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Editorial

Dear colleagues, authors and readers!

With this issue of the Ukrainian Journal of Food Science, we are confidently entering
the 10th year of the publication of the Journal. Although the Journal under the present title
has been published since 2013, the scientific tradition of the publisher, the National
University of Food Technologies, comes from the middle of the 19th century, and the first
collection of scientific papers in the field of food science was published in 1938 under the
edition of professor Glib Znamenskyi.

It is pleasant to note that both the scientific and methodological levels of publications
submitted to the journal are constantly improving. The geography of authors is also
increasing, which indicates the growing popularity of our journal on an international-caliber.

The successes achieved require the editorial board to be more responsible and adhere to
the principles of academic integrity, high ethical and professional standards. Taking into
account the experience of leading scientific journals, we decide to apply the world-wide
principles of transparency in editorial policy and scientific publishing.

In order to improve the quality of our scientific publications, we recommend that you
pay attention to the following:

— The introduction should contain a critical analysis of world experience in the direction
of research

— Strict adherence to science-related ethical norms avoiding plagiarism, self-plagiarism,
as well as a significant level of self-citation should be done.

And a few wishes for the design of articles:

— When preparing an article, follow the instructions for authors.

— Carefully check the correctness of the list of references.

— Write in the third person e.g. ‘this article discusses‘, rather than ‘I discuss’; ‘it is
considered’ rather than ‘we consider’.

We would like to acknowledge the contribution in the development of the Journal of
members of the editorial board and leading scientists, professors Anatolii Sokolenko, Stanka
Damyanova, Egon Schnitzler, Galyna Simakhina, Yurii Bilan, Jasmina Lukinac, Irina
Ustinovich, Mark Shamtsyan and Mircea Oroian.

The publication of articles in our journal is free, as the publisher of the Journal, the
National University Food Technologies (Kyiv, Ukraine), finds the necessary resources for
functioning of the Journal and open access policy. We seek to expand the geography of
authors and editorial board members, and invite the world scientific community to cooperate.

We believe that the high potential and creativity of the authors of the articles and the
professionalism of the editorial scientific team will help maintain the high level of the
Ukrainian Journal of Food Science and contribute to the authority of the Journal in
professional communities.

We sincerely wish the authors, the editorial board and our readers good health, new
scientific achievements and good publications!

Editor-in-Chief,
Prof. Viktor Stabnikov

DOI: 10.24263/2310-1008-2021-9-2-3
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Effects of microwave and heat-moisture treatments on
color characteristics, particle size and water distribution
of potato starch
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Introduction. The purpose of this study is to assess the effect
of microwave and heat-moisture treatments on color characteristics,
particle size and water distribution of potato starch.

Materials and methods. Native potato starch was modified by
microwave and heat-moisture treatments. Such treatments of potato
starch were done: single microwave treatment (MW); heat-moisture
treatment assisted by microwave pre-treatment (MW-HMT), and
heat-moisture treatment assisted by microwave post-treatment
(HMT-MW).

Results and discussion. In general, HMT caused a slight
increase of lightness (L* values), while single MW caused a slight
decrease of lightness, indicating that the color of all the HMT treated
samples became brighter and the color of the single MW treated
sample (MWS) became darker. The color of MW-HMT samples
became more reddish, while MWS, HMT and HMT-MW samples
became more greenish. Although there were significant differences
of the difference of color (AE), it could conclude that all treatments
did not markedly change potato starch color for AE was always
below 5. Median diameter (D50), particle diameter of volume
(D(4,3)) and particle diameter of surface (D(3,2)) of all treated
starch were higher compared with native starch (NS), while the value
of specific surface area was significantly decreased by MW and
HMT, indicating that these treatments can cause expansion, partial
gelatinization and agglomeration of starch granules, resulting in
large particle size of starch granules. MW and HMT treatments of
potato starch caused the relaxation time T, shifted toward faster
relaxation times compared with native starch. Although the water in
all starch samples was the main water which at least accounted for
90%, three peaks were observed in relaxation time T> of MW treated
starch (MWS, MW-HMT and HMT-MW), and two peaks were
observed in relaxation time T, of NS and HMT samples, which
indicated the MW treated starch had three different state water, while
NS and single HMT treated starch only had two different state water.
Furthermore, MW and HMT treatments could change the water
distribution and improve the interaction between starch and water.

Conclusions. Although MW and HMT treatments did not
markedly change potato starch color, these treatments can cause
expansion, partial gelatinization and agglomeration of starch
granules, resulting in large particle size of starch granules. MW and
HMT treatments could change the water distribution and improve
the interaction between starch and water.
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Introduction

Various modification methods have been used to enhance starch properties, including
physical (Wang et al., 2018; Colussi et al.,2020), chemical (Ariyantoro et al.,2018) and
enzymatic or combined ways (Li et al., 2019). Physical modifications are widely used for
starch modification not only because of safety and simplicity, but also because of
sustainability and environmental friendliness (Chandrasekaran et al., 2013; Kaur et al., 2012).
Microwave treatment is widely used in the food industry at the working frequency of 915
MHz to 2450 MHz in most part of the world (Hoz et al., 2013). The microwave frequency,
system composition, density, temperature and other factors influent the dielectric properties
which are crucial indexes to evaluate the ability of food to absorb and transform microwave
electromagnetic energy to thermal energy. The dielectric properties of starch-based materials
are distinct due to their discrepant compositions, moisture content, metal ion concentration,
porosity, and other parameters of a starch-based system ( Tao et al.,2020). Recent researches
show that microwave treatment can lead to changes in granule morphology, molecular chain
structure and crystalline structure, which consequently affects its functional properties, such
as solubility (Singh et al., 2012), swelling capacity (Deka and Sit, 2016), gelatinization
(Oyeyinka et al.,2021), retrogradation (Chen et al., 2021) and digestion ability ( Zeng et al.,
2016). For example, microwave treatment decreased the swelling power, transparency and
thermal properties of millet starch, destroyed the original appearance of the starch granules
and formed smaller and lamellar gel blocks (Li et al., 2019). Heat- moisture treatment (HMT)
is another commonly used physical treatment that involves the treatment of starch granules
at low moisture content (<35%) for a certain time period (15 min-16 h) at relatively high
temperatures (90 °C -120 »C) above glass transition temperature but below the gelatinisation
temperature (Li et al., 2020; Chatpapamon et al., 2019) . Previous researches show that HMT
promotes changes in X-ray diffraction (XRD) patterns, granule morphology, gelatinization
properties, swelling power and enzyme digestibility (Chen et al., 2017; Zhou et al., 2020).
Moreover, HMT improves the liquefaction of amylose and quality of recrystallization due to
molecular chain arrangement inside the starch granule (Jiranuntakul et al., 2011).

Previous studies have reported the impacts of single microwave treatment and single
heat-moisture treatment on morphological structural properties, thermal and physicochemical
and digestibility of starch (Sui et al., 2015; Zhou et al., 2020). However, few studies exploring
the effect of microwave treatment and heat-moisture treatment on the color characteristics,
particle size and water distribution of potato starch have been reported.

Therefore, the purpose of this study is to assess the effect of microwave and heat-
moisture treatments on color characteristics, particle size and water distribution of potato
starch.

Materials and methods
Materials

Potato tubers locally known as Favorita cultivar were purchased from a local market in
Hezhou city, China. Native starch from potato tubers was extracted with the technology of
wet milling extraction as pervious method of Dhritiman Deka and Nandan Sit (Deka and Sit,
2016) and the dried starch was ground and passed through 80 mesh sieve and kept in airtight
plastic containers for further analysis.
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Starch samples with single and dual modification

Heat- moisture treatment. Heat-moisture treatment was performed according to the
method of Deng (Deng et al., 2021) with some modifications. 70 g native starch powder (NS)
was weighted in 500 mL Duran laboratory bottle, and ultrapure water was added to adjust
moisture content to 25%. After thorough mixing, the glass containers were sealed and
equilibrated for 24 hours at 25 °C, samples were then reacted in a hot-air oven (DH411C,
Yamato Scientific Co.Ltd., Japan) at 90 °C for 1.5 h, 4 h, 8 h and 12 h respectively. After
heat-moisture treatment, the starch samples were dried in a drying oven at 45 °C for 24 h to
make sure the moisture content less than 12 %. The dried potato starch pulverized for 45 s
using a universal pulverizer, passed through an 80-mesh sieve, vacuum-packed in
polyethylene bags, and stored in an airtight container for conducting further studies. The
prepared starches were named HMT1.5, HMT4, HMT8 and HMT12.

Microwave treatment. Adjustment of starch moisture content (25 %) and equilibration
were carried out according to the method in Section 2.2.1. Then the starch was placed flat
into a petri dish with a diameter of 18 cm, covered with microwave plastic film and evenly
pricked 10 holes with toothpicks. The petri dish with starch was exposed in a microwave
oven (Galanz, G80F20CN2L-B8(RO), Guangdong Galanz Microwave Appliance
Manufacturing Co., LTD, China) to perform the microwave treatment with 400 W power for
5 min (increasing the power level or time of heating in microwave will cause the starch
granules to burn). The treated starch sample was dried and stored as the method in Section
2.2.1. The prepared starches were named MWS.

Dual modification.

(1) Heat-moisture treatment assisted by pre- treatment of microwave (MW-HMT): The
MWS sample was treated with heat-moisture treatment according to the method in Section
2.2.1 to obtain MW-HMT1.5, MW-HMT4, MW-HMT8 and MW-HMT12.

(2) Heat-moisture treatment assisted by poste-treatment of microwave (HMT-MW):
HMT samples were treated with microwave according to the method in Section 2.2.2 to
acquire HMT1.5-MW, HMT4-MW, HMT8-MW and HMT12-MW.

The treated samples were analyzed for physicochemical, structural and digestive
properties. Untreated native potato starch (NS) was used as control.

Color characteristics

Color measurements of NS and treated starch were carried out using a colorimeter (CR-
400, Konica Minolta Inc., Japan.) after the calibration of the equipment with a standard-white
reflection plate. L" indicates lightness, which varies from black (L*=0) to white (L"=100),
a* is greenness / redness value, which varies from green (-60) to red (+60) and b* is
blueness/yellowness value, which varies from blue (-60) to yellow (+60). Color difference
(AE) between treated starch sample and the native starch (NS) was calculated with the
equation:

AE = \/(4AL*)? + (Aa*)? + (Ab*)2 €))
AL'=L"-L; )
Aa"=a"-a; (3)
Ab'=b -b, 4)

where L*, Ly is the lightness of treated starch and NS; a*, a; is the greeness/ redness value of
treated starch and NS; b*, b is the blueness/yellowness value of treated starch and NS. The
smaller value of AE indicates the smaller color difference between treated starch and NS.

158 ——Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2



—— Food Technology ——

Particle size distribution

A laser diffraction particle size analyzer ((BT-2001, Baxter Instruments Co. LTD,
China) equipped with a dry dispersion unit was used to determine the particle size distribution
of all the starch samples according to the manufacturer’s instructions. The starch particle size
parameters included particle diameter of volume (D(4,3)), particle diameter of surface
(D(3,2)), specific surface area (S.S.A.), D50 represents the corresponding particle size which
is smaller than 50% of the sample particles.

LF-NMR spin- spin relaxation (T2) measurements

Low-field nuclear magnetic resonance (LF-NMR) spin-spin relaxation measurements
were carried out using a Niumag Benchtop Pulsed NMR Analyzer (NMI120X, Niumag
Electric Corp., Shanghai, China) to determine the water distribution of native and treated
starch. A saturated NaCl, solution was used to equilibrate the water content of the samples
for two weeks at 25 °C until the water activity of the samples (aw = 0.724) was constant and
consistent according to the method of Fan (Fan et al., 2013). Approximately 1 g of
equilibrated starch was placed into the NMR tube with diameter of 15 mm to measure T»
using the Carr-Purcell-Meiboom-Gill (CPMG) sequence. The measurement temperature was
32+40.1 °C and the proton resonance frequency was 18.0 MHz. Typical pulse parameters
were as follows: the time of 90° plus (P;) was 9.5 us and the time of 180° plus (P,) was 19.04
us, the waiting time (TW) between subsequent scans was 3500 ms, data from 5000 echoes
were acquired as 4 scan repetitions, and each measurement was performed at least 3 times.

Statistical analysis

All the experiments were conducted in triplicate unless otherwise stated. The Statistical
analysis was performed on Data Processing System (version 7.05) and charts were done in
Origin Pro 8. Data were analyzed using ANOVA with Duncan’s multiple range test, and the
values were considered significantly different when p<0.05.

Results and discussion
Color characteristics

The color values of the native potato starch (as control) and treated starch were showed
in Table 1. In general, HMT caused a slight increase of lightness (L* values), while single
MW treatment caused a slight, although significant, decrease of lightness, indicating that the
color of all the HMT treated samples became brighter and the color of the single MW treated
sample (MWS) became darker. The a* values of treated samples varied significantly in
different ways depending on the treated ways. Although there was no significant difference
of'a* values in starch samples with the same treated method, the color of MW- HMT samples
became more reddish, while MWS, HMT and HMT-MW samples became more greenish. As
can be seen from Table 1, all the treated samples became more yellowish, as significant
increase of b* values were obtained for treated samples. Although there were significant
differences of the difference of color (AE), it could conclude that all treatments did not
markedly change potato starch color from the analysis of AE, given that AE was always below
5, indicating that color differences was no visible differentiated of all the treated starch
samples (Solaesa et al., 2021; Garcia-Viguera and Zaftrilla,2001).
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Table 1
Color characteristics of native and treated potato starch samples

Samples L’ a b’ AE

NS 99.38+0.05% 4.80+0.01°¢ | -2.38+0.01' | -

MWS 98.71+0.02°¢ 4.73+0.03¢ -2.21+0.03" | 0.70+0.02¢
MW-HMT1.5 | 99.31+0.24¢ 4.81+0.03%° | -2.02+0.06° | 0.42+0.05°
MW-HMT4 99.46+0.20°¢ | 4.84+0.02° -1.94+0.05° | 0.48+0.03°
MW-HMTS 99.51+0.20%4 | 4.83+0.01% -1.7120.03% | 0.70+0.02¢
MW-HMT12 | 99.54+0.06®°¢ | 4.80+0.03%<d | -1.60+0.01* | 0.80+0.02°
HMT1.5 99.38+0.07% 4.76+0.03%" | -2.15+0.028 | 0.24+0.028
HMT4 99.59+0.02%¢ | 4,77+0.02" | -2.03+0.027 | 0.41+0.01°
HMTS 99.49+0.12%¢d | 4.78+0.02% | -1.85+0.01¢ | 0.55+0.03¢
HMTI12 99.66+0.08%® 4.75+0.04°% | -1.68+0.04° | 0.76+0.03%
HMT1.5-MW | 99.70+0.05° 4.74+0.01% -2.1420.018 | 0.41+0.03°
HMT4-MW 99.50+0.05%¢ | 4,75+0.01°® | -1.85+0.01¢ | 0.55+0.02¢
HMTS8-MW 99.68+0.13® 4.77+0.01% | -1.89+0.01¢ | 0.58+0.06¢
HMT12-MW | 99.70+0.11% 4.774+0.03%" | -1.74+0.02¢ | 0.72+0.05"

Note: all values are the mean of triplicate determinations + SD. The means within the same
column with different letters are significantly different (P<0.05).

Particle size distribution

The variation of particle size could reflect the changes in agglomeration of the starch
before and after modification. The particle size distribution parameters of native and treated
potato starch were showed in Table 2.

Table 2
Particle size distribution of native and treated potato starch samples

Samples D50(nm) D(4,3) (um) D(3,2) (um) S.S.A.(m%/kg)
NS 34.1240.40° | 36.60+0.38" 22.2440.56" 99.93+2.54°
MWS 34.29+0.16* | 36.9720.07cdef | 24.06+0.078 92.35+0.26°
MW-HMT1.5 | 34.38+0.09% | 37.24+0.215¢f | 29 67+0.12%f | 74.87+0.32%
MW-HMT4 34.53+£0.03%¢ | 37.35+0.08% | 30.51+0.02% | 72.83+0.06%
MW-HMT8 34.91£0.27% | 37.79+0.26% 30.88+0.23a 71.96+0.53¢
MW-HMTI12 | 35.14+0.68* | 37.95+0.65a 30.76£0.56® | 72.24+1.31°
HMT1.5 34.61+£0.28%¢ | 37.48+0.19%¢ | 30.28+0.17%°¢ | 73.38+0.41%%
HMT4 34.82+£0.21% | 37.52+0.22%¢ 29.514+0.23ef | 75.294+0.59¢
HMT8 34.73+0.49%¢ | 37.33+0.67%4 | 29.35+0.25¢ 75.71+0.65¢
HMT12 34.64+0.23%¢ | 37.4240.17% | 29.96+0.44%" | 74,18£].08%%
HMT1.5-MW | 34.360.13* | 37.03£0.18%f | 23.97+0.42g | 92.72+1.60°
HMT4-MW 34.29£0.19* | 37.00£0.07cdef | 29.41+0.24°F | 75.55+0.62°
HMT8-MW 34.32+0.11% | 36.82+0.09%f 30.1120.23bd | 73.63+0.84%
HMT12-MW | 34.54+0.07%¢ | 36.75+0.09°f 30.2740.46%4 | 73.41+1.10%°

Notes: all values are the mean of triplicate determinations + SD. The means within the same
column with different letters are significantly different (P<0.05).
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The D50, D(4,3) and D(3,2) of all treated starch were higher than NS, while the value of
S.S.A. was significantly decreased by MW and HMT, which was agreed with precious studies
about HMT treated lily starch (Li et al., 2020) MW treated waxy hull-less barley starch (Chen
et al., 2021). The reason for the large particle size of MW and HMT maodified starch was that
the internal temperature of the granules rose rapidly during the MW and HMT treatment, and
the internal pressure increased, causing the starch granules to expand, resulting in partial
gelatinization and agglomeration of the granules (Li et al., 2020; Chen et al., 2021) .

Relaxation time (T2) analysis

In starch-based foods, the physical properties of water can significantly affect the
processing quality of starch. LF-NMR technology is the most effective technology for
evaluating the distribution and state of water in the starch-water system. Relaxation time (T>)
is the time required for an excited spin-spin proton to reach dynamic equilibrium after energy
exchange with adjacent protons, reflects the difference in the degrees of freedom of water. The
less hydrogen protons are bound or higher degree of freedom is associated with longer
transverse relaxation time (Han et al., 2009), while the more hydrogen protons are bound or
lower degree of freedom corresponds to a shorter transverse relaxation time (Pitombo and
Lima, 2003; Luo et al., 2020).

As shown in Figure 1-3 and Table 3, three peaks were observed in T, of MW treated starch
(MWS, MW-HMT and HMT-MW), while two peaks were observed in T, of NS and HMT
samples. The first peak T2 (0.01-1 ms) corresponded to bound water, which interacted with the
surface of amylose and amylopectin chains (Tang et al., 2000).
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T2 relaxation time (ms)

Figure 1. Water distribution in native and single HMT treated starch by LF-NMR
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Figure 2. Water distribution in native and MW-HMT treated starch by LF-NMR
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Figure 3. Water distribution in native and HMT-MW treated starch by LF-NMR
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Table 3
Relaxation times (T>) and corresponding peak areas percentages of water from native and
treated starch

Samples Relaxation Time (ms) | Proportion of water in different state (%)
T2 T T2 PT21 PT2 PT2s
NS 0.62 5.74 - 90.48 9.52 -
+0.06* | +0.57° +0.98°¢ +0.982
MWS 0.59 8.43 30.61 92.56 1.14 6.29
+0.012> | £3.24% | +3 (22 +0.80% +0.06° +0.74?
0.57 7.73 | 25.01 93.06 1.58 5.36
MW-HMTLS |00 | 1226 | +4.900 £0.042 £0.39% £0.35%
0.60 852 | 2471 93.39 3.92 2.69
MW-HMT4 | 55 | £070% | 2740 | +0.50% +0.88° +0.72
0.57 7.60 | 24.66 93.11 3.57 333
MW-HMT8 | 500w | 20.65® | +0.16° £0.75% £1.42¢ £2.17%
0.57 8.06 | 25.76 93.57 2.85 3.57
MW-HMTI2 | o0 | 20,00 | +1.400 £0.30% £0.64¢ £0.94be
0.57 7.10 - 93.32 6.68 -
HMT1.5 +£0.00° | +0.99% £0.18% £0.18°
0.57 6.75 - 92.59 7.41 -
HMT4 +£0.00% | +0.53% £0.26 £0.26b
0.57 6.44 - 9331 6.69 -
HMT3 +£0.00% | +0.53% +£1.33% £1.33b
0.57 6.60 - 92.37 7.63 -
HMTI2 | 00w | +0.65% +0.94 +0.94
0.57 872 | 2477 93.61 232 4.07
HMTLS-MW | 5000 | +0.86° | +0.00° £0.29% £0.26°° £0.043b¢
0.54 8.72 | 2861 93.97 2.99 3.05
HMTA-MW | 7050 | 20860 | +0.18° | £0.53° +1.13¢ +1.66bc
0.54 7.73 | 28.76 93.77 2.52 3.71
HMTE-MW | 050 | 1006w | +5.640 +£0.88% £0.]13¢de £1.01%
0.54 852 | 27.33 93.77 3.19 3.04
HMTI2-MW | g0 | 070 | £2.220 | +0.14% +0.40¢ +0.410¢

Notes: all values are the mean of triplicate determinations + SD. The means within the same column
with different letters are significantly different (P<0.05). — indicates that there is no value.

It can be seen from Table 3 that the MW and HMT treatments of potato starch caused the
T shifted toward faster relaxation times compared with native starch (NS), indicating that MW
and HMT treatments enhanced the starch-water interaction and self- binding of starch, and
consequently resulting in lower mobility of water protons. The second peak T2 (1-20 ms)
corresponded to “semi-crystalline lamellae water” (Tang et al., 2000), which existed in the
narrow space between crystals. Due to different spaces, the water in them exhibited different
mobilities. Peak of NS was closer to the left than treated starch; they were followed by the
single HMT treated starch (HMTL1.5, HMT4, HMT8 and HMT12). The peaks T2 of MW
treated starch were close to the right and connected with its next peak. The third peak T3 was
located in T, between 20 ms and 100 ms was attributed to immobilized water, which was
regarded as water inside the hexagonal channels of B-type crystal clusters and was defined as
“channel water in B-type crystal” by a previous study (Chen et al., 2019). It can be observed
from Figurel, the native and HMT treated starch did not have channel water in B-type crystal,
while all the MW treated starch contained a certain amount of channel water in B-type crystal.
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The proportion of different state water in native and treated starch were summarized in
Table 3. The areas under different component represented the proportion of different state water
distribution, namely PT»; (bound water), PT2 (semi-crystalline lamellae water), PT»3 (channel
water in B-type crystal), respectively. Although the water in all starch samples was the main
water which at least accounted for 90%, the MW treated starch had three different state water,
NS and single HMT treated starch only had two different state water. There were significant
differences of PT» and PTx between NS and all treated starch, NS had the lowest PT»; but
highest PT2, indicating MW and HMT treatments could change the water distribution and
improve the interaction between starch and water. No significant differences of PT,; were
observed between MW treated starch and single HMT treated, but all MW treated starch had
lower PTx, than single HMT treated starch; furthermore, all the MW treated starch contained a
certain amount of channel water in B-type crystal (PTzs). These results indicated that MW
treatment could result in a certain level of semi-crystalline lamellae water shifting to channel
water in B-type crystal.

Conclusions

In this study, different treated potato starch samples were prepared with MW and HMT
methods, and the color characteristics, particle size and water distribution of native and
treated potato starch were evaluated by using colorimeter, laser diffraction particle size
analyzer and LF-NMR. Although color differences was no visibly differentiated between NS
and all treated starch, HMT treatment caused a slight increase of lightness (L* values), while
single MW treatment caused a slight decrease of lightness, indicating that the color of all the
HMT treated samples (HMT, MW-HMT, HMT-MW) became brighter and the color of the
single MW treated sample (MWS) became darker. Although there were significant
differences of the differences of color (AE), it could conclude that all treatments did not
markedly change potato starch color for AE was always below 5, indicating that color
difference was no visible differentiated of all the treated starch samples. The results of article
size distribution showed that D50, D(4,3) and D(3,2) of all treated starch were higher than
NS, while the value of S.S.A. was significantly decreased by MW and HMT, indicating that
MW and HMT treatments can caused expansion, partial gelatinization and agglomeration of
starch granules, resulting in large particle size of starch granules. Although the water in all
starch samples was the main water which at least accounted for 90%, three peaks were
observed in T, of MW treated starch (MWS, MW-HMT and HMT-MW), two peaks were
observed in T, of native and single HMT treated starch, which indicated the MW treated
starch had three different state water, while NS and single HMT treated starch only had two
different state water. There were significant differences of PT»; and PT», between NS and all
treated starch, NS had the lowest PT,; but highest PT»,, indicating MW and HMT treatments
could change the water distribution and improve the interaction between starch and water.
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Introduction. The aim of this study is to isolate
polyphenol oxidase (PPO) enzyme from faba bean coat, and
to determine its optimum pH and temperature, K and Vmax
parameters, to investigate biochemical properties such as pH
and temperature stability, substrate selectivity, storage
stability of enzyme, and also effects of some metals and
inhibitors on its activity.

Materials and methods. The protein precipitation was
done by using ammonium sulfate salt and then, dialysis was
performed to remove salt ions after precipitation. Protein
content of the samples at each step was determined according
to Bradford method, and enzymatic activity was determined
spectrophotometrically.

Results and discussion. The properties of PPO enzyme,
which was purified 3.1-fold, were determined using catechol
as substrate. Km and Vmax Values of the enzyme were
determined to be 5.53 mM and 4424,58 U.ml'min?,
respectively. The enzyme showed the highest activity at pH
5.0 and 10 °C. It saved about 60% of its activity after a 30
min incubation period at its optimum pH. Substrate
specificity of PPO was studied using eight substrates
including pyrogallol and 4-methylcatechol. When the thermal
stability profile was examined in the 10-60 °C temperature
range, it exhibited more than 50% of its activity in the range
of 1040 °C after 1 hour of incubation. While L-ascorbic acid,
sodium sulfite and L-cysteine showed strong inhibitory
effects, the studied metals showed variable effects on the
enzyme activity.

Conclusions. The polyphenol oxidase enzyme activity
causes undesirable changes and nutritional value loss in some
fruits and vegetables. The results obtained provide
information about faba bean PPO and give clues to the
effective methods for controlling browning during storage.
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Introduction

The Fabaceae, also known as the Leguminosae, is a large, economically and
medicinally important family. Because natural nitrogen fixation is performed by
Rhizobium bacteria, which can be found in the root nodules of leguminous plants. Moreover,
the dietary consumption of legumes is associated with lower incidence of chronic
degenerative diseases (Turco et al., 2016). Broad bean or faba bean (Vicia faba) is a one-year
plant from the Fabaceae family and faba beans used as a vegetable which consumed fresh
and green or dried. This plant has an important place in diets of Chinese, English, Turkish
and Mediterranean because of a useful source of polyphenols (Turco et al., 2016). Faba bean
has L-DOPA (L-3,4-dihydroxyphenylalanine) content (Topal and Bozoglu, 2016; Mohseni
and Golshani, 2013) which medically used in the treatment of Parkinson’s disease. In the
technology, it and some other Fabaceae species is used in the production of L-DOPA
(Goyoaga et al., 2008). However, faba beans are also used as additives in animal feeds due
to their high protein content. Field bean (Vicia faba var minor) especially is a good protein
source for animal feedstuffs (Antongiovanni et al., 2002; Perella et al., 2009). Because of the
symbiosis with nodule-forming bacteria (Rizobium), legumes with high nitrogen fixation
have an important place in agriculture as “green manure” (Ayaz and Sokmen, 2015). In the
study carried out on the use of faba bean as a green manure in broccoli cultivation, it was
observed that increased broccoli yield and some properties (Yilmaz and Sahin, 2014).

In general, the chemical composition of plants is significantly different due to some
factors that cover types of seed (genetic), age, and environment, such as soil conditions and
climate, as well as weather and growing conditions, such as fertilization, pesticides and pests.
One of the important chemical components of plants is the PPO enzyme. It is found in
different parts of plants including roots, leaves, flowers and vascular tissues (Constabel and
Barbehenn, 2008). PPO catalyzes the hydroxylation of monophenols to o-diphenols and the
oxidation of o-diphenols to o-quinones in the presence of molecular oxygen. Copper is
required as a prosthetic group to its activity. There are three classes of enzymes belonging to
the PPOs: catechol oxidase (EC 1.10.3.1; 1,2-benzenediol: oxygen oxidoreductase), laccase
(EC 1.10.3.2; p-benzenediol: oxygenoxidoreductase) and tyrosinase (EC 1.14.18.1;
monophenol monooxygenase, cresolase) (NC-IUBMB, 2019). PPOs are commonly found in
the plant kingdom and are a major cause of browning during the harvesting and storage of
many fruits and vegetables. In the other hand, the oxidative enzyme levels including PPO are
affected by plant-insect interactions. When plants are injured by insects, the reactive oxygen
species are overproduced and the plants overcome this oxidative stress by producing an
efficient enzymatic antioxidant defense system (Nabity et al., 2006; Chen et al., 2009; He et
al., 2011; Panadare and Rathod, 2018). Therefore polyphenol oxidase is both involved in
oxidation phenolic and plant defense system.

The faba bean coat, planted in Thrace region, is currently growing in popularity due to
their premium texture and taste. However, there are no reports on the polyphenol oxidase
from these cultivars, and also on pod (outer shell) of the plant. Therefore, the aim of this
research was to isolate and characterize the biochemical properties of PPO from faba bean
coat grown in Turkey. Although the studies on the property of PPO from various vegetables
and fruits have also been carried out in the past, in the literature no studies have been
conducted on broad bean coat except few studies on the isolation and characterization of PPO
from broad bean leaf.
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Material and method

Plant material and isolation of enzyme

Faba bean that planted at Edirne province in Turkey was purchased from a local market.
The plants were washed and the beans were removed from their coats. The coats (outer shell)
were used for enzyme extraction. Three hundred gram fresh coats were homogenized in 0.1
M phosphate buffer (pH 6.0) containing polyvinyl pyrolidone and Triton X-100 for 1 min
using Waring blender at room temperature. Then the homogenate was filtered through
cheesecloth. The filtrate was centrifuged (Heraeus Biofuge Stratos, Osterode-Germany) at
10,000 rpm and +4 °C for 20 min to remove plant residues. The supernatant was called “crude
extract” and used as enzyme source for further study.

Partial purification of polyphenol oxidase

The crude extract of polyphenol oxidase enzyme was precipitated by slowly adding
solid ammonium sulphate for 30% saturation at 4 °C into it. The protein precipitated was
collected by centrifugation at 10,000 rpm for 45 min at 4 °C. Supernatant was used for further
fractionation at between 30-65% and 65-80% ammonium sulphate saturation. Protein
precipitate obtained at each step were dissolved in 0.1 M phosphate buffer (pH 6.0) and,
enzymatic activity and protein determination were performed. The fraction precipitated
between 30 and 65% saturation was showed highest polyphenol oxidase activity. This
fraction was dissolved in a small amount of 0.1 M phosphate buffer (pH 6.0), and dialyzed
overnight at 4°C in the same buffer on a magnetic stirrer. The dialyzed extract was used as
partially purified enzyme source in the experiments.

Assays of enzyme activity and protein determination

In assay of PPO activity, the 0.1 ml enzyme solution was mixed with 2.9 ml catechol in
0.1 M phosphate buffer (pH 6.0) and the increases in absorbance were followed at 420 nm
spectrophotometrically (Thermo Scientific Multiscan Go, Vantaa-Finland). Because the
dialysate has colour, a sample blank consisting of enzyme and buffer solutions was prepared
for each tube. One unit of polyphenol oxidase activity was defined as the amount of enzyme
producing a 0.001 absorbance increase in sample per minute under the standard assay
conditions (Soffan et al., 2014).

Protein content of the samples at each step was determined according to Bradford
method using bovine serum albumin as a standard (Bradford, 1976).

Determination of optimum pH and temperature

PPO activity was determined in a pH range of 3.0-7.0 in 0.1 M citric acid buffer and
5.0-8.0 in 0.1 M phosphate buffer. The activity was carried out using the standard reaction
conditions but changing the buffer and, the catechol was used as substrate. The optimum pH
obtained for PPO was used in all other studies.

The activity of PPO was determined at temperatures ranging from 10 to 60 °C. The
catechol substrate and citrate buffer (pH 5.0) were incubated in the appropriate medium until
the selected temperatures were reached. After equilibration of the reaction mixture at the
selected temperature, the enzyme solution was added and, the enzyme activity was
determined. PPO activity was calculated as percent residual PPO activity at the optimum
temperature.
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Substrate specificity and enzyme Kkinetics

The substrate specificity of enzyme was investigated by using various phenolic
compounds including catechol, 4-methyl catechol, pyrogallol, L-DOPA, gallic acid,
chlorogenic acid, 4-methylcatechol, resorcinol and hydroquinone. The substrate solutions
were prepared at 0.02 M concentration in citrate buffer (0.1 M, pH = 5.0) and enzyme activity
was determined for each substrate. The relative activities (%) of each substrate tested were
calculated according to the PPO activity of the catechol.

The kinetic constants, optimum pH and optimum temperature values of the substrates
with high activity were determined. The Ky and Vmax constants were determined from a
Lineweaver—Burk plot under the optimum pH and temperature conditions. The substrates of
catechol, 4-methylcatechol and pyrogallol were used at concentrations 5-50 mM, 10-30 mM
and 10-30 mM, respectively.

pH stability

The PPO enzyme obtained from coats was pre-incubated for 30 minutes and 60 minutes
in citrate buffer (0.1 M at pH 5.0, 5.5, 6.0, 6.5, 7.0). Then residual activity was determined
using catechol substrate under the optimal conditions. Enzyme activity was performed under
optimum conditions without incubation, and the residual activity of incubated enzyme
expressed as relative activity (%).

Thermal stability

Enzyme solution was preheated (Wisebath Daihan Shaking Water Bath, Korea) for 15,
30, 45 and 60 min at 10-60 °C. The aliquot of enzyme solution was taken in test tubes and
the tubes were cooled in an ice bath. The remaining activity of the enzyme was estimated
under standard assay conditions in each case using catechol substrate. PPO activity
determined under optimum conditions without waiting for temperature and it was used as the
reference. The activity was defined as the percentage of the maximum activity level.

