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Abstract 17 

This study investigated microbial contamination in oysters from eastern Thailand through two 18 

complementary assessments: an environmental survey of farmed oysters in Chon Buri and a 19 

post-harvest survey of retail-shucked oyster products collected from markets in Chon Buri and 20 

Trat provinces. Phase 1 evaluated environmental conditions and microbial contamination in 21 

surrounding waters from five stations in the Bang Pakong River and Chon Buri Bay, with farmed 22 

oysters sampled from two stations between October 2021 and March 2022. Phase 2 examined 23 

microbial quality in retail oysters collected during the dry and wet seasons in 2024. Samples 24 

were categorized as aseptically shucked oysters (ASO), freshly shucked oysters (FSO), and 25 

packed shucked oysters (PSO). Environmental conditions varied among stations, particularly 26 

salinity (0.2–32.8 psu), dissolved oxygen (3.7–5.6 mg/L), total suspended solids (32.4–75.5 27 

mg/L), and nutrient concentrations. Stations near river discharge and coastal communities 28 

showed elevated total coliform concentrations exceeding 1,000 MPN/100 mL. Total bacterial 29 

counts (TBC) in farmed oysters ranged from 4.9 to 9.1 log CFU/g. TBC and Vibrio spp. 30 

concentrations varied significantly with sampling period, season, station, and product type (P < 31 
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0.05). Retail oysters collected during the wet season showed significantly higher TBC values 32 

than those collected during the dry season, while ASO and FSO samples exhibited significantly 33 

higher Vibrio spp. concentrations than PSO samples (P < 0.05). Salmonella spp. were detected in 34 

5% (6/120) of retail oyster samples, whereas Vibrio cholerae, V. parahaemolyticus, and V. 35 

vulnificus were not confirmed by PCR. These findings highlight the influence of environmental 36 

conditions and post-harvest handling on oyster microbial quality in eastern Thailand. 37 

 38 
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 41 

1. Introduction  42 

Oysters are among the major aquatic products consumed in coastal regions worldwide and are 43 

highly valued for their distinctive taste and nutritional benefits. They are considered a rich source 44 

of high-quality proteins, unsaturated fatty acids, vitamins, and minerals (Yu et al., 2021). 45 

However, oyster producers globally face increasing challenges in providing safe and high-quality 46 

seafood products for a growing population under changing and progressively deteriorating 47 

environmental conditions. 48 

In Thailand, primary oyster production areas include Chon Buri and Phetchaburi in the upper 49 

Gulf of Thailand, Surat Thani in the lower Gulf of Thailand, and Phang Nga along the Andaman 50 

Sea coast. In 2024, Thailand had 1,163 oyster farms, accounting for 22% of shellfish culture 51 

farms and generating THB 425 million in production value (Department of Fisheries, 2024).   52 

The small rock oyster (Saccostrea cucullata) is the predominant species cultivated in Chon Buri 53 

using the hanging-culture method. This species is commonly marketed as shucked oyster meat 54 

and is highly popular among domestic consumers (Chalermwat et al., 2003; Szuster et al., 2008).  55 

Oysters are filter-feeding shellfish capable of accumulating a wide range of microorganisms 56 

from their surrounding aquatic environments (Chinnadurai et al., 2021). The prevalence and 57 

composition of microbial communities in oysters can vary considerably depending on 58 

geographic location, seasonal conditions, environmental factors, and post-harvest handling 59 

practices. Previous studies have investigated oyster-associated pathogens and consumer health 60 



risks (DePaola et al., 2010; Shuping et al., 2023), while recent work has shown that Vibrio levels 61 

in farmed oysters vary among farms and seasons (Almuhaideb et al., 2026). However, most 62 

studies examine microbial contamination in oyster-farming environments separately from the 63 

microbial quality of retail products, particularly in tropical estuarine-coastal systems.  64 

Coliform bacteria, particularly fecal coliforms and Escherichia coli, are widely recognized as 65 

indicators of fecal contamination in shellfish and their growing waters. Their presence in oysters 66 

raises significant food safety concerns (Jeamsripong et al., 2018, 2022). In addition, Vibrio 67 

species are consistently reported as dominant bacterial groups associated with oysters. Among 68 

them, V. vulnificus and V. parahaemolyticus are important foodborne pathogens capable of 69 

causing severe illness in humans (Froelich and Noble, 2016). Cases of Vibrio-associated 70 

infections linked to the consumption of raw or undercooked oysters are increasing worldwide 71 

(Huss, 1994; Ryder et al., 2014; Almuhaideb et al., 2026). Therefore, monitoring bacterial 72 

indicators and foodborne pathogens in oysters is important for seafood safety, particularly in 73 

systems where environmental exposure, shucking, storage, and retail handling can contribute to 74 

microbial variation.  75 

The Bang Pakong River and Chon Buri Bay represent estuarine environments with broad salinity 76 

gradients ranging from 0.2 to 32.8 psu. Limited information is available on how environmental 77 

conditions are associated with microbial contamination in oyster-farming areas in eastern 78 

Thailand and how microbial quality varies among shucked oyster products sold in local markets. 79 

In 2024, oyster production in eastern Thailand had an estimated value of THB 60 million 80 

(Department of Fisheries, 2024). This regional context provides an opportunity to assess oyster 81 

microbial quality from both production-environment and retail-product perspectives. 82 

Therefore, this study investigated microbial contamination in oysters from eastern Thailand 83 

through two complementary assessments. Phase 1 focused on microbial contamination in 84 

surrounding water samples from five stations and farmed oysters from two stations in the Bang 85 

Pakong River and Chon Buri Bay on four occasions between October 2021 and March 2022. The 86 

objective of this phase was to examine associations among farming locations, environmental 87 

conditions and concentrations of microbial indicators and selected foodborne pathogens in oyster 88 

and water samples. Phase 2 evaluated the microbial quality of shucked oyster products in two 89 



major local markets in Chon Buri and Trat provinces, eastern Thailand, from April to July 2024. 90 

The objectives of this phase were to compare the levels of bacterial indicators and foodborne 91 

pathogens, including Escherichia coli, Salmonella spp., Vibrio parahaemolyticus, Vibrio 92 

cholerae, and Vibrio spp. among aseptically shucked oysters (ASO), freshly shucked oysters 93 

obtained directly from shucking houses (FSO), and packed shucked oysters (PSO) during the dry 94 

season and wet season. 95 

2. Materials and methods 96 

2.1 Study location and sampling 97 

Phase 1: Microbial contamination in farmed oysters and surrounding water samples 98 

This phase investigated microbial contamination in farmed oysters and surrounding waters from 99 

oyster farming areas in Chon Buri Bay. Water sampling was conducted at five stations extending 100 

from Khao Sam Muk to the Bang Pakong River mouth between October 2021 and March 2022 101 

(Fig. 1a). The stations were selected to represent gradients in salinity and oyster farming 102 

activities. 103 

Stations 1 and 2 were oyster nursery areas where farmers used oyster collectors, locally known 104 

as “E-pae,” to promote larval settlement. Juvenile oysters were subsequently reared until 105 

reaching an appropriate size before being transferred to Stations 3 and 4 for grow-out to market 106 

size. Station 5 was located near the Bang Pakong River mouth, where terrestrial runoff and 107 

nutrient inputs enter the coastal environment. 108 

Water and oyster sampling was conducted on four occasions: October and November 2021, 109 

representing the transition period between the late rainy season and the northeast monsoon, 110 

