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Summary

Calf diarrhea is the most common and severe disease in young
calves in that major economic losses to dairy farms. During a
pre-weaning period, young calves are susceptible to many
infectious pathogens, especially FE.coli K99 causing diarrhea and
dysentery with blood and mucus in the feces. The use of
antibiotics helps to alleviate diarrhea, lowers the calf mortality
and decreases the protein requirement in the young calves. The
abuse of antibiotics to animal, however, may lead antibiotics
resistance to potential human pathogens. Because of these
circumstances, feeding antibiotics have been prohibited since 2011
in Korea. Therefore, development of antibiotic alternatives is
required for sustainable livestock production. Probiotics are live
microorganisms, suggesting that it may have beneficial effects on
a host gut ecosystem. I have chosen lactic acid bacteria (LAB)
since LAB are the most common type of microbes producing
lactic acid, bacteriocins and other metabolic products which
protect pathogen colonization and modulate immune responses.
Previously, two strains of lactic acid bacteria such as
Lactobacillus plantarum genome shuffling 1 (LP-GS1) and
Pediococcus acidilactici genome shuffling 4 (PA-GS4) with
improved antimicrobial activity against FE.coli K99 and E.coli
0157 were achieved, respectively, by genome shuffling method.

In this study, the multi-species probiotics contained LP-GS1 and
PA-GS4 were treated in Holstein calves. This newly developed
multi-species probiotics include Bacillus subtilis T4 as a
digestive enzyme source and Saccharomyces boulardii as an

intestinal regulator and supplier of protein and mineral.



Total of 40 holstein male calves (age 5-18 days) were
randomly assigned to four diet groups; Negative control (NC, no
treatment), Positive control (PC, antibiotics treatment), Wild type
LAB added probiotics mixture (WPM, mixture of Pediococcus
acidilactia PA1'75, Lactobacillus plantarum LP177, Saccharomyces
boulardii SB, and Bacillus subtilis T4), and Genome shuffled
LAB added probiotics mixture (GPM, mixture of Genome shuffled
Pediococcus acidilactia PA-GS4, Genome shuffled Lactobacillus
plantarum 1L.P-GS1, SB, and T4). Test and control groups were
fed using a milk replacer and a calf starter with probiotics
mixture (10° cfu each strain/d/head), with antibiotics (neomycin
sulfate) or no treatment for 8 weeks. Growth effects of
multi-species probiotics were tested in Holstein calves. GPM
group showed same average daily gain as PC group. And there
was 50% mortality in NC and WPM group while 90% of calves
were survived in PC and GPM group. Furthermore, GPM showed
good modulation effect of intestinal microflora. Potential
pathogens such as E.coli and Clostridium perfringens were lower
in GPM group than in NC group. In addition beneficial bacteria
such as Pediococcus acidilactici, Bacillus subtilis and
Lactobacillus spp were higher in GPM group than in NC group.
These results suggest that newly developed multi—species
probiotics could use as promising antibiotic alternatives for

making environment-friendly livestock products.

Key words: Multi—species probiotics, Calf diarrhea, Antibiotics,

Fecal microflora, Lactic acid bacteria

-1 - "':l"‘_i -“I"-'l'I



Contents

Summary ............................................................................................. I
Contents ............................................................................................ 111
LlSt Of TableS and Figures ......................................................... VI
LlSt Of AbbreViationS ................................................................. VIII
I INtroducCtion «:osrerereesereeerererermtimeiiiiiiiiiiiiaiaiitiiieiettietineitaiatieetinnes 1
II. ReVieW Of Literature .................................................................. 3
1. Neonatal calf diarrhea :o:oreereererrererereermeeniiiiiie., 3
2. ProDbDIOTICS rrrrrrerrsrerrsrerarertstetetettitiititiatoiattirieietitaiettitisiorareassionens 4
1) Concept of prObiOtiCS .............................................................. 4

2) Intestinal regulatory effect of probioitcs -w--weeeseseeresneeess 6

3' Properties Of prObiOtiCS .......................................................... 7
1) Lactic acid Dacteriq cetetererseseereresreeraretaioiiiiiiiiiiiiiiiiaiiieiien. 7

(1) Ped]'OCOCCUS acjd]']actjcj .................................................... 9

(2) Lactobacj]]us pjantarum .................................................... 9

2) BacilltiS SUDLIIIS ++rersreeerererrrersrsetstontiiiiaininioiiiiieiioniiiiionisio, 10

3) SaCCharOmyceS bOLI]aI‘dJI ...................................................... 11
III Materials and MethOdS .......................................................... 12
1. Preparation of multi-species probiotics e 12
1) Microbial Strains ................................................................... 12

2) Lactic acid bacteria Strail'l ................................................... 13

(1) Antifmicrobial aCtiVity LESE srerrrrrerrr e 13

(2) PhySiOlOgical TEST srererrrresrnietiiiiiiiiiiiiiiiiiiiiie e 14

@ DH CUTVE *reerteesesesatonsnseetnttiteeiatetstonsisssiatstsesatosstsrsnsssssies 14

@ GrOWth CUTVE  teeertesessesetessatetatorenticieiettotiaiatatensticieieteies 15

(3) Acid tolerance teSLh cerrrrerererrarersreniiiiiiniiiiiiiciiiiiiiiiiiiin, 15

- - M = TH



(4) Bile 1esiStance tESt crerererererrerrrererrioiiii, 15

3) Sample preparation of multi-species probiotics -«r+=w==== 15

4) Probiotics survivability in low temperature storage - 18

2. Holstein Calves feeding TESTE srrererererereere e 19
3. Growth performance ............................................................. 21
4_ Fecal micrOflora analysis .................................................... 21
1) Quantitative real-time polymerase chain reaction === 21

2) MCK AQAT ASSAY  oreeerererrrrrrrerstrttttttiii 22

5. BlOOd analysis ......................................................................... 23
6- Statistical analysis ................................................................ 24
IV ReSUltS and DiSCU.SSion ......................................................... 25
1_ Characterization Of prObiOtiCS ............................................ 25
1) Antifmicrobial aCtiVity LESL  roreerererere e 25

2) Physiological teSt .................................................................. 28

3) ACld tolerance teSt ................................................................ 29

4) Bﬂe reSiStanC@ s R LT T T T T VST PP P PP P PP RTPYPRPRTN 29

5) Survivabﬂity in IOW temperature ........................................ 30

2- PrObiOtiCS preparation ........................................................... 33
3. Growth performance in Holstein calves - 35
4- Intestinal micrOflora composition ...................................... 37
1) Quantitative real-time polymerase chain reaction - 37

