LMOLEH Rl Lactobacillus acidophilus®]
ZZHIO[RE|2 29| 54

—

220t - 0|58l

ASTea nABEea

The Probiotic Characteristics of Lactobacillus acidophilus
Isolated from Infant Feces

Eun-Ah Kim and Dong-Heui Yi*
Department of Microbiological Engineering, Konkuk University, Seoul 143-140, Korea

Received April 18, 2008; Accepted May 7, 2008

This study was conducted to obtain a good probiotic strain of L. acidophilus from infant feces
which have the acid and bile tolerance. The selection criteria for the strain included antimicrobial
activity, serum cholesterol reduction, resistance to the hydrogen peroxide, angiotensin converting
enzyme (ACE) inhibition activity and iron solubility. To this end, five probiotic Lactobacillus strains
have been isolated from infant feces. Especially, L. acidophilus SD 105 had strong antimicrobial
activity against Listeria sp., high deconjugation activity in the medium which contained 0.5% of
glycocholate (GCA) and high resistance to the hydrogen peroxide. L. acidophilus SD 102 showed
the highest ACE inhibition activity among the tested cultures and L. acidophilus SD 103 showed

iron solubility of more than 70%.
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A 9 Qe A Fol oA &I WM AEE I A
Ao st B8] 3 i R9ollxe] AR o] w2 A

*Corresponding author
Phone: +82-2-450-3522; Fax: +82-2-3437-8360
E-mail: dhyi@konkuk.ac.kr

93

Key words: ACE inhibition activity, antimicrobial activity, infant feces, iron solubility, probiotic

aPASYd

1.0 ™l

° 2 HIHI O™ 7} 3 AoE dHA?
H HEF Ao AFE-HE starter culture®t TilE L
acidophilus®} 7+-& probiotic -F4kro] SHE ARIA a9
AAato] FZsial Ut o]F I3l probiotic FAHTol 7
of AHHE tafe T ¥ ZAAH} e #H 544
e G dEiME B2 #S 7RA HIAeHP =3l
probiotic F4He] JIAFEEFS Ay 4 A A3
ATE vf$ TRESIAIRL T RS 8 AHE]] HER
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O 23] starter culture =02 LA} AASH.
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Lactobacilli®] £2]. 2N F 25 oll])e] ¥HE 7 H
Boz AFH3 0.02% sodium azide(Sigma Chem. Co.,
USAY} A7FE pH 5.59] MRSUA|)R](Difco Lab., USA)
TaAo2 HEIH 3 oM HdPHE 53
Lactobacilli®] E2]& 938l Aok B AEE 37°CAlA <
3U7F viFRE - MRS THAHRR] Aol VEpd SAAQ] FEke
AFo|2 2 ste] MRSHAA ||| HESkar, ThA] st &
Hojzl FFES 4,350xgollA 1587 GAIEE](J2-2IME, JA-
20, Beckmann, Germany)sle] AFNE A ASH & 2.5mie]
12% EA]-¢(Difco lab., USAY}F 2.5 mi¥] MRS A xS 4
o] &9 T} Algel AREE W7kA] —60°CollA] B3R
o, 248 FFE5S diE3t 37°CoA 23] Althuidsie] pH
25004 AEE] oF 85% ool homo At LA E e
TE A Adsted AlFl ARSI

Lactobacilli®] 3. £21¥ 5= crystal violet 842
FAgE T AAY A (Leitz Ltd., Germany)2 o8-8 A2d
1159] Lactobacilli®] FEHE HZ3ID Gram G4, 15°CS} 45
oCollXe] A o9} catalase A AF E 37°CoA] 244 7F
ek & A3 MRSHA]SA hot loop AlEES 53 gas A4
NEE dAlgte] A3eE ZALE stk AdE 1159
Lactobacilli®] 3 ©184<S Z43t7] 93] API kit(API 50
CHL, bioMerieux, France)E o|&-al] 495e] & AFAS 3}
(k. AlE #FE MRSAAER[ANA 16AZF v st = 0.1%
peptone SH O E AHT ths AEg H|EE A3 TE. API
kite] AREol] wet HEl (inoculum)2 W= APISO CHLAY
Aol HE3t stripg THE TR 37°CollA 48A17F wljfst &
AN W3l #ESIH o, 49 A3 Bergey’s manual®Z} API
LAB PLUS 2 1% (APISO CHL, bioMerieux, France) 2
vl AT