(hereafter referred to as the transition season), and January and March 2022, representing the dry 111 

season. 112 

During each sampling event, water quality parameters were measured at the surface of all five 113 

stations and near the bottom at Station 5 using a YSI ProSolo multiparameter instrument (YSI 114 

Inc., USA). Parameters included water depth (m), transparency (m), temperature (°C), salinity 115 

(psu), conductivity (mS/cm), dissolved oxygen (mg/L), and pH. Duplicate 500-mL seawater 116 



samples were collected from each station and transported to the laboratory in insulated boxes. 117 

Water samples were also analyzed for dissolved inorganic nitrogen (DIN), including ammonia, 118 

nitrite, and nitrate, total suspended solids (TSS), and chlorophyll-a following Strickland and 119 

Parsons (1972). Total coliform and E. coli concentrations were determined to assess the 120 

influence of land-based fecal contamination on oyster farming areas.  121 

Oyster samples were collected only from Stations 3 and 4 using hanging-culture ropes 122 

supporting clusters of oysters. In the laboratory, whole oysters were externally rinsed with 123 

running tap water to remove adhering sediment and debris before being aseptically shucked for 124 

tissue collection. Oyster tissues were subsequently homogenized using a blender sterilized 125 

between samples, and the homogenates were stored at −40 °C for no longer than 24 h before 126 

microbiological analysis. Total bacterial count (TBC), E. coli, Vibrio spp. and presumptive V. 127 

parahaemolyticus were determined to evaluate microbial contamination in oyster meat.  128 

Phase 2: Microbial quality of oysters after harvest before reaching consumers 129 

Fresh oyster samples were purchased from oyster distribution centers in the Ang Sila–Khao Sam 130 

Muk community (13°18'48.3"N, 100°54'26.1"E), Mueang District, Chon Buri Province, and the 131 

Tha Som community (12°16'37.2"N, 102°18'22.2"E), Khao Saming District, Trat Province (Fig. 132 

1b), to evaluate the microbial quality of post-harvest oyster products available in local markets. 133 

Sampling was conducted on four occasions during 2024: April and May (dry season), and June 134 

and July (wet season). Three types of oyster product were collected. Whole oyster with shells 135 

were purchased and aseptically shucked in the laboratory (ASO) to evaluate microbial 136 

contamination before commercial shucking. Freshly shucked oysters obtained directly from local 137 

shucking houses (FSO) represented products that had been manually shucked and maintained on 138 

ice prior to sale. Packed shucked oyster (PSO) were purchased as retail products that had been 139 

stored in plastic bags on ice. During transportation to the laboratory, FSO and PSO samples were 140 

maintain on ice in Styrofoam boxes, whereas ASO samples were transported at ambient 141 

temperature to simulate the handling conditions prior to commercial shucking. At each occasion, 142 

five replicate samples were collected per sampling period at the different locations, resulting in a 143 

total of 120 samples. 144 



Oyster production in eastern Thailand is influenced by regional differences in reproductive 145 

cycles, grow-out periods, and harvesting schedules. Consequently, oyster harvests are not 146 

available simultaneously across all production areas throughout the year. To maintain a 147 

continuous supply to customers, oyster marketed in Chon Buri Province are often transported 148 

from several production areas, including Phetchaburi, Chanthaburi, and Trat provinces. As a 149 

result, retail products available in local markets may originate from different farming locations 150 

and may have undergone different post-harvest handling and distribution practices before 151 

reaching consumers. 152 

In this study, the term “retail oyster products” refers to oysters sold through local markets, 153 

seafood stalls, shucking houses, or small-scale vendors rather than standardized supermarket or 154 

industrial distribution systems. Consequently, post-harvest handling practices, including rinsing, 155 

storage temperature, display conditions, and time since harvest , may vary among vendors and 156 

product groups and could influence the microbial quality of oyster products. 157 

2.2 Microbial analysis 158 

Determination of total bacterial count 159 

The total bacterial count (TBC) was enumerated according to the U.S. Food and Drug 160 

Administration (FDA) Bacteriological Analytical Manual (BAM) with slight modifications 161 

(Maturin & Peeler, 2001). Briefly, 25 g of each homogenized oyster sample was aseptically 162 

transferred into 225 mL of sterile phosphate-buffered saline (PBS). The suspension was serially 163 

diluted (10⁻¹, 10⁻², 10⁻³, and further dilutions as appropriate). Aliquots (100 µL) of each dilution 164 

were spread in duplicate onto Plate Count Agar (PCA) (TM MEDIA®, India) and incubated at 35 165 

°C for 24 h. After incubation, plates containing 25–250 colonies were selected for enumeration, 166 

and the results were expressed as colony-forming units per gram (CFU/g). 167 

Determination of total coliforms, fecal coliforms, and Escherichia coli 168 

Total coliforms, fecal coliforms, and E. coli concentrations were determined according to the 169 

U.S. Food and Drug Administration (FDA) Bacteriological Analytical Manual (BAM) using the 170 

most probable number (MPN) method (Feng et al., 2020). Briefly, 25 g of each homogenized 171 



oyster sample was aseptically mixed with 225 mL of sterile PBS. Serial dilutions (10⁻¹ to 10⁻³) 172 

were prepared and inoculated in triplicate into Lauryl Tryptose Broth (LST) (TM MEDIA®, 173 

India). The inoculated tubes were incubated at 35 °C for 24 h and examined for turbidity and gas 174 

production. A loopful from gas-positive LST tubes was transferred into Brilliant Green Lactose 175 

Bile Broth (BGLB) (TM MEDIA®, India) and EC broth (TM MEDIA®, India). BGLB tubes 176 

were incubated at 35 °C and examined for gas production after 24 and 48 h. Tubes showing 177 

turbidity and gas production within 48 h were considered positive for total coliforms. EC broth 178 

tubes were incubated at 44.5 °C for 24 h. Gas production and turbidity in EC broth were 179 

considered positive for fecal coliforms. Positive tubes were recorded, and fecal coliform 180 

concentrations were calculated as MPN/g. 181 

For E. coli confirmation, an aliquot from each gas-positive EC broth tube was streaked onto 182 

Eosin Methylene Blue (EMB) agar (Difco, Sparks, MD, USA) and incubated at 35 °C for 24 h. 183 

Colonies exhibiting a characteristic green metallic sheen were considered presumptive E. coli. 184 

Suspected colonies were further confirmed using biochemical tests, including indole, methyl red, 185 

Voges–Proskauer, and Simmons citrate tests (Feng et al., 2002). 186 

Determination of Vibrio spp. and qualitative analysis of Vibrio cholerae, Vibrio 187 

parahaemolyticus, and Vibrio vulnificus 188 

Vibrio spp. were quantitatively analyzed following the U.S. Food and Drug Administration 189 

(FDA) Bacteriological Analytical Manual (BAM) method with slight modifications (Kaysner et 190 

al., 2004). Briefly, 25 g of homogenized oyster sample was mixed with 225 mL of PBS, 191 

homogenized, and incubated at 35 °C overnight. Following incubation, serial dilutions (10⁻², 192 

10⁻³, 10⁻⁴, and additional dilutions as appropriate) were prepared by transferring 1 mL of the 193 

previous dilution into 9 mL of PBS. Aliquots (100 µL) of each dilution were spread-plated in 194 

duplicate onto Thiosulfate-Citrate-Bile Salts-Sucrose (TCBS) agar (TM MEDIA®, India) and 195 

incubated at 35 °C for 24 h. Colonies were enumerated and expressed as CFU/g. 196 

