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Abstract: Probiotic lactic acid bacteria have a great potential 1o control bovine mastitis as well as they are favourable
choice 1o treat many infectious diseases of human. These bacteria are well known as having many properties which make
them beneficial (o control pathogenic microorganisms. These include, the ability to adhere to cell, the reduction of
pathogenic bacteria adherenis, the co—aggregation, the production of arganic acids, hydrogen peroxide, bacteriocin and
etc., 10 be safe and non-pathogenic, which antagonize pathogenic microorganisms. However, each sirain must be well
identified and characterized i vitro before using for disease treatment. The aim of the present study was Lo sereen three
kind of tesl suspensions: TS|, TSZ and TS3, which contains probiotic lactic acid bacterium Lacfobacillus helveticus or its
natural glycopeptides, and other natural immunomodulators, in order o investigate which content were the most effective
in inhibiting several mastitis causing bacteria in dairy cattle: coagulasc—posilive Stuphvlococeus aureus, coagulase—
negative staphylococei S. haemolticus. S. saprophyticus, S, simmdans, S, vuulinus, and Granv-negative bacteria Citrobecter
Jreundii and Serraira liguefaciens. Test suspensions TSI, TS2 and TS3 were adjusted by pH 6.3, then tested mr vitro by
well diffusion assay 1o determine their antimicrobial effect against bacteria. Furthermore haemol yiic activity of applicd
test suspensions were determined. In results TSI {9-13 mm) and TS2 {1015 mm) showed the inhibition effeet on four of
eight tested bacterial strains, whereas TS3 did not displayed any antimicrobial effect. TS2 have a greatest antimicrobial

activity as they resulted in the largest inhibition zones.
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INTRODUCTION

Bovine mastitis (inflammation of the mammary gland) is
an important disease in dairy industry. and the first cause of
economic loss in milk production worldwide [1-3). Although
antibiotic therapy o control bovine mastitis is effective m
most cases. it can be detrimental too, because of the
emerging antibiotic resistance {4, 5] and occurrence of
antibiotic residues in the milk and meat [6]. So an effective
treatment by other substances than antibiolics becomes an
urgent need [4].

Probiotic factic acid bacteria with a variety of applications
have g great potential to control bovine mastitis as well as
they are favourable choice to treal many infectious diseases
of human [4, 7-10]. These bacleria are we!l known as having
many properties which make them bencficial to conirol
pathogenic microorganisms. These include, the ability to
adhere 10 cell. reduce pathogenic bacteria adherents, co—
aggregate, produce organic acids, hydrogen peroxide; bacteriocin
and etc., be safe and non—pathogenic, which antagonize
pathogenic microorganisms 4],

Properties of synthetic and natural glycopeptides as well
as their effects an immune system have been studied since
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sixlies of the last century. Synthetic glycopeptides include
MDP  (Muramy! dipeptide} and GMDP (Glucosaminyl-
muramyl dipeptide), GMDP is the main structural element of
peptidoglycan of the cell wall of all Gram—positive bacteria,
including almost all lactic acid bacteria. On it’s basis two
pharmaceutical preparations are produced in the world:
Romurthide, an analogue of MDP is produced in Japan, and
Lycopide, which is GMDP, is produced in Russia. Bulgarian
scientists started the isolation of biologically active
compounds frem iyzozyme hydrolysate of cell walls of
Laciobacillus bulgaricus. The isolated medicine was called
Blastolysin and it consisted of glycopentapeptides. The
increased Interest about natural glycopeptides from laciic
acid bacteria was due 1o their low toxicity, because of which
focd supplements containing them could be with lower
degree of purification, accordingly their production would be
cheaper [11]. GMDP is responsible for stimulating a specific
immune response in host organism by activating macrophages,
which in order activate T and B-lymphocytes, which are the
major cellular components of the adaptive immune respense
[13]. 1t has been proven that glycopeptides are constantly
delivered from gastrointestinal tract into the body
environment and they are natural regulators of the immunity
[13], as well as, the presence of glycopeptides was found in
breast milk [14] and such products as yogurts [15], which are
very healthy, There are no natural analogues of MDP and
GMDP in the world al the moment.

