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Effects of extracellular products of several bacterial on the growth and

metabolism of Shewanella putrefaciens at low temperature
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Abstract: The object of this study was to in vitro evaluate the
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effect of extracellular products of P. fluorescens, A. hydrophila

and A. sobria on the growth and metabolism of S. putrefaciens
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at low temperature. The extracellular products of these three
strains were mixed with sterilized brain heart infusion broth
(BHD, and S. putrefaciens were inoculated into the mixed cul-
ture, and the quality indicators including microbiological, extra-
cellular protease, biofilm, TVB-N, amino acid and putrescine
changed during 12 days at 4 °C. The results showed that extracel-
lular products of P. fluorescens, A. hydrophila and A. sobria
had little effect on the lag phase and exponential phase of S. pu-
trefaciens, but extracellular products of A. sobria could inhibit
the growth of S. putrefaciens during the stationary phase. In ad-
dition, compared to the extracellular products of P. fluorescens
and A. hydrophila, the extracellular products of A. sobria had
the strongest inhibitory effect on the biofilm and extracellular
protease formation and spoilage potential of S. putre faciens.

Keywords: Shewanella putrefaciens; Pseudomonas fluorescens;
Aeromonas hydrophila; Aeromonas sobria; extracellular prod-

ucts; growth and metabolism
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tant, CES) o {4 R B &R 48 (quorum sensing, QS) fY I
P A W I BB, R e A A BRSO E S X
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JrAETL N Zha SR BLTE 25,4 C AR 90 B
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PR 8 D0 8 T A 8 A A T T R PR TR R A i 1
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Saciens s A5 VRS2 T HA 075 8 45 4 T A, BEAD T KB H oo b
—80 C .
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P. fluorescens &L MK 5% 2 W Parlapani 27 iy J7
DA BRI L mL GRAEN P, fluorescens B T KA
HI9 mL i 08 A & Ak 30 CCHE SR 24 h 224 1 T IR
WEEIA 1.0X10° CFU/mL J5, l THRBREHE ER. A.
hydrophila 1 A. sobria B8 W 11H % 757 % 7 P. fluo-
rescens .
14 ZELELFERHRRN

¥ P. fluorescens A. hydrophila Fl A. sobria 118
W I B E LB 10° ~10° CFU/mL Jg5 . BUB: F2 i 7E
4 °C .10 000X g B> 15 min, B F 15, B 0.22 pm Ay
BE TR 2F 4 2ok U8 B0 b k. 45 30 /9 9 vk By 6 B BV R
(CFSH,
1.5 EmMEEF
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4 CR e R A R R,
1.5.2 g

(1) SP 4. B 100 pl. # S. putrefaciens % Fh &
100 mL &4 50 mL/100 mL P. fluorescens CFS [{) BHI
RS BT A4 CHERA M,

(2) SH 41: 8 100 pl. 1y S. putrefaciens ¥ &
100 mL &4 50 mL/100 mL A. hydrophila CFS () BHI
BIRsEd BT A4 CHERA P50,

(3) SW 4.8 100 pL. # S. putrefaciens % Fi &
100 mL &4 50 mL/100 mL A. sobria CFS f) BHI }% 3%
L ET 4 CHBA PR RD,
1.6 CFS3f S. putrefaciens &< 1E 5 B 22
1.6.1 A BRIINE 2% GB 4789.2—2016( & i
ZAEFRE 'R MA Y ERT T YE SO e ) T
PR ECE N E B BT S HR 1 0 10 /YRR R R
I8 LT R B3 2 ok B L B 2~ 3 A3 R R B 1 R A
W1 mL, 5 15~20 mL O KB BIIR B 72 IR 5, 1%
WAL 5 BT 30 CCHE SR 48~72 h, i+ R AR VK A
BN 3 RESR.
1.6.2 JuAMEEF M E S8R Zhu S5 107k B%
IR DK EFRIRAE 4 °C 10 000X g .0 5 min, R ] BCA
P b WM AR A VR B B0 S R R
S AR EQRYFEEBIRE T 30 C v 30 min F 0
NSRBI 0.5 mol/L =4 L MR = I T W 30 min; )
WAE 10 000 X g B0 5 min J5 .5 1.0 mol/L AJ NaOH
SR TR A 7E366 nm Ab IR G R

