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1 Introduction
Herbal salt consists of a mixture of refined table salt with 

dehydrated herbs, such as oregano (Origanum vulgaris L.), 
rosemary (Rosmarinus officinalis L.), basil (Ocimum basilicum L.) 
and laurel (Laurus nobilis L.). It is known that hypertensive 
patients have difficulty adhering to a sodium-restricted diet 
(Alencar et al., 2011), however, aromatic herbs, used as condiments, 
contribute to assist in the acceptance of this type of diet, as well 
as stimulate the healthy population to reduce and/or care for 
salt consumption, as a preventive issue. Can be used in any 
preparation, in total or partial replacement of table salt, in the 
form of herbal salt (Ghawi et al., 2014).

The spices contained in the herbal salt, in addition to 
highlighting the sensory characteristics of foods, avoiding 
monotony of the table, also may give to the consumer health 
benefits, as they are referred to as nutraceutical foods, with 
antioxidant and anti-inflammatory properties, mainly due to the 
activity of phenolic compounds (Elosta et al., 2012). This activities 
can prevent and/or treat cardiovascular diseases, reducing the 
inflammatory and oxidative process (Moraes & Colla, 2006).

Salt, in turn, as a source of sodium, should not be extracted 
entirely from the diet, since it is important for the control of 

cellular fluids. Thus, attention should be focused on its reduction 
instead of total elimination in the diet (International Life Sciences 
Institute, 2009).

On the other hand, fish is seen as a marker of healthy eating 
patterns when eaten regularly. Important protein source, of high 
biological value, for having all the essential amino acids (Food 
and Agricultural Organization of the United Nations, 2016), 
rich in vitamins, mineral salts (Sartori & Amâncio, 2012) and 
one of the best sources of polyunsaturated fatty acids of the 
n- series 3, eicosapentaenoic (EPA) and docosahexaenoic (DHA) 
(Merdzhanova et al., 2012). The benefits of consuming n-3 involve 
combating and preventing cardiovascular disease, reducing 
its morbidity and mortality (Bocchi  et  al.,  2012); assistance 
in the treatment of diabetes (Farsi et al., 2014); strengthening 
of the immune response (Braga & Barleta, 2007); preventing 
and treating neurological diseases (Zemdegs et al., 2009), such 
as Alzheimer’s (Raposo, 2010); treating asthma of children in 
development and some cancers (Garófolo  &  Petrilli, 2006). 
Due  to the health benefits of fish consumption, Verdi  et  al. 
(2020), for example, carried out studies incorporating different 
concentrations of a dehydrated mixture of salmon and tilapia 

The effect of herbal salt as a natural antioxidant in preserving fish during 
freezing storage

Giselda Macena LIRA1* , Ana Maria Queijeiro LOPEZ2, Gabriela Marques de Farias NANES1,  
Fernanda Geny Calheiros SILVA1, Ticiano Gomes do NASCIMENTO3

a

Received 05 July, 2020 
Accepted 08 Sept., 2020
1Faculdade de Nutrição, Universidade Federal de Alagoas – UFAL, Campus A.C. Simões, Maceió, AL, Brasil
2Instituto de Química e Biotecnologia, Universidade Federal de Alagoas – UFAL, Campus A.C. Simões, Maceió, AL, Brasil
3Instituto de Ciências Farmacêuticas, Universidade Federal de Alagoas – UFAL, Campus A.C. Simões, Maceió, AL, Brasil
*Corresponding author: gmlira2@gmail.com

Abstract
The changes in chemical composition, chlorides, phenols and fatty acid profile of roasted or not Dolphinfish (Coryphaena 
hippurus Linnaeus, 1758) samples, after using or herbal salt or common iodized salt (NaCl), during storage under freezing, were 
evaluated. The ash and chloride contents were significantly higher (p < 0.05) in samples of the roasted fish previously treated with 
salt, compared to those treated with herbal salt. Oregano herb had a higher content of phenolic compounds and a significant 
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the fatty acid content of the samples in natura, showed no significant difference (p > 0.05), when compared to the roasted and 
pre-treated with herbal salt. However, statistically lower values were detected (p > 0.05) in roasted samples pre-treated with 
salt, showing a positive correlation between phenolic compounds and the antioxidant activity exerted by herbs, in relation to 
the profile of fatty acids during storage under freezing, preserving nutritional quality. These results contributed to show the 
good functionality of herbal salt, in addition to encouraging healthy eating habits, by reducing common salt consumption.
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Practical Application: As natural antioxidants are increasingly being studied due to their influence on health, this research 
investigated the antioxidant ability of herbal salt on the preservation of Dolphinfish, a food susceptible to suffer lipid oxidation 
during storage under freezing. The results were positive in comparison to normal iodized salt, preserving the lipid profile of the 
fish, avoiding losses in nutritional quality. This encourage the applicability of herbal salt, stimulating the consumption of natural 
antioxidants, in addition to reducing the consumption of salt, through use.
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in the pizza dough, a very popular food among teenagers and 
young people. According to these authors, there was no difference 
between the pizzas for the sensory attributes analyzed after 
including up to 20% of the dehydrated mixture in the preparation 
of the dough, but this was effective in reducing saturated fatty 
acids and adding proteins, minerals and polyunsaturated fatty 
acids, maintaining good sensory quality.

