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1 #REF=E

L1 #r#, RFIFNLES

B A (2019 R AE LD B KR 5
78] 5% b &t I Sephadex LH-20 (i #t GE Healthcare 22
GIDIE

IE O 4l B >95%, TCI A #)D , Ml (4
¥ 98%, Aladdin A &) , 2 (SH) Wk W B b &
>93%, TCIAwd) , y- T Wl (48 99%+, Acros
Organics A 7)), & H I (241 = 99.5%, Aladdin A 7)),
A (4ifE >75%, TCI AT , CROEE (4ifEF
99%+, Chemicell A #]) , o- K &4 (4l 97%,
Sigma-Aldrich A7) , o- if fit i (468 >90%, TCI
ANED , XFARAERE (A 99%, Sigma-Aldrich AF])
Frigdds (46 98.4%, Chem service 2~ 7)) , 7 HEE (4
& = 99%, Sigma-Aldrich A ) , 2- FHIEE T T 1
(4l 98%+, BIIAHHTHAFIARARD , KOwE (4
J& 98%, Acros Organics A7) , HFEE -3- Ml (40

& 98%+, Bk HHAAIARARF) , HHEEE (A
97%, Acros Organics AH]) , KAEE (A >99%,
Sigma-Aldrich A7) , &M (4% >95%, Aladdin
NFD S, 1=K E -, 2- 9 (4l 99.8%, Ark
Pharm A ) , KRR LEE (A0 99%, TCI ) ,
4- TEIEmE (ZERE 97%, Acros Organics AF]) , 2- (4-
B ORIE) T -2- I (4lifE = 99.5%, Sigma-Aldrich
INED, KR F S (4l = 99%, Sigma-Aldrich /A ],
o- FAVHEE (46 99%, Acros Organics 2~ ) , ZE[E
(ZLRE 96%, FEHHRFIARARD , B (4
F£ 98%, TRC A w]) , FHWEE (4iFF 98%, Bifikiy
Wil AERARD , CRARLHE (40FE 95%, Fluka
ANHED S, PR (A 95%, Sigma-Aldrich A7)
2- FIEE G (AEPE 97%, BVFIRIMEEER AR ,
| (4l 99.5%, Chem service A F]) , ZXEFIE LT (4l
FE 98%+, B EHAAARARD , y- EFAEE (48
£ >98%, TCI ~w]) , KFHE (i >93%, TCIA
A, TERELE (4 98%+, Bl Wl R
AT, y-ZE R (LEE 98%, VLIRS E R AFD,
AR (4EFF >90%, TCIAW) , FEIERHEE (4
97%, J&K ~H]) , ZEBERE AR (S0 98%+,
BRI HRAFIE R AT » KAMRFE (4 98%,
Aladdin A7) , AT RREE - LA (4 >98%,
TCIAFD) , FAMTTAERE - BRIEAY (40 >97%, TCI
AT, HE (figal, TCI AR , 28 (i,
TCIAFD , KZEF/K (PEEERAFD ; His:
W A& A lE (208 98%, Acros Organics A F]) o

& | SPME EEULREWFEHY

Tab. 1 SPME extraction head and activation conditions

s LiERs) WM R G T8

1 100 um PDMS R RIS 250°C, 30 min
2 75 pm Carboxen/PDMS TR 197/ — PR IR 300°C, 30 min
3 65 um PDMS/DVB RS ) AR (Fused Silica) 250°C, 30 min
4 65 um PDMS/DVB FOFIEEE R/ S MHEEFE (Metal alloy) 250°C, 30 min
5 50/30 um DVB/ CAR/ PDMS TLIRFEDR RSy T OO R 270°C, 30 min
6 85 um PA Py 280°C, 30 min
7 60 um PEG R 240°C, 30 min
8 30 um PDMS PR N 250°C, 30 min
9 7 um PDMS PP R 320°C, 60 min
10 85 pm Carboxen/PDMS sy / — F R AU 300°C, 30 min
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AT (FEE Christ A 7)) ; 7890A/5975C
A - ISR (SEHE Agilent AF]) ;5 SPME
FH. SPME F 443k (£ Supelco AF], 60 pm
PEG. 100 pm PDMS. 75 pm Carboxen/PDMS. 65
um PDMS/DVB (Fused Silica & Metal alloy) + 50/30
um DVB/ CAR/ PDMS. 85 um PA. 30 um PDMS.
7 um PDMS. 85 um Carboxen/PDMS) ; 75 /i il
SIS HEFE PR (SEE CNW A F]D 5 CP2245 H
TR & 0.0001 g, #8[H Sartorius AH]) ; KA
RS 2 (E T T TIA R TEARD
RNF-2500 %445 A 2 Thg ik e & ([T H A EAR
HAERAFD .

