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Methodological comparison of determination of biogenic amines in
fermented wines by high performance liquid chromatography with
fluorescence and diode array detectors
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ABSTRACT: Objective To compare the analytical performance of high performance liquid chromatography with
fluorescence detector and high performance liquid chromatography with diode array detector for determination of 9
kinds of biogenic amines in fermented wines. Methods Under identical pretreatment and chromatographic

conditions, both methods were applied to determine 9 kinds of biogenic amines in fermented wines. A comprehensive
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evaluation was conducted based on linear range, sensitivity, precision, recovery and resistance to interference.

Results Both methods exhibited good linearity (r2>0.9986) within the 1-50 pg/mL range, with precision (<3.00%)

and accuracy meeting detection requirements. The fluorescence detection method exhibited higher sensitivity than the

diode array detection method for most biogenic amines, with a detection limit as low as 0.05 pg/mL; however, its

sensitivity for histamine, octopamine, and tyramine was comparable to that of the diode array detection method; The

diode array detection method provided a more uniform response across different biogenic amines, whereas the

fluorescence detection method demonstrates superior resistance to interference in complex matrices.. Conclusion The

high performance liquid chromatography-fluorescence detector is suitable for high-sensitivity detection of trace biogenic

amines, whereas high performance liquid chromatography-diode array detector holds practical value for balanced screening

and routine analysis of multiple biogenic amines.

KEY WORDS: biogenic amines; high performance liquid chromatography; fluorescence detection; diode array detection
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PR AL

H A, AU 5 5% Fl HPLC-FLD Fl HPLC-DAD
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1 #MRERE

1.1 &R, TR
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Plus C,g {635 4:(250 mmx4.6 mm, 5 pm)( At 50l B LR A
B2\ FD); BSA224S HL - KF-(F5 2 0.1 mg, L at3€ 2RI R
FAURE PR A 7]); Allegra X-30 B0 LD 758 IR 4528 w]);
Auto EVA 80 FATH AR (B RHMY A A BR /A Fl); NP-308S 15
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I 1 P A UK (AR B TIT R 2 A B AT B A Wl Mlli-Q
P2l 7K R G (T T R 5 2 ) )

@OREEERRER . p-ARCIMERIRER | IR R ER | 7t
MRtk . HRERTREL . WRGERIREL | WML . AR
ERIRER NS MR BRERARUE A (LB BE>97%, JbatHilk it A
AR, PHEEBEE(ZERE 99%, FIgBTHo T A AR i

WEBRATD;, B, Wl R EEal, SEEZER i
IRBHEA T, IKCHR . 2K (G Tal, R RER T RHEE Ak 2
A PR W) BRER AN . RIREN . RSk SAkEh .
B2 oy Mral, BRNAAL TAT IR |, 525 K 58 1
7K, i MIL-Q 7 4 B 7K 2R 405 (1 ) R e 2 ) )l 45

U S T B AN [ o o TR
1.2 tRERRECH)

G HER PR O ER R E | - Ot | R
MREL . P EERIREL | ANERIREL . WEMERIREL . Skl



46

BEAR, % WRORAR G- K R AE M 5 AS D25 RGN A IR0 v 2 W I 1) 05 0 2 LA 353

BRER . TASRCER IR | R e R MR R A v b I = 4 A BT
10 mL/MEdRHR, F 50 mmol/L BV A ARG A4 2 10 mL
PO, EAEEZIEL, WA, Bl BT RN
1.0 mg/mL [ ERFRFRHERE &AW o 4 BIHETR TR 2.5 mL 4%
A= W BB R BRI A VAR TR — > 25 mL 8,
50 mmol/L R ER ZZIE, 1841, Bl AL 100 ug/mL
VIR IEIR G R, BT 4 CCUKFR BT -

WERIFRER 1,7 “&IEH e, 3,3 - &I AR
25 mg, 4rHIET 10 mL /e, I 50 mmol/L MRV
BMEHAE 25 mL iR OA R, ERELEL, 175,
T T MR B R 1.0 mg/mL (9 PIATAT HERE AV . TR
5 mL AW ARG A VAR, BT 10 mL BRI,
50 mmol/L EhFRVEBUE A5 B ZIIELR, IRAT, Bl EY
[ AR TARI(500 pg/mL), BT 4 *CUKHIfAT
1.3 HRELE
1.3.1 A&HRAE

