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ARTICLE INFO ABSTRACT

Keywords: This study aimed to propose a simple and efficient heating-freezing method for oil recovery from red tilapia
Red tilapia viscera (Oreochromis sp.) (Oreochromis sp.) viscera, suitable for industrial application and that does not affect its composition. Three
Fish oil

methodologies for oil extraction were studied: a) direct heating (69 °C and 29 min) of samples followed by
separation of the oil by decantation, b) direct heating with subsequent freezing and c) solvent extraction assisted
by ultrasound. For the oil obtained by each methodology, the following factors were determined: peroxide and
iodine values, oxidative stability index, yield percentages and fatty acid profile and, to evaluate the changes
thereof, a thermal analysis by differential scanning calorimetry was performed. An oil extracted by centrifugation
from fresh viscera was used as control. Results showed yields of 92,126%, 60,99% and 55,36% for the oil ob-
tained by heating and freezing, heating and decanting and solvent extraction, respectively, the other evaluated
parameters were similar among each other. The content of PUFA was not affected by heating when compared to
the control oil, although a decrease was observed in the solvent extracted oil. This behavior was corroborated
with the thermal analysis, which showed that the higher PUFA content, the lower the melting temperatures of the
oils and the energy required for phase change. A principal component analysis allowed determining that while
there are no differences in the abundance of fatty acids C20:1, 14:0, 18:0, 16:1 and C16:0, there are differences for
fatty acids C18:1 and C18:2 depending on the method of extraction used in the oil obtention. The results of this
study show that the heating-freezing extraction method is a good alternative for acquiring value-added products
and facilitates their implementation in rural areas. Furthermore, allows obtaining a product with high content of
polyunsaturated fatty acids (at least a third of the total content).

Fatty acids
Differential scanning calorimetry

1. Introduction causing numerous environmental problems. These by-products contain

considerable amounts of protein with high nutritional value in relation to

Among the most consumed fish, tilapia (Oreochromis sp.) represents
the fourth most important freshwater species with an approximate pro-
duction of 4.2 million tons in 2016. Freshwater tilapia, catfish and carp
species are projected to account for about 62% of total global aquaculture
production in 2030, compared to 58% in 2016 [1]. In Colombia, red
tilapia production was 41,732 tons in 2015, constituting 51.77% of the
products obtained nationally by fish farming [2] and in 2017 the aqua-
culture production was 100,000 tons, of which 97,000 tons corresponded
to freshwater fish [3].

Traditionally, tilapia is marketed whole and the post-harvest handling
is limited to gill removal, gutting, and scaling [4]. As a result, large
amounts of by-products are generated, which are usually discarded
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essential fatty acids composition and protein content, which varies from
15 to 60% [5]. In addition, it has been found that one of the by-products
of increasing interest is viscera, which represents about 15% of the
weight of each individual tilapia and contains approximately 35% of oil
rich in unsaturated fatty acids [6, 7]. These features explain why in the
last 60 years, viscera went from being a waste to a highly valued product
in the food industry [8], for which its recovery is a relevant aspect.
Different methods have been used for extracting oil from the viscera
and, in general, from fish farming waste, such as: enzymatic hydrolysis
[9], biological silage [10], pressing of fish waste, wet pressing [11], su-
percritical fluid extraction [12], solvent extraction [13] among others
[14]. Most of these methods have high investment costs or long process
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times, which has prevented their implementation at small or moderate
scale production systems. Moreover, the extreme temperature and pres-
sure conditions used in some methods, and the subsequent release of the
oil, can partially modify the polyunsatured fatty acids (PUFA), due to
degradation reactions such as hydrolysis and oxidation that can be
caused by these demanding conditions [15]. As a result, it has become
evident that there is a need for methods that improve the efficiency of the
extraction process, reduce costs and facilitate implementation conditions
in rural areas and at different production scales.

One of the methods that has been used with fair success at different
scales of production consists of heating the substrate to relatively high
temperatures (around 90 °C), for a certain time, and allow it to stand to
separate the fat that rises to the surface of the mixture [16]. Despite the
efficiency of the process, the high temperatures used can cause degra-
dation of unsaturated fatty acids and oxidation of the oil [11], causing
losses of nutritional quality, undesirable flavors and rancidity [17].