2) MCK AQAT ASSAY orrererrrrrrrrre ettt 40

5. BlOOd analysis ........................................................................ 41
1) Serum immUnOgIObuhn ......................................................... 41

2) BlOOd CeH Countil’lg ............................................................... 45

6. COHCIUSion ................................................................................ 47
V. Literature Clted ......................................................................... 49
VI Summary in Korean ............................................................... 58

-V - M =T}



VII. Acknowledgement



List of Tables and Figures

Tables
Table 1 Media for grOWth Of eaCh Strail’l ................................... 13
Table 2 Treatment and Control groups ........................................ 18
Table 3 CompOSition Of basal djetS .............................................. 19
Table 4. Real-time PCR primers used to measure fecal
minOflOra CompOSition ...................................................... 22
Table 5. Viable cell counting in probiotics products ::-s-eeeeeeees--- 33
Table 6. Comparison of average daily gain among the groups 35
Table 7. Effect of different probiotics on blood parameter ------- 46
Figures
Figure 1. Schematic diagram of multi-species probiotics ===+ 2

Figure 2. Schematic diagram of Escherichia coli concentration in

the intestinal tract of a calf with diarrhea:---:---=seeeeeeee 4

Figure 3. The mechanisms implied in the positive effects of

probiotics on the animals’ growth and health oo 6
Figure 4. Endospore formation of Bacillus subtilis ceeeeeeereeeeeeeeeees 10
Figure 5 MOIDhOlOgy Of prObiOtiCS Strain ................................... 11

Figure 6. Analysis of the anti-pathogenic ability of each LAB

Strains ............................................................................... 14

Figure 7. Single strain culture. Cells were diffused with 200 ml

PBS. Diffused sample were stored at 4C «eeeeeeemememeeeees 17
Figure 8. Production process of multi-species probiotics -+ 17
Figure 9. The schedule of in vivo experiment -« 20
Figure 10. Experimental scheme of the study ------ooeeeeeeeeermreeeeeees 20

:l-l [ |
- VI - 5 —— [_H



Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure

Figure

Figure

11.

12.

13.

14.
15.
16.
17.
18.
19.

Viable cell counts of Lactobacillus plantaruml177(WT),
Lactobacillus plantaruml77-Genome shuffling mutants
with E.coli K99 co-culture medium at 6hr -«e---eeeee 26
Viable cell counts of Pediococcus acidilacticil75(W'T),

Pediococcus acidilactial 75-Genome shuffling mutants

with E.coli O157 co—culture medium at 19hr oo 27
Physiological characterization of of Lactic acid

baCteria ........................................................................... 28
ACld tolerance Of LAB StrainS ................................... 29
Bile resistance of LAB strains (0.3% oxgall) - 30
SurVival rate during COld Storage .............................. 31
Photomicrograph Of eaCh Strain .................................. 34
Growth performance in commercial environment - 36

Analysis of fecal microflora composition by using
qRT_PCR ....................................................................... 38

. Viable fecal coliform bacteria counting «e:e:eeseseeeeeeeee 40

. Effect of different probiotics on serum

immunoglobulin .............................................................. 42

. Total serum IgG level of each calf during experiment

periOd .............................................................................. 43

. Effect of different probiotics on blood parameter ----45

- VI - A =2 TH



List of Abbreviations

LAB : Lactic acid bacteria

GPM : Genome shuffled LAB added probiotics mixture
WPM : Wild-type LAB added probiotics mixture

NC : Negative control

PC : Positive control

LPW : E.coli K99 with wild-type Lactobacillus plantarum
LPG : E.coli K99 with GS-_Lactobacillus plantarum

PAW : E.coli O157 with wild-type Pediococcus acidilactici
PAG : E.coli O157 with GS-Pediococcus acidilactici
ADG : Average daily gain

WT © Wild type

GS : Genome shuffling

MCK agar : MacConkey agar

PA @ Pediococcus acidilactici

LP : Lactobacillus plantarum

T4 : Bacillus subtilis

SB : Saccharomyces boulardii

ELISA: Enzyme-linked immunosorbent assay

PBS: Phosphate-buffered saline

PCR: Polymerase chain reaction

- VI - M =



I. Introduction

Calf diarrhea is a common and critical disease caused by the
mortality in young calves. E.coli K99 is major pathogen which
causes calf diarrhea from birth until 30 days of age. To prevent
this problem, most of dairy farms have been used antibiotics
specifically Neomycin sulfate in calves. However use of
antibiotics imposes a selection pressure for bacteria that are
resistant to antibiotics. Therefore use of antibiotics to animal
has been prohibited since 2011 in Korea.

According to the banning of antibiotics in livestock, probiotics
have been rising substitutes for antibiotics. Probiotics are live
microbial feed supplements which beneficially affect the host
animal by improving its intestinal microbial balance (Fuller, 1989).
When administration probiotics to host animal, it may affect
intestinal microflora by reducing harmful microorganism, enhance
immune function and improve beneficial bacteria (Nahashon et al,
1994; C. Ouwehand et al, 2002).

For these reasons multi-species probiotics were designed
containing GS-LAB, Bacillus subtilis T4 and Saccharomyces
boulardii. GS-LAB which have been shown to improve an
anti-microbial activity against pathogenic E.co/i K99 (Seo, 2012)
and E.coli 0157 (Choi, 2011) and have better ability to eliminate
pathogenic bacteria than wild-type LAB. Also, Bacillus subtilis
produce digestible enzyme and Saccharomyces boulardii supply
protein and minerals. (Figure 1)

Therefore, this study was conducted (1) to characterize LAB
strains through determination of survivability in low pH, bile acid

and low temperature, (2) to investigate the effects of



multi—-species probiotics on the growth performance in Holstein
calves compared to antibiotic supplement, (3) and to evaluate the
effects of multi-species probiotics on the intestinal microflora

composition.

