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Summary

Chemical profile of Monascus ruber strains has been studied using gas chromatography-
-mass spectrometry (GC/MS) analysis. The colour intensity of the red pigment and second-
ary metabolic products of two M. ruber strains (AUMC 4066 and AUMC 5705) cultivated
on ten different media were also studied. Metabolic products can be classified into four cat-
egories: anticholesterol, anticancer, food colouring, and essential fatty acids necessary for
human health. Using GC/MS, the following 88 metabolic products were detected: butyric
acid and its derivatives (25 products), other fatty acids and their derivatives (19 products),
pyran and its derivatives (22 products) and other metabolites (22 products). Among these,
32 metabolites were specific for AUMC 4066 strain and 34 for AUMC 5705 strain, whereas
22 metabolites were produced by both strains on different tested substrates. Production of
some metabolites depended on the substrate used. High number of metabolites was record-
ed in the red pigment extract obtained by both strains grown on malt broth and malt agar.
Also, 42 aroma compounds were recorded (4 alcohols, 2 benzaldehydes, 27 esters, 3 lacto-
nes, 1 phenol, 1 terpenoid, 3 thiol compounds and acetate-3-mercapto butyric acid). Thin
layer chromatography and GC/MS analyses revealed no mycotoxin citrinin in any media
used for the growth of the two M. ruber strains.

Key words: Monascus ruber, GC/MS, colouring agents, anticholesterol and anticancer activi-
ties, essential fatty acids, fatty acid esters, aroma compounds

Introduction

Monascus ruber van Tieghem is a cosmopolitan fungus,
found in soil, cooked potatoes, soya, sorghum, tobacco,
rice, oat and silage (1). Increasing demand for natural
products in the food industry has encouraged remark-
able efforts towards the development of biotechnological
processes for the production of such natural compounds
(2). Some synthetic food colourants, like nitrosamines
formed from nitrites and nitrates, applied in cured meat
have carcinogenic and teratogenic effects. Also, the ap-
plication of other synthetic colourants such as azorubin
or tartrazin has been limited due to their possible aller-
genic effect. In order to avoid these problems, Monascus
red pigment is used widely around the world on indus-
trial scale as a natural food colourant (3–7), in medicinal
and pharmaceutical products (8–10), as condiment and
in cosmetic industry (11–18).
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Red yeast rice (rice fermented with red yeast M. pur-
pureus) was found to be a food product that has the abil-
ity of reducing the level of lipids in the blood of animals
and humans (12–16). Also, red yeast rice has been used
in China to improve digestion and blood circulation for
thousands of years. Red pigment maintains normal cho-
lesterol levels, supports healthy circulatory, cardiovascu-
lar and immune systems, liver function and provides
antioxidant support (17–19).

Pigment production depends greatly on the kind of
metabolites, yield, colour degree, stability, and safety, as
well as on the strains, substrates and cultivation condi-
tions (5,10,13,20–26). Steamed rice, bread, bran and several
cereal substrates (15,23) as well as industrial by-products
such as sugar cane molasses, corn steep liquor and cheese
whey (3) had different influences on red pigment pro-
duction due to the variation in their composition.



Monascus has been found to be an important source
of aroma compounds (2), such as volatile fatty acids or
esters, lactones, aldehydes, alcohols and ketones, which
play a significant role in the production of food to im-
prove its flavour. They have high biological activity, low
toxicity and are used in folk and classical medicine, food,
perfume, cosmetic and pharmaceutical industries, as de-
foaming agents and to improve shelf-life and safety of
minimally processed fruits (2,27–38).

This investigation has been designed to study the
intensity of production of red colour pigment by two M.
ruber strains cultured on inexpensive substrates and to
estimate their yield of medically important metabolites.