However, the composition of these nutrients varies with 
cooking, which can change the chemical characteristics of 
the in natura food, with loss of water, which promotes the 
concentration of nutrients, incorporation of substances 
from the cooking medium (oil, water, spices) and losses to 
this medium (Badiani  et  al.,  2002; García-Arias  et  al.,  2003; 
Saldanha & Bragagnolo, 2010; Ansorena et al., 2013). Associated 
with heat, salt becomes a pro-oxidant of fats (Pardi et al., 2001). 
In fish, this degradation comes mainly from the oxidation of 
polyunsaturated fatty acids (Cornejo et al., 1999).

Freezing is one of the main storage methods for conserving 
fish, however, frozen storage for a long time can partly impair 
the nutritional quality of the fish if there is oxidation of fatty 
acids. Biochemical interactions, in prolonged frozen storage, 
may occur between fish muscle proteins and fatty acids 
(Oetterer et al., 2012). In the search for adequate fish storage, 
Truonghuynh et al. (2020) evaluated the feasibility of storing 
large yellow croaker (Pseudosciaena crocea), the main coastal 
economic fish in China, using cryogenic freezing at different 
temperatures and freezing by forced convection, and it was seen 
that forced convection freezing had significantly higher values for 
drip loss and relative moisture loss when compared to cryogenic 
freezing, while water holding capacity decreased markedly in both 
methods. Cryogenic freezing at -60 and -80 °C had the highest 
yellowness values during storage; but the highest springiness, 
gumminess and shear force values were obtained only at -60 °C, 
and the authors concluded that cryogenic freezing at -60 °C is 
appropriate for long-term storage of large yellow croaker.

Therefore, it is necessary to be aware of the changes that 
have occurred, when stored under freezing, as well as the 
alternatives to prevent or delay lipid oxidation, avoiding losses 
in its nutritional quality.

Given the above, the objective of this work was to study the 
effect of herbal salt as a natural antioxidant on the lipid profile and 
nutritional value of fish (Coryphaena hippurus Linnaeus, 1758) 
roasted and stored under freezing, at different time intervals.

2 Materials and methods

2.1 Food material

Six samples of Dolphinfish (Coryphaena hippurus (Linnaeus, 
1758), each weighing around 1500 g, were acquired just after 
fishing, in the period from September to November 2018, coming 
from the sea coast of Alagoas, Brazil, between the geographical 
coordinates 8°8’12” S and 10°29’12” S, where the water reaches a 
temperature greater than 20 °C and presents high and constant 
salinity (Correia & Sovierzoski, 2005). The samples were placed 
in plastic bags, kept in polystyrene with ice and immediately 
taken to the laboratory. The herbs used for cooking (oregano, 

rosemary and basil) were purchased from a health food store in 
Maceió, Alagoas, Brazil. The herbal salt was prepared according 
to the recommendation of the Guide to Good Practices of the 
Brazilian National Health Surveillance Agency - ANVISA (Brasil, 
2014), which consisted of a mixture of basil, oregano, rosemary 
and refined salt in the proportion of 25% each.

Food preparation

Each fish sample (1500 g) was divided into three rectangular 
portions of 500 g. Groups I and II portions of in natura Dolphinfish 
were treated with 2.5 g of refined salt, and group III was treated 
with 2.5 g of herbal salt. Group II and III samples were roasted in 
an oven (dry heat), without adding fat, for 35 minutes at 220 °C. 
The conditions of preparation were standardized through preliminary 
tests, based on the sensory characteristics of the food. After cooking, 
samples from groups I, II and III were crushed, and aliquots were 
weighed and identified for chemical analysis, referring to “zero time”, 
while the remaining samples, from the three groups, were packed 
in aseptic plastics, identified and stored in a freezer at -17 ± 1 °C, 
until the time-interval established for analysis (45 or 90 days).

2.2 Chemical analysis

The following determinations were made in triplicate:

Centesimal composition and total chloride of the Dolphinfish 
preparations

The moisture, protein, ash and total chloride contents 
were determined using the methodologies of the Manual of the 
Association of Official Analytical Chemists (1997). Total lipid 
was extracted by Folch et al. (1957) and the lipid content was 
gravimetrically determined. The caloric value was calculated 
from the caloric coefficients corresponding to the proteins and 
lipids (Livesey, 1990).

Determination of total phenolic compounds in herbs and herbal salt

The samples of oregano, basil and rosemary were macerated, 
according to Elfalleh et  al. (2012) and homogenized at 80% 
methanol, at a ratio of 1:10 (m:v). The total phenolic contents 
were measured by spectrophotometry, according to Singleton et al. 
(1999), modified by Meda et al. (2005). The obtained dry extract was 
diluted in 80% methanol, obtaining a concentration of 2000 μg/mL, 
homogenized with 250 μL of the Folin-Ciocalteau reagent, 2 mL 
of 7.5% calcium carbonate and 6 mL of distilled water and allowed 
to stand, at room temperature for 2 hours. The absorbance was 
measured at 750 nm and the results were expressed as gallic acid 
equivalent (mg gallic acid/100 g sample extract).

Fatty acid profile of the Dolphinfish preparations

Aliquots of lipid extracts obtained according to Folch et al. 
(1957) were converted to methyl esters (Hartman & Lago, 1973) 
and injected into a SP-2560 fused silica chromatographic column 
(biscynopropyl polysiloxane) with 100m in length and 0.25 mm 
in diameter, of a gas chromatograph (GC) (Chromatograph GC 
Shimadzu® 2010-plus/software SP-2560 GC solution). The column 
temperature programming was isothermal at 140 °C for 5 min 
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and then heating at 4 °C/min to 240 °C, remaining at this for 
20 min. The vaporizer temperature was 250 °C and the detector 
temperature was 260 °C, using Helium (1 mL/min) as gas carrier. 
The sample split ratio was 1/50. The retention time of methyl 
esters of the samples was compared with the retention time of 
standard fatty acid methyl esters. The quantification of the fatty 
acids was done by normalizing the area, expressing the result 
in mg/100 g. 

