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chemical synthesis and multistep synthesis [3]. In addition, it is also 
noted that the stereo selectivity of compounds can also be controlled 
by adjusting the specific condition one of which is pH [4]. Food 
industry residues consist of lignocellulosic materials recalcitrant 
towards degradation containing polyphenolic compounds. These 
can be extracted using biocatalysts as fungal state solid treatment, 
and enzymes through the process of biotransformation [5]. 
Biotransformation of monoterpenes has been widely investigated 
using bacteria, fungi, yeasts, plants or their isolated enzymes [6]. 
Examples include linalool, limonene, cineole, α -pinene, myrcene, 
etc. which were converted to their respective epoxy, hydroxyl and 
further oxidized derivatives such as aldehydes, ketones, carboxylic 
acids or too-degraded molecules [7,8]. Oxidation of acyclic 
monoterpenes by cytochrome P450 mono-oxygenase from Bacillus 
megaterium has been evaluated [9]. Oxidized terpenes and terpenoids 
are highly valuable compounds for organic chemistry, olfactory value 
and insect pheromone properties. 

Rhizopus oryzae is a filamentous heterothallic micro-fungus that 
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INTRODUCTION

The investigation of new and innovative procedures for obtaining 
small molecules remains a focus of the pharmaceutical and 
perfumery industries. Within this context, biotransformation 
processes offer possibilities for obtaining Regio-selective and 
stereoselective conversions, which may have industrial importance. 
Moreover, biotransformation is green processes as they involve very 
gentle conditions [1]. The transformation of organic compounds by 
microbial cultures has long been of interest to the pharmaceutical, 
chemical and food industries because of numerous advantages as 
compared to chemical synthesis. Fungi consist of a multi-enzymatic 
system with broad specificities that stand as an alternative to 
conventional chemical methods. Therefore, it tends to offer various 
reactions on non-activated molecular sites that are either difficult 
to react with or unreactive [2]. For the pharmaceutical industry, 
bioconversion acts as an alternate method for the production of 
potent molecules this overcomes the problems associated with 

ABSTRACT

In this study, microbial transformation of monoterpenes (-)-citronellol, (±) citronellene (dihydromyrcene) using 
Rhizopus oryzae in a Potato Dextrose Broth (PDB) medium was investigated. The major bioconversion product of 
citronellene was found to be dihydroxycitronellene, which is formed by dihydroxylation of the terminal 6, 7-double 
bond. On the contrary, (3S)-citronellol yielded 7-hydroxy citronellol as a major product. Several minor products 
including rose oxide, rose glycol, isopulegol, artemisia-triene, 1, 8-nonan-diol-8-methyl, citronellyl phenyl acetate were 
obtained from (-)-citronellol. Whereas camphene, camphor, α -pinene, Isopulegone, terpinene-4-ol, and 1, 8-nonan-
diol-8-methyl are the minor products obtained from (±) -citronellene. Hence, dihydroxylations and hydroxylation at 
the selective position of a diene with the help of microbes take place in a single step compared to synthetic routes. 
Our study emphasizes the role of Rhizopus oryzae in carrying out various kinds of reactions and rearrangement of 
the molecules which by synthetic route is tedious. The minor products were identified by Gas Chromatography-
Mass Spectrometry (GC-MS) analysis and matching fragmentations with the National Institute of Standards and 
Technology (NIST) library. Some metabolites produced have valuable perfumery application.
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occurs in soil, dung, and rotting vegetation [10]. R. oryzae is used 
economically in the production of the enzymes, glucoamylase and 
lipase, in the synthesis of organic acids and in the preparation 
of various fermented foods [11]. R. oryzae is also known to carry 
out hydroxylation at saturated and unsaturated carbon centres, 
epoxidation, ester hydrolysis, sulphide oxidation, and other 
biodegradation reactions. The expression of a fungal α -steroid 
hydroxylase from R. oryzae, which can be used to perform the α 
-hydroxylation of the steroid skeleton, has resulted in a significant 
reduction in the cost of corticosteroid drugs [12].

The products obtained are thus, natural metabolites having 
applications in various fields. 7-hydroxy citronellol, dihydroxy 
citronellene and rose oxide are used as flavours as well as fragrances in 
the formulation of perfumes, cosmetics, antiseptics etc. Isopulegol is 
a fine chemical widely employed in pharmaceuticals, agrochemicals, 
cosmetics, toothpaste, etc. Also, isopulegol acts as a potential 
therapeutic drug against the clinical completion of Parkinson’s 
disease [13]. α -Pinene also possesses the therapeutic potential and 
is a great ingredient in essential oil for formulating cosmetics and 
perfumes. Terpinene-4-ol is a main bioactive component of tea tree 
oil that has been shown to have many biological activities [14,15].