Thus, this study aimed to propose a simple and efficient heating-
freezing method based, as early step in oil recovery from red tilapia
(Oreochromis sp.) viscera, whithout affecting its composition.

2. Materials and methods
2.1. Handling of raw materials

The fish were not specifically slaughtered for use in this experiment,
and were instead from a commercial fish factory. In that sense, viscera of
red tilapia (Oreochromis sp.) were collected at the Gaitero fish farm
located in the Municipality of Sopetran (Antioquia, Colombia) and
transported in expanded polystyrene coolers with refrigerant gels to the
laboratory of the Grupo de Nutricién y Tecnologia de Alimentos of the
Universidad de Antioquia. The samples were processed the same day to
avoid their emulsification and potential difficulties with phase
separation.

2.2. Characterization of viscera and lipids

The analyses in triplicate of the fresh and defatted viscera samples
included the moisture determination using the official method of analysis
AOAC 950.46 and a moisture balance with halogen lamp MOC63 (Shi-
madzu, Japan). The protein content analysis was made with the micro
kjeldahl technique [18], in a DK 12 heating digester (Velp Scientifica,
USA). The ethereal extract was determined according to the official
solvent extraction method [18] using Starfish (Radleys, United Kingdom)
soxhlet extractor equipment, with petroleum benzine as solvent. To
determine the ash content, samples were calcined at 550 °C in a D8
muffle (Terrigen, Colombia) [18]. The iodine and peroxide values were
analyzed according to the Colombian technical standards (NTC) 283 and
236, respectively [19].

2.3. Oil extraction methods

In each of the three extraction methods, were evaluated the yield of
the extracted oil according to Eq. (1), the iodine value (Y) (g iodine
absorbed/100 g of sample), the peroxide value (P) (meq-g of O2
consumed per kg of fat), the induction time (OSI) in h, the lipids content
(G), (g extracted lipids/g total lipids in initial sample*100) and the lipid
profile. Additionally, an oil extraction process not subjected to thermal
processes, nor mixed with solvents was performed by centrifugation, and
it was used as control oil (CO). The conditions used in each extraction
method were defined in a prior study [16].

Yield of the extracted oil (%) = %*100 1)

Where RL is the recovered lipid content (g) and TL is the total lipid
content (g).

Heliyon 8 (2022) e09546

2.3.1. Obtaining control oil (CO)

An unprocessed viscera sample (100 g) was centrifuged for 15 min/
6860 g at 4 °C in a U-320R centrifuge (Boeco, Germany). The obtained oil
was used as control for using its features as reference for comparison with
those obtained with the other methods, and thus detect whether there
were significant changes. The obtained oil was stored at -20 °C until
analysis.

2.3.2. Oil extraction by heating and decanting (OEHD)

Viscera samples (35 g) were placed in 50 mL falcon tubes and placed
in an AccuBlock dry bath model D1200 (Labnet, United States) at a
temperature of 67 °C for 29 min. The samples were allowed to stand until
the precipitation of the densest phase, the oil was then separated by
decantation and the samples were stored at -20 °C until further analysis.

2.3.3. Oil extraction by heating and freezing (OEHF)

This extraction process used the same previously described heating
conditions for the heating and decanting process. The samples were
allowed to stand until the temperature dropped to 45 °C, then they were
frozen at -18 °C for 24 h to obtain a better separation of the oil since the
phases separate as they solidify [16]. The lipid phases were then de-
tached from the still-frozen aqueous phases by means of a cross section
and stored until analysis.

2.3.4. 0il extraction with organic solvent (OES)

This process takes advantage of the solubility of lipids in specific
organic solvents and their insolubility in water, which facilitates their
separation from other components with different polarity. This method is
widely used for oil extraction for analytical purposes [11], and was
therefore used as a reference method in this study. To obtain the oil, 600
g of viscera were triturated and homogenized for 1 min in a food pro-
cessor model FP1336 (Black & Decker, United States), then divided into
three containers in equal amounts (200 g) and immersed for 2 h at 20 °C
in a dichloromethane-methanol mixture (2:1), in a 2:1 solvent-viscera
ratio, in order to prevent oxidation of the tissues by the action of
endogenous enzymes [20]. Subsequently, they were subjected to ultra-
sound in a Branson 5510R-DTH (Bransonic, United States) for 20 min and
suction filtration was performed with gauze and Whatman No. 100 filter
paper. The procedure was repeated two more times and the filtrate,
collected from the three extractions, was dried in a Laborota 4001 rotary
evaporator (Heidolph, Germany) at a temperature lower than 45 °C, with
reduced pressure and constant agitation. The oil-water mixture was
partitioned with dichloromethane and the organic phase was filtered
over anhydrous Na2S04 to remove traces of moisture from the oil. The
sample was kept in the dark at -18 °C until different analyses were
performed.

