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SUMMARY: The Jeriva (Syagrus romanzoffiana) kernel oil (JKO) has a pleasant coconut-like smell, with about 33% lauric acid and
28% oleic acid. The oil also contains bioactive compounds, such as phenolics, carotenoids, and tocopherols. JKO has a solid consistency
at low temperatures, but has a low melting point and low solid content at room temperature. Thus, this work aimed to evaluate the thermal
properties related to crystallization and fusion, as well as the chemical and oxidative characteristics of JKO fractions, olein and stearin,
obtained from dry and solvent fractionation. In general, stearins had higher crystallization and melting temperatures, and higher solid
fat content, unlike oleins, which may be associated with the concentration of high melting triglycerides in the stearins. No statistically
significant difference was found for fatty acid profile or oxidative stability of the fractions. The type of fractionation influenced the
chemical and thermal properties of JKO fractions. The solvent process promoted the most relevant differentiation of fractions. An olein
was obtained with 7% less solid fat at 25 °C which remained visually liquid at 2 °C below the oil, as well as a stearin with 17% more
solid fat at 25 °C which remained visually solid at 3 °C above the oil.
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RESUMEN: Caracterizacion térmica y quimica de fracciones de aceite de semilla de Syagrus romanzoffiana. El aceite de semilla de
Jeriva (Syagrus romanzoffiana) (ASJ) tiene un agradable olor a coco, con aproximadamente un 33% de acido laurico y un 28% de acido
oleico. Este aceite también contiene compuestos bioactivos, como fendlicos, carotenoides y tocoferoles. E1 ASJ tiene una consistencia
solida a baja temperatura, pero tiene un punto de fusion bajo y un contenido de sélidos bajo a temperatura ambiente. Este trabajo tuvo
como objetivo evaluar las propiedades térmicas relacionadas con la cristalizacién y fusion, asi como las caracteristicas quimicas y
oxidativas de las fracciones de ASJ, oleina y estearina, obtenidas mediante fraccionamiento en seco y con solvente. En general, las
estearinas tuvieron temperaturas de cristalizacion y fusion mas altas y un mayor contenido de grasa sélida, a diferencia de las oleinas,
esto puede estar asociado con la concentracion de triglicéridos de alto punto de fusion en las estearinas. No se encontraron diferencias
estadisticamente significativas para el perfil de acidos grasos ni en la estabilidad oxidativa de las fracciones. El tipo de fraccionamiento
influy6 en las propiedades quimicas y térmicas de las fracciones de ASJK. El proceso mediante solvente favorecio la diferenciacion de
fracciones mas relevantes. Se obtuvo una oleina con 7% menos de grasa solida a 25 °C que permanecio visualmente liquida a 2 °C por
debajo del aceite, asi como una estearina con 17% mas de grasa solida a 25 °C y que permanecié visualmente solida a 3 °C por encima
del aceite.
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1. INTRODUCTION

Lauric oils are obtained from various palm
species and are characterized mainly by high
contents in lauric acid (C12:0) and small amounts
of other medium and short-chain fatty acids. Lauric
oils can be found mainly in coconut and palm
kernels, Jariva, and Macauba, which have a solid
consistency at low room temperatures but still melt
below 30 °C (Coimbra and Jorge, 2011; Gunstone,
2010). Therefore, these natural fats have a short
melting range, which makes them suitable for the
manufacture of a variety of fatty foods. In this respect,
the low melting points and the low solid contents at
room temperature are favorable for the production
of some products, such as confectionery coatings
and couvertures; although it is a drawback that can
be alleviated by the fractional crystallization and
separation of harder and softer fractions (Gunstone,
2010; Magalhaes et al., 2020b; Rossell, 1985).
In this sense, fractional crystallization, or simply
fractionation, refers to a separation process in which
fatty material is crystallized at a suitable temperature,
after which a low melting phase (olein) is separated
from a high melting phase (stearin) (Kellens et al.,
2007; Sonwai et al., 2017). Nowadays, where trans
fatty acids in food are questioned, fractionation oil
modification stands out as an alternative for the
industry because it is a physical process that does
not promote changes in fat at the molecular level
(Kellens et al., 2007; Magalhdes et al., 2020b;
Sonwai et al., 2017).