Presumptive Vibrio species were identified based on colony morphology on TCBS agar. 197 

Presumptive V. cholerae colonies appeared yellow, flat, and 2–3 mm in diameter with opaque 198 

centers. Presumptive V. vulnificus colonies appeared colorless, whereas presumptive V. 199 

parahaemolyticus colonies appeared green-centered on TCBS agar. Putative colonies were 200 



further confirmed using biochemical characterization, including oxidase tests, sodium chloride 201 

tolerance, and Triple Sugar Iron (TSI) agar (Difco, Sparks, MD, USA) (Andrews et al., 2023). 202 

Qualitative analysis of Salmonella spp. 203 

The presence of Salmonella spp. was determined according to the U.S. Food and Drug 204 

Administration (FDA) Bacteriological Analytical Manual (BAM) method (Andrews et al., 2023). 205 

Briefly, 25 g of homogenized oyster sample was added to 225 mL of PBS and incubated at 35 °C 206 

for 24 h for pre-enrichment. Subsequently, 1 mL of the pre-enriched sample was transferred into 207 

10 mL of selenite cystine (SC) broth (Difco, Sparks, MD, USA), while another 1 mL aliquot was 208 

transferred into 10 mL of tetrathionate (TT) broth (Difco, Sparks, MD, USA). The enrichment 209 

broths were incubated at 35 °C for 24 h. Following enrichment, cultures were streaked onto 210 

Xylose Lysine Deoxycholate (XLD) agar (Difco, Sparks, MD, USA) and incubated at 35 °C for 211 

24 h. Presumptive Salmonella colonies appeared as pink colonies with or without black centers. 212 

Presumptive isolates were biochemically confirmed using Triple Sugar Iron (TSI) agar, Lysine 213 

Iron Agar (LIA), and urea agar (Difco, Sparks, MD, USA). 214 

2.3 Multiplex PCR 215 

DNA was extracted and purified from oyster homogenates (120 oyster samples) using 216 

QuickExtract TM DNA Extraction Solution (LGC Biosearch Technologies, UK) according to the 217 

manufacturer’s instructions. Multiplex PCR was performed to confirm bacterial identification by 218 

amplifying species-specific marker genes. The uidA gene was used for the confirmation of E. 219 

coli, following the modified method described by Godambe et al. (2017), whereas the invA gene 220 

was amplified for the confirmation of Salmonella spp. according Buehler et al. (2019) with 221 

minor modifications. The toxR gene was used to identify V. cholerae, V. parahaemolyticus, and V. 222 

vulnificus following the method described by Bauer and Rørvik (2007) with modifications. Each 223 

PCR reaction was performed in a final volume of 50 µL containing 1× HotStart PCR master mix 224 

(Bio Basic Inc., Singapore), 10 µM of each specific primer (uidA, invA, and toxR), and 1 µL of 225 

DNA template. PCR amplification was performed under the following conditions: initial 226 

denaturation at 95 °C for 5 min, followed by 35 cycles of denaturation at 95 °C for 30 s, 227 

annealing at 58 °C for 30 s, and extension at 72 °C for 30 s, with a final extension step at 72 °C 228 

for 1 min. PCR products were separated by electrophoresis on 1.5% agarose gels stained with 229 



Safe-Red™ (SMART SCIENCE CO., LTD.) and visualized under UV illumination. Amplicons 230 

were identified based on the expected product size. 231 

Molecular confirmation using multiplex PCR was conducted only for oyster samples collected 232 

during Phase 2 (retail market survey). In Phase 1, presumptive Vibrio species were identified 233 

based solely on selective media and biochemical characterization. 234 

2.4 Statistical analysis 235 

Two-way analysis of variance (ANOVA) was used to determine the effects of sampling period, 236 

station, season, oyster product type, and their interactions on environmental parameters and 237 

microbial concentrations in water and oyster samples collected from farming areas and retail 238 

markets. Microbial counts were log₁₀-transformed prior to statistical analysis. Duncan’s multiple 239 

range test (DMRT) was subsequently used for post-hoc comparisons. All statistical analyses 240 

were performed using IBM SPSS Statistics version 21.0 (IBM Corp., Armonk, NY, USA). 241 

Principal component analysis (PCA) was performed using PRIMER version 7 software (Clarke 242 

and Gorley, 2006) to evaluate the relationships among environmental variables. 243 

3. Results 244 

3.1. Spatial and temporal variation in environmental conditions and microbial 245 

contamination in water and oyster samples 246 

3.1.1 Environmental variability 247 

Water depth varied among sampling stations in Chon Buri Bay. Stations 1–4 were relatively 248 

shallow, with water depths ranging from 2.2 to 4.9 m, whereas Station 5 was the deepest site, 249 

with an average depth of 11.2 m. Dissolved oxygen concentrations at Station 5 were significantly 250 

lower than those recorded at the other sampling sites (P < 0.05). In contrast, most other water 251 

quality parameters showed relatively consistent patterns among sampling locations (Table 1). 252 

Total suspended solids (TSS) were significantly highest at Station 5 (P < 0.05), whereas 253 

chlorophyll-a concentrations were highest at Station 4 (P < 0.05). The highest ammonium (NH₄⁺) 254 



concentrations were observed at Station 1, while nitrite (NO₂⁻) and nitrate (NO₃⁻) concentrations 255 

were highest at Station 5 (Table 2). 256 

Principal component analysis (PCA) of environmental variables showed that the first two 257 

principal components explained 67.1% of the total environmental variability. The first principal 258 

component (PC1) accounted for 45.2% of the total variation and was primarily associated with 259 

chlorophyll-a, and TSS (Fig. 2a–c). The second principal component (PC2) explained 21.9% of 260 

the total variation and was mainly associated with ammonium, nitrite, and nitrate concentrations 261 

(Fig. 2d–f). 262 

 263 

Table 1 Mean (± SD) water quality parameters at five sampling stations in Chon Buri Bay during 264 

the study period (October 2021–March 2022). Different superscript letters in the column for DO 265 

indicate statistical groupings (P < 0.05). 266 

Station n Depth (m) Trans. (m) Temp (oC) Sal range 

(psu) 

Sal (psu) Cond.(mS) DO (mg/L) DO% pH 

range 

1 4 2.5 + 0.31 1.0 + 0.32 28.4 + 0.40 13.1-31.6 23.9 + 8.15 40.1 + 12.33 4.1 + 0.62 b 58.7 + 7.45 7.8-7.9  

2 4 2.6 + 0.22 1.6 + 0.35 29.2 + 0.38 14.7-32.8 27.5 + 8.57 46.1 + 13.06 5.0 + 0.28 b 73.9 + 8.19 7.6-7.9  

3 4 4.5 + 0.39 1.1 + 0.68 28.9 + 0.48 11.0-31.8 26.0 + 10.03 43.5 + 15.59 5.2 + 0.22 b 78.4 + 3.87 7.8-8.2  

4 4 3.6 + 0.28 0.7 + 0.19 29.1 + 0.38 10.6-31.0 22.8 + 8.88 38.8 + 13.93 5.6 + 1.05 b 79.6 + 8.52 7.7-7.9  

