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Lactic acid bacteria in miki (a traditional beverage in Amami Island)
Hiromi Hisapome, Hisanori Tamaxi, Koji Wabpa, and Kiyoshi Ito

(The United Graduate School of Agricultural Sciences, Kagoshima University,
1-21-24 Korimoto, Kagoshima-City, 890-0065)

Miki (a traditional beverage in Amami Island) was prepared in a laboratory (Kagoshima University)
using boiled rice and raw sweet potato. Simultaneously, miki was prepared in Amami Island and com-
mercial miki made in Amami Island was purchased. Lactic acid bacteria (LAB) in them were identified
using a 165 ribosomal DNA analysis. It was shown that LAB in laboratory made miki were Lactococcus
lactis subsp. lactis (30/30). However, LAB in miki made in Amami Island were different from the labora-
tory one, Leuconostoc lactis (3/6), Leuconostoc citreum (2/6), and Lactococeus lactis subsp. lactis (1/6).
LAB in the commercial drink was Leuconostoc citrewm (5/6) and Leuconostoc mesenteroides (1/6).
These results indicated that microflora of LAB differed according to the lot of raw sweet potato and cir-
cumstances, the details of which are future problems. Lactococcus lactis subsp. lactis is known as produc-
er of bacteriocin (nisin), so the production of bacteriocin or possession of nisin gene was examined from
the halo formation of the sensitive strain or PCR of genomic DNA. The results showed that Lactococcus
lactis subsp. lactis in miki produces bacteriocin and they possess nisin-A gene. The succession of bacteria
was examined using CaCQ; plates, which showed that non-halo forming bacteria appeared at an early
stage (before 3 days) but disappeared at a late stage (after at least 4 days after mashing) along with an
increase in halo forming bacteria. We considered that these non-halo forming bacteria were aerobic bac-
teria which did not produce acid, and halo forming bacteria were LAB which produce acid. Using a start-

er of LAB, we were able to suppress the appearance of non-halo forming bacteria and make possible the
stable production of miki.
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WHERBOEHEH [+ TOIBRE

IHXO/BENSLEEZ o R AERIGAEBEO 7o
AFF4 v RN LBEEZLNBEDT, I Fih
DIBFEOA 70708 —F IOV THIEITo 72,
WA, BORER 165 1) RV — A DNA BIFIZ L - T
RENDLZEDNLZVOTY, e b CaCO, B TH
BRE & itk 165 U RV — A DNA BHTIC L » TH

OEERIT ol T THELERIE, ERSTHEL
RIFIOoVTOLDOTHLD, THEIEELY S
BT D TH B, T/, EBMEFRIIVE

T, EmeELTOIFEFHPTLEWMDITTNDS,
BHEOLO LG REERERIZTAEEZONED,
HGEOI XIS 001 A5y T THDHEHHL
TWwd, BEKBTHELALIF L —ITI) A,

DIAT, FLERE 13 Sl 55 *O S 0 By ik i sk
DR SHEEINTWD, FolidBE QR0 HE
Wb G S NAEF PO TE, DX %
TEM OB IZEM RO L O L ) HEEII LW
ELTHEBER TS,

I F TN DR NMEHTETH S IFpwAg
7077 e RIS L %ﬁJicik/vtﬁ%

N, EEAENFEEEINTYES, I FI2OVTH
BRI ERIToTBL I EICIEREREHEVH A L

Ex b, TR, IF0EETAMIIERYT LN
b, BRI E A ERHFE ISR,

RERTT %

1. B

FywL G AN R TR, Kic2nT
WER R (B3 B L2 BREas
9B THbH, TNHOFEEHIVF IS BIRE KL
DIEFHTHA L.

2. IXOMAH

I FOEHMREEIC OV TIIEHR VTHE LA
A ET KT LR ’9‘%"‘?@}5 e AT v TEEL. Z
T, BREYED L0, RO (BFn) %
Eﬂkaéﬁ&LzﬁLtoﬁ%@MMnglkm
L7zo BB, BHINZEETEY a R MABH, 2
NEEAKRE AN FIZT 572008 DTH 5B, A
PIZBWTEINEEBL, UToF~45izeCs
WErEHLZWSEOTH L, FEHAARLHOR
BEOHB, MUE24HMEETIEIClI~6HEL
L7
3. g

HBHORR T MRS B Y2 iz, FA v
SERAICIZ 802 55 % Voo BEHE 1 h ORI IR
DY TDH B, polypepton 10 g, yeast extract 2 g,
MgSO,7H,0 1go 7L — MERIZIE LRoRE I 5E
K15%FMATz0

