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Identification and growth dynamics. of specific spoilage
organisms in chilled tilapia
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ABSTRACT The specific spoilage organisms (SSO) in cultured tilapia at the end of shelf life
during storage at 0, 5 and 10 ‘C were qualitatively and quantitatively investigated, and the
growth model of SSO was established. The results indicated that the percentage of Pseudo-
monas spp. in total bacteria in the tilapia were 80. 7% ,68. 1% and 57. 5% at the end of shelf life
of tilapia stored at 0, 5 and 10 °C, respectively. Colonies of Pseudomonas spp. on nutrition agar
and trypticase soy broth agar were circular apophysis with smooth edge, transparent and colour-
less; The cells were gram negative rod (0. 5~0.7 ymX1.6~3.2 pm) and motile by means of
polar flagellum; Positive for oxidation,but the strains could not assimilated trehalose, mannitol
and raffinose, etc. A variety of acids were detected in these organisms, including branched and
straight-chained acids, cyclopropane, and hydroxy acids. Unsaturated fatty acids comprised a
large part of all fatty acids (50.18%), and the major- ones were 16 ¢ lw7c, iso-15 : 0, 16 : 0
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and 17 * 1w8c, which were 26.16%, 14.83%, 7.96% and 3. 94% of total fatty acids, respec-
tively. The type of ribosome of these bacteria was 56-S-7, as tested by Riboprinter. The growth
dynamic for Pseudomonas spp. was fitted by modified Gompertz equation. The results showed
that lag time reached(59. 63+61. 88), (7.25424.06) and (3. 95%9. 83)h during storage at 0,
5 and 10 °C, respectively. The maximum specific growth rates for Pseudomonas spp. were
(0.02+0.00)h™ !, (0.04%0.00)h™! and (0.08+0.01)h tat 0, 5 and 10 C, respectively.
KEY WORDS Cultured tilapia Specific spoilage organism Pseudomonas spp.
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HRERGBERHEY, ZAMEMRMBEDFR TN, $ERS TR, FREW, REEREU EHME
YIEShEE AR SR E FTERNE(Gram et al.  1996) ., AW, HAEAFTE KA WA = REAE
BFMBRERM. AR HEME . FN OKBIRE BRI RMERAGELERRE T B IWE (SSO, Spe-
cific spoilage organisms) i) /& W 76 Bl i 25 R f: (Gram et al. 19968 FBABTEE  2004), #E& JEHF 8 Photobac-
terium phosphoreum JEW A BL IS B Shewanella putrefaciens A3 R KB Brochothrix thermosphacta R B
ML B Pseudomonas spp. M BBMI B Aeromonas spp. ZiBH /K I AL E N E (Gram et al. 1996 ; Lehane er
al. 2000), SR, /& WA B ECBE 2 kg K A2 K SSO, B R BT E R IHGE ALK SSO, KA KL IKE
AR B0 M B A O R b P Y IR A K B KR 25 0 SSO., S HI S A, @ XX AR B &G TR a2
SSO # L EHIT R4 9F (Edwards ez al.  1987;Mossel et al.  2000; Stanbridge et al. 1998), [d]
i, B M R AR BT EEAROAR RS MEYEEERAE  AMTFSRAREHBAWHB L
B H AR B B A B B AR R (Moore ezal. 1985),

i #0118 W T2 B R BAE SRS A W A R R AR B LB AL Y B R B RA HLRR S, AR RARFIBRAE
/= MAEBRE LA ERZ, BT 7 S A Y sh A4, R B0 5% B R R O, AT LU IRE A
B0 W 7 i 0 5 SRS A RN BE [ S 7 S G, I TR B A R E R ME N S S R L ER . A SCEX R
¥ % dE 4 Oreochromis niloticus 0.5 Ml 10 CHR B PR E I M4 Y2 & R IEDF 5T 2 Al b, R 5R3
KA UREHGR SO 0B I RHBER B EEES AEESHABRALSFRIERTHL AL, EREBIEN
B bR S HBERAGL, REARERMUK S BERO T ED, BREPEARME R, B, 0% i
5 R £ BRI B A R 16 3 1 47T B0 4 28, # A Sherlock MIS 1 Ribopritner R4 %5 B M B TN . F
RNERELHP AR ERBMENWEM L, RABERN Gompertz A G MEERKBME, 2R ER B S
BT 5 3K H FO S BY Y 3h ) 22 B0, I 0 A KBS AL S SR T IR

