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Abstract
lovastatin is a naturally produced 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase 
enzyme inhibitor- used for treating hypercholesterolemia. it was the first statin drug which was 
approved by the United States Food and Drug Administration (USFDA). in the current study, endophytic 
fungus Fusarium nectrioides (MH173849) isolated from Euphorbia hirta l. was used for the production 
of lovastatin. Four different culture media indicated as M1, M2, M3 and M4 were used for the initial 
production of lovastatin. liquid cheese whey was used as nitrogen source. Growth morphology of fungi 
was investigated using Scanning electron Microscopy analysis. Also, parameters like temperature, pH, 
inoculum size, incubation time, and RPM were optimized for the obtaining highest lovastatin production. 
Among the four media, M4 was found to produce the maximum concentration of lovastatin. Parameters 
such as temperature of 28°C, pH 6, RPM – 180 rpm and inoculum size of 5 x107 spores/ml were optimal 
for the production of lovastatin by F. nectrioides (MH173849). 
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iNtRODUCtiON

 Diseases like hypercholesterolemia, 
i.e., increased blood cholesterol levels, have 
been on the rise due to changes in diet and 
lifestyle across the globe. Elevated cholesterol 
levels in the blood pose a significant threat as it 
increases the likelihood of a person developing 
atherosclerosis and ischemic heart disease in the 
long run. Research indicated that it could also 
increase the chances of getting diseases such as 
dementia, Alzheimer’s, Ischemic heart stroke, 
obesity, diabetes, and certain cancers. The liver 
predominantly synthesizes cholesterol in a series of 
more than 25 enzyme-driven steps, and the rest is 
derived from the food we consume1,2. Biosynthesis 
of cholesterol in the body takes place through the 
mevalonic acid pathway. The predominant enzyme 
targeted for controlling the cholesterol level is 
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase, the rate-limiting and regulatory 
enzyme in cholesterol biosynthesis. The group 
of compounds that inhibit the enzyme HMG-CoA 
reductase is the statin group of molecules1,3. 
 Lovastatin is a statin group of a drug 
molecule and was the first anti-cholesterol drug 
approved by the United States Food and Drug 
Administration (USFDA). It is involved in the 
inhibition of cholesterol biosynthesis. Lovastatin 
also works as an in vivo competitive inhibitor of 
HMG-CoA reductase for humans and animals 
as well as in plants and is hence used to treat 
hypercholesterolemia1, 3-8. Lovastatin is available 
in the lactone form but converted to β-hydroxy 
acid invivo, the active state. Also, Lovastatin is 
the precursor of simvastatin4. Studies have shown 
that lovastatin can also increase good cholesterol 
or high-density lipoproteins in the blood, thereby 
preventing plaque formation6. Apart from its 
anti-cholesterol activity, lovastatin has anti-
inflammatory, anti-cancer, neuro-protective, and 
antimicrobial properties. Studies have indicated 
that it could be effective against osteoporosis, 
Alzheimer’s disease, and multiple sclerosis3,7. 
 Literature has shown that fungal 
fermentation has yielded several biologically 
important active metabolites. Several fungal 
species can produce lovastatin by solid-state, 
liquid surface, and submerged fermentation. 
Lovastatin is produced intracellularly and 

accumulates in the mycelia. Fugal species such as 
Aspergillusterreus, Aspergillusflavus, Penicillium 
spp., Monascusruber, Monascuspurpureus, 
Trichodermaspp. are commonly employed for 
the production of lovastatin. Also, Scopolariopsis, 
Paecilomyces, Phoma, Gymnoascus, Doratomyces, 
Pleurotus, Phythium, and Hypomyces have shown 
the potential to produce lovastatin. Mushrooms 
like Agaricusbisporus, Pleurotusostreatus, and 
P.citrinopileatus have been used to produce 
lovastatin1, 2, 4, 8-10.
 Endophytic fungi exist in the tissues of 
living plants and aid in the growth of plants. These 
fungi protect the plant from biotic and abiotic 
stresses and don’t cause any harm to the plants. In 
turn, the plant provides these fungi with nutrition 
and shelter. Endophytic fungi produce secondary 
metabolites and bioactive compounds that are 
structurally unique with diverse pharmacological 
properties. So, research has been focused 
on producing such bioactive products from 
endophytes so that they may be used in the 
treatment of diseases11-18. In the present study, we 
did a preliminary investigation on the potential of 
theendophytic fungus Fusariumnectrioides for the 
production of lovastatin. 

