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Abstract: The effect of some physical and chemical factors on lovastatin production was investigated
in this study. Shaking conditions showed negative effect on lovastatin production to a great extent.
The highest yield has been observed in 8 days incubation. Fermentation at 30<C was the optimal for
lovastatin production. Lovastatin productivity was optimal at alkaline pH 8.5. Some experiments were
developed in order to investigate the influence of carbon and nitrogen sources and their concentrations
on lovastatin productivity. The highest level for lovastatin production has been found in cultures
grown on oat meal. However, the use of glucose as a carbon source resulted in a repression of
lovastatin productivity. Oat meal 20g/l was the optimal concentration for lovastatin production. The
use of urea as a nitrogen source in the production medium lead to an increase in lovastatin production.
Also, methionine as an amino acid resulted in an increase in lovastatin production. Nutritional
improvement increases the productivity level up to 188.3µg/ml comparing to the original fermentation
medium (54.5µg/ml).
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INTRODUCTION

Lovastatin (C24H36O5) is an effective inhibitor of the enzyme that catalyzes the rate limiting step in
cholesterol biosynthesis. Lovastatin acts by competitively inhibiting the enzyme (3-hydroxy-3-methylglutaryl
coenzyme A reductase (HMGCoA) (Alberts et al., 1980 and Alberts, 1988). It is active not only in vitro to
inhibit cholesterol biosynthesis but also in vivo to lower plasma cholesterol level in humans and animals
(Kaneko et al., 1978), thereby it is effective in the therapy of hypercholesterolemia. Hypercholesterolemia is
a primary risk factor for the coronary artery disease, the major cause of death in many countries (Goldstein
and Brown, 1984). Lovastatin, also called Mevinolin, Monacolin K and Mevacor. Mevinolin is the first
compound of its kind to become available for treatment of hypercholesterolemia. This interesting polyketide
is a secondary metabolite of fermentation process of various fungi such as Monascus rubber and Aspergillus
terreus (Alberts et al., 1980; Endo, 1979). Since then many strains of Monascus (Negishi et al., 1986; Chang
et al., 2002b) as well as a variety of other filamentous fungi including some species of Penicillium (Alberts,
1988), Hypomyces, Doratomyces, Phoma, Eupenicillium, Gymnoascus, Monascus ruber, Pleurotus and
Trichoderma were found to produce lovastatin (Endo et al., 1986 and Siamak et al., 2003). A number of
studies attempting to increase lovastatin production through more efficient processes have been documented
(Alberts et al., 1980; Szakacs et al., 1998). Secondary metabolism of microorganisms is part of their normal
maturation processes (Szakacs et al., 1998). The design of fermentation media is critical, especially when the
products are secondary metabolites. Although major improvements are generally ascribed to the development
of superior strains, nutrient supplies also affect cellular productivity. Atalla et al. (1999) found that the
commercial production of lovastatin is typically carried out using large scale of fungal fermentation. The
optimized medium resulted in a significant increase of mevinolin yield. Casas Lopez et al. (2003) found that
production of lovastatin and microbial biomass by A. terrues (ATCC20542) was influenced by the type of the
carbon and nitrogen sources used (Atalla et al., 2008). As with any fermentation product, the culture medium
has a significant influence on the yield of lovastatin and its rate of production. Selection and composition
optimization of a suitable medium is therefore important for establishing a process for producing lovastatin.
Various statistical experimental design strategies are widely used for optimizing fermentation media (Grothe
et al., 1999). Of the major culture nutrients, carbon and nitrogen sources generally play a dominant role in
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fermentation productivity because these nutrients are directly linked with the formation of the biomass and the
metabolite. Also, the nature and concentration of the carbon source can regulate secondary metabolism through
phenomena such as catabolic repression. Biosynthesis of lovastatin has been found to depend on the carbon
and nitrogen sources, but the results have been inconsistent as the observed effects depend on strain used and
culture conditions, that is, the composition and concentration of other culture medium components (Casas
Lopez et al. 2003).

Lovastatin is generally produced by batch fermentation in complex media. A. terreus fermentations are
typically carried out at 28 NC and pHs 5.8–6.3 (Kumar et al., 2000). The dissolved oxygen level is controlled
at $40% of air saturation (Kumar et al., 2000). A batch fermentation generally runs for <10 days. Fed-batch
fermentations of A. terreus have been investigated for producing lovastatin and are said to be superior to batch
cultures (Novak et al., 1997and Kumar et al., 2000). At least in some cases, pelleted growth of A. terreus has
yielded higher titers of lovastatin than obtained with filamentous growth (Kumar et al., 2000). Uncontrolled
filamentous growth occurs when using rapidly metabolized substrates. The rapid increase in viscosity
accompanied by filamentous growth greatly impedes oxygen transfer and this is said to explain the low titers
of lovastatin. Lovastatin productivity of wild strains of A. terreus is relatively low, but selected mutants can
produce lovastatin titers of $2200 mg l!1 within 12 days in fed-batch fermentations (Kumar et al., 2000).

