
 Detection of Salmonella in food 

 
    1. Preenrichment of inoculated food 

 
 A range of food materials were artificially contaminated (egg and milk 
products): ten grams of minced food samples were homogenized with 90ml of 
buffered peptone water (BPW); 10ml homogenate of each food was inoculated 
with 100µl of sterile water without or with 10 fold serially diluted salmonella 
cells; the inoculation levels were different from aliment to another. We modified 
the incubation time and also the DNA dilution factor. We also plated the food 
homogenate on SS  and Hektoen agar to ensure quality control (Table 3). 
To ensure our results we also tested the same food products yet that were 
unspiked artificially (Table 3). 
      
     2. DNA isolation from food samples 
To extract DNA, Aliquots (1000µl) of various samples were centrifuged for 5min 
at 5000 tours/min.  The deposit suspension was dissolved into 300µl of sterile 
distilled water, vortexes for 5s than incubated for 20min at 95°C.  The reaction 
was stopped with abrupt freeze of the suspension (5min to -20°C). After a second 
centrifugation, the supernatants were harvested and subjected to polymerase 
chain reaction (multiplex PCRs) using different pairs of primer.  
 
      3. Primer design and multiplex PCR amplification program 
 Hin and Hli primers designed by Judy et al., 1993 (9) were used in this study. 
These primers are involved in the control of phase variation of Salmonella 
species and are only present in Salmonella Spp.. Also we used a phoP primer 
which has the ability to simultaneously detect coliform pathogenic bacteria.  
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Hin, Hli and PhoP primers amplified a 236-pb, 173-pb and 299-pb fragment 
respectively (Table 1).  
Reaction was carried out in a final volume of 29µl mixture containing 0,5µl of 
Ampli Taq polymerase (5U/µl), 200µM of dNTPs, 1,5mM of Mgcl2,  50 ng of 
each primers, template DNA and deionized water to make up the volume. The 
reaction mixture was subjected to amplification under the following conditions: 
Enzyme activation at 94°C for 5 min, and then an additional 33 cycles with heat 
denaturation at 94°C for 1min, primer anneling at 63°C for 1min and DNA 
extension at 72°C for 1min. After the last cycle, samples were maintained at 
94°C for 10 min to complete synthesis of all strands.  
Each PCR products (10μl) were separated by electro-phoresis and analyzed on 2% 
Tris-acetate EDTA agarose gel stained with ethidium bromide, visualized with 
UV induced fluorescence, and photographed. 
 
 RESULTS 
 
 Specificity of multiplex PCR amplification  
 
The specificity of multiplex PCR for Salmonella species was evaluated with 
Salmonella Typhimurium ATCC 14028 and also 13 known Salmonella isolates 
(Table 2) which had previously been confirmed as Salmonella species by 
conventional techniques. The multiplex PCR was successful and at least one 
specific primer (Hin) sets gave a 236 single and a specific amplification product of 
a required gene (Fig. 1). 
 
Sensitivity of PCR amplification for detection of Salmonella Altona in terms of 
whole cells.  
 
Sensitivity of the PCR amplification was determined by the use of whole-cell 
lysates from Salmonella Altona cells. Enumerated samples of Salmonella Altona 
were serially diluted 10 fold and cell lysate prepared by boiling was used as 
template DNA. A sensitivity of 1,63 102 CFU ml-1 was observed with salmonella 
Altona serovas (FIG. 2). Sensitivity of mPCR amplification in food samples was 
tested by inoculating serially diluted cells in each food samples, from where the 
extraction of the DNA and its amplification takes place. The sensitivity of this 
mPCR vary from food to another as indicated below (Table 3). 
    
