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Ultrasonic assisted extraction coupled high-performance
liquid chromatography for analysis of 9 kinds of

biogenic amines in cheese
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Abstract: [Objective] An analytical method was established for determination of 9 kinds of
biogenic amines in cheeses with ultrasonic-assisted extraction coupled high-performance liquid
chromatography. [Method] First, biogenic amines in cheese samples were extracted by
ultrasonic-assisted solvent, and the filtrate was derived, separated and determined with high-

performance liquid chromatography ( HPLC), and quantified by external standard method;
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then, the kinds of extraction solvent were selected to probe into the influences of different
ultrasonic time and temperature on the recovery rate, and verify the methodology. [Result] 9 kinds
of biogenic amines are extracted twice by ultrasound at 30 °C for 15 min with 5% trichloroacetic
acid solution, and the filtrate is derived by dansulfonyl chloride, determined by HPLC; the
linear relationship turns out to be sound in their respective linear ranges, with the correlation
coefficients greater than 0. 99, the recovery rates 76. 3% ~ 90. 1% and relative standard
deviations at three spiked levels 1. 09% ~7. 45%, the limits of detection 0. 38 mg/kg and the
limits of quantification 1. 25 mg/kg. The method is proposed for the determination of cheese
samples, whose types and contents of biogenic amines vary greatly, with the total biogenic
amine content ranging from 2. 44 to 78. 1 mg/kg. [Conclusion] The method is applicable to the
quantitative detection of 9 kinds of biogenic amines in cheese, which can provide technical
support for the study of biogenic amine formation mechanism and food safety evaluation.

Keywords: high-performance liquid chromatography (HPLC); ultrasound extraction; cheese;

biogenic amines; determination

T % 2 L 28 7 2 L A Lt 6 L0 ) PR 9 S HIE 0L 3 A 0 0 B A B S Y Al
ERZ LEARAR Hn Tl f v & A A Y 5 5 0 08 28 56 1b i LR = ek 68 2L 16 1 P 6 2 1 o 6
B, TS A R O AR A R R R R W o B B VR AR R e A KR SR, —
THT T 0T I A 1 XU 0 b R o — T B2 0 7 A 1 T 2 o i 3 B I 7 A B S AR R 2
AR FRA SRS CpHE | TR B R R AR S R AR ) B TR . T PR L AR W R
Jie R S B R AL L B RS BRI R e SN AR TR S AR R S R R R DR
o AR W e B AT 22 b A B R (E A B A AN P A W B L A AT RE AR O S IR AR AL R
BLAER

FE] A A/ XF 24 0 B 1) RS A R A3 R O R A RO B R T R OO R R R
Y RS R AR R R By ik b RO B R R R LW M T k2 — . Vieira
SFLPOUR A 0.6 mol /L B i SRR AR 1 BRI T R W P A W e L ST T IR T R ABAE 5 T A T R % v
A 0 TR ARG T 3 o X R ST R = S R VA TR 5 B 60 min, % 4R IR K . B RICTROAH €553 5
FE T FLA AR P B A B R S L 10, 30~34. 00 mg/kg., XIFE AR T B AR E A 0.1 mol/L
18 R TR V5 W 51 2K $2 B 30 min, R MK, H 45t pH 8% | ET@%*E%LEﬁim‘(%*@fiﬂﬁﬁl%ﬂ%ﬂﬁfr@%
PRI o R FH R S5OAH 535 15 0 B T AZ 58 T s i iy 8 2R ik o T FLA S A Y R AR U 2
*%%%%ﬁ%@?ﬁﬁﬁﬁ#%uﬁﬂﬁJ&E%@ﬂﬁﬁiﬁﬁéwkﬁﬁmEML@mLﬁ
B () A B AR B . T RN A R v B T A ) e LB T AR 2R A R — B R S A T
A 0 B 4 4R B ) B T R R A T

AR5 e 7T P I I B — e A R € i 3k ] B RG  F 1% rR O R A W I v Ty L AR AR
i 418 B85 ) RV 75 D0 B2 IS A o T I o R ) B BRSSO [ B Ak A v b ek R L 46 i Ah L () 5 O
W LR T B T A e 1 0 AT

