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EHF PTR-TOF-MS 5 GC-MS # K1Y
RBKUWFAMKRAEFSEFESTHR
gl kAL E AL AEE L EANET RETE X

AR MOR 2B R ¥ B 2SS AR A R SR S AR N 350002 57 A HE Y ABE G AR SR G B 4G
oAb fE I 35000357 BRAEAEBEAS S A dh B, R 1L 354300

W= SRR L s N - KA TEHE] B T%{Y ( Proton Transfer Reaction-Time of Flight-Mass Spectrometry , PTR-TOF-
MS) 55 A0 0% - F % B 3 AR ( Gas Chromatography-Mass Spectrometer, GC-MS ) X A [/] 5 APt 38 A 4s (KAl A
He) B HAT /0T, SRR W] R FUKAL L S AR A (£ E) -2 ,4-PF T 5 Rl K A 5 &
TR P S R AR AU - VR S I AR Sy 2, HLAE SRR LD PR AA7E iR MR P 1 m/z 207223 281,291 JLA
RACEY) o 2 Fhor BB AR FrRs I 2 i 2 R0 AR 2 B LU0 22 57 38, P & IR 45 AHLELRD 38 BB 2 A
TSR A F T UEF A T H S 50T, [RIAF Z 3 PTR-TOF-MS 745 T8 B8 EL S M BRI S S8 245 Lo
KR B FE A B8 SOV AT R BT RE AL (PTR-TOF-MS) 3 U (15T 35 7k (GC-MS) 5 Ui s

tE 4525 . TS272;R917 XHERPRIRED : A DOI:10. 16333/5:1001-6880.2018.7.017

Analysis of Aroma of Different Varieties of Wuyi Rock
Tea by PTR-TOF-MS and GC-MS

QIU Xiao-hong' ,ZHANG Dan-dan', WEI Hang” ,ZHENG De-yong' , LI Xiao-jing’,LIN Yan-ping’, YE Nai-xing'*
" College of Horticulture , Fujian Agriculture andForestry University /Key Laboratory of Tea
Science in Universities of Fujian Province , Fuzhou 350002 , China ;
> Quangzhou Entry-Exist Inspection& quaraniine bureau of P. R. C,Quangzhou 362000 ,China;
*College of Life Sciences, Fujian Agriculture and Forestry University , Fuzhou 350002 , China

Abstract: The volatile compositions of' two different cultivated varieties of Wuyi Rock Tea, which named Wuyi Rougui
and Wuyi Shuixian, were-analysised by proton transfer teaction-time of {light-mass spectrometry ( PTR-TOF-MS ) and
gas chromatography-mass/spectrometry ( GC-MS). The results show that,the volatile compositons of WuyiShuixian were
mainly trans-nerolidol, (E,E) -2,4-heptadienal, linalool and its oxide, while there were trans-nerolidol, a-farnesene,
benzaldehyde<and its relative content in WuyiRougui. Meanwhile the concentration of m/z 207,223 ,281,291 were high
in WuyiRougui. The-compositions of volatile compounds detected in Wuyi Rock tea were great different by appling differ-
ent analysis.methods. It alsotindicated that the combination analysis was needed to provide a more complete and accurate
results of the aroma. PTR-TOF-MS could be a good method to determine the aroma of tea leaves.

Key words: Wuyi rock tea;proton transfer reaction-time of flight-mass spectrometry ( PTR-TOF-MS ) ; gas chromatogra-

phy<mass spectrometry ( GC-MS) ;aroma components

HKRERET RIS ek, 2P E KA R
U AT AR I SR Mk
“EFR AR A IR R T E AR  E B,

ek H #1.2017-10-12 157 H.2018-03-16
FEGTH AR 2011 PpRIATHT G Hh S TRl U R AR
T BT ([ ER2015)75 5 ) s A A BT AN S
FET H (201310001 ) 5 i 2 A6 56 46 3% = BB 3 4] (FK2
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AU S B R

