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Effects of pre-pickling of salmon fillets on the chemical and
microbiological characteristics of salmon Jzushi

MASANORI SASAKI,* Yuj1 KAWAI? MAMORU YOSHIMIZU? AND HARUO SHINANO3

LHokkaido Kushiro Fisheries Experimental Station, Kushiro, Hokkaido 085-0027, *Graduate School of Fish-
eries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611 , SHokkaido Industrial Technology Center,
Hakodate, Hokkaido 041-0801, Japan

The effects of pre-pickling chum salmon (Oncorhynchus keta) fillets with vinegar on the chemical and
microbiological characteristics of Jzushi (cured and fermented fish meat) were investigated during the ripening
process at about 5°C. During the ripening process of lzushi prepared with pickled fillets, microbial counts did not
significantly increase, the pH values remained below pH 5.3, and organic acids were mostly the acetic acid of the
vinegar. In contrast, in lzushi prepared with non-pickled fillets, aerobic bacteria, lactic acid bacteria, and yeast ob-
viously increased during the ripening. Lactic acid was produced and the pH declined from 6.4 to 4.9 during ripen-
ing. Consequently, the main organic acid in the non-pickled Jzushi was lactic acid. Also, free amino acids remarka-
bly increased during the ripening of the non-pickled Izushi. Regardless of the pre-pickling process, the Izushi
reached an acceptable state by ripening for 36 d and had similar microfiora. During the ripening process, Leu-
conostoc mesenteroides subsp. cremoris and Saccharomyces cerevisiae became the dominant groups of lactic acid bac-
teria and yeast, respectively.
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FLOpH L FHREARIEICOWT, FEAIIHELD
DICRY, KHELIZKEZSCLUTICHDL, ARWLIE
B (3.75kg) 1o L THEEM 15cc # W5 T & & HEdE
LTW5, $ixbb, BehWTLERELEET SO
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Ik CTHRBEHEADERET IR &\ 3 L OBEUHR R
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7\,
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BHIRHEE T SRR A EAR & Lo d L OB D

REAEET 57:0, YEY rREEREELAZVWTL
HEGEL, FRAORTLERE & ETAARE, KIEABLE
IS B & AR BRET L 7ce TR,
W LIZETIAA 35 BURRICERTRE LD, B
DOEMKIIEMTH Y, FFHAFDOpHIT 5 LITHHERFL
Too Fio, PEUPICHIEROE L WL - 7o,
— % # B Td Bacillus J&, LB T3 Leuconostoc me-
senteroides subsp. cremoris, EERETIE Debaryomyces han-
senti WEBATHHZ L HWEL 7,
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HREd 3.5~7.5°C C 16 kg DFfE THIE L THK & o
», BENICERENBEELRT-> 7o, BB TRICIZE S

K, EBE

ML TREY) - 72, e (50kg, 4 KfE) LT
DI EBRWTEG & LT, o, 8RBT,
I XT3 65.1%, MK Ti65.6%, MKXTE71.9% T
BHo7,

Tt L OELERRIC B SLER, MEWFEIE
{bZBSMCT A28, BIFAL2HE, 19 HE, 36
A#, 51 Bt (BLE) ITHEOFEH»HWT L ax—H
MOHL, AR EEIFERS CkiR « 8 « HRxL) (I
ST, BEEERD S EMEWSITICHL /2, X
B, WTLEROKIGLA, KEEETA, KR - &S
FUBHEHICOWTL RO ET >/, Eio, B
FRICEI L 7203 L ORAET, BIREETOMNE, %, &
N, FIAF¥+—¢ &I, WFLEBROBHE, &
0, BEOABCRI A BZEL /o,

LB HWHAOROH L2V L ORAE L El
FORHR D% 100 g #Y) « BA L T, B L AEDOS
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%L, REFETAUEAT->7- TR IRXD pH X, &Q
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PHOI LT AMREL 72, —75, (REEE T LI % T 7r
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Table 1 Chemical characteristics of Jzushi prepared with pickled salmon fillets

Ripening pH VB-N E-N Moisture Salt
period (d) (mg/100 g) (mg/100 g) (g/100 g) (g/100 g)