Nutritional quality indexes of the lipids of the Dolphinfish 
preparations

The nutritional quality of the lipid fraction was evaluated 
according to the fatty acid composition, using the following three 
indexes: atherogenic index (AI), the thrombogenic index (TI) 
(Ulbricht & Southgate, 1991) and the hypocholesterolemic to 
hypercholesterolemic fatty acid ratio (H/H) (Santos-Silva et al., 2002). 
The AI corresponds to the ratio between the sum of saturated 
fatty acids with 12, 14 and 16 carbons, as pro-atherogenic by the 
sum of n3 and n6 polyunsaturated fatty acids, oleic acid and other 
monounsaturated acids as anti-atherogenic (Ulbricht & Southgate, 
1991). On the other hand, the TI correlates the ratio between 
the sum of saturated fatty acids, with 14, 16 and 18 carbons by 

the sum of n3 and n6 polyunsaturated fatty acids, oleic acid and 
other monounsaturated acids (Ulbricht  &  Southgate, 1991). 
The H/H ratio is related more specifically to the fatty acids that 
have relation with cholesterol metabolism, this is the relation 
between the sum of 18:1n9, 18:2n6, 20:4n6, 18:3n3, 20:5n3 and 
22:6n3 with the sum of 14:0 and 16:0 (Santos-Silva et al., 2002).

2.3 Statistical analysis

It was planned a completely randomized experimental design 
with three treatments (in natura Dolphinfish, roasted Dolphinfish 
treated with herbal salt or roasted Dolphinfish with refined salt). 
Data were subjected to analysis of variance (ANOVA), with a 
significance level of 5%, with subsequent performance of the Tukey 
parametric test when necessary. Tabulation and data analysis were 
performed using SPSS® Statistics software, version 17.

3 Results and discussion
The results of the centesimal composition, chlorides and 

caloric value of the studied samples (Dolphinfish in natura, 
roasted with herbal salt and roasted with refined salt), at time 
zero and after 45 and 90 days of storage under freezing), are 
shown in Table 1.

Table 1. Centesimal composition (g/100 g), chloride content (g/100 g) and caloric value (kcal/100 g) of in natura Dolphinfish, roasted with herbal 
salt and roasted with refined salt, and freezing under different time-intervals (0, 45 and 90 days).

Analytes * Groups
Storage Time (days)

0 45 90

Moisture In natura 80.32 Aa (± 0.14) 77.95 Aa (± 0.33) 73.00 Aa (± 0.29)

RS 66.62 Ab (± 4.27) 71.98 Aa (± 0.25) 71.51 Aa (± 0.78)

RHS 65.67 Ab (± 1.38) 71.36 Aa (± 1.03) 72.47 Aa (± 0.54)

Proteins In natura 12.11 Aa (± 1.43) 13.97 Aa (± 0.25) 13.55 Aa (± 1.24

RS 23.80 Ab (± 0.85) 24.75 Ab (± 1.10) 20.50 Ab (± 0.59)

RHS 25.46 Ab (± 0.81) 23.50 Ab (± 0.84) 24.41 Ab (± 0.71)

Ashes In natura 1.25 Aa (± 0.07) 1.11 Aa (± 0.02) 1.12 Aa (± 0.10)

RS 2.49 Ab (± 0.19) 2.27 Ab (± 0.03) 2.12 Ab (± 0.08)

RHS 1.99 Aa (± 0.04) 1.86 Aa (± 0.03) 1.84 Aa (± 0.05)

Lipids In natura 2.22 Aa (± 0.49) 2.94 Aa (± 0.13) 2.53 Ba (± 0.22)

RS 2.34 Aa (± 0.85) 2.43 Aa (± 0.10) 2.25 Aa (± 0.47)

RHS 1.78 Aa (± 0.46) 2.26 Aa (± 0.33) 2.10 Aa (± 0.07)

Chlorides In natura 1.45 Aa (± 0.12) 1.45 Aa (± 0.11) 1.45 Aa (± 0.11)

RS 3.62 Ab (± 0.16) 3.75 Ab (± 0.18) 3.71 Ab (± 0.12)

RHS 2.90 Aa (± 0.13) 2.90 Aa (± 0.21) 2.91 Aa (± 0.1)

Carbohydrates In natura 4.09 Aa (± 1.32) 4.04 Aa (± 0.21) 9.16 Aa (± 1.37)

RS 1.15 Aa (± 0.22) - 3.60 Aa (± 3.44)

RHS 5.09 Aa (± 1.50) 2.44 Aa (± 0.76) 2.34 Aa (± 0.76)

Calories In natura 84.83 Aa (± 2.15) 98.44 Aa (± 1.62) 119.2 Aa (± 1.2)

kcal/100 g RS 120.85 Aa (± 4.42) 115.1 Aa (± 1.56) 141.3 Aa (± 1.01)

RHS 138.26 Aa (± 3.25) 124.1 Aa (± 7.11) 116.9 Aa (± 2.41)

*Mean ± standard deviation, in parentheses, of samples analyzed, in triplicate; Different capital letters on the same line and different lower letters in the same column indicate a significant 
difference of 5% probability, according to the Tukey test. RS: Roasted with salt; RHS: Roasted with herbal salt.
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A significant reduction (p < 0.05) was detected in the moisture 
content of the Dolphinfish after roasting it with herbal salt and 
roasting with refined salt, at time “zero”. Lira et al. (2020) detected 
similar results in a study with roasted fish. The baking technique 
is a type of cooking by dry heat at temperatures ranging between 
180 °C and 230 °C (Araújo et al., 2011). This culinary method 
reduces the moisture content, through the loss of water, and 
concentrates the dry matter of the food.

