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PCR-DGGE Analysis of Microbial Community Composition and Preservation of Crucian Carp during Storage

LI Xiuxiu, ZENG Weiwei, LU Zhaoxin, BIE Xiaomei, ZHAO Haizhen, ZHANG Chong, LU Fengxia*
(College of Food and Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The microbial community structure of crucian carp was studied by polymerase chain reaction-amplification
and denaturing gradient gel electrophorsis (PCR-DGGE) during storage at 4 ‘C. Meanwhile, in order to use it for the
preservation of crucian carp, the antimicrobial effect of antimicrobial lipopeptide was evaluated through the determination
of total bacterial counts, total volatile basic nitrogen (TVB-N), pH and thiobarbituric acid (TBA). The results showed
that the microbial community of crucian carp was diverse during storage. Specifically, Aeromonas sp., Pseudomonas sp.,
Acinetobacter sp. and Brochothrix thermosphacta were the main spoilage microorganisms, and Pseudomonas
fluorescens was the dominant spoilage microorganism in the flesh of the fish, while Lactococcus raffinolactis,
Comamonas sp. and Aeromonas sp. were the main spoilage microorganisms in the gill. These results also indicated
that although the microbial community compositions in the flesh and gill of crucian carp were different, but they
showed a similar trend during storage. On the other hand, the antimicrobial lipopeptide at different concentrations
significantly inhibited the increase of total bacterial counts, TVB-N, pH and TBA. The lipopeptide at a concentration of
67 608 TU/mL extended the shelf-life of crucian carp by up to 6 days during storage at 4 ‘C. All these findings demonstrated
that the antimicrobial lipopeptide can significantly inhibit the growth of spoilage microorganisms in crucian carp, thus being
a promising preservative.

Key words: crucian carp; spoilage bacteria; polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE);
antimicrobial lipopeptide; preservation

DOI:10.7506/spkx1002-6630-201705045

g 32K5: TS254.4 SCERFR GRS A E S 1002-6630 (2017) 05-0274-07

Wk H H: 2016-08-12

FEWH: PR EERHESCETRITE (2015BAD16B04)

&N 57 (1992—) , L, WiLwtsisE, 5 mAsmiAEY . E-mail: 2014108044 @njau.edu.cn
HMEEEE: BRAE (1963—) , &, #F, WL, R EMMED SEYH A . E-mail: lufengxia@njau.edu.cn



XA IS Emilt= 2017, Vol.38, No.05 275
515 f R

5575, WY, MICH, A5 60 f e AR Sk 0 A AHPCR-DGGE /- AT S L B 8 AR B [0]. & B, 2017, 38(5):
274-280. DOI:10.7506/spkx1002-6630-201705045.  http://www.spkx.net.cn

LI Xiuxiu, ZENG Weiwei, LU Zhaoxin, et al. PCR-DGGE analysis of microbial community composition and preservation
of crucian carp during storage[J]. Food Science, 2017, 38(5): 274-280. (in Chinese with English abstract) DOI:10.7506/

spkx1002-6630-201705045.  http://www.spkx.net.cn

i R E AL G R KL, KRR T &%RKa
AiAl. R ERFEE, SH. K AR, &R
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W E B TR S EEm, HEA 2P RAE R &
PR, (A 2R SSRGS R R A ok
H & MG HIRCEYD, DL A B 1 g A IR 7 AL S5
FEivggm, Hrh Ay RGN EE R R Hi,
W9 H ST T 1 AR G, R S04 B R 8 B 5 AR A TSR R
FH L PR B8 08 A R AR P AR I DR T, K
it L. W asdm. B I AR A R S K R
FIFER TR AR IA R SC B B B & g 3 DA M Aofs P Tt
FLYK (polymerase chain reaction-amplification and denaturing
gradient gel electrophorsis, PCR-DGGE) & 7t 2E W
WH IR G R RN THREEAR, ATRLE R, B
PR A T Hb o T Ik 2 AL B B TR S5 . B A
TR 2 Wt FON %0 A it F Sk o A R R . H
AT DGGEFLARAE 7K™ it 58 W0 B 1 45 4 23+ Hh 1) 82 F B L 8
%, RSt R AR PR R IR b L B ARG . A7
IR e 5o R A A IR A S L, BRI A
Koo JEMCRE s, e R OREE T AR iR AR e A )
A A KR, TR