Soaked fish meat 6.4 2.4 182 79.8 1.9
Pickled fish meat -

for 10 min 4.9 | 301 76.1 1.9

for a moment 54 29 242 75.0 2.0

Group I Fish meat 2 5.0 31 278 68.9 3.0

19 4.8 4.8 344 66.8 3i7

36 4.8 7.0 433 66.9 3.9

51 4.9 9.1 520 66.2 4.0

Sub-materials 2 4.8 2.5 111 —a 3

19 5.1 4.5 316 72.8 3.9

36 5.1 8.9 439 72.2 4.4

51 5.1 9.1 520 71.1 4.4

Group II Fish meat 2 5.1 3.2 259 68.9 3.8

19 5.0 5.0 344 67.3 37

36 5.0 8.5 427 65.7 3.6

51 4.9 12.2 493 65.5 3.3

Sub-materials 2 4.8 2.9 120 69.5 4.0

19 5.2 5.2 283 70.7 4.0

36 5.3 9.2 389 71.6 4.6

51 5.1 14.6 503 70.4 3.6

Group III Fish meat 2 5.9 3.2 222 71.8 .

19 5.7 6.4 300 66.3 4.1

36 5.0 16.8 361 66.6 4.0

51 4.9 24.4 509 67.1 4.0

Sub-materials 2 5:l 3.1 130 70.0 —

19 — 6.9 155 73.2 4.4

36 5.0 214 261 71.9 4.2

51, 4.9 30.0 509 73.4 4.0

Groups I, IT and III were prepared with salmon fillets pickled in vine.
respectively.

gar for 10 min, pickled in vinegar for a moment and without pickling in vinegar,

Sub-materials were boiled rice, koji, and cut vegetables, which had been tiered in a barrel together with fish meat.

VB-N: volatile basic nitrogen.
E-N: extractive nitrogen.
# — : not determined.

.
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Table 2 Organic acid compositions of fish meat portion in
Tzushi prepared with pickled salmon fillets (mg/100 g)

Ripening

D?l&i;)d A;Ceigic L;Ccit(:iic Others® Total

Fish meat
pickled for 381 127 2 510
10 min
pickled for a 223 143 2 368
moment
Group I 19 289 27 2 318
51 321 34 2 357
Group II 19 249 33 2 284
51 304 49 2 355
Group III 19 100 63 2 165
51 166 481 4 651

Groups [, IT and III were prepared with fish fillets pickled in vinegar
for 10 min, pickled in vinegar for a moment and without pickling in
vinegar, respectively.

a Others were compised of succinic acid and malic acid.

381, 510 mg/100g ¢, ITX® 223, 365mg/100g X
%ol FABL 19 AR O & FEMEEIL TN T h
I X289, 318mg/100g, I X T 249, 284 mg/100
g, MEC 100, 165 mg/100 g DIEIC & 12 - 7= 7%, FLE
Ei3#ICIIX 63mg/100g, TX 33mg/100g, IX
27 mg/100 g DI & 75 - 7=, B 51 HEDOB G L
DOEWBBEET, REFEUED L WIIX A 651 mg/
100g & %<, ZDT4% BIMTH - /=5, REEED
WE -7 1K« IRTidZzn%Zn, 357, 355 mg/
100 g T, 7D 90%, 86% MEEHETH - 7,

19 A S LU 51 H BB ELEOWT L AR
EOWERET I /A% Table 3 ISR L7 WTFNDX
HOBR 19 BHEOT 3/ BRE 760~790 mg/100 g
Ty TR, WSy, BA S, TV, TF
=V, TWVERIVEEE19EEOT I/ BIRDLN
Too XD, FREOWEHET I /BB INERETL, B
B 51 BEOBEWT LOWERET X/ BieEld, REEE
B E Tl - cIXA 1383 mg/100g & & %
Mol ZTOHMDEMEDS T I /BRI, 752V,
VoV, ZIWEIVEE, BA Y VIRETH-7,

