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ABSTRACT

This study compared the physicochemical characteristics of peanut oil
considering different varieties and extraction methods. A factorial experimental
design was used with factors A (peanut varieties: INIAP 380 Negra, INIAP
381 Rosa, and INIAP 382 Caramelo) and B (extraction methods: Soxhlet, hot
pressing, and cold pressing). The Soxhlet method yielded the highest percentage
(37.33%). The INIAP 380 (Negra) variety, extracted using Soxhlet, showed the
best quality in terms of acidity (0.34%), ash (0.16-0.27%), impurities (0.01%),
and peroxide value (3.00 meqO,/kg). No significant differences were found in
pH (3.58-4.55) ordensity (0.91-0.92 g/cm?®) among the study factors. Regarding
chemical properties, cold and hot-pressing methods stood out in saponification
value (190.61 and 190.27 mg KOH/g, respectively) and acid value (14.99 and
11.63 mg/g). The INIAP 381 (Pink) variety, obtained using Soxhlet extraction,
presented the highest iodine value (114.28 cg/g) and a cyanide content of 0.76
ppm. In conclusion, the INIAP 380 (Black) variety, extracted using Soxhlet
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extraction, showed the best yield and oil quality, while the pressing methods
favored higher saponification values, demonstrating the influence of the variety
and extraction method on the physicochemical properties of peanut oil.

KEYWORDS: Lipid profile, groundnut, genotype, mechanical extraction, hydro-
cyanic compounds.

CARACTERIZACION FISICOQUIMICA DEL ACEITE DE
MANI (Arachis hypogaea L.) CONSIDERANDO DISTINTAS
VARIEDADES GENETICAS Y METODOS DE EXTRACCION

RESUMEN

Este estudio compar6 las caracteristicas fisicoquimicas del aceite de mani
considerando distintas variedades y métodos de extraccion. Se utiliz6 un
disefio experimental factorial con los factores A (variedades de mani: INIAP
380 Negra, INIAP 381 Rosa e INIAP 382 Caramelo) y B (métodos de extraccion:
Soxhlet, prensado en caliente y prensado en frio). El método Soxhlet obtuvo el
mayor rendimiento (37,33 %). La variedad INIAP 380 (Negra) con extraccién
Soxhlet mostr6 la mejor calidad en términos de acidez (0,34 %), cenizas
(0,16-0,27 %), impurezas (0,01 %) e indice de perédxidos (3,00 meqO,/kg).
No se encontraron diferencias significativas en el pH (3,58-4,55) ni en la
densidad (0,91-0,92 g/cm?) entre los factores de estudio. En cuanto a las
propiedades quimicas, el prensado en frio y en caliente sobresalié en indice
de saponificacion (190,61 y 190,27 mg KOH/g, respectivamente) e indice de
acidez (14,99 y 11,63 mg/g). La variedad INIAP 381 (Rosa) obtenida mediante
Soxhlet present6 el mayor indice de yodo (114,28 cg/g) y un contenido de
cianuro de 0,76 ppm. En conclusion, la variedad INIAP 380 (Negra) extraida
mediante Soxhlet present6 el mejor rendimiento y calidad del aceite, mientras
que los métodos de prensado favorecieron mayores indices de saponificacion,
evidenciando la influencia de la variedad y del método de extraccion sobre las
propiedades fisicoquimicas del aceite de mani.

PALABRAS CLAVE: Perfil lipidico, cacahuete, genotipo, extraccion mecanica,
compuestos cianhidricos.
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INTRODUCTION

The global production and consumption
of major edible oils have shown continuous
annual growth (Taha et al, 2019). Among these,
palm, soybean, and canola oils remain the three
most consumed oils worldwide. Currently, glo-
bal production of edible vegetable oils reaches
approximately 200 million tons and is projected
to increase by more than 40 million tons by 2025
(Siddeegc & Xia, 2015).

Peanut (Arachis hypogaea L.), also known as
groundnut and a member of the Leguminosae
family, is cultivated in various tropical and sub-
tropical regions including South America, Africa,
and Asia (Wang et al., 2022). Its importance has
grown considerably due to its nutritional value
and its contribution to the vegetable oil industry
(Lakhlifietal,2022). Peanuts are anotable source
of oil (approximately 50%), protein (25%), and
dietary fiber (9%) (Chouaibi et al, 2019; Codex
Alimentarius Commission, 2019). They also con-
tain high levels of oleic acid, a monounsaturated
fat beneficial for cardiovascular health, which
enhances the oil's oxidative stability and shelf life
(Lafont et al, 2011).

