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& A, AREEAL (odor activity value, OAV) H T X4 B A M Rk 5, 256 & KR £5# (hierarchical
clustering analysis, HCA) . E£mM %% #7 (principal component analysis, PCA) . iE XAk I =FH| 54547 (ortho-
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B, RER B SAFE AR T Ik th 224 X A B ok, FAREFLSH AL PCARA
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HS-SPME-GC-MS Coupled with OAYV to Evaluate the Aroma
of Flowery Black Tea Made from Oolong Tea Varieties

YANG Jingyang, CHEN Yuanquan', LIANG Xianzhi, WANG Mingshi, LUO Yanfei, QIN Xiaomin,
LIAO Chunwen, WU Hongying

(Guangxi South Subtropical Agricultural Science Research Institute, Chongzuo 532415, China)

Abstract: To analyze the difference in aroma components and aroma characteristics of flowery black tea made from oolong
tea varieties. The aroma components extracted with headspace-solid phase microextraction-gas chromatography-mass
spectrometry (HS-SPME-GC-MS), and odor activity value (OAV) was used to determine the key and modified flavor
components. Combined with hierarchical clustering analysis (HCA), principal component analysis (PCA), orthogonal
partial least squares discrimination analysis (OPLS-DA) and sensory evaluation, the aroma of flowery black tea was
comprehensively evaluated. Results showed that 22 key and modified flavor components were selected from 54 identified
aroma components, hierarchical clustering divided them into five categories. The models of PCA (sz(cum):0.892,
@ (cumy=0.645) and OPLS-DA (R’y(ymy>0.7, @ (cumy>0.9) had a high degree of fitting. The main difference components
between traditional black tea and flowery black tea were linalool, linalool oxide I, linalool oxide II and 2-
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methylbutyraldehyde. The main difference components between flowery black tea and oolong tea were f-cyclocitral,

linalool oxide I, trans,trans-nona-2,4-dienal, hexanal, 1-penten-3-one, linalool oxide II, linalool and geraniol. Determination

of flowery black tea aroma characteristics by OAV combined with chemometrics methods was consistent with the sensory

results. The results of this experiment can clarify the differences in volatile substances in flowery black tea and provide for

further optimization of volatile component analysis methods.

Key words: oolong tea varieties; flowery black tea; odor activity value; aroma components; orthogonal partial least squares

discrimination analysis (OPLS-DA)

AN RV AR it A 25 Ay HGEE P, 38 i i)
e 2 AR S AP R Sl B TR S R, AR |
A EOULE IO S IR AR, B FIR AT
K, LT T 200 S e A i AP 2 i RN T
2U58, BB 47 o 2R A, e 17 4B A
ZIESRIARIEN . A WPSE R R AL 2 S Se 4128
5] A L A f 25 25 S, i Rl 2 R0 44 A T
RS 700 B ZE5AR S TR LA
Wy & AR S W IRUSRARAE, HERREEAS . RIS A
AT IR e Z2 A A M) S A AR SR 2H 5 X L
VAL EAERTE LAY, T AR GE A 28X A [l
PRI B RBURA A AR R 28 57, BT A | AR A
(odor activity value, OAV ) ¥k DA INF PR AR
M, IZ TSI T B B (perceived threshold) 1)
MRS, B A A B S MR EYE AR S 5, X R
33 DTHREERAEL, PTHERR IR EEAR ] 5 b (EDME LA
NFELL R R O A PP T3, Bl
RAERKRX T A B2, OAV IR TR IEE
s S TPl vz as Y, I T AR Wis T
I PRI SEAEN IE A OAV VST HH BB
PRI i B D5 AR | AR RUIEAE 22 Al X A UTT
R A s S S50 S e A (335 - PO IO A -
(GC-MS-0)45E OAV J3Hra ], B & Fl 28 7
2EZ ST 13 BRI 19 R OCERESSr, W
T AR ZE S B s Qiu FEU il A
OAV 1K By 5 4 A vh S IAE A FIAR T 1) p-25 %0
2R L BB TS I A S0 1 TR BE AR ORI AR S
AU TH o 0 PR R TS T S [ AH A 2 B -AUBT R FH 4
R (headspace-solid phase microextraction-gas chro-
matography-mass spectrometry, HS-SPME-GC-MS)
HrE A 73 R MSSME ] OAV 5 b
(principal component analysis, PCA) #4745 & 43 HT,
Uit e HOATASEIE | 2R APl as 11 AP OCHE SR )
Jo; XUTT AR R T LR LIRS SAFAE, 15
H OAV B 2 A B2 (39.69) , IR E T /K% 1R
PR . D5 il D5 il ) 1145 18 FhOCHEARUhk,
gro HETEAT HEOCTAERBILIZS TS, K25/
TERCE VT M GC-MS A B! 7190, X 520 2 g,
Zim AP AE A B LT ST A0 S S A ) IO v Tk 18 o