5-Surface 4   29.3 + 1.03 0.2-28.2 13.9 + 15.72 24.6 + 24.95 3.7 + 0.72 a 53.3 + 12.03 7.5-8.4  

5-Bottom 4 11.2 + 0.87 0.4 + 0.18 29.2 + 0.85 0.2-28.2 16.4 + 13.43 28.1 + 22.26 3.9 + 0.48a 53.0 + 10.12 7.1-8.2 

Abbreviations: n: number of sampling events; Trans.: transparency; Temp: water temperature; Sal range: minimum-267 

maximum salinity; Sal: salinity; Cond.: conductivity; DO: dissolved oxygen; DO%: percentage of dissolved oxygen. 268 

 269 

Table 2 Mean (± SD) concentrations of total suspended solids (TSS), chlorophyll-a, ammonium 270 

(NH₄⁺), nitrite (NO₂⁻), and nitrate (NO₃⁻) at five sampling stations in Chon Buri Bay during the 271 

study period (October 2021–March 2022). Different superscript letters within the same column 272 

indicate significant differences among stations (P < 0.05). 273 

Station n 
TSS (mg/L) Chl-a (µg/l) NH4

+(µg/L) NO2
- (µg/L) NO3

-  (µg/L) 

1 
12 

39.05 + 13.54 a 4.05 + 1.86 b 474.53 + 237.83 c 31.38 + 16.35 b 159.29 + 53.36 b 

2 
12 

32.44 + 6.75 a 2.39 + 0.93 a 161.31 + 131.58 ab 20.62 + 15.83 a 74.42 + 47.87 a 

3 
12 

36.63 + 11.32 a 5.00 + 2.77 b 123.49 + 85.44 a 21.80 + 18.39 a 85.45 + 30.71 a 

4 
12 

44.43 + 13.89 a 9.21 + 9.06 c 148.34 + 96.55 ab 31.30 + 23.28 b 95.13 + 48.00 a 

5-Surface 12 
58.86 + 13.02 b 5.15 + 2.62 b 183.41 + 154.93b 102.21 + 92.88 c 310.40 + 237.65 c 

5-Bottom 12 
75.46 + 23.75 b 4.48 + 2.34 b 183.80 + 133.10b 109.11 + 90.10 c 286.41 + 209.14 c 

Abbreviations: n: number of replicates; Chl-a: Chlorophyll a; NH4
+: ammonium; NO2

- : nitrite; NO3
-  : nitrate  274 



3.1.2 Concentrations of total coliforms and Escherichia coli in seawater 275 

The mean concentrations (± SD) of total coliforms and E. coli in seawater across sampling sites 276 

and seasons are presented in Fig. 3. Significant effects of station and the interaction between 277 

station and season were observed for total coliform concentrations (P < 0.05), with the highest 278 

concentrations detected at Stations 1 and 5, independent of the season (Fig. 3a). In contrast, E. 279 

coli concentrations at Station 3 were significantly lower (P < 0.05) than those at station 1 (both 280 

seasons) and station 5 (transition season only) (Fig. 3b). 281 

3.1.3 Total bacterial counts and concentrations of Vibrio spp., Vibrio parahaemolyticus, and 282 

Escherichia coli in oysters  283 

The mean concentrations (± SD) of total bacterial counts (TBC), Vibrio spp., V. 284 

parahaemolyticus, and E. coli in farmed oyster samples from sampling stations ST3 and ST4 in 285 

the defined sampling periods are presented in Fig. 4.  Sampling period had significant effect on 286 

TBC (P < 0.001), primarily due to the significantly higher concentrations observed in March 287 

2022 compared with the other sampling periods (Fig. 4a). 288 

Vibrio spp. concentration were significantly affected by sampling periods (P < 0.001), with a 289 

significant interaction between sampling period and station (P < 0.05) (Fig. 4b). In contrast, 290 

sampling period was the only factor significantly affecting presumptive V. parahaemolyticus (P 291 

< 0.001) and E. coli (P < 0.01) concentrations (Fig. 4c–d). March 2022 exhibited significantly 292 

higher concentrations of Vibrio spp., presumptive V. parahaemolyticus, and E. coli than the other 293 

sampling periods. 294 

3.2. Comparison of bacterial contamination levels among shucked oyster sample groups 295 

across dry and wet seasons in two oyster markets in eastern Thailand 296 

3.2.1 Bacterial contamination in oyster samples 297 

In Phase 2, a total of 120 oyster samples were analyzed, comprising three product groups: 298 

laboratory-prepared aseptically shucked oysters (ASO, n = 40), freshly shucked oysters obtained 299 



from shucking houses (FSO, n = 40), and packed shucked oysters purchased from retail vendors 300 

(PSO, n = 40). 301 

Total bacterial counts (TBC) differed significantly by season (P < 0.001), with a significant 302 

interaction between season and sampling site (P < 0.001) (Fig. 5a-c). Mean TBC values were 303 

higher during the wet season, reaching approximately 9.2 log CFU/g, compared with 304 

approximately 7.2 log CFU/g during the dry season (Fig. 5a-c). 305 

During the wet season, TBC was consistently high (8.9-9.2 log CFU/g) and showed relatively 306 

little variation among oyster product type. In contrast, TBC during the dry season exhibited 307 

greater variability, with a wider distribution of both low and high bacterial counts. Several 308 

samples with particularly high TBC were also observed during the dry season, suggesting greater 309 

temporal variability that may be associated with environmental or site-specific factors. 310 

Differences in TBC between Ang Sila and Tha Som were smaller than the seasonal effects 311 

although the significant season × sampling site interaction indicates that site-related patterns 312 

varied between seasons. TBC values were comparable among the three sample groups (ASO, 313 

FSO, and PSO) across the sampling periods. Overall, these findings suggest that season was the 314 

main factor associated with TBC levels, while sampling site and oyster product type had 315 

relatively minor effects on bacterial count variability. 316 

3.2.2 Total coliforms, fecal coliforms, and Escherichia coli in oyster samples 317 

Total coliform concentrations were consistently high, with many samples exceeding 2,400 318 

MPN/g. Fecal coliform concentrations ranged from from 3.00 ± 0.00 to 9.60 ± 10.23 MPN/g 319 

(Fig. 5d-f), whereas E. coli concentrations were consistently below 3 MPN/g. Fecal coliform 320 

concentrations differed significantly among sampling occasions (P < 0.001), with the highest 321 

concentrations observed in April, although the median values were similar between the dry and 322 

wet seasons. 323 

3.2.3 Occurrence of Vibrio species in oyster samples 324 



Season, sampling site, and oyster product type significantly affected Vibrio spp. concentrations 325 

(P < 0.001). During the dry and wet seasons, mean Vibrio spp. counts in ASO, FSO, and PSO 326 

samples collected from Ang Sila and Tha Som ranged from 4.84 ± 0.99 to 6.61 ± 0.72 log CFU/g 327 

(Fig. 5g-i). 328 

Samples collected from Tha Som exhibited significantly higher Vibrio spp. concentrations than 329 

those collected from Ang Sila (P < 0.001). In addition, ASO and FSO samples showed 330 

significantly higher Vibrio spp. concentrations than PSO samples (P < 0.001). Temporal 331 

variation in Vibrio spp. concentrations was also observed. Vibrio spp. concentrations in April 332 

were significantly lower than those in July, whereas the highest concentrations were recorded 333 

during May and June (Fig. 5g-i). 334 

3.2.4 Occurrence of Salmonella spp. in oyster samples 335 

The occurrence of Salmonella spp. was detected in 6 out of 120 samples, corresponding to an 336 

overall prevalence of 5%. Among the positive samples, five were obtained from Ang Sila, Chon 337 