Pathogenic bacteria
(E.coli K99,,E.coli 0157)

E.coli specific host Lumen
defense

Improved antimicrobial activity
against host-specific pathogen i
LAB - Enzyme secretion,
Improve feed efficiency
(LP'GS1, PA'\GS4) ( Pathogen

QSD glg/‘ j@ Yeast

. ® > ® @ ) ® & @
I_ntes_tinal M cell / . _
epithelial cell o / ., Protein, Mineral supplement

Activate immune cells, Increasing Innate immune response
© & &
Immuhe cells
Figure 1. Schematic diagram of multi-species probiotics.
LP-GS1 and PA-GS4 improved anti-microbial activity against
pathogenic FE.coli K99 and E.coli 0157 respectively. Bacillus

produce digestible enzyme and Yeast supply protein and minerals.
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II. Review of Literature

1. Neonatal calf diarrhea

Calf diarrhea is the main reason of mortality in dairy calves
(Gardner, 1990; Virtala, 1996). It is mainly occurred by
enterotoxigenic E.coli, Salmonella, rotavirus, and coronavirus
(Cho, 2010). Also, decreased colostral transfer of passive
Immunity imposes more chance to infection by these pathogens.
Numerous studies found that diarrhea calves have overgrowth
coliform bacteria in the intestine (Carpenter, 1924, Gay, 1965;
Constable, 2004) (Figure 2). Colonization of E.coli is associated
with altered small intestinal function, changed epithelial cell
morphology, and increased susceptibility to bacteremia.

Generally, antibiotics have been used for preventing neonatal
calf diarrhea (Constable, 2004, Sawant, 2005). Administration of
antibiotics reduces intestinal microbes including pathogenic
bacteria in calves with diarrhea (Rusoff, 1953; Quigley III, 1997).
Inhibition of the growth of pathogenic bacteria results in lowered
mortality, prevented changing intestinal epithelial cell morphology,
and ameliorated digestion (Sissons, 1989; Mack, 1999). However
overuse of antibiotics impose a selection pressure for bacteria
that are resistance to antibiotics and also deposit some residue in
product (Tajick, 2006). Thus using antibiotics in animal feed has
been prohibited since 2011 in Korea suggesting that substitutional

antibiotics are needed.



Healthy Diarrhea

Abomasum Abomasum

Small intestine

Small intestine

Large intestine Large intestine

Figure 2. Schematic diagram of E'scherichia coli
concentration in the intestinal tract of a calf with diarrhea.
The number of E.coli in the large intestine is similar between
healthy and Diarrhea. However diarrhea calf increased E.coll in

their small intestine.

2. Probiotics

1) Concept of probiotics

The ‘probiotic’ is derived from the Greek meaning ‘for life’ and
usage credited to Lilly and Stilwell (1965). It is defined live
microorganisms which beneficially affect the host animals or
humans by improving its intestinal microbial flora during the
ingestion (FAO/WHO, 2002). Generally bifidobacteria and lactic
acid bacteira are common bacteria microbes which have been
used as probiotics and have been commonly consumed as

fermented foods form such as vyogurts and/or dietary



supplements. Probiotics known as feed supplements which also
beneficially affect the host animal by improving its intestinal
microbial balance, thus enhancing the health of host and usually
inhibiting pathogens and toxic substance (Figure 3). For instance
consuming probiotics help to reduce antibiotic associated with
diarrhea (Black et al. 1991), short rotavirus diarrhea (Saavedra et
al. 1994; Sugita & Togawa 1994, Guandalini et al. 2000), reduce
recurrence of superficial bladder cancer (Aso et al. 1994), regulate
immune modulation (Kaila et al. 1992, Nagao et al. 2000),
improve oral vaccination (Link-Amster et al. 1994), reduce
colonization by Helicobacter pylori (Felley et al. 2001), relief
irritable bowel syndrome (Gupta et al. 2000, Brigidi et al. 2001;
Niedzielin et al. 2001), reduce LDL-cholesterol (Bukowska et al.
1998), prevent allergy (Isolauri et al. 2001, Kalliomaki et al. 2001,
Majamaa & Isolauri 1997), reduce symptoms of inflammatory
bowel disease (Malchow 1997; Guslandi et al. 2000;
Mattila-Sandholm et al. 1999), and reduce incidence of travellers
diarrhea (Black et al. 1989).



Probiotics

Production of Setting in the

Modulation of the ’ ' Metabolism intestine and
; . antibacterial 2
immunity products competitive

substance
growth

Production of B.Iocklng Of e Prevention of the
inflammation

digestive : adhesion of
mechanisms after the
enzymes pathogens

pathogenic invasion

Health promote effect

Figure 3. The mechanisms implied in the positive effects of

probiotics on the animals’ growth and health.
2) Intestinal regulatory effect of probiotics

The major purpose of probiotics is to change the composition of
the normal intestinal microflora from a potentially harmful
composition towards a microflora that would be beneficial for the
host. This suggests that probiotics help to reduce harmful
bacteria such as coli form bacteria, salmonella and clostridia and
increase Dbeneficial bacteria such as lactic acid bacteria,
bifidobacteria. Previous studies have been carried out the
protection effect of probiotics as follow. Cell culture medium of
probiotics prevent necrotizing enterocolitis (NEC) by accelerating
the maturation of intestinal Innate Immune response gene

(Kriston Ganguli et al, 2013). Also, probiotics protect the



epithelial barrier and keep tight junction protein in clinical colitis
induced—-mouse (mennigen Rudolf et al, 2009). In murine model,
administration of Lactobacillus reuteri down-regulated multiple
enterocyte genes which function to stabilize enterocytes against
movement. As a result of these change, enterocyte migration rate
and crypt cell proliferation were increased. Moreover this
probiotics increase microbial diversity and community evenness
(Preidis et al, 2012). These research support that probiotics not
only itself but also secretion factor play a important role for

protect intestinal tract.

3. Properties of probiotics

1) Lactic acid bacteria

Lactic acid bacteria have many beneficial effects on host
animals in terms of producing antimicrobial molecules with
activity against gastric and intestinal pathogens and other
microbial groups. Also LAB compete with pathogens for mucosal
cell surface and mucin binding sites (Neeser, 2000). This could
be protective effect against many pathogens which develope
cancer, inflammation and allergy.

Receptor-specific binding, Glycolipid-binding haemagglutinating
avtivity, charge and hydrophobic interaction are the mechanisms
of attach to epithelial cell surface. Lactic acid bacteria commonly
express cell surface hydrophobicity which facilitate contact angle
and adhesion to xylene (Wadstrom et al., 1987, Strus et al,

2001). Lactic acid bacteria also express extracellular matrix



binding molecules such as fibronectin, collagens and vitronectin
(Aleljung et al., 1994, Toba et al., 1995, Howard et al., 2000;
Lorca et al, 2002). Many strains including L. acidophilus, L
gasseri, L. johnsonii, and L. crispatus identified Surface layer (S
layer) which covers the cell surface. S layer used as delivery
vehicles for antigen delivery and has a protective function from
host defence mechanism (Toba, 1995; Smit, 2001).