In the present investigation some physical factors such as shaking, temperature and some chemical factors
were maintained for the optimization of production medium for lovastatin productivity.

MATERIALS AND METHODS

Fungal Strain:
 Aspergillus terreus strain (Fig. 1) has been isolated from maadi soil area in Helwan Governorate (Egypt)

and identified in mycological lab. Botany and Microbiology Department, Faculty of Science, Helwan
University, Egypt. according to the following references: 
• Gilman (1957), for soil fungi. 
• Domsch and Gams (1980), for Aspergillus and Penicillium species.

Identification has been confirmed by the help of the Regional Center for Mycology and Biotechnology,
Al – Azhar University, Egypt.

Fig. 1: Aspergillus terreus: Colonies on Czapek agar at 25<C attaining a diameter of 3.0-3.5 cm within 7 days
gives buff to yellow brown with predominant columnar biseriate heads, with irregular margines.
Yellowish to brown reverse. Conidial heads columnar, 60.5 µm, vesicle sub-globose 12.3 µm in
diameter, primary sterigmata 5.4x2.3µm, secondary sterigmata 6.0x1.2 µm, conidiophores 5.2µm in
diameter, conidia globose, smooth, 2.1µm in diameter.
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Media:
Aspergillus terreus was cultured in a two-steps submerged fermentation. A mycelial disc 0.5 cm in

diameter was placed in the seed medium. The mycelial discs were obtained from cultures grown on strain on
potato dextrose agar at 28<C for 7 days. The seed cultures were incubated at 28<C for 24 hours. The seed
medium constituents are (g/l): 5 corn steep liquor, 10 oat meal, 10 glucose, 10 ml trace elements stock solution
and water to 1 liter (pH 6.8). The trace element stock solution is composed of 1 g FeSO4.7H2O, 1 g
MnSO4.4H2O, 25 mg CuCl2.2H2O, 100 mg CaCl2. 2H2O, 56 mg H3BO3, 19 mg (NH4)6Mo7O24.2H,2O, 200 mg
ZnSO4.7H2O and water to 1 liter (Siamak et al., 2003). Ten ml of the seed broth was used as inoculum for
the production medium (g/l): 50 glucose, 20 yeast extract, 20 oat meal, 10 sodium acetate, 5 ammonium
sulfate, 2 potassium dihydrogen phosphate, 10 ml trace element stock solution and water to 1 liter. The pH
adjusted to 7.0 with 1 M NaOH. The 250 ml culture flasks each containing 50 ml of sterilized production
medium were incubated under static conditions at 28<C for 7 days. 

Extraction and Determination of Lovastatin: 
At the end of 7 days of fermentation, the contents of each flask (medium and mycelia) were adjusted to

pH 3 by concentrated HCl. Then the acidified broth was extracted with half volume of mixture of ethyl
acetate: cyclohexane (65:35 v/v) added to the whole fermentation flask. The whole fermentation flask was then
cooled for 24 hours. After the extraction was complete, it was centrifuged at 1500xg for 12 min and the
aqueous and organic phases were separated. The mycelia and the aqueous phases were discarded, while the
organic phase was further treated. The organic phase was completely evaporated in a rotatory evaporator at
60<C and the dried residue was dissolved in 10 ml methanol (Siamak et al., 2003). 

Assay of Lovastatin:
0.1 ml from each sample was taken into 10 ml volumetric flask and the volume was made up to mark

with methanol; the absorbance was measured by UV spectrophotometer (T 60 U Spectrometer PG Instruments
LTD) at 245 nm. The concentration of lovastatin was calculated in µg/ml of final methanol solution using
corresponding calibrated curve (Rajput and Raj, 2009; Jaivel and Marimuthu, 2010). 

The pure lovastatin standard has been generously provided by El-obour modern pharmaceutical industries
co. (Merge pharmaceutical co.).
 
Culture Conditions:

All fermentations were carried out at 28<Cfor 7 days in replicates. Any alterations in the procedures will
be mentioned.

Effect of Agitation on the Production of Lovastatin:
Ten ml of the seed medium in 100 ml flasks were inoculated by the test organism and incubated at 28<C

in shaking conditions (180 rpm) for 24 hours. Cultures for establishing the effect of shaking were conducted
in 250 ml flasks filled with 50 ml of the production medium. The flasks were inoculated by the previously
prepared seed medium, then incubated at 28<C in a shaking incubator (180 rpm) for different incubation
periods.

