55 17% 456 el TR Vol. 17 No. 6
2026 4F 3 H Journal of Food Safety & Quality Mar. , 2026

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20251029010

SIRMER: RER, B, TREX, 5. DAYV ED S EEAIRH M) 857 & s R, 2026,
17(6): 311-319.

WU JX, LI JJ, WANG ZY, et al. Evaluation of cold-chain freshness in fish and shrimp with biogenic amines as markers [J].
Journal of Food Safety & Quality, 2026, 17(6): 311-319. (in Chinese with English abstract).

VA b IR e Bt S B ERE CEiT

Fam, Faa 2L LaE kad nEsE!
(1. AR iR 5 TR, K7™ W BB SRR e 5 i B S %,
JERE 102206 2. T MARIE IR RG], M 510535)

W E: B8y @7 LUEYIIE (biogenic amine, BA)AFR YA HE NN HT BN Tk, AR DB (-
K BT 1% 1 (liquid chromatography-tandem mass spectrometry, LC-MS/MS), & i3 WLIAS [R] 0 58E 2514 T ¥4 v e
£, oK RIS FRER T H BA (BT R]- B 8h3, -5 4L (histamine, HIS) . 4% (tryptamine, TRY) . &
(putrescine, PUT), J' ¥ (cadaverine, CAD)FI1 = H i (trimethylamine, TMA) % 15 Z Fl 5 & i (spermine, SPM), i
Kl (spermidine, SPD) % ¥ 2 A FLAEAE SN TR KL, K AL = i (trimethylamine oxide, TMAO) %15
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Evaluation of cold-chain freshness in fish and shrimp with biogenic
amines as markers

WU Jian-Xin"", LI Jia-Jia"", WANG Zong-Yi'", MA Xiao-Tong',
ZHANG Wei-Qing”, MEN Jia-Qian'
(1. College of Food Science and Engineering, Beijing University of Agriculture, Beijing Key Laboratory of Detection and

Control for Harmful Microorganisms and Pesticide Residues in Agricultural Products, Beijing 102206, China;
2. Guangzhou Hexin Instruments Co., Ltd., Guangzhou 510535, China)

ABSTRACT: Objective To establish a method for evaluating the freshness of cold-chain fish and shrimp using
biogenic amines (BA) as markers. Methods Liquid chromatography-tandem mass spectrometry (LC-MS/MS) was

applied to monitor the time-dependent concentration dynamics of BA in frozen hairtail, chilled sea bass and frozen
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shrimp under different storage conditions. The spoilage index was defined as the ratio of the sum of histamine (HIS),

tryptamine (TRY), putrescine (PUT), cadaverine (CAD) and trimethylamine (TMA) to the sum of spermine (SPM)

and spermidine (SPD). The umami index was defined as the ratio of trimethylamine oxide (TMAO) content to the

sum of SPD and SPM. These indices were used to evaluate the freshness of cold-chain fish and shrimp. Sensory

evaluation was also conducted concurrently. Results

It was shown that 94.4% agreement between the spoilage

index method and sensory evaluation for freshness ratings of the 3 kinds of representative samples and the umami

index could provide complementary information on umami substance retention, serving as an important supplement

to the spoilage index. Conclusion The freshness evaluation method, utilizing BA as a marker and defining both the

spoilage index and umami index, provides a more comprehensive and objective basis for assessing the freshness and

quality monitoring of related products.

