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BIOCHEMICAL INDICATORS AND APPLICATION
OF Cyanobacteria Spirulina MICROALGAE
IN THE CATTLE FEEDSTUFF

Abstract. The qualitative and quantitative compositions of the valuable biologically active substances, species
and strains of microalgae are related the genus of Cyanobacteria Sp.platensis and Sp.labgrinthifosmis that were
isolated from local nature and grown in semi-production facilities were considered. In order to adapt for mass
cultivation, algae were first grown in greenhouse conditions. The algae were cultivated within 12 days. The produc-
tivity in the tubular cultivator with stirring of Sp.platensis was 3.8 g/ 1, protein (73.0%), and Sp.laberinthiformis was
2.6 g/ 1 of protein (63.1%). Similar studies were carried out in the open-air conditions that showed an increase in the
amount of illumination causes a significant restructuring of the entire photosynthetic apparatus of algae. The
accumulation of Sp.labyrinthiformis 2.7 g / 1 a.d.c., protein 62.21%, and Sp.platensis 4.08 g / 1, protein 75.3%, were
within 10 days. The content of protein and carotenes sharply increases in comparison with the greenhouse conditions.
It was found that the addition of Sp.platensis suspension, as a protein-vitamin supplement for the bulls’ feedstuff,
stimulates physiological processes that improves the biochemical parameters of their blood, the digestibility
coefficient of nutrients by 8-9%, positive mineral balance, increases live weight gain (17.4%) and slaughter yield of
the bulls (3.6%). So, the suspension of Sp.platensis is recommended for use as a protein-vitamin supplement in
livestock farms that will allow having a significant economic effect in livestock farming, in average 20-25% profits
per yearly.

Key words: antioxidants, biologically active substances, cultivation, genus, microalgae, phyto-cultures, Spirulina.

Introduction. The biological active substances and antioxidants of natural plant origin have widely
application in the enrichment of the functional features and nutritional values in various applications [2,10].

Moreover, the study of the phyto-cultures useful properties by physiological, biochemical and ecolo-
gical in aquatic ecosystems, pharmaceutical forms, food industry, perfumery industry has a significant
value, as an antioxidants in removing of the negative effect of free radical processes [3,12].

Recently, the algal research directions actively carried out in the field of the isolation of new genus
and strains of microalgae [23]. Algae growing technology, including continuous cultivation of photo-
synthetic cells of microalgae and the isolation of new genus and strains are actively carried out in the
special installations and at the optimal environmental conditions [12].

The growth and development of algae are closely interrelated with external factors, under the
influence of which the structural, functional and biochemical characteristics of the cell change. Selection
of new highly active microalgae-producers of essential compounds in the natural conditions would expand
the area of their practical application [9], as for instance a feedstuff for cattle [11] and poultry [19].

Chlorella and Spirulina are two of the most well-known microalgae genus. Both microalgae genus
have a significant content of proteins, vitamins, pigments, fatty acids, sterols, among others, which make
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their production/application by the food industry quite interesting. They are remarkable sources of
functional foods, nutraceuticals and food supplements [4].

Arthrospira platensis (hereafter referred to as ‘Spirulina’) is a uni-cellular microalgae which grows in
fresh water, in salt water, as well as in brackish bodies of water. It grows best in a highly alkaline
environment of pH 10-12 [6].

Many researchers Spirulina biomass are interested in them as biologically active substances and as an
additional food product enriched with a number of important micronutrients biomass Spirulina increases
the possibility the possibility of preventing certain diseases [16].

Cyanobacteria Spirulina contains phenolic acids, tocopherols and B-carotene which are known to
exhibit antioxidant properties [18]. Spirulina has hypolipidemic, antioxidant, and antiinflammatory
activities [7].

It was noted that during Spirulina cultivation in open reservoirs and especially in closed photobio-
reactors its biomass may be additionally enriched with some trace elements such as iron, iodine, selenium,
zinc, copper, manganese and chromium in high bioavailable form [17].

