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Abstract. Today the problem associated with rational feeding of farm
animals is relevant and requires the new approaches and technologies sat-
isfying the natural need of animals for food without using expensive fod-
ders at the same time that determines the chosen theme of this article. The
purpose of the paper is to summarize and analyze data related to chlorella
application in feeding of farm animals. The object of current research is
alga of chlorella and its forms including suspension, extract and dry paste.
The research consists of introduction and five parts that explain the action
of chlorella on farm animals in particular on physiological and productive
functions, immune system. The first part provides the modern information
about the current state of feeding industry in order to determine the main its
problems including ignorance of digestion and metabolism of farm animals
and increase of feed costs. Determination of chemical composition of chlo-
rella as critical factor of using it in feeding of farm animals is the aim of sec-
ond part. According to investigations written by a large number of scientists
chlorella has the biochemical composition with high value due to presence
of protein, carbohydrates, lipids, aminoacids, vitamins and trace elements.
The physiological and productive action of chlorella in feeding of farm
animals shown in third part of monography is manifested in increase of the
indices of live weight gain, animal body resistance, improvement of repro-
ductive functions, and the chemical composition of meat. Chlorella use as a
source of pigments and trace elements for farm animals is proved by major
of researchers whose works are analyzed in fourth part. Different forms of
chlorella using contain pigments, which synthesize the enzymes necessary
for normal metabolism of living organisms embracing chlorophyll, a wide
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range of orange and yellow carotenoids. In addition, in specific conditions
chlorella can accumulates such important trace elements as Se and / that
will be able to prevent of a number of diseases, including malignancies,
thyroid gland dysfunction, cardiovascular disease, neurological diseases,
aging, infertility and infections of farm animals. The next part of monogra-
phy provides data about effect of chlorella using on immune system of farm
animals namely the aqueous extract of chlorella promotes tissue regenera-
tion, growth and cell division, stimulates leukocyte production and phago-
cytic activity, and contributes to the production of antibodies that produce
lymphocytes. Also the extracts based on alga have probiotic activity influ-
encing the composition and activity of the microflora of the gastrointestinal
tract of farm animals. Consequently, introduction of chlorella in the diet of
farm animals is proved to be able to help to improve their physiological and
immune systems and increase of meat production simultaneously.

1. Introduction

Obtaining environmentally friendly and completing products from farm
animals requires the constant improvement of feed technology, selection of
the right diet, study of physiological needs of animals.

The full feeding is known to be one of the most important conditions
formed the level of productivity in livestock. However, the value of feeding
rations depends not only on the presence of all essential substances in them,
but also on the degree of bioavailability of each of them. To obtain maxi-
mum productivity, reduce the cost of livestock production and to realize the
genetic potential of the animal's organism farmers should use the high-qual-
ity and high-grade compound feed, including the various biologically active
substances [1, p. 365; 2, p. 158].

Besides the basic nutrients functioned the plastic and energy material, the
presence of a wide range of compounds with high biological activity including
vitamins, macro and microelements, enzymes and many others are required
in the feed rations of animals. According to investigations these components
have very low concentrations in the feed composition, but play the significant
role in the metabolic processes in the animal body and directly affect the
absorption of the diets themselves [3, p. 65; 4, p. 15; 5, p. 125].

Therefore, balanced feeding based on the nature of the plant, a new
planktonic strain of microscopic algae of chlorella, which, due to its com-
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position, has a very high biological value [6, p. 148; 7, p. 7725]. Chlorella
has the following biochemical composition (in% of dry biomass): protein
55%, lipids 12%, carbohydrates 25%, and ash 8% [8, p. 528; 9, p. 35]. Some
scientists suggest that the total protein content of mature C. vulgaris is
42-58% of dry biomass [10, p.498; 11, p. 136]. Chlorella protein is su-
perior in quality to known plant proteins, as it contains all the necessary
amino acids, including essential ones [12, p. 212; 13, p. 238]. Starch is the
most common polysaccharide in chlorella [14, p. 1059]. In addition, one
of the most important polysaccharides present in chlorella is f1-3 glucan
[15, p. 166], which has numerous beneficial health and nutritional proper-
ties. The richness of vitamins of chlorella exceeds all plant feeds and crops
of agricultural production [16, p. 77]. Vitamins D and B, are not produced
by plants, but they are contained in chlorella. The content of vitamin C
in chlorella corresponds to its content in lemon, and unlike higher plants
algae contains vitamin A in its pure form. Inositol is found 1.5 times more,
biotin — 2 times more, pantothenic acid — 1.3 times, paraminobenzoic acid —
2.9 times more in chlorella cells than in yeast (a rich source of vitamins)
[17, p. 14]. Thus, the addition of chlorella to the diet of farm animals will
fill the deficiency of amino acids, vitamins, minerals and trace elements.