Effect of Incubation Period on the Production of Lovastatin:
Ten ml of the modified the seed medium in 100 ml Erylnmer flask were autoclaved at 121<C for 20 min.

After cooling each flask was inoculated with a mycelial disc (0.5 cm in diameter) from a 7 days old culture
of Aspergillus terreus strain. Triplicate sets of flasks were incubated at 28<C for 24 hours in a static incubator.
Seed medium was used as inocula to triplicate sets of flasks from production medium, then incubated at 28<C
under static conditions for different incubation periods: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 days. At the end of the
incubation periods, flasks were analyzed for lovastatin production. 

Effect of Temperature on the Production of Lovastatin:
Ten ml aliquots of seed medium in 100 ml Erylnmer flasks were autoclaved at 121<C for 20 min. Each

flask was inoculated by a mycelial disc (0.5 cm in diameter) from a 7 days old culture. The inoculated flasks
were incubated for 24 hours in a static incubator at 28<C. Inoculated seed medium were used as inoculums
for the 50 ml flasks production medium and then incubated at different temperatures: 15, 20, 28, 30, 35, 40<C.
Then lovastatin production was estimated. 
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Effect of the Initial Ph Value of the Production Medium on Lovastatin Production:
After preparation and inoculation of seed medium, production medium was initially adjusted at different

pH values (5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9) by using 1N HCl and 1N NaOH. All adjustments were carried out
before sterilization of the medium by means of the pH-meter. Each flask contained 50 ml media and 1 gram
oat meal. After autoclaving process, each flask was inoculated by the seed medium. Then flasks were incubated
under static conditions for 8 days at 30<C. Then analysis process was maintained as described previously.

Effect of Different Carbon Sources on Lovastatin Production:
Nine different carbon sources (lactose, maltose, fructose, sucrose, glycerol, starch, glucose, oat, glucose

in combination with oat) were tested for their abilities to influence growth and lovastatin production by the
tested Aspergillus terreus strain. Each carbon source was added individually as equivalent to 50 g glucose per
liter. The flasks which 50 ml of the production medium were autoclaved as usual after adjusting pH to 8.5
by 1N NaOH. The inoculated flasks were incubated for 8 days at 30<C. At the end of the incubation period
the production activity was determined. 

Effect of Different Concentrations of Oat Meal on Lovastatin Production: 
Oat meal has been found as the best substrate for lovastatin production, so the effect of different

concentrations of oat meal was studied in which production medium contain oat alone (without glucose) as
the optimized carbon source. The media was prepared with different concentrations of oat meal, one at a time
(10, 15, 20, 25, 30, 35 and 40 g/l). pH has been adjusted at 8.5, autoclaved and then inoculated as usual by
seed medium. Flasks were incubated for 8 days at 30<C in a static incubator, then analyzed for lovastatin
production. 

Effect of Different Nitrogen Sources on Lovastatin Production:
Production medium with oat meal alone without glucose (20 g/l) as carbon source was used during this

study. Several nitrogen sources were tested for their suitability for lovastatin production (tryptone, urea, corn
steep liquor, ammonium sulphate, ammonium nitrate and peptone). The different nitrogen sources were added
as nitrogen equivalent to 20 g yeast extract per liter. Incubation takes place at 30<C for 8 days. Flasks were
analyzed for lovastatin production as previously mentioned. 

Effect of Different Concentrations of Urea on Lovastatin Production:
Urea has been found as the best nitrogen source for lovastatin production, so the effect of different

concentrations of urea was studied in which production medium contain urea as the optimized nitrogen source.
Production media was prepared with different concentrations of urea, one at a time, (1, 1.5, 2.5, 4.5, 5.5, 6.5
and 7.5 g/l), autoclaved as usual, inoculated by seed medium, incubated at 30<C for 8 days, at the end of
incubation period analysis of lovastatin takes place. 
 
Effect of Addition of Amino Acids on Lovastatin Production:

This experiment was studied using production medium supplemented with oat meal as carbon source at
a concentration of 20g/l and the nitrogen source (urea) was replaced by different amino acids on equal nitrogen
equivalent to 20g yeast extract per liter. One at a time, (methionine, leucine, glycine, proline, alanine,
asparagines and aspartic acid). Sterilization was carried in the autoclave as usual. The inoculated flasks were
incubated for 8 days at 30<C. At the end of the incubation period, lovastatin productivity was determined. 

Effect of Different Concentrations of Trace Element Solution on Lovastatin Production: 
In this experiment production medium containing 4.5g/l urea was used during this study. Different volumes

of trace element solution were used, one at a time, (2.5, 5, 10, 15, 20 ml). Sterilization was carried in the
autoclave as usual; inoculated flasks were incubated for 8 days at 30<C, at the end of incubation period test
for lovastatin production. 

