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Abstract ; [ Objectives ] The paper aimed to investigate the characteristic aroma components of black tea from the main production
areas in Jiangsu Province and distinguish the key difference components in different main production areas. [ Methods ] The aroma
composition of representative Jiangsu black tea samples from the main production areas was analyzed using electronic nose( E-nose)
and headspace solid phase microextraction gas chromatography mass spectrometry ( HS-SPME-GC-MS ) technology. [ Results ] The
electronic nose analysis showed that terpenoids and aromatic ring substances were the main volatile components in the aroma of
Jiangsu black tea, and the contents of alcohols, ketones, aldehydes, sulfur components and terpenoids were significantly higher in
Yixing production area than those in Jurong and Jintan production areas. HS-SPME-GC-MS analysis showed that alcohols were the
volatile compounds with the highest proportion in all Jiangsu black teas, accounting for 62.06% —75.66% of the total volatile. With
relative odor activity value( ROAV) greater than 1.00 as the criterion, a total of 12 key aroma presenting substances were screened
out,and linalool, geraniol, citral , trans-B-ionone , decanal , dimethyl sulfide might be the most critical aroma components in Jiangsu

black tea( ROAV>10.00). Orthogonal partial least squares discriminant analysis( OPLS-DA ) showed that there were some differences
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between the aroma components of black tea from different production areas. Seven variance components were screened using variable
importance in projection( VIP ) values greater than 1.00 as a criterion. Among them, 2-methyl-butanal and phenylacetaldehyde in
fruity aroma and trans-linalool oxide ( furans)in woody aroma were the key aroma components that distinguished the Jintan production
area from Yixing and Jurong production areas,and cis-jasmone in floral aroma was the key aroma component that distinguished the
Jurong production area from the Jintan and Yixing production areas,which were the key factor causing the aroma difference among
production areas. In addition, the ratio of geraniol to linalool content in the main production areas of Jiangsu black tea was about
1:1,which was presumed to be one of the important reasons for the difference between Jiangsu black tea and other famous black teas.
[ Conclusions ] In this study,the characteristic aroma components of Jiangsu black tea were clarified by combining HS-SPME-GC-MS
and electronic nose technology, and the different aroma components of Jiangsu black tea from different production areas were
explored , and the results laid a foundation for enriching the aroma theory of black tea in China.

Keywords : HS-SPME-GC-MS ; electronic nose( E-nose) ;Jiangsu black tea;aroma characteristics ;relative odor activity value( ROAV)
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Table 1 Sensor sensitivities within the sensor array of the E-nose

%% No. TEIRER A FR Sensor name HURAL A ) Sensitive components
R1 WIC ALY Aromatic components
R2 Ws5S JEHE R A ALY Broad range oxynitride
R3 W3C 5k S AT A R A Aromatic components ,ammonia
R4 wWe6S AR Hydrogen
R5 WsC FRAEARR 9 55 75 R A A S AL 54 Aromatic components , hydrocarbon
R6 WIS F J5E Methane
R7 WI1wW W2 AYALEY 2 Sulfurs ,organic components, terpenes
RS WwW2S fi i Alcohol aldehyde , ketone
R9 W2wW FFEREEM LAY T HA VLAY Aromatic ring components , organosulfur
R10 W3S K4#ELESE Long chain alkanes

1.5 SHEeiE-RiElE
1.5.1 HRETAE R HS-SPME MEREAMHS4L 5y, B HANT  fEFFREL 2.00 ¢ FESEOA 20 ml
Tz, IABRZK 15 mL J5 s 283t 4 02 MUt 60 °C I IR/K VA, AT 3 min J5Ks AR fAE BGE
FEEH R AT AP KB AEE 1 b J5 Fahdb e, B 3 min J5HEF 4G,
1.5.2 SHEGE-FRELE SHERERM . @ TG-5MS (30 mx0.25 mmx0.25 wm) 34 A7 3 E 4l
B EA A AR (A 99.999% ) ; A A 1.2 mL - min™' 5 R AN/ 0 4F  JERE DR B R
250 °C . FERETHE WA 35 CAEEFE 2 min, X5 LA 4 °C ~min~' T35 180 °C , 4#4F 2 min, FELA 15 °C min™'
T+ 280 °C , {45 1 min,

i 26k B T IR B IR A AR B 0 280 °C 5 85 TR B0 300 °C 5 HLFEH A 70 eV SV il
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AR BT iR e K4 53 AR 5 B (9% ) ARSI (pg ke ™) o