During storage under freezing, there were reductions in 
moisture content, although not significant (p < 0.05). Carneiro et al. 
(2000), also detected a reduction in the moisture content in 
marinated sardine fillet, subjected to freezing (2.5 °C) for 2 months 
and Pires et al. (2002), reported a reduction in humidity and 
an increase in the concentration of other chemical components 
on pork loin, subjected to freezing, at different temperatures, 
for 15 and 60 days.

The protein content of the samples roasted with herbal 
salt and roasted with refined salt showed significant increases 
(p < 0.05), in relation to the fresh samples, at time “zero” and 
after 45 and 90 days of storage under freezing. Such findings can 
be associated with water loss and dry matter concentration by 
the furnishing process. As the consumption of 150 grams of fish 
is enough to satisfy 50 to 60% of the protein requirements/day 
of an adult (Food and Agricultural Organization of the United 
Nations, 2014), the results obtained indicate that the Dolphinfish, 
in the two established treatments, can be considered a good 
protein source of high biological value.

According to the classification of Penfield  &  Campbell 
(1990), the Dolphinfish can be considered a lean fish, since it 
has a lipid content below 5%.

The percentage of chlorides in the roasted Dolphinfish with 
refined salt showed a significant increase (p > 0.05), compared 
to fresh Dolphinfish or to the roasted Dolphinfish with herbal 
salt, at time “zero” and during storage under freezing, due to 
the higher salt content used in this preparation.

3.1 Phenolic compounds

Table 2 shows the levels of total phenolic compounds detected 
in rosemary, oregano, basil and herbal salt.

Oregano had a higher content of total phenolic compounds 
and a significant difference (p < 0.05), compared to rosemary 
and basil. Several beneficial health effects are associated with 
phenolic compounds present in fruits, vegetables, teas and 
wines, such as antioxidant, anti-inflammatory, antimicrobial 
and anticarcinogenic activities (Alarcón-Flores  et  al.,  2013). 
Such effects are mainly due to the reducing properties and their 
chemical structure, which act by neutralizing or sequestering free 
radicals, acting in the initiation stage and in the propagation of 
the oxidative process (Castelo-Branco & Torres, 2011).

Studies of Lira  et  al. (2020), using the same herbs, have 
similar results. Del-Ré & Jorge (2012) who, among the spices 
evaluated (oregano, basil and thyme), concluded that oregano 
had one of the highest levels of total phenolic compounds, also 
found that it had the highest antioxidant activity. Lee & Scagel 
(2009) had shown before that oregano and basil have high 
antioxidant potential in studies with the application of these 
spices in various products susceptible to oxidation, and according 
to Bonanni et al. (2008), basil has a high antioxidant capacity. 
Bhale et al. (2007) mentioned previously that the levels of phenolic 
compounds, responsible for the antioxidative function of oregano 
and rosemary, are quite similar. Montero  et  al. (2005), used 
the rosemary extract to protect against lipid oxidation in fish 
ground and subjected to thermal treatments (conventional and 
microwave) and detected that this herb was able to maintain its 
antioxidant capacity, as measured by the reduction of the DPPH 
radical. Rosemary also showed high antioxidant potential, in 
studies using products with high susceptibility to oxidation, 
especially lipids, in research conducted by Bhale et al. (2007) 
and Lee et al. (2005).

Alezandro et al., (2011) had found before that, among the oregano, 
basil and rosemary, the former had greater antioxidant action.

The pharmacologically active compounds of oregano, 
rosemary and basil have already been described as phenolics, 
flavonoids, terpenes or essential oils, being considered functional 
foods (Mendes et al., 2015). Oregano has been highlighted, for 
instance, for their antimicrobial properties, which can inhibit 
the development of microorganisms, especially pathogens, in 
addition to antioxidant capacity (Martins et al., 2010).

Lira et al. (2020), detected the profile of the main phenolic 
compounds present in rosemary, basil, oregano, and the mixture 
of such herbs and the herbal salt, used to prepare fish food. 
The authors identified coumaric acid, salicylic acid and rutin 
in rosemary, basil and oregano. Rutin was the phenolic more 
prevalent in all the studied groups, but rosemary showed the 
highest concentration (587.041  mg/L). Salicylic acid showed 
higher concentrations in oregano (36.649 mg/L), while quercetin 
was detected (low concentrations) only in rosemary and basil, 
being the last one the only herb in which caffeic, coumaric and 
vanillic acids, as well as coumarin and kaempferol were also 
detected, although its concentrations of salicylic acid, rutin 
and quercetin were significantly lower (p < 0.05) than in the 
other herbs/groups.

Rutin, being one of the most potent flavonoids in terms of 
preventing oxidative damage, has a more expressive antilipoperoxidant 
role, with a consequent increase in HDL-cholesterol and reduction 

Table 2. Total phenolic compounds (mg gallic acid/100  g sample 
extract) of the herbs and herbal salt studied and stored under freezing.

