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GLOSSARIY 

	Name of the Term
	Meaning of the Term

	№
	In English
	In Russian
	In Uzbek
	

	1 
	Mineral mixes
	Минеральные смеси
	Mineral aralashmalar
	Inorganic substances such as stones, sand, and similar impurities found in oilseeds.

	2 
	Vegetable oils
	Растительные масла
	O‘simlik moylari
	Oil extracted from a plant or its seeds.

	3 
	Oilseeds
	Масличные культуры
	Moyli urug‘lar
	All plant seeds that can be used for oil extraction

	4 
	Olive raw materials
	Масличное сырьё
	Moyli xomashyo
	All raw materials that can be used for oil extraction.

	5 
	Olive mixes
	Масличные примеси
	Moyli aralashmalar
	Foreign impurities in oilseeds, also known as contaminants. They are classified into organic, mineral, metallic, and oily impurities.

	6 
	Vegetable pulp
	Мезга
	Qovurma
	A product obtained by roasting oilseeds or their kernels in special cookers before pressing.

	7 
	Kernel of oilbearing crops
	Ядро
	Mag’iz
	An oilseed consists of a kernel and a hull. Oil and protein are mainly contained in the kernel.

	8 
	Safflower
	Сафлор
	Maxsar
	It is one of the non-traditional oilseeds grown in our country, containing 20–40% oil. Its oil is similar to sunflower oil. It contains specific compounds that impart a bitter taste.

	9 
	Sunflower
	Подсолнечник
	Kungaboqar
	It is one of the non-traditional oilseeds grown in our country, containing 20–40% oil. It generally has a higher oil content when grown in cold climates. 

	10 
	Sesame
	Кунжут
	Kunjut
	Contains up to 60% oil, vitamin E, and factor T.

	11 
	Cooking
	Жарение
	Qovurish
	The process of applying moisture and heat treatment to crushed oilseeds or their kernels before pressing. During this process, the moisture content of the oil-bearing material is adjusted to the required level.

	12 
	Dark oils
	Тёмные масла
	To‘q rangli moylar
	Oils with a dark color in which compositional changes cannot be visually observed. Their color is measured using a Lovibond colorimeter with a 1cm cuvette or by comparison with special reference standards.

	13 
	Cotton-seed cake
	Хлопковый жмых
	Paxta kunjarasi
	A product remaining after oil is extracted from cottonseed kernels by pressing. It contains 12–14% residual oil by mass.

	14 
	Fraction
	Фракция
	Fraksiya
	Separation of substances according to their size, density, viscosity, and other characteristics.

	15 
	Extraction
	Экстракция
	Ekstraksiya
	The process of extracting oil from oilseeds or oilcake by dissolving it in a solvent.

	16 
	Pressing
	Пресс ование
	Presslash
	The process of extracting oil from oil-bearing materials by pressing them under high pressure using special presses.

	17 
	Saturated fatty acids
	Нас. Жирные кислот
	To‘yingan yog’ kislotalar
	Fatty acids that contain no double bonds and have alkane-based hydrocarbon chains.

	18 
	Nonsaturated fatty acids
	Не нас.жирные кислот
	To’yinmagan yog’

kislotalar
	Fatty acids containing one or more double bonds, with hydrocarbon chains derived from alkenes or alkynes.

	19 
	Gossypol
	Госсипол
	Gossipol
	A specific substance found in cottonseed oil that gives it a dark brown or black color. It is a toxic substance.

	20 
	Carotenoid
	Каротиноиды
	Karotinoidlar
	A substance that gives oil a yellow or red color.

	21 
	Temperature of flash of oils
	Тем. Вспышки масел
	Yog‘ning chaqnash xarorati
	It characterizes the residual solvent content in oils obtained by extraction. According to the standard, its value should be above 225°C.

	22 
	Phosphatides
	Фосфатиды
	Fosfatidlar
	Lipids containing phosphorus compounds that are separated from oil during the hydration process.

	23 
	Cotton meal
	Хлопковый шрот
	Paxta shroti
	The defatted product remaining after oil is extracted from cottonseed cake by solvent extraction.

	24 
	Regeneration
	Регенерация
	Regeneratsiya
	The process of recovering and reusing a substance, for example, a solvent recovery and reuse process.

	25 
	Recuperation
	Рекуперация
	Rekuperatsiya
	Collection of some or all materials for reuse.

	26 
	Oleic acid
	Олеиновая кислота
	Olein kislotasi
	An unsaturated fatty acid containing one double bond.

	27 
	Ester
	Эфир
	Efir
	Compounds formed by the reaction of alcohols with each other or with organic and mineral acids. Fats are classified as esters.

	28 
	Hull
	Шелуха
	Shulxa
	The cottonseed hull, which is produced during the cottonseed hulling process.

	29 
	Corn oil
	Кукурузное масло
	Makkajo‘xori moyi
	Oil extracted from corn germ.

	30 
	Olive oil
	Оливковое масло
	Zaytun moyi
	Oil extracted from the fruit of the olive tree.

	31 
	Crude oils
	Черная масла
	Qora moy
	Unrefined oil.

	32 
	Cleaning
	Очистка
	Tozalash
	Removal of foreign impurities.

	33 
	Cracking
	Раскалывать
	Chaqish
	Breaking the seed coat.

	34 
	Dehulling
	Шелушение
	Qobiq ajratish
	Removal of the seed hull

	35 
	Flaking
	Шелушение
	Qobiqsizlantirish
	Dehulling the seeds.

	36 
	Hexane
	Гексан
	Geksan
	An alkane containing six carbon atoms

	37 
	Seed preparation
	Подготовка семян
	Urug‘ni tayyorlash
	Processing seeds for oil extraction


Key Words and Phrases:

Pressing extracting oil by squeezing oil-bearing material. Crude oil (Unrefined oil) oil squeezed out in the press. Oilcake (Kunjara) the solid residue remaining after oil extraction.Press cage (Zeyer chamber) the main working part of the pressing machine.Residual oil the amount of oil remaining in the oilcake after extraction.

