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x| FBE, x|, FHERE, EAE, HILF
(TP RS HAERAIEF Fo, L® 102600)

HOE. R RS E R AL 4 aF, KL 2 ANILAT A 2 % T AR B M 48 P 4B R R
F 0 B AR (R LR 1031 5 2A%52—2008( SRR P EE R E LGS S KRG HN &4
&g — BB ) A2 GB/T 21981—2008( Zh #1 R oa Wit & % 5% G A 7 i & AR &% - it/ R
R PRI AT A R A T B ARG R K 8 T A it A2 P i AR ST B L Rk 4
R K AR S AESTRERAFE R S, E2EXELBAARLE LRI AR
Kb b AR AT 2048 He AR AR oA e K AN 58, G M ] P A 5% AT & 22 ) A8 B AR AR ek
AR ST ik A RSB (FT R BT SRR PR G 6 B R Fe st R A
B9 A8 ZROR A € - B BRI B BRI T ok, R E ST AN T2 TR, ETRBLIE, RA
B SR Y| BT AR T XS LR P R R R R AT R AR R R
AN fE e R AN A R T35 0. 5 pe/kg, T ZMRTA 1.0 pe/kg, EIE R FolE o KA oG R
JEH0.1~50.0 ng/L, %2 E S REREGERELZRBIF(R >0.99) , I E KA Foldtl KA 68
1.0.2.0.5.0 pg/kg FAmBE T, F k- FH DK E/ 83.3% ~98.2%, R EMATHLRE
KA e K 25 M 2 Sh M 2R 4R P 0 3K B R AR — R e AR K

KEEIAE . AL, BRI K, ERR, Sk, KE
FESES. TS251.7 XEARER . A

Hb ZE K # ( dexamethasone ) FIE i K A ( beta-
methasone ) J& T W¥ J7 T 2, &AW RESE IR Y
BRI R B ARz, b ZE R AR RS K
PARTJRAE AL KT TR IMAE | A B e B
Wi 2 A B AT R . AR R, LR R
WAFTEBE R KRR, an R ARt 2 g K 40 g 1)
SPETIRE TH I 75 & FIEAGIE i S, I8
FHZZRIER 22 UK G B e = U B AL |
LY i B et

W H . 2022 —11 -08

M YISO, sh a2 5% 8 1k
S fth KA R b E R A 23 X6 N At 3 ™ A
o FREAO AR T 2019 40 A 1 £ A 2 4
[ ZhRiE GB 31650—2019 ¢ £ i 2424 f K5k B8
B ) X Bl £ H B A s R At K A e
ERBIEE ( maximum residue limits, MRL) W E .
fEABK A MRL ZE 4= JE I NLA 28 0.75 pe/kg .
B 0.75 pe/kg 2 2.0 pe/kg, 405
0.3 pg/kg; HBZEKAN 1) MRL 7648 % S WLIA b

SR . XA B WG W, NS 2R B S b S R A AT
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1.0 we/kg FHM 1.0 pe/kg N 2.0 peg/ke,
A4k 0.3 we/kgo AT SEEXT A At K A7 b S
KAATER B A 8k W , S iR 2y Wy T A P N
112 5 5% BRI 7 i oA 2L

A3 [ 61 22 1098 Be 1y FE K F A At K s 2
T2 Wy e sl vk £t v 5% B o A3 A A ME A AR
#1031 528 45-2—2008 ¢ Bl 9 V5 1 B & OB Rz R
MR Y Z 5k BRI WA 3% - A B R
210 SN/T 2222—2008 ¢ ik H T By I £ i o
B ST R 2 2y R BR e R R T VO i -
i/ FiE) 7 GB/T 21981—2008( 34 £ &
T R L2 5k BRI Jr vk VOR3-S T
) R GB/T 22957—2008 (0 JiK £ 8 61 % #
LR B S50 R AR B I VA 3 - R G
Fritk ) A, R X SR o AT A AN A 35 6 R 25 )
) — Fh (SN/T 2222—2008 F1 GB/T 21981—
2008) , A4 1Y 3k M A EHE R AHOCH 2L (GB/T
22957—2008 ) , i A 1 A 1 R F K A (Al
1031 54 45-2—2008 ) #E47 i A0, Fif b ¥ L4 &
FIGHL ., HET, M JC 58 0N H T AT b
SR IX 2 24 4 L i A 3 v PR 1) AH G
FhniE, B AMECHE I T R R BT U 3R Ak R
R 732 B WF 98 AR 22 18 4 K 22 B0 56 BF 5 0 2
SR EAAE RO o B AEBO 5 W R 75 2
SO ) o A A L GRW v A o R ) AR
B AT A S R B

