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^Äëíê~Åí= Lovastatin, a hypocholesterolemic agent, is a secondary metabolite produced by filamentous microorganism ^ëéÉêÖáääìë=

íÉêêÉìë in submerged batch cultivation. Lovastatin production by pellets and immobilized siran cells was investigated in an 

airlift reactor. The process was carried out by submerged cultivation in continuous mode with the objective of increasing pro-

ductivity using pellet and siran supported growth of ^K=íÉêêÉìëK The continuous mode of fermentation improves the rate of 

lovastatin productionK=The effect of dilution rate and aeration rate were studied in continuous culture. The optimum dilution 

rate for pellet was 0.02 h-1 and for siran carrier was 0.025 h-1. Lovastatin productivity using immobilized siran carrier (0.0255 

g/L/h) was found to be greater than pellets (0.022 g/L/h). The productivity by both modes of fermentation was found higher 

than that of batch process which suggests that continuous cultivation is a promising strategy for lovastatin production.       
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fkqolar`qflk=

 

Lovastatin is a secondary metabolite that acts as a hypo-
cholesterolemic agent. It is produced by batch fermentation 
process in a complex media [1,2] using Aspergillus terreus. 
The metabolite production occur during the second phase of 
growth of microorganism, the idiophase (unbalanced growth 
phase) which follows the trophophase. In submerged culture, a 
large number of factors contribute to the development of mor-
phological form which affects the fermentation process. Lot of 
efforts are being put globally to enhance the yield of lovastatin 
production at industrial level, which include better strains and 
process strategies improvement. Among the fermentation 
strategies adopted to improve the productivity, the whole cell 
immobilization technology appears to be attractive for fermen-
tation [3]. Immobilized whole cells of microbes offers several 
advantages, they can work as effective biocatalyst for repeated 
batch and continuous production. The adsorption technique  
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involves the utilization of surface attachment characteristics of 
microbes to the support. 

Study was performed in an airlift reactor (ALR) that has 
advantage to prevent the mechanical damage to fungal pellets. 
The development of an improved strategy and proper control 
of specific growth rate for lovastatin production is required. 
As an alternative to batch culture, a fed batch strategy has 
been attempted by Kumar et al. [4]. Novak et al. observed that 
in fed batch fermentations synthesis of lovastatin could be 
prolonged compared to batch fermentation, but productivity 
was reduced [5]. From commercial viewpoint, continuous 
process can provide several advantages in comparison with 
batch conditions [6]. Continuous operation is more efficient 
than batch operation in terms of processing time since dead 
time; due to charge and discharge operation, bioreactor prepa-
ration and sterilization is avoided. In batch culture cells are in 
a constant changing environment, whereas in continuous run 
the cells are in better adapted stage. Earlier studies suggest the 
requirement of certain level of specific growth rate of organ-
ism for its maximum biosynthetic activity. Control on biomass 
in cultivation with sufficient supply of dissolved oxygen by 
maintaining aeration enables the maximization of production 



OMU=

 

of secondary metabolites. 
Keeping in view all these, we performed an experiment in-

volving continuous process of lovastatin production that in-
cludes initial batch phase up to 72 h for the formation of bio-
mass for lovastatin production and then proceeded with con-
tinuous supply of the medium at different dilution rate in ALR. 
To the best of our knowledge there has been no report about 
continuous lovastatin production by immobilized cell in an 
ALR. 

The purpose of the present work was to investigate an alter-
nate strategy to improve lovastatin production by A. terreus 
during submerged growth and continuously in an ALR using 
pellets and immobilized siran carriers. Continuous cultivation 
was performed to determine the optimum value of dilution 
rate and aeration rate for lovastatin production. The efficiency 
of the resultant process was compared with that of conven-
tional batch fermentation. 
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lêÖ~åáëã=~åÇ=cÉêãÉåí~íáçå=`çåÇáíáçåë 

 
The production of lovastatin was carried out using A. ter-

reus (NRRL 255). The strain was obtained from Agricultural 
Research Service Culture Collection, National Center for Ag-
ricultural Utilization Research, Peoria, Illinois, USA. It was 
maintained on PDA incubated at 28°C for 4~5 days and stored 
under refrigeration at 5~10°C. 

