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Hydrothermal treatment in organic wheat starch:
thermal, structural and pasting properties

Wesly Gongalves de Barros, Camila Delinski Bet,
Cristina Soltovski de Oliveira, Nadine Ristow,
Radla Zabian Bassetto Bisinella, Egon Schnitzler, Luiz Gustavo Lacerda

State University of Ponta Grossa, Parand, Brazil

Abstract
Keywords:

Introduction. In this investigation, the aim was to study the
Wheat effects caused by heat moisture-treatment (HMT), low humidity
Starch (< 35%) and heating, on organic wheat starch.
Modification Materials and methods. Organic wheat starch was submitted
Thermogravimetry to hydrothermal treatment in different concentrations of humidity
Pasting (10%, 15% and 20%) in an autoclave at 121 °C for 1 hour and 15

minutes. Thermogravimetry (TG), viscoamilographic analysis
(RVA), X-ray diffractometry by the powder method (XRD) and

scanning electron microscopy (SEM) were performed to compare
the properties of native and modified starch.

Article history: . . .
y Results and discussion. After heat treatment at low moisture

Received (HMT), the organic wheat starch exhibited greater thermal
18.10.2020 stability when compared to the untreated. The first mass loss was
Received in revised due the dehydration, followed of stability; the second and third
form 21.12.2020 mass loss occurs consecutively with decomposition and oxidation
?;i%p;%dZO of organic matter, in air atmosphere. Final residues are ashes from

starch. Lower pasting temperatures and higher peak viscosity
were observed for starch treated with 15 and 20% humidity.
Lower retrogradation tendency and viscosity were obtained for

organic wheat starch treated with 10% moisture. A decrease in
crystallinity was identified for the modified samples, without
Corresponding considerable changing in the diffraction pattern. The main
author: diffraction angles were registered at 15, 17, 18 and 23°, in 2 (0),
with low intensity. This behaviour is characteristic of type A
diffraction pattern starch (typical of cereals). By Scanning
Electron Microscopy (SEM), the organic wheat starch presented
a bimodal distribution without major changes in the morphology
of the granules. After HMT starch granules showed a slight
increase in the average diameter; 17.9 to 27.7 um in the major

Egon Schnitzler
E-mail:
egons@uepg.br

granules (A) and 5.6 to 7.1 um in the minor granules (B). The
shape in (A) is oval and in (B) is lenticular. Some depressions in
surface of starches are observed mainly after HMT, which can be
due the starch-protein interactions.
Conclusions Some properties were affected after modification
DOI: by HMT. The decrease in pasting temperature and major thermal
10.24263/2310- stability and viscosity were obtained.
1008-2020-8-2-3
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Introduction

Organic food has been highly valued both in the market and by the consumer, since it
does not use chemical fertilizers, pesticides or genetically modified materials in its
production, contributing to minimize environmental impacts [1, 2]. Therefore, several
industrial sectors are adopting this market segment, needing inputs that meet these
characteristics. Starch is a basic raw material in several industrial branches, such as textile,
pharmaceutical, paper, but mainly, food. This polysaccharide can be found as semicrystalline
granules in several botanical sources, formed by the union of several anhydrous glucose
molecules, presenting specific characteristics, which can fit in several processes [3].

In order to preserve the organic authenticity of the product, the starch can be extracted
in an aqueous way, without the use of chemical products, as well as realized by Andrade et
al. [4] in organic cassava starch.

In wheat, the starch corresponds to the largest fraction of the endosperm and is presented
in a bimodal form [5]. Many authors classify wheat starch granules as type A and type B.
Those with diameter > 10 um and lenticular format are considered type A, while those with
diameter < 10 um and spherical format are called type B [6, 7].

In its native form, that is, without any alteration suffered in its primitive structure, some
limitations in the technological characteristics of starch can be observed, which can be
minimized or even optimized by means of modifications (chemical, physical or enzymatic)

[8].

Heat-moisture treatment (HMT) is a physical modification that can be applied to organic
food, which subjects the starch to high temperature conditions (above the gelatinization
temperature, > 90-120 °C) and low moisture (< 30-35%) to prevent the starch from
gelatinizing during the process. This increases thermal stability and gelatinization
temperature, while the swelling power is decreased [9-11].

The changes in properties vary according to the conditions employed in the modification
and the starch used. Therefore, in this study, the aim was to study the effects caused by low
humidity heat treatment on organic wheat starch.

Objectives of research:

—  Extraction of organic wheat starch by aqueous process;

— Investigate thermal characteristics by thermogravimetry (TG);

— Analyze pasting properties in rapid viscoanalyzer (RVA);

— To evaluate the structure and morphology of starch granules by X-ray

diffractometry (XRD) and scanning electron microscopy (SEM).

Materials and methods

The certified organic wheat flour was obtained in local commerce in the city of Curitiba,
PR, Brazil. The modification and analysis were performed at the Food Engineering
Department Laboratory and at the Multiuser Laboratory of the State University of Ponta
Grossa.

Starch extraction

The organic wheat flour was suspended in distilled water, in the proportion 3:1 (water,
flour, v/m). A consistent dough was formed with the kneading and mixing of this suspension,
which was continuously pressed and washed with the addition of distilled water, until the
starch was separated from the fraction of the dough containing gluten, observing the water
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color until it became colorless. Then the suspension was passed through two sieves (150 and
325 mesh, consecutively) and then, kept at rest for starch decantation. The material was
centrifuged (Hettich Routine 420R, Zentrifugen, Germany) at 8500 rpm and 4 °C for 7 min.
The white precipitate was recovered and dried in an oven at 40 °C, kept in a desiccator
containing anhydrous calcium chloride until the moment of modification.

Starch modification

Initially, the humidity of the wheat starch sample was determined by the TGA-50
equipment (Shimadzu, Japan), performing the analysis up to 130 °C (sample mass of 7.0 mg,
air flow, flow of 150 mL min, at 10 °C min™) to proceed with the moisture balance at the
desired levels: 10, 15 and 20%. Distilled water was added with the aid of micropipettes until
the contents determined from the native starch were reached. Each sample was homogenized
with mortar and pistil to avoid points with higher concentration of humidity and transferred
to hermetically sealed flasks, where they were left to rest for 24 hours in a desiccator
containing anhydrous calcium chloride until the moment of treatment. The modification by
HMT occurred in an autoclave at 120 °C, for 1 h and 15 min. After this time, the samples
were dried in an oven at 40 °C for 24 hours and kept in a desiccator [4].

Thermogravimetry and Derivative Thermogravimetry (TG/DTG)

A thermal analysis system TGA-50 (Shimadzu, Japan), calibrated with calcium oxalate
monohydrate was used to evaluate the mass losses suffered by the sample under the following
conditions: open a-alumin crucible with approximately 7.0 mg of each sample, under an air
flow rate of 150 mL min™ at a heating rate of 10 °C min* and temperature range between 30
and 650 °C. The first derivative was calculated with the aid of software TA-60 WS [12].

Viscoamilographic analysis (RVA)

A suspension containing approximately 2.24 g of starch on a dry basis and 25.76 g of
distilled water was prepared, which was homogenized and submitted to a controlled heating
and cooling cycle under constant circular agitation in RVA-4 equipment (Newport Scientific,
Australia). The parameters used were: temperature maintained at 50 °C for 2 min, heating to
95 °C at a heating rate of 6 °C min’?, temperature maintained at 95 °C for 5 min, followed by

cooling to 50 °C at 6 °C min*. The cycle was finished maintaining the temperature at 50 °C
for 2 min [13].

X-ray diffractometry by the powder method (DRX)

The diffractometers were obtained according to Colman, Demiate and Schnitzler [14],
in Ultima IV X-ray diffractometer (Rigaku, Japan), under CuKa radiation (A = 1.541 A)
configured at 40 kV and 20 mA. The relative crystallinity index (CI) was estimated from the
ratio between the area of the crystalline region (Ac) and the total area covered by the curve
comprising the sum of the amorphous and crystalline area (A¢ + As). The diffraction pattern
of the samples was determined by the occurrence of peaks of crystallinity in the angular range
of 5° to 50° (20), with a scanning speed of 2° min™, and a step of 0,02°.

Scanning electron microscopy (SEM)

The morphological analysis was performed in Tescan — VEGA 3 (Kohoutovice, Czech
Republic) equipment. The parameters of the analysis for each sample were: 15 kV voltage in
the electron beam, tungsten filament and retro mirror electron detector. Each sample was
previously prepared by the process of metallization with gold plasma and palladium for
conduction of electrons and obtaining the micro-images [15].
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Statistical analysis

Differences found for pasting properties, degree of relative crystallinity and granule
diameter were analyzed by analysis of variance (ANOVA) and Tukey's test adopting 95%

confidence (p<0.05) with the SASM-Agri 8.2 software.

Results and discussion

The thermogravimetric curves for native organic wheat starch and after HMT treatment

are illustrated in Figure 1.
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Figure 1. TG/DTG curves for:
(a) — organic wheat starch;
and modified starch by HMT with
(b) — 10% humidity, (c) — 15% humidity, (d) —20% humidity.
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Similar profiles were observed between the curves, and the samples during heating
suffered dehydration, followed by thermal stability and, later, degradation of organic matter
in two consecutive stages. This is in line with what has already been observed in studies using
heat-moisture treatment in cassava organic starch [4] and avocado starch [16].

According to the literature, the heating of starches normally leads to their
depolymerization when the temperature used exceeds 300 °C. This polysaccharide undergoes
a series of irreversible changes so that the structural change in the polymer initially leads to
the formation of pyrodextrins and at higher temperatures, the degradation of macromolecules
results in the formation of levoglucosan, furfural and volatile products of lower molecular
mass. Finally, only carbon residues remain [12,17].

The last stage of mass loss observed by the inflection in TG curves at temperatures
above 400 °C was due to the use of oxidative atmosphere, with the degradation of
carbonaceous compounds in the samples, as discussed by Costa et al. [18].

The TG curves were used to define and calculate the losses of mass of each sample in
relation to time and temperature. The DTG curve is not a technique but a mathematical
resource (derived from the TG curve), used to help in the identification of the respective
losses. Since the first derivative of a constant is null, when there is an inflection in the graph,
a peak is generated in proportion to the loss of mass of the sample. The DTG peak refers to
the maximum deviation from the base line. In other words, it is the instant when the rate of
loss of mass is maximum [4].

The results extracted from the curves are presented in Table 1.

Table 1
Results of thermogravimetry and derivative thermogravimetry for (a) native organic wheat
starch; and modified by HMT with (b) 10% humidity, (c) 15% humidity and (d) 20% humidity

TG results DTG results
Samples | Steps | Am/% | AT/°C Tp/°C
(a) 1 8.1 30-168 83.3
Stability 168-241

2nd 69.0 | 241430 316.3
3rd 17.2 | 430-600 431.3
(b) 1 7.3 30-160 79.0
Stability - 160-251 -
2nd 72.2 | 251427 315.1
3rd 18.2 | 427-603 446.1
(c) 1 6.7 30-165 83.0
Stability - 165-247 -
2nd 69.5 | 247416 317.1
3rd 17.4 | 416-595 431.2
(d) 1¢ 4.5 30-167 96.6
Stability — 167-248 —
2nd 69.5 | 248411 315.8
3rd 20.2 | 411-595 522.4
Am, mass loss (%); AT, temperature range (°C); Tp, peak temperature (°C).
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Three characteristic intervals were observed in TG curves. Initially, at a range of 30-
168 °C, represented by the evaporation of water. The moisture content lost by the modified
samples was lower than the native one, as well as observed for buckwheat starch modified
by HMT by Liu et al. [9], who attributed this to the greater ease of losing free water, promoted
by the changes in the starch structure with the modification by HMT, leading to a reduction
in the water content of the sample. The following inflections refer to the degradation of
organic matter (amylose and amylopectin) and oxidation of carbonaceous compounds [15].
The second and third losses occurred in a similar temperature range for wheat starch samples
between 241-430 °C and 411-603 °C, respectively. After the oxidation of the samples,
content of 5.78; 2.31; 6.66 and 5.79% were left referring to the ashes for each sample,
respectively, due to minerals such as phosphorus, potassium, magnesium and others.

After the occurrence of dehydration of the samples, a level of stability was observed,
which increased after the modification of the organic wheat starch. Thus, the hydrothermal
treatment suggests alterations in the starch structure and, consequently, in its thermal
decomposition profile, once new and stronger interactions appear between amylose-amylose
and amylopectin-amylopectin [11]. Thus, a tendency of increase in the stability temperature
of the treated samples when compared to the native starch occurred. On the other hand, the
beginning of the last stage of mass loss was anticipated in the process for the same
comparison. This result was also observed by Andrade et al. [4] in organic cassava starch.

In Figure 2, the viscosity curves of native organic wheat starch and after physical
modification are illustrated.

100
- 90
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©

(al O
= - 80 :_
= o
= 5
& 0 ®
[&] (]
£ o
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[}
|_

- 50

v T T T v T v T " T T T y 40
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—*—(a) —e—(b) (c) —=—(d)
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Figure 2. RVA curves for (a) — organic wheat starch;
and modified by HMT with:
(b) — 10% moisture, (c) — 15% moisture and (d) — 20% moisture
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The profile of the curves obtained for organic wheat starch was similar to that of sweet
potato [19], with a high tendency to retrograde, reaching a final viscosity higher than the peak
viscosity. It can also be observed that the viscosity increased after the modification, except
for a modified sample with 10% humidity.

The pasting properties are presented in Table 2.

Table 2
Pasting properties for (a) organic wheat starch; and modified by HMT with (b) 10% moisture,
(c) 15% moisture and (d) 20% moisture

Parameters (@) (b) (©) (d)
To/°C 93.6£0.6° | 92.0£01® | 91.740.1" | 91.5:0.6
Peaerggzsny/ 907.10.1° | 840.2+0.3¢ | 992.140.2° | 1097.2+0.3%
Sethack /| 749.120.1° | 676.4+0.40 | 711.120.1° | 758.120.6°
mPa.s
Bre&kﬁa" . ] 12894019 | 171.320.5¢ | 247.120.1° | 266.120.1°
Finel VISCOSItY! | 1527.20.3" | 1354.340.47 | 1456.120.2° | 1589.140.2°
F)wlr(ntilnme Pl 1042000 | 1032000 | 9.99£0.1° | 102:0.1%

(*) Tp, Pasting temperature. Values shown as average+tstandard deviation of triplicates.
Values with the same letter on the same line have no significant difference by Tukey's Test (p<0.05).

It was observed that organic wheat starch exhibited high pasting temperature,
characteristic of starches with type A diffraction pattern [19], as evidenced by X-ray
diffractometry. The pasting temperature decreased with the increase in moisture employed
during the modification by HMT, differing significantly between the native samples and
modified with 15 and 20% moisture. In contrast, with the exception of the sample treated
with 10% humidity, after the modification there was an increase in peak viscosity, a behavior
different from that found in most of the starches modified by HMT, but also observed in rice
starch with low amylose content modified by HMT with 25% humidity [20]. The new bonds
formed by amylose and amylopectin [21], favored by the higher moisture content employed
in the modification, may have influenced this parameter, besides the swelling of the granules
as observed by microscopy.

High amylose and lipid contents, which are presented as complexes (amylose-lipids) are
generally observed in cereal starches such as corn and wheat, which corroborate with high
pasting temperatures, lower viscosities, good shear resistance and high tendency to
retrogradation [22]. According to Batista et al. [23], these interactions can be interesting for
breads formulation in sensorial and firmness properties. These amylose-lipid complexes can
be identified in X-ray diffractometry at 20° in 2 (0), as visualized in this study and discussed
by Cheetam et al. [24] and Frost et al. [25].

The tendency to retrogradation and final viscosity of the samples presented the same
behavior, decreasing with the treatment to 10% of humidity, and gradually increasing with
the increase of humidity employed, with statistically significant differences. Increase in the
retrogradation of HMT modified sorghum starch at 20, 30 and 40% was discussed by Singh
et al. [26]. It is suggested that in higher humidity levels, the modification led to the rupture
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of long amylopectin chains, favoring the increase of short chains, which also influenced the
greater retrogradation of wheat starch, corroborating with DRX analysis. Moreover, a greater
breakage was observed after modification, indicating that the swollen granules disintegrated
rapidly.

Through Figure 3 it was observed that there was no marked displacement of the peaks
after the hydrothermal treatment.

The angles in which the peaks
for native and modified HMT
wheat starch were recorded were
15, 17, 18 and 23 to 2(0), which
characterizes the diffraction pattern
. Ao of type A, typical of cereals, as

VR A observed buckwheat [9], rice [20],
' sorghum [26] and corn [27].
With the heat treatment, the
= (a) double starches propellers with
type A diffraction pattern can move
promoting  rupture in  the
_' arrangement of the crystalline
Thaw e (D) region, thus reducing the relative
o crystallinity as pointed out by
Gunaratne and Hoover [10].
\ A lower intensity peak was
o (€) observed at 20° related to the
T amylose-lipid complex (type V
complex), commonly observed in
starches submitted to HMT, mainly
. isolated from cereals [28].
T The degree of relative
) crystallinity (RC) calculated from
the diffractograms was of:

(a) 26.97ﬂ:0.48%6‘iD

g : \ y : : (b) 26.19+0.69%°;
5 10 15 20 25 30 35 40 (c) 25.30+0,75%"
267/° (d) 25.16+0.77%.

Similar value for RC of native
waxy wheat starch was found by

100

Relative intensity

Figure 3. Difratograms for (a) — organic wheat
starch;

and modified by HMT with Huetal. [29].
(b) — 10% moisture, After the modification, there
(c) - 15% moisture, was a decrease in the RC of the
(d) — 20% moisture. starch, being more accentuated for

the treatment employing 20% of
moisture differing significantly from the native sample. Less relative crystallinity after HMT
treatment was also reported by Huang et al. [19] in sweet potato starch and Chung et al. [21]
in corn starch.

The rearrangement of the amylose chains and the unfolding of the amylopectin double
helixes after heat treatment may have promoted the formation of more compact amorphous
regions, influencing the decrease in the crystallinity of the granules, besides their greater
aggregation [9,11], as observed in this study by microscopy. Moreover, Chung et al. [21]
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reported a breakdown of covalent bonds due to the greater mobility of the chains by the high
temperature employed in the modification by HMT, favoring the formation of short
amylopectin chains

Unlike buckwheat starch [9], organic wheat granules had a bimodal distribution (Figure
4), which was not altered after modification applied (HMT).

20 um

Figure 4. Images obtained by scanning electron microscopy for (a) — organic wheat starch (a)
native;
and modified by HMT with:
(b) — 10% moisture, (c) — 15% moisture and (d) — 20% moisture

According to Zeng et al. [5], smaller granules (type B) predominate in the bimodal size
distribution of wheat starch, presenting a lower amylose content than type A. This
distribution was observed in this study for both native organic wheat starch and treated
starches, and the small granules (type B) showed a lenticular shape. The type A granules
showed an oval shape.
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From the microimages obtained, some depressions in the surface of the starch granules
were visualized, which gave them an irregular shape. According to Yonemoto et al. [30],
these cavities would result from the strength of starch-protein interaction in wheat grains,
causing the protein matrix to press some starch granules, creating these projections.

Thus, there were no changes caused by HMT in the surface of the granule as reported
for starch from yams, taro, cassava, potatoes by Gunaratne and Hoover [10], and unlike that
found by Rafiq et al. [31] in chestnut starch, in higher humidity levels (25 and 30%) and Sun
et al. [32] and in mixtures of wheat starch with xylitol after HMT.

Although without changes in shape, small changes in diameter were observed (Table 3).

Table 3
Average diameter of (a) organic wheat starch granules; and modified by HMT with (b) 10%
moisture, (c) 15% moisture and (d) 20% moisture
Samples | Type A Type B
(a) 17.943.3° | 5.6+2.0°
(b) 22.2+6.1% | 6.52+1.1°
(c) 23.749.7%® | 6.6+2.4°
(d) 27.7£7.1% | 7.1£2.5% |
Values expressed as meantstandard deviation.
Values with the same letter on the same line have no
significant difference by Tukey's Test (p<0.05).

Type A granules showed a tendency to increase in the average diameter of the granules,
according to the increase in humidity content. Lee et al. [33] reported an increase in the
central region of HMT modified potato starch. The type B granules did not differ statistically
in relation to their diameter.

The differences found in the properties of starch after modification may have occurred
due to the treatment time, temperature, humidity employed, as well as the source used in this
study [27].

Conclusions

The organic wheat starch was extracted by agueous process in a satisfactory manner and
its technological properties were altered with the application of physical modification, a
process considered low cost, environmentally correct, without the use of chemical reagents.

An increase in thermal stability was observed after the modification by HMT. The
formation of paste required lower temperatures and higher viscosities, although with less
resistance to shear with the use of 15 and 20% humidity. Starch treated with 10% humidity
showed a decrease in peak and final viscosities, as well as a lower tendency to retrograde.
Diffraction pattern and morphology of the granules remained unchanged after modification,
and a decrease in relative crystallinity was observed.

The alterations promoted in the organic wheat starch were dependent to the different
moisture contents that caused a reorganization in the amylose chains and dissociation of the
amylopectin double helixes, directly impacting its relative crystallinity.
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Introduction. The aim of the work is to study the influence of
plant raw materials on the alcohol infusions quality.

Materials and methods. For the preparation of plant raw
materials, samples were taken and crushed: Echinacea purpurea root,
Rhodiola rosea root, Zingiber officinale root, dried kelp Laminaria.

Study of sensory quality indicators of alcohol infusions from
plant raw materials was carried out on a five-point scale, taking into
account the weights; physico-chemical parameters is determined
in relation to the volume fraction of alcohol, mass fraction of
essential oil and the concentration of the general extract in the
test solution.

Results and discussion. Consumer properties of alcohol
beverages are formed at all stages of their production, so before adding
alcohol to the finished drink was considered appropriate to investigate
the quality of the obtained semi-finished products.

Organoleptic characteristics of alcohol infusions from plant raw
materials have a harmonious pleasant taste and aroma, transparent,
attractive color, no sediment.

The strength of the samples is in the range from 43.0 to 55.0%
and is explained by the different concentration of alcohol in the water-
alcohol mixture during the extraction of plant components.
Fluctuations in the content of essential oil and extractives are due to
the peculiarities of the chemical composition of vegetable raw
materials.

The presence of biologically active substances, a number of
vitamins and mineral compounds in the experimental samples of
infusions allows them to be used in multi-component alcohol
beverages, characterized by reduced toxic effect.

Conclusion. Alcohol infusions for further production of
multicomponent alcohol beverages were obtained. The conducted
researches for organoleptic and physico-chemical indicators give the
bases to create a drink with the forecasted high indicators of quality.
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Introduction

A large number of multicomponent alcohol beverages appear on the consumer market
(Hall, Howe, 2012; Fujii, Kondo, 2018) [1, 2], which include ingredients that form the taste
and aromatic characteristics of products, reduce the toxic effects of ethyl alcohol on the
internal organs and reduce the effect of alcohol intoxication (Ahmed et al., 2010;
Chandrasekara, Shahidi, 2018) [3, 4]. There are various ingredients added to alcohol
beverages: plant extracts, organic salts and acids, vitamin and mineral complexes,
antioxidants of plant and synthetic origin, biologically active additives and others (lannitti,
Palmieri, 2009; Buglass et al, 2012; Grunert et al, 2018; Kuzmin et al, 2020) [5-8] .

The most common ingredients (Andreou et al, 2018) [9] are extracts from plant materials,
which alleviate the effects of intoxication, show a fairly high and stable therapeutic and
prophylactic effect (Buglass, Caven-Quantrill, 2012) [6]. Modern technologies make it
possible to obtain certain biologically active substances from plants (Bubalo et.al, 2018;
Kuzmin et al, 2016) [10, 11] in the maximum amount with the least destruction, while
maintaining high natural properties. Plant raw materials contain leukoanthocyanidins,
catechins, sterols, aromatic aldehydes, organic acids, lignins, flavonols, reducing sugars, etc
(Vergun et al, 2019; Gulua et al, 2018; Ahmed, Tavaszi-Sarosi, 2019; Igarashi, Miyazaki,
2013) [12-15].

Careful selection and quality control of the ingredients that make up alcohol beverages,
their comprehensive study will allow to create a drink with specified properties and expand
the range of alcoholic beverages .

Production of such products consists of three stages: preparatory, main and final. At the
preparatory stage, semi-finished products are obtained: alcohol juices, infusions, morses,
aromatic alcohols. The main stage of liquor production consists of blending components,
thorough mixing, filtration and adurance. At the final stage of production, the finished drink
is poured and decorated.

Ingredients such as Echinacea purpurea, Rhodiola rosea, Ginger, Laminaria hyperborea
dried are selected to create new alcoholic beverages, based on the method of a priori ranking
of factors (Holovko et al, 2017) [16].

Echinacea purpurea root has multiple biological effects, including immunomodulatory
and antioxidant activity. The most active compounds of E. purpurea are polyphenols — caffeic
acid derivatives: caftaric acid, chlorogenic acid, cynarin, echinacoside and cichoric acid
(Oniszczuk et al, 2016) [17]. Echinacea purpurea contains: antioxidant enzymes catalase,
peroxidase, ascorbate peroxidase and superoxide dismutase, dry matter of processes,
chlorophyll, carotenoid, proline, phenol, flavonoid and Malondialdehyde (Darvizheh et al,
2018) [18]. The hydroethanolic extract of fresh plant revealed the highest activity, directly
related with its higher contents in phenolic (229.22+4.38 mg gallic acid equivalent
[GAE]/mL), flavonoids (124.83+7.47 mg GAE/mL), organic acids (8.89+0.10 g/100 g), and
tocopherols (4.55+0.02 mg/100 g) (Pires et al, 2016) [19].

The herbal supplement Rhodiola rosea extract reduced the oxidative stress produced,
could exert a protective antioxidant role during intense physical exercise (Sist et al, 2018)
[20]. Rhodiola rosea has significant activity that destroys free radicals and increases
antioxidant activity (Zhou et al, 2018) [21]. Rhodiola rosea root used as an adaptogen to
increase an organism's resistance to physical stress. Recent research has demonstrated its
ability to improve mental and physical stamina, to improve mood, and to help alleviate high-
altitude sickness (Schriner et al, 2009) [22].

Ginger root is widely used as a spice and in practice of traditional Chinese herbal
medicine (Zhao et al, 2011; Masuda et al, 2004; Tapsell et al, 2006) [23-25]. Ginger and its
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main compounds have shown various pharmacological effects including immunomodulatory,
antitumorigenic, antiinflammatory, antiapoptotic, antihyperglycemic, antilipidemic, and
antiemetic effects (Zhao et al, 2011; Ali et al, 2008) [23, 26]. Ginger has been reported to
enhance animals’ nutrient digestion and absorption because of the positive effects on the
gastric secretion, enterokinesia, and digestive enzyme activities (Zhao et al, 2011; Platel,
Srinivasan, 2000) [23, 27]. Furthermore, ginger contains several compounds such as
gingerol, shogaols, gingerdiol, gingerdione, and some relating phenolic ketone derivatives
(Zhao et al, 2011; Kikuzaki, Nakatani, 1996; Fuhrman et al, 2000) [23, 28, 29] that possess
antioxidant activity.

Brown seaweed Laminaria represents a good source of polysaccharides with significant
antioxidant activity (Sun et al, 2018) [30]. Laminaria contains about 40 macro- and
microelements, vitamins A, B, C, D, E and other nutrients, alginates, which have powerful
sorption properties, remove toxins, radionuclides and other harmful substances from the
body.

These circumstances determine the relevance of this work, which is to find and develop
multicomponent alcohol beverages with reduced toxic effects.

The aim of the work is to study the influence of plant raw materials on the alcohol
infusions quality.

When achieving this goal, it is necessary to solve the following problems:

— identify the most promising sources of plant raw materials for use in the technology
of alcohol beverages;

— investigate the quality indicators of alcohol infusions from plant raw materials.

Materials and methods
Materials

Plant raw materials samples of Echinacea purpurea (root), Rhodiola rosea (root), Ginger
(root), Laminaria (dried) were selected and crushed, in accordance with the requirements of
technological instructions on liquor production, with the help of a herbal cutter to a particle
size of 15— 20 mm.

Infusion parameters were chosen in accordance with the Technological Regulations for
the production of alcoholic beverages.

During the development of the recipe composition of semi-finished products, the
maximum permissible concentration of the introduction of plant raw materials is essential.

According to (Mashkovskiy et al, 1990) [31] amount of raw materials, which reveals the
minimum therapeutic effect, when added to liquor products should not exceed 1/3 of its daily
rate per 1 liter of the drink.

