Kor. . Appl. Microbiol. Biotechnol.
Vol. 23, No. 4, 373-377 (1995)

o1

A

AMIZZIBIAM RAKES MED O 84
- HME - ol

YPChEn S3tEtnt

Survivals of Lactic Acid Bacteria and its Characteristics
under the Acidic and Anaerobic Condition

Yong-Seo Shin*, Sung-Hyo Kim and Kap-Sang Lee
Deartment of Agricuftural Chemistry, Wonkwang University, Iri, Chonbuk 570-749, Korea

Abstract — We investigated the survival, B-galactosidase activity and cellular permeability of lactic
acid bacteria such as Lactobacillus acidophilus ATCC 4356, Lactobacillus caset subsp. casei 1FO
3533, Streptococcus thermophilus KCTC 2185, Lactobacillus delbrueckii subsp. lactis ATCC 4797, and
Lactobacillus delbrueckii subsp. bulgaricus ATCC 11842 in anaerobic condition of pH 1.5~3.5 range.
Numbers of all tested viable cells did not decrease at pH 3.5, but decreased rapidly at pH 1.5
and pH 2.5 during 2 hour incubation at modified EG medium. Immediately after 2 hour incubation,
the decrease in population at pH 1.5 and pH 2.5 was about 6~8 and 5~7 log cycles/m/, respecti-
vely. Lactobacillus acidophilus ATCC 4356 showed the higest survival of all tested bacteria. The
B-galactosidase activity from Lactobacillus delbrueckii subsp. bulgaricus ATCC 11842 and Streptococ-
cus thermophilus KCTC 2185 decreased rapidly at pH 1.5 and 2.5, but there was a little decrease
at pH 3.5. The cellular permeability that was measured by the leakage of intracellular materials

increased with decrease of pH. These results suggest that the ingested lactic acid bacteria may
be destroyed in contact with low pH of gastric acid.
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AstEE Ao Hasle] gtom oyl $joe A
34 (gastric bactericidal activity)& e &
e o2 Ayuos e pH-HClL 2)&A(pH-hy-
drochloric acid dependence)?! 722 d&#{x it
(8-10). weba] AHE RAbgE 9abe] zhed o)
o prh AbdE o2 Alg vy, Al B-galac-
tosidase = A Adel] o]s) 1 @Ae] FHAE Zlow
o A=), &k B-galactosidasess A AbFo] Ev|dh=
intracellular enzyme 2. HENAH F2F& glu-
cose$} galactose® Falsln], Aol o] A7}
REsie 42 s o f3EWF(lactose-
intolerance)& <« o.7ich ojzjdt FAle AL @
Aoz EQIFo|} lFo A4 wol vyehta rt
(11, 12). web] Zahfela] zage] A2 A
71 B-galactosidase @A = JFeA Q) SolA A
3 9§ Zes Bysx 9rh ¥R A=A
o| 4] ZAFe] AEE3 B-galactosidase®] FHEE
gk A7, 13, 14)7} 4F A govt A
739] anaerobic systemol| X A7-3F Ml opA7A
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53k AAo|ch

by B dpdAE Fr1H Azl A A
AFe] Q&5 B-galactosidase Ao H3l % A
Abd AlEeFe] BAd HEE SA ST

Mz oW '

ABFE U vl

2 Agel] A4 BAEL B HE o) BB E A
wAFe) 71e R Lactobacillus acidophilus ATCC
4356, Lactobacillus casei subsp. casei IFO 3533, Stre-
ptococcus thermophilus KCTC 2185, Lactobacillus de-
Ibrueckii subsp. lactis ATCC 4797, Lactobacillus del-
brueckii subsp. bulgaricus ATCC 1184291 o, A3
of A}838}7] A Lactobacilli MRS brothel| 33] A
sledch WAk (acid tolerance) A3 ol AF&-%F vi A
modified EG ®ix|gdeny, 2Aikdy EHE4 R
BCP plate count agar(Eiken Co. JAPAN)irt.

e &
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37| H APz Aol A Ao AEES 53
7] 918 &37)A(CO, : 15%, H, @ 5%, N, : balance)
2 bubbling & modified EGul]xJo|A] 242]7F g4t
wjofAlzl Ak wigdS H#¥ HCI=A pHE
3.5, 25, 1.52 FAsl1 37C2 anaerobic controlled
glove box(Sheldon Manufacturing, USA)el| 4] & 7]
o7 2417 FF wiksimiA 0% PR R AEE
23 BCP plate count agars ©]£3% s|AFpgo =
A5 FAstarck

