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INTRODUCTION  

 

Fish is a highly perishable food product due to the bacterial germs and biochemical 

reactions occurring during preparation and storage. The high water activity, pH value 

above 6, and abundance of low molecular weight components in fish create an optimal 

environment for bacterial growth. This bacterial growth is primarily responsible for 

causing sensory impairment in fish (Dainty, 1996; Gram & Huss, 1996). Fish can get 

spoiled at any stage from catching to consumption. Factors such as fishing methods, fish 

species, sanitation, processing, and storage conditions can all contribute to the bacterial 

spoilage of fish. Inadequate fish handling practices, such as improper gutting and delayed 

scraping, can result in higher levels of microbial contamination and spoilage (Ikape, 

2017). Additionally, elevated ambient temperatures can expedite fish spoilage by 

enhancing the activity of bacteria, enzymes, and fat oxidation in the fish flesh (Ghaly et 

al., 2010). This is supported by the report of Muhammad and Al-Taie (2024), which 
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The quality of the yellowfin tuna caught by small-scale fishers is 

heavily influenced by how the catches are handled and stored on board. One 

effective method that small-scale fishers can use to maintain the quality of 

their catch is by cooling it with ice. This helps prevent the growth of 

bacteria in the fish, which can cause sensory, physical, microbiological, and 

chemical damage. Such damage can result in poor catch quality and lower 

market value. Therefore, this study aimed to assess the quality of the 

yellowfin tuna catches by small-scale fishermen in Bone Bay, specifically at 

the Lonrae fish landing site. This assessment involved conducting sensory, 

physical, microbiological, and chemical tests on the catch. The results 

indicated that the catch had high quality, as evidenced by a sensory score of 

8. The fish had a pH ranging from 5.7 to 5.8 and a temperature close to 0°C. 

The average total bacteria count was 1.1 x 104 colonies/g, and there were no 

traces of Salmonella or Escherichia coli (<3 MPN/g). The histamine values 

ranged from 6.99 to 7.31. Heavy metals, specifically mercury, lead, and 

cadmium, were measured at 0.05, 0.0166, and 0.0049mg/ k, respectively. 
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describes how fluctuation in the environment can affect microorganism mobility. 

Consequently, these factors can contribute to reducing market prices (Akande & Diei-

Ouadi, 2010) and substantial losses for fishermen. 

Tuna, a type of fish in the Scombridae family, has a significant economic value in 

the world and is the third largest fishery commodity in Indonesia after shrimp and 

demersal fish (Waileruny et al., 2024). This species naturally contains more histidine 

than fish from other families (Visciano et al., 2012; Visciano et al., 2014). If not handled 

promptly, appropriately, and accurately, bacterial activity can lead to decay and the 

production of biogenic amines including histamine, which can cause food poisoning. 

Histamine serves as a signal of fish spoilage because it is produced as a result of bacterial 

activity involving the histidine decarboxylase (HDC) gene, which catalyzes the 

conversion of histidine into histamine (Nurilmala et al., 2019). Bacterial proliferation is 

accelerated at temperatures exceeding 21.1°C (70°F), whereas the production of 

histamine experiences a rapid surge at temperatures around 32.2°C (90°F). Therefore, it 

is advisable to store fish on board at a temperature of 4.4°C (40°F) using ice or 

refrigerated seawater immediately after the fish dies, and the storage duration should not 

exceed 12 hours (Food & Drug Admnistration, 2022). The yellowfin tuna (Thunnus 

albacares) is the predominant species in tropical and subtropical regions worldwide 

including bone bay waters (Silbande et al., 2016). Thunnus albacares, also known as the 

yellowfin tuna, is a prominent species captured by small-scale fishermen using hand-line 

fishing gear. The procedure of impressing is employed to store the catch. This study 

aimed to assess the quality of T. Albacares caught by small-scale fishers in Bone Bay 

waters. The assessment involved analyzing sensory test parameters, physical test 

parameters (temperature and pH), microbiological test parameters (total bacteria, 

Salmonella, and Escherichia coli), and chemical parameters (histamine and heavy metal 

tests). 