In the present work, fungal biotransformation of citronellol and 
citronellene yielded high-value fragrances compounds such as 
7-hydroxy citronellol and dihydroxy citronellene respectively as major 
products. To the best of our knowledge, there are no other fungi that 
have yet been reported to carry out the conversion of citronellene to 
dihydroxycitronellene in a single step with the help of R. oryzae.

In this paper, we report the biotransformation conditions and the 
identifications of structures of products from the bioconversion of 
citronellol and citronellene using R. oryzae.

MATERIALS AND METHODS

The reaction progress was monitored by Gas Chromatography 
(GC) and Thin Layer Chromatography (TLC) analyses. TLC was 
performed on Merck silica gel plates 60 F254 and visualized using 
anisaldehyde/sulfuric acid reagent or ultraviolet absorption. Gas 
Chromatography Mass Spectrometry (GC-MS) analysis was carried 
out on Agilent Intuvo 9000 instrument in the DB-5 column. The 
chiral Gas Chromatography (GC) analysis was obtained using chiral 
Beta-dex 120 columns (30 m × 0.25 mm). Infrared spectroscopy (IR) 
spectra (in CHCl3 or neat) were recorded on a Fourier transform 
infrared spectrometer. The fungus Rhizopus oryzae, NCIM 1009, 
(ATCC 9363) culture was obtained from National Chemical 
Laboratory, Pune, India, and culture media were obtained from 
Himedia, Mumbai, India. The cultures were grown aerobically at 
27°C and 150 rpm on an orbital shaker (Scigenics Biotech, Orbiter). 
Citronellene and (S) citronellol were obtained from S. H. Kelkar 
Company, Mumbai, India. Solvents were distilled and terpenes were 
vacuum-distilled before use. Culture media the Potato Dextrose 
Broth (PDB) containing potatoes infusion of 200 g /L, dextrose 20 
g /L, in distilled water (pH 5.1 ± 0.2) was used. The cultures were 
maintained on Potato Dextrose Agar (PDA) containing potatoes 
infusions 200 g /L, dextrose 20 g /L, and agar 20 g/L in distilled 
water (pH 5.1 ± 0.2). 

Biotransformation

Rhizopus oryzae was grown on PDA slants. Inoculation was done by 

transferring a loopful of mycelium into the flask containing Potato 
Dextrose Broth (PDB) (100 ml) in each flask. Cultures were allowed 
to grow in 10 flasks aerobically in the medium on an orbital shaker 
set at 100 rpm-150 rpm and placed in a room maintained at 27°C for 
72 hrs. Subsequently, the substrate citronellol and citronellene (100 
mg) dissolved in ethanol (1 ml) were added to each flask aseptically 
and the fermentation was continued for a further 120 hrs with the 
agitation speed of 130 rpm. The substrates were incubated with R. 
oryzae for 120 hours on an orbital shaker. To monitor the biological 
reaction another, set of 10 flasks was accompanied. After every 24 
hours, 200 ml of culture from another set was filtered and extracted 
and the crude product of it was subjected to Gas Chromatography 
(GC) to analyze the progress of the reaction. The optimum values of 
pH and temperature for biotransformation were found to be pH 5.5 
at 27°C for the mentioned incubation period. 

Extraction of products 

Extraction of the bioconversion product was carried out after 
120 hours for citronellol and 48 hours for citronellene of the 
fermentation period. The medium was filtered under a vacuum and 
cells were separated. The broth containing the products was extracted 
with ethyl acetate (3 ml × 25 ml). The organic layer containing the 
product was separated from the aqueous layer. The organic layer was 

under reduced pressure to give reaction products. 

Purification of products 

The reaction products were purified by silica gel column 
chromatography using a mixture of ethyl acetate: and petroleum 
ether (60-80°C) with increasing polarity. After elution, the solvent 
was removed under reduced pressure to give pure molecules, which 
were identified with spectral analyses including Fourier Transform 
Infrared (FTIR), 1H and 13C-Nuclear Magnetic Resonance 
Spectroscopy (NMR), and Gas Chromatography (GC)/Electron 
Ionization Mass Spectra (EIMS) analysis. The minor products were 
identified by GC/EIMS fragmentation matching the spectra from 
the National Institute of Standards and Technology (NIST) library 
(Figures 1 and 2 and Table 1).

