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Ágrip 

Markmiðið með verkefninu var að rannsaka gæði og stöðugleika cobia (Rachycentron canadum) flaka 

sem var pakkað og geymd við mismunandi aðstæður. Annars vegar voru flökin geymd í opnum 

plastpokum og hins vegar í lofttæmdum plastpokum. Flökin voru síðan geymd í frystigeymslu í allt að 5 

mánuði annars vegar við -18 °C og hins vegar við -25 °C. Á mánaðarfresti út geymslutímann voru gerðar 

mælingar á suðunýtingu, vatnsinnihaldi, styrk köfnunarefnis í heildarmagni rokgjarnra niturbasa (TVB-

N), magni fosfólípíða (PL), myndun frírra fitusýra (FFA) og oxunarafleiður fitu (PV og TBARS ) til að 

meta áhrif umbúða og geymsluhita á gæði cobia flakanna. 

Magn fosfólípíða minnkaði verulega og styrkur FFA jókst yfir geymslutímann og sýnir það að 

ensímvirkni var talsverð hjá öllum tilraunahópunum. Talsverðar breytingar voru á PV- og TBARS-gildum 

á meðan á geymslu stóð. Val á geymsluhitastigi og lengd geymslutímans höfðu mikil áhrif á niðurbrot 

lípíða, en lípíðin voru stöðugri við lægra geymsluhitastigið (-25°). Enn fremur sýndu niðurstöður að 

pökkun cobia flaka í lofttæmdar umbúðir dró verulega úr oxun eða þránun flaka samanborið við 

loftpökkuðu flökin. Athyglisvert var að cobia flök í lofttæmdum umbúðum geymd við -18 °C höfðu nokkuð 

betri gæði miðað við flök í hefðbundnum umbúðum sem voru geymd við lægri hitastigið -25 °C. 

 

Lykilorð: cobia, fituoxun, fríar fitusýrur, vakúmpökkun, loftpökkun, geymsluhitastig 
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Abstract 

The aim of this study was to investigate the quality and stability of air and vacuum packaged cobia fillets 

(Rachycentron canadum) during frozen storage for up to 5 months at -18 oC and -25 oC. Cooking yield, 

water content, total volatile basic nitrogen (TVB-N), phospholipid content (PL), lipid hydrolysis (free fatty 

acid (FFA), and oxidation (lipid hydroperoxide values (PV) and thiobarbituric acid reactive substances 

(TBARS)) were measured every month of the storage period to evaluate the effects of packaging 

methods and storage temperature on the quality degradation of cobia fillets.  

Phospholipid content decreased significantly, whereas concentration of FFA increased during 

storage, indicating enzymatic activity throughout the storage period for all treatments. Formation of PV 

and TBARS increased significantly with storage time. Storage temperature and time proved to be 

important factors with regards to lipid degradation. Lipids were more stable at the lower storage 

temperature. Furthermore, the results demonstrated the inhibitory effects of vacuum packaging of cobia 

fillets on lipid oxidation, compared to air packaging. Interestingly, vacuum packaged cobia fillets stored 

at -18 oC had somewhat better quality than traditionally packaged fillets stored at a lower temperature 

of -25 oC. 

 

Key words: Cobia, lipid oxidation, free fatty acids, vacuum packaging, air packaging, storage 

temperature 
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1 Introduction 

1.1 General overview 

Fish is one of the main food sources for human consumption. The use of seafood products for human 

consumption is related to their beneficiary impact on human health due to their high content of essential 

amino acids and fatty acids, especially omega-3 (n-3) polyunsaturated fatty acids (PUFA). Some 

previous studies have shown beneficial impacts of fish consumption and fish oil supplementation on 

heart disease (Djoussé et al., 2012; Holub & Holub, 2004). In particular, low rates of cardiovascular 

disease were found in Greenland eskimos and Japanese islanders, who had a fish rich diet, indicating 

the cardio-protective effects of fish consumption (Dewailly et al., 2001; Feskens & Kromhout, 1993; 

Kagawa et al., 1982). 

Nowadays, fish and other seafood species are of great economic importance in many countries. 

Seafood consumption has been rising faster than world population growth (FAO, 2016). To meet the 

growth in seafood demand, the global fish production reached more than 167 million tons in 2014 (88% 

for human consumption). Of this total quantity, 93.4 million tons included fish production of wild catch. 

Amongst these can approximately 60% be considered fully exploited stocks, and overfished stocks were 

nearly 30%. Depletion of marine fisheries resources has thus become a global issue. Meanwhile, 

aquaculture is one of the fastest growing food producing systems. Globally, supplies from fish 

aquaculture have more than doubled from 32.4 million tons in 2000 to 73.8 million tons in 2014. Thus, 

it is clear that the aquaculture sector can be seen as a potential way to meet the rising demand for 

seafood products in the world (FAO, 2016).  

Cobia (Rachycentron canadum) is emerging as a favorable candidate for aquaculture due to its fast 

growth rate, low production cost, high commercial value and excellent quality of its flesh (Fotedar & 

Sang, 2011; Holt, Faulk, & Schwarz, 2007; Nhu et al., 2011). Cobia is among seven fish species in the 

tropics with marine culture potential (Kapetzki, Aguilar-Manjarrez, & Jenness, 2013). Their quality fillets 

are appropriate for sashimi and restaurant menus, but the characteristics of cobia sashimi are 

comparable to tuna and salmon sashimi (Chang & Wong, 2012; Craig, Schwarz, & McLean, 2006). 

Globally, farmed cobia production has been increasing rapidly from 2002, reaching nearly to 42,500 

tons in 2015. Of these, were about 37,000 tons produced in China, 3000 tons in Vietnam and 1500 tons 

in Taiwan, which played as the three largest producers (FAO, 2017). Vietnamese cobia products are 

consumed in various forms, such as fresh, iced steak in domestic markets, and as frozen fillets, or frozen 

loins, which are mainly exported to China, Japan, EU, Brazil and Panama (Nhu et al., 2011). 

Farmed cobia is a fatty fish with a lipid content ranging between 5.3-16.6 % in the fillets (Chuang, 

Lin, & Shiau, 2010; Taheri et al., 2012). According to Liu et al. (2009), 34% of the total lipids in cobia 

are mono unsaturated fatty acids (MUFA), and 15.5% are polyunsaturated fatty acids (PUFA). Major 

PUFA are n-3 fatty acids, such as eicosapentaenoic acid (EPA, C20:5n-3), and docosahexaenoic acid 

(DHA, C22:6n-3). The lipids present in cobia muscle thus have a high nutrient value. However, with 

those lipid properties, cobia lipids may be susceptible to lipid oxidation during processing and storage. 
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This is a concern for cobia producers, since oxidation has undesirable effects on the quality and shelf 

life of products.  

Freezing followed by frozen storage is a widely used and efficient method for long-term preservation 

of fish due to its importance in maintaining quality and stability and prolonging shelf life of fish products. 

Although bacterial growth can be inhibited effectively, fish quality still deteriorates due to various 

physicochemical processes. Most important of these are ice crystal formation leading to disrupted 

muscles, formation of undesirably textural properties, and chemical changes including enzymatic, and 

non-enzymatic reactions, causing pigments degradation, loss of nutritious compounds, protein alteration 

and lipid deterioration (Rehbein, 2002). Lipid deterioration is the most dominant cause of quality 

deteriorations during frozen storage, especially in fatty fish (Shenouda, 1980; Zaritzky, 2010). Lipid 

deterioration is an important factor for consumer acceptance of fish as it causes rancidity, formation of 

potentially toxic compounds, protein denaturation, undesirable sensory changes, and nutritional loss. 

Lipid degradation is influenced by many factors, including raw material properties, such as lipid 

composition and the presence of catalysts, handling, freezing, oxygen access to the muscle, processing 

and frozen storage conditions. Storage temperature, temperature fluctuation, and oxygen levels are 

amongst the most important factors (Frankel, 2005). Fish, stored at a temperature below -18 oC is 

considered to be deep frozen (Bogh-Sorensen, 2006), and according to Frankel (2005), the rate of lipid 

oxidation in fish decreases significantly at temperatures below -18 oC. However, some authors have 

suggested that fatty fish should be stored at temperature at or lower than -25 oC (Romotowska et al., 

2017). Lowering frozen storage temperature is considered to be an effective way to increase the stability 

of frozen seafood. However, using suitable packaging methods may also give some economically 

efficient impacts for maintaining the stability of fatty fish during long-term frozen storage (Indergård et 

al., 2014; Tolstorebrov, Eikevik, & Indergård, 2014). The prevention of oxygen penetration into fatty fish 

muscles was, according to Tolstorebrov, Eikevik, and Bantle (2016), shown to be a more efficient lipid 

oxidation inhibition compared to reduction of storage temperature. Finding optimized storage conditions 

with regards to storage temperature and packaging solution are thus of great importance to the cobia 

industry.  

