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ABSTRACT

Intestinal microflora in 17 breast-fed(BF) and 14 formula-fed(FF) newborn infants at about 1
week after birth were investigated to determine the floral differences of the two lactation
groups. The fecal conditions were significantly different between the two groups in. that the
number of subjects who showed watery feces, and the times of defecation per day, were higher
in the BF group. In addition, the mean fecal pH of the BF group was lower than that of the
FF group. The dominant species in the BF groups which showed the highest count among the
species of microflora was bifidobacteria, while the dominant species in the FF group was
streptococci. The frequency of staphylococci and the count of bifidobacteria were significantly
higher in the BF group. However, the frequencies of streptococci and. Peptococcaceac were
higher in the FF group. Though the differences were not significant, the frequency of
bifidobacteria and the count of staphylococci were higher in BF group, whereas the frequencies
of bacteroides, clostridia, enterobacter and the count of clostridia were higher in FF group.

(Korean J Nutrition 31(1) : 80~87, 1998)
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AE 1A Q) BHX E. coli, Streptococcus, Lactoba-
cillus, Clostridium, Staphylococcus7t A&€T}. A% 3,
49730} 99 bifidobacteria’t Z&3s1] Alzpeie] o]
Ao 283 ANFEL 4Pt AF 597 E bi-
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2t 1 2Ao| ttEche AL Tissierel] oldl 2= &
DEAL?. Tl oJFPH B deole B F FAT
o] EdoE o] glelrt 10~20A12ke] A=W o] F
o] AuRido] AEHT 39 FH 07 G4 Lol F
FE )%t} Haenel®2 o]f A Efd el bi-
fidobacteriaZ} ¥l 7Fe-3 o9 9F 99% (8 Y 85~
99% <)E A8k, A7 B. infantis7} FAFS2 |}
ehdtin &g U] 1% 089 1~15%)+ enter-
ococci, coliforms®} lactobacilli 522 F4H A 2H,
8ol pHE 5.0~5.598. Moreau 592 259 %
ol A& 54 R7A] E. colist Streptococcus?} 3-8 1+
ehdar, 85% ZA-$olA] bifidobacteriay &4 VERt
o)z otolol| A E. coliz} QA VJERIRIGE Ba-
cteroides, Bifidobacterium, Pleciridium 52 §714 o
EL ZAMEAEY 40%M = JERR] ggton,
U z]e| A= g Folut 1 o] ASHUT L 313
t}. Balmer®} Wharton" Y¥bHo2 TH9gole]
A& Difidobacteria$h Staphylococcus7t FFE olF=
w9l gd okol= enterococdd, coliforms, clostridiaz}
FHom, £ pHE AF 144A A BRIl
549909 wisle] Q1FgYgokes 6.91010thn B st
t}. Benno 5% % @ 25 Bifidobacterium breve7}
F8 gFAet b dEe YoM ATF et Zf
FYolol vi3f o Fstckn skt

B gole} dFg ol el Al Fe alols &
Ao e BHo] EAdA H|ZEHE Ao oA
Zok. B dolol M bifidobacteria’t A4 Jehte
olf B/} ATHel vldl ¢35 (buffering cap-
acity)°o] ®7] W&l E. coli, Streptococcus faecium 5
o] Z9] pHe} Eh(Aa-8 A& @& 4 A o
31, bifidobacteria®} E. coli 5°] &l acetate buf-
fer® Y & UEF 3P, acetate buffer= 4F
a% 84 IHFEYAE 73 A F-&(bacteriosta-
tic action)& Welll= vk bifidobacteria®} Strept-
ococcus faeciumolie A JehHA] 7] WEos A
Zgohze, '

Z381d BHd Yok bifidobacteria’l FHE ©]
FE 95 #38 Holed Hiel A3 gl E
coli B9 BAAEC] T3 #5E o|F= Aoz B
it} o] AT 27E vl £ 9, Tissierd
Hze] Bu F BRI A%L )HE fEHA
o AFd Yoty #EL AL e AS B £ Sle
o], 2R& &g JdFF Lol = bifidobacte-
riaZb ¥4 Jehdths Holy o|g|g Wale 24 f<
bl g o2 Belth?, '
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1. 0y M3y BHA RS 8 R NS

