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A B S T R A C T 
Consumer consumption is increasing for minimally prepared fish that keeps its sensory and nutritional characteristics 
during processing and storage. The present study aimed to contribute more knowledge about the storage of marine 
fishes like Indian mackerel, red snapper, Indian whiting Lady fish, Indian goat fish and silver belly fish. During the storage, 
the lipid inside the fish muscle oxidises and breaks down into simpler molecules such as free fatty acids, peroxides, and 
thiobarbituric acid and microbial growth due to rich in protein. Spoilage was examined by sensory analyses, chemical and 
microbiological for the period of 1 to 20 days storage time at 4°C. 
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Tamil Nadu is India's third longest coastal state in the 

southern portion of the Indian peninsula. It is rich in marine 

resources in two main regions, Palk Bay and Mannar Gulf [1]. 

From 9.9 kg per capita in the 1960s to 20 kg in 2016, worldwide 

fish consumption has risen significantly [2]. Fish is nutrient-

dense, containing protein, vitamins, and minerals that our 

bodies require for optimal health and well-being. [3] Seafood, 

on the other hand, has a short shelf life due to its high nutritional 

content, neutral pH, and high moisture content [4]. The early 

microbiological and biochemical processes that occur in 

seafood after death cause changes in sensory and nutritional 

characteristics, reducing shelf life [5]. Seafood, in general, is 

high in polyunsaturated fatty acids (PUFAs), making it more 

prone to lipid oxidation. Lipid oxidation in seafood causes 

unpleasant odours and flavours, as well as nutritional loss, the 

formation of harmful compounds, and colour changes [6]. 

The difficulty of seafood spoilage is amplified by 

microbiological, chemical, and physical changes. Indigenous 

enzymes and chemical reactions are responsible for the first loss 

of freshness in fish, whereas microbial metabolic activity is 

responsible for total spoiling [7]. The methods for determining 

fish freshness date back to the mid-20th century, with the fastest 

and creative advancements occurring in the previous 20 years. 

However, some of these approaches are simple to apply but 

time demanding, whilst others require less time to produce 

results but are costly and complicated procedures [8]. In recent 

years, consumer preference has led to the increasing need for 

sensitive and quick analytical technologies in terms of food 

quality and food safety problems. Several conventional 

physical, textured, sensorial, and chemical analyses like TBA, 

TVBN, PV, FFA approaches have been employed in the 

assessment of freshness of the fish and other seafood items and 

have been authenticated. 

 

MATERIALS AND METHODS 
 

Collection and preparation of samples 

Samples were Collected from the Chidambaram Fish 

market and Experimental were conducted at Annamalai 

University, Department of Agricultural Microbiology 

laboratory. Indian mackerel (Resatrelliger kanagurta), Red 

snapper (Lutjanus campechanus), Indian whiting Lady fish 

(Elops attinis), Indian goat fish (Parupeneus indicus), Silver 

belly fish (Gerres subtasciatus) The fish were gutted and 

washed. After that they were surrounded by flake ice at a fish-

to-ice ratio of 2:1 (w/w) and stored in a refrigerated box at 4 ℃. 

During the storage, ice was added to the fish samples as 

required. All analyses were performed on days 1, 5, 10, 15 and 

20. 

 

Sensory analyses  

Spoilage is defined as any change in the initial state of 

seafood that results in an unpleasant odour, taste, look, or 

texture. This transition can be related to enzymatic, chemical, 

and biological factors or microbiological activity in seafood [9]. 

Colour and texture measures are relevant to physical 

characteristics, but form, size, volume, and weight also play a 

role in identifying freshness [10]. The quality index technique 

(QIM) was used to evaluate raw fish, as indicated in (Table 1). 

This sensory rating is based on [11] freshness quality criteria 

for herring. Each evaluator was given basic descriptors and was 
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awarded demerit points ranging from 0 to 3, with 0 representing 

best quality and any higher score indicating lower quality. The 

panellists were asked if the fish were acceptable or not. That 

was used to determine the shelf life of Indian mackerel, red 

snapper, Indian whiting Lady fish, Indian goat fish and silver 

belly fish. 

