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ABSTRACT 32 

This study focussed on the rancidity stability of frozen fatty fish. Its basic objective was 33 

to investigate the effect of a glazing system including a saponin-free quinoa 34 

(Chenopodium quinoa) extract during the frozen storage of Atlantic mackerel (Scomber 35 

scombrus). For it, two different concentrations of 80% aq. (v/v) ethanol quinoa extracts 36 

(0.45 and 1.36 g lyophilised quinoa L
-1

 solution, respectively) were tested and compared 37 

with two control treatments (water glazing and non-glazing conditions). Chemical and 38 

sensory changes were monitored for a 8-month frozen storage. An inhibitory effect 39 

(p<0.05) of the glazing system including the most concentrated saponin-free quinoa 40 

extract was observed on the lipid hydrolysis (free fatty acid formation) evolution and on 41 

the formation of secondary (thiobarbituric acid reactive substances) and tertiary 42 

(fluorescent compounds) lipid oxidation compounds. A sensory quality enhancement 43 

and shelf life increase was obtained in fish submitted to glazing conditions including the 44 

most concentrated quinoa extract in agreement to raw (gills and muscle odour) and 45 

cooked (muscle odour) descriptors. A novel quinoa-glazing system is proposed, this 46 

avoiding the inconveniences of the saponin compounds presence. 47 

 48 
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1. INTRODUCTION 54 

During freezing and frozen storage, marine lipids are reported to undergo fast oxidation 55 

and lead to the production of off-flavours and odours and to a nutritional value decrease 56 

(Kolakowska, 2003; Lehmann and Aubourg, 2008). Consequently, different strategies 57 

and technologies have been tested to extend the shelf life time during the frozen storage 58 

of fatty seafood. One particular technology greatly used is the application of an ice layer 59 

to the surface of the frozen seafood, referred as glazing (Vanhaecke, Verbeke, & De 60 

Brabander, 2010; Yerlikaya & Gokoglu, 2010). Thus, adequate glazing of marine 61 

specimens prior to frozen storage can protect the final product from dehydration, 62 

oxidation and general quality loss. The amount of glaze applied would depend on 63 

various factors such as glazing time, seafood temperature, water temperature, product 64 

size and shape (Jacobsen & Fossan, 1999). Previous research has shown profitable 65 

effects of glazing by inhibiting lipid hydrolysis (Çoban, 2013) and oxidation (Sathivel, 66 

Huang, & Bechtel, 2008; Sundararajan et al. 2011; Cavonius & Undeland, 2017) 67 

development and microbial activity (Gonçalves & Gindri, 2017; Solval, Rodezno, 68 

Moncada, Bankston, & Sathivel, 2014). 69 

Quinoa (Chenopodium quinoa Willd.) is a highly appreciated pseudo-cereal of 70 

Andean origin showing a balanced composition on amino acids, lipids, trace elements, 71 

fibre and vitamins, high contents of proteins, and absence of gluten (Vega-Gálvez et al., 72 

2010). Quinoa-derived products have successfully been employed in the preparation of 73 

emulsion-type products and malted beverages, as fat/cream substitutes, to enhance the 74 

quality of baked foods, as well as for producing quinoa protein concentrates and 75 

hydrolysates (Bhargava, Shukla, & Ohri, 2006; Graf et al., 2015). Concerning food 76 

preservation by quinoa presence, an antimicrobial activity has recently been proved 77 

(Tremonte, Succi, Messia, Coppola, & Marconi, 2017), while its high content on 78 
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vitamin E and phenolic compounds has been found responsible for its antioxidant 79 

properties (Gómez-Caravaca, Iafelice, Verardo, Marconi, & Caboni, 2014; Carciochi, 80 

Manrique, & Dimitrov, 2015). Indeed, the inclusion of quinoa and quinoa-derived 81 

products in active packaging systems has shown to enhance the antimicrobial properties 82 

of the corresponding films (Pagno et al., 2015; Caro et al., 2016), this leading to an 83 

increase of the shelf life time in various fruit products (Valenzuela et al., 2015; 84 

Abugoch et al., 2016). 85 

However, saponin compounds located in the pericarp seeds constitute a 86 

drawback for the quinoa utilisation as a practical food source. In spite of showing a 87 

wide range of beneficial effects such as hypertension prevention (Huang, Davidge, & 88 

Wu, 2014) and anti-inflammatory (Yao, Yang, Shi, & Ren, 2014) activities, saponins of 89 

quinoa are bitter, interfere with quinoa’s palatability and digestibility (Vega-Gálvez et 90 

al., 2010; Graf et al., 2015) and have been reported to be toxic because of their 91 

hemolytic activity and ability in lowering surface tension (Khalil & El-Adawy, 1994; 92 