1 #MHE5RFIE

1.1 ## 5

FRUE i : 2-78 £ % (Phenylethylamine, Phe) | J& i (Putrescine, Put) . J' i (Cadaverine, Cad) | 4 i%
(Histamine, His) & ¢ ( Tyramine, Tyr) F1 V4 i (Spermidine, Spd) , 2 BE ¥4 K T 99 % , b 5t & 05 & 2E )
B AR A ) 3 3 A (Octopamine, Oct) | {4 i ( Tryptamine, Try) 4 ¢ (Spermine, Spm) , 4fi B ¥ K F
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98 % . A3 B WA A% A R A BR A | 5 SR Tk % (Dansyl chloride) , 1 % 1% 52 56 B 5 B0y 45 BR S 7
WA O IEC K, ¥ ko, fEE Merck AR EMRR . AW Ol N LR . TR & %A
e 28 43t 4, [ 24 48 A1 Ak 24 R A BR A ) .
1.2 NFE5EE
RFFH Acquity Arc S RORAR G35, SRR &8 2998, 3¢ EHR FRtE A 7] FA2004 HL - KF . Lg%
FEE R AL 28 s Milli-Q # 4l /K A% . 25 [ %5 BN 7] s VORTEX2 Jie i 1R & #% . 18 [ 30 R4 52-16P 5.0
BIL 75 P A 35 20 W) s DS-85 10D T H i 75 B Uk # » 1 A= Bl A A A PR )
1.3 # i&
1.3.1 MBL&H

K IR R C18 445 4 (250 mm X 4. 6 mm,5 pm) 43 5, 45 FOWSHIB R VAR
MK 254 nm, WEIAM A H 10% ZE# (0. 01 mol/L. % 1% Z, )/  Table1 Gradient clution program
90% Z M B g 90 % Z W4 (0. 01 mol /L. 55 1% Z ) /10% 2} s HE of mobile phase
B0 20.0 L oL 55 C iR 0.8 ml/min. AMVERBFIL gy LS IR
1. 0 60 40
1.3.2 K& BLH 29 g5 15

BRI 4 A TR AR < 1L 0. 1 mol /L f h 1R 8 900 A9 725 300 T S R ik v - 100 0
4 1 mg/mL B AR E R 32 100 0

VB A v 0T TV T < O T % BB A B A W 1. 0 mL F [ — 32.01 60 10
10 mL A0 1 0. 1 mol /L ) 25 W 1 VA2 75 - 0 ) A0 R kv JE 35 60 10

100 mg/L R & Fr e WK - UKAR 4 CLRAF .

FruE 290 AW B H R BUR A AR ETR W . LA 0. 1 mol/L (i R e i % 0. 5~50. 0 mg/L Z % ¥ i
TAEW

PR P ST A A YR TEC T « A A R IR o S LA TR Sy 3 590 T ) B ST B R BE A 10 mg/ L B A o A
P UKAR 4 CORAT .
1.3.3 A ERWITA

S EEC 1 mL A= Wl RAVFRE W T 10 mL B IE 0 o AR AR 8RR =080 1 mL, S
(1 mol/1) 100 pL A AR 1 mL, B3 EHR & - fH iR AR 60 °C S 15 min JFHCH . In A 2R B
100 pL,60 CAkZE N 15 min J5 B IIA 1 mL 47K 2], 40 “CRWER 2R .5 mL £ Bk i e £ 5, W
B2 SRR R A TR RO . 40 C R T 1 mL SHEHEL0. 22 pom JE IR U8 S R
1.3.4 RBERMLZF

L B o VR 2 SR TR TR A b v VS T, 3 ISR 0. 1 mol/L R MRIA TR R = A 5k 50 =R &
PR VA WA by 4 BBV 0] B P B B B 30 min, R AT 2 U ) 4
1.3.5 A et i3 E ek

