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Editorial  
 

Ukrainian Food Journal is still a very young journal: 
in the spring of 2012 its first issue was published. 

However, the scientific and publishing traditions of the 

publisher, the National University of Food Technologies, 

date back to the middle of the 19th century. At the 

beginning, our Journal was aimed at creative youth, and 

until 2017, its description contained the sentence ñThe 

advantage in publication is given to PhD students and 

young scientists.ò Gradually, the Journal gained 

importance as a periodical publishing scientific research 

by leading scientists in the field of food and related 

branches of science, expanding the geography of authors 

and the editorial board. Some time later, the Ukrainian 
Food Journal began to be indexed by international scientometric databases, since 2018 ï by 

Web of Science, and in 2022 a decision was made to include the Journal in the Scopus 

database. This indicates the proper rating and scientific significance of the materials 

published in it. 
 

We are grateful to the international organization the Association of the Global 

Harmonization Initiative (GHI), which in 2022 helped us to invite leading scientists in the 

field of food technology, chemistry, processes and equipment, economics and management 

from different countries to participate in the work of the editorial board of our journal. At 

this time, new members entered the editorial board: 

- BӶo Thy VҼҺng (Mekong University, Vietnam) 

ī Cristina Luisa Miranda Silva (Portuguese Catholic University ï College of 

Biotechnology, Portugal) 

ī Dora Marinova (Curtin University Sustainability Policy (CUSP) Institute, Curtin 

University, Australia) 

ī Eirin Marie Skjßndal Bar (Norwegian University of Science and Technology, 
Trondheim, Norway) 

ī Godwin D. Ndossi (Hubert Kairuki Memorial University, Dar es Salaam, 

Tanzania) 

ī Kirsten Brandt (Newcastle University, United Kingdom)  

ī Mar²a S. Tapia (Central University of Venezuela, Caracas, Venezuela; Academy of 

Physical, Mathematical and Natural Sciences of Venezuela) 

ī Mois®s Burachik (Institute of Agricultural Biotechnology of Rosario (INDEAR), 

Bioceres Group, Rosario, Argentina) 

ī Noor Zafira Noor Hasnan (Universiti Putra Malaysia, Selangor, Malaysia) 

ī Rana Mustafa (Global Institute for Food security, University of Saskatchewan, 

Canada) 

ī Sheila Kilonzi (Karatina University, Kenya) 
ī Umezuruike Linus Opara (Stellenbosch University, Cape Town, South Africa) 

ī Yun-Hwa Peggy Hsieh (Florida State University, USA) 
 

We welcome new members of our editorial team and sincerely thank the editorial board, 

which has been working fruitfully since 2012, as well as the authors who support the journal 
and publish their articles in it. 

 

 

 

https://www.globalharmonization.net/ghi-matters
https://www.globalharmonization.net/ghi-matters
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On February 24, the civilized world shuddered at the news of the russian invasion of 

Ukraine. Rockets flew to Ukraine, the bombing of our cities began, the occupying troops 

entered. Mass killings of civilians, robbery and looting, destruction of transport and energy 

infrastructure, food industry enterprises and food warehouses, farms, medical institutions, 

schools and universities, and research institutions began. 

Ukrainian science is working in times of war now. Some scientists were forced to 

evacuate, the rest remained to work under rocket fire. We are grateful to colleagues from all 

over the world for their moral support. This gave us the strength to hold on and continue 

publishing our Journal.  
 

Ukraine has always made a significant contribution to food supplies around the world. 

At present, when the rashists have blocked the supply of food raw materials from Ukraine, 

the world has understood the true global significance of our country in world food security. 

Wheat, sunflower, vegetables, fruits turned out to be more in demand than oil and gas. 
Ukraine needs global support to unlock supply chains, and the world is in danger of starvation 

without Ukrainian food. 

 

  
 

There is no doubt that the truth will win this hateful war. Peace will reign again on 

Earth, research, innovation, and the work of educational institutions will resume. But we 
cannot just wait for victory. All ways to improve the Journal are now open. We have an 

excellent professional team, the world's leading scientists publish their results in our Journal. 

Let's join our efforts for the success of Ukrainian Food Journal! 

 

Editor-in-Chief  

Olena Stabnikova 

 
 

 

DOI:  10.24263/2304-974X-2022-11-1-3
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properties, antioxidant activity and polyphenol content 
in dried leaves of  Allium  ursinum L. subsp.  ucrainicum  
 

Jasmina Lukinac, Marko Jukiĺ 
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Croatia 
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 Abstract  
 Introduction.  The short vegetative occurrence of Allium 

ursinum limits its availability. Therefore, drying seems to be an 
excellent method for year-round preservation. The aim of the present 
study was to determine the influence of drying temperature on 
antioxidant activity and polyphenol content in dried leaves of Allium 
ursinum L. subsp. ucrainicum and their organoleptic properties. 

Materials and methods. The effect of three drying temperatures 
(40, 50 and 60 ÁC) on the organoleptic properties (colour, dehydration 
and rehydration ability), antioxidant activity and polyphenol content 
in the dried leaves of A. ursinum was evaluated. The colour of the 
samples was measured using the computer vision system. The total 
phenolic content was determined spectrophotometrically and the 
antioxidant activity was determined using the 2,2-diphenyl-1-
picrylhydrazyl method.  

Results and discussion. Significant differences were found 
between the fresh, dehydrated and rehydrated A. ursinum samples for 
all the colour parameters analysed (dried leaves showed a much lower 
intensity of green colour than fresh). Drying at higher temperature 
results in greater colour change, which is more pronounced at higher 
drying temperatures (60 ÁC) due to chlorophyll degradation. The 
drying temperatures had a statistically significant effect on the 
dehydration and rehydration capacity of the dried samples. The higher 
drying temperature resulted in the higher degree of dehydration and 
rehydration (the pores of the dried food allowed water to re-enter the 
cells). Convection air-drying resulted in considerable moisture 
removal from the fresh leaves of A. ursinum (more than 91%), but the 
organoleptic quality of the A. ursinum leaves was maintained. The 
drying conditions tested had a significant effect on the total phenolic 
content and antioxidant activity of A. ursinum leaves. An increase of 
temperature drying decreased the total polyphenol content in the dried 
A. ursinum leaves. Across the range of measurements, the samples 
dried at lower temperatures had the higher antioxidant capacity, while 
the higher drying temperatures resulted in a greater decrease in the 
antioxidant activity of the dried plant material. A. ursinum is 
considered one of the functional foods for human consumption due to 
its high nutritional value and prophylactic or therapeutic effects in 
various diseases. To obtain a high quality dried product, the drying 
process should ensure a quality comparable to fresh vegetables. 

Conclusions. Air drying showed a significant effect on the 
colour, drying properties, total polyphenol content and antioxidant 
activity of the leaves of A. ursinum. The losses were significantly 
dependent on the drying temperature and were more pronounced at 
higher process temperatures. 
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Introduction   
 
Allium ursinum L. is known by many different names: wild garlic, leek, wood garlic, 

bear's garlic, ramsons, buckrams, broad-leaved garlic, gypsy onion and pig's garlic. It belongs 

to the large family Amaryllidaceae, which is represented all over the world with 59 genera 

and over 850 species. As a member of the genus Allium, wild garlic is closely related to herbs 
such as onion (Allium cepa), garlic (Allium sativum), leek (Allium ampeloprasum), and chives 

(Allium schoenoprasum) (Hanen et al., 2012). Allium species are considered a source of 

phytonutrients with diverse biological activities (Lachowicz et al., 2017; Gitin et al., 2012), 

such as antibacterial, antifungal (Parvu et al., 2011), antioxidant (Bozin et al., 2008), and 

therapeutic activities, which are associated with the presence of sulfur components (GoĽevac 

et al., 2008). Due to the presence of sulfur compounds, which are otherwise rather 

characteristic components of Allium plants, A. ursinum has a distinctive garlic-like odour.  

A. ursinum is a plant with a high potential for the prevention and treatment of 

cardiovascular, respiratory and digestive problems, as well as for the sterilisation of wounds 

(Sobolewska et al., 2013) and the prevention of carcinogenic diseases (Sengupta et al., 2004). 

These properties are due to many substances, including cysteine sulfoxides and 

thiosulfinates, ajoenes and dithiines, phenolic compounds, saponins and vitamins C, E and A 
(Lu et al., 2011; Roldan- Marin et al., 2009).   

It grows mainly in moist deciduous forests throughout Europe and in parts of Asia and 

North Africa (Oborny et al., 2011; Rola 2012). Allium ursinum L. comprises two subspecies 

Allium ursinum subsp. ursinum and Allium ursinum subsp. ucrainicum. In Eastern and South 

Eastern Europe, and Croatia as well, Allium ursinum subsp. ucrainicum grows in continental 

and mountainous areas (Rola, 2012; Tutin 1957). Although all parts of this plant are edible 

(bulbs, leaves, buds, flower stalks, flowers and immature green cobs), leaves and bulbs are 

generally preferred for consumption. The fresh leaves or dried herb of A. ursinum is used in 

local cuisines of Europe. There are many products derived from garlic as a raw material: 

garlic powder, paste, extract, oil, macerated garlic, pickled garlic, dried garlic. The medicinal 

parts of the plant are the young spring leaves, harvested in April and May, and the 
underground bulbs, collected in the summer and autumn months. However, the short 

vegetative presence of A. ursinum limits its availability, so drying can be a solution for 

preserving it throughout the year. 

Since agricultural products are highly seasonal and therefore abundant at certain times 

of the year, preserving fruits and vegetables through drying can both avoid major waste and 

ensure availability in the off-season. Drying is one of the thermal processes that agricultural 

products undergo in the post-harvest phase. The aim is to reduce the moisture content of the 

product in order to delay adverse biological (prevents the growth of microorganisms), 

chemical and enzymatic processes. Although drying is an alternative to extend the shelf life 

of food, it is a fact that the quality of dehydrated food is usually lower than that of the original 

food. Therefore, it is of interest to minimise chemical changes such as enzymatic and non-

enzymatic browning and to maximise the retention of nutrients such as macronutrients 
(proteins, sugars, fibres), micronutrients (vitamins, minerals) or bioactive compounds 

(phenolic compounds, carotenoids, isoflavones) during drying. The drying process is 

considered to affect the content, activity and bioavailability of bioactive compounds (mainly 

polyphenols) in A. ursinum leaves. Therefore, the evaluation of the effects of drying on the 

naturally occurring antioxidants is a key issue in the choice of technological conditions that 

allow the preservation of their original activity and bioavailability. A lot of recent work has 

focused on studying the effects of drying on the phenolic compound content and antioxidant 

activities of dried vegetables (Kim et al., 2013; Ozgur et al., 2011; Sahoo et al., 2015; Telfser 
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et al., 2019). To achieve better results in terms of dried product quality, researchers have 

worked on optimising drying methods and different drying conditions (Arslan et at., 2010; 

Lim et al., 2007; Roshanak et al., 2015). The major quality problems associated with drying 

are loss of flavour (Ozkan-Karabaca et al., 2018), discolouration (Guine et al., 2012) and 

poor rehydration properties of the dried product (Aravindakshan et al., 2021; Lewicki, 1998). 

The aim of the present study was to determine the influence of drying temperature on 

antioxidant activity and polyphenol content in dried leaves of Allium ursinum L. subsp. 

ucrainicum and their organoleptic properties. 