Determination of the effect of metal ions and some chemicals

The effects of various inhibitors such as L-ascorbic acid, ethylenediamine tetraacetic
acid (EDTA), sodium azide, L-cysteine, potassium cyanide and sodium bisulfite on PPO
activity were examined by incubating a mixture consisting of the enzyme solution, buffer
solution and inhibitors (at 3 mM and 6 mM concentrations,) for 5 min at room temperature.
Enzyme activity without any reagent was then assayed under standard conditions. Enzymatic
activities were expressed as relative values with the activity of the enzyme without any
reagent.

The metal ion solutions (Cu?*, Fe?*, Ca?*, Mg?*, Co?*, Ni%*) were prepared at 1 mM and
10 mM concentrations. To research for each metal effect, activity measurements were done
under standard conditions using catechol substrate. Enzymatic activity was expressed as
relative values (%) with reference to the activity of the enzyme without any metal ions.

170 ——Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2



—— Food Technology ——

Results and discussion

PPO isolation and characterization studies are performed from various sources in order
to determine the properties of the enzyme. In the study PPO isolation was made from faba
bean coats, and the crude extract was partially purified by applying ammonium sulphate
precipitation and dialysis. Proteins precipitated at 30—65% salt concentration showed the
highest PPO activity and, the precipitate was dialysed by the buffer. While the total specific
activity of the enzyme in the homogenate was 2072.4 U, the total specific activity of the
partially purified PPO was 6415.8 U. According to these results, the enzyme was purified
3.1-fold for the faba bean coat. The enzyme purification steps are summarized in Table 1. In
the studies about Fabaceae family, it was reported that PPO was purified 3.5-fold for green
bean (Phaseolus vulgaris L.) coat and 3.7-fold for green bean pod after 60% salt precipitation
and dialysis (Guo et al., 2009), and 2.1 times from field bean (Dolichos lablab var. lignosus)
seeds after 40-80% salt precipitation (Paul and Gowda, 2000).

Table 1
Steps for polyphenol oxidase from faba bean coat

Partially Volume | Protein | Activity Specific Total | Purification

purification [mI] | [mg.mI*]] [UmI?] Activity | Specific fold
steps [U.mg? prt] | Activity
[U]

Crude extract 660 11.8 37 3.14 2072.4 1

(NH;)2S04 - 3.75 20 5.33 - -

(0-30%)

(NH;)2S04 - 10.05 78 7.76 - -

(30-65%)

Dialysate 51 20.4 2568 125.8 6415.8 3.1

pH is one of the most important factors that influence enzyme activity. PPO optima for
faba bean coats was studied using the catechol substrate in two different buffer systems the
pH range among 4.0-8.0. Optimum pH was determined as pH 6.0 with phosphate buffer and
pH 5.0 with citrate buffer (Figure 1). For the pyrogallol, 4-methylcatechol and hydrogquinone
substrates, the optimum pH was found to be 5.0 in citrate buffer.

To predict the behaviour of the enzymes, the biochemical characterization of them is
searched in the matter of pH optimum and stability, thermal activation and stability, substrate
specificities, inhibitors or activators. pH is one of the most important factors that influence
enzyme activity. Although the optimum pH of the PPO enzyme varies depending on the plant
source, it is seen that it is generally in the range of 4.0-8.0. Different optimum pH values for
PPO obtained from different sources are reported in the literature. It was reported as 6.8-7.2
for green beans (Phaseolus vulgaris L.) (Guo et al., 2009), 4.0 for field bean (Dolichos
lablab) seeds (Paul and Gowda, 2000), 6.0 for mung bean leaf (Shin et al., 1997) and 9.0 for
soybean (Nagai and Suzuki, 2003) using catechol as substrate.

To determine the effect of temperature on faba bean PPO, enzymatic activity
determination was performed at different temperatures. Differences in temperature can affect
the activity by changing the solubility of oxygen necessary for the PPO activity or causing
changes in the conformation of the enzyme. In the literature, it is seen that the optimum
temperature values for PPO generally change in the range of at 10-50 °C. In the study, the
activity of PPO was measured at temperatures among 10-60 °C for catechol (Figure 2), 4-
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methylcatechol and pyrogallol substrates at optimum pH. The enzyme showed the highest
activity at 10 °C for all substrates, but the studies were carried out at 20 °C where the next
highest activity was observed due to the difficulty of maintaining this temperature (10 °C) as
stable. Using catechol as substrate, it has been reported as being at 20-30 °C for green beans
(Phaseolus vulgaris L.) (Guo et al., 2009), 40 °C for soybean sprouts (Nagai and Suzuki,
2003), 10 °C for borage plant (Trachystemon orientalis L.) (Alici and Arabaci, 2016), 30 °C
for eggplant (Ng and Wong, 2015), 35 °C for blueberry (Vaccinium corymbosum L.) (Siddiq

and Dolan, 2017), 25 °C for grape (Onez, 2006) and plums (Prunus domestica) (lonita et al.,
2017).
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Figure 1. Effect of pH on PPO activity from faba bean coat

5000

4000

3000
‘\\ﬂk__ﬂ
2000

Enzymatic activity [U.mL-1]

1000

0

0O 10 20 30 40 50 60 70

Tempetarute [°C]

Figure 2. Effect of temperature on PPO activity from faba bean coat

——Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2

172



—— Food Technology ——

Km and Vmax values for PPO from faba bean coat for three phenolic compounds which
generally use as substrates for polyphenol oxidase are presented in Table 2. From the Vima/Km
ratio the best substrates for PPO are catechol and pyrogallol. Paul and Gowda (2000) reported
these K values for field bean (Dolichos lablab var. lignosus) PPO; 1.18 mM for L-DOPA,
4.0 mM for 4-methylcatechol, 10.5 mM for catechol and 12.5 mM for pyrogallol. In another
study carried out by Shin et al. (1997), Kn, values for mung bean leaf PPO were found to be
4 mM for 4-methylcatechol and 24 mM for L-DOPA. But Ky, value for green bean (Phaseolus
vulgaris L.) coat PPOla and PPOIb was calculated 7.6-4.1 mM, 10.6-10.7 mM, 14.5-15.8
mM and 35.2-34.7 mM for pyrogallol, catechol, 4-methylcatechol and L-DOPA,
respectively (Guo et al., 2009). According to literature, the interest of PPOs from various
plant sources for various substrate varies widely.

Table 2
Kinetic parameters of PPO from faba bean coat
Substrate | Km [MM] | Vimax [U.mL™" dk™] | Vimaxd/Km
Catechol 5.53 4424.6 800.1
Pyrogallol 3.05 2263.1 741.9
4-methylcatechol 12.18 2278.3 264.3

PPO substrate specificity studied using eight well known substrates. Catechol showed
maximum activity (3370+135.4 U.ml?) and this was considered as 100% to compare its
activity with other substrates (Table 3). The existence of hydroxyl groups in the case of
catechol (-OH at ortho position, as in pyrogallol and 4-methylcatechol), the activity
increased. By contrast, the substrates without catechol ring (-OH at meta or para positions)
and with a functional group at other positions of the ring showed very less of activity.
Pyrogallol and 4-methylcatechol were best substrates after the catechol. Optimum pH and
optimum temperature study was performed for these substrates. For both substrates, the
optimum pH was determined as 5.0 and the optimum temperature was 10 °C as determined
in the catechol substrate. Other Leguminosae PPO enzymes studied by the other researchers
also showed high activity against catechol, 4-methylcatechol, pyrogallol and L-DOPA
substrates (Shin et al., 1997; Paul and Gowda, 2000; Nagai and Suzuki, 2003; Guo et al.,
2009).

Table 3
Substrate specificity of PPO from faba bean coat
Substrate Relative activity [%0]? Structural specificity of the
substrate
Catechol 100 Ortho-dihydroxy (1,2-OH)
Pyrogallol 81.8+3.3 Trihydroxy (1,2,3-OH)
4-Methylcatechol 77.2+0.6 Ortho-dihydroxy (1,2-OH, 4-CHs)
Hydroquinone 38.9+0.1 Para-dihydroxy (1,4-OH)
L-DOPA 33.5£1.9 Orto-dihydroxy (1,2-OH, 4-X)
[X=CH,-CH(NH,)-COOH]

Resorcin 24.8+0.8 Meta-dihydroxy (1,3-OH)
Chlorogenic acid 20.9+2.8 Ortho-dihydroxy (1,2-OH)
Gallic acid 14.4+1.7 Trihydroxy (1,2,3-OH, 5-COOH)

Each value represents the mean+SD (n=3)
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For determine to pH stability, the enzyme solution was incubated in citrate buffer
solutions ranging from 5.0 to 8.0 at 4 °C after 30 min and 60 min incubation period. The
remaining enzyme activity was measured using catechol as substrate. At the end of the 60
minutes incubation period the highest activity was determined in the pH 5.0 buffer that is the
optimum pH of the enzyme, and the most activity loss was determined in pH 7.0 buffer. As
seen as in Figure 3, the remaining activity at pH 5.0 was 56%, while at pH 6 it was 41%. The
enzyme is not stable at pH 8.0. In the pH stability studies for PPO enzyme isolated from
various sources, it was determined that they all showed the highest activity in buffers at their
optimum pH (Mdluli, 2005; Gao et al., 2009; Kuyumcu, 2014).

—e—pH 5.0 —o—pH5.5
—e—pH 6.0 —o—pH 6.5
—o—pH 7.0

Relative activity [%]
[el]
o

0 T T T T T T
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Figure 3. Effect of pH on stability of PPO activity (The residual activity of incubated enzyme
expressed as% relative activity):
1-pH50;2-pH5.5;3-pH6.0;4-pHBG.5 5-pH 7.0

Thermal inactivation of faba bean coat PPO was studied in the range 10-60 °C, for
different time periods (15, 30, 45 and 30 min) as seen as Figure 4. The enzyme was preserved
its activity at 90% at 10 °C which was determined as the optimum temperature, and at 85%
at 20 °C where experimental studies were conducted. As stated in the study of Kuyumcu
(2014) for mushroom PPO, after the incubations at optimum temperatures, the faba bean coat
PPO has also substantially maintained its activity. The activity was maintained at 70% at 30
°C and 58% at 40 °C within the first 30 minutes, while enzyme activity decreased by half in
the first 15 minutes at 50-60 °C (Figure 4). Therefore, it can be said the enzyme relatively
thermostable. The results about the thermostability is in agreement with the results of the
PPO study isolated from borage plant (Alici and Arabaci, 2016), quince (Yagar, 2004) and
mulberry (Arslan et al., 2004). These results suggest that short incubation times could be
worked at higher temperatures while longer incubation times should be chosen at low
temperatures for food processes.
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In the study of ionic strength, it was observed that other metals, except the iron and
cobalt ions, did not cause a major change in enzyme activity. While iron ion (74.1+2.8% at
10 mM and 92.442.4% at 1 mM concentrations) and cobalt ion (72.1+1.8% at 1 mM
concentration) caused a decrease in enzyme activity, cobalt ion at 10 mM concentration
caused an increase of 10% in enzyme activity (Figure 5).

120

100 + =

80 -

60 -

Relative activity [%]

40 A

0' T T T T T T L
Control Cu+2 Fe+2 Ca+2 Mn+2 Co+2 Ni+2

ElmM O10 mM
Figure 5. Effects of various metal ions on PPO activity
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It has been reported in the literature that Cu?*, Hg?*, Mn?*, Zn?*, AI**, Ni?*, Cd?*, Fe®*,
K*, Ca®* ions at 1 mM concentration have a different effect on the PPO from medlar fruit at
different ripening stages (Ayaz et al., 2008). In the study conducted with the borage, it has
been reported while some metals (Fe*3, Mg?*, Pb%*, Zn?*, K*, Cu?*) increased PPO activity
and some of them (Hg*?, Mn?*, Ni?*, Na*) decreased the activity at 1 mM and 5 mM ion
concentrations (Alici and Arabaci, 2016). When the effect of Na*, Hg?*, Mg?*, Ca?*, Mn?*,
Ni2*, Co?*, Zn?*, Al*® ions (at the final concentrations of 1 mM and 10 mM) on mushroom
PPO activity was examined, the Hg?* ion caused inhibition on PPO activity, by contrast with
Na* ve AI** ions (Kuyumcu, 2014). Gao et al. (2009) reported a positive effect on the enzyme
activity for K* and Na* ions for the PPO isolated from Swiss chard leaf; while Mg?*, Ca?*,
Cu?*, Mn*, Co?* and Zn?* ions had negative effects. These differences in the effects of metals
on the catalytic activity of the enzyme may be due to the difference of metal solutions, the
variety of metals and the different valences of metals (monovalent, divalent, trivalent), which
makes it difficult to compare the researches.

In order to prolong the shelf life of fruits and vegetables and maintain their quality,
various inhibitors are used to prevent enzymatic browning. In this study, the inhibitory effect
of L-ascorbic acid, ethylenediamine tetraacetic acid (EDTA), sodium azide, L-cysteine,
potassium cyanide and sodium bisulphite was showed on PPO activity (Figure 6). The highest
inhibition rates have showed ascorbic acid (78.2+2,1%) and sodium bisulphite (73+£2.14%)
at a concentration of 6 mM; and sodium azide (48.3£2.1% and 71+1.8%) and L-cysteine
(56£2.3% and 69+0.8%) at concentrations of 3 mM and 6 mM. In the study, the ICso value
for L-cysteine the most common inhibitor of PPO, was found to be 50 mM. In many previous
studies, ascorbic acid, sodium metabisulphite and L-cysteine have been reported to be
effective inhibitors on plant-derived PPO enzymes (Paul and Gowda, 2000; Nagai and
Suzuki, 2003; Guo et al., 2009).
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Figure 6. Inhibitor effect of chemicals on PPO activity from faba bean coat
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To investigation of the effect of storage stability of enzyme, partially purified PPO from
faba bean coat was kept in 0.1 M phosphate buffer (pH 6.0) at +4 °C over a month period. It
was observed that the enzyme solution retained its activity about three weeks, and it lost 67%
enzyme activity after 20 days (Figure 7). Our findings are similar to those of other authors.
They reported that after storage at +4 °C, activity of PPO decreased about 97% for borage
plant after 20 days (Alici and Arabaci, 2016), 90% for blueberry after 3 weeks (Siddig and
Dolan, 2017) and 60% for grape after a month (Onez, 2006), respectively. Nagai and Suzuki
(2003), on the other hand, reported that activity of soybean sprouts PPO decreased after 8
days at 4 °C.
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Figure 7. Inhibitor effect of storage time on the activity of faba bean coat PPO at +4 °C

In the literature, few studies have been reported on the isolation and characterization of
PPO from faba bean leaf. These works cover investigations of PPO isoforms which have
different isoelectric points and molecular weights (Robinson and Dry, 1992; Ganesa et al.,
1992; Flurkey, 1989). However, there are studies on PPO from Fabaceae family including
green bean (Guo et al., 2009), field bean (Paul and Gowda, 2000), mung bean (Shin et al.,
1997) and soy bean sprouts (Nagai and Suzuki, 2003) from the same family with faba bean.
On the other hand, Ozcan and Sagiroglu (2014) have designed a biosensor for the
determination of phenolic compounds by immobilizing the faba bean shell homogenate to
the glassy carbon electrode surface. In their study, various phenolic compounds (catechol, p-
cresol, caffeic acid, hydroquinone, pyrogallol, cinnamic acid) were oxidized by the PPO
enzyme in the faba bean coat tissue. In the literature, no studies have been conducted on faba
bean pod except this amperometric based biosensor study. In future work, it is considered to
develop other biosensors in which this plant is used as an enzyme source.
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Conclusion

Polyphenol oxidase has notable, since it is the key enzyme responsible for browning
and defencing system in the plant kingdom. The researches on PPO can lead to understanding
this enzyme that catalyses the browning reaction. Therefore, it is important to understand the
biochemical properties of polyphenol oxidase, which is a food quality related enzyme. It was
our aim to determine some properties of PPO from faba bean coat such as optimum pH,
optimum temperature, substrate specificity, kinetic values, thermal stability, effect of some
chemicals and metal ions on enzyme activity. The results demonstrate that the enzyme has
heat stability and the possibility of being used to construct biosensors and other analytical
methods in various fields. The most effective inhibitors were ascorbic acid and sodium
bisulfite, and Fe?* ions caused a decrease in the PPO activity. In conclusion, the enzymatic
characterization of the PPO from faba bean coat was defined by us for the first time, and it
may help to better understand the PPO enzyme, especially in food industry.
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Chemistry Department of Trakya University, Turkey.
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Introduction. The aim of this work is to analyze and
generalize studies on high-pressure effects for gel meat
products with low levels of salt (1%), namely, changes in
the structure of meat proteins and gel properties.

Materials and methods. Literature analysis.

Results and discussion. A high pressure, as a kind of
physical sterilization technology, can effectively change
the protein structure and techno-functional features of
meat products, while retaining nutritional features and the
taste. The effect of water holding capacity, colour, texture
and sensory features in low-salt gel meat products under
high pressure was reviewed. The effect of processing
process parameters (pressure, time and temperature) on
low salt gel meat products was analyzed to alter their
structure, conformation and gel properties. Meat protein is
sensitive to high pressure. The structures of the a-helix
and B-sheet changed to those of the random helices and f3-
turns as the pressure was increasing. The solubility of the
protein and the hardness of the gel reach their maximum
indicators, and the microstructure of the gel is optimal
dense and uniform at 200 MPa. Overall, high pressure
processing can be used to produce low-salt gel meat
products with good quality. Processing of a beef sausage
with a low salt content at a high pressure of 200 MPa leads
to increased solubility of myofibrillar proteins such as
myosin and actin in salts. The combination of high
pressure and heat processing at low salt meat protein
denaturation temperatures results in better retention of
water and texture than in samples prepared only by heating
process. Thus, high pressure processing before heat one
improves the functionality of the meat mince.

Conclusions. High-pressure processing can be
effectively used in the production of gel meat products
with low salt content and high consumer features.
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Introduction

Sodium chloride is the main source of human sodium intake, and now the low-salt food
has been payed more and more attention in recent years (Pretorius et al., 2018; Pateiro et al.,
2021). The world health organization (WHO) recommended that the intake of sodium
chloride should be 4-6 g/d, but the average intake of sodium chloride in the most countries
was much than that (World Health Organisation, 2007; Zhang et al., 2017; Zhang et al.,
2017). Excessive intake of sodium chloride can cause hypertension and cardiovascular
diseases, increase the average incidence of kidney diseases and gastric cancer (Bistola et al.,
2020; Tobin et al., 2013; Datta et al., 2007). The historical experience of salt reduction shows
that reducing the per capita sodium chloride intake requires the effective participation of food
processing industry (Alifio et al., 2010; Paula et al., 2019; Li et al., 2021), among which the
most effective method is adopt new processing technology to reduce the sodium chloride
content in meat products. According to the traditional thermal gel mechanism of meat
proteins, sufficient sodium chloride can extract the salt-soluble protein, such as myosin and
actin, to form good texture and taste. The way of directly reduced sodium chloride could
cause the product yield and edible quality were significantly reduced (Barbut et al., 1988;
Desmond et al., 2006; Li et al., 2021). Therefore, how to reduce sodium chloride content
while ensuring the good quality of product has become an urgent problem to be solved in the
meat industry.

The use of high pressure technology to reduce sodium chloride content in the gel type
meat has been reported by some researchers (Barbut et al., 1988; Desmond et al., 2006; Li et
al., 2021; Li et al., 2020; Li et al., 2021; Lu et al., 2021; Dixon et al., 2019; Dixon et al.,
2019). Due to the structural of protein material component differences appear different
degree of compression deformation, when the deformation degree is large enough, it may
affect the combination between protein molecules formed, and cause the destruction and
restructuring, which affects the functional characteristics of protein. Moreover, protein
molecule conformation may bring better functional characteristics due to sudden release of
pressure after pressure is withdrawn (Gao et al., 2018; Xu et al., 2019; Wei et al., 2019). The
high pressure processing plays a key role in forming the quality of the meat products, there
are a few reports on reducing salt content in the meat products, but the mechanism of lowering
sodium chloride was still not completely understand (Jayathilakan et al., 2019).

One of prospective directions of improving meat products technologies in the direction
of reducing their salt content is a high pressure technology. Its usage does not reduce the
amount of introduced sodium chloride from 1.8 to 1.2% in the recipe composition of pork
sausage, but also improves its technological and consumerist features (Li et al., 2021). Some
general principles and laws that allow developing a goal-oriented strategy for managing meat
products technologies describe these changes.

1. Effects of sodium chloride in gel meat products

Sodium chloride plays an important role in gel meat products. First, sodium ions and
chloride ions can stimulate taste. Second, myofibrillar protein can be extracted to facilitate
the dissolution and swelling, it increases the water- and oil-retaining properties of the gel,
and improves product yield, texture and shelf life (Li et al., 2020, Li et al., 2020; Kang et al.,
2014; Alvarez et al., 2007; Yao et al., 2017; Inguglia et al., 2017; Kang et al., 2018). The
function of dissolving and extracting myofibrillar is called the processing effect of sodium
chloride, which is the key to form the quality of gel meat products (Lu et al., 2021; Zhu et
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al., 2018; Mancini et al., 2019). The swelling of myofibrillar is also very important for the
processing of meat products, it is wrapped around the meat and fat particles or liquid drops.
During heating, the substances are cross-linked and the water is trapped in the protein matrix.
Sodium ions can form electron clouds around myofibrillar molecules and promote the
dissolution of myofibrillar protein (Offer et al., 1983). In fact, the sodium chloride content
from 1 to 1.5% can meet the majority of consumers' demand for salty taste, however, to meet
the processing required, the gel meat products generally add 2 to 4% sodium chloride (Hand
et al., 1982).

The biggest obstacle to reduce sodium chloride in meat products is that sodium chloride
is a very cheap ingredient, and consumers are more comfortable with the quality and flavor
of meat products with adding salt. On the premise that consumers can accept, the main ways
to reduce the sodium content of gel meat products are summarized as follows: reduced the
amount of sodium chloride added and replaced with other salt; the Glutamine transaminase
is added to catalyze the interprotein (or internal) acyl transfer reaction to form covalent cross-
linking between proteins (or polypeptides) (Colmenero et al., 2005; Kang et al., 2016). The
new process can improve the performance of myofibrillar, and still form a good thermally
induced gel at low ionic strength (Desmond et al., 2006; Inguglia et al., 2017; Kang et al.,
2016).

The overall use of salt substitutes is difficult for consumers to accept, but the partial
reduction of salt in meat products is a desirable approach. There are many kinds of salt, but
few of them can be used to process gel meat products successfully or completely instead of
salt (Inguglia et al., 2017; Kang et al., 2017; Mariutti et al., 2017).

In most studies, sodium chloride was replaced by other chloride salts, because the
processing effect of sodium chloride is mainly achieved through the binding of chloride ions
with proteins. The decrease of chloride ion content is lead to a significant decline in gel
properties. At present, the most successful alternative salt in the study is potassium chloride,
which can replace about 35~40% sodium chloride in the formula of gel meat products, but
excessive potassium chloride will produce bitter and other bad smells (Zhang et al., 2017).
Polyphosphate can increase the pH of meat chyme, cause muscle fibrils to swell, facilitate
actomyosin dissociation, so it can partially replace sodium chloride. Reducing sodium
chloride crystal size and changing crystal shape can reduce the amount of sodium chloride
added without affecting food saltiness. However, gel meat products contain a lot of water,
and sodium chloride is dissolved in water, so the effect of reducing the content of sodium
chloride in gel meat products, thus, this method is limited (Angus et al., 2006).

Another way is to use flavor enhancers. Flavor enhancers increase the saltiness and
flavor of low-salt meat products, it decrease the use of salt without reducing the saltiness and
flavor of meat products. Some flavor enhancers and shaders have been used in industrial
production, and the usage is increasing, such the products include yeast extract, lactate,
sodium glutamate and nucleotide. Flavor enhancers can stimulate the taste and reduce the
stimulation of sodium chloride to the taste nerve, helping to reduce the amount of sodium
chloride used. Pasin et al. (1989) used potassium chloride and nucleotide mixture (50% IMP
and GMP mixture used commercially) to reduce salt in pork sausages by 75%; Any amount
of glutamate in these pork sausages combined with potassium chloride can be substituted for
50% salt (Pasin et al., 1989). Ruusunen (Ruusunen et al., 2001) found that adding glutamate
sodium or nucleotide mixture to bonian-type sausages could enhance their flavor, there was
not significant changed after 17 days stored, and the sausage with adding glutamate sodium
or nucleotide mixture had a better overall acceptability, while the sausage with adding flavour
enhancer had a good edible quality (Ruusunen et al., 2001). Other compound flavor
enhancers, such as lysine and succinic acid mixtures, have been studied as substitutes for salt.
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This kind of complex has the flavor of salt, as well as antibacterial and antioxidant properties.
It can replace 75% of salt and has a good development prospect (Triki et al., 2017). Through
adding phosphate, starch and hydrocolloid can make up for the effect of decreased water
retention and product quality of low-salt meat products. The use of different levels of
potassium lactate or sodium lactate as an alternative salt to maintain the product's flavor and
saltiness (Omana et al., 2011).

Due to the differences in muscle physiology and structure, especially the composition
of free amino acids that can react with glutamine transaminase, such as the number and
distribution of amino acid residues, the effects of different types of muscle proteins are
different, but the heavy chain of myosin is sensitive to glutamine transaminase.
Transglutaminase greatly changes the structure of myosin heavy chain, leads to the lignin-
helical structure is reduced, and the lignin-folding structure is increased, resulting in the
generation of polymers, improving the texture of the gel and forming a orderly gel structure
(Luisa et al., 2015). The other, added glutamine transaminase into 1% sodium chloride
content of chicken meatballs can improve the yield and gel strength, forming a dense and
ordered gel structure (Fellendorf et al., 2016). Edrosolam et al. found that added glutamine
transaminase into low-salt and low-fat bonija sausage, who found that the addition amount
of 0.15% could increase the elasticity, hardness and cohesion of the hot gel (Edrosolam et
al., 2014).

2. The principle of high pressure processing

High pressure processing (HPP), can be referred to as ultra high pressure technology or
hydrostatic technology, the water or other incompressible fluid mediums often act as
mediators of pressure. During the high pressure processing, the pressure levels generally not
less than 100 MPa, the commonly used range is 100-1000 MPa and can work in the
temperature range of -20 to 90 °C. After the food is sealed in an elastic container or placed
in a pressure system, the non-covalent bonds (hydrogen bonds, ionic bonds and hydrophobic
bonds, etc.) are been destroyed or formed at a certain temperature for the appropriate
processing time and pressure level, which cited the enzyme in food, protein, starch and other
biological high molecular substances are deactivated, denatured and gelatinized respectively,
and kill the microorganism in food biological, so as to achieve the purpose of food
sterilization, preservation and processing (Wael et al., 2015).

As with heat, pressure is a basic thermodynamic variable. Strictly speaking, during HPP
the effects of temperature cannot be separated from the effects of pressure. This is because
for every temperature there is a corresponding pressure. Thermal effects during pressure
treatment can cause volume and energy changes. However, pressure primarily affects the
volume of the product being processed. The combined net effect duringHPPmay be
synergistic, antagonistic, or additive (Koutchma T. et al., 2012).

Mathematically, the impact of pressure (p) and temperature (T) can be quantitatively
related using Gibbs’s definition of free energy G (Koutchma T. et al., 2012):

G=H-TS, @)
where H and S are the enthalpy and entropy, respectively. Further,
H=U+pV, 2

where U = internal energy and V = volume.

184 ——Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2



—— Food Technology ——

It can be deduced from Equations 1 and 2 that
d (4G) = AVdp — 4SdT . 3)

Therefore, reactions such as phase transitions or molecular reorientation depend on both
temperature and pressure and cannot be treated separately.Thefollowing are some basic
governing principles behind HPP.

The fundamental principles of hyperbaric technique are Pascal's law and Le Chatelier
principle. Pascal's law takes advantage of the compression effect of high pressure on liquids,
which means that the pressure applied to the liquid can be transmitted to all parts of the
system instantaneously at the same size. Therefore, dry food, powdery food or granular food
should not be used high pressure treatment. According to Pascaline law, the effect of high
pressure processing is independent of the size, shape and volume of the food. In the process
of high pressure processing, the whole food will be treated uniformly, the pressure transfer
speed is fast, there is no pressure gradient. Therefore, the high pressure processing of food is
simpler, and the energy consumption is also significantly reduced. According to Le Chatelier
principle, the external pressure reduces the volume of the pressurized system and vice versa.
Therefore, the physical and chemical reactions in food ingredients will be carried out in the
direction of the maximum compression state under the pressure treatment of food. The
increase or decrease of the reaction rate constant k depends on whether the “active volume”
of the reaction is positive or negative. This means that high pressure processed food will force
the reaction system to reduce the volume, affecting not only the reaction balance in the food,
but also the reaction rate, including chemical reactions and possible changes in molecular
conformation. It is well known that the mechanism of meat proteins unfolded, denaturation
and formed gel caused by heat and high pressure is difference. High pressure processing
induced meat gels are based on the protein volume decline, while the thermal meat gels is
caused by the violent movement of molecules and destruction of non-covalent bonds.

At constant temperature, an increase in pressure increases the degree of ordering of
molecules of a given substance. Therefore, pressure and temperature exert antagonistic forces
on molecular structure and chemical reactions.

As with thermal processing, various reaction rates during HPP are also influenced by
thermal effects during pressure treatment. The net pressure-thermal effects can be synergistic,
additive, or antagonistic.

High-pressure processing of muscle based products is paying more and more attention
in the meat industry, which could prolong the shelf life of meat products, inactivate vegetative
micro-organisms and enzymes near room temperature, because of the processing allows the
decontamination of muscle based products with minimal impact on their nutritional and
sensory features. Therefore, The application of high pressure offers some interesting
opportunities in the processing of muscle-based food products, such as, the high pressure can
affect the texture and gel-forming properties of meat batter and myofibrillar proteins, the
tenderize, color and other properties of muscle. The processing effects on muscle based
products are highly dependent on the primary effects of pressure, time and temperature on
the relevant thermodynamic and transport properties of meat systems. However, the pressure-
labile nature of some meat protein systems, such as myosin or myoglobin often limits the
range of attractive commercial applications to prefermented and cooked meat products.
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3. Use of high pressure in meat products

Improving processing techniques and equipment can also reduce sodium chloride of
meat products. The application of high pressure technology in food has a long history. As
early as 1895, Royer found that high pressure treatment can kill bacteria. In 1899, Hite first
discovered that 450 MPa pressure could extend the storage period of cow milk. Brigman, an
American physicist with the reputation of “pioneering the study of modern high pressure
technology”, who has been conducting systematic research on the high pressure effects of
macroscopic behaviors such as solid compressibility, mechanical properties. In 1914, the
high pressure technology of food was defined, and report that the albumin solidified under
500 MPa and became hard gel under 700 MPa was proposed (Bridgman et al., 1914). High
pressure treatment led to change in the structure of protein molecules by affecting the
molecular volume and non-covalent bond of protein, thus improving their functional activity
(Ngarize et al., 2004; Xu et al., 2016).

3.1. Effect of high pressure on tenderness in meat products

High pressure treatment has a certain tenderizing effect on meat. The tenderness of meat
after high pressure treatment is increased, indicates that the muscle node structure is damaged
and the muscle fiber structure is changed during pressure treatment (Tauc. et al., 2002; Perrett
et al., 2002; . Ma et al., 2013; Warner et al., 2019). The tenderizing mechanism of high
pressure on meat mainly has two aspects:

1. Mechanical force causes the binding dissociation of muscle actin and myosin in muscle
fibers, muscle fiber disintegrates and muscle fibrin dissociates into small fragments,
resulting in a decrease in muscle shear force;

2. Pressure treatment causes the activation of endogenous proteinase-calcium enzymes in
muscles (Cioni et al., 2002; Simonin et al., 2012).

Accompanied by the tenderizing, the changes of meat color was generated treated by
high pressure. The myoglobin and hemoglobin in the myoplasm gradually denature under
pressure and lose their inherent red color, resulting in the red color of muscles gradually
becoming lighter and gray, and finally turning gray like cooking meat (Orlien et al., 2014;
Wang et al., 2020). When the pressure is lower than 200 MPa, the appearance of meat does
not change much, but the color of meat fades when the pressure is higher than 200 MPa. The
reasons of pressure processing of meat color are as follows:

1. The pressure between 200~350 MPa, the white color (L* value) was probably globulin
of myoglobin degeneration or heme is replaced or lose.

2. The pressure loss of red when more than 400 MPa, due to ferrous myoglobin oxidation
into high-speed rail by myoglobin (Canto et al., 2012; Ha, 2017). The occurrence of the
above two changes are main dependent on whether exceeds the pressure required for
the change, and less affected by the pressure and time.

3.2. Effect of high pressure on oxidation in meat products

Some studies have investigated that the influence of high pressure on fat stability of
meat products is related to oxygen, composition of meat and temperature. The effect of high
pressure on lipids is reversible, and lipids are stable under appropriate high pressure. In the
presence of meat tissue, the pressure at room temperature over 300 MPa is aggravated the
rate of lipid oxidation, and the TBA value of peroxides is higher than that of unpressurized
lipids (Tuboly et al., 2003; Chen et al., 2018; Bernasconi et al., 2020; Rivas-Caedo et al.,
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2021; Martinez-Onandi et al., 2019). Under the condition of high temperature, the inhibition
effect of high pressure treatment on fat oxidation will disappear. High pressure induced fat
oxidation limits the application in meat processing. Metal chelating mixture can effectively
eliminate the initiation of fat oxidation and become an ideal antioxidant to prevent fat
oxidation in meat treated by high pressure (Guyona et al., 2016; Cava et al., 2020).

