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ABSTRACT
A simple, rapid and precise method has been developed for determination of lipase activity in microbial media. The
method is based on using phenyl acetate as substrate for lipase and determination of liberated phenol by Folin Ciocalteu
reagent. Reaction mixture containing substrate 2.4 ml of phenyl acetate 165 µM in Tris HCl buffer, 0.1 M and pH 7,
with 1% (v/v) Triton X-100) and 0.1 ml lipase is incubated at 40˚C during 10 minutes and the absorbance was measured at 750 nm. Linearity was observed in the concentration range 0 - 0.8 g/L lipase.
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1. Introduction
Lipases (triacylglycerol acylhydrolases, E.C. 3.1.1.3) are
one of the most important classes in biotechnology that
can catalyze the hydrolysis of ester bond at the lipid and
water interface [1]. Among different sources of the
lipases, only microbial lipases have high interest due to
their commercially significance [2]. During the lipase
production, it is important to determine the lipase activity
by a simple and rapid method to select the best condition
for the production. Although several methods have been
developed for the determination of lipase activity, only
two methods are commonly used in the literatures.
The first one is the titrimetric method using olive oil as
substrate. This method depends on the determination of
the liberated fatty acids by titration against potassium hydroxide [3]. The second method is the colorimetric
method using p-nitrophenyl palimitate as a substrate and
determines the lipase activity by measuring the amount
of the yellow chromogen (p-nitrophenol) resulting from
the hydrolysis of the substrate [4].
Generally the colorimetric methods are more favorable
due to their simplicity, rapidness and only small volume
of the sample is needed for analysis. But the chemicals of
the colorimetric method are very expensive. Beside the
high cost of the current colorimetric method, there are
many technical disadvantages starting with the dissolving
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of the substrate, where many additives have been used to
make a homogeneous solution such as tween [5], sodium
deoxycholate [6], sodium dodecyl Sulphate [7], Arabic
gum [8] and finally Triton X-100 [9]. The main disadvantage of the current method is the releasing of palmitic acid that is insoluble in water that causes turbidity
in the measurement test tube that alters the spectrophotometric reading. Some literatures partially solve this
problem by the addition of calcium chloride (CaCl2) to
the reaction mixture to remove the fatty acids as calcium
salts by centrifugation. Also many research papers that
apply the current colorimetric method don’t include a
step of enzyme deactivation step, this leads to continual
enzymatic action on the substrate leading to an overestimation of the enzyme titer values [9]. Finally, this method is not suitable for colored media.
In the current work, we investigated a new method to
determine the lipase activity starting with phenyl acetate
that is low price commercially available. The phenyl
acetate ester bond is hydrolyzed by the lipase to release
phenol and acetic acid that are soluble in water and so
there is no turbidity formed. The liberated phenol can be
detected by adding the Folin reagent that forms a clear
blue color with phenol and it is able to detect very small
traces of phenol. The concentration of the phenol is
directly in proportion with the lipase activity.
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2. Experimental
2.1. Materials
Lipase enzyme from Candida antarctica B, Phenyl acetate, phenol, sodium carbonate, Triton X-100 and Folin
Ciocalteu reagent were purchased from Sigma Aldrich

2.2. Preparation of Substrate Solution
A weight of phenyl acetate was dissolved in buffer soluti
on containing 1% Triton X-100 to make the final concentration 200 µM. each analysis was made by freshly
prepared solution.

2.3. Method Optimization
For the optimization of the method, several parameters
were tested, buffer type, pH, reaction time, and substrate
concentration. The parameters optimization was performed step by step, always considering the modifications adopted in the previous step.
The primary test was done based on conventional colorimetric assay of lipases described in the literatures
which is pH 7, 40˚C and incubation for 15 minutes using
2.4 ml of 200 mM substrate with 0.1 ml of 0.4 g·L−1 lipase solution. Three different pH 7 buffers were tested in
aqueous lipase solution, sodium phosphate 0.05 M, TrisHCl 0.1 M and sodium acetate 0.05 M.
In order to investigate the effect of pH in the lipolytic
assay, the selected buffer from the first step was tested at
different pH values of 5, 6, 7, and 8. The time-dependent
activity variation was monitored under the optimized
assay conditions. Five test tubes were prepared in the
same manner and incubated. One test tube was taken to
determine the absorbance every 10 minutes.
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expressed in terms of percent relative standard deviation
(% RSD).

