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ABSTRACT. Eighty volatile compounds that create typical ang-kak aroma have been identified in samples of rice grains fer-
mented by Monascus purpureus and in cultivation media after M. purpureus fermentation. These volatile metabolites include
alcohols, aldehydes, ketones, esters and terpenoid compounds. Identification has been performed by means of GC-MS after
sample distillation and extraction with dichloromethane.

The fungus Monascus from the class Ascomycetes is commonly used for the production of red
rice known as ang-kak in Asian countries (Jlizlovd et al. 1996a). Ang-kak, rice fermented with
Monascus (in a form of dried powder), is traditionally utilized for the coloring of food, especially fish,
cheeses and alcohol beverages in Asia but it is also becoming increasingly popular with European meat
product producers as a coloring agent for salami and sausages (Fabre ef al. 1993). Ang-kak is usually
produced according to empirically found rules and so far, this fermentation has never been described
completely using scientific parameters. One of the unknown parameters of ang-kak production is
a development of a specific aroma that can serve as an indicator of well-done cultivation (Hesseltine
1965). This aroma, varying in the course of the fermentation, can resemble apple odor (Jiizlova 1994).

Identification of ang-kak volatiles can help to map Monascus metabolism, can facilitate recog-
nition of success or poor success of ang-kak fermentation, and, last but not least, can be interesting for
meat product producers because the volatile compounds can affect the odor of final meat products.
This article also points out differences between the formation of the volatile compounds on rice grains
and in a liquid medium.

MATERIALS AND METHODS

Cultivation. Monascus purpureus strain CCM 8152, maintained on malt extract agar, was culti-
vated either in 300-mL Erlenmeyer flasks containing 50 mL of culture medium on a reciprocal shaker
(Jlzlova et al. 1994) or in plastic bags containing ca. 60 g of moist rice grains (Lotong and Suwanarit
1990). In both cases the cultivation proceeded for 5d at 30°C. The culture medium, which was
amodified production medium (Lin 1973), consisted of (in g/L) glucose 30, (NH4)2SO4 1.2,
MgSO47H20 1.0, KH,PO4 2.5 dissolved in distilled water. The pH after sterilization was ca. 5.0. After
cultivation, biomass was separated from liquid media by filtration.

Isolation and identification. All samples (in the form of either the filtrate of the cultivation
medium or fermented rice grains) were distilled until 20 % of their volume had been collected as dis-
tillate. This distillate was then extracted with 10 % (V/V) of dichloromethane. After drying, the solu-
tions were directly injected into a GC—MS (a double focusing tandem Jeol DX 303, Tokyo, Japan)
which was coupled to a 60-m capillary column SPB-5 (ID 0.32 mm). Helium was used as a carrier gas
and the oven temperature was held at 50 °C for 2 min and then increased at a gradient of 10 K/min to
the final temperature 250 °C. The ionization energy was 11 aJ (70 eV).

*Correspondence author.
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The composition of volatile compounds produced by M. purpureus on a solid substrate (rice)
and in a liquid medium is shown in Table I. Eighty compounds were identified and most of them were
present in both types of samples. Ethanol, 2-methyl-1-propanol, 3-methyl-1-butanol, 2-methyl-1-butan-
ol, 2,2'-oxydiethanol, 2-methylisoborneol, geosmin, hexadecane, heptadecane and a-bergamotene were
the most prominent components in the samples. The determined ethanol content in the samples is
probably lower than the actual one because of the method used. 2,2’-Oxydiethanol is probably formed
in the samples by the chemical reaction of two ethanol molecules during distillation. Some other com-

pounds (e.g. keto-alcohols) may have arisen during distillation in a similar way.

