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Abstract

The status of probiotics is increasing worldwide and the range of application of
probiotics is also being extended to the livestock industry. The use of probiotics in
the swine industry aims to improve animal health and productivity by forming a
healthy gut microbiota. Intensive pig breeding, a common breeding method in
modern society, causes physiological stress in pigs, resulting in imbalance of the
intestinal microbiota and dysfunction of the intestinal barrier. We conducted a
scientific research on the properties of probiotics for multi-strain probiotics (MSP)
and observed the economic benefits and efficiency of culturing MSP through a
self-cultivation system in livestock. Initially, we observed alteration occurred by MSP
application in the gut microbiota of pig. MSP were characterized to have resistance
to digestive juices such as gastric acid and bile, followed by colonization in the
target organ, the gastro-intestinal tract (GIT). In addition, MSP was also confirmed
to have antibacterial ability against pathogenicity that most frequently infected in
the swine industry and showed low resistance to antibiotics which means guaranteed
stability when added to feed. The growth rate of probiotics in the optimized medium
used in the self-cultivation system was suitable for efficiently and economically
culturing and feeding pigs with high concentrations of probiotics, considering the
ingredient price and the growth efficiency. We observed the significant alteration of
gut microbiota of pig by application of MSP. Importantly, the MSP supplementation
significantly increased the beneficial bacteria genus of Bifidobacterium that confer
a health benefit to the host in pig GIT, whereas decreased the number of harmful
bacteria including coliforms. In addition, MSP influenced on the uniformity of gut
microbiota at both of sow and weaning pigs. Taken together, the application of MSP
with high concentration of probiotics using self-cultivation system may critically
improve the pig health by regulation intestinal microbiota.
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F= Aol FBA = Al Bad 21 lste] BieA
& o]l 7}=]o] Eo] ARGEQIT o]t A AR A8
Al W Hed 4 Agolu F ABARROIAS] A 2 5
I 22 FAFOE Qo] A AAIHCRE 715 APAtolAe] 84
O] ARE-S THAIsE] AlRketoitt (Hazards er al, 2017). 3H=tollA
T 19979 YA ARE FAIE AL, EA) HE Al A8A
ARgo] A FA AT (Do er al, 2020). o3t Hish= Al d
& A0} HAkgo] 371 2 558 R Aol Tl o
2t AAIA &40 LE= QtHHayes et al, 2002). ol2{3t &
ARl sidska, = 419 BAEE sl flst PR
A 4= o= AA dAEe] A=A ok

A AA dAA 5 A Al(probiotics)= Akl PYEE
39 Al 71500A 3840 FFE vlAE HR AR B AFEH
7HAIE LIICHAFRC 1989). YRR AAZoE ol gu= A
TA= Bacillus, 8% 18|11 AARE BABK= Lactobacillus,
Bifidobacterium, Enterococcus 5°1HHeo et al, 2013). &
= ARdoIM Q) BHAE AMEShe A2 73Rt AW nE oSS
Bt 589 A BAIE MAske AL BXEE ST
(Kenny er al, 2011). 53], @A URHI ARS WFAIQ1 HoFY
HIA] AR HPAZ =R oA AA, BEd AEHAE FE6to
AU s 439 E43= ook, A AHe] 7ls AolE &
oo} BAMIS ASHAE 4= UtHMoeser er al, 2007). A=A
9] Fol= =X U vBE #F-2 Mo EN JHE Y
Al® 88 5 371712 (Min and Kim, 2002), o]-gAR=ofA=
& IdZ SRkl A 74730 0|2 JFE Fol 71 A
ZAIAETKShin er al, 2019). B4t ofe}, AHAIQ] Foi=2
Qlsto] =7 17]19] FE-E 7iHe & At Chang er al, 2018).
Folle Y Y= ARl EASH= oot Re7tAE A
TAIE olgst Skl AE AW AHlan er al,
2016).

