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Effect of salting of salmon on the chemical and
microbiological characteristics of salmon Izushi

MASANORI SASAKI,™ Yuji KAWAIZ2 MAMORU YOSHIMIZU? AND HARUO SHINANO3

LHokkaido Kushiro Fisheries Experimental Station, Kushiro, Hokkaido 085-0027, 2Graduate School of Fish-
eries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, 3Hokkaido Industrial Technology Center,
Hakodate, Hokkaido 041-0801, Japan

Tzushi was prepared from raw and salted chum salmon (Oncorhynchus keta) fillets. Effects of salting on the
chemical and microbiological characteristics during pre-treatment and the ripening process were investigated to
compare these Izushi products. Both reached an acceptable state by ripening for 36 d. During the ripening
process, pH values of both Izuski samples remained below pH 5.2 and organic acids in Jzushi were mostly acetic
acid used as vinegar. By the salting and soaking processes, lower molecular compounds were eluted away and
salting decreased microbial counts in lzushi products. In Izushi prepared from salted fish, free amino acids were
increased while the increase of VB-N was suppressed during the ripening process, and the fish meat in the ripened
product had a more fragile texture. The salting of fish fillets was suggested not to affect microbial flora of Zzushi.
Regardless of the salting, microbial counts of Jzus/i did not significantly increase during the ripening process, and
after ripening for 36 d or longer, Leuconostoc mesenteroides subsp. cremoris and Saccharomyces cerevisiae became
dominant as the groups of lactic acid bacteria and yeasts, respectively.

F—"7—F : Leuconostoc mesenteroides subsp. cremoris, Saccharomyces cerevisiae, Yok, Y7, B, B
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Table 1 Chemical characteristics of Jzushi prepared with raw and salted salmon fillets
Items ijening pH VB-N Extractive-N Moisture Salt
period (d) (mg/100 g) (mg/100 g) (g/100 g) (g/100 g)
Fish meat .
Raw 6.28 13.2 481 75.7 0.2
Salted 6.28 12.0 365 62.5 13.5
Soaked fish meat
Raw 6.32 6.0 323 76.0 0.2
Salted 6.38 2.4 182 79.8 1.9
Pickled fish meat
Raw 5.02 5.7 291 75.1 0.1
Salted 4.94 3.1 301 76.1 1.9
Boiled rice and koji 4.62 1.1 41 63.5 0.5
Vegetables 6.48 1.8 113 90.2 0.1
Tzushi R
Fish meat 2 5.05 4.9 333 68.4 —=
19 4.98 77 411 66.4 2.2
36 4.96 13.3 550 66.8 3.0
51 4.84 16.9 565 63.4 2:5
Sub-materials 2 5.03 4.9 195 72.9 —
19 5.14 9.2 389 74.8 2.5
36 5.20 12.0 527 74.3 3.5
51 5.06 20.7 587 71.5 2.8
Lzushi S -
Fish meat 2 4.96 3.1 278 68.9 3.0
19 4.84 4.8 344 66.8 3.7
36 4.82 7.0 433 66.9 3.9
51 4.85 9.1 520 66.2 4.0
Sub-materials .2 4.83 2.5 111 o 3.1
19 5.08 4.5 316 72.8 3.9
36 5.09 8.9 439 72.2 4.4
51 5.12 9.1 520 71.1 4.4

Tzushi R and S were prepared with raw and salted salmon fillets, respectively.

@ —: not determined.
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Table 2 Organic acid composition of Izushi prepared with raw and salted salmon fillets (mg/100 g)

Ripening

Items period (d) Acetate Lactate Succinate Fumarate Malate Citrate Total
Fish meat
Raw 5 800 1 1 —a — 807
Salted 3 488 trb — . 496
Pickled fish meat
Raw 346 153 tr tr = = 499
Salted 381 127 2 tr — tr 510
Boiled rice and koji 116 — tr tr — tr 116
Vegetables 19 tr 6 15 101 16 158
Fish meat
Tzushi R 19 275 34 1 tr tr tr 310
51 354 82 il tr — tr 437
Tzushi S 19 289 27 2 tr — tr 318
51 321 34 2 — o — 357

Tzushi R and S were prepared with raw and salted salmon fillets, respectively.

