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There are over 280 species in the genus Camellia, most of which are found in Asia [1, 2]. The two countries with the
most species are China and Vietnam [1]. C. sinensis (L.) Kuntze, C. japonica L., and C. oleifera Abel species have drawn much
attention in studies on chemical compositions and biological activities because they are commercial products like tea and seed
oils [1]. Alkaloids, steroids, terpenoids, saponins, and polyphenols were among the primary chemical classes found in
C. sinensis [2]. Camellia plants have many pharmacological properties, including antioxidant, anticancer, antibacterial, and
other health advantages, according to earlier studies [2].

It has also been recognized that Camellia species are a good resource of essential oils. One of the most extensively
consumed beverages worldwide is tea (C. sinensis L.). The popularity of this beverage may be due to consumption to guard
against specific human ailments. From GC-MS (gas chromatography-mass spectrometry) analysis, about 60 compounds were
identified in the flower oil of Chinese C. sinensis, in which alkanes (45.4%), esters (10.5%), and ketones (7.1%) were the main
phytochemical classes [3]. C. nitidissima, also known as yellow Camellia, has been recently used as a tea alternative [4].
Its leaf oil is reported to contain linalool (35.8%), phytol (7.9%), cis-geranyl acetone (7.3%), and methyl salicylate (6.8%),
whereas its flower oil was dominated by α-eudesmol (34.3%), γ-eudesmol (31.5%), and linalool (11.1%) [4].
C. tunghinensis leaf oil has been associated with the presence of n-hexanal (17.2%), 2-pentylfuran (10.6%), phytone (7.5%),
and geranylacetone (5.0%), while phytol (58%) was the main compound in C. euphlebia leaf oil [5].

Camellia pukhangensis N. D. Do, V. D. Luong, S. T. Hoang & T. H. Le, which was described as a new species
in 2019, can be found available in central Vietnam [6]. In the meantime, Camellia quephongensis Hakoda ex Le, which was
detected and named by Hakoda et al. in 2012–2013, is a perennial species of Hanh Dich, Thong Thu and Tien Phong
of Nghe An Provinces, Vietnam [7]. To date, the essential oils of these two plants have not yet been investigated. In this
article, we wish to report the chemical compositions of their leaf oils from fresh leaves collected in central Vietnam.

Hydro-distillation of C. pukhangensis fresh leaves resulted in a yellow essential oil with 0.1% yield, w/w. A total
of 42 compounds were identified, representing 99.1% of the oil (Table 1). Oxygenated sesquiterpenes (49.5%), non-terpenic
compounds (32.8%), and sesquiterpene hydrocarbons (14.2%) were the main phytochemical classes, while oxygenated diterpenes
(1.9%), monoterpene hydrocarbons (0.4%), and oxygenated monoterpenes (0.3%) occasionally occurred. Benzyl benzoate
(25.6%), cedrol (17.1%), (E)-nerolidol (12.1%), and β-selinene (5.3%) were the principal compounds, while other compounds,
such as neocurdione (4.6%), α-cedrene (4.0%), and 7-epi-α-eudesmol (3.5%), were significant phytochemicals with
percentages of more than 1.0%.
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The leaf oil of the second plant was associated with the presence of 24 identified compounds and accounted for 100%
(Table 1). Oxygenated sesquiterpenes (38.9%), non-terpenic compounds (21.9%), monoterpene hydrocarbons (16.4%), and
oxygenated diterpenes (13.4%) are possibly the main phytochemical classes where two remaining classes oxygenated
monoterpenes and sesquiterpene hydrocarbons at 6.1 and 3.3%, respectively. C. quephongensis leaf oil was predominant with
hexahydrofarnesyl acetone (24.8%), cis-phytol (8.5%), α-pinene (6.6%), m-anisaldehyde (5.7%), and α-cadinol (5.0%).
From Table 1, the remaining compounds were also significant with percentages of more than 1.0%, except for hexadecanal (0.3%).

There has been a drastic difference in the number of phytochemical classes between the two studied oils. In addition,
numerous compounds were only observed in one sample and vice versa – for instance, the major compounds of C. pukhangensis
leaf oil were present as minor ones or completely absent in C. quephongensis leaf oil. Remarkably, two major compounds,
benzyl benzoate and hexahydrofarnesyl acetone, are now abundant in the essential oils of many terrestrial plants, but they did
not reach high amounts in Camellia essential oils. Hence, two Vietnamese Camellia species – C. pukhangensis and
C. quephongensis – are likely to be good resources of benzyl benzoate and hexahydrofarnesyl acetone, respectively.

