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AT Chb BB R IEEEEE BIBIC KD R E R R a2 R T O/ RGO A . 5% 50 IR EE TR
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HUS S IRARAANTRY, IBHHILE T DR A E L &
NI RIANEE Z0R0 U200 5 2 il ok B - 7
BINTODLILITER T REFETHD 39,

LinL, 2D DHERAKPEFEIE R 2R VT, FEREl
NSy DI FEA ) — 12 10 J8 B - 53 JEURI & 28 — BRI L
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B, o BEL 7oA NRERE (EJE) o T4 5=
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T NVAEMOMHARRIL, & HE R RIR (FEkA 12
DUVTUIEIR) AL BRAARFICHEREL | [FERIC A F =
N—paATol (~ AR 50 H),
2. 2 HpEERKICKIEIEDREN
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X B EA BLOIEE A RIS THEBEEATV, KiHio
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ST DHE IR EE DR (3 B LY 5%) %, 10%LL EoH
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1~3 B OREOB ICan=—K%& L . fIEHho
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LITAER AR L CHBERRZTT o7, ZNHDERIC
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(5’- AGAGTTTGATYMTGGCTCAG-3) L " 1510R
(5- ACGGYTACCTTGTTACGACTT-3") % i\ T,
ExTaq DNA Polymerase (TakaraBio #1:#4) |2 54 K HiME
L7z, SRR 1 0.8 (Wiv) %7 T e— A7 V&K
B IZftL T DNA U R8O % . QlAquick PCR
Purification kit (QIAGEN #H#) ([C L oM LT T 1~
—DFREZIT>T-, DNA KRS OMEHTIL ABIL Prism
3130 Genetic Analyzer (Applied Biosystems fL8) 2 Fu»
THEELD 16S tDNA DRI FEI A T /8 —F 58517 >
7o fFDAV-HHACS I Basic Local Alignment Search
Tool (BLAST) |2 XVITFAEDMERITHEL 7=,
2. 3 lllumina MiSeq ZFL \-#87EH] 16S rDNA Di&

EECHIARAT

R fA2E w7 L 500 mLaA—Y— T/ AT
7 Mor DNA (AMR #E8) HOE =X ADF 22— 712
ALL 5 53] 2 A7V DFLNEFEZA T BRI
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— 7 VAR 2 O CRElR g ) OV 7 LDNAOHI 3
FORERLATT -T2, FHHL7ZDNAICH LU CHIE 16S DN
ADV4 A FEI A& TR 300 bp?DPCRIZEDIENEATT
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ST, HIEOBR L, 2377 U7 D 16S rDNAICTH AT 5
2= R—H LT T (~—515F (5-AATGATACGGCGA
CCACCGAGATCTACACTATGGTAATTGTGTGCCAG
CMGCCGCGGTAA-3") . 3L U'806R (5-CAAGCAGA
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HZIRNT 2728, 0~30 (W/v) %D Hi 73 i B CTHA
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Fig. 1. Viable counts of fish sauce on the MRS (A) and GAM (B) agar plates with (+Salt) or without (-Salt) sodium chloride.
Squid organs were incubated with 0 (w/v) % (m), 3 % (A), 5 % (#), 10 % (e), 15 % (1), 20 % (A), and 30 % () of salt,

and the fish sauce extracts were withdrawn at the indicated time points.

salt concentration (continuous and dotted lines)

Two aliquots of fish sauce were incubated for each
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Fig. 2. Viable counts of fish sauce on the TS (A) and PD (B) agar plates with (+Salt) or without (-Salt) sodium chloride.
Squid organs were incubated with 0 (W/v) % (m), 3 % (A), 5 % (#), 10 % (e), 15 % (1), 20 % (A), and 30 % () of salt,

and the fish sauce extracts were withdrawn at the indicated time points. Two aliquots of fish sauce were incubated for each

salt concentration (continuous and dotted lines)

