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Abstract: The fresh leaves of Piper betle have a unique spicy flavor and are usually used as a plant ingredient for chewing betel nut in
southern China. In order to explore the volatile constituents of P. betle fresh leaves, the volatile components were extracted by different methods
(steam distillation, headspace solid-phase microextraction, ultrasonic-assisted n-hexane extraction and ultrasonic-assisted dichloromethane
extraction) and analyzed by gas chromatography-tandem mass spectrometry. The results showed that a total of 92 volatile constituents were
extracted and identified, and the volatile constituents with relatively high contents were phenols, alkenes, esters and alcohols, with the main
compounds being chavibetol, eugenol acetate, germacrene D,4-Allylpyrocatechol diacetate, S-caryophyllene and y-muurolene. The number of
volatile constituents extracted by steam distillation was the highest, with a total of 60 compounds being identified. There are 53, 42 and 25
volatile components, respectively, extracted by solid-phase microextraction, ultrasonic-assisted dichloromethane extraction method and
ultrasonic- assistedn-hexane extraction method. Seventeen common constituents were extracted by the four extraction methods, with 20 unique
volatile constituents obtained by headspace solid-phase microextraction, and 18 unique constituents by steam distillation extraction. The types
and contents of volatile constituents obtained by the four extraction methods differed largely. For the purpose of extracting volatile active
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components, steam distillation is more suitable for the extraction of volatile active components. Solid-phase microextraction combined with
steam distillation can extract more comprehensive volatile constituents from the fresh leaves of Piper betel. This study provides a reference for
the development and utilization of the volatiles constituents of P. betle leaves.
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Fig.1 The total ion chromatogram of volatile constituents

from P. betle leaf by four extract methods
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Fig.2 The relative content and types of volatile constituents (a)
and Venn analysis of four extract methods (b)
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Table 1 Volatile chemical compounds of P. betle leaf extracted using different extract methods

RE 4R AasE &2 1%
s o & il /i A o X 2 5 a 5 ¥ a9 A
Vi A 8] /min 1ot 4 AR 5F K CAS 5 UYEW§ S A el J?éi}b ,‘;g}‘;lm 7]3{3; 4’32221

1 6.71 Origanene CioHig  2867-05-2 870 931 929 Mk - - - 0.02
2 6.77 a-J& M o-Pinene CyoHs 80-56-8 917 934 937 M 2k 0.40 0.19 0.04 1.30
3 7.25 3 Camphene CioHis 79-92-5 944 953 952 g - - - 0.48
4 7.56 X ¥ B Benzaldehyde C/HsO 100-52-7 827 966 962 233 - - - 0.06
5 7.84 B-J& N B-Pinene CyoH1s 127-91-3 839 978 979 Wk - 0.02 - 0.17
6 7.86 A4 Sabinene CyHis  3387-41-5 904 979 974 S - - - 0.06
7 8.15 2,2,4,6,6- 1 F A )% 2,2,4,6,6-Pentamethyl-heptane CpoHys  13475-82-6 837 990 991 wEE 029 - - -

