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ABSTRACT 29 

BACKGROUND: The present research focused on the quality of canned fish. Its 30 

primary objective was the quality enhancement of canned Atlantic mackerel (Scomber 31 

scombrus) by including an aqueous Bifurcaria bifurcata extract in the packing medium. 32 

Various alga extract concentrations were tested and compared to a control without alga 33 

extract. After a 3-month canned storage, the cans were opened, and quality changes in 34 

fish white muscle were analyzed.  35 

RESULTS: An inhibitory effect on the lipid oxidation development (tertiary compounds 36 

formation) and on color parameters (L* and b*) values was observed as a result of the 37 

alga presence in the packing medium. On the contrary, the presence of the alga extract 38 

did not produce any effect on the formation of volatile compounds (total and 39 

trimethylamine) and the lipid hydrolysis (free fatty acids formation) development.  40 

CONCLUSION: A preservative effect derived from the use of an aqueous B. bifurcata 41 

extract as packing medium is concluded, and this result is primarily linked to the 42 

presence of hydrophilic preservative molecules. The packing system proposed in this 43 

work constitutes a novel and promising strategy to enhance the quality of commercial 44 

canned fish products. 45 

 46 
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INTRODUCTION 52 

Many marine species are suitable for canning, which guarantees excellent nutritional 53 

standards with and great economical values. As a result of the thermal process involved, 54 

endogenous enzymes and bacteria should be inactivated provided reinfection does not 55 

occur and no negative interaction with the container is produced.1,2 However, most 56 

constituents of marine species are known to be particularly labile to heat treatment, so 57 

that important degradative events may occur, causing marked nutritional quality 58 

losses.3,4  Among chemical constituents, marine lipids are known to possess a high 59 

content of polyunsaturated fatty acids. During heat treatment, polyunsaturated fatty 60 

acids can be oxidized, leading to browning, flavor changes and loss of essential 61 

nutrients. Consequently, previous research has shown canned fish quality depends 62 

strongly on several factors, such as previous storage conditions,5 coating medium6 or 63 

time-temperature sterilization conditions.7 64 

Algae are exposed to a combination of high oxygen concentration and light. The 65 

lack of structural damage in their organs has led to consider that their protection against 66 

oxidation arises from their content on antioxidant substances.8 Consequently, marine 67 

algae are receiving increasing attention as a source of bioactive compounds (e.g., 68 

polyphenols, alkaloids, terpenes, phycocyannins, carotenoids) with antioxidant 69 

activity.9-11 Furthermore, these species are also recognized as an important source of 70 

beneficial nutrients, such as lipids, amino acids, vitamins, trace minerals, and dietary 71 

fibers.12,13 72 

 Bifurcaria bifurcata has shown to be abundantly present in the South-West 73 

coasts of Ireland and England, in the Atlantic coasts of France and Spain, as well as in 74 

the Portugal coasts.14,15  The proximate composition of this brown macroalga has been 75 

described.16 Furthermore, isolation and identification of various kinds of compounds in 76 
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its composition, such as phenols,17 diterpenes,18  sterols19 and polysaccharides20 has 77 

been carried out. Additionally, the antioxidant activity of this alga has been reported in 78 

vitro10 and on chilled fish studies.21 79 

 As being the most relevant event during canning and canned storage, the present 80 

research focused on the effect of the sterilization step on the quality of canned fish. 81 

Thus, its primary objective was the quality enhancement of canned Atlantic mackerel 82 

(Scomber scombrus) by including an aqueous B. bifurcata extract in the packing 83 

medium. For it, quality changes were analyzed after a 3-month canned storage by 84 

evaluating lipid damage development (oxidation and hydrolysis), formation of volatile 85 

amines (total and trimethylamine) and muscle color changes. This storage time was 86 

selected as being convenient to analyze the effect on the canned product quality of the 87 

alga presence in the coating medium during the sterilization step. 88 

 89 

MATERIALS AND METHODS 90 

Preparation of B. bifurcata extracts, initial raw fish and canning 91 

Lyophilized alga B. bifurcata (12.5 g) (Porto-Muiños, Cerceda, A Coruña, Spain) was 92 

mixed with 140 mL distilled water, stirred for 30 s, sonicated for 30 s and centrifuged at 93 

