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Increase in the quantity of undegradable in the rumen proteins in the diet of cows of experimental group 
caused by extruding of high-protein supplements was accompanied by the change of total and free amino acids in 
ruminal contents. The amount of total amino acids in the rumen of cows of experimental group during all experi-
ments was greater by 9.8–10.8 %, which was mostly caused by the increase of the amount of essential amino acids 
(Р<0.05–0.01). Irrespective of the source of protected proteins during all experiments in the rumen of cows 
in experimental group, the increase of the concentration of lysine, arginine, methionine, proline and cystine 
was determined (Р<0.05–0.01), while feeding rapeseed and soybean meal — increase of the concentration of 
valine, threonine and phenylalanine as well, and while feeding sunflower cake — increase of the concentration 
of leucine. Among nonessential amino acids in the rumen of cows in the experimental groups, the amount of 
asparaginic acid, serine, and alanine was increasing (Р<0.05–0.01).

As opposed to total amino acids, concentration of free amino acids in the ruminal contents of cows of ex-
perimental group was smaller by 14.8–18.0 % (Р<0.05) compared to animals of control group that was mainly 
caused by decrease of the concentration of essential amino acids — histidine, methionine, and leucine. Con-
sidering nonessential amino acids, at the same time, concentration of glutaminic acid and asparaginic acid, 
glycine, proline, serine, and tyrosine has decreased (Р<0.05–0.01). These data are the evidence of decrease of 
degradability of essential amino acids and of increase of their intake into bowel, and uptake by cows.
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Збільшення кількості нерозщеплюваного в рубці протеїну — складового компонента раціону 
ко рів дослідних груп за рахунок екструдування високобілкових добавок супроводжувалось змінами у вміс
ті рубця концентрації загальних і вільних амінокислот. Сума загальних амінокислот у рубці ко рів до слід
них груп, порівняно з контрольними, у всіх дослідах була на 9,8–10,8 % більшою переважно за ра хунок 
збільшення кількості незамінних амінокислот (Р<0,05–0,01). Незалежно від джерела за хи ще но го про
те їну, у всіх дослідах у рубці корів дослідних груп виявлено збільшення концентрації лізи ну, аргініну, 
меті оніну, проліну і цистину (Р<0,05–0,01), при згодовуванні ріпакового і соєвого шро тів — також 
концентрації валіну, треоніну та фенілаланіну, а при згодовуванні соняшникової маку хи — кон цен тра
ції лейцину. Серед замінних амінокислот у рубці корів дослідних груп при цьому збільшувалась кількість 
ас парагінової кислоти, серину, аланіну (Р<0,05–0,01).

На відміну від загальних амінокислот, концентрація вільних амінокислот у вмісті рубця корів 
дослідних груп була на 14,8–18,0 % меншою (Р<0,05), ніж у корів контрольної групи, в основному вна слі
док зменшення концентрації незамінних амінокислот гістидину, метіоніну, лейцину. Із замінних аміно
кис лот при цьому зменшилася концентрація глютамінової і аспарагінової кислот, гліцину, проліну, 
се ри ну, тирозину (Р<0,05–0,01). Ці дані свідчать про зменшення деградації незамінних амінокислот 
в руб ці та збільшення їх надходження в кишківник і засвоєння в організмі.
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Увеличение количества нерасщепляемого в рубце протеина в рационе коров опытных групп за 
счет экструдирования высокобелковых добавок сопровождалось изменениями в содержимом рубца кон
цен тра ции общих и свободных аминокислот. Сумма общих аминокислот в рубце коров опытных групп, 
по сравнению с контрольными, во всех опытах была на 9,8–10,8 % больше, в основном за счет увеличения 
количества незаменимых аминокислот (P<0,05–0,01). Независимо от источника защищенного проте
и на, во всех опытах в рубце коров опытных групп обнаружено увеличение концентрации лизина, арги ни на, 
метионина, пролина и цистина (P<0,05–0,01), при скармливании рапсового и соевого шротов — так же 
концентрации валина, треонина и фенилаланина, а при скармливании подсолнечного жмыха — кон цен
трации лейцина. Среди заменимых аминокислот в рубце коров опытных групп при этом увели чи валось 
количество аспарагиновой кислоты, серина, аланина (P<0,05–0,01).