W LESETRICKSHT2ERKDOELE WILOEY
ABITAWICEA L EIFEHS KURBLARIC KI5 Eh
HO—EMEE, FLEE, BEROBEBOE(% Table 4 i
LTS

WL OETARCHW/CRAO—EMEL, FLEBE
¥, BEBOKIL, ThZhnIXTiE1.6x10% <3.0x
102, <3.0x 102CFU /g, TI[X Tid3.8x102 <3.0x
102, <3.0x102CFU/g, MX Tid 2.6 x103, 5.9x 102,
4.0x102CFU/g, Tho7e L7=h>T, BEERD

Table 3 Free amino acid compositions of fish meat por-
tion in Izushi prepared with pickled salmon fillets (mg/

100 g)
Group I Group II Group III
Amino acid
19d 51d 19d 51d 19d 51d
Taurine 14.5 175 144 14.8 16.9 17.4
Aspartic acid 18.5 33.0 19.7 30.7 24.9 36.7
Glutamine 47.8 66.3  39.6 55.0 45.8 68.3
Threonine 27.3 54.3 224 43.8 20.2 52.6
Serine 19.0 36.7 19.2 33.1 24.1 40.5
Glutamic acid 46.4 90.7 44.1 78.3 40.0  104.5
Proline 12.5 239 16.1 25.5 12.1 24.9
Glycine 12.4 216 124 21.6 14.0 37.2
Alanine 38.9 71.6  38.0 76.1 45.9 118.2
Valine 26.4 50.0 25.7 475 32.3 70.5
Methionine 25.4 45.2  30.0 55.0 31.5 56.9
Isoleucine 245 49.9 25.2 49.2 274 59.5
Leucine 63.5 111.3 58.2 96.6 55.1 109.4
Tyrosine 29.0 56.3 26.5 46.3 277 48.7
Phenylalanine 28.9 495  27.8 44.5 272 53.3
Ornithine 2.2 23 2.6 8.4 2.2 27.2
Lysine 76.3 1341 694 116.6 64.5 133.0
Anserine® 206.5 255.0 218.0 2244 229.1 266.2
Arginine 55.1 95.7 545 89.7 47.2 57.9
Total 775.1 1264.9 763.8 1157.1 788.1 1382.9

Groups I, IT and III were prepared with fish fillets pickled in vinegar for 10 min,
pickled in vinegar for a moment and without pickling in vinegar, reSpectively.
# Anserine + histidine

REEE I &k - T, FEMEMOERE LB T %
EREARON/, Tz, BIFEHTORER « 8 & F3EHIC
DWTIE, ThZn—MEHE 3.6 x 105, 2.0 x 106
CFU/g, #AME#T 6.6x10% 7.3x10*CFU/g, B
3 2.2%x 105, 3.6 X105 CFU/g ThH - 7=,

WL OBEGERICE VT, —RMAERE, IRTIE
BRI A 2.1x 107~3.4x 107 CFU /g, ARLEETIE 1.1
x106~1.7x 108 CFU/g TH 1, FABFAOENIR O
Thot, TR TIRARAIA 1.2x109~2.2 x 108 CFU/
g CEILITIF LA E o7z, BIFEERTIL 3.7 x 106
CFU/g 75 1.2x 108 CFU /g ~#nfEm %=L, MX
Tl AREIL5.3%x105CFU/g» 5 3.4 %x 107CFU/ g
~, BIERE L 1.2%x107CFU/g 75 4.5x 108CFU/g
ANTNTENEML 7o ABERD, [KTRIZEALE
b, BIFKEERIE 2.6 x107~3.5%x 107 CFU/g T, f&
AL 1.1 x 106 CFU/g~1.6 x 106 CFU/g T - 7=
TXOHEASIT 2.3x106~5.1x 106 CFU/g TZELIZIE
LAY, BIFURRERIE 1.4 x 107 CFU/g 7 5 2.5x 108
CFU/g ~b ¥ ic#mfERZxL, MK TiRRE
8.1x105CFU/g » 5 7.6 x 107 CFU /g ~, EIF R L
1.5x 107 CFU/g #» & 8.4 x 108 CFU /g ~F N ZF N
Lic, BEREUE, T, IRTHEFOHEMIR LN
¥, BIBCEIERIE 1.6 X 107~1.2 x 108 CFU /g, FAREIBIT
7.3%x105~2.6 X106 CFU/g ThH » 7=, MR T AT
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Table 4 Microbial counts of zushi prepared with pickled salmon fillets (CFU/g)

