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1 #HEFE

1.1 SEIg#R

BRFNELT 2021 4F 9 H 45 T 005, 45
JE SEEDVR R T 20 CY¥RErp  SEERT, R RE P
fit 7, WLBR 27 B (KK 195~250 mm, &
59.57~140.87 g). fi 180 B(AH 121~158 mm, f&
i 13.29~22.89 @), 0 AIMEET s FE %, RE
25 C). BiE4 C). BIR(E20 OB R0
W3R, AN EREE, N THE
ZWBAEER, fhigd 3 8, RAHH 208, k1
FI7RN o IR SR ATRE B Sy 0~48 h, [EIBE 6 h
U1k, SEEBURE 9 Uk, YR AR B AT RE S I
0~7d, [HF% 1 dHC T RAE, L8 IR, WUk S5
FERERMINC O 0~7 Jd), FB@ 1 JRIIR 1 ke, RHCs
W o BRSO AR BT BE A7 AL R A AU

x1 HERSBERS

Tab.1 Sample grouping and numbering

Yyl Tt %A S FRA S
species storage conditions treatment group number
EHEQ5 C) 1-1-1 1-1-2 1-1-3
room temperature
O
B B4 C) 2-1-1 212 2-13
Scomber
. . cold temperature
japonicus
B R(-20 C) 3-1-1  3-1-2 3-1-3
freezing temperature
EHEQ5 C) 4-1-1 412 4-13
room temperature
H
o W4 C) 5-1-1  5-12 5-1-3
Engraulis

Jjaponicus cold temperature

B R(-20 C) 6-1-1  6-1-2  6-1-3
freezing temperature

1.2 XWHE

1.2.1 pHUZE ME (EMERLLHE i
pH H I ) (GB 5009.237-2016)1, £5ANFE 5
FRECT g LA, i BT 15 mL 304N, %08
1 4%, BN 9 mL 4K, AL 1 min,
B0 A e VW pHo

122 £YEUE HIKENERLeRE &
Yy L Wy eI 5E ) (GB 5009.208-2016)17 44
FERFREC 1 g LA, $EIREE 1 4 S, R M 8aiAH
s (HPLC) LM e Al . e . SR & & %07
BX 3 FhAE YRR R 20 mg/kg, RS EIKE
HF B 8 A I St e Rt R A 172, B 10 mg/kg
S

1.2.3 #BEMESMERN  SHOEMFRE 2.5 ¢ ML
W, B BT 25 mL BT S gbEE i, HRREE
i, HHE 30 min, FEULAFIERMESIRTEHE
RIFTTF RS, #2780, KRN AR
W HL B A ES A TR . H T BRI S8
W TEVERTE] 60 s, RS E] 100 s, HEAER &
300 mL/min, HLF5rpdf 10 NN, 2 mixt
ALYy . I . HbE . LA SR R A
TRURR, BRI 7 24 B S AR A2 2 R

x2 BTFERNFZARREEYR
Tab.2 Electronic nose sensor name and corresponding
sensitive substance

S

sensitive component

H's IRNARAIR

number name of sensor

1 WIS Xt B BERER sensitive to methane
2 WsS X RS P U
sensitive to oxynitride
3 w3C XE . I5 RO
sensitive to ammonia and aromatic compound
4 W6S YA S AH B sensitive to hydrogen
5 WwsC Xibekes . 5 o U
sensitive to alkane and aromatic compound
6 wicC X 5 7 I UK
sensitive to aromatic compound
7 WIW A o3 (A 55 U=
sensitive to sulphide (hydrogen sulfide, et al)
8 Ww2s Xt ZEERUE sensitive to ethanol
9 W2W - RPIF T . A LR A R
sensitive to aromatic compound and organic
sulfide
10 W3S X hE kR URE sensitive to alkane