3. Results and Discussion
By using the primary conditions Tris-HCl, buffer showed
the highest lipolytic activity so it was decided to precede
the optimization with that buffer. Testing the lipolytic
activity using Tris-HCl and the same primary conditions
with different pH range indicate that pH 6 and pH 7 are
the most suitable pH for lipase assay by our method with
slightly difference. Finally studying the incubation time
indicates that the best incubation time was 10 minutes.
All results are summarized in Table 1.

3.1. Effect of Substrate Concentration
Vmax is theoretically defined as the maximum initial rate
of an enzyme catalyzed reaction, i.e., when virtually all
the enzyme present in the reaction mixture is present as
enzyme-substrate complex.
Practically Vmax is the maximum activity that can be
obtained by a constant amount of enzyme. Km is the
concentration of substrate which permits the enzyme to
achieve half Vmax.
Vmax and Km can be determined by plotting a relation
between 1/substrate concentration and 1/enzyme activity.
Vmax  1 Y intercept
Km  1 x intercept

Figure 1 illustrates that the best activity of lipase (0.26
U/ml) was obtained at substrate concentration of 165
µM.

3.2. Linearity
Linearity of an analytical procedure is its ability (within a

2.4. Effect of Substrate Concentration
Different substrate tubes of concentration range from
zero up to 200 µM were prepared by dissolving of 113.3
mg of phenyl acetate in 10 ml Tris HCl buffer pH 7, then
0, 0.5, 1, 1.5, 2, 2.4 ml was taken from the solution and
completed up to 2.4 ml by distilled water, finally 0.1 ml
of lipase enzyme was added and the enzyme activity was
measured at the optimized conditions.

Table 1. Show different conditions of the new method of lipase assay. The best conditions were using Tris-HCl buffer,
pH 7 and incubation for 10 min.
Buffer

Lipase
activity
U/ml

pH

Lipase
activity
U/ml

5

0.07

6

0.14

2.5. Method Linearity
Five independent assays at different enzyme concentrations (comprised in a range from 0 g·L−1 to 2 g·L−1) were
prepared and analyzed to check the linearity of response.

Tris-HCl

0.16
7

2.6. Precision
Repeatability of the sample preparation and measurement
were carried out by measuring five replicates of samples
of concentration in the linear range. The results were
Copyright © 2013 SciRes.

8
Phosphate

0.09

Acetate

0.11

0.17

Time
(Min.)

Lipase
activity
U/ml

10

0.16

20

0.17

30

0.16

40

0.10

50

0.07

0.09
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Figure 1. Relation between 1/substrate concentration and
1/enzyme activity to calculate Vmax and Km.

given range) to obtain test results that are directly proportional to the concentration of analyte in the sample. It
was defined through the relation between lipase concentration and absorbance measured at 750 nm. According
to this statistical methodology, the calibration curve obtained from the relation between lipase concentration and
the corresponding absorbance values determined at 750
nm was linear for the concentration ranges of 0 to 0.8
g·L−1.

3.3. Precision
Standard deviation showed how much variation exists
from the average (mean). A low standard deviation indicated that the data points tend to be very close to the
mean or in other word precise. 5 repeated reading of enzyme solutions were made for three consecutive days and
the %RSD were calculated. From the data obtained, the
method was found to be precise with %RSD equal 2.25.

4. Conclusions
A new method for determination of lipase activity based
on the determination of phenol that released from hydrolysis of phenyl acetate was investigated. The new
method is suitably optimized and partially validated
During our work, we noted that the phenyl acetate is
gradually dissociated when dissolved in the buffer solution and so only freshly prepared phenyl acetate can be
used within one hour of preparation. Also, we recommend the investigation of other commercially available
phenolic esters, such as acetyl salicylate or naphthyl acetate.

Copyright © 2013 SciRes.

[10] N. Gupta, P. Rathi and R. Gupta. “Simplified Para-Nitrophenyl Palmitate Assay for Lipases and Esterases,”
Analytical Biochemistry, Vol. 311, No. 1, 2002, pp. 98-99.
doi:10.1016/S0003-2697(02)00379-2

AJAC

