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Progress in Analytical Techniques for the Detection of Biological Amines in Aquatic Products
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Abstract: Biogenic amines are a group of low molecular mass nitrogen-containing organic compounds with biological
activity, which are found to be ubiquitous in food rich in protein and amino acids, especially in aquatic products. They are
closely related to spoilage microorganisms. Aquatic products are subject to microbial spoilage during long-term storage
and sale, resulting in the production of biogenic amines such as histamine, which is harmful to the human body, at amounts
exceeding the safety limit. Therefore, there is a need to develop analytical techniques for the detection of biogenic amines.
This paper reviews the samples pretreatment methods and analytical techniques for the detection of biogenic amines in
aquatic products as well as their advantages and disadvantages, and discusses future prospects for the development of
techniques for the detection of biogenic amines. This review is expected to provide technical and methodological support for
the detection of biogenic amines in aquatic products.
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Table1 Information on 14 biogenic amines

FA s ELLH %5 LR MR
il Histamine HIS CHN; 1L15
A SR SHydoxytrypamine  SHT C,H N0 176.22
il Tryptamine TRP CoHN, 160.22
B Tyramine TYP CH,NO 137.18
PRI -Phenylethylamine PEA CH,N 121.18
e Kl Benzylamine BA CHN 107.15
AN L, - .
gl Octopamine 0TP C;H,NO, 153.18
-4 f 1-Phenylethylamine PHET CH,N 121.18
L Dopamine DA CH,NO, 153.18
i Spermine SPM CHyN, 202.34
T Spermidine SPD CHN, 14525
fefite  ACTH Agmatine AGM CH.N, 130.19
JEH Putrescine PUT CH,N, 88.15
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Fig.1  Structural formulae of 14 biological amines
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Jeis PVR-AR BB B AHAEHL (solid phase extraction, SPE) ™
BEAT B R, X2 PSR R AR . Tk R
Mo, (H AR AE DL R e V- VAR DURE 9 4 BV 711 42
Z, BAEE, JRECRIC. FER . ARPTHE L RRAE
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RWOTTERA SR WD A, (H R VR
XPEUG . T ) AR B DL B AR AE T
e, JF ERE SRR FTRUS B A, BT DU RE S 2R AT R Ab
HATLAE AR RGN AL 7y, DB, R e
JiiE R HER R R o X WAERR R e . PR
(1T Ak B R DA Ak P T 8 FH B B AL R R T T RE
RGN | —LORE S AEVIRE I AT A R R
21 B-EEERGE

WA — Rl RO, B T o R
VIR B A N, INTAS 22 AR, H I 3 %
R T ERERAZEN, A PSRN,
W LR A BT AR L . Francisco%1 5% 1 1.0 mol/L
HCUHREL, FFmASTA B ARG mEk. T
Mgk, WA, REEE. TR, AERDWE®
S E MG, A5 A HPLC-5 6 43 T g kG D 3 o (4 s
Jie . EAERE . WE e AR RS R AR, AR

UF R 2 PE, K PRFH E & PR 23 51 290.007 5~1.600 0,
0.230 0~4.900 0 mg/L; [ HiZ 7 iAW 745 —4. 4.
22 CEHAF R JE B A PIREAS h AR W i £ = AT AU
GEREIR: WHEAE—4. 4 CREART Y S8R 2%
AR, WWAFELE22 “C oA N IFEAS AR P & 38
B, U FEARTEARIR 2540 A7 1A R R AR Y I
TERe %% BRI UE B T SR A 4 B - A LA S HL
i AR

