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ABSTRACT 

Increase percent of human deaths as 30% are caused by heart diseases (CVD) by the year of 
2030. The life style and uses of tobacco and alcohol are the basic reasons for abnormality in 
serum cholesterol level. Maintaining LDL (high density lipoprotein) level at normal range is 
very critical for the prevention of cardiovascular diseases (CVDs) issues. Statin drugs help to 
lower blood cholesterol level. Statin was synthesized from both Pleurotus and Aspergillus 

under solid state fermentation on three lignocellulose substrates in screening experiments for 
8 days. P. spodoecus and A. terreus express maximum statin.formation i..e. 43.4 ± 1.1 mg/g 
and 9.1±1.4 mg/g correspondingly A study reported on O.oleariu gave 2.23 mg/g (lovastatin) 
under non-optimal circumstances while a study reported on O.oleariu gave 2.23 mg/g 
(lovastatin) under non-optimal circumstances.. RSM under CCD (Central Composite Design) 
was investigated for development, improvement and optimization of process that processed 
for statin formation through Response Surface Methodology. Four physical parameters each 
at five levels in CCD requiring 30 triplicate runs were done and outcome from P. spodoecus 
and A. terreus were measured. P. spodoecus gave highest statin yield i. e. 19 mg/g at pH 5.5, 
25oC, fermentation time 144 h and inoculums size 3.5 mL on wheat straw as a growth 
substrate, while best statin formation obtained from A. terreus at temperature 30oC, pH 7.37, 
Inoculum size 4.5 mL and fermentation time 192 h was 60mg/g. Carbon and Nitrogen 
sources were also analyzed to show their effect on production. Highest production was 
achieved by using carbon source lactose and nitrogen source NaNO3) i. e. 49.3±15 mg/g before 

optimization. However, in A. terreus highest production was achieved with fructose and 
NH4NO3 i.e. 65.1±12 mg/g under pre optimized conditions. in case of P. spodoecus, 
optimum C/N ratio i.e. 25:1, highest statin production was achieved which was 65.7 ± 5.5 

mg/g. A.terreus gave maximum production at 20:1 C/N ratio that was 78.2±9.6 mg/g. 
Analysis of lovastatin both in P. spodoecus and A. terreus was done by HPLC method. The 
lovastatin peak (lactone form) was detected at a retention time (RT) 11.2 min as compared to 
RT of peaks showed by standard lovastatin and samples (RT= 11.15 and 11.18) on 
chromatograms respectively.  Hypercholesterolemia was produced in rats (Wistar) by feeding 
a high cholesterol diet. Group1 was normal control group, Group11 was cholesterol control 
group, Group 111 and groupIV were treatment groups. They were induced 
hypercholesterolemia by giving cholesterol rich diet from day 0 to day 30. But from days 
1530, Group 111 and Group IV were given statin extracted from P. spodoecus and A . 
terreus correspondingly. On day 30, the values gave significant reduction in serum 
cholesterol level both in Gp111 treated with statin purified from P. spodoecus and groupI 
given purified statin extract from A. terreus source while noteably rise in serum HDL levels 
on 30th day in both Group111 and Group IV along with significant reduction of serum LDL 
levels in both treatment groups at the same time.   
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Chapter 1  

INTRODUCTION  

Almost of 30% increase in human mortality will be caused by cardiovascular diseases (CVD) 

(from year 2008 to 2030). Common problems related to CVD include deep vein thrombosis, 

rheumatic heart disease etc. Heart attacks and strokes are the acute outcomes of these 

problems. The unhealthy life style, lack of exercise injurious application of cigarette etc are 

the major causes of an abnormal blood cholesterol level. There is a great association between 

hypercholesterolemia and cardiovascular diseases and it is controlled by combination of 

lipids and proteins namely lipoproteins (LDL etc.) and high density lipoprotein (HDL). By 

maintaining serum HDL level under protective range is very critical to prevent CVDs 

complications. High level of serum cholesterol, bad lipids like LDL, VLDL and low HDL 

range play major role in coronary disease (Alam et al., 2011). High levels of LDL-C in 

plasma (Cohen and Hobbs, 2013) is major causes for the development of atherosclerosis 

(Lusis, 2000) and cardiovascular disease, that are principal causes of death in developed 

countries. Cholesterol is vital to a different range of cellular reactions and processes, include 

oxy sterol (Griffiths et al., 2007) and vitamin D synthesis (Holick, 2008), neurological 

development (Xie et al., 2000), membrane maintenance and development (Röper 2000) for 

vesicular transport and lipid raft synthesis (Simons and Ehehalt. 2002) and steroid endocrines 

synthesis. Now, the cholesterol metabolism has also been revealed to have vital role in 

antigen-antibody reactions. It was admitted as anxious in reply to complication (Robinzon et 

al., 2009; Rothwell et al., 2009) and also, metabolic intermediates corresponding to 

cholesterol exposed to reshape the agents causing inflammation (Zhou et al., 2008; Yvan-

Charvet et al., 2010). From the total cholesterol, diet participates one-third part and about 

endogenously produced two-third.  It is usually accepted that atherosclerosis is an 

inflammatory disorder. Furthermore, current epidemiological studies have powerfully 

recommended that abnormalities that direct to systemic inflammation raise the threat of 

developing CVD. Atherosclerosis is a multi- factored disease procedure including various 

well defined risks factors, like hypertension, diabetes and hypercholesterolemia. 

Hyperlipidemia is known as to high levels of lipids in blood, consisted of triglycerides and 

cholesterol. About two-third of the blood cholesterol is found in the LDL fraction. Higher 

LDL cholesterol levels have been favored to increase incidence of coronary artery disease. 
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Infection and inflammation accelerate the systemic host response recognized as APR (acute 

phase response) and linked with several pathogenic conditions which might raise the danger 

of developing atherosclerosis. The APR has been shown to decrease the appearance of some 

complex enzymes along with antioxidant enzymes. These enzymes are significant in 

defending the body in contrast to free radicals as well as poisonous substances by changing 

them to a form that can be easily excreted out from the body. So that’s why, any modification 

in these enzymes could be potentially harmful to the host by change their defense 

mechanisms. Normal cellular metabolic reactions involve the formation of ROS (Samir et al., 

2011). Decrease levels of ROS are fundamental for proper cellular function, whereas increase 

in vivo production of these reactive species can badly affect cellular function (Gregorevic et 

al., 2001; Fattman et al., 2003) during normal conditions; a balance existed between the 

formation of free radicals in the body and endogenous formation of antioxidants. It has been 

studied that endotoxin injection lead to renal tissue damage and reduced the CAT, Gpx and 

SOD actions (Coskun et al., 2005; Kanter et al., 2005). Pathogenesis of atherosclerosis is 

also due to oxidative alteration of lipoproteins (Samir et al., 2011) while plasma consist of 

many antioxidants and lipoproteins with oxidative damage have been isolated from 

atherosclerotic lesions.   

Body pathogenesis can also be treated by natural products. These products act like effective 

metabolites in different potent pharmaceutical medicines. Natural products also play 

remarkable part in the whole world during safety and treatment of human diseases. Naturally 

formed drugs have come from many natural source materials, like terrestrial vertebrates, 

terrestrial plants, invertebrates and marine organisms (Balunas and Kinghorn, 2005; Paterson 

and Anderson, 2005; Beghy et al., 2008; Newman and Cragg, 2007; Dossey, 2010; Bucar et 

al., 2013). The worth of naturally synthesized ingredients can be evaluated by applying three 

strategies like diverse structural range when a new chemical body was introduced, the 

repetition of uses during remedy of disease and the number of diseases treated or prevented 

by these substances acting as device for semisynthetic and total synthetic changes. The 

fungal, marine, plant and animal based chemical substances have a deep history of clinical 

utilization, better patient acceptance and tolerance (Butler, 2008).  

Fungi play important role for the biosynthesis of various pharmaceutical chemical 

substances. A large number of complex chemical substances are truly manufactured by 

polyketide biosynthetic pathway. Nidhiya et al., 2012 reported that statins are also derived 
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from fungus having great interest () because they have ability to control the cholesterol 

production. Among many statin molecules, mevastatin and lovastatin are natural. Jonathan 

(2003) reported other statins such as cerivastatin, rosuvastatin, pravastatin, fluvastatin, 

simvastatin and atrovastin, are formed semi-synthetically from lovastatin. Endo et al., (1977) 

recognized mevastatin as first statin from fungus P. citrinum. Statins were recognized by 

FDA as an agent to reduce blood cholesterol in animals and in human. Lovastatin was 

separated by Aspergillus strains while chemical modifications on fermented based agent like 

simvastatin and pravastatin has microbial changes. Statin (lovastatin) functions like an initial 

provenance in other kind of synthetic statin formation  like simvastatin (vamanu, 2013).  

Various filamentous fungi can produce lovastatin as a secondary metabolite to initiate by 

anion moiety (acetate) through polyketide methode. Industrially, it is formed from A. terreus 

but, it can also be manufactured from many fungal strains like M. ruber, M. purpereus, T. 

viridae, A. paraciticus, Penicillium, A. chrysogenum and Pleurotus (Nidhiy, 2012). 

Industrially formed lovastatin by batch fermentation using A terreus has been studied 

thoroughly (Manzoni and Rollini, 2002). Commercially, lovastatin is produced in liquid 

fermentation. However,  it can also produced by SSF (solid state fermentation) in which 

substrates are under less pretreatment with greater production than submerged fermentation 

(Xu et al., 2005). Some marine actinomycetes have also been studied for potential lovastatin 

yielder (Sree Devi et al., 2011). Along with these, Pleurotus strains belongs to edible fungi 

of higher Basidomycetes have ability for the production statins which is hypocholesterolemic 

agent (Wasser and Reshetnikov, 2002).   

Monacolin K, the secondary metabolic intermediate, restricts biological production by 

limiting the HMG-CoA reductase catalysis. During hypercholesterolemia, competitive 

restriction of this enzyme due to structural similarity between monacolin K (statins) hydroxy 

acid and HMG-CoA (Erdogul and Ezirak, 2004; Sayyad et al., 2007) Statins are inhibitors of 

competitive type of 3-hydroxy-3-methylglutaryl-CoA (HMGCoA) reductase substrate, thus 

including in the class of hypolipidemic drugs utilized in protection of cardio vascular 

abnormalities i.e. CVD. They are basically most powerful agents existing for decreasing 

plasma low density lipoproteins (LDL) in cholesterol concentrations (Shitara and Sugiyama, 

2006). There is reduction in death from heart diseases seen through 40 years about can play 

in decreasing the danger of risk factors, e.g. high cholesterol level or decrease in smoking 

habit (Dichiara and Vanuzzo, 2009).    
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Statins play an important role for protection of CVDs by reducing lipid pathophysiology.  

Now a days, statins are frequently used medicine for lowering serum lipid level. They are 

used in myocardial infarction as they have component of the golden standard“ABS” (aspirin, 

blocker and statin) during treatment.. The statins was a good addition in CVDs treatment 

(Taylor, 2012). Monascus fermented rice (MFR) has been used for treating hyperlipidemia 

and developed as functional food for hypocholesterolemic agent (Sayyad et al., 2007). Now 

as strong anti-inflammatory drugs, statins are effective for low-density lipoprotein and 

cholesterol reduction Hypolipidemic agents like statins have also been shown to antagonize 

inflammation (Willerson and Ridker, 2004, Elkind, 2005). They reduce cholesterol by 

restriction of enzyme HMG-CoA reeducates that is the key regulatory enzyme in mevalonate 

metabolic pathway of cholesterol biosynthesis. Restriction of this enzyme within liver will be 

reduced cholesterol biosynthesis as well as enhances formation of LDL receptors, which 

result in high clearance of low-density lipoprotein (LDL) from the bloodstream. Regulation 

of endothelial function (eNOS catalytic activity) which is a basic part required anti-

inflammation (Rutgers et al., 2000). Now a days, it has been observed that for blocking of 

Th1 and of CD4+ T cells development, statins can improve the balance of T helper subset 1 

(Th1) and 2 (Th2) cells (Hakamad-Taguchi et al., 2003) the antitumor activity of statins 

(Yeganeh et al., 2014). Some experiments showed the combined effect of statin and 

bisphosphonate which can expand the life span of experimental animals suffering from 

cancer (Zhao and Hu, 2015; Tardoski et al., 2015; Van Acker et al., 2016). The two drugs 

interact in the mevalonate metabolic pathway. Scientists are intensively trying to build up 

new and very effective strategy of anti-cancer therapies. Their hard work are focused either 

on development for effectiveness of previously accessible agents, e.g. introducing Nano 

vehicles enable the targeted release of a drug or searching new targets for new anti-cancer 

therapies (Livney and Assaraf, 2013). Now days, statins used to control in the formation of 

isoprenoid metabolites to cure different types of cancer because tumor suppression inside the 

body take place by restriction the biosynthesis of isoprenoid metabolites. The first statin to be 

reported was mevastatin which is a fungal secondary metabolic intermediates followed by 

lovastatin. After which, numerous microbes like some Penicillium strains, A. terreus, 

Trichoderma and M. ruber  strains have been studied as lovastatin yielder.  
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The genus Pleurotus has many species that can form mevinolin. Oyster mushroom forms the 

maximum quantity of statins in the fruit parts, specifically with in lamellae and gills. Hossain 

et al., (2003) studied the 5% dry fruit entities of oyster mushroom mixed to a high-

cholesterol food valuably decrease bad lipids from the body of studied animals (rats) 

redistributing fat to good lipids, decrease formation of bad lipids , less cholesterol uptake and 

reductase action with in liver. It was suggested that mashrooms are general cholesterol 

reducing compounds with in food. The investigation for natural compounds with 

hypocholesterolemic effects is, that’s why, desirable. Higher fungi and their metabolic 

intermediates used for the protection and curing of hypercholesterolemia due to the presence 

of high content of dietary fibers, microelements, proteins and the presence of plant sterols 

along with the less energy contents. P. ostreatus is a wood-rotting fungus being propagated 

on lignocelluloses substrates on a large scale for the food industry. Rats with dietary induced 

hypercholesterolemia can be efficiently suppressed for a long-term dietary supplementation 

with 5% dried oyster mushroom fruiting bodies. Through diet, atherosclerosis can be 

prevented by edible mushrooms is an ideal food containing low fat and greater amount of 

soluble fiber contents (Hennig and Toborek, 2001; Souci et al., 2008).   

Mevinolin (lovastatin) as a competitive inhibitor of HMGCoA-reductase was also present in 

oyster mushroom (P. ostreatus) and show prominent effect in lowering serum cholesterol 

level Mushrooms suggested as low cholesterolemic diet was first suggested by Oriental 

medicinal practitioners. Wood-rotting Shiitake mushroom (Lentinus edodes) effectively 

lower total serum cholesterol (TC) levels in observed animals and humans in controlled 

research work. In Shiitake is eritadenine, an adenine derivative is the active compound which 

is now considered to lower plasma cholesterol level in rats and humans efficiently (Enman et 

al., 2007). Many times examination for the effect of oyster mushroom in animal treatment 

studies have been conducted recently either dried or in mushroom extract, on serum lipid 

profile which gave the results of lowering total serum cholesterol level, and also showed the 

effect on TGs, total LDL level and total LDL level. Furthermore, an efficiently enhance in 

HDL cholesterol level was seen (Hossain et al., 2003).   

