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 Abstract 

  

Introduction. In this investigation, the aim was to study the 

effects caused by heat moisture-treatment (HMT), low humidity 
(< 35%) and heating, on organic wheat starch. 

Materials and methods. Оrganic wheat starch was submitted 

to hydrothermal treatment in different concentrations of humidity 

(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. 

Results and discussion. After heat treatment at low moisture 

(HMT), the organic wheat starch exhibited greater thermal 

stability when compared to the untreated. The first mass loss was 
due the dehydration, followed of stability; the second and third 

mass loss occurs consecutively with decomposition and oxidation 

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 

considerable changing in the diffraction pattern. The main 

diffraction angles were registered at 15, 17, 18 and 23°, in 2 (), 
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 m in the major 

granules (A) and 5.6 to 7.1 m 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 

by HMT. The decrease in pasting temperature and major thermal 

stability and viscosity were obtained. 
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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 μm and lenticular format are considered type A, while those with 

diameter < 10 μm 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 ºC) 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 ºC for 7 min. 

The white precipitate was recovered and dried in an oven at 40 ºC, 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 ºC (sample mass of 7.0 mg, 

air flow, flow of 150 mL min-1, at 10 ºC min-1) 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 ºC, for 1 h and 15 min. After this time, the samples 

were dried in an oven at 40 ºC 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 α-alumin crucible with approximately 7.0 mg of each sample, under an air 

flow rate of 150 mL min-1 at a heating rate of 10 ºC min-1 and temperature range between 30 

and 650 ºC. 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 ºC for 2 min, heating to 

95 ºC at a heating rate of 6 ºC min-1, temperature maintained at 95 ºC for 5 min, followed by 

cooling to 50 ºC at 6 ºC min-1. The cycle was finished maintaining the temperature at 50 ºC 

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 CuKα radiation (λ = 1.541 Å) 

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 (Ac + Aa). The diffraction pattern 

of the samples was determined by the occurrence of peaks of crystallinity in the angular range 

of 5º to 50º (2θ), with a scanning speed of 2º min-1, and a step of 0,02º. 
 

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. 

 

 

 

 
 

 

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 

 

Samples 

TG results DTG results 

Steps m/% T/ºC Tp/ºC 

(a) 1st 8.1 30–168 83.3 

 Stability – 168–241 – 

 2nd 69.0 241–430 316.3 

 3rd 17.2 430–600 431.3 

(b) 1st  7.3 30–160 79.0 

 Stability – 160–251 – 

 2nd 72.2 251–427 315.1 

 3rd 18.2 427–603 446.1 

(c) 1st 6.7 30–165 83.0 

 Stability – 165–247 – 

 2nd 69.5 247–416 317.1 

 3rd 17.4 416–595 431.2 

(d) 1st 4.5 30–167 96.6 

 Stability – 167–248 – 

 2nd 69.5 248–411 315.8 

 3rd 20.2 411–595 522.4 

∆m, mass loss (%); ∆T, 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 ºC and 411–603 ºC, 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. 
 

 

  
 

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 (a) (b) (c) (d) 

Tp/ºC 93.6±0.6a 92.9±0.1ab 91.7±0.1b 91.5±0.6b 

Peak viscosity / 

mPa.s 
907.1±0.1c 840.2±0.3d 992.1±0.2b 1097.2±0.3a 

Setback / 

mPa.s 
749.1±0.1b 676.4±0.4d 711.1±0.1c 758.1±0.6a 

Breakdown / 

mPa.s 
128.9±0.1d 171.3±0.5c 247.1±0.1b 266.1±0.1a 

Final viscosity/ 

mPa.s 
1527.2±0.3b 1354.3±0.4d 1456.1±0.2c 1589.1±0.2a 

Peak time / 
min 

10.4±0.1a 10.3±0.0a 9,99±0.1b 10.2±0.1ab 

(*) Tp, Pasting temperature. Values shown as average±standard 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 20º in 2 (θ), 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(θ), which 

characterizes the diffraction pattern 

of type A, typical of cereals, as 

observed buckwheat [9], rice [20], 

sorghum [26] and corn [27].  

With the heat treatment, the 

double starches propellers with 

type A diffraction pattern can move 

promoting rupture in the 

arrangement of the crystalline 

region, thus reducing the relative 

crystallinity as pointed out by 
Gunaratne and Hoover [10]. 

A lower intensity peak was 

observed at 20º, related to the 

amylose-lipid complex (type V 

complex), commonly observed in 

starches submitted to HMT, mainly 

isolated from cereals [28].  

The degree of relative 

crystallinity (RC) calculated from 

the diffractograms was of:  

(a) 26.97±0.48%a;  
(b) 26.19±0.69%ab;  

(c) 25.30±0.75%ab;  

(d) 25.16±0.77%b.  

Similar value for RC of native 

waxy wheat starch was found by 

Hu et al. [29].  

After the modification, there 

was a decrease in the RC of the 

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] 

 

 
 

Figure 3.  Difratograms for (a) – organic wheat 

starch;  

and modified by HMT with 

 (b) – 10% moisture,  

(c) – 15% moisture,   

(d) – 20% moisture. 
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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). 

 

 

 
 

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) 17.9±3.3b 5.6±2.0ª 

(b) 22.2±6.1ab 6.52±1.1ª 

(c) 23.7±9.7ab 6.6±2.4ª 

(d) 27.7±7.1a 7.1±2.5a 

Values expressed as mean±standard 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 aqueous 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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 Abstract 
  

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 (Iannitti, 

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 
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Echinacea 
purpurea 

(root) 

5.0 50 

60 5 

40.0 

80 59 

40.0 

50 5 

40.0 

100 53 

80.0 

6.0 60 48.0 48.0 48.0 96.0 

7.0 70 56.0 56.0 56.0 112.0 

Rhodiola 
rosea 
(root) 

1.0 10 

70 5 

7.5 

75 69 

7.5 

50 5 

7.5 

100 55 

15.0 

1.5 15 11.3 11.3 11.3 22.5 

2.0 20 15.0 15.0 15.0 30.0 

Ginger 
(root) 

3.0 30 

70 5 

25.5 

85 69 

25.5 

50 5 

25.5 

100 53 

51.0 

4.0 40 34.0 34.0 34.0 68.0 

5.0 50 42.5 42.5 42.5 85.0 

Laminaria 
(dried) 

4.0 80 

45 7 

64.0 

80 43 

– 

– – 

– 

– – 

64.0 

5.0 100 80.0 – – 80.0 

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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Сhromatographic 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 μm. 

