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2. Shanghai Dikma Technology Development Co. , Ltd. Tianjin Branch, Tianjin 300401, China)

Abstract: Objective To establish a high-performance liquid chromatography tandem mass spectrometry method for rapid
determination of nine biogenic amines in aquatic products (fish, shrimp, shellfish) and meat (pork, beef, mutton) based on
non derivatized passing through nsolid-phase extraction pretreatment technology. Methods  Acetonitrile was used to
precipitate the protein in the sample, then 0. 5% trichloroacetic acid solution was used for extraction. After removing the
lipid with n-hexane, lower layer of the sample solution was diluted and purified by passing through a DVB (100 mg/3 mL)
solid-phase extraction column. 70% acetonitrile+30% water (containing 100 mmol/L. ammonium formate and 0. 5% formic
acid) and 90% acetonitrile+10% water were used as mobile phase for gradient elution. The target substance was eluted by
ACQUITY UPLC® BEH Amide column (1.7 wm, 2.1 mmx100 mm) was used for separation. Electrospray ion source and
positive ion multi reaction monitoring mode were used for detection, and internal standard method was used for quantification.
Results The linear relationship between putrescine, cadaverine, spermine, and spermine was good within the range of 5-
500 ng/mL, while histamine, tyramine, serotonin, phenylethylamine, and $-phenylethylamine were good within the range of
0. 5-50 ng/mL, with correlation coefficients r>0. 996. The detection limit of putrescine, cadaverine, spermine, and spermidine
was 1 mg/kg, and the quantification limit was 3 mg/kg. The detection limit of histamine, tyramine, serotonin, phenylethylamine,
and B -phenylethylamine was 0.1 mg/kg, and the quantification limit was 0.3 mg/kg. The spiked recovery rates of low,
medium, and high concentrations in aquatic and meat products ranged from 70. 6% to 119% , with relative standard deviations
less than 10% (n=6). Conclusion This method was easy to operate, accurate, reliable, and highly sensitive, and was

suitable for the detection of biogenic amines in aquatic products (fish, shrimp, shellfish) and meat (pork, beef, mutton ).
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Waters 23 7] ) ; Xevo TQ-XS # 57 i (3£ F Waters
ANE]D) ;s ERELHL(XIR Pro 8, £ E Thermo 2 H) ) ;
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20 mL &5 LSS MA 2 mL 285, 4 0.5% =4
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FE S 44 DVB(100 mg/3 mL) /NMETCTH G 1L,
H KR BOR B A/NME, I B BB R 45, 1F
AW S AT R AR R A AT L RO A
. B 0.5 mL U A FHEERE RE A 1 mL,
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Table 1 Gradient elution program

15 8] /min WA A/ % Wi s B/ %
0 0 100
2 0 100
2.01 100 0
9 100 0
9.01 0 100
14 0 100

1.4.2  Fik &4

L 5% 55 2 T~ YR ( Electrospray ionization, ESI) ; &
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507 2 IE B A 2 2 R, 9 Fp
Az Wy e R TR0 25 08 s 1 1 S X L o S
B L F Rl 4R B A LR 2.
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Table 2 Mass spectrometry parameters of target compounds
&y PR F I 18] /min BB T/ (m/2) T & T/(m/z) HEALHLE/V filf fif i 1 /e V
JE& iz 4.51 89.1 30.0/72.1° 10 12/8
J e 4.37 103.0 69.1/86.1" 20 15/8
2 JH 4.18 112.1 68.0/95.1" 20 18/10
B-ZE 2 3.30 122.2 77/105.1° 20 10/10
i 3.60 136.1 91.1/119.1° 20 10/15
T e 3.40 138.0 77.0/121.0° 20 20/10
VA B 5.53 146.0 72.0°/112.0 30 14/14
(N3 3.31 161.2 117.1/144.1° 10 20/10
i e 7.01 203.1 112.2/129.3 40 17/11
B8 JE-D 4.51 97.0 80.0 10 8
F1E-D, 4.37 107.0 90.0 20 8
Y-, 4.18 116.0 99.0 20 10
B-# 2 H-D, 3.30 126.0 109.0 20 10
#Je-D, 3.60 139.0 94.0 20 15
% 1e-D, 3.40 142.0 125.0 20 10
LA I -Dg 5.53 152.0 72.0 30 14
D, 3.31 165.0 148.0 10 10
i He-D,, 7.01 223.1 125.9 40 17
g T
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A SR B M A B R DR B AT R Horh Amide (A3
Shy T i B A5 S 2 B 2= AR JB0RE €35, LA B e 1
Feoe PEANGE Al PE 2 SCERZE AR 9 Rl
i A 33 T e, 1 A A R B I I B 5L {0 Amide (858
4 X IR I 1 2 43 OO e 5 )7 g, 5 B 5 T e )
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S5 % L HR TR B VR 9% R R G L R UK
WEIELF , HLREREAR B-A S (5 MR L o {H 2537 5
AH FF TR i VAR LGB, ORG TE  EOKG ek LA N Amide (8
T RE PR M, 24 vk B 3K E 100 mmol /L B, RS B LI
i et Ve E R L — 2D AR Ak A HLAR 55K AH /9 L 6]
{45 B8 W) ) B9 76 3~7 min, Y20 2% 0 T . B
K A:70% ZNE+30% K (%5 100 mmol /L F R &% Al
0.5% HR),B:90% ZNE+10% K476 5 DT, fig
BEATR05T 85 9 Bl H AR B[R A R AR o