Table L. Volatile compound composition (%) in M. purpureus cultivated on solid and liquid media

Compound Solid Liquid Compound Solid Liquid
Acetaldehyde 0.13 0.30 Camphene 0.38 048
Ethanol 14.80 12.78 Limonene 0.25 0.30
2-Methyl-1-propanal 0.15 0.56 Geosmin 2.14 382
1-Propanol 0.83 0.32 2-Methylpentadecane 0.22 0.30
2-Methyl-1-propanol 3.04 4.85 Hexadecane 5.55 6.14
2-Butenal 0.07 0.44 2-Methylbutyrophenone 0.21 0.24
3-Methylbutanal 0.10 0.13 Thujopsene 0.86 1.01
2-Methylbutanal 0.13 045 2-Methoxy-3-isopropylpyrazine 0.24 0.30
3-Penten-2-on 0.21 0.48 2-Methylpropyl benzoate 0.30 0.23
3-Methyl-1-butanol 1.96 10.32 Unknown substance 0.32 0.34
2-Methyl-1-butanol 0.96 2.85 Branched heptadecane 0.30 0.34
1-Butanol 0.05 0.52 Pentyl benzoate 0.25 0.34
3-Hexanone 0.80 0.07 B-Caryophyllene 0.18 0.22
3-Methyl-2-pentanone 0.29 0.38 Heptadecane 2.06 247
1-Pentanol 0.22 0.14 «-Bergamotene 11.03 13.23
2,4-Pentandione 0.01 0.25 1-Pentylheptyl benzene 0.16 0.19
Hexanal 0.05 0.09 1-Butyloctyl benzene 0.16 0.17
2-Heptanone 0.11 0.33 1-Propyinonyl benzene 0.14 0.17
2-Methylpropyl acetate 0.40 021 A branched alkylbenzene? 0.39 0.46
2,3,5-Trimethyl-3-hexene 0.25 0.09 Benzyl benzoate 0.00 0.57
2-Heptanol 0.61 0.11 5-Cadinene 0.25 045
2,2'-Oxydiethanol 20.49 6.05 1-Methylundecylbenzene 0.25 0.14
4-Hydroxy-4-methyl-2-pentanone ~ 0.54 0.21 Octadecane 1.02 117
1-Heptanol 2.00 0.10 Ethyl myristate 0.09 0.42
3-Methyl-2-heptanone 0.24 0.20 «-Farnesene . 0.54 0.12
Benzyl alcohol 0.08 0.93 B-Cubebene 0.15 0.17
2-Ethyl-1-hexanol 0.18 0.44 1-Butylnonylbenzene . 0.14 0.14
3-Octanone 0.24 0.22 1-Propyldecylbenzene 0.14 0.17
4-Methyl-3-hexanone 151 0.15 An alkylbenzene® 0.26 0.34
A multibranched octanol 1.28 0.20 Hexadecane nitrile 0.66 0.76
2-Nonanone 0.38 0.14 1-Methyldodecylbenzene 0.31 0.39
1-Phenylethanol 153 0.33 B-Bisabolene 0.62 0.42
2-Nonanol 1.10 042 Unknown sesquiterpene® 0.78 0.64
2-Nonern-4-on 158 1.34 Ethyl palmitate 053 121
Tetradecane 1.05 0.28 y-Selinene 0.11 0.09
An alkane 0.40 0.16 Octadecane nitrile 048 0.14
2-Methylisoborneol 7.89 9.99 Trichodiene 0.69 0.84
Pentadecane 1.36 172 Unknown sesquiterpene 0.13 0.24
5-Ethyl-4-methyl-3-heptanone 0.13 0.64 o-Farnesene 0.77 117
cis-Nerolidole 0.15 0.21 B-Selinene 0.24 0.22

aM = 246 g/mol. ®M = 260 g/mol. °M = 204 g/mol.

There are interesting differences between the samples from solid state cultivation and sub-
merged liquid cultivation. Thus the content of 3-methyl-1-butanol in the sample from submerged culti-
vation is five times bigger than that from solid state. However, it can be said that the fungus produces



1998 VOLATILE METABOLITES FROM RICE FERMENTED BY M. purpureus 409

the same metabolites independently of the cultivation type and it is only the amounts of these metabo-
lites that differ depending on the substrate used.

