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Changes in chemical composition and microbial flora
of salmon Izushi during the ripening process

MASANORI SASAKI,* Yujr KAWALI?
MAMORU YOSHIMIZU?2 AND HARUO SHINANOQO3

LHokkaido Kushiro Fisheries Experimental Station, Kushiro, Hokkaido 0850027, 2Graduate School of Fish-
eries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, 3Hokkaido Industrial Technology Center,
Hakodate, Hokkaido 041-0801, Japan

Changes in the organoleptic, chemical, and microbiological characteristics of the salmon Jzushi were investi-
gated during the pre-treatment and ripening process at around 5°C. Organoleptically, [zushi became acceptable to
eat by ripening for 35 d and subsequently became most suitable to eat ripening for 44 d because of the emergence
of a specific Jzushi flavor. Ripening proceeded uniformly in the entire Izushi. During the ripening process, pH
values of the fish and sub-material portions of Jzushi remained below pH 5.0. Organic acids in Jzushi were mostly
acetic acid due to pickling and vinegared rice. Microbial counts of Izushi did not significantly increase during the
ripening process. As to the microbial flora of Jzushi, Bacillus sp. became the dominant aerobic bacteria by ripening
periods of longer than 14 d, and Leuconostoc mesenteroides subsp. cremoris and Debaryomyces hansenii were
dominant for groups of lactic acid bacteria and yeast, respectively, after ripening for 35 d or longer.

F—T—F T IL, K, BEEE, AW, Leuconostoc mesenteroides subsp. cremoris, Debaryomyces
hansenii
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EREm E L CoBIn+ L, PBLBRICI\WTH
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BRI LARIRBR A BEE DR & 3 2\ 3 L LS 0B
BRI OV TidsEseicH LAICINTWEW, FZTK
T, VrOFLENRELT, FEROKMEL « (KE
BEALE b 5°C BT DIEIR CORBLERIC 1) 5 41
DIHE L BEWHDOEAIZ D\ TR L 7=,

E S

YOI LOEESE Jrud LR, dtEErkE
AREBOTENTHENERLL 72 (Fig. 1), $72bb, =
B DY (Oncorhynchus keta) \3-Ab¥gs8 42 i
B, FURRETHEMSHERL - D% @EL T7 4
b=t L 3~5CoKEKR (Fik) <3 BREIKFEL 24
272, XD, FHERERELL-bD% 6~9mm ED
ToHEL, 3C DFEK T 2 BEREIAHE LB L, 30%
EEORET 10 5 REERET 21T\, KF0 L7=dD
EEABBRA L L7z, AELAOBIEEIZ S\,
BREIR<GE-> TEEREL, ICTALA, L & D DIk
U0IC, o520 VEVRBTIVIE, 580 LIk
CABIDIC L b DRz, KR « 313, IRETHE ICHEE
R ET > THRE L -k 8Ric, B 5L 40°CEK
T20 7 HBELEL T\ ESL, 5C T 1H
MBS L7zd D% VWi, AREHEIZ RFE, B, &0
Ao B3R, WORERR A, BB AETIRIRIC AR L
THEAL 7=,

B AHid, B8 (UME25cmx30cm, AEUE) O
CEORZHE, BA, KKLHW, TLEL AN, BE

Salmon Sub-materials
Rice Rice koji Vegetables
Filleted
Soaked in water Activated in )
Sliced 40°C . water Cut finely

Pickled with vinegar

Sliced salmon fillet Boiled rice & koji Cut vegetables

Seasoning
Layered in a barrel
Ripened with pressure
Dehydrated

Salmon lzushi

Fig. 1 Preparation of salmon Jzushi.

SHERR L RAEA BT 5 TR (Fig. 2) % 5BIc5i T
ROIBL, REICEBEFS HEDETE - 7=, \WTh
DD 2 BRI RE « B ERET 5723 6~12C 0
EOHICMELZWCEE, ZOBEARSICHL,
14 HHIZ 3.7~5°C T 8 kg DH & THfE L, ZOHD
30 HHIZ 2.6~5C T 16 kg DFETINEL TR %
0, ERHICEENBEZT - 7m, BRETRICII A
ZHSITL TKEY 5 721, E (53.4 kg, 4 BFRE) L
TIHIRKGER TG E L, Tl 7 AR DB &
El&13 Table 1 ISR L7, 73, IERKBICE SN/

Sampling positions

\
Lid

1]

| — Vegetables

“-—— Boiled rice & koji

30cm

~ | Sliced salmon_fillet

Barrel

Fig. 2 Schematic diagram of barreled materials for the
ripening of the salmon Jzushi and sampling positions in
the barrel for analyses.

