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# 7Y

266003)

WE N T EH T L SR T I A D 4 (Scomberomorus niphonius)(#% %) iy & AR AE , DL E

BHPRESARARBNRTHEENFHFRENEL, dHEAL . 4HE. NaNO, & &, AL EA
(TVB-N). #f B % B E(TBARS)F E AL F AR #E4T T €, Fh3t — 5 PR T8 & o wy kB i v 47
Ta%. %%, FRET, RTHEFLEKEN 5440%. &HEN 3.1%, BT+ TKEHE
% & 5 NaNO, 4 & 5.07 mg/kg, A A B BL 2 ENHLE; TVB-N & & 5% 40.12 mg/100 g,
VU K B AR E B S AR B A TBARS 18 10.00 mg/kg, fg A AR A BB 7T 8 2 19 35 B
Wo BRTok & EwlmEh £, B ILAT H (Lactobacillus sakei). 7= A 74T # (Enterobacter
aerogenes). K #i 4 B ¥ #4F B (Lysinibacillus macrolides)fr 7 ¥ 7 4T # (Enterobacter xiangfangensis)
NRBE, HF, BEAATEEARXBEE WA, TRERTHEABARTREEMFA,
KA T8 RREIRN; RRARE; WAL E

hESES TS254.7 XHEIRIRAG A

% s I 5 (Scomber omorus niphonius), 14 FRfk fa,
AR BB | EIR R SR A, BAUrE
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AUl A, TR R I b X e B R e e
KT it o JBT ik 5T RUBR AR L 5 T IR A A
8B A T 07 2047 LA FE AR S 20 TR 4R B A
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2 R %40 &

MRS #5575 . MRS A% . RBA 5575 | PCA 15
FH . BRRNGESRE . BRBIREREG S SR
Pl AR AR AR A A]); AgNOs. KyCrOy. —4
LR, MgO., B B Zm ., =& H k. FeCly.
K Fe(CN)s-3H,0 . LFREE . X FE AR | V8 T Y &
Yh B el ([ 25 5 F i 2E AR A R A R HEE A
Tl 2y (R el £k T e A PR H)

B
Kjeltec 8400 %4 [ sl (K& AL (FOSS A FRA
A, Hit); 7200 FUA] UL R EETH(UNIC AF],
) ; IKA-TI8 A i i 7 HUL(KA A FRA ], fEE);
£ 20 R R B DAL ) B R E AR AT FRA D 5
Fluo View™ FV1000 %It I £ 1 i85 (Olympus
NE, HA),

1.2

=1
Tab.1

1.3 LA E

1.3.1 BB 0 B 7 A FE S B Ve TR TR
WAL, 1EZ58% |25 15 min, W 15 &3 5510
BEPEN N IRER | LG HEURE . ik, AR,
BER . THIEEE 5 A7 TR

1.3.2 AL ARM E 7 ik Z: 18 GB 5009.44-2016
(EMZ2EZRME &P & riiE ) (2016),
SRR E L E NaCl & ; 28 GB 5009.3-2016¢ &
i E R AR E B PKIE ) (2016), R
AT ERE I E Ky /3 2 10 GB 5009.33-2016¢ &
i FE AR AE B PO A R S A R R I 2 )
(2016), RHSHEHE LN E NaNO, &% ; S GB
5009.228- 2016 { B il Z = E FinE &5 g AR
FLA M E ) (2016), >R H B Bl K Z AL &
TVB-N &,

BT aRE T iRE

Sensory evaluation standard for dried salted S. niphonius

S

P4 4nifE Evaluation standard

Score HLURAS Texture % Color

SR Smell

WK Taste PHUE & Chewiness

76~100 USRS, fREF WEIER, SEERE AMaaEHS

JRPEIE R, A RS TR SR A

J A AT T 25 BGNA R E AIEIRIE, k2
SIMT5 AV RS WEIER, ARME BiEE, LRW Dt B R L JRERER AT A, MELE R — i
2650 MR M A SR, WEEZE, JOE EEWREIR, ABEK USSR, R HERE 2, AR
JR R R 0 o] A 553
125 M AL, WA ERSORA R E IRBCEARIR ,, JoEERR AN L, A7 PA AT
R 1 [ A Je P I
TBARS {HIIEZ X B L2012 753k, JFms BB EE SR E 08, 30°CHigR 48 h, A