BT, KPR EFHR 3 BH A RIREE . SR
Al 2 OR O SR R A, (B DL B RORAEAE SR AR
ARV LB IR R RO 2 2 i B A I R 22
4 TENAEMREE R ARSZE] T AN Z k. iE
ik (lipopeptide) &4 —FRHZFHIAF R (Bacillus sp.) 1
I AEAZ AR IR & B (non-ribosomal peptide synthetases,
NRPSs) & B A o R B i P 0 I 0k 28 O AR g™
Yy, Hamh s —ANEAT~10 MEIERR A AN EENR
i (Co~Cp) HMHIHAARRL, HABE IR U
WL ZAeTE. FE AR, TR R
— PR, R AR R AR B, R
I H B T R RS H AT B IR K O
B OREE R RO, P R T R
K JE AR EETE o BLE VR K 7 R D T [ PR I A
DLARIE . ARSI R FIPCR-DGGEH A, W 7t il £ Ji o
FEr R ARAR AL, T 8 AR D R 1 3 AR 4 I
R, PRS0 B AR O 800 £ B JES R BE VR, B AE N B TE e
JRAE 7K 77 DR v 1) 82 AR A

1 MEERE

L1 MEERH

iV B (300~400 g) 1T 7 5 TH & X Bk T E
TR, PEHINTL IR AT .

B M Bacillus amyloliquefaciens ES-2-4, NASZE =
i BRI EARE TR FRE3 ¢ EERL0 g,
A5 gv BEIE18 go /K1 000 mL, pH 7.0; “FAR @t
gtk AT AR ARA R AT .

MgO. TR, IR (B srral) | Mk, W
B EAEIM A ERAF .

1.2 5w

5084REIHA R E OHL B EEppendorf Al fm
AR KEA A KBRS A R AR PCRY G
FEURFrAA s AKX MERE A  RERE
JT#k) ;. Dcode DGGEHLVK R4t (BLAH B RIE R G
EKEAESAA; AHAFEN EInterscience s 7] 5
3-StarpHil  SEEOrionAH] .

1.3 J5ik
131 B SENE

MR TIT S I 5 i ) 0 T A A 1) S [R) P 3 3% B S
I E, Ml mSk B, fEJC R A& T JC B ) 40
W25 gf RIFE S (Fr M, ) BT IwEBmEd,
FEIA225 mL%50.1% 8 F RI0.85% I A2 #E#h K # 5 B
10 gfu 6 B T B BT MA90 mL70.1% 8 H R
0.85% AL EL KA, NI ML 52 min. H A
EZHEGB 4789.2—2010 (&t PAMAYFRE Wik
SEED) .

132  #ERMESREFApHER N &

P M B % (total volatile basic nitrogen,
TVB-N) % EGB/T 5009.44—2003 (A5 PJ5 fh DA
FRUERI AT ) b BRI AT E -

10 g SN 100 mL & 364 5 5 1) 2818 /K I2 3
30 min, 985 UERAE &L IEFIAL IE J5 1#13-Star B pH T
HEATIE -

1.3.3  FEHUDNARIFE AL EE

FE TG B R LA & v GBS 70 43 3 BT LA 25 g
BT HA50 mLE0.1% 5 HHRF10.85% 1) A 3 Eh /K 1 T8
WA, MEE10 g T3 A25 mL%0.1% & H R
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0.85% M)A FER/KIK LR B H, 42 min. 200 H
EATE IS, AN25 mLAEBRER K, JEW1 000 r/min
0210 min, EYCHE, JEH10 000 r/min i 0>10 min, I
FIEW, DUEIIANS mLIEE W ZE K, 10 000 r/min &L
10 min, 2% bBiEW, PUEEIFET 1 mL TE buffer F & T
—20 CHMFTF&H-
134 S DNARHEEL

% [ Omega /A 7] 41 1 5 [A 2 DN A S B 71 5 1) 5 vk
B, PEIVHTR SDNA, I 2% B Ta bR e i F bk e il
PERUHR .
1.3.5 PCRY