 
 
Materials and methods  
 
Materials 
 

The plant material (fresh leaves) used in this study was collected from a natural 

population of wild garlic, Allium ursinum L. subsp. ucrainicum, before flowering (April 

2021) in the Papuk Geopark (45Á32'N 17Á39'E) in the Slavonia region, Croatia. All plant 

samples were free from external damage and hand-picked. The leaves of A. ursinum were 

packed in linen bags and kept in the refrigerator for 24 hours until the start of the analysis of 

the plant material. 

 

Drying 
 

Drying was carried out in a drying cabinet with hot air, in which the fresh leaves of A. 

ursinum were placed in a thin layer on perforated stainless steel trays. The drying cabinet 

were equipped with a fan, a speed controller, a temperature controller, heating elements, a 

humidity, temperature, and air velocity meter. Fresh samples were dried at different drying 

temperatures of 40 ÁC, 50 ÁC, and 60 ÁC with a constant air velocity of 1.5 m/s and relative 

humidity of 35-45%. The drying process started when the drying conditions were reached. 

Weight loss was performed at a fixed time interval, and drying continued until a moisture 

content of approximately 12% (wet basis) was reached. Three independent dryings were 

performed for each drying temperature. The effect of temperatures on the quality of dried 

leaves of A. ursinum was determined by the colour characteristics, dehydratation and 

rehydration capabilities phenolic compounds, and antioxidant properties. 
 

Determination of physicochemical characteristics 
 

Dry matter content, ash, crude fat, pH and total acidity were determined in fresh 

A. urisnum samples. The analysis was performed in accordance with Association of 

Officiating Analytical Chemists standards (AOAC, 2000). The dry matter content of the 

leaves was determined by drying 5.0 g of the samples at 105 ÁC until constant weight. Ash 

content was determined by burning 5.0 g of the fresh samples at 550-600 ÁC until a 

homogeneous white ash without black spots was obtained. Crude fat was obtained by 

exhaustive extraction of 10.0 g of each sample in a Soxhlet apparatus using petroleum ether 
(boiling range 40-60 ÁC) as solvent (Dini et al., 2008). Tittratable acidity was determined by 

potentiometric titration and pH by a digital pH meter (Mettler Toledo, FiveEasy FE20, 

Switzerland). 
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Colour measurement 
 

The colour of the fresh, dehydrated, and rehydrated leaves of A. ursinum samples was 
measured using the computer vision system. Samples were ground in a grinder (Retsh, 

Grindomix GM 200, D¿sseldorf, Germany) to obtain a fine powder (Figure 1). For each 

sample (fresh, dehydrated, and rehydrated), colour parameters were measured three times 

directly on the product using a 2.2-megapixel digital SLR camera (EOS 1100D, Canon Ltd., 

Japan), calibrated with a calibration plate (Datacolor SpyderCheckrÊ, New Jersey, USA) 

just before imaging. The 24-bit colour images were captured in TIFF format and in the ὙὋὄ 
colour model.Samples were photographed in a photochamber illuminated by four LED lamps 

with a diffuser. 

 
 

Figure 1. Appearance of fresh (A) and dehydrated A. ursinum leaves  

at 40 ÁC (B), 50 ÁC (C), and 60 ÁC (D) 
 

The colour parameters of the samples was determined using ImageJÊ image processing 

software (Wayne Rasband, National Institute of Health, Maryland, USA). The results were 

expressed as values for red (Ὑ), green (Ὃ), and blue (ὄ) in the ὙὋὄ colour system. The 
obtained colour values were then converted (Viscarra Rossel et al., 2006) and presented in 

the ὅὍὉὒὃὄ and ὒᶻὅᶻὬЈ  colour system (Westland, 2016; Zhang et al., 2003), which is 

commonly used to evaluate dried foods. The three parameters ὒᶻ (lightness, from black ὒᶻ

π to white ὒᶻ ρππ), ὥᶻ(a negative value of ὥᶻrepresents green, while a positive value 

represents red colour) and ὦᶻ (a positive ὦᶻ represents yellow and a negative represents blue 

colour) were used for further calculation of hue angle, colour saturation, and total colour 

difference. 

Hue angle (ὬЈ ) is the attribute by which a colour is identified as green, yellow, red, etc. 
An angle of 0Á or 360Á represents red hue, whilst angles of 90Á, 180Á and 270Á represent 

yellow, green and blue hues, respectively (Maskan, 2001). Hue angle is used to define the 

difference of a certain colour with reference to grey colour with the same lightness:  

ὬЈ ÔÁÎ
ὦᶻ

ὥz
 

Colour saturation or chroma (ὅᶻ), considered the quantitative attribute of colourfulness. 

The higher the chroma values, the higher is the colour intensity of samples perceived by 

humans. Chroma were calculated from the values of ὥᶻ and ὦᶻ (Lopez Camelo et al., 2004): 

ὅᶻ ὥz ὦz  
Total colour difference (ЎὉ ) is colour change represents by distance vector between 

the initial colour values (fresh samples) and the dehydrated/reyhdrated colour coordinates 

(Roy Choudhury, 2015). Total colour difference were calculates as follows: 

ЎὉ ὒᶻ ὒz ὥᶻ ὥz ὦᶻ ὦz  

 

where ὒᶻȟὥᶻ and ὦᶻ are the colour parameters of fresh leaves of A. ursinum samples, and ὒᶻȟ  
ὥᶻ, and ὦᶻ are dehydrated/rehydrated colour parameters. 



ʈʈʈ Food Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2022.  Volume 11. Issue 1 ƄƄƄ 13 

Drying characteristics 
 

The quality index of a dried product were observed and in this terms following parameters 

was calculated: dehydration ratio (ὈὙ), and rehydration ratio (ὙὙ). The ὈὙ is important 

parameter to show the bulk reduction in the weight of dried sample (higher the ὈὙ, better the 

quality of drying process). The ὙὙ is quality index for all dried product and higher the ὙὙ, better 

the quality of product. Dehydration ratio was calculated by taking the weights of sample before 

drying in gram (ά ) and weights of sample after drying in gram (ά ) (Kaur et al., 2008): 

ὈὙ
ά

ά
 

To express ability of the dried material to absorb water the ὙὙ was used, and estimated 

according to method of Ranganna (2004). Approximately 5 g of dried samples of A. ursinum were 

placed in a 100 ml distilled water and bring to boil within 3 min. After 5 min of mild boiling, the 

mixture was cooled and then filtered under vacuum and weighed (mass of drained weight). 

Rehydration ratio was calculated by taking the drained weight (g) of rehydrated sample (ά ), and 

the weight (g) of dry sample used for rehydration (ά ) (Lewicki, 1998): 

ὙὙ
ά

ά
 

 

Sample extract preparation 
 

The extract from the leaves of A. ursinum was obtained by adding 2.5 g of fresh or dried leaf 

powder to 25 mL of absolute methanol and stirring with a magnetic stirrer for 30 minutes. The 
resulting mixture was stored in the dark at 4 ÁC for 24 hours and then filtered. The resulting extract 

was stored at 4 ÁC until further analysis (Dewanto et al., 2002). 
 

Determination of total phenolic content 
 

The total phenolic content (Ὕὖὅ) was determined spectrophotometrically according to the 

method Singleton et al. (1965) with gallic acid as standard. The 0.3 mL of the extract sample was 

mixed with diluted (1:10) Folin reagent (1.5 mL) and mixed vigorously for three min. Then 6.0% 
sodium carbonate solution (1.5 mL) was added and shaken. After standing for 90 minutes in dark 

at room temperature, the absorbance was measured at 760 nm using a UV-VIS spectrophotometer 

(Shimadzu, UV-1280, Germany). Ὕὖὅ of fresh and dried leaves was expressed using the 

calibration curve with gallic acid (0ï500 ɛg/mL) as grammes of gallic acid equivalents (GAE) 

per 100 gramme of dry matter (g GAE /100 g d.b.). 
 

Determination of antioxidant activity  
 

Antioxidant activity (ὃὕὃ) of the extracts was measured according the Brand-Williams et al. 

(1995) method based on using 2.2-diphenyl-1-picrylhydrazyl (DPPH). The reaction mixture was 

prepared using 0.1 mL of extract and 3.9 mL of DPPH methanol solution (0.1 mM). The mixture 

was shaken, left in the dark for 30 min, and absorbance was measured using the UV ï VIS 

spectrophotometer (Shimadzu, UV-1280, Germany) at 517 nm. The ὃὕὃ was expressed as the 

percentage inhibition of the DPPH radical.  
 

Statistical analysis 
 

Each drying test was performed in triplicate and all analyses were performed in at least five 

replicates, unless otherwise stated in a specific analysis. One-way analysis of variance (ANOVA) 

and multiple comparison post-hoc Fisher LSD (least significant-difference) test were used to 

evaluate the significant difference of the data at p < 0.05. Data were expressed as means Ñstandard 

deviation. Statistica 14 from StatSoft was used for statistical analysis. 
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Results and discussion  
 
Determination of physicochemical characteristics 

 

The results of the physicochemical properties of the leaves of A. ursinum are shown in 

Table 1. It can be seen that the average values of dry matter, crude fat content, total acidity 
and pH in the fresh leaf samples are 9.42, 8.84, 3.72, 0.90 and 5.50, respectively, and are in 

agreement with the results of other studies (Blazewicz-Wozniak et al., 2011; Dyduch et al., 

2019). 
Table 1 

Physicochemical characteristics of fresh leaves of A. ursinum L. 

 

Dry matter,  

% 
Ash content,%  

Crude fat 

content, 

% 

Tittratable acidity,  

g acid/100 g plant 

d.b. 

pH 

9.42Ñ0.48 8.84Ñ0.52 3.72Ñ0.29 0.90Ñ0.03 5.50Ñ0.09 

Results are expressed as mean Ñ standard deviation. 

 

Colour degradation 

 

Product colour is an important quality parameter that must be maintained during drying. 

The leaves of the A. ursinum samples were dried at 40, 50, and 60 ÁC to the desired moisture 

content. The colour of the samples was measured before (fresh) and after drying (dehydrated 

and rehydrated). The effect of the different air temperatures on the colour characteristics of 

the A. ursinum samples is shown in Figures 2ï7. 

 

 
 

Figure 2. Effect of drying air temperature on lightness (╛ᶻ) of fresh, dehydrated and rehydrated 

A. ursinum leaves 

The data are presented as the mean Ñ standard deviation. Bars with different letters are significantly 
different (p < 0.05) 
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The colour of the leaves of A. ursinum was characterised by higher colour parameters 

ὒᶻȟὥᶻȟ and ὦᶻ of the dried plant material compared to fresh leaves. The value of hue angle 

(ὬЈ was lower in the dried material than in the raw or rehydrated material. Significant 
differences were observed in all analysed colour parameters between the fresh, dehydrated, 

and rehydrated leaves of A. ursinum dried at different air temperatures. Adverse changes in 

the colour of A. ursinum leaves are mainly due to the degradation of chlorophyll contained 

in them. Chlorophyll content decreases with increasing temperature, process duration (Lin et 

al., 2010; Krokida et al., 1998), and the presence of oxygen, leading to oxidation of the 

unsaturated colour compounds contained in the material (Negi et al., 2001), which 

contributes to unfavourable changes in the colour determinants of the dried material. Heating 

at higher temperatures caused the colour of A. ursinum leaves to change from green to olive 

brown, which is attributed to pheophytinization (Nido et al., 2003; Martins et al., 2002). 