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 
impurities liquid, permissible 

opalescence, which disappears 
after filtration 

Inherent in the plant raw materials from 
which they are made, without extraneous 

taste and smell 

Infusion of 
Echinacea 
purpurea (root) 

Clear liquid without sediment 
and impurities 

Brown color with shine, taste coordinated, 
pleasant, aroma corresponding to the raw 
materials used, without extraneous taste 
and smell 

Infusion of 

Rhodiola rosea  
(root) 

Brown color, pleasant taste and aroma that 

fully corresponds to the raw materials 
used, without extraneous taste and smell 

Infusion of 
Ginger (root) 

Burning and spicy taste, pleasant aroma 
that corresponds to the raw materials used, 
without extraneous taste and smell, light 
yellow color 

Infusion of 

Laminaria 
(dried)  

Light green color, corresponding to the 

basic raw material, inherent taste and 
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 

ethyl alcohol, % 

Mass fraction of 

essential oil, % 

Mass concentration of 

general extract, g/100 

cm3 

Prototype 20.0 – 90.0 0.0 – 15.0 0.1 – 20.0 

Infusion of 
Echinacea 

purpurea (root) 

53.0±1.1 – 3.2±0.1 

Infusion of 

Rhodiola rosea 

(root) 

55.0±1.1 – 2.5±0.1 

Infusion of Ginger 

(root) 
53.0±1.1 0.048±0.002 2.6±0.1 

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 polysacсharides (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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 Abstract 
  

Introduction. 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. Flour of walnut was blended 

with that of cowpea in the ratio 3% to15% to produce dried 

bean cake, which was analysed for physico-chemical 

properties and storability, as well as the functional properties 

of the flour samples.  

Results and discussion. Cowpea flour had higher bulk 
density (0.86g/ml>0.77g/ml), while water and oil 

absorptions and swelling capacities of the cowpea were 

significant (p≤0.05) to that of walnut (1.78g/g > 0.85g/g), 

(1.97g/g > 1.29g/g) and (1.04 > 0.64) respectively. Control 

sample (sample without walnut) had higher protein 

(17.81%), moisture (6.55%) and fibre (1.58%), but fat and 

ash contents were significant lower in sample with walnut 

incorporation. Sample with 15% walnut had higher 

quantities of calcium (1.69mg/l) and magnesium (3.70mg/l), 

but the control was higher in sodium (4.00 mg/l) and 

potassium (3.14 mg/l). Sample with 6% walnut was the 

hardest (163.58 N), and 12% walnut sample, the least 
(26.27N). The L*, a* and b* values were significant. Control 

sample was lighter, and 15% walnut sample, the darkest, 

which may be to the high walnut content. Samples with 12% 

and 15% samples respectively had the least bacterial 

(4.0×104 cfu/g) and fungal (1.4×104 cfu/g) counts after eight 

weeks. Walnut addition inhibited microbial growth due to its 

antimicrobial and antioxidant properties. The control sample 

was rated best for appearance, crispiness and texture, while 

9% walnut sample was the best accepted and rated for 

flavour and taste. 

Conclusion. Walnut addition conferred extended shelf 
life and improved nutritional quality to the product. 
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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 (Ihekoronye 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 snacks (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 Ilesha, 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 ºC for 9 hours. Dried walnut (at 

60 ºC for 5 hours) and cowpea were milled into fine flour and stored at 4 ºC. 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 ºC for 3–5 minutes, drained and 

cooled (10–15 minutes). Deep fried again at 100 ºC 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 ºC for 24 hours for bacterial counts, and 72 hours at 27 ºC for 
fungal counts. 

 
 Number of colonies × dilution factor

Counts cfu/g  =  
Volume of diluent plated

 

 

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 0=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 HNO3 added and the mixture kept overnight at room temperature. About 4 mls of 

perchloric acid (HClO4) was added and the mixture placed in the fume block for digestion, 

with the temperature increased gradually from 50 ºC to between 250-300 ºC 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 

(g/ml) 

Water Absorption 

Capacity (g/g) 

Oil Absorption 

Capacity (g/g) 

Swelling 

Index 

Cowpea 0.86a±0.01 1.78a±0.00 1.98a ± 0.01 1.05a±0.01 

Walnut 0.77a±0.1 0.85b±0.00 1.29b ± 0.03 0.64b±0.03 

 

 

Proximate Composition of Fresh and Stored Fried Bean Cakes 

 

In Table 2, the composition (mean±standard 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 

% 

Сarbohydrat 

Day 0 

A 6.55a±0.01 17.81a±0.04 1.92d±0.04 1.58a±0.02 2.58e±0.01 69.58c±0.06 

B 5.91b±0.00 16.90c±0.03 1.97d±0.01 1.47b±0.02 2.77d±0.06 70.99b±0.03 

C 4.92e±0.01 16.24d±0.04 2.35c±0.01 1.40b±0.02 3.20c±0.03 71.90a±0.10 

D 5.39d±0.01 16.98c±0.05 3.03b±0.02 1.25c±0.04 3.63b±0.06 69.75c±0.13 

E 6.10b±0.01 17.22b±0.06 3.19b±0.01 1.22c±0.04 3.73b±0.03 68.55d±0.06 

F 5.81d±0.01 17.12bc±0.49 3.60a±0.02 1.15d±0.04 4.01a±0.54 68.33d±0.04 

After 8 weeks 

A 7.19a±0.01 15.92d±0.03 1.53e±0.01 1.67a±0.02 2.08f±0.03 71.60a±0.01 

B 6.28c±0.01 16.99b±0.02 1.95d±0.08 1.45b±0.02 2.37e±0.01 70.97c±0.03 

C 6.40b±0.01 15.77e±0.04 2.34c±0.04 1.41b±0.01 3.07c±0.05 71.02b±0.05 

D 5.66e±0.01 16.86b±0.06 2.90b±0.04 1.40b±0.01 2.87d±0.02 70.32d±0.04 

E 7.11a±0.01 17.16a±0.11 3.02b±0.06 1.24c±0.03 3.21b±0.07 68.18f±0.15 

F 5.92d±0.00 16.54c±0.03 3.14a±0.05 1.11d±0.03 3.54a±0.35 69.48e±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/l after eight, with slight increase noticed 

in the 9% walnut sample.   
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Table 3 

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 1.67a±0.08 2.85b±0.06 4.00a±0.00 3.14a±0.07 

B 1.30c±0.14 2.87b±0.49 1.61c±0.16 1.79b±0.04 

C 1.41b±0.12 2.90b±0.19 2.75b±0.07 1.35c±0.04 

D 1.41b±0.12 2.85b±0.04 1.25d ±0.71 1.12c±0.19 

E 1.55ab±0.04 3.53a±0.91 1.40c±0.00 1.67b±0.10 

F 1.69a±0.00 3.70a±0.15 0.60e ±0.00 1.76b±0.16 

After 8 weeks 

A 1.52a±0.07 2.82b±0.04 4.04a ±0.1 2.96a±0.2 

B 1.24c±0.02 2.52c±0.01 1.74b±0.05 1.60b±0.07 

C 1.39b±0.01 2.93b±0.1 1.51c±0.01 1.23c±0.3 

D 1.36b±0.01 2.74 b±0.02 0.89e±0.05 1.19c±0.1 

E 1.56a±0.1 3.42a±0.01 1.18d±0.1 1.54b±0.1 

F 1.57a ±0.04 3.54a±0.2 0.51f±0.02 1.81b±0.0 
 

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 

 
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 

(mm) 

Chewiness 

(N) 

Fracturability 

(N) 

