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Studies on lactic acid fermentation of seaweed
Motoharu UCHIDA *2

Abstract Marine bio-resources have been utilized mostly by catch by mankind. In future,
however, the marine bio-resources are expected to be highly utilized by developing novel
fish culture skills and food processing techniques. Fermentation skills are greatly contribut-
ing to food producing and processing industries today. However, most fermented products
are terrestrial origin and marine origin products are quite limited. Especially, a skill to fer-
ment algal materials (plant materials of marine origin) has never been developed in the field
of fisheries industry.

The author firstly developed a skill to perform a lactic acid fermentation of seaweed.
The following is a summary of the results obtained by the present study.

1) Lactobacillus brevis strain B5201, Debaryomyces hansenii var. hansenii strain Y5201, and
Candida zeylanoides-related strain strain Y5206 were isolated as predominant microorgan-
isms in a fermented material of Ulva spp. fronds.

2) A skill to perform lactic acid fermentation of seaweed was developed by a combinational
use of cellulase and starter microorganisms that are composed of the above three isolates.
Production of single cell products at high efficiency from algal frond tissue was observed
during the fermentation of Undaria pinnatifida.

3) PCR-methods to estimate the predominance of the microorganisms added as a starter to
cultures for seaweed fermentation were developed. L. brewvis strain B5201 could be detected
by use of a species-specific primer set targeted for 16S rRNA gene. Yeast strains Y5201 and
Y5206 could be detected by use of an arbitrary synthesized primer OPA-3 and PCR-RAPD
method.

4) Single use of lactic acid bacteria as a starter was effective for preventing the growth of
contaminant microorganisms, while single use of yeast was not effective. Lactic acid bacte-
ria having homo-type fermentation such as Lactobacillus plantarum and Lactobacillus casei
showed high predominating ability as well as L. brevis in fermentation cultures of U. pin-
natifida.

5) Dietary effect of fermented products of U. pinnatifida (marine silage) was demonstrated
by rearing trials with young pearl oyster Pinctada fucata martensii.

6) Reduction of triacylglycerol concentration in serum and liver was observed for rats fed
the diet supplemented the fermented Undaria product at 10 % level for three weeks, sug-
gesting possible utilizations of fermented materials of seaweed as new food items.

Key Words: Fermentation, Seaweed, Lactic acid bacteria, Lactobacillus brevis, Undaria pin-
natifida
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HE, BN AT ZERITHNR, e Mo TE
DOFHAIBETENBWAICZ UL, R GEHRE L
T{HEH &S (Mann, 1973 : KBEF, 1996 : fiH 5,
1987) o M EERICBIT 28— kA ER (rFRF)
X, EDKI93% SRR (turnover) A%HEWEHIEE
FICLB2DDLRAMLONTVDEY, WA F < AEH
& UCEMI L7236, SNt +~ 2D 2/3
ARIHEFNC L 2D D LHEET 2HE D H 5 (Smith,
1981)c REVEFSAFE L 9 B WA - ] [y -
W OWEREE, 2.0x10°km*T, 2RI D0.55
BELEODHICHERWZ EH D, HHEHAZH O
INA = AAFAE A O B O #9360F5 124 T 5
(Smith, 1981 : i 5, 1987), ¥ -HA DB 721
DI R (e ) 1%, 1800~2000gC/m*/yr T,
CHUERE F T OB E LTS LB B RN
MIZIZ LI L T2 (Daws, 1981). fit > TilEdgEN
A F < AGWFIE, BEETHLEL TS Z L2 5hK

UL TR LR T WEIRE LTHZ S 2 LA TE
Bofiati e LIRS T v B R oo e o 1,
FAO %47 ® Yearbook (2 & 11X, 19834F T8 #:3E A3
23005 t (9 B HARDAEFER33TT ), FLEHEA82) t (H
R28J7 t), FREMBEZOMA 1 H 4Tt (HAR600t) &
ENTwb (fiHS, 1987),

MEAFH SN TELBERERY)ES & (T,
1989 ; Hriws, Frle, 1978), kL7 ¥ 7HEICE
W, HROBEAERPHELZ EX2DFEIILZY LT
Wk B REsmsTBY, FKITHiS20
FEEHOHOETIIRAORRLDH D, #HHEIEH AL
WAL CTRFL LTHHEINTELIEDESHIZH
PR Do —HI—1 v BV TIEFEE DR IE
WoOREE U CHEIFH SN TE L, SHICHES
DFFTEARLL—HOBETEIY L THATALZ L
b ENAD, 19ICIEA ) v s, IoEEDI A
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7D T Tdh 5 LHE AL L C LM T 5
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RIE KDDL, HHEIEHE L TEI AL HARA
AR ENTE 2 b h b, HEIE, BEICES
THOHABEZIFHMO T 2BEA A —-V0dboEME L
TEERMA 2> TV B, — 5 THREEF S,
PR ERAEA D D, H L WRHEO D5 <
RKOLN TS, MHEOHF L WFIHEE LT, bid
AR, PUMECER, PUBiIRELIER, fumterEm,
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reshTB by (s, 1989 ; Friks, Hws, 1978),
TRBHEN BRI S LS N D, —
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vy b H2 1L, A LERITNS,
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EPRBIETHHLEL) by 7 e —Fid, E4e
ROGHFIINC DA% 00, WL R DAV R L
25— MR R BUAIAE DAL\ N A F < 2GR ORI 3
ELTHEHENS, LA L, BELRZBWTIE, Wit
FMOFRBEM I ) L SHFEL, £HHTE
T LTwa0IZx L, #EEOMMVEREM T 5 D
TN I, AR, N =33 IZZ L,
IR O HESE R OFE D 7 2> CTHAEMIC X % 5%
B LTw2oix, NEFIH Oz OISR & 4 v
F—FH2DD A ¥ V3 (Gunaseelan, 1997) @
2R N5, HEEEOFIE LTI, 1 7Y 70
BT R = AT KRG 5 7 4 ol L% B
L 72 D586 (Cuomo et al., 1995) H3d 5.
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BWTHI8UER S 3ERH, BEEXEBEDOLTILOD &
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Y UREEEE D WO HE - B IS L, 10~100L
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TIAPDBZFOTOIFNVF-PEHED VI, 4 F
AL EED, FHAAND L v 7 Lo T2 (FHE,
1989). W7 Y7 Th, KREZEHT LT H VLK
BE L7z A Y YREEPHE S z28, RIEEL X
WIZE £ 5 Twb (Sivalingam, 1982). DL A% L
72E 90, HEOMHOERORT, HEEL V) 51
&, 1ZEACERMMEZ R L T b ol
WIZ, WY & 2 ORI & v ) Blh o8
T D WHEERETICBWTY, $LEH (Frantzmann
et al, 1991 : Gatesoup, 1999), ¥ +} (Taysi and
Uden, 1964 ; Urano et al, 1998) D FEEEIZBS- L 9
BWAMD AL T2 Z ERBICMSNT VD, i
BT, & - TR, - T VA )RR E TS
HEFEFLEB W Marinilactibacillus psychrotolerans 7357 B
SN, MEREOARBOGAIEDMONSL X H 2k
7= (Ishikawa et al., 2003). WEFEREEHCDOWTIL,
BEPER LTIV TEHETHMESNS 2
& (Fell et al, 1960), WEEEAWAT A KM % FIH
T& % Z & (Suehiro and Tomiyasu, 1962) 23§ 5
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BT L ELEETH L EMEDTLIENTE D,
LaL, @ffe LTaANE, BERE, SIS ND
WA OKREBET 7 2B TH Y, LMW, BN
FOT T AR OGS AEEZ, —BIIEF D v,
WEEBRE D O M S 72 2R S OFLIRR R RS, 38
B CRH SN BNE, X SICRONS, T4, H
AREINIZBWTHEFE LD 708 S BRI
OB S NEEE & 2o 7228 UNE, 2003), &
N7 E\RREREY 2S5BS B TR S BB S
Bl Vwz B, ZOBITHM S N7=HIE Saccharomyces
cerevisiae TH Y, 3 L b RO MR & 13w
AW, SRELIHREMTRbRE I LIZLD,
e AR DA 2 IR R A B IR RERUAE 28,
FRECFIH SNT, BEEEPSHRILL TV Z &R

BitpE s,

AR TIE, SR & D Bk L 72 FLIR A, BEREE X
y—5—LLTHAHLT, V7 —¥ITk s bRs
EHLAE DR THEZ DT L 72l 0 FUR TSR 1
B 2R L, REMIC L0155 N5 HERTEREREM O
GROEFFH ORI ONWTT LD 5,

F2E BEEREESDOBEMEORETEBE
FREEMEY OB

BHAKESTFTONEREORD ) XL EIZH7:
N, BREIIBTLHREERLHFEEIIBITLYA L —
Ve R ORI B W TR, B AE
WU TWA F 72, B, ENEMICESHEEEY 5 2,
RIESALDIEHNT L K%z g8 % 5- 2 T\ 5 (Ishige,
1993 ; 4y, 1995 ; — &, 1997). £k - fi BRI
B 5 FEEEREWL, BiPE (FRICFL) FEM RS €
72D EHYMEFM RS- bDIIHHTA I L
HTE5L (Fig. Do BEREMHEMICOVWTIE, B
P, fETE L S IR S EE T 5. LD L,
TR FER IC OV TIE, 8, Ao X 9 12fA
R IEI-AMEMIE, DTLLERSFHETLED
D, WWVEFM TH 5 W, MHMEEE BRI
i, "% 5 % (Steinkraus, 1993). % 72,
EEOUHEM L ZEEDOT A L — VFRHIHY T 5
FEBEBAN &2 R U 720K - SPERZEM & JKEE 47 BT 11 A
HzHhv, TNHOFEKMIE, FMEHSLT VI
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) (Uchida and Nakayama, 1993 : Uchida et al.,
1995), 58I 7% ifE8E R BE & A 9 A IF Sk DO FE IR SR
HW Pseudoalteromonas atlantica ARO6%% (Uchida et
al, 2002) %IERICVER S8 7-55 S, it
WX 20 Ha 2T 2 EBICBW Tl AL TR
Bk vy 2k EBIZ L7 (Uchida, 1996 : Uchida
and Numaguchi, 1996). = OHME O EEHIZ XD
A S BB O EER 13, TV T I TITRL
T—ZOfRFREAET S LMW S (Uchida
et al., 1997a; Uchida et al, 1997b), i % HHIN
L35 22X, BIEHORBELLET T4 %
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A U CRE L 72 80R 2 BHCR TG L 7236121,
B ) ~NOFBEREZ L) A7 FHliE ) #EL
WIHENSAE L B, 22 TINS ORENZ kv
WEVF B 728002, e 2 PEE R R 12 & D 5o
%, B e L OBk e v ) RS2
LTHHTL2DOTIEZR L, FRLHEEZ LTHHTSZ
ENRTELRVPL W) FEi L7z, LaL, i
PREBXELILICHET AL LTI, Rk XD
WCZANVF—EFEOTIFICBIT L AT EFEOFIL 2
WIZE S LRI R WORBIRTH - 72, BlbFE~ D
MBRY, HEZODDOERMIELHM L LTOR
WREsHE, TV I —IVERE, BEEREEESIE, IhFE T
WFZEBIA 7 <, BERIRZ N2 COMGEHE (7 v EHRK
Sk, 1991%) 2ERFHEE L CHBH 5 DA TH -
725

—7, LEEOWmEEMEIC LD 5R L EME LT
HEEMALT 98 % N3 5888 T, HHATE e L
THIBE 2 LTl 7 — BRI & ) Yk
L7273l 2 8 L CHE MBI L CTwv 228,
DYV T — VUL 727 & VSR A IR T IROE S
L, FEREDODDHHEBRASHARIEAT 2 H G %
HTERBIE L2 S50, ToXMREZ LT —

VB L 728 L\ 7 4 HEAARICBRT 5 & 5 FHEE
TLZENHBINLZ LE2ED, BES LS %
FRTDIEODRAY — 5 — L UTHERET 2BUEW
DRI L TWDE T EHRBENTZ, L
L, WEOFHEICHT ML, Lio#) b Tz
U<, FMEICEA SN Ik EoRE
CRELELDTD, CCTHFEROREZTE2ED
ELTHEINRBEE, IhETashTnwsdo
ERBDELSH LCHEEORBHL TH LW HENED %
Zbhiz, Z2T, WHEEREHIELDDORY—%
— L LCHIHTE B RMoME % /5084 2 BHIWT,
T A IR O A A 2 B3 T E R itE ©
FIEDBEFICAN LS, FEHICARS 2 & & Lz,
B &
BERBEABORASR
FEEBZIZBWTHELN T+ O5EERE 25
AT EIZHC L 725t 8% % Table 1 12", RETH
57 F VERIIHET O AR OME TR L, K
BT TEHEHE, REOMNELEWERELLD
OFMA L7z FBHERF No. 1 BLU No.2 13 R% 5
HACERICL 70t 72 7 4 Ve fk 2 R L, 30K No. 3
725 No.5 (A-E) $Tix, No.l:HUUuay D
K% ik (-40C) A LD 0% L CiE L
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Table 1. Transfer records of fermented Ulva cultures

Approximate compositions of U/va cultures (w/w)

Incubation Seed transfer size (v/w) and culture conditions

Cultures Date of prepn

for
Ulva (wet basis) Enzyme for degradation Other components degradation Seed

Culture conditions

No. 1 1997/5/2 Fresh (11%) Abalone aetone powder

(0-22%)

No. 2 1998/10/9 Fresh (20%)

Cellulase R-10 (0. 42%) Autoclaved seawater

No. 3 1998/12/21  Freeze-stocked (83%) Abalone acetone powder
(0. 42%)

Cellulase R-10 (0.22%) , .\ 0\ o seawater
(

Degraded frond products were col lected,
5°C, 48h - washed and left for 17 months at 2°C.

Degraded frond products were collected,

Cellulase R-10 (0.8%)  Mannitol (8-6%*'  5°C, 48h 5% washed and incubated with the seed

culture No. 1 for 2 months at 5°C.
Degraded frond products were col lected
5°C, 48h 0.5% and incubated with the seed culture No. 2
for 7 days at 20°C. Stocked at 5°C.
Incubated with the seed culture No. 3 for

No. 4 1999/4/27  Freeze-stocked (50%) Cellulase R-10 (1%) NaCl (5%)*2 Oh 1% 8 days at 20°C. Stocked at 5°C.

Incubated with the seed culture No. 4 f
No. 5A  1999/6/29 Freeze-stocked (50% Cellulase R-10 (1%) NaCl (5%)* oh 1% Snggy'g‘ ot 20°C. Stocked ot B "
No. 5B 1999/6/29  Freeze-stocked (50%) Cellulase R-10 (0%) NaCl (0%) Oh 0% Incubated for 8 days at 20°C.
No. 5C 1999/6/29  Freeze-stocked (50%) Cellulase R-10 (1%) NaCl (5%)* Oh 0% Incubated for 8 days at 20°C.
No. 50  1999/6/29 Freeze-stocked (50% Cellulase R-10 (1%) NaGl (0%) Oh 14 Inoubated with the seed oulture No. 4 for

No. 5E 1999/6/29  Freeze-stocked (50%) Cellulase R-10 (0%)

8 days at 20°C.
Incubated with the seed culture No. 4 for

NaGl (5%)*2 Oh % 8 days at 20°C.

120 g fresh frond products were suspended in 80 ml of autoclaved 10.8% mannitol solution.

2100 g freeze-stocked frond was suspended in 100 ml of autoclaved 10% NaCl solution.

770 I OBWARBEWIC, LT —¥ (EILEE0.22
% w/w, ONOZUKA R-10, ¥ 27V b&A) BLOT
TET b8y ¥ — R (BRI O 25HER
0.22% w/w M2 7% % 8% R KICRE S 2721,
GF/C TW51 A8 LT 72 Bl % fiH, Sigma) ZiR
ML, 5T C48HEfIA > F 2 _— M L CHMN L RLER
ATl o720 T O REYRIS0g % 3 5O SSW T
277~ FEEE L, 280mL O SSW IZERE L7720 b,
500mL DR J — R A — b #E.L R bV (Nalgene)
WAL, A7V a—Fy vy T2MHOKET, 2T
TCI7 ARBE L7z 38 No. 2080813, #1420
% w/w, £VI—¥08%, <¥=h—N86% I/
5 X9 SSWICHE L, 5CFT48h 4k, SSW T
27 H Nk L7k, BUF No. 1% JEEE (R ¥
—%—=) LLT5% vwilklMLT, 5CFCT2+ A
X 24T o 720 30 No. 3OFEIL, HREKK Y
83% w/w, I —¥042%, TIET kY
& — BRI 150.42%, SSW16% CTHEL, 5CTFT
93h 43 f##%, SSW CT2HFH >~ Mok L 728, 3B
No. 2%0.5% &ML T, 20C FT7 HMHEXIT4R -
720 FEEEREF No. 4% No. 513, BEER L FEREE O
WA FREICFEM L 720 BDB No. 41, #AZ SE0
IR 10% NaCl KERICIEE L, Bk, v —+¥
1.0% & #¥F No. 3% 1 %DEETHERML, 20C F T8
HM3# 2177 5720 No. 5A 1%, ¥ No. 4% 1 %k
HIL T No. 4& AERICHE L 72.No. 5B, £V T — ¥,
NaCl, #Bl No. 4% 89712 No. 5A &[R4k 3R
L 7zo No. 5C, No. 5D, No. 5E (&, =N ZN#F No. 4,
NaCl, &)V J—¥72F 2 @HmME 312 No. 5A & HERIC
FRBL L 720 BEEEAYSE T L723RHE, ROMEZ R X fl
MT5FET5CTFTHRIEL 726

MEHDETH

AFNo. 4BL U No. 5 (A-E) 122WT, Kk
WMEM OFHEE 4T 7 5 720 No. 5B IZD W CIdR R
DAEWEBDME Lz, MAEMOEUIL, B
(Porter and Feig, 1980), MPN %, ERPIEIC X
VAT 7% o720 R, VR 28 2 R iR I
%, DAPI L, 02um EZD7 4 V% — (PCMB,
Nucleopore) 2o T (Uphte) #GIHMBREILE
WX VAT o720 MPN ETIX, BRET F 22.5g, X
7 b ~5.0g, NaCl25g/L (pH6.9) @K O i AA%s H
ERHH LTSRN TTI o7z (K, 19852), %R
SRS X B R D ) b — R e L, AR
JERFEH (HKBIE) 1ITNaCl%Z 0%, 2.5%, 5%
WRE TR L 22K (SMA 0, SMA2.5, SMA5)
ML CEMHIL 720 LW UL, BCP M7 L — b
1Y b7 A=)V (HAKRBRE) 12NaCl % 0 %5 L 0°
5 %UEEETHML 7284 (BCP 0, BCP5) % il
L, A #HmIcs/-au=—%2AMHE L
B/ BREIZY 7 o—3 (HKRRE) chidw
BRI (£50mg/L mA%RE, AMLT AT,
WA <Ay, X2V GHY YL, r0aF
L7z2=2a—=VBIUNaCl%Z 0% B L5 Bkl
T L7284 (SBRO®, SBR5") %[ L Cal%k
L7z WFEPERE R MW X, <~V ¥ 7 F— 2216
(MA, Difco) %ML TR L 720 WM ED 2
DO MPN ¥ #, ERFERDOKEFEIL, 20C T 72 - 726
NaCl ORIMMUEEEE %2 2 2 THlE L7282, kb &
WEMEE 2 SR L CREIR L 720 BERED 7 A4 7RI il
1&, SBR5' MUK & 7z o v = — 2 RIS %
PO LUEHEL, 0 aa=— ok % i E
REREIEIC X D AERE L CREIR L 72
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D EEMEY DB ZMHEIRFER £16S rRNA Bz F OIS
EBEEIICESW 41 EC T ERRE
a) HEADBERDIMT

Ak No. 48 XU No. 5 (A, D-E) IZ2wTlit, &
BUMHEHALZZ2BCP 0 7L — b+ 25202 0 =—F D
VEZ A TH % 708 L 720 38k No. 5B (122w Tid,
BEMORBZFH L MAFR EOa0 == 5
2000 =—, BrEBOREZEEL 72 SMA PR ED
W= —=7520a 0 =— %5508 L7z, BRI W
T, 77 2a4a, MRROILRE, M, WD,
O/F# Bk, * ¥ 55—, h%I—¥, FERIIEEE,
Y7 F e, B EE, A DEEERN, I
KOAF =228 WG EE L7z (FK, 1985b ; 3
&5, 1988 ; Sneath et al, 1989). 16S rRNA #{x T
(16S rDNA) O¥EIEHNIX, FIHWF v b (Gen
LB A, A7) XD GEERRD — % )L DNA
M L2t 2= NP VT T4 v —+% v F2TF (5
-dAGAGTTTGATCCTGGCTCAG-3' ), B X U 1492R
(5-dTACGGTTACCTTGTTACGA CTT-3') (Weis-
burg et al, 1991) % f Hl L T PCR #: 12 X 1 16S
rDNA Wi %2 308 L 72o PCR Ro i, RISI100 4L
#7210, 10xPCR buffer ; 10u L, dNTP Mix ; %200
uM, Primer: % 1 uM, Tagq DNA polymerase ;
2.5U, #% DNA; 50ng OB THEM L 720 RIS SM:
&, MCTIHRFELAHE, 94T 608, 60T 4548,
2C I DT a7 I AE30% 4 7 VT, #iEIZT2
CTHHRIFT 70T ATl o7z, o7z
1.5kb DI OMEFRIX, BIbZF 7 A AD1.5%
T AU — AT IVERIKIN L VIT7% 5 72, 16S rDNA
DOEIRIERLT (E. coli FIERLH D41-3387F HAHY)
DOPREIE, 27TF 794 ~—% il L T Dye Termina-
tor Cycle Sequencing Ready Reaction kit (Perkin
Elmer) Z#HLTFA L7 by =22y 0710k
DT o7z BONHERINEZ D L ITHBEREELY
YATHF LM, FA4ATTEICHET —F RX—2A
DDBJ/EMBL/GenBank (2 % L T BLAST #2112 2
O, BN L. 8 SICEKRF T L oS
Bk (WHRFE5 B4101, B5201, B5401, B5501) (2
WL, BIZERBOERARS (E. coli ¥EHERHID
41-1492F BAHY) 2@ L, miEBEE DOHVIZD
Similarity value (—Zk L 72335/ deg L 72350
ZEME U720 BR201FRIZOW T, FED O S 51
MlEEO/LE, T ok, Ett RBEE, &
B, WHEME 2S5 0MoEA, GC Emd %R
B % 90 L 72 (Sneath et al, 1989 ; M, 1996 ; &
K, 1996), FEMEiE, MRS 3#irh 260 L T30TC
AW ORRRE R 2 T o 724, FREARB I UL Y

J—=ViEAkmetlyy b (F¥y b D-#LEE /L-F
g, F¥v b ¥/ —), Roche diagnostics) 12XV
WEL, 7V a—AH 5 ORIERYE S 4w Lz, 4
HImEE, MHEMERER (20T) 1Cid MRS Kbz i L
720 BEH & OB o REERERIZE, APIS0CH (bioMerieux)
L7,

b) BRI BEMROIMT

No. 4, No. 5A, No. 5C-E O #£JEEEARHIZ DO W T,
HEREOFEICHEA L7 SBRSFHR Lo aw = —
PR EBMPASIA T LR K594 712
DWVTHRT > AFHOREEREZ B L7 S 5124
REHZ DWW TBCP 0 PR Lo e b b an
=T 10K T O ML I BEL 720 RICAE T O EE
HRIZOWTABEOL AL UHRE vy M2 L
Th—%)VDNA ZHIHL, Chigilel 1=
N—H V754 ~<—tvy bP1l (5-dATCTGGTT-
GATCCTGCCAGT-3') B X U'NS8 (5-dTCCG-
CAGGTTCACCTACGGA-3") (Suzuki and Nakase,
1999, Suzuki ef al., 1999) %ML T, AEEH O
&R, PCRIZ X 1 18S rRNA # 1z T (18S rDNA)
IR L 720 PCR BUBSMHIE, 94C Tl MRy L 7z
%, 94°C 30%, 55C 30#», 72C 120871 7 F A
2B A7 NVBI R, RBIC2CTTHHRET S
T T AT holze NS8T I ~—%fliH LT,
Z OB S (Saccharomyces cerevisiae ¥ %
BLHI D1670-18507%F HAHY) % kg L. g s hiz
WA EA & B\ itk ¥ 4 70 L, AT L
2 A 7 — ¥ X— A DDB]/EMBL/GenBank (2%} L
T BLAST MBI HhF, B EZRE L. &5
2& 5 A4 7T o Fk (RHRET Y5201, Y5200,
Y5318) 12DV T, (2 ITA RO % JoE L,
I VTARAL & @ &\ 720 Similarity value Z &H8 L 72,
Y52018k 8 & OF Y5206/k 12D WTIE, S HICLLFDRE
7 [ o SR A T2t L 720 TRREZAMOMERL S K OVA: 2R -
HALF WP E R 1L, Barnett et al. (1990), Yallow
(1998) I & UF Nakase et al. (1998) 1ZHE - TIHiti L
720 HAEMINE S L OVGaE (EME) R4 o B1%13 Difco
Bacto Yeast morphology agar 3 & U Difco Bacto
YM Broth (Becton Dickinson&Co., MD) T # %
WOGEHMEE (MAHER X O TH) CBligxT-
Too WOARR: X TER16mm RERE 125 /mL 2 407E L
THwWz, TR TEGERERL, Acetate agar (Mc-
Clary et al, 1959) B X U5 % Malt extract agar
(Wickerham, 1951) % H\WT20C, 4 ~20H R0k
FRAT o 72k, TSRS Vv TGt CTHZ 2 1T
o720 BEFHSEEEAERIL, Fermentation basal medium
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(Wickerham, 1951) IZHEREEZ2% (974 7 —A
DH4 %) FRELLTNA, ¥— 7 2BEBEEI
X ) 9%ti L 72c Fermentation basal medium (213 7' 1
EFE—NVTNV— (BTB) »’pHIRFELLTEEN
THEH, WEHhDOATADFEAE & H12 pH OIKT 8l
BNHETH b, 25C, 28HM F CTORRZAT - 726
RFALE WGP ER T Difco Bacto Yeast Nitrogen
Base (Becton Dickinson&Co.) % v, 7L - 2
5g YBDRFMEWEELIOREA + v 7Bl %
L, ABERREIT o720 TOA Ly 7 EH0.5ml
ZHEAR16mm FERAE 124.5ml 407 L 723 2882 A2
A, PSR & U7z Bi1325°C, 21 H MMk L 72,
R AW E LRI AARE ik (Wickerham,
1946, Wickerham, 1951) IC X V4T o 7z, i & L
T Difco Bacto Carbon Base (Becton Dickinson&Co.)
RV, @FRFEE & DICIORFHER by 7 i % il
L, A#EBHEZET o772 SOA My 7 EH0.5ml % 4
FE16mm FABRAT 124.5ml 237F L 72 R 2588 AN Z.,
HeakBi e L7z ¥i#325C, 7 OBk L 720 v 2
TAF 3 FifEEER I Difco Bacto Yeast Nitrogen
Base IZ D-glucose % 8 L 7= AR L2, #95E£0.01
% (w/v) £ 7% X 912 Cycloheximide Z I L, 25T,
3 HMRE# 21T > 720 BEMRAENGABR I Custer’s Chalk
7L —1b (5% glucose, 0.5% calcium carbon-
ate Z&tr) =M, 25C, 2B F TOREFELITV,
BHBXIBISE o7 ¥¥ Iy 7) —AFREIZ
Vitamin-free Yeast base (Wickerham, 1951) #% Hl
Vv, 25CTH#EZRIT, 3HHE 7 HHICBISZ1T-
720 IR E LT, ¥4 3 V¥ (myo-inositol,
calcium pantothenate, biotin, thiamine, hydrochlo-
ride, pyridoxine hydrochloride, niacin, folic acid,
p-aminobenzoic acid, riboflavin) % ML 7255 %
FWIbR L7z EFREREI 2 % glucose-peptone-
yeast extract broth 3 X U Glucose-peptone-yeast
extract agar (GYP agar) ZJHWTHT -7, ABRILEE
I337C B L U3BTE L7

BERESIOT 7ty 3B ERGEN
ARWFZETHE S 7RG ik, DDBJIZE
$k L 700 W MR 5 B4101, B5201, B5401, B5406,
B5407, B5501, Y5201, Y5206, Y5318 A ELH 1%
o7 sty varyrFrld, FnEit AB070606,
AB070607, AB070608, AB070609, AB070610,
AB070611, AB070854, AB070855, AB070856 C &
%o SRAIAENT IR U 72 WA Saccharomyces cerevi-
stae, Debaryomyces hansenii var.fabri, Debaryomy-

ces hansenii var. hansenii, Candida zeylanoides,

Candida ralunensis, Candida boleticola, Candida
krissii, DT 7w aryFrld, FhEN J01353,
AB013567, AB013590, AB013509, AB013553,
AB013532, ABO013555Td %, #tE 81172185 rDNA
WA % b &R 2 B L7z AL BRI
Kimura ® 27%5 X — % (1980) 12X &ML, NJ
2 (Saitou and Nei, 1987) 2 & 0 bk 2 1ER L 720
HEALHREZ T A~ —EEBL T IA XV M F
Y v TRV EEE v, Clustal War¥a—%
— 7’1 75 2 (Thompson et al., 1994) 12 THIE L 72,

RO RBEAR
FEMEARBICMEH L 72l B I o A X B L U~ 2
V7 ERBRE, BZHEINE TR 72 0% /M L7,
T h ARED S B -0, WEZER R GEARED,
Thum A v ¥ amlh, BEEsy I V) 2640 L 7%
D= o>D7 A AREHE, FFIREO LY = ik
THNO~Y—4 v FTHA L, ~2 7374 u
mAy Y a@BORHAGZENRREMEH L, il
B9 bARENE, SRR 21T 728, IFY
— (MK, National) Hifltd L I\XFLeRZE M L 726
MAPEAL, lmmAv¥2Z@@dahke LT
U7z SEMEERERIZ, 12mm 758 O SR |2 e by
%x0.5g, VI —+ (R10, Y7 IV FA%) 0.1g 2
H#3.5% NaCl K¥# 9mL & & b IZMA 72854 TFr -
7oo THC 3FEE (B B5201, Y5201, Y5206) O
WA ul 2% Mz, A2 Va—Fxv 7%
B U7-RREC, Wixk; 2% (Rotator RT-550, % 4 7
v 7)) ZhF, 20C, S5rpm T7 HREIEE# L 72, W
PRI, FLEEW (B5201) 1& MRS (Merck) T,
B B (Y5201, Y5206) & Difco YM Broth (Becton
Dickinson&Co.) T20C THIK; 2%, #WH0.85% NaCl
TR T ODggoun=1.01C 72 % X 9 S L TR L 720
RARRRE IS0 u L 1CH 5 WAREIE, ZhZEh25
x 10"CFU (B5201), 2.7 x 10'CFU (Y5201), 6.0 X
10°CFU (Y5206) Td o720 HigEth ok, Hhk
WRED, TATVHOFHFELHETLHb0% +, &
B LI ERRORCDSTLH0% +, JFHRE
BTBEHDE - LI L7 X522 B3O LB
(10,000xg, 10min) L T7z EiFcoWTHliliF v + (F
v FD-AM/L-AM, F¥y by /=) 12X
D D-/L-3ig, BLOTy ) —ViEAREZIE L,
FEERERE AV T TV, WEME I TEIME TR L 72

#w R

AU REEMOAR EEAYE
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177 A#8 L 723# No. 1 (Table 1) &, = A5V
FOBEHFEHLTWDL I EDBIESN, 2R %
GBS TBIZE T 5 L B L SN2 KD 7 + ¥
By & SITHE, BERE, SRIREARMINR 723815 S
n, MAEMH»EGTLHES LEBERSBI>Tw5
borfEgEns, RE No. 1o—# % LT — Bl
MU 728727 7 4 ik No. 210 LEE#EST S &,
FEOFEAEVPFRIN, FkiC2~4 » AHKET
No. 1705 No. 4FC, HEHEDREXFHIRT D)) =i
FL72F TR TE 720 B No. 5A 1E, 7441k
W NaCl, V7 —+, 8k No. 40 3EZEZMZ
THBLL, HEIELZE XD RWT L LD
/i iz, —J, R No. 5B 1%, kit 3 EEERM
BFICHERLZLE IS, BUMRANBI -7z, #F No.
5 (CE) 1&, 3EHEDHI b—272F 2R ME 3 IR
WL Zh, IO LFARICHFEORENBLE SN,
SERDHIL 2EELZITORIMTL 7AFIIRREL D
HlEZ 5N, No. 125 No. 5FTH 8 » HU LD
WM, FEOFROBEN ZMEFL 72 T TOMAST
b, 7TAVRBRICIIRBA Y — & — & LCHRE
WA DAL RE S Tz,

A OMEDHE DT
SEBE A DAY O FHEE % Table 212789,

NS 4 BIHRA & 4T 7 o 725808 No. 5A 12D W T
RN E, MPNE, ERPREICBIT 2 EHBO
R Z T 5 & 2N Z216.6%10"cells/mL, 5.4
x 107 cells/mL, 7.1 x10°CFU/mL & (3IZ[F U Td
D, B No. 5SA HOBAEY O KRERE, BEEIZK
LRI TH B L E 2 bNTze Fi4 DIERFK
WX BEMHEE R A &, BCP 0 FHRIC L A A RK

Table 2. Microbiota in the transfered Ulva cultures

T7.1%x10"CFU/mL, ¥\ T SMA2.5F#fili £56.0 x
10'CFU/mL T ), FABRSELEL WL EEZS
N7z SBR 0 Pt 132.8x10"CFU/mL TH V), %
D BHI8U LN AT = —ThHote ZDIE
6, DR No. 5A FIZEBELELTWD EAL S
N7z 3k No. 4122V T b [AARICFLIRH & BB R
BEDE L, 7T A ORBAIE, FLERE & BERE s
LTW5AZEDRBENT, —HIEWREFTH 5 No.
S5BIZDWTIE, BFERICIZHROBMRIHAE L THF
LTV LR SN B IHEEOME (MA SEARfE)
AL.O0X10°CFU/mL ® L RV CEHE S h, ¥#B D
MA FHAEA8.2x 10°CFU/mL TERPEMRBEIZ L 5
AHEIED S B TRKE R LIz TomEEEIC X B
ED2.0x10%cells/mL L IZKELSBHENDHHZ EH
HEEAR YA L KRE LR > Tz, #F No. 4%
Ay =% =L LTRMETITHE L 72 No 5C 1220
TIEEEREAL.2x10°CFU/mL TS L Twi, 72
Z ® No. 5C :X¥ D MA fi2%1.2x 10°CFU/mL & @&\
25, MA W Eoav = — 2 0E512 5 3R L Tk
UM CTEIE L2 A, SHETHAMBoan=
— (>80%) TH2HIZ LB shiz, MHHER (R
AW) DEFIZ, BZoTwiarwndnsEz b5hl,
NaCl % &3 708 U 72308 No. 5D 1%, FLEERFI%5L
li752.3x10°CFU/mL & & T TH 5 Z L LS,
121 No. 5A L[ L oA E R L7z, LIV T
— VIR CHRE L 723k No. 5E 1&, FHEDIED
IV WA MDD o 72785, [ U FLERH & BEREAYE
HLTwW,

HEAPBEHEOL2AEL T ERAE
##} No. 4, No. 5A, No. 5D, No. 5E iI22oWTiZ,

Microbial counting

Agar plate method (CFU ml™"y

(cells mI™") (cells mlI™") Heterotrophic mic*' Lactic acid bac* Yeast and fungi*®® Marine mic*

Cultures Supplements : Fermented/Rotten b G .
NaCl Cellulase Seed Judged from odor
No. 4 + + + Fermented 1.120.2x107 NC
No. 5A + + + Fermented 6.6+1.5x10" 5 4x10
No. 5B - - - (Initial) NC NC
Rotten 2.0+0.8x10° 9. 2x10°
No. 5C + + - Fermented 1.2+0.8x10°  3.5x10
No. 50 - + + Fermented 6. 7+3. 9x10° NC
No. BE + - + Weakly fermented 1.6=0.8x10 NC

6.7=1.1x10° 4.8+2. 4x10° 3.10. 1x10°  4.6=0. 3x10°
(Yeast 99%)

6.0=0. 1x10’ 7.1x4.1x10 2.81.5x10" 812 2x10°
(Yeast >98%)

<10° <10° <10° 1.00. 1x10°

7.20. 4x10° 4.0+6. 9x10° <108 8.20. 4x10°

1.2+0. 2x10° <108 7.9+2.2x107  1.220. 1x10°

(Yeast >99%) (Yeast >99%) (Yeast >80%)

2..6=0. 3x10° 2.30. 1x10° 2.5+0.6x10°  2.3+0. 6x10°
(Yeast 82%)

8.9=0. 7x10’ 6.82. 2x10’ 1.3+0.3x10"  1.4=0. 3x10’

(Yeast >97%)

Data is shown as mean+SE (n=3), NC: Not counted.

