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Diacetyl productivity and citric acid assimilation of
lactic acid bacteria isolated from Shochu mash

Kiyoko Takavama, Junko TakesHITA, Masami Mizutani, Hideki YamamoTo,
Hiroshi OcHi and Tetsuzo Kupo

(Mivazaki Prefectural Food Research and Development Cenler, 16500-2
Higashi-kaminaka, Sadowara-cho, Mivazaki city, Mivazaki 880-0303)

Diacetyl and acetic acid influence Shochu flavor. As a result of analysis, these substances were
found to be more included in the sweet potato Shochu than in the grains. Distribution of the acid
producing bacteria was investigated in 24 samples from 13 distilleries in Miyazaki Prefecture, after
which 63 strains of lactic acid bacteria were isolated and identified. Thirty strains out of 63 were
Lactobacillus paracasei and had high diacetyl productivity and assimilation of citric acid. More diacetyl
was produced in the medium with citric acid added. When citric acid was assimilated by lactic acid
bacteria, acetic acid was mainly produced. These results suggest that lactic acid bacteria in Shochu
mash produce diacetyl and assimilate citric acid. They influence the concentration of diacetyl and acetic

acid in Shochu.
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D2WT, VT EFNVRUBEOSHTEB I ko, &K
EER o ¥ 7 & F v id Hayasaka 5 O HE? 225
i, ~y FAR—Z2HhOEFREEKSS % SPME 7 7 4
N—ICBE S8 BB Tt e 2k o7z,
4ml /84 7 iz g@E 500 ul, HAEF MYV A0.3g%
AN, A0COEREIZ 40534 7L E2EL 72,
SPME 7 7 —/8—%~y F AR—AHC 3 SHEEH
SHTHEER ST 7 7 A/ —ICPESEE, HTA
zux b7 7 7EAESE GCMS-QP 5050 A (&
BERE) CHBA LR, &G UTOEBD EL
pfu
(1) SPME 7 7 A4 /38—

65um Carbowax -divinylbenzene (SUPERUCO
%)
(2) GCMS
{8 : GCMS-QP 5050 A (B BERTRY)

A T A ZB-WAX (0.25mmX*60m, &g

RERRERL)

SALZIREE © 200°C

4 v8 7 = —AMRE :200°C

A 7 AFE ¢ Initial Temp 40°C Initial time 10.0

min. 3°C/min 200°C 0 min.

Fr)THAIAYT7L (90kPa)

4 4 ALEHE : 70eV

HlEE—F :SIM (m/z=86)
7 F N (Wako B, #E98.0%) EHELT
R, REHEIFERL 7,

Fefgix, RMERAE o~ 2777 LC-10A (B#E
BUVERTSY, EHEEOTY AT A) WX DHIELR,

2. BMEBFROLBEBEOSHTRUIHEOS B

HIFFRN 13 HOBREES LD —RBE26 A (D
HXK5E, E1H), ZXKB2184 (5 BF 1144,
55, K2K) OFERBEFRLL, £/, —XB
I FEREEIID & O Z IR L 12, FLEREE O 8 K
UCHEBEOFENCIE, REAINVLY T AZ0.5%, V7
o~nFLIFETIEF MY TA%E 10ppm &2 3 K
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g, wEHLL,

3. SEELAILEREOSE

SEELLERICOWT 7 7 ARIGRER, #97—¥

Qe ©®e6 6
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ABR T EML, 16 S rDNA BT & 25308528 AH 72,
[ 1 b 38, R #E8 1F B 12 1&, MicroSeq™ Mi-
crobial Identification System Software v1.4.3 #H
v, BEEKERICIE MicroSeq™ Bacterial 500 Library
v. 0023 (Applied Biosystems, U. S.) £Fw72'¥, [6]
B, BERBEHC L2982 ApiF v b
(BIOMERIEUX) icTBI#&->7, Tibb, 30°C
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web I THEEB IR -1, i, HEEL A
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L 2HEREB I ko7,
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IfEM L -3