The first group of metabolites (Table I) is formed by alcohols and aldehydes with a low molar
mass (e.g ethanol, acetaldehyde, 2-methyl-1-propanol, 2-methyl-1-butanol, 1-phenylethanol), etc.
These substances are often reported as fungal metabolites (Jolivet and Belin 1993; Sunesson et al.
1995) and are also formed in alcohol beverages, for instance in beer, by yeast strains (Engan 1981).
They have also been found as the only metabolites in Monascus samples prepared by headspace GC
(Patakova, unpublished results).

3-Octanone and multibranched octanol are compounds that have been identified as metabo-
lites of a number of Aspergillus and Penicillium species (Karahadian et al. 1985). The fungus Monascus
synthesizes both linoleic and linolenic acids (Jizlova et al. 1996b) that can be converted via lipoxyge-
nase into eight-carbon compounds (Karahadian et al. 1985). The correlation between the contents of
these fatty acids and the release of eight-carbon aromatic substances has been described for the mush-
room Lepista nuda (Noél-Suberville et al. 1996). Off-flavors produced due to lipoxygenase activity rep-
resent a major problem for many food products (Springett 1993). Methyl ketone (2-nonanone) has
been found as an aromatic component of blue cheese formed by Penicillium roqueforti (Kinsella and
Hwang 1976). Transformation of fatty acids into methyl ketones has also been described in M. purpur-
eus (Kranz et al. 1992).

Terpenoid compounds (camphene, limonene, thujopsene, 2-methylisoborneol, B-caryophyl-
lene, geosmin, f-cubebene and 6-cadinene) have already been found in fungi of the genera Penicillium
and Aspergillus (Jolivet and Belin 1993; Sunesson et al. 1995; Karahadian ef al. 1985; Borjesson et al.
1992). Our strain of M. purpureus produces large quantities of polyketide pigments and it has been
reported (Jiizlova et al. 1996a) that some Monascus strains can produce monacolin. Although the ter-
pene biosynthesis differs from the biosynthesis of polyketides, the starting point is the same: acetyl-
coenzyme A. The correlation between polyketide and terpene biosynthesis has been observed in the
case of Aspergillus flavus strains producing both aflatoxin (oligoketide) and sesquiterpenes (Zeringue et
al. 1993); the atoxigenic A. flavus strain did not form sesquiterpenes. On the basis of these results, it
would be very interesting to compare the production of volatile terpenoid compounds of pigment pro-
ducing and non-producing (albino) strains of M. purpureus. Geosmin and 2-methylisoborneol are also
known as components that may impart musty, earthy odors to the enviroment, for example fish exposed
to them become tainted and unacceptable for consumers (Jeon 1993). This could cause troubles also in
meat products colored by a Monascus preparation.

The development of fruity aroma, described as pineapple-, apple- or pear-like, is associated
with formation of ethyl esters (Paillard 1990). Samples with fruity flavor were found to contain high
levels of ethanol whose formation may be responsible for the enhanced esterification of some free fatty
acids. It is surprising that although Monascus samples possessed apple-like odor, they contained only
relatively small portion of esters among the identified volatiles. This can be caused either by the
method of volatiles separation (the relative amount of esters depends on the separation method and it
is about 2.5 times higher in the case of headspace GC than in the case of distillation; Paillard 1990) or
by the fact that apple odor is composed from approximately 212 compounds (Paillard 1990). Among
the apple flavor compounds are esters, alcohols, aldehydes, ketones, ethers, hydrocarbons and terpenes
and some of them are same as for Monascus volatiles (e.g. acetaldehyde, 1-propanol, 2-methyl-1-butan-
ol, 1-pentanol, 2-heptanone, 1-phenylethanol and o-farnesene).

Although the dose of Monascus extract or powder added to meat is usually low (0.5—1 g per
kg of meat) (Fabre et al. 1993), its flavor could affect the final product.

This work was supported by grant no. A6020509 of the Grant Agency of the Academy of Sciences of the Czech
Republic.
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