U=(a—b)=+0.01, ¢))
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drophila M1 A. sobria CFS, 5T 4 C F 555,405 24 h [
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H B HE E K (8.5 g/L NaCl, 1 g/L 8 H ) BE % BR
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HWE Y 15 min, JHJOE &K R EALI KRR
TIA 9500 20 1 T TV S 45 A SR e G PRy 2R M B PR G
ALTE 600 nm Ak S 2
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HLRE A 2 A AT .
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A bRl B A B R 1Y DU MRAT .
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3 I8 Tkonic %5 (1 J7 1% 885 2 BB Fan 2811 5 3 i
A HPLC k47 % 52 A i 53 47 168 1« 43 A1 RE i 3 Ik
FA7
L7 HiEsE

FIF Origin 8.6 224 M £& 5 5k /I SPSS 19 47 .35 1%
T BUREE AR A Y £ AR 22 3R0R
2 R 550
2.1 HESHTWL

1k 4 CEMET. %I 50 mL/100 mL P,
fluorescens A. hydrophila Ml A. sobria JCH B FE W T S.
putre faciens LR B 5Z W . B 46 He 18 = KA TE 5.20 lg
(CFU/mL)., ME 1 al LI .4 CIE 4 d Z 00, %
fil 50 mL/100 mL P. fluorescens .A. hydrophila Fl A.
sobria LR IR S. putre faciens WK ILF & A %
Wil 5 {ELJ2: I3 8 I 38 0 TR 9% A IR E T, B3 50 mL/
100 mL A. sobria W FR WA S. putrefaciens T 1%
B BAR T2 4L M50 mL/100 mL P. fluores-
cens B, A. hydrophila ToHE B 2 W S, putre faciens TH
HOREGEONRAEREEZS M 10 d 584 S,
putre faciens TH Tk B AR — B B3 W 4 G0 BT
50 mL/100 mL A. sobria THE B FFWAH S. putrefa-
ciens WA VR B W2 T &%, Do as R RYIEm
50 mL/100 mL. By P. fluorescens 8 A. hydrophila
T WA S, putre faciens B HEAS LT B A 50 L T
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Figure 1  Effect of CFS on the growth of S. putre faciens

cultured in BHI broth at 4 C

H¥H 50 mL/100mL A. sobria TCH B FRXT S. putre-

Saciens WA 1 I 3 A0 00 O L B A 820 L (EE AR

WP Ik 2 3R S, putrefaciens K, 5 Zhu
ZBIHLGE Y P, fluorescens W E R E W #] S. baltica
AR M Wang M BF 5 & BLR M 4 RO B
(Pseudomonas aeruginosa) W) JG W I 1% W76 Fa 2 390 2
TV H (Salmonella enterica) 5ET- 2 1Y 45 5 — 3,
S. putrefaciens JEE A BN AL K09 40 06 B T LLIE
TR PR v 9 15 5 4 ok R R AR B R AE R S 4
T35 B0 B A B 5 2 AH 5¢ Sk B 22 3k, DATIT 9 4 4t 1A 1) A= 3
1528 LATE B R (19 A8 4k . AT BEJE S, putre faciens W] L) K
HIA. sobria FCTH 135 W B ARIR B (5 5 0 F R A
B 10 SR BT A S5 A R0 B A A0 4
2.2 MMEAETW

A0 B4 T LASE 8 T B bV P BN S T A
A4 TR A S TR ) B AARAT Ay ol o ) L A0 7 1Y G s 151
W#E S EF MANE AR A R, B2 b
4 C T 4 Vs 50 mL/100 mL P. fluorescens \A.
hydrophila F1 A. sobria JGW LG WX S. putrefaciens
TV R A0 8 W R AR B s2 . NIl 2 AT LU
A Te 4 0 Bt () B3 4%k 38 4 A i A0 R 1 B G b R e
A BRI AT M BN S, putre faciens 1 51
RS S B 2 TR R D) O R B AR FenT
VLA I8 d 5 #5 404 M A0 2R 1 O o AR I 3 4R
w AR 12 d )5 . MOAEE RS M AR R R L. 5
Xt BB AR HE 25K 8 d J5 1 P. fluorescens JA. hydrophila
A, sobria W IEHE FERWE BIEILT S, putrefaciens
Ji 0 G R L T B SP 4 SH ZEH SW gt S, pu-
tre faciens MIAMEE TG P43 5 4 8.8,9.8,8.1 U/mL, Ik
of B 2L T P 43 A 21.42%,12.50%,27.68% , W] A so-
bria WICH EE WA S. putre faciens i 7 H T B 1)
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Figure 2 Effect of CFS on extracellular proteolytic acti-

