80

FOOD & MACHINERY

DOI:10.13652/.spjx.1003.5788.2022.81103

=K E B —

E9HEE 108 B 2648 | 202310 A | RAESHIM

[ X # %5 ] 1003-5788(2023)10-0080-07

ZE MR HEKRIE A

IBEE R 5 A AR

Determination of 5 kinds of biogenic amines in cheeses by high

performance liquid chromatography-tandem mass spectrometry
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WE:BH:h A% TR 6T e 5% 4 N 3F
EREHOBRRER, HE . £ikmBE# E_ﬁw#&
AF B BT B A A M B P B e 2- R LM BB B R
Fo PR g R Ty ik, ﬁifﬂﬁ)ﬂfﬂ’éﬂf]/én‘]AFﬂii%ﬂt,
HILIC & #4445 & . Z FwB T REES T %
BXFAMNE . AAREZEHRARRENAL L F
8] 3% 5 Fo SRR A R 30 B AR A I iE Ao
WA, BRAO0IUTE — L — KRERARRIEA,
RFER IS min, E WL EITANLRE, A TBRECT
B pHAE A 4)— T h A 348, HPLC-MS/MS # 4 1)
E, AP AR AR e E A 78.6% ~113.8% , A8 xF
AR AR E K 241U ~T12% (n=23); &I K TR B e Fm
TR ETRA 0.75 pg/keg. T ERA 2.5 pg/kg; P R
egA R A 1.5 pg/ke, E EMH 5.0 pg/kg; £ 4 B LR E
MEMEE R RAF X ZHH KT 0.99, x4 b3 BEAF S it
AFME, RS T RE 6 A I b F i%—q&k B i
2 4.45~2 863.00 pg/kg, ¥ &% AL . B R
Ty ik iE A nﬂi’Sﬁi%ﬂiééé‘J‘}kﬁ#&mﬂo

KR A EE = E AT BRIk AT A
3 Bk 5 2y e s #e i)
Abstract: Objective:
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A new technical idea was provided for the
study of biogenic amine formation mechanism and food safety risk

assessment. Methods: An analytical method was established for

determination of tyramine, phenylethylamine, tryptamine,
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octopamine and cadaverine in cheeses with high performance
liquid chromatography-tandem mass spectrometry ( HPLC-MS/
MS). Biogenic amines were extracted by ultrasonic-assisted
solvent extraction from cheeses, and were separated by HILIC
column, determined by positive electrospray ionization (ESI)
with multiple reaction monitoring ( MRM) mode, quantified by
the internal standard method. The effect of extraction solvent
type, ultrasonic time and matrix effect on the peak area was
studied, and the performance of the method was validated and
evaluated. Results: Using 0.1% formic acid Cacetonitrile/water)
extracted by

mmol/L. (pH

as the extraction solvent, the samples were
ultrasound for 15 min. Ammonium acetate of 5
value was adjusted to 4 by formic acid) and acetonitrile were used
as the mobile phase, biogenic amines without derivatization were
detected by HPLC-MS/MS. The recoveries of 5 biogenic amines
were 78.6% ~ 113.8% and relative standard deviations were
2.41%~7.12% at three spiked levels. The limit of detection of
tryptamine, phenylethylamine, tyramine and octopamine was
0.75 pg/kg and the limit of quantification was 2.5 pg/kg; The
limit of detection of cadaverine was 1.50 pg/kg and the limit of
quantification was 5.0 pg/kg. The linear relationship was good in
the respective linear ranges, and the correlation coefficient was
greater than 0.99. The method was used for the determination of
commercially available cheese samples. The contents of different
biogenic amines in different samples varied greatly, ranging from
4.45 to 2 863.00 pg/kg, which was within the safe range.
Conclusion: The proposed method was suitable for fast
determination of 5 kinds of biogenic amines in cheese.

