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Research Progress on Extraction of Volatile Compounds and Analysis
of Aroma Characteristics in Tea

SHU Xin, GAO Yanxiang ”

(Key Laboratory of Healthy Beverages, China National Light Industry, College of Food Science and Nutritional
Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Tea aroma plays an important role in its quality and preference. A fully analysis of tea aroma characteristics will
help guide tea processing and further improve its quality. Extracting and identifying volatile compounds in different types
of tea are critical steps to analyze its aroma characteristics. To this end, this paper mainly introduce the commonly used
extraction methods for tea volatile compounds, the analytical methods of key aroma substances are summarized, and the
aroma characteristics of six major tea categories are also overviewed based on research progress domestic and abroad,
aiming to provide a theoretical basis for the in-depth study of tea aroma.
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PR B EE R . B AT LRSS U PR X
TTIEA /K FEFRNS | [RIR 28 AR G | I A
FEWOE | e AR PR IOR AN AR B 5

1.1 KESEE

IK ZE R ZE 81 (steam distillation, SD) J&—Fh 4%
G EREUT %, Bl #5181 5. . PRAERI(E, & H T
RAEY R MR HEE . 72 SD Wb, SR LA ek
R ZERTE I, B S ES . 2R, WRERSE T
Ja BMR = S/ R iE R, 5 HABSRE 7%
A LE, SD ¥ FAG IR 7 R T 350, Gao S5 85T
T R PRI (soxhlet extraction, SE) . 8 =4 B
B2 (ultrasonic assisted extraction, UAE) | [E]HZ%4%
FEHE (simultaneous distillation and extraction, SDE)
7K 2875115 (steam distillation, SD) X 3% 7H 35k
THERIBCR AT FE I 5 PUFP 772 09 H4E 2 ER BCR 4351
0.81 g/kg(SE). 0.36 g/kg(UAE). 0.11 g/kg(SDE) 1
0.59 g/kg( SD) ; #E %& it b 43 5] %5 = Y 40(SE) |
38(UAE) . 35(SDE) il 47(SD) Fhali5; 7E [R5 1&
R IMPRBCEEANRUR BT A IE LT, SR SD A2 HL
IR B o X LAIRNE B h B SO A FR BT, R
JFH SD ik3RAR I RIMA S B R s, XM AL K
TR A A AR B RCRD . SR, o R
BB AT GE 233 R BT IR AS s SEEASH Al AT
e R EFE B AA AN 28R,

1.2 [EIRZRIEZERUE

AT BEE R, [A] 2848 25 iU (simultaneous
distillation and extraction, SDE )4 /K Z& S Z818 51775
ZEBGT RS &, [ A & WK ZES A A LR
SAETHF X IR G, FFIRGRE . R E
J& , FEHOR S5 3 R 2245 [ INEREE i PR SR ER, St
E PR RS IE S R E L& DU, SDE
IRFEHCR i, RS S AR I R AT USRSy
B 53 B RERD),

KM SDE AR B PhasiR 2, HXbeE
BRI FRIBGR R, i, BEE 2 400 A3 iR
FH SDE 7. #1055 2k (SHS ) FEAHFAZEHU (SPME )
EMERBRANZS P2 HCH T 121 Fh, 61 Rl 114 Fp
YR MRS, HRA SDE $R-A5-F942 % M9 o o iy 196
MBS ANEE IS i =, Lin 551 >R SDE ¥AX%T
SR MY BT A THR AR, JT2e e i 32 Al oCi S
W, R -G 2- S FEM R | S5 P A
fe U ARAS Y B TR S 3 ) o R R o 2 BRI
i BB N R SRR N FIPH T K A5 DU iR
RN, PRI, FR 2R R, SDE AT 7E S iR
RS BRI A T I 2 2RI S, izad R
—LE BRI PE T S BT 5 52 S RIS | B . PR A%
YAl nl fe s kAR IRV, S RIS B S
WSR2 R0
1.3 BleFRAZERE

A G F- AR 25 B (supercritical fluid extraction,

Pl [R]I ZE A UL (SDE ) S 30 AX i J 2L P ™)

Fig.1 Schematic diagram of the simultaneous distillation and

extraction (SDE) experimental apparatus™

SFE ) J& 3T Il FL 4 (supercritical fluid, SCF) it
HA WRPRIS R GE JT, A2 43 P TEMAS i A rh 2
WSy B ER A — R 7 s, AR B ST AR . RARERL.
A E ) R I A T B )z N AR R
CO, VERN—FhZe 4 TJ0sE . AL PRI AU IS, I
AR BRI 2R (31 °C), AT 1i&E (7.3 MPa),
TERIE SRR N B BRI 1%, 1 HU R %L
HJZWARNY 100 1%, BAA RAFAAL TR, SRt ih A
TARFE B R ARG 20, CO, FEMBIIm AR
AN 0ARES ICBE AR, B T AR PR/ S5 A ) T
PYFRE ., JEaFFRI (e, i S ke, JES%)
I A AT 8 B A R 4 T BV R R L R S AR
TBCrA N FH Y L, [R] B i R B AR R AE R ) Fil €O, T
;F%[lg, 21] .

5145514 SE #1 SDE L 4H Lb, SR AHEIG R CO,
#E Bk (supercritical CO, extraction, SC-CO,) £ H
B, R B3 1 T e S BN A ORI
FETH, 7SR SC-CO, ARBUXURY BT, H 72
Xt ST IRBE . BFR] AR TR JEE IS TSR
PATOARR, sRILAEPY SR IE A IR g e 1, X SC-
CO, FHARIATIR R AT PG T T 24540047 T I
1k, FERAEFERUSA(JE 1 25 MPa, ¥ 45 °C. CO,
Vit 8 L/h, BiJTH] 4 h) FHAGAUASHHRSINS%h 2.57%,
TSR B BT, XRS5 A5 —3 1 h—Fh
LRAHT R EI R, SFE 25U e B ik
T2 g . H H AT AR R R as T AN =
AP I TARAR A AT HATXAS AR 04 JFos 75 G
T RIS, O X8 & A B8O« DA L A
& BERREFE R B EZAEH.
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1.4 TEERHEAHEREUE

Jie 5% 4443 (spinning cone column, SCC) J&—
FRRFIR W -l e (B 2) . TEES AT, &
TR MR A3 RS R 2 B ) R s 0 1
VEFE, 5 a9 28 S/ M AR i I R 4 T FE 45
LR 0T, R R PR Sz AT TS EE R 50
BHE, BRI 3RAR 5 SR MR i SR I He 45 )
SCC H AR BAFAERT T WA B /)N L RIS
S EESRERS AEA, ATX i S XSRS L BV
SALEPBEA T Raie . HanizE AR T At/
11 e R /B W T R WAL R i L S o S
B 7281 PHARRY SR SCC %t e H- A FH 4 5
PEAT T HRH, #E RIS N 0.198%, FR4ExE H 85
T Bl gy, PR ISR B A T AL Gk 28 2808 15
Glancy 5P FEB 45 770 & B2 R 42 B AR5 T
IR SCC HAR LIRS HF WAL E , A58
RO, ERE S RHCE BR S B R A BH#E A1 SCC +2
RIBEFHAR WU TR AT SO ; 128 AR SR
WG ESAES W L ER A [RIR, 4600 T R
T 5% HEAARAE v i 452 B8 B Al YD T BSOS i
REI, HET, ENR SCC HRES I XK 5 (T
FEHRAB /L, ZIEAR N FIAE TR B . $REGT
FRvP R BIRES A IS, TR | EE . B ST
PRBESCORBE AT RE A TR AIRIT FAL.

=
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Fig.2 Schematic diagram of spinning cone column (SCC)™"!

15 [EEMZERUE

[F AH £ %% BL 7% ( solid phase micro-extraction,
SPME )il i e A 8 Rl e 2 4k ([ 58 A7) RIR )2
XS B A 25 5, X AR T BEA TR B
AP, SPME HoAy REGELLF | AR ED | #ELD
RREE VS ORI A PVLAE RIS, W TR
HdE R ST . ARER B B A T S e T AR
BT B AN TR], SPME ] 432k T 422 [ AH 8 25 B
(direct-solid phase micro-extraction, DI-SPME, £ 4
i A WRAAH: ity B 2% B T AUA) FNTI A [ AH fl A< R
(headspace solid phase micro-extraction, HS-SPME,
iz THRES 28R, 5 DI-SPME 754 L,
HS-SPME 7235 21| W B 1 3 A S P, S 3G 5 02 4%
e PR R PELH S a SRR T A, HS-SPME 7

e 525 FP 3T FBHZEFH (W GC. GC-MS., HPLC,
LC-MS. GC-O), SEEH B A 153 pr 4 2 (& 3)B%,

SPME [l
SPMEZT 4 3ft

B

ISR S o

DA QL (€31 &
B3 Thizs [E A ZE B (HS-SPME) S M 635 (GC)
I RN & )

Fig.3 Schematic diagram of the headspace solid phase micro-

extraction (HS-SPME) and gas chromatography (GC) process””

HS-SPME kX% T 48 it v B8 (1) 5 <l o3 oA
AP PEEGCR . Chen 2519 SR ] HS-SPME %, Xt
FAZS = APOR R AD (228105 . FdtPE. FE) gk
PEFRAUST AT T HEEL, I B e 25 Pk G
Y; Z0 T B E TP 25 R R, R OBE . - N
i S -p-520 22 2 - SE A TR . a- 5820 2]
F-3-T 1R BRI A FEWEFTY . RAH
HS-SPME JEXH445 . ASS A4 v & O sr b 2
B S5 SRR, BG4 v D R e R A Ak . o
HOFARRE . BT EE, BRSSP - O R-3- O S B
R -T2 -3- UM TR AR T & B 1, FEXT 13 4 i gt
ISV THEBUMTIE, SR HS-SPME #:AE3R
A5 S ALY 2,6- LR OO s HAE <
PFRETTAREIE . AR S-AEAME AR p-
DS a- B A B

PEH] HS-SPME B4 R & My iy, B T34
RN ] GBS T EURASF R L k4, SPME JIrfii
1) [E1 2 AR ET 4 ) A TS, Jin =2 W B 22 BLAT e e
B, W RIS | TR 22 L URIES) R AR, X
TG ARAE R FH A EAE—E BRI > 3, DL, il
HAAFRREMELr . ReRE . AR Ve i
SPME Mt &3 e HAE <) o 25 B A i FH b
M8 A
2 FEMESHMRSTEERE