 

The overall goal of the present project was to study the quality changes in cobia fillets during frozen 

storage as influenced by packaging methods and storage temperature.  

The scientific objectives of this study were to:  

1. Evaluate the effects of air packaging and vacuum packaging method on the quality of cobia 

fillets during frozen storage for 5 months.  

2. Investigate the effects of different storage temperatures (-18 oC and -25 oC) on the quality 

of cobia fillets during frozen storage for 5 months.  
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1.2 Literature Review 

1.2.1 Lipid degradation in seafood products  

1.2.1.1 Mechanism of lipid oxidation and lipid hydrolysis 

The process of lipid oxidation is known as a complicated chain reaction that occurs through several 

intermediate stages, including three reaction steps, namely, initiation, propagation, and termination as 

demonstrated in equations 1.1 to 1.6 (Angelo et al., 1996; Bao & Ohshima, 2014): 

Initiation: RH + Initiator → R*  (1.1) 

Propagation: R* + O2 → ROO*   (1.2) 

ROO* + RH → ROOH +R* (1.3) 

Termination: 2 ROO* → O2 + ROOR (1.4) 

  ROO* + R* → ROOR (1.5) 

2R* → R-R  (1.6) 

Lipid oxidation is an autoxidation process, initiated by formation of lipid free radicals (R*) in 

unsaturated lipids followed by an oxygen attack (Frankel, 2005). The R* reacts with molecular oxygen to 

produce a peroxyl radical (ROO*). The ROO* abstract hydrogen atoms from adjacent lipid molecules to 

form lipid hydroperoxide (ROOH), a substance for propagation in a chain of lipid oxidation. Particularly, 

n-3 polyunsaturated fatty acids (PUFA) in fish are easily oxidized to form hydroperoxides as the primary 

oxidation products during the early stages of the lipid oxidation process, even at low temperatures 

(Ashton, 2002). These hydroperoxides are then further decomposed to produce a variety of volatile 

compounds, as intermediates of shorter chain length, such as aldehydes, alcohols, and ketones. The 

oxidative chain of free radicals is terminated when they react with other radicals or antioxidants (Benzie, 

1996; McGill, Hardy, & Gunstone, 1977). The overall lipid oxidation process and its effects on food 

quality is described in Fig. 1. 

 

Figure 1: Overall mechanism of lipid oxidation, adapted from Labuza and Dugan (1971) 
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During frozen storage, fish lipids may be hydrolyzed by some endogenous enzymes (Fig. 2). The 

hydrolysis of phospholipids in fish muscle is mainly caused by phospholipase A1 (PL1) and 

phospholipase A2 (PL2), which hydrolyze the ester bond at position 1 and 2 of phospholipids, 

respectively, producing FFA and lysophospholipid. Meanwhile, triglycerides are hydrolyzed under triacyl 

lipase activity (Ashton, 2002; Rehbein, 2002). 

 

Figure 2 Hydrolytic reactions of triglycerides and phospholipids, adapted from Huss (1995) 

1.2.1.2 Effects of lipid degradation on fish quality 

Fish lipids are very sensitive to the oxidation process due to their high content of PUFA, especially 

eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3). This is an important 

cause of reduced nutritional value as well as quality deterioration during fish processing and storage 

(Arab-Tehrany et al., 2012; Halliwell & Chirico, 1993). The degradation of PUFA in fish during frozen 

storage has been shown in saithe and hoki (Karlsdottir et al., 2014) and Atlantic hake (Saldanha & 

Bragagnolo, 2007). 

Rancidity severely limits shelf life of frozen products since it has undesirable effect on flavor, texture, 

consistency and appearance of food (Benzie, 1996; McGill et al., 1977; Zaritzky, 2010). The formation 

of secondary lipid oxidation products, including aldehydes, alcohols, ketones, hydrocarbons, furans, and 

acids, is the main cause of rancid off-flavors and undesirable odors in fish muscle (Rehbein, 2002). 

Thus, rancidity can be used as a quality indicator for frozen fatty fish (Ashton, 2002). Sohn et al. (2005) 

indicated that there was a significant correlation between the accumulation of lipid hydroperoxides and 

the rancid off-flavor in fish flesh during storage. Moreover, hydrolysis of lipids also leads to increased 

intensity of train oil taste, bitterness, and metal taste  in salmon (Refsgaard, Brockhoff, & Jensen, 2000). 

Free radicals, primary and secondary products from lipid oxidation, and lipid hydrolytic products can 

react with other cellular components, such as proteins, peptides, free amino acids, phospholipids, and 

nucleic acids (Frankel, 2005). In particular, lipid hydroperoxides may interact with proteins, forming 

protein-protein cross-links, and/or protein-lipid complexes. Secondary products arising from 

hydroperoxide oxidation may, on the other hand, form covalent bonds with proteins and amino acids 

(Castell, 1971; Gardner, 1979; Stadtman, 1993; Xiong, Srinivasan, & Liu, 1997). Similarly, the release 

of short-chain FFA, which are formed through lipid hydrolysis, can react with proteins, forming 
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complexes (Evans, 2009). These interactions have important consequences on quality changes of 

seafood protein, such as decreased water holding capacity, decreased functional characteristics, loss 

of solubility and nutritional values, and undesirable texture formation ( Badii & Howell, 2002; Barraza, 

León, & Álvarez, 2015; Phillips & Williams, 2011).  

Accumulation of potential toxic products produced from lipid oxidation is of particular concern. The 

extent of lipid oxidation may affect the toxicity of fish, since secondary products from lipid oxidation are 

more toxic than hydroperoxides (Erickson, 1977). According to Esterbauer (1993) and Kubow (1992), 

lipid oxidation products may react with amino acids, proteins, phospholipids, and DNA in biological 

systems, leading to tissues injuries. 

1.2.1.3 Factors affecting lipid oxidations 

Temperature  

Similarly to other chemical reactions, temperature has pronounced influences on the rate, and products 

of lipid oxidation, and a higher temperature generally results in a higher lipid oxidative rate (Frankel, 

2005). 

Storage temperature also influences the presence of the liquid phase in frozen products, which may 

contain high levels of dissolved salt, oxygen, and pro-oxidants, creating perfect conditions for oxidative 

reactions (Tolstorebrov et al., 2016). The oxidation of lipids is a chain reaction that occurs in a liquid 

phase, and is thus related to the state of the lipid. The melting temperatures of the free n-3 PUFA are 

between -11 ºC for α-linolenic acid and -54 °C for EPA. Some other fish lipids even have melting points 

below -69 oC (Sathivel, 2005; Tolstorebrov, Eikevik, & Bantle, 2014). Therefore, some of the free fatty 

acids may exist in the liquid phase even at frozen storage conditions. The liquid layers are mostly present 

on the surface of the fat crystals, and as deposits between the crystals, and are thus easily exposed to 

lipid oxidation (Tolstorebrov et al., 2016). Moreover, hydrolysis of triacylglycerides and phospholipids, 

by certain lipase and phospholipase activity, respectively, can accelerate the lipid oxidation, since the 

formed free fatty acids are more susceptible to lipid oxidation than esterified fatty acids (Ashton, 2002). 

Zaritzky (2010) then showed that lipid hydrolysis may occur in frozen food systems even at -29 oC.  

A higher temperature accelerates lipid oxidation more rapidly when the seafood products are stored 

above 0 oC. However, a raised rate of lipid oxidation is considered even at temperature range of 0 oC to 

-10 oC. This can be explained by a decrease in the free water amount due to ice crystals formation 

during freezing, which leads to increased concentrations of pro-oxidants, and lipid oxidative enzymes in 

the remaining unfrozen water. Moreover, the formation of large ice crystals during freezing or 

recrystallization during frozen storage induce damage of cell membranes, and thus can lipid be 

increasingly exposed to initiators and oxygen, which speed up the rate of lipid oxidation (Bao & Ohshima, 

2013).  

The effects of frozen storage temperatures on lipid oxidation have been observed in various frozen 

food products. For uncooked ground beef patties, the thiobarbituric acid (TBA) content of samples stored 

at -12 oC was higher than for their counterpart stored at -23.3 oC and -34.4 oC (Bhattacharya, Hanna, & 

Mandigo, 1988). Similarly, lipid oxidation could be more retarded when menhaden mince was stored at 
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-20 oC than at -7 oC (Hwang & Regenstein, 1989). For frozen pork patties, lower storage temperatures 

led to less lipid oxidation, but no changes in TBARS content were obtained after 10 months of storage 

at -40 oC (Hansen et al., 2004). Saeed and Howell (2002) observed a higher rate of lipid oxidation in 

Atlantic mackerel fillets stored at -20 oC than their counterparts stored at -30 oC. The influences of 

storage temperature on lipid oxidation have also been indicated for lean fish species such as cod and 

haddock (Aubourg & Medina, 1999). However, it is clear that the effects of temperature on oxidation of 

fish lipids is not fully clear, and it is very dependent on the type of fish studied. Furthermore, lipid 

degradation is not only attributed to the storage temperature but also to the fluctuation of the temperature 

during frozen storage. The adverse impact of fluctuating storage temperature on lipid oxidation has been 

shown in several studies, where more composition changes, lipid hydrolysis and oxidation were obtained 

at a fluctuated storage temperature condition than at a stable temperature condition (Dang et al., 2017; 

Hansen et al., 2004), . 

