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ABSTRACT

The proximate composition and fatty acid profile of five lots of samples of raw and roasted salt-dried sardines (Sardi-
nella brasiliensis) bought locally in Maringé, Parand State, Brazil were determined. Significant differences (P < 0.05)
were observed between samples of raw and roasted sardines, both in relation to moisture, total lipids, proteins, and
ashes. The major fatty acids in raw and roasted sardine samples were docosahexaenoic acid (DHA, 22:6n-3, 35.98%,
12.46%); palmitic acid (16:0, 37.59%; 24.18%), and eicosapentaenoic acid (EPA, 20:5n-3, 6.62%; 2.95%), respectively.
The ratios of polyunsaturated to saturated fatty acid (PUFA/SFA) were 1.32 and 0.33, and the n-6/n-3 ratios were 0.07
and 0.13 in raw and roasted sardines, respectively. The results showed that roasting increased the SFA and reduced the

PUFA in sardines, which still were rich in PUFA and remained a low-cost and nutritionally healthy food.
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1. Introduction

Besides the high biological value of its proteins and its
low cost, this species presents significant amounts of
polyunsaturated fatty acids (PUFA) of the omega-3 series,
which grants it valuable nutritional and functional char-
acteristics [1-3].

Sardine oil is a rich source of long-chain n-3 polyun-
saturated fatty acids (PUFA), Very-long chain fatty acids
[4] such as eicosapentaenoic acid (20:5n-3) and docosa-
hexaenoic acid (22:6n-3) play important roles in the de-
velopment and functioning of the brain and the retina.
They can also be synthesized from linoleic and alpha-
linoleic acids present in the diet (20:5n-3). Additionally,
these fatty acids have been associated with the reduction
of the incidence of inflammatory and cardiovascular dis-
orders [5-7], the level of cholesterol in the blood [8],
psoriasis, arthritis, and cancer [9]; they may also be in-
volved in human fertility [10].

Studies with animals have shown that diets deficient in
n-3 fatty acids result in a decrease in the concentration of
DHA in the brain and retina tissues and increases the
amount of DPA. These results evidence that a high de-
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gree of unsaturation is required in the brain, as in the
absence of DHA and its precursors, the most similar
LC-PUFA (long chain polyunsaturated fatty acid), DPA,
is synthesized [11].

It is estimated that the ratio of omega-6 (n-6) to ome-
ga-3 (n-3) fatty acids of the human diet before the indus-
trialization was around 1:1 to 2:1 due to the abundant
consumption of vegetables and seafood high in n-3 fatty
acids. With the industrialization, there was a gradual in-
crease in this ratio, mainly due to the consumption of
refined oils from oleaginous seeds with a high content of
linoleic acid (LA) and the reduction of ingestion of fruit
and vegetables. This resulted in diets with inappropriate
amounts of n-3 fatty acids. In the last decades, the aver-
age ingestion of n-6/n-3 fatty acids in several countries
has been round from 10:1 to 20:1, with reports of values
up to 50:1 [11]. Some clinical studies have pointed out
the need of reducing the n-6/n-3 ratio in the last decade.
Among the benefits of a low n-6/n-3 ratio are the reduc-
tion of 70% in the mortality ratio in cardiovascular pa-
tients, the reduction of inflammation caused by rheuma-
toid arthritis, and the reduction of the symptoms of asth-
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ma [11].

Much of the fish consumed, including sardine, is
canned and may contain soybean oil or tomato sauce as a
filling, which may alter the fatty acid profile of fish due
to the interaction among the lipids, fish, and the respec-
tive filling [3]. Salt-dried sardine is largely consumed as
well. Salt-drying is one of the oldest food preservation
methods. Fish meat has about 0.08% - 1% salt, which is
insufficient for its preservation. This content is raised
with the application of sodium chloride to preserve
meant and prevent its decay [12].

The objective of this study was to evaluate the proxi-
mate composition, and the fatty acid profile of raw and
roasted salt-dried sardines.

2. Materials and Methods

Three samples of five different lots of Sardines were
purchased locally in Maringd, Parana State.

