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Abstract

This study aimed to evaluate the appropriateness of MRS-C (0.05% L-cystein; pH 5) and
BHI-CM (0.05% L-cystein, 0.5% mucin) agars for the selective isolation of bifidobacteria in
fecal samples compared to blood-liver-NPNL (BL-NPNL) agar. Over 200 isolated colonies
were characterized morphologically and biochemically. Genomic DNA was extracted from
pure cultures of the isolated strains, followed by PCR amplification of the 16S rRNA gene.
Bifidobacterium longum and B. animalis were selectively isolated from MRS-C agar and
Lactobacillus acidophilus and Enterococcus avium were also isolated. B. longum, B. faecale,
and B animalis were isolated from feces on BHI-CM agar; however, different Bacteroides
strains (including Bac. fragilis, Bac. kiribbi, Bac. ovatus, Bac. koreensis, and Bac. salyersiae)
were also detected. BL-NPNL agar successfully isolated B. /ongum and Bacillus, while other
Bifidobacterium and Bacteroides species could not grow owing to the presence of
antibiotics in the medium. The use of antibiotics in a2 medium can enhance the selectivity;
however, antibiotics may inhibit the growth of certain bacteria in a sample. Hence,
adjusting pH or adding non-antibiotic nutrients to the medium is more advantageous, than
relying on antibiotics.
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2733t gR19] - Hioll= 2F 4000 & o] thkdt Alfol B85l irt. ol=Rt AW A=
2 B9 IYE FA F 40%45% Aok, BHEH 02 B gramd °F 3.3x10" CFU/g9
T8 BOtH1,2]. Bifidobacterium $(genus) MBS Bacteroides, Fusobacterium, 2
Eubacterium % 53 37 171 JUH 94 mBERE E&FRIY. Bifidobacterium 4 VeSS
frop7| ol A #5-29] 90%71A] AA[stetrt At FH4asste] ARlo] EojA= HA| 4% 5 10%-
20% HZRE WopHr}3).

Bifidobacterium 49] MlW-=< bifidobacteria® E&#A|7] % sl=t], By H A2 Q&Ho|
bifidus7} &(species) 22 AFEEUE W A bifidobacteria®l &4 ZFo[t}, 19004
Tissier?] aFl=zoll= frot EHolA Y Fej] Eolgt R Al THaksilon, “Ael JH
(bifurcated forms)’ 9] P& Bacillus bifidusZ HHa}ict ESE Tssiers ojd A 3Y0]
AU o] wiEoe] IAE|Qlon, BRE HE foloi] 2 EAfjsk= AU rldEelRal Harsiyl
TH46].
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Bifidobacteriar= HAR7 /T E IHHH 0= 37C-41T9] 2o 249 45 4 71X
tH7]. 183 pH 6.5-7.0014 FAsHAl 433851 fructooligosaccharide, glucose, maltose,
raffinose 0] ZAcl= 7404 Blwd & gt FZol= bifidobacteria?t 227] € 44
d AAE B SRl 22 8Pt Sl ECE ASEQIH. QEiHRE o2 AE Ao ER
¥ bifidobacteriaE #2514} 5 kB A&E 0] P=d], ol #7kE 285k HsiAl 771
AL FRAEA, S, 9 dEEoltR] 55 ARSSH TRt MEiEjR7E | QIrHS.