Samples*
Total Phenols (in different days of freezing)

0 45 90

Rosemary 103.98 (± 4.9)aA 128.61 (± 3.9)aB 145.41 (± 4.8)aC

Oregano 147.25 (± 4.7)bA 171.11 (± 5.0)bB 191.29 (± 5.1) bC

Basil 112.51 (± 7.6)aA 137.89 (± 4.6)aB 158.22 (± 4.5) aC

Herbal salt 149.99 (± 8.0)bA 192.46 (± 8.1)cB 236.87 (± 8.9) cC

*Mean ± standard deviation, in parentheses, of samples analyzed, in triplicate; Different 
capital letters on the same line and different lower letters in the same column indicate a 
significant difference of 5% probability, according to the Tukey test.
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of risk factors for atherosclerosis and cardiovascular diseases 
(Metodiewa et al., 1997; Rodrigues et al., 2003).

In the present study, it was detected that storage under freezing 
promoted an increase in the levels of phenolic compounds in all 
herbs, with significant differences (p < 0.05), between storage 
times. Lira et al. (2019), detected a significant increase (p > 0.05) 
of 11.7%, in the concentration of total white onion phenols, 
after 90 days of storage under freezing, in relation to zero time. 
Araújo et al. (2009) in a study with blackberry, observed a slight 
increase in phenolic contents until the ninth day of storage under 
freezing, followed by a gradual reduction in the storage process.

3.2 Fatty acid profile

The fatty acid profiles of the samples of Dolphinfish (in natura 
or roasted pre-treated with refined salt or with herbal salt and 
submitted to freezing) are shown in Table 3. The fatty acids of 
greater predominance detected in the fresh Dolphinfish coincided 
with the ones detected in the other samples. Nineteen fatty acids 
were separated, identified and quantified, beng six of them 
saturated, five monounsaturated and eight polyunsaturated. The 
most prevalent saturates were: palmitic, stearic and pentadecyl. 
Among the monounsaturated, the common was oleic acid, and 
among the polyunsaturated, docosahexaenoic (DHA), arachidonic 

Table 3. Fatty acid profile (mg/100 g) of fresh golden filet, roasted with herbal salt and roasted with refined salt.

FÁTTY ACIDS*
Time 0 45 days 90 days

In natura Herbal salts Salt In natura Herbal salts Salt In natura Herbal salts Salt

Mirístic (C14:0) 13.23 (± 4.17)aA 9.04 (± 2.89) aA 8.76 (± 0.61)bA 19.44 (± 3.13) aA 17.36 (± 1.31) aB 6.99 (± 0.87) bB 22.83 (± 1.01) aA 23.71 (± 2.03) aB 6.02 (± 2.40) bB

Pentadecanoic 
(C15: 0) 160.34 (± 57.44)aA 174.95 (± 28.0)aA 148.83(± 71.92)bA 308.77 (± 47.53)aA 206.0 (± 17.01)bA 180.0(± 42.7)cB 601.0(± 97.81) aA 414.66(± 77.4) aA 262.33 (± 51.23bB

Palmitic (C16: 0) 314.04 (± 91.99) aA 259.15 (± 45.3)aA 244.05(± 69.94) bA 459.91 (± 25.42)aA 388.54 (± 19.3) aB 288.9(± 31.7)bA 528.16(± 68.9) aA 468.8(± 52.89) aB 439.33(± 17.61bB

Heptadecanoic 
(C17: 0) 15.02 (± 4.94) aA 13.62 (± 3.76) aA 10.66 (± 4.06) bA 16.46 (± 0.07) aA 14.60 (± 1.18) aA 10.11 (± 0.48)bA 18.23 (± 2.71) aA 16.02 (± 3.72) aA 11.02 (± 0.32) bA

Stearic (C18: 0) 234.41 (± 78.27) aA 187.05 (± 35.8)aA 170.58(± 51.36) bA 335.98 (± 2.99) aA 275.26 (± 11.6) bB 197.0 (± 19.3)cA 447.11 (± 21.1) aA 349.9(± 44.01) aB 210.31(± 11.23bA

Araquic (C20: 0) 3.07 (± 0.74) aA 1.61 (± 0.40) aA 1.93 (± 0.73) bA 1.86 (± 1.19) aA 1.92 (± 0.10) aA 1.61 (± 0.14) aA 1.12 (± 0.09) aA 2.29 (± 0.82) aA 1.43 (± 0.31) bA

Palmitoleic  
(C16: 1 ω-7) 21.49 (± 6.80) aA 15.82 (± 3.76) aA 13.62 (± 2.93) bA 30.10 (± 1.22) aA 26.21 (± 1.35) aB 18.94 (± 2.04)bB 39.06 (± 7.01) aA 34.51 (± 4.44) aB 23.01 (± 0.98) bB

Cis-10Heptadecanoic 
(C 17: 1) 5.48 (± 1.96) aA 5.02 (± 1.36) aA 4.77 (± 1.28) bA 13.32 (± 8.47) aA 6.60 (± 0.39) bA 4.77 (± 1.43) bB 19.44 (± 2.31) aA 7.08 (± 1.27) aA 5.12 (± 0.02) bB

Oleic (C18: 1 ω-9) 196.20 (± 48.16) aA 174.18 (± 32.8)aA 157. 24(± 30.4) bA 300.75 (± 30.54)aA 285.60 (± 12.7) aB 177.6(± 15.9) bA 400.31(± 19.0)aA 362.0(± 14.33) aB 201.04(± 11.35bB