2.4. Oxidative stability index determination (OSI)

In this method, a constant flow of air is passed through the sample
while temperature is controlled at a high level to accelerate its oxidation
and reduce the time of analysis [21]. The oxidation process is driven by
radical reactions involving unsaturated fatty acid structures. During an
initial induction phase, almost no secondary products are formed, and it
is abruptly followed by an oxidation phase characterized by a rapid in-
crease in the peroxide value and the formation of volatile products,
which, depending on the basis of the method, could correspond to formic
acid [22].

OSI determination was carried out on a Rancimat 892 (Metrohm,
Switzerland). Each oil sample contained in a reaction vessel was heated
and air was continuously passed through at a rate of 20 L/h at 120 °C,
after which the fatty acids decomposed and volatile organic acids were
formed and transported by an air stream to a measuring beaker con-
taining distilled water. A continuous measurement of electrical conduc-
tivity was performed and its increase indicated the presence of organic
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acids. The elapsed time until formation of these oxidation products is
known as the OSI [22]. This procedure was repeated for all samples.

2.5. Chromatographic analysis of lipid fractions, fatty acids and their
derivatives

2.5.1. Thin layer chromatography analysis (TLC)

This technique was used to separate the different lipid groups present
in each oil sample and to monitor the reactions during the obtention of
the methyl ester and pyrrolidide derivatives of the fatty acids. For this
analysis, silica gel 60 F254 was used as stationary phase, a 4:1 ratio
hexane/ethyl acetate mixture as mobile phase and 5% phosphomolybdic
acid in ethanol as developer, with subsequent heating. Standards of a
methyl ester and linoleic acid with >99% purity (Nu-Chec Prep, Inc,
USA) and cholesterol (PanReac, Germany) were used as references to
determine the presence of the fractions of interest by comparison with
their retardation factors (Rfs).

2.5.2. Column chromatography analysis (CC)

This technique was used to separate and purify the obtained methyl
ester fractions. Silica gel 40 (0.063-0.200 mm) (Merck, Germany) was
used as stationary phase and hexane/ethyl acetate (4:1) as mobile phase.

2.6. Obtaining fatty acids and their derivatives

Fatty acids were obtained by basic hydrolysis by adding a NaOH 2N
solution in methanol (1 gNaOH in 12.5 mL MeOH) to each oil sample (10 mg
oil/mL solution). The mixture was placed in a bain-marie at 55 °C for 15 min.

2.6.1. Preparation of methyl ester derivatives

The methyl esters were obtained by adding 5% HCl in MeOH (1 mL of
solution per each 8-10 mg of sample) to the mixtures previously obtained
in the basic hydrolysis. The new solutions were heated in a bain-marie at
55 °C for 15 min, concentrated at a temperature lower than 45 °C, with
reduced pressure and constant agitation to eliminate the organic solvent,
then liquid-liquid extraction was carried out with dichloromethane and
later with hexane, adding water each time, to facilitate the separation of
the phases. The obtained organic phases were mixed and filtered over
anhydrous NapSO4 in order to eliminate the traces of water, and the
obtained fractions were concentrated again until evaporation of the
solvent. The formation of the methyl ester derivatives and the separation
of the components of each fraction was verified with TLC using the
previously described conditions.

Following that, each fraction was purified by CC, according to the
above-mentioned conditions and through a new TLC analysis, the sub-
fractions containing the methyl esters were identified. These were uni-
fied, concentrated and then each sample was divided into two parts: one
part was stored, protected from light, air and temperature, for subsequent
GC-MS analysis, and the other part was used for the preparation of the
pyrrolidide derivatives of the fatty acids.

