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Abstract: Key aroma-active and non-volatile compounds in four commercial instant Pu-erh teas were systematically
analyzed to clarify their flavor characteristics and material bases. The flavor compounds were analyzed using sensory evaluation,
spectrophotometry, high-performance liquid chromatography (HPLC), and headspace-gas chromatography-mass spectrometry (HS-
GC-MS). Sensory evaluation revealed a flavor profile characterized by aged, roasted, floral, and fruity aromas. The mass fractions
of tea polyphenols, soluble sugars, and free amino acids in the samples were 13.16%~19.19%, 9.99%~12.78%, and 2.54%~4.00%,
respectively. The total catechin content measured by HPLC ranged between 24.82 and 104.21 mg-g '; the total content of 17
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amino acid components ranged between 4.09 and 20.71 mg-g'. HS-GC-MS detected 68 volatile compounds. Among them, six

had relative odor activity values (rOAVs)>1, including linalool oxide (floral and citrus aroma); beta-myrcene (floral and fruity

aroma); 2-methylpyrazine (roasted aroma); 1,2,3.4-tetramethoxybenzene (aged aroma); butyraldehyde (light aroma); and pentanal

(fruity aroma), which were identified as the key aroma compounds. In conclusion, key volatile and non-volatile compounds in four

commercial instant Pu-erh teas were analyzed in this study, providing a theoretical foundation and scientific basis for future quality

evaluation and process optimization of related products.
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Table 1 The sensory evaluation results of four commercially available instant Pu-erh teas
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Table 2 Contents of tea polyphenols, soluble sugars, and free

amino acids in four commercial instant Pu-erh teas

A B C D

%8  1511£213" 1656296 13.16+2.02" 19.19 +244°
T 2.53+0.40" 3.00+0.11° 3.02+0.45" 3.12+0.34°
B RAR 3.19+0.16° 2.54%0.15° 4.00£0.20° 3.84 *0.30°
A RFPWRA TR WM+ FRIRT AT, ANEF
BEHIAREANFFEHAFE (P<0.05).
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Table 3 Contents of catechin in instant tea samples (mg-g ')

L A B C D
GC 1036 1.04° 7.70 £1.22° 13.72 +1.78° 12.42 +1.39°
EGC 6.68 +2.08° 3.92 £0.37" 4.49 £0.39" 3.83 £0.40°
C 4.78 £0.43° 3.79 £0.48" 11.28 +1.95° 7.87 £ 0.46°
R EGCG 8.02+0.23 2.25+0.62° 20.22+4.05  33.10+2.30°
ILRE
EC 6.98 +0.33" 420+0.47 12.55+2.02° 15.07 £ 0.75°
GCG 3.05+0.15° 1.23 £0.22° 10.96 +2.25° 5.62 £ 0.40°
ECG 6.60 £0.39" 1.11+0.18 17.70 + 3.64° 24.9 £1.76°
CG 0.78 £0.07" 0.63 £0.13" 1.34+021° 1.40 £ 0.08"
feangk 3.89+£0.27° 1.36 £0.44° 10.13 £ 1.50° 478 +0.31°
T 6.43 £1.96° 3.49 +0.76" 10.39 +3.94° 8.29 £3.16°
s tEE 2.96 +0.48° 2.15+0.58" 4.90 +0.92° 3.44 £0.22°
FES , , .
MR & 0.30£0.18" 0.34+0.18" 0.99£0.21° 0.57 £0.07°
AEFEF 0.07 £0.07" 0.13 £0.07° 0.28 +0.04° 0.14 £0.01°
L Ay 0.08 +0.02" 0.08 +0.02" 0.11+0.02° 0.11+0.01°
e A%, 66.47 +1.17° 6338+ 848" 63.82 +9.36° 55.99 £2.93"
& 4k
BB 0.76 £0.07" 0.69 +0.14" 0.64 £0.10" 0.50 £ 0.03"
- SRICE 11.51 £ 1.04° 12.80 £ 1.85° 16.111.17° 12.09 + 1.70°
5
AT 2.51+0.62° 0.90 + 0.60" 1.87 +1.40° 1.68+2.21°

