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Abstract

The objective of this study was to investigate the effects of consuming goat milk on the bacterial counts (colony forming
units [CFU]) in adult women and to evaluate the carbohydrate fermentation capacity of bifidobacteria and lactobacilli isolated
from their feces. Adult women who consumed goat milk (treatment group) had relatively higher CFU of bifidobacteria than
did the control group, and the difference was significant (p<0.05) after 8 weeks. In total, 13 strains isolated from the feces
of women in the treatment group were identified using 16S rRNA sequencing as Bifidobacterium adolescentis, B. longum,
B. pseudocatenulatum, B. dentium, and Lactobacillus sakei. Similarly, 12 strains isolated from the feces of women in the

control group included B. adolescentis, B. longum, L. ruminis, L. sakei, and B. pseudocatenulatum. All isolated bifidobacteria

and lactobacilli fermented goat milk oligosaccharide and lactulose. All 7 strains of B. adolescentis fermented fructooligo-
saccharides, and 3 of the 4 B. pseudocatenulatum strains, 2 of the 3 L. sakei strains, and 1 of the 7 B. longum strains

fermented fructooligosaccharides.
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7ML Qlew, o] A 715 AF 2PE QAL A
&& 918l prebiotics 2H-&5 7L A tH(Park et al., 2007).
Prebiotics= WAsH] AFAAECE AU nAE & AT
A, e Aoz felate] A &4& FoIA S50
T 9FE VA &5 274= A HDe Vuyst, 2002;
Roberfroid, 1998). 7154 28|15 AUl stz 93
A FA AW mAEel el REEHE HERE beta-

glycosidase 2@l &3 2~971¢] thFFE £330, 1=

M e EFE 4EA 9l th(Fiordaliso et al., 1995).
Prebiotics= APl A fakE ket #5721 Bifidobacterium

3} Lactobacillus 9+ 7-<- probiotics 7+ E©] ©|&35lo] wa s
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et

A THFooks et al., 1999). 2FF2] &2] -2 prebiotics
23 glo} A frel@e) v w ke gjole) 4%
th(Reynal-Ljutovac et al., 2008). BB 2~ At
w3 gl FFol 52 A 7HAAL o] el a
0] 7b5 s, #7143 short chain fatty acid(SCFA)S A)
(Kleessen et al., 1997), A 9] pHS W3o] 4bef] 17+
el do2 &R E coli, Clostridium perfringens 5 3F
e faflS Al A 71t Koon and Lee, 2002).
2HFH(0.25~0.39g/L) 0] &2 3] 2 9-7(0.03~0,062/L)
Hu} 4~58 7} o W3, 94(0.002~0.004g/L) E.th= 108 7} T
w@o] £ 219 ™(Urashima and Taufik 2010; Silantkove et al.,
2010), AFFfrol] E3E okt 28] 13O 2+ 6-sialyl-lactose,
3-sialyl-lactose, N-glycolylneuraminyl-lactose, 3-galactosyl-lactose,
N-acetylglucosaminyl-lactose B! 35+ wAFe] S| o] A8t
o] T2 FAIEAE 2Jo|7} Bol At Martinez-Ferez et al., 2006).
AR S El ] R ok el Bl R
9} thF- 2 1] 2=5}tk(Silanikove ef al., 2010). T]S-0] AFek-f(F
230 mg/kg)= (60 mg/kg)ll M3l sialic acid(N-acetylneuraminic
acid)7} 4L} o] Eo] Z =0} dth(Raynal-Ljutovac et al., 2008).
T3 F 2o o3 gt EA v 2, v

1o
o

B T

™ ox
o

¢

P9

rSL oX ox o o
>, rN r

ol

N

&, A 22 Fr1=9 A S HE] DY o] & &
Fo] 223 98 A THPark ef al., 2007), B2 A}%Eol
32 Hallsle 849 LactaseA| 7 2B H o] FHEH=
oItk FA T ARAI%)E SHE TR FTo] A
A 23] Qo] O # AstE, fFFEHSAAIAE
AF7e] A2 How(Raynal-Ljutovac et al., 2008; Park et al.,

Ae
2007), FREWFOE 15 We Al A AFRE AN
719 ¥Rt ot §32 & A 7)A EoETHRussell
et al., 2011). 2Ff WOl 33 ST o9 b g
sh= =+ glycopeptide, glycoprotein 18] 3 nucleotide Fo] A
Th(Park et al., 2007). 53], 2FFFH(154 umol/100 mLyE $-$H(68
umol/mL) 9k 393 umol/mL)el 3] “3338] %2 nucleotide
F= 7Aoo, o> 318 YT w glycoprotein, glycolipid
RSP TE AT AP EA AE I (Park er al., 2007).
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1.