MATERIALS AND METHODS  

 

1. Sampling of T. albacares 

T. albacares was collected from the catch of artisanal fishermen in Bone Bay (the 

fishing ground shown in Fig. (1)) over the course of one month. The fishing coordinates 

were: 06°47’13.86”S - 120°52’59.15’’E, 06°39’18.85”S - 120°50’25.90’’E, 

06°27’56.63”S - 120°48’43.26’’E, 06°09’56.79”S - 120°59’05.34’’E, and 05°54’53.41”S 

- 121°13’01.17’’E. The fish were landed at the Lonrae Fish Landing Site in Bone 

District, South Sulawesi, Indonesia (04°32’23.91”S - 120°23’39.11”E) in February 2024. 

In addition, 30 individuals of T. albacares were purposively sampled and subjected to 

temperature and storage conditions as per the treatment on the ship. In addition, 30 

samples of T. albacares were purposively selected and subjected to temperature and 

storage conditions as per the treatment on the ship. To ensure accurate bacterial analysis, 
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the fish samples were collected aseptically to avoid contamination from other pathogens 

before being examined in the Fishery Product Quality Testing Laboratory. 

 
Fig. 1. Map of fishing grounds 

2. Sensory test 

The sensory evaluation of T. albacares, as described in the National 

Standardization Agency (2015a), involves the use of a score sheet to assess various 

quality specifications of fresh fish. These specifications include the condition of the eyes, 

gills, body surface mucus, meat, odor, and texture. The assessment is conducted by a 

minimum of six standard panelists or individuals responsible for evaluating the quality 

specifications. Each quality specification is assigned a number ranging from 1 to 9, with a 

minimum value of 7 necessary for the desired quality. The quality value is determined 

through the calculation of a sensory test using the following formula: 

P(x – (1.96.s n)) ≤ μ ≤ (x + (1,96.s n)) ≅ 95% 

Explanation: 

P  = Quality value; 

x  = Mean of quality value; 

1.96 = Standard deviation coefficient at 95% level; 

s  = Standard deviation of quality value (SD) 

n  = Number of panelists; 

≅ = Approximately equal to. 

 

3. Physical test 

The Fluke 52 II Dual Probe Digital Thermometer is used to measure temperature, 

with a range of -40 to 260°C (-40 to 500°F) and an accuracy of + 1.1°C (± 2.0°F). To 

record the temperature, the thermocouple probe tip is inserted into the thickest part of the 
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fish body or the center point that allows for the longest penetration. The pH of the fish 

was measured using the HI981036 digital pH brand, which has a pH range of 0.00 to 

12.00, a resolution of 0.01 pH, and an accuracy of +0.05 pH. Moreover, the pH was 

measured by simply putting the probe tip into the flesh of the fish. 

4. Microbiological analysis 

The testing technique for total bacteria, or total plate count, as specified by the 

National Standardization Agency (2015b), sets a maximum quality standard of 5.0 x 

105 colonies per gram. Negative results for Salmonella are recommended, and the 

acceptable limit for E. coli is less than 3 MPN. 

To analyze the samples, 25 grams were mixed with 225mL of Butterfield's 

Phosphate Buffer solution, which was then diluted from 10-1 to 10-5. From each dilution, 

1mL was transferred to a plate count agar for inoculation. The agar was incubated at 

35°C for 48 hours. The quantification of total bacteria was determined using the 

following formula: 

 
Explanation: 

N = Number of colonies (/gr); 

∑C = Number of colonies at all Petri dishes counted (/gr) ; 

n1 = Number of Petri dishes at initial dilution was counted; 

n2 = Number of Petri dishes at second dilution was counted; 

d  = Dilution factor. 

The identification of Salmonella bacteria was based on the criteria set by the 

National Standardization Agency (2006), which requires a negative result for every 25 

grams of sample. The analysis process begins by identifying and enhancing a 25g sample 

in 225mL of lactose broth (LB). The sample was then incubated for 24 hours at a 

temperature of 35°C. For the enrichment stage, a 0.1mL sample was taken and added to a 

10mL solution of rappaport-rassiliadis (RV) and tetrathionate broth (TTB). This mixture 

was then incubated in a water bath at a temperature of 42 (RV) and 43°C (TTB) for a 

period of 24 hours, with a tolerance of ± 0.2 (RV) and ± 0.5°C (TTB), and a time 

tolerance of ± 2 hours. Salmonella was isolated following the positive incubation of RV 

and TTB tubes, which was indicated by a change in color to cloudy. Each of the RV and 