Fermentation is the method of exchanging compounds into uncomplicated substrates through 

many microbes like fungi etc. During intermediary pathways, they also excrete many 

external substances in addition to the normal fermentation yields, like alcohol and carbon 

dioxide. These extra substances are recognized as secondary metabolic intermediates. 
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Secondary metabolites vary from many peptides to antibiotics, growth factors and enzymes 

(Robinson et al., 2001; Machado et al., 2004). They are known as ‘biological activators. In 

recent years, investigators now recognized a lot of these secondary metabolites having 

economically and industrially importance. They have been used in a many industries like 

food and pharmaceutics (Daverey and Pakshiraja, 2009; Rossi, 2009), particularly in the field 

of prebiotics (Wang, 2009) and probiotics (Dharmaraj, 2010).   

The progress in technology like SSF and SmF has led to industrial level formation of 

biological active materials. These techniques have been more developed based on many 

factors like utilization of substrate, surrounding factors and the microorganisms in 

fermentation. Depending upon researches, some bioactive substances have establish to form 

in large amount through SSF, while many substances have been purified through SmF. SSF 

used materials as paper pulp and bran. Major benefit by using the materials having 

supplements that can hydrolyzed easily. This technology used the materials gradually and 

regularly and similar materials used for prolong period. Therefore, this technology helps 

balanced excretion of supplements. This technology is good appropriated for fermentation 

considering microorganisms like fungi needed less aqueous level. Recently, researchers have 

shown growing interest in solid state fermentation (SSF) due to potential alternative of 

submerged fermentation and also it uses economical substrates (agricultural residues), needs 

some processing and down-streaming steps, utilizes less power and produces lesser effluent 

(Kumar et al., 2003). Furthermore, SSF type of fermentation is used to produced higher 

formation and good stability of the product. Comely, industrial enzymes can be produced 

through solid state fermentation but now, secondary metabolites can also be formed  

(Suryanarayan, 2003).  

To form secondary metabolic intermediates, the unusual interactions of environmental 

factors with micro-organisms should be controlled. Even though there have been many 

experiments for controlling cultural environment, no effort has been made on the effects of 

medium optimization combined with morphological changes for the production. Response 

surface methodology gave experimental designs to analyze effective components and to 

assess their relative importance has been employed under limited experiments (Flora et al., 

2000).  
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1.1 Objectives  

The objectives of this study was 

1- To investigate the potential of indigenous fungal strain as a statin producer  

2- To enhance statin production by selected fungal strain  

3- To investigate the cholesterol lowering effects of statin produced by selected fungus 

in animal model.  
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Chapter 2  

REVIEW OF LITERATURE  

A large no. of chemical compounds can be produced by fungi via basic or extra metabolic 

reactions in origin. In contrast to basic metabolic intermediates, extra metabolic 

intermediates do not required for basic development and growth however frequently possess 

powerful bio functional actions (Keller et al., 2005). These metabolic intermediates are of a 

vast significance to people because of their participation in pathophysiology (Yu and Keller; 

2005). Mostly fungal secondary metabolic intermediates are formed (Calvo et al., 2002) 

following the completion of fungal initial growth phase. Metabolic intermediates may 

possibly be polypeptide in respect to chemistry as fungal secondary metabolic intermediates 

(e.g. fumonisins and aflatoxin), terpenes, etc. which were ribosomal unrelated peptides like 

sirodesmin, peramine and siderophores for example (ferricrocin) (Fox and Howlett, 2008). 

Fungal microbes and plant are powerful resources of thousands of secondary metabolic 

intermediates (SMs), consisted of compounds of less-molecular weight (the no. of these 

compounds may exceed 100,000) which are generally not required for growth and 

development but their functions are reasonably versatile (Perez-Nadales et al., 2014; Scharf 

et al., 2014).  

A fungal secondary metabolic intermediate Lovastatin (C24H36O5), functions as 

competitively inhibit the 3-hydroxyl-3- methyl glutaryl co-enzyme A (HMGCoA) reductase 

an enzyme which convert HMGCoA to mevalonate in metabolic pathway of cholesterol. The 

key regulatory enzyme (HMGCoA reductase), in metabolic pathway of cholesterol is 

inhibited which lead to deposition of HMGCoA (Saleem et al., 2013) that is hydrolyzed to 

simple intermediates and no lipophilic metabolites are formed. The world's widely prescribed 

drug lovastatin is used to control hyperlipidemia (hypercholesterolemia) (Radha and 

Lakshmanan, 2013) and was approved by United States (FDA) during 1987 for the first time. 

Additionally to decrease body total cholesterol level, statins present to have anti-

inflammatory actions, immunomodulatory role, anticancer activity, (Morimoto et al. 2006; 

Seenivasan, et al. 2008; Barrios and Miranda 2010) and also take part to control bone 

disorders, neurological disorders etc. Lovastatin was Industrial produced by fungi which was 

formerly acquired through submerged fermentation (SmF). A. terreus (fungus) is used for 
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commercial production of lovastatin. In addition to Pleurotus, Aspergillus, Scopulariopsis, 

Trichoderma, Penicillium, Paecilomyces, Monascus etc report for formation of lovastatin 

(Bizukojc and Ledakowicz, 2009; Upendra et al., 2013). Liquid nutrient broth is used to 

cultivate microorganisms in SmF. Rich nutrients broth (the fermentation medium) and a high 

amount of oxygen in closed environment used to grow selected microorganisms. Continuous 

or batch culture system is usually for SmF. SSF or solid state fermentation is distinct for 

growth of microbes in solid substrates with no free flowing aqueous phase. Bagasse, 

vegetable wastes, bran etc are the substrates which have capability to produce 

pharmaceutically important bioactive compounds (Range et al., 2012). Recently due to 

numerous qualities of SSF above SmF, SSF technology is being adapted recently. Solid 

substrates like fermentable resources are tested due to their perennial availability, ecofriendly 

approach, low prices, easier downstream processing and low polluting effluents (Praveen and 

Savitha, 2012). Generally, (Osman et al. 2011; Jahromi et al., 2012) many cheeper renewable 

agro useless products gave by using substrates for the formation of several pharmaceutically 

significant intermediates. In spite of its limitations, (Mienda et al., 2011) like probability of 

contamination or less aeration because of high solid concentration, SSF can be resulted to 

significantly enhance the yield.   

2.1 Lovastatin producing fungi   

Fungi are famous because their capability to synthesize enormous range of molecules having 

low molecular weight carrying complicated structures and diverse physiological actions. 

These intermediates are usually known as secondary metabolites (Demain and Fang, 2000) 

e.g. these fungal derived secondary metabolic intermediates are mostly polyketides, (Keller 

et al., 2005) terpenes and non-ribosomal peptides. Notably, the fungal secondary biosynthetic 

processes are thought as high source of possible medicinal candidate including additional 

valuable things. The generally well known example of medically or industrially related 

fungal based intermediates are statins which is hypocholesterolemic medicine secreted by A. 

terreus (Tobert, 2003) and penicillin which is β-lactam antimicrobial agent formed by P. 

chrysogenum. The cellular reactions which lead to whole cascade for the bio production of 

secondary intermediates are restricted at various levels (Brakhage, 2013).  

Since, in contrast to primary biosynthetic cascade, action of derived secondary processes is 

characteristically seen only in definite circumstances. The evolutionary specifically set of 
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environmental factors and complicated molecular machinery related to establishment of 

genes linked with biosynthesis is usually much complicated or may be unfeasible to 

completely explain. Due to absence of necessary stimuli (signal), the genes still silent during 

the proper cultivation procedure and, the result is that, the required biomolecules are not 

formed. So that’s why genomic mining methods is tool to activate for the production of the 

concerned derived secondary metabolic intermediates through participation of genetic tools 

of engineering (Bergmann et al. 2007; Brakhage and Schroeckh, 2011; Ochi and Hosaka, 

2013; Guo and Wang, 2014; Bok et al., 2015). Another plan of work required for the 

assessment of various cultivation circumstances (Bode et al. 2002) and media composition 

that expose metabolic repertoire of microbes under study. The basis following this bioprocess 

based strategy is such that the similarity of normal signals principally for formation in 

secondary metabolic intermediates which can be basically acquired by general checking of 

diverse growth situation during lab setting. The characteristically careful procedure related 

variation consisted of various carbon and nitrogen sources, aeration, and concentration of 

nutrients, temperature and pH. The purpose of these essential actions is to copy the 

environmental circumstances while stimuli that induce the molecular reaction which linked 

for arousing the consequent genes. Yin et al., (2013) reported that stress response 

mechanisms also linked to integrate the regulation of fungal secondary metabolic pathway  

(Duran et al. 2010; Roze et al., 2011). So that’s why, osmotic, oxidative, and other forms of 

stress apply to the target strain which may expose the formerly mysterious component of the 

metabolome. These experiments not only expose the gate for the search of microbial 

metabolic intermediates while they too permit for the recognition of regulatory process 

linked factors which arouse many metabolic pathways. Furthermore, they supply the 

introductive and basic information to make easy additional bioprocess progression and 

optimization efforts concerning towards productivity, searching elevated factors while yield 

for required biomolecules. By searching the metabolic profile in varied circumstances, one 

can not only explore for the situations which exploit the biosynthesis of the required 

biomolecules but, at the same time, also search the factors which decrease/reduce the 

production of unnecessary by-product. Broad spectrum metabolites can be monitor through 

the cultivation process which leads to the additional absolute image of the bio productive 

capability among working strains (Sarkar et al., 2012).  



 

    

  

11 

 In the year 1987, the first statin drug lovastatin (Jonathan 2003) that was admitted by 

USFDA. An imminence research is being performed in statins production from fungal strain 

Aspergillus and was extensively studied. Lovastatin and other statin compounds had reported 

to produce by variety of Monascus species.  Lovastatin can be formed by many additional 

filamentous fungi like Doratomycetes, Penicillium, Phoma, Gymnoascus, Eupenicillium and 

Trichoderma species (Endo et al., 1986).   

 124 isolates from Monasus was screened (Negishi et al., 1986) with in 17 isolates were 

investigated for statin formation. Penicillum species could also formed lovastatin by a lot of 

studies. Basically, lovastatin is a fungal derivative obtains from Pleurotus species, A. terreus, 

and M. rubber. This is powerful restrictor of hydrxy-3methylglutaryl coenzyme A reductase 

(HMGCOA). This is the regulatory enzyme for the irreversible transfer of HMGCoA to 

mevalonic acid (Seenivasan et al., 2008) during cholesterol biosynthesis. Lovastatin has 

lactone ring which is hydrolyzed into active heptanoic acid. The active heptanoic acids by 

means of reversible reaction, this active heptanoic acid attach with its substrate (HMGCoA 

R) enzyme which hinder for exchange of HM-CoA to mevalonat and stop the cholesterol 

biosynthetic pathway. To cure of hyperlipidemia so as for protection of cardiac illness, 

lovastatin is now use.  

 High concentration of statin drugs can also be formed by many Basidomycetes. Wasser et 

al., 2002 patented various production methodology and composition of media for synthesis 

of hypocholesterolemic agents from Pleurotus species (Wasser and Reshetnikov, 2002). 110 

fungal strains were screened (Samiee et al., 2000) by two step fermentation techniques, and 

just nine isolates were isolated to form statin.  

 Vilches et al., (2005) adopted a new screening method in which better inhibitory zones for 

the statin forming strains showed by using Candida albicans, the quick screening technique. 

This was admitted to be economically good and little time consumption method.   

 A screening study by 2 staged fermentation procedure was also conducted in 65 marine 

actinomycetes strains (Srinu et al., 2010), within one isolate of Actinomycetes formed statin. 

Aspergillus strains were separated by soil while examined during the study in India so as for 

isolation for statin forming species from soil material in which A. terreus reported for highest 

statin production in contrast to other strains (Sree Devi et al., 2011).   

 Various reports also showed that many strains have ability to produce hypocholesterolemic 

agents which are obtainable in soil and in natural sources. It also showed that various edible 
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(non-poisonous) fungi belong to higher Basidomycetes have ability to produce hypolipidemic 

biomolecules; particularly from SCP producer such as Pleurotus sp.   

2.2 Aspergillus niger (black Aspergilla).    

A.niger which is one of member of the black Aspergilla is extensively utilized in 

biotechnology for the manufacturing of industrial and pharmaceuticals enzymes and food 

ingredients it is very vital microbe in biological field and haploid filamentous fungi. 

Additionally to form citric acid and extracellular enzymes, A. niger is also useful for 

biotransformations of waste materials. These fungi are typically present in mesophilic 

environment like decaying plants vegetation and soil (Schuster et al., 2002).  

 The genome sequencing of A.niger is significant due to its participation for the formation of 

industrial enzymes, like proteases, amylases, and lipases as well as citric acid. The 

applications of these enzymes are necessary due to its significance for conversion to food 

enzymes. Formation of secondary metabolic intermediates and pathogens that form the 

spoilage of food are also additional qualities of this strain. Under its usual habitat for the 

formation of biopolymers, this strain produced various enzymes. So that’s why, this elevated 

secretory ability is utilized by industry in both submerged and solid state fermentations. For 

the protected use in the formation of organic acids and enzymes, it is used previously. Much 

of the yield obtain is GRAS (generally regarded as safe) status. Enzymes for Aspergillums 

are applicable in to brewing, baking, starch manufacturing, beverage industries, paper and 

pulping industry along with animal nutrition. Furthermore, it is also applicable as host for the 

formation of heterologous proteins and as cellular factory during formation of gluconate and 

citrate (Ruijter et al., 2002; Punt et al. 2002; Archer and Turner, 2006). A. niger showed an 

extremely flexible metabolism, which enable it to grow on a broad range of substrates in 

different environmental circumstances. Its capability to hydrolyze a range of xenobiotic 

under various demethylation reactions, hydroxylation and oxidative reactions provide 

possibility for proper bioremediation.   

2.3 Aspergillus flavus  

 Mostly genera consisting of Penicillium, Trichoderma, etc. showed for the formation of 

lovastatin. Aspergillus flavus is mainly a saprophyte, which obtain its food from decaying or 

dead substances and also a haploid filamentous fungus. It also has ability to form colonies on 

inexpensively important crops like cotton, maize, peanuts, and other oil seed producing crops 
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in pre harvest or during storage. Studies on A. flavus genome reveal various gene clusters 

maybe associated to the biosynthesis of another secondary metabolic intermediates 

(Georgianna et al., 2010; Khaldi et al., 2013). Specially, many clusters were assumed for the 

occurrence of genes which code hybrid PKS-NRPSs, no NRPS (ribosomal peptide 

synthetases, prenyltransferases (PTRs PKSs) also (polyketide synthases), phenyltransferases 

(PTRs) inside the clusters.  