Stringiness 

Day 0 

A 129.14a±37.1 0.03d±0.00 0.06d±0.01 40.81a±14.41 3.38b±0.01 

B 44.81c±1.28 0.023d±0.07 0.014e±0.00 12.77b±0.28 4.32a±0.02 

C 163.58a±5.2 0.054b±0.01 1.43c±0.01 26.65ab±0.64 4.01ab±0.00 

D 114.49b±0.54 0.042c±0.00 1.87b±0.02 12.18bc±0.25 3.40b±0.07 

E 26.27c±0.81 0.014e±0.00 0.04e±0.00 19.29bc±0.44 3.50b±0.09 

F 61.75c±18.82 0.092a±0.01 1.92a±0.00 7.21c±0.00 3.41b±0.28 

After 8 weeks 

A 91.43b±0.31 0.11a±0.14 0.07c±0.02 15.29b±2.07 3.62b±0.11 

B 38.52c±2.40 0.02a±0.01 0.007c±0.01 28.23a±1.10 3.76b±0.30 

C 105.45a±6.47 0.05a±0.00 0.93a±0.14 12.90bc±1.30 3.98b±0.05 

D 107.76a±3.31 0.06a±0.00 0.64b±0.02 16.99b±2.20 3.42b±0.29 

E 15.67d±2.23 0.04a±0.01 0.01c±0.02 15.10bc±1.41 3.73b±0.10 

F 14.45d±0.93 0.013a±0.01 0.02c±0.00 12.51c±1.81 6.28a±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 49.73a±2.81 8.62b±0.79 16.16a ±1.72 

B 47.34b±2.39 7.77c±2.39 14.11b±2.43 

C 46.51c±2.28 8.59b±0.93 13.51c±2.23 

D 46.57c±1.99 9.13a±0.98 13.64c±1.97 

E 48.93ab±1.96 9.19a±1.11 15.57a±2.06 

F 45.96d±1.96 9.33a±0.93 12.86d±1.47 

After 8 Weeks 

A 50.32a±1.83 8.38ab±1.00 15.71ab ±2.58 

B 46.53b±2.53 7.30b±0.90 13.57b±2.57 

C 45.93b±3.15 8.67ab±1.37 13.66b±3.21 

D 46.54b±2.62 9.01a±1.30 12.77bc±1.33 

E 48.75ab±2.87 8.20ab±0.93 16.32a±2.14 

F 46.02b±1.08 9.53a±1.16 11.82c±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 2.0×104cfu/g, while the 

walnut incorporated samples had no fungal growth. The lowest bacterial count was recorded 

for sample with 15% walnut (0.2×104 cfu/g). By the 4th week, control sample was the highest 

with microbial and fungal counts of 3.7×104 cfu/g and 2.0×104 cfu/g respectively, but the 

lowest was 15% walnut sample with bacterial and fungal growth of 1.9×104 cfu/g and 0.1×104 

cfu/g respectively.  

After storage, bacterial and fungal counts of the control rose to 5.9×104 cfu/g and 

4.7×104 cfu/g respectively. Least bacterial and fungal growths were 2.3×104 cfu/g and 

1.0×104 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   (cfu×104) 4th Week (cfu×104) 8th Week (cfu×104) 

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 WK0  (cfu×104) 4th Week (cfu×104) 8th Week (cfu×104) 

A NIL 2.0 4.7 

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 

A 7.75a±0.77 7.65a±0.88 6.80a±0.95 6.65b±0.88 7.70a±0.98 7.40a±0.75 

B 7.15a±0.75 7.25b±0.79 7.05a±0.95 6.95ab ±0.83 7.40a±0.82 7.40a±0.75 

C 5.95b±1.39 6.75b±1.37 6.30b±1.34 6.20c±1.51 7.20a±1.00 6.60b±0.99 

D 6.02b±1.39 7.55a±0.95 7.20a±0.89 7.45a±0.83 7.60a±0.88 7.55a±0.99 

E 7.35a±1.14 7.15b±1.04 7.05ab±0.95 6.90abc±0.97 7.05a±0.88 7.20ab±0.89 

F 5.80b±1.06 7.45a±0.95 7.00ab±0.97 6.60bc±1.23 7.20a±1.15 7.00ab±1.08 
 

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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 Abstract 
 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 points2 and 96.9 points2, 
compared to the control sample – 91.2 points2. The apple-pumpkin sambuk 

has a little below 88.8 points2. The decrease in the rating of sambuk «apple 

– pumpkin» is due to the specific aroma of the blended pair «apple – 
pumpkin». 

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/ο-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 β-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 
73.9μg/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 N,1j = , where N – the number of individual quality 

scores [29]: 

 1 1 1 1

1 1

1 2π 1 2π

2 2

N N

j j j j N

j j

S f f sin sin f f , f f
N N

  

 

 
        

 
 

 
For each sample with a set of values of individual indicators )f,...,f,f( N21

, 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 doesn`t 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]: 

1NN1-N3221 ffff...ffffF +++= , points 2. 

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 сryoscopic 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 8–10 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 

dry matter, % 
рН 

Water 

activity, Аw 
Enthalpy, 

J/g 
Moisture 

content, U % 
Apple (control 
sample) 

10.10±1.54 6.4 0.986 63.36 19.560±1.530 

Apple-sugar 11.30±0.85 7.3 0.986 60.74 18.064±1.100 
Apple-glucose-
fructose syrup 

12.15±1.10 6.9 0.970 61.22 18.259±1.200 

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 ºС 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. 

 

 
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.  

 
Таble 2 

Determining of desserts rating 

 

Sensory 

characteristi

cs, points 

Weight 

ratio 

Dessert with 

blended pair 

apple-kiwi, 

points2 

Dessert with 

blended pair 

apple-

pumpkin, 

points2 

Dessert with 

blended pair 

apple-banana, 

points2 

Control sample 

(with apple puree) 

traditional apple 

sambuk, points2 

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 19.4 18.5 

Smell 1.5 13.7 13.5 14.6 13.6 

Consistency 1.5 13.5 13.5 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 points2, compared with the control sample (91.2 points2). The apple-pumpkin sambuk 

has a little less rating (88.8 points2). 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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 Abstract 
  

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 α-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 a result 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 17±2 °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 °С 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 
(Т=17±2 ºС, τ=6–8 hours) 

↓ 
Germination of lentil seeds 

(Т=17±2 ºС, τ=72–88 hours) 
↓ 

Grinding (0,2–0,5 mm) 
↓ 

Extraction of proteins 
(Т=50–90 ºС,τ=10–60 min) 

↓ 
Filtration 

↓ 
Bottling 

↓ 
Cooling (Т=4–6 ºС) 

↓ 
Storage 

(Т=0–6 ºС, W≤70%) 
 

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

 

 

Description of methods 

 
 

Сhromatographic 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. Ion-exchange column chromatography is based on the acid-base properties 

of amino acids. Ninhydrin detection is used to register amino acids in eluates.Özlem 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: 

  100
j
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A
  (1) 

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

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 ( ), as the mass fraction of EAA in 100 g of 

protein in product used by the body is not rational: 

 
8

1 100
j min jri

min

A C A

C
 

 
 


(3) 

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

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. 

 
Table 1 

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

beverages from its 
 

Indicators 

Mass fraction in terms of solids, g/100g 

Dry seeds 
Germinated 

seeds 

Beverage 

from dry 

seeds 

Beverage 

fromgerminated 

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 19,8±2,0 23,1±2,0 

Fats 1,3±0,1 1,0±0,1 0,9±0,1 0,6±0,1 

Digestible 

carbohydrates 

54,3±4,0 54,2±4,0 48,5±4,0 49,1±4,0 

Indigestible 

carbohydrates 

8,6±0,5 7,8±0,5 1,3±0,2 1,1±0,2 

Ash content 3,4±0,2 3,5±0,2 2,6±0,2 2,6±0,2 

Vitamins, mg/100g 

Β-carotene 0,03±0,005 0,03±0,005 0,02±0,005 0,02±0,005 

Vitamin В1 

(thiamine) 

0,58±0,01 1,0±0,01 0,49±0,01 0,8±0,01 

VitaminВ2 

(riboflavin) 

0,25±0,01 0,63±0,01 0,20±0,01 0,59±0,01 

VitaminРР (niacin) 2,1±0,05 3,8±0,05 1,9±0,05 3,7±0,05 

VitaminЕ  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 α – amylase 

(Figure 2). 

