546 & SrHiik (FENXI HUAXUE) — BfF5E4f 113
2018 4E 11 H Chinese Journal of Analytical Chemistry 1802 ~ 1807

DOI: 10.11895/j. issn. 0253-3820. 171101

REBRE-RERMNERIEKALRE
WA A R A e nfn E [E] KR 84 SR TR
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W OE Ay T WA OISR E R FUEBT (LC-IRMS) I snMEF 19 8% C 43 HrJy vk, Fl T % 5 sk tokk
rRME B R AR R Y FLSE M o T i R 28 WA €6 0% A B alidk, (35 454 . XBridge Shild RP C, (3% 4T
(50 mm x 2.1 mm, 3.5 um), & 50°C , MM NHELEK , Hi#E 400 wl/min; Pl LC-TsoLink 33 HAR4
AN CO, SR, A USRI R AT E R R BT AL, B IARE S rhofieE R 19 6 C, A 44 A
T 72 A VB P e 2 5 el R 7 61 €, AW B2 25 3%0 ~ =30. 9%0, 87 C FIIME 8., =—27. 9%0, FiifE
2% s=1.3%0, LA 3 fi5 8 C ArifEdi2E s M HIMHARHE , K 16 Ao EZCRHER S i uinMER 85 C, 45 53R, 1 4~
WELRRHEE bl B 8% € 7E 3 A5 bR 25 LR B (8,0 — 35, =31 T%0) , F1 53 il B g A wi il 7 5k 9
LC-IRMS [Fl4v 22 Bl i e RI8" C 40T ik, T = 26 3 AR Rl RS Sh TR Ay LS

KEIF A OIE-FE R R BB ; smsELCRE, minE
1 5| 5

R R UL R A SR A U F R RO A R e R 3 A
R REIR ARG i S AR ) e O I Bl G2 A LR 95220 o R R AR il PR 1 X T g o e A
SEMAEERR , PR T el PR AT R 2 5 B0 PEORE | R IR G R S mIVE ) AR B2 R SR i R 75 R
FEOR, H S BUNASBOR B Ry, — 2O T R LA TS O E DR AR AR B - ey S8 550) R AR i A 5
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T [R) 67 2R HOA R A8 2 PN 0 A B — 30 SR U R R AL B W R R 3 A B R T
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B RHF AR GC-IRMS H AT A A 82 1T BRI R 76 & S 38 4% 5 3 R 43 M 458k 2 FH 37
GC-IRMS £ B3 FH T3 & M Sk 45 & M B AR [l 00 R 5% /A . 5 GC-IRMS [RI 3 T i AR AR
e, LC-IRMS [m)7 3 B HOAR T TR A A HLY I g | 0 R AN 27 A A B AT IRl R
BT L H 2004 AEFEBRTCL RIS KT A0 LC 5 IRMS #356H2 1T LCisoLink' ™ L2k, LC-
IRMS [R5 28 B H AR TF LR I FH T2t 2 MhBRAb2f REERLF 5 %08 U, McCullagh 55 R H
LC-IRMS #5 N4 8k rh & 55 1 87 C, RIS & AL A8 BRIR T WO i s AR, 23R 251 T 73 B
15 FESERR , TIRMS T2 SRR 1Y 67 C, & H It R ARSI IR 2544 5 Powers 51 2 ] LC-IRMS
R AR K i [R5 2R L, LA SE 5243 BT /K A s i T iU & £, LA SOK ARt s il A pLimo G Ak 2= e T Y
AL 2R . Basler % FF LC-IRMS K 48 b by 6 C it BOBERR [l 7 2 H 63 AR TR Rl K Ak
HYEhAS2E; Cabafiero 551132 Fl LC-TRMS il e 2 v jREME | SRR R RERE 1Y 67 C, 454 EA-IRMS K
e S v R 1 Y 8 C L 4500 C3 M E R 1824 C4 MBS . SR LC-IRMS R R Bk B R 76 1
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R T 5 LC-TRMS [R5 28 4 AR 200 R FH 7K AH T sl A T 3506 35 43 25 e G B8 0 (IR A% ) @1, 9T 5%
38 1 4 R A R A S ORI TR A BE AR . Godin 2517 B e 0L 7 i T LC-IRMS i, Fl
FHREAL SRR -8 — I A HE R 2L 85 A0 A AR o 335 A v L 0 25 0T e 2 T 0 P 51 5 1 PR b 15
Yy, AR RFETE 90°C , Z 4L B b i M R E T & 170°C, IRMS 5 By R 4% 2tk A i 87 C.
Zhang %[IBJE 150 ~200°C %ﬂ%f#?,%ﬁﬁ Xbridge , Acquity | Triart H1 Zirchrom PBD AR K 2 #H
Co TTEAE , LAGE 7K S 30 3 AR, 43 285 26 B i ol 81 254k & 49, T TRMIS A6 3k 26 45 2 fb A 1 9 8 C
Kujawinski 25" F H] LC-IRMS ¥ A e 25 25 W 11 8 €, 4% Xbridge C (35 HE , KR 60 ~ 100°C , BER
ERGE TR BCA I B VR ER 25 AR A C R AE R R AK TS AR F T, (i e
R EE T T, C o O A BE K I R 7R B R A R 0