Globally, peanuts rank as the fourth most
important oilseed crop, with an annual produc-
tion of around 43.98 million tons (Kruatian et
al., 2013). About one-third of this output is used
for oil extraction, while the rest is processed for
food applications (Bravo et al., 2018). The rising
demand for peanut oil, estimated between 100
and 500 tons annually, has heightened interest in
its processing and quality evaluation (European
Food Safety Authority, 2019). To ensure product
quality and shelf life, physical-chemical para-
meters such as acidity and peroxide value are
routinely assessed (Tahir et al., 2024).

In Ecuador, peanut cultivation is mainly con-
centrated in the provinces of Manabi, El Oro, Loja,
and Guayas, covering between 10,000 and 15,000

Vol. 34 (2) 2025. 34841

- Physicochemical characterization of peanut oil (Arachis hypogaea L.) considering different
ﬂmnzonlcu genetic varieties and extraction methods

hectares and yielding an average of 800 kg per
hectare. However, this production is insufficient
to meet domestic demand, impacting industries
such as edible oils, confectionery, and vegeta-
ble fats (Waszkowiak et al,, 2015). The growing
popularity of peanut oil in the country is driven
by its nutritional benefits, positioning it as a heal-
thy alternative to palm and olive oils (Gémez et
al, 2015; Tabio et al,, 2021).

Peanut oil is valued for its pale yellow color,
distinctive aroma, and characteristic flavor,
making it recognizable in the market. In consu-
ming countries, it is primarily used for cooking
and frying (Ferrer et al, 2020). Various extrac-
tion methods influence the oil’s quality, including
solvent extraction, cold and hot pressing, and
modern techniques such as microwave or ultra-
sound-assisted extraction (Montero, 2020). Each
method affects the oil’s nutritional and sensory
attributes as well as its stability. Cold pressing
better preserves heat-sensitive compounds and
quality, while hot pressing may increase yield but
potentially degrade some beneficial components
(Gémez et al., 2016; Fajardo et al., 2022).

Therefore, the objective of this study was to
comparatively analyze the physicochemical cha-
racteristics of peanut (Arachis hypogaea L.) oil,
considering both genetic varieties and extraction
methods. This analysis aimed to identify the opti-
mal extraction method for maximizing oil quality
and to provide valuable insights for producers
and the food industry.

MATERIALS AND METHODS

RAW MATERIAL

The raw material consisted of cultivating peanut
seeds from the varieties INIAP 380 (Black),
INIAP 381 (Pink), and INIAP 382 (Caramel) in an
area of 200 m?. The process included all agrono-
mic activities from planting to harvest, such as
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soil preparation, planting, fertilizer application,
pest and disease control, weed management,
and harvesting. Both the cultivation and the
corresponding analyzes were conducted at the
University of the Armed Forces "ESPE" Santo
Domingo campus, located at geographic coordi-
nates latitude 00° 24' 36" and longitude 79° 18’
43" at an altitude of 270 meters above sea level.

SAMPLE PREPARATION

The samples were visually inspected to elimi-
nate those in poor condition and to remove any
impurities.

EXTRACTION USING THE SOXHLET METHOD

The oil extraction was performed by placing 3
grams of dried, ground samples into the Soxhlet
extractor. The system’s liquid solvent recircula-
tion allowed for the separation of solid and liquid
phases, using petroleum ether (250 ml) at a tem-
perature of 50°C (Zurita-Santillan et al., 2021).

EXTRACTION BY HOT PRESSING

The dried seeds were subjected to a water
bath until reaching a temperature of 80°C.
Subsequently, a cloth was used, and with the
help of a hydraulic press, the oil contained in
the peanut seeds was extracted (Carrasco-Calvo
1995).

