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Abstract: Application of intensive technologies in animal industry leads to increase a stress sensitivity of
animals, to decrease in their immune status and development of pathological states. For increase in safety of young
growth, including due to decrease in its incidence and a loss of cattle from diseases, it is developed the feed additives
including the probiotics, prebiotics and (or) other components stimulating immunological resistance of an organism of
animals, their growth and efficiency.

In the present article it is studied the possibility of inclusion of the probiotic Prolam containing viable strains
of lactobacilli, lactic acid streptococcus and bifidus bacteria in structure of the feed additive, developed for increase of
efficiency of calf breeding. It is investigated that a probiotic Prolam in vitro shows the expressed antagonistic activity
concerning escherichias and the salmonellas which are one of the main bacterial causative agents of gastrointestinal
infections of calfs during the colostric and suckle seasons of breeding.

Prolam'’s application to calfs in the period of a neonatality promotes optimization of process of formation of
an intestinal microbiocenosis, increase of natural resistance of an organism and the adaptive immune reaction to anti-
genetic influence, which had the reduction of disease incidence of animals, duration and severity of gastrointestinal
pathology. The obtained data are the basis for inclusion of a probiotic Prolam in the developed feed additive for young
growth of farm animals (calfs).
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INTRODUCTION

One of the problems of veterinary science is
development for animal industry of ways of increase of
safety of young growth and its efficiency, including due to
decrease in incidence and a loss of cattle from diseases of
various etiology. Sharpness of this problem is connected
with that application of intensive technologies in modern
farms conducts to increase a stress - sensitivity of animals,
to decrease in their immune status and development of
pathological states [29, 38, 2, 7, 70, 59, 62, 64,65, 79, 83].

The greatest relevance during the colostric and
suckle seasons of breeding of calfs, especially from group
of risk (animals with signs of morphological and
functional insufficiency) has the gastrointestinal diseases.
In their etiology along with causative agents of virus
(rota-, corona-, parvo-, viral diarrhea — diseases of mucous
membranes  (VD-DMM),  virus  of  infectious
rhinotracheitis (VIR), etc.) and bacterial (colibacillosis,
salmonellosis,  clostridiosis, etc.) infections the
opportunistic microflora and disbacteriosis is played a
large role which are characterized by permanent
quantitative and quality changes of the bacteria which are
the parts of normal microflora [34, 24, 8, 17, 26, 6, 21, 3,
19, 10, 42, 46, 47, 53, 61,67, 71].

In this regard to their prevention it is applied the
means of specific protection, and also preparations pro-
and prebiotic action.

Probiotics in modern meaning is the bacterial
preparations from live germ cultures, intended for
correction of microflora of the person and animals and
treatment of diseases [40, 33, 31, 27, 44, 45].

The mechanism of action of probiotics is based
on compulsory invasion of intestines by competitive
strains the indigenous bacteria, exercising nonspecific
control of level of opportunistic microorganisms by their
replacement from structure of intestinal population and
control of development at them of factors of pathogenicity
[32, 22, 14, 60].

Possessing the expressed antagonistic properties
to concrete pathogens and opportunistic bacteria, thanks to
the ability to produce antimicrobial and antibiotic
substances (lactic acid, hydrogen peroxide, lysozyme,
bacteriocins, etc.), the probiotics thereby protect a
gastrointestinal tract from inflammatory processes [40, 9,
12, 28, 66, 81]. Besides, the indigenous microflora which
is a part of probiotics belongs to factors of nonspecific
resistance of a human body and animals and takes part in
development of antibodies [37, 25, 31, 13, 15, 55, 57].
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In recent years for increase of efficiency of
breeding of calfs the searches are conducted, directed on
use of the cheap, harmless and suitable for mass
application feed additives, including the probiotics,

Due to the development of complex feed
additive for young growth of farm animals (calfs) it is
necessary to prove a choice of pro-biotic cultures for
inclusion in its structure.

The purpose of researches to study
antagonistic activity of a probiotic Prolam concerning
bacterial pathogens, its influence on process of
formation of a microbiocenosis of intestines, the
immune and clinical status of calfs.