The developing of the conditions for the industrial cultivation of Spirulina, the study of the
biochemical side of photosynthesis seems to be extremely important, despite the fact that research on the
cultivation of microalgae under various light conditions conducted for a long time. However, the influence
of various environmental factors, in particular, illumination and temperature on the productivity and
biochemical composition of Spirulina was not studied enough. The absorption of visible light is important
for the implementation of the process of photosynthesis. In cyanobacteria, it is carried out using a unique
set of pigments chlorophyll "A", phycobilins, carotenoids that have 600-664 nm of a maximum absorption
in the solution. It was found in all photosynthetic organisms capable of photosynthesis with the release of
oxygen in cyanobacterial cells. The quantitative content of chlorophyll in the cells of blue-green algae, it
is variable in different species and depends on the cultivation conditions [15].

Owing to the above mentioned information, the work purpose was to study the comparative
characteristics of a biochemical composition and biological value of the blue-green algae biomass under
various cultivation conditions for the usage as a protein-vitamin supplement to the cattle main diet.

Objects and methods. The research object were Cyanobacteria or blue-green algae Spirulina
platensis from the collection of St.Petersburg State University, Russia; and the second Spirulina laby-
rinthiformis that was isolated from the Shardara water storage of the Turkestan region, Kazakhstan [13]
and supplied from the collection of the Scientific Research Institute "Botanica" of the Academy of
Sciences of Uzbekistan. All species are known algae-logically pure. The algae were grown in a modified
nutrient medium by Zarrouk [22]. The productivity of algae was taken into account by the change in dry
weight (g /1) that was determined by the gravimetric method [21].

The content of photosynthetic pigments chlorophyll and -carotene was determined by spectrophoto-
metric method [8].

The content of B-carotene in fresh paste was determined by the Murri method [8], the content of
ascorbic acid titration in the extract of 2.6-dichlorophenolindophenol [8], the total carbohydrate content
was determined by the Antronov method [8], the total protein content by the amount of nitrogen (N*6.25)
by the semi-micro Kjeldahl method [8], the total amount of lipids by extraction of chloroform - methanol
mixture (3:1) [8].

In order to study the effect of the Spirulina platensis suspension on the cattle growth, in collaboration
with the staff of the Research Institute of Animal Husbandry of Uzbekistan, under the professor
K.K.Karibaev guidance, a research experiment was carried out in the Galla-Kuduk farm, Uzbekistan.

The coefficient of digestibility of nutrients and the chemical composition of gobies' meat were
determined according to the generally accepted method [20].

Total protein content in the blood was determined by the refractometric method [5]

At the beginning and at the end of each experiment, the biochemical analysis of blood in bulls was
performed by the Kudryavtsev method [14].

Static processing of the obtained data was processed by the Microsoft Excel program and using
generally accepted standard methods.

Results and discussion. For industrial and semi-industrial cultivation of algae, the open systems
mostly are often used, owing to the manufacture of that is relatively inexpensive in the comparing to




News of the Academy of sciences of the Republic of Kazakhstan

closed cultivation systems. In this regard, the study of external factors influence in the open cultivation, as
well as the search of optimal conditions for open cultivation in order to obtain a stable biomass with a
desired biosynthesis of the main assimilates was provided.

In the open cultivation, the same mineral media are used as in the laboratory where the algae were
cultivated. However, modified and diluted mineral media are used on a large scale for economic effi-
ciency. It is also necessary to take into account a source and concentration of the main biogenic chemical
elements (nitrogen, phosphorus, carbon) and trace elements.

For mass cultivation, algae firstly were grown in greenhouse conditions. Under greenhouse
conditions, the algae Sp.platensis and Sp.labyrinthiformis were grown in a tubular cultivator with bubbling
stirring and in a tray installation without stirring (table 1).

