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Use of a microbial supplement
containing live bacteria Bacillus subtilis
and their metabolites in dairy farming
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Ural Federal Agrarian Scientific Research Centre, Ural Branch of the Russian Academy of Sciences, 112a Belinsky str., Ekaterinburg, 620142, Russia

ABSTRACT

The purpose of the research was to study parameters of immune status and milk yields in those cows that received a bacterial supplement containing live bacteria
Bacillus subtilis strains B-239906 and B-249909 and their metabolites during a transition period. Animals in the experimental groups (10 animals in each) received
the microbial supplement according to the following schemes: 14 days before calving (group 1), 14 days after calving (group 2), 14 days before and 14 after calving
(group 3). Group 4 (n = 10) was a control one. On day 14 and day 28 after calving, the relative level of T-lymphocytes in blood of control cows and experimental
group 2 did not significantly change compared with the level observed on day 1 after calving. While in groups 1and 3, this indicator increased by 1.2-1.6 times
throughout the whole experiment. In all cow groups, B-lymphocyte dynamics during the observation period was similar, i.e. an increase by day 14 and a decrease
by day 28. The phagocytic activity of neutrophils in animals of all groups changed slightly. At the same time, the phagocytic index increased by 2.5-3.2 times
throughout the experiment, which indicated an increase in nonspecific resistance of the body. Peak milk yields were recorded in cows of all experimental groups
on day 90 of lactation. The maximum level (32.17 £ 3.33 kq) was observed in group 3. Within 150 days of observations, the average daily milk yields in animals
of the experimental groups were: 24.50  4.15 kg in group 1; 25.07 + 4.38 kg in group 2; 25.33 + 2.52 kg in group 3 and 22.75 =+ 8.82 kg in the control group.
The mass fraction of milk fat i all groups had no statistically significant differences throughout the entire observation period.
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[lpuMeHeHne KoMno3unLui, CofiepKaLlieil XuBble
baktepun Bacillus subtilis u ux metabonutbl,
B MOJIOYHOM KIIBOTHOBOACTBE

0. 10. OnapuHa, A. C. Kpacionepos, C. B. Mankos, A. U. benoycos, A. E. Yepuuukuii, U. 10. Bepumnnna
OTBHY «Ypanbckuit denepanbHblil arpapHblii HayuHO-1CCeS0BaTeNbCKNIA LieHTP Ypanbckoro oTaeneHna Poccuitckoii akagemmuu Hayk» (OTBHY YpOAHILL YpO PAH),
yn. benuckoro, 112a, r. Ekatepunbypr, 620142, Poccua

PE3IOME

Llenblo nccnenoBaHuii ABUNOCH U3yyeHie NOKa3aTeneil MMMYHHOTO CTaTyca v NPOAYKTUBHOCTI Y KOPOB NPU MPUMEHeHNIN KOMNO3NLINK, CORepXaLLeli XuBble
6aktepum Bacillus subtilis wrammoB B-239906 n B-249909 v ux MeTabonuThl, B TpaH3UTHBII nepuog. KUBOTHBIM onbITHbIX rpynn (o 10 ron. B Kaxzoii) Kommno-
3ULyio NpuMeHAnK: B TeueHne 14 fHeit fo otena (1-a rpynna), 14 pHeit nocne otena (2-a rpynna), 14 pHeit 2o u 14 nocne otena (3-a rpynna). Yetseprad rpynna
(n=10) 6bIna KOHTPONLHOIA. Y KOPOB KOHTPONBHO ¥ 2-11 ONbITHOI rpyNN Ha 14-ii 1 28-i1 AHM NOCNe 0TeNa OTHOCUTENbHOE COfepXaHie T-NMMOOLUTOB B KPOBY
110 CPaBHEHMIO C yPOBHEM B NepBble CYTKI NOC/e 0TeNa JOCTOBEPHO He N3MEHANOCb, B TO BpeMa Kak y 0cobeii 1-it v 3-ii rpynn AaHHbIi noKa3atenb Bo3pacTan
Ha NpoTAXeHum Beero onbiTa B 1,2—1,6 pa3a. Bo Bcex rpynnax KopoB AUHaMIKa OTHOCUTENbHOMO Yncia B-numdowuTos 3a nepuoa HabniodeHuii Gbina aHano-
TUYHOI: yBenuyeHue K 14-my JiHIo 1 cokpaLLieHue k 28-my AHto. DarountapHas akTUBHOCTb HEiTPOGUNOB Y UBOTHBIX BCEX TPy U3MEHANACh HE3HAUUTENbHO.
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(aroumTapHblil MHAEKC NPY 3TOM BO3pacTan B 2,5—3,2 pa3a Ha NpOTAXeHNM BCero SKCMePUMEHTa, UTo CBIAETENbCTBOBANO O MOBbILLEHUM HecneLnduueckoil
Pe3nCTeHTHOCTY OpraHn3ma. [k MONOYHOI MPOAYKTUBHOCTY PETUCTPUPOBANY Y KOPOB BCEX OMbITHBIX Py Ha 90-il AeHb NakTaumu. MakcumanbHble 3HaueHus
(32,17 £ 3,33 kr) otmeuanu B 3-ii rpynne. 3a 150 aHeil HabnloZeHWi CpeSHECYTOUHbIE YO Y KUBOTHBIX ONbITHBIX rPyNN coctasuau: 24,50 + 4,15 kr B 1-ii;
25,07 + 4,38 kr B 2-i1; 25,33 £ 2,52 Kr B 3-1111 22,75 + 8,82 Kr B KOHTPONbHON. YpOBEHb MAcCOBOIA 0N XMPa B MONOKE Y KOPOB BCeX FPYNN He MMeN CTaTUCTUYecKu
3HAUUMbIX Pa3Nnumil Ha NPOTAXKEHNIN BCEro Nepuoja HabntopeHuii.