1 HMRMAE

1.1 ##

L1l #&5ER

TH AROK TR T A, IR R K = VDA R A FRE, WA RIS R =5 B A KK FESE, 0.5 #
10 C(Sanyo MIR 153, Japan) iR , 45 FR3E 24 0 A1 L F 5 A T B0 R 6 8 TR0 PR PR B BB P T T4
1.1.2 #H#kR

0.5 110 CURE R = He R4 i), PR T BB R — 8 XN R B 7% GE % 30~100 NE %) . T
AR RBRE, S E L E R E RN,
1.1.3 &

S A% (Agilent 6890N,Palo Alto, USA) .Sherlock 4 ¥ % 4 & 45 (Microbial 1D, Inc.,Newak, Del.
USA) & 5 B8 (JEM-100CX I ,Japan) ,Sensititre {4 1% 52 & 4%t (Trek Diagnostic System Ltd, UK) ,Ribo-
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printer 4 B4 YL E RS (RP-411,USA) %,
1.1.4 &

B 5 PR 7 iR 1R & 045 £ (Mlicrobial ID, Inc.,Newak,Del. USA) . [ B f# K & B3 % ( Trypticase soy broth
agar, TSBA, Sigma) 85 3£ # . GNID % £ #i (Trek Diagnostic System Ltd, UK), CFC #% % 2 (Oxoid code CM
559, #MN SR 103, UKD \EFR BRI 2 (H EA#8E L5 B AT £/ 7 RE R 84 FR A 8, China) |
Riboprinter &4t PVUII {5 2% 1 Riboprinter & 4ikE & #1& 0% LA H, USA),

1.2 FHi&

L.2.1 HHae
PR R VR H0E 1 A B 78 R BT, o 3 AN AR B — S X3 PR BT AT B 9 GE 30~ 100CFU B 9%) , KR B % T8
BEZREOMAKRES, FAAX, 2 REA/ ABSHEH T, BARBTEEERETHE (ED
2~3CFU W%),4r B4tk 25 CHEFF 24~48 h, I BRI LA R L84t . B X R N B 3, B E R
BL(3% H.Op),# TMAO Kttt TMAO MR JF L K MBACHE BR £ F = 2k H, S; R4k — Su ik 4k & 4 iR
HVEHEEAER S, S8 LARAEEES SIRESS% ASSNEHEA SR TSBCE RAREELETI
(RFHF 200D @ aXMEEcRER=FT=% 1987)%,HffiH Sensititre ff: ¥ % & T e X 248 K
B FEATIAZE , R A MIDI 4078 % 52 7R 40 P i 6 8 R0 8 8 WO O B 3 B 4 b 16 4% LF-001 Hi#K) .
1.2.2 &HAE
- BULF-001 Wi#k 14~18 h #5579, B TR AKF A Y 8 2 min, Bl 1 H S5H M L, B8 ALR, 51T, 55
HETWEAEESRLEE, I E RN,
1.2.3 wmHEHRMNE
KK TS R MIDI 846 F 4, BIZE3E 3R 2 | 28 "CHHE KL% LF-001 B4k 24 h, 8 13 32 BUR 2 25 40 3 40 e
MR BRI AR T BR (PLFA) , ML G AT KA AR L E 4. MIESH R B R B %8 K (ECL)HEH
€ B CRAEEARE BT ES AN S E, B 5 R 50 e AR v B AR S U AL
T E A BUE (Similarity index , SD, ANTIAH —MBILMHATRENEMRLEEER. —BRUSRE ST WEMEKIE
RGBSR B IUA B R ST EL BT i, T AR 48 €533 B AR A0 B B8 9 Ak K A M AT 55 B BT .
1.2.4 ashssks i
TEHAE A E PRI LF-001 Bk A& K E B EERE T 40 pl Z0pBPIRABUE 30 Wl SEEHE
THABEXRD, FRAUOBERE . RETHMA S ol MR A 53U B WEE40 M, in A BB &N 4 B84
DNA UIa F Bt , HEER B IK¥ DNA R BIE K/ BH  F BREHB IR e EBINWE BB L RABE - &
B 04k 2 B RN AR, R BUREBR i BR300, 1 S R B OB AR VLR R A S R BT SR B B AR
FI A £ %4 i Riboprinter fE R, ,
1.2.5 BERBHEKRER
BUfa P 10.0 g, B 90 ml 0. 10 LB IR I R A 3R K , B IR 5 KA K UL 10 5B R R B 3 MRS
EHFBER 0. 1 ml, )75 F CFC B #ERE, B MBI AR AEIL, 25 ‘CHEFF 48 h, AT REME T,
B B0t 1 5386 3 3 A BUHE SR B IE B Gompertz 7 2 1 b H A2 K 31 & (Hiroshi et al. 2003), B IE
Gompertz FFIUTF .