3.3. Effect of high pressure on bacteria in meat products

High pressure can destroy the cell wall and cell membrane of bacteria, inhibit the
activity of enzymes and the replication of genetic materials such as DNA, destroy the
hydrogen bond, disulphide bond and ionic bond of proteins, and finally cause the death of
microorganisms (Delgado et al., 2015; Park et al., 2006; Garriga et al., 2002). As the
temperature increases (decreases) with the pressure (pressure relief) during the high pressure
treatment, the temperature increases 2~4 °C for every 100 MPa of pressure increase. Thus,
in recent years, it has also been considered that the lethal effect on microorganisms is the
result of the combined action of compression heat and high pressure (Cava et al., 2020; Yuste
etal., 1999; Ko et al., 2002; Wang et al., 2021). It is well known that gram-negative bacteria
and yeast can be basically killed at a pressure of about 400 MPa, while gram-positive bacteria
need to be killed at a pressure of 600 MPa, while to kill spore bacteria requires a higher
pressure and proper heating and prolongs holding time. The killing effect of spore bacteria
can be improved obviously if the high pressure pulse treatment is applied alternately to
pressure and pressure relief (Bonilauri et al., 2021; Jung et al., 2003; Macfarlane et al., 1985).

4. The use of high pressure in low-salt meat products

The high pressure treatment improves the functional properties of meat protein, and is
beneficial for reducing salt (Chen et al., 2018; Duranton. et al., 2012; Zheng et al., 2017).
Such as, the surface hydrophobicity and total sulfhydryl groups of rabbit myosin were
increased under high pressure between 100 and 200 MPa (Chapleau et al., 2004). Meat
protein is sensitive to the high pressure treatment. The a-helix and p-sheet structures changed
into random coil and p-turn structures as the pressure levels increased; moreover, the protein
solubility and gel hardness reached their maximum values and the gel microstructure was
dense and uniform at 200 MPa. Thus, a better understanding of the changes in gel properties
and protein conformations occurring in meat products induced by combined high pressure
and thermal conditions could be helpful to elucidate their role during gel formation and
facilitate the development of new healthy meat products (Zheng et al., 2017; Zhang et al.,
2017; Yang H et al., 2021).

Sensory evaluation was conducted after the high pressure treatment of low-salt
frankfurter by high pressure, and it was found that the tasters were more likely to accept the
sausages treated with low salt and high pressure, which indicated that high pressure could
improve the texture of the sausages, and partially reduce the amount of salt (Crehan et al.,
2000). Grossi et al. (Grossi et al., 2011) reported that the use of high pressure technology
could reduce the sodium chloride content from 1.8% to 1.2% of pork sausage with carrot
fiber and potato starch, and had no negative impact on the water-retaining performance, color
and texture. The other, increased the pressure and temperature, and the meat batter with carrot
fiber forms a highly elastic, organically combined and orderly network structure (Grossi et
al., 2011; Sun J., et al., 2012).
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4.1. Effect of high pressure on cooking yield in low-salt meat products

The water and fat holding capacity is an important indicator the quality of meat
products, it expresses the ability of comminuted meat products to hold water and fat. The
pressure intensity, salt content, meat type, composition, temperature and others factors
independently affected both the water and fat holding capacity of comminuted meat products
(Sukmanov et al., 2019a; Sukmanov et al., 2019b). Zheng et al. (Zheng et al., 2017) reported
that the cooking loss of low-salt chicken meat batters treat by high pressure was not
decreased, this suggested that high pressure was much more effective, than salt in reducing
water loss during the cooking. Because of the 100 or 200 MPa is too low to affect the
exposure of buried sulthydryl groups, the SH content of myosin was not significantly
differences; at 300 MPa and above, the SH content was significantly increased, the increase
of sulfhydryl groups might be explained by the change of myosin structure. Rospolski et al.
(Rospolski et al., 2015) studied the effects of high pressure parameters and NaCl
concentration on the physical properties chicken meat batter, showed that the water became
slightly more tightly bound to the meat matrix after high pressure processing treatment, the
reason is that high pressure processing could increase the solubility of meat protein, so that,
increased water and fat holding capacity and decreased mechanical water loss (Hugas et al.,
2002; Chan Jet al., 2011).

4.2. Effect of high pressure on texture in low-salt meat products

The texture is an important characteristic of meat products, which decides the edible
quality of low-salt meat product. It is well known that high pressure processing is an
important thermodynamic parameter that can profoundly influence molecular systems. Due
to the myofibrillar protein became unfolded with the pressure increased, more buried
hydrophobic residues were exposure and more hydrophobic sites or pockets of protein
molecules, then the large protein aggregates was formed. When the pressures over 400 MPa
can readily denature proteins, and 200 MPa only affects their quaternary structures, leading
to the dissociation of oligomeric proteins (Aertsen 2009; Bai et al., 2021). Ngarize et al.
(2004), Grossi et al., (2016) found that the solubility of myofibrillar proteins was decreased
when the pressure up to 400 MPa and above, due to the protein-protein interaction at 400
MPa is formed at the expense of protein-water interactions, and the intermolecular H-bonds
between proteins are stronger than the H-bonds between protein and water. Yang et al. (Yang
et al., 2015) have investigated that the use of high pressure processing for enhancing the
functional properties of reduced-fat (20%) and reduced-salt (1%) pork sausages without the
need for additives, who found that the textural properties of hardness, chewiness, springiness,
cohesiveness and resilience were significantly (P < 0.05) increased at an interval of 100 MPa
and 200 MPa, except the adhesiveness up to 200 MPa, but no changes of of hardness,
chewiness, springiness and resilience were observed up to 300 MPa and 400 MPa. Because
the myofibrillar proteins, such as myosin and actin, were more salt soluble when low-salt
beef sausage batters were subjected to high pressure at 200 MPa than the untreated batter
(Sikes et al., 2009; Tintchev et al., 2013). (Oflynn et al., 2014) found that high pressure
treatment is a potential technology to manufacture sausages maintaining sensory and
functional properties, and could decrease the salt levels in reduced-phosphate breakfast
sausages, improve the juiciness and cohesiveness.
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4.3. Effect of high pressure and heat combination in low-salt meat products

It is well known that the mechanism of meat protein denaturation and formed gel caused
by heat and high pressure are differences. The high pressure treatment induced meat gels is
based on the protein volume decline, while the thermal meat gels is caused by the violent
movement of molecules and destruction of non-covalent bonds. Some researches have
reported the effected of low-salt meat products on the combination of heat and high pressure
(Chen et al., 2018; Zheng et al., 2017; Tintchev et al., 2013; Oflynn et al., 2014; Khan. et al.,
2014; Zheng H. et al., 2019). The temperature during high pressure processing also affected
water and fat holding capacity, and gel properties. Combining high pressure and heat
treatment at low-salt meat protein denaturation temperatures in a single-step process has
reportedly resulted in better water retention and texture than heat-only samples (Jimenez-
Colmenero et al., 1998; Zheng et al., 2017; Zheng. et al., 2015). High pressure treatment prior
to thermal processing improves the functionality of meat batters. Wei et al. (Wei et al., 2019)
studied the effects of protein conformations and gel characteristics of low-salt (1% sodium
chloride) pork batters produced by high pressure prior to heating (20-60 °C), who found that
the highest cooking yield, hardness, springiness, chewiness, and G' values were observed in
batters made by high pressure at 20 and 30 °C. Meanwhile, the a-helix structure was
significantly decreased, and accompanied by the increase of B-sheet, B-turn, and random coil
structures at 20-40 °C. The reason is possible that the maximal solubilization of myofibrillar
protein occurred at 200 MPa, with a reduction of salt content by 50% and improvement of
functional properties, such as water-holding capacity and texture (Tintchev et al., 2013).
Zheng et al. (Zheng H. et al., 2019) investigated the effect of appearance, texture, water
holding capacity, sensory attributes and microstructure of chicken breast meat batters by
heating under 0400 MPa (75 °C, 30 min), the result was that the high pressure, rather than
salt, was the main factor affecting the quality of chicken meat batter, the quality of low-salt
chicken batter was improved by heating under 200 MPa and formed a fibrous network inside
muscle fibers; meanwhile, application of HUP at a specified pressure was an excellent
process for producing low-salt comminuted meat products; but excessive high-pressure
resulted in inferior quality.

Conclusion

High pressure has been widely applied and developed rapidly in practical production
due to its leading technical characteristics, good economic and social benefits. The effects of
high pressure on various components of low-salt meat products vary greatly with the
pressure, temperature and time. In spite of great efforts, the mechanism of high pressure on
low-salt meat products has not yet been obtained, which leads to get a clear understanding of
their behaviour is difficult. Even so, with the development of research, people will have a
better understanding on the influence of high pressure in low-salt meat products and its
relationship with the change of meat quality. Thus, the use of high pressure processing could
improve the quality of low-salt meat products.
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Introduction. Steaming in rice-parboiling causes
gelatinization and protein disintegration in the endosperm
changing its appearance and strength by fused gelatinized
starch granules that disrupt protein bodies.

Materials and methods. Steaming-periods on grain
strength and appearance of FARO64, FARO65, FARO66 and
FAROG67 rice varieties were evaluated. Each variety was
divided into 5-parts; 4-parts parboiled and steamed for 5, 10, 15
and 20 mins (at constant temperature and atmospheric
pressure), while the 5th portion served as control.

Results and discussion. Steam application had a
significant effect (p<0.05) on grain strength. Optimum strength
was recorded at 20 mins steaming-period in FARO64, FARO65
and FAROG66, while FAROG67 had highest strength at 15 mins
with values ranging from 61.53N to 225.83N. FARO65 had
reduced L* value, though all varieties kept the yellow colour
with the steaming-time. Only FARO64 maintained a* values
with steaming-time. For length, FAROG67 changed to very long,
while FARO64, FARO65 and FAROG66 changed from medium
to long with a value range of between 6.33 mm and 7.57 mm.
The width values (1.98-2.62 mm) equally changed, as all
varieties increased with steaming-time. All except FARO64
reduced in thickness with steaming-time. Shape of FARO64
changed from medium to slender; FARO65 and FAROG66
maintained medium shape, while FARO67, from slender to
medium. Thousand grain weights were between 15 and 24;
FARO64, FARO66 and FARO67 had reduced mean-value,
while FAROG5 increased.

Conclusion. Parboiling reduces raw rice breakage rate,
and improves strength, colour and appearance. Gelatinization
temperature influences rice quality.
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Introduction

Rice is a staple food for about half of the world’s population (Ebuehi et al., 2007); ranked
as number one cereal; cooked and consumed in milled form (Hossain et al., 2009). Processing
operations, pre-harvest to postharvest, affect milled rice quality, as over 90% of Nigerian rice is
parboiled before consumption. Parboiling operations involves soaking, steaming and drying, as
applied to rough rice for improved quality attributes, changes in milling properties, increase
strength, while the protein denaturation diffuses into inter-granular space of starch, which further
increases the binding effect for better milling process (Islam et al., 2004; Elbert et al., 2000).
Steaming gelatinizes and concentrates nutrients on husk and bran layers, which then migrates
inward through the solute via retrogradation process. Steamed rice becomes compact, thus making
milling process easier since the husk’s kernel is loose (Ayamdoo et al., 2013; Vikrant et al., 2018).
Starch of the gelatinized and parboiled rice usually experience changes in appearance (Singh et
al., 2000), eliminating the usual opaque portion in rice and making the end product more
translucent and glossier than the un-parboiled rice.

Worldwide, rice is usually consumed as whole grain, where its physical properties such as
colour, dimension and appearance determine quality, which are initial requirements for new rice
variety in accordance to its size and shape, appearance, weight and uniformity (Varnamkhasti et
al., 2008; Danbaba et al., 2012). Rice dimension, to a large extent, helps in equipment design for
shape classification, selection of membrane size for optimal separation and in calculating machine
milling efficiency (Singh et al., 2015). Rice length determines the breakage level, but steaming
process better strengthened rice grain during parboiling, and reduced breakage (Kumar, 2013).
Rice shape is usually determined via length and width ratio; however, its thickness (breath)
reflects nutrient density, which invariably, amount to the physicochemical properties of the rice
(Bocevska et al., 2009). For these parameters, rice is classified based on their length into very long
(>7.5mm), long (<6.61mm), medium (5.51-6.1mm) and short (<5.5mm) and shapes with the use
of length to width ratio (IRRI, 2009).

Rice users, either in the cooked or raw form, constantly emphasize particularly on the
appropriate quality of rice. However, rice varieties vary in quality and properties with respect to
plant and grain characteristics, plant type, height, nature of leaves, grain dimension,
texture, starch content, colour, aroma, cooking properties and nutritive quality (Amaka et
al., 2014), though each variety varies with specific optimum thermal treatment appropriate
for its parboiling processes for high quality product (Igathinathane et al., 2005). Studying
effect of steam application on the selected new indigenous rice varieties is very important
for optimum quality and consumer acceptability, as adequate information on the new
varieties is important to know whether they are comparable to those already in the
market. Rice farmers, millers and consumers need adequate information on the quality of the
indigenous new rice varieties. Based on these facts, this study aimed at evaluating the qualities
of some new parboiled rice varieties steamed at various time-periods (using constant
temperature and atmospheric pressure) in comparison with un-parboiled milled samples.

Materials and methods
Sourcing of materials
Four new rice varieties, FARO64, FARO65, FARO66 and FAROG67 were obtained from

the farms of National Cereals Research Institute, Badeggi, Niger State, Nigeria and processed
according to the method of Danbaba et al. (2016) with slight modification in the use of different
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steaming periods (5, 10, 15 and 20 minutes) at 100°C and atmospheric pressure, while the control
sample was not parboiled.

Sample preparation

Rough rice was cleaned to remove dockages, and divided into five portions; four
portions were packaged in a parboiling bag, soaked in hot water at 65°C for a period of 3
hours. It was then allowed to stand for 8hrs for conditioning before being steamed at 100°C
(at atmospheric pressure) using an improved equipment (Water bath, TT-420.Techmel and
Techmel, USA) that ensures uniform steam distribution between 5 and 20mins. Drying of the
steamed samples was done at ambient temperature (25+2°C) and atmospheric pressure to
reduce moisture to between 13-14%, and later milled using a laboratory model rubber roll
rice huller (THU35B Satake ENGINEERING CORP, Tokyo, Japan) to de-husk into brown
rice, which was polished in Rice-pal 32 (Yamamoto Co, Higashine, Japan) for a period of
3mins (at Food Technology and Value Addition Programme Laboratory), National Cereals
Research Institute, Badeggi, Niger State of Nigeria.

Colour measurement

Colour parameters (L*, a*, b*) of milled rice grain was determined with a colour meter (Konica Minolta,
CM-3500d, Minolta Co., Ltd. Osaka, Japan), calibrated With a white standard plate (13371004), with
illuminant D65 (CIE 196410° Standard Observer) used. The colour coordinates, L*, a* and
b* were calculated in the CIELAB system. The L* values indicates lightness (100 = white
and 0 = black); a*, the degree of red-green and b*, level of yellow-blue colour, with higher
b* indicating yellowness; replicate readings of 10 to eliminate variations.

Strength of the rice samples

The method of Sunday et al. (2018) was adopted for rice strength using a material
testing machine (H50 K-S, Hounsfield, England). Briefly, a grain of rice sample was placed
on a flat plate of the Instron testing machine, with tester handle turning continuously until
12mm diameter probe pressed the grain with a 500N load cell fixed parallel to the base at a
cross-head speed of Imm/min, which cracks the grain under pressure. Applied force at initial
break (rupture) was recorded from the digital computer as the yield point for each run. Five
replicates were recorded for each sample.

Measurement of grain dimension

The grain dimension was measured with the method of the International Rice Research
Institute (IRRI, 2009). Length, width and breath of randomly selected ten whole grains of
milled rice was measured using digital Venire Caliper and grain shape determined through
ratio of length to width of grains.

Thousand grain weight
The method of Varnamkhasti et al., 2008 was adopted for weight of a thousand grains,

with random selection from bulk of rice grains, and weighed with sensitive weighing balance.
Statistical analysis
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Data from 20 rice samples were subjected to analysis of variance (ANOVA) using
statistical package for social statistics (SPSS version 20.0); significant differences were
compared with least significant difference (LSD) at 5% level of probability, with chat on
excel version 2010 (Microsoft cooperation, USA).

Results and discussion
Colour of steamed milled rice

Colour of rice grain is an important attribute of parboiled rice, which usually
defines its quality before end users, as well as its market value. Normally, parboiled
rice is amber in appearance, which could be darker depending on its
physicochemical properties and applied heat during processing. Judging by this, it
could be said that quality of parboiled rice is related to steaming time (Ebrahim et al.,
2015), and from Table 1, whiteness (L* value) of FARO64 steamed for 5-20mins during
parboiling process was not significant (p<0.05) when compared with un-parboiled sample.
The L* values ranged from 55.54 to 56.76 with steaming-time, and different from the reports
of Islam et al. (2002); Singh et al. (2011); Chijoke et al. (2013) and Ebrahim et al. (2015),
where they stated that temperature, soaking period, and steaming negatively influence
whiteness of parboiled rice, but Amaka et al. (2014) had a contrary view. FARO64 a*
parameters were greenish in colour and significantly different (p<0.05). Sample steamed for
5mins, though had the highest a* value (-3.70), but not significantly different from samples
steamed for 10 and 15 mins, and lesser than that of Amaka et al. (2014), that reported -1.01
to 1.52. For the b* values, sample steamed for 20mins (31.92) was not significantly different
from the other steamed samples but different significantly from the un-parboiled sample
(28.90). The values increased with steaming-time (30.08, 30.76, 31.18 and 31.92) from 5 to
20mins respectively and equally higher than that of FARO61 (23.82) and FAROG60 (18.15)
as reported by Mayowa et al. (2017).

L* values of FAROG65 samples exhibited erratic behaviours. The control sample was
not significantly different from sample steamed for 10mins, while samples steamed for 5, 15
and 20mins respectively showed no significant difference (p<0.05) among themselves. The
applied heat and genetic make-up of the variety could have caused the colour change, or
could be attributed it to non-enzymatic browning reaction. The values obtained were in
agreement with that of Prem et al. (2019) that worked on the effect of steaming on accelerated
aging, and Sareepuang et al. (2008) that reported on the effect of steam temperature and time
on rice parboiling. FARO65 showed varying colour for both un-parboiled and parboiled
samples, with un-parboiled having a value of -6.84 and greenish colour. However, parboiled
samples steamed at different time-periods were reddish in colour, though redness reduced in
value with increased steaming (10mins to 20 mins) from 1.04 in sample steamed for 10mins
to 0.30 at 20mins,and significantly different (P<0.05) from one another. Ebrahim et al. (2015)
however stated differently that increasing steaming-time during rice parboiling caused
increase in a* value. The degree of yellowness among FARO65 samples ranged from 28.90
to 27.66 for samples steamed for 10 and 20mins respectively. The b* value increased from
28.10 in un-parboiled sample to 28.30 and 28.90 in samples steamed for 5 and 10mins, and
then decreased in samples steamed for 15 and 20mins, contrary to the report of Ebrahim et
al. (2015), who reported complete increase in b* value (18.08 to 19.50). The reduction in the
value at 15 and 20mins steaming periods could be due to the intense/prolonged heating
period.

—Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2— 501



—— Food Technology ——

Regarding FAROG6, the un-parboiled sample recorded highest L* value (54.68), though
not significantly different from sample steamed for 20mins. According to Islam et al., 2008,
parboiling tends to darken or reduce lightness colour of parboiled milled rice. Samples
steamed for 5 to 15mins were not significantly different (p<0.05) from one another, but were
significant to that steamed for 20mins, i.e. getting lighter with increasing steaming periods.
This revealed that steaming application tends to increase its lightness value. For a* values,
treated FAROG66 samples were significantly different (p<0.05) from the untreated one (low
value of -5.70) with greenish colour. Samples steamed for 5, 10 and 20mins respectively
were not different significantly from one another, but were significantly different from the
sample steamed for 15mins. Colour change noticed could be due to parboiling effect as earlier
stated, which may be maillard type of non-enzymatic browning enhanced by the level of
reducing sugar and amino acids during steaming, processing conditions during soaking and
steaming, as well as husk pigment that diffused into the endosperm during soaking (Islam et
al., 2002). During steaming, nutrients migrated into the endosperm from the husk and bran
layer (Bloussi et al., 2010). The b* values ranged from 27.90 to 29.08. The result showed
that the controlled sample (untreated) and samples steamed for 10 and 15mins were not
significantly different from one another, while sample steamed for 5mins was different from
all the other samples, and comparable to that reported by Graham et al. (2015). It was noted
that one of the parboiled rice samples had lowest L* value (dark) and the highest b* values
(yellow) when treated and untreated samples were compared, and this could be attributable
to soaking temperature and steaming-time or the effect of steaming on the genetic/agronomic
properties of the paddy rice.

Significant difference (p<0.05) was observed in the L* values among FAROG7 samples
(steamed and un-steamed). Sample steamed for 20mins had the lowest value (52.44), while
the highest value (54.80) was recorded with 15mins steaming. The low value of samples
steamed for 20mins may be due to the high steam heat that might have darkened the colour
of the milled rice (Graham et al., 2015). Sample steamed for 5 and 15mins, as well as the
control sample were not significantly different from one another, likewise samples steamed
for 10 and 20mins. Lightness value decreased with increased steaming-time, except in the
15mins steaming. The a* values of FARO67 were significant. Un-parboiled sample was
significantly different (p<0.05) from the treated samples. Colour of parboiled rice changed
gradually from greenish to reddish with increase in steaming-time, but changed after 15mins.
Un-parhoiled sample of FAROG67 was greenish (-6.10) in colour, but samples steamed for 10
and 15mins were reddish and similar, while samples steamed for 20 and 5mins respectively
were greenish in colour (-0.06 and -022). It could be concluded that longer steaming period
in rice parboiling had negative effect on a* value of processed rice, which could be
attributable to genetic make-up according to Islam et al., 2002. FARO67 samples were not
necessarily significant for b* values. According to Lamberts et al., 2008, high heat treatment
during parboiling caused reduction in carotenoids of raw rice and maillard reaction and
imparting yellow colour to the samples. It could be said generally that steaming had great
effect on the colour attributes (either through the genetic make-up or agronomic properties)
of the rice varieties.
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Effect of Steaming-Time on the Strength of Parboiled Milled Rice Samples

Table 1
Effect of Steaming-Time on the Colour of parboiled rice
Sample Rice Steaming L* a* b*
variety period

64 Non parboiled | 55.54+0.09° | -6.46+0.05" | 28.90:+0.07™
564 5 55.36+0.012 | -3.70+0.02¢ | 30.08+0.04%
1064 FAROG4 10 56.34+0.12 | -3.98+0.02¢ | 30.7620.02%
1564 15 56.66+0.12 | -3.92+0.06° | 31.18+0.14%
2064 20 56.76+0.15% | -4.56+0.03F | 31.92+0.072
65 Non parboiled | 54.70+0.15° | -6.84+0.06" | 28.10+0.05"
565 5 52.12+0.09° | 0.92+0.07* | 28.30+0.07"
1065 EARO65 10 54.3240.21° | 1.04+0.03% | 28.90+0.10"
1565 15 51.48+0.19¢ | 0.60+0.02° | 27.28+0.09°
2065 20 51.70£0.22° | 0.30+£0.03¢ | 27.66+0.14°
66 Non parboiled | 54.68+0.05" | -5.70+0.027 | 28.62+0.01>
566 5 51.70+0.29C | 0.84+0.06* | 27.90+0.11°
1066 FARO66 10 51.16+0.29° | 0.88+0.05% | 28.58+0.18"
1566 15 52.20+0.20° | 0.64+0.05° | 28.36+0.0°
2066 20 54.32+0.35 | 0.86+0.052 | 29.08+0.17°
67 Non parboiled | 53.92+0.05" | -6.10+0.09" | 28.16+0.03"
567 5 53.88+0.11° | -0.22+0.089 | 29.24+0.04°
1067 FARO67 10 52.90+0.21° | 0.40+0.04° | 28.58+0.08"
1567 15 54.80+0.33° | 0.40+0.02° | 29.14+0.09°
2067 20 52.44+0.24° | -0.06+0.03% | 28.12+0.14"

Steaming operation in rice parboiling improves the quality of rough rice by sealing

cracks in rice kernel (hardened) to resist milling forces, thus reducing rice breakage during
milling. It gives high milling recovery, better market value, higher price and increases
demand comparable to the un-parboiled grain, as end users demand for physical, cooking and
eating qualities of parboiled rice achievable only by steam application (Islam et al., 2004;
Graham et al., 2015; Farah et al., 2017). Strength of improved parboiled indigenous milled
rice varieties (FARO64, FARO65, FARO66 and FARO67) from steam application is shown
in Figure 1. Steam application was significant on the strength of the rice studied, as FARO65
steamed for 20mins had higher strength value (205.01N) compared with 61.53N for the
control sample of same variety, and other treated samples. The higher energy value observed
for the sample steamed for 20mins was not different from that of Marshall et al. (1993) that
stated that parboiling increases hardness of rice, thus given higher head rice recovery, which
may be attributable to the gelatinization and compactness of endosperm starch of parboiled
rice that hardens rice kernel (Yuji et al., 2001).
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Figure 1. Effect of steaming-time on the strength of parboiled milled rice samples

For FAROG4, it was obvious that steam had great effect as the strength increases with
steaming, though at 5mins steaming, it was lesser than that of the un-parboiled, probably the
sample may be adjusting to the steaming effect or genetic make-up of the variety. FARO65
samples steamed for 5-20mins were not significantly (p<0.05) different in strength from one
another just as Ebrahim et al. (2015) reported that slightly different energies are required to
break rice samples steamed between 2-10mins. Though slightly different energies would be
required, they are not significantly different, but significantly different from the controlled
sample. In FAROG64, strength significantly ranged from 199.87N in 20mins steamed sample
to 66.46N in 5mins steamed sample. Sample steamed for between 10 and 20mins were
significantly different (P<0.05) from the samples steamed for 5mins and the control
(73.06N). The expectation, according to Houssou et al., 2016, is to increase strength and
harden grain with steaming process. However, short time steaming and low gelatinization
process weakens starch cells and reduced grain strength (Ebrahim et al., 2015), and according
to Islam et al., 2000, energy is required to break rice sample. Energy reported for samples
steamed between 10 and 20mins were 149.46N, 181.37N and 199.87N.

For FAROG7, the strength varied significantly (p<0.05) from 107.39 to 225.83N for
treated samples, though the un-parboiled sample had energy 145.54N, which was higher than
that steamed for 5mins. Grain strength/hardness of samples steamed for 15 and 20mins were
higher than the control sample, which was not totally in agreement with the reports of
Ebrahim et al., 2015 and Islam et al., 2000. Rice strength is important because rice hardness
facilitate high head rice yield and minimized breakages during milling, ultimate goal of rice
processors and millers.
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FAROG66 sample steamed for 5mins had the lowest hardness value (111.40N),
attributable to weakness of starchy endosperm resulting from the effect of melting during
initial gelatinization, and/or partial gelatinization. It was equally noticed that samples
steamed for 10 and 15mins, as well as the control were significantly not different from one
another, defying the report of Ebrahim et al., 2015 and Islam et al., 2000. Rice with low
energy has low resistance to breakage during milling leading to low percentage of head rice
yield, which is of poor economic value and as such, FAROG66 could be categorized as such.
Steaming beyond 10mins, and up to 20mins, increased hardness value from 111.40N to
167.99N, supporting the report of Adekoye et al., 2014 that hardness of improved rice
varieties increases with increase in steaming-time leading to extended shelf life. Hardness of
the grains was not identical probably due to genetic make-up or agronomic properties of the
varieties.

Effect of steaming-time on physical properties of parboiled milled rice

Rice is mostly consumed as whole grain, and as such, its dimensions such as length,
width and thickness are considered, because of their importance in developing new rice
variety for commercial production and selection preference by consumers (Adekoni et al.,
2014). A significant increase (P<0.05) in length of FARO64 was observed, with 6.54mm,
6.73mm, 7.57mm and 7.30mm respectively for samples steamed for 5 to 20mins, while un-
parboiled sample was 6.05mm (Table 2). Samples steamed for 5 and 10mins were not
significantly different from each other but different from the un-parboiled/control sample.
Likewise, samples steamed for 15 and 20mins were also not significantly different (P<0.05)
from each other, but significantly different (P<0.05) from the un-parboiled sample. Based on
IRRI (2009) grain dimensional classification, it was discovered that FARO64 variety
changed from medium to long grain size with steaming-time. FARO65 was significant for
length. The value increased from 6.02 to 6.90mm in the treated samples, as against 5.63mm
recorded for control sample. Sample steamed for 10 to 20mins were not significantly different
from one another, and longer than the other two, but 5mins steaming was shorter, implying
that steaming increases length of FAROG5, and could be termed a medium sized grain after
parboiling. Significant difference (p<0.05) was not observed in the length of FAROG6 treated
samples. The mean length of the steamed samples ranged between 6.67 — 7.17mm, while the
control sample was 6.33mm. The results were similar to that reported by Danbaba et al.
(2016) on the processing characteristics, grain quality and end-use quality of hybrids and
improved rice. Sample steamed for 15mins had the highest mean value, while that steamed
for 5mins had the least length (treated). A reduced value of 6.90mm was recorded in the
sample steamed for 20mins, and consumers prefer long grains. As a result, FARO66 should
be steamed for not more than 15mins for optimum length. In FAROG67, no significant
difference (p<0.05) was observed for length (treated samples). During steaming, the length
increased with increase in steaming-time (7.23, 7.53, 7.58 and 7.67mm) as against 6.79mm
recorded for un-parboiled sample, similar to that of Amaka et al. (2014) on TOX 3145 rice
grains. Sample steamed for 20mins had the highest mean value of 7.67mm, making FARO67
increase in length with increased steaming-time. Though it increased with steaming time; it
was not as long as pausa Basmati 1121, which was 8.3mm (Kumar 2013).

The width value of FARO64 samples were not significantly different (P<0.05) from one
other (treated and untreated). Steaming between 10 and 20mins resulted in slight increase in
width from 2.57 to 2.62mm in the samples. FAROG65 samples were equally not significant
for width (treated and untreated). Highest width value (2.61mm) was recorded in the samples
steamed for 15 and 20mins, while un-parboiled and 5mins steamed samples were slightly
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less, meaning that steaming does not really affect width, but steaming between 15 and 20mins
maximum should be adopted. The width dimension of FARO66 ranged from 2.31-2.61mm
and showed significant differences (p<0.05). Samples steamed for 5mins and the control
were not significantly different from each other, but were significantly different (p<0.05)
from samples steamed for 10, 15 and 20mins. However, samples steamed between 10 and
20mins were different from one another.

Significant differences (P<0.05) were observed for the width values of FAROG7
samples, with values ranging from 1.96 — 2.37mm. Un-parboiled sample had a width value
of 1.98mm, which was not significantly different from the sample steamed for 20mins,
samples steamed for 5 and 15mins were equally not different from each other, while the
sample steamed for 10mins was different from the other samples. The width of FARO67 did
not follow the pattern of the other varieties, but erratic.

Ratio of length to width of rice grains is an important attribute in shape determination
(Joseph et al., 2015; Anounye et al., 2016). The length/width ratio of FARO64 was not
significantly different (p<0.05), with values between 2.37 — 2.89mm. With 5mins steaming,
length/width ratio was 2.61 compared to 2.37 recorded for un-parboiled sample. Samples
steamed for 15 and 20mins had highest ratios (2.89 and 2.81), which was within the range of
1.71-3.56mm reported by Joseph (2015) for some varieties of African rice. From the results,
there was no significant change in the shape of the treated and untreated samples of FARO64,
as they all maintained medium shape (IRRI, 2004). Length to width ratio of FARO65 showed
significant difference (P<0.05). It increased with increase in steaming-time and ranged
between 2.35 to 2.64 for steamed samples, but un-steamed sample had 2.30. Fofana et al.
(2011) reported a slender shape for Benin Republic rice samples with ratio of 3.51, while
improved varieties were reported to have medium shape with ratio of 2.69. Base on this,
FAROG5 could be classified as medium shaped and does not change with steaming-time just
as FAROG64 varieties. Length/width ratio of FARO66 samples were not significantly different
(p<0.05), however, highest ratio (2.88) was recorded with sample steamed for 5mins, while
the lowest was 2.64 recorded in the sample steamed for 20mins, as against 2.74 recorded for
un-parboiled sample. The length to width ratio of FARO66 reduced with increase in the
steaming-time during parboiling except from 5 t0 10mins, though maintained medium shape
throughout the steaming-periods. The values recorded were lower than 2.96 reported by
Kumar (2013). Length to width ratio of FARO67 samples were significantly different
(p<0.05) with steaming-time. Values of length/width ratio ranged from 2.58-3.56, with the
sample steamed for 20mins recording the lowest ratio (2.58), while the un-parboiled sample
had the highest (3.56). Samples steamed for 5mins had the highest ratio (3.45) among the
steamed samples, a value similar to 3.51 reported by Anounye et al. (2016) in un-parboiled
sample of FAROA46 (slender shaped), while OFADA had length/width ratio of 2.35-2.44. As
a result, FAROG67 could be said to change shape with increased steaming from slender to
medium.