KEY WORDS: biogenic amines; freshness evaluation; liquid chromatography-tandem mass spectrometry;

cold-chain fish and shrimp
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KR AREENEIRRZ —, & 5 EEN .
i 2 22 AN R U R 2 e iy S 21 YA £ T 2 4g)
i R A R L B P R T, T A R
K, KRS ZeEiEsR SRR dzs T
Pz P K KA SR . P TR e
PIACHHE BR AR, ARG R Pl B R A S WO AR R
AN, R RC T R, s — b &
HERfR B 5C T 7K™ SO BTN ik, R ORI ™ S B fe . 4
SR ol A e ki HoA FEE R L

BRT, 7K b i BN B A ik A BE T
W R YR R A AR BR A B VA e )y ik B AR
A8 S B K il BT = A A, (H 5 A A B AR R, R
IR YN G SR BR A, i LA 2 B AT I 8 21755 X 2
R g SR U A R EAL PR R o, ST AT
TR MY K H . BB 1 0 Y 4 R M 3k R A (total
volatile basic nitrogen, TVB-N)LA K 45 <& i AE ¥ 1 78 BB
SIS AR, BEIEW, B2 0T 5Bk
PR R ——J71H, LA . 256 MR B fh 4
(AN e k) . J WORR B2 [ 40 7 i (cadaverine, CAD) ., Ji&
(putrescine, PUT) S FN] A XU i JoT (A fisg i 49 ot 4804k — H
) R AT 2 e e B 5 B U0 W, Rk —Fhg
R 2 Y0 P R W 5 R A R PR HL A T A IR
BN HEE,

Wl (biogenic amine, BA)JE— 28 5ty 17 B & LR
Jid 22 PR e £ 5 1y A S — B S Ak A 1) R
P HAr 45 m] 43 PUT. CAD. ¥ (spermine, SPM)5%
feifg; W& (tyramine, TYR). 2-7E Z % (2-phenethylamine,
2-PHE). Z [ ¥ (dopamine, DA)FIF I (benzylamine, BEN)
ZEFTR VA S 2 M (histamine, HIS), {6 (tryptamine, TRY)5%

ZRIRELT S SR PUT, CAD 45 BA &k b7, R 5T
LRI RN, T TYR ., HIS 257K b i — e i 4
YIRS, AT K 7 o e PO 22 VR 8 IR P AN 4
Fro XHATR= M S, =B M (trimethylamine, TMA)/Z i A%,
fio Rk R F RN, KA W A e = O
(trimethylamine oxide, TMAO)N| 2B E A LR Y L, — &
BRI S A AR S R A TR DA OE R (BELE 28
BA Ky J5 i MELL S B TMAO . = H % (trimethylamine,
TMA)F1 — H Jfi¢(dimethylamine, DMA) 5% I, BA #£47 [R5
U 53 U WOAE 5T S S TR AR AN RE [ A
W, MELAGSTH . 255 HUITA 7™ S A R S I

AT FE AR M %o A T A A R Y
VAT 6 3% - BB I 3% 32 R (liquid  chromatography-tandem
mass spectrometry, LC-MS/MS)TJ [5] 45 Kl 035 TMA |
TMAO TEN Rt iF i Z25h BAPIRYEEY, it R G0 44
WR P S EAS [R5 2% 1 T WG T WS 7AE 6 BA (R I (] - 2 F2 5l
&, MEmE LT BA HPREY MR BTN TR R, Tk
— 2G5 G IBCE VR X PE O i B B AN A G AT R A
AT 7 — o B WL LA B B Sy 4 TR Y B 5 B B R
Hror e, SAORE DG O 0T A I ) 4R A — N D R
M 387

1 MR5RE%

1.1 M5

P HE AR A (R /NGUE )

HIS, PUT. CAD. WA (spermidine, SPD), SPM,
2-PHE . TRY . 1,7- — 4 % P# %% (1,7-diaminoheptane,
DAHA)[ 21 [ = 98%, V4% 3 B8 L 27 (i) R 5 A BRA
Al]; BT Wz (agmatine, AGM), BEN(ZfifE =98%, i
HEYIRHE AT IR FD); % 44 (octopamine, OA). 5-F i i
(5-hydroxytryptamine, 5-HT)(Zlif& =98%, JtiZ3EER