Keywords: high performance liquid chromatography-tandem mass
spectrometry; without derivatization; cheese; biogenic amines;

determination
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AP — R ER S T RAIMEEILED . F ]
B9 B R VLI (B O e R S R L BB R TR 2R
R ERN: T N RN R AR N A AR
W — AR R T M e T S AR A
T I G B T A T X v 0 U i TR R AT I R Bk
VR T AR B, AR R Y R A MR R DDA O R
2 ) A D T R R N I 3 P B Y T A 0 AR T D 45
R FR I R R QAR 2R T 0 Ji TS O AR I R
Fhimi A Sk IR SRR AR T 8 I 4 B SR LA AE W R 14
PR P AT 5] 22 s (W PR I 25 ) B 3 AT A5 Y
1% £V P T B0 4 e

e v A A ) B A RN R A — A B2 e R
A AEDORE 17 Fhooh AL G2 G b AR R AT T 4B, R
FESh AR e S A R, & O 1,296 ~41.268 mg/kg.
REMGEFEDITEIE T 25 3L W AE G AR P A e 1 AR
TR SR A T R M 25 R 1B 100 . X SR BIF 58 K 2 R F s sk
A (LR 1Y) 7 o R AT A e 1 A A O

= R S o/ O AL 2 N S R
RO A T RO R S T B
B REL S R R R WA R R kT AR
B UL 0 VBORE 0 1 3k oh, A  E— BEA E AL R B AT
0T R 0 T RN S, RE R AR B A e L RE G, OF HL 7 4R
RN B A BB 9% v, A7 76 B AR & = 09 4 W e
TG ik R I G PR, Lee 251200 SR FH A 6 /K o 19V A 4
UK oy 9 A= ¥ e, 2 FH 8 BE A& AT 42 JF UHPLC-
MS/MS #4750 M, R M 0.5~14.0 ng/mL, %k #
TR0 TR I A AR (H AT Ak BT B0 AT A Ak AR
Huang &5 SR 2% 1 RR VS TR B S M5 i 8 Bh A9
Jliz . SPE /ME L, Cos FE 43 B . UHPLC-MS/MS H #2246 il
AW B s Zhang 2R A 5 %6 R A BR R BOUK = B B A2 )
JHe s GV AL R 0.5 %6 & SRR ¥ W e, HSS T3 4 3% 4% 43
B HPLC-MS/MS B M & . DL LW F o8 5 k¥ 07
iR B, KRB & TR AR, AR EAEY
iz W AR L T v TR B 22, DA RO R I TR B T ol I
A ) JBE A B R A A T IS A 5 I R 2 R A ) e 1Y
T RCCHR IR JC TR AT A A Ak B RN AR R M G PR AT vk
W R A AT

5 400 32 37 8 75 Al B 0 70 4 I VRAH % — =
AT H TG 3 % 2 A [ G 000 4% i b 5 R D A= 4 e 1
FE 7 BAEN AE W) RETE ML A SR A KU
PEAG AR A0 £ R B
1 MEt5Jk
1.1 ##E5iRH

5 i B < BEHLI ) R T AN R
%% ( Tyramine, Tyr; CAS 5 60-19-5), 2-4% & i

* BE SHUREEE—-ENRTFRBEREESTPHE S 5 MEMR

( Phenylethylamine, Phe; CAS 5 64-04-0)., F j%
(Cadaverine,Cad; CAS 5 1476-39-7) : 4fi Jif >99% , bt &2
SR ERHHA R A A