EXTRACTION BY COLD PRESSING

The samples were stored at -15 °C for 24 hours.
After this period, a hydraulic press was used with
a pressure of 246-250 bar, applying a tempe-
rature of 45 °C for 45 minutes. The oil from the
seeds was collected in stainless steel trays and
finally filtered through a sieve (Prestes et al,
2023).
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PEANUT OIL YIELD

The amount of oil extracted was evaluated in milli-
liters per kilogram of peanut seed. To determine
the yield, the formula used by Salvador-Badui
(1997) was applied:

R=mOil/mSeed*100
Where:
R=Yield
m Oil= Quantity of oil obtained (g)
m Seed= Quantity of seed fed (g).

EVALUATION OF PHYSICAL AND CHEMICAL
CHARACTERISTICS

The parameters of acidity, density, ash, moisture,
pH, peroxide value, and impurities were deter-
mined according to the procedures established
in various Ecuadorian Technical Standards
NTE INEN. Acidity was determined by titration
(Ecuadorian Institute of Standardization [INEN],
1978), density using a pycnometer (Ecuadorian
Institute of Standardization [INEN], 2012),
moisture content by the loss on drying method,
pH using a potentiometer (Cruz & Melendez-
Zepeda, 2004), and ash based on AOAC 923.03/
Gravimetry method. The peroxide value was
measured by weighing 5 g of sample in a stoppe-
red Erlenmeyer flask (250 cm?®) (Ecuadorian
Institute of Standardization [INEN], 1978).
Impurities were assessed using a centrifuge; 5 ml
of samples were placed in a centrifuge and cen-
trifuged for 5 minutes at 3000 rpm (Ecuadorian
Institute of Standardization [INEN], 2002).

DETERMINATION OF CHEMICAL PROPERTIES

To determine the Saponification Index, 4-5 g of
oil were subjected to a 0.5 N alcoholic potassium
hydroxide solution in a water bath. For the lodine
Index, 15 g of oil were used (Ecuadorian Institute
of Standardization [INEN], 2013). The cyanide
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test was carried out according to the method esta-
blished by Nava et al,, (2007). Finally, for the Acidity
Index, 50 g of oil were dissolved in 100 ml of alcohol,
as described in reference (Ecuadorian Institute of
Standardization [INEN], 1878).

STATISTICAL ANALYSIS

For this study, a completely randomized block
design with an A*B factorial arrangement was
used, where factor A = peanut varieties (INIAP
380 Black; INIAP 382 Pink; INIAP 382 Caramel)
and factor B = extraction methods (Soxhlet
method; Hot pressing; Cold pressing). This resul-
ted in 9treatments with 3 replicates of 1 kg each.
Statistical differences were measured using
the Tukey test (P<0.05) with InfoStat software.
Treatment combinations are summarized in
Table 1.

RESULTS AND DISCUSSION

YIELD OF PEANUT OIL (Arachis hypogaea L)
Figure 1 illustrates that the Soxhlet extrac-

tion method resulted in a higher oil yield across

the three peanut varieties, with the INIAP 382
(Caramelo) variety achieving the highest yield
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at 37.33 %. In contrast, the hot-pressing method
produced lower yields, with the INIAP 382
(Caramelo) variety showing the lowest yield
at 20,58 %. These findings confirm the effi-
ciency of the Soxhlet method for oil extraction,
aligning with previous studies that reported a
36.19 % yield for peanut oil using this technique
(Valdiviezo et al, 2019). Furthermore, research
by Pereira-Braga et al. (2024) has shown that in
other oilseed species, such as Citrullus lanatus,
the cold-pressing method achieved a higher oil
yield.

PHYSICOCHEMICAL CHARACTERISTICS OF
PEANUT OIL

Table 2 presents the results of the physico-
chemical analysis of peanut oils extracted from
different varieties and by various methods.
Statistically significant differences (p<0.05)
were observed in acidity, moisture content, and
density. In contrast, the pH, ash content, impuri-
ties, and peroxide values showed no significant
variation across the tested varieties or extraction
methods.

The highest acidity level (6.03 %) was found in
the oil extracted by cold pressing from the INIAP
381 (Negro) variety, suggesting substantial oil

Table 1. Treatments to compare in the peanut oil extraction study
considering three varieties and three extraction methods.