Table 1 — Influence of cultivation methods in greenhouse conditions and main components

Spirulina labyrinthiformis Spirulina platensis
Indicators In a tubular cultivator In a tray installation In a tubular cultivator In a tray installation
with stirring without stirring with stirring without stirring
Days 6 9 12 6 9 12 6 9 12 6 9 12
Dry substance, g/l 1,2 2,1 2,6 0,91 1,9 2,4 1,9 2.8 3,8 1,4 2,4 3,0
Chlorophyll A, mg/1 3,8 5.4 1,2 4.4 4,8 2,0 3,1 5,4 2,0 8,2 9,0 2,6
B- carotene, mg% 3,6 32 3,6 3,1 1,1 4,0 1,2 3,1 3,6 2,6 6,1 1,2

Ascorbic acid, mg% 140,1 | 200,1 | 215,1 | 120,9 | 150,2 | 170,1 | 100,0 | 110,1 | 120,3 | 128,0 | 134,5 | 125,0

Total lipids, % 98 | 104 | 12,8 | 104 | 124 | 125 | 104 | 158 | 184 | 9.1 8,1 | 12,0

Total protein, % 60,0 | 62,0 | 63,1 37,1 58,0 | 62,1 69,1 70,1 71,0 | 66,0 | 69,2 | 73,0

Total carbohydrates, % 7,0 8,5 11,5 7,2 8,0 9,5 6,5 7,2 7,7 6,3 7,0 7,5

As can be seen from the experiments, cultivation in a tubular cultivator with stirring turned out to be
more favorable conditions for Sp.platensis, while for Sp.platensis, a tray installation without stirring. This
is apparently explained by the morphological differences of cells, in particular, their sizes. The larger
trichomes of Sp.platensis preferentially accumulate in the surface of the film; therefore, mixing to some
extent disrupts their vital functions. And for small trichomes of Sp.labyrinthiformis that are suspended in
the water column, mixing creates the best conditions for lighting and aeration.

The methods of industrial cultivation of various microalgae using of the open reactors for mass
culture were studied in Kazakhstan. By such approach natural energy resources can be widely used.
Consequently, this method is most effective in the southern regions of Kazakhstan with an abundance of
sunlight and favorable temperature conditions [9].

Open cultivation conditions for Spirulina were characterized by the following conditions: growth in
tray installations without stirring on a modified Zarruk nutrient medium, where the illumination range was
50-100 klx and a temperature of 25-38°C (table 2). Open conditions were accompanied by obtaining
the highest productivity of crops, exceeding greenhouse conditions. At the same time, the accumulation of

Table 2 — Content of photosynthetic pigments, main biochemical components
and vitamins of Spirulina in open cultivation conditions without stirring

Dry Pigments, mg/ g Total Total Total Vitamins, mg%
Species, strain | biomass, Chlorophyll | Carotenoids protein, lipids, |carbohydrates,| Carotene Ascorbic
g/l “A” % o % acid
Spirulina 408 | 11.0£0,53 | 7.2+0,11 | 753+1,1 | 14.48+0.23 | 540+£0,40 |242.1£2,88| 130.0+2,38
platensis
Spirulina

2,7 6.30+0,49 | 5.40+0,18 | 62.21+1,25 | 16.0+0,35 21.0£0,41 | 203.0+£2,46 | 200.0+3,40

labyrinthiformis
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biomass in Sp.platensis reached 4.08 g / 1, and in Sp.labyrinthiformis up to 2.7 g /1 within 10 days. It is
known that in open cultivation conditions there is a direct dependence on environmental factors, primarily
on illumination and temperature and the season. Experiments have shown that in an open installation, the
pigment content increased in two crops. In Sp.platensis, the content of chlorophyll "A" was 11.0 mg / g,
for carotenoids - 7.2 mg / g, the content of protein in Sp.platensis increased to 75.3% (and this is the
maximum value) and for Sp.labyrinthiformis - to 62.21%. A high percentage of proteins allows to obtain
high productivity of Sp.platensis under these conditions.