@k ( Tryptamine, Try; CAS 5 61-54-1), 3 A iF
(Octopamine, Oct; CAS 5 770-05-8) ; 4li F > 98 % , It 1t
SR A R B A R A

etz N bk (Heptylamine, Hep; CAS 5 111-68-2) : 4l
JE=>98 %, BT T 37 i) A BR A D 5

N %Al f8E Merck A Al 5

R R B 3 B ol o [ 2 48 Ak 20 A BR 4 7] 5

R K R Milli-Q #B 4k .
1.2 UE5E&

HPLC % :LC 20AD %, H A B H 43 7 5

=EE VU B AT A IO % 1Y . 5500QTRAP 4, 36 H AB
SCIEX 24 # 5

HLF KV FA2004 A, | iff 5 5210 F Bl 24 4035 A R

NG
AR AR KA Milli-Q 7Y, 5 [ 25 HE i 2 7]
B AL.2-16P AL fEE SIGMR 2,
1.3 HiE
1.3.1 YRS &M

(1) @3 &4 . R H WATERS Atlantis HILIC Silica
OREAE (2.1 mm X 150 mm, 3 pm) /3B, WA A K
5 mmol/LZTREE W W (pH {EN 4).B hy & W it ¥ &
10.0 pLs AR 40 C BRI Ve AR F LR 1,

(2) Pk & 1. ESI IE 8 ¥ #8120, 2 e W i
(MRM) ; %5 B R 5 500 VB F I E A 550 C; K
AR (N 275 kPas 56N J1 2 379 kPas fi i)
TN, Sy 413 kPas; 7 HL 55 1F B F B0 T X i &
VG ERY A
1.3.2 W HC

(1) A=y Bl A0 PN s s £ 85 AR - YA F R L 25 A oA
10 mg,H 0.1 mol/L iR i 7 fic fil B = W F 1 mg/mL

x1 BEEBRER
Table 1 Gradient conditions of liquid chromatography
I it 2/ TSR R A3 H Y
(mL * min~ 1) A LR B Z i

0.01 0.6 10 90
1.00 0.6 10 90
5.50 0.6 50 50
5.60 0.6 70 30
8.00 0.6 70 30
8.50 0.6 10 90
10.00 0.6 10 90
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) A W e B i 4 AR
(2) 5 Folr A= 9y Jiz 1 45 s v vl 0 SR8 v 0 O BB 4% PR i

F W 0.1 00 B R 2 VA VTG T WG B i R A 1 mg /L

(HEp PR FE 0 2 mg/ L) IR B Fr e TR . 4 °C K

FAPRAT
(3) b o Hh 28 . o B W H b 3R TR A b oE VA W, R
0.1% H B8 2 N ¥ W BE il A 0.5 ~50.0 pg/L B 1~

200 pg/ LFR U 0 b5 e LA W 43 3000 A 55 i DN B VA TR
LM‘T{’rEunﬁgﬁﬁ ot AR b, DL E RS AR BT
FUECAE 0 DA AR AR, 245 1) 45 s o4 il 2%
1.3.3  IREUAF AR DUYYER AR O TR IR AR
SNSRI 0.1 R NG 0. 1% R I — K
B Vot V=41 D4 5 mL gEAT R BUA 7 19 HL BT
g, W PR G BRI I
1.3.4 BT A AR R DLW RE S Oy BT IR AR
W BRI 500 W, 4r Bl IE 7 0,5,10,15, 20,
30,50 min B [B] 3F 7 48 75 B[R] 09 BF 5T, 36 RS G R R
I IH]
1.3.5 FEMAL MEBRARE 1 g BFEE 450 0 AR L T
15 mLEZEB LB P I 25 pl N bR bR E B A
0IYHBRZNE—KIBEW( Vo ¢ V=4 1)5 mL i
Y% 2 min, A 15 min, 8 000 r/min &> 5 min, B Z,
& — KIS W2 0.22 pm JE B U8 7RI,
1.3.6  JriEFI Ut e O EEAE L A8 S AR P L
3AIKOV1Y 5 Tl A= 9 B VR AR v VR 4 B 1.3.5 4R I [A)
W35 s ok BRI, T AR o A v O 2 AR AR el i
1.3.7 Hymib ¥ {F ] Analyst Software #F ¥ 47 Fi i
B R 4, MultiQuant 3. 0. 2 3k 4 i 47 8048 & o7,
BEAT RG24
2 %%gﬁm
2.1 EMREEFRHRL
211 EiEFA MR KB EHET AtlantisTM T3
(150 mm X 2.1 mm, 3 pm). AdvanceBio Glycan Map
(2.1 mmX 100 mm, 2.7 pm) . HILIC Silica (2.1 mm X
150 mm,3 pm)3 FpAS [\ B 5 34T Y 3 B AR, SRR
W, A A B0 A T3 A BT 5 AR W e 24 o i 0, 1501
AW T3 Gk H: E3CA R IEA G35 4L Glycan 4
A HILIC 3% 4 b 5 #h A9 i 4 i {8 Glycan FE 0%
JE# 22, M % HILIC % FE 43 8 5 A8 W Wi 453 3 B 4F i
BAMIETE . EY M — 280 B R &
Yy HILIC 0,335 4 A [ 5 A0 2 £ I, 2 AT 2R K 1R T &
T IE G > B R OK AR YN TR Y BT, G
HILIC (3% #E 2E47 A= Yy JHe 14 70 5
A W W 3 S — S M ) 5T L A SRR Y pHL (B R 2
43 15 R O 3 A R R, R 3 AR AR