Figure 2 shows that the lightness (ὒᶻ) ranged from 22.59Ñ0.06 to 36.89Ñ0.14 regardless 
of drying temperature, with the lowest ὒᶻ values obtained for fresh samples (22.59Ñ0.06) and 
the highest for samples dried at 60 ÁC (36.89Ñ0.14). The drying temperature had a significant 

effect on the ὒᶻ values of the dehydrated and rehydrated samples. The ὒᶻ values increased 

proportionally with the drying temperature. The ὒᶻ values for the rehydrated samples were 

lower compared to the dehydrated samples. Rudy et al. (2020) also reported decrease in ὒᶻ 
values after convection drying. A negative ὥᶻ value represents a green colour, while a 

positive value represents a red colour. 
 

 
 

Figure 3. Effect of drying air temperature on colour parameter ╪ᶻ (redness ï greenness) of 

fresh, dehydrated and rehydrated A. ursinum leaves 

The data are presented as the mean Ñ standard deviation. Bars with different letters are significantly 
different (p < 0.05) 

 

The results of chromatic component redness ï greenness (ὥᶻ  of A. ursinum leaves are 

presented in Figure 3 where can it be seen that ὥᶻ values ranged from -12.99Ñ0.30 to                              

-5.21Ñ0.14 regardless of drying temperature, with the lowest ὥᶻ values obtained for fresh 

samples (- 12.99Ñ0.30) and the highest (-5.21Ñ0.14) for samples dried at 60 ÁC. The green 

colour is dominant in all samples, although the green hue is more pronounced in fresh and 

rehydrated samples. The drying temperature had a significant effect on the ὥᶻ values of the 



ʈʈʈFood Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2022.  Volume 11. Issue 1 ƄƄƄ 16 

dehydrated and rehydrated samples, and the ὥᶻ values for the dehydrated samples were lower 

compared to the rehydrated samples processed at the same temperature. Thus, the dehydrated 

leaves showed a much lower intensity of green colour than the fresh leaves. This effect is 

more pronounced at higher drying temperatures (60 ÁC) due to chlorophyll degradation 

(Guine et al., 2012). 

The results of chromatic component yellowness ï blueness (ὦᶻ) of A. ursinum leaves are 

presented in Figure 4 where can it be seen that ὦᶻ values ranged from 14.78Ñ0.19 to 

21.10Ñ0.13 regardless of drying temperature, with the lowest ὦᶻ values obtained for fresh 

samples (14.78Ñ0.19) and the highest for dehydrated samples (21.10Ñ0.13) dried at 60 ÁC. 

The positive ὦᶻ value, representing the yellow colour, increases significantly after drying and 

rehydration. Arslan et al., (2010) reported similar results. There were statistically differences 

between dehydrated and rehydrated samples. The ὦᶻ values for the rehydrated samples were 

smaller compared to the dehydrated samples processed at the same temperature. 

 

 
 

Figure 4. Effect of drying air temperature on colour parameter ╫ᶻ (yellowness ï blueness) of 

fresh, dehydrated and rehydrated A. ursinum leaves 
The data are presented as the mean Ñ standard deviation. Bars with different letters are significantly 

different (p < 0.05) 

 

The hue angle (ὬЈ) values ranged from 103.87 Ñ0.31 to 131.30 Ñ0.99 regardless of drying 

temperature (Figure 5), with the lowest ὬЈ values obtained for the samples dried at 60 ÁC 
(103.87 Ñ0.31) and the highest for the fresh samples (125.10 Ñ0.13). The dried leaves of A. 

ursinum had lower ὬЈ values than the raw material. There were statistical differences between 

dehydrated and rehydrated samples, with drying resulting in a significant decrease in ὬЈ 
values of the dried material. The ὬЈ values of the dehydrated samples were smaller compared 
to the rehydrated samples processed at the same temperature. The hue angle of the dehydrated 

sample decreased with increasing heating temperature. The decrease in hue angle 

corresponds to a decrease in the intensity of the green and an increase in the yellow colour. 

The decrease in hue angle in this study is consistent with the results reported by Lau et al., 

(2000) that prolonged heating of green vegetables leads to deterioration of chlorophyll 

pigments and a change in colour from green to olive green. 
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Figure 5. Effect of drying air temperature on hue angle (▐Ј) of fresh, dehydrated and 

rehydrated A. ursinum leaves 
The data are presented as the mean Ñ standard deviation. Bars with different letters are significantly 

different (p < 0.05) 
 
 

The results of colour saturation (ὅᶻ of A. ursinum leaves are presented in Figure 6. It 

can be seen that ὅᶻ ranged from 18.12Ñ0.18 to 21.72Ñ0.15 regardless of drying temperature, 

with the lowest ὅᶻ values obtained for dehydrated samples dried at 40 ÁC (18.12Ñ0.18) and 

the highest at 60 ÁC (21.72Ñ0.15). Increasing the temperature of the drying air resulted in an 

increase in colour saturation during drying. There were no statistical differences between 

dehydrated and rehydrated samples. The ὅᶻ values for the rehydrated samples were smaller 
compared to the dehydrated samples processed at the same temperature.  

Total colour difference (ЎὉ ) is a colorimetric parameter used to estimate the colour 

change of food during processing. Figure 7 shows that ЎὉ  values ranged from 5.91Ñ0.10 

to 17.47Ñ0.19 regardless of drying temperature, with the lowest ЎὉ  values obtained for 

rehydrated samples dried at 40 ÁC (11.60Ñ0.01) and the highest for dehydrated samples dried 

at 60 ÁC (17.47Ñ0.19). There were statistical differences between dehydrated and rehydrated 

samples. The ЎὉ  values for the rehydrated samples were smaller compared to the 

dehydrated samples processed at the same temperature. It is evident that drying at higher 
temperature results in greater colour change (Kumar et al., 2004). 

Total colour difference (ЎὉ ) is a colorimetric parameter used to estimate the colour 

change of food during processing. Figure 7 shows that ЎὉ  values ranged from 5.91Ñ0.10 

to 17.47Ñ0.19 regardless of drying temperature, with the lowest ЎὉ  values obtained for 

rehydrated samples dried at 40 ÁC (11.60Ñ0.01) and the highest for dehydrated samples dried 

at 60 ÁC (17.47Ñ0.19). There were statistical differences between dehydrated and rehydrated 

samples. The ЎὉ  values for the rehydrated samples were smaller compared to the 

dehydrated samples processed at the same temperature. It is evident that drying at higher 
temperature results in greater colour change (Kumar et al., 2004). 
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Figure 6. Effect of drying air temperature on chroma (╒ᶻ) of fresh, dehydrated and rehydrated 

A. ursinum leaves 
(The data are presented as the mean Ñstandard deviation. Bars with different letters are significantly 

different (p < 0.05)) 

 
 

 
 

Figure 7. Effect of drying air temperature on colour difference (Ў╔╪╫) of fresh, dehydrated and 

rehydrated A. ursinum leaves 
The data are presented as the mean Ñ standard deviation. Bars with different letters are significantly 

different (p < 0.05) 
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Dehydration and rehydration ability  
 

The rehydration properties of a dry product are often used as an indicator of the quality 
of a dry product. Rehydration is a complex process that is influenced by both the physical 

and chemical changes associated with drying and the treatments that precede dehydration. 

Figure 8 shows the degree of dehydration and rehydration of A. ursinum leaves depending 

on the different temperatures of the drying air of the samples.  

The dehydration ratio (ὈὙ) indicates the weight loss of the dried product, with high 

values indicating a better drying process. The values of ὈὙ at different drying air 

temperatures are shown in Figure 8. The values of ὈὙ differed significantly between the 

different drying air temperatures. It varies between 5.45 Ñ0.184 and 6.65 Ñ0.041 and 

increases with increasing drying air temperature from 40 to 60 ÁC. 

Rehydration is a method of analysing dried products. The rehydration ratio (ὙὙ) 
indicates the physical and chemical changes during drying, which are influenced by the 

processing conditions and the composition of the samples. The ὙὙ values (Figure 8) differed 

significantly between the different drying air temperatures and ranged from 4.09 Ñ0.083 to 

6.20 Ñ0.104. It was found that the ὙὙ of the samples dried at higher temperatures gave the 

highest rehydration. A high ὙὙ value means that the dried product is of good quality as the 

pores allow water to re-enter the cells.  

Drying temperatures had a statistically significant effect on the dehydration and 

rehydration capacity of the dried A. ursinum leaves. The higher the drying temperature, the 
higher the degree of dehydration and rehydration of the A. ursinum leaves. Sahoo et al. (2015) 

and Ozgur et al. (2011) made similar observations. The drying process leads to changes in 

the permeability of the cell walls, loss of osmotic pressure and migration of solutes, which 

affects the rehydration ratio (Sharma et al., 2005). The less elastic cell walls and the reduced 

water binding capacity of proteins and starch reduce the rehydration ratio of the products, but 

this phenomenon is significantly reduced by optimising the drying process and the negative 

factors associated with cell rehydration are reduced (Kumar et al., 2004). 

 

 
 

Figure 8. Effect of drying temperature on dehydration (DR) and rehydration (RR) ratio of dried 

leaves of Allium ursinum. 
The data are presented as the mean Ñ standard deviation. Bars with different letters are significantly 

different (p < 0.05) 
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Total phenolic content and antioxidant activity of A. ursinum 

 

Drying is one of the oldest techniques for preserving food for later use. In this technique, 

water is removed to reduce water activity, which reduces bacterial activity in the dried food. 

In addition to the safety of food during preservation, many researchers have focused on the 

changes in phytochemicals during drying or dehydration. The degradation of phenolic 

compounds is mainly caused by oxidation, cleavage of covalent bonds or enhanced oxidation 

reactions due to thermal processing (Nicoli et al., 1999). Phytochemicals such as phenolic 

acid and flavonoids, which occur in fruits, vegetables and cereals in free and bound forms, 
are degraded or change their structural form during thermal and non-thermal processing. As 

processing progresses, naturally occurring antioxidants are degraded and new compounds 

with potential antioxidant activity are formed. Food processing involves heating with various 

energy transfer media such as water, air, oil and electromagnetic waves. Food processing 

involves various transformations of phenols that produce yellowish or brownish pigments 

(Clifford, 2000). The most important phenols in onions are quercetin, gallic acid, ferulic acid 

and their glycosides (Nitta et. al, 2007). Total phenolic content (Ὕὖὅ) was assessed in both 

fresh and dried leaves to compare the effects of different drying conditions on the change in 

Ὕὖὅ. The results are shown in Figure 9.  

 

 
 

 
Figure 9. Total phenolic content of dried leaves of Allium ursinum. 