55114

EHHEAE: R RN ENOL R T pH L AW S R M AR LR 1389

1.3 #HiEaE
1.3.1 pH ##E (KM Origin2021 KA [F] fif
A TSR BORE B R4S 3 WKF-AT pH 58
BUR AR E I B 22, Dy 22 iR 22l
PrekE
1.3.2 EWBREE KM Origin2021 ¥ A
SEAE SR T AS [RIBORE B TR A5 3 WP AT 4
JURE T M B B AR I T B 25,
PLJT 22 MR ZER L HIIT &

T (R E R 2 ebrdE & Rtk
A ) (GB 2733-2015)" S sl K 7= il 1k P 41
Jie Fr AT O E, BEAh, A S AR A
SRR A 1 R ] B A — A s s R S L, SRt
AR AT ST B . BR 2 B & B A i R 4 s
6], i FH# Origin 2021 XA G AE S T A )
HOAE Bk ] py i L 8865 UL PR AR o v 2L B B i A A A T
Logistic 157317, Fik=Xh:
Al _AZ

1+(X]p
XO
Aorh, YRR BRLIA AR i X IURE RS ]
Xo. A1, Ay, p EEEHSEL

I % 227 07 FI(RSS) 5 H5E RE (R WHU A
SESREATITH, RSS MM/, R BT 1, WA
RO, Rk H1R:

RSS=> (Y, - F)
i=1

Ao, Yo SUL AL A F R R BRI
PR i BRSSO AR, e AR AR
R IR

R =1-L£
DYy
i=l1

Kb, Y OREREMAEAM T 6L SR T kS
RO

133 BRUESEHE B R R Ltk
AUV EICH A ARG P ] P £ B S I B s P AR R AR Ak
e, L5 G T A R I RS e, ORI e Ta]

85~95 s MR A5 4R, 1# ] WinMuster R {4F 114k
P4 $]5 (linear discriminant analysis, LDA)53 4T .

2 ZERESW

2.1 fEELESER. LA pH T
2.1.1 AEMEFEEGETERAA pH TN Qi 1 fr
N, BIEAFAET, HSPILG pH FB{E R 6.05;
T 18 /NS 4 IR B 2= R AR5, T3 pH
4 5.83; BHJS pH P22 EFE, T4 30 /DTG 6 IR
o) Rl e M, JLPAH L, deEE pH
2570 6.51,

R FES IR pH o 6.06, T4 3 KA
4 R M B i A5, LR35 pH K 5.84, Bt
pH £522 EFF, T2 6 RS 7 WHURE) Bk EaE M,
JLFEATE LT, IEEEY) pH 2928 6.51,

W UR: FERWILGF-Y pH 4 6.04, 78 8 JE V%
R pH A /IME B2 1L,
[ — 2B #4F store in room temperature

6.9r ¥ JE A% AT store in cold temperature
6.8 - __ YSUrEAF store in freezing temperature

I 2 3 4 5 6 7 8 9 10
HUREYR B sampling time
Bl 1 RS TELA pH 221G A

Fig. 1 pH changes of Scomber japonicus muscle under
different storage conditions

212 AREESEGTRANA pH T4 WK 2
PR, ISR, FERWIGTY pH hy 6.54,
T 12 /NGB 3 UOBORE R 2 e (IR, A P2
pH N 6.35, BfiJ5 pH #¥2: EFF, T4 30 /NHCGES 6
W BIA R E 1, 25 pH B LENE, B
¥ pH 4174 6.86.

o FESRIIREE pH M 6.52, T45 3 K6
4 YHURR )M 2 eI A5, LR34 pH R 6.36, Bt
pH #52E EJF, T2 6 KRR 7 REURE) B ik e & 1,
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st
BURE VR B sampling time

K2 AFEGEF T ELNLA pH AL
Fig. 2 pH changes of Engraulis japonicus muscle
under different storage conditions

— ZE{RAEAF store in room temperature
— W JEAETE store in cold temperature
— W URFBTE store in freezing temperature