MAteRiAlS AND MetHODS

isolation of Fusariumnectrioides(MH173849) 
from E. hirta
 Fusariumnectrioides(MH173849), an 
endophytic fungus was isolated from the medicinal 
plant, Euphorbia hirta. F. nectrioideswere 
investigated for lovastatin production. The 
isolated pure cultures were maintained in a potato 
dextrose agar culture medium (PDA). 

inoculum Preparation
 Mycelial agar plug (1cm x 1cm) of F. 
nectrioides was taken from PDA plates. It was 
then suspended in 5ml of saline containing 0.2% 
Tween 80 solution and was filtered using Whatman 
(No.1) filter paper. Filtered mycelium suspension 
(5x107spores mL-1) was utilized as an inoculum 
for the fermentation process. 1mL of spore 
suspension was inoculated in the seed media. 
Seed media was prepared using Glucose – 50 g/L, 
Yeast extract - 20 g/L, Magnesium sulphate - 0.04 
g/L and Lactose – 25 g/L. The pH of the media was 
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maintained at pH 6. The inoculated flasks were 
incubated at 28˚C for 40 h in a shaking incubator 
at 180 rpm19 -20.  

Production Medium
 In order to study the production of 
lovastatin, F. nectrioides was inoculated in four 
different media. The four media are Potato 
Dextrose Broth (M1), Potato Dextrose Broth with 
Liquid Cheese Whey (M2), Modified media (M3) 
and modified media with Liquid Cheese Whey 
(M4). Whey is a liquid by-product generated 
from cheese manufacturing. It is composed 
of approximately 0.3% fat, 0.8% protein, 4.9% 
lactose, and 0.5% minerals. Liquid Cheese Whey is 
used as both a carbon and nitrogen source. Spore 
inoculum in seed media (5x107 spore per mL) was 
inoculated in the M1-M4 production media in 
triplicates under sterile conditions. The pH of the 
media was maintained at pH 6. All the flasks were 
incubated at 28°C at 180 rpm for 15 days21-24.  
 The composition of the four media used 
are as follows,
M1 media - Potato Dextrose Broth - 250 g of 
peeled, sliced potatoes were boiled in 1 L distilled 
water for 30 min and filtered afterwards. With the 
1 L of filtrate, 20g of dextrose was added. 
M2 media - Potato Dextrose Broth with Liquid 
Cheese Whey - 20g of acidified Liquid Cheese 
Whey was added to M1 medium. 
M3 medium - Modified Media -contained: glucose 
(20g/L), lactose (20g/L), yeast extract (20g/L), 
histidine (4g/L), potassium di hydrogen phosphate 
(4g/L), Magnesium Sulphate (0.4g/L), Calcium 
chloride (0.4g/L), Ferrous sulphate heptahydrate 
(0.2g/L) was dissolved in 1000ml distilled water.
M4 medium - Modified Media with Liquid Cheese 
Whey – Lactose from M3 medium was re-placed 
with Liquid Cheese whey. 

extraction and Detection of lovastatin
 Fermentation of the F. nectrioidesin the 
four different media was carried out for about 16 
days. The media was filtered using sterile filter 
paper to separate the mycelia from the media. 
Then, equal volumes of ethyl acetate were added 
to the filtered media, and the solution was acidified 
from pH 6 to pH 2. The solution was kept in a shaker 
at 100 rpm for 2h at room temperature. After the 

extraction cycle, the mixture was centrifuged at 
1500 rpm for 20 min, and the organic phase was 
collected. It was then concentrated using a rotary 
evaporator. The extract was then analysed for 
lovastatin production using UV spectrometry at 
238nm25.

SeM Analysis of Fungal Growth on Four Media
 The various growth morphology of 
F.nectrioidesin the four different culture media 
M1, M2, M3, and M4 were investigated using a 
Scanning Electron Microscope (SEM). Biomass 
separated from the culture broth by centrifugation 
was washed with sterile distilled water and stored 
in alyophilizer at 20°C. Lyophilized samples were 
dissolved in dimethyl sulfoxide (DMSO) and used 
for analysis.

effect of Culture Conditions (temperature, pH, 
inoculum Size, incubation time, and RPM) on 
Fungal Growth and lovastatin Production
 Based on preliminary analysis, Modified 
media with liquid cheese whey (M4) gave a high 
yield of lovastatin. This was then chosen for 
further optimization studies. Effect of different 
temperatures, pH, inoculum size, incubation time, 
and RPM in the shaker flask level fermentation was 
studied to enhance the Lovastatin production26. 

