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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. brevis 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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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\ ot 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 noubated 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

NaCl (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 h&A) BLOT
TET b8y ¥ — RiEi (BEFRF O 25HER
0.22% w/w M2 7 % 8 % R KICEE S 2721,
GF/C TW51 A8 LT 72 Bl % MiH, Sigma) Z2iR
ML, 5 C48HfHIA > F 2 x— M L CHMN L RLER
A1l o720 T O REYRIS0g % 3 O SSW T
277~ FPEE L, 280mL O SSW IZERE L7-D b,
500mL DR J — R A — b #E.0R bV (Nalgene)
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93h 43 f##%, SSW C2HFH >~ Mok L2, 3B
No. 2%0.5% &ML T, 20C FT7 HMHEX TR -
720 FEEEREL No. 4% No. 513, BEER L RGO
WA FREICFEM L 720 BIB No. 41%, #AZSED
W 10% NaCl KERICIEE L, Bk, vy —+¥
1.0% & #¥F No. 3% 1 %DEETHEML, 20C F T8
HM3# 2177 5720 No. 5A 1%, ¥ No. 4% 1 %ik
HIL T No. 4& AERICHE L 72.No. 5B, £V 5 — ¥,
NaCl, #Fl No. 4% 89712 No. 5A &[R4k 3R
L 7zo No. 5C, No. 5D, No. 5E &, L2 F No. 4,
NaCl, &IV J—E¥72F 2 @HmME 312 No. 5A & HERIC
FRBL L 720 BEEEAYSE T L723RHE, ROMEZ R X Ifl
MT5FET5CTFTHRIEL 726

MEHDETH

AFNo. 4B LU No. 5 (A-E) 122WT, BRI
MAE OFHEE 4T 7 5 720 No. 5B IZD W CTIdRF R
DAEREBDE Lz, MAEMOHEIE, B
(Porter and Feig, 1980), MPN %, ERPHIEIC X
VAT o720 R, VR 282 iR Iy
%, DAPI L, 02um EZD7 4 V% — (PCMB,
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WX VAT o720 MPN ETIX, BRET F 22.5g, X
7 b ~5.0g, NaCl25g/L (pH6.9) @ O i 4A%s H
ERHH LTS AR TTI -7 (K, 19852), %R
SRS X B RO ) b — AR e L, AR
JERFEH (HKBIE) 1ITNaCl%Z 0%, 25%, 5%
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AL CEMIL 720 LW UL, BCP M7 L — b
1Y T =)V (HARBRE) 12NaCl % 0 %5 L0
5 %UEEETHML 7254 (BCP 0, BCP5) % ffiH]
L, A #HmIcs/-au=—%2 A MHE L
U7z BREIZY 7o—3 (HKRRE) chidw
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WA <Ay, X2V GHYY L, r0aF
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WEMEE 2 SR L CREIR L 720 BERED 7 A4 7RIl
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PREREIEIC X D AERE L CREIR L 72
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O/F &k, ¥ 55—, h%I—¥, FERIIEEE,
Y7 F e, B EE, A DEEERN, I
KOAF—212L Y WG E L7z (FK, 1985b ; 3
&5, 1988 ; Sneath et al, 1989). 16S rRNA #{x T
(16S rDNA) @O¥EIEHNIZ, FIHWF v b (Gen
LB A, A7) XD GEERRD — % )L DNA
L 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 720 PCR Ro i, RISI100 4L
#7210, 10xPCR buffer ; 10u L, dNTP Mix ; %200
uM, Primer: % 1 uM, Taq DNA polymerase ;
2.5U, #% DNA; 50ng OB THEM L 720 RGBS
&, MCTIHRFELAHE, 94T 608, 60T 458,
2C I DT 7 I AE30% 4 7 VT, #iZIZT2
CTHHRIFT 27U I ATl o7z, ozl
1.5kb OIEIEEY OMEFRIX, BIbF 7 A AD1.5%
T A= AT IVERIKIN L V7% 5 72, 16S rDNA
DOEIRIERLT (E. coli FEARLH D41-338% 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 BONTHERINEZ D L ITHBEREELY
YATHF LM%, FA4ATTLICHRET —F RX—2A
DDBJ/EMBL/GenBank 2 % L T BLAST #2112 2
O, BN E L. 8 SRR T L oFEs
Bk (BT 5 B4101, B5201, B5401, B5501) (2
WL, BIZERIBOERARS (E. coli ¥EHERHID
41-1492F BAHY) 2@ L, Rl E OHVIZD
Similarity value (—Zk L 72335 / deg L 72350
ZEME U720 BR201FRIZOW T, FEDH S 512
MlEEO/LE, T oK, Ett RBEE, &
B, WHEME W25 0MoEA, GC &= &R
B % 950 L 72 (Sneath et al, 1989 ; M, 1996 ; &
K, 1996), FEWEiE, MRS 3#irh 260 L CT30TC
A0RE I OBRRE R 2 T o 724, FREARB IS

J—=ViEAkmetlyy b (F¥y b D-#LEE /L-F
g, F¥v b ¥/ —), Roche diagnostics) 12XV
WEL, 7V a—AH 5 ORIERY= S 4w Lz, 4
HImEE, MHEMERER (20T) 121 MRS Kbz i L
720 BED S OB o REERERIZE, APISOCH (bioMerieux)
L7,

b) BEIBEMROIMT

No. 4, No. 5A, No. 5C-E ® £ FEEEARHIZ DO W,
HEWEOFEBICHEMA L2 SBRSFHR Lo aw = —
PR EBMPASIA T LB £ 4 712
DWTHRT > AFHOREEREZ 0B L7, S HI12%
REHZDOWTBCP 0 P Lo b b an
=R 0MR T O ML I BEL 720 RIZAET O HEE
HRIZOWTABEOL AL UHlRE vy M2 L
Th—%)VDNA ZHIHL, ChigilelT1=
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, AEE O
&R, PCRIZ X 1 18S rRNA #1xT (18S rDNA)
IR L 720 PCR BUBSMHIE, 94C Tl MRyl 7z
%, 94C 30%, 55C 30#», 72C 12087 u 7 F A
2B A 7 NVBI R, RBEIC2CTTHHRET S
T T AT Rholze NS8T I ~—% i LT,
Z O IEB S (Saccharomyces cerevisiae ¥ %
BLH] 01670-1850%F HAHY) % kg L7z, g S hiz
WA EH % B\ itk ¥ 4 70 L, AT L
2 A 7 — ¥ X— A DDB]/EMBL/GenBank (2%} L
T BLAST MBI HhF, Bz E L7z, &5
285 A4 7T o Fk (RHkET Y5201, Y5200,
Y5318) 12DV Tid, (2 ITA RO % JoE L,
I VTARAL & @ 3\ 72O Similarity value 2 5H8 L 72,
Y52018k 8 & OF Y5206/k 12OV TIE, S HICLLFDRE
7 [ o SR A 20t L 720 TRREZAMOMERL S K OVA: 2R -
HALF P E R 1L, Barnett et @l (1990), Yallow
(1998) I & UF Nakase et al. (1998) 124t~ TIHiti L
720 HAEMINE S L OVE (1) R4 0B85 Difco
Bacto Yeast morphology agar 3 & U Difco Bacto
YM Broth (Becton Dickinson&Co., MD) T # %
WOGEHMEE (MAHER X UM T#H) CBlIgxT-
Too WOARR: X T R16mm RERE 125 /mL 2 07E L
THwWz, TR TERGEREL, Acetate agar (Mc-
Clary et al, 1959) B X U85 % Malt extract agar
(Wickerham, 1951) % H\WT20C, 4 ~20H R0k
FRAT o 72k, TSRS Vv TGt CTHZE 2 1T
o720 BEFSEEEAERIL, Fermentation basal medium
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(Wickerham, 1951) IZHEREEZ2% (974 7 —A
DH4 %) FRELLTMNA, ¥— 7 ABEBEEC
X D 9%ti L 72c Fermentation basal medium (213 7' 1
EFE—NVTNV— (BTB) »’pHIRFELLTEEN
THEY, WEHDOATADFEAE & H12 pH OIKT 8l
BNHETH b, 25C, 28HM F CTORRZAT - 726
RFALE WGP ER T Difco Bacto Yeast Nitrogen
Base (Becton Dickinson&Co.) % v, Z v — 2
5g YBDORFIEWEELIOREA + v 7R %
L, ABERREIT o720 TOA Ly 7 EH0.5ml
ZEAR16mm FERAE 124.5ml 407 L 723 2882 A2
A, B & U7z Bi21325°C, 21 H MMk L 72,
R EW B LRI ARE i (Wickerham,
1946, Wickerham, 1951) 12X V4T o7z, i & L
T Difco Bacto Carbon Base (Becton Dickinson&Co.)
RV, EFRFEE & DICIOFERER by 7 i % il
L, A#EBHEZET o772 SOA My 7 EiH0.5ml % 4
FE16mm FABRAT 124.5ml 239F L 72 I8 2588 AN Z.,
HeakBi e L7z ¥i#81325C, 7 OBk L 720 ¥ 2
TAF 3 FifEER 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#E 21T - 720 BEMRAENGABR I Custer’s Chalk
7L —1b (5% glucose, 0.5% calcium carbon-
ate #&tr) =M, 25T, 2HM F TOREFELITV,
BHBXIBISE o7 ¥¥ Iy 7) —AFREIZ
Vitamin-free Yeast base (Wickerham, 1951) #% H
Vv, 25CTR#ERAT, 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) ZJH\WTHT- 72, AEBRILEE
IF37C B L U3BTE L7

BERESIOT 7ty 3B ERGHEN

ARWFZE THE S N7 IR G ik, DDBJIZE
$k L 700 WM 5 B4101, B5201, B5401, B5406,
B5407, B5501, Y5201, Y5206, Y5318 A ELH 1%
o7 sy varyrFErld, FnEit AB070606,
AB070607, AB070608, AB070609, AB070610,
AB070611, AB070854, AB070855, AB070856 C &
%o SRAIENT 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, FhENJ01353,
AB013567, AB013590, AB013509, AB013553,
AB013532, ABO013555Td %, #tiE S 117:18S rDNA
WA % b &R 2 Ek L7z A LB
Kimura ® 275 2 — % (1980) 12X &ML, NJ
1 (Saitou and Nei, 1987) 1 & 0 Rsfehd 2 1EH L 720
HEALHREZ T A~ —EMBL T IA XV M F
Y v TRV EEE v, Clustal War¥a—%
— 7’1 75 2 (Thompson et al., 1994) (2 THIE L 72,

RO RBEAR
FEMEARBRIMEH L 2l B I o A X B L U~ 2
V7 ERBRE, BZHEINECTHRIL 72 0% /M L7,
T h ARED S B -0, WEZER R GEARED,
Thum A v ¥ amlh, HEEsy I V) 2640 L 7%
D= o>D7 A AR EHE, FFIREO LY = ik
THO~S—4 v FTHEA LK, ~2 v 7374 u
m Ay Y a@BORHAGZENRREMEH L, Ll
B9 HARENE, SRR 21T 728, IFY
— (MK, National) Hifltd L IZFLeRZE M L 726
MAPEAL, lmmAvy2Z@@dahke LT
U7z SEMEERERIZ, 12mm 758 O SR |2 e by
%x0.5g, VI —+ (R10, Y7V FAF) 0.1g 2
H#3.5% NaCl K¥# 9mL & & b IZMA 72854 TFr -
7oo THUC 3FEE (B B5201, Y5201, Y5206) O
BARBEES0ul $2o% Mz, A2 Va—Fxv 7%
B U7-RREC, Wixk; 2% (Rotator RT-550, % A 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
IR 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 x10'CFU (Y5201), 6.0 X
10°CFU (Y5206) Td - 720 Higth ok, Hhk
WRED, TATVHOFFELXHETLHb0% +, &
B LI ERRORCDSTLH0% +, JFHRE
BTBEHDE - LI L7 X522 B3O LB
(10,000xg, 10min) L Tf7z EiFiZoWTililiF v + (F
v FD-AM/L-AM, F¥y by /=) 12X
D D-/L-3ig, BTy ) —ViEAREZNE L,
FERERERE AV T TV, WEME I TEIME TR L 72

#w R

AU REEMOAR EEAYRE
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177 A#8 L 723# No. 1 (Table 1) &, = A5
FOBEHFEHLTVWDL I EDBIESN, 2R %
GBS TBIZE T 5 L HML SN2 Z KD 7 + ¥
KBry-& & SITHE, BERE, SRIREARMINR 7238158 S
n, MAEMH»EGTLHES LEBERSBI>TW0w5
b EEEI N, RE No. 1o—# % L5 — Bl
MU 728727 7 4 ik No. 210 LEE#EST S &,
FEOFEAEVPFRIN, FkC2~4 » ABKET
No. 1705 No. 4F T, HFEDFEXFHIRT D)) =i
FL72F T T & 720 A No. 5A 1E, 74 VI
WS NaCl, &7 —+, 8% No. 40 3EZEZIMZ
THBLL, HEIELZE XD REWT L LD
gqE¥ iz, —J, RFNo. 5B &, kit 3 EEERM
HPFICHERLZLE IS, BUMANBIZ -7z, #F No.
5 (CE) &, 3EHEDHI b—2720 %R ME 3 IR
WL Zh, IO LFARICHFEORENBLE SN,
SERDHIL2EELZITORMTL 7AVFIEIRHEL D
HLEZ 5N, No. 125 No. 5FTH 8 » HULE®D
WM, FEOFROBEN ZMEFL 72 T TOMAST
b, 7TAVRBRICIIRBA Y —F — & LCHRE
WA DFAEDRE S 7z,

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

NS 4 \IHRA & 4T 7 o 725808 No. 5A 12D W Tl
RN E, MPNE, ERPBREICBIT 2 EHHEO
K2 T 5 & 2N 216.6%x10"cells/mL, 5.4
x 107 cells/mL, 7.1 x10°CFU/mL & (3IZ[F U T&h
D, B No. 5SA HOBAEY O KRERE, BEEIZK
LETEBWEETH B L E 2 b NIz Fli4 DIERFK
WX BEMHEE R A L, BCP 0 FHRIC L A AR K

Table 2. Microbiota in the transfered Ulva cultures

T7.1%x10"CFU/mL, %\ T SMA2.5F#fili £56.0 x
10"CFU/mL T Y, AMBRIELEL 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 [ABRICFLIRH & BB R
BAEDE L, 7T A ORBAIE, FLERE & BERE s -
LTWhAZEDRBENT, —HIEEFTH 5 No.
S5BIZDWTIE, BERNCIZHROBMRIHAE L THF
LTV LR SN IHEOME (MA SEARfE)
HAL.0X10°CFU/mL ® L RV CEHE S h, ¥#B D
MA FHAEA8.2x 10°CFU/mL TERPEMRBEIZ L 5
AHEIED S b TRKE R LIz TomEEEICE S
ED2.0x10%cells/mL L IZKELSBHENDHHZ EH
HEEAR YA L KE L ERL > Tz, #H No. 4%
Ay =% =L LTRMETITHE L 72 No 5C 1220
TIEEEREAL.2x10°CFU/mL TS L Twi, 72
Z ® No. 5C :X¥ D MA fli4%1.2x 10°CFU/mL & @&\
25, MA W Eoam = — 2 80E512 5 3R L Tk
UM CTHE LA, SHETHAMBoan =
— (>80%) TH2HIZ LB n/z, MHHERN (R
AW) DEFIZ, BZoTwiarwndnsEz 5hl,
NaCl % #3708 U 72308 No. 5D 1%, FLEEREI%EL
li752.3x10°CFU/mL & & T &0 TH 5 Z L LS,
121 No. 5A L[ LI oA E R L7z, LIV T
— VIR TR L 723Uk No. 5E 1&, FHEDIED
IV WA MDD o 72785, [ U FLERH & BEREAYE
HLTwW/,

HEAPBEHEO2AEL T ERAE
##} No. 4, No. 5A, No. 5D, No. 5E iI22oWTig,

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. 5¢C + + - 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 BOERBOFEUICMER L 72 BCP 0 FAA 520
Hdoano=—%MIEZIZHHEL 720 No. 5B IZDWw
Tix, BCP 0 & 9 & EMEAZ% 2 o 72 SMA2.5F-AK A
5 20Fk & MEAE 2 250 HE L 720 72 No. 5BBIZDOW T

RRMBR OB Z M D 720, WHGEE % ST
FWICHEML, BRshi-auo—HogdbEh o7
MA P & M2 12200k 2 708 L 720 No. 5C 122
WTIEBCP 06 L7-au=—3 3 XCEELD
SO THIERIZEE S N Do Tze STBERRIZOD W T
IREABR % St L 7245 % Table 3 128 LT %.No. 4,
No. 5A, No. 5E 2 5 4B S 1L 72 #3208k 13 4 C )
—DIALTTHolze BIH 7T ABGHEORKE T, EH)
WA, Wtz EAaed, +3 25 —YiH,

H Y T—CRIEETT VT — AR FREBICHE L7, L
7o THAKDOAF—24 (M, £, 1985) 12L& 5
i 5 W% DO#ER, Lactobacillus | & Sz 2h b
SEERED16S rDNA O3 2R H11£100% —F L 72
®D T, Lactobacillus 1AL 52 & & L72o No. 5D
25 EEE 722000 9 B1THRIE, [ARIS Lactobacil-
lus I TH 7225, 24 (B5406, B5409) BL U1
¥ (B5407) 3 ZF1Eh, 16S rDNA o #B45- IL AL %)
MIBE B 5 TWDT, ZILEN Lactobacillus
IRMBLOMME L7, No. 5B ORiFEATAE 2 5 D
DEERRIZOWTIE, 13— L v VR orft
#Z %A L, Flavobacterium-Cytophaga 77 Vv — 712455
FEN/e BROVDO6BKB LU 1%RIE, £ Aci-
netobacter-Moraxella 35 X U Alteromonas \Z 53 S 1
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720 B2 D No. 5B 20 B D5 BERRIE, 128k28 Vibrio-
Aeromonas, 4 ¥EHY Alteromonas, 3 ¥WA% Alcaligenes-
Pseudomonas, 1 ¥k Streptococcus-Leuconostoc 1255
HEIN D EaFeos LR LFAHIB VT,
Lactobacillus 1 B8 5 LTHB Y, NaCl, V7 —,
Ay =5 —D3BEHREZHFME T L 72HEHI BT
1, SR OMEREASHAH 2 T L T 7z,
Lactobacillus 1 BAORFEHRT H 5 B5201#kIZD T
FEM 2 EIRGRER 2 FEHE L, K% Table 413/R L7z,
B5201#k1%, MaTF 2 L e IEREiEo MR T, 7
NI —A%HEE UCARRE RFEWRFTH0% DR T
AL, Ry ) —VERBAAZEE LS
ENH, NTUROIREMRE EZE R ONT. £F
mEELE, 15C L40CTHEFVALN, 45CTIRAERL
Bhro e HERSIREIZ25% B L V5 % NaCl i
JECTHE L7z HEOELMERE T L-arabinose,
esculin, fructose, galactose, gluconate, glucose,
maltose, ribose, D-xylose, N-acethylglucosamine,
5-ketogluconate 2» 5 % L L 720 GC &= 1345 %
(Mol) T, #aE 2 17:16S rDNA D ILFL511475bp 1,
WAL #R ML Cd B Lactobacillus brevis (D37785) 2k}
LT99.8% DML AL T LLEOKHENIS
B5201#kIE L. brevis & [ & 7z, B4101#E, B5401
R, B5501FRIZ DWW T B 16S rDNA DT ERIR O
FERLH) A3 P e S 7228, BR20IHR O BELH & 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 o 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 T
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% OMFEMEDDH D,
L. caseit 7 Vv—"TOW &% Z b N7z Lactobacillus
WCTdH 5 Bo407THRIE, [FECH] (1481bp) A%, Lactoba-
cillus pentosus DWH) & 100% —F L, L. pentosus &
2 bNhiz,

BRABKO2IES T ERAE

BB O W% X5 B, SBRO™FAGEHEE O J5
A%, SBREEMGHMEL D, HTRE @Az D - 72
A%, SBRO™FAR L IACTERE SN 7z RO 0 v = — 1344 R
AP L T TR DO VDIK L, SBR5 AR
roau=—iF, BEHRFEDHE T, WIRBIZEIZ X
D 32D A FIHHTER, Z 2 THREEL723FNC
DWT SBR5 MR F oo a1 = — % R & 5
WU TR L2, AFHokz 0T 22 L & Lz,
#B No. 5B 513, bk an = — 38T & &b
o720 RENo. 48X WNo. 5 (A, D, E) 540k
ENnERHE, BREN a0 —0KE SAHN
MIZKREL, LWy 47 (TypeLR) Lau=—DK

XX Type LR X DA L/AEL, REMEONRY
4 7 (Type MS) ® 22241720 Type LR ®» 2
o =—oE &1L, 7B No. 4T97%, No. 5A T84%,
No. 5D T50%, No. 5E T90% Td -7z, ik} No. 5C
MHO T = — 133X T Type LRIZEBIL Tw
T2, EDHIEDIRIEIAV LTI EDTHH-72DT
Type MLR & L7z TN SO a0 = —DRRERENIE
B D53 %L, 18S rDNA DS HEILRLH 2> &5 D55
BORE L LA L (Table 5)

Type LR i, ZIZEREOMBEEZAH L, H A X3
(2.7-5.4) x (2.7-6.0) um T, ZHhHIIHZF L CTHEE
WL, BikFEz A L. Type LR D4 HERk
D 18S rDNA O ARSI, 100% —FH L2 &
Po—o0¥ 4 T EEZ 5N, BLAST MEOH KA
5 Debaryomyces 1 8 & L 725 Type MLR 1Z, Type
LR & DR E L IR RH o % R L
72735, 18S rDNA O R4 35 FL A 25 1 & fr o A 72
2> T\ 72D T Debaryomyces I & L7z, Type MS
X, F~-RABMNEMREEAEL, A4 X (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 CRIERFH L,
WAROEEZEE LV, T2, BRI 25 LR
OEIPEL L AHMH»E SN Type MS 7Bk
®18S rDNA O ER4EILEFNE, 100% —FK L7-Z &
MWH—=2Dy¥ 4 TEEZE, BLAST REDFHERNS
Candida 1 & L7z,

B IEWEAEHT DOV T BCP 0 A B H 108k 3 O B%
BE% 558 L CIi<7z. BCP 0 Lo a0 =—13,
ZORBPEEET, KRESPME T =—12H~X
THLLREVOTES IR a0 =— EXHI LTH
T &7z, K No. 4, No.5 (A, D, E) OHIE,
MAEAIZI0a 0 = — 2 IR THEEL 720 —77, & F
No. 5C D¥&id, B > L au=—oEpHe
S5 LIIZELT 55 4 7 (Type WD) & 24LL %
W A7 (Type W) IZHHTE/-OTKHLTHH
9058k L 720 BCPOEAR D 5 D4Rk D SBR5 AR
5 DO HERRFERE, Debaryomyces 1%, Debaryomy-
ces TR, Candida 1D 3 5 4 7 ThHo7z.