Buri Province, whereas one positive sample was detected in Tha Som, Trat Province. In terms of 338 

seasonal distribution, three positive samples were detected during the dry season and three 339 

during the wet season. 340 

3.2.5 Confirmation of Escherichia coli, Salmonella spp., Vibrio cholerae, Vibrio 341 

parahaemolyticus, and Vibrio vulnificus using uidA, invA, and toxR marker genes 342 

Multiplex PCR detected the presence of E. coli and Salmonella spp., whereas V. cholerae, V. 343 

parahaemolyticus, and V. vulnificus were not detected. Isolates positive for the uidA were 344 

confirmed as E. coli, whereas isolates positive for the invA gene were confirmed as Salmonella 345 

spp. Among the 120 oyster samples analyzed, E. coli was the most frequently confirmed species, 346 

with a prevalence of 13.3% (16/120), followed by Salmonella spp. at 5.0% (6/120).  347 

4. Discussion 348 

The results indicate that microbial contamination in oyster farming areas of eastern Thailand is 349 

shaped by both environmental variability and the biological accumulation capacity of oysters to 350 



accumulate microorganisms through filter-feeding. Although the environmental and retail 351 

surveys were conducted during different sampling periods, the two datasets provide 352 

complementary insights into microbial contamination in oyster farming environments and retail 353 

oyster products. The environmental survey helps explain spatial and temporal variability in 354 

microbial exposure conditions at farming sites, whereas the retail survey reflects microbial 355 

quality after harvest, handling, and distribution. Therefore, the findings should not be interpreted 356 

as direct farm-to-retail tracking, but as evidence that oyster safety is influenced by both 357 

environmental conditions and post-harvest factors. 358 

4.1. Environmental variability and farming conditions 359 

Station 5, located near the Bang Pakong River mouth, was characterized by lower salinity and 360 

dissolved oxygen concentrations, but higher total suspended solids (TSS), nitrite (NO₂⁻), and 361 

nitrate (NO₃⁻) concentrations compared with the other sampling stations. In contrast, the highest 362 

ammonium (NH₄⁺) concentration was observed at Station 1, which was situated within a 363 

drainage canal. Higher chlorophyll-a concentration at Station 4 may indicate enhanced 364 

phytoplankton productivity associated with oyster grow-out activities. Overall, water quality at 365 

Stations 1–4 was generally consistent with the Thai Coastal Seawater Quality Standards for 366 

Aquaculture (Class 3), particularly because dissolved oxygen concentrations remained above 4 367 

mg/L.  368 

The environmental variability observed in this study likely reflects the influence of freshwater 369 

runoff and estuarine circulation in the Bang Pakong River and Chon Buri Bay. Runoff from the 370 

watershed may increase suspended particles and nutrient inputs near the river mouth, resulting in 371 

elevated TSS concentrations, particularly at Station 5. Similar observations have been reported in 372 

estuarine systems where suspended solids decrease with increasing distance from river discharge 373 

areas due to dilution of sediments and water-exchange processes (Bordalo et al., 2016). Our 374 

findings are also consistent with those reported by Srisunont and Srisunont (2022), who 375 

investigated cockle culture areas in Klong Khone and Bang Tabun in the upper Gulf of Thailand 376 

and found that dissolved oxygen concentrations were positively associated with salinity, but 377 

negatively associated with temperature and dissolved inorganic nitrogen compounds, including 378 

NH₄⁺, NO₂⁻, and NO₃⁻. 379 



Total coliform concentrations permitted in coastal aquaculture waters in several Asian countries, 380 

including Indonesia, Japan, Thailand, and Vietnam, are generally limited to 1,000 MPN/100 mL 381 

(Rafiq et al., 2025). In the present study, total coliform and Escherichia coli concentrations at 382 

Stations 3 and 4 remained relatively low and were consistent with the standard during the 383 

transition season and dry season. In contrast, Stations 1, 2, and 5 exceeded the recommended 384 

limits, likely due to their proximity to land-based activities and freshwater discharge sources. 385 

Similarly, studies conducted in Panay and Ivisan, Philippines, reported that total coliform, fecal 386 

coliform, and E. coli concentrations in water samples exceeded permissible limits (Nuñal et al., 387 

2023). These findings suggest that fecal contamination in nearshore oyster farming areas may be 388 

influenced by inadequate sanitation management and terrestrial runoff, particularly during 389 

periods of increased freshwater discharge during the wet season (Jeamsripong et al., 2018; 2022; 390 

Nuñal et al., 2023). Greater distance from shore and enhanced water exchange may promote 391 

dilution processes, thereby reducing nutrient and fecal-indicator concentrations in offshore 392 

farming areas (Bordalo et al., 2016). In addition, previous studies have demonstrated that E. coli 393 

concentrations in oysters are strongly  influenced by environmental conditions, showing a 394 

negative association with dissolved oxygen and a positive association with precipitation 395 

(Jeamsripong et al., 2018). 396 

The concentrations of indicator microorganisms observed in oysters collected from Chon Buri 397 

Bay suggest substantial microbial accumulation within farmed oysters. Total bacterial counts 398 

(TBC) ranged from 4.9 to 9.1 log CFU/g, with peak concentrations recorded in March 2022 at 399 

Stations 3 and 4. These values exceeded the Japanese microbiological guideline for raw oysters 400 

intended for consumption (<5.0 × 10⁴ CFU/g or approximately 4.7 log CFU/g). Elevated 401 

bacterial loads in tropical oyster farming environments may be associated with increased water 402 

temperatures, high organic matter availability, and the filter-feeding behavior of oysters, which 403 

facilitates microbial accumulation from surrounding waters. Despite the elevated TBC values, E. 404 

coli concentrations remained relatively low, with the highest concentration observed during the 405 

dry season in March 2022 reaching only 8.4 MPN/100 g, which remained within the acceptable 406 

limit of <230 MPN/100 g according to the Thai Agricultural Standard (TAS 7022-2012). 407 

Sampling period and the interaction between sampling period and station significantly affected 408 

Vibrio spp. concentrations, where concentrations reached peaks of approximately 5.5-6.1 log 409 



CFU/g. Presumptive V.  parahaemolyticus concentrations based on culture and biochemical 410 

characterization were highest in March 2022, reaching 150 and 210 MPN/g at Stations 3 and 4, 411 

respectively. These concentrations were substantially lower than those previously reported from 412 

oyster farming areas in Phang Nga Bay (Andaman Sea, Thailand), where average concentrations 413 

reached 8.5 × 10⁷ MPN/g. Seasonal variation in presumptive V. parahaemolyticus has also been 414 

reported in oysters from Thailand, with the highest concentrations occurring during the rainy and 415 

winter seasons (Jeamsripong et al., 2018). Differences in salinity, temperature, nutrient 416 

availability, and hydrodynamic conditions among farming areas may contribute to regional 417 

variability in Vibrio abundance. In addition, the elevated Vibrio concentrations observed during 418 

