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Abstract
Population growth and the concern about its environmental impact have increased the demand for vegetable oils
in recent years. Vegetable oils are used in several industry sectors and have been investigated as an alternative
energy source to replace traditional fossil fuels. Knowledge of physical and chemical properties is essential to
assess the potential use of vegetable oil in the production of biofuels. The present study aimed to determine the
oxidative stability of the seed oil of the babassu palm tree, Attalea vitrivir, native to the Brazilian cerrado and
originated from two different regions, before and after storage for 12 months. The relative density of the oil did
not differ between regions and did not change over time. Kinematic viscosity was lower for area 1 and increased
with storage in oils from both areas. The induction period in the Rancimat test was lower in area 2 and decreased
in the stored oil, regardless of the area, though it remained higher than the minimum required for its use as
biofuel. The evaluation of oxidation by the oven method also showed satisfactory results, confirming the high
thermo-oxidative stability of the babassu oil rich in lauric acid.
Keywords: biofuel, lauric acid, vegetable oil, Rancimat
1. Introduction
The demand for vegetable oils has increased in the past decades, in part due to population growth (Vasconcelos
et al., 2019), boosting the use of these inputs as raw materials in several agro-industrial sectors, such as food,
cosmetics, pharmaceutical, paint, and lubricant production (Siddeg & Xia, 2015; Florido et al., 2017; Al Jourdi et
al., 2019; Vasconcelos et al., 2019). In addition, vegetable oils have been investigated as an alternative energy
source to replace conventional fossil fuels due to the uncertainty regarding the supply of these finite fuels and the
environmental problems arising from their use (Moreira et al., 2013; Borugadda et al., 2018; Coutinho et al.,
2016; Giuffrè et al., 2016; Guil-Laynez et al., 2019; Singh et al., 2019b). In this sense, the energy produced from
biomass, such as biofuel, is more convenient as it is renewable, biodegradable, less toxic, and cheaper
(Borugadda et al., 2018; Coutinho et al., 2016; Giuffrè et al., 2016; Biresaw et al., 2017; Guil-Laynez et al., 2019;
Singh et al., 2019b; Srivastava & Gaurav, 2019; Chua et al., 2020). The use of vegetable oils in biodiesel
production stresses the importance of obtaining data on their properties (Florido et al., 2017).
The fatty acid composition defines the chemical and thermophysical properties of oils (Gomna et al., 2019;
Różańska et al., 2019) and is closely related to vegetable oil quality, especially its ability to resist oxidation,
which is the main cause of lipid deterioration (Gomna et al., 2019). Oxidative stability is a crucial factor in oil
shelf life (Moreira et al., 2013; Forero-Doria et al., 2016). Saturated compounds are less prone to oxidation than
unsaturated compounds; thus, the higher the degree of establishment, the more sensitive the oil (Gomna et al.,
2019). The stability of some types of vegetable oil results from the antioxidant activity of phenolic compounds,
tocopherols, and carotenoids naturally present in them. There are some methods for evaluating the oxidative
stability of vegetable oils. Among them, the oven method (Schaal test) and the Rancimat stand out, which are
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inductive methods used to evaluate the induction period, when there is a significant formation (rapid increase) of
peroxides and other oxidation products (Gomna et al., 2019; Pereira et al., 2019; Suri et al., 2019).
Physical properties such as density and viscosity can also indicate the oil degradation level (Gomna et al., 2019).
Density increases with the establishment, and denser oils have a higher mass per volume (Uzunova et al., 2016;
Gomna, 2019; Singh et al., 2019a). Viscosity can be defined as resistance to flow (Marulanda et al., 2008;
Gomna et al., 2019), and it plays an important role in oil pumping and fluidity (Pierezan et al., 2015). Viscosity
increases with fatty acid chain length in triglycerides and decreases with the establishment and increased
temperature (Gomna et al., 2019). Therefore, evaluating how thermo-physical properties and behaviors change
over time in storage is essential to examine the quality and industrial use of vegetable oils (Florido et al., 2017).
Attalea vitrivir, popularly known as babassu, is a palm tree that occurs in the region comprising the state of
Bahia and the north of the Minas Gerais State, Brazil (Lorenzi et al., 2010). This species is native to the cerrado
(Brazilian savanna) and establishes well in disturbed areas (Neves et al., 2013). A. vitrivir produces seeds with a
lipid content above 53% (Salvador et al., 2019). The oil is rich in lauric acid (Table 1) and has characteristics that
favor its conservation over time (Salvador et al., 2019). The cultivated palm has the potential to produce more
than 1000 kg of oil per hectare annually (Guedes et al., 2015) and has been considered for inclusion in biodiesel
production programs (Embrapa, 1984; MME, 2014). Previous studies have evaluated the yield and properties of
the biodiesel produced from babassu oil (Lima et al., 2007), but there are no reports on the thermo-physical
behavior of the crude oil under storage conditions. To ensure the quality and better exploitation of the A. vitrivir
oil, we determined the oxidative stability of the oil from babassu seeds originated from two different areas by
evaluating physical properties and accelerated aging tests resulting from storage.
Table 1. Fatty acid profile of the oil from A. vitrivir seeds (Salvador et al. 2019)
Fatty acid profile (%) of babassu oil *
Caprylic

