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Rapid determination of 6 kinds of biogenic amines in fermented dairy
products by high performance liquid chromatography-tandem mass
spectrometry with pass-through solid-phase extraction

FAN Zi-Zhao'**, LIU Tong'**, HE Jian*’, XIA Jin-Tao'"*, WANG Xiu-Juan'”
PEI Xiao-Yan*’, HAN Xiao-Xu**", XU Xiu-Li"*"

(1. China National Research Center for Food Safety Inspection and Testing, Beijing 100045, China; 2. College of Food
Science and Technology, Hebei Agricultural University, Baoding 071001, China; 3. Key Laboratory of Food Quality and
Safety, Sate Administration for Market Regulation, Beijing 100176, China; 4. National Technology Innovation Center for

Dairy, Hohhot 010010, China; 5. Key Laboratory of Cattle and Sheep Milk and Meat Products Risk Control and Key

Technology, Sate Administration for Market Regulation, Hohhot 010010, China; 6. Hubei Provincial Institute for Food
Supervision and Test, Wuhan 430075, China)

ABSTRACT: Objective To establish a method for the rapid determination of 6 kinds of biogenic amines in
fermented milk by pass-through solid-phase extraction coupled with high performance liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS). Methods After extraction with a 2% formic acid/acetonitrile solution, samples
were purified using an Oasis PRiIME HLB solid-phase extraction cartridge to efficiently remove interferences such as
proteins and phospholipids. Chromatographic separation was performed on a hydrophilic interaction chromatography
column. Mass spectrometric detection was carried out in multiple reaction monitoring mode, and quantification was
achieved by the internal standard method. Results The method was validated and demonstrated good linearity (r*=0.996)
for the 6 kinds of biogenic amines within a certain concentration range, the limits of detection were 0.20 ug/kg—1.80 pg/kg,
the limits of quantitation were 0.67-6.00 pg/kg. Spiked recoveries were 76.0%—117.8%, with relative standard
deviations below 13%. Analysis of commercial fermented dairy samples revealed that tyramine was the predominant
biogenic amine, with concentrations ranging from 0.80 to 1.70 mg/kg, while safety-risk-associated biogenic amines
such as histamine were detected at extremely low levels or were not detected. Conclusion The established method,
by incorporating the Oasis PRIME HLB purification strategy, effectively resolves the critical issue of phospholipid
interference in dairy products. It features advantages such as simple and rapid sample preparation, high sensitivity
and strong anti-interference capability. The method is suitable for the high-throughput determination of multiple
biogenic amines in fermented dairy products, providing robust technical support for the quality control and safety risk
assessment of these products.

KEY WORDS: biogenic amines; fermented dairy products; pass-through solid-phase extraction; high performance

liquid chromatography-tandem mass spectrometry
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r P AIEBR A 100 mg/kg, BEREH 100~800 mg/kg, HiHK

PR R 100 mg/kg® . FFE B ThRME GB 2733—2015
(i EEFRE B8 Rtk ).GB 10136—2015
(AR ERE SRl E ) S IR%E A 5 s 4
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1.1 MR WSS

M R IR

01 (100 mg, 4% 96.7%). G (100 mg, #lifF
99.9%). MEAZ(100 mg, 2L 99.0%). 2-K ZFEEL TR LR
(100 mg, 4R 99.2%). J7 H(250 mg, ZHRE 99.9%). Tk
ERMREE (100 mg, 4HBE 99.9%). AR 1,7-PF & (100 mg, 4l
& 99.4%)( LG HBHE A RA R, FEE. Cig @ik,

L EPEB CH/RBHE AR, WIR. CFE(ERal, B
SIS PR B AT BR 28 Wl ); S2 56 i FH i 4Kt Millipore
Milli-Q 2li/K {35 b5 5]

PL-203 RIS FR K- ORS EE 0.001 g, b V4538 - 45
ZAUE A PR A F); QT-MT200 £ 4% IR e IR & 1 (£
Benchmark 723 1)); KQ-500DE %42 7 i vk i (B 1L i i 75
L2 A BR S Al); Allegra X-22 & 3 ¥ % & D HL(EH
Beckman Coulter 23 #); Milli-Q i 25 /K i & 1 (3£
Millipore 3 PR/ Fl); LC-30AD = 830BHH i {3 (F A i
/A+]); AB SCIEX Triple Quad™ 6500' i 245 (34 E AB
SCIEX /A #l); Xbridge BEH HILIC (100 mmx2.1 mm, 3.5 pm).
Oasis PRiIME HLB [E A # Bk (6 co) (32 [H Waters A w]); A
HLAR £ 0B 2R 08 L (13 mm=0.22 um, J& B i, 3
Agilent 2\ Hl).