SEARE A Q1717 A S7IePEA Aol o
o Aol ZHkE A8 ol tigh gElglo] 4
QlofA FEEsHA ARGEL Sl 11 o]%&, A
I AR A4 7]6ke] ARG ETH= B o] 7]eks] AL
o, of2igt LAY A2 #ol Higt B 5
Yz}, 53004 A2 o I gl 2HE B 4 AUkBosi
and Trevisi, 2010). TEhA 2599 HHA] Aate] LA A&
2 gt Beky A 7|eket 7t a3t Aol whbA
# A= multi-strain BAMSP)] et 2t #520] B4 &
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oI5}, A7IfFA|AEl(self-cultivation system)S 53¢ MSP &l
¥ AV 8843 ERIsHiom, MSPe| Ao = It HiA|
FU v E 459 HEE RARSEIAL ST,

=z 2 U

AE dF

E Ao multi-strain probioticsOll AREE Lactobacillus 4
Z(Lactobacillus acidophilus LA14, Lactobacillus salivarious
167, Lactobacillus plantarum LP11, Lactobacillus fermen-
tum 216)& B ol ZH=9] B#oA] EE|ict. WA 10 g9
EHS 0.85% NaCl solutiond} 1:9(w/v, v/v)] H]&Z &oj&
%, homogenizer(JumboMix, Interscience, Saint Nom,
France)E AMgoto] 28 &< 43} ofoitt. E3tl RS Fot
o] AJAa4(0.85% NaCle AHgoto] A& 3j4gh H, de
Man, Rogosa and Sarpe(MRS; Sigma-Adlrich, MO, St Louis,
USA) agar©]l 0.005% bromocresol purple(Sigma-Aldrich)2+
0.05% L-cysteine(MRS-BCP; Sigma-Aldrich)& 73t MRS-
BCP agar plate©l] S|4 100 pL¥ EFato] T2 H 37C
o 48AI7FE2t HiFelGitt. vl F FHo] ke g Hol=
colonys< T2 AEsto], o] 2 MRS agar plate©]
streakingote] @Y colonydZ &RIsiitt. £2gt 52
10% skim milk(KisanBio, Seoul, Korea) € °]&3}o] -80T o]l
A BIet0o™, 16S rRNA sequencings 53l @55 5795}
it

Lty 3 LESSE Gt

Wikdah Wes/del tiet R4t A2 Jacobsen et al.
(1999)9] ¥HiollA 2zt g7gsto] ZP=|Qiet. WidZ A
98l AbAdslE MRS broth(pH 2.5)°) pepsin(Sigma-Aldrich)&
1,000 unit/mL7} H=E H7fsto] Q15 YA 2/dsilch. Wi
E4 A A1) Yall MRS brotholl 0.5% oxgall(Sigma-
Aldrich)& 7}ste] Aol EH|=l= F54tt fARE &4
Azsioict. AV} G54kl et AAdE ERlsh] sl Wikt
= AT T 37CoA 3ARE HjgRE & =& S7F061910H, Y
HEAe gRlolr] sl HF F 37CoIA 2441 vk &
SpectraMax ABS plus(Molecular Device, San Jose, CA,
USA)Z ©l-&3l ODguoClA & STt

2y

/g <toll df

oo
EN

ok
i)

L

S ATY

o
@]
<
D
a3
&
OII
E
o
ofm
=)
J
o



[0

Y HEY WHIGAIAES 0188 Zgh Yok| X8 A+

SFKBalouiri er al, 2016). BA =HAJA 7FY H#AR1 ¥
Ay T Listeria monocytogenes EDG-e, Staphylococcus aureus
Newman, Salmonella typhimurium SL1344, FEscherichia
coli EDL933) olgsto] AHS XaFelHLt. S aureus Newman,
S typhimurium SL1344, E. coli EDL9332 BD® Tryptic Soy
Broth(TSB; Fisher scientific, Hampton, NH, USA)°] 37TollA
24 A7t =9t viBIH A, L. monocytogenes EDG-e= Bacto™
Brain Heart Infusion broth(BHI; Fisher scientific)& 0835

of 30CoflA 24417 B2t HjSIRH. Overnight BIFE AN
vjoyol 10 xLE MRS agar plateo] BO]EH & 37T ol|A] 244
7k &2t wiFordct. it ARt ol Z42+9] 0.8% agar®t 24
AlZF B9t wioFet indicator YA o viF o] Sha TSB agar
o} BHI agarg E3Eoe F o] B 9] v 2=k ARt
of] ZtA wiFettt. HFHOE Yot B4 52 FH W=
F5e §9) 52 S7Fste] B7elSith

N Lhd

FRYA| Aol dist 8L disc methodH o2 75tk HA
37CoNA 24A17t B viERt AR BiFRS MRS agar plate
of 100 L& £ ¥ TX51th =2 $ BD BBL™ Sensi-
Disc™ antimicrobial susceptibility test discs(ampicillin,
chloramphenicol, penicillin, tetramycin 5 % 4% Fisher
scientific) plated] SHE F 37CNA 24A1%F B3t vigs}3d
o} A gt WA disc FHO A7+ 938t &9 A5S
Z7sto] Hrkslgit:

Caenorhabditis elegans £ 52 M7}

C. elegans & °1-83t A9 35 Aoll= CF512 fer-15
(b26)II fem-1(hcI IV7Y ASEJL). C elegans= E. coli OP50
o] F3% nematode growth medium(NGM) agar plate®]|A]
F71H 08 v 1l fASICH, BE C eleganse 25T OIA
wiFslHtHBrenner, 1974). T3t C elegans 2 Ao)A9]
bacterial colonizationg &RI5}7] Yaf], o] 7]&H HHo|
ROl 4782 7I5te] C elegans 7] bacteria 5 Sttt
(Aballay er al, 2000). ®A, overnight BIYSt SAkFS L4
25 o8] 5=t H M9 buffer(l L of dH,O: 3 g of
KH;PO4, 6 g of Na,HPOy, 5 g of NaCl; autoclave & 1 mL
of 1 M MgSO4 H7hE ol-&slo viefhS 53] Al&siE § NGM
agar plate(nystatin 5 pg/mL) $9°f 200 pL E5F3l0] ARA|
A} §AFo] 3% NGM agar plated] C eleganss A 2|5t
T 59 B HIFAR] & 10919 C elegansEs TSI A8

/H04a 0

KoLage”

5l M9 buffer2 23] Al&stoitt. Aldo]l A=% C eleganss
kanamycin(100 pg/mL)¥} streptomycin(100 gg/mL)o] 3t
¥ BHI agar plate®] 45 5 gentamicin solution(25 ug/
mL)ol| 587t LE3AIA FoH, 2 ARA Y] A3t H|wE 3t
positive control 92 Lactobacillus rhamnosus GG7} A&

At C elegans= M9 buffero] 53] AlA€ & M9 buffer(1%
Triton X-100)7F ©A%YE 1.5 mL Eppendorf tubeZ &A%
Z pestle(Kontes, Vineland, NJ, USA)S A&3to] 7|49l 3
o7 Ba=oitt. 24 C elegans solution 1< 343t §
pH 5.002 ZAH MRS agar°] E=3Est0] 37T 48417k 59

ujFst 5 colony countingS AAISHAT.

Multi-strain probiotics(MSP)2| &% 20 L Alz 24
AAA 13HH 0 & MlElo] 2ot vl 459 Lacrobacillus
£ o|F B0l AL g AARE Bl 57 AAIH o= 24
HYE & AFEAR 0.5% H7HE0] 2 3E( Y, 2%, A
2 AIR)E HAoA FFE o, ARF AlsE 50TolA wEt
ShH R 12% olotz AR =|UrKFig. 1). MSPY] Adsta &
THQ] FFE A&H 0= FRlstal Bolr] Yol s7dol Folsl
1 Qe oY Alae 7 3EAE, 259, 14X ARE AFHE
o] AFA Yollx] F718902 TRt Z79] Al=+= 50
mL conical tubed] AFEA, AF] FL A4S AgstoH,
sampled 34502 B2 AYP=|Qct. Ua A=Y, AXY)
= gl 1:9(W/V, V/V) Bl&= 4l01% %] homogenizer
£ ARg3o] 28 59t 124 #AsA Fiot FE5HE solu-
tionS U< 34 3t T MRS agar plateo] 100 pL £33}
33 % 3700 48417 B wiFsioith

Fig. 1. Schematic diagram of how to feed MSP through self-cul-
tivation system.
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ST A7HISAARS ofst BiX] =
S AHA| S gt AA wiA AAY 2 &
AGANA Lactobacillus T2 BMig= 3l YRHH O = ARGEl=
MRSEjZIQ} BlwEA S oFitt. A BiA]= molasses 1%, glu-
cose 1%, yeast extract 0.2%, salt 0.2%= A=A M, 484
V59t ¥k 459] Lacrobacilluse MRS BiR|e} A vjR]of
7Y 1% HETE T 37C oA 48A17F B1% viFob, 24417 &
oz F 52 ZHFE F 5 BAL 2719 solution A 34
gk ¥ MRS agar plate©] 100 gL #5510 =123 5§ 37TCo)A
48A17FE 7t HiFste] 2A1519iTt