C8:0

5.77-7.03

Capric

C10:0

6.64-7.94

Lauric

C12:0

44.32-46.57

Myristic

C14:0

11.65-12.38

Palmitic

C16:0

7.23-8.16

Stearic

C18:0

2.92-3.08

Oleic

C18:1

14.8-17.41

Linoleic

C18:2

1.87-2.24

2. Method
2.1 Plant Material and Collection Site
We collected seeds from natural populations of A. vitrivir located in the Environmental Protection Area of Rio
Pandeiros (EPA-Pandeiros), in the northern region of Minas Gerais State (15°26′10″S-44°40′44″W). The
EPA-Pandeiros is within the ecotone between Caatinga and Cerrado biomes, where the dominant vegetation
comprises Cerrado sensu stricto, gallery forests, and seasonal deciduous forests (Silva et al., 2009). The region
has a semi-arid climate, with well-defined dry and rainy seasons, an average annual temperature between 21 and
24 °C, and average annual rainfall ranging from 900 to 1200 mm, with rains concentrated from November to
January (INM, 2012).
We sampled two regions: area A has higher vegetation cover with dense babassu groves, where land use includes
farming and agriculture activities, whereas area B is a pasture, comprising open grasslands with sparse trees and
shrubs and the predominance of herbaceous plants. We collected ripe fruits directly from the bunches in each
area and extracted seeds manually.
2.2 Oil Extraction
Seeds were dried in an oven at 105 °C for 24 h. Next, the oil was obtained by the cold extraction method in a
mechanic press. The oil obtained was centrifuged for 15 minutes at 3,500 rpm to separate impurities and stored
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in amber glass bottles in a refrigerator (average temperature of 4 °C). Evaluations were performed before storage
(initial condition) and 12 months after storage.
2.3 Determination of Relative Density
Density was measured in a pycnometer following the A.O.C.S. Official method Cc 10a-25 (1990). Oil samples
were kept in a pycnometer in a water bath at 25±0.1 °C for 30 min. Then, the pycnometer was weighed. The
weight of the empty pycnometer was subtracted to obtain the oil mass. The same process was repeated to
measure the water mass. Finally, the relative density was calculated as the ratio between oil and water masses.
2.4 Kinematic Viscosity
Viscosity was determined using a Brookfield viscometer (Model LVDV-III+), equipped with a cylinder suitable
for the fluid viscosity (spindle S-63). The viscometer was coupled to a thermostatic bath, and the oil viscosity
was measured at 40 °C at 250 rpm. The obtained data were used to calculate the kinematic viscosity (as
described in Arrudas et al., 2018, and Damasceno et al., 2018).
2.5 Determination of the Oxidative Stability (Rancimat® Test)
The oxidative stability index was determined following the regulation EN 14112 (EUROPEAN COMMITTEE
FOR STANDARDIZATION, 2016), using the Rancimat 873 equipment (Metrohm AG, Herisau Switzerland).
Three grams of oil were weighed in a reaction vessel and heated to 110 °C, with an airflow of 20 L·h-1. The
volatile products released during the oxidation process were collected in a flask containing distilled water. The
oxidation process was automatically recorded by measuring the change in water conductivity. The sample
induction period (IP) corresponded to the breaking point of the electrical conductivity vs. time curves.
2.6 Schaal Oven Test
One hundred grams of oil sample were heated to 65± 2 °C. At the end of each time interval established (0, 1, 2, 3,
4, 10, 24, 48, 72, and 96 h), the samples were evaluated according to the peroxide index (AOCS Official method
Cd 8-53, 1993). The induction period (PI) was determined by detecting significant changes in the peroxide
index.
2.7 Experimental Design and Statistical Analysis