*! Gounted on SMA plates prepared at different (0, 2.5, 5%) NaCl concentrations. The largest colony number is shown.

*2 Counted on BCP plates prepared at different (0, 5%) NaCl concentrations. The largest colony number is shown.
*¥ Counted on SBR" plates prepared at different (0, 5%) NaCl concentrations. The largest colony number is shown.

** Counted on Marine Agar 2216.
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R BOERBOFEUICMERH L 72 BCP 0 FAA 520
dFoano=—%MIEZIZHHEL 720 No. 5B IZDWw
Tix, BCP 0 & 9 &5 A % 2> o 72 SMA2.5F-AK A
520k & MEAE 2\ 2 50HE L 720 72 No. 5BBIZDOW T

RRMBR OB Z M D 720, WHGEE % ST
FHICHEML, BRsh-auo—HogdbEh o7
MA P & M2 12200k 2 708 L 720 No. 5C 122
WTIEBCP 06 L7-au=— 33 XCEELD
SO THIERIZEE S N Do Fze STBERRIZDO W T
IREABR % FE i L 7245 % Table 3 128 LT %.No. 4,
No. 5A, No. 5E 2 5 4B S 1L 72 #1344 208k 13 4 C )
—DIALTTHolze BIH 7T AGHEORKE T, EH)
WA, Wtz EAaed, +3 25 —Yik,

H Y T—CRIEETT VT — AR FREICHE L7, L
7o THAKDOAF—24 (M, £, 1985) 12L& 5
i 9 F 5w DO#ER, Lactobacillus | & Sz 2h b
SEERED16S rDNA O35 2R H11£100% —F L 72
®D T, Lactobacillus 1AL M52 & & L72. No. 5D
25 EEE 722000 9 B1THRIE, [FARIS Lactobacil-
lus I TH 7225, 24 (B5406, B5409) BL U1
¥ (B5407) & 1Eh, 16S rDNA o #B45- IL AL %)
MIBE B 5 TWDT, ZILEN Lactobacillus
IRMBLOMME L7z, No. 5B ORi#EATAE 25 D
DEERRICOWTIE, 13— L v VRorkt
#Z %A L, Flavobacterium-Cytophaga 7" Vv — 712455
a0 BROVDO6BKB L1 #%RIE, £ Aci-
netobacter-Moraxella 35 X U Alteromonas \Z 53 S 1

29

720 B2 D No. 5B 20 b D5 BERRIE, 128k28 Vibrio-
Aeromonas, 4 ¥EHDS Alteromonas, 3 ¥WA% Alcaligenes-
Pseudomonas, 1%k Streptococcus-Leuconostoc 1255
HEINT D EeFos LR LFAHIB VT,
Lactobacillus 1 B8 5 LTHB Y, NaCl, V7 —,
Ay =% —D3BEHREZHFME T L 72HEHI BT
1, SO REATHAH 2 T L T 7z,
Lactobacillus 1 BAORFEHRT H 5 B5201#kIZD T
FEMI 2 EIRGRER 2 SR L, K5 % Table 413" L7z,
B5201#k1%, AT 2K L 2w IEREEoMR T, 7
NI —A%HEE U CARRE RFEWRFTH0% OR)FHET
AL, Ry ) —VERBAAZELE LS
ENH, ANTUROIREME EEZ R ON. £F
mEELE, 15C L40CTHEFVALN, 45CTIRAERL
Bhro e HERSIREIZ25%B L V5 % NaCl i
JECTHE L7z ML T L-arabinose,
esculin, fructose, galactose, gluconate, glucose,
maltose, ribose, D-xylose, N-acethylglucosamine,
5-ketogluconate 2» 5 % 4k L 720 GC &= 1345 %
(Mol) T, #aE 2 17:16S rDNA D HLFL511475bp 1&,
WAL #R AL Cd B Lactobacillus brevis (D37785) 2k}
LT99.8% DML AL Tz LLEOKHENIS
B5201#k L L. brevis & [ & 7z, B4101#E, B5401
R, B5501FRIZ DWW T B 16S rDNA DT ERIR O
FEELH) A3 P S 7228, BR20IHROBELH & il —TdH
D, WU L. brevis £ % 2 5 N7z Lactobacillus 1 %!
TdH 5 B5406#k1216S rDNA O3 ILES] (1487bp) #%

Table 3. Characterization and typing of bacteria isolated from Ulva-fermented cultures

Phenotypic characteristics

Typing based on

Cultures Designation of isolates Groups partial 16S
Gram Cell shape Motility Pigment O/F Oxidase Other tests rDNA seq.
No. 4*' B4101-B4120 + Rod - - F - Catalase — Lactobacillus Lactobacillus 1
No. 5A* B5201-B5220 + Rod - - F - Catalase — Lactobacillus Lactobacillus 1
No. 5B B5001, B5008, B5012, B5017, B5019  — Rod — Orange — NT  Agar degradation — Flavobacterium group 1 NT
Before B5002, B5005, B5009, B5011, B5013  — Rod — Yellow [e] NT  Agar degradation — Flavobacterium group 1 NT
incubation™ B5006 - Rod - Yellow - NT  Agar degradation — Flavobacterium group I NT
2 B5007, B5016 - Rod - Yellow o NT  Agar degradation + Cytophaga NT
B5003 —  Short rod + Orange — NT Alteromonas NT
B5014, B5018, B5020 - Rod - - (o] NT Growth is not slow Acinetobacter—Moraxella NT
B5004, B5010 — Rod — — — NT  Growth is slow Acinetobacter-Moraxella NT
B5015 — Shortrod — - - NT  Growth is slow Acinetobacter-Moraxella NT
No. 5B B5121, B5122, B5124, B5127, B5129,
After B5130, B5131, B5133, B5135, B5138, —  Short rod + — F + Gas + Vibrio-Aeromonas NT
incubation® B5139
3 B5117 - Rod + - F + Gas + Vibrio-Aeromonas NT
B5125, B5126, B5129, B5133 -~  Rd  + - o 4 Norosetta i omonas NT
Gelatin degradation +
B5123, B5136, B5140 -~ Rd  + - =z Norosetta . eenes-Pseudomonas NT
Gelatin degradation —
B5134 +  Coccoid + — F + Catalase — Streptococcus—Leuconostoc NT
No.5C"  (No bacterial colony was isolated.)
No. 5D*' B5401-B5405, B5408, B5410-B5420 + Rod - - F —  Catalase - Lactobacillus Lactobacillus 1
B5406, B5409 + Rod — — F — Catalase - Lactobacillus Lactobacillus 1
B5407 + Rod - - F - Catalase — Lactobacillus Lactobacillus L
No. 5E*' B5501-B5520 + Rod - - F —  Catalase - Lactobacillus Lactobacillus 1

NT: Not tested.
*120 colonies were picked up at random from BCPO plates.
*290 colonies were picked up at random from MA plates.

*320 colonies were picked up at random from SMA2.5 plates.
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Table 4. Further characterization of strain B5201

Characteristics

Results

Cell morphology

Spore

Motility

Production (from glucose) of:

Lactic acid (productivity based on carbon)

Ethanol
Gas
Growth at:
15°C
40°C
45°C
Growth in:
2-5% NaCl
5% NaCl
Acid from:

L-Arabinose, esculin, fructose, galactose,
gluconate, glucose, maltose, ribose, b-xylose

N-Acethylglucosamine, 5-ketogluconate

Rod, 1 x 1-5~20um

+ (50%)

+ ++ I++ ++

H+

Adonitol, amygdalin, D—arabinose, D—arabitol, L—
arabitol, arbutin, cellobiose, dulcitol, erythritol, D—
fucose, L—fucose, gentiobiose, gluconate, 2—
ketogluconate, & -methyl-D—glucose, glycerol,
glycogen, inositol, inulin, lactose, D—lyxose,

mannose, & —-methyl-D—mannose, melezitose,
melibiose, raffinose, rhamnose, salicin, sorbitol,
sorbose, starch, sucrose, D—tagatose, trehalose,
D—turanose, xylitol, L-xylose, B —methyl-D—xylose

Mol% GC of DNA
16S rDNA sequence

Closest neighbor (Acc. nos)

%Sequence similality (sequence length)

45

Lactobacillus brevis
(D37785)
99.8 (1475bp)

Suggested species

Lactobacillus brevis

+: Positive reaction, =: weakly positive reaction, —: negative reaction.

Lactobacillus casei DFLH] £99.9% OMFE MDD D,
L. caseit 7 Vv—"TOW &% Z b N7z Lactobacillus
T 5 Bo407THRIE, [FECH] (1481bp) A%, Lactoba-
cillus pentosus OWH) & 100% —F L, L. pentosus &
2 bz,

BRABMKO2IES T ERAE

BB O W B % X5 B, SBRO™FAGEHEUE O J5
A%, SBRE“EMGHME L D, HTREVEA»D - 72
A%, SBRO™FAR L ICTERL SN 7z RO 0 v = —134b R
AL T TRHAO N R VDK L, SBR5 AR
roau=—iF, BEHRFEDHET, WIRBIZEIZ X
D320 A FIHHTER, Z 2 THREEL2ENC
DWT SBR5 MR F oo a1 = — % RER & 5
U TR L2, AFHokz 0T 22 & Lz,
#B No. 5B 513, bk an = — 38T & &b
o720 RENo. 48X WNo. 5 (A, D, E) %545k
ENERE, BREh a0 —0KE SN
MIZKREL, LWy 47 (TypeLR) Lau=—DK

XX Type LR XA L/AEL, REMEONRY
47 (Type MS) ® 22241720 Type LR ® 2
o =—oElE1E, 7B No. 4T97%, No. 5A T84%,
No. 5D T50%, No. 5E T90% Td -7z, ik} No. 5C
MHOHEa T = — 133 XT Type LRIZEBIL Tw
o, EDHIEDIRIEIAVLIZF/INEDTH-72DT
Type MLR & L7z SN S5O a0 = —DRRERENLE
B 5 D53 %E, 18S rDNA O HEILRLH 2> &5 D55
BORE L LA L (Table 5),

Type LR i, ZIZEREOMBEEZA L, H A X
(2.7-5.4) x (2.7-6.0) um T, ZHhHINTHZF L CTHEE
WL, BikFEz A L. Type LR O 4 HERk
D 18S rDNA O ARSI, 100% —FH L2 &
Po—o0¥ 4 TEEZ 5N, BLAST MEOH KA
5 Debaryomyces 1 8 & L 7zo Type MLR 1%, Type
LR & U= B L Il RH ol % R L
72735, 18S rDNA O B35 FL A 25 1 & fr o A 72
2> TV 72D T Debaryomyces I & L 725 Type MS
X, F~-RABMNEMREEAEL, A4 2 (1.23.2) x
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Table 5. Typing and characterization of the yeast strains isolated from the Ulva-fermented cultures

Agar plates Visual typing of No. of

Results of characterization

Cultures  used for colonies™ isolates Designation of isolates Cell Budding Pigment Typing based on

Isolation™ (% proportion) (Representative strain) shape™ partial 18S rDNA

No. 4 SBR5" Type LR (97) 9  Y4101-Y4109 S + —  Debaryomyces 1
Type MS (3) 1 Y4110 Oval + - Candida 1

BCPO Random isolation 10 Y4111-Y4120 S + - Debaryomyces 1

No.5A SBR5' Type LR (84) 5  Y5201-Y5205 (Y5201) S + —  Debaryomyces 1
Type MS (16) 5  Y5206-Y5210 (Y5206) Oval + —  Candida 1

BCPO Random isolation 10 Y5211, Y5213-Y5220 S + — Debaryomyces 1
Y5212 Oval + - Candida 1

No.5C SBR5® Type LR (11) 5  Y5301-Y5305 S + —  Debaryomyces 1

Type MLR (89) 5  Y5306-Y5310 S + —  Debaryomyces 1

BCPO Type WD (9) 5  Y5311-Y5315 S + —  Debaryomyces 1

Type W (91) 5  Y5316-Y5320 (Y5318) S + - Debaryomyces 1

No.5D SBR5® Type LR (50) 6  Y5401-Y5405, Y5407 S + —  Debaryomyces 1
Type MS (50) 4 Y5406, Y5408-Y5410 Oval + —  Candida 1

BCPO Random isolation 10 Y5411, Y5415-Y5417, Y5419-Y5420 S + — Debaryomyces 1
Y5422-Y5424, Y5428 Oval + - Candida 1

No.5E  SBR5" Type LR (90) 5 Y5501-Y5505 S + — Debaryomyces 1
Type MS (10) 5 Y5506-Y5510 Oval + — Candida 1

BCPO Random isolation 10 Y5511-Y5520 S + — Debaryomyces 1
- - - - Candida 1

* SBR5" 5% NaCl-Sabouraud Agar containing 50 mg /L each of streptomycin, kanamycin sulfate, penicillin G potassium, and

chloramphenicol, BCPO; Plate Count Agar with BCP.

*2 LR; large and rough colony, MS; medium and smooth colony, MLR; medium—large and rough colony, WD; white colony with dark

change after aged, W; white colony.

*3 S; spherical to short-oval cell, Oval; short—oval to long—oval cell.

(4.310.0) um T, ZH#hJ7IIC I L CRIAERFH L,
BAROEEZEE LV, T2, BRI 25 LM
OEIVPEL L A2HMHPE 5N Type MS 7Bk
®18S rDNA O ERAFILEFNE, 100% —FK L/-Z &
WH—=2Dy¥ 4 TEEZE, BLAST REDFERN S
Candida 1 & L7z,

B IEWEAFHT DOV T BCP 0 A 5 H 108k 3 O R%
B% 558 L Cii~<7z. BCP 0 LofHo a0 =—13,
ZORBPEEE T, KRESPME T =—12H~X
THLLREVOTES IR a0 =— EXHI LTH
MECc &7z, B No. 4, No.5 (A, D, E) OHIe,
MAEAIZI0a 0 = — 2 IR THEEL 720 —77, & p
No. 5C D¥&id, B> L au=—o @)y H e
S5 LIIZE LT 55 4 7 (Type WD) & 2L L %
W A7 (Type W) IZHHTE/-OTKHLTHH
3058k L 720 BCPOFEAR D 5 D4Rk D SBR5 AR
5 DO HERRFERE, Debaryomyces 1%, Debaryomy-
ces TR, Candida 1D 3 5 4 7 ThHo7z,

Debaryomyces 1 815 X O Candida 1 T D3R 55
BEMR, ZFNEN YS2018EB & U8 Y2064k 12D W T &
HAZFEM 20 PEIRRBR & 1T 7% o 7245 R % Table 61271
Fo Y5201Hk I, ME AR ZEEET, M TEMIZ
MhodH 5 FERBTFEZEKT S 0B IN.
D-glucose B & UF sucrose {267 L CHWIEEEE 2 4§

% 7% D-galactose, maltose, lactose, raffinose 2 %}
L Cl3 3@tk % /" & e b o 720 ¥ 72, L-arabinose,
esculin, fructose, galactose, gluconate, glucose,
maltose, ribose, D-xylose % £ 4 W — @ jg FZiF &
LCHH L, 3B5CTOMIREZR R E o 720 18S
rDNA O3 FERCEH) (1752bp) (X, &AT#HAED Debar-
yomyces hansenii var. hansenii \23F L C99.8% TdH >
720 DL OB OR R & AMAEN (Fig. 2-2)
FERA S Y52014Kk1% D. hansenii var. hansenii & 6%
SNz,

Y52064ki%, WA EEL, TEBRTORBITE
RENL N o7 D-glucose, sucrose, D-galactose,
maltose, lactose, raffinose % &2 | L 7258 BEME 130K
S olze 72, D-glucose, L-sorbose, D-glucos-
amine, a, a —trehalose, glycerol, D-sorbitol,
D-mannitol, 2 -keto-D-gluconic acid # % 4 M — o
RFPE LCHAL, 35C TOMIREE RS Zho
720 18S rDNA O IEIEELS] (1750bp) 1%, #x it fxfd
® Candida zeylanoides |23 L T99.5% Tdh » 72, LA
L OVERREEBR O R & RHEENT (Fig. 2) OREDPS
Y5206%k1Z C. zeylanoides d L { 13ZF D rizfi & 62
EN7zo Debaryomyces 1T DRFEMTH % Y5318%k
X, ‘IR Debaryomyces fabric W2k L 7C99.5%,
D. hansenii var. hansenii 2% L T99.4% Td - 72,
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Table 6. Characteristics of yeast strains Y5201 and Y5206

Characteristics

Strain Y5201

Strain Y5206

Cell shape
Vegetative reproduction
Formation of pseudomycelium

Formation of ascospores

Growth in YM Broth

Fermentation:
p-Glucose, sucrose
D-galactose, maltose, lactose, raffinose
Assimilation of carbon compounds:
p-Glucose
p-Galactose
L-Sorbose
D-Glucosamine
D-Ribose
D-Xylose
L-Arabinose
L-Rhamnose
Sucrose
Maltose
a,a-Trehalose
a-Methyl-D-glucoside
Cellobiose
Melibiose
Lactose
Raffinose
Melezitose
Glycerol
meso—Erythritol
D-Sorbitol
p-Mannitol
myo-Inositol
2-Keto-D-gluconic acid
p-Gluconic acid
D-Glucuronic acid
pL-Lactic acid
Assimilation of nitrogen compounds:
Potassium nitrate
Cadaverine
Ethylamine
D-Glucosamine
L-Lysine
Growth in vitamin—free medium
Growth on 50% glucose—yeast extract agar
Growth at 35°C
at 37°C
Growth in 0.01% cycloheximide
Production of acetic acid
18S rDNA sequence

Closest neighbor (Acc. No.)

Spherical ~slightly oval
Budding, multipolar

+, Round, War‘ty*1

Sediment, pellicle

+weak

| ++++++++ 1 ++++

e+t At

|+ 1 ++ |

Debaryomyces hansenii

Oval
Budding, multipolar

l+1T++1+1 1

I+ 1 ++ 1 |

Candlida zeylanoides

var. hansenii (X58053) (AB013509)
%Sequence similarity (sequence length) 99.9 (1752bp) 99.5 (1750bp)
Suggested species Debaryomyces hansenii Candlida sp.

var. hansenif

*! Observed after 3 weeks incubation at 15°C on 5% Malt extract Agar.

*2 Observed for cultures on McClary's Acetate Agar and 5% Malt extract Agar.

*3 Not tested.
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18S rDNA DIEHRLEFN I T OFE R (Fig. A, RREE, BAENEY % & O 22 O WIS
2), Y5318k, Debarvomyces J& DFEEREE % 2 STz, WL TNV —EEELQICREEM L TRELLE
25, ETOWHET, ARBLIY/ LRy /-

R R WVOREDPBESN, SHEOEIBHAY - —L&
T A FEEEAR T OB TR L LTl S 7z 3wk L CHERET A 2 &AL SNz (Table7 ). #ZE
(B5201, Y5201, Y5206) 7% ffl% \Zaiksae L, fLisdH, SN7-FMEIX 0 ~1.14g/100mL, =% 7 —)Li30.03~

S cerevisiae

Y5318

822

D. hansenii var. fabri
868

Y5201

863

D. hansenii var. hansenii

Y5206
640

C zeylanoides

854 || ¢ ralunensis

C boleticola
944 0. 01Knuc

C krissii

Fig. 2. Phylogenetic analysis of the yeast isolates based on 18S rDNA

Table 7. Fermentation results on various kinds of seaweed with the addition of cellulase and the mi-
crobial consortium

" pH Sensory Production (g /100mL) of:

Seaweeds Group Initial  After 7Ds  odor™ as Lactic acid Ethanol
Chondracanthus teedii 5.7 45 + + +(0.16) +(0.18)
Chondracanthus tenellus 5.7 3.9 - +  +(0.25) +(0.18)
Gelidium linoides 6.5 5.3 - +  +(0.18) +(0.12)
Gracilaria incurvata 6.2 4.0 + - +(0.25) +(0.12)
Gracilaria vermiculophylla Rhodphyta 6.0 4.0 + + +(0.31) +(0.23)
Hypnea charoides 6.4 6.1 + +  +(0.22) +(0.16)
Prionitis angusta 6.3 3.8 - + +(0.25) +(0.17)
Prionitis divaricata 6.4 4.7 - +  +(0.25) +(0.41)
Pterocladia capillacea 6.4 5.6 + +  +(0.12) +(0.08)
Dilophus okamurae 6.7 6.1 + —  +(0.02) +(0.04)
Eisenia bicyclis 5.1 4.2 + — +(0.02) + (0.03)
Hizikia fusiformis 5.4 5.0 + + +(0.01) +(0.24)
Ishige okamurae 48 4.9 + —  +(0.01) +(0.10)
Laminaria japonica 5.4 3.3 + + +(0.16) +(0.15)
Padina arborescens Phaeophyta 6.2 58 + +  —(001)  +(0.08)
Sargassum ringgoldianum 5.1 5.0 + —  +(0.01) 4 (0.04)
Undaria pinnatifida (Whole, commercial product) 5.7 3.6 + + +(0.23) +(0.38)
Undaria pinnatifida (Whole) 58 3.9 + + +(0.18) +(0.07)
Undaria pinnatifida (Stem) 5.9 3.5 + +  +(0.25) +(0.12)
Ulva spp. (harvested at Yokohama No. 1) Chlorophyta 5.6 3.3 + + +(0.76) +(0.16)
Ulva spp. (harvested at Yokohama No. 2) Py 538 47 + +  +(045)  +(041)
Zostera marina Vascular plant 6.0 3.3 + — +(1.14) +(0.26)

*105 g of seaweed (dried) and 0.1g of cellulase R-10 were suspended with 9 mL of autoclaved 3.5% NaCl solution. 0.05 mL each of
the cultured cell suspensions (OD660nm=1) of the strains B5201, Y5201 and Y5206 were added as a starter.

The culture tubes were incubated for 7 days at 20°C rotating at 5 rpm with the caps closed.

*2 —+; ester—like fermented odor, = ; seaweed-originated odor, —; unacceptable rotten odor
Data is the mean of the duplicate tests.
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0.41g/100mL Td o 720 FLEROAHEIL, BAEHY,
FREEE, ALEEE, BEEOMICE o7, TAABX
O~ a >y 73, BEEO T TIRBIFMY IR E R R D
Zh o7z

£ B

AN FERE TR b2 7 4 Y O FEEERR & ik
U720, A Y — 7 — & LCREIHERET 5 2
ENRRBDHNTze REFFEOHIE, WA S —5—&
L CHERE L o R ISk 2 T & 2 W oS T
HolzDT, TAYVALOPHAMBIZBNT, TE
BT HEICH B TE S L) BREEZWEL T
W7z, HARIIZIE, HARO 5 LR Lo 72D
THMEL L TUHELT—ELTTIET L V8
F—LZMLTHHA LTV, kLT —PHIT
fAT&E2 2 L Z2MERL, HMMAIZZEE Lz, KIC
HEELTCT AV OEREAETIE R G SN2 5E
KA TE % Z & 2HERE L7z Table1 (213 No. 2
~ No. 4F TOMAAUTK L TRACHFE &S LT L
AR O WTOARRERENZ IR L Th B H, FEE
W21, BARERIC T — 7 & L OR L DSL oM 4 o
EHEMERA LT, ZoMRETRH)MEET, BLVT—
¥, NaCl, A7 =9 —D3EZDRMPEMTH 5
ZEPREBICE L DN INHLDO3EEDH) B —
DT R RIS THAC L 7282 S, 3EHZEDIH
D2BEFRLETTHLHELEI) BEAIFHEL S 52 &8
BEsnz, VT —FIZonwTid, ZhEiRinL %
WEFEDOREDPVRL ol bh b, BEORY
DERIZHML TWwA EEZbN, 7% L LTI
MLTWRWDS, FEBE, TAXAZHEH L TEVT —
YTORZHRMT B E, L7 ED glucose B3 LT
BT EDPHEREINT WS, NaCl DRMNEYFAE 4
DFEEEN S ITHMEISR SN D - 7255, NaCl # 3
IR L 22N, LIFLIETAREAELRZD,
B RAFEA Lz T2 A5 —F— B E2HRML
7 { T Debaryomyces BIOFEREAY 2 B L, #
BT ERBELZ NS, THIOEBAEKEIC
Debaryomyces B OFEREDS, —FEOBETHEL TV
5T ENRIBENT,

FUEW SRR Z TR L3 2 & 3R
MICERCASNRTBY (I, 1996), 4o s h
7o STB OBA Y 2 BRI 2 >y — 2 T
NEERT &L L7z i Ishikawa 5 (2003) 12 &
0, U Y M- TV ) R R S S S FLER
W Marinilactibacillus psychrotolerans D358 &,
R & V) SHEPSIRE SN TV LD, FHOLPH

BEL 72 L. brevis &, B LFEBEHRM 2> OB 5 S
NBHETH Y, WERAOLBHETIE RV, —7,
NEESNIERDH L, A% b D. hansenii var.
hansenii ® Ji %, W 2GR LTAISNS
(Uden et al, 1968). MK ZIMAAEMNAKD LI
WHREEAKICEE S ERELTB L, Ay —%
— WML TH LIFUITALEER R R R MBI L €
(BT ERBIETHIEND, TE4 OO RN
213 2 HPETIN S DMK RS L T D
LEZON, SHGEES e 3TEOMAY b ik
FTHh 5 LML SN, WERRICOWTE, HEEO
BRLChBHITICE BT 2 LB ONTEY
(Fell et al, 1960), HARRCITHBELEET S Y
RIS LG 6AB L TnDE 2 EE 2
bib. FHEOBETIE, HREEZHARICLTREEL,
PEE DRI Lo W IREE ORI A BREE TISHGE 31
3, LI N TRl L% THARRIE
HLTLAZEARBLTEBY, HARTHHEETIA
HHERE L7z & 9 ZBGIWSAET Tl JRPTIICFLRR -
Iy ) —VREBIEI > TV DEFHINS,

ULokEzFewdE, 74BN ILER
W L. brevis L BB D. hansenii var. hansenii 3 X O
C. zeylanoides 75 7% % 3FEHOMAEWME L L T
5T ENHWL, TAYREBEOILARD, ThVa—IV5E
BEE L) BB CTH L LB ST o 7 08
SNz IHBEOW 2B 2 \ZHIRFE L7212, ZO—x=
T AVEMRICEMNT AL, FHEROFAL DI
BBIUOLY ) — WA SINE 2 EPBESN, 3
T OMEM N HREEA Y — 7 —L L THRET 5 2 &
e STz,

BIFE BEOBEMRML - IIBREEBENOKRE

18 REHIEERGORE

WANZAR T2 T A I REE 2 L L T AT,
R A EEICHET A0V T —F, FEEA Y —
¥ — (W), NaCl ® 3 EREZRIMT 5 2 L AHEER
BICENTH otz ZOEEENS—BRINE, TF
H OB 5> Th AN T —AZ5MRL, ZILa—
AERERTHILICLD, AMBROZOOINEE
Rt 2REEZ R LTVBEEZZION, WhW B
BN B 725 L E 2 bz, FEBEOIRE VT —¥
TtV T — U O E S RERITEEEZ SATHED,
FE 1 O [ B B T O R O 23 - BEALIC B 53 B i
FOMBEPEEITHMBE I N TV L DIF TRV,
Yiedld, BT —E¥OREMILY) 7 VI — A4
WSB I, FOAERIHE ALY V7 LTr
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N I—ADEHEHEMEIRT 5 2 EDHEPDOENTVS
(FT#RAVE ) o — 77, NaCl oI, FEIFsE1E o i
DIEWNBIS-3 A MW 04 F 2 I3 2 OICFRC I
2HWnWTWwW5S s Iz,

—%, FETEHEBEOMEREHIOWT, FEEEARY
ER VBB PMRIZEE, Th ARV T —EERRNT
% LR RE L WATLC, EFITHOIFETERAOH
MRAL2SB 2 5 Z & 2 BIgE L7, ML Bt h
X, TVTIT7TEOREDIEEOMEAR L LTO
FA L WEFTE& % (Uchida et al, 1997a ; Uchida et
al, 1997b). T 7=, T Hh AL, FEHEKE L THKE
Dffi o 72 BTSN TBY, AFLEHTH 5,
INHEOT s, KWFFETIE, WIREZEET H 2K
FIHLELT, W2ETHEES N 3MBHOMAEN %
A% —%—& LTHMLTRIEL < BMLL 2255
FURARBE ST 5 2 L 2RE L7z