Effect of Different Concentrations of Sodium Acetate on Lovastatin Production:
This experiment was evaluated, in which the production medium contain 4.5 g/l urea as the optimized

nitrogen source, but the production medium was used with different concentrations of sodium acetate (a
precursor in lovastatin biosynthetic pathway), one at a time (2.5, 5, 10, 15, 20 and 25). Autoclaved at 121<C
for 20 min, inoculated by previously prepared active grown mycelium in seed medium, incubated at 30<C for
8 days, then analyses for lovastatin productivity takes place. 
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Effect of Different Concentrations of Methionine on Lovastatin Production:
In this experiment the effect of different concentrations of methionine as a precursor in lovastatin

biosynthetic pathway was studied. Different concentrations of methionine were added to the production medium
with optimal sodium acetate concentration (20g/l), on at a time: 1, 2, 4, 6, and 8. Sterilized as usual, inoculated
by seed medium and then incubation process takes place. At the end of the incubation period, lovastatin
productivity was determined.

Effect of Optimized Production Medium on Lovastatin Production:
This experiment was studied using optimized production medium. Experiment was carried out in 250 ml

flasks containing 50 ml media. The original fermentation medium was also evaluated for comparison.
Sterilization was carried in the autoclave as usual. The inoculated flasks were incubated for 8 days at 30<C.
At the end of the incubation period, lovastatin productivity was determined.

Effect of Aeration on Lovastatin Production:
In this experiment optimized production medium was used during this study. Sterilization was carried in

the autoclave as usual. An air pump was used during this experiment to introduce air inside the medium. The
inoculated flasks were incubated for 6 days at room temperature. At the end of the incubation period, lovastatin
productivity was determined. The control experiment was carried out without aeration.

Statistical Analysis: 
Results were statistically analyzed according to Duncan (1988). Duncan’s multiple range tests were used

to compare between means of treatments. 

RESULTS AND DISCUSSION

Effect of Agitation on the Production of Lovastatin:
The results in Table 1 revealed that stationary cultivation for both seed medium and production medium

supported higher rate of lovastatin production than that produced in case of shaking cultivation for both seed
and production medium (64 and 8 µg/ml respectively),which were significantly lower than that obtained under
static conditions. The results also showed that, in case of shaking cultivation for seed medium and stationary
cultivation for production medium resulted in approximately the same results as in case of stationary cultivation
for both seed and production medium which were not significantly different. The results also revealed that,
shaking cultivation produced very low lovastatin concentrations in the interval from 3 to 7 days incubation
period. While in the 8th day of incubation period lovastatin yield began to increase to reach 46µg/ml in the
10th day of incubation. It was also observed that, in the 7th day of incubation the viscosity of the production
medium increased. High viscosity turned the cultures into static conditions and at this stage the fungal cells
started to increase the biosynthetic ability of lovastatin. Viscosity has been greatly impedes oxygen transfer
which is necessary for lovastatin production (Long-Shan et al., 2004). In agreement with the present results
Wang et al. (1999) cultivated Monascus ruber for production of lovastatin under stationary conditions. In
contrast to the present results, Szakacs et al. (1998) made optimization experiments with the best isolate for
lovastatin production (Aspergillus terreus TUBF-514) under shaking cultivation. Also, the present results is not
in accordance with that of Julio Alarcon et al. (2003) and Siamak et al. (2003), in which they work on 150
rpm and 180rpm respectively for lovastatin production.

Table 1: Effect of agitation on lovastatin productivity by Aspergillus terreus
Incubation period (days) Lovastatin (μg/ml) Duncan,s multiple range test
3 1.5 de
4 2 efg
5 6 efg
6 6.2 def
7 8 d
7 * 64 a
7# 62 a
8 28 c
9 48 b
10 46 b 
7*: Control incubated in static incubation for both seed and production medium.
7#: Control incubated in shaking seed medium and static production medium.
*Lovastatin means with different letters have significant differences between each other.
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Effect of Incubation Period on the Production of Lovastatin:
It seems that lovastatin productivity by the tested Aspergillus terreus strain is highly affected by incubation