1) GigA M3

AFA 2Aske HedA w7] 49 Aot
ARt Yxap|2 Fd ReGFor 1737 ATS
Fob 14%8& TR s AT £4L
g F o] B Fof Al IR ENIER £
B Aol Al dAh @] Fo BoldE A&A oz vt
WAL, AFA7E URE Ho] ERAae] Mzl
1AZte] A 8 7 folle FEA A3kt =4
717k 19954 89 HE 1995 11971t

2) BHNZY 2

FRAE 24E A% 2N e 2 %
1FA ol A8kt '

EEA g Aot A FeEe HdE A
2% G AT 24 JSFER FSAE A 2
SeIRL, oleid PAUZ d2E Aole) PANE
€ AFAZ 7 714 41 A2 AgAR F24
et

3) 2HARY NE

229l A2le Balmer$t Whartonel 310l
Fao] Ageisict AYAR Suke A g AN
Z EET T AHE FHo WEAEE vl ¥ A
2 24 (homogenization), E¥3la] —60C WEd
FA] At Wil YEAGR S Az 14
o] dx] ¥5E 35ict W54 vlAl(BHI 37g, glye-
erol 100ml, cysteine 0.5g, resazurin 0.1% sol. 1ml,
pH 7.0)9] ZA|, £9e] ¥4 £ 4L CO, 7t 3
A Ao E FPsH T, EAL mineral oil Iml7}
#7 2AL 8710 smi¥ EFstn gAtAE AR
s 2Fap BTt

2. M2 ue, e XS

1) M2 By 2 15
WE A7 e AedA A4 galskn, S-

" EPA TubedlA] CO, 712 ol 840 10814 314

siich. SMele §714FL Mitsuokas) 2478 Ab



82/ 5%yl B2 FUEE Aol

3t1, 3714972 1/4 9719 Ringerd& AME-31%
ot A2g wj &) BN AS 150 7 AlE FF
AeujA]ef 7}k b Zalt] o2 =eiitt. Clo-
stridia® A7l 43 AL 80T 1083 A
g & oS =uslth. s dlo] =y Fuhulz]
= ¥uhijkr] & #7)w%47] (anaerobic chamber)ell
A 31CcE wgRhed, 714 #2 1Y, ¥ #e
2~3%7t wigslath. Frhirlel 371 24E N,
80%, CO, 10%, H, 10% = 3tx, vl Fol dolt
£ A2E AAS] A3 Platinum & A3}
At Zt Fo A ARSE Aol wigzde
Table 13} Zt},

vjekd HuuiR9] colonys 7], R 4 58 v}
gog ZFHE 13D colony counter £ BAC
module(Cream image analysis)& AM&&la] A48}

Ak,

2) M3 5%

A" FUAEY 34 Mitsuoka®e] W) Fa}
e}, Al7e] &9} 527X HelA) 29} colonyel
=k A oA Fo| AnA BRE AE e
2 7319 29k Catalase A1, 371 2 &7] wjoiA g
S o3l B3I go WHoz BHo| ofuig

Table 1. Culture media and conditions of incubation

71 de] Aol 2aAES] FelE HPLC(Shim-
adzu) 2 Q13149 Y). Bacteroides, Bifidobacterium, Cl-
ostridium, Eubacterium, Fusobacterium 52| 43} £%
24317 9sledE Rapid ID 32A(bioMeieux, Fra-
nce) & ©| 833, Bifidobacterium®} & 4 Fo| 7
o= APl 50 CHLE B2Z AH83si9Y. 371479
& 9 $2 API 20 EE A8, 779 Afelle
VITEK(bioMerieux) & ©1-8-815t}.

3. A=

ZAAIRY FAIAEl= SAS package™E AR
FRADPER Ao B BERAE Pk, 3
@7k Aol &= t-test 2 chi square test2 &It

am ¢ 1%

1. Q70N ARG

€ Ao A AFA 24 2709 S LA
T 24t A okRA, RRPFolrt 179, U39S
ol7} 1422 F 31olglen, o|F Hok= 188, o
ok= 1340t} ol&c] &7 dwtH AFE Table
20l A8kt

Aol ooy o] B A& BFFFTo] 28.1+2.