The amount of single alcohol consumption varies within significant limits depending on
individual sensitivity, diet features, social status, physical activity, etc. Based on the
experience of studying phytoextractors by scientists of the National Pharmaceutical
University (Kharkiv), a rational range of the amount of introduction of plant raw materials
was determined, provided that its preventive action was maintained and taking into account
the maximum possible disposable amount of alcohol consumption . Rational interval of the
number of components for alcohol infusions (Holovko et al, 2011; Holovko et al, 2013) [32,
33]:

Echinacea purpurea root —5.0-7.0 kg,

Rhodiola rosea root — 1.0- 2.0 kg,

Ginger root — 3.0- 5.0 kg,

Laminaria dried — 4.0—- 6.0 kg.
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The principle scheme of preparation is given in Table 1.

Table 1
Principle scheme of the alcohol infusions preparation from vegetable raw materials
Raw Raw | Pouring 1 Infusion 1 drain | Pouring 2 Infusion 2 drain
materials water- Number water-
alcohol alcohol
mixture mixture S
o =
2 s 2 S 2 o
o 3 = X S S E
= < E < Sl el 2o
S ge! S k! S| & | E5
S |~ 5 = o 5| | | =S
2| E|®| 2 S| K| E | 8| 2| E 5| | 2
IS o - c = - | © - c | © < c - N
2 S E2|E Sl X sl 8 = | & 8%
5 = 2 5| 5 ] 21| = 21 3 S » | ‘g ©
g_ n g n g_ n §_
3 G
= S
G
S
Echinacea | 5.0 | 50 40.0 40.0 40.0 80.0
purpurea | 6.0 | 60 | 60 | 5 |48.0| 80 | 59 [48.0| 50 | 5 [48.0|100| 53 | 96.0
(root) 7.0 | 70 56.0 56.0 56.0 112.0
Rhodiola | 1.0 | 10 7.5 7.5 7.5 15.0
rosea 15|15 70| 5 |113| 75| 69 [11.3| 50 | 5 [11.3]100| 55 | 22.5
(root) 20 | 20 15.0 15.0 15.0 30.0
Ginaer 3.0 | 30 25.5 25.5 25.5 51.0
(rogt) 40|40 |70 | 5 [340]| 85|69 340 50| 5 [34.0]100| 53 | 68.0
5.0 | 50 42.5 42.5 42.5 85.0
Laminaria 4.0 | 80 64.0 - - 64.0
(dried) 50 [100| 45| 7 800|800 (43| — | — | = | - - | - | 800
6.0 | 120 96.0 - - 96.0

Description of methods

Methods of organoleptic evaluation and physicochemical parameters

To effectively assess the organoleptic properties of infusions, a list of descriptors was
formed. The most acceptable is the method of visualization of organoleptic parameters of
products in the form of profilograms, which can be used to assess the intensity, originality,
coherence, expression of taste, aroma and color of alcohol semi-finished products. The
obtained values of organoleptic parameters were used to determine the quality criterion of
the profile [7, 16].

The quality of infusions by physico-chemical parameters is determined in relation to the
volume fraction of alcohol, mass fraction of essential oil and the concentration of the general
extract in the test solution. The number of these indicators is fundamental in determining the
quality of alcohol beverages [16, 33, 34].
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Chromatographic method

To determine the content of the active compounds that go into the infusions obtained,
the method of highly effective gas chromatography [5, 11, 14, 34] was used. The study was
carried out on the Agilent GC System gas chromatography with a mass selective detector,
with a column "HP-5" with a length of 30 mm, an internal capillary diameter of 0.32 mm, a
layer of stationary phase 0.25 um.

When conducting chromatographic analysis according to this method, the appropriate
temperature regime of the chromatograph is observed: from the moment of injection of the
analyzed raw materials into the evaporator of the chromatograph in the column thermostat,
the initial temperature of 30 °C is observed, which is gradually increased to 300 °C at a speed
of 20 °C/min., sample volume — (1,0+0,1) mg, time of experiment 18 min.

Results and discussions

Results of organoleptic characteristics

Consumer properties of multicomponent alcohol beverages are formed at all stages of
their production, so before adding to the finished drink, the quality of semi-finished products
was investigated (Table 2)

Table 2
Results of organoleptic characteristics of the alcohol infusions quality from plant raw materials
Samples Indicator
Appearance Color, taste, aroma
Prototype Clear, without sediment and | Inherent in the plant raw materials from
impurities  liquid, permissible | which they are made, without extraneous
opalescence, which disappears | taste and smell
after filtration
Infusion of Clear liquid without sediment | Brown color with shine, taste coordinated,
Echinacea and impurities pleasant, aroma corresponding to the raw
purpurea (root) materials used, without extraneous taste
and smell
Infusion of Brown color, pleasant taste and aroma that
Rhodiola rosea fully corresponds to the raw materials
(root) used, without extraneous taste and smell
Infusion of Burning and spicy taste, pleasant aroma
Ginger (root) that corresponds to the raw materials used,
without extraneous taste and smell, light
yellow color
Infusion of Light green color, corresponding to the
Laminaria basic raw material, inherent taste and
(dried) aroma, without extraneous taste and smell.

Analyzing the obtained data, we can conclude that the sensory indicators of developed
alcohol infusions from plant raw materials have a harmonious pleasant taste and aroma, are
transparent, have no sediment, attractive color and fully meet the requirements of the
prototype (Holovko et al, 2011; Holovko et al, 2013) [32, 33].
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Results of physico-chemical studies

The study results of the alcohol infusions on physico-chemical parameters are given in
Table 3.

Table 3
Results of physico-chemical parameters of the alcohol infusions quality
from plant raw materials
p>0,95, n=5
Samples Volume fraction of | Mass fraction of | Mass concentration of
ethyl alcohol, % essential oil, % | general extrg;lct, 9/100
cm
Prototype 20.0-90.0 0.0-15.0 0.1-20.0
Infusion of
Echinacea 53.0£1.1 - 3.2+0.1
purpurea (root)
Infusion of
Rhodiola rosea 55.0£1.1 - 2.5+0.1
(root)
Infusion of Ginger
53.0+1.1 0.048+0.002 2.6+0.1
(root)
Infusion of
Laminaria (dried) 43.0+0.9 - 1.2+0.1

According to the results of physico-chemical parameters of developed infusions, it can
be concluded that the strength of the samples is in the range from 43.0 to 55.0% and is
explained by the different concentration of alcohol in the water-alcohol mixture during the
extraction of plant components (Holovko et al, 2015) [34]. Fluctuations in the content of
essential oil and extractive substances is associated with the peculiarities of the chemical
composition original plant raw materials.

Results of chromatographic studies

According to the results of the study of the qualitative composition of alcohol infusions
from plant raw materials, chromatograms of experimental samples were obtained (Fig. 1-4).

In the Figure 1 shows the presence in experimental samples vitamin C (peak 13.640) and
vitamins A, E, peaks of 15.996 and 17.826, respectively. Peak 16.665 is responsible for the
presence of selenium, and peaks of 10.585 and 12.676 for polysaccharides. The alcohol
content characterizes a peak of 5,837.

From the Figure 2 it can be argued that the composition of the alcohol infusion from the
Rhodiola rosea (root) contains phenolic compounds (peak 10.636), organic acids, namely
amber, lemon (12.1262, 14.537), flavonoids (peak 4.566), alkaloids (10.636) and ethyl
alcohol (peak 5.792).

As can be seen from the Figure 3 to the infusion of alcohol from the Ginger (root) go
linoleic, caprylic, caffeic and oleic acids (peaks 16.665, 18.090, 18.349, 19.205), vitamin C
(12.709), capsaicin (peak 4.697) and curcumin (4.599). The content of ethyl alcohol is peak
5.792.

The chromatogram of alcohol infusion of Laminaria (dried) (Figure 4) noted the presence
of polysaccharides (peak 12.684), alginic acid (19.383), B vitamins (12.658). Peak 5.762
determines the content of ethyl alcohol.
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Figure 1. Chromatograms of the alcohol infusions from plant raw materials:

Echinacea purpurea (root)
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Figure 2. Chromatograms of the alcohol infusions from plant raw materials:
Rhodiola rosea (root)
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Figure 3. Chromatograms of the alcohol infusions from plant raw materials:
Ginger (root)

According to chromatographic studies, there is a presence of biologically active
substances, a number of vitamins and mineral compounds in the experimental samples of
infusions.

This suggests that the formed multicomponent alcohol beverages have a reduced toxic
effect. This is manifested in the inhibition of ethanol metabolism or in the weakening of the
toxic effects of acetaldehyde — an essential intermediate in the process of ethanol utilization,
which determines the full range of dysfunction of human systems and organs [4, 5, 8, 12, 32,
34].
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Figure 4. Chromatograms of the alcohol infusions from plant raw materials:
Laminaria (dried).

Conclusions

1. Alcohol infusions for further production of multicomponent alcohol beverages were
obtained.

2. Conducted studies on organoleptic and physico-chemical parameters are in good
agreement with control samples.

3. These chromatograms suggest the presence of biologically active substances, a number
of vitamins and mineral compounds in experimental infusion samples, which allowed us
to create a drink with predicted high quality indicators.
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Walnut and physicochemical properties, as well as safety of the final
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Introduction

Cowpea (Vigna unguiculata) is a pulse belonging to the leguminosae family (Hoover
etal., 2010), and native to West Africa, particularly Nigeria, and considered main species
diversity according to Leao et al., 2016. It is a cheap and good source of protein that
contributes substantially to protein intake of large portion of the world’s population (Gepts
et al., 2005). As a result of the expensive cost of animal protein sources, most especially in
the third world countries of the world, where per capital income is very low, legumes have
thus become a very good alternative source of protein to animal meats (Akinyele and
Onigbinde, 1988), as its regular consumption could help improve protein intake of people
(Oyeleke and Oyedeji, 2011), thoughprotein energy malnutrition (PEM) is still a prevalent
deficiency in many countries worldwide with its high consumption, probably due to
increasing world population or unavailability. Cowpea could be boiled or processed into bean
pudding (moin moin), bean cake (akara) or used locally to make indigenous soup called
gbegiri in Yoruba speaking area of Nigeria or processed into flour for other uses. Legume
protein is deficient in sulfur amino acid such as cysteine and methionine (lhekoronye and
Ngoddy, 1985), likely due to the presence of oligosaccharides and phenolic compounds. Low
protein digestibility, presence of anti-nutritional factors such as trypsin inhibitors, tannins
and phytates, polyphenols and flatulence factors could be reasons legumes are under-utilised
(Enujiugha, 2003; Olapade et al., 2002), but processing techniques with longer cooking time
probably reduced the challenges (Olapade et al., 2002).

African walnut (Tetracarpidium conophorum), a member of the Euphorbiaceae family,
is a climber found in the wet parts of East and West part of Nigeria and the Western Africa
(Kanu et al., 2015). It is known as Ekporo by Efik and Ibibios of Cross River and Akwa
Ibom, Ukpa (Igbo), Awusa or Asala (Yoruba), Okhue or Okwe (Edo), and Gawudi bairi by
the Hausas in Nigeria etc. The fruits (four brown round seeds) are up to 3 inches in diametre
(Nuhu et al., 2000). They could be cooked and consumed as shacks (Enujiugha and
Ayodele,2003); roasted or sun dried and grounded like melon seeds to be used as soup
thickener. Walnuts are nutrient-rich, as they are high in fat, proteins, vitamins and minerals,
and a good source of calories, about 600J (Ndie et al., 2010). According to Hassan and Umar
(2006), plant foods that sourced over 12% of its energy from protein is considered a high
protein source, and according to Kanu et al. 2015, walnut supplies about 23.0-28% of daily
protein needs, while Amaral et al., 2004 and Savage et al., 2001 reported 18.1%. However,
Harold and Tatura (2002) reported that on percentage wet basis, protein has (14.92%), oil
(45.84%), fibre (1.14%), ash (3.52%) and carbohydrate (15.38%). Despite its richness,
walnut is yet to be an industrial raw material in Nigeria, probably due to unavailability of
improved storage facilities (Hemery, 2001).

Dried fried cake known as “Akara egbe” in this part of the world is a traditional snack
native to Ogbomoso town in Oyo State, Nigeria (Falade et al., 2003), and produced from
cowpea paste seasoned with salt, flattened with palms and deep-fried to produce a reddish
brown, hard textured and low moisture product (Giami et al., 2004). It is usually eaten as
snacks alone or with cereal porridge or soaked cassava flakes (garri)(Falade et al., 2003).
However, its consumption has spread nationwide (Lateef et al., 2010), and worldwide, with
research work on it acceptability done by McWatters et al., 1997; Patterson et al., 2002.

Antioxidant properties of walnut could help lower the risk of chronic oxidative stress;
anti-inflammatory properties could help reduce chronic inflammation, as the two activities
posed great threat to cancer development. Walnut extracts, which are rich in dietary Omega-
3- fatty acids, may equally play role in the prevention of some disorders including depression,
as well as dementia especially Alzheimer‘s disease, with lowering cholesterol properties
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(Chauhan et al., 2004). As a result of these numerous benefits, blending walnut with cowpea
to produce dry bean cakecould help extend shelf life, keep consumers safe from a number of
diseases and equally lead to increased planting and income generation to farmers. This work
evaluated the quality of dried fried cake from the flour blends by examining the functional
and physicochemical properties, as well as safety of the final product.

Materials and methods

Cowpea was sourced within Ilorin metropolis, while the walnuts used were purchased
from llesha, all in Nigeria. Cleaned cowpeas were soaked in water for five minutes, de-hulled,
washed and drained to remove excess water and dried at 70 °C for 9 hours. Dried walnut (at
60 °C for 5 hours) and cowpea were milled into fine flour and stored at 4 °C. The walnuts
were thinly sliced before drying. The walnut flour was added to the cowpea flour to make
dried bean cake at 3, 6, 9, 12 and 15% respectively. A thick paste was formed with little
quantity of water added to the flour blend, stirred properly after seasoning with salt, molded
and flattened into various shapes and deep-fried at 100 °C for 3-5 minutes, drained and
cooled (10-15 minutes). Deep fried again at 100 °C for 5-10 minutes for dryness, drained
and cooled for 20-30 minutes before packaging.

Proximate Analysis

The proximate composition of the samples was determined according to the standard
method of AOAC (2005).

Functional Properties of Cowpea and Walnut flours

Determination of Bulk Density (BD). The method of Oyeyinka et al., 2014 was
adopted for bulk density, where a measuring cylinder (100 ml) was filled to mark, and the
content weighed. It was tapped 50 times prior to re-weighing. Bulk density was calculated as
the ratio of the bulk weight and the volume of the container (g/ml).

Determination of Water Holding Capacity (WAC). The method of Oyeyinka et al.,
2013 was adopted. 1g of sample was weighed into a dry, clean centrifuge tube.10ml of water
was poured into the tube and properly mixed. The suspension was allowed to stand for 30
minutes and centrifuged at 3500rpm for 30 minutes. The supernatant was discarded and the
tube with its content re-weighed and weight gain expressed as percentage water bound.

Determination of Oil Absorption Capacity (OAC). The oil absorption capacity
(OAC) was determined by the method of Oyeyinka et al., 2013. The format for water holding
capacity was adopted, but here, oil was used instead of water.

Determination of Swelling Index (SI). One gram of the flour was weighed into a 10ml
graduated measuring cylinder, leveled, and volume recorded. 5ml of distilled water was
added, swirled and allowed to stand for 30 minutes. The change in volume after swelling was
recorded (Abbey and Ibbeh, 1998).

Texture Analysis of Fresh and Stored Samples. The method of Friedman et al., 1963

was adopted for the textural quality of the fried cake samples. The samples were compressed
twice in a reciprocating motion in an Instron universal testing machine equipped with a 50kg
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load cell. The tests were conducted at crosshead with chart speeds of 60 and 102mm/min
respectively. Textural parameters were derived from force-deformation curves based on the
Friedman etal., 1963 definition.

Microbial Analysis of the Fried Cake Samples. Bacterial and fungal counts of the
samples were carried at 4-week interval using Fawole and Osho’s method (2007).
Quantitative bacteriological analysis was done using total plate count on nutrient agar (NA),
while fungi isolation was done with potato dextrose agar (PDA) and expressed in cfu/g. The
plates were incubated at 37 °C for 24 hours for bacterial counts, and 72 hours at 27 °C for
fungal counts.

Number of colonies x dilution factor
Volume of diluent plated

Counts (cfu/g) =

Colour Determination of the Fried Cakes. Fried cake samples were evaluated for L*,
a*, b* parameters with a Minolta CR-310 (Minolta camera Co. Ltd., Osaka, Japan)
tristimulus  colorimeter. L* represented lightness (with O=darkness/blackness to
100=perfect/brightness); a*(extent of green colour, ranging from negative=green to
positive=redness); and b* represents blue and range from negative=blue to positive=yellow.
The colorimeter was calibrated against a standard white reference tile.

Mineral Contents Determination. AOAC, 2005 standard method was adopted using
atomic absorption spectrometry, flame photometry and spectrophotometry. For wet digestion
of sample, 1g of the powdered sample was measured into the digesting glass tube, with 12mls
of HNO; added and the mixture kept overnight at room temperature. About 4 mls of
perchloric acid (HCIO.) was added and the mixture placed in the fume block for digestion,
with the temperature increased gradually from 50 °C to between 250-300 °C for complete
digestion within 70-85 minutes. Upon cooling, the content of the tube was transferred to 100
ml volumetric flask and made up to 100 ml with distilled water. It was then transferred into
plastic bottles, and used for mineral determination.

Sensory Evaluation. Sensory evaluation was done by 50-member panelist who
assessed samples’ appearance, taste, aroma, texture and general acceptability on 9-point
hedonic scale ranging from liked extremely (9) to disliked extremely (1).

Statistical Analyses. The result was analyzed using SPSS version 16.0, and mean
separated by Duncan multiple tests. The analysis was done in triplicate.

Results and discussion
Functional properties of cowpea and walnut flours

Bulk density of walnut flour was 0.77g/ml, and that of cowpea was 0.85g/ml (Table 1),
with no significant difference noticed. Cowpea value was similar to that of other cowpea
varieties, according to Ikpeme et al., 2010. The differences could be due to particle sizes,
density and possibly, moisture content of the flour, which is important for packaging and
material handling (Kumar et al., 2010). However, higher values show greater compactness
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of particles, but low value influenced loose structure of starch polymer (Oyeyinka et al.,
2015).

Oil absorption capacity of walnut (1.29g/g) was significantly (p<0.05) lower than that
of cowpea (1.98g/g), but higher than 1.06g/g reported for walnut by Ekwe and Ihemeje, 2013,
and higher than 0.39-0.53g/g reported by Chinma et al., 2008. Oil absorption indicates the
rate at which proteins bind to fat in food formulations and important for flavour retention,
shelf life and palatability (Oyeyinka et al., 2013), thus favouring low value (Odedeji and
Oyeleke, 2011).

Water absorption capacity of cowpea flour (1.77g/g) was significantly (p=>0.05) higher
than that of walnut (0.85g/g), depicting the extent of protein incorporation into aqueous food
formulations (Giami et al., 2003). Low water absorption of walnuts may be due to its high
oil content, which might have limited the absorption, or affected by differences in starch
content, composition and granule structure (Oyeyinka et al., 2015), as higher water
absorption ability helps to improve yield and consistency of products. The swelling capacity
showed significant difference with 1.05 reported for cowpea, and 0.64 for walnut. This
parameter is controlled by strength and character of the micellar network between starch
granules.

Table 1
Functional properties of cowpea and walnut flours
Samples | Bulk Density | Water Absorption Oil Absorption Swelling
(g/ml) Capacity (g/9) Capacity (g/9) Index
Cowpea 0.862+£0.01 1.782+0.00 1.982+0.01 1.052+0.01
Walnut 0.772+£0.1 0.85°+0.00 1.29° +0.03 0.64°+0.03

Proximate Composition of Fresh and Stored Fried Bean Cakes

In Table 2, the composition (meantstandard deviation) of fresh and stored fried cake
samples is as presented. Protein contents of fresh samples vary significantly from each other
(16.24-17.81%), and reduced slightly during storage (15.92%-17.16%), with the control
sample having the highest value at the fresh state, but second to the last during storage.
Carbohydrate had between 68.33-71.9%; 15% walnut samples had the least value, but sample
with 6% walnut was the highest. The moisture contents ranged from 4.92-6.55%, but Falade,
2003, reported 7.6-8.3% for dried fried cake made from cowpea substituted with soybean. It
is a fact that moisture is a shelf life determinant, as spoilage microorganisms need moistened
environment. 6% walnut sample, at production, had the lowest moisture content (4.92%),
while the control had the highest (6.55%), and even after storage (7.19%). Different moisture
content recorded could be attributed to low water absorption nature of walnut.

Fat content of fried cake samples varied from 1.92-3.60%, increasing with walnut
addition, with 15% walnut sample having the highest value. This confirmed the report that
walnut was very high in poly-unsaturated fatty acid, which could aid the proper functioning
of the heart and lowers cholesterol level (Chauhan et al., 2004). At week eight, no significant
reduction was noticed, but for the control sample that reduced from 1.92 to 1.53%. Low fat
was advantageous, as it reduces the number of health challenges (Thompson et al., 1998) that
decreases human life span. Fibre content of the samples ranged from 1.15-1.58%, showing
that the flours to be poor sources of dietary fibre. The control sample had the highest crude
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fibre, and 15% walnut sample, the lowest. No significant difference was noticed after storage,
however, sample with 9% increased. Crude fibre was known to aid bowel movement and
digestion (Abu et al., 2010).

The ash, which represents mineral content in foods, was found to increase with the
addition of walnut flour (2.58-4.01%). The control sample had the lowest value (2.58%),
while sample with 15% walnut had the highest (4.01%). The increase could be attributed to
the added walnut, an excellent source of micro nutrients according to Ekwe and Ihemeje,
2013. After eight weeks, samples with 3% and 9% walnut showed significant reduction, as
against other samples attributable to nutrient loss at storage.

Table 2
Proximate composition of fresh and stored fried cake samples
Sample % % % % % %
Moisture Protein Fat Fibre Ash Carbohydrat
Day 0
A 6.55%:0.01 | 17.81%£0.04 | 1.929+0.04 | 1.58%£0.02 | 2.58°+0.01 69.58°+0.06
B 5.91°+£0.00 | 16.90°+0.03 | 1.979+0.01 | 1.47°+0.02 | 2.779+0.06 70.99°+0.03
C 4.92¢+0.01 | 16.249%+0.04 | 2.35%+0.01 | 1.40°+0.02 | 3.20°+0.03 71.90%+0.10
D 5.399+0.01 16.98°+0.05 | 3.03°+0.02 | 1.25%£0.04 | 3.63°+0.06 69.75°+0.13
E 6.10°£0.01 | 17.22°+0.06 | 3.19°+0.01 | 1.22°+0.04 | 3.73"+0.03 68.55%+0.06
F 5.819£0.01 | 17.12°°+0.49 | 3.60%0.02 | 1.15%+0.04 | 4.01%+0.54 68.33%+0.04
After 8 weeks
A 7.19%0.01 | 15.929+0.03 | 1.53°+0.01 | 1.67%£0.02 | 2.08%+0.03 71.60%+0.01
B 6.28°-0.01 | 16.99°+0.02 | 1.95%+0.08 | 1.45°+0.02 | 2.37%+0.01 70.97°+0.03
C 6.40°+£0.01 | 15.77°+£0.04 | 2.34%:0.04 | 1.41°+0.01 | 3.07°£0.05 71.02°+0.05
D 5.66%£0.01 | 16.86°+0.06 | 2.90°+0.04 | 1.40°+0.01 | 2.879+0.02 70.329+0.04
E 7.11%£0.01 | 17.167+0.11 | 3.02°+0.06 | 1.24°+0.03 | 3.21°+0.07 68.18'+0.15
F 5.929+0.00 | 16.54°£0.03 | 3.14%0.05 | 1.119+0.03 | 3.542+0.35 69.48°+0.14

Values are means + standard deviation of scores. Column values with different superscript are
significantly (p<0.05) different.

Keys:

A: 100% Cowpea; B:97% Cowpea and 3% Walnut; C: 94% Cowpea and 6% Walnut;

D: 91% Cowpea and 9% Walnut; E: 88% Cowpea and 12% Walnut;

F: 85% Cowpea and 15% Walnut

Mineral Analysis of both Fresh and Stored Fried Cakes

Mineral elements analyzed were calcium, magnesium, sodium, and potassium (Table
3). Sample with 15% walnut was highest in calcium and magnesium contents at production
in line with the report of Ekwe and Ihemeje, 2013 that walnut has 45.01mg/100g of calcium
and60.20mg/100g of magnesium, but low in sodium (8.07mg/100g). However, low value of
sodium intake is good, as high sodium intake is associated with health challenge such as
hypertension in human (Kanu et al., 2015).

Significant difference was not noticed after eight weeks, however, sample with 3%
walnut reduced significantly from 2.87 to 2.52mg/l for magnesium and sodium (0.51-
4.04mg/L). The control and 3% walnut samples, however, showed slight increase in sodium
level. Potassium content changed from 1.19-2.96mg/| after eight, with slight increase noticed
in the 9% walnut sample.
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Mineral determination of fresh and stored fried cakes

Sample code | Ca (mg/L) | Mg (mg/L) | Na (mg/L) | K (mg/L)
Week zero
A 1.672:0.08 2.85°+0.06 4.002+0.00 | 3.14%+0.07
B 1.30%+0.14 2.87°+0.49 1.61°+0.16 | 1.79°+0.04
C 1.41°+0.12 2.90°+0.19 2.75°+0.07 | 1.35%0.04
D 1.41°+0.12 2.85°+0.04 1.259+0.71 | 1.12°+0.19
E 1.553%+0.04 3.53%:0.91 1.40%£0.00 | 1.67°+0.10
F 1.69%£0.00 3.70%0.15 0.60°+0.00 | 1.76°+0.16
After 8 weeks
A 1.522+0.07 2.82v+0.04 4,042 +0.1 2.96%+0.2
B 1.24°+0.02 2.52°+0.01 1.74°+0.05 | 1.60°+0.07
C 1.39°+0.01 2.93%+0.1 1.51%0.01 1.23%0.3
D 1.36°+0.01 2.745+0.02 0.89%+0.05 1.19%+0.1
E 1.562+0.1 3.428+0.01 1.18%+0.1 1.54°+0.1
F 1.572+0.04 3.54%+0.2 0.51+0.02 1.81°+0.0

Table 3

Values are means + standard deviation of scores. Column values with different superscript
are significantly (p<0.05) different.

Keys:

A: 100% Cowpea;
D: 91% Cowpea and 9% Walnut;
F: 85% Cowpea and 15% Walnut

B:97% Cowpea and 3% Walnut; C: 94% Cowpea and 6% Walnut;
E: 88% Cowpea and 12% Walnut;

Textural properties of both fresh and stored fried cakes samples

The textural properties of the sample cakes are presented in Table 4. Sample substituted
with 6% walnut was the hardest (163.58N), while that with 12% walnut was least (26.27N).
Springiness is the rate at which a product physically springs back to its original condition
after deforming force is removed (Szczesniak, 2002). It showed significant differences, with
the control sample having the least value (0.014mm), while sample with 15% walnut had the
highest (0.092mm). Chewiness is the energy required to masticate a solid food to a state for
swallowing. Significant differences were observed for chewinesswithin the samples except
for the control and sample with 12% walnut. The sample with 3% walnut was least (0.014N)
for chew-ability i.e. required the least energy, while 15% walnut was highest (1.92N) i.e.
needed more energy. The fracturability of the samples ranged from 7.21-40.81N. The control
sample was the easiest to fracture, and sample with 15%, the hardest to fracture. There was
no significant difference in stringiness of the samples except that sample with 3% that had
the highest value (4.32mm), and control, the least (3.38mm).

During storage, hardness of samples reduced significantly for most of the sample.
Sample with 6% walnut was the hardest, while that with 15%, the least. Springiness was not
significant, but reduced in value. The control sample was the springiest and 15% walnut, the
least. Chewiness was significant except for sample with 9% walnut. There was no significant
difference in fracturability during storage safe for the control sample. Sample with 3%
recorded a significant decrease, 15%, sample, significant increase, while no significance was
recorded for other samples (for stringiness).