2.4 Aspergillus terreus (Aspergillus terrestris)  

 A .terreus in addition well recognized as A. terreus, is fungal mold present all over the world 

in soil. Even though, it is considered as to be strictly asexual, however, recently,  A. terreus is 

also now known as has the ability of sexual reproduction recently. This is a saprophytic 

fungus and is also widespread in warmer habitats like subtropical and tropical zones. Along 

with present in soil, it has also been located in conditions like hydrolyzed vegetation and dust 

(decomposer).  It is usually using in industry for the formation of necessary organic acids, 

like cis-aconitic acid and itanoic acid plus enzymes, like Xylanases etc. the drug mevinolin 

(lovastatin) considering as hypocholesterolemic agent was also formed from it. So it restricts 

the enzyme concerning for catalyzing the key step in cholesterol biosynthetic pathway. 

Lovastatin is characteristically formed by fungal metabolite. However fast growth and 

development of filamentous hyphae in the species, A. terreus can produce in less lovastatin 

formation. So as to enhance formation of this metabolic intermediate A. terreus needs 

significant nutrients in fermentation, like carbon and nitrogen are much significant as 

fermentation sources that enhance production of the metabolic intermediate i.e. lovastatin. 

For industrially exploited filamentous fungus, A. terreus is a good example. Its chief role in 

formation of biosynthetic metabolic intermediate (lovastatin), also called mevinolin, 

applicable during hypercholesterolemic treatment. This variety also a topic among various 

investigational mechanisms committed for formation of metabolites and the outcome 

obviously show that their biosynthetic capabilities reaches above the production of lovastatin. 

Notably, this reasonably elevated number according for large amount of researches for strain 

and isolate, about the ones separated during soil, plant material and marine environments. 

Knowledge about the extensive well-known industrial status of A. terreus, it is necessary to 

study the accurate metabolic products of a single, biotechnologically related strain and 

https://en.wikipedia.org/wiki/Lovastatin
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supervise its chemical catalogue in the circumstance of the diversify growth medium and 

growing circumstances.  

2.5 Pleurotus used for lovastatin production.  

 Usually, the purpose of mushroom is for medicines and foods in Asia. Normally, 

mushrooms are rich in minerals, vitamins, dietary fiber, but low in fat and calories (Mattila et 

al., 2001). They also consist of many flavonoids and polyphenol, chemical compounds, 

which are recognized as good antioxidants (Alam et al., 2011). Moreover, several important 

metabolites consist of ergosterol, α-tocopherol, β-carotene; vitamins, polysaccharides 

(βglucan) and lovastatin have also been separated from mushrooms.  

2.6 Lovastatin production by optimization  

 The effect C/N ratio was observed above the series of 14:1 to 50:1. The less range of the C: 

N ratio was selected according to the A. terreus biomass C/N ratio. The quantity of carbon 

was subsequently high so that nitrogen (N) made development restrictive element. The 

source of carbon measured were lactose, fructose and glycerol etc. These chemicals consisted 

of 12, 6 and 3 carbon moles, accordingly/mole of the chemical. There is no catabolite 

repression as shown by glucose for the chosen carbon sources (Hajjaj et al., 2001).  

 In the main growth nutrients, sources of carbon and nitrogen usually participates leading 

position during fermentation output due to these elements straightly concerned with 

biological mass for metabolic intermediate production (Alarco´ n and guila, 2006).  

2.7 HPLC analysis of Lovastatin  

 In pharmaceutical industry, analysis on statin have been done with HPLC/MS–MS, by using 

mostly triple quadruple (QqQ) MS instruments and single quadruple (AlvarezLueje et al., 

2005; O, nal and Sagirli, 2006; Yang and Hwang, 2006). The use of time-off light (TOF) 

MS, HPLC and a combined effect of TOF (Q-TOF) and quadruple has recognized to be an 

influential means for the recognition of trace components of compound mixtures and/or for 

confirmed their occurrence. The conditions for employed method in case of LOV estimation 

in BP2010, USP32 and EP2009 are: RP8 column, flow rate 1.5 mL/min, 0.1% phosphoric 

acid combined with acetonitrile (35:55) in USP32 isocratic elution (United States 

Pharmacopeia, 2009) otherwise 20 min gradient elution for 20 min (EP2009, BP2010) 

(Japanese Pharmacopoeia. 2006; British Pharmacopoeia, 2010). The mobile phase contained 

triethylamine: glacialaceticacid: methanol: water is 1:1:450:550 within isocratic mode having 
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1.3 mL/min flow rate under column RP18 are prescribed for PRV in JP2006, EP2010 or 

BP2010. Additionally, USP32 elaborates a grade elution in 20 minutes having changeable 

ratios of phosphate (0.08M) having 5.0 pH while mobile phase is acetonitrile while 1.0 

mL/min flow rate (United States Pharmacopeia, 2009). The assay procedure for raw material 

of SIM illustrates through USP32, EP2009 or BP2010 utilize end capped column of RP18, 

flow rate was 3.0 mL/min and changeable ratios of acetonitrile and 0.1% aqueous phosphate 

solution mixed in 0.1% phosphoric acid under acetonitrile act as mobile phase in 13 min 

gradient elution.  

 For statins estimation, consider that different situations are present in the previous study, for 

the estimation of SIM, PRV and LOV a single HPLC isocratic method valid for the 

estimation of SIM, PRV and LOV in massive drug or dose form by utilizing same 

chromatographic setting.  

 In model having acute myocardial ischemia in cholesterol-fed rabbits in which many 

pathophysiologic sequelen were produced during atherosclerosis in the rabbits continually 

fed a high cholesterol diet. Statin was revealed for defining ischemic myocardium in rabbits 

through 3 unusual parameters of ischemic abnormality: (a) from ischemic myocardium, there 

is reduction in loss of free aminonitrogen containing compounds.; (b) sustaining the creatine 

kinase (CK) activity in the ischemic myocardium; (c) directly increase plasma CK action. 

These sound effects were not revealed difference for oxygen demand of myocardium in 

between groups. Isolated arteries from animals which are given the high cholesterol feed 

adopted abnormalities in both large vessels as well as coronary vessels. This relaxation was 

endothelium-dependent. The severity of myocardial ischemia was increased because of acute 

hypercholesterolemia. While at the same time impair relaxation which depends on 

endothelium. These harmful defects can be significantly treated with the action of lovastatin.   

SSF or liquid culture used for the formation of statins from microorganisms (Lai et al., 2003; 

Ruddiman and Thomson, 2001; Suryanarayan, 2003; Pansuriya and Singhal, 2010). It has 

been revealed through experiment that lovastatin amount was significantly higher as 

compared to lovastatin production through liquid based culture (Jaivel and Marimuthu, 

2010). Jaivel and Marimuthu, 2010 reported that sorghum grain, wheat bran, rice, and corn 

like different ingredients were used for lovastatin synthesis in SSF (Wei et al., 2007). These 

are expensive nutrients and compete with food or feed components both for human and 
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livestock. Alternatively, large amount of agro-industrial biomass (agro wastes) like RS and 

OPF are formed globally that are mainly in the tropical countries. The agro-biomass are 

frequently burned for discarding purpose resulting huge environmental link and utilized as 

roughage diet for ruminant. But as a bit for fermentation output, the supplemented media 

have important impacts in formation of lovastatin and its relative progression of formation. 

For producing statin, choice and architecture optimizes of an appropriate medium is therefore 

vital for establishing a process. For optimizing fermentation media, a variety of statistical 

experimental design plane are extensively used. Of the chief cultural conditions, carbon and 

nitrogen resources usually participated as a central part in fermenting output due to 

nutritional ingredients linked with the synthesis of the mass density and the metabolite 

formation. Also, catabolic repression is the process by which the concentration and nature of 

the carbon source can control secondary metabolic pathways. Carbon andn nitrogen 

resources also involved in the biosynthesis of statin, however the output have been 

inconsistent because the experimential outcomes related on strain utilization and nutritional 

conditions (Hajjaj et al., 2001), that is, composition and concentration for another cultural 

medial components. Solid state fermentation is a robust technology for growth of fungi 

(Bhatnagar et al., 2008) which replace the old fermentation technology due to its 

maintenance requirement, efficiency and ease. Development of product yield, decrease 

process unpredictability can be resulted by the function of statistical experimental design 

techniques under fermentation process. Solid state fermentation (SSF) gives closer 

confirmation for the formation of statin via output response to nominal and hence decreases 

all over expenses. Optimization of managing all other effects participating through a no 

specified stable point cannot be expose the whole outcome of all the components through 

usual practice of one factor This is a laborious and lengthy method which need a lot of 

experimental processes for determining the best peak levels, that are unpredictable. However, 

these restrictions are minimizing through optimizing all the interacting factors together 

through RSM. During intricate interactions (Pansuriya and Singhal, 2009) Response surface 

methodology (RSM) act as for the assessment of the comparative consequence of many 

factors even. Some reports were also present (Lai et al., 2003; Lopez et al., 2004) submerged 

fermentation (A. terreus)  for optimization . Very little literature is present in formation of 

lovastatin through SSF by using A. terreous. Because of less formation cost and increase 

productive rate, SSF is beneficial.   



 

    

  

17 

Table 2.1: Comparison of RSM with Conventional Classical method.  

Response Surface Methodology (SSF)  Conventional Classical Method  

RSM is combination of mathematical and 

statistical technique helpful to analyze the 

influence of many independent variable factors at a 

time.  

Conventional method involves the variation of 

at a time one variable by keeping other 

variables constant. It only involves the impact 

of that particular variable during process 

performance.  

RSM gives the interactions among independent 

variables and dependent response.  

It does not determine the relationship among 

independent variables and dependent response.  

RSM determines the simultaneous, systemic   

and effective varieties of essential parts by 

identification of the useful associations, higher 

order effects and maximally acting conditions. It is 

time saving technique.  

Conventional method is difficult, lengthy, 

incomplete and unable of attainment to accurate 

best owing to communication in all factors.  

  

Table 2.2: Comparison between SSF and SmF.  

Solis State Fermentation  Liquid State Fermentation  

The growth media are smooth. Little substrates 

used directly as a solid media or supplemented 

with ingredients.  

Medial composition is slightly expensive and 

additional nutrients are required for enhanced 

growth.  

Inoculum is the usual flora of the materials, 

spores or cells etc. The inoculation with spores 

facilitates its uniform dispersion through the 

medium.  

Less inoculum is required and it may be in the 

form of aqueous spore suspension to generate free 

water culture.  

Humidity is less and larger inoculums utilized 

through SSF decrease microbial pollution. This 

allows working in aseptic condition.  

High quantity of water (H2O) is needed which 

increases chances for contamination.  
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Aeration at High level are required, particularly 

enough for those procedures required a severe 

oxidative metabolic pathways.  

No problem of aeration due to continuously shaker 

and use of probes.  

Solid state fermentation is characterize due to 

less energy need hat decreases the formation 

price in industries due to  autoclave, or 

treatment with vapor, aeration and mechanical 

agitation are not often essential in some cases.  

SmF. is costly due to higher energy requirements 

and expensive chemicals. Moreover, mechanical 

shaking varies and high amount of moisture is 

necessary.  

The product of interest is concentrated which 

facilitates its purification.  

The quantity of waste generated is smaller than 

SmF.  

The products obtained in SSF are more thermo 

tolerant to their counterparts obtained in SmF.  

  

  

2.8 Lovastatin formation through Solid State Fermentation (SSF):  

Both submerged fermentation as well as solid state fermentation are bio technically 

significant methodology basically connected with the formation of precious output consisted 

of, biofuel, vitamins, organic acids and bio pesticides etc. Statin can be formed on large scale 

by using PLA factor. (Praveen and Savitha, 2012). There are benefits for operating SSF and 

SMF as decrease the processing problems. Solid substrate used for the formation of 

therapeutic yields which are economical better formed. Statin showed the capacity to 

cultivate on a big range of solid materials with best situation. A. fischeri showed enhanced 

statin formation on black gram husk used. Synthetic carbon source also effect the production 

(Pallem, 2011). Rice bran also exposed good production of statin by using various 

conditions. Sulochrin moiety along with lovastatin also produced by A. terreus; but the 

formation time varies in them (Dewi et al., 2011).  

  



 

    

  

19 

2.9 Animal model and application of statins  

Inhibition of hydroxyl methyl glutryl reductase (HMGCR) which is the chief inhibitory target 

of lovastatin administer for cardiac treatment and avoidance, has dominent influence through 

interruption of de novo cholesterol pathway, chiefly within  liver. The outcome of this is 

mainly creation of formation for microsomal HMGR and surface receptors of LDL of 

hepatocytes. The circulatory LDL is continuously taken up by the cells from where they are 

metabolized in to bile salts and the outcome is that plasma level of LDL is significantly 

decrease. Along with, the basic role of decreasing plasma level of LDL, they are also 

considered to take part significant role in restriction of cellular differentiation and cancer 

development (Denoyelle et al., 2001; Graaf et al., 2004). While, this operation gives a good 

deal of controversy among oncologists (Graaf et al., 2004; Shepherd, 2006). Lovastatin 

provoke seizing of cellular development, angiogenesis, restrict metastasis, and apoptosis. The 

biochemical pathways essential for these effects are not completely under stood. However, 

statins through Ras farnesylation pathway are resulted to restrict cancer. For example, 

restriction of both enhanced cellular division along with involvement of enhanced breast 

tumor cell lines through inaction of RhoA (Denoyelle et al., 2001) by restriction of 

geranylgeranyl prenylation played by cerivastatin. During,  vivo animal models show that in 

mice statin drugs not only used in the treatment to control tumor succession but also control 

the development of colorectal cancer in rats by inhibition of ras p21 isoprenylation through 

HMGCoAR action which is  linked to tumor development of neuroblastoma  in mice (Iishi et 

al., 2000; Graaf et al., 2000). During efficiently treated cancer, it is believed that along with 

chemotherapeutic treatments, the statins can also efficiently cure the cancer. Jaswal et al., in 

2003 reported that statins also believed to have efficient anti neoplastic properties via 

changing apoptosis by recent studies, limiting secretion of matrix metalloproteinases and 

restricted effect of VEGF (Denoyelle et al., 2001).  