MR EFE

HEAFOAR

WA OB, 500mL HORY) H— KA —
LA BV (Nalgene) 24— b 27 L—79RH L
TR L7z A MVIC NaCl KiE#180mL & AL, T
W AmE (FHAED, HiEE mesh No. 200588,
HFE ¥ 3I2) 100g &L F—+F (R10, Y27V
KAL) & — B L CREERE L Lz BRERRHT,
LHIWIZ1M, FRYICEZEEZHAITNRES A7
Ja—Fx v 72O RET, 20C T CiEiiEsr
1Tl olze WM, AY—F —HEwERNE$IC,
NaCl g, B, Lo — VisiE & & 4 )i
ZAL ST, RN % Mo 72D Otk S & i
U720 NaCl g o @& o i, g aeo
BRI, ARk, BRSO EMD HEHE L7z BEENE
DEME, BRI 24 LT < 2SE L
WG E 4+ 4, BRI IPELET LD, 24
RERIR IR T 250 % +, RBER2 S F<h %k
WS R - & Lo BiEIE, R LV EH Sl &
RENEW DS TICBH L 2wt xr ++, PLIESD S
EWCXDERHDNCTICRET286% +, BEHIZT
WCBEITANEE - L L, BREEOMBRTHEIS L
F 25N D HFERLRE OB & U O BEA % SIS 5
72O OGO REMEL, AR 6 HfGE L 72k
HCTRMVOKIED ST A A SO R E TORS
ZUEL, BEHEE O E S 120 51 (%) THEIE L 72,
T h AGRBEEY O TR L R ESIE, a—-uvs
—<VFH¥ A —1 (Coulter Electronics) T140 um
V74 A%MEHLTHlE L2, 5.8~11.5 um M5}

D% BB R 7 (Single cell detritus, SCD) &
AT L7zo WHHEEN T OERIEES A, WT2ERIET
REP1THLEV)IREZLTI—NI =T ¥
— DR TR L RZET = ORI L7z RICA S —
5 —DOFEMBFEZFRLHNT, VT —VREEZE
ZCHRBL L 727 A A SEE WA IR 2 7 im LT
BET o720 WAWIRTIE, FUBEE Lactobacillus bre-
vis B5201#% (FERM BP-7301), & £t Debaryomyces
hansenii var. hansenii Y5201 ¥k (FERM BP-7302),
Candida zeylanoides Y5206%k (FERM BP-7303) @
ST L7z, FLEEW X MRS broth (Merck),
B H:1x YM broth (Difco) TZENZEN20T THIRG &
L7-%%, WifkZa.OmX L, #ik0.85% NaCl KT 2
] U PR 12, [)3LS ODigggum=1.0DF2FE CTREE L 726
NS oBE % B5201% 2mL (1.0 x10°CFU),
Y5201#k 1 mL (5.3%10°CFU), Y5206%k 1 mL (1.2X%
10"CFU) o4&z THMAEWRE L Lz, £ToRk
FHE 2 ARG OB L, MEMEITFHETRL 7,

REHRSOMIR

PelE M ORI, EHERE M (SMA &
mE, HAKREEE) Cfr-7: (LW, MHoRHE%
i) WFEMENC R FREMAEY ORI, 1.5%ERE
Bl Marine broth 2216 (MA, Difco) TAT- 7 (EELE
DT EME % ST S ALEE W OFHEEIE & F v FLIE
WO, Y 7a~F T I F250me/L EERNL
72BCPM7V—1+Hh v b7 A= (BCP, HK#
) TITV, FAPEETHau=— LA ERR & Ak
LCEHE L 7o BEREORHELE, ANV T <A T,
WA <Ay, XYY YGAHAY T L, 70T 4
7= 3= )%k £50mg/L iEEB X " NaCl % 5 % ik
BETHM L7249 70— X5 (SBR5 %, HKRIE)
TEF o 770 BERHIZOWTIE O 0 = — OB S
Y5201 (7 ) —af, FEA IR, Y5206%! &
K&EW) & Y5206T8 & % XH LCEHLL, &R
W5 Y5201 au=—oEs (%) kL7,
WMH, au=—o—E2RPL, B cHMiio
WREZBIZETLZLICLY, a0 —OBENEED
LOGENE LW &L 2R L7z, 20 =— DU,
3B DOIERTFHR T, 2 RV T OB OFHUE
DFHE TR L2,

s R
BEWERMU VR TOHERZOEMEI SR DR

ROVCHEETHLEBT I AOBBIREEZS %
w/v e L7z, ThUERWVRETHEYTL L, ¥~
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Bk, Tl ETEL D, o —H
Y —ITRIL THIRGT T2 2 e WL ZE 2 51
720

WAZ NaCl D@ EE 2 #5F L 720 I @ NaCl
WD 1 WL T OME, T 7 ABERE, FEFITH
HMLIZ< L, BBkl w20, ¥~ 2Bk
THIENHETH o7 (Table 8)s —J, HHRHD
NaCliEEEAB3 5% L LM, BEEOEBICLDL L
BbNnzd T AMBOVGHEAEHZEICBI D, 10%IRE
NaCl K Z M L7234, 7 5 2 OB EEEE (%)
B, 39%ICFE TR L7z 20X ) ICHIBROIGHIC X
% [ - L, B RNTORY— RGO
WAZ DY), EEHEEANLEIZT H2ENDND L EE
2oz, DLEoWENEEE L ZE L, NaCli#hix
25-35%ICRRET HDODVUF L VEEZ BN,
WIZ, NaClitE#35%, I —PYiEEz 1%\
e L, ¥iEEL 5T 550C ot X8,
B bR 7 o B b ® & i U720 FRRFRYIC R O
—RERRL, 23—V F¥ =Dy ¥ —THIELEZ
A, AT A ARCTF A EAMBEL L T  @aDsERD
b7z, &2 CTHMRBALK FOKRE SICILHT %5.8
~11.5 um W5 ORFEOEME, 57 5 R 300 1 M
TR L7ze LAL, BoRME2E <, B
B HEIET B2, 07T ) T ANEREICR D
B <, MWEOENT X 2 BT Lo R)ZE 0 & AW
AN o7 (Fig. 3a)e £2°C, THART
DERENR—ADRKEHAT T — 5 2> 55.8~11.5 um [
SONTOEEHEGEZEHEL, BEICHLTTOy b
L CT/R L7z (Fig. 3b)o Z DH 5 H:#E24KE M T,
5CTH 520C F TOHPHCIREL RS L CHMR LR
TOEENREHL, 20C L ES0T FTOHPETIX, HM
fefbkr F o & ITIE 2B Th L ENER Lz, 72
i (5C) THEAENM % K < BV HEM Lo K
JEHEFT L, 14H #1213 5 T 2> 550 D #EPH THRei&
2, B bospRIzIF—E L R Y, ERIRETY

7 AR D60.1% —69.0% HSHAMEALH 55T lh o S
TWw7z,

KIZE N T —CREORE LT, FEEARHL,
3.5% NaCl ZHR I L7282 THB L, 20C THFEL 720

1.0E+08 (*a)

9.0E+07 | —O0—24 hr —@—6 days —ll— 14 days
8.0E+07
7.0E+07 |
6.0E+07
5.0E+07 |
4.0E+07
3.0E+07
2.0E+07 |

No. of particles
in SCD fraction (/ml)

1.0E+07 ! ! ! ! !

0 10 . 20 30 %0 50
Incubation temperature (°C)

100
—0—24 hr —@—6 days —l— 14 days

80

60

Proportion of pariticles
in the SCD fraction (wt %)

0 10 20 30 40 50
Incubation temperature (°C)

Fig. 3. Effect of culture temperature on the produc-
tion efficiency of single cell detritus (SCD) from U.
pinnatifida on the concentration of particles per mil-
liliter (a) and %weight proportion (b) of SCD. The
detrital particles in the range of 5.8-11.5 4 m in diam-
eter were tentatively regarded as SCD. Mean * SD
(n=2).

Table 8. Effect of NaCl concentration of the culture medium for the productivity of the fermented

Undaria-SCD

Characteristics of the NaCl% (w/v) of culture solution™
Undaria—suspension 0 1 25 3.5 5 10
Aggregation ++ ++ + - - -
Viscosity ++ ++ + - - -
Suspension stability (%)*’ 100 98 90 71 60 39

*I An index to represent the dehydration and shrinking of the frond tissues, which is expressed as
the percent proportion of solid /total contents on volume basis after being left for 6 days.

*2 180ml of NaCl solutions prepared at above concentrations were mixed with 10.0g Undaria—
materials, resulting 200ml in total volume. (Final concentrations of NaCl were 0, 0.9, 2.25, 3.15,

4.5, and 9.0% w/v, respectively.)
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Fig. 4a il VT — B L SCD T OEKEE DM
&R L7z, Bea=IRA% 3 IR B X ON241R R oo S 0]
DYty VT —BREN 1 % T T, BEEIREICH
B L C SCD K. F DAL, BEFRRE 1 %L
1 Tid, SCD KT oA, 1ZIEF—ETHh-o 7
B A12A M & v & B EA0.1~0.5% O
JERERIX T SCD DA KM L, SCD D%k
B TIEL LAEREMEHX % Lbl - 72, BERMEAR
FE230.25% D34 T SCD DI EDIRAE LY, 7.0x
10"l /mL T o 720 7 H X FEWERENE EVRETE
B A0, WESLHIZOWTHE L2, SCD @
AR E T EBRERATHEST 2 &, Y T) 70
RS X BRRESHTL A2 PRI NI720,
SCD W% (H£5.8~11.5um) KTOEEHE (%)
ZHEIZ L 5 TRV T — PikE L OBFR% Fig. 4b 12
R L7, BEMEOMEMIX, Fig 4a EFEBETH D, I
T —YIRE1 % LoYE, KiE6 HE TR KOHEE
HE (65.4%~66.3%) &R L7z BIVT—BRED
1% & DIRWIA IR KERBIGIET 5 F Tl2l2
HMZZE L7228 LI —ERED0.1%~0.5%%5

DIRKEREAZ, VS —YIBRE1 B EORED
BEZET LERD67.3%~71.1%TH o720 LIV T —
VIR 0 % DA%, SCD AEEs L OF SCD E %
HLIFERILAOETIZE A EED T h o T,

WA T 50 T 1 30,25 % SRR X D B 28 8 A2 12 B
VT % 7 1 ARLF DORLEE ST OFEREZEAL % Fig. 51" L
720 SCD Wi o ERE A1, K120 H T4aki 1
D71.1%FTEHA L7,

Table 912, #FHAFOFEEI2HHIZBITF 5 HiERA
BLXUOpHMEOT— % 2R L7z, BRERAMNIZIIRESR
ERA0 ~0.25% OEHE, B ERE L7z, BEHR
EE05% DEEHE, 2AKDI) B 1 AFTVEKRAZ
AL, o1 RIZFHGOFEFRIIE L iz, BERRE
1~3%DEkHE, FEREZH L2, pHEIX, &Kk
B $3.9~5.8DFEPHTIT LT W78, A TR
&R L IREIIELT LD % 5 ARA -7, Table
10IC BB O 2 RTAGE R 2R L. AW
HOF— 713, BRI L BB 7EE 0N TRk 4
X KHBIL 720 B E e S i RHE, — AW
BT B AHEVEEE R OEE (%) H3E <

(a) —0— 3h ——24h —0— 6 days —#— 12 days
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Fig. 4. Effect of cellulase concentration (w/v) on the production efficiency of SCD in the culture waters pre-
pared in the absence of the microbial mixture. The definition of the SCD fraction is the same as for Fig. 3.
The percent proportion (a) and the concentration (b) of SCD are plotted on the vertical axis, respectively.

Mean = SD (n=2).
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cellulase at a 0.25% level. Mean = SD (n=2)

(64.8%~129%), FLEEH OEEHEN (0 %~3.7%)
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WMEMERML R TOEBEDEMIA{ &G OH%RE
WMAEMA S — & —mML7ZRICBITSELVT —E€
& SCD A% & o B4R % Fig. 6a 12, LIV T —
Vg L SCD Ak R E & & DR % Fig. 6b 125
L7z SCD K T-HCTHA B &, 5A2.5x 10" Ml /mL (&
EEA18.4%) 5, KHi#E6 HHT3.5~5.9x10" 1
/mL (FEEHE63.0~69.1%) ~NeL&TDELT—E
WX TRKRERY, TOBERI2ZHEICE, VT
—EEREX (05%~3%) T LARDT A &8
BigE s N7z, SCD O KA KE5.9x 10" /mL i3,
IV T —ERENS%D L FITHELND, VT —
YikjE0.5% T, SCD DEKEIZ5.7x 1078 /mL &
FBrole SCODEmEATAL L, VT —YiE
FE1 %L ETIE, B384 HHICIE, 1 FIZRAOM (64.3
%~70%) 1ELIZHHE F TRELRE(LIERb o720
VT —BEEDN0.25%B L 0.5% THEE4 0 H
T L 3R CEREE (59.5%~63.8%) %
FERL L7228, BEI2HICIZ S SICETEWE (71.2%
~71.4%) Zieékl 7o

Table 113 & OF Table 12123 F 0 Z Do ik %
AWML THD, LV T—EETRML VRN, K
RAEFEL, BEHEshi, —H, VI —tiE
J£0.25%~5.0% DFEHE, TATFNVEEOFHFRIL
FEREIRIE & SNz BRI E Sh/- 8T
(&, pHli74.88B X U5.0TH A DKL, JlEL
Nzl k ik, pHED4.1~4 22 K liz R L 72,
WAMIZIE LT —BRE 0 %D FHE, &5 H
HTOMEMMD 2 RO TRELIELDE, M
PN AR TCRRER R TH A I L ERRER L7z, R
B, =0k, —BERED80.5% 2 7 HEAH

Table 9. Characteristics of the cultures prepared with different concentrations of cellulase without the addi-

tion of the microbial mixture

Characteristics of the

Cellulase % (w/v) of culture solution

Undaria—suspension™' 0 0.01 0.1 0.25 0.5 1.0 3.0
(ngcg?ei/g 2’::;?: dor) Rotten Rotten Rotten Rotten Weakly rotten—fermented Fermented Fermented
pH value 49 5.3 5.7 58 4.5, 3.9 5.6 53

*! Characteristics of the cultures after 12 days of incubation are shown.

*2 Results from the replicate bottles were different and are shown individually. For other data, means=*SE are given.
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AW TH 7225, b9 —HORBTIE, —MAERK
D92.9% DIUFIEMEAEIE R EHAEY THO 5 TWwiz,
FRER NI I RAIRAE & H g S 30T, FLERW
A10°CFU/mL 2 5 LNV TELELTEY, —i%
ERBNAT T 2 LBBE RO EEDS, 85.5%~111% T
HBH—T, MR REMAEW R, 3.6%~8.0%
TH o7z RFO pH MO T I, HEEL 72BN B
WL, AMOAERICIVBIHLEEZLNSDS,

39

4.1~42L ML 7230 @ pH i4.8~5.0 X b K\ i
MAHo72e AZ—F—%BMLEAICIE IV
7 —LUEEEA30.25% CTHRAME 2 #Ifl§ 2 2 L AT X
7o TEEIPEED0.5%~3.0% 12 BV TIXILEEH 232.4~
2.8x10° CFU/mL, B#EHT1.1~2.2%10"CFU/mL T
Y5201 BV EE B D A FERE IS 03 2 #1454 1378.1% ~81.6%
ThHo7,

Table 10. Microbiota of the cultures prepared with different concentrations of cellulase without the addition

of the microbial mixture

Microbial No.*'

Cellulase % (w/v) of culture solution

(GFU/mL) 0 0.01 0.1 0.25 057 1.0 30
Heterotrophic™ 22+17x107  46%+24x107  2.3%0.9x10’ 1.8+0.4x10’ 35x10°  1.1x10° <10° 2.5%0.4x10’
Marine heterotrophic®  2.4=1.6x10’ 7.0%5.1x10’ 1.8%1.4x10" 1.6%0.4x10’ 3.6x10°, <10° <10° <10°
(/Heterotrophic %) (129+26) (129+43) (64.8+38.4) (109+23) (103)

Lactic acid bacteria™ <10° <10° <10° <10° 1.3x10°,  7.0x10° <10° 2.5+0.5x10
(/Heterotrophic %) (3.7, (63.6) (99.4+42)
Yeast™ <10? <10? <10° <10? 1.9x10°,  4.2x10* <10? <10?

*! Characteristics of the cultures after 5 days of incubation are shown.

*2 Results from the replicate bottles were different and are shown individually. For other data, means*SE are given.

*3 Counted on Standard Method Agar plates.
** Counted on Marine Agar 2216 plates.

*® Counted only acid—producing colonies on Plate Count Agar with BCP plates containing cyclohexymide at 50 mg/L.
*® Counted on Sabouraud Agar plates containing NaCl at 5% and antibacterial agents (see text) each at 50 mg/L level.
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Fig. 6. Effect of cellulase concentration (w/v) on the production efficiency of SCD in the culture waters prepared
in the presence of the microbial mixture. The definition of the SCD fraction is the same as for Fig. 3. The percent
proportion (a) and the concentration (b) of SCD are plotted on the vertical axis, respectively. Mean = SD (n=2).
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T A EEII LT, WML - AR5
(Fig. 7) 7= OREEFM OB 247 - 720 BaTHE AR
ZE LD EIHEIEES %, NaCl iEE2.5%~3.5%,
LT —BilkE0.25% (R ¥ — & — i)~ 1 % (X
5 — & — A, BERE0COLEMET TRE
WCHMEENIBZD, 6 H~14H B o= E b
SCD M4 (H5.8~11.5um) DK F25% 5 x 107
/mL (SCD O EREAEKIT0%) DIRETH LN,

Ay —5 —OHIZ, FBBEELLEICHFLET LD
HWL, tvIg—toffiHEEZENTAZ L 2RI
T5720, BEMICEREEZ SN, SHOFEET
X, AY— 7 —fAROREIRED TRIZ0.25% % T
LAME L TWwangds, X IKIRED0.1% ThH IR
RERTEDDPEPICOWTIL, BEITHRET L TWw b,
LT —ER 1 %L L725a, B
BELBRDIZONSCD AREBAETERTT 52 &
I, ZoMEmL, VS —PoiEENS
WIESHE TH B Z & h 5, SCD ki1 R A3 240

Table 11. Characteristics of the culture waters prepared at different concentrations of cellulase with
the addition of the microbial mixture

Characteristics of the Cellulase% (w/v) of culture solution

Undar/la—suspension*] 0*? 0.25 0.5 1.0 3.0
Rotted/Fermented

(judged from the odor) Rotten Fermented Fermented Fermented Fermented
pH value 48, 50 4.2 4.2 4.1 4.1

*! Characteristics of the cultures after 12 days of incubation are shown.
*2 Results from the replicate bottles were different and are shown individually. For other data, means =% SE are given.

Table 12. Microbiota of the culture waters prepared at different concentrations of cellulase with the
addition of the microbial mixture

Microbial No.*' Cellulase% (w/v) of culture solution

(CFU/mL) 0*2 0.25 0.5 1.0 3.0

Microbial No. (CFU/ml)

counted at Day 5 on:
Heterotrophic™ 8.7x10°% 1.4x10’ 29+04x10°  2.8+0.3x10° 2.6+0.3x10° 2.3+0.1x10°
Marine heterotrophic™  1.7x10°%, 1.3x10° 1.240.4x10 2.0x10™° 9.24+1.9x10° 8.3+1.3x10°
(/Heterotrophic %) (19.5), (92.9) (4.2+0.8) (8.0)° B8.7£1.1) (3.6+0.6)
Lactic acid bacteria™ 7.0x10°%, 3.9x10’ 3.1+02x10°  2.4+0.3x10° 2.8+0.2x10° 2.5+0.6x10°
(/Heterotrophic %) (80.5), (27.9) (108+38) (85.5+1.5) (108+5) (106+19)
Yeast"” 2.4x10%, 3.5x10° 9.8+3.3x10°  1.2+0.4x10’ 2.24+0.5x10’ 1.1£0.2x10
(Y5201-like/Yeast %) (15.2), (15.8) (53.0+10.5) (78.1+14.2) (81.6+0.2) (80.7%0.9)

*! Characteristics of the cultures after 5 days of incubation are shown.
*2 Results from the replicate bottles were different and are shown individually. For other data, means %= SE are given.
3487 Gounted in the same method as described in Table 10.

* Single result out of the replicate bottles is shown.

1) Decomposion to single cell detritus (SCD)
by polysaccharide-degrading enzyme

Cellulase etc.

l Sugar
@)
@ e le oo
T Sugar
Cell Cell wall \T
SCD
Seaweed

2) Lactic acid fermentation
with lactic acid bacteria and yeast

LAB Yeast
-ia -
-
o 4 'c?'ooo-
Py
Sugar e O O ‘
‘ e =

Fig. 7. Seaweed fermentation process.
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B (REgg24h ~ 6 HIY) ICA2HIER SN%D, U

B ARLT- DR NS b ST oMITT Ak

MR Nz, VT —EEREEE (01%~05%) T

L7234, 528120 HIZ SCD A A woRIc %
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VT — B 1 %Y EOWEORAM S x 10718 /mL

2L LA NSz, COHRBIIAHTH B8, LT

— BiREMERVYA, SCD O/NUEDRW - {1 e

720, WS 8um % Lz A 0% T /N L L

TSCD & LCEME s % 20 0H &R 4% h

ST LW MEEMNE Z 5N D, BIVT —BiRENE

WIE ERAUEDMRDIZ R B E V) BIENZDEZ %
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B DSIEIE L 7228 L 72 2 oI, BRERAUC

X0 IR C & 7228, SRR IR &2 #ED T

W 72D, BB R IBESLETH 5, pH I,

RRETHER SN LIRICL V4 1~42W BT TTIH5S

DT, HLMEOIEL LTHHTEEE2 5N

(Table 11)o L2 LEREMICREL-EEZ5NLY;

HTHPHMSIEFTLA TR TV WIEELH D

(Table 9 ), FLEEAREE D FREISME L7 H 7%

HOETOEGWEFT5 ELTIVFELVEER

5N7ze F— % TIIR L TV WSS P He Pk 28 3%
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SR B OE NI 0L LT, VT — BRI
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DIFEEIIE R 5 B h o T2
—7J5, FEEEAER SN D & BAHMICILEEE, BEREAT
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P S FE R AR AT & % 5HEUIE & 1313303 A N

ZRDTz720, SOOI, FERFHE
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KFEEDH5

1) J8EEL723BHI B Tid, FLERT B5201kk, BEf:
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s s,

2) FLERW (B5201%%), MERE (Y52018kHB & U Y5206
) & HRRHESE KR (SMA), BCP 7 LV — |
Ay MTH—=)V (BCP) HHh FiZau=—%
T 5, L7eoT, LA OYA, SMA G
¥l L BCP aHEUEIX, 1213—3F %,

3) BCP P L CIXFLRA I A E LT 5/ S 2
an=—, BREBEABRPEREORES Zan=—%
e T %728, XA L CARBRR 2T & 5T
52 ENMRETH B AFRIZHBWTIE, SMA &t
B3 % ALERE AT B (BCP R CRM& L 72 3L
BWE) o#EEG (%) #b-oT, ABEOEHED
BEEE L7z —75, #EDIRIL, RAROEFH
2 o 72 a2E, FRIFEE DR RN O 4 F
MBI 5 TV L HHE LFRERRE L Z 2 5 b0
BHEORBFEABMEO LTI 5 TR E RGO
YRR E LTEZ NS, AIEOEHEICE,
FROABEOBELEELE VI REICI D, IABREO
HEDKTFE L THHT L2 ENTE, —J, #
FZOWAIZIE, <) r7a AR (MA) EToq
BitiAsw < 2 50T, SMA FHEHEICK T % MA &
BiEOEE (%) ZHRTAZ L THRINT S Z &M
T&7, 12721, Z0HOBIZET Y5201, Y52061l
WOBEREASMA ET/hESRau=—%2KL ) %
CEDHH L2720, MA GHEUEA S 5 % NaCl &
7 a—55H (SBR6%) A% 2 Lilvw72 5
iz BRI S KN & LT Lh
», BHMEEZ SN0, BE ORI 5
X259 352LE L7

4) FERE Y52010kB & O Y5206/kix & H12, MA AR

kT au=—%KT %, o T Table 12

2B BUFE R R4  (Marine heterotro-

phic) FHfiE (=MA FH¥fE) 95 HbD 0% DL

SO BUEICHY T D LRI NS, L

7ehio T, HRVEEE MR RO EOMHIL, b o

LB wEEZ BN,

A, SN h A oM LEY (SCD) 1,
BAEDBANEERE & 13IZH L (5.8~11.5um) TH57:
B, KEMYERE L TOFHAPHRETE S, 74 2
O SCD R T O REERIEIE 5 X107 /mL TH - 720
AT A XA L T B AT R OB A & iR
$5&, AV 7)Y AR (Isocrhysis aff. galbana) T 1
~ 2 x107cells/mL (BF, I, 1993), 7¥7 @
(Paviova lutheri) T6 x10°cells/mL (v, 1984 ;
Tatsuzawa and Takizawa, 1995), 7 b7tV I X
(Tetraselmis tetrathele) T3 x10°cells/mL (FiM,
1988) THH, TNBHD25~17fF TN T 5, 7z,
I, 7L —3a VERLEE L S
M OWTHAZ HA% v, FRICREEH O HE 2D
D % ZER E N UM EEA R O B A IR &
LRITCH 5o GHRIIKEREROWME, IRAEE DORERE,
FHEEI R OMIEEZ LT 2 ERREEEZ LR
5o fHEIRLE LCORBEEEZZ NG, FHEICBITS
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FA L —TERO X ) MO FM & FLRFEEE S &
THHAL T 260, FHDOH SR KEFE O
BT, FFI2, EZE/ELTVwD Z e
SHBINY 2 AR CORM b E 2 b, FHHIL,
LRSS L 7R EM 2 <) YA L=V EIERT
L& L7ze FUBRH, Bacillus JBANE, BER:Z: oMt
WAIKFEEYOEBTIIH L TRVWHIREZ 72510720
(Gatesoupe, 1999 ; Rengpipat ef al., 1998 ; Ringo
and Gatesoupe, 1998), JRJE I O HIHNIIK L-THZD
W2 < (Filholima et al, 2000) & ORI AT
FEHEMLOOH b, RUIETHE SN HZM S, L
W, BEZAHLCGRELTEBY, Yanit 747
ZJ5 T OREEEE DA N DWW T H HEE L T Al
BRI H B EEDNS,

FE28 AERHE, REHORKRE

BIMICBWT, W72 ABKEEZMMLT, H
MR - FLRRRERE K¢ 5 2 E OFMMET A s S h, K
IR N TH 72 RKEFEBHEMTH L) YA L=
(MS) SKBLREAEHETE DI LIRENTZ, 514,
MS OFER LI Cix, KEAEEOME, RIEEOR
Ex LT ZERRELEZ LN,

£ 2T, Wi T200mL B TIT % o 72 MS O
240l BB TEBT L L & L, HHT L
—EofiiEE, B TAY—y—%2 ML
72%4120.25% (w/v) TR LTHREICHLmRSE
EAERTE D Z EHRENT, FERLIZINT T,
AN OWEDSEEMHEZ S 5K T 5 2 &
F L\, iR AR (SCD) OARMREY SR
VT —€%20.1%F TH% < LTH SCD DfAIL
HICERECEE LW EFMEREIN TS (Fig
4), FITAREITIX, ¥VT—FiBEX201%& LT
ABRAE M L7z T2 T h A OBEIRE L, HiHS
TOWFHZBWTOM DO > 7)) ¥ 7 &g
FEhiT 5720125 %ikkE (w/v) TOFEIEHEE L
7o, AREITIERE ) EHLOBILEAS X N ERE
HHL, BRETRE R IRKRETH 510% THEML 72,
F 715 SN IEEREWIC OV C18 7 H B o ffr ik %
Fhti L 720

MEEFE
A ORAR
R ORI, I0LEORY) H—KRA— FEFR

MV (Nalgene) #+— b+ 27 L — 73R L CTHA L7,
A PIVIZ3.3%IEEDOWE NaCl K 9L = A, k7
HAKK (BHAED, HLyIY) lkgk kL

—¥ (R-10, Y7 )V AR 10.0gz@mL, <R
A L7 THICHAEDRBEZAY —F—LLTMA
720 PAEWRTOZ, UMW Lactobacillus brevis B5201
¥ (FERM BP-7301), &% ® Debaryomyces hansenii
var. hansenii Y5201 # (FERM BP-7302), Candida
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AL 72o FLEE T 1E MRS broth (Merck), BREIX
YM broth (Difco) TENENFIFFEL 214, Wkz
BLEX L, #1E0.85% NaCl /KT 2 gk, [Hik
12 ODgsoun=1.0DIRETRE L72e T o DIEETEE
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AR & Uiz SEREREHE, A7V a—Fx v
D 7IRRET, 20T CHHERAE L7z, FEW IRV
BIRECTHE L 72720, FBERZIIE T~ TE
TWiz7z0, PO LA 1 HIZEEFTRE 50
HEBIZW, ¥OMHZX-72,

HERE ORI

7 5 AR ORT B X ORIE S, T—v
¥ —<WVFH 4 % —1 (Coulter Electronics) T140
umF VU 74 ARMEHLCTHE L. EE5.811.5u
m [ 5 O R T & HA R 1 (SCD) & &7 LChE
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AL, HOKBEE) CTiTo7- (ALERW, BERELEHEE NI
%)o AFRMEDER KA OFHIL, 1.5% FEREN
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P SN, FLEEWIE, @EFHERSNE V). FLBRRW
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HKRBEE) TTv, EEOKXVEROaO=—%
B LB oSMEo I e —KaeEilT sl &
DI, ZOH)BRFAPEEL/zau=—2AREE L
TABRREOHE (%) %FtHE L7z, BROFIL,
NaCl % 5 % BT L 724 7 1 — 2K 54 (SBR5,
HKBEE) TIro oo BERHICOWTIE, RiffiAAL, =
O = — ORISR & Y52018! & Y5206 & % [X )
LCEH L, @MREICH3 2 Y5201 oo =—o
HE (%) REBL. I0=—0FFE, 3HHLO
TR TIT RV, TPHETRL 7.

