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ABSTRACT

Production of lovastatin was carried out by Aspergillus fischeri NCIM-509 using agro-industrial residues like
barley bran, wheat husk, rice bran and rice husk as solid substrates under solid state fermentation. Lovastatinis a
potent hypercholesterolemic drug used for lowering blood cholesterol. In recent years, lovastatin has also been
reported as a potential therapeutic agent for the treatment of various types of tumors and also play a tremendous
role in the regulation of the inflammatory and immune response, coagulation process, bone marrow,
neovascularization, vascular tone, and arterial pressure. Among all the substrates orange pulp had given maximum
yidd of lovastatin. Hence optimization of various parameters had been carried out usingorange pulp. Process
parameters like Incubation time (5-days), Temperature (28°C), Moisture content (60%), Inoculum age (5 days),
Inoculum volume (40% viw),pH of the medium(6.0), carbon source (2.0% Lactose) and nitrogen source(2.0%
Ammonium Sulphate) were optimized and an overall yield of 9.6 mg/gds of lovastatin was obtained on i mplementing
all the optimized conditions.

Keywords: Lovastatin, Aspergillus fischeri, Barley bran, Wheat husk, Rice bran, Rice husklidSstate
fermentation, Process parameters, Optimization

INTRODUCTION

Lovastatin is a member of the drug class of statised for lowering cholesterol (hypolipidemic afjeén those with
hypercholesterolemia and so preventing cardiovasalisease. It is a potent hypercholesterolemig drsed for
lowering blood cholesterol. Lovastatin was thetfittin approved by the US FOA

Lovastatin, also known as Monacolin K, is a kindfefigal metabolite, serving as a competitive intioibiof 3-
hydroxyl-3-methylglutaryl coenzyme A reductase (HMBBA), the rate-limiting enzyme in cholesterol
biosynthesi&

Lovastatin not only inhibits cholesterol biosyntiselut also reduces blood cholesterol level in Haimans and
animals. In addition to this, lovastatin has a rcleedence to benefit on stroke and it also shawsivo tumor
suppression by inhibiting the synthesis of nonedtisoprenoid compounds.

In addition, lovastatin has been used in the bidoa@pplications such as in treating coronary héiseases, renal
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diseases, Alzheimer's disease and bone fraéi@everal fungal genera includingspergillus, Penicillium,
Monascus, Paecilomyces, Trichoderma, Scopolariopsis, Doratomyces, Phoma, Phythium, Gymnoascus, Hypomyces
andPleurotus have been reported to be able to produce lovadtatin

Currently, lovastatin is mainly produced by subnegrdermentation (SmF), a very few works are cargedsolid
state fermentation (SSF). In recent years, reseeschave shown an increasing interest in SSF astential
alternative of submerged fermentation becausee$ @sonomical substrates (agricultural residuesjyires fewer
processing and down-streaming stages, utilizesilgmsver and generates lesser effluent It provéglespportunity
to exploit agro-industrial residues for the prodoctof value added products 8. Moreover, SSF hgkehiproduct
yield and offers better product stability

In the present investigation, we evaluate the Bélityi of solid state fermentation process for gheduction of
lovastatin by the fungal straifsspergillus fischeri using barley bran, wheat husk, rice bran and ricgkras solid
substrates of which barley bran and rice bran lxaehgnaximum and equal yield of lovastatin . Spubing barley
bran optimization of the process parameters (bbiysipo-chemical and nutritional) that maximize tbeastatin
yield in a step-wise manneras performed.

MATERIALS AND METHODS

Microorganism: The fungal straimspergillus fischeri NCIM-509 used in this study was procured fromdhgure
collection centre of National Collection of InduatrMicroorganisms (NCIM), Pune, India. The micrabstrain was
maintained on Potato Dextrose Agar (PDA) mediuroclhated slants were grown in an incubator at 28tGive

days. After that the slants were preserved at 4tCsab-cultured once every four weeks (monthly).

Inoculum preparation: Inoculum was prepared by adding 10.00 mL of stexdi 0.1% Tween 80 solution to a
well-sporulatedAspergillus fischeri slant. The spore surface was scrapped with an latheg loop to suspend the
spores in an above solution and the obtained spaspension was used as the inoculum for the featient
process.

