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O6’ckmom docuioncenns € epexmusHicms GUAYUEHHsL XI0PO2EHOGOT KUCIOMU — NPUPOOH020 AHMUOKCUOANMY,
8 3aiexcHocmi 6i0 ymos i excmpazysanus 3i COMAUHUK08020 wpomy. OCHo8HOI0 NPOOLEMOI0 OAHIH020 NUMAHHS
€ Mol paxm, wo Ha CMYNinG eKCMPAzY8anis 6Ka3anoi GenoivHoi CnoryKu enausae 6azamo Gaxmopis, maxux
K cmynins noOpibHeHHs NPOOYKMY, 6U0 CUPOBUHU, CROCIO eKCMPAazy8anis, NPUPOOa POSUUHHUKA -eKCMpPazenma,
memnepamypa ma mpuearicmo npouecy eKCmpazyeanus, 2iopomMooyib 6 CUCeMi <CUPOBUHA — eKCMPAZeHm >
mowo. Bnaue xoxcnozo 3 yux napamempie nompebye 0emanvrozo po3zisdy ma 6ionogionux docrioxcenv. Lle
dacmo 3mM02y GUSHAUUMU ONMUMATLHI SHAYEHHS BKASAHUX NAPAMEMPIE NPOUECY eKCMPazyeanis ma nioeuuumu
eghexmusnicmy GUNYUEHHsL XI0OPOZEHOBOTL KUCIOMU.

B daniti po6omi cuposunoio 0s OMpUMANis XA0P02eH060T KUCIOMU 00PANHO WPOM 3 HACIHMA COMAUMHUKY —
dewesy 6MOPUNY CUPOBUHY ONIENCUPOBUX SUPOOHUUME. Y nonepednix 00CHIONCEHHAX BUSHAUEHO, UO BUCOKO-
eERMUBHUM eKCIPAZeHMOM 6KA3AH020 AHMUOKCUOAHMY GUCMYNAE POSUUH eMUL08020 CRUPMY 3 KOHUECHMPA-
yiero 60 %, a onmumanvrolo memnepamypoio npouecy excmpazysanis Xa0p0ozeH060i KUCIOMU 3i COHIUNHUKOB020
wpomy € memnepamypa Kuninms excmpazenmy. B pesynvmami 0anozo 0ocaiowcens 6UUEHO 3AKOHOMIPHICTD
BNAUBY HA CMYNTHD BULYUEHHI XIOPO2EHOB0T KUCIOMU MAKUX MEXHOLOZIMHUX NAPAMEMPIG, SK 2i0pOMOOYLb 8 CU-
cmeMi <upom — posuun emuno6ozo cnupmy 60 % » (0ani 3a mexcmom — <wpom — excmpazenms ) ma mpuearicnms
npoyecy excmpazysanns. Excnepumenmu no eusnauennio 3aielcHocmi Cmynens GULYueHHs X10p02eHo80i KUCIomu
610 2i0pPOMOOYII0 6 CUCTEMI <UPOM — CKCMPAZeHm> Ma MPUBALOCE eKCMpazyeanis npogedeno 8ionosiono 0o
naany noeHozo Gaxmoprozo excnepumenmy. /s nianyeanns excnepumenmy ma o6pooKu 0anux 3acmocosami
mamemamuuni memoou 3 UKOPUCmanmsim npozpamuux naxemise Microsoft Office Excel 2003 (USA) ma Stat Soft
Statistica v6.0 (USA).