Debaryomyces 1 BB X O Candida 1 T O 3R 55
HERR, ZFNEN YS2018EB & U8 Y2064k 12D W T &
HAZFEM 20 PEIRRBR % 1T 7% o 7245 R % Table 61271
o Y5201Hk X, WE AR ZEEET, M TEMIZ
MhodH 5 FERTFEZEKT S E0BIEIN,
D-glucose B & UF sucrose (%7 L TV IEERE 2 4§

% 7% D-galactose, maltose, lactose, raffinose 2 %}
L CIlE S8tk %# /" & e o 720 ¥ 72, L-arabinose,
esculin, fructose, galactose, gluconate, glucose,
maltose, ribose, D-xylose % £% 4 W — @ jg FZH &
LCHHL, 35CTOMIREL R E o 720 18S
rDNA O3 FERLEH) (1752bp) (X, &AT#HAED Debar-
yomyces hansenii var. hansenii \23F L C99.8% TdH >
720 DL OMWRRBROR R & ARAEN (Fig. 2-2)
FERA S Y52018Kk1% D. hansenii var. hansenii & 6%
SNz,

Y52064ki%, WA EZEL, TEBRTORBITE
RENL D72, 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
RFIE LCTHIHL, 35C TOMREE RS Zho
720 18S rDNA O IEIEELS] (1750bp) 1%, # it fxfd
® Candida zeylanoides |23 L T99.5% Tdh » 7z, LA
L OVERREEBR O R & RHEENT (Fig. 2) OREDPS
Y5206%k1Z C. zeylanoides d L { 1&ZF Dz & [H 2
EN7zo Debaryomyces 1T DR FEMTH % Y5318%k
1%, ‘IR Debaryomyces fabric \ZRF L T99.5%,
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 DIEHREFN I T OFE R (Fig. A, RREE, BAENEY % & O 22 O WIS
2), Y5318%¥kiZ, Debarvomyces J& DEEREE % 2 STz, WL TNV =L EHICREEM L TRELLE
25, ZTOWHET, ARBLI/ LRy /-

R AR WVOREDNBESN, SHEOEIBHAY - —L&
T A FEEEAR T OF TR L LTl s 3wk L CHERET A 2 LA DD SNz (Table7 ). #ZE
(B5201, Y5201, Y5206) 7% fifl % \Zaiksae L, fLisdH, SN7-FMEIX 0~1.14g/100mL, =% 7 —)LiZ0.03~

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 33 + + +(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 FLEROAHE L, BAEHY,
KRB, ALEEE, BEEOMIIE o7, TAABX
O~ a7, BEEO R TIRBIFMY IR R D
Zh o7z

£ B

AN FEERE TR SN2 7 4 Y O FEER R & ik
U720, A Y — 7 — & LCREIHERET 5 2
ENRBDHNTze REFFEOHWIE, WA S —5—&
L CHERE L 2 o R ISk 22 T & 2 W oS T
HolzDT, TAYVHALOBHAMBIZBNT, TE
BT HEICH B TE S L) BREEWEL T
W7z, HARIIZIE, HARO5 LR Lo 72O
THMEL L TUHELT—ELTTIET L v8y
F—LZEMLUTHHALTW2S, kT —PHIT
AT&E2 2 L 2MERL, HMMAICZEE Lz, KRIC
WEELTCT AV OERAETIE R G S N5
KA TE % Z & 2HERE L7z Table1 (213 No. 2
~ No. 4F TOMAAUTK L TRRAUHFE &S LT L
AR W T OARRERENZ IR L Th B H, FEE
W21, BARCERIC T — 7 & L OR L DAL oM 4 o
EBHEMERA LT, ZoMRETRH)MEET, BLVT—
¥, NaCl, A7 =9 —D3EZDRMPBEMTH 5
ZEDPREBICE L DN INHLD3EEDH) B —
DT R RIS THAC L 7282 S, 3EEZEDIH
D2BEFRETTOLHELEI) BEAIFHEL S 52 &8
BEsNz, VT —FIZonwTiE, ZhEiRnL %
WEFEDREDPVRL ol b, BEOIY
DEBFIZHML TWwWA EEZbN, 7% L LTI
ARLTWRWDS, FEBE, TAXAZEH L TEVT —
YTOREZHRMT B E, L7 ED glucose B3I LT
BT EDPHEREINT WS, NaCl DRMNEYFAZ 41
DFEEEN S ITHMEISR SN D - 7255, NaCl # i#s
HFICHR L 22ENE, LIFLIETAREAELRZD,
B RAFEA Lz T2 A5 —F— B E2HRML
7 { T Debaryomyces BIOFEREA 2 B L, #
B3 ERBELZ NS, TAHIOEBAEKEIC
Debaryomyces B OFEREDS, —FEOBETHEL TV
5T EDRIBENT,

FUEW E MRS RZ TR L3 2 &3 R
IR CHAMSNRTBY (I, 1996), 4o s h
7o STB OBA Y 2 MBI R 2 Y — 2 T
DEERZ &L L7z i Ishikawa 5 (2003) 12 &
0, U Y M- TV ) R AR S S S FLER
W Marinilactibacillus psychrotolerans D358 &,
VEFLBH & V) SHEPIRE SN TV LD, FHOLMH

WEL 72 L. brevis &, BELFEBEHRM 2> OB i S
NBHETH Y, WEFRAOLBHETIE RV, —7,
DEESNIERDH L, A% b D. hansenii var.
hansenii ® Ji %, W 2GR LTAISNS
(Uden et al, 1968). M KL IMAAEMAKD LI
WHREEAKICESESERELTB L, Ay —%
— WML TH LIFUITALERR R R MBI L €
(AT ERBIETHIEND, TE4 OO R
213 2 HEETIN S DMK LS L T2
LEZON, SHGEES e 3TEOMAY b ik
FETHh 5 LML SN, WERRICOWTE, HEO
BRLChBHTICE BT 2 LB HONTEY
(Fell et al, 1960), HARRCITEBEIEET S Y
RIS LG 6AB L TnD 2 EE 2
bbb, FEHOBETIE, REZHARICLTRHEEL,
PEE DR Lo W IREE ORI A BREE TISHE 31
X, LI NI —Ea AL % THARRIE
HLTLAZEARBLTEBY, HARTHEETIA
HHERE L7z & 9 BB ST Tk, JRPTIICFLRR -
Iy ) —VREBIEI > TV DEFHINS,

ULokEzEewdE, 74BN ILER
W L. brevis L BB D. hansenii var. hansenii 3 X O
C. zeylanoides 705 7% % 3FIEHOMAEWME L L T
5T ENHWL, TAYREBEOILARD, ThVa—IV5E
BEELE) BB CTH L Z LB ST o 7 08
SNz 3HBOW 2B 2 \ZHIRFE L7212, ZoO—x=
T AVEMRICEMT AL, FHEROSAL EDHICH
BBIUOLY ) — WA INE 2 EMPBESN, 3
T OMED P HREEA Y — 7 —L L THRET S 2 &
e STz,

BIFE BEOBEMRML - IIBREEBENOKRE

F18 REIEERGORE

WANZAR T2 T A 5 RERE 2 L L T AT,
R A EEICHET A0V T —F, HEER Y —
¥ — (W), NaCl © 3 EREZRIMT 5 2 L AHEER
BICETH oz SOEEENS—BRIME, TF
H OB 5 Th AN T —AZ4MERL, ZLa—
AGERERTHILICLD, ABBHOOOINEE
Rt 2REEZ R LTVBEEZZION, WhW B
BN B 725 L E 2 bz, FEBEOIRE VT —¥
TtV T — LU OREE R RITEE 2 SATHED,
FE 1 O [ B B T O R O 23 - BEALIC B 53 B i
FOMBEPEEITHBE I N TV L DIF TRV,
Yiedld, BT —E¥OREMILY) 7 VI —ADA
WASB I, FOERIHE ALY V7 LTr
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N IA—ADEHEHEMEIRT 2 2 EDHEIPDOENTVS
(FTERAVE ) o — 77, NaCl oI, FEIFsE1E o i
DIEFWNBES-3 A MW O4F 2 HH3 2 OICFRC I
2H5WnWTWwW5S s Iz,

—%, LETEMEBEOMEREHIOWT, FREARY
ERDBBEPMRIZEE, TH ANV T —EERRNT
% LR REE WATLC, EFITHOIFETERAOH
MRAL2SBZ 5 Z & 2 BILE L7, ML Bt h
X, TVTIT7TEQOREDIEEOMER L LTO
FA L WEFTE % (Uchida et al, 1997a ; Uchida et
al, 1997b). T 7=, T Hh AL, FEHEKE L THKE
Offii o 72 B SN TBY, AFLEHTH 5,
INHEOT s, KWFFETIE, WIREZEET & 2K
FIHLELT, W2ETHEES N 3MHHOMAEN %
A% —%—& LTHMLTRHIEL < HMBLL 2255
FURABE ST 5 2 L 2RE L7z

MR EFE

HEAHOAR

R OB, 500mL HORY) FH— KA —
bR BV (Nalgene) 24— b 27 L—79H L
THH L7z A MVIC NaCl K& 180mL & A, T
W AmE (FHAED, HiEE mesh No. 200588,
HFE ¥ 3I2) 100g &V F—+F (R10, Y27k
KAL) & — B L CREERE L Lz BRERRHT,
LHIWIZ1IM, FRYICEZEEZHAITONRES A2
Ja—Fx v 72Oz RET, 20C T CiEiiEsr
1Tl olze WM, A¥—F —HEwERImE$IC,
NaCl s, BB, Lo — VisiE & & 4 )i
ZAL ST, RN % MR Lo 72D 0wtk &1 & i
U720 NaClitfE o @& o i, fEsmaeo
B, ARk, BEOESOREMD HEHE L7z, BEENE
DML, BRI 24N LT < 0E L
WG E 4+ 4, HEERICEZSIPELET LD, 24
BRI R T 250 % +, RABER2 S F<h
WS R - L Lo BiEIE, R IV EH Il &
RENEW DS TICBH L 2wt x ++, PLIESD S
EWXDERHDNCTICRET256% +, BEHIZT
WCBEIT AR - L L, REEOMBRTEIS L
F 25N D HFEERLRE OB & U O BE A 2 SIS 5
72O OGO REMEL, RS 6 HfGE L 72k
BCTRMVOKIED ST A XSO R E TORS
ZUEL, BEHEE O E S 120 51 (%) THEIE L 72,
T h AGRIEY ORI L R ESIE, a—-uvs
—<)VFHY A —1 (Coulter Electronics) TI140 um
V74 AL THlE L7, 5.8~11.5 um M5}

OFr % BB R 7 (Single cell detritus, SCD) &
I L7zo WHEEK T OERPEES A, WT2ERIE T
REP1THLEV)IRERZLTI—NI =T ¥
— DR TR L RET = ORI L7z RICA S —
5 —DOFEMBFEZFRLHNT, VT —VREEZE
ZCHRBL L 727 A A SEE TR 2 3 im LT
BET o720 WAWIRTIE, FUBEHE Lactobacillus bre-
vis B5201#% (FERM BP-7301), % £t Debaryomyces
hansenii var. hansenii Y5201 ¥k (FERM BP-7302),
Candida zeylanoides Y5206%k (FERM BP-7303) @
SHBE T L7z, FLEEW X MRS broth (Merck),
B H:1E YM broth (Difco) TZENZEN20T THIRG &
L7, WifkzaE.LeX L, #i#0.85% NaCl KT 2
)5 U PR 12, [)3LS ODigggum=1.0D 2 TR L 726
NS o BE % B5201% 2mL (1.0 x10°CFU),
Y5201#k 1 mL (5.3%10°CFU), Y5206%k 1 mL (1.2%
10"CFU) o4&z THMAEWRE L Lz, &£ ToRk
FHE 2 ARG OB L, WEMEITFHETRL 7,

REHRSOMIR

PEE SR ORI, HEER B (SMA &
AL, HKEEE) TITo7: (AL, B %
) HEMIEE RERAEY ORI, 1.5%EKE
B Marine broth 2216 (MA, Difco) THro7z (FEEE
DT EMEE ST ALEER O HEIEE E 2 v) . AL
WO, Y 7a0~F T I F250me/L EERNL
72BCPM7V—1+Hh v b7 A= (BCP, HK#
) TITV, FAPEETHau=— %A ERR & Ak
LCEHE L7 BEREOET L, A ML T b~ A2,
WA F~<A Ty, XYY GAHAY T L, 70T 4
7= 3= )%k £50mg/L iEEB X " NaCl & 5 % ik
BETHIM L7249 70— X5 (SBR5 %, HKEIE)
TIT 5720 BEFHIZOWTIZ I 0 = —DIRREMNIF D S
Y5201 (7 ) —&af, FiEA IR, Y5206%! &
K&EW) & Y5206T8 & % XH LCEHLL, &R
5 Y5201 au=—nEE (%) ZEIERL7.
WMH, au=—o—RE2RPL, B cHMiio
EREABIZET LI LICKY, aa=—OBRIIFEL
LOGENE LW &L 2R L7z, 28 =— DU,
SHALDIERTATAT VY, 2 R T OFE O F il
DFIGETR L7,

s R
BEMERMU VR TOHZOEMI LSRG DR

ROVCHEETHLEBET I XA OBBIREEZS5 %
w/vE L7z, ThUERWVRETHEYTL L, ¥
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MBIk E L, Tl ETEL D, o
Y —ITRIL THIRGT T2 Z e WL ZE 2 51
720

WAZ NaCl D@ EE 2 #5F L 720 I @ NaCl
WEEDS 1 WL T OME, WieT 7 ABERE, FEFITH
HMLIZ< L, BBkl mn -0, ¥~ 2Bk
T5HIENHETH o7 (Table 8)s —J, HHRHD
NaCl iEEEAB 5% L Lo, BEEOEBEBICLDL L
BNz 77 AMBOVGHEAEHEZEICBI D, 10%IRE
NaCl K ZMEH L7284, 7 5 2 OB EREEE (%)
B, 39%ICF TR L7z 0 X ) ISHIBROIGHIC X
% [ - oL, BEA RN TORY— RGO
BAZ DY), EEHEEANLEICT H2ENDND L EE
2oz DLEoWEEER L ZE L, NaClihix
25-35%ICRRET LDV F L VWEEZ BN,
WIZ, NaClitE#35%, I —PiEEz 1%\
e L, ¥iEE® 5 T2 550C ot X8,
B bR 7 o Eah® & ik U 72o FERFRYIC R O
—RERRL, 23—V F¥ =Dy ¥ —THIELEZ
A, AT A ARTF A EAMBEAL L T  fADSERD
b7z, &2 CTHMBALK FOKE SICILHT %5.8
~11.5 um W5 ORFEOEME, 57 5 R 300 1
TR L7ze LA L, BT, B
B HEIET B2, 07T THEANEREICR D
B <, WEOENT & 2 BT L O R)EE 0 & W AW
AN o7 (Fig. 3a)e £2°C, TH ART
DEBENR—ADKEHA T — 5 2> 55.8~11.5 um [
SONTOEEHEGEEHEL, BEICHLTTOy b
L CT/R L7z (Fig. 3b)o Z DH 5HE:#E24 M T,
5T H 520C F TOHIPHCIREL RS L CHMRLAR
TOEENREHL, 20C L ES0T F TOHPTIZ, HM
fe bk F o ITIE 28 Th L ENER LTz, 72
i (5C) THEAENM % K < BV HA Lo K
JSEHEFT L, 14H #1213 5 T 2> 550 D #EPH THRei& iy
2, B bospRIzIF—E L R, ERIRETY

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

RIZE N T —CREORE LT, SR,
3.5% NaCl Z I L 722 THB L, 20C THEEL 720

1.0E+08 (*a)

9.0E+07 | —0—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 —ll— 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.