period. The results in Table 2 showed that increasing the incubation period resulted in an increase in lovastatin
production with a maximum concentration (45.89µg/ml) in cultures incubated for 8 days. All other incubation
periods resulted in lovastatin productivity, which was significantly lower than that obtained at 8 days
incubation. On the other hand, lovastatin production decreased with further extension of the incubation period
to 11 days. Similar observations were reported by Siamak et al. (2003), in case of Aspergillus terreus, they
investigated the production of lovastatin at 7 days of incubation with a level of 55 mg lovastatin per liter of
screening production medium. Long-Shan et al. (2004) found that optimum lovastatin production (572 mg/l) 
was obtained after 10 days by a strain of Aspergillus terreus ATCC 20542. Atalla et al. (2008) studied
production of mevinolin during different incubation periods by Aspergillus terreus J 9 using Dox-rice medium,
maximum production (932.15 mg/l) was obtained after 4 days. In the first phase of growth (trophase) the
mycelial growth increased exponentially and little or no secondary metabolites are produced, when the fungus
enters the second phase (idiophase), the biomass becomes stable and secondary metabolites are synthesized
until lysis starts (Burrow et al. 1961; Bu,lock, 1975; Martin and Demain, 1980). Previous reports indicated
that incubation periods of 6-10 days were optimal for lovastatin production by various fungi (Endo, 1979;
Moore et al. 1985; Gunde-Cimerman et al. 1993; Shindia, 1997). 

Table 2: Effect of incubation period on lovastatin productivity by Aspergillus terreus
Incubation period (days) Lovastatin  (μg/ml) Duncan,s multiple range test
2 21.26 d
3 21.8 d
4 35.3 c
5 35 c
6 35.6 c
7 44.5 ab
8 45.89 a
9 43.9 ab
10 43.3 ab
11 39 bc
*Lovastatin means with different letters have significant differences between each other.

Effect of Temperature on the Production of Lovastatin:
Lovastatin production by Aspergillus terreus strain was highly affected by incubation temperatures, in

which lovastatin concentration increased with the increase of incubation temperature until reached the maximum
lovastatin concentration at 30<C (Table 3). The lovastatin production was 50.9µg/ml after 8 days of incubation
at 30<C. Then productivity decreased gradually with increase of incubation temperature.

At temperature 28 and 35<C lovastatin yield was 46.43 and 44µg/ml respectively, which which was non
significant different with result obtained at 30<C. At temperatures 15 and 20<C lovastatin concentration were
17.68 and 28.25µg/ml respectively, which was significantly lower than that obtained at 30<C. Neither growth
nor activity were detected at high temperature (40<C), while Aspergillus terreus was able to produced low
growth with low lovastatin concentrations at 20<C and 15<C.  Also, lovastatin rate  decreased by decreasing
temperature to 20<C and 15<C as compared with lovastatin titers at 30<C.These results are in complete
accordance to that recorded by Yuan et al. (2003) obtain 378 mg/kg monacolin K by using of Monascus
purpureus at 30<C. Lingappa and Babu (2005), using Aspergillus terreus KLVB 28 strain to produce lovastatin
at 35<C. In this respect Siamak et al. (2003) reported the production of lovastatin by Aspergillus terreus at
28<C. Casas Lopez et al. (2003) also reported the production of lovastatin by Aspergillus terreus ATCC 20542
at 28<C. Chang et al. (2002a) obtained 157 mg/l lovastatin by Monascus ruber at 25<C using a rice-glycerol
complex  medium.  Also,  Ruchir and Rekka (2010) obtain 3723.4 µg/g DFM at 28<C by using a strain of 

Table 3: Effect of incubation temperature on lovastatin productivity by Aspergillus terreus 
Temperature (°C) Lovastatin (mg/ml) Duncan,s multiple range test
15 17.68 c
20 28.25 b
28 46.43 a
30 50.9 a
35 44 a
40 0 d
*Lovastatin means with different letters have significant differences between each other.
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Aspergillus terreus UV 1718. In this respect, Gerson et al. (1995) stated that the fermentation may be carried
out at any suitable temperature i.e. 15<C to 37<C, however, for optimum results it is preferable to conduct the
fermentation at temperatures from about 20<C to 30<C. 

Effect of the Initial pH Value of the Production Medium on Lovastatin Production:
Lovastatin productivity occurred when the initial pH of the medium was in the alkaline or neutral

conditions. On the other hand it was decreased at lower pH values. The results recorded in Table 4 showed
that, lovastatin has been produced over a wide range of pH values (7 - 9) with a maximum peak at pH
8.5(66.69 µg/ml). All other pH values resulted in lovastatin productivity that was lower than that obtained at
pH 8.5. At pH 9 the productivity dropped to about 45.89µg/ml. There are no significant differences between
lovastatin concentrations obtained at pH range 7.5-8.5. Slightly acidic medium (pH 5-6) resulted in weak
growth with low yield of lovastatin (14µg/ml at pH 5, 17.3µg/ml at pH 5.5 and 29.38 µg/ml at pH 6); these
results were significantly lower than that obtained at pH 8.5. The present results is in accordance with those
of Alberts et al. (1980) and Kysilka (1993) whom adjusted the pH of the fermentation medium at 7.4 to
produce mevinolin by Aspergillus terreus. Siamak et al. (2003) studied the production of lovastatin by
Aspergillus terreus at pH value 7. Shindia (1997) reported that lovastatin production was maximum at pH
range 5.5-6. Cases-Lopez et al. (2003) worked on pH value 6.5 by using Aspergillus terreus ATCC 20542 to
produce lovastatin. Atalla et al. (2008) also investigated the maximum production of mevinolin (96.22 mg/l)
at pH 6.5 by using Aspergillus terreus. 

