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Abstract  

Lipid oxidation, especially in marine products with high lipid concentrations, is a significant 

factor in the quality of the product deterioration. The large concentration of highly 

polyunsaturated fatty acids found in species makes fish particularly susceptible to this 

fundamental deteriorative process, even though it occurs in many different types of animal 

sources of food. The aim of the present study was to determine the changes in Peroxide Value 

and Thiobarbituric Acid Value (TBA) as chemical quality indices of lipid oxidation in whole 

Pampus argenteus from Visakhapatnam harbor during frozen storage at -20°C. Results 

obtained conclude that the temperature of storage should be lower than -20
o
C so as to 

maintain the limits of acceptability for a longer duration. 

Keywords: Pampus, PV, TBA. 

 

Introduction 

Polyunsaturated fatty acids (PUFA), particularly eicosapentaenoic (EPA, 20: 5ù-3) 

and docosahexaenoic acids (DHA, 22: 6-3), are abundant in marine lipids (Pazos et al., 2005; 

Bayir et al., 2006). Consuming fish high in polyunsaturated fatty acids (PUFA), such as 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), has been proven to have both 

therapeutic and preventive effects on cardiovascular disease, cancer, hypertension, 

inflammation, fat glycemic management, and baby neurodevelopment (Von Schacky, 2000; 

Kris-Etherton et al., 2003;Sidhu, 2003).The demand for high-quality seafood is growing 

every year due to factors including population growth and a preference of higher protein diet 

intake brought on by an ageing population (Cai and Leung, 2017). The sustainability of our 

ecosystems, however, makes it difficult to increase both wild fisheries and aquaculture 

(Alexandratos and Bruinsma, 2012). 

 

Fish quality changes do occur during chilling and frozen storage. Although traditional 

methods like freezing and chilling are still the most often used procedures onboard, it is still 

not obvious how frozen fish degrades. This needs to be understood for products that need to 

be kept frozen for a long time and maintain high quality. Fish can be stored refrigerated 

(between 0 and 4 degrees Celsius) or frozen (between -18 and -40 degrees Celsius) in order to 

lengthen their shelf life and maintain their freshness at low temperatures (Walayat et al., 

2020). One of the most crucial methods for the long-term preservation of fish muscle is 
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frozen storage. However, physicochemical and structural changes continue to occur 

(Rodríguez Herrera et al., 2000). Fish tissues are extremely vulnerable to oxidation and quick 

degradation due to the high proportion of unsaturated lipids in their tissues. Fish flavour and 

texture are mainly affected by oxidative changes. Changes in colour and nutritional value are 

seen during later stages of lipid peroxidation (Dragoev et al., 1998). Fish oils and fatty fish 

easily produce volatiles linked to rancidity due to PUFA degradation by auto-oxidation 

during storage and processing (Pazos et al.,2005). Fish that has been frozen can help prevent 

microbial deterioration, however lipid oxidation may also be a contributing spoilage factor 

(Badii and Howell, 2002). 

 

Lipid oxidation is a very complicated and significant process that jeopardises the 

quality of food, particularly that which has a large proportion of unsaturated fats. The 

majority of polyunsaturated fatty acids come from fish, which is problematic because they are 

easily degraded by processes like oxidation. In fact, lipid oxidation has a significant role in 

the quality of foods, particularly those high in highly unsaturated fats. Some of the several 

effects of lipid oxidation in foods include quality losses, development of disagreeable flavour 

and aroma, shortening of shelf life, nutritional value losses (such as loss of polyunsaturated 

fatty acids, PUFAs), and potential production of harmful compounds. Since it causes quality 

to decline and reduces the marketability of fish products, lipid oxidation is a key concern 

during the processing and storage of fish (Secci and Parisi, 2016). The development of 

secondary lipid oxidation products, such as the oxidation of peroxides into aldehydes and 

ketones, is indicated by thiobarbituric acid or thiobarbituric acid reactive substances 

(TBARS), which are widely employed to measure the degree of fish oxidation. The 

secondary malondialdehyde (MDA) compound extraction serves as the basis for the 

calculation of the TBA index (Hocaoğlu et al., 2012). 

 

The present study has been taken up to study the changes in Peroxide values and TBA 

chosen as the chemical quality indices of lipid oxidation in whole Pampus argenteus 

collected from Visakhapatnam harbor and stored at -20
o
C for a duration of 180 days. 