20 40 60 AFAT, RHFF A 53 1 JI0 SR 5k ) 452 28 43 A 268 S ARk F i DR K 8% BN T A ok R
2003 4, Richling %5 F| ] EA-IRMS B3R K6I T g 7okE 25t BRI mME R (4 8 €, RE b & 2
1 AT RSB €3 S50 s R R AT A ik PR PR AR 5 4, gt BRAE A 05 T EA-TRMS [R] 437 28 Jo %
A3, I FRAS O DA 4 8% C, DA T S 530 A0t vl PR RS A5 R AR IR, 2012 4F, Zhang 2612 FI H LC-
IRMS [F){37 2 oA e 2R ARG AR R R PR Y 67 C, 3688 Xbridge C o (035 FE , #1130 ~ 180°C , K ik
P 6 C, ANBFFEIE T 25 IR IR AH (35356 ] LC-IRMS [Rl 7 2 T HoAR NS 453t LC-IRMS [Ri7 2 Tt i 7
LRGeS okl ER g 87 C, 45, Xbridge Cq (B REFEFE IR T 70°C 5, (A3 157 TE
AR, (3 hE A B, R I, SR AR 4l K F s A B R 251 F , LA Xbridge shild RP C,q (033 FE 20 25 i
MER , AL (o 15 T ) 1 5 5ok AL | A9t fE LC-IRMS FEZR 434 2544, FH T R AR ik S5 1 mbi E 2Rk A i i
PRI 8" C AR AE , - HromrdE e 8% C &t , e E A k) e ) OR SR St Y Ay LS

2 SLIGERS

2.1 UE5iEH

Dionex UltiMate3000 %Y = %50 #H €4 3% % | DELTA V Advantage [A] i 2 57 i {1 FINNIGAN LC
IsoLink 4% 1 ( 32 [ Thermo Scientific A H] ) ; Milli-Q #B4E/K{L ( SE[E Millipore 23 7] ) ; SW 30H %8 75 I
I (EHit: SONO 24 F]) ;SIGMA 3-30KS {5532 VR 2500 HL (5 Sigma A F] ) ;Sartorius BT 2238 K- (&[]
FEHIAA)

WP DAL ) 452 ZEARER) B R TAEA-600 (8" C=—27.77%0 + 0.04%0, W T FEFREFHENLIY ) ; Na,S,0; .
H, PO, ¥R 53 B4l (3 Sigma-Aldrich A F]) 5 SEEHK ALK (18.2 MQ - ¢m)