Growth medium [7] was prepared using Glucose (45 g/L), 
KH2PO4 (5 g/L), K2HPO4 (5 g/L), Monohydrate sodium glu-
tamate (12.5 g/L), and H3BO3 (11 mg/L). The trace element 
solution contains: FeSO4⋅7H2O (0.2 g/L), MnSO4⋅4H2O (0.1 
g/L), ZnSO4⋅7H2O (0.2 g/L), MgSO4⋅7H2O (0.1 g/L), CaCl2⋅ 
2H2O (20 mg/L), CuCl2⋅2H2O (5 mg/L), and (NH4)6Mo7O24⋅ 
4H2O (5 mg/L). The fermentation was carried out at 28°C for 
3~4 days on a rotary shaker at 180 rpm. 

Production medium was prepared with Glucose (40 g/L), 
Milk powder (15 g/L), Soybean meal (5.5 g/L), Malt extract 
(0.5 g/L), Sodium acetate (1.0 g/L), Peptone (1.0 g/L), NaCl 
(0.2 g/L), CaCO3 (1.5 g/L), KH2PO4  (0.05 g/L), MgSO4⋅ 
7H2O (0.05 g/L), and Antifoam agent. The pH was adjusted to 
5.8~6.0. For the optimization experiments the production me-
dium containing flasks were incubated on a rotary shaker at 
250 rpm and 28°C for 10 days. 
 

páê~å=pìééçêíÉÇ=dêçïíÜ=
 

Siran beads, obtained from Bioengineering AG, Switzer-
land, were shifted by sieve fractionation and particle sizes 
ranging from 600~1,000 µm were pooled for fermentation in 
ALR. These beads were washed thoroughly with water. Two 
hundred milliliter of 5% nitric acid was placed on a 100 g 
siran carrier and degassed under vacuum. Beads were then 
boiled in nitric acid for 12 h with running distilled water. The 
carriers were dried in an oven at 150°C. One hundred gram 
siran beads were autoclaved in dry state and 100 mL of spore 
suspension was added to the beads. One hundred milliliter of 

sterile water was also added. 
 

bñéÉêáãÉåí~ä=pÉíJìé=
 

A 5.0 liter internal loop ALR was indigenously designed to 
study the highly aerobic lovastatin production process. The 
basic design of the lab scale ALR was determined from the 
earlier experiments [3]. Borosilicate glass was used for the 
construction of ALR. The dimensions were restricted to ease 
the sterilization process in laboratory autoclave. A constant air 
flow rate was maintained through an air filter and the flow rate 
was measured with a rotameter. All the ports of ALR were 
aseptically sealed after inoculation. Sterile air was sparged co-
currently through a single sparger and air flow rate was main-
tained. 
 

`çåíáåìçìë=léÉê~íáçå=
 

The above batch operation was switched over to continuous 
operation mode by constantly adding the production medium. 
The overflow was collected constantly using a peristaltic 
pump. The feed dilution rates were varied from 0.01 to 0.05 
h−1. The fermentation was continued with optimum dilution 
rate. The reactor was fitted with a two channel peristaltic 
pump which provided both substrate feeding and exhausted 
effluent withdrawal. The feed was continuously supplied at 
the bottom. Feed rates were varied and the output collected at 
the top. The foaming was controlled by using silicone oil and 
the different parameters for continuous cultivation were ob-
served. 
 
^å~äóíáÅ~ä=jÉíÜçÇë=
 

Batch fermentation runs were conducted for 10 days of 
growth and lovastatin production. Various samples were col-
lected every 24 h intermittently. Every run was done in tripli-
cate. Samples were centrifuged and extracted to separate cell 
mass and analyzed further. 

Biomass was determined by Dry Cell Weight (DCW) 
method. 

Reducing sugar estimation was estimated by 3,5-Dini-
trosalicylic acid (DNS) method as described by Miller [8]. 