R, s g fapuIRE, fin 10% TCA ¥ 45 ml,
AP E#PE 1 h, 2000 r/min 250> 10 min, 353%,
H,0, FEAZE 50 ml B 2 ml JEWIN 0.02 mol/L Y TBA
VR 2 ml, 7EWRAKYE TRV 20 min, B S 4B
FEFHISE 532 nm Ab AW OGAE
1.3.3 #AY &L 5 & ik Z: IBURRIA (2013)
2%, HEMEAEIE B TOR 25 T BUST ke i 25 g,
SRR G NS 225 ml TG HR A B ER 7K R B 38 2R 1)
TEMR, REE T B S R, G B AR F R AR
FEG R 12 10 19 LU 510 BEAR B o RSP A i
Ak, a5 B4 4% FF PCA . MRS 1 RBA [#
R FRIL AP, SR04 GB 4789.2-2016(2016) .
GB 4789.35- 2016(2016) . GB 4789.15-2016(2016)i/47
AT R L LR TR ATV B L B D B R TR RV S0 o
M PCA MRS Fl RBA F#_ b Hk B 35 7% T 41

2~3 IRARAFEE Y PR V% o
134 ARANEER SE(EILNERSEET
M) ORFERSE, 2001) . (FLRRAN B 7 S 2 e T S0 )y
2 (BARSCEE, 1999) L KA e SCHik (5 B #T, 2007,
RZZUR, 2015) % i AL TR AR AT 22 [R5 | Sk
AW, AR TR TR A B AL R
1.3.5 RHBBEAMRGFFELEE W Al Ak J5 10 B iR 42
Fh T AR B RD T35 3235, 30°C 444 F 200 r/min &%
3% 24 h, BRI, SR DNA filid2 00 S 52 E
DNA, KRG RS DNA FES A TAY) TR i
WA BR S E AT IS 229 PCR 974 & 16S rDNA I ¥ .
WP 45 5 AE NCBI i i h 4T BLAST [] 4k
KR 00T, M GenBank Hv i Mt 55 JH: [m] P 14 4%
EHIAHUFES, 4/ MEGA 7.0 #4755 e, Hext
2t B FH 41 $% 1 (Neighbor-joining  method) 14 #t & 4t &
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B, I {2 Bk DA AF (1000 R EHR)
(W22 R4, 2015),

2 HBRE5HH

21 BTH%aREIEMER

AN TR 77 R Sk £ R TR S SR A 1
iR . WARBTHERE, 1. 3 SHMEFRLMIE, A
AR KR, 2. 4 SRRk, 7 5 ARE,
TEREOT T, 3 SREMRIRIE T, W, HAbRE
s JE, FRr Bk, HZERIA K. 35, 3 SR
ZHAUIRAS | WELIR J3E 19 T A 0 IO ) T 2t A v o TR
Bt 3 SRR RITE I ikt A O R I T Y 5
LR0E 8

== LURTE
Histomorphology

—8— {4, Color

—&— S Bk Odour

) 15K Flavour

" =@~ IAMEE Chewiness

BT AST] 7 b ol T fif £ 88 B VAN 25
Fig.1 Sensory scores of seven dried salted S. niphonius
T 1~7 SRR G B HB . B
s M KIE 7 A HL X R T A
Note: Sample 1~7 represents dried salted spanish mackerel

products collected from Yantai, Weihai, Qingdao, Rizhao,
Lianyungang, Wenzhou, and Dalian

2.2 R TFHREBHISRENER

T 85— £ T £0 ERAL HE A A T e 25 SR N 3R 2
FIE7R o BE G K o & il 54.4%, J@ T-2F T /K7™ & . GB/T
30894-2014 ( Jf 1) (2014)h #lE NaCl &+ W 7E
3%~11%B93E FE N, RIUAE 5L ) NaCl &858 3.10%,
J& TARER S £, NaNO, &0 5.07 mg/kg, KIFE{KT
GB 2760-2014 (&M 2B FhrE & s A
PR ) (2014) BT B2 14 e B8 PR il 5 B NaNoO, (B4
NaNO, # KNO, i1)<30 mg/kg FFREZR, KL
STk NaNO, bR i KU A XT3/ . TVB-N J&
6 Sh Wb B el RN SO S 4 R R T ) R
77 A B 22 DA B B 2SSl e 5 B o, o PR R AR
AORRETERERE . RESL R TVB-N &k 40.12 mg/100 g,
M GB 2733-2015 { &M% E R & RaPbE