1.2 Hik
1.2.1 B & Z S U i 46 5 %

S CHR (8] J7i%, DAL & 2kt oA JEk), #k
30 kg, KK ZESAEBESRIAE SR 8w, 3
H, AT OV EIE AR, AMEFE N 20 kgh,
TR (] 2.5 hy ARG R ROIB % IR 4 8 R A S8y
MRS B A B 2 TR E A B R i e, 153%
N 1.04%.

1.2.2  ZRMHREA) OB TR 7 70 B 5 ik

SRR T R A 4y B AR R EL 300
mL, SR TEEA 0.79 ¢ T4, H 10 mL 4
ZRGEMEAIE, SRR E R B, LAZE
TR AE N B, LA Sephadex LH-20 KL, LA
JU# 3 mL/min, HEATHEUR LS R, @ IERE 3
min W —ANAT, 58NS IS I DL i WS B i 4
(D s R 28 o JE I v SR IR 117 N, H 10
LAY N 53 DL B 4] (1) 77 2O &0 0 2 R AR i
1TVEMY
1.2.3 ZRMH- SR EUY) B FLARRE 7 R I3 490 10 5 1 43T

W] AR R B B 7 e B I B ) SRR A vk
IR RN 1 g, BT 20 mL 24w, HE
VU3 20 et B RERR R R 2 . 43 T8 10 i
IZEEL Sk 30°C TS B 1 h, I A5 BB R 4SO W
TEAFAE Sk b 2H 73 AT AR B S 53 #T o

i FE: DB-5MS (60 mX0.25 mmX0.25 pm) ;
WA He; fHFEA: 1.0 mL/min; JHEAEF: 50°C
{#4F 0 min, LA 3°C /min [ F T} % 300°C, fRFF O
min; BRI AR R CERE: 280°C;
FRI BRI (] 5 ming ARHZRIREE: 280°C; HLE 7
El: HERERE: 70eV: B TIHIERE 230°C: VUK
FE: 150°C; ) EEE: 33~500 amu; V47 2EiR :
0 min.

1.2.4  RHEFRY) IR 0 2 &5 7 v

BT AL FE 7795 BL 100 mL (46 00 35 2% - S B R
M TR, AR, 58 A% IR R RO
TR AT TR A B . FREVR T 5 0 25
FEHUIRE S, R R RIS B, IO 50 pL
P28 1 mg/mL LA A i 2 1] £ 7R TR 75 & 4 T PN s i 5
WERZR S mL, FCHIANPRIRE 10 pg/mL PR A
o

SN RN RRIET 2 &0, i
DB-5MS (60 mX0.25 mmX0.25 um) ; #’<: He;
M E: 1 mL/min; #EFF DR E: 280°C; HEFfE:
1 pL; PP FHE: ZL4EE 50°C, LL3°C /min [1)IE
FKIFE300°C, A1 ming SRR Aot
FE; GC/MS 28l FE: 280°C; EI B 1 JF i FE -
230°C; PUZAFIRSE: 150°C; EI HREREE: 70 eV;
R SIM.