Brasana ¢ pobomi sanexcnicmv a6156 co60i0 Ka0pamuuny (Gynkyiio, axa npozno3ye 30invuleHms emicmy
XI0PO2ENH0B0T KUCLIOMU N0 YAC eKCMPAYBANHS 30 YMOBU 301LIbUeHHS 2I0POMOOYLsL 8 CUCTIEML <UPOM — eKCMpPa-
2enm» 3 1:5 0o 1:10 ma smenwenns uacy excmpazysanns 3 60 xe. do 30 xe. Bcmanoeneno, wo 01 MAKCUMAiILHO
MONCTUB020 30LNbUEH IS CIMYNEH GULYUEHHS XTOPOZEHOBOT KUCIOMU 31 WPOMY HACIHHSA COHAUHUKY, ONMUMATLLHA
geauuuna 2iopomodyns excmpazysanns — 1:10, mpusanicmo excmpazysanns — 30 xe. Ompumani pesyromamu
oaiomv 3moz2y 30LLWUMU CIMYNIHD GUIYUCHHS XA0PO2EHOB0T KUCLIOMU 31 COMAuUNUK08020 wpomy 3 2,46 % 0o
5,58 %. Ile exasye na modcausicmy 36invuenns ehexmusHocmi 6ULyUerHs anmuokcudanmy Ginvile Hixc y 2 pasu.

Kmouosi cnoBa: excmpazyeanis COHAUWHUKOBOZO WPOMY, XI0PO2EHOBA KUCIOMA, 2i0pOMOOYIb, e(exmusHuil
AHMUOKCUOAH, MPUBATICY EKCMPALYBAHHSL.
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1. Introduction

Chlorogenic acid [1, 2] and its derivatives belong to
polyphenolic compounds. They are also effective natu-
ral antioxidants [3, 4]. Among other properties are the
pronounced antibacterial, antiviral, membrane-protective,
hypoglycemic activities, as well as the ability to inhibit
a number of enzymes [5, 6].

It should also be noted that chlorogenic acid is found
in sunflower seeds in a sufficiently large amount, and the
meal is, in turn, a secondary raw material with low cost [7].

Copyright © 2020, Labeiko M., Gladkiy F., Bochkarev S., Mazaeva V.,
Litvinenko E., Ouvsiannikova T., Zhyrnova S., Sytnik N.
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The studies presented in [8, 9] outline a range of in-
novative technical solutions for investigating the effective-
ness of a number of solvents for extracting chlorogenic
acid from sunflower meal. As well as its further chemical
modification for use as an antioxidant in the food and
cosmetic industries. Based on the results of the experimen-
tal studies, the effectiveness of the proposed technological
solutions in comparison with the existing ones is proved.

An important further development in this direction is
the analysis of the influence of technological parameters of
the extraction of chlorogenic acid process from sunflower
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meal, in particular the value of the hydromodule in the
system «meal — extractant». As well as the duration of
extraction with an aqueous solution of ethyl alcohol at
a concentration of 60 %, the extraction degree of chlorogenic
acid. The results obtained should increase the efficiency
and reduce the cost of the developed technological solu-
tions for the extraction of antioxidants from the secondary
products of oil and fat production, which emphasizes the
relevance of the chosen direction of research.

2. The ohject of research
and its technological audit

The object of research is the efficiency of extraction
of chlorogenic acid — a natural antioxidant, depending
on the conditions of its extraction from sunflower meal.
To identify the features of this dependence, a technologi-
cal audit was conducted to determine the change in the
content of chlorogenic acid in the extractant, depending
on the technological parameters of the process of its ex-
traction from sunflower meal.

The fundamental possibility of extracting chlorogenic
acid from sunflower meal depends essentially on the value
of the hydromodule in the system «meal — extractant», as
well as the duration of treatment of sunflower meal with
an aqueous solution of ethyl alcohol with a concentration
of 60 %. Therefore, the main direction of improvement of
the process of extraction of chlorogenic acid is to deter-
mine the optimal parameters of the process, which will
increase the efficiency of antioxidants production from
such cheap secondary raw oil and fat production, such
as sunflower meal.

3. The aim and ohjectives of research

The aim of research is to improve the technological
process of extraction of chlorogenic acid from sunflower
meal on the basis of modeling and optimization of physi-
cochemical processes of extraction of the specified phenolic
compound with an aqueous solution of ethyl alcohol with
a concentration of 60 %. This will increase the efficiency
of the release of chlorogenic acid.