Microsoft Excel 1

Xif (0,3

B 2648 | 2023F 10 A | AR5V

SE % f0 v ) 2 ) SR 50 mmol/L W R &% (pH {H N
D — G H i A I A e 2 AR B O A . M
SEDAER MK 7 b i AR ) I B R T 20 mmol /L H R
B (pH N O—Z A 37 BT B or 4 09 08 8 47
BT e Y I R R — 2 R —2Z
GYE R TR B AHIETT 5 82, B3 5 mmol/L & R & (F g i
pH R O — 5 R shAHET 5 F A 40 e 43 185 5 0 A i
TR H ARy B AH = 5 10 pH (6 R 3 I, A e A {7
B LIS Y 43 9 BB RV TR A0 22 5 pHL Bl 5 IR, 98 43 A W i
O P BRCA R . B IR %5 5 mmol/L £ R B
(W& pH H N O —ZIE1ENFSh A,

5 B A= W e 22 JOBE WE I CMIRMVD €633 R LT 1
z L4e6 3.88
Z lL4e
221006 P\
5y | o
E g 00 !‘ B (PIATR)
Q% 32 38 44 50 58 62 68 74 8.0
]
. Time/min
T 3466 3.94
B g
o .S
E g A guati'y
% 0.0~ AN . . . L L I ]
é 32 38 44 50 58 62 68 74 8.0
i 1]
Time/min
z)
iy £ 1066 401
= \
=] “é I
E £ | B
% 00 L LA L L L L Il Il J
o~ 32 38 44 50 58 62 68 74 8.0
P 1]
Time/min
=
R7) r | 4.08
i £ 2066} I
= = ‘
r |
E g | ik
z 00 L L ) S L L L L 1 |
~ 32 38 44 50 58 62 68 74 8.0
I 1]
= Time/min
i £ 5.0e] [+18
w2 |
P |
= o
gL wem
ﬁé 32 38 44 50 58 62 68 74 8.0
i 1]
. Time/min 241
E 3.9e51 :
<
R
r \
= 2 b
= %' 0.0 | | ! ! | | L‘Fﬂkw
o~ 32 38 44 50 58 62 68 74 8.0
P 1]
Time/min

A1 S5#EHpes MRM & H
Figure 1 MRM chromatograms of 5 kinds of

biogenic amines



&M | Vol.39, No.10

2.1.2 FRIEFAFRL AWM S T R A,
B o P32 IR T B IE B 0 8 1 R T R A A
W25 IE B TRUT AT L. B 50 pg/L B AW I B s
LB e R R L B T — S
BrAR B0 73 1 8 7 Ve LLor 7 1 08 B B 7 R AT g O
P2 I i B = < W e 0 W Sy A W 1 e
BESHERINE 2,

x2 E£YEMNRESH
Table 2 Mass spectrometric parameters of biogenic

amines and heptylamine

e CREAETE /W Es X iR iR
" min (m/z) J&/V J&/V
B e CH R 3.88 116.0/57.2 38 20
161.2/144.1* 27 15

(a3 3.94
161.2/115.1 27 43
" 122.2/105.1* 42 32

KM 4.01
122.2/77.0 30 19
138.0/121.0* 42 11

i e 4.08
138.0/77.0 42 38
136.0/119.0* 50 17

1 i 1.18
136.0/91.0 50 44
103.1/86.1* 27 14

J7 7.41
103.1/69.1 39 22

toERET.