[ BF, 0 A o 0 T HEAT T B RE o AR W K
PEGF A AR M K 0 R A R B R AL, 6T
T8 KRR o e ) R 2 A B N R
fife o A 2, DXLt o 7 IR FLRRUE R 22 . IR R R B
40% H I ELA B0 W TR S e L, IR IR N 0. 1% H
TR 184 o0 A= ) e R vk

9 Tl A= W e A HE VS W5 TS, 3R P A T T 1) 4 B
BETWmELE 1,

2.2 FESLERBCE SR SR AR

9 i AE WM pKa {H R 5. 5~10. 5, 2 1 &4
HEFE MR T A, B2l
5% K EEDE AT SR, QUEChERs ¥ ik . 25 & B
5% K W BT 9 Fifr Az 49y e B O R A8 i L R
QuEChERS &b #UEL (EMR \HMR .C18 ,PSA %5 ) X /=
Wy P A AN ) A 2 0% W 6 8 e i T AL %2R 10% ~
20% . ARG LY ) pKa, B4 O BB 5 52 e B R
[ A A€ BUME MCX (60 mg/3 mL) 4k, 1 25 9 ke A
BTALM, - FAWE. HfAH 5% =& 2%
VA YRR B, [ KR A U/ 22 HRE KIS AR, A Ry 1
AW MR 7K L B 6, 5% 27K T B e 0, A0S



7 1
Figure 1
T JE 40% HEE(F 0. 1% HR)Z ¥ .
Jig P P W IR0 384T AN 1 7 (209%0~30% ) , 75 i
A W R RO AR T RO R
UEEZS A IR EIT
b ke K, 2208 5% = A TR EL, il i 2 [
AAAE IO/ NAE e Al 25 B 2 o, T Y BEAR R 1 A% )5 B 4%
I EHL, EAEXF T C18 A C8 [ AH A BN
(A% 214 100 mg/3 mL) 6l f 5% IR FF 5 56 0T R4 0
K Anpr W3 K B AW B B A S o
WL B LA B, S5 R EOR,B-IR LM