Phenol sulfuric acid method given by Dubois was used for 
total sugar estimation [9]. 
 

bñíê~Åíáçå=
 

Broth was centrifuged: filtrate was taken and adjusted to pH 
3.5 by concentrated HCl followed by addition of equal volume 
of ethyl acetate to the whole fermentation broth. Extraction 
was carried out on a rotary shaker at 220 rpm at ambient tem-
perature for 6 h. The samples were subsequently centrifuged at 
10,000 rpm for 15 min and the organic phase was collected for 
further steps [7,10]. 
 

bëíáã~íáçå=çÑ=içî~ëí~íáåW=emi`=jÉíÜçÇ=
 

Estimation of lovastatin was done by HPLC method, which  



Biotechnol. Bioprocess Eng.  OMV 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cáÖK=NK Lovastatin concentration using pellets and siran supported 

growth of ^K=íÉêêÉìë with fermentation age. 
 
 
was performed by using C18 column at 235 nm UV detector 
and 10 µL sample loop injector. Acetonitrile and water (60:40, 
v/v) was used as a mobile phase. The flow rate was main-
tained on 1.5 mL/min [11]. Reference solution was prepared 
using the standard lovastatin obtained from Lupin Limited, 
India. 
 
 
obpriqp=̂ ka=afp`rppflk=

 

píìÇó=çÑ=içî~ëí~íáå=mêçÇìÅíáçå=rëáåÖ=^K=qÉêêÉìë=
 

Lovastatin production using A. terreus pellets and siran car-
rier immobilized states was investigated in 5.0 L ALR. The 
batch fermentation in ALR was started initially using produc-
tion medium under aseptic condition and samples were col-
lected intermittently and analyzed. It was observed that after 9 
days, pellets ruptured because of shear stress. A comparative 
profile of lovastatin production using pellets and immobilized 
siran carrier cells is depicted in Fig. 1. Lovastatin production 
starts after 48 h of fermentation and increase to a maximum 
level of 1.15 g/L by 240 h with pellets and with siran carrier it 
reached to 1.0 g/L only at the end of fermentation. The pro-
ductivity of the immobilized siran supported growth of A. 
terreus fermentation was observed to be 0.0038 g/L/h, while 
that of pellets was 0.0048 g/L/h, which is higher than that of 
the siran supported growth. This may be due to the stress im-
posed by the immobilization process, unlike in pellet fermen-
tation. 
 

bÑÑÉÅí=çÑ=̂ áêÑäçï=o~íÉ=çå=içî~ëí~íáå=mêçÇìÅíáçå=
 

Lovastatin fermentation is a highly aerobic fermentation. 
Aeration was supplied in ALR using sterile air. The effect of 
aeration rates (1.0~5.0 L/min) on the production of lovastatin 
with pellets and siran supported growth of A. terreus in an 
ALR was studied. Results are shown in Fig. 2 and Fig. 3. It is 
observed that at 1.0 L/min, the productivity was 0.008 g/L/h 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cáÖK=OK Biomass, glucose, and lovastatin concentration during con-

tinuous mode of fermentation at different dilution rates using 

pellets. 
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cáÖK=PK Biomass, glucose, and lovastatin concentration during con-

tinuous mode of fermentation at different dilution rates using 

immobilized siran carriers. 

 
 
for pellet and 0.013 g/L/h for siran carrier. While an increase 
in aeration rate up to 3.0 L/min increased the lovastatin pro-
ductivity up to 0.022 g/L/h for pellets and with siran supported 
growth productivity reached 0.0255 g/L/h. Further, increase in 
aeration rate resulted in decreased productivity due to attrition 
of siran supported growth and loss of viability of cells. 
 

bÑÑÉÅí=çÑ=aáäìíáçå=o~íÉ=çå=içî~ëí~íáå=mêçÇìÅíáçå=ïáíÜ=^K=
íÉêêÉìë= =
 

Continuous mode of mold cultivation was carried out in 5.0 
L internal loop ALR at a temperature of 28°C. The working 
volume in the continuous cultivation reactor was 4.0 L. Sam-
ples were analyzed for biomass, substrate, and lovastatin con-
centration. Initially the process in ALR was operated for 72 h in 
batch mode and then shifted to continuous mode keeping asep- 
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cáÖK=QK Effect of airflow rate on lovastatin production using pellets. 

 

 
tic conditions. The broth samples were collected every 24 h. 

