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INTRODUCTION  

 

Shrimp is one of the most economically valuable fishery commodities, playing a 

crucial role in the aquaculture industry and international trade. Indonesia is among the 

world's largest shrimp producers (FAO, 2024), with the vannamei shrimp (Litopenaeus 
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The vannamei shrimp (Litopenaeus vannamei) is a high-value fishery 

commodity widely consumed due to its economic and nutritional benefits. 

This study evaluated the microbiological quality of fresh vannamei shrimp 

sold in three modern markets in Makassar City based on total plate count 

(TPC) and addressing Escherichia coli, Salmonella, and Vibrio cholerae, 

while analyzing the relationship with operational aspects of distribution 

and handling. Samples were collected from three modern markets and 

were analyzed in the Central Laboratory for Fisheries Product Quality 

Control, South Sulawesi Province. The results indicated that TPC values 

ranged from 1.4 × 10⁵ to 9.4 × 10⁵ CFU/g, with several samples exceeding 

the maximum limit of 5.0 × 10⁵ CFU/g, as defined by the Indonesian 

National Standard (SNI 01-2728.1-2018), indicating that some shrimp 

samples did not meet microbiological safety standards. E. coli 

contamination was found to exceed the safe limit in samples from Market 

B (23, 9.2, and 14 MPN/g), while samples from Markets A and C 

remained within acceptable limits (<3 MPN/g). Salmonella was detected 

only in Market B, whereas Vibrio cholerae was present in all samples. 

Operational factors such as transport distance (4.4–14km), supply 

frequency (1–7 times per week), and storage practices during sale 

contributed to the variation in microbial contamination levels. These 

findings highlight the need for improved monitoring of the shrimp 

distribution chain, better handling practices, and stricter hygiene protocols 

to ensure the safety and quality of the vannamei shrimp sold in modern 

markets in Makassar. 
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vannamei) as the dominant species in national production. In 2023, the vannamei shrimp 

accounted for approximately 75% of the total national shrimp production, reaching 

642.988 tons (KKP, 2023). This increase in production has been driven by advancements 

in aquaculture technology and modern farming practices, which have enhanced both the 

quantity and quality of shrimp production (Sarjito et al., 2022). Sulawesi is the fourth-

largest shrimp farming region in Indonesia, following West Nusa Tenggara (NTB), West 

Java, and East Java, making it a key center for fisheries production (KKP, 2023). As the 

central economic and trade hub in eastern Indonesia, Makassar holds a crucial position in 

the distribution and marketing of fishery products, particularly the vannamei shrimp. This 

shrimp species serves not only as a major export commodity but also as a highly 

consumed seafood item in both modern and traditional markets. 

In the modern era, quality assurance and food safety, especially fishery products 

such as the vannamei shrimp, have become one of the priority demands of consumers 

(Tucker et al., 2006; Frewer et al., 2008). According to the Indonesian National 

Standard 01-2729.1-2006 for fresh shrimp, microbiological parameters such as total plate 

count (TPC) and the absence of pathogenic bacteria, including Escherichia coli, 

Salmonella spp., and Vibrio spp., serve as primary indicators of shrimp quality (SNI, 

2006). Compliance with these microbiological standards is crucial to ensuring that shrimp 

remains safe for consumption and maintains its freshness throughout the supply chain. 

Numerous consumers assume that products sold in modern markets are inherently safer 

and have a higher quality than those available in traditional markets (Katiyo et al., 2020). 

This assumption is based on the belief that modern markets implement stricter hygiene 

protocols and maintain a more effective cold chain system to preserve product freshness. 

Contrary to popular belief, research indicates that this perception does not always 

hold true in practice. Seafood products in modern markets can also be exposed to 

microbiological contamination, posing potential health risks to consumers. Marpaung 

(2015) found that dried salted fish sold in both modern and traditional markets in Jambi 

City contained bacterial contamination, although still within acceptable limits. Similarly, 

Nakaguchi (2013) reported that seafood products in Indonesian modern markets, 

including shrimp, were contaminated with Vibrio parahaemolyticus, with contamination 

levels reaching 66.7%. This bacterium carries virulence genes (tdh and trh), increasing its 

pathogenic potential and foodborne disease risks. Additionally, Pramono et al. (2019) 

detected antibiotic-resistant Salmonella in seafood sold in traditional markets in 

Surabaya, with similar contamination also observed in modern markets, indicating that 

microbiological risks are not limited to traditional market environments.  