Figure 1: Figure showing the Graphical structure (abstract) of 
Rhizopus oryzae.

dried over anhydrous for 2 hours. The solvent was removed Na2 SO4 
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Table 1: Yields of bioconversion products and retention time in Gas 
Chromatography and Mass Spectrometry (GC- MS).

Substrate

The 
crude 

product 
(g/L)

Products with % yield and (GCMS rt min)

Citronellol 0.6 g
3

34.30
(9.34)

5
28.23
(6.54)

6
10.25
(9.82)

7
7.28

(10.75)

8
4.08
(9.3)

14
8.09

(9.92)

15
14.89

(21.98)

Citronellene 0.43 g
4

35.58
(8.76)

8
4.08
(9.3)

9
5.0

(7.22)

10
4.07

(6.02)

11
17.01
(4.69)

12
11.32

(10.67)

13
2.01
(4.4)

RESULTS 

To clarify the time course of the microbial transformation of 
citronellol and citronellene, 100 mg of each compound was 
incubated with R. oryzae for 120 hrs. The broth solution (200 ml) 
was removed from the fermentation flask at intervals of 24 hours, 
which after extraction was analysed by Gas Chromatography (GC). 
It was observed that the citronellol progressed slower as compared 
to citronellene in product formation (Figures 3 and 4). Therefore, 
on the basis of these the conversion of citronellene was carried out 
for 48 hours, whereas citronellol was kept for 120 hrs. In both cases 
i.e. citronellol and citronellene one major metabolite compound 

Hydroxycitronellol and Dihydroxycitronellene respectively was 
detected. The formation of metabolites was determined based 
on the peak area of Gas Chromatography (GC). Compounds 
Hydroxycitronellol and Dihydroxycitronellene were identified 
as 7-hydroxy citronellol and 6,7-dihydroxycitronellene as major 
products respectively by Gas Chromatography (GC), GCMS, FT-IR, 
and high resolution 1H-NMR and 13C-NMR analyses.

Products obtained from (S)-citronellol included 7-hydroxy 
citronellol, rose oxide, Rose glycol, isopulegol, 1,8-nonan-diol-8-
methyl, artemisia triene, citronellyl-phenyl acetate (±) -Citronellene 
on similar treatment with R. oryzae was converted to 6,7-dihydroxy-
citronellene, Isopulegone, terpinene-4-ol, camphene, camphor and 
α-pinene.

Spectral data of major products

7-hydroxycitronellol: Colourless oil; Yield 22.5%, [α] D -4.3 (c 1.5 
MeOH), -4.19 (c 0.37 CHCl3), Chiral GC (rt) 28.05 min; GC/MS 
m/z 159 [M-Me]+ , 141 [159–H

2
O]+ , 123, 98, 83, 71, 59 (100%), 55, 

53, 43. 159; IR ν 1H- NMR: δ 0.87 (d, 
J=6 Hz, 3H); 1.17 (s, 6H), 1.27-1.41 (m, 3H), 1.5-1.62 (m, 1H), 3.60- 
3.68 (m, 2H); 13C- NMR: δ 19.7; 21.7, 29.3, 29.4, 29.5, 37.6, 39.8, 
44.1, 61.0, 71.3. Spectral data of compound 3 fully agreed with an 
earlier report (Figures 5 and 6) [16].

6,7-dihydroxy-citronellene: Colourless oil; Yield 23%, [α] D -12.7 (c 
0.384 MeOH); Chiral GC (rt) 24.09 and 24.32 min; GC/MS m/z 
154 [M-H

2
O]+ , 139 [154–Me]+ , 121, 114, 96, 95, 81, 71, 59 (100%), 

55, 53, 43; IR ν
δ 1.02 (3H, d, J=6.9 Hz) [1.01 (3H, d, J=6.9 Hz)]; 1.14 (3H, s), 1.20 
(3H,s), 1.27-1.41 (3H, m), 1.5-1.72 (1H, m), 3.35 (1H, dd, J=10, 2 
Hz); [3.32 (1H, dd, J=10, 1.5 Hz)]; 4.92 (1H, dd, J=10.3, 1.4 Hz), 4.98 
(1H, dd, J=17, 1.2 Hz), 5.70 (1H, ddd, J=17, 10, 7.5 Hz) ; 13C-NMR: 
δ 20.7 (20.3); 23.3, 26.7, 29.4 (29.6), 33.6 (33.9), 37.9 (38.1), 73.4, 
78.6 (79.1), 112.9 (113.2), 144.5 (144.7). Spectral data fully agreed 
with an earlier report [17] where Citronellelene was a metabolite in 
3.1% yield, produced by larvae of common cutworm (Spodoptera 
litura) (Figures 7 and 8).