MR 1| mL REEEIRFE, BT 15 mL BL0EH,
A 50 uL 500 pg/mL AEHEMNAR LAEM . 3 mL 50 mmol/L
PRV, TREIRS), 10000 r/min 2.0 2 min, ISR ARGHL.
1.3.2 BEAERA4A

R 4 mL HEE, 4 mL 7K. 4 mL 50 mmol/L g%
TG L 55 PHES T 20 # I A 28 BURE, R ORFRIBIE, A
S LR AR, WA, R 2 mL K, 2 mL FEE
WBEERZe, T, HEFIIIA 4 mL 0.2% 5 EAL4N- FP B ok
WiF 15 mL 208, Yl A 0.25 mL 1 mol/L #EER%
W, 182D, 45 CCARIBHP AR E 0.25 mL 247, W bRisiid:.
133 4744

AL P IIA 0.5 mL M FIBRFR SANIR , #VKE 1 mL,
T 1 mL 1 0.2 mol/L iR S BTk IR BN ZZ AT (pH. 10.5),
1 mL 10 mg/mL FHMER-Z IR, 1R, HUE 60 °ClEIEK
WHTAE 15 min, BUBREIZEZER, A 0.2 mL REK, 1R
59, 60 °CIEIR/KBHICE 10 min, BURB RS, WA
0.5mL ZJi& . 1.0 g @4bHN, INTEIRHE 2 min, 7E 5000 r/min
T 2 min, BT 0.22 pm Bk A nE R U S
PR S E

1.4 NEBEH

{435 K Waters XBridge Cpg (250 mmx4.6 mm, 3.5 pm);
W 0.8 mL/min; #EVR: 35 °C; #EAEE: 5 uL; Wahtd A:
900 mL & 1%Z2HY 0.01 mol/L ZREZ WA 100 mL Z
YR A VTG WA B: 100 mL 5 1%Z.F21% 0.01 mol/L
CIRAGVETRAN 900 mL Z N HIIR A VA, BhIE DRI AR T
0.0~22.0 min, 60%~85% B; 22.0~25.0 min, 85%~100% B;
25.0~30.0 min, 100% B; 30.0~30.1 min, 100%~60% B, 30.1~

35.0 min, 60% B, EAMEIMIE: 254 nm; FLD: L&
340 nm, &K 515nm,

1.5 FHEFWIE
151 &MHX%

ARILER 10, 25, 50, 100, 250 pL AEYIHRER S
fdFHW(100 pg/mL)Jz 50 L A=MIehRifER#7H(1.0 mg/mL),
JA 50 uL LM AR TAER(500 ug/mL) ., 0.5 mL HUFIBRIZE
TR, #MKE 1 mL, BRI TR 1.0, 2.5, 5.0,
10.0, 25.0. 50.0 pg/mL AW ehmtE 250V (P bR 0T £ ik
B 25 pg/mL)e MIFRAERIVEEW 43 AMA 1 mL pH
10.5 BRI EH-BRFRENZE P . 1 mL 10 mg/mL PHIESE-2
BRI, TRA), TCEAE 60 °CHRIE/KIEH, JRLEAiAENE [ _E
WIRAEE. 205 FLD # DAD JEA T304, v AriEhsk.
1.52 REE

6T 5 M L 3o 2o 00 7 8 VIR MR BE R S S 5, JF
525 AREM B ST E A, AT AT H AE Y T SR 4G HY
BIARIRBE, DMEMEEL(S/N)H 3:1 1 10:1 B A AR o v JE 43
S E 7 B 09K B BR (limit of detection, LOD)FIE B
(limit of quantitation, LOQ).

1.53 MHEE

K. . ESFEEQ.5. 5.0, 25.0 pg/mL)FRiE
VW53 A EE SR HERE 3 B SRALAAE B B, 1433 FLD 1
DAD #4745 o
154 @

TR A T R A 2B A T 3 SRR R (2.50. 5.00,
25.00 pg/mL) MAREIMCSESS, BASBTEMRBEKFEE 3 1k, I
435I FLD #1 DAD #EA 7RI, T8 ISR S A AR 25 .
1.6 IR

