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Abstract

:

The objective of this study was to evaluate the microbiological properties of commercially available traditional Korean salted shrimp (Saeu-jeot) and to analyze the effects of saltwater immersion and ultraviolet (UV) irradiation on the reduction of Staphylococcus aureus in Saeu-jeot. A microbiological analysis was conducted across 56 commercially available Saeu-jeot samples from the Korean, Chinese, and Vietnamese markets. The microbiological analysis revealed no presence of Escherichia coli, coliforms, or Vibrio parahaemolyticus in any commercial samples. The total viable count and S. aureus were 3.8 ± 0.4 and 0.6 ± 0.3 log CFU/g, respectively. An investigation of the procedures conducted on Saeu-jeot samples at various production stages by Hazard Analysis Critical Control Point (HACCP)-certified companies demonstrated the substantial relevance of the raw material (tiny shrimp) on S. aureus counts. In order to reduce S. aureus in Saeu-jeot, saltwater immersion and UV irradiation treatments were applied, which reduced the S. aureus counts by 1.4 log CFU/g and 0.3 log CFU/g, respectively, and S. aureus’s efficacy was limited to the food’s surface. These results suggest that a co-treatment of saltwater immersion and UV irradiation could be effective in reducing S. aureus. The maintenance of hygienic handling and cleanliness are essential in the modern manufacturing processes of Saeu-jeot.
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Key Contribution: As the heat sterilization of commercial Saeu-jeot is not possible, hygiene control during the manufacturing process is required to prevent the growth of pathogenic microorganisms. Non-heat-treatment methods, such as salting or UV treatment, are effective and should be applied to ensure microbiological safety.










1. Introduction


Fermented fishery products are consumed all over the world, with the most popular forms including fish sauce and fish paste. A traditional Korean fermented fishery product is jeotgal, or jeot [1]. Jeotgal is a salted and fermented food in Korean cuisine with rich sensory attributes that can be consumed alone or utilized as an additive to enhance the sensory characteristics of kimchi. It is made by adding 20–30% (w/w) solar salt to various types of seafood, such as fish, shrimps, oysters, shellfish, fish eggs, and fish guts, and is made palatable by its subsequent preservation and fermentation [2]. Jeotgal is made using tiny shrimp (Acetes japonicus), usually caught during the spring to autumn seasons, that are called Saeu-jeot.



The tiny shrimp undergo rapid deterioration, becoming off-flavored, discolored, and experiencing microbial changes immediately after the catch. Therefore, in the earlier general manufacturing process of Saeu-jeot, the tiny shrimp are immediately pickled with solar salt to prevent their quality deterioration and spoilage [3]. The salted shrimp are then transferred to a large bulk container and allowed to ferment at ambient temperature over a period of time for the development of unique flavors and enhanced storability. A rise in food safety awareness has led to the development of an improved production method for Saeu-jeot via the establishment of sanitary processing plants. However, it has been reported that Saeu-jeot is exposed to various microorganisms due to the difficulty in hygienically handling it with the increase in its aging and fermentation periods [4].



The internationally recognized CODEX standard regulates fish sauce (CODEX STAN 302—2011) [5] but not Saeu-jeot. This standard primarily addresses the chemical specifications of fish sauce. In China’s national standard for food safety, seafood seasonings (GB 10133-2014) [6], such as shrimp paste and shrimp sauce, which resemble Saeu-jeot, are included. The product standard for seafood seasoning focuses on microbiological safety, requiring an assessment of its total viable count, coliforms, and pathogens, such as Salmonella, Vibrio parahaemolyticus, and Listeria monocytogenes. The Ministry of Food and Drug Safety of Korea regulates the microorganism standards for salted fish, including Saeu-jeot, using the reference standard for Escherichia coli (n = 5, c = 1, m = 0, M = 10) [7]. In addition, it is recommended that a Hazard Analysis Critical Control Point (HACCP) system be applied to the manufacturing process for the safety management of seafood manufactured in Korea. However, out of approximately 500 companies manufacturing salted fish, only 32 (0.15%) were HACCP-certified as of 2023.