DIEREEMZLE AL | AR EE LT, £ ORE R, B
KMEMEH GAM (Fig. 1B) | BLOMFMEMIE H TS
(Fig. 2A) IZBW\TC, 0% & F2 ST 7 L (0%,
W) ClEW T Nb S Z2E A L7V B (Salt- ) TORRR
W (HEIAZ % 5 B B) OEBUTAER T2 1 ml&H72h
1010~10" cfu/ml LFIFHITEL, £D% 10° cfu/ml LLTIZ
BN T DEVHEAIS BT, — 7 IKIRED
5y (3%) ZWINUT-3BRIX (A) TiX FH (G BHH) O
EREBITIE D B R BLOIEE AR HORFTIZBNT
10>~10* cfu/ml £72> TR ARIREE THI RN L-
TRV DRI R I 2 N EERNTNDEE RS
AUTeo ST PRE 0~5%DRBR XL GAM BTN TS K7l
BN TS BAHE T H O A AT B LS
O TN THY | (AR 120 B K% D4
EEIT 10°~107 cfwml ERERIELOENELNT-,
SR 10% (@) TOAREEHERR I TREETHY,

R EHT-0ICEHITTZ2 o0 K (ERBLW
R D CREREHOMIEN RN, 5%LL T OER
KB TIE RGO HEB 2 R U BR X (EHR) &, A A
#% 21 HEBIO 47 B BIZEEO 172 L5 (MRS

(Fig. 1A), GAM (Fig. 1 B), BX O TS (Fig. 2A)) RS
F AIAZE 120 B BIZHBWLTS 102 cfu/ml F2ED DS
LB B S (GAM) 28 b T-IEFE & AR H A3 iR
SN TR IX () (23D Tz, Tk, ARy
TR (10%) 23, A BNz X —AETHEmICBNT
AR AT ECOSKBEIREL > TWDHI LS
TRELTWD, TR — 2 TZD X572 132835 7]
REMEDL B AT oIBR8 a FR e T 2303 E i
Higk co g, ZOMSFEO MR HAVLNLTY
7 HUER O E T O Y R E A S — AR AT
LENDD,

15%LA EOME RS S (O, 15%; A, 20%;
O, 30%) Tl BRI LHR I EL T TEREKITR
IS TEY, HCLAHIFEEM RN
TWAZEIVRIEENT (MRS, GAM, BLO TS), #yk
) (20~100 H B) ICHRICAE O B EFN RS
NAEEELHY (KT 10° cf/ml FRE) | MHEMEHEO
BNz, —J7, E#FE (PD, Fig. 2B)) [Z{XHE Sy
IREDFRFRX (0 LN 3%) IZBW TR DT 75
RN R S I M 2R A B L AT RS
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ST ZEMNE (K 107 cfu/ml, B2/ HEEE 0%RBRIX, 11
AR% 9 HH) | BERE OB A~DFHFEIZ OV TR
IO TeZED RIS LIz, 2721, BhRonky | flE
72 & O TSR & 5 CIXMHE R R 8 O B
FRAREBETHHAHEL JVELDTr —ARZ T 473
VETHD,

AL BB E REL Sy BEES 2R L2 S A D DA i &
B L, 16S 1DNA M FERLHIAEAT I KD HE FR R E A T -
7o AE % Table 11T~ 3, 0% 3 E7220 0%k X D f
oS, BRI (9 B B) ICB W TN ME RN R
T57 T LEMEFE THD Proteus sp. NS
ZEMD W IEAFTE T AT WIRIZE £ DN
REC DI T U= Z e R STz, HEAT TS 10%
YL ECIEARREREIIR SN 2<e0, EFR SN2
EWRIBE T, FTo, [HHO 0~3%BIERERRX T
1% Enterococcus sp. boTBEESAL, OV1TDA A Nl k&5

