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Magnetic Solid-phase Extraction Coupled with Gas Chromatography-
Mass Spectrometry for Efficient Analysis of 1,1,6-Trimethyl-1,2-
dihydronaphthalene in Wine

GAO Huihui, JIN Houxin, BAI Hongcun, ZHENG Haobo'

(State Key Laboratory of High-Efficiency Utilization of Coal and Green Chemical Engineering, College of Chemistry
and Chemical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: This study aimed to establish a novel and efficient analytical method based on magnetic expanded graphite
(MEQG) solid-phase extraction coupled with gas chromatography-mass spectrometry to address the challenge of accurately
determining the trace characteristics of the aroma compound 1,1,6-trimethyl-1,2-dihydronaphthalene (TDN) in Riesling
wines. The MEG adsorbent was prepared via a facile physical blending method, and its physicochemical properties were
systematically characterized. Additionally, the key parameters affecting the magnetic solid-phase extraction (MSPE) pre-
treatment were optimized. Furthermore, density functional theory calculations were employed to investigate the adsorption
mechanism at the molecular level. The results indicated that the method exhibited good linearity in the range of 0.05~
100 ng/mL (R?=0.9943), with a limit of detection as low as 0.01 ng/mL. Theoretical calculations confirmed that the syner-
gistic effect of van der Waals forces and n—n stacking (binding energy: —0.84 eV) was the key driving force for the efficient
adsorption of TDN. The proposed method was successfully applied to the analysis of various Riesling wine samples,
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demonstrating high efficiency, accuracy, and reliability in the quantitative analysis of the target compound. This study not

only provides a rapid and sensitive analytical tool for TDN but also offers new insights guided by theoretical calculations

for the design and application of novel enrichment materials for food flavor compounds.

Key words: 1,1,6-trimethyl-1,2-dihydronaphthalene (TDN); magnetic solid-phase extraction (MSPE); gas chromatography-

mass spectrometry (GC-MS); riesling wine; density functional theory (DFT); flavor analysis
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FREY, EFEASHEET T, C - mnar e
Y1 1,1,6- = Hk-1,2- " FZ5(1,1,6-trimethyl-1,2-dihy-
dronaphthalene, TDN )& —FpEEZZ 1 S APFIE Sk
AP, TDN RAHBRREE /A T R BB T
M v e FE 38 S HRAE P AEAR MR B (<20 pg/L) T,
TDN Ay &5 w5l w2 I BARARE A U 2k 5 R
HUAYPE A BRAR 53 TERG R MR EE (330 pg/L) T, HXL

E ik, & —FhREEAE M B TDN 19775, X T°%
D =l R T R T K e WeT P DTN (=B i 5 (il B D
TAARN gk S5 HAT E i i Y, SR, A1 457 oA
A AL 2%, TDN (& e AH X BAIG, 2 AR i
S BT R ZIUR FH = AR R B AR B 7 o LA A
AT/ SR . BT, 453 /E 48 TDN 14 FEHike o
AT AL B E A A B AHIUZE B (solid-phase microextrac-
tion, SPME) AR, J248 SPME 4 % 2 85U /= . il
SEUWERR | AR R DAL (HIZE AR WA EA
BHRIFRE, QNZEHRET AEAS B ZE AR AR N T EEE
BE A BRY, HZEH SN J1242% 1%, BR& T iz AR &
2 PG ST

S va iR AR R R, Ao 4 Y —Fh I Rk
FHZEHX (magnetic solid-phase extraction, MSPE ) f4J58t
U AW RE S ATALERSR B . MSPE 1E R4 8 FAH#E
T B 2 433, 3 S R R R I ) BB A TR
AR HBEE T T AR B!, A RS Minwg i 5%
PP g [ 53, e BARVE AT | Pusi s Rl gt
OIMRAIPL ST, FF AR FE MSPE vk iy 8 E T
it BG4 B v 238 F1 07 ARG e R 5 0
iz kA 2% (expanded graphite, EG)/E-h—Fh =4 FL
sl U S B IR « I BK SR, nE S -
o HEFR A i K A B AR FH S Ui IR B8 55 R a5 A Y
TDN 43T, S S E B I B (4 BAE B LT, e+
I, AR R BRI Fe,O, 9K ik:
5 BG &4, e 17 M H w0 b ERe S Pes g
ne 7 P e R PEREZ K B2 (magnetic expanded graphite,
MEG) W [f}55 .  FAH Z A #EF, B EG %I TDN 19
15 S R R [ AHZE B PR S B 3AAHES &, S
TAESE SPME HOARTE ST #4510 HH IR A TDN HA7
TEMFEHUAS HAR . Bl 1R 2218 S5