Dilutions Incubation
Culture medium cultured Bacteria
(log:o) Time Atmosphere

Reinforced clostridial Corynebacteria

media with 0.5% glucose, Fusobacteria

7.5% horse blood, 0.03% Veillonella

China blue”, Kanamycin Bacteroides

*Vancomycin? 3-5 3 days N,+CO,+H,

Tomato-juice agar with

0.5% cysteine, 0.2%

Tween 80, Bromcreso!l Eubacteria

green, Kanamycin®? 4-6 3 days Nz+CO;+H, Bifidobacteria

Sulfite-Polymixin-Milk agar” 1-3 3 days N,+CO,+H,  Clostridia

Brain heart infusion with

0.5% yeast extract, 7.5%

horse blood, Haemin- Total

menadione solution 1%” 4-6 3 days N;+CO,+H, anaerobes

MRS agar” with Peptococci

Bromcreso! green 3-5 3 days CO, Lactobacitli
Enterococci

MacConkey agar® 2-4 1 day air Enterobacteria

5% Blood agar” 3-5 1 day air Total aerobes

1) Mevissen-Verhage et al., 1987'¢

2) Stark & Lee, 1982""

3) fin, 1994



64, Q1 BF Yol 31.1+5THE F 22t fe}A A
ol glgitt. olmiyel e BfdYelT e FE0|
5.9%, %ol 76.5%, hZE ol4do] 17.6% ¥H,
TP L FZo| g, 1Fo] 35.7%, thEolde]
64.3% 2 U394 oviye] o] RfFgzel
Bl SoA o2 o EJ¥THp<0.05). oMy AAH
2= mdFToldE Aol dE B4t 11.8%, A
o] Q= 297t 88.2%2 EE Ade] gidx, ¢
ZgFFoE Aol e A7 42.9%. e BT
7} 57.1%2 5 T2t f2l=Qd Zol7k AATHp<O.
05). RO EEHE BH BH9 YT AdETe] 88.2%
2 gRES AAERoU, ATIEES ARl
42.9%, ALAN F%0) 5T11%2 AFEN £ 9
3 2uto] o] ®ol 5 2t fo4 Aol & BHrHp
<0.01). AAele] HF FAA AFL BERHIFTol
3.1+0.5kg, QFFF¥Fo] 3.2+0.4kgl 2 F TRt
$o7 Aole ATt

2. BN 2o pH B YH

BHFgolst dggdote] T wpHsle, ERig
pHS} Bdle] AelE ZAR 23S Table 300 AlAIS}
et

= W SE R FTe 5443138, AFISF

CHE B %R A Ek 31(1) 1 80-87,;1998/83 .

220541582 BaYEo] TG BN

o} o2 wEgy} Bith(p<0.01). ol %8 ut
1~3719 9} B g Fols} Qg dols tF o 2AL
g ol d &3} o) Aol o] A-ARe} 2ot

2ol pHE ZHY%Tol 5544093, AFFFLol
592+0.482 R4 dFol ek wgh t Wk
A folA Aol ohidth. ol Balmerst Whar-
ton'99] BHdokE, AFddT 4zt 42959 pH 5.6,
599 fAletaTh £3 S Ut dfols ddes
2NV 73 9} F=E 0] AFelMEe AF YA
2ggokre] Be) pHe 4.8~5.0, YFTIFTL 6.
4~6.82 BHA%Te pH/F QFdgo] vs) 4y
okt RgdFre] Be ¥Wo) pHE 289 54
of e FNFEY o] oz e Ut B
& ZAlfol vlgl $E d2gdo] w1, Q433 ca-
seinogen®l 2o} $lojq QA SnEA &7 &
A3 wE) B3siA 5o tigdl z2atA He 1
3} Ago] AYAo R o B Ao Az Yo,
o] =29 3G & 402 E. coli, strepto-
cocci 2L BATES ARS Fs Hed, o
2 2GS wFsl uge] pHE Boj=ela, B8 %
3F o njFAA EE NO; 59 ASESS AASF
242 ojgsta g oeN tFe Eh(As-3

Table 2. Characteristics of breast-fed and formula-fed newborn infants and their mothers

Items FF . : Statistics

Mother's ‘Age(years) 28.1+2.6" 31.1+5.7 t=—1.85, p=0.082

Infant's birth weight(kg) 3.1+0.5 32404 t=~0.64, p=0.529

Mother's education Middle school 1 5.9 o( 0.0} )

level (No.,%) High school 13( 76.5) 5( 35.7) x'=733
College 3(17.6) 9( 64.3) df=2

p=0.026

Total 17(100.0) 14(100.0)