 

Materials and Methods 

The present study includes studies on Peroxide value and TBA measurements of one 

of the most preferred marine species namely Pampus argenteus landed at Visakhapatnam 

fishing harbor. All the fresh samples were collected from Visakhapatnam Fishing harbour. 

Without any time lapse the tests were undertaken after thorough washing of the fish with 

water in the lab. The samples of fish were not eviscerated as the present study was on whole 

fishes. The sample was separated in 2 lots. The first lot was analysed in fresh condition and 

the second lot was packed in sterile polythene bags in the whole form and was stored at -

20
o
C. The frozen samples were analysed across fifteen durations of storage i.e., after 1, 

3,5,7,14,21, 28, 42, 56, 70, 84, 120, 150, 180 days of storage. 

 

Determination of Peroxide (PV) 

Peroxide value was determined by according to Egan et al., 1981 in Pearsons’s 

chemical analysis of foods. Minced muscle was blended with twice its weight of anhydrous 

sodium sulpahte in mortar. The blend was shaken with distilled chloroform for 5 to 10 

minutes and filtered. For PV estimation 5 gms of oil was taken into 250 ml boiling conical 

flask., 30 ml of HOAc–CHCL3 was added and swirled to dissolve, 0.5 ml saturated KI 

solution was added, shaken thoroughly and was boiled in waterbath for not more than 30 

seconds. 30 ml of water was addedslowly and then the liberated iodine was titrated with 0.1 
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N Na2S2O3 with vigorous shaking until yellow was almost gone. 0.5 ml of 1% Starch solution 

was added and titrated by shaking vigorously so as to release all the iodine from the 

chloroform layer until blue colour just disappeared. Blank determination was carried out 

simultaneously. The Peroxide Value is often reported as the number of ml of 0.002 N Sodium 

thiosulphate per gram of sample. The value so obtained was multiplied by 2, which then 

equals milliequivalents of peroxide oxygen per kg of sample (meq/kg). 

 

Determination of Thiobarbituric Acid Value (TBA Value) 
Thiobarbituric acid value was estimated according to the method described by Vynke, 

1970. 10 gms of fish muscle was homogenized with 50 ml distilled water and washed into 

distillation flask with 47.5 ml distilled water. 2.5 ml 4N HCL was added and heated by 

adding glass beads. 50 ml of distillate was collected in 10 minutes. 5 ml distillate was pipette 

into a glass stoppered tube; 5ml TBA reagent was added, stoppered, and heated in boiling 

water bath for 35 minutes. A blank was similarly prepared using 5ml distilled water with 5ml 

reagent, then the tubes were cooled and OD was measured against the blank at 538 nm. TBA 

number as mg Malonaldehyde per kg sample is equal to O.D. x 7.8. 

 

Results 

Initial Peroxide value in fresh Pampus argenteus was 0.17 meq/kg and it decreased to 

0.15 meq/kg after one day of storage. After 3 days PV increased to 0.33 meq/kg. With a 

continuous increase PV reached 16.42 meq/kg after 84 days of frozen storage. On further 

storage PV decreased and reached 11.62 meq/kg at the end of 180 days of frozen storage.  

 

 
Figure 1. Changes in Peroxide Value meq/kg in Pampusargenteus 

 

TBA content was not detected initially in fresh as well as after one day of frozen 

storage. After three days of frozen storage TBA value reached 0.10 mg malonaldehyde/kg. 

TBA content gradually increased and remained below the limit of acceptability (7–8 mg 

malonaldehyde/kg as proposed by Huss, 1988 until the completion of 120 day. Thereafter, 
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TBA values increased and have exceeded the limits of acceptability by the end of 150 days 

with a value of 9.45 mg malonaldehyde/kg. 

 

 
Figure 2. Changes in TBA value mg malonaldehyde/kg in Pampusargenteus 

 

Discussion 

Aquatic foods can retain their quality and nutrients over time by being frozen, which 

is a widely used technique. Low temperatures effectively stop microbial growth and enzyme 

activity, but they also cause protein and lipid oxidation, which can worsen physicochemical 

properties (Santos et al., 2019), especially when there is temperature fluctuation and frequent 

freeze-thaw cycles (Nikoo, et al., 2016). According to Huss (1995), fish lipid is rich in 

polyunsaturated fatty acids and therefore susceptible to oxidation. The development of 

rancidity during frozen storage was indicated by an increase in PV in frozen fish as compared 

to fresh fish (Ben-Gigirey et al., 1999). One of the main impacts of lipid oxidation is the 

development of off-flavor; at a later stage of lipid peroxidation, changes in colour and 

nutritional value are seen as well (Dragoev et al., 1998). 