ROz ZOINT, HEATIREDS 5%LL T O%AITIER
BHZHR T 582 2 ND AR ~DOHIFE R +55
ThHIE, TNOLDOEMPEANE< FTREMER HHT &
MIRTRIB S AT, FRTRE N D 27 F L2 MR EE 0
B IIFAETE 2RISR ELLRL ESRED
W EMERF O EEMED SO TURBE Tz, — 7, ARk
(47 HBH)E2DEWTHORERX TY Proteus JBAIEEI
s, i o T Staphylococcus J& ¥ £ O
Tetragenococcus JEDMEMIITZ, ZHHOMME T T 4L
Bt MES LT AHEMEOMEE 2 R FFL CWDZENHD
AUTODD, 0% 7R BERRBR X T Staphylococcus J& M3
EBELL Proteus J&IF LN Enterococcus JE&D RS
oI Z LIS OB D ERIZ L Db DEEZ B,
ATHEMORTHMELHBEEBRZOL ONR
Staphylococcus J&EDEBWEBITHELZBRE THHEHS
ZBID, 721210 3% EE Tl Staphylococcus 35X}

Table 1. 16S rDNA-based species identification of the strains isolated from fish sauce

Fermentation Salt N Number of % of total .. .
. concentration in . . p Species identified
time (d) fish sauce (%) strains identification
60 Proteus sp.
0 10 30 Enterococcus sp.
0 Staphylococcussp.
61 Staphylococcus sp.
13 Proteus sp.
3 23 13 Tetragenococcus sp.
9 9 Vagococcus sp.
___________________________________________ 4 Enterococcussp.
55 Staphylococcus sp.
5 929 23 Tetragenococcus sp.
14 Proteus sp.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 9 Vagococcussp.
10 4 100 Tetragenococcus sp.
86 Staphylococcus sp.
0 7
R = S Tetragenococcussp.
3 17 77 Tetragenococcus sp.
__________________________________________ 24 Staphylococcussp.
65 Tetragenococcus sp.
T A 35 Staphylococcussp.
_________ 10 12 100 Tetragenococcussp. . __
_________ w7100 Tetragenococcussp.
_________ 20 5 100 Tetragenococcussp.
30 5 100 Tetragenococcus sp.
,,,,,,,,,, o ... .6 100 Staphylococcussp.
190 S 20 100 Tetragenococcussp.
,,,,,,,,,, 5 .19 100 Tetragenococcussp.
10 11 100 Tetragenococcus sp.
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Tetragenococcus J&DIRH LN AL Tlsh | RIE R E
THI T OIFTED Tetragenococcus JEFME DEELA
L3 5E5 2 BTz, Tetragenococcus JEMH B I XIMTHHEE -
U SRPEFLRR B | o S AL, ST SRR T HD VT
B - DRI 0D 15 7 R AR A A T O FE IR A A 1T I W T
PR IE D BRBEAAED T2 USSR BR B & BRIV 2R 2 D F 48
ME THAZENZERESILTND 89, T oI %
UNCHERF T D2 CARBMBE DA B LR T IEN, oy
WO RERBRENVZ D, L2l KBTI T TAINMED
EAT DU R R R A AR IS Lo TR RF T A2 LB A5
ITERY, AENA IO LT HKERBER M TOEX
IR DIRIK LB 72 DT80 | AR 2 W8 A
HEH 2 5 1EDBRFEDRE IR AT TN 1012,
3. 2 lllumina MiSeq [Z&% 16S rDNA & # #FE fZ 1T
EROIRZAT IO D, [l OV 7 RN
772 DNA ZE#HL, =3 =27 a2 L7 T4
~—|ZT 16S rDNA DO¥EIEZFTV [llumina MiSeq Z
T HHERAT I CHEL 7=, BT OBRIE. MiSeq DV —F (25
B LI I VA 2 3 ol A 28R L TRV, B
IVCORMIRHTOFER, 9 H HDOH> 7)1 (Fig. 3) 122
WCIERR 2 22 JFORH I R EB 2 G D BEFENFETEL | FFIC
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5%
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B (BRI HE DR 60%% (5A) BEWY Enterococcus &
(2.5~22%% 54) DYV —RRZAG5NTZ, —J5, A
TN BT 3% E S EARBR XTI
Staphylococcus DEAEZTHY | F2Z 89~98%% HAH T
DiEREIp ST, ZOTEND ARIREE D53 2 BN TZ B
(ZRABLAIINC B O TR W B ORI R E R DS
TEHINDTENIRIBS I, 5% R IX TIESHIZHE #E L
4% L7220 | Escherichia, Pseudomonas. Acinetobacter 73
EDV—R % T O ALNTZD, botb 2D EHHEE
RLTEDIE Mycoplasma Té-72 (36~54%) , 10~20%7X
B X ClL Mycoplasma OV — R T5LEH12
Corynebacterium J&EDV—R N Z | 7.5~37%D A %
IRUTZe ZDIINT, AT Fa G T O BRATHN I 355 I
DO TNRIBENIZES> THEBEDRESEILTHIENHH
7o TRBENTZ,