Gadoleic (C20: 1 ω11) 5.97 (± 1.64) aA 3.42 (± 0.80) aA 3.05 (± 0.51) bA 7.00 (± 1.64) aA 4.51 (± 0.16) bA 3.46 (± 0.03) bB 7.98 (± 0.02) aA 5.71 (± 0.13) aA 4.10 (± 0.52) bB

Nervonic (C24: 1) 7.18 (± 2.12) aA 3.82 (± 0.60) aA 4.19 (± 1.42) bA 3.40 (± 1.35) aA 4.15 (± 0.17) aA - 1.36 (± 0.11) aA 5.98 (± 1.11) aA 3.76 (± 0.54) bB

Linoleic (C18: 2 ω-6) 25.35 (± 1.64) aA 18.65 (± 6.01) aA 16.00 (± 3.42) bA 34.39 (± 16.50) aA 26.37 (± 4.18) aA 16.72 (± 1.09)bB 41.65 (± 3.76) aA 34.23 (± 4.88) aB 17.55(± 3.24) bB

Linolenic (C 18: 
3 ω-3) 6.95 (± 2.15) aA 5.53 (± 0.60) aA 3.33 (± 5.91) bA 5.13 (± 4.29) aA 4.62 (± 0.10) aB 1.92 (± 0.85) bB 4.88 (± 1.93)aA 1.22 (± 0.02) aA 2.03 (± 0.81) bB

Eicosadienoic  
(C20: 2 ω-6) 8.77 (± 2.55) aA 6.80 (± 1.44) aA 3.52 (± 0.79) bA 10.85 (± 0.00) aA 7.74 (± 0.10) bA 4.52 (± 0.10) bB 13.14 (± 0.09) aA 6.49 (± 0.04) aA 6.07 (± 0.01) bB

Arachidonic  
(C20: 4 ω-6) 112.5 (± 38.95) aA 104.11(± 19.97) Aa 83.24 (± 23.57) bA 147. 18(± 24.4) aA 128.62 (± 2.28) aA 105.7(± 11.5)aB 176.02 (± 32.1) aA 161.0(± 33.56) aB 113.82 (± 6.01)bB

Eicosapentaenoic 
(EPA) (C20: 5 ω-3) 55.71 (± 19.55) aA 48.36 (± 9.06) aA 40.26 (± 11.63) bA 67.77 (± 15.04) aA 60.78 (± 0.12) aA 50.02 (± 7.15)bB 73.22 (± 12.02)aA 75.66 (± 8.23) aB 62.02 (± 7.02) bB

Docosapentaenoic 
(DPA) (C22: 5 ω-3) 24.50 (± 8.07) aA 16.62 (± 3.26) aA 13.89 (± 4.26) bA 25.94 (± 3.47) aA 19.59 (± 0.34) aA 17.47 (± 0.98) aB 27.37 (± 7.33) aA 24.11 (± 6.01) aA 22.14 (± 3.00) bB

Docosahexaenoic 
(DHA) (C22: 6 ω-3) 636.37(± 232.6) aA 589.37(± 116.4) Aa 472.0(± 155.34) bA 821.03 (± 138.9)aA 697.69 (± 6.83) bA 571.5 (± 70.6)cB 993.99(± 55.72)aA 754.84(± 41.12)aB 691.04(± 90.1)bB

Elaidic (C18: 1 ω-9t) 6.21 (± 1.94) aA 4.63 (± 0.84) aA 3.94 (± 1.38) bA 5.88 (± 2.09) aA 5.89 (± 1.48) aA 4.30 (± 0.13) aA 5.42 (± 1.22) aA 6.17 (± 1.00) aA 4.77 (± 0.81) bA

Not identified 56.13 (± 19.76) 41.16 (± 9.80) 41.52 (± 14.72) 90.42 (± 28.07) 64.14 (± 9.06) 88.19 (± 19.81) 133.10 (± 2.31) 152.44(± 25.00) 132.91(± 14.21)

∑Saturated 750.56 (± 246.74) 651.55 (± 118.72) 591.15 (± 202.69) 1142.46 (± 80.33) 903.74 (± 50.61) 828.8 (± 165.01) 1618.46(± 43.23) 1123.16(± 99.4) 1082.77(± 87.3)

∑Saturated 1195.3(± 376.5) 972.99 (± 191.24) 832.12 (± 247.27) 1480.61(± 239.97) 1022.26 (± 26.10) 978.0 (± 119.23) 1798.42(± 91.88) 1472.87(± 18.9) 1200.7(± 65.07)

∑Polyinsaturated 928.73 (± 305.63) 768.60 (± 150.79) 635.93 (± 206.93) 1112.3 (± 202.69) 942.71 (± 14.28) 755.70 (± 91.48) 1330.27(± 46.76) 1057.56(± 22.4) 963.67(± 71.06)

∑Monounsaturated 266.59 (± 70.95) 204.40 (± 40.45) 196.20 (± 40.34) 368. 32 (± 37.27) 300.07 (± 14.77) 222.34 (± 27.75) 468.15(± 23.71) 415.31(± 23.34) 237.03(± 52.71)

PUFA/AGS 1.23 (± 0.33) 1.17 (± 0.52) 1.07 (± 0.81) 0.97 (± 0.54) 1.04 (± 0.81) 0.91 (± 0.67) 0.82 (± 0.01) 0.94 (± 0.23) 0.89 (± 0.09)