Oxygen level and packaging  

Lipid oxidation is induced by oxygen and/or lipid free radical generation. Oxygen is an essential 

component of lipid oxidation. The oxygen concentration in the package, which is related to both the 

choice of packaging materials and methods, is an important factor affecting the stability of fish products 

during frozen storage (Tolstorebrov, Eikevik, & Indergård, 2014). Rubio and co-workers reported that 

the vacuum packaging method could stabilize lipid oxidation for dry fermented sausage salchichón 

during chilled storage for 210 days (Rubio et al., 2008). The vacuum packaging also gave inhibitory 

impacts on lipid oxidation in whole gutted Atlantic salmon and Atlantic herring fillets stored for 1 year at 

-25 oC (Indergård et al., 2014; Rubio et al., 2008; Tolstorebrov, Eikevik, & Indergård, 2014). The effects 

of packaging were indicated in pork and turkey stored for 3 months at -20 oC, where lower TBA values 

and off flavor was detected for vacuum packaged samples compared to samples stored in air (Nolan, 

Bowers, & Kropf, 1989). Glazing bonito fillets with a thin layer of ice or silver carp fillets with chitosan 

coating, which play as oxygen barriers, also reduced the extent of rancidity during frozen storage (Fan 

et al., 2009; Lin & Lin, 2005).  

Pro-oxidative components 

Fish and others seafood species contain a number of natural components which serve as pro-oxidants, 

which accelerate the lipid oxidation chain reaction. These components are both enzymatic and non-

enzymatic in nature. The enzymatic factors are known including lipoxygenase, phospholipases, and 

microsomal enzymes. Lipoxygenases help oxygen to react with a fatty acid molecule. They are iron-

containing enzymes, and their catalysis form not only free fatty acids and triacylglycerol, but also 

lipoprotein. Heme proteins, transition metals and reducing agents, such as ascorbate belong to non-

enzymatic catalysts of lipid oxidation (Bao & Ohshima, 2014; Raghavan & Kristinsson, 2014).  

Free ferrous iron released from the degradation of heme protein can catalyze lipid oxidation in fish 

(Kanner, Hazan, & Doll, 1988). Other components containing iron linking proteins in fish, such as ferritin 

and transferrin, also plays a pro-oxidant role for lipid oxidation in fish. Moreover, the oxidation of lipids 

from both heme and non-heme iron is not easily inhibited (Decker et al., 1989; Decker & Hultin, 1990; 

Zaritzky, 2010). Metmyoglobin formed from oxidation of myoglobin, especially in dark muscle, usually 
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accelerates lipid oxidation and leads to the formation of higher lipid hydroperoxide amounts. Several 

studies have pointed out that myoglobin and hemoglobin play as catalytic compounds of lipid oxidation 

(Richards & Hultin, 2002; Sohn & Ohshima, 2010).  

Other factors 

The rate and degree of lipid auto-oxidation in fish during frozen storage depends on the degree of fatty 

acid unsaturation, as well as the type of the fatty acids present in the fish. The lipid oxidation rate 

enhances as the amount of double bonds in the fatty acids increases (Ladikos & Lougovois, 1990). 

Furthermore, the lipid oxidation processes occur much more rapidly in fatty fish species than lean fish 

species (Labuza & Dugan, 1971). Moreover, different types of lipids, as well as different types of pro-

oxidants and antioxidants, are unevenly disposed within fish. This explains why lipid oxidation is not 

equal in all tissues of a fish. For instance, heme proteins are predominant in the dark muscle of fish, 

which is also richer in unsaturated lipids, and is thus more sensitive to oxidation than white muscle (Bao 

& Ohshima, 2013; Hsieh & Kinsella, 1989). A similar example was observed for herring (Undeland, 

Ekstrand, & Lingnert, 1998), where the highest level of pro-oxidants was obtained in the dark muscle 

corresponding to the highest lipid oxidation observed in this muscle.  

Some studies also reported that exposure to light or high-energy ultraviolet (UV) radiation can 

aggravate lipid oxidation, and discoloration of frozen aquatic products, such as salmonoids 

(Christophersen et al., 1992), and rainbow trout (Bjerkeng & Johnsen, 1995). Moisture content is a factor 

known to influence lipid oxidation in frozen seafood products, including both pro-oxidative, and anti-

oxidative effects. The hydration of metallic catalysts at very low water amounts of frozen seafood can 

decrease lipid oxidation during storage. However, the low water activity often observed in frozen foods 

is still at a level that accelerate oxidation through solubilization of metal catalysts. Furthermore, the 

freezing process is coupled to an increased concentration of pro-oxidative compounds in the remaining 

unfrozen water (Ladikos & Lougovois, 1990).  

1.2.1.4 Control of lipid oxidation  

Inhibition of lipid oxidation of frozen seafood products, is important in order to prolong their shelf life, 

which has both commercially and nutritionally importance. Storage temperature has been known to be 

the most important factor with regards to the oxidative stability of fish lipids, and decreasing storage 

temperatures can maintain the quality of fish (Frankel, 2005). According to Rehbein (2002), frozen 

storage temperature should be as low as economical possible, but at least less than -20 oC. Tolstorebrov 

et al. (2016) found that the shelf life of frozen fish (both lean and fatty fish) improves exponentially from 

a storage temperature of -18 oC to -30 oC. Meanwhile, Indergård et al. (2014), and Tolstorebrov, Eikevik, 

and Indergård (2014) showed that lipid oxidation products concentrations of some fatty fish species, 

such as Atlantic herring and farmed Atlantic salmon fillets, increase significantly during prolonged frozen 

storage at -25 oC when these products were packaged in air conditions. Therefore, these authors even 

suggested that traditional packaged fatty fish products should be stored at, or below -45 oC, where PV 

and TBARS formation can be inhibited during long-term storage.  
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Although inhibition of lipid oxidation can be carried out by decreasing freezing and storage 

temperatures, however, freezing and frozen storage cost is a commercially concern for the seafood 

producers. Thus adding antioxidant compounds in treatments or formulations, and controlling oxygen 

concentration in packaging may be more economically efficient methods in order to delay food oxidation 

(Frankel, 2005). 

Antioxidant compounds do not improve the quality of the products, but, rather, maintain it by inhibiting 

or slowing down oxidative processes. (Labuza & Dugan, 1971; Schaich et al., 2013). According to Sohn 

and Ohshima (2010), and Tanaka et al. (2013), the addition of synthetic or natural antioxidants, such as 

sodium ascorbate, vitamin C, vitamin E, or butylated hydroxytoluene (BHT) to fish muscle, or packaging 

with an oxygen absorber, can inhibit lipid oxidation during frozen storage. Using antioxidant compounds 

not only affects lipid oxidation, but also minimizes myoglobin oxidation, protein denaturation, and loss 

of protein solubility during frozen storage (Badii & Howell, 2002; Saeed & Howell, 2002; Sohn & 

Ohshima, 2010). A study on frozen herring fillets by Hamre, Lie, and Sandnes (2003) pointed out that 

treatment with ascorbic acid spray after filleting can retard lipid oxidation for 9-14 weeks of frozen 

storage at -30 oC.  

Recently, natural antioxidant compounds extracted from plants have been applied as an effective 

method to inhibit oxidation of fish lipid. The anti-oxidative ability of green tea and grape seeds extracts 

have been indicated in bonito fish fillet during frozen storage by Yerlikaya and Gokoglu (2010). Bao and 

Ohshima (2013) also indicated that mushroom extract was efficient in lipid oxidation retardation. 

Similarly, fish gelatin-based film containing a borage seed extract has protective effect on lipid oxidation 

in frozen stored horse mackerel patties (Gimenez et al., 2011).  

Additionally, suitable post-harvest handling has an important role in prevention of lipid oxidation of 

frozen seafood products. For example, bleeding can retard oxidation of lipid in fish meat because of the 

promotion of hemoglobin released from erythrocytes during mincing in lipid oxidation (Richards & Hultin, 

2002; Sakai et al., 2006; Sakai & Terayama, 2008). 