A RFPMRASER CPHME £ AR AT, WA EZFEERIURRDBFERFE (P<0.05).
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R4 FRLEZXSEBRASEE (mgg')

Table 4 Contents of amino acids in instant tea samples (mg-g ')

AR A B C D

RABBR Asp 1.96 £0.59° 1.67£0.52° 0.52 £0.02° 2.97 £ 0.69°
R Glu 0.18+0.01° 0.14 +0.02° 0.08 £0.01° 0.22+0.05°
R Ser 0.25+0.03 0.20 £0.06° 0.16 £0.02° 0.43 £0.26°
20 BB His 0.35£0.07° 0.26 £0.12° 0.07 £0.01° 0.49 £0.10°
H AR Gly 0.17 +0.04° 0.12+0.01° 0.10 £0.01° 0.16 = 0.04°
R Thr 0.100.01° 0.09 £0.01° 0.11 +0.01° 0.11 +0.02°
SR Ala 0.32+0.03 0.26 + 0.06° 0.22+0.01° 0.47 +0.18°
FRBR Thea 5.82+323" 471 +2.48 0.17 +0.01° 10.45 £2.06°
LR Arg 0.71+0.13° 0.57+0.21% 0.45 +0.05° 0.82 £0.32°
BE R BR Tyr 0.65 £0.09° 0.53£0.07" 0.37 +0.02° 0.80 +0.15°
F AR Cys 0.01 £0.00° 0.01 £0.00° 0.01 £0.00° 0.02 £0.00°
»HEIATE  GABA  0.04%0.01° 0.03 £0.01° 0.04 £0.01° 0.05 £0.02°
e Val 0.08 £0.02° 0.07 £0.01° 0.09 £0.01° 0.08 £0.01°
VERABA Met 0.92+0.14° 0.68+0.19° 0.43 = 0.03" 1.26 + 0.49°
ENGE V3 Phe 0.72+0.20° 0.51+0.15" 0.32 =0.02° 1.14 +0.47°
St AR Ile 0.45 +0.04° 0.39+0.08" 0.34 +0.02° 0.56 +0.19°
TR Leu 0.40 +0.08% 0.34+0.13° 0.52+0.01° 0.49+0.18"
LB Pro 0.12+0.07° 0.09 = 0.06" 0.09 % 0.02° 0.19£0.15°

E: RFPYRAER PHM £ AEIR kT, AN EFREFRARRE DT FEIFE (P<0.05).
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Fig.3 Kinds of volatile compounds in instant Pu-erh tea
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Table 5 Relative content of volatile components in instant ripe Pu-erh tea (%)

PC1 (35.9%)
4 EERABFIERMEY IR PCA S

Fig.4 PCA analysis of volatile compounds of Pu-erh instant tea

KA AR 4% % B 18] /min 1 X A B C D
2- 9k T AEEL LB 1.549 C;H;0,S — 0.01£0.00 0.02+0.01 452+139
2-(4- T PR IR TR 2-H-1-28 ) AEE 13.657 CoHO  022£0.04 034%0.08 035+0.01 0.35+0.04
LB 15.604 C,H,0, 0.06+£0.02 0.02+0.00 0.56+0.08 047+0.17
j‘i HRBE 16.885 CsH,0, 465+121 352+024 540%029 2.77+0.12
A S B 17.863 CoHO,  0.12%£0.02 0.54+0.11  0.12£0.01 0.21*0.04
SR B 18.852 CH;0 0.14+0.03 0.12+0.02 021001 2.68%0.36
2- A Jr-1-B5 20.526 C;H,0 12.64+437 852+4.65 7.80+3.13 1.86+0.84
------ TE 1.707 -“E;HSO 138+0.43 0.85+032 244+045 122+0.38
JR B 2.282 CsH,,0 248+0.77 1.87+050 4.46+2.19 2.98+0.83
i i3S 2.918 CsH,0, 0.05+£0.04 0.08+0.03 0.13+0.03 0.04+0.02
5- 1 Hh ek v B 15.675 CeHe0, 0.22+0.02 0.71£0.07 0.07+0.02 0.10+0.03
4(1,1-=F R ) KRB 19.753 CuH O  0.08%0.03 0.07%0.02 0.19£0.01 0.07%0.01
------ 25-ZHARTH 5.404 maH604 0.18+0.09 0.08+0.03 0.10=0.06 0.18=0.08
P 12.218 C,H,0, 0.33+0.07 0.56+0.08 0.76+0.06 0.62+0.06
AR 15.494 C;H,0, 0.72+024 137+0.08 1.08+0.08 0.66+0.11
T 16.378 C,H;0, 0.22+0.04 020+0.01 039+0.03 0.32+0.03
34K T 16.957 CH,0, 0.04+0.01 0.11+0.02 0.05+0.01 0.03+0.01
iﬁi‘ F R 17.089 CH, O,  0.18%0.03 030%0.02 054%0.03 0.65%0.08
(2)-2-F A -2-THrdk 17.395 C5H;0, 0.23+0.04 0.10£0.00 0.12+0.01 0.08+0.01