" Ripening period (d) Aerobic bacteria Lactic acid bacteria Yeast
Fish meat
pickled for 10 min 1.6x102 <3.0x102 <3.0x102
pickled for a moment 3.8 %102 <3.0x102 <3.0x102
non-pickled 2.6x103 5.9 %102 4.0x102
Sub-materials
Boiled rice & koji 3.6x 105 6.6 x 10° 2.2x10°
Vegetables 2.0x 106 7.3x104 3.6x10°
Group I Fish meat 2 1.1x106 1.6 x 106 1.3x106
19 1.7x106 1.3x 106 1.2x1086
36 —a 1.1x106 1.2x106
51 1.2x 106 1.6 x 106 7.3x105
Sub-materials 2 2.1x107 3.0x107 3.6x 107
19 — 2.6 x107 2.5%107
36 3.4x107 3.5x107 —
51 — 3.0x107 3.0x 107
Group IT Fish meat 2 1.2x106 2.3x106¢ 2.6x106
19 2.2x106 2.4x106 2.4x106
36 1.9x 106 4.8 %106 1.7x 106
51 1.3x106 5.1x1086 2.0x 106
Sub-materials 2 3.7x1086 1.4x107 1.6 x 107
19 1.1x107 3.6x107 3.7x107 =~
36 1.2x108 2.5%x108 1.2x108
51 9.0x 107 5.9x107 3.1x107
Group III Fish meat 2 5.3x 105 8.1x105 9.8 x 105
19 1.3x106 3.0x 106 3.3x106
36 1.1x107 1.2x107 3.7x 106
51 3.4x107 7.6x107 2.8x107
Sub-materials 2 1.2x107 1.5x107 1.2x 106
19 3.7x107 3.4x107 4.0x 106
36 4.5%108 8.4x108 1.1x107
51 4.2x108 4.3%x108 5.7x107

Groups I, IT and III were prepared with fish fillets pickled in vinegar for 10 min, pickled in vinegar for a moment and without pickling in vinegar, respec-

tively.

Sub-materials were boiled rice, koji, and cut vegetables, which had been tiered in a barrel together with fish meat.

4 — : not determined.

1% 9.8x105CFU/g /5 2.8 x 107 CFU/g ~, BBk
b 1.2x 106 CFU /g 5 5 5.7 x 107 CFU/g~Zhzhng
U7, 763, IXKOBE 36 HERDBIFRETIZ 35\ T
I, BEEHRHPR D ORI SME T X h - 1cs

Tabb, E7NV—TOMEW L, BRPITEICE
FORHB OB B AER & s L CTh o hic £ < , IXT
W, BURRHES, BAEEE b, BABUICHES Zbid X Ao
2o Fio, TRTIE, BIBBHRO 22 IC - BRI
DEIMER 2R L7z —7, (REEE AU % T 75 -
MK T, I ERE D — AT B BT BB A > THE S
I L 7=,

WELBBIRCST2—MAEHEOLTE HpaE
BT B9 I LOKTA LS, —RME 54 #5
BEsh, z0>b, 35875 ABROAESEREC

&Y, TND¥% Bacillus B L RE L 7=y FDfh, 15k
> Micrococcus J&, 3 kA% Staphylococcus &, 1 B3 Ar-
throbacter BICE & SN AEHTH » 720 RICIET A 72
WA, BHRZICHWRBAEICIE, IKTIE Staphy-
lococcus J& (50%), Bacillus & (19%), Micrococcus &
(199), Flavobacterium B (12%), IX it Staphy-
lococcus J& (67%), Arthrobacter & (33%), I X Tl
Staphylococcus J& (50% ), Bacillus |& (50%) O{iE»
RDONIc, £z, KER o #IECld Bacillus & (38%),

Staphylococcus J& (38%), Micrococcus J& (24%), B3
FEICI3 Bacillus |8 (33.3%), Micrococcus J&, (33.3%),