Recently, various studies have been conducted to improve the process of fishery food production. To minimize the quality deterioration of fishery foods, non-heat-treatment methods such as ultrasonic treatments, ultra-high-pressure treatments, and gamma irradiation have been considered [8]. Several studies have since evaluated the effects of using these treatment methods in the manufacturing process on the microbial safety of Saeu-jeot. A previous study confirmed that there was no significant difference in the microbial changes in raw shrimp when treated with sonication [9]. According to another study, a high hydrostatic pressure treatment at 6500 atm for 10 min effectively inhibited Vibrio and Staphylococcus spp. in Saeu-jeot [10]. Although gamma irradiation is effective in controlling microbial contamination, maintaining storage stability, and preserving the sensory quality of Saeu-jeot, it is challenging to employ in the manufacturing process due to negative consumer perceptions [11,12]. The application of ultraviolet (UV) treatment in Saeu-jeot has been rare. UV wavelengths are electromagnetic waves in the range of 100–400 nm and are classified into UV-A (315–400 nm), UV-B (280–315 nm), and UV-C (100–280 nm). UV-C, a non-heat sterilization treatment method, is used to inhibit the microbial contamination of food surfaces. A UV-C treatment at the 253.7 nm wavelength causes DNA modification and damage to microorganisms, and their survival rate decreases rapidly with increasing irradiation doses [13,14]. In addition, the commercial availability of deep UV (UV-C) has allowed for its widespread application in the food industry [15]. However, the microbial inactivation properties of such treatments and their overall efficacy are highly dependent on the surface’s quality, which determines their penetration ability [16].



Therefore, the aim of this study was to analyze the overall microbial contamination of commercially available Saeu-jeot samples, including their levels of spoilage (total viable count), contamination (E. coli and coliforms), and safety (pathogenic microorganisms). Furthermore, microbial contamination assessments were conducted throughout the Saeu-jeot processing to trace its microbial contamination. Additionally, we aimed to evaluate the effectiveness of the HACCP system in enhancing microbial safety and to validate its inhibitory effects on pathogenic microorganisms through salting or UV irradiation.




2. Materials and Methods


2.1. Experimental Materials


A total of 56 commercially available Saeu-jeot preparations (49 from markets in Korea, 5 from China, and 2 from Vietnam) with a shelf life of more than one year were collected. Of these 56 samples, 16 had domestic HACCP certification. All samples used in this study were prepared by mixing 70–80% tiny shrimp (about 30 mm long; Figure 1a) with 20–30% salt. The samples (Figure 1b) were stored in a refrigerator at 4 °C while maintaining the manufacturer’s packaging, and analysis was performed within 15 days of the date of purchase.




2.2. Investigation of the Microbial Contamination in Commercial Saeu-jeot


The total viable count, E. coli, coliforms, and food poisoning bacteria (Staphylococcus aureus and Vibrio parahaemolyticus) in Saeu-jeot were analyzed according to the quantitative microbial test method (detection limit 1.0 log colony-forming units [CFU]/g or less) presented in the Food Code (Jeotgal) [7]. For all microbiological analyses, a 10 g sample was homogenized in 90 mL of 0.1% buffered peptone water for 60 s. The homogenate was serially decimally diluted, and the upper layer of the diluted suspension (1 mL) was collected. The total viable count, E. coli, and coliforms were analyzed using a dry film (Petrifilm AC/EC/CC, 3M, Paul, MN, USA) and then incubated at 37 °C for 24 h. S. aureus was cultured at 37 °C for 48 h after the test solution was spread on Baird–Parker agar medium (Difco BD Biosciences, Franklin Lakes, NJ, USA). Black colonies surrounded by transparent bands were counted, inoculated on tryptic soy agar (Difco BD Biosciences), incubated at 37 °C for 24 h, and confirmed positive by conducting a coagulase test. Subsequently, biochemical experiments (Vitek 2, Biomerieux, Hazelwood, MO, USA) identified the bacterial species. V. parahaemolyticus was inoculated into thiosulfate citrate bile salt sucrose medium purchased from Difco BD and cultured at 35 °C for 24 h. The CFU per gram of sample was determined by counting the number of colonies formed. Each sample was tested in triplicate, and the experiments were repeated three times for each sample to obtain a mean value.




2.3. Investigation of the of Saeu-jeot Manufacturing Process of Contamination via the Sanitary Indicator Bacteria of Each Process


The manufacturing process of Saeu-jeot was investigated in Hongseong and Ganggyeong (Chungcheongnam-do province) and Buan (Jeollabuk-do province), the main production areas of Saeu-jeot in Korea. In particular, HACCP-certified companies following the general manufacturing process—fermentation by mixing tiny shrimp purchased from Shinan and Mokpo (Jeollanam-do province) with salt—were intensively investigated.