2015 Bentham Open



I The Open Biotechnology Journal, 2015, Volurie ¢

In our study we used glycopeptides with Beta Glucan
(TS3). preparaiion outworked in Riga Stradins University,
containing glycopeptides from Lactobacifius helveticys and
B-glucans from mushrooms - shiitake {Lentimila edodes) and
chanterelle {Cantharellus cibarius). It had been shown that
1-3 f-glucan and 1-6 P-plucan are poeiysaccharides
producing immunomodulative effects with a significant role
in infectious and antitumoral imumunity as well as in
prevention of toxic damage of bone marrow [12].

Bue 1o a promising medica! properiies of glycopeptides,
there is a polential to use them also in treatment of mastitis
in dairy cows. However, each strain must be well identified
and characterized /n vitro before using for disease treatment.
Therefore, in the present study, we aimed to investigate in
vitro the ability of probiotic lactic acid bacteria Lactobacillus
hefveticus and their natural glycopeptides to exert antagonistic
activity against mastitis causing bacteria.

MATERIALS AND METHODS
Bacterial Strains and Culturing Conditions

A total of 564 raw milk samples obtained from cow
composite milk were examined for their microbiological
content as it is described previously [16). The bacterial
strains used in the study ‘ere isolaied from raw milk of
cows with subclinical mastitis, including such strains:
Staphylococcus aurens (lypical strain), S aqurens (small colony
variant). coagulase—negative staphylocecci S haemaolwicus, S.
saprophyticus, S. simulans, S. vitulinus, and Gram—negative
bacteria Citrobacter freundii and Serratia liguefaciens.
Bacterial strains were identified using a MALDI Biotyper
(Bruker. Germany), and an identification svstemn “BRBL
Crystel Gram-positive and Enteric/Nonfermenter D7
{Becton, Dickinson and Company, USA). Strains were
maintained at -20 °C in freezing medium of Brain Heart
Infusion broth (Oxoid, England) supplemented with 30%
glycerol, prior to use. After unfreczing, cultures were
wransferred to sterile BHJ broth, and incubated at 37 °C
overnight. Plates of nutrient agar (Biolife Italiana, llalia)
were inoculated from cultures and incubated for 24 h ar 37
°C.

Applied Test Suspensions of L. Hefveticus and Glycopeptides

Natural glycopeplides that derived from the L. hefveticus
with lysozyme {T81), inactivated /. hefveticus in titre of 10'°
with lysozyme (TS2), and milk polypeptides with f-glucans
(T83} were diluted in sterile sodium chloride 0.9% (0.75 gof
TS in 10 mL™ of saline) and adjusted to pH 6.3 using a
sodium hydrogen carbonate, then well diffusion assay was
performed for determination of the antimicrobial activity of
the test suspensions against mastitis causing bacteria.
Aminoacid analyses were performed by amino acid analyzer
(Biotronic) in peplide laboratory of Shemyakin-Ovchinnikov
Institute of Bioorganic Chemistry, RAS. The compoesition of
amino acids from L. helveticus includes Ala, Glu, Lys, and
Asp. B-glucans originated fiom shiitake (Lentimsda edodes)
and chanterelle (Conthareifus cibarius) mushrooms,
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Antimicrobial Activity by a Well Diffusion Assay

Inhibitory activity of the test suspensions  was
investigated by a well diffusion method [4]. From the
nutrient agar plates, colonies of S aureus (2 straing), S
haemelyticus, S. saprophyticus, S. simulans, S, vitulinus, C.
freundii and S. liguefaciens were transferred in 5 mL
buffered peptone water (Oxoid, England} and adjusted using
&5 McFarland's standard. then mixed using 2 vorlex.
Subsequently 100 pl of bacterial cultures was inoculated on
Muller Hinton agar (Oxoid, England), by streaking the swab
over the entire MH agar surface. Wells sized 6 mm were cul
with a sterile metal cylinder into the agar plate. On the each
MH agar plate 4 wells were cut. Then, 60 ul of each test
suspension was placed inlo each well. The plates were
incubated for 24 h al 37 °C and inhibition was examined by
growth—free inhibition zones surrounding each well.
Inhibition zones were measured in millimetres (mm) by the
diameter of the wells. As the controls, sterile peptone water
were used. This experiment was caried out in duplicate.