 

 
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 Reference 

protein 

according to 

FAO/WHO, 

g/100 g of 

protein 

Content in beverage 

from germinated 

lentils 

Content in beverage 

from dried lentils 

g/100g of 

protein 

Amino-

acid 

score, % 

g/100g of 

protein 

Amino-

acid 

score, % 

Lysine 5,5 7,52 136 7,4 132 

Threonine 4,0 3,91 98 3,8 90 

Methionine 
3,5 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 72–88 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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 Abstract 
  

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 9th day, temperature (29.59–51.61% 

degradation from initial to final temperature), and exposure to 

light generated 44.87% reduction after 9th 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 µg/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 DF 100
TAC

m E

 



                                  (1) 

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).  

 

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
% inhibition 1 100%

Absorbance of sample

 
   
 

                            (2) 

Each experiment was replicated three times. 

 

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 (4.9g) 

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 

to 33.29% (48.3±0.4 to 32.22±1.38) in the absence of light after 9th 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 

 

 

 

 

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±0.4a 

30 34.01±3.53467b 

45 30.43±3.61316bc 

60 26.85±2.55bc 

75 23.37±3.17c 
 

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 µg/mL calculated from this non-linear 

regression curve while Kanatt et al. [11] and Kasliwali & Quadri [12] found the IC50 value 

of Peel extract for DPPH radical scavenging was 4.9 µg 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).  

 

 

Total Anthocyanin Content (mg/100g)  

Days Frozen storage 

(at -10 °C) 

Presence of light Absence of light 

0 48.3±0.4a 48.3±0.4a 48.3±0.4a 

3 32.22±2.02b 39.61±1.71b 41.7±2.98161b 

6 25.06±1.16c 32.48±0.78c 35.8±2.57099b 

9 17.89±1.29d 26.63±1.6d 32.22±1.38c 
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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.  

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

Artificial Color, and Commercial Jelly 

 
Table 3 

Sensory analysis of jelly 
 

Attributes Samples Mean ±SD 

Color SN 8.2 ± 0.68a 

SA 7.8 ±0.86a 

SC 7.7 ±1.84a 

Flavor SN  8.07±0.8a 

SA 7.7±0.9ab 

SC 6.6±2.2b 

Texture SN 8.1±0.52a 

SA 7±0 b  

SC 7.7±1.1a 

Taste SN 8.5±0.64a 

SA 8.1±0.74a 

SC 6.6±1.4b 

Appearance SN 7.9±0.74 a 

SA 7.5±0.92a 

SC 8.3±1.03a 

General 

Acceptance 

SN 8.1±0.52a 

SA 7.6±0.99a 

SC 7.2±1.57a 
 

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). 

 

 

The mean score for 

appearance, color, flavor, texture as 

well as overall acceptability of the 
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 IC50 

value of 0.04 µg/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. 
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 Abstract 

 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 °С, 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. ClA/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 cm3 of 70% ethyl alcohol and 5 cm3 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:  

1 2

1

( )
100

G G
В

G


                                                    (1) 

where G2 – mass of pectin g.; G2 – mass of pectin after washing with alcohol, g. 

 

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, %:  

2

0,45
100F

а
К

G


                                                      (2) 

where, а – 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 HCl 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: 

2

0,45
100E

b
К

G


                                                 (3) 

where, b – amount of 0.1N NaOH spent on the second titration, ml; G2 is the mass of washed 

and dried pectin. 
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The degree of esterification of pectin λ, % was calculated by the formula: 

100E

T

К

К
                                                       (4) 

where KT – total content of  carboxyl groups, T F EК К К  . 
 
 
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. 

 

 
 

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 

 

Characteristics 

Sample 1 

(raw material 

ratio 50:50) 

Sample 2 

(raw material 

ratio 60:40) 

Sample 3 

(raw material 

ratio 70:30) 

Yield of pectin, % 17,3 15,4 13,7 

Content of ballast substances, % 12,0 10,0 9,0 

Content of free carboxyl groups, 

% 
4,0 3,06 2,98 

Content of methoxyl groups, % 8,75 8,55 7,43 

Degree of esterification, % 68,90 73,60 71,40 

Content of pure pectin (uronide 

component), % 
52,50 48,10 43,0 

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. 

 

 
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- 

pumpkin 

Potato- 

citrus 

Yield of pectin, % 13,0±0,2 21,3±0,5 13,3±0,2 13,50±0,5 17,3±0,1 

Content of ballast 

substances, % 
6,70±0,2 31,7±0,2 9,80±0,1 8,80±0,10 12,0±0,5 

Content of free 

carboxyl groups, % 
5,26±0,5 7,45±0,2 3,6±0,1 3,60±0,10 4,0±0,5 

Content of esterified 

carboxyl groups, % 
4,80±0,5 19,65±0,1 14,3±0,2 14,23±0,5 8,75±0,5 

Content of esterified 

carboxyl groups, % 
10,06±0,5 27,0±0,1 17,9±0,3 17,83±0,5 12,75±0,5 

Uronides component, 

% 
41,1±0,5 68,30±0,5 69,4±0,5 74,0±0,5 63,0±0,2 

Degree of 

esterification, % 
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 70–75 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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 Abstract 
 

 

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).  
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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 ⋅ 105 cm–1 ⋅ 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, 

including; 79.85 

83.64 

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 

 

Value 
Black Cumin 

seed oil 

Refined 

Sunflower oil 

Acid value (as mg KOH/g oil) 2.8 ( up to14) 0.4 

Iodine value 112 123 

Content of polyphenols (in terms of gallic 

acid, mg / 100 g) 
135 - 
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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.   

 
 

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 
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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 С-С 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). 

 
 

Figure 3. Changes in iodine 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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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. 

 
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 

 
 

  

0,0

0,2

0,4

0,6

0,8

1,0

0 4 8 12 16 20

T
h

io
b

a
rb

it
u

ri
c
 a

c
id

 v
a
lu

e
(i

n
 t

e
rm

s
 o

f 
m

a
lo

n
ic

 a
ld

e
h

y
d

e
),

 m
g

/k
g

Time, h

1

2
3



───  Food Technology ─── 

 ───Ukrainian Journal of Food Science.  2020.  Volume 8. Issue 2 ───   276 

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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 Abstract 
 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 

as it is rich 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 250µm 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 250µm 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  

bean flour 

Onion flour Ginger 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 



───  Food Technology ─── 

──Ukrainian Journal of Food Science.  2020.  Volume 8. Issue 2 ── 281 

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. 

 

Swelling Power = 
          dim

           

weight of wet massof se ent

weight of drymatter inthe gel
.  

