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Optimization of Starch and Tryptone
Concentrations in Medium Composition for
Lipase Production by Submerged Fermentation
of Rhizopus arrhizus Using Response Surface
Methodology

ABSTRACT

Aims: The aim of this study is optimization of the concentrations of carbon and nitrogen
sources for lipase production by Rhizopus arrhizus using response surface methodology.
Study design: For this work optimal 2° composite design was used for studying the optimal
concentrations of corn starch and tryptone for lipase production by submerged fermentation.
A series of planned experiments in three replications was carried out and a mathematical
model was developed which was used to describe the process. Optimal levels of studied
independent variables were calculated by using the model and the conversion rate.

Place and Duration of Study: This study is a part of PhD dissertation developed in
University of Food Technology, Bulgaria, Department of Biochemistry and Molecular
Biology.

Methodology: Maximum lipase activity was achieved by an optimization of some
components of the fermentation medium. Corn starch (in concentrations 5.0, 10.0, 15.0
g.dm™) and tryptone (2.0, 5.0, 8.0 g.dm™®) as independent variables were chosen. Lipase
activity was determined by a spectrophotometric assay using synthetic substrate p-
nitrophenyl palmitate.

Results: A planned mathematical experiment was carried out and a regression model was
developed. The value of R* was 95.65 % which showed that the model had high correlation
with the experimental results. The effects of every independent variable had an optimal
value while the interaction effects led to enhancement of lipolytical activity. In this case the
enzyme activity increased rapidly to 1100 U.dm?. For lipase activity above that value, large
enhancements of the corn starch and tryptone concentrations were needed. In order to use
the medium substrates properly there the conversion rate was calculated and it was also
considered for the optimization.

Conclusion: By carrying out an optimal composite design a mathematical model was
derived, with the aid of which, optimum values of tryptone (6.6 g.dm™) and corn starch (10.5
g.dm™) were determined, when the conversion rate and the first derivative of enzyme activity
were considered. Those results were confirmed by triplicate experiments at the optimal
concentrations. Lipase activity of Y=1340.74 U.dm™ was achieved, which was very close to
the predicted one Y=1235.26 U.dm™.

Keywords: Rhizopus arrhizus, lipase, submerged fermentation, response surface
methodology, optimal composite design.
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1. INTRODUCTION

Lipases (E.C. 3.1.1.3) are enzymes which catalyze the hydrolysis of long chain triglycerides
into free fatty acids and glycerol at the water-lipid interface and can catalyze the reverse
reaction in non-aqueous medium. Those enzymes attract a great attention because of their
biotechnological potential. They have a large market share because of their wide application
in different industries. That leads to the necessity of developing new production schemes [1].
Lipase production is highly affected by the medium composition and cultivation factors.
Carbon and organic nitrogen sources have significant influences on the lipase activity [2].
Carbon source has a crucial role on the lipase production and microorganism growth. Widely
used carbon sources are maltose [3, 4], sucrose [5], glucose [6] etc. According to many
authors lipases are inducible enzymes and need lipid inducers in the medium [3, 4]. There
are also contradictory data that lipids can inhibit biosynthesis of the enzyme [7, 8].

Most of the microbial producers of lipase are saprophytes which determinate the importance
of the organic nitrogen source and its concentration on the lipase production [2]. Peptone [3,
9], soy bean flour [10], yeast extract [6, 11] etc. are widely used in a variety of lipase
productions.

The conventional approach of optimization (one-factor-at-a-time) is a series of experiments
in which only one factor varies while the others are constant. This method is rarely used
because it is laborious and time consuming and it cannot provide the information on
interaction effects of the parameters on the desired outcome. These disadvantages can be
eliminated by using the response surface methodology (RSM) [12, 13]. RSM is a useful
statistical technique for optimization of complex processes. It is a collection of mathematical
and statistical techniques, widely used in different biotechnological processes to study the
effects of several factors influencing on the studied process [14]. Performing a factorial
design and regression analysis helps in building models to study interaction and select
optimum conditions of variables [15].

The aim of this study is investigation of the interaction effect of the carbon and nitrogen
sources concentrations on lipase production in submerged fermentation of Rhizopus
arrhizus by response surface methodology.