PP iE O HE O XSS v h 2 B o A
PEIUS , T3 %R il iE— 2 40 L S3HT, LA
FEASI R G Y R SR SAREE . M5
T RAE T A : AAH COS- B i I Hv | AAE s-25
TR RS | AR RS- BRI AT L YRR
TSR S e v A
2.1 SHEGIE-REE

SAEO3%- 5% (Gas chromatography-mass spec-
trometry, GC-MS ) 42X 60 i AP 32 & 1 2 4% &k VY
PEATOrES | S AA M DA R e A T s e | e FH 08 7
R GC-MS HARGEXT AN Tad 2 vh W) o
BYAS AL BEAT R I 43 BT . Wang 5145 S F HS-SPME/
GC-MS HARXT 2w IR A I Tach R v 25 b 442 2
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T AT TR I 4E Y 67 AR ER s Horh,
FREREEACY) . B-EE TN R | EE | ER2E A
BACE AN T B b & A FrEg n, s Ak
E R A/ ey =i o (N SN B Sy b RV e W b e
TEMNZES, GC-MS & 1] LX) [E] SR At S5 g a1 7
%5, GC-MS BEA it 43 ik X A AN R 46
ORI, — UG BRI & 2 ol
SRR, TS 2-H B0k | 2- £ FERA . I
PIREP R | 2- SRR I AT DA & i S A AR
SIS, 1- 2 BN 5 1 5 509 5 TE AR OG; IZWE5E
RGP & A AR Sy P A TR 22 i
el

GC-MS VETEAS 3 A R 8) BT 43 A 00 v iz JFH
JeH) 2, BT GC-MS TEXEAGIN BRAE, —2b ik 3
AR TITAE XS SRR BE 58 s 4% R ) BT ] REJCIEAGL H,
BEMTEEI ST SR i . Bk, SR GC-MS 72
ST IElaT, AT S A FRAE T B S, PASRAS BT
ENER S S
22 SHGE-SFIBEE

S AH S -2 T i 215 (gas chromatography-ion
mobility spectroscopy, GC-IMS ), &3t T A [FSAHE
TAEH I AT A R 22 S A2 E B ) BT TR AE
FY—T AT 7 i1 BRI EAT i e . SRR &
SERE AL, AR IS TR P 531 43 B0 H AT,
GC-IMS AR )2 W T8 i 4 A MR XU ) 5t
ARSI 3T o 4 SCRITEERY R GC-IMS FoAR 34T T
AR (R AR B JEE . PE S | TR PP il
LAY BRIGE2E 57, DU il iz vh e et
61 PHELRPEIIRYT . W @ 5 R B s
L, TSI T AN R P S SR BT 2 S
AT B, XA A g B AR P X ) BT
PP ERLE TR RS . GC-IMS FERIEHEXT A
i R R T AT 3T . R ANAERY R
H GC-IMS ARSI T F-BUARAE A8 A AN T Hea 7
WA R R H o3 0 AR A D0 o R HE IS AR A I
85 FiE A MEAHILH Y, Hob Ay 58 Fh sl o7 A Al
TR AR R B S I A, 27 AT e R
ARG dE I R TR, FIARGE S th B IR
T AIB W, B S TE R 2G5 | RF L 4B
REFHEIET . BT, GC-IMS HARFESS XUy 5
S AT S v N AR 2D, IR ST B 58 1 GC-
IMS 7%, DAScipade . R, H s
2.3 SHEGE-REE

B P B R ) B0 IXUBR 1 DT RR R BE T
S HARBE R TEARDC, XA G T AR RIS S5
BE 5 ARG AR R BE 2 (R 22 5%, S T RERE B
UF R PP BA—2H 53X T i AR XU 19 TTER TS 1, <
FE €4 33% -3 [§] $7 K (gas chromatography-olfactometry,
GC-O) ¥ AHEIE 1 5 53 HERE T -5 NSNS
PEEEPEAH G, &, PEXTHE R B A T e 2043 25 . I

RE At RIS, GRS AT B b LR X SRR ™
A B IRUBRAFED Y, 8 A GC-O Kl 77 A Wi i
L ARSI R R R s =i R ks B e PR AR
PEmros H i . TR A GRS L A SH S e o | 43
A e S R R LR 575 1B

Chen %5P7 SR SDE yAH2 B = e oy i B 41 5%
FOF%E & MR, IR GC-MS/O iR, F IR
B (aroma extract dilution analysis, AEDA) X £1. 5%
OCHE R YA T TS . AR, R Srrh
KM (B IR) | B.E-2,4-T SR BE-2-C 1515
(HFHLS) | BE,Z-2,6-T I (FNR) | a/f-45 2 iR
(B 2237) | SRR (AR - BT (ERA) L 1-F
Js-3-1 (B 6 5 ) L 2-H 3L TR R CRE) HATIE R
= B B Rl {E. (dilution factor, FD, &< 2B fie
B IBN A I A B LU AR, AR S HH . PAET A4
i) 58 AW b, G 19 Pk G &<
JE{E (odour activity value, OVA, HF Ik E 5
A BRAS I BB LU AED T 1, 2B va i 4T 25510
SRR Sy, o, 2-F 3 TR 2L 1RO Y (LI
(0.15 pg/L) . #PBE R (82.5 pg/L), OVA A Hikhy
E,Z-2,6-F_J#&TE(OAV 395)F g-£BHil(OAV 379),

GC-O LB AT LT IEEE YRS, (H
Rk Jo HAT ik . AR S0 s HLZH sk
52 2=, WL R W H T Ak RIEDS ) a5 225 SR
NEZEAT LTl Fh 3R B FE AU (RD HEEXHML S 3E4 T
w125 %5, B, A 8 B A (g - i . 214k
T | ARG IR AR S R Y A T2 5
BT, UISKBCE RS UERE B o
24 ETHESHEEIEE

2 A i XU B 4H R R 2k, —4ER
FHCOTEAT BT ME LIS 25 21 53 505353 15, 3 AU 25 S 1)
2z, 4 4% (GCXxGC) il i FH PR
JEANR] A o3 B R, B — 4 A A 2
FY) 2H 4538 3k A0 DI E) (heart-cut) S A S 4 AH G
TR PG T4, SRR T R T eSS B
Ry P, Wb T s TR, GCxGC i hg 5 i
1% (TOFMS. gMS) . ¥4l #5 (FPD. FID) . MR [H]
Kl (Olfactometry ) &5 7 AR, #2000 R . &
XTI S B Zhu 25192 SR GC-MS ., GCxGC-
gqMS. OVA FIFS A X5 1 LS P IR IEE S
WArBEAT T 408, Horp GC-MS 345 ) 25 Fl Uk
PR (OVA>1), ik H GCxGC-gMS 3t T
38 Fl, HAREHLWALE R B LI, 5 GC-MS #
t, GCxGC-qMSS %52 HY 1934 ot e S8 A Hb 2
WL JET 4R T XU R AE . 4 — 4ES AR (038 BoAA 4 PR
= RECHELT | ARG S TR 444 5
S S%RE, (A REEMMSHE N E L. nveE
TEFS AT N FH, IR 2 P 2H S B EGTT
AP RR | e SR R RN I R T4t &, 7T
AR P HER AT T
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H, T £ (electronic nose, E-nose) &= —FP 575 AL
SRMLBER R A BT AT RN S 2 A I i 5
GC. HPLC %8 Ffb2E {38 53 M1 1A [A], E-nose ¢
ARAPE R 20 53 0438, BRAS SRR T T E HE R EY)
SRR EEAAAF B, TR S h LR LR S E
PE e T 2 S5 28, B AL FEAT DS L
A, E-nose FEEHFEARIIE RS fh2A L ds
BN R G il AR RS SR 4T AE EAE
J& , AR BAE SRR & AR AR Ak, S e A g U S
SR — 5328, M SE A SIIERAE

2 R 45100 SR ] HS-SPME 454 E-nose % —
FIASTR] Sk A4S (AR EH A L & FEEE A . T8
T AT B UM 19 25 ST 14345 E-nose 2
JST AT (PCA) 55 R = A5k - E A IR TS
J%53 25 5 0 255 E-nose BEXT AN [A] i V5 45 A <k
TTHEIX 53 NIRRT (B)2-CFIHE S LI A HFS N
PHEWE, Zhu 851 B 9eE S R 257 P I TR T
HAUR B B 1 (B)-2- (451 (0.03 ppm), Fidi st
E-nose &)@ F AL TR (MOS)H RIS IRST T HXT A
Dy BEARSIR RS2 5 SR PERE 45 SRR, A (E) -2-
ORI S, SRR RS 1 SRR S5 BE A T RAIR, 2%
FERYRE . A A& AU)E A T o ; MOS
M 18 MLEAR IR LS Rtk — 2L UESE, PRl IR0
H B HE SO AFE ] 19 22 53 U3 TH]
FEAER M R] st PSS B A XU BN ™ A= S ]

VES—Fgi il | PG | SR R A £
K, E-nose A AEH iz I AT = H i T E-
nose JCIEEXY L R ST A R K M IR B BT A T
PEE &4 HT, HAN AR 5 GC-MS., GC-O 45 57 AR 1K
FHo UEAh, E-nose KRG HEAEIR R 1 _E BT 1%
RS I RS PE . BR A H Ty =LA R TR0 A5
HERfE . R, SR ES UL AR, JT R -GS

A FR 7 R ST R AR ALK S E-nose Ak
K TR FT H 0365671
3 AERIZEBFEMFSEHE

ARPEIN T 7 AR, St or a2k | 2045 Sk
Z5. S, BRASIBE A SRS, HOARRIZE RIS A
A H AR 38 S & PR PR S E ST,
FRATTRE BT A T HE AR AN RSSO S AR T
FhJe B HARAFIE
3.1 FF