1.2.5  RRAEFFWRY 5T (0 DBk FE 43 BT 7 %

BRAE I 58 v MK (GB/T 22366-2008 JEKE 4
M J7iks R =R R E (3-AFC) e Mo, iR
DR AR B 5% B PR — M ST 5 25 I SR ) 5
TEF S TE P RS BIAE -

FAEMAE (OAV) HEITE: 330k (1] 1
JERAT, BARNE SR EE SR R 40 i &
W (C) HH3t%HME (T) KL, B OAV=C/T.
1.2.6 BEEVHN 7L

BAMHTTIE: ZHE R [22] T7ik, DAEURECER
XA SR EA) e FLRFAE B S AT WA o

IV 7 KB AR U S R S
FR DT R R AN 75% W L BHAT R RE, 4% IR
0.01% I R Z 355 22 A B, 15230506 10
FEdhe DAESTEER 75% BRGNS B 46 JWEE 5
A RECE TR (22+£1) CAEE (60+£2) %
IR ES R P47 48 h, 5% (YC/T 497—2014 EJH
B A IR B VPN 7R SR AT IR B YRy, T
Wr/NeH e 10 44 B VPRI B 5 N SR 2R
1.2.7  RRAEFF AR o7 O BE DT R B 2 1Y) B 4 A S

MHER M & 2 i EU) B A S o I B Tt
BREEHE P45 R, BT 2RO 28 - SR U R A SO B
DR B B2 S, SRS [l 2R R I TR N 1%
WZEAY), S8 1.2.6 W%, BT HEAYS
e SR I R B PR 4 SR SR R E A A R
AN A 4R, @k X b 2 i S S R A s D 2
RIS IE A N s SR U A SRR SR AL SR
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XA RFE 7 T A R AT E . s 1A
NG R B C v 93 PSR B 117 AR B — HEAT IR
DY, REREM R ARG Ja, KA R
AR G IR R 1 AFAH s, &&F4
MUMRA PR 25 R UK 2 o, HAp gy 5~7 55 28 4
AR5 BB 25 SR I (0 A SRR I e T
P B 410y 5~7 & 9F RV E MR & e SR B ¢
HITIRAL 7y, BEATLE . B SRR 2K
B FAEROEDB)E, HEE 7 ARRE & W T
P FHEFRE A2 T A BE B E L, Nest
(RIORGf 2  A R B BEE M Skl - 75 24 2
HI K2 SRR M R U4 B B IR 4 JE 9K
FEVSIRBAR, Toik ELAR AT B (i 70 8 I Jm Bt il
TPHTe CRETE FEIRAE SRR E S LI, 7 By
AT T 2H e B VR T R BRSO AT
TIRGEACE, JE VS5 AR s A A S A R
BT R i R R R

2 BREESBESESEHOTMN
Tab. 2 The evaluation of aroma characteristics in each gel
chromatography separation group

75 ikl SUFE
Hor 1 9-12  FRIH, AL
i) 13-18  HESE. BH. BaTrse

My 3 19-28  HUESEHEIRE, BgE

Mo 4 2936 HEE. EBARE, BIHE. JEFEE
WS 3750 EHA R 6F, KALES, B

SR T LU

HEH R 168, . SRAE
Hor7 5864 RIS 6Bk, HAEG

Hor8 6580 WHE, RUABIEM. FHHUTKHTE
WA AR, i

HRE, WEHYE, AR
AR Aot i =R

Hir 6 51-57

Hr9 81-90
44310

Hoyr 11

91-100

101-117

22 FMHREMEREBUEERYRESHELE. &
2N

T I Y A T 40 B SRS AR B O B T Ak 2H 4y
J&i, R F 07 [ AH R B AR 45 6 S FH dE A7 e 1k
SHTe BT A FEA R R A ESKTE o WR f EA7AE
ZE5, RNECAATERECE RN &SRS E R,
AWFFERCT 10 Ml EREERCK (R 1D 23k
AT R AT IR A R TIL R, e iR M
BT 100 Fite 256 SCHR S AV Ak RS
BRAE 227, BCE PR NI IX 100 Fhib &3t 4T T hx
#HE i PR B IR [ X 07 38 R MR R AE VAN B0 E Y, B
LA TR AR T 41 FRHIE R S LA,
3 E T EAER RIS R o, SR
* 3 PR