В отличие от общих аминокислот, концентрация свободных аминокислот в содержимом рубца 
коров опытных групп была на 14,8–18,0 % меньше (Р<0,05), чем у коров контрольной группы, в основном 
вследствие уменьшения концентрации незаменимых аминокислот гистидина, метионина, лейцина. Из за
менимых аминокислот при этом уменьшилась концентрация глутаминовой и аспарагиновой кис лот, 
гли цина, пролина, серина, тирозина (P<0,050,01). Эти данные свидетельствуют об уменьшении де гра да
ции незаменимых аминокислот в рубце и увеличение их поступления в кишечник и усвоения в орга низме.

Ключевые слова: КОРОВЫ, СОДЕРЖИМОЕ РУБЦА, АМИНОКИСЛОТЫ, РАПСО
ВЫЙ ШРОТ, СОЕВЫЙ ШРОТ, ПОДСОЛНЕЧНЫЙ ЖМЫХ, ЭКСТРУДИРОВАННЫЕ КОРМА, 
ЛАК ТАЦИЯ

Introduction. Modern systems of cows 
protein nutrition are being based on the idea that 
their need of protein should provide, on one hand, 
microorganisms need of nitrogen (by means of 
easily degraded proteins and nonprotein nitro
gen compounds), and on the other hand — cows 
need in amino acids located in microbiological 
protein and undegradable in rumen proteins. 
Therefore, protein nutrition systems of cow that 
separately provide the need in degradable and 
undegradable in rumen proteins are developed 
in countries with advanced dairy cattlebreed
ing [1–7].

The nutrition system of protein in cows 
was accepted in Ukraine, which is based on ration
ing by content of raw and digestible protein [8, 9] 
without accounting for the need of degradable 
and undegradable proteins, might cause overuse 
of fodder proteins, smaller output and increase 

in price of production, metabolism and repro
ductive function disorders [10].

However, developed in other countries sys
tems of protein nutrition of cows cannot be uncon
ditionally implemented in Ukraine due to differ
ences in fodder set, technologies of its preparation, 
preservation and preparation for feeding.

Our diets usually do not provide for con
sumption of needed amounts of undegradable 
in rumen proteins due to high level of degrad
ability of highprotein fodder’s proteins. There
fore, the problem of increasing the efficiency 
of using in cows feeding highprotein fodders 
by means of decreasing degradability of protein 
through extruding is important. Urgency in ana
lyzing this problem was also caused by small 
amounts of raised and produced in Ukraine fod
der with high levels of undegradable in rumen 
proteins. Therefore, our research was aiming to 
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determine the influence of decreasing degradabil
ity of proteins from highprotein fodder through 
extruding on processes of forming the protein me
tabolites fund in highly productive cows during 
the initial stage of lactation.

Materials and methods

Three series of experiments were conduct
ed. First experiment was carried out during the ini
tial period of lactation on three cows of Ukrainian 
ВlackandWhite dairy breed. Tshaped fistulas 
were placed in their duodenums before pancreatic 
duct influx. Productivity of cows amounted to 
3.5–4.0 thousand kilograms of milk over lacta
tion period.

Rations assembled according to accepted 
standards [11, 12, 13] based on actual fodder 
nutritional value contained: meadow hay (4 kg), 
corn silage (25 kg), chopped wheat straw (1 kg), 
mangelwurzel (14 kg), coarse bran (3 kg), rape
seed cake of Tysmenetskyi kind (2.5 kg), molasses 
(0.5 kg) and balancing vitamin and mineral sup
plement. During the preparation period cows 
were fed with extruded rapeseed meal, during 
the experimental period — extruded rapeseed 
meal, which caused the amount of undegradable 
in rumen raw protein of the diet to increase from 
29.7 to 41.2 %.

Degradability of ration fodder proteins 
was determined by in situ method on bullcalves 
with rumen fistulas. To determine digestibility 
and input of fodder nutrients at the end of each 
experimental period, fourday balancing experi
ments were conducted. On the second and fourth 
day of each metabolism experiment, rumen con
tents were examined. The amount of total and 
free aminoacids was determined in rumen con
tents using aminoacid analyzers AAA and LC-
2000 (Biotronic).

Second and third experiments were carried 
out on 10 intact cows of Ukrainian redandwhite 
dairy breed, divided into two groups according 
to binate analogue principle by 5 heads (control 
and experimental), during 1/3 of lactation period. 
Productivity during the lactation period amount
ed to 5.7–6.6 thousand kilograms of milk.