A ARER 18.466 C,H,,0,  0.14£0.03 — — —
3-W k- R AR 19.948 CH O,  026+0.04 031+0.02 026+0.02 0.25+0.03
N 20.034 CHN,O; 0.14+0.05 042+0.02 037+0.03 0.31+0.08
E 22.705 CH0, 0.01£0.00 0.02+0.02 0.01+0.00 0.13+0.05
------ FREBRT By 19.118 -"(-3-8"H7NS 0.19+£0.04 0.17+0.01 022+0.01 2.42+0.29
< LERAR LB 19.567 CpHyO,  0.10%£0.02 0.180.01 0.10£0.02 0.04 £0.01
* Z SRR B 22.007 C,H, O, 029+005 032+0.03 022+0.03 0.03+0.01
AR W BR = T AS 23.063 C,H.,O0, 20.61%640 0.08+0.02 0.03+0.02 0.04+0.02
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&3R5
EA A 1% % 8 18] /min X A B C D

2-LEAK 15.893 CHpyO  0.10£0.03 020%0.01 030%0.02 0.18+0.03

1- LR T -1-H-3- 6.541 C¢H;0 0.79+0.19 0.69%0.14 242+0.19 1.04%0.17
o ATk 1.560 C,HCI 0.01+0.01 0.05+0.03 022+0.05 1849+2.14

* LIE-§- % Ny -3 22.589 CeHN 0.08+0.04 0.04%0.01 0.10+0.01 0.07%0.00

B A b 18.587 CoHyg 091+0.11 0.12%0.02 239+0.14 1.24*0.05

3-ARAI 20.540 C¢H,, 557+390 721+3.84 466190 1.86=191

------ 4- 33 R b-2-BA 5.477 ""(;6-}1100 0.14£0.08 023+0.05 1.60+0.30 2.51+0.29
1-(1H-skwe-5- 2 ) KA 12.966 CHLN,0  020£0.05 0.11+0.04 027+0.02 0.16+0.01

4-38 K M -1,3- = 15.845 CsH,0, 029+0.13 036=0.04 012001 0.11£0.02

(E)-4- & M -2- ) 16.989 C¢H,,0 464+123 351+025 539+028 277+0.12

iﬂ #IL R 17.090 C;H,0, 0.18+0.03 030%0.02 0.54+0.03 0.65=0.08

R RER 17.783 CsHO 097+0.12 1.10+0.05 0.68+0.08 0.79+0.06

2,4-—H AR T 18.253 CH;0, — 0.47 £0.06 — 0.04 £0.01

2,5- =K 4-F 2K LA 20.086 CH,O;  0.03£0.01 044%0.04 0.02£0.00 0.03+0.00

X LEA 21.285 CgH,O 0.11+£0.03 0.05£0.01 0.05+0.01 0.01+0.01

------ 2- FAAAR 14.496 mé;HuO 0.14+0.03 0.12+0.03 034=0.02 0.43=0.03
AR RIS H R 16.118 CHNO  13.74+143 1489+1.34 1326+0.66 10.11+0.62