2.6.2. Preparation of pyrrolidine derivatives

These derivatives were obtained by adding 1000 pL of pyrrolidine
and 100 pL of glacial acetic acid to 10 mg of each of the previously
prepared methyl ester subfractions. The mixtures were boiled at 100 °C
under open reflux for 90 min and then washed five times using a mixture
of water: dichloromethane (1:1), the organic phases were filtered over
anhydrous NaySO4. They were concentrated and the formation of the
pyrrolidine derivatives was verified with TLC according to the conditions
of section 2.5.1.

2.6.3. Fatty acid derivatives GC-MS analysis

GC-MS analysis of the methyl ester and pyrrolidine derivatives
allowed identifiying the fatty acids present in each fraction. The analyses
were performed on a model 6890N gas chromatograph (Agilent, USA)
coupled to a model 5973N mass selective detector (Agilent, USA), on a
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DB-5MS column, using helium as carrier gas. The injection volume was
0.2 pL and temperatures of 175 °C and 250 °C were used for the injector
and detector, respectively. The oven was programmed in three steps: it
was started at a temperature of 50 °C for 1 min, then increased at a rate of
5 °C/min to 150 °C, where it remained for 3 min, and then increased at
10 °C/min to 300 °C and held for 16 min.

The mass spectra were compared with the NIST02.L and NIST5a.L
databases and the information was generated with MSD ChemStation
software. The relative abundance of the fatty acids was calculated with
the area under the curve of each chromatographic peak of the methyl
ester derivatives. Each analysis was performed in triplicate.

2.7. Thermal analysis of the oils by differential scanning calorimetry
(DSC)

The analysis was conducted on a DSC Q20 V24.11 Build 124 (TA
Instruments, USA), which was calibrated with indium (AHf = 28.71 J/g
and melting point = 156.6 °C) using nitrogen as purge gas at a flow rate
of 50.0 mL/min. The oil samples were weighed (6-7 mg) in aluminum
dishes that were hermetically sealed. An empty aluminum dish was used
as a reference.

The heat treatment of the oils was carried out by heating from -80 °C
to 200 °C with a ramp of 10 °C/min, in nitrogen atmosphere. Heat flux
data (W/g) were recorded as a function of temperature, from which the
melting profile, enthalpy of fusion and the onset and offset temperatures
of the phase changes were obtained. The enthalpies were calculated by
integrating the melting curves with the universal V4.5A software (TA
Instruments®, United States).

2.8. Statistical analysis

A principal component analysis was performed with the abundance of
the fatty acids identified in the oils obtained by different extraction
methods (CO, OEHF and OES). The free software PAST 3.0 was used for
the analyses. The difference in means was made using Fisher's LSD (Least
significant difference) test with statgraphics centurion XVI software.

3. Results and discussion
3.1. Substrate characterization

Table 1 shows the physiochemical characterization of the red tilapia
(Oreochromis sp.) viscera. A lipid percentage of 33.602% can be observed,
which is greater than that reported for rainbow trout (Oncorhynchus
mykiss), of 13% [23], and for red tilapia, of 15.75% [24]. This variation
on the results for the same species may be caused by factors such as sex,
size, diet, location, temperature and season [25]. As per this study, such
increment is favorable due to the interest in lipid content.

3.2. Physiochemical paramenters of the oil obtained by different
extractions methods

Table 2 shows the analysis results of the oil obtained by each of the
extraction methods (CO, OEHD, OEHF and OES). It is evidenced that in

Table 1. Physicochemical composition of red tilapia (Oreochromis sp.) viscera.

Component Viscera (% =+ SD)*
Moisture 62.69 + 1.9
Protein 4.57 £ 0.23
Lipid 33.06 + 1.6
Ash 0.73 £ 0.04

@ correspond to average percentage +standard deviation (SD) of triplicate
viscera samples.
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all treatments the peroxide value (P) is above the values obtained for the
control oil, but much below the maximum values allowed for oils (up to
10 meq of active oxygen/kg of oil) [26]. The iodine value (Y) showed
that all treatments reduce the number of double bonds, being the solvent
extraction the treatment that generates the greatest effect. Furthermore,
it is noted that the oxidative stability index (OSI) values are lower for
every oil with respect to the control oil, although with few differences,
except for the solvent-extracted oil. Generally, it is observed that the
tested parameters are better in the heated and decanted extracted oils,
with or without freezing, respect to the solvent extracted oils. In heating
and decanting processes, values for (Y) and (OSI) were greater and for (P)
were lower, in comparison to those obtained by solvent extraction.