Materials and Methods

Monascus strains

Two strains of M. ruber, AUMC 4066 (CBS 109.07)
and AUMC 5705, were tested for red pigment produc-
tion. These strains were obtained from Assiut University
Mycological Centre, Assiut, Egypt. They were maintained
on rice medium containing (in g/L): rice powder 50,
KH2PO4 2.5, NaNO3 3, MgSO4·7H2O 0.5 and distilled
water 1 L, pH=6 (12,30), and then autoclaved at 121 °C
for 15 min. The fungus was then inoculated and incu-
bated at 26 °C for 10 days.

Preparation of inoculum

Monascus ruber strains were grown on rice slants at
26 °C under static conditions. To the fully sporulated
(10-day-old) agar slope culture, 10 mL of sterile distilled
water were added and the spores were scraped under
strict aseptic conditions. The obtained spore suspension
was used as inoculum (106 spores per mL).

Fermentation media and cultivation

Semisynthetic fermentation media (malt yeast extract
broth and agar), and those containing either grains, seeds,
whey or molasses were used. Malt yeast extract (MYE)
broth and agar contained (in g/L of distilled water):
malt extract 5, yeast extract 3, glucose 5, and agar 15.
Other media contained 10 g of boiled barley, corn, rice,
sorghum, wheat grains or broad bean seeds, or 10 %
whey or molasses (centrifuged and filtered in order to
remove the solid residue), and all were supplemented
with 1 g of KH2PO4 and 2 g/L of NaNO3.

Aliquots of 50 mL of each medium were dispensed
each in 250-mL flasks. After sterilization at 121 °C for 20
min, each flask was inoculated with 2-mL spore suspen-
sion and incubated at 26 °C for 10 days. Only MYE agar
was inoculated and incubated for 20 days.

Assessment of growth, pigment production and
metabolites of M. ruber strains

On all the above media, the growth and colour of
aerial and immersed mycelia of both M. ruber strains
were assessed visually. Colour intensity of the ethanolic
pigment extracts was measured spectrophotometrically
at 500 nm. Different metabolites produced by both strains
were also determined by GC/MS analysis.

Extraction, absorbance and GC/MS analysis of
M. ruber ethanolic extracts

The cultures of Monascus ruber strains were extract-
ed with 95 % ethanol (by volume) in 50-mL flasks by
agitation at 10 000 rpm for 24 h. The mixture was fil-
tered through Whatman filter paper no. 2 and dried over
anhydrous Na2SO4. The absorbance of the ethanolic ex-
tracts was measured against pure solvent (ethanol) as a
blank at 500 nm, near the absorbance peak of red pig-
ments using Spectronic 2000 spectrophotometer (Bausch
and Lomb, Rochester, NY, USA) according to Kaur et al.
(5).

Analysis of the extraction was preformed using Agi-
lent GC/MS, model 6890 N/5975B (Agilent Technologies,
Palo Alto, CA, USA) at the analytical Chemistry Unit,
ACAL, Chemistry Department, Faculty of Science, As-
siut University, Assiut, Egypt.

Detection of citrinin

A mass of 50 g of each barley, corn, rice, sorghum,
wheat grains or broad bean seeds was homogenized for
5 min in a high-speed blender (at 16 000 rpm) with 100
mL of chloroform. The chloroform extracts were tested
for citrinin (8,13–15,22,27).

The two M. ruber strains were grown on PDA slopes
for 7 days, from which spore suspensions were prepared
in 2 mL of water. The isolates were inoculated into 250-
-mL Erlenmeyer flasks each containing 50 mL of medi-
um, then incubated at 26 °C for 10 days as static cul-
tures. Cultures containing medium and mycelium were
homogenized for 5 min in a high-speed blender (at
16 000 rpm) with 100 mL of chloroform. The extraction
procedure was repeated three times. The chloroform ex-
tracts were combined, washed, filtered, and concentrat-
ed to near dryness and mycotoxin was detected using
thin layer chromatography (5,8,32–34).