*2180ml 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 )5 — B L SCD T OEKEE DM
fREIR L7z, Bea=IRA% 3 IR B X UN241R¢ 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
FEMM 120 M & v & BEEEA0.1~0.5% O
JERERIX T SCD DR L, SCD D%k
B TIEt LAEREMEHX % Lbl - 72, BERMHAR
JE230.25% D354 T SCD OINEDIRAE LY, 7.0x
10"l /mL T o 720 7 H A FEWERENE E RETE 2
HEAH720, WESLHIZOWTHE L2, SCD @
R E L EBRERATHET 2 &, Y T) 70
RS X BRESHTL A2 PRI NI720,
SCD W% (H£5.8~11.5um) KTOEEHE (%)
ZHEIC L 5 TRV T — PikE L OBFR% Fig. 4b 12
R L7 BEMEOMEMIX, Fig 4a EFEBETH D, IV
T —YIRE1 % LoME, ¥iE6 HE TR AOHEE
HE (65.4%~66.3%) &R L7z BIVT—BRED
1% & DIRWIGA IR KERBIGIET 5 F Tl2l2
HMZZE L7228 LI —EiRED0.1%~0.5%%5

DIRKEEEAZ, VS —YIBRE1 B EOSED
BEZET LERD67.3%~71.1%TH o720 LIV T —
VIR 0 % DA%, SCD AEEs L OF SCD E %
HLEIFERILADOETIEE A EEAD T h o T

WA T 50 T 2 1 30.25 % SRR X D B 28 A2 12 B
VT % 7 1 ARLF DORLEE ST OFERZEAL % Fig. 5138 L
720 SCD Wi o EREI A, K120 H C4aki 1
D71.1%FTEH L7z,

Table 912, #FHAFOFEEI2HHIZBIT 5 HiERA
BLXUOpHMEOT— % /R L7z, BRERAMNIZIIRESR
ERAY0 ~0.25% OREHE, B ERE L7z, BEHR
EE05% DEEHE, 2AKDI) B 1 AITVEKRAZ
AL, o1 RIZFHGOFEFRIIE L bhiz, BERRE
1~3%DEkHE, FEREZH Lz, pHEIE, &Kk
BE $3.9~5.8DFEPHTET LT W7za%, A FEE
& XTSI LD %5 RA -7 Table
10IC SRR O 2 RTAE R 2R L. AW
HOF— 713, BRI L BB 7EEE 0N Tk 4
EXCHBIL 720 B E e S B RHE, — AW
BT B AHEMEEE XA OEE (%) H3E <L

(a) —0— 3h —&—24h —0— 6 days —#— 12 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
0.00 0.50

1.50 2.00 2.50 3.00
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80
70
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(b) —0— 3h —e— 24h —0— 6 days —8— 12 days

loim

0

Proportion of particles in the
SCD fraction (wt %)

0.00 0.50 1.00

1.50 2.00 2.50 3.00

Cellulase concentration (%)

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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(64.8%~129%), FLEEH OEEHEN (0 %~3.7%)
DKL, FEEEL HE ShARHC BT,
PEPEE SRBMAEM A S g, AR OEERHW
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ERMLAZVRICBVTIE, RETH AHKEEZS
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WMEMERML R TOEBEDEMIA{ LG DOHKRE
WMAEMA S — & —mML7ZRICBIT SV —E€
& SCD A ik & 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 (&
EEA18.4%) 5, Hi#E6 HHT3.5~5.9x10" 1
/mL (FEEHE63.0~69.1%) ~NeL&TDELT—F
WX CTRKRERY, TOBERI2ZHEICIE, VT
—EEREX (05%~3%) T LARDT A &8
BigE s N7z, SCD O RAKEL5.9x 10" /mL i3,
VT —ERENS%D L FITHELND, VT —
YikjE0.5% T, SCD DK EIZ5.7x 1078 /mL &
FBrole SCODDEmEATALLE, VT —YiE
FE1 %L LTI, B384 HHICIE, I FIZRAOM (64.3
%~70%) 1ELIZHE F TRELRE(LIERb o720
VT —BEEDN0.25%B L 0.5% THEE4 0 H
THEICZh L3R 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—EEEIML VRN, K
RAZREL, BEHEshi, —H, LI —tiE
J£0.25% ~5.0% DFEHE, TATFNVEEOFHFRIL
FEREIRIE & SNz BRI E Sh/-ec
(&, pHliZ4.88B X U5.0TH A DKL, JlEL
Nzl k ik, pHEA4.1~4 22 Rz R L 72,
WAIZIE LT —BRE 0 %D FHE, &5 H
HTOMEWMD 2 RORBBTRELIELDE, M
PN AR TRRERRZTH A I L ERRER L7z R
B, =0k, —BERED80.5% 2 7 b EAH

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 05" 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 —HORMTIE, —MAERK
?92.9% DIUFIEEAEIE R EHAEY THO 5 TWwiz,
FRER NI I RAIRAE & H g S 30T, FLERW
A10°CFU/mL 2 5L NLVTELELTEBY, —i%
ERBNHA T 2 ABBE RO EED, 85.5%~111% T
HBH—7, MHIEEEEREMAEY I, 3.6%~8.0%
TH o7z RFO pH MO T I, HEEL 2RI B
WL, AMOAERICIDVBIHLEEZ NS,
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4.1~42L ML 72508 @ pH ii4.8~5.0 X b K\ i
MAHo7ce AZ—F—%BMLEAICIE, IV
7 —LUEEEA30.25% THRAME 2 JIfl§ 2 2 L AT X
7o TEFEIPEED0.5%~3.0% 2 BV TIXILEEH 232.4~
2.8x10° CFU/mL, B#EHT1.1~2.2%10"CFU/mL T
Y5201 BV B 0 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

(CFU/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%1.4x107 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.

(a)

—o0— 3h

—0— 6 days

7.0E+07
6.0E+07
5.0E+07

—e—24h
—8— 12 days

—&— 4 days

4.0E+07
3.0E+07

2.0E+07
1.0E+07

No. of particles in SCD
fraction(/mL)

0.0E+00

0.00 0.50 1.00

1.50 2.00 2.50 3.00

Cellulase concentration (%)

—o0— 3h

80
70

—0— 6 days

—e—24h
—— 12 days

—&— 4 days

60
50
40

30
20
10

0

SCD fraction (wt %)

Proportion of particles in the

0.00 0.50 1.00

1.50 2.00 2.50 3.00

Cellulase concentration (%)

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 AT LT, ML - AmREEHEE S5
(Fig. 7) 7= OREEFM OB 247 - 720 BaTHER
ZE LD EIHEIEES %, NaCl iEE2.5%~3.5%,
BT —BilkE0.25% (R & — & — i)~ 1 % (X
5 — & — A, BERE0COLEMET TRE
WCHMEENIBZD, 6 H~14HHE o= E b
SCD M4 (H££5.8~11.5um) DK F2% 5 x 107
/mL (SCD O EREAEKIT0%) DIRETH LN,

Ay —5 —OHIZ, FBBRELLEICHFLET LD
HWL, tv I —EoffiHEEZENTA I L 2RI
T5720, BEMICEREEZ SN, SROFEET
X, Ay — 7 —fAROREEIRED TRIZ0.25% % T
LAME L TWwaungds, X IKIRED0.1% T IR
RERTEDDPEPITOWTIL, BEHITHRET L TWw b,
tV TG —ER 1 %I L725a, B
BELBRDIZONSCD AREBAETERTT 52 &8
I, ZoMEmE, VS —PoiEENS
WIESHE TH B Z & h 5, SCD ki1 LR 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™° 9.2+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’ 2.2+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.
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@ e e o o
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2) Lactic acid fermentation
with lactic acid bacteria and yeast

LAB Yeast
-ia -
-
o 4 'c?'ooo-
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Fig. 7. Seaweed fermentation process.
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W] (REgg24h ~ 6 HIY) ICA2HIER SN H%D, U

B AT D5 R N b ST oMEITT Ak

LI Nz, VT —EEREEE (01%~05%) T

L7234, 538120 HIZ SCD A A w4

D, MARMIEAY =% —fHOWMIZED ST,
VT — B 1 %Y EOEORAMES x 10718 /mL
LA RN o7z, COHRBIIAHTH B8, LT
— BIREMERVYA, SCD O/NUEDRW - < 1 e
720, WES8um % Lz A 0% T /N L L
TSCD & LCEME s % 25 0H G % h
ST L WHMEEMNE Z 5N D, BIVT —BiRENE
WIE ERAUEDMRDIZ R B E V) BIENZDEZ %
XFFT B W SCD R TEAMET LCTd SCD DFE =
AT EAEEAL Bh o7 (Fig. 4, Fig 6)o

FREDSIEIE L 722 L 72 2 oI, BRERAUC
X0 IR C & 7228, SHRBHEN IR %2 #ED T
WL 72D, BB R IBESLETH 5, pH I,
BRETHER SN LIBICL V4 1~42W BT TTIH5S
DT, HLMEOIEL LTHHTEEE2 5017
(Table 11)o L2 LERRMICHREL-EEZO5NLY;
HTHPHMSIEFTLA TR TV WIEELH D
(Table 9 ), FLEEARLE D FIREISWE L7 H 7%
HOETOEGWEFTL LTIVFELVEER
5N7ze F—F TIIR L T WSS PR He Pk 28 3%
(VBN) % #llg L CHig L7225, VBN Ofilg,
SR B OE NI LT, VT —EiH=IC
i CAHBE LTl sBEm L, F&RE - R Z B3 5 720
DIFEEIIE R 5 h o T2,

—J5, FEEEAER SN D & FAHMICILEEE, BEREAT
BEST L7020, MAEMM» SIEE - B e TE R
W bW HEE S o THAEMH O 2175 72,

B2 FIZB VT, MEEEIEEERUR T DR A O AT
AT 728, BELENCB VT, EEEEICL S
P S FE R AR AT & B 5HEUIE & 1313303 A N
ZRDTz720, SOOI, FERFHE
P TIT o720 28 ESHITOERRTHGEIZ L 2%
MOREPSRE I N2 LT, 58, MEWERK
DT =5 2T 55 ICAME BbN s AT
KFEEDH5
1) JsEE L 723BHI BV Tid, FLERT B5201kk, BEfE

Y5208k B X O° Y5206k 258 5 L, IRAWOEE D

sz,

2) FLERW (B52014%), MERE (Y52018k8B & U Y5206
) & HREHESE KR (SMA), BCP M7 L — |
Ay MTH—=)v (BCP) HHh FiZau=—%
T 5, Lo T, LA OYA, SMA G
¥l L BCP BHEUEIE, 1213—3F %,

3) BCP P L CIXFLMRA I A E LT 5/ S 2
an=—, BREBABRPEREORES Zan=—%
e T %728, XA L CARBERR 2T &2 5T
52 ENMRETH B AWFRIZHBWTIE, SMA &t
B0t 3 % ALER A AT B (BCP R CaMH& L 72 3L
BWE) o#EEG (%) #b-oT, ABHOEHED
BEEE L7z —75, #EDIRIL, RAROERH
2 o 72 EE, FRIFEE DR M O 4 F
MR 5 TV HHHE LR ERRR & E 2 5 b0
BHEORBFEABMEO LTI 5 TR E GO
WY EEEE LTEZ NS, AIEOHEICIE,
FROABEOBELEEE W REICI D, ABREO
HEDKTFE L THHT L2 ENTE, —J, #
FZOWAIZIE, <) r7a AR (MA) ETog
BitiAsw < % 50T, SMA FHEHEICK T % MA &t
BiEoOEE (%) ZHRTAI L THRINT S Z LA
T&7, 12721, Z0HOBIZET Y5201, Y52060l
WOBEREAS MA ET/hESRau=—%2KL ) %
CEDHH L2720, MA GHEUEA S 5 % NaCl &
7 a—55H (SBR5%) A% 2 Lilwvw72 5
% BRI S RN & LT Lh
», GHMEEZ SN0, BE ORI S
329352 LE L7

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

kT au=—%KT %, o T Table 12

2B B UFE R R A=W (Marine heterotro-

phic) FHfiE (=MA FH¥fE) 95 HbD 2% O

SR OFBUEICHY T D LRI NS, L

oo T, HRVEEE RO EOMHIL, b o

LB wEEZ B,

A, SN h A QM LEY (SCD) 1,
WD & 13IZFA L (5.8~11.5um) TH57:
B, KEMMERE L TOFHAPHRETE S, 74 X
O SCD R T O REERIEIE 5 X107 /mL TH - 720
AT A XA L T B AT R O A & iR
$5h&, AV 7Y TR (Isocrhysis aff. galbana) T 1
~ 2 x107cells/mL (BF, I, 1993), 7¥7 @
(Paviova lutheri) T6 x10°cells/mL (iliith, 1984 ;
Tatsuzawa and Takizawa, 1995), 7 b7tV I X
(Tetraselmis tetrathele) T3 x10°cells/mL (FiM,
1988) TH Y, TNBHD25~17fF TN T 5, 7z,
I, 7L —3a VERNLEE L S
M OWTHAZ HA% 0, FRICREEH OS2 D
D % ZER E N UM EEA R O B A IR &
LRITCH b GHRIIKEREROWME, IRAEE DORERE,
FHEEI R OIS Z LT 2 ERREEEZ LN
5o fHEIRLE LCORMBEEEZZ NG, FHEICBITS
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FA L= TR L) MO FM & FLRFERE S &
THHL T2 HlI, FEHDOH SR KEFE O
BT, FFI2, EZER/ELTVwD 2 e
SHBIN 2 AR CORM b E 2 b, FHIL,
LRSS L 7B REM 2 <) YA L=V EIERT
L& L7zo FUBRE, Bacillus JBANE, BEREZR: oMt
WAIKFEEYOEBTIIH L TRVWHIREZ 72510720
(Gatesoupe, 1999 ; Rengpipat ef al., 1998 ; Ringo
and Gatesoupe, 1998), J®JEH O HIHNII K L-THZD
W2 < (Filholima et al, 2000) & ORI AT
FEHEMLOOH b, RUIFETHE SN HZM S, L
W, BEZFAHLGRELTEY, Yanit 747
ZJ5 T OREEEE DA N DWW T MEE L T Al
BRI H B EEDNS,

FE28 AERE, REHORKRE

BIMICBWT, W72 ABKEEZHMLT, H
MR - FLRR R K¢ 5 2 L OFMME A s S h, K
IR N THZRKEFBHEMTH L) YA L=
(MS) SKBLEAEHETE DI LIRENTZ, 514,
MS OFERLIT Cix, KEAEEOME, RIEEOR
Ea LT ZERRELEZ LN,

£ 2T, Wi T200mL B TIT % o 72 MS O
240l BB TEBT L L & Lz, HHT L
S—EofiiEE, M TAY——%2MHHL
72%4120.25% (w/v) TR LTHREICHLmRSE
EAERTE D Z AR ENT, FERLIZINT T,
AN OWEDSEEEMHEZ S 5K T 5 2 &
F L\, iR AR (SCD) D4R, SR
VT —E%0.1%F TH% < LTH SCD DfAIL
HICERECEBE LW ERMER I TS (Fig
4)o FITARETIX, VT —FiEEX201%& LT
ABRE M L7z F2HET H A OBEIRE L, AN
TOWFHZBWTOM DO > 7)) ¥ 7 % i
EhiT 5720125 %ikkE (w/v) TOREIEHEE L
7o, AREITIERE ) EHLOBLE,AS X N ERE
HL, BRERE R IRKIRETH 510% THEML 72,
F 715 SN IEEREWIC O W18 H B o fifr ik %
Fhti L 720

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

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

—¥ (R-10, Y27 )V IARHM) 10.0gz@mL, <R
A L7 THICHAEDRBEZAY —F—LLTMA
720 MAEWRMO, UMW Lactobacillus brevis B5201
¥ (FERM BP-7301), &% ® Debaryomyces hansenii
var. hansenii Y5201 # (FERM BP-7302), Candida
zeylanoides Y5206#% (FERM BP-7303) @ 3 H # T
AL 72o FLEE T 1E MRS broth (Merck), BREIX
YM broth (Difco) TENENFIFFE L 21%, Wkz
BLEIX L, #1E0.85% NaCl /KT 2 [l pkiis, [Fik
12 ODgsoun=1.0DIRETRE L7ze T o DIEEEE
B5201#k100mL (5.0 x 10" CFU), Y5201#:100mL (5.5
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AR & Uiz SEREREHE, A7V a—Fx v
D 7IRRET, 20T CHHEREE L7z, FEW IRV
BIRECTHE L 72720, FBERZIIE I~ TE
TWiz7z0, Ao LA 1 HIZEEFTRE 50
HEBIZW, ¥OMlZH-72,

HERE ORI

7 5 AR ORT B X ORIE S, T
¥ —<WVFH 4% —1 (Coulter Electronics) T140
umF VU 74 ARMEHLCTHE L. EE5.811.5u
m [ 5 O R T & HA R 7 (SCD) & &7 LChE
TREFREHEG (%) KL

PEIRRFEMAEY OFHEE, EAERERRH (SMA &
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BALEYoSMEo I e —KaeEilT sl &
DI, ZOH)BFAPHEEL/-au=—2AREE L
TABRREOHE (%) %FtHE L7z, BROFIL,
NaCl % 5 % EE T L 724 7 1 — 2K 5 4 (SBR5,
HKBEE) TIro oo BEREICOWTIE, RiffiAAL, =
O = — ORISR & Y52018! & Y5206 & % [X )
LCEH L, @MEREICH3 2 Y5201 lo o =—o
e (%) REBL. I0=—0FFE, 3HHLO
TR TIT R, PHETRL 7.

S

RERAR & REFMORE
AR 2 RIS L ClIE L 72 YRR AT ot R %
Table 1312, AR R34 O W E #EH % Fig. 8IR 70
B BRI X FLR AN S g (<0.1g/L), pH
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HA36.4TH - 7225, R4 HE»S 8 HHEIIHIFT Fig. 8. Time course change of the volume distribu-
HADIFHE L pH O T2 BigE X h, FLEEH B5201 tion of Undaria products.
HICE AT URIOARBBHESIBI > TnhdDLHE %60
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(R E905%), #3687 I HITK T #2.6%10° £ a0
cells/mL (KEEI493.1%), #1875 H BTk ¥ Tg]g
2.5X108C6HS/mL (12'-(%%”/5\873%) kﬂibf—%“(?ﬁ % M — Qg © F — O~ T N NN~ IO M ©
7 Y2egngs83I8 s s8R ”g
BL7 Particle diameter (u m)
BRRABKO A Y — 5 —F AR OEFEIL, —i%
AW (SMA FHEUE), FLEEW (BCP RH&fE), BERE gﬁo
(SBR5 AHEfi), AF Pk LR AR B (MA G s After 6 months
fif) & LHIERAEVLALTH 572 (<10°~ <10° £v
CFU/mL). %8 H H12 B\ CTid, BCP &l fii A ?;20 I
5.9x10°CFU/mL T, FAGGHHAE O hC ik & % L :'o-sesconzsansogs
+ O W -~ ™~ ®M o0 0 © © N m o P o
. § w7 o — b - - N N M M»m I 10 v © r~ r~ [=>]
2% ! ?L%%O) ARW=—ELO 7 5 023.7% (1'4>< Particle diameter (¢ m)
10°CFU/mL) T, MW ORAEDRE SN ize BEREI,
35x10"CFU/mL TH» 1, Z® 9 £76.9% »° Y5201 =
1, 13.5%7%5 Y5206 TH ), Y5201 825 5 L Cw s After 18 monthe
7eo WFHAPERERS RAEMAEY O R AT OFHAEIE, 1.3 g v
x10°CFU/mL TH ), =03 H03.5x10CFU/mL 5 %
BT B L ET S L, 52 D9.5x10"CFU/mL E ' o e m e e e o
b 1 el . . S YewzgrngsIgsesees®sy
DR R R EME O E 2 5z, 83 HH Portiols ;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 MU A, SMA OFH ¥t % 121l -
70T, 87y AHBLXUISr HHIZBWTIX, SMA
WX DR BB Lz 8y HEBX U8y HH
b BCP PR Enau=—i% ATABEOID=—
T, BEMIZIZFN2h22x10°CFU/mL 3 X 7.9
x10°CFU/mL &5 % (i B > 720 AR o
R ORI, 22 N1.4%10°CFU/mL B L O
4.7x10°CFU/mL T, 47T Y5206 T 55 hTw
72o MA BHEUEA S SBR5 FHEUiti % 725 L5 W 723
MHEE M E O EoEE, §» HHB X U8
yHHETZFNZN1.1x10°CFU/mL B & 188.0x 10"
CFU/mL TH» 720

£z %

T HARFBIILTC, WAL - LRSS 7
DOFEEFMOET Z10L B TEB Z % - 720 RIHIT
D200mL BB T OGS & FAE, FEMEITNET I E R &
N7zo B COMEICB O CTURE & SRR
W, EREZ 5 %5 510%, LI —EREL
025% 2 501%NEETL/-ZLI2LD, S5
I A MEEDWEEIC R o720 15572 SCD W4 Dk
FHUT AR T3.7x10%cells/mL (AFEEIA90.5%) D
RIETHE LN, RAFTIEA DR FRUE, BE VD RUR
THERE Lo (ZITHLT-H A XD L WA AR o
WaElltEss L, £V 29T A (Usocrhysis aff. gal-
bana) T1~2 x107cells/mL (BF, i, 1993),
37T (Paviova lutheri) T 6 x10° cells/mL (i,
1984 ; Tatsuzawa and Takizawa, 1995), 7 b I &
WV 3 A (Tetraselmis tetrathele) T 3 x10°cells/mL (f
P, 1988) THYH, ThHDI85~123fFITHH L,
TS DR R I AR Tl I IR EE TR R T- %
EETEL I EDRENT, W, BT, 5.6
~11.5um ®45% SCD Ei45;& L7278, AHiTIX184
HEw) R TORBRE 3512570 SCD DR
DR AVNEE S5 2 L #Z B LT, REE2.9~11.5
um W5% SCD W& Lze THITREWAREI TIEFl
WD L 3B oM O —E28 SCD R T- & L CHt
BENTOLWEETD L. BiffilcBnwT T h A 1Y
IR 5 % TGS L7236, SCD O mR A i EEA35-7
x 10" cells/mL CH# i E|54%67.3% (Fig. 4) TH - 72,
ARETIET A AIEIRIELI0% TOMFATH 205, i
KAEREEIZZND 2 HD1-1.4x10%cells/mL, i
(RFE) #HEIRIE L M U67T.3%RENHEHOETH 5
LHEE SN, ZhE BB ERSAAEWE O RIS
L2bDTHLWMEEMELD S,

A O R TIE, Bi22 8 0 H oA

IZBWT, 0WBHHEILMRTHOONTWAZEEZDS
NDH, TIUFHEEBEZ 2L C, BRREET
o2 L oRBSIT, BEICEE T A MAEY A E
LT 2D LEOOIEMZE Lz L RSz,
L2 L, AW - BRoBESREIEE Y, B

