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Abstract—Different ways for utilization of by-products from the production of sunflower, soybean, linseed, 
and rapeseed oil in Russia are reviewed. Different options of using sunflower press cakes as sorbents, in the 
production of feedstuffs for animals, in the construction industry, and energy industry are described. Examples 
of application of oil meal in the food industry and feedstuff production, especially in the production of protein 
isolates and concentrates, mayonnaise, and enriched bread are described. Prospects for oil meal application in 
biotechnology are also given.  

Processes for manufacturing of fat and oil products 
generate large quantities of waste and by-products, the 
total amount of which in Russia reaches approximately 
7 mln t per year. The main type of waste from oil-
producing plants is sunflower hulls, while by-products 
include press cakes and oil meal (schrot).  

At present in Russia a stable first place in terms of 
production and consumption rates is taken by 
sunflower oil. Its production volume accounts for 93.8 
% of the total output of individual types of vegetable 
oils in the Russian Federation. However, it is possible 
that in the coming years there will be certain changes 
in the structure of vegetable oil production towards a 
reduction in the share of sunflower oil and the 
proportional growth in the share of soybean, rapeseed, 
and other types of oil [1]. The growing volumes of 
oilseeds production and processing bring about a 
corresponding increase in the volumes of generated 
secondary material resources, which makes it 
necessary to develop production facilities to process 
the waste coming from oil-producing plants. 

Sunflower Hulls1 
Sunflower hulls are a stiff plant tissue characterized 

by a homogeneous physical structure, constant che-
mical composition, and constant physicomechanical 
properties. Hulls of high-oleic sunflower varieties 
contain (% per absolutely dry matter) [2]: 1.63–2.3 of 
fat; 52.0–57.75 of crude cellulose; 3.75–4.62 of 

protein; 38.23–39.55 of nitrogen-free extractives; and 
1.97–2.2 of ash.  

Sunflower hulls find limited application and are 
usually taken to landfills. At the same time, hulls can 
be used as a secondary raw material both at the oil-
producing plants and at other production facilities. A 
traditional way to utilize sunflower hulls is to produce 
complete feedstuffs for ruminants on the basis of this 
material. In such feedstuffs sunflower hulls replace 
barley straw; additions of fat waste increase the oil 
content of the feedstuffs up to 8% [3].  

It is recommended to enrich sunflower hulls with 
by-products of fat and oil plants, i.e. phosphatide 
emulsion or soap stocks (sediments formed during 
vegetable oil refining) [4], containing lipids, and to 
prepare feed mixtures using sunflower hulls and oil 
meal in the ratio of 1:2. Feedstuffs containing lipid-
enriched hulls increase livestock and poultry pro-
ductivity. The technology for production of pelletized 
hulls enriched with lipids is described in work [2]. 
However, application of pelletized sunflower hulls as 
feedstuffs is limited, as in case of poor milling pieces 
of sunflower hulls entering the bodies of livestock 
animals can cause ulcer diseases. In this connection, 
milling of sunflower hulls into flour with particles of 
100–200 μm is proposed for feeding purposes. During 
milling mechanical degradation of cellulose takes 
place, which increases the share of digestible 
carbohydrates and the feeding value of sunflower hulls 
[5]. One of the options for implementation of this 

DOI: 10.1134/S1070363212050301 

1 Technical Specifications 9174-003-55505939-04 and Technical 
 Specifications 9147-468-00334534-2007. 
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approach is a method to produce press cake flour, 
consisting of a mixture of ground press cakes (75%) 
and finely milled hulls (25%) [6]. Specialists of 
Orenburg State University developed a technology for 
the production of feed mixtures and feed supplements 
on the basis of sunflower hulls and wheat bran [7]. 

After removal of furfural it is possible to grow 
feeding yeast on pentose-hexose hydrolysates of 
sunflower hulls [3]. One ton of sunflower hulls can be 
used to produce 180–190 kg of dry yeast containing 8–
9 times more protein than the source sunflower hulls. 
Prehydrolysis of sunflower hulls with the hydrochloric 
acid solution under mild conditions results in the 
formation of a solution of pentose sugars with the yield 
of up to 20.5% (of the absolutely dry raw material). 
The method can be used to prepare growth media for 
edible fungi [8]. 

A possibility to produce chipboards, highly filled 
polymer compounds, and various articles on their basis 
using sunflower hulls as a filler was studied [9]. The 
resulting materials can be applied for heat insulation 
purposes in the construction industry and for veneering 
in the production of furniture [10, 11]. Industrial 
production of such goods is economically attractive, as 
the cost of sunflower hulls is 15–20 times lower than 
the cost of wood chips.  

Sunflower hulls can be used for filtration of wash-
ing oils at fat and oil plants [12], as well as for manu-
facturing of sorbents. It was determined that proteins 
and cellulose contained in sunflower hulls formed a 
protein-carbohydrate complex capable of binding ions 
of heavy metals. Such sorbents can be used in water 
treatment for drinking and technological purposes, as 
well as in waste water treatment at small-scale local 
installations [13, 14]. 

The use of sunflower hulls for manufacturing of 
biofuels is also promising. Pelletized sunflower hulls 
possess a high energy content at relatively low volumes. 
The average calorific capacity of such fuel reaches 16–
20 MJ kg–1, which is almost in line with the charac-
teristics of bituminous coal. There are three types of 
sunflower hulls used for technological purposes: non-
pelletized, pelletized, and briquetted [15]. 