As mentioned, oxygen is one of important factors for lipid oxidation, therefore, lipid oxidation can be 

controlled by reducing the initial concentration of oxygen in the packaging. Vacuum packaging, modified 

air packaging, and/or using packaging materials having oxygen-barrier properties, have been 

recommended as potential methods in decreasing and inhibiting oxygen permeability, and in turn to 

substantial retardation in lipid oxidation (Erickson, 1977). According to Flick, Hong, and Knobl (1992), 

lipid oxidation can be decreased through the use of single, or combined antioxidants, however, vacuum 

packaging has a higher reduction than the presence of additives.  

1.2.2 Total volatile basic nitrogen (TVB-N) 

Total volatile basic nitrogen (TVB-N) has been widely applied as a quality indicator in iced and frozen 

fish (Aguilera, León, & Álvarez, 2015; Hong et al., 2013; Olafsdottir et al., 2006; Zeng, Thorarinsdottir, 

& Olafsdottir, 2005). It represents the sum of degraded-trimethylamine oxide (TMAO) derivatives, such 

as trimethylamine (TMA), and dimethylamine (DMA), ammonia (NH3), and other basic nitrogenous 

compounds (Howgate, 2010). TMAO is commonly present in most marine species, especially gadoid 
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species, which have a concentration range from 70 to more than 100 mg N/100g fish muscle (Sotelo & 

Rehbein, 2000). The level of TMAO in fish depends on diet, age, size, species, and the environmental 

living condition of the fish. During frozen storage, TMAO can be decomposed by TMAO demethylase 

(TMAOase) into dimethylamine (DMA) and formaldehyde (FA) (Castell, Smith, & Neal, 1971; Lin, Chang, 

& Lin‐Shiau, 1985). In another pathway, TMAO may be broken down by spoilage bacterial organisms, 

and/or endogenous enzymes into trimethylamine (TMA), generating undesirable smell and flavor in 

seafood products (Badii & Howell, 2002; Castell, Neal, & Dale, 1973; Sikorski & Kostuch, 1982). 

Spoilage bacteria can convert many nitrogen compounds into off smelling volatile bases. Particularly, 

ammonia is formed as the primary compound during decomposition of fresh fish. Furthermore, urea 

present in some fish species, such as sharks and ray, is broken into ammonia by bacterial activity 

(Lakshmanan, 2000). During frozen storage of seafood products, ammonia is produced mainly from the 

enzymatic deamination of free amino acids, nucleotide deterioration, and oxidation of amines, and 

represents a major proportion of the volatile amines (Gill, 1990; LeBlanc, LeBlanc, & Blum, 1988). 

The initial TVB-N level of freshly caught fish is generally between 10 mg and 15 mg N/100 g muscle, 

except for some pelagic fish, such as sardine, tuna, and mackerel, which have showed a higher TVB-N 

value, ranging from 16-30 mg N/100 g (Malle & Poumeyrol, 1989; Marrakchi et al., 1990; Perez‐Villarreal 

& Pozo, 1990). During frozen storage, TVB-N concentration may increase slightly, reflecting either 

TMAO or amino acids degradation by endogenous enzymes, which lead to the accumulation of DMA 

(for gadoid fish), and NH3, respectively (Aubourg, Sotelo, & Pérez-Martín, 1998; Simeonidou, Govaris, 

& Vareltzis, 1997).  

1.2.3 Cobia (Rachycentron canadum) 

Cobia (Rachycentron canadum) (Fig. 3) is a pelagic migratory marine finfish, and is widely distributed 

in subtropical and tropical waters, from the Indo-Pacific to the southern Atlantic Ocean (Brigg, 1960; 

Shaffer & Nakamura, 1989). It has dark brown in color and with a white belly. Cobia can gain a length 

of up to 2 meters, and exceed 60 kg in weight (Franks, Warren, & Buchanan, 1999). Commercial cobia 

aquaculture began in Taiwan in the late 1990s, and has since been adopted by several countries 

throughout Asia, the USA, and South America (Liao et al., 2004; Nhu et al., 2011). The optimal water 

temperatures for growth of cobia range from 22 oC to 33 oC, whereas temperatures below 18 oC inhibit 

growth (Kapetzki et al., 2013; Sun & Chen, 2014). Farmed cobia grown from fingerlings reach a 

marketable size of 4-8 kg within 1-1.5 years (Kongkeo et al., 2010; Liao et al., 2004). 
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Figure 3 Cobia (Rachycentron canadum), adapted from The state of Queensland (Department of 

Agriculture and Fisheries) (2016) 

 

 

Figure 4 Cobia farming in sea cages in Vietnam. Left: small scale cages (RIA1); right: modern cages     

(Alarcon) 

With a 3260 km long coastline with many inner-bay sea areas, and an average temperature ranging 

from 21 oC to 27 oC, Vietnam has big potential for cobia cage culture on the sea surface (Kapetzki et 

al., 2013; Petersen et al., 2014). In Vietnam, cobia reproduction commenced in 1997, and the first 

commercial production of fingerlings were obtained in 2002 (Nhu et al., 2011). Grow-out production of 

cobia are farmed in both small scale wooden raft cages and in high density polyethylene circular floating 

net cages (Fig. 4). In cobia farming, trash fish can be used as one of the main feed sources (Petersen 

et al., 2014).  
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2 Materials and methods 

2.1 Material 

Samples of cobia (Rachycentron canadum) used for this study were purchased from a farm in July, 

2016, in the Van Ninh district, Khanh Hoa Province, Vietnam. The cobia was cultured in marine cages, 

and harvested when the fish had reached a weight of approximately 4-5 kg (Fig. 5-left). 

All chemicals used in this project were of analytical grade and purchased from Sigma-Aldrich and 

Merck.  

2.2 Experimental design 

After harvesting, the fish were stunned with a wooden pestle, and immediately killed and bled by gill 

cutting. The fish was allowed to bleed in iced water (fish:water ratio 1:4 (w/w)) at 2-4 oC for 15 minutes, 

followed by washing in sea water. The fish were then put in polystyrene boxes with ice, and transported 

to the processing factory (JK Fish Co.,Ltd, Vinh Ngoc Village 49, Nha Trang, Khanh Hoa, Vietnam) 

within 2 hours from harvesting. Upon arrival, the fish were washed, filleted, and trimmed. A total of 42 

cobia were used in this study. During handing, all samples were kept on ice to maintain the raw material 

initial quality. The fillets were submitted to continuously ultrafast freezing in a blast freezer for 40 minutes 

at -40 oC (IQF-500P-1265, Nam Dung Equipment, Ho Chi Minh, Vietnam), reaching a core temperature 

in the products of -18 oC to -20 oC. After freezing, half of the fillets was individually put in polyethylene 

bags, representing atmospheric air packaging (AP) conditions, while the remaining fillets were packaged 

individually in polyamide bags (thickness of 0.1 mm, Truong Giang Group, Hanoi, Vietnam) and vacuum 

packaged (DZ500/2S, Kunba Machine, Wenzhou, China), representing vacuum packaging (VP) conditions. 

The frozen fillets were then randomly distributed in freezers at different temperatures of either -18 oC or 

-25 oC for up to 5 months. A flow chart of the experimental design and sampling points can be seen in 

Fig. 6. An overview of the four experimental groups used in the studies can be seen here below: 

1. Cobia fillets air packaged and stored at -18 oC (AP, -18 oC) 

2. Cobia fillets air packaged and kept at -25 oC (AP, -25 oC) 

3. Cobia fillets vacuum packaged and stored at -18 oC (VP, -18 oC) 

4. Cobia fillets vacuum packaged and stored at -25 oC (VP, -25 oC). 

 

Figure 5 Fresh cobia (left) and frozen cobia fillets (right). 
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Figure 6 Flow chart of the experimental design for studying the effects of packaging methods and 

storage temperature on the quality of cobia (Rachycentron canadum) fillets during frozen 

storage. M: month 

  

Storing 

-18 oC -25 oC 

M4 

Analyses 

 

- Water and total lipid (TL) content  

- Phospholipid (PL) content 
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- Thiobarbituric acid reactive substance (TBARS) 

- Total volatile basic nitrogen (TVB-N) 
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The samples were analyzed at time zero, then after 1, 2, 3, 4, and 5 months of storage. Prior to 

analysis, a total of 3 fillets from each experimental group were randomly collected, and thawed for 24 

hours at 4±2 oC. Cooking yield, water content, total lipid (TL), and phospholipid (PL) content, free fatty 

acids (FFA), peroxide value (PV), thiobarbituric acid reactive substances (TBARS), and total volatile 

basic nitrogen (TVB-N) were measured at every sampling point. A total of two pieces was collected from 

each fillet at different positions for cooking yields measurement (Fig. 7). The remaining muscles were 

homogenized and divided into sample A and B  for the rest of the analyses. Duplicates of each sample 

A and B were  carried out for water content, total lipid extraction (for total lipid and PL, and FFA content 

analysis), as well as TVB-N determination. However, triplicate extractions of each sample A and B were 

performed for PV and TBARS analysis.  