A 5T 2k Sk TH 2 [ A S AR B - )53 6
(headspace-solid phase microextraction-gas chroma-
tography-mass spectrometry, HS-SPME-GC-MS) #¥

iz FHARIE FE B (OA V) AL BRI 07 e 1531 54k A2
4 Pk Sy Ja 45 A 3 Al 43 43 BT (principal
component analysis, PCA) . 1EA i f /)N 3 H 51 53
Mt ( orthogonal partial least squares-discrimination
analysis, OPLS-DA) . J= X 2 2% 43 ¥ (hierarchical
clustering analysis, HCA) FlI# SR E # PF, XT84
SRR (A . FEOWE) T AL LTSS 7 UK 534,
FELGMFLES . B LI &E LSS L,
W 25 5 B AL 57, BaE KU i, e A LT
Z i — 2T R SRR S
1 #MR5RE
1.1 MRS
EH= U = 7 N PN S N N
FRAGEZCTTEENT A 7 PH% A X O o 9 5
[P CIEH ) , e SReAR B[] Sy 7 2 U B 1 i) S AR
FRK AR TR, S5 g oy —2F it N T HERRIER
- AP 2R SR H I L E A4 2000 g,
6CWD-6 RIS ZERM  m T i B FASrHHILAR

AR F; XS-6CYQT FEH ML+  ZiBZ AF 1L
WA BRZS Fl; 6CST-901 BURTEHL SR N EZL AL
AT BN Fil; 6CR-25 BUBRAEHL Wi Tel SR &b
HIMEA BRZS H] 5 YX-6CFI-10B 4 [H Bh21 55 A EHL

R ZEVE IR LA ALK ; RS-FS1401 AU A HL

LR IR AT 6CW-80 BUAIERYL. 6CWS-75 7Y
B Pl R A AR B P PR S RO LR
6CTH RUML ML Wi VT _L EFEHLARA BR 2 H 5 dvb/
car/pdms Bl [HEAHFHFEESL (50/30 pm)  FEEERFLAY
H]; QP2010-Plus B AH AL TTEIE Y. A A S HE
OS] AR E R PE . RV TE A S0 A B
N
1.2 EWHE
1.2.1 #IZS RIS F A | O AL SiLr
PR 2 FAZE Y — 2 bRt SRR
(GB/T 35863-2018 S A5 T8 R FFZ ) . GB/T
35810-2018K LI 55 T.#: AR #E ) . GB/T 13738.1-
2017KL0AS 25 1 FR47: LIWEAS)) FIAETF RILT A I Ac &
o, RIVEAERRILIZR(OX 4H. HGY 2H) . &8 3 p 5%
(WL 4) | L0255 (HSC 41) ML 4e 21 25 (CT 41)
e, HIESTAR DL 1,
1.2.2 FBGHHR TS EAEEE B (HS-SPME ):
FEHGL #1k: 65 um PDMS/DVB #E L TS AH (i
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Table 1  Production process of tea samples
| fEE I e | & I PR IR A K o
IX (5T o 28 °C,2 h; FfTY  FEE LK, SEEs T, B-TF-RAE 30 °C, ARE 65 C,3h, BHAR
B2 oI 10 minZEFKHRT0% Bttt H2h #,1h >90%, &6 h %LU
HGY - = — _ _
CTUEGL) WrnHZ [k A - [ I [ I [ k-
HSC 2 . . PR, -5 - -
(g R L 7.1 B0, i .1 1
WL P 28 °C, 2 h; FHAT  $E73 K, S 220 °C, 8 min, EE ALl W EMAERE R8T A
(&E5TE) BE 10 minEHAKET0% BT, 8 h IKH40% RRAAT, 20 RISEE AR T

AR T 28 250 °C 2Z4K 30 min, ZEHUSRA:: FRE
FES I BEREZSRE 1 g, LA 15 mL TSI . A
5 mL WK )5, daddE BREE, 10 min /5K O 2100
PDMS/DVB ZEBCEKAf ARE SO T As 5553, i 2E
WL BT 1 em &b, 80 °C F4f 10 min, 80 °C ZE
HY 30 min, 600 r/min, W M 5 min, AR A4
R M By 3R BN SR e FE AR Bk A
ANSAH AL AL 1T, 250 °C FHUARHT 5 min, JE
TR AL 53T