2FEF AlF-E 30~500] FE A 209 (A Bl 107, X
1913 19 23)(o}4, A9) 250 mLA 327+ 43

71 & 83, 103 € 1250 B¥S )33t bifidobacteria,

At o™, AHER-2] bifidobacteria

lactobacilli, clostridias &
= ZAbskTh

4, THsteq 54

2. 2H | Mo+ &H

Arehe] B3-S 1% peptoneol] 843 & ZF b HPo| =
E3}o] 37 CollA 4847k v F3}3A ). Bifidobacteria, lactobacilli
9 clostridia= 712} Beerens agar(BD, USA), MRS(deMan, Rogosa
and Sharpe) agar(BD, USA, 0.02% NaN; 37} 2 TSC(Tryptose
Sulfite Cycloserine) agar(BD, USA)E AHE-3153 T Bifidobacteria
¢} clostridiat™ & 7] Wl FatA oM, Fakt2 571 vl ekl

d

3. 16s rRNA ¥@7|Md aiHol| ofst 2R #Fo &3
A3 P2 AFREQ B A bifidobacterias 2H2t
13779 12955 0.5% cysteine $H-+5F+= MRS agarol] Hll
st BEstgen, —70C Weale BESTh 2 o
9] 16S rRNA 97| /‘1 < Solgent 3]|Atol| 2] 3t 433}
Atk A7IME WS SoketH v 2tk PCR HES
Azl AH-3F primer= 27F(5'-AGAGTTTGATCCTGGCTCAG-
399} 1492R(5-GGTTACCTTGTTACGACT T-3')%1 2™, Bigdye
terminator cycle sequencing ready reaction kit(Perkin-Elmer,
USA)E AHE-3H3ith PCR 2718 96°C°1W 10%, 50Coll A 5
Z 283 60TANA 459 cycle® & 303] W& X361t}
ABI PRISM 3730XI DNA analyzer® PCR 9h3--& 225}
l6s IRNA®] 971X E& 243tk o] H7IAEE v=AH
Y HAE(NCBD) Q] Blast Z219S o] &3}o] F4 a0k

4. Bifidobacteria®| & g ZAl

MRS Fermentation Broth(Scharlau, EU) 21 g, polysorbate 80
1 g, cystein 0.5 g, =75 800 mLE &3]3 3 121ClA 15
w3 A 7 S FHT 24 mLol &AM
0.45 pm membrane filter(Advantee MFS, Tokyo, Japan)Z d
etk F & 20 mLE ¥iA] 800 mLell 3 7hated AR
o] 3 mL# EF3}%th BifidobacteriaE Fol H71g v x|
HET F 37TColA 48717F 7] vl Fstdet. wjA] ] Ao
o] Ao ek #FE FPoE AAAU

5. AR oligosaccharide2| £2]

AFeFS 50 kgoll Ha-lactase 36 uLE 718} 4 Coll A 24 7H
531tk Ultrafiltration membrane(UE4040-PF, Sachan, Korea)
2 oAt ool S ST of Y 35 kg W F
SEHE AR TR 12 kgs 7HekATh 2R oy
15 kg& F712 9 5 04 %%# 15 kg& 7telal, 59
o] 15 kg8 W7bA st om, F of FH o] F2 62 kgol
= T} Nanofiltration membrane(DI_AO4OF, Osmonics, USA)S

}
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2|5t Bifidobacteria?l Lactobacillie] BEt4siE e EA 105