 

Starch solubility index % = 
         

   

weight of dry solidsafter drying

weight of sample
 ×100 

 

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 (%) =
       

   

Amount of water added Freewater

Weight of sample


 × Density of water × 100 

 

 

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 (%) =
       

   

Amount of oil added Freeoil

Weight of sample


 × Density of refined corn oil × 100 
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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. 

g    
 

ml        

Weight of sample
Bulk density

Volumeof sampleafter tapping

 
 

 
 

     

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 

Power 

(%) 

Solubility 

(%) 

Gelation 

capacity 

(%) 

WAC 

(%) 

OAC 

(%) 

Bulk 

density 

(g/ml) 

Oil 

absorption 

capacity 

(%) 

Bulk 

density 

(g/ml) 

73.75 23.75 2.5 5.97a 6.43b 3.54ab 2.40ab 1.08e 0.60a 1.08 0.60 

73 25 2 6.41e 8.92g 4.59cd 2.81b 0.75b 0.63b 0.75 0.63 

75 21 4 6.72f 10.87i 5.19d 3.03c 0.64a 0.61a 0.64 0.61 

75 22 3 6.24c 7.69e 4.19b 2.71b 0.86bc 0.60a 0.86 0.60 

72.25 24.25 3.5 5.89a 5.27a 3.31a 2.31a 1.02d 0.59a 1.02 0.59 

71 25 4 6.10b 7.49d 3.83ab 2.64b 0.96cd 0.60a 0.96 0.60 

73 25 2 6.43e 8.92f 4.56cd 2.77b 0.72b 0.61a 0.72 0.61 

71 25 4 6.18c 7.49d 3.83ab 2.65b 1.01d 0.59a 1.01 0.59 

73 23 4 6.26cd 7.57de 3.90ab 2.62b 0.91c 0.60a 0.91 0.60 

72 25 3 6.10b 7.48d 3.83ab 2.33a 1.04e 0.59a 1.04 0.59 

75 23 2 6.32cd 8.73f 4.27c 2.75b 0.78b 0.60a 0.78 0.60 

75 21 4 6.26cd 7.71e 4.22c 2.72b 0.91c 0.60a 0.91 0.60 

74.25 22.75 3 6.08b 6.67c 3.63ab 2.46ab 1.12f 0.60a 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 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 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 

power 

(%) 

Solubility 

(%) 

Gelation 

capacity 

(%) 

Water 

absorption 

capacity 

(%) 

Oil 

absorption 

capacity 

(%) 

Bulk 

density 

(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 

R2 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, R2: 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 2.5 40.91ab 2.25cd 13.44bc 5.57b 

73 25 2 42.11bc 2.30d 14.22cd 5.56b 

75 21 4 39.49a 2.01a 12.66ab 5.65c 

75 22 3 42.24bc 2.11abc 14.04cd 5.64c 

72.25 24.25 3.5 40.39ab 2.06ab 13.34abc 5.56b 

71 25 4 43.47cd 2.14abcd 14.68de 5.56b 

73 25 2 40.80ab 2.11abc 13.32abc 5.61c 

71 25 4 39.64a 2.06ab 12.46a 5.62c 

73 23 4 43.42cd 2.81f 14.73de 5.55b 

72 25 3 45.07d 2.71f 15.30e 5.51a 

75 23 2 42.14bc 2.17abcd 14.17cd 5.57b 

75 21 4 43.53cd 2.48e 14.54de 5.62c 

74.25 22.75 3 42.46bc 2.20bcd 14.26cd 5.58b 
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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 Table 5 

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

and ginger blends 

 

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 1.51 

Press 149.80 3.09 36.31 0.05 

R2 0.78 0.88 0.86 0.62 
*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, R2: 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 

Feel 

Overall 

Acceptability 

73.75 23.75 2.5 6.67d 6.03a 6.33bc 6.93g 6.77bc 

73 25 2 6.60cd 6.07a 6.27b 6.83d 6.50a 

75 21 4 6.83e 6.63cd 7.00f 7.27f 7.23g 

75 22 3 6.80e 6.77d 6.87f 7.23f 7.30gh 

72.25 24.25 3.5 6.53c 6.27b 6.77d 6.30a 6.80c 

71 25 4 6.57c 6.50c 6.77d 7.00e 7.17ef 

73 25 2 7.00f 6.80e 6.87e 7.00e 7.00d 

71 25 4 6.40b 6.97f 6.83e 6.67b 6.87d 

73 23 4 7.27f 6.27b 6.90f 6.77c 7.07e 

72 25 3 6.63c 6.73d 6.70d 6.80d 6.80c 

75 23 2 6.53c 6.20b 6.20a 6.97e 6.63b 

75 21 4 6.53c 6.57c 6.80e 6.83d 6.90d 

74.25 22.75 3 6.17a 6.17b 6.43c 6.73c 6.73b 
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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Анотації 
 

Харчові технології 
 

 

Гідротермічна обробка органічного пшеничного крохмалю: термічні, структурні 

та клейстерні властивості 
 

Веслі Гонцалес де Баррос, Каміла Делінські Бет,  

Крістіна Солтовські де Олів’єра, Надін Рістов, 

Радла Басінелла, Єгон Шнітцлер, Луїз Густаво Лачерда 

Державний університет Понта-Гросса, Парана, Бразилія 

 
Вступ. Мета досліджень – вивчити ефекти, спричинені гідротермічним 

обробленням, низькою вологістю (<35%) та нагріванням органічного пшеничного 

крохмалю. 

Матеріали і методи. Органічний пшеничний крохмаль піддавали гідротермічній 

обробці за різних концентрацій вологості (10, 15 та 20%) в автоклаві за температури 

121 °C протягом 1 год 15 хв. Для порівняння властивостей природного і 

модифікованого крохмалю проводили термогравіметрію, віскоамілографічний аналіз, 

рентгенівську дифрактометрію порошковим методом (XRD) та сканувальну 

електронну мікроскопію (SEM). 

Результати і обговорення. Після термічної обробки за низької вологості 

органічний пшеничний крохмаль мав більшу термостійкість порівняно із 
необробленим. Перша втрата маси відбулася через зневоднення; друга і третя втрати 

маси відбуваються послідовно під час розкладання й окислення органічної речовини в 

атмосфері повітря. Кінцевим залишком був попіл із крохмалю. Більш низькі 

температури склеювання та вища пікова в’язкість спостерігалися для крохмалю, 

обробленого за вологості 15 і 20%. Нижня тенденція до ретроградації та в’язкості були 

отримані для органічного пшеничного крохмалю, обробленого за 10% вологості. Для 

модифікованих зразків було виявлено зниження кристалічності без значних змін у 

дифракційній картині. Основні кути дифракції реєструвались при 15, 17, 18 і 23 °, в 2θ, 

з низькою інтенсивністю. Така поведінка характерна для дифракційного крохмалю 

типу А (типового для круп). За допомогою сканувальної електронної мікроскопії 

органічний пшеничний крохмаль мав бімодальний розподіл без значних змін у 

морфології гранул. Після гідротермічного оброблення крохмальні гранули мали 
незначне збільшення середнього діаметра – від 17,9 до 27,7 мкм в основних гранулах 

(А) та від 5,6 до 7,1 мкм у незначних гранулах (В). Форма в (A) овальна, у (B) – 

сочевична. Незначні западини на поверхні крохмалю спостерігаються, головно, після 

термічної обробки, що може бути наслідком взаємодії крохмаль-білок. 

