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EFFECTS OF METHOD AND CULTIVATION CONDITIONS ON
PIGMENTS AND MONACOLIN PRODUCTION BY STRAINS OF
MONASCUS PURPUREUS 5057 AND 5085

NGUYEN THI HOAI TRAM, DO THI THUY LE, BUI THI HONG PHUONG,
DO THI THANH HUYEN, PHAM DUC TOAN, TRINH THI KIM VAN,
TRAN TRUNG DUNG, HOANG DINH HOA, ZHAO HAI

1. INTRODUCTION

The red fungus of Monascus sp. have been used for preparation of oriental fermented foods
such as red soyabean cheese, preservaties, color and flavor in processing of meat, fish, red rice
wine and beverages in many Asean countries such as China, Japan, Taiwan, Korea, Philippines,
etc for centuries [1, 3]. After fermentation by soilid state or submerged methods Monascus sp.
produced at least six moleculas of natural pigments of three group as yellow (ankaflavin and
monascin), orange (rubropunctatin and monascorubrin) and red (rubropunctamine and
monascorubramine). Monascus fungus also able to produce other secondary metabolites as
ethanol, coenzyme, and compounds with anticholesterollemic activity (Monacolin),
antihypertension as 7y - aminobutyric acid (GABA) [4, 5, 7].

The aim of the work is to screen a suitable fermentation method and conditions for pigment
and Monacolin production by Monascus purpureus 5057 and 5085.

2. MATERIALS AND METHODS
2.1. Strains and culture conditions

Two strains of Monascus purpureus 5057 and 5085 from Food Industries Research
Institute’s Microorganism Culture Collection were employed in this study. Monascus strains
were maintained on potato dextrose agar (PDA) slopes at 4°C.

The strains first cultured on potato dextrose agar (PDA) to induce spore formation. After
cultivation at 30°C for 7 days, spores were suspended in distilled water and used as innoculum
for solid state fermentation or as seed culture for submerged fermentation.

Solid state fermentation was carried out as follow: 100 gram rice was steamed with 70 ml
tap water. After cooling, 50 gram of steamed rice was put in 500ml Erlenmyer flask and
sterilized at 121°C for 15 min. Then 5 ml of distilled water suspension from a 7 days old PDA
slope of M. purpureus strains grown at 30°C was used for inoculation. After cultivation at 30°C
for 4-7 days, the fermented steamed rice having color from bright red to dark red was dried at
60°C, then pigment and Monacolin were extracted and measured.

Submerged fermentation was carried out on a rotory shaker at 250 rpm, 30°C for 4 days.
Fermentaion medium contain (g/l) glucose 10, MgS0O,.7H,0 4.8; KH,PO, 1.5; K,HPO,1.5;
NaCl 04; FeS0O,.7H,O 0.01; ZnSO,.7H,O 0.01; Yeast extract 1.0; MSG (Monosodium
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glutamate) 7.6. Medium for inoculum was prepared in (g/l): glucose 10, meat extract 3.0,
peptone 5.0. All media were prepared with tap water and pH was adjusted to 5.5 prior to
sterilization at 121°C for 20 minutes.

2.2. Analytical methods

Pigment value of Monascus’s products was determined by spectrophotometric analysis on a
spectrophotometer at 370, 400, and 500 nm, corresponding to yellow, orange and red pigment
concentrations, respectively [7]. Monacolin and pigments were extracted by ethanol, methanol,
acetone and butanol. The results are expressed as optical density units per ml of fermented broth
or per gram of wet or dried steamed rice multiplied by the dilution factor.

Analysis of Monacolin was performed by Thin Layer Chromatograms - TLC with mobile
phase of chloroform, methanol and benzene. Monacolin was detected by iodine vapour of dried
TLC. Commercial pure Mevinolin (Monacolin or Lovastatin) obtained from Sigma Chemical
Co. was used as reference [6].

3. RESULTS AND DISCUSSION

3.1. Screening the ability of pigment and Monacolin producing by two strains of Monascus
purpureus 5057 and 5085

The growth and pigmentation in two M. purpureus 5057 and 5085 in the PDA, soilid

state and submerged cultures are shown in Figure 1 and Table 1.
Figure 1. Showing colonies, hyphae, conidia, ascocarp and pigment crystal of M. purpureus 5057 and

L .
M. purpureus 5085 on PDA at 30°C for 7 days of cultivation
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- The pigmentation in two strains differed. In the PDA medium, strain 5057 was slightly
orange/yellow on the surface of the colony, but orange underneath. Strain 5085 was initial
orange, but became deep red underneath

- M. purpureus 5085 grown and pigmentation faster more than 3 days M. purpureus 5057
when cultured by soilid state fermentation in the steamed rice medium. Both two strains
production of yellow, orange and red pigments, but productivity of yellow and orange absorption
at Azzpand Ay higher from 1.5 - 1.8 times in comparison with red pigments at Asg.