The possibility of obtaining such feed additives with low cost in the own
conditions, in the presence of high efficiency of its application, puts it out of
competition not only in all major economic parameters, but also in the envi-
ronmental purity and quality of the animal products obtained [18, p. 729].
Moreover, using of chlorella suspension in animal husbandry is known as a
vitamin-feed additive and a preventive agent [19, p. 259]. Thus, the aim of
current work was the following statements:

1.to analyze the current state of feeding industry in order to determine
the main its problems;

2.to clarify the reasons of chlorella using in feeding of farm animals
based on alga composition;

3.to defense chlorella effect on physiological and productive functions
of farm animals including sows, piglets and poultry;

4.to analyze the chlorella use as a source of pigments and trace elements
for farm animals;

5.to determine the effect of chlorella on the immune system of farm
animals.
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2. Materials and methods

In order to obtain the abovementioned answers analyzing of the scientific
and practical literature was decided. To our knowledge, in scientific sources
there is not sufficient number of articles published about chlorella compo-
sition and its effect on farm animals embracing the whole completed state
of its alga in agriculture science. Therefore, the chosen direction of research
is relevant and requires the comprehensive analysis based on proved facts.
Different databases were used to find the necessary information.

3. Research results
3.1. The current state of the feed base and characteristics
of its compound and additives for feeding of farm animals

The introduction of intensive development of industrial poultry and
pig production depends, first of all, on the complete feeding of animals,
which, in turn, depends on the quality composition of compound feeds.
The main task of compound feeds is to provide the physiological need
of energy for animals, nutrients and biologically active substances. It is
known that compound feeds are distinguished by sources of production,
chemical composition and nutrition [20, p. 88]. The number of compound
feed formulations increases every year, both in Ukraine and around the
world. The leader in animal feed production for 2017 is China (187 mil-
lion tons per year), the United States of America (US, 170 million tons)
and Brazil (69 million tons) [21].

However, scientists have concluded that the use of uniform feed
adversely affects the natural resistance of the animal body, which leads
to various pathologies, diseases, reduced productivity and efficiency of
the industry as a whole [22, p. 22]. It is expected that the production and
consumption of pork and poultry meat will increase by 70% in the period
2000-2030 and 120% — in the period 2000-2050 [23, p. 158].

Currently, world meat production has quadrupled from 84 million tons
in 1965 to 330 million tons in 2017 [24]. According to the International
Assessment of Agricultural Knowledge, Science and Technology for Devel-
opment (IAASTD) [24], this tendency will continue due to the inclusion of
a large number of semi-finished meat products that so-called "Western diet"
of people in North America and Europe in the diet of urban middle-class in
China and other countries with developing economies.
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Also, according to calculations by the United Nations Environment Program
[24], the calories lost while feeding animals, instead of using them directly as
food, could theoretically provide an additional 3.5 billion people. The calorie
conversion factor for plant-based calories for animals is: ideally, two kilograms
of grain is needed to produce one kilogram of chicken, four kilograms — per
pound of pork, and seven kilograms — per kilogram of beef [25].

Statistical estimates from the Food and Agriculture Organization of the
United Nations show [26] that the number of chickens breed for human
consumption increased from 4.4 to 22.7 billion between 1966 and 2016.
In the same period, the number of pigs increased by 92% and accounted
981 million heads. According to the consulting company IBIS World [26],
in the United States of America over the past five years, the livestock feed
industry has declined by 3.2% with revenue of 33 billion American dollars
in 2017. At the same time, the number of enterprises increased by 0.6%
and the number of employees decreased by 1.2%. All of these facts are
related to a global decrease in prices for poultry and pig feeds, on aver-
age by 4.6% and 13.4%, respectively [27]. However, according to market
analysis by experts, this does not solve the main tasks of the industry —
ensuring a balanced feeding of animals to obtain quality meat [28]. During
2017-2018 in Ukraine other trends were observed than in the world.

