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ABSTRACT: The non-conventional yeast Yarrowia lipolytica is attracting increasing attention due 
to its potential to produce large amounts of organic acids from hydrophobic substrates. Due to the 
steadily increasing demand for citric acid in the industrial sector, the aim of this scientific work was 
to develop a predictive model of the citric acid productivity of the strain Yarrowia lipolytica 
DSM3286. As a basis for this, the optical density, pH, cell number and citric acid were determined 
in 18 identical mixtures. 

The citric acid concentration (mean values of the measured concentration over time) follows a 
linear increase. Based on this, the mathematical calculation operation of linear regression was se-
lected for modeling the prediction model in Python. The following coefficients were determined 
for the variables used in the learning algorithm:

• time: 6,104 * 10-4  

• OD: -1,224 * 10-1

• pH value: -4,043 * 10-1

• Cell count: 1,749 * 10-8

In final validation of the program, a result accuracy of 86.5% was obtained. The result obtained in 
the present scientific work shows that by means of simple linear regression, over a cultivation pe-
riod of 13 days, a prediction of the citric acid productivity of strain Yarrowia lipolytica DSM3286 is 
possible. 
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1. INTRODUCTION

Yarrowia lipolytica belongs taxonomically to the ascomycetes and is an obligate aerobic, 
apatho-genic, heterothallic and oleaginous yeast (Fickers et al., 2002; Barth et al, 2003). 
Fat- and protein-rich substrates represent the natural habitat (Barth et al. 2003), but the 
obligate aerobic yeast Y. lipolytica can also grow on substrates such as glucose, fructose, 
ethanol, or acetate.

Y. lipolytica is of biotechnological interest mainly because under certain culture condi-
tions the apathogenic strain can secrete various organic acids, such as citric acid or iso-
citric acid, into the medium in high concentrations of up to 200 g* L-1. Due to these prop-
erties and the simple procedural cultivation of the strain, it represents an ideal
microorganism for the biotechnological production of citric acid (Gonçalves et al. 2014).
Citric acid is the most consumed organic acid in the world and is mainly used as an acid-
ifier, preservative, and antioxidant in various industries (Morgunov et al., 2018).

More and more scientists are also turning to self-learning algorithms and artificial intel-
ligence (AI) in the natural sciences to do their work more efficiently and effectively. The 
use of self-learning algorithms and artificial intelligence to optimize processes is there-
fore becoming increasingly important in the natural sciences. Python is one of the most 
popular languages for scientific programming. Python is an object-oriented, open-source, 
universally interpretable programming language that is well suited for standard program-
ming tasks. (Millman und Aivazis 2011; Dubois 2007)

Based on the previous studies on citric acid production in Y. lipolytica DSM 3286, the 
present scientific work aimed to create a Python programming to predict productivity 
from a total of 18 identical cultivation approaches. For this purpose, the data of optical 
density, pH, cell number and measured citric acid concentration were first documented 
and evaluated at regular intervals in each batch. This was followed by the programming 
of the learning algorithm in Python, the preparation of the training data sets and the eval-
uation of the program.
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2. METHOD

The test execution as well as the programming was done as shown within the following 
flowcharts.

Figure 1: Execution of the experiment shown as a flowchart

Multiple linear regression was used to program the citric acid prediction in Python and 
implemented as follows.

Figure 2: The learning algorithm is programmed from the training data. Via the input of new measurement data into 
the prediction model, the prediction of the unknown value takes place. (Raschka 2017)

3. RESULTS

For comparability, the mean values from the respective samples with the same sampling 
times were calculated and illustrated in the following graphs.
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Figure 3: The average optical density and its standard deviation as well as the average pH value and its standard 
deviation over the cultivation period of 13 days; N=18.

Figure 4: 
deviation over the cultivation period of 13 days; N=18.

The following figures show the programming results.

4. CONCLUSION

Considering the result accuracy of the programmed model of 86.5 %, this can be rated 
as good compared to other biological models, which show a result accuracy of close to 
90 %.(An, 2019). To increase the accuracy, more test data sets should be incorporated 
into the model. Considering the exclusion of individual variables and the resulting accu-
racy of results, it is recommended to measure all four variables in future approaches and 
to include them in the program. In conclusion, the model for predicting citric acid pro-
duction in strain Y. lipolytica works within the cultivation period of 13 days.

Figure 6: Regression source code
used, which was developed in Python.

Figure 5: Course of measured (triangle/ grey) and predicted
(quadrilateral/ blue) citric acid concentration of batch 7.1 (no
part of the training data sets). The average result accuracy of
these two runs is 92%. 
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