UEAEAR , 25 i SR ARG - BB B - 5
FEAMETE g s LMD ERE RSNG|
& A o A A f24% ( Gas Chromatography , GC)
AV 8, 335- 50 3% K H] 4% R ( Gas Chromatography-
Mass Spectrometer , GC-MS) — H J& &5 M &< 1 £ i
ST IR B S BT AR ) S R RBE 5T I TR
N A 3 R - "R AT I ] SB35 4% ( Proton Transfer
Reaction-Time of Flight-Mass Spectrometry , PTR-TOF-
MS) , JEUTAF AR DGR ) — MR 5 R A DL L
BB A, Hai e &) iz T RS9
MO B AR AR A (R
PR AR ) ) B R R AR B
il A3 RIS I i D ) )T A R
A O RIRI

HHT, % PTR-TOF-MS 5 GC-MS Bt 557 2t
AL 0 A R WLARE , A WESE T UCR AT PTR-
TOF-MS 5 GC-MS 4355 % 3 5 A A AR o PR T 4
FEATREIN AT, U 13X 2 Ff A [RGB AR A AN [7)
s H PR 2 R ARG I AR, BRI P A 2R A U
IrBIAGAAUR, S s iR AR A R A T AL
AR

1 HR5H®

1.1 #R5iHF

AERE i i R L T A VAR A R ] $
HA R FKANRE R 33 4, IR REE 34 4~ HERHE
GRS E AT 25 CryrE b it = rhRE
1.2 UE5EH

PTR-TOF-MS1000 B3 #1] Tonicon /3 F]; Agilent
7890A/5975C GC-MS B AV, 26 [H 2 EE 12/ 7 ; 85
pum PDMS [ AHAEHL 25 [ Supelco A,
1.3 XWHi*
1.3.1 7 GC=MSH R 547 7ot F A o

HERET YR BE 250 °C, GC-MS 22 1135 B 280 °C 5
FHEFRTF : BB AR 50 C{34% 5 min, L 3 °C/min
(3 T2 150 °C, FiLA 15 °C/min [ 38 8 T+ % 250
C LIRS 1 ming 2R (AHEE >99.999% ) 5 it
1.0 mL/min; F-Zh AL, AN o0, SERE G, 4 A
Bk 250 CAAF M 2 min, EI B, L ESfig
69.9 ev; B TR 230 C, UZFFIRE 150 C ;45
iR YEE m/z 10 ~350,

HEBRFRI 3. 00 g B T2 FE it (R &8 AT A Hir Ak

), T 60 mL B TR =S op, 5 HE T 70 “CHERK
TP [ R A1 85 wm PDMS -5 1 [
FHZEECK RIS AT Ses 8 F 270 CHR T &1k 30
min) (% 3 i FF 2% 8BS A TR 5 F By 27 T
25,30 min J5 57 RIS B B 42 19 A Utk AT GC-MS
I3HT
1.3.2  PTR-TOF-MS # R 447 % vt & A4

HERAPRIL 3. 00 g 19T 24 i (R 28t A7 fay ip b
), T 60 mL AT A, 7E 70 CAE R A
KI5 min J5, L8 T00ZS LA S8 & WO T
J5 B S PTR-TOF-MS FSHERE LU 36 A7 4 52,
TEHAR S L W RS 2 PTRETOF-MS X 2% HEAT K6
W, RS F5 R & 4 T - PTR-TOF-MS 5% 48 H
JE 640 V ERL AR EE 60.°C |, 45 K 17 225 pa, 2
Wi E/N (electric field strength/gas number densi-
ty) 140 Townsend (Td,1-Td = 10"V. em?) , EF54%
H A 40 scem, FIRE L m/213-500, HEA>
FE LA R — R G IR A SR S o 3 1 30 b, I o
ITFREAL, BRASFE OS24 5 W, B a) 3 k4
T BT A HEA TP 1 AR B A(E . RS
TEAR R A F T AT R I 3% B2 4 25 <05 W BUS
3 UCHEIHE BTG A HEA T 1, 18 s (. R
WIE L A F YA B AR B AT GE A Hr i
PTR-TOF-MS Jiif%cdhs , &4 dn g 7 47 3 ik
5, BOF 1A .
1.4 ¥R