Stuardo & San Martín, 2008). Consequently, the employment of quinoa and quinoa-93 

derived products after removal of saponin compounds can represent a promising choice 94 

leading to additional advantages. In this context, a comparative study of the antioxidant 95 

behaviour and properties between whole quinoa and saponin-free quinoa was carried 96 

out in a heated marine-oil model system (Miranda et al., 2017); in agreement to the lipid 97 

oxidation assessment (primary and secondary products) and polyene content retention, 98 

saponin-free quinoa showed to maintain the original preservative properties. 99 

The present research was focussed on the rancidity stability of frozen Atlantic 100 

mackerel (Scomber scombrus). Its basic objective was to investigate the effect of a 101 

glazing system including an aqueous ethanolic extract of saponin-free quinoa during the 102 

frozen storage. For it, two different concentrations of quinoa extracts were tested and 103 
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compared with two control treatments (water glazing and non-glazing conditions). 104 

Quality changes were monitored for a 8-month frozen storage by chemical (lipid 105 

hydrolysis and oxidation development) and sensory (raw and cooked descriptors) 106 

analyses. 107 

 108 

2. MATERIAL AND METHODS 109 

2.1. Initial quinoa, saponin removal and preparation of ethanolic extracts 110 

Ancovinto ecotype quinoa cultivated in the Elqui Valley (Vicuña, Chile; 700 m a.s.l.; 111 

30º1’0’’S; 70º42’0’’W) and harvested in 2014 was used. Homogeneous grains were 112 

selected according to similar ripening conditions, colour and size; visual inspection was 113 

carried out to discard contaminant particles or impurities.  114 

Saponin-compounds removal was achieved in agreement to previous research 115 

(Miranda et al., 2017). Thus, the grains were washed with distilled water (quinoa/water 116 

ratio of 1/10, w/w) at 20 ºC with constant stirring for one hour, with water changes 117 

every 10 min. After draining the quinoa grains for 5 min, the drying process was carried 118 

out at 60 ºC using a convective dryer with a constant air flow rate of 2.0±0.2 m s
-1

. 119 

Samples were dried until they reached constant weight (equilibrium condition). 120 

Saponin-free quinoa grains were finally finely ground and subjected to a 500-micro 121 

sieve (Dual Manufacturing Co., U. S. Standard Sieve Series, Sieve Nº 35, Chicago, IL, 122 

USA).  123 

Extracts from saponin-free quinoa were obtained in agreement with Miranda et 124 

al. (2017). For it, a mixture of 100 g of ground and sieved samples and 1,000 mL of an 125 

80% aq. (v/v) ethanol solution (dried grains/alcoholic solution ratio of 1/10, w/v) was 126 

prepared. Each mixture was homogenised and shacked for 24 h in an orbital shaker 127 

(BOECO, OS2, Hamburg, Germany), and thereafter centrifuged (Eppendorf, 5804 R, 128 
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Hamburg, Germany) for 15 min at 5,000xg, being the supernatant filtered through a 129 

Whatman filter Nº 1. Then, the filtrate was concentrated under reduced pressure at 40 130 

°C on a rotary evaporator (Büchi RE 121, Flawil, Switzerland) and afterwards 131 

lyophilised in a freeze dryer (Virtis, Advantage Plus, Gardiner, NY, USA). The 132 

lyophilised quinoa extract was kept under refrigerated conditions (4 ºC) to be employed 133 

throughout a 1-month period.  134 

 135 

2.2. Glazing systems  136 

Two glazing systems were prepared including the lyophilised saponin-free quinoa. For 137 

it, 5 and 15 g of the lyophilised extract were dissolved, respectively, in 200 mL of an 138 

80% aq. (v/v) ethanol solution and then diluted to a 11-L solution with distilled water. 139 

As a result, low-concentrated glazing (LCQ condition; 0.45 g lyophilised quinoa L
-1

 140 

solution) and high-concentrated glazing (HCQ condition; 1.36 g lyophilised quinoa L
-1