Висновок. Після модифікації органічного пшеничного крохмалю гідротермічним 

обробленням спостерігалося зниження температури клейстеризації, також зазнали 

змін показники основної термостійкості  і в'язкості. 

Ключові слова: пшениця, крохмаль, модифікація, термогравіметрія, 

клейстеризація. 
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Вплив рослинної сировини на показники якості настоїв спиртових 

 

Ірина Дубовкіна1, Вікторія Колесник2, Валентин Полупан2, 

Оксана Мельник3, Вікторія Кійко3 

1 – Інститут технічної теплофізики НАН України, Київ, Україна 
2 – Харківський державний університет харчування та торгівлі, Харків, Україна 

3 – Національний університет харчових технологій, Київ, Україна 
 

Вступ. Метою дослідження є визначення впливу рослинної сировини  на 
показники якості настоїв спиртових.  

Матеріали і методи. Для підготовки рослинної сировини відібрано та подрібнено 

такі зразки: корінь ехінацеї пурпурної (Echinacea purpurea), корінь родіоли рожевої 

(Rhodiola rosea L.), корінь імбиру (Zingiber officinale), сушена ламінарія (Laminaria). 

Дослідження органолептичних показників якості спиртових настоїв із рослинної 

сировини здійснено за п'ятибальною шкалою з урахуванням вагових коефіцієнтів. 

Визначення фізико-хімічних показників спиртових настоїв проведено за об’ємною 

часткою спирту, масовою концентрацією ефірної олії та концентрацією загального 

екстракту в досліджуваному розчині. Методом високоефективної газової 

хроматографії визначено вміст активних сполук, які переходять в отримані настої. 

Результати і обговорення. Споживні властивості алкогольних напоїв 

формуються на всіх етапах їх виробництва, тому перед додаванням спиртових настоїв 
до готового напою вважали за доцільне дослідити якість отриманих напівфабрикатів. 

Органолептичні показники спиртових настоїв із рослинної сировини мають 

гармонійний приємний смак і аромат, прозорі, привабливого кольору, не мають осаду.  

Міцність зразків знаходиться в діапазоні від 43,0 до 55,0% та пояснюється різною 

концентрацію спирту у водно-спиртовій суміші під час екстрагування рослинних 

компонентів. Коливання вмісту ефірної олії й екстрактивних речовин пов’язане з 

особливостями хімічного складу вихідної рослинної сировини. 

Наявність біологічно активних речовин, низки вітамінів і мінеральних сполук у 

дослідних зразках настоїв дає змогу використовувати їх у складі багатокомпонентних 

алкогольних напоїв, що характеризуються зниженим токсичним ефектом. 

Висновки. Отримано спиртові настої для подальшого виробництва 
багатокомпонентних алкогольних напоїв. Проведені дослідження за 

органолептичними та фізико-хімічними показниками дають підстави створювати 

напій з прогнозованими високими показниками якості. 

Ключові слова: рослинна сировина, настій, алкогольний напій. 
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Оцінка якості смаженого печива, виготовленого із суміші борошна з бобів вінги 

китайської та африканського горіха 

 

Адегбола Оладеле Дауда, Олунфулмілола Адунні Абіодун,  

Абімбола Кемісола Арісе, Олайде Акінвунмі Акінтайо 

Університет Ілорину, Ілорин, Нігерія 

 

Вступ. Оцінювали якість висушеного смаженого печива із борошняних сумішей, 

функціональні та фізико-хімічні властивості, а також безпечність кінцевого продукту. 
Матеріали і методи. Борошно волоського горіха змішували з борошном бобів 

вінги китайської у співвідношенні 3% до 15% для одержання висушеного бобового 

печива, визначали фізико-хімічні та функціональні властивості, а також термін 

зберігання.  

Результати і обговорення. Борошно з  бобів мало вищу об’ємну щільність (0,86> 

0,77 г/мл), тоді як абсорбція води та олії, здатність до набухання бобів були вищими 

(p≤0,05) порівняно з волоським горіхом (1,78>0,85 г/г ), (1,97г>1,29 г/г) і (1,04> 0,64) 

відповідно. Контрольний зразок (зразок без волоського горіха) мав більший вміст 

білка (17,81%), вологи (6,55%) та клітковини (1,58%), але жирність і зольність значно 

нижчі в зразку з додаванням волоського горіха. Зразок з 15% волоського горіха мав 

більшу кількість кальцію (1,69 мг/л) і магнію (3,70 мг/л), але контрольні показники 

були вищі для натрію (4,00 мг/л) та калію (3,14 мг/л). Зразок із 6% волоського горіха 
був найтвердішим (163,58 N), найнижчу твердість (12%) мав зразок волоського горіха 

(26,27 N). Значення L *, a * і b * були значущими. Контрольний зразок був світлішим 

порівняно із найтемнішим 15% зразком з волоського горіха. Зразки з 12 та 15% 

волоського горіха, відповідно, мали найменший вміст бактерій (4,0 × 104 КОЕ/г) та 

грибків (1,4 × 104 КОЕ/г) через вісім тижнів. Додавання волоського горіха 

пригнічувало ріст мікроорганізмів завдяки своїм антимікробним та антиоксидантним 

властивостям. Найкращі показники за зовнішнім виглядом, крихкістю і текстурою мав 

контрольний зразок, тоді як 9% зразок волоського горіха – за ароматом і смаком. 

Висновок. Додавання волоського горіха збільшило термін придатності та 

покращило харчові якості смаженого бобового печива. 

Ключові слова: африканський горіх, вінга китайська, печиво, зберігання. 
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Теплофізичні характеристики заморожених напівфабрикатів для технології 

ресторанного господарства 

 

Ірина Корецька, Володимир Польовик, Максим Масліков, Олег Кузьмін 

Національний університет харчових технологій, Київ, Україна 
 

Вступ. Метою дослідження є визначення впливу теплофізичних характеристик 

заморожених напівфабрикатів на якість десертів. 

Матеріали і методи. Для визначення якості заморожених напівфабрикатів у 
технології десертів використовували таку сировину: глюкозно-фруктовий сироп, 

мальтодекстрин, пюре з яблук, ківі, банана, гарбуза; напівфабрикати у вигляді 

купажованих пар: «яблуко-ківі», «яблуко-банан», «яблуко-гарбуз». Дослідження 

органолептичних показників якості здійснено за 10-бальною шкалою з урахуванням 

вагових коефіцієнтів та розрахунку критерію якості. Визначення фізико-хімічних 

показників зразків проведено за масовою часткою сухих речовин, активною 

кислотністю, активністю води, ентальпією, вологовмістом. 

Результати і обговорення. Визначено теплофізичні характеристики фруктових 

пар купажованого пюре. Досліджено зміни температур замерзання води в системі.  

Встановлені відмінності у параметрах заморожування фруктових пюреподібних 

напівфабрикатів з кріобіотиками, зокрема глюкозно-фруктозним сиропом і 

мальтодекстрином. Моносахариди – глюкоза і фруктоза, мають нижчі значення 
кріоскопічної температури порівняно з сахарозою, що пов’язано з характером 

кристалізації і величиною утворених кристалів у системі. За однакової хімічної 

формули і молекулярної маси цукрів величина кріоскопічної температури залежатиме 

від гідратації цукрів. 

