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SUMMARY: This study aims to extract sunflower oil using a new hydrostatic pressing system that can operate under different pressures
and extraction times. The extraction process was conducted with a press of 50,000 psi (344.74 MPa) capacity. Three different extraction
times: 2, 4, and 8 hours, and three different pressures: 10,000, 20,000, and 30,000 psi (68.95, 137.89, 206.84 MPa) were tested. A custom
reactor was developed for use with the hydrostatic press. The yield, calculated as the ratio of the mass of the obtained oil to the mass of
the grain or seed used, and various properties of the oil obtained through hydrostatic pressing were determined. The results show that
the yield of vegetable oil increases with both higher pressure and longer extraction times. The maximum oil yield achieved was 45.17%
when using 30,000 psi (206.84 MPa) pressure and an 8-hour extraction time. Under these optimal conditions, the oil properties were as
follows: an acid value of 0.8 mg KOH/g, a density of 900.7 kg/m?, and a kinematic viscosity of 47.4 mm?/s.
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RESUMEN: Obtencion de aceite de girasol mediante un nuevo dispositivo y sistema de extraccion usando prensado hidrostatico.
Este trabajo tiene como objetivo obtener aceite de girasol mediante un nuevo sistema de extraccion por prensado hidrostatico que puede
operar bajo diferentes presiones y tiempos de extraccion. La extraccion se realizo utilizando una prensa con una capacidad de 50.000 psi
(344,74 MPa). Se emplearon tres tiempos de extraccion: 2, 4 y 8 horas y tres presiones: 10.000, 20.000 y 30.000 psi (68,95, 137,89 y
206,84 MPa). Se desarroll6 un reactor especifico para su uso en la prensa hidrostatica. Se determinaron los rendimientos, calculados
como la relacion entre la masa del aceite obtenido, y la masa de los granos o semillas utilizados y algunas propiedades de los aceites
obtenidos mediante este método. Los resultados muestran que el rendimiento del aceite vegetal aumenta con la presion y el tiempo
de extraccion. El rendimiento maximo alcanzado fue del 45,17% al utilizar 30.000 psi (206,84 MPa) y un tiempo de extraccion de 8
horas. Bajo estas condiciones Optimas, las propiedades del aceite fueron las siguientes: indice de acidez de 0,8 mg KOH/g, densidad de
900,7 kg/m?* y viscosidad cinematica de 47,4 mm?/s.

PALABRAS CLAVE: Aceite de girasol; Caracterizacion fisicoquimica,; Prensado hidrostatico; Produccion; Reactor de prensa.
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1. INTRODUCTION Vegetable oils can be extracted using conven-
tional methods such as cold pressing and solvent
extraction. Cold pressing yields a higher-quality oil,
though it produces lower quantities. This method
allows the oil to be used directly, as there are no con-

taminants in the pressing process, and it is consid-

Vegetable oils are extracted from the seeds, fruits,
or grains of plants. Used for thousands of years, these
oils serve a variety of purposes, including culinary
uses, skincare, and hair care, as well as being a raw

material for biodiesel production. They are crucial
for the body’s proper functioning and are an excel-
lent source of essential fatty acids, vitamins, and
other nutrients. The market offers a wide range of
vegetable oils, each with its own unique properties.

ered more sustainable.

On the other hand, solvent extraction is gener-
ally more cost-effective but can have environmental
and health impacts depending on the type of solvent
used.
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Other methods for extracting vegetable oils
include supercritical CO, extraction (Mitra et al.,
2009), aqueous enzymatic processing (Rosenthal et
al., 1996), microwave extraction (Jiao et al., 2014),
ultrasound extraction (Long ef al., 2011), high-pres-
sure extraction (Gros et al., 2003), and extrusion
(Jung and Mahfuz, 2009).

Processes that improve extractability are pre-treat-
ment or preparatory steps aimed at enhancing the
efficiency of the extraction process. Their goal is to
modify the raw material to facilitate the extraction of
valuable compounds. Examples include mechanical
pre-treatments, thermal treatments, enzymatic treat-
ments, and solvent pre-treatment.

Purely extractive processes, on the other hand,
focus directly on isolating the desired compounds
from the raw material. These processes do not
involve any preparatory steps to modify the mate-
rial but instead aim to extract the target substances as
efficiently as possible. Examples include cold press-
ing or mechanical pressing, solvent extraction, and
supercritical fluid extraction.