H PTR-TOF-MS 43-#r75 2 i) 533 204 i 3 [ 2
() N TR SCIE (45 HORS i 9 5 - o 2t DA SCHE [ 37 3R
(R RLEARFAIE S A XA G i e R it AT 0 2530
) e HAE R MRS

H GC-MS 43 #7152 /) Jot 335 %5 9 28 11 5 AL 7
NIST14 Frifl i P HEA T4 2R, A XA OC BT 3% e okE, %t
BE0 A% LU AVRR DO 2 B S5 TR AT 23 B, 0l % 4%
W T A 190 442 M 0 T 19%) A 2% &5 4 R 24 ko LA aff
Ao HOARXT & R 0 T ARH — k4047, B DL &S
S S B A TR o S TR 2 LB R 21 A AR

=)

Ho
% Excel 2010 % Pirouette 4. 5 ( informetrix,

USA) #f4F%t PTR-TOF-MS [GC-MS y4Ha 4347 .

2 ZERESH

2.1 BREEXESHS PTR-TOF-MS 5 GC-MS #
i E i e
% F PTR-TOF-MS 5 GC-MS 43 5%} 2 A [F]
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dn A ) BRSO T, 43 i) A )
BAFES B TR, W 1, B 1A B 451k
PTR-TOF-MS Fit 2 52 7K A1l 2% 5 PR AR B 4 1
B, N R L2 A AN ] R R A AR 8
TE T H m/z15 ~ 160 A3 [P H BT R 114 o i
W W B (A A MK, 0 B R TS TR AE &4 5 R
FEARAMFT R T R FE S B A AR B B 25 5, R D A

Jafar bk 200 D5, s AR T B m/z 207,223
281 291 JIARAMLE Y. K 1C.D 43512 GC-MS
o I B KA 5 B PR A A0 Y R R U
B B AT AR H 2 ASASTE A R R A A E S
HA A B AR E , M LA P 1 3% X A AR ]
i A EER A AR

65000
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10000 | 1l
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ot i) —>

70000 - A 70000 B
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7 50000 g 50000
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2 300001 é 300001
g 200004 a 20000 -]
2 10000 % 10000

o] R o] Al g, |
0 100 200 300 400 500 0 1007 2007 300 . 400 500
Mass (amu) Mass(amu)
T
C D

b 5 - A N
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50,00 55.00

1 PTR-TOF-MS 5§ GC-MS RIR 3R A FEH S S E Fik B
Fig. 1 Typical Mass Spectrum of Aroma Components in Wuyi Rock Tea Based on PTR-TOF-MS and GC-MS
i A EBRAN PTR-TOF-MS SyCH e i 15 5 B i3 P A PTR-TOF-MS SLUCH A f i IR € iR /RAIl GC-MS A&l 15 1815 D - iR A R

GC-MS Hril 7 4]

Note ; A : PTR-TOF-MS single scan sample spectrum of Wuyi Shuixian ; B; PTR-TOF-MS single scan sample spectrum of Wuyi Rougui; C:GC-MS detec-

tion spectrum of Wuyi Shuixian D<GCG=MS’detection spectrum of WuyiRougui

2.2 REAEMEBKUFSHSZERILR
2.2.1 % F PIR-TOF-MS % X & M4 F= X & KA
AR HT

H/'PTR-TOF-MS s/ 15 21 i) i A5 2811 5 AL
T 1 DN I R G A O SR B T TS AT T
HEFTAZA RSB ARSI A A5 R RS B 2 B i A
S SR R A T T EAT A, W05 e A b2
B3 200 A, sREKANS A R B YR
(R Ak 27 A0 TG O AS A 5 B (8 2 & (5
fippb) W 1 iR, ST REKENYRA: m/2
33.033 5 ( HI[E) .59. 049 1 (AT ) .45.033 5(Z
1) .69.069 9 (a-ikJe s i Br) [73.064 8(1IE T 1) .
75.044 1(NER T HR) &5 , A3 26 o ] DA & L4,
A e ot BRI 2 SRR AR R B, SRR HLR
AT ASY