K, A0F9Y B FETT & —FP T MEG M5 Y
i, 11 A0 2E B - AH 2033 - 58 3% 1K FH (magnetic solid-

phase extraction-gas chromatography-mass spectro-

metry, MSPE-GC-MS):#1 5k, FIF 85 w4250 vh
JEIE TDN AR HEST BT . XTI T ARG a7 I fb
=R AT SRR ST I iR, SRR S HARAE R U
AP AN s 85550505 DFT 1158, W2
I B B EG % TDN [ 4 BEHLER . BFo84a 22N
5 %5 o1 S AU A3 iR e B M e AR E R AR
P, I o I B A b B U TR A L
1 #REE%E
1.1 MR5E

A W AR A B T, AL
A ORHA | BRI pUAp SR KA ss Al
98.0%, 100 H, ZAKIELEE 900 °C, YL.IRaFEa Kkttt
BHEA R F; 1,1,6- =1 JE-1,2- A Z5 (TDN) A5 ifE
fh &liE>95.0%, PrHEINEERHE A R E]L; N
BREECNARMEEY)  ggal, Bigkehn T4 bR %
1A BRASF] @ALEI(NaCl) . 4 . RN, 757K
A =& 1k (FeCly-6H,0)  4r#rali, il wiika
BRASE] 0. ke, IEC kS, TR, /% (g
gli, E 2RI TR S

GCMS-QP2020NX S AH A3 Mg e A A
B SHUERERR R AOC-20i+s, H AR 54N w5 ZEISS
Sigma 300 ¥ #i 1, 7 i 7% 8% ( Scanning electron
R IR - 2K E Bef5 2 ;5 Nicolet
iS5 U fdf B 0 A% #a 21 4 ( Fourier transform infrared,
FT-IR) G354 £ EFEE /R B A BRA 7
Lake Shore 8604 Y ¥ Zfj ¢ 4 #% 52 11 ( Vibrating
Sample Magnetometer, VSM) 32 [E| Lake Shore 2
) ; Micromeritics ASAP 2460 B b 18 FRFIFLF 50
P EEZZ AR ATF .
1.2 SEATE
1.2.1 MEG m#l#& AW R FH #5040k 5l
Fe O, K FURLUY, H AR TEAN T : FREL 20.0 g
FeCl,-6H,0 % fiit T 400 mL £, [, BifiJ5 242 fm
A 60.0 g ZTRFH I 200 mL £ . BT ARRAT
WA T4 30 min, H BRI . ISR
FeReE 1 L RGO Jm AR, 85355 BT AT
R B ZEM, 200 °C R 8 he IKME5H)E, HR
BRI E =, RSN 5B =4, 3 FHZE K
TR BRI BEEOR » BT, BT R a4
(Fe,O,) & T HA T4, 60 °C T4 12 h %51,

MEG #2414 W B 50) 388 oo 4y B LR vk il 4 o TR
FREL 20 mg Fe 0, Kk 5 5 mg EG B T4k
T, FEATUTEIR ST, BIFS MEG E 548