According to the State Statistics Committee of Ukraine [29], in 2018 the
lowest production of compound feed over the past 7 years has achieved.
Thus, only cattle had a slight increase (+ 3.7%) accounted 592 thousand
tons, but the largest share was determined for compound feed for farm poul-
try — more than 40% (Figure 1). In general, the other three positions (poul-
try, pigs and "not included in other categories"), the trend of production was
currently negative.

According to researchers, the production of compound feeds by 2030 will
reach 20 million tons per year [28]. However, to date, imports of compound
feeds and feed additives represent a significant share of the industry. Thus,
in 2017, almost 32.9 million kg of feed amino acids, 35.9 million kg of feed
phosphates, 2.8 million kg of vitamins, 36,3 million kg of feed additives
were imported to Ukraine [30].

It is a well-known fact that the limiting factor in the development of poul-
try and pig breeding industries is the inability of animals to rapidly digest
nutrients concentrated in compound feed [31, p. 64]. Therefore, to obtain a
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Figure 1. Structure of compound feed production
for farm animals in Ukraine in 2018 [29]

healthy poultry when using compound feed rationally, one must concentrate
on the physiology of the animal itself and its needs. Thus, special attention
in the diet of poultry should be paid attention to sufficient protein content,
essential amino acids (lysine, methionine) and available carbohydrates, i.e.,
fast digestible feeds [32, p. 227; 33, p. 8; 34, p. 395]. A complete diet in
pig feeding should include protein and a limited amount of fiber fetlock
[35, p. 126], because pigs have a single ventricle that does not have the
enzymatic ability to hydrolyze it [36, p. 149; 37, p. 89; 38, p. 47].

In this regard, protein-vitamin supplements, veterinary drugs for pre-
ventive and therapeutic purposes, mainly antibiotics, probiotics, and feed
additives of mineral origin are used in the diet of farm animals [39, p. 92;
40, p. 95; 41, p. 460].

The European Association of Specialty Feed Ingredients and their Mix-
tures (FEFANA) identifies five main groups of additives [42]: technical
additives that directly affect feed, such as organic acids; sensory additives
affecting the consumption of feed, such as aromatizing agents; nutritional
supplements that provide the necessary level of amino acids, vitamins and
trace elements in the diet; zootechnical additives that improve the use of
nutrients such as enzymes, coccidiostats and histomonostats.

Knowledge of the characteristics of digestion and metabolism in farm
animals is crucial in improving its productivity. The main regulators of the
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digestive system include feed enzymes, feed antibiotics, probiotics and pre-
biotics. They have a different biological nature and, accordingly, different
primary mechanisms of action. However, they all affect the health and pro-
ductivity of the animal equally, namely by regulating the microbial popula-
tion in the gastrointestinal tract [43, p. 153].

In countries with high hygiene requirements for livestock products, the
use of feed antibiotics is completely forbidden or severely restricted. In the
search for alternatives, experts have paid more attention to feed enzymes,
probiotics and prebiotics [44; 45, p. 511; 46, p. 12].

Thus, it has been established that in recent times the problem based on
necessity of introduction of resource-saving technologies of keeping and
feeding of animals is becoming more and more frequent in agriculture.
One of the directions in its solution is possible to use various additives and
premixes, enzyme preparations, protein-vitamin supplements. But now the
rational feeding of farm animals is considered the using of organic alga
named chlorella.

3.2. Chemical composition of chlorella
as critical factor of using it in feeding of farm animals

The only real method to produce the most complete feeding in animal
husbandry is to supplement existing diets with products of natural origin,
which also has a wide range of biologically valuable substances in their eas-
ily digestible form. Important here is not only the value of the product itself,
but also its cost, as well as the availability of biotechnology in relation to
livestock conditions.

The habitat of chlorella is usually freshwater reservoirs, where this
microscopic alga, possessing a large stock of chlorophyll and a complex
of rare nutrients, participates in the process of photosynthesis, absorbing
carbon dioxide, saturating the air with oxygen, forming a green precipitate,
and in rivers and lakes it is suspended [47, p. 510]. At present, industrial
production of chlorella is increasing through its cultivation in phytobiore-
actors [48, p. 398].

Some scientists suggest that the total protein content of mature chlorella is
42-58% of dry biomass [49, p. 55]. Chlorella protein is superior in quality to
known plant proteins, as it contains all the necessary amino acids, including
essential ones [50]. The content of amino acids in chlorella (g / kg air-dry mat-
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ter) consists of glutamic acid 31,84; asparagine 25.66; leucine 21.68; alanine
20.13; valine 17.58; glycine 17.02; threonine 13.66 (Table 1) [50, p. 135-136].