The experiment was carried out in a completely randomized design. A factorial scheme 2 (oil origin) × 2 (time)
was used, with three replications for each treatment. To evaluate the oil resistance degree by the oven method,
we also considered the interaction between time intervals in which oil samples were analyzed. Data were
submitted to analysis of variance, and means were compared using the Tukey test at a 5% significance level.
3. Results
The Oil density from area A differed statisticaly with storage, where a soil density from area B did not differ
between treatments and was the same as oil density from area A after 12 months (Figure 1A). The kinematic
viscosity of the oil from area A increased with storage (from an average of 29.91 at initial condition to 32.01
mm²/s). The oil from area B showed a higher initial viscosity, which reached 37.59 mm²/s after 12 months
(Figure 1B).
The induction period for the oil from area A was 29.17 h and 25.46 h after 12 months (Figure 1C). The oil from
area B showed the same trend when submitted to the Rancimat test, from 22.70 h to 17.64 h after storage (Figure
1C).
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Figure 1. Relative dennsity (A), kineematic viscositty (B), and IP bby the Rancim
mat test (C) of thhe oil of Attale
ea
vitrivir frrom two regionns, before and after storage. U
Uppercase lettters indicate diifferences betw
ween treatmentts in
the saame area, and lowercase
l
letteers indicate diffferences betw
ween areas in thhe same treatm
ment (P < 0.05)
by thhe Tukey test
Subjecting the oil
o to
Before stoorage, the peroxxide index of tthe oil from arrea A was 5.955 meq·1000 g-1 (Figure 2). S
heating redduced the amoount of peroxidde radicals ideentified; the vaalue had alreaddy changed aftter four hours (4.61
meq·1000 g-1), and this could be the iinduction periood considered by the oven m
method (Figurre 2). The pero
oxide
index obseerved for the oil from area B before storagee was 11.25 m
meq·1000 g-1, hiigher than thatt from area A under
u
the same ccondition (Figuure 2). The peeroxide index ddecreased withh heating, and after ten hourrs of experime
ent, it
statisticallyy differed from
m the initial ccondition, withh an average oof 10.43 meq·11000 g-1 (Figuure 2).The pero
oxide
index increeased with stoorage for the baabassu oils froom both areas ((A: 4.71 and B
B: 10.66 meq·11000 g-1; Figurre 2).
It also incrreased with oill heating and ddiffered from tthe beginning of the experim
ment when the oil remained in the
oven at 655 °C for 24 h (oil from areaa A: 5.33 meqq·1000 g-1) andd 48 h (oil froom area B: 11.25 meq·1000 g-1).
These werre the inductionn periods conssidered for the stored oil (Figgure 2).
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Figure 2. Peroxide index of the oil off Attalea vitrivvir oil from thee two areas, beefore (closed syymbols) and affter
storaage (open symbbols). Asterisks (*) indicate a statistical diffference in relaation to the begginning of the
expperiment (P < 0.05)
0
by the Tuukey test. Arroows indicate thhe values for thhe oil stored foor 12 months
4. Discusssion
The oil ffrom Attalea vitrivir seedss has good tthermo-oxidattive stability and desirablee physicochem
mical
characterisstics for use inn several induustrial sectors. Oils rich in laauric acid are important duee to their chem
mical
properties and oxidativee resistance (M
Martini et al., 2018). They aare broadly ussed in the foood industry and
d the
productionn of soap and detergents.
d
Theey also stand oout as a potentiial raw materiaal for producinng biofuels (Ra
adice
et al., 20144; Silva et al., 2015; Damascceno et al., 20118).
Density annd viscosity innfluence the attomization andd combustion of fuels and reepresent important paramete