Colour Parameters of Fresh and Stored Fried Cakes
The L*, a*, and b* parameters of colours of cakes is presented in Table 5. The results
show that fresh samples were all significant. Control sample was the lightest, while 15%

walnut sample was more golden than others, with variations noticed attributed to
incorporation of walnut flour, similar to the sensory results in Table 5.
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Table 4
Textural properties of fresh and stored fried cakes samples
Sample | Hardness (N) | Springiness | Chewiness | Fracturability | Stringiness
(mm) (N) (N)
Day 0
A 129.14%+37.1 0.03%£0.00 0.06%+0.01 40.81°+14 .41 3.38"+£0.01
B 44.81°+1.28 0.023+0.07 | 0.014°+0.00 12.77°£0.28 4,322+0.02
C 163.58%+5.2 0.054°+0.01 1.43°+0.01 26.65%+0.64 4.01%°£0.00
D 114.49°+0.54 | 0.042°+0.00 1.87°+0.02 12.18°°+0.25 3.40°+0.07
E 26.27°+0.81 0.014°+0.00 0.04°+0.00 19.29°°+0.44 3.50°+0.09
F 61.75°+18.82 | 0.092°+0.01 1.922£0.00 7.21°40.00 3.41°+0.28
After 8 weeks
A 91.43+0.31 0.11%+0.14 0.07°+0.02 15.29°+2.07 3.62°+0.11
B 38.52°+2 .40 0.02°+0.01 0.007°+0.01 28.232+1.10 3.76"+£0.30
C 105.45%+6.47 0.05%+0.00 0.93+0.14 12.90°+1.30 3.98°+0.05
D 107.76%+3.31 0.06%+0.00 0.64°+0.02 16.99°+2.20 3.42°+0.29
E 15.679£2.23 0.04%+0.01 0.01°+0.02 15.10°+1 .41 3.73+0.10
F 14.45%£0.93 0.013%+0.01 0.02°+0.00 12.51%1.81 6.28%+1.23

Values are means + standard deviation of scores. Column values with different superscript
are significantly (p<0.05) different.

Keys:

A:100% Cowpea; B:97% Cowpea and 3% Walnut; C: 94% Cowpea and 6% Walnut;

D: 91% Cowpea and 9% Walnut; E: 88% Cowpea and 12% Walnut;

F: 85% Cowpea and 15% Walnut

Table 5
Colour determination of fresh and stored fried cake samples
Sample code | L* | a* | b*
Day 0

A 49.73%4+2.81 | 8.62°+0.79 | 16.162+1.72

B 47.34°+2.39 | 7.77°t2.39 | 14.11°+2.43

C 46.51°42.28 | 8.59°+0.93 | 13.51°+2.23

D 46.57°£1.99 | 9.132+0.98 | 13.64°+1.97

E 48.93%+1.96 | 9.19%+1.11 | 15.57%+2.06

F 45.96%+1.96 | 9.33%£0.93 | 12.86%+1.47

After 8 Weeks

A 50.32%+1.83 | 8.38%+1.00 | 15.71% +2.58

B 46.53°+2.53 | 7.30°+0.90 | 13.57°+2.57

C 45.93°+3.15 | 8.67%+1.37 | 13.66P+3.21

D 46.54"+2.62 | 9.01%£1.30 | 12.77°+1.33

E 48.75%+2 87 | 8.20%+0.93 | 16.32%+2.14

F 46.02°+1.08 | 9.53%1.16 | 11.82°+1.31

Values are means + standard deviation of scores. Column values with different superscript
are significantly (p<0.05) different.

Keys:

A: 100% Cowpea; B:97% Cowpea and 3% Walnut; C: 94% Cowpea and 6% Walnut;

D: 91% Cowpea and 9% Walnut; E: 88% Cowpea and 12% Walnut;

F: 85% Cowpea and 15% Walnut
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During storage, colour parameters increased in value i.e. became lighter, though less
difference was noticed for the control and those of 9% and 12% walnut samples. However,
for others, significance in lightness was noticed, which could be attributable to oxidative
changes caused by the presence of oxygen within the packaging material that could have
altered samples’ quality.

Microbiological Analysis of fresh and stored fried cake samples

Microbial analyses done at 4-week interval are shown in Tables 6a and 6b respectively.
At week zero, the control sample had the highest bacterial load of 2.0x10%cfu/g, while the
walnut incorporated samples had no fungal growth. The lowest bacterial count was recorded
for sample with 15% walnut (0.2x10* cfu/g). By the 4™ week, control sample was the highest
with microbial and fungal counts of 3.7x10* cfu/g and 2.0x10* cfu/g respectively, but the
lowest was 15% walnut sample with bacterial and fungal growth of 1.9x10* cfu/g and 0.1x10*
cfu/g respectively.

After storage, bacterial and fungal counts of the control rose to 5.9x10* cfu/g and
4.7x10* cfu/g respectively. Least bacterial and fungal growths were 2.3x10* cfu/g and
1.0x10* cfu/g in samples with 15% and 12% walnut respectively. The result showed walnut
addition protected the treated samples from microbial attack, attributable to antioxidant
activity of the walnut (Ajaiyeoba and Fadare, 2006). Increased microbial count during storage
may be due to moisture uptake and nutrient utilization/depletion by microorganisms. Added
walnut inhibited the growth of microorganisms.

Table 6a
Total bacterial count of fresh and stored fried cake samples

Samples | WK 0 (cfux10®) | 4" Week (cfux10*) | 8" Week (cfux10*)
A 2.0 3.7 5.9
B 0.3 2.6 3.4
C 0.3 2.8 4.6
D 0.6 2.5 4.2
E 1.0 2.1 3.0
F 0.2 1.9 2.3

Table 6b
Total fungal count of fresh and stored fried cake samples

Samples | WKO (cfux10?) | 4" Week (cfux10?) | 8" Week (cfux10?)
A NIL 2.0 47
B NIL 1.1 2.5
C NIL 1.1 2.2
D NIL 1.5 1.9
E NIL 1.0 1.0
F NIL 0.1 1.1

Keys:

A: 100% Cowpea; B:97% Cowpea and 3% Walnut; C: 94% Cowpea and 6% Walnut;
D: 91% Cowpea and 9% Walnut; E: 88% Cowpea and 12% Walnut;

F: 85% Cowpea and 15% Walnut
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Sensory evaluation of the fried cakes

From the sensory scores (Table 7), the control sample was rated highest for appearance,
crispiness and texture. Sample with 15% was rated lowest for appearance, but for flavour,
texture and taste, 6% walnut sample was rated lowest, while 12% walnut rated lowest for
crispiness. Sample with 9% walnut was most accepted and rated highest for flavour and taste,
and having improved sensory attributes and acceptability.

Table 7
Sensory evaluation of the samples of the fried bean cakes

Samples | Appearance | Texture Flavour Taste Crispiness G/A

7.75%0.77 7.65%0.88 | 6.80%0.95 | 6.65°+0.88 | 7.70%0.98 | 7.40°%+0.75
7.15%0.75 7.25°+0.79 | 7.05%0.95 | 6.95%+0.83 | 7.40%+0.82 | 7.40°%0.75
5.95°+1.39 6.75°+1.37 | 6.30°+1.34 | 6.20%1.51 7.20%1.00 | 6.60°+0.99
6.02°+1.39 7.55%0.95 | 7.204+0.89 | 7.45%+0.83 | 7.60%+0.88 | 7.55%0.99
7.35%1.14 7.15°+1.04 | 7.05%+0.95 | 6.90%°+0.97 | 7.05%+0.88 | 7.20%+0.89
5.80°+1.06 7.45%+0.95 | 7.00%+0.97 | 6.60°°+1.23 | 7.20%1.15 | 7.00%+1.08

mim|{oO|O|m|>

Values are means + standard deviation of scores. Column values with different superscript are
significantly (p<0.05) different.

Keys:

A:100% Cowpea; B:97% Cowpea and 3% Walnut; C: 94% Cowpea and 6% Walnut;

D: 91% Cowpea and 9% Walnut; E: 88% Cowpea and 12% Walnut;

F: 85% Cowpea and 15% Walnut

Conclusion

Though cowpea flour possessed better functional properties than that of walnut,
inclusion of walnut flour to fried bean cake improved proximate and mineral compositions
of products, though showed slight hardness, but conferred better shelf stability on the
products. It improved sensory attributes of the fried cake and equally increased the textural
properties, except for stringiness, which was highest in the control sample. It is therefore
recommended that walnut flour of up to 9% could be added to cowpea flour to produce
quality dried fried bean cakes.
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Introduction. The aim of the study is to determine the influence of
thermophysical characteristics of frozen semi-finished products on the
quality of desserts.

Materials and methods. To determine the quality of frozen semi-
finished products in the technology of the desserts the raw materials Raw
materials were used: glucose-fruit syrup, maltodextrin, apple puree, kiwi,
banana, pumpkin; semi-finished products in the form of blended pairs:
apple — kiwi; apple — banana; apple — pumpkin. As control sample it was
used traditional apple sambuk . The study of sensory quality indicators was
carried out on a 10-point scale. Determination of physicochemical
parameters of the samples was carried out by mass fraction of dry matter;
active acidity; water activity; enthalpy; moisture content.

Results and discussion. The use of cryoprotectant (glucose —
fructose syrup) equalizes the osmotic pressure of concidered food system,
as in the syrup glucose and fructose are contained, which reduces the
cryotemperature of the samples and inhibits the formation of intracellular
ice, which allows preserving the quality of the blended semi-finished
product on the content of biologically active substances.

Differences in the freezing parameters of fruit puree semi-finished
products with cryobiotics, namely glucose-fructose syrup and
maltodextrin, were established. Monosaccharides, glucose and fructose,
have been found to have lower cryoscopic temperatures than sucrose, due
to the nature of the crystallization and the size of the crystals formed in the
system. With the same chemical formula and molecular weight of sugars,
the value of cryoscopic temperature depends on the hydration of sugars.

Based on the identified quality indicators and weighting factors, a
comprehensive quality indicator of ready-made desserts (using developed
blended semi-finished products) made by the developed technology was
calculated, and a quality model was built.

The rating of the dishes showed that the studied samples of sambuca
with blended pairs have a high rating of 92.9 points? and 96.9 points?,
compared to the control sample —91.2 points. The apple-pumpkin sambuk
has a little below 88.8 points?. The decrease in the rating of sambuk «apple
— pumpkiny is due to the specific aroma of the blended pair «apple —
pumpkiny.

Conclusion. Cryoscopic temperatures of fruit purees, semi-finished
products and ready-made desserts with the introduction of cryoprotectants
were determined. Studies on sensory and physicochemical parameters give
grounds to create desserts with predicted high quality indicators.
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Introduction

The problem area in the development of desserts is the preservation of vitamins [1],
microelements [2, 3], biologically active substances [4] and their use for enrichment of the
dessert, using fruit and berry raw materials.

To reduce the technological and physiological losses of vitamins and organic acids, the
most effective way is to use low-temperature technologies [4]. The advantages of using shock
freezing of foods are bacteriological purity, significant reduction in weight loss of foods,
increased shelf life, and significantly higher quality of frozen products compared to the
traditional method [4, 5].

However, the method of rapid freezing does not guarantee the high quality of the
products, especially after their defrosting [4, 5]. The sensitivity of cells and tissues of
different fruits and berries is different to the effects of low temperatures (and related physical
and mechanical processes), and the quality and consumer characteristics are determined by
the successful choice of cryoprotectant, its concentration, duration of contact with frozen
materials, which necessitates the study of indicated factors.

Scientists around the world proved [4, 5], that the use of artificial cold provided minimal
change in the nutritional and biological value of ready meals, products and semi-finished
products, but also influenced their sensory characteristics. However, freezing of the range of
fruit and berry semi-finished products has advantages over other methods of heat treatment,
namely drying, pasteurization, sterilization, and canning.

Hydrocolloid Stabilizers. A wide variety of hydrocolloid chemistry studies have
examined the physical and chemical properties and behavior of typically larger molecules or
particles dispersed within or residing at the interface of an aqueous continuous phase [4]. The
chemical and physical actions of the hydrocolloids involve mechanisms based on various
factors, including the presence of charged moieties, hydrophobic regions, and high water-
holding capacities of such ingredients [6]. Advances in this realm have led to the inclusion
of a vast array of stabilizers derived from a variety of sources [7, 8] that affect the rheological,
stability, and sensory properties. In general, these stabilizers impede the outgrowth of ice
crystals and the sublimation of water [9] while increasing the viscosity of the mix, sensory
smoothness, and foam stability [10].

Characteristics of fruit raw materials for restaurant technology. Kiwifruits exhibit
antioxidative, antiproliferative, antiinflammatory, antimicrobial, antihypertensive,
antihypercholesterolemic, neuroprotective, antiobese properties and promote gut health [11-
15]. Contents of total dietary fiber and free phenolics and in vitro antioxidant capacities of
kiwifruit flour were significantly higher than those of potato, maize and wheat flours [12,
13]. Pasting, gel texture and dynamic oscillatory analysis showed that the starchy kiwifruit
flours had some similar characteristics to traditional flours with differences. The viscosity
and gelation were little developed in the flours of eating-ripe kiwifruit. The flour properties
were much determined by starch content and properties. The starchy kiwifruit flour may be
used for “novel” and “healthy” food formulations [12]. The amounts of PPs and vitamin C
were encouragingly high. Health beneficial compounds, dimethyl-caffeic acid hexoside,
caffeic acid derivatives, protocatechuic acid, syringic acid, salicylic acid/o-coumaric acid,
lutein and beta-carotene, were detected in the final products [14].

Bananas are a worldwide crop for food and traditional medicine [15]. Banana fruit has
high nutritional value and is consumed worldwide [16]. Bananas contain phenols, flavonoids
and antioxidants [17-20]. The highest total antioxidants capacity and total phenols
concentration were found in the ripe banana fruit. 2,2-Diphenyl-1-picrylhydrazyl radical
scavenging activity remained constant and the highest total flavonoids concentration was
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found in the mature green fruit [18]. Banana peel was found to contain phenolic compounds
ranging from 0.90 to 3.0 g/100 g dry weight [19].

Pumpkin flesh contains a variety of phenolic compounds, flavonoids, vitamins, as well
as minerals. It also has low calorie content (17 kcal/100 g flesh) [21]. One of the major
carotenoids in pumpkin fruit (>80%) is B-carotene, which contributes to the high nutritional
value of pumpkins [22]. Traditionally pumpkin is cooked in variety of dishes or used to make
desserts and beverages. However, pumpkin contains a high level of insulin-dependent sugars,
which is problematic for diabetic patients [23]. Therefore, in this study, fermentation is
utilized in the development of pumpkin based beverage in which the microorganisms could
utilize the sugar during fermentation [24]. This reduces the insulin-dependent sugars so that
this beverage is more suitable for the consumption of diabetic patients. Moreover,
fermentation of vegetables and fruits such as pumpkin may not only improve the food safety
levels and prolong the shelf life, but may also enhance the availability of certain nutrients
[25].

Apples. The results showed great quantitative differences in the composition of the apple
cultivars, particularly in their phenolic contents. Fructose was the most dominant sugar in the
different apple cultivars, followed by glucose and sucrose, while malic acid was the principal
organic acid. Asparagine and serine were the principal amino acids. Chlorogenic acid and
protocatechuic acid were the dominating phenolic compounds [26]. The fruit of apple
possessed five quercetin glycosides, namely hyperin, isoquercitrin, reynoutrin, avicularin and
quercitrin, as the major flavonol components. Total flavonol levels were in the range 26.4 to
73.9ug/g fresh wt (expressed as aglycone) with hyperin the dominant form, where quercitrin
predominated, and the cider apples, where avicularin predominated. The proportion of
flavonol in the peel ranged from 63.0 to 97.1% for the dessert and cooking apples and was
not dependent on fruit size. Juice produced from the three varieties of cider apple contained
9.9 to 12.7% of the flavonols with the remainder retained in the pomace [27].

Taking into account the aforementioned, the aim of this work is to determine the
cryoscopic temperatures and the intensity of ice formation in blended semi-finished products,
made on the basis of fruit and vegetable raw materials. Attention is paid to the formation of
recommendations on the use and dosage of blended semi-finished products while developing
new types of desserts.

Indicated aim can be achieved through a number of tasks, namely:

— determination of influence of the cryoprotectants use on technological process and
changes in structures of bioobjects;

— study of the changes in product quality during the use of rapid freezing;

— analysis of the influence of selected freezing conditions on the sensory
characteristics of prepared desserts;

— formation of recommendations on the use and dosage of blended semi-finished
products while developing new types of desserts.

Materials and methods

Materials

Raw materials were used: glucose-fruit syrup, maltodextrin, apple puree, kiwi, banana, pumpkin;
semi-finished products in the form of blended pairs: apple — kiwi; apple — banana; apple — pumpkin.

Apple puree was prepared with subsequent adding of 10% of sugar, 10% of glucose-
fructose syrup, and 1% of maltodextrin. The study of blended semi-finished products was
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performed using a cryoprotectant — 10% of glucose-fructose syrup.
As control sample it was used traditional apple sambuk — a jelly dessert based on
whipped egg whites [29].

Methods
Determination the quality criteria of desserts [28-30]

To effectively assess the sensory properties of infusions, a list of descriptors was formed.
The most acceptable is the method of visualization of sensory parameters of products in the
form of profilograms, which can be used to assess the intensity, originality, coherence,
expression of taste, aroma and color of alcohol semi-finished products. The obtained values
of sensory parameters were used to determine the quality criterion of the profile [28].

The method of determining the quality criterion of products by quantitative indicators
includes the definition of specific indicators and descriptors that characterize the product, the
conversion of units into dimensionless units (if necessary), drawing up a mathematical model
and the calculation of the criterion of product quality. The quality criterion is constructed on
the area principle, that is the value of the complex criterion corresponds to the area of the
polygon in which the distance from its center to the vertices is equal to the normalized values

of the individual quality indicators f,, j =1,N, where N —the number of individual quality

scores [29]:
J 1 . 27[ l N 27'[ N
S= (_.f..f.+.5|n—j:—s|n_. fof) f = f
JZ:;‘ o i N 2 N ;( it 1) Ne1 = T
For each sample with a set of values of individual indicators ( f,,f,,...,f, ), it is

possible to calculate the value of the complex criterion S.

The qualitative area (S) of polygon is equal to the total sum of the areas of the triangles,
formed by corresponding lines of the individual (partial) quality indicators. Instead of the
function S, it is advisable to use another function F, which differs from S only by a constant
multiplier, which doesnt affect the choice of the largest value. To choose the most successful
option with the largest value of the complex criterion, it is enough to use the criterion formula
[30]:

F=ff,+ff+..f_f +f,f, points?

The problem of finding the optimal value and effect of a new ingredient (in our case —
the blended pair) on the food system was solved as a problem of finding the extremum of the
target multicriteria quality function of quality of nonlinear product with a system of
restrictions on individual quality indicators.

Determination of cryoscopic temperatures of fruit and berry raw materials [31]

Measurements of the cryoscopic temperature of the model samples were performed by
the method of thermal analysis based on the construction of curves of temperature change
over time. The temperature was recorded and recorded using a measuring complex [31].

The complex includes a device for temperature control with a set of copper-constantan
thermoelectric transducers type T with a measurement error of not more than 0.05 °C, a
primary transducer and a signal converter brand i7520. Temperature values were recorded
using a personal computer through the program NDCONUTILv3xx [31].
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The thermocouple junction was placed in the center of the sample (weight 7.5 g) and
transferred to a SAMSUNG freezer with refrigerant freon R134a and a working chamber
temperature of minus 25 °C. With continuous stirring of the mixture performed automatic
recording of temperature change at equal intervals (10 s) in experimental and control samples
[31]. Frozen (in portions) blended semi-finished products were added into the egg white, and
started whipping after 810 minutes at the room temperature. Other ingredients were added
to the whipped mass and whipping was continued.

Results and discussions
Physico-chemical parameters of fruit blended semi-finished products

The results of the research presented in Table 1 allow obtaining several patterns that
require scientific explanation. Firstly, the obtained data show that the chemical composition
of plant raw materials has an effect on presented indicators and retains different contents of
bound and free moisture (it is supposed to be an affect of the esterification degree of plant
pectin), which positively or negatively affects cryoscopic temperatures.

Table 1
Physico-chemical parameters of fruit blended semi-finished products

sample description Mass fraction of H \_/\I_ater Enthalpy, Moisture

dry matter, % P activity, Aw Jlg content, U %
Apple (control 10.10+1.54 6.4 0.986 63.36 19.560+1.530
sample)
Apple-sugar 11.30+0.85 7.3 0.986 60.74 18.064+1.100
Apple-glucose- 12.15+1.10 6.9 0.970 61.22 18.259+1.200
fructose syrup
Apple-maltodextrin 10.10+1.14 7.5 0.986 62.10 18.920+1.240

Blended pairs

Apple-Kiwi 15.00+0.70 7.5 0.990 63,90 17.647+1.100
Apple-banana 14.00+1.20 7.3 0.986 62.77 16.279+1.160
Apple-pumpkin 14.00+0.90 6.5 0.986 62.86 16.279+1.120

As a result of the conducted researches, optimum limits of pH values for blending pairs,
making 6.5-7.5, were established. Also the purposefulness of glucose-fructose syrup and
maltodextrin use as cryoprotercopes was proved.

Determination of cryoscopic temperature in fruit purees

According to the cryoscopic temperatures of studied blended pairs, the content of frozen
water in samples at negative temperatures in the range of values from -5 to -10 °C was
calculated (Figure 1).

Such calculations are very important, because in blended purees during storage of the
blended semi-finished product the ratio between frozen and unfrozen water is constantly
changing, which significantly affects the formation of physicochemical parameters of the
finished product [29].
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Figure 1. Determination of cryoscopic temperature in fruit purees

Determination of cryoscopic temperature in blended semi-finished products

Analysis of the content of frozen water in blended semi-finished products (Figure 2), in
comparison with native apple puree, has an improved chemical composition and allows
identifying samples with the biggest risk of appearing of defects appropriate for frozen fruits
and berries of long-term storage, namely blend delamination and formation of iced structure.
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Figure 2. Determination of cryoscopic temperature in blended semi-finished products

Cryoscopic temperature of fruit and berry blends is one of the main physical
characteristics that determine the technological modes of the storage process of the semi-
finished product and after defrosting of the finished product [7, 29].

Further experiments were performed to determine the quality of ready-made cold

desserts using blended pairs.
Cryoscopic temperature of desserts model systems

The obtained cryotemperatures in samples of desserts with different blending pairs are
presented in Figure 3.
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Figure 3. Cryoscopic temperature of desserts model systems

The obtained results show that the use of cryoprotectant (glucose — fructose syrup)
equalizes the osmotic pressure of considered food system, as in the syrup glucose and
fructose are contained, which reduces the cryotemperature of the samples and inhibits the
formation of intracellular ice, which allows preserving the quality of the blended semi-
finished product on the content of biologically active substances.

In the calculated blending mixtures, water is frozen in the form of ice crystals, due to
which the concentration of sucrose, fructose and mineral salts in the rest of the water
increases significantly. This concentration of low molecular weight substances in the water
phase of the mixtures and their saturation with air during subsequent whipping of the dessert
allows getting a soft and light dessert with excellent quality indicators.

During the blended semi-finished products storage, at the high content of the frozen
water, slow defrosting and, especially, at violation of storage regimes, processes of
recrystallization of the water phase can occur in a product, which essentially reduce its
consumer properties.

Determining of desserts rating
The results of model samples studies are shown in Table 2.

Table 2
Determining of desserts rating

Dessert with Dessert W't.h Dessert with Control sample
Sensory . .| blended pair . :
. .. | Weight | blended pair blended pair | (with apple puree)
characteristi - - apple- e
. ratio apple-kiwi, . apple-banana, | traditional apple
cs, points - L2 pumpkin, N R
points S0 points sambuk, points
points
Appearence 3.0 28.4 25.8 29.4 27.6
Colour 2.0 18.5 17.7 19.3 18.1
Taste 2.0 18.8 18.3 194 18.5
Smell 15 13.7 13.5 14.6 13.6
Consistency 15 135 135 14.2 13.4
Rating: 92.9 88.8 96.9 91.2
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Based on the identified quality indicators and weighting ratios, a complex quality
indicator of desserts (prepared using developed blended semi-finished products) was
calculated, and a quality model was built. Analysis of the rating of new dishes showed that
the studied samples of sambuk prepared with blended pairs have a high rating of 92.9 and
96.9 points?, compared with the control sample (91.2 points?). The apple-pumpkin sambuk
has a little less rating (88.8 points?). This fact can be explaned by the presence of a specific
aroma in «Apple-pumpkin» sambuk.

Conclusions

The cryoscopic temperatures and the intensity of ice formation in blended semi-finished
products, made on the basis of fruit and vegetable raw materials, were determined. The
recommendations on the use and dosage of blended semi-finished products while developing
new types of desserts were formed.

Based on the results of comprehensive research, the next conclusions were made:

1. The use of cryoprotectants made allows significantly reducing the technological
process, preventing cryodamage of cells and structures of bioobjects, resulting in the
formation of fine crystalline ice in cells and intercellular space, which prevents the
destraction of plant cells. Therefore, their structure changes a little and even after
defrosting blends almost do not change the mass fraction of dry matter, while
maintaining the quality and taste properties, which is the main requirement of
consumers.

2. The advantages of foods shock freezing are bacteriological purity, a significant
reduction in weight loss, increased shelf life, the possibility of rapid use and
significantly sufficient quality of frozen semi-finished products compared to the
traditional method.

3. Analysis of the chemical composition of the developed desserts with the use of
traditional apple puree and with the use of blended fruit semi-finished products
showed that developed desserts have reduced caloric content.

4. When developing new types of desserts, recommendations for the composition, use
and dosage of blended pairs of fruit semi-finished products were given: the
recommended defrosting time is up to 25 minutes, with rapid defrosting temperature
(as an example when whipping dessert), which eliminates the loss of biologically
active substances.
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Introduction. The properties of dry and germinated lentils
are compared, and the influence of germinated lentils on the
properties of the beverage is determined.

Materials and methods. Dry and germinated lentil seeds are
studied, as well as a beverage, the technology of which involves
soaking dry lentil seeds, germination, grinding, extraction of
biologically active substances, filtration and bottling.
Determination of amylase activity was studied by the method of
Wolgemuth. The amino acid composition of proteins in plant raw
materials was determined by ion exchange chromatography. The
biological value of proteins was determined by calculating the
amino acid score

Results and discussion. Under the action of proteolytic
enzymes during germination changed the protein composition of
the seeds, and as a consequence of the beverage from it. The
protein content in germinated seeds increased by 2.2%, and in
beverages from it by 3.3% in terms of dry matter compared to the
beverage from dry seeds. An increase in amylase activity during
germination was detected, which leads to the breakdown of starch
into dextrins and simple sugars. The amount of water and salt
solvent protein fractions (albumins and globulins) increased,
within 1.1-2.9%, which leads to increased protein extractivity.

The total level of protein digestibility of the beverage from
germinated lentil seeds is 63.31%, while the mass fraction of
protein used by the body is not rational — only 20.85%.

In the drink from germinated lentil seeds there is an increase
in the amount of extracted protein by 3.3%, B vitamins and
minerals compared to the beverage from dry seeds. This is due to
the activity of a-amylase, which cleaves high molecular weight
carbohydrates, which are the basis of cell membranes of plant
materials. This allows you to increase the extractivity and as a
result more nutrients are transferred to the beverage.

Conclusions. The beverage based on germinated lentil seeds
has an improved chemical composition and better digestibility of
protein compared to a beverage made from dry seeds.
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Introduction

Development of protein products from plant raw materials is actual for scientists and
food industry. For example, it is developed a beverage based on soy milk with the addition
of Brazil nut milk. Beverage is characterized by combined sensory properties of both types
of raw materials and a balanced chemical composition of the product [1]. It was researched
ways to obtain and enrich almond milk, and developed a number of recipes with the addition
of biologically active substances to almond milk, which allowed to expand the range of
protein products of plant origin. [2]. Sometimes these raw materials are expensive, so it is
advisable to choose alternative raw materials, such as lentils.

It was investigated the production of beverage from germinated soybeans and the
establishment of the effect of biochemical reactions that occur during germination on the
physicochemical properties of the final product [3]. The main disadvantage of this technology
is the presence of a specific soy flavor, which necessitates additional technological stages of
processing and addition of food additives, while lentils have pleasant sensory properties, so
beverage made from it do not require additional components.

It wasstudiedthe technology of preventive beverages based on aqueous extraction of
compositions of soybeans, oatmeal and oat bran [4]. The main disadvantage of soybeans is
that a significant share of the world market is genetically modified. Because the use of
genetically modified raw materials is not a sufficiently studied area, this product can be
potentially dangerous.

It wasstudiedthe technology ofyogurt beverage from soy suspension and bee keeping
products [5]. Because soybeans and beverages from themare quite common and researched,
it is important to introduce new plant raw materials to provide nutrients.