Table 1
Chemical composition and nutrition of chlorella

The biochemical composition of chlorella,%
Protein 55
Lipids 12

Carbohydrates 25
Ash 8
Content of aminoacids in chlorella, g / kg
Glutamic acid 13,84
Aspartic acid 25,66
Leucine 21,68
Alanine 20,13
Valine 17,58
Glycine 17,02
Threonine 13,66
Phenylalanine 12,06
Serine 11,60
Isoleucine 11,30
Proline 9,78
Lysine 8,78
Tyrosine 8,25
Arginine 8,17
Cystine 7,53
Tryptophan 5,11
Meteonin 4,82
Histidine 1,51
Content of some vitamins, mcg/ g
Carotene 1341
Tocopherol 180
Nicotinic acid 140
Riboflavin 7,0
Pyrodixine 5,3
Thiamine 4,2
D 1,0
B12 0,8
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Due to the chlorella protein contains all the essential aminoacids, its
nutritional value is 2 times greater than the value of soy protein: 1 kg of
chlorella is equivalent to 4-5 kg of soy [51, p. 46]. By adding 5-7 kg of dry
matter content of chlorella to 1 ton of grain, its biological value increases by
1.5 times. In terms of calorie content, chlorella is equivalent to chocolate,
and its protein is equivalent to that of milk powder [52, p. 88].

Chlorella also has an extremely strong cell wall, consisting mainly of
a layer of chitosan, cellulose, hemicellulose, proteins, lipids and minerals
[53, p. 630]. The composition of cell wall sugars is a mixture of thamnose,
galactose, glucose, xylose, arabinose, and mannose (Table 2). According to
studies [54, p. 3825], the main saccharide of chlorella is rhamnose.

Table 2
The content of saccharides of the cell wall of chlorella [54]

Saccharides %

rhamnose 45-54

arabinose 2-9

xylose 7-19
mannose 2-7

galactose 14-26
glucose 14

The amount of vitamins, both in cells and in the culture medium, varies
basically depends on the growing conditions and the phase of algae deve-
lopment [55, p. 18]. The macroelements and trace elements that are part of
the chlorella include: phosphorus, calcium, potassium, magnesium, zinc,
iron, cobalt, manganese, rubidium, zirconium and others [56, p. 301].

Consequently, chlorella has the great biological importance according
to its chemical composition. Improving the health of farm animals, increas-
ing their resistance by chlorella using in feeding can become a prerequisite
for the production of livestock and poultry products of high quality.

3.3. The physiological and productive action
of chlorella in feeding of farm animals
The issue of the impact of the use of chlorella in feeding of animals was
addressed by many soviet scientists, such as Bogdanov N., Gafarov S., Mu-
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zafarov A., Melikhov V., Shatskikh E., Boyarintseva G., foreign including
Kotrbacek V., Kang HK, Salim HM, Janczyk, P. and others. Recent investi-
gations by Ukrainian scientists on the effects of chlorella as a feed additive
in feeding of farm animals have not been found generally.

The physiological and productive effect of chlorella in feeding of farm
animals is reflected to the indices of live weight gain, animal body resis-
tance, reproductive functions, and the chemical composition of meat.

Expanding the study of valuable substances of chlorella algae has led to
the search for new forms of its application. Thus, Muzafarov A. emphasizes
that dry biomass of chlorella is worse absorbed by animals, so chlorella
in the form of a suspension is better for animals [57, p. 114]. Sprug Y.
considered that chlorella in the form of liquid has advantages, as animals
consume not only the biomass of cells, but also the products of their vital
activity contained in the solution [58, p. 38]. The optimal density of chlo-
rella suspension for feeding to farm animals is 50-60 million cells in 1 ml.
Consequently, a positive effect of the inclusion of chlorella in the main diet
of animals in the form of suspension, dry biomass and aqueous extract was
found to increase their productivity.

There are many studies of information on the effectiveness of the use of
chlorella in the diet of farm poultry to increase their live weight, including
the feeding of broiler chickens and ducks in the world modern scientific
sources. Thus, Ahmedkhanova R. and Hamid N. investigated the effect of
chlorella with the enzyme cellovyridine G3x on broiler chickens. They
found an increase of the live weight by 5.75%, improved conservation by
5.0% and reduced feed consumption by 6.54%, compared with the control
group [59, p. 76]. Scientists from Czechoslovakia have found a significant
increase of the phagocytic activity of leukocytes of broiler chickens in re-
sponse to the enrichment of chlorella feed by 0.5% [60, p. 327]. Duck feed
based on 0.2 and 0.3% of chlorella led to improved nutrient use by these
animals and also their mortality was reduced.