Solid state fermentation (SSF):Barley bran, wheat husk, rice bran and rice husktevgocured from the local
market of Visakhapatnam, Andhra Pradesh and wezd as the substrates in the present investigaliem.grams
of the substrate(s) was taken in a 250 mL Erlenmigsek and moistened with distilled water (moistgnmedia)
and autoclaved at 121°C (15Ib) for 15-20 min, c@aéeroom temperature and inoculated with 1.00 rhthe 5 day
spore suspension (spore concentration of abdut@per mL) ofA. fischeri under aseptic conditions. The contents
of the inoculated flasks were mixed thoroughly amcubated at desired temperature in an incubatodésired
length of fermentation time.

Optimization of Process ParametersVarious process parameters that influence the tatiasproduction during
SSF were optimized over a wide range. The straselppted for standardization of fermentation paranseis to
evaluate the effect of an individual parameter imedrporate it at the standard level before statidisng the next
parameter. The process parameters optimized iprésent study include fermentation time (1-7daiysjubation
temperature (26-34°C), initial moisture content-@8% v/w), inoculum age (2-7days), inoculum volu(@e- 60
%v/w), initial pH (3-9), carbon sources (1% w/w)damitrogen sources (1% w/w). All the experimentgsevdone in
triplicate and the mean values of the lovastatiidyivas reported.

Extraction of lovastatin: After the incubation period, lovastatin from thenfiented substrate was extracted using
organic solvent acetonitrile. 50.00 mL of acetaleitivas added to fermented substrate. The flasks Wept in an
orbital shaking incubator at 180 rpm for 2 hrs. Tasidue was filtered with filter paper. The solidere removed
by centrifuging the homogenate at 3000 X &E 4or 8 min and the resultant clear supernatant used for
analytical studies.

Quantitative analysis of lovastatit® To 1.00 mL of Supernatant, 1.00 mL of 1% trifluretic acid was added and
incubated for 10 min (lactonization of hydroxyl éd¢orm of lovastatin).From the above solution 1000 was taken
and diluted to 10 times and further from that dolutl.00 mL was taken and diluted to 10 times vaitietonitrile.
The absorbance was read at 238 nm by using UV-KiSpectrophotometer.
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RESULTS AND DISCUSSION

Selection of solid substrates in SSF for lovastatirproduction: The solid substrates used in solid state
fermentation are generally insoluble in water afad/ @ dual role of supply of nutrients to the mhad culture
growing and anchorage for the growing cells. In S8€ selection of a suitable substrate for a fataten process

is a critical factor and thus involves the scregnii a number of agro-residual wastes for microgiawth and
product formation. In the present study, four dife substrates, viz barley bran, wheat husk,bfee and rice husk
were screened for production of lovastafihe maximum yield of 3.4mg/gds of lovastatifig.1 ) was achieved in

a medium containing barley bran and rice bran astistrates.

Screening of solid substrates
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Lovastatin yield (mg/gm dry substrate

Agro-industrial residues as solid substrates

Fig. 1: Screening of solid substrates

Effect of Fermentation time: The effect of fermentation time on lovastatin protibn was studied by incubating
the fermentation flasks from 3-7days. The maximuwwvastatin yield of 3.5 mg/gds was achieved at 5dzfys
fermentation timgFig.2). Lovastatin is an intracellular product, its accuatioin in mycelia is growth related and
simultaneously increased as cell gréw®ecrease of yield after five days maybe due teebwof death phase of
organism and due to nutrient depletidfPei-Lian et al., reported highest yield of lovastatin at 11 dawh
Aspergillusterreus using rice powder as substrate under S8&leraet al., reported maximum yield of lovastatin at
6" day byAspergillus flavipes using wheat bran under SSF.

