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STUDY OF THE EXTRACTION KINETICS
OF FLAVONOIDS FROM THE FRUITS
OF SOPHORA JAPONICA L. WITH

SUNFLOWER 0OIL

Among the large number of biologically active substances contained in the fruits of Sophora japonica L., the

extraction of flavonoids, substances of medium polarity, is particularly important. The process of extracting them
with vegetable oil from fruits is quite complicated. The object of research is the kinetics of the process of extracting
[flavonoids from Sophora japonica L. fruits with sunflower oil. The influence of temperature, duration, and hydraulic
modulus on the extraction process, as well as on the derivation of the equation of the mathematical model, is studied.

Mathematical modeling methods are used in the research. Processing of experimental data for the study of
extraction kinetics in the vegetable oil:vegetable raw material system is carried out using the Statistica statistical
package. In order to derive the equation of the mathematical model of the process of extracting flavonoids from
Sophora japonica L. with sunflower oil, the influence of temperature, duration and hydromodulus on the process
of transition of the target component — flavonoids to the extract — is investigated. A mathematical model of the
dependence of flavonoids on the hydromodulus (H=10-25), temperature (t=25-45 °C) and the duration of the
extraction process of Sophora japonica L. (t=2—10 h) is obtained, which makes it possible to calculate the content
of flavonoids with an average relative with an error within 5 %.

On the basis of the conducted experimental studies, basic technological schemes for obtaining unrefined sunflower
oil of increased biological value are developed, which includes the following stages: preparation of raw materials,
treatment of prepared raw materials with sunflower oil during dilution and mixing, separation of oil from raw ma-
terials by filtering. The proposed technology is promising, as its implementation is possible not only in food industry
enterprises, but also in restaurant establishments, as it does not require expensive equipment, additional production

premises and special training of personnel.

The mathematical models of the extraction process of Sophora japonica L. with unrefined sunflower oil proposed
in the work allow to select the extraction parameters with a high degree of probability and offer the consumer
[flavonoid-enriched sunflower oil of increased biological value.
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1. Introduction

The scientific principles of nutritive science indicate the
need for a new approach to the composition, properties and
technology of food products, which should satisfy the human
body’s need for basic nutrients and energy. In addition, in
order to prevent food-dependent diseases of consumers, it
is advisable to enrich food products with functional micro-
ingredients. Based on this, fatty products should be not
only a source of energy and plastic material, but also an
important supplier of functional ingredients [1-3].

Oils are a promising fatty product of increased biologi-
cal value, which is confirmed by the significant attention
paid to them by scientists from various countries around
the world.

There are many ways to obtain oil of increased biologi-
cal value, namely:

— obtaining blended oils with the aim of optimizing

the fatty acid composition, extending their shelf life

and increasing the content of useful substances [4—10];

— introduction of vitamins (E, D, A), macro- and mi-

croelements, phospholipids of natural and artificial ori-

gin [11-17];

— addition of essential oils [18—20];

— addition of oil, CO, or alcohol extracts obtained from

vegetable and spicy-aromatic raw materials to oils in

small quantities [10, 21-24];

— direct introduction of vegetable raw materials to the

oil (powder of carrots, garlic, spices, spices, etc.) both in

the crushed state and their individual parts [20, 25, 26];
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— extraction of vegetable raw materials (rowan, carrot,
pumpkin, garlic, horseradish, medicinal plant raw mate-
rials, etc.) with traditional oils [1, 27-30].

One of the most popular and affordable ways to obtain
oils of increased biological value is extraction. Since flavonoids
are substances of medium polarity, the transition of which to
vegetable oil is difficult, it is important to study the kinetics
of the extraction process of flavonoids with sunflower oil.

There is a significant amount of scientific research de-
voted to the extraction of biologically active substances from
vegetable raw materials with vegetable oils. But there are no
studies on the process of extracting flavonoids from Sophora
japonica L. with sunflower oil under conditions of dilution
at low temperatures (below 50 °C), which emphasizes the
relevance of the conducted research.

Therefore, the aim of research is to determine the influence
of the temperature and duration of extraction on the process
of extracting Sophora japonica L. flavonoids with sunflower
oil, hydromodulus, as well as deriving the equation of the
mathematical model.

2. Materials and Methods

The kinetics of the extraction process depends on the
type of vegetable oil and raw material. As a vegetable oil,
unrefined sunflower oil was chosen, since it is a product of the
daily diet of the population of Ukraine. Sophora japonica L.
was chosen as a plant material, as it is a source of flavo-
noid substances (rutin, quercetin kaempferol-3-sophoroside,
quercetin-3-rutinoside, genistein-4-sophorobioside, narcissin,
lycoside, genistein glucuronide, etc.) and contains a sig-
nificant amount of biologically active substances [31-35].