 Detection of Salmonella in food material  
As indicated in table 3, a variety of food products were selected and procured for 
the detection of Salmonella Spp. using mPCR technique. As shows in Figure 3, 
cheese was contaminated with serial 10 fold dilution (10µg, 40µg, and 80µg of 
Salmonella Anatum DNA respectively). These suspensions were enriched. A 
resulting detection limit of 0.8µg of DNA in cheese material was observed after  
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16h of enrichment. Whereas, the detection limit of 0.01µg of DNA can be detected 
immediately. 
Likewise, we observed that enrichment time varies for the detection limit with the 
variety of food items (Fig 4, 5, 6 and 7) and (Table 3). 
All food samples were also analysed in their natural conditions (unspiked) and 
were found to be mPCR negative. Therefore, in spite of the presence of large 
endogenous microflora and also the inhibitory components in food in all samples, 
mPCR could detect all tested Salmonella serovars excepted of egg yolk. This 
problem was resolved using Ampli Taq GoldTM polymerase (a Hot Start enzyme 
from Perkin-Elmer) that was found to be quite promising as very consistent results 
were obtained using this enzyme (FIG. 8). 
We must noted that for some food products, standard methods was found to be 
most promessing than molecular method as we can detected Salmonella strains by 
selective plating while mPCR results of amplified DNA extracted from food was 
negative. This result can be explained by the presence of inhibitory effect of many 
food components and so the inhibition of the polymerase chain reaction.    
 
DISCUSSION 
1. Specificity of multiplex PCR amplification  
To confirm the presence of Salmonella species, primers which could specifically 
detect all Salmonella species were necessary. The genes of H2 antigen and the Hin 
inversion system, which are responsible for flagellar phase variation, are present 
only in Salmonella species. In this way, the Hin gene is located within the 
inversion region and encoded for a protein necessary for inversion of H2 
controlling region (16). Thus, the particular phase of Salmonella species can be 
defined on the basis of inversion region controls expression of the H2 gene. To 
conclude, Hin primer set was selected from Salmonella Typhimurium Hin/H2 
region, which targets a 236-bp DNA fragment in Salmonella phase 2, as well as 
phase 1-phase 2 inversion species, whereas H-li flagellin gene which amplifies a 
173-bp DNA sequence was selected from Salmonella phase 1 species.  
PhoP primers involved in virulence and macrophage survival of Salmonella species 
can amplify DNA from other coliform bacteria (12). 
Multiplex PCR was performed by adding the above sets of primers in the same 
reaction to determine the amplification of known Salmonella species-specific 
DNA. Thirteen strains of different Salmonella spp. serovars were subjected to 
multiplex PCR amplification (FIG. 1).  
To confirm our results, we mostly tried to test more than one strain from each 
serotype (Table 2). All Salmonella serotypes produced at least one amplicon. We 
can note that the amplified product obtained with Hin primer was produced with all 
Salmonella serovars.  
Amplification bands due to phoP/phoQ are seen in all tested Salmonella species 
except of Salmonella Zanzibard and Salmonella Mbandaka (FIG. 1, lanes 5 and 
13). Strains that gave no amplification products with PhoP primer (PhoP mutation)  
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are avirulent, unable to survive in macrophage and extremely sensitive to peptides 
having antimicrobial activity (5). 
Regarding Hli amplification gene, we noted that all Salmonella serovars does not 
expressed this target genes except of Salmonella Montevideo, Salmonella Infantis 
and  Salmonella Typhimurium. The reason for the absence of Hli amplification 
band could be explained by the expression of a particular phase of Salmonella 
species that can be defined on the basis of the flagella antigenic state.  
Salmonella Typhimurium (ATCC14028) phase 1and 2 strain (FIG. 1, lane 3), 
Salmonella Montevideo (FIG. 1, lane 10) and Salmonella Infantis (FIG. 1, lane 
14)) showed two amplification bands due to Hin and Hli: At times, certain species 
may exhibit both antigen types (phase1-phase2 inversion species).  
 
Sensitivity of PCR amplification for detection of Salmonella Altona in 
terms of whole cells  
 
Sensitivity of amplification was evaluated by use of whole cells. Salmonella Altona 
cells were collected (108 cells per ml) and serially diluted in double-distilled water. 
Cell suspensions were directly lysed by boiling at 95°C for 30min. After 
centrifugation for 10min at 1200tr/min, DNA suspension were assayed for 
amplification with phoP, Hin and Hli  primer sets individually under the same 
reaction conditions as described previously. The sensitivity of detection using Hin 
primer was equal to NX102 CFU/ml (FIG. 2). Judy et al., 1993 (9) were able to 
detect 103 CFU/ml after 25 cycles of amplification. Similar results also occured 
with H-li and PhoP primers. 
 