 141 

solution) systems were obtained, respectively. 142 

 Two kinds of batch controls were considered in this study. One side, 200 mL of 143 

an 80% aq. (v/v) ethanol solution were diluted to a 11-L solution with distilled water 144 

and employed as water glazing control (WG condition). Furthermore, a blank control 145 

batch with no glazing treatment (NG condition) was also taken into account. 146 

 Concentrations of lyophilised quinoa in the glazing solutions employed in the 147 

current study were chosen on the basis of various preliminary studies. Thus, a 0.20-2.00 148 

g lyophilised quinoa L
-1

 solution range was tested. As a result, concentrations higher 149 

than 1.36 g L
-1 

could modify some sensory descriptors (i.e., odour, colour and taste) of 150 

the fish species chosen. Accordingly, this concentration was considered in the present 151 

study, together with a less concentrated one (0.45 g L
-1

). 152 

 153 
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2.3. Fish sample collection, freezing, glazing and frozen storage 154 

Fresh Atlantic mackerel (102 specimens) were obtained at the Vigo harbour (North-155 

Western Spain) in April 2015 and transported to the laboratory. Throughout this process 156 

(10 h), the fish were maintained in ice. The length and weight of the fish specimens 157 

ranged from 24.0 to 27.5 cm and from 107 to 125 g, respectively. 158 

Upon arrival to the laboratory, six specimens were separated and analysed as 159 

initial fish. These fish specimens were divided into three different groups (two 160 

individuals per group) that were analysed independently to achieve the statistical 161 

analysis (n=3). The remaining fish specimens were divided into four batches (24 162 

individuals in each batch) that were immediately frozen at ‒40 ºC. 163 

After 48 hours at ‒40 ºC, the first batch was packed in polyethylene bags (two 164 

pieces per bag) and stored at ‒18 ºC (blank control; non-glazed batch; NG batch). At the 165 

same time, the remaining three batches were immersed, respectively, in the above-166 

mentioned WG, LCQ and HCQ glazing systems. In all cases, specimens were immersed 167 

for 30 s at 0 ºC, allowed to drain for 15 s, packaged in polyethylene bags (two pieces 168 

per bag) and stored at ‒18 ºC. 169 

Sampling was undertaken at months 2, 4, 6 and 8 of frozen storage at ‒18 ºC. At 170 

each time and for each glazing condition, six individuals were taken that were divided 171 

into three groups (two individuals per group) and studied separately (n=3). Analysis of 172 

frozen material was undertaken after thawing; thawing was carried out by overnight 173 

storage in a cool room (4 ºC). 174 

 175 

2.4. Chemical evaluation of lipid damage 176 

All solvents and chemical reagents used were of reagent grade (Merck, Darmstadt, 177 

Germany). Chemical analyses were carried out on the white muscle of mackerel.  178 
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Lipids were extracted from mackerel muscle by single-phase solubilisation with 179 

chloroform-methanol (1:1), as described by Bligh and Dyer (1959). 180 

The free fatty acid (FFA) concentration of the mackerel lipid extract was 181 

determined by colorimetric reaction with cupric acetate-pyridine and absorbance at 715 182 

nm, according to Lowry and Tinsley (1976). Results were calculated as mg oleic acid 183 

kg
-1

 muscle and expressed as mg FFA kg
-1

 muscle. 184 

The peroxide value (PV) of the mackerel lipid extract was determined by 185 

peroxide reduction with ferric thiocyanate and absorbance at 500 nm (Beckman Coulter, 186 

DU 640; London, UK), as described by Chapman and McKay (1949). Results are 187 

expressed as meq active oxygen kg
-1

 lipids. 188 

The thiobarbituric acid index (TBA-i) was determined as described by Vyncke 189 

(1970) and based on the reaction between a 5% trichloracetic acid extract of the fish 190 

muscle and thiobarbituric acid (TBA). Content on thiobarbituric acid reactive 191 

substances (TBARS) was spectrophotometrically measured at 532 nm and calculated 192 

from a standard curve using 1,1,3,3-tetraethoxy-propane. Results are expressed as mg 193 

malondialdehyde kg
-1

 muscle.  194 

The formation of fluorescent compounds (Fluorimeter LS 45; Perkin Elmer 195 

España, Tres Cantos, Madrid, Spain) was determined by measurements at 393/463 nm 196 

and 327/415 nm as described by Aubourg, Rey-Mansilla and Sotelo (1999). The relative 197 

fluorescence (RF) was calculated as follows: RF = F/Fst, where F is the fluorescence 198 

measured at each excitation/emission maximum and Fst is the fluorescence intensity of a 199 

quinine sulphate solution (1 µg ml
-1

 in 0.05 M H2SO4) at the corresponding wavelength. 200 

The fluorescence ratio (FR) was calculated as the ratio between the two RF values: FR 201 

= RF393/463 nm/RF327/415 nm. The FR value was determined using the aqueous phase that 202 

resulted from the lipid extraction of the fish muscle (Bligh & Dyer, 1959). 203 
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2.5. Sensory evaluation of frozen mackerel 204 