- In submerged fermentation on medium containing glucose, yeast extract, monosodium
glutamate and mineral salts, produced pigments by Monascus strains were not only bound to the
cells but also excreted in to medium. M. purpureus 5057 produce yellow, orange and red
pigments higher than M. purpureus 5085 of 2.5, 1.7 and 4.4 fold, respectively.

Fermentation broth, extracts of fermented stemed rice and mycelium biomass of M.
purpureus 5057 and 5085 was analysis for Monacolin productivity by TLC method. The results
are obtained in Figure 2 shown that Monacolin was produced by M. purpureus 5085 in both of
solid state and submerged fermentation, whereas M. purpureus 5057 produce Monacolin only by
submerged fermentation.

Table 1. Comparison of pigments production by M. purpureus 5057 and 5085 in solid state
culture and submerged cultures

Value of pigment (OD

Strain Medium and cultivation Parameter nm )

conditions
370 nm | 400 nm |500 nm

Solid state culture: Steamed ricelOD A nm / g of] 251.7 | 282.5 | 166.5
medium; static culture at 30°C for|fermented
7 days steamed rice

M. purpureus
5057 Submerged  culture:  Medium|/OD A nm / ml of| 6.2 5.8 4.7
contain of glucose, yeast extract,|fermentation broth

monosodium  glutamate - and\py - od 55 g | 1443 | 11815
mineral salts; culture on rotary .
mycelium

shaker of 250 rpm at 30°C for 4/ .
biomass
days

Solid state culture: Steamed ricelOD A nm / g of] 2904 | 306.4 | 172.8
medium; static culture at 30°C for|fermented
4 days steamed rice

M. purpureus
5085 Submerged  culture:  Medium|OD A nm / ml of| 4.5 4.9 3.3
contain of glucose, yeast extract,|fermentation broth

monosodium  glutamate  and
mineral salts; culture on rotaryOD A nm / g of| 62.3 88.9 | 269
shaker of 250 rpm at 30°C for 4|/mycelium
days biomass
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(B) M. purpureus 5085

(A) M. purpureus 5057

1,2,3: Fermented  rice 1,3,4: Mycelium biomass extracted 1,2,3: Fermented rice extracted by ethanol,
extracted by ethanol by ethanol, acetone, butanol methanol, butanol

2: Mevinolin standard 2,5,6,7: Fermentation broth cultured 4: Mevinolin standard
at 25, 30 and 35°C

3: Fermented rice extracted 8: Fermentation broth cultured at 5,6,7: Fermentation broth extracted by
by acetone 30°C was concentrated ethanol, butanol, acetone

4: Fermented rice extracted 9: Mevinolin standard
by butanol

Figure 2. Thin layer chromatograms of fermentation products of M. purpureus 5057 (A)
and M. purpureus 5085 (B)

3.2. Effect of cultivation medium and conditions of solid state fermentation on pigments
production by Monascus purpureus 5057

Table 2. Effect of culture temperature to pigments producing by M. purpureus 5057
in solid state fermentation

Temperature (°C) Value of pigment (OD)A nm/g of fermented steamed rice)
370 nm 400 nm 500 nm
25°C 357.6 336.4 113.6
30°C 437.2 428.4 252.4
35°C 301.2 281.6 151.2

In selected medium of 50 steamed rice per 500 ml Erlenmeyer flask with huminity of 35%
after inoculum of 5 ml spore suspension, cultivation temperature is important factor for pigment
production by M. purpureus 5057. The results obtained in Table 2 shown that: Production of
yellow and orange pigments increase when cultivation temperature of M. purpureus 5057
increase from 25 to 30°C, but pigment productivity significantly decrease when temperatute
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increase to 35°C; and at cultivation temperature of 25 and 30°C, M. purpureus 5057 produce
yellow and orange pigments more than 2.9 - 3.1 fold higher red pigment.

3.3. Effect of cultivation medium and conditions of submerged fermentation on pigments
production by Monascus purpureus 5057

Table 3. Effect of culture temperature to pigments producing by M. purpureus 5057
in submerged fermentation

Cultivation Wet Value of pigment (ODA nm/ml | Value of pigment (ODA nm/g of
temperature | mycelium of fermentation broth wet mycelium biomass
(°C) bi(‘;r/nLa)SS 370 nm | 400 nm | S00mm | 370mm | 400nm | 500 nm
25°C 35.2 8.4 9.1 9.7 77.3 36.3 98.5
30°C 46.5 8.6 9.8 9.8 165.7 140.5 147.0
35°C 343 0 0 29 76.8 3.8 128.7

Table 4. Effect of medium pH to pigments producing by M. purpureus 5057 in
submerged fermentation

pH of Wet Value of pigment (ODA Value of pigment (ODA nm/g of
cultivation | mycelium |nm/ml of fermentation broth wet mycelium biomass
medium bi((gfLa)SS 370 nm | 400 nm | 500 nm | 370 nm | 400 nm | 500 nm
4.0 40.0 54 4.8 53 116.4 108.2 124.5
4.5 44.0 6.0 5.3 7.0 122.8 120.0 128.7
5.0 45.0 7.1 8.4 8.8 133.0 144.3 151.4
5.5 46.5 8.6 9.8 9.8 165.7 140.5 147.0
6.0 46.0 7.5 7.3 7.6 156.4 137.0 146.7
6.5 38.5 7.2 7.8 7.9 144.7 134.8 141.8
7.0 335 72 7.5 7.3 143.2 134.5 139.5