Detection of Salmonella in food material  
 
In the present study, an attempt has been made to detect Salmonella spp. in food 
materials using the three sets of primers in a multiplex PCR assay. We have further 
tried to modify PCR program published by Judy et al., 1993(9) making it more 
specific. Keeping in view the complexity of food matrices, sensitivity and 
specificity of primers, we modified the DNA concentration and also hours of 
enrichment to perform detection of Salmonella in contaminated food products. 
With all Salmonella serovars, the multiplex PCR reaction shows two different 
aspects: (i) No inhibition of the polymerase chain reaction with a variation on the 
intensity of bands (cheese, cream, soja nutriment broth, and mayonnaise), (ii) Total 
inhibition of the polymerase chain reaction (Egg yolk). 
Possible reasons for these variations in polymerase chain reaction were: (i) 
Variation of  time of enrichment: A very light intensity bands was obtained after 
longer hours (16h) of enrichment (FIG. 4) (ii) Quantity of inhibitory components 
in food: The multiple PCR reaction succumbs to the inhibitory effect of many of 
the food components.  
Keeping in view the complexity of food matrices, the experiments were performed 
to detect artificial contamination of food products (cheese, mayonnaise, cream…)  
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with Salmonella Anatum serovar. No inhibition of the polymerase chain reaction 
with a variation on the intensity of bands (cheese, mayonnaise, cream) (Fig 3, 4, 5 
and 6). An exception may be egg yolk where PCR products can not be detected 
even after a longer hours (16h) of enrichment (Fig 7). Possible reasons for the 
absence of DNA detecting can be (i) environmental stress due to the presence of 
higher content of protein, lipids and lysosyme, (ii) the growth of the target cell was 
prevented by the presence of other micro organisms that can compete with 
Salmonella during pre-enrichment; whereas egg white has shown good intensity 
band only after longer hours (16h) of enrichment. Therefore, template preparation 
method needs to be improved further. Similar results were obtained with other 
Salmonella serovars. 
In this study like in previous reports (7, 10), Taq polymerase enzyme was routinely 
used and seem to succumb to the inhibitory effect of many of the food components 
and so the inhibition of the polymerase chain reaction (FIG.7). For this reason, we 
also tested Ampli Taq GoldTM polymerase (a Hot Start enzyme from Perkin-Elmer) 
that was found to be quite promising as very consistent results were obtained using 
this enzyme, in almost all the food products (1). Use of this enzyme resolves 
problems of inhibitory effect of food components and detecting of amplification 
bands with egg yolk became possible (FIG. 8). 
Finally, we note that the detection limit of these primers using a mPCR method 
was found to be dependent on food matrices and hours of enrichment (DNA 
concentration in each food product). This technique can be used routinely for the 
rapid detection of Salmonella spp. in food materials at low level of contamination 
with an enrichment time that depend in complexity of food product.  
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FIG. 1. Multiplex PCR results of the specificity of phoP, Hin, and 
H-li primers on various Salmonella serovars  
Lanes: 1, 1000-bp DNA ladder as size standard; 2, negative control 
(no DNA); 3, Salmonella typhimurium (ATCC 14028, phase 1 and 2); 
4, Salmonella Heidelberg ; 5, Salmonella Zanzibard; 6, Salmonella 
Anatum; 7, Salmonella Munster; 8, Salmonella Amesterdam; 9, 
Salmonella Bovismorbificans; 10, Salmonella Montevideo; 11, 
Salmonella Corvalis; 12, Salmonella Enteritidis; 13, Salmonella 
Mbandaka; 14, Salmonella Infantis; 15, Salmonella Cerro; 16, 
Salmonella Altona 
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FIG. 2. Sensitivity of Salmonella Altona detection in terms of 
whole cells with Hin primer. 
Lanes: 1, 1000-bp DNA ladder as size standard; 2, negative control 
(no DNA); 3, 1,63 X 108 CFU; 4, 1,63 X 107 CFU; 5, 1,63 X 106 
CFU; 6, 1,63 X 105 CFU; 7, 1,63 X 104 CFU; 8, 1,63 X 103 CFU; 9, 
1,63 X 102 CFU 
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FIG. 3. Detection of Salmonella Anatum by multiplex PCR in 
spiked cheese. 
Lanes: 1, 1000-bp DNA ladder as size standard; 2, control (unspiked); 
Lanes 4-7: 1ml homogenate spiked respectively with 10, 1, 0,1 and 
0,01µg of Salmonella Anatum and enriched for 0h; Lanes 9-12: 1ml 
homogenate spiked respectively with 40, 4, 0,4 and 0,04µg of 
Salmonella Anatum and enriched for 6h; Lanes 14-17: 1ml 
homogenate spiked respectively with 80, 8, 0,8 and 0,08µg of 
Salmonella Anatum and enriched for 16h 
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FIG. 4. Detection of Salmonella Anatum by multiplex PCR in 
spiked mayonnaise 
Lanes: 1, 1000-bp DNA ladder as size standard; 2, control (unspiked); 
Lanes 4-7: 1ml homogenate spiked respectively with 30, 3, 0,3 and 
0,03µg of Salmonella Anatum and enriched for 0h; Lanes 9-12: 1ml 
homogenate spiked respectively with 90, 9, 0,9 and 0,09µg of 
Salmonella Anatum and enriched for 16h 
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FIG. 5. Detection of Salmonella Anatum by multiplex PCR in 
spiked soja nutrient broth 
Lanes: 1, 1000-bp DNA ladder as size standard; 2, control (unspiked); 
Lanes 3-6: 1ml homogenate spiked respectively with 20, 2, 0,2 and 
0,02µg of Salmonella Anatum and enriched for 0h; Lanes 8-11: 1ml 
homogenate spiked respectively with 40, 4, 0,4 and 0,04µg of 
Salmonella Anatum and enriched for 6h; Lanes 13-16: 1ml 
homogenate spiked respectively with 70, 7, 0,7 and 0,07µg of 
Salmonella Anatum and enriched for 16h  
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FIG. 6. Detection of Salmonella Anatum by multiplex PCR in 
spiked cream 
Lanes: 1, 1000-bp DNA ladder as size standard; 2, control (unspiked); 
Lanes 3-6: 1ml homogenate spiked respectively with 20, 2, 0,2 and 
0,02µg of Salmonella Anatum and enriched for 0h; Lanes 8-11: 1ml 
homogenate spiked respectively with 80, 8, 0,8 and 0,08µg of 
Salmonella Anatum and enriched for 16h 
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FIG. 7. Detection of Salmonella Anatum by multiplex PCR in 
spiked yolk and white egg 
Lanes: 1, 1000-bp DNA ladder as size standard; Lanes 2-3, controls 
(unspiked yolk and white egg); Lanes 4-7: 1ml homogenate egg yolk 
spiked respectively with 30, 3, 0,3 and 0,03µg of Salmonella Anatum 
and enriched for 0h; Lanes 8-11: 1ml homogenate egg yolk spiked 
respectively with 90, 9, 0,9 and 0,09µg of Salmonella Anatum and 
enriched for 16h 
 