AR - T (GC-MS) 5 1F: (i 4 HP-
5MS(30 mx0.25 mmx0.25 um), 2R WS (LliE>
99.999%), BEEE LI HREE N 250 °C, AEHiE A 1.11 mL/
min, 53R 51 1 FHEARR)T: BARTREE 40 °C, PRF
2 min, LA 3 °C/min F}Z 230 °C, 1%3F 2 min, L 6 °C/
min 7+ & 250 °C, 4% 2 min; MS &4 25 T4 EI,
B URIR RS 230 °C, 2 HRBE 250 °C, E1 TR e &
70 eV, K g8 2s 1340 V, BrEIAHTERE 50~550 u.

B REL TR e &3 & ALTE NIST., FFNSC
T ERER, TRTEVC AL EE SI>80 Byfb- & WAk, FF
PRI SCRRAT AW AR, HEBRAE AL 25T A
R, KRR AR RSN, TS B S
PO
1.2.3 OAV ¥ R OAV 3L XS5 19
SRR TR EE HEA TP, d5 T 25

TNz BEREGE E (pg/kg)

M OAV>1 B, 2 Sk SRR W53, o A XL
R EERE; 25 1>0AV>0.1 I}, 12 XM XU
BRALST, X B AR KR A EE; 24 OAV<0.1 B, 52
SCAPPEAE R 5, R AR XUR TG ik 255 0] . A — A2
JEEIN, OAV BUHE BRI DLW IZ A S o3 %ot S A AU
TTRREE AR
1.2.4 JREFITE KHE GB/T 23776-2018 (5SS
THPE I Y X N A i PE s, #5103 44 Rl T
(2 4 1 B, SRR 46 B, mR PSS R L
JB) X RE S A TR AR W P, IR LA RIS
g IR G PR
1.3 IR

if i Microsoft Excel 2010 Xf GC-MS #¥a3H47
AL, Fg A SPSS 19.0 SR KFE ANOVA #47
J7 22 . P4 (P<0.05) 5 i2 FH OAV AR HE GC-
MS ¥, i A SIMCA14.1 47 PCA . OPLS-DA
F1 HCA; {8 Origin 2019b £ HIHA]
2 BERSHH
2.1 GC-MS SREER

S SRR S UE A B 55, T ZS AR SR AE S
54 FE SRS, FAb2t it oo B2 (5R 2),
R 19 P, FEERT 1% By A nh e, 2K