Table 1 Materials for preparation of the salmon lzushi in

a barrel
Materials Weight (g)
Salmon fillet 3,650
Sub-materials
Boiled rice 1,560
Rice koji 145
Hot water 145
Carott 395
Cucumber 245
Ginger 95
Lemon 233
Red pepper 27
Salt 190
Suger 73
Vinegar 320
Sake (rice wine) 100
Mirin (sweet sake) 80

Total 7,258

Yield of the Zzushi product after ripening and drainage was 4,200 g
for a barrel.
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W LB 4.2 kg T, BEASEDIX57.9% Th- 72
Yrugd Lid4BEAAR, ABBREICET 5
B, MAEDENELEZRASHICT S0, ErA2H
%, 14 A%, 35 %, M AKICTNTh—EFO%L
TORKRICHEL 7o, BONBWERICLEFL T, £
O 1KEO LB & TR (Fig. 2) 260w LAY
HL, AP & EIFRRES (B3, Kk - B L) o)
TEREDHTICH L 72 T2, WTFLEHOY 7R L83
H, KR - 8, BIUY 7 AORETRICET 5K
UBKA, (REEETRICOWT S5 E2T - 72,
BRERE FRFOWS L EBROEHE, D, HIE
DEBRRZEET DL LI, 547« BlEsdkt & LT
FEL 720 L ORAE & BIFEES CRiR - 8, B3
E) &R, %, &Y, B OWLWTERHEL 7,
BELFHESOEE HWHAOROHLAVWTLOER
0 BIFRR (BF3E « ok « #7x YY) D% 100 g % HHY)
cBEL TUTOSMHICHL /oo K5 1E 105°C & En
Bk, MBIV IF VI —FIVIC LAY v 7 R
U—HhiEE, HIKS 13 550°C BEEKILEIC k> TER
L, HEVRXZ7EZEII 70O« VX —)VETRD
BFXREIC62 #FEL THEHE LY £72, AB%2 IEE
DIEREIKE EHITHREVFA AL, TOWEKEHANT,
PHZHIZIESE F7 8 pH A — X —CHEHEL, #ER
MEEZEE (VB-N) (I Conway Dk & ik % Ix gk, 100
BE I ASER4RIC kA Mohr O BEHEEY TEE L 7,
BFEBIBKME L cBEBE 7 F VI AFILL -
#, RO VTS57 4 —THH LW
SEBORAE BHLOWMOHELAWTLOLER « F
BEORAREBIFERTH 10g 2 REY VY 2
WTERICERIRL, 9 ZEOWEY VEEER (PBS)
ZMZTHREVFAY—THELL, FEEROHES
To7z, —MMIBEUT, REFEREM (AKEIE) % H
WTRFCEHREEE (30°C, 2~3 HIE) #1T\, &£KL A
IR —%FT AT EIC KO RD/ -, BT
MW R AR (A KRELZE) 12 CaCO; % 0.5% &
BL/-ERFIRCREIEEE (25C, 2~3 AR Z#f7v,
BEFER > an - —%5 L7, 51T, —i%H
B, AMERHATERL OOBEL cBRICR W T 5 A
B, HES5—FEEOLDEABE L L CTEhThD
ARBEZRIEL, AMBELR < —BRmER Uk, 2
IC—REME & RED) AR EIE L 7o BT, B
B10% EAE CpHAS ICHAE L RFFFF A b
O — ZFREH (HKRRE) 2 A VERFEREZE (20
C,3 HfE) ZfTV, £EEZHIEL .
DHEKRORIE —ME, AMER JUBERITTH
ZNAEEBRERIC B 5 KB AR FER D O EIEAIC
20 L EDEEZ SIER, MRS EBEEITY, RERRIC
BEl 7o, —MHMEEIE, Shewan 51235 X UBH® O 5