ARSIy R A Lo K S oY I 490 bR T
VE I PRG35 A it |, 87 4k 765 24 % B i Ak 2 e A
B 3 A AR B, B i MUBURE 2] 1 HLTE 20 min
PR BIVRT 52 A R) B 30 ok SRS 2R 2 B, 7 A 3% A
DR T b, S5 K i S5 MR B2 T U8 3R B R T R G A o
(ML 1031 520 #52—2008 ( 3 4 1 £ 5
Wl R ST 22 2 ) 22 A% BRI A 2 — e K T
TR ) SR FH UK A ARl 56 1063 5724 #5-1—2008
(B PR 9 ol I R A I Y AH €533 - AR
BRI v ) 1O R K A ) 0 EG Al SR A T8 Y E
T A B A7 7 SR T /K At s B /K i 3k 1 4 B
K A i TR B R 3 12 b, 1 AS B 5T O i xS PR
BH A i A T A R A1 Tl A T L S 6, & B £ A
R A 2 Fh Ak 7 245 2] AY S2 56 25 R A0 22 L,
T BRI 5 ST 0 7 1 T AR AR5 At AR T L ZE K
B B ARG 3k R v R Ak R i A R R I — o Y 4
R&%,

1 HREHE

1.1 #R5iXF

b FEK A RIS KA , R HE S, A2 Dr. Ehren-
storfer 2N H] ; L H IR . 25, (A% 46, & [H Fisher
R 7l 5 5982 -0032 AU ER f0, 3 [ 4 S F
0.22 pum GFLA HLUE AR, RIS S0 35 R 48 A7 BR 2
i 5 B A i/ Oy L O R TR N (TS R T 1 x
10° U/mL) , L35 SC g B A A PR A
1.2 ME5iE&E

ACQUITY AU =5 FE VAR 1Y, 56 [ Waters 24
H); Xevo TQS B BTi%4X, 35 E Waters 23 7] ; BS210S
R K7, A6 o 38 2 R i K7 A BR 2 w5 MILLL-
PORE #4840 /KA, 5 [ 25 PN ] 5 g sl 0o L
TERIE Ay, I [E Sigma A F]
1.3 XIWH*E

1.3.1 &ARGEL it &n
1.3. 1.1 WAE S

A pERE R XBridge BEH C 4 (100 mm x 2. 1 mm x
2.5 pm) s WSHAHI A AHOAIRFRII 0N 0. 1% AR
IR, B AR N s Pk 0.3 mL/min, A1
30°C, #EAREY 10 L, BREEBE 261 LR 1,

# 1 UPLC MR EE VRN 551
Tab.1 Gradient elution conditions of UPLC

t/min e(A ) /% e(BH) /%
0 75 25
7.0 72 28
7.5 20 80
8.1 75 25
10.0 75 25

1.3.1.2  JRiGAAMF

L5555 B 1 Ui ( electrospray ionization, ESI) |, &
YA HL R R 3.0 KV, Kz Iy =Xk £ s I Wi 1 B 1
R, B IR 150 °C |, JBEVA IR B 450 °C
W A A 850 Lo h', HE L R Wk AU
150 L-h ' M B S X, WR 2,
1.3.2  ARVEE R A

TERA PR D ZE KA FIAS KA FRAE S 10 mg T
10 mL AN, H O HEE fIEE 25 AR i vk
M mg/mL E/‘Jﬁ_‘/ﬁ@%%@i, —18 CIRAF, FHUGE =
it CIE RS EER B E S 1 mg/LAE N TAEML,
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4 CORFERAT , 8

F2 ME IR KAL) MS/MS 244
Tab.2 MS/MS parameters for determination of

dexamethasone and betamethasone

BT FHT U(HESL E (fili
o ) [ (HES ) (Rl
(m/z) (m/z) ) /V HETE ) /eV
. 306.7 30
HbZEANA 436.9 , 30
360. 8 * 20
306.7 30
fEfbky 4369 , 30
360. 8 * 20
* JERE T,