TTB tubes were agitated and then used to inoculate hectoen enteric (HE), xylose lysine 

deoxycholate (XLD), and bismuth sulphite agar (BSA) media. Subsequently, the samples 

were placed in an incubator at a temperature of 35ºC ± 1ºC for a duration of 24 hours ± 2 

hours. Salmonella colonies were discovered after a duration of 24 hours. The 

characteristic morphology of Salmonella resulted in the formation of colonies that were 

bluish green to blue, with or without the presence of black dots on the colonies. The 
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identification of Salmonella involved several biochemical tests, including the indole 

synthesis test, vosges proskauer test, methyl red test, citrate test, and fermentation tests 

for sucrose, lactose, and dulsitol. 

The identification of Escherichia coli was determined according to the guidelines 

provided by the National Standardization Agency (2015c), with a required quality of 

less than 3 most probable number (MPN) per gram. The procedure began by conducting 

an estimating test on a 25 grams sample in 225mL of Butterfield's Phosphate Buffered 

(BFP) solution. Subsequently, 1ml of the sample was added to a test tube containing 9mL 

of LTB solution and a durham tube. The E. coli prediction test involved transferring a 

positive LTB tube into a tube containing E. coli broth and a durham tube, in a quantity 

equivalent to one dose. The EC broth tubes were thereafter placed in a circulating water 

bath and incubated for a minimum of 48 hours, with a temperature of 45ºC ± 0.5ºC 

maintained. The E. coli broth tubes were examined at 24-hour intervals, with a tolerance 

of ± 2 hours, to detect the presence of any gas production. If no gas was produced, the 

process of incubation was repeated until a time period of 48 hours ± 2 hours elapsed. 

Additionally, the most likely number (MLN) was calculated by counting the number of 

positive tubes, and the total number of potential colonies werereported as MLN/gr fecal 

coliform using the MLN Table. Subsequently, confirmation tests, morphological tests, 

and biochemical testing were conducted. 

5. Chemical analysis 

The chemical parameters were analyzed by performing histamine tests using the 

spectrophotometer method, as described in National Standardization Agency (2016a), 

with a quality standard limit of 100mg/ kg. The analysis of heavy metals included the 

usage of atomic absorption spectrophotometry to measure mercury (Hg), as stated in the 

National Standardization Agency (2016b) reference. The maximum acceptable level 

for quality was 1.00mg/ kg. The atomic absorption spectrophotometry method was 

employed to analyze lead (Pb) and cadmium (Cd), as stated by theNational 

Standardization Agency (2011). The method required a maximum quality limit of 

0.40mg/ kg for Pb and 0.10mg/ kg for Cd. 

6. Statistical analysis 

The data were subjected to one-way ANOVA at a 95% confidence level (α=0.05). 

If the analysis yielded a statistically significant difference, further investigation was 

conducted using the Tukey HSD (High significant difference) test. 

RESULTS AND DISCUSSION 

 

1. Sensory characteristics of the fresh yellowfin tuna 

The sensory evaluation results of the yellowfin tuna samples obtained from small-

scale fishermen in Bone Bay and landed at the Lonrae fish landing site are presented in 

Fig. (1). The quality specifications assessed include: 1 (eyes), 2 (gills), 3 (body surface 
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mucus), 4 (color and appearance of meat), 5 (smell), and 6 (texture). The organoleptic 

value derived from each replicate are denoted in Figs. (2, 3, 4). 

 

 

Fig. 2. Findings from the sensory evaluation of recently caught yellowfin tuna according 

to quality criteria 

The quality specifications for the catch of the yellowfin tuna by small-scale fishers 

fall within the range of 8 to 9, suggesting that the catch is fresh and of a good quality 