22 SPE#

SPEJETE /- M Bl 28 p bl )iz B, 5 vERA
AbFRfE B SRBUSCR A . Jia% Y R FIHLB SPEH:
PRI A 28 PHE IR ST AE TS I AT R i A i, R A
HPLC- ARG I, 127735 ] A3 280 2 B i & W b 2
PR e B, $R S VE R VAR 18 Fhfi
B AN A AT T, AR EIR: BT A
S T EAES I, 83%. T8% 83 %k i v 4 il K6 )
B, PR AEIZ: 44%M50%FE b 43 A il 5
PR NGB G . 4 SPEFR AR B R-REI, Wb T K
AP, e AR AN BT
VZ HIRTALFE 755 . Chang QingyunZ5:™4 1% 1 —FhThfetk
KL A HURESE (TpPa-NO,) #kl, F¥ HAE NSPEA:
B, H T ARSEEE S PR B A G, SREUD RN
TS g/100 mL =& Z BRI EL, IR I PHi
W SATAE AL B, )5 R A B A TpPa-NOL# L 1 SPEAE
AT E AR SR Bk R . B A
A= PURIAG A S T AS ) 56 03 P AR gk AT SR B 52, 45
o, 5 PRSI 5T PR 2R R T B B AR P ke N
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Table 2  Sample pretreatment methods and analytical methods along with detection limits and recoveries for biolamines in food and environmental samples
I FEf W E ) ST fRHIR R 5%k
FAAR 3 (high performance
KOl Pl Bl Mk, TR, Fik. Bk BT TR iiauid chrom;ography, HPLC) - 200.0~300.0 ugkg ~ 90.5~108.3  [36]
EIIRIES

X*%Lﬁgtﬂz%g%%ﬁ%ﬁé}% kR T-TRAER HPLC-5Ob ik 1.0~50.0 ug/L B3.0~1116  [37)

KM WHe The. Che. —Whe Bl g TSN HPLC-HiH5i#% (HPLC tandem mass < o .
ol Hl. RS T BT spectrometry,FI HPLOMSMS) 0 17770ngke 9401100 [38]
Gl Pl p-ACK. Bl Bl K SPE: HPLC-MS/MSi: 0.08~5.00pgl  89.4~1221  [39]
Tl Ml Bk T % SPE: HPLC 0.000 1~0.020 0 ughkg  70.4~1253  [40]

Wik, O Bk T Kok,
3-$%TE§;1%§§~ Véﬁ% ]);igg ﬁligg RIS T SPEi: BYIEHPLCIE ik 50~250 pg/kg 79.6~118.7  [41]
SR B, TR Rk

- G TR ke MK IR X y e AR ~
[l Pl #i. TR H5i% HE Wk B DLLME}: HPLC-HOb T 0.000 005 pg/L 80.0~950  [42]
FElE, P R TR R %g@fﬂ@'ﬁ%g AT B HPLC-H56 5 100~300ugl  812~856  [43]

QuEChERS (guick, easy,
e, PR ARG pAROH. Bl Ol R T mmpmamzm%w7 B A 35-MS/MS 0.5~800.0 ng/L 81.9~99.6  [44]
safe)

Wl Pl Sl ROM. TR, k. Rl R W SRAREEHLE HPLC-MS/MS;i: 0.3~1.0 pg/L 65.5~112.0  [45]

AN R
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0.019 6~0.093 8 mg/kg, J7V%EIFEH80.3%~115.0%,
UE W AT ] & SN A HLHESE (TpPa-NO,) kL xf Wik
I PHE I AT AR B R AP HEERE
2.3 [EFHFMZER (solid phase micro-extraction, SPME) ¥

SPMEVE & — P A 5 BARHEUA /), HRFE. &
ARG BN — BT, EE S RGN (gas
chromatography, GC) XHPLCZ5 & K SLZHLAEZRFE 5 A i
4R . BasheerE ™k b 2% R /2, 4- — R L6 E. R
FE12,4- —REIETEIE . KAGIE2,4- —REFEIEME. 3-FRdE-4-1Y
BRI E/2,4- ZREBEIRE. 2-FR -5 R AL K IS /2,4-
THFERIES P B A B AR S5k}, 945 & HPLCAGN & 1
s . . M. IR, R T
B /2,4 i 2R I 1 ) B A A S SELR) 1A - SPE T
R, mTHEAr-nb, W% E LSRR
AAEF, DR AR P ke i B B ROR B i s Hh#tu-SPE S
7 8 SPERE HURE X A= W i iR B IR, — 3 T v [l Ui 26
¥IZ71%, BIREE@ESPERE AL R R TEA R ZH, H
Ab B R T PP AT A, (HR D TR A AR
AT PRE ], DRI R RS A B . ParchamiZg™
{f FHSPMES B 1L A 15 A i 7 20, SR EURTIN 52 6 =k .
I . B, TR N1 % ~9T %, Z T iE
B4 T T SPMERA, H AR A=W fg i TC F AL AT
A S B RHAGC-MSVEREZIE AR 45 5, EHRE
N, 2 PO ERIR I A R 2, MR ZE 3%, Ui 1%
EIE TR AR
2.4 DLLMEW