During the second experiment, ration of 
control and experimental group consisted of 5.5 kg 

of meadow hay, 1 kg of chopped corn straw, 25 kg 
of corn silage, 16 kg of mangelwurzel, 3 kg of 
coarse bran, 3 kg of soybean meal, 1 kg of molas
ses and vitamin and mineral supplement. Rations 
were composed based on determination of actual 
fodder nutritional value. Fed fodder protein de
gradability was established by the means of its in
cubation in the rumen of bullclaves with fistulas.

Cows of the control group were fed with 
nonextruded soybean meal, cows of the exper
imental group — with extruded soybean meal, 
which resulted in the increase in amount of un
degradable in rumen protein in experimental 
group diet from 31.7 to 43.9 %.

During the third experiment, both groups 
ration consisted of meadow hay (5.5 kg), chopped 
wheat straw (1 kg), corn silage (25 kg), mangel
wurzel (16 kg), coarse bran (3 kg), sunflower 
cake (3 kg), molasses (1 kg), vitamin and mineral 
supplement. Cows of control group were fed with 
nonextruded sunflower cake, cows of experi
mental group — with extruded sunflower cake. 
This caused the amount of undegradable in ru
men protein to increase from 28.5 to 39.5 %.

Rations were composed based on the zoo
technical analysis of diet fodder and determina
tion of their protein degradability by means of 
in situ method on bullcalves with rumen fistulas.

At the end of experimental period of the 
second and third experiments, fourday metab
olism experiments were conducted to determine 
the digestibility and input of diet’s nutrients. 
On the second and fourth day of each metabo
lism experiment, samples of rumen contents 
were taken with the help of a probe two hours 
after feeding.

The research we have conducted has de
termined that as a result of extruding protein 
degradability of rapeseed meal decreased from 
70.0 to 46.6 %, or by 23.4 %; of soybean meal — 
from 65.0 to 37.8 %, or by 27.2 %; of sunflower 
cake — from 72.5 to 46.4 %, or by 26.1 %.

Results and discussions

Data shown in Tables 1, 2 and 3 illus
trates that aminoacids profile of rumen contents, 
in particular total and free amino acids profile, 
largely depends on the amount of undegradable 
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Table 1
Amino acids concentration in ruminal content of cows under the feeding up of rapeseed meal, 

g-3/l, (M±m, n=6)

Amino acids
Research periods

Preparation Experimental
Total Free Total Free

Essential amino acids
Lysine 221.3±12.9 19.7±1.25 291.0±14.1** 20.1±1.14
Histidine 106.2±6.35 9.5±0.73 97.0±5.73 6.7±0.65*
Arginine 194.8±8.17 17.3±1.09 223.1±9.49* 13.4±0.98*
Threonine 216.9±10.43 19.3±1.32 257.1±12.33* 17.7±1.22
Valine 212.5±11.44 18.9±1.08 291.0±16.03** 16.9±1.31
Methionine 97.4±4.98 8.7±0.41 126.1±7.25** 7.3±0.36*
Isoleucine 190.4±5.87 16.9±1.11 218.3±8.56** 15.0±0.99
Leucine 433.8±19.18 38.6±1.95 422.0±15.25 32.5±1.09*
Phenylalanine 208.1±9.45 18.5±1.23 252.2±11.61* 17.4±1.15
Total essential aminoacids 1881.4±49.5 167.4±6.09 2158.4±63.43** 147.0±5.41*

Nonessential amino acids
Asparaginic acid 448.4±27.21 35.5±2.25 611.6±33.51** 30.9±2.08
Serine 220.3±11.45 19.7±1.33 247.4±13.28 17.0±1.24
Glutaminic acid 726.0±39.57 64.5±3.45 795.5±42.83 52.8±2.39*
Proline 270.0±7.39 31.1±2.12 232.8±9.68** 23.6±1.75*
Glycine 272.2±16.04 26.0±1.49 243.9±12.59 22.1±1.18
Alanine 339.6±19.03 34.7±1.88 295.8±16.32 29.4±1.81
Cyctine 74.3±3.68 3.9±0.32 97.6±5.15** 3.3±0.29
Tyrosine 199.2±5.47 17.7±1.44 218.3±6.09 15.0±1.03
Total nonessential aminoacids 2541.0±94.23 233.1±11.14 2696.8±98.74 194.1±9.71

Note. In this and further tables: * — the degree of probability of differences in terms of relative control; * — 
Р<0.05; ** — Р<0.01; *** — Р<0.001

