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W B AT S 4k 71 1 M 87 (deoxynivalenol, DON)i# F AR ARt F X , F 2 HASHRITA L, LA AN L E
M RREN EMSERE B ERE, DONEZZ2FE DML TR FR I LSRR TH, L2AEREL
FAMRMEE, 5 A8 kAR &% - % BK R % (LC-MS/MS) ik A= itk 4 %78 Z A7 (GICA) ik A5 ) /)y % F 89 DON &
T8, B A MATEN KIS I E 2 TR ERE RN, 2 T EG I E S A A 92.98%~97.43% F=
104.53%~108.92%, H A8 3+ 4R E 4 £ (RSD) ¥ ) F 10%. £ A1 A 24 75 AR M R AR T K Am T )5 &35 09
DON G E 5 #. BhmIi, @ 54L2 %5 FDONRESHK-FHAN0.56, kX 54245 H ¥ DONAEH
HAGFHAELA 1.55, ZREW, N EBEHRMIE , @ FDONRESH S L EH AL B F AL, m K H P
DON A Ep#S5cbihMit 2 XA B Am Ik AR AN & T LA XK K@ H F DON R =
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Determination of Mass Fraction and Distribution Pattern of Deoxynivalenol in
Wheat by LC-MS/MS and GICA

LI Xiaofang ZHANG Jia LIU Ligiang LI Ding KUANG Hua
XU Chuanlai  GUO Lingling’

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

Abstract: Deoxynivalenol (DON), also known as vomitoxin, is produced by Fusarium graminearum. It is
neurotoxic, immunotoxic, embryotoxic, teratogenic, and carcinogenic. DON mainly contaminates wheat,
which not only leads to the quality deterioration of wheat but also jeopardizes the health of human beings
directly or indirectly. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) and gold
immunochromatographic assay (GICA) were employed to determine the mass fraction of DON in wheat. The
accuracy and stability of the two methods were evaluated by the spiked recovery test, and the recovery of the
two methods was 92.98%~97.43% and 104.53%~108.92%, respectively, with the relative standard deviations
(RSD) less than 10%. Then, the two methods were used to determine the mass fraction of DON in each part
of naturally polluted wheat after processing. After milling and processing, the mass fraction ratio of DON in
flour to whole wheat flour averaged 0.56, and that of DON in bran to whole wheat flour averaged 1.55. The
results showed that the mass fraction of DON in flour was significantly lower than that in whole wheat flour
after milling and processing of wheat, while the mass fraction of DON in bran was significantly higher than

that in whole wheat flour. Therefore, the separation of bran from wheat after processing to the maximal
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extent can effectively reduce the mass fraction of DON in flour.

Keywords: deoxynivalenol; wheat milling and processing; distribution pattern; LC-MS/MS; colloidal gold test

strip; GICA

DON J& T 5. vy ffl 75 M R 58 &, & R4 ik ) i
B R IR AR E Y. DON M R B
[FEAN RN TSR VN NN N
KERY K5 R ERL A S BRI
. DONEA & E S ik, ARk
& N\ I B DON S JL (1) B W I, 23 i B X i
MEmIRE kEk=, EE2 2 FE . F,
DON it H 7 B s 2 14 20y v A 8ot 3k A 2%
T B0 ) A R R T B K B 5 B I B g RE F AT
LRI (TARCO H N 58 3 B B 7. AN AE N
NE=ZRFEQYRE L — W5 22 %] w8
A BB VS Q0. R 2009—2011 4E , BRI < 25 W A
T H X 2 9 1) DON ¥5 4¢3 ik 3] 59%; 7F
2008—2009 4 , 1 £} 1Y) DON ¥5 ¥ /K VA 1 670.2
ng/kg, 15 g R AR 92.5% 11,

4T DON [ iz 5 Ge 1 F b K0 43 B 5%
B X AR i 2 T DON BR & x M. B E & &
DON (1] BR & A5 #E A 1000 pg/kg s WK % £ DON
1) R & 2 200 pg/kg s N5 KK £ 5 1 DON (1 B &
N 600 pg/kg; H A% DON [ IR & 4 1 100 pg/kg; 55
FR % W% DON [ FR & 4 1 000 pg/kg" ™'

