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Growth of lactic acid bacteria
in the culture media using groundwater

Kosuke UENO " and Hiroyuki HONDA"

ABSTRACT

In the production of lactic acid bacteria beverages, groundwater in the area where the
factory is located is often used for the cultivation of lactic acid bacteria. The quality of the water
is different from that of distilled water used for research. It would contribute to the stabilization
of fermentation production to clarify the relationship between groundwater quality and growth
of lactic acid bacteria. In this study, we evaluated the growth of Lactiplantibacillus plantarum
and Levilactobacillus brevis in groundwater collected from various areas in the north Tohoku
region of Japan. Growth depended on the species; Lv. brevis exhibited a lower optical density at
660 nm in culture than Lp. plantarum. But the growth of Lv. brevis was compensated by Atago
no Shimizu in Ninohe city. Therefore, we investigated the factors that enhanced the growth of
Lv. brevis. The growth of Lv. brevis was significantly increased in the medium containing Mg?".
On the other hand, the effect of Ca?" and SiO,-containing water on the growth was limited, and
these differences may be due to differences in the geology of the area through which the

groundwater passed.

Keywords: groundwater, lactic acid bacteria, fermentation, mineral
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1. #

IR IX, F. BOEILE . W & 2L
FTCEERT 5, T HHEMMEOREER M) DRSS L7
FLERRE D LA 2 E ORIV H TV D,
HFREICECY 7Y X v b ORUETIE, IR FL R
BAERIT. FITRM T L — RO 7 &% AV CHLER
EARE LSSV TWS, 5 OJFRTENOERSE -
FFRIZEBWTIE, LIPS HT D IR T bk A b
F7HFKRERND Z ENRZ0, TERFHAEICLD &,
WVERARL, « FLACEHRLESE o T 2EM/KITRBT D KRB O
FRECIZHF R D379.4% The b 26 < . IRV T LHEMKIED
10.0%. EAGEDI8.2% & 72> T B0, HidZigid L7k
IHUBIZE ENDRD 2T D720, HUFKOKE T
K238 U 7o MUl D U DARREZ S LT b D & 72 52,

A AEOBEEIZ BV TIE, i< &0 #F/K o #uger: &
B OSE & OBMRMIENRIN S TR Y | S -0 = K,
FAB « IRRLDOA K2 EDOF L IKPAFIET D, BEEFTD
KOIXT N, & ATHEE & FBEDO BRI DUV CTF%E
DRINTEY, BEEICHEHT 5 KDCa2 s L Mgz
FEEZEHET D Z L89B TN D, AKITITHOKR O
KEWS HFENPFELE L, WHOD FEHETIZCaCOs T D
il FE 2360 mg/L AT & soft (#K7K) . 60— 120 mg/L%
moderately hard (Hfi#7K), 120—180 mg/L%hard (f#
7K). 180 mg/LLL E % very hard (Ef#EAK) & LTV 59,
ZOMRICETIEIO D & BATITHIEKIC L - GEVY
H25HDODOWKETZIXFHAKIZEE Y T D KB L6,
—H HRENOETRICE N DRSO —EI2IX,
B B ICE S T A IS OHIE 2 @il 5 72, 120
mg/L% En] 2 5 O KIFH A FAET 59,

BE OFLEEE OV TR, ZRRKE W T
M UEREITO, —HOILBE OB, B
DEEREA 4 WNBET D ENMBN TS, Bl ZIE,
Lactiplantibacillus plantarum WCFS1/3IMg2t¥ L O
Mn2t% BRI 5 Z L1090, Lactobacillus acidophilus &
WX Lacticaseibacillus paracasei ® 5 X Mn2+ 35 L O
Fe3tiZ & » TIRIE S 1 5 Mg L B EIIZ 1T 72
Z LW BILTWD, Pediococcus pentosaceus Tl
Mn2+5 L OMCaztlc L 0 FEEIC IS 1T 2 pHOAR T AMERE
NHZ ERHEINTWDEY, —J ., Lactobacillus
helveticus ClIMn2*t, Mg2t, Fe2* 8 LN Caz/p KT L 5
FHRHED IR FRO LN, ZNHDT Ehb,
WREIC &> THEBA A ORBIIRRD LEZ LMD,
FERROBLE T S AT AKITITER D oy 3 4578
RETHERELTEY ., FEICHWL NS ZEEK ETTKE
WRID, O XD 2 FKIC X D HEEE OFRE~DE
BIZOWTIEL, BRI RN 2 VORERTH L, #HITF
KOMWE L JBHEOAEE & OBREHLMNCT S Z LI,
AL TTESEDLZ LT ETHEEZLLND,

