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Abstract: In order to investigate the effect of vacuum freeze-drying on the aroma characteristics and volaile matter of instant tea powder,
headspace solid-phase microextraction combined with gas chromatography-mass specrometry (GC-MS) was used to analyze the volatile
components in concentrated Oolong tea extract and its tea powder prepared by vacuum freeze-drying. GC-M S analysis showed that 74 volatile
components were identified, with the main volatile compounds in concentrated Oolong tea extract being indole, 2-ethyI-furan, and para-cy mene,
and the main volatile compounds in the vacuum freeze-dried Oolong tea powder being indole, hexanal, and linalool. Cluster analysis showed
that nine volatile compounds, including 2-ethy Huran, disappeared, while 23 new volatile compounds, including hexanal, were generated after
vacuum freeze-drying. Additionally, the concentrations of 2-heptanone and (E)-B-ocimene decreased during vacuum freeze-drying, while the
concentrations of (E)-nerolidol and six other compounds increased simultaneously. The result of odor-activity values showed that (E)-2-nonena
and (E,E)-2,4-decadienal were the main odor-active contributors of the concentrated tea extract. As for the freeze-dried tea powder, the main
odor-active compounds were 1-octen-3-ol, linalool, and n-hexanal. These results indicated the significant effects of vacuum freeze-drying on the
volatile components and aroma charaderistics of concentrated Oolong tea extract and provided a theoretical reference for the production of
instant tea powder.
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Table 1 Identification and quantification of the volatile components in concentrated Oolong tea extract and vacuum freeze-dried Oolong
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tea powder
\ — y BRMRSF
F5 P X 4 AR RIF  RI°  X&EREC Aopmi=)ared R? ey T

1 2-% Jrk e - - MS - - 0.340.0 nd

2 -FATE - - MS - - 7.340.6 nd

3 2-Likekeh - - StdMS Y=42.523X0.122 0.994 534457 nd

4 E-2- KM - 748 StdMSPpl Y=7.033X-0.018 0.985  33.440.1 nd

5 I OEE 802 802  StdmMsp Y=10.029X+0.027 0.991 nd 22554121
6 N- T3k vk 815 812 Mspl - - 3.540.4 nd

7 2-F AT 847 - MS - - 2.540.2 nd

8 E-2-THilt 848 853  Stdmspid Y=12.820X+0.003 0.997 3.340.9 nd

9 Z-3- Sl 852 851 Mspid - - nd 2.940.3
10 AN 865 866  StdMSP1d Y=5.149X+0.009 0.999 nd 11.1+1.9
11 2- & R 890 898  StdMSP Y=41.183%X+0.094 0.990  37.4+17 18.842.5
12 BB 902 908 Mspli4 - - nd 8.040.9
13 E S 958 966  StdMSPM Y=29.955X-0.019 0.993  10.120.1 25.7+1.1
14 1- B B% 968 973  StdMspi4 Y=20.295X+0.008 1.000 nd 51.247.5
15 1-¥F 4388 978 983  StdMspi Y=49.874X+0.027 0.999 nd 41.146.3
16 6-F A-5-&f52-fF 987 987  StdMSPH Y=39.710X+0.134 0.982 nd 90.343.8
17 B- AN 990 990  Stdmspi4 Y=287.906X-0.452 0.999 nd 8.545.4
18 FES 1003 1008  Std MSPI4 Y=67.600X+0.033 0.996 nd 12.444.8
19 E-2-(2-/&M#)=k7 1004 1005 M S PpLe] - - 6.840.4 nd
20 p-4it)E 1025 1028  StdMSPi4 Y=520.248X-1.927 0.990  47.042.1  107.44318
21 2-THTEE 1028 MS - - nd 26.343.1
22 AR 1029 1029  StdMSP Y=316.926X-1.143 0.993 2.340.5 6.744.0
23 e 1033 1037 MsPpitl - - 5.540.7 0.420.0
24 3-F H-2-BR 1038 1042 Mspl - - nd 9.440.5
25 ENaL S 1042 1049  StdMSPl Y=14.497X-0.048 0.997  39.642.7 102.4430
26 E-5-F ¥k 1047 1048  StdMSPi4 Y=268.783X-0.687 0.997 1.240.0 0.349.3
27 y- T BE 1055 1057 Mspi4 - - 4,020.8 nd

