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Abstract: Lipase is the extensively used key enzyme for various biotechnological applications in wide
spectrum of industries. The process oriented feeding strategies for higher production of lipase was
objective of the study. Range of carbon sources were used for the higher production of lipase, among
them germinated maize oil was chosen as the best one. Feeding strategies like quasi steady state, pH
stat and DO stat were employed. Eventually it was established that the DO stat based fed batch
fermentation gave maximum in terms of both enzymatic units and productivity. The yield in DO stat
fed batch fermentation was seven fold increase when compared to batch fermentation. The reasons
for the higher production of lipase was documented and the commercialization of the product also
discussed.
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INTRODUCTION

Lipases are produced by several microorganisms namely, bacteria, fungi, archea and eucarya, as well as
by animals and plants. Olson et al., (1994) Lipases (Triacylglycerol acylhydrolase; EC 3.1.1.3) constitute a
group of enzymes defined as carboxyesterases that hydrolyze (and synthesize) long chain acylglycerols at the
lipid-water interface (Castro-Ochoa, et al., 2005; Jaeger and Eggert, 2002; Saxena et al., 2003). Microbial
lipases have been widely used for biotechnological applications in fat, food ingredients, detergents, dairy and
textile industries, production of surfactants and oil processing. Lipases have found a great number of
biotechnological applications due to the different reactions they are able to catalyze and to their exquisite
region - and enantio - selectivity, being considered as the most versatile biocatalyst (Pandey et al., 1999; Reetz,
2002). To achieve high productivity of a desired product, fed-batch cultures are usually grown with the
controlled nutrient feeding, monitored dissolved oxygen (DO), pH, or carbon source as a feedback parameter
Kim et al., (1999). Fed-batch or continuous culture studies for Lipase production was examined using various
carbon sources have been reported by many researchers Boekema et al., (2007). The production using various
feeding strategies are scanty, hence objective of the current study is to enhance lipase production using various
feeding strategies such as quasi steady state, DO stat and the pH stat fed batch fermentation using cost
effective carbon source.

MATERIALS AND METHODS

Microorganism:
Bacillus spp. which produces extracellular alkaline lipase Schallmey et al., (2004), were originally isolated

from soil samples collected from Chennai City, India. The strain was identified on the basis of various
morphological, Physicho-chemical and biochemical characteristics following the criteria laid down in Bergey’s
Manual of Determinative Bacteriology (Sneath, P.H., 1986).

Culture Conditions for Lipase Production:
The shake flask experiments were done for screening of suitable carbon source in  modified Tryptone

Yeast Extract Medium (TYEM) with the following composition (per L), tryptone, 6.0 g; yeast extract, 2.0 g; 
CaCl2.H2O, 0.2 g; MgSO4.7H2O, 0.1 g; FeCl3.6H2O (1% stock solution.), 0.4 ml. Batch and fed batch   cultures
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were carried out with a working volume of 1.5 L in a 2.4-L bioreactor (Bioengineering AG, Switzerland), the
medium composition for Fed Batch medium Takeshi Ito., et al., (2001)  was, 4 g/L KH2PO4, 4 g/L K2HPO4,
7 g/L Na2HPO4.12H2O, 1.2 g/L (NH4)2SO4, 0.2 g/L NH4Cl, 10 mg/L MnSO4.7H2O, 2mg/L ZnSO4.7H2O, 1
mg/L AlCl3.6H2O, 1 mg/L CuCl2.2H2O, 0.5  mg/L H3BO3, 1 g/L MgSO4.7H2O, 40 mg/L FeSO4.7H2O and 40
mg/L CaCl2 (pH 6.5). The inoculum size of 10 % was transferred from the subculture. The growth temperature
was 37°C and the pH was maintained at 6.5 throughout the cultivations, the DO value was maintained above
25% air saturation in order to prevent oxygen limitation. Every three hours the samples were collected from
the fermentor to find out the total biomass and lipase activity. Cell growth was monitored by diluting the
sample with physiological saline (8.5 g/L NaCl) and the turbidity was measured at 600 nm using a UV-Visible
spectrophotometer. For dry cell weight (DCW) estimation, the sample (usually 5 ml) was centrifuged at 20,000
rpm for 20 min, supernatant was used for estimation of lipase activity and cell pellet was taken to dryness in
an oven, at 60 °C, to a constant weight.

Lipase Production with Different Carbon Sources
Effect of Various Carbon Sources:

Screening for higher lipase production using various carbon sources was carried out using batch
experiments. Lipase was produced from Bacillus spp using FB medium supplemented with either carboxylic
acids (fatty acids) or carbohydrates as the sole carbon source (10g/L). Different carbon sources were used for
the production of lipase like glucose, lactose, sucrose, maltose, fructose, olive oil, oleic acid, linoleic acid,
linoleinic acid, maize oil, germinated maize oil, castor oil, coconut oil, olive oil, soybean oil ground nut oil,
sesame oil, Tween 20 and Tween 80. The cell mass was maximum for groundnut oil but the lipase activity
was less, compared to the olive oil and germinated maize oil as a substrate. The lipase activity shows
maximum at its late logarithmic phase or stationary phase. Sathish Kumar et al., (2009) Instead of using olive
oil germinated maize oil was taken as a sole carbon sources for all fed batch studies for cost effective
production.