Lauric oils are widely modified by fractionation.
Olein and stearin are obtained in this process in order
to increase the applicability of the oils in different
food processes. They are used in the food industry to
produce spreads, specialty fats, ice cream, chocolate,
and others, where most of them are specially derived
from palm kernel oil. In addition, the increasing use
of cocoa butter substitutes by the chocolate industry
drives a growing demand for lauric oils (Calliauw et
al., 2007; Chaleepa et al., 2010; Kellens et al., 2007;
Magalhaes et al., 2020b; Rossell 1985; Sonwai et al.,
2017). Therefore, there is still room to explore other
lauric oils, as well as their fractions, to obtain products
with distinct characteristics from or equivalent to
those derived from palm or coconut oil.

Inthis context, the Syagrus romanzoffiana palmis
an interesting alternative resource in the production
of lauric oil. This plant, commonly known as Jeriva,

queen palm or coconut palm, is a native palm tree
from South America and was introduced around
the world as a popular ornamental garden tree
used in urban landscaping (Pittenger et al., 2009).
The Jeriva palm fruit is an oval drupe, yellowish
or orange, with a rigid endocarp involving an
almond with about 50% oil. The almond (kernel)
oil has a pleasant coconut-like smell, with about
33% lauric acid and 28% oleic acid. The oil also
contains bioactive compounds, such as phenolics,
carotenoids, and tocopherols (Coimbra and Jorge,
2011; Coimbra and Jorge, 2012; Pierezan et al.,
2015; Magalhaes et al., 2020b). Jeriva kernel oil has
interesting characteristics for biofuel production,
such as low acidity, a high oxidative stability and
transesterification reaction with an ester conversion
rate above the minimum percentage required
(Falasca ef al., 2012; Moreira et al., 2013), but also
has potential for human consumption (Lescano et
al., 2018; Magalhdes et al., 2020a). Nevertheless,
research aiming to explore food applications of
JKO is scarce.

Thus, this work aimed to evaluate the thermal
properties related to crystallization and fusion, as
well as the chemical and oxidative characteristics
of JKO fractions obtained from dry and solvent
fractionation. Possible changes in the fatty acid
profile and oxidative stability of the fractions were
evaluated by gas chromatography and Rancimat,
respectively. Differential Scanning Calorimetry
was used to assess the solid fat content, and
the crystallization and melting behavior of the
fractions. Changes in the physical state were
determined by visual inspection.

2. MATERIALS AND METHODS

2.1. Oil extraction

The jeriva fruits (Figure 1) were collected from
the south-east region of Brazil (Lavras, Minas Gerais
state) directly from the ground in the mature stage,
broken in a hydraulic press (MPH-15, Marcon)
and the kernels were manually separated. The JKO
was obtained using an expeller press (Home Up
Yoda), with an oil yield of 42.6%, and centrifuged
for 5 minutes at 4000 rpm (relative centrifugal
force of 2150 g) to remove fine particles. Figure
1 illustrates the treatment process of treatment and
characterization of the samples.
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FIGURE 1. Process of extraction, fractionation and characterization of Jeriva kernel oil (JKO) and its fractions.

2.2. Fractionation

2.2.1. Dry fractionation

JKO (30 g) was heated in a water bath (HH-
S3-Warmnest) at 70 °C for 15 min to remove any
previous structure. The oil was cooled in BOD
(T-34-THELGA) at 14.5 °C for 24 h. The fractions
were separated by centrifugation (K14-4000-Kasvi)
for 2 minutes at 4000 rpm. Olein and stearin were
weighed to evaluate yield.

2.2.2. Solvent fractionation

The fractionation was carried out in a 100
mL jacketed glass reactor, connected to an
ultratermostatic bath (Q214M-Quimis) with water
circulation. The fractionation conditions established
by Sonwai (2017) for coconut oil were used, with
modifications defined through previous tests. Tests
were carried out at different temperatures between
10 and 6 °C using a mass of 30 g of oil previously
heated at 70 °C in a water bath (HH-S3-Warmnest)
for 15 minutes and then cooled to 50 °C before being
mixed with 20 mL of hot acetone (50 °C).