 
Lanes 12-15: 1ml homogenate egg white spiked respectively with 50, 
5, 0,5 and 0,05µg of Salmonella Anatum and enriched for 0h; Lanes 
16-19: 1ml homogenate egg white spiked respectively with 80, 8, 0,8 
and 0,08µg of Salmonella Anatum and enriched for 16h 
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FIG. 8. Detection of Salmonella Anatum by multiplex PCR in 
spiked yolk and white egg using Ampli Taq Gold TM polymerase (a 
Hot Start enzyme from Perkin-Elmer) 
Lanes: 1, 1000-bp DNA ladder as size standard; Lanes 2-3, controls 
(unspiked yolk and white egg); Lanes 4-7: 1ml homogenate egg yolk 
spiked respectively with 30, 3, 0,3 and 0,03µg of Salmonella Anatum 
and enriched for 0h; Lanes 8-11: 1ml homogenate egg yolk spiked 
respectively with 90, 9, 0,9 and 0,09µg of Salmonella Anatum and 
enriched for 16h 
Lanes 12-15: 1ml homogenate egg white spiked respectively with 50, 
5, 0,5 and 0,05µg of Salmonella Anatum and enriched for 0h; Lanes 8-
11: 1ml homogenate egg white spiked respectively with 80, 8, 0,8 and 
0,08µg of Salmonella Anatum and enriched for 16h 
 