VB 12t JBUTE 5 11%) b S5 KA IR Al KA o o 3
W, AW 1 ik AR AR R, 43 il i 45 8 0.1,1.0.,5.0,
10.0.50. 0 pg/L B TAERME W, 1 _LALRE I 4347
1.3.3 A &BuaTa ik

FRBURARE 5 g(MEFIZE 5. 00 0. 05 g) B T 50 mL
BT AINA 3 mL 7K (10 mL 2 | % 34 5 7 A
5982-0032 A AL , FAHEPEHN 3 min , IR &0 5 min,
B RIS 5 mL, A 5 mL 1E CEEBRIR, WETR &
1 min, {72 0 5 min, B R 27 0.5 mL A
0.5 mL #I4R I S AH, I HETR T ,0. 22 pm FRFL I8 B
1t iE it UPLC-MS/MS il 5E .

2 FRE5HMH

2.1 BiEFHHMRL
Hb FEAAN R A KA Ay [ 73 S AR A 5 1
FIE f B - Y AR[R] , 2 ZEE R S B X S fb B ), AL
A LRI REAT RO I 8 . AW H 5 T Sl
s PRI BON 0. 19% 1YW R KW AR TR 3 H0K
0. 2% WY MK 7 WA DA s AR 32 FAS [a] Ao 66 B2
1E XBridge BEH C,i (100 mm x2. 1 mm x2. 5 pum) {4
AR F AT 5 B L LS
RSB, 35 FH Y BEAE A LA AN BERE A 3%
b3 I H ZEARNA S R 2 T35 FH £ i D) 6 £ 3
FEARNN G ARAMR S 0 75, [R) I, 00 I3 5 I
PRI A 0. 1% F HY R K VA VR BA Wi 7 B2 A 85 T 14
TN 0. 2% W RRKIS I, I, A BT e ¢
VPRI 0. 1% W s, LA 1F T, 3
FERN ARG MR AN Y MRM (3% WL 1, i 1 7]
1, HFER PSR KAL 2 A [R5 S A R AT 3 T 58
A B, R MR B, I RSB, H AR B ]

2.2 HmETEEGNRL

Hiu FERAS RIS At KA AR PE 55 , 728 ML
WA B AT . B A s KA A AR A
B% I SCRR A A AR D KGR R NG L
MR TR 55 A LR AE 32 2248 BGaR) , angk
AP #1031 5 A #-2—2008 . GB/T 22957—2008 .
SN/T 2222—2008 , & >% S i flg 2 02) o g
R MR Chen VI HIRHI R TR, T
F5 1 EAOUCEET) | A A R 2R v B
F R E R O AR AR BORA R, 57 5 4
T B 2820 SR B A O R BB 0 0 A2 2 43 R 2
H L FE KA S . AR ST A N B 2
fi i 3 FPEIBGR ) & B0 . B B OB h L Uy
W22 FEFRUN B SN RESE A STYE 3 5 rh 1Y) 2R
5, SRR 5 P it , LR D B 458 0 5 R L TR A
PEEIN, FEBCICRARRT 2L, L b — R 2R E
WA A Re st MR, L, AWFIE IR 2R G
VERHRIGE

R4 24 5% BA A 3BT 1) — B R | B2 U i
FIMARE v 2 2 I R | LA IH A B8 s A6 T 52 450 A
TG 2 PR R R TR G AL T B — B TR TR AR B
FREAAEIC s HAT, EAR 72 A SCH T SCik e
ALY 7 e — B R F A0 R A Silica 1R 25 UM |
HLB [ AHAEHURE  Oasis PRIME HLB [# A A HURE 64T
[EAHACEEL QUEChERS 3l AH AU 5 >Rk
N 20 4 A v, FE KA IR A K P S I R
[ A AR I SR AR B IBORL , (R e i 02 % R A I 43
Mreh—AN Ak w et Bk H AR DR —A~ 52
W I HARPEREE MR R A TS e, IR, QSR fE
7B RSO [P A A BB Y7 T B 20 AH 07 0 A6 ) 4 A 2
3R, TCEEIEAR BRI A B Hh SRl 1 1R