Haemolytie Activity

The four test suspensions which were used in testing of
antimicrobial activity. were. inoculated as a 60 HL spot on
blood agar plates containing 5% of sheep blood (Oxeid.
England) for the haemolytic activity tests. The plates were
incubated at 37 °C for 48 h. According 1o P.A,
Maragkoudakis et al. [17] and S. Tejero-Sarinena et al, [18],
strains that produce green-hued zones around the spots {¢—
haemolysis) or do not produce any effect on the bicod plates
{y—haemolysis) arc considered non—haemolytic. Straing
displaying blood lysis zones around the spots were classified
as haemolytic (S—haemolysis). Absence of haemoiytic
aclivity indicates thal a test suspensions are non—virulent

[19].

Statistical Analysis

Stalistical parameters were calculated with the Microsoft
Excel 2013 Software (Microsolt Corp., Redmond, US); daia
about  growth—inhibition zones (diameter, mm)} were
expressed as mean + standard deviation.

RESULTS
Antimicrobial Activity

The inhibitory activity exerted by L. helveticus and
glycopeptides against pathogens is presented in Table 1.

TSI (9-13 mm) and TS2 (10-15 mm) showed the
inhibition effect on four of cight tested bacicrial strains,,
whereas TS3 did not displayed any antimicrobial effect
(Table 1), TS2 have a-greatest antimicrobial activity as they
resuited in the largest inhibition zones. Even when TS1 and
TS2 did not inhibited bacterial growth, around the wells we
observed large zones of a yellow colouration, presumably
due to some kind of antagonistic effect [18]. However, TS3
did not created such zones. The bacterial growth inhibition
and zones of the yellow colouration are displayed in Fig. (1).
The standard deviations of zones diameter measurements
were £ @ in all cases. The controls showed no inhibitory
aclivily,
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Fig. (1), Well diffusion assay on Muller Hinton agar medium,

MH - Muller Hinton agar medium, S, vitufus — 8. vimiinus culture; GP2 =TS (creates 13 mm of bacterial. clearance); L. helv. — TS2 {creates
15 mm of bacterial clearance), GP3 and GP4 — TS3 (do not create zone of baclerial clearance),

Table £, Inhibitory effects of test solations against a mastitis causing baeteria.
TS giycapeplides with TS82 inactivated L. hefveticus with TE3 milk polypeptides with f—
Bacterial steaius lysuzyme fysozyme plucans
Growth-inhibition zore, mm
8. ourans | {typical strain} 90 1020 00
S, aurens 2 (small colony variant} Q=0 00 00
S haemolvitens 820 16+ 0 020
S. saprophyticus 0x0 0+0 00
S. simulans 1220 130 G0
& vitulinus 13+0 1520 020
Citrobacter freundii 00 00 0=0
Serratia liquefaciens 0+0 0+0 00
Haemolytic Activity Bovine mastilis produces a wide variety of problems in

This experiment evidenced that TS1 and T82 was not
found fo be haemolytic (v-haemelysis), whereas TS3 created
f-haemolysis on the blood agar plate,

DISCUSSION

Immunomodulators [rom the natural sources, like a
lactoferrin, lysozyme. and P-glucans elc.. nowadays play
important role in treatment of different discases as they
increase the host's natural resistance to pathogens [13].

the dairy farm. The treatment of this disease is based on the
use of antibiolics which are not always effective, and usage
of them is questionable, particularly in cases where
infeclions are caused by minor pathogens like a cosgulase—
negative staphylococel. This is because of antibiotics are
able 10 cure these kind of mastitis only temporarily, but
cannot entirely eradicates an infections of oppertunistic
pathogens from the herd. Accerding to J. Duval, antibictics
have not reduced the incidence of mastitis: the incidence of
contagious mastitis (like induced by S auwrens or S
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agalactiae} has diminished through the use of antibiolics, but
this has been paralleled by an increase in the level of
environmental mastitis [20). Moreover, antibictics are
responsible for the presence of residues in the milk and the
increase  of antibiotic-resistant  strains {9]. Watural
immunomodulators and probiotic products may become as a
valid aiternative 10 antibiotic therapies, so the problems that
are associaied with antibiotics usage can to a great extent be
solved.