The values of the tested parameters are very similar for the heating-
decanting and heating-freezing processes since the applied thermal
treatments are the same and the cold does not restore any of the prop-
erties of the oil, as it only conserves them in the state in which they are
prior to the freezing. Moreover, there are differences in the yields of the
oil obtained by these methods, being greater in the heating-freezing
method, which is explained by the technological problems caused by
the difficulty in separating the supernatant in the heating-decanting
method. The heating-freezing method also allows obtaining the oil
with acceptable physiochemical features (Table 2), it is above the solvent
extraction, method used as reference in this study, and it is competitive if
compared to other methods reported in the literature, as in enzymatic
hydrolysis crude oil extraction from fresh anchovy waste, in which 69.7%
was recovered [27] or in the extraction with supercritical fluids in lipids
from common carp viscera [28], wherein a yield of 74.845% was ob-
tained. On the other hand, despite the yield values previously reported
are above those obtained for OEHD (60.989% =+ 0.845) in this study,
OEHF, showed a greater yield (92.283% + 0.327) for the oil, and the
other reported methods do not compete with it as for costs, ease for
scale-up and implementation in rural areas [16] considering that oils
with acceptable physiochemical features were obtained (Table 2).

The methods highlighted herein regarding physiochemical features
are the heating-decanting and heating-freezing methods. In both of them
the strict control of the temperature is important since treatments with
elevated temperatures promote reaction between fatty acids and species
derived from molecular oxygen (O3), resulting from the double bond
breaking in which an oxygen molecule O is fixed with the formation of
peroxides [29]. It should be considered that the addition of oxygen
radicals to fatty acids is produced preferably at double bonds between
carbon atoms, following first order temperature dependent kinetics [21].

Furthermore, in general OSI values for all OEHD, OEHF and OES
methods were lower than for CO, which means that the products of the
lipid oxidation are formed faster in the tested methods than in the con-
trol. This is due to the effect that temperature exerts on the rate of
chemical reactions, in the case of the methods comprising heating [17]
and specifically in the oxidative processes of fats [30], in which, increases
in temperature accelerate the decomposition of lipid hydroperoxides
[31], so that at higher working temperatures there is less resistance to
oxidation, i.e. lower OSI values [32].

Table 2. Physicochemical parameters of the oil extracted with the
different methods and the CO.

Sample P 1 0SI Yield (%)

co 0.004 + 0.002? 173.341 + 2.742° 0.590 + 0.0132 =

OEHD 0.014 + 0.003" 161.151 + 0.816° 0.295 =+ 0.020° 60.989 +
0.845°

OEHF 0.014 + 0.001° 161.671 + 1.304° 0.290 + 0.031° 92.283 +
0.327°

OES 0.039 + 0.006° 151.708 + 3.269° 0.080 + 0.046° 54.349 +
31.378°

P: peroxide value; I: iodine value; OSI: oxidative stability index. Means on the
same row having different superscripts are significantly different (p < 0.05).
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Regarding the OES method, further to presenting grater P, lower Y
and lower lipid extraction yield, it also has lower OSI value in comparison
to other methods tested in this study. These results are comparable with
Fiori et al. [33] who obtained extraction yields of 57% in trout (Onco-
rhynchus mykiss) viscera using a modified Soxhlet and also observed
higher fatty acid oxidation with the use of solvents. Additionally, the
extraction by Soxhlet technique has the disadvantages that it requires a
relative dry sample, it is destructive, it involves a high time consumption
and it generates large amounts of residual solvent [10].

OSI values obtained in the evaluated methods in this study are lower
than those reported for other vegetable oils like hazelnut (OSI 1.39 h)
[34] and moringa (OSI 7.237 h) [35] at 140 °C, possibly because the
analyzed oils were not refined and because they comprise a higher
content of unsaturated fatty acids (UFA) than the vegetable oils.

3.3. Chromatographic analysis of fatty acids

3.3.1. TLC analysis

TLC analysis of the tested samples showed the presence of various
components. For all samples, characteristic bands corresponding to tri-
glycerides (Rf: 0.90), free fatty acids (Rf: 0.58) and sterols (Rf: 0.52) were
observed, compared to the standards.