Table 4: Effect of initial pH values on lovastatin productivity by Aspergillus terreus 
pH value Lovastatin (mg/ml) Duncan,s multiple range test
5 14 e
5.5 17.3 d
6 29.38 c
6.5 35.58 c
7 44.5 ab
7.5 55.5 a
8 60 a
8.5 66.69 a
9 45.89 ab
*Lovastatin means with different letters have significant differences between each other.

Effect of Different Carbon Sources on Lovastatin Production:
Fig. 2 Showed that the lovastatin productivity was variably affected by different types of carbon sources.

Oat meal was the most preferable carbon source for lovastatin productivity (199.29µg/ml). On the other hand,
the growth of Aspergillus terreus strain on oat meal as a carbon source was low so these results revealed that,
lovastatin productivity was inversely proportional to growth. All other carbon sources resulted in lovastatin
productivity which was significantly lower than that obtained with oat meal. Glycerol and maltose resulted in
78.13 and 74.1µg/ml respectively, which were not significant differences with each others. Starch, lactose and
fructose resulted in the following lovastatin concentrations; 156.43, 153.55 and 93.73µg/ml respectively.
However, glucose and glucose+oat meal resulted in lovastatin concentrations 57.24 and 58.11 respectively,
which were not significantly different from each other, although these carbon sources produced low lovastatin
rates, they supported good growth for Aspergillus terreus strain. Also, sucrose which resulted in low lovastatin
concentration (57.91µg/ml) supported good growth for tested strain. It was also observed that using glucose
either alone or in combination with oat meal exhibited a repression effect on lovastatin titers (57.24µg/ml and
58.11 µg/ml respectively) compared with oat meal alone. This is might be due to the high rate of glucose
utilization and its complete oxidation to CO2 and energy through glycolyis and TCA cycle, so high rate of
growth has been shown, however, low glucose concentration has been directed to secondary metabolism and
lovastatin production. Also in case of glucose and oat meal combination, the presence of glucose may interfere
with the synthesis of enzymes used in utilization of natural oat meal. These results are consistent with the
findings of Hajjaj et al. (2001) whom stated that relatively low production of lovastatin has been reported in
cultures growing at high specific growth rate, while a higher productivity was found for lower growth rates.
Apparently, Starvation conditions tend to favor the production of lovastatin. Also, in accordance with the
present investigation Miyake et al. (2006) reported that glucose strongly repressed lovastatin production by
Monascus pilosus. In contrast to the present work, Julio Alarcon (2003) used glucose in the culture medium
for the production of statins from Pleurotus ostreatus. 

Casas lopez et al. (2003) used a slowely metabolized carbon source (lactose) which showed the highest
titers and specific productivity of lovastatin by Aspergillus terreus ATCC 20542. Radez et al. (1997) used
lactose with Aspergillus terreus var.aureus (MUCL 38997).
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Fig. 2: Effect of different carbon sources on the productivity of lovastatin by Aspergillus terreus.

Effect of Different Concentrations of Oat Meal on Lovastatin Production:
The results in Fig. 3 indicated that, lovastatin productivity was increased by increasing oat meal

concentrations reached maximum productivity at 20g/l oat meal (179.9 µg/ml), then decreased again with
increasing oat meal concentration. All other concentrations of oat meal resulted in lovastatin productivity which
was lower than that obtained at 20g/l oat meal. However, the differences in lovastatin concentrations were not
significant at the oat meal concentrations 15, 20, 25 and 30g/l. Lovastatin yield gradually decreased to 166.53
in case of 40 g/l oat meal, this result was not significantly difference with that obtained at conc. 35g/l oat
meal. The results showed that the increase of oat meal concentration from 10 to 20g/l induced a regular
increase in the productivity of lovastatin from 141 to 179.9µg/ml. On the other hand, growth of the test
organism was increased by increasing oat meal concentration until 40g/l. Similar to these results, Siamak et
al. (2003) designed a culture medium with oat meal and glucose as carbon sources and used oat meal at a
concentration of 20 g of oat meal per liter. However, Hajjaj et al. (2001) designed a culture complex medium
for the production of lovastatin by Aspergillus terreus contain 10 g oat meal. Also Zhihua et al. (2009) studied
lovastatin biosynthesis from Aspergillus terreus in chemically defined medium contain 10g oat meal. 

