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Abstract

Conventional technology for processing vegetable oilseeds is typically characterized by exposing the processed
product to intense heat and humidity. Such methods have an adverse effect on the beneficial components of oil-
containing raw materials, irreversibly degrading the quality and yield of the resulting product, while increasing the
cost of edible oil production. The above drawbacks can be eliminated through preliminary enzymatic treatment of
oilseed raw materials. Owing to their protein nature, enzymes operate under mild conditions, increasing the yield of
finished products, improving their quality and nutritional value. This paper suggests an improved method for
preparing sunflower seed meats for pressing by treating it with a complex of enzyme agents such as Alcalase 2.4 L FG
and Viscozyme L. To analyze the collected data and optimize the parameters, the response surface methodology was
chosen based on the central composite rotational design. This research has shown the feasibility of using a hydrolase
complex in preparing sunflower seed meats for oil extraction aimed at increasing the efficiency of the pressing
process. A mathematical model has been designed to predict the oil yield based on the parameters of biocatalytic raw
material treatment. We found the most suitable parameters for obtaining the maximum oil yield: the enzyme complex
content was 0.37 % by the meats weight; the temperature was 57 °C; and the duration of meats treatment was
115 minutes. Under these predictor values, the product yield was 77.3 % * 1.4 % of the total oil content of the raw
material, which is almost 16 % higher than the average value of this figure for control experiments not subjected to
enzymatic treatment.
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Ykpaina
AHoTarin
TpaauliiiHa TeXHOJIOTifl Nepepo6GKU POCTUHHOI OJIIHHOI CHPOBUHM XapaKTePU3Yy€EThCS 3aCTOCYBAaHHAM iHTEHCUBHUX
TeNJIOBUX |1 BOJIOTOTEIUIOBUX BIUIMBIiB Ha 06GpPOG/IIOBAaHMH MaTepial. BUKOpHUCTaHHSI TaKuUX MeTOAIB HeraTHBHO
BIJIMBA€ HAa KOPHMCHIi KOMIOHEHTH OJIi€EBMICHOI CUPOBHMHM, HE3BOPOTHO 3HMXKYK4YH SAKIiCTh i BHUXiJ OTpHMMaHOro
NPOAYKTY NopsAJj, i3 36i/blIeHHAM BUTPAaT Ha BUPOOHMIITBO Xap4YOBHX OJIii. 3a3HaueHi HeAOTIKHM ycyBaloThesi y pasi
nonepeaHbOi epMeHTATHBHOI 0OPOOKH 0J1iiiHOT CUPOBUHM. 3aBAAKHU CBOiH GLIKOBIiN npupoji ¢pepMeHTH NPaLOIOTh Y
M'AKMX yMOBax, 36i/JbIIyIOYM BHUXiJ roroBoi mpoAyknii, migBuImyw4YH ii sKicTh i Xap4oBy LiHHicTb. Y po6oTi
3aNpoONOHOBAHO YAO0CKOHA/IEHUI MeTO/, NiATOTOBKU M ATKU HACiHHA COHSALIHMKY [0 NpeCcyBaHHA LHLJIAXOM il 06po6KHU
KoMIIekcoM pepMeHTHUX npenapartiB Alcalase 2.4 L FG Ta Viscozyme L. /Iy1s1 aHa/1i3y OTpUMaHMX y XOAi AOC/IiAXKEHb
AAHMX Ta oNTHMi3anii napamMeTpiB 6yJ10 06paHO MeTOA0/I0TiI0 IOBEPXHi BIAK/IUKY i3 BAKOPUCTAHHAM LeHTPAa/IbHOTO
KOMMO3HUIIIHOr0 poTaTaGe/IbHOro IUIaHy. Y pe3yJjbTaTi AOCAiJ)KeHHsA MOKa3aHa AOLiJIbHICTb BUKOPHCTAaHHA
KOMIUIEKCY Tifposia3 y HmigroroBuni M'ATKM HAaCiHHS COHSIIHUKA [0 BUJIyYEeHHS OJIii 3 MeTOW MiJBUILEHHS
edekTUBHOCTI Npouecy npecyBaHHA. Po3po61eHO0 MaTeMaTH4YHy MOJeJb, iIKa [J03BOJISIE HA OCHOBI JaHUX LLOJ0
napaMeTpiB 6ioKaTaJiTUYHOI 0GPOGKH CUPOBUHHU NPOTHO3yBaTH BHXiJ 0J1ii. BcTaHOB/IEHO ONTUMaJIBHI NapaMeTpu,
AKi AAI0Th MOXJ/IMBICTh OTPUMATH MaKCUMaJIbHUM BUXIA 041ii: KiibKicTh pepmeHTHOrO0 Kommiekcy - 0.37 % Big macu
M'ATKH, TeMnepaTtypa - 57 °C, TpuBaicTb 06p0o6KH M'ATKU - 115 XBWIMH. Buxij npoAykTy 3a BKa3aHMX 3Ha4YeHb
npeauKTopiB cTaHOBUB 77.3 % * 1.4 % Bij 3arajibHOI 0JIiIHHOCTI CHPOBHMHY, 110 Maike Ha 16 % Gijblle, HiXk cepeJHE
3Ha4YeHHs JaHOro NOKa3HUKa AJis KOHTPOJIbHUX AOCAi/iB, B AKMX 3pa3Ky He NijjaBa/M ¢pepMeHTaTUBHIN 06poGL.
Karouogi ca08a: M'ITKa; KOMILJIEKC TifpoJas; 6iokaTasis; onTuMisauis; poraTabebHUM I1aH.
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Introduction

