ScienceRise: Pharmaceutical Science Nel (35)2022

UDC 615.1:004.94
DOI: 10.15587/2519-4852.2022.253547

SETTING THE EQUATION OF REGRESSION TO DETERMINE THE
TECHNOLOGICAL FACTORS INFLUENCE ON THE CONTENT
OF FLAVONOIDS IN THE EXTRACT

Olga Kutova, Rita Sahaidak-Nikitiuk, Inna Kovalevska, Nataliya Demchenko

The aim of the article is to establish a regression equation that determines the influence of technological factors on the
content of flavonoids in the extract for further use in optimizing the technology for obtaining an extract based on horse
chestnut. The task of the research was to identify a mathematical model to describe the effect of technological parame-
ters of extraction on the target quality indicators of a given dosage form, in particular, on the quantitative content of
flavonoids.

Materials and methods. The proposed approach is based on mathematical processing of experimental results obtained
according to plan 23 using the computer program Mathcad 14 and MS Excel. To establish a mathematical description,
an analysis of the separate influence of technological factors on the target indicator was carried out and the possibility
of forming a geometric mean function was determined using the corresponding linear regression equations.

Results. The general problem of identification was solved, when it was necessary to reveal both the mechanism of influ-
ence of technological factors on the value of the target indicator, and to give a quantitative assessment of the unknown
parameters of the regression equation. Based on the results of experimental observations, an adequate mathematical
model was established in the form of a linear multiple regression equation with the interaction of factors.

Conclusions. The obtained mathematical description makes it possible to analyze the influence of technological factors
on the quantitative content of the complex of flavonoids in the herbal extract in the range of the investigated factor
space, and also to optimize the technological parameters of extraction
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1. Introduction

The preparation of extracts from plant materials is
widely used in the pharmaceutical industry. This process
has a number of specific features that complicate the
regulation and optimization of its technological parame-
ters. To analyze the results of scientific experiments and
solve optimization problems mathematical modelling is
widely used, which includes obtaining regression equa-
tions [1, 2]. The existing methods for constructing math-
ematical models allow the use of various modifications
of the planned experiment [3], which cannot always be
effectively applied for traditional mathematical pro-
cessing. This is especially true for multifactorial models
that include more than two factors and require a large
number of experimental observations [4]. Also, in order
to establish equations that describe the change in any
pharmaco-technological indicator, sometimes one has to
deal with the values of the studied parameters unevenly
located in the factor space. For this reason, the usual
methods of establishing dependencies are unsuitable, and
there is a need to develop such methods that would be
effective in these conditions [5].
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The aim of the article is to obtaining a regression
equation that determines the influence of technological
factors on the content of flavonoids in the extract for
further use in optimizing a technology for obtaining an
extract based on horse chestnut.

2. Planning (methodology) of research

When substantiating the technological parameters
of the extraction of flavonoids from horse chestnut [6, 7],
the method of mathematical planning of a multifactorial
experiment was used. As a response function, the yield of
flavonoids (y1) was chosen, expressed as a percentage
relative to their amount in the feedstock.

The main method of this study is regression anal-
ysis. This method is quite effective from the point of
view of mathematical statistics and allows you to present
the available information in a convenient form.

The choice of the experimental design was deter-
mined by the goal set — to describe the nature of the influ-
ence of the technological parameters of the extraction on the
specific pharmacopoeial characteristics of the extract. Static
planning of the experiment of type 2® made it possible to
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simultaneously vary three quantitative factors and evaluate
their linear effects and the effects of their interactions on the
content of flavonoids in the extract. To eliminate the nonlin-
ear effects of the influence of technological factors, which
requires an increase in the number of experiments, it was
proposed to use the geometric mean function. The proposed
methodological approach in this study has shown sufficient
efficiency in quantitative assessment of the main effects.

3. Materials and methods

To obtain the extract, dried raw materials were
used - horse chestnut fruits. As a solvent — a water-
ethanol mixture, which allows the extraction of water-
soluble phenolic pigments. The prepared raw material
was extracted in a laboratory batch extractor. The extrac-
tion efficiency was controlled by changing the content of
the total flavonoids in the raw material.

The concentration of the extractant (x1, g/cm®),
the extraction time (x2, s) and the ratio of the raw materi-
al to the extractant (x3), according to the experimental
conditions, considering a priori data and practical experi-
ence of the researchers, must satisfy the corresponding
ranges of values: 40<x/<70; 24<x2<48; 0,1=<x3<0,2.

The considered quantitative factors in this exper-
iment are independent and combinations of factor levels
in the study are not tied to each other. It should also be
noted that different units of measurement matter. At the
same time, the parameters x1, x2, x3 must ensure the con-
tent of flavonoids (y1=f(x1,x2,x3)) not less than 0,11 %,
since according to experimental data, a further increase
in the yield of flavonoids does not occur.