TN AR A, 23F 58S 8 A 1152 Lactobacilli
o) A A 2442 18] $18) Rizzo 579 WS o
T RSt g3 o] XAE Sit:. MRSAAE]X] oA
16~18A17F vl & 17,400xg= 1087 YAEEsH] dojzl
TAE B THT=E 28 AEE & 3AAx ey, w4
AzE A 20megsS 15m/ A8 ¥ F 45g NaOHo
150 m/®] MeOH® /7T 2tz H7ist Azd Hsgde
Iml F7FE 3 5~10%27F 73shAl wRbsial 100°CoiA 387¢
cell lysiss YOoAH MEAZAZHE JAHAE F=3 & Yzt
3L, 6N HCl 325m/9} 275 ml MeOH7} €3 methylation
L4 2ml HUFeE & 80°CellA] 1087 E3x8)ékd hexane
methylene ether(MTBE, Sigma Chem. Co., USA)E 5% &
ek §AS 1.25m/ H7¥SIaL AA8] s 1087 vESA
7] 3 AE FEINUT o] Y] ES FEE Pasteur
g o83k A|ASIL Y] NaOH 894(10.8 g NaOH/
900 m/ in deionized water) 3 miE F713F H S5EZF HEEAIH
AP} AR 808 A AT F Na,SO, anhydrous(JFunsei
Chem. Co., Japan)e A7k FE-S AASL EAASE 3}
Rk RS AR 2 A% 48 HP G1512A

auto sampler’} F2E HP 5890 Series II GC(Agilent Co.,
USA)E o] 83193 FID detector®} Ultra 2 column(Agilent
Co., USA, 25mx02mm id., 033 um film thicknessy& AHS-
Btk BMzA ot 238 S @A Ak 24
H|E %3] Sherlock microbial identification system(SMIS,
MIDI inc., USA)S o83l 54315t

L. acidophilus®] Probiotic $4. 12| M=ol dish A4
32 Hood9} Zottola®] HIH ol uwel MRS A8l A] ol A
16~18717F WiO3E L acidophilusS 4350xg2 1587 QAlE
2lale] AR AL A AT E 0.8% NaClE 343}, 10N HCI
E o]&3ld pH 20, 25 ¥ 708= 747 2HH 0.05M
sodium phosphate ¢==-g-loll 107 cfym! 50 HEE AN
2 A3 37°CHIA 2417 B9t Wi & AEES 24
GIbs=3

HgEAate] Uig U SAAES A 579 Wl o}
16~18A1 7} ¥R3 L. acidophilusE 1% bile extract(porcine;
Sigma Chem. Co., USAY’} A7 MRS ARl 1% HE
gled 37°ColA 2A1ZE HiESE & AAEEE oS 2 A9 9
3 831t |

. Log,, number of viable cells survived(cfu/m/)  «10
Survival (%)= -

Logo number of initial viable cells i.hoculat_éd(cﬁz/ml). 0

$714F &4, A L acidophilusE 8% BX5l 22+ 3
Fated 37°ColA 2477 wiRFR 3 ek} RY1AE Laye
5109 Whig AF Y3 e Zo] S4 stk 28
#$g 5 2 AIZHE el 5¢& FHskd 7)ol 0.0085N
H,SO,(Matsunoen Chem. Ltd., Japan) 25 m/E #71s § A=
oA 2A17F WXL, 4,350xgE 1087 YRS & doj
A N-E 0.2 um membraneBEIZ o3l £4 AR=2 AR
stk §714F 248 HPLC(Model LC6A, Shimazu Co.,
Japan)E ©]&-31%aL B4 72 UV/Visible detector (Shimazu,
Model SPD-6AV, Japan)®} Aminex HPX-87H column(Bio-
Rad, USA)X2 A3}

A R, M L acidophilusE 8% YAl 7}t
HE3t 37°CoA 24417F widsh 5 ufekeiu] 3EA A
BS Bassette?} Ward'Ve gol mie} E4skitt. vl g
50 g2 Kemmerer-hallet type micro-kjeldahl distillation unit®]
Z5F Zopado] Y WRERETEHOZ ethyl acetate S ppm=
AV 3, ZRAA FFY smiE FFAL ©)1F 2miE 20
m/2] space vialoll #H3F & 7|9 Na,SO, anhydrous 0.5 g=
2715 & Teflon PPIE I 60°C =04 287 AAAK
F, 587 wRke A 887 AX)A1Z) F headspace 1 miE
#H3ald GCZ EX3lHS™ FID detector®t Supelcowax-10
fused silica capillary column(Supelco Inc., USAyS ARSI
A% 2HY QRS AR TL HLH PIREQ
acetaldehyde, acetone, ethanol & diacetyl®| AT}

$3 UAE ASAA. A2H L. acidophilusl] 213 HYA
o AAE A FHE AP37] 981 well diffusion assay '
S JNAMSFA  Escherichia coli ATCC 25922, Salmonella
typhimurium ATCC 14028, Listeria monocytogenes KCTC



AoV Rl Lactobacillus acidophilus®] ZZ2H0] Q8 0 2x{e} E4] 95

3710, L. welshimeri KCTC 3587, Listeria ivanovii KCTC

3444, Bacillus cereus KCTC 1014 R Sweptococcus mutans
NN2025° i3t AAZAE o3 2ol At Metal
boring cylinder(diameter; 8 mm)& ©|8-8lq Listeria= Listeria
AEu) R (Oxoid Ltd., England)l E. coli, S. typhimurium, B.
cereus X S mutans= Tryptic Soy $HHWJA|(Difco Lab.,
USAXl HAzE HAS W the Zzbe] B "t
HE 0T HALS =E3RT. Welle] vletol| Listeria X8|
Al & Tryptic Soy $HIMIAIE 30w U3t Az, A
Foll 7277 WSS L acidophilus YIRS 150 pR HE3)
T 2} HBTL £ 1247 WAFE T 37°CoM 244
ZF g 5 A stk =3 frikto]l AAdske At
of o3k B A BHE wAlsl] At ikt vk S
4350xg= 1087+ fAHER e FAE XA $ pH 7.02
Z SR fiE MFE AEAe B well diffusion
assay 3I1T}.

