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Summary

Monascus sp. 94-25 strain was isolated from red rice with the purpose of red
pigments submerged production. Morphological characterisation on the taxonomically
important for the genus media, showed that the strain produced cleistothecia with oval
ascospores and aleiroconidia. Comparison with a referent strain Monascus purpureus
Went 109.07 was made and it was proved that there were no considerable differences
between both strains. Monascus sp. 94-25 was a prototroph and had optimal growth
temperature 34°C. Investigation of the fermentation and assimilation capacity of both
strains was performed. It was found that both of them assimilated well glucose, while
highest fermentation ability was observed when grown on galactose. Similarly to the
referent strain Monascus sp. 94-25 could grow on starch and protein containing natural
substrates. Regarding the morphological and biochemical investigations the newly
isolated strain 94-25 could be considered as Monascus purpureus.

Introduction

Monascus fungi are well known as
producers of a family of structurally related
hexaketide pigments which are yellow and
red in colour. They have been used in Asia for
many centuries to colour and flavour food
and Dbeverages [4,12]. These natural
colorants are of practical interest because of
the difficulties in obtaining red pigments safe
for use in food industry [5].

Different strains belonging to genus
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Monascus are used in pigment production
[1,9]. Isolation of new strains is still of
particular interest because of necessity to
obtain microorganisms with suitable kinetic
characteristics for submerged cultivation.

The aim of this investigation is to
determine morphological, biochemical and
some Kkinetic characteristics of Monascus
sp. 94-25 strain isolated with the purpose for
submerged production of red pigments.



at 28°C for 7days. The biomass was
harvested by filtration, twice rewashed and
stored at —20°C.

The proteolityc activity was determined in
the culture filtrate (extracellular) and in the
cell free extract of the biomass (intracellular)
according to the procedure of Yasuda et al.
[11]. Reaction mixture contained 0.6 ml of 1%
solution of casein, 0.3 ml of 0.1 M sodium
acetate buffer (pH 5.5) and 0.3 ml cell free
extract. The mixture was incubated at 37°C
for 10 min. The reaction was terminated by
adding 1.5 ml of 5% trichloracetic acid. The
solution was filtered and 0.4 ml 0.5 N Folin
reagent was added. After standing at room
temperature for 30 min, the absorbency at 750
nm was read and the amount of tyrosine

Results and
The isolated from red rice strain is
studied taxonomically according to the

procedure of Hawsworth and Pitt [2]. M.
purpureus CBS109.07 is used as a referent
strain in all experiments. The main
morphological and cultural characteristics of
the investigated microorganisms are shown
in Table 1. There is no significant difference
between both strains during cultivation on all
taxonomically important media. The newly
isolated strain forms oval or pyriform
aleiroconidia, single or in a chain up to 3 — 4

(Fig. 1).

Fig.1. Aleiroconidia formation by
M. purpureus 94-25 strain.
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equivalents was estimated. The amount of
protein, which causes release of 1 umol
tyrosine per minute, was defined as one Unit
protease activity.

Determination of glucoamylase activity.
For determination of the glucoamylase activity
both strains were cultivated in Erlenmeyer
flasks — 500 ml with 100 ml CD medium,
containing 1% of starch as a carbon source.
The submerged cultivation was carried out on
a Rotor shaker at 220 rpm, at 28°C for 7 days.
The biomass was harvested by filtration, twice
rewashed and stored at —20°C. The
glucoamylase activity was determined either
in the culture filtrate and in the cell free
extract, following the procedure of Yasuda
and Kuwae [10].

Discussion

Perithecia can be observed mainly on CYA
and MEA media. The microorganism forms
actively anteridia and ascogonia (Fig. 2, A).

Fig. 2. Formation of anteridium and ascogonium (A)
and perithecia (B) by M. purpureus 94-25 strain.
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Table 1. Morphological and cultural characterisation of M. purpureus CBS 109.07 and M. purpureus 94—25