March may be associated with increasing seawater temperature and nutrient enrichment during 419 

the late dry season, which may promote bacterial proliferation in estuarine oyster farming 420 

environments. 421 

4.2. Seasonal effects on microbial contamination 422 

The present study demonstrated clear seasonal variation in microbial contamination of oyster 423 

products marketed in eastern Thailand. Total bacterial counts (TBC) in all oyster product types 424 

exceeded the microbiological quality criteria established by the Department of Medical Sciences, 425 

the U.S. Food and Drug Administration, and Food Standards Australia New Zealand, which 426 

generally recommend maximum limits ranging from approximately 5.0 to 6.2 log CFU/g for raw 427 

oyster products intended for human consumption (Department of Medical Sciences, 2017; U.S. 428 

Food and Drug Administration, 2009; Food Standards Australia New Zealand, 2011). 429 

Significantly higher TBC values were observed during the wet season compared with the dry 430 

season, suggesting that environmental conditions associated with increased rainfall, humidity, 431 

and organic matter input may enhance bacterial proliferation in oyster products. 432 

In the wet season, TBC values were consistently high, as reflected by the relatively narrow 433 

distribution pattern observed in the boxplots. In contrast, TBC values during the dry season 434 

exhibited greater variability and a wider range, indicating more heterogeneous bacterial 435 

contamination patterns. Similar seasonal trends have been reported in tropical coastal 436 

environments, where elevated seawater temperatures and rainfall-associated runoff promote 437 

microbial growth and survival (Choudhary et al., 2023). Increased freshwater discharge during 438 



the wet season may also transport organic matter, nutrients, and terrestrial microorganisms into 439 

oyster harvesting areas, thereby enhancing bacterial accumulation in filter-feeding shellfish. 440 

Fecal coliform concentrations in oyster samples exceeded the recommended microbiological 441 

limits for raw oyster consumption established by the Department of Medical Sciences (2017), 442 

although Escherichia coli concentrations remained within acceptable limits. According to Thai 443 

regulations, oysters may be categorized as restricted for raw consumption when fecal coliform 444 

concentrations exceed the specified standard, even if E. coli concentrations remain below the 445 

regulatory threshold (<3 MPN/g). Internationally, microbiological criteria for shellfish safety are 446 

commonly based on E. coli concentrations. The Codex Alimentarius recommends E. coli 447 

concentrations below 700 MPN/100 g of shellfish meat, whereas the European Commission 448 

(2007) classifies shellfish harvesting areas as Class A when E. coli concentrations are below 230 449 

MPN/100 g or fecal coliform concentrations are below 300 MPN/100 g, allowing direct human 450 

consumption without further processing. In contrast, Class B shellfish areas permit E. coli 451 

concentrations up to 4,600 MPN/100 g and require depuration, relaying, or heat treatment before 452 

consumption. 453 

Compared with previous studies conducted in Thailand, microbial contamination levels observed 454 

in the present study were comparatively lower. Jeamsripong et al. (2018) reported substantially 455 

higher concentrations of total coliforms (9,310 MPN/g), fecal coliforms (6,430 MPN/g), and E. 456 

coli (4,580 MPN/g) in oyster samples. Similarly, Kanchanamala et al. (2024) reported total 457 

coliform concentrations ranging from 267 to 16,600 MPN/g, fecal coliform concentrations 458 

ranging from 667 to 9,330 MPN/g, and E. coli concentrations ranging from 1 to 8,100 MPN/g in 459 

oysters collected from coastal aquaculture areas. 460 

Interestingly, mean fecal coliform concentrations were higher during the dry season than during 461 

the wet season, although median values between seasons were relatively similar. This 462 

discrepancy suggests that several extreme values may have contributed to the higher dry-season 463 

mean concentrations. Spatial variation was also observed, with oyster samples collected from 464 

Tha Som generally exhibiting slightly higher fecal coliform concentrations than those from Ang 465 

Sila. These differences may reflect variations in local environmental conditions, sanitation 466 



management, hydrological characteristics, and proximity to sources of domestic wastewater 467 

discharge. 468 

In addition to environmental factors, post-harvest handling and supply chain conditions may also 469 

influence microbial contamination levels in oyster products. Previous studies have demonstrated 470 

that oysters stored under ambient conditions exhibit increasing most probable number (MPN) 471 

counts over time, whereas oysters stored on ice show reduced bacterial levels. Furthermore, 472 

prolonged transportation and delayed distribution to retail markets have been associated with 473 

significantly increased MPN counts in oysters (Nuñal et al., 2023). These findings suggest that 474 

inadequate temperature control during storage and transportation may contribute to elevated 475 

bacterial contamination in retail oyster products. 476 

Previous studies have demonstrated that fecal indicator bacteria in oyster farming areas are 477 

strongly influenced by rainfall, salinity, freshwater discharge, and human activities (Mignani et 478 

al., 2013). Coliform densities are often positively associated with rainfall and negatively 479 

associated with salinity, particularly in estuarine systems affected by untreated sewage discharge 480 

or inadequate sanitation infrastructure. Increased tourism and coastal urbanization may further 481 

contribute to microbial contamination in oyster harvesting areas. Collectively, these findings 482 

suggest that oyster cultivation areas in eastern Thailand remain vulnerable to fecal contamination 483 

and may pose potential food safety risks if oysters are consumed raw or undercooked. Therefore, 484 

improved sanitation management, routine microbial monitoring, depuration processes 485 

(Chinnadurai et al., 2021), cold-chain management (Love et al., 2020), and adequate cooking 486 

practices remain important measures for reducing bacterial contamination and enhancing seafood 487 

safety for consumers. 488 

4.3. Differences among shucked oyster sampling groups 489 

This study demonstrated that total bacterial counts (TBC) in all oyster sample groups, including 490 

aseptically shucked oysters (ASO), freshly shucked oysters (FSO), and packed-shucked oysters 491 

(PSO), exceeded the microbiological quality criteria established by the Department of Medical 492 

Sciences and the U.S. Food and Drug Administration (<5 log CFU/g), as well as the standards 493 

established by Australia and New Zealand (5.7–6.2 log CFU/g) (U.S. Food and Drug 494 



Administration, 2009; Food Standards Australia New Zealand, 2011). These findings indicate 495 

substantial bacterial contamination in retail oyster products marketed in eastern Thailand. 496 

Previous studies have generally reported lower bacterial loads in oyster products than those 497 

observed in the present study. Intarakul et al. (2011) reported total bacterial counts of 3.38 ± 0.52 498 

log CFU/g for aseptically shucked oysters, 7.11 ± 1.55 log CFU/g for freshly shucked oysters, 499 

and 6.67 ± 1.52 log CFU/g for packed-shucked oysters collected from retail shops in Chon Buri 500 

Province, Thailand. Similarly, Ukwo et al. (2024) reported bacterial contamination levels 501 

ranging from 3.25 ± 0.04 to 3.84 ± 0.04 log CFU/g in the mangrove oyster (Crassostrea gasar), 502 

while Kim et al. (2024) reported aerobic plate counts of 1.86 log CFU/g in freshly harvested 503 

oysters and 3.95 log CFU/g in shucked oyster products. These values were considerably lower 504 

than those observed in the present study. 505 

The elevated bacterial loads observed in oysters from Ang Sila, Chon Buri Province, and Tha 506 

Som, Trat Province, may be associated with environmental and anthropogenic factors 507 

influencing oyster farming areas in eastern Thailand. These coastal regions are located near local 508 

communities, industrial activities, and riverine discharge systems, including the Bang Pakong 509 

and Welu Rivers. Freshwater runoff and nutrient enrichment may promote plankton blooms and 510 

increase suspended organic matter, thereby creating favorable conditions for microbial 511 

proliferation. Due to their filter-feeding behavior, oysters can accumulate suspended particles, 512 

phytoplankton, and pathogenic microorganisms from surrounding waters (Kanchanamala et al., 513 