A R dE#  Thermo Scientific Dionex Chromeleon

BARAL PR S (WA 7.3)1E 47508 i Origin 2024 21l 2,
ijE%l?‘gl o

2 HER5HH

2.1 BIEFHMRL

ABEFEAE AR A8 T B 58 T AR | RS A ZH
B AR SR A A . TEEIE AT, R T 3 Ah
UL Cs B SRR : Waters X-Bridge Ci3. Acclaim 120
C3 Fl Diamonsil Plus C g, Z53R% ], Waters X-Bridge C;g
EIEHAE B AR BT 3 B ROR TR RE P Jy T SR
AL 1) SR 28 E 1 BTSSR SR Waters X-Bridge
Cis (OB, DI 1% B2 0.01 mol/L Z R IRAT Jifi 8
A, AERPEITE 35 °C, W BCE N 0.8 mL/min. fEMIEIL 5%
PT, B rikes T RAFIVP B L XPRRIIETE L) )
FOERIPREAT R, W T EoR ., Ak EILAE 1,
22 FHIEMGMSEEMBEXRY

150 TUR AIBRIER S TAEW ST 50TE A B RBOR AR €
A, JERERE S 5 pLo DARRIE RS TAEWR Y BT vk B
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1l LERVE

BEARFR (X, pg/mL), DL HbRAGA P i 0 1 RS P 1 0 1
T FLAE A NABRR(Y), ZehilbrfEihZ, kil 3,3- 24

IR bRE R, HAth 8 ARSI 1,7 —E RPN
Fraght. SRVEYIMEMNERE . e REL, SR 1. 45
FLJH, HPLC-FLD {21 HPLC-DAD ¥:7E 1~50 pg/mL FYZRHEE
FEIN, ZRMSC R RIF(7=09992, 0.9986), HIREREH A
BR,

7No FLD FERGN@RE . BRZ M, JEIe . e, TABREFIREG
I I B v 0 R AR, LODs #7341 0.05 pg/mL, FLD %f
2R . FEAOEFIES R LODs 435124 0.40., 0.30 F10.30 pug/mL,
5 DAD 9 LODs (0.40, 0.40. 0.40 pg/mL)FHIT, BEHAXTFiX
3 FhAE i, FLD JfRREH I B A R B3 X rTRESH
FHERTAE W ZOER T R EUE X, Wb ER
NSRBI R A A 22 R . BRI S, DAD X

23 REEHER ANIRVEE I R R 5 Ry #5—, H LODs ££ 0.10~0.40 pg/mL
RN %5 9 Fi/E MR LODs 45 LOQs Wné 2 ff  JWHIM, 1fif FLD ) LODs £ 0.05~0.40 pg/mL {4 -
A 4.0x102, B 1 8x1071 0
? 1.5x107
3.0x10% 3
_12%107F
i il
= 5 0x102) 1528 = 9.0x10° ) 1828
5 7 ‘ l E 7.0x100} ‘
= = '
T 1.0x102F ’ J 5.0x105} ‘ ‘
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IS 23 9
5x107[ 5x107F
% 4x107F 9 B 4x107f
8 IS 1 u 34 8
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E: A. HPLC-DAD i [§]-Waters X-Bridge Cg; B. HPLC-FLD 2 2%

-] -Waters X- -Bridge C;s; C. HPLC-FLD @ 1% E-Acclaim120 Cg;

D. HPLC-FLD 43 &l -Diamonsil Plus Cis; FRUEV IR I BT ELMEE YN 25 pg/mL; 1 @R, 2 RN 3 NEHE 4 R 5 AL,
6 NE At 7 NERINE; 8 NIEKEME; O Mk 1S1-3,3° 0 L TN 1S2 S 1,7 LB,

1
Fig.1

AW i ]

Chromatograms of biogenic amines

% 1 HPLC-FLD %1 HPLC-DAD M1 75712, X RH(HFL&MEEE
Table 1 Linear equations, correlation coefficients (r*) and linear ranges of HPLC-FLD and HPLC-DAD