A CMHE R & (1000 me/L T HVEE, IR0 7)) 5 MR S2A% AN AJORHI 7 T AU T
2.2 HmETAE

WM R B TR AR D EE A A, YERA PRI 0. 500 ¢ A4l T 50 mL 25048 A 25 mL @ 4K, k35
1 minffi AR & 34)  #8A $2 8L 30 min, 10000 r/min 5.0 5 min, ;) 1 mL EWEW, 1 0.45 wm JERE
1.5 mLAE A, R SIK A B 5 A%, #5177 LC-IRMS iz,

HUS mlL 0 HE AR RE S FH A 40K B B 2 50 mL, 10000 r/min B0 5 min, BUZY 1 mL F3E W, it
0.45 pmIEMEE 1.5 mL AL, £F LC-IRMS i,
2.3 LC-IRMS #&il 7%

TR 35 5514 . /8 Waters XBridge Shild RP C g 35 4E (50 mm x 2. 1 mmx3.5 wm) ; i shAH A8 46
7K, Ui 400 wL/min; HEE A 50°C  #HE L 10 pl,

LC-TsoLink W43 85 2514 . FF b A LC 35 M43 55 10 ok, 72 EUAL R N 45 T 55 49% Na, S, 05 IR
4% H,PO, HRIR A, 76 98. 5CA&M T, Hinfb &M 28R CO, , it IR AELIE 7 B 2ot 5r B 5
A IRMS 1,

[ 5F 2 T 251 < B8 IR R A 3..05 KV, HLIRN 0. 72 mA; 85 N 4SS, JE S M 150 kPa; &%
KCO, FEJ12M 190 kPa; FLASFE 1.5 x 107 Pa  JEHr SRR 28 42U B i 450R 44 45 Rl 46 BARE 1.
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2.4 SUCHEMITERZE

B I B BN RE S B BT LR B B RN 5 R o Bl A = 4l CO, B3 SARME bR, SR FHE A
8" C B FmMME AR MEVE AR E S 4l CO, %R 6 C, LA CO, %R 87 C {E bR, XHFE 5
HEDE 4 87 C AEEA T . SR Tsodat3. O B AF X E s E 454347 .

el PRBR R 67 C BT R IR T E BRARHEY) 5 VPDB TR AR,

513Ccan‘eme sTD = (Rcafreine STD _RVPDB )/ RVPDBXIOOO%O

Hr R MR EE®C/”C, Ry =0. 0112372,
2.5 St

KM Origin 8.5 3/ (3£ [E OriginLab 23 7)) 4347 i MEARE Gk 0 i 4519 6 C 5, el ofn e 52 A=
WA A T e AR A5 A [ 28 A it ¥ R R 8% C R SIMCA 14. 0 84 (Fi £ Umetries 24 )
AT TG 53T

3 ARSI

3.1 HBEEEHH®RK
3.1.1 BigHRIERE  LC-IRMS [ 3 B 40 B b R s A i e B R DG IR 3R, SCik [ 26 1 P92 T
XBridge BEH C ;. Acquity UPLC BEH Triart C gl Zirchrom 3 4 RIS AH (0 1A | 76 55 4l K 7 shAH
FAFF , H Waters 23 7] [ XBridge Cq B9 €8 335 2 XFAE & b 6 C (B A9 I 52 52 i 5/, A BIF 5% 0k %
XBridge BEH C ;I Xbridge shild RP C g PR {14 (2 35545 2 5w afle K e ARk rhomn M [X], LAS [
K A IERPREAR ( XBridge BEH C (50 mm x 2.1 mm, 2.5 um) XBridge BEH C,4(50 mm x 2.1 mm,
3.5 wm) . XBridge BEH C (100 mm x 2.1 mm, 3.5 pm) HI XBridge shild RP C,;(50 mm x 2.1 mm,
3.5 wm) )4 FIALRS B IERE, Z5IRSRAT 4 BhALKS (RS AE 2 RE S BN ME R (9 4 B, AR TRVE E SR AE T
PE#% XBridge BEH C, (4354E (50 mm x 2.1 mm, 2.5 pm) 43 B5MIMERI | 2585 50 K, Sk I RE
BF, W 2 A 3 K S OO 2R 45 1k T AR A9 45 L ; XBridge BEH C g (50 mm x 2.1 mm, 3.5 pm) Fll
XBridge BEH C (100 mm x 2.1 mm, 3.5 wm) 43 B MIHER s mede B8 88 i (4 4, R 5 %, @i
SrES IR EA AL EAIRE FFERT  SEmaRE f R 2% . Xbridge shild RB C S0 3541 5 5 4l 7K 37 2
AR, (3% 73 B K PR AL & W 40 25 B8, Ok B B ) 2, PR, 4% XBridge shild RP Cq 838 £
(50 mm x 2.1 mm, 3.5 pm) ZEMERAEAKH S 404 R mmmER (& 1),

