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This study aimed to substantiate the need for the optimized utilization of oilseed
byproducts to enhance milk productivity in dairy cows. Diets were formulated for cows
using the Cornell Net Carbohydrate and Protein System v6.1. The effectiveness of
incorporating oilseed byproducts into cow diets on milk productivity was assessed, and
the results are presented in this article. It was observed that the cows in the second and
third experimental groups, which received 30% and 25% oilseed byproducts in their diets,

respectively, demonstrated increased milk yields compared to the control group. The diet
for the second group consisted of 70% of the main diet and 30% oilseed byproducts
(sunflower, rapeseed), while the diet for the third group comprised 75% of the main diet
and 25% oilseed byproducts. The findings of this study indicate the feasibility and
rationality of utilizing oilseed byproducts to enhance milk productivity in dairy cows.

1. INTRODUCTION

In the oil and fat industry, the processing of seeds generates
significant amounts of byproducts, including cake, meal, and
seed waste. During the seed cleaning process, up to 15% of
waste is produced, and a substantial proportion of crushed
seeds are obtained, which are of higher quality compared to
conventional seeds [1]. Sunflower husks, for instance, are
utilized as raw materials for furfural production and as feed
additives for farm animals [1]. Cake and meal, derived from
oilseed processing in oil extraction production, possess
substantial amounts of vitamins, minerals, and beneficial
components, making them valuable feed additives for farm
animals, particularly cows [2]. Due to their high content of
amino acids and protein, these byproducts can be combined
with conventional feeds to produce high-protein concentrates
for all types of farm animals.

The Republic of Kazakhstan is seeking to reduce its
dependence on imported materials and components for milk
production and livestock development. Experts suggest that
increasing productivity or improving herd quality are potential
solutions [3]. One approach to enhance milk productivity in
cows is the utilization of oilseed byproducts from local
industries. Oil crops, such as sunflower, flax, rapeseed,
soybeans, mustard, peanuts, and hemp, are commonly
processed for their seeds, which contain 30-35% crude protein
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and up to 10% fats [2]. For example, soybean, a protein-oil
crop, is utilized in the food, confectionery, and baking
industries, while its meal and cake are employed as animal
feed [4]. Similarly, rapeseed is a source of edible oil and feed
protein, with its meal and cake surpassing soybean products in
terms of phosphorus, copper, calcium, magnesium, and
manganese content [5].

Milk productivity in cows has been found to vary
significantly under the same feeding and management
conditions, as well as milking and preparation processes [6].
This variation is attributed to different selection and breeding
of particular generations. Ecogenesis also affects cow
productivity throughout lactation. In the Republic of
Kazakhstan, processed milk production has not met the
demand, with a shortfall in raw materials potentially linked to
inadequate cow diets [7]. Since 2009, there has been an effort
to distribute high-yielding dairy cattle breeds across different
climatic zones in the country, with specific caution against
mating Holstein purebred cattle with Kazakh Black-and-White
cattle due to adverse effects on milk production [8]. These
studies on milk productivity, the current state of cattle
breeding, and the need to apply various methods for improving
cow feeding and management conditions underscore the
relevance of this investigation. Consequently, this study aimed
to substantiate the need for the rational use of oilseed waste to
increase the milk productivity of cows.
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2. MATERIALS AND METHODS

Experimental studies were carried out on the livestock of
the dairy herd of the red steppe breed based on the North
Kazakhstan Scientific Research Institute of Agriculture, the
YAKOR-SK dairy complex of the Kyzylzhar district, North
Kazakhstan region. 30 cows were selected to form three
groups: group 1 (control) received the main diet — silage, grain
mixture, hay, and straw; 2nd group, experimental, the diet was
70% of the main diet and 30% of oilseed waste (sunflower,
rapeseed); The 3rd group, experimental, the diet was 75% of
the main diet and 25% of oilseed waste (sunflower, flax). The
basis for dividing the groups was to assess the impact of
including oilseed waste in the diets of dairy cows on milk
production and quality. By comparing the performance of the
experimental groups to the control group, the study could
determine the potential benefits of incorporating oilseed waste
into the diet. The selection of 30 cows was based on the
principle of sample size determination in scientific research. A
sample size of 30 is often considered sufficient for
experimental studies and can provide statistically meaningful
results. The ratios of 70-30 and 75-25 were determined based
on previous research and experience with incorporating
oilseed waste into the diets of dairy cows. These ratios have
been considered suitable for achieving a balance between
providing the necessary nutrients for the cows while also
incorporating a significant portion of oilseed waste into the
diet. The rations were taken in the form of group feeding and
a generally mixed ration twice a day — in the morning and in
the evening, and the animals had free access to water. The
cows were eaten three times a day. Milk samples were
analyzed for fat, protein, solids, and solids using milkoscan
(EKOMILK, MilkanaKam 98-2A, Foss Electric, Denmark).
Feeding rations were matched for energy content, protein,
starch, fiber, vitamins, and minerals, which were formulated
according to the needs of the livestock. The diets were
developed using Cornell Net Carbohydrate and Protein
System (CNCPS) v 6.1 [9, 10] to meet the needs of the animals.
The CNCPS system predicts the needs of cattle and the supply
of nutrients for specific situations.

