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Abstract

y-Decalactone (Chemical formula: C10H1502) is an important aroma flavor compound and has peachy fruit odor.
It is approved as GRAS food additive by FDA and generally present in the cultures of Sporobolomycesodorus.
This review focus on the pathways, metabolic engineering strategies and bioengineering problems to enhance -
decalactone production by taking the consideration of toxicity, degradation of produced lactone and oxygen
transfer problems.
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I. Introduction

Flavors and fragrances have extensive applications in feed, food, chemical, cosmetic and pharmaceutical
industries [1]. Many flavor compounds in the current market are producing through chemical synthesis or
extraction from plants. However, due to high cost, lack of natural availability of extracts and unfriendly
environmental production processes, increase in health-conscious life styles and chemophobia-attitude towards
synthetic compounds, the demand for biotechnological production of flavors and fragrances has been growing
nowadays [2-4].

There are certain disadvantages for natural production of flavor compounds by extraction methods such as low
product concentration, dependency on climatic and seasonal changes and ecological problems connected with
extraction. An alternative process to overcome these problems is biotechnological production process and these
occurs at atmospheric conditions, environmentally friendly and products may be labelled as natural. The
biotechnological route for synthesis of flavor compounds is based on de novo process or bioconversion of
precursors with microbial cells or enzymes. However, product concentrations are very low and thus constitute a
major limit for industrial exploitation. For this reason, biotechnologists have focused on bioconversion process
that offer more yield and economic advantages [5]. Recent studies revealed that the use of genetic engineering
approaches to develop high novel yielding strains, adoption of bioengineering techniques and use of agro-
industrial residues can enhance the yield of flavor compounds.

1. LACTONES

Lactones are industrially important volatile compounds and some of them include j-decalactone, &-
decalactone, y- undecalactone and p-methyl-y-octalactone and others. Among lactones, y- Decalactone has a
pleasant fruity peach odor with an aroma threshold between 1 to 11 ppb. It can be detected in water
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concentrations as low as 0.08 ppm. Currently, it is producing in highest volume among all lactones through
biotechnological process. The price of y-decalactone reduced to 300 US dollar per Kg from 1.2 thousand US
dollars per Kg in 1986 with the optimization of biotechnological processes.

11l. MICROORGANISMS

There are various microorganisms chosen for their potentialities to produce aroma, in which the most important
are Pseudomonas, Sporobolomyces, Pichia, Candida and Rhodotorula,

being Yarrowia lipolytica species the one with a higher productivity.

Sporoidiobolus salmonicolor is a yeast like fungus commonly used to produce j-decalactone. It is considered as
Biosafety Risk Group 1 fungus [6]. Three kinds of Sporoidiobolus salmonicolor have been described and these
are Sporoidiobolus salmonicolor var. albus, Sporoidiobolus salmonicolor var. fischerii, and Sporoidiobolus
salmonicolor var. salmoneus [7]. The isolates of Sporoidiobolus salmonicolor are obtained from cerebrospinal
fluid, infected skin, a nasal polyp and lymphadenitis.

Yarrowia lipolytica is another yeast strain used for conversion of ricinoleic acid to jy-decalactone and which is
used to obtain higher yields due to its ability to grow on hydrophobic substrates and due to their efficient
lipases, several cytochrome P450s, and acyl-COA oxidase [8].

IV. SUBSTRATES

Castor oil is used as main substrate in most production processes of y-decalactone. It contains 86% of ricinoleic
acid (12-hydroxy-octadec-9-enoic acid). Ricinoleic acid transforms into y-decalactone by yeast strains through
peroxisomal B-oxidation pathway [9]. Another substrate used in the production processes of jy-decalactone is
crude glycerol due to its readily availability and cost effectiveness [10,11].

V. CULTURE CONDITIONS

In addition to carbon sources, pH, DO and agitation speed of medium also significantly affects jy-decalactone
production. The values of oxygen mass transfer rates can be improved by increase in aeration and agitation
rates since the oxygen influence the activity of enzymes in peroxisomal $-oxidation pathway [12].

VI. y-DECALACTONE ANALYSIS

A two mL of y-decalactone was extracted from conversion medium with 2 mL of diethyl ether by ten gentle
shakings. After 5 min, ether phase was separated and analyzed by gas chromatography as described by [12].