2.2 REUAFIHIEE

WIS E A Y R O A, — e
H A Wy M ) B B R A SRR SR LR L L
PR B K B VR R 0.2 04 TR O I v W %6 il TR
SR I A R0 B 0 o B 1 M S BB, L 1B I
Jit L0.1 %6 Y R £ VA TROR 0.1 % F R B — /K W TR IEA T 1
T T A W e B AR ORI 7 S5 R LR 2. il BB 2 RTAL LA
0.1 %0 B R & MK — 7K T W80 A 41 TV 390 I 288 2 % L i i L 68
¥z 2 £ iz AP M B4 W T R 240 A5 i L 3 i B R A £ B

25T
201 B E

mO0.1%H 2 2.
15} 810.1%F iz -2 i -k

UETAT AR
Peak area( x 10%)
=

W

Ll

Biogenic amines
B 2 IR A AW I &5 @A e
Figure 2 Effects of

extraction solvent on the

chromatographic peak area of biogenic amines

* BE SHUREEE—-ENRTFRBEREESTPHE S 5 MEMR

RN 0.1 MR L — KW= 0.1 00 TR £ % W >
N PR, e 0.1 B IR LM — 7K W W W g b A= 9
¥ 4 £ TR 51
2.3 HBFERERER

TG 75 52 1R P 8] X A ) T 4 MR Y R e, &5
RULE 3, & 3 B BB E D 0~10 min W FfiE AL 31
I ] f) A G, 5 D AR 4 M 0 4R TRk R B e B o, T
15 min Ji5 U 1T FR BE I 8] 78 46 8 TS 2% 52 TR B A
K. LRA75 I8 R 15 min /5 Sk 75 52 B i)

30
25
S
o % 20
EE s
@ & —e LI
%10 ]
5 —e— il
—— ]
0 ! ! ! ! ! |
0 10 20 30 40 50 60
PR} i)
Time/min
A3 A E AR EIEE TR YR
Figure 3 Effects of ultrasound time on the

chromatographic peak area of biogenic amines

2.4 BRI

7% I 1) 356 5 A Ol A % L R VA RS o R R
T4 AT A W B B R o R 0 Bk B4 T B 4 R A W R 1
A0 3 BT BIE 5 7% A i B KR . i ST KON TT LA A 4R
TRUJR 10 28 6 0 A5 00 40 % e 7 -5 95 8 R TR Ak ) 45 e
JEE A W0 A g o 7 LY A Sk B A, — T A e N L (R 4 R
1, 3 0 E A R (R R AN 5 (R T 1 0 3 R
Xt bR 4 el A B SR A s U/ 1 B R A B AR
Wil S (AT AR VR . sk 3 TR 5 R A W A R Y L (S
h0.09~0.67, B3 /NTF 1, Uk B 0% 1 A0 o 35 5 ke A 0 e
FETERGRI B FIMHIEA . BT U5 E A& 5 H R 6
A= W B, oA 2 IS 1 B IR o s BRI O, SR R PR 7 (A B
i Ay PN ) R il 559 3 I 356 S AR ) 5 T

K3 DERPEMERHERBE

Table 3 Matrix factors of biogenic amines

&Y SETOMAR A R ARAE SRR
R (AR 2.26 X 10° 1.66X 106 0.14
REN 1S 8.89X10° 6.78 X 10° 0.13
KN 2.67X10° 1.70X 10° 0.16
ik Jiic 4,44 X105 4.86X10° 0.09
ik 1.55X10° 1.11X10° 0.14
J7 e 4.91X10° 7.25X10° 0.67
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2.5 ZMEFEKHRMEER