3,500xg at 4 ºC for 10 min. Then, the supernatant was recovered, and the extraction 94 

process was repeated three more times. Finally, all supernatants were pooled together 95 

and completed to 500 mL with distilled water. 96 

Specimens (60 fish) of Atlantic mackerel (S. scombrus) (weight range: 245−290 97 

g; length range: 30−34 cm) were obtained at Vigo harbor (North-Western Spain) and 98 

transported on ice to the laboratory. Upon arrival at the laboratory, 10 individual fish 99 

specimens were selected and divided into five groups (two specimens per group). These 100 
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raw fish specimens were beheaded, eviscerated and filleted, and the white muscle was 101 

then analyzed independently (n=5).  102 

The remaining fish specimens were processed as described above for the raw. 103 

Consequently, 40 g portions of mackerel muscle were placed in small flat rectangular 104 

cans (105 × 60 × 25 mm; 150 mL). For the packing medium, 5, 10, 25 and 50 mL of the 105 

alga extract (corresponding to 0.125, 0.250, 0.625 and 1.250 g of extracted alga, 106 

respectively) were added to the cans, labeled as PS-1, PS-2, PS-3 and PS-4 conditions, 107 

respectively. Then, the cans were filled with distilled water. The control was prepared 108 

with only distilled water as packing medium (PS-0 condition). For each packing 109 

condition, five different cans were prepared that were analyzed separately (n=5). 110 

The cans were vacuum-sealed in a horizontal steam retort (115 ºC, 45 min; Fo = 111 

7 min) (Justo López Valcárcel S. A., Vigo, Spain). Once the heating time was 112 

completed, steam was cut off, and air was used to flush away the remaining steam. The 113 

cans were cooled at reduced pressure. After 3 months of storage at room temperature 114 

(18−20 ºC), the cans were opened, and the liquid part was carefully drained off 115 

gravimetrically and filtered through a filter paper. Mackerel white muscle was 116 

separated, wrapped in filter paper and used for analysis. 117 

Selection of the alga extract contents in this study was based on several 118 

preliminary tests. For the canning conditions tested, a 1.250-g extract of B. bifurcata 119 

corresponds to the highest concentration possible, without modifying the sensory 120 

descriptors of canned mackerel (flesh color, odor and flavor). 121 

  122 
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Lipid damage assessment 123 

Lipids were extracted from the fish white muscle by the Bligh and Dyer method,22 124 

based on a single-phase solubilization of the lipids with a chloroform-methanol (1:1) 125 

mixture. The results were calculated as g lipid kg-1 muscle.  126 

Free fatty acid (FFA) content was determined in the lipid extract of the fish 127 

muscle by the Lowry and Tinsley method,23  which relies on complex formation with 128 

cupric acetate-pyridine, followed by spectrophotometric (715 nm) assessment. Results 129 

were expressed as g FFA kg-1 lipids.  130 

Conjugated diene (CD) and triene (CT) formation were monitored by measuring 131 

the absorption of the lipid extract at 233 and 268 nm, respectively.24 Results were 132 

expressed according to the following formula: CD (or CT) = B × V/w, where B is the 133 

absorbance reading at 233 (or 268) nm, V is the volume (mL), and w is the mass (mg) of 134 

the lipid aliquot measured.  135 

Peroxide value (PV) was determined spectrophotometrically (Beckman Coulter, 136 

DU 640; London, UK) on the lipid extract by peroxide reduction with ferric 137 

thiocyanate, according to Chapman and McKay.25 The results were expressed as meq 138 

active oxygen kg-1 lipids.  139 

Tertiary lipid oxidation compounds, arising from the interaction between 140 

oxidized lipids and nucleophilic compounds (namely, protein-like molecules) were 141 

measured by fluorescence spectroscopy (Fluorimeter LS 45; Perkin Elmer España; Tres 142 

Cantos, Madrid, Spain). As described previously,26 fluorescence was measured at 143 

excitation/emission of 393/463 and 327/415 nm in the lipid extract of the fish muscle. 144 