Results and Discussion

Table 1 clearly shows that M. ruber strain AUMC 5705
had good growth on most culture media. The other strain,
AUMC 4066, showed good growth on barley, rice and
molasses, moderate growth on corn and sorghum and
failed to grow on whey.

The two strains had almost the same colour of both
aerial and immersed mycelia on media enriched with
natural substrates. The degree of pigmentation ranged
from faint pink to deep red. Deep red colour of aerial
and immersed mycelia was formed on barley after 10
days and on malt agar after 20 days by both strains. Extra-
cellular soluble pigments were also released in all media.
In this respect, Rasheva et al. (16) recorded that maxi-
mum pigment production was obtained on malt extract
agar (MEA) plates supplemented with ammonium nitrate.

These results are in agreement with other findings
(12,39–46) which stated that the biomass growth and types
and production of metabolites were directly or indirectly
affected by the cultivation environment and the cultiva-
tion methods. They also mentioned that solid-state cul-
tivation results in higher pigment yield than cultivation
in shake culture and this phenomenon is due to the fact
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that pigments are released into grains under solid-state
culture, whereas under submerged cultivation they are
accumulated in the mycelium.

Many investigations studied the effect of using grains
as a good substrate for pigment production by Monascus
species such as wheat (36), corn (3), rice with the addi-
tion of soybean milk (37) and rice (9,10,27,37,38). Hama-
no and Kilikian (3) evaluated the production of red pig-
ments by M. ruber using complex culture media (glucose
or sucrose, corn steep liquor and monosodium glutamate)
and found that pigment yield was higher in the complex
medium than in the semisynthetic medium; however,
the cell growth was similar in both media.

Spectrophometric measurements showed that AUMC
4066 strain produced the colour of highest intensity on
molasses followed by malt agar, whereas strain AUMC
5705 yielded its highest intensity on malt agar followed
by malt broth and molasses (Table 1).

Metabolites of M. ruber strains detected by GC/MS
analysis

Significant concentrations of 88 metabolites were de-
tected. Of these, 32 metabolites were specific for strain
AUMC 4066 and 34 for strain AUMC 5705, while 22 were
produced by both strains on different tested media. The
detected metabolites can be classified into four catego-
ries: colouring (25 metabolites, belonging to butyric acid
derivatives), anticholesterol (22), and anticancer agents,
essential fatty acids (other than butyric acid) and their
esters (19), and other metabolic products (22).

Table 2 shows the 25 metabolic products of butyric
acid and its derivatives (colouring agents) formed by
both M. ruber strains tested on different media. The high-
est concentration of metabolites was recorded for strain
AUMC 5705 on molasses (17 %, by mass, of 2-ethylbu-
tyric acid hexadecyl ester). The mass fractions of other

butyric acid derivatives produced by either or both strains
were between 0.1 and 9 %.

Butyric acid esters have been recorded to inhibit co-
lonic tumour cells and promote healthy colonic epithe-
lial cells. They also have mostly pleasant aroma or taste,
and are used as food, medicine, cosmetic and perfume
additives, or as muscle relaxants. Among butyric acid

derivatives, g-aminobutyric acid (also called carbamate)
is known as hypertensive agent, muscle relaxant, immu-
nity system activator, it also prevents lipid peroxidation,
and supports healthy liver function (15,35,41–49).

Both strains produced 22 metabolic products of py-
ran and its derivatives known as anticholesterol agents
on the tested media (Table 3). Of these, only six were
produced by AUMC 4066, nine by AUMC 5705, while
seven were produced by both strains. Among these meta-

bolites, methyl-b-arabinopyranoside obtained by AUMC
5705 on malt broth showed the highest peak with a mass
fraction of 21 %. Mass fractions of the remaining pyran
products were between 0.1 and 14 % on different media.
The pyran derivative 2-(2-bromoethoxy)tetrahydro-2-H-
-pyran is used in the preparation of 2-hydroxyethyl de-
rivatives of cardiolipin analogues, furan-fused compounds,
indoles and pyrazoles.