Figure 2: Structures of metabolites produced from Citronellol and 
Citronellene.

Figure 3: Formation of metabolites and consumption of citronellol by. Oryzalin Potato dextrose broth medium (monitored by Gas Chromatography 
(GC) analysis). Note: ( ) Product, ( ) Standard.

max: 3360, 1470, 1381 Cm-1; 

max: 3420, 1638, 1458, 1383, 1363 cm ; 1H-NMR: -1
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Figure 4: Formation of metabolites and consumption of citronellene in Potato dextrose broth medium of R.oryzae monitored by Gas 
Chromatography (GC). Note: ( ) Product, ( ) Standard.

Figure 5: Figure showing the 13C –NMR (Nuclear Magnetic Resonance spectroscopy) spectra of Hydroxycitronellol.
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Figure 6: Figure showing the 1H-NMR (Proton nuclear magnetic resonance) of Hydroxycitronellol.

Figure 7: Figure showing the 13C-NMR (Nuclear Magnetic Resonance spectroscopy) of the Dihydroxycitronellene.
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citronellol by R. oryzae was studied, which produces various 
metabolites of different concentrations, which indicates that 
substrates are completely metabolized and the metabolites are 
formed mainly through enzymatic hydroxylation, hydration, 
epoxidation, esterification, degradation and rearrangement 
reactions through the enzymatic system of R. oryzae. Thus R. oryzae 
produces various enzymes for selective double-bond dihydroxylation, 
hydration, oxidative cyclization, and rearrangements. Citronellol 
thus gets converted to 7-hydroxy citronellol, and rose glycol through 
hydroxylation. Similarly, rose oxide and isopulegol are formed 
through oxidative cyclization. Artemisia-triene is formed through 
rearrangement. In citronellene, besides dihydroxylation, we observed 
skeletal rearrangements giving camphor, camphene, and α-pinene as 
products.

The IR spectrum of compound 3 showed the strong broad -OH band 
at 3360 cm-1 and 1H and 13C NMR spectra indicated the absence 
of the double bond. The δ values of peaks in 1H and 13C NMR 
were identical to the reported value of 7-hydroxy citronellol 3, which 
was obtained through microbial hydroxylation of tetrahydro-geraniol 
by Glomerella cingulata [18,19]. Other minor products identified 
through GC/EIMS analysis and matching the spectra from the 
NIST library, which included rose oxide, Rose glycol, isopulegol, 
artemisia triene, citronellyl- phenyl acetate. (±) -Citronellene on 
similar treatment with R. oryzae was converted to 6,7-dihydroxy-
Citronellelene. The IR spectrum of compound Citronellelene 
showed the strong broad -OH band at 3460 cm-1 and 1H and 13C 
NMR spectra indicated the absence of one double bond. The δ 
values of peaks in 1H and 13C NMR were identical to the reported 
value of 6,7-dihydroxycitronellene which was the metabolite of 
cutworm when fed on citronellene [20-22]. Minor products included 

Gas chromatography/mass spectrometry data of minor 
products

Rose oxide- m/z 154, 139 (100%), 91, 83, 77, 69, 55, 41 

Rose glycol-m/z 121 (M+ - 79), 99, 86, 71(100%), 55.41. 

Isopulegol-m/z 154, 136, 121, 109, 95, 81, 69, 55, 41(100%). 

1,8-Nonan-diol,8-methyl (8)-m/z 159, 141, 123, 98.1, 83.1, 70.1, 
59.1(100%), 53, 41. 

Isopulegone (9 -m/z 152, 137, 109, 95, 81 (100%), 67, 53, 41. 

Terpinene-4-ol- m/z 154, 111, 93, 83, 71, 67, 55(100%), 43. 

Camphene-m/z 136, 121, 106, 93(100%), 79, 67, 53, 43.

Camphor-m/z 153 (M++1), 137, 121, 108, 95(100%), 90, 81, 69, 55, 
40 

α -Pinene-m/z 136, 121, 105, 93(100%), 77, 67, 58, 53, 41

Artemisia triene-m/z 136, 121, 107, 93(100%), 79, 67, 55, 43. 

Citronellyl- phenyl acetate-m/z 208 (M+-66), 192, 138.1, 123, 109, 
95, 81 (100%), 69, 55, 41. 