∑ω-3 782.11(± 262.5) 657.68 (± 129.4) 533.17 (± 179.14) 919.88 (± 161.73) 779.98 (± 7.73) 643.68 (± 79.64) 1099.46(± 73.29) 855.83(± 54.67) 826.23(± 91.13)

∑ω-6 226.24 (± 69.22) 170.93 (± 33.49) 157.56 (± 45.74) 290.96 (± 52.36) 241.48 (± 7.80) 179.48 (± 21.54) 230.81(± 49.11) 201.73(± 38.35) 137.44(± 28.71)

Ω-6/ω-3 ratio 1: 3.45 (± 0.57) 1:3.84 (± 0.43) 1:3.38 (± 0.74) 1:3.16 (± 0.91) 1: 3.22 (± 0.68) 1: 3.58 (± 0.34) 1:4.76(± 0.81) 1:4.24(± 0.09) 1:6.01(± 0.92)

EPA + DHA 
(mg/100 g) 752.08 (± 252.26) 512.33 (± 166.97) 637.73 (± 125.52) 888.81 (± 153.98) 621.59 (± 77.81) 758.47 (± 6.96) 1067.21(± 8.72) 830.50(± 16.42) 802.06(± 28.45)

*Averages of six samples in duplicate, with standard deviation. Superscripts a, b indicate differences in treatments and superscripts A, B indicate differences between the analyzed time-
intervals of freezing. Lines and columns with different superscripts differ significantly (p <0.05) according to the Tukey test at 5% probability.
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and eicosapentaenoic (EPA) stood out. These results were similar 
to the ones obtained by Sancho et al. (2011), with white hake 
cooked with 5% coriander, used as a natural antioxidant.

At time “zero”, the fatty acid content of the fresh samples 
did not show a statistically significant difference (p > 0.05) 
from that in the samples of roasted fish pre-treated with herbal 
salt, although values statistically lower ​​(p > 0.05) were detected 
in the roasted samples pre-treated with refined salt, with a 
significant reduction (p > 0.05) in the levels of stearic (8.8%), 
oleic acid (9.68%), DHA (19.9%), arachidonic acid (20.04%) 
and EPA (16.7%).

Cooking can cause rupture of cell membranes by promoting lipid 
oxidation. This allows polyunsaturated fatty acids and cholesterol 
from food to come into contact, or them suffer interaction with 
molecules that have pro-oxidant activities (alkoxyl and hydroxyl 
radicals), propagating the oxidation and increasing the amount 
of free radicals (Aliño et al., 2009; Costa et al., 2011). The results 
obtained in the present study show that, due to the presence of 
phenolic compounds and their antioxidant activity, which are 
not degraded during the heat treatment, the spices contained 
in the herbal salt have a positive effect in the inhibition of the 
lipid oxidation of the roasted Dolphinfish, when compared to 
the pre-treated with refined salt (Table 3). The use of refined 
salt in greater quantity, on the other hand, may have intensified 
the lipid oxidation reaction, due to its pro-oxidant action 
(Bertolin et al., 2011; Belitz et al., 2012; Mariutti & Bragagnolo 
2017), influencing the degradation of monounsaturated and 
polyunsaturated fatty acids in the roasted fish. These results are 
compatible with the findings of Lira et al. (2020), in which it was 
detected that bioactive substances from herbs had an antioxidant 
action on the fatty acid profile in roasted fish.

The use of natural antioxidants is an important measure to 
mitigate lipid oxidation in foods, due to its ability to sequester or 
prevent the formation of free radicals, in addition to the advantage 
of its use being indicated as a safe way, from the point of view of 
the health of the consumer, compared to the use of synthetics, 
which can cause probable harm to health (Kulawik et al., 2012; 
Mercadante  et  al.,  2010). Dietary antioxidants also play an 
important role in the human body’s defensive system, protecting 
against oxidative damage to cells and tissues. The evidence 
strongly suggests a contribution of polyphenols to the prevention 
of various chronic diseases and can generate health benefits, 
in the immune system, prevention of heart disease and cancer 
(Hathwar et al., 2011; Haugaard et al., 2014).

At 45 and 90 days of storage under freezing, a behavior 
similar to time “zero” was observed, and values statistically 
lower ​​(p > 0.05) were detected in the samples roasted with salt, 
in relation to those that were roasted with herbal salt, except for 
docosapentaenoic fatty acid in samples stored for 45 days under 
freezing. After 45 and 90 days, the following losses in the fatty 
acid profile were, respectively, observed: 28.4% and 39.8% in the 
stearic; 37.9% and 44.4% in oleic; 18% and 8.4% in DHA; 17.8% 
and 29.3% in arachidonic; 17.7% and 18.0% in EPA.

After 45 days of storage, a significant reduction (p < 0.05) 
in the total monounsaturated fatty acids (25.9%) and in the 
total polyunsaturated fatty acids (19.8%) was detected in the 

roasted Dolphinfish pre-treated with refined salt, in comparison 
to the roasted fish pre-treated with herbal salt. After 90 days, 
the significant losses (p < 0.05) corresponded to: 42.9% in the 
total of monounsaturated fatty acids and 8.88% in the total of 
polyunsaturated fatty acids.

These results point out that the introduction of spices contained 
in herbal salt in everyday food preparations can have benefits, 
since, from the health point of view, a high concentration of 
polyunsaturated fatty acids is desirable and one of the relevant 
points of the nutritional value of fish is related to their presence. 
Even after heat treatment and 90 days of storage under freezing, 
fish prepared with herbal salt and roasted represents an important 
source of monounsaturated and polyunsaturated fatty acids, 
which have not been degraded, due to the antioxidant capacity 
of the phenolic compounds present in herbs, which can be 
considered a functional food.