ers to
assess the suitability of using
u
a vegetabble oil. Thereffore, these propperties can dettermine the besst performance
e of a
fuel in dieesel engines (B
Borugadda et al., 2018; Couutinho et al., 22016, Giuffrè et al., 2016; G
Guil-Laynez et
e al.,
2019). The density of the
t oil from A
A. vitrivir is w
within the rangge reported inn the literaturee for other bab
bassu
species (Singh et al., 20019a; de Oliveeira et al., 20220; da Silva et al., 2020b) annd is similar tto those from other
palm seedss (Moreira et al.,
a 2013; Singh et al., 2019aa). The values oof this parameeter did not chaange during sto
orage
due to the stability of thee babassu oil, cconferred by a high content oof saturated faatty acids.
oreira
The viscossity of the babaassu oil was siimilar to that oobserved for otther commerciial oils, such ass soybean (Mo
et al., 20133; Singh et al.,, 2019b) and suunflower (Berttrand & Hoangg, 2003). Saturrated oils tend to be more visscous,
but the visscosity of the oil
o analyzed inn the present sttudy was simillar to that of thhe soybean oill, rich in oleic acid,
the main raaw material foor biodiesel prooduction in Brazil (Ogunkunnle & Ahmed, 22019; Singh ett al., 2019b). Crude
C
(unrefinedd) oils naturallly represent a condition thaat favors highher viscosity ddue to more intense interac
ctions
between faatty acid moleccules, which iss the main obsstacle preventinng the direct uuse of vegetablle oils in tradittional
diesel engines (Ogunkunnle & Ahmed,, 2019; Borugaadda et al., 2018; Coutinho et al., 2016; G
Giuffrè et al., 2016;
2
Guil-Laynnez et al., 20199; Singh et al.,, 2019a). The ttransesterificattion process iss the most com
mmon method used
to reduce the viscosityy of these prooducts (Giuffrrè et al., 2016; Singh et aal., 2019b; C
Chua et al., 2020).
Transesterrification is alsso the most common technnique used in bbiodiesel prodduction (Ogunnkunle and Ah
hmed,
2019; Singgh et al., 20119a), in whichh triacylglycerrides react witth a short-chaain alcohol in the presence of a
catalyst to produce [alkyyl] esters of faatty acids (bioddiesel) and glyycerol as a by--product of thee reaction (Singh et
al., 2019aa). Viscosity values
v
differedd between the two sampledd areas, whichh may be relaated to genetic
c and
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environmental factors (Salvador et al., 2019). The viscosity of babassu oil increased after storage in both areas,
probably resulting from the degradation of the oil (Singh et al., 2019a), as evidenced by the analyses carried out.
Oxidation is the main cause of oil degradation, and it can change the physical and chemical properties of the oil
(Gomna et al., 2019). Vegetable oils are oxidized in contact with the oxygen in the air during processing and
storage and through autoxidation, but temperature, time, and humidity can also affect them. The oxidation
process happens as a chain mechanism involving initiation, propagation, and termination steps (Gomna et al.,
2019).
The Rancimat test is broadly used in the food industry to assess the oxidative stability of edible oils and predict
their shelf life (Vidrih et al., 2010).This test has also been adopted as one of the quality parameters of biofuels.
The induction period determined for the babassu oil was higher than that for unrefined oils from other palm trees
(Moreira et al., 2013, Vásquez-Ocmín et al., 2010). It is worth noticing that the oxidative stability index of the
oil analyzed is higher than those exhibited by vegetable biodiesel (Guil-Laynez et al., 2019) and is within the
standard established by EN 14112 of at least 3 h (Singh et al., 2019a), and ANP (2014), between 3 and 6 h. We