Theoretical foundations of the pressing process in vegetable oil production. Extracting oil from oil-bearing raw materials by pressing has been used since ancient times. Initially, stones and stone vessels were used for oil extraction. Later, lever, screw, and in the 16th century, wedge presses began to be utilized. The invention of hydraulic presses dates back to 1795, and their practical application began between 1818 and 1824, continuing into the 1930s of the 20th century.

Hydraulic presses, which had been used in production for a long time (more than a hundred years), had many disadvantages: the batch nature of the pressing process, the need for heavy manual labor, the requirement for numerous expensive auxiliary machines and equipment, and the high consumption of expensive press cloth, all of which in turn increased the cost of the finished product. The main disadvantage of extracting oil in hydraulic presses was that the oil could not be extracted completely, resulting in an oil content in the press cake of no less than 7–8%. This significantly increased oil losses in production.

Currently, various designs of screw presses are used in the oil and fat industry to squeeze oils from raw materials. Initially, they were installed only in pressing plants, but later, with the widespread introduction of extraction, obtaining oils in screw presses prior to extraction became one of the main technological processes in vegetable oil production.

The roasted mass (cooked mash) is loose and porous. As it is compressed from all sides with strong pressure, two interrelated processes are observed: 1) the liquid part the oil is separated; 2) the solid particles compact together to form a briquette the oilcake. 

Figure 1.

Technology of Vegetable Oil Production
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A simplified diagram of oil expression is shown in Figure 1.1. The separation of oil from the gel part can be described as follows. A large amount of oil is located on the outer and inner parts of the roasted particles, and the particles are separated from each other by air spaces (Figure 1.1a). Initially, as the roasted mass is compressed from all sides, although particle deformation and the bonding of certain parts occur, air is primarily squeezed out and the gaps between the particle layers decrease. The interstitial spaces located on the surface of the particles become filled with oil. At this point, the expression of oil from the shrinking gaps between particles begins (Figure 1.1b). 
The main amount of oil is squeezed out as a result of the coalescence and deformation densification of the particles. As the inner surface areas of the particles approach each other, oil begins to separate from their internal structure. The inner and outer surface areas of the particles draw closer, and the empty spaces in the intervals fill with oil (Figure 1.1b).
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Figure 1.1. Simplified scheme of the process of extracting oil by comprehensive material compression

As shown previously, the monomolecular oil layer on the surface of the particles has the highest binding energy. As the distance from the surface increases, the binding energy decreases; therefore, the velocity in the middle of the expressed oil flow is higher, while the layers close to the surface remain stationary. Consequently, at this stage, the distance between particles decreases, and their coalescence takes place.

As a result of a sudden decrease in the cross-section of the channels between the particles, the surfaces approach each other, and the formation of a monomolecular oil layer causes the expression (squeezing out) of oil to stop, because the adsorbed oil film is incompressible. In practice, the residual oil amount is greater than the oil held by the monomolecular layers, because the oil film breaks and the contact between fragments is disrupted. Furthermore, as the particle coalescence process concludes, oil encapsulation occurs.

The agglomeration of roasted particles to form an oilcake briquette occurs as follows: At the initial stage of pressing, the particles approach each other, and the spaces between them decrease (Figure 1.1b), after which the particles collide and crush one another (Figure 1.1c). This leads to the deformation of the particles and their bonding at the points where the oil film is ruptured. A period begins in which the roasted mass ceases to be loose and turns into a single plastic substance.

With an increase in pressure, the bonding of the particles forms an oilcake briquette, which is a gel-like porous product. However, channels remain between the particles and particle groups within the oilcake (Figure 1.1g).

After the pressure is released, small gaps or large cracks are formed under the influence of deformation. Perhaps this is why the re-absorption of oil that has not yet flowed out of the press takes place (Figure 1.1d). Thus, the residual oil in the oilcake is the oil that is encapsulated in certain areas, bonded to the outer surfaces of the particles, linked to the inner surfaces of the cracks, and remaining in the cells that were not destroyed during roasting and grinding.

The physical meaning of the oil expression process complies with the pressing conditions in hydraulic presses and is also preserved when using screw presses. The specific features of the process in screw presses are shown below.

Before being fed into the pressing machine, the prepared roasted material has the following technological parameters:

The temperature of the product after the 1st stage of roasting should be 80-85°C, and its moisture content for all oilseeds except cottonseed should be 9-11%; for cottonseed of grades 1-3, it should be 11.5-13.5%, and for grade 4 seeds, 13.5-15.5%. The steaming and moistening process should be as fast as possible, equivalent to 15-20°C. After the pan roasters, i.e., after the 2nd stage of roasting, the temperature of the roasted material should not exceed 100-105°C. For lower-grade seeds, it should be 5-10°C lower than this specified level.

As for the moisture content, if the product is prepared for pre-pressing, it should be 5.5% around it; for full pressing without extraction, depending on the type of pressing machine used, it should be 3-4% or 2.5-3%. In this case, the temperature of the prepared roasted material is higher than that prepared for pre-pressing, amounting to 110-120°C. At the same time, the hull content in the product is limited: for sunflower seeds, the amount of hull in the roasted material should not exceed 8-10%, while for cottonseed kernel, the hull should not exceed 15% for grades 1-3, and 17% for grade 4. The duration of the 2nd stage, i.e., the second stage of roasting, is on average about 50-60 minutes.