Listeria®}2] &% WY A2H L acidophilusE 37°CoA
2417 BiEAZ] MRS BAENA] iRl Listerias 10° cfu/m/
o] o] HuE AV A7 7HHO 2 L acidphilusSt
Listeria®) RS S350, ol A= 0.1% peptone
SHog AFs] AT & NES 0.02% sodium azide’}
7Fe MRS EdufA|ol HEdte] 2% b= 37°Colx 4827t
sl & A3, Listeria®] A<= L. acidophilus2}
SY3 WHOZ HMF F Listeria AYWIAe] £L} 24
ST

BI3gFAd B3], A9E L acidophilus®] STHENE F
NS =48] 98] Dashkevicz®t Feighner'?2] agar plate
assays 7HA1ste] A3t Taurocholate(TCA), taurocheno-
deoxycholate(TCDCA), taurodeoxycholate(TDCA), taurolitho-
cholate(TLCA), glycocholate(GCA), glycochenodeoxycholate
(GCDCA) % glycodeoxycholate(GDCA)YE MRS <} A ul| x| ]
0.05% E= 0.5%E 22t F71elal g (Difco Lab., USA)S
1.7% A7kt B3 o2 SHRIIAE A|=2315eH, B
FEFAL SigmarHUSAYY] RS ARS8 T 0.2% sodium
thioglycolate(Sigma Chem. Co., USAY’} 71 MRS HAuj
ROl A 28] ANelSE L. acidophiluss SEESAFEC] F7t
¥ MRS sEHFEI|R o] =T HES £ Gaspak anaerobic
system(BBL Co., USAYS ARg-ated 37°Col|A 3d7E wieksia,
E3EEA Bl vk Aew dF T FAE AATS
o E Az

Hydrogen peroxide A&]ol| g WA, A2E L. acidophilus
9] hydrogen peroxidedl tHgt A&HA]-S Kullisaar 59 =Y
< 4% st tedt 2ol AAEIIY. Lo acidophiluss:
MRSRAERR| A 24A17F i FRE & isotonic saline® = 23] Al
3l Tt 107 cfumsee] E== isotonic saline®l| HE3}L
0.4mM hydrogen peroxideZ 7}5F & 37°CollA HHASFHA
NEE FHsl AFF4E SAGY. AdTres ANEE 0.1%
peptone -&H O 2 34t A3 M NS MRS HuiR|
AHE3k] 37°CollA 2¥7F anaerobic jar(BBL Co., USA)E ©]
83t 7] wieke = iAol YAE dEE 85

onf AEEL Th ol AV,

Log,, of viable cells at hydrogen peroxide

(%)= 100x Log,, of initial viable cells

ACE A3 &A4. fud 2ol sl L acidophilus7t 2
AR Sleloln = FElE 7S E2 Nakamura 5
o] HPHE JRAsled g3t 7ol Az A 55| L
acidophilusZ 12% A0l 2% AE3le] 37°CoA 24417% Wy
ok3t ThE 50% lactic acid®t 10N NaOHE o83} &
it o] pHE 4602 FH3E & 4°Col|lA 4,350xg= 10:27F
AAE A 3N pHE 10N NaOHE ©|8-3t T
pH 83°0.% ZA3 U8 4°CAM 4350xg2 1027F YAE
3 & AAdS A4 ARRISY. ACE A& 33+
Maruyama®} Suzuki'?] WS 78t o3} 7ol Afs)
Ao}, AFo] A3} borate-NaCl =84 02M H;BO,
(Sigma Chem. Co., USA)9} 0.005M Na,B,O,(Sigma Chem.
Co., USAYS 55:449 H|&E ETFsl pH 8302 xHdl
e A% =7t 04M°] HES NaCle H7hste] A3t
o1, 1g2] rabbit acetone powder(Sigma Chem. Co., USA)
Z 50mM borate-NaCl &+&F&d(pH 83) 10m/dl SE3S
4o 24X)7F wHFSE ThE 4°CollA] 17,400xg2 3087F ¥4
B2)g & odojrl AAAE WERASHHA ACE £84H0
2 ARgsIith. ACES] 7122 Hip-His-Leu(Sigma Chem. Co.,
USA)E 3.8mM¢] F=7t S== borate-NaCl ¢Z-&Hol| 83
&l ARt Hefol=7F I 0.05me] AlRE 150 ml
9] 712(3.8mM Hippuryl-L-histidyl-L-leucine)} &3+3}3L 37
ocolA] 5EZF MeA7] thE- 0.05m/2] ACE 82498 7t
3 3 37°CollA 3087F WRSAIZ|AL 025 me] 1IN HCEE: 37}
sl W8-S ARAF F- 1.5mie) ethyl acetateZ H7}si
3027 E3ER 4350xgoll A 1087 |AEE] stk Loizl
ARl [ miE Algdel &7 F 80°CellA ks AZRAT|AL
3m/2] 1M NaCle #H7bete] EsjA17|2 228 nmollA |S-3%
g Z2A3om, ojul ACE A& offje} o] ALkt