Gafarov S., Shatskikh E. and Boyaryntseva G. studied the increment
of piglets number which were drinking chlorella suspension. At the end
of the research, the scientists obtained the following results: one month
after feeding the suspension of chlorella the live weight of the piglets was
higher than in the control group by 7.6%, and the average daily increment
was increase by 16% [61, p. 17]. Other scientists also confirmed in their
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own work that adding of algae to feeding of piglets had led to increasing
of their weight.

Another investigation showed depending on the amount of suspension, the
weight of the experimental calve group compared with the control group may
be greater by 25 — 40%, that were 5 and 6 months of age. Then the calves were
weighed at 9 months of age and the difference in weight was already 50%,
which indicates the prolonged action of the chlorella suspension [62, p. 65].

Also experiments were conducted to determine the effect of chlorella
suspension for 50 days on the productivity of dairy cows by soviet scien-
tists. At the end of the study, it was found that the milk yield of the con-
trol group of cows was 1070 kg, and in the experimental group — 1194 kg,
which is 124 kg more [63, p. 1746].

It was found that nutrient uptake was increased, fecal NH, and H,S con-
tent and fecal gas emissions were reduced when hog fattening with adding
0.1% of chlorella was conducted. In the gut microbiota of pigs, a higher
content of Lactobacillus microorganisms and a lower content of Escherich-
ia coli were also determined. These studies show that chlorella, even at low
concentrations, as a feed additive for animals, can have a positive effect and
is probably associated with an improvement in the taste quality of feeds, as
well as a higher digestibility of minerals [64, p. 333].

In animal technology, hematological studies are often used to measure the
degree to which animals meet nutritional requirements [65, p. 25]. Thus, not
only the calculation of the total number of leukocytes, but also the determi-
nation of the percentage of individual forms of white blood cells, namely the
leukocyte formula, is important in assessing the physiological state of the an-
imal body [66, p. 45]. The decrease in lymphocyte content in peripheral blood
in pigs makes compensation for a simultaneous increase in its phagocytes
(neutrophils and monocytes). Consequently, the introduction of chlorella into
the diet promotes the process of hematopoiesis in the red bone marrow, which
to some extent contributes to the enhancement of the body's defenses of pigs.

The reproductive functions of animals play an important role in the pro-
creation of the species, thereby providing the required amount of meat. Stud-
ies show that using chlorella as a feed additive for feeding roosters allowed
to increase the activity of their sperm by 1.2%, the volume of ejaculate — by
8.5%, the sperm concentration by 4.7%. Egg fertilization was increased by
1.2%, and numbers of young animals were raised by 3.8% [67, p. 33]. The
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feeding biologically active additives of chlorella to sows in the volume of 1
1 per head as part of the main daily diet for 30 days before farrowing and for
28 days after it contributed to the increase of the number of live piglets at
birth per 1 sow by 25.0%. In addition, survivability of piglets aged 28 days
increased by 38.2%, the live weight of 1 pig on the 28th life day increased by
6.8%, the gross weight of the young piglets increased by 49.1% [68, p. 112].
Depending on the amount of chlorella suspension for feeding sows per 1 kilo-
gram of live weight during their preparation for fertilization contributed to the
increase of sexual hunting of young pigs by 5-30,0%; fertilization of young
pigs by 2.6-11.1%; their multiplicity — by 1.8 — 7.5% [69, p. 199].

Meat quality depends on many factors, such as the species, breed, sex,
age of the animal and composition of feed [70, p. 180]. It is proven by sci-
ence that today it is not possible to obtain meat possessing the high quality
of any animal without the use of biologically complete diets, which include
vitamins, minerals, amino acids, etc. The results of studies [71, p. 96] show
that the use of chlorella suspension for feeding pigs increases the slaughter
yield by 6,4% compared with the control group without the inclusion of
algae in their diet, the output of pulp per kg of bone and muscle area raised
by 20,77 and 10,52% respectively.

The data published by Park K. [72, p. 40] showed that using of chlorella
in the feed for geese, their mass of meat increases and exceeds by 2.6-8.0%
of geese meat in the control group without the addition of microalgae. In
addition, the use of a suspension of chlorella in the composition of the feed
for geese contributed to the increase in the amount of dry matter in their
muscles of the chest and thigh.