JKF= L) (2015)HRLE i . R Kfa R TVB-N &
AN 30 mg/100 g, 33X U IH JE Tk £ 7 S A g
THf | PRl OB TR R BERCR, MNX AT S
KW TR I o BRI A A R WO A B P oK = i &
AT AR B F B RN 2 —, B RS E L2 iR 5 TN
TRERON A R AL B BN E TBARS H, AT RAMER
J W SR AL R B (BT 2R 4%, 2016). Ersoy %(2008)IA
gt K ) TBARS {8 <8.0 mg/kg i 1 B A
B, BT TBARS -0 10.0 mg/kg, WET
8.0 mg/kg MIHERERRIE, X SHGK A ERIVAC, H
I AT 7 i P SRR o B P R

*2 BTFH&EEKRELIER

Tab. 2 The basic physicochemical properties of dried
salted S. niphonius

f8%5 Index

% & Content

7K 41 Moisture (%) 54.40
NaCl (%) 3.10
NaNO, (mg/kg) 5.07
TVB-N (mg/100 g) 40.12
TBARS (mg/kg) 10.00

23 BTHEREITHER

P 45 11 B80T AR A5 0 ek T f RE o B TR R BCR
1.68x10° CFU/g, FLEAHETEECHN 1.06x10° CFU/g,
T MR EVE BN 4.7<10* CFU/g, BT ke 5
BT M A TR TR AR A 32, B TR B T B TR AR X A
JA T B8 A 5 R T T2 A P B R T
IR G316 BE A, NI T34 A i A= . S b,
ST i A0 i 22 R AR IR R, U E AR Kz 2] T
—E [

2.4 MEEREBELEE

Jak T il ) B B R R R A W Rk Y
5. MITECTHr bk s] 10 PRILEIG TS, 4390
TR X1~X10, HAIALRHENE 3 P, 1955 4F
I5 22 Fh2E K Niinivaara 42 H B 1) & B A Pk b HLAT 5
= [CPAPE | i AL S B g0 FAPE | PR = R . AN
it Eh e AN A W e LA e RE A il K B T 1R (Escherichia
coli) 14 B {4 %5 BK 14 (Staphyl ococcus aureus) % A
FRIE (Ljong et al, 1996; XIALITEE, 2009; 2= RUE %,
2002). FEFTRIERIAG 10 BREF, X2, X4, X5. X9 N
B2 [CRAMETR, LAY 6 MM L [CPHPET , % 6 PR
P EA G R R AN 4 5 (R AT ER TR TS P (R 4),
HAp U X1 76 Bk R R bR, ik, 2863
Wi AR X1 AT RE a0 fa e B R v Y 3 S R R
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Tab.3 The physiological and biochemical properties of dominant bacteria strains
WA PR Strain
Items X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
B Ei{, Colony colour AHf HREA REE O REG FREH O KAf RES KAf a6 KAf
#{AIE2 Morphology R /NI & VNI & 7 N & /NI & >/ NI = &/ N & o/ NI & o7 NI =X o o/ NI = §) 7
¥ LYt Gram staining G+ G- G+ G- G- G+ G+ G+ G- G+
S E LA Catalase + + + + + - + + + _
ﬁ%%FE i ) ++ + - + + + + + + +
Acid production of glucose
HERE S B N B B N B B B B B
Gas production of glucose
5% NaCl £ K N + _ + + - + - + +
Growth at 5% NaCl
L - + + + + - + + + +
Production of histamine
“EPRIN PR SNL, <= s IR O
“+” represented positive reaction; “—” represented negative reaction

*4 ARNFZIRAMEERONEEMS
Tab.4 The antibacterial activities of typical
Gram-positive bacteria strains