These findings suggest that the presence of modern market infrastructure does not 

automatically guarantee improved food safety (Usmani et al., 2021). Therefore, this 

study aimed to evaluate the microbiological quality and operational performance of fresh 

vannamei shrimp sold in modern markets in Makassar City. The objective of this research 

was to provide insights that can contribute to improving food safety management 
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practices, ensuring that shrimp quality complies with the standards set by the Indonesian 

National Standard. 

 

MATERIALS AND METHODS  

 

1. Study area 

Sampling of fresh vannamei shrimp was conducted at three (3) modern markets in 

Makassar City (Fig. 1), namely Modern Markets A, B, and C. These markets were 

selected based on their strategic locations, representing the  (A) eastern, (B) central, and 

(C) western regions of Makassar City, thereby providing a comprehensive representation 

of modern market distribution. 

 
Fig. 1. Research location 

2. Research methods 

This study was conducted to evaluate the microbiological quality and operational 

performance of the fresh vannamei shrimp (Litopenaeus vannamei) sold in modern 

markets in Makassar City. This study included sampling procedures, microbiological 

analysis, and operational parameter assessment by interview. 

2.1 Sampling method 

Sampling was conducted three times a week at each of the three selected modern 

markets in Makassar: Market A (east), Market B (central), and Market C (west), between 

10:00–11:00 AM. These markets were chosen based on purposive sampling due to their 

consistent operational hours (09:00–21:00) and regular sale of the fresh vannamei shrimp 
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(Litopenaeus vannamei). During each sampling session, 300–500 grams of the vannamei 

shrimp were collected, packed into zipper-sealed plastic bags, and stored in a cool box 

filled with ice to maintain freshness prior to analysis in the South Sulawesi Province 

Fishery Product Quality Implementation Laboratory. The research parameters were tested 

as follows:  

2.2. Microbiological analyses 

2.2.1  Total plate count (TPC) 

The procedure for the TPC test, according to the Indonesian National Standard 

(SNI 01-2332.3-2015), consists of several stages. In the sample preparation stage, 25g of 

solid or 25ml of liquid sample—equivalent to 10% of the total volume—was combined 

with 225ml of Butterfield's Phosphate Buffered (BFP) solution, resulting in a 10⁻¹ 

dilution. Further serial dilutions (e.g., 10⁻², 10⁻³) were prepared depending on the sample 

characteristics. For the aerobic TPC test, 1ml from each dilution was pipetted into sterile 

Petri dishes in duplicate, mixed with 12–15ml of plate count agar (PCA), and incubated 

in an inverted position at 35°C ± 1°C for mesophilic bacteria or 45°C ± 1°C for 

thermophilic bacteria for 48 ± 2 hours. For the anaerobic TPC test, PCA was poured and 

solidified in Petri dishes, then 1ml of the diluted sample was added and overlaid with 

15ml of Thioglycolate agar. Plates were incubated upright in an anaerobic jar under the 

same temperature conditions for 48 ± 2 hours. 

2.2.2  Escherichia coli 

The Escherichia coli testing procedure, according to the Indonesian National 

Standard (SNI 01-2332.1-2006), begins by homogenizing 25g of the sample with 225ml 

of Butterfield’s Phosphate Buffered (BFP). Serial dilutions were prepared up to 10⁻³ and 

incubated for 48 hours at 36ºC using Lauryl Tryptose Broth (LTB) for presumptive E. 

coli detection. Positive results appeared as turbid media. These positive LTB results were 

then inoculated into Escherichia Coli (EC) broth and were incubated at 45ºC for 48 hours 

in a water bath. Positive EC broth results were further inoculated onto Levine’s Eosin 

Methylene Blue (LEMB) agar and were incubated for 24 hours at 35ºC. Positive colonies 

on LEMB appear black or dark with or without a green metallic sheen. Suspected 

colonies were inoculated onto slanted PCA and were incubated for 24 hours at 35ºC. 

Confirmation of E. coli was done through biochemical tests including indole, Methyl Red 

(MR), Voges Proskauer (VP), citrate, and gram staining. 