S

RERAR & REFMORE
B2 RIS L ClE L 72 PER AT of e %
Table 1312, AR EE 34 O W E#5H & Fig. 8IZR 76
BB I X FLR DN S g (<0.1g/L), pH
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HA36.4TH - 7225 R4 HAE»S 8§ HHEIIHIFT Fig. 8. Time course change of the volume distribu-
HADFHE L pH O T2 BigE X h, FLEEH B5201 tion of Undaria products.
HICE AT URIOARBBHESIBI > TnhdDLHE %60
2oz, pHIIZ6 » HHT41F TR FLEE L 3 40 Initial
185 I HICIE4.3L 0 LA Lice SLBRAERLI, .
8 HHT57g/L (D/L:1.9/3.8) %itkL, 18+ H : )
T5.4g/L (D/L:2.1/3.3) L3F—ETHB L. B § TzEgiggsssenazeg
%B’ﬁﬁﬁlﬁbl SCD Eﬁ\ (29~115um) @*i?i@f(ﬂi?)é% Particle diameter (1 m)
x 107 cells/mL (AREEE2.3%) Th o725, K38
HEHIZR 1.1 x 103 cells/mL (K55 #453.8%) -~ e 6
LML, HE6 s HHITH T 3.7 10%cells/mL 2% After 8 days
(R £905%), #4687 I HIZK T #2.6%10° £ a0
cells/mL (AREEI493.1%), #1875 H BTk ¥ Tg]g
2.5X108C6HS/mL (12'-(%%”/5\873%) kﬂibf—%“(?ﬁ % M — Qg © F — O~ T N NSO M 0
7 Y2egngs3I8 s 522 ”g
BL7 Particle diameter (u m)
WRRABKO A Y — 5 —F AR OEHEIL, —i%
AW (SMA FHEUE), FLEEW (BCP RH&fE), BERE gﬁo
(SBR5 AH#fi), AF Pk IR AR B (MA G s After 6 months
fi) & LHIERAEVLALTH 572 (<103~ <10° £Y
CFU/mL). %8 H H12 B3, BCP &l ¥ fii A ?;20 I
5.9x10°CFU/mL C, FAGGHME O hC ik &% L $'c-sesconzsaneogs
+ O W -~ ™~ ®M 0 0 © © N oo ® o
. § w7 o — b - - N &N M M I 1 1 © ~ r~ [=>]
2% ! ?L%%O) ARW=—ELO 7 5 023.7% (1'4>< Particle diameter (¢ m)
10°CFU/mL) T, MW OIRAEDRE SN ize BEREI,
35x10"CFU/mL TH» Y, Z® 9 £76.9% »* Y5201 =
A, 13.5%7%5 Y5206 TH 1, Y5201 A58 5 L Cw g% After 18 monthe
7eo WFHAPERER SRAEMAEY O R AT OFHEAEIE, 1.3 g v
x10°CFU/mL &), =03 H03.5x10CFU/mL 5 %
BT B L ET S L, 5% D95x10"CFU/mL E Y o e m e o e mn o
e Ao Tt e e . . S YewzgngsIgsesees®sy
DUFEEE R R EME O E 2 5z, 8 HH Partiols ;ameter(um)
Table 13. Time course change of the characteristics of fermented Undariaproducts
Characterisitics Initial Day 4 Day 8 Month 6 Month 8 Month 18
Gas production — + + _ —_ —
pH 6.4 6 46 41 41 43
Lactic acid (D-/L-, g/L) <0.1 NT 5.7 (1.9/3.8) NT NT (NT/3.6) 5.4 (2.1/3.3)
Particles in a 2.9-11.5 ¢ m fraction
Numbers (cells/mL) 3.8x10’ NT 1.1x10° 3.7x10° 2.6x10° 2.5x10°
(Proportion on volume basis, %) (2.3) NT (53.8) (90.5) (93.1) (87.3)
Microbial counts (CFU/mL) on
SMA" <10* NT 1.2x10° NT NT NT
MA* <10 NT 1.3x10° NT 2.5x10° 5.5x10°
BCP* <10 NT 5.9x10° NT 2.2x10° 7.9x10°
(Lactic acid bacteria, %) (23.7) (>98.5) (>99)
SBR5" <10° NT 3.5x10’ NT 1.4x10° 4.7x10°
(Type Y5201, %) (76.9) (K2.4) CQ))
(Type Y5206, %) (13.5) (>97.6) (>99)
(Other types, %) (9.6) (K2.4) (K1)

* SMA; Standard Method Agar, MA; Marine Agar 2216, BCP; Plate Count Agar with BCP, and SBRS5;
Sabouraud Agar supplied with 5% NaCl.
NT:Not tested.
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DI 1. C BCP O FHUiE A, SMA OFH ¥t % 121l -
70T, 87y AHBLXUISr HHIZBWTIX, SMA
WX DR BB L. 8y HEBX U8y HH
b BCP PR Enau=—i% LTABEOID=—
T, BEMIZIZFN2h22x10°CFU/mL 3 X U°7.9
x10°CFU/mL & 15 % (IS B - 720 AR o
RO R BRI, 22 N1.4%10°CFU/mL B L O
4.7x10°CFU/mL T, 47T Y5206 T 55 hTw
72o MA BHEUEA S SBR5 5HEUiti % 725 L5 w723
PR SR E O EoEE, 8 HHB X U18
yHETZFNZN1.1x10°CFU/mL B & 188.0x 10"
CFU/mL TH» 720

£z %

T HARFBIILTC, B - ALERRERE S5 7
DORERGMOME 2 10L HETB I -7z, HifiiT
D200mL BT OGS & FAE, FEMEIZNET I E R &
Nize B COBEHIZB W TUE & SN7zH LR
W, FERREEZE 5 %2 510% N, LIV —EiEExY
025% 2 501%NEEFL-ZLI2LD, S5
I A MEFERTEIC R o 720 145472 SCD )43 D kL
FHUT AR T3.7x10%cells/mL (AFEEIA90.5%) D
RIETHEON, RAFIIHEA O RFRUE, BE VD RUR
THERE L7 (ZITHLT-H A XD L WA AR o
WaELltEss L, £V 2 )Y (Usocrhysis aff. gal-
bana) T1~2 x107cells/mL (BF, i, 1993),
237 TN (Paviova lutheri) T 6 x10° cells/mL (s,
1984 ; Tatsuzawa and Takizawa, 1995), 7 b I &
WV 3 A (Tetraselmis tetrathele) T 3 x10°cells/mL (f
P, 1988) THH, TN 5DI85~123M512414 L,
TS DRI AR TR IS IR L TR RN T- %
HEHETE DL EHIRENTZ, M, FIEiTl, K56
~11.5um ®45% SCD Ei45;& L7278, AHiTIX184
Rlwv) R coREEZ 35125720 SCD OR£E
DAL T 2 2 2 EE LT, WE2.9~115
um %% SCD Wisr& L7z ZHICHEWARETTIdH
B D L < XEERE ML D —3#8AYSCD ki1 & L CTRE
BENTOLWRELED S, RIiCBWTT 7 ARY
WEFE S % CHGET L7236, SCD D KA K EEA5-7
x 10" cells/mL CH# i E|54%67.3% (Fig. 4) TH - 72,
ARETIET A AIEIRIELI0% TOMFATH 205, i
KAEREEIZZND 2 BD1-1.4x10%cells/mL, i
(RRE) EIE R E F U67.3% RENEDHETH S
L s, Ihe L2 a0 oIS
L25DTHDLREMEDND S,

WA O R CIX, FE 8 HH AWM E

IZBWT, 0WBHEIPMRTHOONTWAEEZ S
NDH, TIUFEEBEZ 2L C, BREEELT
o2 L oRBSIT, BEICEE T A MAEY A
T2 LEOOIEMZE Lz L RSz,

L2 L, AW - BRoBE SR EE Y, B
8 HHB X U184, HHDMlEIcB W TIX, BCP ¥
WMEDauo=—3&TARN L AL EINS IO =—
THO LN TWz, MA FHUED & SBROGTEUE % 7
LGl 703G peE SR AN o5t i, 8 » HE B
X187 HHT#NFh1.1x10°CFU/mL 3 X 1U88.0
x10*'CFU/mL & BE&E D Sz, PR bEoao=—
DIV —ThH otz s, 1 HEOBMEDHE
HFLTwsEEZON, chbsoauo——z2iE >
THMSECHS LA, @ THBoaun=—Th-
720 L7235 T, 87 HH» 5187 H HIZN T T
WEPEDE IR SR O W L Vi, B L~V LUF
(<10'CFU/mL) Tho/ztEibhiz, HF—%T
R LTV, KT SN RHERRN TS
A<—%fH L2 HEICEY, 187 Bl L3R
IR E IOREEES 2B L, BRHELE 2
%, 10k4:THS Lactobacillus brevis T 5 Z & D3HE
AEN, WL VT HEWHI IR T
W5 ZEDHERE LT,

VL, 10L #$UEC o SR COMmERH RSN (=
VP A L—2)DEENRTRETH S I EATRENTZ,
REFEICDOWT S, 20C FT187 Ao/, fikte L
TAHR 7 SCD W4y (H££2.9~11.5 um) O T-Hug,
FE—EIR7h, BAEMICDIRARNOATE % R
7o ZEAUREN, RIFRRAEEE AT 5 fR M
ThbEEZEZLNT, W, BRRAFE LY V1L
— VDERHMIMEE AT 508D BTV TIE, AREIT
WIS NIHB R ML, B5EE1IHIZBWT, 7
X A A IR~ O F R % FHE$ % (Uchida
et al., 2004a) o

BAE REBAZ—42—-ELTOFERICEL L#
EYOIRE

F 18 PCRZZHAV/-HRERE REFMOMBE
F11H BEEFENTSAv—2HVEERTE - RE
BL2EIZBWTIHREDOFERA Y — 5 —& LTHH
TELMEWa Yy =37 LN, HEOIE
FEREHAM S S Nz B3 TWITBWTIE, BEER
BEOREIEE, W, FARESE, MR
M TOFRBESMOMET 23 E L7z (Uchida and Murata,
2002) o i O FLBRFEFEEAN QWAL T, 25
ICAY ==& LTHHT2MAEMICOVTORE %
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BILH)ILPEETHL, ThETIHHEOMAEY
BAY—F—LLTEAL, HEEEAETLHIL, A
R - BEREDE L35 2 &, FLEEAYA L S pH YK
T92ZEEIEE LCHRBOSME MG L T& 72,

LH»L, ALLMAEMMPRA Y —% —L L TIEFIZ
BB L T a0 8 2Hlrd 5121, RBESERZROR
BHZBWT, ALZBAEwPESLSLTWAEZ L 2
AIREELEZOND, T/, AF—F =L LTHM
T oW B OMAGDOERHME L L X TADL R
ERfA pETHE 2 E Z bNb, 2O LX) RBEEN
A5, R oMM E TE B 72T H
HPOMAEZE=5 Y ¥ 7T D EM ORI LEL 7
5o MAEWMHEZRAD L IIHRL OV THkBI L Tt
9572004, PCREFEAZHWIA R A YT
DFEDVRFENTETCV L, ABHDI IV 7%
WEy L7zl & LCid, 16S rRNA #{nT (16S rDNA)
ML LWEERN T IA Y -2 5 HE
(Matsuki et al., 1998 ; Walter et al., 2000 ; Walter
et al, 2001 ; Wang et al, 1996 ; ¥ 4 5, 1999),

16S-23S rRNA ITS fHl & £ & L - WY 7 7
4~ -%Hwb K (Song et al, 2000), VK% A
¥ v 74 (Tynkkynen et al, 1999), PCR-RAPD i
(Tynkkynen et al, 1999), /SIVA7 4 —)V N7 IVE
LA UkE)E (Tankskanen et al, 1990 ; Tynkkynen et
al, 1999) ZMH$ 2 HESEIME SN TS, KIH
TlX, A¥—%—& LML 7-FLER W 2B AR
FUZEEL LT 2 E2TR5 72012, R EifET
HEEORVEEE LT, EWBOFHICHW/A-ER
AR Eoo o = — 2 AER IS —E OB T 5L,

IS DRRIZDOWTLES rDNA # Ry & U 72 R
W74~ -2 TI A 732 %R T 5
ZrE L7 ThETHEEN/216S rDNA 151 &
L7-WHRRIN 7 74~ - 2 w5 F (Matsuki et
al., 1999 ; Walter et al, 2000 ; Walter et al., 2001 ;

Wang et al, 1996 ; #3145, 1998) <Ti, @ 2 &
1ty NOREFRNTIA v —%FELTIAE VT
CHEHLCwE, COREEZEBENRLIZLETA, W
FEAE A L7 TPCREYWDO N Y R LN WA
kOBEWOYE O, #T DNA O EICHIED S
S>TPCREVINPGFON ol Bb b F % L
E LSRR L 720 WAHINT 2470 35, £ < DR
KEZ AT LRITNER S R0, PCR HIH
D7-dOFE DNA Ofilidg, iz FEe AL
ZIFNER 5, 85 DNA OB PRSI R D S
ERHY )BT LafRE LTI TFEZHET S 2
EBVETHD EEZ T £ T, BRGNS
DA L PCR MIEOFEATICHED D - 7272 12k

Eho B L H XN TE LN EEERT LULEDLD
bLEZONI, TOX) HRLEEND, 16S rDNA
DIZN—FNVTF54<—ty b (27F, 1492R) & 1
ROBWMEFERY 75 4 ~— %2 /A E b7z Multiplex-
PCREWC & D, FLERW % N ARAF IS HL 4 5 ik
R L7z,

7747 —D%E

UToOABHIEICIOWTHERERN TS 1~ —
DEFT MR T 5720, I EKHWMIZOWTDDB]/
GenBank/EMBL 7 — % X— 27> 516S rDNA Dk
FLHI TG 2 1 37D UL L 72 ¢ Lactobacillus brevis
(AB070607), Lactobacillus plantarum (AF323677),
Lactobacillus casei (AJ272201), Lactobacillus rham-
nosus (AF243146), Lactobacillus zeae (AY196979),
Lactobacillus acidophilus (M58802), Lactobacil-
lus kefir (AB024300), Lactobacillus fermentum
(X61142), Lactobacillus delbrueckii (M53814),
Streptococcus thermophilus (X68418), Leuconostock
mesenteroides (X95978) o K12 Clustal W (Thompson,
1994) A LT, LidiEIEES] %2 Sy LIk L
720 L. brevis, L. plantarum, L. acidophilus, L. kefir,
L. fermentum, B & Y Leu. Mesenteroides D363,
JEHI & LTV 3 SIS X ICWAERERN T T A < -
AT U720 L. delbrueckii subsp. bulgaricus 122\
TIZELS (1999) DEEF L7z T I A4 ~— % L7z,
Str. thermophilus, (22> TIX, V 3 I @Y 7 5
B e Do 72D TV 2 FHBUCEREI L 72 T s
DRMIFRN T 54 v — 132N —F LTI v —k
v b (27F and 1492R) (Weisburg, 1991) &#AEDH
M L7z L. casei, L. rhamnosus 3 & O L. zeae
DWW TR IF R I AL D00 B e 2o 720 THERF
FEFRAL 2 T 2 R E T AL S DOHRFI LT T4
Y= L7, #kEtE N7 T 4 v —I13E BLAST %
#12 X Y DDB]/GenBank/EMBL 7 — % X— AT
FSF RN TH D 2 & ZERL 72

¥

FEBIHT L2WRE (L. brevis IFO 12005, L. pla-
ntarum YIT 01027, L. plantarum TAM 124777, L.
casei IFO15883", L. rhamnosus IAM 11187, L. zeae
IAM 124737, L. acidophilus TFO 139517, L. kefir
YIT 02227, L. fermentum YIT 00817, L. delbrueckii
subsp. bulgaricus YIT 01817, Streptococcus ther-
mophilus YIT 2094, Leuconostock mesenteroides IAM
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13004") DAFREUTOLEBY TH 5 : FHEME
At (IFO, KBR), 7V bAfLdemfsefir (YIT,
W), Tl A b e pr (IAM, HE). L.
brevis B5201¥k & L. casei B54064k1E, & DWFIE=E
THHES N WARTHYOKERTZERT (FRA, M2
WCFENENHETE S FRA 00003338 X O° FRA 000035
LLTHLENTHS (WIS, 2004). L. casei &
L T L 72 TFO15883" #kix, 16S rDNA it fx§AiL
H (E. coli 27-338F IR ILIAL) 2 FHHDFEBRE TR
T L7KEE, L. plantarum B CTdH o 72728, L. casei
(plantarum-type) & FL I L 7o FLEE H kX, MRS
(Merck) —1.5% FERFPHTHFE L 720

PCR RIt%& 4

WA DNA o HiiZ, 30uL ® TEXN Y 7 7 —IZ
VREOBKERE S, UCTIoMmMET 52 &
TATV, e oG (12000rpm, 1047) Bl 1 u
L %% DNA & LT L7z PCR ¥Eix, MgCl,
2mM, dNTP i %200 M, $% DNA1 uL, 75
£ <—%1.0uM DNAEY 2L —2Z (Ex Taq, EiH
i) 25U 2 &TL100 ul OIS Z RNy 7 7 %
WTHB L TiT 5 720 PCR DIUESM1E, 94C T3
SRFE%94°C 2080, 55C 2080, 72T 308 %3041
ATV, RIZICT2CTH R L 72 794 v —03F
DHEREEEZRELWEEIZE, T=—) Y JinEE
56C —60C D#iPHT 1 -3 CHIA TEIL S8 TH M
PHET L. WIEEWE, 1%7 70— AF VTEKR
WEIL, TFYvATOI FTRELTHEL..

FERRIZOWT, WHRRNT I/ v —LLbilE
FI3hmolzon 754 ~—+t v b % Table 14
WCRT . 24RD () BFERHYTIA~v—ty b (LbC
-1/LCBC-2, LbR-1/LbR-2, LbZ-1/LCBC—
2) ZHWTPCR MIEZAT > 7236, b LE% DNA
DEER) DNA # & A TWw 24, 0.35kb—0.45kb
A XD 1ARKD PCR EWDH SN/ (Fig 9, Lanes 5,
6,7, 80 T/, 1ROFHEMNT I 1 ~<— (B5201R],
LplanR1, LacidR1, LkfrR1, LferR1, LbD- 2, STR-1,
LmenRl) & 1#lOZ=N—H L TS54~v—ty %
T PCR ¥IEZ 4T - 72354, b LEEA! DNA 29
) DNA # & A T 6H, #0.5kb (STRIDGE
D H0.2kb) A X &1.5kb @ 2 KD PCR EWH 5
N7z (Lanes 1, 2, 11, 14). 7272L, T O¥HE1.5kb @
INYERD, LILIERIRTER SN WAL S0
7z (Lanes 3,4, 9,10, 12, 13)s 1 ROBENT I <

=L 1MOI=N—HF VT I3 =ty b HVEF
BoOYE, ENERTFEZEE RV ER DNA 24 L
L T PCR ¥R 247 - 728561213, 1.5kb 7217 @ PCR
EMDPHE LN TS 2 EPBRKE) TR IN: (7
—Z%RET), L7A> T, PCRIEWIELIKEIC
I 1IARLHERESI N VEEIE, $0 DNA O
IFL Vo TRV ENDE ZATHERD -2
A, BRELVET 2D 5 VIIBRI L THEITT 5 XX
LEz bz,

WICIFE 4R R Z SR E LT, T4 v — D
% B L 25 % Table 1512R$ 794 v —
B5201R1IZ, 7=—1) Y ZiREZ8CICTH I & IZ
X0, WRESFRMICKIE Lz, BEko 9 5, L.
casei TFO 158837 12D W Tld, L. casei ¥ 817 5
4= =ZeEd, L. plantarum ¥ 8075 4 < —
W L7ze LA L, FEBRICHHA LA ORKD16S
rDNA ORI ORI TR 027-338% 8 D 3 5
fin) &P LzkR, L. plantarum OEIEEF] & —
HL7o o T, 794 ~—LplanR1IB X" LbC-1
& L. plantarum B X O° L. casei 2R L TR IZ)L
L7 %E 2z b7ze LbC- 113, L. brevis ® 1 ¥k
BOs L7228, EWEREONY KTh o710, HEFo
TEE ol T4 —=1LbR-11%, T=—=VU ¥
FIREESRTIZT A EICXY, L. casei D—#B &

M1 23 45 67 891011121314

product

)Specific
product

Fig. 9. PCR products for 11 species (14 strains)
of lactic acid bacteria with their specific primers.
Lanes: M; DNA size markers (sizes are shown to the
left), 1; L. brevis B5201, 2; L. brevis IFO12005, 3; L.
plantarum YIT 01027, 4: L. plantarum 1AM 12477,
5; L. casei IFO 158837, 6; L. casei B5406, 7; L. rham-
nosus TAM 124777, 8; L. zeae ITAM 124737, 9: L. aci-
dophilus IFO 139517, 10; L. kefir YIT 02227, 11; L.
Sfermentum YIT 00817, 12; L. delbrueckii subsp. bul-
garicus YIT 01817, 13; Str. thermophilus YIT 2094 ",
14; Leu. mesenteroides IAM 13004T. The PCR prod-
uct of the lane 13 is shown with arrow to help visual
observation.

+«—Universal
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Table 14. 16S rRNA-targeted specific primer sets for lactic acid bacteria

PCR
Target species Primer Sequence products
(bp)
L. brevis 27F 5-AGAGTTTGATCCTGGCTCAG-3'
B5201R1 5-TGAACAGTTACTCTCAAAGG-3’ 491
1492R 5-TACGGTTACCTTGTTACGACTT-3 1508
L. plantarum 27F 5-AGAGTTTGATCCTGGCTCAG-3
LplanR1  5-TGAACAGTTACTCTCAGATA-3’ 491
1492R 5-TACGGTTACCTTGTTACGACTT-3’ 1508
L. caser LbC-1* 5-CGAGTTCTCGTTGATGATC-3
LCcBC-2* 5-AAGATTCCCTACTGCTGCC-3’ 327
L. rhamnosus LbR-1* 5-GCAAGTCGAACGAGTTCTGATTAT-3'
LbR-2* 5-GCCGACAACAGTTACTCTGCCGACCA- 446
L. zeae Lbz-1* 5-CGAGTTTTGGTCGATGAAC-3’
LCBC-2* 5-AAGATTCCCTACTGCTGCC-3’ 327
L. acidophilus 27F 5-AGAGTTTGATCCTGGCTCAG-3’
Lacid R1 5-AGGCCAGTTACTACCTCTAT-3’ 490
1492R 5'-TACGGTTACCTTGTTACGACTT-3’ 1508
L. kefir 27F 5-AGAGTTTGATCCTGGCTCAG-3'
Lkfr R1 5-AGATGTCAACAGTTACTCTGAC-3 505
1492R 5-TACGGTTACCTTGTTACGACTT-3 1508
L. fermentum 27F 5-AGAGTTTGATCCTGGCTCAG-3'
Lfer R1 5-GTATGAACAGTTACTCTCAT-3 481
1492R 5-TACGGTTACCTTGTTACGACTT-3 1508
L. delbrueckii subsp. 27F 5-AGAGTTTGATCCTGGCTCAG-3’
bulgaricus LbD-2* 5-AAAGACCAGTTACTGCCTCTATC-3’ 489
1492R 5-TACGGTTACCTTGTTACGACTT-3 1508
Str. thermophilus 27F 5-AGAGTTTGATCCTGGCTCAG-3'
STR-1 5-TAAATGACATGTGTCATCCA-5 197
1492R 5-TACGGTTACCTTGTTACGACTT-3 1508
Leu. mesenteroides 27F 5-AGAGTTTGATCCTGGCTCAG-3’
Lmen R1  5-ATTCTAGCTGTTCTTCCCAT-3’ 463
1492R 5'-TACGGTTACCTTGTTACGACTT-3' 1508

* Primers desiened bv Watanabe et a/. (1998).

Table 15. Reaction of PCR amplification with 16S rRNA-targeted species-specific primer set

47

Tested strains

Reaction with the species—specific primer set

B5201R1  LplanR1 LbC-1 LbR-1 LbZ-1 LacidR1  LkfrR1

(+univ)

(+univ) (+LCBC-2) (+LbR-2) (+LCBC-2) (+univ) _ (+univ)

LferR1
(+univ)

LbD-2
(+univ)

STR-1
(+univ)

LmenR1
(+univ)

L. brevis B5201(=FRA000033)

L. brevis IFO 12005

L. plantarum YIT 0102" (FATCC 12477)
L. plantarum 1AM 124777

L. casei (p/antarum—type)* IFO 15883"
L. casei B5406 (=FRA 000035)

L. rhamnosus 1AM 11187

L. zeae 1AM 124737

L. acidophilus 1FO 139517

L. kefir YIT 0222"(=NRIC 1693)

L. fermentum YIT 00817(=ATCC 14931)
L. delbrueckii subsp. bulgaricus YIT 01817(=ATCC 11842)
Str. thermophilus YIT 2094

Leu. mesenteroides 1AM 13004"

+(+)
+(+)
Tr(-)
Tr(-)

- Tr - - - -

L+ o+ o+
I
1
|
I
I

|
-4
E

+(+)
+Tr)
+Tr)

Hybridization temp. (°C) in PCR amplification

55(58)

55 55 55(58) 55 55 55(58)

55(58)

55

univ: an universal primer set of 27F and 1492R
+ positive; Tr, trace; -, negative

*Partial 16S rRNA gene sequence (27-338 base site of E. coli position) of this strain is homologous to that of L. plantarum.
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W L. zeae L DM % V7% < L, PCREWY DN
VREORENLEXNTEIENWETHo/20 7T
A4 <—1bZ- 138 XU LmenRUIFFEIZIS L 720
LacidR138 X " LbD- 2 1%, & H 12 L. acidophilus B
L WV L. delbrueckii subsp. bulbaricus & Kt L, W
EXRANTEZEIETELRP 57225, TOMORMITKS
LT, L% 2o 7, LkfrR1iE, L. rhamnosus
BLOL. zeae L HETIS L7272, 7=—=Y ¥ 7
JEZS8TIZ L TAIZDS, FHITHRIUE SN h o
720 €T CTLbR-1 %M L TPCR¥FEAITV, R
MEMOES A2 & T L. kefir YR RIGICHRINTE L L E
Z b7z, LferR1iZ, L. delbrueckii subsp. bulbari-
cus B X U Str. thermophilus & 2RI L7275, JEBR
B TH o720 STR- 1% Leu. mesenteroides & Kk
BB L7248, IR CTH o 720 IBEREE O M % R
L72b DIZOWTIE, RIS EED NS FITH T 5
FRRIN T T 4 < — CRHE S 5 2 & CTRIED RS
bEEZEZLNT,

z %

MR T OABREMHZ L XV TRET S
7o, WHERY TSI —%BR L. SH0TS
A<—%MH L CUTOFIECHMEMZ @S5 &
HTE 5L, ¥, FEEREH (SMA) LT
— AR A EIET 5o ITSMA LIZER Sz 2
O = — 2 MEAEZIZ10ME B L < 1320MFEEE$9 1 L, BCP
m7>v—"rAawy y7H— (BCP) IXBMT %, BCP
LR ESNZza0 = —D A HEL72b O % 3Lk
Weae L, —RAERRTICED2IBHEOEEG (%)
FHET A, &5, wWAL-au=_—%2HEHE TR
D, TENy 7 7 — I8 S &, WA DNA % N2k
Wd 2, ZORMKEMREOE LK1 uL % PCR X
IO DNA & L TR L, SHEFERNTIA <
— 2 THRET 5. UELOFHZBLI EI2LD,
MR IEAA T OMBMAHICE LT, ABEOBELEL
BEOWHOBHELHOLNIT LI LMNTE 5,

BEREIC DWW T A BRIC18S rDNA Z iRy & L CHi
RN T IA v — % &Gt T 52 L 2 A28,
DDB]J/GenBank/EMBL 7 — ¥ X — Z 7> 518S rDNA
DOIFFEBHIE R ZDEE L TR L7z 25, 18S rD-
NA OHBHOL N Z L L, FEHRNT 201
W#ECTH o 72 T4, 26S rRNA EIZTDD1/D2
I A EERE D RN ICA R & S (Kurtzman and
Robnett, 1998), HiHEFIIEHRATEIEL CTE 2720,
COHGEEHELCTIA =G5 L0
ZONBD, AWFEICBWTIIMEES, KEiThlE

(PCR-RAPD )12 X B[R % - M 2 Bii) 3 %

% 2Y8 PCR-RAPDAICK BERE - &t

55 1 JHIZB WV TL6S rRNA #fx T (16S rDNA) #
B e L-WEER TS 4~ - 2T, Rk
EE R O FLIR W 2 WA L NV TR A R B
L7 L L, EERHZOWTIZ, 18S rRNA #{ET
R L LW RN T T4~ - otEHEEET
Hotzo TEROKFETIE, WHEILIZTIA~Y—
PRHELZINE RO VWEVW) RENH DL, —T,
PCR-RAPD % (Welsh and McClelland, 1990) i,
TEOER T I4 <~ — % L CTPCR¥IFEEZITH =
ENTE, FLMEDL LIFKLANVTOLY) PO S
A ZIMEHTE L WRENEYD 5,

REITIE, HHOERT T A4 ~—%M LT PCR-
RAPD 2 X 0, s i sk 2 5 0l S 1 5 3Lk
HBLUOBH2 Ay 73622 L7z,
Ay —%—t LMY 5 3HEOMEY % i) T X
LEMNE) M EIMEIIT T A < — BN, RIE
RENLTITA<—%HVT, ARSI OEEEDS
MR Z N TE B0 E ) PIREEL 720

B&

ARTIM1v—

TRER 754 ~— 12mer 8Ffi (ZEVTI54 <
— A01~08, Xy~ Z), 10mer 8#f (OPA-01~08,
F~mvik) B X OOPA-3 %K% L7 OPA03-C
oW THE L7z (P 1~ P16, Table 16).

B &

DUF o Wk % B8R U 72 ¢ Lactobacillus bre-
vis FRA 000033 (B5201 #k), L. brevis IAM 1082,
L. brevis IAM 1318, L. brevis IFO 3960, L. brevis
IFO 12005, Lactobacillus plantarum YIT 01027
(=ATCC 12477), L. plantarum 1AM 124777, Lac-
tobacillus casei FRA 000035 (B5406 #k), L. casei
(plantarum-type), IFO 15883 ", Lactobacillus rham-
nosus TAM1118", Lactobacillus zeae TAM 124737,
Lactobacillus acidophilus TFO 139517, Lactobacillus
kefir YIT 02227 (=NRIC 1693), Lactobacillus fer-
mentum YIT 00817 (=ATCC 14931), Lactobacillus
delbrueckii subsp. bulgaricus YIT 01817 (=ATCC
11842), Streptococcus thermophilus YIT 2094, and
Leuconostock mesenteroides TAM 130047, Debaryo-
myces hansenii var. hansenii FRA 000046 (Y5201
&), D. hansenii IAM 12209, D. hansenii IAM 12834,
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Table 16. List of arbitrary synthesized primers tested for the PCR-RAPD analysis

Primer

Tested anealing

No. Product Name Sequence Tm(°C) Temp. (°C)
P1 Bex AO1 5-ATCAGCGCACCA-3’ 42 35, 40, 45, 50
P2 Bex A02 5-AGCAGCGCCTCA-3 42 35, 40, 45, 50
P3 Bex A03 5-GCCAGCTGTACG-3' 42 35, 40, 45, 50
P4 Bex A0O4 5-TGCCTCGCACCA-3 42 35, 40, 45, 50
P5 Bex A05 5'-CCGCAGTTAGAT-3’ 36 39, 40, 45, 50
P6 Bex A06 5-ACTGGCCGAGGG-3’ 46 35, 40, 45, 50
P7 Bex A07 5-GATGGATTTGGG-3’ 36 35, 40, 45, 50
P8 Bex AO8 5-AGAATTGGACGA-3 32 35, 40, 45, 50
P9 OPERON OPA-01 5-CAGGCCCTTC-3 34 30, 33, 35, 38
P10 OPERON OPA-02 5-TGCCGAGCTG-3 34 30, 33, 35, 38
P11 OPERON OPA-03 5-AGTCAGCCAC-3 32 30, 33, 35, 38
P12 OPERON OPA-04 5-AATCGGGCTG-3 32 30, 33, 35, 38
P13 OPERON OPA-05 5-AGGGGTCTTG-3’ 32 30, 33, 35, 38
P14 OPERON OPA-06 5-GGTCCCTGAC-3’ 34 30, 33, 35, 38
P15 OPERON OPA-07 5-GAAACGGGTG-3' 32 30, 33, 35, 38
P16 OPERON OPA-08 5-GTGACGTAGG-3 32 30, 33, 35, 38
P17 OPA-03-C 5-AGTCAGCCA-3 28 25, 30, 33

D. hansenii TAM 12837, D. hansenii IAM 12838,
Candida sp. FRA 000047 (Y5206 #%), Candida zeyl-
anoides 1AM 12204, Candida kruisit JCM 1627, Sac-
charomyces cerevisiae 1AM 4512, S. cerevisiae strain
Yakult, Candida sake TFO 1213, C. sake IFO 1517.