 

Chemical methods 

TBA method 

The levels of thiobarbituric acid (TBA) were monitored 

throughout time. The TBA values were determined using a 

spectrophotometer with a timer, in which 10g of minced fish 

was macerated with 50ml of distilled water at 2-minute 

intervals, then rinsed and add 47.5ml of water transferred into a 

distillation flask. 5 glass beads and 2.5ml 4N HCL (antifoam 

liquid) were added. The mixture was distilled at a rate of 

5ml/min, the distillate (5ml) was placed in a glass stoppered 

tube, 5ml of TBA reagent was added, and the tube was heated 

for 35 minutes in boiling water. After allowing the sample to 

cool, the absorbance was measured at 538nm against a blank. 

The TBA value was calculated using each absorbance [12]. The 

rate of degradation in these tropical fish species has also been 

tracked and evaluated on a scale of 1 to 10, with 1 signifying 

excellent condition, 2 - 3 good, 4 to 5 terrible, and 5 to10 

spoiled. 

 

Determination of TVBN  

The presence of volatile nitrogenous bases in the original 

material (fishmeal) is assessed using the TVB-N parameter. 

According to Ricque-Marie [13], it provides a reliable estimate 

of the final product's quality. 100 g of fresh fish flesh was 

weighed and combined with 300 ml of 5% Tricholoroacetic 

acid in a blender. The mixture was then centrifuged for 1 hour 

at 3000 g to produce clear extract. 5 ml of the extract and 5 ml 

of 2 M sodium hydroxide (NaOH) were pipetted into the 

Markhan apparatus. This was steam distilled into 15 mL of 0.01 

M hydrochloric acid (HCl) with 0.1 mL of rosolic indicator. The 

surplus acid was then titrated in the receiving flask with 

standard 0.01 M NaOH to a pale pink end point after 

distillation. A procedural blank was performed with 5 mL 

Trichloroacetic acid and no sample, and the titration was 

performed as previously [14]. The following formula was used 

to calculate TVBN concentration (in mg N/100 g sample): 

TVBN (mg N/100g Sample) = (M)(VB – VS)(14)(300 + W) / 

5 

Where; 

VB = ml NaOH used for blank titration 

W = water content of sample in g/100 g 

M = molarity of NaOH standard solution and 

VS = ml NaOH used for sample titration 

 

Peroxide value (PV) – Iodometric titration method 

The peroxide value (PV) is used to calculate the amount 

of peroxide/hydroperoxide produced during the initial stage of 

oil oxidation by measuring the amount of iodine released from 

potassium iodide during the titration process [15-16]. The 

iodometric titration technique is a method for estimating the 

total quantity of the principal oxidation products: 

hydroperoxides, and it is based on the redox characteristics of 

the hydroperoxides. As shown in equations 1 and 2, the 

hydroperoxides in the oil sample react with iodide ions (I-) in a 

saturated potassium iodide (KI) solution to generate iodine (I2), 

which is then titrated against a standardized sodium thiosulfate 

solution (Na2S2O2). The end point can be measured using a 

starch indicator, but recently it is most often determined 

potentiometrically by electrochemically detecting freed iodine 

reduction at a platinum electrode [17]. PV is measured in 

milliequivalents of peroxides per kilogramme (meq/kg) [18]. 

 

Free fatty acid (FFA) titration method 

The lipid inside the fish muscle oxidises and breaks 

down into simpler molecules such free fatty acids, peroxides, 

and thiobarbituric acid, resulting in muscle deterioration [19]. 

The quantity and type of the sample were taken into 

consideration when developing this technique. The fish lipid 

extract was nitrogen evaporated and redissolved in ethanol that 

had been neutralized with m-cresol purple and heated to 60 °C. 