Table 2
Amino-acids concentration in ruminal content of cows under the feeding up of soybean meal, 

g-3/l, (M±m, n=5)

Amino acids
Groups

Control Experimental
Total Free Total Free

Essential amino acids
Lysine 303.1±2.43 28.2±2.17 350.8±14.05* 24.6±1.67
Histidine 99.4±4.78 9.3±0.65 98.7±5.03 6.9±0.58*
Arginine 243.5±2.23 22.7±0.98 290.5±4.83*** 20.4±1.03
Threonine 218.4±9.03 24.1±1.21 254.9±11.15* 21.2±1.07
Valine 293.2±16.29 27.3±1.66 372.8±21.48* 26.2±1.43
Methionine 84.3±5.07 9.7±0.61 109.6±6.98* 7.7±0.54*
Isoleucine 233.5±10.48 21.8±1.17 246.7±12.09 17.3±0.58**
Leucine 482.3±29.45 40.3±2.27 470.7±24.93 29.6±1.78**
Phenylalanine 268.3±14.21 25.0±1.24 317.9±15.09* 22.3±1.33
Total essential aminoacids 2236.0±61.76 208.4±8.25 2510.6±88.35* 176.2±6.43*

Nonessential amino acids
Asparaginic acid 576.4±29.79 53.7±2.07 592.0±37.58 41.6±2.54**
Serine 253.4±12.89 23.6±1.29 268.6±14.09 18.9±1.03*
Glutaminic acid 805.0±47.38 75.0±4.25 882.6±52.95 62.0±3.28*
Proline 208.7±7.28 19.4±1.23 246.7±12.08* 17.3±0.99
Glycine 263.4±13.07 24.5±1.34 268.6±14.25 18.9±0.9**
Alanine 342.9±12.98 31.92.05 389.2±15.07* 27.3±1.78
Cyctine 54.7±2.07 5.1±0.66 65.8±4.21* 4.6±0.48
Tyrosine 228.6±8.75 23.6±1.28 257.6±11.37 18.1±0.93***
Total nonessential aminoacids 2733.1±63.25 256.8±10.85 2971.0±78.36* 208.7±8.89**
Asparaginic acid 4923.4±137.81 465.2±19.95 5443.7±146.34* 384.9±25.23*
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in rumen proteins in their diet. This statement 
is suggested by the considerable differences in 
amino acid makeup of ruminal content of cows 
under the feeding up of extruded fodder.

Greater amount of total aminoacids and 
smaller amount of free aminoacids in ruminal 
content of cows the feeding up of extruded rape
seed meal, soybean meal and sunflower cake are 
common for all experiments.

During all experiments, among total ami
noacids, the increase of lysine, arginine, methio
nine, proline and cyctine concentration in rumen 
contents of cows, that were fed with extruded 
fodder, took place (Р<0.05–0.01). Moreover, the 
increase of valine, threonine, isoleucine, phenyl
alanine and asparaginic acid in ruminal contents 
of cows took place while the feeding up of rape
seed meal (Р<0.05–0.01). While using extruded 
soybean meal in cows’ ration the level of valine, 
threonine, phenylalanine and alanine in cows’ 
rumen contents was increasing (Р<0.05). While 
feeding cows with sunflower cake concentration 
of leucine, serine and alanine in rumen content 
was increasing as well.

Table 3
Amino acids concentration in ruminal content of cows under the feeding up of sunflower cake, 

g-3/l, (M±m, n=5)

Amino acids
Groups

Control Experimental
Total Free Total Free

Essential amino acids
Lysine 192.2±13.90 17.2±1.05 237.9±12.59* 16.3±1.13
Histidine 163.3±8.77 13.6±0.87 153.3±12.23 10.3±0.97*
Arginine 216.2±9.28 22.6±4.67 248.5±10.44* 20.1±2.33
Threonine 278.6±12.23 24.9±3.70 296.1±16.10 22.0±2.40
Valine 206.6±12.44 24.0±1.15 227.4±15.73 20.9±1.61
Methionine 96.1±5.63 8.6±0.20 116.3±6.14* 8.0±0.16
Isoleucine 201.8±5.27 19.9±1.15 211.5±5.04 17.5±1.29
Leucine 485.2±14.0 41.2±2.01 544.7±21.0* 33.1±2.42*
Phenylalanine 197.0±3.08 20.8±0.98 211.5±3.46 18.6±0.76
Total essential aminoacids 2037.0±57.8 192.8±6.92 2247.2±69.10* 166.8±5.39