The Brazilian Society of Cardiology (SBC), through the 
Brazilian Dyslipidemia and Atherosclerosis Prevention Directive 
(Faludi et al., 2017) recommends 0.5-1 g/day of omega 3 (EPA, 
DHA and linolenic acid) for individuals with normal levels of 
triacyl glycerides (150-199 mg/dL), 1-2 g/day for individuals with 
high levels of triacyl glycerides (200-499 mg/dL), and 2-4 g for 
individuals with very high levels of triacyl glycerides (≥ 500 mg/dL). 
SBC also recommends, as a preventive measure, that healthy 
normal individuals consume a variety of fishes (preferably oily) 
and the daily intake of 1 g of omega 3 (EPA, DHA and linolenic 
acid) for patients with coronary disease (Faludi et al., 2017). 
The seabream baked with herbal salt showed 643.26 mg/100 g 
at zero time, 763.09 mg/100 g, at 45 days and 831.72 mg/100 g 
at 90 days, and thus, it is able to supply the daily needs for the 
individuals with normal levels of triacyl glycerides.

The English National Health Service (1994) describes 
that a AGPI/AGS ratio < 0.45 constitutes an unhealthy 
diet, due to its potential to allow an increase in blood 
cholesterol. The AGPI/AGS ration found in the fresh samples 
studied in this work as well as in the roasted samples stored 
under freezing (Table 3) were all in accordance with the 
recommendation.

According to Uauy et al. (1999), the Japan Society for Lipid 
Nutrition recommends that the ω-6/ω-3 ratio be 4:1 for healthy 
adults and the World Health Organization (2005) recommends 
ω-6/ω-3 ratios between 1:3 and 1:4. The proper relationship 
between n-6 and n-3 is necessary to avoid an imbalance in the 
synthesis of eicosanoids, with the risk of promoting a deficiency 
of n-3 (Merdzhanova  et  al.,  2012). The n-6/n-3 ratio also 
influences the development of obesity and cardiovascular diseases 
(Vaz et al., 2014). Therefore, in this perspective, Dolphinfish, 
regardless of the treatments mentioned above, can be considered 
beneficial for the health of those who consume it.

3.3 Nutritional quality indexes (IQN) of lipids

The nutritional quality of the lipid profile of the fish samples 
studied was evaluated by three indexes regarding fatty acid 
profile, and the results are described in Table 4.
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The atherogenicity index (IA) and the thrombogenicity index 
(IT) reflect the different effects that fatty acids influence on the 
occurrence of the increased appearance of atheroma and/or 
thrombus. Despite not having an established parameter for such 
indexes, the lower are their values, the greater are the amount 
of anti-atherogenic fatty acids present in the food, reflecting on 
the greater potential for preventing the emergence of coronary 
diseases (Garaffo et al., 2011).

The results of the atherogenicity factor in samples of fresh 
and roasted Dolphinfish pre-treated with refined or herbal 
salt, were respectively 0.41, 0.40 and 0.55, and the ones of 
thrombogenicity factor were, respectively, 0.31, 0.37 and 0.34. 
These results indicated that all the samples of Dolphinfish 
had a great potential to prevent the onset of coronary diseases 
(Garaffo et al., 2011).

The H/H ratio indicates the cholesterolemic potential regarding 
the cholesterol metabolism, being desired that the particular 
food has high values ​​for such a relationship (Campo et al., 2013). 
In the present study, the H/H index was 1.71, 1.41 and 1.46 
respectively in the in natura and roasted with refined salt or 
with herbal salt Dolphinfish. There is a reduction in this index 
after the cooking process, due to losses of fatty acids during 
heat treatment.

4 Conclusions
The most prevalent fatty acids that were detected in the 

Dolphinfish at time “zero” coincided in all the established 
treatments (in natura, roasted with herbal salt and roasted 
with refined salt), and were DHA (n-3), palmitic and stearic 
(saturated), oleic (n-9), arachidonic (n-6), pentadecyl (saturated) 
and EPA (n-3).

The percentage of chlorides in roasted Dolphinfish pre-treated 
with refined salt was significantly higher (p > 0.05) when compared 
to in natura or roasted but pre-treated with herbal salt, at time 
“zero” and during the storage under freezing. Oregano had a 
higher content of phenolic compounds (p > 0.05) compared to 
rosemary and basil.

The fatty acid content of the fresh samples at time “zero”, 
45 and 90 days of storage under freezing, did not show any 
significant difference (p > 0.05), in comparison to the roasted 
sea salt with herbs, which showed higher values ​​(p > 0.05) in 
relation to roast with salt, indicating that the spices contained 
in the herbal salt inhibited lipid oxidation, due to the presence 
of phenolic compounds, rich in natural antioxidants, providing 
a positive effect on the consumer’s health, preserving the quality 
of the food.

Roasted Dolphinfish pre-treated with herbal salt can be 
considered a functional food, a good source of fatty acids 
beneficial to health, even after heat treatment and 90 days of 
freezing storage. At time “zero“ and after 45 and 90 days of 
storage under freezing, the nutritional quality indexes of fresh 
golden lipids, roasted after treatment with herbal salt or with 
common refined salt were favorable to the consumer health, 
as well as the proportion of PUFA/AGS and the ω-6/ω-3 ratio.
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