microscopy, SEM)
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1.2.2 BPRLERAE
1.2.2.1 HFARBEFRMEE SR R0
S EHATHORIE S . ABHA TR AR S oA il i
PR BB N X £k 60 (energy dispersive
spectrometer, EDS) 43HT{ 4TI E -
1.2.2.2 fHEMASHETHNFT-IR) Y53 il
ARRELT AN GRS ST HT AP BLER AL B REL . AR
SRR R L 1:100 IR G OB S))S, JREH]
A% Bl R AT I . DI R TR R
4000~400 cm !,
1.2.2.3 fgfehs  (HHPRISIESRRITASR T
M FFAFRHOREAC IR . RIS Y AR AR e AR LA
F[E R, FE+20 kOe ISMINRELZIE I N #EF TREALSE B
A AE o
1.2.2.4 N, WMt ffLiesdn - AR
LR A LAR S A e 4 A sl b R A S FLEE 5
PG T N, WA B Ak imiia . GnT, rfa e
e AE 120 °C MR F A0S 6 he & 77 K I
WA IR BE N 3473k . bk 3% 1 AR B Brunauer-
Emmett-Teller( BET) £ % 75 4H %} J& J3 ( P/Py) 2l
0.05~0.3 WFEBEINITHAASH . FLIR A0 W Barrett-
Joyner-Halenda(BIH ) AR 7Y WA I3 5 =2 S5 VR AL 21155
155
1.2.3 MSPE EFBGHZAE - TDN i GO RE4lN
BRVE R 55, B TDN A N EREE (PN AR, LSO FRAE
Sy SNECHI M 1.0 mg/mL BIERIA IR . o Lesc;
KR IRE— 2D R BE S 10 mg/L, DAIKAE R T
VE W . _FIRbRESIIAE 4 °C vk B eIA 7o
TE 5 mL 8 2 T A i AR O A DS B R N AR T
VEVAWE Z e B M 10 ng/mL, %5 — B[] )5, inA
5 mL ZEWR/KFRRE, BEJSTE 10 mL FBeg2a ke sh b
IRAGA N B EL W 200 mg/mL, £,
ARBFFT T H9 MSPE ik AR~ . i 1
iz, FREL 25 mg MEG W 55 F 15 mL BEES A,
FHNA 10 mL £ EiRAC I A 25 T AR &, SR 2R
2 min FEAFZEEL, M T TDN [ MEG 7E4Mngi%
T SRR, SRR RIS . BEJS A 100 uL
2, imEUPRY 3 min SKf#EK MEG /) TDN., &
LAESIMINGEYS T SR UL 3 B, WA BT W i I e
T GC-MS 43#r, oAl IS

'ag/’ » TDN o MEG
EG W~ 0@ 0 A E
. b N = N
=3 L i
C - TR S TR
%1 MSPE FikmRER

Fig.1 Schematic diagram of the MSPE method

1.2.4 GC-MS %4/ %4t SH-Stabilwax-DA 30 m
(length) x0.25 mm (i.d.) x0.25 um; F+id 2 /¢ =%
Sacks S5 AT P ke Bl A TRAT ) IR T R T R
40 °C, £&£¥F 3.0 min; ZRJ5 L4 10 °C/min B3 R TR
Z 170 °C, 4445 2.0 min, F-L 20 °C/min 43 K T}
7R 2% 230 °C IR +F 5 min; 76 A5 TSR dERE
1.0 pL; 25 M4l =99.999% 14 & s &<, s N
1.0 mL/min; 3F4F H IR EE S 230 °C, & 1 FIRE R
200 °C, 2 H R 230 C; fEHBE TG T H
FHERE 70 eV; Hinfb S WnE s 5= & T
FSAFEILZE 1.

F 1 HAMEEYROTR R ] | E M/ b B M4
Table 1 Retention time, qualitative/quantitative ions,
and chemical structure of target compounds

LaEY PREAN ) (min)  EHEMER T (m/z) 285

157", 142, 172

(o)
HM

TDN 16.05

ZIEREE(LS) 11.06 43" 58,59

FEVE DT R ARE (A B i TR 5 R RS RN A
B R BT E LR . AEAH AR B 2R,
FE R 1 DAk A W I Y AR B BSE R Y S
TDN FriEdh—30 FEVERE S I, ARk
BRI E RS T (m/z 157, 142, 172) FHXf FE 5
TDN FRfEdh R 225 /N T 30% .

FE BT SR LA AR IE B9 i T it ek X
TDN #Ef 7 Eordr. HorRran=t(1):

Y =aX+b A (D
HH1, Y 2 TDN 5 AR ng i E L LG, X SR
S E (ng/mL), a, b 53 G RHE AR ANEREE
SEBRAE & P TDN 19 ¥ B8 (C ) 3 5 2 =L an
= (2):

(Yx—Db)

Cx(ng/mL) = = (2

K, C, N SZBR AR L P TDN 19 I 52 e B
(ng/mL), Y, y TDN 5 NARIEHEIFRLL, a, b 53510k
Bl 2 AR FNERIE .