22 R EOR S O 12 R F S SUPCR Y 18 ) 1 11 PA)
TR £ f7 48 P 40 B B B 16SIDNA V3 X . B 15418
16 S tDNA, BI¥N27FFI1492R; 25 HV3IX, IE[A
51945 34 40GC I T-11338F (5'-CGC CCG CCG CGC
GCG GCG GGC GGG GCG GGG GCA CGG GGG CAC-
3", &IFE¥~518R (5'-ATT ACC GCA GCT GCT
GG-3") . ASEIA s hAE T AEM TR (L
S BRA T A . ZE25e 5T 4HTE 116S tDNAMIV3IX F
BATPCRY M . B2 VXY Y LASE 150 16S (DNAY 1
FEVIREREL00 5 )5 I P= AR . Hi %634 1 JE B ddH, 0%
BRIV BB AT 8. § A R . 0.25 pLig
Tag DNAB &, 10X buffer (Mg> Plus) 5 uL, dNTP
(%2.5 mmol/L) 4 uL, 5[¥%1 uL, B4 pL, *b
ddH,0434.75 pL. § 3854 38 %4594 'C. 5 min;
94 ‘C. 1 min, 55 C. 1 min, 72 C. 2 min, ¥
30 ¥; 72 °C 8 min. PCRF=4)FH 1% 55 Hi b i FE A«
13.6 “HHEDGGE

il £ £8P RN 6 b 1 B DG GE 4 12 i Chen
HuibinZE"Iff 7736 n LAk . Bk v SRAH8%
149 58 TR 0 IOk g e Pz, AR PR FE 38 % ~55% (100% 11
YR JREA2 g+ WK 40 mL/100 mL) o SELTE
Biorad Dcode DGGEHLIKAX 47, [FEEALS puL, 1
HLIK RGEHLE6S V, HHE60 C41F R HK I A 13.5 he
HL UK 25 5 3 1 Fr #ESYBR Green [ 144 {430 min & L
W, ERJEE R G # 4 LA R, R A Quantity One
BAE BT BN
1.3.7 gk RIS Ry

TELAMT FA S kE N R BREATUHE, H
W24 440, N1 mLELESF, HA40 uLEH
ddH,0, #58F, B T4 CHRMATEREM. B EREYL
DNAVE W2 pLE A#iAR, PA338F (JEGCH,KF) FIS18R
YER 51, HEATPCRY 1. HLS L PCR/™¥), Bifldhl
KA A P R R R . RIARPCRA Y, K HPCRIE IR
Mgk T Atk . S 4L PCR &R 2IPMD19-T#
A, AL DHSo/EAZ AN, K PR e B AR b T AR

VTR (R BROEERARNT. W7 ERE 24 A
FEAME16S rDNAKERF F B 74, BENCBI (www.
ncbi.nlm.nih.gov/blast/) &M 745

1.3.8  PUEA i AKTE 8 0 rp LA R P

1.3.8.1  HUmHERKHIHI %

Bacillus amyloliquefaciens BS-2-47= 31 1 lg kA 42
WINI53% 2 (fengycins)  RIMIGMH 2 (surfactins)
APAEE T & Cituring) BITRAW™ . PUE 8K % 5
EZHSCHR201 9 AF B A S 58 = (R ¥ Bacillus
amyloliquefaciens ES-2-44%F T8 R PAD I g % 7%
R b, 37 CREFEM P %24 hif LB A, BB S
(TR P A T3 B P T RS PR AR BPY B FR B 1 = A
37 ‘C+ 180 r/minZk T 157524 hifil loFp 7. Fh-F i LA
A% FEF R T Landy K 5 72k 1, £33 °C. 180 r/min
FAF N REE36 hJE U, 9 000 r/min5 0215 minfd 2 #
&, FHHCLE EiEWOE T pHIE 22, SR )5 B sh ol #
1EF4 C4M4 R 12 h, #J59 000 r/min 0> 10 mind4E DT
E, TIN60% ) LB $E (L850 mLI KB, A
1 mLi60%1 Z.8%) , FFNaOHH A1, 10 000 r/min 2.
10 minfU B35, SRS PUR IR PR 46 6% W . FF LA
Nisinflhr#E4), FHRUN (077 1 € &AM R R
1.3.8.2 BT i JDROGT 0 Fe0 i T3 WL AT 11 e /I 4400 T AR 400
S

T T8 2 B0 B AR A LU AR R T A R A s
RINN TR 96 FLI I 1~11%, HFLAIN100 uL, 2512
LA B XS R SE R T H K. B 5 5L 100 pL
W N10°~10° CFU/MLIZ e B IR B A 0 B
R R LA o W, B EIRS . R AR G
R0 h¥IOD gy M8, SRJEH596 FLAR B T37 CHE 74 b 85
724 hJ5 K24 h#ODgs fEH o T EEO hHJODs , fEH
24 hff1OD g0 o fH, AN #3 HZ P B AR A 1D S5 /0N 00 181 94
(minimal inhibitory concentration, MIC) .
1.3.8.3  AN[EIAR FEPT B N JAOGT ) e 1) PR 6 5 2R