MATERIALS AND METHODS

A pro-biotic preparation Prolam, which is
widely applied in pig-breeding and poultry farming,
represents a suspension, which contains viable strains of
lactic bacteria of Lactobacillus delbrueckii subsp.
bulgaricus (B-5788), Lactobacillus acidophilus 43c (B-
3235) in quantity not less - 5x10" CFU/cm?, lactic
streptococcus of Lactococcus lactis subsp. lactis 57, (B-
3145), Lactococcus lactis subsp. lactis 170,-5 (B-3192)-
5x10" CFU/em® (colony forming unit), Bifidobacterium
animal 83 (AC-1248)-1x10" CFU/cm?® and adjuvants -
water, molasses beet, lactoserum.

For determination of antagonistic activity of a
probiotic in the relation the test-cultures of E.coli, Salm.
dublin and Staph. aureus were used a disco-diffusion
method. 1 ml of daily cultures brought in sterile Petri
dish (with a titer 10° bacteria/ml according to the
standard of turbidity) pathogenic strains of the specified
bacteria, and then on 10 ml melted and refrigerated to
45...40°C ... meat-peptone agar. Contents of Petri
dishes were mixed carefully rotary motions for
homogeneous distribution of material. In the fixed agar
covering of Petri dishes with a metal stamp cut out holes
with a diameter of 10 mm and brought in them on 100
microliters of a probiotics.

After 20 minute holding at the room
temperature the Petri dishes placed in the thermostat (37
°C) on 24-48 h. Then there was determined a diameter
of zones of a growth inhibition of microorganisms round
a hole, including its diameter. For control of pathogenic
microorganisms it was sowed in Petri's dishes with
meat-peptone agar without pro-biotic cultures [20].

Studying of influence of a probiotic on process
of formation of a microbiocenosis of intestines, the
immune and clinical status is carried out on 32 newborn
calfs, which were divided into 2 groups. To calfs of
experimental group (n=16) applied a probiotic "Prolam"
in a dose 5-7 cm®with colostrum (milk) and daily during
the first 7 days of life, the preparation did not apply for a
control group (n=16).

Calfs after the birth keeping in individual
indusiums, within 3 days to them was given colostrum
(milk) of mother, and then the milk, made by ripening
(formic acid). Animals were not submitted to drug
treatment.

Within 10 days for calfs it was conducted the
clinical observation. At animals of experimental group -
before and after of termination of application of a

prebiotics and (or) other components increasing
immunological resistance of animal organisms,
stimulating their growth and efficiency [36, 39, 13, 4, 7,
18, 49, 63, 68, 76].
preparation and, at the same time, at intact calfs
investigated a microbal view of thick part of bowel and
the immune status. Excrements were served as material
for research, whole blood and blood serum of calfs.

For definition of quantitative and qualitative
structure of intestinal microflora from excrements
prepared tenfold dilutions from 1:10 to 1:10% in the
phosphatic buffer (pH 7,0). Inoculation of medium made
from the received dilutions: meat-peptone agar, Endo, a
salt agar, a blood agar (meat-peptone agar from 5%
content of erythrocytes of a ram), Kitta-Tarozzi, Wilson-
Bler, Blaurock and small cattle (for excretion of
lactobacilli). After incubation within 18-24 hours there
was counted colonization of microorganisms of each
type. Recalculation was conducted on 1g excrements
taking into account extent of dilution [6]. Studying of
cultural and morphological and biochemical properties
of the excretion microorganisms was done by the
standard methods [30].

Bactericidal, lysozyme and complementary
activity of serum of blood was identified by the
modified techniques [41]. 1 ml of serum and 0,1 ml of
daily bouillon culture of Escherichia coli were added for
research BCAS in 4,5 ml of Hottinger bouillon, only
culture of a microorganism brought in control tests.
Contents of test tubes were mixed carefully, in 2 ml of
blend measured the optical density (ODg,y). Blend,
remained in test tubes, was incubated in the thermostat
at 37°C within 3 hours and repeatedly measured optical
density. Activity was identified in units of inhibition of
growth of optical density in experimental tests in
comparison with control.