PASE -5
B> =

K, B

AF—ACHEHL, oo —0fHALVE, BEEOR
BoFl, 75 LGk, Flage, HERE, REERC
HIEFERE, OF 3B, 3-ketolactose DA ES, +
FUX—ERHER, W25 —VRBROBERICESHWTRBLY
NWVETRE Lz, £/, AMEDOH AL, Bergey's
Manual of Systematic Bacteriology¥ 3 X U'PIAS,
HYDOREF AN TS A>T, 75 LB, hx
F—YREEDOLDEIHBME & L, BEEORES & T A
ELEORE, ZEFRE, pH b LU RIER M, BEREMHT
IZZFED\WT, Streptococcus, Lactococcus, Enterococcus,
Leuconostoc, Pediococcus, Lactobacillus @ 6 BIZKFIL,

SHICEELLDODFEVANNVETCORERHRA, &
7o, BERHD, IR, HEFER, BXU, ®EEHIC BT
LHNE, VT, WEWAEROEE, ERERR L ER
kg (FIVa—x, #57b—RA, AryB—2X, <
F—=X, 7 F—2R), HWHEE (KNO3) FLHAKRZT
\», The Yeast (554 k)0 DFEHICHK > THEL NIV %
TREL 72,

& R

W LABBREOERRERR BlrA2B8%, &
BRENE L TIERB ZBLE L 7o R T, EHEEE
THYVBROON D, FEXEL, ALK - BT
BHTR T, BEETECE» -7, EAAR 4 HET
i3, BHEREESHEZD, WFLEBEEOFBEXRAEL
72o ABRBRTIE, BRIIPHTET, HBEEITIZeD
DZBREEA LD, FEOREL, BRHEL OO
7co BAAZI AR TIE, BHIIEBAEH CHELY R
L, BREOBESFRE L /o, BErA35 HETIE, AR
TR ARKL DN/, KR« ITEkL L, BEE
LEIN TR, LB - TR SICRATRERREIC
otc, BiAAR 44 HETI, BAOEKRIIFHE- CH
BRBIEL, K - BREOHASHESh, WTL
BHEORKMPERL, BRACKETREICE >0, %
7o, BT BB, TEMIC2b 6 ¢ &AM ETL
TWis,

W LRETREICKT2EBEFRADE( HET
BE LUBBAHRDOWT L OB S #R % Table 2 IZ7R
L7z, AL TRETIE, KL & EEEETUEIC X - T
K513 67.5g/100g 725 75.8 g/100 g (T &N L 7= 28,
Hx v/ /N78E1323.6g/100g 75 18.62/100g i, VB
-N % 12.6 mg/100 g 22 5 4.2 mg/100 g I 4> L, pH
126.32 05 4.70 ITIE T L7z, BIERIE LT, ki (Bt
i) #E O pH T 4.20, K513 60.8g/100g T, H¥
o pH 13 5.30, K513 92.3g/100 g TH - 7=,

PHGAR IR BILER S OB, ETFOREL0E
BH55, LB TRMEDICRA—EREZRL, &
AED pH 1% 4.90 72 5 4.51 NMETFEE 2R L7225, El

A —— TSN
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Table 2 Proximate compositions of the ripened salmon Jzushi