 

 

Figure 7 Partition of the fillets for analysis sampling. Fillet length (40-50 cm): 1,2 (in the head of fillet 

(12-15cm); 3,4 (in the middle cut of fillet (12-15 cm); 5,6 (in the tail part (14-20 cm)) are the 

muscle positions, which were collected for the cooking yield analysis 

2.3 Analyses 

2.3.1 Cooking yield 

Approximately 35 g of the cobia fillets were weighed and heated at 90 oC for 10 minutes (Steamer ZH-

500H, Bep Chien, Ho Chi Minh, Vietnam). Samples were then drained and allowed to cool down for 

about 10 minutes prior to weighing again. The cooking yield (%) was defined as the remaining weight 
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of the cooked sample compared to the weight of the raw fillet (Rattanasatheirn et al., 2008). The cooking 

yield (CY) was calculated by the formula: 

𝐶𝑌 (%) =  
mcooked

m𝑟𝑎𝑤

 ×  100% 

Where: mcooked was the weight of the cooked sample, and mraw was the weight of raw fish sample before 

cooking.  

2.3.2 Water content 

The water content was measured according to ISO 6496:1999. Approximately 5.0 g of homogenized 

muscle were weighed and placed in a small porcelain bowl. The samples were left to dry for 4 hours in 

an oven at 103 °C. The bowls were then taken out and allowed to cool down to ambient temperature 

in a desiccator for about 30 minutes. The water content (%) was calculated by the formula as follows: 

W =
𝑚2 − 𝑚3

𝑚2 − 𝑚1

∗ 100 (%) 

Where: m1 was the mass of the bowl (g), m2 was the mass of the bowl and wet sample (g), and m3 was 

the mass of the bowl and dried sample (g).  

2.3.3 Total volatile basic nitrogen (TVB-N) 

The TVB-N of the cobia samples was measured by the steam distillation method described by Malle 

and Poumeyrol (Malle & Poumeyrol, 1989). About 100 g of cobia muscle were homogenized with 200 

mL of 7.5% aqueous trichloroacetic acid solution in a blender. Then, the mixture was filtered through a 

Whatman No. 3 filter paper (6µm pore size). Approximately 25 mL of the filtrate were pipetted into a 

distillation flask with 6 mL 10% NaOH. Steam distillation was then performed using the Kjeldahl-type 

distillator and TVBN was collected under a condenser in a beaker containing a solution of 10 mL of 4% 

boric acid and indicators (0.04 mL of methyl red and bromocresol green) which turned green when 

alkalinized by the TVB-N. The alkalised solution was then titrated with a sulphuric acid solution (0.025 

N) by using a 0.05 mL graduated burette. Complete neutralization was obtained when the colour turned 

pink on addition of a further drop of sulphuric acid. The TVB-N content (mg N/100 g) was then 

calculated by using this formula:  

𝑇𝑉𝐵 − 𝑁 =  
14 ×𝑉2 ×𝐶 ×𝑉𝑠𝑎𝑚𝑝𝑙𝑒 

𝑉1
  (mg N/100 g muscle) 

Where 14 was the molecular weight of nitrogen, Vsample was the total sample extract (300 mL), V1 was 

the sample extract collected (25 mL), C was the normality of sulphuric acid (%) and V2 was the used 

volume of sulphuric acid (mL).  

2.3.4 Total lipid content (TL) 

The total lipids were extracted from 25 g minced cobia with 50 mL of methanol, 50 mL of chloroform 

and 25 mL of 0.88 % KCl according to the Bligh and Dyer (1959) method. After being homogenized for 

4 minutes, the mixture was centrifuged at 2500 rpm at 4 oC for 20 minutes. The lower chloroform phase 

containing the fat was then collected and filtrated on a glass microfiber filter under vacuum section. The 
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obtained extracts were removed from the upper phase and filled with chloroform to the mark of 50 mL 

volume. About 2 mL of the lower phase were removed from the solvent by using a nitrogen jet at 55 

oC. The TL content was determined gravimetrically, and shown as a percentage of the wet muscle 

mass.  

2.3.5 Phospholipid content 

From the TL extracts, the phospholipid content of the cobia muscle was determined according to the 

method described by Stewart (1980), based on the complex formation of phospholipids and ammonium 

ferrothiocynate. About 40 µL of the TL extracts were dissolved in 4 mL chloroform, followed by adding 

2 mL thiocyanate reagent, and the mixture was then vortexed for 1 minute, and then centrifuged at 2000 

rpm for 5 minutes. The absorbance of the lower layer was read at 488 nm in a UV-VIS 

spectrophotometer (Cary 50, Varian, Australia). A standard curve was prepared with 

phosphatidylcholine in chloroform spanning a range of 5-50 μg/mL. The phospholipid content was 

calculated and expressed as a percentage of the total lipid content. 

2.3.6 Free fatty acids (FFA) 

The free fatty acids (FFA) of the cobia fillets were measured according to the Lowry and Tinsley (1976) 

method with modification made by Bernardez et al. (2005). About 2 mL of the TL extract were added 

to a screw cap culture tube, and the solvent was removed by using a nitrogen jet at 55 oC. After cooling 

down, the sample was vortexed with 3 mL of cyclohexane and 1 mL of cupric acetate-pyridine reagent 

for 40 seconds. After centrifugation at 2000 rpm for 10 min at 4 oC, the absorbance of the upper layer 

was read at 710 nm in a UV-VIS spectrophotometer (Cary 50, Varian, Australia). The amount of FFA 

was calculated as µmol of oleic acid based on a standard curve spanning a 2-14 µmol range. The FFA 

content of the cobia sample were calculated by the formula as below: 

𝐹𝐹𝐴 =  
𝑚𝑂𝑙𝑒𝑖𝑐 𝑎𝑐𝑖𝑑 ×282.46 × 106

𝑚𝑙𝑖𝑝𝑖𝑑 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒 
 × 100 (g/100 g lipid total) 

Where: mOleic acid was calculated amount of the oleic acid in µmol, 282.46 (g/mol) was the molecular 

weight of oleic acid, m lipid in sample was the amount of lipids (g) in the sample, and 106 was to convert 

from µmol into mole. 

2.3.7 Peroxide value (PV) 

The concentration of primary oxidation products (lipid hydroperoxides or peroxide value (PV) was 

measured with a modified version of the ferric thiocyanate method described by Shantha and Decker 

(1994). Total hydroperoxides from 5.0 g cobia muscle were extracted with 10 mL of an ice-cold 

chloroform: methanol (1:1) solution, containing 500 ppm butylated hydroxytoluene (BHT) to prevent 

further peroxidation during the extraction process, and 5mL of 0.5 M sodium chloride solution. After 

centrifuging at 5100 rpm for 5 min at 4 oC (TJ-25 Centrifuge, Rotor TS-5.1-500, Beckman Coulter, 

California, USA), 1.5 mL of the chloroform layer were collected, and the tube filled with 1.5 mL of the 

chloroform: methanol solution. A total amount of 15 µL of 4 M ammonium thiocyanate and 80 mM 
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ferrous chloride mixture (1:1) were finally added and then the samples were incubated for 10 minutes 

at room temperature. A standard curve was prepared using cumene hydroperoxides and the 

absorbance read at 500 nm in a UV-VIS spectrophotometer (Cary 50, Varian, Australia). The PV of the 

cobia samples were calculated as mol lipid hydroperoxides per kg muscle using the below formula: 

𝑃𝑉 =  
𝑚𝐶𝑃𝑂

𝑚𝑠𝑎𝑚𝑝𝑙𝑒

 ×  
𝑉1

𝑉2 
 × 1000 (µ𝑚𝑜𝑙/𝑘𝑔 𝑚𝑢𝑠𝑐𝑙𝑒) 

Where: mCPO was the cumene peroxide amount (mol), msample was the sample weight (g), V1 was the 

total chloroform used (5 mL), V2 was the amount of chloroform layer collected (1.5 mL), and 1000 was 

to convert from µmol/g muscle into µmol/kg muscle. 

