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Abstract

In this study, we aimed to isolate beneficial bacteria from the feces of a weaning piglet
and a sow under anaerobic conditions using three culture media types: brain heart infusion
containing cysteine and mucin (BHI-CM), de Man Rogosa Sharpe medium containing
cysteine (MRS-C) with adjusted pH, and blood liver containing nalidixic acid, paromomycin,
neomycin, and lithium chloride (BL-NPNL). In piglet fecal samples, total viable anaerobes
were 6.71, 6.14, and 6.22 log CFU/g for the BHI-CM, MRS-C, and BL-NPNL media,
respectively. Sow fecal samples exhibited slightly higher counts of 8.54, 7.41, and 6.15 log
CFU/g for the BHI-CM, MRS-C, and BL-NPNL media, respectively. BHI-CM was the most
suitable medium for isolating a diverse range of bacteria present in feces. In the MRS-C
medium, we could selectively cultivate lactic acid bacteria. In contrast, we failed to isolate
any Bifidobacterium species from any fecal samples using BL-NPNL, a selective medium
for Bitidobacterium species in dairy products. In total, we successfully isolated three
probiotic candidates: Ligilactobacillus ruminis SY1, Limosilactobacillus reuteri SY2, and
Bifidobacterium boum SY611. These strains exhibited strong resistance to bile and acidic
conditions and demonstrated a high adhesion capacity to epithelial cells, suggesting their
potential for intestinal colonization.
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9 109709] Z(species) P& WY, 1 5 Firmicutes, Actinobacteria, @ Bacteroidetes
< AA Al 759 thFE-ES ARl HarsigiH3).

9, AUz, 9 31} 22 279 A, ol5Y AUrBES ZR5E 9 84k Edfohe
@714 Mito] oF 5.4x10° CFU/g feces 5502 ZA3ITH5]. o] A= o= €714 Mt
o] oF 1.0x10*'° CFU/g dry feces == A8}, 57|14 Al <F 8.0x10° CFU/g dry
feces 9| FH44E HLITH6L

=2 A vBE ol oF 1,7008t 7 o] nlBE AR RSl s AoE 45
™, o= HA] ARz2] 20,000-25,0007 A} 5 23310] %52 7204 7152 AT
E5] g5 nES HAZE AAF R A0 4= gl Aol HBlEE tiAlste] ofjRjdo R
Agsls AE S olF ol A=Y U wdE 2 wl=A Halsk, o] IFgojA
Proteobacteria 3} Bacteroides 2] n|E0] 74811, Prevotella, Roseburia B Succini-
vibrio 49| HE2 F7IRITHS 9l

AT Rl AR oA = 25-ete] HEol AlRtEER, A= AU ndE 42 2= Y
nBE 240 A S w=tH10]. A=Y U nlE +32 F2 Frmicutes?t Bacteroi-
dota 9] AIHFEE 350 3o, ol HFE =0 =2FE Hud Zo|oH11l.

AR Tagol wet H=0 ¥4 7] @5 9 AR=9] 7] olft AldE A, A=Y AW nE
#50| EtFoiR| AL AL HAEC| 7ok BAIZF UERdTH12). Zf 71710 T2 ofn]ZojA
TaEe HIEAY AHEE AarA A=Y WY Aot @ A nlE B EE 2 &
UTH13].

E3E ol IAollA Ap=o] F= AEH A= AW FRAFS AL Costridium 43+ 22
71815014 e Al S7HIXIH: ol2feh M Alete] $412 4 Aut Ul 85 v Rdet
of g (villus) ¥I5 2 Fl(crypy)?] HIhE S
o[ojXIck.[14]. AAIA] 7159] &gk ot WS SR A7|7] fiote] a4, 3 HepolE,
718 B4, A 5 e 7164 AR =] ARELL SiTH15].

olo] & o= HET o] fARES] EH EAck: HBES RAHLL, o|EERE §-8 1]
AEE Basto] A A7FE /AT o= Qi Alqf Z2H0| QA T JANLS BAIstILA} STt