The content of flavonoids in the obtained oils was
determined by the spectrophotometric method using the
reaction with aluminum chloride in the presence of acetic acid.
Obtaining an alcoholic extract for analysis was carried out
using the method proposed in [36]. The optical density
was measured at a wavelength of 400 nm on a photoco-
lorimeter KPhK-2 (concentration photoelectric colorimeter
KPhK-2 ZOMZ, designed for measurement in separate sec-
tions of the wavelength range 315—-980 nm). The results were
evaluated according to the calibration graph constructed using
quercetin as a standard sample (HC qualification, chemically
pure, the content of the main component is more than 99 %).

Mathematical modeling and data processing were car-
ried out using the Statistica statistical package.

Obtaining oil extracts from Sophora japonica L. inclu-
ded the following stages:

— preparation of raw materials (drying at a temperature

of 20-25 °C, freezing for 72 hours at a temperature of

—-20+2 °C, grinding to a particle size of 0.5-1.5 mm,

infusion in an alcohol-water solution);

— treatment of prepared raw materials with sunflower

oil during dilution and mixing;

— separation of oil from raw materials by filtration.

In order to establish the optimal technological mode
of processing Sophora japonica L. with sunflower oil, it is
necessary to develop a mathematical model.

According to previously obtained experimental data, the
parameters that affect the extraction process are determined:
temperature (¢), duration (t), hydromodulus (H). During the

experiment, the rarefaction and the stirring speed are con-
stant values (the rarefaction is 3 mm Hg, the stirring speed
is 129 rpm). The criterion of optimality in the finished extract
was the quantitative content of flavonoids (Cy, mg/100 g).
Thus, the function of the content of flavonoids in the extract
depends on temperature, duration and hydromodulus [37, 38].

The general scheme of the mathematical model is pre-
sented in Fig. 1.

X1 () — | Extraction of
X (1) Y (Cn) — flavonoids —
X3 (H) —_—

Fig. 1. General scheme of the mathematical and statistical model

The dependence of the output function on the input
parameters was determined in the form of a second-order
polynomial and the regression equation was drawn up:

Y=Bo+B1X1+BoX 1% +B3Xo+BsXo?+B5X3+Pe X3+

+B12X1 Xo P14 X1 Xo?+B23 X1 2Xo+B 15X 1 X3+

+B16X1 X357+ Bo5 X 12 X3+ B35 X0 X3+ P36 X2 X 3%+

+B5X0? X3+ B45X0* X+ B46 X" X57, (1

where Bo, B1, B2, Bs, Bs, Ber Bios Biar Bos, Bis, Bie Bos, Bsss
Bss, Pas, Bas — coefficients of the regression equation.
The plan of the experiment was drawn up according
to the specified number of experiments and the limits of
changing factors.
The required number of experiments is 27, which was
determined using the formula:

N=3"=33=27, (2)

where n — the number of input factors.

Variation steps, upper and lower levels of influencing
factors (temperature, duration, hydromodulus) are given
in the Table 1.

To derive the regression equation in the original equa-
tion (1), it is possible to convert the variables X; into dimen-
sionless normalized z; according to the formula:

Xi_XOi 3
ZTTAY, )

where X; — the value of the factor at the upper «+» or
lower «—» level; Xy — the value of the factor at the 0-level;
AX; — the variation step.

As a result, it is possible to obtain the above regres-
sion equation:

Y=B0+B1Z1+BoZi2+PsZs+BsZs*+B5Zs+PeZs>+P12Z1 Zo+
FB14Z1Zo*+ P23 Z 2 Lo+ 1521 Zs+Br6Z1 Zs*+ Bos 212 Zs+
+PB5Z0Z3+B3eZaZs>+BusZoZstPaslo? XatPacZa’Zs2.  (4)

The construction of the matrix of the complete three-
factor experiment is shown in the Table 2.