logN(2) = logN, —|—log N Xexp{ exp[iﬁx (Lag—t)+1]}

KA, RBFHE (R s N K ¢ BB Noa M1 No B KB B E B (CFU/) s proaex A EPE KB BK
WA K#ER ), Lag HHAEY A K B IER Y E (),
1.2.6 A KAEA T H RN

YA A K B B RUSR AR A IR, 55 I S 56 BT S B0 40 B AR K i SEIAE L B, AR 48 39 07 iR (Whitng er
al. 1996) FFHr B AR I ETMM R AT, IFRATARSR:
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0.5

RMS — [ Zi (lgNi,predicted - lgNi,observed )2 }

R 1N predinea 978 LT FF B2 MU T BT W £ (lg CFU/ ) 5 L@ N oneervea 1 1B 50 D B8 81 ¥ 60 805K WU ML g
CFU/g),n PR EL .

2 HERWMGH

2.1 BEBMBEEE

0.5 Fl 10 C¥ M E R BB K S B, H & BHCRy 107 ~10° CFU/g, R MEHCH 10" ~10° CFU/g, RAM
RS TE BB 60% ~T70% ., 0.5 F1 10 CHMEREHK LB 5145 B IK1E 44,36 1 47 pR1 , K38 XU
A REHEFT R AR, PR BB 5 80.7%.68. 1% R 57. 5% . M 88 BRL S E B R BEHL Bk 1E 60 BREE,
PEAT A F 2R, KB BE 4r K H S IR Sensititre AW E T REREE . XN I ~ VHEHMLUKF
>75%)(R D, ARBKYNEXKHAE, AW, A8, S SBMELBERE B, 52 R KFEH
B, ARER RS HERAKTE, 5%LEY AMU- BB £ . 4AMU-oD-iit I % 2 . AMU-o-D- 1 I 2 31,
B AMU-B 8RB ALY . 4MU-B-D ik i 2 FUBE A AMU-2-Z BE & - 2, 2K Stk 1 8 258 + AMUo- L- BT A bk
M A A R R B . S AE IR B R, A EEE B TMAO #i/= 4 H,S. &M AN RXB AR
fiF (& 1), L3 Sensititre i Y1 & RSB A SR FE R E VBB, WS HES [ HAVWLBRAM
AN ANFREARE. SIANERBARE, B VANHBRRE. S VANRERER. EXER
R EERE |, NES T A BENL Pk 3E LF-001 EAR BEAT AR 7 BR 4L W 8 , AT i — B B A R AR B R s b

2.2 TEEEIME

FEEFFIG TSBA #h55 F BERRER, HKEB 5, BW, L6, &2 RAKTE, K/DR (0.5~0.7)
pm X (1. 6~3. 2) pm, A A LHEE R IR WA 1, :

2.3 HEIERRRARMN

H#E2AR,C,~Cs B X MBR BRI RS 28 # I8N
FRARS 3% A R B & SR Y A R U R (50. 18 %6) 1K o 32 B i
B (26. 09 %) , 3t B — & LB O 1 Fn BE B R (17. 6800 M &
FRELABRAER , (LR AT B R X PE N PR (Trans Fatty Acid) FIFA P2
e liE8 (Cyclo Fatty Acid), H 9,16 : lw7c Jiso-15: 0,16 = 0 FlI
17 + 1w8c &5 40 8, 4 4 5l K 26.16 %, 14.83%.7.96% # B 1 Bk LF-001 A9 H (X 10 000)

3.94% ., [T ELIE Sherlock MIS [/ B4 B BIEE . SR E R, Fig.1 Electron micrograph of
LR RS RBME , EF R 98%,SI K 0. 847(SI>0. 50, strain LF-001(X10 000)

2.4 BEBMENZEESE

{5 FHPR B ZU Y YIS LF-001 BRIGHEATERE , TG4 RS Riboprinter R HEAT LR FABOMEIA KL 56-S-7,
FHEEEILE 2,85 B+ DUP 18540 RITE1R S MU A RHE , UE SE B 0 POLMBR A MIEE AL R ECHR 0. 85,

2.5 H£KhHFRE

MEARKMEEE 2K ST, 5 Logistic BB E B #AR 4WE4 K ot , A A R R 41 38 A4 K & o
.M E W) Logistic BRI 1 Gompertz # R (Gibson et al. 1988;Buchanan et al. 1997), 6B M AR 4 H
HREM, F 25 (Hiroshi et al. 2003;Buchanan ez al. 1997; 3£ K% 2005) WA M B2 BB 49 1 Rk
ME AT S LK. SR ER, HARRNEEERENARMA RN R BREREEER . BEM, K
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Table 1 Morphological, physiological and biochemical characteristics for strain clustering of dominant bacteria