At determination of LCAS to 0,1 ml of serum
of blood there was added 0,4 ml 0,06 M phosphatic
buffer (pH 7,2-7,4) and 2 ml of a microbal suspension of
Micrococcus lysodeicticus with an optical density 0,215
ODsy4. Control was contained 0,5 ml of the phosphatic
buffer and 2 ml of a suspension of a microorganism,
standard samples were included 0,4 ml of the phosphatic
buffer, 0,1 ml of solution of lysozyme with known
activity and 2 ml of a suspension of a micrococcus.
Tests were incubated 30 min. at 37°C and measured the
optical density (ODsy). Activity of lysozyme was
evaluated in microgram/ml.

For definition of KCAS the 0,1 ml of serum of
blood was added to 5,9 ml 0,89% of NaCl solution, and
control samples contained 5,9 ml of bi-distilled water.
Tests incubated 30 minutes at 37°C, control - at 56°C for
an inactivation of system of a complement. The
haemolytic mixture added to all test tube on 4 ml of
prepared and warmed at 37°C within 30 minutes after an
incubation, which contained of 2,5% solution of
erythrocytes of a ram and rabbit haemolytic serum.
Tests placed for 30 minutes in a water bath at 37°C,
centrifuged at 3000 rpm within 10 minutes. The optical
density of a supernatant was measured at ODsy.
Activity was evaluated as a percentage by ratios of
optical density of experimental tests to the control.
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For identification of phagocytic activity
leukocytes (PAL), phagocytic index (PI), phagocytic
Staphylococcus aureus suspension (1,5 billion
mk/ml), inactivated on a water bath at 100°C within 60
minutes. Tests were incubated 30 min. at 37°C, swabs

Phagocytic activity leukocytes was evaluated
in percent of active leukocytes (phagocytes) in 100
counted the neutrophilic leukocytes.

The phagocytic index was identified by
division of number of the phagocytic bacteria on
number of active neutrophils, and phagocytic number —
accordingly on total quantity of the counted neutrophils.

Concentration of pro-inflammatory (IL-1p,
TNF-o.  (tumor necrosis factor), IL-8), immune-
regulatory (IL-2, IL-4, IFN-y (interferon)) and anti-
inflammatory (IL-10) of cytokines in serum of blood of
calfs was identified by method of the immune-
enzymatic analysis according to the approved methodics
to the corresponding sets of instruments for diagnosis
("Vektor-Best" Russia).

RESULTS

The probiotic Prolam had high antagonistic
activity concerning escherichias (a zone of a delay of
26,0+0,82 mm) and salmonellas (23,0+0,62 mm). The
preparation showed smaller activity concerning golden
staphylococcus (17,0+£0,63 mm).

At animals of both groups during the colostric
period it was registered a diarrheic syndrome, but
number of the diseased, weight and duration of clinical
course were various.

In  control group the incidence of
gastrointestinal diseases was made 100% with an
average duration of 6,4 days. The Entero-toxemic form
of colibacteriosis was registered at 8 calfs (50,0%). The
rotavirus genome was found at 4 animals (25,0%), their
disease was in a heavy form. Coronavirus genome was
found at all calfs on 7-8 days.

At experimental group the gastrointestinal
diseases were registered in 62,5% cases with an average
duration of 5 days. Entero-toxemic form of
colibacteriosis was noted at 4 animals (25,0%). In the
first day the rotavirus genome was found at 2 calfs
(12,5%), and their disease was in a heavy form.

The analysis of a condition of the microbal
view of thick part of bowel of intestines and indicators
of nonspecific resistance of calfs in the 1% days is
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number (PN) to 0,5 ml of the blood, stabilized by
heparin (5000 Pieces/ml), it was added 0,5 ml.

were made on the fat-free glasses three times, and then it
was fixed by methyl alcohol and painted Giemsa
staining according to Romanovskiy-Gimze.

testified that at animals of experimental and control
groups they had no essential distinctions.