VL B R i R 55 B S IR G A vE VS W ZE D) %6 5h 500 W R FE S 30 “C I 43 9 7 5.10,15,30 min,
AT P I () 3 B A 5 5 R B 5 3 )R 7R I [R] . 40 °C R U AR I, AT R P O B
1.3.6 #mBRAITA

W 35 B T AR SIS 50 MERFRE 5 g F 50 mL HLEEBLAF LA 12,5 mL FEE 450 5% 1)
W CBREW R TEIR Y 2 min, 30 C#E A P HEH 15 min, 8 000 r/min B§.0» 5 min, 7 FIEW 2 I — 8.0
Erp SRR A IE B DR AR R . B IR R 5 mL F 15 mL B0 LA S RBIED
Be IR 2 mins #E 2L FEIECKZE . FREFERFATA .

PR A 1 mL L #5208 1.3, 3 W AT A Ak B kAT A 4k
1.3.7 FikFHit

T B AT i B B 23 IS AT b 3R =SS [RDKF B TR AR i W $5 BR1L 3.6 19 7 4R IR, DL K 1. 3.3
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YT IE AT AR 5 RIS e IR 25 SR ] e 25 AR X A v i 22
2 HRESH

2.1 HREHEREE

FeBEO130 1 ik A5 1 N i A A B LB 1 B R A5 AE 29 min A4 H — AN R
(R A BT . 9 Tl A= ) Jiig 28 Pk 19k 5007 2B AL S i 06 7R 35 min N 58 423 85 WAL 2 ot 0 U AR I Ry
B AR i O e e L Y T Y SR ORI » 2% A W g ot i vk BE 121 25 mg/ L 4y SRR
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Fig.1 Chromatograms of reagent blank
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Fig.2 Chromatograms of 9 kinds of biogenic amines

2.2 REVBFIHIEE

BT E Y R R BOA R R A RS S RS R AR & AR R A 0.1 mol/L iy #h
T2 Vs YU T A 43 500 5 060 1 = S SRV W ER T rh A A W e . S5 SR L Fh R T OR = S L R I T
TE A 5 A 20 5 7S AL B DL L R B R R B BRI A RO TR L B0 S VA AT AR TR ek LR LA
U AR IBOHR A5 2R 35 A 5 T = 58 TR R P I 4R OV B 0 S TR TR L B R . R BE R T R A RO 5%
M) = R SRRV WA T I R IR 71
2.3 BEREREE

R P i R U AR PR 7 T BRI B 5k 7S I RV MR AT 7R s AR FORARICH AR . SR R T
A 50 WA A AL B A Y IR AR 60 min, A I A B0 AR W) BOR WRAE T . A IR 2 5¢ T TR IR
iy 30 °C B i P B[R] X A [] A 4 Jig [T WAg 238 A8 52 0 o 25 SR AN 1 3 s o H L 3 AT (8 i AE 5~ 10 min N
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6 P ] ) SE R (8] 053 T T e B S 10 min B RIS 3R B R L 2 JE A T T B AR 8 R AE WM AE 5~
15 min I 8] P, 5 35 68 P IR (R] B B [ W5 230 28 T 484 O 5 Pl A A= ) B A A 15,30 miin I, Bl e 32 A8 A T
W22 IR B 80 FE AT I UL 1. LRGP R R 15 min 9 5 B R Ry LA S A 0 I 1 42 RS [

120 #5 min #10 min ©15 min = 30 min
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Fig.3 Effect of ultrasonic time on recovery rates of biogenic amines
2.4 BREEREN®MW
P TR X PR A S — E R . S R T 100 - #30T m407T