The practical and scientific work of many researchers has shown that the
use of chlorella, as an additional source of valuable substances in the feed-
ing of farm animals, can reduce the cost of maintaining them, including the
cost of feed [73, p. 120]. Depending on the period of fattening, the species,
the sex of the animals, it is possible to reduce the amount of their feed by
1.5-12.5% if it includes chlorella.

Therefore, the mechanism of action of chlorella suspension is deter-
mined by its effect on all systems and functions of the animal body. Chlo-
rella suspension is a natural probiotic, as it improves the quality of feed, it
lacks feed toxins, which increases the live weight of farm animals, and can
be used more widely in animal production.
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3.4. Analysis of chlorella use as a source
of pigments and trace elements for farm animals

According to a published global report, the global carotenoid market
reached 1.3 billion American dollars at the end of 2017 [74], explained
by increased consumer awareness of the health benefits offered by various
carotenoids and the transition to healthy and natural foods. A considerable
amount of carotenoids also contain microalgae, in particular chlorella.

The composition of the microalgae of chlorella is not limited by the high
content of protein, vitamins and trace elements. It also contains pigments,
which synthesize the enzymes necessary for normal metabolism of living
organisms. The most important pigment is chlorophyll, which is called
"green gold" for the identity of its molecular structure of the hemoglobin
molecule [75, p. 2811] (Figure 2). As known, chlorophyll provides signifi-
cant support for the cardiovascular system, and also prevents the develop-
ment of tumors, has antiseptic and regenerative properties. Some pigments
of chlorella, as well as in terrestrial plants, have been proven to protect
chlorophyll molecules from degradation and bleaching during heavy irradi-
ation and oxygen [76, p. 1529].

Figure 2. The molecule of hemoglobin (A) and chlorophyll (B)

Adverse conditions, such as a lack of biogenic elements, increasing con-
centrations of sodium chloride, lead to significant changes in the ratio of the
pigment composition in algae cells towards predominance of carotenoids
[77, p. 633]. Besides chlorophylls, which account 1-3% of the weight of
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dry algae cells [77, p. 631], chlorella contains a wide range of orange and
yellow carotenoids, promoting photosynthesis, as well as protecting cellu-
lar structures from free radical damage and ultraviolet radiation.

The most valuable pigment found in chlorella is B-carotene, which
mammalian cells cannot synthesize. Its concentration in chlorella is in the
range of 0.1-0.2% [78, p. 145]. Known as provitamin A, B-carotene has
been shown to prevent cancerous growth [79, p. 384].

The carotenoid pigmentation efficiency of the algae is extremely high.
Thus, the enrichment of the feed mixture for laying hens with 2% con-
centration of dry chlorella increased the concentration of carotenoids in
egg yolk fivefold [80, p. 287]. Similar studies have been confirmed even
after using only 0.3% of dry chlorella in the poultry diet [81, p. 563].
A significant effect on the color of egg yolk was also found by Zheng et al.
[82, p. 263] who had added 0.1 and 0.2% fermented chlorella to the chicken
diet. Yolks of eggs of chickens, which are provided with chlorella as a feed
additive, have an increased content of xanthophylls [82, p. 264]. Given the
direct relationship between pigment intake and the protection of human vi-
sion from macular degeneration, eggs with high xanthophyll levels can be
considered useful nutritional supplements [83, p. 199].

Scientists [71, p. 100] concluded that Beijing duck breast meat is charac-
terized by a high amount of carotenoids, indicating a more yellowish tinge
to meat than duck meat, the feeding of which had not involved the chlorel-
la-based preparation. It was also found that the pH and water content of duck
meat were directly proportional to the amount of chlorella used. According to
a study by Park et al. [72, p. 42], the quality of edible meat can be determined
by its pH, which is related to water retention ability and color.

The effect of high-p-carotene extracted from chlorella has been studied
on reproductive system of sows [84, p. 282]. The experimental group of
sows was fed with synthetic B-carotene at a concentration of 100 mg per
day for animal during 1 month before the expected first fertilization, the
other group — with synthetic B-carotene and dry chlorella powder in the
amount of 1.5 g per animal. In both cases, the reproductive function of the
sows improved significantly.