KnioueBbie cnoBa: xusble 6aktepuu Bacillus subtilis n ux metabonuTbl, KOPOBbI, KNETOUHbIA UMMYHUTET, ryMOPasbHbIil KIMMYHUTET, MONOYHAA NPOAYKTIUB-
HOCTb, MOMIOYHbII XN1p

bnaropgapHocTy: Pabota BbinonHeHa npyu GuHaHCcoBoii nopzepxke MiHo6pHayku Poccn B pamkax MporpamMMbl yHZaMeHTanbHbIX HayuHbIX UCCTIeL0BaHMI
TOCYAAPCTBEHHbIX aKaZeMuil Hayk 1o HanpaeneHuio 4.2.1.5 «Pa3paboTka TexHoNOrii NPUKU3HEHHOTO YNPaBNeHNA KauecTBOM XMBOTHOBOAYECKOTO CbIpbA ANA
MIOTyY€HIA BbICOKOKAUECTBEHHbIX 11 6e30MacHbIX NPOAYKTOB NUTaHNA».
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INTRODUCTION

In recent years, the milk yield in Russian livestock hold-
ings has exceeded the level of 8,000 kg of milk per year [1].

These achievements undoubtedly result from good
breeding practice, appropriate conditions for realizing
genetic potential of highly productive animals and in-
troduction of physiologically and economically justified
feeding schemes and control of zoohygienic parameters
in animal housing [2, 3]. The progress became possible
because recent observations into digestion processes
(at the molecular, cellular and body levels) and biological
protein synthesis had been put into practice. In addition,
great attention was paid to the principles of adequate nu-
trition, which take into account health status of cows and
their milk yields [4, 5].

When milk yield increases, vital functions often weaken:
the immunity decreases and productive lifespan is re-
duced to 2-3 lactations. The animals are most likely re-
moved from the herd due to metabolic disorders resulting
from unbalanced diet in the pre-calving and post-calving
periods [6, 7].

Products of microbiological synthesis, their develop-
ment and use, are considered as a solution to the existing
problems in the livestock sector of the Russian Federation.
They have proved to be effective in preventing diseases, re-
ducing animal culling and improving digestibility of feed
components. Their indirect effect is associated with an in-
crease in milk yields, improved product quality, thus, en-
abling to provide people with safe food [8, 9, 10].

Live Bacillus subtilis bacteria and their metabolites that
stimulate the growth of indigenous intestinal microbiota
tend to be a promising component in new supplements.
During their production, it is required to ensure proper
conditions to maintain long-term stability during storage
of the finished products [11, 12,13, 14, 15, 16].