FERIFSE P & B, SUAR U S AT ) s ZE KA AR A
SRASTEAL S 1 11 R BRE o 7 LU0, 7 0.1 pe/L 19
TRV B T A ARG A, i LR PR R 5125, g
AR WU P 44 & i, eSS i b 2
Hh ZIEXT A F B T IE FLE CBE IR, DL R R
MRS S BRI A 3 mL K K P 2R R 25
BRI SR, AR k3] T 1 AR AR B
IR AEROR . F5 b B A SR AL SR IE T /i
ACFR A PP RIRL M SEEE T A B AR AE LAk T
TR R I A AT ) B H Y

2 P B — S A DG SCR R B R 2 B R AE sh WA
W LAZE G IR LSS L B WA AE T L, —Se A
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6.63570  MRM of 4 Channels ESI-

s 90 6.
;i (RSN 436.91>360.81(dis)
= HBZEA AL 8.92x10°
5
£-10 1 I I 1 1 1 | I I

1 2 3 4 § 6 7 8 9
({88 ) /min
(a) LA436.91 Jy bk 5 360.81 K+ 55— 1y i ZERAAAE I 1
s 90r 6.65 MRM of 4 Channels EST-
i RS | O iz 436.91>306.71(dis)
o 1.99x10°
= 8.55
:E: 710 1 1 1 i 1 1 1 L i — 1
1 2 3 4 5 6 7 8 9
({583 ) /min
(b) LI436.91 K £ F.306.71 KT 5 T 114 M ZEARARG M

s 90 6.64 0.97 MRM of 4 Channels ESI-
:; 436.90>360.80(beta)
{E::*( & KA HZERAL 8.56x10°
2
=-10 I I I I I I 1 I I

1 2 3 4 5 6 7 8 9
({588 ) /min
() L1436.905 8125 360.80 5 AU FE AR ARG 35
6.63 MRM of 4 Channels ESI-
s 90f f 696 436.90>306.70(beta)
o fiiktt || ) sk 1.93x10°
2 JUA 8.48
"E -10 1 1 1 L 1 1 bl 1 — 1
1 2 3 4 5 6 7 8 9
({3 84)/min
(d) LA436.90 £ 7+, 306.70% T~ & T HY A5 LR A T
s 90 6.63 ©-98  MRM of 4 Channels ESI-
B TIC

i : o
- KR ,‘\ AR 201x10°
e x] \ ,‘ \
=-10 1 1 I L 1 1 A M I 1

1 2 3 4 5 6 7 8 9

({384 ) /min

(e) BB T NG

B AR T 2R RAG LR AR Y MRM (535

Fig.1 MRM chromatograms of dexamethasone and betamethasone under optimum conditions

W He BTICER 14 5 SR D i ek (B -7 260 W T Y I/ 5
SRR R ) SR ) 7 3 M SE A AW HAr g
T ke, AT (4 0 50 48 e B S b, 2 e 56 I PN
HARPI I SEPRAR B AFAETE DL . R T S b o 4 B i
RN IER B8 DL R G IF JE R4 3 A4
S I B AR ot AT TR R R A A T e S8, Herp
Fifif SE IR AE 2 B AR HEL L EB 1063 5 A H-1—
2008 SR 9 FloBE K BT R p9 kLI AR
T — RIS ) O AN SCRR [ 11 ] 56 T B S A B ik
fill EiEAT, EARSRVEA TR LS RS, MERARER 2
g(FEA 2 0. 01 g) HLUKFET 50 mL BOEH A
40 L -5 2 TS it/ % L IR R 1t (S W) EL it T
AR M5 mL 0. 2 mol/L ZFREZE M (pH =5.2) ,
TR ST, T 40 CF#EEHRY 6 h ZJ5, A 10 mL
NG P A BT 5982-0032 AR AL IR HEHR R 3

min, JG 22 R 1.5 5 PR R FE 3,

Xt 3 BUBE A TR 22 5% W e T (O 22
S3 BT TCE SRR 3R 404 ), 15 BB o B S
U N F=0.29204,P =0.599 69, F_ =4.844 3
[EIE, 2R3 “0.01 <P <0.05, KR LR B EH &
P<0.01, MR RESWBEZE, MPL F<F, P>
0.05, IF/R 2 418t T 22 57 W I e b e, v LA R
tH L4 2 2 rb i BRI A o 7 TR A A A T A 1 S 5
HAR B 8 3 A I 25 SR e 25 S R IR . ok mT LA
g5, e sh A 2L R I 4= 3 IF RS A
HH ) b T K A AR A K A 1) 5% PR R T DA TR A
Gy, AT 32 B PR v 2 ARG 43 A
2.3 FiE¥E®E
2.3.1 ZMHXZFEEBR EZZHR