Grain thickness level helps in designing milling machine, sieve selection and the
calculation of milling power (Varnamkhasti et al., 2008). Thickness of FARO64 variety
ranged from 1.76 to 2.03mm, with 20mins steamed sample having the highest value
(2.03mm), and the lowest value (1.76mm), was observed in the sample steamed for 5mins,
though not significantly different from one another. It could be said that thickness of
FAROG64 rice variety increased with increased steaming-time. Un-parboiled FARO65 sample
was 1.71mm thick, while lower values of 1.62mm, 1.59mm and 1.69mm were recorded for
samples steamed between 5 and 20mins. For better percentage thickness of FAROG5 variety,
steaming for not less than 15mins during parboiling should be adopted.
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Table 2
Effect of steaming-time on dimension of parboiled milled rice
o ~| 25 c - - 28 1000 grain
T | 88| EL 5 B g £T weight of
£ 4 § Sg @ P = g:‘:.. parboiled milled
n o) 17© rice
64 Non 6.05 2.55 1.89 2.37 15.67
parboiled | +0.01¢ | +0.01° | £0.00%° | +0.00° +0.02¢
564 : 6.54 251 1.76 261 24.00
3 +£0.01° | +0.00% | +0.00° | £0.00° +£0.10°
o) 6.73 257 1.79 2.62 18.67
1064 % 10 +£0.00°° | £0.00% | £0.00° | +0.00° +£0.06°
w 757 2.60 1.87 2.89 18.00
1564 15 +£0.00° | +0.01% | £0.00® | £0.01° +£0.00°
7.30 2.62 2.03 2.81 17.67
2064 20 10.04% | £0.00° | £0.01% | £0.01°¢ +0.06¢
o Non 5.63 2.45 1.71 2.30 15.00
parboiled | +0.02° | £0.00®° | +0.01° | +0.01° +0.00°
565 : 6.02 257 1.62 2.35 16.00
9 +0.02¢ | +0.00% | +£0.00° | +0.01¢ +0.00"
o) 6.63 2.58 1.59 257 15.83
10651 10 | 0.02% | 20.00° | £0.00° | =0.01° £0.03¢
w 6.77 2.61 1.69 2.59 16.00
1565 15 £0.00% | +£0.00% | +£0.00° | +0.00° +0.00%
6.90 2.61 1.69 2.64 16.93
2065 20 £0.01° | £0.00% | +0.00% | +0.00° +0.01
66 Non 6.33 2.31 1.57 2.74 17.33
parboiled | +0.01° | +0.00° | +0.00° | +0.01* +0.06°
566 : 6.67 2.32 1.26 2.88 16.00
9 +0.02%¢ | £0.00° | +0.067 | +£0.01°¢ +0.00%
1066 | © 10 7.07 2.49 1.61 2.83 18.00
e +0.00% | +0.00° | +0.00° | +0.00° +0.00°
w 7.17 2.55 1.63 2.81 15.67
1566 15 £0.00® | +£0.00% | +0.00° | +0.00°¢ 1+0.06¢
6.90 2.61 1.64 2.64 15.00
2066 20 £0.01° | £0.01a | +0.00% | +0.01° +0.00°
67 Non 6.97 1.98 1.94 3.56 21.67
parboiled | +0.02° | +0.00¢ | +0.00° | +0.01% +0.06°
c67 c 7.23 2.10 2.00 3.45 22.00
S +0.02% | £0.01¢ | +£0.00% | +0.022 +0.00°
o) 7.53 2.37 1.99 3.19 21.50
10671 10 | 1003 | 0.01° | £0.00° | =0.02° £0.05°
w 757 2.23 1.99 3.42 21.00
1567 15 10.03% | +0.01° | +0.00° | £0.02° 10,000
7.67 1.96 1.94 2.58 16.33
2067 20 +0.032 | +0.00¢ | +0.002 | +0.19° +0.06%
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Effect of steaming duration on the thousand grain weight (1000gw) of milled rice

Thousand grains weight of rice measures the net weight of a randomly selected 1000
grains. It is important in evaluating rice yield and varietal differences, as well as a great
impact on seedling viability and growth, though, correlated to kernel width, thickness and
shape (Prasad et al., 2016). Un-parboiled sample had the lowest grain weight (15.67g), while
sample steamed for 5mins weighed 24g. However, samples steamed between 10 and 20mins
had decreased weight, corroborating the report of Gayin et al., 2009. However, for FARO65
variety, samples steamed for 20mins recorded the highest thousand grain weight (16.93g),
5mins steamed sample and control weighed 16g and 15g respectively, with significant
differences within the samples. Pore sealing during steaming might have increased the weight
(Prasad et al., 2018), and thus, increases rice thousand grain weight. Samples steamed for
between 5mins were significantly different from samples steamed from 10 to 20mins.

A significant difference (p<0.05) was observed in the grain weight of FARO66 samples,
with the result ranging from 15-18g. Sample steamed for 20mins recorded the lowest weight
(15g), while 18g was recorded in samples steamed for 10mins. Un-parboiled sample weighed
17.33g. The values did not follow same pattern with increasing steaming-time, making it
different to what was recorded in FAROG65, though the mean values were not far from the
range of 19.86-21.65g reported by Singh et al. (2002) and Prasad et al. (2018) in the un-
parboiled and parboiled samples steamed for 40mins. Thousand grains weight of FARO67
samples ranged between 16.33 and 22g, and was similar to what was recorded in FAROG6.
The control sample and samples steamed for 5 to 15mins were significantly different (p<0.05)
from that steamed for 20mins. Un-parboiled (control) sample weighed 21.67g, and was
noticed that steaming from 10 to 20mins caused reduction in weight of the parboiled rice
variety. To achieve a weighty grain in FAROG7 variety, steaming for short periods was better.
Also, reduction in grain weight might be due to poor pore fillings with water molecules as
reported by Singh et al. (2002).

Conclusions

It should be noted that the proximate composition of these new rice varieties was
comparable to those of existing rice samples worldwide, the study, however, looked at some
parameters used to assess rice quality. Though some of the results were outside expectations,
however, it can be concluded that steaming, as a unit operation in rice parboiling, has
significant impact on the colour of parboiled milled rice, and improve the strength required
to break parboiled rice during milling. Likewise, steaming period positively influenced rice
grain dimension and quality, as witnessed in the varieties, where medium shaped ones
changed to very long size when steamed for 15mins, though sample size was not considered.
For a good quality milled rice grains, rice properties must be considered during processing,
as every rice variety has optimum processing requirement. However, in general, steaming for
15mins gave the best result, and thereby recommended.
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Introduction. The aim of the study is to determine the effects of
thickeners on the structural characteristics of low-calorie jam.

Materials and methods. The technology of apple puree jam with
complete removal of refined sugar and with the addition of sweetener was
studied. Research methods: calcium-pectate method for determination of
pectin substances, refractometric method for determination of dry
substances, method for determining the mass of the load to destroy the
structure of the jam to determine its strength; profile method on a 10-point
scale of correspondence of intensities of sensation of aromatic and taste
properties.

Results and discussion. Removal of refined sugar from the recipe
leads to deterioration of the structural characteristics of the jam. In order to
determine the optimal quantitative ratios of ingredients, the dependence of
physicochemical quality indicators of jam on the content of thickeners in
it.

Reduction in the amount of sugar in the range of 100-333 g /1000 g
leads to a decrease in strength from 320 g to 160 g. At the same time, a
significant amount of dry matter is lost: from 65,2 to 45,2%. Their number
partially increases with increasing content of apple puree from 550 g/ 1000
g of jam (control sample) to 650 g.

This explains the slight increase in titratable acids content from 1.0 to
1.5mg/ 100 g. The titratable acidity was main when choosing pectin as a
food additive to improve the structural characteristics of the finished
product. A sufficient amount of pectin can be considered 10 g / 1000 g of
jam. The strength of the jam's structure at this amount is 300 g. The
addition of modified corn starch Regel 200 G in the amount of 10 g /1000
g of finished product allows to stabilize the texture of the jam and
maintains its strength..

The addition of stevia extract in the amount of 15 g /1000 g is optimal.
Further increase in the amount of stevia extract is not justified, because the
taste remains intensely sweet and the difference is not particularly
noticeable. The taste profile of the studied samples shows the preservation
of sweet taste and a slight increase in the fullness of bitter taste.

Conclusion. Adding pectin and starch as thickeners to jam, which
contains dry stevia extract and does not contain refined sugar allows to get
low-calorie jam and preserve the sensory properties of the product.
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Introduction

The healthy food has led to interest in low-calorie food products (Manippa et al., 2021).
There is a modern trend in restaurant business for development of food products sugar-free.
Fruit gel is an intermediate moisture food containing fruit pulp, sugar, pectin, and acid. For
a this product like jam, it is important to understand the relationships between the sensory
perception of food gel and textural or rheological properties.

A new product like a low calorie fruit gel in which the sugar content is low has to be
manufactured by controlling the sensory and textural perception of the product. The chapter
describes the rheological behavior of fruit gels as influenced by alternative sweeteners by
partial or full replacement of sucrose (Basy et al. 2021).

Confectionery is not an essential product, but it is in high demand. Among these products
are jams, which together with other canned fruits and berries are a source of pectin and only
organic ingredients, vitamins and minerals (Oliver, 2015; Wim et al., 2002). This
biologically active substance has medicinal properties, has antibacterial properties (Wikiera
et al. 2014). To make fruits available for consumption during off-season, the fruits are
processed into shelf-stable products like jam (Shinwari et al., 2018). That is why this work
proposes developed technology low-calorie jam.

Many works are devoted to the study of technologies and components in the production
of jams and other fruit and berry products (Rafeek et al., 2015). One of the main
characteristics of the jam is a jelly-like consistency. It is due to the interaction of sugar with
pectin in the presence of a significant amount of organic acids (Figuerola et al., 2007).

According to the formula (Cervera-Chiner et al., 2021), the sugar-free jam is prepared
from water, strawberries, pectin, maltodextrin, citric acid, sodium citrate and sucralose. The
sugar-free jam has the advantages of reasonable formula, advanced process, healthy and
nutritional product and the like.

Stevia is of great scientific and practical interest in the production of low-calorie foods
and which, in addition to the formation of sweet taste, gives a functional focus to products
using it (Mufioz-Almagro et al., 2021). Stevia leaf extract is zero-calorie. It is being used
globally to reduce energy and added sugar content in foods (Ashwell et al., 2015).

However, the substitution of sucrose by stevia, as sweetening agent, could be a challenge
for industry, since in addition to the sweet taste, other sensory features could modify the final
product (Reale et al., 2020). Stevia gives a functional focus to products using it.

The sweet secret of stevia is a complex molecule called stevioside, which is a glycoside.
It is this complex molecule and a number of other related substances that are responsible for
the extraordinary sweetness of stevia (300 times sweeter than sucrose). Stevia extract is not
fermented by microorganisms and does not stain jams. Overall, stevia shows promise as a
new tool to help achieve weight management goals.

The importance of good practice in the use of stevia in foods has been described both as
a potential health product and a sweetener (Wang et al., 2021). Based on recent reports, this
work is considering adding stevia extract to the jam.

The aim of the study is to determine the effect of thickeners on the structural
characteristics of low-calorie jam, to stabilize the texture of the jam, maintain the strength
characteristic of the classic jam-like consistency
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Materials and methods
Materials

The study used model samples jam with sugary and sugary-free; puree from apple.
Highly esterified apple’s pectin brand WEJ-5 manufactured by Rektowin. Its
physicochemical characteristics: gel strength 100+5 © SAG, degree of esterification 50—
55%, pH of 1% solution 3,4+0,5.

Preparation of research samples

Preparation of apple puree: sorted apple fruits are washed in cold water, crushed and
cooked in a special dish until completely softened (the duration of the technological stage is
not more than 15 minutes); grind through a special wiping sieve with a hole diameter of not
more than 1,5 mm.

Preparation of jam: apple puree is boiled, stirring constantly; add the required amount of
sugar / sweetener, pectin concentrate solution and starch (duration of the technological stage
10-15 minutes).

Packing: puree in a hot state at a temperature of 95-97 °C is packed in a glass container;
glass jars with jam are covered with lids and subjected to sterilization (duration of
sterilization of jam in glass jars with a capacity of 0,5 liters — 15 minutes, 1,0 liters — 25
minutes); then the jars are sealed, turned upside down and cooled (Bekele et al., 2020).

Experimental plan
The study of the effect of a new food supplement with other ingredients requires further

step-by-step research. The jam’s recipe was supplemented with sweetener and gradually.
Table 1 shows various ingredients for making jam.

Table 1
Ingredient composition of model samples
Mass, g

o= | — o~ ™ <t Tol ©
Ne | Ingredient 5 212 2 212 2|2

sS| € S S S S S

DEe|H & S | & S | &
1 | Puree from apple 550 600 610 | 620 | 630 | 650 | 650
2 | Water 110 285 366 | 350 | 325 | 305 | 305
3 | Sugar 333 100 - - - - -
4 | Stevia extract - 5 10 15 20 25 30
5 | Apple’s pectin 7 5 7 10 15 20 30
6 | Modified starch - 5 7 10 15 15 15
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Description of methods
Methods for determining dry soluble substances

Refractometric method is to determine the mass fraction of dry matter in the product by
the refractive index of its solution (Chen, 2019). For this purpose two drops of sample of
model samples put on a prism of a refractometer. The sample was left in the refractometer to
equilibrate thermally for two minutes and then the reading was performed. Temperature
corrections are used to bring the refractometer reading to 20 °C. The repeatability
determination was evaluated performing 10 subsequent measures under repeatability
conditions on the same samples (Giulio et al., 2008).

Method for quantitative determination of pectin substances

This method including the conversion of pectin into a solution, demethoxylation with alkali
and treatment of the resulting pectic acid solution with a calcium compound. The treatment of the
pectic acid solution is carried out its hydroxide by titration with calcium in the presence of 0.002
wt. including copper acetate and including sodium chloride per 1 wt. including pectin (Yu. et al.,
2021).

Mass fraction of pectin in the sample X,% was determined:

_ 10*m,v-0.9235
= 1)
mvq (100-W)

where m;, — the mass of the precipitate is calcium pectate,g; v — total amount of extract, cm?;
0,9235 — conversion factor of calcium pectate; m — the mass of the product, g; vi — the amount
of extract taken to determine pectin, cm®; W — mass fraction of water in the product,%.

Method for determining the strength of the jam

The method is based on determining the mass of the load required to destroy the structure
of the gem. The essence of the method: a sample of 30 ml in a cylindrical container is subjected
to destruction by loading at a rate of 10-15 g/min. The mass of the load, which was critical, was
recorded.

Expert method of sensory evaluation

The expert method of values quality indexes determination is based on committing the
thought of the highly skilled and experienced specialists-experts (The expert of — it a
specialist on the certain type of object which owns the increased sensitiveness to properties
of this object) (Kuzmin et al., 2020a). The intensity was evaluated on a 10-point scale.

Results and discussions

Acording the objectives of the study, it is proposed to make some samples. One of them
contained sugar and complied with regulations. The remaining samples 2—6 were prepared
without sugar. Based on the results of modern scientists, it was decided to add dry extract of
stevia leaves as an additional source of sweet taste (Roik et al., 2015). Modified starch and
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pectin were included in the recipe to ensure normalized physicochemical quality indicators

(Dangi et al., 2021).
The creation of new low-calorie jam provides for the following:

— Justification for the use of stevia extract in the production of jam based on apple puree;

— Reduction of energy value of the product due to removal (reduction) of sugar;

— Replacement of refined sugar with stevia extract while maintaining consistency by
adding pectin and modified starch;

— Determination of physico-chemical quality indicators of the developed product;

— Determination of sensory assessment of the quality of test specimens according to
regulatory documentation.

When adding a new ingredient to the recipe, it is necessary to determine the optimal
mass and method of application. The results obtained from the samples were compared to
show the differences among them. Especially important determine at which technological
stage the application of food additives will have the best results.

Dry matter content

The Figure 1 shows that the reduction in the amount of refined sugar (sample 1) and its
extraction (samples 2—6) leads to a decrease in the amount of dry matter, which can lead to
loss of structure of the jam. Increasing the amount of stevia extract from 5 g to 30 g per 100
g of product affects the dry matter content very little. This means that you need to conduct a
sensory evaluation of the quality of the finished product.

~
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Analysis of titrated acidity of samples

The addition of various amounts of apple puree in the samples helps to increase the mass
fraction of titrated acids due to organic acids that are part of fruit puree (Figure 2). That will
allows extending the shelf life of jams and prevents microbiological spoilage (Shinwari,
2018).
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Figure 2. Dependence of mass fraction of titrated acids on stevia content

The titrated acids found in this study was in the range of 1.0-1.5 mg/100 g, showing
significant differences among the acidity of six samples. This is due to the increase in the
amount of apple puree of 550-650 g per 1000 g (Table 1). In jams with a mild sour taste and
high pH, pectin should be used. Especially if the dry matter is 60 — 68 %. If you use very sour
fruits and berries or use a lot of acid to taste, low pH requires medium or slow pectin. Quick-
release pectin is able to gel even when the dry matter content is 55 %, but sometimes it is
used when the dry matter content is 55-60 % (Bekele et al., 2020).

Strength of samples

Strength is the most important indicator for culinary dishes with a jam-like structure,
which determines most of their organoleptic characteristics. Strength is studied at the end of
the process of structure formation of the gel, which lasts depending on its prescription
composition and the concentration of the main prescription components. According with data
Krzysik et al., (2020) highly esterified apple pectin of the WEJ-5 brand manufactured by
Rektowin was selected. The results of the study of strength are shown in Figure 3.

The figure shows that the strength of the studied samples of jam is in the range of 160—
330 g. The highest value of strength reaches samples 4-6. This amount of the pectin (15-30
g) is not acceptable enough for apple jam, which naturally contains a significant amount of
pectin. It does not meet the daily needs of pectin consumption (Mufioz-Almagro et al., 2020).
We consider optimal sample 3, the strength of which is 300 g, pectin — 10 g/1000 g. This
value lies in the rational range of strength of control samples with the addition of sugar, which
is 320 g.

However, pectin is a rather expensive component and is strictly regulated in terms of
content, so it is advisable to replace some of it with modified starch. Oxidized starches are of
the greatest interest in the production of restaurant establishments.

216 ——Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2



Food Technology

400

350 — ]

300 —

250

200

Strength of samples, g

150

100

50

Sample Sample Sample Sample Sample Sample Sample
(control) 1 2 3 4 5 6

Figure 3. Dependence of strength of samples

The next step is study of the degree of swelling of the modified starch (Figure 3).
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Figure 3. Changing the degree of swelling of the modified starch depending on the
duration of swelling
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It was determined that the greatest degree of swelling has a modified corn starch Regel
200 G - 1,75%.

Hydration function of modified starches (Table 2) is its main characteristic when
choosing.

Table 2
Degree of hydrophilicity of modified starches

Name of the hydrocolloid | Hydrophilicity, %
Potato elianebc 160 36,7
Potato pasellibc 25,9
Corn Regel 200 G 43,5

Thus, based on the technical data of the manufacturer, it is found that the optimal is modified
corn starch Regel 200 G hydrophilicity of which is 43,5%. Using the latter will help create
heat-reversible gels and reduce the amount of sugar in the products.

Through theoretical calculations and experimental studies, it was possible to establish
the optimal recipe of the jam, which includes stevia extract powder, apple pectin and
modified starch. This is the sample 3.

Formation of the quality of the jam

According to organoleptic indicators, jams must comply with sample control and some
the indicators (Bekele et al., 2020). During the preparation of jam based on apple puree, a
sensory evaluation of the obtained samples was performed. The essence was to decompose
the taste into simple components (sweet, salty, bitter, spicy, sour, tart) intensity. Figure 4
shows the profile of samples 1, 2, 3, 4 and control.

The taste of stevia extract remains intensely sweet and the difference is not particularly
noticeable. It was found that the closest to the control sample is the sample 2. This means
that the optimal concentration of sweetener that can be introduced is 10 g per 1000 g of
finished product. The subsequent increase in the amount of stevia extract leads only to the
deterioration of flavoring properties.

The characteristics of the test samples are presented in Table 3.

Table 3
Characteristics of the model samples

Characteristic Sample control Sample 2

Appearance Inherent in jam, transparent | Light yellow homogeneous mass
homogeneous mass

Color Inherent in apple jam, hasa | Inherent in apple jam, has a yellow
light yellow hue tinge

Taste Gentle, sweet Pleasant, tender, sweet with bitterness

Scent Inherent in apple jam Inherent in apple jam

Consistence Homogeneous puree, well Homogeneous jelly-like mass, does not
spread spread on a horizontal surface
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Figure 4. Sensory profilograms of samples

The main purpose of this work was to reduce the energy value and avoid refined sucrose.
For this purpose, the search for the optimal recipe that will preserve the physical and chemical
quality indicators.

Jam is mainly a source of carbohydrates (48-65%) and its energy value is 183—
253 kcal/100 g. From biologically active substances emit ascorbic acid. Its amount is
depending on the type of raw material and cooking technology ranges from 1,5 to 53,3 mg
per 1000 g of product. Non-sterilized jams include more ascorbic acid than sterilized ones.

Despite all this, the main goal of this work was to reduce the energy value and avoid
refined sucrose. For this purpose, the search for the optimal recipe that will preserve the
physical and chemical quality indicators.

Analysis of the results of the calculation of energy characteristics shows that the main
objective of the work has been achieved: the energy value of the low-calorie has been reduced
to 123 kcal. It is slightly less than 2 times compared to apple jam (sample control).
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Nutritional value of low-calorie jam

Table 4

Daily norm [Sample control|Low-calorie jam
Energy value, kcal 1684 250 123
Proteins, g 76.0 0.4 1.6
Carbohydrates, ¢ 219.0 65.0 29.0
Dietary fiber, g 20.0 2.3 4.3
Water, g 22.7 32.9 63.9
Part of the norm
in jam in 100g, %
Energy value 14.8
Proteins 0.5
Carbohydrates 29.7
Dietary fiber 5
Conclusions

1. According to the task of scientific work, it was studied influence and value of thickeners
on the structural characteristics of low-calorie jam. Complete replacement of sugar with
dry stevia extract in the recipe of low-calorie jam was made. It was found that the
optimal concentration of sweetener is 10 g / 1000 g of finished product.

2. Theoretical calculations and experimental studies have established the optimal recipe
for the low-calorie jam, which includes stevia extract powder, apple pectin and modified
starch.

3. During creating a new jam, it is advisable to use modified corn starch Regel 200 G in
the amount of 10 g per 1000 g of finished product. It helps to create heat-reversible gels
and reduce the amount of sugar in the products. We consider optimal sample 3, the
strength of which is 300 g. This value lies in the rational range of strength of control
samples with the addition of sugar, which is 320 g.

4. Sensory evaluation of the model samples shows the preservation of sweet taste and a
slight increase in the fullness of bitter taste. It was found that the closest to the control
sample is the sample 3. This means that the optimal concentration of sweetener that can
be introduced is 10 g per 1000 g of finished product.

5. The energy value of the low-calories jam is 123 kcal. The share of energy value that
satisfies 100 g of this jam — 7,3 % of a daily requirement. Consumption of 674 g of low-
calorie jam will provide the daily norm of energy value.
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Introduction. The flattening process is used to intensify the
grinding of grain during varietal milling of wheat, while the optimal
gap between the rolls of the ivy system remains uncertain.

Materials and methods. Flattening was carried out in a laboratory
ivy machine with a roller diameter of 144.0 mm; 68.4 mm and a
rotation speed of 14.6 s™*. Grinding of wheat grain was carried out in a
roller mill. The length of the rollers is 70 mm; the number of rifts per
1 cm circle of rollers is 6, the slope of the rifts is 12%, the ratio of
circular speeds is 1:2, the speed of rotation of the high-speed roller is
3.93 m/s, the diameter of the rollers is 150 mm, the interdependence
of the rifts is the back on the back, the angles of exacerbation of the
rifts are 35°/70°. The mode of grinding wheat grain in the ivy machine
and in the roller mill was determined by sifting the products obtained
through a sieve with holes of 1.0 mm. Granulometric analysis of
crushed products was determined by sifting on a standard set of sieves
with module A=1.21.

Result and discussion. When grinding ivy products in a roller
mill, the total yield of intermediate products is nonlinear in nature and
can be approximated by the equation of the second degree. The
optimal distance between the rollers of the ivy machine is 1.4 mm,
provided that small products after flattening were previously isolated
from the mixture of the flattened product.

The total product of intermediate products after flattening and
grinding in the roller mill has a complex nonlinear nature, which did
not allow to establish the optimal value of the gap value between the
rollers of the ivy system. The total product of intermediate products
obtained in total during flattening and grinding is 2.9 % greater than
the total product product yield obtained only in the roller mill with
small ivy products previously removed.

Differential curves are polymodal and have 5 maximums. Integral
curves have an S-shaped appearance. When grinding whole grain, the
total yield of intermediate products is greater than when grinding
flattened grain in a roller mill under the same conditions. When
crushing flattened grain, a greater number of large fractions of
products are formed due to small ones.

Conclusion. In the range of the established optimal clearance
between the rolls of the flattening machine, there are no significant
differences between the two methods of grinding wheat.
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Introduction

Intensification of the process of grinding wheat grain into flour is one of the urgent
scientific problems, the solution of which is devoted to a large number of scientific works.
(Dmitruk et al., 2013; Fistes et al., 2009; Mousia et al.,2004; Netrebsky, 2006; Warechowska
et al., 2016).

The introduction of BUHLER technology in the twentieth century led to the failure of
a number of technological methods of processing wheat grain into varietal flour. With a
reduction in the technological process of grinding wheat grain into flour, it became necessary
to find methods for intensifying the grinding process and increasing the output of finished
products. (Kharchenko et al.,2016). One of these methods is the preliminary flattening of
wheat grain before sending it into a dredged process (Morhun et al.,2010; Shutenko et al.,,
2014b).

Grain resistance to destruction is determined by complex processes that depend on the
nature and condition of the grain, as well as the mode of mechanical load. The nature and
condition of the grain should include such grain indicators as humidity, vitreity and size. The
load mode must include the conditions of destruction: the size of the gap between the rollers,
the surface of the rollers, the ratio of the circular speeds of the rollers, etc. (Dziki et al., 2012;
Stefan et al., 2013; Voicu et al.,2013; Voicu et al.,2013).

Siberian V.A. and his collaborators, examining the process of flattening, concluded that
the flattening of wheat grain before sending it to the first break system leads to a decrease in
the yield of large grains with an increase in the degree of preliminary destruction of the grain,
but recommendations on the size of the gap between the rollers of the ivy system were not
provided. (Kharchenko et al., 2016; Shutenko et al., 2014a).

The main attention of many researchers was energy consumption during grinding and
output of intermediate grinding products (Deineko et al.,2012; Kharchenko et al., 2016;
Shutenko et al.,2014b). Despite the studies, a number of addictions remain undeseen. The
main question that needs to be addressed is what should be the size of the gap between the
rollers of the ivy machine to obtain the largest product of intermediate products in the roller
mill | break system.

Odegov et al. (2004) recommends the gap value between the rollers of the ivy machine
from 1.6 to 1.8 mm, Perekopskyi & Baranov (2004) recommends setting the gap value
between the rollers 1.4 mm. Afanasj'ev, Ostrykov & Manujlov (2018) recommends for the
use of flattened wheat, barley and sheep grain in feed production to set the gap value between
the rollers of the ivy machine 0.5-0.6 mm. Recommended by the researchers different values
of the gap between the rollers of the ivy machine do not give an unequivocal recommendation
of the distance between the rollers of the ivy machine when grinding wheat grain into flour.
Researchers who studied the process of flattening did not pay attention to the issue of the
need to isolate small products that are formed during the process of flattening. It is known
that small grain grinding products affect the efficiency of the grinding process (Kharchenko
etal., 2015).

Based on the analysis of scientific works, the purpose of the research was to establish
the influence of the flattening process on the product of grinding products in the roller mill
and to establish the optimal value of the gap between the rollers of the ivy machine.
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Materials and methods
Grain preparing

Before the start of research, wheat grain was cleaned in a laboratory grain cleaning
separator in order to isolate small impurities, coarse and small grains. The purpose of this
operation was also to align the grain to geometric dimensions. The grain cleaning separator
used a set of lattice canvases with holes of 3.0x20 mm, 2.4x20 mm and 1.8%x20 mm.

The grain fraction aligned in size was additionally passed through a laboratory
aspiration channel with a width of 60 mm in order to isolate light impurities and partially
pinched wheat grain. After that, the quality indicators of the experimental fraction of wheat
grain were determined according to standard methods. In the prepared wheat determined the
humidity, nature and glassiness of grain, as well as the mass of 1000 grains.

Before the flattening, wheat grain weighing 5 kg was poured into a container filled with
a formula calculated according to the 1 (Kharchenko et al., 2018) amount of water. The final
estimated moisture content of wheat was taken 15.0%.

G, =G, (Wl_woj , )}
100-W,

where Gw, Gq — accordingly, the mass of water and the mass of grain to be moistened; Wy,

Wy —accordingly the grain moisture content is initial and set (W = 15.0%).

After adding an estimated amount of water, the grain was actively mixed for 5 min and
remained for a day for lag. Before flattening, the grain was additionally thoroughly mixed.
Before the start of research, the weight of wheat grain was selected to determine the actual
moisture content of the grain, and the rest of the wheat grain was sent for research. Of this
grain mass, 1.0+0.1 kg of wheat was left for a control sample, which was crushed in a roller
mill without flattening.

Analysis of grain quality indicators

The moisture content of the experimental wheat grain was determined in accordance
with ISO 712:2009(E). «Cereals and cereal products. Determination of moisture contenty
(1SO, 2009a), by drying in a drying cabinet crushed in a laboratory mill the weight of wheat
grain weighing 5 g for 60 min. at a temperature of 130 °C.

The bulk density of wheat grain was measured using a liter purquet PB-2 in accordance
with ISO 7971-3:2009(E). «Cereals — Determination of bulk density, called mass per
hektolitre» (1SO, 2009b). The measured mass of one liter of wheat grain was weighed on
technical scales.

The mass of 1000 grains of wheat was measured in accordance with 1SO 520:2010.
"Cereals and pulses — Determination of the mass of 1000 grains" (ISO, 2010) by deducting
1,000 whole grains from the total mass of wheat grains.

The vitreousness of wheat grain was determined using the DSG-3 diaphanoscope (Olis,
Odesa, Ukraine), by shining 100 grains of wheat with light rays. The vitreousness was
determined in twelve reposts with the following calculation of the average value (Kharchenko
et al., 2017).

After preparing wheat grain for flattening, it had the following quality indicators: initial
grain moisture — 13.0+£0.08%,; grain vitreousness — 21.344.7%; nature of grain — 756.6+3,0
g/l; weight 1000 grains — 38.0+0,6 g.
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Method of flattening and grinding

To find out the effect of the flattening process on the process of grinding wheat grain in
the roller mill, two research options were carried out.

In the first version of the studies, small products formed during the ivy process were
selected in a laboratory aspiration channel with a channel width of 60 mm, as shown in Figure
1.a, in order to isolate all small products (less than 1.0 mm) and bring large ivy products to
the same conditions. Purified products were sent to the roller mill for grinding.

In the second version of the study, all products formed in the process of flattening were
sent to the roller mill without separation, as shown in Figure 1.h.

Wheat

3 Y Large
11,0 mm *Iprbducts

products 2 .
Fine l
products

3_\ Large
1,0 mm*5r5ducts
?
Fine l
products
a b

Figure 1. Schematic diagram of studies of the impact of flattening on the total product of
intermediate grinding products:
1 —flacking mill; 2 — roller mill; 4 — control sieve; 4 — aspiration channel.

Flattening of wheat grain was carried out in four different modes, which were
characterized by the distance between the rollers of the flaking mill. The distance between
the rollers was measured using calibrated hand plates. The distance between the rollers was
set from 0.4 to 1.6 mm in increments of 0.4 mm with a year of 0.4 mm. The speed of rotation
of the rollers of the flaking mill was 14.6 s (880 rpm), the width of the rollers was 68.4+0.1
mm, and the diameter of the rollers was 144.0+£0.01 mm, the ratio of the circular speeds of
the rollers was 1.0.

Flaking products were crushed in the roller mill of the LM-2 laboratory unit
(Elelmiszeripari Gepgyar, Budapest, Hungry) without changing the gap between the rollers.
Grinding products were selected using a tray in four re-sieves, sifted on a metal-rolled sieve
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with holes of 1.0 mm. The passage of the sieve was weighed and listed as a percentage. The
amount of the product is allocated by the passage of a sieve of 1.0 mm, expressed as a
percentage determined the mode of grinding wheat grain in the roller mill.

Roller rollers had the following kinematic and geometric parameters: the length of the
rollers — 70 mm; the number of rifts per 1 cm circle of rollers is 6, the slope of the rifts is
12%, the ratio of circular speeds is 1:2, the speed of rotation of the high-speed roller is 3.93
m/s, the diameter of the rollers is 150 mm, the interdependence of the rifts is dull to dull, the
angles of exacerbation of the rifts are 35°/70°.

After sifting, the samples processed experimental data using Advanced Grapher
software and made conclusions about changing the overall product and output of individual
fractions of grinding products.

Method of granulometric analysis

After determining the total product, the products from the four repeats were combined
and the granulometric composition of grinding products was determined. Granulometric
analysis was carried out using a set of standard sieves with the condition that the sieve module
was within A~+1.21 (Chornyi et al., 2021).

Results and discussion

Effect of the gap value between the rollers of the flaking system on the product of
intermediate flaking products

Studies have found that the yield of products that are formed after flattening are
nonlinear in nature and can be exproximed by the exponential equation. These results also
confirmed the exponential dependence gained in the work (Kharchenko et al., 2016). The
results of the research are shown in Figure 2.
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Figure 2. Yield of intermediate products obtained after flattening of wheat grain

—Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2— 227



—— Food Technology ——

The curve can be aproximized by the following equation:

Y = 21,24 %% @)
where Y — the total output of intermediates after flattening,%; d — the distance between the
rollers of the ivy machine, mm.

The standard error of experimental and calculated values is 0.49%, and the correlation
coefficient is 0.99, indicating a strong relationship between the studied traits.

Crushing of flattened wheat in roller mill and draped system with selected small
products

The results of studies have shown (Figure 3) that with an increase in the distance
between the rollers of the ivy machine, the total yield of small grinding products after the
roller mill increases by parabolic dependence, which can be described by the following
equation:

Yo, =—7,18x* +20,42x +32,7 (3)
where Yrm — general output of grinding products after the roller mill,%; x — the distance
between the rollers of the flaking system, mm.
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Figure 3. Effect of the distance between the rollers of the flaking system on the total output of
grinding products (with selected products after the flaking mill)

The correlation coefficient is 0.99, which indicates a strong connection of the studied
signs. The standard deviation is 0.05%.

This nature of the curve may be associated with the deformation of flattened wheat
grain. At a distance between the rollers of 0.4 mm of the flaking mill, the greatest deformation
of the grains occurs. When grinding such grains in the roller mill, the rollers will have less
impact on the grain. With an increase in the size of the gap between the rollers of the ivy
machine, the deformation of wheat grain will decrease, but when such wheat is crushed, the
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rollers of the roller mill will increase the impact on these grains. At the same time, the
resulting small products do not affect the grinding process in the roller mill, because they are
allocated in the aspiration channel.

The shape of the parabolic curve has an extremum, which allows you to determine the
value of the distance between the rollers at which the largest yield of intermediate grinding
products after the roller mill was observed.