Mother's occupation Unoccupied 15( 88.2) 8( 57.1) Y=3.88

(No., %) Occupied 2( 11.8} 6( 42.9) df=1 = *
Total 17(100.0) 14(100.0) p=0.049

Parturition Natural 15( 88.2) 6( 42.9) 1'=7.24

(No., %) Caesarian 2(11.8) 8( 57.1) df=1
Total 17(100.0) 14(100.0) p=0.007

BF : breast — fed infants, FF ; formula — fed infants 1) mean+SD

Table 3. Frequencies of defecation, pH of feces, and fecal condition of breasi-fed and formufa-fed newborn infants

ltem Breast-fed Formula-fed Statistics
Frequencies of defecation(N/day) 5.4+3.1 25+1.5 t=3.439 p=0.002
pH of feces 5.54+0.93 5.9240.48 t=—1.435 p=0.164
Fecal condition Normal 5(29.4) 10(71.5) )
(No., %) Watery 8(47.0) 10 7.1 . 1=7.895 ‘
Diarreheal 2(11.8) 2(14.3) f—a
Constipated 1( 5.9) 1 7.0) . p=0.096
Greenish 1( 5.9) 0( 0.0) ‘
17(100) 14(100)
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98 dojz=gjA Aot die] ozl pHe Eh
o]x}2 2.2 bifidobacteria 59 #7114 F59 ¥
215 7153t %t} Bifidobacteria 59 €714 #5
%ol acetate. propionate 529l SCFAZ ¥&3h=
Rol Bol thge] 4t BEx g FoAA Hed, &
fre ZA ) Hl3)] f55E0] W) Wi BRIY
ofe] E¥-& QlF golell vld] pHI} ©f Rolx|A |
o g g)ge] Be pHe AudA Foide W
g e 48PS g BRYYe ATIYGl v
3 bt s Qlok

el AHE BE ERIGTe FeHol 41%5
7V gskod, AFGSGTL Hdol T15%= 7V
2ottt Bullen® Tearles] d7olME 2§94}
o] We Fad vkl QFggole] W B} 22 4
Atz Basict. Bfe FET Age] Bx A4t
7} caseinigen©] Zo] 44 SR A] Yo} 24-& e
A3 so] 29T FEo] Rl Bo] ALE7] o

olup.
3. BU2FA 74

1) 4&5E BUWN=ZY 35

B A7 HEd A 432 F 13%019eH, ol
i EReTd Q3YYT BT AEEd, F
ol 7Fe] Aole A et 714 wiRlel e
Bifidobacterium, Bacteroides, C. perfringens, Clostridium,
Eubacterium, Peptococcaceae$} Veillonella 5] A&

)

fir o

HAL, 3714 2 F718 WA BTN AEE #
Lactobacillus, Streptococcus, Staphylococcus, E. coli, -
Klebsiella®} Enterobacter ‘5°]t},

a8y, AEE U 439 7= F 206 g9
Aol 7t Ao ERFFTAA 5.411.1F, AFIEFT
A 6.5+ 1.7F0] HEHo ERdeTol JFd g2
vlg) AEd W 4F 7 A2 Hol ¥t g
wed 32 4% AATH = -2.139, p=0.041).
ol -2 vt Fdfol e Zdsle A=sle] A+
gl 959] Starks} Leed] A+ 9 X3 A}
oftt.

2) BRIYor 25 IOt FHRFY A9l

AMols 24 Aol B AHoly a7t A
A o] FAo| AlFEn, o] Ay 724 E4
59 2484 29 (autogenic factor) A& 59 BH4
2 82l (allogenic factor)9] 2H&-<jl o) o] A
A3 dEFe0] A= FPse Aoz A
o mEd AE 13 Aole oldd 2059 &g
ol Al ZABL Sl 71Ee] FUn| BT 2o
=YHo] AR she vlEte duztgo=
%9 ez A7l A&H oz ojFoix|E Al7)o]
7] 2o FlldES &, TP ol Ze F Ul
M strain®] Wdk7} el 71Qzte] #&9] lo)st
ik A #2E F2 s AVEn B £ . ’