Figure 4 shows the profile of continuous lovastatin produc-
tion in airlift reactor using pellets. Feeding of nutrients was 
carried out at a predefined dilution rates. The steady states 
were evaluated at various dilution rates from 0.01 to 0.055 h−1. 
The process was started initially as a batch fermentation after 
which the batch cultivation was switched to continuous run, 
nutrient feed was commenced after 72 h for each dilution rate, 
and the optimal dilution rate for the continuous lovastatin pro-
duction process was observed to be 0.02 h−1 with pellets. 

In order to verify the possibility of improving the efficiency 
of continuous bioconversion, the effect of increasing the dilu-
tion rates were investigated during steady state growth in con-
tinuous culture. The objective was to determine an optimal 
dilution rate for lovastatin production. The continuous culture 
was operated at 5 different dilution rates between 0.01 to 0.05 
h−1 when steady state lovastatin production was observed cor-
responding to a range of residence time from 20 to 100 h. 
However, with variation of the dilution rate the rate of uptake 
of nutrients and production of metabolites also vary. 

An effective metabolite production is possible by optimiz-
ing the production rate in given conditions. The impact of 
dilution rate and residence time on lovastatin production with 
pellets of A. terreus was investigated. Experiments were con-
ducted to evaluate the effect of dilution rate on growth by pel-
lets of A. terreus in an ALR in continuous mode and the re-
sults are shown in Fig. 4. Results indicate that a decrease in 
lovastatin titer was observed with increasing dilution rates, but 
increasing the dilution rate from 0.01 to 0.02 h−1 productivity 
increases. Further increase in dilution rate resulted in de-
creased productivity. Dilution rate higher than 0.02 h−1 re-
duced the lovastatin content of culture broth, probably because 
the production of lovastatin, a secondary metabolite, was slow 
process; these higher dilution rates were too high in compari-
son to the rate of cell mass synthesized and biosynthesis of 
lovastatin. These results indicate that lovastatin production is 
non-growth associated. The data suggests that optimal lovas-
tatin production can be obtained at a dilution rate of 0.02 h−1 in 
ALR for pellets and after 3 days of steady state lovastatin con- 
centration settled to an average value of 1.1 g/L. The optimal 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cáÖK=RK Effect of airflow rate on lovastatin production using immobi-

lized siran carriers. 

 
 
lovastatin productivity was observed to be 0.022 g/L/h for 
pellets. The result suggests that to obtain high lovastatin pro-
duction rate and yields, the dilution rate should be low. The 
cell washout limiting condition prevailed at a dilution rate of 
0.04 h−1 for pellets. 

With Siran supported growth, the lovastatin concentration 
reached to 1.02 g/L at dilution rate 0.025 h−1 and lovastatin 
productivity was observed to be 0.0255 g/L/h (Fig. 5). Hence 
immobilized siran supported growth of A. terreus can be used 
successfully for the continuous production of lovastatin, a 
secondary metabolite. It has also been observed that, at dilu-
tion rate, near to wash out condition, a sharp change in sub-
strate concentration in the broth occurs. The cell washout lim-
iting condition prevailed at a dilution rate of 0.045 h−1 for siran 
supported growth. The continuous fermentation profile sug-
gests that there is subsequent utilization of the unutilized sub-
strate or partially formed products, which could be used for 
further lovastatin production. 
 

`çåíáåìçìë=mêçÇìÅíáçå=çÑ=içî~ëí~íáå=áå=~å=^io=rëáåÖ=
^K=íÉêêÉìë=mÉääÉíë=
 

Continuous production of lovastatin with pellets was stud-
ied using optimized production medium in an ALR. Initially 
the airlift reactor was operated for 72 h in batch mode and 
then shifted to continuous mode. The reactor was operated for 
35 days using pellets (Fig. 6). Broth samples were collected 
every 24 h and the effluent was discarded. Lovastatin produc-
tion gradually decreased initially for 3 days; thereafter the 
amount of lovastatin production was maintained constantly for 
18 days. But the concentration decreased later due to the de-
velopment of sluggish mass cells. On Day 19th, feeding of 
production medium was stopped and the pellets were washed 
continuously with sterile saline solution at a flow rate of 120 
mL/h for 24 h. Later, the bioreactor was fed with fresh produc-
tion medium and the pellets were allowed to activate for 2 
days. The rejuvenated cells were again used for continuous 
production of lovastatin. The process of activation was re- 
peated on day 29th of continuous cultivation for pellets. As a 