An experimental design containing three factors at
two levels: maximum and minimum. This allows you to
analyze the minimum possible number of observations to
establish a mathematical description in the form of a linear
relationship, both without the interaction of factors, and
taking it into account. Tab. 1 shows the technological pa-
rameters of the extraction process and the content of flavo-
noids, expressed as a percentage relative to their amount in
the feedstock (y1, %).

The processing of the experimental results was
carried out using the Mathcad 14 tools (regression analy-
sis [8, 9], graphing [10]) and MS Excel (correlation anal-
ysis) [11, 12].
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Table 1

Matrix of complete factorial experiment 2°
No. xl x2 x3 Vi
1 70 48 0.2 0.049
2 40 48 0.2 0.092
3 70 24 0.2 0.049
4 40 24 0.2 0.092
5 70 48 0.1 0.054
6 70 24 0.1 0.054
7 40 48 0.1 0.11
8 40 24 0.1 0.11

4. Results

The presence of three independent variables in
this experiment excludes the visualization of the experi-
mental response surface for a preliminary assessment of
the type of the mathematical model. In this case, graphic
interpretation is possible only for two arbitrary variables,
provided that the third variable is fixed at a certain level.
However, the correlation analysis showed a complete
lack of correlation between the content of flavonoids in
the extract (y1) and an increase in the extraction time
(x2) for more than 24 hours, as well as the absence of a
statistical relationship between the concentration of
ethanol (x1) and the ratio of the extractant to raw mate-
rial (x3) in the given ranges of values. Therefore, it is
possible to proceed to the mathematical processing of
experimental data, considering only two factors - x1
and x3. To avoid the nonlinearity error within the factor
space, a full-factor experiment of type 23 was addition-
ally implemented based on the existing plan 32 [14, 15].
To establish the regression model, along with the ana-
lytical method of establishing, the graphic method was
also used (Fig. 1).
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Fig. 1. Graphic interpretation of the experimental data
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According to the experimental data, we can as-
sume a mathematical model of a linear form with the
interaction of two factors:

y1(x1,x3) =a, +a,x1+a,x3+a,x1x3. (1)

To determine the coefficients of equation (1) by the
method of least squares (LSM), the Mathcad 14 tools were
used. The calculation results for the obtained model:

y1(x1,x3) = 0.22 - 0.0023x1
~0.353x3+0.004333x1x3

@

confirm its adequacy. The average relative error in de-
termining the content of flavonoids in the experimental
points is 0.33 %, and in 7 out of 9 calculations it is ab-
sent. The statistical significance of the equation and its
coefficients was evaluated using MS Excel.
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The regression equation is characterized by a high coef-
ficient of determination (R?=0.999), its adequacy was
verified using the Fisher criterion (significance
F=1.6810"°). The coefficients, the absolute value of
which is greater than their confidence intervals, are rec-
ognized as statistically significant. Intervals estimate for
coefficients with 95 % reliability:
—-0.00249<x1<-0.00212, (P-value — 0.0000005),
—0.42<x3<-0.29, (P-value — 0.0000344),
0.00317<x1x3<0.0055, (P-value is 0.00021).

Interval estimates for mean values at base points:
0.0475<y1(70;0.2)<0.0506, 0.0906<y1(40;0.2)<0.0935,
0.0757<y1(55 ;0.15)<0.077, 0.0525<y1(70;0.1)<0.0556,
0.1086<y1(40;0.1)<0.1115, 0.0811<y1(55; 0.1)<0.083,
0.0696<y1(40;0.15)<0.0715 [16, 17].

Analysis of the plots of residuals as functions of
variables indicates the absence of a systematic error in
the resulting regression equation (Fig. 2).
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Fig. 2. Plot of residuals as functions of variables

This relationship is empirical, it can be used for
extraction times ranging from 24 to 48 hours. Since
equation (2) contains only two variables — factors x1 and

X3, its graphical interpretation is possible, the analysis of
which gives a complete coincidence of the experimental
and theoretical response surfaces (Fig. 3).
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Fig. 3. Comparison of the graphical interpretation of the experimental and theoretical response surfaces and determina-
tion of the relative calculation error using equation (2)

An analysis of equation (2), based on the values
of the coefficients and signs in front of them, showed that
the concentration of ethanol (x1) has the greatest influ-
ence on the content of flavonoids in the extract. As the
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concentration increases from 40 to 70 %, the value of the
target decreases. The effect of the x1 factor is an order of
magnitude stronger than the x3 factor, as well as the
interaction of the x1x3 factors. With an increase in the
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ratio of extractant to raw material from 0.1 to 0.2, the
content of flavonoids decreases. Depending on the level,
for example, of the x1 factor, the x3 factor will manifest
itself differently.

