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Determination of characteristic volatile components in stored samples of
different grades of raw Pu-erh tea by headspace solid-phase
microextraction-gas chromatography-mass spectrometry

TANG Xuan', MA Chen-Yang', Y1 Hai-Yan', YANG Yi', ZHOU Xiao-Hui', TIAN Di',
CHEN Ning', YANG Ying-Yan', DONG Rui’, ZHOU Hong-Jie', LI Ya-Li""

(1. College of Tea Science, Yunnan Agricultural University, Kunming 650000, China; 2. Menghai County Tea and Green
Food Industry Development Center, Xishuangbanna Dai Autonomous Prefecture 666200, China)

ABSTRACT: Objective
(YK-T), second grade (YK-A) and fourth grade (YK-B) raw Pu-erh tea storage samples. Methods

To investigate the characteristic volatile component differences among premium grade
Headspace
solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) combined with principal
component analysis (PCA) validation, orthogonal partial least squares discriminant analysis and calculation of
relative odor activity value (ROAV) were used to analyze and screen key aroma components of the 3 grades of raw
Pu-erh tea storage samples. Results A total of 92 volatile compounds were detected across the different grade
samples, primarily consisting of aromatic hydrocarbons, alcohols, esters and hydrocarbon compounds. The
differences in the number of volatile components among the 3 grades of aged raw Pu-erh tea samples were relatively
small. However, the total volatile content in the YK-T sample was significantly higher than in the other 2 grades.
Additionally, after long-term storage, the ester content in the volatile components of the YK-T aged raw Pu-erh tea
sample was significantly higher than in the other 2 grades. Based on variable importance projection (VIP)>1 and
P<0.05, 19 kinds of volatile compounds were identified as key differentiators: Pinene acetate, (+)-limonene,
(S)-a-pinene, linalool, methyl linoleate, 2,2,6-trimethyl-6-vinyl-tetrahydro-2H-furan-3-0l, camphene, methyl
salicylate, 1,10-decanediol, and 1,2,3-trimethoxybenzene as key differential volatile compounds among the three
grades of stored raw Pu-erh tea samples. Further calculations yielded ROAV values for 14 kinds of volatile
compounds, revealing that rosin acetate, (+)-limonene, (S)-a-terpineol, linalool, camphene, methyl salicylate, and
1,2,3-trimethoxybenzene exhibited ROAV>1, indicating these key aroma compounds contribute significantly to the
flavor profiles of different grade raw Pu-erh tea storage samples. Conclusion The overall aroma profile of YK-T is
dominated by floral, citrus, and aged notes presented by linalool, (+)-limonene and 1,2,3-trimethoxybenzene.
Terpineol acetate, which exhibits a herbal aroma, is detected exclusively in YK-T, distinguishing this grade from the
other 2. The volatile components of YK-A and YK-B primarily exhibit woody notes from camphene and floral notes
from linalool. Notably, YK-A possesses the highest ROAV value for camphene among all key differentiating aroma
compounds, resulting in its pronounced woody character. This study establishes a theoretical foundation for
understanding quality differences among Pu-erh tea grades and provides data support for constructing discriminant
profiles for raw Pu-erh tea of varying grades.

KEY WORDS: raw Pu-erh tea; grades of tea leaves; storage; volatile components; headspace solid-phase

microextraction-gas chromatography-mass spectrometry
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TEWFE Y AR P, AR R Y BT AR AR 2 R AR B
MAEAE), GAO FFUWFSE R, ASIR] S (5 TH 2 4% 1A e
AL FE I B2 T . TS SR [ AR 07 A
R AN [ 3, 5 B A 28 I T AR P b R B, R
P 14 AR N, AR A A 5 SRR A BT B T, X T
TARAFORVE, JBURLE M AR T, 55 902 D
ZE I JRURHORE B AN TRI R 23, AN ] A R 2 U N Al
WO AR ZE ST, BIANZR 2 W . A LA S B IR 7 e 4 LA
I B R ) R T ORE AR B DR, 2 R A O R A
SE R B SR AY) BT, XS MR R MY B R R AR
A EBEL BN 500 TS A 5 SR R —,
HARTEZSBE AL 0.01%~0.05%, B XFAS I 5 BR 10 52
R TR 25%~40%" " T0As [ AR TCAK UM € 33% - I v
(headspace solid-phase microextraction-gas chromatography-
mass spectrometry, HS-SPME-GC-MS){E h—FhTCiE#H] . #4F
fEsE, REPEMER AR, HETC ZWH TR 2
di LR A% I R4 AT B R
HS-SPME-GC-MS 4381 T PSRRI 3 /4> HuAS [ 0 i et
R 11 ANl R 2 AR 20 R L4 GUO S5UER A
GC-MS 255 NG M AR AN [] I 6 Ak 1] 387 8 A 5% 4% &
B AT AR SARAEHEAT T 400 o HET, X5 T8 A 25 4%k
P MBI B FR AR R T 25 2 P e 2 S U710
b8 3 R 22 S A Ak P02 L T O[] i X T A 2 o AiE %
SIS 2OVAE T TR, X A [ AR A G U A R M A3 1Y
WEFE D, (RIS, B /A AN [ A 5 Y AR 28 I R 22 [ 2
RN 7 5 UG