Regardless of the extraction method used, oil is separated from the prepared roasted product by applying the necessary mechanical pressure to it. As is known, the main parts of the pressing machine consist of the pressing screw (shaft) and the barrel (chamber) rings (cage/zeyers), where the space between these parts decreases in each sector from the entry of the product until it exits in the form of oilcake. Consequently, the volume of the product transferred from the feed section of the shaft to the 1st sector of the barrel chamber begins to be compressed due to narrowing. At this time, the convergence of the roasted particles leads to their compaction and agglomeration. 
First, the outer surfaces and surface pores are compressed, and the oil droplets located in these areas begin to be squeezed out. This phenomenon mainly corresponds to the end of the 1st sector of the barrel chamber. When the product moves to the 2nd sector (section), the convergence and compaction of the particles continue. Now, the internal cavities of the product and the oil-holding volumes are also compressed under the generated pressure, and the oil within the product moves from the inner layers to the surface through the voids and pores inside the product. By the end of the 2nd section, the major part of the oil in the product is squeezed out. When the product moves to the 3rd section of the barrel chamber, the compaction of the particles continues and reaches such a degree that a solid, bonded oilcake begins to form from the loose roasted mass. The expression of oil slows down considerably, and its amount remains dependent on the pressure generated by the machine and the closeness and density of the particle packing. Therefore, the oil being expressed in the 3rd section mainly consists of small amounts of oil layers trapped between the particles, and by the end of the 3rd section, oil expression from the product practically stops. However, regardless of the pressure generated, the characteristic porosity of the resulting oilcake and its ability to re-adsorb oil do not disappear. For this reason, the product passes through the 4th section to squeeze out a portion of the oil that remains adsorbed on the surface of the forming oilcake, even if it is in a small amount. Here, it is subjected to the highest pressure. The resulting oilcake begins to emerge at the end of the chamber in a continuous cylindrical shape and, with the help of knives installed at the end of the barrel chamber, is broken into large pieces and fed to the screws in the pressing machine. The increase in pressure within the barrel chamber, in addition to the reduction in volume, is aided by cylindrical and conical rings mounted on the shaft, the grate bars forming the chamber, shaped knives installed between the half-barrel chambers, and finally, a conical or diaphragm device installed at the oilcake outlet. As noted above, the oil oozes through the gaps between the grate bars that form the barrel chamber, and as the pressure increases from the 1st section to the final section, the widths of these clearances are progressively reduced. For example, when processing cottonseed in the MP-68 pre-press, the clearance distances are as follows:

For the 1st section: 1.0 mm

For the 2nd section: 0.75 mm

For the 3rd section: 0.45 (0.50) mm

For the 4th section: 0.45 mm

The extracted oil contains about 2-10% of fine particles of the oilcake, which we call “foots” or residual solid matter in the oil. Therefore, before refining the obtained oil, it must be cleaned of foots. Pre-press oil obtained from high-grade sunflower and similar plant seeds is consumed directly after filtration. Black pre-press oil obtained from cottonseed must be refined before consumption.
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If processed by the pre-pressing method, 12-14% of oil remains in the obtained oilcake, whereas if processed by the full pressing method, 7-8% of oil remains. This residual oil in the oilcake determines the oil content of the oilcake. The main part of this residual oil consists of oil inside ultramicroscopic capillaries and globules that were not destroyed during grinding, while a small portion consists of oil trapped within the secondary structure formed during the roasting and pressing process. The secondary structure refers to the amount of oil trapped in a closed volume within the product's pores during the roasting and pressing of the product. In addition to these, a small amount of free oil also remains due to the porosity and adsorption properties of the oilcake.
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Figure 1.2 Factors influencing the generation and magnitude of pressure in the barrel chamber. All screw presses have the same type of working elements, a general structural scheme, and operating principle. The main working elements of a screw press are the screw shaft and the barrel cylinder with a cage (zeyers). The products of the pressing process are pressed oil and oilcake. Auxiliary parts include the feeding device of the press, the pressure and oilcake thickness regulator, Figure 1.3. The geometry of the screw channel structure, and the driving mechanism with a gearbox. All the specified main and auxiliary components of the press are assembled on a cast-iron frame. The space between the surface of the barrel cylinder 2 and the screw shaft 1 forms a free clearance in the form of a helical channel (Figure 1.3), the geometric characteristics of which affect product processing, pressure, and compression. The helical channel parameters include: diameter D, thread pitch t, channel depth h, thread edge width e, the distance between the thread crest and the cylinder surface delta, the thread profile, and the helix angle phi.

length of the screw shaft L1, the clearance of the inner surface of the cylinder. Figure 1.3. Structural aspects of the pressing tract consisting of rings.

According to the structural design of the pressing tract, screw presses are divided into four types (Figure 1.3).

1. with a cylindrical barrel and a non-stepped shaft (Figure 1.3a)

2. with a cylindrical barrel and a stepped shaft (Figure 1.3b)

3. with a stepped barrel and a non-stepped shaft (Figure 1.3c)

4. with a stepped barrel and a stepped shaft (Figure 1.3d)

The main geometric characteristics of the pressing tract are the channel depth h and the thread pitch t.

In the first type of screw presses, the depth of the helical channel is constant, while the thread pitches are manufactured to be either variable or constant.