Formation of the microbal view of intestines of
intact calfs was shown by increase on the 7" day of level
of indigenous microflora: lactobacilli in 25,4 times;
bifidus bacteria in 12,6 and the lactose-positive
escherichias in 306,6 times, and also the content of
opportunistic microorganisms: the lactose-negative
escherichias in 223,9; enterococcus in 67,9 and 172,8;
citrobacters in 15,3; enterobacters in 57,3; golden
staphylococcus in 1,3 times at increase of frequency of
its excretion for 25,0%, decrease in frequency of
isolation a Proteus in 2 times. It is also noted that they
had insignificant increase of the contents of the
saprophytic staphylococcus in 1,3 times (tab. 1).

Prolam's application favorably affected on
process of formation of a microbiocenosis of intestines.
At calfs of experimental group on the 7" day, in
comparison with a background (1 day), it was registered
more essential (than at intact animals) increase of
content of lactobacilli (in 130,5 times), bifidobacterium
(in 83,0 times) and less substantial increase of level of
opportunistic microflora: the lactose-negative
escherichias in 7,6 times, enterococcus in 12,0 and 7,3;
decrease in quantity of citrobacters in 7,8%,
enterobacters in 1,9 times and increase of level of
saprophytic microflora in 10 times.

It should be noted that at the animals got
Prolam and comparing indicators of a microbal view of
intestines of calfs of both groups on the 7" day, the
content of lactobacilli in 10,2 times, bifidobacterium in
12,3 and the saprophytic staphylococcus in 6,9 times
was higher in comparison with intact animals, and the
quantity of potentially pathogenic microorganisms was
lower: Enterococcus faecalis in 13,6 times, the lactose-
negative escherichias — in 13,2, bacteria of the genus
Citrobacter spp. in 26,7 and Enterobacter spp. in 28,4
times and the frequency of excrement of the last ones on
25,0%. Besides, the Staphylococcus aureus and a
bacterium of the genus Proteus were not defined from
them (tab. 1).
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Table 1- Microbial view of large department of intestines of calfs (1% day numerator, the 7" day — a denominator)

Name of Quantity of microorganisms — Ilg CFU/cm’®
microorganisms (colony forming unit) in excrements of calfs
Intact Got «Prolamy
. 8,24+0,71 8,54+0,94
Lactobacillus spp. —’—’—9 6420 88 1—’—’—0 65:0.78*
e . 9.48+0,81 9.75+0,32
Bifidobacterium spp. 10 580.83* 11,6720 62
. 6,17+0,3 6,54+0,1
E. coli (lact +) 8,66+0,21* 7,68+0,84*
E. coli (lact.-) 5.36+0.91 5.71+£0,7
' ' 7,71£0,34* 6,59+0,01*
. 4.74+0.87 (75%) 4,65+0,65
Enteroc .faecium 6.58+0,12% 5.7320.38*
H _’—14&
Enteroc. faecalis 4 367 t?zg 5?26 g iiig ZZ
. 3.43+0,27 (50%) 3.41+0,29 (50%)
Citrobacter spp. 4.61£0,64* 3.38+0,54 (75%)
3.03+0,17 (50%) 3.71+0,69 (50%)
Enterobacter spp. 4.78:0.80* 3.4320.2 (75%)
Staph. aureus 3.4740,1 (50%) 3,8540,03 (25%)
ph. 3,60+0,31 (75%) n/d
50% n/d
Proteus spp. 2506 n/d
. - 3.47+0.12 (75%) 3.43+0,2
Staph. (saprophyt.; epidermidis) 3.5920.74 (75%) 4.4340.2%

Note: * - microorganisms were identified at 100% of animals; (%) — the frequency of their excretion; n/d — didn’t drop.

Thus, populations of bifidobacterium and
lactobacilli were prevailed in an intestinal biocenosis by
7" day of life at the calfs which got Prolam, and
isolation frequency from excrements of potentially
pathogenic microflora and its population level were low,
that testifies to beneficial effect of a probiotic on process
of formation of a microbal view at calfs during the
colostric period. At animals of control group the
intestinal microflora was characterized by rather low
content of indigenous microflora (a bifidobacterium and
a lactobacillus), high frequency of excretion and the
content of potentially pathogenic microorganisms.