CNCPS version 6, is a revision and update of previous
versions with the following goals: improve model
organization and user interface to increase speed and accuracy
in formulating diets for dairy cattle herds, expand
carbohydrates to include sugars, soluble fibers, organic and
volatile fatty acids, integrate a fat model to account for rumen
lipolization and biohydrogenation, absorption of fatty acids in
the small intestine, and update computational submodels with
new information [9, 10]. The quality indicators of the feeds
and additives that were used met the requirements of GOST
32040-2012 “Feed, compound feed, compound feed raw
materials. Method for determination of crude protein, crude
fiber, crude fat, and moisture using near-infrared spectroscopy”
[11]. When preparing samples for research, it was necessary
to strictly follow the procedure for grinding samples, since the
particle size significantly affects the measurement result. The
crushed analyzed sample is transferred into a tightly closed
container and, after it is cooled to room temperature, is used to
take the spectrum. If necessary, the analyzed sample is stored
in a sealed glass or plastic container in a dry, dark place for the
recommended shelf life of the test product.

According to the Agency for Strategic planning and reforms
of the Republic of Kazakhstan Bureau of National statistics
[12], an analysis was made of the production of all types of
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milk during 2019-2021; oilseed yields — from 2015-2021;
harvested areas for the production of rapeseed, flax in the
Republic of Kazakhstan — from 2016-2021; updated sown area
of oilseeds, in particular, sunflower — 2015-2021; the gross
harvest of oilseeds, in particular, sunflower — from 2015-2021.

3. RESULTS

Before the start of the experiment, it was necessary to
choose the type of diet. Based on the theoretical and analytical
study, the following conclusions were drawn. The main ways
of feeding different types of feed are the general, mixed diet
and feeding each type of feed separately. In a mixed diet, all
types of food are given together, taking into account the diet
by physiological norms for nutritional value and the amount of
dry matter at the same time. Selective feeding of different
types of food separately will give preference to the strongest
animals, which will significantly reduce the efficiency of
feeding. A logical technological approach that complements
this scheme is feeding with a complete mixture. This makes it
possible to largely equalize the feed intake of each animal in
the group. Another preferred option is a feed mixture, but only
partially mixed with certain types of feed, together with the
feeding of certain types of feed. Each of these feeding
technologies has its own advantages, problems, and
limitations.

Feeding with general compound feed is considered effective,
although it requires certain additional costs, organizational
efforts, and highly qualified specialists. Problems of separate
feeding of different types of food can be caused by
competition between animals for food and often selective
consumption of food. As a consequence, the actual diet that
the animals consume is not balanced. These characteristics
affect the behavioral responses of animals to feed distribution,
feed intake, and the amount of feed consumed. In connection
with the development of the oilseed industry, there is a need to
develop waste-free production in relation to industrial waste.
To assess the scale of production, it was necessary to conduct
a logical analysis of the official statistical data of the Agency
for Strategic Planning and Reforms of the Republic of
Kazakhstan Bureau of National Statistics [12]. It was
established that in recent years the area under oilseeds has
increased significantly, including flax, rapeseed, and
sunflower. The upward trend continued every year. So, since
2015, the area under crops has increased by 54%, and since
2020 it has grown by another 7%. In particular, the area under
sunflower crops increased by 29%. Despite the fact that during
2017-2020 the area decreased by almost 140 thousand hectares,
or more than 10% (Figure 1).
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Figure 1. Adjusted sown area of oilseed crops