ST e FVEENRBRRU 7 o BRECHERERIC I,
PTFicmd 3O 2 vz,
(1) GYP 55

Inva—A1%, BREZ¥ 2 0.5%, <7 0.5
%, EefE+ b U 74 0.2%, salts solution 0.5%,
Tween 80 solution 1%
(2) CYPHih (KFWELT7Z7VBEESD)

7 80.2%, 7 0B=FbD 7 A0.8%, B
B & ZLUT GYP Kih & [FlBE
(3) CGYP##h (REWELLTCIVIA—RLI7 LY
Bral)

Inva—2x0.5%, 7 80.1%, 7z rB=F
YDA 0.4%BER T ¥ ALUT GYP Kl & [Alfk

5. STEFEENRR

W LR 40 F U TR R R & BEER,
30°CT 3 HiI M E RS L 7z, KSR 6ml I BERE £ F
n3ml RUSEAEF P v AlgEMATHEL, &
DABROREA F VB ERAR L Lz, 72, 4%
B TOEBY L LT,
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@ FEAORE :150°C

@ RRHEBREE : 250°C

® H 7 ALRE  Initial Temp 45°C, Initial time 7.0

min. 5°C/min 220°C 5 min.
6. 77X EREALMRER
WEE L s+ i A F U IR R e S,

30°CT 3 HiHI#eEREE L /-, CYP BRiTHIRRR, 660

nm OBKEZREL, SABRBOHBEE 2RDT,

i, BHEEIEZ, BEEEE205CHERL, 0.45um

DAYT T 27 4V —T2riltk, EEEEZ o~

777 LC-10 A (BEBEY, EREOTS AT

L) WEDHEIEL, Xz, CYPISHITRLIEEL

fz L. paracasei \Z 2 TRERRNICEME L RIE L, ¥

FEHIAR 2R L 7o KRR, WIERBBLUTOLBY &

Lz,

#* &  BIO- PHOTORECORDER TN -

2612 (ADVANTEC %)

Be&F - GYP RO CYP 584hic, +31c4EEH L
AR % 10 5/ IML, 2D 1 8% LF
RABRE O BRI CEEL:, EbICL
FRIGFERE 2 HEICND 1, 30°CTHE
B LTz, &P, 2 RefEifR TR EROK

R (660nm) % Il 5E L 1458 Hh 4% & {F R
lifes

TR

1. ABEEPOST7EFLRUER

FHER R U % OMBIRBER TR O Y 7 € F Vv R UHFEE
WE % Fig. 1 WR3, FERPOY 7 FVRURBE
BRI X, % OMMBUEEEEN B WERNICH - T2,
2. BEBPOEMBEOSHRVUIBEOSBE
B O 53 HEC 12 MRS, GYP BHfth % F v 7212,
Table 1z, ¥R LHEHBHOLEBRERERT, —
REB»S BZEBBERZIZLAEBRE S o7, =K
BBV, 1~10°CFU/ml D& E KR S h,
63BRDABEETHEL 2, 72, BBICL BT v
—VFEEBEDIRIZET LR HTOBIC BV THRRED
B Ehiz,

3. BREBISOBEL-ILMEOSE

BRI o 0L - £ TORKIE, 77 2B, &
¥ o7 —¥YEThot, 16S rDNA filgty R U Api #
R U g & 2 0882 % Table 2 12w
T, 63 %k th 59 £k 4% Lactobacillus &, 4 ¥ 2%
Pediococcus |& T dH - 120 £ 1z, 638 F 3085 L.

1200
1000 o}
gsm— 5
- (o]
& 2 °
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o
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X
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Fig.1 Concentration of diacetyl and acetic acid in Shochu
made from sweet potato and grain (barley, rice, buck-

weat).

