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1. Solar energy-assisted hydrodistillation
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5. Eucalyptus globulus
6. Rosmarinus officinalis

7. Artemisia turcomanica
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2. Other names include: honey balm, balm mint, garden balm,
common balm, citronellae

3. Juniperus communis

4. Coriandrum sativum
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16. Artemisia annua
17. Myrtus communis
18. Lippia citriodora

19. Agastache astromontana
20. Mentha spicata

21. Hydrodistillation
22. Clevenger
23. European pharmacopeia

24. Sodium sulfate anhydrous (Na2SO4)
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8. Laurus nobili

9. Anethum graveolens

10. Thymus serpyllum

11. Origanum spp.

12. Juniperus scopulorum
13. Foeniculum Valgare
14. Lavandula angustifolia

15. Pimpinella anisum
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25. Gas chromatography—mass spectrometry (GC-MS)
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Fig 1. Extraction efficiency in different treatments (% v/w)
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Table 1. Chemical composition analysis of lemon balm (Melissa officinalis L.) essential oil

No. Compositions Molecular RI%6 Ex Ex Ex Ex
formula . . . .
Timeso Timeizo Timeiso Time240
1 2E-hexenal CeH100 843 1.4 1.4 0.7 0.6
2 3Z-hexenol CeH 120 846 0.1 0.1 0.1 0.1
3 o-pinene CioHis 938 7 - - -
4 sabinene CioHis 977 t - - -
5 B-pinene CioHis 979 t - - -
6 1-octen-3-o0l CsHi60 987 0.7 0.7 0.5 0.4
7 6-methyl-5-hepten-2-one CsHi40 993 1.5 1.6 1.1 1.0
8 myrcene CioHis 994 0.1 0.2 0.1 0.1
9 3-octanol CsH150 998 t - - -
10 2E,4E-heptadienal C7H100 1013 t - - -
11 limonene CioHia 1032 0.1 - t t
12 1,8-cineol CioHi150 1035 0.3 0.3 0.2 0.1
13 Z-B-ocimene CioHis 1043 t - - -
14  benzenacetaldehyde CsHgO 1048 t - - 0.1
15  E-B-ocimene CioHie 1054 0.1 0.1 0.1 0.1
16  bergamol Ci2H200, 1059 0.1 - 0.1 0.1
17  cis-linalool oxide CioHi130 1076 - - - t
18  unknown - 1098 - - - 0.3
19  rosefurane CioH140 1099 0.2 0.2 0.2 -
20  linalool CioHi150 1102 0.2 0.3 0.3 0.5
21  n-nonanal CoHi30 1104 0.4 0.3 0.3 0.3
22 cis-rose oxide CioHi150 1113 0.2 0.2 0.2 0.2
23 trans-rose oxide CioHi50 1131 0.1 0.1 0.1 0.1
24 epi-Photocitral CioH160 1144 0.5 0.4 0.4 0.4
25  exo-isocitral CioHi60 1151 0.4 0.5 0.4 0.4
26  photocitral A Ci0H160 1155 1.0 0.9 0.9 0.8
27  citronellal CioH150 1166 8.3 7.7 7.3 5.5
28  Z-isocitral CioH160 1173 1.6 1.3 1.2 1.2
29 menthol CioH200 1178 - - t -
30  rosefuran epoxide CioH140, 1181 0.5 0.5 0.4 0.5
31  E-isocitral CioHi60 1185 2.3 1.6 1.7 1.9
32 o-terpineol CioHi50 1195 - - - t
33 unknown - 1199 0.2 0.1 0.2 0.2
34 4-methylen-isophorene CioH140 1222 - - 0.1 0.1
35 nerol C]ongO 1241 - 0.5 - -
36  pulegone CioHi60 1248 3.2 4.3 3.6 -
37  neral (Z-citral) CioHi60 1271 32.6 31.1 31.9 334
38  piperitone CioH160 1272 - 1.1 - -
39  methyl citronellate Ci1H200, 1274 0.7 1.6 0.7 0.6
40  geranial (E-citral) CioH160 1290 35.4 37.5 37.9 36.6
41  neric acid CioHi1602 1311 0.1 0.6 - 0.1
42 methyl geranate Ci11Hi30, 1337 0.8 - 0.8 0.8
43 piperitenone CioH140 1356 0.3 0.1 0.2 0.2