Akt BEE A% el AR AR 3%9] HiAE ARESIIEH16]. BHI-CM(Brain
heart infusion-cysteine-mucin; pH 7.4) ¥iAli= 28 Fol 2Ack= A4 v8E 284S AR
7] 9ol AR&-5HH.2™, MRS-C(de Man Rogosa Sharpe-cysteine; pH 5.0) HiZ]&= £ F9] &
AbtE ZARRAF ARS8 BL-NPNL(Blood liver-nalidixic acid-paromomycin-neomy-
cin-litium chloride; pH 7.2) 8jR1= LR&-FAEY Bifidobacterium & AESH= AR 2
Z A=A Ed17], & AtoMe B 59 Bifidobacterium 4& E2[otAF ARSI

9 Alas Aefde JEd A4 5304 AR 591 BEEARDT} o] §AR=(0FT, R
Tk HA B2 9714 SAHo R AR 314 F Z42ke) Hix]of Tsto] 37T oA
72417t 52t 97 K Bugbox; Ruskinn Technology, UK)gt § 3ulA z2ks Balsiqich. 745
9] 5L 93t primer= forward primer(27F, 5'-AGA GTT TGA TCM TGG CTC AG-3)
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9 reverse primer(1492R, 5'-TAC GGY TAC CTT GTT ACG ACT T-3)& ARSI, 16S
rDNA 434X G714Y E4(Solgent, Korea)= 319 NCBI GenBank H|o|E|#o] o] 2% A
i} Blws) X 575t

3. LIgEMY ¥ Likky "It

WEEAMI2 0.05%(w/v) L-cysteine®] Z&HE MRS HiZ]o] o]z} B3t oxgall(Difco, USA)
|HE 0.3%w/v) FEE H7folo] FH[RE &, fANF RS HFoto] Brelgit). Algs 37C
oflA 24A1Zt viFsli o, vk & g S7Fste] BrelSith

WA B7R= MRS iAol 0.05%(w/v) L-cysteine®t pepsin(1,000 unit/mL, Sigma-Aldrich,
USA)E 3719t th pHE 2.58 27gste] A nES oF 1~5x10° CFU/mL 502 HE%
T, 37ColA 241%F B3t Bigst] BukrE SAsIth

4. R HHIOME RS Tt

HT-29 Al#+= DMEM(Dulbecco’'s Modified Eagle’s Medium, Gibco, USA) Hi%]|E o]-&3}o]
37C, 5% CO, 24 slolA] Al ©3o] F4E w714 BiFstlet. o1 2t welloll A7 7 =
A & DMEMO& 9F 1.0x10° CFU/mL 5%7H] @55 dEsto] 453t H, 37C, 5% CO,
ZZ00A 2A17E <L BiFsteltt. vide] = Fol= FAER] o2 72 AAs] s PBS
buffer® 33] AAsIItE 0.1% trypsin-EDTAE AZsto] AlZE wlojd & 0.05%(w/v)
L-cysteine®] 71 MRS HiR[OlA 37T, 48 h ISt &7] wijuste] A4S 71519tk

5. 84 =4

2 79 e AT 33] BHEslo] 94519 om, A3 A= SAS softwareE o850 £4
oIt S9] Ao+ Student’s testE E3 H|ws.0H, SAA Fo43L p<0.05 o)A
gt 18].