Currently, the issue of resource conservation
and optimal utilization of raw materials is getting
urgent for Ukrainian food industry enterprises.
This is mainly caused by the insufficient
functioning of resource-saving techniques and
equipment in production, as well as the neglect of
energy analysis for existing and new technologies
and equipment.

Rising demand for vegetable oils, as well as
present-day requirements to improve their
quality and safety, prompt the need for new
strategies to increase target product yields not
involving the wuse of potentially hazardous
solvents and high-cost technologies [1-4].

Using biocatalysts, such as enzymes, is one of
the most effective approaches to solving this issue.
Enzyme-based technologies provide energy
savings, reduce the amount of raw material losses,
increase target product yields, their high quality,
and enable the development of a flexible process
flow chart [5-7].

Recently, developed countries have been
researching the use of biocatalytic processes
involving certain classes of enzymes, namely
hydrolases, in the chemistry and technology of fats
[8-11]. Hydrolases are the key mechanism for a
whole range of differentlipid conversion reactions
under mild conditions, from hydrolysis to
esterification and transesterification [12-17].

Since oilseeds belong to a complex biological
system, this paves the way for increasing the
degree of oil extraction through the influence of
hydrolases on the structure of raw materials,
which is aimed at disrupting the association of
lipid globules with cell wall components [18; 19].
That's because lipids are localized in oilseed cells
as spherosomes of different sizes. Spherosomes
are surrounded by membranes consisting of
proteins and polar lipids. The membranes of
spherosomes of high-oil cells come into contact
with each other, resulting in a continuous system
over a large part of the cell bulk. This system
includes cell organelles and localized clusters of
reserve substances, mainly proteins, the
membrane system is connected to through ionic
and hydrophobic interactions. To maximize the oil
extraction from the cell, it is imperative to destroy
the cell wall, disintegrate the cluster of reserve
substances and the membrane system [1; 20; 21].
The structure of the oilseed's cell walls is based on
a complex of cellulose, hemicellulose, and pectin
substances. Cellulose produces microfibrils with
linear parts of hemicellulose molecules fixed on
their surface by hydrogen bonds. The lateral

branches of hemicellulose are covalently bonded
to pectin, moreover, each pectin molecule is
bonded to several hemicellulose molecules that
surround it. The pectin hydrolysis by pectinases
causes the wall to swell, as the bonding link
between other polymers is removed from its
structure. The wall disintegrates into cellulose-
hemicellulose complexes, which can slide relative
to each other in the space freed from pectin.
Additionally, the action of pectolytic enzymes
leads to the maceration of plant tissue, as separate
cells are also linked by pectin substances. To
achieve even deeper destruction of cell walls, it is
reasonable to add cellulases and hemicellulases to
the hydrolase complex [22]. For instance, the
combination of cellulolytic and pectolytic enzymes
increased the degree of extraction of rapeseed oil
when pressed from 60 % to 65% [23]. The
enzymatic aqueous extraction of pumpkin seed oil
by a combination of pectinase and cellulase at pH
of 4.0, temperature of 50 °C, and time of 24 hours
made it possible to achieve an oil extraction rate
of 59 % [24].

The most challenging aspect of oil extraction
technology is to overcome protein-lipid
interactions in the cell membrane system, as well
as the bonds between proteins and lipids released
from spherosomes upon disintegration of their
membranes. Mainly polar lipids and unsaturated
fatty acids of acylglycerols are responsible for the
formation of bonds with proteins [25]. Hydrolysis
by endo-type proteases, which break down
protein into large fragments, is more preferable
for disintegrating localized clusters of reserve
protein and destabilizing membranes [26]. When
using a complex of endo- and exoproteases, low
molecular weight hydrolysis products (associated
with lipids and complicating their isolation in pure
form) accumulate along with the disintegration of
the material.

Consequently, to develop an effective
biocatalytic technology for vegetable oil
production that maximizes target product yield, it
is required to use an enzyme complex comprising
the widest range of hydrolases, namely pectinase,
cellulase, hemicellulase, and protease.