3.1.2 RESHBMIEE LC-IRMS M FE T B b & e i o £ 1, 2R ek sh il
NE FEE L SN A LR R, DR 0 S 30 BE R R 4l K S T Bl AH . LC Tsolink W 43 5 54T o i/ e KAt 3
500 wI/min, A AL RITR A7) S 058 e (N 100 wL/min, R I, 36458 R [A] €033 0 5 37 0 A 3
A 400 wL/min, 10000~

NN NN . e A
E AR T, Ak AT Lk B R 2 A DL w000k
FIBBEBLAE T, R $ s AR SR il
FEREIEL, SCBUMMERS FBRA 953 5. XBridge shild R = 60007
C (T2 SRy 60°C , FERIAE S0°C , ALK TED 2 yo00)
F73 EMHER FARY KRS o R e 3 s = ook Mass 46 L
s EARIEAAE S, I, LC-IRMS Ak P i) 8" C e dill
SrHi 4. XBridge shild RP C,q (435 H: (50 mm x 55 30 35 0 35
2.1 mm, 3.5 wm) i 50°C , 4li/K A sl ¢ (min)

3.2 RAMNMEE EHL R B o

T BEALIE S 44 Fhot e &5 o MEAE & | 53]
2 18 FIHELR A 11 FPrEE G 7 AR B S 8
WMERS , A LC-IRMS [RI7 2R i o , ik Y 6 C
R 25 0L 1, Wi 52 K b O R Sk R g o e

1 XBridge shild RP C, i+ L omER 8 C B+
Ui i P

Fig. 1 lon chromatograms of caffeine §"C with Xbridge
shild RP C,q column ( 2.1 mm x 50 mm, 3.5 pum)
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8" C{HIEFEITE-25. 3%0 ~ -30. 9%oZ [8] , FIH ¢ 73 A Geih24 0 B 44 FPEE & A uinE [ 8° C SEH{E-27.
%o, PRUEIRZE s=1. 3%0, [ ASHAS I N T4 B min ik XY 8% € {H 75 —35. 8%0 ~ —38. 5%0 22 [i] ., Weinkauff

ZEPURFH EA-TRMS KGR SRR IR A5 nh g [, 8% C opp % Gollee 7 Collee pondler
{4 27, %0 ~ =31 T%0 22 18], F 4K e W5 o e o iy el Lyl aweoliebean T
K4 8% C {ETE-26. 5%0 ~ —27. 5% Z ], KR AP K B 5i3s
Rrg R T P OED ) 6 C H7E-26. T%0 ~ —28. T%0 22 5ol e &
[, AT A e B (967 C B 76 —37. 9 %o ~ —40. 0% T AN -
ZIETJ . _lli[j , Zlgjf/f )Fﬁ (BIJJ %%ﬂé/ﬁ&)\l%ﬁi ﬂj]ﬂ [EIF 3 "'8—35
DRIl PR A 81 C Bt -5 Sk 22 ] HiaBE £ds — 3%, -34¢

PP 2 T ol el | e R A At o

HRERE ) 87 C B AE 2 A5PRIEMRZZTE R Z 0, 4200 B2 REIZEBIRESmHER 8" C 43 AilE

M S Ak S () 28 SR S b o i R 3 — B B2 Fig 2 Distribution of caffeine 8" C in different samples
P, DR, AT DIAR 398 2R 4% S Y mhi e 7= o %) b e P 8