E{F DNA OFFSY

wAIZP1 ~Pl6ETHOT I ~—%flijl L TPCR
HEMR OSSR Tl L 72 EBRIC B Wi, 3 H#E (B5201
¥R, Y5201%k , Y52068k) D W1k DNA =il v
(Gen £ 6K A, #57) ZHALT, Fula—n
WZHEo THBLL 720 RIZT T4 <~ —% OPA-03b L <
1Z OPA-03-C I W IAAT, FLEEH B L OB 0L
Bz g e L TR L2 MRET 2 ERICBNT
&, BUKIMEHT X D K DNA 238 L 7=, Ukl
W, Pl Eoao=—%, 30uL DO TE Ny 77
— A BRORARE BE S, 94T TISHHMmET 5 2
E TV, nEE oL (12000rpm, 547) Ei 1
uL 8RB DNA & L THEH L7z, WkomiR:#1g,
FLRERBRIE, MRS (Merck) —1.5% RN T, B
BHZ, 7 u—SEREH T - 72

PCR R is%&

PCR 840§, MgCl, 2mM, dNTP {RifE 4200 u M,
B DNA 1 uL, 794 <— %&1.0uM, DNA EYJ *
L—A (Ex Taq, Eilii&, Hi) 25 U #&5E100uL
DS 2 BER BRI SNy 7 7 =2 T
FB L TAT o 720 PCR D FUGSMZ, 94C T 3 701%
Fet%94C 208, Ta'C 20f6, 72C 3082304 1 7 v
TV, BBRICT2CTH R L7z 7=—Y ¥ JimE

(Ta) 1T7 94 ~—® Tmfli%Z%I|Z Table 14127~
L7-#iPHT, @E%%Z 2 CPCR¥IEZITV, FES
RA»o72b 0% BETR Lz, WIREWX, 1%7 5
=27V CTERKKL, =FI7A703 FT4MA
LCHigL 7=,

P1~Pl6ETHOTIA4~—%MH LT, 3HK
(B5201, Y5201, Y5206) @ B & DNA # $ 812 L T
PCR ¥lE % 1T o 724& 8, P1~P8BLXUPI~PI6
DTIAI—L{ T o= ZREEIBCICEREL
DS, WAL Ny FHWIETH - 72720,
35C TORPEE T LT Fig. 1012R L7z, ki
FLEE T B5201# D DNA # RN L7286 (L —
Yoa) ONY EBRLRVENICH 72, P1~Pl6E
TOMBEZ LT, 3WHKRE QEBONY FHIRERETE
5 P11 (OPA-03) # 754 v —frti& L TRIRL 72,

WIZ, AF—%— 3WHRICH LT, —FHROR
o727 54 <— OPA-03% i LC, FLMEH13%k%
x4 & LC PCR ¥R 2T IkiR L 72 (Fig. 11). FZB
AR O M & 08T 2 B 1S3 S B O Tk
BWARZDEb R ITNE e hnwEBEgshs, 22
T, SRIOBETIE, fERHOKIEEIC X IR L
72 DNA # 8RN L7 25, Bo201FkIZDWT
Fig. 10T 6 N7z &) ZHIEED O /N v FOEIE S
Nedroize T2 U L. brevis %k TAM 120058k 0
Yt b MR IR EE DN RSBE SN o 72,
B52014KIC DWW TIE, FEFRD 72O FEE DNA O #oKk
A ATV, [FABD PCR ¥R Z 47 - 7243, #EAULE T
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Thol: WRERST). —H, WMEEDIHEOL
72L—=23, 4D L. brevisBkO/NY K37 — U 7%,
Fig. 10C@ZE I N7z Bo201kk D /N> oy — v L b
B9 % &, $2.5kb, 2.3kb, 1.6kb ® 3 ARKD/NV 73
FalICEIEE SN, L. brevis ZFEL XN)VTH A4 TH0F
TETWALbDEEZOLNT, —J, L—Y5DL.
brevis TAM 1082HE D121, oD L. brevis RIZHA
LN WH0.6kb DN RsH 6, F7:2.5kb B &
U23kb D2ADNY FOMED L -3, 4D
WEEETRZ-TBY, WHROBENIZI 2 ERE MK
MT22EJDTEBYENDHLILaRE L. L
L, #7% DNA Ofit &4 bs 28128, g
NYRPROENBNZLDDHD AL, HROHEIIR
REBREZRDVD Y, EHLEMERH L LEZ 5Nz,
BAIIEIC X VB L7- DNA 28 L §5 &,
774 <— OPA03% MM L Td, PCRIFIREED DN
VREIRGEONRCGE LS D0, TOTITA
~—03 Kz 1] - 7275 4 ~— OPA03-C %
AL, FERIZ PCRRAPD 2 L7z 7T2—1) ¥

M Pt P2 P3 P4
abec abec abe abec

Jim gL, 25C, 30T, 33CCTHL, mIEROR
225 7230C CTORER % Fig. 1212R L7z 754 ~<—
OPA-03% i L 725 & b, Ny BB 2 5 7
E, RERDPYE SN, MKIKRE LT L. brevis D
K DNA % gl & U CHIRED DN F 2o h
oz (L—=r1, 2), FEE LTATGE
HIWF Sz,

WIZT I 4 <—0PA-03Z i LT, BRI
A FFRIZPCR %17 o 7245 R % Fig. 1312”7 &
K DNA &, Bokdliig:ic X h #8728k DNA 2 8
L7zo sl E L7z D. hansenii #:132.3kb 7> 51.3kb
W TEARDN Y PR LE (L=3~6),
—77, Y520lHkd¥ia (L—>1) &, EEL5 AN
YFDH)BLLED2ERKE—FTD 1 ARDF 3 AT L
D2RETD2RDFF AR —HLTWBELIITHH
LN5%5 3kbAHEE 4kbAHETIZH DI FAHT2
REZE SN, SEMKLIIIHEICXH SNz, Y52064%
1%, 18S rRNA #fn T DIFIEEAN D\ 7= BT
DFERD 51X, Candida zeylanoides \ 2% TH 5 &

M P55 P6 P7 P8
abec abec

abec abec

M P9 P10 P11 P12
abec abec abec abge

M P13 P14 P15 P16
abc abec abec abe

Fig. 10. PCR products obtained with primers P1 ~ P16. Total DNAs were prepared from Lactobacillus brevis
B5201 (a), Debaryomyces hansenii var. hansenii Y5201 (b) and Candida sp. Y5206 (c) using a commercial kit (Gen
toru-kun) and used as templates for the PCR amplification. Lanes M: DNA size markers.
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M1 23 4 56 728 9 10

Fig. 11. PCR products for 10 species of lactic acid bacteria with a primer P11 (OPA-03). Lanes: M; DNA size
markers (sizes are shown to the left), 1; L. brevis B5201, 2; L. casei B5406, 3; L. brevis IAM 1082, 4; L. brevis
IAM 1318, 5: L. brevis IFO 3960, 6; L. brevis IFO 12005, 7; L. plantarum IAM 124777, 8; L. rhamnosus TAM
124777, 9: L. zeae IAM 124737, 10: L. acidophilus TFO 139517,

M1 2345678 91011121314

Fig. 12. PCR products for 11 species (14 strains) of lactic acid bacteria with a primer P17 (OPA-03-C). Lanes:
M; DNA size markers (sizes are shown to the left), 1; L. brevis B5201, 2; L. brevis IFO 12005, 3; L. planta-
rum YIT 0102, 4; L. plantarum IAM 124777 5 L. casei IFO 158837, 6 L. casei B5406, 7 L. rhamnosus TAM
124777, 8: L. zeae IAM 124737, 9: L. acidophilus TFO 139517, 10; L. kefir YIT 02227, 11; L. fermentum YIT
00817, 12: L. delbrueckii subsp. bulgaricus YIT 01817, 13; Str. thermophilus YIT 20947, 14; Leu. mesenteroides
IAM 13004 ".

M 123456 7 89 101112

Fig. 13. PCR products for 4 species (12 strains) of yeast with a primer P11 (OPA-03). Lanes: M; DNA size
markers (sizes are shown to the left), 1; Y5201, 2; Y5206, 3: D. hansenii IAM 12209, 4; D. hansenii IAM
12834, 5; D. hansenii IAM 12837, 6; D. hansenii IAM 12838, 7; C. zeylanoides IAM 12204, 8; C. kruisii JCM
1627, 9; S. cerevisiae IAM 4512, 10; S. cerevisiae strain Yakult, 11; C. sake IFO 1213, 12; C. sake IFO 1517.
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W) ZEMNDbhro TWzAS, Sequence similarity 2%
99.5% (1750bp) L 227 £, Candida sp. & ST
72 (8523%), L2 L Y5206%k ® PCR-RAPD 12 &
LYEREMI, C. zevlanoides DD BIERRD /X & —
v (L=r17) &—3 L Tw/, PCRRAPD Dk
R, T AEROERE W 5720, HlREYD
IS — W C. zeylanoides DMMDOB Ik E —FH L7722
LE, Y52068k28 C. zevianoides TH 5H Z & ZRIE L
720 18S rRNA #{n T DI O EITEA C. zeyl-
anoides O TENN C. kruisii DNV F3% — > (L
— > 8) b C. zeylanoides (L—> 2, 7) OV K
NH =& HUTH o720 S cerevisiae D HFEH
(L=>9, 10) 2L, C. sake DWHH (L —v
11, 12) T L7236, Ny FOMEBEIZIZIZHE -
TWBH00, HADNY FORIHERL>THDEZ
LB EN, IS0 RE &b THR 3L,
INOLDORMEIZOWTIREME L NVALEIZE > TR
BRL ARV TOMAAEEL E 2 Sz, DLEofs R
5, 774 <— OPA-03ZfiH L THREX & — % —
DNV HHEETED DLW SN,

z B

16HH D754 ~—%MH LTPCR - RAPD i
L0, IR B5201#K, EERE Y52010kHB & OF Y5206k
DRFFRMIM & A Tzo Wl v b2 A L CHUR R
L 7- itk DNA Z 88U H L7234, OPERON #:
DT F 43— OPA03ZMM LT, 3RHKH OB
WREE Z 2 N7z RICILIRW, BERROSHMkE
LCHl7 7 4 % — OB MR 2 7R R, ik
v FEMHLTHE L7 DNA 288 & LCRH L7
B e, BoKmiEic X ) L 72 DNA %8
BE L70G, FURE O G THRIEED OS>
MPELNZ VAN D B L\ D) BENET B 2 &A%
L 720 A DNEIEIE IR O WUZE AR O FFNT IS AR
EWHT AL EEZLGE, ZHOWHRICOVTH
R E T 0B 5720, FEITHE% DNA OF#
X, BUkIMEICR SN S, Lizd-> T, 4 EEIR
L7277 4 ~— OPA-03%fli j] L T PCR-RAPD %12
IVABHZRHEL XV THRIBET 22 L 3REETH 2
LEZ LN, 512 0PA03% 1M UEL
74 <— 0PA03-C #3252 &M L7,
PCR ¥IEORE RS EH SN, &3 2 M wAIC
Lo TWEARTH D EEZ SN0, L. brevis B5201
ROMMIZE L TIEAERN TR o720 —HEERICD
WL, Y52018kB £ N Y5206/ % f L NV Tl 3
LOIHMTH D LEZ HNTz FRICHRERTICIE,

D. hansenii ¥ 4 7 OEEREDS, W EHE THA L
TWRIEARBENTEY (F2F), MLV X
D FREDL XV CHITEL245HOREE, AFy—%
— & L THA SN YO20I Mk & SS9 4 B Y
WA TH DL EEZ BN,

F28 ILEMHE - BEOMEALEHEOKE

RN SN2 7 4V ORI FLIR R - B
B (B52014k, Y5201%k, Y5206%k) 5% % 3 vy
— VT APEELTWA I LA L2720, Thb
SHH A IROHM T 5 2 L Tl OFIEHAM 2 A% L
72 (52, 3%), ZhTIk, Ihb 3FEOMAEY
DILDOENDEWS LTHAY —F—L L THEE
BTHHH)ND? FMORHEOFLIRE, FEEHIA Y —
=L LTHHWEETH S )5 ? TN DMEMGET
5720, HiEiZBWT, MR RRHh OMEWH %
TELANVTIRITT 2 FEOME 2B kol ZOH
R, ARFEIZOWTE, FHEFRNT I~ — %M
T A5 BRIOWwWTR, SYFLAARTIA~—
% i3 % PCR-RAPD 23 2 kA Bz s
720

ZZT, 3HEOMEWOMAGDLEEZ VS NALE
ACHEML, FMBRHOEREL LORAROEF D
OB ENS, A7 —F =L LTORD MG L 72,
—7J5, WHEPSEZ L E, Rk, ERERHEMII,
HMBEMANOFHANEZ SN D, ZOWE, #HT5
AEMNE, REVEICEIT A IEMATZ LB AR B &
DY, TiE LTREMWICEROD LR ZMH L7
RS v, 2T, BMEETEEOD LR
fiC, LW, BHOMAEDLEE N TR L
THADIEWEA Z — & — & L THREET 55 &9 »illx
720

h &

A5 — 2 —ERDRR

INFE TR 25 0 S R o
Y=Y T REI=TN NREWEOREELMICE
WCHERHDOD AR TEREICHK LMoy
— VT AD2WHOA T T —DRAY =¥ — &G L
720 Hi# X, L1 : Lactobacillus brevis FRA 000033
(B5201#k), Y 1 : Debaryomyces hansenii var. hanse-
nii FRA 000046 (Y5201#k) B X 'Y 2 : Candida sp.
FRA 000047 (Y5206%%) 12X DR S5, HREIE,
L2 : Lactobacillus acidophilus IAM 100743 L < &
L 3 : Lactobacillus plantarum TIAM 124777 & Y3:
Saccharomyces cerevisiae IAM 45125 12 X DR &1L
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5L DE L72. FLEEH X MRS broth (Merck), E#hk
1Z YM broth (Difco) TZhZhuikiEL 2%, Wik
Za OB L, WRE0.85% NaCl KT 2 Mkt [
12 OD660nm=1.00#E TlEE L, WAREERE L
TR L7 ZRZEhoREEERIZ, ZhEhs.3
x10°CFU/mL (L 1#k),1.9x10°CFU/mL (Y 1 #k),
3.1x10"CFU/mL (Y 2 %), 9.9x10°CFU/mL (L2
#k), 1.6x10°CFU/mL (L3 #k), 4.0x10°CFU/mL
(Y3H) #&HT 5,

HEDRBERMG

HEEAR O, 500mL FORY) A — K% —
F#K MU (Nalgene) #4— 27 L—7W L Cff
M L7z K FWVIZ3.5% NaCl K¥#E#180mL % A,
T 7 2K FEaLY, BES 3 ¥) 10.0g &
s —¥ (R10, Y7V bAH) #02g ML T
ICRAEL ZhicA Y — % — & L CHHRE S
WA 2mL 3 2OVA VAL HREOMAGHOETHRML
Too BEEEENZ, 1 HIWC1N, PHRVICLIBAHAZH
FATWARES A7) 2—=F ¥ v T2 HORET, 20
CTFTI4HM, BEREZzBI o7, BHEHEME LA
WHDOEMIBX E Lz, 2 ToORHI 2 KT OFTEL
726

RERSOMIREEN

T A REROR T B IR ES A, T
V& —<VFH A —1 (Beckman Coulter, Inc.) T
M40um A1) 74 A2MHLTHME L7 29~115u
m W5 Ok T % BEA PR T (Single cell detritus :
SCD) &az%m L, ERESATIZBIT S SCD g o
WAEES (%) 5B Lz, ABE=IEX, WlRF Y b
(F kit L-#LB%. Roche Diagnostics) #=ffH L CTL —
FLEE DO AE L 720

JehfitE B X O RAE o R RN, FhE
N, BEEHEZEREH (SMA, H/KEH) B X O Marine
Agar 2216 (MA, Difco) %/ L Tl 72, FLME
HIZBCP M7 L— kA~ > k74— (BCP, HAKRHE)
ERALT, au=—H Al EE L D% AR L
Al L TR L7z BERHE, $7 o —2EREH (HK
HWHE) 12 NaCl % 5 %l L7z F4K (SBR5) Talk
L 720 SMA BHEU#IC MA BHEE % N 2 724 & SBR
B Z Ll AR E L, WAERRICT
357 (BCP &), MR: (SBRSEHEUE) B
X OUFIEVERITY (MA BHEUE-SBR 5 5HUE) o #&
(%) Z &R LT L 72,

ERBOFHUIH 72 BCP PR LICTEE S vz #
BOFMBHO T 0= — 2 MAEAI210T 0 = —F D53k

L, B4%E TR LAEESFRN T4 ~—%
BT 2HECEY, HEOKERTT- 72, B
WU, BRI ZE T B0l 2 W L 72 SBR 5 FAR I
Oau=—%FIIEBANEERID, ¥4 705001,
Ky A4 TOau == WAERLICI0E T o5 8L, MU
A 1 i THET L7z PCR-RAPD #1012 X 1) wifl
DIFEZEFT > 720

METRTE

FLE W OB AR W 0 4 F % #5012
HRIDE D DRET B 720, GFEVERE o4 BB o
G, 3HBOFLMEE 2 LML, AW
FEREL OB TR L 720 WANZT — 5 D5 EOSE Y
% Levene test 12 X D f#FE L 7zo ¥KIZ Kruskal Wallis
test ICX 0, HHOGHRICEBEEND L0 E ) PR
B L7z REMOGHICHA BN D > 7284, Games-
Howell test I2 & 0, FLBEIFHMEIIH L TLEDOR
SRTEDSH RSN D B D EME L 2o BEREOBREHT
BRI OB ICH 2 250 BOF B RIS L TR~
7z 72721, Y5201%kE Y5206k % Ml &b CHAR
L7-3BE I, HERR L THRGET L7z S ORUER,
ke 7 b =7 (SPSS 11. 0], SPSS Inc.) % ff
LT L7z,

s R

25— 7 —HEHEDEV EREEEB OMR

Ay = —HIK & Z THE L7 s il e ot
ROHTHE S & Table 17128 L7z BRERAMIZIL,
AL — 5 =IO IR B L O &Emila vy —
DT AOWH AR LRI R AR U, —
W, BRI — T AR L RBRR D) b,
B RE Y52010k b L < 13 Y52060k 2 50 L TR L 72
WEHE, TATVHOGEREFE L7, M2
3 FLAEE T B52014R O A & H4d L 723kl IX (L1) 13,
FHEDLDBUADL 2L, FOohE FVRANL
FUBRDSEEA L CTwB b o L g sz, SCD i o
MR T OB AL, BEM2.3% Th 7275, 2:8H
DOEEBICIET72.8%~80.0% L THWIML72e A% —%
—IEEREX TIE, W4 1375.4% Td o 720 RIS
FIF—ZONETHY, A —F —HHhOEHOH K
H D VIFERDENICED 53 RAF4R SCD A i %
RUTze AR Yy =3 7 A% L CRELL 723
# (L1Y1Y2) T, L-fLEEA%1.11g/L A S h,
pH 254.3% TN L 7z. FLERTH B5201#k % Hidlid % \»
BEEREE R 2 ASLETERE LB TH L-3L
1% £%0.90-1.00g/L Tk &N, pHAH4.3% TR T T
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Table 17. Characteristics of fermented Undaria-cultures prepared with different compositions of starter mi-

croorganisms

Starter compositions

Characterisitics of the fermented products

Starter compositions

Lactic acid bacteria™ yeast*2

Volume proportion of
algal particles sized in
the 2.9-11.5um

L-lactic acid

Odor production pH

fraction (%) L

Initial Weak seaweed odor 23 £ 00 <0.01 64 £ 00
No-starter cultures Weak rotten odor 754 = 18 142 += 003 43 = 0.1
(Wild type strains)

L1Y1Y2 B5201 Y5201, Y5206 Ester-like odor 782 =+ 00 111 =013 43 =00
L1 B5201 - Weak sour odor 772 = 03 091 =+ 0.01 43 =*= 00
L1Y1 B5201 Y5201 Weak ester-like odor 783 = 14 090 =001 43 = 00
L1Y2 B5201 Y5206 Ester-like odor 791 *= 29 1.00 = 0.00 43 =*= 0.1
Y1 - Y5201 Weak ester-like odor 775 £ 1.0 067 =076 43 %= 00
Y2 - Y5206 Weak ester-like odor 728 = 14 051 == 0.07 46 = 00
Y1Y2 - Y5201, Y5206  Weak ester—like odor 76.1 = 0.7 062 =+ 021 46 =+ 03
(Food industry—familiar species)

) . . 43 _ Sour odor with weak 4 + +
L2 L. acidophilus (casei—type) rotten odor 764 = 13 294 =001 38 =+ 00
L3 L. plantarum - Sour odor with weak 786 =+ 06 192 + 014 36 = 0.0
rotten odor
L2Y3 L. acidophilus (casei~type)® S siae  Weaksourodorwith o060 534 539 4000 39 + 00
. aciadophilus (caser type) . cerevisiae weak rotten odor .| x B . = U x U
L. Sour odor with weak
L3Y3 L. plantarum S. cerevisiae 782 £ 22 164 =004 37 =00
rotten odor
Y3 - S. cerevisiae Weak rotten odor 733 £ 3.1 044 =015 45 %= 03

The cultures were incubated for 14 days and analysed. Data is shown as means=*SD based on duplicate trials.

*'' L. brevis FRA000033 (B5201), L. acidophilus 1AM 10074, and L. plantarum 1AM 12477 were used.

*2 Debaryomyces hansenii var. hansenii FRA 000046(Y5201), Candida sp. FRA000047(Y5206) and Saccharomyces cerevisiae 1AM 4512 were
A acidophilus 1AM10074 was assigned to L. case/ based on the results of reactions with species—specific primers.

B ENBIEEI Nz, —T5, BEREIZ R A L 7250k
(Y1, Y2, YIY2) T, L-fLMeEdRE2EKo
T, 0.51~0.67g/L C, pH134.3~4.6TH o720 ¥
— ¥ — MO RX AL BT L- ALERELE R
2%, 1.42g/L T, pH2M3FTIKTF L7z, T, 7
J1 AGERHIHR T B LR 2S, 7o F WML 72720
LEZONT, 72721, BREERBRICBWTIE, LR
HIEHI LAV (<10°CFU/mL, Table 4-2-2) T
Hotze MYV =37 AORHEZ B L 728 R
T, SEMABR TH 5 L. acidophilus B X VL.
plantarum % FAE L 72380 X T, X0Z£ <o L-3
W% ZIEN2.94g/L B L TU1.92g/L LXJVTREEAL,
pHH ZNZFN3ZBLUIO6ICIKET Lz INHDFH
W S. cerevisiae % P L CHAMET 5 &, L- AW
FEAERDRZENEN2.39g/L B L U1.64g/L L7901
%0, pHIE3.9BXU3.7CTHh o720 S. cerevisiae & H.
MTHMS 5 &, L- FLERREA #4%0.44g/L C, pH I
45THo7,

HREHEMAPOMEYE
MR Z M R W72 TORERD» S,
BN TR 5 &, FLRW R T A2 8
VbhoTwh, —Ji, BB 5L, 1tk
MW OBAIEINT 20 H 5. 22T, FLEW, B

B, ARV o B R BT A EIA R R LTt
B L7 (Table 18). i iR R0 & Y52014%,

Y5206k % e, BEREIX, SMA, MA, SBR5 L
a2 =—%2RBRT 5 ERbhr>Twb, —H,

B5201#k, TAMI0074%k, TAMI12477#k% &6, FLEEH
13 SMA, BCP Llicau=—%EKT 5%, MA LIC
RN 2B 2 B CTHIRBIg TE s K& 3o =—
B LW EbhroTnb, L7ed-T, &4
WO $ = SMA FHEfii + MA 71 — SBR 5 #H4
i, WFEVEME o8 = MA M — SBR 5 FHEl
T, WHb 22L& L7z, HARICALEERR 23 L 720
RGBT, AR D65.7% % FLEE R A O T 7z,
LA L, sHRIXEECIE, FEEHEOKD £ <,

46.0% L RBRX DI TIR K TH o720 BRI Y —
DT AEMHLUCRELZRAMN (L1Y1Y2) T,

FLME 1H 7%85.5%, FEREDST.6%, BFHEVEMIE 25 <0.1%
Tdh o7z FLHRW B520IFRHUMEEREX (L1) T3,

FLRER I H°82.4%, WERE%0.2%, IF¥EYEMH2%0.3% T,

B5201#k 0 BB X 1X, RAROEFTIHICAR) &
EZ bN7z, Bo20MR & B B OM A S HE T
MUK L1YL, L1Y2) T, fLEBEIK 4
88.5% 8 X 10M94.1%, BEREATE b 123.7% Tof-H kA
BA% 4 14%B L 05% CTIHEEIA Lol Z
M U TR 2 Bl L 723X (Y1, Y2,
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Y1Y2)Tid, s R B m < (11.8%~27.4%),

BERE7Z T oA TlE, MEMAHOHRIEIRNEEE Z 2 S5h
720 L. acidophilus #HAE L 723 BRIX (L2, L2Y 3) 13,
FLEEWME L L (K4 126.6%, 96.6%), BERE (&3
12<0.1%) EAFIEVEME (%4 0.7%, 9.8%) 24
B, RAY—=F—LLTHLTWVWELEEZ LN,

L. plantarum %= 3 L 723 8xX (L3, L3Y3) i3,

Table 1705 7= ORI L2 E2 5N
7o, WFERVERMIR BT R & < (% 4 34.5%,

19.7%), A% —%—& LCo®ix, B5201#kIZH S
L#EZ 6Nz S cerevisiae HMBEFEX OFEHE, 4F
BRI B R R & < (25.0%), RABDOAH
2RI 280095 % £ E 2 b7z, S. cerevisiae 13,

SMA PR Ll a v = =% $ 5%, SBRS5 L
iZavu=—%2EK L%, L72A> T, Table 18D
BERERT B L, S, cerevisiae DR AT L T
WEEZ LNl LaL, S. cerevisiae % A L 723K
BRIXIZB VT, SMA FHEE (ZLIEH & BERE o RT 5 fiE
#&te) 2SBCPEHEME (FLMBW 720 ot EE) L1
FENDB LR ININAENWT ENS, S cerevisiae
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DERBIBD TINE VI LIS EE 2 SN,
FURE W B & OB O TN AR MM 8 0 4278 % Hi)
T AR DOWT, FEHWIZEHI L7z (Table 19),
IR MIR I ORI & MGET 5 720, WBRIX % 3L
Wt FE AN AE, BS201RRIRINEE, L. acidophilus 7N
., L. plantarum FIMEEO 4 50 720 F 2Bk
WINORI R MEET 5 7200, SRR % BERE IR A,
Y520 IR INEE, YS206KRANINEE, S. cerevisiae TRINAE
D 4 BTG F 720 Levene test 12 & 0 B L 72453,
FLEE W, BERRIC3ED S BRMT & b & s Bai i oo Sk
IR DRI D 7 — & DEGFHEPE IR S L
BMoleh, TNEHELT V8T X N v 7 by
BBk o7z0 £, Kruskal Wallis test % 32
fiti U745 58, FLRW OWIMOA I X 2 ER B D@
X, AR (P<0.01) &fIEsh, BEORNOE K
WX B ERBoENE, AETRY (P>0.05) &H
SEE N7z WIC Games-Howell test (2 & 1), FLEEHIE
VRN & RPN BeiR U € & o U A RBR B (O B
HDLPHE L7z TORSE, BRIRRINEL KO L.
acidophilus WIMBEICENH LT EPHBE L (&3

Table 18. Study on microbial flora in the fermented Undaria cultures prepared with different compositions

of lactic acid bacteria and yeast

Viable counts (CFU/mL)

Proportion based on viable counts (%)

Starter compositions Non—halophilic mic. Halophilic mic. Lactic acid bac. Yeast Total mic. Lactic acid bac. Yeast Halophilic contaminant bac.
(Counted on SMA)  (Counted on MA)  (Counted on BCP) (Counted on SBR5) (SMA+MA-SBR5) BCP/Total SBR5/Total (MA-SBR5)/Total

Initial < 10° < 10° < 10° < 10 < 10°

No-starter cultures 764 =+ 13.2x10° 70.9 =+ 441x10° 932 =+ 144x10° <001 x10° 1472 + 308x10° 657 =+ 235 <ol 460 =+ 203

(Wild type strains)

L1Y1Y2 490 = 04x10° 30 = 04x10° 413 + 00x10° 37 = 02x10° 483 %+ 03x10° 855 *+05 76 =% 05 < 01

] 509 + 7.3x10° 03 = 05x10° 424 % 115x10° 01 + 01x10° 510 + 7.1x10° 824 + 111 02 = 02 03 =+ 05

L1Y1 432 + 12x10° 20 + 06x10° 385 + 54x10° 16 + 07x10° 435+ 00x10° 885 + 124 37 * 16 14 + 20

L1Y2 462 + 134x10° 20 + 04x10° 439 + 139x10° 18 =+ 08x10° 464 + 133x10° 941 =+ 31 37 + 06 05 + 04

Y1 162 = 101 x10° 84 =+ 87x10° 149 =+ 210x10° 49 = 40x10° 197 + 54x10° 632 =+ 894 286 = 284 219 + 298

Y2 282 + 07x10° 317 = 141x10° 19 = 26x10° 194 + 28x10° 405 + 120x10° 58 +82 490 =+ 76 274 + 198

Y1Y2 387 =+ 16.1x10° 148 + 86x10° 220 + 297x10° 104 + 60x10° 431 £ 134x10° 409 =+ 578 275 =+ 225 118 + 98

(Food industry—familiar species)

L2 612 + 163x10° 05 = 06x10° 770 = 13.2x10° <0.01 x10° 617 = 16.8x10° 1266 =+ 132 < o1 07 + 07

L3 1337 + 28x10° 734 + 344x10° 1304 =+ 165x10° <0.1 x10° 2070 + 37.3x10° 633 =+ 34 <ol 345 =+ 105

L2Y3 227 + 23x10° 26 =+ 18x10° 237 = 47x10° <001 x10° 252 + 42x10° 966 =+ 348 < 01 98 =+ 57

L3Y3 560 + 132x10° 133 =+ 38x10° 612 = 49x10° <0.01 x10° 693 + 93x10° 896 = 19.2 < 01 197 + 81

Y3 M5 + 554x10° 53 + 40x10° 430 * 59.4x10° 06 + 02x10° 461 + 597x10° 481 =+ 680 102 =+ 137 250 =+ 23.1

Data is shown as mean=SD based on replicate trials.

Table 19. Analysis of variance to test differences in proportions of halophilic contaminant bac-
teria among the fermented Undaria cultures prepared with different starter compositions

Microorganisms Groups n Kruskal Wallis test Games—Howell test
LAB P <0.01
No LAB 10 -
B5201 8 P <0.05
L. acidophilus (casei—type) 4 P <0.05
L. plantarum 4 P >0.05
Yeast P >0.05
No yeast 8
Y5201 4
Y5206 4
S. cerevisiae 6

Effect of inoculation of lactic acid bacteria (LAB) and yeast was analysed individually by the
Kruskal Wallis test. For the case of yeast, groups inoculated with a combination of Y5201 and
Y5206 were eliminated. Then, the LAB groups having significant effects were further compared

by the Games—Howell test against the no LAB group.
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I2 P<0.05)

BERERN TS/ Y- 2EALAZBEL NIV TOIER
EHHOBE

WEEZF T 5 B TR S N EEERE -
W SN/ a0 = — 2 84 IC10BE R L, FrL
W BCP AR ICRAE L CRliFe v BE L 7215, o4 5548
1 HICRIZ L-WHIERN T I 4 ~— 23 2 Fik
XD, FLMRW O WM 2 55E L7z (Table 20), 3
A F =& —=IERMOFFIIXICB VT, 2K TOR
BT, L. brevis BRENEN 1R /I0BEB IO 7T HE /8
e (B PERREL / RBRE) Tho7ze —H, L. brevis
AL 723BRIX IS B WL, BRI L C
WAPEPCHDL LT, 2TORKRKX (L1Y1Y2,
L1, L1Y1,L1Y2) IZBWT2ARV.CTHEED,
L. brevis 23108k /10D E & TRl S iz, —,
FERE 72 BBl L 723 BRIX i, 13T L. brevis
B8R/ SHOBETHRINENZb DD, MOFRET
X, BROMAEDEICI 2D ST, BRI EL L
W EDL o7z (6 B 450 . M
EHEODHLIAMEFTH D L. acidophilus B L O L.
plantarum % B CHA L 723X ICB Wi, #iE
L= & —3d 2 WHEOMEEEIL, Fhzn10kk
/108K, THE/9KEB X V9 KK /108K, 54k /10K TH
> 720 B, L. acidophilus TAM100741%, acidophi-
lus FFRI 7T 74 v =123, ThHOFLEWIZ
S. cerevisiae P L 723 BRX (L2Y3,L3Y3) I
BWTIL, casel BRI T I A =1 L7720,
casei FFRIN T T4 = —THIN L 724K 2R LTH %,
L. acidophilus B X O° L. plantarum ® ¥ #4113,

ZTNEN IR/ 9FE 04k /108 B X O°9 #k /108,
6 ¥k /10 TH > 720 S. cerevisiae % HAIERE L 72534
BEIX (Y3) Tit, 1R&FTOAAMBE»ESL, bk
Do 1RETIX L. plantarum H3 9 ¥k /10 D EE T
Mt S 7z,

PCR-RAPD &% £ LU 7~ EMHEOHER
WA T 2 HW TR S N7z SBR 5 %K 5 H
Foao=—oRREENEE2S, Ju=—%2Y1
(Y5201) EIB XYY 2 (Y5206) ENZ404H L C Table
2UTR L7 20 =—DOREBFANLRFEIr DI A ¥
IUMIELWZ EERAET 5720, BERENhi-an
= — 2 HEEZ 101 E#IR L, PCRRAPD I X 5 %
AV HPAT L CEm Lz, RBEXLIY1IY2 B
FUPY1IY21Z2o0nWTiE, TBEFEMIZYL L3hia
O=—H5100k, Y2 &adh/au=—25100%
EZ\ZEATPCRRAPD T L DB L 720 £
y— & =Moot IRIX, FLER N BRI (L1,
L2, L3), L2Y3XBLUL3IYIKIZBWTIZ,
FEREDME S L e o 7o RICHARI VY -3 7 A%
BRLZLIY1IY2KIZBWTIE, au=—ogkE
PSS 2 RV COREHIBWTFHTY 1 B
22%, Y2%IH97.8% & HAEH /2. PCR-RAPD
BTHRIAER2SIE, Tho Y1IRIE LoZER
ZI Bk /108 (/B 25— 3 L 7=k 5k / BBk 50
BLUOOK/ 6B Y1 THo720 —F, Y2HE
L 7=k ZNZN108k /100 B & 108k /10828 Y 2
WMThole —H, YIZEMLAZLIYIRBIY
Y 1 X2 o008 S efERRE, BRI » S >99
%NBLUO>6%Y1HTH S L SN, PCRRAPD i

Table 20. Results of identification of lactic acid bacteria isolated from fermented Undaria using spe-

cies-specific primers

Typing based on PCR products:

Starter compositions Trial No. 1 Trial No. 2

brevis casel plantarum brevis casel plantarum
No-—starter cultures 1/10 NT NT 7/8 NT 0/8
(Wild type strains)
L1Y1Y2 10/10 NT NT 10/10 NT NT
L1 10/10 NT NT 10/10 NT NT
L1Y1 10/10 NT NT 10/10 NT NT
L1Y2 10/10 NT NT 10/10 NT NT
Y1 (LAB was not predominant) NT NT NT
Y2 (LAB was not predominant) (LAB was not predominant)
Y1Y2 (LAB was not predominant) 8/8 NT NT
(Food industry—familiar species)
L2 NT 10/10 NT NT 7/9 NT
L3 NT NT 9/10 NT NT 5/10
L2Y3 NT 3/9 NT NT 0/10 NT
L3Y3 NT NT 9/10 NT NT 6/10
Y3 NT NT 9/10 (LAB was not predominant)

Data is shown as the number of poisitive reacted/tested isolates with the species—specific primer set.
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Table 21. Typing of yeast strains isolated from fermented Undaria based on morphological characterisitics

of the colonies and the PCR-RAPD products with the OPA-3 primer

Typing based on

Typing based on PCR products:

Starter compositions morphorogical

Trial No. 1

Trial No. 2

. . . *1
characteristics of colonies

Y1-type Y2-type Y3-type Other types Y1-type Y2-type Y3-type Other types

No-starter cultures (Not estimated)

(Wild type strains)

L1Y1Y2* Y1-type (2.2%)

Y2-type (97.8%)
L1 (Not estimated)
L1Y1 Y1-type (>99%)
L1Y2 Y2-type (>99%)
Y1 Y1-type (>96%)
Y2 Y2-type (>99%)
Y1y2*? Y1-type (3.5%)

Y2-type (96.5%)

(Food industry—familiar species)

L2 (Not estimated)
L3 (Not estimated)
L2Y3 (Not estimated)
L3Y3 (Not estimated)
Y3 (Not estimated)

(Yeast was not predominant.)