In the process of extracting vegetable oils using
the aqueous method, the enzyme agents Alcalase
2.4 L FG and Viscozyme L proved to be highly
effective [27-29]. Alcalase 2.4 L FG is a bacterial
protease classified as a serine endoprotease and
obtained by directed fermentation of a selective
strain of Bacillus licheniformis with subsequent
purification. Viscozyme L is a multienzyme agent
derived from the fungal strain Aspergillus
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aculeatus. This agent contains pectinase, endo-
beta-glucanase,  xylanase, cellulase, and
hemicellulase.

Presently, we lack detailed information on the
combined effect of the main technological
parameters on the processes of enzymatic
preparation of raw materials for oil extraction by
the press method under the influence of these
enzyme agents and the possibility of their
optimization. This determines the urgency of
conducting research in this area.

This research is aimed at optimizing
parameters of the process of preparing plant
material for oil extraction by the press method
with a complex of enzymes considering the
criterion of maximizing final product yield.

Experimental procedure

Sunflower seeds, the most common oilseed in
Ukraine, were chosen as the initial raw material.

The sunflower seeds were hulled on a
centrifugal dehuller with a capacity of 250 kg/h.
To crush the seeds, a laboratory chopper RT-1
(manufactured by the Odesa Experimental Plant)
with a maximum rotor speed of 8000 rpm was
used. The meats produced after crushing the
hulled sunflower seeds were exposed to moisture
and heat treatment. Then they were divided into
two parts.

9(x, @) = bo + Xiq byxy + Xioq bx + X1 Y

where x € Rn stands for a vector of variables, b - a
vector of parameters.

The unknown values of the vector of
parameters b were defined by applying regression
analysis algorithms and optimizing (minimizing)
the deviation functions (2):

J(x) = EiZolly: — (x, b)II%, (2)

0Y=b0+b1'e+b11'ez+b2't+b22't2+b3"[+b33'T2+b12'e't+b13'e'f+b23't'T,

where OY stands for the oil yield, % of the total
content; bp - a constant; e - the content of the
enzyme complex, % of the meats weight; ¢t - the
process temperature, °C; T - the process duration,
minutes; b1, bi1, bz, b2z, b3, b33, b1z, b1z, b2z -
coefficients for each element of the polynomial.

To minimize the impact of systematic errors
caused by external conditions, the execution
sequence of the experiments was randomized.

Modeling, experimental data processing, and
statistical calculations were performed using
Statistica 14 (TIBCO Software Inc.).

i+1 bijXix;j,

The first part, used as a control, was dried and
pressed at ambient temperature. The meats were
pressed with a laboratory hydraulic press under a
pressure of 15 MPa in a 150 mm diameter
crushing cell. The oil content in the oilseeds was
determined according to the method [30].

The second part of the meats was exposed to
enzymatic treatment. A complex of enzyme agents
Alcalase 2.4 L FG and Viscozyme L (manufactured
by Novozymes, Denmark) in a 1:1 mass ratio was
used for biocatalysis. It was treated within the
following variation ranges of the main parameters
selected as independent variables: enzyme
complex content of 0.1-0.5% by the meats weight,
temperature of 45-65 °C, and treatment duration
of 30-120 minutes. The ratio of enzyme agents in
the complex, as well as the levels and intervals of
parameter variation, was selected according to the
results of preliminary experiments. Following the
enzymatic preparation, the oilseeds were dried
and pressed under the same conditions as the
control samples.

To optimize the parameters of the enzymatic
preparation of sunflower seed meats for oil
extraction, we wused the response surface
methodology [31], consisting of a set of
mathematical and statistical techniques aimed at
modeling processes and finding combinations of
experimental series of predictors to optimize the
response function, which is generally described by
the following polynomial:

(1)

where m stands for an amount of experimental
datay.

The central composite rotational design was
applied. For the process under study, a response
function with the following polynomial was
chosen (3):

(3)

Results and discussion

These studies revealed that the average oil
yield of the control samples was 61.4 % * 1.2 % of
the total oil content of the seeds.