In order to produce solid biofuels from pelletized 
hulls it is possible to use phosphatide concentrates 
obtained in the process of sunflower oil hydration as a 
binding agent [16]. In Russia the development of 
complete pelletizing lines is performed by Grantekh 
JV LLC [17, 18]. 

Soybean Press Cakes and Oil Meal2 

Press cakes and oil meal are by-products generated 
at oil-producing plants. Press cakes are produced as a 
result of pressing oil seeds for oil, while oil meal is 
generated due to oil extraction processes.  

The value of press cakes and oil meal is related to 
the high content of protein substances (ranging from 
30 to 50% of dry weight) in these products. They 
contain such amino acids as lysine, methionine, 
cysteine, tryptophan, arginine, histidine, tyrosine, 
aspartic acid, glutamic acid etc. [19, 20]. 

The global consumption of press cakes and oil meal 
is constantly increasing. This fact contributes to the 
growing volumes of the world trade in press cakes and 
oil meal mostly due to the increasing market of 
soybean oil meal [21]. Due to their high protein 
content press cakes and oil meal are promising raw 
materials for manufacturing of vegetable protein 
products, mainly represented by flour, protein 
concentrates and isolates, and products of their further 
processing [22]. The high nutritional value and 
functional properties of protein products ensure their 
extensive application in the food industry.  

Soybean oil meal contains up to 45–50% of protein 
rich in essential amino acids. The protein contained in 
soybean oil meal and products on its basis is superior 
to many other proteins of plant and animal origin in the 
content of essential amino acids [22]. The feeding and 
nutritional values of soybean oil meal proteins depend 
on the degree of inactivation of proteolytic enzyme 
inhibitors and lectins. Soybean seeds contain a number 
of undesirable substances, ruling out a possibility to 
use oil meal for feeding and nutritional purposes 
without additional treatment. Such substances include 
urease, lipase, and lipoxygenase enzymes, as well as 
such anti-nutrients as trypsin inhibitor, soyin, and 
saponin [23]. In order to remove these undesirable 
substances from soybean oil meal it is subjected to 
wet-heat treatment. The amount of inhibitors to be 
inactivated in feedstuffs for non-ruminants and poultry 
should reach at least 80%.  

The major part of soybean press cakes and oil meal 
are used in mixed feed production [3]. Works aimed at 
increasing the quality of soybean oil meal delivered to 
fur farms are carried out. Application of oil meal 
makes it possible to reduce the consumption of meat 
2 State Standard GOST 12220-96,  State Standard GOST 27149-
 95,  State Standard GOST 8056-96, and State Standard GOST 
 8057-95. 
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and fish used in feed rations for animals. A number of 
oil-extracting factories are equipped with lines for 
enrichment of soybean toasted (subjected to wet-heat 
treatment) oil meal with lipids followed by oil meal 
pelletization [24], which makes it possible to raise the 
feeding value, prevent caking, and increase the bulk 
weight of oil meal. 

Soybean press cakes and oil meal find increasing 
application in the food industry.  

It is possible to replace up to 1% of egg powder 
with raw or roasted soybean oil meal in the formula-
tion of mayonnaise [25]. Partial substitution of egg 
powder for soybean oil meal at Ussuriisk fat and oil 
factory made it possible to produce mayonnaise on the 
basis of the traditional technology. Moreover, in terms 
of organoleptic indicators such mayonnaise is com-
petitive with Provencal mayonnaise.  

A possibility to use finely milled soybean oil meal 
as an antioxidant for vegetable oils was studied [26]. It 
is proposed to add soybean oil meal into food products 
requiring moisture conservation, as it has a high water 
sorption capacity. There are developed formulations 
and process flow diagrams for production of chopped 
meat and fish products containing approximately 12% 
of soybean oil meal [27]. 

A method to prepare a thickener, giving a stable 
viscosity to minced meat croquettes and other similar 
food articles, was proposed in order to ensure con-
sistent quality of these products under conditions of 
mass industrial production [28]. It was found that 
soybean oil meal included into the formulation of sheet 
wafers instead of wheat flour in the amount of not 
more than 20% made it possible to produce goods 
matching the reference products in terms of consumer 
properties and significantly exceeding them with 
regard to biological value [29].  

Amino acid supplements containing milled soybean 
press cakes can be used as nutritional supplements or 
in nutritional therapy [30]. A scheme for production of 
dry powder baby-food products on the basis of 
soybean oil meal, skimmed milk powder, and barley 
malt powder was proposed [31]. A technology for 
production of milk and vegetable concentrates from 
defatted soybean flour, soybean oil meal, and milk 
whey, which can be used to make combined dairy 
products, was developed [32]. 

On the modern market of food ingredients soy 
proteins are represented by isolates, concentrates, 

textured products, and various types of soybean flours 
or grits. 

Defatted soybean flour is obtained through milling 
and sifting of defatted soybean flakes. Soybean flour 
contains ~28% of carbohydrates, including 15% of 
soluble monosaccharides and oligosaccharides and 
13% of polysaccharides, which can be extracted in the 
production of protein concentrates or isolates. In Russia 
defatted flour is used for manufacturing of textured 
proteins and in the baking and confectionery industry 
[33]. Addition of soybean flour into dough during the 
bread-making processes significantly increases the 
nutritional properties, improves the appearance, and 
extends the shelf life of the resulting bread [34]. It is 
recommended to use soybean flour in the production of 
various confectionery pastes for candies, caramels, 
pastilles and jelly products, dragee, halva, and other 
confectionery products in order to replace the tra-
ditional raw materials (sugar, powdered and condensed 
milk, cocoa powder, and nut-containing materials). 