Pigments production in submerged fermentation is affected by numberous environmental
factors, particularly the temperature and medium pH. In suitable cultivation medium and
conditions (glucose 10 g/L; MgSO, 4.8 g/L; KH,PO,4 1.5 g/L; K,HPO, 1.5 g/L; NaCl 0.4 g/L;
FeSO, 0.01 g/L; ZnSO, 0.01; yeast extract 1 g/L; sodium glutamate 7.6 g/L; shaking of
250 rpm; 200 ml medium/ 500 ml Erlenmeyer flask; inoculum ratio of 2.5%), the results of
pigments producing by M. purpureus 5057 at various temperatures and pH medium are
presented in Table 3 and 4 shown that:

- At cultivation temperature of 25°C, mycelium biomass of M. purpureus 5057 reach
35.2 g/LL and contain red and yellow pigments higher than orange. The water — soluble red
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pigment higher than orange and yellow pigments; Cultivation temperature of 30°C was favoured
for M. purpureus 5057 producing both of fungal mycelia biomass (obtained 46.5 g of wet
mycelium biomass/L) and intracellular, extracellular pigments of yellow, orange, red pigments;
At the higher temperature of 35°C, most of the red and yellow pigments was accumulated within
the mycelium biomass of M. purpureus 5057 and did not produce water-soluble pigments.

- The produce mycelium biomass of M. purpureus 5057 was favoured in pH range of
4.0 - 5.5, obtained 40.0 - 46.5 g/L and significantly decrease when pH medium increase to
6.5 - 7.0; The intracellular and extracellular pigments of yellow, orange, red pigments increase
when pH increase from 4.0 - 5.5 and decrease when pH increase to 7.0.

4. CONCLUSIONS

The production of pigments and Monacolin by strains of Monascus purpureus 5057 and
5085 were investigated utilizing solid state and submerged fermentation.

In both solid state fermentation using rice steam at 30°C for 4-7 days and submerged
fermentation using medium contained glucose, yeast extract and monosodium glutamate (MSG)
for 4 days, M. purpureus 5057 and 5085 produce yellow, orange higher red pigments.
Monacolin is detected by Thin Layer Chromatography method in both solid and submerged
fermentation products of M. purpureus 5085 whereas M. purpureus 5057 produce Monacolin
only by submerged fermentation.

When culture by solid state method, M. purpureus 5057 synthesis yellow and orange
pigment higher than red at 25 and 30°C.
By submerged fermentation method, cultivation temperature of 30°C and pH of 5.5 were

favoured for M. purpureus 5057 producing both of fungal mycelia biomass and intracellular,
extracellular yellow, orange, red pigments.
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TOM TAT

ANH HUONG CUA PHUONG PHAP VA PIEU KIEN NUOI CAY DEN SU TONG HOP
CHAT MAU VA HOAT CHAT MONACOLIN CUA CAC CHUNG NAM MOC PO
MONASCUS PURPUREUS 5057 VA 5085

Hai chung ndm médc d6 Monascus purpureus 5057 va 5085 trong Suu tap giong vi sinh vat
cong nghiép Vién Cong nghiép thuc pham di duoc nghién ctru khao sat kha nang téng hop chat
mau va hoat chat Monacolin theo phuong phdp nudi cay bé mat va nudi cay chim. Khi nudi ciy
bé mat trén moi truong 1én men gao hap, ca hai chung déu tong hop céc chat mau vang, da cam
hap thu cuc dai ¢ cdc budc song twong ung 1a 370 va 400 nm cao hon so v6i mau do hap thu &
budc song 500 nm tir 1,5 dén 1,8 1an. Chiung M. purpureus 5085 téng hgp Monacolin ca khi nu6i
cay bé mat va nudi cay chim, con M. purpureus 5057 chi tong hop Monacolin khi nudi cay theo
phuong phap 1én men chim. Nhiét d6 nudi cdy 1a yéu t6 anh huéng 16n dén kha niang tong hop
chat mau khi nuodi ciy M. purpureus 5057 theo phuong phép 1én men bé mat: ¢ 25 va 30°C,
M. purpureus 5057 téng hop mau vang va mau da cam cao hon tr 2,9 dén 3,1 1an so v&i mau do,
nhung khi nhiét do nuoi céy tang 1én dén 35°C, sy tong hop céac chit mau déu giam. Khi nuoi
cay M. purpureus 5057 theo phuong phép 1€n men chim trén moi truong chira glucoza, cao nam
men, mudi khodng va glutamat natri, pH = 5,5, & nhiét d6 30°C, hiéu suat tong hop sinh khéi hé
s0i cing nhu cdc chit mau vang, da cam, d6 trong sinh khdi hé soi va tiét xuit ra moi trudng
nudi cdy dat gid tri cao nhét.
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