Bifidobacteria w5 A9RS I3t 2z9] A iz 19519 Frisello] NaN;& #7st
Tomato-agar Orla-Jensen mediumell4] 7| 22 4= ok, 71 F 19579 Haeneld} Mueller-
Beuthow?} sorbic acid& 7[5t Sorbic acid-culture mediumel|A] bifidobacteriaZ E2|51%
t}. 19609 Ochix= FYAIQ] neomycing 715t EG mediume ARE5H] bifidobacterias Al
Hxoz Rstgon, 19619 Mitsuoka ¥AFEL neomycin, paromomycin, LiCl,
Na(CHsCOO)E 713t BS medium 13 [IE AREsto] EHo|A bifidobacterias E&lsk=t]
Aaot3et 1 3 Finegold 97+ 152 19719 kanamycing 3%t Standard blood agar
mediume ©]-85}9] bifidobacteria Aw<E B716199.2™, Teraguchi et al.(1978)2> A
3%(neomycin, paromomycin ¥ nalidixic acid)¥} lithium chlorideE BL(blood-liver) Bi%]
o] £33t bifidobacteria ABHR|(BL-NPNL)E A|Z5}9+=H], o] ¥iA|= bifidobacteria?t T-f
H g QAR T gAY AR 9A|A7] 3L bifidobacteria®] AwE Brlsk=d] &}
ARl M= FA7HA] W Ao ARRE|LL SITHIL.

oA B3t §A1EA bifidobacteriag H&]olalAl sh= thdst A7t A== ALt Ji
et al.< galacto-oligosaccharide®} propionic acidE selective agent® 750} EHoA 4=
%t bifidobacteria® £EY 4 AAH HAI6IGi=t, o] Hixl= AF S0l TREol U=
bifidobacteria®] AEHiA &2 AE-F0f| AAJ=lo] QILH10]. Shin et al- bifidobacteriaZ 35
S g GAEo|A G £0]A 9] bacteriophageS AME319] bifidobacteria®s 82408 3
Eok= WS 22 HUSrH11]. ESE Rada®t Koc2 Methicillin-resistant  Staphylo-
coccus aureus] AR YA mupirocing B7|A0ABE9] AJLHR]1 Wilkins-Chalgren
brotholl 75t} Ba-gAI=oA bifidobacteriaE AgZog Bajst 4= Qlicta B ustgict
[12]. @7 = tefet S79 nE AS9A 245 U5 B 2803t bifidobacteria ATEH]A]
off thgt d= AL SleH13)

olo] & I--= bifidobacteria ALollA @o] AM&El= BL-NPNL HijA|[14]2} AFAE vijAs}
1 L-cysteing 3715 MRS-C(pH 5.0) BiA], 12|31 L-cystein®} mucing F7Fet BHI-CM HiA]
£ 717} ARg3to] Aol B AR 2 RE bifidobacteria®l #8] E42S ¥ w§0 24 bifidobac-
teriag Rt AZ HIA] 7ol 7|ZARE AlSstaAt 33615l

Mz 2 SE

1. Bifidobacteria M= H{X| Y H{QF X2

25419 73735t 4391 o/39] W AEE 6 meto] 559 blood-liver(BL) brothE A&t
o] §7]14 A2 8X|A171 F bifidobacteria £ AlZ= ARE5FSIT). Bifidobacteria £&]-& Hj
A|2+= BL-NPNL #iA][14], 0.05% L-cysteinee Z7Ist & pHE 5.0°02 %3 MRS-C HiA],
33 0.05%2] L-cysteine™} 0.5% mucing 718t BHI-CM Bix|5 A|=s5t0o] ARE5l3tt. o]%
H ARE F71 gHA0 = FAsto] 7t Hijx]of FERT T steel woolHOE F714] vl
(FA-6R, Hirayama Manufacturing, Saitama, Japan)ollA] 37C, 72417t 52t vjgsto] -Sxg9]
AZg Adsid.oH, BHI-CM R[04+ mucing Eofiols ke Aot

https://www.ejmsb.org



QIH| 2H0|A Bifidobacterium Species?)