H #T DON Bk i 75 1R 2, & E A 5 B AL
TN G P AW o B Ak W v O i
(HPLCOM™ | ¥ AH €8 3% - J5 1% B¢ A 7% (LC-M )7
85I T VA PR A R B L B
PEGF , H A A 3 AT A% R B DG (B AE S A BT TR
WA 2 o G A I 75 v ) B T 4 s 8 ) JR
L, HLA e PR ORI AR R, 3 A R
926 W B 00 52 CELISAD YRS L 44 4 40 92 J2 M ik 4K 4%
PRSI VRS R 8T R R AR R B R S A
I B 8] AR, AT LA F 3% K B R A
L JH o 1 R R A 5 A ARG 0 A B R R

/NZZ o DON M AR 1 B IR A, A R &
MEZEMEE NG, HHTRE, ENENT
i F% Hh DON Jiit &2 43 #02x W  BR AR, 8 T Bk 58/
7 T 78 7 DON 1 B A% i A) , B s DON f£ %2
KL B g3 AR 2l @S2 T T A T 22
DON Jii & 4> 3 ) LC-MS/MS 7% #il GICA 2 , I LA

RARYG Yo /N2 N IR R, 28 BE Ry 0 )5, 43 il i 2 A
T3 VA /N 22 00 TS %36 43 1 DON i & 70 30, 7
T /N 22 0 TR 5 DON 1 43 A 1 5 9 9820 /s 22 Jin
Tl i H DON 95 e 32 40 B i, o £ B N 4 fi e
AREERE .
1 MES5Jik
1.1 #R5EF

KRG RM/NERE g5 N 1.2.3.4.5;
DON Fr#f 5 (CAS:51481-10-8) : Jb 5 7 R B AL
AR A F] s Jovs g4 2 0 - b ut B SO & A 5% 6k
% JR BT TE B 5 BE 2 R R 4T 4E R B (NC ) |
REA O RIR (PVC IR SRR Eig & hr £
B A IR A | s Bt DON B3 [ §i 4k & DON £ 4
PR AEHFTELR =R & EAED S8
B KPR =4 . & & LB (NaNy) : g Sigma-
Aldrich 2 &) 5 PR Pk 1gG: g BB D) T/
A s H AR b a .
12 NES5EE

SEIG S NFE BERHL: 6FY-1820 7Y, U 1] 3 #7 ok
LMk 5 £ A R A W s md B AL : JFSD-70 &, Fifg
S B AR AL A R A F] s R SR ATAE - BTR235Q
B, b s R VR A BR A | s B ) 9 B 45 - Eco-
stir 4, b 50 K e 2% A 52 50 A #E A | s AR A
ND100-1 2, Bt JH Hi A 28 PR A =] s | 4K R
4 : Aquelix 57, I g BR oe %5 B % A BR A A
e e RO - = E DY AT G B B A
5500 QTRAP A, 5 [H SCIEX 24 @ ; = 4 % /5 °F
£ :BioDot-XYZ3060 &, I ifg H 18 5 5 A1 R A Al
DI HL:CM4000 8, BilF HER 5 AR A A s F
R R AR 6w & 58 : GIC-H1 &Y, 2k 5] B £
(RO RBARAA .
1.3 H&mElE

I 1 kg /S22 F v R ML 4 50k 5 3 20 H i
BRI LK. B kg MHE /N i 2 5 sk
5 2 /N B R HLEE B, o3 W 3RS BK R R T Ry o B
Bz 4k S FH i R B AL B S 20 H 0 15 B £k K
KB 4 220 K R Ry TR o BITR A ¥ 21 34T R
Ak PR AR
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1.4 LC-MS/MS ik
1.4.1 47 7B 4 o BC 4

DL F R g ¥ 7506 46 1 mg/mL Y DON b fE fif %
0, I FH F AR R 1 15 DON Fs o o 1) 90, Jot B 20
4351759 1.0.10.0.100.0 pg/kg, T--20 °CH#E S R 77 .
1.42 & m & o

ACQUTITY BEH C 53 # (100 mm>2.1 mmx
1.7 pm) , ¥ i 40 °C, W3 A A K, i s A B N &
Ji it & 0.3 mL/min, FEFEAAFL 2 pL. DON A FE B
it &R 1 s .