also observed the area effect on oxidative stability, and storage time affected oil resistance, though the induction
period remained relatively high.
Before storage, the peroxide index of the oil was lower for area A than B. Despite that, both values are within the
recommended limit for human consumption (ANVISA, 2005). Contrary to what was expected, the peroxide
index decreased with oil heating, regardless of the area, making it difficult to accurately determine the induction
period of the samples by the oven test. The significant drop in the peroxide index after the first hours of the
experiment could have resulted from the oil quality, which may not have developed a considerable amount of
oxidation products in relation to the initial condition, or which were produced at a slower rate than the
conversion of peroxide and hydroperoxide radicals into unidentified stable products. Gomna et al. (2019) point
to the rapid decomposition of peroxide radicals as a crucial factor; thus, this parameter is not the best option for
investigating the decomposition status of an oil at a high temperature. Besides, the evaluation of the peroxide
index of stored babassu oil could validate such an idea. Both areas showed lower indices than those observed
before storage, and heating increased the amount of peroxides in the oil, whose induction period occurred at least
24 hours after the beginning of the experiment.
The oil quality oil is closely related to its properties, especially its ability to resist oxidation, i.e., to remain stable
for as long as possible. The fatty acid composition of vegetable oils defines their thermo-physical behavior.
Saturated (and short-chain) oils are less prone to oxidation (Gomna, 2019), and promising raw materials for the
production of biodiesel (Chua et al., 2020) and aviation biokerosene (Damasceno et al., 2018; da Silva et al.,
2020a). Lima et al. (2007) produced good quality babassu biodiesel, with encouraging perspectives regarding its
insertion in the Brazilian production chain. Damasceno et al. (2018), and da Silva et al. (2020a) investigated the
suitability of the oils from macaw palm (Acrocomia aculeata) and African oil palm (Elaeis guineenses) seeds to
produce biokerosene and were optimistic about the possibility of producing this fuel from oil with similar
characteristics to the babassu oil studied here.
Our results showed that the oil of A. vitrivir seeds has thermo-physical properties that make it suitable for use in
energy production, and storage does not significantly compromise the oil quality. Seed origin affected oil
properties; thus, further studies are needed to determine the edaphic-climatic effect and biological variables on
mother plants to contribute to establishing appropriate management and collection practices and genetic
improvement.
5. Conclusions
Despite the influence of the collection region on oil characteristics, the values obtained for oil parameters
analyzed from the two areas were in accordance with the requirements for its use in biofuel production. In
addition, storage did not significantly compromise the oil quality. A. vitrivir seed oil has high thermo-oxidative
stability and desirable physical-chemical characteristics for use in several industrial sectors.The results found
here showed the potential of the babassu and emphasized the importance of studies with native species, besides
serving as a basis for future studies.
References
Al Jourdi, H., Popescu, C., Udeanu, Di., Arsene, A., Sevastre, A., Velescu, B. S., & Lupuliasa, D. (2019).
Comparative study regarding the physico-chemical properties and microbiological activities of Olea
europaea L. oil and Cannabis sativa L. seed oil obtained by cold pressing. Farmacia, 67(5). https://doi.org/
10.31925/farmacia.2019.5.2