a —: not detected.
b tr: trace amount (< 1 mg/100g).
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Table 3 Free amino acid composition of Izushi prepared with raw and salted salmon fillets (mg/100 g)
Fish meat Soaked fish meat B Ripening period
Amino acid rigleleng Vegetables  Tzushi R (Fish meat) Tzushi S (Fish meat)
Raw  Salted Raw  Salted koji
2d 19d 51d 2d 19d 51d
Taurine 47.7 66.6 4.7 8.5 —a = 28.1  18.7 21.0 285 145 175
Aspartic acid 4.3 74 1.7 2.2 0.9 26.3 8.6 203 30.2 124 185 33.0
Glutamine 133 15.9 = — 11.8 225.2 19.9 426 39.8 16.6 478 66.3
Threonine 8.3 11.8 1.9 2.5 1.9 50.1 114 251 51.7 10.6 27.3 54.3
Serine 10.4 13.7 2.8 3T 2.1 21.3 10.8 21.6 374 124 190 36.7
Glutamic acid 43.1 3241 2.5 7.3 2.7 18.7 21.4 416 93.7 254 464 90.7
Proline 3.7 4.9 1.7 1.9 2.8 6.3 50 152 27.8 7.0 125 23.9
Glycine 11.9 13.0 1.8 % | 1.2 7.8 7.8 13.8 27.6 83 124 21.6
Alanine 34.3 31.2 4.6 8.1 3.4 39.5 20.9 414 85.8 20.2 389 71.6
Valine 10.0 12.5 3.0 4.2 1.9 11.9 114 278 56.1 115 264 50.0
Methionine 2.7 6.3 2.0 1.6 0.8 1.5 7.5 268 50.3 6.1 254 45.2
Isoleucine 6.1 8.7 1.3 1.6 2.2 6.2 8.7 26.7 54.7 9.9 245 49.9
Leucine 10.6 16.9 2.8 3.3 3.7 5.6 20.7 647 1134 217 635 1113
Tyrosine 9.4 10.8 2.3 3.8 2.2 4.6 11.0 324 54.6 14.6  29.0 56.3
Phenylalanine 6.4 11.1 1.8 2.7 2.3 4.7 10.3 291 51.5 104 289 49.5
Ornithine 1.9 1.2 — = 1.5 6.8 1.6 2.6 10.8 1.2 2.2 2.3
Lysine 17.9 32.8 6.0 6.5 4.6 2.6 28.0 785 133.8 336 763 134.1
Anserine + Histidine 1133.1  655.3  100.3  267.9 2.8 5.3 441.8 298.8 296.0 423.9 206.5 255.0
Arginine 5.8 13.8 3.1 3.1 5.3 111 16.4 51.1 76.6 182  55.1 95.7
Total 1380.9 966.0 144.3 331.0 54.1 455.5 691.3 878.8 1312.8 692.5 775.1 1264.9

Tzushi R and S were prepared with raw and salted salmon fillets, respectively.

a —: not detected.
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Table 4 Microbial counts of Izushi prepared with raw and salted salmon fillets (CFU/g)

" Items Ripening period (d) Aerobic bacteria Lactic acid bacteria Yeasts
Fish meat
Raw 9.0x103 6.1x103 4.8x103
Salted 2.0 %102 <3.0x102 <3.0x102
Soaked fish meat
Raw 4.7x103 3.1x103 2.5x 103
Salted 2.6x103 5.9 %102 4.0x 102
Pickled fish meat
Raw 5.5x 102 3.9x102 <3.0x102
Salted 1.6x102 <3.0x102 <3.0x102
Boiled rice and koji 3.6 x10% 6.6 x 103 2.2x105
Vegetables 2.0x 108 7.3x104 3.6x105
Tzushi R
Fish meat 2 4.0x10° 3.9x10° 5.6 x 105
19 5.4x10° 2.7x108 2.6 x106
36 1.6x106 1.9x10¢ 1.5%x106
51 2.8x10¢ 5.3x 108 2.0x 106
Sub-materials 2 2.0x107 1.8x 107 1.9x107
19 7.7x106 2.0% 107 2.2 %107
36 3.4x107 6.2 x107 5.8 x107
51 4.5%x1086 1.3x107 1.1x107
Tzushi S .
Fish meat 2 1.1x106 1.6x106 1.3x108
19 1.7x 106 1.3 %106 1.2x106
36 4.7x10° 1.1x106 1.2x 106
51 1.2x108 1.6x106 7.3x 108
Sub-materials 2 2.1x107 3.0x107 3.6x 107
19 1.3x107 2.6x107 2.5x107
36 3.4x107 3.5x107 3.8x107
51 1.9x107 3.0x107 3.0x107

Lzushi R and S were prepared with raw and salted salmon fillets, respectively.
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tobacillus | D A DD NIz,