ERdgolet g gote] AFE 15730 2419 &

Iy

Table 4. Comparison of fecal flora between breast-fed and formula-fed newborn infants at about 1 week after birth”

Breast-fed(n=17)

Formula-fed(n=14)

Bacteria Counts” Frequency” Counts Frequency
Bifidobacteria 10.30+0.80 11(64.7) 9.23+0.57* 6(42.9)
Lactobacilli 9.03+0.77 11(64.7) 8.54+1.12 11(78.6)
Streptococci 9.44+0.98 9(52.9) 9.4440.67 14(100)**
Bacteroides 9.09+1.06 6(35.3) 9.061+0.97 9(64.3)
Clostridia 6.281+0.88 5(29.4) 6.98+0.99 9(64.3)
C. perfringens 5.45 1( 5.9 6.11 1(7.1)
Peptococcaceae 8.811£1.02 2(11.8) 8.94+0.62 7(50.0)*
Eubacteria 9.56 1( 5.9) 8.60+0.10 2(14.3)
Veillonella 7.63+0.27 2(11.8) 6.371+0.51 2(14.3)
E. coli 9.08+0.83 17(100) 9.27+0.63 14(100)
Klebsiella 8.45+0.77 10(58.8) 8.32+0.83 9(64.3)
Enterobacter 8.21 1( 5.9 8.34+0.93 4(29.6)
Staphylococci 8.99+0.54 13(76.5) 7.83%1.19 5(35.7)*
Yeast - - -
Proteus - - -
Total anaerobes 10.68+0.62 17(100) 10.6410.51 14(100)
Total aerobes 9.56+0.61 17(100) 9.65+0.36 14(100)
1) Data were analyzed statistically by t-test(bacterial counts) and chi-square test(frequencies).  *p<0.05, **p<0.01

2) Bacterial counts expressed as mean=+SD of log,«(CFU/gram of wet feces)

3) Frequencies of occurrence expressed as No. of subjects(%)
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Bifidobacterias #9479 64.7%, AFI4T
9] 42.9%9014 AEE ], F24 Aol oA 2H
g drolX e AEgel o Tt A5 e B
bifidobacteria®l v FHYFTolA ooz ¢
2tHp<0.05). Lactobacilli®] A& &L ZHIST
oM 64.7%, QTG FToNA 18.6% % AT FTelAM
AZEo] Eo f93 Aole oMt HEH
lactobacilli®] & F Tl F94 Aol o HUA
o 2 gggTol o Eskuh Streptococci®] AEE
& BHFdTolr 52.9%, AFFFTAE BF A
250} AFIFTIN FHez Bo] AEHN
(p<0.01). A&9 streptococci®] ¥ EHIIr
Qg akre] Ael #sith Bacteroides?d HAEEL
B dTolA 35.3%, AFFEFTAN 64.3%F F<]
AolA e FA AFHUTAA Eokn, AESH AT
9] & F o] A= vl&asith. Clostridiadl H2&
2 BTl 29.4%, AFddTNAN 64.3%%
93 zolE ofR|Tt QAFgFUTFAAN HEEo] o
k. ZE9 AR S QTIF2NAM ozt Bk
t}. C. perfringense T TN 42 1%8(5.9%, 7.
1%) A&H] AE&0] WS- ¥or, A&E Age
S5 39t} Peptococcaceaes A& BAYLT
oA 11.8%, QFFELNM 50.0% = AFF Sl M
freld oz AEgo] 3Hp<0.05). Eubacteriax
BoddT 19(5.9%), A3I LN 29 (14.3%)ll
A AZEo] AE &0 ¥UT. Veillonella® HEEo]
ol w4 ol 11.8%, A-ZILTFNA 14.3% R
t}. E. coliv BE WAAA AEEHAL, A58 A
7o £ AFILToNM It B3grt. Klebsiellad]
HE8e 2HIYTNA 58.8%, AZGUTFoNA 64.
3% = T w3l 23 Aot g, AEE AT
& A= b8l Enterobacterts E#9 4]
18 (5.9%)914 AZ2EY1, A2FFTY 43(29.6%)
A HEH oA Aole o AT BHA%T