The relative fluorescence (RF) was calculated as follows: RF = F/Fst, where F is the 145 

fluorescence measured at each excitation/emission wavelength pair and Fst is the 146 

fluorescence intensity of a quinine sulfate solution (1 µg mL-1 in 0.05 M H2SO4) at the 147 
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corresponding wavelength pair. The fluorescence ratio (FR) was calculated as the ratio 148 

between the two RF values: FR = RF393/463 nm/RF327/415 nm. 149 

Lipid extracts were converted into fatty acid methyl esters (FAME) by using 150 

acetyl chloride and then analyzed by gas-liquid chromatography (Perkin-Elmer 8700 151 

chromatograph; Madrid, Spain), according to an established procedure.7 Peaks 152 

corresponding to FAME were identified by comparing their retention times with those 153 

of standard mixtures (Qualmix Fish, Larodan, Malmo, Sweden; FAME mix, Supelco, 154 

Inc.). Peak areas were automatically integrated. C19:0 fatty acid was used as the internal 155 

standard for quantitative purposes. The polyene index (PI) was calculated as the 156 

following fatty acids contents ratio: (C20:5ω3 + C22:6ω3)/C16:0. 157 

 158 

Volatile amines formation 159 

Total volatile base-nitrogen (TVB-N) values were measured as reported by 160 

Antonacopoulos,27  with some modifications. Briefly, fish muscle (10 g) was extracted 161 

with 60 g L-1 perchloric acid in water (30 mL) and brought up to 50 mL. An aliquot of 162 

the acid extracts was rendered alkaline to pH 13 with 200 g L-1 aqueous NaOH and then 163 

steam-distilled. Finally, the TVB-N content was determined by titration of the distillate 164 

with 10 mM HCl. Results were expressed as mg TVB-N kg-1 muscle. 165 

Trimethylamine-nitrogen (TMA-N) values were determined using the picrate 166 

colorimetric (Beckman Coulter, DU 640; London, UK) method, as previously described 167 

by Tozawa, Erokibara and Amano.28  This method involved the preparation of a 5% 168 

trichloroacetic acid extract of fish muscle (10 g/25 mL). Results were expressed as mg 169 

TMA-N kg-1 muscle. 170 

 171 

  172 
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Instrumental color analysis 173 

Color parameters (L*, a* and b*) were measured by instrumental color analysis (CIE 174 

1976), performed with a tristimulus Hunter Labscan 2.0/45 colorimeter. For each 175 

sample analysis, color scores were averaged over four measurements, taken by rotating 176 

the measuring head 90° between triplicate measurements per position. 177 

 178 

Statistical analysis 179 

All data obtained were evaluated by analysis of variance (ANOVA), to explore 180 

differences resulting from the effect of the presence of the alga extract in the packing 181 

medium. The averages were compared using the least-squares difference (LSD) method. 182 

Differences among batches were considered significant for a confidence interval at the 183 

95% level (p<0.05) in all instances. PASW Statistics 18 software for Windows (SPSS 184 

Inc., Chicago, IL, USA) was used throughout. 185 

 186 

RESULTS AND DISCUSSION 187 

Lipid oxidation assessment 188 

Since a fatty fish species (100-125 g lipids kg-1 muscle) and a thermal treatment were 189 

encountered, various and complementary quality indices related to lipid oxidation 190 

development were taken into account. 191 

Assessment of CD formation provided scarce differences among the various 192 

samples studied (Table 1). Thus, no significant differences (p>0.05) could be observed 193 

between the initial raw fish and any of the canned samples, in agreement with previous 194 

research on canned yellowfin tuna (Thunnus albacora).7 Nonetheless, an increasing 195 

average CD value could be observed in canned fish with increased amount of alga 196 

extract in the packing medium. 197 
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CT detection (Table 1) led to a general increase as a result of canning and 198 

canned storage that was found significant (p<0.05) in canned samples corresponding to 199 

PS-1, PS-3 and PS-4 conditions. A comparison among the various canned samples 200 

showed in most instances an increasing tendency of CT formation with the B. bifurcata 201 

extract content. 202 

Concerning the PV assessment (Table 1), the average value increased as a result 203 

of canning and canned storage (comparison between raw fish and control canned fish). 204 

Furthermore, all canned fish corresponding to packing systems including alga extracts 205 

showed higher (p<0.05) PV than control canned fish. A comparison among the canned 206 

samples showed higher (p<0.05) PV levels for fish packed in the media containing the 207 

two highest alga contents (i.e., PS-3 and PS-4). However, the PV obtained in all cases 208 

remained below the 8.3 score. A low peroxide content has also been detected in canned 209 