At research of the immune status it is
determined that under the influence of the changed

Table 2 - Indicators of nonspecific resistance of calfs

habitat at animals of control group on the 7" days had a
decrease the BCAS on 12,4%, PAL on 6,1%, PN on
22,6%, Pl on 20,6% and KCAS in 14 times.

It is noted that there was increase of indicators
cellular (PAL on 22,6%, PN on 23,7 and Pl on 10,8%)
and humoral (BCAS on 7,7%) links of nonspecific
protection at calfs after application of "Prolam” in the
specified time, also there was decrease in KCAS in 2,2
times. Increase of PAL, PN, PI and the BCAS at less
expressed than in control decrease of KCAS was
testified to activation of humoral and cellular links of
nonspecific resistance (tab. 2).

Groups of calfs and terms of researches (days)
Indicators Intact Got «Prolam»

1% day 7" day 1% day 7" day
BCAS, % 77,3+2,19 67,6+23 71,1+6,08 76,6+6,17
KCAS, % haem 15,4403 1,1£0,137 10,8+3,40 4,9+1,11
LCAS, mg/ml 1,6+0,05 1,6+0,15 1,6+0,03 1,5+0,04"

PAL, % 78,6+3.81 72,5+1,25 77,2+1,85 88,5+1,25
PN 6,2+0,75 4,8+0,25" 5,9+0,64 7,3+0,71
PI 7,8+0,64 6,2+0,33" 7,406 8,2+0,81

Note: - p<0,05; - p<0,01; - p<0,001
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Thus, Prolam's application favorably affected
the level of natural resistance during adaptation of an
organism of newborn calfs to new conditions. At the

(BCAS on 13,3%, KCAS in 4,9 times, PAL on
22,1%, PN on 521%, Pl on 30,2%).

At calfs of intact group on the 7" day there was
determined the increase in serum of blood of level of
pro-inflammatory cytokines of IL-1p, TNF-a and IL-8,
and also IFN-y, having antiviral action, on 44,9; 35,3;
16,2% and in 2,2 times respectively. Concentration of
cytokines of IL-2, stimulating the cellular immune
reaction, also was increased on 58,3%, as well as an
anti-inflammatory mediator of 1L-10 on 72,7%, and the
level of interleukin of IL-4, stimulating the humoral
reaction by the end of the colostric period was decreased
in 1,7 times (tab. 3). The low content of IL-4 conducts

animals, receiving a probiotic, indicators of nonspecific
protection were higher, than at calfs of control group.

to insufficient synthesis of antibodies with B-cages, to
the increased egestion of cytokines of an inflammation
and prostaglandins and it is promoted to long
inflammatory reaction, the exhaustion of immune-
competent cages and immune system in general [11].
Increase of the contents at calfs of control group of
cytokines of IL-10, having strong anti-inflammatory and
immune-modulate effect, testifies to the compensatory
reaction, directed on inhibition of excess synthesis of
pro-inflammatory cytokines of IL-1p and TNF-a.

Table 3 - The content of cytokines in blood serum of calfs of intact group and animals before and after of application of a

probiotic (pc/ml)

Indicators Intact calfs Calfs, got Prolam
IL-1B 48,0+0,44 47,0+0,56
69,4+0,85"" 22,3+0,82%%*
IL-2 28.3+1,11 31,3+0,94
44 8+4,19%** 34,0+0,44*
IL-4 1,9+ 0,25 2,0+0,52
1,1+0,08 5,9+0,88%**
I1L-8 15,7+1,96 15,1+0,92
19,4+1,58 6,7+0,53%**
IL-10 3,3+0,15 3.4+0,67
5,7+ 1,34* 10,8+0,58***
IFN-y 24,7£1,32 26,2+1,78
54,8+4,18*** 34,7£1,34***
TNF-a 24.940,54 22,7+0,65
33,7+0,88*** 2,8+£0,82%**