8- HHB X U184 HHDMlEIZB W TIX, BCP ¥
WMEoauo=—3&TARN L AL EINS IO = —
THO LN TWz, MA BHUED & SBROGTEUE % 7
LGl 703G e E SR AN o FH i, 8 » HE B
X187 HHT#NFN1.1x10°CFU/mL B X 1U88.0
x10'CFU/mL & R S/, PR Eoaa=—
DIV —ThH o7z s, 1 HEOBMEDHE
HFLTwaEEZON, chbsoauo—2iE -
TSRS L-HE, @ THBoaun=—Th-
720 L7235 T, 87 HH»H18% H HIZN T T
WEPEDE IR SR O W L Vi, B LV LUF
(<10'CFU/mL) Tho/ztEibhiz, HF—4T
R L TWARWAS, KA TR SN RERRN TS
A<—%fH L3I ED, 184 Bl L3R
IR E IOREEES 2B L, BRHELE 2
%, 10Kk4: TS Lactobacillus brevis T b Z & D3HE
REN, WLV T HEWHI IR T
W5 ZEDHERE LT,

YL, 10L U C o SR E COMmERH RSN (=
VP A L—2)DEENTRETH S I EATRENTZ,
REFEICDOWT S, 20C FT187 HIMom, fikte L
TAHR7 SCD W4y (H££2.9~11.5 um) O T-Hug,
FE—EIR7eN, BAEMICDIRARNOATE % PR
7o T EAUREN, RIFRRAEEE AT 5 fR M
ThbdbEEZEZLNT, M, R LIY V1L
— VDERMIEE AT B0 L) POV TIE, AREIT
SN R ML, B5EE 1IHIIBWT, 7
X A IR~ O F R % FHE$ % (Uchida
et al., 2004a) o

BAE REBAZ—42—-ELTOFERICEL L#
EYOIRE

F 18 PCRZZAV/-HRERE REFMOMBE
F11EH BEEFENTSAv—2HVEERTE - RE
BL2EIZBWTIHREDOFERA Y — 5 —& LTHH
TELMEwa Yy =37 2 HEHLN, HEOILE
FEREHM S S Nz B3 TWITBWTIE, BEER
BEOMEIEE, IR, RS, MR R
M TOFRBEGMOMET A& L7z (Uchida and Murata,
2002) o i O FLBRFEEEEAN QWAL T, 25
ICAY =5 =& LTHHT2MAEMICONTORE %
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BILH)ILPEETHL, TETIHHEOMAEY
BAY—F—LLTEAL, HEEEAETLHIL, A
BRI - BEREDE G35 2 &, FLEEAYA L S pH YK
T35 EEIREE L CHRBOSME MG L T& 72,

LH»L, ALLWMAEMMNRAY -4 —L L TIEFIZ
BB L T a0 ) 2Hlrd 5121, RBESERZROR
BHZBWT, ALZBAEwPESLSLTWAZ L 2
AIREELEZOND, T2, AF—F =L LTHM
T 5 AEEW B OMAGHOERHME L L X TADL R
ERfA BHETHE 2 E Z bNb, 2O L) RBEEN
A5, R oMM E TE B 72T H
HPOMAEIZE=5 ) ¥ 7T D EM ORI LEL 7
bo MAEWMEZRAD L IIHRL OV THRBI L Tt
T 572D, PCREFEAZHWIA R A YT
DFEVRFENTETV L, ABHADI IV 7%
WES L7l & LCid, 16S rRNA #{nT (16S rDNA)
ML LWHEERN T IA -2 Hv 5 HE
(Matsuki et al., 1998 ; Walter et al., 2000 ; Walter
et al, 2001 ; Wang et al, 1996 ; ¥ 1 5, 1999),

16S-23S rRNA ITS fHl & £ & L - Wi 7 7
4~ -%HwbK: (Song et al, 2000), VK% A
¥ v 74 (Tynkkynen et al, 1999), PCR-RAPD i
(Tynkkynen et al, 1999), /SIVA 74— )V N7 IVE
L UkE)E (Tankskanen et al, 1990 ; Tynkkynen et
al, 1999) ZMH$ 2 HESEIME SN TS, KIH
TlX, A¥—%—& LML 7-FLER W A3 5B AR
FUZEEL LT BT RS 72012, EEifET
HEEORVEEE LT, EWBOFHICHW/A-ER
AR b o = — 2 AER IS —E ORI T 5L,

IS DRRIZDOWTLES rDNA # Ry & U 72 AR
W74~ -2V TI A Y X3 2% T 5
ZrE L7 ThETHEEN/16S rDNA 1 &
L7-WHRRIN T 74~ - 2 w5 F1E (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
WCHEHLCwE, COREEZEBENRLIZLETA, W
FEAE A LR TPCREWDO N Y R LN WA
koOBEWOYE O, #T DNA O EICHIED S
S>TPCREVINPGFON ol Bb b F % L
E LSRR L 720 AN 2470 35, £ < DR
KE AT LRITNER SR, PCR HIH
Do OFE DNA Ofilidg, iz FEe AL
ZIFER 5, $5 DNA OB PRSI R D S
ENRHY DT LafiRE LTI TFEZHET S 2
EPVETHDEEZ T £TT, BRGNS
DA L PCR MIEOFEITICHED D - 7272 12k

ERo B L H XN TE LN EEERT LULEDD
bLEZONI, TDX) HRLEEND, 16S rDNA
DIZN—FNVTF54<—ty b (27F, 1492R) & 1
ROBWMEFERY 75 4 ~— % /A E b7z Multiplex-
PCREWC LD, FLERW % HARAF I ICHL 4 5 ik
R L7z,

7747 —D%E

UToOABHIEICIOWTHERRN TS ~—
DEXFT MR T 5720, I EEWMIZOWTDDB]/
GenBank/EMBL 7 — ¥ X— 27> 516S rDNA Dtk
FLHI TG 2 1 3D 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, iSRS 22 Sy LIk L
720 L. brevis, L. plantarum, L. acidophilus, L. kefir,
L. fermentum, 3 X U Leu. Mesenteroides D¥5613,
JEHI & LTV 3 SIS X ICWAERERN T T A < -
G U720 L. delbrueckii subsp. bulgaricus 122\
TIZELS (1999) DEEI L7z T I A4 ~— % L7z
Str. thermophilus, \Z2>\WTIX, V 3 I #E Y 7 5
B e Do 72D TV 2 FHBUCERE L 720 T d
DRMIFRN T 54 v — 132 N—F LTI v —k
v b (27F and 1492R) (Weisburg, 1991) & fAEDH
WM L7z L. casei, L. rhamnosus 3 & O L. zeae
DWW TR IF R AL D00 B 7 2o 72O THERF
FEFRAOL 2 T 2 RN E AL S DORFI L2 T T4
Y= L7 #kEtE N2 7 I 4 v —I13 BLAST %
# 12 X Y DDB]/GenBank/EMBL 7 — % X— AT
FSFRNTH D Z & ZER L2,

¥

ST 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 : FHEAE
At (IFO, KBR), 7V bAfLdemfsefir (YIT,
W), Tl A b2 e pr TAM, HE). L.
brevis B5201¥k & L. casei B54064k1E, #H & DML
THHES MW THYOKERTERT (FRA, M2
WCFENENHETE S FRA 0000333 X O° FRA 000035
LLTHLEINTHS (NHS, 2004). L. casei &
L T L 72 TFO15883" #kix, 16S rDNA it fx§AiL
H (E. coli 27-338F IR ILIAL) 2 FHHDFEBRE TR
B L7KEE, L. plantarum B TdH o 72728, L. casei
(plantarum-type) & FL I L 7. FLEE 1 #k1&, MRS
(Merck) —1.5% FERFPHTHFE L 720

PCR RIt%&4

WA DNA o i iZ, 30uL ® TEXN vy 7 7 — (2
VEOBKERE S, 4T TIoMmMET 52 &
TATV, oG (12000rpm, 1047) B 1 u
L 8% DNA & LT L7z PCR ¥iEIx, MgCl,
2mM, dNTP i %200 M, $% DNA1 uL, 75
£ <—%1.0uM DNAEY 2L —2Z (Ex Taq, EiH
i) 25U 2 &T100 ul O Z RNy 7 7 %
WTHB L TiT 5 720 PCR DRUESEM1E, 94C T3
SRFE%94°C 2080, 55°C 2080, 72T 308 %3041 ~
ATV, RIZICT2CTE R L7z 794 v —03%
DHEREEEZREZVWEEIZE, T=—) Y JinEE
56C —60C DFEPHT 1 -3 CHIA TLEAL S8 T Bk
PHET L. WIEEWE, 1%7 70— AF VTESR
WEIL, TFYvATOI FORBELTEELL.

FERRIZOWT, WHRRNT I/ v —LLbilE
FE3hBolzon 754 ~—+t v b % Table 14
WCRT . 24RD () BEHYTIA~v—ty b (LbC
-1/LCBC-2, LbR-1/LbR-2, LbZ-1/LCBC—
2) MW TPCR 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 - 7254, b LEEA! DNA 29
) DNA # & A T2 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¥HA1.5kb @
INYERD, LILIERIRTER SN WAL S0
7z (Lanes 3, 4, 9, 10, 12, 13)s 1 RKOBENT I, <

=L 1#MOI=N—HF VT ITA3 =ty b VL)
BoOYE, ENEETFEZEE RV ER DNA 24 L
L T PCR ¥R 247 - 728561213, 1.5kb 7217 @ PCR
EMPHEONT WD 2 EPBRKE) TR IN: (7
— 7 %RET), L7A> T, PCRIEMIHLIKEIC
I 1IARLHERESI N VEEIE, $57 DNA O
IFL Vo TRV ENDE ZATHER -2
A, BRERLVET 2D 5 VIIBRI L TR 5 X &
LEz bz,

WIS R L LT, TI94 v — D
& RBR L 25 % Table 151K ¥ 794 v —
B5201R1IZ, 7=—1) Y ZiREZ8CICTH I L IZ
X0, WRSFRMICKID Lz, BREko 9 5, L.
casei TFO 158837 12D W Tld, L. casei ¥ 817 5
4= =ZeEd, L. plantarum ¥ 8075 4 < —
R L7ze LA L, FEBRICHHALZZ ORKD16S
rDNA OFR5EIEECH] ORI TR 027-338% 8 D 3 5
fir) ZPeg LzkR, L. plantarum OEIEE G| & —
HL7o o T, 794 ~—LplanRIB X" LbC-1
& L. plantarum B £ O° L. casei 2R L CTREAGIZ)IL
L7 %Ez2 b7ze LbC- 113, L. brevis ® 1 ¥k
BOs L7228, EIEREONY RTh o710, HEFo
TEE ol T4 —=1LbR-11%, T=—=VU ¥
FIREESRTCIZT 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 IAM 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 16 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 & DG % 4 7% { L, PCREW DN
VREORENLEXNTEIENWETHo/20 7T
A4 <—1bZ- 138 XU LmenRUIFFEIZIS L 720
LacidR13B X " LbD-2 1%, & b 12 L. acidophilus B
X OV L. delbrueckii subsp. bulbaricus & Kt L, W
ERATEZEIETELRP 57225, ZOMORHMIZXS
LT, e L% 2 o7, LkfrR1iE, L. rhamnosus
BLOL. zeae L HEFIS L7272, 7=—=Y ¥ 7
JEZS8TIZ L TAIZDS, FHITHRIEUE SN h o
720 €T CLbR-1 %M L TPCR¥FEAITV, R
MEMUES A 2 & T L. kefir YR RIGICHRINTE L L E
Z b7z, LferR1iZ, L. delbrueckii subsp. bulbari-
cus B X U Str. thermophilus & 3RS L7278, JEBR
BETH o720 STR- 1% Leu. mesenteroides & Kk
BB L7248, IREE CTH - 720 IWERE O M % R
L72b DIZOWTIE, ZRHEPULAEED NS FITH T 5
FRRIN T T 4 < — CRHE S 5 2 & CTRIED RS
bEEZEZLNT,

z %

MR T OB Z L XV TRET S
2%, WHERY TSI —%BR L. SH0TS
A<—%MH L CUTOFIECHMEMZ @S5 &
HTE L, ¥, FEBEREH (SMA) LT
— AR A EIET 5o RITSMA LI STz 2
O = — 2 MEAEZIZ10ME B L < 1320MFEEES9 1 L, BCP
m7>v—"rAawy y7H— (BCP) IXBMT %, BCP
LR ESNZza0 = —DFAFHE LD O % 3Lk
Weae L, —RAERRTIOED2IBHEOEE (%)
HET A, &5, WAL-au_—%2HEHE TR
D, TENy 7 7 —IZHE S &, WA DNA % N2k
Wd 2, ZORKEMREOE LK1 uL % PCR X
IO DNA & L TR L, SHEFERNTIA <
— 2 THRET 5. UELOFHZBLI &I2LD,
SRR OMBMAHICE LT, ABEOBELEL
BEOWHOBHELHOLNIT LI LMNTE 5,

BEREIC DWW T [ABRIC18S rDNA Z 1Ry & L CHi
RN T IA v — % &Gt T 52 L 2 A0S,
DDB]J/GenBank/EMBL 7 — ¥ X — Z 7> 518S rDNA
DOIFFEBHIERZDE L TR L2 25, 18S rD-
NA OBHBHOL N Z UL, HEHRNT 201
W#ECTH o 72 T4, 26S rRNA EIZTDD1/D2
IR EERE D RN ICA R & S (Kurtzman and
Robnett, 1998), HiHFFIIEHRATEIEL CTE 72720,
COHGEEHELTCTIA =G5 L0
ZON5%, AWFEICBWTIIMEES, KEiThlE

(PCR-RAPD )12 X A EbED A% - M 2 M3 %

% 2Y8 PCR-RAPDAICL BERE - &

55 1 JHIZB WV TL6S rRNA #fx T (16S rDNA) %
B e L-WEER TS 4~ - 2T, Rk
BB O FLIER R 2 WA L NV TR A R B
L7 L L, BEREZOWTIZ, 18S rRNA #E{ET
R L LW RN T T4~ - otEHEEET
Hotzo TEROKFETIE, WHEILIZTIA~Y—
PRHELZINE ROV EVW)I RENH DL, —T,
PCR-RAPD % (Welsh and McClelland, 1990) i,
TEOER T I 4~ — %l L CTPCRY¥IREAZITH
ENTE, FLMADH LEFKLANVTOLY) PO S
AV ZIMEHTE L WRENEYD %,

REITIE, HHOER T A4 ~—%M) LT PCR-
RAPD 2 X 0, s R el 2 5 70l S 5 3Lk
HBLUOBHZ2 Ay 73622l L7z 7,
Ay —%—t LMY 5 3HEOMEY %)) T X
LEMNE)MEIMEIIT T A~ — B BIRL, RIE
RENLTITAY—%HVT, LBHDB X OEEEDS
WBRZ N TE B0 E ) PIREEL 720

n&

ARTIM1v—

TREK 754 ~— 12mer 8Ffi (ZEVTI54 <
— A01~08, Xy Z Z), 10mer 8ff (OPA-01~08,
F~uvik) B X OOPA-3 %% L7 OPA03-C
WZoWTHE L7z (P 1~ P16, Table 16).

B kK

DUF o Wk 2 # B 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 A04 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 1TFO 1517.

E{F DNA OFFSY

wAIZP1 ~Pl6ETHOT I ~—%flijl L TPCR
HEMR OSSR Tl L 72 EBRIC B W T, 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 ~—7% OPA-03b L <
1Z OPA-03-C I W IAA T, FLEEH B L OB 0L
Bz g e L TR 2 MRET 2 ERICBNT
&, BUKIEHT X D R DNA 238 L 7=, Bukdl
W, Pl Eoao=—%, 30uL D TE Ny 77
— A BRORRE BE S, 94T TISHHMET 5 2
ETITW, nEE oL (12000rpm, 547) Ei 1
uL Z 8RB DNA & L THEH L7z, WRomiR:#13,
FLRERBRIE, MRS (Merck) —1.5% R T, B
BHE, 7 u—SEREH T - 72

PCR R is%&t

PCR 840§, MgCl, 2mM, dNTP {RifE 4200 u M,
B DNA 1 uL, 794 <— %&1.0uM, DNA EVJ *
L—A (Ex Taq, Eilii&, Hi) 25 U #&5E100uL
DS 2 BER B IR SNy 7 7 =2 T
FB L TAT o 720 PCR D UGSMZ, 94C T 3 70 1%
Fet%94C 208, Ta'C 20f6, 72°C 3082304 1 7 v
TV, BBRICT2CTH R L7z 7=—Y ¥ i

(Ta) 1T7 94 ~—® Tmfli%£%I|Z Table 14127~
L7-#iPHC, @E%%Z 2 CTPCR¥IEZITV, FEN
RA»o2b 0% BETR Lz, WIREMX, 1%7 5
=27V CTERKKHL, =FI7A703 FT4Ma
LCHigL 72,

P1~Pl6ETHOTIA4~—%MH LT, 3HK
(B5201, Y5201, Y5206) o B & DNA # $ 812 L T
PCR ¥lF % 1T o 724& 8, P1~P8BXUPY~PI6
DTIAI—L{ T o= ZREEIBCICERELL
A, WREW DL Ny FHWIETH 72720,
35C TORREE T LT Fig. 1012R L7z, kil
FLEE T B5201# D DNA % RN L7286 (L —
Yoa) ONY EBRLRVENICH 72, P1~Pl6E
TOMBEZ LT, 3WHKRE QEBONY FHIRERETE
5 P11 (OPA-03) # 794 v —fEmi& L TRIRL 72,

WIZ, AF—%— 3WHRICH LT, —FHROR
o727 4 <— OPA-03% i LC, FLMEH13%k%E
x4 & LC PCR ¥R Z T IkiR L 72 (Fig. 11). FZB%
U RUR T ORI & 08T 2 55 1S3 E B O Tk
BWARZDEb R IT NI BEgshs, 22
T, SRIOBETTIE, fERSOKIEEIC I DR L
72 DNA # 8RNI L7 25, Bo201FkIZDWT
Fig. 10T 6 N7z &) ZHMEED O /N v FOEE S
Nedroize $72RU L. brevis %k TAM 120058k 0
Yt b MR IR EEY DN RSBE SNz 72,
B5201#KIC DWW TIE, FEFRD 72O EE DNA O #oKk
A2 ATV, [HBO PCR ¥R Z 47 - 7245, &AL T
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Thol: WRERST). —H, WMEEMIHELL
72L—=23, 4D L. brevisBkO/NY K37 — U 7%,
Fig. 10C@ZE I N7z Bo201kk DN Fov gy — v L b
K9 % &, $2.5kb, 2.3kb, 1.6kb ® 3 ARKD/NY 73
FamIcEIgEE s, L. brevis EFEL N)VTH A4 7o)
TETWAbDEEZOLNT, —J, L—Y5DL.
brevis TAM 1082HE D121, oD L. brevis HRIZHA
LN WH0.6kb DN RasH 6, F7:2.5kb B &
U23kb D2ADNY FOMED L -3, 4 DD
WEEETRZ-TBY, WHhROBENIZX 2R E K
MT22EDTEBYLENDHLILaRE L. L
L, #7% DNA Ofit &4 bs 2 L1285, g
WY RPROENBNZLDDHD AL, HROHEIIR
REBREZRDVBD Y, EHLEME DL EEZ 5N,
BAIIEEIC X VB L7- DNA 280 L §5 &,
774 <— OPA03% MM L Td, PCRIFIREED DN
VREIRGEONRWEE LS D0, TOTTA
~—03 Kz 1] - 7275 4 ~— OPA03-C %
AL, FERIZ PCRRAPD 2 L7z 7T2—1) ¥

M Pt P2 P3 P4
abec abec abe abec

L, 25C, 30T, 33CCTHL, mIEROR
225 7230C CTORER % Fig. 1212R L7z 754 ~<—
OPA-03% il L 725 &b, N FEDSH 2 5 7
&, RERDPYE SN, KIKRE LT L. brevis D
K DNA % gl & U CHIREY DN F 2o h
otz (L—=r1, 2), FEE LTATGL
HIWF Sz,