Series of experiments showed that 5% dried oyster mushroom fruiting bodies for a long-term 

dietary supplementation can significantly repres dietary-induced high serum cholesterol level 

in rats. A planned clinical trial in which dried oyster mushroom (natural hypolipidemic 

agent) gave hypolipidemic effect in rats having dietary low cholesterolemia as a function of 

both administration period and dose this study.The effect of long-term administration of 

oyster mushroom on the oxidative, antioxidative status in the rat was also proved during 
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etiology of atherogenesis. Now atorvastatin is considered a strong signal for the formation of 

endoglin through a no. of experiments (Blaha et al., 2008; Nachtigal et al., 2009; Giordano et 

al., 2012). Atorvastatin was believed to accelerate endoglin gene expression with in HUVEC 

(human umbilical vein endothelial cells) at both protein as well as transcriptional level 

(Giordano et al., 2012). In the meantime, endoglin mRNA levels were established to increase 

in the endothelium with in statin recipients subjects in contrast with non-statin recipient 

subjects (Giordano et al., 2012). Additionally, Blaha et al., in 2008 reported that high levels 

of endoglin level were calculated in the blood of patients with familial hypercholesterolemia 

chronically treated with statin. Finally, it also seen that there is significant induction of 

endoglin gene expression within endothelium of aorta during study of atherosclerotic models 

when they were treated with statin (Nachtigal et al., 2009). It is importantly note by many 

experiments that statins can enhance cancer (Chang et al., 2011) suggesting that tumor 

mechanisms safety might be, in addition, activated by statin drugs. Ras superfamily has 

subgroup Rho GTPases, proteins with GTP which control several cellular reactions. Active 

Rho GTPases react through marked proteins (effectors) to accelerate a vast range of cellular 

responces consisting of cell sinalling etc. (Coleman and Olson, 2002). Prenylation take place 

in Rho proteins through posttranslationally with isoprenoid units, like farnesylpyrophosphate 

etc. The isoprenoid residues are recquired to anchor the cell membranes and full 

functionality. Many inhibitors can inhibit this isoprenylation through mevalonate pathway 

like the statins or through isoprenyl transferase inhibitors such as farnesyl transferase 

inhibitor (FTI) or geranylgeranyl transferase inhibitor (GGTI).Many studies confirmed that 

statins have cardioprotective potential and it control many CVD issued and limit myocardial 

remodeling etc. (Dimmeler et al., 2001; Laufs et al., 2002; Trochu et al., 2003; Porter et al., 

2004a,b; Kumagai et al., 2004). The neuroprotective property as compared to glutamate-

accelerated toxicity within cultured primary cortical neurons also mediates by lovastatin 

(Dolga et al., 2008). Lovastatin gave neuroprotective effect against glutamate-induced action 

of TNF-R signal pathways, including PKB/Akt phosphorylation and NF-k_B active 

pathways (Marchetti et al., 2004).  

On behavior statins showes rather unexplored effect. A few studies, however, showed 

memory and spatial learning were improved by statins after shocking brain injuries and 

hypoxic-ischemic (simvastatin and atorvastatin) in rat model (Balduini et al., 2003; Lu et al., 
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2007) and high interest (lovastatin) in a mouse model (neurofibromatosis type I) (Li et al., 

2005). Simvastatin treated reserved memory and learning defects in a mouse model for AD 

(Tg2576 mice). While, simvastatin gave enhanced capabilities of observed process in non-

transgenic mice, which is concenteration independent (amyloid β protein) in the brain (Li et 

al., 2006).  
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Chapter 3  

MATERIALS AND METHOD  

The whole experimental and analytical work was done in Industrial Biotechnology laboratory 

(IBL), Department of Biochemistry, animal house, CMS Department, University of 

Agriculture, Faisalabad and Faisalaqbad Medical Univerisity Faisalabad, Pakistan. Three 

different lignocellulosic substrates were used to analyze the potency of three Pleurotus 

strains consisting of P. spodoecus, P. nebrodensis and P. sepidus and three Aspergillus 

strains including A. flavus, A. niger, A. terreus for statins production on solid state 

fermentation. RSM and nutritional parameters used two factors design experiment were used 

to optimize and improve the statin formation after strains.selection. The whole extracts were 

purified and applied on animal model. Hypercholesterolemia was induced in animals and the 

consequence of statin produced under different optimum conditions was investigated.   

3.1 Fungal Strains  

Pure culture of three different Pleurotus strains and three Aspergillus strains were taken.from 

IBL Lab, Biochemistry Department University of Agriculture Faisalabad Potato dextrose 

agar (PDA) slants were used to grow fungal strains (Table 3.1). Adjusted pH of the medium 

was 4.5 for Pleurotus and for Aspergillus adjusted to 6.0 pH and uncontaminated in 

autoclave (121oC, 151 lb.) at 15 min. The cultural medium was shifted in pre sterilized tubes 

left uninterrupted overnight in such position to make slants at room temperature. The spores 

of individual strains of both Pleurotus and Aspergillus were shifted to the slants by sterile 

loop in biological hood. Incubation was given to inoculated slants for five days at 30oC for 

spore formation and preserved at 4oC in refrigerator for further experiments in statin 

formation.  

3.2 Substrate collection and preparation  

Oven is used to dry banana stalk, rice straw and wheat straw at 50oC and grind them to form a  

powder having mesh size 40 mm. Caped dry jars are used for storage which were free of moisture.  

3.3 Development of inoculum medium  

Seed cultures of Pleurotus and Aspergillus strains were grown independently for 5-8 days. 

Kirk basal medium with pH 4.5 (Table 3.2) (Tien and Kirk, 1988) added to1% (w/v) glucose 
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was used for Pleurotus strains growth. Aspergillus strains grew on Vogel medium (Table 3.3) 

at pH 6. The media were autoclaved and sterilized at 121oC (Sanyo, Japan) for 15 min. 

Pleurotus and Aspergillus spores were then shifted to moderate, cool sterilized inoculum 

medium within appropriate environment in laminar air flow hood (Dalton, Japan). For 

homogeneous spore suspension,the inoculated flasks were shaken (150 rpm) at 31oC for 5 

days (Sanyo-Gallemkemp, UK) to get (1×108 spores/mL) to be used as inocula (Kay-

Shoemake and watwood, 1996).  

3.4 Screening Experiments for micro-organism and substrate selection  

Flasks were allowed for 8 days (30oC) in air culture incubator. After 24 h, the fermented 

biomass was dried at 40oC following 8 days of fermentation time period, and then 25 mL 

methanol was added for extraction by keeping in an orbital shaking incubator at 180 rpm for 

2 h. Then filter the cultures and centrifuged this filterate at 1500 rpm for 15 min (Pei-Lian et 

al., 2007). Caped test tubes were used for storage of supernatants and analyzed for statin 

essay.Secreening the highest statin productive fungal species on suitable substrate.Three 

types of both Pleurotus and Aspergillus were grown on three different types of growth 

substrates in SSF. Flasks in triplicates contained of 5g of respective substrate wet with Kirk 

basal medium (Pleurotus types) and Vogel medium (Aspergillus types). Autoclave (121oC) 

was used for each flask for cleaning and uncontamination and 5 mL of freshly formed 

inoculum of respective fungus was injected. Fermentation of these inoculated after 8 days 

was analyzed.  

Table 3.1: Ingredient composition of PDA slants.  

Sr.no. Ingredients  Quantity (g/L)  

1 PDA  39  

2 Ammonium tartarate  0.22  

3 KH2PO4  0.21  

4 MgSo4.7H2O  0.05  

5 CaCl2.2H2O  0.01  
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7 **Chloramphenicol  1.0  

8 10% Tween 80  10 mL  

9 100mM Veratryl alcohol  1.0 mL  

10 ****Trace element solution  10mL  

 *pH 4.5; temperature, 30oC for Pleurotus (Tien and Kirk, 1988)  

**pH 6.0; temperature, 30oC for Aspergillus  

***Cloramphenicol is used to check bacterial growth.  

**** The trace element solution contained (9g/L): CuSO4, 0.08; H2MnO4, 0.05; MnSO4.4H2O, 0.07; 

ZnSO4, 7H2O, 0.043; Fe2(SO4)3, 0.05  

Table 3.2: Composition of Kirk basal medium for preparation of inoculum  for Pleurotus 

strains.  

Sr.No.  Ingredients  Quantity (g/L) 

1  Glucose  10 

2  Ammonium tartarate  0.22 

3  KH2PO4  0.21 

4  MgSO4.7H2O  0.05 

5  CaCl2  0.01 

6  Thiamine  0.001 

7  Chloramphenicol  1 

8  100mMveratryl alcohol  1 mL 

9  Trace element solution  10 mL  

*Tien and Kirk, 1988  
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Table 3.3: Composition of  Vogel medium for preparation of inocula of Aspergillus strains  

Ingredients  Quantity (g/L)  

Trisodium citrate  5.0  

KH2PO3 5.0 

NH4NO3 2.0 

(NH4)2SO4 4.0 

MgSO4.7H2O 0.2 

Peptone 1.0 

Yeast Extract 2.0 

Glucose 2.0 

3.5 Lovastatin analysis 

In UV spectrophotometric analysis, clear supernatant of 1 mL was added with tri floro a ceticacid of 

1mL and for 10 minutes the mixture was incubated of lactonization fromhydroxyl acid form of statin 

(Raghunath et al., 2012). Methanol was mixed with the resulting mixture and by using UV-VIS 

Double Beam spectrophotometer (Dynamica), absorbance was read at 238nm.  

3.6 Standard Factor for calculation.  

By plotting concenterations verses absorbances, standard curve of statin was made. In test 

tubes pure lovastatin in lactone (99.9%) form (Sigma Aldrich) was mixed with methanol to 

make pure solutions of varying concenterations (1.0mg-10.0mg/mL) (Table: 3.4). Every 

standard mixture was formed up to a volume of 1.0 mL with methanol. The dilutions with 

methanol were made up to 100 times for precision and their absorbances were measured at 

238 nm.  

Standard factor was measured by using subsequent formula  

Standard factor = Concentration/ Absorbance   
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Table 3.4: Absorbance values of known concenterations of lovastatin at 238 nm.  

S. No.  Concentration (mg/mL)  Absorbance  

1  1  0.5  

2  2  1.0  

3  3  1.5  

4  4  2.0  

5  5  2.5  

6  6  3.0  

7  7  3.5  

8  8  4.0  

9  9  4.5  

10  10  5.0  
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Fig 3.1: Standard curve for determination of lovastatin 

3.7 Optimization of statin production by selected strains of Pleurotus and 

Aspergillus  

During screening experiments, statin extracts of P.  spodoecus and A. terreus exposed as 

higher statin producer as compared to the statin extracts of P. nebrodensis and p. sepidus as 

well as A. niger and A. flavus. The solid state fermentation parameters were optimized so as 

to develop the formation of statin by specific fungal strains.  

3.8 Optimization of culture conditions by RSM under CCD.  

Four physical parameters consisting of pH, temperature, inoculums volume and fermentation 

time were optimized by Response Surface Methodology (advanced optimization 

methodology) using CCD.  

CCD model of RSM includes complete factorial analysis by investigating continuous, 

organized and effective dissimilarities on essential parameters used in fermentation 

procedure, recognize feasible interactions and higher order impacts and evaluate the best 
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applicable situations (Kauri and Cornell, 1987). Conversely RSM is useful for less number of 

various factors but is helpless for greater number of experimental runs because large number 

of experimental runs (Sharma and Satyanarayana, 2006).  

Table 3.5: Operational values of independent variables in actual and coded forms for 

optimum statin production in RSM under CCD by P. spodoecus.  

  

Independent variables  

  

Coded Levels  

(-1)  (+1)  

Temperature (oC)  25  35  

pH  4  5.5  

Inoculum size (mL)  2.5  240  

Fermentation Time (h)  144  240  

  

 Table 3.6: Experimental Units of independent variables in actual and coded forms for 

optimization of statin production by A. terreus in RSM under CCD.  

Independent  

Variables  

Cod ed levels   

(-1)   (+1)  

Temperature (oC)  25   35  

pH  5.5   8  

Inoculum size (mL)  3.5   5.5  

Fermentation time (h)  144   240  

  

Ttotal of thirty triplicate experimental runs were performed in flasks of 250 mL for both cases 

(Tables 3.7, 3.8). Selection of central point replicates to prove any difference in the 

calculated process, as a measurement of accuracy quality. In statistical measurements, the 

changeable Xi was coded as xi in accordance with the subsequent interactions.  

Xi = Uri–Uno / ∆U  
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Where xi is the changeable coded value, Xi is the true value of the variable, XO the central 

point and X is variability among the ranges. Equation for prediction of response function i.e. 

maximum production (statins mg/g)    

η = 𝛽0+ 1X1+ 2X2+ 3X3+ 11X12+ 22X22+ 33X32+ 12X1X2+ 13X1X3+ 23X2X3  

    

Table 3.7: Central Composite Design for optimization of statin production by P.  

spodoecus in SSF of wheat straw.  

 

Run  
Factor1 A: temp. 

(oC)  

Factor2  
  

B: pH  
Factor3 C:In.size 

(mL)  
Factor4 F. time 

(h)  

1  27.50  4.75  4.5  192  

2  30.00  5.50  3.5  240  

3  30.00  4.00  5.5  240  

4  27.50  4.75  4.5  192  

5  26.25  4.75  4.5  192  

6  30.00  4.00  5.5  144  

7  25.00  5.50  3.5  240  

8  30.00  5.50  3.5  144  

9  30.00  5.50  5.5  144  

10  28.75  4.75  4.5  192  

11  27.50  4.75  5.0  192  

12  25.00  4.00  5.5  240  

13  30.00  4.00  3.5  144  

14  27.50  4.75  4.5  192  

15  25.00  5.50  5.5  240  

16  27.50  4.37  4.5  192  

17  25.00  4.00  5.5  144  

18  25.00  5.50  3.5  144  

19  27.50  5.12  4.5  192  

20  27.50  4.75  4.5  216  

21  30.00  5.50  5.5  240  

22  30.00  4.00  3.5  240  

23  27.50  4.75  4.0  192  
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24  25.00  4.00  3.5  144  

25  27.50  4.75  4.5  192  

26  27.50  4.75  4.5  192  

27  27.50  4.75  4.5  168  

28  27.50  4.75  4.5  192  

29  25.00  5.50  5.5  144  

30  25.00  4.00  3.5  240  

 

Table 3.8: Central Composite Design for optimization of statin production by A. terreus 

on SSF culture of Wheat straw.  

 

Run 

Factor 1 A: 

temp (oC) Factor 2 B: pH 
Factor 3 

C:In.size (mL) 
Factor 4 D:F.time 

(h) 

1  30.0  6.75  4.5  192  

2  35.0  8.00  5.5  144  

3  25.0  5.50  5.5  144  

4  27.5  6.75  4.5  192  

5  30.0  6.75  4.5  216  

6  25.0  8.00  5.5  240  

7  32.5  6.75  4.5  192  

8  30.0  6.75  5.0  192  

9  35.0  8.00  3.5  144  

10  25.0  5.50  5.5  240  

11  30.0  6.75  4.5  192  

12  30.0  6.75  4.5  192  

13  30.0  6.75  4.5  192  

14  30.0  6.75  4.5  192  

15  30.0  6.12  4.5  192  

16  30.0  6.7  4.5  192  

17  35.0  5.50  3.5  240  

18  35.0  5.50  5.5  240  

19  35.0  5.50  5.5  144  

20  25.0  8.00  5.5  144  

21  35.0  8.00  3.5  240  

22  25.0  5.50  3.5  144  
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23  30.0  6.75  4.0  192  

24  30.0  7.37  4.5  192  

25  35.0  8.00  5.5  240  

26  25.0  8.00  3.5  144  

27  35.0  5.50  3.5  144  

28  25.0  8.00  3.5  240  

29  30.0  6.75  4.5  168  

30  25.0  5.50  3.5  240  

  

3.9 Effect of carbon and nitrogen Sources:  

After optimizing the physical factors, the nutritional parameters, suitable carbon and nitrogen 

sources were investigated. Different carbon sources such as lactose, glucose, fructose, 

glycerol and maltose were used with various nitrogen sources (table 3.9) consisting of 

ammonium nitrate (NH4NO3), sodium nitrate (NaNO3), ammonium chloride (NH4Cl), 

ammonium dihydrogen phosphate (NH4H2PO4) and ammonium sulfate (NH4)2SO4 for 

improved statin formation under pre optimized physical growth environment.  