Ttems Ripening pH VB-N Moisture Protein Lipid Ash Salt
period (d) (mg/100g) (g/100g) (g/100g)  (g/100g)  (g/100g)  (g/100 g)
Raw fish meat 6.32 12.6 67.5 23.6 — — =
Soaked fish meat 6.40 3.6 74.8 21.0 2.5 1.0 0.1
Pickled fish meat 4.70 4.2 75.8 18.6 2.4 1.5 0.1
Boiled rice and koji 4.20 2.1 60.8 — 0.1 0.4 0.2
Vegetables 5.30 2.5 92.3 — — 0.8 0.2
Fish meat
in top layer 2 4.72 2.8 66.5 22.1 3.2 2.2 1.8
14 4.45 8.1 67.5 25.8 2.0 1.3 1.0
35 4.56 5.7 64.6 25.3 5.1 1.8 1.1
44 4.51 6.2 63.8 25.7 2.2 1.6 1.0
in bottom layer 2 4.90 2.2 65.1 24.1 — 1.8 1.4
14 4.82 5.2 66.5 24.1 5.8 1.3 0.8
35 4.61 55 65.9 25.3 5.6 2.1 0.9
44 4.57 6.0 . 64.3 29.8 1.9 1.2 0.9
Sub-materials
in top layer 2 4.50 3.6 77.6 5.2 0.4 2.7 0.9
14 4.55 4.8 757 5.1 — 1.7 0.4
35 4.72 6.7 75.0 2.4 0.4 0.9 0.7
44 4.82 8.3 73.8 44 0.2 1.0 0.9
' in bottom layer 2 442 3.1 74.9 5.1 0.1 2.1 0.4~
14 4.90 6.0 76.5 5.2 — 14 0.5
| 35 4.80 6.3 75.0 3.0 0.2 0.7 0.5
44 4.89 9.5 73.9 3.9 — 1.5 1.1
; Dehydrated product
Fish meat 44 . 4.57 8.0 64.4 31.3 1.9 — 1.8
Sub-materials 44 4.70 8.4 71.6 4.7 0.3 — 2.3

FEOPH 3442 55490 N FRERAZTL, &
I, EIAAR 35 ALIICZ 5 &, BIERESO pH 12 & H
MO PH % EE 57z, Lvl, £4& L CHREHIRO®K
TETPHSLITHMERFL T, F/, AAT - IR
FHEE BT, VB-NiZb I #mER 2R L 7, —ik
BRI OWTIE, B AHICBAIOKSG Db T h s
EHRHNTH & v/ 7 BOSEIMER 25580 S 7=,

W LELE TRIC R 55 #M D% 1% Table 3 1057
L7z BRARICIIIAMA S ETh T\, KL
CRFEEGAEIC L > TRES AL, REEBRICS E
NBEHEEED 99% (3H® (353 mg/100g) TH- 7=,
BIFRCh 5 Kk REBE TIL, AR BLEORRR (250
mg/100g) AEETHY, BEE TR 7TV (327
mg/100g) DFnU v T@, YOI E I VBERDR
BONT, REETA L BEEOARIE, ThEh?2
mg/100 g Th - 7=4%, B 2 HICII RALET 27~
28mg/100 g, EIFKRR Tl 21~24 mg/100 g {80 L
e,

%&ﬁ&ﬂ%ﬁ%%ﬁ%&é&,LE%-TEﬁk%
C, RANTRIABSETORSERALTRL, H-icEl

FEREREEZEZONE IV, YR IVZIVEE, U
VAR, aNIBHED LN, BIFERE CIIERES & AL
BIEE—FBTHo7W, 7T VEE VOB, Yasl
FIVBRZBA Uiz BiKAME L =843 3 L OB A1
BRI BAETIE 276 mg/100 g, EIBURHERTid 297 mg/
100g T, 2D 80% LA LAEEETH - 7=,

WP LEETRICHT2EEROTE WFLET
BRI 5—MlE FLBEZKR<), ABEL LU
BOEREHZE{L % Table 4 IZR L 7=,

AAETRFO—BMERIT, Bk A T 3.2 x 104
CFU/g, /KWEL I Tid 3.1x105CFU/g Th- 7=, (&
HEBIT T3 2.7x 103 CFU/g LA L, K87 » 0051
38x105CFU/g, T3 ¥i:3.6x106CFU/gTh -
7oo FLMEBUL, FRA &KIEL B 104 CFU/g & T
BHo7zh, REEETHIE 3.3x102CFU/g LA L, *
- BT 8.5x10°CFU/g, B3It 1.6x 104 CFU
/g Thoiz, BRI, FRET3.4x104¢CFU/g, 7k
WL A 3.7x105CFU/g ThH - =4, (REEEITH Tt
<3.0x102CFU/g LA L, KAk « #%E1 1.8 x 108
CFU/g, ®38i3 7.3%x105CFU/g Th - 7=,
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Table 3 Organic acid contents of the ripened salmon zushi