Atlantic bluefin tuna (Thunnus thynnus) and sardine (Sardina pilchardus),29  as well as 210 

in canned Atlantic salmon (Salmo salar).30 211 

Formation of the primary oxidation products can be considered to result from 212 

two opposite reactions. On the one hand, the thermal treatment oxidizes lipids, 213 

producing CD and CT and peroxides. On the other hand, the heat treatment itself can 214 

cause the degradation of such molecules. Consequently, a retention tendency for certain 215 

types of molecules (particularly, for peroxides) has been observed in the present study 216 

by increasing the alga presence. 217 

Complex formation as a result of interaction between oxidized lipids (i.e., 218 

primary and secondary) and nucleophilic molecules (mainly protein-type 219 

compounds)31,32 was measured by formation of fluorescent compounds (i.e., FR; tertiary 220 

lipid oxidation compounds; Figure 1). As a result of canning and canned storage, a 221 

marked FR increase (p<0.05) was implied (comparison between raw fish and control 222 
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canned fish), this revealing an increased interaction compounds formation in agreement 223 

with a relevant lipid damage development. This increasing trend in the FR value was 224 

also noted in previous research on canned sardine (S. pilchardus),26 coho salmon 225 

(Oncorhynchus kisutch)33 and sprat (Clupeonella cultriventris).6 A comparison among 226 

the various canned samples showed a decreasing tendency of the FR with increasing 227 

presence of the alga extract in the packing medium. Interestingly, canned fish 228 

corresponding to the two most concentrated alga conditions showed lower (p<0.05) 229 

levels than control canned samples. Accordingly, an inhibitory effect on the formation 230 

of tertiary lipid oxidation compounds was achieved by including the alga extract in the 231 

packing system. Taking into account the whole lipid oxidation process, it can be 232 

concluded that this result agrees with the assessment of primary oxidation compounds 233 

(namely, peroxides), mentioned above. Thus, the alga extract presence in the coating 234 

medium has favored a lower breakdown of primary compounds (i.e., PS-3 and PS-4 235 

canning conditions), so that a lower formation of tertiary ones was produced. 236 

Consequently, an inhibition of the lipid oxidation process can be implied by the 237 

presence of the alga extract in the coating medium. 238 

The inhibitory effect of aqueous B. bifurcata extracts on the lipid oxidation 239 

development (i.e., FR value) can be explained by the high level of polyphenol 240 

compounds previously detected in this alga (40.8±8.3 gallic acid equivalents g-1 241 

lyophilized alga)21 and of previous related research. For instance, various 242 

polyhydroxyphenyl ethers and phenyl ethers have been isolated from this alga.17 On the 243 

basis of various kinds of in vitro tests, the antioxidant behavior of aqueous, methanolic 244 

and dichloromethane extracts of the alga has been proven.10,15,34 Recently,21 an ethanolic 245 

extract of this alga was included in the icing medium applied during the chilled storage 246 
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of megrim (Lepidorhombus whiffiagonis), which showed an inhibitory effect on lipid 247 

oxidation development and microbial activity in chilled fish muscle. 248 

Typically, extraction with alcoholic solvents achieves a high total phenolic 249 

content.35,36 However, and in agreement with the preservative effect found in the present 250 

research, water extraction of algae has been reported to provide, in most instances, the 251 

highest yields.37,38 Consequently, the majority of water-soluble (or hydrophilic-type) 252 

molecules, such as proteins, peptides and polysaccharides, would be extracted and lead 253 

to a preservative effect, as verified in previous studies.39,40 Thus, closely related to the 254 

present research, the inclusion in the packing medium of preservative hydrophilic 255 

compounds obtained by aqueous extraction of various algae (Durvillaea antarctica, 256 

Ulva lactuca, Pyropia columbina, Macrocystis pyrifera and Gracilaria chilensis), led to 257 

a remarkable rancidity stabilization in canned Atlantic salmon (S. salar).30 However, 258 

unlike the present research, the study by Ortiz et al.30 involved an accelerated canned 259 

storage condition (up to 140 days at 40 ºC). 260 

A lower lipid oxidation development was also obtained in canned albacore 261 

(Thunnus alalunga), by applying several vegetable oils (extra virgin olive oil, refined 262 

olive oil and refined soybean oil, respectively) as packing media, when compared to 263 

brine.41 Particularly, extra virgin olive oil was found to exert the highest preservative 264 

efficacy due to its comparatively higher content of phenolic compounds. Thus, the 265 

antioxidant ability was attributed to the solubilization of hydrophilic phenols at the 266 

water-muscle interface. In a related study, Naseri and Rezaei6 analyzed the lipid 267 

oxidation development in canned sprat (C. cultriventris) packed under various 268 

conditions and observed a greater development of fluorescent compounds in fish packed 269 

in brine compared to its counterpart packed in sunflower oil. 270 
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The assessment of the PI in the present research did not provide differences 271 