However, open conditions were accompanied by less accumulation of vitamins due to the negative
influence of high insolation from light. The content of ascorbic acid was noted for Sp.platensis at
130 mg% and for Sp.labyrinthiformis at 200 mg%. The content of vitamin A (B-carotene) for two cultures
was 242.1 mg% and 203 mg%, respectively. The active metabolism of cultures in open conditions was
accompanied by a different rate of synthesis of a number of substances, including storage compounds
(carbohydrates), the content of which in Sp. labyrinthiformis exceeds Sp.platensis by four times over, it is
21%. Since an active accumulation of biomass was observed under these conditions, the increased content
of carbohydrates is not explained by the deterioration of conditions, yet by the genetic characteristics of
the strain.

Mostly Sp.labyrinthiformis is a producer of carbohydrates. Carbohydrates are the main energy
material of the plant and animal world. The biosynthetic activity of microalgae depends on the mode of
cultivation technology, in conditions of sunlight in the open air, the season of the year, the type of
installation and mixing. For the number of super producers of protein is 75.3%, and PB-carotene is
242.1mg% high productivity is 4.08g / 1 can be attributed to Sp.platensis. In addition, the cell membrane
of Sp.platensis is thin and easily destroyed, in the cells of valuable substances of animal organisms [23].

In this regard, the studies in the application of the Sp.platensis suspension as a bio-stimulator of a
high-protein vitamin growth and a feed additive in the cattle diet were carried out, that were not yet used
in animal husbandry in Kazakhstan and Uzbekistan.

The lack of certain elements in the cattle diet is especially observed towards the end of the winter
period that is associated with a decrease in the B-carotene content in feed during storage and a violation of
the harvesting technology.

The shortage of vitamin feed in the summer is associated with drying out of vegetation. A deficiency
of certain substances in the diet leads to the appearance of pathological processes in the body of animals,
metabolic disorders, a decrease in productivity and an over consumption of feed per unit of production.

Sp.platensis suspension was grown in open tray installations with a total working volume of
1000 liters. Scientific research experiments were carried out at the farm "Galla-Kuduk" under the
professor K.K.Karibaev guidance. By the principle of analogs, 4 groups of 10 black-and-white bulls in
each group were selected, at the age of 15-16 months. The experiment was carried out within four months
(June-September) according to the following layout (table 3).

Table 3 — Experiments layout

Group Bulls quantity Diet composition
Control 10 BD (basic diet)
I-experimental 10 BD + lliter of Spirulina suspension
II- experimental 10 BD + 2liter of Spirulina suspension
III - experimental 10 BD + 3liter of Spirulina suspension

The experimental animals were in the same feeding conditions: group, three times a day, drinking
from auto-drinkers. The bulls were individually weighed once a month in the morning before feeding.
Signs of negative influence, symptoms of poisoning, lethargy, deterioration of appetite, emaciation during
the experiment were not observed. Feeding was carried out according to the established technology of the
industrial complex [1].
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The digested feed and its residues were taken into account daily by groups; the health status, appetite
and behavior of the animals were monitored. The animals of the experimental groups received one, two
and three liters of Spirulina suspension everyday per head to the main diet. The area of the experimental
territory, lighting, ventilation of the sanitary state, corresponded to the veterinary requirements, feeding
and watering were carried out at a certain time according to the daily routine adopted in the farm.

An important indicator of the biological value of nutrition is a change in the live weight of the
experimental animals. Variations in live weight and average daily gain over the period of the experiment
can be judged from the data in table 4.

Table 4 — Live weight and average daily gain of bull calfs, within four months

Live weight, kg Weight gain
Group
at the beginning at the end absolute gain, kg | average daily gain, g % of control
Control 413.5 +16,9 525.5421,1 112.0 933.0 100.,0
I- experimental 413.0+21,9 532.5+20,1 119.5 995.8 106.7
II- experimental 413.0+£17,9 541.0+17,4 128,0 1066,6 114.3
III - experimental 412.0+14,8 543.5+13,0 131.5 1095.8 117.4

All experimental groups in terms of weight gain exceeded the control group. The largest average
daily gain in live weight over the period of the experiment was given by bulls of the third experimental
group, their weight gain exceeded the control group by 17.4% or 162.8 g; in the second experimental
group, the increase in weight gain, compared with the control, was 14.3% or 133.6 g.