In presses with a variable pitch, the free volume changes due to the shortening of the pitches, and the volume between adjacent threads decreases. The roasted mass moves in a closed space and is forcibly pushed into the smaller space of the next thread. In presses of this type with a constant pitch, the free volume does not change along the length of the press; the compression of the material is achieved due to the resistance it encounters when exiting the press. Such presses cannot generate high pressure and are not widespread for oil extraction.

Presses with variable and decreasing depth are considered promising; these include presses of types 2, 3, and 4. A larger channel depth in the intake zone makes it possible to capture a large amount of material. In order to shorten the drainage path of the compressed oil, the depth must subsequently be reduced.

In the oil and fat industry, presses with a stepped shaft, and decreasing depth and pitch, are widely used (types 2, 3, and 4). In such cases, the reduction of the free volume occurs due to the reduction of the depth and pitch of the stepped shaft.

In presses of the third and fourth types, the diameter of the stepped barrel can slightly increase or decrease depending on the direction of movement.

A larger diameter of the first stage of the barrel cylinder increases productivity, while an increase in the diameter of the stage preceding the cone leads to an increase in the drainage surface for oil flow.

The optimal height of the screw thread, i.e., the size of the clearance distance delta, ensures the normal operation of the machine. When the clearance distance is large, the backflow of material increases; if it is too small, it leads to overheating of a certain portion of the material. In screw presses, the optimal clearance distance is considered to be 1.25 div 1.5 mm.

The threads perform the main work of pressing by pushing the material being pressed forward with their rear edges.

In this case, the thread must overcome high friction forces. When the material being pressed moves in a closed space under the influence of pressure, it is compressed relative to the barrel cylinder, the threads, and the surface of the screw shaft.

The stepness of the shaft is created by changing the diameter of the screw shaft core and the size of the transition rings.

When assembling the screw shaft-1, the rings-2 that are placed between the threads and create gaps are shown in Figure 1.4.
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Figure 1.4. Shaft of the FP press.
The barrel cylinder, assembled from individual plates, serves as the enclosure where the screw shaft is housed and oil is extracted. There are clearances on the inner surface of the barrel cylinder for oil drainage. These clearances are formed by placing calibrated plates between the barrel plates. The size of the gaps between the barrel plates must be such that it allows the oil to pass through while retaining the roasted particles.

The size of the clearance in both cylindrical and stepped barrels decreases along the direction of material flow as it moves from section to section. This depends on the nature of the material and the type of press.

The barrel cylinder can be split vertically or horizontally. The barrel grate bars (4) are secured to the frame (5) of the barrel cylinder using support wedges (1) and tension wedges (3) (Figure 7.5).

The grate bars are assembled in such a way that the inner surface of the barrel cylinder is rough (Figure 1.5). The roughness of the surface increases the friction of the pressed product against the inner surface of the barrel, which in turn prevents the material from rotating with the shaft.

The product being pressed must not rotate within the barrel; otherwise, the material will not move along the shaft axis, and oil expression will not occur. Shaped horizontal knives are installed between the half-cylinders of the barrel (Figures 1.5g and 7.5e). The protruding parts of the knives are directed into the interior of the cylinder, sinking into the product being pressed, and prevent the material from rotating together with the screw shaft.
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Figure 1.5. Screw shaft of the FP press: a-cross-section of the assembled barrel; b-general view; v-longitudinal section of the barrel; g-cross-section of the first stage of the barrel; d-roughness of the inner surface of the barrel cylinder; e-shaped knives.

Influence of various factors on the performance of the pressing process. The roasted mass prepared for pressing fills the free volume of the first intake zone of the shaft through the feeding device. A free space a helical channel remains between the barrel cylinder and the rotating screw shaft, through which the material being pressed, captured by the intake thread of the screw shaft, moves.
The main operating principle of a screw press is the compression of the roasted mass as it moves through the barrel. This is achieved due to the gradual reduction in the free volume of the screw threads and the pressing tract.

There is a large amount of free space between the particles of the roasted mass entering the press. Up to 20-60% of oil is present on the surface and inside the particles. Therefore, to reduce the outer surface of the roasted mass and generate pressure, the free volume of the helical channel decreases along the entire length of the screw shaft. 

Pressure is generated as a result of the decrease in channel volume along the length of the screw shaft; meaning that the material being pressed passes from a large free volume to a smaller free volume via the screw thread. To increase pressure, an adjusting device is installed at the outlet where the material exits the press.

In the first thread, there are numerous porous spaces within the material, and no compaction of protein substances occurs. At the end of the first thread, due to the convergence of particle surfaces, and in the second and subsequent threads due to the reduction of free volume, material compaction takes place, leaving only pores completely filled with oil.

Under the influence of increasing pressure in the second and subsequent threads, intensive oil expression occurs. For example, in the FP pre-press, the reduction of free volume, compression, and oil extraction continue up to the fifth thread. The material particles densify, and their deformation increases, which is accompanied by an increase in the contact area and the breakdown of oil and gel particles.

This process is simultaneously accompanied by particle fragmentation, the formation of new contact points between the oil and gel fractions, and the agglomeration of particles.

However, up to the fifth thread of the FP press, the material being pressed has a loose structure. The reason for this is that the internal friction of the material is less than the external friction, i.e., the friction of the material against the surface of the pressing tract.

Studies (G.V. Zarembo, 1962) show that the main part of the oil (up to 98%) is expressed in the first half of the press, which is confirmed by the change in the oil content of the oilcake along the length of the shaft. The greatest amount of oil is expressed in the zones of the first and second stages.

The oil content of the layers of the pressed product is not uniform across the depth of the channel. The oil content of the oilcake taken from the inner layer of the pre-press near the shaft was 1.83–4.1% higher than that of the oilcake located in the outer layer near the barrel cylinder.