* 1 DONFREEMREZH

Table 1 Gradient elution conditions of DON

i [/ Uit/ BN AR A W) AH B
min (mL/min) TR 5 /% AR5 /%
0 0.30 95 5

1.00 0.30 95 5

6.00 0.30 5 95

7.00 0.30 5 95

7.10 0.30 95 5
10.00 0.30 95 5

1.43  JREed &

KA f B 7 R 0 (EST ) 5 HL W 5 B R (IS)
-4 500 V; & TR iR B (TEM ) 350.0 °C ; filf 8 % 5
A HJE (EP) -10.0 V, fif # = 4 H 1 K (CXP)
-13.0 V. DON Jii i R £ Z % : & & 0 [7] Ky
3.32 min; % #% B JE (DP) -80 V; £ & T m/z N
294.94; 5F BB T m/z N 26490, Wi At 16 V&
PEEBS T 11 m/z N 247.00, Rl fE & 26 V@ B
T2 [ m/z 79 138.20, hilf i fE & 16 VI****), DON [1)
E B IR EE A A T E L .
1.44 LC-MS/MSiktyinfeh &=

1 mg/mL () DON £E ¥ , 43 7l B i 10,20
4080 pg/L b 1 T A W, 1% HRAL 38 2% 1 3F %
DL DON A 4 A 905 5 94 B2 A 1 A A, 06 T AR K
LA R, 2 37 DON Ay A Bl 28 .
1.4.5 LC-MS/MS i # M 52 IR # &

I3 MARI L g 4 2k &k R R TR T 50 mL B
O LI 20.0 mL S E B W 5 K AR AR T
84:16), B T IK ¥ ¥ 20 min, 12 000 t/min &5
£ 10 min, Y& FIE W, B 10 mL T 45 °C T A A
T, N 5 mL 7K & 8, 1 S % o6 AAE N R A R

BE 2960812024 F 11 A | ERE5EYMHARFR

G S B 1 mL AR TRRS N G 28 S AR, 58 FF T
W5 4> W 5 mL PBS 2% 4l 5 5 mL A 4l /K
o JE IR G B S AR kB S5 R S, B 2 mL HE R
Jid 5 WA £ P W, B J5 R 0.22 um A AL BE B i
JECOT WSS VR AR A3 B AR UG TR AR AR AR
1 il 28 77 72 T B SEBR AR L DON 1 53 & 70 48

200 000 -
150 000
- 332
bl
2100000
=
50000
0 I L T T . |
2.50 3.00 3.50 4.00 4.50
I il /min
(a) DONE & 55 13RI 1 1
2.0%10°F
s 1.5%10°F [I 332
= sk
1010 ,
E osx10f }\
J
O - — e e e ) Y ’ Py |
200 240 280 320 360 400 440
15 18] /min

(b) DON & 7t
Bl DONREATRRETELRAPLLHTHA
Extracted ion chromatogram and total ion chromatogram

of DON

Fig. 1

1.5 GICA%
1.5.1 B4 A %

KRR IR — 4Nk J5 ik , 6K 495 mL B 47K i
Bl = AR AR5 N 5 mL i IR N 4 g/L A
S PRV T, PG 4 25 PR B b I 0 # 2 b s, )
M BLEC K 10 /L A7 8% B = SN IS 10, F7 B2 1 0 4
I I E IR AR B AL, 4 °C LR AT % HPY,
1.5.2 A2 41T DON 4tk

L4 K b1 5 BT DON F 5 [ 0 44 38 3 5 i A
HAEH AT AR L K iR 5 6 mL & 44 K kL1 ¥
V821, H 0.1 mol/L /) K,CO, ¥ ¥ i pH I & 8.0, %
ARG 1 he REGPHUARMEHKK T H 0.3 mL i
RN 100 g/L ¥ BSA AT 2 h, S8 5 KR &
YT 8 000 r/min &5 0> 1 h, & 5 K JE 6 4 b B4k H
0.6 mL 2% /i (f14% 50 g/L % 9% .50 g/L PEG 6000
0.2 g/L NaN;.1 g/L 3 .0.02 mol/L PBS, pH 7.4)
HIRIFTE 4 °CLR A7 % F P,
153 RUEE LR AT RKF AR

MK EE S H 4. PVC IR 7 R 48
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i R, WK U AE PVC R B B 3 , NC IS 7F
PVC AR H ], 4 4w B 75 NC T oy, £ 28005
FEPVCJEM N, WK 2¢a). A T R DON
JR B B BB T ORI 2R (T 2R AN T2 26D Jig A 4
G EHTIR LS, T1ER AN T2 2820 59 i1 2 AR )
R BE AR Bl BT R B NC SR g R R, R 5 2
(CZR) 2 PU B P AA s 21 NC B b i 44 R
1.5.4 BRARE & EEAT KK SAAN R E