TE—E LI, ROAV R WZ A X SR T S DTRREE B R . ROAV=1.00 AL 79l i a2 R 25 it v
IR SAL S, 0. 10<ROAV<1.00 FILL 438 AR X RE 5 1) s A XU LA 8 B2 (B A A 5 9 LRI X
RESL XU STk B K FIZH 23 ROAV,, =100.00, i ROAV>100 f4#B3E 100.00 F1
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Table 2 Sensory evaluation scores of Jiangsu black tea from different production areas

i IME e EAUS R Ly it
No. Appearance Liquor color Taste Aroma Appearance of waste leaves Total
JT1 23.50 9.60 28.50 22.50 9.10 93.20
JT2 23.90 9.10 27.00 23.75 9.30 93.05
JR1 23.75 9.60 27.90 24.00 9.30 94.55
JR2 24.65 8.50 25.80 24.25 9.70 92.90
JR3 22.35 9.40 28.20 23.75 9.20 92.90
YX1 23.80 9.70 29.70 24.75 9.20 97.15
YX2 24.75 9.50 28.20 24.50 9.70 96.65
YX3 24.65 9.50 28.50 24.25 9.70 96.60
YX4 24.65 9.80 27.00 24.50 9.50 95.45
YX5 23.55 9.80 27.00 24.25 9.30 93.90
YX6 23.85 9.10 27.30 24.25 9.30 93.80
YX7 23.30 8.80 27.30 24.25 9.30 92.95
YX8 23.75 8.90 26.40 24.00 9.70 92.75
YX9 23.90 8.70 25.50 23.00 8.90 90.00

1 JT: 4537 Jintan; JR: A) % Jurong; YX: B2% Yixing. T [A] The same as follows.
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CLFE ALY i - S B A AN T 1 B e B fEOR T 1 4% B3 45 R1,R2 . R6 \R7 .R8 \R9,iX
55 2SRk P A A T F T S A SRR R AR 2 — 3T 3 AR IR A R R RT RO A IR R (i
&, BRI D B A B TG 28 5 B R A5 A5 W DA S — S G HLBR AL oy, i & PR o i 4 SR 3k
WY VLA R X LR R Y i Z M e R 28 5, Kb S SRS KINA S TR E S T
RIZEEIX B X R R RS R S T AR S AT X B2 X ALY RS R
FRIZ 41577 1X (P<0.05) .
2.3 SIHRLIZERY HS-SPME-GC-MS 2347

MITIRE 3 AR = X AL 25 v L 8 140 A9 &0, 4 NIST frifi ik 22 b Xt 55 £ B 48 5t
Uk, e &L 91 RN, EEALE 27 FPBERYI BT, 18 MY T, 6 FPERZE Y BT, 13 Mg 2R
JT,7 FhOS AR, 4 PRSI0, 5 A AR 0, 8 PG IR 2 i L S 3 At 2 i, Y9541
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Fig. 1 Radar plots of electronic nose response values of volatile from different
production areas of Jiangsu black tea
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Fig. 2 Analysis of the total volatile of black tea in three different production areas in Jiangsu Province
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BN A DS R T R B2 K 05 B EE S, H R Y R E 1Y 62.06% ~ 75.66% , X 5 2 BUCHR 45 A0 —
SOV R RS AG BT AR LT A A A I A 2 B RRAE A4, v 5 e I A I B L B v, 43 )
K 23.07% ~33.65%F1 29.80% ~32.68% ., FEASWIBAE 45 A M4 HESS = AE X & 5 LU B 10.31% ~
16.99% , HoR Y I, AR S AT, N 1.31% ~4.48% B H R 288 £ 5 AR TRE2EY) T, 1R
R ITFRI AR Ik TS R 5 L B AR, 6 Z W B AR B i L 7.58% ~
8.73% .,

3ATEXCHR LT IX B B AR 5 e L B e i, N 75.66% , 1T 4 dn 5 A 2 7 X B M AL, B2 5 i
FE 2k 62% , FIZ P2 IX RS S HU i , o 7.97% ~ 17.87% , T 4 3572 X IS & 5 He ol B s, >
4.48% , 7725 SR B EUR T 2-F LTSO8 SR 2 AW 5 AR R A 2 A X
BRI 5, A28 XA A Xt e g, BB B LR 2.37% ~3.13% , LI AR Oy 2225 1

BRESASR I 3 Ry o, JHE v et 7 IX IR X 7 e v , LA A9 — H Lk 5 — P O — ik 0
SRR 0.24% ~0.54% ., WA AR L% DX Fp AR 2 Ee il g, 3B 0.45% , AR X -B- 2
IR 6—C M L= IRWRIA A 5 1T BUEAR FR 2R W) T A ) 2577 DXORE X 3 6 L A8 e A0, LA U0 b o e, —
T, LU R 0.39% ~3.13% ; AR RS M 28 55 HA A 1 O A (B %) 05 A JR 2R ) B AE 3 A7 IX oy B ARG 25
HIFTERRZES, WI¥IN 3.22% ~3.79% , UG- H AR IE | T 3B L 2R 32, MRS AE 2R i b i
DI 00 SRRt B, B UK 41 7= DX R R X 5 s ek T At 2 7= X, AR A IR S50 32
24 IHLAFEESKIH ROAV 4347

TLARELAS 3 A B2 XSRS 3 fis, il DAE S K& SR e 5, 55 76
TR IR IX I 61 BRSO B, BRAE 3 AN X ETRERGIN RN 35 Fh &SN, S in SRR IEH
2 FARIR AT, 3 5 E 2 XA 6 PRI AT, A 527 K i A 18 Fillfy 5
AT, XN B S 8 Al Co—C9 Bt M AT AR Mk YRR |
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Fig.3 Wayne diagram analysis of black tea volatile in three production
areas of Jiangsu Province
A. 347X 35 B Three production areas of Wayne diagram; B. 3 77 X AL & #1240 Number of

compound species in three production areas.