SKIZHEWTH RE LIFIZRBEOEHE(LOER %
AL, BAT T 2RI %8 L T Leuconostoc J& 75
BB L 720, Leuconostoc mesenteroides subsp. cremoris
%5 38~68% % 7z, PABRTHAIC T Leuconostoc & D
1Z 21T Streptococcus J&, Pediococcus J&, Lactobacillus &
B, R OB\ L Tl Leuconostoc J& D > Lac-
tobacillus | DHA.BBE DR O b/, BIFERE TL
Leuconostoc mesenteroides subsp. cremoris 7> 26~619% #
H®7z, F7bb, REK «SKELIT, BHRALDYY)
i, FRHCHR I 2 AMESRD bhich, B 36 B
LAREIC 72 5 & Leuconostoc @25 X O BZ L7210, T
Leuconostoc mesenteroides subsp. cremoris 7> {BEE &
b R fur

W LBETRICK T 2BBOEMOEE HiLEL
FUBBGARICK T 5T L DK SERITRET
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Fig. 1 Microflora of materials for salmon Jzushi during
the pre-treatment process. R and S represent raw and
salted salmon fillets, respectively. Columns for aerobic
bacteria: S, Staphylococcus sp. (21); B, Bacillus sp.
(12); M, Micrococcus sp. (10); F, Flavobacterium sp.
(6); Ps, Pseudomonas sp. (2); A, Arthrobacter sp. (2);
Ch, Chromobacterium sp. (1); Co, Corynebacterium sp.
(1). For lactic acid bacteria: St, Streptococcus sp. (36);
Lmc, Leuconostoc mesenteroides subsp. cremoris (9);
Lmm, Leuconostoc mesenteroides subsp. mesenteroides
(3); Lo, Leuconostoc oenos (1); Lb, Lactobacillus sp.
(11); Pd, Pediococcus sp. (10). For yeasts: R, Rhodoto-
rula sp. (50); Z1, Zygosaccharomyces bisporus (16); D,
Debaryomyces hansenii (11); S1, Saccharomyces pastor-
tanus (6); S2, Saccharomyces cerevisiae (1); S, the
other species of Saccharomyces (1); Sb, Sporobolomyces
sp. (4); C, Candida sp. (4). The numbers of isolates
are shown in parentheses.

2208k EEE N, TD DL, 69k Saccharomyces
cerevisiae |Z, 11 #EAS Saccharomyces pastorianus, 1 £k 53
Z DA @ Saccharomyces J& , 27 ¥k Zygosaccharomyces
bisporus, 5 £k 7 Zygosaccharomyces rouxii, 51 #: 7% Rho-
dotorula J& , 30 ¥k 75 Debaryomyces hansenii, 25 #f 7
Torulaspora globosa, 1 £k 73 Torulaspora delbrueckii, 5 ¥k
M Candida J&, 4 ¥kHS Sporobolomyces |&I1Z[FE S N7z,
ORI DY 7 ICIE, Rhodotorula |8 375 3 8, 1EEK
T4 AL Rhodotorula JB\E7> 18, AV 7 KL WIC
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Fig. 2 Lactic acid bacterial flora of salmon Izushi during
the ripening process. Izushi R and S were prepared
with raw and salted salmon fillets, respectively. Col-
umns: Lmc, Leuconostoc mesenteroides subsp. cremoris
(148) ; Lmd, Leuconostoc mesenteroides subsp. dextrani-
cum (11); Lmm, Leuconostoc mesenteroides subsp.
mesenteroides (11); Lo, Leuconostoc oenos (32); LI,
Leuconostoc lactis (17); Lp, Leuconostoc paramesen-
teroides (1); St, Streptococcus sp. (33); Lb, Lactobacil-
lus sp. (21); Pd, Pediococcus sp. (14). The numbers of
isolates are shown in parentheses.

13 Rhodotorula J& & Debaryomyces hansenii \% 7> 1 J& ,
YE Y 4 K U A T3 Rhodotorula J&, Y7 REEE T
M Rhodotorula |83 7> 2 &, My 7 (REFE AT
% Rhodotorula |8\% 5> 3 B OB BRD bz, F7z,
iy o H8JE TlE Zygosaccharomyces bisporus \E 5> 3 &,
B} 3258 Tl Rhodotorula |8 1% 2 BARD b iz (Fig.
1D,