— 07 ARG 47 A H BT oV T L OE
RN ZAT 212 2A A WO NFRIT R I kL .
Staphylococcus H <% Tetragenococcus DS KER/7% D,
0% 73 IR FEFRBR X D A2 UNT  Enterococcus 33 L
Escherichia DV —R M2 BHENDIZH £-72 (Fig. 4)
T b BEEVIMIZAFAELTZ Proteus. Yersinia, 35
Mycoplasma S5 DHHEM A I TBRI L, MHEEME - aF 3

M M
M | Ps
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Ac A B ) |
Es
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| | i Es
[ [
10% 15% 20% 30%

Salt concentration in fish sauce

Fig. 3. Bacterial flora compositions in fish sauces at 9 days after start of fermentation (initial maturation stage). Pr, Proteus;

Ye, Yersinia; En, Enterococcus; S, Staphylococcus; T, Tetragenococcus; M, Mycoplasma; Ps, Pseudomonas; Pc,

Pseudomonadaceae; Ac, Acinetobacter; Es, Escherichia; St, Streptococcus; Le, Leuconostoc; Co, Corynebacterium.
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Tl B DM SRS A B L OSBRI DMAE DAL 72, 0% 38R
RKIZEWTOBAMER 077 AREME THD
Escherichia J&DYV—RIFFRAELTZH DD | Staphylococcus
JBDEF - TIFB S DI RN BI<SHIERE LD A
BB LB ZbND, HEEHEEIE TORIER R
TH 0%RERK TIL Staphylococcus JBDMEILHINZ FrBES
FUTIY, MiSeq (ZEDIENT DR REFFE LTz, BB
(120 H B) Of#THE R (Fig. 5) TIXRITL Staphylococcus
JERBLW Tetragenococcus JED 5GBS TZ0, Ky
(R E M T T Staphylococcus D (5 DK
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TG, Proteus, Escherichia, 351" Enterococcus
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3 Hir 10%LL EO R FEEREL T CTNOORME D
CAEBFTHIEIEE W2 Apk D& T
\FC Staphylococcus J&SFEI - THIR T DD E- T, Yo
TIVHITERAF LT ERLAEREOSEE RO DNA 2 HIES
NIAREMEL®H D, EIROIINT 15%LL O @R
DY T NVRETITAERE B B IR D THIRS 1 THY
DIRNEROMADFEE O H TR OISR A R
KNI AREMEL RIESIND,

Salt concentration in fish sauce

Fig. 4. Bacterial flora compositions in fish sauces at 47 days after start of fermentation (middle maturation stage). En,

Enterococcus; S, Staphylococcus; T, Tetragenococcus; Es, Escherichia.
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Fig. 5. Bacterial flora compositions in fish sauces at 120 days after start of fermentation (late maturation stage). En,
Enterococcus; S, Staphylococcus; T, Tetragenococcus; Es, Escherichia; Pr, Proteus; Le, Leuconostoc.
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3. 3 BRETIAEMOERMBN