(Jeyasanta & Patterson, 2021). The value of 8 is assigned to each quality standard, 

which includes bright eyes, flat eyeballs, and clear corneas, as presented in Fig. (3). The 

gills have a less vibrant crimson hue, devoid of any mucus secretion. The body surface 

mucus exhibits a distinct, translucent, and luminous coating of mucus, without any signs 

of discoloration at present. The meat is in an excellent condition with a precise incision 

that reveals dazzling flesh. There is no evidence of milking along the spine, and the 

abdominal wall is unbroken. It exhibits a distinct and characteristic scent. The texture is 

slightly compact, exhibiting elasticity when pushed with fingers, and presents a challenge 

when attempting to separate the meat from the spine. A score of 9 out of the examined 

quality standards implies that the eyes are bright; the eyeballs are prominent; the corneas 

are clear, and the gills are of a beautiful red hue, with no presence of mucus. The mucus 

coating on the body surface is clear, translucent, and shining. The meat condition is 

characterized by a very distinct and species-specific incision, with no milking down the 

spine and an unbroken abdominal wall. The aroma of the fish is highly fragrant and 

distinct to its species, accompanied by a compact texture that is resilient when squeezed 

with a finger, making it challenging to separate the meat from the spine. 
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Fig. 3. Whole T. albacares and fresh meat 

 
Fig. 4. Organoleptic value of fresh yellowfin tuna. 

The organoleptic values obtained from each test are 8.34, 8.42, and 8.48. These 

values are not significantly different from each other or the values obtained in other 

experiments (P > 0.05). The test value of the yellowfin tuna is less than 8.5, and all 

replicates generally show a value of 8, indicating that the condition of the caught fish is 

of a good quality. If the fish is not handled or stored correctly after being caught, the 

decay process will rapidly occur, marked by rigor mortis and subsequent changes in the 

fish after death. The spoilage process is characterized by the decomposition of different 

components and the creation of new compounds, resulting in changes in odor, taste, and 

texture. Deterioration happens rapidly due to various mechanisms activated by the 

metabolic activity of microorganisms, endogenous enzymatic activity (autolysis), and 

lipid oxidation (Gram & Huss, 1996; Prabhakar et al., 2020). The utilization of low 

temperatures is crucial in preserving the quality of fish following their harvest. 
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Refrigeration, super chilling, and freezing methods enable the extended preservation of 

fish without significant alterations in quality, ensuring economic advantages (Shawyer & 

Medina, 2003). Ice cooling is a commonly employed technique utilized by small-scale 

fisherman to preserve the quality of their catches while on board. 

2. Physical test parameters 

The temperature and pH measurements obtained from the three repetitions indicate 

that the yellowfin tuna handling conducted by small-scale fishers aboard the boat was 

performed proficiently. This is demonstrated by the steady value of the average 

temperature of the yellowfin tuna from 1 to 1.5°C, with the average pH value in each 

replication of 5.7, 5.8, and 5.9 which can be seen in Fig. (5). No statistically significant 

difference was identified among all replicates or experiments (P> 0.05). 

 

Fig. 5. Results of temperature and pH assessment in the yellowfin tuna 

Refrigeration is the method of lowering the temperature of fish or fish products to 

temperatures near the point of ice melting. The purpose is to extend the shelf life by 

reducing the speed of physical and chemical reactions, as well as the growth of 

microorganisms and harmful enzymes (Shawyer & Medina, 2003; Kaale et al., 2011). 

Moreover, refrigeration helps preserve the sensory and organoleptic quality of the fish, 

making it appear fresh and appealing to consumers. The use of ice cooling can effectively 

preserve fish by keeping their temperatures near 0°C, hence extending their shelf life for 

up to 30 days. The duration of preservation depends on various aspects, including the 

water temperature (whether it is temperate or tropical) and the specific species of fish 

captured (Shawyer & Medina, 2003). Small-scale fishers in Bone Bay effectively 

improve the quality of their yellowfin tuna catches by employing proper handling 

techniques. This includes the use of ice to maintain the desired fish temperature around 

0°C and the removal of gills and entrails before storage (Uddin et al., 2017). The 

removal of gills and entrails in fish has a significant impact on the quality of preserved 

fish under different storage conditions. Simply removing the gills and entrails can extend 

the shelf life of fish, not only at low temperatures but also at room temperature. Bacteria 

in fish are typically found in the skin, gills, and digestive tract (Austin, 2002). By 

removing the source of bacteria in fish, this treatment can slow down the decay process 

and stabilize the pH level of fresh fish. Fresh fish typically has a low acidity level, with a 
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pH range of 5.0 to 6.5 (Comi, 2017). In the case of the fresh yellowfin tuna, the pH 

values range from 5.77 to 5.97 (Silbande et al., 2016). 