A violet end point was reached after titrating three replicates 

per sample. The use of m-Cresol purple to increase the 

sensitivity of the method has been proposed, and it has been 

used for the titration of lipid fish extracts [20]. The extract, 

which included 100 mg of lipids, was titrated with 0.05 N 

NaOH in this example. FFA levels are often expressed as a 

percentage of oleic acid: 

% Oleic acid = (mL of NaOH × NaOH normality × 

28.2)/weight of sample (g) 

 

Microbiological analysis 

Seafood is easily vulnerable to opportunistic and harmful 

bacteria. The microbial load of seafood is mostly determined by 

its habitat, which is a microbe-rich environment [21].  Samples, 

from three different fish stored in ice for each group, were taken 

to estimate total viable counts (TVC). Ten grams of fish muscle 

were mixed with 90 ml of ringer solution for 3 min. Further 

decimal dilutions were performed before pipetting 0.1 ml of 

each dilution over the surface of plate count agar (Oxoid) plates. 

They were then incubated at 30 °C for two days. 

 

RESULTS AND DISCUSSION 

 

Sensory analyses 

The (Table 1) shows the total demerit points of stored 

fish in ice. The Indian mackerel, red snapper, Indian whiting 

Lady fish, Indian goat fish and silver belly fish were a very 

bright look, a firm texture, bright and convex eyes, and fresh 

smells when they were just harvested. With storage time, 

demerit points increased in all species. Although the whole 

species had similar initial sensory ratings on day 0, red snapper 

had better scores on day 20 Indian mackerel followed Indian 

goat fish, silver belly fish and Indian whiting Lady fish. The 

permissible shelf life for red snapper (demerit score: 13.27) 

followed Indian mackerel (demerit score: 13.56), Indian goat 

fish (demerit score: 14.20), silver belly fish (demerit score: 

14.68) and the last Indian whiting Lady fish (demerit score: 

15.39). The results of the sensory analysis indicated the shelf 

life of these fishes was different from the lives of that the 

storage. 

 

Chemical methods 

TBA method 

The aldehyde (malondialdehyde) generated during the 

rancidity process of the lipid had reduced to the point where the 

change in TBA was no longer significant after days of storage. 

This might indicate that the lipids have totally rancidity and that 

continued storage will not produce more aldehydes. This is in 

line with the findings of previous researchers [22]. The five fish 

samples analyzed were found to have TBA values of 0.89, 0.73, 

0.75, 0.90 and 0.95mgMA/kg for Indian mackerel, red snapper, 

Indian whiting Lady fish, Indian goat fish and silver belly fish 

respectively at first day of keeping. Fresh fish had a TBA value 

of less than 5.0 mgMA/kg, confirming that the fishes were still 

fresh. (Table 2) showed during the 20th day of the incubate in 
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ice the five fish species of Indian mackerel, red snapper, Indian 

whiting Lady fish, Indian goat fish and silver belly fish. The 

TBA values were rapid increased viz., 6.80, 5.61, 6.55, 7.20, 

and 6.75mgMA/kg respectively. 

 

Table 1 Quality index method (QIM) for Sensory evaluation of fish samples (Nielsen and Hyldig 2004) 

Quality parameter Description Score 

Whole fish appearance of skin Very bright 0 

Bright 1 

Mat  2 

Blood on gill cover None 0 

Some 1 

Much 2 

Texture Hard 0 

Firm 1 

Soft 2 

Texture on belly Firm 0 

Soft 1 

Burst 2 

Odour Fresh sea odour, sea weedy, metallic 0 

Neutral 1 

Slight off odour 2 

Strong off odour 3 

Eyes appearance Bright 0 

Somewhat lustreless 1 

Shape Convex 0 

Flat 1 

Sunken 2 

Gill colour Characteristic red 0 

Somewhat pale, mat, brown 1 
Total demerit points (0-18) 

Table 2 Investigation of chemical changes in fish samples at different days of storage 

Samples Storage days TVB-N mg/100 g TBA (mg MA kg-1) PV meq/kg FFA % of oleic acid 