2.2.3  Salmonella spp. 

The testing for Salmonella spp. according to the Indonesian National Standard (SNI 

01-2332.1-2006) was conducted to detect the presence of Salmonella bacteria in shrimp 

samples. A 25g sample was mixed with 225ml of Lactose Broth (LB), homogenized for 

2–3 minutes, and incubated for 24 hours. Enrichment was performed by transferring 

0.1ml of the sample solution into 10ml of Rappaport-Vassiliadis (RV) medium and 1ml 
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into 10ml of Tetrathionate Broth (TTB), with the RV medium incubated at 42°C and the 

TTB medium at 43°C, both for 24 hours in a water bath. Isolation was carried out using 

bismuth sulfite agar (BSA), xylose lysine deoxycholate (XLD), and hektoen enteric agar, 

followed by incubation at 35°C for 24 hours. Colony morphology was observed on triple 

sugar iron (TSI) and lysine iron agar (LIA) media, and positive results from these 

observations underwent further biochemical tests, including assays for urease, indole, 

methyl red (MR), voges-proskauer (VP), simmons citrate, potassium cyanide (KCN), 

lactose, dulcitol, sucrose, and malonate. 

2.2.4  Vibrio cholerae  

The testing for Vibrio cholerae followed the Indonesian National Standard (SNI 01-

2332.4-2006) to identify and confirm the presence of V. cholerae in shrimp samples. A 

25g sample was mixed with 225ml of alkaline peptone water (APW), homogenized for 

2–3 minutes to produce a 1:10 dilution, and further diluted by transferring 1ml of the 

homogenate into 9ml of APW. The mixture was incubated at 36°C for 24 hours. Enriched 

samples were streaked onto thiosulfate citrate bile salt sucrose (TCBS) agar and 

incubated at 36°C for 16–24 hours. Suspected colonies, identified by their large size, 

smooth surface, slightly flat appearance, opaque center, translucent edges, and yellow 

coloration (indicating sucrose fermentation), were purified by streaking three single 

colonies onto T1N1 agar or tryptic soy agar (TSA) supplemented with 1.5% sodium 

chloride (NaCl), followed by incubation at 36°C for 24 hours. Subsequent analysis 

included preliminary biochemical tests such as oxidase, sensitivity, triple sugar iron agar 

(TSIA), kligler iron agar (KIA), ortho-nitrophenyl-β-galactoside (ONPG), oxidative-

fermentative, and gram staining. Advanced biochemical tests, including urea hydrolysis, 

arginine dihydrolase, salt tolerance, voges-proskauer, carbohydrate fermentation, and 

serological tests, were performed to confirm the presence of V. cholerae. 

2.3  Operational performance  

In addition to microbiological testing, this study assessed operational performance 

factors that could influence the quality of the fresh vannamei shrimp. Data were collected 

through interviews with market employees, focusing on six key parameters: the condition 

of shrimp during transportation from suppliers to modern markets; the distance from 

suppliers to modern markets; the frequency of vannamei shrimp stocking per week in 

each market; the turnover rate of the vannamei shrimp per day; shrimp display conditions 

during sales, and shrimp handling upon arrival at the market. These factors were analyzed 

to determine their potential impact on the freshness and microbiological quality of the 

shrimp. 

3.  Data analysis 

The data were analyzed descriptively and visualized in the form of tables and spider 

charts. 
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RESULTS AND DISCUSSION 

 

1. The microbiological quality 

The microbiological quality of the fresh vannamei shrimp sold in three modern 

markets in Makassar City was evaluated based on total plate count (TPC) and 

Escherichia coli, both analyzed quantitatively, as shown in Table (1). Additionally, 

Salmonella and Vibrio cholerae were assessed qualitatively, as presented in Table (2).  