Oxidative damage 1s one of the reason for inducing cancer,
cirrhosis, atherosclerosis and other chronic diseases. According to
the recent studies, lactobacilli produce high antioxidant activity
(Annuk et al, 2003), and B. longum and L. acidophilus inhibit
linoleic acid peroxidation and eliminate free radicals (Lin and
Chang, 2000).

Bacteriocin is peptide which has an anti-microbial activity. Some
of lactic acid bacteria strain produce bacteriocin to enhance their
survivability in complex intestinal ecosystem (Pinchuk, 2001,
Jamuna, 2004). Helicobacter pylori, known as a gastric pathogen,
was inhibited by secreted bacteriocin from L. acidophilus. In the
same manner feeding S. cerevisiae spp boulardii exterminate
escherichi coli O157:-H7 in rumen fluid (Lorca et al., 2001, Bach
et al., 2003).

Increasing production of mucin is one of defensive mechanism in
the gut. This physicochemical barrier inhibits viral replication and
provide receptors for microbes (Yolken et al., 1994). Most of
intestinal mucin consist of MUCZ2 and MUC3 gene products
whereas colonic mucin presents only MUC2. L. plantarum 299v
effectively increases the expression of MUC2 and MUC3 mRNA
in HT?29 intestinal cells, and consequently adhesion of

enterovirulent F.coli was inhibited (Mack et al, 1999). Similar



results were reported in other Lactobacillus strains which tested
in different cell lines, Hep-2 and Caco-cells (Forstner and
Forstner, 1994, Smith et al., 1995, Mack et al., 2003), suggesting
that Lactobacillus has benefecial effects on the intestinal barrier

composition.

(1) Pediococcus acidilactici

Pediococcus acidilactici is gram positive coccus and facultative
anaerobe with lesser sensitivity to oxygen. It can grow in a wide
range of pH, temperature and osmotic pressure, which gives
better ability to colonize the gut. Pediococci inhibit enteric
pathogens by lactic acid and bacteriocins known as pediocins.

Pediococcus acidilactici grows in MRS (deMann, Rogosa,
Sharpe) media and optimum temperature is approximately 407C.
The optimum pH is 6.2 but decreased almost 3.6 during culture.
This bacteria has broad range of beneficial effect so that treated
many disorders. Such as immune modulation, digestive problem,
inhibit pathogenic bacteria and alleviate intestinal microorganism

which was disrupted by antibiotics.

(2) Lactobacillus plantarum

Lactobacillus plantarum 1s gram positive bacilli and also
facultative anaerobic bacterium which produce lactic acid.
Lactobacillus plantarum cultred in MRS media and optimum
growth temperature between 30 and 40C. They are commonly
used in many fermented food production such as yogurt, cheese,

pickles and so on. Lactobacilli are also important in silage



production. Lactic acid produced by Lactobacilli makes low pH
and high level of heterologous protein inhibits growth of bacteria.
It has been shown that Lactobacillus plantarum can protect
epithelial cells in E.coli-induced damage by preventing changes in
host cell morphology, attaching lesion formation, stimulating

immune response and enhancing the intestinal integrity.

3) Bacillus subtilis

Bacillus subtilis is gram positive and known as grass bacteria.
Optimal temperature for growth is between 25 and 35C. It has
the ability to form endospore, allowing the organism to tolerate
extreme environmental conditions (Figure 4). Bacillus subtilis has
been considered as normal gut commensal bacteria and secrete
various enzymes, such as protease, amylase, lipase, pullulanase,
chitinase, xylanase and so on.

Bacillus are responsible for producing antibiotics such as

polymyxin, difficidin, subtilin and mycobacillin.

2days 3 days 4 days

magnification of 1000 , Bright-Field

Figure 4. Endospore formation of Bacillus subtilis. Endospore
can endure harsh environment and finally gives better

survivability in any condition.
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4) Saccharomyces boulardii

Saccharomyces boulardii is one of Yeast strain which has been
shown to be non-pathogenic and non-systemic, and grows at the
temperature of 30 C.

S. boulardii is used for preventing diarrhea, digestion problems,
and lactose intolerance. S. boulardii is also shown to be
prevented travelers’ diarrhea which associated with the use of
antibiotics, irritable bowel syndrome, acute adult diarrhea, and

Crohn's disease.

(a)

Figure 5. Morphology of probiotics strain. (a) P. acidilactici,
(b) L. plantarum, (c) B. subtilis, (d) S. boulardii

-1 28 A=t



ITII. Materials and Methods

1. Preparation of multi-species probiotics

1) Microbial strains and media

Multi-species probiotics contain lactic acid bacteria (LAB), a
Bacillus and an yeast. Lactobacillus plantarum 177, GS1 and
Pediococcus acidilactia 175, GS4 was tested in this study. All of
LAB strains were cultured in MRS broth (De Man, Rogosa and
Sharpe; BD/Difco, USA) at 37T, Bacillus was cultured in BSM4
broth at 30C and Yeast was cultured in YPD broth (Yeast
Extract Peptone Dextrose; BD/Difco, USA) at 30C. (Table 1)

Expected effects of each strains are as follows; (1) LAB, for
improved anti-microbial activity against E.coli K99, E.coli O157
and other harmful bacteria; (ii) Bacillus, as a source of digestive
enzyme; (iii) Yeast, for protein and mineral source and immune

boosting by B-glucan of cell wall.
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Table 1. Media for growth of each strain. All quantities are
g/L

Component YPD BSM4 MRS
CaCOg4 - 1 -
MgSQ,4 7H,0 - 0.3 -
FeSO4 7H,0 - 0.02 -
ZnS0O4 7H,0 - 0.02

Yeast Extract 10 2

Beef Extract - - 10
Peptone 20 2 -
Cottonseed flour - 20 -
Glucose - 15 -
Dextrose 20 - 20
Proteose Peptone No.3 - - 10
Poly sorbate 80 - - 1
CeH17N30 - - 2
CH3;COONa - - 5
MgSQO, - - 0.1
MnO,S - - 0.05
KyHPO, - - 2
pH 6.5 6.8~7.0 6.5

2) Lactic acid bacteria strain
(1) Anti-microbial activity test

Escherichia coli 0157 (ATCC 438R89), Escherichia coli K99
(KCTC 2617) are which already have. The interference of lactic
acid bacteria with the growth of pathogenic strain was evaluated
by pathogen-LAB co-culture assay. A tube containing 10ml of
MRS broth was inoculated with 6.25 x 10 CFU/ml of E.coli
0157 and 2 x 10" CFU/ml of either PA-WT or PA-GS4. Each

- 13 - 47 B :'.:_' _.:E



10ml cultures were used for viable cell counting by serial dilution
method on MacConkey agar after 19hr incubation. 1.3 x 107
CFU/ml of E.coli K99 and 2.4 x 10° CFU/ml of either LP-WT or
LP-GS1 were added to MRS broth for 6hr incubation.