Abgate] ol 349)S 12 keol B W7

] 5
ZH52 53 BFA0) Thstel $5 wEAAT HEHO
£ 559 15 kg2 AXHAT $2 A28 539 AR 6

gg 30 mL S750] 520%F, 10 uLe] Ha-LactaseE 713k &
4°Col A 48417+ ¥kt F5 S 3,000 rpmell A 1027
AAEGA ) & A=A SFCA membrane(Nalgene, USA)ol
o7stth 7 NS 5 mM NaClZ ¥ 3} ¥ Sephadex
G-25 column(5 cmx93 cm)oll F=Y3ked chromatography 3} Tt
FYE AEE dE-3ES AR 490 nmell A FE %

6. WE32olEeln 2M

il ohgosacchande ANEE AMstY TLCE BA6g
t}. A71-41) = n-butylalchol : 7485 : 15)8 AH4-31%
HF) A kO 2 = diphenylamine : aniline : phosphoric acid(5 :
10 : 85)5 AFE&tth BEFE2 L glucose, galactose, lactose,
siallyllactose S A}-8-3} S th

7. EAIA2
RE AR 35 BESOB, FALYL 3 fI5F

Fig. 1> 2FFH 250 mLE 1Y 23] AF % 1049 A E
2 A A AFHAA @2 a9 W bifido-
bacteria, lactobacilli, clostridia®] Log Ald+E HoF3 3l
t}. Bifidobacteriae= A2l tZ27 7Foll Ml#5(log CFU/
mL)7} 0.64 ZFe]7F UM, 95% A1 Z Ao A 2ol AU
t}. 39, lactobacilli®} clostridia= 2tz 0.373 0.24 2o 7}
™ 95% A Z| GA AN frold o] IATh Langland 5(2004)°]
29 9] AdQlo| Al fractooligosaccharide 7.5 g2} inulin 7.5 g=
27 B HA T U AFFT S ZAE A3 v ey AgS o
Z 520 vlel AT 642 AA F7h8ke] p=0.0191A F
o] o] 21O, lactobacilli®] 73$-& thZET 3.190 Bl&f A
2T 3.60% o F7hete] p=0.04 FE 2] Z2 el o]
YEA T B 78 - Fractooligosaccharide 2} inulin®] bifido-
bacteria®} lactobacili 2] &S X 3= 2347} = Aol
H 5o & o & AFoAE AFfol A8t 28 rgol
bifidobacteria & F7H171= A& AR HT

Fig. 25 AF%R 250 mLE 1Y 23] A3 1089 A E
2 AR A AFASA & dEe Tv‘:_'—tﬂ Wl bifido-
bacteria®] A+ (log CFU/ML)E A# 717HEE HAF 9l
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Fig. 1. Fecal bacterial numbers of the women who consumed
goat milk for 8 weeks.
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Fig. 2. Bifidobacterial number of feces from the women who
consumed goat milk.

th 8FE AEH T 2ol AEF7F 0.99 =Fol7h v,
95% A Z AN A freldol AT T, 10579} 125+ 27}
0399} 04302 Al a 2t 1+ A 2= 2po]7t 851
o Ao, 95% A A AN F2]/d0] 1T Fig. 13} Fig.
25 E 0 bifidobacteria Al 57} AR o2 A Tto] hEF
of HsiA FHHoZ Bol EAsh= A &1 = A

2. Bifidobacteriagl lactobacilie] 22 % =X

2FHFE A3 A ES] Ml AAFHEHA 2 tlEEe]
19 bifidobacteria Al A53817] 918k vl gFSE Beernes
agar2 7B AlitS stk o] AFE9 16S rRNA #3
2ke] A7IMEE FABA T A e AA 13 #F T
bifidobacteria’t 12 &2 B. adolescentis(40%), B. longum
(40%), B. pseudocatenulatum(30%), B. dentium(10%)°] 1M,
1 T3 lactobacilliZ L. sake(10%)°] At} REA|, o) 2o
M= A 12 #F = bifidobacteria”t 7 2 B. adolescentis
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(30%), B. longum(30%), B. pseudocatenulatum(10%), B. dentium
(0%)©] 2, lactobacilli’} 5 F52 L. sake(20%), L. ruminis(30%)