A design matrix with the obtained
experimental values of the response function
(average results of three parallel studies) was
developed for the oilseed raw material that was
exposed to enzymatic treatment before pressing
(Table 1):
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Table 1

Design matrix and response function values

Experiment Enzyme complex content, e Temperature, t Time, T Oil yield, 0Y, %
number Codedlevel % ofthemeats  Coded °C Codedlevel  Minutes of total content
weight level
1 0 0.30 -1.682 45 0 75 69.2
2 -1 0.18 +1 61 +1 102 71.8
3 -1 0.18 -1 49 +1 102 68.0
4 +1.682 0.50 0 55 0 75 74.1
5 -1 0.18 -1 49 -1 48 64.5
6 0 0.30 0 55 0 75 73.2
7 0 0.30 0 55 -1.682 30 66.0
8 -1.682 0.10 0 55 0 75 63.9
9 -1 0.18 +1 61 -1 48 63.3
10 +1 0.42 -1 49 -1 48 67.8
11 +1 0.42 +1 61 +1 102 77.1
12 0 0.30 0 55 +1.682 120 74.8
13 0 0.30 0 55 0 75 72.0
14 0 0.30 +1.682 65 0 75 68.5
15 0 0.30 0 55 0 75 72.5
16 +1 0.42 +1 61 -1 48 68.1
17 +1 0.42 -1 49 +1 102 72.3

The significance of the regression coefficients
and the validity of the model were tested by

analysis of variance, presented in Table 2 (where
L stands for linear effect, Q - quadratic effect).

Table 2
Model analysis of variance
Factor Sum of Degrees of Mean square F-value The level of
squares, SS freedom, df value, MS significance, p-
value
(1)Enzyme complex 69.076 1 69.076 190.117 0.005
content (L)
Enzyme complex content 22.044 1 22.044 60.672 0.016
Q)
(2) Temperature (L) 0.437 1 0.437 1.202 0.387
Temperature (Q) 23.759 1 23.759 65.392 0.015
3) Time (L) 95.961 1 95.961 264.113 0.004
Time (Q) 9.135 1 9.135 25.142 0.038
1L by 2L 0.320 1 0.320 0.881 0.447
1L by 3L 0.845 1 0.845 2.326 0.267
2L by 3L 3.645 1 3.645 10.032 0.087
Lack of fit 11.133 5 2.227 6.128 0.146
Pure error 0.727 2 0.363
The total sum of squares 218.678 16

Determination coefficient R = 0.946
Adjusted determination coefficient R2aq; = 0.876

The data presented in Table 2 suggest that that
the model adequately describes the response. This
is evidenced by the lack of fit (significance level p
> 0.05) and the values of the determination
coefficients (R? and R2,4), which are close to 1.
Furthermore, the results of the analysis of
variance showed that the linear effect of

0Y = 47.234+ 60.166 - e — 68.925 - €2 + 0.002 -

Response surfaces with corresponding level
line maps were developed to study the main
patterns of predictors' influence on the degree of
oil extraction. They reflect the dependence of the

temperature and the effects of the interaction of
factors are insignificant since the significance level
for these effects is p > 0.05. Hence, these
regression terms were excluded from the model.
The resulting model equation with the calculated
coefficients is as follows (4):

t2+0.199 -7 — 0.001 - 72 (4)
final product yield on each pair of factors,
assuming that the value of the third factor is fixed
at the optimum (Fig.).
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Figure. 3D response surface and contour plots effects: (A) Temperature and Enzyme complex content; (B) Time and
Enzyme complex content; (C) Time and Temperature

Analyzing the results shown in Fig. reveals that
the reasonable temperature regime for the
selected enzyme complex lies in the range of 52-
59 °C. A further increase in temperature reduces
the efficiency of the process due to thermal
denaturation of apoenzymes. The reasonable
values of the enzyme complex content and the
process duration fall within the range of 0.33-
0.46 % by the meats weight and 90-115 minutes,
respectively. Extending the process duration and
increasing the biocatalyst content above the
reasonable values has almost no effect on the
target product yield, and in some factor ratios
even leads to a slight decrease in oil yield. It is
caused by the fact that these conditions result in

the release of hydrophobic fragments of proteins
and structural polysaccharides of oilseed raw
material that were screened in their native form.
This results in an increase in the fat-holding
capacity of the meats, leading to a decrease in the
target product yield.

These findings are highly consistent with the
results of the analysis of critical regression points
(4) in Statistica 14, allowing us to establish the
values of the optimal process parameters: the
enzyme complex content was 0.37 % by the meats
weight, the temperature was 57 °C, and the
duration of meats treatment was 115 minutes.
Under the specified parameters, the average value
of pressed oil yield within the conditions of an
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additional verification experiment, which was
carried out in five repetitions, was 77.3 % + 1.4 %
of the total oil content of seeds. Meanwhile, the
relative deviation of the value predicted by the
model from the experimental one was 2.7 %.
These findings suggest that the response values
predicted by regression equation (4) are highly
consistent with the experiment, and the developed
model is highly reliable.

Conclusions

This study has revealed the feasibility of using
the enzyme complex Alcalase 2.4 L FG and
Viscozyme L to prepare sunflower seed meats for
oil extraction with the aim to increase the
efficiency of the pressing process. A mathematical
model has been designed to predict the oil yield
based on the parameters of biocatalytic raw
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