Every co-culture assay was performed at 37C, 250rpm shaking

incubator. (Figure 6)

é . NN
& / » »QQQ » &)

5 i di
6 6 19HF RGUBALGH Serial dilution spreading

37C L

MRS broth

Cell counting

Figure 6. Analysis of the anti-pathogenic ability of each
LAB strains.

(2) Physiological test

@ pH curve

pH curve of wild and genome shuffled LAB were measured
using pH meter. Before measurement, calibration was performed
using calibration solution with pH 4.01, 7.00 and 10.01 according

to manufacturer’s instructions.

- 14 - A 2-t}) @
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® Growth curve

Growth curve of wild and genome shuffled LAB were measured
using UV spectrometer. Single colony of each LAB was
inoculated into MRS broth media. The cells were cultivated until
the end of each experiment. every Z2hr, samples were analyzed by

spectrometer with OD600 value.

(3) Acid tolerance test

WT and GS LAB strains were grown in MRS broth at 37C
overnight. 3ml aliquot of each cultures were adjusted to pH 3.0
and 2.0 with HCl and incubated at 37C for 3hr. At indicated
time points, viable cell was counted by serial dilution method
with PBS (0, 30, 60, 120, 180 min).

(4) Bile resistance test

WT and GS LAB strains were grown in MRS broth at 37T
overnight. Bile solution (oxgall) was added to total of 10ml
culture media to achieve a final concentration of 0.3%. At

indicated time points, viable cell was counted by serial dilution
method with PBS (0, 1, 2, 3, 4 hr).

3) Sample preparation of multi-species probiotics
Single colony of Pediococcus —acidilactici 175 (PA-175),

Pediococcus acidilactici GS4 (PA-GS4), Lactobacillus plantarum
177 (LP-177) and Lactobacillus plantarum GS1 (LP-GS1) were
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inoculated in a 50 ml corning tube which containing 45 ml MRS
broth at 37C for 16hr with shaking at 150 rpm. After 16hr, 2 ml
of culture media was inoculated 900 ml MRS broth in 1 L bottle
and cultivate at 37C for 24hr with shaking at 150 rpm. Cells
were harvested by centrifugation at 4C for 15 min at 5000 rpm.
Saccharomyces boulardii 796 (SB) was cultured in a 10ml tube
which containing 6ml YPD broth at 30C for 24hr. And 5ml of
culture media was inoculated 250 ml flask containing 50 ml YPD
broth at 30C for 48hr with shaking at 200 rpm. After 48hr, 9ml
of culture media was inoculated 400 ml YPD broth in 2 L flask
and cultivate at 30C for 48hr with shaking at 200rpm. Cells
were harvested by centrifugation at 4C for 15min at 5000 rpm.
Bacillus subtilis T4 (T4) was cultured in a 250 ml flask
containing 40 ml BSM4 broth at 37C for 16hr with shaking at
200 rpm. After 16hr, 5 ml of culture media was inoculated 400
ml BSM4 broth in 2 L flask and cultivate at 30C for 96hr with
shaking at 200 rpm to endospore formation. Endospore were
harvested by centrifugation at 4C for 20 min at 7500 rpm.

Cell pellets of each strains were suspended in 200 ml PBS
solution and stored at 4C. Each strains are mixed 1 day before
supply to the farm (Figure 7, 8). Two forms of multi-species
probiotics were designed and tested in Holstein calves; WPM,
PA-175 + LP-177 + T4 + SB; GPM, PA-GS4 + LP-GS1 + T4 +
SB and all contain about 10° CFU/head in each probiotics (Table
2).
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Figure 7. Single strain culture. Cells were diffused with 200

ml PBS. Diffused sample were stored at 4°C

(PA-WT)  (PA-GS4)

(Bacillus) (LP-WT) (LP-GS1)

Single cell culture

i g g

~10"2cells/L

Centrifuge and stored at 4°C
(200mL PBS)

Mix each strain ~10"° cells per tube

*« WPM (PA-175, LP-177 /SB /T4)
* GPM (PA-GS4, LP-GS1 /SB /T4)

multi-species probiotics mixture (WPM, GPM)

Figure 8. Production process of multi-species probiotics.
Diffused samples were mixed 1 day before supply. Composition
of each multi-species probiotics are as follows; PA-175 (WT),

LP-177 (WT), T4 and SB (WPM); PA-GS4, LP-GS1, T4 and SB
(GPM).
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Table 2. Treatment and control groups

Group Treatment Note
Negative )
Basal diets No treatment
control (NC)
Positive ) . .
Basal diets + Antibiotics Neomycin sulfate(0.01%)

control (PC)

WPM Basal diets + Probiotics 1 PA175, LP177 (WT), T4, SB

GPM Basal diets + Probiotics 2 PA-GS4, LP-GS1, T4, SB

4) Probiotics survivability in low temperature storage

Viable cells were counted during 8 weeks of 4C storage. 100 pl
of each sample was suspended in 900 pl PBS. suspended sample
was serially diluted and cell counted by plating on MRS agar
(for PA-175, PA-GS4, LP-177, LP-GS1; BD/Difco, USA) and LB
agar (for T4; BD/Difco, USA) and YPD agar (for SB; BD/Difco,
USA). MRS and LB agar were incubated at 37C for 24hr (for
measuring LAB and T4) or at 30C for 48hr (for measuring SB).
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2. Holstein calves feeding test

A total of 40 holstein male calves aged 5-18 days were
randomly assigned to four diets groups; NC(no treatment),
PC(antibiotics treatment), WPM(Pediococcus acidilactia PA-175,
Lactobacillus plantarum LP-177, Saccharomyces boulardii SB, and
Bacillus  subtilis T4), GPM(Genome shuffled Pediococcus
acidilactia PA-GS4, Genome shuffled Lactobacillus plantarum
LP-GS1, SB, and T4). Test and control group were fed milk
replacer and calf starter with probiotics mixture (10° CFU each
strain/d/head), with antibiotics (neomycin sulfate) or no treatment
for 8 weeks (Table 3). Probiotics were supplemented twice a day
with milk replacer (6:30 am, 5:30 pm). Calf starter and water
were offered for ad libitum consumption from day 1 of the study.
The schedule of 7in wvivo experiment (Figure 9) and exprimental

scheme (Figure 10) were as follow.