I, HOINCDIAEH YA i LT A £k % 72

HE 3 IR BRI THEIA 2R | TH Y FE D BARIT Eh 2 E D EDIT
RSO0 ZT=FD 7 LT, 1HYSHIE &L T, 2R
Bacillus subtilis subsp. subtilis NBRC13719 £k, £ 7R
TEKEE Staphylococcus epidermidis NBRC 100911 #£, 15
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7RSSO &L C Pseudomonas putida KT2440 ¥k, MFE
PO JE G & L C Shewanella putrefaciens NBRC3908

100%

¥E. Vibrio alginolyticus NBRC15630 #£, 3L OeAHI
RO R IK &G 22 DM FL R B Tetragenococcus
muriaticus JCM10006 ¥k 7 EREZAER L, 2 X 10° cfu/ml
LIRDIDFEED D A BRI E M P IR AL, &
FRIT FFEEFICL Tlumina MiSeq 2 HV T 16S tDNA
V4 TEIRAEMERERN IR 52 LIZ X0 T o7, (AR FE
21 HEBEV 50 H BIZY 7 VAL, B #fiETIc
L7455 % Fig. 6 3L O Fig. 7 1R LT, SR 0~
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Salt concentration in fish sauce
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Fig. 6. Bacterial flora compositions in fish sauces with inoculation of putrefactive bacteria, at 21 days after start of
fermentation. S, Staphylococcus; T, Tetragenococcus; Bi, Bifidobacterium; Es, Escherichia; Pr, Proteus; Ps, Pseudomonas;

Pc, Pseudomonadaceae; Sh, Shewanella; St, Streptococcus.
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Fig. 7. Bacterial flora compositions in fish sauces with inoculation of putrefactive bacteria, at 50 days after start of
fermentation. S, Staphylococcus; T, Tetragenococcus, Eh, Enhydrobacter; En, Enterococcus; Es, Escherichia; La,
Lactobacillaceae; Le, Leuconostoc; Mi, Microbacteriaceae; M, Mycoplasma; Ne, Neisseriaceae; Ps, Pseudomonas; Pc,

Pseudomonadaceae; Sh, Shewanella; St, Streptococcus; Vi, Vibrio.
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Summary

Salt-curing of fermented fish products is an important manufacturing process to repress putrefaction and
contamination by undesirable microorganisms, simultaneously providing a taste improvement and sufficient length
of preservation period. Nowadays, however, many food manufacturers are going to reduce the concentration of
salt in their products, with an increasing concern for unhealthy aspects of salt such as high blood pressure. This
reduction of salt concentration is sometimes resulting in the unexpected food poisoning such as the case for
Japanese pickles contaminated with the pathogenic Escherichia coli strains. In light of this situation, it is now
needed to carefully review and reinvestigate the true role of salt in food production and preservation through the
scientific approach, for the future safety of the salt-cured fermented foods. In this study, fish sauce, which
normally contains not less than 20 % of salt, was investigated for the change of microbiota depending on the
various salt concentrations (0-30 (w/w) %). The samples were evaluated for 16S ribosomal DNA-based
microbiota analyses, as revealed by culture-based strain isolation and Illumina MiSeq-based next generation
sequencing analyses. Gram-negative putrefactive bacterium Proteus sp. and enterococci, possibly originated
from squid organ, were isolated from the fish sauces with the salt concentrations less than 5 %, thus the spoilage
was ongoing under low salt concentrations. Ten % salt could not stably repress the bacterial growth but 15 % salt
was enough effective to reduce the viable counts of microorganisms, indicating that limiting point for bacterial
control exists around this range. Tetragenococcus and Staphylococcus were dominantly isolated from the fish
sauces containing more than 15 % salt, but the viable counts were quite low at these high salt concentrations.
The MiSeq dataset revealed that Mycoplasma unexpectedly increased in the fish sauces with 5 % salt
concentration, indicating that they might specifically grow under this condition. Taken together, this study
provided rational information that microbiota dynamically changed depending on the salt concentration, and that
the concentration around 15 % is necessary to stably exert the controlling effect on bacterial growth in squid

organ-based fish sauce.
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