2024). Similar contamination events have previously been associated with heavy rainfall, sewage 514 

discharge, stormwater runoff, and other coastal pollution sources near oyster harvesting areas 515 

(Shuping et al., 2023). These findings raise concerns regarding public health risks, particularly 516 

because oysters are frequently consumed raw or only partially cooked. 517 

Among the different sample groups, ASO exhibited the highest fecal coliform concentrations, 518 

whereas FSO showed the lowest concentrations. This pattern should be interpreted in relation to 519 

the sampling design and local retail context. ASO was a laboratory-prepared reference group 520 

obtained from whole-shell oysters shucked aseptically under controlled conditions and provided 521 

a reference for bacterial loads before market-level processing. The whole-shell oysters used for 522 

ASO were commonly stored under ambient conditions and exposed to heat and moisture during 523 



the daytime. In contrast, FSO and PSO samples were shucked, rinsed, and generally stored on ice 524 

prior to sale to consumers. The lower fecal coliform concentrations observed in FSO and PSO 525 

may suggest that post-harvest preparation steps, including rinsing and storage on ice, help reduce 526 

some fecal indicator bacteria. However, because processing steps were not tested independently, 527 

the effect of rinsing alone cannot be determined from the present study. These post-harvest 528 

conditions may influence fecal coliform concentrations and other microbial loads in oyster 529 

products (Nuñal et al., 2023). 530 

4.4. Occurrence of foodborne pathogens 531 

Vibrio spp. 532 

ASO and FSO samples exhibited significantly higher Vibrio spp. counts than PSO samples (P < 533 

0.001), whereas PSO samples showed lower median values and narrower distributions, 534 

indicating comparatively lower and less variable Vibrio contamination under the conditions 535 

examined. Vibrio spp. counts were generally higher during the wet season than during the dry 536 

season, with consistently elevated median values, suggesting increased bacterial abundance 537 

during periods of higher rainfall and moisture availability. In contrast, the dry season showed 538 

greater variability in Vibrio concentrations among samples, indicating that Vibrio contamination 539 

during this period may have been influenced by localized environmental or post-harvest handling 540 

factors. 541 

Despite the relatively high Vibrio spp. counts, V. cholerae, V. parahaemolyticus, and V. 542 

vulnificus were not confirmed by biochemical characterization and multiplex PCR. These 543 

findings were consistent with the microbiological criteria established by the European 544 

Commission (2007) and the Department of Medical Sciences (2017), which require the absence 545 

of pathogenic Vibrio species in oyster products. The high abundance of presumptive Vibrio spp. 546 

observed in this study may therefore reflect the presence of other naturally occurring marine 547 

Vibrio species, such as V. alginolyticus and other non-pathogenic or opportunistic species that 548 

commonly inhabit coastal and estuarine environments. In contrast, previous studies have 549 

reported the occurrence of pathogenic Vibrio species in retail oysters from Mexico (Villicaña et 550 

al., 2019), Thailand (Changchai and Saunjit, 2014), and South China (Chen et al., 2010). 551 



Seasonal environmental variability is known to strongly influence Vibrio abundance and 552 

community composition in oysters and estuarine environments. Previous studies have 553 

demonstrated that increased rainfall, elevated temperature, salinity fluctuations, nutrient 554 

enrichment, and dissolved oxygen variability can promote Vibrio proliferation (Froelich and 555 

Noble, 2016; Chen et al., 2020; Simma et al., 2025). The higher Vibrio concentrations observed 556 

at the Tha Som site may therefore reflect differences in environmental conditions, nutrient 557 

availability, hydrodynamic characteristics, and anthropogenic influences between sampling 558 

locations. Because Vibrio species are naturally associated with marine and estuarine ecosystems, 559 

oysters can readily accumulate these bacteria through filter feeding (Jeamsripong et al., 2018). In 560 

addition, inadequate refrigeration during retail display and transportation may further increase 561 

Vibrio abundance in oyster products, particularly under tropical ambient temperatures (Chen et 562 

al., 2010). It should also be noted that the multiplex PCR assay used in this study targeted the 563 

species-specific toxR gene for bacterial identification and was designed to confirm species 564 

identity rather than distinguish between virulent and avirulent strains. Therefore, the absence of 565 

PCR-confirmed pathogenic Vibrio species should be interpreted with the scope of the molecular 566 

targets used in this study. 567 

Salmonella spp. 568 

Salmonella spp. were detected in 6 of the 120 oyster samples, representing a prevalence e of 5%. 569 

Five positive samples were from Chon Buri Province, whereas one was from Trat Province. 570 

Positive samples were equally distributed between the dry and wet seasons. The detection of 571 

Salmonella spp. in retail oysters did not meet the microbiological criteria, established by the 572 

Department of Medical Sciences (2017), requiring the absence of this pathogen and this indicates 573 

a potential food-safety concern for raw oyster consumption. 574 

Comparable findings have been reported in other shellfish-producing regions. Mudadu et al. 575 

(2022) detected Salmonella spp. in bivalve mollusks collected from wholesale and retail markets 576 

in Sardinia, Italy, while Nuñal et al. (2023) reported the presence of Salmonella in mussel and 577 

oyster farming areas in the Philippines. In Thailand, Jeamsripong et al. (2018) reported a 578 

Salmonella contamination rate of 30.6% in oysters collected from Phang Nga Bay (Andaman 579 

Sea), with the majority of positive samples occurring during the wet season. Salmonella 580 



contamination in shellfish is commonly associated with fecal contamination originating from 581 

sewage discharge, untreated wastewater, and surrounding human activities (Pakingking et al., 582 

2022). Following harvest, inadequate temperature control and prolonged storage conditions may 583 

further facilitate bacterial proliferation in oyster products. These findings highlight the 584 

importance of continuous microbial surveillance, sanitation management, and appropriate post-585 

harvest handling practices to reduce foodborne pathogen risks associated with raw oyster 586 

consumption. 587 

4.5 Implications for oyster farming and local markets 588 

Globally, increasing consumption of raw or minimally cooked seafood, particularly oysters, has 589 

been associated with foodborne disease outbreaks caused by bacterial pathogens such as Vibrio 590 

spp. and Salmonella spp. Among these, V. parahaemolyticus and V. vulnificus are recognized as 591 

important causes of seafood-associated vibriosis in humans (Jones, 2014; Campbell et al., 2022). 592 

Because oysters are filter-feeding organisms, they can efficiently accumulate microorganisms, 593 

including fecal indicator bacteria and foodborne pathogens, from surrounding waters. 594 

The findings of the present study suggest that microbial contamination in oysters may be 595 

influenced by multiple factors across the production and distribution chain, including 596 

environmental conditions, proximity of farming areas to human activities, sanitation 597 

management, and post-harvest handling practices. Oyster farming areas located near coastal 598 

communities, river mouths, and wastewater discharge sources may be particularly vulnerable to 599 

microbial contamination (Jeamsripong et al., 2018). In addition, inadequate temperature control 600 

during transportation, retail display, and storage may further promote bacterial proliferation in 601 

oyster products (Nuñal et al., 2023). 602 

Environmental conditions such as rainfall, salinity fluctuations, nutrient enrichment, and elevated 603 

seawater temperatures may also contribute to increased microbial abundance in oyster farming 604 

environments. These factors are particularly important in tropical coastal regions, where warm 605 

environmental conditions can favor the persistence and growth of pathogenic bacteria. 606 