1.2.5 MSPE 5100116 kA e noRe Stk
AR, A58 R FH AR 227 LA fk 3, 7 TDN
iR (50 ng/mL) %) 45 26 WY A f 3L BT HH, X MISPE ¢
HESHOHAT T R 55%. BB Fey0, 92k
UKL RS 20 mg, HRAS WG 45440 F: EG 5 mg,
EH (NaCD) ¥ EE 200 mg/mL, ZEHUHFE] 2 min, U 5E
7 100 pL ZH, fieistTal 3 min, ZERIRE S50
ARESE, BB S8, T a2 A S 807
b SECEEEE: EG FHE(0. 5. 10, 15,20 mg).
e (0. 50, 100, 150, 200, 250 mg/mL) . FEHXIL}
[](0.5. 1.2, 3. 4 min) . fARFIFPZE(ZHE . IEC KL
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ke, W) | g AR FL(100, 150, 200, 250,
300 pL) Az fEistar (0.5, 1. 2. 3. 4 min)

TERE & BT AL BRS04 B B, A RS B PEAR A5
MSPE &A% SEBG45 A 520, PIAR P9 T
LIRS TS T (U2 100 ng/mL), HAEFIH
REAFALES AR 25 . A Ak S 564 L TDN 5 P4
PRI LA S BRI AR &, SPA T =K
1.2.6 WRRHLEE b T M7 )2 HIRAEIY MEG
Xt TDN 42 B ALER, A8 55 R DFT #4735
RTHE MEG & A Fk A, EG JE A5 B 4 00 3=
FIHEL 43, 1T Fe,O, WK AN K T~ Homf 43 1 14
fie, AR by EG 15 TDN 4312 [8l i AH
HAEH

AHFFEAH ] Gaussian 16 ¥ T DI Z A2
JZE5YER EG Py RIS TR, A5 K A ik St 44)
W BJE, ¥ TDN 435 EG BB TH EAEHm
WAL B, IHAE B3LYP/6-31G (d) 7K F %[ 9] ih 4k
A TE AL, A3 S IR 2RI EE )

FF LIRS S A FR e 4, dm i Mul-
tiwfn 3.8 FRJFUS) AR (I pREC T3 45 SR U TS Ab
BAYMT, I B4 F 3l J12£ 0] Ak (Visual Molecular
Dynamics, VMD) FA4SCEUAH AR AT AR, 5
Je, BT B LE A HE (AR ) S 2 i PG A Y [R] A&
AEPE. HIR, SR AIAHEAEH X845 78 R (interaction
region indicator, IRT) 2% F1 24 1k, %5 ¥ 456 ¥ (reduced
density gradient, RDG )%} EG 5 TDN Z[a] 4HH.
VEFZE RIS T e 5T o

b, YRR (3) 15 EG 5 TDN Z Al 454
fE AE.

AE = E,; —E, —E; + By X (3)

K H: AE &5 & HE, Exp /& EG 5 TDN Z [a]4H
HAEHBEGER, E, /& EG BOAIYHER, Eg /& TDN
FUHE S, Egggp sl B IR 2L IERE (LA L RER
Pk ev); Horh g & etk i, %6 BH EG X TDN 1
A [ohF e
1.2.7 k88 A mirE o # #2571 MSPE-
GC-MS Jrik s prike, At s e AL R Ab 21
SAFTT, MOk OC R L REUE RS S
BEVEAT T RGE%55

ASHIE 5T DL > i 7R ER ] A A 25 T A Sl A O Rk
JiT, WS DDA ] 1Y TDN bR fE 778 W8 2 M B A 0.05~
100 ng/mL, ¥ ARG [ 2 2 10 ng/mL, LA
1S3 P AR U AET RS S i BEEA TR D), 75
FULRAE A T R M PGE FREU(R?) o LUMEMEEE(S/N) Y
345 H 10 %57 B4 TDN (9 77 546 H BR (method
detection limit, MDL) #1718 1R (method quantifi-
cation limit, MQL)

T 325 ) T PR RN o A P 3 ok 5 5% B N/ H TR)
K 38 B LU IR IRNBCRES AL . ASBFgRAEF B AL ER

] A 25 T8 AR & R o 3 B AIK (0.05 ng/mL) |
(50 ng/mL), & (100 ng/mL) =¥ & ) TDN, A3k
AR S BT T AR bR R 22 . 7E BB T,
A1 d T R AT S 50 i 45 RS i
PUKE R BE s LAIESE 3 d 4Bl dEA T i sy B 5 S 4%
SRATEAAT DR R B o Ok % B e A AAH X D
2= (RSD, %) #&7%, J7 1k BIHERAEE LUAR [BIIR (%)
PR