LAY R A ARSI S AR A |« EEE L T
e RIS RIS s EEE . RIS S
AL E WIS, T ECRSRIE T2 $EEUY
R BT IR AR R], ASRIZERISEA ) S )
JEAFTERE R 225 (58 1) VAR Lok, SRk ity gy
TR R A R ALY, N[
Y A A 255 . TESEE ISR, IS
IS BRSNS RIS W s =70 1o
J-3-TE . ST E . OO ROWE . TR SR 1-oF
Jii-3-BR . YL, p-SX DR . BEEE . Xtk OR
CBREER N R S TEA R SRS 1 AR SOl o7 . W
T RULR ARSI R PE A TS | IS | s | bt s
IF IR G Y A S BRSSO Ee e, Horh Oy AR
5, FEOppE, PR SEEL Mk, 22K 2-2 AT
TE RN & N Bk 852 B SO & B 72 7, TAEAE
LR, BRI R IFRREE SR AR L KA
TR TG . AL, CRR-I-3-2 OIS . T &M a-1
Wedds . RS AR . SEFTERAR U EE . 6,10,14-—H -+
Toe ) S SRR W R T RAETY . SRR RUREE S
T T A EYISER . s SR [El— A5
FhAY BRI T AEARIFNIE A RIASRE, 45 R AR &
TR L 4R S & i AR 22 5, AE il
FAEER IS o & B TS A A, TS A B e A P e
A5 IR TR PR R - O R -3- O M

K1 ARISERERIR A TRRAE SO S A 5

Table 1 Aroma characteristics and key aroma compounds in different types of green tea
Al PRIOT: YT BTRE KA F YT EZ BTN
e 2-FAELT Y, IR, PEmE, RIS, 1-924%-3-1%, (E, E)-
T3t SBSE  GC-MS.GC-O. 0AV ﬁﬁgﬁsﬁ%gﬁ QAR OB PR BT, (EE) 35V k2 [75)
T i, 1%, KA IR g, B, p- 52
S GCxGC-TOFMS, =y MRi-3-CLARIE . SRR, o-BATIHRE , A, TR J-CR-3-
PRIEE - spE GC-MS e R CURTR. M1V J5 A (R (761
2- P HEIRIR | 6- 1 HE-5- P -2- B, 1-2¢05-3-B, 1,5-9F ZJ-3-
FpEigH  HDE  GC-MS, GC-0, OAV W EHR Wi, ZAOBREFFEERE | a- 2% 2L, p-22 0 2L 5,6-FRAE K [77]
W R . U B P i
SR b GC-MS, OVA, E A& RE HE.  p-RDE, RA-LED 220, FREEE, FHNE, faX-4-2 ) 8
» e (2 K BEAERE, 1, 2-2.08-3,5-— L% (78]
B
WHLE  SBSE  GOMS.MEIH e N T R kR, A, T e, 21 TR (791
s - . SR, TR FRAOSRNE, LTI, SRS Tk
(E{EEEEN SDE GC-MS. BETFN egis B TERUE . ehime . 2 S A e [80]
BB SDE GC-MS. BE T A e PV BOTRERE, SOUARIRE, TR, CRE U, SR

SR B [80]

1 : SBSES #1421 FAE B (stir bar sorptive extraction); HDETH S 6 #£ B (headspace distillation extraction)
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i . B-55 N AEFRE . 28, 3,5-F 0-2-T0 . o-E A
I . W5 SRR N ERSSE A S AR R 25 5
32 4%

EA I R S W10 ol L A W S S W W =
TEEESS R BRI R T = A 15 165 1k, CORLL S PR
M T 400 2R A%, BEE L BRIS . 2L
WA RIS | Be e RS R B EEHF YR, H
Hh, PRI RS AERE . KAG IR R . LRSS A
FTAURTTELLA P SRR &S, TER . i . A
LIS BRI SURFAE . ARJCIR B S0 T 3 FiEA
HULT A (FRIERLT . G415 . B0 41 5% i <Mk
BRI SAFNE 2258 . S5 HRI, A HRILT 55
WS | Bt ds | IEEFIERZEAL G54 & BERs =, FEAEARL
5 o925 SRS | MBS AR A RULT A R T
B IREANEEDS) % ] HS-SPME/GC-O-MS X £1. 25 675
FIER A A 2 FY T T o 5258 a; &
ORI AR . DRI | B 2R A A
FOEHFTRILT 35 T Fr A A0 3B 2 PR a5 7k Az ik F
i (5 HLR)  ABAERE(FER) . R (F2gngk) | SAfk
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Table 3 Aroma characteristics and key aroma compounds in different types of oolong tea

SR RO e FHE LR B3k
. WF . BE WEE . B KON RLRE. -l UEHs | O M-3-C A,
RELH SDE GC-MS s SRR LU M. S0 R 2. [97]
R FE A TR N TR bR % RN
BOWH  HS-SPME GOMS KEETER kv, ROR KL R, SO, 5 [og)
W R
P B FEUS . (S)-SAL IR B4 H (ki
SRR AR SDE GC-MS AE 5w LD T?Ft?@? WA B-455% 22 REAEAUE . SRR [99]
s R Mg
RE WF R, AR SN S RRELY) . DR . g-F b
JUBEA - HS-SPME GC-MS PN i, S, LR SO [100]
. BE T SDE L, T AR 3HA: SPME: 1%
@RS SPMESDE  GOMS.GCO e S iams [, (2)2-0%-1-0 3.5-% 46l (O)-2)-Fosiaiesy  U01]
6@%5%1&?2@" |, K E,E-3,5-3¢ Ja-2-F, 3-2.3%-
" 25JP%ultﬂ/$ SRR A | B DS L A
HZEH22 HS-SPME GC'MS‘()(\}/i'MS'O‘ %Ig% ng’% | I EE-2,4-5% TR . R al-B-R R L [102]

3 CURRIEC R a2 22 LSt JE P,
-5 % 22 W M-SR A g

4 NSRBI IR SO ) o

Table 4 Aroma characteristics and key aroma compounds in different types of dark green tea

Znp REOT YN B UHIE KR FEYIR E= DTN
AR SDE  GCxGC-TORMS . /. Wegs e, O, 123#%%%;5&52:‘75@%% AR ST
1,2-ZHVEEER | 1,2,3- = AR 4- 2 08-1,2-Z AR
HedH HS-SPME  GC-MS, GC-O W A& 1,2,4-= Eﬁa%m: 1,2, 3-~ HEJE-5-H LR a2, p-52 % [107]

PUjIIEEZS  HS-SPME  GC-MS. GC-O KR BUiE

HREAE HS-SPME  GC-MS. GC-O H . AE . BE

LAARTEZE  HS-SPME GC-MS W EE. BF

PUIAERES  HS-SPME  GC-MS. GC-O P N N

B, o-HHAEE ., - TR | p- A . BRI BE Y IR

P-EEE A DAL ZFRTTR . 1R I-3-BE - |
(E,E)-2,4- B I | A uiie . D5 me s IL . T8 | 84T [108]
Dy RERE AR, KA R H e

(E,B)-2,4-FF Il . B-48 5 W0, F5HaRE | (Z)-4-Bdis . (E)-2-

TR TR [109]
SRR JTIp-AE T A O, SRR B | o R o
TR, R ato- %% (110]
vl %ff i, LERIHR . f-IAFTRE . (BE)-2,4-5¢ 0
@% 1 -3-5, 55 *ﬁ@%ﬁﬂt%lzﬁ AL, KR T [108]
W, T

3.5 HMFELNESKS

bR T 8 WL PUICIESS AN, 2. B SR HA AR
BRI AR RAS TAHICHGE . AT
SRR, 3 TR A HT A AR ZE A s B
A AR AR R T E A RN B A
eI 1] R B A i BN S I 2R I 2 i
FMgFEH RGN (e h B 2 O
. (B)-2-CUaTss . 2RI RO, (B)-FritiEe. 28
T AR N LA AR Y B T TR] 11 SE
K, ASESEHME S AR B EA ., Db A5
S DA FH B SFMR AT I FRAE, LR . 2-25 1l
3-TM-2-M . 4-FH 33 -8 -2 - Sk FCHH A R SR i)
KEREEYR . AE H ARG -2 B | B-
LR RS . KERR . TR R 33—k
M 6-SFT/ANEEN & B IA T LT, BT A SR
AR IR EH A

TR U EA G . s 2T
Me2eh 32, Hop Hog e a5 il | ey . &t
5, p-40 % 2R SA Ak . SRR IR B-F AR

Elb G YR SE T WA RAFFR Mgl ™, w5t
HRRR “ 88 TF A Sl a a7 By =l
T E AR A R R B AR A e By
I RIE R SRR S A B W R B MRS B =
PR R SRS TE A B 2R BB S DA B 16
. R BHEEIERC IR M AR, A, 2K
ZUWE | FFIEEIE | RS AC I AN H ek o R AR E SR
415 S PR ) 2 R S LB M A JE Y N-
FRRE2-NEIR S | 3-2, 382 5- FIEnpER  2- 2, 35
FH BERL BRI 2,3- . 2, Fk-5- FH BLnty e = B4R AR 75,
AT, HAT, T HARE R FH IS IR IE
B, AR HAE AR TERA T S5 7550 T
4 ELS5RE

ARG MG T B0 R A S B R
B ST T, IR AN RIS RIS 35 SRR IE R O A
FYITHAT T 2538 . PRGSO kPl H i, AN
[FIHR BT 3R A5 2 M3 R P G320 AN B S AP AE
BRESR . EI, AEAUAESEA /AR
AT 2, R BEE A | EmEF Y TR IeE



- 476 - £ Tl B4

2022 4 8 H

FNEAR AR — R FEE S TTEF X — 28
AR ORI B AR A M E I, R BE AR TSR WS
HPBLER, WA FRpRs B 220G HE . R RGN A
IVAE IS B S e SR € 7/ DI O R TIlE =57 =1 SR i [N SN VAP S
HZMRAEF-BAR R 20, s AU
Bo ARIZEREZEMAYFAFESZ AL AR L =1, T
CZFZNATA EARR . PRI, 18X A IR T e
SIHAEAT, SRR SEEA T TURMETE A S FIEL
PR Al 4 R T 255 i JXUBAR iy o A A4 BT 2 v ) i
RITE