B-galactosidase @&

2215+ B-galactosidase &rAle] wistE ZAE)7]
ola)] modified EG mediumel| A 24A17} &7|H o=
wl k2171 Streptococcus thermophilus KCTC 21852}
Lactobacillus delbrueckii subsp. bulgaricus ATCC
118422 wj<okd-2 H#%) HCI24 pHE 35, 25, 1.5
2 23 F 37T A 2A17F FoF 7] wlFsiE A

308 7Aoo 2 A|EE #s) Shah 5(13)9) whgell £
5]—051 0.1M phosphate 2+5-8<4(PBS, pH?O)_&i 10
o] 3143} 1, ice-bath #teliA] 10832t =& 3} 2)(Da-
nbaryt model LC 500, 16 KHz)3}d H]E"ﬁ S 13
A|A 2EArNe g dlydch 7122 o-nitrophenyl-B-
D-galactopyranoside(ONPG, Sigma Chemical Co.)&
0.IM PBS(pH 7.0)o}} 5 mM = & A4 AF8-3}9]
cf, 2al® 7|3 smiel ZEAY 1miE 7IstL
37C2] water-bathej4] 205-7F ¥bg2+]Z] & 0.1M-
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NaCO; 25 miE ¥-8S AA A7l o}g #2]% o-nit-
rophenol-S& 420 nmol| A v A =F(UV-Visible Spect-
rophotometer, Varian DMS 200)3}5ict. o]uf B-gala-
ctosidase activityx= 1g¢] wjsko A 127F ONPG
ZHE 1pmole?] o-nitrophenols #eld dl§ 1
units 3k}

Hor MER}S| St FF

F71A Atz A A AAe] AlExe F3A
Wale 257 9 pH7b =A™ modified EG
mediumel] RALFE HESL 37CA Fr|He=
2A17k5< MopAZ) The, Noh $(15)8) shilel F
glo] uf kel J41E2](10000X g, 20 min. 4C)3}e

A E 33kt 3% F4E 0.1M PBSe| resu-
spension A]#1 & 37CejA 1057t vlx]8}e] £33
A EA AF-2] oF& 260 nmoll A v YA eFete] ME
trride g sk

ot 9 1

Mibn 2| MEE

At pH35 25 15%E =A% modified EG
mediumel| A %7]3—1_& 2A) 753k ﬁﬂ%}ﬁ}”ﬂﬂ ZAA|
Mo g Zx&g A4+ Table22} 7}t F pH35
of| A 5F 2 “‘“‘H}w— B57F u ek 2*]&%‘?& 9]
shdgle] AdAY & FAI3 2y, pH 250 4+
27197 96~1041log CFU/mI o] wl kA7)
o] ZA# 3ol whe} A48 zrasle] wik 2417 F-
262~49log CFU/m!{ 2.2 5~7log cycles/m/
o] Be o] Rabre] AH He vehdul
a5-571e] vlwol A B u, Lactobactlius acidophilus
ATCC 4356, Streptococcus thermophilus KCTC 2185,
Lactobacillus delbrueckir subsp. bulgaricus ATCC
118427} Lactobacillus caser subsp. caser IFO 3533,
Lactobacillus delbrueckii subsp. lactis ATCC 4797X
o} o] =& AESE YWevy 1 & Lactobacillus act-