4, FLEREDDBE

3aaﬁ&®ﬁ/7w%0%%ﬁ Kz FVCGENY

BB THERL, Z0100 ul % 05% CaCO; & &4

Powder of non-glutinous rice (Joshinko) 50 g

Raw sweet potato (peeled and ground Koganesengan) 10 g ] i

|

Water 20 ml

|

Water 135 ml

Heating (100 °C) for 30 minutes
Cooling to 30 °C

l Mixing

l Incubation at 25 °C

Sampling

Fig. 1 Procedures for preparing miki (Iaboratory method).
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/\D—O)?TZBZf)§J><%dlf*:I Dw~%i?§xﬁ’j & L’C’JJ‘EJL
L7ze B, BERBTRHELLIFRUHHOZN

%,~m%f%ﬁbtu%iﬁﬁ®ﬁ&fﬁofwéo

. REEREK

*fLEAT_;\J@[EE 1, DT ORMZ FuEmkke LTH
W 72o Lactobacillus brevis NBRC 3345, Lactobacillus
plantarum subsp. plantarum NBRC 3070, Leuconostoc
mesenteroides subsp. mesenteroides NBRC 3426, Pe-
diococcus pentosaceus NBRC 3182, Lactobacillus caser
NBRC 15883, Lactobacillus sakei NBRC 3541, Lacto-
coccus lactis subsp. lactis NBRC 12007, Leuconostoc
citreum NBRC 102476, and Lactobacillus fermentum
NBRC 3071, 71 ¥ Y #HEOBEZ ke LTid, U
TOBEMKE M7 Bacillus cereus NBRC 13494,
Bacillus subtilis NBRC 3134 K U Staphylococcus au-
reus subsp. aureus NBRC 12732, B #k i& NITE bio-
logical resource center (NBRC, Japan) 753K 7z,

6. DNA Ot

DNA #ilithid, ik WA BE I L AP 54T o7

7. TISA7—

AMEOMEICHER LTI A<, 2TF 5
-AGAGTTTGATCCTGGCTCAG-3 & 1492R §
-GGTTACCTTGTTACGACTT-3 'Y & 0" Lacl-F 5
-AGCAGTAGGGAATCTTCCA -3', Lac3-F 5 -AG-
CAGTAGGGAATCTTCGG-3 & Lac2-R 5 -ATTY-
CACCGCTACACATGS P OMA L bETH D, 7
T4 = — I3 M o TUERL L 72 As, BT OBIE
EMzTdh b, WA 2TF & 1492R @Tﬂ&/‘rb’@f
PCR %472 7278, T Ofl&EGHETERIELZBAIC
Lacl-F + Lac3-F (iR& 77 1 ~~—) & LacZ2R Ol
HEDLETPCR 2 To/2e F1 Y YRABHOT I 4
~v—& LTI NSF 5 -TAGATACAATGATTTCGT-
TC-3 & NSR 5 -AGCTCACTATTATGGT-3" % f H
L 71, 13)0

8. PCR 18

PCR H41IE 12 (2 PTC-1148 MJ Mini Thermal Cycler
(BIO-RAD, ) #f#H L7 10pmol D& 75 4
, 2mM MgCl,, 0.2 mM % deoxyribonuleotide
triphosphate, 1.25 U @ PrimeSTAR HS DNS Poly-
merase (¥ # T /34 4, #H), 50ng O 4k DNA
L 50 ul OIS T VT PCR 217 720 PCR

B105E E 1 E

e d —

DEBE, 94T - 24, 98T -104, 55C -58, 72
C 1.5 4, stepZ?b\%stepllif‘% 29 A2 D 5K L,

wHEI, 12T - 790 %1T> 72, PCR W
Wizard SV Gel and PCR Clean-UP System (Promega,

9. i“"‘%ﬁﬁﬂﬁg*ﬁ@ 7= ® PCR
IRIEETIRT O 720 DY TV ERELE BigDye Ter-
minator Cycle Sequencing Kit (ABIL USA) 24£ 9,

27TF B Wit Lac2R 79 1 v —% AW, PCR I
L0 To70 B, 42 vEERICIZNSE '3:77
4 w—& LTHER L. PCR®%&MHE, 96 T -

96 T - 1048, 50 C -54r, 60T -4
stepd FTH 24 Al L7,

10. BEEHIORERUER

e HEEH) O P58 1L ABI Prism 310 DNA sequencer
(ABL USA) & HWTITV, RS L GenBank 7
— & N— 2% v BLAST it 217 72 Vs