A 3 2 ) SCHR DA R MR B0 e v 45 A B SO AR K R B B SBIAE, XF 3 AN 7RIX 35 A o AT
ROAV 43#7, W3 3 A WL XVLRLLARF P MEA EETTER(ROAV=1.00) A 3G 12 ), Hrp
VLI A AR B e A E T B U8 A 6 Flf(ROAV>10.00) , 6255 4 FifEE B (55 REBE A e
KRR -B-L T L S ) 1 RO (FPEEE ) 5 1 Rh TR (AR EE) MBS (DL 2 X
ROAV [RB KT 10.00 FE N TESRIE) . JFREEE  FrmtBE Frige el -p- 5% =TT A 77 X ) ROAV
Yol B T HA A S, X 4 ORI A A b o R SR R IR, W 1.00<ROAV<
10.00 MFH AT 6 B, IAER A B IR 2S K AB IR HY g R F I 3-F G TR A6 ) 2, ax Sy Jii [+
FEXHIIN A AL A BRI TTER, LAk, 84 10 FPEFSPIE 0.10 < ROAV<1.00, W2k S 2
A TF IR (W) 45 X SE W) I3 P REFE L1 A S B i B — 2 B .
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Table 3 The ROAV of common volatile components of black tea in three production areas of Jiangsu Province

i Kbt ot 3L
i (st Aroma (pg LY ¥ ROAV
No. Compound har: L: stics Threshold P . U Average ROAV of
Caraciensies in water 42 Jintan fJ%5 Jurong P Yixing three production areas
1 ﬁﬁ@ Aﬁ%‘%\:é 0.22121] 100.00+£0.00  100.00+0.00  100.00+0.00 100.00+0.00
Linalool Floral, lily of the valley
2 M B Geraniol HHAET Rose like 7.5021 100.00£0.00  100.00+0.00  100.000.00 100.00+0.00
3 H%@g hﬁé‘mﬁﬁ 0.05(22 100.00£0.00  100.00£0.00  70.42+10.97 90.14+13.94
Citral Lemon, citrus
X —B— 4% 2~ il ey oz
4 R-p ;{‘EQM Z‘a‘;#?\*% 0.09[2] 38.22+35.37 100.00+0.00 51.04%5.75 63.09+26.62
trans-B3-ionone Violet, woody
P
5 i 7&%%& . 0.1122) 8.23:7.35  24.48+16.89  18.88=11.65 17.20+6.74
Decanal Floral and fruity
. s Tk A
6 — Tt EK, AR 0.3[22] 17.70£17.36  13.83x4.45  8.15:4.04 13.233.92
Dimethyl sulfide Corn, sulfurous odour
- [ R Fh
7 -MH T Tﬁ\%.ﬂi‘ﬁ* 1022] 16.55+15.59 2.34£1.52 6.46+6.20 8.45+5.97
2-methyl-butanal Cocoa  fruity ,musty
8 KA 1R iR Methyl salicylate T Flowers 40!23) 2.63+2.46 5.68+2.13 6.05+2.53 4.79+1.53
9 LB %F‘ﬁuﬁ 4122 3.26£3.16  2.38x0.78  0.70+1.28 2.11£1.06
Benzeneacetaldehyde Fruity , sweet
10 3-HELTHEE 3-methyl-butanal SR Apple-scented 1.5022] 3.18+3.05 2.01+1.04 0.74+1.05 1.96+1.22
11 05 =X 25 3] cis-jasmone FFI AT Jasmine 7022] 0.10+£0.00 3.96+2.58 0.31+£0.39 1.46+1.77
MRS Ty e f— =
12 pIRE %Eﬁ . ek %é . 3024 0.08+0.00 1.89+0.00 1.42£0.00 1.13+0.77
B-cyclocitral Bitter almonds, fruity
3-CU-1-1 ot i -
13 (Z)-3-hexen-1-ol Green leaves . fragrant 3.9 0.56+0.54 1.44£0.55 0.45£0.61 0.82£0.44
bt A S
14 IR . W 3.5022) 0.60+0.57 0.91+0.13 0.18+0.21 0.56+0.30
Benzaldehyde Bitter almond aroma
7 20 A AR (R s 3 =
15 &fﬁ%\ﬂﬁjﬂ‘g?‘%( KHER) R Uk AR 60l 0.91+0.86 0.67+0.52 0.37+0.53 0.65£0.22
trans-linalool oxide (furans) Earthy , woody
16 C. ¥ Hexanal HX Grassy flavor 4.5022] 0.28+0.24 0.57+0.45 0.19+0.24 0.35+0.16
P v oY) e S = I Exy=3
17 1= -3 -5 iE Bt 1125 0.41£0.37 0.73+0.26 0.18+0.24 0.44+0.23
1-octen-3-ol Metallic , Grassy flavor
s 3 TG o T
18 (2) EM 3-CHRE Eé‘gﬁﬁ 16122 0.26+0.24 0.59+0.29 0.4420.92 0.43+0.13
(Z) -hexanoic acid-3-hexenyl ester Fruity , sweet
19 WK Phenylethyl alcohol HIEAETF Rose like 45022] 0.01+0.01 0.72+0.57 0.35+0.72 0.36+0.29
P I
20 RIE %%Q*D‘%%f 3(23) 0.17+0.15  0.48=0.09  0.18+0.27 0.28+0.14
Heptanal Fruity , nutty
2 ks FH i i
21 ﬁm&qﬂﬁ“ %1’%%3§ 412] 0.15+0.14 0.67x0.42 0.12£0.17 0.31x0.25
Hexadecanoic acid, methyl ester Slightly fruity
NPy P
2 BA-2-oAR . ML RIE 11017 0.28:0.24 057045  0.19:0.24 0.35+0.16
(E)-2-hexenal Sweet almond, fruity
23 P B AT P AT 42121] 0.05+0.05 0.07+0.05 0.02+0.02 0.05+0.02
B-myrcene Floral ,lemon , woody
e X
. _ TR A
5} i
24 e Green sweet fragrance, 60(2!] <0.01 0.03£0.01 <0.01 0.010.01
trans-geranylacetone . .
slight rose fragrance
25 P Benzyl alcohol B IRFF Sweet, fruity 10 00012 <0.01 <0.01 <0.01 0.000.00
26 FHHIEE Phytol A& HE 7 Floral , fatal 640026 <0.01 <0.01 <0.01 0.00+0.00
bt g
27 e AR AT 1 000t™ <0.01 <0.01 <0.01 0.000.00
Neral Sweet lemon ,lemon zest
_ 5 R — 0 i o ft o
28 6~ &5 B -2 PR ‘W’E’@ 500271 <0.01 <0.01 <0.01 0.000.00
6-methyl-5-hepten-2-one Lemongrass , citrus aroma
29 WMMEIN Caffeine nf nf nf nf
e i —4A 1LY
20 AR 3, 1-A A uf o o o