 

The impact of storage on the lipids and proteins in Atlantic mackerel that was kept at -

20 and -30°C for up to 24 months was investigated. The results of the present study are well 

in agreement with the reports of Saeed and Howell, (2002) which stated that the peroxide 

value and thiobarbituric acid-reactive substances (TBARS) tests, among other conventional 

techniques, revealed an increase in lipid oxidation products with storage duration and at a 

higher storage temperature of -20 °C. The oxidative changes in frozen fish lipids may be 

caused by the occurrence of radicals, which are indicators of this process. According to Ben-

Gigirey et al.,(1999), an increase in PV in frozen fish, as opposed to fresh fish, indicated the 

development of rancidity during frozen storage. Previous research (Liu et al., 2010; Tokur et 

al., 2004) have shown a similar pattern of increase in the TBA value. A similar observation 

of results is made in the present study also. 

 

According to Lakshmisha et al.,(2008), fish may be consumed up to a level of 8 mg 

malonaldehyde/kg, with a maximum level of 5 mg malonaldehyde/kg indicating good quality 
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for fish that has been frozen, chilled, or stored with ice. Due to increasing oxidation and 

enzymatic hydrolysis of unsaturated fatty acids, lipid degradation is the primary factor in 

decreasing fatty acid shelf life (Sarma et al., 2000).All samples of blue fin tuna had higher 

peroxide values after a year of storage, even if they were lower at lower temperatures (-45 

and -60°C). All samples held at -20°C had higher peroxide values after three months (Tanaka 

et al., 2016). TBA records revealed an increased rate of lipid oxidation during frozen storage 

of the Red Tilapia fillet samples. A significant increase in TBA (from 0.03 in fresh samples 

to 1.26) was observed at the end of the storage at -18
o
C for a duration of 150 days. The 

highest value of PV was observed in 150
th

 day (0.93 meq/kg) (Karami, et al., 2013). During 

frozen storage, the shark and mackerel both showed a considerable increase in TBA, going 

from an initial value of 0.038 to 0.068 mg of malonaldehyde/kg of fish flesh and from 0.038 

to 0.104, respectively. This showed oxidative degradation (Sahari et al., 2009). According to 

Wu et al.,(2022), investigations were made into lipid oxidation in ice-stored sorted herring 

fractions from spring and autumn (head, backbone, viscera + belly flap, tail, fillet), as well as 

its relationships with endogenous prooxidants, antioxidants, and lipid substrates. They 

reported that after one day, the peroxide value (PV) and thiobarbituric acid reactive 

substances (TBARS) had dramatically increased in all fractions. 

 

The loss in fish freshness starts as soon as the postmortem and harvesting changes, 

highlighting the importance of good management from harvest through 

processing/commercialization to maintain the high quality and extended shelf life. According 

to the processing and preservation techniques used, this care would determine the oxidative, 

enzymatic, and microbiological activity in fish (Tian et al., 2022). Several aspects connected 

to the organism (species, habitat, food, etc.) as well as the way of transportation to the 

preparation/processing business, which must also be taken into account while optimising 

freezing and refrigeration settings, have an impact on the shelf-life of fish (Walayat et al., 

2023). 

 

Karacam and Boran, (1996) reported that the TBA value in anchovies stored at -18
o
C 

increased significantly by the end of the storage period, indicating hydrolytic and oxidative 

changes. Ludoff and Meyer (1973) pointed out that in very fresh fish the peroxide value 

should be below 2 meq/kg fat, while in fresh fish the peroxide value should not exceed 5 

meq/kg fat. The increase in TBA observed in the present study was probably due to 

destruction of hydroperoxides into secondary lipid oxidation products. Similar observations 

were previously made by (Aubourg et al., 2002; Kolakowska, 2002) 

 

Conclusion 

Fish spoilage is caused by three main processes namely microbial growth, oxidation, 

and enzymatic autolysis. The most widely used methods in the market today for controlling 

water activity, enzymatic, oxidative, and microbiological spoilage are chemical methods and 

low temperature storage. Although energy-intensive freezing processes can reduce 

microbiological and enzymatic decomposition but unfortunately these processes cannot stop 

oxidative spoilage, they are only a temporary solution for fish preservation. To maximize the 

shelf-life of fish, further research is needed to understand the function of the fish's proximate 

composition, post-harvest history, ambient factors, initial microbial load, type, and nature of 

bacteria, and their interactions resulting in lipid oxidation. 
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