21 ¥ 1
1. 28 0= 3ot
35<] AeEiRlolA Briet 29 Wl @714 Alte] & Ad<= Fig. 100 AAE Bl A ol

A}E=0] Bol| A 9714 u]PE-S BHI-CM, MRS-C, 9 BL-NPNL ®iAo|A 22} 6.71, 6.14, 9
6.22 log CFU/g fecesZ YEFHTHFig. 1). ¥HH, TE0] BHolAE SUet wix|olA] 22t 8.54,
7.41, ¥ 6.15 log CFU/g fecesC& Uy, Hgtd o= n=0] Biio] o]gA=0] BHKt) thh
E2 A4S By

Table 12 7t #ixjoA] Heto] e € 37] 5 AL &, 48w EZQ1 Ao +5 vepd
Zolc}, A=} mERoA Z47F 133709} 146719] A o] Jehs A5} om, BHI-CM HiA]
oAl 1397, MRS-C ®i|ojl4 707H, BL-NPNL 8i#lolA 70749 FS Belsigict. 48w 2=t
< Zh vjR|oflA] Al Biget 3 16S rDNA AEEA 02 543t A} 2052 SRIT 5= 9lor,
72709 FF= ulsd AEE okt vle 22 BHI-CM HiR|oflA] 71 o] Eej=|glom,
o= 23o] ujEd #F Hl&S BHI-CM, MRS-C, @ BL-NPNLoJAl 27} 18.4%, 14.9%, 2
8.6%= UEhtaL, A= BHolA= 242 42.9%, 37.1% E 28.6%= T =2 HI&S HAt 1|sF
H AHE2 34 A B4 B3l speciess 7ok ATt

Table 2= H=3} oA=L EHoA B3t nBES 5783 Zxjo|th. BHI-CM Hix= HA
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Fig. 1. Total viable cell counts of anaerobic bacteria isolated from the feces of a weaning piglet
and a sow. The anaerobic bacteria were anaerobically enumerated using brain heart infusion
containing cysteine and mucin agar (BHI-CM), de Man Rogosa Sharpe-cysteine agar (MRS-C; pH
5.0), and blood liver-nalidixic acid-paromomycin-neomycin-lithium chloride agar (BL-NPNL; pH 7.2).
Values represent viable cell counts (log CFU/g feces) of anaerobic bacteria isolated from sow feces

(@) and piglet feces ().

A7 AldE AN 22 B @71 AEEE Eddole] F 1789 Aol HESH
BHI-CM HiZ] A= 0.2%2] =3} 0.5%2] mucing H7FH7] HE0] mucing EafskA
olZ ol&T 4= Q= wE0] A & U= TE= AFsISiH:. ol=fRt 24 slollA Selenomonas
bovis?} Bifidobacterium boum Z2 d55& AW 4= YTt

Tailford et al.2015)2 Z= Al mucing A7I13t iR Akkermansia muciniphila®+
22 B Alte A& 5 101, mucino] TSR AU RIA8E9] vl At S AlsRttiar
RISIAH19]. o]+ A AldE°] mucing £all8k= sialidase, fucosidase, ¥ sulfatase® 2
< 3AE B/ o] mucing AHAHCE E8F 4= 7] wEolth E5] mucing &%
T = 4 nE0] BaiEE A, tE 34 n8ES0] olF 24 AKER o] 85k=
J5Ago] o]Fold &= k. WbA mucin®] F7ke TSR AU mEE BH R &Sk
g st Aoz =i

Table 29] 23} W=, MRS-C #jA|oll4= 55:9] -F4kto] AE= %1, BL-NPNL Bjz]oj|A]
= L. ruminis 139 fAkTo] EQlE|)oH bifidobacteriats AESEA] Lttt E A4
E3t FANE 7F 5 352 HEY A=) EHoA 38422 5% speciesith. 12U A=

Table 1. Number of isolates from the feces of weaning piglet and sow in three different solid media

Ratio of unidentified Isolates (%)

Medium Isolates Identified isolates Unidentified isolates
Piglet feces Sow feces Piglet feces Sow feces Piglet feces Sow feces Piglet feces Sow feces

BHI-CM 63 76 36. 62 ) 27 14 429 18.4
(9 species) (11 species)

MRS-C 35 35 22 ! 30 i 13 5 37.1 14.3
(5 species) (4 species)