The objective of the research was to study the effect of
a microbial supplement containing live bacteria B. subtilis
and their metabolites during the transition period on im-
munity status and milk yields in cows.

MATERIALS AND METHODS

The experiment was carried out with the support from
the Department of Ecology and Non-Contagious animal
pathogens of the Ural Scientific Research Veterinary Insti-
tute, a structural subdivision of the Ural Branch of the Rus-
sian Academy of Sciences. The work was done within the
framework of the Basic Science Programme of the State
Academies of Sciences in the field 4.2.1.5 “Development
of technologies for lifetime quality management of live-
stock raw materials to obtain high-quality and safe food
products”.

The study was conducted in Holstein cows (n = 40), at
the age of 2-3 lactations, kept in one of the livestock hold-
ings of the Sverdlovsk Oblast.

Four groups, each consisting of 10 animals, were selec-
ted for the experiment according to the principle of equi-
valents. When forming the groups, their physiological
status, weight, age, nutrition level and milk yields from
the previous lactation were taken into account.

The cows were kept in one typical cattle house, in a tie
stall, and received a balanced feed. In addition to the ba-
sic diet, the experimental animals were administered 5 g
of a new, domestically produced supplement, containing
live bacteria B. subtilis strains B-239906 and B-249909
(at a concentration of 10° CFU/g of each species) and their
metabolites. They received the supplement at different
times: 14 days before calving (group 1), 14 days after calv-
ing (group 2), 14 days before and 14 days after calving
(group 3); group 4 was a control one.

Clinical status and behavioural responses of the ani-
mals were daily examined. Starting from day 15 after
calving, milk quality was assessed using CombiFoss FT+
(FOSS, Denmark) instrument. Milk yields were measured
for 150 days.

Hematological tests were done three times: on day 1,
14 and 28 after calving with blood sampling taken from
the tail vein.

Blood morphological composition was analyzed
in Abacus Junior Vet analyser (Diatron, Austria) using
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Table 2
Functional activity of neutrophils in cows

Time after calving
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Table 1
Hematological parameters in cows

P— Red blood cells, Hemoglobin, Thrombocytes, White blood cells, Lymphocytes,
1071 o 01 L
Standard* 5.0-10 90-120 100-800 45-12 25-75

Day 1 6.41+0.50 10080+4.44 | 250.60+179.33 8.44+1.66 4894122

Control Day 14 6.75+0.69 107.33+351 | 284.00+67.95 724076 4264141

Day 28 6.30+0.68 9950+7.05 | 26560+115.70 7.54+203 3944137

Day 1 7.05+0.40 111.00£616 | 32720412191 1144314 6.13+£1.92

E"F;gumpe;‘ta' Day 14 6.87 0.6 10650 £8.89 | 42600+199.26* |  9.04%3.10 5.17£0.97
Day 28 6.05+0.76 9050+636* | 34830+11090 |  7.05+206* 3654099

Day 1 74920.10 343728 | 207.71+8671 1041+ 2.4 5524132

E"‘;ergumpe;ta' Day 14 7124091 106754978 | 405.25+14029% |  9.86+5.06 4844083

Day 28 6.74+0.86 983341002 | 3107010250 8.68+0.70 4374053

Day 1 6.67+0.52 100401064 | 301.40+81.12 9.99+2.15 5264136

E"pgergﬂ“pe;ta' Day 14 6.94 + 0.60 102004579 | 349.60+85.12 7594123 4714127

Day 28 6.20+0.50 97.50+2.38 305.60 4 80.12 8324055 417041

* differences are statistically significant at p < 0.05.

standard reagents (Diatron, Austria). Leukocytic for-
mula was calculated in blood smears stained by the
Romanovsky - Giemsa method (300 cells per smear)
using an Olympus BX 43 microscope (Olympus, Japan).
Immunological blood tests included assessment of
T-and B-lymphocytes levels, T/B index, phagocytic index,
phagocytic activity of neutrophils and monocytes using

Gro_up Parameters
of animals
PhA, % 3760841 | 39204841 | 36.00+4.55
Control
PhI, c. u. 1.84+0.19 2314019 | 585+017%
. PhA, % 48.00+837 | 5260+841 | 32.50+0.71*
Experimental
group 1 PhI, c. u. 196+022 | 438+0.19% | 625+0.07%
. PhA, % 42294655 | 47.00+841 | 3400+1.00
Experimental
group 2 PhI, c. u. 2074037 2624019 | 583+064*
. PhA, % 37.804976 | 4280+841 | 33.25+7.45
Experimental
group 3 PhI, . u. 236+085 3294019 | 592+005*

PhA — phagocytic activity;

Phl — phagocyticindex;

* differences are statistically significant at p < 0.05;
** differences are statistically significant at p < 0.01.