To achieve this aim it is necessary to:

1. Study the regularities of the influence of the hydro-
module size in the system «meal — extractant» and the
duration of treatment of sunflower meal with an aqueous
solution of ethyl alcohol with a concentration of 60 %
on the extraction degree of chlorogenic acid.

2. Determine the optimal range of the selected fac-
tors values of processing sunflower meal for the maximum
possible extraction of chlorogenic acid.

4. Research of existing solutions
to the prohlem

Among the main directions of chlorogenic acid extrac-
tion from vegetable raw materials found in the resources
of the world scientific periodicals, the following can be
distinguished:

— extraction with organic solvents and aqueous-alco-

holic solutions [10];

— ultrasound extraction [11, 12];

— removal using microwave generators (ultra-high fre-

quency radiation) [13, 14].

When comparing the above methods of chlorogenic acid
extracting, it should be noted that each of these methods
has advantages and disadvantages. The cost and, often, the
toxicity (e. g. methanol [15]) should be taken into account
when using organic solvents. In addition, traditional tech-
niques tend to take considerable time. The transition to
the use of ultrasonic methods and microwave generators
can significantly reduce the time. According to [13, 16],
reduction of extraction time is achieved by changing the
structure of the plant matrix as a result of ultrasonic and
microwave waves. However, this requires additional costs to
modernize the experimental base, which many scientists are
unable to afford. This fact explains why most researchers,
in their experiments on the extraction of chlorogenic acid,
still prefer to use organic solvents and aqueous-alcoholic
solutions [17]. With respect to the latter, their low toxicity
and moderate cost should be noted. In addition, attention
should be paid to a very important point. Alcohol and its
solutions are quite selective solvents. During the extrac-
tion of chlorogenic acid, other related substances, including
proteins, pass into its extract. Meal from sunflower seeds
contains very little alcohol-soluble proteins, so more of
them still remain in the meal. Such meal can be used to
produce plant-based protein and then use it to increase
the biological value of food [18, 19].

It should also be noted that alcoholic solutions allow
the separation of pure chlorogenic acid in crystalline form,
unlike many other organic solvents, such as the succinic
and hydrochloric acid solutions reported in studies [20].
For example, the results of studies in [20] show the high
efficiency of weak succinic acid solutions, however, the
disadvantage of this method is the inability to further
separate the succinic and chlorogenic acid complex, which
makes it impossible to obtain pure chlorogenic acid.

In the present work, according to the results of previous
studies [21], an ethanol alcohol solution with a concen-
tration of 60 % was selected as an effective chlorogenic
acid extractant.

In the process of extracting chlorogenic acid from sun-
flower meal, it should be borne in mind that the tech-
nological process of obtaining this phenolic compound,
in addition to the solvent-extractant composition, is also
influenced by a number of other various factors, such as:

— temperature and duration of the process;

— mass ratio of components in the meal-extractant

system — hydromodule;

— product grinding degree, etc.

In [22], the following technological parameters of the
process of extraction of chlorogenic acid in the cavitation
unit were determined: hydromodule — 1:5, process tempera-
ture — 60 °C, duration — 18 min. At the same time as the
raw material used sunflower seeds cake, and as the extrac-
tant — the combined solvent (ethanol-hexane). If to look
at such indicators as the hydromodule and the extraction
time, it can be noted that they are quite economical, but
specific equipment is used in the work. Of interest are also
the results of [23], where it is stated that the optimal para-
meters of the process of extraction of chlorogenic acid from
the drug lily are the following indicators: hydromodule —
1:20, duration — 60 minutes, extractant — ethyl alcohol solu-
tion with a concentration of 70 %. However, the obtained
results can’t be called economically promising.

Thus, the results of the analysis of existing solutions
to the problem suggest that there is no consensus on the
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possibility of increasing the efficiency of the release of chlo-
rogenic acid from vegetable raw materials. The choice of
the most appropriate technical solution for each individual
object may be based on the results obtained in the model
systems under study. However, in terms of technological
and economic aspects, variation of such technological pa-
rameters as extraction hydromodule and process duration
is promising [22, 23].