GER B,
H

>N

= i 5 X iy N 22 Syl =} > e vz A
fei XAV A €80 3% — O /I3 35 0 W00 5 7K R R IS v 9 A AR W e —— FR L 4 —821—
356406 125408 T.OE+07
3.0E+06 : 6.0E+07 | B
1OE+08 L e ERS
Elizmwc E el BRI & sopror |
= 2.0E+06 e —fi 4.0E+07 |
S L5E+06 =T 60L107, = 3.0E+07 |
LOE+06 4.0E+07 2.0E+07 |
5.0E+05 2.0E+07 1OE+07 |
o.om-no : T 0.0E+00 . ! 2 . , 0.0E+00 TR
5 iR G a8 0 A1 0 0 2 4 6 SRS ) L ki et S L. Taa T Dy At e Jh )
I} [Rl/min Ih} [R)/min I I/min
4.0E+06 T.0E+07 12E+08
- E 6.0E+07 B-AKZNE-D, :E 1.0E+08 | TR D
Pl JNE-D, {21 S0E107 2| soE+07 |
'zl = 4.0E+07 = :
£ 20E+06 = 30E407 S GOE+07 |
e 2.0E+07 40E+07 |
LOEN LOE+07 2.0E+07 |
0.01-:+uu 0.0E+00 0.0E+00 e e
LR St BN RO R 1) DRl 2 s nindn S w809 5 10, {158 B M Sy e L Rt RO R 1)
I /min i [M/min I [M/min
5.0E+06 20E+07 4.0E+07
e Pk $ Wi 5 g
_{|l1 4.0E+06 - J‘g 1.6E+07 ol 5 0p+07
& 3OE+06 1 = 12E+07 {_:—g
= = E 2.0E+07
2.0k 10011 8.0E+06
1.0E+06 - o LOE+07
0.0E+00 L T s e e osine 0.0E+00
2ol Sion b AT B e 910 [V s RS Rty Rhesy SN Sy PR meH ) [ R, Yo o Gt ey Youtl R TR TS 1)
¥ 1/min M Al/min I 1A)/rmin
GOE+06 2.0E+07 2.0E+07
;31_11 5.0E+06 | Fe-D, £ 16k+07 L g ek407 |- D,
3 : A = 42
Z. 4.0E+06 = 12E+07 = 12E+07 |
3.0E+06 [ = GOE+06 = 80E+06
2.0E+06 | i SO0
1.0E+06 |- 4.0E+06 4.0E+06 |-
0.0E+00 0.0E+00 0.0E+00
2 4 6 8 10 0::alii Recn Sen g 8, N0 7 810 05 LR i S G R T 89 10
b ) /min I [1/min I [T)/rnin
LTEH07 3.0E+06 D, 70E+07
. 1.4E+07 [ Ty £ 258406 | Sy i 6.OE+07 i
| S H o |
= " N SRy = s
g7"E+06 F ) = 3.0E+07 |
4.8E+06 [ 1.0E+06 | 206407 [
24E+06 | 5.0E+05 - 10E+07 |
0.0E+00 0.0E+00 0.0E+00
2 4 6 8110 Pty KR i o sy 100 B T B (e B e B B e T e T T
Hf fis)/min HJ Ta)/min I /min
84E+06 1.0E+07 5.0E+07
%‘1 T.0E+06 | HE-D, £ soevo6 | KD, ?i 40E407 | HilE-Ds,
= SOEH06 | % GOE+06 | = 3.0E+07
= 42E+06 = i
4.0E+06 206407 |
2.8E+06 |
Ligsos | 2.0E+06 - 108407 |
0.0E+00 0.0E+00 0.0E+00 .
0 2 4 6 g 1 2 3 4 5 6 7 8 9 10 (S C e e R B e B Y R )
Kt )/min H [8)/min I i /min
TR 409% TR (2 0.19% FVRR ) JE e )7 i SR e O e B JC IR, 28 AR 100 ng/m L, 2R 1 86 JHe | €6 Jle B i B & i B I R 67 3 A 10 ng/m L

9 il A Wy e 5 T 07 3 P9 b 9 4R 4 B 1 O R

Extract ions chromatogram of 9 biogenic amines and isotopic internal standard solutions
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Figure 2 Extract ions chromatogram of 9 biogenic amines and isotopic internal standard solutions
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Figure 3 Recovery rates of biogenic amines (external/internal

standard) vs. acetonitrile amount
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Figure 4 Recovery rates of n-hexane and dichloromethane for

spiked crucian carp and pork
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Figure 5 Matrix effect of n-hexane and dichloromethane for
crucian carp and pork
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Table 3 Matrix effects and spiked recovery rates of C18 (100 mg/3 mL) and DVB (100 mg/3 mL) for crucian carp and pork samples

Cls Bt IE RAEERT g R /% RSD/% Bt T ORE PRI ik ] R /% RSD/%
JRANL /%o BN/ Yo it R A WML/ % RN/ % W A filf) f11 A
A B 70.5 81.5 96.9 99.7 38 3.6 R B 90.8 93.5 70.8 92.8 1.8 2.0
B 104 112 97.8 955 5.6 4.5 R R 115 125 79.1 88.7 2.6 3.8
L Jiie 60.8 50.3 64.2 67.4 45 5.2 N1 110 105 81.3 109 3.4 3.9
ik Jiie 86.3 81.0 79.7 250 3.5 6.2 ik e 120 110 104.6 105 2.2 4.5
B 70.4 79.9 65.6 720 47 6.1 e 113 117 107.2 88.5 3.1 43
2 i 91.0 98.6 89.6 88.7 5.8 4.8 2 i 98.4 102 98.2 105 43 2.8
B-2K 2 M 227 343 91.0 103 4.8 5.0 B-7K 2 113 120 99.4 111 2.9 2.0
Ji5 Rz 136 121 80.1 116 6.7 6.2 T i 122 128 81.1 114 3.2 3.7
J 89.8 99.3 995 118 6.9 6.1 J7 109 113 822 109 4.6 4.6