FE A 4 G 92 2 BT A AR 2% A — P I e L
BRI B A, HAR I R R PR S H bR T 5
Grih G o PUR . IR G 9% 2 T 40 A% R T R
A0 2Co) it s, B V0 I B AR S LS WY NC
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U I W K 2 R U 2 < b BN, < bR B AR R
I SRR H AR 2> T DON 45 4, ) & < br P44
Wl E AL NC B B HT IR (TZO MR 4%
W & H bR 2 H ) DON I, 38 4% <6 b 1 44 I
b, BB A LA R I R N /D, TR i
JE BEAR 5 10 24 A 00 R AT B b o0 BT 0 I, B TR <
i T A AT A B PR A B, U T £k B 2 B
ALt 2% s, PR AT DL 3 2 L B R T S H AR
I3 M W o R R P 2 TR 2 O R HEAT E BN AT .
SR, [ % #E C 28 1 1 =5 SR 4 AT [R] I 4 3R
IR S RE R A I R I R 7R NI ES B
C &R IR 2% WoR 2Lt 2%t , 15 WAL N T 2%

PVCIEAR (
M 7K 44

NCE
JFELk-C —

R £E-T 1 ——>
25 -T2 ——

Ehri
Ff 3

JES—

I ot KNI
S

FedhL

O] 0O

\ / \\ / \\ J

A4 35 B FH 1

& whis & A Y Ehilbik 4 DON

(a) IRARAR L

(b) Ay 2

B2 Bike bR EATRAETER

Fig. 2 Schematic diagram of the strip of gold immunochromatographic assay

155 GICA®:WinfEH&Es

I 1 mg/mL [¥] DON £F¥% , F PBS 73 il Bic fil] 0.
5.10.20.40.80 pg/L ¥ br #E TAE W, 4 5 HL 100 pL
TN A 4 % 9% R AT AR A5 RS SL FL L % B 15 min
Ji AR AR K i B S i C 2R T1 2 e T2 4k i B £
9 FE A, DL DON g &K R AL Bk, BL(T1 26 1 £
o J5EAE +T2 2k 5 0 5 5 8D /C 2k 55 £ i 5 (B 49 21 1)
O, 15 R A b 8 37 4 91 PBS HF DON Jii & 9K & 1 A
1 Hh 28
1.5.6 ARSIz B AT IR KA ) e

JBE A 4 B 2 J2 AT R AR Sk W AR AT 58 MR AT E B
Ror W o S B R ol RS WU N L I A B R R AR
FE 80 £, b B 58 o R0 R X fie Ak 4 i 38 2 AT R 4R 2%
VR M AR /N, BRI AT DL E $E A PBS 1 DON Y #r i
i1 28 Sk K I S B FF 5 P i DON i 4y 8. 8
RO, 24X 48 2% T1 28 A1 T2 263 5 B M4 o A B

S 22 I, B BT BRI DON Jit & 73 $0E XN
PR HR AT A0 5 A A I PR (VLOD) 5 244k 4K 4% T1 £k f1
T2 2 3594 2 IF , B 5 B 2 5 I DON Jiit & 43 #0€
XA TH A Ceut-of) o 8 &AL B B & A A
DON Jiit & 77 501 30 4% 5% F s B0 U T 26 8 8
AR b il 22 7 2 L F SRR Y DON Ji & 43
B, B A B PERE SRS S 10% [ DON Ji & 5 $UE
XN B A% A MR (cLOD) &

1.5.7 GICA &4 M 5 R A &

S REL 1 g A F by ER R TR T 15 mL &
OE W I 4 mL BBV O EE 5 K 4R LR
70:30),12 000 r/min & 0> 10 min, B 1 mL _F 35,
F1 4 10 g/L ON-870 ) PBS Fii B ¥ i B 20 1% , BL
100 pL In AL 5L FL, 8 B 15 min J5 Bl 48 264 AR
IR S BN, B EL C 4R T 28 M2 T2 26 (1) & (o 5 JiF
{8, B b 14 1 28 77 R 1F SR 5 b DON JiR & 7y 2500
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1.6 M5 EEREFE