. T2 HE

802 BsHhT 30T - 2 HMIIR & 9 8528 L7, Bacillus
cereus, Bacillus subtilis . UF Staphylococcus aureus
subsp. aureus V& O K3 100 ¢1 %, 10 ml 9 802
FIEREEMIZIRINL, 802 7L — MICEE L7z, KIS
o7 r = REit@EWR=—F 1 A7 (+—3
— A&, BED) 1250 ul OILBEEAEE RN L
30C - 2 HMEE L0 — OIBR % Blgg L7z RIERC
PCRETH A ¥ Vlfn+ ORI L 72,

12, IBERX 42— 4~ DiEsE

FLEET (W#k1l, Tablel) %, ¥ by ¥ T a—
ZHWT2T -2 HHE L

E K & 20 ml Nz C RS

45, step2 A b

A (109 sucrose)
20 ml % 3. 04k
AG =i Ui,

REBRRRUEE

I IxOB

IXRPERETHHITL L LGOI Fig 1), EEK
%Té,ﬁﬂ@%/74%zﬁw‘n%®%ﬁfmﬂ
L7:e B, MHOIFLIHELLD, OB
RHTH 5 ftL R W TETH B &
BLTWh, ERETHELL I FORGE/IZOW
TIFEEICHEE L2t Y, R i i SLERASS N g %
DT, FAEHOMEEEZ Tnb,

743



A - KB A -

CHEREOEREE T3]

D FLBE T

2. IXFTOEDOER

CaCO, B LT, NO—~2BRTHEE T —
2EE L2 VEOELE Fig 2 1R L7z, Fig 2121,
IFPFOPHOBALLHERLA. 2B, 0 HBEHE
S E IO THERTR Th o2, 1 HEIZWE
NO—-BREIZBEES L 22720 (<10, 20 H
PRz IR E PRI 2, Rz (6
AE) 4 x10%mliciE L /e 312, o —JERARE
WIHBREZEICHEELAD 6x10%m), 20
PIIEHICHL L, 4 HBREBEIN LR ko2
(<10 NE—JEREAHMT 5 & L HIC, pH O
WEMICET L, BAIHOEBEPEILEELE L
TROBEREFZEZ T b, BEFREDE (T~
BE <o —FEREE), CO, DRI BRERE
DL, HEEOBHIHED pHOBRT, ~Xr7yty
Y AFATY) ODERLETHDL, Fald, no—IE
TR BT E/S 7 7 7T ) B a e,
BN F YT AP EETAHEELTOH, /N
O-FERE IO - DORRLBELHTHLOT, B

INTT —

HOWEMOEES 2 ELTHEY, FEMEITETH S,
3. #L@E@ﬂm
ERMETHAUR LI FT0LBEOREREY Ta

ble LIZR L7720 &dB, TOFETIENod ~No27 24
BELTRLTH LA, MEMRIE0MENTND
Lactococcus lactis subsp. lactis ThH o772, 4L, £
BT LI 3hoABERETE L OILH
RLZOT, ZOXIEHRERPEONL L DEERT
Wwh, FIT, BERBTHELAZIX, RUHRO
IFHOABE AL, HE% Table 2 & Table 3
IR L7z, B, ZOBEICITEBRORES % 6 HIC
BRoE L 720

SHHEOLBEIEERE CHEL I FPIL, 2
T DB DS 3 #qﬂbiﬁﬁjéhtc B, B
WO I FROLBBEOLEELRFAEICOWTIE, 43I
TRDHIEE L,

Leuconostoc citrewm \ZEEE % A F O FE L 3L
HELTERLRRHTHD "o MAWT Py FET 2
ADHEEERE & U CHREEE (Gluconobacter frateurii)
ZRM L TWEY, TIUIFHEOSEMEN & Y IFRNT
HollOLHEL T 5B, HE, HYHROABR
PEHROIABME L ) BEICLVE L TEESR
Twa ¥, COFELERE LT, HEYHELBREO
FHRBPEREO b DI, SRR REOMEOF
GRGIBEOREORE, BUuithd s nidE v s v

Bacterial number (log bacteria / ml)

145

-14.0

pH

I I {

4 5 6
Cultivation time (d)

Fig.2 Succession of bacteria and changes in pH of miki. Closed circle: halo forming bacteria;
closed triangle: non-halo forming bacteria in CaCO,; medium and open square: pH. Dashed
line shows that the bacterial number was below 10°/m! at 1 day or 4 day of cultivation.
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Table 1 Identified lactic acid bacteria (LAB) in miki made in a laboratory.