Rfs of 0.83 and 0.13 were observed in the chromatographic analysis
of the methyl ester and pyrrolidide derivatives, respectively. The stan-
dard of a methyl ester of a fatty acid was used for comparison, and it was
observed a marked difference between the Rfs of both types of com-
pounds, consistent with the change from lower to higher polarity of the
obtained derivatives, which confirmed, at this stage of the process, the
formation of pyrrolidides from methyl esters.

3.3.2. GC-MS analysis

GC-MS analysis allowed determining the relative abundance (%) of
the fatty acids present in the oils obtained from different methods; in
decreasing order: C18:1 (oleic acid), C16:0 (palmitic acid), C18:2
(linoleic acid) and C16:1 (palmitoleic acid) (Table 2). It was found that
the principal components are the UFAs with a total percentage of
66.74% for the CO, 62.04% for the OEHF and 61.87% for the OES.
Despite a reduction in the abundance of UFA is observed when using
OEHF and OES methods, they are higher than those found in carp (Rohu
and Catla) [36], bocachico (Prochilodus magdalenae) and nile tilapia
(Oreochromis niloticus) [37] visceras, proving that fish viscera are a good
source of UFA.

Furthermore, CO and OEFH show a PUFA content higher and similar
when compared to OES (Table 3), which demonstrates that the heating
extraction, under optimum conditions, is a proper process for obtaining
an oil with high content of these fatty acids without affecting their
original composition. In addition, it is a method that, as the supercritical
fluid extraction, reduces the fish oil oxidation and produces solvent free
extracts, which is of great importance in food and pharmaceutical in-
dustries [38]. The results obtained suggest that at least a third of the total
extract yield is represented by PUFA, which makes the red tilapia viscera
a potential source of these bioactive components [28].

Figure 1 shows the results of the principal component analysis per-
formed with the abundance data of the fatty acids identified in the oils
obtained by CO, OEHF and OES (Table 3). Principal components 1 and 2
explain the 97.45% and the 2.19% of the total observed variation,
respectively. Component 1 separates fatty acids by their abundance so
that when moving towards the left of x-axis those that present lower
abundance can be observed, and when moving towards the right of that
axis, all those with higher abundance are shown. Component 2 separates
the fatty acids by their abundance and according to the extraction
method used for obtaining the oil.

For the most abundant fatty acids, C20:1, 14:0, 18:0, 16:1 and C16:0,
no differences were observed among extraction methods, while 18:1 and
18:2 showed differences in their abundance depending on the extraction
method utilized for obtaining the oil.



L. Arias et al.

Heliyon 8 (2022) e09546

Table 3. Fatty acids profile of the CO extracted by centrifugation, OEHF and OES.

Fatty acids Short name Relative abundance (%)