The difference in oil content between the layers of the pressed material decreases towards the exit of the press. In practice, an inverse relationship is also observed, meaning the oil content of the outer layer is higher than that of the inner layer. There are a number of hypotheses explaining this phenomenon. During pressing, the moisture in the oilcake on the shaft surface evaporates faster than the moisture in the oilcake near the barrel cylinder, forcing the oil out from between the particles; the magnitude of this factor increases toward the press exit, resulting in a reversal of the oil distribution pattern. This phenomenon can also be related to the difference in stress across various layers of the material or to the thickness of the pressed material, that is, the length of the filtration path.

The movement of the material in the press is complex. Theoretically, two variants of material movement are possible: rotational and rotary-translational (similar to the movement of a stirrer along a rotating spindle). Rotational movement occurs if the friction between the material and the threads and particles is greater than the friction of the material against the surface of the barrel cylinder.

Therefore, it is necessary to reduce the friction between the material particles and between the material and the shaft threads, while increasing the friction of the material against the barrel cylinder. Roughening the barrel surface and installing knives reduce the rotation of the material.

Effect of pressure

The driving force of the expression process is the increase in pressure within the press. The degree of compression depends on the nature of the pressure increase, its maximum value, and the duration the material remains under pressure. It depends on the increasing pressure and, in turn, on the properties of the prepared roasted mass. To completely express the oil, the roasted mass must possess elastic and plastic properties.

The plasticity of the roasted mass depends on the roasting regime. If the moisture and temperature of the prepared roasted mass deviate from the optimal levels, the pressing process is disrupted. Dry roasted mass has low plasticity, and when compressed, the resulting oilcake is in the form of high-oil meal or grit. Initially, the load on the electric motor increases, and the formation of cake shells sharply decreases.

Roasted mass with high moisture content has high plasticity. Such a mass cannot form cake shells. A certain portion of the roasted mass passes through the barrel slots along with the oil, as a result of which oil expression practically stops. The electric motor load decreases. 

The decrease and increase in the load of the press drive lead to changes in the pressing pressure. When pressing roasted mass with low plasticity, an increase in pressure causes its resistance to compression and densification to rise. In the case of high-moisture roasted mass, the decrease in pressure is explained by the high plasticity of the pressed mass and the low degree of partial compression and densification resulting from that plasticity.

The plasticity properties of the roasted mass determine the magnitude of the pressure in the press and affect the degree and extent of compression.

The specific pressure in the press barrel depends on the structural features of the tract, the geometry of the oilcake thickness regulation device, the operating mode of the press, the plasticity properties of the roasted mass, technological parameters, and the properties of the material.

Theoretical and practical degree of compression and volume changes of the product being pressed

During the pressing process, the volume of the roasted mass decreases as a result of oil separation, moisture evaporation, particle compression, and material densification.

The physical or practical degree of compression is determined by the ratio of the volume of the roasted mass entering the press to the volume of the oilcake exiting the press. The degree of material compression depends on numerous structural factors, the technological operating regime, and the type of raw material. The actual degree of compression is 2.81–2.96 in FP pre-presses and 3.49–4.41 in MP-21 expellers.

There is also the concept of the theoretical or geometric degree of compression, which is equal to the ratio of the volumetric productivities of the first and last threads during a single complete rotation. In this case, the material must not rotate or move backward. For example, in FP presses, the theoretical degree of compression is 14.3. 

The difference between the theoretical and actual degrees of compression is that the theoretical degree of compression does not take into account the movement mechanism of the material in the press and its physico-mechanical properties.

The oil content of the resulting oilcake is inversely proportional to the degree of compression. That is, as the degree of compression increases, the oil content decreases.

Based on the degree of compression of the roasted mass, one can evaluate its elasticity and plasticity.

Effect of temperature

The temperature of the pressing process is one of the factors affecting the quality indicators of the oil and oilcake. As mentioned above, moisture and temperature affect the plasticity of the material. In cold pressing, it is impossible to obtain a stable oilcake shell. 

During the operation of the press, the temperature is maintained by the heat of the roasted mass entering the press. Overheating of the material worsens the performance indicators of the press. An excessive increase in temperature within the barrel cavities leads to scorching of the oilcake surface, an increase in its residual oil content, and darkening of the color of the expressed oil.

Duration of pressing

In screw presses under normal load, the duration of pressing is equal to or close to the residence time of the material in the press. The pressing duration is one of the key factors, significantly affecting the degree of compression and the press productivity. The longer the pressing duration, the better the oil is expressed; however, the productivity of the press decreases accordingly. This factor, in turn, depends on the geometry of the channel, the rotational speed of the shaft, the size of the cake outlet clearance, the nature of the material moving through the press, the physico-mechanical properties of the material, and so on.

The total residence time of the material in the press is equal to the sum of the residence times in each zone. The pressing time varies between pre-presses and expellers, and its dependence on the screw shaft rotational speed and oilcake thickness is given in Table 1.1.
Table 1.1. 
Influence of press design on pressing time
	Pressing stage
	Press model
	Screw shaft rotational speed, rpm
	Oilcake thickness, mm
	Average residence time of material through the press, s

	Single-stage
	MP-21 
	35,6//23 
	3,2-5,6 
	124-182 

	Initial 
	FP 
	20 
	9-12
	50-54 

	
	FP 
	24 
	9-12
	45 

	Final 
	YeP 
	5,5 
	7-10
	200-273 


Technology and machinery of vegetable oil production by pressing

Depending on the pressure generated on the material being pressed and the residual oil content of the resulting oilcake, screw presses are divided into pre-presses (which do not express oil completely) and expellers (which express oil fully).