Table 1. Bifidobacteria and lactobacilli isolated from the feces of
the adult women supplied with goat milk

No. of positive samples (% of total)

Isolates Treatment group Control group
(n=10) (n=10)
B. adolescentis 4(40) 3(30)
B. longum 4(40) 3(30)
B. pseudocatenulatum 3(30) 1(10)
B. dentium 1(10) 0( 0)
L. sakei 1(10) 2(20)
L. ruminis 0(0) 3(30)
Total 13 12

2 YEPTHTable 1). o1 A= 4419 EHXE B adole-
scentis®t B. longum©] Th4E A 8h= 523 bifidobaceria
450 2 WA= (Biavati et al., 1986; Finegold et al., 1974;
Moore and Holdeman, 1974), F7V8 S 2 B. catenulatum, B.
pseudocatenulatum, B. angulatum 2 B. dentium®] A &
Well 1= bifidobeateria® 4 3} 22 Scardovi2} Crociani(1974)
4 Scardovi 5(1979)°] Hg Y& IR|sl= Aol
AZFE Tk B3 Matsuki 5(1999) 4859 AJ9le] oA £
2] 3t bifidobacteriaE HH B. longum(65%), B. adolescentis (60%),
B. bifidum(38%) 2 B. breve(13%)7} %e°] YeRd HiH, B
dentium(6.3%) 3} B. angulatum(4.2%)> A YERd B 7ol v]3
ol & o, E ANAME B longum} B. adolescentis<- %] YE}
YL, B dentiume- AA VR 212 ¥t 73 gko|gtar A ZHE )

3. Bifidobacteria2t lactobacilli & &g 53

Table 2. Identification based on 16s rRNA gene sequence and carbohydrate fermentation patterns of bifidobacteria and lactobacilli isolated

from feces of the women who consumed goat milk

I Goat milk Carbohydrate fermentation
Identification Isolate -
group Rib Ara Lac Cel Mel Raf Sor Sta Glu Xyl
K1-3 Treated + - + + - + — + + _
K2-2 Treated + + + + - + - + + +
K4-1 Treated + + + + - + + + + +
B. adolescentis K6-2 Treated + + + + - + - + + +
C-2 Control + + + + - + _ + n +
G-1 Control + + + + - + - + + +
H-1 Control . + + + - + + + + _
K3-3 Treated + + + - - + + - _ +
K5-2 Treated + + + - - + - — _ +
K8-1 Treated - + + - - + + + _ +
B. longum K9-1 Treated - + + - + + - _ _ +
F-3 Control + + + - - + — - _ +
I-1 Control + + + - + + + - - +
I3 Control + + + + - + + - _ +
K5-3 Treated + - + + - + + + + +
K7-1 Treated + - + + - + + + + +
B. pseudocatenulatum
K7-3 Treated + + + + - + + + + +
B-3 Control + + + - - + + + _ +
B. dentium K7-2 Treated + + + + + + - + + +
K10-1 Treated + + + + - - - — _ _
L. sakei D-2 Control + + + + - + - - _ _
E-2 Control + + + + _ + _ _ + _
A-3 Control - - + + - + - - _ _
L. ruminis C-3 Control - - + + - + - _ _ _
H-2 Control - - + + - + - - _ _

* Rib: Ribose, Ara: Arabinose, Lac: Lactose, Cel: Cellobiose, Mel: Melezitose, Raf: Raffinose, Sor: Sorbitol, Sta: Starch, Glu: Gluconate, Xyl: Xylose
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B A 223 FFE 9 ribose, arabinose, lactose, cellobiose,
melezitose, raffinose, sorbitol, gluconate & xylose?] THE &
Hg ZALSFATHTable 2). ©] FE9 @& THol w} bifido-
bacteria® 54 4 Atk B. adolescentis 7 T-5-= melezitose
= 294, lactose, cellobiose, raffinose, starch, gluconate
= 3EX0E B339 B longum 7 &< gluconateE
s 2 a3l #3912, arabinose, lactose, raffinose,
TEHo 2 HaSIH Tl B pseudocatenulatum 4