&% ik
(1] kA7, 2 &4, KRB . 250t A RAA N BT L3R
(J]. R = dum T (%7)),2014(21): 58-61. [ SHENLF,LIUGSS,
ZHANG C, et al. Research of formation mechanism and detection
technology on aroma in tea[J]. Farm Products Processing, 2014(21):
58-61. ]
[2] YANI S, GAO X, GRAYLING P, et al. Steam distillation of
mallee leaf: Extraction of 1, 8-cineole and changes in the fuel prop-
erties of spent biomass[J]. Fuel, 2014, 133: 341-349.
[3] T4, Sk, Ihm A, 5. RE 7 &R BA rH Aot 42 01
R4 #5 GC-MS 247 [J]. 4 /= BT 5T, 2018, 40(1): 39-43. [ LUO
W W,LYULL, SUNLY, et al. Analysis of volatile components in
the leaves of Lindera communis Hemsl with different extraction
methods by GC-MS[J]. Special Wild Economic Animal and Plant
Research, 2018, 40(1): 39—-43. ]
[4] GAOX,LYU S, WU Y, et al. Volatile components of essen-
tial oils extracted from Pu-erh ripe tea by different extraction meth-
ods[J]. International Journal of Food Properties, 2017, 20(supl):
S240-S253.
[5] asyms, WM, KRR FIRR G kot S AUIR 7 33 40
AW em (I A sk AR, 2018,43(5):270-274. [HU T P, JIA
M M, ZHU L. Effects of different extraction methods on chemical
composition of volatile oils from Anhua Fuzhuan tea[J]. Food Sci-
ence and Technology, 2018, 43(5): 270-274. ]
[6] ZHANG Q, HUO R, MA Y, et al. A novel microwave-as-
sisted steam distillation approach for separation of essential oil from
tree peony (Paeonia suffruticosa Andrews) petals: Optimization,
kinetic, chemical composition and antioxidant activity[J]. Industrial
Crops and Products, 2020, 154: 112669.
[7] CHENF,DU X, ZU Y, et al. A new approach for preparation
of essential oil, followed by chlorogenic acid and hyperoside with
microwave-assisted simultaneous distillation and dual extraction
(MSDDE) from Vaccinium uliginosum leaves[J]. Industrial Crops
and Products, 2015, 77: 809—-826.
[8] CHENF, ZUY, YANG L. A novel approach for isolation of
essential oil from fresh leaves of Magnolia sieboldii using mi-
crowave-assisted simultaneous distillation and extraction[J]. Separ-
ation and Purification Technology, 2015, 154: 271-280.
[9] SUTTIARPORN P, WONGKATTIYA N, BUABAN K, et al.
Process optimization of microwave assisted simultaneous distilla-
tion and extraction from Siam cardamom using response surface
methodology [J]. Processes, 2020, 8(4): 449—449.
[10] BE 2, §8#%, BE5, F. RRAFRF X5 K &AL
FHER NS [T]. & T A4, 2017, 38(12): 7-16. [ LIAO S

L, WENG Q L, TANG Y Y, et al. Analysis of volatile components
in Wuyi narcissus tea by different extracted methods[J]. Science
and Technology of Food Industry, 2017, 38(12): 7-16.
[11] LIN Q,NIH, WU L, et al. Analysis of aroma-active volatiles
in an SDE extract of white tea[J]. Food Science & Nutrition, 2021,
9(1): 605-615.
[12] ek, FEE, KRS, F ANABERBRELRS
b wg R [J]. s aF R 5 F A, 2011,32(12): 216-220. [ AN
HM, YINJ J, ZHANG X L, et al. Application of simultaneous dis-
tillation extraction in food analysis[J]. Food Research and Develop-
ment, 2011, 32(12): 216-220. ]
[13 ] RBER, X B, %08 A&, % . SDE #= HS-SPME % & GC-
MS 547 b KA AR 209 3k (7], & 5a A5, 2020, 41(4):
214-221. [ZHU X F, LIU Z Q, WAN X C, et al. Comparison of
simultaneous distillation and extraction and headspace-solid phase
microextraction for analysis of aroma components of Huoshan large-
leaf yellow tea by gas chromatography-mass spectrometry [J]. Food
Sceince, 2020, 41(4): 214-221. ]
[14] BZER, KREAR, R, £ RIF CO, FRHMM itk
B 89 BF 70 i R ], & &% T 2k A4 3, 2019, 40(20): 334-339.
[ ZHOU Y F, ZHANG H D, XIONG K, et al. Research progress in
supercritical CO, extraction of functional oils of plant[J]. Science
and Technology of Food Industry, 2019, 40(20): 334—339. ]
[15] b2, kB, FTRA, F. RN CO, FRMALMF
A E A Ry R AT E e (] &S Tk, 2019, 40(1):
286-290. [ SUN Y B, ZHANG H J, JING D W, et al. Advance in
supercritical carbon dioxide extraction of bioactive substance from
marine life[J]. The Food Industry, 2019, 40(1): 286-290. ]
[16] GALLEGO R, BUENO M, HERRERO M. Sub- and super-
critical fluid extraction of bioactive compounds from plants, food-
by-products, seaweeds and microalgae-An update[J]. Trac Trends in
Analytical Chemistry, 2019, 116: 198-213.
[17] KNEZ Z, SKERGET M, KNEZHRNCIC M. 1-Principles of
supercritical fluid extraction and applications in the food, beverage
and nutraceutical industries]M]//Rizvi S S H. Separation, Extraction
and Concentration Processes in the Food, Beverage and Nutraceutic-
al Industries. Woodhead Publishing, 2013: 3—38.
[ 18 ] ESSIEN S O, YOUNG B, BAROUTIAN 8. Recent advances
in subcritical water and supercritical carbon dioxide extraction of
bioactive compounds from plant materials[J]. Trends in Food Sci-
ence & Technology, 2020, 97: 156—169.
[19] YOUSEFI M, RAHIMI-NASRABADI M, POURMORTA-
ZAVI S M, et al. Supercritical fluid extraction of essential oils[J].
TrAC Trends in Analytical Chemistry, 2019, 118: 182—193.
[20] Z, SFEE, L. BIEF CO, AR FER R RALD FHHF
R (1] R = e T (5 F)),2012(9): 1924, [LIZ, GUOY
R, DENG H. The review of supercritical CO, extraction of plant es-
sences[J]. Academic Periodical of Farm Products Processing, 2012
(9):19-24.]
[21] TIRADO D F, CALVO L. The Hansen theory to choose the
best cosolvent for supercritical CO, extraction of f-carotene from
Dunaliella salina[J]. The Journal of Supercritical Fluids, 2019,
145:211-218.
[22] FKts, ZRF, LA, F. BB CO, FREANF 5rt
A& 1]. s 142,2010,38(12): 1-4. [ HUANG C X, WANG


https://doi.org/10.1016/j.fuel.2014.05.030
https://doi.org/10.1080/10942912.2017.1295256
https://doi.org/10.1016/j.indcrop.2020.112669
https://doi.org/10.1016/j.indcrop.2020.112669
https://doi.org/10.1016/j.indcrop.2015.09.058
https://doi.org/10.1016/j.indcrop.2015.09.058
https://doi.org/10.1016/j.seppur.2015.09.066
https://doi.org/10.1016/j.seppur.2015.09.066
https://doi.org/10.3969/j.issn.1005-6521.2011.12.063
https://doi.org/10.3969/j.issn.1005-6521.2011.12.063
https://doi.org/10.3969/j.issn.1005-6521.2011.12.063
https://doi.org/10.3969/j.issn.1005-6521.2011.12.063
https://doi.org/10.7506/spkx1002-6630-20190110-136
https://doi.org/10.7506/spkx1002-6630-20190110-136
https://doi.org/10.7506/spkx1002-6630-20190110-136
https://doi.org/10.1016/j.trac.2019.04.030
https://doi.org/10.1016/j.trac.2019.04.030
https://doi.org/10.1016/j.trac.2019.05.038
https://doi.org/10.1016/j.supflu.2018.12.013
https://doi.org/10.3969/j.issn.1005-9954.2010.12.001
https://doi.org/10.1016/j.fuel.2014.05.030
https://doi.org/10.1080/10942912.2017.1295256
https://doi.org/10.1016/j.indcrop.2020.112669
https://doi.org/10.1016/j.indcrop.2020.112669
https://doi.org/10.1016/j.indcrop.2015.09.058
https://doi.org/10.1016/j.indcrop.2015.09.058
https://doi.org/10.1016/j.seppur.2015.09.066
https://doi.org/10.1016/j.seppur.2015.09.066
https://doi.org/10.3969/j.issn.1005-6521.2011.12.063
https://doi.org/10.3969/j.issn.1005-6521.2011.12.063
https://doi.org/10.3969/j.issn.1005-6521.2011.12.063
https://doi.org/10.3969/j.issn.1005-6521.2011.12.063
https://doi.org/10.7506/spkx1002-6630-20190110-136
https://doi.org/10.7506/spkx1002-6630-20190110-136
https://doi.org/10.7506/spkx1002-6630-20190110-136
https://doi.org/10.1016/j.trac.2019.04.030
https://doi.org/10.1016/j.trac.2019.04.030
https://doi.org/10.1016/j.trac.2019.05.038
https://doi.org/10.1016/j.supflu.2018.12.013
https://doi.org/10.3969/j.issn.1005-9954.2010.12.001

43 % 15 ) #F O, S AR RIS A SURHE T BT S 477 -

H T, LAN H Q, et al. Extraction of aroma components from Tiegua-
nyin tea by using supercritical CO,[J]. Chemical Engineering,
2010, 38(12): 1-4. ]

[23] De MELO M M R, CARIUS B, SIMOES M M Q, et al. Su-
percritical CO, extraction of V. vinifera leaves: Influence of co-
solvents and particle size on removal kinetics and selectivity to tar-
get compounds[J]. The Journal of Supercritical Fluids, 2020, 165:
104959.

[24] #kak, 2038, 3 2%, F. RS T L ERFTH DR
2 [1]. &R 5 4, 2019,40(6): 105-110. [ ZHANG Q, LIU
J, LU Y X, et al. Supercritical fluid technology extraction of tea
aroma components[J]. Food Research and Development, 2019,
40(6): 105-110. ]

[25] Ak, &350k, H ik, KA R B L ER A
Ay B AT o o A R [T, R T A3, 2013, 34(24):
372-375. [YU H M, JIANG X T, XIAO H H. Spinning cone
column and its recent application in food and fragrance perfume in-
dustry: A review[J]. Science and Technology of Food Industry,
2013,34(24): 372-375. ]

[26] Edde, s sk ARG a 7R A SRR [D]. RE#E: X
H K %F,2008. [ WANG S H. Test of hydromechanical properties of
rotary belt distillation column[D]. Tianjin: Tianjin University,
2008. ]

[27 ] HUERTA-PEREZ F, PEREZ-CORREA J R. Optimizing eth-
anol recovery in a spinning cone column[J]. Journal of the Taiwan
Institute of Chemical Engineers, 2018, 83: 1-9.