The data are presented as the mean Ñ standard deviation. Bars with different letters are significantly 

different (p < 0.05) 

 

 
The dried material of A. ursinum leaves obtained by convection drying was characterised 

by a decrease in Ὕὖὅ, which could be due to the degradation of phenolic compounds by 

drying (Lim et al., 2007). The Ὕὖὅ of the samples studied varied from 1.57 Ñ0.041 to 

1.74 Ñ0.038 g GAE / 100 g dry weight. The highest contents of total polyphenols were found 

in the fresh samples and the lowest polyphenol contents in the samples dried at 60 ÁC. The 

dried material obtained after different drying air temperatures (40, 50 or 60 ÁC) differed 
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significantly in Ὕὖὅ content. Furthermore, the loss of this component was significantly 

different in the dried material compared to the raw material. The Ὕὖὅ content was lower at 

60 ÁC than at the other two drying temperatures. The increase in drying air temperature during 

convection drying contributed to a decrease in Ὕὖὅ in the dried A. ursinum leaves. Physical 

and biological factors such as temperature increase and enzymatic activity can lead to the 

destruction of phenolic antioxidants such as phenolic acids and anthocyanins. According to 

Korus (2011), hot drying air promotes the oxidation of polyphenols by the oxygen absorbed 
by the convection drying air. The loss of polyphenol content is also attributed to their use as 

reactants in the Maillard reaction (Nicoli et al., 1999). Martin-Cabrejas et al. (2009) have 

reported that the reduction in Ὕὖὅ content could also be due to the binding of polyphenols to 

other compounds or to changes in their chemical structure after heat treatment. These changes 

prevent their extraction and determination with the methods used. 

From the results of the antioxidant activity (ὃὕὃ) of the dried plant material, it can be 

concluded that convection drying has an influence on the reduction of ὃὕὃ (Figure 10). 

Drying of A. ursinum leaves resulted in a decrease in ὃὕὃ of the dried material, regardless 
of the drying temperature used, compared to the raw plant material (88.4%). Across the range 

of measurements, the samples dried at lower temperatures had the higher value of AOA, 

while the higher drying temperatures resulted in a greater decrease in the antioxidant potential 

of the dried plant material (53.3, 45.3 and 40.7% at drying temperatures of 40, 50 and 60 ÁC, 

respectively). 

 
 

Figure 10. The antioxidant activity of leaves of Allium ursinum. 
The data are presented as the mean Ñstandard deviation. Bars with different letters are significantly 

different (p < 0.05) 

 
 

Antioxidant phytochemicals in plants can be broadly classified as carotenoids, phenols, 

alkaloids, nitrogenous compounds and organosulphur compounds (Liu, 2004). Antioxidant 

activity correlates with the presence of phytochemicals such as phenols, flavonoids and 

anthocyanins in food (Sun et al., 2002). Therefore, evaluating food processing operations that 
affect antioxidant activity in processed foods is critical to optimising conditions to increase 

or maintain their availability and functionality. Some authors report that antioxidant activity 
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increases or is maintained in processed foods, which may be due to the development of new 

compounds with potential antioxidant capacity, although the content of naturally occurring 

antioxidants has decreased significantly due to heat treatment. (Anese et al., 1999; Nicoli et 

al., 1997; 1999). 

 
 
Conclusion  
 

1. The colour of the samples was measured using a non-destructive method on fresh, 

dehydrated and rehydrated plant material, and significant differences were found in 

all the colour parameters analysed. It is evident that drying at a higher temperature 

leads to a greater change in colour. Thus, the dried leaves showed a much lower 

intensity of green colour than the fresh leaves. This effect is more pronounced at 

higher drying temperatures (60 ÁC) due to chlorophyll degradation. 

2. Drying temperatures had a statistically significant effect on the dehydration and 
rehydration capacity of the dried A. ursinum leaves. The higher the drying 

temperature, the higher the degree of dehydration and rehydration (the pores of the 

dried food allow water to re-enter the cells). Convection air drying results in 

considerable moisture removal from the fresh leaves of A. ursinum (more than 91%), 

but the organoleptic quality of the A. ursinum leaves is maintained. 

3. The drying conditions tested had a significant effect on the total phenolic content and 

antioxidant activity of A. ursinum leaves. An increase in temperature during drying 

decreased the total polyphenol content in the dried A. ursinum leaves. 

4. Across the range of measurements, the samples dried at lower temperatures had the 

higher antioxidant capacity, while the higher drying temperatures resulted in a greater 

decrease in the antioxidant potential of the dried plant material. 
5. A. ursinum is considered one of the functional foods for human consumption due to 

its high nutritional value and prophylactic or therapeutic effects on various diseases. 

To obtain a high quality dried product, the drying process should ensure a quality 

comparable to fresh vegetables. 
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 Abstract  
  

Introduction . The aim of the present study was to define 

the aromatic profile of Bulgarian and Macedonian red wines 

obtained from the local variety Vranec and the hybrid variety 

Kaylashki Rubin. 

Materials and methods. Gas chromatographic (GC-

MS) study to define the aromatic profile of red wines from 

the local variety Vranec (grown in the Republic of 

Macedonia) and the hybrid variety Kaylashki Rubin (grown 

in the Republic of Bulgaria) was conducted.  

Results and discussion. 1-pentanol was dominated in 

the fraction of higher alcohols in both wines. Other aroma 
compounds identified were 1-propanol, 2-propanol, 1-

butanol, 1-hexanol, and 3-methylthio -1-propanol. The wine 

of the Vranec variety showed greater complexity in terms of 

this fraction, as in it 3-hexen-1-ol was identified, which was 

not present in the wine of Kaylashki Rubin. High amount of 

the aromatic alcohol ï phenylethanol ï was identified in both 

wines. This compound had great importance for their floral 

aroma. The ester fraction of the two wines was diverse, 

represented by isopentyl acetate, ethyl caprylate, ethyl 

hexanoate, ethyl decanoate and diethyl malate. The Vranec 

wine showed greater ester complexity, as in it two more ester 
representatives were identified ï ethyl-2-hydrobutyrate and 

2-hydroxy-3-methyl-diethyl ester. In both wines, one fatty 

acid was identified ï heptanoic acid, in very low 

concentrations. According to the panelist both wines were 

very harmonious in their own way and had their typical notes 

as expected for the both varieties.  In overall, the descriptive 

analyses confirmed the components determined by the GC-

MS and gave a clear view about the aroma profile of both 

varieties. 

Conclusions. Both wines showed a diverse, balanced 

aromatic profile, each of which, based on the peculiarities of 
its volatile composition. Meanwhile, each wine had 

individual aromatic properties. 
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Introduction  
 
The aromatic profile of the wines is a descriptor for their quality. It is determined by 

the presence, concentrations, ratio and distribution of specific volatile compounds.  

Vranec is the main variety for the production of red wines in R. N. Macedonia. It is also 

widespread in Montenegro, Serbia, Croatia and Bosnia and Herzegovina. The variety was 

brought to R. Macedonia in the distant 1950 by prof. Dragan Nastev in the experimental 

vineyard of the Institute of Agriculture in Skopje (Nastev, 1985). Nowadays, the Vranec 

variety is one of the main red grapevine varieties used for the production of quality red wines 

in the Republic of Macedonia. It occupies the largest share of vineyards in the Republic. 

Ivanova et al. (2013) studied the volatile composition of Macedonian and Hungarian wines. 

In this study the team found a total amount of volatile compounds of 41.318 Ñ56.30 Õg/dm3 

in the red wine from the Vranec grapevine variety. The ester fraction of this wine had a total 
quantitative presence of 2631Ñ21.90 Õg/dm3. The team did not establish the presence of 

terpenes in the studied wine. Bogoeva et al. (2018) studied the influence of different 

oenological practices on the aromatic composition of wines from Vranec. They identified 63 

aromatic compounds from different volatile groups: esters, alcohols, fatty acids, aldehydes, 

ketones and sulfur compounds.  

Kaylashki Rubin variety is an interspecific hybrid obtained by crossing of (Pamid x 

Hybrid VI 2/15) x (Game noir x Vitis amurensis). It was created by the scientists of the 

Institute of Viticulture and Enology, Bulgaria in 2009 and was patented in 2010 (Ivanov, 

2016). It is characterized by high resistance to low winter temperatures. In Bulgaria, the 

aromatic profile of wines from this variety have been studied, mainly by the GC-FID method 

or classical chemical analysis, which provides information on components, in larger 

quantities (mg/dm3). A study (Dimitrov et al., 2018) on the aromatic profile of red wines of 
several varieties grown in the region of Central Northern Bulgaria found high total final 

concentrations of volatile compounds in red wine of the variety Kaylashki Rubin (693.97 

mg/dm3). The study identified 4 higher alcohols, 5 esters, 1 aldehyde and 3 terpene alcohols 

in the wine of Kaylashki Rubin. Yoncheva et al. (2016) conducted a technological study of 

some varieties and clones of vines. The study also includes Kaylashki Rubin. It was 

concluded that the wines of Kaylashki Rubin are characterized by the highest concentration 

of total esters and aldehydes. Yoncheva et al. (2019) in a study on the chemical composition 

of Bulgarian wines of hybrid varieties found a total concentration of esters, aldehydes and 

higher alcohols in wines of Kaylashki Rubin respectively 228.80 mg/dm3, 46.20 mg/dm3 and 

314.00 mg/dm3. Dimitrov and Iliev (2021) studied the influence of different vine rootstocks 

on the volatile composition of wines from Kaylashki Rubin from three harvests (2017, 2018 
and 2019). The team established a diverse volatile composition, represented mainly by 2-

methyl-1-butanol, 3-methyl-1-butanol, 1-butanol, 1-hexanol, 4-methyl-2-pentanol, 1-

propanol, 2-butanol (higher alcohols fraction), ethyl acetate (esters fraction), geraniol 

(terpenes fraction).The application of the GC-MS method in the present study provides a new 

information on the aromatic profile, identifying components of the aromatic composition in 

minor concentrations (ɛg/dm3). This will enrich the scientific literature and provide new data 

on the potential of the variety to accumulate aromatic components in its wines, reflecting its 

qualities. Study was focused on identification and quantification of volatile compounds 

(quality wine descriptor) from the main aromatic groups, that were established in a lot of 

wine studies worldwide: esters, higher alcohols, aldehydes, terpenes, fatty acids (Bakharev 

et al., 2021; Itu et al., 2011; Kim et al., 2018; Manolache et al., 2018;  Mateo et al., 2000; 

Meng et al., 2011; Nan et al., 2021; Rapp et al., 1986; Rusjan et al., 2008; Tardea, 2007; 
Tomasino et al., 2020; Yankov et al., 2000). 
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The aim of the present study was to define the aromatic profile of Bulgarian and 

Macedonian red wines obtained from the local variety Vranec and the hybrid variety 

Kaylashki Rubin. The significance of the purpose is based on the fact that the data obtained 

from the study will provide information on the characteristics of the qualities of regional 

wines (terroir influence) obtained from varieties with different genetic origin. 

 

 

Materials and methods  
 

Grapevine varieties 
 

The study was conducted in 2017. The wines were obtained from two red grapevine 

varieties (Vranec and Kaylashki Rubin) form harvest 2016, different by their genetic origin 

and grown in two different locations ï R. Macedonia and R. Bulgaria. 

 

Climatic conditions of the area of cultivation 
 

The vines of the Vranec variety used for this study were grown in the region of Veles. 