WFg 3}A] &9k, ribose, lactose, raffinose,
sorbitol, starch, xyloseE a3} B. dentium T sorbitol
L g ElR] U, BE DolA BEFAT) L sakei= ribose,
arabinose, lactose % cellobioseS FE2 o2 WA3FS B
9k o}y 2}, sorbitol, starch 3 xylose'e 3522
o}, L. ruminis< lactose, cellobiose, raffinosel] 4]
FEaton, A gE wastA Fodth

agte| 2a|
MRS RS E A (HA Lactase) 2 *2I8] §E-S galac-
tose, glucoseZ 33t th A2 E 2FERE ultrafiltrationS
sted e, X2, AHELLA AFE HEG AEA
o
=

nanofiltration .=

|

O

Falon, 5
=g AHEL A TS AN FFAS Ao F
il s 152 & Sephadex G-25 24
I2vtEd s B E AE W g Hd
=A% A3, 2719 peakZ H2] 5 9 th(Fig. 3).
Sephadex G-25 AZvIEI e T4 £&& Blet AZnE
92 43 Fig. 42 A A HA peekES TFASE &
g 89, 94, 999 &= EFEA sialyllactoseSt frAFSHA 2™,
F A peakE FASHE £8 104, 105, 107, 109, 112 F
2 glucose?} galactoseE T3t IS & F AU KFig.
4). Sephadex G-25 AZrtE I A A £ 89~1121
5% 5A71%% 5, Sephadex G-25 A R0 EI#H IS uhE

2 M off
BN
_0|L
e
o
o
X
x
EN
o
off
H
©°
>

= =2

sle] AA AT AAE 2 1FE AR ETY AR
BAs A3 I8, Z4FEQ A £ gE L aYUS
& 4 JATHFig. 5).

A
Akl Qe thest 2El S thE fAlE S Abolvt
F(Urashima and Taufik 2010; Park et al., 2007), €213
2FF(0.25~0.39 g/L)7F $-(0.03~0,06 g/L)E Tk 4~58 7}
T B, %%(0.002-0.004 gL)E.th= 108)7} B BrhUrashima
and Taufik 2010; Silantkove et al., 2010). 2FFfoll E&H th
&t £ T FO 2 = 6-sialyl-lactose, 3-sialyl-lactose, N-glycoly-

Mo ¥2

Ineuraminyl-lactose, 3-galactosyl-lactose, N-acetylglucosaminyl-

A490

[ —

65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99 101103 105107 109111 113 115 117119121 123
0.5

Fraction number

Fig. 3. Sephadex G-25 chromatography of crude oligosaccharide
prepared by using ultrafiltration and nanofiltration from
goat milk which was treated with lactase.

"&lése .

89 94 99 104 105107 109112 A B C D

Fig. 4. Thin layer chromatography of the fractions from Sephadex
G-25 chromatography of nanofiltration concentrate of ultra-
filtration filtrate of goat milk treated with lactase. The
numbers correspond to fraction numbers in Fig. 3. A:
glucose, B: galactose, C: lactose D: sialyllactose.

A B C D E

Fig. 5. Thin layer chromatography of goat milk oligosaccharide
isolated using Sephadex G-25 chromatography. A: glucose,
B: galactose, C: lactose, D: sialyllactose, E: goat milk
oligosaccharide.
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lactose B =2 FAHE] 2o &

et al., 2006).

A gt th(Martinez-Ferez
Aol e By HE 0
8 EfoF tiFE v 5:sltkSilanikove e al., 2010). ©-S-0]
2HER-E o H]3l sialic acid(N-acetylneuraminic acid)7} 4
vk o @o] z3tEo] IThArS ¢F 230 mgkg, 7+ 60
mg/kg)(Raynal-Ljutovac ef al., 2008). €2 7ol ZA 3} sialic
acide B 3tETIF9 AulX], HlF522F] mediate 232t
&, AEH TE lectin, JEHE, o o] Fo| FAE
HAst=d Foldth(Higa and Paulson, 1985). Fig. 13} Fig.
204 & uj bifidobacteria Al 77} AAH 02 A e|7o] U
Zto] v A AoF o' gol EAlgte Ae AT F 9
Atk oA A3= Raynal-Liutovac 5(2008)2 AFok#-2] 28]
I ZEuto] QE o] HAS ZEY lo] A freletel H
v zutg globe] S FHX3THE B39} Kleessen 5(2003)
o] ol oligofructose/inuling 4301 H<l b1ﬁdobacter1a7} =