Lipase Assay:
20 g polyvinyl alcohol (PVA) was dissolved in one liter distilled water and the substrate was prepared

by emulsifying 10 ml of tributyrin with 90 ml of PVA solution by sonication Guna lakshmi et al., (2008). The
reaction mixture composed of 5 ml substrate emulsion; 4 ml 0.1 M Tris HCl (pH 7.5) and 1 ml lipase solution
and incubated at 30 °C for 30 min. The reaction was stopped by adding 20 ml acetone: ethanol (1:1 v/v). The
liberated fatty acids were titrated with 0.01 M NaOH. One unit of activity was defined as the amount of
enzyme, which liberated 1 �mol of butyric acid, per min, under assay conditions.

Lipase Production Using Various Fed Batch Fermentation:
The fermentation set up for fed-batch was similar to that of the batch run, with the addition of the feeding

solution. The FB medium was used in all types of fed batch experiments and the initial substrate concentration
used for all fed   batch fermentation was 10 g/L. Feeding solution was restricted to 5X and 1X concentration
of substrate and modified FB medium respectively. The carbon source concentration was chosen as it was not
inhibitory to growth in the batch experiments and in preliminary fed batch experiments. The substrate yield
coefficient calculated for the strain was 0.4/h, since the substrate yield co-efficient varies with carbon sources,
the calculated YX/S was taken from the batch data. The desired specific growth rate of 0.1/h was incorporated
into the feed forward model and was used in all fed batch fermentations. The formula used to increase the feed
rate in quasi steady state fed batch was, Fin = μVXeμt / SF YX/S, where Fin is the feed rate at particular time t
(L/h), � is the specific growth rate (1/h), V is the working volume of the reactor (L), X is the biomass at
particular OD (g/L ), SF is the substrate concentration to be fed (g/L), YX/S is the substrate yield co-efficient
and t is the time interval.

In quasi steady state fed batch the substrate feed rate is equal to its consumption rate. Feeding was
exponentially increased at a varying flow rate with respect to increase in OD and the contents of the feed
reservoir were continuously stirred using magnetic stirrer (Heidolph MR 3000-Germany) to obtain a
homogenous feed into the fermenter. Samples were withdrawn aseptically every two hours. The pH and DO
stat fed batch fermentations were done with the 5� concentration of carbon source and 1� concentration of
FB medium. pH and DO were controlled at 6.5 and 55% respectively by means of feedback controller
connected with feeding solution reservoir. Whenever the pH of the fermentation broth reduces the concentrated
carbon source was added to adjust the pH and in do stat fed batch also the feeding solution was added
whenever the DO decreases with the set value. All experiments were done thrice for concurrent results.
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RESULTS AND DISCUSSION

The figures 1.0, 2.0 and 3.0 shows the profile of quasi steady state, pH and DO stat fed batch
fermentations. The total OD obtained for exponential (quasi steady state), pH and DO stat feeding was nearly
111, 125 and 177 for 68, 81 and 91 hrs of fermentation. The total units of lipase produced are 159±3, 210±2
and 330±4 IU / mL respectively for quasi steady state, pH stat and DO stat fed batch fermentations. The total
activity was 5, 7 and 11 folds greater than batch fermentations (Figure 4.0). The concentration of feeding
substrate was 75 g/L in all types of fed batches in which, 80.5±4.5 g/L of biomass was produced in DO stat
fed batch fermentation, where as for Quasi steady state and pH stat 45.6±3.5, 60±2.6 g/L of biomass was
produced. The enzyme productivity was higher in DO stat with 3.7 U / mL / hr, the productivity for quasi
steady state and pH stat was quite lower with 2.34 and 2.6 U / mL /hr respectively. It depicts that dissolved
oxygen tension plays the critical role for the enhanced production of lipase. The data obtained from fed-batch
Cultures showed that specific growth rate � was the intrinsic factor that determined the efficiency of lipase
synthesis. The specific lipase productivity was maximal at �=0.1 h/1, while the optimal lipase production rate
occurred around �=0.2 h/1. Since lipase is a growth associated product, the specific growth rate during
fermentation plays a vital role for its enhanced production. Eventually for higher lipase production the dissolved
oxygen tension should be kept at optimum level so that increase in the specific growth rate and enhancement
of lipase production.

Fig. 1.0: Exponential feeding fed batch fermentation

Fig. 2.0: pH stat fed batch fermentation

Fig. 3.0: DO stat fed batch fermentation
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Fig. 4.0: Comparison of yield in batch and fed batch fermentation

Conclusion:
The current study was mainly to elucidate the production of lipase using various fed batch fermentations

with the presence of germinated maize oil as a sole carbon source. The various productivity was obtained from
the three fed batch conditions namely exponential feeding, pH stat feeding and the DO stat feeding. The
productivity was higher in DO stat fed batch fermentation, since the DO plays a critical role, the oxygen
tension should be kept optimum for the increased production of lipase. Among many costlier carbon sources
the usage of germinated maize oil is the cost effective one and there is much more possibilities for their
industrial production and commercialization.
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