As for the collection of oilseeds, despite the increase in the
area of crops, the harvest has been decreasing in recent years.
Since 2018, the harvest has decreased by 10%. Such results are
likely to be related to global climate change. This issue
requires further research. In general, over the period 2015-
2021, the collection of oilseeds increased by 57%, in particular,
this is due to an increase in sown areas (Figure 2).
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Figure 2. Gross harvest of oilseeds

Peak demand for rapeseed was observed in the period
2018/2019. After that, a reduction in sown areas and,
accordingly, the production of this crop was recorded (Figure
3).
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Figure 3. Harvested area/rapeseed production

As of 2020-2021, they noted a decrease in production
volumes by 57.2% and twice about 2019/2020 and 2018/2019,
respectively. Demand to expand flax acreage remains. In all
likelihood, this was due to its high purchase price. Also, today
flax is one of the high-margin crops in Kazakhstan. Although,
despite the increase in area, production volumes have not
increased significantly over the past three years (Figure 4).

Therefore, compared to 2018/2019, they noted an increase
in production volumes by 7.9% and 13.4%, respectively, in
2019/2020 and 2020/2021. So, it can be saw a trend towards a
general increase in the production of oilseeds in subsequent
years and, accordingly, the need for the rational use of their
waste. The next stage of research was an analytical and logical
analysis of the possibility of using oilseed waste in the diet of
a dairy herd of cows. Cake and oilseed meal is an excellent
protein feed, in particular for cows. It is known that feeding
rapeseed cake to cattle increases the content of protein and
volatile fatty acids in the scar tissue, increases the number of
ciliates, and reduces the level of ammonia. Flax seeds are rich
in polyunsaturated fatty acids, which have a positive effect on
the basic life processes of the body. Sunflower cake is a
balanced and nutritious raw material for the production of
animal feed and one of the most valuable types of feed for farm
animals. It contains 26% carbohydrates, 40% protein, 7% fat
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and 6% fiber [13]. Scales are also rich in non-starchy
polysaccharides such as cellulose, lignin, and hemicellulose.
When used in the production of a special substrate, cellulolytic
enzymes can be obtained. These enzyme preparations as
biological catalysts can be used in animal husbandry, in
particular, due to their use, the digestibility of feed for farm
animals increases [14]. Therefore, the introduction of oil
industry waste into the diet of dairy cows has a scientific
justification and requires further experimental confirmation.
According to the results of studies, the introduction of oilseed
waste into the diet of dairy cows affected milk productivity
(Table 1), and the quality and technological properties of milk.
A
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Figure 4. Harvested area/flax production

Table 1. Milk productivity of cows

Group
Index 1 ) 3
Milk per lactation, kg 7759.7 887445 8372.43
Duration of lactation, days 346 335 344
Average daily milk yield per 22427 26.49 24327
lactation, kg ’ ’ ’
Milk yield for th§ first 100 days 304155 372969 355167
of lactation, kg
Milk yield for 305 days of 6340 307945 741974
lactation, kg ’ ’
Average daily milk yield, kg 22572 27171 25.875
Average daily milk yield during
milking, ke 30.42 37296 35514
Live weight, kg 554.4 550.8 553.5

Cows fed sunflower seeds and rapeseed in the diet (the
second experimental group) exceeded other groups in terms of
milk productivity. For the first 100 days of lactation, it is 4.7%
and 18.4% more than in the cows of the third experimental and
control groups, respectively. The chemical composition of
milk from the tested groups of animals is given in Table 2.

According to the research results, the content of dry matter
in milk was 12.64-13.21%. The content of dry skimmed milk
residue in the milk of the studied animals was at the level of
8.98-9.34%. In the milk of cows of the 2nd experimental group,
a higher content of dry fat-free milk residue was found in
comparison with the control group (1) by 0.36% and in
comparison, with the milk of cows of the third experimental
group by 0.15%. As for the calorie content, it is in the range of
69.86-72.15%. The fat content in the milk of cows of the
experimental groups was 4.23-4.32%, which is 0.18-0.27%
higher than the control group. The use of oilseeds in feeding
cows had a positive effect on the mass fraction of protein in
milk. The values of this indicator for cows of the second and
third experimental groups were 3.33% and 3.30%,
respectively, which is higher by 0.15% and 0.12%,
respectively, compared with the control group. According to
the results of the analysis of the obtained physicochemical
parameters of cows' milk, it was found that in the studies the



milk from cows of the second and third groups was better.
Therefore, it contained more solids and fat, which in turn
affected the calorie content of the product. Analyzing the data
of the Agency for Strategic Planning and Reforms of the
Republic of Kazakhstan Bureau of National statistics [12] on
the production of all types of milk in different regions of the
Republic of Kazakhstan, over the past three years there has
been a tendency to increase milk production. So, from 5865.1
thousand tons in 2019 to 6247.2 thousand tons in 2021 (Figure
5).