MEBGRITUEH, BRI H RS
B EALTTREEE CMEmETR | ommE. BEIERUEE. Ak
FRREE (BRI | JFREEE. SRFTR R, K HEE.
F SRS R RS T HEFWR Y, ok R,
AL TTIEEE (LML) | WSIWk . R AE B R A5 AL 5 A
BE (BRmAD MEEINHE, SRENAIRIEEA—
FPEN, TEARHME, BRI R B
TP ERE S TR0 — MR, AT B R AR
X7 b B S IR IE 75 45 6 B R I RMEL, 45
A PEA 5 B 2 R 4% I B U I B AR AIE 1) BT
Fﬁk [15, 32—33]0
2.3 B EFFRMHREMFHERERB S NES TS

B SRS B WL R A -5 i A A T PR 1 T % D) AR
K, BT BRI 2 XA 5T B B R R 2 A
BUOR, TEARSZIG IR CBAE RN, CURTSFEN &
Z SR E A A S A U B I AR A BY . /S
TEPEE R RAE A T — P A B AFTB, £
B R RAEP R TR B R
Sk AT, BFSNS OAV FAEHEER, WHIA
N OAV KT 1 B XA R BAEHSTTH, OAV i
W, DTEREERCA, 1T OAV /NT 1 I g X4k & 7 ik
f TR I AT L2 BT, B [RL R4 OAV HI K
AN AT B SR R I TTRREE,  ATTT H0 E R  i 53
AR R CEEIER BV Tk, e TN
FAMARIA 41 Fh R A R R Y, S
FEWB WS &, THE THRA OAV, 4RI 3.
FRIE OAV K NHE 41 Fl 2 W Bl 43 3o 2 W0 35 % -4 Y
YA SRR TTRRE
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R 3 HBUSFHRBRYFHEE SR IENRASTER

Tab. 3 Evaluation and analysis results of characteristic aroma components in Tie Guanyin tea extracts

TREAWS ) SEVERS T ERET

Gt/

ML R . /

s LR FABSAR R /min  / (m/z) / (m/z)  (ug/mL) (pg/mL) OAV
1 FoE IR I A 7K R (KRR A S AR E 8.951 72 57 1.09 11.05 0.10
2 MR ijiiii%{ﬁh PR SRR 2 5 A 10.826 82 67 39.54 0.48 82.38
3 2(5H)- MEAEER WS TEAA L BRATER . WOERIE 13.037 54 55 1.02 53.46 0.02
4 y- TR fjj; FBLIOSEARR S il 13.119 86 56 1.17 24501 0.0048
5 RHREE A SR EL R A R R E R 15.602 106 77 89.48 13.14 6.81
6 JIEEM A NI TR A RS 16.686 136 93 0.15 2.46 0.06
7 CRZER AR AN EE S 17.036 73 60 7.02 1.16 6.05
8 o~ KT BEERORIAG SRRV, A A 17.677 91 93 0.03 4.11 0.01
9 o BRI HANREA R OES, BiARE, LUOTHEE 18173 136 121 0.02 13.47 0.0015
10 Xf<pfeke A, RS E 18.554 134 119 0.02 34.49 0.0006
11 FrEE A BRI T - i R 18.785 136 93 0.01 27.62 0.0004
12 JRHIE WEGH. EHAY. RUREITTAE, B RIER  18.935 108 79 155.38 153.89 1.01
13 2- IR T I ORI, FGH . AR &SIk E 19.131 85 57 0.28 44.19 0.0063
14 IR FIREHIEE, AR 19.512 92 91 1.87 1.10 1.70
15 Ao RERE (RRmEAD  JEF. iR 20.769 59 94 1253.01 50.77 24.68
16 (2)- Wig -3- CllE ERARE 21.923 67 57 0.21 13.41 0.02
17 B TEEES, WEHPUR, R IREE  22.096 93 71 196.99 0.04 4924.75
18 RO PHETAE. B, T HEEEEEA 22.846 92 91 20717.02 0.69  30024.67
19 A4 e 24.426 68 96 0.35 0.03 11.67
20 1- ZREE-1.2- P e 25.545 77 105 1.71 35.72 0.05
21 FOTREEE (HIED  E. #E 25.668 94 68 8325.98 50.77 163.99
22 KWK OB AREMRAEEREES 25.672 77 105 1.03 5.01 0.21
23 4- R FHE . Ve RERER, BUTIIIER 26283 93 111 0.57 32.85 0.02
24 N HIEIR R PIIE MGRE . & <E 26.503 150 135 1.39 19.12 0.07
25 KRR FRIRIOA T A R 26.826 152 120 0.81 3.91 0.21
26 o- FATHIE HA NN TERET A, BEMEFMFET 26952 136 121 7221 25.38 2.85
27 B A7 AR vl 5 Ay v B BRI 5 1 5 19 27.288 70 82 4.19 6.35 0.66
28 PE{ERE WA B, W REEF 28.164 93 69 21.50 4.53 4.75
29 HIHEE BMIES 29.317 41 69 154.55 0.034  4545.59
30 ZRFELIME BN AR ERRENEEER 29.617 91 104 0.39 0.48 0.81
31 kR SRR S 30.206 84 69 47.90 0.03 1596.67
32 2- REEEGREE N A E WS, 30.379 146 115 1.67 7.38 0.23
33wk TR AL E AR 31.521 90 117 6304.02 0.69 9136.26