Table 1. Composition of modified EG medivm (g/h
Beef extract 2.0
Proteose peptone 10.0
Yeast extract 5.0
Na,HPO, 4.0
Souble starch 0.5
Glucose 1.5
L-cystein HCI 0.4
Tween 80 0.52
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dophilus ATCC 43567} 714 £& AEEE el o
4k (acid-tolerance)e] $-<r&t Zo g2 FH={ch
pH 1504, BE Hit2 vl 30&Ext] 43
st em, 71 5 pH 2504 w3 WHakAde] <f
&V Lactobactllus casei subsp. casei IFO 35332} Lacto-
bacillus delbrueckii subsp. lactis ATCC 47972 7t
aFol o] A3k =Y U5 9.6~104 log
CFU/mI &l A wfek 24171k 1.563~3.62 log
CFU/mIiE #}Aste] Ae] 3= o] AEH6~8lo
cycles/mi)3tsd 2w, pH 250 A2} Ze| Lactobaciilus
acidophilus ATCC 4356°] 7}3 E=2 AEEE yE
Weloh Shah 5(13)-& Lactobacillus acidophilus?}
pH 1594 <F 6.0log cycles/m! Ax Frgcty B
arstled o, Conway 5(14)2 Lactobacillus acidophi-
Ius?} Lactebactllus bulgaricusBct v] =& J4HAA-E
Gepdickn Bustel 2 dge] Agtsh fAbshgioh
o] Ao} ZHifel x|, ffeoljxe] ilite] AHEE2 ¢
of 4} B-u|X¥]= ik Lol wE pH A3}l 7]21(13)
ol B oo ARAAHE AR $4kel] & B
7 AbEE Zle® wvdsln) 22y olelgl ¢ ¢
A apgbel] th3E AP e of e AE3 3 3 S
9 L AES) SHEataol s 2 Aol T w og
Abg ¥k Martini 5(17)& 8262 ﬁl%#—‘-& A}
s 3l o2t sk QFEES A 4FHE
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Arkte Al 2N E ¥3% 4 Qldkn R ekl

o, A ik o AEFTS @A 77 AFHE

w Foll AHd 2] wh 2| el A FakEe) AEE
CHrhe AdRd] e g ekl AdE ¥F %

B-galactosidase @W&E HA

T2 AN A SFEEANFA 2 mother star-
ter2. AM&3l=  Streptococcus thermophilus KCTC
21859} Lactobacillus delbrueckii subsp. bulgaricus
ATCC 118425 AlA sl 713 A =781l A 9
A Akt 2] B-galactosidase 848 &A% 3= Fig
1, 22} ). & pH 3.5¢l| X &] B-galactosidase &A1&
72| AEE3= g wfof 24 e oF A=
74 Fel ol o, Streptococcus thermophilus KCTC 2185
7V Lactobacillus delbrueckii subsp. bulgaricus ATCC
118428t} 72 ZhaFo]| oha =3gich ozt dANL
pH 3.52] Aol 2]alix] Fe] Apde] dojuix]= ¢k
Z|ut AR o] o= Ay oA ®]o] B-galactosidase
gido] AlHe Ao Abaxlch pH25, 15049
B-galactosidase A1 wllof 30F-qubel| 43 A
o, I o]l F 2417k & Wt glsied
F o F7ke] zlele A9 ¢l w9 AEEH 4
&) & o B-galactosidase?d] #+E #Ale] v &9k

Table 2. Survivals of lactic acid bacteria during the incubation in modified EG medium under the acidic and

anaerobic conditions

(unit: log CFU/mi)

Strains pH

Incubation time (min)

0 30 60 9% 120

Lactobacillus casei 3.5 9.62 0.64 9.63 9.62 963

subsp. caser IFO 3533 2.5 9.62 5.96 5.07 3.93 3.00

1.5 962 2.73 2.57 1.92 1.90

Lactobacillus delbrueckit 3.5 9.77 9.76 9,78 9.80 9,80

subsp. bulgaricus ATCC 11842 2.5 9.77 6.00 5.93 4.38 4.30

1.5 077 3.90 347 2.45 2.23

Lactobacillus acidophilus 3.5 9.76 0.78 9.79 Q.77 9.80

ATCC 4356 2.0 076 0.89 6.08 576 4.90

1.5 9.76 4,32 4.00 3.95 3.62

Streptococcus thermophilus 3.5 1043 10.40 10.40- 10.35 10.36

KCTC 2185 2.5 1043 6.90 6.53 4.94 4.86

1.5 10.43 4.91 3.80 2.80 251

Lactobactllus delbrueckti 3.5 9.85 9.86 9.84 9.85 9.86

subsp. lactis ATCC 4797 2.5 985 6.30 5.62 2.59 2.62
1.5

9.85 2.45 2.08 1.53 1.53

Each value i1s the mean of three trnals.
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Fig. 1. Changes in B-galactosidase activity of Lacrobaci-
llus delbrueckii subsp. bulgaricus ATCC 11842 in modi-
fied EG medium under the acidic and anaerobic condi-
tions.

—@—: pH 35 —-vV—: pH 25, —V¥—: pH 15

Each value is the mean of three trials.
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Fig. 2. Changes in B-galactosidase activity of Streptoco-
ccus thermophilus ATCC 2185 in modified EG medium
under the acidic and anaerobic conditions.

—@—: pH 35 ~-v-:pH 25 -¥v—: pH 15

Each value is the mean of three trials.