8 8.29 A AEH f-Myrcene CyoHy 123-35-3 955 996 991 S - - - 0.25
9 8.70 CER v+ B B cis-3-Hexenylacetate CgH1,0, 3681-71-8 914 1012 1005 A & - - - 0.03
10 9.16 A1 4=3% %2 m-Cymene CyoH1s 535-77-3 858 1030 1023 S - - - 0.01
11 9.24 A&zt BZ Eucalyptol CyHigO  470-82-6 934 1034 1032 Bz & - 0.04 0.07 0.84
12 9.25 R Dipentene CyoHag 138-86-3 927 1034 1030 e - - - 0.31
13 9.32 T A3R Tz n-Butylcyclohexane CyHy  1678-93-9 890 1037 1030 pr% - - - 0.24
14 9.48 (2)-B-F ¥ (Z)-p-Ocimene CypHs  3338-55-4 926 1043 1038 S - - - 0.14
15 9.64 (E)-B- T %% (E)-B-Ocimene CipHys  3779-61-1 943 1049 1049 e 0.25 0.05 0.01 0.50
16 9.66 X LB Benzeneacetaldehyde CgHgO 122-78-1 934 1050 1045 73 - - - 0.05
17 10.95 Z428% Linalool CyHigO  78-70-6 912 1101 1099 Bz & 0.69 0.11 0.29 0.16
18 11.91 AR ez Pentylcyclohexane CuHy,  4292-92-6 900 1140 1135  wprk - - - 0.15
19 12.68 LERF B Benzylacetate CoH1O,  140-11-4 886 1172 1164 (RS - - - 0.02
20 13.24 ¥ B o-Terpineol CyoH10 98-55-5 884 1195 1189 BE K - - 0.04 -
21 13.44 KB F Bs Methylsalicylate CgHgO5 119-36-8 924 1203 1192 S - - - 0.06
22 1351 #AAREY F B Estragole CyH1,0  140-67-0 951 1206 1196 e - - - 0.70
23 13.70 2,6-—% 3 +—}% 2,6-Dimethylundecane CisHyg  17301-23-4 812 1214 1210 JERCES - 0.02 - -
24 13.89 2,8-—% 3+ —}% 2,8-Dimethylundecane CisHyg  17301-25-6 841 1222 1220 JREES - 0.02 - -
25 14.71 4=+ 8% Geraniol CyoH10 106-24-1 946 1258 1255 Bz R 3.83 - - -
26 14.80 &> Chavicol CgH100O 501-92-8 917 1261 1255 Bk - - 0.20 0.70
27 14.87 2-% 3+ =% 2-Methyldodecane CisHyg  1560-97-0 804 1265 1264  Jpr%E - 0.05 0.01 -
28 15.25 2,6,11-= ¥ A+ =)z 2,6,11-Trimethyl-dodecane CisHsy  31295-56-4 833 1281 1275 ik - 0.10 0.03 -
29 15.75 —+ =% Tridecane Ci3Hog 629-50-5 898 1302 1300 PERCES - 0.05 - 0.02
30 16.29 4,6-=F 3+ =% 4,6-Dimethyl-dodecane CuHs  61141-72-8 824 1327 1325  Jpppk - 0.06 0.02 -
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Gk 1
PR a4 AT EZ 1%
A% BtE/min o 4 AR 2F X CAS 5 TS A% EdE AT KRA  BH
MR i A