The largest Russian producer of defatted soybean 
flour and nutritional oil meal (grits) is Irkutsk fat and 
oil factory OJSC. The enterprise produces defatted 
soybean flour of different grain-size composition and 
various degree of heat treatment under Soyanta brand 
and Soyanta-teks soybean grits, specially intended as 
raw materials for the domestic production of textured 
soy proteins. Apart from that, there is a number of 
companies producing customized defatted soybean 
flour in the amounts of 50–100 t/month [35]. 

In recent years there has been active development 
in manufacturing of soy protein concentrates obtained 
from soybean flour in the world. The content of proteins 
in such concentrates amounts to 65–72% depending on 
the quality of the source raw materials and the 
production technology. These concentrates are used in 
soups, high-protein drinks, and sauces in order to give 
such products certain thickness and to retain water. 

Manufacturing of functional protein mixtures and 
concentrates using domestic and imported ingredients 
is performed by a number of Russian companies 
(Tekhnomol Group of Companies, Torgovyi Dom PTI 
Group of Companies etc.). Construction of new enter-
prises for processing of soybeans and manufacturing of 
soy protein concentrates is also envisaged [36].  

In application of protein products it is often neces-
sary to give them certain structure through texturing. 
Depending on the applied technology, the end products 
can be represented by textured flour and concentrates 
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obtained using extruders [37] or fibrous isolates 
produced through spinning [38]. The major areas of 
their application are the production of meat fillers used 
in sausage, frankfurter, and chopped meat articles, as 
well as the imitation of the structure of expensive meat 
products (e.g. steaks, ham, and chicken meat). 

In Russia there is active development in the 
production of textured proteins on the basis of defatted 
soybean oil meal. New high-capacity extrusion lines in 
St. Petersburg and Dzerzhinsk were put into operation. 
Large Russian producers of textured proteins include 
Gislav M LLC, Tekhnomol Group of Companies etc. [35]. 

Apart from the food industry, soybean press cakes 
and oil meal can find application at biotechnological 
production plants. Thus, e.g. it is possible to use the 
water-soluble fraction of the protein isolate obtained 
from soybean oil meal as a growth medium for feeding 
yeast and cultivated bacteria [39]. A possibility to 
manufacture nutritional protein products from soybean 
press cakes through synthesis of proteins by single-
celled organisms (bacteria and yeast) cultivated in 
various non-protein media is considered [40]. 

Sunflower Press Cakes and Oil Meal3 

Sunflower press cakes and oil meal contain protein 
(38–39%), lipids (up to 1.5% in oil meal and up to 
10% in press cakes), phosphorous-containing com-
pounds, vitamins, cellulose etc. The quality of sun-
flower press cakes and oil meal as sources of con-
centrated vegetable protein is determined primarily by 
the nutritional value of this protein. The main protein 
in sunflower seeds is 11S-globulin containing a lot of 
glutamic and aspartic acids, as well as arginine (26, 14, 
and 9.7% of the amino acids total, respectively). On 
the contrary, the amount of sulfur-containing amino 
acids is minor. At the same time, the production of 
nutritional sunflower protein is complicated by the 
presence of chlorogenic acid (up to 4.17%) and other 
phenol compounds, causing browning of products 
during thermal treatment, in sunflower press cakes and 
oil meal [23]. 

The major quantity of sunflower press cakes and oil 
meal is used in mixed feed production. They are 
included into the composition of protein and vitamin 
supplements in the amounts of 40–50%. They are 
added to barley, corn, oats, wheat, and other forage 
crops. In terms of feed units sunflower oil meal almost 
matches forage crops and significantly exceeds them 

with regard to the protein content: barley, 4.4-fold, 
oats, 4.2-fold, and corn, 4.6-fold. If it is taken into 
account that oil meal prices are several times lower 
than the selling prices for oats, barley, and other crops, 
the advantages of using sunflower press cakes and oil 
meal in mixed feed production become evident. A 
number of oil-extracting factories perform enrichment 
of sunflower oil meal with lipids followed by pelletiza-
tion. The most frequently applied enrichment mixtures 
are soap stock lipids or phosphatide emulsion. 
Additions of these substances increase the oil meal 
nutritional value due to its enrichment with tri-
glycerides, phosphatides, tocopherols, and sterols [41]. 
The subsequent pelletization of the oil meal facilitates 
its transportation and storage, ensures explosion-proof 
conditions in the course of these operations, and 
reduces losses due to the absence of dust. 

It was found that sunflower seeds contained two 
inhibitors of В1 and В2 proteolytic enzymes, which had 
adverse effect on digestibility of proteins by animal 
organisms, causing hypertrophy of the pancreas, 
deterioration in digestibility of amino acids, and animal 
growth retardation. In this connection, for techno-
logical processing of sunflower seeds it is necessary to 
perform inactivation of protein inhibitors [23]. 