The temperature at which the crystals formed
in significant amounts and remained stable was at
6.5 °C, in which two fractions were carried out: one
for 5 hours with agitation at 20 rpm and another for
7 hours without agitation. After the crystals were
formed, the fractions were separated by sieving (72
mesh) and the acetone was evaporated. Oleins and
stearins were weighed to evaluate yield.

2.3. Fatty acid composition

A fatty acid composition analysis was performed
according to the AOCS Ce 2-66 method (AOCS,
1993). Samples were transesterified in methyl esters
with potassium hydroxide in methanol and n-hexane.
All reagents and solvents (analytical grade) were
from Vetec. The methyl esters were analyzed by gas
chromatography (GC-2010 - Shimadzu) equipped
with a flame ionization detector and an SPTM-2330
capillary column (30 m x 0.25 mm x 0.20 pm).
Chromatographic conditions were split ratio 1:100,
initial column temperature 140 °C, heating from 140
°Ct0 250 °C for 3 min atarate of 5 °C/min for 25 min.
Helium was used as carrier gas at a flow rate of 1 mL/
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min and detector/injector at a temperature of 260 °C.
For identification of the peaks, the retention times of
the fatty acid methyl ester (Supelco 37 Component
FAME Mix) standards were compared with the
observed peak retention times using the Openchrom
software. Quantification was done by normalizing the
peak area and expressed in percentage. The saturated
and unsaturated percentages were compared by the
Tukey test (p < 0.05) using the online tool available
at https://statpages.info.

2.4. Oxidative stability

Oxidative stability was expressed with the
induction period in hours and was determined using 3
g of sample in a Rancimat apparatus (873 - Biodiesel
Rancimat) at 110 °C with airflow of 10 L/h and 50
mL of distilled water in vials containing electrodes,
according to the AOCS Cd 12b-92 method (AOCS,
1993). The oxidative stability indices were compared
by the Tukey test (p < 0.05) using the online tool
available at https://statpages.info.

2.5. Thermal behavior and solid fat content

Previously established conditions (Marquez et al.,
2013) were used with modifications. Samples were
heated at 60 °C for 15 min and left at 4 °C for 24 h.
The thermograms of crystallization and melting were
obtained using a Differential Scanning Calorimeter
(DSC-60A - Shimadzu) coupled to the flow controller
(FC-60A). The samples (5 mg) were placed in capped
aluminum crucibles and cooled to -50 °C at 10 °C/
min, maintaining this temperature for 10 min. The
samples were then heated to 80 °C at 5 °C/min using
a modulation amplitude of 1 °C every 60 s.

The solid fat content (SFC) was determined
based on the area percentages of the integrated
melting thermogram at 10, 15, 20, 25, 30, 35, and
40 C° (Cobo et al., 2017; Gunstone et al., 1994).
Measurements for onset, peak, and final temperatures
for crystallization and melting, as well as enthalpies,
were obtained using the SciDAVis program. The
deconvolution peak and integration were determined
using the MagicPlot software.

2.6. Qualitative phase diagram

Experimental phase diagrams were obtained by
storing the samples in capped 5-ml glass tubes and
kept inverted at temperatures of 10, 11, 12, 13, 14,

15,16,17,18, 19, and 20 °C for 24 hours. The phase
change described as solid, thick liquid, or liquid
was visually evaluated. Non-flowing materials were
named as solids, slowly-flowing materials were
named as thick liquid, and immediately-flowing
materials were named as liquids (Rocha et al., 2013).

3. RESULTS AND DISCUSSION

3.1. Fractionation process

The dry fractionation yielded 63.2% olein and
36.8% stearin, while the solvent fractionation
yielded 71.8% olein and 28.2% stearin. In dry
fractionation, crystals grew agglomerated on the
vessel wall, unlike solvent fractionation, in which
crystals grew dispersed in the medium. This higher
amount of stearin in dry fractionation may be due
to entrapment of the liquid fraction in the crystals.
Slowly cooling at high temperatures typically
results in larger crystals that can become trapped
within the liquid fraction, while rapid cooling at
low temperatures forms smaller crystals in larger
quantities (Chaleepa et al., 2010; Rodrigues-Ract
et al.,2010; Silva et al., 2008).