R, ABFSE LI (YK-T) . 2 (YK-A), MUK
(YK-B) 3 NEEGEEHAE TR R TEXS B, 3 A 55
FAEE AR SRR b R 3 D, REIRA
SN A 2 IR A rh R AR5 A 1 B0 R S e R
5T HS-SPME-GC-MS 454 #HX} 75 S0i% B {H (relative odor
activity value, ROAV) 3 3 AMFE il 2 [ 45 & 1 13 LA B o
BRI 22 5, LIRS () S 4038 T8 A 2 IR 7 <
vt 50 22 S R it — E A BB LA, S MO ) S 3t T A 2
T JBAE XU it o i A 5 a4

1 MR5ERZE

1.1 MR RS UEE

AR, KIS 357 g/bf, JEEHL R 24T 1045, R
B E AR BRI, 76 2008 4 # 7R R4 UG 4 hn T
TEWIN, ERmA RN AR m X
HEE) I 3 N SF AL KK S5 YK-T . YK-A \ YK-B,

O3 S A RE SR AR R (A L — 2 ) Y
(—H MR E, BESR ) MR(—F =M E
A S5 —2E i),

PR 2 TE (34l 2 E Sigma-Aldrich A#); Sk
BT ATEE) T (6 3 200 ) BT T R Ak~ A B A D)
JIEAT 3 5 FAAT BILIS 700 359 Ay ] 24 4 T A2 3 R0 A B2 vl 43
Mrati,

AOC-6000 CTC #EFEZF(F 1t CTC Analytic /A7]);
LFP-2500A 753 2 U e R iR AIL (RS 5 A RHE AT PR A 7)),
7890A-5975C HU S AH (1% i i A 4 (36 |5 Agilent A H]);
DVB/CAR/PDMS Bt M ZEH k(65 um, 35 Supelco 2%
H]); 65 um T H B F B (polydimethylsiloxane, PDMS) .
HP-5MS {4,3%41(30 mx0.25 mm, 0.25 pm)(3E [ Restek 23 1)
E-400 X0 ML T KRB 0.0001 g, | E&EHEFA R
NG
1.2 XWHE
1.2.1 M= EMBEREH

HS-SPME £{4: H{ 1.00 g Z5FEALA 20 mL T2,
JIA 20 pL 228 215 (10 mg/L)YE A FR, JIA 5 mL Bk,
WA, AFRIRIRS, BT 80 cCULH -
10 min J&, AT EAIFH SPME F4H, fith 250k,
T 80 CCHEAE TP B R ZEI 50~60 min, FFAEIBUAFIG, MAL
FAP U TS R SPME 4K, I RIAEERGK, 4k FAH, LA
PR EETFah bR, IrAREah A 3 IR, T8 R4,
122 MEEH

(1) GC &1+

PLAA(ZE>99.999%) F &R, #HAWHE: 1 mL/min,
3R HP-5MS (30 mx0.25 mm, 0.25 pm) R4, 1.5 min
JEFTIFHERE T, FERE LTI 250 °C. R b 7 W% B ek 1]
1.0 min; FHRAT: PILRIEE 60 °CIR¥F 2.0 min, /5L
3 °C/min FYEEEFHEZE 220 °C, FH#4%F 20.0 min,

Q) MS 41

HL B aC: HLFHL B (electron ionization, EDJR; BF
PRI 230 °C; FRREEECIRE: 280 °C; DU AT IR E
150 °C; 2= 1E494i: 40~400 m/z,

123 RHAEEH X

4l GC-MS 2 B8 U o 19 8 B T Eaig Rl 4%
M5 A AL T H s i A T BB ML ARG R [ R bR iR R R
(national institute of standards and technology, NIST)ZEVC it
Xof B | AT B RURF X e B Ay TR TR AL B4 AT . DA
PR LT AR, RN BRI E iR R M o i
M A ().,

B AR B B (mg/kg)=
FHUETIF X BRI & & (mg)
WFRIIE TR x £ & (kg)
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1.2.4 ROAV it H 7%
ROAV & IAR(2).