Ripening

Pyro-

Rame o0 g I005) (g 100 8) (o 1005) (mai) (e gltamate GRS (maiio0e) (g0
Raw fish meat 5 810 1 1 — — tr — 817
Soaked fish meat 6 95 tr = — — — — 101
Pickled fish meat 353 2 — — — — = — 385
Boiled rice and koji 250 — tr — 2 — — 2 254
Vegetables 9 2 6 1 152 46 4 327 545
Fish meat
in top layer 2 409 28 — 3 4 = 20 464
14 337 16 — 4 4 — 11 374
35 348 16 tr tr 8 15 — 21 408
44 349 9 tr — tr 5 — 11 375
in bottom layer 2 347 27 1 = 2 5 == 18 400
14 399 19 1 — 3 10 — 9 439
35 372 22 1 — 7 12 — 32 445
44 371 19 1 — 5 15 — 16 427
Sub-materials .
in top layer 2 287 24 2 1 37 13 1 52 415
14 393 24 1 — 16 12 2 167 614
35 357 21 1 — 10 11 1 50 450
44 289 21 1 — 4 4 tr 8 326
in bottom layer 2 360 21 1 — 36 10 1 89 : 518
14 364 27 1 — 7 8 | 8 416
35 360 25 1 — 10 11 1 74 482
44 349 17 1 — 3 4 1 8 383
Dehydrated product
Fish meat 44 - 229 18 1 = 3 9 tr 16 276
Sub-materials 44 259 21 1 — 3 3 1 8 294

Tiabb, E7NV—T7OMEY & LB TRETIE,
JFORHEP &K L OB HE 104~105 CFU/g Th -
7%, REEEGALERIC & 5 T<102~103 CFU/g 1= s
Lice F7c, KEK - MEOEBEHIL 105~106 CFU /g
B, BREO4LEIT 104~105CFU/g 5 Th - 7=, &
FHADOBAED S REEE T AIRIC & D TR BEIE B
B, WL OBEITFRAKRICE TR « 38, HEEh
ROMEMDOR Y ARSI N 5,

PABCERRIC IS0 5 — BRI LB « FBEmE bic
ElFRHIE 10°CFU/g 5T, ARAED 104~105 CFU/g
BLHEBRL THWMERAY, ABEHRDL, BB 2.0
x10*CFU/g~6.2x105CFU/g C, BEEED 103~104
CFU/g B LB L CHWMER AT L 7o, BB ML
T, BIFRHTIL 10°CFU/g BT, BAHD 103~ 104
CFU/g B HEL THLAICE D72, Txbb,
JEHR « TRER & & ICBIFRRE O 4 BIR B AT D A B
LHEL THWMERAZTRL 72, BBHRRICHIT A5
ERBOMING 2057, &0 EBSHBEICSH S TE
HRCIZFLEAE A5 3 D ICHE N3 B A 2558 B 7=,

BV L O—RMESIE, AAE 4.2 x 104 CFU/
g BIFRHT 1.1x10°CFU/g, FLEAESIE, FPE 3.6
x10*CFU/g, BEIFRH 6.9x105CFU/g, BT,
R 2.5x10*CFU /g, EIEAHEE 5.7 x 105 CFU/g ©
HY, PBGBEOLD LEHETH- /-,

W LRETRICK T2 —RAEMEOTE fuEs
FURBBRRBICB T 5597 I LOEZE 15, —iRi
HiL 18l kA h, ZD>L, 8THIZS S5 ABED
BHFRBETHY, Cho% Bacillus|gr 7= 7D
fil, 37 ¥kAHS Micrococcus |&, 28 k75 Achromobacter &,
16 ¥k 25 Staphylococcus J&, 131k 75 Pseudomonas & 1= /)
BINLEKRTH - 7,

FER S LU RTAAEERIC KT 5\ L O—igEE
% Fig. 31T L7zo FERHIC T Pseudomonas, Staphylo-
coccus 1% 7> 3 )&, KHG I 1 Pseudomonas 1T 7> 2 &,
(REEE I 3 Achromobacter 131> 2 JE DRI 2528 B
oo ETz, KR o B TIE, Micrococcus |& b Bacillus
B3, BIEICIE Achromobacter 137> 2 JB DM HERD
bz,
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Table 4 Microbial counts of the ripened salmon Izushi