Fic ) BT vk BE RS BE A 0.5, 1.0, 5.0, 10.0, 25,0,
50.0 pg/L LA K Brat v BERE B 1.0,5.0,10.0,25.0,50.
0,100.0,150.0,200.0 pg/L {4 & 3 45 HEIR & W, LU E
7 X e TET RSN P A BT Sk e T AR L (B R N A A B
VR R R AR AR, BEAT AR E I 2R Ry 2 ] . AE ) g L B P
TN AR W ok F 5% A W e A I 1k I A 1B R (R T R
T3 A EM ) AE R TEORT 10 5 ML), B
IR 4, R 4 AT S FiAE Y PR R B
0.992 3~0.999 5, H v A, i (2R 2 Jie | i Bl R 3 f0 B A

B 2648 | 2023F 10 A | AR5V

0.5~50.0 pg/LE B WL XRRE. K B RA
0.75 pg/kg. & B R A 2.5 pg/ke; F B fE 1.0 ~
200.0 pg/L 0B MR RIF, K Ry 1.50 pg/kg,
SEHERR N 5.0 pg/kg, XNH DR FHPHEBE AT R
O3 A I 1 % T 8 i 2k W e L LE W e Y E R BR 0,52~
10.10 pg/ml. Zhang %02 #3577 K 7= & o A W i B
HPLC-MS/MS #6077 %% , 2 WU A= 99 e ok 22437 A A b 3
BN E, & EW R R 0.25~2.50 mg/kg, il
B 5 FpAE YR BBl 2.5~5.0 pg/ke, J7 A B R B

FEBR .

T4 EVBEAZEFEKQHRMESER
Table 4 The linear equation, LODs and LLOQs of biogenic amines

fe&  RHELE/ (pg e LD ER eIy MXRE KBHBR/ (g ke ) TFEMR/(pg- ke D
8t 0.5~50.0 Y=0.336 9x+0.139 3 0.992 3 0.75 2.5
i 0.5~50.0 Y=0.373 92 +0.004 9 0.997 6 0.75 2.5
i Jiie 0.5~50.0 Y=0.243 8x+0.083 9 0.998 7 0.75 2.5
EoRiclivig 0.5~50.0 Y=0.292 94 +0.002 5 0.999 5 0.75 2.5
J7 1.0~200.0 Y=0.044 22 +0.049 2 0.997 9 1.50 5.0

2.6 MiRERSEEE

T I3 1) % MR 43 B EA T AR b L 3 KO
T 1m0 053 56 Jon s T 5 56 R R X A o A 22 45 SR LK 5.
R R W R 5 Bh A ) B Y T 2 RS 78,6 % ~
113.8% ,AHRS bR EAR 220 2.41% ~7.12% (n=3), H it
e Wi 5 IURG %5 B KA, W6 A2 % I AR i 5 N AR ) R 1 4y
Bl e ok,

x5 EYERNEKREEREZE
Table 5 Recovery and RSD of biogenic amines (n=3)