Table 1. The number of total plate count (TPC) and Escherichia coli detected on 

vannamei shrimp (Litopenaeus vannamei) sold in modern markets in Makassar City 

Microbial 

evaluated 
Modern markets Quality standards 

(SNI 01-2728.1-2018) A B C 

Total plate count 
(CFU/g) 

1.6 x105 2.1 x105 9.4 x105 
Maximum 

5.0 x105 
1.4 x105 3.6 x105 8.3 x105 
1.6 x105 2.0 x105 9.3 x105 

Escherichia coli 

(MPN/ 25 g) 

<3 23 <3 
<3 <3 9,2 <3 

<3 14 <3 

 

Table 2. Detection of Salmonella and Vibrio cholerae on vannamei shrimp (Litopenaeus 

vannamei) sold in modern markets in Makassar City 

Microbial 

Evaluated 

Modern markets Quality Standards 

(SNI 01-2728.1-2018) A B C 

Salmonella 

(MPN/ 25 g) 

Negative Positive Negative 

Negative 

Negative Negative Negative 
Negative Negative Negative 

Vibrio chelerae 

(MPN/ 25 g) 

Positive Positive Positive 
Positive Positive Positive 
Positive Positive Positive 

The supply chain of vannamei shrimp (Litopenaeus vannamei) in modern markets 

in Makassar City involves suppliers, modern markets, and end consumers. The shrimp 

come from aquaculture farms supplied by two main suppliers, with different distribution 

patterns for each market, as shown in Fig. (2). 

 

 

 

 

 

 

 

Fig. 2. Supply chain of on vannamei shrimp (Litopenaeus vannamei) marketed in modern 

markets in Makassar City 

Ecosystem 

Supplier 1 

Supplier 2 

Market A 

Market B 

 Market C 

 

Consumers 



2295 
Microbiological Quality of the Fresh Vannamei Shrimp (Litopenaeus vannamei)  

 
 

 

2. Operational performance of modern markets in maintaining the quality of 

marketed vannamei shrimp 

 

The operational performance of each modern market plays a crucial role in 

determining the microbiological quality of the vannamei shrimp being sold. The 

evaluation is based on several parameters, including supplier distance, stocking 

frequency, stock turnover frequency, storage and display methods, and transportation 

conditions, as shown in Table (3) and illustrated in Fig. (3). 

 

Table 3. Operational parameter on vannamei shrimp (Litopenaeus vannamei) marketed in 

modern markets in Makassar City 

Parameter Market A Market B Market C 

Condition of Shrimp 

During 

Transportation from 

Supplier to Modern 

Market 

Shrimp stored in 

boxes with ice 

Shrimp stored in 

boxes with ice 

Shrimp stored in 

boxes with ice 

Distance from 

Supplier to Modern 

Market 

14 km 6.8 km 4.4 km 

Frequency of 

Vannamei Shrimp 

Stocking per Week in 

Each Market 

3 times (Monday, 

Wednesday, Friday) 
Once a week 7 times (daily) 

Frequency of 

Vannamei Shrimp 

Turnover per Day 

3–5 times/day 3–5 times/day 2 times/day 

Shrimp Display 

During Sales 

Shrimp placed under 

and on top of ice 

piles (not all shrimp 

surfaces are in direct 

contact with ice) 

Shrimp placed under 

ice piles 

Shrimp placed under 

and on top of ice 

piles (not all shrimp 

surfaces are in direct 

contact with ice) 

Shrimp Handling 

Upon Arrival at the 

Market 

Shrimp washed with 

clean water and 

sorted 

Shrimp washed with 

clean water and 

sorted 

Shrimp washed with 

clean water and 

sorted 
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Fig. 3. The spider diagram above illustrates the operational parameter index values (1-5) 

for three markets (Market A, Market B, and Market C) 

 

DISCUSSION 

 

The microbiological quality of the vannamei shrimp (Litopenaeus vannamei) sold 

in three modern markets in Makassar is significantly influenced by the supply chain and 

the operational performance of each market. Key factors affecting shrimp quality include 

stocking frequency, storage methods, sanitation conditions, post-harvest handling, and 

transportation (Haddad, 2019). Differences in these operational practices contribute to 

variations in the microbiological contamination levels of the shrimp being sold. 