The sunflower (Helianthus annuus L.) seed is
rich in highly nutritious oil, making it a significant
oilseed (Gupta and Das, 2000). Sunflower oil con-
tains mainly omega-6, and -9 fatty acids, vitamin
E, and possesses anti-inflammatory and antioxi-
dant properties. In addition. sunflower oil contains
tocopherols and sterols, which are important com-
pounds that contribute significantly to its health ben-
efits (Nakonechna et al., 2024). Sunflower oil has
been shown to offer cardiovascular benefits. In phar-
macy, it is used to treat cholesterol issues and athero-
sclerosis (Devi et al., 2010). For cosmetic purposes,
sunflower oil is beneficial for moisturizing the skin,
treating acne, and preventing hair loss and thinning.
Sunflower oil is widely used in cooking, cosmetics,
and other applications (Moigradean et al., 2014).

The following methods for obtaining sunflower
oil are discussed:

Sunflower crude oil was produced using hot press-
ing, cold pressing, and solvent extraction. The values
of the quality parameters varied depending on the oil
processing method. Specifically, the acid value of the
crude sunflower oil obtained by cold pressing was
lower than that of the oil obtained by hot pressing.
Additionally, the saponification value increased from
crude sunflower oil obtained by cold pressing to that
obtained by extraction. These results suggest that cold

pressing is a superior method compared to hot press-
ing and solvent extraction. (Moigradean ef al., 2014).

Sunflower oil was extracted using various
enzymes, and its quality was compared with that
obtained through conventional solvent and press-
ing methods, focusing on tocopherol and phytos-
terol contents as well as antioxidant capacity. The
use of enzymes in the extraction process results in
high-quality oil and represents an environmentally
friendly methodology (Ribeiro et al., 2016). In enzy-
matic oil extraction, various enzymes are used to
break down the cellular structures of the raw mate-
rial, allowing for more efficient oil release. These
enzymes target complex components such as pro-
teins, fibers, and polysaccharides that make up the
cell walls and membranes of plant cells. Some of the
key enzymes used in the extraction process include
cellulases, pectinases, lipases, and hemicellulases.

A sunflower oil yield of 26.72% was obtained
using a vertical press with a piston extraction method.
The extraction parameters were a piston speed of
2 mm/min, a maximum force of 100 kN, and tem-
perature of 30 °C. Hydraulic extraction is influenced
by several factors, with the most important being
the type of oilseed material, pressing time, and
temperature (lonescu et al., 2016).

The oil yield is calculated as the ratio of the mass of
the obtained oil to the mass of the grain or seed used.

A sunflower oil yield of 21.35% was obtained
using hexane as solvent in a bath extractor at a tem-
perature of 50 °C (Pérez et al., 2019).

A sunflower oil yield of 41% was achieved using
the mechanical pressing extraction method. This
result suggests that sunflower seed oil is better suited
for consumption as food rather than for industrial
applications (Oguche, 2021).

In this research, a new method for extracting
vegetable oil using a hydrostatic press was devel-
oped. The extraction was performed with a press
of 50,000 psi capacity. Three extraction times (2, 4,
and 8 hours) and three pressures: 10,000 psi (68.95
MPa), 20,000 psi (137.89 MPa), and 30,000 psi
(206.84 MPa) were employed. A specialized reactor
for use in the hydrostatic press was also developed.
Oils were extracted from various raw materials, with
the results for sunflower seeds presented in this arti-
cle. This new method provides high-quality oil and
is environmentally friendly, leaving no toxic solvent
residues (dos Santos, 2023; dos Santos et al., 2024).
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2. MATERIALS AND METHODS
2.1. The extraction system

A device (Figure 1) was developed for extracting
vegetable oils using a hydrostatic pressurization sys-
tem. This device can operate with extraction times
similar to those of other presses, but it offers greater
forces and pressures, enhancing safety and improv-
ing yield.

Given that the device operates under hydrostatic
pressure, it was crucial to select a material resistant
to both environmental conditions and the fluid used,
which is water. The chosen material was 316L stain-
less steel, which can withstand both the water and
the applied pressure of up to 30,000 psi.

The hydrostatic pressing system for extracting
vegetable oil, developed in this research, consists of
the following components:

* A hydropneumatic pump with a pressurization
capacity of up to 50,000 psi (344.74 MPa).

* A stainless steel pressure gauge.

* Needle valves for hydropneumatic pump block
and pressure drain.

A ball valve for pump air block.

* An air regulator for system pressure regulation.