Table 3.9: Design of Experiment to study the effect of carbon and nitrogen sources on 

statin production by P .spodoecus and A. terreus.  

   

Carbon sources  

(1%)  

   

Nitrogen sources (0.2%)  

 

     

 N1 

(NH4NO3)  

N2 

(NaNO3)  

N3 

(NH4Cl)  

N4 

(NH4H2PO4)  

N5 [(NH4)SO4]  

C1 (Lactose)            

 C1N1  C1N2  C1N3  C1N4  C1N5  

C2 (Glucose)            

 C2N1  C2N2  C2N3  C2N4  C2N5  

C3 (Fructose)            

 C3N1  C3N2  C3N3  C3N4  C3N5  

C4 (Glycerol)            

 C4N1  C4N2  C4N3  C4N4  C4N5  

C5 (Maltose)            

 C5N1  C5N2  C5N3  C5N4  C5N5  
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3.10 Effect of Carbon: Nitrogen ratio.  

Following selection of best carbon and nitrogen sources, different carbon to nitrogen ratios 

were used to observe the influence on statin formation by the selected fungal strain (Tables 

3.10, 3.11)  

Table 3.10: Design of experiment to study the effect of C:N ratios on statin production 

by selected strain of P.spodoecus under preoptimized conditions.  

  

  

Conditions  
 

  

Treatments  

          

 T1  T2  T3  T4  T5  

Carbon source            

 Lactose  Lactose  Lactose  Lactose  Lactose  

Nitrogen source            

 
NaNo3  NaNo3  NaNo3  NaNo3  NaNo3  

C:N ratio (W/W)            

 5:1  10:1  15:1  20:1  25:1  

 

Table 3.11: Design of experiment to study the effect of C:N ratios on statin production 

by selected strain of A. terreus.  

  

  

Conditions  

    

Treatments  

 

          

 T1  T2  T3  T4  T5  

  

Carbon source  

  

Fructose  

  

Fructose  

  

Fructose  

  

Fructose  

  

Fructose  

  

Nitrogen source  

  

NH4NO3  

  

NH4NO3  

  

NH4NO3  

  

NH4NO3  

  

NH4NO3  

  

C:N ratio (W/W)  

  

5:1  

  

10:1  

  

15:1  

  

20:1  

  

25:1  
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3.11 Purification of statin.  

Crude extracts obtained from cultures of both P.spodoecus and A. terreus were centrifuged 

(1000 rpm) for 10 min. at 4oC and the pellets were discarded. The supernatants were adjusted 

to pH 3.0 using concentrated HCl and extraction was done by mixing of same amount of 

ethyle acetic acid to total sample. In a rotary shaker (180) rpm at ambient temperature (2 h), 

extraction was completed. Centrifugation (1500×g) took place for samples for 15 min. 

Collection of organic phase by leaving the aqueous phase was done. The organic phase was 

after than totally evaporated and dried deposit was the purified statin (Goswami et al., 2013).  

3.12 HPLC analysis for statin. 

The purified statin obtained from both fungal strains was analyzed using HPLC. The purified 

statin extracts were mixed in 100% acetonitril solution sonicated for two min and filtered 

through whatman filter paper No. 1. A reverse phase high pressure liquid chromatography 

analysis was done by using C18 column (25cm × 4.6mm, Shim-Pack CLC.ODS (C.18), 5µm 

as a stationary phase. An isocratic conditions was maintained in the mobile phase 

[(acetonitril and 0.1% phosphoric acid (60:40 v/v)]. The flow rate was maintained at 

1.5mL/min during the run and the detection was done at 238nm (Lakshaman and Radha, 

2012).  

3.13 Biological evaluation of statin in rats  

Hypocholesterolemic effect of statin formed by fungi was investigated in 

hypercholesterolemic rats. Healthy male white rats (albino, Wistar strain) weighed about 

150-200 g were bred in CMS Department (animal house), University of Agriculture, 

Faisalabad for hypocholesterolemic action of statin extracts formed from both P.spodoecus 

and A. terreus strains. The study was carried out according to internationally accepted 

principles for laboratory animal use and care as per the U.S. guidelines (NIH publication No. 

85-23, revised in 1985) using 20 rats. Rat groups were fed with various diet ratios and effect 

of statin was investigated.  

3.14 Materials  

A:  Purified extract of statin from P.spodoecus  

B:  Purified extract of statin from A.terreus. 

C: Normal standard rodent diet (Table 3.12)  

D: Cholesterol rich diet. (Table 3.13)  
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3.15 Operational trial  

Whole rat groups were weighed and distributed haphazardly among four groups (Group 1, 

11, 111, IV) at day 0. There were 5 animals in each group and all the groups were kept in 

standard situation for 30 days. At day first, blood samples were also taken from all the 

groups. Serum of all blood samples was isolated and stored in sterilized serum cups in 

refrigerator for further investigation after being properly marked. Composition of diet for 

control group is shown in Table 3.12.  

Table 3.12: Diet composition for normal, control group of rats.  

SR. No.  Ingredients  Concentration (g/100g)  

1  Flour  82  

2  Casein  4.0  

3  Minerals  1.0  

4  Vitamins  3.0  

5  Corn oil  10 mL  

  

The animals in group 11, 111, IV were offered the diet composed of ingredients shown in 

Table 3.13 to induce hypercholesterolemia.  

 Table 3.13: Diet composition for GP11, GP111 and GPiv to induce 

Hypercholesterolemia.  

Sr. No.  Ingredients  Concentration (mg/100g)  

1  Flour  80.5  

2  Cholesterol  1.5  

3  Casein  4.0  

4  Minerals  1.0  

5  Vitamins  3.0  

6  Corn oil  10 mL  

The four groups were then maintained as following.  

Group 1:  Normal control group.  

Group 11: Cholesterol control group. This group was induced hypercholesterolemia given 

(dose of 400 mg/kg body weight) for days 30 . No treatment was given to this group.  
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Group 111: Treatment group. Cholesterol feeding group (400 mg/kg body weight dose) for 

days 30 like group 11. This group was treated with purified statin extract from fungal strain 

P.spodoecus (7.2 mg/Kg body weight) from days 15 till 30. The dose of statin was calculated 

by converting human dose to rodent dose by converting the ratio from 70 Kg man- 200g rat 

(0.018)  (Arun et al., 2005) and also multiplied by 5 to attained exact amount (mg/Kg).  

Group 1V: Treatment group. Again cholesterol feeding group like group 11 and group 111 

(dose of 400 mg/kg body weight) for days 30 so as to induce hypercholesterolemia like 

groups 11 and 111. This group was again treated with purified statin extract from fungal 

strain A.terreus only. Again the same conversion ratio was calculated from human to rodent’s 

dose given.  

Carboxy methyl cellulose (CMC) 0.25% w/v was utilized as the vehicle for the administerion 

of purified statin from both sources (P.spodoecus, A.terreus). Through rat feeding tube, statin 

extracted and purified from both fungal strain in 0.25% carboxy methyl cellulose were fed to 

the rats from day 15 till day 30.  

3.16 Biochemical Parameters  

After treatment with statin from both fungi, the biological levels investigated during this trial 

were blood cholesterol level, blood triglycerides level, blood HDL levels and blood LDL 

level. From orbital sinus of rats, blood samples were taken by capillary tube. Biochemical 

analysis was done at different days (0, 15, and 30) for whole animals in all distributed 

groups. The sera were preserved in deep freezer and investigated within 3 days. Total 

cholesterol (TC), HDL-C, triglycerides and LDL-cholesterol were measured in the sera of the 

rats by adopting the protocol outlined in the manufacturer’s assay kit (Human) that was used 

for estimation of all biochemical parameters.  LDL-C was estimated using the Friedewald 

formula – LDL-C=TC- [HDL-C + TG/5).The estimation was made using Auto analyzer 

(ERMA Inc.).   

3.17 Statistical Analysis  

Two ways factorial design using Statistix version 10 was used. A p-value of less than 0.05 

was taken as statistically significant. Mean±SEM values were measured for each biochemical 

parameter and have been analyzed by error bars.  
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Chapter 4  

RESULTS AND DISCUSSION  

This work was planned to analys the efficiency of different strains of pleurotus (P. spodoecus 

, P.sepidus and P. nebrodensis) and Aspergillus (A. niger, A. flavus and A. terreus) for statin 

formation by growing them on three different lignocellulose substrates (rice straw, wheat 

straw and banana stalk). This research consisted of six chief portions and outcomes have 

been illustrated and described within the subsequent six segments.  

Section 4.1. Screening experiments for substrates and strain assortment for statin formation 

in solid state fermentation.  

Section 4.2. Optimization of physical factors for overproduction of statin by assorted strains 

of both Pleurotus and Aspergillus through RSM in CCD.  

Section4.3. Influence of carbon/nitrogen sources and carbon/nitrogen ratio.  

Section 4.4 Purification of statin  

Section 4.5 HPLC investigation of statin  

Section 4.6 Evaluation of statin produced under optimum conditions on animal model.  

Section 4.1 Secreening experiments for substrates and strains selection   

Three species of Pleurotus as well as three species of Aspergillus were employed for statin 

production in solid state (SSF) fermentation on three lignocellulose materials in a screening 

study for 8 days. A. terreus in Aspergillus species and P. spodoecus in Pleurotus species 

displayed highest statin formation i.e. 43.4 ± 1.1 mg/g and 9.1±1.4 mg/g respectively when 

cultivate (wheat straw) after 8 days fermentation time. Additional strains like Aspergillus i.e.  

A. flavus, A. niger showed 11.7 ±1.6 and 26.3±1.8 mg/g of statin (table 4.1) respectively (Fig. 

4.1) whereas in Pleurotus (P. nebrodensis, P. sepidus) gave lower statin formation upon 

wheat straw i.e. 6.9±0.5 mg/gm. and 6.7±0.9 mg/g respectively (Table 4.1; Fig. 4.2) 
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representing that A. terreus and P. spodoecus gave best statin formation and so that’s why 

selected for further optimization analysis.  

Table 4.1: Statin formation by different species of Pleurotus on various substrates in 

solid state fermentation.  

Sr. no.  Fungal strain  B.stalk  R. straw  W. straw  

1  P. nebrodensis  4.5±0.5  1.7±0.3  6.9±0.5  

2  P. sepidus  5.7±0.4  6.1±1.1  6.7±0.9  

3  P. spodoecus  1.7±0.2  5.9±0.8  9.1±1.4  

  

 

Fig 4.1: Effect of different substrates on statin production by different strains of 

Pleurotus in SSF.  
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Table 4.2: Statin formation by different species of Aspergillus on various substrates in 

solid state fermentation.  

Sr.no.  B. stalk  R. straw  W. straw  

A. flavus  1.1±o.1  12.3±1.6  11.7±1.6  

A. niger  12.2±2.3  22.5±1.8  26.3±1.8  

A. terreus  20.3±1.2  31.1±1.4  43.4±1.1  

  

 

Fig 4.2: Effect of substrates on statin production by different Aspergillums strains on 

different substrates in SSF.  
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Diversity in statin formation with in various species on distinct materials is because of 

various enzymatic arrangements of every fungal species. Genetic differences and 

modifications within material architecture may be involved for this diversity.   

(Shindia, 1997) investigated lovastatin formation from P. chrysogenum, P. citrine and A. 

terreus NCIM 657 gave best yield of  lovastatin (0.989 mg/mL) in SmF  in contrast to 

another fungal strains (Dhar et al., 2015). Samiee et al., (2003) examined 110 fungal species 

of PTCC (Persian Type Culture Collection) wherein A. terreus was recognized as the major 

lovastatin forming strain. Jaivel and Marimuthu (2010) reported 10 fungal isolates from 

seven species of five genera (separated from natural specimens) for lovastatin formation by 

SmF procedure using glucose (carbon origin) and reported A. terreus (JPM3) as a lovastatin 

yielder. Devi et al., (2011) separated many isolates of A. terreus form soil specimens, 

screened for lovastatin formation by agar plug method and studied A. terreus (KSVL-

SUCP75) as best yielding specie. Another experiment by Lakshman and Radha (2012) 

observed that lovastatin was also formed by P. ostreatus on wheat bran gave best production 

of 113 μg /mL. Pushpa et al., (2016) also studied Schizophyllum commune as a major statin 

yielder for the first time.  

Section 2: 4.2. Optimization for overproduction of statin by P. spdoecus and A. terreus 

through response Surface Methodology (RSM).  

Four physical factors having five levels underS Central Composite Design recquired 30 runs 

in triplicate executed in this study. statin formation (Response) was analyzed from P. 

spodoecus and A. terreus. The statin formation was mean of the triplicate experimental flasks 

and outcomes gave in (Table 4.3 and Table 4.4). P. spodoecus gave the highest statin 

formation at 25oC, pH 5.5, inoculums size 3.5 mL and fermentation time 144 h (19 mg/g) on 

substrate wheat straw where as best statin production was achieved from A. terreus at 

temperature. 30oC, pH 7.37, Inoculum size 4.5 mL and fermentation time 192 h (60mg/g).  
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 Table 4.3: Central Composit Design for optimization of statin production by P. 

spodoecus on wheat straw in SSF.  

Exp.Runs  

  
Parameter 1 

a: temp (oC)  

Parameterr  

2 b: pH  

  
Parameter 3 

c:In.size  
(mL)  

Parameter 4 

d:Ferm. Time (h)  

Response Statin 

prod.(mg/g)  

1  27.50  4.75  4.5  192  9  

2  30.00  5.50  3.5  240  13  

3  30.00  4.00  5.5  240  6  

4  27.50  4.75  4.5  192  8  

5  26.25  4.75  4.5  192  10  

6  30.00  4.00  5.5  144  10  

7  25.00  5.50  3.5  240  17  

8  30.00  5.50  3.5  144  16  

9  30.00  5.50  5.5  144  12  

10  28.75  4.75  4.5  192  7  

11  27.50  4.75  5.0  192  7  

12  25.00  4.00  5.5  240  9  

13  30.00  4.00  3.5  144  14  

14  27.50  4.75  4.5  192  8  

15  25.00  5.50  5.5  240  10  

16  27.50  4.37  4.5  192  9  

17  25.00  4.00  5.5  144  13  

18  25.00  5.50  3.5  144  19  

19  27.50  5.12  4.5  192  9  

20  27.50  4.75  4.5  216  6  

21  30.00  5.50  5.5  240  7  

22  30.00  4.00  3.5  240  10  

23  27.50  4.75  4.0  192  9  

24  25.00  4.00  3.5  144  18  

25  27.50  4.75  4.5  192  8  

26  27.50  4.75  4.5  192  7  

27  27.50  4.75  4.5  168  7  

28  27.50  4.75  4.5  192  9  

29  25.00  5.50  5.5  144  14  

30  25.00  4.00  3.5  240  14  

  

The conventional access of “one variable at a time (OVAT)” is not only work demanding and 

time consuming but total deficit in showing the influence of interaction among various 
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parameters. RSM should be developed for resolving this complication (Korbhati, 2007). 