(O ; Sweet potato X ; Grain (barley, rice, buckweat)
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Table 1 Distribution of acid producing bacteria in Shochu mash.

Shochu Nisterial Days of Shochu mash The number of acid producing
distilleries Primary of secondary mash Days bacteria (CFU/ml)
A sweet potato second 3 nd
B sweet potato second 8 5.4x10°
B sweet potato second 9 1.3x10%
c sweet potato second 9 5.6x10°
C sweet potato second 9 1.1x10°
D sweet potato second 9 nd
D sweet potato second 9 1.0x10?
E sweet potato second 9 1.7%107
E sweet potato second 10 1.8x108
F sweet potato second 11 nd
F sweet potato second 12 nd
G barley second 1
G barley second 3 5
H barley second 9 4.0x10°
I barley second 10 8
] barley second before distillation 8.6x10¢
H rice second 10 8
K rice second before distillation nd
A rice primary 4 nd
A rice primary 5 2
L rice primary 5 nd
L rice primary 6 nd
M rice primary 4 nd
G barley primary 4 nd

Table 2 Lactic acid bacteria isolated from Sho-

chu mash.
Number of
Genus Species " )
strains

L. paracasei 30

L. plantarum/ pentosus 6

L. brevis 7

Lactobacillus L. hilgardii 6
genus L. buchineri 4
L. parabuchneri 3

L. fermentum 3

Pediococcus  P. acidilactici 3
genus P. pentosaceus 1

paracasei ¥ FHFEIMEDGE W BB NI,
% 2T L. paracasei HERW R T4 v —EHwiz
PCREIG:2BIkoT. TD#R%2 Fig. 2 ITR T,

108

BB & B L 2Bk (lanes 1, 2, 3), RUBEHE
¥ L. paracasei subsp. paracasei (JCM 8130, lane 4),
L. paracasei subsp. tolevans (JCM 1171, lane 5) Tl
RNV FOBERI Nz, LHLEHS, Z0fth
BB ot S W ABE OFHERR L. plantarum
JCM 1149 (lane6), L. pentosus JCM
1558 (lane 7), L. fermentum JCM 1173 (lane 8),
L. buchneri JCM 1115 (lane9), L. parabuchneri
JCM 1162 (lane10), L. hilgardii JCM
1155 (lane 11), L. brevis JCM 1059 (lane 12), P.
pentosaceus JCM 5890 (lane 13) P. acidilactici JCM
8797 (lane 14) ICBWT, FFEMZ /v F IR S
hiabholz, LicdioT, BEBHORL D HES
NI-BEkIE L. paracaser EHEFRIMEDEW Z L #HERT
=3 A

Bt (2008)
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Marker 1 2 3 4 5 6 7

(kb)
A

Fig. 2

8

9 10 11 12 13 14 Marker

PCR amplification products obtained using L. paracasei-specific primers Y 2 and para.

Lactic acid bacteria isolated from Shochu mash (lanes 1~3) L. paracasei subsp. paracasei JCM
8130 (lane 4) L. paracasei subsp. tolevans JCM 1171 (lane 5) L. plantarum JCM 1149 (lane 6) L.
pentosus JCM 1558 (lane 7) L. fermentum JCM 1173 (lane 8) L. buchneri JCM 1115 (lane 9) L.
parabuchneri JCM 1162 (lane 10) L. hilgardii JCM 1155 (lane 11) L. brevis JCM 1059 (lane 12)