trans-linalool 3 ,7-oxide
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%R 3 Table 3 continued

e Kot P
; N FUFE e ROAV 347
P st/ Aroma (pg-L7™h) ¥ ROAV
No. Compound haracteristi Threshold . vy v Average ROAV of
characlensies in water 242 Jintan HJ%5 Jurong  F Yixing three production areas
Jir — TP R B ENITRIN SIS
31 X nf nf nf nf
Oxime-methoxy-phenyl Unpleasant smell
THAL R R
32 Butylated hydroxytoluene of of of of
2,4- T HAR =SB NS
33 . X nf nf nf nf
2,4-di-tert-butylphenol Phenol-like odor
2,5- 2T -1, 40
34 2,5-di-tert-butyl-1,4-benzoquinone of of of of
o= LR L N
. nf nf nf nf
a-ethylidene-benzeneacetaldehyde Honey , cocoa

T PR BN BB A CRAEZ = K I IT A RE i A R B 1R, of FER MK T SR B R BRI, MOEIE T ROAY,
Note : Some of the data in the table are representative of a single value that occurs only once in all the samples. nf:The ROAV can not be calculated because the

aroma thresholds for volatile in water are not accessed.

25 IIHLAFEHXBESERHSTHIE

AL R I AR 25 59, T AN [R) 7= IX TRV 21 2% ) S S SO o A A L i L, W AR4L
TS R R YETF S S AT OPLS-DA HE | K] 4—A rhfa S AR AR R P2 IX A RE S, 055 5 22 1] i s 32
TNFE Al Z BRRIE 25 5 B K/ V95 3 A7 DXl ) (05023 TR ZE AN TR R B, WA [R] 7 DX A 20 55 A SO
ZIBAAAE—E 225, 2l 200 KA XRE, QF [B1H L 5 N5l (9 A0 28 55 /T 0, B B RUR A7 78 3 40
B AU R (] 4-B) , DRI gs R vl 250 S 7= X SE S50

L OPLS-DA #5RIth VIP>1.00 Sdnifi, a0k i 11 Fhdnas v sy, Hd ROAV>1.00 FS A
TR A) BN 3 A7 KL AR B PR S TR SR . X 7 M S TE 3 7 X H )8

A OPLS-DA
Lok O0YX; @JT; @ JR 22 @i

—_ B o2 1 21
% 051 @YXl yxi 1 T .
* X6.2 - /X5 2 @yx4 2
S 0.0 VX(LM.YXZ:2~YXM.’YX3;X5 ez | ..u'(:;l‘
(=) YX3_1 " - .YX'J RS 2 IRS_.
A @vx4 1 Oyxs | - @R 2
e =05+ vx0_ 1@ @@YXs 2 ri@® © @
— YX9_2 @YX | - R12

_10 [

_15 1 1 1 1 1 1 1 1 1

-2.5 -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0
RX[1]=0918  RY[2]=09 1000 7*[1] A FHHKT I Seitht
0[3]=0.832 Ellipse: Hotelling’s T* (95%)
OPLS-DAMGIER#!
MEE: R*=(0.0,0.051 5),0'=(0.0,-0.39)
OPLS-DA validate model
Intercepts: R°=(0.0, 0.051 5), 0°’=(0.0, -0.39)
2

z 08F OR; |mQ B |
= 0.6 e T
s 04 Be T L
B 02— R
g 00— e =
e =020 e
O o4 0 e
= 0.6} .
£ —08} -