ROAV= Gi

A 2)

U G RN A A AR B, mg/kg; SR
[%{H i (odor threshold value i, OT,;)(F: A i A HAA 1y H—Fh
FERYRYERRNRZBERMERSHEKTHEFETEME,

mg/kg?",

1.3 HIEAE

BB ATINGE 3 IR, TP, st AR
fiiFi SPSS 26.0, Excel 2019, WPS Office 12.1.0, SIMCA 14.1
I Origin 2021,

2 HERE5HH

2.1 3NEREEERIBHEL MRS S

% HS-SPME-GC-MS %if 3 A48 2 575 A= 250 e A ok
AR, FRIEVCHCEE (= 80)briE, LU ERLEL 92 Fhig
KYERANEE D), HA YK-T 67F, YK-A 58 %, YK-B 61 %,
¥ IR FEERE A I 12 K2, Hh o5 FRIE 195,

FEJE 16 Fp . REALAY 14 B0, BESS 12 Fp . FdE 10 Fh .
ZRIMEEY 9 B . BEMEZE 3 AL RIRE 2 P, MRS 2 P
W2 2 Fh . WESS 2 Bl BRZE 1 P, 3 DY IHAE SR
FERHERPER A, AR EEUR FMERRD, K HHAE
WPIER MR FE R LIS R . BRRUK
AR EGY N F . 3 DHEHREEA LV AL, K
(YK-D¥E MY RS E R 16.14 mgkg, —H(YK-A)#E
RV S S EN 6.33 mgkg, PUH(YK-BYE R MY A
SN 6.07 mg/kg, HILAIA, YK-T AR Y RSB B
ARG, SRS SRR, R YT Sk
%, XAREEE A SR ERHUE &, NS T,
PN SR A B ), T SRR O A4S A S B T
HIARY T, Ko 1 A 5 ) B B e A AT — 2 S

YK-T &L ERIEBS TR T RS WIFREEZI, K
AT R MRS B & T HA M AN, Hrp, YK-T
HROR R | DY RS AE B A i T A A S AR
FERY B, X SR ESECIE T 45 R — 8 YK-A M T
YK-B SR, M, BE2E . 5 RIS RS LA .
B DL R & B, MlRS . M. mEEy
DL BiRAE A YK-B H YK-A B .

F1 IMEREELEFIOEHEERERS R E(=92)

Table 1 Volatile chemical components and content in 3 grades of raw Pu-erh tea storage samples (n=92)