Fgio] ]

7hethal Bl HjFo] B ) Akfo EAsls 28
©] bifidobacteria®] A= S7HA7] Ao E AlgH T

5. Bifidobacteria®} lactobacillie] a1 Y4a s
EHo)| A £ 3 bifidobacteria®} lactobacilli #+55 ©]&3}

o] 2kkF 28], lactulose 2 fructooligosaccharideol] o 3t
uhg 58S ARSI tHTable 3). 2FFf 221 23 lactulose=
]:!

= bifidobacteria®} lactobacilli7} & 3}% 2, fructooligo-
saccharides= B. adolescentis 7 75 X7 B. pseudocatenulatum
3 5, B longum 1 T 2 L sakei 2 g5 5ro] H& gk 2o
2 Yetstth

Perrin 5(2001)° 23} probiotics 755 TIHFE A
F3t7] el Azl AFHE glycosidase S ©]-8-3t] 22 ITE
u]g] TREEls =E8e 21y 9o

< 747 Q)= 739 fructooligosaccharide-S #3l & '/F A (Imamura
et al., 1994). Bifidobacteria= 22|29 Al E W2 E3A7]
% "1]3"}01]’\1 HE ks WA QFoA SYITE #l
Elgs FE AFs o] &ste WS ol A%
7}113’_ 9\}\ ]—"’ SFtH(Perrin et al., 2001). Bezkorovainy(1989)
72 bifidobacreria = oA & EAE w3317

F3HEo e A5 o] Aoz} Atk

¥ BYstY ok 2 AFNME B longum®| 735 E2lE
770 = 170%ke] fructooligosaccharideS #3i3F A5 W

, B2 T WelA=
e ACE ALEHTL

Kaplan® Hutkin(2000)l |3} etEupAE 2ol o) =
e 1G] ALY A L plantarum™ L. hamnosus+~
@A AR AP RS dANS 23R tANeRA] X

fructofuranosidase &7} W& 3s}4]

Table 3. Oligosaccharide fermentation patterns of bifidobacteria
and lactobacilli isolated from feces of the women supplied
with goat milk

Oligosaccharide fermentation

Isolates Fructooligo-

ilk Lactul
Goat mi actulose saccharide

K1-3

K2-2

K4-1

B. adolescentis K6-2
C2

G-1

H-1

K3-3

K5-2

K8-1

B. longum K9-1
F-3

I-1

I-3

K5-3

B. K7-1
pseudocatenulatum  K7-3
B-3

B. dentium K7-2
K10-1

L. sakei D-2

+

+ 4+ 4+ 4+ 4+ + o+

L. ruminis C-3

e I i T T I s S e S e S o e S S S S

e I S e e I T e T S S o I SN S

Z 2715ko] fi ctooligosaccharidei %OH s
M of o] Aol & HEAE B A
o

2 o

AFFfS A3 e Aol B W bifidobacteria® 4] &

ifidobacteria®} lactobacilli®] & W&

o
wa
M
'
2
X
i
ich
ri o
o

3 o] tiZF KRt} bifidobacteria Al
7t A A O 2 =9kor, 850l A 95% A A A f
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2. wHoA 2 #FES 13 779 16S tRNA 9714

A A3, SFRE AHAS X EFE B adolescentis,
B. longum, B. pseudocatenulatum, B. dentium, L. sakei 2=
e E ATk 2T 12 55 B adolescentis, B. longum, L.
ruminis, L. sakei, B. pseudocatenulatum T2 Z 2% 31 th.

3. 2FFf 2213293 lactulose= 5 bifidobacteria % lacto-
bacilli @57} 2& 3} T} Fructooligosaccaride= B. adolescentis
7 dF 5 BEs . 2AMS B pseudocatenulatum 4 o
=, L. sakei 3 45, B. longum 7 45 FTANA 24743, 2,1

7} fructooligosaccharide S & 593 o}

)
o
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