WLPIpH pH of muscle

22 fEfTEESes RIAEYERSETHS NN
22,1 fEAEEEPHRIANEYRSETUSHT

T FESARE . PR RS RAETT 24 h
(HIT 5 URBUREYIG T4 H BR (20 mg/kg); B Jm FR2E I
T&, e R AES 36 /ANBFCEE 7 YRIBURE) T 1R T
g, FRERUE B & mAESS 42 /N CGR 8 WIUHE)
Hif 2 e (B 3a).

o FESh 2N PR | R S AT 3 d (T
4 WHREMR TR IR, BlJERest BT, 4l &=
FESS 4 RCE 5 RIS FFIRE AR e, T RN 8 i

— — —
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| e
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TR AR T Al i/ (mg/kg)
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FESS 6 R(CH 7 WHURE) & BT IR 1 i ke e (B 3b).

BUR: FESAIE . PR RS RAE 8 FE
e R AT A R

K4t oa, b FEHEBIERN R 20K
0.99999. 0.99989, Hyi&ix T 1, dBHMIE ML Xt
SEIAE AL A1 0 R AT

HRYEALL G 1 4 rh A e 7 i 95% A DX ) % 4
Je 2 BRI 400 mg/kg B RS TR] IR AT 5 IIDKS VE RO Al
TN, A5 2 T RNV JE A R T G A A 2o A b WL IR A
Jhie 5 e A i i B 1) 43 5910 24 (27.015+40.125) h Fil
(3.470+0.081) d, M, FRFMHT, datEfr
27 hJG; VAR, fEfE 3 dJn, RTHAEE AR,
LS 2 i 5 i Tl RE L B A o
222 HELSEGEINAEYESETHSSHT

S FESL ARG . R RS EAERT 18 h (T 4 1K
BURE)VE T46 1 PR (20 mg/kg), FfJE 54 Tr, 78
5530 /NS 6 IREURR) FFIn iz iida e, S =
FERT 12 h (Ff 3 YRR T R, Bl S 722 1
Tt BEJSTESS 30 /NI (3 6 YRR )46 B A e
(K 5a),

P REAN T . AL T 43 i E G
3.d (R 4 WHUEE) . Hi 4 d (5 5 WEUEE) . /T 5 d (51
6 UIFEVIE T4 R, Rifife 452k LT, 7656 6 R(GE
7 WHRE) TR 3 FhAE Pl & ok T RS (B 5b).

WUk FERVAHIE . . RS EAE 8

FERE R P A TR R
1600
1400
| — AESER
1200 histamine content
— FEER
cadaverine content
600 - kAR

putrescine content

R HBEFR IR T AL B (mg/kg)

content of biogenic amine in cold temperature

400 F
200 |
0_
0 1 2 3 4 5 6 7 8
BUREYR B sampling time

K3 () FIVE (D) A7 25 1 N ERIILIA v 3 Aol A= Wl 25 i A8 A ]
Fig. 3 Three biogenic amine content change of Scomber japonicus muscle
in room temperature(a) and cold temperature (b)
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EEI .
225 .
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4 IR Q@SB OGRS TR 4L & B2 Logistic 14 £k

Fig. 4 Logistic fitline of histamine content change of Scomber japonicus muscle in room temperature (a) and cold temperature (b)
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S
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Fig. 5 Three biogenic amine content change in Engraulis japonicus muscle in room temperature (a) and cold temperature (b)
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SARALE LT [F25, e B2 LA o - e 5 i R
7 R L £ e A
2.3 EAMESEKRNER LDA 5

{58 LDA b7 AT LI 3 7 O BURE [1) 1) 2 5
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=8 0 . s L .,
m ;é 5_20 i m %2577l residual sum of squares Em_a 5‘:8%  m FREFJ7 AN residual sum of squares