933

Ttems Ripening period Aerobic bacteria Lactic acid bacteria Yeast
(d) (CFU/g) CFU/g) (CFU/g)
Raw fish meat 3.2x104 7.9x104 3.4 %104
Soaked fish meat 3.1x10° 1.9x104 3.7x105
Pickled fish meat 2.7x103 3.3%x102 <3.0x102
Boiled rice and koji 3.8x10¢ 8.5x105 1.8x 108
Vegetables 3.6 x 106 1.6x10¢ 7.3x105
Fish meat
in top layer 2 3.4x 104 1.0x10¢ 2.4x104
14 6.0 x 104 2.5%x10¢ 1.6x104
35 1.1x104 1.9x 104 1.5x104
44 5.7 %104 3.9x104 6.6x103
in bottom layer 2 6.3 x 104 9.3x103 6.6 x 104
14 6.0x 104 1.2x10¢4 3.7x104
35 2.9%x10¢ 2.9x 104 2.1x104
44 1.1x10° 6.7 x 104 1.2x104
Sub-materials
in top layer 2 6.0 x10° 1.0x10°% 4.4x105
14 2.0x10° 2.0x 104 1.2x105
35 4.6x10° 2.0x10% 2.2x10°
44 9.8 %105 5.4 x 105 3.3x105
in bottom layer 2 5.2x10°5 9.6 x 104 3.8x105 _
14 1.0x 105 2.6 x10° 4.7x105
35 2.7x10° 1.5x10° 1.7x 105
44 8.0x 105 6.2x105 4.1x10%
Dehydrated product
Fish meat 44 4.2x104 3.6 x104 2.5x104
Sub-materials 44 1.1x106 6.9x 105 5.7x105

Vrnd LRABBROMEHOZEL% Fig. 4 IKRL
oo BN, BB TRME LI, B2 AET
I3 Micrococcus & (56~649%), Bacillus |& (22~27%)
I 1 BOMBESFRD SN =5, BB 14 A%, 35 A,
44 B Tid Bacillus B 57~100% % 5 7-, ElIER
b FRIC, EEH . TREE ICHR2 A% T
Bacillus J& (39~50%) 135 3~4 BOMEATD BN
7ohs, BARL 14 B, 35 HE%, 44 H# Tl Bacillus &
W A44~10096 & o7z, Fiz, RICIERIZ WA, B
KEOBE N L OMERIL, BRI TIE86% 25, Bl
BURHEE i3 1009% 2% Bacillus & T - 7= F72b b,
BEAZDLFNE, FRHCHET 5 LB MEHTD S
1208, BB HET & &S ITERK S h, Bk 14 B L
FEIC 7% % & Bacillus BHMBE L 75 - 7=,

WELRETRCHS T 2IBEHEOETE FUES &
URBLERIC I 597 W L OZEA A S AL LG
SHITLERGBES N, 2055 0 #kiE, 75 ABE, 7
-V, FIVa— 2% REL B EH AREE
Lo A7 80— 2 IR AR L 72\ 7 DSBS A RR

HCH Y, Leuconostoc mesenteroides subsp. cremoris 1

FE I NIz, T DM, 8kkA Leuconostoc mesenteroides
subsp. dextranicum, 54 ¥k)% Streptococcus J&, 3 #kHs En-
terococcus J&, 7 k75 Lactococcus |8, 7 ¥k Pediococcus
dammnosus, 1 ¥k 55 Pediococcus urinaeequi, 1 #:% Lactoba-
cillus BIZ e T hFEE S i,

JFREHAIZ 1 Streptococcus |8 1E 75 3B (4 1&), KA
12V Streptococcus B 1% 7> 1 B, REEERICIT Streptococ-
cus J&, Lactococcus |8, Leuconostoc mesenteroides subsp.
dextranicum 37> 38 (31) DIMEARD LN,
F7z, KR o BEETIE Streptococcus B1EH» 1 E (1 58),
B 288 Tl Streptococcus & Lactococcus 0 2 |8 O L &
HRDH O (Fig. 3),