2. MATERIAL AND METHODS

2.1. Microorganism. Maintenance and storage.

The studied Rhizopus arrhizus strain used in this study was provided by Biovet® Peshtera. It
was grown in the following medium, g.dm's: malt extract, 10.0; yeast extract, 4.0; glucose,
4.0; agar-agar 20.0. pH was adjusted to 7.0. The strain was cultivated at 28°C for 14 days
and stored at 4°C.

2.2. Vegetative inoculum preparation

0.5 cm® spore suspension was added to 100 cm® sterilized (at 121°C for 30 min) medium
with pH 7.0 with the following composition (g.dm'3): glucose, 30.0; peptone, 20.0;
MgS0O,.7H,0, 0.5; KH,PO,4, 1.0; NaNOs, 1.0; CaCOg, 1.0. The strain was cultivated on a
rotary shaker (180 min'l) at 28°C for 24 h.

2.3. Submerged cultivation

Submerged cultivation was carried out in 500 cm?® flasks containing 100 cm® medium with
composition, (g.dm™): corn starch; tryptone; NH4H,PO,, 3.0; (NH4),C,04, 0.5; MgSO,, 0.5
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and KCI, 0.5. Corn starch and tryptone concentrations were defined according to the
mathematical model. pH of the medium was adjusted to 7.0, then the medium was sterilized
at 121°C for 30 min. 5.0 cm® vegetative inoculum was used for inoculating each flask and
cultivation was carried out at 28°C for 64 h at a rotary shaker (180 min'l).

2.4. Lipase assay

Lipase activity was measured by spectrophotometric method using p-nitrophenyl palmitate
as substrate buffered with Tris-HCI pH 9.0 [16]. The reaction mixture, containing 2.4 cm™ of
0.8 mM the substrate and 0.1 cm™ of cell-free culture supernatant, was incubated for 15 min
at 35°C. The enzyme reaction was stopped by adding 1.0 cm® supersaturated solution of
plumbous acetate. After centrifugation the amount of liberated p-nitrophenol was determined
by measuring the absorbance at 405 nm. An extinction coefficient at 405 nm of 5105.3 M
!.em™ was used for p-nitrophenol at pH 9.0. One unit of enzyme activity was defined as the
amount of enzyme that released one pmol of p-nitrophenol per minute under the assay
conditions described.

2.5. Response surface methodology

Optimal composite design 2 was used to find the optimal concentration of corn starch and
tryptone for lipase biosynthesis by Rhizopus arrhizus. Independent variables participating in
the design and their values are presented in Table 1. According to the obtained results a
regression analysis was accomplished and a quadratic regression model was expressed as

follows:
m m m
=Dy + Y b+ Db XX+ by X
i=1 i=1,j=i+l i=1
Where Y is the response variable, by, b;, by, bj — the regression coefficients of the model, and
x; and x; — coded levels of the independent variables [3].

Table 1. Values of independent variables at different levels of the optimal composite

design 2°
_ Levels
Independent variables 1 0 1
X, — Corn starch concentration, g.dm'3 5.0 10.0 15.0
X, — Tryptone concentration, g.dm'3 2.0 5.0 8.0

3. RESULTS AND DISCUSSION

The most appropriate sources of carbon and organic nitrogen for lipase production in
submerged fermentation by the studied strain Rhizopus arrhisus were corn starch and
casein trypsic peptone (results from our previous research). Some authors also achieved
similar results. Immanuel et al. [17] used 4.0 g.dm™ starch for lipase production by Serratia
rubidaea; Pogaku at al. [18] achieved maximum activity using 15.0 g.dm™ starch for
fermentation of Staphg/lococcus sp. Lp12 and Bisht at al. [19] — a combination of 20.0 g.dm™
starch and 2.0 g.dm™ castor oil. Tryptone is also widely used component of fermentation
medium. Le et al. [20] used 24.2 g.dm™ tryptone for lipase production by Burkholderia sp.

As those components can be expensive it was important to study the efficiency of the
process when the optimal levels were chosen.
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In order to determine the optimal value of the corn starch and tryptone concentrations; taking
into accounts the interaction effects an optimal composite design 2° was performed. The
optimal composite design 2% and the results for lipase activity are shown in Table 2.