vity and protein content of S. putrefaciens

cultured in BHI broth at 4 “C
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AL 3 W4 (SHL D) X Jid A1 25 1 I 1) ¥R R LT A 400 1)
FEF BN P, fluorescens 1 A. sobria %) JGH I 38 W 41
Xof A1 A R 1 i R A A AR R D L SWOZ i 4 7
YER o . X5 Zhu S B B R R (9 4M I AHLs 2
M S, baltica W HME FEERG J1 LA K Lin 200 58 4 B
P. fluorescens )5 [ B 3k K 36 2 3 L AHLs fy 5 4
PR A BN R 8 R4 1 45 R — B
2.3 EMBEEW

S.putre faciens BATE AEYE R BE T, IF REAKHE A=
Wy A O T 2 s 2 T YD O O 5 S s T .
HPFE IR AN 25 W HTE B0 R OE A ) R 0 g
T3 ABRANIRTE 2352 W S, putre faciens TE 1 AE W) R 1Y) BB
JIFIBGBR I3, B 3 S EE 4 CCIEER L 4 IR 50 mL/
100 mL P. fluorescens \A. hydrophila 1 A. sobria TG
EVEWNS S, putre faciens W FEIE A0 . 5T 8 d

W REAEREEMRIFUNERAFERERETERKHNZMW

JG S. putrefaciens J& 5 A= W) IR 1Y) g 0 35 54 EL Bl 25 I G
W E] I B 3E 12 d JG - S, putre faciens TB B 9 R B9
fie 11 B AL (P<<0.05) , SXF IR AH L, P. fluorescens
M A. hydrophila # 3 & T S. putrefaciens T W A W)
FRE 1> 23 ) b X BE AL 4 5 23.3306 I 56,6600, 1 A.
sobria LW FIEWINH] T S. putrefaciens & LAY RY
fiE S AWl R 24y 18.88%, Wang %7 BF 58 & Bl P.
aeruginosa WG R W S H S, enterica T =¥
f55 1y 8 715 Chorianopoulos %% & B Wy R g W 7
(Ha fnia alvei) WICH F 15 R W EEREAL S, enterica TE i
A WY HRE 77 5 Zhang 270 BF 5T & B 2 U A1 VR RE 1A
MR 50T AHL 2] P. aeruginosa J& A 9 B #Y
REJT . T HF 22 AHL 8 45 10 B8 2 78 20 T 2E K R 0 $i
J B R RR S WA R R AR BT DL B R B 5 R R 7
S. putrefaciens T EHIIE B W B Y B K 2 2] T ARG
P 3 TR R SRR A 5 0 1 0 O A BB 4 o B A
JB I TR i gl M A B A

20- EECK
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R E =
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Figure 3  Effect of CFS on biofilm development of S.

putre faciens cultured in BHI broth at 4 °C

2.4 TVB-NEZL

P 4 g AE 4 CIBCT L 43 3% I 50 mL/100 mL P.
fluorescens \A. hydrophila F1 A. sobria JGH 5T S.
putre faciens I TVE-N fEJ7 BB . M 4 o7 LI
L5 0~6 REUN TVBNHEZF EF, 45 6 d 2
Ja &I TVB-N A LA 18, 5 W% 2 505 25
SR 30, U0 B2 TR ) A T A K R e A RS L S, pu-
tre faciens 7 TVB-N Ry RE ) 32 2 & 2H SN A0 W JC W E
W T M. S5XF A L, P. fluorescens F1 A.
hydrophila ) JC W & 5 W X S. putrefaciens & J&,
TVB-N G %A BB E AL sobria TBE & R
ZIEALT S. putrefaciens 7% TVB-N W FE S1, V507 A. so-
bria W FIEWRART S, putre faciens 7 HAUHE™ P 1Y
RE T AR 22 0 VAT 1 G T P R 4 32 B TC T BV R
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PRI (55 4 1 8 4, 0 40 2R G L G T R L AR dE R R
A EE Y 43 Zhang U BFE R B & A AHLs 1y
B IR WS VAR P. aeruginosa {9018 U5 B 5 1 L 32 25 7K (1
W R IR P aeruginosa 77 A J W™= H) ity & . i LA
A. sobria oW FIE W B EHE AL T S. putrefaciens 7=
TVB-N B RE I ] RE & A. sobria JToH P W AHLs
LEWMH T5 S. putrefaciens 7= TVB-N MK EH
it 4 53 6