Nonessential amino acids
Asparaginic acid 451.6±10.02 52.1±2.53 502.4±18.01 39.9±3.96*
Serine 245.0±9.37 23.6±1.23 280.3±12.15* 18.25±1.89*
Glutaminic acid 807.1±27.1 76.6±3.03 877.8±39.09 62.0±4.11*
Proline 235.4±10.05 16.3±0.98 280.3±11.10* 14.8±1.29
Glycine 345.9±26.2 30.8±1.68 359.6±28.10 24.3±2.21*
Alanine 437.2±12.98 38.1±4.9 481.2±13.41* 33.1±3.88
Cyctine 48.0±2.74 5.4±0.54 58.2±3.07* 5.3±0.39
Tyrosine 197.0±3.87 17.7±2.03 211.5±6.34 15.6±1.98
Total nonessential aminoacids 2767.2±79.49 260.6±11.93 3051.3±87.32* 213.3±8.49*
Asparaginic acid 4804.2±137.08 463.4±15.18 5298.5±146.28* 380.1±24.12*

Overall, total amount of amino acids in 
ruminal content of cows was increasing under 
the feeding up of the rapeseed meal, soybean 
meal and sunflower cake by 9.8, 10.6 and 10.3 % 
(Р<0.05) respectively. These differences are de.05) respectively. These differences are de05) respectively. These differences are de respectively. These differences are de. These differences are de These differences are de
termined by higher concentration of essential 
amino acids, the amount of which in rumen con
tent of cows of experimental groups was higher 
by 14.7, 12.3 and 10.3 % (Р<0.05–0.01). Such 
differences in amino acid concentration in ru
men content of cows of experimental groups 
are determined by the decrease of proteolysis of 
extruded supplements proteins and amino acids 
degradability.

Feeding up cows with extruded rapeseed 
meal, soybean meal and sunflower cake has also 
influenced the concentration of free amino ac
ids in rumen content. Particularly, while feeding 
cows with rapeseed meal (Table 1), among free 
essential amino acids, lower concentration of 
histidine, arginine, methionine, leucine was es
tablished (Р<0.05) compared to cows that were 
fed with nonextruded rapeseed meal. Among 
nonessential amino acids in ruminal content 
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of cows, less glutaminic acid and proline was 
found during the research period (Р<0.05).

It was determined (Table 2) that while 
feeding up cows with extruded soybean meal in 
their rumen content, among free essential amino 
acids, less histidine, methionine, isoleucine and 
leucine was found (Р<0.05–0.01), among non
essential aminoacids — less asparaginic and 
glutaminic acids, serine, glycocoll and tyrosine 
(Р<0.05–0.001).

Cows which were fed with extruded sun
flower cake have demonstrated that in their rumen 
content there were less free essential amino ac
ids — histidine and leucine (Р<0.05), compared 
to rumen content of cows that were fed with non
extruded sunflower cake (Table 3). At the same 
time, in nonessential amino acids profile, smaller 
amounts of asparaginic and glutaminic acids, ser
ine and glycine were found (Р<0.05).

It should be noted that the concentra
tion of practically all free amino acids in rumen 
content was decreasing while feeding up cows 
with extruded protein supplements, although 
this was not always statistically reliable. As the 
result, their level has decreased in the experi
ment with rapeseed meal by 14.8 % (Р<0.05), 
with soybean meal — by 17.3 % (Р<0.05), with 
sunflower cake — by 18.0 % (Р<0.05). Like in 
the case of total amino acids, to the greater ex
tent this applies to essential aminoacids.

Conclusions

Feeding cows with extruded highpro
tein fodder leads to the increase of amount of 
total aminoacids in rumen content, especially 
of essential amino acids — lysine, arginine and 
methionine (Р<0.05–0.01). While feeding up 
cows with extruded rapeseed and soybean meal 
amount of valine, threonine and phenylalanine 
increases as well, while feeding with sunflower 
cake — amount of leucine increases. Concentra
tion of free amino acids decreases, mostly due to 
the decrease in concentration of essential amino
acids of histidine, methionine and leucine.

Perspectives for further research. Fur
ther research should be carried using out to de
termine methods of increasing the efficiency 
of fodder proteins for milk synthesis.
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