AN 5 b b A TR 2R A U A A W A Y 22
S, AR A 5 2 i T R PR ) oA U
H:m/245.033 5( L) .69. 033 5 (kg A B AAE
il i BE) (83.049 1 ( HIE-nEi ) \83.085 5, (JIiT-3-
O -1-BE el o35 Je M i BE) (87. 044 1 (e-T MR) |
87.080 4 (S J#MEE) .109.064 8 (AKX HI i) [124.091 7
CBaUciis i Be) , i 35 AR T iR R A o i 00
m/z43.054 2( L1E) 61.028 4( LTROBEEL TR T
FiE4) \73. 064 8 (1E T M) , LK 5 i b K T 200
PUG , iR PIEEH B T LA e i B i e, o X
TR PR I B O 52 2%, UL B B0 73 3, 73 3l
207 CRAMEEY)) 223 CRAMEE ) 281 (CRA
WEY) 291 CRAE S ) , X H LA P d X
Syl S BFRK AN £ 2 T, S R R Y
H R TTEXT A
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F1 ETF PIR-TOF-MS AR GMRRERZESHSFEHEZH 25 WIREE (ppb)
Table 1  Concentrations of the top 25 aroma components of different varieties of Wuyi Rock tea based on PTR-TOF-MS (ppb)
oAl s 2730 , EAE A —p S
hwﬁ Emﬁ[ %%ﬁ e ﬂu%u% kA TR
Detection Theoretical Chemical e Conjectured . . . .
Classification Wuyi Shuixian Wuyi Rougui
value value formula compound
33.0335 33.033 CH50 [[EES FH it 8584.61 +£439.08 5029.51 +331.5
34.0372 34.037 CH50 i8S E AT A 8333.94 +444.16 4871.4 £166.76
41.0132 47.013 n. a. n. a. 2658.18 +129.92 _586.81"+60. 81
41.0261 47.025 n. a. n. a. 2654.78 £129.92°  585.56'+60. 81
41.0386 41.038 C3H; B2/ a2 WRET 2700.55 £107.68 ~ 1116.89 +71.91
42.0338 42.042 C;Hg S/ iR Y 2712.13/+139.93~ 1394.87 +77.91
43.0542 43.054 C;Hy fis . 6215.7 £223.77 3778.49 £141.49
44.0621 44.062 C;H, [ ZERfMR 5335.39/+323.25 3668. 16 +109.49
45.0335 45.034 C,Hs0 S Vi3 4372.12 £278.47 3635.33 £217.31
B (e 2-Cm s, S ,
57.0335 57.034 C3H;0 B/ ER2E Mg (2-H B TR FH g, 2-F R 2436.51 +278.47 3557.68 +£109.49
TR OBE, IR T HE)
. . Pt (17 P 1Pl 1 - e, 2- -
57.0699 57.069 C,H 7 N 2415.61 £323.25 3212.61 £141.49
ot wk P, T, SRR 1)
59.0491 59.049 C3H;0 [ I 6670.61 +483.48 4250.85 +234.25
; M (LR g, LR T BE, LR 2-H
61.0284 61.028 C,Hs0 3 N N 3211.92 +120.85 2169.64 +122
M50 ik I T 2 L 2 R
69.0335 69.034 C4H,0 RS WHET 2157.9 £129.24 918.73 +88.81
69. 0699 69.07 CsHy mESY o JesR R B 2117.45 £105.87  911.78 £90.19
73.0648 73.065 C4H, 0 i IETHE 5308.23 +388.34 3644.31 £126.53
75.0441 75.044 C;H,0, ek MR T g 3988.92 +108.24 3419.31 +155.85
75.0809 75.08 n. a. n. a. n. a. 3965.79 £108.24 3356.71 £155.85
. el e JEIE/ VR Je s/
81.0699 81.071 CgH BV TS . e 3211.92 £150.36  247.81 +32.35
M BORRRE R2-CHRER T : :
83.0491 83.086 GsH O USRS [EET Y 3205.34 £136.98  246.07 £56.44
BE((Z)-3-CH-1-B%, (E) -2-
B/ T/ CHf-1-BE,5-C0%-1-85) /
83.0855 83.086 GgH ! 3189.44 +179.49 243.64 +55.48
Q' wEAEY (OB /BRE B
(- Jel) IR B
N , ff( ZRCHR) /R (2-
85.0648 85.063 CsHy 0 K/R L 1159.89 +93.58 201.51 +41.64
Sal HISE T %0) T H 25 7
87.0441 87.044 C4H;0, He2 v-T N 2094.91 +108.78  802.39 +59.83
87.0804 87.08 CsH,,0 [iEES T3 2091.44 +101.15  792.47 +47.88
97.0648 97. 065 CeHg OH P2/ W IR O/ 2 FEnng 1573.7 £93.58 467.41 +69.64

T na AARMLEY

Note:n. a is an unknown compound.