ACE A&&(%) = (Ec-Es)/(Ec-Eb)x 100
Ec: &5 #A7F Al 8%

Es: A5 #H7F A 8=

Eb: WF-A] & AlE H7F Al 8=

H

AR 714 7t SElo|s Aot A8 pH W e 3
2ol g3 wWalE Sklsl| sl pH 2.0~7.071A] pHE &
5led FeCly(50 ug/ml, Sigma Chem. Co., USAYE ®HEA]A
Ferrozine W 1002 KIS 2436, HEel| =0 o3t A
2ol 7183 Age g3 Zo| At AEd L
acidophilusE 12% BAFl 2% &3t 37°CoNA 2447 )
oF3} & 50% lactic acid®} 10N NaOHZ ©]8-3t] EX|4 Wl
oFolS pH 4607 AL 4°CNA 4350xgR 1087 A4
52 3}, Gojzl AN FATHMW cut-off 1kDayl] &
I3 ZRFE LCHAM 24X B FHAT ¥ SEARA
A NER ARRSINTE 1mge] FEAZE ARE 10m/e =
22rof 838)A17) TR 2.5mle] FeCLo} €381 1N NaOHE
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)3t pH 6002 ZHET F, 37°CAlA INZF ¥Hgsla 9] HEOR catalaseS AR G 45°CoME 2 ARSI
4,000xgolA 3087+ 4°ColM AR FAARA G F 2} 15°CME BRA Bk

3 AAANY 78 A& %S Ferrozine HOE A7
stk 7HeA HEo] SFE 10m/e] AR A 0.02% L-
ascorbic acid 0.625 m/Z 3 e 1087F X313, 0.5m!
9] 10% ammonium acetate(Sigma Chem. Co., USA)¢t &%
3F3l TFA] 1mM ferrozine(Sigma Chem. Co., USA) 0.625
miE 7kl E3sE & 2087 daoA AT &) SR
T 05miE F7iste] W2 HAAZ B 562 nmolA 5%
TE SAsIon, onf AR FFEMOZ TitrisolMerck Co.,
USAye AH&-8iith 7h8A H#9 =8 S48s7] s A
I T AR eE FE VMEEe0] 22 A= Uehd
452 L acidophilus® 23 Qo3 1 mee] FA7xE HElo]
NEZ 10m] SR &aA1Z] o 2.5mi9] FeCl,%}
T3k 1N NaOHE ©|-83l pH 6.00% ZH-3% 3 37°C
oA AlZE WEGAIF|AL, 4°CAlM 4,350xg= 3053+ AAERI 3}
o Iy 718 HEY YL Inductively coupled plasma
(ICP) spectrophotometet(SPECTRO Anal. Inc., Germany)ES- ©|
§-3tq ST

=

—

Lactobacilli®] 4. 1A2 A3 1145E APl kit(APIS0
CHL, bioMericux, France)s ©]&3tqd & &g A|gS AAlgH
& 1 A7E LAB PLUS ZZ I3 (APISO CHL, bioMerieux,
France)2 2 413l Bergey’s Manuats: 715202 Lactobacillus
& o] 2259 F o|&AMd wel L. acidophilus 545 SD
101, SD 102, SD 103, SD 104, SD 1055 Al&s}glen 2
= Table 29} 72t}

A AP =AY, T o84
acidophilus® SMISE ©]838}] A|RH 244 &
515 om™ A= Table 30 YERD v} o), tif=
Zo] A A ZA 294 oleic acid(Cig) &3] 40%
olAo g2 71 =A Yelgen, thE 22 11,12-methylene
hexadecanoic acid(Cioq o) Bl &0] =7 WEFsTE SMIS library
oke] FAMd (similarityyS &R1§ 23 559 L. acidophilus &