The overall aim of our researches is to test an efficacy of
the L hehveticus and their glycopeptides in the (reatment and
prevention of subclinical mastitis in dairy cows during their
lactation. The objective of the current investigations was to
screen three test suspensions; natural glycopeptides that
derived from the L helveticus with lysozyme (TSI1),
inactivated L. helveticus with lysozyme (T82), and milk
polypeptides with B—giucans (TS3), in order to investigate
which content were the most effective in inhibiting several
mastitis causing bacteria in dairy cattle.

[n & composition of used test Suspensions are not only £.
helveticns or their glycopeptides, bul also other natural
substances with immunomudulatory properties: lysozyme,
P~glucans of mushrooms, and peptides derived from milk
proteins. Mitk polypeptides have an ability to affect
biological functions of an organismt. These effects can be
antimicrobial and probiotic, i.e., prevent the growth and
proliferation of undesirable and pathogenic organisms, or
they may promote the growth of desirable bacteria in the
digestive tract of humans and animals, They may also
influence the immune system and treat or mitigate the effects
of diseases [21]. Lysozyme is an enzyme present in the milk
of some species (cow. goat, human etc.} thal causes bacterial
ccli wall lysis. increases IgA production, and contributes to
macrophage activation performing an immunomodutatory
effects in host organism. [n comparison with a human breast
milk, lysozyme activity are limited in cow milk, but it
increases due to mastitis and by high somatic cell counts in
milk [22]. Acting alone. lysozyme lyses and kills a number
of Gram~positive bacteria by damaging their surface
exposed peptidoglyean [22]; for this reason it is possible Lo
observe antibacterial aciion of lysozyme in vitre. In a host
organism lysozyme possesses antibacterial activity usually
functions in association with lactoferrin or immunoglobuiin
A. As well as, Iysozyme can limit the migration of
neutrophils into damaged tissue and might function as an
anti-inflammatory agent [23, 24].

The PB-glucans belong 10 a group of natural,
physiologically  active compounds, generally  called
biclogical response modifiers; together with chitin, the B-
glucans are components of cell walls in yeasts and
filamentous fungi. Glucans are well known biclogie response
modiflers that function as immunostimulants -against
infectious diseases and cancer [25, 26]. A survey of P.
Persson Waller er af. [27] with the aim to investigate if
intramammary infusion with the B-glucan at drying off can
make the udder more resistant to experimental intra
mammary 5. awreus infection, indicated a slight, but not
statistically significant, positive effect of B-glucan on the
antibacterial response to 5. aureus infection, Furthermore, in
the same survey results demonstrated no therapeutic effect of
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Bglucan treatment of lactating udder quarters with chronic
subclinical S aurens mastilis [27]. As well as, test
suspension TS3 that contained P—glucan, displays no
inhibitory effect on the bacterial growth in our study. So, the
health benefit of B—glucan in the treatment of bovine mastitis
are still questionable,

The efficacy of the lactic acid bacteria against pathogenic
bacteria arc based on the action of bacteriocins and a
combinatien of antimicrobial subsiances such as hydrogen
peroxide, organic acids. and bacteriophages {32]. In the
literature are available much information about antimicrobial
activity of probiotic laciobacilli, and several specics are
found to be antagonistic to pathogenic bacteria [9, 18, 28,
32]. But there are no publications available which describe
usage of natural glycopeptides, derived from the probiotic
bacteria,

As in our previcusly studies about mammary quarters's
microflora it is revealed, some of the most distributed
pathogens which cause subclinical mastitis in dafry cows are
Staphylococeus  aureus,  several coagulase  ncgative
staphylocoeci and variety of Gram-negative bacilli from
genus  Enferobacteriaceae [29); therefore cultures of
mentioned pathogens, isolated from mastitic milk, were
included in our investigations  about glycopeptides’
antimicrobial activity. In this study we included alse 1wo
strains of S awrens — one typical strain, and one small
colony variant, which are g stow-growing subpopulation of
S. aurens species. Phenotypically, small colony variants have
a slow growth rate, atypical colony morphelogy and unusual
biochemical characteristics. Clinically, small colony variants
of 8. aureus are able to persist viable inside host cells and
modulate host defences, they are less susceptible 1o
antibiotics than typical strains, and cause latent or recurrent
infections {30, 35, 36].