II‘LH |]| E _,_A‘l

MSPE9 533 4t 549 HZ] AW microbiota®] micro-
bial populationg BT EA517] 93] R} AH=0] BHS X
Foto] EAslt. Z47e] B3 A% A= o Uee i
S sample bag(19%30 cm, 3M, St, Paul, MN, USA)Z 0|83
of JFstiom, AFHE MES A5 TY A6 AFE &
H 25 g7} 225 mL9] AEXE4E 4]91&F 5 homogenizers
ALgsto] 287 7ot HASRE H, A4 3145kt Aerobic
bacteriat AC petrifilm(Aerobic count plate, 3M, St, Paul,
MN, USA)ol| 1mL £33t 5 37C oA 484171 ¥istod colony
countingd] F%Jtt. Yeaste= YM petrifilm(Yeast & Mold
count plate, 3M, St, Paul, MN, USA)°l| 1 mL 53t F 25C
oA 72A17H59t wieFst ¥ colony countingdtHEr. Lacto-
bacillus= Acid-MRS(pH 4.5) agar plateo] Z=8slo] 37C oA
48A17F B9 HioFst H counting 3t CFUE &£45351%0oH
Bifidobacteriunre Bifidobacterium Selective(BS; KisanBio)
agar plateo] =I5t 37C] 72A17F B 85t colony
countingdtHtt. TS Coliform £42 BD Difco™ Dehydrated

Acid tolerance

g

15
OH

24H

g

1.0

8
ODgqq) Value

0.5

Survivability (%)

Bile tolerance

OIZX| - 2% - OJ3tiL - B - QA - 2Y

ol

Culture Media: Violet Red Bile Agar(Fisher scientific,
Hampton, NH, USA)= ©o|-&5to] 35T oA 48A17F5<t st
5 colony countingdt% .

2 1

MSP2| probiotic £
AAAZE AWlA L 7152 ¥gs] I9fsty] Heiile 13442
Z Aol Fole AT As7|iE S35l B9t AFESHA] &
T Aof| TEdfok SttH(Fuller, 2012). & AToAs AldbE
MSP w57} 23|18 Batste] &L &= Sl +5 BV
floto] Wikg 2 W53 B716titHFig. 2). kel thek 48
&8 S45P7| gt pH A4 AZolA L. rhamnosus GG
oF 100%9] WEES HH oW, L. acidophilus LA14E A3t
Y2 3719 FF7} L. rhamnosus GG HISeE E2EE B
o} thgo =, didoli BH|E= dgatol gt AHdS S5t
7] 9lgt IgA A ARolA L salivarius 167%0] L
rhamnosus GGEE TEAE A/@4d0] RA Ui on], LA] 3
22 . rhamnosus GGET} &2 G54 AFAAS YeRAU
02 AuoX 9 §2 58 B716l7] SIRIC. elegans 33
F2s AYOA L, salivarius 167 ALJS UWHA] 359 47t
C. elegans®| & colonization oF= Z& E9Ist4tHFig.
20). wEhA] 9 A9 AEA MSPoY| AR EE fAREEo] Al
ol Foi=fols of Astlo] tigt AHds 7l & SR
Aol dolal, Ao BEHoE 6l AR wkErh

MSPQ| &t 2} SNl Xgkd Hot
AA Fol= 594 o] AUl mucosadl] F2kek= 2 LA,
B w9 S AsiAA AW B o FES dokEtk=

R AR Ly B W

Adhesion ability

Log. No CFU/mL/worm
n

T T (1]
> N &

¥ g &

NS
SR T S

Fig. 2. Characterization of MSP probiotics (A) pH resistance (B) Bile acid resistance (C) C. elegans adhesion ability, L. rhamnosus

GG was used as a positive control strain in all experiments. The data was analyzed using two-way ANOVA; mean+SD ™

42 | https://doi.org/10.35732/ctlabp.2020.6.2.39

p<0.0001.



5% 5y AHIGAAHS 0183t 28t 47H Hg o7

o]d AE9] Ha17} ItKRoussel er al, 2017). In vitro S
oA B [actis Bb12%} L. rhamnosus GG= @0 & F= 35
sto] SR NA FA=RES W Saimonella, Clostridium, E. coli
7t ZW mucosadl] F&EE AS Wofotitk= Eart il
(Collado er al, 2007). & @04 MSPe] &4 24517] 9
off =jA] AkdollAl 7HE 7ol Eol Hi= e o 430l gt
MSPQ] 3t &4 5382 E4oI9Y. L. rhamnosus GG H]i
o) HOkS W isteria monocytogenes EDG-e, Staphylococcus
aureus Newman, Salmonella typhimurium SL1344, Esche-
richia coli EDL933°] Hgt 459 ABtAlQ] o+t 24 o] H]
L3t &2 HYow, ESJ| L acidophilus LA14 = E. coli
0157:H7] tigt g+t &4 580l H =2 A= RIS
(Fig. 3A).