Sensory analysis was carried out by a sensory panel consisting of four to six 205 

experienced judges. Before carrying out the present experiment, the judges received 206 

special training on frozen mackerel, focused on the evaluation of specimens that 207 

exhibited different qualities. Special attention was accorded to the evolution of the 208 

sensory descriptors that were found as limiting factors for the shelf life. Consequently, 209 

various raw (external odour, gills, and muscle odour) and cooked (muscle odour and 210 

taste) descriptors were analysed. The different descriptors were evaluated on a scale 211 

from 7.0 (stage of highest quality) to 0.0 (stage of lowest quality) in agreement with 212 

Lehmann and Aubourg (2008). According to European Council Regulation (1996), four 213 

rang categories were considered: 7.0-5.6 (excellent), 5.5-3.6 (good), 3.5-1.5 (fair) and 214 

1.4-0.0 (rejectable). 215 

At each sampling time, fish individuals from each batch were analysed. 216 

Evaluation began by the analysis of fish in the raw state and was followed by the 217 

analysis of samples in the cooked state. Cooking was accomplished at 95-100 ºC for 7 218 

min in a pre-warmed oven with air circulation and then submitted to the panel. At each 219 

sampling time, fish samples were coded with 3-digit random numbers and presented to 220 

the panellists in individual trays, which were scored individually. Each descriptor of 221 

each sample was scored a single time by each member of the panel. The panel members 222 

shared samples tested. Scores among panellists were averaged. 223 

 224 

2.6. Statistical analysis 225 

Data obtained (three replicates; n=3) from the different sensory and chemical 226 

analyses were subjected to the ANOVA method to explore differences resulting from 227 

the effect of the glazing system employed; comparison of means was performed using 228 
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the least-squares difference (LSD) method. Analyses were carried out using the PASW 229 

Statistics 18 software for Windows (SPSS Inc., Chicago, IL, USA); differences among 230 

batches were considered significant for a confidence interval at the 95% level (p<0.05) 231 

in all cases. 232 

 233 

3. RESULTS AND DISCUSSION 234 

3.1. Chemical assessment of lipid hydrolysis in frozen mackerel 235 

Lipid hydrolysis development was measured by the FFA formation. Results are 236 

depicted in Figure 1. A progressive FFA formation was observed in all kinds of samples 237 

throughout the frozen storage time. Fish samples corresponding to the glazing condition 238 

including the highest quinoa concentration showed the lowest average values for the 239 

whole storage period; comparison with both controls (i.e., NG and WG batches) showed 240 

significant differences (p<0.05) for the 6-8-month period. An inhibitory effect (p<0.05) 241 

on FFA formation was also implied in samples corresponding to the LCQ batch at the 242 

end of the experiment. 243 

Lipid hydrolysis development is reported to be produced during the frozen 244 

storage as a result of lipase release from liposomes into the muscle, which then 245 

facilitates closer proximity between enzyme and substrate (Sista, Erickson, & Shewfelt, 246 

1997; Aubourg et al., 1999). As a result of the quinoa extract presence in the glazing 247 

system, a lower FFA formation has been produced. This result could be explained on 248 

the basis of a modification of the lipase environment, this leading to a partial inhibition 249 

of its catalytic effect (Sikorski & Kolakowski, 2000; Aubourg & Ugliano, 2002). In 250 

agreement to the current study, the employment of a glazing system including essential 251 

oils (sage, thyme and clove) extracts led to an inhibitory effect on the formation of FFA 252 

in frozen (6 months at ‒18 ºC) rainbow trout (Oncorynchus mykiss) fillets (Çoban, 253 
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2013); in such study, an inhibitory effect was also observed in fish samples 254 

corresponding to water glazing when compared with samples not glazed. In another 255 

related study (Taheri, 2015), the effect of a glazing system including rainbow sardine 256 

(Dussumieria acuta) protein hydrolysates was checked during subsequent frozen 257 

storage (6 months at –18 ºC) of black pomfret (Parastromateus niger) fillets; as a result, 258 

an inhibitory effect on FFA formation could be observed in fish including protein-259 

hydrolysate glazing when compared with control conditions. 260 

 261 

3.2. Chemical assessment of lipid oxidation in frozen mackerel 262 

Lipid oxidation development was measured by assessment of the peroxides and TBARS 263 

values as well as the FR. In all kinds of samples, peroxides formation can be considered 264 

low, since values did not overpass the 5.57 score (Table 1). The highest average scores 265 

were obtained in all cases at month 6, this result being followed by a general decrease at 266 

the end of the experiment. Such decrease can be explained on the basis of peroxide 267 

breakdown at advanced frozen storage times, thus leading to content increases in 268 

secondary and tertiary lipid oxidation compounds (Howell, 1995; Aubourg & Ugliano, 269 