Table 2. Pattern of carbohydrates fermentation of L. acidophilus
isolates

Carbohydrates SD 101 SD102 SD 103 SD 104 SD 105
Amygdalin + - + - +
éﬂl’ '.-:."tl & Arabinose - - - - -
Cellobiose + + + + +
Lactobacilli®] #g]. 1#|e] Zhl 7oA Azt A2 Esculin + + + + +
o] #=r3lal WA RO starter=X AW L. acidophiluss £ Fructose * T * + +
sl flsted A$ 25U i 108] Aloke] EuolX pH Calactose s T
55004 Ago] 7E58 Lactobacilli 34352 Balsjgon, & giﬁzzzte e
¥ Lactobacilli FolX pH 2.50014 AEE0] 2F 85% o)/do] [ actose N " 4 n N
HA homo F2F HEE e 11975 AEskd Aglehs & Maltose + + + + +
Be BAAT. T ARE FAEFES T5E 4527 Mannitol T
2 Table 19X H& vie} o E8ld #5552 Gram¥A Mannose + + + + +
Melezitose - - - - -
Table 1. Growth Conditions of Lactobacilli isolated from infant Melibiose - - - - -
feces Raffinose - - - - -
Growth Conditions Rhamnose - - - - -
Morphology Rod Ribose - - - - -
Growth at 45°C + Salicin + + + + +
Growth at 15°C - Sorbitol - - - - -
Catase production - Sucrose + + + + +
Gas from glucose - Rehalose + + + + +
Growth at pH 9.6 + Xylose - - - - -
Growth at pH 4.0 + D+: acid produced -: acid not produced
Table 3. Cellular fatty acid compeosition of L. acidopilus isolates
 Strain Composition of fatty acids (%)" Similarity (%)
Cao Cis:i Ciso Cisa Ciso Cis2 Cioo CYC
SD 101 2.6 5.1 6.4 423 2.8 4.3 12.3 64
SD 102 2.1 4.9 7.1 48.2 34 4,7 10.8 53
SD 103 2.6 4.8 7.3 46.5 3.1 4.5 12.1 66
SD 104 2.3 4.6 7.5 47.4 2.9 4.2 11.3 58
SD 105 2.8 4.7 6.9 46.2 3.2 4.5 11.6 83

UC,40: myristic acid, Cis,: palmitoleic acid, Cigo :palmitic acid, C,z;: oleic acid, Cigo: stearic acid, Cg: linoleic acid, Cioo cyc: 11,12-mithylene

hexadecanoic acid.
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15 L. acidophilus=X4 80% ©]’3e] AME Yepom,
VR 282 L acidophilus2X AP 50% 2 $kort
U E LactobacillusEA18] A Azt Vehx] ool [
acidophilusZX1 QA 3F T Rizzo F"¢ H 1o 23t
Lactobacilli®] A A At 2488 B8 43} L acidophilus
2] 739 oleic acid®] 3$HFo]l 41.7%= 7FE =4 USia &
Apgare] =A% o] A8l Ansh Ak UEhgeh

L. acidophilus®] Probiotic 54. pH 2.5 ¥ pH 2.0°0% %
AE MRS RN AL L acidophilus®] $12] AHd&el o
3k Y-S AE3t A3 Table 40 Vbt nje} o), tiiE
o] FF7F pH 25904+ 85% o) AFEES B9oH, pH
209015 2F 40~50%2] AEES BRI OF L acidophilus
SD 102& WAbdol o} pH 209 % 71%9Y] =& &S
BTt Hood®l Zottola 5% Lactobacillus % L. casei} L.
acidophilus ‘¢ WAtdol 5o 53] L acidophilus® 73-%-
pH 2.00l4& 30-45F A% ASsIL, pH 3.0004= -2 A
Eohe A0 R BB Rizzo 572 o33t +E WA

Table 4. Survival of L. acidophilus isolates in sodium phosphate
buffer adjusted to pH 2.5 and 2.0 after 2 hours

Counts of L. acidophilus (cfu/ml)

Survival (%)"
Strain in?fég:ieon After incubation )
- pH 2.5 pH 2.0 pH 2.5 pH 2.0
SD 101 7.6x107 6.7x10’ 3.4%x10’ 88.2 447
SD 102 82x107  7.1x107 5.8x10’ 86.6 70.7
SD 103 7.3%x10’ 6.1x107 3.5%107 83.6 479
SD 104 92x107 7.5%107 5.4x107 81.5 58.7
SD 105 48x107  4.1x107  3.1x107 85.5 64.6

DEach data indicates a mean of triplicate (standard deviation)

Table 5. Survival of L. acidophius isolates in MRS broth containing
1 % bile extract after 2 hours

Counts of L. acidophius (cfu/m/)

Strain Survival (%)
Before incubation After incubation

SD 101 7.6x107 6.7x10’ 88.2

SD 102 8.2x10’ 7.1x107 86.6

SD 103 7.3x10 6.6x107 90.4

SD 104 9.2x10’ 8.0x10’ 87.0

SD 105 4.8x107 42x107 87.5

YEach data indicates a mean of triplicate (standard deviation)

o] ztolof thdl] A MEZHE Cop o T Aol S
1= U e

A L acidophiluse bile extractZ} 1% F7F viA] oA
ajoraly GgAate] disk 4L 5483 Z3+= Table 59 7
t}, thFe] 7t AEE0] 80% oo R wig- T3,
Aty #3325 £ L acidophilus SD 1038] AEE0] 904%=
7 A VERdt} Klaenhammer®} Kleeman'’ Lactobacillus
o} 7+e b 7 MR Feol we) @l g WAdol z}
o|7} glowm, o] mjist HejHtie AX Fe Y FHE 7t
2 L. acidophilus7t FE gk WAdel th& Lactobacilliol
H)a) ol$- =A YRt probiotic® 2419 ©]-§/de] oy
33t