18 —=—CK

= el TSP
e 14F —»—sw
z £
o o 12F
z 2
S 10+
&
£ 8r
6,
0 2 4 6 8 10 12
Fisf ]
Time/d

B4 BHIiZPHRMAEE LFRM S, putrefaciens
J24 C ik F TVB-N W& 6 % vk
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2.5 BREEBRTWL

F 1 T4 CET 40 3% n 50 mL/100 mL
i) P. fluorescens \A. hydrophila #1 A. sobria oW b i
WA S. putre faciens ZAEBRI W . A HLAE B AL
WIS T R AR, KA AR & miEsh R A
FEHEEMAEHCY . G5 REY L SP 41 SH A M SW 41
Lys & & w06 (8 1 342.88,290.14,344.71 pg/mL 43 3
R A% ] 243.47. 260.09, 285.43 pg/mL. [ % %4> 3 K
28.99%, 10. 36 %, 17.20%, Glu W %I 4 {4 & 777. 70,
650.47,786. 67 pg/mL 4> W B& % B 528. 53, 567. 44,
626.02 pg/mL, [BAGR A B K 32.04% ,12.76 % ,20.42% ,
AR TR A G A 1 A A R AR ik VR 0 ZR0UR S ] B 2 T T
PR A RTAR Y B XFH SP 4d SH 41 R SW 4L
P I LR S AR Ik R B, SH 410 SW 4 o & 3 iR
B Glu.Gly.Ala.Lys Fll Leu B FE AL R#K T CK 40 A
SPH, NERI1FEATUFESL,. 50 dMAK, B 12 d )5
CK 44 .SP 4 .SH 1l SW 25 v i % 3 2 1) 5 k40 i)
T 17.76%,28.41% ,13.55%,14.84 %, 7% 12 d )5,
5% WA L. A, hydrophila fl A. sobria W) TG b i
IR N S. putre faciens X & FLBR (Y W% figt € 11 . 1 P.

Figure 4  Effect of CFS on total volatile basic nitrogen  fluorescens JCH |38 W N A2 #E7E .
contents of S. putrefaciens cultured in BHI 2.6 JEREHL
broth at 4 ‘C S.putre faciens W] LIAH 5 35 B9 K 72 5 RS &R L
®1 BHIEFHRHPFMEELFRI S. putrefaciens T 4 CRFPREBRNFNE
Table 1  Effect of CFS on total amino acid contents of S. putrefaciens cultured in BHI broth at 4 ‘C (n=3)
pg/mL
0d 12d
AR
CK 41 SP 2 SH 41 SW 41 CK 4 SP 2 SH 41 SW 41
Asp  472.36+£0.74 393.1740.04 312.7240.20 364.69+0.26 381.52+0.26 266.01+0.14 252.214+0.23 284.1840.36
Thr 174.96£0.20 148.16+£0.32 117.8440.23 133.0040.29 142.6040.19 91.65+0.20 80.75+0.81 91.57£0.25
Ser 287.46+0.28 234.1540.37 188.6540.27 209.4840.48 175.00£0.23 123.514£0.20 126.9140.16 139.5640.14
Glu 936.4740.81 777.704£0.39 650.47£0.23 786.67+£0.78 770.2840.34 528.5340.17 567.4440.10 626.02+0.14
Gly 1104.27+0.24 921.65+0.73 752.944+0.31 920.0140.41 952.9540.57 725.68+0.36 744.58+0.23 826.21+0.48