In the current study we obtained resuits that TS! and TS2
display an antimicrobial activity against pathogenic bacterial
strains only partiaily, whereas TS3 did not displayed any
antimicrobial  effect, ‘The applied test suspensions
demonstrated no antagonistic effect on the growth of small
calony varlant S aureuws, S saprophyticus and Gram—
negalive bacteriz. A possible reason for the observed
resistance of SCV S awrews strain are the previously
mentioned jts’ natural resistance factors. Regarding to
resistance of S. saprophyticus strain, should be mentioned
thal, unlike most other coagulase-negalive staphylococei, S,
saprophyticus is rarely resistant to most antibioties which are
active against most of Gram—positive pathogens, apparently
these species are difficult to treat with natural antibiotics, too
[31]. It is known that most Gram-negative microorganisms
are resistant o desiraying by the proteins such as lysozyme,
because Gram-negatives possess an oufer membrance that
shields the peptidoglycan murein sacculus that is not easily
penetrated by the enzyme [22]. So the outer membrane af
(ram—negative bacteria is a permeability barrier to
lysozyme. In contrast, lysozyme lyses and kills Gram-
positive  bacteria by damaging their surface exposed
peptidoglycan,

Iir our study TS2 which contains inactivated £, helveticus
and lysozyme. showed constantly better results in the
inhibiting of pathogen growth unlike in TS| which consist of
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glycopeptides and lysozyme, however, (hese study are
conducted in vitro, bul oniy in vive condilions activity ol
glycopeptides may include the reactivity of the host immune
system. Whereas in vitro seltings the abiltty of the probiotic
bacleria to produce organic acids have the greafest role
performing antimicrobial activity on plates. The significance
of pH. performing in vitre assessment for antimicrobial
activity, is supported by E.T. Lima who observed that usage
of the modified cuiture medium supplemented with only
0.05% glucose and adjusted to pH 6 causes the decrease in
the production of organic acids of the Lacrobacilius bacteria,
and it results in a lesser inhibition capacity of the growth of
pathogens [32]. Also several other researchers have found
out thal growth-inhibiting activity are generally attributed to
the fact that lactic acid bacteria lower pH and/or produce
organic acids [18, 28, 33, 34,], for example, 8. Tejero-
Sarinena et al. [18] studied the relationship between pH and
inhibition of different strains of lactic acid bacleria against
bacterial pathogens, and the results showed a significant
correlation - the lower the pH results in the higher the
bacterial growth inhibition.

We observed an inferesting phenomenon around the
wells on the plates - large zones of a yellow colouration,
even if the test suspension did not inhibited bacterial growth.
The colouration zones were present for the test suspensions
of TSI and TS2, but did not appear in TS3: the same
observation with action of several lactobacilli are made
previously by other studies, and Tejero-Sarinena et 4/, 18]
explained it as presumebly duc 10 some kind of an
antagonistic effect of factic acid bacieria.

CONCLUSIONS

1. The applied test suspension TS which contains natural
plycopeptides of L. hefveticus and tysozyme with
bacterial clearance zone between 9 mm and 13 mm, and
TS2 which contains inactivated L. hefveticus bacteria in
titre of 10'* and tysozyme with clearance zone between
10 mm and 15 mm. displayed antimicrobial uctivity
against S awreus {typical strain). § haemolyticus, S,
similans, and S vitulinus.

2. The applied test suspension TS3 which contains naturat
glycopeptides of L. hefveticus with milk polypeptides
and B-glucans did not showed any anlimicrobial effect
against tested bacterial strains.

3. Test suspensions TS1 and TS2 displayed no hagmolysis
(y-haemolysis) on sheep blood agar indicating that il is
non-pathogenic, whereas TS3 created f-haemolysis.

ACKNOWLEDGEMENTS

We express our gratitude to Lilija Peskova, A.
Kirchenstein Institute of Microbiology and Virology, Riga
Stradins University, Latvia, for supporting our rescarch by
taking part in designing the applicable formulas of
glycopeptides. As well as we thanks Ajvars Berzins, Institute
of Food Safety, Animal MHealth and Environment "BIOR™,
for a chance to carry out the bacterial strain identification
using MALDI Biotyper, and Daina Camane for performing
these analysis.