B B KB 4B 31(1) : 80~87, 1998/85

B} QgdgLol AE&e] o ESith Staphylo-
cocciE G UTolM 76.5%, AFFETANM 35.7%
AzHo] ZHddTe AE80l fdHeE w34
<0.05). AZE AT FE ZRIFTAA © Bol
AP0 F2HQ Hale= ohiRich F ¥
S BaddFolA 10.68+0.62, DTG FTolA 10,
640512 F To] AR MR F /T 7=
TgodorFox 9.56+0.61, AFFLEANA 9.65+0.
3622 H|<3tith

Lot BH9 % bifidobacteria®} staphylo-
cocciZt, AFGEZE clostridia®t enterobacteria’l
AEe3 7 ¢ 2FAM o 24 vEiyd. ojEg 2
e 259 %oke bifidobacteria®h staphylococci7t
LAt 9l g ol enterococci, coliforms, clos-
tridia7} $-418}the Balmerst Wharton'”9] A3
o} gAteteh. =3 A7t TH4 2] Bhgdotet Q1F
JFols-g Ao s AT HEE W3E 19
ok TN A 02 A3 Starks} Lee™e] A9} vl
3 21 bifidobacteria®l 755 LA 21, clost-
ridia®} bacteroides®} % 259 ot M ¥ E3hrh
£ AFe= dolsisict. Bifidobacterias 18 43
9] FrigFozA dfoht 4elel AN Fo FF
olW, SCFAE 'Ha3l F& Adstel Fojs g
5 98 71 493 98 e #oE 4EA Yo
2 Clostridias ¥AE g4t AVIPTLE, o
Fejo] WG Crohn's disease 59 A% 723}
= C. difficile, C. perfringens$} 22 ¥ 94T S0l X
gHelo] 7] Bl Rl #og d=iA Ao, wet
A BRIEFE fode] JEFFsol= f3d ol
A Ut AF 1530de ZRIYel H R
%S gAPm Bo7,

4) 34 2NPS 357
7 2R ARES F VY B F 2 U
Bl $HFE 2418 F3He Fig, 134 2ok

— Bifidobacteria

Streptococci

‘E. coli

Staphylococci

Lactobacilli

Peptococcaceae

Bacteroides

EELR

Fig. 1. Percentage of Dominant fecal bacteria in Breast-fed and Formula-fed infants at about 1 week after birth. BF ;

Breast-fed infants, FF ; Formula-fed infants.
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2R FFolA+E bifidobacteria’t $AEY 47t
99 (52.9%) 0 & 714 @k, streptococciZt AT}
A9E 4(23.5%)°192H, E. coli7t $-AE B5=
273 (11.8%)°1213L, staphylococci®} lactobacilli?t £
AT 7397t Z4z 19(5.9%)4 010t} ol Hhaled
Q13d Fl A streptococciZt A1 B-7F 71
ol 78(50.0%)°12, lactobacilli, Peptococcaceae
S} E. coliz} $-412<) 723%-7} 242t 27 (14.3%). 18
I bacteoides® 1%(7.1%)°12 2™, bifidobacteria
7t A S d HE A

2 7ggele] AUFEole bifidobacteriazt $-
Asht, QFFdol= streptococciZt £AIBE, A
138)9] AAoloflx F-fod dofel QT doke}
TFE2| Aol B RoFa J}. ol @ AFe
Seuete] Fdgors FARIT BRHEYel vl
aol7} ASS HAFH, web felvete] 2Alf=
AgAFe] ZHggolel 2HIES v A= ook
g Aoz Atsdth

g% 9 22

Sl we el Adole FUdFE 24
o] #jolE LolR At A% 15739 RRISt 174,
kol 148E e e BEE 75 A
%8 AR A¥e o 2t

1) B5gdole] Be Qg golel vlg) o Fiz,
a2 wjislgy) fred o2 o B3kem (p<0.0D), ¥
We] pHE o w#sith

2) RH4ERLL bifidobacteria® FHTLE =
B} tked FEE P48 vlsl, AFI AL st-
reptococcis AT LR sk B} bt %2 34
3t Ut

3) BeASTe dFFdatd vl staphylococel
9 &g o802 o % (p<0.05), bifidob-
acteria 57t freld o2 o Bich(p<0.05). IF
b e {9 ol vl streptococei(p<0.01) <
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