714 BX, A8 L acidophiluss 8% BAFl wijYks}ed
AARE e F714Hs 3390 A= Table 60 Ve v
9} 2t} N8 45 F L. acidophilus SD 1059 23] A==
gl f {714 gl AAFHCZE A VEMSTE Lactic
acid®] 74 A AHIgAA & {frIA vle] =4 A=
ZAEA2 homod FAPLET} o]FofRth A4E ZAF acetic
acide 2% ABAEAE=E Ostile S92 lactic acidol] 2J8) wiA]
o] pH7} Aslehda fAES MEZW pHE 243t lactic
dehydrogenase®] E-g¢] ob4A] homo -HAPEE fraktolzt
3= A% acetic acidE A3 Aol A

ey gu|AdR, A4E L acidophiluass 8% BA|E0
HEsl] Qe JAUAY IRAES B4 Zde=
Table 79 YEpRd wvie} 2ol WEHo iz Fu|dEgd
acetaldehyde®] 73-%- L. acidophilus SD 1057t 7V =4 A4
B9 L. acidophilus SD 1018] AAdZo] 7 wWith e
Fo APAQA FA FnAHE F acetaldehyde, diacetyl,
acetone, acetoin 2 2-butanone®] T8 V|AHFTOE I F
acetaldehyde’t 7P & 932 u|X|=dl® 4343 thF-EY
7 da e 9 guAdER] acetaldehyde”t THE 3
S| o] w3 o] AAENS™ L. acidophilus SD 1059
739 acetaldehyde®} acetone®] A4 BlE©] 2.95:1232 =2 L}
=], Bottazzi®t Vescovo'”= acetaldehyde®} acetone®] A4/
Blgo] 2.8:19 7A¢ Eawe 7M At FrlE 22 3
k. soh 3k dubAd wE-fel o] diacetyle] 0.5 ppm
nwke 2 o JA AR Bl WA S EEa
o] Rugle AWHE FA3 = F8 | Aelsal st

At

Table 6. Organic acids concentration in 8% skim milk fermented with L. acidophilus isolates at 37°C for 24 hours

Concentration of the organic acids (mg/g)"

Strain ——
citric acid lactic acid acetic acid formic acid butyric acid
SD 101 031+£0.02 5.7+0.41 0.65+0.07 0.09+0.03 0.49+0.02
SD 102 0.48+0.05 9.3+0.09 0.72+0.06 0.14+0.01 ND?
SD 103 0.45+0.01 8.7+£0.36 0.81+0.06 0.12+0.03 ND
SD 104 0.61+0.02 8.3+£0.25 1.21+0.08 0.17+0.02 0.51+0.03
SD 105 0.56+0.03 11.3£0.36 1.39+0.05 0.16+0.02 0.53+0.03

YEach data indicates a mean of triplicate (standard deviation)
2Not detected
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Table 7. Volatile aroma compounds produced in 8 % skim milk fermented with L. acidophilus isolates at 37°C for 24 hours

Concentration of the aroma compounds (ppm)"

Strain -
acetaldehyde acetone ethanol diacetyl
SD 101 4.49+0.22 2.57+0.08 0.20+0.04 0.25+0.02
SD 102 3.51+0.08 1.71+£0.05 0.43£0.09 0.37+0.04
SD 103 4.36+0.43 1.79+0.08 0.51£0.12 0.36+0.06
SD 104 3.45+0.67 0.84+0.05 0.48+0.11 0.48+0.07
SD 105 5.89+0.44 2.46+0.05 0.63+0.06 0.52+0.06
YEach data indicates a mean of triplicate (standard deviation)
Table 8. Antimicrobial activity of L. acidophilus strains on the = 10
growth of Listeria sp. as measured by well diffusion assay =
o -@— o P
oy D s F @
’ Inhibition activity ®
Strain 3
L. monocytogenes® L. ivanovii® o 8 F
i’
SD 101 9.41" 10.54 =
SD 102 9.32 10.60 > 4T
SD 103 9.19 10.21 = > |
SD 104 11.70 11.00 £
SD 105 12.02 12.82 2 . ; : ;
UEach data indicates a mean of triplicate (standard deviation) 0 1 2 3

2L. monocytogenes inhibition activity as clear zone diameter (mm)
L. ivanovii inhibition activity as clear zone diameter (mm)

#3 AABE BRXAA. HAUE L acidophilus®| &3+ 73] v
AE A JAE well diffusion assay WPHES o83l A3
A3 E. coli, S. typhimuriumel] WS AR a3+= gl
™ B cereus®t S mutants®l] A= 2R3 LA aHSE )
Bt 28y dif2Y dF dFE0] o] Bolxe=
Listeria 959 g 94 a3p7F v+ 24 Yepgon [
monocytogenes KCTC 37102} L. ivanovii KCTC 34449] ToH
gt AAlol AY wkon ZIE Table 894 o). ZF 759
ARl 7| =A Zol7t It SD 1057 AU A=
A7t F A2 et} L acidophilus® 23 A #HY
d A=) B AA B FE GASTA A YA
A ES L acidophilus?te] 73382 Y23} L acidophilus?}
BUA T SHske T Yokl RuEHI Jop0 &
gk o33 ETA 714 o)l = L acidophilus7}t A3 3=
714}, hydrogen peroxide, diacetyl, bacteriocin 2 U AW
At 3 S drEd o YA vdES] A oAl &
A7F dHA ety