Table 4 shows that 19 metabolic products of fatty
acids other than butyric acid and its derivatives were
produced by both M. ruber strains. Of these metabolic
products, only four were produced by strain AUMC
4066, seven by AUMC 5705 and nine by both strains.
Linoleic acid ethyl ester showed its highest peak with a
mass fraction of 65 % obtained by AUMC 4066 on sor-
ghum and of 28 % by AUMC 5705 on wheat. Also, octa-
decanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester
produced by AUMC 4066 showed high peaks on corn
and broad bean (4 and 26 %, respectively) and by AUMC
5705 on whey (19 %).

Many investigators recorded that the red extract of
Monascus contains numerous fatty acids that maintain
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Table 1. Visual estimation of mycelial growth and colour of aerial and immersed mycelia and soluble pigment (estimated also spec-
trophotometrically) of the two strains of M. ruber (AUMC 4066 and 5705)

Medium

Visual
growth

estimation

Aerial
mycelium colour

Immersed
mycelium colour

Soluble
pigment
colour

A500 nm
No. of

metabolites

4066 5705 4066 5705 4066 5705 4066 and 5705 4066 5705 4066 5705

barley 3 1 deep red deep red deep red deep red deep red 0.4 0.2 8 5

broad bean 1 1 faint brick red faint brick red red red light brown 0.1 0.5 10 7

corn 2 3 faint pink faint pink deep red deep red faint pink 0.3 0.7 10 5

rice 3 1 faint pink faint pink faint pink faint pink orange to red 0.8 0.1 5 3

sorghum 2 3 rose rose deep red deep red faint pink 0.4 0.5 4 6

wheat 1 3 faint pink faint pink deep red deep red faint pink 0.6 1.1 8 6

malt broth 1 3 white faint orange white deep orange colourless 0.2 3.5 15 19

malt agar 1 3 deep red deep red deep red deep red deep red 2.5 5.0 18 11

molasses 3 3 faint orange faint orange faint orange faint orange colourless 3.1 3.0 14 15

whey 0 2 – white+red edges – red colourless 0 0.2 0 17

AUMC=Assiut University Mycological Centre; visual growth estimation: 3=good growth, 2=moderate growth, and 1=fair growth
Strains were cultivated on different media at 26 °C for 10 days and on malt agar for 20 days. Number of metabolites was determined
using GC/MS analysis



the human health (8,24,26). The medicinally important
essential fatty acids include oleic, palmitic, stearic and
linoleic acids, which are essential to normal growth of
children, supporting dermal integrity, skin moisturizing,
renal function and parturition, and are found to be im-
portant for immune anti-inflammatory system response
and therefore relevant in arthritis, lupus, asthma and can-
cer prevention, cardiovascular disease prevention and
brain health (47–52).

Linoleic, g-linolenic, lauric and palmitoleic acids are
known as essential fatty acids playing an important role
in the life of cardiac cells and in the decrease of major

depression (41–49). Wan et al. (49) recorded that g-lino-
lenic acid has neuroprotective properties and lowers the
risk of cardiovascular diseases and prostate cancer.

Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)-
ethyl ester was produced at mass fractions ranging from
5–26 % on different media (Table 4). Strain AUMC 4066
yielded 26 % on molasses, 20 % on corn, 19 % on barley
and 12 % on broad bean. Strain AUMC 5705 produced
16 % on broad bean, 10 % on whey and 5 % on malt
agar. Hexadecanoic acid, ethyl ester of palmitic acid was
produced by the two M. ruber strains on the majority of
media in relatively high yields (11 % by AUMC 5705 on
barley and 23 % by AUMC 4066 on sorghum). The mass
fractions of the remaining fatty acids were between 1 and
9 % by both strains on different media. Octadecanoic acid,
2,3-dihydroxypropyl ester was also detected at mass
fractions of 9–23 % and strain AUMC 4066 showed the
highest productivity on barley.
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Table 2. Butyric acid and its derivatives produced by the two strains of M. ruber on different media at 26 °C after 10 or 20 days of in-
cubation as determined by GC/MS analysis

Serial
no.