% 2T, AL TIZKOMEE DS LA 7R AL HRAL O ra i

i

i E B OH TR, BIOIBESEHIFIH ST\ D
2 WHREOHLBEZ AW TABTIHMEEZI T 72, SHIT, #
TAKIZEEN D EBFRERFIZOWTEHRREEITo 7,

2. MHEELUVAHE

2.1 fEALK
EFHE, BT, KHIROZ2570FT DK AR L 7=
(Fig. 1),

Fig. 1 Sites of sampled groundwater. 1, Iwakiyama shrine
Gojinsui; 2, Tomita no Shitsuko; 3, Igami no Shitsuko;
4, Mt. Osorezan cold water; 5, Ominato springs;

6, Toyama Jinushi shrine spring; 7, Hakkoda spring;

8, Akakura spring; 9, Sukayu Onsen cold spring;

10, Yachi Onsen cold spring; 11, Matashige castle ruin
water; 12, Mishima spring; 13, Shirahama Kannon
spring; 14, Oyu Oshimizu; 15, Shimada well;

16, Ganshobo; 17, Gozensui Toi no Shimizu; 18, Atago no
Shimizu; 19, Dake no Wakkutsu; 20, Sankyo spring;

21, Basho spring; 22, Furosen; 23, Kanazawa Shimizu;

24, Tatara Shimizu; 25, Ryusendo.
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DB (BKAT) | (LEEAK (ZF), EEDRD (Ju



HF K& W2 BRI 35 D LR B 0 AL B PR

FR) | AREIR1819 (LEETH) |, A UUE K820 J\IREEiT) |
el BIEAK (BRI . BESRIA® CHIRET), JHKOE
REL 1T, BB EE G (CD-6021A, 71 A Z 1) % AW T,
BEAKOEBERUSEREZHE LZ, RLZKIZZ —F—R
v 7 AZANTRBIED . Do Lz, ek,
KROBRBULFIO H 238 THEME L7,

2.2 (HHAEK. LERADOEE. SLUVLEFTHE

Lactiplantibacillus plantarum subsp. plantarum
JCM11497 (Lactobacillus plantarum subsp. plantarum
JCM11497), B L W Levilactobacillus brevis JCM1170
(Lactobacillus brevis JCM1170)1%. Difco™ Lactobacilli
MRS Broth (Becton Dickinson and Company, Sparks,
MD)T 2 [alfkftts2E (30°C. 24 W5f) #AT-o7z, [FIH%
HDOFREN TR K E V2, R\ TL half-strength
MRSH A ~— 2|2 L7 ZEMRSH ! (Table 1) %
WCHREKREZR L, AFiHMEEIT o7, T72bb, &
FOBF DK A VTR L 72 (A MRSE 5 mIZ B5 881K
100 pl & #EfE L, 30°C T4, FhEHE ATl b
FH T, WE (OD660nm) EpHZEMIE L., A£F =7
fili L7z,

Table 1 Components of modified MRS broth.

Concentration
Component
(g/L)
Proteose peptone No.3 5.0
Yeast extract 2.5
Glucose 10.0
Sodium acetate 2.5
Dipotassium phosphate 1.0

2.3 S EHIIROHEM

Lv. brevis JCM1170 D#RRFHI 72 B # LLF D X 5 123
fli L7z, Difco™ Lactobacilli MRS Broth™C 2 [Bf#{{Es
# (30°C. 24 Wif#]) %47 785200 pl &2 LT B
PR L 72 AMRSE 10 mUCHERE L7z, Al Hho
TR, BROWEAK, BLUORRE UTEREKEHW
72, Bioscanner (OT-BS-12. NERWEFT. HmD) %A
VVT30°C T 2405 & 9 K538 (30 rpm) & ATV, W%
PRI E - Fod L7,

2.4 EHERS EHRNL IS TOEBTHER

Mg2+, Ca?, BLUSIODEENRZNZH0, 0.01,
0.1, 1, 10, 100, 1000 mg/L& 725 X 9512, MgSOs,
CaCle. BLOTAWMNT MU 7 AZFINL THEMRS
Bz L, s, AN MY 7 Ao TR
ARIEDOBIEN S, AT Y & L TSIOREA R H L
Too ZAUH ORGHA FHIWTHBHS K OV51E2.2 & [RERIC#
BB OB 27N LT,