Specialists of Kuban State Agricultural University 
developed a technology aimed at obtainment of feed 
protein isolate from sunflower oil meal. The 
technological process of isolate production is based on 
the extraction of protein with the alkaline solution, 
followed by the subsequent separation of the protein 
extract using gravitational settling and centrifugation 
methods. The resulting isolate is characterized by a 
low content of cellulose and a high content of the 
amino acids that are the most essential for livestock 
animal and poultry feedstuffs (lysine, methionine, and 
threonine). The waste (solid oil meal residue and 
protein-free supernatant) remaining after the protein 
isolation process can be used as a growth medium for 
probiotic microorganisms included into the composi-
tion of Batsell coenzyme feed supplement [42]. 

Application of sunflower press cakes and oil meal 
as nutritional protein sources is also promising. The 
major area of using nutritional protein is enriching 
bakery goods, second courses, and other food products 
with vegetable protein. There is a range of products, 
formulations, and process flow diagrams for manu-
facturing of second courses based on chopped meat 
and meat mass, flour and confectionery goods, suitable 
for enrichment with proteins extracted from sunflower 3 State Standard GOST 80-96 and State Standard GOST 11246-96. 
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oil meal. The end products contain all essential amino 
acids in a favorable ratio and have the optimal 
composition of minerals. With regard to organoleptic 
indicators the products under investigation are 
competitive with the reference samples [43, 44]. 

A method of obtaining lipid-protein complexes 
from sunflower press cakes was developed. Such com-
plexes can be used in bread-baking instead of wheat 
flour. A scheme for preliminary treatment of sunflower 
press cakes was proposed in order to reduce the 
content of phenol compounds. Addition of 10% of the 
product in question to the dough instead of wheat flour 
resulted in the production of high quality bread 
containing 25–36% more protein than the standard 
wheat bread [45]. 

Sunflower oil meal can be used as an antianemic 
nutritional supplement within the framework of 
developing products for special medical purposes [46]. 
A beneficial effect of enriched bread on hematological 
parameters and hematogenesis was observed. The 
formulation of mayonnaise containing protein con-
centrates produced from sunflower oil meal instead of 
egg powder was put into production. Such mayonnaise 
in the form of stable emulsion is characterized by 
increased nutritional value [47]. It is reported that 
sunflower press cakes are used for manufacturing of 
cookies, cheese, and yogurt [48, 49]. It is considered 
that press cakes containing ~50% of protein can serve 
as substitutes for casein and gluten. Sunflower oil meal 
can be used as a partial sugar substitute. In order to 
improve its processing properties sunflower oil meal is 
treated with succinic anhydride [50]. 

Anthocyanins, vegetable dyestuffs, are obtained 
from sunflower press cakes through extraction with 
non-aqueous or aqueous organic solvents acidified 
with mineral acids, which is followed by filtration of 
the extracts and their concentration in vacuum at low 
temperatures. The resulting liquid dyeing product is 
suitable for coloring of food products and can be 
applied in cosmetic formulations [51]. Advisability of 
applying modified vegetable sorbents based on 
sunflower oil meal in refining of vegetable oils is 
demonstrated [52]. Sunflower press cake extracts can 
be used for biosynthesis of such antibiotics as 
penicillin and streptomycin [53, 54] and sunflower oil 
meal, for production of furfural [55]. 

Sunflower press cakes and oil meal can also find 
application for technical purposes. Sunflower press 
cakes account for 30–46% of the composition of 

sealants for radiators with decreased sealing time, 
increased sealing ability, and corrosion resistance [56]. 

Linseed Press Cakes and Oil Meal4 

The chemical composition of linseed oil meal (% to 
absolutely dry matter): 6 of nitrogen; 36.0 of protein; 
3.0 of crude fat; 36.1 of carbohydrates; 9.0–14.0 of 
cellulose; 45.0–47.0 of nitrogen-free extractives; and 
5.5 of ash (total). The amino acid composition of 
linseed press cakes and oil meal is given in work [3]. 

Linseed press cakes and oil meal are used in the 
mixed feed production industry as they are charac-
terized by a very high feeding value. One kg of press 
cakes and oil meal contains 1.09–1.12 and 0.97–1.04 
of feed units, respectively, and 312.8–319.6 g and 
324–338.4 g of protein, respectively.  

A technology for production of protein concentrates 
from linseed oil meal was developed [57]; the 
biological and nutritional values of these concentrates 
were studied. Biomedical research works revealed a 
possibility to use the product in question as a nutria-
tional supplement in the production of canned vege-
tables and meat, meat croquettes, food concentrates, 
mayonnaise, sauces, and other food products [58]. 
Formulations of canned vegetables with additions of 
protein concentrates obtained from linseed oil meal 
were developed. Combined products can be also added 
into meat pate [59]. A possibility of manufacturing 
soy-type sauces from linseed and soybean oil meal 
through treatment of the oil meal with proteolytic 
enzyme products was considered. Such sauces contain 
significant quantities of lysine and other essential 
amino acids [60]. A method to extract natural 
polysaccharides, which can be used in the food 
industry as stabilizers in the production of sauces, meat 
products and sausages, frozen desserts etc., from 
linseed press cakes and oil meal was developed [61].  

Linseed press cakes can be also applied for tech-
nical purposes, e.g. as a component of sealants for car 
radiators [56]. 

