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Cultural characteristics of amylolytic Lactobacillus plantarum A305 and production of

maltooligosaccharides

Tomoko Fujiwara, Shinya Yamauchi* and Yoshinobu Tsuchiya

Lactobacillus plantarum A305, an amylolytic lactic acid bacterium isolated from wheat bran, produces
maltooligosaccharides in soluble starch culture media. We examined conditions in which maltooligosaccharides were
produced from soluble starch in the culture using the A305 strain, with the aim of producing maltooligosaccharides in
high content. MRS medium in which the carbon source was replaced by soluble starch was used as the culture
medium. The A305 strain was cultured at 37C in 900 ml of MRS medium, inoculated with 100 ml of A305 preculture
medium. The mixture was agitated at 100 rpm. In the pH 6.5-controlled culture, growth stopped at an early culture
stage, due to the low activity of amylolytic enzymes; no accumulation of maltooligosaccharides was observed. In the
pH 4.5- and 5.0-controlled cultures, growth continued until the soluble starch added as the carbon source was
completely consumed. As for the production of maltooligosaccharides, some amounts of G3, G4 and G5 were produced,
but they disappeared as the A305 strain increased. In the presence of viable A305 in the culture medium, G1 and G2
were consumed by viable A305; the remaining maltooligosaccharides were mostly G3 and G4. To accumulate G3 and
G4 as major maltooligosaccharides in the culture medium, we needed - after promoting the increase of the A305
strain and the production of amylolytic enzymes - to maintain the pH at the level low enough to suppress A305

1

growth but high enough for the strain to remain viable.
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1. #HEIBE

INEET A= B 43BE L 72 Lactobacillus plantarum A305
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572012, MRS WM TARARGH T37T, 24881,
pH MEHIHH T A305#k 2 5538 L 72848 1> W T, Wik%
GLRAR, B ol BB X 0GR AR % Hv
TTCARAGREEREEZWE L7z, BRI E O RIS
1, 100mmol/L FEEE#E @ (pH5.0) 5ml, 2% (w/v)
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pH45~46, 37°C TOH:H ¥ 7213305 IR BUG X2, b
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TO A30GKRDOR R 2 XUR Lz, ¥ 2%iR%, pH
2, WROCTIHSIBOENE & HIIKT Lz, K30
B IE pHAl E 22 D, 24 B #1213 pH3TICAK T L 72
(KI1- 1), WARBREEE, BA8REmcRabNcEL, 25g/
LEiby, ZOBIIWMML horz. —J, &k, %
ORFRIAICI383g/L KT L, 24K IZICIIETHE S L
7o R, OMPRTRIC1318g/L, 24 RI 2121325/ 12
FL7z (MI-iii). F7z, R#Ediicld, B, <=
VER)A—R (G3), =V IFF I+ —Z (G4), <
FRY I F—Z (G5) MM Shiz2%, 24K ZICIZT
NTHEELE (M1-i). Zrva—2x (Gl), =V k—2
(G2) BLXU= NV IAFHF—2 (G6) BNV ETAH
F—2Z (GI0) ®= N b4V IhE (G6~G10) M sh
Lol

2. pH Hl5EE
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WCHERE U 22538 R 2 [X2-2 1R L7z, A305Kk oD e gk i
S, F7, BETRRMAICE, B ol
18g/LBEAAL TV AIZH b 5T, WROMELE X UFE
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BaATo 72,

WMHEWBEETARNARE #40g/L & L, #iEssw
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(*JJ%%_I M TARARE100g/L)
(i) pH D%AL
(ii) =V M AV THERE DL
(i) 44, FLEB & OHRIRE DAL
+, ZVIa—ZAGl): x, IVF—Z2(G2): @, <NV
VA—Z2G3); M, VT FFF—A(G4): A, <V
NRyyF—X(G5): [, &8 o, AWK @, KiK.

UMFRIRIIE <V b A TR AT L.