-1.0 I L L L I I

-0.2 0 0.2 0.4 0.6 0.8 1.0

200U B A A6 45 285y
200 permutations 2 components
B4 3NMFERIIFLAFEZELZYENSEMNEZRR/NZFTHF5H
Fig. 4 Orthogonal partial least squares discriminant analysis of relative volatile content of black tea
in three production areas in Jiangsu Province
A.OPLS-DA 75435 &l OPLS-DA scatter point diagram;B. OPLS-DA 3¢ URHIEZ5 5: OPLS-DA cross-validation results.
R*X R*Y R* F1 Q 435I T % X 46 M (e o3 | T e A ZE XS Y A M Y R T AR 194 ] A R L R L 11y
EE S, R*X,R*Y,R* and Q represent the explanatory rate of the model to the X matrix , the explanatory rate of the model to the ¥

matrix , the interpretability of the model ,and the prediction ability of the model , respectively.
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FEXF B 5-A Fis R SRR A BE K AG R F R Y VIP AE R, (ER R TR P XA S YR X
1 ROAV )2 R AR Stn/= X i A 1A SR 2-H 3L TR I AEXT & 5 ROAV Y i
o A 2 A7 DX A AR B ) B X AR A S AR (R R 2 ) Y ROAV Wt i T At ™ X, PRt HE 5 3
YR A 3 DX DX A 2 A7 DX DB U . SRR TR A T S A T 7 ) 25 7 [X 1) ROAV Al
RS TaIn S X, tah, B kB 05 s i 1L B = 1 AR 5 5 B ) ROAV (ROAV =100.00) 5
VIP {H, #E—2B 58 &3, 3 AN 7= DX e I s A AR X i e oo T 05 R, (HL 3 AN 7= XA R il R X 2 Ff
SRS B LU BIERZI N 101, N4 4 7™ DX UG £0 AR it v 0 188 B R A I 2 1) SF- 2 5 40 31K 23.07% 1
32.68% (& 5-B) , A4 KB -2 & 840 9h 27.119%H1 29.80% (18 5-C) |, i B4 77 X0 V-2 2 5 4 )
h 33.65% 1 34.10% (& 5-D) . 1 BCHEN , S5 AREEAIA B 101 05 i LU B VT IR 202 B S AR A
Z—,
F4 INFRIFUFNEBLERETDR

Table 4 Key different aroma components of Jiangsu black tea in three production areas

G FAMAEY RroAv vIP (i
No. Aroma components 447 Jintan 1% Jurong B2 Yixing VIP value
1 515 Linalool 100.00+0.00 100.00+0.00 100.00+0.00 3.19
2 B Geraniol 100.00+0.00 100.00+0.00 100.00+0.00 2.92
3 JK A% R F i Methyl salicylate 2.63+2.46 5.68+2.13 6.05+2.53 1.96
4 2-HI BT 2-methyl-butanal 16.55+15.59 2.34£1.52 6.46£6.20 1.44
5 Wi FTER cis-jasmone 0.10+0.00 3.96+2.58 0.31+0.39 1.12
6 7K % Benzeneacetaldehyde 3.26+3.16 2.38+0.78 0.70+1.28 1.03
7 AT FREE (W) trans-linalool oxide( furans) 0.91:x0.86 0.39+0.36 0.37x0.53 1.94
A E 28: = T
= 40 JR;
giggﬁﬁ&? Lol =YX
E = 20¢
M ©
=B I5r
4B 10T B |‘}|
= o 5K - g
) .
=g 3 | o
§ i j_u ‘ “ ‘ Li_xl_\! ‘ *_é ﬁ_‘ ] I_ﬁ m
5 1L b ‘ b b
a‘i 0 | | b L | ) i_é == L ]
AR P2yl 2-HIZETHE  KBIREE  CRFR HomE AT R
Geraniol Linalool ~ 2-methyl-butanal ~ Methyl cis-jasmone Phenylacetalde-  (IWKIi#Z%)
salicylate hyde trans-linalool
14 Component oxide (furans)
B JT C JR D YX
B ¥ Geraniol; B % Geraniol; B 7B Geraniol ;
[ 5458 Linalool [ F545E Linalool [ F545E Linalool

5 3INFRIIIHAFXBESHSENSE
Fig. 5 Relative contents of key aroma components of Jiangsu black tea in three production areas
AL TEIX T FhOCHER SRS AN B & L] Relative content percentage of the seven key aroma components in each production
area; B—D. AN X G5 FE -5 B 2 & L The ratio of linalool to geraniol in different production areas.
AR/ NG FHEF IR 75 .35 (P<0.05) , Different lowercase letters indicate significant difference at 0.05 level.