Butyric acid derivatives

t(incubation)/day

10 20

Medium

Barley
Broad
bean

Corn Rice Wheat Molasses Whey
Malt
broth

Malt
agar

M. ruber strain

5705 4066 5705 5705 4066 4066 5705 5705 4066 5705 4066 5705

w/%

1 2-ethylbutyric acid, hexadecyl ester3 17

2 3-amino-4(4-methoxyphenyl)butyric acid 9

3 (2R,3S)-1,2,3,4-butanetriol1 0.2 0.2 8 2

4 1,2,3,4-butanetriol, [S-(R,R)]1 6 2 1

5 butyric acid, 3-methyl-, propyl ester3 6

6 4-hydroxy, 3-methyl-2-butanone 5 0.4

7 butanedioic acid, hydroxyl, dimethyl ester3 4

8 butyl-2-methylbutanoate 3

9 butyric acid, 3-oxo-, propyl ester3 0.2 1 0.1

10 butanedioic acid, 2-hydroxy-3-methyl 1

11 butanedinitrile 1

12 butanedioic acid, 2-hydroxy-2-methyl-, (2S) 1

13 1-buten-3-one, 1-(2-carboxyl-4,4-dimethyl)
cyclobutenyl

1

14 acetate-3-mercaptobutyric acid8 0.4 0.1 0.1

15 2,3-butanedithiol7 0.2 0.4

16 butyric acid-2-D1 0.4

17 2-propenyl-2-ethylbutanoate 0.3

18 1,4-bis(methylthio)butane7 0.3

19 butyric acid, 3-methyl-, butyl ester3 0.3

20 3-OH-4,4-2(CH3)-g-butanolactone-
pantolactone4

0.3

21 butyric acid, ethyl ester3 0.1

22 2,4-dihydroxy-3,3-dimethylbutyric

acid-g-lactone4
0.1 0.1

23 butyric acid, 4-(methylthio)7 0.1

24 butyric acid, 3-oxo-, 1-methylethyl ester3 0.1

25 butyric acid, 3-oxo-, ethyl ester3 0.1

Total 1 4 1 1 4 3 3 6 3 7 2 2

1alcohols, 2benzaldehydes, 3esters, 4lactones, 5phenols, 6terponoids, 7thiols, 8mercapto compound
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As shown in Table 5, 22 other metabolic products
were produced, most of them by one of the two strains
and only one product (3-deoxy-5-mannoic lactone) by both
strains. Glycerol at 65 % mass fraction was produced only
on rice by strain AUMC 4066. Only oxalic acid, mono-
amide, n-propyl, decyl ester at 27 % mass fraction was
produced by strain AUMC 5705 on molasses. 3-Deoxy-
-5-mannoic lactone was produced at the mass fraction of
17 % by strain AUMC 4066 on malt and at 11 % by
strain AUMC 5705 on molasses. Octane-2,5,6-trimethyl
was produced at 16 % by AUMC 4066 on molasses.

Strain and substrate specificity for secondary
metabolite production

Out of the 88 metabolic products detected, 32 were
specific for strain AUMC 4066: seven of them are related
to butyric acid derivatives, six to pyran derivatives, four

to fatty acids and their derivatives, in addition to 15 other
metabolites (Table 6). On the other hand, 34 metabolites
were produced only by strain AUMC 5705. Of these, 13
are related to butyric acid, nine to pyran derivatives, six
to other fatty acids and their derivatives, and six to other
metabolites. Twenty-two metabolites were detected in
cultures of both strains: five metabolites related to bu-
tyric acid, seven to pyran, and nine to other fatty acids,
in addition to one other metabolite.