K il T A e T R TR IR B TSR A L R R R BE 50 C L %

FEEFE] 25 min NERARH G, AR A 15 min 1985

IR 2598 T 30,40 °C 7 3L X T B AR W [ R B s O ‘ Il ‘l || ‘ “ I “ n
S AR A4 B, BB 4 BT, 30 CHt 9 R AR ) b

[ TSR A 80 26 ~100 %6 Z [] , 40 “C i [l fig %45 30 °C i} 20 II II II II II II II II II

RAT ARG o DRI » 32 495 [ S5 50 v Ak 8 38 A X

[ /%

T

0 .
30 QCW%E%E&%%&%EXE#E@EEO Try Phe Put Cadﬂal—:};;;%Oct Tyr Spd Spm
2.5 MEARECHRMEER
A e ) B JEE S 0. 25.0.5.1.0.2. 5.5, 0,10, 0, B4 7 R 2 e L 2

15.0.25. 0.50. 0 mg/L 2 51 k7 10 2 VA WL » LA 1 iy 16 Fig. 4 Effect of ultrasonic temperature on
B A TR FE B B 22 AT 2R 29 resavery e of biogenic amines
i B 2R D7 e A HH BRI E BRI AR 20 i 3% 2 WL 7 R AE M (Try, Phe, Put, Cad, His, Oct, Tyr) ££
0.25~50 mg/L JEHE N MR R RMEAHC R BIYTE 0. 996~0. 999 Z[H] ;2 Fh A= # ¥ (Spd ., Spm) 7
0.25~25 mg/L Ju [l N ZME R R4 RAEAHSC R Boar il Oy 0,993 F100. 995, 9 Bl AR Wy Jie A6 it BR 4y
0.38 mg/kg, E&FREHm 1.25 mg/kg.
R 2 EWIME RN TR A6 BR A E R
Table 2 Linear equation, LODs and LOQs of biogenic amines

EVu Y/ 2 ot B/ R/
EUB <fﬁiﬁl> At *ﬁigéﬁz <m2ig~> e
81 iz 0.25~50 Y=1.53X10°z+2.50% 10" 0. 999 0.38 1.25
RN 0.25~50 Y=1.95X10"x—1.04X10° 0. 999 0.38 1.25
it e 0.25~50 Y=3.71X10°x+6.55X10° 0.996 0.38 1.25
J7 B 0.25~50 Y=3.45X10"x+2. 46 X 10° 0.998 0.38 1.25
2H I 0.25~50 Y=3.30X10°x+1. 15X 10° 0.999 0.38 1.25
= i 0.25~50 Y=2.64X10°2z—7.84X10" 0.999 0.38 1.25
ik iz 0.25~50 Y=3.10X10°x—4. 30 X 10* 0.999 0.38 1.25
VK T 0.25~25 Y=3.04X10°z+1. 81X 10° 0.993 0.38 1.25
5 Hi 0.25~25 Y=2.54X10°2+1.37X10° 0.995 0.38 1.25
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2.6 fEREIESHEXRAERE
T I T3 R 43 S IS v = AN KO B TR A s oV YR R R O A P A% 1 B T R A Bl 5 060 1 =
A O TRV AR B A ] R 15 min OB A IREE R 30 °C L HEAT b RIS 56, A= 42 e %) [0 e 23R 5 40 6 A o
25 W2 3. B3 3 AT, 9 A 9 i 1) SF- 2 TRy 76. 396 ~90. 1% (n=3) . MU b I 254 1. 09 %6 ~
7. 45% (n=23) , 3X Uk B A AF 52 £ 1) 5 3k 1) o 52 M RO 2% B A7 L 38 T T v 9 A 0 g 1 0 43
F 3 LY Tl W R A X o i 25

Table 3 Recovery rates and RSD of biogenic amines

X Jindr A/ AH X b 1 Jnbr g/ AH X o 1
HE Wy e EIE I TE Wy Wk a1k %=/ %
I gekg PR ey W gekgy R sy
25 81.3 3.21 25 87.7 4,66
Yy 50 86.5 1.52 =41 i 50 80.5 3.13
100 85. 2 5.36 100 87.6 5.18
25 86. 4 2.65 25 82.8 4.05
W 50 83.9 1.09 & iz 50 85.1 2.29
100 87.4 3.65 100 80. 4 3.45
25 77.8 5.42 25 76.5 4,99
Ji W 50 79.5 6.81 VR e 50 81.8 3.27
100 82. 8 3. 85 100 82.1 4,94
25 78. 4 4,22 25 76. 3 5.57
Jaliin 50 88. 6 3.25 il 50 81.7 1.12
100 80. 3 3. 94 100 78.6 6.58
25 81.5 2.88
21 % 50 90. 1 6.47
100 84.5 7.45