8/10 0/10 0/10 2/10

0/10 10/10 0/10 0/10
(Yeast was not predominant.)
10/10 0/10 0/10 0/10

0/10 10/10 0/10 0/10
10/10  0/10 0/10 0/10

0/10 10/10 0/10 0/10
9/10 0/10 0/10 1/10
0/10 10/10 0/10 0/10

(Yeast was not predominant.)
(Yeast was not predominant.)
(Yeast was not predominant.)
(Yeast was not predominant.)
0/10 0/10 10/10 0/10

(Yeast was not predominant.)

6/6 0/6 0/6 0/6

0/10 10/10 0/10 0/10
(Yeast was not predominant.)

10/10  0/10 0/10 0/10

0/10  10/10 0/10 0/10
10/10  0/10 0/10 0/10

0/10  10/10 0/10 0/10
9/10 0/10 0/10 1/10
0/10  10/10 0/10 0/10

(Yeast was not predominant.)
(Yeast was not predominant.)
(Yeast was not predominant.)
(Yeast was not predominant.)
0/10 0/10 1/10 9/10

* Proportions of yeast colonies were estimated based on morphological characterisitcs: White and rough colonies with the size of 2.5—
6.0mm in diameter after 2 weeks—culture were grouped to the Y1-type while pale white and smooth colonies with the size of 1.5-3.5mm
were grouped to the Y2-type. Y3-type has little morphological characteristics and was not be estimated. Y1; Y5201-type, Y2; Y5206—

type, Y3; Saccharomyces cerevisiae 1AM 4512-type.

*2 10 colonies were isolated from the colonies judged as the Y1-type based on morphological characteristics of the colony for each trial.
Another 10 colonies were isolated from the colonies judged as the Y2-type based on morphological characteristics of the colony for

each trial.

WX 2HEBRTY, 28BIX LD, 108k /100D Y 1 7Y
THHEMRIN Y22HMLAZLIY2KEBX
CY2RD0 503 N-RNS, BEBENEE» S
>99% Y2 TH 5 & 3, PCRRAPD iEI2 & 5k
Bcd, 2WBXED, 10/ /10AY2HTH D L
MRINZ, YIV2RIZBWTIE, Y1IRE LAk
DY /10D TR & b Y2 RICTH o720 —F,
AL D Y2/ E L2KRDI0ME /10MEDY Y 2 BICTH -
720 S. cerevisiae IAM 45120k Z A L 72 Y3 IXIZH
Wi, THEBHIBWTIOM /102 Y3 TH B &
MR ENIz25, R O 1R ETIE 14K /108kA3 Y 3 2L
ThbLEN, KHDIKIL ZToOMOBIIGEHEI I
726

z =

ANy =T ABIENN Y Y- T
LIZDOWT, AZ =¥ —OWHMEELEZ CTHEML
THWEE FMi U720 FEREALELEE O HAMNTRL 110 75 D4k
EEA (%), 728% (Y2X) #2580.0% (L2Y3
X) THH, A& —%—JFHEMIFBXD75.4% % &
B, ETORBXTIO%ZBZTB), A¥—5—0
FLBE S HI R PR T O A AN 21 5- 2 B 5L, /s
WEEZ HNz, ABAEREICOWTIE, L-FAEL
PHE L TWZewgs, L- fLEREA R, pH EOMT

IR & IZIZHE L Tz, ILBEBO S L THhHv )
L1 (B5201) #Rid, ~7ual<THy, L2 TAM
10074) ¥kB X O°L3 (IAM 12477) #Rix, FEHT
BB AR T, L7 Vva—-2EEH-) 0
FLMAE R B 2GR TH 5, L- sLIRA k& 2 B IX
BICHT 2L, RAW GEHEMER) O4F DL
BHbH2H, BEHIZIESDENRDOONL L DD,
LI#MIX (L1Y1Y2, L1, L1Y1, L1Y2) 2
HRL2EMEKX (L2, L2Y3) B X OL3IFEMKX
(L3, L3Y3) Tl&, L-#ME»2~3fmAERLT
BY, pHEOE TS KE L, HEAEO M THF)
EEZONT —F, BRHMEMEX (Y1, Y2,
Y1Y2, Y3) ®L-ZLEEA ML, 0.44~0.67 g/L
THBEWEAEIX O L- ZLERAE B R 1 IR 7 W[ S
Hoteo AY—%—IEMXIZBWTIE, L-FLHEE
WEA1.42 g/L L PR OB WEZ R LY, Th
&, T A A SRR O FLER A 2SR TR L CBE
L7z7zb b Zz bz, ERPREICE D IT- 720
MENT DRERD 1, A7 — & — I RXIZB W T
LIRS 5 2 LB S N0, ZOME R
%65.7% CTH - 72D L, L1 #MEX (L1Y1Y2,
L1, L1Y1, L1Y2) iZBWTIi&, MEEOEMHD
A b ST, LB EVE SR (82.4%~
94.1%) %L, FLERWIEMIC X 2 W AH G o %) 5
MO NI —J, BEFRHMEREX (Y1, Y2,
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Y1Y2) BT, ABMHOBLEENTHD (5.8
%~63.2%), MA FH4fii’> 5 SBR5 ft 4 fii % 7 L 5]
W SN UFEEMR A 2 b (11.8~27.4%)
M H Y, BFOHMERTIX, BAROALEFTOW
IR T aEEZ Nz, EREla Yy =37 A%k
W3 AW E L COERTIE, L2EMX (L2,
L2Y3) Ti&, L1ABRKOYSE L FAICEVILER
BEEE (96.6~126.6%) RO LN, HHEETE
MOHLWITD, WRBHEAY —F—L LTHHT
EHIEMRMEN, L3FMK (L3, L3Y3)
TlE, L1BXOL2 TORBX L FLEERE 5D
v (63.3~89.6%) fHIMATFED Hizdh, ok X
D L3S MA TR IO = —2 BT L
7oHEYEAYE 2 S, FLER W AT AR S h
TWAIERMERH S, ZOWPWE LCTiE, L3IBIWY
L3Y3#k % MA PR B LT, BRShiza
0= =785 REBGEEI/NEW (EE1ImmLF),
HWau=—THARRKO I 1 = — OREBF R I
TWielzdTH Do —7, Y 3B REX (Y3)
TlE, ARy Y= 7 A TORKEE M FLBW
DOEEERHIML (48.1%) IS - 720
WHBERWN TSI~ —2 A LT LIEMEKX
(L1Y1Y2, L1, L1Y1l, L1Y2) THEHLZ
FUBE A % [ %€ L7245 5 (Table 20), 2 AR Cilkl&
L1010 AS L1 &MU L. brevis BITH B Z L8
REN, EHEEIBDTEHWI EPRENT, —F
L2#MX (L2, L2Y3) BXUL3#EMKX (L3,
L3Y3) Tif, HMLAHMELE M URMEEFESh
LHEED, 2ARNTHBXHETIESDE, L1ITHEX
4 B H - 720 PCR-RAPD B L, MEHE
RO E 2 L7258 (Table 21) 513, Y 1 High
BRXOLIYL, Y1)BIUOY2 HHEMX(L1Y2,
Y2) CBWTCENEFNAY—F =L L TRIML7
WREASI0RR H10RR D E A TR S, BEREO R %
BHIL Tw2D 2 LR siz, Y 3 HMEAMX
(L2Y3, L3Y3, Y3) IZBWV T Y3REHK
DATEEREDE S L, Y3 BoMBERIE 13 T10kk
/10fRE Fid o7z b ODFR Y O 1 KT 1 #k /108
THY, NEELRBEBEETH 72 Y3 (S. cerevisi-
ae) FIMHEMEOWETH Y, 7 H A FEEAF233.5%
NaCl DYEHEE T TR L 722 &AM L 727 et At
EZoNT FYIY2ORGHMX(L1IYLIY2,
Y1Y2) i2BWTIE, Y2MAE Y (96.5~97.8%)
LTCWBZEDHEIDLN, YIBIUOY2LADR
X, MRkl %LU TFTHAH &g s i, Wk
HOBROFAELRY 1R L) Y2 RO 2% h - 72
BEHELTIE BAOOWOBEMEN2mL »7203.8

x10°CFU (Y5201#k) 3 & 156.2x 10" CFU (Y5206#k)
TRINIEDEN D H ZEDWBELTVDLIENEZD
Nb, ok, TOWKEEBIIEEZKE L TREL
ThHY, BARMBOY A XEHBHELTWEEEZLD
Nb. BILHEKRF A XIZY1I>Y2TH Y, Hplsss
L7223 E w8 2B, Y1<Y2E
LALETVYHEING, Lo T, WY A A0EWE
KL TWa ERIRT 52 TE S, Aot
WO %% 2 602, MW & BRI 4 X
DENHEEB L Tilkin T ALELD L, HE =1 TH
—L-WREEE 2mL ICEEN5 L1 MORIZ1.6
x10°CFU TH V., Y 1 ®4214%, Y 2 D25.845Th 5o
COZEREETHE, HIZITY1IHEBLIOY 2R
BT CRUMEZILICHE L2 OB HRD19.7% B
XU49.0% THAHZ L1, 2k EEREDSEVE FRE
RLTWABITHL L) BRLRETH 5. FHE,
INSORBHIOWTHIMEEBIRE YT 5 &, MEMIE
LD EERAIREAT L K BV D& L5 %

U EokRzHETAE, L1 (B5201) B, Y1
(Y5201) #k, Y2 (Y5206) ##% aHMMS 2 ik
T, WO ¥ — 7 —2SBF & 278, S
WLl OHMER TS, RAWOEFHIH OTH TR R
MRRBERD SN D &, F MR MR T,
FIREAHOHIH ST ThH W EBHS I ENT, F
72, L. acidophilus (L2, 7272116S rDNA i 3LECH
& L. casei ), L. plantarum (L 3) 7x E M
% CADRCIEE Z R RREORBE D200 A ¥
— &=L LTHHTE B REMEAVRIB S iz,

EIE IBEBEOKRE
BATE2MICBVWCIROEEA Y -y —L L
THHTX2MEYWOMAEGbEE L TR E HM
TOMHATHEN W E, FABROMEE LT
LT LD L. brevis Bo201KR T { & B0 FLEEH
FELFHWEETH B 2 L HURM S N7z (Uchida et al.,
2004b), FLEEW L, HEEALSHFEM, ~7ull
WHERIE NS (MW, 1996). F7-, REELE L OH
SRR, L (@) R BT bIRE
ST ([H, 1996), £ZT, ok e
DFFER MR REHEA Y —F =L LTHLTWS DN
WRDSS 7o B, —7, e B L U CAMRARERE S
WCHEMMT 5 2 L 2E 27200, WRE 2 IRE
WMHELCTHEHT2Z LT LIRS TEVIEENS
W, PIZIEREE T — N L—TRETHE, 700
TANHBHRL, EHEAE L, IWHNMELZ T
HTENMEE D, L72h > TIEREALEE O s Ik
BEMET L2 ZREE LT, WHEEOSHERMN % B
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HYHIENHEEL LD, EHLIE, ATV HES LT
W 71 AREIRY R % IS L TR RET LT &
78, T A AH R WRAEETZEOF A LY
&, NaCl 2L 2 WS T TREEZ R 5 &,
LIFL IR LWIgia & & D ISERITHIRIE L,
F— AOMIFORREH B - ZWIREIZ % %
CEERRLZ. S0 &) BN ABGRETIE, L
B DML IEFLIR B DM Z o T b L Eb i,
HE R ORAR OHIHATET I STV /2
WCBZAHRTH D LHEFEI N,

ZIC, HEELTHHLT A XARBHIETIND
ARAHE RS & LB, WHWARIBRKIZOW
T A AENIH L CHAERE L C, JERED T3 %
WEECTELLST A2 LIk, BARDET 2§
LEENICENL WML RETHI L L LI, AF—%
— L LTt M §5I12H720, 5453 1HIC
BOVTHIZE L RMIFEEDAMIC L 0, FERER Ok
2B B A ABEOBE LA (%) Z i, GHl o Sk
ELTHM L7z #BRIE, NaClzlinL7z%& L
WRDM G TIT > 720

- -

7 7 A BE R OEBREN

T i AR AR ED LS, RfEAY ¥
2 2003 M BKE, BIRFY ¥ 3 V) 0.2g 2 AR K
I0mLIZBEEL, Ho52LoOMBEL, 60CITHRFLT
BW7230mL OFEHESER B (LI SMA & &GS, H
KB BCP M7 L— b > b7 #H—) (BCP,
HK#SEE), <9 74— (MA, Difco) BLUH T

Table 22. List of lactic acid bacteria used as a starter

O — KA (SBR, HKBEE) &2 ZHiRmL 72,
FPAGAEHE, 2oL, 20C T 2 EM, 5
ST CEEFS, ano —FEL. BB &
SR EICER SN an=—% 1 ~10A8H L, 16S
rRNA #E{E T (16S rDNA) ORIy % Pesg L7z
WEILELHI O P L, 56 2 7 L MRk T8 DNA
DL B X O PCR ¥R Z 4T - THEIE L 72, RES N
73R RIS & B\ 5T R & VR L 720

HEAILEE

Table 221278 3118144k D FLER I % 14388 (a, b)
OFBIMEH L7z ZNSDH B L. casei & LT
L7: TFO15883" #:id, 16S rRNA st fx T-Hi A (E.
coli 27-338FF I ILFRAL) A L. plantarum BT H V),
L. casei F RN T I7A4 =1 IS L h o 72720,
L. palntarum Y5097 5 4 < —TH L7z

ERBHMOFAR

NaCliRn 7 7 A FEEEE (GUBF No. 1a-14a) O
WX, 7o AR (LS) 2gBX BV T —
£ (128, ¥ 27 v A%, HE) 40mg % # W NaCl
KW (3.5% w/v) 40mL & & 12, 50mL & @ PP
HWEF2—7 (A 7F%) ICAR, SOICHKRBEHIR
04mL ZRIML T, A7V a—F%x v 7ZE UK
TR TRA L7z HARBRERIE, FLRE%
MRS (Merck, Darmstadt, Germany) ¥ CHi3# L,
WA 0.85 % 2 FE NaCl KB C 1 |l 0 Peist, F&
AU LT ODgopn=1.0 (7.3%107 ~1.1x10°CFU/
mL) O CTHMAZ B S & TMB L7, NaCl IR
M7 7 A 5EWEAE (GUFF No. 1b-14b) OF#IIE, ¥

i)

No. Lactic acid bacteria

Characteristics of the strains
Isolation source Fermentation type

1 Lactobacillus brevis B5201(=FRA000033)
2 Lactobacillus brevis IAM 12005

3 Lactobacillus plantarum YIT0102" (=ATCC 14917)

4 [actobacillus plantarum 1AM 124777

5 Lactobacillus casei IFO 158837
6 Lactobacillus casei B5406 (=FRA 000035)

7 Lactobacillus rhamnosus 1AM 11187
8 Lactobacillus zeae 1AM 12473"

9 Lactobacillus acidophilus IFO 139517
10 Lactobacillus kefir YIT 0222T (=NRIC 1693)

11 Lactobacillus fermentum YIT 00817 (ATCC 14931)

12 Lactobacillus delbrueckii subsp. bulgaricus YIT 01817 (ATCC 11842)
13 Streptococcus thermophilus YIT 2094 (NCFB 2392)

14 Leuconostoc mesenteroides 1AM 130047
15 No Lactic acid bacteria

16 Mixture™'

Seaweed Hetero
(Not clear) Hetero
Pickled cabbage Homo
Pickled cabbage Homo
Cheese Homo
Seaweed Homo
Dairy product Homo
Cheese Homo
Feces Homo
Kefir grains Hetero
Fermented beets Hetero
Bulgaria yogurt Hetero
Yogurt starter Homo
Olive Hetero

*! The mixture contains 36 1 L each of lactic acid bacteria suspensions of No. 1, 3, 5, 7, 8,9, 10, 11, 12, 13 and 14.
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W3.5% (w/v) #EE NaCl KIS O h b ) IZZEM K%
FEHLUCHRL 720 28— % —IEHAD b O % 3 Bk
BHXE LCHHB L7 (BUB No. 15a, 15b). FLERHIR
GHAIX (¥} No. 16, 16b) 25T, 1,3,5, 7,
8,9, 10, 11, 12, 13, 4D HERXITHMH S M7z
PGB 36 u L §TOHM L 700 WM, FERER
BHE, 20C M T 1 MERH T Ciko TRAE LA
S1LH MR AT - 720 FEMEARHE, % 3 AL TTHl
L7

RERE O MR

FREER ORI OWT, RALERBIWIZFHEL, %
BEBIOVERROLH AWML /2o 72, pHIH,
FLMEA R, TAORAOHFE, FEEsEE (%),
AETE, FUERTNEE 53R (%) 2 A2 L 720 FLBRAR LRI,
W F v b (F kit D-/L- LB, Roche Diagnostics)
AR L CHE L7z, BRGER (%) 1, FEEECE
2 1 REHLL LE L 70, ERESORFoORx
HaOMENZ D W7z HEED BRI, FEERAE2 A
DFEFAIML I 285G (%) TRL7Z. (EE%eE
AW D R F L, NaCl ivings iR RHX AZ D W T,
PR GE KRR (H KRBEEE) 122.5% 3 B NaCl Z a3
L 723K (SMA2.5) ©, NaCl FEighngsmsalr X 12
DV TR M (SMA) Tt L7z 24—
& — A IRIX (GRBF No. 15a, 15b) 122wV Tid,
BEEE LTAFTLTL 2RMEZz PHTE W20,
BCP M7 L—bA v b7 —)v (BCP, HKESE)
BXo~xy 7 H— (MA, Difco) UL THAR
Baflwe L7zo SMA25FA S L < 1 SMA AR EiZ
B Ehizau = —» S EERIZI0RK (X 3) #R
L, #LwvBCP¥AUIEAL, 20C T 1AM #E%
WA =—DFHNEET LD ARmN L AL,
30 HERE P O FLBR B H R (%) Z&EI L7z,

B POIBREREDREN

BB D W T IR THEH S5 57247130
RO G HERRICOWT, FATHE 1EH TR L - E M
HHR 75 4 <— (Table 14) ¥ % 7k CHif
HEE L7z. HWAR DNA odiitix, 30ul @ TE /N v
T =PRI == O E W72 ROE KT
Bk S, AT TISMMET 5 2 & TITv, ik
Oy (12000rpm, 10%5) LiF 1 uL % #% DNA &
LT L7z, PCR ¥§EIE, MgCl, 2mM, dNTP &
WAA200u M, 8% DNA1 ul, 794 ~<v— %&1.0uM,
DNA RV X L—A (Ex Taq, ¥ilis&, #®i) 250 %
EZL100u L OS2 RNy 7 7 — Z v Tl
L Tiro 720 PCR O R4, 94T T3 5 hF#k

94C 20%F, 55C 20%», 72C 308 %3041 7 WiT\,
WBRICT2CTO R L 720 —EBOWH (L. brevis,
L. rhamnosus, L. kefir, L. fermentum) \ZxF3 5455
RWT 742 —ZonwTlE, 7=—Y v 7imE%538C
2 2 CPCR¥IEZAT o 720 L. kefir D7 5 4
<~ — B RS DOMRIE, L. fermentum O 7 5 4
X—TI/UAFT v 7 &7, BUROHKE L. kefir &
L7z WlREWIL, 1 % 77— A7V CEKIKE L,
IFTVTATHI FTHREOLUTBEL:.

HEEAFPOIEILBREREDHENR

MM OAE & WK EDFRD B N7zl k2D,
8b, 9b, 11b, 12b, 13b, 15b IZDWT, A LM E
WA L7z SMA LIZEg s h/zau=—% 1 ~30f#
MR 21258 IR L, 38 Ly BCP PRI REAE L CorBE L,
BEt102kkE B2 NS OG5 EIREZ 2 u = — D
WS, CRIL, SEL ZofuicEi Lz, oo
Z—OEEANIEHMOBIZIC X 28, HEEEM
HLUTHLWYBCP EMICae = — 2 Wk, 20CT
TH5 HER#E LK TITo72, 0= —DHELED 2
~6mm, Z7V—2af, KEINESH, FLEIZMNY %
L, oL BEATL2H0% CH, BEEHN
5-10mm, Fifa, “F3H, A2 MNK, w2kl
O EERETLZ 0% SAIE L7z, kICCH], SH
EENTZREICONT, FRABT LI 1 KT oA
PRZCFRE LCHY, Zm16S rDNA D #5HIER
%, 28 EFMOTETIE L, Jug Shizif
FIH % b AR & AR L 7z

BEERINOT7 Iy a3 ES

AWFFe T S N3 R, DDBJ I &%
L7z, Stk ehezhoT 7€y ¥ a Y Fiaid,
A0001 (ABI124858), A0002 (AB124859), A0003
(AB124860), A0004 (AB124861), A0005(AB124862),
A0006 (AB124863), A0007 (AB124864), A0008
(AB124865), A0009 (AB124866), A0010(AB124867),
A0011 (AB124868), A0012 (AB124869), A0013
(AB124870), A0801 (AB124871), A1201 (AB124872),
A1301 (ABI124873), A0901 (AB124874), A1205
(AB124875), A0916 (AB124876), A1308 (AB124877)
Thbo FMBNIICHEH LRk ET 2
Y v ¥oa v&F 5L, Alicyclobacillus cycloheptani-
cus 1457 (X51928), Bacillus atrophaeus NCIMB
12899 (X60607), Bacillus cereus NCTC 11143
(X55063), B. cereus (AJ577291), Bacillus circu-
lans TAM 124627 (D78312), Bacillus fusiformis
(AF169537), Bacillus lentus TAM 124667 (D16272),
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Bacillus megaterium TAM 134187 (D16273), Bacil-
lus pumilus (AB048252), Bacillus subtilis NCDO
1769 (X60646), Bacillus sphaericus (AF169495),
Bacillus sphaericus-like strains B23284 (AF169502),
NRS-111 (AF169526), NRS-1198 (AF169528),
NRS-800 (AF169544), NRS-1691 (AF169531),
BD-87 (AF169520), Bacillus thermosphaericus strain
P-11 (X90640), Bacillus thuringiensis (AF155955)
Thbo

S

DHABEERICETh24EERS SCEEHERK

AN TR OB S5 7 A AR
EEND LW E Tz (Table 23), BRI N7z2
U=— DRI PAERTHSH &, R 2T
THAERPTOIZ—DOREIBIRIh L L,
T A ARF DA L TBIS 2 YIT A &
En, MR IO = —OFHIIREETH 5 7oA, Kk
DL DI = =PI N72D1E BCP FAR % £
L7246 T, #AR10°~10°CFU/g Th -7z, F 72,
BCP RiZEK EN/-a 0 =—3& T, FEMIEMIC
ZALLTBOTIEABE TH 5 & W S iz, SMA
BIOMAIWCLY RED ShERKIZZNR2h10°
CFU/g, 20 CFU/g TH» o7z SBR IZ & 5EHTIL,
BERE, SRIRBIEIMH SN h o7z (<5CFU/g)o

HEWBOFEUER L2 SMA 205 1, MA 225
2%k BCP 25108k % /0 #EL 720 26 Do BERR
12DV T16S rDNA OGRS 2 EL, Iz
b LI T-REM 2ER L7 (Fig 14)., DS
13WikRIE, 4 C Bacillus BHW TH Y, 78D Bacil-
lus sphaericus D27 5 A ¥ —, 2% Bacillus cereus
DY T AY —, 2803 Bacillus pumilus D7 5 A5 —,
1 BRAS Bacillus subtilis D27 5 A% —, ZOMH 1 Bk
Tho72,

B RE OMIR LB

AN NaClus N4t T CRlB L7227 & A 58kt
DOYARGHF D H % Table 241277 F, BRERAIZ X
HERITIE, #Fba (A& —7 —JERMMRIX) @
i, 8a, 9a, 1lla, 13a T, 3AKDH b1 ~2KTH
WEPE oM, BRRIET I VRBITA 7R
ODREPRE>TVSH X HITELE SNz, pH I,
3AGHE O PHHEO I TIE, MK DENIZ X B
W 7 <, EORBRX D —HHK pH A (4.0~
4.9) ZRL7ZZA, [FURERIX D 3 KD %7 CTHIRY
% EIBIBR DR T & N7 BN, pH EASR R R D T,
FLBAERE D NS WA D - 72 (F—=F 2R ET),
FUERA R, ~T O R R AERIX (1a, 2a, 12a)
BLOAY =& —IRMIRIX (15a) Th7%< (045
~0.83 g/L), MEWGREIABIZE S N /29a B TR
LR ABRIX (3a, 4a, ba, 6a, 7a, 8a, 9a) BLV
BAEMIX (16a) THWHEINIZH > 72 (1.64~2.20
g/L)o HWADELIZETORETRO N5 72,
AEL ORI B 78D SN o 7225, BEHE DB
X B e S N D EEERETE AR O WA 05 4 T O
IZOWTRD SN (FERERLAIRFII S 2 FERER T IR
DRI AR 1 70.7~81.3%) o LR BIZOWTIZ,
1.5x10"CFU/mL ~13.3 % 10*CFU/mL o #i B T &t
Bah, BHEOEWIZLZHBERENIZZRD SN %
Mo 7zo SMA AR & 5 S 7z Bl (45508
n=30) A SHEE LA O (%) 1, &
BiX1a, 2aT96.7%, XBEIX3a~12a, 14a, 16a T
100%, ABXX13a T60%, xFHEIX (15a) T <3.3% T
Ho7z,

K2 NaCl FEAMEMET TR L 727 & A 58k
DYEIRGHT DFEH % Table 251287, HRERAIC &
BT, BE5b (R 7 — & — IER I B IX) D1ts,
1b, 2b, 8b, 9b, 11b, 12b, 13b, 14b T, 3AKD
H1~3KTF—ARD LIIBRRADIKE sz,
pH X, 3ARKEOPFHED LTI, 4.3~5.30
fliz " L, NaCliRhngefk F Cal# L2zl le~%

Table 23. Viable number of microorganisms contained in the substrate of Undaria pin-

natifida product

No. of isolates for

Counting media Viable counts (CFU/g) \ . Strain No.
phylogenetic analysis
Standard Method Agar 10? 1 A0001
Marine Agar 2216 20 2 A0002, A0003
Plate Count Agar with BCP 10%-10* 10 A0004-A0013
(yellow—colored colony) (<10%) - -
Sabouraud Agar <5 - -

* . . . . .
Predominant microorganisms made vague and irregular—shaped colonies and exact

numerical estimation of the colonies were difficult.
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A0004
1
A0013
A0008

A0006
62
A0012
58
A0007

A0009

NRS-111 (AF169526)

NRS-800 (AF169544)

B. sphaericus B-23268" (AF169495)

100| [ B-23284 (AF169502)

187
B. fusiformis (AF169537)

87 —— NRS-1198 (AF169528)
17 NRS-1691 (AF169531)
% BD-87 (AF169520)
|——— B. circulans (D78312)
2 B. megaterium (D16273)

B. lentus (D16272)

89 A0010

100 B. subtilis (X60646)
B. atrophaeus (X60607)

98

A0005
A0002
72

89
B. pumilus (AB048252)

A0003

74 7g| B- cereus NCTC 11143 (X55063)

76/— A0001
77 1 B. thuringiensis (AF15955)

B. cereus (AJ57728)
A0011

100

B. thermospaericus (X90640)

Alicylobacillus cycloheptanicus (X51928)
0.1

Fig. 14. Neighbour-joining tree showing the phylogenetic relationships of the bacteria isolated from the Undaria
LS product among the Bacillus groups. The analysis is based on 291 nucleotide sequences of 16S rRNA gene.
Confidence limits estimated from bootstrap analysis (100 replications) appear at the nodes. Alicyclobacillus
cycloheptanicus was designated as the outgroup species for the analyses. Nucleotide sequences obtained from
GenBank and used in the phylogenetic analyses were as follows: Alicyclobacillus cycloheptanicus 1457 (X51928),
Bacillus atrophaeus NCIMB 12899T (X60607), Bacillus cereus NCTC 11143 (X55063), B. cereus (AJ577291), Ba-
cillus circulans TAM 12462T (D78312), Bacillus fusiformis (AF169537), Bacillus lentus TAM 12466T (D16272),
Bacillus megaterium 1AM 13418T (D16273), Bacillus pumilus (AB048252), Bacillus subtilis NCDO 1769 (X60646)
. Bacillus sphaericus (AF169495), Bacillus sphaericus-like strains B23284 (AF169502), NRS-111 (AF169526),
NRS-1198 (AF169528), NRS-800 (AF169544), NRS-1691 (AF169531), BD-87 (AF169520), Bacillus thermosphaeri-
cus strain P-11 (X90640), Bacillus thuringiensis (AF155955).
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Table 24. Results of fermentation of Undaria pinnatifida with NaCl-added cultures

Culture Added lactic acid bacteria Fermented Lacti'c acid as %Solid part  Viable counts  %Proportion of
No. /Rotten™ P production (g/L) /total volume™ (CFU/mL)* LAB*

la L. brevis F/F/F 48 0.68 - 74.8 1.7 x10° 96.7 == 33

2a L. brevis F/F/F 49 0.65 - 70.7 1.2 x10° 967 =+ 33

3a L. plantarum F/F/F 41 212 - 744 1.3 x10° 100 =+ 00

4a L. plantarum F/F/F 41 2.20 - 73.2 1.1x10® 100 = 00

5a L. casei F/F/F 4.1 1.99 - 73.2 1.8 x10° 100 =+ 00

6a L. casei F/F/F 4.1 1.66 - 72.8 2.4 x10° 100 = 00

Ta L. rhamnosus F/F/F 4.1 1.64 - 72.0 3.0 x10° 100 = 00

8a L. zeae F/R/R 42 1.65 - 73.2 2.3 x10° 100 =+ 00

9a L. acidophilus F/F/R 49 0.55 - 732 2.7 x10 100 == 00

10a L. kefir F/F/F 4.1 ND - 73.2 7.5 x10 100 = 00

11a L. fermentum F/F/R 41 ND - 73.6 21 x10® 100 = 00

12a L. delbrueckii subsp. bulgaricus  F/F/F 44 0.83 - 75.6 2.8 x10’ 100 =+ 00

13a S. thermophilus R/R/R 49 ND - 79.3 1.5x10" 600 == 200

14a L. mesenteroides F/F/F 42 ND - 732 3.3 x10° 100 == 00
15a No lactic acid bacteria F/R/R 49 0.45 - 76.4 1.5 x107 <3.3

16a Mixture™ F/F/E___40 1.70 - 81.3 1.8x10° 100 + 00

* Samples with and without unacceptable odors were judged as rotten (R) and fermented (F), respectively. Results are basd on
three replicates. For other tests (pH, Lactic acid production, solid part proportion, viable count), the results were shown as
average.

*2 Solid part volume was estimated by observing the upper level of algal substances after leaving the suspensions stay for more
*3 Counted on Standard method Agar.

** 10 colonies each formed on the SMA plates prepared for the viable counting were chosen at random from the triplicated trials
(Total n=30), transferred to the BCP plates and the %proportion of the yellow—colored colonies is shown as average = SE of lactic
acid bacteria.

Table 25. Results of fermentation of Undaria pinnatifida with NaCl-less cultures

Culture Added lactic acid bacteria Fermented Lacti.c acid as %Solid part ~ Viable counts %Proportion of
No. /Rotten”” P production (g/L) /total volume™ (CFU/mL)™ LAB*

1b L. brevis F/R/F 4.9 0.43 - 100 9.5 x10’ 96.7 = 33

2b L. brevis R/R/R 53 <01 + 52.8 1.2 x10° 900 £ 100

3b L. plantarum F/F/F 43 1.84 - 100 5.5 x10° 100 = 00

4b L. plantarum F/F/F 43 1.85 - 100 7.6 x10° 100 = 0.0

5b L.caser F/F/F 4.3 1.59 - 100 6.6 x10° 100 = 00

6b L. casel F/F/F 43 1.82 - 100 1.0 x10° 100 = 0.0

Tb L. rhamnosus F/F/F 43 1.64 - 100 1.7 x10° 100 = 00

8b L. zeae R/R/R 47 1.65 + 65.0 49x10® 767 + 88

9b L. acidophilus F/R/R 5.1 ND + 58.9 2.5 x10® 333 =+ 176

10b L. kefir F/F/F 45 ND +/- 72.4 1.1x10° 933 * 67

11b L. fermentum F/F/R 46 ND +/= 732 9.9 x10° 933 £ 6.7

12b L. delbrueckii subsp. bulgaricus F/R/R 5.2 ND + 67.5 2.2 x10® 633 =+ 88
13b S. thermophilus R/R/R 53 ND + 411 7.4 x10" <33

14b L. mesenteroides F/F/R 50 ND +/= 81.3 47 x10® 100 =+ 00
15b No lactic acid bacteria R/R/R 51 0.42 + 52.4 6.2 x10’ <3.3

16b Mixture™ F/F/F 44 1.39 - 100 51 x10° 100 = 0.0

* Samples with and without unacceptable odors were judged as rotten (R) and fermented (F), respectively. Results are basd on
three replicates. For other tests (pH, Lactic acid production, solid part proportion, viable count), the results were shown as
average.