According to Nedelkovski (2017) this region is characterized by a typical continental climate 

with the following indicators: temperature sum during the vegetation period ï 4626.5ï 4942.6 

Áʉ; the average monthly temperature during the vegetation period is 18.1 Áʉ; the min. 

temperature -12.9 Áʉ and maximum temperature is 40.7 Áʉ; duration of the vegetation period 

bud break to harvest 142ï157 days; beginning of vegetation ï 12.04 to 22.04; frequency of 

spring frosts up to 10%; annual precipitation amount ï 355ï663 mm/dm3. 

The experimental vines of the Kaylashki Rubin variety were grown in the Experimental 

Base of Institute of Viticulture and Enology (IVE) ï Pleven, Bulgaria. The region of the town 

of Pleven is characterized by a typical continental climate with the following indicators: 

temperature sum during the vegetation period ï 3130ï4003 Áʉ; duration of the vegetation 
period ï 190ï210 days; duration of frost-free period ï 178ï223 days; beginning of vegetation 

ï 02.04 to 14.04; frequency of spring frosts up to 20%; annual precipitation amount ï 532ï

753 mm/dm3 (Katerov et al., 1990; Pandeliev et al., 2005). 

 

Vinification  
 

The Vranec grapes were harvested at technological grape maturity and processed in the 
experimental wine cellar of the Institute of Agriculture ï Skopje. The production of the wines 

was carried out according to the classic scheme for production of red dry wines: Hand 

harvesting of the grapes Ÿ Crushing and destemming of the grapes Ÿ Adding 50 mg/dm3 

SO2 Ÿ Inoculation of wine yeast (Saccharomyces cerevisiae) Ÿ Fermentation for 12 days 

at temperature 22Ñ3 ÜC Ÿ Raking Ÿ Wine filtration Ÿ Bottling Ÿ Storage. 

    The Kaylashki Rubin grapes were harvested after reaching of technological maturity, 

in the amount of 30 kg, and processed in the Experimental Wine Cellar of Institute of 

Viticulture and Enology ï Pleven, in the conditions of microvinification, following the classic 

scheme for the red dry wines production: Crushing and destemming Ÿ Sulphitation (50 

mg/kg SO2) Ÿ  Inoculation with pure culture dry yeasts Saccharomyces cerevisiae Siha 

Rubio Cru (EATON Begerow) ï20 g/100 LŸ Fermentation (temperature  of  fermentation 
ï 28 ÁC) Ÿ Separation from solids Ÿ  Further sulphitation Ÿ Storage (Yankov, 1992). 
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Chemicals and reagents 
 

For the extraction of volatile components in the wine samples, dichloromethane was 

used, purchased by Sigma Aldrich (USA); Reference standard diethyl succinate, 2-phenyl 

ethanol, ethyl hexanoate, 1-hexanol, 1-heptanol purchased by Merck (Germany); Isoamyl 

acetate, purchased from Aldrich Chemicals (USA); The 1-octanol used as an internal 

standard was purchased from Sigma Aldrich (USA). 

 

Extraction procedure and gas chromatography (GC-MS) analysis 
 

The volatile components were extracted by liquid-liquid extraction (Ivanova et al., 

2012). We transfer 50 ml of the wine sample in 500 ml Erlenmeyer flask and add 50 ml of 

the extragent (dichloromethane), as internal standard 25 Õl 1-octanol was added. The 

Erlenmayer flask was sealed and was placed on a magnetic stirrer for 1 hour. After one hour 

the mixture was centrifuged at 3000 rpm for 10 min. The separated dichloromethane phase 

was then evaporated under a stream of nitrogen until dryness. Then the evaporated sample 

was rehydrated with 100 Õl of dichloromethane and it was injected into the GC-MS. The gas 

chromatograph used was Varian 3900 (Middelburg, The Netherlands). The mass 

spectrometer was Varian Saturn 2100T (Middelburg, The Netherlands). Parameters of gas 

chromatographic determination were: injector temperature ï 240 ÁC, MS source ï 230 ÁC, 

MS quad from 150 ÁC and 280 ÁC transfer line. The initial temperature was 40 ÁC for 3 min 

and then rises to 180 ÁC at a level of 3 ÁC/min. The temperature then rose further to 260 ÁC 
at 20 ÁC/min and hold at 260 ÁC for 10 min. The carrier gas was He with flow rate 1.5 ml/min.  

 

Sensory evaluation 
 

The sensory evaluation of both wines was performed by the descriptive method 

described by Mario Ubini (2004). The wine panelists (4 experts in the field of enology) first 

had to degustate both wines and then purpose descriptors that will describe both the aroma 

and taste of the analyzed wines. Four panelists were involved in the analysis. According to 

them 11 descriptors were proposed to describe these wines: red fruits, black fruits, flower 

aromas, herbal aromas, acidity, astringency, structure, harmony, typicity, bitterness and 

body. 
 

Statistical analysis 
 

Statistical analysis of the analyzed parameters between the two wine samples was 

performed with the computer statistical program SPSS 14.0. For the comparison of the results 

Pater Samples Statistic of T-Test was performed with significant differences of 0.05. 

 

 

Results and discussion  
 

The data on the quantitative presence of volatile compounds are presented in Table 1. 

The results were statistically analyzed with the statistical tool T-test guided by the fact that 
we wanted to make a comparison of each aromatic component between the examined wines. 

According to the statistical test statistical proven differences were found for aroma 

components like 1-propanol, 1,5-hexadien-3-ol, 1-pentanol, 2-propanol, 1-hexanol, 2,3-

butanediol, ethyl decanoate, diethyl succinate, and 3-(methylthio)-1-propanol. For the 

phenylethanol in all samples statistical differences was not proven.  
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Table 1 

Identified volatile compounds in red wines of local variety Vranec and hybrid variety Kaylashki 

Rubin 
 

T-test with statistically significant difference (p < 0.05) 

Volatile 

compounds 

Aromatic 

descriptor 

Kaylashki 

Rubin, 

Õg/dm3 

Vranec, 

Õg/dm3 
T-Test Sig. 

1-Propanol  
905.32 
Ñ5.66 

700.96 
Ñ12.05 

55.436 .000 

1,5-hexadien-3-ol  
9972.91 

Ñ74.91 

4747.42 

Ñ59.59 
590.592 .000 

Isoamylacetate Banana 
105.33 
Ñ13.76 

120.49 
Ñ9.41 

-6.034 .026 

1-Butanol 
Medical, 

Alcohol 
460.35 

Ñ14.65 

452.08 

Ñ13.00 
8.681 .013 

1-Pentanol Flowery 
23519.08 
Ñ288.9 

11968.72 
Ñ208.7 

249.386 .000 

ethyl hexanoate 
Green apple, 

strawberry 
178.38 
Ñ13.35 

185.41 
Ñ14.00 

 
-18.887 

 
.003 

2-Propanol   
1078.90 
Ñ78.91 

668.48 
Ñ30.35 

14.639 .005 

1-Hexanol 
Green, 
Grassy 

1076.30 
Ñ66.54 

1300.63 
Ñ49.42 

-22.693 .002 

3-hexʝn-1-ol 
Green, 

Flowery 
ND 

134.04 

Ñ15.65 
  

Ethyl caprylate 
Pineaple, 

Pear, flowery 
202.95 
Ñ14.42 

233.48 
Ñ13.81 

-86.703 .000 

Ethyl -2- 

hydroxibytirate 
 ND 

124.16 
Ñ13.08 

  

2,3-Butanediol 
Butter, 

Creamy 
1152.06 
Ñ46.25 

934.93 
Ñ26.19 

18.748 .003 

1-Octanol (IS)  
1397.86 
Ñ30.25 

1447.41 
Ñ39.33 

  

Ethyl decanoate  
Vegetable, 

Anise 
174.28 
Ñ25.19 

45.65 
Ñ8.37 

13.246 .006 

Diethyl succinate Fruity 
7623.03 
Ñ52.97 

1348.55 
Ñ50.55 

4500.085 .000 

3-(methylthio)- 

1-propanol 

Boiled potatoes, 

rubber 
1149.80 
Ñ59.91 

749.63 
Ñ26.32 

8.039 
 

.015 

2 ï phenyl ethyl acetate   ND TRACES   

Vinyl butyrate  TRACES ND   

Phenylethanol 
Flower, pollen, 

perfume 
17864.31 
Ñ155.00 

20076.12 
Ñ88.02 

-57.192 .000 

Diethyl malate  
55.00 
Ñ5.00 

63.12 
Ñ6.12 

-12.557 .006 

Heptanoic acid  
1209.76 
Ñ51.25 

1297.00 
Ñ70.01 

-8.055 .015 

2-hydroxy-3-methyl-

diethylester 
 ND 

105.13 
Ñ8.05 

  

Ethyl palmate  ND TRACES   

Ethyl cinnamate   ND 259.01Ñ11.22   
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Identified alcohols 

 

1-propanol is one of the main higher alcohols of the volatile wine fraction. In the wine 

of the local variety Vranec it was identified in an amount of 700.96Ñ12.05 Õg/dm3. In 

Kaylashki Rubin this representative was found in a higher concentration ï 905.32Ñ5.66 

Õg/dm3. The aromatic descriptor of 1-propanol is a flower bouquet and a ripe fruit. 

Characteristic of propanol is that it participates in transformational changes during the wineôs 

aging, forming volatile esters with propionic, acetic and caprylic acids (Chobanova, 2012). 

A study of changes in the aromatic compounds of Cabernet Sauvignon red wines aged in 
stainless steel tanks (Meng et al., 2011) found a variation of this compound from 2554.87 

Õg/dm3 to 5091.44 Õg/dm3. In the young wine (before the aging process) the team (Meng et 

al., 2011) found a concentration of this higher alcohol of 3058.80 Õg/dm3. The presence of 

1-propanol in the studied wines of Vranec and Kaylashki Rubin was significantly lower. This 

could be attributed to the characteristic features where the grapes were grown and harvested. 

Both varieties were grown in different geographical locations under different soil and 

climatic conditions.  

The highest concentration of higher alcohols in the studied wines was found for the 1-

pentanol. In the wine of the Vranec variety it was identified in an amount of 11968.72Ñ208.70 

Õg/dm3, while in Kaylashki Rubin its concentration was almost twice as high ï 

23519.08Ñ288.90 Õg/dm3. Its threshold of aromatic perception (with a characteristic aroma 

of flowers) is 30.00 Õg/dm3. In both wines it was found above this threshold, which was 
reflected in its special sensory expression. In a study on the volatile composition of 

Macedonian (Vranec, Merlot, Cabernet Sauvignon, Tamianka and Chardonnay) and 

Hungarian (Kefrankos and Tokaji) wines was found that in red wines 1-pentanol and 2-

phenylethanol were the main components of the volatile fraction (Ivanova et al., 2013). 

The data obtained in the present study correlate with the study of the above team. After 

1-pentanol, 1,5-hexadien-3-ol was ranked by concentration. This compound was found in a 

higher amount in the wine of the Kaylashki Rubin variety (9972.91Ñ74.91 Õg/dm3), 

compared to that of Vranec (4747.42Ñ59.59 Õg/dm3). 

3-hexen-1-ol was identified only in Vranec wine. It was available in an amount of 

134.04Ñ15.65 Õg/dm3. A characteristic aromatic nuance that this compound imparts is green, 

grassy (Newcomb et al., 2010). However, its threshold of aromatic perception is higher 
(400.00 Õg/dm3) than its established concentration. This was reflected in the lack of aromatic 

expression of 3-hexen-1-ol in its identified amount in the red wine of Vranec. 