In solvent fractionation, there is a lower viscosity
medium due to the presence of solvent and better
heat transfer compared to the dry process, which
results in a high nucleation rate and a rapid crystal
growth which facilitate dispersion of the crystals.
These effects were evaluated by Grall and Hartell
(1992), who reported that the rate of nucleation and
crystal growth increased when crystallization times
decreased when using agitation. By increasing the
agitation, the crystal mass increased, but with a
greater effect on solid fractions at lower temperatures
and less effect at elevated temperatures. Thus, with
the use of solvents, crystals can grow more stable
and faster than in the dry process, which could
contribute to better phase separation (Kellens et al.,
2007; Rossell, 1985).

3.2. Fatty acid composition and oxidative stability

Nine fatty acids were identified, including
seven saturated (caproic; caprylic; capric; lauric;
myristic; palmitic and stearic) one monounsaturated
(oleic), and one polyunsaturated (linoleic) (Table
1). JKO had 73.4% saturated fatty acids and 26.6%
unsaturated fatty acids, mainly lauric acid (37.4%),
myristic acid (10.0%) and oleic acid (21.3%), which
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TaBLE 1. Fatty acid composition and oxidative stability of JKO and its fractions obtained by dry and solvent fractionation.

Fatty acid JKO Ed Es Od Os

Caproic C6:0 0.5+0.2 0.6+0.1 1.2+0.1 0.5+0.1 0.7+0.1
Caprylic C8:0 9.1+0.1 9.3+0.3 9.8+0.3 9.1+0.2 9.3+0.4
Capric C10:0 7.0£0.3 7.2+0.3 6.6+0.4 7.0+0.2 7.3+0.5
Lauric C12:0 37.4+1.3 39.0+0.5 38.0+1.1 37.241.1 37.7+1.7
Myristic C14:0 10.0+0.7 10.0+0.3 9.4+0.8 9.8+1.1 9.5+1.0
Palmitic C16:0 7.8+1.0 7.6%0.6 7.6£0.6 7.8+0.8 7.2+0.5
Stearic C18:0 1.6+0.5 1.7+0.4 2.9+0.6 1.7£0.3 2.1+0.3
Oleic Cl18:1 21.3+1.1 20.0+1.3 20.0+£0.9 21.5¢1.4 20.4£1.6
Linoleic C18:2 5.3+0.7 4.8+0.6 4.5+0.6 5.3+0.6 4.8+0.6
XSaturated 73.440.3 73.3+0.1 75.3+1.6 75.4+1.2 72.942.8
XUnsaturated 26.6+0.4 26.6+0.7 24.8+1.6 24.4+0.8 26.8+1.1
Oxidative stability (h) 19.4+1.1 19.4+1.3 22.0+1.2 19.6+1.3 17.3£1.5

JKO: Jeriva kernel oil, Ed: dry fractionation stearin, Es: solvent fractionation stearin, Od: dry fractionation olein, Os: solvent fractionation

olein. The mean + standard deviation (n = 2).

is in agreement with what is reported in the literature
(Coimbra and Jorge, 2011; Moreira et al., 2013).
In general, there was a slight numerical increase
in saturated fatty acids in stearin (Es), with a
consequent decrease in unsaturated ones, as opposed
to olein (Os) fractions, although without statistically
significant differences. Olein compositions were
more similar to oil than stearins, which may
indicate the presence of crystals in the oleins.
However, it should be considered that the melting
(or crystallizing) temperature of an oil or fat depends
on the triacylglycerol (TAG) configuration, not
just on the fatty acid composition. Previous work
reported slight significant variations in the fatty acid
compositions of coconut oil fractions (Marikkar et
al.,2013) and palm oil fractions (Mo et al., 2016), but
these fractions still had very distinct characteristics
for the composition of TAG and thermal properties.
JKO presented oxidative stability of 19.4 h,
similar to that previously reported (Moreira et
al., 2013). Despite the fact that stearins showed
numerically greater oxidative stability than oleins,
no statistically significant difference was found. In
general, the oxidative stability of oils is related to