Pre-presses are used in the prepress-extraction technological scheme and for primary pressing in the double-pressing scheme.

Expellers are used for final oil separation in the double-pressing scheme and in the single-pressing scheme. In the latter case, the oil is expressed using vertical pressing screw shafts, i.e., in twin-screw presses. Twin-screw presses ensure complete oil separation and are called expellers.

Diagrams illustrating the main types of presses are shown in Figure 1.6. A specific characteristic of pre-presses is the large diameter of their barrel cylinder and screw shafts, reaching 220–250 mm at the receiving section. The rotational speed of the screw shafts is 18–26 rpm, while in some newer designs, it reaches up to 32–100 rpm. The thickness of the oilcake exiting the press is not less than 6–7 mm, but in most cases, it is 8–12 mm. The oil separated in pre-presses accounts for 60–85% of the total oil present in the roasted mass.
Figure 1.6.
Schemes of the main types of screw presses for initial, final, and single-stage oil expression: a – MP-21; b–MP and FP; c–YeP (EP).

[image: image6.png]XADAKAIPURUNE
PRI

MAPREP LI

ITpecenanadmean

—_—

Bz yuidtiniing
fracetel

— -

n % | [ Hther

NANAANNS

PO, T e

KPrsanyesu eniynia

Ladrazmanap





Expellers are characterized by a small diameter of the barrel cylinder and screw shaft, which is 130–155 mm. The thickness of the exiting oilcake is 5–7 mm, and the rotational speed of the screw shaft ranges from 4.5 to 35.6 rpm up to the devices adjusting the width of the oilcake exit clearance. The upper limit of the rotational speed pertains to the auxiliary vertical pressing shaft of the expeller, while the lower limit relates to its horizontal shaft.

Table 1.2.

Technical characteristics of screw presses
	Indicator
	Sunflower seed
	Cottonseed

	
	Prepreshing
	Final pressing
	Prepreshing
	Final pressing

	
	FP presses
	MP-68 presses
	YeP presses
	FP presses
	MP-68 presses
	YeP presses

	Press capacity, t/day
	45
	60
	18
	35-45
	62-70
	15

	Gaps between cage bars by sections, mm
	
	
	
	
	
	

	I 
	1,2
	1,5
	0,8-1,0
	1,0
	1,0
	0,75

	II 
	0,75
	1,0
	0,5–0,7
	0,75
	0,75
	0,35

	III 
	0,50
	0,75
	0,25
	0,45
	0,45
	0,25

	IV 
	0,50
	0,45
	0,15
	0,45
	0,45
	0,15

	Screw shaft rotational speed, rpm
	25
	24
	5,0-5,5
	25
	24
	5,0–5,5

	Cake thickness, mm
	8-9
	8-9
	5-7
	10-12
	9-12
	5-7

	Oil content in cake at actual moisture, not more than, %
	18
	18
	6,0
	13-16
	12-14
	6,0


Figure 1.7. 
Process flow diagram of the prepress workshop

[image: image7.jpg]



Various FP-type presses are used in schemes for double pressing of oil from cooked mash, primary expression, and pre-pressing-extraction. YeP-type expellers are used for final oil pressing from the oilcake. When operating these presses, the clearance between the cage bars and other process parameters are as follows (see Table 1.7).

Process flow diagram of the prepress workshop (Figure 1.7). The incoming kernel for flaking/crushing passes through a 1-screw conveyor, 2-bucket elevator (elevator), and 3-magnetic separator, and is fed to the 4-distribution screw conveyor. Then, the kernel is distributed to 5-VS-5 flaking/crushing machines and processed. The resulting flaked material/crushed mass arrives at the 8-distribution screw conveyor via the 6-screw conveyor and 7-bucket elevator. From there, the crushed mass is distributed to 9-moisturizing and steaming screw conveyors for moisture treatment. The moistened and steamed product enters 10-cooking kettles (roasting kettles) and is roasted. To extract the oil, the resulting cooked mash drops into 11-prepresses where the pressing process is carried out. The separated oilcake is transferred via 12-screw conveyor to the extraction department. The oil expressed in the prepresses is fed to 15-sediment trap (settler) using 13-collecting screw conveyor and 14-bucket elevator. The scum/sediment separated in the sediment trap is returned to the 10-cooking kettle via 16-screw conveyor. The sediment-free oil is cooled in 17-cooler and collected in 18-tank. From there, it is pumped by 21-pump to 19-filter-press. The sediment resulting from filtration is returned to the cooking kettle via 20-screw conveyor and other transport equipment. The filtered oil is delivered to 22-tank and transferred via 23-pump to the next advanced stage of purification refining.
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Figure 1.8. Typical flow diagram for processing oilseeds with double pressing
Almost any oil-bearing raw material, except for coriander waste, can be processed according to the double-pressing scheme. To do this, the crushed mass passing through the 1-vibrating sieve electromagnetic separator arrives at the 2-inactivator, where it is moistened and heated with saturated steam, condensate, water, or a steam-water mixture. Subsequent heat treatment applied to the crushed mass is carried out in 3-multi-tier cooking kettles (or pan cookers).
The prepared cooked mash enters 4-prepresses. The oil expressed in the prepresses is sent via 6-collecting screw conveyor to 8-mechanical sediment trap (foots catcher) and then directed for primary purification. Cage sediment (foots) and filter-press sludge are fed via 15-screw conveyor and 7-bucket elevators to the first tier of 3-cooking kettle for reprocessing. The prepress oilcake is coarsely crushed by knives mounted on the screw-press shaft and in 5-breaking screw conveyor, and then fed by 9-bucket elevator to 10-electromagnetic separator. Further crushing is carried out in 11-hammer or disc crushers and 12-five-roll mills. The crushed prepress oilcake (oilcake meal) is fed to 17-kettles of the final pressing expellers using 14-screw conveyor, 13-bucket elevator, and 16-distribution screw conveyors. The diagram shows FP prepresses and YeP expellers. The expeller oil is sent via 19-collecting screw conveyor to 20-mechanical sediment trap and directed for primary purification along with the prepress oil. 