co OEHF OES
SFA (saturated fatty acid)
1 Dodecanoic C12:0 0.09 + 0.01? 0.14 £+ 0.01* 0.15 + 0.01*
2 Tetradecanoic C14:0 5.34 + 0.05% 6.16 + 0.00° 5.94 + 0.06°
3 Pentadecanoic C15:0 0.70 + 0.03* 0.93 + 0.01° 1.00 + 0.01°¢
4 Hexadecanoic C16:0 18.4 + 0.07% 19.49 + 0.04° 19.86 + 0.03°
5 Heptadecanoic C17:0 1.47 + 0.01° 2.00 + 0.00° 1.92 + 0.00°
6 Octadecanoic C18:0 5.94 + 0.00% 6.88 + 0.00° 6.86 =+ 0.00°
7 Nonadecanoic C19:0 0.18 + 0.01% 0.35 + 0.01° 0.33 +0.03"
8 Eicosanoic C20:0 0.37 + 0.08% 0.56 + 0.02° 0.56 + 0.00°
9 Docosanoic C22:0 0.15 + 0.01% 0.29 + 0.01° 0.27 + 0.00°
10 Tricosanoic €23:0 0.07 + 0.01% 0.14 + 0.03" 0.14 + 0.00°
11 Tetracosanoic C24:0 0.07 + 0.02* 0.14 + 0.08" 0.14 + 0.00°
Total SFA 32.78 + 0.44° 37.08 + 0.52° 37.17 + 0.23"
MUFA (monounsaturated fatty acid)
13 6-tetradecenoic Cl4:1 0.42 + 0.05% 0.48 + 0.02° 0.46 + 0.02"
14 5-hexadecenoic c16:1 0.79 + 0.00% 0.25 + 0.00° 0.25 + 0.06"
15 6-hexadecenoic C16:1 9.05 + 0.04° 8.85 + 0.03" 8.79 + 0.00°
16 8-heptadecenoic C17:1 0.09 + 0.00% 0.17 + 0.00" ND
17 9-octadecenoic C18:1 22.25 + 0.00? 16.06 + 0.03° 23.93 4+ 0.00¢
18 7-nonadecenoic C19:1 0.20 + 0.01* 0.31 + 0.07% 0.24 + 0.01*
19 8-eicosaenoic C20:1 0.21 £+ 0.00 ND ND
20 10-eicosaenoic C20:1 3.45 + 0.01% 3.58 + 0.05% 3.45 + 0.08%
21 13-docosaenoic C22:1 0.25 + 0.00* 0.34 + 0.00? 0.33 + 0.07*
22 16-tricosaenoic c23:1 0.05 + 0.00% 0.06 + 0.01% 0.07 + 0.01%
23 9-tetracosaenoic C24:1 0.18 + 0.01* 0.16 + 0.02? 0.18 + 0.02?
Total MUFA 36.76 + 0.41% 30.26 + 0.40° 37.70 + 0.36°
PUFA
24 3,6,9-hexadecatrienoic C16:3 0.19 + 0.02* 0.19 + 0.00% 0.15 + 0.00°
25 3,6-hexadecadienoic C16:2 0.41 + 0.04* 0.42 + 0.08% 0.43 + 0.01%
26 5,9,12- octadecatrienoic c18:3 2.09 + 0.08? 2.09 + 0.02% 2.07 + 0.00°
27 5,8-octadecadienoic C18:2 1.15 £ 0.01* 0.98 + 0.04° 1.05 £ 0.01°¢
28 4,9-octadecadienoic C18:2 15.65 + 0.01° 16.45 + 0.03* 8.49 + 0.00°
29 5,8,11,14-eicosatetraenoic C20:4 1.58 + 0.07* 1.63 + 0.03* 1.67 + 0.03*
30 5,9,13-eicosatrienoic C20:3 0.50 + 0.01% 0.41 +0.01° 0.53 + 0.03%
31 5,8,11-eicosatrienoic C20:3 2.06 + 0.25% 2.54 + 0.00% 2.08 + 0.07°
32 5,8-eicosadienoic C20:2 0.70 &+ 0.01? 0.73 £+ 0.01* 0.72 + 0.01*
33 7,10- eicosadienoic C20:2 1.39 + 0.08% 1.57 + 0.01° 1.52 + 0.01°
34 4,7,10,13,16,19 docosahexaenoic C22:6 0.82 +0.117 0.92 + 0.00* 0.91 + 0.00*
36 4,7,10,13,16- docosapentaenoic C22:5 1.09 + 0.02% 1.32 & 0.02° 1.42 + 0.03¢
37 5,8,11,14-docosatetraenoic C22:4 1.33 + 0.01* 1.42 + 0.07* 1.37 + 0.04*
38 6,9,12-docosatrienoic C22:3 1.31 +0.01% 1.49 + 0.01° 1.51 + 0.02°
39 6,9-docosadienoic C22:2 0.13 + 0.05% 0.18 + 0.04" 0.27 + 0.08°
Total PUFA 30.40 + 0.297 32.03 + 0.42° 24.19 + 0.52¢

Means on the same row having different superscripts are significantly different (p < 0.05); ND: not determined.

