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5 B (9.5041.03) cm, ZL8E LT 17 ¥4 K
(8.50+0.81) cm.,

Oy M BUE S LT8G 2T 1135, 43904, H
4350 R 0 h(Ch ASASUAT A b B PR AR T ) L6
12, 18, 24, 30, 36, 42H148 h, #4347,
BEAFATS R M, K PR S50 FH fa 4 A T
TR N30 cCHy HLIVIE IR S F2 4 b, B8 SR AR
[E) B, oK 4 i B 3 B R A B 4% -80
CCAR VR, TFHEATRE S, HIJLBH R g
MR AR, RORAAERA B FHLET,
20 °CHAAFREI
1.2 TVBNEZENE

TVBNE & (1090 7 2R FH 2 ot i 2L FG e 0
Z: MR A i, O TR k- L AT A
7 T4 1% B R W S0 A 0.1 mol/LER R b v i I
2 AFOSSHL E AL, B A s B AE &1
T 2 W AT W I A 230 mL, J7K 550 mL, 6
0, Bz Safe, WFE]2 s, 45H 4R 47 ymg
N/100 g, MEHFRELS.0 ght) B8 FE 5 ZFOSSTH 1k
B, JFINA0.S g AR A EE , LK
ERANGEW A, X L&), (U8 AhZEE .
L T B s 7 o M DNy N = = >
FHAcs, ER3K, BOFYEE.

1.3 RN E

A Wy T 1 I D o O R i v, PRI
e . Rl S BT PSRV ik SRE: FREX
2.0 g 5T 50 mLES.LAE T, A 10 mL 0.4 mol/L
A RIE W R, T 3000 r/minEg.0>10 min, | JZ
THWE A2 mLiF AR, BEERRLK,
WA TR, 0.4 mol/Lis SR W
ERTEZIE., N B0 mLE:—& 24 b i) v
FRUEW, TN A300 pL i A R 2 AN R 2 mLid
P B T 7] 9 10 o/LPHIE S0 W, 7E40 °CHY L HAVIE
555 3R A6 R B IR 45 min, SV SERE SR, N
100 pL 25%MY 2K, # 30 min, 2N E %
F5mL, RFBIRA, B mLid0.20 umiE KA A
PUAR & 285 700 AEAh : B0 mLEZ U,
MK A100 pL 2 mol/LE A AR W . 300 uLif
IR S AN A2 mL 10 g/LPHBESIAI . [R5
WE SO AT AR SRR . VORGSR DU S5 Bl AH
ANCIE; WEIHBRAMAEK; WaFHCH0.1 mol/L
CR%E, BHEERYE: 0~7 min, 45%~50%% ) AH
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C; 7~25 min, 50%~10%%ish#HC; 25~35 min,
10%~45% W s M C; 35~45 min, 45%ishAHC;
FEIR40 °C, i 1.0 mL/min, #EFER10 pL, K
W K254 nm,

1.4 HIESH

K FSPSSV 13.05 14, X AN [F] I A i ) T P
Flitg 7K fa  TVBN & 1 AR W) e & i i AT 2143
Brib#, SR ANOVAXTSE 5 45 Rk 477 22 534,
K FDuncan[Cik i 17T 2 8 L #, HULP<0.050 257
W3, P<0.08 2 R %, Kk HKolmogorov-
Smirnovidk XK HE 4T AH O 43 AT B BCHE E AT IE S
SRR, YR IEASE R, Sk H Pearson
P AH OGRS B0 AT A G M4 A, ZEEXCEL L%
ik PSSR