2.2.2 AT GC-MS #4 K & At K & KA F AR
S oM
SR HT GC-MS 43 2 58 PR A 0 28X 3 AR Al 7 A0
PO ALME T 140 RFVEE Y, BB (IR2E
N BN 12 S 22 NN N T U RIS (s
Y.

AT il Bl ) B A A A R 22 R R (3R

2) , M SERN AL A IR SR KA B R A A U
B REAEANE (B, E)-2,4-P8 I J7 o s S
HAMY - KD -tk Je M KW (E,E)-3,5-

TR KA R e L (Z) -2 BR-3- 0 R 2R X L
FAL S PRl 1 SR KA T ) J5i 114 JEE il , AR
TN 40.61% ; IR R 4 E e e, &
R B U R AR o R R
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e KA TR T e 5 R R AL A R |l
W JRFI | (E,E)-3,5- M4 X L&

YR RS T R R R I A ) o A A LA X Ry
41.07% , S ARFSESSE A —8 7",

£2 ETGCCVMSHARMMRREFESHSLEHZE 25 HENSE (EER% )

Table 2 Concentrations of the top 25 aroma components of different varieties of Wuyi Rock tea based on GC-MS (Peak area% )

5 15 BA 5[] 2k

Serial number Retention time Classification

AR

Relative content

FWIR

Aroma substances

HIKAI(n=33) HHRAER=34)
Wuyi Shuixian Wuyi Rougui

1 6.919 Fifi2k 6- 11 -5 - B 2 -1 1.44 +0.24 0.6 =0.01
2 8.534 S JEF 0.79 +0. 1 4.62 £0.1
3 8.718 i=s (E,E)-2,4-FF I 5.76.+0.67 2.03 +0.53
4 9.253 Jisk F A L) 3.13 +1.49 3.73£0.16
5 15.422 fifi2k B-EE% 2.75+0.88 2.12£0.08
6 19.911 IS KA P i 2.6 +£0.47 3.94 £0.23
7 20. 446 Jisk K 2:82+1.73 2.04 £0.07
8 20.651 IS 2,5-— HI3tik ik 1.88 +1.89 0.73 £0.01
9 23.736 S e 0.58 +0.07 3.44 +0.25
10 24.929 ik o255 ] 3.28 +1.63 0.69 +0.07
11 25.599 52 TR PG 2.03 £0.25 0.210.16
12 26.815 2% CEsE)3,5-3¢ MR 1.48 £0.43 2.18 £0.11
13 27.949 HoAth LIS 0.64 +£0.33 2.49 +0.21
14 29.289 [{IES N PR 1.76 £2.08 1.26 +0.05
15 29.294 [ (Z2)- (Z)-BE-3-C 4 2.31+0.14 1.64 £0.09
16 29.759 Atk Ay - ek 2.22+0.97 4.84 +0.03
17 31.428 i 3,5-3 " Jis T 2.61£2.07 2.18 +0.11
18 32.368 fik 2 2 A A 7.22+1.6 5.43 +0.39
19 32.368 e F R 3.24 +0.43 1.1+0.01
20 35,404 Jists e 0.7 +0.08 1.03 £0.09
21 350547 G MU 51 0.73 £0.12 2.3 +0.02
22 37.321 e R i 1.65 +0.21 0.85+0.17
23 37.322 [liEs T EURAERE P R 1.23£0.42 1.19 +0.01
24 49.703 HoAth S 2.67+1.21 3.23 £0.36
25 49.997 HoAth AL 1.62 £1.36 2.69 +0.16