Table 2. Physical and chemical indicators of milk

Group

Index 1 2 3
Dry matter, % 12.64 13.21 13.17
DSMR?, % 898 934 9.19
Fat, % 405 423 432
total protein, % 3.18 3.33 3.30
including casein, %  2.58 2.6 2.61
Lactose, % 4.67 4.69 4.69
Ash, % 0.87 0.88 0.87
Density, % 295 293 294
Acidity % 16.3 164 164
Calorie content, kcal 69.86 71.85 72.15

Note: '~ dry skimmed milk residue
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Figure 5. Production of milk of all kinds

In view of the tendency to increase milk production, it
would be rational to use the waste from the oilseed industry to
improve its quality. According to the results of the research, it
was found that the addition of a feed additive from oilseed
waste, in particular sunflower cake and meal, rapeseed, and
flax for feeding cows, has a positive effect and increases milk
productivity.

The results of this study provide valuable insights into the
potential benefits of using oilseed waste in the diet of dairy
cows to increase milk productivity. However, before
promoting this study to the livestock of large different
populations, it is important to consider a few factors. Firstly, it
is essential to ensure that the specific type of oilseed waste
being used is safe and suitable for the livestock population in
question. Some oilseed waste may contain toxins or anti-
nutritional factors that could be harmful to the animals.
Secondly, the optimal ratio of oilseed waste in the diet may
vary depending on the specific nutritional requirements of the
livestock population being studied. Different breeds of cows,
for example, may have different nutrient requirements and
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may respond differently to changes in their diet. Therefore,
while the results of this study are promising, further research
would be necessary to determine the optimal use of oilseed
waste in the diet of different livestock populations. This
research would need to consider the specific nutritional
requirements and other factors that may affect the health and
productivity of the animals.

4. DISCUSSION

Feeding with a general compound feed is considered
effective but requires additional costs, organizational efforts,
and highly qualified specialists. The selective feeding of
different types of food can cause competition between animals
and selective consumption of food, leading to an unbalanced
diet. The study found that cows fed sunflower seeds and
rapeseed in the diet had higher milk productivity than other
groups. The study's findings reveal that oilseed waste, such as
sunflower cake and meal, rapeseed, and flax, can be used in
the diet of dairy cows to improve milk productivity. However,
the study's results are limited to the specific conditions and
livestock of the dairy herd of the red steppe breed in North
Kazakhstan. It may not necessarily apply to other livestock
populations or regions with different environmental conditions,
diets, or breeding practices. Therefore, further research and
experimentation are necessary to determine the optimal
conditions for the use of oilseed waste to increase milk
productivity in different livestock populations.

There are more than 608 million farms in the world, which
produce approximately 80% of the world's food in value terms
[15]. The main cultivated crops are cereals, oilseeds, legumes,
fiber crops, sugar crops, fodder crops, medicinal crops, roots
and tubers, vegetable or horticultural crops, etc. [16, 17].
Soybeans account for more than half of world production and
more than a quarter of the protein used for food and animal
feed [18-20]. Feed for efficient and rational feeding of farm
animals should contain a sufficient amount of nutrients:
macronutrients, minerals, and vitamins [21-23]. Contaminated
samples must be processed for detoxification. Since high doses
of pollution, in particular, aflatoxins can be the main cause of
liver diseases such as cirrhosis, cancer, and death of animals
[24-26]. Meagher et al. [27-29] prove that the productivity of
cows' milk depends on many factors, in particular, feeding
regimes, the way cows are kept, diets, behavior, and stress.
During the experiment [29], the diet of cows was 70% regular
untreated hay and 30% concentrated supplements, including
improved grass hay, cleaned straw silage, and plant waste.
Automatic feeding systems provide more frequent delivery of
fresh feed to cows compared to conventional feeding systems
[28, 30]. Weiss [31] studied the effect of feed diets consisting
of vegetable and grain components with and without
additional lysine and methionine to increase the milk
production of cows. Studies have designed diets to contain the
same concentration of net energy for lactation and
metabolizable protein.