Before analysis and roasted, the sardines were desalted
with five washes in running water, water immersion by
24 hours and left drain water by 2 hours.

The moisture, raw protein, and ash contents were de-
termined according to AOAC [13]. Total lipids were ex-
tracted by the Bligh and Dyer [14] method and trans-
esterified by the Hartman and Lago method [15]. The
methyl esters were separated in a gas chromatograph
(Shimadzu 14-A, Japan) equipped with a flame ioniza-
tion detector and fused silica capillary column CP Sil-88
(50 m, 0.25 mm i.d.). The gas flow rates were 1.2
mL/min for the carrier gas (H2); 30 mL/min for the aux-
iliary gas (N2), and 30 and 300 mL/min for H2 and the
flame synthetic air, respectively. The sample splitting
rate was 1:100. The injector and detector temperatures
were 220 and 230°C, respectively. The column tempera-
ture was programmed for 2°C/min from 180 to 240°C.
The injection volume was 2 pL. The peak areas were
determined using an integrator-processor CG-300 (In-
strumentos Cientificos CG). The fatty acids were identi-
fied by comparison of retention times with methyl esters
of Sigma (USA) standards.

3. Results and Discussion

There was a significant difference (P < 0.05) between the
samples for the different raw and roasted sardine lots,
both in proximate composition (Table 1) and fatty acid
profile (Table 2).

According to the Brazilian Chart of Food Composition
(Tabela Brasileira de Composi¢do de Alimentos, TACO)
developed by the Nucleo de Estudos e Pesquisas em
Alimentacdo [16] raw sardine has 76.6% moisture,
21.1% protein, and 2.7% lipids.

Both raw and roasted sardines have significant values
of ashes (mineral salts) and protein. Tarley et al. [3] re-
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Table 1. Proximate composition (%) of raw and roasted
sardine samples?.

Raw Sardines Roasted Sardines

Moisture 70.41°+0.72 39.00°+ 1.12
Ashes 4412+ 0.44 14.11°+0.78
Protein 22.73*+ 1.41 38.86°+2.20
Lipids 2.75*+0.57 5.75° +0.56

"Results are mean + standard deviation of triplicate analysis of five lots (n =
15). Different letters in the same line indicate significant difference by
Tukey’s test at 5% level.

Table 2. Fatty acid composition (%) of raw and roasted
salted sardines”.

Fatty acids Raw Sardines Roasted Sardines
14:0 4.56° +£0.21 7.55°+0.29
15:0 1.12°+0.11 2.24*+0.05
16:0 24.18°+1.14 37.59°+0.48
16:1n-9 0.64° £ 0.02 2,712+ 0.12
16:1n-7 2.90*+0.19 3.14°+£0.14
17:0 1.69°+ 0.06 3.62° +0.12
18:0 5.01°+0.16 10.13* £ 0.26
18:1n-9 4.13%+£0.29 6.16°+0.28
18:1n-7 3.04°+0.04 4.38*+0.20
18:2n-6 1.59%+0.12 1.39*+0.05
18:3n-3 0.71*+ 0.04 0.62* +0.05
20:1n-9 0.47°+0.06 0.69% + 0.03
21:0 0.77°+0.10 0.56% +0.03
20:3n-3 2.59°+0.23 1.00% £ 0.10
23:0 0.26*+0.01 0.25*+0.01
20:5n-3 6.62°+0.23 2.95%+0.07
24:1n-9 0.29°+0.03 0.51°+0.02
22:5n-6 1.56°+£0.12 0.89° + 0.05
22:5n-3 1.12°+£0.08 0.77°+ 0.06
22:6n-3 35.98°+2.72 12.46* + 0.74
SFA 38.09°+ 1.96 61.93% £ 0.46
MUFA 11.66°+ 0.53 17.72% £ 0.46
PUFA 50.12°+2.63 20.27* £ 0.77
n-3 46.97°+2.62 17.99% £ 0.68
n-6 3.15°+0.12 2.28%+0.09
PUFA/SFA 1.32°+0.13 0.33*+0.01
n-6/n-3 0.07°+0.01 0.13%+0.00

"Percent results are mean + standard deviation of triplicate analysis of five
lots (n = 15). Different letters in the same line indicate significant difference
by Tukey’s test at 5% level.

ported that canned sardines in oil or tomato sauce have
19.8 to 24.4% protein, a value that is close to the protein
level of raw sardines.

