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Abstract
The scientific research studied the influence of the main technological parameters (rotation 

speed of the screw shaft and the thickness of the press outlet slot) during cold pressing on the 
yield and quality of oil from local varieties of sunflower seeds. Using Response surface method-
ology, it was revealed that, at a shaft rotation speed of 35 rpm and a slot thickness of the outlet 
opening of 7.5 mm, the residual oil content of the cake will be in the range of 10–10.5%; and 
the acid number of the resulting oil is in the range of 1.65–1.7 mg KOH.
Keywords: sunflower seeds, oil, pressing, shaft rotation speed, outlet slot thickness, oil yield, 
acid number

Introduction
In the world practice of producing vege-

table oils in general, and sunflower oil in par-
ticular, there are two fundamentally different 
ways of extracting oil from seeds: pressing, 
i. e., mechanically squeezing oil from seeds 
suitably prepared for pressing; extraction of 
oil with a highly volatile organic solvent (ex-
traction method). These two main methods 
are used in the technology of production of 
vegetable oils either independently or in a 
certain combination of one with the other, 
which is determined, as a rule, by the type and 
quality of the initial processed oilseed raw 

materials (Shcherbakov V. G., 1992). With 
the pressing method, the depth of oil removal 
is limited with the current state of technology. 
As a result, the oil content of the cake fluctu-
ates on average between 8.0–15.0%. With the 
extraction method, the depth of oil extraction 
increases, the oil content of the resulting meal 
is on average about 1.0% (Shcherbakov V.G., 
1992; O’Brien R., 2007).

Increasing the depth of oil extraction by 
the pressing method requires the use of higher 
temperatures and pressure during extraction, 
which, in turn, causes an increase in the spe-
cific metal consumption of pressing units, an 
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increase in the specific consumption of elec-
tricity, labor and production costs for res-
toration and repair work (Zaitseva L. V. and 
Nechaev A. P., 2019; Gupta M., 2017; Dijkstra 
A., Duijn G., 2016). The use of higher tem-
peratures (110–120 °C) leads to a decrease in 
the quality of extracted oils due to an increase 
in their content of oxidation products, free 
fatty acids, coloring matter, etc. (Zaitseva L. V. 
and Nechaev A. P., 2019; Gupta M., 2017; Di-
jkstra A., Duijn G., 2016).

The most effective, in terms of maintain-
ing the quality characteristics of vegetable oil, 
is cold pressing at low temperatures (Proctor 
A., 2013; Gafurov K. Kh., 2020). This meth-
od is the most “natural” way to produce veg-
etable oils. At the same time, the oil does not 
heat up much (no more than 40 °C), which 
ensures the preservation of all nutritional 
and beneficial components. It contains the 
entire range of nutrients and beneficial sub-
stances (microelements, macroelements and 
vitamins) that are necessary in the human 
diet. This happens because at this processing 
temperature, many healing substances and 
vitamins inherent in this product are pre-
served (Proctor A., 2013; O’Brien R., 2007; 
Gafurov K. Kh., Safarova D. N., 2022).

The work (Mustafaev S. K., Kalienko E. A., 
Sonina D. V. and Efimenko S. G., 2014) noted 
that the term “cold pressing” does not have 
clear boundaries in terms of process tem-
perature. The temperature at which press-
ing is considered cold in the EU is 27–30 °C, 
while in the USA a pressing temperature 
in the range of 60–99  °C is still considered 
cold pressing. There are other temperature 
ranges for cold pressing in the literature. Ac-
cording to (Mustafaev S. K., Kalienko E. A., 
Sonina D. V. and Efimenko S. G., 2014), the 
optimal temperature on the press should not 
exceed 60 °С.

The work (Çakaloğlu B., Özyurt V. H. and 
Ötleş S., 2018) provides a review analysis of 
the cold pressing method, where traditional 
extraction methods are assessed in terms of 
advantages, disadvantages of technology and 
operating principles equipment, which states 
that cold-pressed oils are generally suitable 
for direct consumption and do not require 
refining, and to optimize oil recovery, the 
product must be pre-treated with heat until 
the material reaches a moisture content of 

no more than 10%. Cold pressing has been 
shown to be preferred over other methods of 
oil extraction (for example, extraction) due 
to its ease of use, low cost, environmental 
friendliness, and absence of harmful organic 
substances.