» A pressure transmitter to monitor pressure and
extraction time.

» The extraction device, which includes a locking
nut, sealing pin, body (28 mm in diameter and
200 mm in length), and extraction cylinder (dos
Santos, 2023; dos Santos ef al., 2024).
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The diagram in Figure 1 illustrates the system
arrangement. The extraction device (10), where the
raw material is stored, is connected to a pressure
transmitter (9), a needle valve (5), and a hydropneu-
matic pump (4).

The pressure transmitter (9) controls both the
pressure and extraction time in the extraction device
(10), based on the parameters previously defined by
the user. Monitoring occurs during system operation,
as pressure is applied, with the help of the installed
instrumentation. Once the extraction time is com-
pleted, the needle valve (5), located at the outlet of
the extraction device (10), is opened, allowing the
extracted oil to drain into a collection container.

2.2. Extraction of vegetable oil by hydrostatic
pressing

The extraction of vegetable oil from sunflower
seeds was achieved using a hydrostatic pressing sys-
tem with a working pressure capacity of 50,000 psi
(344.74 MPa). The system includes a hydrostatic test
unit and an extraction device made from 316L stain-
less steel. The device is fully dismountable, which
facilitates handling, cleaning, and maintenance of
the sealing system after the extraction and removal
of the oil (dos Santos, 2023; dos Santos et al., 2024).

The sunflower seeds used for vegetable oil
extraction were purchased from the local market.

The first step in the hydrostatic pressing extraction
experiments was to select and weigh the grain and
seed, which were manually shelled and then oven-
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FiGurk 1. Diagram of the oil extraction system: air regulator (1); pressure gauge (2); ball valve (3); hydropneumatic pump (4);
needle valves (5); test pressure gauge (6); reservoir (7); Y-strainer (8); pressure transmitter (9); extraction device (10).
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dried at 60 °C. This preparation aimed to facilitate
the extraction process by reducing extraction time,
minimizing cake residue, and maximizing oil yield.

The sunflower seeds were weighed and placed in
a stainless steel reactor, which was then connected
to the hydrostatic test unit. A pressure of 10,000 psi
was applied for 2 hours. The crude oil collected was
weighed and stored in a closed amber bottle at room
temperature.

The test was repeated twice using the same
amount of raw material, with pressures of 20,000
psi (137.89 MPa) and 30,000 psi (206.84 MPa). The
extraction was conducted under the following condi-
tions: pressures of 10,000 psi (68.95 MPa), 20,000 psi
(137.89 MPa), and 30,000 psi (206.84 MPa) for dura-
tions of 2, 4 and 8 hours. All steps were performed
at room temperature to compare the oil yield under
these varying conditions.

2.3. Determination of Yield and Oil Characterization

2.3.1. Oil yield

Oil yield refers to the amount of oil extracted
from a specific quantity of raw material (such as
seed or grain). The purpose is to assess the efficiency
of the extraction process, i.e., how much oil can be
obtained from the raw material. The mass of the oil is
measured immediately after extraction and filtration
using a scale. The oil yield is then calculated as the
ratio of the mass of the extracted oil to the mass of
the raw material used, and is typically expressed as a
ratio or percentage.

To determine the oil yield after filtration, the
crude oil was filtered using filter paper.

2.3.2. Acid value

The acid value is an important parameter for
determining whether oil is suitable for edible or
industrial purposes. For edible uses, the acid value
should not exceed 4 mg KOH/g (Amoo et al., 2004).
High acid values indicate a high content of free fatty
acids, which can cause the oil to turn sour (Moi-
gradean et al., 2014).

The oil acid value is determined using Equation
1 (ISO 660):

VxCx56.11
m

AV = (1)

Where:

AV is the acid value (mg KOH/g);

V' is the volume of KOH used in the sample titration
(mL);

C'is the molar concentration of KOH solution (mol/L);
m is the mass sample (g).

2.3.3. Density

Density is a crucial property of fluids, used in
developing correlation equations and equations of
state. Fluid density values are important for the cus-
tody transfer of fluids, as well as other applications
(dos Santos Junior et al., 2022).

The density was determined using a pycnometer
(ISO 3507). The pycnometer was initially washed
with neutral detergent, then rinsed with petroleum
ether, and dried in an oven at 105 °C for approxi-
mately 30 minutes. It was then filled with deion-
ized water and placed in a thermostatic bath until
the water temperature reached 20 °C, as measured
by a thermometer. Once the temperature was stabi-
lized, the pycnometer was removed from the bath
and its external surface was carefully dried with a
paper towel. Finally, the pycnometer was weighed
on a digital scale. By knowing the density of water at
20 °C, the true volume of the pycnometer was deter-
mined.