*2 Solid part volume was estimated by observing the upper level of algal substances after leaving the suspensions stay for more
than 1h.

*3 Counted on Standard method Agar.

** 10 colonies each formed on the SMA plates prepared for the viable counting were chosen at random from the triplicated trials
(Total n=30), transferred to the BCP plates and the %proportion of the yellow—colored colonies is shown as average®SE of lactic
acid bacteria.

REWEBIEZ R U7z 72, e g S 7238k T, PEAENL, BRSO SN2 E O ) HDIFIFETT
D pHEZ /R Lo FLRAEMEE, ~7T izl @igEs 7z (2b, 8b ~15b)s NaClIHRMIX TIE, =
MR BRI (1b, 2b) B XA ¥ — & —IEMINA B BB X BB AR OB IBE S
X (15b) TA%< (<0.1~0.43 g/L), +~ERFLFERE Mo 723, A ADREL L 723 BRI (2b, 8b ~15b) T3,

BRI (3b, 4b, 5b, 6b, 7b, 8b) I X DRAHEMIX ORI RIN |l E 3 (3 ATV N R Wl N

(16b) TEWMEIAIZH 572 (1.39~1.85g/L)c HAD oz (ETEG AR 1 41.1%~81.3%) . AREUZ
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DWW T, 6.2x10"CFU/mL ~1.1 x10°CFU/mL ®
HPH TR SN, HHRAEO® >, J88E / o &
2 & B B AR SN Do T2e FLERH O AR
(%) 1%, #KBEX1b, T9.7%, 2b T90.0%, 3b
~7b, 14b, 16b T100%, 8b T76.7%, 9b T33.3%,
10b, 11b T9.7 %, 12b T63.3%, 13b, 15b T <3.3
% TdH o7,

BEFENT 714 v—&EAL -BEEKOBTER

K ABRIX 20 5 B S 72 AR08k %, BCP AR
FTomELRE WHEERNTIA~—%2MFHL7
PCR GABRIC 2V F, $ERE L 720 & [ —FE o> 7L 1R T Bk,
Perl L 7ol & MiAs S 70 5 FLER A R, FEFLM AR O 3
DIZHHIL, F0HEG% Fig. 15 (NaCl#mX), Fig.
16 (NaCl IE@MX) 1278 L7z NaCl ilhnatecig,
ABRIX 1a ~7a THM L 72 OE 53255 < (90.0
%~100%). MOFERX (8a ~14a) LHIX (152)
T, M2 > 72 (0% ~13.3%). NaCl IEFM
AET O IZIZFMROBE B SN, HBRkIX1a ~7a
THM L -8 D38 < (63.3%~100%), A
DHRERIX (8b ~14b) R xfHEIX (15b) Tik, MWl
B o720 %~20%) o BB EZIR LA,
L. brevis, L. plantarum, L. casei, L. rhamnosus T
ol

RABAE L 723 BR X Cld, NaClifhmit#t (16a) <
BEOES WA ED» o I WAL Z OBERIZ, L. bre-
vis 36.7%, L. plantarum 36.7%, L. rhamnosus 26.7
% CTdhor: (Fig. 17)o —7F, NaClIE@maer (16b)
TEOEAVWTEIP o REEE Z0EHFI1E, L.
plantarum 66.7 %, L. rhamnosus 23.3 %, L. brevis
3.3%, L. casei 3.3% T 72,

O Others

O Lactic acid bacteria

BREAICHEL -EE

JER &R S Nz R o 9 B EUE2b, 8b, 9b,
11b, 12b, 13b, 15b 2D WA R E TR IS L
72BCP S Iu=—%55HL, 2u=—0JE
FIFFE DS B. cereus B (Type C), B. sphaericus
T (Type S), ZDMoOE! (Others) ® 3 2IZFHRI L
7z (Table 26). 4=102%kH, B. cereus B %364k, B.
sphaericus BDS16RT, 25 2008 ¢, SHBHF
D78.4% % b7z,

a0 = — OB EICIE DOV Type CB LW
Type SANOHEBIAIE L W & ZiERT 5720, Type
CBLUType St ENTHHEDLDS LT D% KR
BRIX e FEM L LCTEY, FRFIIRICDOWTIES
rDNA OFBGIERES 2 e L, 5 F R 217 -
7z (Fig. 18)s &11ED 9 & 6 DS B. cereus 7 5
A% —, 5 ¥RDS B. sphaericus D7 5 A ¥ —\hLE L,
a0 = —OBEN, S OGS RE L7

z =

BB T S 7207 A A SRR o AW 5 & e
L7:-#E 5%, Bacillus BM W 2510° ~10°CFU/g L X v
THH &N 7zs 16S rDNA OB HFEEHIZ FE D 72
SEARIRNT DOk H, MAEEIZHEL 2213%0 9 B, B
sphaericus D7 5 A ¥ — AL ET WA 7 HRERPE
wHO7N, HeHELMEE %5 B cereus DV J
A Y —IfLET B HAH 2 MAFAE L 720 2 DORIKDS, &
HBORERMEL %0 )RR TH L0 L ) BT
BAHTH 275, 70 ARBEDOIH %% 2 254
12, T B. cereus FiFW & T, 7 H AIEHK
D|/AWDOAET TN 2 2 L EELEETH

B Identical to the starter—added bacteria at species level

- 100% -
o o 80%
;% 60%
S8 40u
E 20%
© 0%

1 2 3 4 5 6

7

8 9 10 11 12 13 14 15

Cultures prepared with different starters

Fig. 15. Proportion of bacteria identical at species level to the starter-added lactic acid bacteria

among 30 isolates (Results from NaCl-added cultures)
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O Others
O Lactic acid bacteria
B Identical to the starter—added bacteria at species level

. 100% [ u — 0 u
o . 80% — -
25 60% T -
28
S8 40% a — [ -
g 0
s 20% — [ -
0%

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Cultures prepared with different starters

Fig. 16. Proportion of bacteria identical at species level to the starter-added lactic acid bacteria
among 30 isolates (Results from NaCl-less cultures)

100%
90% —
80% —
70% —
60% —
50% —
40%
30%
20%
10%

0%

O L. rhamnosus

E L. casei

O L. plantarum
L WL brevis

Compositions of bacteria

16a (NaCl-added) 16b (NaCl-less)

Fig. 17. Proportion of bacteria in the fermented Undaria cultures prepared with starter-mixture
composed of 11 strains of lactic acid bacteria. Results from NaCl-added (left) and NaCl-less cultures
(right)

Table 26. Typing of the bacterial isolates based on morphological characteristics of colony

Typing of isolates based on .
yping Isolates used for phylogenetic

Culture No. for No. of  morphological characteristics of k

. . . *1 analysis

isolation source isolates colony

Type C** Type S® Others  No. of isolates Strain No.

2b 3 3 0 0 1 (Type C) A0201
8b 7 3 0 4 1 (Type C) A0801
9b 20 1 7 2 2 (Types C, S)  A0901, A0916
11b 1 0 1 0 1 (Type S) A1102
12b 1 9 2 0 2 (Types C, S) A1201, A1205
13b 30 16 3 11 2 (Types C, S) A1301, A1308
15b 30 22 3 5 2 (Types C,S) A1501, A1513

Total No. of isolates

0 102 (100) 64 (62.7) 16 (15.7) 22(21.6)
(Frequence %)

*! Colonies formed on BCP plates were observed after 5 days—incubation at 20°C.
*2 Type C: 2~6 mm of colony size in diameter, cream—colored, smooth—surface and wet appearance

*3 Type S: 5~10 mm of colony size in diameter, white—colored, flat, jaggy—round and dry appearance
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A1513
A1102
A1308
A0916

A1205
NRS-111 (AF169526)
70 561 NRs-800 (AF169544)
B-23284 (AF169502)

99 73

B. fusiformis (AF169537)
NRS-1198 (AF169528)

85 L B. sphaericus (AF169495)

l——_ NRS-1691 (AF169531)
% BD-87 (AF169520)
47 B. circulans (D78312)
70 B. megaterium (D16273)
B. lentus (D16272)
80 [~ A1301

A0901

96 A0801
A0201
A1501

100 [ A1201

B. cereus (X55063)
B. thuringiensis (AF15955)

60 B. cereus (AJ57728)
99 | B. atrophaeus (X60607)
73 B. subtilis (X60646)

— B. pumilus (AB048252)

B. thermospaericus (X90640)

Alicylobacillus cycloheptanicus (X51928)
0.1

Fig. 18. Neighbour-joining tree showing the phylogenetic relationships of the bacteria isolated from the ferment-
ed Undaria products among the Bacillus groups. The analysis is based on 291 nucleotide sequences of 16S rRNA
gene. Confidence limits estimated from bootstrap analysis (100 replications) appear at the nodes. Alicyclobacillus
cycloheptanicus was designated as the outgroup species for the analyses. Nucleotide sequences obtained from
GenBank and used in the phylogenetic analyses were the same as Fig. 14.
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LEEZONT, DA AEEAEME A= 7L =T
MUHEE) (2K D RS &, MBS, IR0 %L
BHELWO, BRFERE LTS A2 L IZEEET
Do MDA OIS AR 7% W T D BITE
DEZAHBERIOBREIZH Y, WRLBELL Z2nwT 7 X %
FHEELTHERALADNS, »ORAROAEE ZIH$
HPMERET A EPUELEZ SN,

—Ji, WECBWCTTI AR HBESEL2ODAY
— & — ¢ L CABRNEMOM AR TH S I LAUR
ENze FTT, REITIE, ZHOABREICONWT
INEAY—F—& U CHMMER L CREEHR 2 i3
L, A==t L Cf#eHELMET LI LEZH
e L7ze FEEEDNHIER SN WILEAEIZBZ 5/
MELT, BHRAD LLEF— A oMIFO RN
A, A DR EFEERIER S OWIR L, ALERR OB
HEE (%) O, pHIHOK FAH s s 2 &4
DR CRER S N2 720, TS oIEH I FLEERE
HEROAEZMA72HE 2B & U CHtRE % iF i3 %
Zrl L7, FCHifiOMERRIrSIE, AY—F—
DN LY, FEEEEY T H 2 Bl ks - o 4
HRICIE, KERBVDRRWI EHEIN TS
B, KREBRTIIFRIREL LRT 572004 E,r 51
9 L7z MBEAMHOBIT FEIIOWTIE, F2ETHE
G TR O 7 S EEAE O E W B DO ME D FER AL
(SMA W) TROEFHBEOMEITIT—FL
T2 enn, FERPHEICL D AERBEFRL, 2o
FERFRDP S L7220 = — 2o W TSR 1T
Iz & L7

BWEAELTCIX, INETNaClZRIMLAZRT
LS E R LT b ozd, BEMTHE~D
IS %% 2 % & NaCl 2RI L 2 W5 T C b MGt %
fioTBL eV LEL Kb, AWFFETIE, NaClik
& NaCl IERM DM ST TORBRIX % 788 L 720
NaClimIn&tt P comificBwCid, S. thermophi-
lus B 10MISE RSB WELIBH R 2R L7228, #
i U 7= 2L R & o] — O WA DS R W HHBE TS L Tw
5 ZEDHERINI-DIX, L. brevis, L. plantarum,
L. casei, B X O L. rhamnosus % &t 7 REBEX 2B
WTTho7: (Fig 15). BMEAE T & 53 Ek28
—HORBEX CTBIREND, F—XB, TADE
B, WIRIESEIBE SN o7z, BEBHEXOR
B N 22 FIEASER S, L. brevis, L. plantarum
B IO L. rhamnosus 735 L7z (Fig. 17) Z &3,
NS OWFEIUETH 5 2 & 2R L7z BAEAR R
TOMBEELFFL7z0 BMRIZOWTIE, HRBWIZT
IVROEREAF T DRKEDOWMSTHEL b5l
7 3 VFROBRZUIIOWTIE, A O MIE RS %R

(VBN) iREEZHE L TR E T 52 L 253
BTV L7 (F—=7%25R39) 2% ks
—EHERARICHE L TRWEEZRL, FBEL723ET
LEWV VBN A RT 2 &EH 5, HMIEMlz Ry 4R
B bhhole 12120, 73V RWHEOHSEHE
X, B pHMEICKE S B INL2D, pHEAS
D17 2 568 L 72 3R CLE R A DO FEAE 2SI & 1,
BRI EL TV I EELOND, 1Y
ARORLZUL, —RICBEMEAM L, ERMEHli 072012
AR TR N7 T T 4 —HEORIRIHT DBADE
LEZ LNz,

NaCl FERMEH T TOBFHIB W TIE, F— XK,
HADREA, WIRLFEORBZ R THA, LidLiE
gz s, NaClIERMO R TIIFHEEDS, AEEICR
LA D S 7z. NaClIERMSEH T, #H
L7-ABREMEE A —OREISVWHETE LTy
HZEDREREINT-DIX, L. brevis, L. plantarum,
L. casei, B X O L. rhamnosus % & 7 REBRIX 2B
WTTHho7z (Fig 16), BAEHEMIZ X 2R BTI,
L. plantarum B X O L. rhamnosus 75 L T35 2
Ehmiggsn (Fig 17), SO ORMDI#ETH B
CEMRENDL—F, L. brevis \¥, NaCl IEFINSM:
T, L. plantarum R° L. rhamnosus |2~
RRLGDHEEZ DN AF—F =L LTO#EMEN
BWwe Ehi, L. brevis, L. plantarum, L. casei B
X O L. vhamnosus ® 9 H L. brevis % B { 3L,
RERIAMETH Y, ABERFEIEL, pHIKT
TERDSE W7D I RIF R E R R E R L2 &3 2
bbb, —F, FMURERIAMRETH ) 206 BRItz
MR REZ R E D572 L. zeae, L. aciophilus B X
O°S. thermophilus \Z, WhHhW 5 FLRILERE (FH,
1996) EIFHEN S b DT, E#EAFMEH30C~37C
EEEZZ oD, BIZIE L. aciophilus 1%, =ikt
(thermophilic) T45C THET 52%, 15C TIRAER
LawEEnTnd (M, 1996). 4 nl o5 E
OFEIZ20T LV HEDOOMETHRIFLTEBY, 2o
CE IR B L RS E A SN b e B,
AW A Y — ¥ — "B L7284, oWk E K
BELLZ2WEETY, MoEMOAREIELST S
bl T A H o 72 (Fig 15 : 8a-12a, 14a
Fig. 16 : 8b-12b, 14b),

NaCl ERIMDO G T TRARDEFT VRO LN D
ERBEOF— XROFA, HAEEDB X ORI B
Tk, SITWHF—XREF, FREIEMLR
HKTHDHY, RETEIT A BT NT T T 4 =552
EB9H TR o TOWRVOTIEEZR & 2 513 5%
ThWe F—ARO%A, FARES L OHIRIEY B
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CHHHIIOWTIEMT A72012, THHDOBIEHHE
FINTHE»S102MkE oL, v =—TBIR»
LR L, 16S rDNA RSN HED Rk
MaiTo7ze TOME, o DORBHTIL B, cereus
W B X OB, sphaericus W MELE LTHEF L
TWAHBIZEDRWHSNE 5720 B. sphaericus FEix H
X, 7O A IR E NG I EHE SR
THH (Nakamura, 2000), 4 H7 5 A KED S 5
B S N7z B. sphaericus FREW ONME X M5 720, &
WM, B. sphaericus D7 5 A ¥ — DG DS Rk
ERFESETHER L7z, BB OR, 41T 2
LS il B L OFsEEE A & 0k S 7z HikkIE, Naka-
mura (2000) OIMEFICBIT B B. sphaericus 55 4 7V
— 71283 A NRS-111#E B & OF NRS-800#% 12 #ix b oF
AL L, B. sphaericus BEMERR T % B-23268%% (5
3TN=T) RO TV—TIfE Lz, —F, B
cereus FEM A 1L 7 7 A FURLEE B 1210~100 CFU/mL
FEIEL, NaClIERMGH T TRE LG AICES L
TB5DEEZLNT BUEETOLE I AT A R
B ARRREEMmE LT LI & T, B cereus
I EEbRLZAETHEORERMEE 2o T0E
Vo SHUIARWHO AR O L~V A310°CFU/mL B
TeAnwz e, BTELTRIRRETHEEL TS
EEZLND T L, T H XAGRHPUIRE THRAFE S 1,
Bl LTINS, MWcEToRSE S
ABVEMTTMLEING -DEOMENL EEZ S
Nb, L L, BELHT 2L, MBEIESEORKS
ZHZTCHhoofHEEZLALEICE, BhoRelt
EEDD &V A S, S N7z B cereus FHi%
WOEIRIZONWT, SHILICREL RGN L L
W %o FFIZITHE S M7 HbR SRR 7 D A IFm bk
BONEWLNITHZEREEEEZLIOND 72,
B. cereus FHEWAST A1 A WEIZRA L THET 5 H
HiZ, BEREFRBEICBW T EREREICHTEL
T\ D, & 5\ IR T 0k 7 B il
WK D720 DONPRNPK /=N D, L. brevis HRiZ
AT ORI OFEER TH 5 72O FLEIEE O HEIT I L
W, COREALTVWDEEZONDLN, TOREAR
BTz DD, FIRED T B A KT O G i REE
WZBWTIE, TAOREFEHICE > THES 2,
o720 L7zhio TR T—HOREHI DV TOABI
BINT A ADFENL, FLRFERELSLO OB & ) j#E
ELTwEHoLifEZRE Iz, BB ITIILL
TWALZERNMRLTERDE, ThADLHENEY
Y, REBITADHDLVIIAY Y HADPEEL TS
TR EZ 5D, HADMEEDB X HRIL A BIE
SNTRE D S EHE Tl S N7z B, sphaericus JH

B X OB, cereus FMRM A5 & b IZIEMFHR I D T HE
ThobIliZ, TNHEORDED LPEIIM 75,
CHOHDOBRICHELTWE I EERRB L7,
AT S B a vy —2 7 4 (B5201,
Y5201, Y5206) # A% —%—& LA L CilFiss
R 2 P L 722354, NaCl IERMmEficBnw,
RARDOHEEF Z TG TE T, FEREWICH
LB WEAMPMTG-3N720, B. cereus W DA
B X 2 REME LOMBEIFAE LD L2235, &
EMABEW TH S L. plantarum, L. casei B L VL.
rhamnosus T35 2 LI2X D, BEHEEIIBV
T, INOABMBMEIELSL, HE L 2WRKDIE
HEoPikB X RAROET OMHIZHD THRTH
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$5E BERBRMOLANMECET 2%

FE1E KESHEFE L TORE

JRFEITIE, B & B L L TEM RS ©
B 1oL DIFIHT 5, HFHESE T, FLERFREES
, ALV ELTHHLTWwSE, 2hbHiE, Wi
b BRI MAE O R Fb & SERFALIR L C Aok 2R
FELZKE DT A5 2Bl TH 1, BIRAR O 7%
WHRBLIRE R B &\ ) S AT E B —T), KT
¥Cux, FEEHEM AR LT, AANEOAREISHDD
FTWBHIE, WD THTH S, KD TIEEHAN
PERLTWEWZ LM E LTI, WEORYE
FEMA L ERZ BRI Ao TW e h oz
ZENEZOND, RWTETHIE S N7GEO LR
FEET I, ¥0D T ORI ERM 2 FLIRFERE S &
LEMTHY, SHERAEDOHE CTHRA LPIZET
FIHEND Z LIS NG, FHHE DI, BEICHERM
2 AT o 2 e &2 AU L CHAM L35 2 LI
X0, KEDHERE LToOMiEizEI527 514 %
ARLF- % NA B % B & #iy L7z (Uchida,
1996 : Uchida and Numaguchi, 1996), L 2> L, &
DFETHONDHREMIE, TVT I T7TEFEOEE
WIHEZ I L CTEBMRZAT 5 2 EANEH S 1
TWwbbo® (Uchida et al, 1997a ; Uchida et al.,
1997b), HiMlif b DRy, R, ReEtko s Tt
LBEOHEMDDH Y, FHMNLTETIIE>T0RV, —7,
A E SIS L 72 O FEFEEAN I L, Th
L3IDOOMEEIUHE LTSI LS, Al
L, VT —ERMHLTYh AR EERE L L
THREUIZ U726, N F2Eof70% (EE
#5) % BRI PER 5 (EAE5.8~11.5um) 2%
® % (Uchida and Murata, 2002), ¥ 7:20C T18+
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FEARAE L7212 D E£2.9~11.5 um W55 O R, T3 B
752.5x10%cells/mL O L X )b % #EFE LT 72 (453
B2, BaEthicownwTd, LMW, B, R
FEHEAETHEIBOTRONTE Y, HEEEELD
WEME AR T A2 X0, BETHILEEZOND,
—, KEMBHOGE T, ZHHZNRIHEH
TE B2 RELEMFRTE HHEHFROREI M ETH
T w5 (Langdon and Siegfried, 1984 ; Numaguchi
and Nell, 1991 ; Sorgeloos, 1995), & Z TAWIZELH
5EH 1B VT, ST DK R &
LCORMADOWREM 2L 72, T AR R % 5
B LT L 2 ififafl - FLMEREHEM 2o,
TaAXYHA MR Z 5 L L-fFRBRICLD, £
O EH# % FF0 L 720

B

THERBHER S KOS MERORSR

B1MHOMEBERBIHEL 227 & 2 5EHE
(MS1) &, ABFZEEE 3 Fep 2 Mo K, RAEE
KDL ZATEHEMI Y Y —3 7 4 (B5201FE,
Y5201%8k, Y52068k) = A% —% —& L CIOL BT
FEEINBOEMHL, 20CTFT7 » HRMRAE LB
FECREH L 720

E20HOEEBERBICHA L2274 2 5EHE
(MS2) 1%, MM TR 27208 1 b HOfE D
FPI I, MRS S 1/2, BV T — iR
R SR & LT\ L Cfpk & LTRERI L 72,
Bis, WD AR R (FAED, HBE Y 3
V) 20gBLUEIVT—+F¥ (ONOZUKA R-10, ¥ 7
VN 2 #WHE3.5% (w/v) R NaCl KB
360mL & & BT, 500mLAEDAZ ) 2—F v v 73
wOF 2 —7 (R H—K A — M Nalgene) IZ AL,
EHICKEWARBHE 2mL 2R L T, A2 2—F
¥ v 7 C72RET X IR TRE L7, WRERE
Wix, FLEEE & MRS (Merck) 3#C, BEEEIZ YM
broth (Difco) THik; 2 L, W KH0.85 % i & NaCl
R T 1 Il 0Pk, W NaCl REHRISH L T
ODgoonn=1.0D R B TR A Z 1% S & T L7z, il
AL 7 WAARIBE I ImL 24729, 5.0 x 10°CFU (B5201
#k),5.5x10°CFU (Y5201#) }%1.2x10"CFU (Y5206
¥R OEBBEESEATY S, BREME SRR
X, 20C T 8 HIHl, MiEEEZIT > BRWEE (5
C) B L7ze BRZT 2850 L 22 Wil B 2 k1Y
AE (MS2C) L LTHNCHR L, M T TrsE
(5C) 124 U720 Chaetoceros calcitrans \&, t%
Erd-Schreiber 53 (11, 1994) TH;# (14h : 10h

WG FET) U 7k B3 Bt 0 5 300 ~ s B e S0 00 19 o
e 2o il 2 IR & LT L7z 7 A3EH(MS T,
MS2, MS2C) &, HE3um®dOFrAuar Ay a
THB|L BN OUERE T IY A WIS L
72

R & (O N i

MR SRR P o R A 20, 140 um FED A1)
TAAERMEHLTI— N —<VFH 4 ¥F— (Beck-
man Coulter, Inc.) THlE L7z. LWED ) BILESR
AN, BREEE KR (HKBEE, SMA &LR&EL)
BLO~ 74— 2216 (Difco, MA) TaIMHL 72
LMW, BCPM7L—+ 77 ¥ b7 A= VTl
L7zo MEREE, Y7o —EREH (HAKRE) 12,
NaCl % 5 % BN L 72 PR B b (SBR5) TRl
U720 FLBRAEREIL, HlFy M (F¥v F D- AR
/L- #L/, Roche Diagnostics) z M L CTillE L7z

TaAYHA OEEEG

&1 TR, TavyAOERE SeE
g = fERE(R 2 4.59+0.41mm, 25 % e L CTH
) 15ME % 5 L ARRICINEE L CI2H B#HE L7z,
HIZT7L—a Y270 o %ML, Kii27C,
W IRIE33~34% CTH o 720 #fHIE 1 H 1 47TV, £
B, BH1MEEZH LK (58 &
L 720 7 AFEWER () YA L —V) &
HIX & LT, 3x10* cells/mL/ H, 1 x10*cells/
mL/ H 3 X083 x10%cells/mL/ H D& T#H 5 L 72
ABXEzEE LA (FLZFNMS1, 1/3MSI,
1/10MSD)o C. calcitrans % FAiakBROKE T T b
O RD 5723 x10"cells/mL/ H D5 TH 5 L7z
KBXA2RYF 4 7arta—nE LT, T80
KZrA7F47arba—LE LCHELL.

82 mfERERTIX, BloERay N THRLTaY
A IR (B E T 4.47~4.95 mm, K KAE
Lz a5k E E LTI 15T oK
AL, Kil27C, HWAiRE32~33% D&M T T,
1 B H B & FARICHIE 217> 720 B RX & L
THHREEIX, C. calcitrans X (3 x10*cells/mL/ H),
1 /10 Chaetoceros X (3 x10°cells/mL/ H) % #&\J 720
T A REEERHX & LCIiE, MS2 (2 x10*cells/mL/
H) BX0U25MS2 (5 x10'cells/mL/ H) % i%E
L7z BHHARAEIX & LT MS2 % 2 x10*cells/mL/ H
& Chaetoceros % 3 x10°cells/mL/ H % # fH L 72 3%
BrX %23t L7z (MS2 + 1/ 3 Chaetoceros)s 7 7 A
AR (MS2C) 22\ Tk, MS2 L HEED#
fHABRIX 23t E L7 (MS2C, 25MS2C, MS2C +
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1/ 3 Chaetoceros)o. %5 1 MIEHRE T, KlBRIX
2 KK, 452 MFTHREBTIE, &RERIX 1 KR & H
Lf:o

TEEREEREMO—iE T

W7 7 AR BAED, BAfE Y V) o—fi
T EAT o 120 FWET B ARFHIOWTIE, 3.5%i%
FEDO NaCl Z ML CHE L TH 720, TOWiY)
O — M5 % 47 - T H NaCl 25 S N TIKG DEAS
ZIHLTREL D, BRI X % K02 Lo
EARLONHETH L L EZ, — o EiTbi
Molze TOMRDITEAL Y OBEETIITB VTR
e fBUE L TAT W& i 2 WO B, & & 7o AR A%
RTHhBEARED LSIZOWTHED I TR H
AT o T L7z MY 37 B &8 Kjeltee Auto
1030 Analyzer THlE L7z0 ZDOMO K55 ORIE L,
LN o 72 (RFHEEl T A%, 2002) kAR
GRIE, SRroHly V2, BE, RooaR
ERELIIWTELZ, LSEBRAEIL, &HALDLS
800g, NI —+¥ (ONOZUKA R-10, ¥ 7 )V hA%L)
8 g, MMHAMAK 8L, #rERIa vy — 7 4 (B5201,
Y5201, Y5206) O B AASEH I (ODgpn=1.0) % %80
mL 32%ML, 5CT3HMAEZELAE 20CTF
TIIH EARZE L CR® L7, LS SRR, SUkS
HRE U TR e L —EriE, 3 ARRELTC
THEL, ‘FHETEL,

FEHROMEENR

1 A E RO EOMEFNLEE T 512D
720, 25tk 7 — & #EICE M LR EFEZE
L TOEEOFEFEMYME & B0 LT, fER TR
DEBETA AP ELFIVWTHERESRZH L L
7oo BEHFI, HRBX 2 KMEOMAERERTFT -5
(n=27"30) %&b TP + FEHETE TR L7,

55 2 Il B RBR O fE R OMETF L % 3 5 BRI
i, HHBRX oa A (16ME) oFFREF A X% fi
BHBBGRICHE L, O FH iz HATR TR
FZRARDOBEBES A X052 LT IWT1 Hdzh off
R EREZF L, P BEHERE TR L7, &R
EEX N DR R ER T — ¥ O 058k, Leven
test 12 & V) GREBRIX [ CLulk LI L7zo 4 3lBRIX O
YR EROEDOREZ, SN E DITo 720 4
B driZ, %9 Kruskal Wallis test # 920 L C, #&
BRXBICHE G EZPFAET 20 E)PREL, AR
7% (P<0.05) 25D SN-4A121F, & 512 Games-
Howell test % 920 L THEZZ A % WX % # il
L7zo —HoOMEHEE, WHHEH#ITY 7 b 2

LCHEMiL7z. (SPSS 11.0], SPSS Inc.).
S

EEFOMR

] F R BT % M L 7 i AT R (MSL, MS2,
MS2C) @ 1R 5347 @ & % % Table 271277 L 72,
MS1, MS2, MS2C &, .4 fa AL w55 (B ££2.9~
115um) Ok T % FhZN26x10°/mL, 1.2x
10°/mL, 1.4x10°%/mL & A T\ 72o BCP T i %
ENAWMEE (LBEO%EA) 1, 22x10°
CFU/mL (>98.5 %), 3.0x10"CFU/mL (>99 %),
<10°CFU/mL T - 72 SBR THM& S W7z
% (Y5206 % %147) 12, 1.4%x10°CFU/mL (>97.6%),
3.5x10"CFU/mL (>99%), <10°CFU/mL T& - 7=,

BERBEEROFEMNR & EERRNRE

Table 281245 1 AR BB O R 2R T C. cal-
citrans IX. (3 x10'cells/mL/ H#&5H) Tid, TikE
BEFE205+12um/ H (FF¥ + fFRHEGRGE), AR
96.7+6.6% (F¥H£FEHRE) Tholzo —H,
MEXTE TRERKER-20=8 yum/ H, 4%
E100% TdH o 720 MS1IX (3 x10*cells/mL/ H),
1/3MS1X (1 x10%cells/mL/ H) 3 X Uf1/10MS1
X (3 x10°cells/mL/ H) Tl&, ZNZNREHERL
EFEPO=x11lym/ H, -3x8um/ HBXU-13
=7 um/ HT, EFEEHN100%, 90.0%B X 1790.0%
T o72o MSIOWRREERIL, HHaH X ORI
AR (P<0.05) ®<, AR EZRTLOT
Holze BT LIZGHRREOH T, & BEITRD -
7RG E, 3 <10 cells/mL/ HTH - 720

TR O—REK S

— R AT OFEF & Table 291278 L7z FSHE2L
BHELTHEHLAETAARE (GAED) Owhdi:
D —MERi s, My X HER24.1+04% (F =+
FRHEERE  n=3), MIRIE2.8£0.8%, MK L42.8
%, JK5328.4%0.0% TdH o7z FHAE DB XDl
WPLT ORI ZHIE L TH 5454 E ) OBIEHAE
i (LS) 1%, MLy 287 B E&#E33.151.2%, MR
4.8+0.3%, rAKILW44.4%, 1K5716.8+0.0% TH -
720 LSEBEMTI, MY v 827 &834.4+20.1%, H
2.8 +£0.1%, xAKIEM45.8%, IK5516.2£0.1% T,
FURRFE LI X 2 — B oK & b o
720

GrREEICL 28HFTHR
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Table 27. Characteristics of the Undariadiets

- MS1* MS2 MS2C
Characterisitics
(Fermented) (Fermented) (Not fermented)
pH 41 4.1 6.4
Particles in a 2.9-11.5 £ m fraction
Numbers (cells/mL) 2.6x10° 1.2x10° 1.4x10°
(Proportion on volume basis, %) (93.1) (95.6) (92.1)
Microbial counts (CFU/mL) on
MA* 2.5x10° NT NT
BCP* 2.2x10° 3.0x10’ <10°
(Lactic acid bacteria, %) (>98.5) (>99)
SBR5* 1.4x10° 3.5x10’ <10°
(Type Y5201, %) (K2.4) 1)
(Type Y5206, %) (>97.6) (>99)
(Other types, %) (K2.4) K1)

*I Seven months—old MS1 is used as a diet for the first rearing test and the
characteristics of the 8 months—old MS1 are shown.

*2 Agar plates used for the viable counting were: Marine Agar 2216 (MA), Plate
Count Agar with BCP (BCP) and Sabouraud Agar supplied with 5% NaCl (BCP5).

NT:Not tested.