Lentils can be used to enrich flour products [6], in confectionery production [7], for
making sauces and textures [8,9]. Lentils were not used in the technology of beverage
production, so it is advisable to investigate its use in dry and germinated form for the
manufacture of beverages, because of the sensory characteristics and chemical composition,
[10] this type of legume is a promising raw material.

Lentils are a valuable bean raw material that is a source of dietary protein with a
balanced amino acid composition and contains a small amount of fat, is also a valuable source
of complex carbohydrates, soluble and insoluble fiber, vitamins and minerals (Na, Ca, Fe, P
and Cu). Also, lentils do not accumulate harmful and toxic substances (nitrates,
radionuclides, etc.), so it is considered an environmentally friendly product [11]

As aresult of research it was established [8] that the best method of preparation of lentils
for culinary processing is germination, ie biotransformation of raw materials compounds.
The process of germination not only includes all the benefits of inactivation of anti-nutrients,
but also is accompanied by an increase in catalysis by enzymes breaking down complex
substances of the endosperm into simpler ones, which are more soluble and promote embryo
development.

The germination temperature is 1742 °C, which is sufficient to minimize the loss of
nutrients during germination. Germination ends when the sprout reaches a length of 1 cm,
which lasts an average of 72 hours to 88 hours. According to studies [12], under such
conditions there is a maximum accumulation of extractives — up to 29.9 mg/100 g, the
maximum yield of germinated lentil grains at a given technological parameters is 92%,
reduced losses of germinated sprouts. Germination is completed by removing water, which
prevents further growth of the roots of the embryo.

The aim of our study is to determine the effect of germination of lentil seeds on the
nutritional value of a beverage made from it.
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Materials and methods
Materials

Dry and germinated lentil seeds are studied, as well as a beverage, the technology of
which involves soaking dry lentil seeds, germination, grinding, extraction of biologically
active substances, filtration and bottling.

Preparation of research samples

Germination of lentil seeds was performed in a special round container containing a
lattice. The bottom of the tank is equipped with a hole for draining water. The water tank
under the grates is filled with water to soak the lentils. Grinding of lentil grains is carried out
with the help of laboratory mills [12]

Technology of beverage

The technology of beverage from dry lentil seeds includes the following stages:

— Soaking dry seeds with water at a temperature of 18-22 °C for 6-24 hours, with a seed:
water ratio of 1: 3 (the ratio may vary depending on the type of raw material);

— Decantation of excess water, after swelling of seeds;

— Grinding of moistened seeds to a puree-like state;

— Extraction of biologically active substances with preheated water to 50-90 °C in the
ratio 1: 6 and maintaining the temperature for 10-60 min;

— Filtration.

Therefore, when making a beverage from germinated lentil seeds, it is necessary to add
such an additional stage as germination, but save the stage of soaking. The soaking stage
before germination is necessary to moisten the dry seeds to a moisture content of 35-40%,
which will soften the seed coat and activate biochemical processes in the middle of the seed.

The technology involves soaking dry lentil seeds, this stage reduces the duration of heat
treatment and reduces the negative impact of oligosaccharides (raffinose, stachyose) and
high-polymer protein structures on the digestive process.

Grinding is carried out to a particle size of 0.2-0.5 mm in order to improve the
extractivity of the raw material, because the amount of extracted biologically active
substances (BAS) is directly proportional to the degree of grinding.

Extraction is carried out according to the parameters recommended for the manufacture
of plant protein beverages, namely at a temperature of 50-90, at a ratio of water 1:6 for 10—
60 minutes These extraction parameters allow to make a beverage with high nutritional value,
because they allow to remove the maximum amount of BAS from raw materials

The technological scheme of making a beverage from germinated lentil seeds is
presented in Figure 1.

Before germination, the lentils are washed twice in cold running water and placed in an
even layer in a container for germination, where the grain is soaked for 8 hours. When
soaking lentils, water penetrates into the grain germ, and then through the side shells into the
grain. Water absorption capacity depends on the duration of soaking, temperature, grain size.
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Acceptance of raw materials

Moisturizing lentil seeds
(T=17+2 °C, 1=6-8 hours)

Germination of lentil seeds
(T=17+2 °C, 1=72-88 hours)

!
Grinding (0,2-0,5 mm)

Extraction of proteins
(T=50-90 °C,1=10-60 min)
!

Filtration
!
Bottling

!
Cooling (T=4-6 °C)
!
Storage
(T=0-6 °C, W<70%)

Figure 1. Technological scheme of making a beverage from germinated lentil seeds

Description of methods

Chromatographic method. The amino acid composition of proteins in plant raw
materials was determined by the method of ion exchange chromatography on columns using
a T339 analyzer. lon-exchange column chromatography is based on the acid-base properties
of amino acids. Ninhydrin detection is used to register amino acids in eluates.Ozlem Bahadir
Acikara (April 10th 2013) [13,14].

Determination of amylase activity. Determination of amylase activity was
investigated by the method of Wolgemuth, which is based on the detection of the minimum
amount of enzyme capable of completely breaking down 2 mg of starch in 15 minutes. This
amount of enzyme is taken as a unit of amylase activity [15,16].

Amino acid score. The biological value of proteins is determined by calculating the
amino acid score (Cj), which is the ratio of the content of a certain essential amino acid (EAA)
in the protein of the product to the content of the same EAA in the reference protein:

A 100 1
p;= A, @
where Aj—the content of the j-th EAA in the protein of the product, g per 100 g of protein;
Aje—the content of the j-th EAA in the reference protein, g per 100 g of protein.
The total level of digestibility of protein is estimated by the utilitarian coefficient (u,%),
which is calculated by the equation:
A

=100 (2)
A

1]

u=C_

min
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Aj—the content of the j-th EAA in the protein of the product, g per 100 g of protein;
Aje—the content of the j-th EAA in the reference protein, g per 100 g of protein.

The coefficient of redundancy EAA ( o ), as the mass fraction of EAA in 100 g of

protein in product used by the body is not rational:

where Cmin—amino acid, the score of which is the lowest;

o=

ZL(A' —

C. A
—— ")-100 )

C

min

Aj—the content of the j-th EAA in the protein of the product, g per 100 g of protein;
Aje—the content of the j-th EAA in the reference protein, g per 100 g of protein[17].

Results and discussion

Result of chemical compositionstudies
Comparative characteristics of the chemical composition of dry and germinated

lentil seeds and beverages from them are given in Table 1.

beverages from its

Table 1
Comparative characteristics of the chemical composition of dry and germinated lentil seeds and

Mass fraction in terms of solids, g/100g

Indicators Germinated Beverage Bevere}ge
Dry seeds fromdry | fromgerminated
seeds
seeds seeds

Solids, % 91,0+5,0 60,0+5,0 7,3+0,6 7,8+0,6
Proteins 31,3+2,0 33,5+2,0 19,842,0 23,1+£2,0
Fats 1,3+0,1 1,0+0,1 0,9+0,1 0,6+0,1
Digestible 54,3+4,0 54,24+4.0 48,5+4,0 49,1+4,0
carbohydrates
Indigestible 8,6+0,5 7,8+0,5 1,3£0,2 1,1£0,2
carbohydrates
Ash content 3,4+0,2 3,5+0,2 2,6+0,2 2,6+0,2
Vitamins, mg/100g
B-carotene 0,03+0,005 0,03+0,005 0,02+0,005 0,02+0,005
Vitamin B: | 0,58+0,01 1,0£0,01 0,49+0,01 0,8+0,01
(thiamine)
VitaminB; 0,25+0,01 0,63+0,01 0,20+0,01 0,59+0,01
(riboflavin)
VitaminPP (niacin) 2,1+0,05 3,8+0,05 1,9+0,05 3,7+0,05
VitaminE 0,58+0,05 11,3+0,05 0,28+0,05 6,3+0,05
Mineral compounds, mg/100g
Ca 99,5+5,0 137,2+5,0 69,5+5,0 87,1£5,0
Mg 93,6+5,0 92,4+5,0 82,6+5,0 82,4+5,0
P 249,0+10,0 291,4+10,0 201,0£10,0 232,8+10,0
Fe 13,7£1,0 14,0+1,0 12,6£1,0 13,1£1,0
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The above data show that the chemical composition of germinated lentil seeds and the
beverage from it are characterized by a higher content of biologically active substances
compared to products without germination. This is due to the high enzymatic activity, which
improves the extractive properties of raw materials. Germination of lentil seeds has an effect
on the content of biologically active substances in the beverage made from it.

Amylase activity studies
An important indicator of biochemical changes that occur during germination is the

increase in the hydrolytic activity of enzymes[9]. Especially high activity is a — amylase
(Figure 2).
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Figure 2. Change in lentil amylase activity during germination

As can be seen from Figure 2. amylase, an enzyme of the amylolytic complex,
accumulates during the maturation and germination of seeds [18]. This process leads to the
splitting of about 20— 24% of starch. The obtained data confirm the results of scientific [22]
studies on the enzymatic activity of amylase in the process of seed bioactivation

Protein fractional composition studies

Along with the breakdown of starch, under the action of proteolytic enzymes, there is a
hydrolysis of protein substances, which leads to the formation of easily digestible substances.
A study of the effect of germination on the change in protein fractional composition was also
performed (Figure 3).
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Figure 3. Fractional composition of protein of dried and germinated lentil seeds

From Figure 3 it is seen that during germination the amount of water- and salt-soluble
fractions of protein increases, which allows to improve their extractive properties in the
manufacture of a drink from germinated lentil seeds and to use water as a solvent.

Analyzing the results of scientific research [19], there is a general trend of increasing
albumin and globulin in germinated legumes due to the redistribution of peptide bonds and
activation of enzymes.

Amino acid compositionstudies

As a result of germination, grain enzymes are activated, under the action of which the
decomposition of deposited starch into dextrins and maltose, and proteins into amino acids
begins. The change in the chemical composition of lentil seeds during germination is
reflected in the content of biologically active substances in beverages from it. The study of
the comparative characteristics of the amino acid composition of the protein of beverage from
germinated and dried lentils is presented in Table 2.

By analyzing the data in Table 2, we can conclude that the overall level of digestibility
of protein drink from germinated lentil seeds is 63.31%, while the mass fraction of protein
used by the body is not rational — only 20.85%. This allows to position the beverage from the
germinated lentil seeds as a product with high biological value
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Table 2
Amino acid composition of protein beverages from germinated and dried lentils

Amino acid Refere_nce Content in b_everage Content in beverage
protein from germinated f . .
; . rom dried lentils
according to lentils
FQ%(\)AQHO?’ o/ lOOg_ of Ag::'igo o/ lOOg_ of A;T:'ir:jo
protein protein score, % protein score, %
Lysine 5,5 7,52 136 7,4 132
Threonine 4,0 3,91 98 3,8 90
Methionine 35 9,3 265 8,8 250
Cystine
Valine 5,0 3,95 80 3,5 70
Isoleucine 4,0 3,99 99 2,9 75
Leucine 7,0 8,55 122 7,9 115
Tyrosine 6,0 5,88 98 4,9 81
Tryptophan 1,0 2,65 265 1,6 169
Coefficient of utilitarianism 63,31 62,91
Coefficient of redundancy 20,85 21,25
Conclusions

1. The undeniable useful properties of the beverage from germinated lentil seeds are the
absence of lactose and cholesterol; low caloric content; increased content of mono-
and polyunsaturated fats; high content of vitamins and minerals; balanced amino acid
composition.

2. For bioactivation of lentil seeds, and as a consequence of improving its chemical
composition by splitting macromolecular compounds into smaller compounds, it is
proposed to germinate seeds at a temperature of 17+2 °C for 7288 hours.

3. Technological scheme of making a beverage from germinated lentil seeds includes
soaking, germination, grinding, extraction, filtration, packaging and storage.

4.  An increase in amylase activity during germination was revealed, which leads to the
breakdown of starch into dextrins and simple sugars.

5. Under the action of proteolytic enzymes during germination changed the protein
composition of the seeds, and as a consequence of the drink from it. The amount of
water- and salt-solvents of protein fractions (within 1.1-2.9%) increased, which leads
to increased protein extractivity.

6. The total level of protein digestibility of the drink from germinated lentil seeds is
63.31%, while the mass fraction of protein used by the body is not rational — only
20.85%.
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Introduction. Pomegranate peel is a rich source of
anthocyanin pigment, antioxidants as well as minerals. The focus
of this study is to investigate the stability of anthocyanin of color
obtained from Pomegranate peel under selected conditions and
antioxidant activity as well as mineral composition.

Materials and methods. The anthocyanin pigment procured
from Pomegranate peel (Punica granatum L.) was identified with
UV-Visible Spectrophotometer under the frozen condition (at
-10 °C) as well as the presence & absence of light for three days
intervals and under various heating temperatures (30, 45, 60 °C
and 75 C respectively). The antioxidant capacity and selected
minerals content (Mg, Ca, P, Fe, and K) of natural color were
determined by the DPPH method using the UV-Visible
Spectrophotometer and the biochemical analyzer (Humalyzer,
3000) respectively. The sensory analysis of the prepared products
as jelly with the addition of natural & artificial color compared
with commercial one was done based on a hedonic rating test.

Result and discussion. The stability of anthocyanin extracts
had significantly been affected by the frozen condition resulted in
62.96% reduction after 9" day, temperature (29.59-51.61%
degradation from initial to final temperature), and exposure to
light generated 44.87% reduction after 9™ day. The mineral
content (Mg, Ca, P, Fe, and K) of natural (extracted from
Pomegranate peel) and artificial color (a mixture of E110, E122
and E330) were 7.2, 20.6, 2.15, 1.4 and 147.6 mg/100g
respectively for natural colors as well as 0.2, 0 (no phosphorus),
0.39, 0.56 and 7.2 mg/100g for artificial color respectively. The
antioxidant capacity of natural color resulted in 0.04 ug/mL of
IC50 value. No significant difference (p<0.05) was found
regarding the color, appearance, and general acceptance of the
jelly samples.

Conclusion. The natural color from pomegranate peel could
be the replacement of synthetic color as well as a good source of
antioxidants and minerals.
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Introduction

Color is an important quality attribute of foods which is generally added to foods to
make them appealing, augment the loss of color during processing, to improve the quality,
and also to influence the consumer to buy a product [13].

The pomegranate peels (Punica granatum L.) made up about 60% of the fruit abound
with bioactive compounds (e. g phenolics, flavonoids) and many minerals [26].
Anthocyanins, the most important and abundant natural pigments belonging to the flavonoid
family, possess antioxidative properties [19, 27].

Recently, it has been found that synthetic dyes are undesirable for human consumption
in terms of toxicity [3]. Apart from that, the color attributes together with anthocyanins from
plant sources are reportable to be useful to health with potential physiological effects, like
antineoplastic, radiation-protective, vasotonic, vaso-protective, anti-inflammatory drug,
chemo- and hepato-protective effects [10, 16. 17]. However, the stability of anthocyanins is
influenced by a variety of factors, such as temperature, pH, light, oxygen, enzymes, presence
of antioxidant, sugars, sulfite salts, metal ions, and copigments [6, 9] having a significant
impact on food processing, formulation, and storage.

Therefore, the objective of this study was to find out the stability of anthocyanin of
natural color obtained from pomegranate peel under selected conditions (frozen storage, light
exposure, and heating temperatures).

In addition to this, the antioxidant capacity of the natural color, mineral content (Mg,
Ca, P, Fe, and K) as well as sensory evaluation of developed jellies with added color (both
natural and artificial) and commercially available jellies were done.

Material and method

Sample collection

Pomegranae (Punica granatum L), apple (Malus pumila) for making jelly for sensory
evaluation, and commercial apple jelly were collected from the local market of Chittagong,
Bangladesh.

Place of the experiment

All the experiments were conducted in the laboratory of Food Processing and
Engineering, at the Dept. of Applied Food Science and Nutrition as well as Dept. of
Physiology, Biochemistry, and Pharmachology at Chittagong Veterinary and Animal
Sciences University (CVASU).

Sample preparation

The pomegranate was washed by tap water to remove adherences, dirt, and other surface
impurities. Then thin peels of pomegranate were taken manually with a stainless-steel knife
and cut into small pieces.

Extract preparation

Pomegranates peels were washed with water, chopped into small pieces, transferred into
respective beakers added with absolute ethanol, subsequently shaken with the help of a
magnetic stirrer, and then left for 72 h at room temperature. After separating the solvent from
the residue by straining, the filtrate was collected and stored at room temperature while the
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residue was re-extracted twice, each time with fresh solvent. Then, the evaporation of all
filtrates was done under reduced pressure at 60 °C using a rotary evaporator to obtain the
crude extracts that were weighed and stored at 4 °C, until further analysis. The stability of
anthocyanin extracts under the influence of frozen condition (-10 °C) and natural light was
studied at 3 days intervals. On the other hand, the stability of anthocyanin was examined at
30, 45, 60 and 75 °C for 30 minutes in a water bath so as to observe the impact of heating
temperature. In order to observe the influence of natural light on the stability of anthocyanin
extracts, some samples were stored in the light and the dark. UV-Visible Spectrophotometer
was used for measuring total anthocyanin content (TAC).

Total anthocyanin content (TAC) assay

TAC of the Pomegranate peel extracts was determined by adopting a slightly modified
method described by Selim et al. [23]. TAC was calculated and expressed as milligrams per
100g (mg/100g) using the following equation:

Absorbance of the sample x DFx100 )
mxE

where DF stands for dilution factor; m means the weight of the sample for making stock

solution; E refers to the extinction coefficient (55.9).

TAC=

Determination of antioxidant capacity

The antioxidant capacity of the extracts was determined using the DPPH method
described by Azlim Almey et al. [2]. Antioxidant capacity based on the DPPH free radical
scavenging ability of extracts was calculated using the following equation:

Absorbance of sample «100% @
Absorbance of sample
Each experiment was replicated three times.

% inhibition = {1—

Analysis of minerals

The contents of Phosphorus (P), Iron (Fe), potassium (K), calcium (Ca), and
Magnesium (Mg) were measured by Biochemical Analyzer (Humalyzer, 3000)
commercially available biochemical kit (Randox®) used for biochemical assay for both
natural & artificial color.

Preparation of apple jelly with natural and artificial color (a mixture of
E110, E122, and E330)

Apple jelly was prepared by using a method by Panchal et al. [22]. 250 mL of clear fruit
juice was poured into a stainless-steel pan for boiling. A required amount of pectin (4.99)
with a small amount of sugar (40g) was added in a stainless-steel pot. Another 100g sugar
was mixed with juice followed by boiling until the TSS become nearer to 55°Brix. Then
sugar mixed pectin was added with continuous boiling until TSS becomes nearer to 58 °Brix.
After that, 1.25g citric acid was added with continual boiling till the desired consistency and
TSS (67° Brix). Finally, the sodium benzoate and a small amount of natural color were added.
Jelly with artificial color was also made in the same way.
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Sensory evaluation of jelly

The Sensory evaluation of apple jelly samples (sample with natural color; sample with
artificial color, and commercial jelly) were performed using 9 points Hedonic scale [1]
(Amerine et al., 1965).

The scale were organized such that: Like extremely = 9, Like very much = 8, Like
moderately = 7, Like slightly = 6, Neither like nor dislike = 5, Dislike slight = 4, Dislike
moderately = 3, Dislike very much = 2, Dislike Extremely = 1.

Statistical analysis

Data collected in this study were analyzed by one way ANOVA (Tukey’s Multiple
Comparison Test), while significant differences between means of natural and artificial
colors at the level of p<0.05 were analyzed by independent sample t-test using SAS
(Statiscally analysis system) 9.3 and SPSS (Statistical Package for the Social Sciences)
version 16.0.

Result and discussion

Total anthocyanin content (TAC) in mg/100g at the frozen storage and influence
of light

Table 1 showed a significant difference (p< 0.05) of anthocyanin content among the
different conditions corresponding to the frozen storage, presence of light, and absence of
light at three days intervals (except in the 3rd and 6th days regarding the absence of light).
The result of the frozen pomegranate peel color showed that total anthocyanin content
decreased by 62.96% (48.3+0.4 to 17.89+1.29) approximately after 9th days’ frozen storage
(=10 °C). A similar effect was found in frozen pomegranate juice [18] in which total
anthocyanins decreased by 11% after 20 days’ frozen storage (—25 °C) attributed to a
concentration effect due to moisture loss or enhanced extraction of anthocyanins resulted
from tissue softening [18] (Hager et al., 2008).

The effects of light on anthocyanins (in Table 1) showed that the total anthocyanin
content was decreased by 44.87% (48.3+0.4 to 26.63+1.6) in the presence of light, opposed
t033.29% (48.3+0.4 to 32.22+1.38) in the absence of light after 9™ day of storage. The similar
effect found by Laleh et al. [14] for four Berberis species in which the destruction of total
anthocyanin content were 85.22%, 79.04%, 59.22%, and 26.4% respectively in the presence
of light, opposed to 72.06%, 21.23%, 96.61%, and 75.24% respectively in the absence of
light for B. integerrima, B. vulgaris, B. khorasanica and B. orthobotrys.

Total Anthocyanin Content (TAC) in mg/100g at Different Heating Temperature

Table 2 showed the total anthocyanin content (mg/100g) with the increase in heating
temperature (30°, 45°, 60°, and 75 °C) were 34.01 mg/100g, 30.43 mg/100g, 26.85 mg/100g,
and 23.37 mg/100g indicating the destructive effect of temperature on anthocyanin of color
from pomegranate peel. A similar effect was found by Maccarone et al. [15] for red-orange
juice at 15°C, 25°C, and 35°C during a 15-day period that revealed that the increase in
temperature accelerates the destruction of anthocyanins.
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Table 1
Total anthocyanin content (mg/100g) at the frozen storage (at -10 °C) and the influence of light

Total Anthocyanin Content (mg/100g)
Days | Frozen storage | Presence of light | Absence of light
(at-10°C)
0 48.3+0.42 48.3+0.42 48.3+0.42
3 32.22+2.02° 39.61+1.71° 41.7+2.98161°
6 25.06+1.16° 32.48+0.78° 35.8+2.57099°
9 17.89+1.29¢ 26.63+1.6° 32.22+1.38¢

Values containing different superscript letters stand for a significant

difference; the comparison was held across the days.
Results are means + standard deviation of triplicates (n=3).

Table 2
Total anthocyanin content (TAC) in mg/100g at different heating temperature

Heating temp (°C)

Total anthocyanin content

Control (no heat exposure)

48.3+0.42

30 34.01+3.53467°
45 30.43+3.61316"
60 26.85+2.55
75 23.3743.17°

Values consisting of different superscript letters refer to a significant
difference; the comparison was held across temperatures.
Results are means + standard deviation of triplicates (n=3).

Antioxidant Activity by DPPH (2, 2-Diphenyl-1-Picrylhydrazyl) Assay

Figure 1 shows the % inhibition of the natural color extracted from pomegranate peel
against the concentration (mg/mL) displaying the increase in the % inhibition with the dose.
The % inhibition was sharply increased (67.31%) initially (0.1 mg/mL) and increased slowly
later. Besides, the % inhibition at concentration 0.1 mg/mL is significantly different from 0.2
mg/mL, 0.4 mg/mL, 0.6 mg/mL & 0.8 mg/mL and vice versa whereas the % inhibition at 0.2
mg/mL is significantly different from 0.1 mg/mL, 0.4 mg/mL & 0.6 mg/mL and vice versa.
The IC50 value of the natural color was 0.04 pg/mL calculated from this non-linear
regression curve while Kanatt et al. [11] and Kasliwali & Quadri [12] found the 1C50 value
of Peel extract for DPPH radical scavenging was 4.9 pg mL-1 and 20 mg/mL respectively
which are higher than the current research probably caused by the impact of environmental
and cultivar differences of pomegranate fruit [5, 7, 20] (Gil et al. 2000; Opara et al. 2009;
Fawole et al. 2011).
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Figure 1. Dose-response curve for antioxidant activity of pomegranate peel color against
concentration (mg/mL) by the DPPH method

Analysis of Minerals of Natural & Artificial Color

Figure 2 shows the significant difference of mineral content (mg/100g) between two
colors (natural and artificial) at p<0.05 which shows 7.2 mg/100g Magnesium (Mg), 20.6
mg/100g Phosphorus (P), 2.15 mg/100g Calcium (Ca), 1.4 mg/100g Iron (Fe) and 147.6
mg/100g Potassium (K) for natural color whereas, the content of these minerals were 0.2
mg/100g (Mg), 0.39 mg/100g (Ca), 0.56 mg/100g (Fe) and 7.2 mg/100g (K) for artificial
color.

150 147.6
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o

Mineral content (mg/100g)
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Figure 2. Mineral content (mg/100 g) of Natural and artificial color

256 ——Ukrainian Journal of Food Science. 2020. Volume 8. Issue 2



Food Technology ——

No Phosphorus (P) was found in this artificial color. This variation might be due to their
compositions. On the other hand, Sharma et al. [24] found 667.95 mg/100g Ca, 72.82
mg/100g Mg, 52.48 mg/100g K, 5.7 mg/100g phosphorus, and 1.8 mg/100g closed to the
result for pomegranate peel extract powder. This variation between two results might be
originated due to the differences in pomegranate cultivar, soil type, agro-climatic &
environmental conditions, soil contamination, the bioavailability of trace elements, analytical
methods, e.t.c [4] (Fadavi et al., 2005).

Sensory Analysis of Jelly with Natural Color Extracted from Pomegranate Peel,
Avrtificial Color, and Commercial Jelly

Table 3
Sensory analysis of jelly The mean score for
appearance, color, flavor, texture as
well as overall acceptability of the

Attributes Samples | Mean £SD

Color SN 8.2+0.68

SA 7.8 £0.86%

SC 7.7 +£1.842

Flavor SN 8.07+0.82
SA 7.7+0.9%
SC 6.6+2.2b

Texture SN 8.1+0.528
SA 7+0°
SC 7.7€1.12

Taste SN 8.5+0.648
SA 8.1+0.74%
SC 6.6+1.4b

Appearance SN 7.9+0.74%

SA 7.5+0.922

SC 8.3+1.032

General SN 8.1+0.522

Acceptance SA 7.6+0.992

SC 7.2+1.57°

Here, SN= Sample of jelly with natural
color, SA= Sample of jelly with artificial
color, and SC= Commercial sample of
jelly.  Value containing  different
superscript letters refer to a significant
difference; the comparison was held
across attributes. Results are means =+
standard deviation of triplicates (n=3).
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jellies were evaluated, and the mean
score of their responses (p<0.05) are
represented in Table 3, revealing that
difference among sample with natural
color (SN), the sample with artificial
color (SA) and commercial sample
(SC) was not significant regarding
color, appearance, and general
acceptance, indicating equal
acceptability of all  samples
corresponding to that attributes.
Additionally, it also signified that
color from pomegranate peel did not
affect the quality attributes of
prepared jellies.
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Conclusion

The overall results of this study can be concluded that anthocyanin content of color

obtained from pomegranate peel are sensitive to the frozen condition, light exposure as well
as heating temperature. Also, the color possesses antioxidative properties having the 1Csg
value of 0.04 pg/mL and also rich in minerals. As the synthetic colors have safety and
legislative issues, it can be replaced by a natural one. From this point of view, these results
suggest that color extract from the pomegranate peel (Punica granatum L.), rich in both
antioxidants and minerals, could be sources of anthocyanins for the food colorant market.
Thus it could be a way of the utilization of pomegranate peel as by-products.

10.
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Introduction. An important direction in the development of
pectin technology is the development of a method for extracting
pectin from mixtures of secondary raw materials. By mixing raw
materials containing low- and high-esterified pectins, it is possible
to obtain pectins with specified functional properties: improved
structure-forming and complexing ability

Materials and methods. The subject of the study is the pulp
of potatoes, pumpkins and citrus peels and pectins, which were
obtained from each type of raw material, and from mixtures of
potato-citrus and potato-pumpkin raw materials. Extraction of
pectin was carried out by carrying out successive stages of
enzymatic treatment of raw materials, acid-thermal hydrolysis,
precipitation of pectin with ethanol, drying of the finished pectin.

Results and discussion. The parameters of hydrolysis of
combined potato-citrus and potato-pumpkin raw materials are set.
Based on the research of methods of obtaining pectin from
combined raw materials, it was found that the optimal ratio of
potato-citrus and potato-pumpkin raw materials is 50:50. The
hydrolysis process is carried out in two stages: the first — with the
participation of cellulases at a temperature of 45-50 °C, pH 5.5~
6.0 for 1.0-1.5 hours at a hydromodule of 1 : 8-10, and acid-
thermal hydrolysis is carried out in the presence of hydrochloric
acid at a temperature of 75-90 °C, the pH of the hydrolysis mixture
is 1.3—1.6 for 70—75 minutes.