When substrate containing only barley was used, 13
metabolites were produced: eight by AUMC 4066 and
five by AUMC 5705 (Table 7). On substrate containing only
broad bean, 17 metabolites were detected among which
acetate-3-mercaptobutyric acid; butyric acid, ethyl ester;
octadecanoic acid, 2-hydroxy-1-(OHCH3)ethyl ester; hexa-
decanoic acid, 2-hydroxy-1-(OHCH3)ethyl ester; hexade-
canoic acid, ethyl ester and octadecanoic acid ethyl ester
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Table 5. Other metabolites produced by the two strains of M. ruber on different media at 26 °C after 10 or 20 days of incubation as
determined by GC/MS analysis

Serial
no.

Other fungal metabolites

t(incubation)/day

10 20

Medium

Barley
Broad
bean

Corn Rice Molasses
Malt
broth

Malt
agar

M. ruber strain

4066 5705 4066 4066 5705 4066 5705 4066 5705 4066 5705

w/%

1 glycerol1 65

2 oxalic acid, monoamide, n-propyl, decyl ester3 27

3 3-deoxy-5-mannoic lactone4 11 17

4 octane-2,5,6-trimethyl 16

5 thiocyanic acid, 2-(2-butoxyethoxy)ethyl ester3 11

6 n-methoxy-n-acetyl-2-carbomethoxyethylamine 11

7 3-methoxy-4-(trimethylsilyl)oxy-benzaldehyde-
-O-methyloxime2

9

8 E,Z-1,3,12-nonadecatriene 8

9 4-nitrobenzaldehyde2 2 5

10 quinazoline, 2-methyl 5

11 2-furancarboxaldehyde, 5-(hydroxymethyl) 5

12 methyl-b-D-ribofuranoside 4

13 3-benzyl-2-oxo-2-H-pyrido(2,1-b-)[1,3]oxazin-
-5-lum-4-olate

3

14 benzofurazan-1-oxide, 6-cyano 2

15 benzoic acid, 4-OCH3-2-(2-furoythydrazono-
-CH3)phenyl ester

3 2

16 1,2-benzenedicarboxylic acid, diisooctyl ester 3 2

17 4(1-H)-pyrimidinone, 2,6-diamino 1

18 1,2-benzenedicarboxylic acid, mono
(2-ethylhexyl) ester 3 1

19 benz(a)anthracene-7-carbonitrile 1

20 4-diethylaminomethyl-2,5-dimethylphenol5 1

21 limonene6 1

22 nonane, 5-methyl 1

Total 1 1 1 1 2 1 2 5 1 8 1

Legends as those in Table 2



were produced in relatively high mass fractions (10–26 %)
by AUMC 4066 and seven by AUMC 5705. Three prod-
ucts were produced only on corn and these include
4-(methylthio)butyric acid by AUMC 4066, and 2,4-dihy-

droxy-3,3-dimethylbutyric acid g-lactone and 1-(p-tolui-
dino)-1-deoxy-b-idopyranose by AUMC 5705. Four prod-
ucts were produced on rice only, including 1-buten-3-one,
1-(2-carboxyl-4,4-dimethylcyclobutenyl); cis-spiro[cyclo-

penta[c]pyran-7(1-hydroxy,2-[1,3]dioxane)]-7-a(4a-hydro-
xycarboxylic, 1-oxo, methyl ester); glycerol and 3-metho-
xy-4-(trimethylsilyl)oxy-benzaldehyde-O-methyloxime.