2,3-butanediol is a compound ï a product of yeast metabolism. Its concentration is 

highly dependent on the type of yeasts (Romano et al., 1998; Ng et al., 2012). It was identified 

in both wines studied. In the wine of Kaylashki Rubin it was present in an amount of 

1152.06Ñ46.25 Õg/dm3, and in that of Vranec ï 934.36Ñ26.19 Õg/dm3. A characteristic aroma 

that gives this compound is butter, creamy. In both wines it was identified above its threshold 

of aromatic perception (120.00 Õg/dm3), which significantly determined the participation of 

its influence on the wine aromatic profile. 

Another major representative of the higher alcohols fraction was 2-propanol (isopropyl 

alcohol). In the wine of Kaylashki Rubin it was identified in a higher concentration 
(1078.90Ñ78.91 Õg/dm3), compared to that found in Vranec (668.48Ñ30.35 Õg/dm3). 

1-butanol was found in very similar amounts in the two wines studied. Its concentration 

in Kaylashki Rubin was 460.35Ñ14.65 Õg/dm3, and in the red wine of Vranec it was contained 

in an amount of 452.08Ñ13.00 Õg/dm3. A study on the volatile fraction of ten wines from 

north-western Spain obtained from varieties from Vitis vinifera (Vilanova et al., 2013) found 

a variation of 1-butanol from 8.96Ñ1.23 Õg/dm3 (Riesling) to 76.98Ñ9.13 Õg/dm3 
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(Gew¿rztraminer). On the other hand, Meng et al. (2011) in a study of Cabernet Sauvignon 

wines aged in stainless steel tanks found the content of 1-butanol in young wine ï 3058.80 

Õg/dm3. It could be seen that the concentration presence of 1-butanol varies between wines 

obtained from grapes grown in different geographical locations. 

1-hexanol is a higher alcohol present in the volatile fraction of wine and imparting a 

characteristic grassy aroma (Abrasheva et al., 2008). It was identified in both studied wines, 

and in that of Vranec its quantity was higher (1300.63Ñ49.42 Õg/dm3), in comparison with 

Kaylashki Rubin (1076.30Ñ66.54 Õg/dm3). This component of the volatile fraction was also 

found in red wine from Cabernet Sauvignon (4017.70 Õg/dm3) from Xiangning County, 
China (Jiang et al., 2010). Another study (Tao et al., 2009) again on the volatile composition 

of Cabernet Sauvignon wine, Changli County region (China), identified it at a significantly 

higher concentration (average 17300.00 Õg/dm3). 1-hexanol has been identified as a major 

component of the higher alcohols volatile fraction in the study of the aromatic profile at the 

aging process (6 and 12 months; respectively in concentrations varying quantitatively from 

139.04Ñ3.25 Õg/dm3 ï 529.77Ñ0.39 Õg/dm3 and from 183.79Ñ0.22 Õg/dm3 ï 570.89Ñ8.04 

Õg/dm3) of red wines from Cabernet Sauvignon, FeteascŁ neagrŁ, Pinot Noir and Merlot from 

different regions of Romania (Manolache et al., 2018). 

An aromatic alcohol ï phenylethanol ï was identified in the wines of Vranec and 

Kaylashki Rubin. It was identified in high concentration presence in the aromatic matrix of 

the two wines. In the wine of Vranec it was found in a higher amount (20076.12Ñ88.02 

Õg/dm3), compared to that of Kaylashki Rubin (17864.31Ñ155.00 Õg/dm3). The characteristic 
aroma that this alcohol gives is floral, in particular rose (Etievant, 1991). Our data on the 

content of 2-phenylethanol were in agreement with the data of Manolache et al. (2018), which 

found this alcohol in high quantities by the GC-MS study of 4 red wines from the varieties 

Cabernet Sauvignon, FeteascŁ neagrŁ, Pinot Noir and Merlot from regions of Romania. This 

alcohol also has been found to be dominant quantitatively in the study of the volatile fraction 

of Italian red wines from the Negroamaro and Primitivo varieties (Tufarrielo et al., 2012; 

Capone et al., 2013). A study of the volatile composition of wine from two harvests of three 

varieties of Vitis vinifera grown in Spain (Vilanova et al., 2008) found a variation of 

phenylethanol on average for both harvests from 8321.20Ñ5065.90 Õg/dm3 to 

10116.90Ñ3323.40 Õg/dm3. In Cabernet Sauvignon wines from China, phenylethanol was 

identified in an amount of 14504.80 Õg/dm3 (Jiang et al., 2010). The data obtained in our 
study for phenylethanol correlated with the results in the cited studies. 

    Other higher alcohol identified in the two wines studied was 3-methylthiol-1-

propanol. It was found in a higher concentration in the wine from Kaylashki Rubin 

(1149.80Ñ59.91 Õg/dm3), compared to Vranec (749.63Ñ26.32 Õg/dm3). 3-methylthiol-1-

propanol has an aromatic perception threshold of 500.00 Õg/dm3 and imparts a characteristic 

aroma of boiled potatoes. In both studied wines it was identified in concentrations above its 

threshold of aromatic perception. 

 

Identified esters 

 

Of the ester fraction, the highest quantitative presence in both wines was found for 
diethyl succinate ester. It gives a fruity aroma. It was found in a very high concentration in 

the wine of the Kaylashki Rubin variety (7623.03Ñ52.97 Õg/dm3). It exceeded almost six 

times that found in Vranec (1348.55Ñ50.55 Õg/dm3). According to Chobanova (2012), 

diethyl succinate is an important ester, the presence of which in wine is observed in the range 

of 20.00 ï 400.00 mg/dm3. The data in the present study confirmed the main presence of this 

ester in the two wines studied. 
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Isopentyl acetate was identified with a small quantitative difference between the two 

wines. In Vranec its amount was slightly higher (120.49Ñ9.41 Õg/dm3), compared to 

Kaylashki Rubin (105.33Ñ13.76 Õg/dm3). The ester is a major contributor to the fruity aroma 

of wines (Li et al., 2008), with its characteristic descriptor being the banana aroma (Vilanova 

et al., 2013). Data on the presence of isopentyl acetate in the wines of Vranec and Kaylashki 

Rubin were correlated with Vilanova et al. (2008), which identified it in Spanish red wine of 

the Seradelo variety in an average quantity for two harvests (2006 and 2007) of 

301.00Ñ225.80 Õg/dm3. Our results for this ester were correlated with data of Ivanova et al. 

(2013), which established it in nine studied Hungarian and Macedonian wines, with 
concentrations ranging from 136.00Ñ1.89 Õg/dm3 to 1320.00Ñ0.35 Õg/dm3. 

Ethyl caprylate was identified in close concentrations between the two wines. A slightly 

higher amount of this ester was found in Vranec wine (233.48Ñ13.81 Õg/dm3) compared to 

Kaylashki Rubin (202.95Ñ14.42 Õg/dm3). The ester gives a characteristic fruity aroma 

(pineapple and pear). Its threshold of aromatic perception is very low (2.00 Õg/dm3). In both 

wines it was identified in a concentration 100 times higher than the threshold, which 

determined its important influence on their aroma. This ester was identified in higher amounts 

(5107.90 Õg/dm3) in Cabernet Sauvignon wine from China (Jiang et al., 2010). 

Ethyl hexanoate was identified in both wines studied. In the wine of Vranec it was 

present in an amount of 185.41Ñ14.00 Õg/dm3, and in that of Kaylashki Rubin it was present 

in a slightly lower concentration (178.38Ñ13.35 Õg/dm3). This ester is also one of the main 

ones present in the wine aromatic matrix. It was also found in another study in wines from 
Merlot (167.55Ñ1.05 Õg/dm3) and Cabernet Sauvignon (195.42Ñ8.72 Õg/dm3) (Vilanova et 

al., 2013). Our data were correlated with those established by this team. A characteristic 

aroma that gives ethyl hexanoate is of green apple, fruity, strawberry (Tao et al., 2009). Our 

data also correlated with the research of Manolache et al., (2018), which also found this ester 

in red wines aged for the periods of 6 months (86.44Ñ5.38 Õg/dm3 ï 164.10Ñ1.92 Õg/dm3) 

and 12 months (124.30Ñ3.47 Õg/dm3 ï 434.53Ñ6.82 Õg/dm3). 

Ethyl decanoate was found in a higher concentration in the wine of Kaylashki Rubin 

(174.28Ñ25.19 Õg/dm3), compared to Vranec (45.65Ñ8.37 Õg/dm3). This ester belongs to the 

group of fatty acid ethyl esters, which is one of the important for this fraction (Francis et al., 

2005). A typical descriptor of this compound is vegetable aroma. 

Ethyl-2-hydrobutyrate and ethyl cinnamate were identified only in Vranec red wine in 
concentrations of 124.16Ñ13.08 Õg/dm3 and 259.01Ñ11.22 Õg/dm3, respectively. They were 

absent in the aromatic matrix of Kaylashki Rubin. 

Diethyl malate was identified in both wines studied. In the wine of Vranec it was present 

in a slightly higher concentration (63.12Ñ6.12 Õg/dm3), compared to that of Kaylashki Rubin 

(55.00Ñ5.00 Õg/dm3). This ester is also one of the main representatives of the fraction, 

normally present in wines in concentrations of 10.00 ï 100.00 mg/dm3 (Chobanova, 2012). 

2-hydroxy-3-methyl-diethyl ester was identified only in Vranec wine (105.13Ñ8.05 

Õg/dm3). 

 

Identified fatty acids 

 
Fatty acids originate from yeasts and bacterial biosynthesis and have an important 

contribution to wine aroma (Etievant, 1991). In the present study, only one fatty acid was 

identified ï heptanoic acid. In Vranec wine it was found in a slightly higher concentration ï 

1297.00Ñ70.01 Õg/dm3. In the wine of Kaylashki Rubin it was available in an amount of 

1209.76Ñ51.25 Õg/dm3. Jiang and Ziang (2010) found traces of heptanoic acid in red wines 

from Cabernet Sauvignon. A¶·n et al. (2014) investigated the influence of different 
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oenological practices on the fermentation aroma of Menica red wines and found the presence 

of heptanoic acid in the variants in the range from 2.00 to 20.00 Õg/dm3. In the present study, 

this fatty acid was found in higher concentrations. 

 

Sensory evaluation of red wines 

  

The results obtained from the panelists (4 experts in the field of enology) were 

calculated and transferred into spider diagram (Figure 1) that showed us the two different 

wine profiles that the wines from these varieties had.  

 
Figure 1. Sensory evaluation of red wines obtained from Vranec and Kaylashki Rubin varieties 

 

 

According to this diagram we can see that the wine obtained from Vranec variety had 

more body and structure than Kaylashki Rubin, also the content of tannins was higher that 

could be noticed from the descriptor for bitterness and astringency. Vranec wine had less 

acidity and more black (dark) fruit aromas, lower freshness and less flowery notes in the 

wine. On the other hand, the wine from Kaylashki Rubin had higher level of acidity, more 
freshness which could be noticed from the descriptors flower and herbal aromas, also the 

wine had very intensive fresh red fruits aromas. According to the panelist both wines were 

very harmonious in their own way, both wines had their typical notes as expected for the both 

varieties.  In overall the descriptive analyses confirm the analyzed components from the GC-

MS analysis and gave us clear view about the aroma profile of both varieties. 