MetH gals ol biR| bl

https://www.ejmsb.org

2. Bifidobacteria?| &8

AHS FFE5-S 5795124 16S rRNA gene sequencingS TH3I3.0H, #5559 A=
the universal rRNA gene primerse &0t SEZoi¥ct 181 SEH FHAE Solgent
(Daejeon, Korea)oll 98 451911, NCBI blastsearch(https://www.ncbi.nlm.nih.gov)S ©]
85l sequence ZIE SRl

3. Mt bifidobacteriaQ] 4%

A Bifidobacterium=S BL brothol Altiste] 37ToA &7] 2ACE 24417 ol
o}, o|F #F=& PBSE A|ASH Hof, McFarland BEHA|(Mcfarland Densitometer, Biosan,
Riga, latvia)g AR&3te] 1.0x10° CFU/mLY] & %% kg, BL-NPNL, MRS-C, ¥
BHI-CM Hfixjol] 22} 3gstod 37T oA 3641t &<t vigstaAl 600 nmelld ODE S5ttt

1. 28 A|29| bifidobacteria 22| ¥ =X

Fig. 12 EHA|EZ BL-NPNL, MRS-C, ¥ BHI-CM Hj#]o] Z}z} =slo] @7|20)A B7t
3 2ASE Yehd Zoa 717- 8.5, 9, @ 9.25 Log CFU/g feces® UERIT) E3], BHI-CM
w4 7P =& A4S B, ol mucin B8 714 AFES Z38lo] Gram U4
2 oA AFEE Zo] AEHW7] wlolt}. olul Bifidobacterium % 455 T3 A T4
Aol Aol T egollA A2lsk= ujAES] Alsol Blste] mucin E3fof ojsh= FHA}
£ o] WAS £ Q=] engBRendo-e-N-acetylgalactosaminidase)®} afcA(1,2-e-1-
fucosidase) F-4A7F BF2 1 oflojc}. o]&igt GRS AU T4 AFER slolZ GOt Aol
Hgolxl AESL| RElotesE A8 7RssHAl WEolFITHIS)

7} v Ao A] QuRA 2t oF 2000] 72 EE] 168 rRNAS EAISH A7}, Alo] AR&3t Hjx|o]lA
golg LS & 31%9 AZ U2 speciesE FEEUTHTable 1). BL-NPNL Hi#o|A% B
longum} Bacillus %2 #5-5°] t AEE AL, B3 FAYA H710] oJste] 1 9 njgEe
Aol A" Aoz 24U MRS-C iRIoME B. longumt B. animalis 4558 He]g

10 »

Viable cells of anaerobic bacteria
(Log CFU/g feces)

BL-NPNL MRS-C BHI-CM

Fig. 1. Viable cells of anaerobic bacteria on three different media in fecal sample.
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Table 1. The identification results of isolates from adult feces

Selective medium Gram stain Identification Temp. (C) Source
BL-NPNL + Bifidobacterium longum 37 Human feces
BL-NPNL + Bifidobacterium longum subsp. suillum 37 Human feces
BL-NPNL + Bacillus tropicus 37 Human feces
BL-NPNL + Caldibacillus thermoamylovorans 37 Human feces
BL-NPNL + Clostridium cochlearium 37 Human feces
BL-NPNL + Bacillus wiedmannii 37 Human feces
BL-NPNL + Bacillus paramycoides 37 Human feces
BL-NPNL + Brevibacillus borstelensis 37 Human feces
BL-NPNL + Caldibacillus hisashii 37 Human feces
MRS-C + Bifidobacterium longum 37 Human feces
MRS-C + Bifidobacterium animalis subsp. lactis 37 Human feces
MRS-C + Lactobacillus acidophilus 37 Human feces
MRS-C + Enterococcus avium 37 Human feces
MRS-C + Aneurinibacillus migulanus 37 Human feces
MRS-C + Bacillus wiedmannii 37 Human feces
MRS-C + Hathewaya massiliensis 37 Human feces
BHI-CM + Bifidobacterium longum 37 Human feces
BHI-CM + Bifidobacterium longum subsp. suillum 37 Human feces
BHI-CM + Bifidobacterium animalis subsp. lactis 37 Human feces
BHI-CM + Bifidobacterium faecale 37 Human feces
BHI-CM + Paenibacillus phoenicis 37 Human feces
BHI-CM - Escherichia fergusonii 37 Human feces
BHI-CM - Phocaeicola vulgatus 37 Human feces
BHI-CM - Fusobacterium varium 37 Human feces
BHI-CM - Parabacteroides merdae 37 Human feces
BHI-CM - Parabacteroides distasonis 37 Human feces
BHI-CM - Bacteroides ovatus 37 Human feces
BHI-CM - Bacteroides kribbi 37 Human feces
BHI-CM - Bacteroides koreensis 37 Human feces
BHI-CM - Bacteroides salyersiae 37 Human feces
BHI-CM - Bacteroides fragilis 37 Human feces