By differentiating equation 3 and equating it to zero, we will get:

d;(% =-7,18-2x+20,42 (4)
—14,36x+20,42=0 ®)

Solving the equation (5) we obtain the value of the gap value between the rollers of the
flaking system, in which the largest yield of intermediate grinding products after the roller
mill was observed:

204
14,3

The optimal value of the gap between the rollers of the flaking mill, which observed the

largest yield of intermediate products when crushing flattened wheat is 1.4 mm.

X =142~14 mm.

Crushing of flattened wheat together with small products in the roller mill of |
break system

When grinding in the roller mill of flattened wheat grain together with small fractions
formed in the process of flattening, the nature of the dependence of the total yield of grinding
products changes significantly. The curve of the total product of intermediate products of the
two systems has a descending type. At the same time, the largest total product was observed
at a gap value between the rollers of the ivy system of 0.4 mm and amounted to 63.5%. An
increase in the gap between the rollers of the flaking system from 0.4 mmto 1.6 mm led to a
decrease in the total output by 13.6%. The results of the research are given in Figure 4.

The complex dependence of the total product of the two systems can be explained by
the fact that powdery products after the flaking mill fall into the inter-shale gap and the break
system and create additional resistance to the destruction of large staircase particles of the
endosperm. At the stage of flattening, particles of different sizes are formed. In the
composition of these mixtures there are particles of flour, dunsts and grains that do not require
grinding. Left in the total mass of the product, together with large staircase particles of the
endosperm, they assume part of the efforts of the rollers and the break system, reducing the
energy consumption that should go to the destruction of the endosperm, thereby reducing the
potential technological efficiency of the grinding process (Kharchenko et al.,2015).

In the roller mill, the gap between the rollers was constant (0.5 mm), which means that
with a decrease in the deformation of the grains during grinding in the roller mill, the yield
of small products will increase. Based on this, the nature of the curve on Figure 4, can be
explained by the fact that in the range of gaps between the rollers of the ivy machine from
0.4 to 0.8 mm, the yield of small products during flattening decreases much faster than their
increase in the roller mill due to a decrease in deformation of grains. In the range of gaps
between the rollers of the flaking mill from 0.8 to 1.6 mm, there is an intensive increase in
the yield of small products in the roller mill much faster than their output decreases during
flattening.
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Figure 4. Total product of intermediate grinding products after flattening and grinding in the
roller mill (in total)

In addition, the nature of the curve of the total product of the two systems was
influenced by the size of the particles obtained after flattening, since the distance between
the rollers of the roller mill remained unchanged, and the products of flattening with an
increase in the distance between the rollers of the flaking mill increased their overall
dimensions.

From both series of studies, the following conclusions can be drawn: if we take 1.4 mm
as the optimal gap between the rollers of the flaking system, the total product of intermediate
grinding products in the roller mill varies within 2.9% depending on the organization of the
flattening and grinding process. Based on the results of research, it is impossible to give
preference to the first or second method of grinding flattened wheat, since there are no
significant differences between them with a gap value between the rollers of the flaking mill
of 1.4 mm.

Analysis of granulometric characteristics of grinding products

To clarify the effect of the flattening process on the product of individual fractions of
grinding products, granulometric characteristics of grinding products were investigated,
provided that large products were crushed, and small products were previously isolated in
the aspiration channel.

The differential curves in Figure 5 are predominantly the same. It is noteworthy that
when grinding whole grain (control sample) in the roller mill, in the particle size range from
90 um to 400 pm, the product of grinding products is greater than for flattened wheat grain.
And from 400 pm to 1000 pm product of products is less than for products that have
undergone flattening. For products that have passed flattening, regardless of the size of the
gap between the rollers of the flaking mill, there is a smaller product of small fractions (less
than 400 microns) and vice versa an increase in the product of large fractions.
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Figure 5. Differential distribution curves of intermediate grinding products after the
roller mill (with selected small products after flattening):

1 — control sample (whole grain);
2 —value of the distance between the rollers of the flaking system is 0.4 mm;
3 —value of the distance between the rollers of the flaking system is 0.8 mm;
4 —value of the distance between the rollers of the flaking system is 1.2 mm;
5 — distance between the rollers of the flaking system is 1.6 mm.

From the results obtained, it can be concluded that large fractions are more crushed and
moved to smaller ones when grinding whole grain under unchanged modes of operation of
the roller mill.

Figure 5 shows that the output of individual fractions of intermediate grinding products
has an uneven distribution in the total mass of the product, the differential curves are
polymodal, as evidenced by the presence of five maximums in all curves. In fractions with
the largest number of particles, the curve shows the maximum, and in the absence of particles,
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the curve decreases to zero. The uneven distribution of particles in the mixture can be
explained by the heterogeneity of the strength of the wheat endosperm, as well as the uneven
efforts applied to particles during grinding (Chornyi et al., 2021).

Integral curves are less sensitive to changes in granulometric composition of product
fractions than differential curves and are the preferred way to graphically analyze
granulometric composition data (Chornyi et al., 2021).

The integral distribution curves of wheat grain grinding products under different
conditions have an S-shaped view (Lyu et al., 2020) and are shown in Figure 6.
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Figure 6. Integral particle distribution curves of intermediate grinding products after the roller
mill (with small products isolated after flattening):
1 — control sample (whole grain);
2 —value of the distance between the rollers of the flaking system is 0.4 mm;
3 — value of the distance between the rollers of the flaking system is 0.8 mm;
4 —value of the distance between the rollers of the flaking system is 1.2 mm;
5 — distance between the rollers of the flaking system is 1.6 mm.
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Analysis of integral curves showed that the largest yield of individual fractions of
products was observed when grinding in the roller mill of the control sample, that is, the
whole grain. Based on these integral curves, it can be concluded that in order to achieve a
greater product of individual fractions of grinding products, it is necessary to adjust the
distance between the rollers of the roller mill by increasing the total yield of grinding
products.

The greater yield of individual fractions of products during grinding in the roller mill of
the whole grain is explained by the fact that the wheat was not subjected to additional
deformations and therefore, with a constant gap value between the rollers of the roller mill,
greater grinding forces on individual grains were reflected, which gave a greater yield of
individual fractions of products. Flattened grains, on the contrary, changed their overall
dimensions and therefore, the rollers of the roller mill had less effect on the deformed grains,
which led to a decrease in the yield of individual fractions of grinding products. The greater
the gap between the rollers of the flaking mill, the greater the yield of fine fractions obtained
in the roller mill. The obtained integral curves have a similar appearance to the integral curves
obtained by Campbell G.M. and its collaborators (Campbell et al., 2007; Fang et al.,2003;
Galindez-Najera et al., 2014; Galindez-Najera et al., 2016), which allows us to use the
mathematical apparatus for their description, which was developed by G.M. Campbell.

Conclusions

Studies have confirmed the exponential dependence of the yield of intermediate
products of flattening on the distance between the rollers of the flaking mill.

It is established that the modes of grinding of flattened grain in the roller mill and the
shredded system depend on the mode of grain flattening in the flaking mill. The optimal
distance between the rollers of the flaking mill is 1.4 mm. At this distance between the rollers
of the flaking mill, the highest yield of intermediate products of grinding is observed in the
roller mill of | shredded system.

The total yield of intermediate products after flattening and grinding in the roller mill |
shredded system in the absence of intermediate separation of flattening products increases
2.9% more than under similar conditions for the separation of these products.

Particle size analysis showed that the differential curves are polymodal in nature with
five maxima. When grinding rolled wheat, more large products are formed than when
grinding whole wheat grain.
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Introduction. The purpose of this study is to determine the
peculiarities of the lipid composition of sunflower wax separated
from crude and refined oil.

Materials and methods. Waxes were separated from
triacylglycerols by silica gel column chromatography. Wax
compositions were determined by gas-liquid chromatography
with flame ionization detection. The column was thermostatted in
a given mode at temperatures from 170 to 380 °C.

Results and discussion. The article presents experimental data
for determining the composition of waxes in crude and refined
sunflower oil. Gas-liquid chromatography conditions described
in the study methodology expanded the range of detection of
long-chain waxes. New data have been obtained about sunflower
oils consisting of waxes containing 50 or more carbon atoms.

Waxes with hydrocarbon chain lengths of 44-56 carbon atoms
(C44 to C56) have been identified in crude sunflower oil. In crude
sunflower oil, waxes with chain lengths ranging from 46 to 52
carbon atoms (C46, C48, C50, and C52) account for up to 61%
of the total waxes. Identified waxes with even numbers of carbon
atoms accounted for 82% of the total waxes. Crude sunflower oil
was found to have the highest content of wax with 48 carbon
atoms (C48) of chain length.

Refined sunflower oil showed a decrease in the content of wax
compounds by an order of magnitude. The refining process
removed waxes with shorter C44 and C46 hydrocarbon chains.
Refined sunflower oil contains trace amounts of waxes with chain
lengths ranging from 48 to 54 carbon atoms (C48, C49, C50, C51,
C52, C53, and C54). Moreover, the predominance of chains with
even numbers of carbon atoms over those with odd numbers of
carbon atoms in refined sunflower oil is emphasized. Refined
sunflower oil is dominated by waxes with chain lengths of 50, 52
and 54 carbon atoms (C50, C52, and C54).

The acid and iodine values, the saponification number and the
wax melting point have been analyzed, which are in line with an
identified composition of sunflower wax.

Conclusion. The dependence of wax content on the chain
lengths with even and odd numbers of carbon atoms both in crude
and refined sunflower oil is parabolic.
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Introduction

Given the ever-increasing production and consumption of sunflower oil year after year,
studies of oil-related substances, such as waxes, and their composition is a matter of current
interest (Oseyko et al., 2020; Oseyko et al., 2021). The applications of the separated wax are
determined by its composition and properties. Sunflower wax is a natural thickener,
structurant, and the wax derivatives can be used as emulsifiers, surface-active compounds,
components of protective coatings of food and drugs, etc.

Wax is a natural product of a plant or animal origin and consists of compounds of
different compositions, mainly from esters derived from higher carboxylic acids and higher
alcohols (Oseyko! et al., 2019; Oseyko! et al., 2021). Wax is insoluble in water but readily
soluble in organic solvents and hot alcohol. Substances whose chemical properties are close
to the ones of waxes, but do not contain esters, are called waxy analogues or waxy
compounds, such as paraffin. The composition of wax depends on the source and method of
production (Romanovska, 2006). Beeswax is distinguished by the following extraction
methods: melting, mechanical pressing, and chemical extraction. Soy wax separated from
soybean oil during refining is promising (Oseyko, 2006).

Currently, there is growing interest in the lipid and blend composition of plant materials,
namely the composition, quality, functional and health-improving and pharmacological
properties of food products, additives and drugs (Oseyko et al., 2017; Oseyko et al., 2019;
Farinon etal., 2020). Awareness of the properties of multicomponent lipid products of natural
origin, in particular, waxes, substantiates their applications. The versatility of methods for
obtaining waxes and controlling the composition and physicochemical parameters of lipid
products gives an impetus to the search for optimal methods for obtaining waxes and the
study of their physicochemical parameters.

Among other sources of wax are lipid-containing materials, such as used filter powder
after filtering frozen oil (Omelchenko et al., 2016), tank sediments self-precipitated during
oil storage, and sunflower husks (Kleiman et al., 1969). Sunflower wax extraction methods
are labor-intensive, resource-intensive, and time-consuming. These factors explain the
currently insufficient information on the composition of sunflower wax lipids, and at the
same time, its limited use in various fields of human activity. A review of the literature
revealed an understudied composition of sunflower wax.

The purpose of this study is to determine the peculiarities of the lipid composition of
sunflower wax separated from crude and refined oil.

Materials and methods

The study materials are crude sunflower oil and sunflower oil refined by classical
refining process (Oseyko, 2006) (neutralization, freezing, bleaching, deodorization), as well
as sunflower wax obtained by freezing and filtering from the used perlite powder. Samples
of oils and used filter powder were obtained from the Kyiv Margarine Factory “Olkom”.

Methodology for the preparation of test samples
Before the chromatographic analysis of waxes, oil samples were passed through a silica
gel column to purify the wax from related substances (Patent UA114235C2, Sposib

khromatohrafichnoho vyznachennia voskopodibnykh rechovyn, M.1. Oseiko, I.V. Levchuk,
V.A. Kishchenko, T.l. Romanovska, 2017).

—Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2— 237



—— Food Technology ——

The wax was eluted with a mixture of n-hexane/chloroform in a ratio of 7:3 (Patent
UA114235C2, 2017).

The resulting eluate was boiled down to dry residue under vacuum at 60 °C and
dissolved in 1 cm?® of chloroform (Patent UA114235C2, 2017).

2.0 x 10 cm?® (2 pl) of the prepared wax sample was added to the GC column (Gordon,
1990).

Study methodology
Wax composition analysis

Wax compositions were determined by gas-liquid chromatography with flame
ionization detection (Gordon, 1990). Wax content of oils is determined by gas-liquid
chromatography at the capillary column's maximum thermostating temperature of 320 — 380
°C (Kishchenko, 2014; Levchuk et al., 2016).

Wax separation

Wax separation was carried out in a silica column with a diameter of 0.32 mm and a
length of 15 m filled with a chemically inert liquid stationary phase (5% diphenyl 95%
dimethyl polysiloxane). The stationary phase does not volatilize at column operating
temperatures, has a low viscosity, and forms a continuous, uniform film. Nitrogen flowing at
a rate of 20 cm?® per minute served as the mobile phase that moved the wax sample through
the column. The samples were passed through a GC column at temperatures starting from
170 °C and holding time of 1 minute with a heating rate of 6 °C per minute up to 380 °C and
holding time of 20 minutes. The evaporator temperature was maintained at about 370 °C and
that of the detector at 400 °C. The flame ionization detector was operated at the hydrogen
flow rate of 30 cm®/min and air flow rate of 350 cm®/min. (Gordon, 1990).

Processing of results

The composition and content of waxes in the test samples were determined with three
repeated measurements using the Agilent Technologies Chemstation software (Gordon,
1990; https://www.agilent.com).

Removal of frozen sunflower wax

The wax separated during freezing with an auxiliary filter material (filter perlite
powder) was heated in a wax melter with a woven sieve in a cabinet dryer at a temperature
of 80 °C within 3 hours until the wax was completely melted. The resulting filtered wax was
crystallized at room temperature and analyzed.

Determination of Physicochemical Parameters of Sunflower Wax

For sunflower wax extracted by freezing, free fatty acid content (acid value),
hydrolysable ester content (saponification value), unsaturated hydrocarbon chain content
(iodine value) were determined by conventional titrimetric methods, and the wax melting
point was determined using an open capillary tube (Mank et al., 2018).
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Results and discussion
Lipid composition of sunflower wax

The study of the composition of waxes has some difficulties associated with the
breaking of the separated multicomponent wax fraction into constituent elements in a thin
layer of a capillary column and their detection using a detector. The composition of waxes is
determined with a flame ionization detector and tracking substances (separated and purified
substances) or mass spectrometry with a subsequent search in a mass spectral database of the
compounds that may be present in test samples (Gordon, 1990). According to their properties,
waxes belong to substances with a melting point of up to 80 °C (Gunstone, 2002). During the
introduction of the sample, the temperature of the evaporator is maintained at about 370 °C
and that of the flame ionization detector at about 400 °C so that the wax sample is transferred
and distributed in the mobile gaseous phase (Gordon, 1990). The use of high separation and
detection temperatures is due to the physical properties of the test substances.

The prepared sunflower wax samples were analyzed by gas-liquid chromatography
using a flame ionization detector. Tables 1 and 2 present experimental data for determining
the composition of waxes in sunflower oil.

Table 1
Composition of crude and refined sunflower oil wax, mg/g (n=3, P>0.95)

Name of oil | C44 | C46 | C48 | C50 | C52 | C54 | C56 | Other* | Total
sample
Crude 0.028 | 0.046 | 0.059 | 0.055 | 0.050 | 0.036 | 0.011 | 0.064 | 0.349
Refined 0.001 | 0.001 | 0.002 | 0.003 | 0.003 | 0.003 | 0.001 | 0.006 | 0.020
Other* — hydrocarbon chains with an odd number of carbon atoms C43, C45, C47, C51, and
C53 combined

Table 2
Composition of crude and refined sunflower oil wax with an odd number of carbon atoms, mg/g
(n=3, P=0.95)
Name of oil sample | C43 | C45 | C47 | C49 | C51 | C53
Crude 0.007 | 0.007 | 0.009 | 0.012 | 0.015 | 0.014
Refined - 0.001 - 0.002 | 0.002 | 0.001

Tables 1 and 2 show that oil samples mainly contain waxes with even numbers of carbon
atoms in the hydrocarbon chains. Waxes with hydrocarbon chain lengths of 44-56 carbon
atoms (C44 to C56) have been identified in crude sunflower oil. In crude sunflower oil, waxes
with chain lengths ranging from 46 to 52 carbon atoms (C46, C48, C50, and C52) account
for up to 61% of the total waxes. Refined oil is mainly characterized by hydrocarbon chains
with even numbers of carbon atoms (C48, C50, C52, and C54), with waxes containing odd
numbers of carbon atoms constituting the minority.

Refined sunflower oil showed a decrease in the content of long-chain wax compounds
by an order of magnitude. The refining process probably removes waxes with shorter C44
and C46 hydrocarbon chains. Refined sunflower oil mainly contains waxes with chain
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lengths ranging from 48 to 54 carbon atoms (C48, C49, C50, C51, C52, C53, and C54). That
said, the predominance of chains with even numbers of carbon atoms over those with odd
numbers of carbon atoms in refined sunflower oil is outspoken.

The thermostating temperature of the capillary gas-liquid chromatographic column of
380 °C and the detection mode enable the detection of waxes with hydrocarbon chain lengths
of up to 56 carbon atoms (C56). Most waxes have been found to contain even numbers of
carbon atoms, with the even-carbon-numbered waxes in the test sample accounting for 82%
of the total number of waxes.

The conditions for the preparation of a sample for analysis and the gas-liquid
chromatography temperature conditions described in the study methodology expanded the
range of detection of long-chain waxes. Compared to studies (Carelli et al., 2002), we
obtained new findings on the presence of waxes with hydrocarbon chain lengths of 50 carbon
atoms and more in sunflower oil.

Tables 1 and 2 show that the dependence of wax content on the chain lengths with even
and odd numbers of carbon atoms both in crude and refined sunflower oil is parabolic. Crude
sunflower oil was found to have the highest content of wax with 48 carbon atoms (C48) of
chain length. Refined sunflower oil is dominated by waxes with chain lengths of 50, 52 and
54 carbon atoms (C50, C52, and C54).

In a study (Carelli et al., 2002; Chalapud et al., 2016), oil waxes were preliminarily
separated using wet silica gel with 2% moisture content. A mixture of n-hexane/diethyl ether
in aratio of 8.5:1.5 served as the wax eluent. Sudan dye is added to the column together with
the oil in order to determine whether the wax fraction has been eluted from the silica gel since
waxes are separated in the first place, followed by the dye, and finally triacylglycerols. The
wax was separated using a gas-liquid chromatograph with a capillary column (11 m long,
0.32 mm in diameter) and 0.52 um thick film of the liquid stationary phase containing 5%
diphenyl and 95% dimethylpolysiloxane. The temperature in the column was increased from
80 to 200 °C at a rate of 30 °C/min, maintained at 200 °C for 1 minute, and then increased to
340 °C at a rate of 3 °C/min. The composition of the separated wax fraction was determined
with a flame ionization detector at a temperature of 350 °C. The composition of waxes in
crude oil containing 0.995 mg/g of waxes is given in Table 3.

Table 3
Chromatographically determined composition of waxes in crude sunflower oil
(Carelli et al., 2002), in % of total wax content

Sample | C36 | C38 | C40 | C42 | C44 | C46 | C48 | C37 | C39 | C41 | C43
oil 130142 |115|75 |70 |11.2|139|92 |34 |143 438

Comparison of the data in tables 1 and 2 with the data in table 3 (Carelli et al., 2002)
showed a significant effect of the temperature conditions of the chromatographic separation
on the identification of waxes. Our data are related to the data (Carelli et al., 2002) in terms
of the content of waxes with carbon atom numbers ranging from 44 to 48 (C44, C46, and
C48). We believe that our inability to detect waxes containing more than 50 carbon atoms
was due to the temperature in the chromatographic column maintained at 340 °C. The
identified wax composition (Carelli et al., 2002) is incomplete as regards the presence of
long-chain waxes with even and odd carbon numbers.

The wax fraction separated in a silica gel column was subjected to saponification
(Carelli et al., 2002). The saponified sample was further extracted with diethyl ether to obtain
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a hydroalcoholic fraction with fatty acids and a diethyl ether fraction with fatty alcohols.
Following the conversion of fatty acids to methyl esters and fatty alcohols to trimethylsilyl
ethers, they were subjected to the gas-liquid chromatographic analysis. The composition of
fatty acids and fatty alcohols in the wax fraction is given in Table 4.

Table 4
Composition of fatty acids and fatty alcohols in the wax fraction of crude sunflower oil
(Carelli et al., 2002), wt%o of the total amount

Fatty acids | wt% | Fatty alcohols | wt%
C14:0 1.4 Cl16 4.3
C16:0 9.8 C18 23.1
Clé6:1 1.2 C19 18.4
C18:0 4.9 C20 2.0
Ci138:1 18.6 C22 7.5
Cl18:2 44.0 C23 0.6
C18:3 1.3 C24 11.9
C20:0 4.3 C25 1.8
C20:1 1.0 C26 9.3
C21:0 0.2 C27 0.5
C22:0 9.7 C28 8.3
C22:1 0.7 C29 0.6
C24:0 0.1 C30 7.9
C26:0 0.9 C32 3.8
C27:0 0.2
C28:0 1.0
C29:0 0.3
C30:0 0.4

Table 4 shows that the wax fraction of sunflower oil mainly contains the following fatty
acids: linoleic (C18:2), oleic (C18:1), palmitic (C16:0), behenic (C22:0). Among fatty
alcohols, the wax fraction mainly contains octadecanol (C18), nonadecanol (C19), and
tetracosanol (C24).

Sunflower oil waxes were subjected (Reiter et al., 2001; Broughton et al., 2018) to the
gas-liquid chromatographic analysis using a flame ionization detector together with mass
spectrometry of three different oil samples. The results were presented as a percentage of the
total wax content. The content of C42:0 wax ester determined using a flame ionization
detector in the range of 6.2-6.9% correlates to the content determined using mass
spectrometry (6.1%). The content of C44:0 wax ester determined with a flame ionization
detector is in the range of 3.8-12.0%, and the content determined using mass spectrometry is
1.9%. The content of C46:0 and C46:1 wax esters determined with a flame ionization detector
was 4.1 and 5.7%, respectively, and the content determined using mass spectrometry was
3.5%. Among other wax esters were phytol esters with one of the fatty acids C18:1, C18:0,
C20:0, C22:0, C24:0, and geranylgeranyl esters with one of the listed fatty acids C18:1,
C18:0, C20:1, C20:0, C22:0, C24:0 (Reiter et al., 2001). The inability to detect long-chain
waxes in oil was probably due to the fact that the maximum temperature of the capillary
column during gas-liquid separation did not exceed 350 °C.
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Tank sediments and sunflower seed shells (husks) serve as significant reserve sources
of sunflower wax extraction. The wax content of tank sediments of sunflower oil and oil from
sunflower husks was determined (Redondas et al., 2020; Kleiman et al., 1969). The wax
composition was identified by gas-liquid chromatography in the temperature range of 100-
400 °C using a flame ionization detector. Data on the composition of the detected waxes in
the tank sediments of sunflower oil and oil from sunflower husks are given in Table 5.

Table 5
Composition of waxes in the tank sediments of sunflower oil and oil from sunflower husks
(Kleiman et al., 1969), in % of the total wax content

Wax carbon Woax content of | Wax content of oil from
chain length tank sediments sunflower husks

C42 4.0 5.1
C43 0.8 -
C44 21.2 16.0
C45 2.3 1.3
C46 23.9 19.4
C47 1.9 1.4
C48 15.4 15.5
C49 1.7 1.8
C50 8.4 12.6
C51 0.2 0.9
C52 7.7 10.0
C53 0.7 traces
C54 4.8 7.4
C55 0.6 -
C56 3.7 4.4
C57 - -
C58 14 2.1
C59 0.5 -
C60 0.7 1.2
C61 - 0.7
C62 - 0.2

The composition of the wax determined in sunflower oil according to tables 1 and 3 and
in sunflower wax from tank sediments according to table 5 shows a general trend in terms of
the content of substances with a chain length of 44, 46, 48 carbon atoms (C44, C46, C48).
However, sunflower oil has the highest content of wax with C48 carbon atoms, while tank
sediment mainly contains wax with C46 carbon atoms. We proceed from the assumption that
this is due to the oil storage conditions and duration, the conditions of formation of tank
sediments and the polydispersity of the system, which, in addition to acylglycerols and
waxes, has a significant amount of condensed moisture and phospholipids exhibiting surface
activity. In this kind of system, even and odd carbon numbered wax esters containing C50
and more carbon atoms are more stable due to intermolecular interactions with
triacylglycerols and related oil substances.
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Sunflower oil tank sediments are predominantly composed of waxes with even carbon
numbered hydrocarbon chains, namely C44, C46, C48, C50, C52, C54, and C56, which
combined account for 76.6% of the total number of waxes identified.

Physicochemical parameters of sunflower wax samples

The wax sample separated from perlite filter powder was white, malleable and non-
brittle. After melting and separating from perlite, the wax sample had a uniform matte straw
color, was oily to the touch, and had a uniform and malleable structure. Physicochemical
parameters of the wax are given in Table 6.

Table 6
Physicochemical parameters of the sunflower wax
Indicator Wax sample | Hexane-extracted wax
(Omelchenko et al., 2016)
Acid value, mg KOH/g 12.2£0.6 7
Saponification value, mg KOH/g | 111.5+1.5 109
lodine value, mg KOH/g 10.8+0.4 8
Melting point, °C 69.0+0.5 81

Physicochemical parameters in table 6, namely the iodine value, indicate that the wax
esters of the wax sample mainly contain saturated acyls. The data are consistent with the data
in table 3 (Carelli et al., 2002) and findings (Omelchenko et al., 2016). Table 4 (Carelli et al.,
2002) shows that the crude sunflower oil wax, in addition to saturated fatty acids, has been
found to contain unsaturated fatty acids, such as palmitoleic (C16:1), oleic (C18:1), linoleic
(C18:2), linolenic (C18:3), gadoleic (C20:1), and erucic (C20:1). Our data (Table 6)
correspond to the data (Table 4) in terms of the wax iodine value, i.e. the degree of
unsaturation of the fatty acid radicals of the wax compounds.

Sunflower wax contains ester bonds that undergo hydrolysis under the action of alkalis
or acids, as indicated by the saponification value and acid value. The acid value indicates an
acceptable free fatty acid content.

The melting point of the wax sample was below the melting point of the hexane-
extracted wax. We assume that this fact can be explained by the duration of the processes of
wax extraction from the used filter powder. Extraction is carried out using the exhaustive
extraction technique by Soxhlet (Mank et al., 2018) and the whole process takes about 24
hours. Extraction of the wax sample by melting, filtering and crystallization took 6 hours.
The shorter heating time of the material and the fatty acid profile of the wax esters may have
resulted in a lower melting temperature of the wax sample.

Conclusion

The peculiarities of the lipid composition of sunflower wax separated from crude and
refined oil have been determined.
1. In crude sunflower oil, waxes with chain lengths ranging from 46 to 52 carbon atoms
(C46, C48, C50, and C52) account for up to 61% of the total waxes. Identified waxes
with even numbers of carbon atoms accounted for 82% of the total waxes.
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2. Refined sunflower oil showed a decrease in the content of wax compounds by an order
of magnitude. The refining process removed waxes with shorter C44 and C46
hydrocarbon chains. The refined oil has been found to contain trace amounts of waxes.

3. The dependence of wax content on the chain lengths with even and odd numbers of
carbon atoms both in crude and refined sunflower oil is parabolic. Crude sunflower oil
was found to have the highest content of wax with 48 carbon atoms (C48) of chain
length. Refined sunflower oil is dominated by waxes with chain lengths of 50, 52 and
54 carbon atoms (C50, C52, and C54).

4. The acid and iodine values, the saponification number and the wax melting point have
been analyzed, which are in line with an identified composition of sunflower wax.
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Introduction. The aim of the research is to investigate the
influence of different drying methods, including freeze drying, vacuum
drying, microwave drying and microwave vacuum drying, on the
bioactive compounds and antioxidant activity of beetroots.

Materials and methods. Bioactive compounds and antioxidant
activity of dried beetroots prepared by freeze drying (FD), vacuum
drying (VD), microwave drying (MD), and microwave vacuum drying
(MVD) were investigated. Moisture analyzer was used to determine
moisture content of beetroots. Beetroot powder was extracted three
times with 50% ethanol (v/v). Colorimetric methods were used to
determinate contents of betalain, ascorbic acid and total phenolic, and
1,1-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity,
ferric reducing antioxidant power (FRAP) and 2,2’-azino-bis-(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS) radical scavenging
activity of dried beetroots.

Results and discussion. Drying methods significantly affected the
drying time, bioactive compounds and antioxidant activity of beetroots.
The shortest drying time (0.56+0.01 h) was occurred at MVD, while FD
required the longest drying time of 29.67+0.58 h. There was no
significant difference in the final moisture content of dried beetroots
prepared by different drying methods. It was found that the dried
beetroots prepared by VD showed the highest ascorbic acid content of
8.73+£0.23 mg/g, and the beetroots dried by FD displayed the highest
betaxanthin content of 2.57+0.01 mg/g, while the beetroots obtained by
MD showed the lowest betacyanin content of 2.98+0.02 mg/g, and FD
led to significantly lower total phenolic content of beetroots in
comparison with other drying methods. In terms of antioxidant activity,
the beetroots prepared by MD and MVD showed significantly higher
DPPH radical scavenging activity than the beetroots prepared by VD
and FD. Meanwhile, the beetroots obtained by VD exhibited the largest
ABTS radical scavenging activity of 17.22+0.35 mg trolox equivalent
(TE)/g. Besides, the beetroots prepared by MVD displayed the highest
FRAP value of 13.36+0.17 mg TE/g. Compared to beetroots prepared
by other drying methods, the beetroots prepared by FD showed the
lowest FRAP, DPPH and ABTS values, indicating the weakest
antioxidant activity.

Conclusions. Considering the drying time, bioactive compounds
and antioxidant activity, MVD is recommended to prepare dehydrated
beetroots, which can reduce drying time and better preserve bioactive
compounds and antioxidant activity of beetroots.
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Introduction

Beetroot (Beta vulgaris L.) is an important root vegetable and widely grown in Russia,
Germany, Ukraine, Turkey, Poland, France, Egypt, America, United Kingdom and China.
According to the macronutrient data reported by the US Department of Agriculture, 100 g of
raw beetroot contains an average energy of 43 kcal, total sugar 6.76 g, total dietary fiber 2.8
g, proteins 1.61 g, and total lipids 0.17 g (United States Department of Agriculture, 2013).
Beetroot can not only be consumed as fresh vegetable, but also can be processed into canned,
pickled, frozen and dehydrated products (Kanner et al., 2001; Paciulli et al., 2016). Beetroot
contains highly bioactive compounds, such as betalains (betacyanins and betaxanthins),
polyphenols, flavonoids, carotenoids, ascorbic acid, nitrate and saponins, Antioxidant
activity of bioactive compounds and successful utilization of beetroot in disease prevention
and health promotion is increased in last few decades (Chhikara et al., 2019). Beetroot spoils
rapidly due to high moisture content, continuous metabolism and microbial attack.

Drying is one of most widely used methods for preservation foods by inhibiting enzyme
activity, avoiding microbiological spoilage, and delaying deterioration (Arikan et al., 2012).
In order to obtain dried vegetables, a great number of drying methods have been applied such
as hot air drying, vacuum drying, microwave drying, microwave vacuum drying, and freeze
drying. During drying process, it causes nutrient losses and changes the raw material’s
chemical and physical properties. Thus, choosing the most suitable drying method mainly
depends on the quality of the final products (Wei et al., 2019). Vacuum drying (VD) is a very
good drying technology because of its sealed environment, low content of oxygen and cost
superiority (Dai et al., 2021). A number of studies have demonstrated that VD can well
preserve the nutritional components, physical and chemical properties, organizational
structure and sensory quality of products (Mitra et al., 2011; Liu et al., 2021). Microwave
drying (MD) is also widely used in the drying of agricultural products, it is generally
recognized as rapid drying rate, short drying time, rapid process control, and fast-switching
(Jin et al., 2017). At the same time, MD causes non-uniform heating, textural damage,
nutrient degradation, and limited penetration depth (Vadivambal et al., 2010). Microwave
vacuum drying (MVD) is an alternative drying method for a variety of foodstuffs. The
intensive heating of microwave and low boiling point generated by the vacuum make the
food to be dried at relatively low temperature and in a short time, helping to maintain a high
level of healthy nutrition and sensory quality (Scaman et al., 2005). As the best dehydration
method for heat sensible foods, freeze drying (FD) involves high energy consumption, high
equipment costs, and long drying time, which limits its use in the production of high-value
products (Koprtalan et al., 2021).

The drying method significantly influences the bioactive compounds and antioxidant
activity of the final product. Therefore, it is important to choose a suitable drying method to
obtain high quality of dried products. In literature, there are rarely studies on the effects of
different drying methods on the quality attributes of dried beetroots. So we conducted
different types of drying methods to dry beetroots, exploring the effect of different drying
methods on the quality of dried beetroots, and looking forward to obtaining high-quality dried
beetroots in this study. Therefore, the purpose of the research is to investigate the influence
of four different drying methods, including freeze drying, vacuum drying, microwave drying
and microwave vacuum drying, on the bioactive compounds and antioxidant activity of dried
beetroots.

Objectives of research:

— To explore the drying time and final moisture content of dried beetroots under four
different drying methods.
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— To investigate the effect of four different drying methods on the bioactive compounds
of beetroots.

— To evaluate determine the antioxidant activity of dried beetroots obtained by four
different drying methods.