TABLE 1. Essential Oils of Two Studied Camellia Leaves, %

Compound RI A B Compound RI A B 

α-Pinene 932 – 6.6 Longiborneol 1599 – 1.5 
Camphene 946 – 2.7 Cedrol 1614 17.1 – 
Methyl cyclohexyl ketone 963 – 2.1 2-(7Z)-Bisaboladien-4-ol  1620 0.3 – 
β-Pinene 975 – 3.5 Junenol 1630 0.5 – 
6-Methyl-5-hepten-2-one 987 0.3 – 1-epi-Cubenol 1638 1.0 – 
β-Myrcene  990 – 3.6 β-Acorenol  1641 1.0 – 
1,8-Cineole  1030 – 3.3 α-Cadinol  1655 1.3 5.0 
Linalool  1099 – 2.8 Dihydroeudesmol 1661 0.7 – 
Terpinolene  1101 0.1 – 7-epi-α-Eudesmol 1664 3.5 – 
m-Anisaldehyde  1198 – 5.7 (E)-10,11-Dihydroatlantone  1673 – 2.9 
(E)-Anethole  1288 1.0 – n-Tetradecanol  1680 1.9 – 
Capric acid 1367 – 2.6 Massoia dodecalactone 1691 1.3 – 
α-Copaene  1382 0.3 – Neocurdione 1698 4.6 – 
cis-3-Hexenyl caproate 1390 0.3 – (2Z,6Z)-Farnesol  1705 0.8 – 
Methyl decyl ketone 1406 0.1 – Curdione  1725 0.5 – 
Decyl acetate 1411 0.7 – (2Z,6E)-Farnesol  1728 1.0 – 
α-Cedrene 1421 4.0 – Benzyl benzoate 1764 25.6 1.0 
β-Funebrene  1429 0.9 – n-Pentadecanol  1778 – 1.6 
(E)-Cinnamyl acetate  1448 0.3 – n-Octadecane  1798 – 1.2 
Neryl propanoate 1462 0.3 – Hexadecanal 1815 – 0.3 
γ-Muurolene  1483 0.5 – Cyclopentadecanolide 1838 – 2.9 
ar-Curcumene  1487 0.3 – Hexahydrofarnesyl acetone  1844 2.0 24.8 
β-Selinene  1495 5.3 – trans-Phytol 1947 1.9 3.1 
α-Selinene  1503 1.8 – (E,E)-Geranyl linalool  2029 – 1.8 
α-Muurolene  1507 0.2 – cis-Phytol 2112 – 8.5 
(E,E)-α-Farnesene  1508 – 3.3 Linoleic acid ethyl ester 2142 – 4.5 
β-Bisabolene  1514 0.7 – Hexadecanal diallyl acetal 2146 1.2 – 
δ-Amorphene  1522 0.3 – Total  99.1 100 
trans-Calamenene  1530 0.2 – Monoterpene hydrocarbons  0.4 16.4 
Elemol  1557 0.3 – Oxygenated monoterpenes  0.3 6.1 
(E)-Nerolidol  1568 12.1 – Sesquiterpene hydrocarbons  14.2 3.3 
cis-3-Hexenyl benzoate 1576 0.1 – Oxygenated sesquiterpenes  49.5 38.9 
Spathulenol 1578 – 4.7 Oxygenated diterpenes  1.9 13.4 
(Z)-Dihydroapofarnesol  1579 0.7 – Non-terpenic compounds  32.8 21.9 
Caryophyllene oxide 1594 2.1 –     

 ______
A – C. pukhangensis; B – C. quephongensis
RI: Retention indices relative to n-alkanes (C7–C40) on Equity-5 column, bold: major compound.
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Materials. The fresh leaves of C. pukhangensis were collected from Nga My, Tuong Duong, Nghe An, Vietnam
(19°15′46′′ N and 104°18′18′′ E) in August 2022. In the meantime, the fresh leaves of C. quephongensis were gathered
from Hanh Dich, Que Phong, Nghe An, Vietnam (19°40′4′′ N and 105°55′30′′ E) in April 2022.

Hydro-distillation Procedure. The fresh leaves of each plant (1.0 kg) were hydro-distilled using a Clevenger apparatus
with clean water for 2.5 h, to give yellow oils (0.1% and 0.13% for C. pukhangensis and C. quephongensis, respectively).
The obtained oils were dried over anhydrous Na2SO4 before analysis.

The GC/FID-MS Analysis. The procedure was the same as in our previous reports [8–10].

RERERENCES

1. C. Yang, X. Liu, Z. Chen, Y. Lin, and S. Wang, J. Lipids, 2016, 3982486 (2016).
2. A. M. Teixeira and C. Sousa, Molecules, 26, 2178 (2021).
3. Z. Chen, X. Mei, Y. Jin, E. H. Kim, Z. Yang, and Y. Tu, J. Sci. Food Agr., 94, 316 (2014).
4. B. Wang, L. Ge, J. Mo, L. Su, Y. Li, and K. Yang, J. Food Sci. Technol., 55, 5075 (2018).
5. L. Ge, B. Lin, J. Mo, O. Chen, L. Su, Y. Li, and K. Yang, Trees, 33, 205 (2019).
6. D. N. Do, D. V. Luong, C. D. Nguyen, S. T. Hoang, H. T. Le, J. E. Han, and H. S. Park, Korean J. Pl. Taxon.,

49, 90 (2019).
7. N. V. M. Khoi, P. V. Trung, H. M. Hao, N. T. N. Lan, G. T. K. Lien, N. T. Phuong, T. Q. Thanh, L. N. Hung,

and L. M. Ha, Danang J. Sci. Technol., 7, 121 (2017).
8. N. T. Hao, L. T. Anh, D. T. T. Thuy, N. D. Luyen, T. T. Tuyen, N. M. Ha, and N. T. Son, Chem. Nat. Compd.,

59, 591 (2023).
9. T. V. Pham, N. X. Ha, N. D. Luyen, T. H. Xuan, T. L. Quoc, N. H. Hung, and N. T. Son, Chem. Biodiv., 2,

e202300652 (2023).
10. D. N. Dai, T. V. Pham, N. D. Luyen, V. T. Dung, L. T. Huong, and N. T. Son, Nat. Prod. Commun., 18, 1 (2023).


	RERERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