P. pentosaceus JCM 5890 (lane 13) P. acidilactici JCM 8797 (lane 14)

Table 3 Diacetyl concentration in GYP, CYP, CGYP media after cultivation and assimilation of citric
acid.
Diacetyl concentration (mg/1)
Strains
L. hilgardii
. . L. plantarum/ L . . L. buchineri
Medium L. paracasei k P. acidilacticic  P. pentosaceus L. brevis L
L. pentosus L. parabuchineri
L. fermentum
GYP L7 nd nd nd nd nd
CYP 1.4 nd nd nd nd nd
CGYP 9.8 4.0 5.0 trace nd nd
Assimilation i +

of citric acid

Cultivation was carried out at 30°C for 72hours. + : assimilated, —

4. BEBAICOBELAIBREOCTEFEEN

TR FNDERE, FE, BoBEICL - T
BixoTwul, BEEBroRLEZLLSHE N L
paracasei | ¥ 7 & F W EEMNE L, O, L.
plantarum/pentosus, P. acidilactici, P. pentosaceus
EBWTHY T FVOERMHER S iz (Table
3o 72, 7FUBOAERFEWE L7z GYP Riithic

HFI03BES S

. not assimilated

e, PO 2 v EBEHRML 7 CGYP iz
BWTENEL ST FNVDBERK LT,
5. BMEBIrOHOEELAIBENS T CBALE
7T BEME—ORFRE Lz CYP Bz B 1w T
30°CT 3 HEIRFER EROWE = HE L, ALEEEOK
AR LT (Fig.3), TR, BEBrokb
% { St Tz L. paracasei £ CYP Bzih T X < 385
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0.8

Growth(ODs6n)

06

04

Fig.3 Growth of the strains isolated from Shochu mash in a CYP
medium Cultivation was carried out at 30°C for 72 hours.

25

Growth (OD 660)

0 10 20 30 40 50 60 70 80
Time/h

Fig.4 Growth curve of L. paracasei in the medium of GYP and
CYP. Instrument : BIO - PHOTORECORDER TN -2612,
ADVANTEC Cultivation by L. paracasei was carried out at
30°C for 72 hours. The absorbance (660 nm) was recorded at
2 hour intervals.
® ; GYP medium, A ; CYP medium

L7z, FOfth L. brevis, L. plantarum/pentosus, P. 10000 mg/1 ZRFEF L Li- GYP Iz B W TIE, F
acidilactici 1T B W T b EEBEFRE I iz b, L W ALBE 8800 mg/1 AR LTz, —FH, RERE7 >~
buchneri, L. parabuchneri, L. fermentum, L. hil- B 7600mg/l icBX#127- CYPHDBHE, £
gardii, P. pentosaceus TZHERE Nz o7z, FLAIZ800mg/l 4L, ZxvEBAELIAFEL

Kiz, CYPESth TR OIEM L /2 L. paracasei 12D BERE 4400mg/1 &R LTz, 72, ZORMOEKIZD
WT, GYP R U CYP $#hic 8 1 285 AR O W THRBMBROEHRBRELE L1 25, 71 VB
TREUH EREBEREOERLEEER LL, 7FoE EHEECBLTEKROBERBES N,
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B#iz, GYP RO CYP Bz 613 % L. paracasei
OHEEEE (ODeso) TR, % OHHHMIRE Fig.
412 RYT, CYPHEMIIc B TEHWEEER L L.
paracaset ¥, 740 B &5 CHE OREREHTER
Ahiz, UEOHREIY, ZTho0ABETIRZ =
BERFRE L THERTH S 2 LR SN,

% =®

ERER O KRBT, ZXKEHCHAVHEO#E
BHV, ZOIOFHRERBTIE, —KBO7 T ED
FRENKE 2D, MOBBEPEE BRI EEEEHE
{22, ZORKE, FHEBTIABESERT LSS
kKprEZIOND, BESLOREICH, 33%DHFER
BroABESRE SN, ZXBTREENEL -2
LHREXINRTWSY, EBIZ, FHEEBICBWLTALE
BEEZLREEhLZ Lo b2, BRERGTOY T
EFN, BEOERICHBESES L Twa LR
iz,