their composition and distribution of the fatty acids
in TAG, as well as the presence of constituents with
antioxidant properties. As previously reported (Ullah
et al., 2016), approximately 70% of the oxidative
stability of chia oil fractions depended on the fatty acid
profile, but 30% depended on antioxidant substances
such as chlorogenic and caffeic acids, quercetin, and
phenolic glycoside. Thus, the similarities in the fatty
acid composition of the fractions may explain the
similarities in their oxidative stabilities.

3.3. Crystallization profile

The analysis of DSC peaks serves to determine
the transition temperature of a fat or oil (Tan and Che
Man, 2002). The stearins obtained started and ended
crystallization at higher temperatures than oleins (Table
2, Figure 2), i.e., stearins should be more abundant in
high melting TAGs than oleins. The olein obtained
from dry fractionation started crystallization before
oil, presenting higher T, This may indicate that this
olein dragged a reasonable amount of high melting
(crystalline phase) TAGs into the liquid matrix during
the fractionation process. Crystals are known to tend
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TABLE 2. Crystallization and melting temperatures of JKO and its fractions obtained by dry and solvent fractionation.

Crystallization (°C) Melting (°C)
Tonsete Tpar Tpe Tre Tonsetm Tom Thm
JKO 15.8+0.3 8.3+£0.4 - -0.6+0.1 17.2+0.9 30.9+2.1 36.0+1.9
Ed 16.3+0.9 13.4+0.5 6.4+0.4 1.9+0.1 16.4+0.8 31.9+1.8 36.6+1.8
Es 19.0£1.0 16.7+0.8 9.9+0.5 1.0£0.0 17.5+0.7 33.4+1.2 37.6+2.3
Od 16.1+0.8 8.0+0.6 - 0.1+0.0 16.7+0.7 30.3£2.0 35.2+2.4
Os 14.5+0.8 10.6+0.2 3.4+0.2 -2.1£0.2 13.7+0.8 30.1x1.5 35.442.0

Tonsete: crystallization onset temperature, T).: crystallization peak temperature, T final crystallization temperature, Tonsem: melting onset
temperature, T,,: melting peak temperature, Tr,: melting final temperature. JKO: Jeriva kernel oil, Ed: dry fractionation stearin, Es:
solvent fractionati,n stearin, Od: dry fractionation olein, Os: solvent fractionation olein. The mean + standard deviation (n = 2).

T RS
R

Crystallization Melting

endo| : :

|IIIIIIIIIIIIII|IIiIlIIIIIIIiI]I]II]

-10 -5 0 S 10 15 20 25 5 10 15 20 25 30 35 40
DC oc

F1GURE 2. DSC crystallization and melting curves for JKO and its fractions obtained by dry and solvent fractionation. JKO: Jeriva kernel

oil, Ed: dry fractionation stearin, Es: solvent fractionation stearin, Od: dry fractionation olein, Os: solvent fractionation olein. n = 2.
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to form clusters due to attractive interactions between
them, which can drag the olein into the crystals,
decreasing the efficiency of separation (Kellens et
al., 2007). The largest crystals that can be observed
during crystallization are often composed of small
crystals held together by weak interactions. Thus, this
agglomeration may lead to lower separation efficiency
due to a high drag of liquid in the agglomerates.

The crystallization curves (Figure 2) presented
different profiles in different temperature ranges.
After deconvolution, the curves revealed some sub-
events associated with the crystallization of different
TAG species. The thermograms were divided into
three temperature ranges that were associated with the
sub-events involving high, medium and low melting
temperature TAGs. A first sub-event was associated
with TAGs with crystallization temperature above 14
°C; a second sub-event was associated with TAGs with
crystallization temperatures between 6 and 14 °C; and
a third TAG-associated sub-event with crystallization
temperatures below 6 °C. The enthalpies associated
with these sub-events were calculated and are presented
in Table 3.