To evaluate the degree of contamination of the raw and subsidiary materials, the shrimp, salt, and empty bottles (packaging materials) used in the process were collected. A solid surface inspection was conducted to confirm the degree of contamination at each step of the manufacturing process. A 100 cm2 area of the sorting basket, work table, work tool, and operator’s hands (wearing gloves) was rubbed and swabbed using a cotton swab (3M Pipette Swab; 3M, Paul, MN, USA). The collected samples were observed for their total viable count, E. coli, coliforms, S. aureus, and V. parahaemolyticus.




2.4. UV-C Irradiation Treatment after Inoculating the S. aureus Strain into Saeu-jeot


Frozen stock cultures of S. aureus strains (strains ATCC 19095, ATCC 23235, FRI913, and ATCC 14458) were activated in 10 mL of tryptic soy broth (Difco, Becton Dickinson and Company, Sparks, MD, USA) at 37 °C for 24 h. The S. aureus cell suspensions were collected by centrifugation (2000× g, 15 min), the supernatant was decanted, and the cell pellets were suspended in sterile distilled water. As bacterial growths have obvious strain variations, a mixture of four S. aureus strains was used as an inoculum, and cocktails of S. aureus strains were serially diluted to 7 log CFU/mL. S. aureus was inoculated into 1 kg of commercially purchased Saeu-jeot, not including its solution, so that the initial number of bacteria was approximately 3–4 log CFU/g. Subsequently, the mixture was filled with brine, which is used to make Saeu-jeot, and mixed. Taking into consideration its distribution environment, the Saeu-jeot was stored for a day at 20 °C. The abundance of S. aureus in the sample was observed by dividing the sample into its upper layer (not immersed in saltwater) and lower layer (immersed in saltwater). For utilization in the food industry, the surface of the Saeu-jeot was sterilized by UV-C irradiation as it passed along a conveyor belt. Upon transferring the upper layer of the Saeu-jeot (not immersed in saltwater) to a Petri dish (3M), at a thickness of 0.5 cm, it was irradiated with UV-C (253.7 nm) at intervals of 10, 30, 60, 120, 300, and 600 s. After the UV irradiation treatment, the proliferation of S. aureus was evaluated. The test solution was smeared on Baird–Parker agar medium, the S. aureus was cultured at 37 °C for 48 h, and colonies were counted.




2.5. Statistical Analysis


All experiments were performed in triplicate, and the data are expressed as mean ± standard deviation. Statistical analysis was performed using IBM SPSS Statistics (version 20, IBM, Chicago, IL, USA). The significance of the difference between the samples’ means was verified using an ANOVA test and Duncan’s multiple range test. A p-value < 0.05 (95% confidence interval) was considered statistically significant.



Distribution fitting was performed using the @RISK add-in tool in Microsoft Excel to estimate the possibility of nonconformity due to a contamination of indicator bacteria in the commercially available Saeu-jeot, following the application of food-poisoning bacteria reference standards. The fit test for the distribution was analyzed and predicted using the Anderson–Darling test.





3. Results and Discussion


3.1. Microbial Contamination Analysis of Commercial Saeu-jeot


Figure 2 shows the level of microbial contamination in commercial Saeu-jeot. The quantitative test revealed contamination, with a total viable count in all 56 commercial Saeu-jeot samples in this study. The average number of the total viable counts in the 56 samples was 3.8 ± 0.4 log CFU/g. The average total viable count contamination in samples manufactured with and without HACCP certification was 3.8 ± 0.1 and 3.9 ± 0.1 log CFU/g, respectively. The maximum of the total viable count was determined as 4.4 ± 0.1 and 4.9 ± 0.0 log CFU/g, respectively. According to a previous study, the total viable counts in Saeu-jeot were up to 5.7 log CFU/g [17]. In contrast to the results of a previous study reported in 2004 [18], E. coli and coliforms were not detected in any of our samples (detection limit ≤ 1.0 log CFU/g). This difference could be because of the increasing importance of hygiene in recent times, and the fact that most Saeu-jeot is produced in established sanitary management systems.