Experiments have shown that the optimal concentration of the Spirulina suspension is 2-3 1 / day per
1 bull. Further increase in the suspension of Spirulina is impractical due to imbalance in the feed [11].

At the end of the experiments, in order to determine the metabolic rate in the body, 9 bulls were
selected for slaughter or 3 bulls from each group: control, second and third.

Due to the fact that in the first experimental group, the weight gain was only 6.7%, and for the next
studies, the data of this group were not taken into account.

The body weight of the selected bulls approximately showed the characteristic average weight of the
group. Slaughter weight and meat yield data are shown in table 5.

Table 5 — Results of control slaughter of the bulls, in average

Indicators Group
Control II- experimental III- experimental
Pre-slaughter live weight, kg 525.0 535.0 543.0
Fresh carcass weight, kg 286.3 298.6 3124
Fresh carcass yield, % 54.5 55.0 57.5
Internal fat mass, kg 8.3 10.5 12,3
Slaughter weight, kg 294.6 309.1 3247
Slaughter output,% 56.1 57.7 59.7

By an increasing of the suspension of Spirulina up to 3 liters / day, all analyzed indicators have
increased. Live weight increased by 18 kg, fresh carcass weight increased by 26 kg, slaughter weight - by
30 kg, internal fat mass by 4 kg. As it seen, the Spirulina suspension, as a vitamin supplement, had a
positive effect on increasing the slaughter yield that in the third experimental group exceeded the control
group for 3.6%.

Experiments have shown that Spirulina suspension affects the chemical composition of bulls meat.
The percentage of fat in the meat of the third experimental group is 0.88% higher, and the water content is
1.1% less than the control.

— g4 ——
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The biochemical composition of the experimental bulls’ blood was taken into account at the
beginning and at the end of the experiment. Blood ensures the normal functioning of tissues and organs.
The composition of blood is labile and depends on many factors, such as age, sex, season of the year,
feeding, housing conditions and other factors (table 6).

Table 6 — Biochemical parameters of the bulls’ blood

B-carotene, Protein, Calcium, Phosphorus, Reserve alkalinity
mg% % mg% mg% mg, %
Group
at th? at the end at th? at the end at th? at the end at th? at the end at th? at the end
beginning beginning beginning beginning beginning

Control 0.171+0.02]0.186+0.01| 7.39+ 0.12 | 7.40+£0.26 | 18.5+2.18 | 17.0+£0.67 | 7.3+0.50 | 8.3+0.49 |460.0+30.5| 420+23.1

IInZ’I‘llt”:l“ 0.16440.02|0.193+0.01 | 7.52+ 0.35 | 7.82 0.18 | 17.742.76 | 17.5£1.32 | 6.6£0.64 | 7.9+0.16 |420.0£20.0|460.0+28.4
II-experi-
DI 10.181£0.0210,226£0,02| 6.80£0.188| 7.33£0.41 | 17.8+1.01 | 18.0:0.87 | 6.8620.52 | 7.940.42 |466.0424.1|460.0423.1
I-experi-
e 0.178£0.05] 0.220£0.01 7.1940.53 | 7.9340.18 | 163£1.59 | 17.550.76 | 6.532030 | 7.9:0.09 |480.0+11.5|466.04+33.4

In the experimental groups, there was a significant increase of B-carotene (0.178-0.220m g%).
Phosphorus content (6.53-7.9m g%), protein content (7.19-7.93 mg%), calcium 16.3-17.5 mg%). There
was also a slight increase in the content of protein (up to 7.93%), calcium (17.5%) and reserve alkali
(466 mg /%). Such data show that the biochemical parameters of the blood of animals improved, which is
possibly associated with the use of Spirulina suspension in the diet.