[28] GRABER M F, PEREZ-CORREA J R, VERDUGO G, et al.
Spinning cone column isolation of rosemary essential oil[J]. Food
Control, 2010, 21(5): 615-619.

[29] &ra, R4, HFXR, 5. £ L b6 3 4R AR
B A p AR J] s Tk, 2015,36(5):120-124. [GAO Y,
ZHAO S, XU S Q, et al. Study on Longjing tea essential oil extrac-
ted by spinning cone column and its application[J]. The Food In-
dustry, 2015, 36(5): 120—-124. ]

[30] GLANCY G. Systems and methods for the preparation of
tablets of botanical extracts including tea: US, 2021127700[P].
2021-05-06.

[31] =&, A&, £0F, F. —FH &0 FEAFEFALRBRNG S
*: ¥ H, 201911265578.9[P]. 2020-03-27. [ YE T, ZHOU Y, CUI
S, et al. A method for preparation of aroma extract of four seasons
spring tea: China, 201911265578.9[P]. 2020-03-27. ]

[32] MARIN-SAN ROMAN S, RUBIO-BRETON P, PEREZ-
ALVAREZ E P, et al. Advancement in analytical techniques for the
extraction of grape and wine volatile compounds [J]. Food Research
International, 2020, 137: 109712.

[33] WEIZ, LIU X, HUANG Y, et al. Volatile aroma compounds
in wines from Chinese wild/hybrid species[J]. Journal of Food Bio-
chemistry, 2019, 43(10): e12684.

[34] LIANG D, LIU W, RAZA R, et al. Applications of solid-
phase micro-extraction with mass spectrometry in pesticide analys-
is[J]. Journal of Separation Science, 2019, 42(1): 330-341.

[ 35] STASHENKO E E, MARTINEZ J R. Sampling volatile com-
pounds from natural products with headspace/solid-phase micro-ex-
traction[J]. Journal of Biochemical and Biophysical Methods, 2007,
70(2):235-242.

[36] &F, AW, TH, ¥ BAMBERERHELIMES
€ 7 @A [T]. A 5 il g, 2010(7): 44-46. [YU Z H,
HE X X, DING Y, et al. Research progress on solid phase micro-ex-
traction determination of volatile components in foods[J]. Journal of
Cereals & Oils, 2010(7): 44—46. |

[37] PETEL C, ONNO B, PROST C. Sourdough volatile com-
pounds and their contribution to bread: A review[J]. Trends in Food
Science & Technology, 2017, 59: 105—123.

[38] CUEVAS-GLORY L F, PINO J A, SANTIAGO L S, etal. A
review of volatile analytical methods for determining the botanical
origin of honey [J]. Food Chemistry, 2007, 103(3): 1032—-1043.
[39] KATAOKA H, LORD H L, PAWLISZYN J. Applications of
solid-phase microextraction in food analysis[J]. Journal of Chroma-
tography A, 2000, 880(1): 35-62.

[40] CHEN Q, ZHU Y, YAN H, et al. Identification of aroma
composition and key odorants contributing to aroma characteristics
of white teas [J]. Molecules, 2020, 25: 605024.

[41] MR, sk, ZER, F.3 /45 5 RMEE HEEa
FEAR»GWE T F T K FFR (RS 26 FRR),
2020, 46(4): 449-458. [CHEN J J, LU C Y, WANG G Q, et al.
Comparison of three different methods for adsorption of aroma com-
pounds for green tea, yellow tea and white tea[J]. Journal of Zheji-
ang University (Agriculture & Life Sciences), 2020, 46(4): 449—
458. |

[42] 3 3C4R, 4L RE, %) 4%, % . HS-SPME/GC-MS %47 “ & 4
TG R A AT, F T iian, 2019, 46(4): 448-454. [ XIE W G,
FAN S S, LIU Y, et al. Analysis of aroma components of Guizhou
high-quality “ Wuniuzao” green tea by HS-SPME/GC-MS[J]. Tea
Communication, 2019, 46(4): 448—454. ]

(43 ] 1%, ¥ g 4L, moL, . BB E IR & 69 AT 7L 2 & [T].
TR AL ,2011,27(11): 981-984. [LIUY Y, YANGFR,
TIAN R, et al. Research progress of solid phase microextraction
coating[J]. Resource Development & Market, 2011, 27(11): 981~
984. ]

[44] WANG X, WANG S, CAI Z. The latest developments and
applications of mass spectrometry in food-safety and quality analys-
is[J]. TrAC Trends in Analytical Chemistry, 2013, 52: 170—185.
[45] WANG C,LU S, WU Y, et al. Study of aroma formation and
transformation during the manufacturing process of Biluochun green
tea in Yunnan Province by HS-SPME and GC-MS [J]. Journal of the
Science of Food and Agriculture, 2016, 96(13): 4492—4498.

[46] WANG W, JIN S, GUO Y. Exploration of a method of distin-
guishing different Nongxiang Tieguanyin tea grades based on aroma
determined by GC-MS combined with chemometrics[J]. Molecules,
2019, 24(17079).

[47 ] RamaE, AZITAR, IRtk A4 B T AR S kBT A T
o B [J]. AR S,2020(10): 167-169. [ ZHANG R T, CHENG
JH, XU J. Application of gas chromatography ionmobility spectro-
metry in the study of food flavor[J]. Modern Food, 2020(10):
167-169. ]

[48] LI W, CHEN Y P, BLANK I, et al. GCXxGC-ToF-MS and
GC-IMS based volatile profile characterization of the Chinese dry-
cured hams from different regions[J]. Food Research International,
2021, 142: 110222.

[49] F4, 4555, KB, & AMEE-B T EHEITILH S


https://doi.org/10.3969/j.issn.1005-9954.2010.12.001
https://doi.org/10.1016/j.supflu.2020.104959
https://doi.org/10.3969/j.issn.1005-6521.2019.06.019
https://doi.org/10.3969/j.issn.1005-6521.2019.06.019
https://doi.org/10.1016/j.jtice.2017.11.030
https://doi.org/10.1016/j.jtice.2017.11.030
https://doi.org/10.1016/j.foodcont.2009.09.005
https://doi.org/10.1016/j.foodcont.2009.09.005
https://doi.org/10.1016/j.foodres.2020.109712
https://doi.org/10.1016/j.foodres.2020.109712
https://doi.org/10.1002/jssc.201800804
https://doi.org/10.1016/j.jbbm.2006.08.011
https://doi.org/10.3969/j.issn.1008-9578.2010.07.014
https://doi.org/10.3969/j.issn.1008-9578.2010.07.014
https://doi.org/10.3969/j.issn.1008-9578.2010.07.014
https://doi.org/10.1016/j.foodchem.2006.07.068
https://doi.org/10.3969/j.issn.1009-525X.2019.04.012
https://doi.org/10.3969/j.issn.1009-525X.2019.04.012
https://doi.org/10.3969/j.issn.1009-525X.2019.04.012
https://doi.org/10.3969/j.issn.1005-8141.2011.11.007
https://doi.org/10.3969/j.issn.1005-8141.2011.11.007
https://doi.org/10.1016/j.trac.2013.08.005
https://doi.org/10.1002/jsfa.7663
https://doi.org/10.1002/jsfa.7663
https://doi.org/10.1016/j.foodres.2021.110222
https://doi.org/10.3969/j.issn.1005-9954.2010.12.001
https://doi.org/10.1016/j.supflu.2020.104959
https://doi.org/10.3969/j.issn.1005-6521.2019.06.019
https://doi.org/10.3969/j.issn.1005-6521.2019.06.019
https://doi.org/10.1016/j.jtice.2017.11.030
https://doi.org/10.1016/j.jtice.2017.11.030
https://doi.org/10.1016/j.foodcont.2009.09.005
https://doi.org/10.1016/j.foodcont.2009.09.005
https://doi.org/10.1016/j.foodres.2020.109712
https://doi.org/10.1016/j.foodres.2020.109712
https://doi.org/10.1002/jssc.201800804
https://doi.org/10.1016/j.jbbm.2006.08.011
https://doi.org/10.3969/j.issn.1008-9578.2010.07.014
https://doi.org/10.3969/j.issn.1008-9578.2010.07.014
https://doi.org/10.3969/j.issn.1008-9578.2010.07.014
https://doi.org/10.1016/j.foodchem.2006.07.068
https://doi.org/10.3969/j.issn.1009-525X.2019.04.012
https://doi.org/10.3969/j.issn.1009-525X.2019.04.012
https://doi.org/10.3969/j.issn.1009-525X.2019.04.012
https://doi.org/10.3969/j.issn.1005-8141.2011.11.007
https://doi.org/10.3969/j.issn.1005-8141.2011.11.007
https://doi.org/10.1016/j.trac.2013.08.005
https://doi.org/10.1002/jsfa.7663
https://doi.org/10.1002/jsfa.7663
https://doi.org/10.1016/j.foodres.2021.110222