+d] ol pH 15, 25 A %ol4] R AHF2] B-galactosi-
dase= H|Hq7}Ho2 E#A3l Hrl= Savaiano %
(17)2] H e o 5 gl5o] Al E ) &9l B-galac-
tosidase &AJ-&- M|E=te] B EE vlol AlHAjo] W)
TA AA dojdoZ Fo] YRl vl vl
o ALE ebygrl)

AR MEopo| £p AX
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(Absorbance at 260nu)

Leakage of intrace!lular saterials

Lactohacillus bulgaricus Streptococcus thermscphilas

B pH3S Bl oH 2.5 NN pH 15

Fig. 3. Changes in cellular permeability of lactic acid
bacteria under the acidic and anaerobic conditions.
After incubation for 2 hours in modified EG medium,
absorbance was measured.

Each value is the mean of three trials.

7% At 278l X A A APH ) B-galacto-
sidase &4 &= Al Eulel 2| proton?] TE7} &
7t A3 pH 7l E A7) ¢sl protono]
AFWE o]F3HA =o| AxAUe] pHE 2354
B3 A} A ] §48 284 Aoy 7o
Abd-g 2 sk Zlo® ¥ u(18)F o), UapH e
2 A} A4 AFol =i AlEute) odiks & 7
2.2 AlRE AAdzAs 4o o] wHEA
S FAsen 1 A= Fig 33 3t} o] of w1}
A2 S Al 25217 F FAlE 3)<rEle]
0.1M PBSel|A] &&5 AxdgeR 3dlo] v|wEA
stelct. Lactobacillus delbrueckii subsp. bulgaricus
ATCC 118422} Streptococcus thermophilus KCTC
218514 25 e Ao S5y A xAMHR-&
pH 157} 74 weterm o}-g8 pH25 35 2
Bkt =& 7 77 Tl £ Abelr) gle
Ao R eyt ol At AEute gle o
2]7}A] permeasego| AbHAo] oJsl H-2Azlge
2] MEnre] detd £34 7)zte] AAHAY
FEo AEA AHdEEo] AMESNosmosis)ell 2] 4]
ARy Ad A2 FxrF @2 0.1M PBSE
5 Ao s 7o) §HH Bender9} Marquis(19)

A Eul EA o] wE Ml EA Mg 4 ceytosolic Mg' )€
FEAEE AT A3 pH40d 4= §20) god
o1}, pH3.0004 4417k HA3} & Mg'?o] $-25 7
A12Felgl 0, pH 26 A= 1A]17R o] o f-Ro] 73
Hdvkw Busla gle] B A3 Axtel &3 A
A AR dEATE Al o8] Aalte] A E)
FHAFo| FrlvE AL fAFSEYoh
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H 71l A =78 ol A B A (Lactobacillus aci-
dophilus ATCC 4356, Lactobacillus caser subsp. casei
IFO 3533, Streptococcus thermophilus KCTC 2185,
Lactobacillus delbrueckit subsp. lackis ATCC 4797,
Lactobacillus delbruecku subsp. bulgaricus ATCC
11842)2] AME57} B-galactosidase &A1 X A xw
F14 -2 modified EG v x|l A &3 3} pH35
ol 5 BE ARt wief 2417 F AR F
A1 8kd e, pH 259} 150l A=l kAl ko] 734
ghol] mle}l HAFF= A 2217 F 7brt 57
log cycle/ml, 6~8log cycle/m! X9 w2 7}
A st o) F271e) vl A= Lactobacillus acido-
philus ATCC 43567} 7173 & W4t By} La-
ctobacillus delbrueckit subsp. bulgaricus ATCC 11842
o} Streptococcus thermophilus KCTC 21852) B-galac-
tosidase #A3-2- pH 3.5 4 ¥k 2A)7}F Fgb 2kz)
7rasted o), pH 259 1540 4+ wllek 308wt F
A3 pastglon, T ol % 247HEeke & W}
Adck = F gl g4 Aol gl ¥
71A el AR FAS N A Lactobactllus delbrueckii su-
bsp. bulgaricus ATCC 118422} Streptococcus thermo-
philus KCTC 21859 A|lx9}t 5L 855 Axa
AR-2H0.D. : 2600 nm)L.E pH 1.5 4 7} wigke.
o, pH 2.5, 3.5 0]Sich mEpA 7 A3 R
Hake] AltabAdel elel T WS 7 AbEE Zom
Abs )
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