2.3.8 Thiobarbituric acid reactive substances (TBARS) 

TBARS was measured by using a modified method of Lemon (1975). Approximately 5.0 g of samples 

were homogenized with 10 mL of 7.5% trichloroacetic acid (TCA) solution containing 0.1% propyl 

gallate and 0.1% ethylenediaminetetraacetic acid (EDTA) for 10 seconds (Rltra-Turrax T25 basic, IKA 

Labortechnik, Germany). The mixtures were centrifuged at 5100 rpm for 20 minutes at 4 oC (TJ-25 

Centrifuge, Rotor TS-5.1-500, Beckman Coulter, California, USA). The collected supernatant was then 

filtrated through a Whatman No. 3 filter paper. 1.5 mL of extracts were mixed with 1.5 mL of 0.02 M 

thiobarbituric acid and incubated in a water bath for 40 minutes at 95°C. After cooling down on ice, the 

absorbance of the samples was read at 530 nm in in a UV-VIS spectrophotometer (Cary 50, Varian, 

Australia). A standard curve was prepared using 1.1.3.3-tetraethoxypropane (TEP). The results were 

calculated using the followed formula and expressed as µmol of malondialdehyde diethyl acetal (MDA) 

per kg of fish muscle.  

𝑇𝐵𝐴𝑅𝑆 =  
𝑚𝑇𝐸𝑃

𝑚𝑠𝑎𝑚𝑝𝑙𝑒

 ×  
𝑉𝑇𝐶𝐴 +  𝑀𝐶

𝑉𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡

 × 1000 (µ𝑚𝑜𝑙 𝑀𝐷𝐴/𝑘𝑔 𝑚𝑢𝑠𝑐𝑙𝑒) 

Where: mTEP was the amount of MDA (mol), msample was the sample weight (g), VTCA was the amount 

of TCA used (10mL), MC was the moisture content in the sample (mL), Vsupernatant was the amount of 

collected extraction (1.5 mL), and 1000 was to convert from µmol/g muscle into µmol/kg muscle 

2.3.9 Statistical analysis 

All data summaries and statistical analyses were performed by using SAS software (Version 9.4, SAS 

Institute Inc., 100 SAS Campus Drive, Cary, NC 27513-2414, U.S.A.) and Microsoft Office Excel 2013 

(Microsoft Inc., Redmond, Wash., U.S.A). Analysis of variance (ANOVA), Duncan’s multiple comparison 

test and least significant difference (LSD) test were carried out on the means of the values obtained. 

Pearson’s correlation was applied to test the correlation between quality attributes. The significant 

difference was set to the 5% level (p<0.05). Principal components analysis (PCA) was performed using 

Unscrambler® (Version 10.2, CAMO ASA, Trondheim, Norway) to identify similarities and differences 

between samples. All variables were weighed with the inverse of the standard deviation to correct for 

different scales of the variables and the data were centered prior to analysis.  
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3 Results and Discussion 

3.1 Proximate composition 

The initial water content of cobia fillets was 70.9±1.2% (Fig. 8a), which agrees with finding in cultured 

cobia from Taiwan, which ranged from 65% to 73.6% (Chuang et al., 2010). The moisture content of the 

cobia fillets was generally stable during the 5 months of frozen storage, except for the air packaged 

samples stored at -25 oC, which showed a stability in the first three months, followed by a significant 

decrease (p<0.05) during the remaining time. These results suggest that more temperature fluctuation 

may have occurred in these samples during storage, which may lead to increased recrystallization and 

development of ice crystals. These are in turn related to decreased water holding capacity and increased 

thaw drip loss, resulting in loss of water content (Dang et al., 2017). However, detailed recordings of the 

frozen storage temperatures were not performed in the present study, and thus can this effect not be 

confirmed in the present study.  

No significant differences (p>0.05) were observed in water content of the fillets during the 

experiment between the two storage temperatures. However, vacuum packaged cobia fillets had 

significantly higher (p<0.05) moisture content than air packaged fillets after 4 months of storage.  

The initial total lipid (TL) content in cobia fillets was 10.1±0.2% (Fig. 8b). As with the water content, 

the lipid content was consistent with previously reported values of farmed cobia in Taiwan, which ranged 

from 5.5-16.7% (Chuang et al., 2010). However, the current lipid content was much higher than found 

in other farmed cobia, which obtained values of 3.1-3.6% (Mach & Nortvedt, 2013), and 5.31±0.85% 

(Taheri et al., 2012). Lipid content of farmed fish fillets varies widely, depending on the diet composition, 

geographic location, sex, size, and season (Haard, 1992; Shearer, 1994). Furthermore, the lipid content 

of cobia muscles is tissue dependent, and thus not homogeneously distributed over the different parts 

of the fish. Liu et al. (2009) and Chuang et al. (2010) observed a higher fat content in the ventral muscles 

than the dorsal muscles, which obtained values ranging 5.45-13.66% compared to 8.52-16.6%, 

respectively. Therefore, not only the culture conditions, but also the processing might affect the lipid 

content of cobia fillets. The lipid content of the farmed cobia used in the present study puts it into the 

category of fatty fish as defined by Ahlgren et al. (1994). 

The lipid content was stable (p>0.05) throughout the storage time, except for air packaged cobia 

fillets stored at -18 oC, which showed a significant increase (p<0.05) at month 2, followed by a 

considerable decrease (p<0.05) thereafter. However, no significant differences (p>0.05) were observed 

in the lipid content of cobia fillets during the frozen storage, neither due to the different storage 

temperatures nor the two packaging methods.  
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Figure 8 Water content (%) (a); total lipid content (TL; %) (b), and phospholipid (PL; % of TL) in vacuum 

packaged (VP) and air packaged (AP) frozen cobia fillets during 5 months of frozen storage at 

-18 oC and -25 oC.  

The initial PL content of cobia fillets was 2.24±0.01% (Fig. 8c), which was higher than previously 

reported in farmed cobia by Liu et al. (2009), where the values ranged from 0.2 to 1.4%. Similar values 
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have been observed in some other fatty fish species, such as Atlantic herring (Dang et al., 2017), salmon 

(Refsgaard et al., 2000), and Atlantic mackerel (Romotowska et al., 2016), with PL contents of 1.7-1.8%, 

3%, and ranging between 0.7-4%, respectively. However, the PL content of the cobia samples used in 

the present study was much lower than generally found in lean fish species, such as saithe and hoki, 

which have shown PL concentration of up to 60.2% (Karlsdottir et al., 2014). This difference can be 

explained by that the PL concentration has a reversed relation with TL content, as suggested by 

Weihrauch and Son (1983). The low proportion of PL in the present study reflects that the lipids in the 

cobia fillets were mainly triglycerides.  

There was a major decrease in PL in all groups during the storage period. The PL breakdown was 

likely due to phospholipase activity forming FFA, and/or due to PL oxidation (Soyer et al., 2010; Srikar, 

Seshadari, & Fazal, 1989). Significant loss in PL content with prolonged frozen storage has also been 

observed in other food products, such as Atlantic salmon (Polvi et al., 1991), beef (Keller & Kinsella, 

1973), and chicken (Soyer et al., 2010), as a result of phospholipid decomposition. On the other hand, 

increases in PL during frozen storage have been reported in Atlantic herring (Dang et al., 2017), and 

mackerel (Romotowska et al., 2016), which might be attributed to the loss of other lipid classes.  

No differences were observed in the PL content between the different experimental groups at the 

same sampling time during the first 4 months of storage, hence suggesting minimum effects of the 

selected packaging methods and storage temperatures on PL change. A study on saithe and hoki stored 

at -20 oC and -30 oC for 18 months (Karlsdottir et al., 2014) showed that higher PL values were obtained 

at the lower temperature. According to Olley, Farmer, and Stephen (1969), lower storage temperatures 

can inhibit the amount of availably free water, which plays an important role in phospholipid hydrolysis. 

In the present study, at the end of storage, a slightly, but still significantly higher PL content was obtained 

at the higher temperature, which is likely due to higher loss of other lipid classes at the higher 

temperature, as indicated by the changes of TL content above.  

3.2 Cooking yield 

Cooking yield decreased significantly (p<0.05) during the first 2 months of storage for all experimental 

groups (Fig. 9). However, changes in cooking yield were negligible in the last three months of the 

storage, except for the vacuum packaged cobia fillets stored at -25 oC, which showed a fluctuation. The 

decrease in cooking yield may be related to partial dehydration, and/or degradations of muscle proteins 

during freezing, which lead to reduced water holding capacity (Lund et al., 2011; Mackie, 1993). Similar 

changes in cooking yield, which were related to the loss of soluble protein fractions, have also been 

found in turkey meat stored at -20 oC (Smith, 1987), ham steaks stored at -30 oC (Jeremiah, 1980), and 

beef stored at -17.8 oC (Miller, Ackerman, & Palumbo, 1980). 

No significant differences were observed in cooking yield between the experimental groups after 2 

to 4 months of storage. However, at month 1 and month 5, the air packaged cobia fillets had significantly 

higher cooking yield than the vacuum packaged fillets. These results were not consistent with the values 

reported by Santos and Regenstein (1990) where higher cooking yield was found in vacuum packaged 

mackerel fillets and hake fillets stored at -7 oC. At the end of the storage, vacuum packaged cobia fillets 

stored at -18 oC had significantly lower cooking yield than the rest of the sample. 
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Figure 9 Cooking yield (%) of air packaged (AP) and vacuum packaged (VP) frozen cobia fillets, stored 

at -18 oC and -25 oC for up to 5 months. 