Only sorghum supported the production of methyl-b-
-D-ribopyranoside, whereas three metabolic products were
specific to wheat (3-oxo-1-methylethyl ester of butyric

acid; 2-hydroxy-3-methyl-butanedioic acid and methyl-b-
-1-arabinopyranoside). Molasses supported the produc-
tion of seven products and these include 1,4-bis(methyl-

thio)-butane; a-1-sorbopyranose; oxalic acid, monoamide,
n-propyl, decylester; octan-2,5,6-trimethyl, and others.
On whey only, seven metabolic products were produced
and these include butanedinitrile; butanedioic acid, 2-hy-
droxy-2-methyl-, (2S); butyric acid, 3-methybutyl ester
and others. Ten metabolites were detected on malt broth
only and these include butyric acid-2-D1; 2-propenyl-2-

-ethylbutanoate; methyl-b-arabinopyranoside; 2-tetrahy-
dro-2-methoxy-H-pyran and others. Nine products were

specific to malt agar and these include methyl-a-D-ga-
lactopyranoside; n-methoxy-n-acetyl-2-carbometho-
xyethylamine; 1,2-benzenedicarboxylic acid, mono(2-
-ethylhexyl) ester and others.

Generally, of the 88 compounds detected, 42 are aro-
ma compounds, which include 4 alcohols, 2 benzalde-
hydes, 27 esters, 3 lactones, 1 phenol, 1 terpenoid, 3 thiols
and 1 mercapto compound (Tables 2–5). Four alcohols
were formed: (2R,3S)-1,2,3,4-butanetriol, 0.2 % on molasses
and tetrahydro-4-H-pyran-4-ol, 1 % on whey by AUMC
5705; 1,2,3,4-butanetriol, [S-(R,R)], 6 % on wheat and 2 %
on molasses and glycerol 65 % on rice by AUMC 4066.

The two M. ruber strains produced 27 esters, includ-
ing eight butyric acid esters, of which 2-ethylbutyric acid,
hexadecyl ester produced by strain AUMC 5705 on mo-
lasses had the highest mass fraction of 17 %. Different
fruity fragrance compounds such as methyl butyrate (apple
fragrance), methyl and ethyl butanoate (pineapple), ethyl
butyrate (orange), pentyl butyrate (pear), and pentyl bu-
tanoate (apricot) are reported elsewhere (2,28–38).

Five other esters including oxalic acid, monoamide,
n-propyl, decyl ester (27 % mass fraction) were produced
on molasses; thiocyanic acid, 2-(2-butoxyethoxy)ethyl
ester (11 %) on malt by strain AUMC 5705; benzoic acid,
4-methoxy-, 2-(2-furoylhydrazonomethyl)phenyl ester (2
%); 1,2-benzenedicarboxylic acid, diisooctyl ester (2 %)
and 1,2-benzenedicarboxylic acid, mono(2-ethylhexyl) es-
ter (2 %) by strain AUMC 4066 on malt agar.

Three lactones (3-hydroxy-4,4-dimethyl-g-butanolac-

tone-pantolactone; g-butyrolactone and 2,4-dihydroxy-3,3-

-dimethylbutyric acid g-lactone) were detected. One phe-
nol 4-diethylaminomethyl-2,5-dimethylphenol, one cyclic
terpene limonene, which gives the orange fragrance, three
thiol compounds (2,3-butanedithiol; 1,4-bis(methylthio)-
butane and 4-methylthiobutyric acid) and acetate-3-mer-
captobutyric acid (grapefruit fragrance) were determined.
Monascus and other fungi play an important role in the
enhancement of aroma compounds in many foods as in-
dicated by Daigle et al. (39).

Chromatographic analyses for detection of citrinin in
the cultivated media

TLC and GC/MS analyses revealed that no citrinin
(nephrotoxic or hepatotoxic) was detected in all media
on which the two M. ruber strains were cultivated (data
not shown). These results are in agreement with the
results found by Chen et al. (51), who investigated the
distribution of mycotoxin citrinin biosynthesis-related
genes in 18 Monascus strains. The results show that the
acyltransferase and ketosynthase domains of the pksCT
gene encoding citrinin polyketide synthase were found
in M. purpureus, M. kaoliang and M. sanguineus. Further-
more, the ctnA gene, a major activator of citrinin bio-
synthesis, was found in M. purpureus and M. kaoliang,
but was not present in M. sanguineus. The orf3 gene en-
coding oxygenase, located between pksCT and ctnA, was
also present in M. purpureus and M. kaoliang. The pksCT
gene was highly conserved in M. purpureus, M. kaoliang
and M. sanguineus, while the ctnA and orf3 genes were
shown to be highly homologous in M. purpureus and M.
kaoliang. In contrast, the PCR and Southern blot analyses
suggest that pksCT, ctnA, and orf3 were absent from or
significantly different in M. pilosus, M. ruber, M. barkeri,
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Table 6. Summarized results indicating the number of different
metabolite derivatives recorded from each or both strains (deri-
ved from Tables 2–5)

