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ABSTRACT - Salmonella spp. are prevalent foodborne pathogens that are infective at relatively low concentra-
tions, thus posing a serious health threat, especially to young children and the elderly. In several countries, the man-
agement and regulation of Salmonella spp. in food, including seafood, adhere to a negative detection standard. The
risk of infection is particularly high when seafood is consumed raw, which underscores the importance of timely
detection of pathogenic microorganisms, such as Sa/monella. Accordingly, this study aimed to develop a combined
pre-treatment and detection method that includes pre-culture and DNA extraction in order to detect five species of
Salmonella at concentrations below 10 CFU/mL in seafood. The effectiveness of the proposed method was assessed
in terms of the composition of the enrichment (pre-culture) medium, minimum incubation time, and minimum cell
concentration for pathogen detection. Furthermore, a practical DNA extraction method capable of effectively handling
high salt conditions was tested and found to be successful. Through polymerase chain reaction, Salmonella spp. were
detected and positively identified in shellfish samples at cell concentrations below 10 CFU/g. Thus, the proposed
method, combining sample pre-treatment and cell culture with DNA extraction, was shown to be an effective strategy
for detecting low cellular concentrations of harmful bacteria. The proposed methodology is suitable as an economical
and practical in situ pre-treatment for effective detection of Salmonella spp. in seafood.
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Table 1. Viable cell count cultured in the medium for 2 h of 5 types of Salmonella spp. according to the initial cell concentration

Initial concentration

Viable cells count (log CFU/mL)

Species (log CFU/mL) Before 1h 2h Increase value
0.00-0.99 0.25+0.25""% 0.33+0.22° 1.17+£0.08* 0.99+0.04
S. Typhimurium 1.00-1.99 1.11+0.08¢ 1.23+0.08° 2.06£0.14° 0.95+0.04
2.00-2.99 2.07+£0.14° 2.0940.05" 3.03+0.16° 0.96+0.02
0.00-0.99 0.5440.14° 0.82+0.23° 1.73+£0.21° 1.18+0.18
S. Enteritidis 1.00-1.99 1.46+0.09° 1.67£0.19" 2.64+0.13* 1.18+0.06
2.00-2.99 2.40+0.07 ¢ 2.62+0.16° 3.59+0.11% 1.18+0.07
0.00-0.99 0.36+£0.25" 0.59+0.42° 1.28+0.21* 0.91+0.02
S. Enterica 1.00-1.99 1.36+0.14° 1.48+0.15° 2.28+0.15*° 0.90+0.04
2.00-2.99 2.31x0.12° 2.45+0.07° 3.224+0.10° 0.91+0.02
0.00-0.99 0.70+0.14° 0.88+0.26° 1.81£0.10° 1.10+0.06
S. Derby 1.00-1.99 1.67+0.11° 1.8440.14" 2.754+0.09* 1.08+0.08
2.00-2.99 2.63£0.09° 2.78+0.09° 3.76£0.05* 1.12+0.08
0.00-0.99 0.83+0.10°¢ 1.00£0.09" 1.86+0.01° 1.03+0.03
S. Bovismorbificans 1.00-1.99 1.77+0.08 ¢ 1.93+£0.07° 2.81+0.04° 1.03+0.03
2.00-2.99 2.72+0.04°¢ 2.854+0.15" 3.78+0.05° 1.06+0.08
" Values are means+SD.
? Values sharing the same lowercase letter within a row are not significantly different at P<0.05
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Table 2. Salinity before and after DNA extraction of shellfish samples and PCR results using extracted DNA

Salinity concentration (%)

Shellfish
Before DNA extraction After extraction PCR results
Scallop (4rgopecten nucleus) 4.48+0.50
Oyster (Crassostrea gigas) 3.96+0.50
Venus clam (Arctica islandica) 4.01+0.17
Sakhalin surf clam (Spisula sachalinensis) 5.03+0.01 0.00 +
Mussel (Mytilus coruccus) 6.23+1.27
Clam (Pseudocardium sachalinensis) 4.67+0.59
Manila clam (Ruditapes philippinarum) 4.01£0.00
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Table 3. Results of viable cell count after pre-culturing in 2 h according to initial cell concentration of autoclaved mussels

Initial concentration

Viable cell count (log CFU/mL)

Species

(log CFU/mL) Before culture After 1 h After2 h Increase value
0.00-0.99 0.16£0.17°"? 0.29+0.23° 1.18+0.10° 1.02+0.02
S. Typhimurium 1.00-1.99 1.25+0.16°¢ 1.37£0.19" 2.17+0.20° 0.92+0.03
2.00-2.99 2.25+0.06°¢ 2.35+0.16° 3.15+0.13° 0.90+0.02
0.00-0.99 0.40+0.15°¢ 0.67+0.17" 1.66+0.07° 1.26+0.10
S. Enteritidis 1.00-1.99 1.33+0.09°¢ 1.66+0.12° 2.57+0.10° 1.24+0.08
2.00-2.99 2.36+0.11° 2.6440.05" 3.66+0.08* 1.27+0.04
0.00-0.99 0.50+0.12¢ 0.62+0.19° 1.42+0.12° 0.91+0.01
S. Enterica 1.00-1.99 1.434+0.15¢ 1.66+0.12° 2.3340.15° 0.92+0.03
2.00-2.99 2.46+0.07°¢ 2.63+0.06° 3.37+0.13° 0.90+0.01
0.00-0.99 0.80+0.13° 0.9240.17° 1.93+0.11° 1.1240.04
S. Derby 1.00-1.99 1.7240.09°¢ 1.89+0.05° 2.82+0.07° 1.10+£0.01
2.00-2.99 2.71+0.11°¢ 2.93+0.09° 3.88+0.10° 1.17+0.03
0.00-0.99 0.78+0.17° 0.91+0.17° 1.92+0.11% 1.10+0.02
S. Bovismorbificans 1.00-1.99 1.84+0.07° 1.91£0.11° 2.9240.16° 1.09+0.11
2.00-2.99 2.76+0.10° 2.90+0.21° 3.84+0.18° 1.15+0.05

D Values are means+SD.

? Values sharing the same lowercase letter within a row are not significantly different at P<0.05.

Table 4. PCR detection of artificially contaminated mussels for 5 types of Salmonella spp. using pre-culture and DNA extraction

Results of PCR detection (initial concentration CFU/g)

Species Samples (mussels) 10°CFU/g 10" CFU/g 10* CFU/g
0h 1h 2h 0h 1h 2h 0Oh lh 2h
Autoclaved R - + + + + + + T
S. Typhimurium
Non-autoclaved - - + + + + + + +
Autoclaved - - + + + + + + +
S. Enteritidis
Non-autoclaved - - + + + + + + +
. Autoclaved + + + + + + + + +
S. Enterica
Non-autoclaved + + + + + + + + +
Autoclaved + + + + + + + + +
S. Derby
Non-autoclaved + + + + + + + + +
Autoclaved - - + + + + + + +
S. Bovismorbificans
Non-autoclaved - - + + + + + + +

Y+, positive results in PCR; -, negative results in PCR.
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