The pycnometer was washed between each sun-
flower oil analysis in the same manner as during cali-
bration. After washing, it was dried in an oven at 105
°C for 30 minutes, then cooled to room temperature
and weighed on a digital balance to determine its mass.
Each sunflower oil was homogenized before being
placed in the pycnometer, which was then submerged
in a thermostatic bath until the fluid reached a temper-
ature of 20 °C. The pycnometer was removed from the
bath, and its exterior was carefully dried before weigh-
ing. The density of each sunflower oil was calculated
by dividing the mass of the sample by the volume of
the pycnometer, according to Equation (2):

Mpo — Mpe
P~ 2
Where:
p - density (kg'm™);
m,, - Mass of the pycnometer with sunflower oil (kg);
m - Mass of the empty pycnometer (kg);
V, - Pycnometer volume (m?).
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2.3.4. Viscosity

Viscosity is an important property that describes a
fluid’s resistance to flow.

The Cup Ford method was used to determine the
viscosity of the oils obtained from the vegetable oil
extraction system using hydrostatic pressing.

The Cup Ford viscometer, manufactured by
Metalurgica Tech Vision Ltda and compliant with
ASTM D1200 standards, was used for the viscosity
measurements. This instrument is designed for easy
use in determining the kinematic viscosity of paints,
varnishes, resins, and other Newtonian liquids at 25
°C, with efflux times ranging from 20 to 100 seconds.
The viscosity is calculated by inserting the measured
efflux time into the corresponding equation for the
specific Cup Ford model used.

The tests were conducted following these steps:
First, the appropriate orifice was selected. At the
time of testing, both the viscometer and the mate-
rial to be tested were ensured to be at a temperature
of 25 + 0.1 °C. The device was leveled on a labora-
tory bench. The orifice was closed with a finger, and
the sample cup was filled to the top of the device
to prevent interference from air bubbles; any excess
was removed using a flat glass plate. The finger was
then removed from the orifice, and a stopwatch was
started simultaneously. The efflux time, noted as the
moment when the flow first stops, was measured
in seconds. The viscometer was cleaned after each
measurement, with special attention given to the
drain hole, using an appropriate solvent. Each test
was performed in duplicate to ensure accuracy.

The dynamic viscosity of the sunflower oil was
obtained by multiplying its kinematic viscosity by its
density.

2.4. Analysis of variance (ANOVA)

Analysis of variance (ANOVA) is a statistical
method used to compare means among three or more
groups to determine if at least one group mean is sta-
tistically different from the others.

The steps of ANOVA are as follows: determine
the mean of each group; find the mean of all groups
combined; measure how much the group means
deviate from the overall mean; measure how much
individual observations within each group deviate
from their group mean; and calculate the F-statistic,

which is the ratio of between-group variability to
within-group variability. A larger F-value suggests a
significant difference among the group means.

The ANOVA p-value determines the significance
level (commonly a = 0.05). If the p-value is less than
o, you reject the null hypothesis, concluding that at
least one group mean is different. If significant dif-
ferences are found, further tests, like Tukey’s HSD,
can identify which specific groups differ.

More details about the ANOVA can be found in
Hardle and Simar (2015) and Heiberger and Holland
(2015).

In this study, the ANOVA was conducted to
assess the impact of extraction pressures (10,000,
20,000, and 30,000 psi) and extraction times (2, 4,
and 8 hours) on sunflower oil yield, acid value, den-
sity, and viscosity.

2.5. Tukey test

The Tukey test, specifically Tukey’s Honestly
Significant Difference (HSD) test, is a post-hoc anal-
ysis used after a significant ANOVA result to deter-
mine which specific group means are significantly
different from each other.

The steps of the Tukey test are as follows: cal-
culate the group means; calculate the overall mean;
calculate the mean square error; calculate the Tukey
HSD statistic (minimum significant difference); and
compare the differences.

If the difference between two group means
exceeds the calculated Tukey HSD Statistic value,
you reject the null hypothesis for that pair, indicating
that the group means are significantly different.

More details about the Tukey test can be found
in Heiberger and Holland (2015) and Dean and Voss
(1999)

3. RESULTS AND DISCUSSION
3.1. Sunflower oil extraction yield

Table 1 presents the data and yield for sunflower
oil extraction.