(L% - AMH)

2.5 fREHERAT

WEHENTIZ1X R (the R Fundation for Statistical
Computing) OD2—HW—A 2 H—T =4 A ThHD EZR

(BIBERRERNR S W EERE ¥ —, SV E)
ZRHNTTo7 2,

3. #ER

3.1 FALLKOESEZER

BELTE@KICEENLERE (A4 ) REDHEET
LT, BRIBEREZWE L7, £OBXUSERIT26~
289 uS/em D#HIPHCTH Y (Table 2), = FDIEK, 5D
THAK, XEIRHEOK AR L FHUZERISE RO B EK
DSAE L=, \NFHELELOEK (BREEROEK, N\
HHEEAK, By GRROMBEAK, RAHEK) ITEREESE
PMRVWMEANIZ B > 72,

Table 2 Conductivity of groundwater.

Wator Conductivity
(uS/ecm)
Iwakiyama shrine Gojinsui 83
Tomita no Shitsuko 205
Igami no Shitsuko 93
Mt. Osorezan cold water 37
Ominato springs 65
Toyama Jinushi shrine spring 68
Hakkoda spring 36
Akakura spring 34
Sukayu Onsen cold spring 34
Yachi Onsen cold spring 40
Matashige castle ruin water 261
Mishima spring 289
Shirahama Kannon spring 121
Oyu Oshimizu 28
Shimada well 133
Ganshobo 64
Gozensui Toi no Shimizu 178
Atago no Shimizu 274
Dake no Wakkutsu 127
Sankyo spring 28
Basho spring 26
Furosen 113
Kanazawa Shimizu 89
Tatara Shimizu 61
Ryusendo 920

3.2 HTKZERAWHEHICE T IIBEOEE
WEMRSE; #1235 1F 5 Lp. plantarum JCM1149T D
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HFIL Ly, brevis JCM11708L Y 0 -7 (Fig. 2A).
—J7. Lv. brevis JICM117T0DVEE N e b & 03> 1= D13

FHiOERDEKTH o7z, §58% OpHIZ DWW T b [HER
\ZLp. plantarum JCM1149TZ8BWTIE > 7228 (Fig.
2B) . WL ITEA Y T OKICH E DAERITERD 5
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Strain
B 48 14 *

44 -

pH
.
4 00
O G0 —
0 ®
(]

4.0 A

L

Lp. plantarum

3.6
Lv. brevis

Strain

Fig. 2 Growth of Lp. plantarum JCM1149" and Lv. brevis
JCM1170 incubated in modified MRS broth using
groundwater; (A) ODgg, (B) pH. @, Ninohe area; o, the
others. * P<0.001, paired ¢ -test (Lp. plantarumvs Lv.

brevis).

Pttt TKERWIEIZE T HEEE
NEEF

HTFKIZE D Ly brevisDEERES R EZFARD 720
12, HIECEWEBE 2R LS5Ol /KE & 7 i
(T, KT, JUPA) OFKIZEE L CRHME AT
ST, EOHR T, BHEDIEKDILy. brevis JCM1170
D% OWEN Lp. plantarum JCM11497% F[a] > 7~

(Fig. 3), 2 >ORKEOBEEZE (JCM117T0DEE —
JCM1149T D) 1%, 7RHK & N TEEOWEKRDA
BloEm< ., EOfEx R Lz (Table 3), T 72bb, &5
DIEKE =BTl Ly, brevis JCM11T004F DME
HINDZ N oT-, ZOHRITERDIEKIZER
HITod Y 2 Do ZF HUs D KIZITFRD H e o7z,
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Fig. 8 Growth of Lp. plantarum JCM1149" and Lv. brevis
JCM1170 incubated in modified MRS broth using
groundwater from Ninohe area and distilled water used
as control. o, Lp. plantarum JCM1149"; w, Lv. brevis
JCM1170. Data represent the mean values from three

independent cultivations and standard deviation.

Table 8 Growth difference of Lv. brevis JCM1170 and Lp.
plantarum JCM1149" incubated in modified MRS
broth using groundwater from Ninohe area and

distilled water used as control.