ReSUltS

Production, extraction, and Confirmation of 
lovastatin
 Fusariumnectrioides isolated from 
Euphorbia hirtawere investigated for the 
productionof Lovastatin. The pure cultures 
maintained in PDA were initially inoculated 
in the seed medium. The F. nectrioides were 
inoculated in four different media from the seed 
media, i.e., M1–M4. The cultures were allowed 
to grow in the production media for about 16 
days, and the production was monitored till 
the 16th day of fermentation. After which, ethyl 
acetate was added to the fermentation broth 
to extract lovastatin. After the extraction, the 
presence of lovastatin was confirmed in all four 
media by UV spectrophotometry at 238nm25. The 
quantitative estimation was done by comparing 
the values with the lovastatin standard curve. In 



  www.microbiologyjournal.org2480Journal of Pure and Applied Microbiology

Manogaran et al. | J Pure Appl Microbiol. 2022;16(4):2477-2487. https://doi.org/10.22207/JPAM.16.4.07

M1 and M3 media, the maximum concentration 
of lovastatin produced was 12.7 g/L and 14.3 g/L, 
respectively, on the 10th day of incubation. In 
M2 media, maximum lovastatin production was 
observed on the 11th day when titers reached 
11.3 g/L lovastatin. Among the four media, the 
maximum production was observed in M4 media, 
which yielded 16.4 g/L lovastatin on the 9th day of 
incubation. So lovastatin production was focused 
on M4 media containing liquid cheese whey for 
further optimization studies (Figure 1).

SeM Analysis of Fungal Growth on Four Media
 The morphological growth pattern of F. 
nectrioides in all four culture media was analyzed 
under the Scanning electron microscope and 
is represented in Figure 2. Compared to other 
media, M4 media showed dense growth of fungus 
and higher biomass which designates that the 
components of modified media, in combination 
with liquid cheese whey supported the fungus in 
terms of their growth and product formation.

effect of Culture Conditions on Fungal Growth 
and lovastatin Production
 Growth of fungus and lovastatin 
production was observed in the M4 culture 
medium. Specific parameters of M4 culture media 
such as temperature, pH, RPM, inoculum size, and 
the incubation period were monitored. Based on 
the optimization studies, maximum lovastatin 
production was observed at a temperature of 28°C, 
pH of 6, RPM of 180, and inoculum size of 5 x107 
spores/mL on the 9th day.
 For optimizing the temperature, the 
temperature of M4 media varied between 22°C 
and 30°C. The maximum production of lovastatin 
was observed at 28°C on the 9th day. Literature 
suggests that when the temperature in the 
production media was maintained outside the 
optimum temperature range, it impacted the 
metabolic activities of the microorganisms. At 
temperatures lower or higher than the optimum 
temperature, the yield of the lovastatin was 
low. The decreased production of lovastatin at 
high temperatures could be attributed to the 

Figure 1. Effect of four media – M1, M2, M3 and M4 media on the production of lovastatin.
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Figure 2. SEM analysis of fungal growth on four media.

inactivation or the denaturation of lovastatin, 
but not only. Also, when the incubation period 
is prolonged, lovastatin production decreases. 
This might be possibly due to the cultures 
reaching the end-point of fermentation. These 
results coincide with previously published data 
on lovastatin production by  Monascusruber, 
Monascuspurpureus, andAspergillus terreus27-32 

(Figure 3).
 For optimizing the pH, the pH of M4 
media ranged between 4 and 8. The maximum 
production of lovastatin was observed at pH=6 
on the 11th day. pH plays an important role in 
sustaining all biochemical processes and therefore, 
it can affect the growth of fungi and its capability 
to produce metabolites. pH has a major influence 
on the production of lovastatin. Literature suggests 
that pH between 5.8 and 7.5 are optimal for the 
production of lovastatin whereas the acidic pH of 
the media inhibits lovastatin production. The pH 

that was used in the current study i.e., pH 6 aids in 
the production of lovastatin (Figure 4). The rpm of 
M4 media was varied between 120 and 200 rpm 
to optimize the rpm. The maximum production of 
lovastatin was observed at 180 on the 11th day. It 
was observed that the rpm less than 180 provided 
insufficient oxygen to the fungal cells. When the 
rpm is increased, the cells might have experienced 
shear stress thereby there, a decrease in the 
production of lovastatin was observed (Figure 5).
 The inoculum concentration plays 
an essential role in lovastatin production. The 
maximum lovastatin production was observed at 
5 x 107 spores/mL on the 9th day. As the inoculum 
size increased, a decrease in lovastatin production 
was observed. An increase in the inoculum 
size may have shifted the dynamics towards 
growth rather than lovastatin production. It was 
observed that when the inoculum concentration 
was more, the lovastatin production was around 
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the 7th day. But the yield of lovastatin was low  
(Figure 6).To estimate the optimum incubation 
period, fermentation flasks were incubated for 16 

days. The production of lovastatin was observed 
from day 2 of incubation. A steady increase in 
lovastatin production was observed up to day 9; 

Figure 3. Effect of temperature on the production of lovastatin in M4 media.