HPLC-FLD HPLC-DAD
ST
BOEMATRE MSERECY) AN F(pg/mL) I wigEs HRREC)  RMERF/(ng/mL)
(i Y=1.214X+0.169 0.9996 1~50 ¥=1.7618X+0.5094 0.9986 1~50
PR Y=1.7311X+0.4527 0.9998 1~50 Y=2.1644X+0.7265 0.9990 1~50
B Rz Y=4.185X+0.9414 0.9992 1~50 ¥=5.4738X+0.6391 0.9994 1~50
JUHe ¥=3.9214X-0.1002 0.9998 1~50 Y=4.4067X+0.3651 0.9998 1~50
ki3 ¥=0.1507X+0.0177 0.9994 1~50 Y=3.4945X-0.218 0.9998 1~50
BN ¥=0.4761X-0.0878 0.9998 1~50 7=2.8473X-0.3268 0.9998 1~50
ik ¥=0.6451X-0.0576 0.9998 1~50 ¥=3.7535X-0.0124 0.9998 1~50
BIZ 03 Y=4.1041X-0.2929 0.9996 1~50 Y=4.92X+0.2632 0.9998 1~50
Kz Y=5.4135X-0.2973 0.9998 1~50 ¥=3.5372X-0.0369 0.9998 1~50
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F2 B ERNMEES B (ng/mL)
Table 2 Performance parameters detected by the
2 kinds of methods (ng/mL)

o HPLC-FLD HPLC-DAD
LODs LOQs LODs LOQs

i 0.05 0.10 0.40 1.00
BRI 0.05 0.10 0.40 1.00
JEg I 0.05 0.10 0.10 0.20
J7 e 0.05 0.10 0.20 0.50
2H e 0.40 1.00 0.40 1.00
A 0.30 1.00 0.40 1.00
Tk iz 0.30 1.00 0.40 1.00
BI%7it73 0.05 0.10 0.20 0.50
il 0.05 0.10 0.10 0.20

24 RBEELLR
K SR 4 AN 3 @R, FLD J7 ik A AR XA o
Z 5/ NTET 1.02%(5: 25.00 pg/mL), 41 AHRAR

7% (relative standard deviation, RSD)%] 2.70%, DAD J5 1y
RSDs 7E 0.27%Z 2.24%Z[6]. BFI/7i:# RSDs 4/
3.00%, RUIILHERE RIF, 602K,
2.5 FHEEEER

ik i AR o S %, FLD Y OF 3 [ 0 R ol
85.38%~117.61%, DAD [}V R4 85.01%~117.33%,
W 4. PR IELEA TR IARAKCE T (9 ISR 25 R A6
WL B SR, RSDs B ANTE 1] 552 3 N
2.6 SEPREERAEVNE

43 32% ] HPLC-FLD ¥:5 HPLC-DAD 3:44: S1~S5
5 HERBEEAE L AR Y, KRS Gt AT AR AR Y IS ERE,
WE 3 K, WEEE. WFRRIEZ R, Ko
Tl 2 R TR A AE — a2 S BRI I . AL AN, 385 Fh
a1 K BT TP AFTE R R AN P i, /DB Rh IS R BT A
TETAG R, TG JLRPAE i P RS e 2 A —F AU
BRI, W3R 5. (EARERNR, ER R, DAD Rl
e e el oW B T FLD 458 (4n S2., S4. S5). At
— BRI, AU A DAD AY 2K o s xt

F=3 AENBBEEMNELERMN=3)
Table 3 Results of the method precision determination (n=3)