Rapeseed Press Cakes and Oil Meal5 

On the average, rapeseed oil meal contains 38% of 
protein and 12% of cellulose and rapeseed press cakes, 
33% and 13%, respectively; the total nutritional value 

4 State Standard GOST 10974-95 and State Standard GOST 10471-
 96. 
5 State Standard GOST 11048-95 and State Standard GOST 30257-
 95. 
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reaches 91–111 feed units per 100 kg of the feedstuff 
[62, 63].  

The amino acid composition of proteins contained 
in rapeseed press cakes and oil meal and their various 
fractions speaks for a high biological value of these 
products. Rapeseed proteins are well-balanced in terms 
of essential amino acids. With regard to the content of 
lysine, the main essential amino acid, they are close to 
soybean proteins. Moreover, the biological value of 
rapeseed protein amounts to 86%. In general, with 
regard to essential amino acids (33.0–35.2%) rapeseed 
proteins exceed sunflower proteins and can compete 
with soybean proteins [64, 65]. 

Approximately 2 t of rapeseed press cakes and oil 
meal is generated as a result of production of 1 t of 
rapeseed oil [66]. The most feasible way to process 
rapeseed is to use the pressing-extraction scheme, accord-
ing to which rapeseed press cakes with the oil content 
of 17–20% are obtained at first, and rapeseed oil meal 
with the oil content of maximum 3% is generated as a 
result of the subsequent oil extraction [64]. 

Due to the unstable structure of rapeseed press 
cakes and oil meal they are manufactured in the form 
of pellets, which makes it possible to reduce caking, 
avoid spontaneous heating, and increase the bulk 
weight of the pelletized product (by a factor of 1.7–
1.8). Pelletization of rapeseed press cakes and oil meal 
in compliance with the optimal processing patterns has 
no significant influence on the quality and feeding 
value of these products, which is confirmed by the 
results of studies on the amino acid and fractional com-
positions of the protein complex. Moreover, inactiva-
tion of redox and hydrolyzing enzymes of the lipid 
fraction of rapeseed press cakes and oil meal in the 
pelletizing process contributes to improved quality and 
stability of press cakes and oil meal during storage [64]. 

Unlike other oil seeds, rape seeds contain erucic 
acid and thioglycosides, which reduce the nutritional 
and feeding values of rapeseed-processing products. 
The content of anti-nutrients in rapeseed press cakes 
and oil meal can be reduced in the process of thermal 
treatment, under the influence of microorganisms, or 
by chemical means. But all these techniques are 
inefficient and economically unviable. Moreover, the 
treatment reduces the protein quality. Therefore, all 
efforts of the Russian plant breeders were focused on 
the creation of double-quality rapeseed varieties (00-
type), not only containing no erucic acid but also 
characterized by a low glycosinolate content. Rapeseed 

is considered high-quality when the glycoside content 
does not exceed 20 mcM per 1 g on air-dry basis [75]. 

The major area of application of rapeseed press 
cakes and oil meal is in rations for livestock animals 
and poultry [67]. The share of rapeseed press cakes in 
feedstuffs can be as follows: up to 15% for milking 
cows and young cattle (older than one year), up to 10% 
for fattening cattle and pigs, and up to 5% for poultry; 
the share of rapeseed oil meal can reach 10% in 
feedstuffs for milking cows and 5% for young 
fattening pigs and laying chicken [68–71]. In order to 
increase the oil meal energy value it is possible to add 
1.5% of soap stock obtained in the process of canola 
oil refining. Mixed feeds for broiler chicken with 
additions of rapeseed oil meal proteins have the same 
impact on the productivity of chicken and the quality 
of meat as mixed feeds containing soybean oil meal. 
Rapeseed oil meal is recommended to be included into 
the formulations of mixed feeds for cattle in the 
amounts of 5–25% [72, 73]. 

Rapeseed press cakes and oil meal are valuable 
sources of protein, which are promising for obtainment 
of food-quality protein products. Schemes for produc-
tion of protein-lipid enriching agents from rapeseed 
press cakes and oil meal, possessing a high biological 
value, were developed [74, 75]. The resulting products 
are characterized by high lipid-emulsifying, water-
retaining, and foaming abilities, which makes it 
possible to use them as functional components of various 
food products [76]. It is proposed to use protein pro-
ducts obtained from rapeseed press cakes in the formu-
lations of wheat flour goods and mixed rye-wheat 
bread in order to enrich these products with protein 
and optimize their amino acid composition [77, 78]. 

Technologies for production of biofuels from 
rapeseed oil are intensively developing, which in turn 
causes a drastic increase in rapeseed oil production 
[79, 80]. 

Thus, almost all types of waste and by-products 
generated by oil-producing plants can be used for 
manufacturing of feedstuffs and food products, as well 
as for technical purposes. However, the existing pos-
sibilities are not fully utilized as yet. 

REFERENCES 

1. Ipatova, L.G., Kochetkova, A.A., Nechaev, A.P., and 
 Tutel’yan, V.A., Zhirovye produkty dlya zdorovogo 
 pitaniya: sovremennyi vzglyad (Fat Products for Healthy 
 Eating: Modern View), Moscow: DeLi Print, 2009, p. 396. 