The low moisture found in roasted sardines, when
compared to raw sardine, is due to dehydration by the
exposure to heat. Pereira et al. [17] found 71.02% mois-
ture in defrozen fresh sardine.

Tarley et al. [3] found lipid values for canned sardines
from 5.30% to 16.8%, which were higher than the values
found in this study of salt-dried sardines. The ash con-
tents reported by the same authors in six brands of
canned sardines were between 2.65 and 3.11%, which
were lower than the values of 4.45 and 14.11% presently
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found in raw and roasted sardines. Szenttamasy [12]
found ash contents ranging from 0.08 to 1% for fresh fish
meat. The greater ash content can be attributed to the
incomplete desalting of salted raw sardine and to dehy-
dration by high temperature and the consequent concen-
tration of salt in roasted sardine.

The present results show that the major fatty acids in
raw and roasted salt dried sardines were docosahexaenoic
acid (DHA), 22:6n-3 (35.98%), and palmitic acid, 16:0
(37.59%), respectively. Palmitic acid (22.4%) and DHA
(22.5%) were also majoritaty in sardines from the shore
of Santos, Sao Paulo, State, in a study by Visentainer et
al. [18]. Visentainer et al. [19] analyzed two parts of sar-
dines, the steak and the eye, finding 13.77% DHA in
steaks and 14.81% in eyes.

Roasted sardine samples had lower contents of DHA,
12.46%., with a difference (p < 0.05) in relation to raw
sardines. This difference in fatty acid composition be-
tween the samples can be attributed to lipid oxidation
[12]. Associated with heat, salt dehydrates meat, pro-
voking a reduction in moisture and the activity of water.
However, in these conditions, meat can deteriorate by
oxidation, resulting in lipid rancidity [20].

Differences (p < 0.05) were observed for EPA. (6.62
and 2.95%) between raw and roasted sardines. The DHA
contents of both raw and roasted sardines were greater
than the EPA contents, according to Visentainer et al.
[18], who found greater DHA contents.

The SFA with the highest content was 16:0 in all the
analyzed samples, as was also reported by Tarley et al. [3]
in canned sardine samples. This finding is considered
typical because palmitic acid is a key metabolite in fish
[4].

Myristic acid (14:0) presented a content of 7.55% in
roasted sardine and stearic acid (14:0) of 5.01% in raw
sardine, values similar to those reported by Visentainer et
al. [18], 7.5% myristic acid and 5.2% stearic acid.

The PUFA/SFA ratios found in this work for raw and
roasted sardines were 1.32 and 0.33, respectively, with a
significant difference (p < 0.05). According to the Health
Department of England [21], this ratio is beneficial for
human health when it is higher than 0.45. In this way,
roasting contributed to the saturation of unsaturated fatty
acids, thus decreasing the PUFA/SFA ratio.

The n-6/n-3 ratios found were 0.07 and 0.13 in roasted
and raw sardines, respectively. It is important to point out
that the intake of linoleic and alpha-linoleic acids must
be balanced. The Health Department of England [21]
suggests a maximum intake ratio of omega-6 to omega-3
of 4. Simopoulos (1999) suggests that the ratio must be
between 5 and 10. In France and Switzerland, the rec-
ommended ratio is 5:1, converging to values between
4-5:1 [11].
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Based on the above findings, it can be seen that re-
gardless of the processing method, sardines are an excel-
lent source of essential fatty acids.

4. Conclusions

The Brazilian Sardine (Sardinella brasiliensis), the main
fishing resource in Brazil in terms of volume, has valu-
able nutritional functional characteristics due to its high
polyunsaturated fatty acid content, especially of EPA and
DHA, with higher values of DHA in raw sardine. Addi-
tionally, the n-6/n-3 ratios are within the recommended
values by some researchers, thus constituting a healthy
food and an excellent and inexpensive calorie source.
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