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Abstract: In order to screen out the key metabolites that control the fragrance of areca nut, enhance the fragrance of
areca nut, attract more pollinators, and then increase the yield of areca nut. In this study, Headspace Solid Phase Mi-
croextraction Gas Chromatography-Mass Spectrometry Combined Analysis Technology was used for non-targeted me-
tabolomic detection of areca nut flowers in different periods. 236 metabolites were detected in the study. 75 differential
metabolites were screened by combining VIP value and differential fold. Main metabolites were terpenes, ketones, al-
cohols. Among them, the volatile compounds of female flowers of Areca accumulated a lot from the female flower un-
opened stage to the initial blooming stage, and decreased slightly in the full bloom stage, so the initial blooming stage of
female flowers of Areca may be the key period for the formation of female flower fragrance. The volatile compounds in
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the male flowers of Areca accumulated a lot from the initial blooming stage to the blooming stage, so the blooming stage
of male flowers may be the key period for the formation of flower fragrance of male flowers of Areca. KEGG database
was used to analyze the metabolic pathways of differential metabolites. The fatty acid biosynthesis was the metabolic
pathway that was significantly enriched in the female flowers of areca nut and related to flower aroma synthesis, and the
substance enriched in this pathway was capric acid. Capric acid is a fatty acid, which is mostly used in plant physiology
and signal transmission and other functions. The capric acid content in the female flowers of betel nut increased from
the unopened stage to the early flowering stage, and the release of floral fragrance also increased correspondingly. This
may be because areca nut starts pollination at the beginning of female flower, and more chemical signals are needed to
be transmitted to attract pollinators. So capric acid may be a chemical signal released by betel nut female flowers for
pollination. Metabolic pathways significantly enriched in male areca nut flowers and related to flower aroma synthesis
are diterpenoid biosynthesis and fatty acid degradation. Palmitaldehyde and (4aR,6aS,9R,11aR,11bR)-4,4,11b-
trimethyl-8-methylene tetrahydro-6a and 9-methylcycloheptyl [a] naphthalene were enriched in two pathways. (4aR,
6aS,9R,11aR,11bR)-4,4,11b-trimethyl-8-methylenetetrahydro-6a,9-methylcyclohept[a]naphthalene is a terpenoid. Its
enantiomer, ent-kaurene, is synthesized by ring-opening of trans-geranylgeranyl pyrophosphate with the use of kaurine
synthase and is a precursor ofgibberellin. The content of this substance was down-regulated from the early flowering
period to the full bloom period of male flowers, which may be due to the decrease of the required gibberellin content in
male flowers during the full bloom period. Palmitaldehyde is an aldehyde substance, which is a metabolite released by
the biodegradation of fatty acids. The release of the fragrance of areca nut male flowers increased from the early
blooming stage to the blooming stage, and the content of palmitaldehyde also increased. There is a positive correlation
between these two situations. In conclusion, the above three metabolites may be the key metabolites that affect the fra-
grance of areca nut.
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Fig. 1  Areca flowers in different periods
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Fig. 2 Classification of volatile organic compounds in
male and female flowers of areca
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Tab. 1 Differential metabolites of areca female flowers
e R g IR BH M LGRS IR
No. Substance Chemical formula  Retention index  Substance classification lt{iii?/lrt;(r)::
1 ARG YRR T CsHoNO, 1340.00 oK 16.00
2 P s S ok CoHgN, 1290.00 E NIy 12 80
3 B CH1.0 903.00 M 173
4 Em CioH200, 1370.00 i7ES 16.40
> (E.E)-TK Ve He IR CisH300 2020.00 GBS 23.60
6 2,6-=FH-3-5tM CoHis0 924.00 BN 7.73
7 2P TR Ci2His0 1380.00 fit 19.00
8 MEBESS 1-EEA CsH,CN, g Iz 13.70
9  LuiiiE CH1s0 1190.00 [EES 13.30
10 RHENE-2-H TR C12H,60, 1390.00 Gk 17.00
11 (EZ)-3-C M 2EMR-2- T 1R C1oH160; 1200.00 LEES 13.90
12 4-F-1-JHER CsHsCINO, 1330.00 A 13.40
13 (2)-3,7-Z W 3-2,6- T H5-1-%, RN Ci3Hx0, 1460.00 152k 17.90
14 3-ZRFE0k C,oH0 1230.00 E NIy 12 80
15 ETE CoH,50 1100.00 M 11.60
16 3% C/Hi0 873.00 IES 9.20
17 9+ /\BRM L C1sH340, 2140.00 [eES 23.50
18 BRIR T Hig 4-5% P9 B2 B g C14H205 1680.00 e 2410
19 8-H1%£-2,4(1H,3H)-MLIE — C7HeN,0, 1630.00 2L A Y 1730
20 3-HIEE-3-FRC4A-1-HR C;H,,0 962.00 LES 11.60
2R CoHisFOP S 18.90
22 14-THIE2 3 TURZOUER[2.2.1 B 20 C7H 2N, RIED) 773
B STk CaoHa 2000.00 K2 2410
% == CaiHas 2100.00 SES 24.60
25 1\ CisHie 1790.00 SN 22.60
26 2,6,10-=F - Tk CsHag 1620.00 ok 29 80
271 KGR C7HeOs 1300.00 M 19.40
28 6,6-_HIHEPE-2,4- I CoH,q 947.00 Bk 005
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Tab. 2 Differential metabolites of areca male flowers
72 Wik flk (B e PRERIT
No. Substance Chemical formula Retention index Substance classification }tzifrtlir/lrtrll(r)r?