1.2 FRAERRECH
12,1 MHEBER

WERARILCRE B 2 0.1 me)ZH e . (Oftie . MM . I &%
1,7-B Z e (NAR)4 10.0 mg, FEFREUHIN B 1Y 2-25 2 i
s SEE R A EH S T4 10.0 mg W),
SAIETF 10 mL fREEET . IMAGR 0.5%F fRKk/
ZIEWW(3:7, VIV), EAZE 10 mL, el U ik E R
1000 mg/L MIFRAERE AT 25 IR T 25 *CREGIRAE, A3
W3 MNH.
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ARSI [ A 4% A= W% 45 (1000 mg/L) 200 pL,
BT 10 mLAZGI R, AT 0.5%H BR/K/ 2B #(3:7,
VV)EA 2 10 mL, FHISTTRWEN 10.0 mg/L MIRAHR
WEPIRIE . VAR T—25 CCRBGIRAE, A%U 1A .
123 #FfIAFR

VL 2% IR NEAH, BB 0.1, 0.2, 0.5,
1.0, 2.0, 5.0, 10.0, 20.0, 50.0, 100.0. 200.0, 500.0 pg/L
HIRAFRAER I . PIAR 1-7 BE R 1 mg/L, %
FHNAREE L
13 #HmRESHILE

B S e FLRE S W 181 5 7 RO AD, Y URFE L T 4 °CHif
o BL10~20 g FEARISITIG 4045, 25 CCR TR E. bt
FTBCARE AL T 4 CCRRRAR, RS 2 R

FEAMIRIC HERRFREL | g FE, JILA 5 mL 2%H IR NG
B, YRI5 IRIE 4 min, 7 6 min, 10000 r/min 5.0 10 min,
Bt 3 mL [ ¥& 3 Oasis PRIME HLB EAHAEEUFE (6 cc) , W
LW, £0.2 pm JERETUE, W 990 pL JERMA 10 pL
AR, EAZE 1 mL, £ EHLIE.

1.4 (NEFFH

141 &#5H
{63 Xbridge BEH HILIC (100 mmx2.1 mm, 3.5 um).
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FE 40 °C. TiBhAH A: ZIEHIR(0.5%HIR), Wsht B: &
0.1%H [i5+50 mmol/L F MRELAKIE W - HEFERE: 4.0 pL; Ji:
0.4 mL/min, #EVEMIFRIT IR 1,

142 JREEAF

energy, CE)Z 5 W3 2,

®1 BEXBRER

Table 1 Gradient elution program

BB B 5 R IE B F 8 X (electrospray T min LA A LS B
ionization positive mode, ESI+), 2 Jz i Wi Il (multiple 0(.)5 Zg 12
reaction monitoring, MRM#RZ; S A SR E 1, 35 psi; il 10 0 20
AU TT: 9 psi; #5F 5% Hi K (ion spray voltage, 1S): 4500V, 25 60 20
B TIRIREE : 500 °Co HARM K NBRIRE T TET. & 4.0 90 10
% Hi, JE (declustering potential, DP) & filf f# & & (collision 8.0 90 10

*k2 BHEPRIESH
Table 2 Mass spectrometry parameters of target compounds
HEY PR F8 1 5] /min HEF(m2) FEF(M2) DP/V CE/eV
NS 1.44 161.1 144.2%/117.1 30/30 15/34
2RO 1.47 122.1 105.1%/77.1 30/30 17/36
1% 1% 1.51 138.1 121.1#/77.1 30/30 15/36
3113 1.54 136.1 119.1%/91.1 50/50 24/17
Eilti 2.07 112.1 95.1%/68.1 40/40 2029
F ik 2.10 103.1 86.1%/69.0 40/40 14/21
1,7-BE R (NHr) 2.01 131.1 114.0%/66.0 15/15 14/10
T ERE T