BL-NPNL 35 35 25 . 33 . 10 3 28.6 8.6
(1 species) (2 species)

Total 279 207 (20 species) 72 25.8

BHI-CM, brain heart infusion containing cysteine and mucin; MRS-C, adjusted-pH de Man Rogosa Sharpe medium containing cysteine; BL-NPNL,
blood liver containing nalidixin acid, paromomycin, neomycin, and litium chloride.

https://www.ejmsb.org
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Table 2. Identification of bacteria by 16s rDNA sequence

Selective medium Identification Identity (%)  Accession number  Temp. (C) Source
BHI-CM Bifidobacterium boum 99.38 NR_036854.2 37 Sow feces
BHI-CM Ligilactobacillus ruminis 99.66 NR_041611.1 37 Sow feces
BHI-CM Limosilactobacillus reuteri subsp. reuteri 99.73 NR_075036.1 37 Sow feces
BHI-CM Limosilactobacillus mucosae 99.67 NR_024994.1 37 Sow feces
BHI-CM Ligilactobacillus agilis 99.52 NR_113259.1 37 Sow feces
BHI-CM Lactobacillus amylovorus 99.86 NR_117064.1 37 Sow feces
BHI-CM Escherichia fergusonii 99.86 NR_024994.1 37 Sow feces
BHI-CM Shigella sonnei 99.79 NR_024994.1 37 Sow feces
BHI-CM Shigella flexneri 99.45 NR_024994.1 37 Sow feces
BHI-CM Paenibacillus timonensis 99.72 NR_115199.1 37 Sow feces
BHI-CM Selenomonas bovis 99.25 LC258136.1 37 Sow feces
MRS-C Ligilactobacillus ruminis 99.62 NR_041611.1 37 Sow feces
MRS-C Limosilactobacillus reuteri subsp. reuteri 99.85 NR_075036.1 37 Sow feces
MRS-C Limosilactobacillus mucosae 99.69 NR_024994.1 37 Sow feces
MRS-C Lactobacillus amylovorus 99.86 NR_117064.1 37 Sow feces
BL-NPNL Ligilactobacillus ruminis 99.64 NR_041611.1 37 Sow feces
BL-NPNL Caldibacillus thermoamylovorans 99.59 NR_117028.1 37 Sow feces
BHI-CM Streptococcus hyointestinalis 99.78 NR_115199.1 37 Piglet feces
BHI-CM Tractidigestivibacter scatoligenes 99.58 NR_115199.1 37 Piglet feces
BHI-CM Syntrophococcus sucromutans 93.51 NR_036869.2 37 Piglet feces
BHI-CM Olsenella umbonata 99.65 NR_036869.2 37 Piglet feces
BHI-CM Sharpea azabuensis 99.38 LC258136.1 37 Piglet feces
BHI-CM Ligilactobacillus ruminis 99.87 NR_041611.1 37 Piglet feces
BHI-CM Limosilactobacillus reuteri subsp. reuteri 99.82 NR_075036.1 37 Piglet feces
BHI-CM Lactobacillus amylovorus 99.56 NR_117064.1 37 Piglet feces
BHI-CM Paenibacillus phoenicis 100.0 NR_108292.1 37 Piglet feces
MRS-C Ligilactobacillus ruminis 99.64 NR_041611.1 37 Piglet feces
MRS-C Limosilactobacillus reuteri subsp. reuteri 99.62 NR_075036.1 37 Piglet feces
MRS-C Limosilactobacillus mucosae 99.37 NR_024994.1 37 Piglet feces
MRS-C Pediococcus pentosaceus 99.66 KX886792.1 37 Piglet feces
MRS-C Paenibacillus phoenicis 100.0 NR_024994.1 37 Piglet feces
BL-NPNL Bacillus wiedmannii 99.79 LC258136.1 37 Piglet feces

BHI-CM, brain heart infusion containing cysteine and mucin; MRS-C, de Man Rogosa Sharpe-cysteine; BL-NPNL, blood liver containing nalidixic
acid, paromomycin, neomycin, and litum chloride.