B & Cluster
$FE Characteristics

1(22%) 2(8%) 3(12%) 4(4%) 5(14%) 1~5(60%)
JEIR Shape r r R r r r
£ LK Oxidase + + + + + +
iz 3 ¥ Mobility + + + + + +
¥ £ Flagellum + + + + + +
TMAO 1 H,S — — — — — —
¥ & Bk Sugar fermentation tests
BT HI {1 4% Arabinose 2 3 - - 2 7
FTHI{ABE Arabitol — _ _ 1 - )
4 4 —¥# Cellobiose 4 1 4 - 2 8
B Fructose — — — — — —
JLB% Inositol ‘ - 2 — 1 - 3
# ¥ Maltose 6 - 8 - 3 13
H &P Mannitol — — — — — 0
¥ B2 Raffinose — — — — — 0
M Sucrose 6 - 8 3 1 15
1} 4B Sorbitol 1 - 4 3 8 23
% ¥ BF Trehalose — — _ _ _ 1
A ¥ Xylose 20 8 12 1 13 48
3% 6 47 i, Fluorogenic substrate tests
7TAMCH #i & M Lysine — — - 1 - ) 1
4MU-+ B8k Phosphate 4 — — — 1 4
TAMC+ & ® Proline 16 6 — - 5 20
TAMCH+ v-# E# 3k Glutamine 16 + + 3 13 49
4MU- B8 £k Bisphosphate - — — - - —
AMU-o D-Bit. I % Glucopyranoside — — — — — —
AMU-o-D-Hit g 2 L9 Galactopyranoside — — — — — —
AMU-# % 4B B 1LY Glucuronide - — — — — -
4MU-B-D i i 3 23 Galactopyranoside — — — - — —
FR12 - — — — — —
W =8tk Malonate 6 + 1 0 7 26
#E M Lysine ' 4 2 4 1 7 29
¥ H K Arginine 18 + 8 1 14 52
WEE B Pyruvate 20 + + 3 12 49
5% ® Ornithine — 1 — 1 1 4
R L Citrate 18 + + 1 13 48
BT e Agmatine 20 + + 3 + 46
H Al pR IR Other specific tests
+ i # Esculin 2 — - - - 1
PRE Urea 6 5 - — 2 8
£5 % # 1% 2 8§ Trptophan -deaminase — — — — — —
ALK Similarity level( %) 75~100 76~100 75~100 79~99 83~99

Bor WATH, of/r NERFFEE ;o 0B A Sensititre B 45 Gnid WA AL b BB AEGAMU b +-FE-SHEM7AMC F7-PR-EERM
#;FR12 4MU—ZfZ,EEi§—Z,%ﬁﬂﬂiﬂﬁ%ﬁﬁJﬂiMUu-L—l@;ﬁ{ﬂﬂﬂ:ﬂﬁﬁﬁﬁ;“+”7‘J P — 7 R
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FEWIA K Logistic &I Fl Gompertz £ #Y ®2 BERREEpRAXNSE

B"Jﬁi@‘]ﬁ%ﬁﬁ? #'f% L J—\— ‘IZF_\'ZFﬁ Z:i% Table 2 Fatty acid composition and contents of specific spoilage organism
FH{%IE il Gompertz 75 Bl % 1% @J = 5”3 1 g BR Fatty acid #iRX{E Value BB B8 Fatty acid iR {E Value