Table 28. Results of feeding trials of MS1 on young pearl oyster, Pinctada fucata martensii
Growth rate of hinge length

Feeding conditions Hinge length (Mean=SD, mm)

Treatments (cells/mL/day) Initial™ Final ()2 (Mean=SE, 4 m/day)" Survival (%)
Unfed No feed 459+041 4.28+0.52 (30) -26 = 8 ° 100
Chaetoceros calcitrans 3x10* 459+0.41 7.04%+0.78 (29) 205 = 12 @ 96.7
MST 3x10* 4594041 541049 (30) 69 = 11 ° 100
1/3 MS1 1x10* 459+041 4.44%0.55(27) -3 x 8 ° 90.0
1/10 MS1 3x10° 459+041 455+0.74 (27) -13 = 7 ° 900

*I Mean hinge length obtained from 25 individuals before rearing were used as the initial value of the hinge length for all
the individuals.

*2 Rearing trials were conducted with replicate tanks (n=15, x2), and the mean values of final hinge length were
calculated from the data of 27~30 inividuals .

*3 Treatments with different superscripts are significantly different (Games Howell test, P<0.05)
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2REHED T A A RFHT OV THUE R R & 45 2 [l f7
BB TN L 720 MS21%, 7 X % Hillg{b L
GRLIAMEBEIELABTHY, MS2C 1L, H
MITALLBE720F 24T, AWEAMELTH S (BCP
FHEUE : <10°CFU/mL) K CTH 2. ST RO
H % Table 3012 7R L 720 Chaetoceros X (3 x 10"
cells/mL/ H#fH) B X1 /10 Chaetoceros X (3
10°%cells/mL/ H) 2B W Tk, BREREER (P
+ fEAERRSE) BNENENI68+33 um/ HB L1110
um/ H, AREHNFE DHI266.7% TH o 72 AT
HXOEHREEERE EKRRIE, ThEh-10=14y
m/ H,53.3% T& 720 MS2IX (2 x10"cells/mL/ H)
BIUMS2CIX (2 x10%cells/mL/ H) Ti, ¥k
EREENZNZFN23x13um/ HB X '18+16 um/
H GHEXICH L CHEZSEAD, P<0.05), A5kIE)
FNEFN53.3%B L 66.7% T - 72o MS 2 HEH

fif X (MS2 2 x10*cells/mL/ H +C. calcitrans 3
x10°cells/mL/ H) Ti¥, HHERELEH125+13
um/ H, AFEFEHNL0.0% TR & bk S iz,
MS2C ff H # i X (MS2C 2 x10*cells/mL/ H
+C. calcitrans 3 x10°cells/mL/ H) 12BWVTH, ¥
BREEEEITI£14um/ H, HFERFEDI93.3% & fHFH
AR DO FED RO D N/zAS, WHEOWEIE, MS 2 ik
OYEBRBEE T o7 MS2BLXUMS2C &
LR % 5 x10 cells/mL/ H ¥ THR L R E
WEFEI47+17um/ HB L2316 um/ HT, 4
FRAD66.7% B L UB3.3% L %2 0, fEBEI LS
I AT, &N 72hs, PRHFRETIX D X 9 7% BAF 2 5T
T hro7z,
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Table 29. Proximate analysis of Undariaproducts

Samples % Crude protein % Crude lipid % Carbohydrate % Ash
Wakamidori
before fermentation 241 £ 04 28 = 08 42.8 284 = 00
Wakamidori LS
before fermentation 331 £ 12 48 = 03 444 168 == 0.0
after fermentation 344 = 01 28 =+ 0.1 458 16.2 = 0.1

Carbohydrate is calculated by 100%—(% crude protein+% crude lipid+% ash).

Data is based on triplicate measurements.

Table 30. Results of feeding trials of MS2 and MS2C with young pearl oyster, Pinctada fucata mar-

tensii
Treatments Feeding conditions (cells/mL/day) l:ltrzr(l::f;? (Meanilfizyalrrér:)) G';‘;AV:;hnZ:E?f;:.izalj;ﬁth Survival (%)

Unfed No feed 4.65+0.4 4.53+0.49 ( 8) -10 = 14 ¢ 53.3
Chaetoceros 3x10* 4.68+0.51 6.70£1.25 (10) 168 =+ 33 66.7
1/10 Chaetoceros 3x10° 447047 4.60£0.38 (10) 11 =10 ¢ 66.7
MS2 2x10* 4.57£0.46 493043 (8) 23 = 13 ° 53.3
MS2+1/10 Chaetoceros 2x10* (MS2) +3x10° (C. calcitrans) 459041 6.15+0.52 (12) 1256 £ 13 ° 80.0
x2.5 MS2 5x10* 4.95+0.63 5.21+0.64 (10) 47 = 17 b 66.7
MS2C 2x10* 447041 4.86+0.60 (10) 18 £ 16 °© 66.7
MS2G+1/10Chaetoceros  2x10* (MS2C) +3x10° (C. calcitrans) 4.89+0.60 5.50+0.61 (14) o+ 14 e 93.3
x2.5 MS2C 5x10* 4.51£0.43 493+0.59 (8) 23 £18 ° 53.3

Results are based on a single rearing trial (n=15).

* Treatments with common superscripts are not significantly different (Games—Howell test, P<0.05)

M EE R (U~ YA L=V IR,
MS &R W FRREEERETE DA ENTH
O (Uchida and Murata, 2002), #HH#8HoE
ELCORMBNREEENS, AIFFETIE, MSO 7T 3
XA IR A R R E M2 L &
Hig& L7z BEfEL M & L Coflifiz 5-0i3 %
G, WG LMo+ SmERERfWIiEHsy vy
BEmEOREBETIEH LR Z 1T - THATH
L d 720 ofiFRhE & v ) BTS2 O — R
THEH, TOL) BEY T AL, Mk E
Il 20 RS TR G- L TR D M- g IC o
RUFNIER SR\ £ 2 TR MS OUF#E P 5 i
BEZ % 720 OB 47w, 3 x10"cells/mL/ H b
L EZENL EDOBEETORG-DUF# & & 2 Sz,
20 HOREETIE, 3 x10" cells/mL/ HOfl, 5
x10"cells/mL/ H TO#H 52 REE L, HFixREmER
2 X ZEFli T, 5 x10"cells/mL/ H TOHL5- 0%
DA DSR2 o 7225, FRENC X A fEFEKOHENE
L<, fEKDIREDS 3 x10"cells/mL/ H 25#% 58
EHIWE L 720 MS P65 X I SERG B XS e~ B 7 R
ZRL, FRRREAETLEDTTHERIN, B
MICHEREREROMEZ T CliRs 5L, MS (3 x
10*cells/mL/ H¥%5) kw1, 458 7 ik &
EN B Chaetoceros (3 x10'cells/mL/ H¥5) ®34
% Tdh -7 (Table 27), FHEHEL » HiEEHEB X
ORBEE A ORE T & b ITHERIRSRD 57228,

MS O YAl 5 CTld Chaetoceros WHPE S X D X 9 12
BRI LT awnEE 2 b i RIX (I
FREEIX B X O Chaetoceros 1X) T % L 45 2 ul i
BB OB IL, 51 MEF RO KX ) &
T LT AEIAED SNEH, ZOFREKE LT
&, FERERE PGS 5 E oM HoRifEBIR A 2
FHORBEDO T ED o 727280, HEHOHEEAT A5
TWRMREEA % 2 Sz, SO — D% i ER
WHTHEKT 2L, BRIFLfREMLARINS C
calcitrans ORI, My > 737 B43.0%, HIE
1i13.3%, ARAL11.7%, 1K5331.4% (HiE+ 1 )+,

BIEHR) Thb, ZoOfis, KIFZEICEIT S MS D
WAaH e 2 KT 5 &, MSIL, ¥ Y87 HD X
I EBERS LD SIREXRS D ET ALY 5 HEN
DR S N7z (Table 29)o — 7, 4@ OMuHM#EE % i
HFGES 5 2 L2k ), MS ofifahRIERE Uk
ENBZ LY 2HHOMERBRCHLE SN, FER
WEFEOMZTTHIRT S &, PEHERX (MS2 x
10*cells/mL/ H +Chaetoceros 3 x 10°cells/mL/ H #
H) o fikzh#ix, Chaetoceros (3 x10"cells/mL/
HH#5) D74%ThH Y, AR TIIHIZ LIl > Tz
(Table 30)o WM OMREDHDOETELETLE,

DEOWMEZ PEAGET A2 2128, HIRERIC
%o TWIIRESFORBER VST, FkRIR
PRECYGE LI EBEZONL, —KIZ C. calci-
trans X L, SRR EVE NS Chaetoceros
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RO REREMFGIIIFFICHE L v, L22o T, &
[0 @ Chaetoceros fiFD ) H 9 HIFREEZRFEL TH,
Chaetoceros FEFHOBIEKS O il B HORUZ T W FB R R
PO bE ) BEIIEFITHERES NS, SHO
PEHIFGETIC & 2 SRR R OUGEDIIME, ¥ ¥ 7k
BCTOBIRTH L7120, G5HIOFWHE2BRAL THEL
DB EPLETHDL, LIL, RIS
LHEBNROME RUE L, Lo EEREYTH S
7 43 (Rotifer) #MRIZLHABREBEICE->TDH
BELTWELIATHD (KIHEK). FBRUHEL L
72 MS 2 & FEALH %2 L T v MS2C O SRR H %
H3 2L, MatWICARETIEZR WA ENIZ MS 2
DI BIREPEN LA D o720 TOHBE LT
SR OREM DD R L TV B I ENEZ LN
%o MIWDRRE Y 7 4 — & —TdH A7 LY (Douillet,
2000) M H (Douillet and Langdon, 1994) %}
LCHRERE LTHBKT 2 Z ERBEICHSON TV A,
T 7 OWIEBI T, & HTEOMAEY DIFIEDS, M
HOWHEI L THIZRFRE LTTIE R 7aNAg
T4y 7 ARE LTHRT 2 WML DTV S
(Riquelme et al, 1997). #t - T, AWIEITB VT
b, WAy —y—L LTSN, fRPoLREE
L CHET A BRECEREDS, 7Y 74 g H o
ABICREREFL LCEM L WREEYRE 2 5/,
MS 257 aNA &7 4 7 AWK ERT 25089
WZOWTHEHOWMEIZE ) SHITHLMIIh T
LT eWfEEN b, T2 MS X, oz JFR ik
BELTOHRBIPRETH b, MEEIE, HHICL-T
AR OM T CHEE IR E SRR L0, FlZIEH
B & AR & AR R b R & B B et
bHho THAOYA, TIVF VR YR T 0
EKMERE L TNB720, ZETH D, HEIL
BECTREYS 5, —7F, WEEHOT 4V OYE
D L) BREWEDR RO HARER T2 oS 72
B, HALBIRS LW EBWIFEE NG, 5k, TA4Y
ZIROMOFER O HE#EE A P S 7z MS O k%)
RLPHSMPIEN TV T ERE TIN5,

P EOEZIZBWTIE, 1RO S OIS
BWTIUTHHE TH 2 MEE OB & LCTENN 2
FHZEE L CiEmzirToT&7% L2 L, MSOF]
A LT, BB ICBWTEl InFEFTERLS
MBI A EZEET L2 L S WMRETH 5, IL4E,
NEBIZBWT, TA Y ORKREEIMSEHTHE ST
TWb, TAHYOEKIL, WEBORFEFOREEE
WIRL72bDEABINLOTINE, MSIELLTT
F)EOMEARE LTHRES Y, ZHEBER OB
IKPEBIROERE KT 5 2 LS TE NS, WHEIEER

Man
Nutrients
Harvest ’
Fish production Seaweed
(Bivalves etc.) * (Ulva etc.)

Marine silage
(Conversion to diets)

Fig. 19. Concept of sustainable fish production sys-
tem utilizing a fermentation skill of seaweed.

ROEREED AT LD HEINDL 2L %% (Fig
19)0 2O X9 % MSALDHAs %2 FIH L 72 {3 E IR O
FHO 27251, S TR BE O E
FEFETOHA L—VHANEME L2005 ), 5tk
IKEEFEZ BT, MWTERM & JelE S & TRkE
FEIZKRE O I T Bl e LTHEZ SN TnW L Z &8
WitFs % (Uchida, 2003, PH, 2003) -

FE28 EBEEEMEEREMEL TOKRE

HARADE L BT 2B HEIE HCkicd Ao h,
HARADET 2RO IZ20D LICDixb, &0
DT T H A (Undaria pinnatifida, Wakame) &, H
AABHEIBW TR ET2HEDOH W EED—D
Thb, Th A, Jok, HEAANEREASA X-TDH
LEMTHBHA, MET A X A LR 2 (s
B72T v MIBWT, IRIEERERILR O FFhREE R A3 i
THIEVPWESNTBY, ThXDET L EFEERE
PR 2R A AR B LoD % (Murata et
al, 1999 : Murata et al, 2002). 7 X%, 4d 5
WIS Tl L, B3RS T SRR o e LT
FHICHH SN B, T A X 2 55HLE L 72 o o4
i, TRETHHBITHY25 %0,

—h, HEEOVHIE L 2BBEEMCL VBN 50
PEDOFLEE SR FE ML (Uchida and Murata, 2002),
Fig. LlBWT, INFTTREL TWEERONY
PEIEEHRE WD Yy Y IVOERFEM 2RSS LD
THVY, 5%, TN HTOMHIKRE TSNS,
— R FLB RS DWW TIE, F O RETEIC D
WTEBOMENZENTBY, BEEHE, mebaL
AT = ARAER, MERETER, flErEm,
IRIETE SRk 4 A HRRRED D 5 2 LA I hhTw
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5 (E¥ 5, 1996). L72A%o T, MEEOFLEIEREE
Mo EBFZ T T2 O fERERREE 2 FEH L Tw
S EHFEEEEDLNLS,

MESREE 2 i e LCTRI L &) &£ 22 0A
WiE, KD B WIS E & F R VIR O SSEEEY
THAHI NPT LVEA LS . F 7RO
Rz ENRE L-AHRBICEVER-BL LS &
L7860, AR, BEOHESPER S
TWHRWIZ EIRDON D, DRSO MG
H1zoTid, ThFTNaCl 22.5~3.5% i TR
LA Z B LS WA T TREESE S 2 208
FIIHFH XN THBY (Uchida and Murata, 2002),
WAZERML 2 VST TORBEICOVLTIZMRILE
Ly,

AWgeCld, FITHEMI Y- T 225 —%
— & LCHH LT NaCl ZiRh L & WEfE T TodEig
e OB 2 AT L7 RIS N2 H A 55
EMELI0% (w/w) RALLEEEZS Y MCEAX

T, WRERHICIAITTREIZ O W THGEL 72,

&

7 #®

7 A AEeRRIE, R (A E D LS, B
¥y 3Iy) ML, £V T—¥iE, ONOZUKA
R-10 (Y 7 v PARF) M L7e A5 —% —1
AN, RIOKENZETT (BE) ISRESNTH S
Lactobacillus brevis B5201 #& (=FRA 000033), De-
baryomyces hansenii var. hansenii Y5201 # (=FRA
000046), Candida sp. Y5206 %% (=FRA 000047) 3
X O Lactobacillus casei B54068k (=FRA 000035) %
i L7z 789V 3 b4 Vv=CoA (16 : 0-CoA), * L
4 V=CoA (18 : 1-CoA) & Kawaguchi & (1981) &
FEICX TR 720 7 F IV -CoA &, Sigma BN
(St. Louis) %M L7z,

HERBERMORAS & HIRS

7 H A FEEEAE (Wakame-brevis 3 X 1Y Wakame-
casei) DFENL, T T H XK LS 800g B X
OtV —¥ (ONOZUKA R-10) 8g % i AWK
LI, 10-LEDAZ Y 2a—Fx v Ty~
7 (RY A —FA—M# Nalgene) ICANTRAL
726 5CT—MEL T, ¥F~0WbEX 7%, A
¥ — & —& LT 3HiH (brevis B : B5201#E Y52014%,
Y5206k B X U caser #f : B5406#k, Y5201H#k, Y5206
¥R ORAKBRE R AOML $ o2 R L CRAE, 5
CT3HMOAEEEL, E5ITHWVT, 20CT7H

B ORFERZAT o 720 ARFEIFICIZ 1 H—H, 7%
2B ETEET, A7 Va—Fy vy T2 LR
BT IR THRERAROY—LZ X - 72, HIAE
WL, AW % MRS (Merck) B CTRiRZZEL,
PH0.85% L BE ALK 1 Bl O ki fg, K
% L C ODggonm=1.0D I FE CHIA % il ST L
720 BWARRET 1 mL 472 0 IC&H SN A BRI,
7.9x10°CFU (B5201#%), 6.4x10°CFU (B5406#%),
5.5x10°CFU (Y52014k) HK8.5x10"CFU (Y52064k)
Thbo FBEH T, APHIERAGEEZERL, I3
— T, A v 2 200% 8 L CRAFRHIMHE L
720 BAEHC I O WS AEHI O W TR F v M (F
kit D-/L-#%L/, Roche Diagnostics) % fiif§ L CT%L
WA 2 W U ze F 7 B B o0 Mg SR S I SR
WZOWTHERBOWE 217> 720 AR X, BCP N
TL— Ay M7 =)V (HKEEE BCP) TRMHLL,
==K 5 EAO 30 = —HoE s % Ik
WOHEEG (%) & L. BRHE, 7 a0 —%REH# (H
KELFE  SBR) Tat¥L72. ILEEHICDWTIE, BCP
Foau=—z220MERIEATHEEL, 458
1 HiORWMERY TS 4 ~—+y &ML TPCR
FCX Y, SEER R OBFER & W U WO H & 2
72

HERENY & HERER OFR

7 A Sprague-Dawley &#%, 484 ((AHE70~80g)
D7 v &R MERS AT CFIFkilL) X b
ALTERIHEA L, v ME, AT > L
ABOHILTITNE SN, ZHEMOH 252 (hE
20C ~22C, #BfER5~65%, HEHH 7 We2 5 190 F Tl
£1) T, MR (NMF 4 7, +) x> 7Vl
B) CHEBE TNz, ISHEOES LEFEOHR, 7
AT D 4 BT, MEEARFEB LI hICT A
AREZ10% EH T 5 RBREE A0 U 7. B
&, T AL0%ICEA SN B SRR SICHINT S
R EAREE»SE LT E L CREL 7
(Table 31)o Z2LFI2MN T L7285, > a fEasm
w1 CHIE L 720 Wakame OG5 FIEICH 725 T,
iR Z AT 2N T, HAED LS O HHA
NHTH 572720, P CTRARZZFN D7 I AR
B (RERBH, FRFE Y I ) O5HHE CHLY >~
NI Em25. 7%, MR & E4.5%, K511.4%,
34%) #ZH L L THUGDOY NV EERENE
42T, BB ZRIZAMTRELZ, 347 IVHDK
WZ2WTIE, TARXCEEND I A TIVHESAHT
BB, WAWEEITbhholze 77 XFEEE 2 K
Bt (Wakame-brevis 8 & O Wakame-casei) (22T,
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Table 31. Composition of the experimental diets *

1

Ingredients (/100g diet Control Wakame Wakame-brevis Wakame-case/
DL-Methionine* 0.3 0.3 0.3 0.3
AIN-76 vitamin mixture® 1.0 1.0 1.0 1.0
AIN-76 mineral mixture* 3.5 3.5 3.5 3.5
Potato starch® 15.0 15.0 15.0 15.0
Wakame (Wakamidori LS)** 10.0

Brevis-fermented wakame 10.0
Case/-fermented wakame 10.0
Casein® 20.00 17.46 17.36 17.36
Rapeseed oi I*® 5.00 4.55 4.55 4.55
Cel lulose™ 5.00 4.66 4.66 4.66
Sucrose™ 50. 20 43.53 43.63 43.63

*I Abbreviations used: Control, AIN-76 diet; Wakame, AIN-76 diet with
wakame; Wakame-brevis, AIN-76 diet with brevis—fermented wakame; Wakame-
casel/, AIN-76 diet with case/-fermented wakame.

*2 Wako Pure Chemical Industries (Osaka)

** Oriental Yeast (Tokyo)
** Riken vitamin (Tokyo)
* Aiku (Tokyo)

R LD, 7h XREOH Y v 37 HEmHzHK
1% K$%Z& (Table 29) ZhIEEL T, Wakame
X EF R A D S 5120 1g DA ¥ AL Y2 E72 D
DE LT FFERGEROS v b OKEIZ220+8.7g COF
¥+ R E) Tholoo EBRBWOILDY FizH7z
5 TI&, HUKENIZERT (BEUR) FEERB)WI D P
PRI - THEML 720

BEREMOBRIE

TR T, T v MIVIZF LT —F VTR S,
FEO%, WK TR RIS, $3gD
7 v Ml E 7 B 00.25 mol/L ¥ afii L &
BITHKREIA— ML, 500xg TL055 LA L 72,
LiEZ4IL, ¥ 5129000xg TLO453 i sa DL L,
I barNY TGRS I b YR TSGR,
1 mmol/L EDTA # X OF 3 mmol/L Tris-HCI (pH7.0)
% & ¢00.25mol/L ¥ = BT 2 Mk L, %I
TalEIc L, ¥ o8y RED20~25g/L 1274 5 &
MWL, Fa—A— 6 — 1) VERBAKZEE (EC
1.1.149) (Kelley and Letzien, 1984), VU > = #i& i
KFEWEF (EC 1.140) (Hsu an Landy, 1969), Hgh%
MG (Kelley et al, 1986) OifMIE, FFs &
E YA — FD9000xg ja.L HiEE AL LTllE L 72
(Ide et al., 1992),

500xgl073 D E LI X 0 15 S N7z PR €Y
d— b BEWSE, AV F NI AV ET Y
A7x7—+% (EC2.3.1.21) BLOT7 IV -CoA Bk
FWEFE (EC 1.3.99.3) % Br < JRIIBRMRAL RIEER DG
PERE I SNz ANZF NV M4V T
VAT 2T —EBLOT YV Co-A BKFERHZ DG

i, EWLXI PR TEHGICEESFTELTED
(Schulz, 1991), 500xg & -DHFiEAE Y A — b _LiEH
GENECHHTLETI V7 BEBL Y BEL LW
IR H B 7%, I by N TSR AMEL
THHEEWZME Lze PV=F YNV MV LT
VA7 x5 —EiEHIE Ide 5 (1987) DFEITHEW,
Triton X-100CTH L L7723 b2 > B 7 Mlj4 % 3k
ELTHE L RFICEINE, Av=F 233
FMUVEF VAT 2T—E I OEEOARR LT, I
IV R THRICHFIET 2 IV =F 2V M)V b
TV A7 27 —EINOWEESEATHEL TWAHE
P23 %o T2V -CoA BKEREROWEMIE, 7+
VU AVH N7 A b (phenazine methosulfate) %
B—BTZHEMAKELTHAL, oMo Dom-
mes and Kumnau (1976) 3 X U Dommes et al. (1981)
DI EHE S TUE L7z 7YV -CoA FF T 5 —E
(EC 1.3.3.6) &M%, 500xg D FEAE Y A — b
g4 2 LTSk (Hashimoto et al, 1981 ;
Ide et al, 1987) OFHEICIVMEL2e NV =F ¥
JIVI MM VET VAT 2T —BiEHEIED 2003k
B X L TlE 16:0-CoA (Kawaguchi et al, 1981)
AL, 7YV Co-ABKEREBIVOT VL
—CoA 4 ¥ ¥ — LD ED 72D DIEEIZIE,
16 : 0-CoA, 18 :1-CoA ZMH L7z 3- Fu®
7 ¥V —CoA BKFEBRIEDOWZE LI, TEF W
—CoA i L7,

SE A
W% 3 & OSIis e E 12, Folch S5 o4 (1957) 12
UM L, BRL, BEhZzb) 707
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tou—, AL ATFEO—LB LY VIEEOME,
¥ (Hara ef al, 1993) ®OF B 720 Mo B
- A FuaXyT7FL— boMlEE, By vo8s g
PR 723BHC O W TR BEIC X D g L7z (Ide and
Ontko, 1981),

WSt

ETOWET — 713 PIIME (£ SE) TRLZ. #
BHRER O 43§50 #1 1%, Duncan © £ #EPA#RE (Duncan,
1957 ; Steel and Torrie, 1980) 12X V47— 72

®w =R
v MABRBROER

2IHE O Z v MABHIIIZBWT, 1HH72) P
AR B L ORAREEINE L, AN CHELREN
AHNZLH 72 (P>0.05 Table 32).

Mk vy 7y s ) a—)uEiE, Wakame-
brevis BEDS, R L D A RIS A - 72 (P<0.05,
Table 33), IMiH I L A 70— )VfEi%, RERRER T2
Wleiro7ze FEEH Y VIR REE R CE 2o
720 HFBEFR b Y 72V 7 ) w — v fitild, Wakame-
brevis # B X OF Wakame-casei 7%, *TIR# X ) £
I < (P<0.05), & Y b 1 Wakame-brevis B 1%
Wakame 12T dHEICHKA - 72 (P<0.05),
JFlgE 2 U 2 7 v — vl ik, Wakame-brevis # 3
X OF Wakame-caser 7%, *REE L D FHREICK2 - 72

(P<0.05) o

BENGEREE LR EME CH 5 7 & b EEEE O MLE hig g
X, AE T % v, Wakame #, Wakame-brevis
B X U Wakame-casei # & b $fREEICHRZENENH
146%, 180%, 107% & Ev iz 7R L7z (Table 34),
MiEH g — A Fads 75— MREED, xHHEEL
HRZENEN128%, 132%, 132% & Wiz R L7z,

JFi S b3 > B 728 BRI O Lo
T, FRMERME A ba vy B TR A EET DBROF
YD) T ELTHRETAAINV=F VORI, BANVZF
VEBLIOEHEIV=F REROME L L D Wakame
¥, Wakame-brevis #£38 & UF Wakame-case: #f & b &}
HREIZ B L T,

JHF ik v o> IR I i A B R AE E (Table 35) 13,
Wakame #f, Wakame-brevis #f 3 & O° Wakame-casei
FEE DAL VL, &) bl Wakame-casei B &
L DML, AELEND -7 (P<0.05) V¥
TR BEREE L, AR TR \wDS, Wakame
¥, Wakame-brevis #£3B X OF Wakame-case: #f & b &}
BHIVERNEATHo72, FVa—R -6 -1 V&
ik S EE G 1&, Wakame #f, Wakame-brevis B
B X U Wakame-case: #: & D A IRAE X ) A ZITK L
(P<0.05), Wakame-brevis #t3 X " Wakame-case: Hif
1X, Wakame #12HEART b A R > 72 (P<0.05) -

ANV F XY= 2B ARVIBO B LR O
BMETHLT YV -CoA*+F ¥ —XiHtiE, 16:
0—CoA BXUS8 :1-CoA%IZFELTMELL

Table 32. Body weight and food intake of rats fed a control diet or diets containing wakame (Wakame)

or fermented wakame (Wakame-brevis, Wakame-casei)

*1

Control Wakame Wakame-brevis Wakame—-case/
Body*. ¢ 414 + 11 435 + 7 409 + 10 409 + 13
Food intake*?, (g/21¢530.2 + 21.0 559.8 = 9.6 522.2 = 18.2 523.9 + 24.4

*I Values are the means=SE (n=7)

*2 Mean values of body weight and food intake are not significant among the groups (P>0.05,

by Duncan’s multiple range test).

Table 33. Concentration of lipid components in the serum and liver of rats fed diets containing

wakame
Control Wakame Wakame-brevis Wakame—case/
Serum (mg/ml serum)
Triacylglycerol 3.06+0.47 * 216+0.17 ® 1.88+0.17 ° 233+0.25 ®
Cholesterol 1.17 £0.08 1.30 £0.08 1.09 +0. 07 1.24 +0.06
Liver (mg/g liver)
Triacylglycerol 40.3+6.3 * 33.9+68 ® 17.7+1.2 ° 247 +39
Cholesterol 2.85 +£0.17 & 247 +£0.22 ® 226 +0.14 * 232 +012 °
Phosphol ipid 17.37 +0.96 16.12 +0.15 16.35 +0.58 16.14 +0.72

Values are mean=SE, n=7. Different superscripts in a row indicate significant differences
(P<0.05, by Duncan’s multiple range test) among groups.
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Table 34. Concentration of compounds related to lipid oxidation in serum and liver of rats

Control Wakame Wakame-brevis  Wakame-case/
In serum (mmol/mL serum)
Acetoacetate 16.4 + 4.2 23.9+ 6.1 29.5 + 12.5 17.6 £ 3.2
B —hydroxy lbutyrate 71.4 £ 18.0 91.1 =148 944+ 11.4 94.0 £ 10.4
In liver (nmol/g liver)
Total carnitine 9.1+ 1.7 13.9+ 2.1 14.6 £ 1.5 15,0+ 2.5
Free carnitine 8.2+ 1.1% 11.8+ 1.4%® 123+ 1.5%® 129+ 22"

*I Values are the means+SE, n=7.

*2 Different superscripts in a row indicate significant differences (P<0.05, by Duncan’s

multiple range test).

Table 35. Activities of enzymes (nmol/min/mg protein) involved in fatty acid oxidation in the livers
of rats fed diet containing wakame and fermented wakame products (Wakame-brevis and Wakame-

casei) at 10% w/w " **

Enzyme activities Control Wakame Wakame-brevis Wakame-case/
Enzymes involved in lipid synthesis (in liver)
Fatty acid synthetase 12.30 + 2.93°  6.96+ 1.62%° 6.70 = 1.35® 563+ 1.38°
Malic enzyme 13.73 = 3. 34 12.81 = 2.04 12.45 = 1.32 10.37 = 1.57
Glucose-6-phosphate dehydrogenase 108.9+ 85% 8.4+ 7.1° 432+ 54° 527+ 1.0°
Enzymes involved in lipid oxidation (in liver)
Acy|-CoA oxidase
Substrate
16 : 0-CoA 1.19 = 0.08 1.46 £ 0.12 1.29 = 0.05 1.38 £ 0.08
18 : 1-CoA 1.14 £ 0.08 1.38 = 0.08 1.28 = 0.09 1.15 & 0.15
Acy|-CoA dehydrogenase
Substrate
16 : 0~CoA 3.1+ 20° 285+ 23" 250+ 23° 335+ 1.8%
18 : 1-CoA 1.7+ 2.3 1.0+ 2.0 9.5+ 1.1 13.2+ 1.7
Carnitine palmitoyltransferase 1.8+ 0.7® 1.7 1.4%® 92+ 1.1° 140=%x 1.6°
3-Hydroxylacy|-CoA dehydrogenase 39.9+ 2.6° 469+ 43%® 40.4% 25° 531+ 4.8°

" Values are the means=+SE, n=7.

*2 Different suoerscrints in a row indicate significant differences (P<0.05. bv Duncan’s multiple range test).

i 57 D4 T, Wakame B, Wakame-brevis 3 X
Of Wakame-casei #E & S RBEEL D, DIT0LI 6 H
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JFBE X b3 > B TISB SRR O f IR O
HEFETH DT ¥V Co-A BIKEHROWEMIZ, 16:
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(P<0.05), *TEE#ES X O Wakame L IIABELRET
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Table 36\ ORLAIMEH L 727 # X (Wakame)
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me-casei) DEIRGITOFER AR L7z LA L L
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BB CHAME (BCP LTI -2 BIE O % EA)
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ERBIE, wWTFhoREICBW T M SN
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5 >99% LW T, FD44% (16kk™H 7 #k) 2% L.
casei TdH -7,
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Table 36. Characteristics of wakame (Wakame), brevis-fermented wakame (Wakame-brevis) and

casei-fermented wakame (Wakame-caser)

Characteristics Wakame Wakame-brevis Wakame-cases
Analyzed before freeze-drying
Lactic acid (mg/g) <0. 1" 13.8 0.1
(L-lactic acid/ D-lactic acid) (<0.1/<0. 1) (10.0/3.8) (<0.1/0.1)
Analyzed after freeze-drying
Proximate analysis (mean=SD, % on dry basis)
Crude protein 33.1£1.2 39.5+0.5 34.2+0.1
Crude lipid 4.8+0.3 7.7+0.3 7.5+0.3
Ash 17.7+0.2 14.8=+0.3 15.5+0. 1
Carbohydrate* 44.4 38.0 42.8
Microbial counting
BCP counts (mean=SD, CFU/g) * <10 2.7+0.4 x 10® 6.4+0.6 x 10°
Proportion (%) of LAB* - 97.5 >99
Proportion (%) of the clones identical
at species level to the starter-used _ 75 44
LAB*
(Nos. of positive clones.”tested clones) (15/20) (1/16)
Yeast™® (CFU/g) <10° <10 <10

*I Undaria material (Wakamidori LS) was suspended in the same concentration as the two

fermented Undaria cultures and the lactic acid contained in the supernatant was
*2 Carbohydrate%=100%- (crude protein%+Crude |ipid%-+Ash%)
* Lactic acid bacteria (LAB) was counted on Plate Count Agar with BCP

*4 Proportion (%) of lactic acid bacteria was estimated by the numbers of yellow-colored
colony against total colony.

* Proportion of lactic acid bacteria (LAB) was determined by the PCR method using the
species—-specific primer sets developed in the present study, section 1, Part 4.

*8 Counted on Sabouraud agar plate
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