12 | J Dairy Sci Biotechnol Vol. 42, No. 1

= QJow, olQo% Lactobacillus acidophilus®}: Enterococcus avium 52 SANEE
AZEE A}, BHI-CM ¥iA Y] 39, 9 ARo\A B Jongum, B. faecale Y B. animalis 352
bifidobacteria® A 4 AU ZUFAE Gram ¥ #55 5= AZ= U BL-NPNL
i Z]2} MRS-C #iR|2k= t}24], BHI-CM WiR|oAE Parabacteroides £33 Bacteroides <
59 Gram &4 A4 8714 Alet=0] v HE=Ath Nam et al. g=¢l 20%9] 4 wet
AsZ 4% 23 7iE Aol Wol USIew, FE Bacteriodes 4,
Eubacterium &, Faecalibacterium <, Ruminococcus < 5 TR njABE- 51018k 4= 99t
1 B5EITH16].

B ARoMEe SHE FFE FoM Bifidobacterium & d5 4% B. Jongum subsp.
suillum, B. longum, B animalis subsp. lactis, & B. faecaleS SY517, SY526, SY615 &
SY827= 7z} rgstsiom, 7Rl vk AlgE X3¥sioirt.

Clostridium 4,

2. M4t bifidobacteria®l HE{SHH EZ H|u
& A SY517, SY526, SY615, 2 SY8279] tigt @5 EAJL Table 201 AAIH vle} 2o
® Gram %4, Catalase 24 % KOH test 2422 ZRIFJCH17].

https://www.ejmsb.org
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Table 2. The biochemical characteristics and identification of the 4 strains of Bifidobacterium isolated from fecal samples

Strain Gram stain  Catalase KOH Identification Identity (%) Accession number
SY517 + Bifidobacterium longum subsp. suillum 99 NR_145535.1
SY526 + Bifidobacterium longum 99 NR_117506.1
SY615 + Bifidobacterium animalis subsp. lactis 99 NR_040867.1
SY827 + Bifidobacterium faecale 99 NR_133982.1

AL F552 e ArFoE AEREGS ERIgE 4, 2% 9, V, Y, 5 59 bifido-
bacteria £33 J4= EAKFig. 2). £dl, SY517-2 7MY Feiet VA Fej7t ©tar, SY 5262
VAL et o BREIE 83 SY6155 B2 roddol Bkom, SY8272 cocco-
bacilli¢} 832 ZeFo] =Y.

Ao ARSE 350 viR|of|A] AR 4%9] bifidobacteria® ¥iQSt 23}, BL-NPNL HiZ[oflA]
= SY5173 SY526Rte] e FAdot=t, SY5172 2l fHiae] 5t 32k FeiE YePio
] SY5262 F7|7F A3 keibd ut 9] F= BHEE Bk 193l MRS-C HiRIY] %
SY5263 SY6157F AEEU=H], SY5269] B¢ 521 A2 Feh He=x A6t SY615
£ A0 5 W] Yo g Aepydtt. BHI-CM WiAolAl= BE Bifidobacterium 4°] HZ]
P, SY5179 B¢ A2 WAl Heks JAIoHaL SY5202 vk [ JEiE Hoirt T8
SY615% of 22 o2 WAEJon, SY827-2 FHiAo] opd Hwo| tfrE 1 st
9] FejE HtKFig. 3).