SECONDARY MATERIAL RESOURCES OF OIL-PRODUCING PLANTS 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  82   No.  5   2012 

975 

 2. Gladkaya, V.F., Aleshina, V.F., and Gusev, V.N., 
 Maslo-Zhir. Promyshlennost’, 1973, no. 9, p. 35. 
 3. Yurchenko, A.E., Vtorichnye material’nye resursy 
 pishchevoi promyshlennosti: obrazovanie i ispol’zova-
 nie (Secondary Material Resources of Food Industry: 
 Formation and Utilization), Moscow: Ekonomika, 1984, 
 p. 327. 
 4. Krylov, V.M., Maslo-Zhir. Promyshlennost’, 1985, no. 6, 
 p. 15. 
 5. Buleiko, S.Yu., Mel’nikov, K.A., Ol’shanskii, A.V., 
 Shishkov, N.I., Chernyshova, T.P., and Kulik, A.P., 
 Pishch. Promyshlennost’, 1989, no. 11, p. 14. 
 6. Gainetdinov, M.F., Ratsional’noe ispol’zovanie 
 otkhodov pishchevoi promyshlennosti v zhivotnovodstve 
 (Rational Use of Food Industry Waste in Livestock 
 Breeding), Moscow: Rossel’khozizdat, 1978, p. 199. 
 7. Kobylkin, D.S., Antimonov, S.V., Korotkov, V.G., and 
 Ganin, E.V., Khranenie i Pererabotka Sel’khozsyrya, 
 2008, no. 6, p. 27. 
 8. Kosenko, V.A., Kulik, A.P., Zubareva, I.M., Mitina, N.B., 
 and Naumenko, A.I., Voprosy Khimii i Khim. Tekhnol., 
 2005, no. 3, pp. 185, 229, 234. 
 9. Russian Patent no. 2014216, 1994. 
10. Rudakov, O.B., Glazkov, S.S., and Skripchenkov, A.V., 
 Masla i Zhiry, 2008, no. 1, p. 18. 
11. Girman, V.V., Bryantseva, V.I., Kovalenko, B.N., and 
 Popov, Yu.V., Pishch. Promyshlennost’, 1990, no. 5, p. 42. 
12. Savus, A.S., Derevenko, V.V., and Popova, L.N., 
 Osobennosti fil’tratsii masla cherez sloi luzgi pod-
 solnechnykh semyan (Characteristics of Oil Filtration 
 through Layer of Sunflower Seed Hulls), Krasnodar, 
 1988, p. 10.  
13. Osadchenko, I.M., Malofeeva, L.S., Kharlamova, T.A., 
 and Myagkov, S.V., Khranenie i Pererabotka Sel’khoz-
 syr’ya, 2007, no. 8, p. 64. 
14. RF Patent no. 2252819, 2005. 
15. Seed Hulls as Marketable Product, Masla i Zhiry, 2008, 
 no. 1, p. 18. 
16. RF Patent no. 2311224, 2007. 
17. Lanetskii, V.A., Maslo-Zhir. Promyshlennost’, 2008, 
 no. 5, p. 14. 
18. Lanetskii, V.A., Maslo-Zhir. Promyshlennost’, 2009, 
 no. 5, p. 22. 
19. Gumenyuk, G.D., Zhadan, A.M., and Korobko, A.N., 
 Ispol’zovanie otkhodov promyshlennosti i sel’skogo 
 khozyaistva v zhivotnovodstve (Utilization of Industrial 
 and Agricultural Wastes in Livestock Breeding), Kiev: 
 Urozhai, 1983, p. 150. 
20. Sklyankin, Yu.V. and Stychinskii, S.L., Bezotkhodnaya 
 pererabotka sel’skokhozyaistvennogo syr’ya: ekologo-
 ekonomicheskii aspekt (Non-Waste Processing of 
 Agricultural Raw Materials: Environmental and Eco-
 nomic Aspects), Kiev: Urozhai, 1988, p. 168. 
21. Kirillova, O.V., Nazarova, N.I., and Del’tsova, L.V., 
 Vestn. VNIIZh, 2005, no. 1, p. 50. 
22. Kale, Sh., Rastitel’nyi belok (Vegetable Protein), 