2002). Comparison among samples showed some significant differences (p<0.05); 270 

however, the glazing system including the presence of a quinoa extract did not lead to a 271 

definite effect on the peroxide content of frozen mackerel. 272 

  A progressive formation of TBARS was observed in all kinds of samples 273 

throughout the storage period (Table 1). Samples corresponding to the HCQ batch 274 

showed lower average values than fish corresponding to both controls, differences being 275 

found significant (p<0.05) at the end of the experiment. Likely, TBARS formation in 276 

fish from batch LCQ showed lower average values than both controls at months 2, 6 277 
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and 8. Interestingly, no significant differences (p >0.05) were implied between samples 278 

corresponding to both glazing systems with quinoa extracts presence. 279 

 Interaction compounds formation between primary and secondary lipid 280 

oxidation compounds and nucleophilic molecules present in the fish muscle were 281 

assessed by means of the fluorescent compounds formation (i.e., FR). Results show a 282 

progressive increase of such index in all kinds of samples with storage time increase 283 

(Table 1). Comparison among samples showed lower average values in fish 284 

corresponding to the glazing medium including the highest content of quinoa extract; 285 

this difference was found significant (p<0.05) at month 2 by comparison to both 286 

controls. Furthermore, lower average values were obtained in samples corresponding to 287 

the LCQ batch when compared to their counterpart controls at months 2, 6 and 8. 288 

 Lipid oxidation development has been recognised as a complex process in which 289 

different kinds of molecules are produced, most of them unstable and susceptible to 290 

breakdown or react with other molecules present in the reaction medium (Howell, 1995; 291 

Aubourg & Ugliano, 2002). According to the results obtained, an inhibitory effect on 292 

both secondary (i.e., TBARS) and tertiary (fluorescent molecules) compounds 293 

formation has been observed in fish where the glazing condition with the highest quinoa 294 

content was applied. Consequently, an increased rancidity stability has been achieved 295 

during the frozen storage of the current fatty fish species. This antioxidant effect is in 296 

agreement to a previous research carried out on a heated (50 ºC for 30 days) marine-oil 297 

model system (Miranda et al., 2017). In it, a comparative study between the antioxidant 298 

abilities of whole quinoa and saponin-free quinoa was undertaken. As a result, saponin-299 

free quinoa showed to retain the antioxidant properties of the original quinoa, so that a 300 

marked inhibition of lipid oxidation development and retention of the polyunsaturated 301 

fatty acids content was implied in the heated-marine oil. Furthermore, the antioxidant 302 
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behaviour found in the current study for the aqueous-ethanolic extracts of saponin-free 303 

quinoa employed (i.e., Ancovinto ecotype) is in agreement with the above-mentioned 304 

study (Miranda et al., 2017) concerning contents on total polyphenols (142.85±0.08 mg 305 

gallic acid equivalents g
-1

 dry quinoa), total flavonoids (31.83±0.20 quercetin 306 

equivalents g
-1

 dry quinoa), α-tocopherol (58.43±2.76 mg kg
-1

 dry quinoa), γ-tocopherol 307 

(51.29±2.39 mg kg
-1

 dry quinoa), and δ-tocopherol (9.25±0.61 mg kg
-1

 dry quinoa), as 308 

well as the antioxidant activity measured by the DPPH assay (114.99±0.75 μmoles 309 

trolox equivalents g
-1

 dry quinoa). 310 

 Antioxidant efficacy is often difficult to predict since the antioxidant activity has 311 

shown to depend on the antioxidant structure, the food system itself and the conditions 312 

of storage/processing (Pokorný, 2007; Farvin & Jacobsen, 2013). No previous research 313 

is available, to our knowledge, about the effect of a quinoa-derived product (with or 314 

without saponin compounds) on the rancidity stability of seafood. Consequently, the 315 

present research could serve as a basis for further studies addressing the quinoa 316 

employment in different kinds of frozen fatty seafood. Interestingly, previous research 317 

has proved marked antioxidant properties of quinoa products when other kinds of foods 318 

are involved. This preservative effect has been explained on the basis of a relevant 319 

presence of different kinds of compounds such as polyphenols (Gómez-Caravaca et al., 320 

2014), flavonoids (Carciochi et al., 2015) and tocopherols (Graf et al., 2015). 321 