Table 30 AAISt Bifidobacterium species® genomes TA7IA] BilH GAA ABE vlgr
og QoF At AR species]] W2} 1.7 MbpollAl 3.3 Mbp7HA] thfdt £25 VeI
Bifidobacteria®] #3174 thl/d2 AAlok= 8 270 whet Ajolg Hol= 2 o=, 239 A
olX E2I3t B indicumE A1E0] EAcks ©5ee] AT 7hs et SRt enzyme E-R5HL
U= A= AHA Itk Bifidobacterium $& A= e 55-9] 34 HiE|ejol2 e 554
o7 FARE Agiol Aolgt 44 WS 7HA 1L 8 EolF o= ZgkE AT HrH18]
Lolo] BHol|X B&St B Jongum subsp. infantis= BS 2 1FS gt £ = o-

fucosidase, e-sialidase, 8-galactosidase @ B-N-hexosaminidase?] F-HAE 7141 10X,

i )=

K= l | L

- 4 LA
) =) ;:51? g~ 5?:5['25
oA )

L B
e SR - ~ ]
- SY615 * ( svysz7

Fig. 2. Gram staining results of 4 strains of bifidobacteria (Gram stain, x1,000)
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BL-NPNL ND ND
SY517 . SY526 SY615 SY827
MRS-C ND ND
5Y517 5Y526 5¥Y615 sY827
BHI-CM
SY517 5Y526 SY615 5Y827

Fig. 3. Colony morphology of Bifidobacterium species on three different solid culture media (ND, not detected).

Table 3. The genome sizes of some Bifidobacterium species

Bifidobacterium strain

Isolation source

Accession number

Genome size (bp)

indicum LMG 11587

animalis subsp. lactis DSM 10140
adolescentis ATCC 15703

. faecale JCM 19861

. bifidum LMG 11041

. breve LMG 13208

. stercoris DSM 24849

. pseudocatenulatum LMG 10505

. longum subsp. longum LMG 13197
. longum subsp. infantis ATCC 15697
. biavatii DSM 23969

W WWw DWW wm W w

Insect CP006018 1,734,546
Fermented milk CP001606.1 1,938,483
Intestine of adult AP009256.1 2,089,645
Feces of adult NR133982.1 2,213,206
Feces of infant JGYO00000000 2,263,780
Intestine of infant JGYR00000000 2,263,780
Feces of adult JGZQ00000000 2,304,613
Feces of infant JGZF00000000 2,313,752
Intestine of adult JGYZ00000000 2,384,703
Intestine of infant AP010889.1 2,832,748
Feces of tamarin JGYN00000000 3,252,147

14 | J Dairy Sci Biotechnol Vol. 42, No. 1

AJQle] BHollA G3El B adolescentis?} B. longum subsp. longume Gi}Z 07 Alo] B3}
2 A 5 U= o= RS 7L Qe 19]. E784 Ajolof| o3t Bifidobacterium %
TFEY P2 A5t A3 S Yuloks AoR FF WA B3 A B4
B0t 4 Eolidi}t fAAeke] Aol w#EE Aotk

3. MY bifidobacterial| 4% Hjud
40| A4t bifidobacteria®ll tigh ¥iAE LS B7IdE AR Fig. 4] YEhd vie}
SY5173 SY526%= BL-NPNL Biz|oflA] 8} 364171 ODgoodt o2 0.613} 0.8 H=7HA] 445t

https://www.ejmsb.org
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==

AL ofuf #jZ|9] pHE 3.83 3.97FA] Ast=dtt. Lim et al.o] A+Z23ol oot B Jongum
#59] neomycin¥} paromomycin®] tgt A A s E(minimum inhibition concentration;
MIO)E= 22 B4 22 200 mg/mL-400 mg/mL 400 mg/mL-800 mg/mLel ¥HHol, B
infantis?} B. animalis #5559 7%, neomycin®} paromomycin® MICE &t} 100 mg/ml-
200 mg/mLe] WS HRlcky By 519ict. waba] BL-NPNL BiA91A B Jongum d5E°] T
£ FHET SRS ¥A] g2 olf+= neomycin}t paromomycin®] #& MIC HiZ0 & 745
ATH20]. wbA] BL-NPNL BiAl= SY5173} SY5263 22 B jongum 4552 ABH 0 £
st7lole A-SHANE SY6159F SY8279F Z2 w= &7t ofglE Zos wHESlch

