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Citronellol is a fragrance ingredient used in decorative cosmetics and fine fragrances. It has many applications in
flavoring, extracts, and food and drug manufacturing. Its use worldwide is greater than 1,000 metric tons per annum. Previous
studies concerning the biotransformation of (L)-citronellal to (L)-citronellol using free and immobilized cells of Rhodotorula
minuta have been reported. The objective of this research was to study the pathways involved during biotransformation of
commercial citral by a free cell method (FCM) and an immobilized cell method (ICM) using Saccharomyces cerevisiae.
Biotransformation of citral by FCM and ICM are important methods to convert cheap and plentiful organic compounds into
more useful ones, and rely on the ability of plant cell cultures to specifically produce secondary metabolites.

The culture preparation was done using different microbial methods and incubation periods to obtain the maximum
number of S. cerevisiae cells for citral biotransformation. It was found that using either method, citral was converted to
citronellol in high yield. The biotransformation products were identified by their theoretical study (TS), Fourier-transform
infrared spectroscopy (FT-IR), ultraviolet visible (UV) spectrometry, gas chromatography (GC), and gas chromatography/mass
spectroscopy (GC-MS). Comparison of the two methods showed ICM was more effective as it produced one major product,
citronellol (48.5%), while FCM produced more products, yielding citronellol at only 24.2% and 27.2% over a period of 6 and
15 days, respectively.

The literature provides several examples of biotransformations of citronellal. The biotransformation of (L)-citronellal
to (L)-citronellol by free and immobilized Hodotorula minuta has been reported [1]. The bioconversion of geranyl and neryl
acetate by Aspergillus niger has also has been described [2, 3]. One report showed that the main reaction of a liquefied method
using A. niger was hydrolysis of a terpene to 8-hydroxy derivatives during �-hydroxylation [4]. Using a sporulated surface
culture method, we found   that geraniol was converted to linalool and partially oxidized to citral [5]. Microbial transformation
of geraniol and nerol by a sporulated surface culture method using five A. niger strains and three Penicillium strains were
compared with a submerged liquid method [6]. Several groups have used different fungi to bioconvert citral [7–12]. In this
article, biotransformation of the pure terpene aldehyde citral is carried out by a sporulated surface culture method, and the
pathways involved in this biotransformation are investigated. Microbial transformation of citral by a sporulated surface culture
method grown on 50 mL of medium in conical flasks was monitored over 3 weeks. The suspension was extracted with Et2O
three consecutive times and directly analyzed by GC and GC-MS.
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The culture conditions suitable for obtaining maximum S. cerevisiae cell growth under shaker flask conditions were
determined. The increase in cell concentrations during the growth of S. cerevisiae in PGE (peptone broth/glucose/yeast extract)
and MYPB (malt extract/yeast extract/peptone broth) was assessed. These results are similar to those reported for Rhodotorula
minuta [13–15]. The S. cerevisiae biotransformation of citral by FCM and ICM was studied under constant pH and temperature
conditions. GC and GC-MS analysis were used to analyze the products. The determination of the most suitable culture age
during the growth of S. cerevisiae in PGE for maximum product formation was done by harvesting the cells at various stages
of growth and employing them for citral biotransformation. The results indicated a cell culture age of between 6 and 15 days
was the most suitable for FCM and 7 days for ICM for optimum product formation. After these longer periods, the cells were
at the end of the exponential growth phase and had attained maximum cell concentrations. After 6 days of citral biotransformation
with S. cerevisiae using FCM, the main products were �-terpineol (1.0%), limonene (1.2%), �-pinene (1.2%), geraniol (8.2%),
and citronellol (24.2%) (Table 1). After a total of 15 days, the biotransformation of citral yielded 3,5-dimethyl-2-cyclohexen-
1-one (6.1%), geraniol (9.2%), p-mentha-1,5-dien-8-ol (4.7%), 4-hydroxy-4-methyl-2-pentanone (1.0%), and citronellol (27.2%)
(Scheme 1). The biotransformation of citral using ICM, yielded 1-hydroxy-p-mentha-3-one (1.0%), citronellol (48.5%),
p-menth-8-en-3-ol (5.3%), and 4-hydroxy-4-methyl-2-pentanone (1.0%). The optimum values of pH and temperature for
biotransformation were found to be approximately pH 5.5 and 27�C for all three incubation periods.