Ala  658.46+0.31 527.1240.38 452.624+0.35

Val 316.7840.31 262.4340.17 204.86+0.45

178.93+0.30 158.08+0.19 145.89+0.24

Ile 157.284+0.31 137.9940.24 116.58+0.16

515.3740.48
239.4740.20
109.56+0.41
131.9440.20

599.694+0.23 448.634+0.81 470.7340.48 521.41+0.20

238.404+0.49 186.4440.48 185.8340.57 209.45+0.39

96.6340.57 95.28+0.24 100.804+0.25  91.6940.36

127.1140.48 97.15+0.38 102.274+0.31 114.4840.04

Leu  496.26+0.19 414.8040.16 323.394-0.49 385.5340.10 428.8940.26 324.8540.41 319.4540.16 362.73+0.48
Tyr  142.49+0.17 122.4640.16 107.944-0.57 127.7940.20 154.194-0.48 104.7340.28 133.64+0.82 146.26+0.32
Phe  328.85+0.48 292.39+0.36 297.52+0.26 291.3640.04 252.2540.27 191.544-0.23 192.2440.14 209.0140.51
Lys  395.3440.57 342.8840.45 290.14+0.39 344.71+£0.48 332.21+£0.32 243.47+£0.76 260.09+0.32 285.43+0.20
His 136.9940.14 120.67+0.31 110.48+£0.57 127.28+0.14  91.3540.39 65.4340.82 89.7440.51  77.16+0.67
Arg  460.72+0.10 320.04+0.48 228.66+0.76 266.76+0.81 394.524+0.32 210.594-0.24 90.5740.14 232.9140.76
M 624761 5173.71 430077 4953.67  5137.63 370350 - 5717.28 421810

T Cys.Pro,Asn.Gln Fl Trp 766 5 A0 B IS4 % 38 .
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IR AL F R K AE LR AV T A= U e . 7 i A 2
JHig 12 B D R AR ] 099 S L A ) A O S e
T 7 A W BT BOUK T . A AR IR T R e
J& S, putre faciens R F=E M R R E A E DB B
BAE 4 C gk F . 2 BIE 0 50 mL/100 mL P. fluores-
cens A. hydrophila fl A. sobria JGH FIEWATS. putre-
faciens PRAJERERE I W R . N S ATLLE L B I
JECHT (] A AT A, B e 3 AR B W BT I 4 d IS A
W EWEW AT S, putrefaciens 7= HE IR IR R AL, H
SXMEHAMME 8 8 d J5 . P. fluorescens Fl A.
T LIEWS S, putre faciens 77 A2 6 e i 400 1) 25 20 55 Ay
7.54%,33.96% 7% 12 d J5 ., P. fluorescens Fl1A. sobria
JOW LIS WO S, putre faciens 7% 1 J5 W 69 10 5 53 530 Dy
2.66%,29.33% ., FWIXY S. putrefaciens K B E M
JG AL sobria JCEH 1 RO T e 7 AR R 00 ) S d ey L T R

2

(921

sobria

&= A, sobria T FE AT LA S, putre faciens X5}
T RO R A0 o) A R R
- Il CK
T e
T, 70 ESH
E CISW
. 60F
;’\:—IIN.EP 50- ;
2 L =
2y ¥ =
£ 30 —
& —
= 201 =
£ —
10 =
0 =
8 12
i ]
Time/d

B 5 BHI3i &P HRMAEE LFR S, putrefaciens
B4 C ORI T R Y

Effect of CFS on putrescine content of S. pu-

tre faciens cultured in BHI broth at 4 C

Figure 5

3 gk
AR F BN T P. fluorescens \A. hydrophila
1 A. sobria RINE AN =) HE 4 °CTXﬂ‘ S. putrefaciens [{)
AR B W AR J R s R, R A YRR IR A g
AR 2 Z I RA A, sobria BTG EE BT S.
putre faciens [WEKBFIMHAEH . W87 S. putre fa-
ciens WIJEW =Y, KL P. fluorescens A. hydrophila {1
oW bW S, putre faciens B il AF BN A
sobria Rg W E MW S. putre faciens [ FXFE W AE J7 , 36 9
A. sobria (KIEN =SB MG S, putre faciens KT

TSR 5 5 20 1 o AHUR HL AR AR 1T 9 Ak 90 e WA 4 4
E— BTN
£ % 3Lk

(10 SERTH - a0 Rl 2x . S5, ORI I 399 85 0 v U390 il 410 35 38 1

W REAEREEMRIFUNERAFERERETERKHNZMW

B Z AR T ] AR eE . 2015(2) : 226-231.

[2] GINSON J, PANDA S K, BINDU ], et al. Effect of high

[}

pressure treatment on microbiological quality of Indian white
prawn (Fenneropenaeus indicus) during chilled storage[ ]].
Food Microbiology, 2015, 46; 596.

[3] MACE S, CARDINAL M, JAFFRES E, et al. Evaluation of
the spoilage potential of bacteria isolated from spoiled cooked
whole tropical shrimp ( Penaeus wvannamei) stored under
modified atmosphere packaging [ J ]. Food Microbiology,
2014, 40, 9-17.