After addition of Spirulina suspension in the bulls’ diet, with the cost of feeding decreasing, the total
productivity increased. Therefore, in the experimental groups, more livestock products were obtained in
monetary terms than from the control group. The high economic effect was obtained in the third group that
had Spirulina suspension in the daily diet, by 3 liters per head. So, in average 20%-25% profits per yearly
could be available.

Conclusion. The analyzes showed that in the biomass of Spirulina under greenhouse conditions, the
maximum accumulation of chlorophyll "A" is 9.0 mg / g. In 9 days, and in open cultivation conditions is
11.0 mg / g. At the same time, under greenhouse conditions, the productivity of Sp.platensis was 3.8 g/ 1,
protein 73.0%, and in Sp.labyrinthiformis 2.6 g / 1, protein 63.1%. Technological modes of cultivation of
the studied species of Spirulina in the open air were accompanied by obtaining the highest efficiency in
the chemical composition and protein synthesis. At the same time, the accumulation of biomass of
Sp.platensis reached 4.08 g / 1, protein 75.3%, and in Sp.labyrinthiformis 2.7 g / 1 a.d.c., protein 62.21%
within 10 days compared with greenhouse conditions. The results of the study of the pigment apparatus of
Spirulina under open cultivation conditions indicate that light adaptation provides the most versatile levels
of the functional organization of the photosynthesis by sharply increasing the protein content and
productivity. Sp.platensis has a significance, as a source of protein and as producers of valuable
compounds for the food industry, also in the agriculture, as a protein-vitamin and biostimulating additive
for animal feed. It was found that the addition of Sp.platensis suspension, as a protein-vitamin supplement
to the main diet of beef cattle, 3 liters per day per 1 bull, stimulates physiological processes that improves
the biochemical parameters of the blood of animals, the digestibility coefficient of nutrients by 8-9%,
positive mineral balance, increases live weight gain (17.4%) and slaughter yield of bull calves (3.6%).
Thus, the suspension of Sp.platensis is recommended for use as a protein-vitamin supplement in livestock
farms that will make it possible to obtain a high economic effect in livestock farming, in average 20-25%
profits yearly.
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Cyanobacteria Spirulina MUKPOBAJIIBIPJIAPBIHBIH BUOXUMMUSAJIBIK KOPCETKILITEPI
7KOHE IPI KAPA MAJI A3bIFbIHA KOJIJAHY

AnHoTtanus. XXeprinmikti TaburaTTaH OKIIayJaHFaH JKOHE JKapThIIai @HEPKICINTIK karaaina ecipinren Cyano-
bacteria Sp.platensis xone Sp.labgrinthifosmis 6eiimMiHe KaTaTblH OMOJIOTHSUIBIK OEJICEHIl 3aTTap/blH, MUKPOOa-
JBIpJIApABIH TypJiepi MeH IITaMIApbIHBIH CalaiblK XKOHE CaHIBIK KypaMbl KapacThIPbUIAABL. banmslpabl skarmait
ecipyre OeiliMJey yILIiH angbIMeH KblIbbKaiaa 12 kyH ecipinai. Sp.platensis apanacTblpy apKbUIbl KYOBIPJIBI KYJIBTH-
Baropaa eHiMaiiri 3,8 /71 akysi3 (73,0%), an Sp.labyrinthiformis 2,6 t/n akysi3 (63,1%) kypaasl. ¥Kcac 3epTreyiep
apanacThIpyChl3 allbIK KyJIbTHBAIMS >KarAalblHAA KYPri3Uai opi KapbIKTaHABIPYAbIH YJIFalobl OanbIp/bH OyKil
(hOTOCHMHTETHKANBIK aNllapaThlH alTapibIKTall KaiTa KYpaThIHBIH KepceTTi. Sp.labyrinthiformis 2,7 r/n akybI3
62,21%, 203,0 Mmr% xapoTuH xoHe Sp.platensis 4,08 t/n, akys3 75, 3%, 242,1mMr% xapotur 10 KyH imiHae naiga
Oonupl. AKybI3 O€H KapOTHH MeJIIepi J>KbUIBDKAH >KarmaibIMeH cajbICThIpFaHna >Kbupgam aprtansl. OchiFal
OaifmaHbICTHI 013 Sp.platensis CycTIeH3MACHIH Kac €T OHAIPICiHIer ipi Kapa MaIblH PalMOHBIHIA aKYBI3BI )KOFAPEI
IOPYMEHII JKEMIIeIT KOCTIachl peTiHAe KOoJAaHy OOHBIHINA 3epTTeynep Kyprizuik.HoTmxeciHne GapibIK 3KcrepH-
MEHTTIK TOIITap CajJMaK XOFapbulaTy OOHBIHIIA OaKbUIAyAaH achll TYCTI.