Used primers  Used primer

No for PCR for sequencing Identified LAB
1 27F-1492R 27F Lactococcus lactis subsp. lactis
2 27F-1492R 27F Lactococcus lactis subsp. lactis
3 27F-1492R 27F Lactococcus lactis subsp. lactis
Data from No4 to No27 were omitted for the simplicity.

28 27F-1492R 27F Lactococcus lactis subsp. lactis
29 Lacl,3F-Lac2R Lac2R Lactococcus lactis subsp. lactis
30 Lacl3F-LacZR Lac2R Lactococcus lactis subsp. lactis

Identified LAB of all 30 samples was Lactococcus lactis subsp. lactis.

Table 2 Identified lactic acid bacteria in miki made in Amami Island.

Used primers  Used primer

No for PCR for sequencing Identified LAB

1 27F-1492R 27F Leuconostoc citreum

2 27F-1492R 27F Leuconostoc lactis

3 27F-1492R 27F Leuconostoc lactis

4 27F-1492R 271 Leuconosioc citreum

5 27F-1492R 27F Lactococcus lactis subsp. lactis
6 27F-1492R 27F Leuconostoc lactis

Table3 Identified lactic acid bacteria in commercial miki.

Used primers  Used primer

No for PCR for sequencing [dentified LAB

1 27F-1492R 27F Leuconostoc mesenteroides
2 27F-1492R 27F Leuconostoc citreum

3 27F-1492R 27F Leuconostoc citrewm

4 27F-1492R 27F Leuconostoc citreum

5 27F-1492R 27F Leuconostoc citreum

6 27F-1492R 271 Leuconostoc citreum

[=]

=

i 7

B & oA, e vl yﬁyuﬁ“:ﬁw”%.
THonTnbd, Ak, BN TWD, #HRIE Fig 3R LAY, Wil
I X HROFEE IS AL & BT 5, RO F AL v REELTCHDLZ D birol,

4. F142UHER

FA L AERE LTR

Lactococcus lactis subsp. lactis DHEFET A5 A2 >~

Lactococcus lactis subsp. lactis i3+ 4 v (57 F DEELZLDET AP ADLINVEF LI ZTH
VAT O L) AEHELTHSNTYE W, 2 9 zo®EEbThic
2T, TAVVEETFOREY PCRETHRE L2 FAL Y ALBOTEHTHY, F142 0 ZIlBw
FHLUZY 2 73Rk T ROV 30 (Table 1) & A THEHNTHLETTH DB, %
B B Ak (Lactococcus lactis subsp. lactis  BLHIRE# 1T o 7o 723,
NBRC 12007) TH b, Z OEERFEIL NBRC O F >~ 272, FORRIZVITNLRETH -2/, 1

B 105 & F 1

ESCIONENS V% il

2T, PCR YOIk

3 ﬁﬁ;: (IR E = AT
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ATGAGTACAAAAGATTTTAACTTGGATTTGGTATCTGTTTCGAAGAAAGATTCAGGTGCATCACCACGCATTACAAGTATTTCGCTA
M 8§ T K D F N L DL V S V 38 K K D S GG A s p R I T s I s L

TGTACACCCGGTTGTAAAACAGGAGCTCTGATGGGTTGTAACATGAAAACAGCARCTTGTCATTGTAGTATTCACGTAAGCAAATAA
¢c T p G C K T™ G A L M G CWNMI K TA AT CHC S I HV 8§ K *

Fig.4 ORF and deduced amino acids of the PCR product in Lactococcus lactis subsp. laciis (Nol in Table 1).
Underlining indicates gene codes of nisin A not nisin Z.

Bacillus cereus

L. citreum  Standard

L. lactis

1kb—

Marker 1

30 standard
strain

Fig. 3 Photograph of gel for electrophoresis of PCR o .

. . Fig. 5 Halo formation. Halos of B. cereus formed
products. Samples 1 and 30 are lactic acid
bacteria in laboratory miki (Table 1), and the
standard strain is Lactococcus lactis subsp.

lactis NBRC 12007.

with the production of bacteriocin by lactic
acid bacteria are shown. Lactococcus lactis
subsp. lactis (Nol in Table 1), Leuconostoc
citrewm (Nol in Table 2), and standard Lac-
tococcus lactis subsp. lactis (NBRC 12007)

FUIC oW THSE T 3/ RIS IERS L 307 Fig 412 were inoculated on the paper disc.
RUL72e FO#RR, TNOSHBROF A VidF A2y
ATHDIEDVGholz. WERFHREDT—FIC
BWT, 7MYy BOHSRMLERENLOT,