[4] MEJLHOLM O, BOKNAES N. DALGAARD P. Shelf life
and safety aspects of chilled cooked and peeled shrimps
(Pandalus borealis) in modified atmosphere packaging[J].
Journal of Applied Microbiology, 2005, 99(1) . 66-76.

[5] LAURSEN B G, LEISNER J J, DALGAARD P. Carnobac-
terium species: Effect of metabolic activity and interaction
with Brochothrix thermosphacta on sensory characteristics
of modified atmosphere packed shrimp[ J]. Journal of Agri-
cultural and Food Chemistry, 2006, 54(10): 3 604-3 611.

[6] LUL G, HUME M E, PILLAI S D. Autoinducer-2-like ac-
tivity associated with foods and its interaction with food addi-
tives[ J ]. Journal of Food Protection, 2004, 67(7): 1 457-
1 462.

[7] BLANA V A, NYCHAS G-J E. Presence of quorum sensing

[}

signal molecules in minced beef stored under various temper-
ature and packaging conditions[ J]. International Journal of
Food Microbiology, 2014, 173, 1-8.

[8] ZHU Su-qin, WU Hao-hao, ZENG Ming-yong, et al. The
involvement of bacterial quorum sensing in the spoilage of re-
frigerated Litopenaeus vannamei[ ]J]. International Journal of
Food Microbiology, 2015, 192 26-33.

[9] ZHU Su-qin, ZHANG Cai-li, WU Hao-hao. et al. Spoilage
of refrigerated (4 °‘C) Litopenaeus vannamei: cooperation

between Shewanella species and contribution of cyclo-(L-

Pro-L-Leu)-dependent quorum sensing [ J ]. International
Journal of Food Science and Technology. 2017, 52 (6):
1517-1 526.

[10] YANG Sheng-ping, XIE Jing, QIAN Yun-fang. Determina-
tion of spoilage microbiota of pacific white shrimp during
ambient and cold storage using next-generation sequencing
and culture-dependent method[ J]. Journal of Food Science,
2017, 82(5): 1 178-1 183.

[11] PARLAPANI F F, MALLOUCHOS A, HAROUTOU-
NIAN S A, et al. Volatile organic compounds of microbial
and non-microbial origin produced on model fish substrate
un-inoculated and inoculated with gilt-head sea bream spoil-
age bacteria[ J]. LWT-Food Science and Technology, 2017,
78: 54-62.

[12] DOUROU D, AMMOR M S, SKANDAMIS P N, et al.

Growth of Salmonella enteritidis and Salmonella typhi-

141



142

35 5 & 8 STORAGE TRANSPORTATION &. PRESERVATION

murium in the presence of quorum sensing signalling com-
pounds produced by spoilage and pathogenic bacteria[ J .
Food Microbiology, 2011, 28(5): 1 011-1 018.

[13] ZHAO Ai-fei, ZHU Jun-li, YE Xiao-feng, et al. Inhibition
of biofilm development and spoilage potential of Shewanella
baltica by quorum sensing signal in cell-free supernatant
from Pseudomonas fluorescens[]]. International Journal of
Food Microbiology, 2016, 230. 73-80.

[14] DABADE DS, DEN BESTEN HM W, AZOKPOTA P, et
al. Spoilage evaluation, shelf-life prediction, and potential
spoilage organisms of tropical brackish water shrimp
( Penaeus notialis) at different storage temperatures[ ] ].
Food Microbiology, 2015, 48;: 8-16.

[15] IKONIC P, TASIC T, PETROVIC L. et al. Proteolysis
and biogenic amines formation during the ripening of Petro-

klobasa,

Northern Serbia[ J]. Food Control, 2013, 30(1): 69-75.

[16] FAN Hong-bing, LUO Yong-kang, YIN Xiao-fei, et al. Bi-

vska traditional dry-fermented sausage from

ogenic amine and quality changes in lightly salt-and sugar-
salted black carp (Mylopharyngodon piceus) fillets stored
at 4 ‘C[J]. Food Chemistry, 2014, 159; 20-28.

[17] WANG Hu-hu. YE Ke-ping, ZHANG Qiu-gin. et al. Bio-
film formation of meat-borne Salmonella enterica and inhi-

supernatant from Pseudomonas
aeruginosal J]. Food Control, 2013, 32(2): 650-658.

[18] KALIA V C, PUROHIT H J. Quenching the quorum sens-

bition by the cell-free

ing system: potential antibacterial drug targets[J]. Critical
Reviews in Microbiology, 2011, 37(2): 121-140.