MRS-C HI#]9] 79 Y5173} SY827 H5E52 vl 36AIX71A] Agol Woko, Sy5267}
SY615 452 viF 3641710 ODgoo”F 212 1.163 1.0989] 2202 =2 AAkS Ht) o=
FAHYELE F2 pHolA= Alzdtol] £xsks H-ATPase”t 8438k 0] f4kto] ¥ pHojl
2L ot & QUnE 3] ulrog AJEH21]. E3] B Jongun® B animalis= YHHE oz
WAikdo] &2 uEo]7]o] 7] pHE 5.0°02 23 MRS-C 8iA|ol|A] H'-ATPase”t E/J5}=]
of B2 450 75 ZoltH22l.

SY827 5= BL-NPNLZ MRS-C HiAErh BHI-CM HiZ[olA 7P =2 A4S Eth
BHI-CM HiA19] 29 Hi 3641710l SY827 w529] ODgooi= 0.527H4] AdAstgiont, SY517,
SY526, ¥ SY615 w552 247+ 0.305, 0.308 E 0.245= YEFHRIL ol& Bifidobacterium
& FFE0] mucing HA Yo R 0|83 4= QIEE 1,2-¢-I-fucosidase, endo-e-N-acetyl-
galactosaminidase 53 22 G4E HH|5k=t|, SY827 w57t e HFEHLT 849 TAo]

12 9 &s5Y517 =5Y526 9 +5Y517 = 5Y526
SY615 - SY827 +5Y615 ~ SYB27
0.8 4 et 7
BLNPNL E / -
[=] P [=%
<04 4 5 4 \
N
A A — i 3
0 3 6 9 121518 21 24 30 36 0D 3 6 9 12 15 18 21 24 a0 35
Time {h) Time (h)
1.2 4 -+5Y517 =5Y526 — 9 . +5Y517 +5Y526
SY615 - SY827 — NG eSS
7
0.8 + Fr T o
MRS-C n§ / (3
Poa 5 .
o —
o
D & o o o o o e — — 3
0 3 6 91215182124 30 36 0 3 6 91215182124 30 36
Time (h) Time (h)
1.2 9 &5Y517 +5Y526 9 - +«5Y517 +-5Y526
=5Y615 = SYB27 =5¥Y815 ~5¥827
0.8 7 4 iy
= .
a T Wi o4
BHI-CM Du_4 | 5
el
[+ SR - 3
0 3 6 9 1215182124 30 36 D 3 6 9 1215182123 30 36
Time (h) Time (h)

Fig. 4. Growth and pH decline of Bifidobacterium species in three different culture media.
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Eo ol2fet WS HAlrhal 7= 715l 7191 AR g EoloF & ZloltH23].

oA EHS 33t vt 3 AR 25 H bifidobacteriaE £2J5t1AF & wjoll= BL-NPN
HjZ]2F MRS-C HiA| 2t} BHI-CM HiAIE ARSI Bi% iRt 5579 bifidobacteria #2177+
T AoE FAHT. T2y BHI-CM HiA|= A=Huj2|7} of}7] wfEof Algo] E-RElo] =
Gram 73 Altolut b2 79 =0l A & 22 FsfioF & Aol

Meta genome 42 U] microbiomes HI5Eot] Thfst 3049 nlELS Tofet 4
U= Aol ek Ty §-83t HFE ARIF 0 o] &starAt Aol At AEE FESk= A
o] Agg=jofof gttt & AAATol|A UKol Bifidobacteriumé; 4552 ©2 B4 A=
golgt A Holr}, wehi, AdRp B2 sk 455 Adsh] YolAl= 2 speciese] 54
o] o= HiR|E AEs] AR8Sh= Zo] 851, of7]9] 16S rRNA 24 A7HE ol tjeFt A5t
A E4S meRRtogx] Ak 0] 7| 2Als RVt Hrhd A 28442 Hoh Y & U

Aol
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