97

jas.ccsenet.org

Journal of Agricultural Science

Vol. 14, No. 12; 2022

ANP (Agência Nacional do Petróleo, Gás Natural e Biocombustíveis). (2014). Resolução ANP Nº 63, de
05/12/2014. Retrieved from https://www.legisweb.com.br/legislacao/?id=278197
ANVISA (Agência Nacional de Vigilância Sanitária). (2005). Resolução RDC Nº 270, de 22 de Setembro de
2005.
AOCS (American Oil Chemistis’ Society). (1990). Official methods and recommended practices of the American
Oil Chemists’ Society. A.O.C.S., Champaign.
AOCS (American Oil Chemistis’ Society). (1993). Official methods and recommended practices of the American
Oil Chemists’ Society (4th ed., Method Cd, pp. 8-53). A.O.C.S., Champaign.
Arrudas, S. R., Fidêncio, P. H., Silvério, F. O., Franco, M. M., Silva, D. S., & Pimenta, M. A. S. (2018). Study of
storage condition on the physicochemical properties of biodiesel derived from macaúba palm (Acrocomia
aculeata) oil using multivariate analysis. Australian Journal of Crop Science, 12, 1702-1709.
https://doi.org/10.21475/ajcs.18.12.11.p1100
Bertrand, Y., & Hoang, L. C. (2003). Vegetal oils as substitute for mineral oils. Proceedings of the 7th
Intemational Conference on Properties and Applications of Dielectric Materials, 2, 491-494. https://doi.org/
10.1109/ICPADM.2003.1218460
Biresaw, G., Lansing, J. C., Bantchev, G. B., Murray, R. E., & Harry-O’Kuru, R. E. (2017). Chemical, physical
and tribological investigation of polymercaptanized soybean oil. Tribology Letters, 65, 87. https://doi.org/
10.1007/s11249-017-0866-0
Borugadda, V. B., Paul, A. K., Chaudhari, A. J., Kulkarni, V., Sahoo, N., & Goud, V. V. (2018). Influence of
waste cooking oil methylester biodiesel blends on the performance and emissions of a diesel engine. Waste
and Biomass Valorization, 9, 283-292. https://doi.org/10.1007/s12649-016-9749-0
Chua, S. Y., Periasamy, L. A. P., Goh, C. M. H., Tan, Y. H., Mubarak, N. M., Kansedo, J., & Abdullah, E. C.
(2020). Biodiesel synthesisusing natural solid catalyst derived from biomass waste—A review. J. Ind.
Eng.Chem., 81, 41-60. https://doi.org/10.1016/j.jiec.2019.09.022
Coutinho, D. J. G., Barbosa, M. O., de Souza, R. J. C., da Silva, A. S., da Silva, S. I., & de Oliveira, A. F. M.
(2016). Comparative study of the physicochemical properties of FAME from seed oils of some native
species of Brazilian Atlantic forest. J. Am.Oil.Chem. Soc., 93, 1519-1528. https://doi.org/10.1007/
s11746-016-2905-7
da Silva, J. Q., Santos, D. Q., Fabris, J. D., Harter, L. V. L., & Chagas, S. P. (2020a). Light biodiesel from
macaúba and palm kernel: Properties of their blends with fossil kerosene in the perspective of analternative
aviation fuel. Renew. Energy, 151, 426-433. https://doi.org/10.1016/j.renene.2019.11.035
da Silva, M. J. F., Rodrigues, A. M., Vieira, I. R. S., Neves, G. de A., Menezes, R. R., Gonçalves, E. da G. do R.,
& Pires, M. C. C. (2020b). Development and characterization of a babassu nu toil-based moisturizing
cosmetic emulsion with a high sun protection fator. R S C Advances, 10, 26268-26276. https://doi.org/
10.1039/D0RA00647E
Damasceno, S. M., Ferraz, V., Nelson, D. L., & Fabris, J. D. (2018). Selective adsorption of fatty acid methyl
esters onto a commercial molecular sieve or activated charcoal prepared from the Acrocomia aculeate cake
remaining from press-extracting the fruit kernel oil. AIMS Energy, 6(5), 801-809. https://doi.org/
10.3934/energy.2018.5.801
de Oliveira, V. F., Parente, Jr. E. J. S., Manrique-Rueda, E. D., Cavalcante, Jr. C. L., & Luna, F. M. T. (2020).
Fatty acid alkylesters obtained from babassu oil using C1-C8 alcohols and process integration into a typical
biodiesel plant. Chemical Engineering Research and Design, 160, 224-232. https://doi.org/10.1016/
j.cherd.2020.05.028
EMBRAPA (Empresa Brasileira de Pesquisa Agropecuária). (1984). Babaçu, Programa Nacional de Pesquisa (p.
89). Embrapa: Brasília.
European Committee for Standardization. (2016). EN 14112:2016-Fat and oil derivatives-fatty acid methyl
esters (FAME), Determination of oxidation stability (accelerated oxidation test) (p. 24). Berlin.
Florido, P. M., Lobo, D. P. S., Pinto, C. N., Rodrigues, C. E. C., & Gonçalves, C. B. (2017). Physical properties
of systems of interest to the edible oil industry: Viscosities and densities of model systems formedby
(triacylglycerol + fattyacid + solvent). J. Chem. Thermodyn., 113, 198-212. https://doi.org/10.1016/
j.jct.2017.06.012
98