As shown in Table 1, the sunflower oil yield
increased with both higher pressure and longer
extraction time. The highest yield, 45.17%, was
achieved with a pressure of 206.84 MPa and an
extraction time of 8 hours. The yield of the filtered
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TasLE 1. Sunflower oil extraction data.

Exp. Extraction Extraction Time Sunflower  Sunflower oil Yield (%) Sunflower (fil mass Yiel.d after
Pressure (MPa) (h) mass (g) mass (g) after filtering (g) filtering (%)
1 68.95 2 5.93 1.96 33.05+0.76 1.88 31.70+0.73
2 68.95 4 6.00 2.05 34.17+0.78 1.99 33.17+0.76
3 68.95 8 6.00 2.11 35.17+0.81 2.01 33.50+0.77
4 137.89 2 5.97 2.18 36.52+0.84 2.11 35.34+0.81
5 137.89 4 5.89 2.26 38.37+0.88 2.18 37.01+0.85
6 137.89 8 6.00 2.35 39.17+0.90 2.29 38.17+0.88
7 206.84 2 6.01 2.48 41.26+0.95 2.42 40.27+0.93
8 206.84 4 5.99 2.57 42.90+0.99 2.51 41.90+0.96
9 206.84 8 6.00 2.71 45.17+1.04 2.64 44.00+1.01

Each result represents the average of three tests

sunflower oil was very close to that of the crude oil.
The average yield of sunflower oil across all experi-
ments was 38.42% (standard deviation =4.11). Each
result presented in Table 1 represents the average of
three tests.

Table 2 compares the maximum sunflower oil
extraction yield from this study with yields reported
in the literature.

As shown in Table 2, the sunflower oil yield
obtained using the hydrostatic pressing method was
the highest compared to other methods, except for
the yield reported by Ribeiro et al. (2016) using a
solvent extraction method.

3.1.1. Analysis of variance (ANOVA) - the influence
of extraction pressure on sunflower oil yield

ANOVA was employed to determine whether sig-
nificant differences exist in yield based on extraction
pressure (psi). The data were organized into three
groups (68.95, 137.89 and 206.84 MPa), with each
group containing three yield values corresponding to
the extraction times of 2, 4, and 8 hours.

TaBLE 2. Sunflower oil extraction yield: present and published results.

Maximum sunflower

Work Extraction method oil yield (%)
Present Hydrostatic pressing 45.2
Ribeiro et al., 2016  Enzymatic 36.6
Ribeiro et al., 2016  Pressing 36.8
Ribeiro et al., 2016  Solvent 55.1
Tonescu et al., 2016  Hydraulic pressing 26.7
Oguche, 2021 Mechanical pressing 41.0

Applying ANOVA to the data in Table 1, we
obtained an F-statistic of 26.7336 and a p-value of
0.001027. The F-critical value at a significance level
of 0.05 was 5.1433. Since the F-statistic was greater
than the F-critical value and the p-value was less
than 0.05, there were significant differences in the
group means for the different extraction pressures.
This indicates that extraction pressure significantly
influenced the yield of sunflower oil.

Applying the Tukey test, we obtained a Tukey
HSD statistic of 3.7793.

The differences between all combinations of
group means were as follows: 3.89 for the 68.95 vs.
137.89 MPa groups, 8.98 for the 68.95 vs. 206.84 MPa
groups, and 5.09 for the 137.89 vs. 206.84 MPa groups.

Since the differences in group means were greater
than the Tukey HSD statistic value, it was concluded
that all pairs of groups had significant differences in
their yield means, indicating that extraction pressure
had a significant effect on yield and that yields dif-
fered between the pressure levels of 68.95, 137.89
and 206.84 MPa.

3.1.2. Analysis of variance (ANOVA) — the influence
of extraction times on sunflower oil yield

ANOVA was employed to determine whether
there were significant differences in yield based on
extraction times (h). The data were organized into
three groups (2, 4, and 8§ hours), with each group con-
taining three yield values corresponding to the three
extraction pressures (68.95, 137.89 and 206.84 MPa).

Upon applying ANOVA to the data presented in
Table 1, we obtained an F-statistic of 0.3073 and
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a p-value of 0.7464. The F- critical value at a 0.05
significance level was 5.1433. Since the F-statistic
was less than the F-critical value and the p-value
exceeded 0.05, there were no significant differences
in group means across the different extraction times.
Thus, extraction times did not significantly influence
the yield of sunflower oil.