VII. y-DECALACTONE PATHWAYS

The y-decalactone pathway was first discovered by Okui et. al. 1963 [13] during the studies of hydroxyacids
metabolism from several organisms. After Okui’s investigation many other research groups have been exploring
this topic. Among them, Endrizzi-Joran et al. 1993 discovered the B-oxidation pathway & it is classical
biochemical route involved in fatty acid degradation [14]. Feron et al. 1996b studied toxicity levels of this
lactone [15], while Endrizzi-Joran, 1993 reported the degradation of y- decalactone [14]. Waché and co-works
explored the influence of acyl-CoA enzymes in the conversion of methyl ricinoleate into y—decalactone by
Yarrowia lipolytica with the aim of enhancing its production [16]. Recent studies have focusing on gene
function that encodes acyl-COA oxidase isozymes, lipid metabolism, oxygen mass transfer rates, selection of
over producing mutants, interactions of cell- substrate to increase production of y- decalactone.

VIII. PRODUCTION PROCESSES

After some hours during batch fermentation, yeast cells consume j-decalactone as carbon source when substrate
is completely exhausted. Thus, results in the complete disappearance of decalactone from the medium [17,18].
Production rates depends on the difference between the growth and consumption rates. An alternative method to
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overcome this problem is fed-batch operation in the which substrate is supplied intermittently or continuously
when substrate falls below the desired level. This operation allows us to obtain higher yields and productivities
of desired product by controlling the nutrient media [19].

The y-decalactone production of 512.5 mg/L by L.saturnus CCMA 0243 (pH-5.0) and 214.8 mg/L by Y.
lipolytica CCMA 0242 (pH-6.0) at 96 h of fermentation in fed-batch fermentation at 30% castor oil reported by
[9]. After 96 h production of j-decalactone by yeast strains decreased due to variation in oxygen concentration
which is directly linked to activity of various enzymes involved in the metabolic pathway results in the
production of other lactones.

A lactone of coconut flavor, 6-pentyl-a-pyrone, was produced by a soil fungus, Trichoderma viride, reaching
170 mg/L [20].The highest y-decalactone production of 220 mg/L was achieved in fed-batch fermentation using
pure oxygen by Yarrowia lipolytica which is threefold more compared with batch cultivation [21].

As per the study of y-decalactone productions reported by various authors, conversion levels of ricinoleate to -
decalactone are very low and mainly due to degradation of lactone and formation of other lactones during the -
oxidation pathway.

CONCLUSIONS

In the last four decades, even after thorough analysis of metabolic pathways of j-decalactone and couldn’t able
to obtain high conversion levels. This is mainly due to incomplete conversion of ricinoleate to jy-decalactone,
degradation of y-decalactone and formation of other lactones such as 3-hydroxy- y-decalactone and 2- and 3-
decen-4-olide. Hence, there is need to conduct more studies on decalactone pathways and generation of mutant
strains with no activity of acyl-CoA enzyme to reduce reconsumption of jy-decalactone.

ACKNOWLEDGEMENTS

We thank VFSTR for providing necessary offline and online data sources to present the review on production of
y-decalacton through fermentation.

REFERENCES

1. E.J Vandamme and W. Soetaert, “Bioflavors and fragrances via fermentation and biocatalysis”, J.
Chem. Technol. Biotechnol, 77, 2002, 1323-1332.

2. P.S.J. Cheetham, “The use of biotransformation for the production of flavors and fragrances. Trends in
Biotechnology”, 11, 1993, 478-488.

3. P.S.J. Cheetham, “Combining the technical push and the business pull for natural flavors. Advances in
Biochemical Engineering and Biotechnology”, 55, 1997, 1- 49.

4. U. Krings and U. Berger, “Biotechnological production of flavors and fragrances. Applied
Microbiology and Biotechnology”, 49, 1998, 1-8.

5. G. Feron and Y. Waché, Microbial biotechnology of food flavor production. In: Food Biotechnology.
Eds: Shetty, K.; Paliyath, G.; Pometto, A.; Levin, R. CRC Press Taylor and Francis,2006, 34-56.