Laboratory studies have shown that heterotrophically cultured Chlorella
sp. produces a significant amount of lutein, which plays an active role in
delaying chronic diseases, preventing the development of cataracts and the
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progression of early atherosclerosis, and preventing blindness or reduced
vision [85, p. 448]. The ability of heterotrophic growth in fermenters makes
Chlorella sp. as potential alternative resource for commercial lutein produc-
tion [86, p. 507].

Annual sales of Chlorella sp. exceed 38 billion American dollars [190],
because algae are the major source of B-1,3-glucan [87, p. 500]. B-1,3-glucan
can inhibit cancer cell growth in vivo by stimulating three important cyto-
kines [88, p. 260]. Institute in Germany produces natural algae feed including
Chlorella sp. and Arthrospira sp. for chickens called «Algrow» [89, p. 4].

Consequently, chlorella is used as a medicine in animal feed because it
contains many important natural pigments.

Selenium (Se) and iodine (I) are important trace elements for human
and animal health. The role of Se in the prevention of a number of diseases,
including malignancies, thyroid gland dysfunction, cardiovascular disease,
neurological diseases, aging, infertility and infections is proved by many
scientific works [91, p. 645]. lodine deficiency leads to serious disorders
related to mammalian growth and development. Se and I play a significant
role in the synthesis of thyroid hormones, which control the level of metab-
olism in almost all mammalian tissues [91, p. 400].

In European countries, soil and plants are mainly Se deficient [92, p. 60].
Therefore, several authors have grown chlorella as an additional source of
Se or I in an inorganic medium enriched with selenium or iodide salts [93,
p- 121]. In cell Se binds to proteins, 70% of which is represented by sele-
nomethionine [93, p. 127]. Thus, a higher content of Se was found in eggs
of chickens, whose diet contained chlorella that has been pre-enriched by Se
[94, p. 1002]. Also, the high content of vitamin E in meat of chickens-boilers
after feeding them with chlorella grown in selenium medium was determined
[95, p. 166]. Se accumulation using feed additives of chlorella as a source of
this trace element was also found in pig meat [96, p. 456].

Much of the enzyme glutathione peroxidase in mammals and humans
consists of selenium-containing tetrameric proteins and glycoproteins. Low
levels of glutathione peroxidase activity suggest that many diseases are
likely to occur [97, p. 580], so the inclusion of Se foods in the diet is one
of the important health benefits. The effect of the addition of selenium in-
organic and organic forms (used inorganic selenite and an equal amount of
organically bound Se in the chlorella biomass) on the activity of glutathione
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peroxidases was investigated in three groups of sheep and lambs [98, p.
44]. Thus, the content of Se in milk was increased, and the activity of glu-
tathione peroxidase in the blood of sheep was found at a higher level when
feeding consisted of selenium-containing chlorella. In addition, the fertility
of lambs doubled when sheep were fed with chlorella-enriched of Se. Also
enhanced development of immunoglobulin G in the serum of sheep and
their generation is observed upon inclusion in the basic diet including Se-
rich chlorella [99, p. 264].

Low content of | in soils, as well as Se, often leads to deficiency of this
trace element in feeds made from plants [100, p. 380]. Typically, chlorella
biomass contains low level of 7, but the algae can also be enriched with iodine
under specific conditions to sufficiently high level of / in order to meet the di-
etary requirements fully. Chlorella enriched of / was used in feeding for sows,
resulting in the use of organically bound / led to significantly higher levels of
immunoglobulin A in the blood of these animals [101, p. 31].

Two weeks before parturation and after the scientists Banoch T., Fajt Z.,
Kuta J., Kotrbacek V., Koneény R., Travnicek J., Svoboda M. [102, p. 516]
analyzed the accumulation of I in serum in two groups of sows. lodine at a
concentration of 0.6 mg / kg in the form of salt KI and chlorella enriched by
I were added in diet of first and second groups of sows respectively. 100 mg
of iodine per animal in the form of esters of iodized fatty acids were added to
control group of sows. Lower levels of I, as well as hormone T3, were found
in the serum of sows in the control group and piglets after 10 days of life.

Based on the results of studies [103, p. 958], the use of a suspension
of chlorella grown on a nutrient medium of sodium selenite for feeding
of piglets, had a positive effect on the live weight of pigs reared on meat,
increased the protein content in meat, because Se activates protein metabo-
lism and it is a part of more than 100 proteins.

The results of the above experiments show that chlorella is a new form
of dietary supplement compared to traditional inorganic forms and it can
be an effective source of pigments and trace elements including Se and I.