As the F-statistic was less than the F-critical value,
there were no significant differences among the group
means, and therefore, the Tukey test was not applied.

3.2. Sunflower oil acid value

Table 3 shows the acid value of sunflower oil.

As shown in Table 3, the minimum acid value of
sunflower oil (0.6 mg KOH/g) was achieved with a
pressure of 137.89 MPa and an extraction time of
4 hours. The average acid value for sunflower oil
across all experiments was 1.1 mg KOH/g (stand-
ard deviation = 0.5). Each result presented in Table 3
represents the average of three tests.

Table 4 compares the sunflower oil acid value
(0.8 mg KOH/g) obtained under the maximum yield
conditions (206.84 MPa pressure and 8 hours extraction
time) with values reported in other published studies.

Based on the acid value obtained, the sunflower
oil produced through hydrostatic pressing is suitable
for edible uses.

If the vegetable oil refining is compulsory, higher
acidity values could be corrected during refining.

Pressure can have some influence on the acid
value of vegetable oil during the extraction process,
although this effect is generally minimal under typi-
cal extraction conditions.

TaBLE 3. Sunflower oil acid value.

Exp. Extraction Ex.traction Sunflower oil acid value
Pressure (MPa) Time (h) (mg KOH/g)
1 68.95 2 0.8+0.1
2 68.95 4 2.0+0.2
3 68.95 8 1.8+0.2
4 137.89 2 0.8+0.1
5 137.89 4 0.6+0.1
6 137.89 8 0.8+0.1
7 206.84 2 1.0£0.1
8 206.84 4 0.9+0.1
9 206.84 8 0.8+0.1

Each result represents the average of three tests

TaBLE 4. Sunflower oil acid value: present and published results.

Sunflower oil

Work Extraction method acid value
(mg KOH/g)

Present Hydrostatic pressing 0.8

Jamal and Kareem, 2022  Solvent (hexane) 0.9

Jamal and Kareem, 2022  Ultrasound 5s and 0.8
hexane

Jamal and Kareem, 2022  Ultrasound 15s and 0.6
hexane

Oguche, 2021 Mechanical pressing 0.4

Moigradean et al., 2014~ Hydraulic pressing 0.1

Moigradean ef al., 2014~ Hot pressing 0.4

Moigradean et al., 2014 Solvent (petroleum 3.0
ether)

3.2.1. Analysis of variance (ANOVA) - the influence of
extraction pressure on sunflower oil acid value

ANOVA was used to assess whether there were
significant differences in acid value based on
extraction pressure (psi). The data were organized
into three groups (68.95, 137.89 and 206.84 MPa),
with each group containing three acid values corre-
sponding to the three extraction times (2, 4, and 8
hours).

Applying ANOVA to the data in Table 3, we
obtained an F-statistic of 3.6718 and a p-value of
0.09092. The F-critical value at a 0.05 significance
level was 5.1433. Since the F-statistic was less than
the F-critical value and the p-value exceeded 0.05,
there were no significant differences in group means
across different extraction pressures. Therefore,
extraction pressure did not significantly influence the
acid value of sunflower oil.

As the F-statistic was less than the F-critical
value, there were no significant differences among
the group means, and the Tukey test was not applied.

3.2.2. Analysis of variance (ANOVA) - the influence
of extraction times on sunflower oil acid value

ANOVA was employed to determine whether
there were significant differences in acid value based
on extraction times (h). The data were organized into
three groups (2, 4, and 8 hours), with each group
containing three acid values corresponding to the
three extraction pressures (68.95, 137.89 and 206.84
MPa).
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Applying ANOVA to the data in Table 3, we
obtained an F-statistic of 0.2734 and a p-value of
0.7698. The F-critical value at a 0.05 significance
level was 5.1433. Since the F-statistic was less than
the F-critical value and the p-value exceeded 0.05,
there were no significant differences in group means
across different extraction times. Thus, extraction
times did not significantly influence the acid value
of sunflower oil.

As the F-statistic was less than the F-critical
value, there were no significant differences among
the group means, and therefore, the Tukey test was
not applied.

3.3. Sunflower oil density

Table 5 shows the density of sunflower oil at 20 °C.

The highest density of sunflower oil at 20 °C
(900.8 kg/m’) was obtained with a pressure of
206.84 MPa and an extraction time of 2 hours. The
average density of sunflower oil across all experi-
ments was 880.2 kg/m? (standard deviation = 27.2).
Each result presented in Table 5 represents the aver-
age of three tests.