28 T B /R B 1056 1056 Mspla - - nd 40.5+0.8
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29 K LA 1067 1070 mMspl - - 0.640.1 nd

30 E-2-FHi-1-5% 1069 - MS - - nd 1.640.0

31 FiEz 1071 1066 MspLd - - nd 11.748.8

32 3,5-3F = }-2-fr 1095 1097 Mspl4 - - 1.240.1 nd

33 i 1101 1104  StdMSPi4 Y=57.460X+0.003 0.994 3.540.3 144.9+12.0

34 B2 1105 1107 StdMSPi4 Y=148.935X-0.019 0.997 1.840.1 14.441.9

35 KB 1112 1118 M SPLe] - - nd 15.140.7

36 —A e 1133 1137  StdMSpHE Y=208.860X+0.252 0.999 nd 7.240.7

37 KT 1140 1144  StdMSpPl Y=18.561X-0.015 0.994  20.740.7 nd

38 Bt B B 1144 - StdMS Y=565.061X-0.021 0.995 nd 13.144.2

39 EaE S 1153 - MS - - nd 3.020.1

40 AL B A 1156 1153 M S P - - 0.320.0 nd

41 E-2-FHhft 1160 1165 StdMSPI Y=94.713X-0.045 0.994  6.440.0 nd

42 1-EF% 1172 1175 Mspl4 - - nd 9.64.1

43 1,358-+—#vak 1188 1189 Mspl - - 1.843.1 nd

44 o- 5 JoBF 1190 1195  StdMSPHE Y=71.581X-0.068 0999  0840.1 41405

45 FER LB 1199 1199  StdMSPHE Y=337.644X-0.233 0.994 nd 2.640.3

46 BALEE 1200 1204  StdMSPi4 Y=59.084X-0.004 0.999 4.740.3 nd

47 £ S 1206 1208  Std MSPI Y=11.584X-0.053 0993  6.740.4  1015+141

48 B-IATAREE 1219 1223 Mspl4 - - nd 1.940.0

49 i 1229 1227  StdMSP] Y=60.714X-0.038 0.991 8.440.0 76.841.9

50 (Z}S‘Z';Eﬁ £-26- 1241 1242  StdMSPl Y=83.452X0.014 0995 22401 52.444.8

F SR
51 - 1243 1250 Mspl - - nd 15.7+1.4
52 LR T B 1258 1257  StdMSPl Y=113954X-0.007 0.994 nd 1.740.3
(E)-3,7-=F #-2,6-
53 N 1272 1273 StdMSPi Y=129.113X-0.025 0.995 nd 59.243.6
F b

54 kS 1293 1295  StdMSPl Y=6.802X-0.020 0972 22124158  461.1458

55 +—8 1308 1311 Mspl - - nd 1.240.1

56 (E,E)-24-%—f#8% 1318 1323 StdMSPM Y=103.604X-0.020 0.991 2.540.0 nd

57 YEFEBE LB 1370 1367  StdMSPHE Y=270.447X-0.062 1.000 nd 1.740.4

58 Z-Z83-CHhBs 1385 1380 StdMSPUY  ¥=1110.940X-0102  0.990 1.240.0 5.340.2

59 LAt B 1387 1386  StdMSPH Y=383.288X-0.080 1.000 nd 1.240.1

60 X B R 1388 1384 Mspi4 - - 1.120.1 nd

61 TER TES 1390 1388 StdMSPM  Y¥=1065127X-0085  0.994  1.140.0 nd

62 KB LB 1398 1397  StdMspH Y=977.815X-2.453 0.983 nd 4.940.8

63 Z-K )8R 1400 1396 StdMSP14 Y=30.976X-0.001 0.993  0.7#0.0 nd

64 + =B 1411 1411 Mspld - - nd 0.740.1

65 Z-%H A AR 1457 1457  StdMSPE Y=405.970X-0.018 0991  0.7#0.0 6.54.0

66 Z-KH A By 1495 1497 Mspl4 - - 2424298 7.140.7

67 o-ik Rt 1511 1505 Mspl4 - - nd 0.620.0

68 O-AHAM 1529 1524 Mspld - - 1.0#0.1 nd

69 ZEHREAA B 1535 1539 Mspi4 - - 2.540.0 nd
BTR
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70 R 1549 1546 Mspi4 - - 1.140.0 nd
71 E-& e B 1567 1564  StdMSPi Y=125.203%X-0.513 0994  10.040.2 21.440.3
72 RS 1608 1620  Std MSPl Y=141.552X-0.387 0.997 1.240.0 2.640.2
73 " 2R 1615 1614 MspLi - - 0.340.0 nd
74 ¥ H BRBL FBS 1655 1645 Mspi4 - - 0.740.1 nd