26. The Kovats retention indices relative to C8-C20 n-alkanes were determined on HP-5 ms capillary column
27. Trace<0.05
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44 unknown - 1371 - - 0.2 -

45  neryl acetate Ci2H200, 1372 0.1 - - 0.1
46  piperitone oxide CioH1602 1376 t - - 0.1
47  o-copaene CisHos 1383 - - - 0.1
48  geranyl acetate Ci2H200, 1392 2.2 1.3 1.9 2.4
49  unknown - 1402 0.1 - - -

50  E-caryophyllene CisHos 1427 24 2.1 34 5.5
51  o-humulene CisHo 1453 0.1 0.1 0.2 0.3
52 germacrene-D CisHos 1475 0.1 - 0.1 0.2
53  E-B-ionene Ci3H200 1477 t - t 0.1
54  E,E-o-farnesene CisHa 1511 - - - t

55  &-cadinene CisHos 1530 - - - 0.1
56  germacrene-D-4-ol CisH260 1586 - - - 0.1
57  caryophyllene oxide Ci5H240 1594 1.6 1.1 2.5 4.2
58  caryophylla-4(12)],8(13)-dien-5.a-o0l CisH240 1641 t - t 0.1
59  caryophylla-4(12),8(13)-dien-5.3-ol Ci5H240 1645 0.1 - 0.1 0.2
60  epi-a-muurolol Ci5H260 1649 - - - 0.1
61 a-cadinol Ci15H260 1662 t - t 0.1
62 14-hydroxy-9-epi-(E)-caryophyllene Ci15H240 1679 0.1 - 0.2 -
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28. trans citral; a-citral; citral A; E-isomer
29. cis citral; B-citral; citral B; Z-isomer
30. Citronellal; Rhodinal; 3,7-Dimethyl-6-octenal

31. 3,7-dimethyl-2,6-octadienal
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Fig 1. Presence of major and minor compounds in different extraction treatments
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Table 2. Classification of chemical compounds of essential oils (Melissa officinalis L.)

Ex Ex Ex Ex
Major Grouped Compounds Timeso Timei2o Timeiso Time:240
Monoterpene hydrocarbones 0.8 0.3 0.2 0.2
Oxygenated monoterpenes 90.1 89.3 87.7 83.5
Sesquiterpene hydrocarbones 2.6 23 3.7 6.2
Oxygenated sesquiterpenes 1.8 1.1 2.9 4.7
Miselaneous 4.4 6.8 52 4.9
Total Identified 99.70 99.90 99.70 99.50
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38. Melaleuca leucadendra
39. Cannabis sativa

40. Acorus calamus
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34. Rosa damascena
35. Thymus daenensis
36. Zataria multiflora

37. Cuminum cyminum
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Despite the progress and innovation of new methods in the field of
extracting and processing pharmaceutically active compounds
(PhACs), the distillation technique which has a long history combined
with scientific progress and evolution, is still considered an innovative
technological approach. Productivity, quality, and sustainability are
its main indicators. This study was conducted to determine the
optimal extraction time and draw the biochemical profile of
compounds using gas chromatography-mass spectrometry analysis at
different extraction times. Melissa officinalis was selected as a widely
used medicinal species in the food and pharmaceutical industries.
Data analysis revealed a significant difference in essential oil content
at various extraction times. The maximum (0.33% v/w) and minimum
(0.25% v/w) extraction efficiency was observed at 180 and 240
minutes, respectively. In total, 62 chemical compounds were isolated
in different treatments, with 58 compounds identified. Geranial, neral
and citronellal were the main indicators of effectiveness, comprising
total of 77.1%, with the highest levels found in the 180-minute
treatment. In terms of compound class, oxygenated monoterpenes
decreased as extraction time increased. After observing and analyzing
the results, it can be determined that the ideal distillation time for this
and similar species is 180 minutes. This timeframe not only ensures
maximum metabolite yield and high-quality products, but also helps
prevent the unnecessary waste of consumable inputs and energy
during the extraction process. This finding can serve as a valuable
reference point for the production of food and pharmaceutical items.
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