C B3 A7 RS S ARk Fh i e PR 75 S Y5 R AR I 7

F1 wnmES e G 8 C A
Table 1  Caffeine 8" C of coffee bean and coffee

hac] 2 8¢ F5 E4S 8"c
No. Name (%%0) No. Name (%o0)
1 WIMEE 1 Cffee bean 1 27.8 23 WIHE 9 Coffee 9 -29.9
2 WIER 2 Coffee bean 2 -27.9 24 WIHERS 7 Coffee powder 7 —26.4
3 MMHER. 3 Coffee bean3 -26.1 25 BHE 10 Coffee 10 -29.8
4 WIHES. Coffee bean 4 27.1 26 WiIHE 11 Coffee 11 -27.1
5 WMk S Coffee bean 5 -27.8 27 MIHE 12 Coffee 12 27.8
6 WMk Coffee bean 6 27.8 28 WIHE 13 Coffee 13 28.2
7 WMES. Coffee bean 7 -28.3 29 WHE 14 Coffee 14 -26.6
8 WIHERY 1 Coffee powder 1 -29.6 30 WIME 15 Coffee 15 -27.2
9 WIHERS 2 Coffee powder 2 -28.1 31 HAIIES 1 Raw Coffee bean 1 -28.7
10 WIMERS 3 Coffee powder 3 -30.9 32 AEWIER 2 Raw Coffee bean 2 28.7
11 WIHERS 4 Coffee powder 4 -27.9 33 AMiEE 3 Raw Coffee bean 3 27.3
12 IIHE . 8 Coffee bean 8 -27.9 34 H:IiIME S 4 Raw Coffee bean 4 -27.9
13 WIHER} Coffee powder 5 -28.1 35 HWIES 5 Raw Coffee bean 5 -26.9
14 WiIHE 1 Coffee 1 -28.7 36 HEUMMES. 6 Raw Coffee bean 6 26.4
15 WIHER; Coffee powder 6 -29.3 37 HEMIHER. Raw Coffee bean 7 -25.3
16 WIHE 2 Coffee 2 -29.9 38 MWIME 16 Coffee 16 -29.7
17 WIHE 3 Coffee 3 -29.3 39 WIMHERS 8 Coffee powder 8 -29.2
18 WiIHE 4 Coffee 4 -29.8 40 WIER 9 Coffee bean 9 -29.4
19 WIME 5 Coffee 5 -26.3 41 IIHE 10 Coffee bean 10 -26.4
20 WLk 6 Coffee 6 -27.4 42 WIME 17 Coffee 17 -26.6
21 WINE 7 Coffee 7 -27.9 43 WIER 11 Coffee bean 11 25.8
22 WHE 8 Coffee 8 -29.9 44 WiwE 18 Coffee 18 -26.6

3.3 WNMETR AL E B E

R AN 19 LC-IRMS [RI28 JBE il i ik R i) 6 C 43 B 77 ik, D v 45 1Y) 16 el il ARk v i
8- C(#2), M2 alk, 16 FmmHEYOR: ok 6 C 55 ol 52 ol 25 K SR PRk 67 C
{6 HEBAH—C, e 8" C (7R 1 A5 bR di 22 T BRI 2 A, Herb FUA 1 by ol ot fry e DXl
8" C{EN-31.7%0, 8 C {ETEMME S WSS R SR R YR PR A 1 A s v it 22 R0 3 A b v i 22 =2 1), 4
AT 3 A AR 22 T BRIG FE (=31, 8%0) , N TIRMIMEA 8" C {E1E-35. 8%c LA , 4fi W e A vk e Ok} Hh
AP DAL A R 2 SRR A LA

B 44 AR 2 A NE T SRR | A= o SRR 4 Fob O SRR IS A, LK1 Bl LIRS
LC-IRMSTUIT A3 UNHED 8" C B4 8 5 A5 ™ w20 BEAT 000 (B 3) o o s e e SR ml
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R, AN [ A ) WA R 7 it B4 W DA 8 C i A X