[19] NATRAH F M I, ALAM M I, PAWAR S, et al. The im-
pact of quorum sensing on the virulence of Aeromonas hy-
drophila and Aeromonas salmonicida towards burbot
(Lota lota L.) larvae[ J]. Veterinary Microbiology, 2012,
159(1/2) . 77-82.

[20] LIU M, WANG H, GRIFFITHS M W. Regulation of alka-

line metalloprotease promoter by N-acyl homoserine lactone

quorum sensing in Pseudomonas fluorescens| ]]. Journal of

BE207H | 2009 1 B | RRSVIM

Applied Microbiology. 2007, 103(6): 2 174-2 184.

[21] BAGGE D, HJELM M, JOHANSEN C, et al. Shewanella
putrefaciens adhesion and biofilm formation on food pro-
cessing surfaces[ ] ]. Applied and Environmental Microbiolo-
gy, 2001, 67(5); 2 319-2 325,

[22] CHORIANOPOULOS N G, GIAOURIS E D, KOURK-
OUTAS Y, et al. Inhibition of the early stage of
Salmonella enterica serovar enteritidis biofilm development
on stainless steel by cell-free supernatant of a Ha fnia alvei
culture [ J ]. Applied and Environmental Microbiology.,
2010, 76(6): 2 018-2 022.

[23] ZHANG Qiu-qin, YE Ke-ping, WANG Hu-hu, et al. Inhibi-
tion of biofilm formation of Pseudomonas aeruginosa by an acy-
lated homoserine lactones-containing culture extract[ J]. LWT-
Food Science and Technology, 2014, 57(1): 230-235.

[247 YARWOOD J M, BARTELS D J. VOLPER E M. et al.
Quorum sensing in Staphylococcus aureus biofilms [ J].
Journal of Bacteriology, 2004, 186(6): 1 838-1 850.

[25]7 BAI J A, VITTAL R R. Quorum sensing regulation and in-
hibition of exoenzyme production and biofilm formation in
the food psychrophila
PSPF19[J7. Food Biotechnology, 2014, 28(4) ; 293-308.

[26] DENG Yun, LUO Ya-li, WANG Yue-gang. et al. Effect of

spoilage bacteria Pseudomonas

different drying methods on the myosin structure, amino
acid composition, protein digestibility and volatile profile of
squid fillets[J]. Food Chemistry, 2015, 171 168-176.

[27] BENNER R A, STARUSZKIEWICZ W F, OTWELL W S,
Putrescine, cadaverine, and indole production by bacteria i-
solated from wild and aquacultured penaeid shrimp stored at
0,12, 24, and 36 ‘C[J]. Journal of Food Protection, 2004,
67(1): 124-133.

[28] OZYURT G, KULEY E, OZKUTUK S, et al. Sensory.
microbiological and chemical assessment of the freshness of
red mullet (Mullus barbatus) and goldband goatfish (Upe-
neus moluccensis) during storage in ice[ ] ]. Food Chemi-

stry, 2009, 114(2): 505-510.

(E#% 96 T

[8] GLAVAC N K, STOJILKOVSKI K, KREFT S, et al. De-
termination of fagopyrins, rutin, and quercetin in Tartary
buckwheat products[]]. Lwt-Food Science and Technology.
2017, 79. 423-427.

[9] ATTIA T Z. Simultaneous determination of rutin and
ascorbic acid mixture in their pure forms and combined
dosage form[]J]. Spectrochimica Acta Part a-Molecular and
Biomolecular Spectroscopy, 2016, 169. 82-86.

[10] WILSON I D. The state of the art in thin-layer chromatog-

raphy-mass spectrometry: a critical appraisal[J]. Journal of

Chromatography A, 1999, 856(1/2);: 429-442.

[11] AGATONOVIC-KUSTRIN S, MORTON D W, YUSOF
A P. Development and validation of a simple high perform-
ance thin layer chromatography method combined with
direct 1, 1-diphenyl-2-picrylhydrazyl assay to quantify free
radical scavenging activity in wine[ ] ]. Food Chemistry,
2016, 197. 285-290.

[12] ALAM P, ALAJMIM F, ARBAB A H, et al. Comparative
study of antioxidant activity and validated RP-HPTLC anal-
ysis of rutin in the leaves of different Acacia species grown
in Saudi Arabia[ ]J]. Saudi Pharmaceutical Journal, 2017, 25
(5): 715-723.