The pressing process can be described as follows: The roasted material (or mash) arriving at the first turn of the worm shaft has an optimal moisture content, and the gaps (voids) between the product particles are significantly large. Moved by the worm shaft, the roasted material undergoes a simultaneous process where the particles come closer together, the outer surface area decreases, and the spaces between the particles diminish. At this stage, the oil coating the outer surfaces is squeezed out. As the pressure continues to increase, the particles themselves begin to compress. As a result, the capillaries located in the gel part of the particle are also squeezed, and the oil inside the capillaries is released. Therefore, at this stage, the internal surface area of the roasted material particles decreases, so the release of oil continues. A further increase in pressure intensifies the deformation of the gel part, leading to the pressing (crushing) of some capillaries meaning that remaining oil residues become trapped in capillaries whose ends are blocked. The oil remaining in the bonded capillaries and intact cells determines the residual oil content of the oilcake (meal). 

If the roasted material arrives with a high moisture content, the pressing process proceeds somewhat differently. Due to the high moisture, oil begins to flow as soon as a slight pressure is created in the roasted material. However, because the plasticity of the roasted material is high, the reduction of the outer and inner surfaces does not last long, and the oilcake emerges from the press with a high residual oil content. The extraction of oil from the roasted material is a time-dependent process: the longer the roasted material stays in the press chamber, i.e., the longer the pressure acts, the more oil flows out and the lower the oil content of the oilcake. This condition is well consistent with the practical operation of presses: as the rotational speed of the worm shaft decreases, the oil content of the oilcake decreases."
It has been determined through experiments on FP presses:
	Rotational speed of the worm shaft, rpm.
	Oil content of the oilcake, %

	27
	17,6

	21
	16,8

	13
	12,7



[image: image9]
MP-68 press equipment

"1–electric motor; 2 – gearbox; 3–flange coupling (or cross coupling); 4–sprocket; 5–feeder inlet; 6–screw blade; 7–worm shaft; 8–transfer ring; 9–barrel (cage/zeer chamber); 10–cake thickness regulator mechanism; 11–shaft axis; 12–bearing; 13–nut; 14–frame (bed); 15–oil collector (pan); 16–double-row spherical roller bearings."
The passage time of the roasted material through the barrel (zeer) can be approximately calculated. This time depends on the rotational speed of the worm shaft, the length of each blade, and the bushing between them. However, the actual passage time of the roasted material through the barrel is longer than the calculated one, because a part of the roasted material seems to move backward under control.
	Press type
	Residence time of the roasted material in the barrel (zeer), sec

	MP
	156

	MP-21
	182

	EP
	273


To determine the productivity of the screw press, it is necessary to know the movement characteristics of the roasted material. The roasted material entering the barrel (zeer) chamber rubs against the rotating shaft and its blades, moving forward in a rotational motion along with the shaft.

The complex-shaped knives placed between the half-barrels of the barrel, as well as the roughness of the inner surface of the barrel, ensure that the product moves mainly in a straight line along the shaft axis. Studies show that a portion of the roasted material rotates along with the shaft.

If for some reason (such as excessive plasticity of the material) all of the roasted material begins to rotate with the shaft, the operation of the screw press is disrupted and no pressure is generated. Thus, the movement of the roasted material inside the barrel is predominantly rectilinear, just like in a conveying screw; therefore, the productivity of the press is determined (with a certain degree of accuracy) by the conveying capacity of the worm shaft.
Test questions on vegetable oil production technology
1. What should be the maximum temperature of the cooked material after the kettle with a perforated bottom (cooking kettle)?

*A) 100–105°C 



B) 120–150°C 
C) 110–120°C 



D) 150–200°C

2. What is the maximum permissible hull content in cooked cottonseed material for grades I–III?

*A) 15% 




B) 13% 
C) 11% 




D) 12%

3. 46. How many sections does the MP-68 pre-press have?

*A) Four sections 



B) Two sections 
C) Three sections 



D) Five sections

4. What is the approximate solvent concentration in a mixture of solvent vapor and air?

*A) 15–20%



 B) 10–12%
 C) 20–40% 



D) 25–40%

5. What is the process of separating a solvent from a mixture of solvent vapor and air called?

*A) Absorption 



B) Regeneration 
C) Adsorption 



D) Recovery

6. Which fabrics are used as filter materials?

*A) Filter cloth and belting fabric 
B) Mitkal fabric 
C) Lavsan fabric 



D) Nylon fabric

7. If the moisture content of cottonseed is 10%, what are the approximate moisture contents of the kernel and hull according to the original test?

*A) Kernel: 8–8.5%; hull: 10% 
B) Kernel: 10%; hull: 8–8.5% 
C) Kernel: 12%; hull: 15% 

D) Kernel: 5%; hull: 7%

8. How many stages does primary oil purification consist of?
*A) Two stages 



B) Three stages 
C) Six stages 



D) One stage.
9. Which characteristic of seeds is considered in the original test from the perspective of oil production technology?