1.2.8 SEBREE Al AL TP R IR
ST AT TR IE I, AT T — AR 27
1) PR E A A 2 T GRSk S et
B S, MIRE T 45EE5h H TDN YA RRH 3 B,
FEA(0.05 ng/mL) . H (50 ng/mL) F17%; (100 ng/mL)
ANRE AR BT T AR, A R S
BT PATE T IR

1.3 #iEAIE

BRAERER LA ST, T $0 8 ¥ 3R 3 IREE &2 58
I 0y S Y {H 45 E 22, I8 A IBM SPSS Statistics
26 FRAF X ELHE $EAT HLR 3R 7 22 57 BT (ANOVA) Fil
Duncan i % ( P<0.05) , 3 f# A Origin 2022 4K {4
225,

S AERS 2 28 EG 5 TDN Z 18] i AH 5. AE
JHMLH, ASWFFE R DFT #4738 Arfa i3 7E
Gaussian 16 ALY Fr5g /i, FLT AL B g5 44,
FI FH Multiwtn 3.8 T2 )7 247 UK PREL ST M7, IE4E S
VMD $k 4= 647 T A Ak, de 28 2B al IR S5 {8 1T A
RDG #5 El, T U RS 43181 i AH B AE
HJ1.

2 HBRESh
2.1 EG 5 MEG BRI HIFRAE

FIAHFEH BT RAMEEXT Fe,0,. EG #1 MEG 1Y
TOMIE SR EAT T R AE (FE 2a~E 2¢) o &R BN
Fe,0, ZZERIR, $i 2 —, R5T#E 50 nm 247 (F 2a);
JI2 Ay B S L AR 11 22 e 2 b A, 5 Sk
—FHUI(E 2b); MEG 19 SEM & (& 2¢) AT WLEE 5

N 1 pm

2 #% SEM &l
Fig.2 SEM images of materials
{E: (a)MNPs; (b)EG; (¢)MEG; (d)MEG Y CER B
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Fe,O, ix A AT 85 71 J2 Z [l sl B35 76 7 24544 L,

%W Fe,0, 5 EG I £ JERMLST 547 (18] 2)

H—2AFSE T C. O, Fe =R SR
S)43AT, B JTHBIERA T MEG 198l 4 -

AR P A A iy FH S B L VR 2 Tl 5 A e A
B 55 B AFFFT 22, ] DAHERT MEG TR s U5 T “ BT ER
HLEE” . Fe O, FEVF 2 M h A HI B fa e, Atk >4
EG [F] Fe;O, ¥R G IFER I 43 #L, Fe,O, A RJ
Al T A R M T EG B, MTii4: )i MEG. MEG
fY SEM E AT IE X — 5]

A} ) A2 485 K 38 A B AR e 21 48 (FT-IR)
St A (& 3) . 3413 em™' AbA4 SENR IACIE
J&T O-H %P 2h™), iX n] RIS T /K43 F 1414
MR 1622 em™" Ak L B A WX R T I ik A A i 2R v
J7H ) C=C B 4E Pz 3P, I ha] B i A
EG 5 MEG MFHEIGEIEASAR T B, 32— 25 1L 4 B
HARIART EG B 445 0%A W 5, nl e RE A
MR B EL B3z . 54l BEG iIEEAH EL, MEG 7E
599 cm ' ARHER T —ASH I L EE RW0Ig, 12205
J& T Fe-O # M4 PR3N, FIRUESE T Fe O, 5
EG MNINE G-

3413 1622 599
! EG ! |
|

A (%)

4000 35'00 30'00 25'00 20'00 15'00 10'00 5(')0
PR (cm™)
3 EG. Fe;0, fl MEG [ FT-IR i[5l
Fig.3 FT-IR spectra of EG, Fe;0, and MEG

&l 4 45H T2 F MEG 5 Fe,0, BUREILITZE,

AT LABH G 2, PR Ak g A Bt 2R 25 S 22 By [
2%, XM B BIRE . H MEG B g fbss &
N 52.5 emu/g, FILRIELE 20 s PNSCELRE TS o

80 1

67.6

52.5
40 4

#EALIRE (emu/g)
)

740.