FE S AR BN ST, A FH 328 00 o6 i 1 2 1Y)
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Tab.3  Comparison test results in enzymatic hydrolysis and

non-enzymatic hydrolysis of positive samples

pgkg ™'
B A :
it % B[F
21.3 21.2
LSS 15.6 15.9
12.7 12.5
8.6 8.5
4 13.5 13.7
9.2 9.1
27.5 27.4
F T 19.6 19.5
14.2 14.3
6.5 6.6
A 11.3 11.1
13.7 13.6

FINRE TAEN AW, R IR IEFA T 40
I3 ARSI W (o) 5 M DU 7 o 25 06 i AR
(y) &mbriE 2, I B LA 3 A5 A1 10 £515 1 LX)
O U6 o P I e A3 SOV Ry G 1 BR R e B 3 e X 52
S5 RIS AFORAMARHE T R T R Ky =
2379. 6x +301. 7, fHKEREL R* =0. 998 ; Hi ZER WA R
HERM R LM TFE g y =2 872. 61 +437. 8, L R AL
R* =0. 998 , M ZEKA RN A K AN TE B R IRIE 0. 1 ~
50 pg/L 2t R RAF 5 T bk A H BR A E £ FR 2501
4 0.5 pg/kg A 1.0 pg/ke.
2.3.2  MERREE AR

Sy AILARE PR S IR AS PR 2R R i A Dy 2 1 2
JBT, 1) 2 AR S R A SIS N 1..0.2.0.5. 0 pg/kg 3
AT 8 i ZE KA R AR AR I i, SR 4T I [l
W0 S DA T 12 O T e B RO 86 1k, R TR UK
A 6 A TATIRES , AR [0 Ae 25 R0 AR T A o i
2:(RSD) , HAS R 4, S50 3R] Hb FEKAN AL
fRFATE 1.0.2.0.5. 0 pg/kg BAKF- T FEy[ET
I 85.5% ~98.2% ,RSD YK T 7% . WA )y
AT LA JE 5% B A U A3 BT (R AR B SR

3 & it

AT A ST 4 R e SR A €1 — ER K i i 1
E B2 2 1) i FE R AR AR AR A SR B, B 4% &

4 LU ML ZEAAS RS HRAS AR TR
AR B 7 Al 2
Tab.4 Recoveries and RSD of dexamethasone and

betamethasone in animal tissues

w( I / [l %/ % RSD/%
T
(pekg™) HIZERM  HBRFS  HZERM ks
1.0 89.6 87.3 3.5 4.3
T 2.0 93.3 95.1 4.1 3.9
5.0 98.2 96.7 5.5 6.7
1.0 86. 1 85.3 3.3 4.5
WA 2.0 88.2 87.7 4.7 3.9
5.0 93.9 91.6 2.8 3.7
1.0 87.4 83.3 4.6 3.8
A 2.0 88.0 91.1 5.1 3.4
5.0 92.2 90.5 4.4 3.5
1.0 85.5 87.8 3.6 3.7
4R 2.0 90. 3 91.2 2.7 3.4
5.0 92.2 93.7 3.0 3.8

AR PR RE TR AT A T & I HR L, R

FHIE CUGEMERR , A 8RBk T RS R R A G 5 2%
AT, FESs A 3 ZEARA RIS b KA 7 = S5 A
g% — R R T e I 4 1 2 A T, FE B BOAH L IR
SR FHAE B s o i T A0 T i S5 30T B, S T e
[ AHAE gl R 4R S5 TU AR RE . 76 HERCR
FE AR VAL 1031 523 H5-2—2008 ( sh 4 i
P i OB B T 3 2R 25 W) 22 B B RS I YA €335 -
ERIEFRIEEE) L GB/T 21981—2008 ¢ S5 £ i v ik
22 TR BRIy % WA 35—/ B 1 ) AARF
FE5 D RE Bl 4 20 %) 3tb ZE K RN b K A B
AT LA R R B, AR R AR A S g s R A R )
T, FLA PR ] i P 300 #E A B AAIR
DR | R A = S AN TRIE il ik
R vk 2 2 5%, ik AR T IR | DR IR 4%
LSRN RETE L TR E MR W RLE , ik B B
R T B R T R | BE T S S 4L U rb s SE K R
FIEAB KA 1 5 PR E BT 2SR . A BT iR
HEST, BB AU T b T K A R0 At K A 5% B8 XU B
BAHEARBE T, TRk B 5% DS 8 ) b FE K
PRIV At KA S M B S 0 25 7% P ARG I 2 A —
BARBEMS %,