(3) pHASTOR;E
MBEWBEECTARARE#®40g/L & L, ¥3#% pH56T
FIfA L, Fae5BEf#2.C pHASIZIR T #213, pHASICHERE L
TR R A M2-c 1R L7z, WikohtE, pH5.0E L
TR TNE L, B AR24RE 15 O BRI B  134.2g/L
Thote (K2cii). —7, Hrhoaig, 5824
M%ETH, #8g/LIRAL, FLMEII42g/L L o7z Kl
¢®vwbiujﬁi FraRomp 2 T, pHSOTHIEE L
AT RE L EESH, G3A71g/L, G45%6.8g/L,
%#%glﬁméht.L#L,%hﬁ&_i,%im
g/L, G41304g/L FTIRT L7z (M2c-ii). F72, G2
BB bTPITRB SN 20ATH - 7.

3. pH EHIEIEE FIEFIBETAIAREL00g/L)
BEsk > X 912, pHOSIZHilfH L 7= 853812 X, pH5.038
LU pHASOBEMIR TORETIE, TARADETH LW
EKER AV RSN, Tz, HEEESHER 22 IXORE I #21C
<V A THOKRIGZRIMASERD b/, UL, Fh
Ditgid, WFhogdb <V M) SEEs L 22
T, BRETIEE L TARADPIET HEIEFT, <
) THEDERDOHERE & A D T2, MR TARAREZ
100g/L & L7-¥# 2 fTo 7. % B, pHLOLL F4.0ff&d
HPAOBRMESEIR T, FN L~V M+ THEEENAR DS
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EER(BERED) BEREDLE RO EURE &

R4 Lactobacillus plantarum A305#DIEERTF D TA RA DR
BEREME IV NA ) TREOER
(A TARA08% (wiv), 37C, pH4.6, 6EREIRIE)
ND. A 22R9. E& TFR0.052/L(0.005%).

Nzl (W2-h, 2¢) »5, FEBEEMEL T pH Hl#
BITHORVERZITIZ L E L. TOMBZEINIRL
7z, WFEENETARARE0g/L O (M) &k
12, pHIZ, #0655 6, AMOAEKE & HITIKTL,
24WEMIRICIZ3TE o7z (K3- 1), RREEOHERA S
%%@%%@%ﬁmﬁ%%K@&@mLt.%%%ﬁ%%

. SHEORT B X LB A4 K IFEIEL, D
ki, %%Dﬁﬁp fe\*fﬁiol?}?mﬁvﬁ)#i %%4851?’3?‘&&“(

FEAEEDLL TR THR Lz (3-ii). #METHE
PTARARELINg/L T, HWIHBEEICHEIFEOON
Lo lz. L L, HEANTIZEIE L 7-RE 2210 L1k
b, G3, GAZEmL, 24K &Iz Zhldg/L B X
U12g/L 2Lz, F72, G5, HaI0BF M4 ¥ <la
MUZ%, ZokEb Lz —7, Gl, G2id, ¥i#8~10
RIS DT SN DOARTH o 72, 348212
&, <V b A Y THEIE, G3A%21g/L, G4AH'13g/L F THY
U725, Ghidic07g/L T L7z (M3-ii).

4. CARADBEREMN

(1) FBEPOTARAGRBERGEL <V b+ ) Tk

DR,

A305KRD A K B T A KA GREESE O WEYEW 5 % Mat
T 5700, WERE SRR, BRRoEOEB XU
DELERICOWT, TARADREEZEE 2 0% L7
7TC COMF MR S 72 &0, pilEFDO~IV hF+ Y I
piE A MR L7z, @O IR % TA S A SRR E X
IBICHWS &, GI~GoldMi I e o7z, —J, Wik
EETIRVELEEE CARADTHRBEZESIZHWS &,
Gl~G5Hh &Nz, bbb, L7 A305HD TA
SAGREEREYEE, WA TR S BN S
LA»L, Bz &GREEROEAEIZIE, G3~GoAHH &
N7=2%, GIB LU GIMB SN h o7,