(p>0.05) among the samples studied (Table 1). Consequently, no effect on this quality 272 

index could be implied as a result of the canning process or the B. bifurcata presence in 273 

the packing medium employed. Similarly, no effect on the PI of canned sprat (C. 274 

cultriventris) was observed with brine as the packing medium instead of sunflower oil, 275 

for a 3-year canned storage.6 On the contrary, Ortiz et al.30 obtained a significant PI 276 

retention in canned Atlantic salmon (S. salar) muscle when packed in an aqueous 277 

extract of ulte (basal part of alga D. antarctica), while no differences were obtained 278 

when other algae (cochayuyo, frond of D. antarctica; sea lettuce, U. lactuca; red luche, 279 

P. columbina) were tested as packing systems. Furthermore, a marked effect of the 280 

sterilization conditions (time and temperature) on the PI was confirmed by Aubourg et 281 

al.7 The study demonstrated that for the same Fo value, the condition that included the 282 

highest temperature (130 ºC) but the shortest time (27 min) did not provide differences 283 

when compared to the raw material. Conversely, other sterilization conditions (110 ºC 284 

for 120 min and 115 ºC for 60 min) led to significant PI decreases in canned samples.7 285 

 286 

Lipid hydrolysis determination 287 

Higher average FFA values (Table 2) were obtained in all canned samples when 288 

compared with the raw fish muscle. Lipid hydrolysis development during heat treatment 289 

has already been documented in previous research concerning canned albacore (T. 290 

alalunga)7 and coho salmon33 as a result of hydrolysis of high-molecular weight lipid 291 

molecules such as triacylglycerides and phospholipids. However, scarce significant 292 

differences could be observed among the various canned samples under study, so that a 293 

definite trend about the effect of the presence of the alga extract on the lipid hydrolysis 294 

development could not be concluded. 295 
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 This lack of tendency among canned fish for FFA formation can be explained on 296 

the basis that two opposing mechanisms would be involved during the canning 297 

process.5,33 On the one hand, FFA formation would be expected to be produced via 298 

degradation of large-sized lipid molecules (i.e., triacylglycerides and phospholipids) 299 

during the thermal treatment. On the other hand, FFA are known to be oxidized faster 300 

than higher molecular weight lipid classes (triacylglycerides and phospholipids) by 301 

providing a greater accessibility (lower steric hindrance) to oxygen and other pro-302 

oxidant molecules. In concurrence with the present results, Medina et al.42 showed that 303 

the extent and mechanism of lipolysis were not influenced by the packing medium 304 

(brine and soybean oil) when considering canned albacore (T. alalunga). 305 

 306 

Volatile amines content 307 

As a result of thermal treatment included in the canning process, volatile amines are 308 

known to be produced in canned products by breakdown of various muscle constituents 309 

such as proteins and trimethylamine oxide. 310 

In the present study, a higher TVB-N value was observed for the starting raw 311 

fish compared to any canned product so that a marked decrease (p<0.05) in the total 312 

volatile amines could be implied as a result of the canning process (Table 2). Among 313 

canned samples, scarce significant differences were observed, so that a general trend 314 

concerning the alga presence in the coating medium could not be concluded. 315 

Previous research has shown a marked increase in TVB-N content as a result of 316 

the canning process.43,44 This quality parameter quantifies a broad range of basic 317 

volatile compounds (e.g. ammonia, methylamine, dimethylamine, trimethylamine), 318 

most of them highly soluble in aqueous media. Consequently, the aqueous packing 319 

medium may act as an extracting system, so that volatile compounds would have 320 
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leached into the packing liquid and led to a corresponding content decrease in canned 321 

fish muscle.  322 

Despite employing sunflower oil as packing system, no significant differences 323 

were noted when comparing the TVB-N contents in canned sardine (S. pilchardus) 324 

stored under different chilling conditions.44 In another previous research,30 TVB-N 325 

formation was analyzed in canned salmon (S. salar) stored under accelerated conditions 326 