Biotechnol. Bioprocess Eng.  ONN 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cáÖK=SK Continuous production of lovastatin in an ALR using ^K=íÉêJ

êÉìë pellets. 
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cáÖK=TK Continuous production of lovastatin in an ALR using siran 

supported growth of ^K=íÉêêÉìë. 

 
 
result, continuous cultivation for lovastatin production was 
carried out for 35 days using pellets and by intermittent treat-
ment with saline solution. 
 

`çåíáåìçìë=mêçÇìÅíáçå=çÑ=içî~ëí~íáå=áå=~å=^io=rëáåÖ=
páê~å=pìééçêíÉÇ=dêçïíÜ=çÑ=^K=qÉêêÉìë=
 

Continuous production of lovastatin with siran supported 
growth of A. terreus was studied using optimized production 
medium in an ALR. Initially the process was operated for 72 h 
in batch mode and then shifted to continuous mode. The reac-
tor was operated for 45 days using siran supported growth (Fig. 
7) without any attrition problems. Broth samples were col-
lected every 24 h and the effluent was discarded. 

Again the same process was carried out for 30 days and the 
bioreactor was fed with fresh medium. Further the process of 
activation was repeated on day 38 of continuous cultivation to 
carry out the process for 45 days. It is observed from the re- 
sults that the immobilized cells of A. terreus on siran carrier 

=̂ = = = = = = = = = = = = = = = = = NU
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cáÖK=UK Pellets during continuous production in air lift reactor. 

 
 
are more efficient for the lovastatin production with continu-
ous fermentation because cell viability remains for a longer 
period and the productivity is high. Also, lovastatin production 
using pellets gradually decreased with increase in operational 
time, this may be due to cell rupturing and decrease in cell 
viability due to severe shear stress caused by aeration. 

A comparison of lovastatin production with pellets and im-
mobilized cells by continuous fermentation processes is 
shown in the Table 1. The average productivity with continu-
ous fermentation of siran supported growth of A. terreus 
(0.0255 g/L/h) was greater than with pellets (0.022 g/L/h). The 
total lovastatin produced with continuous fermentation was 
higher than with pellets. The overall results indicated that the 
continuous fermentation with immobilized siran carrier is 
more economical than the batch process in airlift conditions. 
 

 

`lk`irpflk=

 

The results obtained in this work showed that lovastatin 
production is not associated with cell growth. It was observed 
that with siran carrier operational stability enhanced and the 
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q~ÄäÉ=NK Comparison of lovastatin production with pellets and im-

mobilized siran supported growth of ^K=íÉêêÉìë during con-

tinuous fermentation processes in an airlift bioreactor 

Growth form of 

^K=íÉêêÉìë 

Total fermentation 

time (days) 

Total production 

(g/L) 

Productivity 

(g/L/h) 

Pellets 

Siran carriers 

35 

45 

1.10 

1.02 

0.0220 

0.0255 

=

 
process was carried out for 45 days with 0.0255 g/L/h pro-
ductivity. After 45 days of continuous operation with immo-
bilized siran carrier, the system did not show any decay 
which was observed for pellets after 28 days (Fig. 8) The 
application of continuous fermentation technique allowed 
good production for a working time as long as one and a half 
month without cell attrition. Dilution rates higher than 0.025 
h−1 reduced lovastatin concentration in broth probably be-
cause lovastatin production is slow process. The data showed 
the increase in lovastatin productivity with siran supported 
growth of A. terreus and using pellets decrease in productiv-
ity was noticed. This is attributed to the mass transfer limita-
tion of nutrients because of the barriers formed by immobili-
zation technique. Also, the diffusion of product further 
slowed down because of these physical barriers. From the 
result, it may be concluded that immobilized cells of A. ter-
reus on siran are efficient for production of lovastatin with 
continuous mode of fermentation. 
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