Effect of temperature on lovastatin production: Fermentation was carried out at various temperatsumeh as 26,
28, 30, 32, 34°C to study their effect on lovastaioduction Maximum vyield of 4.0 mg/gds was observed &8
temperatur@rig. 3) and yield decreased with further increase in teatpee.
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Effect of fermentation time on lovastatin yield
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Fig. 2: Effect of fermentation time on lovastatin production

Effect of temperature on lovastatin yield
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Fig. 3: Effect of temperature on lovastatin producion

This decrease in yield may be due to the heatabeimulates in the medium during mesophilic aer&8€ and
poor heat dissipation which could lead to a furtthep in the oxygen level and thereby reducinggtwvth of test
organism as lovastatin is growth related product.

Similar observation was also reported Bpei-Lian et al., for lovastatin yield withAspergillus terreuswhereas
pandaet al., reported highest yield of lovastatin at’GQusing co-culture ofMonascus pupereus and Monascus
ruber under SSF.
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Effect of initial moisture content on lovastatin production: To investigate the influence of initial moisture
content of the substrate, fermentation was cawigdvith various initial moisture levels (40, 5@,&0, 80, 90 (%
v/w)) of barley bran, adjusted with moistening neediaximum lovastatin yield (4.8mg/gds) was achitae 60%
(v/w) initial moisture contenfFig. 4).

Effect of moisture content on lovastatin yield
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Fig. 4: Effect of moisture content on lovastatin poduction

As the moisture content increase the air presetitérnvoid volume decreases, resulting in poor oryaeailability
in the processes without forced aeration. With foisture content, the available oxygen is suffitiént the water
content is not enough to support good metabolivigctand dissipation of heat generated. This megoant for
lower lovastatin production and biom&ss

®Valeraet al., reported highest lovastatin production witbpergillus flavipesat 60% moisture content under SSF
and*Pei—Lianet al., also reported maximum vyield of lovastatin witpergillus terreus at 60% moisture content
under SSF.

Effect of inoculum age on lovastatin productionExperiments were carried out to determine the apatinage of
inoculum for the production of lovastatin by vanyithe age of inoculum from 2nd day to 7th day. eimum
yield of lovastatin of 5.5 mg/gds was obtained viifiday old culturgFig. 5).

The production of biomass and lovastatin by speiteated solid or submerged fermentation of fungisvehown to
depend on the age of the spores used for inocolafiontrol of spore age at inoculation of fermentats required
for obtaining optimal production of lovastdtin

“porcelet al., reported highest yield of lovastatin Bgpergillus terreuswith spore age of 16 days.

Effect of inoculum volume on lovastatin production: Fermentation was carried out with different inocalu
volume(10-60 %v/w) of five day old. fischeri culture for a period of 5 days to study its effect lovastatin
production. Maximum yield of 6.1 mg/gds was obtdingith 30 % v/w inoculum concentratidfrig. 6). With
further increase in inoculum volume/concentratiothe yield decreased due to depletion of nutrientshe
production medium. The free excess liquid presenari unabsorbed form will give rise to a diffusibbarrier
imposed by the solid nature of the substrate Igathnthe poor mycelia growth and product formatidfith low
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inoculum volume, the vyield is also low due to ifgiént microbes to form mycelia and accumulateaktatin
(Pansuriya and Singhal. 2010).

Effect of inoculum age on lovastatin yield
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Fig. 5: Effect of inoculums age on lovastatin prodetion
Effect of inoculum volume on lovastatin yield
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Fig. 6: Effect of inoculum volume on lovastatin prauction

Bpansuriya and Singhal., reported 20%v/w to be aptirfor lovastatin productiod?Pandaet al., reported highest
yield of lovastatin with inoculum volume 5.10 mLing co-culture ofMonascus purpureus and Monascus ruber
under SSF.
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Effect of initial pH on lovastatin production: In order to maintain the favorable conditions faecreased lovastatin
production pH was optimized. This was establisheddrrying out the fermentation by varying the pidni 3-9
(adjusted with IN HCI or 1N NaOH). The maximum gi@f 7.10 mg/gds was obtained at pH @@.7) Most of
he fungi grow actively at acidic pH which is neagsfor transport of various components across déag
membrane thus strongly influencing the cell groaiol secondary metabolites production.