In commercially available Saeu-jeot, S. aureus was detected in approximately 70% (38/56) of samples but V. parahaemolyticus was not detected in any (detection limit 1.0 log CFU/g or less). The amount of S. aureus detected in the samples (detection limit 1.0 log CFU/g or less) varied up to a maximum of 2.5 ± 0.2 log CFU/g, with an average of 0.6 ± 0.3 log CFU/g. In the case of the S. aureus results, all the average data from the experimental results from all samples include negative samples. Excluding data below the detection limit from the entire sample may result in us obtaining different information from reality. Therefore, we assumed that any data below the detection limit were zero to quantify the entire sample. The maximum amount of S. aureus detected in the samples (2.5 ± 0.2 log CFU/g) was lower than the amount of bacteria required to induce toxicity in foods (5.0 log CFU/g) [19]. Therefore, it could be inferred that the risk of food poisoning due to the direct consumption of Saeu-jeot is low.



Figure 3 shows the microbiological data of the 56 samples, represented using box plots. Box plots are commonly used visualization tools that simultaneously display the distribution of the data and outliers, facilitating an easy comparison between different data groups. This figure was used to compare the facilities applying the HACCP system to those that do not.



A previous study on the food-derived pathogenic microorganisms in anchovies in the Mediterranean region demonstrated that anchovy sauce tended to show a continuous decline in pathogenic microorganisms, depending on their storage period in salt and the temperature during manufacturing. In addition, it was confirmed that the reduction rate of S. aureus was significantly lower than that of other pathogenic microorganisms [20]. Based on these studies, it could be inferred that the lower count of S. aureus detected in the tested commercially available Saeu-jeot could be due to cross-contamination.




3.2. Prediction of the S. aureus Contamination Level Based on the Contamination Level of Commercial Products


The results of the contamination distribution analysis in the tested commercial Saeu-jeot samples are shown in Figure 4. The probability distribution of S. aureus-positive samples among the analyzed samples revealed an exponential distribution as the optimal distribution. The predicted contamination for a positive sample was 0.9 ± 0.7 log CFU/g (Figure 4a). Based on these results, a simulation model was developed for predicting S. aureus contaminations in Saeu-jeot in their current production and distribution environment. After 10,000 simulations, the predicted contamination level of S. aureus in Saeu-jeot was 0.2 log CFU/g (Figure 4b). These results indicated that the risk of S. aureus in Saeu-jeot was low; however, the confirmed contamination with S. aureus indicated poor hygiene management in the workplace. In addition, S. aureus proliferates if the salt is diluted and, if the product is left unattended for long periods at room temperature, it can also contaminate the product [21]. Therefore, the steps of the manufacturing process should be investigated to identify the causes of and control S. aureus contamination.




3.3. Investigation of the Saeu-jeot Manufacturing Process and Analysis of Microbial Hazards


The taste and quality of Saeu-jeot depend on the freshness of the shrimp and their aging and fermentation conditions. To maintain the freshness of the shrimp, they are caught on board, salted at 20–30%, fermented, and aged. More recently, after purchasing Saeu-jeot from the consignment sales of fishery cooperatives, processing plants perform aging and fermentation for at least 2–3 months and up to 6–12 months under low-temperature conditions (10–15 °C) [22,23,24].



The traditional method of Saeu-jeot’s preparation comprises four simple manufacturing steps in which tiny shrimp are salted, fermented, and aged, and then packaged and transported to the market for sale (Figure 5a). However, currently, Saeu-jeot is manufactured in a six-stage process: inspection, saltwater immersion (salting), screening for foreign materials, sterilization, fermentation/aging, packaging, and foreign material detection for hygiene (Figure 5b). To prevent the mixing of foreign marine matter and other fish species during shrimp capture, workers manually sort foreign matter and perform stirring, weighing, and packaging during the fermentation and maturation processes. During the manufacturing process, there is a slight possibility of contamination of the Saeu-jeot due to possible unavoidable microbial exposure. Therefore, a hazard analysis was conducted on the suspected contaminants (the workplace, work tools, workers’ hands [wearing gloves], and overall working environment), including all steps of the manufacturing process that may be exposed to microorganisms, to ensure microbiological safety.