0.5 #l 10 CRIEHMAY & K2k (E 3), 12+0 2.21 17+ 1wbe 1.21
HEF%e K LE 3, B Al R, o 13:0 0.72 17 + lw8e 11.96
C I3 % JE £a FE H 0 1A] 24 8 (59. 63161, 88) 14:0 1.02 18+ lwTe 3.94
h, B BEF 5 ‘CH 10 °C R ELE T[], 45 4 15:0 3.72 18 ¢ lwc 2.77
KB, i ARKEKEE,0.5 /10 CH 160 7.96 18 ¢ lw7c,wdt/12t 0*
KA #4828 (0. 0240. 00) ., (0. 04+ 17:0 1.78 Sum n ¢ leis 50.18
0. 00) #1(0. 0840.01)/h, B[ A1 5 ‘CHI 10 C 18:0 0.27 10 : 0 30H 02
BT AMENEEEHBHRT 0 CHE Sumn : 0 17.68 12: 0 20H 0
M EE . 13 : 0 ISO 5.97 12: 0 30H 1. 20
. 140 1SO 1.89 13+ 0 30H 0.72
3 itig 15+ 0 1SO 14. 83 14 ¢ 0 30H 1.55
KR RUSRAESE X 4y 88 BRILEVE BR (F 16 : 0 I1SO 1.00 Sum n: 0 OH 1.95
D, B0 2 KBS S BT, A B 17 : 0 ISO 2.40 iso-13 : 0 30H 1.50
FACEE AT EAL S N, A RE R BE R A Sum n ¢ 0 ISO 26. 09 iso-15 ¢ 0 20H 0=
A E TMAO e H, S, AX s B4 15 ¢ lwbc 1. 00 iso-15 ¢ 0 30H 0.31
IER e B KPR EE, TR % E N 15 ¢ la8e 1.15 Sum iso-n : 0 OH 1.81
BHE. A hTHRZEFRHDERSE R 16 ¢ lw7e 26.16 Sum n ¢ 0 cyclo 0
PHRENSR TEMEEEERELZER 16 ¢ lwdc 1.99 Sumn: 1 trans 0=

RIRFEM R, IR BEFAHAMAERRE  gaymETs . vETRHE
BHTHBENX S, BEE—ENAHESE

(Yamamoto ez al.  2000), X7 £ o i S {8 B B o8 A9 K B2 728 40 F0 L RE 2 Ve 4 3R f ZE 3 b L R PR 40 8 B8 G AR
SRMEMUIEHREEVHEN. A TEARTHENARZHBFT O BARERM, 53 EFEE R HE— i1,

1kbp 5 10 15 50 10.00
I - T H T | T T 11 I TT ||I |
8.00} >
® 600}
£
S
% 4.00
. 2.00}
i 0

0 200 400 600 800 1000
i (8] Time (h)

B3 HARBEFIEAT O TS T@M.10(A)T
PR EAREE KRR

Fig.3 Curves of Pseudomonas spp. growth in

K2 BPHEEEKMN Riboprinter

Fig. 2 Profiles of the pseudomonas strains ribo-printed with EcoRI Oreochromis niloticusstored at 0(c>) 5(07) and 10(A)C

£3 FEEFOSH 0 CRBIBREBMFNERDIESH

Table 3 Kinetics parameters of Pseudomonas spp. grown in Oreochromis niloticus stored aerobically at 0 °C,5 ‘C and 10 °C

- #8 J¥ (°C) Temperature N,y (1gCFU/g) Lag(h) Nmax(lgCFU/g) pmax(h™1) RMS
0 3.814%0.32 59. 63161, 88 8.55+0. 20 0.0240.00 0.31
5 3.71%+0.28 7.25424. 06 8.65+0.14 0.04+£0.00 0.25

10 3.7040.23 3.95%9.83 8.61+0.10 0.08+0.01 0.21
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BT IR N BB MR R R, e B A H R BA F R BRI B BT & AR BN AR
MEBW G WAL F-EBBRERFRAORE =Y, HER T ERBANMEE R, #HELEA
K- mERFERHER E RN E ERBEFFEARY, EHFEXKBEP BRI FZ22hBANER
FE A BL IR 4L o XX T B 28 MK A DL S22 #0258 W iR B TR TE RN KR L T #ir K B
A KR (Gram et al.  1990;Gennari ez al. 1999, HFHEKBWES , B EIK K AN KALHR
SE JB WO TR AR A WY B 451 G 1 B T R R R 4 KGR BV TR K L PR R E I KU (Geenmari et al. 1999) , T A
W7 L TR VA R A S VK B0 Y TR 7K 3 P R O WO T 8 T A B EC T . 22 A IR UK o 43 B 1 R L (B FE UK
SR K A M PN FEMA L, X AT RE R B FHS AR /D, B & HE RS A H 3R 4 68 1K (Gram
etal. 1996),

WK FE 54 B HE £ 6045 E FE MO (IR BB LD A BE IR R TMAO Flj=a: H,S(E D B4 R B RN A R
P, R S B I B AR R SRR ARG, RPN R AT WE, BIIL
RETHMBEAKMEGE D, AE A HMIE LTRSS B RS 2004 ;Edwards ezal.  1987), $Rifi, ¥
R KA 2R Y A RVE B LA AR TRk RV H, S A S BRI AR BRI B R MR IE . 5 Z el
BREFMEHERRE, B FERABTT A R SRAREMILEE,

2 % x W

AEW, £PR. 200 FRHAERZL EFM. 8 1A, . B m R
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