1.5 tRERZLH 2.6x100F — i

- U - - 2.4x10° f — M

AR5 R FH 8 v T B AT 24 LR o DG L 48545 P 5 9x105 —— 4tk
(L7-BEJ)EE T A B AT o 1L L TR B JE Sy A 204100} — 2R
(6 mg/L), ABRATEITA) BGRH S AR IRL hehs g BT
(WZ bR e Z %ﬁ 1.4x10° F
16 BriEatE il |

Bt R A 5 T A4 R ] AB SCIEX Analyst 1.7 %% 8.0x10°F
4, Giit2F43 ¥ F Microsoft Excel 2010 k44, Zgiigj [

2.0x10° F

2 GRE5SH
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TEFGE R S8 EXI % At s 28l tb . | eRM
QI FlinfhsE B B 7, FRl AL 5 TR (MS?) i i i i £
SE . RERPERAYRE R T RS TE MRM BT OLAE A B
TR DP 45 CB 4 RS HL, ARG AAE SN e
i RIS RO 2.

ERX7)1% SR M N NP Wi RS S VAIES i M B S
IR I H AR Crs CIEHEX HARYLF IO, s |
KON | OREFTERGTAERT ] (<1 min)JR i, JokSCHA
Oor s (18 1o I, BTSRRI T R 2k
JLfl, LIS IR B 5 20 ROk .

0.5 1.0 1.5 2.0
4 54 B} 6] /min
Bl 1 Cs BUREREXS A PR 1Y 20 B O 8 1 1]

Fig.1 Chromatogram of the separation effect of C;g
chromatographic column on biogenic amines

O RERE 3 AR P B SR A9 Xbridge BEH HILIC (A% 4T:,
REREH 6 FhA= Wi, PRER B RIARXS T Cog B AEA5 B i3 o
8B AT X A Y e HAT SR DR R RE

454 Xbridge BEH HILIC @itk 4tk, REMLH s
AR AL e I S P BRI RE I X R G, It
HRAFRUEF (PR  OR) R Kk, RAHiE Ay
h 0.5%H IR/ LG W M RN RE D03 B, HLA F
TV T T, W58 ESTHE T 1B FIbaeRP, K
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Fig.2 Chromatogram of the 6 kinds of biogenic amines and the
internal standard under optimized conditions
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L]t B 5T b A W e 0 A BT R AL 3, RO HARTE
T iR AR B B A O o KRR B S BR AR 1 S R S R T
Yoo RSl T AL RE A I AR PR )y, AT ) S
R VR BIF L 5 P i T 2% BR B A 1 [ FH %% B (solid-phase
extraction, SPE)HE%: JE-A A BH & 7224 (Oasis MCX)5j
) SR/ i 25 B [ AR AE BUHE (Oasis PRIME HLB)™,

Oasis MCX FFJE 5 BH 5 28 46 1 Ot B2 -V o BIL i,
HEEA AT, (BHEBIE pH R ZET
ST EARURERS, 16 53 B AR 22 M Z T,
Oasis PRIME HLB [ AH2E IOH: SR FH B Sy w8 a0 1) 2 i e fL A
ARPT ZhT i s W SRR i S KA T4, (MR A
AV A X — IR TE T A O R VR AR R, TR
SR AT B R, AR T R AL ERE ) S

JUE Oasis PRIME HLB % 3 J5E 2% 1 f6 400 I 0 R
I AR T Gz e b5 RS b (LR T3 ) InbRFE A
(100 pg/L)H 6 F A= Wl {55 M R R, 25RO 3, &
ZV AR HRE Sl 25 AR 8 JoT 3 i 1 35 52 AN [ R B 1 41
i, 3% R i R L AL S AR S S T
WIAE S IR A T SR A S T O o 28 2o 2 A
AL, PrA BARY) G S B T R
T 2RO e (o, TR S R, L T AR (4 T
PIRELL | o X —4559G J7EB T Oasis PRIME HLB HREF
SR 5 S S T B A W S R B, DA T 4R v A R A
B 25 b, AT Oasis PRIME HLB 1E WAL FIT-EL, )5

ST RS BGRTN  RBE S A E)IS7E 100 ng/L
b &S AOLAL, B ORISR I SEBRAE AL

3.0x107 [0

B 2l st B
B ez feah 2
2.5x107
2.0x107
‘_El‘é
E 1.5x107
&
1.0x107
5.0%10°

M 2K e R
B
3 Oasis PRiIME HLB 5tk X A= W e £ 5 W Ly A 52 1

Fig.3 Effects of Oasis PRiME HLB purification on the signal
response of biogenic amines
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A FFE, CH TR RS A B s P, g5
F B ISR SRR, #iE 2.0% B/ 25 o iR
g5l