FEHoME= ZAE o= 714 MletQl Paenibacillus phoenicis®] FEFE AEFHR=H, ol=
9 A5 I 5 R Y 7R B B U EAck 24 FHY Alte] ¥l 5 ol
Zolct.

A= 24 A7 R AHE AR 24 Al AF ARE S36lks 2P0l A9
4 3l55o] E2Ak= e HESHA FH20]. 3 ZR7] 9 A2 H=9] 28R, ni
2 Bl ot nE] &2, olE Bl BES A ndEo] A=ol AgHETH21l.
B AFoA BTt Mt FollA 12, Catalase 24, E -34S U= 882 3%
Adislo] TEHlo] QEIA S HIIE NFPsilom, ol ¥ @AW B AT Fig. 30l HEt
Bibi=g

SE

2. {d R LHEEY HlW
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Fig. 2. Microscopic morphology of lactic acid bacteria isolated from the feces of a weaning piglet
and a sow. (A) Ligilactobacillus ruminis SY1, (B) Limosilactobacillus reuteri SY2, (C) Limosilacto-
bacillus mucosae SY3, (D) Lactobacillus amylovorus SY4, (E) Ligilactobacillus agilis SY5, (F)
Pediococcus pentosaceus SY6, (G) Streptococcus hyointestinalis SY7, and (H) Bifidobacterium
boum SY611.

w3t B R oA = g0l 7Rset ZA0E SRIFIIL. Gilliland et al.(1984)2 -f-4kdto] ZaHlo]
QEARA9] 75 k] Yol ﬂi@ 3% oxgall T HliZ|oflA *3%94 T Qe TEAt
WAE ZEsolof githal AIRleRArH22]. B AdolA SY611, SYI, ¥ SY6 T+ 155.02%,
142.77% E 142.28%°] At A2 Hoi, %}g Ato] EAfjsks A oA E 2 A= 714
| Ve AARITE
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Fig. 3. Bile tolerance of lactic acid bacteria isolated from the feces of a weaning piglet and a
sow. (A) Viable cell counts (log CFU/mL) and (B) survival rates (%) of the isolates after 24 h
of incubation in MRS medium containing 0.3% oxgall. Values at 0 h () and 24 h () represent
the initial and final cell concentrations, respectively.

3. M RAHO| LAk

Fig. 4% 839 A% 4AkF9] YA ﬁﬂﬂ A3ts vehd Zloltk. SY1, SY2, ¥ SY611 ¥
Z17¥ 95.13%, 94.95% 2 92.15%2] A& Hof, o] $48t 9] 37 = 1=
=4 SY6, SY7 ¥ SY4 5= 247 58.16%, 51.89% Z 53.68%2] AE2E&S Hof Ajzoz
W2 S Btk

Park et al.(2024)& Ligilactobacillus ruminis CACC881 ¥l et A#} 844 £4S
ofl, S H57t A AEFA ZAA0IA FoF1-ATPase AlARIE S48 A Al W pH 44
ZAsk= WAUSS Efots A2E HarsioitH23]. of2fet Axks R4S Wil/del dofsk=
A4 9] AE AgE ofdffsl= H| 83 ZAE AlSRith

o of

4. M QUTO| ZHE SAKs
Fig 5t HI-29 A4 olstol S $A130) 442 12058 719 2ok viehd 20

o} SY2 #FE 86.34%2) HAL-S Hyom, Y69Jr SY6112 217} 79.19%2} 69.58%2] H&lg
S YERNSILE QUERo R [ reuteri S-S HIWA A FAFAJo] Q451 Ao g GEA 3lom,

(A} (8)
6 100
_ (e -
i - - =
51 m~ Fm _ 0 MM IS
E B
=4 3
] 2
b= S
3 3 60
) h‘ -‘ H H
P LI S 7 5 1 5 5 5 o S B ﬂ