RSM is an assembly of mathematical techniques and statistics and helpful for developing, 

improving and optimizing fermentation procedure. The major benefit of RSM is the less 

number of experimental runs required to investigate numerous factors at a time and their 

interactions (Chen et al., 2005; Karacan et al., 2007). Montgomery et al., (2001) revealed 

that RSM used corresponding central composite design by fitting model at least squares 

technique (Vining, 2003). CCD describes nature of response surface in best place (Pratheeba 

et al., 2013). It is chiefly utilized in optimization the culture for formation (Lofty et al., 

2007). This methodology can be used in developing appropriate management technology 

understanding the influence of operational circumstances on the deletion mechanism for 

recognizing place which justifies the operational conditions (Ravikumar et al., 2005). 

Statistical optimization not only permits speedy screening of a big study place, but also 

shows the position of every unit. Utilization of RSM has built up concentration of researchers 

for optimizing cultural ingredients and process factors (Vohra and Satyanarayana, 2002; Pure 

et al., 2002; Dye et al. 2002).  

Table 4.4: Central Composite Design for optimization of statin formation by A. terreus 

in SSF.  

Exp.Run  

  

a: temp  

(Co)  

b: pH  c:In.size  

D:Fermentation time  (h)  

  

  

Response Statin prod. 

(mg/g)  

1  30  6.75  4.5  192  58  

2  35  8  5.5  144  39  

3  25  5.5  5.5  144  40  

4  27.5  6.75  4.5  192  57  

5  30  6.75  4.5  216  55  

6  25  8  5.5  240  38  

7  32.5  6.75  4.5  192  55  

8  30  6.75  5  192  58  

9  35  8  3.5  144  40  

10  25  5.5  5.5  240  45  

11  30  6.75  4.5  192  55  

12  30  6.75  4.5  192  59  

13  30  6.75  4.5  192  57  

14  30  6.75  4.5  192  58  
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15  30  6.125  4.5  192  57  

16  30  6.75  4.5  192  58  

17  35  5.5  3.5  240  36  

18  35  5.5  5.5  240  40  

19  35  5.5  5.5  144  43  

20  25  8  5.5  144  38  

21  35  8  3.5  240  39  

22  25  5.5  3.5  144  39  

23  30  6.75  4  192  56  

24  30  7.375  4.5  192  60  

25  35  8  5.5  240  37  

26  25  8  3.5  144  40  

27  35  5.5  3.5  144  40  

28  25  8  3.5  240  42  

29  30  6.75  4.5  168  55  

30  25  5.5  3.5  240  45  

  

4.3 Regression Analysis  

Regressin analysis is type of mathematical analysis utilized to investigate interactions 

between group independent variables and outcome. However, multiple regression analysis is 

utilized to investigate the influence of at least two independent variables. The usage of 

statistical experimental design techniques in fermentation procedure progress development 

and can effect in improving product formation, decrease procedure diversity, give about real 

specification of the outcome to nominal and less whole expenditure. It is a speculative 

statistical modeling procedure also used for multiple regression investigation using accessible 

data. These data are required from suitably designed experiments needed to resolve 

multivariable equations at a time. Response surface methodology is common to investigate 

the interactions among various parameters and the response surface (Basemen et al., 2013).  

Different runs gave the data were analyzedand depicted by using design of expert (DOE) 

version 6.0.8. The outcomes available from Response Surface Methodology (RSM) managed 

to set a second order polynomial equation chapter the test variables were coded in accordance 

with subsequent equation within the improvement of new regression equation (Eq. 2)  
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  Xi= Ui - Uio/∆U  

The complete multiple regression equation analysis showing the subsequent regression 

equation for statin formation by P. spodoecus and A. terreus named as equation 3 and 4 

correspondingly.  

Y1= (7.91) + (-1.67A) + (0.85B) + (-2.48C) + (-1.85D) + (3.18A2) + (5.18B2) + (1.18C2) +         

(-4.82D2) + (0.13AB) + (0.25AC) + (-0.13AD) + (-0.25BC) + (0.12BD) + (-0.25CD)         

(3)  

  

Y2= (57.62) + (-0.85A) + (-0.82B) + (0.000C) + (0.18D) + (-6.89A2) + (3.11B2) + (-2.89C2) 

+ (-10.89D2) + (.44AB) + (0.56AC) + (-1.44AD) + (-1.06BC) + (-0.31BD) + (-0.19CD)        

(4)  

4.4 ANOVA for checking Model adequacy.  

By analysis of variance (ANOVA), proposed model adequacy was exposed by using the 

diagnostic checking tests. R2 (Coefficient of determination) was frequently uzed to analyze 

the suitability relation with in predicted model and observed records. R2 value was between 0 

and 1. R2 was closed tovalue 1, the better the fitness of the model to observed data (Ruchir et 

al., 2010). R2 mainly investigate the variation percent (Chen et al., 20 09; Pratheeba et al., 

2013).  

Predicted R2 0.9393 (P. spodoecus) and 0.9259 (A. terreus) by the models (statin production) 

were in near respect to adjusted R2 i.e. 0.9671 (P. spodoecus) and 0.9726 (A. terreus). Adj. 

R2 had lower than R2 if less number of factors were used in model with small sample size. In 

statin formation by P. spodoecus and A. terreus (Table 4.5) showed adjusted R2 to actual R2 

value and the linear, square and interaction terms could described 98.30% and 98.58% of 

variation with the illustrate of  satisfactory expression the method of model. The accuracy 

along with dependability in operated runs proved through less means of coefficient of 

variation of 6.3% and 3.06% (P. spodoecus and A. terreus) correspondingly.  
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 Table 4.5. ANOVA (Analysis of Variance) for statin formation (P. spodoecus, A. 

terreus).  

 

Source  P. spodoecus  A. terreus  

Standard deviation  0.66  1.47  

Mean  10.50  47.97  

C.V.%  6.31  3.06  

PRESS  23.53  168.59  

R-squared  0.9830  0.9858  

Adj. R squared  0.9671  0.9726  

Pred. R squared  0.9393  0.9259  

Adequate precision  29.217  21.436  

  

The "Pred R2" of 0.9393 is accordance with the "Adj R2" of 0.9671 (P.spodoecus) where 

as"Pred R2" 0.9259 also in accordance with the "Adj R2" 0.9726 (A.terreus). "Adeq 

Precision" measures the signal to noise ratio.  A ratio larger than 4 is wanted.  In our case all 

model ratios 29.217 (P. spodoecus) and 21.436 (A. terreus) were larger than prescribed 

adequate signals. These employ navigated the pattren space. The values of standard deviation 

exposed that model had powerful similarity to the proposed outcome.  

4.4.1 ANOVA for statin production by P. spodoecus.  

The factors containing temperature, pH, inoculum size and fermentation time had positive 

effect on statin production by P. spodoecus in solid state fermentation (SSF). Fischer’s test 

was used to investigate the statistically significant influence of factors. The Model F-value of  

61.90 in P. spodoecus revealed the model was significant (Table 4.6 A). There was only  

0.01% chance that this large F-Value took place because of  noise if "Prob > F" and less than  

0.0500 showed significant   parameters.    

In this situation A, B, C, D, B2, D2 were significant terms.      

0.66 values showed that Lack of Fit F-value was not significant in comparison to pure error 

and this showed the fitness of model. As Fischer’s variance ratio is also known as F value. 

That is the ratio of mean square of regression to mean square of error which was used to 
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estimate the difference in calculated data. Non-significant lack of fit is good which shows the 

fitness of model (Ghoshal et al., 2012).  

Table 4.6 (A). Analysis of variance table (quadratic polynomial model) for statin 

formation by P. spodoecus in SSF.  

Source  Sum of 

Squares  

DF  Mean Square  F Value  Prob > F    

Model  380.9066  14  27.20761  61.89719  < 0.0001  Significant  

A  45.83333  1  45.83333  104.2706  < 0.0001    

B  11.87879  1  11.87879  27.02418  0.0001    

C  101.8788  1  101.8788  231.7737  < 0.0001    

D  56.37879  1  56.37879  128.2615  < 0.0001    

A2  1.679705  1  1.679705  3.821321  0.0695    

B2  4.460208  1  4.460208  10.14695  0.0061    

C2  0.230543  1  0.230543  0.524483  0.4801    

D2  3.871093  1  3.871093  8.806717  0.0096    

AB  0.25  1  0.25  0.568749  0.4624    

AC  1  1  1  2.274995  0.1522    

AD  0.25  1  0.25  0.568749  0.4624    

BC  1  1  1  2.274995  0.1522    

BD  0.25  1  0.25  0.568749  0.4624    

CD  1  1  1  2.274995  0.1522    

Residual  6.593421  15  0.439561        

Lack of Fit  3.760087  10  0.376009  0.663545  0.7287  nosignificant  

Pure Error  2.833333  5  0.566667        

Cor Total  387.5  29          

P- Value is used to observe the significance of every co-efficient. Efficiency of Low 

probability value significantly participates in the model by predicting low p value and large F 

value. Moreover, significant effect of each model term can be suggested by prob ˃ F values 

less than 0.05.  

4.4.2 Regression Coefficient for statin yield from P. spodoecus.  

In case of regression coefficient model, the positive and negative coefficients of any factor 

express that it has an important influence for statin formation. The positive value of linear 

coefficient represents that statin formation greater to early enhance in pH and fermentation 
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time whereas the negative linear coefficient for temperature and inoculums size (Table: 4.7). 

Positive quadratic parameters like temperature, pH and inoculums size showed their 

important influence on statin production whereas negative quadratic coefficient explained the 

maximum statin formation at certain ranges of these parameters. Interactions among 

Temp.*pH, Temp*Inoculum size and pH*Fermentation time also had restricted influence on 

statin production. p-value is commonly useful to analyze the significance of each coefficient.  

Table 4.7 (A) Observed coefficients of regression for statin production by P. spodoecus 

in SSF. on wheat straw  

ModelTerms  Coefficients  SE Coefficient  T  

Intercept  7.91  0.18  43.94  

A-Temp  -1.67  0.16  -10.43  

B- pH  0.85  0.16  5.31  

C- Inoculum size  -2.48  0.16  -15.5  

D- fermentation time  1.85  0.16  11.56  

A2 temp*temp  3.18  1.63  1.95  

B2 pH*pH  5.18  1.63  3.2  

C2 Inoc.size*inoc.size  1.18  1.63  0.72  

D2 Ferm.Time*Ferm.Time  -4.82  1.63  -2.95  

AB Temp.*pH  0.13  0.17  0.76  

AC Temp*Inoculum size  0.25  0.17  1.47  

AD Temp*Fermentation Time  -0.13  0.17  -0.76  

BC pH*Inoculum size  -0.25  0.17  -1.47  

BD pH*Fermentation Time  0.12  0.17  0.70  

CD Inoculum size*Fermentation Time  -0.25  0.17  -1.47  

4.4.3 ANOVA for statin production by A. terreus  

The Model F-value of 74.479 implies the model is significant (Table 4.7 A).    

Only 0.01% chance is there due to this large value could occur due to noise. In this case A,  

B, D2, AD, BC was significant terms. Lack of fit was non-significant that confirms the 

fitness of model.  
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Table: 4.8 (A) ANOVA table for (quadratic polynomial model) for statin production by 

A.  terreus  

Source 

Sum of 

Squares DF 

 

Mean Square F Value Prob > F 

 

Model 2242.704  14 160.1931 74.47918 < 0.0001 Significant 

A 11.87879  1 11.87879 5.522848 0.0329  

B 11.04545  1 11.04545 5.135403 0.0387  

C 0  1 0 0 1.0000  

D 0.545455  1 0.545455 0.2536 0.6219  

A2 7.899012  1 7.899012 3.672516 0.0746  

B2 1.610137  1 1.610137 0.748607 0.4005  

C2 1.389443  1 1.389443 0.645999 0.4341  

D2 19.73394  1 19.73394 9.174972 0.0085  

AB 3.0625  1 3.0625 1.423859 0.2513  

AC 5.0625  1 5.0625 2.353726 0.1458  

AD 33.0625  1 33.0625 15.37187 0.0014  

BC 18.0625  1 18.0625 8.397863 0.0110  

BD 1.5625  1 1.5625 0.726459 0.4074  

CD 0.5625  1 0.5625 0.261525 0.6165  

Residual 32.26267  15 2.150845    

Lack of        

Fit 22.76267  10 2.276267 1.198035 0.4461 Not significant 

Pure        

Error 9.5  5 1.9    

Cur        

Total 2274.967  29     
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4.4.4 Regression coefficients for statin production by A. terreus  

The t values for linear, quadratic and interaction terms expressed in Table 4.9 (B). A +ve 

value in linear coefficients showed that statin formation was higher with initial high in pH 

and fermentation time whereas temperature and inoculum size showed the negative linear 

coefficient meaning larger values of these parameters, statin production reduced. Positive 

square parameters showed the occurrence was less for these actions. The negative quadratic 

coefficient showed that statin production was best at certain range for these factors but above 

and below of these points, respective parameters had inhibitory effects. It was recognized 

that the coefficient for interactive terms temp* fermentation time and pH* inoculum size 

were significant while other interactive effects were no significant.   

Table 4.9 (B) Estimated regression coefficients for statin formation by A.terreus in SSF.  

Term   Coefficient SE Coefficient T 

Intercept   7.91 0.18 43.94 

A-temp   -1.67 0.16 -10.44 

B-pH   0.85 0.16 5.31 

C-inoculum size   -2.48 0.16 -15.5 

D-fermentation time   1.85 0.16 11.56 

A2   temp* temp   3.18 1.63 1.95 

B2 pH* pH   5.18 1.63 3.17 

C2 inoculum size*  

size  

inoculum  1.18 1.63 0.72 

D2  fermentation  

fermentation time  

time*  -4.82 1.63 -2.96 

AB temp* pH   0.13 0.17 0.76 

AC temp* inoculum size  0.25 0.17 1.47 

AD temp* fermentation time  -0.13 0.17 -0.76 

BC pH* inoculum size  -0.25 0.17 -1.47 

BD pH* inoculum size  0.12 0.17 0.70 

CD  inoculum  size*  

fermentation time  

-0.25  0.17  -1.47  
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4.5 Interaction between Variables.  

The interaction among independent variables and dependent variable (statin production) in 

case of P. spodoecus and A. terreus can be analyzed graphically by 3 D response surface 

plots. Interaction between experimental parameters and response (statin) expressed 

graphically by three dimensional (3 D) response surface plots that can utilize to estimate best 

situations.   

4.5.1 Temperature v/s pH   

 (A)          (B)  

  

  

Fig.4.3 3D graphs to show interaction of temperature and pH (statin formation) by   

(A) p. spodoecus.           (B) A. terreus  

 Here the interaction between temperature and pH was non-significant. The optimum pH and 

temperature for statin yield in p. spodoecus was temperature 25oC and pH was 5.5 while for 

A.terreus best temperature and pH was 30 oC and 7.37.  
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4.5.2 Inoculum size v/s temperature  

The interaction among inoculum size and temperature was significant and it effected statin 

formation (A. terreus) while non-significant in p. spodoecus for statin yield. Response 

surface plot showed that best statin formation was at 3.5 inoculum size and 25oC temperature 

(P. spodoecus) while inoculum size was 4.5 at temperature 30oC for maximum yield of statin 

(A . terreus).  