Culture media, 7 days of cultivation

Cultural an.d Chapec Yeast Extract Agar Malt Extract Agar Glycerol Nitrate Agar
morphological 5 5 5 5 5
25°C 37°C 4°C 25°C 25°C
characters
CBS 109.07 94 — 25 CBS 109.07 94 — 25 CBS 109.07 94 — 25 CBS 109.07 94 - 25 CBS 109.07 94 — 25
CONIDIA
Shape Pyriform Pyriform Pyriform Pyriform Pyriform Pyriform Oval Oval
Colour No No No No No No No No
Type of conidia chain Straight Straight Straight Straight NO NO Straight Straight Straight Straight
Number of conidia 1-2 2-3 1 1 GROWTH GROWTH 2-3 1-3 1-2 1-2
Size (um) 10— 11 10— 11 10 - 11 10— 11 10— 11 10— 11 10— 11 10— 11
Ability to form conidia + + + + + + + +
PERITHECIA
Shape Globose Globose Globose Globose Globose Globose Globose Globose
Colour No No No No No No No No
Formation capability +++ +++ ++++ ++++ ++++ +4+++ + +
Diameter (um) 30-35 30-35 30-35 30-35 30-35 30-35 30-35 30-35
ASCOSPORE
Shape Oval Oval Oval Oval Oval Oval Oval Oval
Colour No No No No No No No No
Formation capability +++ +++ ++++ +++ +++ +++ ++ +
Diameter (um) 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
COLONY
Diameter (mm) 19.5 18.0 40.5 31.0 20.0 18.0 6.5 5.5
Colour Orange, white Orange, Red Red, white O.range, Orange White, red White, red
edge red center edge white edge center center
Flat
) . Slightly
lightl Flat, slightl
Shape Flat S,Ig y Flat a S 'gntly Flat raised in Flat Flat
raised in raised
the center
the center
Short. Av. long, Short, red -
Av. long, white, red orange in the | orange in the
, , white, orange | "0 Short, | Long, white, geint gein ™ Short, Short,
Aerial mycelium . in the . center, white | center, white . .
in the center, white, rare abundant white, rare white, rare
abundant center, at the edge, | at the edge,
abundant abundant abundant
Exudates - - Red Red Orange Orange —red - -




In later stage, colourless or lightly

coloured in orange cleistothecia with oval
ascospores are developed (Fig. 2, B).

Fig. 3. Pigment and lipid drops in mycelium of
M. purpureus 94-25 strain.

The hyphae are septated, 2 - 4 um width.
Some of them are filled up with lipid droplets
or pigments (Fig.3). The colony shape,
colour, aerial mycelium and exudate
formation between the two strains (Fig. 4) are
similar. Determination of optimal growth
temperature is done using colony diameter
and radial growth rate Kr [7]. Kr is determined
in the temperature interval 4 - 50°C. The
fungal growth is recorded by measuring the
diameter of the colonies in two directions at
right angles and taking the means of at least
6 replicates. The results for the two strains
are presented in Table 2.

Table 2. Radial growth rate of M. purpureus CBS 109.07 and Monascus sp. 94-25

on MEPAG medium

Temperature Radial Growth Rate - Kr, mm/h

(°C) M. purpureus CBS109.07 Monascus sp. 94-25
4 - —

6 - -

8 - —
10 - -
12 - -
14 - -
16 - -
18 0.008 0.029
20 0.026 0.048
22 0.047 0.073
24 0.173 0.188
26 0.205 0.192
28 0.310 0.206
30 0.363 0.303
32 0.406 0.315
34 0.412 0.443
36 0.395 0.432
38 0.356 0.322
40 0.266 0.249
42 0.289 0.266
44 0.154 0.175
46 0.062 0.092
48 - -
50 - —
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Fig. 4. Colonies of M. purpureus 94-25 (A) and
M. purpureus CBS 109.07 (B).

There is no significant difference in the
values of Kr between both strains at one and

the same temperature conditions. In
accordance with this investigation, the
minimal, optimal and maximal growth

temperatures are determined (Table 3). These
results indicate that M. purpureus CBS109.07
and the newly isolated strain grow up to a
temperature of 46°C and can be refereed as
thermotolerant ones.

A study of the strains growth
requirements is also made. M. purpureus
CBS109.07 and the newly isolated strain are
cultivated on minimal (CDA) nutrient media
with two  different  nitrogen  sources
(ammonium and nitrate) and a rich (MEPAG)
one. The growth is estimated by measuring
Kr values within three seven-days passages
(Table 4). Kr is used as a parameter for a
comparison  between the nutrient
requirements of the strains during the above
mentioned conditions. The obtained results
indicate that there is no significant difference
between both strains on CDA medium with
NH,4CI.

Table 3. Growth temperatures of M. purpureus CBS 109.07 and Monascus sp. 94-25.

Temperature, °C

M. purpureus CBS109.07

Monascus sp. 94-25

maximal 18 18
minimal 46 46
optimal 34 34

Table 4. Growth of M. purpureus CBS 109.07 and Monascus sp. 94-25 on minimal and rich media.

Colony radial growth rate - Kr, mm/h
Strain Passage
NH,CI NaNO, MEPAG

I 0.190 0.107 0.178
M. purpureus
CBS 109.07 I 0.189 0.111 0.1875

] 0.182 0.113 0.244

I 0.125 0.227 0.230
Monascus sp. I 0.136 0.223 0.248
94-25

] 0.185 0.218 0.287
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Nearly twice higher Kr is measured during
cultivation of the newly isolated strain on
medium with NaNO,. The same difference is
observed also during cultivation on MEPAG
medium. All these findings indicate that the newly
isolated strain possess higher growth capacity
on medium with nitrate as nitrogen source.