3.5. Effect of chlorella use on the immune system of farm animals

In the late 1980s and early 1990s, considerable attention was focused on
the aqueous extract of chlorella cells, known as the Chlorella Growth Fac-
tor (CGF) containing free amino acids, peptides, glycoproteins, polyamines,
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phytohormones, minerals and other components [104, p. 590]. As is known,
the aqueous extract of chlorella promotes tissue regeneration, growth and
cell division, stimulates leukocyte production and phagocytic activity, and
contributes to the production of antibodies that produce lymphocytes. The
extracts also have probiotic activity, which influences the composition and
activity of the microflora of the gastrointestinal tract [105, p. 1683].

Studies show that the use of an aqueous extract of chlorella has a positive
effect not only on the immune system in broiler chickens, but also it can
improve the quality of poultry meat [106, p. 229]. Other scientists have con-
cluded that a dietary supplement for broiler chickens in the form of chlorella
extract can enhance their productivity, increase the concentration of immuno-
globulin A, metabolic nitrogen in the blood, and reduce ammonia emissions.

As noted earlier, chlorella allows the most complete use of feed by in-
creasing its digestibility by 40%, resulting in a significant increase in addi-
tional growth of animals [], which confirms the positive effect of microalgae
on the animal body in general. Thus, the introduction of this feed additive
in the diet of pigs contributed to the reduction of energy feed units and ex-
change energy per 1 kg gain by 15-20% [107, p. 1120], the cost of digestible
protein per 1 kg gain in young pigs also tended to reduce by 10-12% [108,
p. 18], the content of erythrocytes increased by 28,3-32,1%, the amount of
glucose increased to 40,7-45% in comparison with the control, the content
of total calcium and inorganic phosphorus in the blood increased an average
by 1,5-2 times [109, p. 23].

In the 1950's, the Carnegie Institution in Washington explored and culti-
vated the microalgae of chlorella to reduce CO, emissions. Today, Japan is
the world leader in the use of chlorella and people of this country utilize it
for treatment [110, p. 660], because it has been proven that chlorella has im-
munomodulatory and anticancer character. It has also been noted in medical
practice that these microscopic algae are an effective tool in the control of
anemia. In addition, chlorophyll which is one of the main pigments of chlo-
rella provides significant support to the cardiovascular system, and prevents
the development of tumors, has antiseptic and regenerative properties. Also
chlorella synthesizes a natural antibiotic named «chlorellin» that success-
fully destroys pathogenic microflora.

It is especially necessary to note the effect on the animal body of the al-
kaline media of chlorella. Acidic environment allows fungi and pathogenic
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microflora to develop rapidly inside animal organism. In the reconstituted
suspension of chlorella in an alkaline medium, fungi die. The growth factor
contained in chlorella by 4 times accelerates the growth of natural micro-
flora. As a result, work of the animal digestive tract normalizes. Due to the
rich content of chlorophyll, the animal’s body is able to defeat diseases of
various etiologies, both non-infectious and infectious, including viral.

Therefore, chlorella has a wide range of biological activity, and in addi-
tion its use as a feed additive in diet of farm animals can increase resistance
to infectious diseases, normalize metabolism, improve the function of the
digestive system, and remove toxins from the body.

4. Conclusions

Based on previous investigations microalgae of chlorella as vitamin-feed
and prophylactic additive is common used because its composition contains
various biologically active substances. Introduction of chlorella in the diet
of farm animals helps to improve their physiological and immune status
due to the high content of proteins, lipids, amino acids, vitamins, minerals
and others.

Also, the biological value of chlorella in feeding farm animals is the
presence of pigments, carotenoids, which have a positive effect on their
health and quality of food produced from these animals. Many scientists
have noted the effectiveness of the use of feed additives of chlorella as a
source of accumulation of Se and 7, which are important trace elements for
the full life of both animals and humans.

Complementing the diets, chlorella, due to its rich composition, has
a pronounced therapeutic prophylactic and immunostimulating effect on
the body of animal. The use of chlorella suspension in animal rations
allows farms to comprehensively solve the problem of increasing produc-
tivity in animal husbandry. From the point of view of biological value,
the great importance of feeding by chlorella to animals is in the form of
a suspension, and not in a dry or pasty form, because about half of its
metabolites are in the culture medium itself. The suspension is drunk by
the animal almost immediately, when the cell density rises to a certain
value that completely avoids the loss of especially valuable substances in
its composition, which are unavoidable during long periods of storage in
other preparations.
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