¥ — % B AP PR IKES-2-4 ¥ ff 76 76 B /K ¥
W, R HIE ) N67 608, 32 359. 2239, 1 820.
1 157 TU/mL 50 R HE IR OR BT o 5 i i) #11 i Sk B0O0E
2%, 3k, RWME, HEHE/KMETEERT, 2
AL R RIS AL 6 AN . 43 S FEAH B RN 67 608
32359, 2239, 1820, 1 157 IU/mLH70 T g ik f 26
B30 min, PHPFK, WABILHE A H R E
FokFE e, IR E (41 C, &E2d
HUREBEAT B 7% A 8. TVB-N{H . pH{H AREAC B b 2 iR
(thiobarbituric acid, TBA) #E4x[IE, TBAES
ZICER[12]77%%, 45 R UL % (malondialdehyde,
MDA) it, HALRIRN: mg MDA/kg.
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2 HRES DGGEZ & R un & 177~ . DGGERE AN A 2% 77
REANF R AEDINE, KR MURMAE Y E
2.1 Sl e S IR) A R v e S R PR AR AL M2, BMREMENHEBRZ. AELTUE
Bl WA R T R B R t, PR R SRR U R S A B E R,
NI &= i D
Tablel Changes in microbial and physicochemical properties of AN [ 25 R TR S A 45 SR AR 2.
crucian carp during storage at 4 C
— 2 DGGE 3 g
e BvEAS (g (CFU/g) ) TVB-N{ti/ T f 2 S : ?i%.gﬁflﬁl&jﬂm??iﬁ%
perteon T T pH (mg N/100 g) ‘able equence lysis of sele ands in
0 3.81+0.06"  5.85+0.11"  6.2340.03  9.42+0.69° %'y BBk ¥y ARE%
2 425 i0‘19‘c’ 6.86J_r0.07‘c’ 6‘08J_r0‘012‘ 10.56i0.72: 1 Lactococcus sp. TSB94 JQ864364.1 100
MmN gt e s e
8 67240003 849+4010° 7274009  2137+0.11" i L”“”"”""”Scmﬁi""l‘””s strain PT120 ';TRI 12?:56;1 1;90
[ N R [ B - omamonas sp.
VE : [FF R NG FREAFER R ZE R EE (P <0.05) 5 Vagococeus sp. SVI6 INO29833.1 9
FHF 1 0] CLE B, 0 0 i 1 Ta) 12 68 ch 4] 46 &6 AH 6 Brochothrix thermosphacta strain KSN1 KC346293.1 99
RECH (5854001 (g (CRUIp ) AT ] AdeohcwpOVOves  kkmouann o5
e a2 eromonas sp. FPW1 KT7 .1 1
A i) ?f:ﬂ) (3.81£0.06) (lg ( CFU/g) ) . A 9 Brochothrix thermosphacta strain B13  KT767854.1 100
TEEOR 2 (6.38+0.15) (lg <CFU/g) ) 10 Aeromonas sp. RW175 KT216589.1 99
L2t [ Sobrve b MU BU B 6 4 806 (lg (CFUI) ) i Acinetobacter sp. KUT-26 KTO25238.1 99
1 6 1) B B HOE 2R C 365 (6.8640.07) L e AVARS2 NI 99
N N 3 eromonas sp. .
(1g (CFU/g) ) ; #l A M¥I 46 pHIE ~6.23+0.03,
~ A 14 Pseudomonas sp. WD11 LC034144.1 99
TR IEREALRE A TSR, 25 15 Pseudomonas sp.LB184 FR675976.1 96
HFEARN D MpHE XA — N B AR, Bk 16 Psychrobacter pulmonis strain WD817  KR856350.1 99
)ﬁprEJi@J64O +0.12, ﬁﬁﬁ%]}&)ﬁﬁﬂﬁiu727 +0.09; i; Aerom]:)nasdveronii S;’ain WX153415 i;igéigéi 32
. N . . seuaomonas jiuorescens .
TVB-Nsz % A lﬁ—\% E&E 1’% <3 % 11'5 AT El/‘] ﬁﬁi}m % ’ 19 Psychrobacter pulmonis strain WD817 KR856350.1 99
05 AT DU R 28T W Fe A . S I TVB-NT 20 Citrobacter freundii strain: JCM 24064 AB3548829.1 92
VIGHE N (9.4240.69) mg N/100 g, Fifi 5 I j 1] [a] 21 Shewanella sp. KJ922527.1 99
WA, TVB-NUURBUN, SEMEANTVBN 2 Seedap Xm0 o
. . ostridium sartagoforme strain BG- .
{Eﬁi” (1887i130) mg N/100 g @ME/ﬁﬁﬁiu 24 Pseudomonas sp. 2-2 KJ936911.1 99