46

RAERK, FE DUA I A AR S v B f MR BT A 313

HBRAF); DMA(4LE = 98%, Jtatdb iyl it& 5 AR
B ); TMA(4L B = 98%, 1 B A o 4 R WF & o );
TMAO(ZL i = 98%, |16 22 1% B tH A 1l 1 AR Il 55 BR 2
®l); W& % (tyramine, TYR) . DA . — H 3t % -d6
(dimethylamine-d6, DMA-d6)(4L & = 98%, bV F[Hi T 4=
R A AT BRA FD); S . HEE . R . IE Cbe(f i al,
bt g A B A B F]); JUSBUK B2 (nonafluoropentanoic
acid, NFPA) (4 =98%, ¥ FitkE bR A BRA A,
1.2 UBEE5EF

LC-TQ 5200 B AH {033 - B I 3543 [T 4 R I 55 HHL 15
(electrospray ionization, ESI)£§ il X MassSeeker 4 b 3
RENT MR B R F); Water XSELECTTM
HSS T3 #:(150 mmx2.1 mm, 3.5 um, [E Waters 22 H]);
Centrifuge 5810R B5.L:HL(FE[E Eppendorf /A F); IKA MS 3
basic iR HETR )% (FEE KA 23 #]); FSH-2 & 3 i AL (Al 4%
B IR E AR A BR A FD); FW100 S i LR At T
ZEHT M B4 TR A F]); BSA224S-CW L T4 K5O B8
0.01 mg, JbatFELRIWRlFIUERA PR F]); Heal Force i
LK ML R TR R A D).

1.3 WAL
1.3.1 BA #9#an]

S22 SR ki T, BARIER IR ERAR
ISZIRE AL 1.0 g0 % 0.1 mg) T 50 mL B5.045H, A
100 pL JFi & H ¥ 100 pg/mL ) DMA-d6 1 DAHA 1Y
WIRME ST, RSB WOS, INA 10 mL &
1% (VIV)HERFT 80% (VNV)Z ISk W, BT ¥R,
i 773k B ARBUR, DL 9500~10500 r/min %5 H IR 30 s,
e LB R, B EROHLEP, Ll 8000 r/min Y5 i B
L5 min, FIEBERE 50 mL AT, S — HRg
10 mL [F#FRREUE 1) 50 mL .08 eIk 30 s, WHVER
BIAJE S A R SR M .08 T, WE 30 s, 8000 r/min
B0 5 min, FHFPIRIEEUR, FH 1% (V) H R K 7% 1
ERZBZE 2 mL BT 10 mL B0 H, iITA 3 mL
IECEE, WEERS, 8, fRRaaEE, 7R LRIEC
Be, FIZREGRGE 0.22 pm AHLIEMLE 2 mL B.L&EH.
HER LI 1.00 mL 33 B35 ARE R AL R 51 BA FRUETR G IR,
A3 HIANA 100 pL 50 mmol/L ¥ NFPA /K¥AWK, iWiEiRA,
ZMSCHR[2610 5 241, SR LC-MS/MS il 16 fl BA
(ifea
1.32 RREEBREL T E-BA 453 545 e

RAEAZE S5 N 4R 7S BA BEIE RS (] 5 78 AR Ak Sk
T sh A AR, AR RE ST TARMEAL AT AL B . #%
R, DKEE TR RS RIM B R, AR,
BCEAEFIL, 4% 13,105k, 200 TR A T IE 0.
8. 16, 24, 36, 48 h i BA AU Ak, T 4 °C&UTH

[k 1 dE—wR, Wi o~15d BA f& &ALk, T-18°C
AT RS dDE—K, W 0~30 d BA & B fkiE
. HALKIANELE, BPHELTATINE 3 K.
133 BEFN

et GB/T 37062—2018 {AK ™ i B IFM R ), 4T
TEF IR T BA B E] - 2 3h 2 W0 SE 50 A i, [RI
AT E TR PR i RE PR 10 44 2l BB PR B I8 1R
2EA BURE T /N, E AR BRI ST T
ffr, H 6 IR PNt AR 10 &2 2585 RN,
DI 3, R EEE . Fba s b idmah e . ¥
G507 3 A, 3 AR R | R TR S AR S,
PUEEFERUE S Vg A e o b A NER S S S TR A
[FIAE A L 2 B8N 51 1 S A R s o R ™ EE A o, T 4351
ich 2 M3,