iE: RP A ROCEMS Gtk 6918 @45 50 RIP RSk A4 RE I8 R RIRIE, SdAARESAE, MShikkthgk, PIl
ARAERGIHENS 0 BAELH UPEHEAD )5, 0 KFAAREERLEE; BARASEE, nd AT AN,
B4s (pgl) AFAA R ik - BA AN R T, TR Rk TR AR e
F 2 IRIRFUR T RS MRS ESE

Table 2 Odor-activity values (O AV) of the volatile components in concentrated Oolong tea extract and vacuum freeze -dried Oolong tea

powder
o FER 41 Atilg) i (ORY) okt
Regik AT H
(E)-2-Pentenal E-2- /M Bk 1500 0.02 - WE, EE
Hexanal A S 10f % 22.55 WA, &
(E)- 2-Hexenal 2- Tt 17° 0.19 - 25
Benzaldehy de R B 800° 0.01 0.03 A, #HeR M=Ask
Wk n-Octanal FE 30¢ - 0.41 AGE A, ok, PR
Benzeneacetaldehyde RTE 6.3" 6.29 16.25 A
Nonanal FH 1 1.80 14.40 BORA
(E)-2-Nonenal E-2-Fh 0.4f 16.00 - A
Decanal S 20° 0.34 5.08 wa, RE
(E,E)- 24-Decadienal  (E,E)-24-%—fifis 0.16' 15.63 - AR A
1-Heptanol 1- kB3 200° - 0.26
Linalool FiEEE 6° 0.58 24.15 A
1-Octen-3-ol 1-5 H-3-8% 18 - 41.10 Bk
BE K a-Temineol o5 FoBE 330° <0.01 0.01 A
Nerol FefL g 300° 0.03 0.26 A
(E)-Nerolidol E-#& it B 15° 0.67 1.43 A, EE
1-Hexanol I 92-97 - 0.12 A, A
6-Methy I-5-hepten-2-one  6- F J-5-/% ¥ 2- 50 - 1.81 HAEE, A, Fk
LEES 2-Heptanone 2- % ) 140° 0.27 0.13 RAE
(2)-Gerany lacetone Z-F+ 3 AR 60° 0.01 0.11 A, EARE
i (E)-p-Ocimene E--F ¥k 60° 0.02 <0.01 BE,
S-Myrcene - A K 15¢ - 0.57 A, RE
Limonene AR 10° 0.23 0.67 ThRE, 35
Indole w3 | w 140" 1.58 3.29 itA
e Gerany | acetate LB At B 150° - <0.01 i
para-Cymene p-4FesE 11.4° 412 9.4 AHAG A

E: BUESIE b AL LakFE], ak A XakP, bk ALK, ckh XaklB, dkaakl®, ek gaklP, fkg Lk, g
ko 5 XKD, bk B AR,

2.3 RIS AR TR AE R MR ERE (OAV) 247
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EIMEFEER, (ED)-2, 4-2 )aRE B A UHE )
k. GRR ) FEF TR 1-F 43T
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it LA RA S E IR, D9 RS A N 1e
ko

3 #ig

K HI HS-SPME/GC-MS T3k I 5 15 Je e WA ik
FE R T HEEIE S o e 74 g It
JRTY o WA 32 BN NE SO AN L 2- LR
MR p-spAeke, IRTR R 1 E A ) AE G
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THRUUSR T 2- LRI EE 9 Fhplesr, 3N 712
WE<E 23 Fpkr. AL, 2-PEliAN E-p- Pl i B A
AR TR UUS SRS, T BRI . MR,
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BRI 1131, AN IE O,

B bk
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