Table 2. Optimal composite design 2°

Run Coded levels Lipase activity, U.dm™
number X X, Y Y
1 1 1 1397.49 1436.31
2 -1 1 210.67 310.48
3 1 -1 232.07 116.54
4 -1 -1 263.40 208.86
5 1 0 1005.41 1082.12
6 -1 0 610.63 565.37
7 0 1 1283.93 1145.30
8 0 -1 264.52 434.60
9 0 0 1127.09 1095.65

" results are a mean value of three replications

The results from the regression analysis are presented in Table 3. The ANOVA table
partitions the variability in the composite plan into separate pieces for each of the effects and
then tests the statistical significance of each effect. In this case, three effects had P-values
less than 0.05 — X;, X, and X;*X,, indicating that they were significantly different from zero at
the 95.0 % confidence level.

Table 3. Regression analysis results

Effect Coefficient P-Value
Average 1095.65
X1 258.38 0.0328
X, 355.35 0.0140
X1. X5 304.53 0.0362
X,° -271.91 0.1059
X,? -305.70 0.0823

Standardized Pareto Chart (Fig. 1.) is a histogram with the effects plotted in decreasing
order of significance. The line passing through the chart depends on the value of alpha and
any factor with significance will extend beyond the line. As seen from the chart the most
significant effect was the tryptone concentration followed by the corn starch concentration.
The significance of the X;.X, revealed that the interaction effect has an impact on the lipase
activity.
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Fig. 1. Standardized Pareto chart for optimization of starch and tryptone
concentrations

As a result of the optimal composite design the following mathematical model (2) was
developed:

Y = 1095.65 + 258.38.X; + 355.35.X, + 304.53.X;,.X, — 271.91.X,2 + 305.70.X,> )

The R-Squared statistic indicates that the model as fitted explains 95.65 % of the variability
in this model. The standard error of the estimate showed the standard deviation of the
residuals to be 168.2. The mean absolute error (MAE) of 85.6 is the average value of the
residuals. In this case Durbin-Watson statistic is 2.8 which showed that the model has
negative correlation.

The model was studied and maximum activity of 1436.3 U.dm™ was predicted when using
concentrations of the components corresponding to coded values of the levels: X;=1 and
X2:1.
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Fig. 2. Main effects plot

Fig. 2 reveals the influence of each one independent variable on lipase production by
Rhizopus arrhizus when the interaction effects were ignored. As shown every variable had
an optimal value for its concentration with maximum lipase activity. The presence of an
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optimum in the graph was a proof that the chosen concentrations were appropriate for
planned experiments.

The interaction effect of starch and tryptone concentration is shown at Fig. 3. The chart
reveals that simultaneously increasing of corn starch and tryptone concentrations led to
enhancement of lipolytical activity. It can also be noticed that the enzyme activity increased
rapidly until 1100 u.dm™. For lipase activity above that value, large enhancements of the

corn starch and tryptone concentrations were needed.
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Fig. 3. Response contour plot indicating interaction effects of starch and tryptone

As the medium components may be expensive and in order of their properly usage the
efficiency of the process was taken in consideration and the conversion rate and the first

concentrations on lipase biosynthesis

derivative of lipase activity were calculated.
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Fig. 4. Effect of corn starch concentration on lipase activity, conversion rate and first

derivative of lipase activity.
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The conversion rate is a characteristic of the efficiency of the process which means the
quantity of fermentation product (lipase) produced by 1.0 g medium substrate. First
derivative measures the rate of change of an independent variable as a function of a
dependent variable which means the lipase activity enhancement per gram substrate in the
fermentation medium. (Fig. 4. and Fig. 5.).