In agreement to the current study, previous related research accounts for lipid 322 

oxidation inhibition (peroxides and TBARS) as a result of applying a glazing system 323 

including various preservative compounds. This accounts for the employment of 324 

essential oils (sage, thyme or clove) extracts in the glazing system of frozen (6 months 325 

at ‒18 ºC) rainbow trout (Oncorhynchus mykiss) fillets (Çoban, 2013), the addition of 326 

rainbow sardine (Dussumieria acuta) protein hydrolysates during the frozen storage (6 327 
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months at –18 ºC) of black pomfret (Parastromateus niger) fillets (Taheri, 2015) and 328 

the application of a glazing system with herring (Clupea harengus) muscle press juice 329 

to frozen (‒18/‒20 ºC for 52 weeks) herring fillets (Cavonius & Undeland, 2017). 330 

Additionally, inhibition of secondary lipid oxidation compounds (i.e., TBARS) 331 

formation was detected in various studies related to the employment of a glazing system 332 

including different kinds of preserving compounds. This result accounts for chitosan 333 

nano particles combined with sodium tripolyphosphate in frozen (30 days at ‒21 ºC) 334 

shrimp (Litopenaeus setiferus) (Solval et al., 2014), green tea and grape seed extracts in 335 

frozen (5 months at ‒18 ºC) bonito (Sarda sarda) (Yerlikaya & Gokoglu, 2010), green 336 

tea extract in frozen (180 days at ‒21 ºC) shrimp (Litopenaeus setiferus) (Sundararajan 337 

et al., 2011) and pollock (Theragra chalcogramma) skin hydrolysates in frozen (4 338 

months at ‒35 ºC) pink salmon (Oncorhynchus gorbusha) (Sathivel et al., 2008). 339 

 340 

3.3. Sensory evaluation of quality loss in frozen mackerel 341 

Sensory quality was measured by evaluation of raw (Table 2) and cooked (Figures 2-3) 342 

descriptors. For all kinds of samples and descriptors, a progressive quality decrease 343 

could be observed with the frozen storage time increase. 344 

 A higher average score was observed in fish corresponding to the HCQ batch in 345 

the 4-8-month period for the evaluation of the external odour, the gills, and the raw 346 

muscle odour (Table 2). Comparison with both controls showed significant differences 347 

(p<0.05) at month 6 for the gills evaluation and the raw muscle odour development. In 348 

agreement to raw descriptors, fish corresponding to NG, WG and LCQ batches were 349 

considered unacceptable at month 8 in agreement to the evaluation of the external and 350 

raw muscle odours. On the contrary, fish belonging to the HCQ condition was 351 

acceptable at the end of the experiment. 352 
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 Related to cooked descriptors, fish corresponding to the highest quinoa presence 353 

in the glazing system showed higher average scores throughout the whole experiment 354 

for cooked odour (Figure 2) and taste (Figure 3). Differences were found significant 355 

(p<0.05) at month 6 (cooked muscle odour) and at month 4 (cooked muscle taste) when 356 

compared to their counterparts from both control batches. According to cooked 357 

descriptors, all kinds of samples were found acceptable throughout the whole 358 

experiment. 359 

 In agreement to the above-mentioned chemical assessment of lipid damage 360 

development, a sensory quality increase can be implied by employment of a glazing 361 

system including the most concentrated extract of saponin-free quinoa. No previous 362 

research is actually available, to our knowledge, showing the effect of quinoa or quinoa-363 

derived products on the shelf life or sensory quality of seafood. However, previous 364 

research accounts for a wide range of studies concerning the employment of quinoa to 365 

improve the sensory quality of baked foods via substitution of cereal grains by quinoa 366 

flour (Graf et al., 2015). Furthermore, quinoa-derived products have been found 367 

profitable to improve functionality of biofilms (Pagno et al., 2015; Caro et al., 2016); 368 

this strategy has been successful during the refrigeration storage of strawberry 369 

(Fragaria x ananassa) (Valenzuela et al., 2015) and blueberries (Vaccinium 370 

corymbosum) (Abugoch et al., 2016) by increasing the shelf life time (i.e., firmness and 371 

colour evaluation). 372 

In agreement to the current study, a sensory quality enhancement of frozen 373 

seafood has been obtained as a result of previous glazing including various natural 374 

preservatives. Thus, the employment of a glazing system including rainbow sardine 375 