WY LBABGERICK T ABEROEEOZ(L % Fig. 3
IZRL7co REOBRHITTIX, BEFAA2 BEI De-
baryomyces hansenii |F 3@, &I A A19H # &
Torulaspora globosa 1Z7> 1 JB 2 &, &IFiAA36 HEE »
51 B (#L5) Tl Saccharomyces cerevisiae Hs 71 ~
100% % Hediz, BIFERTCld, EJiAA 2 HERIC De-
baryomyces hansenii 5 62% w57/, EIFAA19
H # 7> & 51 H # T & Saccharomyces cerevisiae 73 70 ~
80% w7z, SKOBAF TIiL, BIFRAA2HE L
19 H #13 Torulaspora globosa 7 56 ~67 % %, &I} A
4 36 A# & 51 H 13 Saccharomyces cerevisiae 75 60~
100% = 5%, BRI, BdFdi2HEI
Torulaspora globosa & Saccharomyces cerevisiae DX 71T
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Fig. 3 Yeast flora of salmon Izushi during the ripening
process. Izushi R and S were prepared with raw and
salted salmon fillets, respectively. Columns: S1, Sac-
charomyces pastorianus (5); S2, Saccharomyces cerevi-
siae (68); Z1, Zygosaccharomyces bisporus (11); Z2,
Zygosaccharomyces rouxii (5); T1, Torulaspora globosa
(25); T2, Torulaspora delbrueckii (1); D, Debaryomyces
hansenii (19); R, Rhodotorula sp. (1); C, Candida sp.
(1). The numbers of isolates are shown in paren-
theses.

2E A s, BEIAALI9HE & 51 HEIE Sac-
charomyces cerevisiae 7 80~67% % h&iz, b b,
RE «SK&HiT, EFAADYEE, FERHCHEEKT S
SRR ERPRO b, EiFAA 36 HUREIC 5
L EHi b XN, Saccharomyces cerevisiae 73MEZFE L 7% -
il

% £

EITAA S5l BEOEBNTL TR, £ 7rHzAV
7ZRIEDEA « K » FRFIABRL THHR E %%
LT, BILBEEICk-72, ERYTAZREEEL
7ZSKOBRICITHER LIES ARDOONI, SKOR
mW g LOESIE, BEEMTIE4.0%, BIFEBHE TR
44% T, RKEENTAEARITIE 1.5%, BIFEET
31.6% %<, WY 7 EAVEHEE, 74 LV —RRE
TOKRBLICIZ T, ¥10HUBRICHKEZIT-> TH
THEL, BIRAAROREBEELHI SR HLLELD
%o T2, REOBHICHENTSKOBEATHT I
RO LN, THRGWA 10% BUELE L /29N
Wz REOAECRET S L, RAREL, Ik, »o
BRI R T 7 b MEL T BT D, BADERK

LERE T OMAESHEELICESE L TWa EE X BN A,

W LS TRICKIT 58T I /BOZELIZOWT
3, BEROET TICEENTO/EMET I/ BRITER
LER, KA LALERIC X » TREL B LcH, PEGERE
FRICKESEINL 72, RO NBIN T LEEFRD
WHET X /BEICOWT, BEIBICERE TR T
T X JBEO—H AT L > TEA L, TDOBROKE
FHRICEEBBEDSCERBROERICLD, &M I
JBEEERENT 55, —HOT I BT HICHEY
DIER% D THRL, B35 EMEL TWb, KR
DWT L OWEEET X/ BEOBBLERIC BT A INE LIS
BAFOECHER @t 077—t) OfFRAICK
HEEZON, BERBICHGTAIIVEIVEE, T
VERLD, By, UV ViRERRAZ N7 BER
DEET I /BAEINL, SEEMSICIT 19 mEOERE
T /BPBEETSKX « RK &3 1300 mg/100 g 7 <
FENTW, TRV LOWEEET I /BRICOWT O
B OWOFETIE, MBEEHOEMT I /BAKRE S
n, WEE7 I /BREE 7% <, 108.9~809.3 mg/100
g CTF#344.8mg/100g LHESINTWBH, TNHD
FRCT LIREMEOBEAPHLN TR, KROFE
R EBHICHEIZ TERWD, ITERTIEEREETY
FTLAHEETHT LAEL, RO PELERZRE T ICHT
SNIBRTH - IoTTHEM D B 5,

JFRHA OMAE Y 3R & BRE I UIRIC L D FER T 55
EDBBOH, WTLETARIC BTk « #E, %
FHERROWMAEYW O AAD LW EHIET I N/, W
LABCERO—MEL, AMEL, BEAHE, RX-
SK &2, ARIHIE 105~10CFU/g &, BIFERRERIZ
10°CFU/g B TH -7z, F/z, 105CFU/g B TH -
REBEBABOLEERIT, EIFAA 19 B 5 36 HEAIC
106 CFU/g &ML 7225, REDEIFEEF L SKD
B e BIFRHER I, BRSO LRk, &AL 2 HLRE
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mesenteroides subsp. cremoris 75, FERFTIL Saccharomyces
cerevisiae NBEEFE & 7x - 7= (Figs. 1~3), — i@ <
BEBA & Tx - 72 Bacillus (3 K5 D ZE B JUOBIC Bk
5 EEZ NS, Bacillus 13, EIWEOHBREE
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RO L [@lKE Leuconostoc mesenteroides subsp. cremoris T
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BolH, KB, FEMEFTIIRE - B 5% < 5
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