5. Methods of research

The following materials and reagents were used for
the research:

— sunflower meal according to DSTU 4638:2006;

— water distilled in accordance with GOST 6709-72.

Clear liquid without color and odor. M,=18.0 g/mol;

Melting point=0 °C; Boiling point=100 °C; dj=1 g/cm?;

— ethyl alcohol according to GOST 18300-87. Colorless

liquid with a faint <«alcoholic» odor. M,=46.07 g/mol;

Melting point=—114.3 °C; Boiling point=78.4 °C; ds0=

=0.789 g/cm? npi5=1.3614.

Physico-chemical parameters of sunflower meal were
determined by standard methods. The process of extraction
of chlorogenic acid was carried out from sunflower meal
with the following quality indicators: meal moisture —
10.6 %, oilseed meal — 0.4 %, mass fraction of crude pro-
tein — 39.82 %, mass fraction of crude fiber — 22.26 %.
The content of chlorogenic acid in the extract was deter-
mined by the method of titration with potassium perman-
ganate [22]. The results obtained for the extraction degree
of chlorogenic acid were in the range of (2.46—5.58) %.

Experiments to determine the dependence of the ex-
traction degree of chlorogenic acid on the hydromodule
in the system «meal — extractant» and the duration of
extraction were carried out in accordance with the plan
of the full factor experiment. Mathematical methods using
the Microsoft Office Excel 2003 (USA) and Stat Soft
Statistica v6.0 (USA) software packages have been applied
for experiment planning and data processing. To study the
dependence of the extraction degree of chlorogenic acid
from sunflower meal on the value of the hydromodule in
the meal-extractant system and the duration of extraction
with an aqueous solution of ethyl alcohol with a concen-
tration of 60 % used a three-level plan for two-factor
response function. The studies were performed in triplicate.
For a given degree of probability P=95 %, the relative
error in determining the content of chlorogenic acid in
sunflower meal and in the ethyl alcohol extract did not
exceed 2 %.

6. Research resulis

The data on the effect of the hydromodule in the «meal —
extractant» system and the duration of extraction on the
efficiency of chlorogenic acid extraction from sunflower
meal are given in the Table 1.

The results of the studies are presented in Fig. 1.

The graph in Fig. 1 illustrates the mutual effect of
the hydromodule and the duration of extraction on the
extraction degree of chlorogenic acid as a result of extrac-
tion from sunflower meal.

On the basis of the experimental studies (Fig. 1),
statistical model (1) was created for the dependence of
the extraction degree of chlorogenic acid from the sun-

flower meal on the hydromodule (HM) and the duration
of extraction (t) at an approximation reliability value of
R>0.975. With this model it is possible to predict the
extraction degree of chlorogenic acid from sunflower meal
from these factors. The main characteristics of the meal
are as follows: the moisture content of the meal — 10.6 %,
the oilseed meal — 0.4 %, the mass fraction of crude pro-
tein 39.82 %, the mass fraction of crude fiber — 22.26 %.

Y(HM, 1)=-0.5089+1.3033 - HM —
—0.0437-1-0.0656- HM? +0.0027- HM -+

+7.4074E 672, (1)
where Y(HM, 1) — extraction degree of chlorogenic acid
from sunflower meal, %; HM — hydromodule, units; T —
extraction time, min.