In order to investigate the capability for
utilisation of different carbon sources a

number of carbon substrates are tested. The
results are shown in Table 5. Using different
growth characteristics (Yyx/s, gs and p®), the
efficiency of the utilisation of these carbon
sources is estimated. Both strains assimilate
relatively well glucose (Yyss is about 0.21 - 0.24)
and possess close values of g, and p®.
Concerning other tested carbon sources, these
parameters show slow growth and utilisation.

Table 5. Assimilation of carbon sources M. purpureus CBS 109.07 and Monascus sp. 94-25.

Strain Carbon source Yx/c gs’ av
Glucose 0.216 0.045 0.044
Lactose 0.114 0.018 0.009
M. purpureus
CBS109.07 Maltose 0.164 0.036 0.034
Sucrose 0.198 0.039 0.027
Raffinose 0.121 0.025 0.012
Glucose 0.237 0.049 0.048
Lactose 0.105 0.035 0.033
Monascus sp.
Maltose 0.158 0.038 0.036
94-25
Sucrose 0.195 0.041 0.026
Raffinose 0.126 0.028 0.011
The fermentation capability of both glucose, galactose and maltose is observed.

strains is also studied (Table 6). Significant
ethanol production during fermentation of

The higher capacity for ethanol formation is
obtained with galactose as a carbon source.

Table 6. Fermentation of carbon sources by M.purpureus CBS 109.07 and Monascus sp. 94-25

Strain Carbon source Yx/s Yeyc
Glucose 0.176 0.196

Galactose 0.101 0.154

éﬂng/g;ugius Maltose 0.189 0.179
Sucrose 0.148 0.079

Lactose 0.115 0.006

Glucose 0.184 0.203

Galactose 0.091 0.183

gﬂ?g: SeUS Sp- Maltose 0.199 0.173
Sucrose 0.145 0.083

Lactose 0.113 0.007
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Another  important  characteristic ~ of
Monascus fungi is their capability for production
of proteases and amylases [6]. So they are
used for obtaining these enzymes by cultivating
substrates.

them on different natural

Investigations of amylase and protease

activities are shown in Table 7. There is no
significant difference between both strains.

On the basis of all morphological and
biochemical investigations it could be
concluded that the new strain 94-25 belongs

to species Monascus purpureus.

Table 7. Amylase and protease activities of Monascus sp. 94-25 andM. purpureus CBS109.07.

Protease activities

Glucoamylase activities

Strain

Intracellular Extracellular Intracellular Extracellular
M. purpureus
CBS109.07 0.038 0.045 1.28 2.35
Monascus sp
94-25 0.034 0.043 1.23 2.10
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TAKCOHOMWNYHO WMN3CJIEABAHE HA
LLAM MONASCUS PURPUREUS 94-25

Tans Pawesa*, XKaH-Hoen Xanet, AHHa Kytommkunesa

Pe3ome

C uen nonyyaBaHemo Ha YepBeHu nuaMeHmu, om 4YepBeH opu3 e Uu3oAupaH wam
Monascus sp. 94-25. MopgoroaudyHomo oxapakmepusupaHe Ha wama npu pacmex
Ha mMaKCOHOMUYHO 3HayuMume 3a poga cpegu, nokasa 4ye mou o6pa3yBa
KAelicmomeyuu ¢ oBaaHU ackocnopu U aAeupokoHuguu. Kamo pegepeHmeH wam e
usnon3yBaH munoB wam M. purpureus Went 109.07. Ekcnepumermume nokasaxa, ye
He cbuwiecmByBam 3HauYumeAHuU pasaudus mexgy gbama wama. Monascus sp. 94-25 e
nPomMompogeH U onmumMaaHama My memnepamypa Ha pacmex e 34°C. VacregBana e
cnocobHocmma Ha gBama wama ga acumuAupam u ¢gepmeHmupam BbeAepogHU
usmoyHuyu. YemaHoBeHo e, ye u gBama wama Hau - epekmuBHO acumuAupam u
pepmeHmupam eaoko3a. [1logobHo Ha pepepeHmHusa wam, Monascus sp. 94-25 moxe
ga pacme Ha ecmecmBeHU HuwecmeHUu U 6eAmbyHU cy6ecmpamu. Bb3 ocHoBa Ha
MOp@oro2uYHUME U buoxuMu4yHume u3caegBaHus, HoBousoaupaHusm wam 94-25 e
onpegeneH kamo Monascus purpureus.
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