1 - RSD AR 2 AH X 75 o 22
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Table 4  Matrix effects and recovery rates of pre- and post spiked samples of crucian carp and pork

N AN BHRCR /% PR A 32 ISR / 9% N SMERIE IR /% AR R /%
k) RN/ % — = —— = 1 HFRN /% — =K =

: B GIRIETS J& AR Hij b7 J s la R GRS =0 L 1)\ T ) 1K )
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B-TK L 121 69.9 70.4 112 101 B-7K £ Wi 82.8 79.3 51.5 110 111
Jé e 127 81.8 77.0 114 105 Ji§ B 124 82.5 84.2 118 107
J % 113 82.4 92.3 108 104 J Rk 112 86.9 83.3 106 104
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Table 5  Linear ranges, regression equations, correlation coefficients, and quantification limits of 9 biogenic amines

&Y ZEPEJL R/ (ng/ml) BV LISV ki th FR /(mg/kg) FE PR /(mg/kg)
i i 5~500 ¥=0.014 3x-0.007 47 0.998 1 3

J7 i 5~500 ¥=0.012 9x-0.013 1 0.998 1 3

2 i 0.5~50 ¥=0.278x-0.068 5 0.996 0.1 0.3

i iz 0.5~50 ¥=0.023 2x-0.008 99 0.996 0.1 0.3

0 i 0.5~50 ¥=0.253x+0.021 5 0.999 0.1 0.3

S 0.5~50 ¥=0.089 0x+0.008 26 0.999 0.1 0.3

B-7K 2 0.5~50 ¥=0.195x-0.001 49 0.999 0.1 0.3

VA B 5~500 ¥=0.325x+0.046 8 0.999 1 3

i e 5~500 y=0.469x+0.016 6 0.999 1 3
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Table 6 Recovery rate and precision of biogenic amines in aquatic and meat products (n=6)