7] N N N » . | % o _ N
®e® 2 4 6 g ®E =06 2 4 6 g

BURE R $Y sampling time BURER %Y sampling time

Kl 6 =il (a) PR () 77 A5 1 T BREJULIA 411 & i 84k Logistic L4 HZk

Fig. 6 Logistic fitline of histamine content change of Engraulis japonicus muscle in room temperature (a) and cold temperature (b)
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Fig.7 Linear Discriminant Analysis (LDA) of Scomber
japonicus electronic nose detection results under
different storage conditions

a. Room temperature; b. Cold temperature;
c. Freezing temperature.
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Fig.8 Linear Discriminant Analysis (LDA) of Engraulis
Jjaponicus electronic nose detection results

under different storage conditions

a. Room temperature; b. Cold temperature;

c. Freezing temperature.
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Jie S ORI, VR 2B B g USRI X 4
HEATHFSE, Pawul-Gruba 281256l 22 17 3 v A 1
sfn i RS JE AT R AR, e B i P AL
WieHe EJE B 3.4~156.4 mg/kg, Mt 100 mg/kg
FIEES R 44y, R KPS (Salmo salar) . R
B RN #E (Sprattus  sprateus) F0 R ) K P 1
(Clupea harengus); Tsai Z524%] 65 185 % 8 17 37 v ##5
i EAT R A AT R I 6.5% & A AL, WRIE
7E 128~288 mg/kg; Park Z&25% ik [ 117 37 v £ 1
RT3 A R A 48.7% B HE i R A A 2H e,
Horp R 4 e B S e, O 70.1 mg/kg, HKGE
fify, A 39.3 mg/kg. i A & B 5 A LR R
i LY 8 TR e e a2, 3F HILTF-# 2 A 0T
FE X G —— R s O IR A, AN, AH SCHE
FE LU [) 0 2 () s 1) 6 b R 3, AR XA, B
o A 0 P 0 24 Wit R A e v A AR R R 5
AT, AW 456 X — 7 I ER R 2
PEAR SR S 1, %o v 2 W iz 10 28 B A 2R 1 S 4
T DL i

V2 ER . H XA LUK ™ A8 = b 4
il 2 e K L e R 5 i 7 T A DG AR, AN RR
(Z2 52 422549 No. 2073/2005) K 5E A Ao Hp 41 g il &
i R 200 mg/kg; T 3 [ AN S AR RE £A. 2K
PR S FRR R 50 mg/kgP®; % i(SanPin
2.3.2.1078-0)HLsE, ik filE | 4 i I (1) 4 i Bt
AR 100 mg/ke®; fEFRE, AR AER
o VB R 1R L B A1 2 K 2 e RN AR  ad
400 mg/kg, HAUMK A% it 200 mg/kg!'™,

H i A= Y e W ik 98 22 U el 32, FH DGR
FE -5 bR AR 32 B X K i R AL A TR
IR, VF 22 I WA A A A A P 2 Y v T
flEWle, WNfkAE 4 CREFAMT, 12 h 4 & i
ik B 41.78 mg/kg, TR B AL A 2 30
mg/kg[zg]o SR B | et By — e Bk, R
J§ e S A= W W T BRI RE R A . ARSI &
B, fEsRE WL R, AR S REEE, P
T2 550 mg/kg, NG RETE 500 mg/kg LT,
RS TS & SRS T 12 h
IRk, ZHI 18 h A TFLAS Ak, Bt S
T 3 d R IF AR ARk, MTALIETESS 4 KA TG

Ak, RIS i R AR AR A B )R A R, 4
T LRSS, LIRS & R — e bR e S 2B
Jie 1 s 2 AR T RE R ORAE AT 11, PR ] LA
B4 T g i S5 A v AL W e 2S5 o A 0 e A o
B IS G

AR A SRR R A, MR R
ZF PR W A AR Iz 1 P e S AR AL B DT R ),
SR 7 He 1) ) ] B S i A TG R rh A
HiE A A R B 22 S B N R, Bae Z500T%HG
IR A m AT ARG I & B R (7 BRI AR )
bR (17.25+0.65)%, 412 B (LR iR $) 5 el
(10.39+0.37)%, 2= S5 PEAS Itk 7 W5 35 G Wb 5 1k 22
Sy W AEC T B S LR A B AT ARG 2 B
H i E MR 5l 8.58%, 1M 4H 4 MR 5 LAY K
3.54%, LA AETE BB EES . PR s
Wy Mg £ 24 2 e 26 B A R 00 A L o 3 A g e
2Bk —2 4328, AT REXT 5 25 i Ak W e 0 28 ) I
i INE DL A Y S b e B S H M E.
33 FERMRESRE