PR SE B TIEE SIS B RHE R S AT B AR S RN A i 15
8343
. ] s " TREARE] EWE T EREET AR/ W/
=] e = 1 AR ) AN 2
5 TR FUR L /min  / (m/z) / (m/z)  (ug/mL) (pg/mL) oAV
. RZLIIEF A SR, MBREART . A
34 y- LAfE A B 34.474 100 85 0.64 0.27 237
35 SKAIER e, FKRMES 35.974 164 79 35.79 1.22 29.34
36 TR LK BT 575, B RE 37.935 71 104 0.40 5.52 0.07
37 y- BN IR FRAER S, RIRER AT P A &S 39.043 100 85 0.39 0.79 0.49
38 AREE praral, IRE Z4EA 39.85 115 117 2.51 49.64 0.05
39 FEERUE AR SER PR 41.592 93 69 2125.02 104.06 20.42
40 EUBRIER A R WHESREER, IFEREEAE. 41.961 137 111 36.69 176.78 0.21
41 FHB NG BIEE. W, MRARNKERAEE 0001 151 83 163.61 043 38049

FEAEE .

MNBE I E 25 AT R0 AT RR e . A I A O AR
() BRI T AR Ay, IX R X L i 7y B A 7 7
EAEMEL T, MESEAREEAR KR TTE.
Gb, ROBE. FRFIRE F B A W BE R, BT
XL AR TR R & B AR S, B HE S
DUHR I AR o 28 FH R — S A Bk P I P R 26
XT o R B A S oD BRI AR N . JE T LB OAV
SERTTHL 41 FhRar v, JFARRE. BMEE, AR
MZRFTRE AT T H e sy, HEARER
OAV; ROEE, F AT AR (LAY FOng| e B A5
A R ABAR A B, L OAV R T H & pli 7
RlIE, X428 OAV KT 1 o0 X 54 2 S350 Dk,
BUCRE, CROBE. HEE. RORE. S5 R
(HERRG YD | FFIHEE . ATl Wik, FEAERURE . 5%
FIR T R A AR ) B A ok R, Rt
FER e BB AT
24 BETRERBMENSMNEEMTXBESRIE
AR LA
241 REESI R EA S

TER & A SR B R AE B R B LR R, 22
BT B OAV KT 1, AR AL 1 2% 32 B () O
TR AR, XA T 2P ERRE. R
FEZR IR AU B SRHIE, DLOCHREE S N R,
WG 8 B i 4 RERA PR B R U, TR T
2518 mL 75% LR H SR S AN (R 4D,
LM SR B AT SO EE AN .

R4 BUEFHXBESHSELY
Tab. 4 The recombinant of key aroma compounds in Tie Guanyin
tea extracts

FE o faw R e g R
mg mg
1 KA R F 2 12 o- A2 T 182
2 2-HETETHE 1 13 R R 225
3 IR 1 14 T AR 496
4 v- EABE 1.6 15 2K i 391
5 KM 5 16 7 I BE 389
6 FoEg 3 17 PETEAN I 5351
7 1E CLBR 4B 18 18 KA HFEE 412
8 P 54 19 LHIPS 15873
R AT R
9 2 F1 i 90 20 CHEED) 20965
. AT R
10 gl 99 21 TR 3155
11 IRREH 121 22 K 52165