31 16.42 A% Elemene CisHyy  20307-84-0 830 1333 1338 Mk 0.75 0.31 0.48 0.04
32 16.79 A-¥i 7 F KBy B 4-Allylphenylacetate CuHpO,  61499-22-7 961 1349 1351 LEES - - 0.48 -
33 16.91 o-2E 7% Ak s o-Cubebene CisHpy  17699-14-8 917 1355 1351 Wk - 0.04 0.06 0.41
34 17.08 T 4% Eugenol CyHpO,  97-53-0 911 1363 1357 Bk - 0.06 0.25 0.09
35 17.35 ¥+t Chavibetol CypHpO,  501-19-9 929 1375 1377 Bk 6479 16.91 56.69  27.38
36 17.51 o-7T .4 a-Copaene CisHpy  3856-25-5 907 1382 1376 e 0.77 0.34 0.42 3.44
37 17.72 B-3% 3 ¥ p-Bourbonene CisHyy  5208-59-3 865 1391 1384 PATES 0.45 0.33 0.34 0.64
38 17.81 P-BE7E My f-Cubebene CisHyy 13744155 880 1395 1389 Mk 0.36 0.57 0.07 1.98
39 17.84 S-¥EAHs p-Elemene CisHos 515-13-9 821 1397 1391 Mk 2.12 0.62 0.71 1.16
40 17.90 -+ 9% Tetradecane CuHz 629-59-4 891 1400 1400 k% 013 - - -
41 18.07 ¥ 3L T 48 Methyleugenol CyH10,  93-15-2 924 1408 1402 Bk - 0.08 0.40 0.36
42 18.13 + =& Dodecanal CpH,O  112-54-9 949 1410 1410 BAE - - 0.25 -
43 18.32 (2)-a-FH742 45 (2)-a-Bergamotene CisHyy  18252-46-5 800 1420 1415 Mk - 0.04 0.05 0.06
44 18.47 -7 4k B-Caryophyllene CisHos 87-44-5 975 1427 1419 Mk 3.50 3.01 3.83 27.25
45 18.67 cis-f-Copaene CisHpy  18252-44-3 921 1436 1432 Mk 0.54 0.25 0.32 0.32
46 18.72 y-BL & ¥ y-Elemene CisHyy  29873-99-2 847 1439 1433 M R 0.14 0.09 0.04 -
47 18.75 a-FA7# My a-Bergamotene CisHyy  17699-05-7 816 1440 1435 e - - 0.02 0.03
48 18.89 (+)-F#H Aromandendrene CisHos 489-39-4 939 1447 1440 S - - 0.07 -
49 18.99 IsogermacreneD CisHpy  317819-80-0 941 1452 1448 e 0.21 0.09 0.12 0.04
50 19.12 Cadina-3,5-diene CisHyy  267665-20-3 843 1458 1458 Wk - - 0.03 0.06
51 19.19 a-% #r ¥ a-Caryophyllene CisHyy  6753-98-6 932 1462 1454 Wk 1.13 0.54 1.00 2.66
52 19.38 cis-Muurola-4(15),5-diene CisHyy  157477-72-0 878 1471 1463 e 0.23 0.07 0.08 0.17
53 19.49 B K-+ T 4B trans-Isoeugenol CisHos 5932-68-3 808 1476 1454 Bk - - - 0.53
54 19.64 y-R 2ty p-Muurolene CisHpy  30021-74-0 959 1483 1477 Wk 3.14 147 2.53 403
55 19.76 Z-+t# DGermacreneD CisHpy  23986-74-5 963 1489 1481 Wk 7.50 431 435 17.07
56 19.88 B-ZAH#Hs p-Selinene CisHyy  17066-67-0 865 1495 1486 Wk - - 0.08 -
57 19.91 1E+ #4% Pentadecane CisHa 629-62-9 809 1496 1500 JRCES - 0.07 0.02 -
58 20.03 P-5AEAM y-Amorphene CisHpy  6980-46-7 874 1502 1496 e - - 0.41 -
59 20.05 (ZE)-0-i% ot (Z E)-a-Farnesene CisHpy  26560-14-5 874 1503 1491 Wk - - - 0.05
60 20.06 o~ 2 3h K a-Muurolene CisHpe  10208-80-7 828 1504 1499 Wk - - 1.38 -
61 20.07 IR K ARA+ M Bicyclogermacrene CisHyy  24703-35-3 928 1504 1495 e 1.66 0.84 1.17 3.50
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PRE FE4 AR*EF1%
F5  BFE/min Aot 4 A TN CAS & TRE® | £% EoHE ZATRE KKA Al
AL S an s am mEm
62 20.27 y-AARHs y-Cadinene CisHa4 39029-41-9 854 1514 1513 iES - - 0.22 0.16
63 20.29 S-AAHs B-Cadinene CisHa4 523-47-7 800 1515 1518 Wk - - 0.20 -
64 20.29 2,4- =4 T £ KB 2,4-Di-tert-butylphenol CysH,,0 96-76-4 937 1515 1519 Bk 0.89 0.63 0.14 -
65 20.34 2,4,6-Triisopropylphenol CisH,,0 2934-07-8 808 1518 1516 2 - 0.08 0.01 -
66 20.40 -7 FHs a-Bulnesene CisHa, 3691-11-0 890 1521 1505 e - - - 0.74
67 20.45 Cubebol CisHysO  23445-02-5 910 1523 1515 Bz & 0.36 0.18 - -
68 20.58 S-AAN M 6-Cadinene CisHos 483-76-1 895 1530 1524 S - - 1.12 0.52
69 20.63 LB T AFris Eugenolacetate C1oH1403 93-28-7 926 1533 1524 B - 16.96 13.52 0.04
70 20.73 (E)-* 4.4 & ¥ (E)-Calamenene CisHyy  73209-42-4 906 1538 1529 S - - - 0.13
71 20.88 a-HAMH o-Cadinene CisHy, -~ 24406-05-1 811 1545 1538 S - - 0.03 0.06
72 20.91 Cadine-1,4-diene CisHoy 16728-99-7 885 1547 1533 S - - - 0.07
73 21.01 o-—% 5.8 #H a-Calacorene CisHyp  21391-99-1 828 1552 1542 E S - - 0.01 0.04
74 21.30 KARA=+H BGermacreneB CisHos 15423-57-1 882 1567 1557 P - 0.05 0.04 0.09
75 2151 Maaliol Ci5H,60 527-90-2 890 1577 1574 Bz & - - 0.10 -
76 21.65 GermacreneD-4-ol CisHysO  198991-79-6 855 1584 1574 BE K 0.06 - -
7 21.71 [-Spathulenol CysHs O 77171-55-2 849 1587 1577 BE K - - 0.08 -
78 21.84 A% Globulol CisHsO  51371-47-2 925 1594 1583 BE K - - 0.49 -
79 22.02 %4t 8 - &8 Viridiflorol Ci5H,60 552-02-3 903 1603 1591 BER - - 0.69 -
80 22.50 TR+ T 4 Erfs 1soeugenolacetate C1,H1405 93-29-8 800 1629 1620 EES - 0.04 - -
81 22.52 Junenol CisHxO  472-07-1 924 1630 1617 ARk - - 0.22 -
82 22.66 Cubenol CisHyO  21284-22-0 863 1637 1642 BE K - - 0.31 -
83 22.89 4-F R IR AR — By — TER Bs 4-Allylpyrocatecholdiacetate CisH14,O4  13620-82-1 945 1650 1643 (S - 49.19 3.26 -
84 22.99 Muurolol CisHsO  19435-97-3 832 1655 1645 BE K - - 0.35 -
85 23.16 o-545 582 a-Cadinol Ci5H,60 481-34-5 916 1664 1653 S - - 0.87 -
86 23.18 Neointermedeol CisH260 5945-72-2 864 1665 1660 EES - - 0.29 -
87 2377 4(15),5,10(14)- kARA "t = #-1-B% ent-Germacra-4(15),5,10(14)-trien-1-0l  CisHyO  81968-62-9 917 169 1695 BE K - - 0.07 -
88 24.03 iE L)% Heptadecane Ci7H36 629-78-7 818 1711 1700 PR TS - 0.05 0.01 -
89 26.31 #74H—% Neophytadiene CyoHss 504-96-1 936 1840 1837 e - 0.17 - -
90 30.71 AR BZ Phytol CxoH1O 150-86-7 815 2115 2114 BE K 0.52 - 0.02 -
91 32.12 #2 JIEBS LER RS Stearylacetate CoH400, 822-23-1 904 2210 2208 S - 0.48 0.07 -
92 34.75 IE —+vg9ix Tetracosane CysHsp 646-31-1 843 2400 2400 JeRES 0.26 - - -
JE: a AW RERE S NIST 23B47 R0 B LB, RKAAA 1000; b Ao NIST 485 T otk G ia4k, < RTAREm 2|,
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T2 - [E] A Bl 3 BRI T R )4 R M 1o TR AR
WED, FHEAC M T A - AR B B R S0
ECRAEZE M R RSy, S T 27 ML AW,
FEy 2-HIEH-5- RS (42.89%). 7 T &M