AT R N H B RE 5 AT R AN A] S Y
—iR4y, AWFFEES 3 PR AR TR | 65 5 A A
1o A5 0 Mg £ IR RS WG R AT S, R
TP v 2 e RIS £ 2J (1% it Jo A0 A R 2 4 45 il
PEALPHIE S, Xy A fa e i oA L
) FIE AR o

SRAMT, Y VE B, ASHESE R s 2
AR it AE BBORE o B rh mT BB 2 D AS [R) B 1
PRATHR AT AR, DTS2 M o i AR, S 3
AN TR f 118 65 Wit 85 mT R HH B 22 501, I S AH SR A
FRIEATH N R BB 2, AR Logistic
TR 6T V4 R fit A7 B3 TR0 2 L PR AT BRASE i B 00 5 R
i 3h T 25 R DR AT BE TN T A A7 A o, 5 L 4UAE
% Li 48P Veciana-Nogues 25 Duflos 2554,
Zare %FPEF Arrhenius AR ] SRR
R 12 B AR Y (fuzzy logic model, FLM)#E 37 f) i |
A BE L VDT M AR AR W e B R A A
XA GBI FEAT 0L, DA SR 48 2158 T o o i iR
2 g m AR A BRI 4 i TBURE 1] B T B8 X 2 v
BETRURE 0 BE AT BT #8245 o ASHIF 9T & LA g v Y i
B S AR R T4, U R LIAE N
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Dynamic changes in pH, biogenic amines, and volatile gases in spoiled
high biogenic amine fish
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Abstract: Bioamines play important roles in organisms, including controlling the biosynthesis of nucleic acids and
stabilizing their structure to prevent denaturation. However, excessive intake of bioamines within a short period
can inhibit the detoxification system. Meanwhile, excessive bioamines can damage the human body, even proving
fatal. Pelagic marine fish such as Scomber japonicus and Engraulis japonicus are rich in ornithine, histidine and
other amino acids, and related proteins. However, these compounds are easily decomposed by endogenous and
exogenous enzymes during the storage of fish, resulting in the rapid production of several biogenic amines. Hence,
they are labelled as fish with high biogenic amines. Several pelagic marine fish resources—an indispensable and
important fishery resource in China and even globally—are at risk of high biogenic amine content. Here, we aimed
to investigate the variations in different indicators during the spoilage of high biogenic amine fish and identify
appropriate storage methods for them. S. japonicus and E. japonicus, two important pelagic fishes and typical high
biogenic amine fishes in the eastern coastal areas of China, were selected as research subjects. Different indicators
were assessed during the spoilage process, including pH, biogenic amine content, and volatile gas. Logistic
analysis of biogenic amine content and linear discriminant analysis of volatile gas were performed. We found that
S. japonicus and E. japonicus should not be stored for more than 3 days in cold temperatures (4 C). When S.
Jjaponicus was stored for > 18 h and E. japonicus for > 12 h at room temperature (25 °C), significant changes were
observed in their flavor and safety. Freezing temperature is the suitable storage temperature for S.japonicus and E.
japonicus. Generally, the content of histamine in fish with high biogenic amine is higher than that of other
biogenic amines; however, our study revealed that the content and change rate of cadaverine are higher than that of
histamine in E. japonicus during the spoilage process. Therefore, cadaverine may be used as an indicator of the
spoilage stage of E. japonicus, and detecting cadaverine in certain fish might better reflect the extent of spoilage
compared to solely measuring histamine content. The results of this study provide theoretical support for the
evaluating quality changes and safety control of fish with high biogenic amine. Moreover, they play a crucial role
in early warning aimed at preventing poisoning associated with high biogenic amine fish.
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