1.4 HUuEALIE

B R &£ . 2 E M a4 BT MassSeeker
V1.01.16-19 BB R G AT . FrA LI BE 3 4~ar
WAEYFEE, BARESTATIE 3 IR, 45 R LLF- B
HEmZEZRIN . BB 551 Fr i Excel 2021 #H47,
[&1H 181 FH] Origin 2018 2l .

2 HRED

2.1 AREMEEZET BA fITE-&SEsh7AS 0
2.1.1 FEREMHT BAYKNR-2EHE

HIPE 1 AT, FERIRICHEOAROE S, i SRR
th HIS. TYR. PUT il CAD ¥ BL7E 8 h N &AHXRRRE,
8~16 h W&l FT, 16 h )5 FIHERISSE,; HHalEl”
W 48 h4500)5, HIS. TYR. PUT 1 CAD By & & 43 il i
1.01, 1.47, 11.10 1 24.28 mg/kg K & 11.64, 318.90,
605.30 A1 1359.40 mg/kg; HifafEl ik 48 h 455,
CAD, PUT, HIS # TYR M & &5 6.69. 7.83. 0.56
F10.53 mg/kg # K 3 1968.1.,770.3.356.5 1 325.9 mg/kg;
HAEFNE, $9arElmE 16 hiF, HIS SEE®BiT
GB 2733—2015 { &ML & E R fE B Rk Kr=
i) FUE A PR R 200 mg/kg. WRATAENHE 48 h 455,
HIS. TYR. PUT #l CAD &4l 0.51. 1.01, 8.09
H111.99 mg/kg #4143 10.82.,241.90.,626.40 1 1304.30 mg/kg;
Witn | B FIIR{ A 2-PHE 7€ 0 h ¥R 3], I
PE A R PP R SEAS . FEITRE 16 h B, 3 5 A9 2-PHE & kb
SR 1.74.5.41 F1 2.33 mg/kg, BHIGHFSEIGK, 7 48 h
B4 lliE 3] 123.60. 54.67 F1 60.36 mg/kg; fif Bkpy it
TMAO 5EMY BT TMA % & A B L, 7 8 h
B R 5T TMAO & i N B, A R I KA ™ Py I ok ) It
TMA W& & Bt 3 Pk I 16 h B TMAO F&f#
BB 90%, P FPI IR TMAO & 5 (2557.70 mg/kg)it
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Bl 1 YBURiEfa(a). PKEEDS ()R VRIF ()£ # IR T BA &8 (b

Fig.1 Changes in BA content of frozen striped bass (a), chilled sea bass (b) and frozen shrimp (c) under ambient storage conditions

BT Efa(551.10 mg/kg)FIEM~(98.74 mg/ke), S 48 h 1
TMA FR8 (17134 mg/kg). SPD. SPM., BEN fl DMA
% BA S eGSR AR fR /D, T OAL DAL 5-HT,
AGM F1 TRY 5§ BA KAKH . AFEKZ BT BA &
BHAR, #EKHEEHN AR, K, PUT,.CAD. TYR #1 TMA
) Sk Bt o T B ] ) S R 3K IR B 0K, HIS Al 2-PHE
B AR RS, Wittt HIS & A Kl R 2K T
IR =, 3 16 h i HIS &+ 0 #at 200 mg/ke.
212 AEEHT BAONE-2EHNS