The obtained pectins from the combined raw materials have a
high content of uronide component 60-74%, the degree of
esterification over 70% and high gelly-forming ability compared to
potato pectin, which has a degree of esterification of 40-50% and a
significant content of ballast substances. The combination of raw
materials makes it possible to obtain pectins with different
properties.

Conclusions. It is established that by combining potato pulp
with pumpkin and citrus raw materials and adjusting the
parameters of the hydrolysis process, it is possible to achieve high
rates of pectin extraction with predicted properties in terms of
gelling and complexing ability and more efficient use of secondary
raw materials.
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Introduction

Natural polysaccharide pectin is a unique biopolymer contained in plant raw materials
and has a wide range of functional properties. Industry produces pectins of three main types
— highly esterified, low esterified, low esterified amidated [2—4, 14]. Along with classical
pectins, for certain foods that have specific properties, Combi pectins are produced, which
are obtained from mixed vegetable raw materials, mainly from a mixture of apple and citrus
pomace [2].

The industrial raw materials for the production of pectin in the world are citrus peels,
apple pomace and to a lesser extent beet pulp [1, 3, 5, 7, 9—-11]. Particularly valuable in terms
of the formation of complex complexes with heavy metals and radionuclides are low-
esterified pectins with a high uronic component and complexing ability. Natural low-
esterified pectin is obtained from beet. Apple and citrus pectins are highly esterified.
Combined pectins are pectins obtained by hydrolysis of a mixture of different secondary raw
materials, which combine the properties of low- and high-esterified fractions [2]. In terms of
gem-forming properties, they occupy an intermediate position between classic apple and
citrus pectins. The viscous properties of apple pectins are complemented by the high elasticity
of citrus pectins [2]. There are also literature data on the study of combined pectins from
citrus peels and inflorescences of sunflower baskets [3]. However, there are many types of
pectin-containing raw materials that are not used for industrial production of pectin due to
the instability of the properties and composition of pectin substances, but in combination with
other raw materials that contain more pectin, could be of interest to industry. The issue of
extraction and use of potato and pumpkin pectin is insufficiently covered in the literature.

Processing pectin of secondary vegetable raw materials, which is a waste of canning,
juice, sugar and starch production, will solve the problem of waste disposal. Potato pulp,
waste of starch production as a raw material for pectin production is promising [6-8, 14],
however, potato pectin has an average degree of esterification of 40-50% and weak gelling
ability, depending on the variety of potato [3, 4]. Therefore, it was important to investigate
methods of combining potato raw materials with pumpkin and citrus, containing highly
esterified pectins, to obtain pectins with specified functional properties: improved structure
and complexing ability [7].

The aim of the research is to determine the influence of methods of combining
secondary raw materials containing low- and high-esterified pectins on the extraction of
pectins and their physicochemical properties.

Materials and methods

Materials

Fresh potato pulp, pumpkin pulp and citrus peels were used in the work. The raw
material was pre-washed from starch and ballast compounds, dehydrated and used with a
moisture content of not more than 70-72%. Pectic substances were extracted from each type
of raw material and mixtures thereof.

Chemical reagents and enzymes

Hydrochloric acid (concentrated solution, concentration 0.1 N, 0.5), ammonia
(concentrated solution), sodium hydroxide (concentration 0.1 and 0.5 N), ethyl alcohol
(96.6%).
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Cellulad (manufacturer Enzyme, Ukraine) is a complex microbial-enzyme preparation.
Contains fungi of the genus Trichoderma — the most active and most common destructors of
cellulose and lignin. Optimal parameters of action: temperature 25-50 °C, pH 5-7.

Methods of extracting pectin from secondary vegetable raw materials

Obtaining combined pectin from potato pulp and citrus peels. Extraction of pectin
was carried out by carrying out successive stages of acid-thermal hydrolysis-extraction,
separation of pectin extract, precipitation of pectin with ethanol, drying and grinding of the
finished pectin.

When obtaining pectin from a mixture of raw potato pulp — citrus peels, the following
methods were performed: for hydrolysis, a mixture of crushed potato pulp, dried at 60 °C,
and crushed citrus peels, dried at room temperature, was taken.

Due to the fact that the content of protopectin in citrus raw materials is quite high, and
the amount of potato pulp in the mixture is greater than citrus peels, hydrolysis was performed
at different pH values, temperature and duration of the process, namely: the first series of
experiments — for optimal extraction parameters potato pectin [3, 4], the second — for optimal
parameters of citrus pectin. All test samples were subjected to pre-treatment with enzyme
preparations of cellulolytic action under the following conditions: temperature 50 °C, pH
5.5-6.0, process duration 180 minutes.

In different series of experiments, the percentage of potato pulp (PP) and citrus peels
(CP) is 50:50, 60:40, 70:30, 80:20, respectively.

To study the effect of pH on the yield of pectin, a series of experiments were performed
at a ratio of raw materials PP:CP as 60:40 at pH 1.0; 1.3; 1.6 and 2.0 at a hydromodule of
1:10 at a hydraulic module of 1:10, a temperature of 75 °C and a duration of 70 minutes
(Figure 1).

In order to study the effect of temperature on the yield of pectin and its physicochemical
properties, a series of experiments on the hydrolysis of raw materials at a temperature of 90
°C. The ratio of PP:CP was chosen as 50:50, 60:40, 70:30, pH within 1.3, the duration of the
process 30 min (Table 1).

To study the hydrolysis process, the accuracy of setting the hydrolysis parameters: pH,
temperature and duration of the process was decisive.

Obtaining combined pectin from potato and pumpkin pulp. The combined pectin
was obtained by acid-thermal method with pre-enzymatic treatment. Raw material ratio
potato pulp and pumpkin pulp 50:50. After washing and pressing, the mixture was subjected
to the treatment of enzyme preparation of cellulolytic action at a temperature of 50 °C, pH
6.0 for 1.0 h, adding Cellulad in the amount of 9 units. CIA/g of cellulase activity at a
hydromodule of 1:10. After completion of the enzymatic hydrolysis, the process was
continued by adding a solution of hydrochloric acid to the pH of the hydrolysis mixture 1.4—
1.6 at a hydraulic modulus of 1:10, the hydrolysis temperature of 72—75 °C, the duration was
70-75 minutes.

At the end of the hydrolysis process, the solid phase was separated from the liquid and
cooled to room temperature, after which the extract was neutralized with ammonium
hydroxide to pH 3.5-4.5, coagulated pectin substances in the extract with ethyl alcohol,
separated the coagulate, washed with ethanol, dried and crushed.
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Methods of research of pectin extract

In the pectin extract was determined: dry matter content (DM) by refractometric
method, pH — potentiometrically [3, 4]. The yield of the target product (%) was calculated
by weight of the raw material.

Methods of research of pectin powder

The obtained dry pectin was investigated by the following methods: content of ballast
substances — by weight method; analytical characteristics — the content of free and esterified
carboxyl groups, uronic component was determined by titrimetric method [3, 4].

Determination of the mass fraction of ballast compounds [3, 4]

A portion of pectin weighing 3—4 g was placed in a conical flask, filled with acidified
alcohol (100 cm? of 70% ethyl alcohol and 5 cm® of concentrated hydrochloric acid) and
stirred for 15 minutes. The mixture was then quantitatively transferred to a glass filter and
washed with acidified alcohol until negative for Calcium ions and Aluminum ions.

The precipitate was washed with pure 75% alcohol until a negative reaction to chlorine
ions, then pure 96% alcohol and dried in an oven at a temperature of 80—85 °C to constant
weight. The number of ballast compounds (B, %) was calculated by the formula:

= G -6G) .100 (1)
1
where G, — mass of pectin g.; G2 —mass of pectin after washing with alcohol, g.

B

Determination of the mass fraction of free carboxyl groups [3, 4]

1 g of industrial and dried pectin was placed in a 300 ml flask, moistened with pure 96%
ethyl alcohol to pre-form lumps and 100 ml of distilled water was added, stirred and left
overnight until the pectin was completely dissolved. The solution was titrated with 0.1 N
NaOH by adding six drops of Hinton indicator until a red color appeared, which did not
disappear for 1 minute.

The content of free carboxyl groups is calculated by the formula, %:

K, = ”'g' 5 100 @)

2

where, ¢ — amount of 0.1N NaOH solution that went to the titration 1 ml of solution
corresponds to 0.0045 g of -COOH

The content of methoxylated carboxyl groups was determined in the same solution [3,
4]. To the neutralized sample after determining the content of free carboxyl groups was added
from a burette 10 ml of 0.5N NaOH. The flask was closed and left for 2 hours at room
temperature to hydrolyze methoxylated carboxyl groups. Then 10 ml of 0.5 N HCI was added
to the solution from a burette and the excess of the latter was titrated with 0.1 N NaOH.

The amount of 0.1N NaOH, which was spent on the second titration, corresponds to the
number of esterified groups KE, % in the test sample, which was calculated by the formula:

M .100 3)
2

where, b —amount of 0.1N NaOH spent on the second titration, ml; G; is the mass of washed

and dried pectin.

K. =
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The degree of esterification of pectin 4, % was calculated by the formula:

2=%e 100 )
K

T

where Ky —total content of carboxyl groups, K; = K¢ + K¢ .

Results and discussion

Research on methods of extracting pectin from a mixture of potato pulp and citrus
peels

In different series of experiments, the percentage of potato pulp (PP) and citrus peels
(CP) is 50:50, 60:40, 70:30, 80:20, respectively. One of the important factors influencing the
yield and properties of pectin is pH [1, 5]. The hydrolysis of the protopectin complex should
be carried out in such a way that the intermolecular bonds of protopectin with metal ions are
cleaved, but the glycosidic bonds in pectin are not broken [1]. The results of a series of studies
of the effect of pH hydrolysis on the yield of pectin are shown in Figure 1.

18
16 —

14
12 )
10

Yield of pectin, %

o N A O

pH1.0 pH13 pH16 pH2.0

Figure 1. Effect of pH on the yield of potato-citrus pectin

According to the diagram, the highest yield of pectin, respectively 15.0 and 15.34%, is
observed at low pH values — 1.0 and 1.3. Slightly less pectin was removed at pH 1.6—11.82%.
The lowest yield of pectin (7.7%) was observed at pH 2.0. Also, it should be emphasized that
the coagulates obtained by ethanol precipitation are quite strong in the first three samples, in
contrast to the latter, where the precipitated pectin was mainly in the form of small flakes.
Thus, the pH of the hydrolysis of the mixture of raw materials 2.0 is not effective for the
hydrolysis of both potato and citrus raw materials. The use of a mixture of raw materials
requires more stringent conditions for the hydrolysis of protopectin and its conversion into a
soluble state. Thus, the following studies were performed at pH 1.3.
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According to the literature, insoluble protopectin predominates in citrus peel cells [1, 2,
5], so acid hydrolysis is carried out at sufficiently high temperatures, as the rate of hydrolysis
of glycoside bonds of protopectin increases with increasing temperature. The next series of
studies was carried out at the optimal pH value of 1.3 and the process temperature of 90 °C
in order to determine the optimal ratio of raw materials (Table 1).

Table 1
Physico-chemical parameters of the combined pectin obtained from a mixture of potato pulp
and citrus peels under conditions of acid hydrolysis: temperature 90 °C, pH 1.3, process
duration 30 min

Sample 1 Sample 2 Sample 3
Characteristics (raw material (raw material (raw material
ratio 50:50) ratio 60:40) ratio 70:30)

Yield of pectin, % 17,3 15,4 13,7
Content of ballast substances, % 12,0 10,0 9,0
oSoontent of free carboxyl groups, 40 3,06 2,08
Content of methoxyl groups, % 8,75 8,55 7,43
Degree of esterification, % 68,90 73,60 71,40
Content of pure pectin (uronide 52,50 48.10 430
component), %

Molecular weight 10445 9660 9162

Table 1 shows that the highest yield of alcohol-precipitated pectin and the best
physicochemical parameters are observed at a ratio of 50:50, ie when for hydrolysis took
equal proportions of citrus and potato raw materials. As the citrus content decreases and the
content of raw potato increases, the yield of pectin decreases, which can be explained by the
higher content of pectin substances in citrus peels, as well as the partial destruction of potato
pectin at high hydrolysis temperature. Accordingly, the uronic component of the combined
pectin decreases. The decrease in the content of the uronic component, in our opinion, is due
to the presence of starch polysaccharides, which also coagulate in the presence of alcohol.
The amount of dextrins — products of starch hydrolysis — increases with increasing proportion
of potato pulp. On the photomicrograph of the sample of the combined pectin made by means
of the scanning electron microscope (Figure 2), even not destroyed grains of starch are clearly
visible.

When the ratio of potato and citrus raw materials as 50:50 were obtained samples of
pectins with the highest molecular weight values (Table 1). This indicator indicates the best
gelling properties of combined pectin.

Study of the method of extracting pectin from a mixture of potato pulp and
pumpkin pulp

To obtain the combined pectin by the second method used potato pulp and waste of
canning production — pumpkin pulp. This choice of raw materials is due to the availability
and high content of pectin [2-4]. For experiments, fresh raw materials were taken in different
proportions. To obtain pectin used enzymatic—acid hydrolysis of each type of raw material
separately and mixtures thereof.
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Figure 2. Scanning electron micrograph of a sample of potato-citrus pectin
(raw material ratio 50:50, resolution 1 nm)

As can be seen from Figure 3, the yield of alcohol-precipitated pectin from a mixture of
raw materials taken in equal proportions is higher than from each raw material separately,
which in our opinion is due to the interaction of these raw materials and pectin properties and
more complete ethanol precipitation. We noticed that the degree of esterification and uronic
component are values closer to the highly esterified sample of the two taken in the mixture.

16 1517
14 13,3

12
10

10,15

Yield of pectin, %

o N b~ OO

Pumpkin pulp Potato pulp  Mixture of potato
and pumpkin
pulp

Figure 3. Pectin yield from pumpkin, potato pulp and their mixture
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The indicators of the combined pectins obtained using raw materials in equal
proportions, determined by the titrometric method, are shown in Table 2.

Table 2
Physico-chemical parameters of pectin
Parameters Potato Citrus Pumpkin Potato- Potato-
pumpkin citrus

Yield of pectin, % 13,0+0,2 21,3+0,5 13,3+0,2 13,50+0,5 17,3+0,1
Contentofballast | (2505 | 317402 | 9,80£0,1 | 8,80£0,10 | 12,0405
substances, %
Content of free
carboxyl groups, %
Content of esterified
carboxyl groups, %
Content of esterified
carboxyl groups, %
Uronides component,
%

Degree of
esterification, %

5,26£0,5 | 7,45+0,2 3,6+0,1 3,60+0,10 4,0+0,5

4,80+0,5 | 19,65+0,1 | 14,3+0,2 14,23+0,5 8,75+0,5

10,06+0,5 | 27,0+0,1 | 17,9+0,3 17,83+0,5 12,75+0,5

41,1+£0,5 | 68,30+0,5 | 69,4+0,5 74,0+0,5 63,0+0,2

47,7£1,0 | 73,0+1,5 | 80,01+1,0 | 79,0+1,0 70,9+1,0

The obtained data show that pectin from combined potato-pumpkin raw materials has
improved properties compared to potato pectin. The degree of esterification of pectins from
the combined raw material is close in value to pectins with a high degree of esterification
inherent in pumpkin raw materials. As can be seen from the data of Table 2, obtained in this
way samples of combined pectins have a content of uronic component of 74%, the degree of
esterification of 70-80%. Testing for gelly-forming ability showed that combined pectins
have a better ability to structure than pectins obtained from each type of raw material. The
obtained samples of combined pectin have a high complexing and gelling ability. Thus, the
combination of raw materials makes it possible to obtain pectins with different
physicochemical properties.

Conclusions

Based on the research of methods of obtaining pectin from combined potato-citrus and
potato-pumpkin raw materials, it is established that the optimal ratio of raw materials is
50:50. The hydrolysis process is carried out in two stages: the first — with the participation
of cellulases at a temperature of 45-50 °C, pH 5.5-6.0 for 1.0-1.5 hours. at a hydraulic
modulus of 1:8-10, and acid-thermal hydrolysis is carried out in the presence of hydrochloric
acid at a temperature of 75-90 °C, the pH of the hydrolysis mixture 1.3-1.6 for 7075 min.

It is established that by combining potato pulp with other raw materials it is possible to
increase the yield of pectin and change its physicochemical properties. The content of uronic
component 74%, the degree of esterification of 80%, high complexing and gelling ability
indicate the possibility of using pectins from combined raw materials in the creation of
functional foods. The combination of pumpkin and citrus raw materials with potato pulp
allows you to get new types of pectin and more efficient use of secondary raw materials.
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Introduction. The antioxidant properties of cumin oil are used
to inhibit destructive processes in sunflower oil. The chemical
resistanse of sunflower oil and f mixtures of sunflower oil and
cumin seed oil was studied.

Materials and methods. The chemical values for samples for
vegetable oils and their binary mixtures during long-term heating
at 180-195 °C were monitored. The content of free acids and
unsaturated compounds was determined by titrometric method,
the content of polyphenols and carbonyl compounds — by
spectrophotometric analysis..

Results and discussion. The most change of acid value from
the start of the frying experiment to the end of the 20 hour frying
was shown for sunflower oil. The least change of the acid value
during frying was found for mixture of sunflower oil and black
cumin oil, especially for a mixture with a higher content of cumin
oil. The higher oxidative resistance of black cumin oil compared
to sunflower oil is due to the higher content of saturated acids and
oleic acid (monounsaturated) and the low content of
polyunsaturated fatty acids in triacylglycerols.

As expected, the iodine value of oils decreases during frying,
that means a destruction double C-C bonds of fatty acids residue
in triglyceride molecules. The most significant relative decrease
in iodine value was noticed for sunflower oil, and the percentage
of iodine value decrease was 6.62% at the end of the frying terms.
However, the decrease in the iodine value of the mixtures of
cumin oil and sunflower oil in the ratio of 10:90 and 20:80 was
less.

An increase in thiobarbituric acid value (TBA) during frying
was observed for all oil samples. The highest TBA was shown for
sunflower oil at the end of the frying terms. At the same time, for
oil mixture with most content of cumin oil the TBA was lowest
at the end of the frying terms. The less changes in TBA of oils
indicates that natural antioxidants in cumin oil have an inhibitory
effect on the formation of secondary oxidation products during
frying terms.

Conclusions. Blending sunflower oil with cumin oil leads to a
positive effect on the chemical resistance of oil compositions
under heating conditions.
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Introduction

Sunflower oil is widely used in food, cosmetic and pharmaceutical industries. This
vegetable oil is a suitable medium for fat-soluble vitamins — important components in the
human diet.

Like most vegetable oils known for a high content of triglycerides of unsaturated fatty
acids, sunflower oil tends to oxidize during contact with atmospheric oxygen, that leads to a
deterioration of the organoleptic characteristics for the oil, a decrease in its nutritional value,
as well as the formation and accumulation carbonyl and carboxyl compounds of various
length carbon chain. Oxidation processes in oils accelerate significantly with increasing
temperatures and especially under deep-fat frying conditions, where the temperature reaches
190 °C [1]. Chemical transformations of triglycerides are influenced by different
components, for instance, moisture, that contained in food immersed in hot oil[2]. Oxidative
reactions of lipids are inhibited in various ways, for example, by inactivation of enzymes that
catalyze oxidation, the addition of chelating agents, or the addition of antioxidants of both
synthetic and natural origin.

Among antioxidants, substances of natural origin are of particular interest, since, unlike
synthetic analogues, they are ecologically safe. As nature antioxidants, some extracts from
various herbal plants, such as rosemary, Chinese green tea, and cumin containing substances
with antioxidant activity that can inhibit radical oxidation processes and thereby extend the
shelf life of the oil, are used.

Blending has long been used to modify oils and fats in order to improve their functional
properties and therefore better use them in food. Blending oils with other oils influences their
physicochemical properties not changing their chemical composition [3]. Blending oils is
used to obtain compositions with good resistance to oxidation under frying conditions
through some substances in one of the oils providing protective effect. Such oil compositions
can be safely reused for frying foods [4].

Phenol derivatives are important components of vegetable oils, the amount of them
correlates with the resistance of triglycerides of the oil to the action of oxidants [5, 6].
Sunflower oil has a good nutritional profile and low oxidation stability. Oxidative
degradation of unsaturated fatty acids is one of the main reasons for the deterioration of the
organoleptic properties of the oil and a decrease in its nutritional value [7].

Black cumin seeds contain 36% oil, and the fatty acid profile of cumin oil is similar to
sunflower oil. Black cumin has unique nutritional profile, its oil, used in both cooking and
medicine, is enriched with phytochemicals. Due to the content of tocopherols, carotenes and,
especially, various polyphenols in cumin oil, it can be considered as a source of natural
antioxidants.

The aim of this study was to evaluate the chemical parameters of binary mixtures of
sunflower and cumin oils subjected to prolonged high-temperature exposure by determining
the acid value, iodine value and thiobarbituric acid value (TBA).

Materials and methods

Black cumin seeds and refined sunflower oil were purchased from a local supermarket.
All reagents and chemicals used in the work were of analytical grade.
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Extraction of black cumin seed oil

The seeds were crushed and pressed on a hydraulic laboratory press. The resulting oil
was dried over anhydrous sodium sulfate. Filtered dry oil was stored at 4 + 0.5 °C in a brown
glass bottle.

Preparation of binary mixtures. Black cold pressed cumin oil was mixed with
sunflower oil in proportions (% vol.); 0: 100, 10:90, 20:80. The initial analysis of binary
mixtures was carried out after preliminary homogenization of the samples at 60 °C.

Frying process. about 500 ml of refined sunflower oil and its binary mixtures with black
cumin seed oil were placed in a stainless steel food container and heated to 185-190 °C with
10-15 g of frozen mushrooms were immersed in the heated oil. Oil samples were taken every
5 hours with continuous frying for 20 hours, cooled and stored at —10 °C until chemical
analysis.

Determination of fatty acid composition of black cumin seed oil and refined
sunflower oil

The fatty acid composition of the individual oil samples was determined by gas
chromatography (GC) [15]. The triglycerides of the studied oils were subjected to hydrolysis
and subsequent methylation. The obtained methyl esters of carboxylic acids were analysed
on an automatic gas chromatograph with a flame ionization detector to identify the
composition and determine the mass fraction of individual fatty acids.

Determination of thiobarbituric acid value

For samples of sunflower oil and binary oil mixtures subjected to heat treatment, the
thiobarbituric acid value was additionally determined. The 2-thiobarbituric acid (TBA) value
is a frequently used measure of the oxidation degree of oils, fats, and fatty foods and
characterizes the accumulation of carbonyl compounds in oil that are intermediate products
being resulted by oxidized destruction triglycerids and do not influence acid value of oil. The
method for determining the thiobarbituric value is based on the reaction of thiobarbituric acid
with different aldehydes [16], formed during the oxidation of unsaturated fatty acids, among
them malondialdehyde [17] (Figure 1).

o)
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. CRSN s— CH-CH=C Vs
H H > N Y N
S H H (e} o H

Figure 1

Therefore, the TBA-value is often expressed in mg of malondialdehyde per 1000 g of
vegetable oil [2]. Carbonyl compounds react with thiobarbituric acid to form colored
compounds, the content of which can be determined photometrically at a wavelength of 532
nm [16, 17]
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1000 mg of each oil sample is dissolved in propan-1-ol, and the solution of
thiobarbituric acid (TBA) is made up with the same solvent by dissolving 400 mg TBA in
100 ml propan-1-ol. A volume of 3 ml each sample solution and 3 ml TBA-reagent are mixed,
stoppered, the content placed into a silicon oil bath and stirred at 95 °C for 2 h. Then the
mixture is cooled by running tap water for about 10 min, and the absorbance is measured
(within 30 min) at 530 nm using the blank solution in the reference cell (the molar extinction
coefficient is 1.56 - 10° cm™* - M?1). A blank is carried out in the same way using 3 ml of
propan-1-ol instead of the oil sample solution.

Results and discussion

Chemical analysis of black cumin seed oil and refined sunflower oil

Based on the results obtained, it can be argued that the oils used have a similar
composition according dominant fatty acids — linoleic and oleic. It should also be noted the

presence of ~ 10% polyunsaturated acids (Omega-3) in the cumin seed oil and a higher
content of saturated carboxylic acids than in sunflower oil.

Table 1

Fatty acid composition of Black Cumin seed oil and refined Sunflower oil

Fatty acid type Cumin oil | Sunflower oil
Total unsaturated fatty acids, 83.64

including; 79.85

Oleic acid 16.59 28.47
Linoleic acid 42.76 56.71
Total saturated fatty acids 15.13 9.75
Total fatty acids 94.98 93.39

Chemical indicators of the quality of the studied oils: acid value, iodine value, as well
as the total content of phenolic compounds in black cumin seed oil and in sunflower oil are
shown in Table 2 [8].

Table 2
Chemical indicators for Black Cumin seed oil and refined Sunflower oil
Black Cumin Refined
Value . .
seed oil Sunflower oil

Acid value (as mg KOH/g oil) 2.8 (uptold) 0.4
lodine value 112 123
Content of polyphenols (in terms of gallic 135 i
acid, mg /100 g)
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Changes in acid value

The acid value was used to assess the degree of hydrolysis of oil triglycerides during
frying and the dynamics of change them influenced by the product subjected to heat treatment
[9, 10]. Changes in the acid value of sunflower mixed with various portions of black cumin
oil during deep-frying at 185-190 °C are shown in Figure 2.
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Figure 2. Changes in acid value for oils during deep-frying:
1 —sunflower oil;
2 —cumin and sunflower oil as 10:90;
3 —cumin and sunflower oil as 20:80

The most initial acid value of the oil as 0.16 mg KOH/g oil is determined for binary oil
mixture containing cumin and sunflower oil as 20:80. The least acid value as 0.13 mg KOH/g
oil is characterized for refined sunflower oil.

Frying of the studied oils at 185-190 °C for 20 hours led to a gradual increase in the
acid value that indicates the formation of free fatty acids with an increase in the frying time
as a result of the oxidation and hydrolysis of oil triglycerides [11, 12]. The most change of
acid value from 0.13 at the start of the frying experiment up to 0.53 (relative change is as 307
%) at the end of the frying period was shown for sunflower oil. The least change of the acid
value is found for mixture of sunflower oil and black cumin oil with a higher content of cumin
oil. The increase in the acid value of the mixtures of cumin oil and sunflower oil in the ratio
of 10:90 and 20:80 was less and amounted to 200 % and 163 % at the end of frying,
respectively.

The higher oxidative resistance of black cumin oil compared to sunflower oil is due to
the high content of saturated acids and oleic acid (monounsaturated) and the low content of
polyunsaturated fatty acids in triacylglycerides and by content of a large amount of phenolic
compounds with antioxidant and anti-hydrolysis properties [8]. The data obtained on the

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue2— 273



Food Technology ——

relative increase in the acid number of the samples indirectly confirm the formation of free
acids not only as a result of hydrolysis of triglycerides, but as a result of oxidative destruction
of double C-C bonds of unsaturated fatty acid residues.

Changes in iodine value

The iodine value is one of the parameters used to assess the quality of oil [13] that
correlates with the degree of unsaturation in oils. The most initial iodine value is found for
sunflower oil, the least one — for mixture of cumin and sunflower oils in ratio as 20:80. The
lower initial values of the iodine value of the obtained binary oil mixtures in comparison with
sunflower oil one are explained by the higher content of monounsaturated fatty acids in cumin
oil.

As expected, the iodine value of oils decreases during frying, that means a destruction
double C-C bonds of fatty acids residue in triglyceride molecules [14]. The most significant
relative decrease in iodine value was noticed for sunflower oil, and the percentage of iodine
value decrease is 6.62 % at the end of the frying terms. However, the decrease in the iodine
value of the mixtures of cumin oil and sunflower oil in the ratio of 10:90 and 20:80 is less
and amounted to 6.29 % and 5.88 % at the end of frying, respectively. Auto-oxidation of
triglycerides of sunflower oil proceeds faster, since it contains about 65% polyunsaturated
linoleic acid [15]. The phenolic compounds contained in caraway oil largely suppress the
course of radical oxidation processes. Therefore, the addition of cumin oil with a higher
content of monounsaturated acids and natural antioxidants to sunflower oil reduces the
oxidation rate, as evidenced by the relatively low decrease in the iodine value (Figure 3).
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Figure 3. Changes in iodine value for oils during deep-frying:
1 — sunflower ail;
2 —cumin and sunflower oil as 10:90;
3 — cumin and sunflower oil as 20:80
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Changes in thiobarbituric acid value (TBA)

Changes in the thiobarbituric value (absorbance at 532 nm) for sunflower oil and binary
mixtures of oils during deep-frying at 185-190 °C are shown in Figure 4. An increase in TBA
during frying was observed for all three oil samples. The most change of thiobarbituric acid
value from 0.07 at the start of the frying experiment up to 0.92 was shown for sunflower oil
(0.97 as absorbance at 532 nm) at the end of the frying terms. At the same time, the TBA of
mixture consisted of cumin oil and sunflower oil in ratio 20:80 was lowest at the end of the
frying terms.