На основі визначених якісних показників і коефіцієнтів вагомості розраховано 

комплексний показник якості готових десертів (з використанням розроблених 

купажованих напівфабрикатів), виготовлених за розробленою технологією, та 

побудовано модель якості. 

Рейтинг страв показав, що досліджені зразки самбуків з купажованими парами 

мають високий рейтинговий показник – 92,9 бал2 та 96,9 бал2, порівняно з контрольним 

зразком – 91,2 бал2. Дещо нижчий показник (88,8 бал2) має самбук «яблуко-гарбуз». 
Зниження рейтингу самбуку «яблуко-гарбуз» відбувається завдяки специфічному 

аромату купажованої пари «яблуко-гарбуз». 

Висновки. Визначено кріоскопічні температури фруктових пюре, 

напівфабрикатів і готових десертів з додаванням кріопротекторів. Проведені 

дослідження за органолептичними та фізико-хімічними показниками дають підстави 

створювати десерти з прогнозованими високими показниками якості. 

Ключові слова: десерт, якість, купаж, напівфабрикат, заморожування. 

 

 
  



─── Abstracts─── 

 ───Ukrainian Journal of Food Science.  2020.  Volume 8. Issue 2 ───   294 

Вплив пророщеного насіння сочевиці на харчову цінність напою  

 

Марія Янчик¹, Віта Атанасова²  

1 – Національний університет харчових технологій, Київ, Україна 

2 – Одеська національна академія харчових технологій, Одеса, Україна 

 

Вступ. Порівняно властивості сухої та пророщеної сочевиці та визначено вплив 

пророщеної сочевиці на властивості напою 

Матеріали і методи. Досліджуються сухе і пророщене насіння сочевиці, а також 
напій, технологія якого передбачає замочування сухого насіння сочевиці, 

пророщування, подрібнення, екстрагування біологічно активних речовин, фільтрацію 

і розливання. Визначення активності амілази досліджено за методом Вольгемута. 

Амінокислотний склад білків у рослинній сировині визначено за допомогою методу 

іонообмінної хроматографії. Біологічну повноцінність білків визначено за 

розрахунком амінокислотного скору. 

Результати і обговорення. Під дією протеолітичних ферментів при 

пророщуванні змінився білковий склад насіння і, як наслідок, напою з нього. Вміст 

білка в пророщеному насінні збільшився на 2,2%, а в напої з нього – на 3,3% в 

перерахунку на суху речовину порівняно з напоєм із сухого насіння. Виявлено 

зростання активності амілази впродовж пророщування, що призводить до 

розщеплення крохмалю до декстринів і простих цукрів. Збільшилась кількість водо- та 
солерозчинних фракцій білка (альбуміни та глобуліни) в межах 1,1–2,9%, що 

призводить до підвищення екстрактивності білка.  

Загальний рівень засвоюваності білка напою з пророщеного насіння сочевиці 

становить 63,31%, тоді як масова частка білка, що використовується організмом, 

нераціональна – всього 20,85 %. 

У напої з пророщеного насіння сочевиці відзначається збільшення кількості 

екстрагованого білка на 3,3%, вітамінів групи В і мінеральних речовин порівняно з 

напоєм із сухого насіння. Це відбувається за рахунок активності α-амілази, яка 

розщеплює високомолекулярні вуглеводи, що є основою клітинних мембран 

рослинної сировини. Це дає змогу підвищити екстрактивність, завдяки чому більша 

кількість нутрієнтів переходить у напій. 
Висновки. Напій на основі пророщеного насіння сочевиці має покращений 

хімічний склад і кращу засвоюваність білка, якщо порівняти з напоєм із сухого 

насіння. 

Ключові слова: сочевиця, пророщення, напій, білок. 
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Вплив замороження, світла і температури нагрівання на стабільність антоціанів 

природного барвника, вилученого з гранатової шкірки 
 

Фархана Султана, Шірен Акхтер, Муссамет Рашеда Бегум  

Чатограмський ветеринарний університет, Чатограма, Бангладеш 

 

Вступ. Шкірка граната є багатим джерелом пігменту антоціану, антиоксидантів, 

а також мінералів. Метою цієї статті є дослідження стабільності антоціану в барвнику, 

отриманому з гранатової шкірки, антиоксидантної активності, а також мінерального 
складу. 

Матеріали і методи. Антоціановий пігмент, отриманий з гранатової шкірки 

(Punica granatum L.), ідентифікували за допомогою УФ-спектрометрії, у 

замороженому стані (при -10 °C), а також за наявності та відсутності світла протягом 

трьох днів і при різних температурах нагрівання – 30, 45, 60 і 75 °C відповідно. 

Антиоксидантну здатність і вміст вибраних мінералів (Mg, Ca, P, Fe та K) природного 

барвника визначали методом DPPH із використанням УФ-спектрофотометрії та 

біохімічного аналізатора (Humalyzer, 3000). Сенсорний аналіз підготовлених 

продуктів у вигляді желе з додаванням природного і штучного барвників порівняно із 

комерційним проводився на основі гедонічного рейтингового тесту. 

Результати і обговорення. На стабільність екстрактів антоціану суттєво впливав 

заморожений стан, що призвело до зниження на 62,96% на 9-й день температури 
(29,59–51,61% погіршення від початкової до кінцевої температури), вплив світла 

призвів до зменшення екстрактів антоціану на 44,87% після 9-ї доби. Вміст 

мінеральних речовин (Mg, Ca, P, Fe та K) природного (вилученого з шкірки граната) 

та штучного барвників (суміш E110, E122 та E330) становив 7,2, 20,6, 2,15, 1,4 та 147,6 

мг/100г відповідно для натуральних барвників, а також 0,2, 0 (без фосфору), 0,39, 0,56 

та 7,2 мг/100 г для штучного барвника відповідно. Антиоксидантна здатність 

природного барвника призвела до 0,04 мкг/мл значення IC50. Істотної різниці (р <0,05) 

щодо кольору, зовнішнього вигляду та загальної прийнятності зразків желе не 

виявлено. 

Висновок. Натуральний барвник шкірки граната може бути замінником 

синтетичного кольору, а також джерелом антиоксидантів і мінералів. 
Ключові слова: гранат, шкірка, барвник, антоціанін, антиоксидант, DPPH. 
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Регулювання властивостей пектину шляхом комбінування сировини 

 

Олена Грабовська1, Ганна Пастух2, Аліна Авраменко2, Наталія Сабадаш2 

1 – Київський національний торговельно-економічний університет 

2 – Національний університет харчових технологій 

 

Вступ. Актуальним напрямком розвитку технології пектину є розроблення 

способу вилучення пектину із сумішей вторинної сировини, що містить низько- і 

високоетерифіковані пектини, для отримання пектинів із заданими функціональними 
властивостями (покращеними структуроутворювальною і комплексоутворювальною 

здатністю). 

Матеріали і методи. Предметом дослідження є мезга картоплі, гарбуза та шкірки 

цитрусових і пектини, які отримували з кожного виду сировини, і з сумішей 

картопляно-цитрусової і картопляно-гарбузової сировини. Вилучення пектину 

здійснювали шляхом проведення послідовних стадій ферментативного оброблення 

сировини, кислотно-термічного гідролізу, осадження пектину етанолом, висушування 

готового пектину. Параметри процесів уточнювали залежно від використовуваної 

сировини. Наведено аналітичні характеристики пектину, отриманого з комбінованої 

сировини.  