When planning to increase milk production, it is also
important to pay attention to the immune status and health of
the cows. Neutrophils are the most prominent line of cellular
defense against invading microorganisms [32], sulfate,
hydroxyl chloride, or organic chelate can affect the interaction
between metals and other components present in the gut of
cows. Micronutrient sources have been shown to affect the
digestibility of the entire tract, and indicate that this may also



affect milk performance [33, 34]. The analysis of scientific
publications confirms the positive impact of the use of cake
and oilseed meals on the productivity of cattle. De Vries and
Marcondes [35] paid attention to the influence of life
expectancy and productivity of cows in different countries, in
particular in Denmark, the Netherlands, and North America,
risk factors for culling in a dairy herd, in particular, due to a
decrease in milk productivity. The researchers conclude that
culling is avoided in the dairy herd, in case of timely
fertilization, prevention of mastitis, injuries, and other diseases,
which ensures good animal health, in particular, strong limbs
and a functional udder. It is accepted that the key to the high
productivity of a dairy herd is the following frequency of use:
the first insemination leads to pregnancy; pregnancy diagnosis
confirms pregnancy; dead wood completes lactation and the
hotel begins a new lactation.

Many studies are concerned with improving the nutrition of
dairy cows to improve their productivity or milk quality.
Hubanova et al. [36] established a positive effect of the organic
form of mixed Cu, Zn, and Mn complexes on the milk
productivity of highly productive Holstein cows. It was proved
that the highest milk productivity during the milking period
had cows that consumed mixtures-ligand complexes of Cu, Zn,
and Mn in the amount of 100% of the metal concentration as
part of the feed. Also, in terms of the level of protein in milk,
the experimental cows had an advantage of 3.4%. In this
experiment, the experimental groups of cows also had an
increased content of total protein compared to the control. This
confirms the need to improve the diets of dairy cows through
the addition of oil industry waste. Hutjens [37] establishes the
requirements for the ratio of fat and protein in animals of
different breeds. He notes that the content of fat and protein in
milk depends primarily on the characteristics of feeding: the
ability to provide the diet of cows with certain feed
components or the proportions of certain feeds. The scientist
identifies the following main approaches to controlling the
level of protein in milk: the need to assess the level of amino
acids in feed and especially the possibility for their synthesis;
assessment of undegraded protein in the felling and the
possibility of using body reserves to ensure energy balance;
bringing the level of lysine and methionine to normal 6.2-6.6%
and 2-2.2%, respectively, in a ratio of 3:1 [38].

Given this, authors see the need to continue research in the
direction of determining the level of synthesis of amino acids
from feed and the impact of using oilseed waste in diets on the
energy balance of the body of cows. Unfortunately, due to the
oversaturation of crop rotations with sunflowers, there is a
gradual depletion and drying of soils, and deterioration of their
physical and chemical properties. This factor is confirmed by
the statistics described above when the area under crops
increased and the collection of seeds decreased. That is why it
is necessary to improve the process of growing oilseeds, to
apply new methods of cultivation, which significantly
increased the yield, and did not reduce it, as has been
happening in recent years. It is necessary to achieve the
planned seed collection not by increasing the area, but by a
significant increase in productivity. This will make it possible
to obtain better crops for further processing and production of
feed for farm animals, in particular for the preparation of feed
to increase milk productivity. It is also necessary to ensure the
saturation of the domestic market with high-protein feeds,
such as meals or oilcake because they play an important role
in animal husbandry. With a reduction in the processing of
oilseeds, a shortage and dependence on imported feed
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suppliers will form [39-41].

5. CONCLUSIONS

Including waste from processing rapeseed, sunflower, and
flax seeds in the diet of cows has been found to enhance milk
production and quality. Flax seeds contribute to a higher fat
content in milk, while rapeseed increases fat and protein levels.
Further research is needed to explore the impact of oilseed
meals and cake on the fatty acid composition of milk. The use
of oilseed waste in the diets of dairy cows has been shown to
increase the content of solids, fat, and protein, as well as
calorie content, compared to a control group. Milk
productivity increased by 4.7% and 18.4% throughout the
lactation period for the second and third experimental groups,
respectively, while the average daily milk yield increased by
20% and 14%. In recent years, milk production and production
capacities have increased in Kazakhstan, with a 57% increase
in oilseed collection since 2015. The rational use of oilseed
waste is important due to the growing production of oilseeds.
The study's findings indicate the feasibility of using oilseed
waste to boost milk production in cows. Future research could
focus on developing feeding schemes that use the biologically
active substances found in oilseeds to feed dairy herds
adequately.
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