Table 6 compares the sunflower oil density
(900.7 kg/m?) under maximum yield conditions
(206.84 MPa pressure and 8 hours extraction time)
with values reported in other published studies.

The density of sunflower oil produced through
hydrostatic pressing was comparable to that obtained
using other extraction methods.

Changes in pressure will cause a small change in
density, but the effect is typically minor under stand-
ard conditions used for oil extraction.

TasLE 5. Sunflower oil density at 20 °C.

Exp. Extraction Ex.traction Sunflower oi! density

Pressure (MPa) Time (h) (Kg-m3)
1 68.95 2 848.34+4.2
2 68.95 4 850.44+4.2
3 68.95 8 925.7+4.6
4 137.89 2 856.3+4.3
5 137.89 4 866.6+4.3
6 137.89 8 875.0+4.4
7 206.84 2 900.844.5
8 206.84 4 898.34+4.5
9 206.84 8 900.7+4.5

Each result represents the average of three tests

TaBLE 6. Sunflower oil density: present and published results.

Sunflower oil density

Work Extraction method (Kgm™)
Present Hydrostatic pressing ~ 900.7 (at 20 °C)
Jamal and Kareem  Solvent (hexane) 918.0 (at 25 °C)
2022
Jamal and Kareem  Ultrasound 5s and 921.0 (at 25 °C)
2022 hexane
Jamal and Kareem  Ultrasound 15s and 926.0 (at 25 °C)
2022 hexane
Davies 2016 n.a* 910.0 (at 20 °C)
Esteban et al. 2012 n.a" 916.9 (at 20 °C)

n.a — not available
* - oil purchased from local market

3.3.1. Analysis of variance (ANOVA) - the influence
of extraction pressure on sunflower oil density

ANOVA was used to determine whether there were
significant differences in density based on extraction
pressure (psi). The data were organized into three
groups (68.95, 137.89 and 206.84 MPa), with each
group containing three density values corresponding
to the three extraction times (2, 4, and 8 hours).

Applying ANOVA to the data in Table 5, we
obtained an F-statistic of 1.3743 and a p-value of
0.3226. The F-critical value at a 0.05 significance
level was 5.1433. Since the F-statistic was less than
the F-critical value and the p-value exceeded 0.05,
there were no significant differences in group means
across the different extraction pressures. Therefore,
extraction pressure did not significantly influence the
density of sunflower oil.

As the F-statistic was less than the F-critical
value, there were no significant differences among
the group means, and consequently, the Tukey test
was not applied

3.3.2. Analysis of variance (ANOVA) - the influence
of extraction times on sunflower oil density

ANOVA was used to determine whether there were
significant differences in density based on extraction
times (h). The data were organized into three groups
(2, 4, and 8 hours), with each group containing three
density values corresponding to the three extraction
pressures (68.95, 137.89 and 206.84 MPa).

Applying ANOVA to the data in Table 5, we
obtained an F-statistic of 1.3690 and a p-value of
0.3237. The F-critical value at a 0.05 significance
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level was 5.1433. Since the F-statistic was less than
the F-critical value and the p-value exceeded 0.05,
there were no significant differences in group means
across the different extraction times. Thus, extrac-
tion times did not significantly influence the density
of sunflower oil.

As the F-statistic was less than the F-critical
value, there were no significant differences among
the group means, and therefore, the Tukey test was
not applied.

3.4. Viscosity of sunflower oil

Table 7 shows the kinematic viscosity of sun-
flower oil at 25 °C. As shown in Table 7, the vis-
cosity values were similar across all experiments.
The highest kinematic viscosity of sunflower oil at
25 °C (47.4 mm?/s) was achieved with a pressure of
206.84 MPa and an extraction time of 8 hours. The

TasLE 7. Sunflower oil kinematic viscosity at 25 °C.

Exp. ’ Extraction Ex.traction Sunfiowezr oil kil:ergatic
ressure (MPa) Time (h) viscosity (mm?*s™)
1 68.95 2 43.3+0.4
2 68.95 4 44.8+0.4
3 68.95 8 44.1+0.4
4 137.89 2 45.24+0.5
5 137.89 4 45.2+0.5
6 137.89 8 45.0+0.5
7 206.84 2 44.8+0.4
8 206.84 4 45.24+0.5
9 206.84 8 47.4+0.5

Each result represents the average of three tests

average kinematic viscosity of sunflower oil across
all experiments was 45.0 mm?*s (standard deviation
= 1.1). Each result presented in Table 7 represents
the average of three tests.