Y7rng L OBBLERIC K1) A BEOBEHEOE(L %
Fig. 51T L7z, RATTIE, P2 BELS 14 H1
(X, BB T Streptococcus BI1Z 0 218 (318), T/@
B T3 Streptococcus BIZH 1B (1) DHBMBEND
N7, BB 35 B H 544 B % Tld Leuconostoc
mesenteroides subsp. cremoris 75 88~100% % 5
BlE s> 7z, BIFEREBTIE, LBE - TRE®E LI,
BB 2 B8 5 14 H %13 Streptococcus |8, Lactococcus
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Fig. 3 Microflora of materials for the salmon Zzushi in the
pre-treatment process. Columns for aerobic bacteria:
A, Achromobacter sp. (20); M, Micrococcus sp. (12);
Ps, Pseudomonas sp. (9); B, Bacillus sp. (7); S,
Staphylococcus sp. (4). For lactic acid bacteria: St,
Streptococcus sp. (22); E, Enterococcus sp. (3); Lc, Lac-
tococcus sp. (5); Lmd, Leuconostoc mesenteroides subsp.
dextranicum (5); Lmc, Leuconostoc mesenteroides
subsp. cremoris (1); Pd, Pediococcus dammnosus (4); Pu,
Pediococcus urinaeequi (1); Lb, Lactobacillus sp. (1).
For yeast: Sb, Sporobolomyces gracilis (27); P1, Pichia
pastoris (11); C1, Candida catenulata (3); C3, Candida
glaebosa (4); R1, Rhodotorula mucilaginosa (9); R2,
Rhodotorula minuta (3); Crl, Cryptococcus albidus (4);
Cr2, Cryptococcus macerans (4); Sp, Sporopachydermia
lactativora (2). The numbers of isolates are represent-
ed in parentheses.
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Fig. 4 Aerobic bacterial flora of fermented salmon Jzushi
during the ripening process. Columns: B, Bacillus sp.
(80); M, Micrococcus sp. (25); S, Staphylococcus sp.
(12); A, Achromobacter sp. (8); Ps, Pseudomonas sp.
(4). The numbers of isolates are represented in paren-
theses.
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i, 1#kA Pichia guilliermondii, 27 ¥k#> Sporobolomyces
gracilis, 11 ¥k Candida catenulata, 4 #75 Candida er-
nobii, 4 ¥k Candida glaebosa, 2 ¥k7> Candida pini, 1 1
A Candida boidinii, 9 ¥k Rhodotorula muctilaginosa, 3
kA Rhodotorula minuta, 1 #:5 Rhodotorula aurantiaca,
4 ¥k Cryptococcus  albidus, 4 ¥kH> Cryptococcus mace-
rans, 4 ¥EHS Zygosaccharomyces bisporus, 2 #E#H5 Sporo-
pachydermia lactativora |Z[BE S N7z,

EUEHA I 12 Sporobolomyces gracilis 13725 8 (5 &),
KRR Tl Sporobolomyces gracilis 137 1 )8 (1), (R
HE & P C UL Sporobolomyces gracilis ¥ 18 (1) O
BERNPRD NI, T, Kk - WE T, Pichia
pastoris 1T 18 (1), BF3HIE Tid Cryplococcus albi-
dus 2B 21 OERPRDOLNI (Fig. 3),
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Fig. 6 IR L7z, BAMTIE, EEM TEML I,
B3R 2 H Tl Pichia pastoris (88~93%) 131> 1~2 &
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Fig. 5 Lactic acid bacterial flora of fermented salmon

Microflora (%)

Tzushi during the ripening process. Columns: Lmc,
Leuconostoc mesenteroides subsp. cremoris (89); Lmd,
Leuconostoc mesenteroides subsp. dextranicum (3); St,
Streptococcus sp. (32); Le, Lactococcus sp. (2); Pd,
Pediococcus damnosus (3). The numbers of isolates are
represented in parentheses.
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Fig. 6 Yeast flora of fermented salmon Jzushi during the

ripening process. Columns: D, Debaryomyces hansenii
(163); P1, Pichia pastoris (70); P2, Pichia guilliermon-
dii (1); Cl1, Candida catenulata (8); C2, Candida er-
nobii (4); C4, Candida pini (2); C5, Candida boidinii
(1); Z, Zygosaccharomyces bisporus (4); R3, Rhodotor-
ula aurantiaca (1). The numbers of isolates are
represented in parentheses.
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