2 R

21 TVBNESEHT

VKRB 25 FNAT BELT B0 hy 4 Fa i 2 P TVBN
125 F 0 14 (5.2120.31) #1(9.08+0.34) mg/100 g
FE30 CCIRENAE T, &AL EEL B TVBN
T TE6~48 I8 A [l 4 TE A7 Fof [h] 1) B 17T 52 AN T 3
ik (B 1), &4 aENTVBNE & M6 hit)
(15.47+0.35) mg/100 g /i 542 hiY(696.51+10.66)
mg/100 g, HA 4 RIAFAE 2R B3 (P<0.05), {H48h
[664.84+12.8 mg/100 g]542 hiy TVBN & A4,
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Fig. 1 Changes on the content of TVBN of H.leucisculus
and E.erythropterus during storage at 30 °C
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The different superscripts in the same line show significant difference
(P<0.05), the same below
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W5 2H 8] 22 5 A 38 (P>0.05); 1 2188 21 B 6 hiry
(25.16+0.6) mg/100 g I %48 hit)(755.42+11.20)
mg/100 g, H:HP6~36 has 4 IH] 777 1. 35 25 57 (P<0.05),
1142 hF136 h'548 ha] £ 7F i 3 2% 55 (P<0.05), %
25 21 868 21 87140 1A P TVBN & 7 44 76 12 hit 8 3
30 mg/100 g, TVBN{ i 73l 4(73.6+3.53)F1(108.06+
2.3) mg/100 g,

YRR A B TVBN S s AT L A B, 7EA
[ SRAERT A 5 R TVBN S 8 B BN [H), g
BABR7E 42 hAF TVBN & AL T & 440, HA T i)
TR T EA(P<0.05)(F 1),

22 HHMIBREETHK

Xif % 2% R LT 868 21 SpK s 4 40 20 2087 (0 hy A
30 °Cilit FE 47 6~48 h, HEF%6 hill i I 4347 9 A4
W e kM., SRR, 2O, WK
Jiie FURS e £ T 0 R v S5 R A HE 5 0 b, 7
VR e R PR B Y e L M R 2 e R A T 31 A1
b 6 b A= Wy e 1A K 2 . A 30 °CHRLEEI fE6
hiE, Lo A YR Re et rp R I 2], 2 5N 5
e, FURE. ik, SRRtk BERERIEE AR, P
i f AR N = S AR W AR R P e e . A
JHg . Wi RS- YR R o B e AR AL KA
(3.77~4.59 mg/kg), HAh £ R = YA bifi B[] 4
T Fh (E 2R 3) . Ak N P B I
ZH R T B TN S - £ B 3 AR 30 hi 36 hi¥ it
M E A, BT8R (572.13+£13.40)(30 h).
(220.09+28.54)(36 h). (66.81+£0.52)(36 h).
(36.62+6.66)(36 h)F1(31.26+0.78) mg/kg(36 h); T
ST G LT B SRR 4 BIAE30. 36, 42848 hith & &
WO R, 4N (729.28+47.97)(36 h) .
(274.88+18.42)(30 h). (158.86+7.48)(42 h).
(36.80+6.66)(36 h)F1(36.19+2.12) mg/kg(48 h), Lt
PR RSP B e A, BRI RSN, LA
LIHELT B

FE AT B () A e v, AT 88 2T B P i A
il R I e o S EAW FA W ESPRY I EE
e & B B AR (E A i S E 4 3 h21.40(6
h)~729.28(36 h)F11.70(6 h)~158.86 mg/kg(42 h), i
B S AR AR 43 51 2R 5.63(6 h)~572.13(30 h)F13.05
(6 h)~66.81 mg/kg (36 h), MIRLIEELT 6112 hiN 4
e Er A%, (HIShEM & TE4, WFE18h
Aof 2T 668 21 6120 e 5 B (137.1043.84) mg/kg, 1M
%5 ANH (22.301.35) mg/kg (P<0.05)(E2F1[K13),

d cd
600 [ e cd
- putrescine bc
5 500 =Ty
?’D ‘g gﬁdﬂqverme
— A%
53 400 histamine
@E —— FEfafE
- octopamine
e300 1 St
== serotonin
g 200 |~ Ml
#H.2 tyramine
s

0 T
0 6 12 18 24 30 36 42 48 54
IFTE]/h time
El2 S£E30CTIERENET
SYREENTK

Fig.2 Changes on biogenic amines of

H.leucisculus during storage at 30 °C
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Fig. 3 Changes on biogenic amines of
E.erythropterus during storage at 30 °C