When the temperature was reduced and the JKO
started to crystallize (Figure 2), a small crystallization
peak was observed near 15 °C with 0.8 J/g enthalpy
(7.4% total enthalpy) associated with high melting
TAGs, overlapping the larger enthalpy of crystallization

peaks of 9.5 J/g (88% total enthalpy) associated with
medium melting TAGs (Table 3). This peak overlap,
as well as the presence of a broad peak, is due to the
crystallization of more than one TAG species in the
same temperature range due to the complexity of the
structures of these compounds. The sharpness of a DSC
peak indicates the cooperative nature of the transition
from TAG composition. If the transition occurs in a
narrow temperature range, it is highly cooperative.
Therefore, the crystallization (or melting) of two or
more TAG structures could take place simultaneously
in a certain temperature range, resulting in a broad or
overlapping DSC peak (Tan and Che Man, 2002).

The olein crystallization curve from dry
fractionation was similar to the JKO curve, but
with slight differences in the enthalpies in each
temperature range, i.e., a decrease in the enthalpy
fraction associated with high melting TAGs (0.2 J/g,
2.6% total enthalpy) and an increase associated to
medium melting TAGs (7.3 J/g, 93.6% total enthalpy)
(Table 3). The crystallization olein peaks of the
solvent fractionation occurred at lower temperatures
compared to JKO and stearins. A relevant increase
in enthalpy associated with low melting TAGs (5.5
J/g, 70.5% total enthalpy) was also observed, as well
as a decrease in enthalpy associated with medium
melting TAGs (2.3 J/g, 29.5% total enthalpy) and
absence of those with a high melting point (Table 3).

TABLE 3. Absolute and relative enthalpy for crystallization and melting of JKO and its fractions obtained by dry and solvent fractionation.

JKO Ed Es Ood Os
<6 °C 0.5+0.1 0.0£0.0 0.0£0.0 0.3£0.0 5.5+0.5
Enthalpy (J/g) 6-14°C 9.540.3 4.0+£0.4 4.440.5 7.3+0.4 2.3+0.4
o >14°C 0.8+0.2 0.5+0.1 1.0+0.3 0.2+0.1 0.0+0.0
Crystallization
<6 °C 4.6 0.0 0.0 3.8 70.5
Enthalpy (%) 6-14°C 88.0 88.9 81.5 93.6 29.5
>14°C 7.4 11.1 18.5 2.6 0.0
<23°C 0.5£0.0 0.0£0.0 0.0£0.0 0.8+0.2 2.5+0.3
Enthalpy (J/g) 23-33°C 6.4+0.6 5.5+0.6 5.1+0.5 6.5+0.4 4.4+0.6
>33 °C 0.5£0.1 1.4£0.3 2.1£0.4 0.5£0.1 0.4+0.1
Melting
<23°C 6.8 0.0 0.0 10.3 342
Enthalpy (%) 23-33°C 86.5 79.7 70.8 83.3 60.3
>33 °C 6.8 20.3 29.2 6.4 5.5

JKO: Jeriva kernel oil, Ed: dry fractionation stearin, Es: solvent fractionation stearin, Od: dry fractionation olein, Os: solvent fractionation

olein. The mean + standard deviation (n = 2).
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The stearins began to crystallize at higher
temperatures compared to oil and oleins, with
an increase in the enthalpy fraction associated
with high melting TAGs. A slighter variation was
observed for dry fraction stearin, with a relative
area of 11.1% (0.5 J/g) associated with high melting
TAGs, while in solvent fractionation this variation
was more relevant, yielding an 18.5% enthalpy
stearin associated with high melting TAGs, as well
as a decrease in the enthalpy fraction associated with
medium melting TAGs (Table 3).

The solvent fractionation revealed a greater ability
to modify the crystallization characteristics of JKO
when compared to dry fractionation. Moreover, even
with the similarity in fatty acid composition (Table
1), differences in oil thermograms and fractions
were observed. This reinforces the notion that the
thermal characteristics of the fractions depend not
only on the fatty acid composition, but also on the
disposition of these fatty acids in the TAGs, as well
observed for the solvent fractionation of coconut oil
(Sonwai et al., 2017).