g REME g ¥ 5 4 Srat it mg/kg)
/min YK-T YK-A YK-B
S
1 6.88 100-52-7 o C;HO 2.60£0.03 0.53+0.03 0.44+0.03
2 20.93 2765-11-9 T Ci5H30 0.07:£0.00 - 0.0140.00
S
1 9.38 100-51-6 IR B C7H;0 0.08+0.00 0.07+0.00 0.07+0.01
2 12.06 78-70-6 O R CioH;50 0.92+0.01 0.70+0.04 0.41+0.03
3 15.27 20126-76-5 (-)-4-Th5 i CoH;50 0.48+0.01 0.17+0.01 0.10+0.01
4 15.88 10482-56-1 (S)-a-FA T CoH;50 - 0.56+0.04 0.49+0.03
5 16.54 112-47-0 1,10-2% — % CoH»0, - 0.10£0.01 -
6 16.54 1502-05-2 oS B CioH0 0.210.00 - -
7 16.54 30689-78-2 14-F B 7S ik -8- M- 1 -2 Cy7H3,0 - - 0.050.00
8 17.50 26532-23-0 (2)-3,3- " H HH.C 3 4 CoH;50 0.35+0.00 - -
9 18.69 106-25-2 FEAE T CyoHy50 1.24+0.02 0.260.02 0.27+0.02
10 2522 1724-39-6 B et C1,H,,0 0.10+0.00 - -
11 29.34 35153-15-2 JGE-9.- |+ et s e Ci4Hx0 0.03+0.00 - -
12 30.15 112-70-9 = C;Hx0 - - 0.02+0.00
13 32.72 77-53-2 iEENIT] CisHy60 - 0.18+0.01 0.130.01
14 34.76 481-34-5 o-FERE AT CisHz60 0.070.00 0.05+0.00 -
15 44.87 505-32-8 SRR CaoHyoO 0.050.00 0.02:£0.00 0.03+0.00
16 49.96 150-86-7 T CyHsO 0.42+0.01 0.15+0.01 0.15+0.01
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R 1E)
‘ \ it /(mg/kg)
P CREHSTE] CAS 5 HER MY B ¥
YK-T YK-A YK-B
FEIEY
1 9.06 535-77-3 M-SR CioHy4 0.42+0.01 0.1120.01 0.07+0.01
2 11.59 27831-13-6 4-2 ) H-1 - ALK CioHis 0.08+0.00 0.03+0.00 0.03+0.00
3 15.42 91-20-3 % CioHs 0.18:£0.00 0.090.01 0.08+0.01
4 18.00 4463-33-6 2,3- LR CoH,,0, 0.08+0.00 0.03+0.00 -
5 18.01 494-99-5 3.4-Z A SRR CoH,0, - - 0.02:£0.00
6 20.15 91-57-6 2-HIgE-Z% CiHjo 0.24+0.00 0.09+0.01 0.09+0.01
7 20.25 54060-30-9 [ FER R CsHN - 0.03+0.00 0.03+0.00
8 21.23 634-36-6 1,2,3- = AR CoH,,0; 0.20+0.00 0.06:£0.00 -
9 23.67 135-77-3 1,2,4-= A IR CoH},0; 0.05+0.00 0.02+0.00 -
10 23.78 83-32-9 & CiHp 0.02+0.00 - 0.01+0.00
11 25.39 575-41-7 1,3- T HI3EZE C,Hi, - 0.02+0.00 -
12 25.39 573-98-8 1,2- T HI 32 CiHp, 0.04:£0.00 - 0.02+0.00
13 25.51 575-43-9 1,6- " HI k2% CHps - 0.01£0.00 -
14 28.12 644-08-6 4-H LR Ci3Hp, 0.01£0.00 - -
15 35.48 483-78-3 Rikls CisHig 0.06:£0.00 0.03+0.00 0.04:0.00
16 35.61 3075-84-1 2,2°,5,5>-I0 HTREI R CiHs - 0.07:£0.00 0.06+0.00
17 36.49 4536-88-3 2- ke Ci7Hog 0.05+0.00 - -
18 38.78 85-01-8 B8 CiiHyo - 0.0120.00 -
19 38.96 6418-44-6 3-H ke CisHsg - 0.01£0.00 0.01+0.00
S
1 29.44 96-76-4 2,4- 0T Kl CisHx0 0.18+0.00 0.0540.00 0.11+0.01
2 31.19 18979-50-5 4-NEHILR CoH,0, 0.22+0.00 0.100.01 0.12+0.01
1 13.99 91-16-7 AR A ik CsH 0, 0.07+0.00 - -
2 14.84 151-10-0 (1) 2 — F 7k CsH,00; - 0.01£0.00 0.01:£0.00
[7ES
1 18.17 63169-61-9 2-H LG R I Ci:H»0; 0.02:0.00 - -
A EY
1 20.62 629-50-5 =k Ci3Hyg 0.04+0.00 0.01:£0.00 0.03+0.00
2 23.78 92-52-4 N CiHyo - 0.01:£0.00 0.01+0.00
3 24.31 61142-52-7 1- T FE2- R e CisHog 0.04:£0.00 - 0.04:0.00
4 24.52 295-17-0 2 P Ci4Has 0.28+0.00 - 0.24+0.02
5 24.86 629-59-4 + g CisHsp 0.22+0.00 0.04+0.00 0.18+0.01
6 28.91 629-62-9 IEF AR CisHj, 0.04:£0.00 0.02+0.00 0.02+0.00
7 32.25 41977-40-6 1-H 32T 3L -1- 9 e -2- 1 R e CisHs 0.0120.00 - -
8 32.78 544-76-3 TN Ci6Hzs 0.09+0.00 - 0.05+0.00
9 32.97 295-65-8 E7 N A CiHz, 0.030.00 - 0.04+0.00
10 34.60 3892-00-0 2,6,10-=HI 34 Fi ke CisHss - 0.030.00 -
11 36.68 1921-70-6 [P TS5 CioHap - 0.020.00 -
12 39.97 629-94-7 B T CaiHay 0.04:£0.00 0.02:£0.00 0.030.00
13 40.30 638-36-8 LIRS CyoHyn 0.05:0.00 0.02+0.00 0.04:0.00
14 62.47 629-99-2 B CysHs, - - 0.01:£0.00
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Fz1(E)
g BENELga 2 ST AR mg/e)
/min YK-T YK-A YK-B
(135S
1 8.78 29050-33-7 4-E CioHig 0.040.00 0.010.00 -