HPLC-FLD HPLC-DAD
Sy BT T 5 v B/ (ng/mL)
- W T AL RSDs/% W T A RSDs/%

2.50 (4.160£0.019)x10° 0.45 3.097+0.018 0.59

i 5.00 (8.428+0.053)x10° 0.62 5.786=0.100 1.73

25.00 (5.681+0.038)x10° 0.67 39.66+0.12 0.29

2.50 (6.5360.008)x10° 0.13 3.966+0.023 0.58

B-RLME 5.00 (1.28140.003)x10° 0.21 8.018+0.103 1.29

25.00 (8.24420.051)x10° 0.62 48.03+0.22 0.45

2.50 (1.448+0.007)x10° 0.48 9.236+0.054 0.58

J e 5.00 (2.944+0.010)x10° 0.35 17.310.28 1.64

25.00 (1.60620.007)x 10’ 0.46 121.6+0.3 0.28

2.50 (1.30420.006)x10° 0.43 7.452+0.046 0.62

J7 e 5.00 (2.679+£0.007)x10° 0.25 14.30+0.32 2.24

25.00 (1.55940.008)x 10’ 0.50 95.87+0.26 0.27

2.50 (5.197+0.004)x10* 0.81 5.658+0.045 0.79

2 i 5.00 (1.030+0.004)x10° 0.40 9.753+0.173 1.78

25.00 (7.31420.197)x10° 2.70 75.17+0.26 0.35

2.50 (1.568+0.007)x10° 0.44 4.591+0.027 0.59

A 5.00 (3.189+0.007)x10° 0.22 8.677+0.158 1.82

25.00 (2.207£0.014)x10° 0.66 61.14£0.17 0.27

2.50 (2.167£0.012)x10° 0.57 6.103+0.037 0.60

Tk iz 5.00 (4.581£0.020)x10° 0.44 11.97+0.23 1.90

25.00 (3.05040.022)x10° 0.73 81.31+0.25 0.31

2.50 (1.433£0.007)x10° 0.52 8.341+0.049 0.59

A 5.00 (2.949+0.030)x10° 1.02 15.55+0.35 2.23

25.00 (1.436£0.013)x10’ 0.91 105.5+0.3 0.33

2.50 (1.648+0.016)x10° 0.99 7.50120.041 0.55

il 5.00 (3.38040.003)x10° 0.08 14.27+0.29 2.04

25.00 (1.29240.004)x 10’ 0.33 97.36+0.28 0.28
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Table 4 Recoveries of the 2 kinds of methods for biogenic amines detection (n=3)
e b B (ug/mL) HPLC-FLD HPLC-DAD
a1 /% RSDs/% EN 78 RSDs/%
2.50 104.09+0.74 0.71 98.07+3.24 3.30
% 5.00 97.81+3.29 3.36 99.23+2.00 2.02
25.00 104.59+3.92 3.75 93.58+0.81 0.87
2.50 105.02+6.10 5.81 104.66+2.50 2.39
B-R N 5.00 115.71£0.86 0.74 117.33£2.29 1.95
25.00 112.09+0.94 0.84 110.34+5.93 5.38
2.50 105.00£1.74 1.66 96.60+6.05 6.26
Ji M 5.00 97.21+4.78 4.92 99.43+3.14 3.16
25.00 96.18+5.48 5.70 101.17+6.01 5.94
2.50 99.55+4.61 4.63 102.51+5.08 4.96
J7 5.00 96.39+1.20 1.25 98.59+3.12 3.16
25.00 100.00+5.23 5.23 105.63+3.73 3.53
2.50 98.05+2.69 2.74 95.39+3.01 3.16
2H e 5.00 110.40+0.62 0.56 110.43+0.03 0.03
25.00 117.61+6.15 5.23 113.10+6.69 5.92
2.50 93.81+2.02 2.15 92.41£1.97 2.13
A 5.00 95.64+3.36 3.51 98.13+3.52 3.59
25.00 90.52+2.62 2.89 101.70+0.46 0.45
2.50 107.22+0.43 0.40 107.46+1.62 1.51
fik i 5.00 105.89+2.49 235 103.55+3.30 3.19
25.00 106.87+6.08 5.69 114.96+5.31 4.62
2.50 105.66%3.01 2.85 108.93+5.22 4.79
A 5.00 99.33+2.96 2.98 99.54+0.29 0.29
25.00 88.35+3.04 3.44 89.51+1.28 1.43
2.50 102.91+3.20 3.11 103.59+6.44 6.22
bt 5.00 103.31+5.87 5.68 106.15+4.01 3.78
25.00 85.38+0.14 0.16 85.01+2.65 3.12
%5 HPLC-FLD (5 HPLC-DAD 3% E 4 Y18k & 8 45 R XI L (mg/kg)
Table 5 Comparison of biogenic amine content results between HPLC-FLD and HPLC-DAD methods (mg/kg)
KA ] 5 SN PR Ji I J 2 Tl ik e A iEtics
. FLD - - 7.34 1.43 4.28 1.12 17.42 2.62 -
DAD - - 6.94 1.53 3.65 1.72 16.49 2.13 -
FLD - 1.71 18.68 6.79 451 - 4321 - -
52 DAD - 1.32 18.91 6.80 2.69 1.42 42.34 - -
S FLD - 1.88 12.93 4.64 3.58 - 26.15 - -
DAD - 1.57 11.89 4.30 1.89 - 25.02 - -
FLD 13.02 - 1.18 - 4.40 - 4775 - -
54 DAD 12.58 - 1.16 - 3.35 1.38 4720 - -
FLD - 1.44 4.70 - 3.04 - 2.10 - -
8 DAD - 1.32 4.32 - 2.96 6.61 3.22 - -

i -FREF LoD,

B0 5 B (B A T ETE AT, R DS AMR IO S
T PR ME SR TE 217 nm 5 254 nm [T 5 BEARL(E] 2), (H
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