The relative change in thiobarbituric acid values for all samples was found to be
approximately the same, which can be explained by the higher content of polyunsaturated
fatty acids in cumin oil. Linoleate hydroperoxides are known to decompose faster than oleate
ones [18]. The ratio of oxidated oleate: linoleate: linolenate has been reported to be on the
order of 1:12:25 [18]. These literature data are consistent with the discussed results of carried
out experiment.

However, it may be concluded, the less changes in TBA of oils indicates that the
presence of natural antioxidants in cumin oil has an inhibitory effect on the formation of these
secondary oxidation products during frying terms.
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Figure 3. Changes in thiobarbituric value for oils during deep-frying:
1 — sunflower oil;
2 — cumin and sunflower oil as 10:90;
3 — cumin and sunflower oil as 20:80
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Conclusions

Cumin oil contains a significant amount of polyphenolic compounds and is therefore a

promising source of natural antioxidants to create oil compositions.

It is shown that the blending sunflower oil with cumin oil has a positive effect on the

resistance of triglycerides under deep-heating conditions and to hydrolysis.

Comparative analysis of the chemical parameters of the studied oil compositions shows

that the greater resistance of triglycerides to thermal destruction correlates with a higher
concentration of cumin oil in the mixture.

Thus, mixtures of cumin and sunflower oil are more suitable for deep frying than just

sunflower oil.
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Introduction. This study investigated the possibility of
producing condiments from fermented locust bean seeds, onion
and ginger flour blends

Materials and methods. The fermented locust bean seeds,
onion and ginger were milled into flours and mixed in different
proportions using a simplex-centroid design with resulting into
13 different experimental runs to produce different blends of
condiments.

Results and discussion. The functional properties of
fermented locust bean, onion and ginger blends ranged from 5.89-
6.72%, 5.27-10.87%, 3.31-4.59%, 2.31-3.03%, 0.64-1.12%,
0.59-63 g/ml for swelling power, solubility, gelation capacity,
water absorption capacity, oil absorption capacity, and bulk
density respectively. The swelling power and solubility index
ranged from 5.89 to 6.72% and 5.27 to 10.87% respectively.
Sample 72.25: 24.25:3.5 had the least value for swelling power
while sample 75:21:4 had the highest value for swelling power.
The interactive effect of fermented locust bean and onion powder
had a significant (p<0.05) effect on swelling power and solubility
index of fermented locust bean, onion and ginger flour blends.
Water absorption capacity ranged from 2.31 to 3.03%. Sample
72.25: 24.25: 3.5 had the least value for water absorption capacity
while sample 75:21:4 the highest. The interactive effect of
fermented locust bean and onion powder as well as fermented
locust bean and ginger had a significant (p<0.05) effect on oil
absorption capacity. Lightness, redness and yellowness ranged
from 39.49 to 45.07, 2.01 to 2.71 and 12.66 to 15.30 with sample
of 72: 25:3 having the highest for lightness and yellowness while
sample 75: 21:4 the least for lightness and yellowness. The pH
varied between 5.51 and 5.65. There were no significant (p>0.05)
effect of fermented locust bean, onion and ginger flour on pH.
The sensory attributes for all the parameters were scored liked
slightly and liked moderately.

Conclusion. The incorporation of onion and ginger flour to
fermented locust bean had a significant effect on the functional
properties of the condiments from flour blends.
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Introduction

Condiments are generally defined as a substance applied to food in the form of a sauce,
powder, spread or anything similar to increase or improve the flavour [1]. In some developing
countries such as Nigeria, condiments are always produced from fermented beans, fermented
melon seed, fermented soybeans, fermented cotton seed and fermented pigeon pea which
were commonly used to season food. The making of condiments is mainly on a traditional
small-scale, household basis under extremely variable conditions [1].

Fermented locust beans are products locally known as “iru”, “dawadawa” or “ogiri”
in Yoruba, Hausa and Igbo languages respectively according to Adejumo et al. [2]. They are
produced locally from mature seeds of African locust bean (Parkia biglobosa) pods. They
are usually used as flavor enhancer and in soups and stew. African locust bean is nutritious
asitisrich in protein and some other beneficial food components. It serves as a cheap source
of protein for most low-income families in Nigeria whose protein intake is low due to high
costs of animal protein sources [3]. According to Omafuvbe et al. [4] fermented locust bean
is well-known for its characteristic ammoniacal odour and flavour which enhances the taste
of traditional soups and sauces. Although this special flavour is generally acceptable by most
consumers of delicacies made with fermented locust bean, sometimes, this strong flavour as
well as the appearance of the seeds in foods limits its consumption. Hence, depriving
consumers’ access to the health benefits embedded in the consumption of this fermented
locust bean condiment product [5]. However, spices such as ginger and onion as well as some
other spices can be used to mask these undesirable sensory characteristics and enhance its
acceptability.

According to Ajayi et al. [5], fermented locust bean (Iru) condiment has a shelf life of
about 2 to 3 days without any additives or preservation process such as drying, refrigerating
or freezing where it is available to reduce its deterioration. Locally or traditionally, the
deterioration of fermented locust bean condiment is reduced by the addition of salt and/or
sun drying in most homes. Drying reduces the moisture content of food thus inhibiting
microbial activities and hence extends shelf life. It will also help to reduce the intensity of
the flavor associated with fermented locust bean seeds that is detested by some consumers.
Hence, the production of a shelf stable condiment from ground dried fermented locust bean
seeds will increase its availability, acceptability and utilization. Thus, this study was aimed
at evaluating the functional properties and sensory acceptability of a shelf stable condiment
from fermented locust bean seeds, ginger and onion powders.

Materials and methods
Materials

Fresh ginger roots and onion bulbs was obtained from Osiele market in Abeokuta,
Nigeria while fermented locust beans were purchased from the local producers in Adatan
market, Abeokuta, Nigeria.

Processing of Fermented locust bean seeds flour

The modified method described by Omafuvbe et al. [4] was used in preparing the
fermented locust bean. The seeds were sorted to remove foreign matters. It was then washed
to remove dirt and other impurities. After which it was drained to remove excess water and
spread on a tray to begin the drying process. The samples were dried at 60 °C for 9 h using
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the hot air oven (Model T12H Genlab, England) The dried samples were milled using
laboratory hammer milling machine (Fritsch, D-55743, Idar-oberstein-Germany) and the
milled sample was sieved (using 250um screen) to obtain the flour. Locust bean seed flour
was packed sealed in polyethylene bag for further analysis.

Processing of ginger flour

The method described by Adebayo-Oyetoro et al. [6] was used in the preparation of
ginger flour. The fresh ginger roots were carefully sorted and peeled. After which it was cut
into smaller pieces and then washed. It was wet milled, after which it was dried in a hot air
oven (Model T12H Genlab, England) at 65 °C for 9 h and was milled using laboratory
hammer milling machine (Fritsch, D-55743, Idar-oberstein-Germany and was further sieved
(using 250um screen) to obtain a flour for further analysis.

Processing of onion flour

The method described by Michalak-Majewska et al. [7] was used in the preparation of
onion flour. The onions bulbs were carefully selected, cleaned and washed to remove dirt and
impurities. It was then peeled, sliced thinly and soaked in 15 litres of water containing 3 g of
potassium metabisulphite for 15 min. After which it was dried in a cabinet dryer at 60 °C for
24 h. The dried samples were milled, sieved to obtain fine flour and packed in polyethylene
bag for further analysis.

Composition of the different formulations based on experimental design

A Simplex-centroid design of the mixture experimental design was used to optimize
ingredient blends for obtaining condiment blends with onion and ginger powder as process
variables on some attributes of condiments made from these mixtures as dependent variables
(Table 1).

Table 1
Composition of the Different Formulations Based on Experimental Design (%)
Fermented locust | Onion flour | Ginger flour
bean flour
73.75 23.75 2.5
73 25 2
75 21 4
75 22 3
72.25 24.25 3.5
71 25 4
73 25 2
71 25 4
73 23 4
72 25 3
75 23 2
75 21 4
74.25 22.75 3
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Each flour blend composition was thoroughly mixed to obtain a homogenous blend.
The composite flour blends were packed in different polythene bag and stored in airtight
containers at room temperature prior to analysis and use.

Determination of swelling power and solubility index

The swelling power and solubility index were determined using the method described
by Takashi and Siebel [8] and Oke et al. [9]. One gram of flour was weighed into a 50 ml
centrifuge tube. Fifty millilitres of distilled water was added and mixed gently. The slurry
was heated in a water bath at 90 °C for 15 min. During heating the slurry was stirred gently
to prevent clumping of the flour. On completion, the tube containing the paste was
centrifuged at 3,000 rpm for 10 min using a centrifuge machine (Centrifuge model 90-1,
England). The supernatant was decanted immediately after centrifuging. The weight of the
sediment was taken and recorded. The moisture content of gel was thereafter determined to
get dry matter content of the gel.

weight of wet massof sediment

Swelling Power = > -
weight of dry matter inthe gel

weight of dry solids after drying

Starch solubility index % = -
weight of sample

x100

Water absorption capacity (WAC)

The method described by Onwuka [10] was used. About 1 g of the flour sample was
weighed into a 15 ml centrifuge tube and suspended in 10 ml of water. It was shaken on a
platform tube rocker for 1 min at room temperature. The sample was allowed to stand for 30
min and centrifuged at 1200 rpm for 30 min. The volume of free water was read directly from
the centrifuge tube.

WAC (%) = Amounto:‘N wfeltstr afdded —IFreewater x Density of water 100
eight of sample

Oil absorption capacity (OAC)

The method described by Onwuka [10] was used for oil absorption capacity. About 10
ml refined olive oil was added to 1g of each sample of powder in a weighed 25 ml centrifuge
tube. The tube was agitated on a vertex mixer for 2 min. It was centrifuged at 4000 rpm for
20 min. The volume of free oil was recorded and decanted. Oil absorption capacity is
expressed as ml of oil bound by 100 g dried powder

OAC (%) = Amour\]/tvof Ohltl a;jded —IFreGOII x Density of refined corn oil < 100
eight of sample
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Bulk density

Bulk density was determined using the method described by Wang and Kinsella [11]
and Oke et al. [12]. Ten grams of the sample were weighed into a 50 ml graduated measuring
cylinder. The sample was packed by gently tapping the cylinder on the bench top. The volume
of the sample was recorded.

Bulkdensity(ij Weight of sample

B Volumeof sample after tapping

ml

Gelation capacity

This was determined using the method described by Adeleke and Odedeji [13]. About
2-20% suspension was prepared with 5 ml distilled water in a test tube. The tubes containing
the suspension were heated for 1 hour in a boiling water bath. It was cooled under running
water at 4 °C for 2 h. The test tu was inverted to see if content will fall or slip off. The least
gelation concentration is that concentration when the sample from the inverted test tube does
not fall off.

Colour measurement of fermented locust bean, onion and ginger condiment flour
blends

Tolour measurement ocondiment flour samples were measured by Minolta Chroma
meter (CR-410, Japan). The colour meter was calibrated against a standard calibration plate
of a white surface and set to CIE Standard Illuminant C. The L*, a*, b*values are average of
ten readings. The color brightness co-ordinate L*measures the whiteness value of a color and
ranges from black at 0 to white at 100. The chromaticity co-ordinate a*measures red when
positive and green when negative, and chromaticity coordinate b*measures yellow when
positive and blue when negative.

Sensory evaluation of fermented locust bean, onion and ginger condiment flour
blends

The method described by Iwe [14] was used for the sensory evaluation. Thirty untrained
panelists were asked to score the condiment samples using a 9point hedonic scale based on
the degree of likeness where 1 represent dislike extremely, 5 represent neither like nor dislike
and 9 represent like extremely. The condiment attributes evaluated was appearance, aroma,
taste, flavour and overall acceptability.

Statistical analysis

Statistical analysis was carried out using the Analysis of Variance (ANOVA) and in
cases where there was significant difference, means were separated using the Duncan’s
multiple range test. The effect of optimization procedure was investigated using Design
Expert version (8.0) and significant effects of the independent variables were determined at
5% confidence level.
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Results and discussion

Functional properties of fermented locust bean, onion and ginger condiment flour
blends

The functional properties of fermented locust bean, onion and ginger condiment blends
is shown in Table 2.

Table 2
Functional properties of condiments from fermented locust bean, onion and ginger blends

FLBF | OF | GF |Swelling |Solubility | Gelation | WAC | OAC | Bulk Oil Bulk
Power (%) capacity | (%) | (%) |density |absorption |density
(%) (%) (g/ml) | capacity | (g/ml)

(%)

73.75]23.75| 25| 5.97% 6.43° | 3.54® [2.40%|1.08° | 0.60% 1.08 0.60

73 25 | 2 | 6.4r1° 8.929 | 4.59% |2.81°|0.75° | 0.63" 0.75 0.63
75 21 | 4 | 672" | 10.87" | 5.19¢ [3.03°|0.64%| 0.61% 0.64 0.61
75 22 | 3 | 6.24° 7.69° 4.19° | 2.71° |0.86°| 0.60% 0.86 0.60

72.25]24.25|3.5] 5.89% 5.27% 3.31% [2.313]1.02¢ | 0.59% 1.02 0.59

71 25 | 4 | 6.10° 7.497 | 3.83% [2.64° |0.96%“| 0.60% 0.96 0.60
73 25 | 2 | 643 8.92" | 4.56% |2.77°[0.72°| 0.61° 0.72 0.61
71 25 | 4 | 6.18° 7.497 | 3.83% [2.65" |1.019| 0.59? 1.01 0.59
73 23 | 4 | 6.26% | 7.57% | 3.90% |2.62"|0.91°| 0.60° 0.91 0.60
72 25 | 3 | 6.10° 7.48° | 3.83% [2.33*|1.04°| 0.59° 1.04 0.59
75 | 23 | 2| 6.32% 8.73f 4.27° |2.75° | 0.78" | 0.60? 0.78 0.60
75 |21 | 4] 6269 | 7.71° 4.22° |2.72° | 0.91°| 0.60° 0.91 0.60

74.25(22.75| 3 | 6.08 6.67°¢ 3.63® [2.46®| 1.127 | 0.60? 1.12 0.60
Mean values with different superscripts within the same column are significantly different (p <0.05);
FLBF- Fermented locust bean flour, OF- Onion flour, GF: Ginger flour,

WAC: Water absorption capacity, OAC: Oil absorption capacity

The swelling power and solubility index ranged from 5.89 t0 6.72% and 5.27 to 10.87%
respectively. Sample 72.25: 24.25:3.5 had the least value for swelling power while sample
75:21:4 had the highest value for swelling power.

The interactive effect of fermented locust bean and onion powder had a significant
(p<0.05) effect on swelling power and solubility index while the interactive effect of onion
and ginger powder also had a significant (p<0.05) effect on swelling power and solubility
index as shown in the regression coefficient in Table 3. The high swelling power obtained in
this study could be as a result of high protein content in fermented locust bean. Swelling
power has been reported to be influenced by temperature, water availability, carbohydrate,
and protein [15, 16]. Swelling power is the volume of expansion of molecules in response to
water uptake, which it possessed until a colloidal suspension is achieved or until further
expansion and uptake are prevented by intermolecular forces in the swollen particles [17, 18]
while the differences in the solubility of the flour blends indicate the existence of strong
bonding forces within the flour granules arising from coagulated protein or fat that form
complexes with amylose preventing it from leaching from the granules [19, 20].
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Table 3
Regression coefficient of functional properties of condiments from fermented locust bean, onion
and ginger blends

Parameter | Swelling | Solubility | Gelation Water Qil Bulk
power (%) capacity | absorption | absorption | density

(%) (%) capacity capacity (g/ml)

(%) (%)

A 6.62 11.64 5.29 3.33 0.61 0.60

B 6.78 12.24 5.92 3.06 0.52 0.62

C 11.61 38.96 14.00 9.12 -3.22 0.78

AB 1.52* 14.14* 5.36* 1.84* 0.91* 0.34
AC 7.95 50.86 15.42* 10.57 6.39* -0.23*
BC -10.14* 61.33* -21.52* 11.04* 7.61 -0.37*

F-Value 3.35 2.98 4.99 5.64 3.52 2.65

Press 0.69 31-01 2.87 0.48 0.27 0.00

R? 0.71 0.68 0.78 0.80 0.72 0.65

*Significant at p<0.05; A: Fermented locust bean flour, B: Onion flour, C: Ginger flour,
AB: Interaction of Fermented locust bean and ginger flour,
AC: Interaction of fermented locust bean and ginger flour, R% Coefficient of determination

Factors capable of influencing the solubility of flours include flour composition and
particle size, density and pH, processing conditions and storage conditions [21]. In terms of
gelation capacity, the sample varied between 3.31 and 4.59%. Sample 73:25:2 had the highest
gelation capacity while sample 72.25:24.25: 3.5 had the least. From Table 3, the interactive
effect of fermented locust bean, onion and ginger flour had a significant (p<0.05) effect on
gelation capacity. However, only the interaction between onion and ginger powder had a
negative effect on gelation capacity. The low gelation capacity observed in this study could
be as a result of protein concentration in fermented locust bean. However, Akubor [22] and
Khuthadzo et al. [23] reported that gelation capacity of flours is caused by protein
concentration, particularly fraction of globulin, and interaction between proteins,
carbohydrates, and lipids. Least gelation capacity (LGC) measures the minimum amount of
flour needed to form a gel in a measured volume of water. It varies from flour to flour
depending on the relative ratios of their structural constituents like protein, carbohydrates,
and lipids [24, 25]. Water absorption capacity ranged from 2.31 to 3.03%. Sample 72.25:
24.25: 3.5 had the least value for water absorption capacity while sample 75:21:4 the highest
as shown in Table 2. The interaction effect of fermented locust bean, onion and ginger
condiment blends had a significant (p<0.05) effect on the water absorption capacity as shown
in regression Table 3. The low water absorption capacity obtained in this study could be due
to less due to less availability of polar amino acids. Water absorption capacity describes the
flour-water association ability under limited water supply and it is also used as an indication
of performance in several food formulations [26, 27]. The result agrees with the work of
Ubbor and Nwaogu, [28]. Therefore, the low water absorption capacity observed in this study
will be of good potentials in soups and gravies as a thickener. The interactive effect of
fermented locust bean and onion powder as well as fermented locust bean and ginger had a
significant (p<0.05) effect on oil absorption capacity. The oil absorption capacity ranged
from 0.64 to 1.12%. The low value of oil absorption capacity observed in this study could be
attributed to the high amount of protein in fermented locust bean flour. However,
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Jitngarmkusol et al. [29] reported that the major component affecting oil absorption capacity
is protein, which is composed of both hydrophilic and hydrophobic parts. Oil absorption
capacity is an important property in food formulations because fat improves the flavour and
mouthfeel of foods [30]. The value for oil absorption capacity in this work is lower than the
values reported by Zakari et al. [31]. The bulk density of fermented locust bean, onion and
ginger condiment blends ranged from 0.59 to 0.63 g/ml. The interaction between fermented
locust bean and ginger flour as well as onion and ginger flour had a negative significant
(p<0.05) effect on bulk density. Bulk density is an index of the heaviness of flour materials
and expresses the relative volume of packaging material needed [18]. The low bulk density
of fermented locust bean, onion and ginger condiment blends implies that less quantity of it
would be packaged in constant volume, therefore, ensuring economic package. The low bulk
density observed in this study might be due to their differences in the chemical composition
of the individual flours blended together.

Colour parameters and pH of fermented locust bean, onion and ginger condiment
blends

The mean value of lightness, redness and yellowness ranged from 39.49 to 45.07, 2.01
to 2.71 and 12.66 to 15.30 with sample of 72: 25:3 having the highest lightness and
yellowness while sample 75: 21:4 the least value for lightness and yellowness as presented
in Table 4.

Table 4
Colour parameters and pH of condiments from fermented locust bean, onion and ginger blends

FLBF | OF GF | Lightness | Redness | Yellowness | pH

73.75 | 23.75| 25 | 40.91® 2.25¢ 13.44" 5.57°
73 25 2 42.11% 2.30¢ 14.22% 5.56°
75 21 39.492 2.01° 12.66% 5.65°
75 22 42.24°¢ 2.11%c 14.04% 5.64°

72.25 | 24.25 | 35 | 40.39® 2.06® 13.34%¢ 5.56°

SN

w

71 25 4 43.47% 2.14%c | 14.68% 5.56°
73 25 2 40.80%® 2.11%c 13.32%¢ 5.61°
71 25 4 39.64° 2.06%® 12.46° 5.62°
73 23 4 43.42% 2.81f 14.73% 5.55
72 25 3 45.07¢ 2.71f 15.30° 5.51°
75 23 2 42.14> 2.17%d | 14,17 5.57°
75 21 4 43.53% 2.48° 14.54% 5.62°

74.25 | 2275 | 3 42,46 2.20bcd 14.26% 5.58°
Mean values with different superscripts within the same column are significantly different
(p <0.05); FLBF- Fermented locust bean flour, OF- Onion flour, GF: Ginger flour

The regression coefficients of the models developed for the interaction effect of
fermented locust bean, onion and ginger condiment flour blends on colour parameters and
pH is presented in Table 5.
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Parameter | Lightness | Redness | Yellowness | pH

A 40.74 1.06 12.99 5.74

B 41.88 1.83 13.37 5.64

C 24.03 3.29 6.59 5.79

AB -1.02* 3.20* 2.90 0.47
AC -29.40* -2.05* 12.75* 0.55

BC 26.53* -0.74 11.72* 0.50
F-Value 0.07 0.53 0.09 151
Press 149.80 3.09 36.31 0.05

R? 0.78 0.88 0.86 0.62

Table 5

Regression coefficient of functional properties of condiments from fermented locust bean, onion
and ginger blends

*Significant at p<0.05; A: Fermented locust bean flour, B: Onion flour,
C: Ginger flour, AB: Interaction of Fermented locust bean and ginger flour,
AC: Interaction of fermented locust bean and ginger flour, R% Coefficient of determination

The interactive effect of all the variable had significant (p<0.05) effect on lightness.
However, the inclusion of fermented locust bean had a negative effect on the lightness of the
condiment. Similarly, the interaction of fermented locust bean and ginger flour also had a
negative significant (p<0.05) effect on redness while it was positive on yellowness. The
colour of any food product is a significant sensory property that determines the acceptability
of the product. The high value observed in the yellowness of condiment flour blends might
be as a result of yellow pigment in ginger flour. The pH varied between 5.51 and 5.65 with
sample 72:25:3 having the highest while sample 75: 21:4 had the least. There were no
significant (p>0.05) effect of fermented locust bean, onion and ginger flour on pH as shown
in Table 5. pH measures the acidity and alkalinity of a substance. The pH of the condiment
flour blends in this study was acidic and this will enhance the sour taste of the condiments,
thereby giving preferences to its consumer acceptability [32].

Sensory score of condiments from fermented locust bean, onion and ginger flour
blends

The result in Table 6 represents the mean result of the sensory attributes of fermented
locust bean, onion and ginger condiment blends. The appearance, aroma, colour, hand feel,
overall acceptability ranged from 6.17 to 7.27, 6.03 to 6.97, 6.20 to 7.00, 6.30 to 7.27 and
6.50 to 7.30 respectively. The sensory attributes for all the condiments were scored between
like slightly and liked moderately. Condiments prepared from fermented locust bean, onion
and ginger flour were all accepted by the panelist.
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Table 6
Sensory attributes of condiments from fermented locust bean, onion and ginger blends
FLBF | OF | GF | Appearance | Aroma | Colour Hand Overall
Feel Acceptability
73.75 | 23.75 | 2.5 6.67¢ 6.03° | 6.33 6.93¢ 6.77°¢
73 25 2 6.60¢ 6.072 6.27° 6.83¢ 6.50°
75 21 4 6.83¢ 6.63% 7.00 7.27" 7.23¢
75 22 3 6.80¢ 6.77¢ 6.87' 7.23 7.309
72.25 | 24.25 | 3.5 6.53° 6.27° 6.77¢ 6.30° 6.80°
71 25 4 6.57° 6.50° 6.77¢ 7.00¢ 7.17¢
73 25 2 7.00 6.80¢ 6.87¢ 7.00¢ 7.00¢
71 25 4 6.40° 6.97' 6.83° 6.67° 6.87¢
73 23 4 7.27" 6.27° 6.90 6.77° 7.07¢
72 25 3 6.63° 6.73¢ 6.70¢ 6.80¢ 6.80°
75 23 2 6.53° 6.20° 6.20° 6.97¢ 6.63°
75 21 4 6.53° 6.57° 6.80° 6.83¢ 6.90
7425 | 2275 | 3 6.172 6.17° 6.43° 6.73° 6.73°

Mean values with different superscripts within the same column are significantly different (p <0.05);
FLBF- Fermented locust bean flour, OF- Onion flour, GF: Ginger flour

Conclusions

1. This study has been able to show that the incorporation of onion and ginger flour to
fermented locust bean had a significant effect on the functional properties of the flour
blends

2. Condiments prepared from fermented locust bean, onion and ginger flour were all
accepted by the panelist
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AHoTauii

XapuoBsi TexHosorii

I'igporepmiuna 00po0ka OpraHivyHOro MIIEHUYHOr0 KPOXMAJIIO: TEPMidHi, CTPYKTYpPHI
Ta KJIelcTepHi BJaCTHBOCTI

Becuni T'onmanec ne bappoc, Kamina Jleminceki ber,
Kpicrina ConrtoBerki e OmniB’epa, Hanin Picros,
Panna Bacinenna, €ron Initipiep, JIyiz 'ycraBo Jlauepaa
Jlepoicasnuti ynisepcumem Ilonma-I pocca, Ilapana, bpa3zunis

Beryn. Mera gocnmijkeHb — BHBYMTH €(EeKTH, CIPHYMHEHI TiIPOTEPMiYHUM
00poOIIeHHSIM, HHU3BKOIO BOJOTICTIO (<35%) Ta HarpiBaHHSAM OpPraHiYHOrO MIIEHUYHOTO
KPOXMAJTO.

Marepianu i meTonu. OpraHiuHuii MIIEHUYHUI KPOXMaJb MiJJIaBaIH T1JpOTepMIuHii
00po011i 3a pi3HUX KoHIeHTpauiid Bosorocti (10, 15 Ta 20%) B aBTOKNABI 3a TeMIepaTypu
121 °C mporsrom 1 rom 15 xB. Jlnsd TOpIBHAHHS BIACTUBOCTEH IMPHUPOIHOIO 1
MoAM(IKOBAHOTO KPOXMAJITIO TIPOBOAMIINA TEPMOrpaBiMeTpito, BickoamisiorpadiuHuid aHamis3,
PEHTIeHIBCbKY JU(pakTOMeTpito mopomkoBuM wmetogoMm (XRD) Tta ckaHyBaibHY
eNeKTPOHHY Mikpockomniro (SEM).