Table 1

The dependence of the efficiency of chlorogenic acid extraction from
sunflower meal from the hydromodule in the «meal — extractant» system
and the duration of extraction

Experi- | Moisture | Oil content | Hydro- | Extraction | Extraction degree
ment | content, in the module, | time, T, of chlorogenic
no. W, % | meal, 0, % | HM, units min acid, ¥, %

1 30 3.45
2 1:5 45 3.15
3 60 2.46
4 30 4.96
5 10.6 0.4 1:8 45 468
B 60 4.56
7 30 5.58
8 1:10 45 5.14
9 60 4.94

M >5
<45

Extraction 6 ¢ E <35
degree of M -<>s
chlorogenic -5
acid,Y,% 4}

3 |

2 i

70
Duration of 6
extraction, T, min 30 20 4 Hydromodule, HM, units

Fig. 1. The dependence of the extraction degree of chlorogenic acid from
sunflower meal on the hydromodule in the system «meal — extractant»
and the duration of extraction

The coefficients of this regression equation were de-
termined using the least squares method. The significance
of the individual regression coefficients was determined
using Student’s ¢ test (¢) by testing the hypothesis that
the null parameter of the equation was equal. The absolute
value of the Student’s ¢ (6) criterion for the estimation
of individual regression coefficients was compared with
its critical table value t, (6)=2.447 at the significance
level p=0.05 and the number of degrees of freedom for
multiple regression df=6. If the absolute value of the
Student’s criterion was greater than its critical tabular
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value, then the null hypothesis was rejected and a proba-
bility of 0.95 (or 95 %) recognized the value of the cor-
responding regression coefficient significant. Otherwise,
the regression coefficient was considered insignificant and
excluded from the equation (Table 2).

Data and conclusions regarding the determination of the significance of the regression coefficients
of the dependence of the extraction degree of chlorogenic acid from the sunflower meal

on the hydromodule and the extraction duration

increase in size several times. As the value of the hydro-
module increases and the process duration remains constant,
the extraction degree of chlorogenic acid increases, which
can be explained by the increase in the amount of alcohol
solution for the treatment of the swollen meal.

Based on the analysis of equa-
tion (1) and graphical dependence,
optimal parameters of techno-
logical process of extraction of
chlorogenic acid from sunflower

Tahle 2

meal were determined: hydro-
Euefﬁcie?t of ThE. v.alue. of the Thgtzzleﬁ tDefs:hE Estimated prul.Jahility of the EunFlusil?n on module — 1:10, extraction dura-
regression coefficient in .natu— null hypnthes‘ls. for the re- | the Slgl’llf]l:?lljll:e tion — 30 min. This will increase
equation ral quantities t (B) tpe (6) | gression coefficient (p-level) | of the coefficient s .
able the efficiency of processing sun-
Intercept -0.5089 3.95411 0.007502 Meaningful flower meal to extract valuable
HM 1.3033 10.33891 | 2.447 0.000048 Meaningful biologipally active substances and,
accordingly, reduce the cost of ob-
T -0.0437 -3.08640 0.021486 Meaningful .. . .
taining chlorogenic acid.

In order to evaluate the quality of the model and the
completeness of the influence of the selected factors, the
determination coefficient R? was determined. The obtained
value of R?=0.95 makes it possible to conclude that the
variations of the hydromodule and the duration of extrac-
tion on the variations in the extraction degree of chlo-
rogenic acid are very significant (greater than 95 %). To
determine the significance of the regression model, Fisher’s
criterion (F) was calculated based on the assumption that
the equation was not statistically significant (R*=0; null
hypothesis). The calculated value of the Fisher criterion
was F(2, 6)=58.209 and was greater than its critical table
value Fp.(2, 6)=5.14 at the significance level p=0.05
and the number of degrees of freedom dfi=2 and df,=6.
This result allows to reject the null hypothesis and, at
a probability of 0.95 (or 95 %), recognize the value of the
coefficient of determination R*>=0.95 significant, and the
model is meaningful. It should be noted that the equation
obtained by approximating the data adequately describes
the dependence in the range of values of the hydromo-
dule — 1:5-1:10 and extraction duration — 30—60 minutes.

The experimental data show that there is an increase
in the extraction degree of chlorogenic acid during its
extraction from sunflower meal from (2.46-3.45) % to
(4.94-5.58) %. This is observed by increasing the extrac-
tion hydromodule in the «meal — solvent» system from 1:5
to 1:10 and by reducing the extraction time from 60 mi-
nutes up to 30 minutes. The obtained data indicate that
in order to increase the efficiency of the chlorogenic acid
recovery process, a cost-effective ratio of the hydromodule
to the extraction time should be found.