WIZT I 4 <—0OPA03Z i LT, BRIk
A S RIZPCR %17 o 7245 R % Fig. 1312”7 &
I DNA &, Bokdliiig:ic X h #8728k DNA 2 8
L7zo sl E L7z D. hansenii #:132.3kb 7> 51.3kb
W TEERDN Y P2 LA (L—=3~6),
—77, Y520lHkd¥ia (L—>1) &, EEL5A0N
YFDH)BLLED2ARKE—FTD 1 ARDF 3 AT L
D2RETD2ARDFF AR —HLTVWELIITHH
LN5%% 3kbAHEE 4kbAHETIZH DN FAHT2
REZE SN, SEMKELIIIHEICXH SNz, Y52064%
1%, 18S rRNA #{n T DR D W 72 BT
DFERD 51X, Candida zeylanoides \ZE#%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 Lactobactllus 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) ZEMNDbho TWzAS, Sequence similarity 2%
99.5% (1750bp) L 227 £, Candida sp. & ST
72 (8523%), L2 L Y5206%k ® PCR-RAPD 12 &
LYEREMI X, C. zevlanoides DD BIERED /X & —
v (L=vr17) &—3 L Tw/, PCRRAPD Dk
R, T AEROFRE T 5720, BlREYD
IS — W C. zeylanoides DMDOB Ik E —FH L7722
LE, Y52068k 28 C. zevianoides TH 5H Z & ZRIE L
720 18S rRNA #{n T O ILEHT O EIVEAD C. zeyl-
anoides D TENN C. kruisii DNV F3% — > (L
— > 8) b C. zeylanoides (L—>2, 7) OV K
NE =L HLTHo72. S cerevisiae D HFEH
(L=>9, 10) 2L, C. sake DWHH (L —v
11, 12) T L7236, Ny FOMEBEIZIZIZHE -
TWBH00, HANDNY FORIHERL>THDE T
LB EN, ISR E &b THR UL,
INOLDORMEIZOWTIREME L NV ALEIZ X > TR
BRL ARV TOMPAEEL E 2 Sz, DLEofs R
5, 774 <— OPA-03ZfiH L THREX & — % —H
DNV HHEETED DLW SN,

z B

16MH D754 ~—%MH LTPCR - RAPD i
X0, IR B5201#K, EERE Y52010kHB & OF Y5206k
OFFFRMM & iAA Tz Wil v b2 A L CHUR R
L 7- itk DNA Z 88U A L 72354, OPERON #:
DT T 43— OPA-03=MEH LT, 3RPkHEOKH2
WREE Z 2 N7z RICILIRW, BERRoOSHMkE
LCHl7 7 4 ~— OB MR 2 7R R, ik
v FEMHLTHE L2 DNA 288 & LCRH L7
B e, BokMmiEic X ) L 72 DNA %8
BE L70G, FURE O G CTHRIEED OS>
RSN VAN D B L) AL T B 2 &A%
L 720 A DNEIE IS ISR O WUZE AR O ST IS AR
EWHT AL EEZLGE, ZHOWHRICOVTH
iR E T 20BN D 5720, FEITHE% DNA OF#
X, BUkIMEICR SN S, Lizd> T, 4 EER
L7277 4 ~— OPA-03%fli j] L T PCR-RAPD %12
IVABHZRHEL XV THRIBET 22 L 3REETH 2
LEZ LN, 512 0PA03% 1 IEFRMSUEL
7F4~<— OPA03-C 2352 & &MET L7225,
PCR HIEORE RS H SN, &3 2 M wAIC
Lo TWEAERTH D EEZ SN0, L. brevis B5201
ROMHBIZE L TIEAERN TR o720 —HEERICD
WL, Y5201KkB & UF Y5206/ % f L NV CThe i 3
LOIHMTH D LEZ LNz FRICHERTICIE,

D. hansenii ¥ 4 7 OEEREDS, WIS HHE THA L
TWR I EHRBENTEY (F2FE), MLV X
D FREDOL XV CHITEL245HOHEE, AFy—%
— & L THA SN YO20I Mk & SR M35 B Y
WA TH DL EEZ BN,

FE28 ILEMHE - BEOMEALEHEOKE

RN SN2 T 4V ORI FLIR R - B
B (B52014%, Y5201%k, Y5206%k) 2 H% b 3 vy
— VT APEELTWA I LA L7720, Thb
SHH ZIROHM T 5 2 L Tl OFBEHAM 2 S L
72 (52, 3%), ZhTIk, Zho 3MEEOMAEY
DILDOENDEWS LTHAY —F—L L THEE
B2THHH)ND? FMORHEOILIRE, BEEHIA Y —
=L LTHHWEETHS )5 ? TN OMEMRGET
5720, HiEiZBWT, MR R OREW %
LNV TIRITT 2 FEOME 2B kol ZOH
R, ARFEIZOWTE, FHEFRNT I~ — %M
T A5, BRIOWwWTR, SUYFLAARTIA~—
% i3 % PCR-RAPD 23 2 kA Bz s
720

ZZT, 3HEOMEWOMAEDLEEZ VS NALE
ATHEML, FMBHOEREL LORAROEFT D
OB AN S, A7 —F =L LTORD MG L 72,
—J5, WHEPSEZ L E, Rk, ERERHEMII,
HMBEHANOFHANEZ SN D, ZOWE, #HT5
AEMNE, REVEICEIT A IEMATZ L\ B AR BEpk &
DY, TiE LTREMWICEROD LR ZMH L
FHED Y v, 2T, BMEETEEROD LR
fiC, LW, BHOMAEDLEE N TR L
THADIEREA Z — & — & L THREET 55 &9 »illx
720

h &

A5 — 2 —ERDRR

INFE TSR 2 0 S N ER o
Y=Y T REI =TV NREWEOREELMICE
WCHERHOD AR TEREICHK LMoy
— VT AD2WHOA T T —DRAY — ¥ —EHGETL
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 Wi S5, &I,
L2 : Lactobacillus acidophilus IAM 100743 L < &
L 3 : Lactobacillus plantarum TIAM 124777 & Y3:
Saccharomyces cerevisiae IAM 45124 12 X DR &1L
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HHDE L72. FLEEW X MRS broth (Merck), RE#hk
& YM broth (Difco) TZhZhuidizEL 2%, Wik
Za OB L, WRE0.85% NaCl KT 2 Mkits, [
12 OD660nm=1.00#E CTlEE L, WRBERE L
TR L7 ZRZhoREEERIZ, 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—73HW L Cff
M L7z K FWVIZ3.5% NaCl K¥#E#180mL % A,
T 7 2K FEaEY, BES 3 ) 10.0g &
s —¥ (R10, Y7V bAR) 202g®mML T
IKCRAEL ZhiCA Y — % — & L CHHRE S
WA 2mL 3 2OVANA L HEOMAGHOETHRML
Too BEEERENZ, 1 HIC1N, FHRVICLIZBAZH
FATWARES A7) 2—=F v v T2 HoORET, 20
CTFTI4HM, HERETsBI o7, BHEHEME LA
WHDOEMBX E L, 2 ToORHI 2 KT OB
726

RERSOMIREET

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

Fehfi kb X R RAE o R RN, FhE
N, BEHEEREH (SMA, HAKEI) B X O Marine
Agar 2216 (MA, Difco) %/ L Tt 72, FLME
HIZBCP M7 L— kA~ > k74— (BCP, HAKRHE)
ERALT, au=—HlNEE L D% AR L
Al L TR L7z BERRE, $7 o —2EREH (HK
HWHE) 12 NaCl % 5 %l L7z F4#K (SBR5) Trlk
L 720 SMA FHEU#IC MA BHEE % N 2 724 & SBR
B Z Ll EE AR E L, WAERRICT
57 (BCP i), MR: (SBRSEHEUE) B
X OUFIEVEMIT (MA BHEUE-SBR 5 5HUE) o #&
(%) Z & L CTH L 72,

ERBOFHUIH 72 BCP PR LICIEE S vz
BOFMHO T 0= — 2 MAEAI210T 0 = —F D54k

L, B4%E1HTHRE LAEESFRN T I ~—%
BT 2 HECEY, HEOERTT- 2. BRSO
WU, BRI ZE T B0l 2 W L 72 SBR 5 FAR I
Oau=—%FIIEBANEERID, ¥4 750001,
KA TOau == WAELICI0ET o5 HEL, MU
AP 1 i THET L7z PCR-RAPD #1012 X 1) wifl
DIFEZEFT> 720

HETRTE

FLE W OB AR 04 F % #5012
B &) PHET 5720, T O L’
G, 3HBOFLMEN 2 M LML, ALEWIEE
FEREL OB TR L 720 WANZT — 5 O EOSE Y
% Levene test 12X D f#FE L 720 ¥KIZ Kruskal Wallis
test ICX 0, HHOGHMICEEEDND L0 E ) PR
B L7z REMOGEICHA BN D > 7284, Games-
Howell test I2 & 0, FLBEIFHMAIIH L TLEDOR
SRTEDSH RSN D B D EME LTz BEREOTREHGT
HPEMITN O BTG 2 250 BOF B FARIC L TR
7z 72721, Y5201%k & Y5206k % Ml & & CHAf
L7 B, HERR L THRGET L 720 SO ORUER,
WlikE Y 7 b =7 (SPSS 11. 0], SPSS Inc.) % ff
LT L7z,

s R

28— 7 —HEHEDEV EREERB OMR

Ay = —HIK &2 Z TR L7 s il e ot
ROHTHE S % Table 171278 L7z BRERAMIZIL,
AL — 5 =IO IR B L O Emila vy —
DT AOWH A B L AR AR U7, —
W, RO — Y T AR L RBRR D) b,
B RE Y52010k b L < 13 Y5206k 2 50 L TR L 72
WEHE, TATWVHOGEREFE L, M2
3 FLIEE T B52014K O A & HAd L 723l IX (L1) 13,
FHEDLDBUADL 2L, FOo»hE FVRANL
FUBRDSFEA L CTwB b o L g Sz, SCD i o
MR T OB AL, BEM2.3% Th 7275, 2:8H
DEEBICIET72.8%~80.0% L THWIML7ze A5 —%
— IR X TIE, W4 1375.4% Td o 720 RIS
FIEF—ZONETHY, A —F —HHhROEHOH K
H D VIFHERDENICED S RAF4R SCD A i %
RUTze AR Yy =3 7 A% L CRELL 723
# (L1Y1Y2) T, L-fLEEA%1.11g/L s S h,
pH 254.3% TN L 7z. FLERTH B52010k % Hidlid % \»
BEEREE R 2 AGDLETERE LB TH L-3L
1% £%0.90-1.00g/L Tk &N, pHA4.3% 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 = 00
rotten odor
L2Y3 L. acidophilus (casei~type)® S siae  Weaksourodorwith o006 534 539 4000 39 + 00
. acradophilus (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, —Tr, BEREIZ R R L 7250k
(Y1, Y2, YIY2) T, L-fLMeEdRE2MEKo
T, 0.51~0.67g/L C, pH134.3~4.6TH o720 X ¥
— ¥ —EEMOMNRX AL BT L- ALERELE R
2%, 1.42g/LC, pH2M3FTIKTF L7z, T, 7
J1 AGERHIHR T IR 2S, 7o F - FWM L 72720
LEZONT, 727210, BRERBRICBWTE, FLER
RIEHI 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 723X T, LW Z <o L-3
W% I EN2.94g/L B LTU1.92g/L LXJVTREEAL,
pHH ZNZFN3ZBLUIO6ICIET L ZNHDFH
W S. cerevisiae % P L CHAMET 5 &, L- AW
FEAERDZENEN2.39g/L B L U1.64g/L L7 DI
%0, pHIF3.9BXU3.7CTHh o720 S. cerevisiae & H.
MTHMS 5 &, L- FLERpEA 5 4%0.44g/L C, pH I
45THo7,

REHEMAPOMENE
TR Z MR R W72 TORERD» S,
BN TR S 5 &, FLRW R T A2 8
VbhoTwh, —Ji, BB 5L, 1k
MW OBAIEI T 2 H 5. 22T, FLEWN, B

B, ARV o SRR BT A EIAE R LTt
B L7 (Table 18). i iR 2 & Y52014%,

Y5206k % £, BEREIX, SMA, MA, SBR5 L
a2 =—=%2BRT 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 R&E3nan=—
B LW EbhroTnb, L7eA->T, &4
W D% = SMA FHEfii + MA 71 — SBR 5 74
i, WFEVEME O % = MA M — SBR 5 FHEl
T, WHib 22L& L7z, HIRICAERR 2 L 724
RGBT, AR ED65.7% % FLEE R A O T 72,
LA L, WX CIE, FEEHEOKD £ <,

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

FLME 1H 7385.5%, FEREDST.6%, BFHEVEMIE 25 <0.1%
Th o7z FLMRW B520IFRHUMEEREX (L1) T3,

FLRER I H°82.4%, BERE%0.2%, ¥R YEMH£%0.3% T,

B5201#k 0 BB AR 1X, RAROEFTIHICAR) &
EZ N7z, Bo20MR & B B DM A S HE T
MUK L1YL, L1Y2) T, fLEBEIK 4
88.5% 8 X 10M94.1%, BEREATE b 123.7% Tof-Ha kA
BA% 4 14%B L 005% CTIHEEIA Lol Z
M U2 2 Bl L 723X (Y1, Y2,
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Y1Y2)Tid, s R B m < (11.8%~27.4%),

BERE72 U oA TlE, MEAHOHRIEIRNEEE Z 2 Sh
720 L. acidophilus #FHAE L 723 RIX (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 7-38xX (L3, L3Y3) i3,

Table 1705 7= »HLIAMFBERHII L E2 5N
7o, WFERVERIR BT R & < (% 4 34.5%,

19.7%), A% —%—& LCo®ix, B5201#kIZE S
L#EZ 6Nz S cerevisiae HMBEFEX OFEHE, 4F
BRI R B R R & < (25.0%), RABDOAH
2RI 280095 % £ E 2 b7z, S. cerevisiae I3,

SMA PR Ll a v = =% 3 5%, SBRS5 PR L
iZau=—%2EK L%z, L7255 T, Table 18D
BERERT B L, S. cerevisiae DR AT L TV
WEEZ LNz LaL, S. cerevisiae %l L 723K
BRIXIZB VT, SMA FHEfE (FLIEH & BERE o FT 5 fiE
&te) 2SBCPEHEME (FLBW 720 ot EfE) L1
FENB LR ININIENWT NS, S cerevisiae
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DERBImBD TINE VI LIZHS N EE 2 SN,
FURE W B & OB O TN AN MM 8 0 4278 % Ji]
T AR DOWT, FEHWIZEHI L7z (Table 19),
IR IR ORI & BGEET 5 720, WBRIX % 3L
Wt FE AN AE, BS201RRIRINEE, L. acidophilus ¥
., L. plantarum @INEEO 4 5T 720 F 2Bk
WINORI R MEET 5 7200, REREX % BRE IR A,
Y520 IR INEE, YS5206KRANINEE, S. cerevisiae TRINAE
D 4 BTG F 720 Levene test 12 & 0 B L 72458,
FLERTH, PEREICEED BRI & b &SR BRmE R o iF i
IR DRI D 7 — & DEGFHEPE IR S L
BMoleh, TNEHELT V8T X N v 7 by
BB o720 9, Kruskal Wallis test % 32
fiti U745 58, FURRW QWO A I X 2 ER B D@
X, AR (P<0.01) &fIEsh, BEEORNOE K
WX B ERBOENE, AETRY (P>0.05) &
SEE N7z WIC Games-Howell test (2 & 1), FLEEHIE
TSI & PN Beie U € & o U A RBR B (O B
HDLPHE L7z TORSE, BRI KO L.
acidophilus WIMBEICENH DL EPHBFL (&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 =+ 132 x10° 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° <0.01 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 * 594x10° 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)0

BEREN TS/ v—2EALAZBEL NIV TOIER
EHOBE

W EZF T 5 B TR S N EAEERE
W SN/ a0 = — 2 84 IC10BE R L, L
W BCP AR ISR L CHliFe v BE L 7215, o4 548
1 HICRIZ L-WHIERN T I 4 ~— 23 %Kik
WX, FLMRW O WM 2 5E L7z (Table 20), 3
A F =& —=IERMOFIIXICB VT, 2K THOR
BT, L. brevis BRENEN 1R /I0BEB IO 7T HE /8
e (B PERREL / B CTho7ze —H, L. brevis
B 23BRIX IS B WL, BRI L C
WADPEPCHDL LT, 2TORKRK (L1Y1Y2,
L1, L1Y1,L1Y2) IZBWT2ARV.CTHKEED,
L. brevis 25108k /10D E & TR S iz, —,
FERE 72 BBl L 723 BRIX i, 13T L. brevis
B8k /S HROEETHRINEN=b DD, MOFRET
X, BROMAEDLEICI 2D ST, BRI EL L
W EDL o7z (6 B 450 . B
EHEODHLIAMEFTH D L. acidophilus B X O L.
plantarum % B CHAE L 723X ICB Wi, #%E
L=l & —33 2 WO E &L, FhEn10kk
/108K, THE/9KEB L V9 KK /108K, 54k /10BRTH
> 720 B, L. acidophilus TAM100741%, acidophi-
lus SR 7 74 v —IZUnEd, ThHOFLEWIZ
S. cerevisiae P L 723 BRX (L2Y3,L3Y3) I
BWTIL, caseil BB T I A <=1 L7720,
casei FFRIN T T4 = —THIN L 724K 2R L TH %,
L. acidophilus B X O° L. plantarum ® ¥ #1413,

ZTNEN IR /9ME 04k /108 DB X O°9 #k /108,
6 ¥k /10 TH > 720 S. cerevisiae % HMIEFRE L 7254
BEIX (Y3) Tix, 1R&FTOAAMBE»ESL, bk
Do 1RETIX L. plantarum H3 9 ¥k /108 D EE T
Mt S 7z,

PCR-RAPD &% £ LU 7B EMHEOHER
WA T 52 HWCTHHE S N7z SBR5 % RKE 1
Foao=—-oRREENEE2S, Ju=—%2Y1
(Y5201) BB XYY 2 (Y5206) ENZ44H L C Table
2UWTR L7 20 =—DOREBFAN LRI DI A ¥
IUMIELWZ EEMAET 5720, R ENhi-an
= — 2 HEEZIZ10M#IR L, PCRRAPD I L 5 %
AV RPAT L CEm Lz, RBEXLIY1IY2H
FUPY1LIY21Z2o0nWTiE, TBEFEMIZYL E3hia
O=—H5100k, Y2 &adh/au=—25100%
EZIZEATPCRRAPD T L DB L 720 £ 972
y— & —IEmMoxtIRIX, FLERWN B (L1,
L2, L3), L2Y3XBLUL3IYIKIZBWTIZ,
FEREDME S L e o 7o RICHARI VY -3 7 2%
BRLZLIY1IY2KIZBWTIE, ag=—oghE
PSS 2 RV COREHIB W T TY 1B
22%, Y2%IH97.8% & WAL H 7z, PCR-RAPD
BTHARIAER2SIE, Tho Y1IRIE L-oZNR
ZI Bk /108 (/B 25— 3 L 7=k 5k / BBk 50
BLUOO6/ 6B Y1 THHo70 —F, Y2HE
L7=#koZNZN108k /100 B L 108k /10828 Y 2
WMThole —H, YIZEMLAZLIYIRBIY
Y 1 X2 o508 S efEaRRE, TR » 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 /10FkAT Y 1 7Y
THHEMRIN Y22HEMLAZLIY2KBX
CY2RD0 503 N-MNS, BEBENEE» S
>99% Y2 TH 5 & 3, PCRRAPD iEI2 & 5k
Bcd, 2WBXED, 10/ /10AY2HTH D L
MRINZ, YIV2RIZBWTIE, Y1IRE LAk
DY /10D TR E b Y2 RICTH o720 —F,
AL D Y2HE L2KRDI0ME /10MEDY Y 2 BICTH -
720 S. cerevisiae IAM 451202 #AE L 72 Y3 IXIZH
Wi, THEBHIBWTIO /102 Y3 TH B &
RS Nz25, 5RO o 1FRBTIE 1k /108kAY Y 3 7Y
ThbLEN, KHDIKIEZ ZToOMOBIIGEHEI I
726

z =

WAy =T ABIAENN I Y- T
LIZDOWT, AZ =¥ —OWHMEELEZ THEML
THWEE Fhi U720 FEREALELEE o HAMNTRL 110 75 4k
EEA (%), 728% (Y2X) #2580.0% (L2Y3
X) THH, A& —% —JFHEMIFBXD75.4% % &
B, ETORBXTIO%ZBZTB), A¥—5—0
FLBE 25 IR PR T O A AN 21 G- 2 B 5L, /g
WEEZ bNz, ABAEREICOWTIE, L-FEL
PHE L TWZewgs, L- ZLEREA R, pH MO