SEELT-ABEOY T e FNVEEKE 7 L U BE1L
MizoWwTHEE L7 (Table3), SEIERBL KD
% ahiz L. paracasei V&, 7 BEE, ¥
T FVEEREbICEDP ST, 2, THODOAE
BT, 7P 7Hoa2RERE LI, 7
IVBERMUEICIBWTS 7 F L %2% £
Lz, 2hix, 7 BEAHT 2 8RICEVWT, 7
IUBMBAFV O, ELVEVE, BE7AVTER
LY, EETNVTERFEELE VERHESLTa-
7t PABRBER S h, B, RREEZETYT7TEF
WHBERLILEZONEYS, BIzZhsDIAMET
3, 7xVBOAERFER: LI CYPEHICBT 3
HEARR, /7 UoBBEEMSMETL, FFEREELS LA
Lico 7 vBNEHEREE T 2ABB TR 2 &
2RELL, ZORBBECEMELERT 2%, EBIC,
TEUEBIEEA EROERAOBIIB W T HAEE
DR EN, FOREIMN 7 o BrEkLT, L
BT, ThoD7 = EBECHEABREIHEIEL 725
&, HREUE» LR T2EFZ6N5,

—RBIZBWTI, BEENEGEE, 57 1va—1L
BECRINTOULOABEIZET LBV, —X
BIBLTRBUHERENWBENET 5720, AR
EBHBENEBCE2LHFZoN D, BBNIFEA LK
S TWLEWLWHEBEEHCEWTE, Fior o rBEeH

HEI03EES =

ABESEFL, BEEPOYT7TEF L, ERRICEEY
RIZLTWw3 LT,

AR TOY 72 F LI OWTERES X, HEXE
BRCBI2EFSOHBBEIOS T 2 FVAHEL
BREFESA A HEL, KEIcBWTRY T2 F UIERE
FELBOHEEDSH B Z L, AEMTEHICEDHEBE
BbDT e, HHEMEERICE WL TITERETES LM
Hot:ds, BERRIEIETR oI REL T
38, KHFEIC BT, Tk 19 =I5 IR A BEE &
FeBGEHEPOY 7 2 F VHTE L BEREFES 2 L
fr b 25, KRN BV TIZEMYS S B I L AR
Shiz, FCABECIVERTIEEZOND YT
EFNIZDOWVTIE, 5EBRZOEEICOVLTE SIIHE
THALEND DB, F7z, S PCR-DGGE #12
LD BERBPICE LI BEENH L EREL TV
X2, SEIOBODT o, BECEDZ LR
WHEIZRL Tuand, BEEBHIC 1~10° CFU/mI
DHBEVSEEL TWA ZEBHELIIE > T, —H,
T4 ZAF—DEEIC BV TRERBREL LTV
ABELRESATE D', BIIZthoMEY & HHA
LTHWHEEFESEKS ZERL, BEEOMEMEEZEKL
TV2EHEL TV S, FEREECEVL THARE
DOFEIR, BEZEATAIRERERCE->TWS L
Zz2ohb7:0, SHBISITHEREDTHERY,

= ¥

1. FEERGTOY 72 F VR UBRERE X, 7Ok
RN c NG wERIC S D, BROIBESES
LTwa eHREINn,

2. BEEIBPCRBECES WV E THABENEFE
LTHBY, FCERERBTE {Rtiank,

3. BERIB LD 3HROAME L SHEL . £DO B
59 Bk 4% Lactobacillus [&, 4 % % Pediococcus |& T
Hotze Tz, 308D L. paracasei & FHEIMHEHE
WILBRDoNTz,

4. BRI SR LS MEE NIz L. paracasei 13
T FVEEENE L, TOM, L. plantarum/
pentosus, P. acidilactici, P. pentosaceus {25\ >T
VT FADHERE NI, YT 2 FVOERERR,
TROBEOAZRFERE LD b7 2V B%
WL 7255 THh - Tz,

5. BERIBhoRLE SN L. paracasei 137

11



s AR KA A - B - TR B S EEL AR O Y R IVAEENE E 7 T OB

TrBRELELES L, FOML.

brevis, L.
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