F4 A7 LICHHE L 72,
(negative control) DJE

7B, Leuconostoc citreum

WHIEMO L 5 b o

INSOBETEEFA L ADSHC o 1 & BB SN/, IS KEID Leuconostoc citreum %
VEARICHETAMETE B C T 1%) #8-oT R L7272 DS s S B E - b o L
WA EHEESNAD Y, T TH B, € LTy 5b, Lactococcus lactis subsp. lactis (2 F)

DM LT FOEEIFEL PR R D,
Leuconostoc citrewm PHEIEFEER L2 W llxt
L, 2 FH® Lactococcus lactis subsp. lactis } UV

WD, NI FUF LYy OEES T YR BEICL
BHS, BEHEROIEMEERIC X DL, R
Fig 5IZR L7Ae SORIZBWTHIEBE E LT,

14

F R B & N7 Lactococcus lactis subsp. lactis
(Nol in Table 1) KU Leuconostoc citreum {Nol in
Table 2), ZLTH A ¥ Y EEDERE & LT Lacto-
coccus lactis subsp. lactis (NBRC 1200) % <~ —/%—

748

HEEHE (positive control) (XBABR % BHIEFH & ~R—— /3
FA AT ORBIIER LT ZOHKRREIFFo
Lactococcus lactis subsp. lactis V337 7 ) 43 v &4
ETAHIEERLTVD, TORIZBWTIE, EKEH
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Fig. 6 Succession of bacteria and changes in pH in miki used a starter. Symbols are the same as in Fig. 2.

k& LT Bacillus cereus 720 D72 %R L1
W, Mo 2%k (Bacillus subtilis & Staphylococcus au-
reus subsp. aureus) WOWTIERBOMKENIESN
ToDTHE L,

5, IX&EEICHEITBAX4—2—DHEH

IFREOWHIC BT, ZROFRERHIBE
SN, 4HEUEIIBWTIREET S, Lo,
MR BOTHHRMEIRES DL 2L, koL
5 %M A OBNAGEE NS, OEEICHT 2Ens
A=V DI FPHROREESOIFORE~OELE
BETHD, INLOZ LWL, AF¥—F—2FETH
WHERIIERB SN D Z EPHRE ST Y, f#
2T, ABEA Y — ¥ —OFAMERAL FHEEk £
BrAik] OB LAY TH S, Fig 1DK
20ml FFHEEHA D KIZEZ OB TH B, CaCO, ¥
BETOH, "Na—-%ERTARE TR R L 2
o2, RO X340 pH OF{LE Fig 6 1IIR L7,
Fig. 2 L BT E L b2 ad, Ao o —3EE
BB OB EPEIEA L pH OEPEEA S 5 T AT
o Tfz, JHUE, AY— ¥ —HICHFETLAHBEO
MPEEEDLNE, FEIEY MY XD 2 — A TS
O E UTHEB LA, TIUEEFERE THRWE
BUFIADEVHIBHTERLA-DDOTH L, BH
KFRIALLOTHME, oW TREL T bR

E105E% 115

Vo F7z, SENEEHEECHBREOBMEAD A EFH
L7z%, B d AT IR OEREY (Xo 7Y
F L RUGLES) OFBELWRERD, HRF LY
MrLBNL EBbhb, 4l A5 —F—DF
ISP BTREFELHEL T2,

FERE (HEEKSE) RUEBSEKRBETIFTHEL,
WTHED I FEWA L. TRHD I FhDFLEE
HWA 165 VKRV — L DNA BT L D [EE L7z, EB
FTHHELA-IFTOABMEL 0BRE LAY, £
T Lactococcus lactis subsp. lactis & FlE SN 7. L
ML, BERECTRELISPoABRE 6HEEH
E) BEBRSHEOLD EIEZER LY, Leuconosioc
lactis (3/6) , Leuconostoc citreum (2/6) FKU' Lacto-
coccus lactis subsp. lactis (1/6) THorzo F72, T
WoIxFhofBEH 6% EE) & Leuconostoc
citrewm (5/6) KU Leuconostoc mesenteroides (1/6)
THolze INLOMHRIE, I FHOLBEILEET
VYA EREEORB NI Lo TRRLIEERLTY
57, FEMAHELSBROBETSH B, Lactococcus
lactis subsp. lactistdF+ 4 ¥ P OEERE LTHSR
T 5D, I FH O Lactococcus lactis subsp. lactis
br AL EEE L. SFFONT T TICITAEE
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