Btk RIGFFE B O A KT
Strain E. coli S. aureus

X1 ++ +++

X3 ++ +

X6 ++ ++

X7 +++ ++

X8 +++ +++

X10 + +

T 47 22 2 7S 40 T R AR

Note: The more “+” represents stronger inhibition activity

25 MBEHRIOFHLLEEER

BPR X1, X2, X3, X4 535 5 TV SE0Y 21%.
14%. 11%. 10%, 7E4i i AL 4 FE R X1~X4
1% 16S rDNA 7414351l 5 GenBank H i) & 17 51 3647
FEext, JEFIH MEGA 7.0 #17 RE K BEW IR, 25
RUWE 2,

HRAE R R 24, Rk X1 5 Lactobacillus sakei
strain YY1(KM267631. 1) ist (5 H & fe s, — & W[
JEYESN 100%, B r] I E X1 LR AT # 8
(Lactobacillus)iE W FLATH# ; Wik X2 5 X4 K6 —
FHE, J& T HT s (Enterobacter) 1A AN F, X2
1 X4 5595 7= S 4T 1 (Enterobacter aerogenes) . &
Yi % ¥ (Enterobacter  xiangfangensis) i 3 2% 5% &
R AR X3 & T /N ZE AT 1R E (Lysinibacillus)

It 5 K #4824 46 4T 7 (Lysinibacillus macrolides) ()
FGRFREI

H O, T B e v R DL A P ik 32 AR TP AR R A
P (Lactobacillaceae) . it % #}(Enterobacteriaceae)l)
K ZE A AT B FR(Bacillaceae) . Huss 95(1990)#2 H 2K
SYTEIEN 0.98~0.93 . EhJE N 3.5~10 B, A& R
B RS RE Y HFLRRAT R . AT R . ZEAFT
HE . /NERE R (Micrococcaceae) U M BT . 1M i 4F
K [ N Ah 23 6 5 R e N 60 55 i ST A 4
Br, S5RPRATLRREE . R . AAERE S KB
STERE, S S KU, IR I A R R
FHT il i, 4 J6 A 7 R (98 L %%, 2009; Anihouvi
et al, 2007), B A HEQ2007)IRFFEF I, it il 5
I ) ao 2 b A W TR S UK ) o )T B DD AHOG
¥ Jis £ ] & DL SR S LR TR o Paludan-Miiller 5§
(2002) s £ 11 FLIR TR 2 P it & Tl R v A DL 3R
Y, JFeefedt A& et A 2R B XURIE i, Rantsiou
Z(2005) )\ H AR KA I o B 3] 358 MRALRR T, H
rh 1), 25 it 2L AT 1 (Lactobacil lus crispatus) . 48 4 LT
(Lactobacillus plantarum)F13# 1 FLFT % 4 3 . Bonomo
Z5(2008) AR KA R 8 9 4% 2 4 e 7 W v O S LR A
Hr AT 2R (67%), HUE o 2K
(Pediococcus pentosaceus) (16%). AHFFE4E RS Fik

WRoE S5 A — 3,
3 e

JRCT e T TR T i i, NaNO, 7t



FEAFIM A T A S BURHIE 5 S B A

145

100 X1
100| ! Lactobacillus sakei YY1 (KM267631.1)

100|  Izactobacillus sakei probio-65 (DQ631413.1)

63 Lactobacillus curvatus 1TP02-BLO7 (MG031210.1)
72 Lactobacillus casei MCRF-284 (AY299487.1)
45 Lactobacillus coryniformis b20 (KX057589.1)
Lactobacillus ruminis 08-4C01 (MG685804.1)
99 Lactobacillus acidipiscis 5-1 (HQ384296.1)
Lactobacillus plantarum NRRL B-14768 (NR 042394.1)
63 _| Lactobacillus brevis OTG001 (MG571776.1)
91 Lactobacillus kefiri IMAUS50007 (FJ749410.1)
Lactobacillus gasseri NCC2858 (FJ557003.1)
100 | Lactobacillus fermentum KLDS 1.0733 (EU626018.1)
— 100l Lactobacillus brevis MTCC4463 (KY643651.1)
0.005
86 Enterobacter hormaechei KLS5 (MF537624.1)
39 Enterobacter xiangfangensis M9S1B1 (MG928402.1)
38| ' Enterobacter hormaechei E890 (EF059888.1)
100 X4
19 99 Enterobacter xiangfangensis KV7 (MH200641.1)
| Enterobacter xiangfangensis PUFSTI23 (MG371994.1)
n Enterobacter asburiae WTT1 (MH071322.1)
Enterobacter aerogenes yangyue K10 (KU977119.1)
9o X2