23 TVBNEEMEYIEKRESESHEAEXM

FE30 °CIAfad FE v, Za £ LT LT ff TVBN
P e R 3R A P e R A AR AR e
AR AR E AR, TVBNAIA [H] 2SR A 4 i 5 sk [a]
TR WG AT 22 5% . TEE D, SHFEAHSC
PER 53 (P<0.01) MK ZTVBN . . gl
Ji& Je A2 i s T AE A g 2T firp AR IR JETVBN,
BER . R SRR . ALREANS-FE R

3 iR
3.1 TVBN{ETERRK & e E B IE N 1555
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Tab.1 The correlation analysis of TVBN and biogenic amines with the storage time of H. Leuciclus and E.erythropterus

Tven | Pl Al il SEE et
putrescine cadaverine histamine putrescine serotonin octopamine

X
EX . T 0.980 0.790 0.860 0.563 0.800 0.327 0.415
H.leucisculus

p 0.000 0.000 0.000 0.002 0.000 0.096 0.032
AR -TaK:]
ALERALEA T 0.980 0.790 0.914 0.721 0.927 0.752 0.460
C.erythropterus.

p 0.000 0.000 0.000 0.000 0.000 0.000 0.016

FRt2, ABE X IR K g HF SRR D X FE S A
TR A G, B R IRK M5 AR 3 5y iz i
FRAF, WA TVBNAY & SRR, 1/ B AT —
M A HBEJE R AR IROK fi, (HZFE T TR K
e K™ BN HERIBAR) iz, KRG
B 25 ALK = s W o A28 K A K
FRFE T A P B T bR K £ % Ok R L G 21
61, FF R IR I AF A3 R P TVBN B 1 A] 5 4 %
PR, P, TVBNE &l U Sk p
1 H PR AR

ARSI K I SR N LT B8 2T B UK EEIRAS T (0 h)
A TVBN 2 243 914 (5.21+0.31) F1(9.08+0.34) mg/
100 g, YW AI 5 fif 1) ok Mg 2 401 (Collichthys
lucidus) )¢ 3k fh.(Harpadon nehereus)(8~13 mg/100
o). BR TSI, Wil RS EATRUAE T
XARAX, WKAREHAERZZLRE,
7 ¥ 7K A0 Kz o] 5286 % . X LR T 37 B
W 3K B DK 8 TV BN & i 7 I -t A 3 b {48
=, QRK I TG 25 85 (Merluccius merluccius)(11.05
mg/100 g). fi&(Scomber scombrus)(22.2 mg/100 g)
T i1 (Sardina pilchardus)(40.50 mg/100 g)F1 2 1
(Mullus barbatus) (58.20 mg/100 g)™, K1, VK
I TVBNIE 1S K5 A . R AR B J7 X%
Rl P

30 mg/100 giY) TVBNS & i 4 i v /K £ f i
55 ) BRI, A [ A AR AR AL A T S5 B
(EL A IR TR TR AN [R] o AR S 6 v e 2% N 21 5 21 B
TVBN& A FIX — S HATFE12 h, X 5HMU
AR RS E 10 b, e Sk 12 hFIR
¥ (Sphyraena barracuda)? A8, k6 T 2P 61 65
(Rastrelliger kanagurta) F W) #IBUH (Lethrinus
miniatus)15 h, T 18 hfll H A 44

2, 11]

(Nemipterus japonicus)iJ21 h* ',
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32 HYREAEETHHLAEARKEMERE
BN R R

ARSI A B IR 2SR 2R 4% R0 88 4T 0 £
R, RGN 3 7 e . 2 e R R file LT B
TERRICAE SR T, AR A A S, 3 i
TEANWIE N, BRULZ A, T8 B R (0 hy#R
B [% 45 (1.85+0.37) mg/100 g; £ %21
(3.48+0.59) mg/100 g) NWiZET; . 20041, X4
JHEANARL J2 i IR U A7 T 8 2% PN T 6 21 610 e Ak P
TR E YIS AL, 5 0 AE B R A A 3 A G
PEo DRI, AT 20 HE TR A A W e 1 Dy 4 2%
FIVCL 868 21 600 7 6 B2 AN I AR W e b, X 5 %
T3k £ FUBE Sk M 2 0 B 5 45 AL, 5/ EE
fti (Larimichthys polyactis)35" A 1 25 A= 1) g 1
W B ek BE (W I 9E 45 SR AR . (RS0 ER G PTE Bl £
(Trichiurus haumela)FFE A= W e R B R . 7 g Fl
BE R, WK A(Oryzias curvinotus) R E A W1 i
A P R e