Figure 4.  Effect of pH on the production of lovastatin in M4 media.
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after that, a decline in lovastatin production was 
seen. They indicated that 9 days of incubation was 
sufficient for the maximum lovastatin production. 
Previous reports indicated that incubation 
between 6 and 10 days was optimum for lovastatin 
production by different fungi (Figure 7). 

DiSCUSSiON

 For enhancing the production of 
lovastatin, four different culture media have been 
formulated by replacing the lactose with a Liquid 
cheese Whey as one of the carbon sources, and the 
morphological growth variations of F. nectrioides 
were investigated using SEM analysis. In addition 
to the morphological variations, the culture 
conditions of thechosen fungi in medium M4 were 
found to be best at a temperature of 28°C, pH of 
6, and RPM of 180 for the growth of F. nectrioides 
(MH173849). Due to its wide applications in 
medicinal fields, demand for this compound 
increased many folds and required a strong science 
base, cheap raw materials, and effective fungal 
isolates to meet the requirement for commercial 
production. So, the novel idea of utilizing industrial 
waste, such as Liquid Cheese Whey has emerged 

for the cost-effective production of lovastatin  at 
a large scale using F.nectrioides.
 Lovastatin is a medication given to 
patients to manage high cholesterol levels. It 
exists in two forms. The active form of lovastatin 
is an open-ring β-hydroxy acid and the inactive 
form is the closed-ring β-lactone form. The 
properties of these two forms i.e. pharmaceutical 
and physicochemical properties are different. 
In general, the filamentous fungi secretes the 
lovastatin in the active open-ring β-hydroxy acid 
form in the culture media. But the lactone form of 
lovastatin is beneficial for quantification analyses. 
So, the β-hydroxy acid form needs to be converted 
to lactone form. This is achieved by reducing the 
pH and lactonization form. Therefore, producing 
lovastatin in an acidic medium is required33.
 The physical and chemical parameters 
that are maintained in growth media conditions 
have an effect on the production of secondary 
metabolites by the fungi. In general, the synthesis of 
secondary metabolites occurs in the late log phase 
or the stationary phase of growth. This is owing to 
the fact that the essential nutrients get depleted in 
the late log phase.It cannot secrete or synthesize at 
the early growth stage of fungi. Also, the secretion 

Figure 5.  Effect of RPM on the production of lovastatin in M4 media.
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Figure 6.  Effect of spore concentration on the production of lovastatin in M4 media.

Figure 7.  Effect of number of days for the Lovastatin production in M4 media.
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of accumulated metabolites into the surrounding 
medium is necessary. Lovastatin production is 
highly influenced by slowmetabolizing carbon 
sources like lactose, glycerol, and fructose when 
compared to glucose34-36. Fungi produce lovastatin 
as a secondary metabolite. Lovastatin production 
in fungi uses the pathway which utilizes slow 
metabolizing carbon. Whereas, it uses carbon 
sources like glucose biomass production. Thus, 
lactose used in the medium favors the production 
of lovastatin37. 
 In the literature, many have reported on 
the production of lovastatin. Jaivel and Marimuthu, 
reported the production of lovastatin by A. terreus 
(JPM3)37. They have reported that A. terreus 
(JPM3), yielded 138.4 mg L−1 lovastatin. In another 
study, Pecyna and Bizukojcanalyzed lovastatin yield 
in submerged fermentation using the lactose-
to-glycerol ratio. The yield of lovastatin was 
about161.8 mg L−1 38. Sridevi and Charya, reported 
the isolation and production of lovastatin by A. 
terreus KSVL-SUCP-7539. The maximum production 
of lovastatin of 360 mg L−1 was observed. A. 
terreus KPR12 produced a maximum lovastatin 
yield of 450.79 mg L−1 which was reported by 
Srinivasan et al.33. Mahmoud and Hadi reported 
Laetioporus sulphurous which was reported to 
produce maximum lovastatin of about 280μg/ 
mL40. Pushpa et al. reported lovastatin production 
from various fungi such as Shizophyllum commune 
and Pleurotusostreatus which produced 38μg/ mL 
and 30μg/mL, respectively33.

CONClUSiON

 From this study, culture medium M4 
was found to work best at a temperature of 28°C, 
pH of 6 and RPM of 180 for the growth of F. 
nectrioides (MH173849). Hence, industrial waste 
i.e.,liquid cheese whey could be used as one of the 
carbon and nitrogen source for the production of 
Lovastatin. Further studies need to be performed 
to further scale-up the production. 
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