Pesyabratu i obroopenHsi. Ilicis TepmiuHOI OOpOOKM 3a HM3BKOI BOJIOI'OCTI
OpraHiyHMH NIIEHUYHUH KpOXMajib MaB OUIbIYy TEPMOCTIHKICTh TOpIBHSHO 13
HeoOpoOienum. [lepiia BTpata Macu BiOysacs yepe3 3HEBOAHEHHS; pyra 1 TpeTsi BTpaTh
MAacH BiI0YBaIOThCS MOCIIIOBHO T1iJ] Yac PO3KIIaIaHHsI i OKMCIICHHS OPraHiqYHOi peYOBHHH B
atMocgepi moBitps. KiHueBuM 3anuiikoM OyB TOMUT 13 KpOXMaiwo. bBibll HU3bKI
TEMIIEPaTypy CKJICIOBAHHsS Ta BUILA IIKOBa B’S3KICTh CIIOCTEpIranucs Ui KpPOXMallio,
00pobuienoro 3a Bonorocti 151 20%. HinkHs TeHIeHIis 10 peTporpajanii ta B’ s13K0CTi Oyiu
OTpUMaHi JUIs OpPraHIYHOro MIIEHHYHOTO KpoXMallo, o0pobdienoro 3a 10% sonorocti. s
MO (DIKOBAHUX 3pa3KiB OyJ0 BHSBIECHO 3HKEHHS KPUCTAJIIYHOCTI Oe3 3HAYHUX 3MIH y
mudpakuiiinii kaptuai. OcHOBHI Kyt Audpakiii peectpyBanuch npu 15, 17, 18123 ©, B 20,
3 HHU3bKOIO IHTEHCHBHICTIO. Taka MOBeIIHKAa XapakTepHa i AUPPaKIiHHOrO KPOXMAIIo
TUy A (TUIOBOrO AJIsl Kpym). 3a JOIMOMOTOK CKaHYBAJIBHOI €NeKTPOHHOI MIKpOCKOIIii
OpraHiuyHHMN MIIEHUYHUH KpoXMalib MaB OiMOAaJbHUI po3moji 0e3 3HAYHUX 3MIiH Yy
Mopdororii rpanyn. Ilicns rigporepMidHOro 0OOpOOJIEHHS KPOXMAallbHI TPaHYId Maju
He3HavHe 30UIBIIeHHS CepeIHbOoro miamerpa — Bix 17,9 mo 27,7 MKM B OCHOBHHUX TpaHyJIax
(A) Ta Big 5,6 10 7,1 MM y He3Haunmx rpanyiax (B). ®opma B (A) oBansHa, y (B) —
coueBnYHa. He3HauHi 3amaIvHA Ha ITOBEPXHI KPOXMAIO CIOCTEPITalOTHCS, TOMOBHO, TIiCIs
TEePMIiYHOI 00pOOKH, 110 MOXKEe OYTH HACTIAKOM B3a€EMOIii KPOXMaJh-OiJIOK.

BucunoBok. [Ticis Mmomudikarii opraHiYHOTO MIIEHHYHOT0 KPOXMAJIIO T1IPOTEPMITHIM
00pOOTICHHAM CHOCTEPITanocs 3HIKCHHS TeMITepaTypH KieWcTepu3allii, TaKoX 3a3HaIH
3MiH ITOKa3HUKHA OCHOBHOI TEPMOCTIMKOCTi 1 B'S3KOCTI.

KamouoBi cioBa: nwenuys, Kpoxmans, moougpikayis, —mepmocpagimempis,
Kaeticmepusayis.
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BB pocJMHHOI CHPOBMHH HA MIOKA3HMKH SIKOCTI HACTOIB CIIMPTOBUX

Ipuna Jyooskinal, Bikropis Konecru?, Banentun [onynan?,
Oxcana Menbauic, Bikropis Kiiiko®
1 — Incmumym mexniunoi mennoghizuxu HAH Yxpainu, Kuis, Ykpaina
2 — Xapxiecvkuil depoicagrull yHieepcumem Xapuye8ants ma mopeieni, Xapxie, Ykpaina
3 — Hayionanvhuil ynieepcumem xapyosux mexnonoeii, Kuis, Yxpaina

Beryn. Metoro JOCTIKEHHSI € BH3HAYCHHS BIUIMBY POCIMHHOI CHPOBHHH — HA
MOKAa3HUKH SKOCTi HACTOIB CIIUPTOBHX.

Martepianu i meToan. J{1s MiATOTOBKY POCIMHHOI CHPOBHHU BiiOpaHO Ta MopiOHEHO
Taki 3pa3Ku: KOpiHb exiHarlei mypmypHoi (Echinacea purpurea), KopiHb poionud poxeBoi
(Rhodiola rosea L.), xopiub im6upy (Zingiber officinale), cymena naminapis (Laminaria).
Jlocii/pKeHHsT OpPTraHOJENTHYHUX TMOKA3HUKIB SKOCTI CIHUPTOBHX HACTOIB i3 POCIHUHHOL
CHUPOBHMHHU 3JIMCHEHO 3a M'ITHOAIBLHOI0 IIKAJOK 3 ypaxXyBaHHAM BaroBUX KOC(QIIIEHTIB.
BusnaueHHs1 (i3UKO-XIMIYHMX TTOKAa3HUKIB CIIUPTOBUX HACTOIB MPOBENEHO 32 00’ €MHOIO
YaCTKOIO CHHPTY, MacoBOI KOHIIEHTpali€to edipHoi omii Ta KOHIIEHTpAIi€l 3arajlbHOro
eKCTPakTy B JIOCHI/DKYBAaHOMY po34ymHi. MeroqoM  BHCOKOS(EKTHBHOI  Ta30BOI
xpomatorpadii BU3HAYEHO BMIiCT aKTUBHHX CIOJIYK, SIKI IIEPEXOJIATh B OTPUMAaHI HACTOI.

Pesynbratn i obroBopenHsi. CHOXHBHI BJIACTHBOCTI ~ QJIKOTOJIbHHX  HAIIOIB
(opMyIOTBCsI Ha BCIX eTamnax ix BUpOOHMITBA, TOMY NIepe]| I0AaBaHHIM CIIMPTOBUX HACTOIB
JI0 TOTOBOI'O HATIOK BBAXKAJIH 32 JOILIbHE TOCITIIUTH SKICTh OTPUMAaHUX HariB(haOpHKaTiB.

OpraHonenTu4Hi TOKa3HUKH CIIUPTOBUX HACTOIB i3 POCIMHHOI CHPOBHHH MalOTh
rapMOHIMHHUI PUEMHUIT CMAK 1 apOMaT, NPO30pi, MPUBAOIUBOIO KOJILOPY, HE MAIOTh OCay.

MiuHicTh 3pa3KiB 3HaXOMUTHCs B Aiana3oHi Bix 43,0 10 55,0% Ta MosCHIOEThCS Pi3HOO
KOHLICHTPALII0 CHUPTY y BOJAHO-CIIMPTOBIA CyMilli TiJi 4ac €KCTparyBaHHS POCIUHHHUX
komrItoHeHTiB. KonuBanHs BMicTy edipHOi omii i eKCTpaKTHMBHUX PEYOBHMH IIOB’si3aHE 3
0COOJIUBOCTSIMU XIMIYHOT'O CKJIAAy BUXIJHOT POCITUHHOI CHPOBUHHU.

HasiBHicTb G10JIOTIYHO aKTHMBHUX PEYOBHMH, HU3KU BITAMIHIB 1 MIHEPaJbHUX CIIOIYK Y
JOCTIJHUX 3pa3kax HACTOIB J1a€ 3MOT'y BHKOPHCTOBYBATH iX y CKJIaJl 0araTOKOMIIOHEHTHHX
QJIKOTOJIbHUX HAIIOIB, M0 XapaKTePU3YIOTHCS 3HIDKEHHM TOKCHYHUM €(EeKTOM.

BucnHoBku. OtTpuMaHO CHOUPTOBI  HAcTOl Uil TIOJAJIBIIOTO  BUPOOHUIITBA
0araTOKOMIIOHEHTHUX AJIKOTOJIbHUAX HANoiB. [TpoBeneHni JIOCHIIKEHHS 3a
OpraHONIENTUYHUMU Ta (I3UKO-XIMIYHUMH TOKa3HUKAMH alOTh MiJCTaBU CTBOPIOBATH
Harii 3 IPOrHO30BaHUMHU BHCOKHMH NOKa3HUKaMHU SKOCTI.

Kuro4oBi cnoBa: pociunna cuposuna, Hacmiil, aiKo20abHUL HANiLL.
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OuiHka sIKOCTi CMa:KeHOr0 Ne4YrBa, BUTOTOBJIEHOrO i3 cymimi 0opoiuHa 3 000iB 6incu
Kumaiicbkoi Ta ap pUKaHCBKOT0 ropixa

Aner6oma Onazene [layna, Onyndynminona Anyasi AGiogyH,
Abim6ona Kemicona Apice, Oxnaiine AkiHByHM1 AKiHTaiio
Yuieepcumem Inopuny, Inopun, Hicepis

Bertyn. OniHroBany sIKiCTh BUCYIIEHOTO CMa)KEHOT'O TI€UHBa i3 OOPOLIHSHIX CyMilIeH,
(yHKIIOHAJIBHI Ta (hi3NKO-XIMIYHI BIACTUBOCTI, & TAKOXK O€3MEYHICTh KiHIIEBOTO NPOIYKTY.

Martepianu i meToau. BopomHo BOJIOCEKOTO ropixa 3MillyBajiu 3 OOpounrHoM 000iB
6iHeu kumaiicokoi 'y criBBigHomeHHi 3% 1o 15% st ofeprkaHHs BHCYIIEHOTO 0000BOr0
neyrBa, BU3HA4Yanu (i3uKo-XiMiuHI Ta (yHKIIOHAJTBHI BIACTHBOCTI, @& TaKOX TEpMiH
30epiraHHs.

Pe3yabraTn i 06roBopenns. bopomHo 3 600iB Mano By 00’ eMHy miiibHicTh (0,86>
0,77 /™M), TOmi siK aGCcoOpOIIist BOIU Ta OJIii, 3IaTHICTh /10 HAOyXaHHS 000iB OYJIM BUITUMHU
(p<0,05) mopiBHsiHO 3 BonocbkuM ropixom (1,78>0,85 r/r ), (1,97r>1,29 r/r) i (1,04> 0,64)
BianoBinHO. KoHTponmbHHI 3pa3ok (3pa30K 0e3 BOJIOCHKOTO ropixa) MaB OUIBIINIA BMICT
oinka (17,81%), Bomoru (6,55%) Ta kiitkoBunu (1,58%), ayie >KUPHICTP 1 30JIbHICTH 3HAYHO
HIDKY1 B 3pa3Ky 3 IOJaBaHHAM BOJIOCHKOrO ropixa. 3pa3ok 3 15% BOJIOCHKOro ropixa Mar
OinbIy KUTBKiCTh Kanbiito (1,69 mr/m) 1 marnito (3,70 Mr/m), ajne KOHTPOJIBHI MMOKa3HUKU
Oynu By s HaTpito (4,00 mr/n) ta kamito (3,14 mr/n). 3pa3ok i3 6% BOIOCHKOTO ropixa
6yB HaitBepainmm (163,58 N), Halinmkay TBepaicTh (12%) MaB 3pa3ok BOJIOCKKOTO ropixa
(26,27 N). 3nauenns L *, a * i b * Oynu 3Hauymmmu. KoHTponbHUiA 3pa3ok OyB CBITIIIIMM
NOpiBHAHO i3 HalTemMHimmM 15% 3pa3koM 3 BOJNOCHKOro ropixa. 3pasku 3 12 ta 15%
BOJIOCHKOT'O TOpixa, BiJIOBIIHO, Maiu HaiMmeHIui BMmict 6akrepiit (4,0 x 104 KOE/r) ta
rpubkiB (1,4 x 104 KOE/r) uepe3 BiciM TibKkHIB. JloJaBaHHS BOJIOCBKOrO Tropixa
MIPUTHIYYBAJIO PICT MIKPOOPraHi3MiB 3aB/IsSKM CBOIM aHTHMIKPOOHMM Ta aHTHOKCHIAHTHUM
BiactiBocTsIM. Halikpalili MOKa3HUKY 32 30BHILIHIM BUIJISZIOM, KPUXKICTIO 1 TEKCTYPOIO MaB
KOHTPOJIBHUI 3pa30K, ToIl Ik 9% 3pa30K BOJIOCHKOrO ropixa — 3a apOMaTOM i CMaKoM.

BucnoBok. JlomaBaHHS BOJOCBKOrO ropixa 30ULIBIIMIO TEPMiH TPUIATHOCTI Ta
MOKPAIIHMIO Xap4OBi SIKOCTI CMa)XEHOro 600OBOro MeurBa.

Karwuosi ciioBa: aghpuxancokuil 2opix, einea Kumaicobka, nevuso, 30epieanms.

292 ——Ukrainian Journal of Food Science. 2020. Volume 8. Issue 2



—— Abstracts——

TennogizuuHi XapaKTepUCTHKH 3aMOPOKeHHX HANiB(paOpUKAaTIB 111 TEXHOJIOTT
PECTOPAaHHOI0 FOCIOAAPCTBA

Iprna Koperbka, Bomomimvup ITomsoBrk, Makecim Maciikos, Orer Ky3pmin
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Meroro nociiikeHHsI € BU3HAYEHHsI BIUIMBY TEIUIO(I3WYHUX XapaKTEPHCTHK
3aMOpO’KEHHX HamiB(paOpUKaTiB Ha SKICTh JIECEPTIB.

Martepianu i merogu. /[ BU3HAYEHHS SKOCTI 3aMOPOXKEHMX HamiB)aOpUKaTiB y
TEXHOJIOTI] JlecepTiB BHKOPHUCTOBYBAJIHM TaKy CHPOBHMHY: TJIIOKO3HO-(PPYKTOBHIl cHpom,
MaJbTOAEKCTPHUH, MIOpe 3 sONyK, KiBi, OaHaHa, rapOy3a; HamiBdaOpukaTH Y BHIJISIII
KYMa)KOBAHUX TMap: «I0JMYKO-KiBi», «I0JyKo-OaHaH», «0ayKo-rapOy3». JlocimimkeHHs
OpraHOJIENTUYHUX TTOKa3HHKIB SKOCTI 3/1iiCHeHO 3a 10-0anbHOI0 MIKAO 3 ypaxXyBaHHIM
BaroBux Koe(illieHTIB Ta pO3paxyHKY KpHUTEpil0 sKocTi. BusHaueHHS }i3uKo-XiMIYHHX
MOKa3HUKIB 3pa3KiB IPOBEIEHO 3a MAacOBOK YACTKOIO CyXHWX pEYOBHH, AKTHBHOIO
KHCJIOTHICTIO, aKTUBHICTIO BOJIH, EHTAJIBITIEFO, BOJIOTOBMICTOM.

Pe3yabraTn i odroBopennsi. BusHaueHo remnogiznuHi XapakTepucTUKu (PYKTOBUX
nap KynakxoBaHoro mope. JlociipkeHo 3MIHM TeMIIepaTyp 3aMep3aHHs BOIU B CUCTEMI.

BcraHoBiieHi BiZIMIHHOCTI y mapaMeTpax 3aMOpPOXKYBaHHs ()PYKTOBHX MIOPETIOIOHUX
HamiBaOpukaTiB 3 KpioOIOTHMKaMHu, 30KpeMa TIJIFOKO3HO-(PPYKTO3HHUM CHUpPONOM i
MaJIbTOIEKCTpUHOM. MoOHOCaxapuau — IoKo3a 1 (pykTo3a, MarTh HIKYI 3HAYEHHS
KPIOCKOITIYHOI TEeMIIepaTypy TOPIBHSIHO 3 Caxapo3olo, IO IOB’S3aHO 3 XapaKTepoM
KpHCTaii3alii i BEIWYNHOI YTBOPEHHMX KpPHUCTAJIIB Yy CHCTeMi. 3a OJHAKOBOI XIMIUHOI
(dbopMynH i MOJIEKYJISIPHOT MacH IyKpiB BETMYMHA KPIOCKOIIYHOT TEMIEPATypH 3aJIe)KaTHMe
BiJ| rifipaTarii IyKpiB.

Ha ocHOBI BM3HAa4YeHUX SIKICHUX MOKa3HHUKIB 1 KOE(DII[IEHTIB BArOMOCTI PO3paxOBaHO
KOMIUIEKCHUH TOKa3HUK SKOCTI TOTOBHX JECEepTiB (3 BUKOPHCTaHHAM PpO3POOICHUX
KyNa)kOBaHUX HariB(aOpHUKaTiB), BHUIOTOBICHHMX 3a pPO3POOJICHOK TEXHOJIOTIE, Ta
o0YI0BaHO MOJIEINb SKOCTI.

PeiituHr crpaB mokaszas, IO JOCII/PKEHI 3pa3ku caMOYKiB 3 KyNa)KOBaHUMHU TapaMu
MaloTh BUCOKHUI peiTHHTOBHi IToKa3HUK — 92,9 6an® Ta 96,9 6an?, OpiBHAHO 3 KOHTPOJILHUM
3paskoM — 91,2 6an?. Jlemo Huxuuii nokasHuk (88,8 6an®) Mae caMOyk «A0IyKo-TapOy3».
3HMKEHHSI PEUTHHTY caMOYKy «s071yKo-rapOy3» BiIOyBaeThCs 3aBJASKU CreHUpIIHOMY
apoMary KyHa)KOBaHOI MapH «sI0IyKo-Tapoy3».

BucHoBku. Bu3HadeHo  KpiockomiuHI  Temmepatypu  (pPYKTOBUX  IIIOPE,
HamiBpaOpUKaTiB 1 TOTOBHX JieCEepTIiB 3 JOJaBaHHAM KpionporekTopiB. I[IpoBeneHi
JOCIIKEHHS 32 OPTaHOJENTUIHUMH Ta (Pi3UKO-XIMIYHUMH MOKAa3HUKAMU JAIOTh IMiJCTaBU
CTBOPIOBATH JIECEPTH 3 IIPOrHO30BAHMMH BUCOKHMH NOKa3HUKAMH SKOCTI.

Kuro4oBi ciioBa: decepm, saxicmo, Kynasic, Hanieghabpuxam, 3amMopoICYB8AHHA.
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BB npopoieHoro HaciHHs COYeBHIi HA Xap40BY LiHHICTh HAIIOKO

Mapis Slaunk’, Bita ATanacosa?
1 — Hayionanenuti ynisepcumem xapuogux mexronoei, Kuis, Yxpaina
2 — Odecvka HayionanvHa akademis xapuosux mexrnonoziu, Odeca, Yxpaina

Beryn. TlopiBHSIHO BIIACTMBOCTI CyXOi Ta MPOPOIIEHOI COYEBHUIIl Ta BU3HAYEHO BILUIUB
MIPOPOIIEHOI COUEBHII HA BIACTUBOCTI HATIOO

Marepianu i MmeTomau. J{ocmiKyIOThCS CyX€ i IPOPOIICHE HACIHHS COYCBHIIL, a TAKOXK
Hail, TEXHOJNOris SKOro repeadadae 3aMOYYBaHHS CYXOrO HACiHHS —COYEBHII],
MIPOPOIILYBaHHS, MOJPIOHEHHS, eKCTparyBaHHs O10JIOTIYHO aKTHBHUX PEYOBHH, (LIbTpalio
i posnuBaHHs. Bu3HaueHHS aKTHBHOCTI amijia3ul JIOCHIDKEHO 3a MeToJoM Boibremyra.
AMIHOKHCIIOTHUH cKiaj OUIKIB y POCITUHHIN CHPOBHHI BH3HAYEHO 32 JIONIOMOTOI0 METONY
i0HOOOMiHHOT ~ Xpomartorpadii. bionoriuHy MOBHOLIHHICT OULIKIB BH3HAYEHO 3a
PO3paxyHKOM aMiHOKHCIIOTHOTO CKOPY.

Pesyabratn i obroopennsi. Ilin jiero mporeomiTHYHUX (EpPMEHTIB  NpHU
TIPOPOIIYBaHHI 3MIHUBCS OITKOBMII CKiIa] HACiHHS 1, SIK HACJIJIOK, HAINo 3 HhOro. Bmict
Oiika B MPOpOIICHOMY HaciHHI 30iiabpmuBcs Ha 2,2%, a B Hamol 3 Hboro — Ha 3,3% B
nepepaxyHKy Ha CyXy PEUYOBHHY TIOPIBHSHO 3 HANlOEM i3 CyXOro HaciHHs. BusiBieHo
3pOCTaHHS AaKTUBHOCTI aMija3d BIPOMOBXK MPOPOIIYBAHHS, IO MPU3BOAUTH O
PO3LIETUIEHHSI KPOXMAJIIO /IO IEKCTPHHIB 1 MPOCTUX 1YKPiB. 301IBIINIACH KUIBKICTh BOJIO- T
coNepo3unHHUX (pakuiii Oinka (ampOymiHM Ta Tn0OyniHM) B Mexax 1,1-2,9%, mio
NPU3BOJIMTH JI0 i IBUILICHHS €KCTPAKTUBHOCTI OlJIKa.

3arayibHUN piBEHb 3aCBOIOBAHOCTI OlIKa HAIOK 3 TMPOPOLICHOT0 HACIHHS COYEBUIII
cranoBuTh 63,31%, TOmi SK MacoBa 4acTka OijKa, 10 BHKOPUCTOBYETHCS OPraHi3MOM,
HepalioHanbHa — Bcboro 20,85 %.

Y Hanoi 3 NpPOPOLICHOT0 HACIHHS COYEBHII BiJ3HAYAETHCS 30UIBIIEHHS KUTBKOCTI
ekcTparoBaHoro Oinka Ha 3,3%, BiTaMmiHIB rpynu B 1 MiHepanbHHX PEe4OBHH MOPIBHSHO 3
HamoeM i3 cyxoro HaciHHsi. lle BinOyBaeThcs 3a PaxyHOK aKTHBHOCTI O-aMija3W, sKa
PO3ILEIUTIOE  BUCOKOMOJIEKYJSIPHI BYIJIEBOAM, IO € OCHOBOIO KIITHHHUX MeMOpaH
pociuHHOI cupoBUHH. Lle Jae 3MOry MiBUIIUTH €KCTPAKTHBHICTD, 3aBASKA YOMY OibIla
KUIBKICTh HYTPI€HTIB MEPEXOANUTH Y HAIIH.

BucnoBku. Hamili Ha OCHOBI MPOPOILICHOr0 HACIHHS COYEBHUIl Ma€ IMOKPAICHUI
XIMIYHHH CKJIaj 1 Kpallly 3acBOIOBAHICTh OlKa, SIKIO MOPIBHATH 3 HAMOEM 13 CYXOro
HACiHHS.

KurouoBi ciioBa: couesuys, npopowennsa, Haniti, 6i10K.
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Bruiue 3aMopokeHHs, CBiTJIa | TeMIIepaTypH HArpiBaHHs Ha CTA0iIbHiCTL AHTONIaHIB
NPHPOIHOro HAapBHUKA, BIWIYYEHOI0 3 I'PAHATOBOI IIKIpKH

®apxana Cynrana, lllipen Akxtep, Myccamer Pamena berym
Yamoepamcoxuil eemepunapruti yrisepcumem, Yamoepama, Banenadew

Beryn. Ilkipka rpaHara € GaraTum JHKEpEIoM MirMEHTY aHTOLiaHy, aHTHOKCHIIAHTIB,
a TaKkoXX MiHepaiiB. MeToro 1€l CTaTTi € OCIiKeHHsI CTablJIbHOCTI aHTOIiaHy B OapBHHUKY,
OTPUMaHOMY 3 T'PaHaTOBOI IIKIPKH, aHTHOKCUAAHTHOI aKTHBHOCTI, & TAKOXX MiHEPaJIILHOTO
CKJIafty.

Martepianu i MeTonu. AHTOLIAHOBHI IrMEHT, OTPUMaHHWK 3 TPAHATOBOI MIKIPKU
(Punica granatum L.), igentudikyBanu 3a mpomomorow Y ®d-cmekTpomerpii, y
3amMopokeHoMy ctaHi (mpu -10 °C), a Takoxk 3a HAsIBHOCTI Ta BIJICYTHOCTI CBITJIa MPOTSATOM
TPHOX JHIB 1 NpU pi3HHX Temmeparypax HarpiBanus — 30, 45, 60 i 75 °C BigmoBinHo.
AHTHOKCUIAaHTHY 37IaTHICTH 1 BMicT BUOpanux Mminepainis (Mg, Ca, P, Fe Ta K) npupoanoro
OapBHuka Bm3Hauyanu merogoM DPPH i3 Bukopucranusm Y®-cnektpodoromerpii Ta
Oioximiunoro anamizatopa (Humalyzer, 3000). CeHcopHuil aHami3 TiJTOTOBICHUX
NPOAYKTIB Y BUTJISII JKEJe 3 I0JaBaHHIM MPUPOJHOTO 1 IITYYHOro OApBHUKIB ITOPIBHSHO 13
KOMEPIIIHUM MPOBO/IMBCS HA OCHOBI I'eJJOHIYHOTO PEUTHHTOBOT'O TECTY.

Pe3ynbraTn i 06roBopenHs. Ha cTabinbHICTh €KCTPAKTIB aHTOLIaHY CYTTEBO BILIMBAB
3aMOPOXKEHHMH CTaH, IO MPU3BENO J0 3HIKEHHS Ha 62,96% Ha 9-if neHp Temmeparypu
(29,59-51,61% moripiieHHs Bia MOYATKOBOI MO KiHIIEBOI TeMIIEpaTypH), BIUIHB CBiTJIa
NpU3BIB JI0 3MEHIICHHs eKCTpakTiB aHtomiany Ha 44,87% micnisa 9- gobu. Bwicr
MiHepanbHUX pedoBuH (Mg, Ca, P, Fe ta K) npupoanoro (Buiy4eHOro 3 mIKipky rpaHara)
Ta mry4Horo 0apeuukiB (cymim E110, E122 ta E330) cranoBus 7,2, 20,6, 2,15, 1,4 ta 147,6
Mmr/100r BiMOBIAHO Ui HATYpaIbHUX OapBHUKIB, a Takox 0,2, 0 (6e3 dhocdopy), 0,39, 0,56
ta 7,2 mMr/100 r Juis mrydHoro OapBHHMKA BIiJIIOBIIHO. AHTHOKCHJAHTHA 3JIaTHICTh
npupoHoro dapeHuka npussena a0 0,04 mxr/mi 3Hauenns [C50. Icrornoi pizauni (p <0,05)
LIOJI0 KOJbOPY, 30BHIIIHBOrO BUINISALY Ta 3arajibHOl MPUHHATHOCTI 3pa3KiB Keje He
BUSIBJICHO.

BucnoBok. HarypanbHuii OapBHHK IIKIpKM TpaHaTa MoOXe OyTH 3aMiHHHKOM
CHHTETUYHOT'O KOJIBOPY, & TAKOXK JPKEPEJIOM aHTHOKCHIAHTIB 1 MiHEpaJIiB.

Karwuosi ciioBa: epanam, wixipka, 6apenux, anmoyiawin, anmuoxcuoanm, DPPH.
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Pery/ioBaHHs B1acTUBOCTEH MEKTHHY HUISIXOM KOMOIHYBAHHSI CHPOBHHHU

Onena I'pa6osebkal, Tanna [actyx?, Anina ABpamenko?, Hatanis Ca6aamm?
1 — Kuiscoxuti HayioHanbHUuLl Mope08eibHO-eKOHOMIYHUL YHIgepCUumem
2 — Hayionanvhuil yHigepcumem xapuosux mexHonioziu

Beryn. AkTyanbHUM HamnpsIMKOM PO3BUTKY TEXHOJOTIT TEKTHHY € PO3poOJICHHS
croco0y BHWIIYYEHHs NMEKTUHY 13 CyMillleil BTOPMHHOI CHPOBHHH, IO MICTHUTH HU3BKO- 1
BHCOKOeTepH(iKOBaHI MEKTHHH, JUIS OTPUMaHHS MEKTUHIB 13 3aaHUMHU (DYHKIiOHATbHUMH
BJIACTUBOCTSIMHU (MMOKPALICHUMH CTPYKTYPOYTBOPIOBATIBHOIO i KOMILIEKCOYTBOPIOBAIBHOIO
3MATHICTIO).

Martepianu i metoau. [IpeameToM nociiPKeHHS € Me3ra KapToruli, rapOy3a Ta MIKipKu
[UTPYCOBUX 1 MEKTHHH, SIKi OTPUMYBAIHd 3 KOXKHOTO BHIY CHPOBHHH, i 3 cymiliei
KapTOIUISTHO-IIUTPYCOBOI 1  KapTOIUITHO-rapOy30BOi CHpPOBUHM. BuHIIyueHHS TNEKTHHY
3IHCHIOBAIIM IIUISIXOM ITPOBEACHHS IMOCHIJOBHHX CTajiid (pepMEHTaTHBHOTO OOpOOJIEHHS
CHUPOBUHH, KUCIOTHO-TEPMIYHOTO T1JIpOJIi3y, OCa/PKEHHS IIEKTHHY €TaHOIOM, BUCYLITYBaHHS
TOTOBOTO TeKTHHY. [lapamMeTpu mpoleciB YTOUHIOBAIM 3aJIEKHO BiJi BUKOPHUCTOBYBAHOI
cUpoBUHH. HaBelieHO aHaNITUUHI XapaKTePUCTUKH MEKTHHY, OTPUMAHOr0 3 KOMOIHOBaHOT
CHPOBUHH.