368

the method P.N. Smirnov et al. (2007)'. The reactions were
observed in an Olympus BX 43 binocular microscope
(Olympus, Japan).

The animals were manipulated in compliance with the
norms and ethical principles of the European Convention
ETS No. 123.

Experimental data were processed in Excel (Microsoft,
USA) and Statistica 10.0 (StatSoft Inc., USA) programmes,
arithmetic means and standard deviations were deter-
mined. Reliability of differences was calculated using Stu-
dent’s t-test (p < 0.05).

RESULTS AND DISCUSSION

The analyzed blood parameters in experimental
and control groups were within the reference range
(Table 1). Hemoglobin, red blood cell volume, leukocyte,
lymphocyte and platelet counts on days 14 and 28 post
calving insignificantly varied and did not exceed the nor-
mal range. Changes in hematological parameters sugges-
ted normalization of haemopoiesis and restoration of im-
munobiological reactivity during the experiment, which
did not contradict the works of other researchers [17].

Dynamics of neutrophils functional activity in cows
during the experiment are given in Table 2.

It was found that on day 14 after calving, phagocytic ac-
tivity and phagocytic index in all groups increased slight-
ly, if compared to day 1, thus suggesting an increase in
the absorption capacity of neutrophils. By day 28, phago-
cytic activity returned to the level reported during the first
test, while the phagocytic index continued to increase.

' Panel of the most informative tests for assessment of animal resistance:
methodological recommendations. Compiled by. P. N. Smirnov et al.
Novosibirsk; 2007. 37 p. https://elibrary.ru/gkpwdx (in Russ.)
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Table 3
Indicators of cellular and humoral immunity in cows

Absolute number of
lymphocytes, 10°/L

Group of animals | Time after calving

T-lymphocytes B-lymphocytes

10°/L %

10°/L %

Day 1 4894122 1424041 36.20+8.17 096 +0.42 2480+ 8.67
Control Day 14 4264141 0.65+0.08* 29204332 0.68+0.11 30404548
Day 28 394137 160 +039 3250+ 6.61 1214042 252541021

Day 1 6.13+1.92 162+ 041 28.40+8.02 108+0.27 18.80 + 2.68

Exgeme;‘ta' Day 14 5.17£0.97 160 +0.24 30.52 £ 2.62 136+0.17 26.00 £7.01
Day 28 3.65+0.99* 1.56 £0.69 35.00 +2.83% 109+£0.18 20342 5.6

Day 1 5524132 203073 343673 1314034 2457 +8.56

EX’;‘;&'};"QM' Day 14 4.84+0.83 156 +0.26 32204282 127 +0.11 2624 +6.31
Day 28 4374053 164+ 1.11 3200+ 18.52 0794031 2021451

Day 1 5264136 126+0.17 28.00+4.64 0.88+0.29 19.00+5.92

E"pger;it’::f;‘ta' Day 14 471127 178+0.42 37.82 £ 2,44 120019 2550 £5.23
Day 28 417041 2ME110% | 445041586 0.88+0.27 18.75+2.50

* differences are statistically significant at p < 0.05;
** differences are statistically significant at p < 0.01.

Thus, the parameter in cows increased by 2.5-3.2 times
(p < 0.01), if compared to day 1. The obtained data can
be regarded as positive and suggesting an increased body
resistance to negative factors and a reduced risk of inflam-
matory processes [10].

The absolute number of lymphocytes in all groups de-
creased in different ways during the post-calving period
(Table 3). The most significant decrease was observed on
day 28, i. e. by 40.5% (p < 0.01) in group 1, if compared
to day 1 after calving. In other groups, this parameter de-
creased by 19.4-20.8%, but did not exceed the reference
range. Probably, these changes are associated with meta-
bolic disorders and lack of energy after calving [4].