Effect of pH on lovastatin yield

Lovastatin yield (mg/gm dry substrate)
o = N w £~ w o)} ~ (o]

pH

Fig. 7: Effect of pH on lovastatin production

These findings were similar with those reported'fandaet al., for maximum lovastatin production at pH-6.0
using co-culture oMonascus purpureus and Monascus ruber under SSF where A#aleraet al., reported highest
yield of lovastatin production witAspergillus flavipes at pH 5.0 under SSF.

Screening of carbon sources for potential
lovastatin yield

Starch Sucrose Lactose Fructose Maltose Glucose

Lovastatin yield (mg/gm dry substrate
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Carbon sources

Fig. 8: Effect of carbon supplementation on lovastin production
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Effect of carbon supplementation on lovastatin prodction: To determine the effect of carbon sources on
lovastatin vyield, different carbon sources such stéarch, sucrose, lactose, fructose, maltose, ghicat a
concentration of 1 %w/w was supplemented to thelbedid state fermentative medium. Among differeatbon
sources tested, lactose enhanced lovastatin yiédddtmg/gds when compared to other carbon so(Figs8).

Similar observations were reported BySzakacet al., as lactose was a favorable carbon source fopribduction
of lovastatin withAspergillus terreus under SmF*®Xu et al., reported significant increase in lovastatin preitbn
using sucrose and glycerol as carbon supplemenglaicdse as repressor for lovastatin productiom Wibnascus
ruber using steamed rice under SSF

Effect of lactose concentration:In order to investigate the effect of lactose caoicgion on the fermentation
medium, SSF was carried out with different lactegecentrations varying from 0.5-3.0% (w/w). Maximyiald of
lovastatin yield of 8.5 mg/gds was obtained atrceotration of 2.0 %w/\Fig. 9).

Effect of lactose concentration on lovastatin
yield
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Fig 9: Effect of lactose concentration size on loggatin production

Effect of nitrogen supplementation on lovastatin poduction: To determine the effect of nitrogen sources on
lovastatin production, different organic nitrogenusces such as peptone, beef extract, yeast expegatone, malt
extract and the inorganic nitrogen sources suchiraa, ammonium sulphate, ammonium nitrate, sodiitrate
were supplemented at a concentration of 1 %w/w stggplemented to the the basal solid state fernieatat
medium.

Among different nitrogen sources, with ammoniunpbkake high lovastatin yield of 7.9mg/gds was oladiwhen
compared to other nitrogen sour¢Egy. 10).
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Screening of nitrogen sources for potential
lovastatin yield

Urea Ammonium Ammonium Peptone Beef extract  Yeast extract
sulphate nitrate
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Fig. 10: Effect of nitrogen supplementation on lovstatin production

YAtalla et al., reported that ammonium sulphate to enhanceavestatin yield.!®Xu et al., reported significant
increase in lovastatin production using yeast ektes organic nitrogen source and sodium nitratén@ganic
nitrogen source witiMonascus ruberusing steamed rice under SSF.

Effect of ammonium sulphate concentration on
lovastatin yield
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Fig. 11: Effect of ammonium sulphate concentratiomn lovastatin production

Effect of ammonium sulphate concentrationin order to evaluate the effect of ammonium suleltaincentration
on the fermentation medium, SSF was carried out different concentrations of ammonium sulphateyivay from
0.5-3.0% (w/w). Maximum vyield of lovastatin yield 8.2 mg/gds was obtained at a concentration of%viw
(Fig. 112).
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Finally with all the optimized parameters, of inatibn time5days, incubation temperaturé@8initial moisture
content 60 %( v/w), inoculum age 5 days, inoculustume 40 %v/w , pH 6 .0,carbon source and its cotmaton
2.0% (w/w)lactose, nitrogen source and its conegioim 2.0% w/w ammonium sulphate maximum lovastyitéhd
of 9.6 mg/gds was obtained.

CONCLUSION

The present study shows thagpergillus fischeri NCIM-509 can produce an important secondary meigbel
lovastatin with relatively good yield from barleydm and rice bran which are agro-industrial ressgweasily
available and economical. The significant improvatrie lovastatin yield was recorded when the basadium was
supplemented with different carbon sources. Thidysindicates that barley bran and rice bran frgmandustrial
residues can be exploited from their commercialins@rious industries.
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