Treatment Description
T1 INIAP 380 (Negro) + Soxhlet
T2 INIAP 380 (Negro) + Hot pressing
T3 INIAP 380 (Negro) + Cold pressed
T4 INIAP 381 (ROsita) + Soxhlet
T5 INIAP 381 (Rosita) + Hot pressing
T6 INIAP 381 (Rosita) + Cold pressed
T7 INIAP 382 (Caramelo) + Soxhlet
T8 INIAP 382 (Rosita) + Hot pressing
T9 INIAP 382 (Caramelo) + Cold pressed
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Figure 1. Yield of Arachis hypogaea L. oil considering different varieties and extraction methods.

degradation during processing. Conversely, the
lowest acidity (0.34 %) was observed in the
Soxhlet-extracted oil from the INIAP 380 (Negro)
variety, indicating a lower level of hydrolysis.
These findings align with prior studies sug-
gesting that cold and hot pressing can elevate
titratable acidity due to exposure to high tem-
peratures and mechanical stress, while Soxhlet
extraction typically yields oils with lower acidity
(Reboredo-Rodriguez et al.,, 2016; Le6n-Mendoza
et al, 2021). Since acidity is a key indicator of oil
degradation, lower values reflect greater oxi-
dative and hydrolytic stability (Martinez et al,
2023).

Regarding moisture content, the oil obtained
by hot pressing from the INIAP 382 (Caramelo)
variety exhibited the highest moisture level (0.21
%), while the cold-pressed oil from the same
variety presented the lowest value (0.08 %).
These results suggest that hot pressing may allow
slightly more moisture retention, potentially
affecting shelf life and susceptibility to rancidity.
For comparison, Bonku and Yu (2020) reported
a moisture content of 0.17 % in cold-pressed

Vol. 34 (2) 2025. 34841

cashew oil, which falls between the values found
in this study. Elevated moisture levels are associa-
ted with an increased risk of hydrolytic rancidity
and reduced oil stability (Pereira-Braga et al,
2024).

The pH values of the analyzed oils ranged from
3.58 to 4.55, showing no significant influence
from either the extraction method or peanut
variety. These values fall within the acceptable
range for edible oils and indicate adequate sta-
bility. Similar pH levels have been reported in
previous studies, such as cashew oil with a pH of
5.50 (Mingrou et al, 2022) and peanut oil with a
pH range of 4.9-5.3 (Ibanez-Jacome et al., 2018),
although these were slightly higher than those
observed in the present study.

The oil density varied only slightly, between
0.91 and 0.92 g/cm?® indicating high consis-
tency between treatments. These variations can
be attributed to differences in non-lipid compo-
nents, such as volatile compounds or residual
matter. These results are consistent with pre-
viously reported values for peanut oil, which
have determined values of 0.91 g/cm® (Pons,
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Table 2. Physicochemical properties of peanut oils obtained from different peanut varieties and extraction

methods.
—_ —_ \N
g & 5 ~ & Q
- o r == & 2 223
Treatments = =] S £ £ - ¥ 0 ED
2 2 g v @ 3 o X
g 2 g < g 23
2 a = £
INIAP 380 (Negro) + Soxhlet 0344 0158%D 4554 09268 0.27 A 0.024 3.004
INIAP 380 (Negro) + Hot pressing 1718 01378 4194 (0927 (0374 0.08* 15334
INIAP 380 (Negro) + Cold pressed 129¢ 0137 4024 0917 04348 0114 12.00#
INIAP 381 (Rosita) + Soxhlet 1718 01378 419~ (0924 (0377 0.08* 15334
INIAP 381 (Rosita) + Hot pressing 139¢ 0104 3584 0914 016+ 0017 9.40 A
INIAP 381 (Rosita) + Cold pressed 6.03¢ 0.168P 3854 (09178 0678 0.074 8.004
INIAP 382 (Caramelo) + Soxhlet 0718 018 428~ (091%8 0.204 0.014 9.204
INIAP 382 (Rosita) + Hot pressing 584F 0.21° 3884 09248 0.204 0104 16.00 A
INIAP 382 (Caramelo) + Cold pressed  1.85F  0.08% 4.02% 0914 0347 0.04*4 4004
INIAP 380 (Negro) + Soxhlet 150P 0137 3984 (09178 0.234 0.094 4134

A-G statistically significant using Tukey's test (p<0.05).