Table 8 compares the sunflower oil viscosity
(47.4 mm?/s) under maximum yield conditions
(206.84 MPa pressure and 8 hours extraction time)
with values reported in other published studies. The
dynamic viscosity of sunflower oil was calculated by
multiplying the kinematic viscosity by the density,
resulting in a value of 42.6 mPa-s.

The viscosity of sunflower oil produced through
hydrostatic pressing is comparable to that obtained
using other extraction methods.

Pressure can influence the viscosity of vegetable
oils during extraction, although the effect is gener-
ally more noticeable at extreme pressures or when
dealing with high-temperature processes

3.4.1. Analysis of variance (ANOVA) — the influence
of extraction pressure on sunflower oil viscosity

ANOVA was used to determine whether there were
significant differences in viscosity based on extraction
pressure (psi). The data were organized into three
groups (68.95, 137.89 and 206.84 MPa), with each
group containing three viscosity values corresponding
to the three extraction times (2, 4, and 8 hours).

Applying ANOVA to the data in Table 7, we
obtained an F-statistic of 2.7122 and a p-value of
0.1449. The F-critical value at a 0.05 significance
level was 5.1433. Since the F-statistic was less than
the F-critical value and the p-value exceeded 0.05,
there were no significant differences in group means

TasLE 8. Sunflower oil viscosity: present and published results.

Work Extraction method

Sunflower oil kinematic
viscosity (mm?-s™)

Sunflower oil dynamic
viscosity (mPa.s)

Present

Jamal and Kareem, 2022
Jamal and Kareem, 2022
Jamal and Kareem, 2022

Hydrostatic pressing
Solvent (hexane)
Ultrasound 5s and hexane

Ultrasound 15s and hexane

Abramovic and Klofutar, 1998 n.a
Davies, 2016 n.a"
Diamante and Lan, 2014 n.a"
Esteban et al., 2012 n.a'

474 (at 25°C) 42.6 (at 25°C)
57.5 (at 25 °C)
60.5 (at 25 °C)
65.0 (at 25 °C)
- 49.1 (at 25°C)
- 26.0 (at 30°C)
- 48.8 (at 30°C)

48.6 (at 30°C)

n.a — not available
* - oil purchased from local market
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across the different extraction pressures. Therefore,
extraction pressure did not significantly influence the
viscosity of sunflower oil.

As the F-statistic was less than the F-critical
value, there were no significant differences among
the group means, and consequently, the Tukey test
was not applied.

3.4.2. Analysis of variance (ANOVA) - the influence
of extraction times on sunflower oil viscosity

ANOVA was used to determine whether there
were significant differences in viscosity based on
extraction times (h). The data were organized into
three groups (2, 4, and 8 hours), with each group
containing three viscosity values corresponding to
the three extraction pressures (68.95, 137.89 and
206.84 MPa).

Applying ANOVA to the data in Table 7, we
obtained an F-statistic of 0.6529 and a p-value of
0.5539. The F-critical value at a 0.05 significance
level was 5.1433. Since the F-statistic was less than
the F-critical value and the p-value exceeds 0.05,
there were no significant differences in group means
across the different extraction times. Therefore,
extraction times did not significantly influence the
viscosity of sunflower oil.

As the F-statistic was less than the F-critical
value, there were no significant differences among
the group means, and consequently, the Tukey test
was not applied.

4. CONCLUSIONS

The newly developed vegetable oil extraction sys-
tem using hydrostatic pressing produces high-quality
oil and is an environmentally friendly method, free
from toxic solvent residues.

The maximum sunflower oil yield of 45.17%,
achieved under the conditions of maximum extrac-
tion pressure and maximum extraction time (206.84
MPa and 8 hours), is comparable to yields obtained
through other pressing processes.

The extraction pressure significantly influenced
the yield of sunflower oil, as demonstrated by the
ANOVA results.

Regarding the physical and chemical aspects ana-
lyzed, the sunflower oil obtained in this study using
hydrostatic pressing exhibits properties comparable

to those of vegetable oils produced by other pressing
methods.

Concerning the economic analysis of the new
device and extraction system using hydrostatic
pressing, it is important to emphasize that this sys-
tem utilizes conventional, low-cost equipment. As
for its potential industrialization, the technical and
economic feasibility will be explored in future work.
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