IR &I L Tz ILBREBO S 4 THhHv )
L1 (B5201) #Rid, ~7ualTHy, L2 IAM
10074) ¥kB X L3 (IAM 12477) #Rix, FEHT
BB EICIHRT, B 7 va—-2EEH-0 0
FLMAER B 2R TH 5, L- sLIRA & 2 B IX
BICHT 2L, RAW GEHEMER) O4F 0L
B bH2H, BEHIZIESEDENRRDOLNL L DD,
LI#MIX (L1Y1Y2, L1, L1Y1, L1Y2) IZ
HRL2#MEKX (L2, L2Y3) B X OL3IFEMKX
(L3, L3Y3) Tl&, L-#ME»2~3fmAERLT
BY, pHEOETIRD KE L, HEAEO M THF)
EEZONT —F, BRHMEMEX (Y1, Y2,
Y1Y2, Y3) ®L-#ZLEEAM R, 0.44~0.67 g/L
THBEWEREIX O L- ZLERAE B 1 IR e W] S
Hoteo AY—F—IFEMXIZBWTIE, L-FLHEE
WEA1.42 g/L L PREAOEWEZ R LD, Th
W&, T A A SRR O FLER I 2SR TR L CBE
Liz7zb b Zz bz, ERPREICE D IT- 720
MENT DRERA 1, A7 — & — IR IZHB T
LIRS 2 2 LB S NDs, ZOMH R
P%65.7% CTH o 72Dt L, L1 #MEX (L1Y1Y2,
L1, L1Y1, L1Y2) iZBWTIi&, MEEOEMHD
A b ST, FLEREAEVE SR (82.4%~
94.1%) %L, FLERWIEMC X 2 W AH G o %) 5
WO SN —J, BEFRHMEMEX (Y1, Y2,
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Y1Y2) BT, ABMHOBLEENTHD (5.8
%~63.2%), MA 7H4fii’> 5 SBR5 ft 4 fii % 7 L 5]
W SN D UFEEME A 2 b (11.8~27.4%)
M H Y, BFOHMERTIX, BAROALEFTOH
IR T aEEzZ Nz, EREla Yy =37 A%k
WS A WA E L COERTIE, L2EMX (L2,
L2Y3) Ti&, L1ABRKOES L FAICEVALER
BEER (96.6~126.6%) RO SN, HHEETE
BMOHLWITD, WRBHEAY -5 —L LTHHT
EHTEMRMENT, L3FMK (L3, L3Y3)
TlE, L1BXOL2 TORBX L) FLEER G L)
v (63.3~89.6%) fHIMATFED H/zdh, ok &
D L3S MA TR0 = —2 BT L
7oHEYEAYE 2 S, FLER W AT AR S h
TWAIERUERH S, ZOWPWE LCTiE, L3IBIW
L3Y3#k % MA PR EICHEM LT, BRShiza
0= =785, REBGEEI/NEW (EE1Imm LF),
HWwan=— TR O I 1 = — OREE R I
TWielzdTH b —7, Y3 HAFEHREX (Y3)
TlE, WAERMaY Y= 7 A TORKEE M FLENW
OB ERIME (48.1%) NI - 720
WHBERN TSI~ — %A LT LIEMEKX
(L1Y1Y2, L1, L1Y1l, L1Y2) THEHLZ
FUBE T % [ %€ L7245 5 (Table 20), 2 AR Tkl &
L1010 AS L1 & WU L. brevis BITH B Z L8
REN, EHEEIBDOTEHWI EPRENT, —TF
L2#MX (L2, L2Y3) BXUL3#EMKX (L3,
L3Y3) Tif, HMLAHMEE M URMEEHESh
LHEED, 2ARNTHBXHETIESDE, L1IHEX
4% B H 5 720 PCR-RAPD & L, MEHED
RO E 2 L7258 (Table 21) 513, Y 1 High
BRXOLI1IYL, Y1)BIUY2 HHEMX(L1Y2,
Y2) CBWTENENAY—F =L L TiRIML7
WRE2SI0RR H10RR D E A TR S h, BEREO R %
BHIIL Tw5D LR sz, Y 3 HMEEAMX
(L2Y3, L3Y3, Y3) IZBWV T Y3REHK
DATEHREDE S L, Y3 RoMBRIE 1B T10kk
/1I0fRE Fid o 72 b ODFR Y O 1 KT 1 #k /108
THY, NEELRBEBLEETH 72 Y3 (S. cerevisi-
ae) FIMHEMEOWETH Y, 7 H A REEAF233.5%
NaCl DY T TR L 722 &AM L 727 et At
EZoNT FYIY2ORGHMX(L1YLIY2,
Y1Y2) i2BWTIE, Y2MApE Y (96.5~97.8%)
LT ZEDHEIDLN, YIBIOY2LAOR
X, MRkl %LU TFTHAH &g s, Wk
HOBROFAELRY 1R L) Y2 RO 2%h - 72
BHELTIE BAOOWOBEMEI2mL H7203.8

x 10°CFU (Y5201#%k) 3 & 156.2x 10" CFU (Y5206%k)
TRNEDEN D H ZEDHBEL TVDLIENEZD
Nb, B, TOWKEEBIIEEZKE L TREL
ThHY, BARMBOY A4 XEHBHELTVWEEELD
Nb. BILHERF A XIZY1>Y2TH Y, Hplses
L7223 E w8 2B, Y1<Y2E
LALETVHEING, Lo T, WY A AoEWE
KL TWa ERIRT 525 TE S, oMt
WO %% 2 BE02, MW & BRI 4 X
DENHER L Tilkin T ALELD L, HE =1 TH
—L-WREEE 2mL &IN5 L1 MORIZ1.6
x10°CFU TH V., Y 1 ®4214%, Y 2 D25.845Th 5o
COZEREETHE, FIZITY1IHEBLIOY2H
BT CRUMEZILICHE L2 O® L RD19.7% B
XU49.0% THAHZ LiE, 2k EEREDSEVE ERE
ARLTWAHBITHL L) BRLRETH 5. FFE,
INSOREHIOWTHIMEEBIRE YT 5 &, MEMIE
LD EERAIREAT L K BV D& LS %

U EokRzHETAE, L1 (B5201) #, Y1
(Y5201) #k, Y2 (Y5206) ##% oM 2 ik
T, WO ¥ — 7 —2SBF & h278, S
WLl OHMER TS, RAWOEFHH OH TR R
MRRBERD SNLZ &, F MR MR TIZ,
FIRFEAHOHIH ST ThH W EBHS I ENT, F
72, L. acidophilus (L2, 7272116S rDNA i 3LECH
W& L. casei ), L. plantarum (L 3) 7x E M
% LADRCIEE Z R EREORBE D200 A ¥
— &=L LTHHTE B REMAVRIB S iz,

EIE IBEBEOKRE
FBATE2MICBVWCIHROEEA Y -y —L L
THHTX2MEYWOMAEGbEE L TR E HM
TOMHATHEN W L, FIABROMEE LT
LWL D L. brevis Bo201KR T { & B0 FLEEH
FELFHWEETH B 2 L HURM S N7z (Uchida et al,
2004b), FLEEW L, HEEXLSHFEM, ~7ull
WZHERIE NS (MW, 1996). F7-, FEELE L O
SRR, L (@) R BT bIRE
ST ([H, 1996), £ZT, ok e
DFFER IR EHEA Y —F =L LTHLTWSHDON0
WRDSS 7o B, —7, fFsEa B L U CAMRRERE S
WCHEMMT 52 L 2E 27200, WRE 2 IRE
WMHELCTHEHT2Z LT LIRS TEVIEENS
W, PIZ RS2 — N L= RETHE, 700
TANDGIRL, ELAEL L, ICHNMEE T
HTEDNMEE D, L7z2h o TIER R ALEE O s Ik
BEMHT L2 ZuiEE LT, WHEEOSHERMN % B
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HYHIENHEEL D, EHLIE, ATVPHES LT
W 71 AREIRY R & I L TR RET L T &
78, T A A H R WRAHETZOF A LY
&, NaCl 2L 2 WS T TREEZ R 5 &,
LIFL IR LWIgia & & D ISEORISHIRIE L,
F— AOMIFORR B B - ZWIREIZ %2 %
CEERRLZ. SO X) BN ABERETIE, L
B DML IEFLIR B DM Z o T b L BEbi,
HE R ORAR OHIHATET M STV /20
WCBZAHRTH D LHEFEI N,

ZIC, HELLTHHLT A XARBHIETIND
ARAHE RS & LB, WHWARIBRKIZDOW
T A AENIH L CHAERE L C, JERED T 5 %
WEECTELLS A2 LIC8), BARDEE 2§
LEENICENL WML RETHI L L LI, AF—%
— L LToOEtEZ M §5I1CH720, 545G I
BVTHIZE L RMIFEEDAMIC L 0, FERE% Ok H
2B B WA AHAEOBE LA (%) Z i, GFHl o Sk
ELTHEM L7z #BiE, NaClzlinL7z%& L
WARDM G TIT > 720

- -

7 7 A BB R OEBREN

LT i AR R AR ED LS, RfEAY ¥
2 2003 M HKE, BIRFY ¥ 3 V) 0.2g 2 AR K
I0mLIZEEL, Ho52LoOMBL, 60CITHRFLT
BW7230mL OFEHESER B (LI SMA & WEEE, H
KB BCP M7 L— b > b7 #H—v (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 ZHiEML 72,
FPAGAEHE, 2T oML, 20C T 2 HM, 5
ST CEEFS, ano —FEL. BB &
PR EICERSN-an=—% 1 ~10A&H L, 16S
rRNA #E{E T (16S rDNA) ORI Ly % Pesg L7z
WEILEHI O P L, 56 2 7 L MRk T8 DNA
DL B X O PCR ¥R Z 47> THEI L 72, RES N
73R R PLH & B\ 5T R & VR L 72,

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

ERBAMOFAR

NaCliRn 7 7 A FEEEE (GUEF 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, SOICHKRBEHR
04mL ZRIML T, A7V a—F%x v 7ZE UK
TR TRA L7z, HARBRERIEZ, FLBRE%
MRS (Merck, Darmstadt, Germany) ¥ CHi35# L,
WA 0.85 % 2 FE NaCl KB C 1 |l 0 Peists, W&
Hi AU LT ODgopn=1.0 (7.3%107 ~1.1x10°CFU/
mL) O CTHMAZ B S & TMB L7, NaCl IR
M7 7 A 5EEEAE (GUEF No. 1b-14b) OB, ¥

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%
FEHLUCHBL 720 28— % —IFHMD b O % 3 Hlak
BHXE LCHB L7 (BUB No. 15a, 15b). FLERHER
GHAIX (¥ No. 16, 16b) 25T, 1,3,5, 7,
8,9, 10, 11, 12, 13, 4D &ERXITHMH S M7z
PGB 236 u L §OHM L 700 WM, FERER
B, 20C M T 1 MERH T Ciko TRAE LA
S1LH MBI AT o 720 FEMEARHE, % 3 AL T Tl
L7

RERF O MR

FRER ORI OWT, RALERBIWICFHEL, 7
BEBIOVERROLA AL /2o $72, pHIH,
FLME AR, TAORAOHFE, FEEsEE (%),
AT E, FLERTNEE 53R (%) 2 AE L 720 FLBRAR RGN,
¥ v b (F kit D-/L- LB, Roche Diagnostics)
AR L CHE L7z, BRG&R (%) 1, F8EECE
2 1 REHLL LE L 70, ERESORFoORx
B DM D W7z HED BRI, FEERAE2A
DFEFEAIML I 285G (%) TR, 1E%E
AW D R F L, NaCl vings iR RHX 2D W T,
RS KRR (H KRBEEE) 122.5% 3 EE NaCl Z a3
L 723K (SMA2.5) ©, NaCl FEighngsmsalr X 12
DV R M (SMA) Tt L7z 24—
& — A IRIX (GRBF No. 15a, 15b) 122w Tid,
BEERE LTAFTLTL 2RMZz PHTE W20,
BCP M7 L— b v k7% —)v (BCP, HKESE)
BXo<y 7 H— (MA, Difco) dOFHL TR
Baflwe L7z SMA25FA S L < 1 SMA AR EiZ
B Ehizau = —» S EERIZI0RE (X 3) #R
L, #LwBCP¥AUCEAL, 20C T 1AM #E%
WA =—DFHNEELET LD ABmN L AL,
30 HERE P O FLBR B H R (%) ZHIM L7z,

B POIBREREDREN

BB D W T IR THEH S SN 72A7130
RO G HERRICOWT, FATHE 1EH TR L2 EH
HBI 75 4 <— (Table 14) ¥ % 7k CHif
4 L7z. WA DNA odiitix, 30ul @ TE /N v
77 =PRI == ORE W72 ROE KT
1Bk S, AT TISMMET 5 2 & TITv, ik
Oy (12000rpm, 10%3) LiF 1 uL % #% DNA &
LT L7z, PCR ¥EIE, MgCl, 2mM, dNTP &
WAA200u M, 855 DNA1 ul, 794 ~<v— £&1.0uM,
DNA RV X L—A (Ex Taq, Eilis&, #®i) 250 %
0100 u L OS2 RNy 7 7 — % v Tl
L Tiro 726 PCR OB, 94T T3 5 F#k

94C 20%F, 55C 20%», 72C 308 %3041 7 ViT\,
WBRICT2CTH L7z —EBOWH (L. brevis,
L. rhamnosus, L. kefir, L. fermentum) 53 5455
BT I74 <% —Z2onwTlE, 7=—Y ¥ 7imE%538C
2 2 CPCR¥IEZAT o 720 L. kefir D7 5 4
<~ — RS DML, L. fermentum OB 7 5 4
X—TI/UAF v 7 &7, BUROHKE L. kefir &
L7z WlREWIL, 1 % 77 a— A7 0V CEKIKE L,
IFTVTATHI FTHREOLTBEL:.

HEEAFPOIEIL BREREDHENR

MM OAE & KA FRD B N7zl k2D,
8b, 9b, 11b, 12b, 13b, 15b IZDWT, A LM E
WA L72 SMA LIZE s h/zau=—% 1 ~30f
MR 21258 IR L, 3 L BCP SPARICHEAE L CorBE L,
BEt102kkE B 72 SN OG5 EIREZ 2 u = — D
WS, CRIL SEL ZofuicEi Lz, oo
Z—OEEANEMOBIZIC X 28, HEE &M
HLUTHLWYBCP EMICaE = — 2 Wk, 20CT
TH5 HER#E LK TITo 72, 0= —DHEED 2
~6mm, Z7V—2af, REINESH, FLEIZMY %
L, oE LB EATLH0% CH, BEEH
5-10mm, Fifa, “F3H, A2 MNK, w2kl
OB ERETLZ D% SAIE L7z, kICCH], SH
EENTZREICONWT, FRABT LI 1 KT oA
PRZC TR E LCHY, Zm16S rDNA D55 IER
%, 28 EFMOTETIE L, Jug Shizif
HILH % b AR & AR L 7z

BEEINOT Iy a3 ES

AWFFe T SN 73R U, 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 FMBIICHH LR koameET 2
Yt v ¥oa v&FFIX, 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 R

DHABEERICETh24EERS SCEEHERK

AN TR OB S5 7 A AR
EEND LW E TRz (Table 23), BRI NL7z2
U=— DRI PAERTHSH &, LR RS
THAERPTOI—DOREIBIRIN L L,
T A ARF DA L B R YIT A &
Enn, MR I0=—OFHIIREETH 5 7oA, Kk
DL DI = =P E N 72D1E BCP FAR % £
L7246 C, #AR10°~10°CFU/g Th -7z, F 72,
BCP RiZEK EN7-a 0 =—3& T, FEMIEMIC
ZALLTBOTIEABE TH 5 & W S iz, SMA
BIOMAICL Y RED SR ERKIZZNRZh10°
CFU/g, 20 CFU/g TH» o7z SBR IZ & %EHTIg,
FERE, SRIRBIEIMH SN h 72 (<5CFU/g)s

HEWBOFEUIER L2 SMA 205 1, MA 225
2%k BCP 25108k % 77 BEL 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 AEY —, 203 Bacillus pumilus D7 5 A5 —,
1 BRAS Bacillus subtilis D27 5 A% —, ZOMH 1 B
Th o7z,

B RE OMIR LB

AN NaClus N4t T ColB L7227 & A 581 bkt
DOYIRGHF D H % Table 241277 F . BRERAIZ X
HERITIE, #AFba (A& — 7 —IERMMIRX) @
fi, 8a, 9a, 1lla, 13a T, 3AKDH b1 ~2KTH
WENE o, BRRIET I VRBITA 7R
OREPRE>TVSH X HITELE Sz, pH I,
3AHE O PHHEO I TIZ, MK DENIZ X B
W 7 <, EORBRX D —HK pH A (4.0~
4.9) ZRL7ZZAH, [F URBRIX D 3 KD % CTHIRY
% EIBIBR DR T S 73BN, pH AR R R D T,
FLBAERE D NS WEHAS D - 72 (F—=F 2R ET),
FUERA R, ~T O R ARERIX (1a, 2a, 12a)
BLOAY =& —IRMIEIX (15a) Th7%< (045
~0.83 g/L), MEWGREIABIZE S N/29a B R TR
LR ABRIX (3a, 4a, ba, 6a, 7a, 8a, 9a) BLV
BAEMIX (16a) THWHEINIZH > 72 (1.64~2.20
g/L)o HWADELIZETORETRO LN o 72,
AEL ORI B 78D SN o 7225, BEHE DB
X B i S N D EEERETE AR O WA 054 T O
IZOWTRD SN (FERERMAIRIZ 3 2 FERER T IR
DRI AR 1 70.7~81.3%) o LR BIZOWTIZ,
1.5%x10"CFU/mL ~13.3 % 10*CFU/mL o #i P T &t
Bah, BHEOEWIZLZHBERENIZZRD SN %
Mo 7zo SMA AR & 5 S - Bl (#5508
n=30) A SHEELZAMEOFIELIE (%) 1, &
BilX1a, 2aT96.7%, #XBEIX3a~12a, 14a, 16a T
100%, kBXX13a T60%, xFHEIX (15a) T <3.3% T
Ho7zo

K2 NaCl FEAMEtE T TR L 727 & A 5k
DYEIRGHT DFEH % Table 251287, HHERAIC X
BHRITIE, BE5b (R 7 — & — IER I B IX) O1ts,
1b, 2b, 8b, 9b, 11b, 12b, 13b, 14b T, 3AKDH
H1~3AKTF—ARD LIIBRADIKE sz,
pH X, 3ARKEOPFHED LTI, 4.3~5.30
fliz " L, NaCliRhngefk T Cil# L2zl e~ %

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-23268T (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*

1a L. brevis F/F/F 48 0.68 - 74.8 1.7 x10° 967 == 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 - 720 3.0 x10® 100 = 0.0

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 4.1 ND - 73.6 21 x10® 100 = 0.0

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 1.5 x10" 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. caser 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 4.4 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 U7 72, e g S 7238k T, PEAENL, RN SN2 E O ) HDIRIFETT
D pHEZ /R Lo FLRAEMREE, ~7T o izl @igE sz (2b, 8b ~15b)s NaClIHRMIX TIE, =
MR BRI (1b, 2b) B XA & — & —IEMINA B BB X BB ARR OB B S
X (15b) TH%< (<0.1~0.43 g/L), +~ERFLFERE Mo 723, A ADREL L 723 BRIX (2b, 8b ~15b) T3,

FABRIX (3b, 4b, 5b, 6b, 7b, 8b) I X RAHEMIX B OHRLH B S, R R OEAIZD

(16b) TEWMEIAIZH 572 (1.39~1.85g/L)c HAD oz (ETRG 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 / B oE
2 & B BB AR SN Do T2o 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 -BEEKOBRTER

HRBRIX 20 5 7 BE S 72 A 530/ %, BCP AR
FTomELRE WHEERNTIA~—%2MFHL7Z
PCR GABRIC 2V F, $E8E L 720 & [ —F o> FL IR I Bk,
Perl L 7ol LMD 70 5 FLER AR, FEFLM AR O 3
DIIZHEHIL, Z0HEG% Fig. 15 (NaCl#mX), Fig.
16 (NaCl IE@MX) 1278 L7z NaCl ihnatEcig,
ABRIX 1a ~7a THM L 72 OE 53255 < (90.0
%~100%). MOFERX (8a ~14a) AKX (15a)
TlE, M2 > 72 (0% ~13.3%). NaCl IEFM
AET B IZIZFARO BB SN, HBkIX1a ~7a
THM L 2RO B D3 < (63.3%~100%), A
DHRERIX (8b ~14b) R xfHEIX (15b) Tik, MWl
B o720 %~20%) o BB EZR LA,
L. brevis, L. plantarum, L. casei, L. rhamnosus T
o7