Noteworthy is the fact that the extraction degree of
chlorogenic acid reaches the maximum value in this experi-
ment — 5.58 % under the following conditions: hydromodule —
1:10, extraction duration — 30 min. The obtained process
parameters allow to conclude that in the first 30 min. the
maximum amount of chlorogenic acid goes into the alcohol
solution, so further extraction is pointless. On the contrary,
with the continuation of the experiment, part of the alcohol
solution evaporates, which leads to the condensation of the
extract and subsequently to the delay of part of chlorogenic
acid in the meal. This is especially good with the low value
of the hydromodule 1:5. The cause of this phenomenon is
the high hygroscopicity of the meal, so when in contact
with water or various solutions, the meal will swell and

7. SWOT-analysis of research results

Strengths. Among the strengths of this research are the
results obtained by the optimal ranges of technological
parameters of processing sunflower meal — hydromodule
in the system «meal — extractant» and the duration of
extraction of chlorogenic acid. According to the results
of the analysis of modern scientific literature, such results
have not been revealed to date. It is for this reason that
it is difficult to choose a priority method for the extrac-
tion of chlorogenic acid in the technology of recycling
by-products of oil and fat production. Using the obtained
data allows to solve the problem of choosing the optimal
extraction conditions of this biologically active compound
in order to increase the efficiency of the process and reduce
its cost. It is worth noting the economic attractiveness
of the selected method of processing sunflower meal for
food technology.

Weaknesses. The weakness of this research is that the
choice of optimal parameters of extraction of chlorogenic
acid from sunflower meal, still depends on a number of
characteristics of the feedstock (e. g., physico-chemical
parameters). And, accordingly, will vary when changing
these raw material characteristics. Therefore, in order to
prevent this shortcoming, special attention should be paid
to the quality of the sunflower meal, which imposes special
obligations on the manufacturer.

Opportunities. Research on the features of extraction of
chlorogenic acid from sunflower meal can be developed in
the pharmaceutical industry, as well as in the processing
of vegetable raw materials containing chlorogenic acid
into protein products (isolates, concentrates, low-fat flour,
textured proteins). This is how the problem of increasing
the organoleptic characteristics of plant protein products
can be solved.

Threats. Difficulties in implementing the research results
may be related to such factors as the management of the
food industry. The investment of additional funds, even
small ones, in the purchase of the necessary equipment
and the lack of tangible results affect the position of deci-
sion makers. This risk has every reason, since the obtained
statistical model of the process of extraction of chlorogenic
acid from the sunflower meal, depending on the hydro-
module and the duration of the process, as stated above,
requires the standardization of a number of raw materials.
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Thus, SWOT analysis of the research results allows to
determine the main directions for successful achievement
of the set research aim. Including:

— development of scientifically grounded recommenda-

tions for standardization of sunflower meal indicators

for the chlorogenic acid production;

— assessment of the efficiency of chlorogenic acid extrac-

tion from sunflower meal under grounded parameters

of the technological process in industrial conditions;

— development of technological solution for obtaining

chlorogenic acid from sunflower meal.

1. In the course of experimental studies, the influence
regularities of the hydromodule in the «<meal — extractant»
system and the duration of extraction of chlorogenic acid
from sunflower meal with an aqueous solution of ethanol at
the concentration of 60 % on the degree of product extrac-
tion are studied. This dependence is a quadratic function
that predicts an increase in the content of chlorogenic
acid during extraction, provided that the hydromodule
extraction in the «meal — solvent» system is increased
from 1:5 to 1:10 and the extraction time is reduced from
60 minutes up to 30 minutes.

2. The optimal range of values of the selected factors
of technological processing is established for the maximum
possible increase of the extraction degree of chlorogenic
acid from the raw material. The optimal value of the
extraction hydromodule is 1:10, the extraction time is
30 minutes.
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