- 478 - £ Tl B4

2022 4 8 H

R MRkt a4 1], &S5, 2021,42(10): 235-240. [LIJ,
REN F, ZHEN D W, et al. Analysis of volatile flavor compounds
dairy products by gas chromatography-ion mobility spectrometry
[J]. Food Science, 2021, 42(10): 235-240. |
[50 ] WANG S, CHEN H, SUN B. Recent progress in food flavor
analysis using gas chromatography-ion mobility spectrometry (GC-
IMS)[J]. Food Chemistry, 2020, 315: 126158.
[51] &SR, e, RaF, F. & TA8-8 T T4 #5471
Bl = 3 P A0 &7 Ak dg £ 5 [T R 5 A BE Ik, 2021,
47(5):231-237. [JINW G, CHEN X H, GENG J Z, et al. Analys-
is of “Hanzhong Xianhao” odor fingerprints from different places
based on GC-IMS[J]. Food and Fermentation Industries, 2021,
47(5):231-237. ]
[52] F#HA, AR, BHE, F. FRARSFw TR PEL
M5 E AT [T]. e At 5, 2020, 41(24): 144-154. [L1T ],
XU Y H, CHEN M J, et al. Analysis of changes in volatile compon-
ents during processing of handmade Fuzhuan tea[J]. Food Science,
2020, 41(24): 144-154. ]
[53] D ACAMPORA ZELLNER B, DUGO P, DUGO G, et al.
Gas chromatography-olfactometry in food flavour analysis[J].
Journal of Chromatography A, 2008, 1186(1): 123—143.
[54] VERMA D K, SRIVASTAV P P. A paradigm of volatile
aroma compounds in rice and their product with extraction and iden-
tification methods: A comprehensive review [J]. Food Research In-
ternational, 2020, 130: 108924.
[55] BALDOVINI N, CHAINTREAU A. Identification of key
odorants in complex mixtures occurring in nature[J]. Natural
Product Reports, 2020, 37(12): 1589-1626.
[56] »tEE, TR, FH 5, 5. GC-O A m A AR
(J]. oot 5 4 B T 3k, 2010,36(4): 154-160. [ YEG Z, HEQ X,
LIC F, et al. Research progress on the application of GC-O detec-
tion technology[J]. Food and Fermentation Industries, 2010, 36(4):
154-160. ]
[ 57] CHEN X, SUN H, QU D, et al. Identification and characteriz-
ation of key aroma compounds in Chinese high altitude and north-
ernmost black tea (Camellia sinensis) using distillation extraction
and sensory analysis methods[J]. Flavour and Fragrance Journal,
2020, 35(6): 666—673.
[58] 2%, MTH, 2K, F. GC-O-AEDA 24 5 Kok o +
g i A LI, A 5 AU, 2011, 27(4): 163-168. [ WU R, TAON
P, LIU Y, et al. Applications of aroma extract dilution analysis of
gas chromatography-olfactometry in food flavor analysis[J]. Food
& Machinery, 2011, 27(4): 163-168. ]
[59] SONG H, LIU J. GC-O-MS technique and its applications in
food flavor analysis[J]. Food Research International, 2018, 114:
187-198.
[60] BT, 2&¥, Bk, F. &40 &% £ AR KRR
R AT P 6 5 R [T, AT K A AR, 2019, 38(1): 122-128.
[ XIAO X, WU H Q, CHEN X T, et al. Application of comprehens-
ive two-dimensional gas chromatography in analysis on chemical
components of food flavor[J]. Journal of Instrumental Analysis,
2019, 38(1): 122-128. ]
[61] NOLVACHAIY, KULSING C, MARRIOTT P J. Multidi-
mensional gas chromatography in food analysis[J]. TrAC Trends in
Analytical Chemistry, 2017, 96: 124—137.

[62] ZHU J, NIU Y, XIAO Z. Characterization of the key aroma
compounds in Laoshan green teas by application of odour activity
value (OAV), gas chromatography-mass spectrometry-olfactometry
(GC-MS-0O) and comprehensive two-dimensional gas chromato-
graphy mass spectrometry (GCxGC-qMS) [J]. Food Chemistry, 2021,
339: 128136.
[63] HU X, LU L, GUO Z, et al. Volatile compounds, affecting
factors and evaluation methods for rice aroma: A review[J]. Trends
in Food Science & Technology, 2020, 97: 136—146.
[64] ZHU I, CHEN F, WANG L, et al. Evaluation of the syner-
gism among volatile compounds in Oolong tea infusion by odour
threshold with sensory analysis and E-nose[J]. Food Chemistry,
2017,221: 1484—1490.
[65] TAN J, XU J. Applications of electronic nose (e-nose) and
electronic tongue (e-tongue) in food quality-related properties de-
termination: A review[J]. Artificial Intelligence in Agriculture,
2020, 4: 104—115.
[66] FXRE, §E 40, BW-F, F. ©F R ARBKA E2HE
FEAEARS V] A S5 AR Tk, 2019,45(3): 237-245. [ LI
DL, WENG Y R, DU L P, et al. Detection of volatile compounds in
different brands of Pu-erh tea using electronic nose and GC-MS[J].
Food and Fermentation Industries, 2019, 45(3): 237-245. ]
[67] MOHD ALI M, HASHIM N, ABD AZIZ S, et al. Principles
and recent advances in electronic nose for quality inspection of agri-
cultural and food products[J]. Trends in Food Science & Techno-
logy, 2020, 99: 1-10.
[68] & Z-F. Frtthg kL & L4875 [T]. AT FH4, 2019,
37(3):85-86. [ YU L P. Study on classification and quality charac-
teristics of tea[J]. Seed Science and Technology, 2019, 37(3): 85—
86. ]
[69] ZHU Y, LU H, SHAO C, et al. Identification of key odorants
responsible for chestnut-like aroma quality of green teas[J]. Food
Research International, 2018, 108; 74—82.
[70] Fms, B+, T 5 REDERHRAREI]. £ 5H
5 I 4&,2020,41(3):219-224. [ YINP,XIAOZ Z, YUF, et al.
Research progress of chestnut-like aroma quality of green tea[J].
Food Research and Development, 2020, 41(3): 219-224. ]
[71] F3. REERRFIEFARSAR D] L ¥ ERL
# 41, 2018. [ YIN H X. Study on characteristic aroma compon-
ents of chestnut green tea[D]. Beijing: Chinese Academy of Agricul-
tural Sciences, 2018. ]
[72] bk, B A, BHN, F AT LFFRFOFALAN K
S AP A K o AT [T, R A 5 2018, 59(5): 738-741.
[ HUANG H T, AO C, GUO M M, et al. Correlation analysis of
aroma components and varieties of floral and fragrant green tea[J].
Journal of Zhejiang Agricultural Sciences, 2018, 59(5): 738-741. ]
[73] E48L, KW, kB, F. “FHFEFHNERLE RS ALK
ARy 2], A, 2019,40(22): 219-228. [ WANG
M Q, ZHU Y, ZHANG Y, et al. Analysis of volatile composition
and key aroma compounds of green teas with fresh scent flavor[J].
Food Science, 2019, 40(22): 219-228. ]
[74] AAMN, Zifd, RER, F. REEFHERRS 2]
Jo A e T Ak A3, 2004(2): 101-104. [ ZHOU C M, YUAN H
B, QING Z R, et al. Analysis on aromatic constituents of fragrant

green teas[J]. Guangzhou Food Science and Technology, 2004(2):


https://doi.org/10.7506/spkx1002-6630-20200503-020
https://doi.org/10.7506/spkx1002-6630-20200503-020
https://doi.org/10.1016/j.foodchem.2019.126158
https://doi.org/10.7506/spkx1002-6630-20191226-316
https://doi.org/10.7506/spkx1002-6630-20191226-316
https://doi.org/10.1016/j.foodres.2019.108924
https://doi.org/10.1016/j.foodres.2019.108924
https://doi.org/10.1016/j.foodres.2019.108924
https://doi.org/10.1039/D0NP00020E
https://doi.org/10.1039/D0NP00020E
https://doi.org/10.1002/ffj.3605
https://doi.org/10.3969/j.issn.1003-5788.2011.04.048
https://doi.org/10.3969/j.issn.1003-5788.2011.04.048
https://doi.org/10.3969/j.issn.1003-5788.2011.04.048
https://doi.org/10.1016/j.foodres.2018.07.037
https://doi.org/10.3969/j.issn.1004-4957.2019.01.020
https://doi.org/10.3969/j.issn.1004-4957.2019.01.020
https://doi.org/10.1016/j.trac.2017.05.001
https://doi.org/10.1016/j.trac.2017.05.001
https://doi.org/10.1016/j.foodchem.2016.11.002
https://doi.org/10.1016/j.aiia.2020.06.003
https://doi.org/10.1016/j.foodres.2018.03.026
https://doi.org/10.1016/j.foodres.2018.03.026
https://doi.org/10.7506/spkx1002-6630-20181229-349
https://doi.org/10.7506/spkx1002-6630-20181229-349
https://doi.org/10.3969/j.issn.1673-9078.2004.02.041
https://doi.org/10.3969/j.issn.1673-9078.2004.02.041
https://doi.org/10.7506/spkx1002-6630-20200503-020
https://doi.org/10.7506/spkx1002-6630-20200503-020
https://doi.org/10.1016/j.foodchem.2019.126158
https://doi.org/10.7506/spkx1002-6630-20191226-316
https://doi.org/10.7506/spkx1002-6630-20191226-316
https://doi.org/10.1016/j.foodres.2019.108924
https://doi.org/10.1016/j.foodres.2019.108924
https://doi.org/10.1016/j.foodres.2019.108924
https://doi.org/10.1039/D0NP00020E
https://doi.org/10.1039/D0NP00020E
https://doi.org/10.1002/ffj.3605
https://doi.org/10.3969/j.issn.1003-5788.2011.04.048
https://doi.org/10.3969/j.issn.1003-5788.2011.04.048
https://doi.org/10.3969/j.issn.1003-5788.2011.04.048
https://doi.org/10.1016/j.foodres.2018.07.037
https://doi.org/10.3969/j.issn.1004-4957.2019.01.020
https://doi.org/10.3969/j.issn.1004-4957.2019.01.020
https://doi.org/10.1016/j.trac.2017.05.001
https://doi.org/10.1016/j.trac.2017.05.001
https://doi.org/10.1016/j.foodchem.2016.11.002
https://doi.org/10.1016/j.aiia.2020.06.003
https://doi.org/10.1016/j.foodres.2018.03.026
https://doi.org/10.1016/j.foodres.2018.03.026
https://doi.org/10.7506/spkx1002-6630-20181229-349
https://doi.org/10.7506/spkx1002-6630-20181229-349
https://doi.org/10.3969/j.issn.1673-9078.2004.02.041
https://doi.org/10.3969/j.issn.1673-9078.2004.02.041