RAEAE L 723 BR X Cld, NaClifhmit#t (16a) <
BEOES VA ED» o WAL ZOBERIZ, L. bre-
vis 36.7%, L. plantarum 36.7%, L. rhamnosus 26.7
% CTdho7: (Fig. 17)o —7F, NaClIE@maer (16b)
TELHOEAVWTEI o REEE Z0E %L, 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 2 R o 9 B EUE2b, 8b, 9b,
11b, 12b, 13b, 15b 2D W CA R E TR IS L
72BCP S Iu=—%55HL, 2u=—0JE
FIFFE DS B. cereus B (Type C), B. sphaericus
T (Type S), ZDMoE! (Others) ® 3 DIZFHRIL
7z (Table 26). 41028k, B. cereus B %364k, B.
sphaericus BDS16KRT, 25 2008 ¢, SHBHE
D784% % b7z,

a0 = — OB EICIE DOV Type CB LW
Type SANOHEBAIE L WE & ZiERT 5720, Type
CBLUType SEENTHHEDLDS LT D% KR
BRIX Z e FEM L LCTEY, ARFIIBRICDOWTIES
rDNA OFBGIERES 2 e L, 75 F R 217 -
7z (Fig. 18)s &11¥ED 9 & 6 kA B. cereus D7 5
A7 —, 5 ¥RDY B. sphaericus D7 5 A ¥ —\hLE L,
a0 = —OBEN S OGHERE L7

z =

BB T S 7207 A A SRR o AW & e
L7:-#5 5%, Bacillus BM W 2510° ~10°CFU/g L Xy
THH En7zs 16S rDNA OB HFEEHIZ FE D 72
SEARIRNT DOk H, MAEZIZ 0 HEL 2213k 9 B, B
sphaericus D7 5 A ¥ — AL ET WA 7 HRE R PE
w DN, HeHELMEE %5 B cereus DV J
Ay —IfLET B HAH 2 MAFAE L 720 2 DORIKDS, &
HBOREKRME L %0 )RR TH L0 L) HBIRERT
BAHTH 275, 70 ARBEDOIRH %% 2 54
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
S 8  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)
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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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(SMA W) TROEFHBEOMEITIT—FL
T2 enn, FEFRPHEICL Y AERBEFRL 2o
FERFRD S L7230 = — 2o W TS 1T
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BWEAELTIE, INFETNaClZRIMLAZRT
LS E R LT b ozd, BEMTHE~D
IS %Z%E 2 % E NaCl 2RI L 2 W5 T C b MGt %
fioTBL eV LEL Kb, AWFFETIE, NaClik
& NaCl IERM DM ST TORBRIX % 788 L 720
NaClimIn& - T comificB i, S. thermophi-
lus B 10MISER DB WELIBH R 2R L7228, #
il U 7= 2L R &[] — O AR AS R WHHBE TR LT v
5 ZEDHERINI=DIX, L. brevis, L. plantarum,
L. casei, B X O L. rhamnosus % &t 7 REBEX 2B
WTTho7: (Fig 15). BMEAE L & 53 Ek28
—HORBEX CTBIgEND, F—XE, TADRE
A, IRIESEIBE SN o7z BEBHEXOR
BB N 22 AR S, L. brevis, L. plantarum
B IO L. rhamnosus 735 L7z (Fig. 17) Z k13,
NS OWFEIUETH 5 2 & 2R L7z BAEAR R
TOMBEELLFF L7z BB IZOWTIE, HREWIZT
IVROEREA A TDRKE DML bz,
7 I VROBRZIIOWTIE, BB ORISR

(VBN) iREEZHE L TR E T 52 L 253
BTG L7 (F—=7%25R39) 2% ks
—EHERARICHE L TRWEZRL, F8BEL723ET
LEWV VBN A RT 2 &A 5, HMIEMlz Ry 4R
B bhhole 12120, 73V RWEOHSEHE
X, B pHMEICKE S B INL2D, pHEAS
D127 2 568 L 72 3R Tl A DO T A 2SI & 1,
HRAFMCHEL TV I EELOND, 1Y
ARORZUL, —RICEMEAM L, ERMEHli 072012
AT AZOR ST T 4 —HEORERIHT DOBADWE
LEZ LNz,

NaCl FERMEH T TOBFHIB W TIE, F— XK,
HADREA, WIRLFEORBZ R T WA, LidLiE
gz s, NaClIERMO R TIIFHEEDS, AEEICR
LA FED S 7ze NaClIERMSEMH T, #H
L7-ABREMEEF—OREISWHETE LTy
HZEDPREREINT-DIX, L. brevis, L. plantarum,
L. casei, B X L. rhamnosus % &t 7 REBRIX 2B
WTTHho7: (Fig 16), RAHEMIZ L 2 BT,
L. plantarum B X O L. rhamnosus 75 L T35 2
Ehmiggsn (Fig 17), SO ORMDI#ETH B
CEMRENDL—TF, L. brevis \¥, NaCl IEFINSM:
T, L. plantarum R° L. rhamnosus \ZIL~GE A
RRLGDHEEZ DN AF—F =L LTO@EMEN
HWwe SN, L. brevis, L. plantarum, L. casei B
X O L. vhamnosus ® 9 5 L. brevis % B { 3,
RERIAMETH Y, ABERRFEIEL, pHIKT
TERDSE 72D I RIF R E R R E R L2 &3 2
bbb, —F, FMURERIAMRETH ) 206 BRIt
MR REZ R E D572 L. zeae, L. aciophilus B X
U°S. thermophilus \Z, WhHhW 5 FLRILERE (FH,
1996) EIFHEN S b DT, E#EAFMEH30C~37C
e oNb, BIZIE L. aciophilus 1%, &kt
(thermophilic) T45C THET 525, 15C TIRAER
LawEEnTnd (B, 1996). 4 hl o5 E
OFEIZ20T L VKD OMETHRIFLTEBY, 2o
C LIRS B L RS E A S NS e B,
AW A Y — 7 —%mML728E, oWk E K
BELLZ2WEETY, MoEHEOAREIELST S
Zl T AN H o 72 (Fig 15 : 8a-12a, 14a :
Fig. 16 : 8b-12b, 14b),

NaCl ERIMDO G T CRARDEFT RO LND
ERBEOF— XROFA, HAEAEDB X OHIRIL B
Tk, SITWHF—XREF, FREIEMLR
HKTHDHY, RFETEIT Az BT NT T T 4 =512
B9 H AT R > TOWRVOTIEMEZR & 2 513 5 A5
ThWe F—ARO%A, FARES L OHIRIEY B
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CHHHIIOWTIEMT S22, THHDOBIEHH
RINTHE» 102k E oML, v =—TRIR»
LR L, 16S rDNA RSN HED Rk
MaiTo72e TOME, o DORBHIIE B, cereus
MW B X OB, sphaericus W MELE LTHEF L
TWAH I EDVRWHSNE 5720 B. sphaericus FEix H
X, 7O A IR I NS I EHE SR
THH (Nakamura, 2000), 47 5 A KED S 5
B S N7z B. sphaericus REWONMIEZ M5 720, &
WM, B. sphaericus D7 5 A ¥ — DG DS MRk
ERFESIETHER L7z, R OMR, 417 2
LS il B L OFsEEE A & 0k S 7z HikkIE, Naka-
mura (2000) OMEFICBIT B B. sphaericus 55 4 7V
— 71283 A NRS-111#E B K OF NRS-800#% 12 #ix b oF
AL L, B. sphaericus BEUERR T % B-23268%% (5
3TN=T) RO TV—TIfE Lz —F, B
cereus A X7 # A FURLEE B 1210~100 CFU/mL
FEAEL, NaClIERMEGH T TRE LG AICES L
TB5DEEZLNT BUEETOLE I AT A Rl
MR AR EEMmE LT LAZZ & T, B cereus
WCEBEEbRAZAETHEORERMEE 2T
Vo SHUIARWHEO AR O LNV A310°CFU/mL B
TeAhnwzl, BTELTRIRRETHEELTNS
EEZLND L, T H XAGRHPUIRE THRAFE S 1,
Bl LTI EE6D, MEcEToRSE S
ABVEMTTMLEING -DEOMENL EEZ S
Nb, LA L, BELHT 2L, MBEICEEORKS
ZHZTCHhoofHEEZALEICE, BhoRelt
EEDD EW) A S, S N7z B cereus FHi%
WOEIRIZONWT, GHILICREL RGN L L
W %o FFIZITHE S M7 RR DS R R 7 D A IFm bk
BONEWLNITHIEREEEEZLIONL 72,
B. cereus FHREWAST A1 A WEIZRA L THET 5 H
HiZ, BEREFRBEICBW T EIREREICHTEL
TWe/eD D, & 5\ IR T kI 7 B il
WK 72D DONPPRNK /=N D, L. brevis HRiZ
AT ORI OFEER TH 5 72O FLEIFEE O TIRE
W, COREAL TR EEZONDLN, TOREAR
BTz DD, FIRED T B A KT O G s REE
WZBWTIX, TAOREFHHICE > THBES 2,
o720 L7zhio TR T—HOREHI DV TOABI
BINT A ADFENL, LRI O OB & ) j#E
ELTwEHoLiEZREIN/z, BB ITRIILL
TWALZERMRLTERDE, Th ADLHENSEY
Y, REBITABHDBVIIAY Y HADPEELTWD
TR EZ 5D, HADMEEDB X HRIL A BIES
SNTE D S EHE Tl S N7z B, sphaericus JH

B X B. cereus FMRM A% & b IZIEMF IR D Al
ThadIliZ, TNHEORDED LPENIIM 25,
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B X B2 REME LOMBIFIE LD L225, &
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HEoPilkB X RAROET OMHIZHD THRTH
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FIHEND Z LIS NG, FHH LI, BEICHERM
2 AT o 2 e &2 AU L CHAMI L35 2 LI
X0, KEDHERE LToOMiEZzETA27 514 %
ARLTF- % NA B % B & #ii L7z (Uchida,
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WIHEZIIH L CTEBMRZAT 5 2 EANEH S
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A E DS L 72 O FEFEEAN I L, Th
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® % (Uchida and Murata, 2002), ¥ 7:20C T18+
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FHEARAE L7212 D E£2.9~11.5 um W55 O R, T3 B
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5EH 1BV T, IR TERERA O K R &
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R T 1 Il L PE i, W NaCl REHRISH LT
ODgoonn=1.0D R B TR A Z 1% S & T L7z,
L 72 WA 1mL 24729, 5.0 x 10°CFU (B5201
#k),5.5%10°CFU (Y5201#%) }%1.2x10"CFU (Y5206
¥R OEBRBEESEATY S, BREME SRR
X, 20C T 8 HIll, MiENEEZIT > BRWEE (5
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ABXEzEE LA (FLZFNMS1, 1/3MS1,
1/10MSD)o C. calcitrans % FAiikBROKE T T b g
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1/ 3 Chaetoceros)o. %5 1 MIEHRE T, KlBRIX
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AT o T L7z MY 737 B &8 Kjeltee Auto
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LN o 72 (RREElT A%, 2002) kALY
GRIE, SRroHly v, BE, IRSoaR
ERELIIWTELZ, LSEBRAEIL, &HALD LS
800g, NI —+¥ (ONOZUKA R-10, ¥ 7 )V hA%L)
8 g, MMM AMAK 8L, #rERIa v v — 7 4 (B5201,
Y5201, Y5206) O B ASEH I (ODgpm=1.0) % %80
mL 32%ML, 5CT3HMAE#ELAE 20CTF
TILH BIARZE L CR® L7, LS SRR, SOk
HoRE LT e L — e riE, 3 ARRELTC
THEL, ‘FHETEL,

FERROMEEN

1 A E RO EOMEFNLEE T 512D
720, 25ffko 7 — & % EICE N LR EFEZE
ETOEEOFEFREMYME & BUE LT, fER TR
DEBETA AP ELFIVWTHEREREZH L L
720 BEHFI, HRBX 2 KMOMERERT -5
(n=27"30) %&b TP + FEHETE TR L7,

55 2 I B RBR O HE R OMETFI L % 3 5 BRI
i, HHBRX oa A (16ME) oFFREF A X% fi
HBBGIICHE L, O FHEzHATR TR
FZRARDOBEBES A X052 LT IWT1 Hdzh Off
R EREF L, P BEHERE TR L7, &R
EEX N DR ER T — ¥ O 058 Mk, Leven
test 12 & V) GREBRIX [ TR LI L7zo 4 3lBRIX O3
YR EROEDOREL, SN E DITo72. 4
B driZ, %9 Kruskal Wallis test 2 920 L C, #&
BMXBICHE G EZPFAET 20 E)PREL, AR
7% (P<0.05) 25D 5 N7-4A121F, & 512 Games-
Howell test % Fhi L THEZZ A % WlBiX % # il
L7zo —HoOMEMEE, WHHEH#ITY 7 b 2

LCHEMiL7z. (SPSS 11.0], SPSS Inc.).
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R OMR

] F R BT % M L 72 i AT R (MSL, MS2,
MS2C) @ 1R 55347 @ & % % Table 271277 L 72,
MS1, MS2, MS2C &, .4 fa AL w55 (i ££2.9~
115um) Ok T % FhZN26x10°/mL, 1.2x
10°/mL, 1.4x10%/mL & A T\ 72o BCP T i %
ENABMEE (LBEHO%EA) 1, 2.2x10°
CFU/mL (>98.5 %), 3.0x10"CFU/mL (>99 %),
<10°CFU/mL T - 72 SBR THM& S M- TR
(Y5206 % %14) 12, 1.4x10°CFU/mL (>97.6%),
3.5x10"CFU/mL (>99%), <10°CFU/mL T& - 7=,

BERBEEROFERNR & EHERRRE

Table 281245 1 AR BB O R 2R T C. cal-
citrans IX. (3 x10'cells/mL/ H#5H) Tid, HikE
BEFE205+12um/ H (F¥ + fRHERGE), AR
96.7+6.6% (F¥H£FHRE) Thole —H,
MEXTE TRERKERE-20=8 um/ 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&, ZNZNREHFERL
EFEPO=x11luym/ H, -3x8um/ HBXU-13
=7 um/ HT, EFEEHN100%, 90.0%B X 10790.0%
T o72o MSIOWIRREERIL, HHaH X ORI
AR (P<0.05) ®<, AR EZRTLOT
Holze BT LIZGHRREOH T, & BEITRD -
7RG 4E, 3 <10 cells/mL/ HTH - 720

AR O—RER S

— R BT OFEF & Table 291278 L7z FEHE2L
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WPLT ORI ZMIE L TH 5454 E D OBIEHAE
i (LS) 1%, MLy 287 B E#E33.151.2%, MR
4.8+0.3%, rAILW44.4%, 1K516.8+0.0% TH -
720 LSEBEMTI, MY v 827 &834.4+20.1%, H
2.8 +£0.1%, kAKIEM45.8%, IK5516.2£0.1% T,
FURRFE LI X 2 — B oK & b o
720

GrRGEICL 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  5.41-049 (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 fi
BB CTHATL 720 MS213, 7 X % Wik L
GRLIMEEIELABTHY, MS2C 1L, H
MIALLBE 72 0F 24T, AWEAIMELTH 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 Tid, BREREER (P
+ fEAERRE) BENENI68+33 um/ HB L1110
um/ H, AHRENE DHI266.7% TH o 72 AT
HXOEHRERERE EKRRIE, ThEh-10=14y
m/ H,53.3% T& - 720 MS2IX (2 x10"*cells/mL/ H)
BIUMS2CIX (2 x10%cells/mL/ H) T, ¥k
ERERENZNZFN23x13um/ HB X '18+16 um/
H GHEXICH L CHEZEAD, P<0.05), A5k3EE)s
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% T & b S iz,
MS2C ff H # i X (MS2C 2 x10*cells/mL/ H
+C. calcitrans 3 x10°cells/mL/ H) 12BWTH, ¥
BREEERENTI£14um/ H, HEFEREDI93.3% & fHFH
AR DO FEDFED DNz, WHEOWEIE, MS 2 ik
OYGEBRBEETIEI o7 MS2BXUMS2C &
LHE%Z 5 x10 cells/mL/ H ¥ TH R L ¥R E
WEFEI47+17um/ HB L2316 um/ HT, 4
FRAD66.7% B L UB3.3% L% 0, fEBES LS
AT, SN 72hs, PRHFRETIX D X 9 7% BAF 25T
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 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 LI,
MS & RS W dRREEERETE DA ENTH
O (Uchida and Murata, 2002), #HH a8 o8
ELCORMBIFEEEN S, AIETIE, MSO 7T 3
XA IR T A R R E M2 L &
Hiy & L7z SR M & L Coflifiz 5-0i3 % %
G, WG LMo+ SmERRfWwIiEHsy v s
BEmEOREBETIEH LTI Z 1T > THAT
L d 720 ofi kbR & v ) BTS2 O — R
THEH, TOL) BEY T A5, Mk E
Il 20 RS TR G- L TR D N7 g I o
RUFNIER SRV £ 2 TR MS OUF# P 5 i
BEZ % 720 OB 47w, 3 x10"cells/mL/ H b
L EZENL EDOBEETORG-DUFE & Z 2 Sz,
20 HOREETIE, 3 x10" cells/mL/ HOflh, 5
x10"cells/mL/ H TO#H 52 RE L, HFixREmER
2 X ZEFliTiE, 5 x10"cells/mL/ H TOHL5- D%
DA DS B Do 7228, FRENC X A fEKOHENE
L<, fEKDIREDS 3 x10"cells/mL/ H 25#% 58
EHIWE L 720 MS P65 XU SRS B XU e~ B 7 R
ZRL, FRRREAETLEDNTTHRIN, B
MICHEREREROMEZ T Cliks 5L, MS (3 x
10*cells/mL/ H#¥%5) o fRw I, 458 7 ik &
&N 5B Chaetoceros (3 x10'cells/mL/ H¥5) ®34
% Tdh -7 (Table 27), FHEHZL » HiEEHEB &
OPRBEEORE T & D ITHERIRSRD 5 7z28,

MS O YAl 5 CTld Chaetoceros WL S X D X 9 12
BRI LT wnEE 2 b i RIX (I
FREEIX B X O Chaetoceros 1X) TS 5 L 45 2 ulfi
BB O AL, 51 MEF RO R X ) e
T LT AEBAED SN LA, ZOFREKELT
&, FERERE PGS 5 E CoMHoRfHEBIR A 2
FHOREBEDO T ED - 72720, HEHOHEEAT A5
TWRMREEA % 2 Sz, SO — g% iR
WHTHEKT 2L, BRIFLfREMLARINS C
calcitrans ORI, My 737 B43.0%, HIE
1i13.3%, ARAL11.7%, 1K5331.4% (Hi&E+ 1 )+,

BIEHR) Thb, Zofis, KIFZEICEIT S MS D
WAAHT e KT 5 &, MSIL, ¥ /37 HD X
I EBERS LD SIREXRS DB ET AL T 5 HEN
VRS N7z (Table 29)0 — 7, 4@ OfuM#EE % i
FFGES 5 2 L2k, MS ofifhRIERE Uk
ENBZ LY 2NHOERBCHLE SN, FER
WEFEOMZTTHIRT S &, PEHERX (MS2 x
10*cells/mL/ H +Chaetoceros 3 x 10°cells/mL/ H #
5) ok EI, Chaetoceros (3 x10"cells/mL/
H$#5) D74%ThH Y, AR TIIHIZ LIl > Tz
(Table 30)o WA DOMREDHDOETELETL L,

VEOWMEZ PAGET A2 2128, HIRERIC
%o TWIIRESFORBER VIS T, FRRIR
PRECYGE LI EBEZONE, —KIZ C. calci-
trans X L, SRR EVE NS Chaetoceros
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RO REREMGIIIFFICHE L v, L22o T, &
[0 @ Chaetoceros fiFD ) H 9 HFREEZRFEL TH,
Chaetoceros FEFHOBIEKS @ il B BORUZ T W FB RI R
PREobE ) BEIIEFITHERES NS, SHO
PEHIFGETIC & 2 SRR R OUGEDIME, ¥ ¥ 7k
BCTOBIRTH L0, 5RO B L THEL
DB EPLETHDL, LIL, kRIS X
LHEBNROME RUE L, Lo EEEEYTH S
7 43 (Rotifer) Z#MRIZLFABREBEICE->TDH
BELTWELIATHD (KRIFHEK). FRUHEL L
72 MS 2 & BRI %2 L T v MS2C O SRR 4 %
H3 2L, MatWICARETIEZR WA ERNIZ MS 2
DI BIREPEN LA D o720 TOHBE LT
SR OREM DD BFR L TV B ENEZI LN
%o MIWDRRE Y 7 4 — & —TdH 57 L ¥ (Douillet,
2000) M H (Douillet and Langdon, 1994) 2%}
LCHRERE LTHBKT 2 Z L RBEICHSONTW A,
T 7o OWIEBI T, & HTEOMAEY DIFIEDS, M
HOWHEIH L THIZRFRE LTTIE R 7anNAg
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, 7 v 74 P H o
AFICREREFL LCEM L WREEYRE 2 5/,
MS 257 aNA &7 4 7 AWK ERT 25089
WZOWTHEHOMEIZE ) SHITHLMIIhTW
LT eMWfEEN b, T2 MS X, oz Rk
BELTOHRBIPRETH b, MEEIE, HHICL-T
AR OM TG KRE SRR L7720, FlZEH
B & AR & AR R b R & B Bl hEtEAs
hho THAOYAT, TIVF VRN YR T 0
EKMERE L TNB720, ZETH D, HIL
BECTREYS 5. —7F, WEEHOT 4V OYE
D L) BN RO HARER T2 oS 72
B, HALBIRS LW EBWIFEE N5, 5k, TA4Y
2 IROMOFER O E#EE A P S 7z MS O k%)
RHPHSMIEN TV ZERE TIN5,

P EDEZIZBWTIE, (RO S OIS
BWTIUTHHE TH 2 MEE OB & LTENN 2
FHZREE L CiEmzirToT&7% L2 L, MSOF]
A LT, BB ICBWTE T TERLS
MBI A EZBET S22 L S WMRETH 5, IL4E,
NEBBIZBWT, TAH Y OREEIMSEH THE ST
TWb, TAHYOEKIL, WEBBORFEFOREEE
WRL72bDEARBRINLOTINE, MSIELLTT
F ) EOMEARE LTHRES Y, ZHEBER OB
IKPEG RO REHEIE T 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.