 Moscow: Agropromizdat, 1991, p. 684. 
23. Shcherbakov, V.G. and Lobanov, V.G., Biokhimiya i 
 tovarovedenie maslichnogo syr’ya (Biochemistry and 
 Commodity Science of Oil Raw Materials), Moscow: 
 KolosS, 2003, p. 360. 
24. Pyatnitskova, V.A., Savina, T.V., and Dubovoi, A.F., 
 Pishch. Promyshlennost’, 1990, no. 5, p. 40. 
25. Lentsova, L.V., Samburova, T.N., Pavel’, T.M., and 
 Kishkan, N.S., Abstracts of Papers, II Vses. nauch. konf. 
 po problemam industrii obshchestvennogo pitaniya 
 strany (II All-Union Scientific Conf. on Problems of 
 Public Catering Industry), Kharkov, 1989, p. 226. 
26. Lentsova, L.V., Samburova, T.N., Pavel’, T.M., and 
 Yastimova, T.V., Abstracts of Papers, II Vses. nauch. 
 konf. po problemam industrii obshchestvennogo 
 pitaniya strany (II All-Union Scientific Conf. on 
 Problems of Public Catering Industry), Kharkov, p. 235. 
27. Ol’khovaya, L.P. and Sukhanova, V.K., Abstracts of 
 Papers, Mezhgos. nauch. konf. po kompleksnoi pere-
 rabotke pishchevogo syr’ya i osnovnym napravleniyam 
 rasshireniya assortimenta produktov pitaniya (Inter-
 State Scientific Conf. on Complex Processing of Food 
 Raw Materials and Major Directions to Expand Food 
 Products Range), Vladivostok, 1993, p. 72. 
28. Japan Application no. 57-205524, 1984. 
29. Chizhikova, O.G., Solov’eva, L.P., and Stashina, T.A., 
 Abstracts of Papers, Mezhgos. nauch. konf. po 
 kompleksnoi pererabotke pishchevogo syr’ya i 
 osnovnym napravleniyam rasshireniya assortimenta 
 produktov pitaniya (Inter-State Scientific Conf. on 
 Complex Processing of Food Raw Materials and Major 
 Directions to Expand Food Products Range), 
 Vladivostok, 1993, p. 86. 
30. Tai, J. and Fu, Q., Acta Agron. Sin., 1990, 16, no. 2,     
 p. 153. 
31. Chandrasekhara, М.R., Shurpalekar, S.R., Rau, В.Н., 
 Subba, Kurien Soma, Shurpalekar, Kantha S., J. Food 
 Sci. and Technol., 1966, 3, no. 3, pр. 94. 
32. Folomeeva, O.G., Raidna, E.I., Asafov, V.A., Zhurav-
 skaya, N.A., Englin, I.P., and Titova, N.V., Moloch. i 
 Myas. Promyshlennost’, 1990, no. 2, p. 29. 
33. Ivanitskii, S.B., Lobanov, V.G., and Nazarenko, S.V., 
 Pishch. Promyshlennost’, 1998, no. 3, p. 38. 
34. Stauffer, K.E., Pishch. Promyshlennost’, 2003, no. 1, p. 48. 
35. Domoroshchenkova, M.L., Pishch. Promyshlennost’, 
 2006, no. 10, p. 68; no. 11, p. 68. 
36. Mendel’son, G.I., Pishch. Promyshlennost’, 2004, no. 6, 
 p. 90; no. 7, p. 84. 
37. Yao, G., Liu, K.S., and Hsieh, F., J. Food Sci.., 2004, 
 vol. 69, no. 7, p. E303. 
38. Shcherbakov, V.G. and Ivanitskii, S.B., Proizvodstvo 
 belkovykh produktov iz maslichnykh semyan (Manu-
 facturing of Protein Products from Oil Seeds), Moscow: 
 Agropromizdat, 1987, p. 152. 
39. Skudra, L.A., Kalnenietse, M.F., and Dukal’ska, L.R., 
 Tr. Latv. S.-Kh. Akad., 1988, no. 248, p. 35. 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  82   No.  5   2012 

STEPYCHEVA et al. 976 

40. Kapsiоtis, G.D., Inds Aliment. et Agric, 1968, 85, no. 10, 
 p. 1157. 
41. Kovalenko, N.P., Grechko, V.F., and Dovzhikova, L.G., 
 Maslo-Zhir. Promyshlennost’, 1972, no. 6, p. 37. 
42. Koshchaev, A.G., Plutakhin, G.A., Fisenko, G.V., and 
 Petenko, A.I., Khranenie i Pererabotka Sel’khozsyr’ya, 
 2008, no. 3, p. 66. 
43. Krupko, S.I., Khlebopek. i Kondit. Promyshlennost’, 
 1980, no. 8, p. 7. 
44. Chernega, L.P., Desyatnikova, O.I., Marin, T.D., and 
 Pedure, N.F., Abstracts of Papers, II Vses. nauch. konf. 
 po problemam industrii obshchestvennogo pitaniya 
 strany (II All-Union Scientific Conf. on Problems of 
 Public Catering Industry), Kharkov, 1989, p. 332. 
45. Lyon, С.K., Kohler, G.О., and Наnаmoto, М.М., J. Am. 
 Oil Chem. Soc., 1982, vol. 59, no. 3, pр. 119. 
46. Kuznetsov, V.D., Dubtsov, G.G., and Merzlyakova, N.M., 
 Abstracts of Papers, Vses. konf. po khimii pishchevykh 
 dobavok (All-Union Conf. on Chemistry of Nutritional 
 Supplements), Kiev, 1989, p. 185. 
47. Petukhova, N.M., Sovershenstvovanie tekhnologii 
 khraneniya i proizvodstva prodovol’stvennykh tovarov 
 (Improvement of Food Products Storage and Production 
 Technologies), Moscow, 1987, p. 117. 
48. Kozak, V.M., Khlebopek. i Kondit. Delo, 2008, no. 2, p. 11. 
49. Sebekina, A.Yu. and Shchetinin, M.P., Aktual’nye 
 Problemy Tekhn. i Tekhnol. Pereraborki Moloka, 2006, 
 no. 3, p. 59. 
50. Bukhtoyarova, Z.T., Shcherbakov, V.G., Artem’eva, N.K., 
 and Grigor’yants, I.I., Vliyanie shrota iz semyan 
 podsolnechnika na kachestvo konditerskikh izdelii 
 (Influence of Sunflower Oil Meal on Confectionery 
 Products Quality), Krasnodar, 1986, p. 6. 
51. French Application no. 2331605, 1977. 
52. Berezovskaya, O.M., Varlamov, S.A., Bol’shakova, L.N., 
 Martovshchuk, E.V., and Gyulushanyan, A.P., Izv. 
 Vuzov: Pishch. Tekhnol., 2007, no. 2, p. 38. 
53. Yakimov, P.A., Krusser, O.V., Malyshkina, M.A., 
 Mikhina, A.S., and Kachkina, R.I., Proc. Leningrad 
 Chem. Pharmaceutical Institute, 1960, p. 24. 
54. Yakimov, P.A., Krusser, O.V., Malyshkina, M.A., 
 Mikhina, A.S., and Kachkina, R.I., Proc. Leningrad 
 Chem. Pharmaceutical Institute, 1960, p. 19. 
55. Stefanov, L. and Despotov, I., Khranit. Prom-st (NRB), 
 1962, 12, no. 1, p. 23. 
56. USSR Inventor’s Certificate no. 1028704, 1981. 
57. Solomko, G.I. and Solov’eva, V.F., Pishch. Promysh-
 lennost’, 1988, no. 4, p. 33. 
58. Zagibalov, A.F., Sklifasovskaya, S.G., and Cherniko-  
 va, V.V., Izolirovannye belki iz semyan maslichnykh 
 kul’tur (Isolated Proteins from Oil Seeds), Krasnodar, 
 1990, p. 6. 
59. Zagibalov, A.F., Sklifasovskaya, S.G., and Cherniko-   
 va, V.V., Abstracts of Papers, II Vses. nauch. konf. po 
 problemam industrii obshchestvennogo pitaniya strany 
 (II All-Union Scientific Conf. on Problems of Public 