Fig. 4. shows the relation of lipase activity, conversion rate, first derivative of the enzyme
activity and the corn starch concentration while the tryptone concentration was fixed at
codded value 1.0 (8.0 g.dm's) which was found to be the optimal concentration according to
the mathematical model. As seen from the chart the increase of enzyme activity was
accompanied with decreasing of the efficiency. That was the reason for studying the
conversion rate and the first derivative of enzyme activity when the optimal starch
concentration was chosen. Increasing starch concentration in fermentation medium led to
increasing of conversion rate until it reached 115 U.g™ at 10 g.dm™ corn starch. When higher
concentrations of the carbon source were used, the conversion rate decreased. Also with
increasing of corn starch concentration in the medium, the first derivative of enzyme activity
(the rate of lipase activity change) decreased from 214 to 10 U.g'l. The concentration (10.5
g.dm's) which led to first derivative = 100 U.g'l was chosen as optimal value, as it led to high
activity and conversion rate. When the first derivative was lower than 100 U.g'l, the
efficiency decreased which was proven by the decreasing of conversion rate.
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Fig. 5. Effect of tryptone concentration on lipase activity, conversion rate and first
derivative of lipase activity.

The same characteristics were calculated for tryptone concentration as well but the corn
starch concentration was fixed at 10.5 g.dm'3. This value was chosen after studying the
effect of corn starch on the conversion rate and the first derivative of Iispase activity. In this
case the maximum conversion rate was achieved at 3.5 g.dm™ tryptone but this
concentration corresponded to low activity (848.99 U.dm'3). As tryptone concentration was
more siqnificant (Fig. 1) the first derivative of enzyme activity had higher values (from 414 to
25 U.g"). Optimal tryptone concentration (6.6 g.dm™®) was chosen, in which the first
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derivative of enzyme activity was 100 U.g™, lipase activity was high (1235.26 U.dm™) and
the conversion rate was relatively high.

According to the model, maximum activity (1436.3 U.dm'3) was achieved by using
concentrations of the components corresponding to coded values of the levels: X;=1 and
X,=1. When the interaction effects were studied it was noted that when the concentrations of
the components reached defined values above which there was no significant enhancement
in the lipase activity. This was the reason the conversion rate and first derivative to be taken
in consideration when the optimal values of the independent variables were chosen.

When the optimal values were established, a series of three experiments were carried out to
confirm the results from the planned experiments. Submerged fermentation for lipase
production by Rhizopus arrhizus with the chosen concentrations (10.5 g.dm'3 for corn starch
and 6.6 g.dm™ for tryptone) was prepared and average lipase activity Y=1340.74 U.dm™ was
reached. A comparison between Rhizopus arrhizus lipase and different Rhizopus lipases
produced by submerged fermentation is presented on Table 4.

Table 4. Comparison between lipase from Rhizopus arrhizus ised in this study and
different Rhizopus lipases from literature

Substrate for

Strain I Assay Lipase activity References
ipase assay

R. arrhizus p-nltr_ophenyl Spectrophotometric 1 340.74 U.dm™ Present study
palmitate

R. arrhizus - - — : 3

MTCC 2233 Olive oil Titrimetric 3.98 U.cm 6

R. arrhizus - - — : 3

BUCT Olive oil Titrimetric 260 U.cm 10

R. delemar p-nitrophenyl Spectrophotometric 1 585 pmol.dm™.min™ 5
palmitate X )

- p-nitrophenyl . 0.155 U.cm™.min°
Rhizopus sp. palmitate Spectrophotometric 0.128 U.cm™ min™ 21

As seen from the table the lipase activity reached in this study is higher than the enzyme
activities reached by Prabhakar et al. [21] and comparable with the one achieved by Acikel
et al. [5] while Rajendran et al. [6] and Li et al. [10] achieved higher lipase activity as
absolute values. However such a comparison cannot be conclusive because of the
differences in methods, assay conditions and substrates.

4. CONCLUSION

As a result of the study we can conclude that we have chosen appropriate levels for
independent variables which are very important for every optimization process. The
mathematical model inferred describes the process properly and we were able to establish
the optimum concentrations for carbon and organic nitrogen sources — 10.5 g.dm™ for corn
starch and 6.6 g.dm™ for tryptone, taking in consideration the conversion rate. Those values
were not the optimal according to the regression model but they resulted in activity which
was very close to the highest one. The results were confirmed by triplicate experiments at
the optimal concentrations. A lipase activity Y=1340.74 U.dm™ was achieved, which was
very close to the predicted one Y=1235.26 u.dm?.
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