Materials and methods
Materials

Fresh beetroots were purchased from a local market in Xuzhou, Jiangsu province, China.
The fresh beetroots were washed, peeled, and cut into slices 75 mm in diameter and 4 mm in
thickness. Ascorbic acid assay kit was obtained from Nanjing Jiancheng Institute of
Bioengineering, Nanjing, China. Folin-Ciocalteu’s phenol reagent (1.0 mol/L), gallic acid
(purity>98%),  tri-2-pyridyl-s-triazine  (TPTZ, purity>98.0%), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox,purity>98.0%), 1,1-diphenyl-2-
picrylhydrazyl radical (DPPH, purity>98.0%) and 2,2’-azino-bis-(3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS, purity>98.0%) were obtained from Shanghai Yuanye Bio-Technology
Co., Ltd, Shanghai, China.

Drying procedures

The experimental procedures of four different drying methods are listed as follows:

Microwave vacuum drying (MVD): The 300-g fresh beetroot slices were placed
uniformly on a tray (61 cm x 43 cm x 5 ¢cm), and the tray was put into a microwave vacuum
dryer (WBZ-10, Guiyang Xingi Microwave Industry Co., Ltd, Guiyang, China). The vacuum
degree was —90 KPa. Microwave power of 1000W was investigated in microwave vacuum
drying for beetroots at constant vacuum degree.

Microwave drying (MD): The 300-g fresh beetroot slices were spread evenly as a thin
layer on the circular fiberglass tray (diameter-30 cm) of microwave drying system (SAM-
255, CEM Corporation, USA), and dried at 390W.

Vacuum drying (VD): The 300-g fresh beetroot slices were spread a thin layer on a tray
(31 cm x 29 cm x 2 ¢cm) of vacuum drying oven (BPZ-6033B, Shanghai Yiheng Scientific
Instrument Co., Ltd, Shanghai, China). The vacuum degree was —95 KPa. The temperature
of vacuum drying was set at 60 °C.

Freeze drying (FD): The 300-g fresh beetroots were frozen at —20 °C for 12 h and were
placed on the cavity in the freeze dryer (FDU-2110, Tokyo Rikakikai Co., Ltd, Tokyo, Japan)
at 4 Pa. The condenser temperature was set at —80 °C.

All the drying process stopped when the final moisture content of beetroots was less
than 6.0% on a wet basis. All the drying experiments were conducted in three replications.

Determination of moisture content
The moisture content (wet basis) of beetroots was measured by a moisture analyzer

(HX204, Mettler Toledo Co. Ltd., Switzerland) at 105 °C until it reached to a constant weight.
The average initial moisture content of fresh beetroots was 90.07+0.72% (wet basis).
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Extraction process

Dried beetroots obtained from triplicate were mixed and then ground into powders (pass
through a 60-mesh sieve) to obtain samples with representative chemical components for
particular drying methods. 2.0 g of beetroot powder was placed in a 50-mL centrifuge tube,
20 mL of 50% ethanol (v/v) was added, and then fully mixed by a vortex mixer (VORTEX-
5 Kylin-Bell Instrument Manufacturing Co., Ltd, Jiangsu, China) for 2 min. After
centrifugation using a centrifuge (H1850, Xiangyi Centrifuge Instrument Co., Ltd, Hunan,
China) at 5000 rpm for 10 min, the supernatant was collected, and the precipitate was
extracted twice with 20 mL of 50% ethanol (v/v). The supernatants obtained from three
extractions were combined and diluted to 100 mL with 50% ethanol (v/v). The extracts were
stored at 4 °C until further analysis.

Determination of bioactive compounds

Betalains are natural water-soluble pigments containing nitrogen, which are subdivided
into betacyanins (red-violet pigments) and betaxanthins (yellow-orange pigments) (Coy-
Barrera, 2020). The betalain content was determined spectrophotometrically (722N,
Shanghai Youke Instrument Co., Ltd, Shanghai, China) as described by Stintzing et al., 2005.
The extract was diluted with 0.05 mol/L phosphate buffer solutions (pH 6.5) to obtain
absorption values of 0.8 <A < 1.0 at 538 nm, and then the absorbance of diluted extract was
measured at 480 nm, 538 nm, and 600 nm, respectively. The betalain content was expressed
as micrograms per gram (mg/g).

Ascorbic acid content of beetroots was determined by colorimetric method using a
detection kit (Nanjing Jiancheng Institute of Bioengineering, Nanjing, China). Results were
calculated on a dry weight basis and expressed as mg/g.

Total phenolic determination was adopted from Folin-Ciocalteu method (Alvarez-
Parrilla et al., 2011). Diluted extract (0.5 mL) was mixed with 2.5 mL of 10% Folin-
Ciocalteu’s reagent (v/v), and then 2 mL of 7.5% sodium carbonate (w/v) was added. The
mixture was incubated for 15 min at 50 °C and then cooled to room temperature, and the
absorbance was measured at 760 nm by a visible spectrophotometer (722, Shanghai Youke
Instrument Co., Ltd, Shanghai, China). A stand curve was obtained using different
concentrations (0-0.1 mg/mL) of gallic acid. The total phenolic content of dried beetroots
was expressed as milligrams of gallic acid equivalent (GAE) per gram.

Determination of antioxidant activity

Antioxidant activity of dried beetroots was evaluated by three methods.

The 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) assay was analyzed according to the
colorimetric method with slight alterations (Brand-Williams et al., 1995). The DPPH assay
was performed by adding 2 mL of diluted extract to 4 mL of 0.2 mM DPPH solution and
reacting for 30 min in the dark at room temperature. The absorbance of the mixture was read
at 517 nm. A calibration curve was obtained using different concentrations (0—200 pmol/L)
of trolox. Results were expressed as milligrams trolox equivalent (TE) per gram.

The 2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) assay was evaluated
according to the method reported by Re et al., 1999, with minor modifications. Equal
quantities of 7 mM ABTS and 2.45 mM K3S;0s solution were mixed to obtain ABTS™
solution. The ABTS"* solution was allowed to stand for 16 h in the dark at room temperature.
The ABTS™ solution was diluted with 80% ethanol (v/v) to obtain an absorbance of
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0.70+0.02 at 734 nm before the measurement. Diluted extract (0.4 mL) was reacted with 3.6
mL diluted ABTS"* solution for 6 min at room temperature. Absorbance was recorded at 734
nm. Trolox with a concentration of 0—150 umol/L was used as the standard curve. The results
were expressed as trolox equivalent (TE) in mg/g.

The ferric reducing antioxidant power (FRAP) assay was conducted by the colorimetric
method described by Benzie et al., 1996. First of all, FRAP reagent was prepared by mixing
0.01 M Tri-2-pyridyl-s-triazine (TPTZ) solution (prepared in 0.04 M HCI), 0.02 M FeCls
solution and 0.3 M acetate buffer (pH 3.6) at the volumetric ratio of 1:1:10. The diluted
extract (0.2 mL) was fully reacted with 6 mL of FRAP reagent. After incubating at 37 °C for
10 min, the absorbance at 593 nm was read. A calibration curve was obtained using different
concentrations (0600 pmol/L) of trolox. All solutions were prepared on the day of use.
Results were calculated as mg TE/g.

Statistical analysis

All experiments were conducted at least in triplicate and results were expressed as
mean+tstandard deviation (SD). The differences among samples were determined by one
way analysis of variance (ANOVA) followed by the Tukey’s multiple range test using the
SPSS Statistics Version 20 (IBM Corporation, Chicago, IL, USA). The mean values with
different letters are significantly different at 95% confidence level (p<0.05). Origin 2017
(Origin Lab, MA, USA) was used to draw figures.

Results and discussion
Drying time and moisture content

The drying time and final moisture content of beetroots are depicted in Table 1.
Different drying methods resulted in significant differences in drying time. FD had the
longest drying time (29.67+0.58 h). Although FD has less thermal damage to products, it
takes longer time. It is an expensive process and is only applicable to high-value products
(Hu et al., 2006). MVD was much faster drying method than VD and FD. It required the
shortest drying time (0.56+0.01 h) for MVD to reach the final moisture content. The drying
time of MVD was reduced by 98.1% compared to FD, and was only 7.2% of the vacuum
drying time. While the drying time for MD was 0.77+0.03 h and very close to MVD. The
drying time required from MD reduced up to 90.2% in comparison with VD, and was about
2.6% of FD time. This indicated that the drying time was significantly reduced as microwave
was used.

Table 1
Drying time and final moisture content of beetroots
Drying methods MVD MD VD FD
Drying time, h 0.56+0.01¢ | 0.77+0.03¢ | 7.83+0.29° | 29.67+0.58°
Final moisture content, % | 5.47+0.71% | 4.82+0.60* | 4.41+0.81% | 4.36+0.70?

Note: Different superscript letters in the same row indicate a significant difference
(p<0.05). MVD, microwave vacuum drying; MD, microwave drying; VD, vacuum
drying; FD, freeze drying.
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Moisture content is essential for the quality control and stability of dried foods. Lower
moisture content usually represents longer shelf life. As presented in Table 1, the final
moisture content of beetroots obtained by four different dying methods ranged from
4.36+0.70% to 5.47+0.71%. VD and FD beetroots had slightly lower final moisture content
comparing to MVD and MD, and there was no significant difference in final moisture content
among all the beetroots prepared by different drying methods.

Effect of different drying methods on the bioactive compounds of beetroots

The influence of different drying methods on betalain content of dried beetroots is
displayed in Figure 1. As can be seen, the betacyanin content of dried beetroots obtained by
four different drying methods ranged from 2.98+0.02 to 4.04+0.05 mg/g. It was found that
the beetroots obtained by MD showed the lowest betacyanin content (2.98+0.02 mg/g). The
greatest betacyanin content (4.04-0.05 mg/g) of dried beetroots was observed in VD, and the
beetroots prepared by VD showed no significant difference from that prepared by FD in
betacyanin content (p>0.05). As it can be seen from Figure 1, the betaxanthin content of dried
beetroots prepared by four different drying methods ranged from 2.40+0.02 to 2.57+0.01
mg/g, and the greatest betaxanthin content (2.57+0.01 mg/g) of dried beetroots was obtained
from FD. No significant difference was observed in MVD and MD (p>0.05).
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Figure 1. Betalain content of dried beetroots as affected by different drying methods. MVD,
microwave vacuum drying; MD, microwave drying; VD, vacuum drying; FD, freeze drying.
Means with different letters in each column indicate significantly different (p<0.05).

—Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2— 251



—— Food Technology ——

Ascorbic acid is relatively unstable to heat, oxygen, and light, and easily is degraded
during drying process, so it can be used as an indicator for the quality of dried products (Hu
et al., 2006). The higher the temperature, the longer the drying time, and the more degraded
ascorbic acid in dried fruits and vegetables (Cui et al., 2004). The effect of different drying
methods on the ascorbic acid content is provided in Figure 2. The results showed that the
beetroots prepared by VD displayed the highest ascorbic acid content of 8.73+0.23 mg/g,
followed by MD, FD, and MVD beetroots of 8.32+0.10, 7.44+0.06, and 7.17+0.09 mg/g,
respectively. MVD and FD beetroots had relatively lower ascorbic acid content than that of
MD and VD beetroots, and there was no significant difference between MVD and FD
(p>0.05). This can be explained that microwave vacuum drying caused some higher
temperature areas on the surface of the beetroots, resulting in loss of the heat-sensitive
ascorbic acid (Wei et al., 2019).

10

Ascorbic acid content, mg/g

0 T T T T
MVD MD VD FD

Drying methods
Figure 2. Ascorbic acid content of dried beetroots as affected by different drying

Figure 3 shows the total phenolic content of dried beetroots obtained by different drying
methods. The highest total phenolic content was observed in VD (10.23+0.08 mg GAE/q)
beetroots, followed by MVD (10.20+0.08 mg GAE/g), MD (9.31+0.14 mg GAE/qg), whereas
FD (8.01+0.11 mg GAE/q) beetroots showed the lowest content. Similar results have been
reported by other researchers. It was reported that freeze drying of willow led to a lower total
phenolic content than thermal drying methods such as hot air drying, oven drying and tray
drying (Harbourne et al., 2009). It was found that freeze drying of raspberry fruits much
lower polyphenol retention compared with other drying methods such as hot air drying,
infrared radiation drying, and hot air combined explosion puffing drying (Si et al., 2016).
The use of low-temperature dehydration led to more serious degradation of polyphenols,
which was understandable from the long drying time of 29.67+0.58 h. VD and MVD led to
more higher total phenolic content, which can be explained that higher temperature drying
caused more damage to the tissue, so that more phenolic compounds to be extracted or caused
changes in other compounds, thereby producing more total phenols (Si et al., 2016). There
was no significant difference between MVD and VD (p>0.05).
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Figure 3. Total phenolic content of dried beetroots as affected by
different drying methods

Effect of different drying methods on the antioxidant activities of beetroots

Beetroot contains a variety of phytochemicals with high antioxidant activity. At least
two methods should be employed to evaluate the total antioxidant capacity due to different
mechanisms of antioxidants, such as reducing capacity, decomposition of peroxides, free
radical scavenging, and binding of transition-metal ion catalysts (Mao et al., 2006; Inchuen
et al., 2010). In this study, the antioxidant activity of dried beetroots was evaluated by three
methods: DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), and
ABTS radical scavenging activity.

The DPPH radical scavenging activity of dried beetroots is presented in Figure 4. The
beetroots prepared by FD were found to show the weakest DPPH radical scavenging activity
(5.16+0.02 mg TE/qg). The beetroots prepared by MD and MVD showed significantly (p<0.05)
higher DPPH radical scavenging activity than the beetroots prepared by VD and FD.

The ABTS radical scavenging activity of dried beetroots is illustrated in Figure 5.
Among the dried beetroots, MD beetroots showed the highest ABTS radical scavenging
activity (17.22+0.35 mg TE/qg), followed by MVD, VD and FD. The result was in agreement
with the results reported by Nistor et al., 2017 showed that betacyanin degradation leads to
other phenolic compounds, thereby increasing antioxidant activity. The beetroots prepared
by MD showed the lowest betacyanin content (Figure 1), while its ABTS radical scavenging
activity was the highest. Compared to other drying methods, FD led to the lowest ABTS
radical scavenging activity. It has been reported that the ABTS radical scavenging ability of
freeze-dried sour cherries was significantly lower than that of vacuum microwave-dried sour
cherries under several drying conditions (Wojdylo et al., 2014).
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Figure 4. Effect of drying methods on the DPPH radical scavenging activity of dried beetroots

20
a
b T
16 + b
C
T
80
= ||
& 12
1]
£
2]
g 8
<
4 —
0 T T I T
MVD MD VD FD

Drying methods

Figure 5. Effect of drying methods on the ABTS radical scavenging activity of dried beetroots
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The FRAP values of dried beetroots can be seen in Figure 6. Drying methods caused the
degradation of bioactive compounds that were responsible for FRAP in beetroots to different
degrees. Similar to DPPH radical scavenging activity and ABTS radical scavenging activity,
the beetroots obtained by FD showed the lowest FRAP value (9.89+0.13 mg TE/Q).
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Figure 6. Effect of drying methods on the FRAP of dried beetroots

Through the antioxidant activity data, it was found that FD did not exhibit any
advantages in the antioxidant activity of beetroots in comparison with the other drying
methods. This result was in agreement with results published by Si et al., 2016, but
contradicted that of Chan et al., 2009. Chan et al. reported that sun drying, oven drying, and
microwave drying, caused more serious losses of antioxidant capacity than freeze drying.
The change of antioxidant activity can be attributed to a variety of reasons. Firstly, during
the thermal process, intense and/or long-term heat treatment may lead to the loss of natural
antioxidants, most of which are relatively unstable (Lim et al., 2007). Moreover, degradation
caused by enzymes or heating leads to the loss of antioxidant ability. In addition, the
intermediate products of degradation and Maillard reaction during heating process can
enhance the antioxidant capacity (Cheigh et al., 1995). The enzymatic and non-enzymatic
browning reactions during drying process may also result in antioxidative characteristics
(Samoticha et al., 2016).

Conclusions
The drying time, bioactive compounds and antioxidant activity of beetroots were greatly

affected by drying methods. Among the four different drying methods, FD led to the longest
drying time, while MVD required the shortest drying time of 0.56+0.01 h. There was no
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significant difference in final moisture content of beetroots among all drying methods. In
terms of bioactive compounds, the beetroots dried by FD displayed the highest betaxanthin
content, while the beetroots obtained by MD showed the lowest betacyanin content. Besides,
the beetroots prepared by VD showed the highest ascorbic acid content of 8.73+0.23 mg/g.
Meanwhile, FD led to significantly lower total phenolic content of beetroots in comparison
with other drying methods. For antioxidant activity, the beetroots prepared by MD and MVD
showed significantly higher DPPH radical scavenging activity than the beetroots prepared by
VD and FD. Besides, the beetroots prepared by VD exhibited the largest ABTS radical
scavenging activity. Moreover, the beetroots obtained by MVD exhibited the highest FRAP
value. It is noteworthy that the antioxidant activity of beetroots prepared by FD was the
weakest, with the lowest values of FRAP, DPPH and ABTS. MVD led to higher antioxidant
activity of beetroots in comparison with other drying methods. Comprehensive consideration
of the drying time, bioactive compounds and antioxidant activity of beetroots, MVD is a
suitable method for preparing dried beetroots. Dried beetroots with a large number of
bioactive compounds and antioxidant activity can be utilized as food additives, functional
foods and high value-added food products.
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Introduction. The cultivation conditions of Acinetobacter sp.
IMV B-7005, which would provide maximum synthesis of the
microbial exopolysaccharide (EPS) ethapolan on the mixture of C.-
Ce—substrates (molasses, acetate, or ethanol) and waste sunflower
oil was studied.

Materials and methods. Strain IMV B-7005 was grown in
liquid mineral media, containing the mixture of C,-Cg-Substrates
and sunflower oil of various quality (refined, waste oil after frying
potatoes, meat, vegetables, or mixed one after frying various foods).
The EPS concentration was determined gravimetrically after
precipitation with isopropanol, the EPS-synthesizing ability — as the
ratio of the EPS concentration to the concentration of biomass and
expressed in g EPS/g biomass.

Results and discussion. After replacement of refined
sunflower oil in the mixture with molasses on various types of waste
one (after frying potatoes, meat, vegetables, or mixed oil after frying
various foods) the concentration of synthesized ethapolan was 10-
14 g/l. Further neutralization of the hydrolyzed molasses with a
simultaneous increase in the concentration of monosubstrates in the
mixture to 3.0% was accompanied by an increase in the amount of
synthesized EPS to 15.3-16.3 g/I, which remained at the same level
regardless of the presence in the mixed substrate of different batches
of mixed waste oil. Maximum indicators of ethapolan synthesis
(15.6-15.9 g/l) on the mixture of ethanol and waste oil were
achieved in the case of increasing in the culture medium content of
magnesium cations (activator of key enzyme of C,-metabolism in
the producer of ethapolan) from 1.5 to 5 mM and fractional
application of substrates (4 or 5 portions). Replacement of the
refined substrate on mixed waste oil after frying various foods in
the mixture with sodium acetate was accompanied by a slight
decrease in the amount of synthesized ethapolan (from 17.3 to 16.4
g/l). However, EPS-synthesizing ability reached 7.3 g EPS/ g
biomass, which was 3.7 and 2.2 times higher than the indicators
obtained during the cultivation of ethapolan producer on the mixture
of mixed waste oil with molasses and ethanol, respectively.

Conclusions. The obtained results are the basis for the
development of universal technology for the ethapolan synthesis on
mixed substrates, independent of the supplier and the quality of
waste sunflower oil.
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Introduction

Fierce competition in the global market of microbial polysaccharides greatly
complicates the possibility of successful commercial implementation of new alternative
exopolysaccharides (EPS) (Rana et al., 2020; Zayed et al., 2021). Thus, for decades, the most
well-known representative of these biopolymers, which currently reaches nearly 6% of their
world market, is xanthan. Several other polysaccharides have also become widespread:
dextran, pullulan, levan, alginate, scleroglucan, velan, hyaluronic acid, etc. (Barcelos et al.,
2020).

Although new polymers may have unique properties due to their high cost and low
yield, they cannot compete with existing successful EPS.

The main ways to solve these problems are to intensify the synthesis of the target
product and reduce the cost of the main components that affect its cost, in particular, the cost
of carbon and energy sources.

Maximum EPS synthesis can be ensured by:

1. Increasing the efficiency of substrate conversion into the final product;
2. Optimization of cultivation conditions (Suryawanshi et al., 2019);
3. Improvement of producer strains by methods of metabolic and genetic engineering (Sun

et al., 2021).

A promising approach that allows achieving a significant reduction in unproductive carbon
and energy costs and intensifying the synthesis of secondary metabolites with minimal
labor costs is the use of mixed substrates (Pidhorskyy et al., 2010; Pirog et al., 2013; Liu et
al., 2020).

Previous studies (Pidhorskyy et al., 2010) have shown the possibility of intensifying the
synthesis of exopolysaccharide ethapolan (producer of the strain Acinetobacter sp. IMV B-
7005) on the combination of energy excess (ethanol and glucose, fumarate and glucose) and
energy deficient (acetate and glucose) growth substrates. Subsequent studies have allowed to
replace glucose in mixed C,-Cs—substrates with molasses (by-product of sugar production)
(Pirog et al., 2017).

Additional reduction of the cost of microbial polysaccharides is possible due to the
replacement of classical expensive carbohydrate substrates on the cheap ones (Singh et al.,
2019; Oet al., 2020).

One of such promising substrates is waste vegetable oil (sunflower, olive, corn, etc.),
which due to its toxicity (contains carcinogens, toxic chemicals, etc. (0, 0)) cannot be reused
in the food industry (food preparation, production of food additives) and agriculture
(production of feed additives) (Oet al., 2019).

Unfortunately, most of this waste is currently drained uncontrollably into the sewer,
which leads to a number of economic (rapid wear of pipelines) and environmental (1 liter of
waste oil can contaminate up to 500 thousand liters of water) problems (Oet al., 2019;
Loizides 0). At the same time, significant global volumes of waste oil generation (16.5
million tons per year) and the fact that its emissions to the environment are strictly regulated
only in highly developed countries (USA, Japan, European countries etc.) makes the effective
disposal and processing of this waste is an urgent problem (0; Mannu et al., 2020).

Currently, waste oil is usually used for biodiesel production and livestock fattening (0).
Relatively new approaches of its utilization are the production of hydrogen gas, pyrolytic oil,
rubber and electricity generation (Mannu et al., 2020). The main disadvantage of these
approaches is the need for additional stages of pre-treatment that significantly increase the
overall costs of waste oil utilization.
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Another promising way to process this waste is its use in biotechnology as a substrate
for the synthesis of practically valuable microbial products (surfactants,
polyhydroxyalkanoates, organic acids, enzymes, vitamins, etc.) (Oet al., 2020; Orjuela et al.,
2020).

It should be noted that to date, information about the use of oil-containing substrates for
the microbial EPS biosynthesis is quite limited, and in the available literature, the
concentration of the target product does not exceed a few grams per liter (Pirog et al., 2021).

Recently, due to the significant emulsifying properties and structural features of the
microbial polysaccharide ethapolan (containing residues of palmitic, oleic, palmitoleic, lauric
and stearic acids) the substrates base for its production was expanded through the use of oil-
containing raw materials (refined and various types of waste sunflower, corn, olive, rapeseed
oil, and their mixtures) (Voronenko et al., 2020).

The purpose of this work is to establish the cultivation conditions of Acinetobacter sp.
IMV B-7005, which would provide maximum synthesis of the microbial polysaccharide
ethapolan on the mixture of C,-Cs—substrates (molasses, acetate, or ethanol) and waste
sunflower oil.

Materials and methods
Materials

For the microbial polysaccharide ethapolan production the EPS-synthesizing strain
Acinetobacter sp. 12S, deposited in the Depository of Institute of Microbiology and Virology
(National Academy of Sciences of Ukraine) under the number IMV B-7005, was used
(Pidhorskyy et al., 2010).

Medium composition and cultivation conditions

The strain was grown in such liquid mineral medium (g/1):

— Medium 1 (basic): KH2PO4 — 6.8; KOH — 0.9; NHsNO3 — 0.2; MgSO4x7 H,O — 0.4 (1.6
mM); CaCl;x2H,0 — 0.1; FeSO,x7 H,O — 0.001,

— Medium 2 was similar to medium 1, but NHsNO3 was absent;

— Medium 3 was similar to medium 1, but NH4NOs (0.2 g/1) was replaced with KNOs (1.5
g/l);

— Medium 4 was similar to medium 3, but the concentration of MgSQO4x7 H,O was raised
to 1.25 g/l (5.0 mM).

— Medium 5 was similar to medium 1, but NHsNO5 (0.2 g/l) was replaced with NH4Cl1 (1.5
g/1), KH,PO4 concentration was decreased to 3.4 g/l and KOH was absent.

Table 1
Characteristics of Acinetobacter sp. IMV B-7005 growth medium

Concentration, g/l

Medium | Nitrogen Nitrooen

number source sour?:e KH:POs | KOH | MgSOsx7 H20
1 0.2 6.8 0.9 0.4 (1.6 mM)
2 NHiNOs 68 | 0.9 | 04(1L6mM)
3 15 6.8 0.9 0.4 (1.6 mM)
4 KNOs 15 68 | 0.9 | 1.25 (5.0 mM)
5 NH,Cl 0.8 3.4 0 0.4 (1.6 mM)
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An additional yeast autolysate (0.5%, v/v) was added into the medium, as well as the
multivitamin complex “Complevit” (0.00085, w/w by pantothenate) (Pidhorskyy et al.,
2010).

The following mixed substrates were used as a carbon and energy source: the mixture
of molasses (1.5-3.0%, w/w by carbohydrates) and oil (1.5-3.0%, v/v); ethanol (4.0%, v/v)
and oil (1.2%, v/v); sodium acetate (3.0%, w/w) and oil (1.5%, v/v).

In some variants refined sunflower oil was replaced with various waste oils: after frying
vegetables (obtained at home after three cycles of frying for 20 minutes each), after frying
potatoes and meat (from “McDonald’s” restaurant network, Kyiv), and mixed waste oil after
frying various foods (meat, potatoes, onions, and cheese; from “RockerPub”, Kyiv).

In some variants, fed-batch cultivation was carried out. For that purpose the initial
concentration of acetate and oil in the medium was 1.0 and 0.5% respectively, and during the
cultivation these substrates were fractionally added in two portions of 1.0% (acetate) and
0.5% (oil). In one variant, acetate was replaced with an equimolar concentration of acetic
acid (0.35%).

In other variant, the initial concentration of ethanol and oil in the medium was 0.8-1.0%
and 0.24-0.3% respectively. During the cultivation these substrates were fractionally applied
in portions (total 3-4 portions) of 0.8-1.0% (ethanol) and 0.24-0.3% (oil).

Substrates were added every 24 hours from the beginning of the cultivation process
until the final concentration of mixed substrate was reached.

As inoculum was used the culture in exponential growth phase, grown in the medium
with monosubstrates: 0.5 % refined and waste sunflower oil, or 0.5 % ethanol. Concentration
of inoculum was 10% (Pidhorskyy et al., 2010).

Cultivation of IMV B-7005 strain was carried out in the flasks (750 ml) with 100 ml of
medium in shaker (320 rpm) at 30 °C for 120 hours (Pidhorskyy et al., 2010).

Biomass and ethapolan estimation

Biomass concentration was determined by optical density of cell suspension with
subsequent recalculation to dry biomass in accordance with the calibration curve (Pidhorskyy
etal., 2010).

The amount of EPS was determined gravimetrically (Pidhorskyy et al., 2010). For this
purpose, 1.5-2.0 volumes of isopropanol were added to a certain volume of the culture fluid
(usually 10-15 ml). The polysaccharide precipitate was washed with pure isopropanol and
dried at room temperature for 24 hours.

EPS-synthesizing ability was calculated as the ratio of the polysaccharide concentration
to the biomass and expressed in g EPS/g biomass (Pidhorskyy et al., 2010).

Statistical data processing

All experiments were conducted in three repetitions; the number of parallel definitions
in the experiments was from three to five. Statistical processing of experimental data was
carried out as described earlier (Pidhorskyy et al., 2010). Differences in average indicators
were considered reliable at the level of significance p < 0.05.
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Results and discussion

Influence of the type of waste oil in the mixture with molasses on the
polysaccharide synthesis

One of the promising substrates for the ethapolan synthesis is the mixture of molasses
and refined sunflower oil. In previous studies (Pirog et al., 2017) the possibility of
synthesizing 10 g/l EPS on the mixture of molasses (1.5%, by carbohydrates) and oil (1.5%)
was demonstrated.

To further reduce the cost of carbon and energy source, the possibility of replacing
refined oil on the waste one in the mixture with molasses was investigated. In these studies,
the inoculum was grown on the appropriate waste oil. It is noteworthy that such oil does not
require sterilization and is currently much cheaper than molasses.

Experiments have shown that when replacing refined oil in the mixed substrate with
different types of waste one (after frying potatoes, meat, vegetables, or mixed waste oil after
frying various foods) the concentration of synthesized ethapolan (10-14 g/I) was the same as
when using a refined substrate (10-12.5 g/l) (Table 2).

It should be noted that from a practical and economic point of view, for the inoculum
preparation and EPS biosynthesis, it is most appropriate to use mixed waste oil, because
before sending for disposal, different batches of oil after frying different foods are usually
mixed.

Table 2
Ethapolan biosynthesis on mixture of different type of waste oil (1.5%) and molasses (1.5%)

Type of oil in the mixture EPS, g/l EPS-synthesizing ability,
with molasses ' g EPS/g biomass
Refined (control) 10.0940.50 3.60+0.18

Waste oil after frying potato (fries) 11.06+0.55 2.61+0.13

Waste oil after frying potato (wedges) 11.66+0.58 2.69+0.13

Waste oil after frying meat 12.4140.62 3.42+0.17

Waste oil after frying vegetables 9.94:+0.50 2.95+0.15

Mixed waste oil after frying various foods | 13.92+0.70 3.49+0.17

Note. The inoculum was grown on medium 1, EPS biosynthesis on medium 2. The inoculum was
grown on the refined or appropriate type of waste oil.

Since Acinetobacter sp. IMV B-7005 enzyme systems involved in sucrose catabolism
have low activity in these studies molasses was hydrolyze before usage. The pH of the
substrate was reduced to 4.0-4.5, which led to a decrease in the initial pH of the culture fluid
to 5.8-6.0, which are suboptimal for the growth of the producer and the ethapolan synthesis
(Pidhorskyy et al., 2010).

It was previously shown that the use of neutralized after hydrolysis molasses in the
mixture with C,-substrates (ethanol or acetate) allowed not only to avoid excessive decrease
of the initial pH of the culture fluid, but was also accompanied by an additional increase in
the synthesis of ethapolan (Pidhorskyy et al., 2010).

Therefore the effect of the method of molasses preparation on the synthesis of EPS
during growth of strain IMV B-7005 on its mixture with waste oil was further investigated.

Experiments showed that regardless of the content of neutralized molasses and oil in
the mixture (1.5-3.0%) the amount of synthesized polysaccharide was 1.15-1.25 times
higher than the concentration obtained with the use of conventional hydrolyzed substrate
(Table 3).
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Table 3

Indicators of ethapolan synthesis on the mixture of molasses and oil depending on the method of
molasses preparation

Concentration of EPS-
Method of monosubstrates in the EPS synthesizing
molasses mixture, % PHend g/l ' ability, g
preparation Molasses Qil inEoFr’r?z/;\%s
Hydrolyzed
without 15 Refined, 15 | 6.9 | 10.09£0.50 | 3.60+0.18
neutralization
(control)
15 Refined, 1.5 7.0 12.15+0.61 | 2.25+0.11
Mixed waste
Neutralised after 15 (1)*, 15 7.0 11.28+0.56 | 1.43+0.07
- Mixed waste
hydrolysis 15 2)*, 1.5 7.2 11.7340.59 | 2.16+0.11
15 ?g)'fe‘i‘é"a“e 72 | 10.280.51 | 1.17+0.06
Hydrolyzed
without 2.0 Refined, 20 | 6.9 | 11.54£0.58 | 3.02+0.15
neutralization
(control)
2.0 Refined, 2.0 7.0 14.45+0.72 | 2.59+0.13
2.0 Mixed waste
Neutralised after (1).*, 20 7.1 12.23+0.61 | 1.29+0.06
hydrolysis 2.0 '(\g)"jeg‘(’)"asm 7.2 | 12.9320.65 | 1.78£0.09
2.0 '(\g)'feg‘(’)"asm 73 | 13.5120.68 | 1.39+0.07
Hydrolyzed
without 3.0 Refined, 30 | 6.8 | 13.0940.65 | 3.1120.16
neutralization
(control)
3.0 Refined, 3.0 7.3 16.25+0.81 | 1.95+0.10
3.0 Mixedwaste | 7 4 | 16.02£0.80 | 1.9620.10
Neutralized after (1). , 3.0
hydrolysis 3.0 '(\g)'feg.‘(’)"a“e 7.6 | 15.2820.76 | 1.47+0.07
3.0 '(\g)'feg.‘g’asm 74 | 15.280.76 | 1.50+0.08

Note. The inoculum was grown on medium 1, EPS biosynthesis on medium 2. The inoculum was grown
on the refined or mixed waste oil after frying various foods was used. * — the batch number of mixed
waste oil after frying various foods was used is given in brackets.
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It should be noted that the indicators of ethapolan synthesis on different batches of mixed waste
oil after frying various foods did not change for the same concentration of monosubstrates in the
mixture. A slight decrease in the amount of synthesized ethapolan and EPS-synthesizing ability
compared to the use of refined substrate may be due to the presence in the waste oil of various toxic
compounds (aldehydes, free radicals, etc.), which are formed during frying (0).

In general, the highest rates of ethapolan synthesis (concentration of EPS was 15.3-16.3 g/l
EPS-synthesizing capacity was 1.5-2.0 g EPS/g biomass) were observed with the use of 3.0% (by
carbohydrates) neutralized molasses in the mixture with 3.0% of refined or mixed waste oil after
frying various foods.

Note that various methods of molasses pre-treatment are widely used to increase the EPS
synthesis on this substrate (Oet al., 2019; Ai et al., 2015).