 Catering Industry), Kharkov, 1989, p. 185. 
60. Janicki, J., Sobkowska, E., Niewiarowicz, A., Stawi-  
 cki, St., and Giebel, H., Zesz. Probl. Postępów Nauk 
 Roln, 1965, no. 53, p. 131. 
61. Polish Patent no. 125392, 1979. 
62. Lebedev, E.I., Kompleksnoe ispol’zovanie syr’ya v 
 pishchevoi promyshlennosti (Complex Utilization of 
 Raw Materials in Food Industry), Moscow: Legkaya i 
 Pishchevaya Promyshlennost’, 1982, p. 240. 
63. Gorpinchenko, T.V., Khranenie i Pererabotka Sel’khoz-
 syr’ya, 2003, no. 7, p. 54. 
64. Lisitsyn, A.N., Bykova, S.F., Davidenko, E.K., and 
 Minasyan, N.M., Maslo-Zhir. Promyshlennost’, 2008, 
 no. 1, p. 20. 
65. Lisitsyn, A.N., Bykova, S.F., Davidenko, E.K., and 
 Minasyan, N.M., Maslo-Zhir. Prom–st’, 2007, no. 6,     
 p. 18. 
66. Smirnova, M.K., Pishch. Prom–st’, 1994, no. 10, p. 32. 
67. Lobaev, N.V., Aleksandrov, A.I., and Ushakova, L.I., 
 Agropromyshlennaya integratsiya v mezhregional’nom 
 maslo-zirovom pdkomplekse: iz oyta rboty frmy Kumir 
 (Agro-Industrial Integration in Inter-Regional Fat and 
 Oil Sub-Complex: Based on Kumir Company 
 Experience), Ivanovo, 1995, p. 207.  
68. Kononenko, S., Zhivotnovodstvo Rossii, 2009, no. 6, p. 54. 
69. Ibragimov, M.I. and Karaev, A., Ptitsevodstvo, 2007, 
 no. 4, p. 44. 
70. Shmakov, P., Falaleeva, E., Mal’tseva, N., and 
 Loshkomoinikov, I., Ptitsevodstvo, 2007, no. 8, p. 14. 
71. Chikov, A.E., Kononenko, S., Chikov, A.V., and 
 Osepchuk, D., Kombikorma, 2007, no. 5, p. 50. 
72. Krokhina, V.A., Kombikorma, krmovye doavki i ZTsM 
 dlya zivotnykh: Spravochnik (Mixed Feeds, Feed Sup-
 plements, and Calf Milk Replacers for Livestock: 
 Handbook), Moscow: Agropromizdat, 1990, p. 304. 
73. Falaleeva, E.V., Cand. Sci. (Agriculture) Dissertation, 
 Omsk, 2005, p. 176.  
74. RF Patent no. 2286065, 2006. 
75. RF Patent no. 2277794, 2006. 
76. Shul’vinskaya, I.V., Izv. Vuzov: Pishch. Tekhnol., 2006, 
 no. 1, p. 23. 
77. Renzyaeva, T.V., Konova, N.I., Sharfunova, I.B., 
 Kichaeva, T.G., Abakumova, T.N., and Renzyaev, O.P., 
 Tekhnika i tekhnologiya pishchevykh proizvodstv: Sb. 
 nauch. rabot (Equipment and Technology for Food 
 Production: Collection of Scientific Works), Kemerovo, 
 2006, p. 89. 
78. Sharfunova, I.B., Renzyaeva, T.V., and Vandakurova, N.V., 
 Produkty pitaniya i ratsional’noe ispol’zovanie syr’e-
 vykh resursov: Sb. nauch. rabot (Food Products and 
 Rational Use of Raw Material Resources: Collection of 
 Scientific Works), Kemerovo, 2008, Issue 15, p. 66. 
79. Gavrilova, V.A., Dubovskaya, A.G., Kon’kova, N.G., 
 and Nizova, G.K., Maslo-Zhir. Prom–st’, 2005, no. 4,   
 p. 15. 
80. Ashpina, O., Khim. Zh., 2005, no. 9, p. 40. 