AW AR/ (pg » kg™ WA/ 00 AR AR IE DR 22/ %0

Ny 25 103.2 4.51
75 99.6 3.19

125 107.7 2.48

KM 25 101.8 2.89
75 109.7 5.46

125 113.8 41.76

ik Jiie 25 81.5 6.11
75 78.6 3.25

125 80.3 2.93

1 Ik 25 91.9 3.64
75 93.8 7.12

125 86.5 2.41

e 50 85.9 4.43
150 81.6 3.56

250 80.5 2.12

2.7 EERERBNE

SR FE T S ST ARG T 7 9k o AL T S 1) T B A i
T R B A 8 SRR RN AT I A . A RE
YA R[] 1) A T Ay 5 EL e 3 A 0% R R 2 R i
K th & T = ol 12,60 pg/kg . {0 A1 35 40 Jlie 9 A AR 1
2 AP T B R A o o R e R A Ak A 3 R
i R N BE M (922,00 pg/kg) . HR N 2B
(86.20 pug/kg) 53 A i il 7% & A b 5 S0 R R L Oy T
Jlie (2 863.00 pg/kg) s iR 2 Z i (625.00 pg/kg) , Fflt
g ARA Y, TE T A RE S b 5 Bl A W e R A R R R
HIWHREESL 8 5. AN 3 282.00 pg/keg, Hik -4+
BEF 55, &N 1 031.00 pg/kg. 3% 5 FhA ¥l b, %
o 024 0 i A Gy S et A v A W R N T D 4 T
B J2 % 1% o S At 7 TR R O TR R A i) 3 o R R
IO A AT e T - ) T T O 3 2 DA D ) 43 s Oy JE
BEEAT I T, 5 AZE W . — A B A 100 mg )
Fi W2 B 3 mg AR MBI P] 5] % e 3k 0 AN RO,
PR 8 ANFE S T R B I AR e I TR i . i
WIS R R A0 v RO 53T I 1 A T B 4 R
oy B D R, T ORI BT A R R R E A, A
IFi] Fr) 275 s B 5 W] R PR T R TR R RS L T S AR BN AR B
B2 N R, A Y e BB S A/ AR,
5 Hik

R0 HE S T YRR B — = DU AR R I R () B A
DU i v 5 R A g e i W VR L RER L0 H R &
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* BE SHUREEE—-ENRTFRBEREESTPHE S 5 MEMR

x6 MEHRPEYRSENETER'
Table 6 Determination of biogenic amine in cheese sample (n=3) pg/kg
i =N M 1%tz A6 1% U o8y
s 1 ND ND 12.6+0.24 ND ND 12.60+0.24
s 2 ND ND 4.454+0.13 ND 6.7540.39 11.20+0.26
s 3 ND 9.78+0.16 11.70+0.27 ND 13.10+0.23 34.6040.22
FH TR R 4 4.7240.24 17.5040.11 9.3240.43 ND 12.200.56 43.7040.34
HH TR R 5 8.640.31 86.2040.69 922.0042.38 ND 14.600.42 1 031.0040.95
Ji it W ¥ 6 ND 27.9040.57 11.8040.46 ND 151.0041.47 190.00+0.83
Ji il W s 7 9.214+0.23 625.00+1.19 114.00+1.63 ND 29.9040.64 778.00+0.92
Ji it W7 T 8 251.00+2.28 152.00+1.07 2 863.00+3.45 ND 16.40£0.29 3 282.0041.77

t ND K H.

i — 7K R A B U )L 20 A A B B 15 min, G TR AT AR
A6, LA 5 mmol/L ZRE (FFERIE pH{E N O —ZIBEIE R
T BhAH SR A HILIC (3 AE 43 L 1 88 2 3 by e 0 A =X
HEATISE 5 N A T T o 35 o 0 A . A5 SRR 5 AP
A e v TR i R 78,6 % ~ 113.8% . AH T AR HE AR 2% K
2.41% ~7.12% (n=23) , (O} . 2K 2 Wie . T i T 55 40 g 1) A6x
WK 0.75 pg/kg. ERBR N 2.50 pg/kg; 7'M 0K B
] 1.50 pe/ke, BN 5.0 pg/ke; AKX R KT
0.99. LR MEK R RAF. SR BT E Jy ik 5 11 B W% g BF b £ 7
M, 8 KR YA RF AR, & RWER
4.45~2 863.00 pg/kg, A [F] BE & o AS 6] 09 2 ) e b 28 &
2 SRR, & B I ON IR (2 863.00 pg/ke) s HR
FA i (625.00 pg/ke) , BITEL AL I . K5 T 27
WA S 2 BRSO A A Ak, BRI X W R R 5 AR
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