2] ARAolA A gt AY/dE 71K bacterias= 11 98
3t 4% QAE T UK Austin er al, 1997). MSP7} opFa] &
< 7152 7HAL QAL Aol 3784Q1 axkE Wikl shH
2t Al gt A/dE 7ML ke AME TRE oJu]E
AFS & SItH(Park, 2003). ©HpA & AtoflA Aol gt
MSPY] A3 459] AR &RISIATY. L. rhamnosus GG
O} v|wal HokS Wl L. salivarius 1673} L. acidophilus LA14
9| A% L. rhamnosus GGOl| v|sto] thh Ag/o] w2 F o2
UePtoY, . fermentum 216% L. plantarum 1P11& L.
rhamnosus GG} |53t £2& Hole Z& ERIsttHFig.
3B). WA MSPE Al=oll H7tste] Fofsials 4% Al
thek AgHdo] R AS gRlste] olof| thet L thh W
ZHog WAE Tt

5% XTHIYAAYS 0/23t MSPY| 30
22 A Folrt B9 WS ZAAA 2302 9

A Antibacterial activity

504

LGG

= 1 167
£
£ ] 216
2 = LA14
g 20 = P11
L
T

2 s
& & W3 3>
a@ .;\0"\ o &
o ) & o
2 < o o
) 0 &
& o .c\Qv
& 51

5,

he

3

o] BAMGE F7HZITE B2 A7-E0] HuE QtHKim et
al., 2015; Yang et al, 2015 ). olof] w2}, e AoAE o]
3 BHAIE w71l A8t 22}do] Hola §lout, Aol
thgk et ofsiglo] Fofohs HH O R AHAY FolE B3t
FEHo|1 FAH BHE 7ML 4 fltke Ak BalEa
QtHBosi and Trevisi, 2010; Li er al, 2012). WekA] £ Alslo]
A= MSPE] B312o] 1 5849 vk FoiE siA 8 A7t
HiA 28RS 5 MSPE 578 AAIA o= vk 2 FofT &=
© A&EE AABIAKFg. 1).

FRoA AAH o2 BHAIE BigFolr] A= Bl AeE
HjZ)9] A1t Z&do] F85H wWetA 2 AolMe %
A7 PRI Aol A MSP v el ARES 24 A #iAE 73l
o, AWHOE Jacrobacillus®] BiGol AH&ElR= MRS BiA|<}
9] BlwE B9l BEAT BAVGE SRIotithFig. 4). 24 A
HiZ|ollA] L. fermentum 216S ALJs UHA| 359 Lactoba-
cillus= MRS ¥ A|2} B|1sto] Ag7to] vlw A Adh= Fks B
k. ARt L. plantarum LP11 @2 AT AR 1x10°
CFU/mL °o}d9] /87 Holil o, B7dolx FAE AHA| Hl
Folr] gt viK =] AAV YT o Y 5SS o At
Shal AbEE

HHRA Foi== AlmA Y 2] T BotA7E AjelA A
2 7152 3= 3ojA £83%F 240t Bosi and Trevisi,
2010). & Aol 57 AVHIGAI LTS Bl vidE BAl
£ 7 594 A=) -8oto] YRS o 42 BAAY
$E S4oI3tHFig. 5). w50l H7k=lo] Fol== fermented
feedofAl Ba 1¥AlE= 5x10° CFU/mLe] BdAS] & S5
BYAE, gego] A Faste] Ta 4430l 1x107 CFU/mL
o] e Btk 1Y AlmollAe] AAY # = da 197
ok 8x 10° CFU/mLo| It} A} Z7}slo] wh 4ARjol|Al oF

\

L

B Antibiotic resistance
25
LGG
20 167
[
E s 218
& = LA14
E 10 = LP11
0 ! — . —
P
&Q\ g & @4\
v & R <&
o
o

Fig. 3. Characterization of MSP (A) antibacterial activity (B) antibiotic resistance.
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A
Optimized medium
10+
167
I 9 e, g
_El - M““-Hk_,_ + 216
5 [ E ——§ LA14
e 84—
o I - LP11
2 N
(=]
S e
5 T
0 1 2
Day

OISAl - B2& - 03t -

B MRS

10

167

I 9 S s (T
£ R
5 / - LA14
o i - LP1
e 74
d +
S e

Day

Fig. 4. MSP growth comparison between optimized medium and MRS medium.