Table 3. Composition of basal diets

Ingredient Milk replacer Calf starter
Crude protein (%) 20 16.5
Crude fat (%) 10 2.5
Crude fiber (%) 3 10
Crude ash (%) 126 10

Ca (%) 0.6 0.6

P (%) 0.85 1.4
Vitamin (IU/kg) 25,000

TDN (%) 70

Milk replacer from easybio and calf starter from seoulfeed, Korea.
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Figure 2. Experimental scheme of the study.

Figure 10. Experimental scheme of the study.
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3. Growth performance

Growth performace was evaluated such as body weight, average
daily gain and mortality. Body weight was measured 4 times (2,
4, 6, 8 weeks of experiment) and mortality was measured every

day.

4. Fecal microflora analysis

1) Quantitative real-time polymerase chain reaction
(gqRT-PCR)

Fecal samples are collected every 4 weeks from each holstein
calf. Samples were stored at -80C until DNA extraction. fecal
DNA extraction was performed as described by Yu and Morrison
(2004).

Oligonucleotide sequences were checked by using the probe
match function of the Ribosomal Database Project software
package (Larsen, 1993) and tested for uniqueness by BLAST
(Basic Local Alignment Search Tool). Primers designed to target
different genus or species and purchased from the Bioneer
(Daejeon, Republic of Korea). The designed primer used for the
real-time PCR are described in Table 4.

PCR was performed with MyiQ single color Real-Time PCR
Detection System (Bio—Rad, USA). Each reaction mixture (25 pl)
contained 0.5 pg of template DNA, 125 pl TOPreal qPCR 2X
PreMIX (SYBR Green) (Enzynomics, Daejeon, Republic of Korea),

05 pl of each specific primers at a concentration of 10 pmol/ul
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and distilled water. The following amplification program was

used : 95C for 10 min, 40 cycles consisting of 95T for 30 sec,

annealing temperature (Table 4) for 20 sec, 72°C for 30 sec and

then one cycle of 95C for 1 min. Total bacterial primer set was

used for normalization of the data. Delta-delta Ct method was

used for comparing fecal microflora composition among the

groups. (Schmittgen, 2008).

Table 4. Real-time PCR primers used to measure fecal

microflora composition

AT PCR
Target bacterium Primer sequence (5'-3’) C) product Reference
size (bp)

F? : GTTAATACCTTTGCTCATTGA Malinen et al.,
Escherichia coli 46 340

R® : ACCAGGGTATCTAATCCTGTT 2003

F : ATGCAAGTCGAGCGAGTG Rinttila et al,
Clostridium perfringens 49 120

R : TATGCGGTATTAATCTCTCCTTT 2004

F : AGCAGTAGGGAATCTTCCA
Lactobacillus spp. 46 341 Kim ef al., 2011

R : CACCGCTACACATGGAG

F : CGAACTTCCGTTAATTGATCAG Mora et al,
Pediococcus acidilactici 50 872

R : ACCTTGCGGTCGTACTCC 1997

F : AAGTCGAGCGGACAGATGG Wattiau ef al.,
Bacillus subtilis 55 595

R : CCAGTTTCCAATGACCCTCCCC 2001

F : TCCTACGGGAGGCAGCAGT Nadkarni et al.,
Total microbes 56 467

R

: GGACTACCAGGGTATCTAATCCTGTT

2002

'AT : annealing temperature ; 2F : forward ; °R : reverse

2) MCK agar assay

Fecal samples are collected from 3 calves selected randomly per

each group. MCK agar assay was performed the day of

collecting fecal samples for live coliform bacteria counting.
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0.3 g of fecal sample was suspended in 2.7 ml PBS. Suspended
sample was serially diluted and plating on MCK agar at 37C for

24hr. After 24hr red colonies were counted.
5. Blood collection and analysis

Blood samples were collected every 4 weeks. Blood was
obtained by puncture of the jugular vein using evacuated tubes
(Vacutainer Systems; Preanalytical Solutions, USA) containing
either no anti-coagulant for serum separation or K2 EDTA.
Tubes were placed on ice immediately and serum samples were
centrifuged 1,600 x g for 20 min at 4C. Collected plasma was
stored at -80C until serum immunoglobulin analysis.

Total serum IgG and IgA were measured by ELISA using
immuno plate (SPL, Gyeonggi, Republic of Korea) following the
manufacturer’s instruction. Add 100 pl of diluted coating antibody
(Sheep anti-bovine IgG affinity purified; Bethyl laboratory, USA)
with carbonate-bicarbonate buffer (Sigma, USA) and incubate at
a room temperature for lhr. After washing 5 times, add 200 ul of
blocking solution to each well and incubate 30 min. After
washing 5 times, add 100 ul of standard (Reference serum;
Bethyl laboratory) or sample and incubate lhr. After washing 5
times, add 100 pl of diluted HRP detection antibody (Sheep anti
bovine IgG; Bethyl laboratory) and incubate lhr. After washing 5
times, develop with 100 pl TMB solution for 15 min and stop
reaction by adding 100 pl of 0.18M HsSos. Measure absorbance
on a plate reader at 450 nm by Infinite M200 PRO (TECAN,
Switzerland).

Red blood cell (RBC), white blood cell (WBC), hematocrit,

- 23 - "]“_E T



platelet and hemoglobin were measured from blood containing K2
EDTA.

6. Statistical analysis

All statistical analysis were performed using SAS (SAS Inst.
Inc.). Results were expressed as the mean and Standard error of
the mean (SEM). Analysis of variance (ANOVA) test and

student ftest were used as significance tests.
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IV. Results and Discussion

1. Characterization of probiotics

1) Anti-microbial activity test

To evaluate anti-microbial activity, pathogen-LAB co-culture
assay was performed. 1.3 x 10/ml of E.coli K99 and 2.4 x 10%/ml
of LP-177 or LP-GS1 were cultured together in MRS broth for
ohr. E.coli K99 was increased by 7, 3.3 and 1.9 fold higher than
control in K99, LPW and LPG group, respectively, after 6hr
(Figure 11).

Also, 6.25 x 10/ml of E.coli 0157 and 2 x 10"/ml of PA-175 or
PA-GS4 were cultured together in MRS broth for 19hr. E.coli
0157 was increased in O157 group but it was decreased in PAW
and PAG group, respectively (Figure 12).