DLLME% /& — Fh 3 T 43 U8 U R it T 4k 258 12
AR, %J7ikHRezaeeZ P IE2006 51 iE , 78 AL FEAE S i
FE el FH A LA R EAUN10 pLAE A, MRS, A
AR B, BERR., SRS, HifZ 2w
FoF M . BaniZ5 P2 T T I T8 7 A B A SR AL AT A
DLLME¥:, %7775 L[C,MIM][PF | & T AE N 2 BLA
), FEEPHEBEEATEY, W T BT,
S5 G HPLCVERT I Bt . ok E R i (Tempe.
Budu) FIyb T fGEL R i Efe . Hi. B, TR %
AR I, JE 5 H A SRR E (I DLLMEL L, Hoy
EECRIRT, NT1%~119%, B 77351 A 23 ()40 75
20 min, [C,MIM][PF]& T ZBUAFIN T 100 ul, [Fik
B2 R R . Wojciech%: % \7 DLLME 5 GC-MS/MS
HAR, XAGW. BRI R R
M. Rk, Bl B-2R & 55 A ) i dk A7 3 BOR
TE, GEREW: FTIERECENTI%~101%; HFFEAA
SRS (B AN R, AN [F] 6 2 4RL AR A7 R AR R W i 7 &
AWM ES; FNUEEEREIE RS, SREDIE
& B I R LR R A AR R, EERENE R E
R 2 KRR, SR TR AR R ATk, JFEdE A

Wi (1) K AR AE = AR LR W B s 1207 308 R, R
SE B PR i FR ARG
2.5 QuEChERS:

QuEChERS i 52 75 77 5 [ FH 25 B 1) Be Al b g v ke ok
) — PR ER AR, BARI RS A A S
APY AR R QUEChERSH: ) i M T & f k. 582
BREA AP, R T AR R, BT A b
PESRIRAPE, TEZ A DR f AR LERR R (R B o 2487, T
PAQUEChERSA M A BUF AR o B 2, 2 ikl
it 7 QuEChERSE A, #50 mg C,oF150 mg PSAZ) B
B A AR IERL,  ERE A E B T A TR A e
. BN e, J7iE R 96.6%~103.1%; B
2T T 20 AN 2N A AT I E , S5 R EOR,
B 1Rk, HAR3 P ARV A A RIRR R (R H
Ui A WA B 5 A i AR R T R R3S G i 40 i
TETEAE DG . QUEChERSYALE M i 7K 7= it A1 3 4 U5 118 J o)
i AR TN, A% R FIQUEChERS
%L 5HPLC-MS/MSHIAR, X173 FEHr e /K it A5 P 1
AR B TR 6 PP AR AT, SRR, KA
AT S AN FIRREE AR, AR S R 6 A AR
(1) ek 5 15248 mg/kg, T RS H TR AR BT B AR BE AN [ i
B, %7V IE TR K RN S0 A R R AR
W 1) 5 B 5 R 1 A

3 YRR AT LR

HOAr, A AN TR D K ™ il o AR P ke 1 7 VR AR
%, WHPLC¥. HPLC-MS/MS¥#:. GCi%k. 2 @il
(thin layer chromatography, TLC) . E40% H K
(capillary electrophoresis, CE) . B it (ion
chromatography, 1C) % K& HAL S AWML AR5
3.1  HPLC:

HPLCVEHH T A &5 Rk rfy, BEEMELF, &% AW
R Tk —, Tz s AR T B i R R 2Bk
B SBZGRE . BINGRAE DT BRI, 207kt R R E
E$5GB 5009.208—2016 (£ 24 B K brdfE & i 2k
VNG E ) T B Ak O vk o AR 2 [ XA X
W HPLCHE F AR R il £ ity P 2B e 1) B 07 D705 BRB SR
20054F L {8 FIHPLCZ: 43 B ifilb ™ it i 2L, DI 3
EHK . HPLCYL TR Z R AW AT AL B R /7, e ) 2 I 07
TG W (1 28 AP A Sl i AR BEAIS, BRI AE 3 FH VAR
0 T 00 T 75 0 A B A PR R R RS PR
S AR R EHATAE AT AR, R B, Ak
PRI ARG, HAE B A28 U E — A RE i rh 2 A A )
i 5 E230~40 min. FiHEEEHE 7l RIS 5 R e
8 T A= IIHPLCT %, %77 VA(EGB 5009.208—2016
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JrikEEA AT T s ik, S g/100 mL =5
CRIAT S, I N R B T S R A A A B v A
TR BOR I pHAE N 11, I 5% A P Ik Sk 47407
A G AT SE , BT N24 min, K HPR (limit of
detection, LOD) 40.03~0.10 mg/L. E&M (limit of
quantitation, LOQ) 0.12~0.40 mg/L, JE . #E
i, KPR T fa 4 R b8 Bk, 45K,
TEIX4 Kfar, 8 FiAMIM & RERER, HAH
Jie TN R A e e . PR RIS FHHPLC Ok
GEARTAENEE, ME=Fm. Ao, DA, K,
Wbyt ARER AR, IhASfa 7 P T ]S RO -
Ol RIS M A AT I, R = LR
HCIO AMHCIFHR USR5 iR, S5 g/100 mL=
A CBRAEBUSCR 4, KD ] 2930 min, HAKLODN
0.03~0.10 pg/mL; i i XS 5 FRe & iRz 45 1 SR,
i e ) P T AR A R B B, ELAS TR F £ o)
i, ARV S B EREK, o0 R E RS TR A
A Jo R e PR DR R AR 2k . B
— U ] % 2 i 1 Dy e B ) £ 55 7 T R ) ) —
B ER =) T
3.2 HPLC-MS/MS¥:
HPLC-MS/MSiEAH 5 FHAth 7732 2R 50 B8 =y A DU B
B 5 ELE B AL, IR HREXT S5 M AR AL R P i AT
HHE e e s, Kk, [ HHPLC-MS/MSERE A4
YIRS 3 R #H 95 . Shiono% 5 FJHPLC-MS/MS
o Rt A H SR A . PR B, B-F L
JEHEAT I, {5 g/100 mL =5 £ B k47 $2 HL,
Py-Tagik /I fiT 4615 min, 43 H7A[EH13.5 min, LOQA
0.2~40.0 ng/mL, A5 FHi% J70E3 A f AR £ PR Sk 4
FE b B oy AEAT 3 Rl sE, AR EoR, Z Tk
EE RS HE T BEASEEEEN, W%
3T FH T R 0 R ) R PR R s R R 2
WHARN LT atet, YT, fafE, argd
4 FAEYIEHEATIGE M, S5 RBOR, 35%FEAKS H 2 AN g
Jiie, 13%FEAKEH e, 10%FEA K HB-2 2, Ff ol
FSRIE 77 T2 [ 22 57 G 850t i £ A 72 wh AR W 1 2
AR . VFEEES R T 4 14 R AT
B 23 BT FJHPLC-MS/MSHS I 7925, 1207 1548 1S mg/mL
(1) 5 - itk 35k 7K A7 R Vs I I N S8 A B /N Bk DA BRAT T 85 7 v
HEATHREL, SR IINAARAR 73501 % 1 25 R I S & I Vv T
4210 min, KT ) A 15 ming I 5 920 BRI £
FAEH, i, B SEEATRN, ORI A T E AR
TEXSRG . WASRG. PRSI, e, v, g
A0 AR, H A& & <4.15 mg/kg, @KTEH
FRUE IR EAr e, UiAHm S, e, . 68
FE AR I F S e P R AL T 432 IRERELE 20