(up to 140 days at 40 ºC). Interestingly, an inhibitory effect on TVB-N values was 327 

observed at the end of the storage experiment in canned fish packaged in the presence of 328 

diverse algae extracts (U. lactuca and P. columbina).30 329 

Concerning the TMA formation (Table 2), a sharp increase (p<0.05) in all the 330 

canned samples was detected relative to the raw fish. Consistent with its chemical 331 

structure (i.e., tertiary amine), TMA is known to be scarcely soluble in aqueous media, 332 

so that it is unlikely to leach into the packing medium. Among the canned samples, no 333 

significant differences (p>0.05) could be observed, so that a definite effect on TMA 334 

formation of B. bifurcata extract, could not be implied. 335 

Previous research has shown a marked TMA formation as a result of cooking 336 

and sterilization processes.33,43 Such formation was reported to be produced from 337 

thermal degradation of trimethylamine oxide. However, an inhibitory effect on TMA-N 338 

content in canned sardine (S. pilchardus) was implied as a result of previously applying 339 

an advanced chilling system (i.e., liquid ice) instead of traditional flake ice.44 340 

 341 

Assessment of color changes 342 

The L* value increased rapidly as a result of the canning process (comparison of 343 

samples corresponding to raw fish and PS-0 packing condition; Table 3). Previous 344 

research has also shown an L* value increase in fish species as a result of heat 345 
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treatment.33,45 However, due to the presence of alga extract in the packing medium, an 346 

inhibition of the L* increase could be implied in the current study. This inhibition 347 

increased with the alga extract presence in the packing system. Interestingly, no 348 

differences (p>0.05) occurred between raw fish values and canned mackerel packaged 349 

with the highest alga content. It is concluded that an inhibitory effect on the lightness 350 

increase was obtained by including B. bifurcata extract in the packing medium. 351 

 The assessment of the a* color parameter did not provide valuable results (data 352 

not shown) so that a definite effect of canning or the alga presence in the packing 353 

medium could not be concluded on this color parameter. 354 

A comparison between raw fish and canned control samples showed a marked 355 

b* value increase (p<0.05) as a result of canning (Table 3). Previous research has shown 356 

that heat-processed fish provided higher b* values than raw fish,33 in concurrence with 357 

the present results. In fact, a direct association between b* values and lipid oxidation 358 

development was proven.46 A comparison among the canned samples showed lower b* 359 

values (p<0.05) in canned muscle packed with the two highest alga contents. 360 

Consequently, an inhibitory effect on the b* value increase was implied by the alga 361 

presence in the packing medium. Such conclusion is in agreement with the above-362 

mentioned results concerning the assessment of lipid oxidation development. 363 

 364 

CONCLUSIONS 365 

The inclusion of an aqueous B. bifurcata extract in the packing system has led to a 366 

quality enhancement of canned Atlantic mackerel. This effect was intensified by 367 

increasing the alga extract presence. Thus, an inhibitory effect on the lipid oxidation 368 

development (tertiary compounds formation) and on color parameters (L* and b*) was 369 

observed due to the alga presence in the packing medium. On the contrary, the presence 370 
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of the alga extract did not produce any effect on the volatile compounds (total and 371 

trimethylamine) formation and the lipid hydrolysis (free fatty acids formation) 372 

development.  373 

The packing system proposed in this work constitutes a novel and promising 374 

strategy to enhance the quality of commercial canned fish products. In order to optimize 375 

the experimental conditions, further research is envisaged, to analyze molecules 376 

involved in the present biopreservation, as well as their stability and behavior under 377 

thermal treatment. 378 

 379 

 380 
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FIGURE LEGENDS 519 

 520 

Figure 1: Assessment of fluorescent compounds formed§ in canned mackerel muscle 521 

packed under various conditions§§ 522 

§ Average values of five replicates (n=5). Standard deviations are indicated by bars. 523 

Average values accompanied by different letters (a-d) denote significant 524 

differences (p<0.05).  525 

§§ Sample abbreviations: PS-0, PS-1, PS-2, PS-3 and PS-4 correspond to packing 526 

conditions including 0.000, 0.125, 0.250, 0.625 and 1.250 g of extracted alga in 527 

the packing medium, respectively. 528 

 529 



TABLE 1 
 
 
 