3.5%107 ¢

m 2

I

mm 2N HEE:, V)
B 20(0.5%F R)
0 2E(1.0%H R)
B ZJi5(2.0%R)
B 2 (5.0%HR)

3.0x107 F

2.5x107

&
= 2.0x107
&
1.5%107
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Fig.4 Effects of different extraction solvents on the extraction
efficiency of the 6 kinds of biogenic amines
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S A RS2 E K FE 6 min B 8 min, WA AL A
R, #5754 min B A3 IR et A

2.5x107 | B 2 min
B 4 min
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2.0x107 | [ 8 min
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Fig.5 Effects of different vortexing times on the extraction
efficiency of the 6 kinds of biogenic amines
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B 2 min
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Fig.6 Effects of different ultrasonic times on the extraction
efficiency of the 6 kinds of biogenic amines

BRPRIBUT ] 25 S 7, 5 1% 6 7 A0 SN 1) (2 min 1 4 min)
KRB IR 4RI, 53085 A W e R 155 W 07 385 388 I 1K
MGEKE 6 min B, EHARYIEITA I SNk 2 sl 14 (A,
FHRIUECR M T . dRSEEK % 8 min 8¢ 10 min, {7
SR G B AR R, FEEREEACEAE . I, LA H R
PEBCHCR SR A, B E 6 min JydicfdE A U] .
2.6 FHEFTFN
2.6.1 BB

FE RN S VTA AT A B RSOR I SC R B o ASHIESE
T R ST DT e AR A 2R 5 AR TE I 2R i Rk,

PR ():
FH Jo 50N /o= B b ol 28 23R/ AT o 2 Ao
x100% ()

GEILER 3 EoR, AR, 2R, B, R R
B LR AE 101.37%~118.18% Z W], b 55 K Tz
W BRI, BRREREETRRN R 72.97%, FAETHSFREER
BT, 3R] BRI BT m N a3 R B AT O B s R
Oasis PRIME HLB F1: 8 B 15 AR P 38 5T 41 43 (an/ N K
BE, SEORLEIEAIIR NIRRT, L
SIASERICECALIE o [, S ORAIE 2 453 20 A 7 ik i 2 14
ek, IR A b R S B 25 R T RE S I A
RG22, AMFFCIRAXT A 6 FhA: st g — R F 3k
JEVC - N BRI A T
262 ALMWEHE. BERE5EER

ARG SR FJE T DC - I bR i ST A B R e . &5
RN, 6 FEYIREAESTN PR EETE R N RAF, TE R
B RTFET 0996, LIEWEEL(SN)H 3 F1 10 435135
7 BB FR (limit of detection, LOD) 5 & & FR (limit of
quantitation, LOQ), LODs & 0.20~1.80 pg/kg, LOQs W
0.67~6.00 pg/kg(GR 3), AU B ARBEFLHE YIRS K o
263 MEFEELEHE

5 P RG % BEAE 1 H P RT E 8D A X B 1 i 22 (relative
standard deviation, RSD)FEATIEA . Q13E 3 iR, H NG
FEH 3.19%~9.62%, HIKEH N 4.67%~10.58%, H172H
PO R R MR T o Tk 0 VR P 5 A A A B
15 3 AR ik N SR S0 B4 . FH 3 4 AT, 6 FhA 9
FEAE 3 A INFRACE T B35 I 28T R 76.0%~117.8%
AT AE G BT A AR, 250 B R B T 48 %) 42
BUs# . 2T Oasis PRIME HLB [0k, BFs¥TLHELT
VAR, Wb T ARG . AR R, RV R A bR
BAERBGLRR, Ty ik 0 4 X [BSCR AR SR A2 E (RSD<15%),
FFE M ESR, UERH A 7 i A B 5

2.7 SEPREESINE
WA T 2R T B R BEZL ) 6 Fh A Pyl it
Mg, REWPAR =P LIRS S efrEE
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Table 3 Linear ranges, LODs, LOQs, precision and matrix effects for the 6 kinds of biogenic amines