*A) Viability 



B) Acidity 
C) Viscosity 



D) Porosity

10. Which equipment is used to cool oil meal before it is sent to storage?

*A) Pneumatic conveyor 

B) Toaster 
C) Distillation unit 


D) Dry-air supply unit

11. What should be the residual oil content of oil meal leaving the extraction process?

*A) 1% 




B) 2.5% 
C) 3% 




D) 4%

12. What is the moisture content of finished oil cake?

*A) 5.5–6.5% 



B) 7.5–8.5% 
C) 9–10% 




D) 10–11%
13. What percentage of solvent is present in the oil meal leaving the extractor?

*A) 25–40% 



B) 35–45% 
C) 30–40% 




D) 30–45%

14. What is the moisture content of the material leaving the moistening and steaming screw conveyor?

*A) 11.5–13.5% 



B) 12–14% 
C) 14–15.5% 



D) 10–11%

15. What percentage of solvent is present in the oil meal leaving the extractor?

*A) 25–40% 



B) 35–45% 
C) 30–40% 




D) 30–45%
16. On which properties of seeds does cleaning on screening surfaces depend?

*A) Shape and size 


B) Aerodynamic properties 
C) Magnetic properties 


D) Porosity

17. If the flash point of extraction oil is 225°C, what percentage of solvent remains in the oil according to the original test?

*A) 0.01% 




B) 2% 
C) 0.1% 




D) 1%
18. What should be the moisture content of ground cottonseed material for cottonseed grades I–III?

A) 8–9% 


B) 10–11% 
C) 12–14% 


D) The correct value is not specified in the provided text.

19. Which drying method is widely used?

*A) Conductive drying 


B) Convective drying 
C) Contact drying 



D) Radiative drying

20. Which drying method uses a stream of heated air or hot gases produced by natural gas combustion?

*A) Convective drying 


B) Conductive drying 
C) Contact drying 



D) Radiative drying

21. What is the process of saturating unsaturated fatty acids with hydrogen called?

*A) Hydrogenation


B) Refining 
C) Pressing 




D) Extraction

22. In which process are copper–nickel catalysts widely used to treat oils?

*A) Hydrogenation 


B) Refining 
C) Pressing 




D) Extraction

23. In which process is oil separated using extraction gasoline (solvent)?

*A) Extraction 



B) Refining 
C) Pressing 




D) Hydrogenation

24. In which process is sodium hydroxide widely used to treat oils?

*A) Refining 



B) Hydrogenation 
C) Extraction 



D) Pressing

25. Which oils are primarily used in perfumery and cosmetics?

*A) Essential oils 



B) Cottonseed oil 
C) Sunflower oil 



D) Blended oils

26. What is the trihydric alcohol present in oils called?

*A) Glycerol (glycerin) 


B) Ethyl alcohol 
C) Methyl alcohol 



D) Butanol

27. What should the flash point of oil be after distillation, according to the original test?

*A) 225°C 




B) 125°C 
C) 325°C 




D) 150°C

28. How many types of catalysts are distinguished according to their method of preparation?

*A) Two 




B) Four 
C) Five 




D) Three

29. What is miscella?
*A) A mixture of oil and solvent 
B) A mixture of oil and oil cake 
C) A mixture of gasoline and oil meal D) Refined oil

30. What should be the suspended-solids content of miscella before distillation?

*A) Less than 0.2% 


B) Less than 1% 
C) Less than 3% 



D) 1–2%

31. Approximately what percentage of oil-meal particles may be present in the oil leaving the extractor?
*A) 0.4–2% 



B) 0.3–5% 
C) 3–4% 




D) 5–8%

32. Which products are obtained by pressing cooked oilseed material?

*A) Oil and oil cake 


B) Oil and oil meal 
C) Oil and ground seed material 
D) Miscella and oil cake

33. What percentage of oil remains in oil cake obtained by full pressing?

*A) 7–8% 




B) 10–11% 
C) 9–10% 




D) 8.5–9%

34. What is the main raw material used in an oil extraction plant?

*A) Oil cake 



B) Cottonseed 
C) Ground oilseed material 

D) Oil meal

35. In which year and location was the hydrogenation plant commissioned?

A) Nizhny Novgorod 


B) Krasnodar 
C) Tashkent 



D) Moscow

36. What percentage of oil remains in oil cake obtained by full pressing?

*A) 7–8% 




B) 10–11% 
C) 9–10% 




D) 8.5–9%
37. What are liquid vegetable oils primarily obtained from?

*A) Plants 




B) Animals 
C) Synthetic processes 


D) Natural synthesis

38. What percentage of oil remains in oil cake obtained by pre-pressing?

*A) 12–14% 



B) 13–15% 
C) 11–11.5% 



D) 10–11%
39. How many oil-processing enterprises belong to the Association of Food Industry Enterprises in Uzbekistan, according to the original test?

*A) 23 




B) 19 
C) 20 





D) 10

40. Which material is used in the bleaching of vegetable oils?

*A) Bentonite 



B) Soil 
C) Acid 




D) Vegetable oils cannot be bleached

Review questions

1. Oil expression (pressing), its advantages and disadvantages.

2. Requirements for the product supplied for pressing.

3. Factors generating pressure in the cage (barrel) chamber.

4. Indicators (quality parameters) of the oil exiting the press.

5. The role of hull (seed coat / husk / shelucha) in the pressing process.

6. Factors affecting press capacity (productivity) and oil yield.

7. Explain the technological flow diagram of oilseed pre-pressing.

8. Explain the production scheme of oil manufacturing by double pressing.
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