6. G.S. Hoog, Atlas of clinical fungi (2nd Ed.). Utrecht: Central bureau voor Schimmelcultures,2000, 55-
87.

7. V.C Misra, "Sporobolomyces salmonicolor var. fischerii, a new yeast". Archives of Microbiology, 108
(1), 1976, 141-143.

8. Waché Y, Aguedo M, Nicaud JM and Belin JM, “Catabolism of hydroxyacids and biotechnological
production of lactones by Yarrowia lipolytica”, Appl Microbiol Biotechnol. 61, 2003, 393404,

2191



International Journal of Modern Agriculture, Volume 10, No.2, 2021
ISSN: 2305-7246

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Pereira de Andrade D, Carvalho BF, Schwan RF and Dias DR, “Production of y-Decalactone by Yeast
Strains under Different Conditions”, Food Technol Biotechnol, 55(2), 2017, 225-230.

da Silva GP, Mack M, Contiero J, “Glycerol: a promising and abundant carbon source for industrial
microbiology”, Biotechnol Adv, 27, 2009, 30-39.

Souza KST, Schwan RF, Dias DR, “Lipid and citric acid production by wild yeasts grown in glycerol”,
J Microbiol Biotechnol, 24, 2014, 497-506.

Gomes N, Teixeira JA, Belo |, “The use of methyl ricinoleate in lactone production by Yarrowia
lipolytica: aspects of bioprocess operation that influence the overall performance”, Biocatal
Biotransform, 28, 2010, 227-34.

S. Okui, M. Uchiyama, M. Mizugaki, “Metabolism of hydroxy fatty acids. Ii. Intermediates of the
oxidative breakdown of ricinoleic acid by genus candida”, J. Biochem, 54,1963, 536-540.

A. Endrizzi-Joran, A. C. Awadé and J.-M. Belin, “Presumptive involvement of methyl ricinoleate -

oxidation in the production of y-decalactone by the yeast Pichia guilliermondii”, FEMS Microbiol.
Lett, 114, 1993 153-160.

G. Feron, L. Dufossé, E. Pierard, P. Bonnarme, “J.-L Le Quere and H.E. Spinnler, Production,
identification and toxicity of y-decalactone and 4-hydroxydecanoic acid from Sporidiobolus spp.”,
Appl. Environ. Microbiol, 62(8), 1996b, 2826-2831.

Y. Waché, C. Laroche, K. Bergark, C. Moller-Andersen, M. Aguedo, M.T. LeDall, H. Wang, J.M.
Nicaud and J.M. Belin, “Involvement of acyl-CoA oxidase isozymes in biotransformation of methyl
ricinoleate into y-decalactone by Yarrowia lipolytica”. Appl. Environ. Microbiol, 66, 2000b, 1233-
1236.

Pagot Y, Le Clainche A, Nicaud JM, Waché Y, Belin JM, “Peroxisomal B-oxidation activities and y-
decalactone production by the yeast Yarrowia lipolytica”. Appl Microbiol Biotechnol, 49, 1998, 295—
300.

Waché Y, Aguedo M, Choquet A, Gatfield IL, Nicaud JM, Belin JM, “Role of B-oxidation enzymes in
y-decalactone production by the yeast Yarrowia lipolytica”, Appl Environ Microbiol, 67, 2001, 5700—
4.

Lee SL, Cheng HY, Chen WC, Chou CC, “Effect of physical factors on the production of y-
decalactone by immobilized cells of Sporidiobolus salmonicolor”, Process Biochem, 34, 1999, 845-
50.

A. Héusler and T. Munch, “Microbial production of natural flavors”, ASMNews 63, 1997, 551-559.

Y. Waché¢, C. Laroche, K. Bergark, C. Moller-Andersen, M. Aguedo, M.T. LeDall, H. Wang, J.M.
Nicaud and J.M. Belin, “Involvement of acyl-CoA oxidase isozymes in biotransformation of methyl
ricinoleate into y-decalactone by Yarrowia lipolytica”. Appl. Environ. Microbiol, 66, 2000b, 1233-
1236.

Moradi, H., Asadollahi, M. A., & Nahvi, 1. “Improved y-decalactone production from castor oil by fed-
batch cultivation of Yarrowia lipolytica”. Biocatalysis and Agricultural Biotechnology, 2(1), 2013, 64—
68.

2192