OAV C FRES, D5RERE S5 REms e 1L 10 100, IV, PROEE
T b, B 5 Hear 25 (JX . HGY . HSC. CT) 3%
X C HF I E 5 (%) ; T NFEKEIREL EHT 2 (WL)  AEG LT85 (CT) i 35 8 TAE LT
# 2 FRGYBAX T E (n=3)
Table 2 Aroma compounds and relative content (n=3)
HET o X (%)
i Wik mET R
(ng/kg) WLZH IXHA HGY4H CT4l HSC4l
B (19F) 27.02 43.57 48.56 65.18 40.17
1 1- 30 -3 - 3000 B R HUR 1.46+0.68" 0.6+0.41% 0.61+0.21* 0.52+0.08" 0.8140.62%
2 TR 861000 R HHEK 0.65+0.19° 0.51+0.28% 0.44+0.07* 0.24+0.05° 0.46+0.21%
3 (Z)-2- 15 Hs Tt 100 S US 0.49+0.05" 0.77+0.19° 0.63+0.08% 0.33+0.04° 0.33+0.18°
4 Ly 200 HEMERAL 0.59+0.21° 1.74+0.94* 0.83+0.09* 1.75+0.60° 1.17+0.42%
5 CLBE 700 R A2 0.29+0.13° 0.25+0.24° ND 0.930.10° ND
6 B 200 TR BRI 0.03+0.05" 0.09+0.07% 0.14+0.03* ND ND
7 1-2E -3 7 BEGE . HE . 0.3540.15° 0.38+0.30" 0.16+0.18* 0.42+0.13* 0.52+0.26°
8 A 5500 PN 0.46+0.03" 1.95+0.97 1.86+0.50° 2.47+1.63° 7.36+1.37
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k2
) .
5 ik At R FTE )
ng/kg) WL TX4l HGY#H CT#H HSC#
9 Jr AT 6 AT, Gt AR 5.06+1.22° 9.5142.83" 10.5143.67° 1.51+0.12° 2.92+0.76"
10 Iy R AL 6 i 5.53+1.50™ 8.72+3.86" 10.78+2.75° 0.33+0.57¢ 3.91+1.22%
11 Ty 6 TR e A 5.47+0.65% 7.39+0.81° 5.79+0.16™ 52.22+1.87° 3.89+0.27¢
12 JBE 5 b 110 R 1.56:+1.69% 2.18+0.50° 1.86:0.68" 0.210.36 1.01+0.03®
13 R 45 BULF . A 0.19+0.32° 3.61+3.59° 4.88+1.92° 2.27+0.65° 11.81+4.09°
14 JiREREEALI 320 A WIERAE 2.02+1.47% 1.37+0.23% 3.6442.97% 0.61£0.24° 3.93£1.27°
15 JyRRmAkmIv 320 A Wi AR 1.40£0.97* 2.1240.76° 2.26+2.41° 0.08+0.14° ND
16 VST 300 THEER AR ND 0.05+0.08° 0.07+0.08° 0.2120.09° ND
17 i 7.5 A SRS 0.2120.36° 2.33%0.56° 4.10+1.28° 0.75+0.57< 1.81+0.91%
18 REAERE 500 T PR ND ND ND 0.04+£0.07° 0.17+0.11°
19 REAEAN 826 fipt s 1.26+1.20° ND ND 0.29+0.27% 0.07+0.01°
[ (20F)) 15.68 13.00 6.04 6.00 8.89
20 5T 1 Bl RE 5L 0.0120.02° 0.29+0.13" 0.11+0.07° 0.06£0.02° 0.13+0.05"
21 T 57 HAT 0.29+0.24° 0.18+0.11% 0.15+0.12% 0.02+0.02° 0.06+0.06™
22 S 8 H AR TR ND 0.49+0.40° 0.05+0.09° 0.21:£0.04% 0.360.1%
23 2-HHEE TR 1 WneE | BT AT 1.05£0.12% 1.57+0.77° 0.63+0.06° 0.44+0.19° 0.59+0.15"
24 CLE 7.5 BRI 6.63+2.05" 3.14+0.66 1.11£0.37% 1.62+0.97% 0.51+0.18°
25 s 100 ERY . AR 0.14+0.16° 0.35+0.12° 0.31+0.07° 0.10+0.17° 0.17+0.16°
26 2-CL T 17 SREURA | B 0.54+0.29° 1.82+0.34 0.45+0.11% 0.08+0.13¢ 0.34:0.23"
27 (Z)-4-BlrE 0.6 HE, UTHMES 0.15+0.05° ND 0.04+0.02° 0.19:0.08" ND
28 B 10 HRARTHER 0.44+0.07° 0.29+0.03" 0.14£0.12° ND ND
29 T 300 AR R 1.12+0.25" 1.38+0.56 1.23+0.11° 0.59+0.44° 4.44+1.79"
30 (E.E)-24-BE IR 35 R HES 1.14+0.13° 1.26+0.21° 0.28+0.08" 1.51£0.61° ND
31 B 1 PIBELARE S 0.47+0.09° 0.33£0.07 0.25+0.06" ND ND
32 (EE)-24-T IRk 35 ERF i 1.96+0.33° 0.35+0.07 0.48+0.04° ND ND
33 R 4 Eit . AR 0.66+0.09¢ 1.04+0.12° 0.55+0.09° 0.34+0.14¢ 1.49+0.13
34 (E)-2- Wi 3 #R, BRI 0.87+0.41 ND ND ND ND
35 TR 15 HOHL GRS ND ND ND 0.55+0.40 ND
36 ZEEE 5 g BRES 0.17+0.02° 0.18+0.17° ND 0.1240.21° ND
37 FECAETE 0.7 PN N 0.04+0.07* ND 0.18+0.32° ND ND
38 BT ERE 0.3 B ALE . RE ND 0.33+0.10° 0.08+0.13¢ 0.17+0.12% 0.80+0.07°
i (4F) 3.12 0.80 0.64 0.27 1.08
39 1130531 1 Rty | VA Ak 0.4+0.17 ND ND ND ND
40 2-JE 200 ALK R A 0.33+0.16° 0.26+0.22* 0.31£0.16* 0.20+0.19* 0.21£0.19°
41 FR Ik P 1000 HRRE, Bk & 2.39+1.06° 0.54+0.08" 0.33+0.38" 0.07+0.13° ND
42 B-ERE 7 KA ND ND ND ND 0.87+0.07
E2(1FD) 0.47 1.02 0.94 1.64 0.17
43 7K A5 % H T 40 E SIS 0.47+0.20% 1.02+0.36 0.94+0.35° 1.64+0.35° 0.17+0.16°
R (3F) ND 0.30 0.54 ND 5.56
44 IR 740 [N RNEER A  S U S ND 0.1120.18° 0.09+0.09" ND 1.50+1.18"
45 2-FR TR 59 FILT R RE ND ND ND ND 2.49+1.30
46 [ 1500 B PR IR R ND 0.19+0.33° 0.45+0.40% ND 1.57+1.45
G (5Fh) 17.75 0.50 0.76 1.45 ND
47 B- AN 14 FIEE ND ND 0.37+0.65" 0.39+0.58° ND
48 Friaid 210 MG ND 0.38+0.08° 0.210.18% 0.34+0.30° ND
49 BBl 34 R AERAEIM SR 5.95+2.10° 0.12+0.12° 0.07+0.12° 0.57+0.20° ND
50 o~ eI 87 WRT 11.6243.75 ND ND ND ND
51 BT 64 R TR 0.18+0.31° ND 0.11£0.20° 0.15+0.11° ND
HAb (35) 2.58 0.79 0.32 1.58 1.29
52 AR 12 HABLRGFERE 1.47+0.18° 0.66+0.3 0.04+0.01° 0.48:0.46" ND
53 2- TR it 250 GG sy 0.07+0.12° 0.13+0.14* 0.28+0.11° 0.12+0.21° 0.40+0.35°
54 2-TE SR 438 iR ATIR 1.04+0.07° ND ND 0.98+0.08" 0.89+0.53"