-80 : t . .

—-20000 —10000 0 10000 20000
7R (Oe)

K14 MEG #l Fe,0, HyREAL ML
Fig4 Magnetisation curves of MEG and Fe,;O,
T P AR ALt VSM REAL it 26 7E 5 1750 T ) ST(E B
iﬁﬂ"xo

MBI FLERESE MmN, W BRF- A M S5 IR 2R i A T
T A0 (& 5a) . AR$E ITUPAC 4325, EG 1 MEG ¥
FEERHH LA TV BISEIR LR, AP E S AfLYS
. HAr, EG 28 H4 BRI, X Sgik-a 242
HEFRIE sl L 2 R FLIBRRRNEAE AT s T MEG ) 52 381
H1 RUEIHER, F 0 Fe,0, 4k i & A A5 44k}
TER T B HEE . B—AFL. H BET bR
M 17.73 m¥/g 3N &= 37.26 m*/g. M FLAE 54 K
(FE so)TLIEH, 5 EG ML, MEG 7EffLIX I8 (<
2 nm) HHER T B FLAR ST, DEBHE G B AN
KT EeRE, BT T IFL-NFLILAFA R 2 fLIE
Z5KE), AR A R TR

(a) 120 4

2 100 A
80 1
60 1
40 1
20 1
0 -

—— MEG
—— EG

2 [ (cm/g STP

0 02 04 06 08 1.0

X (p/Po)
® 2 | —— MEG
£ 0.010 BG
E 0.008 0.002
S 0.006 1
£ 0
S 00041 / 0 2 4 6 8
E 0.002 4
a
S 0
0 20 40 60 80 100 120
L% (nm)
5 MEG 1 EG 1 N, MR- Bt 5 £k (a) A
LR A2k (b)

Fig.5 N, adsorption-desorption isotherms (a) and pore size
distribution curves (b) for MEG and EG

2.2 MSPE &Rtk

2.2.1 WEBRSRI AL BRI R R e AR HURK

SR SCHER 2R . AT B SElad S T FeyO,:

EG=1:1 (w/w) i}, J& L5280 B 50) () bR 8 w53 =3

H Fe 0, H &%} TDN JL- & HKHE I (El 6a, EG
FHih 0 mg B)) o Bk, AR Fe,O, AN
20 mg, %< EG HH(0~20 mg) XA BURCR IR

WE 6a N, fEZE EG FHE M 0 mg HE 12 5 mg,
TDN FYZEEE o 2548 15 (P<0.05); #8110, 24 EG
b2 E 20 mg B, i AR HE SRR T [
HAF . IR GE AT IR BRE R % A T e . — T

W 503t 225 45 S 30 TDN FEUR5E 4, PRIHAS-3)
BAR g TR LY s 55— T 1D, 7 i R RIS B [ 5 =y

100 pL (YRTHE T, S E A7 (>5 mg) BLAR T RENL
M EE Z 1% TDN, {HA BRI AR UGRAS 2 LUK H ARk
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(a) 47 (b) 41 (c) 417
a a a
3 b 3 I
e ! ap -
o E 2]
= =
g @
1 1
0 : 0
0 5 10 15 20 0 50 100 150 200 250 05 1 2 3 4
EGHI & (mg) EhHeFE (mg/mL) REHUEA] (min)
(d) 44 (e) 41 (H 4
a a
- 3 I - . I
= = d =
o o T o
Heke IECkE W 2N 100 150 200 250 300 0.5 1 2 3 4
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Fig.6. MSPE condition optimization
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Fig.8 IRl isosurfaces (a) and RDG scatter plot (b) of EG with
TDN, standard coloring method and chemical explanation
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25 PYR EE TDN AR R .