Listeria®}] &Y W, Listeric®] i3t A5AA g3t o}
€ A A=l & w)-¢ FSEA debdel] wet L
acidophilus SD 1058 Listeria®} <% vlYsle] AS oA &
A5 AFEAY. L acidophilus SD 1055 2477+ vf kst
MRSHANNA) L. monocytogenes L L. ivanoviis 37V
A5 BHE SR e A Fig 10 e v} 2
o & WG AT o)FRE AE FaEol 9% L
monocytogenes 2 L. ivanoviel] TI$ AS A a3r) 583}
Al HERton, vieE A7 o]l FRE EE AFESE Ao
= el A8 7759 BoldQl Listeriad] g A& &
A7t BRI

Incubation time (hrs)

Fig. 1. The growth inhibition of L. ivanovii and L. monocytogenes
cultured with L. acidophilus SD 105 in MRS broth at 37°C for 24

hours. -@- L. acidophilus SD 105 -W- L. ivanovii -[1- L.
monocytogenes

ERGFA B8, AEE L acidophilus®] EREEAE
S A3t A= Table 95 2ol A48 A3 2& A
Q

WAz zlole o) BIJGFAIES Eilsk= A
2 VeERGTE D Hutgo 2 glycinedt A3E EIEFAEEG
 taurines} A% EFHFAUFC] F7HF MRS HE AR
oNr = AASIAL, glycinest Z2EE HFFFIEY F=7T
Z71EE o] gAIHSIeH, 0.5%S F71E o %] =
Al A AT} WA glycineR U taurinest ZAdHE B8
FAtel digl A3 2 B3 Aol =& AoE RS
o, AN¥ 25 £ 53| L acidphilus SD 105= TS =
B3 glycine® ATE BRHFAIE) sl WAdol mot 2 A
AR, 0.5% GCAE /IS o =2 s vl
T} SAktol] o3t AT FY|AHES] A FHHE 53,
EIEEAE 13l Skt Al et Sd2E1E A 5ol 9sl
A7bdAoZ 9] S 2HE tirpl] F2 FOoEH oF
AT HAEY glor, I F BEEA B3 ikl
o3t ¥F EZHEY Al o] F8 7|FeE ERIHA
9Jch 2

Hydrogen peroxide Ag]o]] ¥t WA, A E L acidophilus
E widsled M3H31a. 0.4 mM hydrogen peroxideE H718h
2717 Bt wikeh AvrE S78% dil= Table 1091 Y}
W oake} Ao} i X7 7R iR A 4=l
ok 70% o)de] AEEE RO vjgA|Tte] F7sll w
2l AAEgo] Aftdo g opgom g 247 $oll= 04
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Table 9. Deconjugation of bile salts by L. acidophilus isolates

Strai 0.5% bile salts 0.05% bile salts
train _
TCA TCDCA TDCAVY TLCA? GCA GCDCA GDCA?
SD 101 ++) +++5 +++ 4+ +9 + +r
SD 102 +++ ++ + A+ + 4 bt
SD 103 +++ +++ +++ ++ + ++ ++
SD 104 +++ +++ ++ +++ + + +
SD 105 +++ +++ 44+ 4+ + 444 4t
DPrecipitate halo around opaque granular white colonies
Clear zone around white colonies
*No halo of precipitate around colonies
“Halo of precipitate around colonies < 2 mm
»2 mm < halo of precipitate around colonies < 5 mm
®5 mm < halo of precipitate around colonies
Table 10. Survival of L. acidophilus isolates in 0.4 mM hydrogen 20 r
peroxide at 37°C 18 F
Survival (%)" E 16}
P
Strain [ncubation time (hrs) E 14 F
1.0 1.5 2.0 5 12 |
—
SD 101 77.9 494 48.7 2 10 }
SD 102 74.8 41.7 41.0 2 gt
SD 103 753 38.4 21.5 06l
SD 104 83.7 58.7 57.2 2
SD 105 84.7 64.6 62.5 “r
“means of triplicate: means not followed by the same letter in the same °T
column differ significantly from one another (p<0.05) 0 4 :

mM hydrogen peroxidedll 2J3] tF2e| HE FFE] YES
o FA3] AN, N8 45 % L. acidophilus SD 103&
7P =& AAaE8S JERNIYE ¥PE L acidophilus SD 105
= Y IAMZHOME 80%S] AEES o, Wi 2417
A= AHELC] 60% ]S 2 Jeh} 04mM hydrogen
peroxideol] tHet A|aMdol &2 ZoZ AIEI. Klebanoff
S o3}t Lactobacilli®] hydrogen peroxidedl] that #3514
< °]F FAkFol hydrogen peroxide®} peroxidaseS A A
8™, A2FE peroxidase”} hydrogen peroxideZ hypochlorous
acidZ H$A[A F3 PAE JA7IeS 7IAH FAld Fe
gt hydrogen peroxide®] #%& ZA3g}al s}