T FHXT i LI ELARE2E TR, NDFIR A % (R4 T A 7] 7R 37R 26 5 135 (P<0.05)
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Z25(JX. HGY) (P<0.05) . B2 20 b, & KT
1% SIS A 2-F 3% T E . O/ . 8 FP
(E,E)-2,4-T i | 7K L4, & iR 2 e 5%
(WL) LIS (IX) IPIEZE 5 Ehis = . B2 4 F,
i EERT 1% oA F SR Belatil . Be2S o 1 Fh,
SHAKAGIR TR, BRISHIIB 3 Fh, LIRSS (HSC) iR
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Table 3  Analysis results of odor activity value

il WLZH OAV JXH OAV

HGY#H OAV CT# OAV HSCHH OAV

KRR 7 2-FAJLT RS 1.05  SREEESEAT 158
2-HELTRE 1.57
FFREREEMT 145

IR 1.80
FHEEAT 159

g 8.7  B-ITEEE 267

g 123
B-IFTERE 1.11
B XRA 5 PRSI 0.92 L 0.42 oyt 0.97 LI GERE 056 2-HRTEE 088
pogiaitd 091 (EE)-24-EIHEE 036 2-HIE TR 0.63 2- W TR 0.44 FFREEAALMIL 0.65
(@A 0.88 IESFRE 0.33 gy 0.55 (EE)-24-BiJAEE 043 pagiai 0.65
JFREEEMIL  0.79 g 0.31 B-IFTRERE 026  (Z2)-4-BH&EEE 032 JFREAEMAIT 0.49
(E,E)-24-TZJ&E 0.56 5T 0.29 IR 0.21 (@A 0.26 WL 0.37
IESFERE 0.47 R 0.26 (@A 0.15  JFREEAAYT 025 iy 0.24
1134753l 0.4 2-C e 0.11 (EE)-24-TFJAME 014  2-1EHEMkm 0.2 KL 0.22
(EE)-24-FR Ml 033 (EE)-24-F 4 0.1 R 0.14 R 0.12 2-1EJRFETLE  0.19
(E)-2-FJME 0.29 ST 0.11 g 0.1 ST 0.13
(2)-4-BHEME 0.26 B-EE 0.12
2-IENGHEE 0.22
B-B 0.18
WL 0.17
a-TE e 0.13
LR 0.12
TEAE UK 43 Hap27hh <0.1 HoA28Fh <0.1 HA328 <0.1 HAp32fh <0.1  H&2M <01
F 4 RETHNEER
Table 4 Results of sensory quality evaluation
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Table 5 Comparison between sensory quality evaluation and cluster evaluation
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