 

   (A)              (B)  

  

  Fig. 4.4 Response surface plot expose interaction of inoculums size and temperature 

for statin formation by (A) P. spodoecus.  (B) A. terreus  

4.5.3 Fermentation time v/s temperature  

A no significant interaction exists within temperature and fermentation time for statin yield 

(P. spodoecus). Highest yield was achieved at temperature 25 oC and 144 h fermentation 

time. This interaction was significant in case of A. terreus and has effect on statin formation.  

Best yield was achieved at 30 oC temperature. and 192 h incubation time for A. terreus.   
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       (A)         (B)  

     
144.00    25.00    

Fig. 4.5 3 D plot expressed interaction of fermentation time and temperature on statin  

formation by   (A) P. spodoecus.     (B) A.terreus     

4.5.4 pH v/s Inoculum size  

At pH 5.5 optimum production of statin was attained and inoculums size was 3.5 in P. 

spodoecus.  

In A. terreus best production was achieved at inoculums size 4.5 and pH 7.37.  

(A)            (B)  

  
3.50    4.00 3.50    5.50   

Fig. 4.6:  3-D plot showing interaction of inoculums size and pH (statin formation) by 

(A) P. spodoecus.     (B) A. terreus  
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4.5.5 Fermentation time v/s pH.   

 

144 h fermentation time at pH 5.5 yield best statin formation (P. spodoecus) and 192 h 

fermentation time with 7.37 pH form best production for statin in RSM (A. terreus). The 

interaction effects on statin formation in A. terreus.  

(A)                                                                   (B)  

  

               
144.00    4.00 144.00    5.50   

     

Fig. 4.7: 3-D plot showing interaction of fermentation time and pH for statin yield by  

(A) P. spodoecus.    (B) A. terreus  

4.5.6 Inoculum size v/s Fermentation time.  

Fermentation time and inoculum size also effect on statin production in P. spodoecus and A. 

terreus. Best formation was attained at 144 h fermentation time and 3.5 mL inoculum size (P. 

spodoecus) and 192 h with 4.5 mL inoculum size (A. terreus).  
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(A)                                                                 (B)  

                
144.00    3.50 144.00    3.50   

 Fig. 4.8: 3-D plot expose interaction of fermentation time and inoculums size on statin 

formation by (A) P. spodoecus.  (B) A. terreus  

4.6 Correlation within Actual and Predicted Values.  

A close correlation can be seen in actual and predicted values for statin formation by P. 

spodoecus in SSF (Fig 4.7). A powerful correlation within real and supposed values used to 

investigate accuracy of CCD (Zhu et al., 2011).  

     (A)      (B)  

  
Actual     ```  Actual   

   

Fig 4.9: Correlation within actual and predicted values for statin formation by (A) P. 

spodoecus.  (B) A. terreus  

3  

Predi

cted 

Predicted vs. Actual  

36.00  

42.00  

48.00  

54.00  

60.00  

36.00 42.00 48.00 54.00 60.00  

2  3 

Predi

cted 

Predicted vs. Actual  

5.65 

9.07  

12.49 

15.92  

19.34 

5.65 9.07 12.49 15.92 19.34 
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4.7 Normal % Probability Plots  

Model precision is refereed by residuals from the least square fit. A test was formed for 

supposition of normality by forming a normal probability plot of residuals of model structure 

of statin formation by P. spodoecus (Fig 4.8)  

 (A)            (B)  

Normal Plot of Residuals     Normal Plot of Residuals 

  
-1.78 -0.91 -0.04 0.84 1.71 -1.86 -0.93 -0.00 0.93 1.86 

  Studentized Residuals    Studentized Residuals   

  Fig. 4.10 Normal % probability versus internally studentized residuals in reduced 

quadratic model for statin yield (A) P. spodoecus                   (B)  A . Terreus  

4.8 Box Cox Plot.  

The normal logarithm of residuals sum of square against lambda was   
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   (A)          (B)     

 

(A) P. spodoecus                       (B) A. terreus  

Fig 4.11: Box-Cox plot 

SSF take more consideration over usual SmF, due to best production of secondary metabolic 

intermediates and enzymes (Jaivel and Marimuthu, 2010; Miranda et al., 2013). Function on 

solid substrate was not clearly understood (Barrios-González et al., 2008). However, it  may 

involve the gene expression of lovE and lovF. The highest yield (lovastatin) in SSF may 

effect with higher gene expression of loveE and lovF (two fold) inbetween specified growth 

situations (Barrios- González et al., 2008).  

Bizukojc et al., (2012) reported that neutral and basic pH range produced greater lovastatin 

values as acidic ones This is due to effect for polyketide pathways (A. terreus) like the 

substantial reduce of (+) geodin (Bizukojc and Ledakowicz, 2008).  pH influence lovastatin 

production (Bizukojc et al., 2012). pH efficiently influence the supply of a lot of ingredients 

by physiological membrane (Foukia et al., 2016).  

Inoculum size in SSF has been studied positive and negative influences. Different inoculum 

sizes when greater or lesser (Jahromi et al., 2012); may greater or lesser decrease lovastatin 

formation (Pansuriya and Singhal, 2010; Jahromi et al., 2012).   
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Another factor temperature was significant physical parameter to progress lovastatin 

production by accelerating genes or enzyme actions (Lai et al., 2005). The greater lovastatin 

production related SSF was to enhance mycelia production (Sreenivasan et al., 2008; Reddy 

et al., 2011) and greater penetrability (Prabhakar et al., 2011).   

A study reported on O.oleariu gave 2.23 mg/g (lovastatin) under non-optimal circumstances. 

While under best situations, experimental value was 139.47 mg/g (lovastatin) substrate.   

Various studies revealed best lov gene expression (ten times) on SSF as in SmF, representing 

functional structures corresponding to SSF for greater lovastatin yield (Barrios-González et 

al., 2008). Subhagar et al., (2009) investigated the lovastatin yield by M. purpureus MTCC 

369 was 193.7 mg/g substrate in SSF.  

4.9 EFFECT OF CARBON AND NITROGEN SOURCES  

The nutritional medium has leading effect on formation of lovastatin. So optimization of a 

proper mediam is significant choice and arrangement for maintaining of lovastatin 

production., Carbon and nitrogen ingredients usually take prominent part among best growth 

conditions in fermentation production due to directly involvement of biomass and the 

metabolic intermediates with nutrients. Analysis for effect of carbon and nitrogen 

suppliments were analyzed in which nitrogen takes part as a restrictive ingredient. . P. 

spodoecus gave highest yield was achieved in at lactose (Carbon source) and NaNO3 (Nitrogen 

source) was 49.3±15.1under pre optimize circumstances.  
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Table 4.10: Statin production by different Carbon and Nitrogen sources from P 

spodoecus in pre optimized condition.  

Carbon 

source  

  
Nitrogen source 

 

         

 
NH4NO3 

NaNO3 
NH4Cl 

NH4H2PO4 

 

NH4SO4 

 

Lactose  32.3±9.6 49.3±15.1 25.1±9.2 

31.7±9.0 

 

22.3±14.5 

Glucose  30.3±6.3 20.5±13.4 25.1±12.5 

26.1±16.7 

 

33.9±9.5 

Fructose  35.1±12.0 39.1±9.2 29.9±15.5 

23.5±16.1 

 

23.9±13.2 

Glycerol  27.1±9.2 25.1±9.2 23.1±10.4 

25.7±13.2 

 

17.1±12.0 

Maltose  28.2±10.5 21.1±12.5 15.1±12.5 

21.3±9.4 

 

27.1±15.3 

  

Substrate, 5gm: pH, 5.5, Temperature, 25oC, Inoculum size, 3.5 ml, Incubation time, 144h.  

A. terreus gave best production at fructose (carbon source) and NH4NO3 (Nitrogen source)  

i.e. 65.1±12 mg/g at pre optimized conditions.  
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Table 4.11: Statin production by different Carbon and Nitrogen sources fromA. terreus 

in pre optimized condition.  

 Carbon source    Nitrogen source   

NH4NO3  NaNO3  NH4Cl  NH4H2PO4  (NH4)2SO4  

Lactose  35.5±6.9  46.3±9.8  29.5±6  17.1±6  35.1±6  

Glucose  39.1±9.2  33.1±9.2  41.1±6  41.5±6.6  35.1±6  

Fructose  65.1±12  47.5±6  61.1±9.2  27.1±9.2  29.1±6  

Glycerol  35.1±6  17.1±6  37.1±9.2  23.1±6  35.1±6  

Maltose  29.1±6  43.1±15.1  25.1±9.2  23.1±6  29.1±6  

Substrate, 5gm, pH, 7.38, temperature, 30oC, Inoculum size, 4.5, Fermentation time, 192 h.  

The amount and nature of carbon source can control secondary metabolic intermediates by 

catabolic repression. Carbon and nitrogen sources also take part in lovastatin biosynthesis 

(Hajjaj et al., 2001). An initial glucose additive enhance maximum production concentrated 

in the growth media, however elimination take place in organic nitrogen sources. 

Supplementary ingredients in original solid substrates however may affect the production 

rate. Carbon and nitrogen ingredients and C/N ratio play prominent part to provide initial 

sources and cofactors which are included in the biomass synthesis of structural units and 

metabolic intermediates (Hajji et al., 2001; Li et al., 2011). Chanakya et al., (2011) was 

investigated before the mixing of lactose to solid substrate gave optimistic influence on 

lovastatin biosynthesis. Praveen, V. K. and J. Savitha (2012) also studied lactose for best 
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source of lovastatin biosynthesis in various fungal strains (Valera 2005). Usually, Nitrogen 

ingredients (organic and inorganic) had major part in enhancing lovastatin biosynthesis. 

Influence of C: N ratio on lovastatin biosynthesis was also investigated (Bizukojc and 

Ledakowicz, 2008) and reveals the C: N ratio that can offer good fermentation situations for 

mevinolinic acid biosynthesis. Xu et al., in (2005) showed that sodium nitrate also expressed 

an important effect to enhance statin biosynthesis (Chanakya et al., 2011). Additional 

experiment by Casas Lo´pez et al., 2004 revealed at different carbon/nitrogen ratios in A. 

terreus ATCC 20542, lactose act as a best ingredient for lovastatin synthesis.  

4.10 Effect of Carbon and Nitrogen ratio  

Optimum nutritional culture conditions also effected by proper C/N ratio. P. spodoecus gave 

highest formation at C/N ratio (25:1) which was 65.7 ± 5.5 (Table 4.)  

Table 4.12: Role of Carbon and Nitrogen ratios for statin production by P. spodoecus.  

Sr. No. C/N ratio Lovastatin production (mg/g) 

.1 5:1 37.5±15.7 

2 10:1 49.3±15.4 

3 15:1 53.5±6.6 

4 20:1 57.7±12.7 

5 25:1 65.7 ± 5.5 

  

In A .terreus best biosynthesis was obtained at 20:1 C/N ratio which was 78.2±9.6 mg/g 

(Table 4.).   
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Table 4.13: Role of Carbon: Nitrogen ratios in statin synthesis by A. terreus.  

 Sr. No. C/N ratio Lovastatin production mg/g 

1 5:1 32.8±8.4 

2 10:1 28.5±7.9 

3 15:1 30.2±7.7 

4 20:1 78.2±9.6 

5 25:1 29.5±9.5 

  

Investigation by Sitaram Kumar (2000) where optimization of carbon and nitrogen ratio took 

and production was higher to 73%.  

Use of speedily usable C and N ingredients like glucose and peptone led to unchecked 

filamentous development for the nutrient media within 24–48 h of fermentation, increased in 

viscosity, severe reduce of DO2, deprived mass transfer and less lovastatin concentration. 

Which helped a search for another, slowly metabolized, cheap C and N sources (Sitaram et 

al., 2000)?  

   

Table 4.14: Lovastatin formation from many fungal strains on SSF.  

species  Lovastatin production (mg/g)  Reference  

Agaricusblazei  0.77  Chen et al., 2011  

P. ostreatus  0.606    

P. ostreatus (fruiting body)  0.216    

A.  flavones  16.65  Valera et al., 2005  

A. terreus  138.4  

20.0  

Jaivel, and Marimuthu. 2010  

Barrios-González et al., 2008  

M. purpureus MTCC 369  193.7  

3.42  

Subhagar et al., 2009 Panda et 

al., 2008.  

O. tusolearius OBCC 2002  139.45  Atlı et al., 2015  
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4.11 Section4.5:  HPLC analysis for statin.  

Analysis of lovastatin both in P. spodoecus and A. terreus had done by HPLC method. The 

lovastatin peak (lactone form) was detected at a retention time 11.2 min (Fig. 4.10) 

resemblance in retention time (RT) of peak shown in chromatograms of standard lovastatin 

(RT= 11.2) and samples (RT= 11.15 and 11.18) respectively (Fig. 4.11, Fig. 4.12 ) confirmed 

the presence of lovastatin lactone form.  

Lovastatin standard was kindly provided by Sigma Aldrich and it was evaluated on HPLC supply 

with UV detector and a Hamilton C18 column (250 × 4.6 mm ID) and an eluent consisting of 

acetonitrile and 0.1% phosphoric acid (60:40). The flow rate was used as 1 mL min-1; the injection 

volume was 20 µl. The chromatogram was recorded at 238 nm.   

However, lovastatin was investigated as -hydroxy acid in the media extract (Lakshaman and 

Radha, 2012). Its lactone form found in mycelia and fruiting bodies. -hydroxyl acid form 

was much stable then the nascent lactone ring form (Lakshaman and Radha, 2012).    
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Fig. 4.12: HPLC chromatogram of standard lovastatin (lactone form) 

  

 

Fig. 4.13: HPLC chromatogram of purified extract from P. spodoecus 
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Fig 4.14: HPLC chromatogram of purified extract from A. terreus. 

 . Samiee et al., (2003) revealed the lovastatin investigation by HPLC analysis. This study 

showed the retention time for lovastatin lactone type was 10 min. The mobile phase was a 

mixture of acetonitrile and water (60:40, v/v) which acidified with ortho-phosphoric acid to 

the amount of 0.1%. Flow rate was 1.5mL/min and the detection carried out at 235nm. 

Investigational results reveal that lovastatin was expressed in three basic types: as lovastatin 

lactone, lovastatin methyl ester and lovastatin hydroxyl acid (Gulamova et al., 2014). 

Investigation of lovastatin in HPLC was usually performed in  hydroxyl acid type due to its 

early elution in chromatographic column. (Jaivel and Marimuthu, 2010). However, the 

presence of lovastatin (Lactone) form in our results also confirmed the production of 

lovastatin from fungal species (P. spodoecus, A. terreus). 𝛽- hydroxy acid form is strong and 

usually the fermented broth consists of the stable -hdroxy acid form. Conversely both  

Lactone and  hydroxyl acid form were best studied using HPLC (Lakshaman and Radha, 

2012). Both open hydroxy acid and Lactone form exist at a time (Samiee et al., 2003). 

Jahromi et al., (2011) investigated that β-hydroxyl form was the prominent lovastatin in the 

solid cultures.   
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4.12 Section 4.6 Biological effect of statin formed on animal model.  