The relative content of T-lymphocytes in all groups
on day 1 after calving ranged between 28.00 + 4.64 and
36.20 + 8.17%. On day 14 of observation, a 1.2-fold de-
crease was registered in the control group, and by day 28
it returned to the level of day 1. In animals of experimental
groups 1 and 3, dynamical changes in the relative con-
tent of T-lymphocytes was opposite. Thus, throughout
the whole observation period, this parameter increased by
1.2 (p < 0.05) and 1.6 (p < 0.01) times, respectively, which
suggested the stimulation of cellular immunity.

The number of B-lymphocytes in experimental and con-
trol groups at the initial stage of the experiment (on day 1
after calving) ranged between 18.8 to 24.8%. During this
period, a repeated pattern was revealed in all groups:
an increase in B-lymphocyte synthesis by day 14 and a de-
crease by day 28.

Based on the above, we can assume that the dynamical
changes in T-and B-lymphocytes levels in the post-calving
period resulted from the indirect effect of the tested sup-
plement and had a compensatory and restorative mecha-
nism based on the regulation of intensity of biosynthetic

processes, as was confirmed by a number of other re-
searchers [4, 18].

Positive effect of the tested supplement was reported
when assessing the milk yield. Data on average milk yield
per month and milk fat mass fraction are given in Figures 1
and 2.

Analyzing the milk yield, we found a positive variation
in the average daily milk yields in animals that were given
the supplement containing live B. subtilis bacteria and their
metabolites as compared to cows from the control group.
The results obtained suggested the animals were able
to recover better after calving and were able to withstand
long physical stress due to continuous milk secretion.
Thus, by the end of the 3¢ month of lactation, peak milk
yields were registered in cows of all experimental groups
compared to the first month: month 1 - 28.70 + 5.92 kg,
month 2 - 28.94 + 6.84 kg, month 3 - 32.17 + 3.33 kg.
The opposite situation was observed in control animals -
a decrease to the level of 27.90 + 7.25 kg.

In the following months, a regular decrease in average
daily milk yields was observed in cows of all groups, but
within different ranges. For five months of observations,
we obtained the following average daily milk yields: Expe-
rimental group 1 -24.50 + 4.15 kg, Experimental group 2 -
25.07 + 4.38 kg, Experimental group 3 - 25.33 + 2.52 kg,
control group — 22.75 + 8.82 kg.

An important criterion for assessing milk quality is the
mass fraction of milk fat (Fig. 2).

The mass fraction of milk fat in all experimental
groups increased by the end of the 2" month of obser-
vation and was: month 1 -3.63 + 0.28 g/100 g, month 2 -
3.62 +0.31 g/100 g, month 3 - 3.77 £ 0.35 g/100 g (more
by 7.1; 4.9 and 4.4%, respectively). These parameters in the
control group had no significant differences.
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Fig. 1. Monthly dynamics of milk yields (kg)
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Fig. 2. Changes in the mass fraction of milk fat (g/100 g)

In experimental animals, such changes were an indirect
sign of body fat mobilization into milk. A significant in-
crease in fat level during the 2" month of lactation and its
pronounced decrease during the 39 month may be sug-
gestive of a lactational exhaustion in cows of group 1. In
the following months, insignificant variations of the pa-
rameters were observed with a return to average values.

Thus, the most pronounced effect was registered
in group 3, where the diet was supplemented in the
pre-calving and post-calving periods with the tested
supplement containing live bacteria B. subtilis and their
metabolites. The use of the supplement resulted in an in-
crease in milk quantity and quality and the observed
parameters complied with the results obtained by other
authors [2, 3, 19, 201.

CONCLUSION

The use of the supplement containing live bacteria
B. subtilis strains B-239906 and B-249909 and their me-
tabolites had a positive effect on immunohematological
parameters of cows’ blood. The revealed changes in im-
munity indicators (absolute number of lymphocytes,
T- and B-lymphocytes, phagocytic activity and phago-
cyticindex) should be regarded as a compensatory-adap-
tation mechanism aimed at maintaining and normalizing
metabolism.

Higher average daily milk yields were reported in
cows of Experimental groups 1, 2 and 3, i. e. 24.50 + 4.15;
25.07 £ 4.38 and 25.33 + 2.52 kg of milk, respectively, com-
pared to control group (22.75 + 8.82 kg).
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