75 BV B SRS 5 BE 3 AT E A1 (0.05 ng/mL) .
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RSD 23 5HET 5.2% Fi1 8.8%; [FIHT, 7E =P EE/KF
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5 SCHRHGE () BRI T T LR G (R 3) . 45
RN, AR T P92 A 69 T0 A (5] AH 2 A% HL
(headspace solid-phase microextraction, HS-SPME )$
A R i F 4 17 Bff 2% B ( stir bar sorptive extraction,
SBSE) . 4 Bhi 5757 Z£ Bt (membrane-assisted solvent
extraction, MASE) Z58E f RUAL BRI A, AT i ma
[ A 25 T AT R AR AR, B R b S g TR
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Table 2  Analysis of the reproducibility and accuracy of the method

[E R +RSD(%, n=3)

H P 3 (RSD%, n=5)

H a4 % i (RSD%, n=3)

0.05 ng/mL 50 ng/mL 100 ng/mL 0.05 ng/mL

50 ng/mL 100 ng/mL 0.05 ng/mL 50 ng/mL 100 ng/mL

TDN 90.6+5.7 86.2+5.0 103.0+5.4 3.8

4.1 52 6.7 5.9 8.8
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Table 3 Comparison of the MSPE method and other sample pretreatment methods for determining TDN in wine samples

B S AT AR FRLE A B I W BRI Ak Ak 2 A (min) ARSI MDL(ng/mL) E= BTN
HS-SPME AT PDMS* >3(0 GC-MS 0.01 [31
HS-SPME S IR A DVB/CAR/PDMS® 69 GC-MS 0.08 [32]

SBSE SR PDMS >60 GC-MS 0.01 [33]
MASE P 1E C e/ N R 60 GC-MS 0.03 [34]
MSPE T A A A MEG 5 GC-MS 0.01 ENTE

T R T VIR SR AR K s T IR e ST 0 R P R SRV AR IOk s AR BRI WD BR Y S ]

25 LhrERSEEEHERTPRISA

S T B IE #T & 57 19 MSPE-GC-MS J7 2/ )
V238 AR, AR SRz i B . TR o
T = FhER WA AT AL S P S TR, XSRS
FEMM A BRI B 4S5 IR R (R ), A & vl &84
WK TDN, Hk TSI 5.0~14.2 ng/mL 2
(B T RIS g0 25 Rt — 2 B0 T Ay vk R AT
WA . W3R 4 R, TR w5 TR A TR K
(0.05 ng/mL) . H(50 ng/mL) . = (100 ng/mL) =~
HeBEZKST I, TDN FEAS [R5 i 226 5T H s [ 344e
FEI7E 81.3%~99.0% Z[h], H RSD H LT 8.3%. &4
SR Iy 17T LA 2 Z2 iy /) & 45 4510 ' TDN
SIHTIIELR

K4 R RIS ARG T TDN BAS AR Hh e B2
AN IER K B8 DS AR AR v G 22 (n=3)
Table 4 Native detected concentrations of TDN and recoveries
with relative standard deviations at different spiking levels
in three Riesling wine samples (n=3)

ok ICRERSD(%, n=3)
B e DK .
(ng/mL) 0,05 50 100

e

o
i

FIE RS H4AT  TDN
THRITR A A W% TDN
PTRF R SHETE  TDN

3 iR

AMGE IS T —Fp I F RGN AR A B2 T
(3] FH A B - i - S B0 FH T ids, SE TR Al A
AT TSGR TDN AR . RAEME . 3%
IR B S BT R A2 RTAERAE TR FH A
5 5 min, PRI T RENCR; Jrid R &L K
FRAEZ 0.01 ng/mL, FF7E 0.05~100 ng/mL JE& [F &
BB 4 1 26 M 56 2R (R?=0.9943) ; in i [B1 A 5 N
86.2%~103.0%, FHXTHR#E 22 (RSD) /T 8.8%, JiE
BT i e R SRS R . &8 DFT #ieiaam]
HEE A HEN—-0.84 eV, W4T 2 T R HALER,
UE S YL FEAE 1 5 n-nm 3E AL A P I6) 4R A S 9K 3
MEG =54 &4 TDN I ES 8. 5 R, A0F
FEAAN A AT 25504 it s i S T — A S 43T T
H, T REIR W BRI T 5 53 BT v T & SR,
5 e i A TR At S AR IXUSR ) TR o AG I $ B T
MEZS%

5.0(6.9) 99.0+8.3 83.7+5.9 85.8+4.7
142(1.7) 85.142.6 83.4+2.2 84.4+3.4
9.1(1.6) 91.4+8.2 81.3+3.6 85.2+5.1
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