It is known that molasses contains water, sucrose (45-55%), organic acids, amino acids,
vitamins, and minerals, metal cations (Palmonari et al., 2020). Most of these compounds promote
the growth of microorganisms and the synthesis of the final product, but, on the other hand, the
presence of heavy metals in the culture medium can cause certain problems during biosynthesis. In
particular, they are able to inhibit the growth of microorganisms and lead to the inactivation of
enzymes involved in the synthesis of the target product (Ai et al., 2015). At the same time, such
inhibitors can be partially removed by pre-treatment of molasses with acid, activated carbon, calcium
phosphate, etc. (Li et al., 2020; Gojgic-Cvijovic et al., 2019).

Replacement in the mixture with Cz-substrates of refined oil on mixed waste oil after
frying various foods

It should be noted that during growth of the IMV B-7005 strain on the mixture of molasses
and oil, there was a decrease in EPS-synthesizing capacity by almost 2 times compared to the use of
oil as monosubstrate. We have suggested that this may be due to the insufficient C/N ratio due to the
presence of additional nitrogen in the molasses.

Therefore, in the next stage, the possibility of ethapolan synthesis on the mixture of waste oil
and substrate that do not contain nitrogen, in particular ethanol or acetate, was investigated. Due to
the peculiarities of the pH change of the culture fluid during the cultivation of the IMV B-7005 strain
on the mixture of refined oil and Cx-substrates (Pidhorskyy et al., 2010) fed-batch cultivation was
carried out.

In subsequent experiments during refined oil replacement in the mixture with ethanol on mixed
waste oil after frying various foods additional increase of the concentration of Mg?* cations in the
culture medium was applied. These cations are one of the activators of acetyl-CoA synthetase — key
enzyme Cp-metabolism in Acinetobacter sp. IMV B-7005. Low activity of acetyl-CoA synthetase
in the IMV B-7005 strain is one of the reasons of acetate metabolism limitation.

It was found that when the content of Mg?* increased to 5 mM indicators of ethapolan synthesis
(concentration of EPS was 15.6-15.9 g/l, EPS-synthesizing capacity was 3.1-3.3 g EPS/g biomass)
on the mixture of ethanol and mixed waste oil after frying various foods did not depend on the
method of fractional application of substrates (4 or 5 portions) and were higher than results obtained
on the mixture of ethanol and refined oil (10-13.5 g/l) (Table 4).

At the same time, the additional introduction of Mg?* in the medium with ethanol and refined
oil led to a slight decrease in the synthesis of EPS. We suggest that this may be due to the different
effects of these cations on the enzymatic systems responsible for the catabolism of fatty acids and
other related components that are part of sunflower oil or formed during frying. Li etal. (2014) found
that in lactic acid bacteria Lactococcus lactis ssp. lactis concentration of Mg?*, at which the
maximum enzymatic activity is observed, differs for various enzymes of the p-oxidation system.
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Table 4

Influence of magnesium cations concentration on the ethapolan synthesis on the mixture of

ethanol (4.0%) and sunflower oil (1.2%) of different quality

EPS-
Concentration Type of oil in Mode of EPS synthesizing
of Mg?* in the the mixture fed-batch | pHend N ability, g
medium, mM with ethanol | cultivation g EPS/ g
biomass
Four
Refined oortions* 59 | 11.88+0.59 | 3.08+0.15
(control) Five
16 portions** 6.1 | 13.51+0.68 | 3.65+0.18
(medium 3) Mixed waste oil Fg;’trions* 6.2 | 12.0240.60 | 3.24+0.16
after frying Fliive
various foods o ex 6.1 | 10.10+£0.51 | 2.73+0.14
portions
Four
Refined portions* 6.1 | 10.37+0.52 | 2.58+0.13
(control) Five
50 portions** 6.2 9.86+0.49 2.19+0.11
(medium 4) Mixed waste oil | TO% | 6.0 | 1563:0.78 | 333+0.17
after frying Igive
various foods x| D9 | 15.95+0.80 | 3.11+0.16
portions

Notes: The inoculum was grown on ethanol. Fractional application of substrates was carried out 4-5
times every 24 hours: * —four portions of 1.0% ethanol and 0.3% oil; ** — five portions of 0.8% ethanol
and 0.24% oil.

Further experiments have shown (Table 5) that after the replacement of refined oil in
the mixture with acetate on mixed waste oil after frying various foods the amount of final
product reached 16.36 g/l, which was only slightly lower than that obtained using a refined
substrate (17.27 g/l). Meanwhile, EPS-synthesizing capacity increased up to 7.34 g EPS/g
biomass, that was 3.7 and 2.2 times higher than the indicators obtained on the mixture of
mixed waste oil after frying various products and molasses or ethanol, respectively.

Table 5
Biosynthesis of ethapolan on the mixture of sodium acetate (3.0%) and sunflower oil (1.5%) of
different quality

Type of oil in the mixture EPS-synthesizing ability,
with sodium acetate PHena | EPS, g/l g EPS/g biomass
Refined (control) 7.9 | 17.27+0.86 6.47+0.32

Mixed waste oil after frying | 7 7 | 14 3640 7.34£0,37
various foods

Notes: Inoculate cultivation and EPS biosynthesis were carried out on medium 5. The inoculum was
grown on the refined or mixed waste oil after frying various foods. Fractional application of substrates
was carried out three times every 24 hours: two portions of 1.0% acetate and 0.5% of oil, and one
portion of 0.35% acetic acid and 0.5% of ail.
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Conclusion

Thus, as the result of that research:

1. The possibility of replacing refined sunflower oil with different types of waste one, in
particular mixed waste oil after frying various foods, in the mixture with C,-Cs—substrates
(molasses, ethanol or sodium acetate) for the ethapolan synthesis was demonstrated,;

2. Optimal cultivation conditions (concentration of substrates in the mixture of molasses and
oil, method of fractional application of substrates during growth on the mixture of oil with
ethanol or sodium acetate) providing the maximum synthesis of the final product on the
corresponding mixed substrates were established,;

3. It was found that regardless of the type of used C,-Cs—substrates in the mixture with waste
oil, the concentration of ethapolan reached 15.3-16.3 g/I;

4. Data obtained are the basis for the development of a universal technology for the
ethapolan synthesis on mixed substrates, independent of the supplier and the quality of
waste sunflower oil.
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AHoTauii
XapuoBsi TexHosorii

Bnuiue MiKpOXBHJIBOBOTIO i riApoTepMiYHOr0 00po0ICHHS Ha KOJIPHi
XapaKTEePUCTHKH, PO3Mip YACTHHOK i PO3MOAiT BOAY B KAPTOIUISHOMY KPOXMaJii

Yynni Jlenrt?, Oxcana Menbauk?, STaxe Jlyo?
1 — Cymcokuii nayionanenuil acpaprutl yHisepcumem, Cymu, Yrpaina
2 — Koneooic xapuoeoi ma 6ionoeiunoi insicenepii, Yuisepcumem Xeuoicoy, Xeuoicoy, Kumaii

Beryn. Meroro TOCTiKEHHSI € BH3HAYCHHS BIUIMBY MiKPOXBHJIBOBOTO 1 Tirpo-
TEPMIYHOTO OOpOOJICHHST Ha KOJIPHI XapaKTEePUCTUKH, PO3MIP YACTUHOK 1 PO3IOALT BOAU B
KapTOIUITHOMY KPOXMaJli.

Martepianu i MeToan. HaTuBHMIA KapTOIUISIHUI Kpoxmaib Moaudikysanu y noni HBU-
BUIIPOMIHIOBAaHHs 1 TigpOTepMiuHMMHU 00poOneHHsM. [IpoBomuircs Take 0OpOOIEHHs
KapTOILISTHOrO KPOXMAJTIO: OJIHOPa30Be MiKpoxBuiiboBe 00pobients (HBY); rinporepmiune
0o0poGuiennst 3a ponomoror nonepenqaboro HBY o6pobnenns (HBU-I'TO) i Tepmo- Ta
BOJIOT000POOKA 3a IOMOMOTOK MIKPOXBHIIbOBOI Micissoopooku (I'TO -HBY).

PesyabTatn i o6roBopenHsi. 3aranom, ['TO chnpuyvHWIO HEBETHKE 301TBIICHHS
SCKpaBocTi (3HaueHHs L*), Toni sk oquHoune HBY — HeBenmuke 3HMKEHHS SICKPaBOCTI.Y
pe3ynbrati Koiip ycix o0podnenux ['TO 3pa3kiB cTaB sicKpaBilllUM, a KOJip OAMHOYHOI'O
3paska, oopodnenoro HBU (HBUO), craB temuimmm. Komip 3pazkis HBU-I'TO craB 0inbin
yepBoHuM, a 3pazkie HBUO, I'TO ta 'TO-HBY — Oinbwr 3eneHum. Xoua Oynu 3Ha4HI
BiJIMiHHOCTI B pi3HuIi konbopy (AE), ase MoxHa KOHCTAaTyBaTH, 1110 BCi METOIU 00pOOIICHH
HECYTTEBO 3MIHWJIM KOJIp KapTOIUITHOTO KpoXMaiio, mpu mpoMy AE 3apxnu Hipkue 5.
Cepenniii niamerp (D50), niamerp yactuHok 00’emy (D(4,3)) Ta 1iameTp 4aCTUHOK MOBEPXHi
(D(3,2)) Bcboro 00po01eHOro KpoXMaitio OyiId BUIIMMH MTOPIBHSIHO 3 HATUBHUM KpoXMalieM
(HK), Toni sik 3HaYeHHS MUTOMOI TIOBEPXHI 3HAYHO 3MeHIIIocs 3a qornomoro HBY i I'TO,
IO BKa3ye Ha Te, IO Ii METOXM OOpOOIEHHS MOXYTh BHUKIMKATH PO3IIMPEHHS, YACTKOBY
KJIeiicTepu3allifo i arjaoMepario KpOXMaJbHUX TpaHyl, II0 HPH3BOIUTH IO BEIHKOI'O
PO3MIpY YaCTMHOK KpOXMalibHUX Tpanys. OOpobieHHs kapromisHoro kpoxmamo HBY i
I'TO cnpuuuzmna 3MitneHHs yacy penakcaiii T21 y 61k OUIbII MIBUAKKUX YaciB penakcaitii
TIOPIBHSHO 3 IPUPOJHUM KPOXMaJIEM.

Xo4a Bozia B YCIX 3pa3Kkax Kpoxmao Oyna ocHOBHOIO (90%), Tpu miku criocTepiraiucs
Ut gacy penakcarii T2 kpoxmaito, oopodiesoro HBY (HBUO, HBU-I'TO i [ 'TO-HBY), i
JBa TMiKH — i yacy penakcamii yacy T2 3paskiB HK i I'TO. Otxe, kpoxmais, 00poOIeHmi
HBUY, maB tpu pi3ni cranu Boaw, Toai Ak HK i oguaOouHMi [ TO kpoxmains Manu umie asa
pizaux ctanu Boau. Kpim toro, o6pobnerns HBY i ['TO MoxyTh 3MiHITH pO3IIONLT BOAX Ta
TTOKPAIIUTH B3aEMOJII0 MiXK KPOXMAJIEM 1 BOJOFO.

BucnoBku. Xoua 06podnenrns HBY i I'TO moMiTHO HE 3MIHIITH KOJIp KapTOILUISTHOTO
KpOXMallfo, IIi BHOM OOpPOOJIEHHS MOXYTh CIPHYUHUTH PO3MIMPEHHS, YaCTKOBY
KJIelficTepu3allifo i arjJoMepario KpOXMalbHHX TPaHyd, LIO MPU3BOAUTH JIO BEIHKOTO
PO3Mipy 4aCTHHOK KpoxManbHuX rpanyi. Oopoomnerns HBY i ['TO moxe 3MiHUTH pO3TOALT
BOJIM Ta MTOKPAIIUTH B3aEMOIIF0 MK KPOXMaJIeM i BOJIOFO.

KuarouoBi cnoBa: kapmonnanuii kpoxmans, HBY, ciopomepmiunuil, Korip, po3mip.
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YacTKoBe 0YHINECHHS | XapaKTEePUCTHKA NMOTi)eHOTOKCHIA3H 3 000 T0HKH KiHCBKHX
600iB (Vicia faba)
Cebnem Cenen Ic6inip?, Aiicenyp I'yno €nient?
1 — Tpacxiticexuit ynieepcumem, Edipne, Typeuuuna
2 — Opeanizayis kniniunux oocaiodicenv Anmic, Capiep/Cmambyn, Typeuuuna

Beryn. Mertoro 1poro JocCiipKeHHS € BHIUICHHS (epMeHTy monideHomokcHaa3n
(PPO) 3 obonmonku KiHChKMX 000iB, BU3HaYeHHs ioro onTuMaibHoro pH i temmepatypw,
mapameTpiB Km Ta Vmax, nocmikeHHsS OiOXiMIYHHX BJIACTHBOCTECH, TaKUX SK
TeMIepaTypHa 1 KHCJIOTHAa CTaOUIBbHICTh, CEIICKTHBHICTh CyOcTpary, (depMeHTHa
CTaOlNBHICTh MiJ| 4Yac 30epiraHHs, a TaKkoX BHU3HAUEHHS BIUIMBY JESKUX METaliB Ta
iHTi0ITOpIB HA IXHIO AaKTHUBHICTB.

Marepianu i metomu. OcapkeHHs1 OiJka MPOBOIMIN 3a JOIIOMOIOIO COJIi Cynbdary
amoHir0. /JlJs1 BUAajeHHs 10HIB COMI MICNs OCaJDKEHHS IMPOBOAWIMN Aiajii3. Bmict Oinka y
3pa3kax Ha KO)KHOMY eTalli BH3HAauyalu 3a MerofoM bpendopna, a d¢epmeHraTnBHY
AKTUBHICTb — CIICKTPO(OTOMETPUYIHO.

PesynbraTn i o6roBopennsi. Binactusocti ¢pepmenty PPO, ounmenoro B 3,1 pasa,
BU3HAYAIM 3 BUKOPUCTAHHSAM KaTexolny sk cyoctpary. 3HaueHHs Km Ta Vmax ¢epmeHTy
craHoBunu 5,53 MM Ta 4424,58 U.ml? min, pinnosinxo. HaiiBuiy akTUBHICTH (hepMEHT
BusiBuB 1ipu pH 5,0 1 10 °C. Bin 36epir 6iu3bko 60% cBoel akTMBHOCTI micis 30-XBUIMHHOTO
nepioay iHkyOauii npu ontumansHomy pH. CyOctparHy cneuudiunicts PPO BuB4anu 3
BUKOPUCTAaHHSIM BOCBMH CYOCTpaTiB, BKJIIOYAIOUM miporajion Ta 4-metuikarexoin. [1ig gac
JociipkeHHs B nianazoni temmneparyp 10—60 °C npodisib TepMidHOT cTablIbHOCTI BUSBUB
oinbie 50% cBoei aktiBHOCTI B fianazoni 10—40 °C nicist oqHi€el ronunu iHKyOarii. Y Toi
yac sik L-ackopOiHoBa kuciora, Cyab(piT HaTpito 1 L-IMCTEiH BUSBISUIM CHJIBHUMA
iHri0yBasbHUI e(heKT, TOCITIHKYBaHI METaIN JEMOHCTPYBAJIM Pi3HUI BILUIMB HA aKTHBHICTh
(bepmeHTy.

BucHoBKkH. AKTHBHICTD ()epMEHTY MOTI(PEHOIOKCHIa3U BUKIMKAE HeOaXkaH] 3MiHHU Ta
BTpaTy XapyoBOi IIHHOCTI Jeskux (pykTiB 1 oBouiB. OTpuMaHi pe3yabTaTH [arOTh
iH(opmariiro po PPO kiHChbkHX 0001B Ta e(heKTUBHI METOAN KOHTPOIIO MOTEMHIHHS T1i]] Yac
30epiraHHs.

Karwuosi ciioBa: kincokuti 6i6, ouuwenns, noaigenonoxcudasa, cmabitbHicmy.

3acTocyBaHHSI BHCOKOI'O THCKY B TEXHOJIOTiSIX reJIeBUX M'SICHUX MPOAYKTAX 3
HU3LKHM BMicTOM coJi. Oriasg

Su-Tlinr JIi ¥, Banepiii Cykmanos 3™ Ma Xanmxyn? , Wkyan-ni Kan?
1 — Cymcokuii Hayionaneruil acpapHuti yHisepcumem, Cymu, Yrpaina
2 — Xenancokutl incmumym nayku i mexnonoeiti, CiHcsiH,
Kumaiicvka napooua pecnyonixa
3 — INonmascekuii depoicasnuil acpapnuil yHigepcumem, I[lonmasa, Ykpaina

Beryn. Metoro cTaTTi € aHali3 i y3araabHEHHS TOCITIKEHHS BIDIUBY BUCOKOT'O TUCKY
Ha TeneBi M'SICHI IPOAYKTH 3 HU3BKUM BMicToM codi (1%); 3MiHa cTpyKTypH OinkiB M'sica i
BIIACTUBOCTEH Telto.

Marepianu i MmeToau. AHami3 iTepaTypu.
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Pesyabratn i o0roBopenHsi. Bucokuii THCK SK pi3HOBHI TEXHOJIOTIl (i3udHOl
cTepwimizamii, MoXXe e(QEeKTUBHO 3MIHIOBAaTH CTPYKTypy Ounka, TexXHOJOriuHi W
(YHKI[IOHAJBbHI XapaKTepUCTHKNA M'SCHHX NPOIYKTiB, 30epiraroun MpH IbOMY HOXKHBHI
BJIACTHBOCTI 1 cMaK. PO3IIIsSTHYTO 3MiHY BOZOYTPHUMYBAJILHOI 34aTHOCTI, KOJIBOPY, TEKCTYPH
1 CEHCOPHHUX BJIACTUBOCTEH M'SICHHUX TeJIEBHX IPOAYKTIB 3 HHM3BKHM BMICTOM COJIi TIiJ{
BHCOKUM THCKOM. [IpoaHaiizoBaHO, SIK BIUIMBAIOTH MapaMeTPH TEXHOJOTIYHOTO MpOLECY
(THCK, "ac i TemMIIepaTypa) Ha 3MiHy CTPYKTYpH, KOH(pOpMallii 1 BIIaCTUBOCTEH Teito M'SICHUX
TeJICBUIHUX MPOMYKTIB 3 HU3BKUM BMICTOM cOJIi . M'ICHHI OUJIOK YYTJIMBHIA O BUCOKOTO
TUCKy. CTpYKTYpH a-cripaiti i B-icta 3MiHWIIMCS Ha CTPYKTYPH BUIIAIKOBUX CITipasiei i B-
BUTKIB y Mipy 30iJbIIeHHs THCKY. PO3UMHHICT OiKa 1 TBEPMICTH TENIO AOCATAIOTH CBOIX
MaKCHMAaJIbHUX ITOKAa3HUKIB, @ MIKPOCTPYKTYpa T'elll0 ONTUMAIIFHO IIJIbHA | OAHOpiIHA MpH
200 MIla. B wmizomy, oOpoOKa BHCOKMM THCKOM MOXE BHKOPHCTOBYBATHCS JUIs
BUPOOHMITBA T'eJI€BUX M'SICHHX INPOAYKTIB 3 HU3bKMM BMICTOM cCOJMi i 3a0e3nedyBaTu ix
BHCOKY sIKicTh. OOpoOKa s7IOBUYOi KOBOACH 3 HU3BKHM BMICTOM COJIi TIPH BUCOKOMY THCKY
200 MIla npu3BOmUTH 1O MiABUIIEHOI PO3YMHHOCTI Mio(iOPHISpHHUX OINKIB, TaKUX SIK
MiO3MH 1 akTuH, B consix. KoMOiHallisi BUCOKOTO THCKY 1 TETIoBOi 0OpOOKM MPH HU3BKUX
TeMIiepaTypax AeHarypaiii OiJIKIB COJOHOTo M'sica NPU3BOAUTH JI0 KPAaIIOro YTPUMAaHHS
BOJU 1 TEKCTYpPH, HIX y 3pa3KiB, IPUTOTOBAHMUX TUIBKH IUIIXOM HarpiBanusa. OTxe, 00poOka
BUCOKHMM THCKOM Mepe]] HarpiBaHHsIM MOKpallye (yHKIIOHAJIbHICTh M'sicHOTO (hapury.

BucHoBku. O0poOka BUCOKMM THUCKOM MOXe OyTH €(QEeKTHBHO BHKOPHCTaHA IPH
BUPOOHUITBI TeJenoJiOHUX M'SCHUX IPOAYKTIB 3 HH3bKMM BMICTOM COJi 1 BUCOKHMH
CHOXKUBYUMH SIKOCTSIMU.

Karwuosi caoBa: m'sco, eenv, sucokuii muck, ciib, 6000ymMpumMysaibHa 30aMHIiCb,
mexcmypa.

BrniuB yacy nponapoBaHHs Ha KOJIip i ¢i3uyHi BJIacTHBOCTI Y4OTHPHOX COPTIB puCy,
BUPOLIYBaHUX y 3axigHii Appuui

Aner6ona Onanene Jlaynal, XaysaBy Xacan®, Aznemona A. Babaemky?,
Ixon Konan Jixosed?, Peituen OmoBymi Oenan?
Yuieepcumem Inopina, Inopin, Hieepia
VYuisepcumem Ib6adany, lbadan, Hicepis

Beryn. NiaporepmiuHe 0OpoOsIeHHsI i/ Yac IponaproBaHHs BUKIUKAE XKeTaTHHI3AI[ 0
Ta posmaj Oiaka B €HIOCHEepMi, 3MIHIOIOYH 30BHIIIHIA BHTTISAA 1 MIIHICTh MPOAYKTY 3a
PaXyHOK CIUTaBJICHUX KJICHCTEPU30BAHUX KPOXMAJIBFHHUX TPaHyIl, AKi pyHHYIOTH O17IKOBI TiJa.

Marepianu i MmeTogu. OmiHIOBAJIN TEPiOAH T1APOTEPMITHOTO OOPOICHHS Ha MIIHICTh
3epHa i 30BHIMHIN Burisin coptiB pucy FARO64, FARO65, FARO66 i FARO67. Koxen
COPT TMONULTA HAa ITSATh YAaCTHUH, YOTHUPHM YACTHHHA MPOMAPIOBANH 1 IIiAJaBaliid
rigporepmigHOMY 00pobIeHHIO TipoTsaroM 5, 10, 15 i 20 xB (3a mocTiiiHOI TeMmepaTypu Ta
aTMOC(EepHOMY THCKY), a I1’sITa YaCTHHA OyJia KOHTPOIBHOIO.

Pe3yabraTi i odroBopenns. Baecenns mapu mano nocroBipauii BrumB (p<0,05) Ha
MinHICTh 3epHa. OnTHManbHa MIIHICT Oyna 3adikcoBana mpu 20-XBHIMHHOMY Tepiofi
rigporepmigaoro 0opodnenus y coptiB FARO64, FARO65 i FARO66, Tomi sik FARO67 maB
HAWBUIYy MIIHICTh Ha 15-i XBriuHI i3 3HaueHHsMH Bix 61,53N mo 225,83N. FARO65 maB
3HIDKEHE 3Ha4YeHHS Kombopy L*, xoua Bci coptu 30eperfiu KOBTHH KONIp IIiJ dYac
rizporepmiunoro oopobnenus. Jinme FARO64 niaTpuMyBaB 3Ha4ueHHS KOIBOPY a* i yac
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rizporepmiunoro oopodienus. o crocyerscst nosxunan, copt FARO67 3minuBCs Ha Iyxe
nosruii, a FARO64, FARO65 i FAROG66 3MiHUBCS 13 cepeTHhOI Ha JOBIHI 3 JTialla30HOM
3HaYeHb Bix 6,33 MM 10 7,57 MMm.

3navenss mmpuau (1,98-2,62 MM) 3MiHIOBAIHCS OHAKOBO JJIsI BCIX COpTIB. Yci copTH,
okpiMm FARO64, 3MeHIIIeH] B TOBIIUHI i 9ac TiapoTepMivgHOro oopoodenns. dopma copty
FARO64 3minmiacs i3 cepeqHpoi Ha TOHKY; copTit FARO65 1 FAROG66 36eperiu cepeHio
¢dopmy, a FARO67 — 3MmiHunacs BiJ TOHKOI 70 cepenHpoi. Maca tucsui 3epeH Oyuna Big 15
1o 24; coptu FARO64, FARO66 i FARO67 Manu 3HWKEHE CepelHe 3HAYCHHS, TOMI K
FAROG5 — 3pocrna.

BucnoBok. IIpomaproBaHHs 3MeHIIye MIBHAKICTh pYHHYBaHHS CHpPOTO pHCY,
TIOKpAIIy€e MIIHICTh, KOJIp 1 30BHIMHINM Burisin. TemrepaTypa enaTHHI3alli BIUIMBAE Ha
SIKICTB PHCY.

Karouosi cioBa: puc, ciopomepmiune obpodienns, nponaproganHs, Hceiamury8aHHs..

Bruius 3arynryBadiB Ha OCHOBi eKTHHY i MOAN(IKOBAHOT0 KPOXMAaJII0 HA CTPYKTYPHI
XapaKTePUCTHKU HU3bKOKAJIOPIHOr0 10,1y4HOro J:KemMy

Ipuna Cunxka, Onexcanapa Hemipiu, Oxcana KupriuenkoBa, Onena MaTusmyk,
Onena [laBmrouenko, Onis ®@ypmanosa
Hayionanvhuii ynieepcumem xapuosux mexronoziti, Kuis, Yxpaina

Beryn. Metoro 1oCii/pKeHHs € BU3HAYCHHS BIUIMBY 3aryllyBadiB Ha OCHOBI IEKTHHY i
MO (DIKOBAHOI'0 KPOXMAJIIO HA CTPYKTYPHI XapaKTEPUCTHKH JPKEMY HU3bKOKAJIOPIHHOTO.

Marepianu i meroamn. JlocnipKkyBanacss TEXHOJOTIsI PKEMY Ha OCHOBI SOIy4HOTrO
Mope 3 MOBHUM BHJIYYEHHSIM LYKpY padiHOBaHOro Ta 3 JOAaBaHHSAM IiJICOJIOKYBaYa.
Metomy IOCTIKSHHS: KaJbLid-TIeKTaTHUH METOJ BH3HAYEHHS NEKTUHOBHUX DEYOBHH,
pedpakTOMETpUYHUH METO BHU3HAYCHHS CYXHMX pEUOBMH, METOI BHM3HAUCHHS MacH
HaBaHTAXXEHHS ISl pyWHYBaHHS CTPYKTYPH IPATJIiB Uil BA3HAYCHHSI MILIHOCT1; PO iabHUIA
Meron 3a 10-0anbHOI MIKAJOK BIMOBITHOCTI IHTEHCHBHOCTI BiJUYTTS apOMaTHYHHX 1
CMaKOBHX BJIACTUBOCTEN.

PesynabTatu. BuiydeHHs nykpy padiHOBaHOTO 3 peLenTypd IPH3BOOUTH 10
NOTipLIEHHS CTPYKTYPHHX XapaKTepPUCTHK [pKeMy. 3aliisl BH3HAYEHHS KiUIbKICHHX
CHIBBI/IHOIIEHb 1HTPEIEHTIB OYJI0 BHMBYEHO 3aJICKHICTh (I3UKO-XIMIYHMX MOKA3HHKIB
SIKOCTI JDKEMY BiJl BMICTY 3aryIlyBauiB y HbOMY.

3MeHIeHHsT KUTbKOCTI IyKpy B Mexax 100-333 r/1000 r npu3BOAUTD 10 3MEHIIICHHS
minHocTi Bix 320 T go 160 r. Pazom 3 M BTpadaeThes 3HAYHA KITBKICTh CYXHUX PEYOBHH:
Big 65,2 110 45,2 %. IX KinbKicTh 4aCTKOBO 3pOCTa€ MPH 361IbLICHH] BMiCTY SOIY4HOTO MOpe
Bix 550 r/ 1000 r mxemy (3pa30Kk KOHTPONIbHUIA) 10 650 T.

Ie mosicHrO€ He3HAuHe 30UMBMICHHS THUTpoBaHWX Kucior Bim 1,0 mo 1,5 mr/ 100 r.
[Toxa3HUK TUTPOBAHOI KUCIOTHOCTI OYB BH3HAYAILHUM NPH BUOOPI MEKTHHY K XapYOBOL
J00aBKH ISl IIOKPAIICHHS CTPYKTYPHHX XapaKTEPHCTHK TOTOBOTO MPOXYKTY. JJocTaTHROIO
KUTBKiCcTIO TIeKTUHY MoxHa BBaKaTH 10 1/1000 r mxemy. MilHICT CTPYKTYpH TIpH i
KizmbpKocTi craHoBUTH 300 T.

Bcranosieno JIOLIJIBHICTE BHUKOPHCTaHHS MOH(iKOBAaHOTO KpOXMAJTFO
kykypymsHoro Pregel 200 G y ximpkocti 10 r Ha 1000 T ToTOBOI MpOMYyKIIii, IO CIIpHsE
CTBOPEHHIO TEPMO3BOPOTHIX TelliB 1 CTa0LIi3ye TEKCTYPY IKEMY, 30epiratoun Horo MiIHiCTb.

HonaBanHs excTpakTy creBii B Kimbkocti 15 1/1000 T € ontumansauM. [lomanbmie
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IiIBUIIEHHST KITBKOCTI €KCTPaKTy CTeBii HE € OOTpyHTOBAaHMM, 0O CMaK 3aJMIIAETHCS
IHTCHCUBHO COJIONKMAU 1 pIi3HHUISL OCOOMMBO HE BimuayBaeThes. IIpodimorpama cmaky
JOCIIDKYBAaHUX 3pa3KiB JIEMOHCTpYE 30€peXeHHS COJIOJKOrO CMaKy Ta He3HayHe
301IbIIIEHHS] TOBHOTHU TiPKOTO CMAaKY.

BucnoBku. J/lonaBaHHS NEKTUHY 1 KPOXMAJIIO SIK 3aryllyBadiB JUKEMY, KU MIiCTUTH
CyXUH EKCTpakT CTeBii Ta HE MICTUTH IYKpYy padiHOBAHOIrO, Jla€ 3MOTY OTPUMATH JKEM
HU3BKOKAJIOPiHUIT 1 30eperTu CEHCOpHI BIIACTUBOCTI IPOAYKTY.

KurouoBi ciioBa: docem, cyxuti excmpaxm cmegii, nekmuH, MOOUGIKOBAHUI KPOXMATb.

BruiuB IUTI0LIEHHS 3€PHA NMIIEHUIli HA PesKMMH NOJAPiOHEHHS Y BAIbILOBOMY
BepcTaTi

€sren Xapuenko®, Annpiii lllapan’, Onena €pemeena?
1 — Hayionanvhuti ynieepcumem xapuosux mexnonoeii, Kuis
2 — Vmancoxuii Hayionanvhutl yHieepcumem cadinuymed, Ymanv

Beryn. [Iporec mitomeHHs: 3aCTOCOBYeThCs AJ1s iHTeHCHDikanii noapiOHeHHs 3epHa
IPU COPTOBHX ITOMeNaxX MIIEHUI, TIPH [[bOMY ONTHMallbHa BEIMYMHA 3a30py MIXK BaJIbLISIMH
IUTIOLIIMJIBHOT CHCTEMHM IIPH TIOMeENIaX IMIICHUIII B COPTOBE OOPOIIHO 3aJIHIIAETHCS
HEBH3HAYEHOIO.

Marepianu i meronu. Ilnromenns 3aificHioBanu B 1a00paTOPHOMY IUTIOLIMIEHOMY
BepcTati 3 aiamerpoM BajibliB 144,0 mm; mmpuHOIO BanbliB — 68,4 mm Ta MIBUIKICTIO
obepranns 14,6 s, TloapiOHeHHs 3epHa NIICHHMLI 3AiHCHIOBAIM Y BaJIbLLOBOMY BEPCTATi.
JorxuHa BabliiB — 70 MM; KUIbKIiCTh pUQIIiB Ha 1 cM Koja BajibLiB — 6, yxui puduiis — 12%,
CHIBBI/IHOIIEHHSI KOJIOBUX IIBUIKOCTEH — 1:2, MIBUIKICTh OOEpTaHHS HIBUAKOXIIHOTO
BajbLs — 3,93 M/c, niamerp BajibLiB — 150 MM, B3aemopo3TaiyBaHHs: pu(IiB — CITUHKA 110
COMHII, KyTH 3aroctpeHHst pudiiB — 35°/70°. Pexxum moapiOHEHHS 3epHa MILICHUL Y
IUTIOIMJIBHOMY BEPCTaTi Ta Yy BaJbLbOBOMY BEpCTaTi BHU3HAYAIM LUIIXOM IIPOCIFOBAHHS
OTPUMAaHMX MPOAYKTIB uyepe3 curo 3 orBopamu 1,0 MMm. ['paHynomeTpudHuMil aHami3
BH3HAYAIIM [IUIIXOM MPOCIIOBAHHS HA CTAaHIAPTHOMY HAa0Opi cHT 13 Mmomynem A~1,21.

Pe3yabraTu i o6roBopenns. [Ipu noapiOHEHHI NPOAYKTIB ILUTIOMIEHHS Y BaIbLIILOBOMY
BEpCTATI 3arajibHUH BHXIiJ MPOMDKHHUX MPOAYKTIB Ma€ HENIHIMHUIA XapakTep 1 Moxe OyTu
aTnpOKCHMMOBAHUI DIBHSHHSAM Jpyroro creneHs. OnTuMalibHa BENTUYMHA BIJICTaHI MiX
BaJIbLIIMH ILTIONMILHOIO BEPCTATY CTAHOBHUTH 1,4 mm 3a yMOBH, 110 APIOHI TPOAYKTH IICIs
IUTIOIIIEHHS OYyNH TONIEPEIHbO BUICHI 13 CyMIIIi ITIOMIEHOTO IPOAYKTY.

CymapHmii 100yTOK TPOMDKHUX MPOAYKTIB TMICISA IDIIOIIEHHA Ta MOApiOHEHHA Yy
BaJIbIIOBOMY BEPCTATI Ma€ CKIIaAHUI HETIHIIHNI XapaKTep, IKUil He 1a€ 3MOTH BCTAHOBUTH
ONTHMaJIbHE 3HAUSHHS BEJIMYMHH 3a30pY MIXK BaJIbISIMHU IUTIOIIMIBHOI cucTeMH. CymMapHHUid
JOOYTOK MPOMIKHHX MPOAYKTIB, SIKi OTPEMAaHO CyMapHO TpH IUTIONMICHHI Ta MOApiOHEeHHi,
6inpimii Ha 2,9 %, HDK cCyMapHHUH 100yTOK MPOAYKTIB, OTPUMAHUX JIUIIE Y BaJbIILOBOMY
BEpCTaTi 3 MOMepeIHHO BUAAIICHUMHU APIOHNME TIPOAYKTAMH TUTIOIICHHS.