Corynebacterim J& (33.3%) OMERTRD BNz, B
WRICENTR, EXS0ORKH, BIERITLE LIS, &
FRADLENL, FRNC RS 5 SR ME A0 6 R
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7=7%, BNRK 36 H LRI 7 A & Bacillus J& D A 03 H &
Nz A O—&HEHIC R 3 HEEET AU OFET
FEAERDLNIL - T,

W LARTIRICE T DIBEEHEOLEE APGEEIC
B A7\ LOEIALY b ILFRE ZFEFT 366 ko
HExh, 2055, 206 k%, 75 LB, 1x5—F
etE, ZVa—AuREL METAREEL, A7
O—ANGEAEERL LA\ T O RENIABRIRE TDH
), Leuconostoc mesenteroides subsp. cremoris |- [FE S
Nizs F DI, 39 kkH Leuconostoc oenos, 21 #k 7 Leu-
conostoc lactis, 11 #k73 Leuconostoc mesenteroides subsp.
dextranicum, 9 ¥R/ Leuconostoc mesenteroides subsp.
mesenteroides, 1 #kAs Leuconostoc paramesenteroides, 2 £k
75 Leuconostoc J& , 45 ¥k 73 Streptococcus J& , 19 ¥k 73
Lactobacillus |&, 13 £k Pediococcus J& 12 @& X N7z,
MICIZRS W2, EITAARICHW/CRRICE, RERE
AEX (I, IK) 2L ABEEISRECE ar -7z
A, BEE T ME L Tz \WIIK Tid Streptococcus J&
(40%), Lactobacillus J& (40% ), Leuconostoc mesenter-
oides subsp. cremoris (20%) 7PERH BN, KK « FIAT
1 Leuconostoc mesenteroides subsp. cremoris (61%), Leu-
conostoc mesenteroides subsp. mesenteroides (23%), Leu-
conostoc oenos (8%), Streptococcus |& (8 %), BFZHT
1T Streptococcus J& (50% ), Lactobacillus J& (25% ),
Pediococcus J& (25%) 7FRDH NI,

T nwg LABBRICKT 3ABEOREMEOE L%
Fig. 1ic " L7, I XD EAWH Tid, Leuconostoc
mesenteroides subsp. cremoris 75 38~68% & 5¥, D
IFICEE 2 B &AL 19 B Tld Leuconostoc & D 3
f& & Streptococcus J& , Pediococcus |& , Lactobacillus J&
7, AR 36 H% & AL 51 HEE OB F W3 L Tl Leu-
conostoc J& D 3 T& & Lactobacillus J& DFLILE RO BN
7= o BB R C 4 Leuconostoc mesenteroides subsp.
cremoris 75 26~619% % (58, TOENICHH 2 BEL
S EEL 36 H % Tl Leuconostoc & 3 FE & Streptococcus
/&, Pediococcus |&, Lactobacillus J&7%, 51 HHEDHLGH
W L Cld Leuconostoc |& @ 2 f& & Lactobacillus J& D #,
EE RO bz, TR, AAET &BIFEEEE IS,
PR 2 BE D B 51 HEDE S\ L Tlid Leuconostoc
mesenteroides subsp. cremoris 73 46~100% % 57z,
MR OAAIMIT, A2 HEL» AR 36 HEE Tl
Leuconostoc mesenteroides subsp. cremoris 7> 14~71%
%, RERETAEEERE Streptococcus J& DS T~57% 7%
7oA, FE 51 B OB\ L Tl Leuconostoc
mesenteroides subsp. cremoris 7 56% & 7% - 7=, BIEE
A RIS, A2 B2 5 36 H#% Tl Leuconostoc
mesenteroides subsp. cremoris 75 29~77% %, Strep-
tococcus J@ 75 6~53% % 7= H, B 51 B OB
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Fig. 1 Lactic acid bacterial flora of salmon zushi during
the ripening process. Groups I, II and III were pre-
pared with salmon fillets pickled in vinegar for 10 min,
pickled in vinegar for a moment and without pickling
in vinegar, respectively. Sub-materials were boiled
rice, koji, and cut vegetables, which had been tiered in
a barrel together with fish meat. Columns: Lmc, Leu-
conostoc mesenteroides subsp. cremoris (206); Lo, Leu-
conostoc oenoc (39); L1, Leuconostoc lactis (21); Lmd,
Leuconostoc mesenteroides subsp. dextranicum (11);
Lmm, Leuconostoc mesenteroides subsp. mesenteroides
(9); Lp, Leuconostoc paramesenteroides (1); L, Leu-
conostoc sp. (2); St, Streptococcus sp. (45); Lb, Lac-
tobacillus sp. (19); Pd, Pediococcus sp. (13). The num-
bers of isolates are represented in parentheses.
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Fig. 2 Yeast flora of salmon Lzushi during the ripening
process. Groups I, II and III were prepared with
salmon fillets pickled in vinegar for 10 min, pickled in
vinegar for a moment and without pickling in vinegar,
respectively. Sub-materials were boiled rice, koji, and
cut vegetables, which had been tiered in a barrel
together with fish meat. Columns: S1, Saccharomyces
cerevisiae (83); S2, Saccharomyces pastorianus (11);
Z1, Zygosaccharomyces bisporus (17); Z2, Zygosac-
charomyces rouxii (3); D, Debaryomyces hansenii (39);
T, Torulaspora globosa (34); C, Candida sp. (1). The
numbers of isolates are represented in parentheses.
N.D.: not determined.