= 4- FARAFR 16.246 CoHyy 0.15+0.05 0.02+0.02 052+0.03 252=0.13
& 2- ¥ AL -5- RIALREY 16.314 CHNO,  029%0.04 032£0.03 030£0.02 0.27+0.03
1;3 1,2,3,4- 09 ¥ ALK 20.694 CoH 0,  0.13%£0.02 048%0.04 0.09%0.00 0.05=0.01
# 3- BT ARE 21.082 CoHi 0 0.09%0.01 0.07%0.01 0.10£0.01 0.12+0.02
3,5- =BT A RE 21.751 C,.H,,0 170028 044+0.03 126+0.15 1.31+0.11

2- WA -5- FHE R 16.517 CsH,,NO 3.04£05 230+029 4.65+025 3.02+0.15

------ 1- ¥ Hhoikes 5.642 C;H7N 033+0.13 090+0.17 041004 0.60%0.10
1- etk 6.537 CeH,N 517+0.87 497+1.07 1539+1.25 9.75+0.53

i 2- F Aotk 8.613 CsHeN, 3234125 1221£0.58 2.64+037 2.63+0.23
1 1,2,5- = F 3hoiked 9.199 CH,;N 0.20£0.07 0.64+0.14 0.88+0.04 0.57+0.09
f;] 2- Tkt 10.262 C¢H,N, 033+0.19 152+020 036%0.05 027%0.06
2,3,5- = ¥ ikobea 11.923 CHN,  048+022 0.72+0.08 0.50+0.03 0.31+0.04

3H- 2 Aatebde 21.957 C;H N 0.02+0.01 0.01+0.00 0.13+0.01 0.02+0.01

------ N R IR B AU 2.856 -(-:;ﬁ-%msu 1.16+0.83 0.16+0.08 0.44+026 0.48+0.31
+ v W R AE R 13.640 C,H,0,8i,  0.01£0.01 0.02+£0.01 0.01£0.00 0.05+0.02

it{; ool RN R 16.216 CisHiOgSis  0.01£0.01  0.03£0.01 0.01£0.00 0.13*0.04

5- Bk -1H- wbod -4- F ik 10.254 C,HN, 0.13£0.07 0.88+0.11 0.09+0.02 0.11 +0.06
M ) A 14.817 CH\N 849+1.07 17.72+1.08 11.96+0.71 12.70 0.68

------ SEE S A 16.709 ---é-;ﬁgNo 0.06+0.02 0.15+0.02 0.05+0.01 0.06=0.02
E’; AR K F Bk 17.510 CH, 0,  0.02+0.01 3.83+035 0.01+0.00 0.77+0.09
ARRIER B 17.728 CH,NO  1.12+0.14 133+0.16 148+0.05 0.51+0.05
E: RTHRAER CFHMA + AR AT, 7 ATARNEZHR.
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Table 6 Aroma contribution of volatile compounds in instant Pu-erh tea

B ppsy O LNEE oAy Fasi
(ngkg’) A B C D
S AEEE 6 9.37 11.91 14.17 50.10 feA . HAEE
K EE 100 0.66 0.16 1.48 37.69 ik
LB LB 2 000 0.03 0.01 0.03 0.03 b
ZASREAL A B 500 0.28 0.08 0.31 0.08 RE Bdor
B A b 13 33.42 1.21 128.47 133.89 A RE
AR 500 0.14 <0.01 <0.01 <0.01 AT bk
4- 9 30K -2- TR 200 0.34 0.15 5.56 17.67 HA . A
2- ¥ otk 250 6.38 6.53 7.43 14.85 A
2- Tkt 600 0.27 0.34 0.42 0.62 B TR
KT 65 0.81 0.10 0.55 0.19 1B R A
AREE 100 0.21 0.10 0.89 0.58 kA, Bz
1,2,3,4-v9 F 5K 0.64 100.00 100.00 100.00 100.00 44
4-FRAF R 5500 0.01 <0.01 0.07 0.65 4
THE 57 11.29 1.98 30.03 29.79 A
REE 200 6.01 1.26 15.63 21.23 RAE

E: B RRT (A st BAAIL % R B ).
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Fig.5 Characteristic volatile compounds in instant Pu-erh tea
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