The data regarding the sensory profile of the wine from Kaylashki Rubin were 

correlated with the research of Yoncheva et al. (2016, 2019), which defined the wine of this 

variety as harmonious, balanced and with pronounced varietal aroma, good color 

characteristics, dense and extractive. The data regarding the Vranec wine correlated with the 

study of Milanov et al. (2019), which determine the astrigenicity and bitterness as dominant 

sensory characteristics in the wine from this variety. 
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Conclusions  
 
The following conclusions can be made from the study conducted to define the aromatic 

profile of red wines from the local variety Vranec and the hybrid variety Kaylashki 

Rubin: 

1. The fraction of higher alcohols in both wines was consisted of 1-pentanol, 1-propanol, 

2-propanol, 1-butanol, 1-hexanol, and 3-methylthio-1-propanol. 1-pentanol had the 

highest quantitative presence of this fraction. In the wine of the Vranec variety, 3-hexyl-

1-ol was also identified, which was not present in that of Kaylashki Rubin. 

2. One aromatic alcohol ï phenylethanol ï was identified. This compound was found in 

very high concentrations in both wines, with predominance in Vranec (20076.12Ñ88.02 

Õg/dm3), compared to Kaylashki Rubin (17864.31Ñ155.0 Õg/dm3). Phenylethanol was 

an important component influencing the floral aroma of wines. 
3. The main representative of the ester fraction in both wines was diethyl succinate. It 

occupied the highest concentration. Important ester compounds were identified ï 

isopentyl acetate, ethyl caprylate, ethyl hexanoate, ethyl decanoate and diethyl malate. 

Ethyl-2-hydrobutyrate and 2-hydroxy-3-methyl-diethyl ester were identified only in 

Vranec wine. They were absent in the aromatic matrix of Kaylashki Rubin. This made 

the ester complexity of Vranec higher. 

4. In the two studied red wines, only one fatty acid was identified, namely heptanoic acid 

in almost the same amounts. 

5. The performed sensory evaluation showed that the Vranec wine had a better body and 

structure than that of Kaylashki Rubin. Vranec showed lower freshness and floral notes 

in the aroma, compared to Kaylashki Rubin. In Vranec the aromas of black fruits 

dominated, while Kaylashki Rubin showed a pronounced floral and herbal aromas, as 
well as fresh red fruits aroma. Both wines showed a diverse, balanced aromatic profile, 

each of which, based on the peculiarities of its volatile composition. Each wine has an 

individual aromatic capacity.  
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 Abstract  
 Introduction. The objectives of this research were to 

scientifically substantiate and experimentally prove the nutritional 

status of cultivated mushrooms as the probable source of easy-
absorbed proteins, essential and dispensable amino acids, and other 
valuable biologically active components. 

Materials and methods. Biochemical characteristics, such as the 
mass part of albumins, globulins, glutelins and prolamins, and the 
qualitative and quantitative composition of amino acids in free and 
constrained forms, of cultivated mushrooms, champignon (Agaricus 
bisporus) and oyster (Pleurotus ostreatus), and edible wild 

mushrooms, white mushrooms (Boletus edulis) and the brown-cap 
boletus (Leccinum scabrum), were determined.  

Results and discussions. The biochemical composition of 
mushroom hats and legs is different in separate indices: the amount of 
dry substances in champignon hats is higher by 13ï18%, the amount 
of proteins is higher by14.6ï23.5%, meanwhile, the amount of 
cellulose is lower by 17ï19% in comparison with legs. This shows the 
substantial nutritional advantage of hats, and it must be taken into 

consideration in the industrial procession of mushrooms: hats should 
be separated from legs, following the optimal parameters of the 
process for each anatomic part. The champignon proteins contain all 
the indispensable amino acids and, therefore, can be the important 
source of lysine (4.95 mg% ), phenylalanine (7.04 mg% ), leucine (9 
mg% ), and threonine (7.6 mg% ). About 7.6% of amino acids are in 
free form, half of which are essential. This would help the human body 
effectively use the amino acids to synthesize its own proteins. 

The amount of proteins in fresh champignons is 6ï9% of their 
mass, in oyster mushrooms it is 4ï5%, in wild mushrooms, it is 6ï
8.5%, which outlines the priority of champignons particularly by their 
protein component. Easy-soluble factions (albumins and globulins) at 
70.3% present the champignon proteins; this index is slightly lower for 
oyster mushroom proteins (65%) and for brown-cap boletus, it 
decreased to 53.2%. Therefore, proteins of the cultivated mushrooms 
need the minimal amounts of energy to be dissociated to amino acids 
in the human body, and otherwise show the high grade of proteolysis 

(almost as milk proteins) under the influence of gut enzymes. These 
characteristics were achieved due to scientifically proven selection of 
raw materials, regarding their sensory characteristics that were 
estimated with the excellent grade. There were proposed criteria to 
select the cultivated mushrooms for culinary and industrial processing: 
the amount of proteins no less than 6ï9%; cellulose 2ï3.5%; 
carbohydrates 1ï1.5%.    

Conclusions. The cultivated mushrooms and the products of their 

procession with high content of proteins and other valuable 
components should become the essential constituent of diets in order 
to overcome the protein deficiency.  
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Introduction  
 
Nutrient analysis and dietary quality for most people indicate a persistent protein 

deficiency, which should be exacerbated in the near future (Medek et al., 2017). Therefore, 

the search for potential new protein sources and production of high-protein foods are among 

the topical tasks for food technologies (Ivanov et al., 2021; Wu et al., 2014).  
The National Center for Biotechnology Information (USA) highlighted that about 90 

percent of adult people are aware of the advantages of high-protein foods (Chang & Wasser, 

2012; Global Alternative, 2020). Due to ecological ideology and diffusion of vegetarianism, 

the production of proteinaceous foodstuffs from soybeans is the main stream in Asia, 

particularly in China, and, during the last years, in Europe (Elorinne & Kantola, 2016). The 

largest share belongs to champignons (Agaricus bisporus) and shiitake (Lentinula edodes) 

(Martinez-Medina et al., 2021; Stabnikova et al., 2010; Stojkovic et al., 2014). There is an 

array of scientific research on using the mushroom raw materials as the meat substitute 

(Pasichny et al., 2009). In fact, this became one of the main tendencies of the food industry 

through the latest period, which is believed to be increasing significantly (Batraksas et al., 

2021; Ferdousi et al., 2020; Mubiana et al., 2012). 

The artificial cultivation of mushrooms becomes very important because the fruit bodies 
of forest mushrooms have the ability to accumulate heavy metals and radionuclides, thus 

becoming perilous for consumersô health and life (Struminska-Parulska et al., 2021). There 

is a point of view that in the nearest future about two thirds of protein needs for humans will 

be met through the consumption of mushrooms grown in industrial conditions. (Bolotskikh 

& Volfovsky, 2007). These mushrooms are ecologically clean, and their taste could be 

improved by addition of sodium glutamate (Chang, 2006). Mushrooms are widely used in 

production of therapeutic and preventive remedies with hepatoprotection, radioprotection, 

antidiabetic, anticancer, and immunoregulatory activities (Martinez-Medina et al., 2021; 

Sanket & Pravin, 2021; Valverde et al., 2015; Yaschenko, 2012). It was shown that 

consumption of mushrooms increased the immunity to inflectional and oncologic diseases 

(Krasnopolskaya et al., 2007; Meera et al., 2009; Wasser & Weis, 1999; Wasser et al., 2000); 
they get involved into metabolic processes and do not have cumulative ability (Cultivation, 

2021; Yaschenko, 2012). Regular consumption of cultivated mushrooms can significantly 

increase the content of antioxidant markers and decrease the level of oxidative stress (Calvo 

et al., 2016; Glamoļlija et al., 2015). Mushrooms can also become the only plentiful sources 

of vitamin D of non-animal origin (Bernas & Jaworska, 2017; Cardwell et al., 2018; Simon 

et al., 2013).  

Therefore, the problem of increasing the volumes of consumption of cultivated 

mushrooms is scientifically proven and is actual for the population of over the world.  

The protein content of mushrooms determines their biological value. In this case, the 

content of amino acids in the protein must meet the needs of the human body for the synthesis 

of its own proteins (Tagkouli et al., 2020). Moreover, proteins, upon being the most essential 

component of food, are responsible for growth, creation of the new tissues and restoration of 
those damaged (Malecki et al., 2021). Besides, all enzymes and certain hormones are proteins 

too. Decidedly, only the plentiful proteins provide the correlations of amino acids, which are 

compatible with human body needs.      

Unfortunately, these problems are now studied sporadically. The majority of updated 

research are dedicated to the principles of mushroom cultivation (Royse, 2003; Zhang et al., 

2014), their industrial production (Simakhina et al., 2014); elaboration of eco-friendly and 

wasteless cultivation technologies (Guan et al., 2016; Simon et al., 2011); improvement of 

the methods to process mushroom raw materials, including drying, fermentation and 
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freezing; mycelium preparation and so on. Only some studies deal with the general amount 

of proteins in oyster mushrooms, touching upon their amino acid content and the proportions 

between dispensable and indispensable amino acids, practically leaving aside the ways to 

increase the mushroom biological value and other related issues (Tolera & Abera, 2017).  

Issues that have so far received insufficient attention include study of the fractional 

composition of proteins of cultivated mushrooms which is an essential index to predict the 

level of their absorption in human body; effectiveness of protein digestibility by proteolytic 

gut enzymes; elaboration of the criteria to select the sorts of cultivated mushrooms (starting 

from their sensory evaluation), compliance with which would guarantee obtaining the high-
quality half and final products with increased biological and nutritional value.      

The aim of the present research was scientifically substantiality and experimentally 

proven of  the nutritional status of cultivated mushrooms as the probable source of easy-

absorbed proteins, essential and dispensable amino acids and other valuable biologically 

active components for their use   in the food industry. To achieve this goal it was necessary 

to examine the quantitative and qualitative content of the main nutrients in cultivated 

mushrooms, particularly, the fractional composition of proteins; to estimate the ratio between 

dispensable and indispensable amino acids; the grade of their digestibility by proteolytic gut 

enzymes; their sensory indices, and to formulate the criteria to select the champignons for 

both direct consumption and industrial procession.    

 

 
Materials and methods  
 

Mushrooms 
 

Champignons (Agaricus bisporus) and oyster mushrooms (Pleurotus ostreatus) became 

the object for the main part of research. For a comparative study, some experiments were 

conducted in parallel with wild white mushrooms (Boletus edulis) and brown-cap boletus 

(Leccinum scabrum). After having selection, washing, and removing the waste from the raw 

materials, the biochemical characteristics of mushrooms were evaluated, namely, fractional 

distribution of protein, content of amino acids, sensory characteristics, and the ratio of free 

and constrained amino acids, both dispensable and indispensable.  

 

Determination of dry matter 
 

The dry matter was determined using differential refractometry (Hernandez et al., 1998) 

using of IRF-454 ɺ2ʄ refractometer (Laboratorna tekhnika Ltd., Kharkiv).  

 

Determination of protein and amino acid content  
 

The general amount of proteins and the qualitative and quantitative content of amino 

acids were determined by the method described in (Redweik et al., 2012) with a usage of 

capillary electrophoresis. The ratio between dispensable and indispensable amino acids in 

free and constrained forms was determined by the method of Moore ï Stein (Moore & Stein, 

1972). 
 