(Dussumieria acuta) protein hydrolysates led to a longer shelf life time (higher scores in 376 

colour, odour, taste, firmness and general appearance) of frozen (6 months at –18 ºC) 377 
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black pomfret (Parastromateus niger) fillets (Taheri, 2015). Furthermore, average score 378 

values of rancid odour development were found slightly higher for frozen (–18/–20 ºC 379 

for 52 weeks) herring (Clupea harengus) control fillets than for their counterpart fillets 380 

previously submitted to glazing treatment including the herring muscle press juice 381 

(Cavonius & Undeland, 2017). Also related to the present study, a previous phosphate 382 

dipping to freezing and frozen (15 days at ‒25 ºC) storage led to a sensory quality 383 

enhancement in red shrimp (Xiphopenaeus kroyeri) (Gonçalves & Gindri, 2009). 384 

Contrary to the current results, the application of a glazing system including essential 385 

oils (sage, thyme or clove) extracts did not increase the shelf life of frozen (6 months at 386 

‒18 ºC) rainbow trout (Oncorhynchus mykiss) fillets (Çoban, 2013). 387 

 388 

4. CONCLUSIONS 389 

A novel glazing system based on the inclusion of 80% aq. (v/v) ethanol extracts of 390 

saponin-free quinoa has been tested for the quality enhancement of frozen Atlantic 391 

mackerel. As a result, an inhibitory effect (p<0.05) of the glazing system including the 392 

most concentrated quinoa extract was observed on lipid hydrolysis (free fatty acid 393 

formation) evolution and on the formation of secondary (TBARS) and tertiary 394 

(fluorescent compounds) lipid oxidation compounds; interestingly, no effect (p>0.05) 395 

on peroxide content was detected. A sensory quality enhancement and shelf life increase 396 

was obtained in fish submitted to glazing conditions including the most concentrated 397 

quinoa extract in agreement to raw (gills and muscle odour) and cooked (muscle odour) 398 

descriptors. Under the conditions tested in the present study, a glazing system is 399 

proposed to be applied for the quality enhancement of fatty fish species during 400 

commercialisation under frozen conditions. Such tool can be considered a profitable and 401 

practical strategy in agreement with the availability and commercial cost of the 402 
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materials employed. On the basis of the readiness with which saponin compounds can 403 

be removed from whole quinoa, this preservative system would avoid the 404 

inconveniences of the saponin compounds presence. Further research would be 405 

necessary to optimise the preservative role of saponin-free quinoa in the glazing system 406 

when applied to different kinds of fatty seafood. 407 

 408 
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FIGURE LEGENDS 539 

 540 

Figure 1: Effect of various glazing conditions* on the free fatty acids (FFA) formation 541 

in mackerel muscle throughout frozen storage** 542 

* Abbreviations of glazing conditions as expressed in Table 1. 543 

** Average values of three replicates (n=3). Standard deviations are indicated by bars. 544 

Average values accompanied by different letters (a, b) denote significant 545 

differences (p<0.05). No letters are included when significant differences were 546 

not found (p>0.05). 547 

 548 

Figure 2: Effect of various glazing conditions* on the cooked muscle odour throughout 549 

frozen storage** 550 

* Abbreviations of glazing conditions as expressed in Table 1. 551 

** Average values of three replicates (n=3). Standard deviations are indicated by bars. 552 

Average values accompanied by different letters (a, b) denote significant 553 

differences (p<0.05). No letters are included when significant differences were 554 

not found (p>0.05). 555 

 556 

Figure 3: Effect of various glazing conditions* on the cooked muscle taste throughout 557 

frozen storage** 558 

* Abbreviations of glazing conditions as expressed in Table 1. 559 

** Average values of three replicates (n=3). Standard deviations are indicated by bars. 560 

Average values accompanied by different letters (a, b) denote significant 561 

differences (p<0.05). No letters are included when significant differences were 562 

not found (p>0.05). 563 



 

 

TABLE  1 

 

 

Effect of the glazing treatment* including saponin-free quinoa extract on the lipid 

oxidation development in mackerel muscle throughout frozen storage** 

 

 

Lipid oxidation 

index 

Frozen 

storage 

time 

(months) 

Glazing condition 

NG WG LCQ HCQ 

Peroxide value 

(PV; meq active 

oxygen kg
-1

 

lipids) 

2 
3.93 

(1.15) 

3.42 

(1.15) 

3.04 

(1.51) 

4.08 

(1.17) 

4 
4.19  b 

(1.35) 

2.25  ab 

(0.59) 

1.69  a 

(0.53) 

2.58  ab 

(1.73) 

6 
5.57 

(0.63) 

4.34 

(0.68) 

4.29 

(1.23) 

4.18 

(1.34) 

8 
1.67  ab 

(0.23) 

1.91  ab 

(0.35) 