ACE A8] #4. ACE 24 9Ag0] J= Heo|=g &4
al7] sl AE L acidophilusS SRl wljekst Fo o
oj71 Feto|=9] ACE 84 JAE AFs o A7E Fig
201 20t Al a5l s AdE Helel=el oJFf oF 8~18
%% ACEZ/Jo] AASNAL, 1 5 L. acidophilus SD 102+
AR AFE HAeto|=9] ACE QAo 18% & Al 45
Z M =2 RAo= Yetom, L acidophilus SD 1059] 7
T oF 8% ACE &4 oA &3t Jefsdrh fakde 2R
o] Brksh= oA F7F2 protease®} peptidasedl] o3 ThE L
Heto]| =9} opn|iito g Fafste] AiRo] Afof AMESIH,
- TS fAkrol o3k glEe] B 5 dAS of
oAt B o] AjEAEE 717 HElol=E AAEA B
Angiotensin 12> Yol $23 HES = angiotensin II

sb1o1  SD102 SD103 SD104 SD105

L. acidophilus isolates

Fig. 2. Effect of peptides produced by L. acidophilus isolates on the
ACE inhibition activity.

o) A7A) 985 3P ACE 2h8°) 23] angiotensin 12 7
3ttt wlebA] ACE inhibition activity® 2431224 U7t
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Jth T8 Nakamura Y98 X0l L. helveticusSt
Saccharomyces cerevisiaeZ WiF3I9S W ACESA| o] =
< Hetol=rt AAFEHJTAL 33T

AE 7184 F7L pHoll e Eieol &34 HEE AEd
A= Fig. 39 VERG wle} 7ol 91(B)S) AT S p
20 F2ME el die] 7RA delE SAshy, pH
7} FolR|HA] HE-Q] 7H8Ado] §43] 7HAskd pH 4.00004
= 10%] 7HAS VEle, dEo] F5sEe AolAAge
pHR! 6.00x41= oF 8% Aol Fio] 7MA HHIE St
Aoz INFAY. HF9 AWFTE 2 AL AR
oM dojf= A= e Joem A AR A A
e} thEATE Al A9 HFHS HFE oF 5~10%%t] &
FEUY dEA Juh wEbA ZES A o844S Fol7)
A= AR oA 24N 7HHE RIS A
o] Fa3lth A T Aol wlgg Sof dojxl 3
Elo|=of ofgl AXe] 7hgst HE A= Fig 40 AAE ub
o} 2t} slele)= Hrkl 93] pH 6.0004 &9 71837}
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Fig. 3. Changes of the iron solubility at various pH measured by
Ferrozine method.
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Fig. 4. Effect of peptides produced by L. acidophilus isolates on the
iron solubility at pH 6.0. Iron solubility was measured by ICP
spectrophotometer.

Artr oz Zrlsh= 202 et 2E Alg a8l 9
3 A€ Aeto|= H7lel we} 50% oide] FHio] 7heA
AEIR EAFH L™, L. acidophilus SD 102, SD 103 2 SD
1040 ¢J3] AA3H Helol=x= oF 60%S] HFE 73 3=
WERIR DL, E3) L. acidophilus SD 1039 &&) A= et
ol oF 70% ol HES M AulER EAEHA 5k
o}, Ferrozin HPHo| ol A #FE T pH 6.00xe] HE
7H&skso] 3t Ao R e L acidophilus SD 102, SD
103 2 SD 10401 o] F=Eo| Hrbd A8l 7H8Ad HE
9] =& ICP spectrophotometerE ©]-8-3le] 243N on, 4
= Table 119 AAE vk} o] L acidophilus SD 103°]
olg] AdE Fetol=g USRS W 7RA AR Fxvt
7 E2 ALE EAHJTE FEHEY  Aolile
phosphoseryl Zt7|of Hio] FydelA Adstd Ao)A7hd &
7k 20N B8-S RXsAl ol wet BEe SFE &
o|3tA T B3t Ao AW S4ES ST casein
phospho peptide(CPP)= Zrgolvt &3} 2+ 271 &= 37}
Fo|2EF 7HA BRAE AT & Jorw Akl ¢

Table 11. Concentration of iron in peptide solution prepared from
whey adjusted to pH 6.0 after fermentation in skim milk by L.
acidophilus isolates

Strain Concentration of iron (ppm)"
Control 0.029+0.003
SD 102 2.153+0.002
SD 103 2.234+0.002
SD 104 2.214+0.003

DEach data indicates a mean of triplicate (standard deviation)

3 2HE Sf frel Welol=e) olg sl Tl BohE
Bt
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