The Open Blotechnology Journal, 2015, Volume 8 5

The research was funded by ERAF, project Nr
2014/0016/2DP/2.1,1, 1.0/ 14/APIA/VIA A/GTS.
REFERENCES
[1] Bradley A. Bovine mastitis: an evolving discase. Vel J 2002; 164-

116-28.

21 Viguier C, Arora 8, Gilimartin N, Maslitis detection: current rends
and future perspectives, Trends Biotechno! 2009, 27: 486-93,

3i Marechal L, Thiery R, Vautor B, Loir LY. Mastitis impact on
technological properties of milk and quality of milk products-—a
review J Dairy Sci Technol 2011: 97; 247.82.

[4] Soleimani NA, Kermanshahi RK, Yakhchali B, Sattart TN,
Antagonistic activity of probiotic Lactobaci[li againgt Staphyio-
coceus aurens isolated from bovine ymaslitis. Afr J Microbiel Res
2010: 4(20% 2169-73,

(5] Laverty G, Gorman SP, Gilmore BF. The potential of antimicrobial
peptides as biocides. Int J Mol $ci 2011; 12: 6566-96.

6] Preseott JF. Antimicrobial use in Tood and companton animais.
Anim Health Res Rev 2008: 9- 127-33

i Cao LT, Wu JQ, Xie F, Hu SH, Mo Y. Efficacy of nisin in
treatment of clinical mastitis in lactating dairy cows. J Dairy Sei
2007 90: 3980.5.

(%] Klostermann K, Crispie F, Flynn J, Meaney W), Paul Ross R, Hill
C. Efficacy of & teat dip containing the bacteriocin lacticin 3147 10
eliminate Gram-pesitive pathogens associated with  bovine
mastitis. J Dairy Res 2010; 77(2); 231-8.

" Espeche MC, Pellegring M, Frola i, Larriesira A, Bognt C, Nader-
Macias MEF, Lactic agid bacteria from raw milk as potentially
beneficial sirains to prevent bovine mastits. Anaerobe 2012; 18
103-9,

{10 Frola 1D, Pellegrino MS. Espeche MC, Giraudo I, Nader-Macias
EF, Bogni Cl. Effests of intramammary  inoculation of
Lactobacillus perolens CRL1724 in lactating cows’ udders. J Dairy
Res 2012, 79: 84-92,

1] Cobb BA, Wang. Q, Tzianabos AQ, Kasper DL. Polysaccharide
processing and presentation by the MEHCI pathway, Cell 2004,
17057 677-07.

[12] Vetvicka V. Vancikova Z. Synergistic effects of glucan and
resveratrol. Afr ) Biochem Res 2010: 4¢4): 105-10.

[13] Vilols G, Peskova L. Rudevica Z, Jermolejevs 1. Workshop
“Immunomoedutating human herpesviruses and their role in human
pathologies™. Usage of wmatural glycopeptide for weatmens of
herpesviruses infection. In: Presentation Summarios. Riga: Riga
Stradins University 2011,

[14) Newburg DS. Glycobialogy of human milk. Ricchem {Mosc} 2013:
T8(7); 77185,

15} Meydani SN, Ha WK, Immunologic effects of yogurl. Am J Clin
Nutr 2000; 71(4):-861-72,

{16]  Quibe G, Valdovska A. International scientific conference
“Rescarch for rural development 2014 Microbiological content of
cow mitk depending on season and herd type in latvian organic
farms. In: Proceedings of annual 20th intemational scientific
conference, Jelgava: Latvia University of Agricullure 2014,

{17] Maragkaudakis PA, Mountzouris KC, Psyreas D, ef of. Functional
properties of novel proiective lactic acid bacteria and application in
raw chicken meat against Listeria monoeytogenes and SalmoneHa
enteritidis. Int J Food Microbiol 2009; 136 219-26.

{18]  Tejero-Sarifiena S, Barlow J, Costabile A, Gibson GR, Rowland L
In witre cvaluation of the anifmicrobial activity of a range of
prabioties against pathogens: Evidence for the effecis of organic
acids. Angerobe 2012 18(5); 530-8.

{191  Anas M, Jamal Eddine H, Mebrouk K. Antimicrobial activity of
lactobacillus species isolated from Algerian raw goat’s milk against
Staphylococeus aureus. World J Dairy Food Sci 2008: 3 {2):39-49.