(21.37£0.11) mg N/100 g.
2.2 RO R R A R A

0A 2A4A 6A 8A

0B 2B4B 6B 8B

0A. 2A. 4A. 6A. SAZHIF RENEPY (A, ff) 764 CIHH

A FEE0. 24 4. 6. SKIIDGGERiE%; 0B. 2B. 4B. 6B. 8B4l

PR RS CIPAEIE R0, 24 4. 6. 8RIMIDGGERIHE: LAk

G5 HRIXNL 1~2450 KB &t g S, 53R 53R
EH1 #&afd CRETIERMAEINDGGERE

DGGE fingerprinting of PCR products of DNA extracted from

crucian carp stored at 4 C

Fig. 1

B LR] 0, ) f f A 46 TR A 2 B 2 HOIE iR
SER AT, UUIAEY) B A Rm 2 R 2 di,
AR R B R R, %3y 4. S, A alE THT
WEALERE R (Lactococcus raffinolactis) « MEHRI0EE
(Comamonas sp.) FISERE J& (Vagococcus sp.) . BEFE
I TR] R SE S, 56 d B J3E W 26 s 25173 40 ST R,
A HE S A BRT A 77 ) S A S5 FR AN 3 S A ) X
MK EFEIMUE IS8R A3, 4. 5 H LIRS 1) %%
ir, BRI ORS8RI I S R
ALK, EEB LB E SR EE R, 6. 11, 13,
15, 18+ 22852 AE Wk o AT I 28 i i B, 3 s
THARRLEE (Brochothrix thermosphacta)  ANHFFH
J& (Acinetobacter sp.) " HHLWIE (Aeromonas sp.) «
B MEJE (Pseudomonas sp.) 4 FLIKH B
(Shewanella sp.) , HZ4718. 6. 10, 1147 HEM
P AT, NHEWISHREKW, RWEMWE
SARHAHAL, X EGramECTHREE BILE (specific
spoilage organism, SSO) FERAHSTF: 65 R 757~ i
WA R AR D, S R AR B0, (BAE



278 2017, Vol.38, No.05

B5oiltl F

7 it JEE s R A 2T o R 2 AT . T 2% 107K R L B
J& (Aeromonas sp.) M54 ) 2 & WO HIERAFAE, Ul
A A A Sl £ T OIS 1) B I 2 — . PR, B E
HPHEE. ARRLEE. RERE B EE RN
4 °C e 0 £ £ PR PR 32 2 FS ISCRRTARE , 9 I B B o il £
ot A PR 3 R TR

1 SEDGGE R i 5 8 WDGGE B I A e A4 [l . £
BRI AR LA S 12 1625515k, o hlE Tig ek
W& (Vagococcus sp.) W& J& (Enterobacter sp.)
FIREA KT @ (Psychrobacter pulmonis) o W2i2 d4kis
6+ 10 11, 14, 18AMSEHT, K5, 12, 167K,
Ui I A PR R AR AR A, 18 TR TR AR i B e AN
WE Vo T i 4 T A B T Sz B4 o Bl N TR AR RE G
W e T T A S U U B R R4 6 d A8 d
I, 26473, 4. 8. 10, 244 TEETHPRE, 4 AR
FHEAERE B (Lactococcus raffinolactis) MR H
J& (Comamonas sp.)  SEMEE. RPEMEE, Ho
3. 4L LOMIRSEATT, e FREFLIRE . BB
J& -~ SRR R 4 C i AL SR R . B S
St 14, 185CHI I, AT RE 2 F I S U0 L 5 8 4 B A ok
A3 0 TR Aot SCEE BT SR AR AR KA I, A B R 0 B R AR T
AR S E, U B AR B B R B I o e I U B R — 4
BfEHE A S ES,