jas.ccsenet.org

Journal of Agricultural Science

Vol. 14, No. 12; 2022

Forero-Doria, O., Gallego, J., Valdes, O., Pinzon-Topal, C., Santos, L. S., & Guzmán, L. (2016). Relationship
between oxidative stability and antioxidant activity of oil extracted from the peel of Mauritia flexuosa fruits.
Journal of Thermal Analysis and Calorimetry, 123, 2173-2178. https://doi.org/10.1007/s10973-015-4822-7
Giuffrè, A. M., Capocasale, M., Zappia, C., Sicari, V., Pellicanò, T. M., Poiana, M., & Panzera, G. (2016).
Tomato seed oil for biodiesel production. European Journal of Lipid Science and Technoogy, 118, 640-650.
https://doi.org/10.1002/ejlt.201500002
Gomna, A., N’Tsoukpoe, K. E., Le Pierrès, N., & Coulibaly, Y. (2019). Review of vegetable oils behavior at high
temperature for solar plants: Stability, properties and current applications. Solar Energy Materials and Solar
Cells, 200, 109956. https://doi.org/10.1016/j.solmat.2019.109956
Guedes, M. L., Ferreira, P. H. G., Santana, K. N. O., Pimenta, M. A. S., & Ribeiro, L. M. (2015). Fruit
morphology and productivity of babassu palms in northern Minas Gerais state, Brazil. Revista Árvore, 39,
883-892. https://doi.org/10.1590/0100-67622015000500011
Guil-Laynez, J. L., Guil-Guerrero, J. L., & Guil-Laynez, A. (2019). Bioprospecting for seed oils in tropical areas
for biodiesel production. Industrial Crops and Production, 128, 504-511. https://doi.org/10.1016/j.indcrop.
2018.11.044
INM (Instituto Nacional de Metereologia). (2012). Retrieved from http://www.inmet.gov.br
Lima, J. R. O., Silva, R. B., Silva, C. C. M., Santos, L. S. S., Santos, Jr. J. R., Moura, E. M., & Moura, C. V. R.
(2007). Biodiesel de babaçu (Orbignya sp.) obtido por via etanólica. Quimica Nova, 30, 600-603.
https://doi.org/10.1590/S0100-40422007000300019
Lorenzi, H., Noblick, L., Kahn, F., & Ferreira, E. (2010). Flora Brasileira: Arecaceae (Palmeira). Instituto
Plantarum (p. 99). Nova Odessa, São Paulo.
Martini, W. S., Porto, B. L. S., de Oliveira, M. A. L., & Sant’Ana, A. C. (2018). Comparative study of the lipid
profiles of oils from kernels of peanut, babassu, coconut, castor and grape by GC-FID and Raman
Spectroscopy. Jornal Brazilian Chemical Society, 29(2), 390-397. https://doi.org/10.21577/0103-5053.
20170152
Marulanda, A. R., Artigas, M. A., Gavidia, A., Labarca, F., & Paz, N. (2008). Study of the vegetal oil as a
substitute for mineral oils in distribution transformer. IEEE, 2008, 1-6. https://doi.org/10.1109/TDC-LA.
2008.4641781
MME (Ministério de Minas e Energia). (2014). Biodiesel: Programa Nacional de Produção e Uso de Biodiesel.
Retrieved from http://www.mme.gov.br/programas/biodiesel
Moreira, M. A. C., Arrúa, M. E. P., Antunes, A. C., Fiuza, T. E. R., Costa, B. J., Neto, P. H. W., & Antunes, S. E.
M. (2013). Characterization of Syagrus romanzoffiana oil aimingat biodiesel production. Industrial Crops
and Products, 48, 57-60. https://doi.org/10.1016/j.indcrop.2013.04.006
Neves, S. C., Ribeiro, L. M., Cunha, I. R. G., Pimenta, M. A. S., Mercadante-Simões, M. O., Lopes, P. S. N.
(2013). Diaspore structure and germination ecophysiology of the babassu palm (Attalea vitrivir). Flora, 208,
68-78. https://doi.org/10.1016/j.flora.2012.12.007
Ogunkunle, O., & Ahmed, N. A. (2019). A review of global current scenario of biodiesel adoption and
combustion in vehicular diesel engines. Energy Reports, 5, 1560-1579. https://doi.org/10.1016/j.egyr.
2019.10.028
Pereira, E., Ferreira, M. C., Sampaio, K. A., Grimaldi, R., de Almeida Meirelles, A. J., & Maximo, G. J. (2019).
Physical properties of amazon fats and oils and their blends. Food Chemistry, 278, 208-215.
https://doi.org/10.1016/j.foodchem.2018.11.016
Pierezan, L., Cabral, M. R. P., Neto, D. M., Stropa, J. M., de Oliveira, L. C.S., Scharf, D. R., ... Simionatto, E.
(2015). Composição química e temperatura de cristalização de ésteres obtidos de quatro óleos vegetais
extraídos de sementes de plantas do cerrado. Quimica Nova, 38, 328-332.
Radice, M., Viafara, D., Neill, D., Asanza, M., Sacchetti, G., Guerrini, A., & Maietti, S. (2014). Chemical
Characterization and antioxidant activity of Amazonian (Ecuador) Caryodendron orinocense Karst. And
Bactris gasipaes Kunth seed oils. Journal of Oleo Science, 63(12), 1243-1250. https://doi.org/10.5650/
jos.ess14007