BROERERED AT LD HEINDL 2L %% (Fig
19)0 2O X9 % MSALD A &2 FIH L 72 {3 E I O
FHO 27251, S TR BETOHIHEM R E
FEFETONA L—VHANEME L2005 ), 5tk
IKEEFEZ BN TS, WYTERM & JEiE S & TRkE
FEIZKRE O I T Bl e LTHEZ SN Tn L Z &8
WitFs % (Uchida, 2003, PH, 2003) -

FE28 EEEEMEEREMEL TOKRE

HARADELZ BT 2B EIE HCicd Ao h,
HARADET 2RO IZ20L LI DiZb, &0
DT T H A (Undaria pinnatifida, Wakame) 1%, H
AABHEIBW TR AT 2HEDOH VLD —D
Thb, Th A, ok, HEAANEREAS X—-TDH
LEMTH BN, WMET A X 2 A L2 (s
B72T v MIBWT, IRIFEEERILR O FFhREE R AS U
THIEVIESNTBY, T XET 5 EFEERE
PR 2R A AR B M LoD % (Murata et
al, 1999 : Murata et al, 2002). 7 X%, 4d 2
WIS Tl L, B3RS T SRR o e LT
FHICAH SN B, T 0 X & 56HLE L 72 o o4
i, TNETHHBICHY5 %0,

—h, HEEOVHIE L 2BBEEMCL D EoN L0
PEDOFLEE SR FE ML (Uchida and Murata, 2002),
Fig. LlZBWT, INFTTREL TWEERONY
PEIEEHRE WD Yy Y IVOERFEM 2RSS LD
THY, 5%, TN HTOMHIKRE TSNS,
— R LB RSOV TIE, FOfEERRETEICD
WTEBOMESZENTEBY, BEEHE, mebaL
AT = ARAER, MERETER, flErEm,
TG TE SR 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 OfERERREE 2 FEH L Tw
S EHFEEEEDLNLS,

MERREE 2 i e LCTR L &) &£ 206
WiE, KD B WIS E A T R VIR ORI EY
THAHIEPHTELVEA LS . F 7RO
Rz ENRE L-AERBICIVER-BL LS &
L7860, AR, BEOES P ER S
TWHRWIZ EIRDON D, WD D MEHC
1o Tid, ThFTNaCl 22.5~3.5% i TR
LA Z R LS WA T TREESE S 2 208
FITHFH XN THBY (Uchida and Murata, 2002),
WAZEBRML 2 VST TORBEICOVLTIZMRILE
Ly,

AWgeCld, FITHEMI L Y- T 22 R =%
— & LCHH LT NaCl I L & W 4fE T TodEig
e OB 2 AT L7z RIS SN2 H A 5
FEMELI0% (w/w) RALLEEEZS Y MCEAX

T, WRERHICIATTREIZ O W THGEL 72,

&

7 #

T A AR RIE, R (A E D LS, B
¥y 3Iy) #MMLA. £V —¥iE, ONOZUKA
R-10 (Y 7 v PARF) L7 A5 —% —1
AW, RIOKRENZETT (BE) ISRESNTH S
Lactobacillus brevis B5201 #& (=FRA 000033), De-
baryomyces hansenii var. hansenii Y5201 # (=FRA
000046), Candida sp. Y5206k (=FRA 000047) 3
X O Lactobacillus casei B54068k (=FRA 000035) %
i L7z 789V 3 b4 V=CoA (16 : 0-CoA), * L
4 WV=CoA (18 : 1-CoA) & Kawaguchi & (1981) &
FEICXDFBRL 720 7 F IV -CoA &, Sigma BN
(St. Louis) %M L7z,

HERBERMORAN &R

7 H A FEEEAE (Wakame-brevis 3 X UF Wakame-
casei) DFELNL, T T H XK LS 800g B X
OtV —+¥ (ONOZUKA R-10) 8g % i AWK
L XEBIZ, 10-LEDAZ Y 2a—Fx v Ty~
7 (RY A —FA—1M# Nalgene) ICANTRAL
726 5CT—MEL T, ¥~0WbEX 7%, A
¥ — & —& LT 3HiH (brevis B : B5201#E Y52014%,
Y5206%k B X U caser #f : B54068k, Y5201H#k, Y5206
¥R ORAKBRE R AOML $ o2 R L CRAE, 5
CT3HMOAEE#EL, E5ITHWVT, 20C0T7H

B ORFERZAT o 720 AREIFICIZ 1 H—H, 7%
2B ETEET, A7 Va—Fy vy T2H LR
BT IR THRERAROY—LZ X - 72, HIAK
WL, AW % MRS (Merck) ¥ CTRiREZEL,
PH0.85% L BE ALK T 1 Bl O ki fE, K
% L C ODggonm=1.0D I FE CHIA % Il ST L
720 BRI 1 mL 472 0 I2&H SN A BRI,
7.9x10°CFU (B5201#%), 6.4x10°CFU (B5406#%),
5.5x10°CFU (Y52014k) HK8.5x10"CFU (Y52064k)
Thbo FEEH TR, APHIERAGEZERL, I3
— T, A v 2 200% 8 L CERAFRHIMHE L
720 BAGHC I O WS AEHI O W THRF v M (F
kit D-/L-#%L/, Roche Diagnostics) % fiif§ L THL
WA 2 W U7 ze F 70 B B M1 o0 Mg SR 1 2R
WZOWTHERBOWE 217> 720 AR X, BCP N
TL— Ay M7 =)V (HKEEE BCP) TRHLL,
o= =BT 5 EAO 30 = —HoE G % LR
WOHEEG (%) & L. BRHE, 7o —%REH# (H
KELFE  SBR) Tat¥L72. FLEEHICDW T, BCP
Foau=—%220MERIEATHEEL, 458
1 HiORWMERY TS 4 ~—+y &ML TPCR
FACX Y, SEER R OB & W WO H & 2
72

HERENY & HEBREROFR

7 A Sprague-Dawley &#%, 484 ((AHE70~80g)
D7 v xR MERES AT CFFkilL) X b
ALTERIHEA L, 7y ME, HHIZAT L
ABMOHITITNE S, ZHEMOH 252 (hE
20C ~22C, #BSER5~65%, HEHH 7 We2 5 190 F Tl
£1) T, MR (NMF 4 7, +) x5Vl
B) CHEBE TNz, ISHEOES LEFOHR, 7
AT D 4 BT, MEEARFEB I OZhICT A
AREZ10% EH T 5 R AR 2 A0 U7z, BRERE
&, T AL0%ICEA SN D SRR SICHINT S
R EEAREE»SE LT E L CREL 7
(Table 31)o 7L T L2851, > a s
w5 CHIE L 720 Wakame OG5 FIEICH 725 T,
R Z AT 2N T, BHAED LS O AHTHA
NHTH 572720, P CTRARZZFN D7 I AR
B (RERBH, FAFE Y I Y) o5HHE (LY >~
NI Em25. 7%, MR & E4.5%, K511.4%, i
34%) #2H L L THYUGDY VNV EERENE
AT, MBS ZRIZAMTRELZ, 347 VDK
WZoWTIE, TARXCEEND I A TIVHESAHT
BB, WOAWEEITbhholze 70 XFEEE 2 K
Bt (Wakame-brevis 8 & 8 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)

FRLBIZ LD, 7h XREOH Y v 87 HERI?HK
1% K$%Z& (Table 29) ZhIEEL T, Wakame
X EF R D S 5120 1g 0D A ¥ AL Y2 E72 D
DE LT FFERGEROS v b OKEIZ220+8.7g COF
¥+ EHREE) Tholoo EBRBIWOILD FizH7z
5 TI&, HUKEDIZERT (BEUR) FEERBI Y P
PRI - THEML 720

BEREMOBRIE

TR T, T v MIVIZF LT —F VTR S I,
FEO%, WK TR RIS h, $3gD
7 v Ml E 7 B 00.25 mol/L ¥ afii L &
BITHKREYA— ML, 500xg TL055 M LA L 72,
LiEZAI L, ¥ 5129000xg TLO453 i sa DL L,
I bayNY TGRS, I bV R TSGR,
1 mmol/L EDTA ¥ X 0¥ 3 mmol/L Tris-HCI (pH7.0)
% & ¢00.25mol/L ¥ = B T 2 Mk L, smAEmICHE
TalEIc L, ¥ 8y RED20~25g/L 1274 5 &
SMIB LT, Fa—A— 6 — ) VEEBAKZEE (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) oI, FFs &
E YA — FD9000xg sa.L HiEE AL LTHlE L 72
(Ide et al., 1992),

500xgl073 D E LI X 0 15 S N7z PR €Y
d— b BEWSE, AV F NI MLV ET Y
A7x7—+E (EC2.3.1.21) BLOT7 IV -CoA Bk
FWEFE (EC 1.3.99.3) % FBr < JRIIBRMRAL RIER O
PERE IS S Nze ANZF NV M4V T
VAT I —EBLOT YV Co-A BKEREHZ OGN

i, FEWXI PR TEHGICEEIFTELTED
(Schulz, 1991), 500xg & -DHFHEAE Y A — b LiEH
GENECHHTLETI V7 BEL YV BEL LW
IR H A7, I by N TSR AMEL
THHEEWEZME Lze PV=F Y28V MV LT
VA7 x5 —EiEHIE Ide 5 (1987) DFEIHEW,
Triton X-100TH L L7723 b2 > B 7 W4 % 3k
ELTHE L RFIZEINE, Av=F 2233
FMUVEF VAT 2T5—E I OFEEOARR LY, I
IV R THRICHFIET 2 IV =F 2V ML b
T A7 27 —EINOWEESEATHEL TWAHE
P23 %o T3V -CoA BKEREROWEMIE, 7+
VU AVH IV T A b (phenazine methosulfate) %
B—BTZHEMAKELTHAL, 0ot Dom-
mes and Kumnau (1976) 3 X O Dommes et al. (1981)
DI EHES TME L7z 7YV -CoA FF 5 —E
(EC 1.3.3.6) &M%, 500xg D FEAE Y A — b
g 2 U TSR (Hashimoto et al, 1981 ;
Ide et al, 1987) OFHHEICIVMEL2e NV =F ¥
JIVI MM VET VAT 2T —BiEHEIED 2003k
B X LTlE 16:0-CoA (Kawaguchi et al, 1981)
AL, 7YV Co-ABKEREBIVOT VU
—CoA 4 ¥ ¥ — LD ED 72D DB,
16 : 0-CoA, 18 :1-CoA ZMHL7zc 3- Fu®
7 ¥V —CoA BKFEBRIEDOWZE LI, TEF W
—CoA ZfH L7z,

R
W% 3 & OSIis e E 1X, Folch S5 o4 (1957) 12
TOHMEL, BRLA, BEhZz )7 07
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to—, AL AFa—NLB LYY VEEOME,
¥ (Hara ef al, 1993) ®OF B 720 Mo
- N A FuXr7FL— boMlEE, By oo s g
PR 723 BHC O W TR BEIC X D g L7z (Ide and
Ontko, 1981),

ST

ETOWET— 713 PIIME (£ SE) TRLZ #
BHRER O 43 H050#1 1%, Duncan ©Z #EPA#RE (Duncan,
1957 ; Steel and Torrie, 1980) 12X V47— 72

®w =R
v MABRBRDOER

2IHE O Z v MABHIIZBWT, 1Hd72) P
AR B L ORAREEINE L, AN CHELREN
AHNZLH 72 (P>0.05 Table 32).

Mk vy 7z ) a—)ufEiE, Wakame-
brevis BEDS, R L D A RIS A - 72 (P<0.05,
Table 33), IMH I L A 70— )VfEi%, RERRER T4
Wleirotze FEEH Y ¥ IRBIS B TEN 2o
720 HFBEFR b Y 72V 7 ) w — v fitild, Wakame-
brevis # B X OF Wakame-casei 7%, *FTWR# X ) £
I < (P<0.05), & Y b 1 Wakame-brevis B 1%
Wakame 12T dHEICHKD - 72 (P<0.05),
JFlgE 2 U 2 5 v — vl ix, Wakame-brevis # 3
X OF Wakame-caser 7%, *REE L D FHREICK 2o 72

(P<0.05) o

BENGER IR LR EME CH 5 7 & b EEEE O IMLE hig g
X, AE T % WA, Wakame #, Wakame-brevis
B X U Wakame-casei # & b $fREEICHRZENENh
146%, 180%, 107% & @iz 7R L7z (Table 34),
MiEH g — A Fads 75— MREED, xHEL
HRZENEN128%, 132%, 132% & Wiz R L7z,

JFi S b3 > B 7B BRI O (Lo
T, FRMERME A ba vy B THREZERT SBROF
YT ELTHRETAAINV=F VORI, BANVZF
VEBLIOEREIV=F REROME L L D Wakame
., Wakame-brevis #£38 X UF Wakame-case: #f & b &}
HREIZ B L T,

JFF ik v o> IR I W A B R AE E (Table 35) 13,
Wakame #f, Wakame-brevis #f 3 & O° Wakame-casei
FEE DAL VL, & Dbl Wakame-casei B &
ML DML, AELEND -7 (P<0.05) U ¥
TR EE L, AR TR \wDS, Wakame
¥, Wakame-brevis #£3B X OF Wakame-case: #f & b &}
BHIVERNEATHo7, FVa—R -6 -1 V&
ik #EEE NG 1&, Wakame #f, Wakame-brevis B
B X O Wakame-case: #E & D R IRAE L ) A 212K L
(P<0.05), Wakame-brevis #t3 X " Wakame-case: Hif
1X, Wakame #12HEART b A R I > 72 (P<0.05) 6

ANV F XY= NIZBTARVIBO B LR O
BMETHDLT YV -CoA*+F ¥ —XiftkiE, 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*. g 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+6.8 ® 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° 46,9+ 43%® 404+ 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 multinle range test).

i 57 D4 T, Wakame B, Wakame-brevis 3 X
f Wakame-casei #E & S RBEEL D, DIT0LI 6 E
WA &R L72AS, HE G AT Ao 7 (P>0.05).

JFBE X b3 > B TI2B SRR O p IR O
HEFETH DT ¥V Co-A BIKEHROWEMIZ, 16:
0 —CoA ZFHE L L TME L8412, Wakame %f
B X O Wakame-brevis #ECTHIREEL ), AEICEKW
iz " L72%% (P<0.05), 18: 1 —CoA #HE & LT
HE L-%acid, BB THEREZITRD L
o7z,

I b2 > KU 728 BRI pBEILRIC
Mb bR OEERT, RITBWESI Fay ) TE%E
BT HEEOERDOEEI BT BV =F 2703
FMNVEFF A7 27 —EDUEMHEIE, Wakame-brevis
T Wakame-caser #: £ ), AEIMENMELZ IR L7228
(P<0.05), *HEEHES X O Wakame L IIABELRET
X% h o7z (P>0.05) 3—/"4 FuF 7 YL -CoA
iR E BN 1, Wakame-case: B Cxf IREE 12 L
A EE L (P<0.05), Wakame # B X 0 Wakame-
brevis TET HXTIRIE L D BWEINICH - 72,

TR OMER

Table 36\ ORLAIMEH L 727 # X (Wakame)
B LT H A5EAE (Wakame-brevis 3 & UF Waka-
me-casei) DEIRGITOFER AR L7z LA L L
T\ Wakame O A& &1, <0.1lmg/g TH -
7248, FERERLERIC X V) 745 5 17z Wakame-brevis B &
O Wakame-case D AL & /L, FEREE R (BCIRAD)
T13.8 mg/g BL U <0.1lmg/g TH - 72o Wakame,
Wakame-brevis 38 & Uf Wakame-casei 12, FZ L% O
BB CAME (BCP LTI -2 BIE 0 % EA)
%, ZhEh <10°CFU/mL, 2.7x10°CFU/mL (97.5
%), 6.4x10°CFU/mL (>99%) A TW, BRD
ERBIE, wWTFhoREICBW T M SN
(<10°CFU/mL, <10'CFU/mL, <10'CFU/mL),
Wakame-brevis il Bl TR S L7z, WD D HI75
WHFLEEN T, ZDT5% QO¥E158K) 25 L. brevis
TdH o 72o Wakame-casei TR E N7z, AR DS
5 >99% NFLEE W T, FD44% (16kk™H 7 #%) 2% L.
casei TdH -7,
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F v MRERIZBWT, Murata ef al. (1999) &, ¥
TR H A% 2% U ERNT 52 8T, MBI O
FORMY)TINTY) 0 — WEIMERT 5 & & 2 Blgs
LTW3, ThAZ10%HIN LARTEICB T,
METMICHE LR EZTIR 2V b 00, RO % F2
W7zo —J, FEEEELL 727 A A % Sl X 72 AR
® 95 B, Wakame-brevis #: 122\ TlE, Wakame #
L0 HPHIMPB L OFEFO N T vs) kn
—IEMMEIR T H 2 L2 BIEELTB Y, &b
FO M) 7YV o — W EHOEDOEE VL, %
e B X OF Wakame #EICH L CHERE L ZTH - 72
Wakame-casei #IZDOWTH, o M) 707
Vb a— VORI D E A VWA, Wakame X D b
RKEWEHITD D - 720

Murata et al. (1999) OFHEICBVWTIE, TH AR
GEFOEENT VAT 0 — VEIR L CHARE R 522
ERIFTIEEBIELTORWVWD, AfEICBNT
W3FERET A A 2 WA L 7R (Wakame-brevis #F,
Wakame-casei ) (BT L AT 0—lio

RIBICH EEED SN, T X 2 REIHET L2 L
TI VAT O — KBRS 8T 5 W Retk2s% 2
b7z,

7 v FoEMEB X ORERINEICE, RN
TEVPEL, TAVF—HEDENEN) T I VT
JEa—BITI VAT E— VOKBIERICHES L
TWhEIZEZEZoNLrolze TH XD, REMLHIC
HET LB E LT, U h AE TN EWHEHE R
BALE W O /INEEE D & DU A P BRI BHE L CHpii
T2 eIV DbNT WA, REIFEIHER L7
T h ASEEERF T, R (W) SR,
IO T A AR, AP DR LB EL
NIVEEZOND, F72Th AEEDOREDTIHTD
SR DOZEACIZ O VTR TIZHEE L T2 \Was,
Wakame-brevis ik £} Tld, FBEOMITIE - T,
HIEEW O LSBT GRIRME) 3562 & %2#
BLTBY, WHORGFARBIoTW5 I DR
SNz, L7225>C, 5T 7 2 ilBial (Wakame-
brevis #t, Wakame-casei #f) THI%2 S 1172 Wakame
B LHEIT LA BEWIRELE R E ORI ©
WL, AW X 2 IRELEW O/NERED S O

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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