A ——

SR i 2 A i S R 3 R [

HIGSRAEAE 2, A S0l Ok 2 ok ) T

P R, A R R
RPN T T SR R,

RS 31 3 5B RO AR 0L, 5 f ool

19 6°C (RN ST T P I——
4 H#it t[”

H57 T LC-IRMS 737 22 5 1% 422 00 2 ol 3 Klﬂ%ﬁ%qﬂj}ﬂ”ﬂ? 8V CAH E ML 43 HT
MER 8" C A/ 531 77 3%, FH T bl 5K Ellf&;e imisz;;r;:j C for principal component (PCA) analysis in
SRR e R A ROk e i AT I o
PAR SR A R ) 6" C B 43 A7 Y5 1 R AR AT, FH 1 26 3 mom A pe v il A1 2 45 S AR KR, LC-IRMS
() 57 2R B 31 AR TR Bt W 050 B ot o S v A R G Y P H i

F2 o MR R ER A 8 C A
Table 2 Caffeine 8" C of coffee drinks

¥ R shc ¥ R sh¢
No. Name (%0) No. Name (%o)

1 01 Drink 01 -29.3 9 okl 08 Drink 08 -26.7

2 Y&l 02 Drink 02 -26.7 10 YL 09 Drink 09 -28.3

3 REL 03 Drink 03 -26.1 11 k10 Drink 10 -27.6

4 XAt 04 Drink 04 -28.6 12 A 11 Drink 11 -27.2

5 k05 Drink 05 -26.9 13 YOk 12 Drink 12 -28.2

6 X #E06 Drink 06 —26.9 14 YL 13 Drink 13 -29.3

7 TRA} 06 Drink 06 -28.8 15 k14 Drink 14 -27.3

8 k07 Drink 07 -31.7 16 KA} 15 Drink 15 -26.9
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Identification of Natural Caffeine Source in Coffee Drinks by Liquid
Chromatography Coupled with Isotope Ratio Mass Spectrometry

DING Bo™'*?* | WANG Zhi-Yuan'?, CHEN Wen-Rui'?, XIE Jian-Jun'?, SHE Zhi-Gang’
'( Guangdong Inspection and Quarantine Technology Center, Guangzhou 510623 , China)
*( Guangdong Key Laboratory of Import and Export technical Measures of Animal, Plant and Food, Guangzhou 510623, China)
*(School of Chemistry, Sun Yat-sen University, Guangzhou 510275, China)

Abstract Coffee and coffee drinks are products preferred by a number of consumers in their daily life.
However, it is lack of viable methods for identification of natural coffee source. A new method of liquid
chromatography coupled to isotope ratio mass spectrometry ( LC-IRMS) was developed for determination of
caffeine 8" C value for discrimination of natural and synthetic caffeine source in the coffee drinks. Caffeine in
samples was separated by reversed-phase liquid chromatography with An XBridge Shild PR C (2.1 mm x 50
mm, 3.5 wm). The column temperature was 50°C and the water flow rate was 400 wL/min. Target analytes
were converted to CO, in the oxidation reactor of the LC-IsoLink interface. Finally the caffeine 8" C value was
directly detected with a Delta V Advantage isotope ratio mass spectrometer. On the basis of the carbon isotope
analysis of 44 coffee soybean samples by LC-IRMS, it was concluded that there was one distinguishable group
of 8" C-values; —25.3%0 to —30. 9%o in natural coffee soybean. The average of 8" C-values (&

) was

average

—27.9 %o, and the standard deviation (s) was 1.3%o. The samples were discriminated for unnatural coffee
-3s (-31.7%o). This method

was applied to identify the caffeine source in 16 kinds of coffee drinks, in which one sample was discriminated

soybean source, when the caffeine 8" C-value was less than or approached &

average

to have unnatural coffee soybean source.

Keywords Liquid chromatography coupled to isotope ratio mass spectrometry; Coffee drinks; Caffeine
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