2.14  b 

(0.73) 

0.99  a 

(0.35) 

 

Thiobarbituric 

acid index 

(TBA-i; mg 

malondialdehyde 

kg
-1

 muscle) 

2 
0.96 

(0.29) 

0.86 

(0.41) 

0.75 

(0.12) 

0.82 

(0.30) 

4 
1.01 

(0.36) 

0.95 

(0.40) 

0.97 

(0.19) 

0.84 

(0.19) 

6 
1.33 

(0.24) 

1.14 

(0.18) 

0.94 

(0.17) 

0.83 

(0.38) 

8 
1.65  b 

(0.11) 

1.75  b 

(0.24) 

1.34  ab 

(0.68) 

1.33  a 

(0.11) 

 

Fluorescence 

ratio (FR) 

2 
0.56  b 

(0.12) 

0.61  b 

(0.07) 

0.55  ab 

(0.25) 

0.48  a 

(0.03) 

4 
0.68 

(0.03) 

0.69 

(0.09) 

0.77 

(0.22) 

0.66 

(0.03) 

6 
1.02 

(0.16) 

0.90 

(0.21) 

0.88 

(0.19) 

0.74 

(0.23) 

8 
1.20 

(0.33) 

1.15 

(0.34) 

1.12 

(0.15) 

0.91 

(0.15) 

 

 

* Abbreviations of glazing conditions: NG (without glazing; blank control), WG (water 

glazing), LCQ (low-concentrated quinoa extract glazing) and HCQ (high-

concentrated quinoa extract glazing) in agreement with the material and methods 

section. 

** Average values of three (n=3) replicates; standard deviations are indicated in 

brackets. For each quality index, average values followed by different letters (a, 

b) denote significant differences (p<0.05) as a result of the glazing condition 

applied. No letters are included when significant differences were not found 

(p>0.05). Initial fish values: 0.73±0.64 (PV), 0.72±0.03 (TBA-i) and 0.37±0.05 

(FR). 

 



 

 

TABLE  2 

 

Effect of the glazing treatment* including saponin-free quinoa extract on the 

sensory acceptability (raw descriptors) of mackerel throughout frozen storage** 

 

 

Sensory 

descriptor 

Frozen 

storage 

time 

(months) 

Glazing condition 

NG WG LCQ HCQ 

External odour 

 

2 
5.0 

(1.4) 

4.5 

(0.7) 

5.5 

(0.7) 

5.0 

(0.0) 

4 
3.3  a 

(1.2) 

4.3  ab 

(1.2) 

4.3  ab 

(1.5) 

5.3  b 

(0.6) 

6 
1.5  a 

(0.7) 

3.0  ab 

(1.4) 

2.0  ab 

(0.3) 

4.0  b 

(1.4) 

8 
1.3 

(0.5) 

1.3 

(0.6) 

1.0 

(1.0) 

2.3 

(0.7) 

 

Gills 

2 
5.0 

(0.0) 

5.0 

(0.0) 

5.0 

(0.0) 

5.0 

(0.7) 

4 
4.7 

(0.6) 

4.7 

(0.6) 

4.7 

(0.6) 

5.0 

(0.2) 

6 
2.0  a 

(0.2) 

2.0 a 

(0.2) 

2.5  ab 

(0.7) 

4.0  b 

(1.4) 

8 
2.3 

(0.6) 

2.0 

(1.0) 

2.0 

(1.0) 

2.7 

(0.6) 

 

Raw muscle 

odour 

 

2 
5.0  ab 

(0.3) 

6.0  b 

(0.3) 

4.5  a 

(0.7) 

5.5  ab 

(0.7) 

4 
4.0 

(1.0) 

4.0 

(0.0) 

4.3 

(1.5) 

5.7 

(0.6) 

6 
2.5  a 

(0.7) 

2.5  a 

(0.7) 

1.5  a 

(0.7) 

5.0  b 

(1.4) 

8 
2.3  b 

(0.6) 

0.7  a 

(0.6) 

1.3  ab 

(0.8) 

2.7  b 

(0.6) 

 

 

* Abbreviations of glazing conditions as expressed in Table 1. 

** Average values of three (n=3) replicates; standard deviations are indicated in 

brackets. For each descriptor, average values followed by different letters (a, b) 

denote significant differences (p<0.05) as a result of the glazing condition 

applied. No letters are included when significant differences were not found 

(p>0.05). Initial fish values: 7.0±0.0 for all descriptors. 

 

 

 

 








	Effect_glazing_2018
	Tables
	Figure 1
	Figure 2
	Figure 3