Overall both GS LAB show strong inhibition activity to target
pathogenic FE.coli than wild type LAB.
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Figure 11. Viable cell counts of Lactobacillus

plantaruml77(WT), Lactobacillus  plantaruml77-Genome
shuffling mutants with E.coli K99 co-culture medium at 6hr.
(a) viable cell counts of E.coli K99(cfu/ml). (b) Growth fold of
E.coli K99
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Figure 12. Viable cell counts of  Pediococcus
acidilacticil75(WT), Pediococcus  acidilactial75-Genome
shuffling mutants with E.coli 0157 co-culture medium at
19hr. (a) viable cell counts of E.coli O157(cfu/ml). (b) Growth
fold of E.coli 0157
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2) Physiological test

To confirm whether GS mutant could retain physiology of lactic
acid bacteria, both growth and pH curve were evaluated.

Despite the minor differences in magnitude of the activation,
there are no major differences in growth curve between wild
type and genome shuffled lactic acid bacteria. Thus, GS mutant

has retain normal physiology as wild type lactic acid bacteria.
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Figure 13. Physiological characterization of of Lactic acid
bacteria. (a) Growth curve of WT and GS P.acidilactici. (b) pH
curve of WT and GS P.acidilactici. (¢) Growth curve of WT and
GS L.plantarum. (d) pH curve of WT and GS L.plantarum.
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3) Acid tolerance test

LP-GS1 and PA-GS4 showed better acid tolerance than LP177
and PA175 at pH 2.0 and 3.0 condition (Figure 14).
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Figure 14. Acid tolerance of LAB strains. (a) Viable cell
counts of PA175. (b) Viable cell counts of PA-GS4. (c) Viable
cell counts of LP177. (d) Viable cell counts of LP-GSI.

4) Bile resistance test

PA175 and PA-GS4 had no difference in bile resistance.

However, LP-GS1 improved bile resistance more than 10 times
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compared to LP177 at 4hr incubation (Figure 15).

When lactic acid bacteria were orally administered, low pH of
stomach and bile acid of duodenum are major obstacle for reach
to the intestine. Thus, enhanced acid tolerance and bile resistance
gave better survivability at stomach and duodenum which

consequently more LAB reach to the intestine.
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E
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o -.o@-.. PA-GS4
@ =
o . LP177(WT)
3 100 —e —LP-G51
5

10" | - - - -

0 1 2 3 4
Time(hr)

Figure 15. Bile resistance of LAB strains (0.3% oxgall).
PA175, PA-GS4 showed similar bile resistance. However LP-GS1

showed increasing bile resistance than LP177.
5) Survivability in low temperature

During the experimental period, probiotics mixture (GPM and
WPM) was stored at 4C for 2 weeks until new probiotics
mixture supplied. Therefore survivability of each strain was
evaluated to confirm whether constant amount of probiotics could

be supplied or not.
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There are no differences between PA175 and PA-GS4 in viable
cells. LP177 and LP-GS1 also show similar tendency of
survivability at 4C of storage. Also, I found that PBS and New
media (MRS broth) show better survivability than spent media.
This results indicate that low pH is critical to LAB survivability.
PBS group shows almost same cell number during 2 weeks of
storage period. Finally both SB and T4(endospore) show similar

cell number during 8 weeks.
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Figure 16. Survival rate during cold storage. Viable cell
counts of (a) PA175, (b) PA-GS4, (¢) LP177, (d) LP-GS1,
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x- 2 2] &0 8

TU



2. Probiotics preparation

Probiotics were cultured and prepared in PBS solution. Each
strain produced at least more than 10"CFU/ml. One day before
supply to farm, probiotics were mixed in 50ml corning tube
which contains 10" cell per strain. Viable cells were present as
described (Table 5). These results confirmed that both WPM and
GPM contain sufficient microbes as probiotics. Together, cell
morphology was measured by gram staining to confirm

contamination during cell culture (Figure 17).

Table 5. Viable cell counting in probiotics products
(CFU/head)

Probiotics 1% production 2" production 3™ production 4™ production

PA-175  2.64x10° 3.01x10° 5.76x10° 7.8x10°
LP-177  1.84x10° 1.47x10° 5.46x10° 5.95x10°

WPM
SB 2.16x10" 1.53x10° 2.28x10" 2.88x10"
T4 1.6x10° 1.05%10" 1.85%10" 1.8x10°
PA-GS4  2.48x109 3.33x10° 6.09%10° 6.65%10°
LP-GS1  1.28x10° 1.7x10° 4.97x10° 6.47x10°

GPM
SB 2.16x10° 1.53%10" 2.28x10° 2.88x10°
T4 1.6x10° 1.05x10° 1.85x10° 1.8x10°

PA : Pediococcusacidilactici, LP . Lactobacillus plantarum,
SB : Saccharomyces boulardii 796; T4 : Bacillus subtilis T4,
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(a) PA-175 (b) PA-GS4

(c) LP-177 (d) LP-GS1
(e) Yeast (f) Bacillus

Figure 17. Photomicrograph of each strain. There is no
contamination during cell culture. (a) Pediococcus acidilactici
175, (b) Pediococcus acidilactici-GS4, (c) Lactobacillus plantarum
177, (d) Lactobacillus plantarum-GS1, (e) Saccharomyces blourdii
796, (f) Bacillus subtilis T4
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3. Growth performance in Holstein calves

To confirm the effect of multi-species probiotics on the growth
performance, body weight and mortality were measured for &
weeks.

Body weight gain of each group had no significant difference.
However GPM group showed same average daily gain (ADG) as
PC group (Table 6). Furthermore PC and GPM group showed
90% survival rate whereas NC and WPM showed 50% mortality
(Figure 18). All mortality was occurred before 4 week when
immune system and intestinal environment were not stabilized.
This results suggest that both PC and GPM help to maintain

healthy state and decrease mortality in pre-weaning period.

Table 6. Comparison of average daily gain among the

groups.
NC PC WPM GPM SEM p-value
Calves (No.) 5 9 5 9
ADG(kg) 0.81 0.73 0.69 0.73 0.046 0.3514
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Figure 18. Growth performance in commercial environment.
(a) body weight gain of each calf (dot plot), (b) comparison of

mortality among the groups.
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4. Intestinal microflora composition

1) Quantitative real-time polymerase chain reaction

Fecal microflora was evaluated by qRT-PCR which could check
both living and death bacteria. Relative quantities to NC were
also calculated (Figure 19).