B & 2 AT, 4 °CIV R, BA 138K ORI B/
Hrp, i TMA S EAEN RIS K EHE, HHASE
6 d IR K, A TMA FEH 177.30 mgkg WK £
2942.30 mg/kg, I TMAO HI &GS 6 d J5 s AR,
i1 2557.70 mg/kg IR 60.76 mg/kg; Hk, PUT B Kb,
&Rl 11.10 mg/kg WK & 123.90 mg/kg; HIS \ TYR #1 CAD
AR NHEAAE{L; SPD. SPM. BEN fll DMA &4
Kt E, B E, Ha BA K. #BA17 M5
RTIGRSE, VS REIMIA], fakEd PUT. CAD F TYR &84k
B, SPD M SPM % i B Mb V42, X AN A R A
—3, fffarh BA AR ka5 e B A F], S A

WBEIUN TMA &1, B 23.32 mg/kg 3K % 1023.10 mg/ke,
Hipfarh TMA SEAHE, &ifadh TMA W R 8/ T
fh, {H PUT &RAIE KL, B 7.83 mgkg KR
535.40 mg/kg, MUF P& b B/ PUT, &t
8.09 mg/kg WK ZFE 278.37 mg/kg, HIUE TMA &, H
39.01 mg/kg K % 161.40 mg/kg, TMAO SHAESS 12 d T
AR I, | 162.20 mg/kg FFEZE 55.90 mg/kg; HIS . TYR
1 CAD WA T ZE 450 15.89, 95.08 Al 76.37 mg/kg,
HAg BA M b /B fa AR —5, 7R
A BA MIREATREE, 774 BA MRZEYIFEIER A
MBI AP, 76 4 °CF G BRI Y P RE B /3 g
IET R
AKEMT BAWRNE-223 4

HH I 3 AT, fE-18 CCAMF RV 30 d M, BR
2-PHE. TRY. OA. DA. 5-HT Fl AGM Kt iigh, HA
Ak BA & EAREE, XaT6E R 2 EFAERRE
MR, MRS PEZ B W i, 2 BRI R S
DR . B, IR BA B4
HIVE P ZEI i FR v, PUT F1 CAD HAA 4y B S8 o2
fhiady, Hp, W PUT Ml CAD MK I A —3,

2.13
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Fig.2 Changes in BA content of frozen striped bass (a), chilled sea bass (b) and frozen shrimp (c) under storage conditions at 4 °C

(@) 3500 (b) 700
3000
2500
% 2000k
)
160
&
< 60
40
20
0 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
s i) /d A A /d
© 140
120
100
=
= 80
&
5 60
Q1
éc 40
m
20
0

At al/d

B3 Y UREf(a). VKRG (b) IR IR " (c)fE-18 *CIH A4 T BA &tk
Fig.3 Changes in BA content of frozen striped bass (a), chilled sea bass (b) and frozen shrimp (c) under storage conditions at —18 °C
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3B 11.10 mg/kg 1 24.28 mg/kg WK % 64.28 mg/kg
M 74.85 mg/kg, TYR MK IRM, FWHSE R & &
6.14 mg/kg, TMA Fl TMAO S5 50k | BEEREDIACHY
BA TEI T TR v B g A 1 8, (AR IR AR RN
AR BA 1R AT e EAGR [R], [RIAESE PUT
1 CAD i 5 A i A8 4k, 5 farh PUT Fl CAD 91
KFBE3 1 59.04 F159.66 mg/kg, #F{~F PUT #1 CAD
W) e 2 BB 451 58.81 mg/kg Fl 63.38 mg/kg, TYR 4
K, 2510 2.67 mg/kg Fl 4.51 mg/kg, B ZRK™SHTE
b e300 ) B fofi M K9 HIS A TYR & AL, {H PUT
Fl CAD 1) BARBH AR AN W] 240
2.2 BA AREPHFEEEIFNIEHANE X

h 58 A% 8 B — R AR FE 25 A PR K T OB R B S
o T R R, AT AET M ST MR R TE L,
FEIRIAL SIS VOB B 5 SR A BRI 0 o AR
TIE IR T BA IR i Sh AR, AR AR
HIS. TYR.PUT il CAD, PIJ EEIEEY T TMARZ S, &
FIRAFAE HE k452 SPD I SPM IS [, 5E SCHTEMES
B, WA, KRR TMAOPY Y SPD Al
SPM Wy fritz b, & SR tERAEE, WA(Q2).
. (HIS+TYR +PUT + CAD + TMA) & & &