%435 % 15 L, R R RO A SR AT T - 479 -

101-104. ]
[75] WANG M, MA W, SHI J, et al. Characterization of the key
aroma compounds in Longjing tea using stir bar sorptive extraction
(SBSE) combined with gas chromatography-mass spectrometry
(GC-MS), gas chromatography-olfactometry (GC-O), odor activity
value (OAV), and aroma recombination[J]. Food Research Interna-
tional, 2020, 130: 108908.
[76] KA, %, i, . BRLFFFARI LA
& 3% - AT B ) R 3 o AT LD P B R A A 2015, 48(20):
4120-4146. [ ZHU Y, YANG T, SHI J, et al. Analysis of aroma
components in Xihu Longjing tea by comprehensive two-dimension-
al gas chromatography-time-of-flight mass spectrometry [J]. Scien-
tia Agricultura Sinica, 2015, 48(20): 4120—4146. ]
[77] &%t ZRARRFREEA RS AR D] Lif: LikmA
# K12, 2016. [ CHEN H X. Study on characteristic aroma com-
ponents of Biluochun tea[D]. Shanghai: Shanghai Institute of Tech-
nology, 2016. |
[ 78 ] GUO X, HO C, SCHWAB W, et al. Aroma profiles of green
tea made with fresh tea leaves plucked in summer[J]. Food Chem-
istry, 2021, 363: 130328.
[79] #RE&, BIIRRE, BRFR, F. a3 Y8 iy 2
B Ry BACHAER R [J]. F B 5T, 2021, 43(2): 45-49.
[ PENG Q H, ZHOU H S, DUAN X J, et al. Changes of main qual-
ity components of Hainan Bosha green tea during processing[J].
China Tea, 2021, 43(2): 45-49. ]
(80 ] I #F, ks, FER, F. FMELRE KL L% G
R FE ARG AU A dREXFFHR (A RHFR),
2016, 42(6): 658—662. [ LIUJJ, HUANG J A, LI M F, et al. Ana-
lysis on aroma components of Xinyang Maojian tea and Huangshan
Maofeng tea and Xihu Longjing tealJ]. Journal of Hunan Agricul-
tural University (Natural Sciences), 2016, 42(6): 658—662. ]
[81] JIANG H, XU W, CHEN Q. Evaluating aroma quality of
black tea by an olfactory visualization system: Selection of feature
sensor using particle swarm optimization[J]. Food Research Inter-
national, 2019, 126: 108605.
[82] skidmih, R4, Fm, F. LR P EAD RO T RALL
*T 3% oh 6y B SR (0], & Tk AHHE, 2019,40(11): 351357,
[ 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 teal[J]. Science and Technology of Food Industry, 2019,
40(11):351-357. ]
[83] EAKGE, Mk, HHR, F. FELRLFA Um0 A
AR [0]. F B A& F 3R, 2013, 13(1): 195-200. [ WANG Q S,
CHEN D, XU Y Q, et al. Study on the aroma components in chinese
famous black tea[J]. Journal of Chinese Institute of Food Science
and Technology, 2013, 13(1): 195-200. ]
[84] thLBR, ATHL, T M, F. FRRR A RS LEEA
w2 F ] i KM RS A4HF0R), 2015,41(3):
323-330. [ XU Y J, HE J, JIA LY, et al. Differentiation of aroma
compositions in different regions and special varieties of black tea
[J]. Journal of Zhejiang University (Agriculture & Life Sciences),
2015, 41(3): 323-330. ]
[85] Bweak, HALk, RIER, F. & T WE B ABMFR/ MK
R R IR R 2 A FH RS R T]. ek T A3, 2016,
37(23):304-310. [ GE X J, SU Z C, DI D R, et al. Comparison of

odor-active components of two different odor type ‘black tea’ based
on HS-SPME/GC-O-MS[J]. Science and Technology of Food In-
dustry, 2016, 37(23): 304-310.
[86] LIUH, XU Y, WEN J, et al. A comparative study of aromat-
ic characterization of Yingde black tea infusions in different steep-
ing temperatures[J]. LWT, 2021: 110860.
[87] CHENJ, YANG Y, DENG Y, et al. Aroma quality evalu-
ation of Dianhong black tea infusions by the combination of rapid
gas phase electronic nose and multivariate statistical analysis[J].
LWT, 2022, 153: 112496.
(88] =, FR, g, 5. RFAFHLFA AR SPME/
GC-MS 5#7 [J]. & de T A #+34, 2021, 42(9): 237-244. [ PENG
Y,LIG, LIU XY, et al. SPME/GC-MS analysis of aroma quality of
black tea from different producing areas[J]. Science and Techno-
logy of Food Industry, 2021, 42(9): 237-244. ]
[ 89 ] CHEN X, CHEN D, JIANG H, et al. Aroma characterization
of Hanzhong black tea (Camellia sinensis) using solid phase extrac-
tion coupled with gas chromatography-mass spectrometry and ol-
factometry and sensory analysis [J]. Food Chemistry, 2019, 274: 130~
136.
[90 ] SCHIEBERLE P, SCHUH C. Aroma compounds in black tea
powders of different origins-changes induced by preparation of the
infusion[J]. Developments in Food Science, 2006, 43: 151—156.
[91] Fms, 2%, xitrwy, F. FrLFELRS> 2 U] &
S Tk, 2019, 40(3): 287-291. [ YIN P, WANG Z H, LIU P P, et
al. Analysis of aroma constituents in Xinyang black tea[J]. The
Food Industry, 2019, 40(3): 287-291. ]
[92] 4Kk, KA, hAsAe, &, & 240 &35 AT BT 0] FLi%
KR AR B R A AR [T]. %t 323k, 2020, 61(2): 45-65.
[ZHONG Q S, ZHU Y, LIN Z H, et al. Aromatics in Chungui Oo-
long tea analyzed by comprehensive 2D gas chromatography cou-
pled with time-of-flight mass spectrometry[J]. Tea Science and
Technology, 2020, 61(2): 45-65. ]
(93] BA#H. L EFARELMERY AL ERETWRR S [D]. €
JR: Wi K %, 2006. [ ZHOU L. Analysis of aroma volatile com-
ponents and sensory properties of Oolong tea[D]. Chongqing: South-
west University, 2006. ]
[94] FFF, k%, Fuif, F FRARXEBEL RS T LEEE
F oAt R BRI M aAE PR FR (A A FR), 2019,
47(6):21-28. [ XIND D, ZHANG H, LI H B, et al. Recent re-
search on the key aroma components of volatile components of dif-
ferent teas[J]. Journal of Henan Institute of Science and Techno-
logy (Natural Sciences Edition), 2019, 47(6): 21-28. ]
[95] X @px, X weif, ¥R, . 2HEARFARY A
[J]. &% T A3, 2019,40(19): 234-239. [WUHY, LIU X H,
LUO L X, et al. Study on aroma components in twelve kinds of
Dancong teas[J]. Science and Technology of Food Industry, 2019,
40(19): 234-239. ]
[96] REH, ZE£E LMW, F. REKERE L LI #ER
L&A SR Ya 1] &% 4 R R0 SR, 2021, 12(14):
5766—5771. [DENGHL, LI X L, MAO Y F, et al. Effect of differ-
ent turning-over temperatures on the taste and aroma quality of Oo-
long tea[J]. Journal of Food Safety & Quality, 2021, 12(14): 5766~
5771. ]
[97] Whade, 2384 FE%. REBIZEE M KL F Ams


https://doi.org/10.1016/j.foodres.2019.108908
https://doi.org/10.1016/j.foodres.2019.108908
https://doi.org/10.1016/j.foodres.2019.108908
https://doi.org/10.3864/j.issn.0578-1752.2015.20.013
https://doi.org/10.3864/j.issn.0578-1752.2015.20.013
https://doi.org/10.3864/j.issn.0578-1752.2015.20.013
https://doi.org/10.1016/j.foodchem.2021.130328
https://doi.org/10.1016/j.foodchem.2021.130328
https://doi.org/10.1016/j.foodchem.2021.130328
https://doi.org/10.1016/j.foodres.2019.108605
https://doi.org/10.1016/j.foodres.2019.108605
https://doi.org/10.1016/j.foodres.2019.108605
https://doi.org/10.1016/j.lwt.2021.112496
https://doi.org/10.1016/j.foodchem.2018.08.124
https://doi.org/10.3969/j.issn.1007-4872.2020.02.003
https://doi.org/10.3969/j.issn.1007-4872.2020.02.003
https://doi.org/10.3969/j.issn.1007-4872.2020.02.003
https://doi.org/10.1016/j.foodres.2019.108908
https://doi.org/10.1016/j.foodres.2019.108908
https://doi.org/10.1016/j.foodres.2019.108908
https://doi.org/10.3864/j.issn.0578-1752.2015.20.013
https://doi.org/10.3864/j.issn.0578-1752.2015.20.013
https://doi.org/10.3864/j.issn.0578-1752.2015.20.013
https://doi.org/10.1016/j.foodchem.2021.130328
https://doi.org/10.1016/j.foodchem.2021.130328
https://doi.org/10.1016/j.foodchem.2021.130328
https://doi.org/10.1016/j.foodres.2019.108605
https://doi.org/10.1016/j.foodres.2019.108605
https://doi.org/10.1016/j.foodres.2019.108605
https://doi.org/10.1016/j.lwt.2021.112496
https://doi.org/10.1016/j.foodchem.2018.08.124
https://doi.org/10.3969/j.issn.1007-4872.2020.02.003
https://doi.org/10.3969/j.issn.1007-4872.2020.02.003
https://doi.org/10.3969/j.issn.1007-4872.2020.02.003