R3I  Weafpiasd CFEN R b AR L T
Table3 Similarity of bacterial diversity between flesh and grill of
crucian carp
%
di'5s O0A  2A  4A  6A 8A OB 2B 4B 6B 8B
0A 100.0 473 17.3 320 353 13.1 245 317 153 215
2A 473 100.0 30.6 329 312 132 285 224 290 444
4A 173 30.6 100.0 61.1 42.1 31.0 763 200 17.0 31.1
6A 320 329 61.1 1000 426 246 583 269 212 369
8A 353 312 421 426 1000 33.0 486 89 124 182
0B 13.1 132 31.0 246 33.0 1000 27.3 109 149 12.7
2B 245 285 763 583 48.6 273 100.0 204 183 31.3
4B 31.7 224 200 269 89 109 204 1000 542 59.1
6B 153 29.0 17.0 212 124 149 183 542 1000 77.7
8B 215 444 31.1 369 182 127 31.3 59.1 77.7 100.0

e G5 5 g

IRIEDGGE B 1 o AN R i AN 7] 4% 5 (11580 5 S 7%
B, SHAEANFE B 0 261 B R AT 40 B B TA 2 R AT
FH R3] 50, M) £ f PR R B B 7R AN [R5 s 3T AR AUl A
Ko il f0 PRI R B R B8 4 FA MU 2% S R 2R 6 R AH
IR, N61.1%; i ) £ £ S8 7 J W 2% 45 SR 6 R 5 1
T S 155 8 e R Bt 181777 %o 0 £ 71 ) L 10 58 7E ) 4
RIS W 2 AR PRI AR B 3 AS 3 23 AR 13.1% F021.2%, 3K
ARG R Oy i 5 4 RS B LU e 2, S R R
IKIRE R A R

2.3 HUEE IR FRORT ) £ R TR (1 40 A AR

45 5 DGGEH A I 52 56 45 S A7 3 45 1 Hh 43 25 ) )
AR B 0 B R R B . OR R AR
WS AF R, JEH TR AR RMICH &, 45 Rk
4R

R4 DU f BB FMIC

Table4 MIC of antimicrobial lipopeptide for inhibition of spoilage
bacteria in crucian carp
e TR mpmm Favrm Akgen
MIC/ (IU/mL) 1175 1175 1175 115

FHR4T] L, 70 M ot £ Hh f £ 38 JE W 244 k)
PERL, st SR R 22 8 FIMICH: /N 9115 TU/mL, X%
PR S B AR B IMICH) 41 175 TU/mL.
2.4 B R IR B OR A RLCR

x5 4 CHEBEHTARGCEG PR EDRREL
Changes in microbial counts of crucian carp during storage at4 ‘C
et e diiv] WENEE (g (CFUlg) )
(IU/mL) 0d 24 4d 6d 8d
o 52341004 672+0.11°  7.62+0.10C 8.57+0.05° 8.70+0.08"
1157 476047 583%0.10"  6.64+0.12C  7.95+0.04" 83240117
1820 495+0.13F  5.69£0.03°  649+0.03C  7.84£0.09"  8.0740.09"
2239 4572004 5514002" 6.10£0.11°C 742+0.18% 7.87+0.12"
32359 4014002 4.64£0.10° 5841003 6.67£022%  7.5740.19%
67 608 3724019 433£0.07°  549+0.10°  5.65+058"  7.39+0.08"
o RPN ZRAFARRZEREE (P <005 ; FITHEFRS S
REARFFERZREE (P <0.05).

Table 5

ST 51, M A67 608, 32 359, 2 239,
1 820+ 1 157 TU/mL B H0 R Mg Ik 0t 6 £o 35 45 1R 4 1) £
i R, FLBE B O I O, A Ak R R O T 1
o RN TT B i KXo FE 4 80 8 7 55 2 K B TR R BUA #)
6.72 (lg (CFU/g) ) , B E S hr e e 3%
A6 (lg (CFU/g) ), TN T 16 e Ik i b 21 40
TE 55 2 0K B Vi o 5038 A O [ SR b 1 T R ) T VR B
6 (lg (CFU/g) ) . fEH4RFRZM N67 608 TU/mLA!
32359 IU/mLIFJACFRH A, HoAhZH 257 ik [ S bm o o R e
I 7% %6 (Ig (CFU/g) ) o TR 67 608 TU/mL
(147 40 38 2 7E 55 8 K TR v Ao B8 R I L SR v v R E T B R
MH6 (g (CFU/g) ) .

=

——67 608 IU/mL  —=— 32 359 [U/mL
—-1820IU/mL  —1 157 IU/mL
——2239TU/mL — X}

W

_— = NN W
S L O

TVB-N{&/ (mg N/100 g)
W

8

(=]

=)
)
~
=)

JE- BRI 1E/d
2 4 CHBRFM T AFIB) AL E AN 1 TVB-NE L
Fig.2  Changes in TVB-N of crucian carp during storage at 4 C
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