Groundwater AODygg ™!
Distilled water -0.30+0.19
Atago no Shimizu 0.14 +0.02 *
Ganshobo -0.15+0.19
Sankyo spring -0.20+0.10
Gozensui Toi no Shimizu -0.07+0.18
Dake no Wakkutsu -0.10+0.27
Basho spring -0.16 £ 0.05

Data represent the mean values from three
independent cultivations and standard deviation.
*1, AODggy = ODggo (JCM1170) — ODggo (JCM11497)
*9, P=0.029, Dunnett’s test (vs Distilled water)

3.4 Lv brevis DEE R

BHEDIEK, BLOEEKERWEHT Ly brevis
JCM1170DWE A RFINICE =2 Y o 7 LT, Z DOFEE.
2FFDKIZI T 2 B R BEEEIXFRE Ch o -
D, BEOEKIZE T HEE FANAZKELY -
7= (Fig. 4.
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Fig. 4 Growth curve of Lv. brevisJCM1170 incubated in modified
MRS broth at 30°C in shaking culture. #, Distilled water;

e, Atago no Shimizu. Fermentations were done in

duplicate and a representative dataset is shown.

3.5 EHEIMNIBEODEBICEZAEE
TEOWEKIZEEND 2L I TNDH Mg, Cat,
BIOSi0212 X5 Lv: brevisJCM1170 O A FEERh R
Z Rl U7z, Mg2fEss 10 mg/L, X 0100 mg/L T
AEICEWEBEZ7R Lz (Fig. 5A), [FERIC Ca2+ioJZU\

Si02 2DV T HEHMT L7223, 24U DRy ORI

A BIEEITEED - 7= (Fig. 5B, 50), 728, Ca2+
TEEE 1000 me/L ORMICITILERAE Cz7=0, HlE%
1TolenroTe, LEX D, Mg2iZ K- T Lv. brevis D
BIMEESIND Z ENGhoT,

4, EE

AW TIX, HEBEORERIZB T 2 KOFE L AF D
BARIEIZ DWW TIAN T, £ < DK TITHBE OAEFT D
FREIIEFEIC L > TRV | Lv brevisid Lp. plantarum
FVEVEHAIZH 5T, LU G, ZFATOEFD
1KLLy, brevisD/EBZ M9 Z & D hoTo, A D
FEROTE A R L PR TR B 28 D AR FERN R ’?ﬁgi“%& Fz &
NG, BEOIGEK, BILOFOEIHEEOEKIZKY Ly,
brevisDAEZ W LT HER ERE T L _5\ KIZEE
IOMg2 N EK D 1D EEZ b,

BKDGHTHRERD D BRLEEREVVETICH - 72
TZEOEKIE, M@ O BAE, FElEAOERD
FIRTCBH LTV 5, R~ T U U 7IC kb &
o OVF/KIE H AR OHARIK & 7 UK 2 FFOBK T
H5, ZOKIFHHEAKT, Ca, Mg, BLIOWTr A BEE G
23, FeB L UMIFMME S 2N Z 0353025 T 522,
%mgmm%%%MLtﬁﬁfmﬁﬁ@%ﬁ% ERO
BHKICEDEBOREICIT MUl XD E R KE WD
L ZP/T”*‘: Sz, R HIEOEDIZIEMg % E T U298
’\ﬂ!ﬁ LTEY, BEHDIHKI i%@ﬂﬁ %J_Jﬂ L7 Rk

ZHK 2 TREMED B 5, FLEREE % BE(CHBEE O
FEFRITIT, Mgt 2 BRI DR ’iQ Mg2+ & o TEMEDS

(L% - AMH)

RES N DR N EBAFIET D 22526207 L) b Ly
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Fig. 5 Effect of inorganic compounds on the growth of Lv. brevis
JCM1170 incubated in modified MRS broth; (A) Mg2*, (B)
Ca?*, (C) SiO2. Data represent the mean values from three
independent cultivations and standard deviation.
Different letters indicate significant differences (P< 0.05,

Tukey’s test). NT, not tested.
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DMEHE SR o T DIk, Mg2HREDMEO7-0 &5 %
55, —FH. Mn?tdLp. plantarum®EFITHVE L S
NWTWBED, B OIFKD LIEM2H IR S22,
ABICSHELMn BIIHO THREEEZEXONDZ L0
Mo, BT X 70 ORI DTN E £ 5
FE M Lp. plantarum®DAEF T LI mEEMER S 5,

AL T, Y B R OIBEE Ly, brevisD A 134
T HHTAKOMIKIZ X > THRARY | Z2OENO—HHIT
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DM TFAROVEIZIS U T, B REH Y &5 Z LD
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