3 itip

AWFTERI,3 A2 LI LLAR A 35 P US>, X e UM o> 2 IAE A BR R AR N 3, 77 0K
FKRIRNH ., ROAV>10.00 FY A 9 7 Flie A i eSS S o -B- 58 20 22 ] WA — WY S fol ik
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6 P, LIAETE RIS 0 3, S 3 Be ) e M YT 0 20 2% S e B B 0 B 48 3, T ROAV>1.00 ) —
Seg] 4y B AR R R REER S KR R R I 3 -H S TRESE) |, ik Sy o R A 2 A I & R
BT o IXEEF SRS e A X ) 44 ST b S5 i, AN 3-F L TR A R R 2B W L
AR R IR LT TR i WA 2, Ma 25120 K A 20 F7 el | 7 - 52 TV i JEL 41 3 70 46 75 i
WK A CHEST B AL S KR B BB A R 22 a0 251 TR B SR A RSy T A A
TR B LRI N R AR T LT 2R 0 SRR i o) TR O A PR LT A A S B 43 5 Yin
S5O AR T R LT RIS IR R B B R I SRR SR AL U S RS, BRI,
AR JTRERE AR -5 % AT | O X S ) TR S I T B DU R 2T 2% (AR T TE0AS (BT B2 T 4%
KAWL ZOMB) 2 2155 ) A8 M R et ) AR R 45 R 5 2 — 80, i SSIE Fr s . — H JL ik |
2— FF LTI A LAl DX P A L ) A 5 T BBV LR LTS X I AT A B R 2 —

W97 2 A M L2 B R T i B i O AR L), — LR AL R AR U AP R B TL
INEL S T LA S 1 () A SR A3 R A 2 A o, G v D5 AR B R A I Y ARG B B L ROAV AT VIP (34 B
FE T HAFR RSy, A B IR R A R R M LT A A T A DGR R 3R, A Yun S R BN
5 2 R 1 L A8 2 R 21 2% b B 7= b ) A 5 1, T Su 25 P AR LT 2% 4 % P B 43 1 5 1 L 4B
WELLA5T R 3 AT L 1) LIS AR B R0 5 A B 8L A 0 o 2 AR FUR T 5 2) LA D5 R s A A I B2y 2 1
e AR 53 ) AR IRy 2 A B AR . AR 1T 2T A5 PR L5 w8 1) 7 I e T LA VRAB I BB B R /R
FAJE TH 3 28 M VUM LLAJ2 ISR R E BRSNS | 8B/, R AR TLL A8 M i £
2 VLA A H MR S 5 R S i LU 29 11, RITLH LR HF R ERE T4 2 25, R IS5 R fn
Fr ik E LA R BORE SEEEEE LG &Y, X 2 R SO 10 2 i LR VLR AL R X
ST HAMA RN EEFRTEZ —, A, B TAFEFER A KT TTRE A —, 28 OPLS-
DA i BE )5 & B A B 2 F L T 5 28 R o 7 28 1) i X AT 05 R e (IR I 28 ) 2 X0 4 4 7 X
RS AT R LA A A, AL R A I R AT 2 X ) 25 72 X 5 A 3 R ™ X AT ¢
AT SY , X L) BRI ML R S O &

FERSLT O R LB B DX B it L B i TR0 25 5 430 ™ DX FEHEA T HL - S A R i iy
(B AT BT IS [T e B DX H ST (RIS ) o g {1 e At 2 A7 DX T 96 28 0 Jo v B0 2% ™ X L A
Mg SRR A ARG T 5 5 GC-MS WA B AT R, BLAh, 45 A B E #2451 B %™ X
LRI SAF T 5, EMEDIE T i R B Y a X FA MR, 78 R2(AAED) L%
A AR DX M (R At 2 AN = IXEG, ARSI 1 R s AR A e R, 1 AN ] P X AT 25 B/ S
22 52 R DR AT R T e A AR I T BRI A S A A R A R R S TR TR,

HLF 855 GC-MS i Fth A —Seisty | o1 5 32 50 ] T 3R BURE i v B 7 2 P o ) 3 A 8., TR 0
TRMES GC-MS A H () B A HE R A o —— XTI, R 1 AR IBURE St B A B A1, F - S5l i FH R X 43 AN [F]
BES R A5 B IR R nl LAY Kbl A WO TT 952 P At 7= X A 2T BB 5, B s/ < 25 57
B, X R R B PR AT 25 A SRAE , HE— 2R VLR LD A A RO i HILA

2 Z 3k References:

(1] sEWe. 28t fesa M. 3 B deat Rl i, 2003 :39.
Wan X C. Tea Biochemistry[ M]. 3rd ed. Beijing:China Agriculture Press,2003:39(in Chinese).

[2] 2022 44\l S fooRs 3 B 1R & B A 2R [ EB/OL]. (2022-10-11) [2023-09-307. http://www.aqsc.agri.cn/xwzx/202210/120221012_
411735.htm.
2022 Agricultural Brand Excellence Cultivation Program List Announced[ EB/OL]. (2022-10-11) [2023-09-30]. http://www.aqsc.agri.
en/xwzx/202210/120221012_411735.htm.

[3] Kumazawa K,Wada Y,Masuda H. Characterization of epoxydecenal isomers as potent odorants in black tea( Dimbula) infusion[ J]. Journal of
Agricultural and Food Chemistry,2006,54(13) :4795-4801.

(4] RimfE, gt B, 55, L5 &S AIE L T AR m i mr s sk (1], & & Tk ,2019,40( 11) :351-357.
Zhang Y N,Ou Y L,Qin L, et al. Research progress on the formation of aroma substances and its influence of processes in black tea[ J |. Science
and Technology of Food Industry,2019,40( 11) :351-357(in Chinese with English abstract).