As shown in Table 1, the average total viable counts in the raw material (tiny shrimp) and glass packaging bottles were 4.2 ± 0.0 log CFU/g and 0.7 ± 0.1 log CFU/cm2, respectively. The levels of contamination on the work table, foreign object sorting knife (work tool), sorting basket, and operator’s hand (wearing a glove) were 2.4 ± 0.4, 4.1 ± 0.3, 2.4 ± 0.5, and 1.8 ± 0.2 log CFU/cm2, respectively. In addition, the level of the total viable count in commercially available Saeu-jeot was 3.8 ± 0.3 log CFU/g. These results indicate that microbial contamination was high in the raw material (tiny shrimp). The detected total viable count was high in the absence of a separate process to control microorganisms during the Saeu-jeot manufacturing process. Moreover, continuous contamination seemed to occur due to the shrimp’s vulnerability to microbial cross-contamination during the screening of mixed fish species and the foreign substances mixed in during capture. A sanitary inspection conducted at a Papua New Guinea fish cannery after a disinfection of the area in contact with food revealed that the total viable count was less than 100 CFU/50 cm2, and no coliforms or S. aureus were detected. In addition, a clean, well-followed hygiene process and an evaluation of spoilage and pathogenic microorganisms are important elements to ensure the safety and quality of food [25,26]. The hygiene of the processing procedure is vital due to the consumption of these shrimp without heat treatment [27]. Therefore, it is necessary to minimize microbial contamination by periodically conducting sanitary assessments of workplaces and workers. Additionally, controlling the migration of microorganisms derived from raw materials, such as tiny shrimp, during the manufacturing process is also an essential step to ensuring the microbial safety of Saeu-jeot.




3.4. Inhibitory Effects of Salting and UV-C Irradiation on S. aureus’s Growth


Saeu-jeot is a fermented food ingested without heating, making it impossible to apply heat sterilization. HACCP-certified companies establish and manage salting or UV irradiation standards to manage microbial HACCPs. This study investigated the microbial-growth-inhibitory effect of salting and UV irradiation on managing significant hazards. Salting has been shown to inhibit the growth of microorganisms by controlling water activity or destroying microbial cells via osmotic pressure [24,28]. It has been reported that high-salinity Saeu-jeot had a lower number of total viable counts than Saeu-jeot with a low salinity [23]. To confirm the effect of the saltwater immersion process, the Saeu-jeot samples were inoculated with S. aureus strains, and the total viable count in the lower and upper layers of the salting solution were observed separately. The count of S. aureus in the upper layer was 6.1 ± 0.0 log CFU/g, and that in the lower layer was 4.7 ± 0.1 log CFU/g. These results demonstrate a reduction in the total viable count by 1.4 log CFU/g in the Saeu-jeot immersed in saltwater.



A previous study showed that the UV-C irradiation of drinking water inhibited the growth of both Gram-negative and Gram-positive bacteria [29]. In addition, a UV-C treatment minimized alterations in the quality of semi-salted mackerel fillets and inactivated S. aureus [30]. The study also demonstrated that more effective sterilization is possible via longer treatment periods. In this study, to confirm its growth-inhibitory effect on the S. aureus in Saeu-jeot. S. aureus was counted in samples that had undergone UV-C irradiation for 2 min. Its total viable count was reduced from the initial 4.7 ± 0.1 log CFU/g to 4.3 ± 0.0 log CFU/g (Table 2). S. aureus was significantly decreased after 2 min of UV-C treatment (p < 0.05). Consistent with our study, a previous study reported that the total viable count in Saeu-jeot decreased from 4.2 log CFU/g to 3.7 log CFU/g following UV-C irradiation [31]. Nevertheless, a higher rate of reduction in the total viable count has been reported in dried fish (0.82 log CFU/g) and shellfish (1.20 log CFU/g), which could be attributed to the physical properties of the foods and the effect of their surfaces on the irradiation’s dose and penetration.