| ZEE e C12H00, 1260.00 &S 18.00
2 FERREITE C12Hy0, 1360.00 S 16.10
3 TIUkERR LR Ci6H3,0, 1690.00 S 22.70
4 ZBJLBE C;H,40, 911.00 EBS 7.23
5 1-HEE4-(1-H R3O BE 2 IR R Ci2H00, 1320.00 ES 16.20
6 N-(2,3,4- =508 BEIE)-1- 9 2002 - 1 CH oF3NO; 1550.00 EES 20.30
7 3-HETER4-HHEON C12H20, 1310.00 FES 11.50
8 [(2Z)-3,7-"HIFLEHL D 6- IR EE] 2-F FE N R R C14H240, 1490.00 FES 17.30
9 3-HIRET-2-M-1-JE R G CioH130, 1140.00 S 12.20
10 R, JXBE CH 160, 969.00 FES 9.06
11 3-HIRIfuEmy CoHgS 1260.00 LG 15.30
12 2-Pidk-13- C1oH5,0, 1480.00 LG 13.20
13 T ZHEIE-5- 5L ki CoH,sBNO - LAY 13.30
14 1-Q2,7-F2E[1,2,4] =M 1,5-a] MK IE-6-3E)-1- £ CoH,(N,O 1610.00 HIEEY) 18.40
15 DUS[2,2' R0k I HE-5- C3H),05 1320.00 LAY 10.70
16 MR BE PN Ci3Hx0 1440.00 Fi 17.90
17 1-(1-23-2,3- — B3R -2-45 55)- 2 R CyH,;50 1230.00 fifk 12.50
18 3-FJE-3-RC H-1- C;H,00 962.00 [EEES 11.60
19 5,6-% [ CioH,50; 1290.00 [ 19.30
20 (Z)9-—F+ =k Cy3Has 2280.00 =S 25.40
21 J5tRBE CioH1s0 1100.00 [ES 11.50
22 (Z)-B-IEUERE CisHyy 1300.00 [ 18.00
23 oW L C13Hy0 1420.00 s 17.50
24 -o-FHFE CysHa 1430.00 [l 18.60
25 (- THR=HME CisHy 1450.00 [ 18.90
26 XIRZWPERINER C13Hy0, 1430.00 [ES 16.90
27 (R)-4-H2-1-(1-H H 2 3)-3- 3R 2 - 1-1 CoH,;50 1180.00 [ 13.10
28 I%EE C1oH;60 1100.00 [ 8.58
29 L-a-FAHEE CoH,50 1190.00 s 13.30
30 (4aR,6aS,9R,11aR,11bR)-4,4,11b-=HI F-8-TF FI F£+ Py CaoHs 2040.00 (&S 24.50
H-6a, 9-HILIFBIa]Zs
31 (2)-3,7- W 3E-2,6-9F TR LS -2- P - TR C15H60, 1580.00 i 19.70
32 4-[(1E)-1,5- P 3-1,4-C0 —-1-3L]-1-F L3R O 0 CisHag 1510.00 [ 19.50
33 thkiR C7H340, 2070.00 iz 24.40
34 AR Ci6H250, 1650.00 iz 21.20
35 IEEEE CoH 30 1100.00 i 11.60
36 FEAEREE CiH3,0 1810.00 [ 23.00
37 53 13K C1H,40, 1630.00 [ 19.10
38 XTHIOR CsHio 907.00 R 7.51
39 2,4 THRIEEIE C Hg 1290.00 g 11.50
40 RUTHIR CioH4 975.00 IR 12.10
41 3 -1 CioH;50 1140.00 i 12.80
42 (R R")-4-H F-o-(1-F -2 P 3k ) - 2 Y 2 C,H,0 1390.00 i 13.00
43 SHEmEMe-5-IE CH:N;s - JHe 22.20
4 LB C;HaN20; 1040.00 JHe 11.50
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Fig. 6 Cluster heat map of female flowers of areca
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