o Jing i/ 1y LN n b14 4 *
mg/kg  HCE /% RSD/% MR /% RSD/% 1014 /% RSD/% 1Y% /% RSD/% WL #/% RSD/% 4% /% RSD/%
2 74.0 8.2 73.4 3.3 106 7.0 81.7 6.6 100 4.9 73.9 6.7
Ji e 10 83.2 6.6 75.4 4.7 111 7.8 86.4 6.1 87.7 4.3 89.2 4.2
40 85.7 5.2 76.5 3.2 113 4.8 90.7 7.1 114 3.4 85.0 5.4
2 82.1 7.8 87.8 6.1 78.0 5.0 75.6 7.4 109 5.7 101 7.3
J it 10 88.2 6.0 84.1 4.9 97.6 3.2 78.9 6.7 89.7 2.8 105 5.2
40 94.8 5.7 85.2 4.1 97.9 4.4 87.0 5.3 97.2 24 96.3 4.8
0.2 88.2 7.2 101 4.6 70.6 3.2 99.3 6.3 98.1 5.5 80.5 5.9
2H I 1 96.3 3.8 112 5.1 85.5 43 98.4 4.9 107 6.5 82.0 3.9
4 96.8 2.8 108 3.8 101 3.0 103 4.2 116 4.5 108 2.8
0.2 87.0 5.6 107 6.7 105 5.4 83.7 5.7 113 6.2 88.9 2.7
& Jiz 1 95.2 4.6 94.7 3.6 112 5.7 88.1 3.2 107 5.8 80.5 2.1
4 97.1 2.9 89.5 5.1 105 4.4 94.0 3.5 115 4.6 81.2 2.7
0.2 92.0 5.7 82.9 4.3 85.5 43 86.0 4.6 105 7.0 104 8.5
{0 iz 1 95.9 2.9 92.0 4.9 95.7 5.2 84.9 4.4 92.4 5.1 92.8 5.1
4 98.2 3.1 116 5.1 102 3.2 92.7 4.0 105 3.0 108 3.8
0.2 88.2 6.2 83.7 8.8 80.9 4.9 84.0 5.5 99.3 9.2 83.9 3.4
e 1 87.6 5.1 88.5 7.7 95.8 6.3 91.2 4.2 96.3 6.7 95.8 4.8
4 93.3 3.3 99.0 5.7 83.9 2.9 94.2 4.1 113 5.5 111 3.2
0.2 81.0 7.1 103 4.8 102 6.1 79.9 4.6 73.1 7.9 74.2 6.5
B-2K L 1 89.2 5.2 110 42 90.6 4.7 84.2 4.2 89.7 5.0 90.7 6.9
4 92.3 43 107 4.1 94.5 4.7 96.3 3.1 113 3.1 101 6.1
2 82.5 5.8 89.1 5.3 102.9 7.1 78.8 6.3 102 4.5 87.0 9.7
A 10 88.4 43 97.9 3.8 106 53 81.5 5.4 109 3.4 90.0 5.0
40 95.1 3.1 85.2 45 118 3.3 85.2 5.2 97.0 5.3 84.9 5.3
2 80.6 4.0 89.3 5.0 84.0 22 82.1 43 113 6.0 91.0 6.3
e 10 82.4 3.5 76.5 4.1 112 2.8 85.5 4.5 118 5.8 83.1 3.2
40 88.1 3.2 82.0 2.8 112 25 87.1 3.0 119 4.4 94.0 3.5
T K IR D) KRS R A R SR TR v A A TR K
Table 7 Content of biogenic amine in aquatic and meat samples
&/ (mg/kg) J J7 e 4t B-7K & ik e ik Jiic K e 0 i i LS
fir 1 11.5 8.7 2.00 <0.1 <0.1 0.3 2.4 <0.1 4.9
12 <1.0 1.5 1.58 <0.1 <0.1 <0.1 2.0 <0.1 <1.0
13 <1.0 1.3 1.62 <0.1 <0.1 0.3 1.3 <0.1 <1.0
11 4 3.0 2.7 0.79 <0.1 <0.1 45.6 <1.0 <0.1 <1.0
L1 33.6 3.1 <0.1 0.3 <0.1 78.2 <1.0 0.2 <1.0
I 2 <1.0 1.5 2.15 <0.1 <0.1 82.5 <1.0 <0.1 <1.0
F 3 1.1 1.9 1.05 <0.1 <0.1 34.0 <1.0 <0.1 <1.0
IF 4 <1.0 1.2 <0.1 <0.1 <0.1 <0.1 <1.0 <0.1 <1.0
1 2.8 53.6 3.12 46.1 <0.1 73.4 6.4 10.7 8.4
2 1.4 142.0 0.38 1.6 <0.1 130.8 5.0 0.8 10.2
I3 11.3 93.7 0.81 0.1 <0.1 162.1 10.5 <0.1 29.8
Il 4 12.1 14.6 <0.1 38.7 <0.1 54.5 5.6 10.4 27.8
K T E / (mg/ke) 9.6 272 1.5 17.4 <0.1 66.2 4.7 5.5 16.2
TR R R % 66.7 100.0 75.0 41.7 0.0 83.3 58.3 33.3 41.7
1 <1.0 1.0 <0.1 <0.1 <0.1 <0.1 1.2 <0.1 13.6
2 <1.0 1.0 <0.1 <0.1 <0.1 <0.1 25 <0.1 18.2
%3 <1.0 1.7 <0.1 <0.1 <0.1 0.2 1.6 <0.1 18.5
¥4 15.1 161.4 <0.1 <0.1 <0.1 80.8 1.8 5.7 19.7
41 2.0 25.9 9.2 <0.1 <0.1 49.0 2.0 <0.1 25.1
42 4.0 18.0 8.1 <0.1 <0.1 43.1 23 <0.1 17.6
43 <1.0 1.1 8.0 <0.1 <0.1 0.3 2.1 <0.1 18.5
44 2.4 24.0 9.9 <0.1 <0.1 44.6 1.4 <0.1 24.0
ES| <1.0 13.7 <0.1 <0.1 <0.1 14.3 4.9 <0.1 23.3
*2 <1.0 2.4 <0.1 <0.1 <0.1 0.3 7.0 <0.1 23.2
3 <1.0 5.4 <0.1 <0.1 <0.1 2.6 10.3 <0.1 10.1
F4 <1.0 8.1 <0.1 <0.1 <0.1 1.8 5.0 <0.1 12.1
KL T HME/ (mg/kg) 5.9 22.0 8.8 <0.1 <0.1 23.7 3.5 5.7 18.7

R K %/ % 33.3 100.0 33.3 0.0 0.0 83.3 100.0 8.3 100.0
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