3.3 Lipid hydrolysis 

FFA content increased sharply (p<0.05) during the first three months of storage before levelling off in all 

experimental groups (Fig. 10). The obtained results were in agreement with the studies of De Koning 

and Mol (1990), and Aubourg and Medina (1999), who reported that hydrolytic enzymes activity occurs 

during frozen storage at temperatures below -18 oC, and even at temperatures as low as -29 oC. Similar 

changes have been reported for Atlantic salmon (de Abreu et al., 2010), and horse mackerel 

(Simeonidou et al., 1997). On the other hand, Ben‐Gigirey et al. (1999) indicated that the FFA 

concentration of Albacore tuna remained constant during storage at -25 oC for 9 months. In the present 

study, however, a significant decrease of FFA levels was obtained at month 4 for all experimental 

groups, which might be due to a higher oxidation rate of FFA compared to the rate of FFA formation 

(Refsgaard et al., 2000). 

Packaging methods did not affect FFA formation in the cobia fillets during the frozen storage, except 

at month 4. The results were in agreement with a previous study on pork (Park et al., 2007), which 

showed no significant differences in FFA content between anaerobic and vacuum packaging. From 

month 4 of the storage time, cobia fillets stored at -18 oC had higher (p<0.05) FFA than samples stored 

at -25 oC at the same storage times. It is known that storage temperature has marked effects on the 

hydrolysis of fish lipids, resulting in FFA accumulation (Aubourg & Medina, 1999; Ben‐Gigirey et al., 

1999). 
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Figure 10 Free fatty acid (g FFA/100 g TL) content in vacuum packaged (VP) and air packaged (AP) 

frozen cobia fillets during 5 months storage at -18 oC and -25 oC. 

3.4 Lipid oxidation 

The lipid hydroperoxide (PV) content of all experimental groups increased during frozen storage (Fig. 

11a). The increase in PV was more pronounced in air packaged fillets. Meanwhile, the PV concentration 

of the vacuum packaged fillets increased only during the first three months, and remained stable 

throughout the subsequent storage period. A continuous increase in the PV content during frozen 

storage has been observed in some fatty fish species, such as Atlantic mackerel stored at -10 oC and -

20 oC for 6 weeks and 9 months, respectively (Saeed & Howell, 2002), and Atlantic herring stored at -

25 oC and -45 oC for 12 months (Tolstorebrov, Eikevik, & Indergård, 2014). The increase in PV is 

believed to be a result of lipid degradation during storage. A similar increase of PV levels has also been 

observed in several lean fish, such as haddock and cod during 5 and 12 months at -10 oC and -30 oC, 

respectively (Aubourg & Medina, 1999), and in Albacore tuna stored at -18 oC for 6 months (Ben‐Gigirey 

et al., 1999). However, a stable PV has been observed during frozen storage of 12 months at 

temperature below -20 oC in saithe (Karlsdottir et al., 2014), farmed coho salmon (Rodríguez et al., 

2007), as well as in jack mackerel kept at -18 oC for 4 months (Aranda, Mendoza, & Villegas, 2006). PV 

in the Atlantic mackerel studied by Saeed and Howell (2002) even showed a sharp decrease during 

subsequent storage time at both the temperatures, which might be due to further oxidation of lipid 

hydroperoxides.  

The present results indicate that vacuum packaging has a considerable inhibitory effect on primary 

lipid oxidation. At the end of storage, the vacuum packaged fillets had an increase in PV of 10.1-20.3 

µmol/kg, versus 65.6-78.5 µmol/kg for the air packaged samples. However, the difference only became 

pronounced in the latter half of the storage period. This difference in oxidation can mainly be related to 

the lower oxygen concentration in vacuum packaged samples. The lower storage temperature resulted 

in a significantly (p<0.05) lower PV after 2 and 5 months of storage. In a  study on Atlantic mackerel, 
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Saeed and Howell (2002) observed that during the first 9 months of storage, samples stored at -20 oC 

obtained higher PV than at -25 oC, while a reverse pattern was obtained after 12 months. However, the 

concentration of primary oxidation products may not always be a suitable quality indicator because it is 

further degraded over storage and the dependence on storage temperature is unclear (Aubourg, Sotelo, 

and Pérez-Martín 1998). Only minor differences were observed in the PV content between the vacuum 

packaged cobia fillets stored at -18 oC and the air packaged samples stored at -25 oC at the same time 

of storage, and even somewhat lower (p<0.05) values were obtained in the first group from month 4 of 

the storage period.  

 

 

 

Figure 11 Lipid hydroperoxide (PV; mol/kg muscle) (a) and thiobarbituric acid reactive substance 

(TBARS; mol MDA/kg muscle) content (b) in vacuum packaged (VP) and air packaged (AP) 

frozen cobia fillets during 5 months frozen storage at -18 oC and -25 oC.  
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Secondary lipid oxidative products were accessed by thiobarbituric acid reactive substance (TBARS) 

content in all experimental groups (Fig. 11b). The TBARS content of all cobia samples increased 

significantly (p<0.05) during the 5 months of frozen storage. The highest TBARS value was obtained in 

the air packaged cobia fillets stored at -18 oC, with a total increase of 18.0 mol MDA/kg muscle, 

compared to 5.5-7.1 mol MDA/kg muscle in the rest of the samples. Studies have shown that the 

peroxides oxidation process forms secondary oxidative products, leading to a continuous increase of 

TBARS in species such as saithe stored at temperatures below -18 oC (Karlsdottir et al., 2014), hake at 

-18 oC for 6 months (Aubourg, Rey-Mansilla, & Sotelo, 1999), and Atlantic herring stored at -25 oC 

(Tolstorebrov, Eikevik, & Indergård, 2014). In the present study, however, some reduction/fluctuation 

was observed in TBARS content at month 3 and month 5 in the vacuum packaged cobia fillets stored 

at -18 oC, and in the air packaged cobia fillets stored at -25 oC, respectively. These results might be due 

to the interaction between peroxide oxidation products with other muscle components, such as protein 

or amino acids, resulting in reduced TBARS concentration (Aubourg et al., 1999; Tironi, Tomás, & Añón, 

2010; Tokur et al., 2004).  

Vacuum packaged fillets had significantly lower (p<0.05) TBARS content than the aerobic packaged 

samples. Similar to the PV changes, TBARS formation during frozen storage was influenced by the 

exclusion of the initial oxygen levels in the package, as well as the choice of oxygen barrier packaging 

materials, as reported in several earlier studies (Bak et al., 1999; Santos & Regenstein, 1990; 

Tolstorebrov, Eikevik, & Indergård, 2014). According to these studies, oxygen plays an important role in 

the formation rate and amount of lipid hydoperoxides, which are further degraded, accounting for the 

increased TBARS concentration over time. Furthermore, the preservative effect of controlling access of 

oxygen to fillets during refrigerated storage was reported by Nam and Ahn (2003). The TBARS content 

of the cobia fillets stored at -25 oC was lower (p<0.05) than at -18 oC at the same storage time, except 

for month 1 and month 4 (p>0.05), while more pronounced differences were obtained within air packaged 

fillets. A study by Karlsdottir et al. (2014) showed inhibition of secondary oxidation of lipids was 

temperature dependent, with less oxidation at lower temperature. On the other hand,  Ben-Gigirey et al. 

(1999) did not find any significant differences in TBARS content when Albacore tuna was stored at -18 

oC and -25 oC for one year. In the present study were TBARS content in vacuum packaged cobia fillets 

stored at -18 oC similar, and/or lower than in air packaged samples stored at -25 oC at the same storage 

time.  

Overall, lipid oxidative degradation of cobia fillets was delayed by using vacuum packaging, and/or 

by lowering the frozen storage temperature. Vacuum packaging can provide equivalent or more effective 

oxidative inhibition than using traditional air packaging at a lower storage temperature. Lipid oxidative 

inhibition of cobia and other fish muscle might be more efficient by using oxygen barrier materials, such 

as antioxidants, oxygen absorbers, vacuum packaging, or modified atmosphere packaging, than by 

reducing the storage temperature alone (Tolstorebrov et al., 2016).  