byka koperine Sp.platensis cycneH3UsICbIH aKybI3 )KoHE AopyMeHik Kocna perinze 11 tonTsiy (op OacbiHa Tay-
JiriHe OpTa ecerieH 3 JUTP CyCHeH3Us Kocy) (H3HONOTHSIBIK YIAePICTi bIHTANAHABIPA/bI, KAHHBIH OHOXUMHSIIBIK
KOPCETKIIITEPiH KAKCAPTA/Ibl, KOPEKTIK 3aTTapbIH CiHY K03 duiuenti 8-9%, oH MUHEpal Tere-TeH/IIK, Tipi caaMak
ecimin (17,4%) xone coro eHimaiiirin (3,6%) aprreipansl. Toxipudenep Spirulina CyCcrieH3UsCHI €TTIH XUMHUSUIBIK
KypaMmblHa ocep eTeTIHIIrH KepceTTi. YUIHII SKCHePUMEHTTIK TONTHIH €TiHAe Mai yieci Oakpliay TOObIHA
kaparanna 0,88%-ra xorapsl, ann cy memmepi 1,1%-ra a3. Toxipubenik Tontapna B-kaporunHiy (0,178-0,220 Mr%),
hocdop KypameiHbIH (6,53-7,9 Mr%), akysasiH (7,19-7,93 mr%), kansiuiiniy 16,3 enoyip apTaThIHABFE OaiKa bl
(17,5 mr%). ConsimeH, Sp.platensis cycneH3MsCHIH ipi Kapa Maj a3blFbIHA aKybl3 )KoHE IOPYMEHMIK KOcla peTiHjie
KOJIIaHyFa YCBIHBIC Oepiieni, OyI opTamia ecemnieH Maj MapyallbUIbIFbIHAA JKaKChl SKOHOMHUKAJIBIK HOTHXXE alyFa
MYMKIHAIK Oepei, SFHU OpTalla ecemreH xKbuibiHa 20-25% Kypanmapl.

Tyiiin ce3aep: aHTHOKCHIAHTTAP, OMONOTHSIIBIK OCIICEH I 3aTTap, ecipy, TYKIMIac, MUKpoOanapIpiap, GuTo-
KynbTypanap, Spirulina
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BUOXUMHYECKHWE IMTOKA3ATEJIM U MIPUMEHEHUE MUKPOBO/IOPOCJIEN
Cyanobacteria Spirulina B KOPMAX KPYITHOI'O POI'ATOI'O CKOTA