3. Microbiological test parameters 

Microbiological analysis was performed for the yellowfin tuna using a total plate 

count (TPC) test, Salmonella test, and E. coli test, as shown in Table (1). 

Table 1. Results of microbiological testing on the yellowfin tuna 

No. Parameter 
Replication Quality 

requirement I II II 

1. TPC 
1.5 x 104 

Colony/gr 

1.1 x 104 

Colony/gr 

1.1 x 104 

Colony/gr 

5.0 x 105 

Colony/gr 

2. Salmonella 
Negative/ 

25 gr 

Negative/ 

25 gr 

Negative/ 

25 gr 

Negative/ 

25 gr 

3. E. coli <3 <3 <3 <3 MPN/gr 

 

Table (1) demonstrates that the yellowfin tuna caught by small-scale fishers in 

Bone Bay exhibits an excellent quality based on the analysis of three microbiological 

parameters. All values meet the quality standards, and no notable variations were 

identified among the replicates or experiments (P > 0.05). 

The initial mechanism that exacerbates the condition of fish and thereafter impacts 

the quality of fresh fish is the microbial proliferation (Boziaris, 2013). Microbial growth 

initiates in the fish muscle polluted by microbial populations present on the fish skin after 

the fish dies (Comi, 2017). In tuna, the total quantity of bacteria is higher in the skin 

compared to the gills (Kapetanovic et al., 2017). The combination of high water activity, 

low acidity (pH > 6), and large levels of non-protein nitrogen compounds commonly 

found in fish leads to the rapid proliferation of microbes. This microbial growth causes 

unpleasant alterations in the look, texture, taste, and odor of fish, ultimately leading to a 

degradation in their quality (Najih & Maskur, 2020; Tavares et al., 2021). The presence 

of Salmonella and E. coli bacteria in tuna fish poses significant health risks. 

Contamination of tuna fish with these bacteria can lead to foodborne illnesses. Therefore, 

it is crucial to prioritize the safety of tuna products (Rahayu et al., 2021). Furthermore, it 

has been discovered that tuna can harbor several strains of E. coli, including 

enterotoxigenic E. coli (ETEC). This highlights the necessity of implementing monitoring 

and control strategies to effectively limit the proliferation and persistence of these 

harmful strains (Sika et al., 2020). Continuous monitoring, adherence to proper food 

safety practices, and the implementation of effective control measures are necessary to 

mitigate the risks associated with Salmonella and E. coli in tuna fish. These pathogens 

must be carefully handled on board to ensure the safety of the catch. 

4. Chemical test parameters 

The yellowfin tuna captures were subjected to chemical tests to detect the presence 

of histamine and heavy metals such as mercury, lead, and cadmium. The results of these 

tests can be found in Table (2). 
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Table 2. Results of chemical testing on the yellowfin tuna 

No. Parameter 
Reiterate Quality 

requirement I II II 

1. Histamine 6.99 7.25 7.31 100 mg/kg 

2. Mercury 0.05 mg/kg 0.05 mg/kg 0.05 mg/kg Maks. 1.00 mg/kg 

3. Lead 0.0166 mg/kg 0.0166 mg/kg 0.0166 mg/kg Maks. 0.40 mg/kg 

4. Cadmium 0.0049 mg/kg 0.0049 mg/kg 0.0049 mg/kg Maks. 0.10 mg/kg 

Chemical analyses performed for the yellowfin tuna caught at the Lonrae fish 

landing site indicated that the values obtained were in accordance with the quality 

standards. The results validate that the catches made by small-scale fishers are of a high 

quality, and no noteworthy disparities were detected between each repetition or trial (P > 

0.05). 

Microbial decay results in the production of volatile amines, biogenic amines, 

organic acids, sulfides, alcohols, aldehydes, and ketones, which contribute to an 

unpleasant and unacceptable taste (Sperber & Doyle, 2010), Biogenic amines viz. 

histamine, cadaverine, tyramine, and putresin are formed when specific free amino acids 

undergo decarboxylation by microorganisms during storage. These amines can be used to 

assess the safety and quality of fish (Biji et al., 2016; Silbande et al., 2018). Histidine is 

the naturally occurring free amino acid found in the scombroid fish, including the 

yellowfin tuna. The formation of histamine in fish is directly related to the amount of 

histidine present and the bacteria present in the fish. Heating and freezing methods are 

not effective in removing or eliminating histamine, as stated by Tahmouzi et al. (2013). 