Total plate count (TPC) is a key indicator of microbiological quality in food 

products. The study revealed that the highest TPC values were found in Modern Market 

C, ranging from 8.3 × 10⁵ to 9.4 × 10⁵ CFU/g, exceeding the maximum limit of 5.0 × 10⁵ 

CFU/g set by the Indonesian National Standard (SNI 2728:2018). This indicates that 

shrimp sold in Market C is not safe for direct consumption. This result is strongly 

correlated with the operational performance of Market C. Although it has a high stocking 

frequency (daily), its stock turnover rate is low (only twice per day) and the shrimp are 

displayed in large quantities at once. Additionally, shrimp in this market is often 

submerged in melted ice water, creating a high water activity (aw) environment that 

accelerates microbial growth (Tapia et al., 2008; Rebezov et al., 2022). Improper storage 

practices are the primary cause of the high TPC values in Market C. On the other hand, 

Modern Market A demonstrated lower TPC values (1.4 × 10⁵ – 1.6 × 10⁵ CFU/g), 

remaining within the SNI safety limits. This market maintained a higher stocking 

frequency (three times per week) and a faster stock turnover (3–5 times per day), which 

helped maintain shrimp freshness and reduce microbial growth. 
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The study found that E. coli contamination was the highest in Modern Market B, 

with values ranging from 9.2 to 23 MPN/25 g, far exceeding the safety threshold of <3 

MPN/25g set by SNI. In contrast, Modern Markets A and C showed safer results, with 

values <3 MPN/25g. The presence of E. coli in food products is typically an indicator of 

fecal contamination due to poor sanitation practices. The operational evaluation results 

showed that Market B had a very low stocking frequency (only once per week), leading 

to longer shrimp storage periods, which increase bacterial contamination risks. According 

to Costa (2013) and Barbosa et al. (2016), high levels of E. coli contamination are often 

associated with the use of contaminated water and poor hygiene control in the seafood 

supply chain.Furthermore, research by Rohmah et al. (2018) found that cross-

contamination during post-harvest processing, such as from washing water or unhygienic 

equipment, also contributes to high E. coli contamination levels.Thus, the high E. coli 

levels in Market B are directly linked to its low stocking frequency and inadequate post-

harvest handling before shrimp reaches the market. 

Salmonella is a major foodborne pathogen that can cause severe gastrointestinal 

infections. In this study, Salmonella was detected only in Modern Market B, while in 

Markets A and C, it was tested negative. According to Rubini et al. (2018), the high 

levels of E. coli are often associated with the presence of Salmonella, as both bacteria are 

commonly found together in fecal contamination. This aligns with the findings of this 

study, where Market B showed high E. coli levels and was the only market with 

Salmonella contamination. The key operational factor contributing to Salmonella 

contamination in Market B is the low stocking frequency and extended storage duration, 

which increases the likelihood of pathogen proliferation. 

One of the most significant findings of this study is that Vibrio cholerae was 

detected in all shrimp samples from the three modern markets (A, B, and C). Vibrio 

cholerae is a pathogenic bacterium that can cause cholera infections in humans. Unlike 

other bacteria primarily associated with market storage conditions, V. cholerae 

contamination is likely introduced at the shrimp farming stage before distribution to 

markets. According to Letchumanan et al. (2015), Vibrio spp. is commonly found in 

marine environments and can contaminate seafood from aquaculture ponds to market 

distribution.Additionally, the study of Brauge et al. (2024) indicates that contaminated 

aquaculture water from domestic waste can increase the risk of V. cholerae in seafood 

products.Operational evaluations showed that despite differences in storage methods and 

stocking frequencies, V. cholerae was present in all samples, suggesting that the primary 

contamination source is the shrimp farms rather than market handling practices. 

CONCLUSION 

 

This study confirms that the vannamei shrimp sold in three modern markets in 

Makassar City are contaminated with Vibrio cholerae, with Salmonella detected in 
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Market B, and E. coli exceeding the safety limit in Market B (23, 9.2, and 14 MPN/25g), 

while shrimp in Markets A and C remain within acceptable limits (<3 MPN/g). The 

highest total plate count (TPC) was recorded in Market C (8.3 × 10⁵ – 9.4 × 10⁵ CFU/g), 

exceeding the safety threshold set by SNI 01-2728.1-2018, making the shrimp unsafe for 

direct consumption without proper cooking. Operational performance affects 

microbiological contamination. Market A, with frequent stocking and fast turnover, had 

the best shrimp quality. Market B, with low stocking frequency and prolonged storage, 

showed the highest E. coli and Salmonella contamination. Market C, despite daily 

restocking, had low turnover and poor display conditions, leading to excessive TPC 

levels. Improving storage time, hygiene protocols, temperature control, and drainage 

systems is essential to reducing microbial contamination. 
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