[5] MiE, B hh, BMIE. A48 BuEm N RV T]. Rl HEAR 5545 ,2021(2) :12-13.
Yang Y,Lu D L,Zha Y J. Research progress on influence factors of black tea quality[ J]. Agricultural Technology & Equipment,2021(2) :12-13



770

[EZI S S A NI S 5 47 8

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

(in Chinese with English abstract).

Kang S,Yan H,Zhu Y et al. Identification and quantification of key odorants in the world’s four most famous black teas[ J]. Food Research
International ,2019,121 .73-83.

Huang W J,Fang S M, Wang J, et al. Sensomics analysis of the effect of the withering method on the aroma components of Keemun black tea[ J].
Food Chemistry,2022,395:133549.

UL M0 25, AW, 55, T BRI GC-MS Z5 G AL it 2 N TR AL S G TRLALAS R URE AT TS [ )] & Tl B,
2022,43(18) :252-261.

Yan T Y,Lin J X,Zhu J X, et al. Analysis of E-nose and GC-MS combined with chemometrics applied to the aroma characteristics of high aroma
black tea and traditional congou black tea[ J]. Science and Technology of Food Industry,2022,43(18) :252-261 (in Chinese with English
abstract ) .

FP B AR ZRHE RAE IR RIS SAHE TR (1] B i T RHE,2022,43(15) :469-480.

Shu X,Gao Y X. Research progress on extraction of volatile compounds and analysis of aroma characteristics in tea[ J]. Science and Technology
of Food Industry,2022,43(15) :469-480(in Chinese with English abstract) .

XUFEDT B2 , XU 4F. SBSE-GC-MS S AN R4 T LRI 22 57 A U [ ] £l Tl B, 2023 ,44(11) :254-264.

Liu Y F,Teng J,Liu Y, et al. SBSE-GC-MS analysis the differential aroma components of Ning black teas at different quality levels[ J]. Science
and Technology of Food Industry,2023,44(11) :254-264(in Chinese with English abstract).

ROV, W, A 5% HS-SBSE-GC/MS £ ROAV MM BASCHER A (1] B BFRSTT 4 ,2023,44(2) 1156~ 161.
Liang J F,Li Y,Bin Y J,et al. Analysis of the key aroma components of Liupao tea using a combination of HS-SBSE-GC/MS and ROAV[]].
Food Research and Development,2023,44(2) :156-161(in Chinese with English abstract) .

TR HRUSE Bk, 4. ASIRIZR it P R 22 R M B HOR A SO i [ 0] B B4, 2023,39 (1) :281-290.

Xu M T,Shao S X,Chen J,et al. Analysis of volatile and key aroma components in congou black tea varieties[ J]. Modern Food Science and
Technology,2023,39( 1) :281-290( in Chinese with English abstract) .

BRBALLAE, X %2, 3, 4. HS-SPME-GC-MS 4545 OPLS-DA SR W7 2 4 A A Ve S S I SE [ ). e T Aol A4l
2021,52(3) :779-788.

Ouyang H J,Liu Y J, Yuan Y, et al. HS-SPME-GC-MS coupled with OPLS-DA to analyze the effects of extraction methods on volatile aroma
compounds of avocado oil[ J]. Journal of Southern Agriculture,2021,52(3) ;:779-788(in Chinese with English abstract).

. FET O EOR TR RS2 5 T ST [ D). T T BE 2R, 2017.

Li Y B. Application of GC-MS and LCMS for screening and identification of different markers in agarwood [ D ]. Guangzhou: Guangzhou
University of Chinese Medicine,2017(in Chinese with English abstract) .

S T 2 A T RO R A SRR RN R A SORHIE AT TE (1], B, 2019,44(1) :336-344.

Ma H J,Jiang B,Pan Y L,et al. Identification of aroma characteristics of famous green tea and black tea from various regions by electronic nose[ J].
Food Science and Technology,2019,44(1) :336-344(in Chinese with English abstract).

I, 2205 R B = 5. FE TR T RBEORIN A AR XN E BAREFHL)]. 2081, 2022,49(1) :88-95,107.

Wu S S,Li F,Xiong C Y, et al. Analysis of aroma of Sun-dried green tea in different areas of Yunnan Province based on electronic nose
technology[ J]. Journal of Tea Communication,2022,49(1) :88-95,107(in Chinese with English abstract) .

PR, 2Ry R, 45, BET T R T B A LA AL A SRR E A2 [ 7] il oAk, 2019,40( 18) :234-237,242.

Chen H M, Li X H,Wang Y ,et al. Effect of aroma-improving processing on aroma characteristics of black tea based on electronic nose analysis[ J].
Science and Technology of Food Industry,2019,40( 18) :234-237,242(in Chinese with English abstract).

Yun J,Cui C J,Zhang S H,et al. Use of headspace GC/MS combined with chemometric analysis to identify the geographic origins of black tea[ J].
Food Chemistry,2021,360:130033.