The optimum initial medium pH and temperature values for biotransformation by FCM are similar to those found in
the literature for the biotransformation of the other optical isomer, (D)-citronellal [16]. The optimum substrate concentration
for obtaining maximum product concentrations was determined by adding different substrate concentrations to S. cerevisiae
cells grown as discussed above. The study of the microbial transformation of a monoterpene by a sporulated surface culture
method using Aspergillus niger and Penicillium sp. showed that biotransformation of cis-p-menthan-7-ol yielded limonene,
p-cymene, and �-terpinene [17]. Leuenberger reported that product yields could be effectively increased by solubilizing/
emulsifying immiscible substrates [18]. However, careful selection of the nature and concentration of solvent is necessary
since many miscible solvents are cytotoxic at lower concentrations [19]. The biotransformation of volatile monoterpenoids by
fungal FCM and ICM was also examined. Using the FCM method, we identified 10 components on different days (6 and 15 days
of biotransformation) representing 35.8% and 48.2% total yields respectively, but using ICM, four compounds were produced
with a total yield of 55.8%.

From the data given in Table 1, it can be concluded that citral was primarily converted to citronellol, 3,5-dimethy-l-
2-cyclohexen-1-one, and geraniol. The pathway responsible for this conversion involved the formation of a C=C bond followed
by the transfer of an electron to produce a p-menth-8-en-3-ol compound (Scheme 1).

By comparison with the literature, bioconversion of citral and nerol by spores of Penicillium digitatum resulted in the
production of 6-methylhept-5-en-2-one [7]. Microbial transformation of geraniol, nerol, and citral by Aspergillus niger resulted
in linalool and �-terpineol. Bioconversion of nerol with Penicillium chrysogenum yielded mainly �-terpineol and some
unidentified compounds. With Penicillium rugulosum the major bioconversion product from nerol and citral was linalool [6].

The microbial transformation of monoterpenes by a sporulated surface culture method using Aspergillus niger and
Penicillium sp. produced cis-p-menthan-7-ol from A. niger and showed that the main products were limonene, p-cymene, and
�-terpinene [17]. The two main products of microbial transformation of citral are similar to those obtained by others [20]. The
main bioconversion products of (–)-menthol by Mucor ramannianus using a sporulated surface culture method were
trans-p-menthan-8-ol, trans-menth-2-en-1-ol, sabinane, p-menthane-3,8-diol, isomenthol, and 1,8-cineole [20]. The main
biotransformation products obtained from menthol by surface Penicillium sp. were �-pinene (18.0%), trans-p-menthan-1-ol
(10.6%),  p-menth-1-ene (5.8%), sabinene (3.9%), 1,8-cineole (6.4%), and limonene (3.2%) [21]. Two recent articles suggested

TABLE 1. Possible Compounds of Bioconversion of Citral by S. cerevisiae

FCM, % FCM, % 
Compound 

6 days 15 days 
ICM Compound 

6 days 15 days 
ICM 

�-Terpineol 
Limonene 
�-Pinene 
Geraniol 
Citronellol 
3,5-Dimethyl-2-cyclohexen-1-one 

1.0 
1.2 
1.2 
8.2 
24.2 

 
 
 
 

27.2 
6.1 

 
 
 
 

48.5 

Geraniol 
p-Mentha-1,5-dien-8-ol 
4-Hydroxy-4-methyl-2-pentanone 
1-Hydroxy-p-Mentha-3-one 
p-Menth-8-en-3-ol 

 9.2 
4.7 
1.0 

 
 

1.0 
1.0 
6.3 
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that monoterpene biotransformation with Penicillium and Aspergillus resulted in oxidation and transformation of monoterpenes
to a more stable product.

Experiments with FCM and ICM. S. cerevisiae cells were separated by centrifugation at 800 rpm at 10�C for
30 min. The cells were washed and resuspended in sterile 0.85% (w/v) saline. Equivalent cell concentrations (4.45 g/L) were
immobilized by the following entrapment and adsorption methods.

Agarose Entrapment. Agarose solution prepared by dissolving agarose (15% w/v) in water at 100�C was cooled to
40�C and mixed with separated S. cerevisiae cells. The mixture was allowed to solidify by standing at 4�C. The hard gel was
shredded in a Waring blender and nonentrapped cells removed by washing with saline [22].

Biotransformation. Biotransformation was started after adding 100 mL of medium containing 4.47 g/L myrcene;
0.1 g/L methanol was used as a solubilizing agent.

Optimum Conditions for Biotransformation. S. cerevisiae was added into the media, and a suitable growth phase
was obtained by examining different phases of growth. An agitation speed of 150 rpm with biotransformation times of 30, 72
and 120 h was employed.