CRT DY 7 I L ORI A O EARFIT BT 188 B4
HEsh, ZD>b, 83 #kA Succharomyces cerevisiae Iz,

11 #k %% Saccharomyces pastorianus, 17 ¥ 7 Zygosaccha-
romyces bisporus, 3 ¥k 7 Zygosaccharomyces rouxii, 39 IS
75 Debaryomyces hansenii, 34 # 7 Torulaspora globosa,
L k7% Candida BICRE I Ny RIRL TV WA, &
TRAZICHW-EAWICIZ, 1K TiE Rhodotorula J& (78
%) , Sporobolomyces J& (119%), Saccharomyces J& (5.5
%), Zygosaccharomyces bisporus (5.5%), I K Cit Rho-
dotorula |& (75%), Zygosaccharomyces bisporus (19%),
Saccharomyces cerevisiae (6%), T [X Tt Rhodotorula S

(100%) DEERBBD SNz, F7-, KT« BWETIT
Zygosaccharomyces bisporus (65%), Rhodotorula B (17
%), Candida & (12%), Saccharomyces cerevisiae (6%),
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bisporus (20%), Candida & (20%) #33H bz,
Ve L ABGRRIC KT 5B/ OB E O %

Fig. 2 /TR L7z, IRDBATTIE, 3K 2 B & Bk
19 B #&13 Torulaspora globosa 1 56 ~67% %, BFk 36
H# &BBOLHE B OB B v Lt Saccharomyces
cerevisiae 75 60~100% % (5 7=, I KO gIEE T
i, FAR 2 B %(& Torulaspora globosa » Saccharomyces
cerevisiae O V% 7\ Candida J& & Zygosaccharomyces bis-
porus 7%, FABL19 Hik & R 51 B OB W L ik
Saccharomyces cerevisiae 7% 80~67% % 7=, TR D
RAEETIE, BB 2 B3 Saccharomyces pastorianus 5
542, BB 19 A #13 Torulaspora globosa 7> 67 % %,
FABC 36 B 8% & 51 H B DOHE N LTI Saccharomyces
cerevisiae 75 50% % o7z, TREKOBIFERETTIE, 26
2 H & Td Debaryomyces hansenii 75 63 % %, B 19
H#& 2 551 H#OEFE \F L Tlid Saccharomyces
cerevisiae 7 43~67% % 57z, Txbb, BE 51 H
BOTKOBFNF L Tld, AL« BIBEHET & &1,
Saccharomyces cerevisiae i |- Zygosaccharomyces bispo-
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sentt 73 63~70% Td - 7275, BUEL 19 A H 5B 51
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10096 % b7z, BA 51 HEO MR OEZWFL (&
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globosa & Zygosaccharomyces bisporus 5 5 7=, 4754
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Saccharomyces cerevisiae 73\ F\FBERE & 75 - 7=,
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SRAOEFNT L (BB 51 BE) OEMET I /1

§3 1160~1380 mg/100 g DEFICH 1, BE 517
OFF T LOFERER LD S0 o7, T, TROR
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