XYL 7R SRR AN S B A Ul B Wik AT
WUHEPEOT, SR 1 A R R TR IL I . 45
WRREEE TR EAYEA 5P E 7R SR BAIAH
AR ESHHIE, 18 DEF A g, RIS
SR T AE DU & R SRR L T AL, W]
JEDIRRAN 25 - SR (K 8 0 B SRR A (AR A
EMEEEMEAL, B —ERis<R, X
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Fig. 1 Characteristic aroma contour radar chart of Tie Guanyin tea
extracts and the recombinant of key aroma compounds
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AR, (Hbr TizEAY R H 22 Moc & Tk
Jl o EARARE R R U 100 R &<y, &S
F MM RIRIE R Z 2 IR, R E SR EAY S
M-SR R AL, A SR oA AR A 7 5 A [
SEAYME AR A L
243 PME AR AR EHWR RITHER AR
AL s AL

PSR B B U o BB AT 5 A8 4L
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Fig. 2 Comparison of aroma characteristics of cigarettes

added with Tie Guanyin tea extracts and those added with the
recombinant of key aroma compounds
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Fig. 3 Comparison of smoke characteristics of cigarettes
added with Tie Guanyin tea extracts and those added with the
recombinant of key aroma compounds
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Fig. 4 Comparison of aroma characteristics of cigarettes added

with Tie Guanyin tea extracts and those added with tea extracts
modified with the recombinant of key aroma compounds
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Fig. 5 Comparison of smoke characteristics of cigarettes added

with Tie Guanyin tea extracts and those added with tea extracts
modified with the recombinant of key aroma compounds
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Analysis and reconstitution of characteristic aromas in Tie Guanyin tea based on sensory-
oriented separation and its application in cigarette flavoring

CAO Xiaoliang', ZHANG Feng', CHAI Guobi’, LIU Jiazeng', HONG Zucan', ZHOU Peichen’,
SUN Shihao’, HU Jun’, MAO Zhongyi', JI Lingbo’, FU Yingjie’, XI Hui"

1 Technology Center, China Tobacco Fujian Industrial Co., Ltd., Binshui Street the 298th, Xiamen 361021, China;
2 Key Laboratory of Tobacco Flavor Basic Research of CNTC, Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou 450001, China

Abstract: [Objective] This study aims to establish a method of natural flavor aroma reconstruction and style enhancement and applied
it to cigarette flavoring. [Methods] With Tie Guanyin tea extracts as the object, characteristic aroma groups of Tie Guanyin tea were
collected by sensory-oriented Gel chromatography separation. Qualitative and quantitative analysis was conducted by HS-SPME combined
with GC/MS analysis. The olfactory thresholds of the 41 aroma components in ethanol were determined by three-alternative forced-
choice method, and their odor activity values (OAVs) were calculated on the basis of their mass fraction. On this basis, their contributions
to the aroma of tea were estimated. Organoleptic evaluation of the key aroma components based on OAV was verified by recombining
reconstitution of the key aroma components in tea extracts, comparative evaluation based on aroma profile method and enhancement
of characteristic aromas. [Results] 1) 117 streams were collected by sensory-oriented Gel chromatography separation, in which 28
characteristic aroma streams of Tie Guanyin tea were separated and enriched. 2) 41 characteristic aroma components in Tie Guanyin tea
extract were identified by screening, among which 22 aroma components, such as linalool, nerolidol, phenethyl alcohol, geraniol, citral,
indole, methyl jasmonate, and ethyl caproate, contribute the most to the sensory effects. 3) The aroma profile of the recombinant of key
aroma components was basically consistent with that of Tie Guanyin tea extracts, so it could reproduce the aroma characteristics style of tea
better. 4) The combination of tea aroma recombinants and tea extracts could enhance the tea flavor in cigarettes, enhance the floral scent,
delicate fragrance, fruity fragrance significantly, increase the aroma intensity significantly and improve the smoking quality of cigarettes.

Keywords: Tie Guanyin tea; sensory-oriented separation; odor activity value; gas chromatography-mass spectrometry; cigarette flavoring
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