 
 
 
Table 1. Primers used in multiplex PCR  
 

 

 
Designation                   Primer sequence (5’-3’)                               Target gene 

 
Amplicon size (bp) 

 
 337-L                    5’- ATGCAAAGCCCGACCATGACG-3’                 PhoP         
 338-R                     5’- GTATCGACCACCACGATGGTT-3’ 
 
 1750-L                  5’- CTAGTGCAAATTGTGACCGCA–3’                  Hin 
 1751-R                 5’- CCCCATCGCGCTACTGGTATC-3’ 
 
 1788-L                       5’- AGCCTCGGCTACTGGTCTTG- 3’                 H-li 
 1789-R                    5’- CCGCAGCAAGAGTCACCTCA3’ 
 

 
             299 

 
 

236 
 
 

173 
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Table 2. Bacterial strains used to evaluate the specificity of multiplex PCR and 
multiplex PCR results  
 
 

Strain         No. of  isolated 
    Tested           Failed 

           PCR results 
   PhoP        Hin      H-li 

Salmonella Typhimurium 
(ATCC 14028 ) 

          1                 0      +               +           +  

Salmonella Typhimurium 
(Lab. isolates) 

          3                0      +               +           + 

Salmonella  Heidelberg 
(Lab. isolates) 

          2                 0      +              +            - 
 

Salmonella Zanzibard 
(Lab. isolates) 

          2                 0       -              +             - 

Salmonella Anatum 
(Lab. isolates) 

          3                 0       +             +             - 

Salmonella Munster 
(Lab. isolates) 

          4                0       +             +             - 
 

Salmonella Amesterdam 
(Lab. isolates) 

          1                 0       +              +             - 
 

Salmonella Bovismorbificans 
(Lab. isolates) 

          1                 0       +             +              - 
 

Salmonella Montevideo 
(Lab. isolates) 

          5                 0       +             +             + 
 

Salmonella Corvalis 
(Lab. isolates) 

          1                 0       +             +              - 
 

Salmonella Enteritidis 
(Lab. isolates) 

          5                 0       +            +               - 
 

Salmonella Mbandaka 
(Lab. isolates) 

          1                 0        -            +               - 
 

Salmonella Infantis 
(Lab. isolates) 

          1                 0       +           +              + 
 

Salmonella Cerro 
(Lab. isolates) 

         5                 0       +           +              - 
 

Salmonella Altona 
(Lab. isolates) 

         3                 0       +            +             - 
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Table 3. Multiplex PCR detection of salmonella spp. serovars using Hin, H-li 
and phoP  primers in a variety of food products 
 

Food type Contamination 
level (µg of 

DNA) 

              Unspiked artificially food 
        Selective plating                   mPCR 
SS agar     Hektoen agar 

    Foods are spiked artificially and enriched 
        Selective plating                   mPCR 
SS agar     Hektoen agar       (h of enrichment) 

Cheese 10 
1 

0.1 
0.01 

 
40 
4 

0.4 
0.04 

 
80 
8 

0.8 
0.08 

     -                     -                               -         
     -                     -                               - 

-                     -                               - 
-                     -                               - 
 