2015) and 0.95 g/cm? in edible oils (Siddeegc &
Xia, 2015). This supports the idea that the extrac-
tion method has a minimal influence on this
parameter.

The ash content, which reflects the mineral
composition of the oils, was highest in the cold-
-pressed oil of the INIAP 381 (Rosita) variety, at
0.67%, and lowest in the hot-pressed oil of the
same variety, at 0.16 %. These results suggest
that cold pressing may retain a higher proportion
of minerals. However, all ash content values were
lower than those reported for Plukenetia volu-
bilis o0il (2.90 %), as noted by Bai et al. (2021).
Pereira-Braga et al. (2024) also observed that
mineral content in oils is particularly sensitive
to the extraction method, with cold-pressed oils
typically presenting higher levels.

Impurities, which affect oil purity and qua-
lity, ranged from 0.01 % to 0,11 %. The cleanest
samples were those of hot-pressed and Soxhlet-
pressed oils from INIAP 381 (Rosita) and INIAP
382 (Caramelo) varieties (0.01 %), while the
highestlevel of impurities (0.11 %) was observed

Vol. 34 (2) 2025. 34841

in the cold-pressed oil of INIAP 380 (Negro). The
high level of impurities in cold-pressed oils could
be due to less effective mechanical filtration. Even
so, all impurity levels remained within accepta-
ble limits and were lower than those previously
reported for cold-pressed Annona crassiflora oils,
which determined a value of 0.79 % (Pasupuleti
et al, 2013; Pereira-Braga et al., 2024).

The peroxide index, which measures the
degree of primary oxidation, ranged widely
across treatments. The highest value (16.00 meq
0,/kg) was found in the hot-pressed oil from the
INIAP 382 (Rosita) variety, while the lowest (3.00
meq 0,/kg) occurred in the Soxhlet-extracted oil
from INIAP 380 (Negro). These results indicate
greater oxidative stability in oils extracted via
Soxhlet, consistent with the reduced exposure
to oxygen and heat during this method. Peroxide
values below 5 meq 0,/kg are generally indi-
cative of fresh oil (Ledn-Sanchez et al, 2022),
while values above this threshold may reflect
early-stage oxidation. Crude peanut oils obtained
through cold pressing typically show peroxide
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values ranging from 0.35 to 1,99 meq 0,/kg, fur-
ther emphasizing the stability benefits of Soxhlet
extraction (Oubannin et al,, 2024).

CHEMICAL PROPERTIES OF PEANUT OIL
(Arachis hypogaea |.) CONSIDERING THREE
VARIETIES AND THREE  EXTRACTION
METHODS

Figure 2A shows the saponification index of
oils extracted from different peanut varieties
using various methods. The results reveal that
pressing, both hot (INIAP 381: 190.27 mg KOH/g)
and cold (INIAP 382: 190.61 mg KOH/g), yields
oils with a higher saponification index compa-
red to the Soxhlet method (INIAP 380: 79.40 mg
KOH/g). This suggests that pressing techniques
extract a greater proportion of free fatty acids,
resulting in oils with increased saponification
capacity. However, no statistically significant
differences were observed among the peanut
varieties analyzed. These findings are consistent
with those reported by Rivera et al. (2022), who
investigated the impact of extraction methods
on the quality of Brassica napus and Linum usi-
tatissimum oils, noting saponification indices
of 194.25-199.98 mg/g for pressing and lower
values (173.21-178.60 mg/g) for Soxhlet extrac-
tion. Additionally, the typical saponification index
range for peanut oil, as reported by Variath and
Janila (2017) and Jacome-Calie et al. (2023), is
between 186.20 and 187.80 mg KOH/g.

Figure 2B presents the acidity index values,
showing that the highest acidity was found in
oil from the INIAP 380 (Negro) variety obtai-
ned through hot pressing (14.99 mg KOH/g). In
contrast, oils extracted via Soxhlet exhibited sig-
nificantly lower acidity values, specifically 0.68
mg KOH/g for INIAP 380 (Negro) and 1.42 mg
KOH/g for INIAP 382 (Caramelo). These results
indicate that hot pressing substantially increa-
ses the acidity index, regardless of variety. This
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increase is attributed to the elevated tempera-
tures and prolonged extraction times applied
to the seeds (Reboredo-Rodriguez et al.,, 2016).
Similarly, Valdiviezo et al. (2019) reported that
hot pressing of Virginia and Valencia peanut
varieties resulted in significantly higher acidity
values (11.81 and 14.80 mg KOH/g, respectively)
compared to Soxhlet extraction (0.81 and 0.80
mg KOH/g). Nonetheless, despite the elevated
acidity in oils obtained through pressing, all sam-
ples from INIAP 380 (Negro), INIAP 382 (Rosita),
and INIAP 382 (Caramelo) remained within the
Codex Alimentarius limit of 4 mg KOH/g for vir-
gin vegetable oils (Hussain et al., 2015).