2 9.22 5989-27-5 (H)-FTPE CioHs 1.09+0.01 0.50+0.03 0.3740.03
3 34.46 3856-25-5 7 P CisHy, - 0.030.00 0.03+0.00
M2k

1 10.64 5062-30-6 2,2-Z LR R L C1,H,,05 0.09:0.00 0.03+0.00 -

2 21.15 1450-72-2 1-(2-F3E-5-H FLOR B - 2T CoH,00, 0.03+0.00 0.02+0.00 0.02+0.00
3 21.66 552-41-0 1-(2-F8 3 -4-H LRI )- 2 TR CoH 405 0.1140.00 0.03+0.00 0.0240.00
4 24.18 23726-93-4 R Ci;H,50 0.060.00 0.0240.00 0.0340.00
5 25.96 127-41-3 o-5E % 4 C3H20 0.14+0.00 0.04:0.00 0.08+0.01
6 27.02 3879-26-3 AL I P i Ci3HnO 0.09+0.00 0.060.00 0.060.00
7 28.33 14901-07-6 S5 24T C13H0 0.33+0.00 0.20+0.01 0.20+0.01
8 33.66 119-61-9 ORI Ci3H,00 0.050.00 0.03+0.00 -

9 41.51 502-69-2 LR Ci3H30 - - 0.23+0.02
10 43.91 1117-52-8 e L T CisH300 0.07+0.00 - -

L ees
1 24.51 41446-66-6 (5E)-5-1 Duids Ci4Hag - 0.01+0.00 -
2 29.79 483-77-2 G- 5 5 M CisHy, - 0.010.00 0.0120.00
G
1 10.47 1072-83-9 2-Z, T s CeH;NO - 0.08+0.01 0.09+0.01
2 13.50 2314-78-5 1-2,3%-2,5- M e — il CsHyNO, - - 0.02+0.00
3 15.15 14049-11-7 2,2,6-?‘?%76-1%?%@%-2& C1oH50, 0.210.00 - -
1 MR -3 -

4 17.18 95-16-9 IR I g C;HsNS 0.2540.00 0.24+0.02 0.060.00
5 20.24 120-72-9 LIS CsH/N 0.06+0.00 - -

6 20.49 36431-72-8 ZRIRLE Ci3H50 0.010.00 - -

7 24.14 16096-32-5 4-HHL g CyHoN 0.030.00 - -

8 27.57 35355-35-2 5-FE BE-6,7- I KEZEIF kiR CiH,0; 0.030.00 0.02+0.00 0.010.00
9 29.20 132-64-9 ZRFFnkmg C1,Hs0 0.02+0.00 0.01+0.00 0.010.00
S
1 10.67 15206-55-0 4 R P CoHs0; - - 0.02+0.00
2 10.84 23405-15-4 ZRHR N-F2 R TR 10 0 e P CiHyNO, 0.40+0.01 0.19+0.01 0.07+0.00
3 12.22 41519-23-7 S T BRI B R CioH150, - - 0.13+0.01

4 15.90 80-26-2 VN ZUNTiH Ci2H20; 1.37+0.02 - -

5 16.01 119-36-8 TR R H i CsH0; 0.240.00 0.05+0.00 0.07+0.00

6 22.28 134-20-3 A1 B AR R Y g CsHoNO, 0.030.00 0.010.00 0.02+0.00

7 30.15 5451-52-5 FF i 28 g C1Hx0, 0.1140.00 - -
4421 112-39-0 R R Ci7H340, 0.2440.00 0.20+0.01 0.14+0.01

9 49.42 112-63-0 DAL CioH340, 0.1440.00 - 0.13+0.01

10 49.62 301-00-8 W RRER HY B CioH3,0, 1.46+0.02 0.78+0.05 0.61+0.04

11 50.42 112-61-8 Tili i 1 F i Ci9H350, 0.0120.00 - -

12 54.51 77-90-7 SRR = T e CaoH3404 0.010.00 - 0.0120.00
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Fig.l Distribution of volatile components types in 3 grades of raw
Pu-erh tea storage samples
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Fig.3 PCA model score chart of volatile components in
3 grades of raw Pu-erh tea storage samples
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Fig.4 OPLS-DA analysis diagrams of volatile components in 3 grades of raw Pu-erh tea storage samples
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Table 2 ROAV analysis of differential volatile substances in 3 grades of raw Pu-erh tea storage samples
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