Moreover, similarities in the SFA were found when comparing CO,
OEHF and OES extraction methods, based on the abundance and types
of fatty acids obtained. When analyzing the MUFA, it was found that
the CO and OES methods extracted a higher content of fatty acid C18:1
than OEHF, wherein the percentage obtained was lower. As for the
PUFA, CO and OEHF methods extracted the greatest amount of C18:2
with respect to the OES method, in which was observed the lowest
percentage of this fatty acid. Additionally, in the oil obtained by OES
there was an absence of fatty acids C17:1 (8-heptadecenoic) and C20:1
(8-eicosaenoic), the latter also absent in the oil extracted by OEHF.
Both MUFA showed low abundance in the obtained oils (8-heptade-
cenoic <0.18% in OEHF and CO; 8-eicosaenoic, 0.21% in CO), which

does not significantly affect the total value of their abundance ob-
tained in OEHF and CO (Table 2).

3.4. DSC analysis

Figures 2a, 2b and 2c show melting curves of the different red
tilapia oils (CO, OEHF and OES) analyzed by DSC, in which different
transition temperature peaks are observed, indicating that the oil has a
complex composition of different types of fatty acids. The transition
for CO starts at -55.83 °C and ends at 24.81 °C, with a maximum peak
at 6.32 °C (Figure 2a), which is a lower temperature compared to the
other oils that presented maximum peaks of 10.21 °C (Figure 2b) and
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Figure 1. Principal component analysis of fatty acids content of oil extracted by CO, OEHF and OES methods (dark circle: CO; red star: OEHF; purple triangle: OES).
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Figure 2. DSC melting curves for the a) CO, b) OEHF and c) OES.

11.44 °C (Figure 2c) for OEHF and OES, respectively. This suggests
that OC changes phase at a lower temperature than the other oils
because it has a lower content of saturated fatty acids (SFA) as evi-
denced in Table 4. Therefore, a high UFA content results in low

melting temperatures, while a high SFA content results in high melting
temperatures [39].

On the other hand, the enthalpy of the oil explains whether it
changes from one state to another, either by absorption (endothermic)
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Table 4. Thermodynamic parameters of DSC analysis performed on oils obtained
by different extraction methods.

Transition
Temperatures

co -55.83 24.81 6.32 72.59
-11.02
-29.63
-49.72
-59.07 42.58 10.21 76.15
1.20
-12.63
-19.72
OES -58.46 38.15 L4} 88.17
1.03
-11.86
-27.34
-52.11

Sample Ton (°C) Totr (°C) Enthalpy (J/g)

OEHF

or by release (exothermic) of heat [40]. In this case, OC has a lower
enthalpy of fusion (72.59 J/g) than OEHF and OES (76.15 J/g and
88.17 J/g, respectively), which is consistent with the fact that less
energy is required for changing phases (Table 3). Sathivel et al. [30]
reported enthalpy values very similar to those obtained in this study
(84.7-73.9 kJ/kg) for catfish (Ictalarus punctatus) oils, and Huang et al
[39] reported lower values for salmon (Oncorhynchus gorbuscha) oil
(58.7 kJ/kg), in line with those reported by Adeoti et al. [41] for un-
refined salmon (Salmo salar) oil (33.43 kJ/kg), herring (Clupea) (52.92
kJ/kg), mackerel (Scomber scombrus) (53.6 kJ/kg) and north cod (Gadus
morhua) (41.45 kJ/kg). These low values in the enthalpy of fusion may
be due to the fatty acid composition present in the different oils since
they have a lower SFA content.

4. Conclusions

The results of this study allowed determining that red tilapia
(Oreochromis sp.) viscera has significant levels of PUFA and essential
fatty acids. Moreover, the extraction methods used for obtaining the oil
from the fish viscera, by heating and subsequent freezing and by
heating and subsequent decanting, have the following advantages: they
allow obtaining high yields of the oil, they are simple methods of easy
implementation, free of chemical contaminants, do not require the use
of toxic solvents, expensive enzymes or robust equipment and preserve
the PUFA percentage. The heating and decanting method is low cost
and easy to apply at different production scales and it further allows
recovering the oil as a first stage so that it can be then processed ac-
cording to the given application.The results of this study showed as well
that the higher the PUFA content, the lower the melting temperatures of
the oils and the energy required for the phase change. Furthermore, this
study also showed that there are differences in the abundance of fatty
acids C18:1 and C18:2 depending on the extraction method used for
obtaining the oil.

The results obtained herein show that the oil extraction from Oreo-
chromis sp viscera through the OEHF method allows obtaining a product
with good physiochemical features and high PUFA content, which makes
it a value-added product with potential use at industrial level.
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