Pesynbratn i odroBopennsi. BcraHoBieHO mnapamerpu TiJponmizy KOMOiHOBaHOI
KapTOIUISTHO-IIMTPYCOBOT 1 KapTOIUITHO-rapOy30Boi cHpoBMHHM. Ha OCHOBI mMpoBeneHUX
JOCITI/DKEHb CIIOCOOIB OTPUMAaHHs MEKTUHY 3 KOMOIHOBaHOi CHPOBHHH BCTaHOBJICHO, IO
OIITHUMAaJIbHE CIiBBIJHOIIECHHS KapTOIUITHO-IIUTPYCOBOI 1 KAPTOILISIHO-Tap0y30BOI CHPOBHHH
— 50:50. Ilpouec rigpomizy nepenbauaB JBa €Tanu: MEPUIMA — 3a y4acTi LENIoNa3 IMpu
temrnepatypi 45-50°C, pH 5,5-6,0 nporsirom 1,0-1,5 rox npu rigpomoayni 1:8-10, npyruit
(KMCTOTHO-TEpMIiUHME Timpomi3) — xXmopumHoi kucimotu 3a Temmeparypu 75-90°C, pH
rigpomiznoi cymimt 1,3—1,6 npotsirom 70—75 xB.

OtpuMaHi NeKTHHH 3 KOMOIHOBaHOI CHPOBHMHHM MAalOTh BUCOKHH BMICT YpOHIiJTHOT
cknanoBoi 60-74 %, cryninb erepudikamii nonax 70 % i BHCOKY IpariieyTBOPIOBAIBHY
3JIATHICTB TIOPIBHSIHO 3 KAPTOIUISIHUM MEKTUHOM, 1110 Ma€ CTYMiHb eTepudikarii Ha piBHi 40—
50 % 1 3HayHMH BMIcCT OajacTHHX pedyoBHMH. KOMOIHYBaHHS CHPOBHHH Ja€ 3MOLY
OTPUMYBATH IIEKTHHH 3 PI3HUMH BJIACTHBOCTSMH.

BucHoBku. BcraHOBI€HO, 10 NUISIXOM KOMOIHYBaHHS KapTOIUISTHOI MeE3rH 3
rapOy30BOIO 1 IIUTPYCOBOK CHPOBHHOIO Ta PEryJIOBaHHS MapaMeTpiB IMpoLecy Tigpoii3y
MOXKHa JOCAITH BHCOKHMX IIOKa3HUKIB BIUIy4€HHA IIEKTHHY 3 IPOTHO30BaHUMH
BIIACTUBOCTSIMH IIOJ0 JAPArjeyTBOPIOBAIBHOI 1 KOMIUIEKCOYTBOPIOBAIBHOI 3IATHOCTI 1
OLIbII e(h)eKTUBHO BUKOPUCTATH BTOPUHHI CHPOBHHHI PECYPCH.

Ku1o4oBi cnoBa: nexmun, 2ioponis, me3ea, 61acmuocmi, CUpOBUHA, KOMOIHYBAHH.
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XiMiyHa cTIKICTh COHAITHUKOBOI 0J1il, 30ara4eHol 0J1i€l0 KMHHY

Onena [Tono6iit, CeiTiana KosanpoBa, Irop JKuruenpkuit, Onena Maitbopona
Hayionanvnuii ynisepcumem xapuosux mexronozit, Kuis, Yxpaina

Beryn. AHTHOKCHIAHTHI BJIACTHBOCTI ONii KMHUHY BHUKOPHCTAHO IS 1HTiOyBaHHS
JIECTPYKTUBHUX TMPOIECIB B OJii COHAMIHMKA. J[OCHIPKEHO XIMIYHY CTIHKICTh 3pa3KiB
COHSIITHUKOBOI OJii 1 CyMillel COHSIIIHMUKOBOI OJIi1 Ta OJIii HACIHHS KMUHY.

Martepianu i meToqu. J{ociimKeHo XiMivHI MOKa3HUKH 3pa3KiB COHSIITHUKOBOI OJIii Ta
i cymileii 3 omiero KMHHY ITiJ] yac TpuBajoro HarpiBaHas npu 180-195 °C. Bmict BUtbHHX
KHCJIOT 1 HEHACHYEHUX CIIOJYK BU3HAYEHO THTPUMETPUYHUM METOJIOM, BMICT NOJTi(heHOITiB
1 KapOOHUTBHUX CIONYK — CIEKTPO(OTOMETPHYHHUM aHATI30M.

Pe3ysnbTaT i o0roBopenHs. HaiiOinbine 3pocTaHHS KUCIOTHOI'O YHCIA OJIl BiJ
MOYATKy CMa)KEHHsSI IO KiHIS EeKCIIEpUMEHTY Oyio BHSBJICHO ISl COHSIIHHKOBOI OJii.
HaiimeHnn 3MiHM [bOrO MOKAa3HMKA BMICTY BUTBHHX KHCIIOT 33 THX CaMHUX yYMOB OyJI0
3aikcoBaHO I CyMilllell COHSIIHUKOBOI OJNii Ta onii KMHHY, OCOOSMBO AJsl CyMimmi 3
OUTBIIIMM BMiCTOM OJTi1 KMUHY. BiJIbIIl BUCOKA XIMIYHA CTIHKICTh OJIi1 KMUHY IO i1 OKUCHHKIB
o0ymoBjeHa OULIBIIMM ~ BMICTOM  HAaCHYEHHX KHCIOT Ta  OJIETHOBOI  KHCIOTH
(MOHOHEHACHUYEHHX) T4 HU3bKUM BMICTOM IOJIHEHACUUEHHUX XHPHUX KHUCJIOT TIOPIBHIHO 3
OJIIE€I0 COHSILITHUKA.

Sk i ciig Oyno owikyBaTH, HOJHE YMCIO BCIX 3pa3KiB OJIii 3MEHIIyBajocs MiJ 4ac
CMa’KeHHSI, 1110 03Ha4yae pyiHyBaHHs MOoABIHHUX C-C-3B'SI3KIB 3aJIMIIKIB )KUPHUX KUCIOT Y
MoJeKysax TpuriinepuzaiB. HaiiOinpine BigHOCHE 3MeEHIIEHHS HoOAHOro uwucia Oyino
3HANIEHO TSI COHSAIIHUKOBOI 0I1il, @ BIZICOTOK 3HMKEHHS LILOT'0 IMOKa3HHUKA CTAaHOBMB 6,62%
HAIPUKIHII TepMiHY CMa)keHHs. TakoXk MOoKa3aHo, 10 BiJHOCHE 3MEHIIICHHS HOIHOr0 YKciia
cymileil onii KMHHY Ta COHSIIHHMKOBOI omii y crhiBBiaHomeHHI 10:90 Ta 20:80 Oyso
MEHIIM.

3pocranns yucia tiodapoityposoi kucioru (TBK) crocrepiranock mij yac cMaxeHHs
Jutst Beix 3paskiB omii. HaiiBummii mokasuuk TBK Oyno 3HaiaeHo Ui COHSIITHUKOBOI OIil
HATPHKIHI[ TEPMiIHY CMaXKEHHS, TOJI SIK JUIsI CYMIIII OJ1ii 3 HalO1IBIIIM BMICTOM OJTiT KMUHY
3a THX caMuX yMoB noka3Huk TBK OyB HailHWK4MM, 1110 CBIMYUTH MPO T€, IO HPHUPOIHI
AQHTUOKCHJAHTH B OJIil KMHUHY YHHSTH 1HTIOYIOYY Jil0 Ha YyTBOPEHHS BTOPHHHUX MPOIYKTIB
OKHCHEHHS IiJ Yac CMa)kKeHHSL.

BucHoBku. JlonaBaHHs oJii KMHHY JIO COHSIIIHMKOBOI OJii MMO3UTHBHO BIUTUBA€E Ha
XIMIYHY CTIHKICTh OJIHUX KOMMO3UIIIN 32 YMOB HArpiBaHH:L.

KunrouoBi ciioBa: onisi, KMuH, COHAUWHUK, AHMUOKCUOAHM, CMANCEHHS, NOTIQEHO.
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@DyHKIiOHATBHI Ta OPraHOJIENTUYHI BJIACTHBOCTI NPUNIPABH 3 cyMilneit
(epmenTOBaAHOI0 HACIHHA PiKKOBOI0 AepeBa, iMOUpy i muOyJ1i

Kamxixayca Onatyanyn Ecrep, Paxim Pammpnat Onydonaxe, Hzexkse Paxen Omy0Oy6e
Dedepanvhuil cintbcbkococnooapcevkull yrigepcumem, Abeoxyma, Hizcepis

Beryn. [JlocnmimkeHa BIAcTHBOCTI MpUIpaB i3 ()epMEHTOBAHUX HACIHHS PLKKOBOTO
JiepeBa, cyMiniel 1oy Ta iMOMpHOro OopoITHa

Martepianu i MmeTogn. @epMeHTOBaHE HACIHHS PIXKKOBOTO JiepeBa, U0y Ta iMOHp
MoApiOHIOBaIM Y OOPOIIHO 1 3MIIIyBaJld Yy Pi3HUX IMPOMOPIISAX Yy 3MilllyBadi CHMILIEKC-
HEHTPOInHOT KoHCTpyKiii. [IpoBoaumu 13 eKcrepUMEHTANbHUX [UKIIB ISl OTPUMAHHS
PI3HUX cyMilllei npunpas.

Pe3yabraTu i 06roBopennsi. OyHKIiOHANBHI BIaCTHBOCTI HACIHHS (DEPMEHTOBAHOTO
PI’KKOBOTO JiepeBa, MOy Ta iMOupy ckiiananu Bix 5,89-6,72%, 5,27-10,87%, 3,31-4,59%,
2,31-3,03%, 0,64-1,12%, 0,59-63 r/mMa mns crymeHio HaOyXaHHs, pPO3YHHHOCTI,
releyTBOPIOBATIBHOT ~ 37[ATHOCTi, BOJOMOIJIMHANBHOI  3[MaTHOCTI, KHPOMOrTHHAIBHOI
3MaTHOCTI Ta 00’eMHOI IMUIBHOCTI BigmoBinHO. [loka3Huk cTyneHro HaOyxaHHA 1
PO3UMHHOCTI KojuBaBcs Binm 5,89 mo 6,72% i Big 5,27 no 10,87% BiamosiaHo. 3pa3ok
72.25:24.25:3.5 mMaB HaliMeHIle 3HAYEHHS CTYNEHIO HaOyxaHH:, TOHl AK 3pa3ok 75:21:4 —
HaiiBuile. [HTepakTHBHA i (PePMEHTOBAHOTO PIKKOBOr'O JIepeBa 1 MOPOIIKY U0y Maja
3HayHuii (p <0,05) BmMB Ha CTymiHb HaOyxaHHA 1 IHAEGKC PO3YMHHOCTI CyMiIIei
(hepMEHTOBaHOrO PiXKKOBOTO JiepeBa, MOy Ta iMOMpHOro GopomHa. BomomornuHanbhaa
3maTHiCTh ctaHoBuia Bix 2,31 mo 3,03%. 3pa3ok 72.25:24.25:3.5 maB HaiiMeHIIIe 3HAYCHHS
JUISl 3IATHOCTI NIOTJIMHAHHS BOJM, TOJI sIK 3pa3ok 75:21:4 — HaiiOunblue. [HTepakTHBHA st
(hepMEHTOBAHOr0 IIOPOIIKY PIXKKOBOrO JepeBa i 1uOyai, a Takok (epMeHTOBaHOro
pikkoBoro JepeBa 1 imOupy ™ana 3Haynuii (p<0,05) BIUIMB Ha 34aTHICTH M0
YKUPOMOIIMHAIIBHY 3JaTHICTh. SICKpaBiCTh, MOYEPBOHIHHS Ta JKOBTH3HA KOJIMBAIIUCS B
nianasoni Bix 39,49 no 45,07, Bin 2,01 mo 2,71 Ta Big 12,66 no 15,30, npu upomy 3pa3ok
72:25:3 maB HaiBHIIMI pIBEHb SICKPABOCTI Ta MOBTHU3HH, TOHAI SK 3pasok 75:21:4 -
HaMeHIIMH TS SICKPaBOCTI Ta XOBTU3HHU, pH konuBaBcst B mexax 5,51-5,65. CyrreBoro
(p> 0,05) edekry hepMeHTOBAHOrO Pi>KKOBOTO JiepeBa, 1Oy Ta IMOMPHOro OOpOIIHA Ha
pH He crioctepiranocs. OpraHoienTu4Hi NOKA3HUKH YIS BCIX MapameTpiB OyJIH OILiHEHI K
JIOMYCTUMI Ta TIOMIpHI.

BucHoBok. BxitouenHs nuOyneBoro ta iMOMpHOro OOpoIIHa 10 OOpoIlHa 13 IUIO0IB
PI)KKOBOTO JiepeBa CYTTEBO BIUIMHYJIO Ha (YHKIIOHAJIBHI BJIACTUBOCTI MpPHIpaB i3
OOpOIIHIHIUX CyMiIIIeii.

KuarouoBi cnoBa: npunpasa, pisxcrkose depeso, yubyns, imoup.
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guide to ethical writing”. Pemakmist TpOTIOHYE aBTOpaM, pEIEH3EHTAM 1 YHTayaM
JOTPUMYBATHCS BHMOI, BHKIAJCHHX y IIbOMY TOCIOHHKY, IIOO YHHKHYTH IIOMHJIOK B
o opMIICHHI HAYKOBHX TIpaIlb.
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PepakuyiiHa konerisi
TI'osioBHMI pegakTop:

BikTop CrafuikoB, 1-p TexH. Hayk, mpodecop, HarioHanbHUIT yHIBEpCHTET XapuyOBHX
TEXHOJIOTi#, YKpaiHa.

Yiienn MiskHApoAHOY peJakuiiiHoOl KoJ1erii:

Arora I'enpe Paiimiene, n-p ekoH. Hayk, JIMTOBCHKMII IHCTUTYT arpapHOi €KOHOMIKH,
JIntsa.

AnGena CrosiHOBa, I-p TeXH. HayK, mpodecop, YHIBEPCHTET XapuoBUX TEXHOJOTIH,
M. [TnoBniB, Bonrapis.

Awnapiii MapuHiH, KaH/. TEXH. HayK, CT. HayK. cI., HallioHanbHUI YHIBEPCHUTET XapyOBUX
TEXHOJIOTI#, YKpaiHa.

ATaHacka TeHeBa, 1-p €KOH. HayK, JI0Il., Y HIBEPCUTET XapUOBHX TEXHOMOTiH, M. [L1oBiB,
Bourapist.

Bosogumup IBanoB, a-p. Gion. Hayk, npod., [lepxaBuuii yHiBepcuret loBu, CLLA.

Eron Hlniuyep, a-p, npodecop, epxapuuii yHiepcuter [lonrta ['poceu, bpazunis.
3anpsina /lenkoBa, 1-p TeXH. Hayk, npodecop, YHIBEpCUTET Xap4yOBHX TEXHOIOTIH,
M. [TnoBnaiB, Bonrapis.

Kpicrina CinsBa, x-p, mnpodecop, IlopryranbCbkuii KaTOJMUBKHNA YHIBEPCHTET,
[opryramis.

Mapk Hlamusii, KaHa. TeXH. HAyK, JO1., YOpHOMOpChKa acomiallisi 3 Xap4oBoi HAyKH Ta
TexHouorii, PymyHisi.

Mipua Oposin, 1-p, npodecop, YHiBepcuter «llItedan yen Mapey», PymyHist.

IMaona IliTTia, 1-p TexH. Hayk, nmpodecop, Tepamcbkuii yHiBepcuteT, ITamis.

Cagepio MaHHiHo, 1-p XiM. HayK, npodecop, MiaHChkuil yHIBepcUTeT, [Tamis.

Cranka JlamsiHOBa, 1-p TexH. HayK, npodecop, PyceHchkuit yHiBepcuTeT «Anren Kanuesy,
Borapist.

Tersna Ilupor, n-p TexH. Hayk, npod., HarioHadbHUI YHIBEpPCHTET XapyOBUX
TEXHOJOTiH, YKpaiHa.

Tomam Bepuar, n-p, npodecop, lllenmnHcekuii yriBepcuret, [lompima.

Xyy0 JlexieBeaba, 1-p, acomiamis « MikHapoIHa rapMoOHi3alliifHa iHimiaTuBay, Hinepmanm.
SAcmina Jlykinak, n-p, mpodecop, Yaisepcurer LlItpocmaepa B Ociexy, Ociek, XopBaris.

YsieHu peaakuiiiHol koJierii:

Arora TI'enpe Paiimiene, n-p exoH. HayK, JINTOBCBKHI 1HCTHUTYT arpapHOi E€KOHOMIKH,
JIutga.

Anodena CTosiHOBA, I-p TEXH. HayK, mpodecop, YHIBEPCHUTET XapuyOBHUX TEXHOJOTIH, M.
[TnoBxiB, bonrapis.

Anexcanap IBaHoOB, 1-p TexH. HayK, mpodecop, MOTMITIBCHKUI Tep)KaBHUHA YHIBEPCHTET
MIPOIOBOIBCTBA, biTopych.

Amnatodiii CokoJIeHKO, I-p TeXH. HayK, HarioHaIbHUI YHIBEpCUTET XapuOBHX TEXHOJOTIH
npod., Ykpaina.
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Awnapiii MapuHiH, KaH/. TEXH. HayK, CT. HayK. cIl., HarlloHaJ bHUIA YHIBEPCUTET XapuOBUX
TEXHOJOTiH, YKpaiHa.

AtaHacka TeHeBa, 1-p €KOH. HayK, JIOIl., Y HIBEPCUTET XapUOBUX TEXHONOTiH, M. [[ITOBiB,
Bonrapis.

Banepiii Muponuyk, 1-p TexH. Hayk, npo¢., HamioHambHUIT yHIBEepCHTET XapyOBHX
TEXHOJIOTIH, YKpaiHa.

Bacwias Iaciubmii, 1-p TexH. Hayk, npodecop, HalioHaneHHN YHIBEPCHTET XapyOBHX
TEXHOJIOTi#, YKpaiHa.

Bosnomumup IBanoB, 1-p. 6ion. Hayk, npod., JlepxaBuuii yriBepcureT loBu, CILIA.

Eron ninuep, n-p, npodecop, [JepxaBuuii yHiBepcuret [lonTa I'pocen, Bpazuis.
3anpsina /lenkoBa, A-p TeXH. HayK, npodecop, YHIBEpCUTET Xap4OBHX TEXHOJOTIH,
Bonrapis.

Ipuna ¥YcTuHOBUY, KaH/. €KOH. HayK, biopychkuii HallioHaIbHUN TEXHIYHUH YHIBEPCHTET,
M. MiHchK, Binopycs.

Kpicrina CinsBa, x-p, mnpodecop, IlopryranbCbkuii KaTOIMUBKHHA yHIBEPCHTET,
[opTyrais.

Mapk HlamusH, KaHa. TEXH. HayK, J0I., YOPHOMOPCHKA acoliallis 3 Xap4oBOi HAYKH Ta
TexXHOJOrii, PymyHis.

Mipua Oposin, 1-p, mpodecop, YHiepcurer «lltedan yen Mape», PymyHist.

Hatanisn Kop:k, n1-p ekoH. Hayk, mnpodecop, BiHHHUIBKHI TOProBeIbHO-CKOHOMIUHHIMA
iHcTUTYT KHTBCHKOTO HAIliOHAJILHOTO TOPT'OBENIbHO-€KOHOMIYHOTO YHIBEPCUTETY, Y KpaiHa.
Onena JlepeB’siHKO, 1I-p €KOH. HaykK, mpodecop, I[HCTHUTYT MiCISIUILTIOMHOI OCBITH
HarnionansHOro yHiBepCUTETY XapuoBUX TexHomorii, Kuis, Ykpaina.

MMaona IliTTia, 1-p TexH. Hayk, npodecop, Tepamcbkuii yHiBepcuTter, ITamist.

Cagepio MaHHiHo, 1-p XiM. HayK, npodecop, MinaHchkuil yHiBepcuTeT, ITamis.

Cgitiiana JiTBUHYYK, KaHJ. TEXH. HAyK, JOL., HalioHalbHHH YHIBEPCUTET XapuOBUX
TEXHOJOTiH, YKpaiHa.

CeiTiiana bBoiiko, kaHJ. €KOH. HayK, JOLEHT, HallloHaJbHHH YHIBEPCHUTET XapuOBUX
TEXHOJOTiH, YKpaiHa.

Cranka JlamsiHOBa, 1-p TexH. HayK, npodecop, PyceHchkuit yHiBepcuTeT «Anren Kanuesy,
Bonrapist.

Tersna IMupor, 1-p TexH. HayK, npod., HarioHanpHUI YHIBEPCUTET XapuOBUX TEXHOJOTIH,
VYkpaiHa.

Tomaw bepnar, 1-p, Hpoq)ecop, IenuHCHKUN YHlBepCI/ITeT [Tonpma.

Xyy®6 JlemieBeana, 1-p, acowianis « MixkHapoiHa rapMOHIi3alliiiHa iHiniaTuBay, Hinepnanmy.
Scmina Jlykinak, 1-p, npodecop, YHiBepcurer llItpocmaepa B Ocieky, Ociex, XopBarisi.

BinnoBinanbHuii cexperap:

Ounexciii I'y0ensi (BiamoBimanpHUI cekperap), KaHI. TEXH. HayK, AOI., HamioHampHMA
YHIBEpCHTET XapuOBHUX TEXHOJOTIH, YKpaiHa.
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Bumoru 10 opopmiieHHs craTei

MoBa cratTi — aHrJiiceKa.

PexomennoBanmii oocsr crarti — 10-20 cropinok (juist oryisiioBuUX cratei — monaxg 25
cTOopiHOK) popmary A4.

Just Beix (1) enementiB crarti mpudt — Times New Roman, kernb — 14, intepsan — 1,
abzar — 1 cM.

CTpykTypa cTaTtTi:
1. Ha3Ba crarri.
2. ABTopu cratTi (imM’s1 Ta npi3BHIIe MOBHICTIO, ipUKiIaz: Jenuc O3epsHKo).
3. Yemanoea, 6 sxiil suxonana poboma.
4. Awuoranis. PexkoMmeHnoBaHuii 00csr aHoTamii — TiB CTOpPIHKH. AHOTAIlisl TTOBHHHA
BIJINIOBIIaTH CTPYKTYPi cTarTi Ta MicTUTH po3ainu Beryn (2-3 psiaku), Martepianu i metoan
(mo 5 psanxiB), PesynbraTu Ta 0OropopeHHs (miB cropiku), BucHoBkY (23 psaxw).
5. Kirouosi cnosa.
ITynkTn 1-5 BUKOHATH aHTIUIICHKOIO i yKpaiHCHKOI0 MOBaMU.

6. OcHOBHHUII TEKCT cTaTTi. Mae BKIroUaTH Taki 000B’3KOBI po3/inu:

— Beryn

—  Marepianu Ta Mmetoau

—  Pesynbrati Ta 00roBOpeHHs

—  BuchHoBku

—  Jlireparypa.
3a HeoOXiHOCTI MOXKHA JIOAABATH 1HILI PO3/IK Ta PO30MBATH 1X Ha MiPO3ALIH.
7. ABropceka noBiaka (IlpizBuiie, iM’st Ta Mo 6aThbKOBI, BUSHHU CTYIiHb Ta 3BaHHS, MICIIE
pobotu, enekTpoHHa aapeca ado TenedoH).
8. KonrakTHi iaHi aBTOpa, I10 SIKOro 3a HeoOXiqHOCTI Oy/ie 3BEpTaTUCh PEelaKIlisl )KypHAILY
(TenedoH Ta eJIEKTPOHHA aapeca).

Po3mip TekcTy Ha pucyHKaxX MOBUHEH OyTH cHiBpo3MipHuUM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MPUIMaIOThCS.

®on rpadikis, giarpam — suine Oinuii (). Komip enemenTiB pucyHKy (JIiHii, CiTKa, TEKCT)
— Juiie YopHuil (He cipuii).

Opurinanu pucyHkiB ((aiinu rpadidHux peaakTopis), a Takox daiinu popmaty EXCEL
3 rpadikaMu 00OBS3KOBO MOJIAIOTHCS B OKpeMUX (paiinax.

dotorpadii Ta KOIbOPOBI 300paskeHHs 0aXKaHO HE BUKOPUCTOBYBATH.

CkopoueHi Ha3Bu (I3MYHMX BEIMYMH B TEKCTI Ta Ha Trpadikax MO3HAYAOTHCS
JATHHCHKUMH JIiTepaMu BinmoBigHo 1o cuctemu Cl.

B cnwmcky JiTepaTypu MOBHHHI TMEepeBaXkaTH aHTJIOMOBHI cTaTTi Ta MoHorpadii, ski
omry6ikosasi mcnsg 2000 poky.

JertanpHi IHCTPYKIIT A1 aBTOPiB PO3MIIIEHI HA CalTi

http://ukrfoodscience.ho.ua

CTaTTl HAIACHJIAETHCS 32 €JIEKTPOHHOIO A/IPECOI0:
ukrfoodscience@meta.ua
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OdopmMneHHs CnUCKY JliTepaTypu

IlocuraHHA HA CTATTIO

ABTopu (pix Bunanns), Hasea crarri, Ha3zea swcypuany (kypcueom), Tom (HOMep),

CTOPIHKH.

Bci eneMenTy micnst poKy BUAaHHS PO3AISIOTECS KOMaMHU.
Hpuxaagm:

Yannick Fayolle, Sylvie Gillot, Arnaud Cockx, Laetitia Bensimhon, Michel Roustan,
Alain Heduit (2010), In situ characterization of local hydrodynamic parameters in
closed-loop aeration tanks, Chemical Engineering Journal, 158(2), pp. 207-212.

Carlo Tocchi, Ermanno Federici, Laura Fidati, Rodolfo Manzi, Vittorio Vincigurerra,
Maurizio Petruccioli (2012), Aerobic treatment of dairy wastewater in an industrial
three-reactor plant: Effect of aeration regime on performances and on protozoan and
bacterial communities, Water Research, 46(10), pp. 3334-3344.

IIpuknaan opopMIIeHHS CTATTi, OPUTiHAJ SIKOI YKPAiHCHKOI0 MOBOIO:

Pyroh T.P., Konon A.D., Skochko A.B. (2011), Vykorystannia mikrobnykh
poverkhnevo-aktyvnykh rechovyn u biolohii ta medytsyni, Biotekhnolohiia, 4(2), pp.
24-38.

3a basicanns nicis mpancimeposanoi Hazeu cmammi abo scypuany 6 {gicyprux

OYVIUCKAX MOACHA 0amu NepeKnad aH2uiticbKoio MOGOI0}.

IocuaHHA HA KHUTY

ABtopu (pix), Ha3zea knuzu (kypcuseom), Bunapauurso, Micro.
Bci eneMenTH micisi pOKy BUAAHHS PO3AUISIOTHCS KOMaMH.

Hpukaanu:

1. Harris L. (1991), Money theory, McGraw-Hill Companies, Hardcover

2. Rob Steele (2004), Understanding and measuring the shelf-life of food, CRC Press.
[puxaaxg odopmieHHs C€TATTi, OpUriHAN sIKOI yKpaiHChbKOI0 a00 pocilicbkoio

MOBO1O:

1. Kirianova H.A. (2008), Udoskonalennia tekhnolohii termostabilnykh zheleinykh
nachynok shliakhom ratsionalnoho vykorystannia hidrokoloidiv roslynnoho ta
mikrobnoho pokhodzhennia: PhD tethis, NUHT, Kyiv.

2. Zalutskyi I.R., Tsymbaliuk V.M., Shevchenko C. H. (2009), Planuvannia i diahnostyka

diialnosti pidpryiemstva, Novyi svit, Lviv.

3a bascanns nicia mpauciimeposanol Ha38u KHUSU 8 {hicypHux OYIHCKaAX MO*CHA Oamu

nepexiao aHeniticbKow MO80).
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IMocniiaHHs HA eJIEKTPOHHUI pecypc

BUKOHY€eTBCS aHATIOTIYHO MOCHJIAHHIO HA KHUT'Y a0 cTaTTro. [licis opopmieHHs
JaHUX TPO IMyOJiKaliio MUIIYThCs cioBa available at: Ta Bka3yeTbcs eJIeKTpOHHA ajpeca.

HpI/IKJ'IaZ[ IMOCHJIAHHS Ha CTATTIO 13 CJICKTPOHHOI'O BUJIAHHA:

1. Barbara Chmielewska (2012), Differentiation of the standard of living of families in
countries of the European Union, Ukrainian Food Journal, 2(2), pp. 230-241,
available at:
http://ufj.ho.ua/Archiv/UKRAINIAN%20FO0OD%20JOURNAL%202013%20V.2%20
Is.2.pdf

2. (2013), Svitovi naukovometrychni bazy, available at:
http://www1.nas.gov.ua/publications/q_a/Pages/scopus.aspx
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