3.5 Total volatile basic nitrogen (TVB-N) 

The total volatile basic nitrogen (TVB-N) value of the cobia raw material was 5.3 g N/100 g muscle, 

which is considerably lower than documented earlier, e.g. in fresh mackerel, which has values of 13.9-
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22.9 mg N/100 g muscle (Ben‐Gigirey et al., 1999; Nazemroaya, Sahari, & Rezaei, 2011). In the present 

study, the amount of TVB-N increased progressively throughout the frozen storage (Fig. 12). This 

increasing trend is consistent with the results obtained in Atlantic salmon fillets and jack mackerel 

(Aguilera et al., 2015; Aranda et al., 2006), and might be attributed to bacteria and endogenous enzymes 

activity during the frozen storage. In other studies, TVB-N content has been seen to fluctuate during 

prolonged storage of sardine at -18 oC (Aubourg et al., 1998), whereas Ben‐Gigirey et al. (1999) showed 

stable levels of TVB-N in Albacore tuna stored at -18 oC, and decreasing levels when stored at -25 oC. 

  

Figure 12 Total volatile production (TVB-N, mg N/100 g muscle) in vacuum packaged (VP) and air 

packaged (AP) frozen cobia fillets during 5 months frozen storage at either -18 oC and -25 oC. 

Neither storage temperature, nor packaging methods had a significant effect on TVB-N during the 

first three months of storage. However, after 4 or more months of storage, cobia fillets stored at -18 oC 

had significantly (p<0.05) higher levels of TVB-N compared to the samples stored at -25 oC. These can 

be caused by decreased activity of spoilage bacteria and endogenous enzymes at the lower 

temperature, as suggested by Sotelo et al. (1995). By the end of the storage period, vacuum packaged 

cobia fillets had significantly (p<0.05) less TVB-N content compared to their air packaged counterparts. 

The preservative effect of oxygen limitation in packaging has also been reported by Özogul, Polat, and 

Özogul (2004). During the 5 months of frozen storage, the TVB-N concentrations in all experimental 

groups remained below the regulatory limits (30-35 mg N/100 g muscle) according to the European 

Commission (95/149/EEC). 

3.6 Correlation analyses 

A Pearsons’s correlation analysis was performed on the physicochemical results (Table 1). A negative 

correlation was obtained between FFA and PL (r= -0.79), indicating that the FFA formation might be 

derived from phospholipid hydrolysis, but FFA is mainly formed by phospholipids and triglycerides 

hydrolysis during frozen storage (Paredi, Roldan, & Crupkin, 2006; Polvi et al., 1991). Studies on silver 
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carp (Kaneniwa et al., 2000), and catfish (Srikar et al., 1989) have also shown a linear correlation 

between the increase in FFA content and the decrease of PL concentration. Changes in phospholipids 

appear to be partly associated with lipid oxidation, as indicated by the negative correlations between the 

PL content with PV and TBARS accumulation (r=-0.59 for both). These results were in agreement with 

the observations of Igene et al. (1980) on a model meat product (mixture of beef and chicken) stored at 

-18 oC for 8 months, which were attributed to lipid oxidation of both triglycerides and phospholipids 

degradation. Due to high PUFA content, phospholipids played the greatest role. According to Ashton 

(2002), the interaction between PL and lipid oxidation may be due to two different reasons. Namely that 

FFA are formed through PL hydrolysis, and FFA are susceptible to lipid oxidation, even more so than 

esterified fatty acids. Phospholipids are present in the muscle as membrane lipids, which have large 

surface areas, and are thus easily exposed to oxidation.  

Table 1: Correlation between all parameters* for the cobia fillets during the 5 months of frozen storage 

at -18 oC and -25 oC**. 

  CY Water Lipid PL FFA PV TBARS  TVBN  

CY 1.00        

Water 0.38 1.00       

Lipid 0.11 -0.09 1.00      

PL 0.59 0.10 -0.23 1.00     

FFA -0.65 -0.10 -0.26 -0.79 1.00    

PV -0.34 -0.11 0.05 -0.59 0.44 1.00   

TBARS  -0.46 0.00 0.13 -0.59 0.50 0.80 1.00  
TVBN  -0.65 -0.17 -0.06 -0.80 0.75 0.66 0.64 1.00 

* Abbreviation: CY (cooking yield), water (water content), lipid (lipid content), PL (phospholipid content), FFA (free fatty acids 

content), PV (Peroxide value), TBARS (thiobarbituric acid reactive substances), TVBN (Total volatile basic nitrogen). 

** red color shows a positive correlation, whereas green color shows a negative relationship (p<0.05) 

 

A strong negative relationship was seen between the TVB-N concentration and PL content (r=-0.80), 

a positive correlation between the TVB-N content and the FFA concentration (r=0.75), as well as with 

PV and TBARS accumulation (r=0.66 and r=0.64, respectively). These findings imply that phospholipid 

changes (including hydrolysis and oxidation) may accelerate the formation of TVB-N in cobia fillets 

during frozen storage. Since phospholipids are mainly existing in the cellular membranes in fish, the 

hydrolysis and oxidation of phospholipids can cause membrane damage, and increased membrane 

permeability (Sikorski & Kolakowska, 1994). Consequently, the mobility of endogenous enzymes and 

solutes may improve, leading to increased exposure, and reaction between the endogenous enzymes 

and bacteria with various muscle components, resulting in increased TVB-N content.  

Intermediate correlations were also observed between CY and PL (r=0.59), CY and FFA (r=-0.65), 

and CY and TVB-N (r=-0.65). The breakdown of cellular membranes can be attributed to PL 

degradation, which in turn may lead to an increase in released fractions (Rehbein, 2002). Olley and 

Lovern (1960) observed that phospholipid degradation resulted in accumulation of FFA and water-

soluble phosphorus derivatives. TVB-N compounds in fish consist mainly of ammonia, trimethylamine 
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(TMA), dimethylamine (DMA), and other volatile basic nitrogenous compounds, which are water-soluble, 

and/or evaporative components, which are readily liberated during cooking. These releases may cause 

a partial loss in cooking yield of the cobia fillets during frozen storage (Gall et al., 1983).  

3.7 Multivariate data analysis 

A principal component analysis (PCA) was performed to evaluate the effect of storage conditions (time 

and temperature), and packaging methods on cooking yield, chemical composition (water content, TL 

and PL content), lipid degradations (FFA, PV and TBARS concentration), and TVB-N content (Fig. 13). 

PC1 explained 52% of the variations in the samples. The effect of storage time on cooking yield, PL, 

lipid hydrolysis and oxidation, and TVB-N accounted for most of the variation seen in PC1. Cooking yield 

and phospholipid content was comparatively high in the raw material, while a high content of FFA, PV, 

TBARS and TVB-N was obtained later during the storage period. Samples also varied with regards to 

FFA, and TVB-N along the PC1, mainly due to the partial influence of the storage temperatures, where 

higher FFA and TVB-N content was obtained at the higher storage temperature. PC2, represented 16% 

of the total variation, and primarily indicated the effects of the type of packaging on lipid oxidative 

deterioration. The air packaged fillets had higher PV and TBARS production than the vacuum packaged 

samples.   
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Figure 13 Principal component analysis results, showing scores (a), scores marked according to storage temperature (b), scores marked according to frozen 

storage duration in months (c), scores marked according to vacuum or air packaging (d) and the correlation loadings indicating the connections 

between the analyzed variables in frozen cobia fillets. All samples and analytical parameter were used. The abbreviation RM indicates the properties 

of the raw material, M indicates the month of sampling, Air indicates packaging at air conditions, and Vacuum indicates vacuum packaging. The 

numbers -18 oC, -25 oC refer to the  temperature during storage. 

(a) (b) (c) (b) (a) 

(d) (e) 
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4 Conclusions and future perspective 

Farmed cobia used in the present study was a fatty fish with 70.8±1.2% moisture and 10.1±0.2% total 

lipid. Several quality changes appeared in all samples during frozen storage for 5 months at -18 oC and 

-25 oC. The storage time had a strong effect on lipid hydrolysis, as indicated by reduced PL content, and 

corresponding increases in FFA. Likewise, PV and TBARS production had developed significantly 

during 5 months of storage, demonstrating the dependence of lipid oxidation on the cobia quality during 

the storage time in all experimental samples.  

Vacuum packaging significantly reduced lipid oxidation. However, the effect of the packaging method 

did not seem to affect lipid hydrolysis. Moreover, the results showed that a lower storage temperature 

slowed down lipid degradation in cobia fillets. 

Only small quality differences were observed after 5 months of storage between vacuum packaged 

cobia fillets stored at -18 oC, and air packaged samples stored at -25 oC, although slower lipid oxidation 

was observed in the first group. Therefore, it can be suggested that vacuum packaging in combination 

with a storage temperature of -18 oC or lower can effectively preserve product stability.  

Lipid degradation can be inhibited by using antioxidants, and therefore research is suggested on the 

treatment of cobia fillets with antioxidative compounds, especially natural antioxidants. Frozen cobia is 

consumed in various forms, such as fillets, loins and tails. However, since the lipid composition is 

distributional dependent in the fillets, it would also be of interest to study the lipid oxidation during frozen 

storage in the different portions of the cobia fillets.  
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