Fig. 3: Effect of different concentrations of Oat meal on the productivity of lovastatin by Aspergillus terreus

Effect of Different Nitrogen Sources on Lovastatin Production:
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The results in Fig. 4 showed that lovastatin productivity was variably affected according to the nitrogen
source used. Across the different nitrogen sources used, the best lovastatin yield was 190.78 µg/ml obtained
in case of using urea, followed by 183.07 and 183 µg/ml lovastatin concentration in case of using peptone and
ammonium nitrate as a nitrogen source, which were not significantly different with result obtained in case of
using urea. All other nitrogen sources used resulted in lovastatin productivity but lower than that produced with
urea, peptone and ammonium nitrate. However tryptone, corn steep liquor, ammonium sulphate and yeast
extract retarded lovastatin formation, in which they produced 138.61, 145.1, 153.17 and 164 µg/ml lovastatin
concentration respectively, these lovastatin rates were not significantly different from each others. Similar to
the present results, some investigators used peptone as nitrogen source. Chang et al. (2002a, b) used peptone
to produced lovastatin by Monascus ruber. Also, Miyake et al. (2006) used peptone as an organic nitrogen
source for high lovastatin production by Monascus pilosus. In contrast to the present results, Long Shan et al.
(2004) used yeast extract as a nitrogen source for the production of lovastatin by Aspergillus terreus. Atalla
et al. (2008) used ammonium sulphate in the medium as sulphur and nitrogen sources for production of
mevinolin by Aspergillus terreus. In accordance with the present results few investigators used corn steep
liquor for the production of lovastatin by Aspergillus terreus var. aureus (MUCL 38997)(Radez et al. 1997).
In contrast to the present results Hajjaj et al. (2001) stated that urea and ammonium nitrate were consumed
for biomass formation therefore, there lovastatin productivity was very poor by using Aspergillus terreus
ATTCC 74135. 

Fig. 4: Effect of different nitrogen sources on the productivity of lovastatin by Aspergillus terreus.

Effect of Different Concentrations of Urea on Lovastatin Production:
Increasing the nitrogen level of the production culture medium using urea induced an increase in lovastatin

yield reaching maximum (175.8µg/ml) at concentration of 4.5g of urea per liter. (Fig. 5), then lovastatin yield
decreased with increasing urea concentration up to 7.5 g/l to reach about 127.3 µg/ml lovastatin. All
concentrations of urea used in these experiment supported lovastatin accumulation but in a significant lower
rates than that produced at 4.5 g/l urea.

Effect of Addition of Amino Acids on Lovastatin Production: 
The obtained results in Fig. 6 illustrated that lovastatin production varied greatly depending on the type

of amino acid used. Methionine was the best amino acid for the test organism which resulted in 180µg/ml
lovastatin. The results also showed that all amino acids used supported both growth and lovastatin productivity
with a significantly lower rate than that in the case of methionine. Alanine, proline and leucine produced
lovastatin yield which are near to that produced by methionine, 169, 173 and 151µg/ml respectively. Glycine
and asparagine resulted in 140.1 and 143 µg/ml lovastatin concentration which was not significantly different
from each others. Aspartic acid resulted in retardation of lovastatin production with the least lovastatin rate 
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Fig. 5: Effect different concentrations of urea on the productivity of lovastatin by Aspergillus terreus

Fig. 6: Effect of different different amino acids on the productivity of lovastatin by Aspergillus terreus)

(40.6µg/ml). Manzoni and Rollini (2002) stated that amino acids are very important for biosynthesis of
lovastatin. Amino acids can act both as a nitrogen source and a carbon source in filamentous fungi. In
complete accordance with the present results, Long shan et al. (2003) stated that an increase by 20% in
lovastatin production was acheived if feeding methionine at 72h. Manuela and Matilde (2006) investigated that
lovastatin production was influenced by the addition of methionine that is directly involved in lovastatin
biosynthetic pathway. 

Effect of Different Concentrations of Trace Element Solution on Lovastatin Production:
The data illustrated by Fig. 7 indicated that, as the concentration of trace element solution increased,

lovastatin concentration increased to reach maximum level at 10 ml trace element solution (169.15µg/ml) then
decreased from 169.15 to 120.38µg/ml at 20 ml of trace element solution. So the best concentration of trace
element solution was 10 ml. 2.5 ml of trace element solution resulted in 131.82 µg/ml lovastatin which was
significantly lower than that obtained at 10 ml trace element solution. 5 and 15 ml of trace element solution 
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Fig. 7: Effect of different concentrations of trace element solution on the productivity of lovastatin by
Aspergillus terreus. 