[20] Ecological Agriculture Projects publication, Ste-Anne-de-Beltevue,
Canada: McGill University (Macdonald Campusk 1997 [cited 2014
May 28], Available from; hup:/eap.megill.ca/agrobiofab370-
1 le.him/

[21]  Kilara A, Panyam D. Peptides from milk proteins and their
properties, Crit Rev Food Sci Nutr 2003: 43{6). 607-33,

[22}  Lawrence RM, Pone CA. Fuman breast milk: curcent concepls aof
immunology and infcetious diseases. Curr Probl Pedinir Adolese
Flealth Care 2007 1: 1-36.




& The Open Biotechnology fournal, 2013, Voltirme 9

(23}

[24]

[25}
[26)

{27

(28

[29]

Gorden LI, Douglas SD, Kay NE, Yamadz-O, Osserman EF, Jacsh
HS. Modulation of neutrophil funciion by lysozyme. Polential
negative feedback system of inflammation, J Clin Invest 1979:
64(1). 226-32

Ella EE, Ahmad A, Balogun TB, Unich VI, Ogala WHN.
Comparative analysis of breastmilk lysozyme levels from lactating
mothers with sick and healthy babies. £ Sci Ind Pol 2009: 2(1): 75-
&1,

Rop O, Mlcek I, Jurikova T, Beta-glucans in higher fungi and their
heaith effects, Nutr Rev 2009. 67(11): 624-31.

Novak M, Vetvicka V. Glucans as biological tesponse modifiers,
Endocr Metab Immune Disard Drug Targets 2009: 9(13: 67-75.
Persson Waljer P, Gronlund U, Johannisson A, Intramammary
infusion of BI3.glucen for prevention and (reatment of
Staphylococcus aureus mastitis. ] Vet Med B'2003; S0(3Y: 121-27,
Annuk H, Shehepetova I, Kullisaar T. Songisepp E. Zilmer M,
Mikelsaar M. Characterization of intestinal lactobacilli as puiative
probiotic candidates. J Appl Microbiol 2003: 94: 403-12.

Gulbe G, Valdovska A. Internationai scientific conference
“Research for rural development 2012" hierohiological quality of
cows’ milk o organic farming (Preliminary report). [n:
Praceedings of annual 1§th international scientific conference,
deigava: Latvia University of Agriculture 2012,

[20]

131]

(32]

33

[34]

(33

[36]

Gulbe et af

Proctor RA, von Eiff £, Kahl BC &7 o Smail celony variamis: a
pathogenis form of bacteria that facilitates persistent and recurrent
infections, Nat Rev Microbiol 2006; 4: 205-05,

Higashide M, Kuroda M, Omura CTN et of. Methicillin-resistant
Staphylacoceus saprophyticus isolates camying staphylococca)
cassetie  chromosome mee have emerged in urogenital 1ract
Infections. Antimicrob Agents Chemother 2008; S26). 2061-8.
Lima ET, Andreatti Fiiho RL, Crocei Al Evaluation in virre of the
antagonistic substances produced by Lactobacillus spp. isofated
from chigkens. Can ] Vet Res 2007; 71¢2): 103-7,

Rossland E, Borge GIA, Langsrud T, Sorhaug T. Inhibition of
Bacillus cereus by strains of Lactobacillus and Lactococcus in
milk. Int J Food Microbiol 2003; 89 205-12.

Ridwan BU, Koning CIM, Besselink MGH, er al, Antimicrobial
activity of a multispecies probiotic {Ecologic 641) against
pathogens isolated from infested pancreatic necrosis. Lel Appl
Microbiol 2008; 46: 61-7.

Melter O, Radojevic B. Smali calonty varants of Staphylococcus
aureus—~revigw. Folia Micrahig) (Praha) 2010; 55(8): 548-58.
Atalla B, Gyles C, Mailard B. Staphylocacous aureus smat! colony
variams (SCVs) and their role in diszase. Anim Heaith Res Rev
2010: 1201); 3345,

O Gulbe er al.; Licensee Benthan Open.

This is an ope

n access article ticensed under the terms of the Creative Commons Attribution Non-Commicreial License (http://creativetommaons, orgflicenses/

by-nc/3.00 which permits unrestricted, non-commercial use, distribution and repreduction in any mediym, provided the work i properly ciled.