- 480 - £ Tl B4

2022 4 8 H

# % v [J]. % »F i@ i, 2020, 47(3):433-442. [CHEN J H,
WANG Y Z, HUANG J A. Effect of different baking temperature on
aroma components of Dahongpao Oolong tea[J]. Tea Communica-
tion, 2020, 47(3): 433-442. |
(98] FRUEMA, Bk, Mk, 5. e X K T L3405 5 A
EEMEA AW Hoa 1] %A F, 2015, 36(20): 73-78.
[CHEN X M, FENG L, LI L, et al. Effects of baking on the
changes in sensory evaluation and volatile aroma compounds of Tie-
guanyin Oolong tea[J]. Food Science, 2015, 36(20): 73—78. ]
[99] K&, Bt BIAW, F. RUBAKAF K A FAE LR
WA eE [T, B R AL F 3R, 2016,29(3): 545-551. [ ZHU
H, CHEN S S, ZHOU C J, et al. Analysis and comparison of volat-
ile components in Fenghuang and Wuyi Shuixian teas[J]. Southw-
est China Journal of Agricultural Sciences, 2016, 29(3): 545-551. |
[100] a3, Mk, 3%, . A T HS-SPME-GC-MS H# A ¥
R BBy Jo e A Ao s o4 (1], & e A5, 2016, 37(24):
111-117. [ SHIJF, CHEN D, HUANG W J, et al. Analysis of fla-
vor components in Fenghuang Dancong Oolong teas using HS-
SPME-GC-MS [J]. Food Science, 2016, 37(24): 111-117. ]
[ 101 ] SHEIBANI E, DUNCAN S E, KUHN D D, et al. SDE and
SPME analysis of flavor compounds in Jin Xuan Oolong tea[J].
Journal of Food Science, 2016, 81(2): C348—C358.
[102] #FA. @FF 25 AREFARS W EZRL TS
A SR e B R [D]. B &£ X5, 2020. [ JIANG Q X. Identi-
fication of key aroma components of Baiya Qilan tea and study on
aroma quality of tea powder[D]. Xiamen: Jimei University, 2020. ]
(103 ] Fa&d, Am-F, T8, F MZEMRER-AMEF-R
W kAT BRA AR ). RS EE,2014,35(2): 191-195.
[LITX, DU L P, WANG C, et al. Analysis of aroma compounds in
dark teas by head space-solid phase micro-extraction coupled with
gas chromatography-mass spectrometry[J]. Food Science, 2014, 35
(2):191-195. ]
[104] FT4e8k, KB, EAE, §. L5 AELNFRRIREDI].
FetA#+42,2015,35(2): 121-129. [HE H F, ZHU H K, DONG C
W, et al. Research progress in flavor chemistry of Chinese dark
tea[J]. Journal of Tea Science, 2015, 35(2): 121-129. |
[105 ] #smaiz, xImriy, LM, 5.5 A ZRA LR 6 LS
A7), & T A3, 2018,39(22): 82-86. [ ZHENG P C, LIU P
P, WANG S P, et al. Comparative analysis of the aroma compon-
ents in five kinds of dark teal[J]. Science and Technology of Food
Industry, 2018, 39(22): 82-86. ]
[106 ] BXE, ki, HEm, F. NBEXFARSHLE KA ME
- RATH ) FriE AT 1], A ee S, 2017,38(22): 169-177. [ MU
B, ZHU Y, MA S C, et al. Analysis of aroma components in Liubao
tea by comprehensive two-dimensional gas chromatography-time-of-
flightmassspectrometry [J].FoodScience, 2017, 38(22): 169-177. ]
[107] APAkA. S FA AR AR [D]. 7 FERL
# 51, 2009. [ ZHONG Q S. Study on aroma characteristic com-
ponents of Pu'er tea[D]. Beijing: Chinese Academy of Agricultural
Sciences, 2009. ]
[ 108 ] NIE C, ZHONG X, HE L, et al. Comparison of different aro-
maactive compounds of Sichuan dark brick tea (Camellia sinensis)

and Sichuan Fuzhuan brick tea using gas chromatography-mass

spectrometry (GC-MS) and aroma descriptive profile tests[J].
European Food Research and Technology, 2019, 245(9): 1963—
1979.
(109 ] xlmymy, A MeEE, 22 A 9, 5. & # KB T LARMLR Rk
MR A0, P B A& F 4R, 2021, 21(8):224-234. [LIUP P,
ZHENG P C, GONG Z M, et al. Pile-fermentation process optimiza-
tion and flavor components analysis of Qingzhuan tea[J]. Journal of
Chinese Institute of Food Science and Technology, 2021, 21(8):
224-234. ]
[110] Z0hh, FRRIER, LA, . Hd 2R3 5 LA K 2,
FERGREFWAL I A S Z &R FHR, 2021,
12(13): 5449-5454. [LIC,CHEN T Q, LIAO Y Z, et al. Study on
the difference of aroma components between Anhua Fu brick tea in
Hunan and dark tea in other areas[J]. Journal of Food Safety &
Quality, 2021, 12(13): 5449-5454. ]
(111 ] 4, s, AR, F. 6 AR FR G FF AR
GC-MS 2 #7 [J]. & = 5 4 4 3 A F 3R, 2020, 39(10): 91-97.
[FUHF, LIN Q Z, ZHU C, et al. GC-MS analysis of aroma com-
ponents of white tea with six different aroma types[J]. Journal of
Food Science and Biotechnology, 2020, 39(10): 91-97. ]
[112] CHEN Q, SHI J, MU B, et al. Metabolomics combined with
proteomics provides a novel interpretation of the changes in non-
volatile compounds during white tea processing[J]. Food Chem-
istry, 2020, 332: 127412.
[113] CHENQ, ZHU Y, DAI W, et al. Aroma formation and dy-
namic changes during white tea processing[J]. Food Chemistry,
2019, 274: 915-924.
[114] ARJFHF, R4, 2K, . AMEE-$HMEL LT
tEF oM RS RS E RF AT alll T RFFR (R
5 4 & A % m), 2018, 44(6): 704-710. [ QI D D, CHEN W,
MIAO A Q, et al. Effects of rapid ageing technology on the aroma
quality of white tea using gas chromatography-mass spectrometry/
mass spectrometry combined with chemometrics[J]. Journal of
Zhejiang University (Agriculture & Life Sciences), 2018, 44(6):
704-710. ]
[115] MR, AT, BH, F. _E st F At i
#3% 0w [J]. & & T B A4, 2021, 42(9): 51-59. [ CHEN C J,
RAN L S, TANG Q, et al. Effect of the yellowing on the quality of
Zhuyeqi yellow tea[J]. Science and Technology of Food Industry,
2021,42(9): 51-59. ]
[116] F3#, 4%, FRZ F. RERAY A FAEAATEL
R [1]. %rhifin, 2015,42(2):3-6. [LIJ,LIN,LIZ Y, ctal. Re-
search progress on factors effecting the favor and quality of yellow
tea[J]. Tea Communication, 2015, 42(2): 3-6. |
[117] XU J, WANG M, ZHAO J, et al. Yellow tea (Camellia sin-
ensis L.), a promising Chinese tea: Processing, chemical constitu-
ents and health benefits[J]. Food Research International, 2018, 107:
567-577.
[118] #a#, HM, &AL, F. R RAFHRA A EAF R
2o [I]. & RAtE,2021,42(16): 89-98. [ JIANG R G, HUANG
Y, JIN Y L, et al. Analysis of characteristic aroma components of
different grades of yellow tea[J]. Food Science, 2021, 42(16): 89—
98. ]


https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.7506/spkx1002-6630-201520013
https://doi.org/10.7506/spkx1002-6630-201520013
https://doi.org/10.7506/spkx1002-6630-201624017
https://doi.org/10.7506/spkx1002-6630-201624017
https://doi.org/10.1111/1750-3841.13203
https://doi.org/10.7506/spkx1002-6630-201402036
https://doi.org/10.7506/spkx1002-6630-201402036
https://doi.org/10.3969/j.issn.1000-369X.2015.02.005
https://doi.org/10.3969/j.issn.1000-369X.2015.02.005
https://doi.org/10.7506/spkx1002-6630-201722026
https://doi.org/10.7506/spkx1002-6630-201722026
https://doi.org/10.1007/s00217-019-03304-1
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2018.09.072
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.1016/j.foodres.2018.01.063
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.7506/spkx1002-6630-201520013
https://doi.org/10.7506/spkx1002-6630-201520013
https://doi.org/10.7506/spkx1002-6630-201624017
https://doi.org/10.7506/spkx1002-6630-201624017
https://doi.org/10.1111/1750-3841.13203
https://doi.org/10.7506/spkx1002-6630-201402036
https://doi.org/10.7506/spkx1002-6630-201402036
https://doi.org/10.3969/j.issn.1000-369X.2015.02.005
https://doi.org/10.3969/j.issn.1000-369X.2015.02.005
https://doi.org/10.7506/spkx1002-6630-201722026
https://doi.org/10.7506/spkx1002-6630-201722026
https://doi.org/10.1007/s00217-019-03304-1
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2018.09.072
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.1016/j.foodres.2018.01.063
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.7506/spkx1002-6630-201520013
https://doi.org/10.7506/spkx1002-6630-201520013
https://doi.org/10.7506/spkx1002-6630-201624017
https://doi.org/10.7506/spkx1002-6630-201624017
https://doi.org/10.1111/1750-3841.13203
https://doi.org/10.7506/spkx1002-6630-201402036
https://doi.org/10.7506/spkx1002-6630-201402036
https://doi.org/10.3969/j.issn.1000-369X.2015.02.005
https://doi.org/10.3969/j.issn.1000-369X.2015.02.005
https://doi.org/10.7506/spkx1002-6630-201722026
https://doi.org/10.7506/spkx1002-6630-201722026
https://doi.org/10.1007/s00217-019-03304-1
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2018.09.072
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.1016/j.foodres.2018.01.063
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.3969/j.issn.1009-525X.2020.03.011
https://doi.org/10.7506/spkx1002-6630-201520013
https://doi.org/10.7506/spkx1002-6630-201520013
https://doi.org/10.7506/spkx1002-6630-201624017
https://doi.org/10.7506/spkx1002-6630-201624017
https://doi.org/10.1111/1750-3841.13203
https://doi.org/10.7506/spkx1002-6630-201402036
https://doi.org/10.7506/spkx1002-6630-201402036
https://doi.org/10.3969/j.issn.1000-369X.2015.02.005
https://doi.org/10.3969/j.issn.1000-369X.2015.02.005
https://doi.org/10.7506/spkx1002-6630-201722026
https://doi.org/10.7506/spkx1002-6630-201722026
https://doi.org/10.1007/s00217-019-03304-1
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2018.09.072
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.1016/j.foodres.2018.01.063
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.1007/s00217-019-03304-1
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.3969/j.issn.1673-1689.2020.10.012
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2020.127412
https://doi.org/10.1016/j.foodchem.2018.09.072
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.3969/j.issn.1009-525X.2015.02.001
https://doi.org/10.1016/j.foodres.2018.01.063
https://doi.org/10.7506/spkx1002-6630-20200709-137
https://doi.org/10.7506/spkx1002-6630-20200709-137

	1 茶叶挥发性成分提取方法
	1.1 水蒸气蒸馏法
	1.2 同时蒸馏萃取法
	1.3 超临界流体萃取法
	1.4 旋转锥体柱提取法
	1.5 固相微萃取法

	2 茶叶香气物质分析鉴定方法
	2.1 气相色谱-质谱法
	2.2 气相色谱-离子迁移谱法
	2.3 气相色谱-嗅闻法
	2.4 全二维气相色谱法
	2.5 电子鼻

	3 不同类型茶叶香气特征
	3.1 绿茶
	3.2 红茶
	3.3 乌龙茶
	3.4 黑茶
	3.5 其他茶类的香气成分

	4 结论与展望