A S8 I e B LT 468 21 B 7 e 2
¥elEmFaEA, TR S AN aMAE X, WnlEE
HEMHEWAREG, EFEMEMEYEER,
MALEELT e Sh k), s aEtmh TE&
AR E IR, TSR A A S R
MR 2 4 B 25 0, 3 it b 3 A A ) e
B8 A A0 W ML 9 g A= BRTE 3, (Had BE R A
SAFE AR AR BRI R . TEARZ B A,
PR Z N B MW ELZIER . S RAKNY
T e 2 A FEE LR (50 mg/kg)!™, £ I 41 BE 41 B
A RES | A A e b p i R B B R RSk, R
BATAR F i SRR B B 1] 23 50 18136 h BRIt Z
AN, ARSI AN K BRAT 88 21 6010 N 1 -2 €6 7 it
SR T R A A OC M, R, SRRt i
] AR Ay 21668 21 B 6 B 5 A 0 B 1 D 48 A
AT E R, W% 4 o KT 100 mgkg™,
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A W Wi G 2 2 e W A Sy £ 493 7 B Y
PRI, e X T FRGE K Sh & H %
BARUIEAR — o R T AW NIE T HAE WK 7 3
WA, W TR B . R
IO G AR M7 45 A . 412000 mg/kglty 41
21 FE AT 6 (Oncorhynchus mykiss) & i 1Y 45
R, AT AR B 47 375 38 SaE P g A e ]
{8 2 5 4075 X EF (Litopenaeus stylirostris) i B
SRUST A S 5 W £ 1) 20 g e e B IR T
2000 mg/kg. I, A RILP R ARSI &
ML mmins, a6/ Fit—2HE,
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Changes on the contents of total volatile basic nitrogen and biogenic amines in
two common species of freshwater fish, Hemiculter leucisculus and
Erythroculter erythropterus, at high temperature storage

YANG Xiaozhen, ZHANG Jinbiao, ZHAO Liulan, WANG Chun,
YANG Zhigang, HONG Yuhang, CHENG Yongxu"

(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University,
Ministry of Education, Shanghai 201306, China)

Abstract: Hemiculter leucisculus and Erythroculter erythropterus are small fishes which are common freshwater
species in China. They are often fed to aquatic animals, and are also food for humans. In this study, the total
volatile basic nitrogen (TVBN) and nine biogenic amines (cadaverine, putrescine, histamine, tyramine, serotonin,
spermidine, spermine, dopamine and octopamine) of H.leuciclus and E.erythropterus at 30 °C storage were
examined in every 6h for 48h. The correlation analysis of the contents of TVBN or biogenic amines with the
storage time was also evaluated for these two species. The results showed that there were differences in the
contents of biogenic amines and TVBN in H.leucisculus and E.erythropterus. The TVBN contents of H.leuciclus
and E.erythropterus obviously increased with the storage time increasing. The TVBN content of E.erythropterus
was significantly higher than that in H. Leucisculus at all time except at 42 h (P<0.05). The TVBN contents of H.
leucisculus and E.erythropterus exceeded the national edible standard of 30 mg/100 g after 12h. Therefore these
two species were not suitable to eat after 12 h. The four main biogenic amines detected in these two species were
cadaverine, putrescine, tyramine and histamine. The contents of these four biogenic amines increased significantly
with the extension of storage time (P<0.05). The contents of cadaverine and histamine in E.erythropterus were
significantly higher than those in H.leuciclus (P<0.05). The contents of TVBN, cadaverine, putrescine, histamine
and tyramine were found to correlate closely (P<0.01) with the storage time in these two species, and the same
situation was also found for serotonin from E.erythropterus

Key words: Hemiculter leucisculus; Erythroculter erythropterus; high temperature; total volatile basic nitrogen;
biogenic amines; freshness; food safety
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