35 CL4MTREL. 9dIREARER, KT8, K
o f, H SR 9 B ARG, R FPriME HLB SPE
FE ¥4k 3R FFHPLC-MS/MSH M, % )7 ILOD N
5 ng/kg, LOQA1S pg/kg, A% N80.5%~109.5%:;
20 CHE9 dRIFEA AW S &I INA K, W35 C
MEMBEAR T AR, . BRESENNRZ, &
800~5 000 mg/kg, PAJGLJE AR o, 150 D U iR i 5 7K
PR A BEEC R, IR, PRE. E
Ji R LA RO 0K 77 o R B R R s vk R
AIET HARHAT A, Witk TRIUACSER, KK
TE T TR B A, B R ERR K, HPLC-MS/MS
FEARLEAG I K 7= b 28 5 o IR AR P g T 2= 45 2 Tz A

RN R FH AT 55
33 GCi:

GCiERA i B, SRk H AR e b <AL [ RR
mio Hwang2$"SR FGCYAM e IR R, Bl fa fo
il i R 2E R B T P i, A S A A B e R
BEHEAT A, DA1,9-F REAE 9 AR HEAT BRI IE,
JiiEWILODAS mglg, FiE ., dR Rk 3 FiAEY)
JHe, Ukt R, R A S B
Hild T E S ~10 %, VR R A ETTEL RN T R ER
Hra, CER K, A85HiEE. Li ChenghuiZ:
B3 LB K TiO,. MnO,. ZnOFISiO, N4 & M g i e
e, W, =W, 2. BT ML OISR
RHHE SRR, RILGIK SIO, 38 35 F i i, @i |
il 2 T4 K S10, 4% 2 B A It BHLES T8 - 0 1/ B R S
HIEEGCR &, R Z TR IGCI a8, &
ST S R RV W % ik I GCARE I 7 %, LOD R
1.8~4.4 ug; [ FHZ 7200 0 NS UE 45 hif i 0
ST, SRR, =R A TR ) e
KR IEA DG %71 mT Sy RIS ) ) #2880 fif i 2 it — Fof
I 7 2
34  GC-MS¥:

GC-MSVEREGCER FECAMSHI 7%, HEka 4
PR TR e, A GCHMGC-MSIfH 23 T
Bl ChungZ5 ¢ H10.5 mol/L HC1432 YRHHL, IR
FISPMEZE & GC-MSH: 1299 ANt A (F£89 Fh i)
. W =W R EAY), SRR, P
BREA R CELRE B 0 R R 25 3G = H %
AV, S EN5~3500 mg/kg: —PREATRHH
f%, &8 N64~320 mg/kg; 85%FEA AL H = H %,
HEREA RS BT 000 mg/kg; fE6 2t = F )
TR, FFEEEH TS S ENRE, B RIE
BT = W SR A D A £ E e A rh s o P U s ) A
Iy RN WA RS . GC-MSYE R Th N R T b R
VR RREI, SRS FY T G ) T — R = 4N AT B A
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(COF-DL229) SIFEAM NS A 1M 4T 4EAISPMERS,
I 4B GC-MS Fil Tl S FH 71 47 10 7 2 2 i RS e 1)
W, LODZHIMRZE0.01. 1 pg/L: EHIZITIED Hr i
3 P A B R SRS I, S5 RN, RO EEA
51.72~75.56 ug/L, F&HE& 8 N41.58~124.55 png/L, %
ERAEDNEIRIN BT RE T #1771

3.5 TLC¥:

TLCHEE R EMT 7 BHEARPUE S B e fE e
BT HTRE S BRI, DRGS0 BT 4 SR MR LK
IR e 5 T - R VM) SR P B = @ — SR AL Bk
KEEEABEME STICIELG S, A B —FK™fdh
SH e i B R e B DR I 7 v, R Image TR
o BT 45 S5 O R 1 S5 UE I T R AT I B TR TR
SR f e R RGeS, R o Eia
PIIR 050, PIIR IR AILODIK 2 18.75 mg/kg, %A
BEEAT BT AL PR R AT TR P S LR R i, R RK
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