AHHoTauMsl. PaccMOTpeHBI Ka4eCTBEHHBIE M KOJIMYECTBEHHBIE COCTABBI LIEHHBIX OHMOJOTHMYECKH aKTHUBHBIX
BEIIECTB, BUBI U LITaMMbl MHKpPOBOJIOpOCIEH, oTHOcAmumXcs K oraeny Cyanobacteria Sp.platensis u Sp.labgrin-
thifosmis, BbIZI€IEHHBIX U3 MECTHOW MPUPOJBI U BHIPALICHHBIX B IOJYIIPOU3BOACTBEHHBI ycinoBusx. st mpucrmo-
COGHCHI/lﬂ K MAacCOBOMY BbIpalllMBaHUIO BOJOPOCIIM CHa4dalla BbIpalllMBAJIM B TCIJIMYHBIX YCJIOBUMIX. Nx KYyJIbTUBH-
poBaym B Teuenue 12 puei. IlpoaykTHBHOCTH B TpyO4yaToOM KyJIbTHBAaTOpE NpH IepeMemmBaHuK Sp.platensis
cocraBmwia 3,8 r / 1, 6enka (73,0%), a y Sp.labyrinthiformis - 2,6 r / n Oenka (63,1%). Hakoruienue Gmomacchl
Sp.labyrinthiformis 2,7 r / n a.c.B., 6enka 62,21%, 203,0 mr % kapotuna u Sp.platensis 4,08 T / 1 a.c.B., Oenka
75,3%, 242,1mMr % xapotuHa mpoucxoamno B TedeHue 10 mHe#l. Pe3ko yBemmumBaeTcs copepaHWE NPOTEHHA U
KapOTHHOB II0 CPaBHEHUIO C TEIUIMYHBIMU YCJIOBHSAMH. B CBA3M € 3TUM MBI NPOBOIMINM HCCICHOBAHHS II0
MPUMEHEHHI0 CycneH3nn Sp.platensis kak BBICOKOOEITKOBON BUTaMHUHON KOPMOBOW JT00AaBKH B paIlioHE MOJIOTHSIKA
CKOTa MSCHOTO HampaBlieHHs. B urore Bce ONBITHBIE I'PYNIBI IO IPHPOCTY Beca IMPEBOCXOAWIN KOHTPOJIBHYIO.
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YcraHoBieHo, 4To Ao0aBieHue cycrneH3un Sp.platensis B kauecTBe OeIKOBO-BUTAMUHHOM JJ00aBKH K KOPMY OBIYKOB
(B cpemHeM 311 CycIieH3UH B CyTKH Ha OAHY T'OJIOBY) CTUMYJIHPYET (PH3HOIOTHYECKHE TPOLECCH, YIydInas OHOXH-
MHUECKHE MOKa3aTeId UX KPOBH, KOAI(D-(QUIMEHT YCBOSEMOCTH MHTATENbHBIX BELIECTB Ha 8-9%, MOJI0XKUTEIbHBINA
MHUHEpaJIbHBIN OanaHC yBeIMYMBaeT NMPHUPOCT kuBOH Macchl (17,4%) u yboiiHoro Beixoxa (3,6%). DKcriepuMeHTHI
MOKa3au, 4To cycreH3us Spirulina BIMsSeT Ha XMMUYECKHH COCTaB Msica ObIUYKOB. B Msice TpeTheil ONbITHOM rpymIibl
IpOLEHTHOE cofepxkanue xupa Ha 0,88% Brlie, a conepkanue Boasl Ha 1,1% MeHslile, 4eM B KOHTPOJIBHOM Ipymre.
B onbITHEIX Tpymmax HaOmoganock 3HauuTenbHoe yBenuueHue [B-kapotmHa (0,178-0,220 mr%), conmeprkaHue
docdopa (6,53-7,9 mr%), comepxkanme Oenka (7,19-7,93 mr%), xameiwst 16,3-17,5 mr%). Takum obpasom, cyc-
neH3us Sp.platensis pekoMeHIOBaHA K MPUMEHEHUIO B KadecTBE OCIKOBO-BUTAMHHHOM NOOABKH B KOPM KPYITHOTO
poraToro CKoTa, 4TO IO3BOJHMT WMETh 3HAYUTEIbHBIH 3KOHOMHYECKHH 3(QQEKT B KXHBOTHOBOJCTBE, B CPEIHEM
20-25% TpuOBLIH B TOA.

KiroueBble €/10Ba: aHTHOKCHUAAHTHI, OMOIOTMYECKN aKTHBHBIE BEIECTBA, KyJbTHBUPOBAHUE, PO, MUKPOBO-
JIOpocid, GUTOKYIBTYPBI, Spirulina.
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