Histamine is one of the biogenic amines found in fish and is of toxicological importance. 

It is responsible for causing scombroid fish poisoning, as explained by Hungerford 

(2010). Histamine production occurs when bacteria decarboxylate free histidine in raw 

fish due to improper temperature and duration, as highlighted by Rawles et al. (1996) and 

Kim et al. (2000). The histamine levels in the fresh yellowfin tuna may fluctuate 

depending on factors such as storage conditions and processing techniques. At first, fresh 

tuna has very small amounts of histamine (Ben-Gigirey et al., 1998). However, it has 

been proven that proper storage methods such as keeping it in ice can effectively keep 

histamine levels under control. Studies have shown that histamine levels remain below 

6.0ppm when stored correctly (Rossi et al., 2002)). Therefore, it is appropriate to use 

temperature and time to control the formation of histamine in fish during handling and 

storage. Food and Drug Admnistration (2022) recommends storing fish on board at a 

temperature of 4.4°C (40°F) using either ice or refrigerated saltwater immediately after 

the death of fish. It is important to ensure that the fish is not maintained for longer than 

12 hours.  

The presence of heavy metals, including mercury (Hg), lead (Pb), and cadmium 

(Cd), in collected tuna is worrisome due to the potential health hazards they pose. The 

heavy metals mentioned (Bernhoft, 2012; Gidlow, 2015; Ghenci et al., 2020) are the 
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most prevalent ones causing toxicity in humans. Tuna, being a carnivorous fish, has the 

highest concentration of heavy metals due to its position at the top of the food chain 

(Ordiano-Flores et al., 2011). As a predatory fish, it has a strong ability to accumulate 

metal pollutants (Sharkawy et al., 2020). The yellowfin tuna and bigeye tuna, both large 

predatory fish, have particularly high levels of mercury (Kaneko & Ralston, 2007; 

Ordiano-Flores et al., 2011). It is crucial to closely monitor and evaluate the levels of 

heavy metals in tuna to guarantee food safety and reduce the health hazards linked to 

heavy metal exposure (Oktariani et al., 2023). The detection of mercury, lead, and 

cadmium in harvested tuna gives rise to worries over the safety of the food and its impact 

on human health. Implementing continuous monitoring, evaluation, and remediation 

tactics is crucial in order to reduce the hazards linked to heavy metal pollution in tuna and 

guarantee the safety of consumers. Several factors can contribute to fluctuations in the 

levels of heavy metals found in fish, including the species, size, migration biology, and 

origin of the fish. While several studies have investigated the correlation between the size 

of tuna fish and the presence of heavy metals (Drevnick et al., 2015), it is crucial to 

consider the geographic origin of the capture or the habitat upon assessing mercury levels 

in fish of the same species (Nicklisch et al., 2017). Quality assessments help identify 

contaminants, ensuring that fish products are safe for consumption, building consumer 

trust and promoting public health. High-quality fish products often command better 

prices in the market, and this assessment can help producers identify and maintain quality 

standards, leading to increased profitability. In addition, evaluating fish quality 

encourages sustainable fishing practices. 

CONCLUSION 

 

The yellowfin tuna caught by small-scale fishermen in Bone Bay and landed at the 

Lonrae fish landing site has an excellent catch quality, as determined through sensory, 

physical, microbiological, and chemical testing conducted on the catch. The findings 

indicated a sensory score of 8, fish pH ranging from 5.7 to 5.8, fish temperature near 0°C, 

average total bacterial counts of 1.1 x 104 colonies/g, with no presence of Salmonella or 

E. coli <3 MPN/gr. The histamine value ranged from 6.99 to 7.31. The levels of heavy 

metals were measured as follows: mercury at 0.05, lead at 0.0166, and cadmium at 

0.0049mg/ kg. Periodic evaluation of the quality of fish resources, particularly tuna, is 

needed to ensure consumer health and increase economic value. This requires cross-

sector cooperative cooperation such as fishermen, academics, and related agencies. 
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