99

jas.ccsenet.org

Journal of Agricultural Science

Vol. 14, No. 12; 2022

Różańska, M. B., Kowalczewski, P. Ł., Tomaszewska-Gras, J., Dwiecki, K., & Mildner-Szkudlarz, S. (2019).
Seed-roasting process affects oxidative stability of cold-pressed oils. Antioxidants, 8, 313. https://doi.org/
10.3390/antiox8080313
Salvador, H. F., Rocha, S. M., Arrudas, S. R., Ribeiro, L. M., Ferraz, V. P., Valério, H. M., ... Pimenta, M. A. S.
(2019). Seed storage indicates the high stability of babaçu oil (Attalea vitrivir Zona). Journal of
Agricultural Science, 11(2), 489-498. https://doi.org/10.5539/jas.v11n2p489
Siddeeg, A., & Xia, W. (2015). Oxidative stability, chemical composition and organoleptic properties of seinat
(Cucumis melo var. tibish) seed oil blends with peanut oil from China. Journal of Food Science and
Technology, 52(12), 8172-8179. https://doi.org/10.1007/s13197-015-1889-x
Silva, J. O., Jesus, M. F., Fagundes, M., & Fernandes, G. W. (2009). Esclerofilia, taninos e insetos herbívoros
associados a Copaifera lagsdorffii Desf. (Fabaceae: Caesalpinioideae) em área de transição
Cerrado-Caatinga no Brasil. Ecolologia Austral, 19, 197-206.
Silva, R. B., Silva-Júnior, E. V., Rodrigues, L. C., Andrade, L. H. C., da Silva, S. I., Harand, W., & Oliveira, A. F.
M. (2015). A comparative study of nutritional composition and potential use of some underutilized tropical
fruits of Arecaceae. Anais da Academia Brasileira de Ciências, 87(3), 1701-1709. https://doi.org/
10.1590/0001-3765201520140166
Singh, D., Sharma, D., Soni, S. L., Sharma, S., & Kumari, D. (2019a). Chemical compositions, properties, and
standards for different generation biodiesels: A review. Fuel, 253, 60-71. https://doi.org/10.1016/
j.fuel.2019.04.174
Singh, D., Sharma, D., Soni, S. L., Sharma, S., Sharma, P. K., & Jhalani, A. (2019b). A review on feed stocks,
production processes, and yield for diferente generations of biodiesel. Fuel, 262, 116553 https://doi.org/
10.1016/j.fuel.2019.116553
Srivastava, N., & Gaurav, K. (2019). Biodiesel and its production: renewable source of energy. Journal of
Biochemical Tecnology, 10(3), 1-10.
Suri, K., Singh, B., Kaur, A., Yadav, M. P., Singh, N. (2019). Impact of infrared and dry air roasting on the
oxidative stability, fatty acid composition, Maillard reaction products and other chemical properties of black
cumin (Nigella sativa L.) seed oil. Food Chemistry, 295, 537-547. https://doi.org/10.1016/j.foodchem.
2019.05.140
Uzunova, G., Nikolova, K., Perifanova, M., Gentscheva, G., Marudova, M., & Antova, G. (2016).
Physicochemical characterization of chia (Salviahispanica) seed oil from Argentina. Bulgarian Chemical
Communications, 48(Special Issue G), 131-135.
Vasconcelos, B., Teixeira, J. C., Dragone, G., & Teixeira, J. A. (2019). Oleaginous yeasts for sustainable lipid
production-from biodiesel to surf boards, a wide range of “green” applications. Applied Microbiology and
Biotechnology, 103, 3651-3667. https://doi.org/10.1007/s00253-019-09742-x
Vásquez-Ocmín, P. G., Alvarado, L. F., Solís, V. S., Torres, R. P., & Mancini-Filho, J. (2010). Chemical
characterization and oxidative stability of the oils from three morphotypes of Mauritia flexuosa L. f, from
the Peruvian Amazon. Grasas y Aceites, 61, 390-397. https://doi.org/10.3989/gya.010110
Vidrih, R., Vidakovič, S., & Abramovič, H. (2010). Biochemical parameters and oxidative resistance to thermal
treatment of refined and unrefined vegetable edible oils. Czech Journal of Food Science, 28(5), 376-384.
https://doi.org/10.17221/202/2008-CJFS

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

100