The processing of the received data and the derivation
of the equation of the mathematical model of extracting
the fruits of Sophora japonica L. with sunflower oil and
the construction of its response surfaces were carried out
using the Statistica statistical package.
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Tahle 1
Variation levels and factor variation steps
Factor Units of measurement 0-level Variation step Upper level «+» Lower level «—»
X0 of 35 10 45 25
X,(1) h B 4 10 2
Xs(H) - 17.5 7.5 25 10
Table 2
Matrix of a complete three-factor experiment
No. of _ No. of _ No. of _
research | 20 | 71 | %2 | % y research | 20 | %1 | %2 | % y research | 20 | %1 | %2 | % y
1 + |+ |+ |+ 2.92 10 + | 0|+ |+ 2.5 19 + | - |+ |+ 0.55
2 + |+ |+ 0 14.5 11 + (0| + |0 9.15 20 + -1+ |0 2.9
3 + |+ |+ | - 17.25 12 + [ 0|+ | - 148 21 + | - |+ | - 6.9
4 + |+ |0 + 2.17 13 + (00| + 2.15 22 + | -]10]|+ 0.43
5 +|(+|0]|0 10.1 14 +(0|0)|O 8.21 23 +(-|101|0 1.31
B + |+ |0 - 16.4 15 + | 0 0| - 13.7 24 + | -10]| - 5.34
7 + |+ | - | + 1.2 16 + [ 0| -]+ 0.62 23 + | -] - |+ 0.215
8 +|(+|-10 6.62 17 + (0| -1]0 3.7 26 +(-1-10 0.92
9 + |+ | - | - 8.3 18 + | 0| -1 - 5.03 27 + | - | - - 3.05
According to the results of calculations, the equation of
the mathematical model of extracting Sophora japonica L.
fruits with sunflower oil has the following form:
o0 20
(=3
Cﬂ=9.991704744t+0.006t279.889r+0.645r2+ = ii O
: & 14
14
+0.157H-0.044H%+1.009tt—0.07¢72-0.013¢%1— : 12 B 2
2 10 10
—0.028¢H-0.001¢H*+0.002¢2H-0.662tH+ g g 5 3
)
w 6
+0.014TH2+0.055t2H—0.00 112H2. G) % Cls
g 2 B 4
o
5 0 i 2
The image of the response surface of the complete second- o2

order mathematical model of the dependence of the content
of flavonoid derivatives in the extract of Sophora japonica
fruits on the duration of the process, temperature, and hydro-
modulus are shown in Fig. 2—4.

On the basis of experimental studies, a technology
for obtaining unrefined sunflower oil of increased bio-
logical value was developed, which includes the follow-
ing stages:

— drying of the fruits of Sophora japonica L. at a tem-

perature of 20-25 °C to a humidity of 6-7 %,

— freezing of Sophora japonica L. fruits at a tempera-

ture of —20-25 °C;

— grinding of frozen Sophora japonica fruits to a particle

size of 0.5-1.5 mm;

— infusion of crushed Sophora japonica L. fruits for

2-3 hours in an alcohol-water solution with a concen-

tration of 96+1 %;

— addition of Sophora japonica L. fruits to sunflower

oil in the amount of 10 %;

— treatment of Sophora japonica L. fruits with sun-

flower oil for 6-7 hours with dilution and mixing at

a temperature of 30-35 °C;

— separation of oil from Sophora japonica L. fruits by

filtration.

The resulting unrefined sunflower oil, processed with
Sophora japonica fruits, has increased antioxidant pro-
perties, exhibits bactericidal properties against pathogenic
microflora and increased stability during the storage pro-
cess [39-41].

Fig. 2. Image of the response surface of the dependence of the flavonoids
content in the extract of Sophora japonica L. fruits on duration and
temperature at a hydromodulus 17.5

o0
8
= Bl 6
g B 4
E i
E = 10
2 L s
5 CJs
¢ B 4
= M >
[

Fig. 3. Image of the response surface of the dependence of the flavonoids
content in the extract of Sophora japonica L. fruits on the extraction
temperature and the hydromodulus with an extraction duration of 6 h

s
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Fig. 4. Image of the response surface of the dependence of the flavonoids
content in the extract of Sophora japonica L. fruits on the duration of
extraction and hydromodulus at a temperature of 35 °C

Considering a number of advantages of the extraction
process when extracting biologically active substances from
plant raw materials, it remains quite time-consuming and
requires considerable time.

Since the process of extracting flavonoids from So-
phora japonica L. with vegetable oil has not been studied
much, it is advisable to further study it. For example,
research on the influence of physical factors and the ex-
traction process (influence of cavitation, microwave or
other processing) or selection of raw material preparation
methods, etc. Further research will contribute to a more
in-depth study of the influence of external factors on the
process of the transition of biologically active substances of
Sophora japonica L. to vegetable oil and will allow obtaining
a new high-quality product with an improved qualita-
tive composition.

The proposed mathematical models can be implemented
in the production of sunflower oil processed with pre-
pared Sophora japonica L. fruits under conditions of dilu-
tion (3 mm Hg) and stirring (129 rpm) at a temperature
of 25-45 °C for 2-10 h at a hydromodule 10-25.

The implementation of the research results and the
production of oil treated with Sophora japonica L. re-
quires the availability of special equipment (which ma-
kes it possible to simultaneously heat, mix and create
liquefaction).

4. Conclusions

In the course of the study, the extraction kinetics
in the vegetable oil:vegetable raw material system was
studied. In order to derive the equation of the mathe-
matical model of the process of extracting Sophora japo-
nica L. flavonoids with sunflower oil, the influence of
temperature, duration and hydromodulus on the pro-
cess of transition of the target component to the extract
was investigated.

The obtained mathematical model of the dependence
of the flavonoids content in the extract of Sophora japo-
nica L. fruits on hydromodulus (H=10-25), tempera-
ture (¢t=25-45 °C) and duration (t=2-10 h) makes it
possible to calculate the content of flavonoids with an
average relative error up to 5 %.
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