4. Conclusions


In this study, we evaluated the microbiological safety of commercial Saeu-jeot to determine the presence of a total viable count, E. coli, coliforms, S. aureus, and V. parahaemolyticus. We also analyzed the microbial hazards in the manufacturing process of Saeu-jeot. The commercial Saeu-jeot contained a total viable count of 3.8 ± 0.4 log CFU/g and 0.6 ± 0.3 log CFU/g of S. aureus. Differences in pathogenic microorganism contamination were observed between companies with HACCP systems and those without. It was observed that non-HACCP-certified companies had higher levels of S. aureus compared to those that were HACCP-certified. Additionally, to confirm the microbial hazards of the applied HACCP system on the Saeu-jeot manufacturing process, a microbial contamination analysis was performed, which identified the total viable counts in the raw material (tiny shrimp), manufacturing tools (work table, screening tool, screening basket), and on worker’s hands (wearing gloves). The results indicated that the contamination originated from the raw material. No microbial contamination was detected upon testing after cleaning and UV treatment between each step in the manufacturing process. During manufacturing, the HACCP system sets the salting and UV-C treatment processes as CCPs to reduce microbial contamination. Depending on the salting layer, the contamination levels of S. aureus differed. The upper layer’s contamination was 6.1 ± 0.0 log CFU/g, while the lower layer’s contamination was 4.7 ± 0.1 log CFU/g. It was observed that the effectiveness of this treatment was reduced when the Saeu-jeot was not fully salted. Additionally, it was found that a UV-C treatment for more than 2 min was effective in the reduction of S. aureus. Considering that other research findings indicate significant sterilization effects on the surface of objects, it was deemed effective to simultaneously apply salting and UV-C irradiation in the manufacturing process of Saeu-jeot. These operations were confirmed to be effective in reducing S. aureus contaminations. In summary, salting and UV-C treatment processes can effectively inhibit the growth of microorganisms, without heat treatment, in Saeu-jeot. This improved manufacturing process, therefore, produces a non-heat-treated product and can suppress cross-contamination by S. aureus. In addition, this study’s results suggest that workplace hygiene and the maintenance of cleanliness throughout the manufacturing process have desirable effects on the quality and safety of Saeu-jeot.
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Figure 1. Raw material for the production of tiny shrimp (a) and Saeu-jeot (b). 
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Figure 2. The result of microbial contamination in manufacturer’s employing the HACCP system and not employing the HACCP system. (a) Total viable count; (b) S. aureus count. Certified: manufacturer employed the Hazard Analysis Critical Control Point (HACCP) system; Not Certified: manufacturer did not employ the HACCP system. 
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Figure 3. The box plot of the total viable count in salted-fermented shrimp, including microbial contaminants and pathogenic bacteria. (a) Total viable counts; (b) S. aureus counts. Certified: manufacturer employed the Hazard Analysis Critical Control Point (HACCP) system; Not Certified: manufacturer did not employ the HACCP system. 
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Figure 4. The probability distribution of S. aureus-positive samples (a). The prediction of S. aureus contamination in Saeu-jeot in its current production and distribution environment (b); X axis: contamination level, Y axis: probability density. 
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Figure 5. (a) Diagram of the traditional Saeu-jeot manufacturing process. (b) The HACCP system applied to the Saeu-jeot manufacturing process. CCP-1B: Saltiness; CCP-2B: Ultraviolet (UV) wavelength and exposure time; CCP 3P: Stainless steel (SUS) and Iron (Fe). 
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Table 1. Microbial hazard analysis of the Saeu-jeot manufacturing process.
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Sample Type

	
Total Viable Count

(log CFU/g or log CFU/cm2)

	
E. coli

	
Coliforms

	
S. aureus

	
V. parahaemolyticus






	
Raw Material

	
Shrimp

	
4.2 ± 0.0

	
ND

	
ND

	
ND

	
ND




	
Salt

	
ND

	
ND

	
ND

	
ND

	
ND




	
Packing Material

	
Glass Bottle

	
0.7 ± 0.1

	
ND

	
ND

	
ND

	
ND




	
Manufacturer

	
Work Table

	
2.4 ± 0.4

	
ND

	
ND

	
ND

	
ND




	
Screening Tool

	
4.1 ± 0.3

	
ND

	
ND

	
ND

	
ND




	
Screening

Basket

	
2.4 ± 0.5

	
ND

	
ND

	
ND

	
ND




	
Man

	
Worker Hands (Gloves)

	
1.8 ± 0.2

	
ND

	
ND

	
ND

	
ND




	
After Wash and UV-C Treatment

	
Work Table

	
ND

	
ND

	
ND

	
ND

	
ND




	
Screening Tool

	
ND

	
ND

	
ND

	
ND

	
ND




	
Screening

Basket

	
ND

	
ND

	
ND

	
ND

	
ND








ND, not detected.













 





Table 2. Effect of UV-C irradiation on S. aureus in Saeu-jeot.
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	Time
	S. aureus (log CFU/g)





	Initial
	4.7 ± 0.0 a



	10 s
	4.6 ± 0.1 ab



	30 s
	4.6 ± 0.0 abc



	1 min
	4.6 ± 0.0 abc



	2 min
	4.3 ± 0.0 d



	5 min
	4.5 ± 0.1 bc



	10 min
	4.4 ± 0.0 cd







All values are mean ± standard deviation of triplicates; a–d in the same column are significantly different (p < 0.05), respectively.
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