A B C
Fermented Feed (Liquid type) Fermented Feed (Solid type) Fermented Feed (Dried solid type)
104 104 Frn 10

= = - 1 = 8 i

g 7 g ° 2

3 w

r 64 I‘:,- 6 S 6

S = °

2 4 2 4 z 4

@ g 3,

S 2] = 2d

0 c u ¥
0 T T T T T T T T T T & &
) B 3% ) el ) 2 ) ol & & &
PRI I I L ., & o

Fig. 5. Quantitative analysis of feed fermented using MSP (A) Fermented feed added to drinking water, (B) Fermented feed added to
solid feed, (C) Moisture content less than 12% at 50C Dry feed. The data was analyzed using one-way ANOVA; mean+SD ~~ p<0.0001.

9x10° CFU/mL7HA] 37 Z71eK= 43& Bt olst 13
fermented feedolX1S] BatAlQ] &S Lactobacillusz 13
Al aE Fdst & 4 kS Ao 7|diEkKenny er
al,, 2011). &3t 7oA BLAE Folohst] olA gukgo
2 717 A= B3to] 7Rsdof gttt olE oA fermented
feedS AXANA FEIFS 12% ol5tE WHS 4L AAAY
o 5 S5, oA T 7|7t Bato] 7RssHAAE 11 7]
59 AdHoE |AE & USAE Ielsilet. 1 ZAd A%
A3} T fermented feed?] A4S o o= F BF ZF <F
1x10° CFU/mLE ZA23& AXE FFA9] + Foll= 7914
Ql AJolE Holz| Aoitt. ApHow MSPE F7iste] HigRt
fermented feed= Wa7} AYP== 59 1x107 CFU/mL o4
o] WA & 5 481901, E3] ¥ fermented feedol|A]
£ 1x10° CFU/mL o9 &2 gk Uehfo] 1sro] A
AE =AM FoS = U= 73S AAISIAH. E3F A7 I7E
HES 9t AXIPFoIAME AL & 9] THAE HolA] &
of, oA sl BAAE F77F Biot o 4 Q=
7hsdS AARE Ao WRE QI

44 | nttps://doi.org/10.35732/ctlabp.2020.6.2.39

MSPZ0{Z QIgt &iX| i microbial composition2| &}
2 AgolA= MSPY Foi7t =R A mlE dFel A=
FFS o] s MSPE Foigt 573 FolobA] g dut
&4 719 H=3 o] RARES] BN A vlE 5ol thstod
| W EAS AXSIIHFig. 6). 11 A% Bifidobacteriume A=
oflA] MSP s} Uit 578 719 FoARl o 4= AlelE HolA|
QASIAGL, H=oflA MSPE Foigt 57golA RH o= Bifido-
bacterium 57} © B2 AL ERIsIAHFig. 6C). Lactoba-
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7} T o] iRt} At 7He] foA]] AjolE HolA] ¢k
on A=oAE A 4x10° CFU/g $&9] # 42 Uehlid
F 5% 1 fY40 o 4 Aol HolA] YUSItHFig. 6D).
Coliforme G4t 5749] mEofM 9] ¢ S 5% 10° CFU/g] ¢
5 HAOoU, MSPE Foldt 5golAle 6x10° CFU/gS & 4
£ Ho] §ox 07 *2 microbial composition®] ATk
(Fig. GE). T3t gt 5749] 2= EHolA Coliform 1x10"
CFU/g9) # 45 Eou, MSPE Joidt 49 A< 6x107
CFU/g9 o & Ho HE=o|49} Zo] fojZ 0= Y2 micro-

jus
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Fig. 6. Comparison of microbial composition in pig feces in farms fed MSP and general farms, (A, B) analysis of microbial composition
in pig feces in farms fed MSP and general farms (C) quantitative analysis of Bifidobacterium in fecal of sow and piglets (D) quantitative
analysis of Lactobacillus in fecal of sow and piglets (F) quantitative analysis of Coliform in fecal of sow and piglets. The data was

analyzed using two-way ANOVA; meantSD ~ p<0.5; ~ p<0.01.
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