SY1 Sy2 SY3 Sy4 SY5 SY6 SY7 SY611 SY1 Sy2 SY3 Sy4 SY5 SY6 SY7 SYell

Fig. 4. Acid tolerance of lactic acid bacteria isolated from the feces of a weaning piglet and a
sow. (A) Viable cell counts (log CFU/mL) and (B) survival rates (%) after 24 h of incubation in

modified MRS broth adjusted to pH 2. Values at 0 h () and 2 h () represent the initial and
final cell concentrations, respectively.
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Fig. 5. Adhesion assay of lactic acid bacteria isolated from the feces of a weaning piglet and a
sow. (A) Viable cell counts (log CFU/mL) and (B) adhesion rates (%) after 24 h of incubation with
HT-29 cells. Bars indicate the number of inoculated cells (l) and the number of adherent cells
remaining after 3 washes ().

53] L. reuterPIA AIE EH HHEQ srtA RIS SAHOIAT] -9, AL izt o]
AASHA Aok AR BUEQILh ol srtA7} AR H2HMgol| a3 Aeks 3k AARE
TH24].

SY611 #= & A7olA H7IsE R4kt 5 UH(92.15%) 2 Wes43(155.02%)°] B 7F:
FoHA Uehd 452, P3RS Aok Bafsto] Aol QR o g BEsiar H2e 7hs/gol
=2 7oz mwoE:

&St Pediococcus 2 EFFE YH GAFS AR 9] tigdFexopolysaccharide) S £H]5}1
7 Avae] AeAeS Jisto g A A itk BREE S7M7IE ACE Hilko]
ATH25].

5. ZZHI0|QEIA SH [ikd

& AFolNE 2% BET ol ARES] EHolA HIES EEstar, ol it 71 2AQl X
ZHPO|QEA SIS BIISISITE 7 9] e, UMM 9 A BRe-S SR 0= Wl
gt A¥h= Table 30 8°Fs13{Tt Table 3°l4= WeS4 24 B7HE S8l 271 o< div] 4
Aol w2t 2 log oV A~ —), 172 log A&(—), 271 I FAKH), 1-2 log S7H++),
3 log o1&} Z7H++HZ FESIHCE. WAHI 1.5 log oW TA(——), 0.5-1.5 log F4(+), 0.5~
1.0 log #4x(+), 0.5 log o3t Ha(++), 7] w5 FA(+H++H=E 242 B#ASIGH F2e2 271
HE #5 Hoh 3 log oV AA(-), 2-3 log #A(+), 2 log oI5t A= 242 -2kt

Table 3. Summarized characteristics of probiotic candidates isolated from the feces of weaning piglet and sow

Source Bile Acid Adherence Gram stain KOH Catalase ~ Hemolysis Strain
tolerance tolerance

Sow feces ++ ++ + + - - ¥ Ligilactobacillus ruminis SY1
Sow feces ++ ++ ++ + - - ¥ Limosilactobacillus reuteri SY2
Sow feces ++ ++ + + - - ¥ Limosilactobacillis mucosae SY3
Sow feces ++ -- - + - - 7 Lactobacillus amylovorus SY4
Sow feces -- + - + - - ¥ Ligilactobacillus agilis SY5
Piglet feces ++ -- + + - - Ve Pediococcus pentosaceus SY6
Piglet feces - - - + - - ¥ Streptococcus hyointestinalis SY7
Sow feces +H+ ++ + + - - ¥ Bifidobacterium boum SY611

KOH, potassium hydroxide.
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o2jgt 7]zol] wlet B4 A3t SY1, SY2 ¥ SY611 #E WA YEEAolA B 94
gt Wide eRller, A AriARo] tieh RS JuiEoR w7 vebdt mEtA ol I =
QRS gypA o 2 Ealslyl Ajof] R A 0 g7 RS 7lsAlo] =& Qulsh T RHo|QEIA &
He e
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