(2) TARADRERGICRIZT pH OEEL <V b

) THED R
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AR OB O LEFIZEEINS TARAGHERIZON
T, RSO pH #Fi#E L, MERUSIIRITT pH g
ERA LR AR L. TARAGREERIEME,
pH45~50TH b m < (X5-a), G3~G5D <)V kF 1) THi
b AR SN (M5b). &8, ZORSIIHWR;#
WL EE OREZTEMEE, 03unit/mL Th - 7-.
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TILAA)THE% (w/v)
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X5 Lactobacillus plantarum A305%®M TA S A DMEBET UG IC
RIFTpHOEEETIVNF ) TEDOER (FTBEHETAS
A0.8%(w/v), 37°C, 30MEEIE)

() AR Z100E L7z & X oG

(b) SUSHEFR O~V b o V) THEA: g

X, YIVF—A(G2) :@®, VP F—ZAG3): A <
WETFTFF—A(G4): A, <)V FXRYFF—Z(GH).

£z =5

AREFFEIZB VT, A30GHEZE Az ilBic B 51
gEfEE IR (M1, 3) oK, REWOKRZFE L pH D
KT, BLXUOZoWlEEZ LN ABOEKIZLD,
pH 23 7RI T §5 &, BEAEE L CTHHM»MEIRL
7 (I¥3).

¥ o pH % s (pH6S) \ZHIBI L TR %247 -
et (K2-a), WROKIEA;EL, HIRELTWDIC
Db TR RS I HIAMEIL L7, Z ORI
BV, TARADMREGTHD < b)) THEiRE A
bE, BFEOMCDLURIESNIZOATH 72, KFEFET
MEFE L 72 pHESIZB W TIZ, TARADREEZIGHE MR
(K5) 7z, ZFVa—AB LIV M+ THEOAERRANE
WONRRDPo72bDEEZ LN, ThbsPbrObEL, B
BHRPICHEET HHARIC L > THBR SN0, Hfkoh
FEICIEE T % pH I 2 0b 55, JRFIFORKZ THFHDS
Bkl EZ 5N

Zhicar L, MM pH5.08 X U pH4SE Vo 72 TA
RAGIREESR OE M pH 2 HiFF L7282 (K2-b, 2¢) T

X, CARAZRKFRE LTHELEZ S E CHHTRET
Hote. Thbb, ZopHBIE, WHAOBIRIIIHEE
pHIE TR d oo, BEAYEILT % pH Tl R\ 729,
TASAGREBELZOWMEIZL ) TARAIKGL, G2ZET
SRS, HEREINSOREICAATHL-b D L%
A 5Nz, pH50E pHASTOR:FER LK 5 &, pHS0T
WA S 2o 72 DIE, pHS.0D A5 & V) Wik BFiE (2 58
THpH ThHhollzbrEZ N/ <V MEFY THEIZD
WCIE, pH5.0B X O pHASIZ B W, KEFhli T3
BERBALN TV 0DbET, ZoRIEHIL,
241X IT /AT I Nz, G3~G5D <V M+

) THEL, TARAGIRIERIC X DTEHDSETT 5 & 50
B, BARICXYVEBINS. $hbb, G3I~GoDHEMK
W2, BRONIGEE TARADRBRZRIEEDONT v A %%
A 72 pH BN EETH L Z LARBRE .

TEETASRAL0g/L & Lz@EikEDREZRT pH &
W% (K3) La¥a, pHA37E TR TT 2% &,
A305FkDBFEIZIE (T2 L 724, G3, GADE R 3840
LCTwol, BEREOHMINILY, TARAGHERIT
CAEFEESNS EE LI, pH KT CHAANTIFEILL
ethd, TARAGHREEZEIERT 5 pH BUI T 5#ERE S
nzdbontEzohi:.