3 Wig54%i1e

MR A58 GC-MS fifi i1 25 5
Y5 H B T HE B8 I ( Electron ionization , EI) /E 1L B
B, /AU TR BB 712 T 7 A A LR Y b7 2L
A SR TR A SR £ B PTR-TOF- MS Y
Fr il — R T AR, h s Al K 5 K 1) K Z80R
T 3 PR A DX ST, 28 s 0 B AR R FR 7 A KR Y

H,0" BT, S R A WL S RS , % A4 5 75
%, BB T AL AR 43 T 8 ok B A 0 75 3 A AL
W4 T8, 97 TR A2 2 107 30 g 2 JRU B 40t A
BT 5 B N SC IR B/ 4 K, GC-MS Bk
FISCEL SRR Sl RS , BRI T R R
FasE RES . X T AR B4R BT H AR SR P AR TR B
PE AR FT AL B A, ANFEIR R AR A S T B AR
36 TSR 4 36T D 08 BB AR A A8 B — R i 7 2
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If 60 min, T K FE it P B AR (LG AEZE A, i
SEFERE TR EE 73U FL 43 BT I [) S5 A DG 288, X 2
JE R KR GC-MS 23 B — S8R AR & W 42 g
WA, HER S5l A—E 2" PTR-TOF-MS {X
XA it ZH 0 BESROAN JA%, HAR 7 B B S P 3
PTG 23 MEFE AR S IO 280, R AT 2
THALFAT FLHEERE . ARAEAE AR TRBCE 2T R A
0 B AN 43S Al T ], T A A 4% R P
K15 pptv HEGL AT R AT

ABIFTE 3 390 e 1 Bt 4% 32 B g~ KA T I (8] 5 3%
{ ( Proton Transfer Reaction-Time of Flight-Mass
Spectrometry , PTR-TOF-MS ) 5 “UHH (5 1% - B i 15 HH 44
R (Gas Chromatography-Mass Spectrometer , GC-MS)
XA [ it A o 2 ORIl PRER ) A U 647 0
B, FEXS PR AT B AR AR 28 2 U o o A RO |
HEAT HOAE, SRR iR AN 5 R A A X ]
B, A KA DL S R AR AR (ELE) 2 ,4-F8
I Y SO A L O E A o
- AL A T it Y193 A5 B 5 PR PR R 2 o U AR A
s o=k Je s AT EREAR X & i 22, HOAAT mlb A
W REEE A AL S Ay, X R R gl R
RECHTR] . HLAE R L P EE 77 78 2 W BEY m/z
207 223 281 291 JLA R AL E Y, XFMEE D
PSSR USY TR0 8

4 PTR-TOF-MS 5 GC-MS F:ill 2 i1y 755 i 4
SRS GRS B P A [) 28 A St S A S |
G350 He g, e B 3 45 2R A i 22 S+ : PTR-TOF-
MS 5 GC-MS A6 21 i) 235 A U5 B ] (A
PTR-TOF-MS rh 5058 H 45 e PE A & 9 200 2 F,
GC-MS s 5E Y 140 2 Ff) , GC-MS Z5 K873 1
& 1 PTR-TOF-MS #35 [f] N ; PTR-TOF-MS & GC-
MS A6z I 14 7 BTl H % AR TR, A7 267 PTR-
TOF-MS Hig 7 ¥ B s 9 W B A GC-MS rp %Ay
s, LA P GC-MS i )i (B AR =i {H 7E PTR-TOF-
MS A v v BEARAIG, Ji PRI AT i 2 €0 1 AT 26 28 ) 2T
AKX Y 5oy BT, i 2 1 T GC-MS g/
AHXS % 3 =i , M PTR-TOF-MS H3 04 22 [A] T AH X ¥k 3
ko

2% | riR , PTR-TOF-MS 5 GC-MS W 7 £
AR SRS I 1 A 43 R OGS B o LA 25 5 B
WA BAISE  HEANE, 55 T5EH K PTR-
TOF-MS 5 GC-MS I HPRE N Ja ZeR ABFFE A<
T3 B AR 2H R A B4 7 2 7 A o A T I LB

TR H AR S
S E 3k
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