2.7 EEHEMBPNE

W A5 S ST 00 A= ) B I S 1 T T R AR T A S B A L T A e 2B ) e I L AR
4o A TIEDLT SRR R ARSI AN RS 0 A W e AR W e S B O 2. 44~78. 1 mg/kg, 53K
A W T 0 B O R A HE B 55, 4 mg/ kg AN [FIRE A ] AR W) e B OGRS A BRI E . TERX BB P
FCAG I 7 P A ) B S R AE A AR P R L S B 1. 28~7.51 mg/kg, FAHETAEVC AT
() 6 A Camembert T fr L ¥ & ) 7M. 5 DHES A T4l i, & i 1. 85~55. 4 mg/kg;4 A
FESL A TR e . & Ry 1 34~2..86 mg/kgs 3B 3 ASRE G A P AR e L A 1 SRR R
HE AR I FIORS e o JIT A A o JE R A e R R A R . T 9 b AR W B b R AR A AR R 2 e i 4
55. 4 mg/kg, HR NI 10. 2 mg/kg. T & o A= 9 g 00 7 AR 5 A2 SR )V BRE IR AR VA I ) T
Tt 24 45 Z2 5 7 DXL 25 1 55 1) o G o B % 7 R TR 0 PR G 1) Tl 26 ) s o B I IR 3R A L TR i R T PR A
2 8 Ak U AL & it~ LA BT ELAT T 0 e 1) ek B AT 5 8 e U = 2 oy F 32 G IR 114 I 2 R B A R 1 £
TE B R - 1 TR T 22 M R A T S M), — 8 & e 791 sk A A 8 7 1) T k8 T R 10 JE e 19 A= G
T DR R AL S AN 100 mg/ kg B AN 13 5 100~ 800 mg/kg" ! A% 1 56 Jir I 11y
LA AW e & = A R T PR = 1A

T4 T EERE S A W e

Table 4 Determination of biogenic amines in cheese samples (mg/kg)
A= W) W FE 1 k2 FE 3 FE 4 FE 5 F 6 FE 7
0 i A ARAG A A ARAG A ARG
KW A i A At 6.2340.26 EN oA A A i A A iy A i
JE& it 2.4440.12 7.51740.05 1.2840. 14 3.28+£0.08 2.6740.23 2.024£0.19 1.6740.32

J7 e A H 2.16+0.23 K 2.04+0.21 HAG H A H 1.4340.16
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& 48
A W FE 1 FE 2 FE 3 FE 4 FE S5 FE 6 FE7
21 Wi A 55.440. 34 1.8540.09  27.240.11 2.3240.35 FH 14.440.23
A KA A At KA A A A A A A A
1% i H A 10.240. 19 A H A 5.0740. 46 1.48+0. 16 K H
A I KA 2.86+0.07  1.7940.35  2.62+0.42  2.71+0.19  1.34£0.09  2.14%0.07
e KA At KA 1.3240.04 At H A A A
M 2.4440.12  78.140.18  11.240.21  36.540.17  12.840.31  4.8440.15 19. 64-0. 24

3 & iF

AWIEFERE L T HE T A B 3R T 9 e A W e v v OO € DO AR I T 1k . AR W AE A
I 2PV [ N 2V 50 2R R Ok DR g L RS 8 B I E BV 4 o R AR B ST 4R 1 80 07 i T T T IR A
sty 3T+ A TR R i 18] 22 00 J0 o R 5 5 22 S R T RS R TR . AT 2 i i L A 1 FL A d b 22 W)
¥ 9 B HBORI AL AR - B e T 20 M R O A T T v 22 b A e A DR AGE N T S PRI S L A o A )
JHE IR AL 22 2 PR AN SR Bt HOR T B
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