S 3k
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Quick Determination of Dexamethasone and Betamethasone

Residues in Animal Tissues by Ultra-Performance Liquid

Chromatography Tandem Mass Spectrometry

LIU Yongjun, LIU Hongbin,

LEI Chunjuan,

HOU Dongjun, TIAN Yaping

( China Animal Disease Control Center, Beijing 102600, China)

Abstract; When undertaking glucocorticoid risk monitoring missions, the solid phase extraction method

was used in the sample pretreatment of two currently valid national standards ( Announcement 1031-2—

2008 of the Ministry of Agriculture Determination of glucocorticoids residues in animal products by LC-MS/
MS method and GB/T 21981—2008 Determination of hormone multiresidues in foodstuffs of animal origin .

LC-MS/MS method) , led to drawbacks in the testing process, such as intricacies for column purification

and time consuming of nitrogen blowing concentration, high testing cost and unfriendly ecological

environment and so on. Therefore , on the basis of a large number of experimental studies and practical

application tests, the sample pretreatment solid phase extraction through column and nitrogen blowing in
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the detection of dexamethasone and betamethasone residues in animal tissues was simplified. The method
for simultaneous determination of dexamethasone and betamethasone residues in animal tissues ( beef
liver, beef , pork liver and pork) was developed by ulira-performance liquid chromatography tandem
mass spectrometry. Samples were extracted with acetonitrile in the condition of salt fractionation and
degreased by hexane. Identification and quantification of dexamethasone and betamethasone were carried
out by electrospray ionization in negative mode using multiple-reaction monitoring, and the limits of
detection was 0.5 pg/kg, limits of quantitation was 1.0 pg/kg. There was a good linear relationship
between the peak intensity and the mass concentrations within the range of 0.1 —50.0 pg/L, and the
correlation coefficients were good (R* >0.99). The average recoveries of this method for spiked samples
in the levels of 1.0 pg/kg, 2.0 pg/kg and 5.0 pg/kg were in the range of 83.3% —98.2%. The
research could provide reference for the large-scale detection of residues of this type of drugs in animal

tissues in laboratory.

Keywords: animal tissue; glucocorticoid; dexamethasone; betamethasone; residue
(T2 T)

(E#% 161 )
typical broccoli and green broad bean aroma. Due to the limitation of preparation methods, the flavor had
not yet achieved large-scale productions and literature reported that its yield was only about 8% . Using
cinnamaldehyde as the raw material, dimethyl sulfoxide and oxalyl chloride as methylthiomethylation
reagents, a new method of flavor a-methylthiomethyl cinnamaldehyde was developed. GC—-MS was used
to monitor the residual amount of cinnamaldehyde in the reaction, and the impact of reaction conditions
such as the reaction ratios, solvent type, reaction temperature on product yield was examined. The results
showed that, with xylene as solvent, dimethyl sulfoxide and oxalyl chloride reacted first to produce an
intermediate of electrophilic methyl methylenethionium salt, and then triethylamine, 1,4-diazabicyclo
[2.2.2] octane ( DABCO) and cinnamaldehyde were added to the reaction system. Under reflux
conditions, the nucleophilic enol anion produced by the conjugation of DABCO and cinnamaldehyde
reacted with methylenethionium salt ion. a-Methylthiomethyl cinnamaldehyde was obtained after
elimination of addition product, and the yield could reach 52% under the optimized conditions. The
stereoconfiguration of product a-methylthiomethyl cinnamaldehyde was detected by the NOE difference
spectrum method of 'H NMR. The double bond in the molecule has been confirmed to be of the E
configuration. The research is anticipated to provide valuable references for large scale production of

flavor a-methylthiomethyl cinnamaldehyde.

Keywords: a-methylthiomethyl cinnamaldehyde; dimethyl sulfoxide; Baylis-Hillman reaction; sulfur-

containing flavor
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