B E N5 WA E IR 720 RIS X AR
s (X4) T, ERENs Gl G20 F FHFAET
5705, WARKIAET 2B X 2BERCTIRHERL
72. bRl BAOBEGEANEIZEL L TV AREE (1M3) 12
b, BEOBEIEIZEIL L TW2AS, BIRIIER L Twizh
FThR. FORD, TARADREZEOVE R L
AR L7z Gl, GETWARICHGA F N CHEFMEHNTIN T S 1,
SV FY THEE LT, 13ITG3E GADARIC R o b E R
b7z,

COXIICTARAGRRERVEEIN, POTARA
PR SN TV B IGE, WROBM M EIE L, EREITF
ELTWAEE T4bb pHdEEORMEOLMNT T
X, TARADPSHER LGl G2ix, MEFAHOD,
WHRICEDPUAF N CTHBE SN, ZOME, G3, GioH
TEAWEIC R D EEZ BN, Lo T, A305HZ H
W, ESRERTUEETARAPL IV M) THE%
LT 5120, DTOLEMEPUETHS. pH HHEEH S
Bau B L, BECHAMEZRY, TARAGH
BHEOEEZET LS, FBAERSELZ LD
pH ZAREEICILT ¥ 5. ZHICX Y, KK Z H
Z, NV MY THEEARKIC R o 2REE T, MBS
DEEERGEEILL ST L THD.

Lactobacillus J& D TA S AGIREERIC X 5500 &
LT, ~IVbdY) THEPRERINSZ LI, Minerva 5
WKEoTHHME IR TWAEY, Lal, ¥BEZLoTv
N THEOERE R LB 2. AREEICHH S
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TWBIV A TR, TARAZERELTa-73
T — ¥ THALKIL &2 1T - 721, FEEO~ IV b+ THE% 4
BT BT7IT—8E, TUITF—ERAVTIT—EED
U B A PR L CRMLRUR 217\, 201k, WA, B
fa, WA A R, BOEE, RELESARTREEINS
LONLWY, oLk TN NE) TRy TE, K
TORER RS, WX 2ZBILICHET 2546, B
BED25~30% MM TH 5. U R ARy VEHAN
OFIZ, BORIZHL, 6~T%DFHE %2, SRED
MEHERTIX, <V b)Y THOERIE, G3L Gixfb
HThH, BEEPTIRREIRAKTH- 7. 5%, G3,
G4 FELTHVN M) THEZ BEAET 5 ILEBEEY &,
i, RESOELENFIHT 57201013, S54%57V
TV THEOEIREARALEL 2 Y, BEENOWEEE
5.

I

VM) IR ESEE T AR EEORE L 3
5729012, TARAGREIRIE Lactobacillus plantarum
A305%R Z H W7 BE#IZ X A B TARAPLDO IV b
) THEE RS OME & 1T - 72,

pH HHIET, WEMTARAZRER L LIz#ETI,
FEWPIZ LV P —2 (G3), =V IFF FSF—2R
(G4, =W IRy FF—Z (G5) H—FEMH S 7z,
Ok, R, HHEKLI

KW O pH % i (pH65) (2HIf§ 5 &, A3058
OWRIFREEEEREL, <V b)) THEOBE/LED
S5N%d o7, pH6STIE, TARANHEZOEMARA
Vo, Fha—2R<l bt THEOMER I &
DBRESMEIE L 22 2 S

AW O pH = B o pH453B X O pHS.0WZ il ## L 72
FBRTIE, REBWELTTHESRTARAZHEL#ZSE
T, AS0SHRIZHFEWRECH o7z, —H, < MF ) THE
1%, G3, G4, GH2SEHTH HREEER L7225, WIRkOH
FHICPE VBRI HIH R L7z,

IR ICTTEETARAZ A Lz pH EHI# T ToRs
T, A305PROEAHIE, pHI7REEIIET L2k Tl
kL7 L2 L, Z20#3b TASADGRREZOERIEH
&, G3, GADERHHEATL -,

A305HkE Fl w7 Bs il o, w0 EERIcEEhsTA
RAGTRBERIZ L D ENETARADGHTIE, G3, G4
FELTGLI~GETOXIV MF Y THENER SN
—7, TARAGREFISEI, EREIFET 55
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