AT Af LC-MS/MS 72 il GICA 15 1) HE 1 15 I
R M, X 2 B A 22 0 AT 3 7K (5001 000
2 000 pg/kg) (IR b 1al U 56, B AN U I ot & 2 2
53 ) FH I 2 b 5 93 A I s B 2 oA 0 92 A4
HAH R L RSD.
2 HiR5ihe
2.1 ARG EMRERZE R REE
2.1.1 LC-MS/MS ik 89 47 % # %

W 3 fras . /£ LC-MS/MS ¥ K il DON ) 5
HE 28, B A8 BR O DON i & i JE (10,20, 40,
80160 pg/L) , J\ AL b5 Ay i Ti AR o b bk Al 42 7
FiE N y=12955x+3504.6, 1 % & R*=0.999 2,
52w PR (LOQ) N 2 ng/L, £k M ¥ Bl A 2~160 pg/L.
S BR AR i DON Az U 76 [ 4 40~3 200 pg/kg.

2.5x10°

2.0x10°

1.5x10°F

e I

1.0x10° |-

0.5x10°

1 1 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180
DONJF K [/ (ng/L)
E 3 LC-MS/MS# @ DON #9 4% /& # £
Fig.3 Standard curve for the detection of DON by LC-MS/MS

2.1.2 GICA #* # 47 ok th &

GICA V2] LAsE PEFl s s AL H AR4 . PBS H
DON 0 5 45 5 W, 18 4Ca) , 24 DON Jit &k E KT
10 pg/L B, #E AR 0] DUF i 4056 A 1 B 1 %, 4
DON Ji £ ¥ FE K T 40 pg/L, #HR 7 LLA B T 28
2, IR It GICA V4 58 1% £ ll PBS 71 DON FJ vLOD Al
cut-off 73 il A 10 pg/L 140 png/L. 4% 1.5.5 ) J7 i3
## 37 PBS # DON Jii & ik B [ br ik it 26 . G &1 4(b)
Froaw b il 28 5 8 8 »=0.934+3.575/(1+
(x/8.838)""), # 58 R £ R*=0.999 3, £ 1% 5% R %
I ,cLOD 7 1.72 pg/L, £ 14 ¥ il N 2.73~28.60 pg/L -

K H GICA 2 & 1 A Wl S Br #F & B, DON )
vLOD F1 cut-off 4 7 A 800 pg/kg F1 3 200 ug/kg,
SE P J7 92 AT DL R A A B DON i & 4 X

BEE 296 H1 2024 FF 11 B | R REEMEARZR

KT 800 pg/kg. & E=ALMIES , B &+ DON R
B He i i PBS H DON [ A vk il 28 5 F2 it 55
3, L BRFE P DON K cLOD A4 137.60 pg/kg,
I ¥ LA 218.40~2 288.00 pg/kg.

10 pg/L 20 pg/L
_— ‘

(a) PBSHDON [l 5 &5 5t

45
4.0
35
3.0
25
2.0
1.5
1.0

0 20 40 60 80
DONJF K [/ (ng/L)
(b) PBSHTDONII b h £k
E 4 GICA # M DON #9474 dh &
Fig. 4 Standard curve for the detection of DON by GICA

2.2 A[E DON M 75 AR L 3

N T APl LC-MS/MS £ f1 GICA £ 1) 14 &g , 7
2 A A Z2 R 4 B D 50041 000.2 000 pg/kg (1)
DON, 73 5| F§ LC-MS/MS 3% Al GICA 2 3E 47 #6:0) .
% 2 fr 7~ , LC-MS/MS 2 fil GICA ¥ ) RSD %>
BN 1.75%~3.17% F1 3.16%~5.22%, ¥ /N F
10% , 3 B3 2 ARG 7 v 8 e« LC-MS/MS 7%
A GICA ¥ 1) 151 Uit 28 73 7l 4 92.98%~97.43% F
104.53%~108.92%, M # [Al U X ju ¥ 1E
90%~110% , ¥ B 2 A Kx I 5 v 4 o 55 v, LA AT
FEME . LC-MS/MS AT GICA V2 1 e 1y B2 58
L HR AT PR g, T R 2, R
Lolb N AR A% LU B B, A A K, AN &
T I . B AR GICA ¥ 16 R R AN e 7 i
t LC-MS/MS VLA, 15 2 0T DLy 2 30 1 & a2 4
P 1 DON I PR & 22K, IF H GICA ¥ 6 il o JiF
P 4R % S F A T AR A5 A A R AR A TR
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F2 LC-MSMSE5 GICASEHIMIREIN RSB EE (n=5)
Table 2 Spiked recovery and precision of LC-MS/MS and GICA (n=5)