Indian mackerel 1 20.36 ± 0.01 0.89 ± 0.03 0.75 ± 0.02 0.95 ± 0.11 

5 22.45 ± 0.03 1.46 ± 0.04 1.73 ± 0.03 1.42 ± 0.13 

10 23.76 ± 0.04 3.25 ± 0.06 3.46 ± 0.04 2.11 ± 0.15 

15 31.25 ± 0.06 5.57 ± 0.07 5.91 ± 0.05 3.20 ± 0.17 

20 34.57 ± 0.08 6.80 ± 0.09 6.55 ± 0.06 3.63 ± 0.19 

Red snapper 1 20.26 ± 0.02 0.73 ± 0.01 0.83 ± 0.01 0.81 ± 0.13 

5 23.40 ± 0.04 1.16 ± 0.02 1.25 ± 0.03 1.53 ± 0.14 

10 27.51 ± 0.05 3.25 ± 0.03 3.31 ± 0.04 2.69 ± 0.15 

15 30.23 ± 0.07 4.38 ± 0.05 5.60 ± 0.06 3.25 ± 0.17 

20 33.81 ± 0.09 5.61 ± 0.08 7.13 ± 0.08 4.64 ± 0.19 

Indian whiting 

Lady fish 

1 20.15 ± 0.01 0.75 ± 0.02 0.91 ± 0.01 0.91 ± 0.08 

5 22.71 ± 0.03 2.26 ± 0.03 1.26 ± 0.03 1.50 ± 0.10 

10 27.68 ± 0.05 3.18 ± 0.04 3.65 ± 0.05 2.67 ± 0.12 

15 31.24 ± 0.06 5.43 ± 0.06 5.40 ± 0.07 3.25 ±0.15 

20 34.82 ± 0.09 6.55 ± 0.08 6.12 ± 0.09 3.89 ± 0.17 

Indian goat fish 1 20.42 ± 0.03 0.89 ± 0.02 0.86 ± 0.03 0.88 ± 0.14 

5 21.25 ± 0.06 1.40 ± 0.04 1.23 ± 0.05 1.60 ± 0.16 

10 25.38 ± 0.08 3.85 ± 0.06 3.51 ± 0.07 2.25 ± 0.19 

15 29.63 ± 0.09 5.73 ± 0.09 4.68 ± 0.08 3.16 ± 0.21 

20 31.79 ± 0.11 7.20 ± 0.10 6.33 ± 0.11 4.37 ± 0.23 

Silver belly fish 1 20.75 ± 0.01 0.95 ± 0.03 0.73 ± 0.02 0.76 ± 0.11 

5 22.36 ± 0.03 1.35 ± 0.05 1.18 ± 0.03 1.61 ± 0.14 

10 26.14 ± 0.03 3.43 ± 0.06 2.65 ± 0.04 2.58 ± 0.16 

15 28.31 ± 0.04 4.68 ± 0.07 4.07 ± 0.06 3.40 ± 0.18 

20 30.28 ± 0.06 6.75 ± 0.09 6.35 ± 0.08 3.93 ± 0.20 

Mean ± SD; n = 3 

Determination of TVBN  

In this study, the highest value of TVBN is Indian 

whiting lady fish (34.82) followed Indian mackerel (34.57), red 

snapper (33.81), Indian goat fish (31.79) and silver belly fish 

(30.28) at the 20th day of ice storage. Pearson [23] suggested a 

TVBN limit of 20 to 30 mg N/100 g for fresh fish, whereas Kirk 

and Sawyer [24] advised the upper limit was proposed to be 30 

to 40 mg N/100 g. In addition, Connell's [25] recommendation 

is the maximum acceptability of fish has been recorded 30 mg 

N/100 g. 

 

Peroxide value (PV) – Iodometric titration method 

The PV value indicates the early stages of oxidative 

rancidity. Red snapper had the highest PV (7.13 meq/kg) 
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followed by Indian mackerel (6.55 meq/kg), silver belly fish 

(6.35 meq/kg), Indian goat fish (6.33 meq/kg) and finally Indian 

whiting lady fish (6.12 meq/kg). PV for fish oil is acceptable ≤5 

meq/kg oil [26]. On the other hand, [27] also reported that PV 

less than 5 meq/kg oil shows that fat is not oxidized, but PV 

between 5 and 10 meq/kg oil suggests rancidity. 