3.4. Melting profile

The JKO melting process started at 17.2 °C
(Tonser) and continued at 36.0 °C (Ty), with only one
broad endothermic peak at 30.9 °C (Table 2). The
presence of only one endothermic transition can be
characteristic of the constitution of the JKO, which
should have TAGs with a less diversified structure
when compared to other oils, such as palm oil,
cocoa butter and some hydrogenated fats, which
have fusion thermograms with a higher number of
endothermic events (Tan and Che Man, 2002; Zaliha
et al., 2004; Hinrichsen, 2016). The melting curve
profile of the fractions was similar to that of oil,
but with differences in initial, final and peak melt
temperatures (Table 2). Similar results were found
by Yantya et al. (2013).

After deconvolutions, the melting curves (Figure
2) also presented distinct sub-events which were
divided into three temperature ranges associated
with TAGs with different melting temperatures. In a
first temperature range, low melting TAGs melted at
temperatures below 23 °C, predominantly in oleins;
in a second range, medium melting TAGs melted at
temperatures between approximately 23 and 33 °C;
and in a temperature range above 33 °C, high melting
TAGs were melted, predominantly in stearins. The

enthalpies associated with these sub-events were
calculated and are presented in Table 3.

All olein melting curves changed to lower
temperatures compared to JKO (Figure 2); while
stearin melting curves changed to higher temperatures.
The main differences were related to the concentration
of high melting TAGs in stearins and of low melting
TAGs in oleins. This effect was most relevant in
solvent fractionation, where enthalpy associated
with the melting of high melting TAGs represented
29.2% of total enthalpy, compared to 20.3% in dry
fraction stearin and 6.8% in JKO, similar to Macatuba
kernel oil fractions (Magalhdes et al., 2020a). In
addition, fusion enthalpy associated with low melting
TAGs represented 34.2% of total enthalpy in solvent
fractionation olein, compared to 10.3% and 6.8% in
dry fractionation olein and JKO, respectively.

3.5. Solid fat content

The SFC curves for the JKO and their fractions
(Figure 3) revealed a substantial reduction in solid
fat content with increasing temperature, especially in
a narrow range between 25 and 35 °C, which should
be the melting temperature range of the major TAGs
of these products.

The SFC curves of the fractions showed that
JKO’s stearins and oleins had different melting
profiles, despite similar fatty acid profiles (Table
1). It is known that TAGs can pack tightly together,
which influences their melting. TAGs with larger
amounts of unsaturated fatty acids cannot pack as
tightly together because of kinks in the fatty acid
chain, leading to a lower melting point. However, it
has been reported that the SFC profile does not only
depend on the level of saturation or unsaturation of
fatty acids in the TAG. In a study on the thermal
behavior of vegetable oils with changes in fatty
acids in the TAGs, the authors observed that the
solid contents tended to increase when saturated
fatty acids were more symmetrically distributed
between the external positions of the TAGs. They
concluded that the physical properties of the oils
studied depended on the fatty acid distribution in
the TAGs, as well as on the composition of the fatty
acids themselves (Bootello et al., 2016). Marikkar et
al. (2013) and Mo et al. (2016) also reported distinct
thermal properties for oleins and stearins from
coconut oil and palm oil, even with slight variations
in the fatty acid compositions of the fractions.

Grasas y Aceites 72 (3), July-September 2021, e420. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.0325201


https://doi.org/10.3989/gya.0325201

Thermal and chemical characterization of fractions from Syagrus romanzoffiana kernel oil * 9

100
—a—
%0 JKO
80 —0—0Os
70 —8—Es
60 —o—0d
50
~ —=—Ed
Q 40
%)
30
20
10
SFC 25°C (%)
0 : . T T —
10 15 20 25 30 35 40
°C

FIGURE 3. Solid Fat Content in JKO and its fractions obtained by dry and solvent fractionation. JKO: Jeriva kernel oil, Ed: dry fractiona-
tion stearin, Es: solvent fractionation stearin, Od: dry fractionation olein, Os: solvent fractionation olein. n = 2.