In this system, the substrates citronellol and citronellene were 
consumed in 120 hours and 48 hours respectively. Metabolites of 
compound citronellol increased gradually up to a level of 85% in 
120 hrs. In contrast metabolites of compound citronellene increased 
gradually up to 90% in 48 hrs.

DISCUSSION

In the present study biotransformation of citronellene and 

Figure 8: Figure showing the 1H-NMR (Proton nuclear magnetic resonance) of Dihydroxycitronellene.
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9. Watanabe Y, Laschat S, Budde M, Affolter O, Shimada Y, 
Urlacher VB. Oxidation of acyclic monoterpenes by P450 BM-3 
monooxygenase: influence of the substrate E/Z-isomerism on 
enzyme chemo-and regioselectivity. Tetrahedron. 2007;63(38):9413-
9422. 

10. Parshikov IA, Sutherland JB. The use of Aspergillus niger cultures 
for biotransformation of terpenoids. Process Biochem. 2014; 
49(12):2086-2100. 

11. Meussen BJ, de Graaff LH, Sanders JP, Weusthuis RA. Metabolic 
engineering of Rhizopus oryzae for the production of platform 
chemicals. Appl Microbiol Biotechnol. 2012;94(4):875-886. 

12. Petric S, Hakki T, Bernhardt R, Zigon D, Cresnar B. Discovery of a 
steroid 11 α-hydroxylase from Rhizopus oryzae and its biotechnological 
application. J Biotechnol. 2010;150(3):428-437. 

13. Kang B, Li N, Liu S, Qi S, Mu S. Protective Effect of Isopulegol 
in Alleviating Neuroinflammation in Lipopolysaccharide-Induced 
BV-2 Cells and in Parkinson Disease Model Induced with MPTP. J 
Environ Pathol Toxicol. 2021;40(3). 

14. Salehi B, Upadhyay S, Erdogan Orhan I, Kumar Jugran A, LD 
Jayaweera S, A. Dias D, et al. Therapeutic potential of α-and 
β-pinene: A miracle gift of nature. Biomolecules. 2019; 9(11):738. 

15. Shapira S, Pleban S, Kazanov D, Tirosh P, Arber N. Terpinen-4-ol: 
A novel and promising therapeutic agent for human gastrointestinal 
cancers. PLoS One. 2016; 11(6):e0156540. 

16. Nankai H, Miyazawa M, Kameoka H. Hydroxylation of two 
saturated acyclic monoterpenoids, tetrahydrogeraniol and 
tetrahydrolavandulol, by the plant pathogenic fungus Glomerella 
cingulata. J. Nat. Prod. 1997; 60(3):287-289. 

17. Miyazawa M, Marumoto S, Masuda A, Kano H, Takechi H. 
Regioselective biotransformation of (+) -and (−)-citronellene by the 
larvae of common cutworm (Spodoptera litura). J Agric Food Chem. 
2009; 57(17):7800-7804. 

18.  Nankai H, Miyazawa M, Kameoka H. Microbial transformation of 
(±)-citronellal by Glomerella cingulata. Nat Prod. 1996; 9(1):53-55.  

19. Brunerie P, Benda I, Bock G, Schreier P. Bioconversion of citronellol 
by Botrytis cinerea. Appl Microbiol. Biotechnol. 1987; 27(1):6-10. 

20. Demyttenaere JC, Vanoverschelde J, De Kimpe N. Biotransformation 
of (R)-(+)-and (S)-(−)-citronellol by Aspergillus sp. and Penicillium 
sp., and the use of solid-phase microextraction for screening. J 
Chromatogr A. 2004 ;1027(1-2):137-146.  

21. Madyastha KM, Murthy NS. Transformations of acetates of 
citronellol, geraniol, and linalool by Aspergillus niger: regiospecific 
hydroxylation of citronellol by a cell-free system. Appl Microbiol 
Biotechnol. 1988; 28(4):324-329. 

22. Abraham WR, Stumpf B. Enzymatic acyloin condensation of acyclic 
aldehydes. Z Naturforsch C. 1987;42(5):559-566. 

Isopulegone, terpinene-4-ol, camphene, camphor, and α -pinene.

CONCLUSION 

R. oryzae has been a potential biocatalyst in bio transforming 
the monoterpenes into other natural metabolites having various 
applications. Moreover, it shows that some multistep or tedious 
reactions could be possible by using R. oryzae such as in the case 
of dihydroxy citronellene. Although efforts should be made to asses 
more different conditions with which specific product formation 
could be targeted and to study the enzymatic system of R. oryzae. 
Biocatalyst-based biotransformation has future potential as it is 
cheap, simple, eco-friendly, and less hazardous. 
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