I 1
L (SPD+SPM) & M
N TMAOS &
eV = : 2
R (SPD+SPM )it 41 it @)

AWFFE BRI T HIRE A T BA MR- 25
ZSHiZR(® 1), $6%) HIS., TRY. PUT., CAD F1 TMA A%
FEUR N A R AEACE 5 B AP s, LR TMAO
ORGSR B TR AR 0 T s WX AT
JEORTRIE 4)J We 5ORI £ R R S0 LA, A R 43 R I A
VEMH . SRJE, WETaaas 2 0 4Rt a5 A T8 B 5 R 25
TR EEM S REE DITE— X, B E T
BOTERSG BE TE RS R B B e — B B . 25
P 3 FhLIORE M TE R IR S T BA BB R -S 23, KE
WCAR B SE IR R, 4328 3 A0, WLk 2.

23 BEEITFMER

FERISHT, X3 Fokr™ 8 E 21T T 90, B
APPSR BRE AN, T T R T MR, NG
b SR 7S TR — A ot B e ] A 22204k, B 4 0, 8., 16, 24,
32, 48 h I B0 A R — R TPATHE G . B
DI s R R R (7R L T b B S ST 7] 1% A Ak 43531
W 4~6 FF7R, 3 BloKT™ S WG B IS ] P SEC, FE Y €6
FENARG A MEEZETRE . KL, ZBRRR, X—4F
AT e SRR Ak . WA AR DL R e o e R
K, MR AR S S B A P v P 0 2 A e
PUT 1 CAD WIFRE . [RIE, #8500y Bttt A e p) i) K% .

Sk, FENR 24 h S B HTAE AR AR XA TR Y
ARAE T EE T E P MERVE A VLA SR A R LA SR
LZNAWE I PO NI 27 N
F1 RFHE, KiEsEE ., SRIM-EZREH TR ER
BEITRIEEIFRLER(n=3)
Table 1 Results of index ratings and sensory ratings of frozen

scallops, chilled sea bass and frozen shrimps stored at ambient
conditions for different periods of time (N=3)

A b AW EMORE ERE ik EIREE AL
ST W R eI PR ®
0 6.79 2 2 55.90 1
8.00 2 2 41.80 1
B 16 10.80 3 3 29.50 1
W 24 13.10 3 3 0.91 3
32 4320 3 3 0.86 3
48 70.40 3 3 0.81 3
0 2.07 1 1 26.60 1
2.84 1 2 25.10 1
vkEE 16 14.20 3 3 1.13 3
fififh 24 49.80 3 3 0.83 3
32 149.00 3 3 0.85 3
48 173.00 3 3 0.74 3
0 3.94 1 1 13.00 1
5.08 2 2 12.80 1
WY 16 87.00 3 3 2.39 3
M- 24 120.00 3 3 1.48 3
32 157.00 3 3 1.62 3
48 194.00 3 3 1.56 3

a1 WARREHEE; 2 MRS 3 ™ EA K, b 1 MR
M2 RS 3 AFREALE. TR,
*2 BLEIFNIEHHEETER

Table 2 Value range of evaluation indexes at various levels

NEiERA i Wt B (G (AR
HUEE SR HUEE e
0~5(%) 1 100~10(%) 1
5~20(F%) 2 10~5(5%) 2
20~0 3 5~0 3

32h 48h
B 4 AU AR AR T BRI R B A 3% . b AR L

Fig.4 Changes in color and texture of frozen striped bass with
prolonged storage time under ambient conditions
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P 5 it i 78 A T A R []SE 4< 7 €78
Btk

Fig.5 Changes in color and texture of chilled sea bass with
prolonged storage time under ambient conditions