Результати і обговорення. Встановлено параметри гідролізу комбінованої 

картопляно-цитрусової і картопляно-гарбузової сировини. На основі проведених 
досліджень способів отримання пектину з комбінованої сировини встановлено, що 

оптимальне співвідношення картопляно-цитрусової і картопляно-гарбузової сировини 

– 50:50. Процес гідролізу передбачав два етапи: перший – за участі целюлаз при 

температурі 45–50С, рН 5,5–6,0 протягом 1,0–1,5 год при гідромодулі 1:8–10, другий 

(кислотно-термічний гідроліз) – хлоридної кислоти за температури 75–90С, рН 
гідролізної суміші 1,3–1,6 протягом 70–75 хв. 

Отримані пектини з комбінованої сировини мають високий вміст уронідної 

складової 60–74 %, ступінь етерифікації понад 70 % і високу драглеутворювальну 

здатність порівняно з картопляним пектином, що має ступінь етерифікації на рівні 40–

50 % і значний вміст баластних речовин. Комбінування сировини дає змогу 

отримувати пектини з різними властивостями.  

Висновки. Встановлено, що шляхом комбінування картопляної мезги з 

гарбузовою і цитрусовою сировиною та регулювання параметрів процесу гідролізу 

можна досягти високих показників вилучення пектину з прогнозованими 
властивостями щодо драглеутворювальної і комплексоутворювальної здатності і 

більш ефективно використати вторинні сировинні ресурси. 

Ключові слова: пектин, гідроліз, мезга, властивості, сировина, комбінування. 
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Хімічна стійкість соняшникової олії, збагаченої олією кмину 

 

Олена Подобій, Світлана Ковальова, Ігор Житнецький, Олена Майборода 

Національний університет харчових технологій, Київ,  Україна 

 

Вступ. Антиоксидантні властивості олії кмину використано для інгібування 

деструктивних процесів в олії соняшника. Досліджено хімічну стійкість зразків 

соняшникової олії і сумішей соняшникової олії та олії насіння кмину.   

Матеріали і методи. Досліджено хімічні показники зразків соняшникової олії та 
її сумішей з олією кмину під час тривалого нагрівання при 180-195 °С. Вміст вільних 

кислот і ненасичених сполук визначено титриметричним методом, вміст поліфенолів 

і карбонільних сполук –  спектрофотометричним аналізом. 

Результати і обговорення. Найбільше зростання кислотного числа олії від 

початку смаження до кінця експерименту було виявлено для соняшникової олії. 

Найменші зміни цього показника вмісту вільних кислот за тих самих умов  було 

зафіксовано для сумішей соняшникової олії та олії кмину, особливо для суміші з 

більшим вмістом олії кмину. Більш висока хімічна стійкість олії кмину до дії окисників 

обумовлена більшим вмістом насичених кислот та олеїнової кислоти 

(мононенасичених) та низьким вмістом поліненасичених жирних кислот порівняно з 

олією соняшника. 

Як і слід було очікувати, йодне число всіх зразків олій зменшувалося під час 
смаження, що означає руйнування подвійних С-С-зв'язків залишків жирних кислот у 

молекулах тригліцеридів. Найбільше відносне зменшення йодного числа було 

знайдено для соняшникової олії, а відсоток зниження цього показника становив 6,62% 

наприкінці терміну смаження. Також показано, що відносне зменшення йодного числа 

сумішей олії кмину та соняшникової олії у співвідношенні 10:90 та 20:80 було 

меншим. 

Зростання числа тіобарбітурової кислоти (ТБК) спостерігалось під час смаження 

для всіх зразків олії. Найвищий показник ТБК було знайдено для соняшникової олії 

наприкінці терміну смаження, тоді як для суміші олій з найбільшим вмістом олії кмину 

за тих самих умов показник ТБК був найнижчим, що свідчить про те, що природні 

антиоксиданти в олії кмину чинять інгібуючу дію на утворення вторинних продуктів 
окиснення під час смаження. 

Висновки. Додавання олії кмину до соняшникової олії позитивно впливає на 

хімічну стійкість олійних композицій за умов нагрівання. 

Ключові слова: олія, кмин, соняшник, антиоксидант, смаження, поліфенол. 
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Функціональні та органолептичні властивості приправи з сумішей 

ферментованого насіння ріжкового дерева, імбиру і цибулі 

 

Каджіхауса Олатундун Естер, Рахім Рашидат Олуфолаке, Нзекве Рахел Олубубе 

Федеральний сільськогосподарський університет, Абеокута, Нігерія 

 

Вступ. Досліджена властивості приправ із ферментованих насіння ріжкового 

дерева, сумішей цибулі та імбирного борошна 

Матеріали і методи. Ферментоване насіння ріжкового дерева, цибуля та імбир 
подрібнювали у борошно і змішували у різних пропорціях у змішувачі симплекс-

центроїдної конструкції. Проводили 13 експериментальних циклів для отримання 

різних сумішей приправ. 

Результати і обговорення. Функціональні властивості насіння ферментованого 

ріжкового дерева, цибулі та імбиру складали від 5,89-6,72%, 5,27-10,87%, 3,31-4,59%, 

2,31-3,03%, 0,64-1,12%, 0,59-63 г/мл для ступеню набухання, розчинності, 

гелеутворювальної здатності, водопоглинальної здатності, жиропоглинальної 

здатності та об’ємної щільності відповідно. Показник ступеню набухання і 

розчинності коливався від 5,89 до 6,72% і від 5,27 до 10,87% відповідно. Зразок 

72.25:24.25:3.5 мав найменше значення ступеню набухання, тоді як зразок 75:21:4 – 

найвище. Інтерактивна дія ферментованого ріжкового дерева і порошку цибулі мала 

значний (р <0,05) вплив на ступінь набухання і індекс розчинності сумішей 
ферментованого ріжкового дерева, цибулі та імбирного борошна. Водопоглинальна 

здатність становила від 2,31 до 3,03%. Зразок 72.25:24.25:3.5 мав найменше значення 

для здатності поглинання води, тоді як зразок 75:21:4 – найбільше. Інтерактивна дія 

ферментованого порошку ріжкового дерева і цибулі, а також ферментованого 

ріжкового дерева і імбиру мала значний (р<0,05) вплив на здатність до 

жиропоглинальну здатність. Яскравість, почервоніння та жовтизна коливалися в 

діапазоні від 39,49 до 45,07, від 2,01 до 2,71 та від 12,66 до 15,30, при цьому зразок 

72:25:3 мав найвищий рівень яскравості та жовтизни, тоді як зразок 75:21:4 - 

найменший для яскравості та жовтизни, рН коливався в межах 5,51–5,65. Суттєвого 

(р> 0,05) ефекту ферментованого ріжкового дерева, цибулі та імбирного борошна на 

рН не спостерігалося. Органолептичні показники для всіх параметрів були оцінені як 
допустимі та помірні.  

Висновок. Включення цибулевого та імбирного борошна до борошна із плодів 

ріжкового дерева суттєво вплинуло на функціональні властивості приправ із 

борошняних сумішей. 

Ключові слова: приправа, ріжкове дерево, цибуля, імбир. 
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