BARE,BIF, E304E 4. JET HS-SPME-GC-MS Hl OAV S5 FF RLIZECHER FY B[ T]. Al TAkRHE,2022,43(9) :251-258.
Yue C N,Qin D D,Li W J, et al. Identification of key aroma components in Fuliang black tea based on HS-SPME-GC-MS and OAV[ J]. Science
and Technology of Food Industry,2022,43(9) :251-258(in Chinese with English abstract).

Yin X,Huang J A,Huang J,et al. Identification of volatile and odor-active compounds in Hunan black tea by SPME/GC-MS and multivariate
analysis[ J]. LWT,2022,164:113656.

Guo X Y,Schwab W,Ho C T,et al. Characterization of the aroma profiles of oolong tea made from three tea cultivars by both GC-MS and GC-
IMS[J]. Food Chemistry,2021,376.:131933.

van Gemert L J. fb& L5 5 {8V 9 (s %%:HEL) [EB/OL]. [2023-10-15]. https://book.sciencereading. cn/shop/book/Booksimple/
show.do? id=B730C7 F618FOD87F9E053020BOA0ASFDA000.

van Gemert L J. Compendium of Olfactory Thresholds for Chemical Compounds(second edition of the original book) [ EB/OL]. [2023-10-15].
https : //book.sciencereading. cn/shop/book/Booksimple/show.do? id=B730C7F618FOD87F9E053020B0A0ASFDA000.

Leffingwell & Associates| EB/OL]. http://www.leffingwell.com/.

Xu J Y,Zhang Y, Yan F, et al. Monitoring changes in the volatile compounds of tea made from summer tea leaves by GC-IMS and HS-SPME-GC-
MS[J]. Foods,2022,12(1) :146.

Yang Y Q,Qian M C,Deng Y L, et al. Insight into aroma dynamic changes during the whole manufacturing process of chestnut-like aroma green



Fa BRI 45 BT T 5 5 HS-SPME-GC-MS AR ML I 2T 25 F S ERERF S 771

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

tea by combining GC-E-Nose, GC-IMS,and GCXGC-TOFMS[ J]. Food Chemistry,2022,387.132813.

Xie J L,Wang L L,Deng Y L, et al. Characterization of the key odorants in floral aroma green tea based on GC-E-Nose, GC-IMS, GC-MS and
aroma recombination and investigation of the dynamic changes and aroma formation during processing[ J]. Food Chemistry,2023,427:136641.
R BRSP4 T AR AR BCSUBT H X ST 2L B SO R R ST [ 1] 0 Tl B 2021 ,42(13) :304-316.

Li J,Zhu Y ,Fang S T, et al. Study on aroma composition characteristics of Guizhou black tea by solid phase microextraction-gas chromatography-
mass spectrometry[ J]. Science and Technology of Food Industry,2021,42(13) :304-316(in Chinese with English abstract).

Schuh C,Schieberle P. Characterization of the key aroma compounds in the beverage prepared from Darjeeling black tea: quantitative differences
between tea leaves and infusion[ J]. Journal of Agricultural and Food Chemistry,2006,54(3) :916-924.

Ma L J,Gao M M, Zhang L. Q,et al. Characterization of the key aroma-active compounds in high-grade Dianhong tea using GC-MS and GC-O
combined with sensory-directed flavor analysis[ J]. Food Chemistry,2022,378;132058.

I8 i ARTTZLZR M M B S R 2L P s R T EA T [ D] B - 2 fiefell R, 2020.

Yun J. Research on key aroma components of Keemun black tea and the method of geographical origin traceability of black tea[ D]. Hefei: Anhui
Agricultural University,2020(in Chinese with English abstract).

Yao H B,Su H,Ma J Y et al. Widely targeted volatileomics analysis reveals the typical aroma formation of Xinyang black tea during fermentation[J].
Food Research International ,2023,164;112387.

SuD,He J J,Zhou Y Z, et al. Aroma effects of key volatile compounds in Keemun black tea at different grades: HS-SPME-GC-MS, sensory
evaluation ,and chemometrics[ J]. Food Chemistry,2022,373,:131587.

FRH, Bt , RAEFY. LRI [J]. ) AR AR ,2011,38(18) :86-88.

Wang Q S, Chen D, Wu H L. Research progress on aroma of black tea[J]. Guangdong Agricultural Sciences, 2011,38 (18): 86— 88
(in Chinese).

TR, I, RSRIT. BT T90% [ RE A MR~ i~ i I v L FL - B8 55 R A W S R R R KR B [ . R el ok
2224 ,2023,46(5) :960-974. DOI: 10.7685/jnau.202204004.

Fan X, Yang H M, Chen R S. Analysis of flavor substances in green tea beverages detected by HS-SPME/GC-MS coupled with electronic nose
and electronic tongue technology[ J]. Journal of Nanjing Agricultural University,2023,46(5) :960-974(in Chinese with English abstract) .
BT, SRR A, 5. R T BT R IAR R[ 1] RILRA R4 ,2022,53(7) :78-87.

Li D L,Guo X Y,Li T M, et al. Evaluation of aroma in raspberry fruit by electronic nose[ J]. Journal of Northeast Agricultural University 2022,
53(7) :78-87(in Chinese with English abstract).

RIEHE. LT H