Note: in numerator an indicator at the 1% day, in a denominator — at the 7" day. Significance * - p<0,05; ** - p<0,01; *** -

p<0,001

Under the influence of "Prolam™ there was an
essential increase in concentration of IL-4 in 3,0 times,
directing development of the humoral immune reaction
in Th2 way, the level of the anti-inflammatory IL-10 in
3,2 times, conducted to considerable decrease in the
content of pro-inflammatory cytokines of IL-1p in 2,1;
IL-8 in 2,3 and TNF-a in 8,1 times and stimulating
secretion of immune-globulins with B-cages. Also an
application of "Prolam" was followed by insignificant
increase of concentration of IL-2 on 6,5%, regulating
the cellular-mediated reaction of animals during
adaptation to new conditions, and also IFN-y on 32,4%
(tab. 3), having antiviral action and strengthening of the
cytokines reactions, mediated by T-lymphocytes and
NK-cages [56].

DISCUSSION

Transition of the born calf from conditions of
sterile prenatal isolation in habitat, seeded of various
microorganisms, where majority from which is
potentially dangerous to immunological unripe
organism, is made on it powerful stressful impact.
Normal microflora of various biotopes and, first of all, a
gastrointestinal tract plays the leading role in protection
of  newborns against potentially  pathogenic
microorganisms.

It is determined by the conducted researches on
optimization of process of formation of a
microbiocenosis of intestines and immune system at
calfs during the colostric period, that application of a
probiotic Prolam promoted the best adaptation of
newborns to change of environment, the increased
antigenic load and formation of the adequate immune
reaction that favorably affected their clinical status.
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At the calfs receiving Prolam the content of
lactobacilli and bifidobacterium was higher, than at
animals of intact group and the lactose-negative
escherichias, enterococcus, bacteria of the genus

from them.

It is known that the role of probiotics consists
first of all in maintenance of colonizational resistance
mucous intestines to a contamination of opportunistic
microorganisms and in decrease in risk of development
of the disbacteriosis, provoking and complicating
gastrointestinal diseases at young growth of animals [1,
23,52, 70, 82].
synthesize the antibacterial substances including organic
acids, peroxide of hydrogen, bacteriocins, various low-
molecular peptides and proteins with fungicide action
[35, 31, 48]. Lactobacilli, having ability to adhesion,
suppress growth and reproduction of the representatives
of foreign microflora coming from the outside; prevent a
resuscitation of the last, blocking receptors of cages of
mucous membranes from adhesives of potentially
pathogenic bacteria [5, 28, 72, 73, 78].

Prolam's application was promoted to increase
of quantity of active neutrophiles in the bloodstream, to
increase in their absorbing ability, and also bactericidal
action of serum of blood, that it is pointed to activation
of nonspecific resistance. Increase of phagocytic activity
of neutrophiles under the influence of a preparation was
followed by reduction, in comparison with control, an
expenditure of a complement, it means that there is
necessary more participation of proteins of complement
system for a lysis of bacterial cages for non-stimulated
phagocytes.

It is known that the probiotics, containing in
the composition a complex from different types of
indigenous microflora (a lactobacillus, a lactococcus and
bifidobacterium), promotes not only to maintenance of a
normal microbiocenosis of open antrums, but also have
the expressed immune-stimulating action. Also it is
determined that separate strains of these microorganisms
can considerably increase phagocytic ability of
macrophages, to potentiate production of interleukines,
interferon and other mediators, it means to increase
nonspecific immune-resistance [42, 51, 74]. It is proved
the role of lactobacilli in decrease in inflammatory
processes in response to infection with viruses and
protection of tissues and cages of an epithelium of
intestines and the upper air passages from their
damaging action [57, 69].

Thanks to researches of A.Yu. Mironov with
co-author [16] it was determined the high ability of
lactobacilli to the organization of biofilms on mucous,
their interaction with immune system of intestines. Pro-
biotic bacteria actively participate in formation of early
protection against infections, increasing concentration of
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