-                     -                               - 
-                     -                               - 
-                     -                               - 
-                     -                               - 
 
-                     -                               - 
-                     -                               - 
-                     -                               - 
-                     -                               - 

     +                    +                              +   [0h]         
     +                    +                              +   [0h]         

+                    +                              +   [0h]         
+                    +                              +   [0h]         
 
+                    +                              +   [6h]         
+                    +                              +   [6h]         
+                    +                              +   [6h]         
+                    +                               -   [6h]         
 
+                    +                              +   [16h]       
+                    +                              +   [16h]       
+                    +                              +   [16h]       
+                    +                              -    [16h]       

Mayonnaise 30 
3 

0.3 
0.03 

 
90 
9 

0.9 
0.09 

-                     -                               - 
-                     -                               - 
-                     -                               - 

      -                     -                               - 
 

-                     -                               - 
-                     -                               - 
-                     -                               - 

      -                     -                               - 

+                    +                              +   [0h]         
+                    +                              +   [0h]         
+                    +                              +   [0h]         

     +                    +                              +   [0h]         
 

+                    +                              +   [16h]       
+                    +                              +   [16h]       
+                    +                              +   [16h]       

     +                    +                              +   [16h]       
Soja nutrient 
 broth 

20 
2 

0.2 
0.02 

 
40 
4 

0.4 
0.04 

 
70 
7 

0.7 
0.07 

-                     -                               - 
-                     -                               - 
-                     -                               - 

     -                     -                               - 
 

-                     -                               - 
-                     -                               - 
-                     -                               - 

      -                     -                               - 
 

-                     -                               - 
-                     -                               - 
-                     -                               - 

     -                     -                               - 

+                    +                              +   [0h]         
+                    +                              +   [0h]         
+                    +                              +   [0h]         

     +                    +                              +   [0h]         
 

+                    +                              +   [6h]         
+                    +                              +   [6h]        
+                    +                              +   [6h]         

     +                    +                              +   [6h]         
 

+                    +                              +   [16h]       
+                    +                              +   [16h]       
+                    +                              +   [16h]       

     +                    +                              +   [16h]       
Cream 20 

2 
0.2 

0.02 
 

80 
8 

0.8 
0.08 

-                     -                               - 
-                     -                               - 
-                     -                               - 

     -                     -                               - 
 

-                     -                               - 
-                     -                               - 
-                     -                               - 

     -                     -                               - 

+                    +                              +   [0h]         
+                    +                              +   [0h]         
+                    +                              +   [0h]         

     +                    +                              +   [0h]         
 

+                    +                              +  [16h]        
+                    +                              +  [16h]        
+                    +                              +  [16h]        

     +                    +                              +  [16h]        
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Egg yolk 30 
3 

0.3 
0.03 

 
90 
9 

0.9 
0.09 

-                     -                               - 
-                     -                               - 
-                     -                               - 

     -                     -                               - 
 

-                     -                               - 
-                     -                               - 
-                     -                               - 

     -                     -                               - 

+                    +                              - (+)*[0h]     
+                    +                              - (+)*[0h]     
+                    +                              - (+)*[0h]     
+                    +                              - (-)*[0h]      
+                    +                              - (+)*[16h]  
+                    +                              - (+)*[16h]   
+                    +                              - (-)*[16h]    

     +                    +                              - (-)*[16h]    
 

Egg white 50 
5 

0.5 
0.05 

 
80 
8 

0.8 
0.08 

-                     -                               - 
-                     -                               - 
-                     -                               - 

      -                     -                               - 
 

-                     -                               - 
-                     -                               - 
-                     -                               - 

     -                     -                               - 

+                    +                              + (+)*[0h]    
+                    +                              - (+)* [0h]    

     +                    +                              - (+)* [0h]    
     +                     +                             - (+)* [0h]    
   +                    +                              + (+)* [16h]   

+                    +                              + (+)*[16h]  
+                    +                              + (+)*[16h]  
+                    +                              - (+)*[16h]   

 
 
 
* mPCR results using Ampli Taq Gold TM polymerase 
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