FE.coli and Clostridium perfrigens are decreased in PC, WPM
and GPM group compared to NC group. E.coli is well known
pathogenic bacteria which cause diarrhea, acute mastitis in dairy
cows and food poisoning in humans (BP Bell ef al., 1994; Josefa
M. Rangel et al, 2005). Also Cperfringens is causing food
poisoning and producing large amounts of enterotoxin. The result
of E.coli show similar tendency to MCK agar assay. Especially
GPM is more effective than WPM in suppression of harmful
bacteria because GS LAB not only improved anti-microbial
activity to E.coli but also enhanced both acid and bile resistance.
Increasing evenness among the groups may result from rumen
development at 8 week.

On the other hand, Pediococcus acidilactici, Lactobacillus spp
and PBacillus subtilis which considerd as beneficial bacteria to
host are increased in PC, WPM and GPM group compared to NC
group. Alike E.coli qRT-PCR result, Lactobacillus spp improving
evenness among the groups at 8 week which result from rumen

development (Figure 19 b,c).
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(d) Clostridium perfringens
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Figure 19. Analysis of fecal microflora composition by
using qRT-PCR. Quantities of microflora were represented as
folds of NC. (a) Pediococcus acidilactici. (b) Lactobacillus spp.
(c) E.coli (d) Clostridium perfringens. (e) Bacillus subtilis.

NC : no treatment, PC : neomycin treatment,

WPM : PA175+SB+T4, GPM @ PA-GS4+LP-GS1+SB+T4
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2) MCK agar assay

MacConkey agar is selective media for coli form bacteria known
as a potential pathogen such as FE.coli and Salmonella.

Pathogenicity i1s mainly represented as living cell. gRT-PCR
method 1s based on DNA suggesting that both live- and
killed-bacteria can be detected. Therefore viable coliform bacteria
was evaluated by MCK agar assay. From 0 to 4 week, the most
severe mortality period, NC did not alter coli form Dbacteria
number. However coli form bacteria were reduced in PC, WPM
and GPM at the same period. Especially only GPM has
significance. This result indicate that GPM effectively inhibits

pathogenic bacteria, thereby lowering mortality in early stage of

development.
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Figure 20. Viable fecal coliform bacteria counting. (a) viable

coliform bacteria (dot plot), (b) bar graph.
5. Blood analysis

1) Serum Immunoglobulin

Total serum IgG and IgA level were measured by ELISA. IgG
increases steadily during experimental period due to acquired
immunity (figure 2la). Serum IgA level has no significant
difference among the groups.

Generally calf which feed colostrum has high IgG level and gets
more resistance to disease in pre-weaning period. In this study,
over 6 mg/ml of IgG calves may feed colostrum (Figure 22).

Because IgG level of colostrum fed calf is decreased as time
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goes by (Klaus, 1969). Interestingly, the low mortality of GPM
group is not associated with colostrum effect since 3 calves of
PC group and 4 calves of GPM group were fed colostrum which
is almost same ratio (Figure 22b, d). In this respect low

mortality of GPM group has a colostrum effect (Figure 18b).
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Figure 21. Effect of different probiotics on serum
immunoglobulin. (a) Serum IgG (mg/ml), (b) Serum IgA (u
g/ml)
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2) Blood cell counting

Blood hematological profile including red blood cell (RBC), white
blood cell (WBC), hemoglobin (Hb), hematocrit (Hct) and platelet
(PIt) were no significant difference among the groups (Table 7),
showing that all group remains normal range (Figure 23). This

result indicates that multi-species probiotics are safe to holstein

calf.
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Figure 23. Effect of different probiotics on blood parameter.
(a) Red blood cell. (b) white blood cell. (c) hemoglobin.
(d) hematocrit. (e) platelet

Table 7. Effect of different probiotics on blood parameter.

. Experiment , week P-value
Experiment Trt : SEM
P 0 4 8 Tt Time TrtxT
NC 841 754 1155
PC 8.88 848 9.0
075 013 00315 0.65
RBC, Miul WPM 727 672 820
GPM 847 819 913
NC 786  6.15 845
PC 766 771 851
042 066 0.0002  0.36
WBC, Kl WPM 722 684 877
GPM 708 736 862
NC 1023  7.62  10.55
PC 9.95 937  10.93
0.55 067 0.0001 0.35
Hb, g/dL WPM 919 874 1142
GPM 910 916  10.71
NC 3123 3825 33.15
PC 2952 28.28 31.88
9 260 023 02608 0.61
Het, % WPM 2838 2566 33.36
GPM 2859 27.78 33.02
NC 51460 357.20 346.75
Pt Klul PC  577.90 456.22 403.78 2886 019 o001 0.96
. . <. .
» WU WPM  596.30 490.40 360.80
GPM  594.50 446.00 374.89
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6. Conclusion

The aim of this study is to confirm the effect of multi—species
probiotics on neonatal holstein calves. Two lactic acid bacteria
strains were developed by genome shuffling method as previously
described (Choi, 2011; Seo, 2012). These strains show same
growth and pH curve as wild type LAB, suggesting that genome
shuffled pediococcus acidilactici and lactobacillus subtilis maintain
original characteristic of lactic acid bacteria. Also, acid tolerance
and bile resistance are tested in this study. LP-GS1 and PA-GS4
are improved acid tolerance and especially LP-GS1 increased bile
resistance. Enhancing these resistance lead to more GS-LAB
reach to the intestine and effectively inhibit pathogenic bacteria
than wild type LAB.

It is noteworthy that PC (antibiotics treat) and GPM (Genome
shuffled LAB treat) show 90% survival rate while NC (no treat)
and WPM (Wild type LAB treat) have only 50% mortality.
Although body weight gain has no significant difference among
the groups, GPM show same ADG with PC. In this connection,
Mac conkey agar assay was performed to detect coli form
bacteria which is potential pathogen. Within 0-4 week, the most
severe mortality period, PC, WPM and GPM were shown to
reduce the coli form bacteria, whereas NC has no change. In this
regard, GPM seems to prevent calf diarrhea and reduce mortality
by inhibition of potentially pathogenic bacteria.

Gut microflora was also changed in GPM group. The result of
gRT-PCR shows similar tendency with MCK agar assay in
FE.coli. Furthermore GPM 1is comparable to PC in terms of

lowering pathogenic bacteria and enhancing beneficial bacteria in
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feces.

Based on in wvitro and in wivo examination on GPM with
improved antimicrobial activity to specific pathogens, UV
mutation and genome shuffling approaches can be applied to
develop novel type of probiotics for a wide variety of animal
diseases.

It is expected that this multi-species probiotics can be used as
valuable alternative to antibiotics in the environment—friendly

livestock product and antibiotics free farming.
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