JudepenmianpHi KPUBiI € TOTIMOAATFHAMHU 1 MalOTh I'ATh MaKCUMYMiB. [HTETpambHI
KpHUBi MaroTh S-mioiOHui BuA. [1pu moapiOHEHHI IiJIOro 3epHa CyMapHUHN BHIXi MPOMIKHIX
TIPOAYKTIB OLTBIIHIA, HIX TIPH MOAPiOHEHHI TUTIOIIEHOr0 3¢pHA Y BaIBIIEOBOMY BEpPCTaTi 3a
OMHAKOBHX YMOB. lIpm moapiOHEHHI IUTIOMIEHOr0 3epHAa YTBOPIOETHCS OLIBINA KiTBKICTh
KpYIMHUX (PAKIIii MPOIYKTIB 32 paXyHOK IpiOHUX.
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BucHoBkmn. Y miama3oHi BCTaHOBJICHOT'O ONTHUMAIBHOTO 3a30py MK BaJbILIMU
IUTIOIMIIEHOTO BEPCTATy 3HAYHUX BIIMIHHOCTEH MiX JBOMAa CIIOCO0aMU IMOMpiOHCHHS
TIICHHII He BCTAHOBIICHO.

Kuro4oBi ciioBa: nuwenuys, niowenns, noopiOHerH s, 3a30p, 8albyi.

Oco0MBOCTI cKIaQy JiMiIiB Y COHAIIHUKOBOMY BOCKY
Mukona Oceiixo!, Terssna Pomanosceka®, Bacuns [1leBunk?
1 — Hayionanenuii ynisepcumem xapuosux mexronoeiu, Kuis, Yxpaina
2 — TOB «Mikpoxipypeisn oka Bacunsa llesuuxay, Yepnicis, Ykpaina

Beryn. Meroro nocniJpkeHHsT € BU3HA4YEeHHs OCOONMBOCTEH CKIamy JMiaiB y
COHSIITHUKOBOMY BOCKY, BHJIJIECHOMY 3 HepadiHoBaHOi Ta padiHoBaHOI oIii.

Martepianu i meronu. Bocku BiAAimsuiM Bl TPHALMITIILEPUHIB Yy KOJOHIN 13
cuikareneM. CkiaJl BOCKIB BH3Ha4ajM Ta30piAMHHOIO Xpomarorpadicro 3 MOoIxyMm’sHO-
ioHI3aIiifHUM JieTekTopoM. KOJIOHKY TepMocTaTyBanu B 3aJaHOMY PEXHMi B Jiana3oHi 3
170 °C mo 380 °C.

Pe3ynbraTn i odroBopennsi. Y crarTi NoaHO eKCIEPUMEHTAJIbHI JaHI BU3HAYECHHS
CKJIaJly BOCKIB y HepadiHoBaHii 1 padiHOBaHIl COHSAIIHUKOBIN oiii. OnucaHi B METOMII
JOCITI/DKEHHSI YMOBHM Ta30piIMHHOI XpoMaTtorpadii po3IMUpHIN J1iana30H BHSBICHHS
JIOBTOJIAHIIFOTOBHX BOCKiB. OTpHMaHO HOBI JiaHi IO/I0 MPHUCYTHOCTI BockiB 3 C50 1 Oijbiie
BYIJICLIEBUMH aTOMaMH y COHSIITHUKOBIH OJii.

VY HepadiHOBaHii COHSIIHUKOBIN Ol i1eHTH()IKOBAHO BOCKOBI CIIOIYKH 3 JOBKHHOIO
ByIJIelieBoBoiHeBoro saniora Big C44 no C56 ByrienieBUX aToMiB. Y COHSIIHUKOBIN
HepadiHoBaHiii onii BockoBux crionyk i3 C46, C48, C50 i C52 ByriienieBux aToMiB MiCTUTBCS
10 61 % Bix 3aranbHOi KUIBKOCTI BOCKiB. BU3Ha4eHi BOCKH 3 TApHOIO KUIBKICTIO BYTJIELIEBUX
aToMiB cTaHOBUIIM 82 % BiJl 3arajbHOi KUILKOCTI BOCKiB. HaiiGinbimii BMicT Bocky 3 C48
BYIJICIICBUMH aTOMaMH B JIAHII031 BUSIBIICHO Y Hepa(iHOBaHiil COHSIIHUKOBIH OJIi.

VY padiHoBaHii COHSIITHUKOBIH OJii BMICT BOCKOBHX CIIOJYK 3MEHIIMBCS HAa TIOPSIOK.
Ilix gac padinyBaHHS BHIAIEHO BOCKH 3 KOPOTIIMMH BYTJIELIEBOBOIHEBUMH JIAHIIOTaMH
C44 1 C46. Tlicnsa padinyBanHs B oIl BCE K 3aIMIIAIOTHCSA CIIJIOBI KiJIBKOCTI BOCKIB,
30KpeMa BOCKOBI CIIOJYKH 3 KUIBKICTIO ByrierieBux atomiB C48, C49, C50, C51, C52, C53,
C54. TlpryoMy JIaHIIFOTY 3 MTAPHOIO KUTBKICTIO BYTJICHEBIX ATOMIB MalOTh MEPEBAXKHUI BMICT
Ha/l BOCKAMH 3 HEMapHOI KUIBKICTIO BYIJICHICBUX aTOMIB Y JaHIpo3i. Y pacdiHOBaHil
COHAIIHUKOBIN omii mepeBaxaroTh Bocku 3 C50, C52 i C54 ByrneneBUMH aToMaMU B
JIQHITFO31.

[IpoananizoBaHO KHCIOTHE 1 HOJHE YHCIIA, YUCIO OMUIICHHS 1 TeMIIepaTypa IIaBICHHS
BOCKY, SIKi KOPECIIOHIYIOTHCS 3 BU3HAYECHUM CKJIQJIOM COHSIIIHUKOBOTO BOCKY.

BucHoBKM. 3aJeKHICT BMICTY BOCKIB BiJl JOBXHIHH JIAHITIOTA 3 TAPHUMU 1 HETTAPHUMHU
KUTBKOCTSIMU BYTJICIICBUX aTOMIB y HepadiHoBaHiil i padiHOBaHIl COHSIIHUKOBIN OIii €
apaboIigIHOIO.

KurouoBi cioBa: niniou, gick, conawHux, onis, eQip.
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BioakTHBHI CIIOJIYKH T2 aHTHOKCHAAHTHA AKTUBHICTh OypsIKiB, IPUTOTOBAHUX PI3HUMH
MeTOlAMH CYLLIiHHS

4

Sup JTio'?, Wxenxya dyaus?, Cepriit Cabamamrt
1 — Cymcokuii Hayionanvrutl acpapruii yHisepcumem, Cymu, Yxpaina
2 — Vuisepcumem Xeuocoy, Xeuoscoy, Kumaii

Beryn. Metoto crarTi € IOCHI/DKEHHSI BIUTMBY DI3HMX METOJIB CYIIIHHS, BKIIOYAOYH
CYIIHHS 3aMOPOXXYBaHHSIM, BaKyyMHE CYIIIHHS, MiKpDOXBHJIHOBE CYIIIHHS Ta MiKPOXBIJIHOBE
CYIIHHS Y BaKyyMi, Ha 010aKTHBHI CITOTYKH 1 aHTHOKCHI@HTHY aKTHBHICTH OYpSIKiB.

Marepianu i Mmetoau. J{ocnimkyBanich 010J10rYHO aKTUBHI CHOMYKH T2 aHTHOKCHAAHTHA
AKTHBHICTh CYIIEHUX OYypsKiB, OTPHMMaHHX HULIXOM CyOJIMAllifHOIO CYIIiHHS, BAKYyMHOTO
CYIIHHS, MIKPOXBWJILOBOI'O CYILIIHHS Ta MIKPOXBHJIBOBOIO BaKyyMHOro CymnHHs. Jns
BU3HAYCHHS BOJIOrOCTi OYPSIKIB BUKOPHCTOBYBAIIM aHANI3aTOP BOIOTH. BypsSKOBHIA MOPOIIOK
Tpui ekcrparysaiii 50% eraHonom (00./00.). KonopumeTprdasi MeToau OYIH BUKOPHUCTaHI IS
BU3HAUYCHHS BMICTY OeTasaiHy, acKopOiHOBOI KMCIIOTH, 3arajbHOro dgeHomy ta 1,1-mudenin-1-
THKPUIITiIPA3HIIOBOI paJiKaIbHOI aKTHBHOCTI, 1110 3HIDKYE aHTHOKCHIAHTHY 3/IaTHICTh 3ali3a
Ta 2,2'-a3uH0-6ic (3-eTMnOeH3Tia3oniH-6-cynb()OHOBA KHCIIOTA) paaMKalbHYy aKTHUBHICTbH
TIOITIMHAHHSA CYXHX OypsKIB.

Pe3ynbTaTn i odroBopennsi. Ha mincraBi oTpuMaHux pe3ysibTaTiB BCTaHOBJIECHO, IO
METO/IH CYILIIHHSI 3HAYHO BIUIMHYJIM Ha Yac BUCUXaHHs1, O10aKTHBHI CIIOIYKH Ta aHTUOKCUJIAHTHY
aKTHBHICTh CymieHuX OypsikiB. Haiikopormmii yac cyminns 0,56+0,01 ron BigOyBaBcs y
MIKpPOXBHJIbOBIH CYIIapIli 3 BUKOPHUCTAHHSM BaKyyMmy, TOAI sIK y CyOiiMaliiHii cymapii Jac
cylriHHs HaitpuBainmii — 29,67+0,58 rox. He Oyno cyrTeBoi pi3HMII B KiHIIEBiH BOJIOrocCTi
CYILIEHOro OypsiKa, PUTOTOBAHOTO PI3HUMH METOJIaMH CYIIiHHS. Bysio BcraHOBIIEHO, 1110 CyXuit
TIOPOIIOK 3 OYpsIKy, SIKUii OyB BHCYILICHHH y BaKyyMHIH Cyllapili, oKa3aB HAHBHUIIMIA BMiCT
ackopOiHOBOT kuciotu 8,73+0,23 Mr/T, a Oypsik, BUCYILIeHHH y cyOITiMalliiiHii cyiapiii, moka3as
HaWBuIIMK BMicT OetakcantuHy 2,57+0,01 Mr/r, Tomi sk BUCYIICHWI OYypsIK, OTpUMaHUil 3a
JIOTIOMOT'OK0  MIKPOXBHJIbOBOI'O BHIIPOMIHIOBaHHsI, 1OKa3aB HAaWHIK4YMI BMICT OeTaliaHiHy
2,98+0,02 mr/r. CyIiHHS METOIOM CyOTiMallii MPU3BENO 10 3HAYHO HIDKYOTO 3aralbHOr0 BMICTY
(eHONBHUX pEYOBUH Yy OypsiKax IMOPIBHSHO 3 IHIIMMU METOJAMH CYIIHHSA. 3 TOYKH 30Dy
AQHTUOKCHAAHTHOI ~aKTHBHOCTI BHCYIIEHHH OypsK 3a JOIIOMOTOI MiKpOXBHJIBOBOTO
BUIPOMIHIOBaHHSI Ta MIKPOXBHJILOBOTO BHIIPOMIHIOBAHHSI 3 BHKOPHCTaHHSIM BaKyyMy
JIEMOHCTPYBaB 3HAYHO BHIIY AaKTHBHICTb OYMIICHHS BiJg pamukaiiB 1,1-mudenin-1-
MKPUWITiIpa3wi, HDK —OypsiK, BHCYIICHHMH y BakyyMHIi 1 cyOmimariiHiii cymapkax. Jlani
JOCTI/PKEHHSI TATBEPIIIIN, 0 MPU BUKOPHCTAHHI BAKYYMHOTO METOMY CYIIIHHS HAWOUIBITY
AKTHBHICTh TOTJIMHAHHS BUIBHUX PaJIMKANIB Ma€e 3-eTHIOeH3Tia30mmiH-6-cynb(oHoBa KICIOTA,
sika craHoBmwia 17,224+0,35 Mr exsiBaneHTa Tponokcy. Kpim Toro, 3HadeHHs 2,2'-a3uHO-0ic
Oypsika, BUCYIICHOTO y BaKyyMHIN MiKPOXBIJIBOBIN Cymiapii, Oymo HavBumpmM — 13,3620,17
Mr/T. BeraHoBneHo, o TipH CyOmiManiitHOMy CYIITiHHI OypsIKY HAMHIDKYI 3HAYSHHS TTOKa3ain
2,2"-a3un0-0ic, 1,1-madenin-1-mkpuiriapasut ta 3-eTunOeH3Tia30IiH-6-Cyab(OHOBa KUCIOTH.
[NopiBHSHO 3 iHIIMMK METOAAMH 1€ METO]] IOKa3aB HAHHIDKYY AaHTHOKCHIAHTHY aKTHBHICTB.

BucnoBku. BpaxoByrounm dYac BHUCHXaHHS, OlOAKTHBHI CIONYKH Ta aHTHOKCHAAHTHY
aKTWBHICTB, [UI TIPUTOTYBAHHS 3HEBOJHEHOTO OypsKa PEKOMEHIYEThCS MIKPOXBUIIHOBE
BaKyyMHE CYIIiHHA, IO Ja€ 3MOTy CKOPOTHTH Yac CYIIiHHS, Kpamie 30eperté 0ioaKkTHBHI
CIIONTYKH TH aHTHOKCHIAaHTHY aKTUBHICTH OypsKa.

KuitouoBi ciioBa: Oypsax, cyuinms, 8axKyym, MIKpOXeUIb08uti, AHMUOKCUOAHTN.

—Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2— 275



—— Abstracts ——

bioTrexHonoris. Mikpobionoris.

Cunre3 etanojany Acinetobacter sp. IMB B-7005 na cymimi C2-Cs-cyocTpaTiB i
BiApanibOBaHOI COHANIHNUKOBOI 0JIii

Amnnpiii Bopornenko, Tetsina [Tupor
Hayionanvuuii ynieepcumem mexnonociu, Kuis, Yxpaina

Beryn. Cratrs mpucBsdeHa JOCTIDKEHHIO YMOB KyJbTHBYBaHHs Acinetobacter sp.
IMB B-7005, sxi 0 3a0e3meuyBaqy MaKCHUMaJIbHI TOKAa3HHKH CHHTE3Y MIKPOOHOTO
ex3onomicaxapuny (EIIC) eranonany Ha cymiri Co-Cg-cyocTpaTiB (Mesica, alerar, eTaHoM)
Ta BiJNPaIibOBAHOI COHSIITHUKOBOI OJil.

Martepianu i merommu. Illtam IMB B-7005 BupomyBasu B piKuX MiHepaJbHUX
cepenoBuInax, ki Mictiwian cyMim Cp-Cg-cyOCTpaTiB i COHSIITHUKOBY OJIiO Pi3HOI SIKOCTI
(padinoBaHy, BiIIpaIOBaHy MiCas CMaKEHHS KapTOIUTi, M’sica, OBOYIB a00 3MillIaHy Micis
cMakeHHs pi3HUX TpoaykriB). Konnentpanito ETIC BH3Hauanu BaroBUM METOIOM MiCIs
ocapkeHHs  i3omponaHonoM, EIIC-cuHTe3yBanbHy 3JaTHICTH — K  BiJHOLIEHHS
xonnentpauii EIIC no 6iomacu Ta Bupaxanu y r EIIC/r Giomacu

Pe3ynbraTn i ooropopenns. [Ticns 3aminu padhiHOBaHOI COHSIITHUKOBOI OIiT y cyMilni
3 MEJISICOI0 Ha Pi3HI TUIH BiAmpanboBaHol (IiCIs CMayKeHHs KapToIuli, M’sica, OBO4iB abo
3MIlIaHy MICIs CMa)XEHHsI PI3HUX IPOJYKTIB) KOHIIEHTPAIlisi CHHTE30BAHOTO ETAIoJIaHy
cranoBmwia 10-14 r/n. Tlomanpiia HeHTpasi3allis TiAPOMI30BAHOI MESCH 3 OXHOYACHHM
30UIBIIEHHAM KOHLEHTpanii MoHocyOcTpaTiB y cymimi mo 3,0% cynpoBomkyBaiacs
IIBUIIEHHAM KitbKocTi cuHTe30BaHoro ETIC no 15,3-16,3 r/n, sika 3ayuinanacs Ha TaKOMy
camMoMy DiBHI HE3aJIeKHO BiJl HasBHOCTI y 3MIIIAHOMY CYOCTpaTi pi3HMX MapTii 3MilIaHol
BiJmpanboBaHoi onii. MakcuManbHI MOKa3HUKH cuHTe3y eramnonany (15,6—15,9 r/n) Ha
CyMillli €TaHONly Ta BiANpalbOBAaHOI OMii JOCATaNKCs B pa3i MiJBUIICHHS B CEPENOBHILI
KYJbTHBYBaHHsI BMICTY KaTiOHIB MarHito (aktuBatop Kio4oBux ¢pepmenTiB Co-MeTabonizmy
y TpoAyleHTa eTanoiany) 3 1,5 mo 5 MM Tta npoGHOro BHeceHHs cyOctpatiB (4 abo 5
nopuiii). 3amina padiHoBaHOi omii Ha 3MilIAHY BiANPALLOBAHY MICIS CMaXKEHHS PI3HUX
MPOAYKTIB Yy CyMilli 3 aleTatoM HATpilo CYIMPOBOPKYBAJOCh HE3HAYHHM 3HIDKCHHSIM
KUIBKOCTI CHUHTe30BaHOro eramnonany (3 17,3 no 16,4 r/m). Ilpore mpu npomy EIIC-
CHHTe3yBasbHa 3/1aTHicTh jgocsirana 7,3 v EIIC/ r Giomacu, mo y 3,7 Ta 2,2 pa3a Bulie 3a
MOKa3HUKH, BCTAHOBIIEHI I Yac KyJIbTUBYBaHHS MPOAYLEHTA €TaroliaHy Ha CyMilii
3MIIIAHOI BIAMPAIbOBAHOI OJTi1 3 MEISICOI0 Ta €TAHOJIOM BiJIIIOBITHO.

BucnoBku. OTprMaHi pe3yibTaTi € OCHOBOIO ISl pO3pOOKH YHIBEPCATHHOI TEXHOMOT1]
CHHTE3Y eTalrojlaHy Ha 3MIIIaHUX CyOcTpaTax, HEe3aJeXKHOI BiJ IMocTadajbHHUKA Ta SIKOCTI
BiAMpaIlbOBAaHOI COHSIIHUKOBOI OJIii.

KarouoBi caoBa: Acinetobacter, smiwani cybcmpamu, 8ionpaybogaHa O,
biocunmes, eK30noicaxapuo, emanoan.
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Dear colleagues!

The Editorial Board of scientific periodical «Ukrainian Journal of Food Science»
invites you to publication of your scientific research.

A manuscript should describe the research work that has not been published before and
is not under consideration for publication anywhere else. Submission of the manuscript
implies that its publication has been approved by all co-authors as well as by the responsible
authorities at the institute where the work has been carried out.

It is mandatory to include a covering letter to the editor which includes short
information about the subject of the research, its novelty and significance; state that all the
authors agree to submit this paper to Ukrainian Food Journal; that it is the original work of
the authors.

Manuscript requirements

Authors must prepare the manuscript according to the guide for authors. Editors
reserve the right to adjust the style to certain standards of uniformity.

Language — English

Manuscripts should be submitted in Word.

Use 1.0 spacing and 2 cm margins.

Use a normal font 14-point Times New Roman for text, tables, and sings on figures,

1.0 line intervals.

Present tables and figures in the text of manuscript.

Consult a recent issue of the journal for a style check.

Number all pages consecutively.

Abbreviations should be defined on first appearance in text and used consistently
thereafter. No abbreviation should be used in title and section headings.

Please submit math equations as editable text and not as images (It is recommend
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Minimal size of the article (without the Abstract and References) is 10 pages. For
review article is 25 pages (without the Abstract and References).
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Manuscript should include:

Title (should be concise and informative). Avoid abbreviations in it.

Authors’ information: the name(s) of the author(s); the affiliation(s) of the author(s),
city, country. One author has been designated as the corresponding author with e-mail
address. If available, the 16-digit ORCID of the author(s).

Declaration of interest

Author contributions

Abstract. The abstract should contain the following mandatory parts:

Introduction provides a rationale for the study (2-3 lines).

Materials and methods briefly describe the materials and methods used in the study
(3-5 lines).

Results and discussion describe the main findings (23-26 lines).

Conclusion provides the main conclusions (2-3 lines).

The abstract should not contain any undefined abbreviations or references to the
article.

Keywords. Immediately after the abstract provide 4 to 6 keywords.

Text of manuscript

References

Manuscripts should be divided into the following sections:

— Introduction

— Materials and methods
— Results and Discussion
— Conclusions

— References

Introduction. Provide a background avoiding a detailed review of literature and
declare the aim of the present research. Identify unexplored questions, prove the relevance
of the topic. This should be not more than 1.5 pages.

Materials and methods. Describe sufficient details to allow an independent
researcher to repeat the work. Indicate the reference for methods that are already published
and just summarize them. Only new techniques need be described. Give description to
modifications to existing methods.

Results and discussion. Results should be presented clearly and concisely with tables
and/or figures, and the significance of the findings should be discussed with comparison
with existing in literature data.

Conclusions. The main conclusions should be drawn from results and be presented in
a short Conclusions section.

Acknowledgments(if necessary). Acknowledgments of people, grants, or funds
should be placed in a separate section. List here those persons who provided help during the
research. The names of funding organizations should be written in full.

Divide your article into sections and into subsections if necessary. Any subsection
should have a brief heading.

References
Please, check references carefully.
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The list of references should include works that are cited in the text and that have been
published or accepted for publication.

All references mentioned in the reference list are cited in the text, and vice versa.

Cite references in the text by name and year in parentheses. Some examples:

(Drobot, 2008); (Qi and Zhou, 2012); (Bolarinwa et al., 2019; Rabie et al., 2020; Sengev
et al., 2013).

Reference list should be alphabetized by the last names of the first author of each work:
for one author, by name of author, then chronologically; for two authors, by name of author,
then name of coauthor, then chronologically; for more than two authors, by name of first
author, then chronologically.

If available, please always include DOIs links in the reference list.

Reference style

Journal article

Please follow this style and order: author's surname, initial(s), year of publication (in
brackets), paper title, journal title (in italic), volume number (issue), first and last page
numbers, e.g.:

Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of Food
and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

The names of all authors should be provided, but in case of long author lists the usage
of “et al” will also be accepted. Journal names should not be abbreviated.

Book
Deegan C. (2000), Financial Accounting Theory, McGraw-Hill Book Company,
Sydney.

Book chapter in an edited book
Coffin J.M. (1999), Molecular biology of HIV, In: Crandell K.A. ed., The evolution of
HIV, Johns Hopkins Press, Baltimore, pp. 3-40.

Online document
Mendeley, J.A., Thomson, M., & Coyne, R.P. (2017), How and when to reference,
Available at: https://www.howandwhentoreference.com

Conference paper

Arych M. (2018), Insurance's impact on food safety and food security, Resource and
Energy Saving Technologies of Production and Packing of Food Products as the Main
Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018, NUFT, Kyiv, pp. 52-57.

Figures

All figures should be made in graphic editor using a font Arial.

The font size on the figures and the text of the article should be the same.

Black and white graphic with no shading should be used.

The figure elements (lines, grid, and text) should be presented in black (not gray) colour.
Figure parts should be denoted by lowercase letters (a, b, etc.).
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All figures are to be numbered using Arabic numerals.

Figures should be cited in text in consecutive numerical order.

Place figure after its first mentioned in the text.

Figure captions begin with the term Figure in bold type, followed by the figure number,
also in bold type.

Each figure should have a caption describing what the figure depicts in bold type.

Supply all figures and EXCEL format files with graphs additionally as separate files.

Photos are not advisable to be used.

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s).
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Number tables consecutively in accordance with their appearance in the text.
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the article.
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Ukrainian Journal of Food Science

Ukrainian Journal of Food Science ny0Gmikye opuriHaipHi HAyKOBi CTAaTTi, KOPOTKi
TOB1IOMJICHHS, OTJISZIOBI CTaTTi, HOBUHU Ta OTJISIU JIITEPATYPH.

Temaruka myonikaniii B UKrainian Journal of Food Science:

XapuoBa iHXeHepis HanorexHoorii

XapyoBa xiMmist [Mporuecn Ta obnaHAHHS

Mixkpobiosnoris ExoHOMiKa 1 ynpaBItiHHS

BracTHBOCTI XapuoBUX MPOJYKTIB ABTOMAaTH3aILis TPOLIECIB

SIkicTh Ta Oe3rieka XapuoBUX TPOAYKTIB YmakoBKa JUIsi XapuoOBHX MPOYKTIB
310poB's

Ilepioqu4HicTh sKypHaJIy 2 HOMepPH Ha pik (4epBeHb, IPYACHB).

Pe3ynbTaTi 10CHiDKEHb, MPEACTaBIIeH] B )KypHalli, HOBHHHI OyTH HOBUMHM, MaTH 3B'S30K
3 Xap4yoBOI0O HAYKOI 1 TPEACTAaBIATH IHTepec Ui MDKHApOAHOTO HayKOBOTO
CIIIBTOBAPHUCTBA.

Ukrainian Journal of Food Science innekcyeTbest HayKOMETpHIHUMH Oa3amMu:

EBSCO (2013)

Google Scholar (2013)

Index Copernicus (2014)

Directory of Open Access scholarly Resources (ROAD) (2014)
CAS Source Index (CASSI) (2016)

FSTA (Food Science and Technology Abstracts) (2018)

Ukrainian Journal of Food Science BxitoueHo y meperik HayKoBHX (paxOBHX BHUIAHB
VKpaiHu 3 TEXHIYHHX HAYK, B SKOMY MOXKYTh ITyONIKyBaTHCS PE3yJIbTaTH IUCEPTALIHHUX
poOiT Ha 3700yTTsI HAYKOBUX CTYIEHIB JOKTOopa i kanauaara Hayk (Hakas MiHnicrepcTBa
ocBitH 1 Hayku Ykpainu Ne 793 Big 04.07.2014)

Penensisn pykomucy crarri. HaykoBi crarri, mpeacraBieHi s mnyOmikaiii B
«Ukrainian Journal of Food Science» mpoxomsts «mojBifiHE CITille peIleH3yBaHH»
(pemeH3eHT He 3HA€, YUI0 CTATTIO PELEH3YE, 1, BIIIOBIIHO, aBTOP HE 3HAE PEIICH3EHTA) IBOMa
BUCHHUMH, MPU3HAYCHUMH DPEIAKIIIHOI0 KOJETIEI0: OMUH € WICHOM PEAKONErii, iHmmi —
HE3JICKHUM YUYECHUH.

ABTOpCBHKe MPaB0. ABTOpHU cTaTel rapaHTYIOTh, IO po00Ta HE € MOPYIICHHAM OyIb-
SIKMX 1CHYIOYHMX aBTOPCHKHX IIPaB, 1 BiAIIKOJOBYIOTh BHAABITIO MMOPYIICHHS NaHOI TapaHTii.
Omy6iikoBaHi MaTepiand € mpaBoBoro BiacHicTio Bumasiyt «UKrainian Journal of Food
Sciencey, AKIIO He Y3TOKEHO iHIIE.

Moaituka akagemiunoi eruxu. Penmakmis «UKrainian Journal of Food Science»
KOPHCTYETHCS TIpaBUJIaAMH aKaJIeMiuHol eTHKH, BUKIaaeHnmu B mpami Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Pemakmis TpOTMOHYe aBTOpaM, peEIEH3E€HTaM 1 YHTAYaM
JOTPUMYBATHCS BHMOI, BHKIAJCHHX y IIbOMY TOCIOHHKY, 10O YHUKHYTH IIOMHJIOK B
0o(hOpMIICHHI HayKOBUX Ipallp.
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8. ABtopchka moBimka (IIpisBume, iM’st Ta o OATHKOBI, BUCHHH CTYIIHD Ta 3BaHHS, MICIIe
pobotu, erekTpoHHa aapeca ado TenedoH).
9. KonrakTHi 1aHi aBTOpa, 10 SKOT'0 32 HEOOXIAHOCTI Oy/Ie 3BepTaTUCh PENaKIlis KypHaIy.

Pucynku BukoHyrOThCs sikicHO. CKaHOBaHI PUCYHKH He MpUAMaroThes. Po3Mip TekcTy Ha
pucyHKax moBuHeH OyTu cmiBpo3mipauMm (!) Texcry crarrti. @oTtorpadii MoKHA BHKOPHCTOBYBATH
JiMie 3a iX 3HaYHOI HayKOBOI LiHHOCTI.

®on rpadikis, aiarpam — numie 6inuit. Komip enemeHTiB pucyHky (JiHii, CiTKa, TEKCT) — YOPHUIA
(ue cipuii).

Pucynku ta rpadixu EXCEL 3 rpadikaMu 101aTKOBO MOJAIOTHCS B OKpeMHuX (aiinax.

CkopoueHi Ha3BH ()i3UYHHX BEIMYUH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JTATUHCHKHUMHU
niTepamu BianoBiaHo 1o cuctemu Cl.

V crmcky niTepaTypu MOBUHHI MepeBa)kaTH aHTTIOMOBHI CTaTTi Ta MOHOrpadii, siki omy0mikoBaHi
micnst 2010 poky.
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OdopmiieHHS UTAT Y TEKCTI CTATTI:

Kisbkicts aBTOpiB cTatTi | IIpuKiIag IUTYBaHHA Y TEKCTI
1 aBTOp (Arych, 2019)
2 i GinbIie aBTOPiB (Bazopol et al., 2021)

Mpukaan texery i3 uuryBanusam: It is known (Bazopol et al., 2006; Kuievda, 2020), the
product yield depends on temperature, but, there are some exceptions (Arych, 2019).

VY nuTyBaHHSAX HEOOXIHO BKa3yBaTH OTHE JIKEPEJI0, 3BIJKH B3ATO iH(OpMALIiIO.
CrmcoK JiTepaTypy COpTYeThCs 3a andaBiToM, JIITEPaTypHi JUKepena He HyMEepYIOThCS.

IIpaBuna ogopmiieHHS CIUCKY JiTepaTypu

B Ukrainian Food Journalg3sto 3a OCHOBY 3arajbHOMPHHHSATE B CBiTI CHIpOIIEHE
o(hOpMIIEHHS CIIUCKY JIiTepaTypu 3rigHo cTanmapty Garvard. Bei eneMeHTH mMOCHIaHHS
PO3ALIAIOTHCS JIMIIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(HOMeEp), CTOPiHKM.
[HIIiaIM TUITYTHCS MICHS MPi3BHUINA.
Bci enemMeHTH NOCHIaHHSI PO3AUISIOTHCSI KOMaMHU.
1. Tlpuknan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. Ilocus1aHHSI HA KHUTY:
ABtopu (pix), Hazea knuzu (Kypcuseom), Bunapaunrso, Micto.
[Hiliany NUIIyThCs MiCis NPi3BHINA.
Bci eneMeHTH noOCHIIaHHS PO3IUISIOTHCS KOMaMHU.
IIpuknan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocujanHsa Ha eJeKTPOHHHUI pecypce:

BukoHy€eTbCS aHATIOT1YHO MOCHIAHHIO HA KHAUTY a00 cTaTTio. Ilicis opopmieHHs naHmx
nipo myGuikamito mumryThest coBa Available at: ta BkasyeTbes enekTpoHHa ajpeca.
IIpuknaau:
(2013), Svitovi naukovometrychni bazy, Available at:
http://www.nas.gov.ua/publications/q_a /Pages/scopus.aspx
Cheung T. (2011), World's 50 most delicious drinks, Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Crmcok JitepaTypu 0 OpPMITIOEThCS JTUIIIE JaTHHUICI0. ExeMeHTH CiucKy YKpaiHChKOIO
Ta POCIHCEKOI0 MOBOIO TOTPIOHO TpaHcHiTepyBatd. s TpaHCIHiTepamii 3 YKpaiHCHKOIO
MOBH BUKOPHCTOBYETBCS NTACIIOPTHHI CTaHIAPT.

3pyunuii caiit 1y1st TpaHciTeparii 3 ykpaincskoi mosu: http://translit.kh.ua/#lat/passport
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http://www1.nas.gov.ua/publications/q_a/Pages/scopus.aspx
http://translit.kh.ua/#lat/passport

JeTanbHi iHCTPYKILii VI aBTOPIB po3MillleHi HA calTi:
http://ukrfoodscience.ho.ua
CTarTsl HAICHJIAETHCA 32 €JICKTPOHHOIO a/IPecolo:

ukrfoodscience@meta.ua

086 ——Ukrainian Journal of Food Science. 2021. Volume 9. Issue 2



mailto:ufj_nuft@meta.ua

HayKOBe BUJIAHHHA

Ukrainian Journal of Food Science

Volume 9, Issue 2 Tom 9, Ne 2
2021 2021

Pexomenoosano Buernoio paooro
Hayionanvuozo ynieepcumemy
Xapuoeux mexHonozil
TIpomoxon Ne 6 6io 24.12.2021

Anpeca penakiuii: E-mail:

HarrionansHuii yHIBEpCHTET Ukrfoodscience@meta.ua
XapUYOBUX TEXHOJIOTIN

Byn. Bomogumupcbka, 68

Kuis

01601

VYkpaina

IMign. mo apyky 30.12.2021 p. ®opmar 70x100/16.
O6n.-Buz. apk. 12.35. Yum. apyk. apk. 12.96.
Tapuitypa Times New Roman. JIpyk o¢ceTHmiA.
Haxknazx 100 npum. Bua. Ne 21u/21.

HVYXT 01601 Kuiz—33, Byn. Bomonumupceka, 68

CBiI0OLTBO TIPO JIEpKABHY PEECTPALII0
JPYKOBaHOT0 3ac00y MacoBoi iH(opmariii
KB 19324-9124P
Bugane 23 munasg 2012 poky.