Figure 2C displays the iodine index values,
indicating that both peanut variety and extrac-
tion method significantly affect this parameter.
The Soxhlet method yielded the highest iodine
index, with a peak value of 114.28 cg/g for the
INIAP 381 (Rosita) variety. In contrast, oils
extracted via hot and cold pressing showed lower
values, ranging from 76.53 to 82.10 cg/g for hot
pressing, and from 77.67 to 111.24 cg/g for cold
pressing. The elevated iodine values associated
with Soxhlet extraction may be due to the more
efficient recovery of unsaturated fatty acids
(Delgado et al, 2010). Despite these variations,
all values for oils obtained via pressing fell within
the Codex Alimentarius acceptable range of 86
to 107 cg/g (Hussain et al, 2015). Comparable
iodine indices between 97.22 and 99.50 cg/g
have also been reported in other peanut varieties
(Martinez et al., 2023). According to standard
classifications, oils can be categorized as drying
(140 to 210 cg/g), semi-drying (100 to 140
cg/g), or non-drying (less than 100 cg/g), which
informs their suitability for specific applications
in the agro-food industry (Bonku and Yu, 2020).

Figure 2D summarizes the cyanide content,
highlighting a significant effect of the extraction
method (p < 0.05). The Soxhlet method produ-
ced the highest cyanide levels, with a maximum
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Figure 2. Chemical parameters of Arachis hypogaea L. oil considering different varieties and extraction
methods. a) Saponification Index (mg KOH/qg), b): Acidity Index (mg/g), ¢): lodine Index (cg/g), and d): Cyanide
(Ppm).

of 0.76 ppm for the INIAP 381 (Rosita) variety.
In contrast, hot and cold pressing yielded slightly
lower cyanide concentrations, ranging from 0.48
to 0.56 ppm and from 0.52 to 0.72 ppm, respec-
tively. The influence of the extraction method
on cyanide content has been documented in
Linum usitatissimum, where aqueous extraction
reduced cyanogenic glycosides by 96 percent,
resulting in 0.56 to 0.62 mmol/g, while ethanol-
-based methods produced much higher levels
(71 to 89 mmol/g) (Adesipe-Olugbemi et al,
2019). Moreover, pre-extraction seed conditio-
ning, such as grinding, has been shown to further
reduce cyanide levels (Abedinzadeh et al., 2024).
It is also important to consider regulatory limits;
according to EU Regulation 2022 /1364, human

Vol. 34 (2) 2025. e34841

exposure to cyanide below the acute reference
dose of 20 micrograms per kilogram of body wei-
ght is not considered to pose an acute health risk
(Martinez-Sanchez, 2015).

CONCLUSIONS

The results obtained show that the physico-
chemical characteristics of peanut oil (Arachis
hypogaea L.) are significantly influenced by the
extraction method and, to a lesser extent, by the
variety used. Statistically significant differences
(p<0.05) were observed in oil acidity, moisture
and density, while parameters such as pH, ash
content, impurities and peroxide index did not
show significant variations between treatments.
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The oils extracted by Soxhlet showed the lowest
values of acidity and peroxides, indicating grea-
ter stability against oxidation and hydrolysis. On
the other hand, cold pressing generated oils with
higher levels of acidity and impurities, especially
in the INIAP 381 (Rosita) variety. In terms of
chemical parameters, the saponification indexes
were higher in the oils obtained by pressing,
while the highest values of iodine and cyanide
index were found in the oils extracted by Soxhlet.
These findings show that the choice of extrac-
tion method has a direct impact on the quality
and chemical composition of peanut oil, which
is decisive for its stability, shelf life and possible
industrial or food applications.
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