also decrease lovastatin titers 148.7 and 132.47 µg/ml respectively; these results were significantly lower than
that obtained at 10 ml trace element. In complete accordance with the present results Siamak et al. (2003) used
10 ml of trace element solution composed of [FeSO4.7H2O, MnSO4.4H2O, CuCl2.2H2O, CaCl2. 2H2O, H3BO3,
(NH4)6Mo7O24.2H,2O, ZnSO4.7H2O] to produce lovastatin by using Aspergillus terreus strain. On the other hand,
Cases Lopez et al. (2003) used 1 ml of trace element solution composed of [ Na2B4O7·10H2O, MnCl2·4H2O,
Na2MoO4·2H2O and CuSO4·5H2O] to produce lovastatin by using Aspergillus terreus ATCC20542. In this
respect, Zhihua et al. (2009) stated that the divalent metal ions Zn2+ or Fe2+ influence the production of
lovastatin by regulating the action of key enzymes such as LovD or LovF in lovastatin biosynthesis. 

Effect of Different Concentrations of Sodium Acetate on Lovastatin Production:
Effect of different concentrations of sodium acetate as a precursor in the biosynthetic pathway of lovastatin

was studied, in which different concentrations of sodium acetate was used (2.5, 5, 10, 15, 20 and 25 g/l). 
The results illustrated in Fig. 8 revealed that as the concentration of sodium acetate increased the rate of

lovastatin formation increased to reach maximum productivity (181.4µg/ml) at 20 g/l sodium acetate, then
decreased again to reach 150.54 µg/ml lovastatin at 25 g/l sodium acetate. All other concentrations resulted
in lovastatin rates, which was significantly lower than that obtained at 20 g/l. From the results, it was obvious
that lower concentration of sodium acetate (2.5-5g/l) resulted in a high retardation in lovastatin productivity
(84.9µg/ml).In this respect, Siamak et al. (2003) used 10 g sodium acetate in the production medium of
Aspergillus terreus strain to produce a lovastatin. Studying acetates concentrations in the production medium
for lovastatin productivity was an important factor as acetates is involved in the first step of lovastatin
biosynthetic pathway along with methionine (9 sodium acetate:1 methionine)(Manzoni and Rollini, 2002). They
also indicated that the lovastatin biosynthetic pathway starts from acetate units linked to each other in head-to-
tail fashion to form two polyketide chains. The methyl group present in some statins in the side chain or at
C6 derives from methionine. 

Effect of Different Concentrations of Methionine on Lovastatin Production:
As shown in Fig. 9, it was observed that, methionine concentration of 2 g/l resulted in the maximum

lovastatin productivity (188.3 µg/ml). All other methionine concentrations resulted in lovastatin yield, which
was significantly lower than that obtained at 2g/l methionine. Decreasing methionine concentration (1 g/l) than
2 g/l resulted in a slightly decrease in lovastatin titers to 176.6µg/ml. Increasing methionine concentration than
2 g/l (4, 6 and 8 g/l) resulted in a decrease in lovastatin concentration 162.5, 153 and 132 respectively.The
results also revealed that production medium with 20 gram sodium acetate without methionine resulted in
180.37µg/ml lovastatin which was not significantly different from the lovastatin yield obtained in case of 2
g/ml methionine (188.3µg/ml). In this respect, Long-Shan et al. (2003) stated that lovastatin producing phase
was further prolonged if feeding 0.1 g/l methionine at 72 h. This resulted in a 20% increase in lovastatin
production.
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Fig. 8: Effect different concentrations of sodium acetate on the productivity of lovastatin by Aspergillus terreus

Fig. 9: Effect different concentrations of methionine on the productivity of lovastatin by Aspergillus terreus 

Effect of Optimized Production Medium on Lovastatin Production:
Nutritional improvement experiments increases the productivity level up to 188.3µg/ml comparing to the

original fermentation medium (54.5µg/ml)(Table 5).

Table 5: Media composition and lovastatin concentration before and after optimization.
Media composition(g/l)
----------------------------------------------------------------------------------------------------------------------
Before optimization After optimization

Glucose 50 -
Yeast extract 20 -
Oat meal 20 20
Sodium acetate 10 20
Ammonium sulfate 5 5
KH2PO4 2 2
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Table 5: Continue
Trace element solution 10 10
Urea - 4.5
Methionine - 2
pH 7 8.5
Incubation period 7 8
Lovastatin (µg/ml) 54.5 188.3

Effect of Aeration on Lovastatin Production:
The results in Table 6 showed that lovastatin productivity was negatively affected by aeration, in which

non-aerated production medium supported the higher rate of lovastatin production than that produced in case
of aerated production medium(160 and 120µg/ml respectively). Shaking studies almost showed the same trend
with a low production level of lovastatin.

Table 6: Effect of aeration on lovastatin productivity by Aspergillus terreus
Condition Lovastatin (mg/ml)
Aerated 120
Non-aerated 160
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