) 5 LC-MS/MS % GICA i%
NN B A A/ Cug/kg) - -
D& {8 /Cug/kg) BRI EA RSD/% T AE /Cng/kg) L&A RSD/%
500 479.67+15.20 95.93 3.17 522.67+20.66 104.53 3.95
1000 974.27+17.04 97.43 1.75 1 089.20+56.84 108.92 5.22
2000 1 859.67+51.64 92.98 2.78 2 166.87+68.45 108.34 3.16

Tl N R, FL AT Ak B D B8 B, m A
A TAEN 4 il A 25 0 O ME 28 . S 75 A E £+
DL 5 rF DON 2 75 A i, 48 H GICA & T 4
27 R A IR 5 i, R A LC-MS/MS ¥ . Al
5 F LC-MS/MS i , GICA i £ /N % # i [t DON
ARG KRR S O AR B3 MR R O A R AR
e, L R H AR K R B R A I R
o P 5 3K
23 MIE&EST DONREDTH ST

A 7 K K R ST K DON [ i & 43 i L
# 3. LC-MS/MS 5 GICA ¥E 6 M (1) /N 22 in T3k

2 o %36 7> DON Jii &2 43 # 3 A — 35, i — 2D HiF 5
T2 R R AT S . 423 K DON = 4
B oh 796.41~2 180.56 pg/kg. & HIH AT 5 & #F
4> " DON ) 53 & 20 B0nT 0, %k 5 5 45 32 B o DON
R B A N 1.26~1.84,F 4 N 155 T 5
4= 72 ¥y 1 DON Jiit & 73 #5011 LU {5 9 0.40~0.73 , - 3
0.56. /N BRI T, &K B DON Jiit & 43 %%
THiE , R DONTE/NER G MELP, 54
2R A LL, TR o DON Jii & 49 30 PR AR, 1X 5 DL
P SE IR 5T 4 AR — 5, R B R i T2 B
fiC /N2 H DON i 5 43 £ 1 A 203 it o

®3 NEEMMIEHREMERH DONRENBAELR
Table 3 Comparison of DON mass fraction in bran and flour after milling

Ee /) kB THi#}

FE b LR UPSRES DON i % /3 %/  DON Jii & /3 $u/ i DON Ji & 43 #u/ e
(ng/kg) (pg/kg) (pg/kg)

LC-MS/MS i 1 686.54 2 404.33 1.43 986.96 0.56
! GICA % 1726.25 2616.39 1.52 1 038.86 0.60
LC-MS/MS 796.41 1 082.00 1.36 408.24 0.51
? GICA ¥ 826.35 1152.92 1.40 441.93 0.53
LC-MS/MS 2 180.56 354731 1.63 1 466.03 0.67
’ GICA % 2063.45 3256.40 1.58 1380.09 0.67
LC-MS/MS 1213.12 1558.25 1.28 840.09 0.69
! GICA % 1086.41 1366.81 1.26 788.34 0.73
LC-MS/MS 1542.35 2 722.86 1.77 686.65 0.45
: GICA ¥ 1334.23 2456.34 1.84 531.74 0.40

T« AR D9 26k 12 BRI By 5 42 2263 h DON Jit 873 B i L fi

3 e

NI ST /N Z2 0 T3 R i DON [ 40 A B4, 2
N7 2 M DON A 7 64T 7 RO EL i T AR
RS I 75325 1D 3 FH Y B, o GICA VETE & FH T 1 3%
PR AW DL RR B A 0 . DLRARTG Je /N
o R I B Ry I T A5 B Ry K& &k R, 43 i)
LC-MS/MS i J GICA #£ | %€ DON Jii & 57 %, KA
75 G 1R /N 228 B R I T 4 ) 45 2 E P ER R A

T By kL 0 T %k B DON o 7y
KTt 1A T DON ot i 7 Bk . it obn i
FE Xt 2% 5 2 1 DON Jit & 7y £ A3 WY & 52 i, (A O
DON 75 G2 FE — B hi 4k 22 HLZOP FEAIR. (A, 3l
I 0 AT e K R R /N 32 SRR Bk BORT R L 2y
15, AT A 552 %2 DON 4R o 75 Bk Bz S5 8l ™ 4y o, AT LA
A7 AR T B o DON it & 70 $. 4> J& 75 4 DON Jii
B0 BB BE — P IR T
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