Categories
Strain
4066

Strain
5705

Both
strains

Total

butyric acid 7 13 5 25

pyran 6 9 7 22

fatty acids other than butyric 4 6 9 19

other metabolites 15 6 1 22

Total 32 34 22 88

Table 7. Summarized results showing the number of different metabolites detected by Monascus strains on different types of media

Medium

Barley
Broad
bean

Corn Rice Sorghum Wheat Molasses Whey
Malt
broth

Malt
agar

Strain no. 4066 5705 4066 5705 4066 5705 4066 5705 4066 5705 4066 5705 4066 5705 4066 5705 4066 5705 4066 5705

No. of
detected
metabolites

8 5 10 7 10 5 5 3 4 6 8 6 14 15 0 17 15 19 18 11



M. floridanus, M. lunisporas and M. pallens. A citrinin-pro-
ducing phenotype was detected only in M. purpureus
and M. kaoliang using high-performance liquid chroma-
tography (HPLC). These results clearly indicate that the
highly conserved citrinin gene cluster in M. purpureus and
M. kaoliang carries out citrinin biosynthesis. In addition,
according to the phylogenetic subgroups established with

the b-tubulin gene, the citrinin gene cluster can group
the species of Monascus.

Pisareva and Kujumdzieva (52) studied the influence
of different carbon and nitrogen sources on the pigment
biosynthesis by Monascus pilosus C1 during batch culti-
vation under the following conditions: pH=6.0, 30 °C, 300
rpm for 7 days and found that the pigment production
was strongly stimulated by glucose and sodium gluta-
mate. None of the investigated carbon or nitrogen sour-
ces stimulated citrinin biosynthesis.

Conclusions

TLC and GC/MS analyses showed that the ethanol-
ic extracts of two M. ruber strains cultivated on different
growth media were free of citrinin. According to Chen et
al. (52) the gene responsible for citrinin biosynthesis has
not been found in Monascus ruber so the red pigments
produced by these two strains can be safe for biotechno-
logical applications. The colour intensity of the pigment
and the number of metabolites were markedly high on
malt agar, followed by malt broth and molasses. Eighty-
-eight metabolites including 25 derivatives of butyric acid,
other fatty acids and their derivatives (19), pyran and its
derivatives (22) and other metabolites (22) were detect-
ed. Many of them are useful products for applications in
medicine, food and cosmetic industries. Some metabo-
lites were strain- or medium-dependent. Strain AUMC
5705 revealed good production of butyric acid, pyran,
fatty acids and their derivatives. Several studies report-
ed possible anticancer effects of fatty acids (particularly
breast, colon and prostate cancer). Therefore, this strain
is recommended for further studies aiming at its appli-
cation in biotechnology. Forty-two aromatic metabolites
were detected (4 alcohols, 2 benzaldehydes, 27 esters, 3
lactones, 1 phenol, 1 terpenoid, 3 thiols and 1 mercapto
compound). These metabolites give desirable fruit frag-
rances in food, perfume, cosmetic and pharmaceutical
industries, they are used as defoaming agents, to im-
prove shelf life and safety of minimally processed fruits,
and also in folk and classical medicine. Also, strain
AUMC 4066 is a high producer (65 % by mass) of gly-
cerol, a compound of many significant applications in
food, pharmaceutical and other industries.
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