Identification of the constituents of the oil was made by comparison of their mass spectra and retention indices (RRI)
with those given in the literature and with authentic samples [23, 24, 12]. The mass spectra of a mixture of geraniol, citronellol,
p-menth-8-en-3-ol, �-pinene, and limonene had five main peaks.

Geraniol. MS m/z: 154 [M+] 41 (100), 69 (75), 81 (15), 53 (10), 93 (7), 123 (7), 111 (6), 139 (5).
Citronellol. MS m/z: 156 [M+] 41 (100), 69 (82), 55 (55), 82 (30), 67 (37), 81 (32), 57 (28), 95 (20).
p-Menth-8-en-3-ol. MS m/z: 170 [M+] 43 (100), 69 (45), 41 (45), 58 (40), 109 (30), 71 (22), 97 (20), 82 (20).
�-Pinene. MS m/z: 136 [M+] 93 (100), 91 (43), 92 (39), 77 (29), 79 (24), 105 (17), 121 (12), 139 (5).
Limonene. MS m/z: 136 [M+] 68 (100), 67 (86), 93 (78), 79 (43), 39 (36), 53 (34), 107 (30), 121 (30).

REFERENCES

1. H. R. Velankar and R. H. Heble, Electron. J. Biotech., 6 (2), 90 (2003).
2. K. M. Madyastha, and N. S. R. Krishna Murthy, Appl. Microbiol. Biotechnol., 28, 324 (1988a).
3. K. M. Madyastha and N. S. R. Krishna Murthy, Tetrahedron Let., 29, 579 (1988a).
4. K. Goto, Kenkyu Hok., 4, 489 (1967); Chem. Abstr., 68, 19904y (1968).
5. J. B. Wood, Process Biochem., 2, 50 (1969).
6. Jan C. R. Demyttenaere, M. Carme Herrera, and N. De Kimpe, Phytochemistry, 55, 363 (2000).
7. J. C. R. Demyttenaere and H. L. De Pooter, Flav. Fragr. J., 13, 1029 (1998).
8. C. Larroche, M. Arpah, and J. B. Gros, Enzyme Microbiol. Technol., 11, 106 (1989).
9. Y. Massada, In Analysis of  Essential Oil by Gas Chromatography and Mass Spectrometry, Wiley, New York, 1976.

10. R. P. Adams, Identification of Essential Oil Components by Gas Chromatography/Quadrupole Mass Spectroscopy,
Allured Publ. Corp., Carol Stream, IL, 2000.

11. S. K. Ramaswami, P. Briscese, R. Gargiullo, and T. Vonngeldern, In Flavours and Fragrances. A World Perspective,
Lawrence, B. M., Mookerjee, B. D. and Willis, B. J. (eds). Elsevier, Amsterdam (1988), p. 951.

12. C. Larroche and J. B. Gros, Biotechnol. Bioeng., 34, 30 (1989).
13. M. R. Lund, The Chemistry and Biology of Yeasts, A. H. Cook  ed. (1958), p. 84.
14. M. Morris, Yeast Growth Cook, A. H. ed. Academic Press, New York, VI (1958), p. 252–256.
15. H. Clinton, Antonie van Leeuwenhoek, 34 (1968), p. 99.
16. T. Chatterjee, B. K. De, and D. K. Bhattacharyya, Indian J. Chem., 38B, 1025 (1999).
17. A. Esmaeili, S. Sharafian, S. Safaiyan, S. Rezazadeh, and A. Rustaiyan, Nat. Prod. Res., 23 (11), 1058 (2009).
18. H. G. W. Leuenberger, Methodology, in: Kieslich, K. ed. Biotransformations. Verlag Chemie GmbH, D-6940,

Weinheim 6A (1984), p. 5.
19. G. J. Salter and D. B. Kell, Crit. Rev. Biotechnol., 15 (2), 139 (1995).
20. A. Esmaeili, N. Saad, S. Safaiyan, and A. Rustaiyan, Herb. Pol., 55 (1), 51 (2009).
21. A. Esmaeili, A. Hoseiny Zarea, S. Sharafian, S. Safaiyan, and A. Rustaiyan, Herb. Pol., 55 (1), 78 (2009).
22. S. F. D�souza and G. B. Nadkarni, Enzyme Microbiol. Technol., 2, 217 (1980).
23. F. C. Chen, C. F. Chenm, and R. D. Wei, Toxicology, 20, 433 (1982).
24. R. K. Frank, R. Orth, S. Ivankovic, M. Kuhlmann, and D. Schmahl, Experientia, 33, 515 (1977).


	Experiments with FCM and ICM
	Agarose Entrapment
	Biotransformation
	Optimum Conditions for Biotransformation
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /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 <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /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