 
Table 3 Estimation of total viable count (log10 cfu g-1) in fish samples at different days of storage 

Days of 

storage 

Population of microorganism in fish samples 
Indian mackerel Red snapper Indian whiting Lady fish Indian goat fish Silver belly fish 

Bacteria 
Yeast and 

molds 
Bacteria 

Yeast and 

molds 
Bacteria 

Yeast and 

molds 
Bacteria 

Yeast and 

molds 
Bacteria 

Yeast and 

molds 

1 day 2.64±0.14 - 1.01±0.13 - 2.13±0.14 - 2.25±0.15 - 2.85±0.13 - 

5 days 3.32±0.15 - 2.65±0.15 - 3.62±0.16 - 3.36±0.17 - 3.14±0.14 - 

10 days 4.14±0.17 1.18±0.01 3.12±0.17 1.20±0.01 4.80±0.19 - 4.53±0.20 1.21±0.02 3.75±0.17 1.07±0.02 

15 days 5.29±0.22 1.44±0.02 4.53±0.19 1.51±0.03 5.35±0.22 1.08±0.01 5.18±0.22 1.44±0.04 4.28±0.19 1.26±0.03 

20 days 6.86±0.25 1.68±0.04 6.20±0.21 1.78±0.05 7.63±0.24 1.22±0.03 7.70±0.25 1.68±0.07 5.41±0.21 1.85±.005 

 

Fig 1 Sensory evaluation of fish samples at 20th day 

Free fatty acid (FFA) titration method 

The data in (Table 2) shows the Free fatty acid (FFA) 

content of fish. The free fatty acid level in Indian whiting lady 

4.90% of oleic acid followed red snapper 4.64% of oleic acid, 

Indian goat fish 4.37% of oleic acid, silver belly fish 3.93% of 

oleic acid and Indian mackerel 3.63% of oleic acid was 

typically low in the current investigation. FFAs are significant 

not just in terms of oxidation products, but they have also been 

found to have a direct sensory influence [28]. It is preferable 

that the FFA level of edible oil between 0.0 and 3.0 percent 

oleic acid [29]. 

 
Microbiological analysis 

The results depicted in (Table 3) shows microbial counts 

on Indian mackerel, red snapper, Indian whiting Lady fish, 

Indian goat fish and silver belly fish maintained on ice. Total 

viable counts (TVC) increased over the storage period. The 

Total viable counts (TVC) for fish was exceeded. After 20 days, 

log cfu g-1 was regarded the highest level for acceptability for 

Indian whiting Lady fish (7.63cfu g-1) followed by, Indian 

mackerel (6.86 cfu g-1), Indian goat fish (7.70 cfu g-1), silver 

belly fish (5.41 cfu g-1), and red snapper (6.20 cfu g-1). Bacteria 

proliferated faster in all species during the storage periods. The 

results indicating that sensory analysis was strongly linked with 

microbiological analysis investigation of the fish. The 

maximum microbiological limit for TVC which separates the 

good quality fish from bad quality is 5 × 105 cfu g-1 [30]. 

 

CONCLUSION 
 

 The shelf life of the five species of fishes were analyzed 

for shelf-life study and based on the results it was concluded 

that (Indian mackerel, red snapper, Indian whiting Lady fish, 

Indian goat fish and silver belly fish) limits for sensory 

acceptability for the period of 15 days. And in chemical analysis 

method of TBA, TVBN, PV and FFA the acceptability of fish 

was up to 15th day of storage, thereafter, the spoilage begins 

when kept in ice. The results of microbiological and chemical 

tests confirmed these conclusions. The range of the microbial 

population of bacteria, yeast and mold increased during the 

increase of the storage period. Among the five fishes the Indian 

whiting lady fish got spoiled during the 15th days of storage 

followed by Indian mackerel, Indian goat fish, silver belly fish 

and red snapper. 
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