Lipid oxidation assessment* in canned mackerel muscle packed under various 

conditions** 

 
Packing 
system 

Lipid oxidation index*** 
CD CT PV PI 

Raw fish 0.69  ab 
(0.11) 

0.03  a 
(0.01) 

0.40  a 
(0.33) 

1.10  a 
(0.08) 

PS-0 0.57  a 
(0.05) 

0.04  ab 
(0.01) 

1.25  a 
(0.46) 

1.13  a 
(0.09) 

PS-1 0.70  ab 
(0.08) 

0.06  b 
(0.02) 

3.20  b 
(1.46) 

1.14  a 
(0.10) 

PS-2 0.72  ab 
(0.07) 

0.05  ab 
(0.00) 

2.49  b 
(0.28) 

1.12  a 
(0.14) 

PS-3 0.75  ab 
(0.07) 

0.06  b 
(0.01) 

8.25  c 
(3.04) 

1.02  a 
(0.08) 

PS-4 0.88  b 
(0.17) 

0.07  b 
(0.01) 

7.67  c 
(2.18) 

1.08  a 
(0.07) 

 
 
 
 
 
* Average values of five replicates (n=5). Standard deviations are expressed in brackets. 

Average values followed by different letters (a-c) denote significant differences 

(p<0.05). 

** Packing conditions: PS-1, PS-2, PS-3 and PS-4 correspond to canned mackerel 

including 0.125, 0.250, 0.625 and 1.250 g of extracted alga in the packing 

medium, respectively. PS-0 denotes canned fish without alga extract in the 

packing medium (canned control). 

*** Indices abbreviations: CD (conjugated dienes), CT (conjugated trienes), PV 

(peroxide value) and PI (polyene index). CD and CT units as expressed in the 

Materials and Methods section. PV expressed as meq active oxygen kg-1 lipids. 

  



TABLE 2 
 
 
 

Free fatty acids (FFA) content and volatile amines (total volatile base-nitrogen 

TVB-N; trimethylamine-nitrogen, TMA-N) formation* in canned mackerel packed 

under various conditions** 

 
 

Packing system 
Quality index 

FFA 
(g kg-1 lipids) 

TVB-N 
(mg kg-1 muscle) 

TMA-N 
(mg kg-1 muscle) 

Raw fish 1.73  a 
(0.90) 

259.66  c 
(7.85) 

4.19  a 
(2.52) 

PS-0 2.63  a 
(1.07) 

183.09  b 
(15.22) 

25.77  b 
(2.19) 

PS-1 3.87  ab 
(1.17) 

162.56  ab 
(12.31) 

26.97  b 
(3.07) 

PS-2 2.89  ab 
(0.34) 

152.19  a 
(9.56) 

25.80  b 
(2.90) 

PS-3 4.96  b 
(1.79) 

165.78  ab 
(19.63) 

29.00  b 
(2.32) 

PS-4 3.50  ab 
(0.87) 

160.11  ab 
(18.55) 

28.29  b 
(4.83) 

 

 

 

 

* Average values of five replicates (n=5). Standard deviations are expressed in brackets. 

Average values followed by different letters (a-c) denote significant differences 

(p<0.05). 

** Packing conditions as expressed in Table 1. 

 

  



TABLE 3 
 
 
 

Assessment of L* and b* color parameters§ in canned mackerel muscle packed 

under various conditions§§ 

 

 

Packing system 
Color parameter 

L* b* 

Raw fish 
45.63  a 

(2.41) 

1.03  a 

(0.28) 

PS-0 
71.40  e 

(2.10) 

17.54  cd 

(0.62) 

PS-1 
66.36  d 

(2.70) 

19.43  d 

(0.96) 

PS-2 
56.63  c 

(1.68) 

15.52  c 

(1.42) 

PS-3 
51.68  b 

(2.47) 

10.29  b 

(1.50) 

PS-4 
43.63  a 

(1.76) 

10.10  b 

(1.85) 

 

 

 

 
§ Average values of five replicates (n=5). Standard deviations are expressed in brackets. 

Average values followed by different letters (a-e) denote significant differences 

(p<0.05). 
§§ Packing conditions as expressed in Table 1. 
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