But with the cold production method, up 
to 30–40% of the oil present in the seeds is 
extracted. To completely extract it, it is nec-
essary to thoroughly destroy the cellular 
structure of the oil-containing raw material 
(Shcherbakov V. G., 1992). To achieve this, 
many researchers have proposed various 
electrophysical effects on oil-containing raw 
materials. This is a short-term exposure to 
electromagnetic microwave waves, infrared 
radiation and other influences (Ilyasov S. G., 
Krasnikov V. V., 1978; Krajewska M., Ślas-
ka-Grzywna B. and Andrejko D., 2018; Cai 
Z., Li, K., Lee W. J., Reaney M., Zhang N. 
Wang Y., 2021).

The purpose of this work is to study the 
technological modes of pressing sunflower 
seeds subjected to preliminary infrared (IR) 
heat treatment, followed by a study of the in-
dicators of the resulting oil and cake.

Object and methods of research
The object of study was the Dushko sun-

flower hydride, included in the State Regis-
ter of Agricultural Crops Recommended for 
Sowing in the Republic of Uzbekistan. Before 
pressing, the sunflower seed mince was treat-
ed with infrared rays with a heat flux density 
of 7.2 kW/m 2 and an irradiation duration of 
60 s in the mode: +60–120+35–120+35– 
–120+35–120+30 (sign “+ ” «indicates the 
duration of IR irradiation; the sign «–» indi-
cates the duration of exposure without irradi-
ation).

To extract oil by pressing, a laboratory 
screw press KK6–3 was used. A frequency 
converter was used to change the screw rota-
tion speed. Changing the thickness of the exit 
slot at the exit of the press from the press is 
carried out by a conical device at the end of 
the press.

The residual oil content of the cake was 
determined according to the state standard 
O′z DSt 2438:2012 Oil seeds. Methods for 
determining oil content.

The acid number of the oil was de-
termined according to the state standard 
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O′z DSt 1203:2015 Vegetable oils. Methods 
for determining acid number.

Analysis of results
The study uses compositional design of ex-

periments (Murray P. M. et al. 2016; Georga-
kis C., 2013). The changing input factors were 
the rotation speed of the screw shaft z1, rpm 
and the thickness of the outlet slot z2, mm. 
These indicators largely determine the value 
of the pressing pressure, which affects the 
yield and quality of the resulting oil. The rota-
tion speed of the screw shaft was chosen z1

−  

=30 rpm and z1
+  =40 rpm, and the thickness of 

the outlet slot z2
−  =6 mm and z2

 =10 mm.
The response functions were the residu-

al oil content of the cake, y1,% and the acid 
number of the oil, y2, mg KOH.

The experimental results were processed 
using mathematical and statistical methods. 
To assess the homogeneity of variances with 
an equal number of repetitions of each ex-
periment, the Cochran criterion was used, 
the significance of the coefficients of the 
empirical model was determined using the 
Student’s test, the adequacy of the equations 
was proven using the Fisher criterion (Mur-
ray P. M. et al, 2016; Georgakis C., 2013).

Empirical models in coded values of in-
fluencing factors were obtained in the follow-
ing form.

For oil yield: y1 = 11.89–2.02 x1 +
0.70 x2 + +1.66 x1 x2 +1.23 x1

 2–0.63 x2
 2

 �
(1)

For the acid number of the oil:
y2 = 1.97+0.28 x1–0.34 x2–0.4 x1 x2 �

(2)

We write out mathematical models in nat-
ural values of the variables, substituting their 
expressions through zi instead of xi. After per-
forming arithmetic operations, we obtain an 
equation in natural values of the influencing 
factors:

For oil yield: Y1 =119.9–5.17 z1–2.94 z2+
+0.166 z1 z2 +0.049 z1

 2–0.157 z2
 2� (3)

For the acid number of the oil: Y2 =
= –9.83+0.376 z1 +1.23 z2–0.04 z1 z2�

(4)

Conclusion
Using Response surface methodology 

(Sinha B. K. et al., 2014) and models (3 and 
4) we construct response surfaces that take 
into account the dependence of the residual 
oil content of sunflower seed mint cake (Fig. 
1) and dependence of the acid number of the 
resulting oil (Fig. 2) on the influencing fac-
tors – rotation speed of the screw shaft z1, 
rpm and thickness of the outlet slot z2, mm.

Analyzing the graphs shown in Fig. 1 
and Fig. 2, we can conclude that at a shaft 
rotation speed of n = 35 rpm and outlet slot 
thickness δ = 7.5 mm, the residual oil con-
tent of the cake will be within 10–10.5%; 
and the acid number of the resulting oil is 
within 1.65–1.7 mg KOH.

Figure 1. Dependence of the residual oil content of sunflower seed cake on the 
influencing factors: shaft rotation speed, n and thickness of the outlet slot, δ
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Figure 2. Dependence of the acid number of the oil on the influencing 
factors: shaft rotation speed, n and thickness of the outlet slot, δ
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