Consequently, the consumption of raw oysters may pose considerable food safety risks, 607 



especially for immunocompromised individuals and other vulnerable consumer groups (DePaola 608 

et al., 2010; Froelich and Noble, 2016). 609 

Collectively, these findings highlight the importance of integrated seafood safety management 610 

throughout the oyster supply chain. Routine microbial surveillance, improved sanitation 611 

management in coastal communities, effective cold-chain maintenance, and appropriate post-612 

harvest handling practices are essential for reducing microbial contamination in oyster products. 613 

In tropical settings, maintaining a continuous cold chain from harvest to retail is particularly 614 

important to minimize bacterial proliferation. Practical measures such as temperature monitoring 615 

and logging during transportation and retail display, regular training of vendors and processors in 616 

hygienic handling practices, and strengthened regulatory oversight of seafood markets could 617 

substantially improve compliance with food safety standards. In addition, depuration systems 618 

and adequate cooking practices should be encouraged, particularly when elevated microbial 619 

concentrations are detected, in order to enhance consumer safety and reduce the risk of seafood-620 

associated foodborne illness. 621 

4.6 Limitations and future perspectives 622 

This study has several limitations that should be considered when interpreting the findings. First, 623 

the environmental survey (2021-2022) and the retail survey (2024) were conducted during 624 

different sampling periods. Consequently, direct microbial traceability between specific oyster 625 

farming areas and retail products could not be established. Instead, the two phases should be 626 

interpreted as complementary assessments of microbial contamination occurring at different 627 

stages of the oyster production and distribution chain.  628 

Second, oysters marketed in Chon Buri may originate from multiple production areas, including 629 

Phetchaburi, Chanthaburi, and Trat provinces. Therefore, the microbial quality observed in retail 630 

oyster products likely reflects the combined influence of farming environments, transportation, 631 

storage, and retail handling practices rather than conditions at a single production site.  632 

Third, molecular confirmation was performed only for oyster samples collected during the retail 633 

survey (Phase 2). Consequently, presumptive Vibrio spp. and presumptive V. parahaemolyticus 634 

detected during the environmental survey (Phase 1) were identified using selective media and 635 



biochemical characterization only and should therefore be interpreted with caution. Although 636 

multiplex PCR targeting the uidA, invA, and toxR genes improved species confirmation 637 

compared with conventional culture-based identification alone (Godambe et al., 2017), the assay 638 

targeted species-specific marker genes and did not evaluate virulence-associated genes or 639 

antimicrobial resistance profiles. 640 

Microbial contamination of oysters may originate from both pre-harvest and post-harvest 641 

sources. As filter-feeding organisms, oysters can bioaccumulate microorganisms and other 642 

contaminants from surrounding waters during cultivation (Richards et al., 2010), while bacterial 643 

concentrations may further increase during transportation, storage and retail display if 644 

temperature control and sanitation practices are inadequate (DePaola et al., 2010). Although this 645 

study focused on bacterial indicators and selected foodborne bacterial pathogens, important viral 646 

pathogens associated with bivalve shellfish, such as norovirus and hepatitis A virus, were not 647 

investigated. 648 

Future studies should combine information on bacterial and viral abundance with longer-term 649 

environmental monitoring to better characterize seasonal and regional variations in microbial 650 

hazards. Additional molecular analyses of virulence-associated genes, antimicrobial resistance, 651 

and microbial community composition would provide a more comprehensive understanding of 652 

oyster-associated microbial risks. Furthermore, evaluating the effectiveness of depuration 653 

systems and post-harvest cold-chain management under tropical conditions would provide 654 

valuable information for improving oyster safety and supporting sustainable aquaculture and 655 

seafood safety in Thailand. 656 

5. Conclusions 657 

This study provides one of the first integrated assessments of microbial contamination in oysters 658 

across farming environments and retail products in eastern Thailand. Environmental conditions, 659 

particularly freshwater influence and seasonal variability, affected microbial contamination in 660 

farming areas, while post-harvest handling and product type further influenced microbial quality 661 

at the retail level. Total bacterial counts exceeded recommended microbiological criteria in many 662 

oyster samples, and Salmonella spp. were detected in 5% of retail oysters. Although pathogenic 663 



Vibrio species were not confirmed by multiplex PCR, high overall Vibrio counts indicated the 664 

presence of naturally occurring marine Vibrio populations that warrant continued monitoring.  665 

These findings emphasize that oyster safety depends on effective management throughout the 666 

production and distribution chain. Continuous environmental monitoring, improved sanitation in 667 

oyster-growing areas, maintenance of the cold chain during transportation and in retail, routine 668 

microbial monitoring, and appropriate post-harvest interventions, including depuration where 669 

appropriate, are essential for reducing foodborne risks. Collectively, this study provides baseline 670 

information to support evidence-based seafood safety management and sustainable oyster 671 

aquaculture in Thailand.  672 
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 867 

Fig. 1 Map of eastern Thailand showing the study sites for the collection of farmed oysters and 868 

surrounding water samples at Stations 1–5 (a), and location of the Ang Sila–Khao Sam Muk community 869 

in Chon Buri Province and the Tha Som community in Trat Province (b). 870 



 871 

Fig. 2 Principal component analysis (PCA) of environmental variables measured at five sampling 872 

stations in Chon Buri Bay (a). Boxplots showing the spatial and seasonal variability of total suspended 873 

solids (TSS) (b), chlorophyll a (c), ammonium (NH₄⁺) (d), nitrite (NO₂⁻) (e), and nitrate (NO₃⁻) (f).  874 



 875 

Fig. 3 Boxplots showing the concentrations of total coliforms (a) and Escherichia coli (b) in seawater 876 

samples collected from five sampling stations in Chon Buri Bay between October 2021 and March 877 

2022. Different letters above error bars indicate statistical groupings among sampling stations and/or 878 

sampling periods (P < 0.05). Each boxplot shows the median, interquartile range (IQR), and overall 879 

variability of microbial counts, with whiskers representing data dispersion and points indicating 880 

outliers. 881 



 882 

Fig. 4 Boxplots showing the concentrations of total bacterial counts (a), Vibrio spp. (b), Vibrio 883 

parahaemolyticus (c), and Escherichia coli (d) in oyster samples collected from Stations 3 and 4 in Chon 884 

Buri Bay between October 2021 and March 2022. Each boxplot shows the median, interquartile range 885 

(IQR), and overall variability of microbial counts, with whiskers representing data dispersion and 886 

points indicating outliers. Different letters above error bars indicate statistical groupings among 887 

sampling stations and/or sampling periods (P < 0.05).  888 



 889 

 890 

Fig. 5 Combined multi-panel boxplots showing the distributions of total bacterial counts (TBC) (a-c), 891 

fecal coliforms (FC) (d-f), and Vibrio spp. (g-i) in oyster samples according to season, sampling site, and 892 

oyster product type. Each boxplot shows the median, interquartile range (IQR), and overall variability 893 

of microbial counts, with whiskers representing data dispersion and points indicating outliers. 894 

Different letters above the error bars indicate statistical grouping among seasons, sampling sites, 895 

and/or oyster product types (P < 0.05). 896 
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