 Hypercholesterolemic animals are beneficial models for investigating the cholesterol 

management, and drug experiments to link the abnormalities in cholesterol homeostasis, 

thermogenesis along with potential actions for reducing plasma cholesterol amount (Jang and 

Wang, 2009). High cholesterol level was induced in rats (Wistar) specie by feeding a high 

cholesterol diet. All animals were divided in four groups and each group carried five rats. 

Group 1 was normal control group, group11 was cholesterol control group, group 111 and 

group IV were treatment groups. They were produced to hypercholesterolemia by giving 

cholesterol rich diet from day 0 to day 30. But from days 15-30, group 111 and group IV 

were given statin extracted from P. spodoecus and A. terreus correspondingly. Their 

outcomes were contrast with two control groups. I.e. Normal control group (group1) and 

Cholesterol control group (group11). The study was carried according to internationally 

recognized rules for experimental animal use and care as per the U.S. guidelines (NIH 

publication No. 85-23, revised in 1985). Animal model had done in the Department of 

Clinical, Medicine and Surgery, University of Agriculture, Faisalabad, Pakistan. All the 

experimental animals were in better health conditions during the whole trial. Average body 

weights of the animals were also measured each week during the experiment. Carboxy 

methyl cellulose 0.25% w/v was utilized for vehicle to use purified statin extracts from P. 

spodoecus and A. terreus through rat feeding tube.  

4.12.1 Serum cholesterol  

The baseline serum cholesterol values from various groups were estimated on day 0. Repeat 

investigations of serum cholesterol level were also done on days 15 and 30. On day 15 

control rats (group1) had a mean±SEM serum cholesterol level of 61±4.3mg%. In the 

cholesterol control group (group11), the value on day 15 was 77.2±2.6 mg% showing a 

significant elevation from the normal value. The values measured on day 30 showed that 

there was a significant fall in serum cholesterol in both group111 treated with purified statin 

extracted from P. spodoecus and group IV given purified statin extract from A. terreus 

source.  
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Table 4.13: Serum cholesterol level analyzed at 0 day, 15th day and 30th day.  

 Treatments   day 0 day 15 day 30 Mean 

GP1  62.2±3.9 61±4.3 60.6±1.3 61.3±3.2 a 

GP11  64.2±1.3 77.2±2.6 90.4±3.6 77.3±2.5 a 

GP111  57±2.5 87.4±4 67±3.7 70.5±3.4 a 

GpIV  64.4±3.2 86.2±2.8 64.4±3.4 71.7±3.1 a 

Mean   61.9±2.7 a 77.95±3.4 a 70.6±3 a  

  

 

Table 4.14: Two way factorial ANOVA table for cholesterol  

Source DF SS MS F P 

Diet 3 1977.8 659.27 64.85 0.oo2 

Time 2 2631.9 1315.95 129.44 0.oo 

diet*time 6 3185.7 530.95 52.22 0.oo4 

Error 48 488 10.17   

Total 59 8283.4    
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 Fig 4.15: Serum cholesterol level at day0, day 15th and day 30th with in various animal 

rat groups.  

Two way factorial ANOVA table showed that there was significant decrease in cholesterol 

level when purified statin extracts (P. spodoecus and A. terreus) given to group111 and group 

IV (p˃ 0.05). These groups were induced hypercholesterolemia.   

4.12.2 Serum triacylglyceride level.  

Serum triglycerides level was also investigated at days 0, 15th and 30th. On day 30th normal 

rats (group1) had a mean ± SEM serum triglyceride level was 160.8±8.8 mg%. In cholesterol 

control group (group11) this value was 164.6 ± 8.8 mg%. While group111 and group IV had 

mean ± SEM serum trglycerides171.2±4.8 and 170±5.4 mg% on day 30th respectively.   
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Table 4.15: Serum triacylglyceride level analyzed at 0 day, 15th day and 30th day.  

Treatment  0day  15day  30day  Mean  % fall in 

TGs level  

Gp1  86.8±6.3  101.4±4.2  160.8±8.8  116.3±6.4b  -35.3±13.8  

Gp11  89.8±3.8  110.2±3.6  164.6±8.8  121.5±5.4ab  -49.4±8.5  

Gp111  88±5.5  117.6±8.9  171.2±4.8  125.6±6.4a  -46±8.5  

GI  89.4±4.6  106.4±6.1  170±5.4  121.9±5.4ab  -60.2±11.1  

  88.5±5.0c  108.9±5.7b  166.65±6.9a      

*Negative values indicate increase in triglyceride levels  

Two ways factorial ANOVA showed that there was significant increase in serum 

triglycerides   

    

Table 4.16:  Two ways Factorial ANOVA table for triglyceride.  

Source  DF SS MS F P 

diet       3 654 218 5.69 0.002 

time       2 65724.3 32862.1 857.27 0.001 

diet*time  6 425.3 70.9 1.85 0.1094 

Error      48 1840 38.3   

Total  59 68643.6    

 

4.12.3 Serum HDL level  

Mean ± SEM serum HDL levels of group1 (normal control group) had 23±4.7 mg% on day 

30. In the cholesterol control rats (group11) this value was 11.6±2.1mg%. Group111 and 

group treated with purified extracts from P. spodoecus and A. terreus serum HDL value was 

21.4 ± 4.7 and 19.2 ± 6.6 mg% respectively.  
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Table 4.17: Serum HDL levels in induced hypercholesterolemic rats after giving statin 

extracts (P. spodoecus, A. terreus)    

Treatment  0 day  15 day  30day  Mean  % fall in HDL 

level  

Gp1  21.8±2.4  25.4±3.8  23±4.7  23.4±3.6a  8.7±17.9  

Gp11  26.4±6.1  18.6±3.0  11.6±2.1  18.9±3.7 a  36.88±11.1  

Gp111  30.2±3.5  15.2±3.2  21.4±4.7  22.3±3.8 a  -40.62±6.0  

GI  25.6±5.2  13.2±4.5  19.2±6.6  19.3±5.4 a  -33.46±40.4  

  
26±4.3a  18.1±3.6 a  18.8±4.5 a      

*Negative values indicate increase in serum HDL levels  

    

Table 4.18: Two way Factorial AOV Table for HDL  

Source  DF SS MS F P 

diet       3 220.33 73.444 3.89 0.0145 

time       2 764.93 382.467 20.24 0.002 

diet*time  6 769.47 128.244 6.79 0.001 

Error      48 907.2 18.9   

Total  59 2661.93    

  

There was significant increase in serum HDL level in group111 and group IV on day 30. 

Both groups were induced hypercholesterolemia and they were also treatment groups treated 

by purified statin extract from 15thto 30th day.  
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Table 4.19: Serum LDL level  

Treatment  DAY0  DAY15  DAY30    

Gp1  23.04±3.2  15.32±5.3  5.44±6.7  14.5±5.1a  

Gp11  19.84±7.3  36.56±4.8  45.88±3.8  34±5.3a  

GP111  2.2±4  48.68±5.3  11.36±6.1  20.7±5.1 a  

GpIV  15.52±11.5  51.72±5.9  11.2±9.7  26.1±9.0 a  

  

15.1±6.5a  38.1±5.3a  18.47±6.6a    

  

    

Table 4.20: Two way factorial ANOVA table for serum LDL  

Source  DF SS MS F P 

diet       3 3120 1039.99 27.62 0 

time       2 5998.9 2999.46 79.66 0 

diet*time  6 7372.1 1228.69 32.63 0 

Error      48 1807.4 37.66   

Total  59 18298.5    

  

Lovastatin present in fruiting bodies and mycelia cultures of eatable mushrooms, specifically 

in Pleurotus (Alarcon et al., 2003; Lee, et al., 2006; Lindequist et al., 2005) expressed the 

hypocholesterolemic impact and to restrict the lipid per-oxidation in rabbits and rats. Along 

with, the diet (oyster mushroom) with 10% dry fruiting bodies especially lowers the presence 

and size of atherosclerotic plaques in rabbits. Lovastatin with the HMG-CoAR was 
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recognized in this oyster mushroom and might be the chief part susceptive for the 

investigative impacts.  

The devastating indication of both vascular protective and cardio protective benefits of statin 

therapy and the constant detection of activities, these inhibitors revealed that the management 

of blood pressure through statins may take part in the hypertensive and hyper lipidemic- 

patient (Chopra et al., 2007). A combined effect of statins showed capacity of decreasing 

LDL-C and BP (Das et al., 2008). Schneidera (2011) studied the impact of diet with oyster as 

a boiled soup showed positive effect on human lipid. These observations were accordance to 

our observations in which serum TC level was significantly reduced and also according to 

number of animal trials in which significantly reduced TC levels in involvement of oyster 

mushrooms (Hossain et al., 2003). Managing LDL-C is favored on total cholesterol because 

it linked to risk factors (McBride, 2008). Furthermore the participation of LDL in 

atherosclerosis, in vitro outcomes revealed the significant role of oxLDL in atherosclerosis.   
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Chapter 5  

SUMMARY  

This research work was planned to analyze the efficiency of different pleurotus strains (P. 

nebrodensis, P. sepidus and P. spodoecus) and Aspergillus (A. niger, A. flavus and A. 

terreus) by cultivating them among three different lignocellulose substrates (rice straw, 

wheat straw and banana stalk) for statin formation Three species of Pleurotus as well as three 

species of Aspergillus were employed for statin production in solid state (SSF) fermentation 

on three lignocellulose materials in a screening study for 8 days. A. terreuss in A. species and 

P. spodoecus in Pleurotus species gave highest statin formation i.e. 43.4 ± 1.1 mg/g and 

9.1±1.4 mg/g respectively by growing them on wheat straw following eight days 

fermentation time. Additional strains of Aspergillus i.e. A. flavus, A. niger showed 11.7 ±1.6 

and 26.3 ± 1.8 mg/g of statin respectively. Among Pleurotus species (P. nebrodensis, P. 

sepidus) gave lower statin production by growing on wheat straw i.e. 6.9 ± 0.5 mg/gm. and 

6.7 ± 0.9 mg/g respectively resulting that A. terreus and P. spodoecus gave best statin 

formation and so that’s why selected for further optimization analysis.  

Different strains when grow on specific growing materials show diversity in statin formation 

due to presence of different enzymatic arrangements of every fungal species. Diversity may 

involve genetic differences and modifications within material architecture  

In Sthis study, Central Composite Design used for four factors each of five levels in 30 runs 

to optimize statin production. P. spodoecus and A. terreus gave response (statin formation) 

and analyzed. The statin formation was mean of the triplicate experimental flasks.. P. 

spodoecus gave best yield at 25oC, pH 5.5, inoculums size 3.5 mL and fermentation time 144 

h i.e.19 mg/g when grow on wheat straw as a substrate where as best statin production was 

achieved from A. terreus at temperature 30oC, pH 7.37, Inoculum size 4.5 mL and 

fermentation time 192 h i.e. 60 mg/g..  

RSM is an assembly of mathematical techniques and statistics which helpful for developing, 

improving and optimizing fermentation procedure. The major benefit of RSM is the less 

number of experimental runs required to investigate numerous factors at a time and their 

interactions  
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RSM used corresponding central composite design (CCD) to fit a model by least squares 

technique. The data from different runs were analyzed by using design of expert DOE 

version 6.0.8. By using this software three dimensional response graphs were also made. The 

outcomes available from response surface methodology were managed to set a second order 

polynomial equation so as to clarify the performance of system among cross product and 

quadratic expression.  

  Y= 0 + ∑ iXi + ∑ iiXi
2 +∑ ijXiXji        

Where Y is the response variable (statin formation). R2 (coefficient of determination) is often 

used to analyze the accuracy relation with in predicted model and observed records. R2 value 

is between 0 and 1. When R2close to 1, then model is best fitted observed data. Predicted R2 

0.9393 (P. spodoecus) and 0.9259 (A. terreus) by the models (statin production) was close as 

compared to adjusted R2 i.e. 0.9671 (P. spodoecus) and 0.9726 (A. terreus). If small no. of 

parameters used in model with little sample size adjusted R2 will be lesser than R2. The 

accuracy and dependability of operated runs were proved by less values of coefficient of 

variation of 6.3% and 3.06% (P. spodoecus and A. terreus) correspondingly.   

The nutritional medium plays prominent role on lovastatin biosynthesis. So that’s why for 

maintaining lovastatin production at optimum conditions, choice and arrangement of a proper 

medium is important., Carbon and nitrogen usually play prominent part in fermentation 

production due to directly involvement of biomass and the metabolic intermediates with 

nutrients among best growth conditions. Sources of carbon and nitrogen and their effect was 

analyzed in which nitrogen act as a restrictive ingredient. P. spodoecus gave highest 

production at lactose (Carbon source) and NaNO3 (Nitrogen source) which was 

49.3±15.1through pre optimize circumstances  

An initial glucose additive enhance maximum production concentrated in the growth media, 

however elimination take place in organic nitrogen sources.  

Proper C/N ratio also optimizes the nutritional culture conditions. At C/N ratio (25:1), 

highest formation was attained i.e. 65.7 ± 5.5  

In A .terreus best biosynthesis was obtained at 20:1 C/N ratio which was 78.2 ± 9.6 mg/g  
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For HPLC analysis, lovastatin was investigated with contrast to original standard kindly 

provided by Sigma Aldrich with UV detector and a Hamilton C18 column (250 × 4.6 mm 

ID) and an eluent consisting of acetonitrile and 0.1% phosphoric acid (60:40). The flow rate 

was used as 1 mL min-1; the injection volume was 20 µl. The chromatogram was recorded at 

238 nm.   

The lovastatin peak (lactone form) was detected at a retention time 11.2 min resemblance in 

retention time (RT) of peak shown in chromatograms of standard lovastatin (RT= 11.2) and 

samples (RT= 11.15 and 11.18) respectively  

Hypercholesterolemic animals are beneficial models for investigating the cholesterol 

management, and drug experiments for the association of abnormalities in cholesterol 

homeostasis, thermogenesis along with potential actions for reducing plasma cholesterol 

amount. Hypercholesterolemia was induced in animals from day 0 till day 30. All animals 

were divided in four groups and each group carried five rats. Group1 was normal control 

group, Gp11 was cholesterol control group, and group111 and group IV were treatment 

groups. From days 15-30, group111 and group were given statin extracted from P. spodoecus 

and A. terreus correspondingly. Their outcomes were contrast with two control groups. I.e. 

Normal control group (group1) and Cholesterol control group (group11). All the 

experimental animals were in better health conditions during the whole trial. Average body 

weights of the animals were also measured each week during the experiment. Carboxy 

methyl cellulose 0.25% w/v was utilized for vehicle to use purified statin extracts from P. 

spodoecus and A. terreus through rat feeding tube. Biochemical parameters such as serum 

cholesterol level, triacylglycerides, HDL level and LDL level were investigated at days 0, 15 

and 30. There was significant decrease in serum cholesterol level from days 15 to days 30 but 

no effect on triglycerides as it significantly increased throughout the whole experiment. 

However, serum LDL level was significantly reduced from day 15 to day 30 in treatment 

groups (group111 and groupIV) and similarly significant increase in serum HDL level in 

these days within treatment groups.  

In future, I will be interested in developing the mutagenic strain by both physical as well 

chemical mutagenesis and then compare both the production and efficacy of statin extracted 

from these mutagenic strains with the wild strains (A.terreus, P. spodoecus). 
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