Bl 6 v URUR e AT I RS [ S 4 7 78
Bt

Fig.6 Changes in color and texture of frozen shrimp with prolonged
storage time under ambient conditions

I BA YIS [E]- 5 S S SRR AT 3 R SE R AR AL Y
T IAC i D B R 5 25 ) 0 (LA 0 R AR IR 12,
EPN SR, TR 1, SRR EE PN S

SBWARBOT MR, A3, —BRRER 94.4%BRIK
it 40 76 S IR AHAE 8 h UL IRA—B0), WM TS s SUE
GG S R W B ik PPN B SR A T R . X —
J5 IR T MR B0 — R & Wik ik T H., RBA %08
A A R B PR D0 — O, AR R
YN HIS B F2R W i CAD | PUT BIfE S8 FrAf L,
VL 0 3 4 Ay 22 AT 5 WA Tl 0 T ) P P 8 D
TERE . PRI, REASEE A . SERRUE MU 7 b AR
W B, RIS g4 U T BERAEHOT, T LA H 2 IR
16 h PIAYRAAf, 8 h PRI KSR 5 fRIER ., SRR
TMAO -EFFE R, 7 24 h Bl 16 h PRI E 2k
BRI, SERRTEFONA R ik B 1) PEAN SR T SR K A 5 )RR
THER, TENEMEREESAN T, (8 TA T IETE M 4t
& EIY R —AE VA e A S M Rl e, IR RE LA S 2
ARG T AR SC A AR & T, SO B R 2 B T R —
BRRPEAN A R TS A 1 . SR M E R BdE 72
24 ErHmBIRA

H T (1 8 FiABE IR~ SRR, S B UEAT RS
DU, A i ST AR 48 B506F 7= i R A G 5 2R T AR,
FEG T BA M B RSB REERNE 3 R ER, THHE
IR T SR G HIS B AR B S, O A R AR
(ND~5.36 mg/kg)o I FH BG4 5 B oA 48 BOHEAT 40 B R, 8
TP A5 f 07 S BT B BRSSP 22 5. b, 3 6 B
ERCFEM T, iS4 F e B, BkOJ . eI IE
AR BOTRA | G, /NEACAFNTE £ B H T MHE FOF
g2 B FEEEBRAEEOTE, 455 R IR 1 %, H,
TRl RIRK D fa  EERR R BOPCN 2 G, 25 SRR,
AT AL G PEAN 8 BORE 5 A RUX 3 T 65 A S £ 07
PR T R B S 2, ANASCRT DAAR v o B A £ 7 i, R RE
i 37 BT TR R R S R A IR AE R B

®3 WEAHSINTRE BA REYEEBEITNER

Table 3 Results of freshness evaluation of commercially available cold-chain fish and shrimp products with BAs as markers

BgE| HIM- fif Tk INEEAE R i ta I g fh SERaE: il
HIS ND ND 0.73 5.36 0.60 0.69 0.90 0.72
TYR 0.94 ND 0.50 3.73 ND ND 0.72 ND
PUT 17.71 19.59 16.37 27.34 14.79 18.21 19.01 18.64
BA CAD 13.41 11.81 13.75 54.10 11.50 11.71 15.20 14.42
/(mg/kg) TMA 13.32 17.66 40.08 92.80 11.68 3173 25.92 150.90
SPD 9.88 9.90 11.26 13.40 6.41 15.30 14.04 8.12
SPM 4.46 19.74 11.03 17.02 8.10 29.29 26.19 15.68
TMAO 69.61 478.00 407.20 468.50 73.84 238.60 396.00 292.90
JE AR EL 3.16 1.66 3.20 6.03 2.66 1.40 1.53 7.76
JE VR BT 1 1 1 2 1 1 1 2
S 4.85 16.10 18.30 15.40 5.09 5.35 9.84 12.30
R TE BT 2 1 1 1 2 2 1 1

T: ND R Afe i o
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