(13.42%). HIMUIHESIREE (12.49%). 4-J#TAE-1,
- LBHEEETE (9.47%). WM (2.89%). AHIF
KT - A AR AL 45 8 T 53 Filsy, S
BRIIET 5 MG A R (27.38%) -7
#55 (27.25%) T M-I D (17.07%) y-A 23 (4.03%)
FIBOA KA (3.50%). Hrh, {b&WFp i
TR, AR PSRBT VAR ) 3 B R A
SRAEZES, TTRESFERI . SRR ], B
BPRERZREM. 55 BT A2 R4
W%, AFFE SRR SRR EY)
eI S 48K, REFHF—4FR, BERFIHPIT CAS
5, UG EAKTRR. Nk, ARV ER
w3t CAS 5, AR T RS T IIR LT

EMHEROME SRR E M EY), et
By, THEB. 5 TEFR. LR T HWEE. 405N
Ky RS HIMUY . BRI B PR LT A
s, HAEmmy, TER. 51 EmEREHE R
FEVEMERGY, WM EHIRIRE Sy, BAR
ERPIRE PLR SRR, ARTTCR AN 4
FHEREUT VA, IE O ARG E M & G
B AHARAINE] T WS . KRR
PAFIIZE YR T BB E ML S & A
AW FCR A IO & A R, KEHEHER
THMITREUH Clevenger 2& B I/KZES ML, ATFE
RPN, (HiZ iR U T e, i H
FEIH 05 3 IR % 5 K%L (0.96~1.06 glem®),
Clevenger 3£ & tP O Rl Sk T2 P, ok, 3%
4 I -5 7K T LRI — 2B oK T 28
SRR . AR BGE S E R 3, BRI
A, PR ED, JIEPUE, &R TIE
WHORPE, (A NITE R A . A R, &
EEEMERESEAE, M EL R R e W B
RANIERE . A FTA FH A AR USROS 145
RN TSNS B 5 7K 2R 28 S s e A 4 U
BORIX . V7RI P AU 32 R AR TR SR AR
REgRRIEIR. GRS N 50 °C), FREUHXTREE, faE
PRI o« AHIFFE R 1) — S e B R PR B 1 ol
PR 5 B 5K 2SR TR, (B ML —
EEME, RIS A KENEE, RBCEFME, 7]
REAAERI R B R R, ANFRHUE A
B, SR RSO RS RAF 2 B R AR
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