H i) P LAt FEl i W ERR Foy HPR H
H(puglkg) AE(?)  Nugke) (ng/kg) 1% WE(n=3)  EE[N=3)
2- R Y=0.0222X+0.0247 0.1~200.0 0.999 0.64 2.12 101.37 5.67 6.30
i Y=0.0047X-0.001 0.1~200.0 0.999 0.20 0.67 114.63 3.79 5.87
4 i Y=0.0449X+0.0186 0.1~200.0 0.999 0.85 2.84 108.45 7.55 9.22
EN LS Y=0.0158X+0.0176 0.2~200.0 0.999 0.47 1.56 110.49 3.19 4.67
J7 Y=0.0013X%+0.0058 2.0~500.0 0.996 1.80 6.00 118.18 6.49 8.24
ik iz Y=0.0027X+0.0054 2.0~500.0 0.998 1.62 5.39 72.97 9.62 10.58
F4 6 MEYRRAERSEEE (n=6)
Table 4 Recoveries and precision for the 6 kmds of biogenic amines (N=6)
I L T T A R T TV
N(ug/kg) 1% TR2%/% /(ug/kg) P25/ % /(ug/kg)
2R 20 117.8 2.0 50 104.9 7.0 100 106.7 2.6
= 20 91.0 3.9 50 85.8 2.5 100 93.1 4.2
4 20 98.5 45 50 94.4 6.4 100 91.5 4.9
hi 20 100.5 1.9 50 82.3 8.4 100 83.5 3.8
I 20 76.0 3.8 50 82.2 1.9 100 96.3 2.5
(353 100 98.4 12.7 200 93.3 8.3 500 90.3 53
#z5 MELEAMRT 6 MEVRMNNEER
Table 5 Determination results of 6 kinds of biogenic amines in commercial fermented dairy samples
b 24 B % i /(mg/kg) 20 2/ (ug/kg) i (ng/kg) 2- KW (pglkg) T/ (ng/kg) J I /(ug/kg)
FEal 1 1.05£0.21 ND ND 7.45+0.64 ND ND
R 2 1.37+0.04 ND ND 10.49+2.43 ND ND
B 3 1.33£0.01 ND 1.80+0.16 5.04+1.99 ND ND
FEih 4 1.21+0.13 ND 1.57+0.21 9.95+0.50 ND ND
K5 1.27+0.07 ND 1.58+0.19 7.35+2.26 ND ND
FEih 6 1.25+0.15 ND ND 10.40+0.21 ND ND
R 7 1.38+0.04 ND ND ND ND ND
FEih 8 1.10£0.05 ND ND 7.80+0.42 ND ND
FEih 9 1.70£0.04 ND 3.150.18 10.78+4.70 ND ND
FEdh 10 1.48+0.09 ND ND ND ND ND
FEdL 11 1.27+0.03 ND 1.36+0.23 5.07+0.47 ND ND
FEdh 12 1.610.02 7.88+0.53 45.65+1.56 96.00+3.54 ND ND
K 13 1.1120.10 ND 1.60+0.32 7.20£0.07 ND ND
FEdh 14 1.03+0.03 ND 4.43+0.02 4.35+0.09 ND ND
RS 15 1.02+0.08 ND 2.56+0.29 ND ND ND
FeEdh 16 1.000.05 ND ND 17.40+9.12 ND ND
K 17 0.80+0.06 ND 2.21+0.41 7.23+0.74 ND ND

4 ND R A4 H (KT LOD),
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AWFFKE Oasis PRIME HLB 25 X [ AH AL HUE AR 5
AKEEFLH 6 FhAE MY HPLC-MS/MS 43#F, Bty 1o
firte | ATARFRAAE . REE R BT IRRE ISR H I,
R LW R L3 = 7 W FNNE L (=Y VTN T (33 1
Tr F IR SRR, O IR R BR TSR N R R
1#(r*=0.996), LOQs X% 0.67~6.00 pgikg, i /& KR H
AR R BRI T R o XTI RS AT S T R
R WEFLAP Y 3 B A W LMk FE RS UE AE 0.80~1.70 mg/kg, 4
W . ) B v KU e A At 5 AIK T LOD, R BT & & FEAL
SR Ay PG e 5 X B UL T ) 006 FH A AE T
FERES, TFHRFE . AR E LR Y
VR, BRERTAR RS RN T 1S min, A HLEFIHFER
I, & HFRHEE R S R i A 5 H R W, R ZLl e
P00 2 DRI VA e R o o i) B 1 T SR AR S
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