The influence of the factors under study can be
considered in more detail using the corresponding single-
factor graphical dependencies, provided that the second
factor is fixed at one of the levels (Fig. 4).
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Fig. 4. Influence of individual factors on the content of
flavonoids in the extract: a — ethanol concentration;
b — ratio of extractant to raw material

As could be seen from Fig. 4, the most promising
situation is when the x1 factor is fixed at the lower level. At
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the same time, the content of flavonoids does not decrease
by more than 0.09 %. The extractant/raw material ratio
equal to 0.1 and the ethanol concentration of 40 % will
provide the maximum possible value y1(40;0.1)=0.11.

Using the obtained regression equation, it is pos-
sible to determine the values of the factors x1 and x3,
which will provide not only a given number of flavo-
noids, but also their content in the acceptable range. This
area will be between the lines of equal values that define
the required boundaries of the area of the allowable
amount of flavonoids in the extract, for example,
0,1<y1<0,11 (Fig. 5, region 1).
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Fig. 5. Range of values of facto1rs x1 and x2 to fulfil the
condition 0.1<y1<0.11

The set of x1 and x2 values that are included in
the generated area will provide the indicated conditions
0.1<y1<0.11, for example: y1(41;0.1)=0.108,
y1(41;0.12)=0.103.

The authors propose another way to establish the
regression equation. It was shown in [18] that in the case
when the function of one variable near the boundaries of
the multifactorial space does not change its character, it
remains monotonically increasing (decreasing), it is pos-
sible to obtain a productive mathematical description
[11] based on one-factor dependencies (Fig. 6).
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Fig. 6. One-factor graphic dependencies

The main effects of the factors in this study are not
“masked” and correspond to the effects at the boundaries of
the factor intervals. Let us form the geometric mean function
using the obtained linear dependences y(x1), y(x3) (Fig. 6):

Y1(x1,x3) = ((0.167 ~0.0017x1)(0.0934-0.1167x3)) . (3)

As a result of correcting the function with a polyno-
mial of the 2nd degree LSM, correction coefficients of
calculations are established. The required equation takes the
form:

Y1(x1,x2,x3)=0.028—-0.662 x

x((0.167-0.0017x1)(0.0934 -0.1167x3)) "~ +
+17.384(0.167—0.0017x1)(0.0934 —0.1167x3).

Calculations based on the obtained dependence
(4) and its graphic interpretation are shown in Fig. 7. The
effectiveness of the regression equation (4) is indicated
by a relative error of 1.12 % at the base points and excel-
lent agreement between the experimental and theoretical
response surfaces.
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The proposed method for establishing the regres-
sion equation could be used not only in the case of a full-
factor experiment of the n? type.
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The processing could include experimental
points located in an arbitrary order convenient for the
researcher.
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Fig. 7. Analysis of equation (4)

5. Discussion

The resulting regression equation shows that the
completeness of the extraction of flavonoids by a water-
ethanol mixture is significantly affected by the concentra-
tion of ethyl alcohol and the extractant/raw material ratio.
The greater the mass of the extractant relative to the mass
of the raw material, the less its concentration increases
when the same amount of substance is extracted.

In this regard, the extraction rate will be faster, and
the flavonoid yield will increase. At the same time, the
mechanism of transfer of the extracted raw material is com-
plicated by the swelling of the raw material, as a result of
which it is possible to change the quantitative ratio of the
phases during the process, as well as the physical properties
of the raw material. The duration of extraction over 24 hours
does not affect the yield of flavonoids.

The resulting regression equation could be used as
one of the criterion equations for solving the problem of
multi-criteria optimization in the course of developing a
technology for obtaining an extract based on horse chest-
nut [19].

The regression equation was obtained in two
ways, which showed similar results: by the classical
method of regression analysis — LSM and using one-
factor dependencies that reflect the main effects of fac-
tors on the target indicator. The advantage of the second
method is that it could be used under the specified condi-
tions without planning an experiment according to an
orthogonal plan [20].

Study limitations. When developing the extract
technology, it should be taken into account that the ob-
tained regression equation could be used under certain
conditions: the extraction time is at least 24 hours, the

concentration of ethanol is from 40 to 70 %, the raw
material/extractant mass ratio is from 0.1 to 0.2.

The proposed method for obtaining a two-factor
regression equation using the geometric mean function
has shown its effectiveness only in the case when the
main effects of individual variables coincide with their
effects on the boundaries of the factor intervals.

Prospects for further research. The subject of
further research is the establishment of regression equa-
tions for such target quality indicators of the extract as
the content of escin, the amount of dry residue, the con-
tent of ethyl alcohol, the density of the extract in order to
optimize the technology of the extract based on horse
chestnut.

6. Conclusions

A regression equation has been established that
characterizes the influence of technological factors of
extraction on one of the target quality indicators of an
extract based on horse chestnut - the content of flavo-
noids. The technological parameters of extraction were
optimized to ensure the maximum vyield of extracted
substances: ethanol concentration 40 %, extraction dura-
tion 24 hours at a ratio of solvent to raw material of 0.1.
The obtained results will be used in the development of a
technological scheme for the production of the extract.
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