The oleins were completely melted at 35 °C, while
stearins SFC were about 10% at this temperature. In
most of the temperature ranges, oleins had lower
SFC than JKO, while stearins had higher SFC,
which was to be expected considering the enthalpy
percentages associated with the lowest, medium
and high melting TAGs previously presented (Table
3). This can be highlighted at the temperature of
25 °C (bars, Figure 3), especially for the solvent
fractionation of stearin, which presented SFC above
the other products throughout the temperature range,
corroborating the enthalpy percentages associated
with high and low melting TAGs (Table 3). The
SFC at 25 °C of the solvent stearin was 17% higher
than that of MKO, whereas the SFC at 25 °C of the
solvent olein decreased by 7%.

The increase and decrease in SFC is expected
in the stearin and olein fractions, respectively,
compared with JKO after fractional crystallization.
It was reported that the SFC of stearins from a dry
fractionation of palm oil was higher than that of the
oil and melted completely above 45 °C; while the
SFC of oleins was lower than oil and entirely melted
at 20 °C (Zaliha et al., 2004). This is because the
olein fraction generally contains a higher content in
low melting TAGs than oil and stearin.

The SFC curves of the fractions obtained in this
work reveal that stearins and oleins have different
profiles, making it possible to obtain fractions
that cover varying ranges of solid fat as a function
of temperature. With the increase in the solid fat

content, the lipids tend to have a firmer texture, which
is relevant to some applications in food formulation,
mainly with higher contents close to 25 °C, which
contributes to the fraction having greater resistance
to melting in ambient conditions when compared to
unfractionated oil (Sonwai et al., 2017).

3.6. Qualitative phase diagram

An experimental phase diagram (Figure 4)
was obtained for the JKO and its fractions, where
three phases were identified according to the visual
appearance of the samples: solid, thick liquid and
liquid. The phase diagram revealed that the stearins
remained visually solid until higher temperatures
(16 and 18 °C) when compared to the oleins (13
to 15 °C). This behavior again corroborates the
distribution of the lowest and highest melting TAGs
in the fractions, as well as their solid fat content.

°C 10 11 12 13 14 15 16 17 18 19 20

FIGURE 4. Experimental phase diagram of JKO and its fractions
obtained by dry and solvent fractionation. JKO: Jeriva kernel oil,
Ed: dry fractionation stearin, Es: solvent fractionation stearin, Od:

dry fractionation olein, Os: solvent fractionation olein. n = 2.
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The olein obtained from dry fractionation had a
visual appearance similar to that of the oil, which
is in agreement with the crystallization and melting
thermal profiles obtained by DSC (Figures 2 and 3),
indicating that the crystals may have dragged in the
liquid phase. On the other hand, solvent fractionation
resulted in more distinct fractions compared to JKO,
with smaller liquid phase dragged in the clusters at the
end of the fractionation, allowing for more effective
separation and resulting in fractions with more
distinct compositions. As reported by Kellens et al.
(2007), the main advantage of solvent fractionation
is the high separation efficiency and higher purity of
the finished products. The solvent fractionation olein
and stearin differed most from the oil in the phase
diagram, with the olein visually solidified at 14 °C
and the stearin at 18 °C.

4. CONCLUSIONS

This work presented a new approach which showed
that the thermal characteristics of Jeriva kernel oil can
be modified by fractionation, but without statistically
significant differences in fatty acid profile or oxidative
stability. In general, stearins had higher crystallization
and melting temperatures in addition to higher SFC,
unlike oleins, which may be associated with the
concentration of high melting TAGs in stearins. The
type of fractionation (dry or solvent) influenced the
chemical and thermal properties of Jeriva kernel oil
fractions, and the solvent process promoted a more
relevant differentiation of the fractions in relation to
the oil. Thus, it was possible to obtain an olein with
7% less solid fat at 25 °C which remained visually
liquid at a temperature 2 °C below that of the oil, as
well as a stearin with 17% more solid fat at 25 °C
which remained visually solid at 3 °C above the oil.
With these results, JKO oil can be an outstanding
raw material and has the possibility of using its
fractions, olein and stearin, in the food industry to
produce spreads, specialty fats, ice cream, chocolate,
and others products. These preliminary results may
support future studies.
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