Enterobacter aerogenes OP3 (KY621520.1)
83 L‘jEnterobacter aerogenes KNUC5001 (JQ682628.1)
99 Klebsiella aerogenes BAB-6768 (MF319847.1)
63 Kluyvera ascorbata Ri26 (KU724372.1)

Kluyvera cryocrescens sch57 (JX294893.1)
Kluyvera intermedia 256 (NR 028802.1)

77 EKIuyvera georgiana CTD639-K16 (JQ917919.1)
100 '— Kluyvera georgiana SHCIQPD2017-1 (MG706149.1)

73

0.005
i:Lysinibacillus macroides R236 (KY515417.1)
85 Lysinibacillus macroides R198 (KY515408.1)
96 —X3
80 Lysinibacillus xylanilyticus C17 (KX832696.1)

87 ' Lysinibacillus macroides Xi9 (KY317957.1)
74 Lysinibacillus boronitolerans 18 (KF964487.1)

Lysinibacillus xylanilyticus RD AZIDI 12 (KU597545.1)
% 100 !'Lysinibacillus macroides FIAT-28677 (KU983807.1)
Lysinibacillus mangiferihumi M-GX18 (JF731238.1)
94 Lysinibacillus sphaericus DMT-7 (GQ496620.1)
96 Lysinibacillus fusiformis G9P2 (MH071325.1)
Lysinibacillus sphaericus VBE48 (MG027681.1)
Lysinibacillus odysseyi YH2 (KM873372.1)
99 Lysinibacillus sinduriensis MER TA 41 (KT719447.1)
0005

K2 JET 16S rDNA R bR X1~X4 B PO R 5K B
Fig.2 Phylogenetic tree of strain X1~X4 on the basis of 16S rDNA sequence
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Analysis of Quality Characteristics and Dominant Strains
of Bacteria in Dried Salted Spanish Mackerel

WANG Ruidi, LIU Shengnan, WANG Yu, ZHAO Yanning, XUE Yong"

(Laboratory of Food Science and Human Health, Food Science and Engineering College,
Ocean University of China, Qingdao 266003)

Abstract To better understand the quality characteristics of traditional dried salted Spanish
mackerel, the dried salted Spanish mackerel product with the best organoleptic qualities among seven
commercial products was chosen, and then its basic physical and chemical characteristics were analyzed,
including its salt content, nitrite content, total volatile basic nitrogen (T-VBN) content, thiobarbituric acid
reactive substances (TBARS) value, and so on. Furthermore, the dominant strains of bacteria, which have
important impacts on the fermentation process and flavor formation, were isolated, purified, and identified
from the dried salted Spanish mackerel product. The physiological and biochemical characteristics of
these dominant bacterial strains were also studied in detail. The results showed that the water content of
the traditional dried salted Spanish mackerel was 54.40%, and the salt content was 3.1%, which means
that the analyzed product can be classified as a semi-dry and low-salt product. The nitrite content was
5.07 mg/kg, so the sample met relevant food safety standards. The TVB-N content of the dried salted fish
product was 40.12 mg/100 g, which exceeds the TVB-N content limit of common fresh and frozen marine
fish (30.00 mg/100 g), so these results indicated that the degree of protein degradation during
fermentation was significant. The TBARS value was 10.00 mg/kg, which is slightly higher than the
recommended standard (8.00 mg/kg); however, the degree of lipid oxidation in the sample was within the
range of sensory acceptability because of its low moisture content. In addition, according to the results of
plate counts of bacterial colonies, bacteria were inferred to be the dominant microorganisms in the
traditional dried salted Spanish mackerel rather than yeasts or molds. On the basis of analyses of 16S
rDNA sequences, the dominant strains of bacteria in the product were identified as Lactobacillus sakei,
Enterobacter aerogenes, Lysinibacillus macroides, and Enterobacter xiangfangensis. Among these,
Lactobacillus sakei was further identified as possessing the typical characteristics of a fermentative
species, and thus probably plays a major role in the fermentation of dried salted Spanish mackerel.

Key words Dried salted fish; Sensory evaluation; Quality characteristics; Bacterial species
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