Determination of sugars content  
 

The general amount of sugars was determined by ion analysis method using Bioscan 

817 chromatographer (Metrohm IC). To prepare the sample for the analysis, mushrooms were 
powdered to homogenous mass and put into the automatic sample taker of the 

chromatograph.  
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Determination of cellulose content  
 

Content of cellulose was determined by the method of direct weighing analysis, which 

combines oxidation, destruction, and solution of various chemicals, except for cellulose that, 

in process, was removed, dried and weighed (Kumar & Turner, 2015).    

 

Fractionation of mushroom proteins  
 

Fractionation of mushroom proteins was carried out according to (Table 1). The 

disintegrated samples of mushrooms (particle size 2-3 mm) were extracted, and then 

centrifuged for 15 min at 6000 rpm. The sediments were washed, and the volume of every 

extract was replenished to 150 ml by washing waters. The content of protein was determined 

in the extracts and sediments by the method (Redweik et al., 2012).  

 
Table 1  

Fractionation of mushroom proteins  

 

Method 
Fractions of mushroom proteins 

Albumins  Globulins  Glutelins  Prolamins  

Solvents 
Water  1 ʄ NaCl in  

0.1 ʄ phosphate 

buffer (ʨʅ 6.8) 

0.1 N 

NaOH 

70% ethyl 

alcohol 

Weight ratio between 
mushroom mass and 
solvent 

1 : 3 1 : 3 1 : 2.5 1 : 2.5 

 

Evaluation of sensory characteristics of cultivated mushrooms 
 

The selection of raw materials, primarily by the sensory characteristics, is the essential 

step to use the fresh mushrooms and, subsequently, obtaining the mushroom semi-finished 

products with suitable consumer properties and high biological value (Phat et al., 2016). 
Thus, high quality of mushroom semi-finished products and foods with their usage is 

guaranteed (Table 2). 

 
Table 2 

Methods to evaluate the main sensory characteristics of fresh mushrooms (champignons) 
 

Characteristics Description 

Appearance 

Mushrooms are clean, undamaged, elastic, fresh looking, without 
excessive external humidity, not frozen, not injured by harmful insects; 
legs are either cut or uncut. In the first case, the cut should be clean; in 
the second, the traces of greenhouse material are accessible. 
Insignificant surface damages are allowed if they do not affect the 
quality, storage terms and commercial appearance of the packed items. 

Taste and smell Typical for fresh champignons, without strange smells and smacks. 

 
Color 

The hat surface is white, cream-colored or brown with various hues 
typical to the cultivated sorts; the fresh cut of the hat is white with rosy 
hue. 

 

Maturity grade 

Mushrooms are of forms and colors typical for the certain botanical 
sort, homogenous in maturity grade, well shaped. 
The hats are open or closed but not flat. The plate color from the bottom 
side of the hat is pale rosy.  
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The sensory characteristics of mushrooms were evaluated according the 5-point scale 

proposed by the authors (Table 3). 

 
Table 3 

Scoring of sensory characteristics of fresh champignons  

 

Index 
Score 

points 
Estimation of fresh champignons quality by score points 

A
p
p
e

a
ra

n
c
e 5 Fresh, whole, without defects and microbial damages, homogenous. 

4 Fresh, whole, practically without defects. 

3 Whole, partly withered, slightly damaged. 

2 The significant share of withered and damaged mushrooms. 

1 Inhomogeneous, with defects and microbial damages. 

T
a

s
te

 a
n
d
 

s
m

e
ll 

5 Typical for fresh champignons, without strange taste and smell. 

4 Slight strange taste and smell. 

3 Stable and obvious strange taste and / or smell. 

2 Stable and expressed, atypical strange taste and / or smell. 

1 Strong rotting stench and atypical taste. 

C
o

lo
r 

5 The hat surface is white or cream-colored; the fresh cut of the hat is white 

with rosy hue. 

4 The hat surface is white or cream-colored; the fresh cut of the hat is white. 

3 The hat surface is grayish as well as the fresh cut. 

2 The hat surface is grey with dark blots; the cut is grey. 

1 The hat surface is dark; the cut is rotten. 

M
a

tu
ri

ty
 g

ra
d
e

 

5 Mushrooms are homogenous in maturity grade, well shaped. The hats are 
not flat. The plate color from the bottom side of the hat is pale pink. 

4 Mushrooms are sometimes inhomogeneous in maturity grade, well shaped. 
The hats are not flat. The plate color from the bottom side of the hat is 

pale. 

3 Mushrooms are slightly inhomogeneous in maturity grade, mostly well 
shaped. The hats are not flat. The color of the hat plates is grayish. 

2 Mushrooms are practically inhomogeneous in maturity grade, different in 
shape. The hats are mostly flat. The color of the hat plates is grey. 

1 Mushrooms are different in maturity grade, non-calibrated.  
The plate color from the bottom side of the hat is rotten brown. 

 

Note: mushrooms with quality estimated as 1 or 2 points are not recommended for further procession.  

 

Upon selection of mushroom raw material for technological purposes, the sensory 

evaluation should be complemented with the characteristics of mushroom biochemical 

compounds. 

 

 

Results and discussion  
 

Biochemical characteristics of mushroom fruit bodies 

 

For the certain species of mushrooms, some essential biochemical characteristics of hats 

and legs were determined. The results are shown in Table 4. 
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Table 4 

Biochemical characteristics of mushroom fruit bodies 

 

Content,%  

to dry matter 

Mushrooms species and anatomic parts  

White mushrooms Champignons  Oyster mushrooms 

Legs Hats Legs  Hats  Legs  Hats 

Water 87.0 85.5 86.0 84.2 91.0 90.5 

Dry matter 13.0 14.5 14.0 15.8 9.0 9.5 

Proteins 6.8 8.4 7.5 8.6 4.0 5.1 

Carbohydrates 1.22 1.53 2.4 1.9 1.2 1.6 

Cellulose 4.23 3.5 3.0 1.6 3.1 1.9 

 

Analysis of the biochemical composition of separate fruit body parts of cultivated 

mushrooms showed the quantitative difference between hats and legs. The results show that 

hats and legs of champignons contain more proteins than any other studied mushroom 

species. The protein content in hats of champignons is 8.6%; in white mushrooms 8.4%; in 

oyster mushrooms 5.1%. The content of dry substances was slightly higher in hats, and the 

protein content was by 14.6-23.5% higher in hats than in legs, which is according to the 

results of other researchers (23, 24).  
There is a problem of cellulose impact on nutritive value of cultivated mushrooms 

(Dubinina, 2009; Synytsia, 2009). Cellular membrane of mushrooms, due to the content of 

chitin (about 60% to dry matter), is able to reveal the antiviral and antibacterial action and 

absorb the heavy metals and radionuclides (Meera, 2009; Wasser, 2000). The large amount 

of cellulose represented by indigestible food fibers would retard the process of protein 

dissociation in the gut and their further absorption by the organs and tissues; it would mean 

that mushrooms are unsuitable for dietetic nutrition. Therefore, from our viewpoint, the 

amount of cellulose in cultivated mushrooms destined for obtaining the food products with 

increased nutritional and biological value should be within 3-3.5%.    

Taking into account the difference between biochemical characteristics of hats and legs, 

we propose the notion of heterogeneity grade of anatomic parts of mushrooms by two main 
constituents ï proteins and cellulose. This index should be evaluated with a coefficient:  

CP = P / Cel, in which P is the protein content,% ;  

Cel ï cellulose amount,% . 

For the studied types of mushrooms, the CP coefficient counts: 

- White mushrooms: legs ï 1.62; hats ï 2.4; 

- Champignons: legs ï 1.87; hats ï 2.15; 

- Oyster mushrooms: legs ï 1.29; hats ï 2.6. 

This discrepancy between the heterogeneity grades of different anatomic parts of 

mushrooms is evidence of their structural, mechanical properties and tissue firmness. 

Because mushroom hats and legs have different content of essential nutrients, we conclude 

that, upon elaboration of technology to produce mushroom semi-finished products, 
independently on the species, the hats should be separated from legs prior to procession, and 

then the optimal procession parameters should be determined for each of the anatomic parts. 
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Amino acid contents in fresh champignon proteins  

 

Amino acids are the main structural elements of proteins. Twenty-six amino acids were 

observed in proteins, and the typical constituents of proteins are considered twenty of them. 

The latter are categorized into dispensable (total amount of twelve) and indispensable, or 

essential (total amount of eight) obtained only from foodstuffs. The results on the qualitative 

and quantitative content of fresh champignons to be later estimated as the ratio between 

dispensable and indispensable amino acids in free and constrained forms (as the 

characteristics of protein biological value) are shown in Table 5. 
 

    Table 5 

Amino acid contents in fresh champignon proteins  

 

Amino acid 
Total 

amount,% 

Free Constrained 

mg% 

% to the total 

amino acid 

amount 

mg% 

% to the total 

amino acid 

amount 

Lysine  4.98 0.38 0.26 4.60 3.21 

Histidine   8.98 0.78 0.54 7.70 5.38 

Phenylalanine   7.036 0.136 0.10 6.90 4.82 

Tyrosine   2.51 0.05 0.03 2.46 1.72 

Leucine  9.0 0.5 0.34 8.50 5.94 

Isoleucine  2.94 0.64 0 2.30 1.60 

Valine  5.08 0.7 0.48 4.38 3.06 

Methionine   1.71 0.01 0.01 1.71 1.18 

Alanine  7.4 1.3 0.90 6.10 4.26 

Glycine  17.17 0.27 0.18 16.91 11.81 

Proline  2.31 0.01 0.01 2.32 1.60 

Serine  9.00 0.40 0.27 8.60 6.01 

Threonine   7.63 0.53 0.37 7.11 4.96 

Asparagine 

acid 

21.72 0.38 0.26 21.34 14.92 

Cystine   0.31 0.02 0.01 0.29 0.20 

Arginine  - - - - - 

Tryptophan  1.05 - - 1.05 0.73 

Glutamine 

acid 

34.7 1.5 1.04 33.2 33.2 

Total   143.021 7.6 - 135.4 - 

 

 

Fractional composition of fresh champignon proteins 

 

Biological value of proteins in any foodstuffs determines not only by the total amount 

or the amino acid content, but also by fractional composition. The proteins are classified into 

four classes, namely, albumins, globulins, prolamins, and glutelins (Garidel, 2013). 

Albumins, water-soluble proteins, are characterized by the highest biological and nutritional 
value; globulins, salt-soluble proteins, have also high biological value but are poor in sulfur-

containing amino acids. The last two, prolamins, alcohol-soluble, and glutelins, alkali-



ʈʈʈFood Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2022.  Volume 11. Issue 1 ƄƄƄ 46 

soluble, have no some indispensable amino acids in their compositions, harder digested by 

proteolytic enzymes and thus have lower the biological value.  

The literary data about fractional composition of proteins of cultivated mushroom are 

still limited. Therefore, fractional composition of mushrooms proteins were studied in the 

present research, and compared (Table 6). 

 

Table 6 

Fractional composition of mushroom proteins  
 

Protein fractions 

Ratio of fractioned proteins,% of total protein 

amount 

Brown-cap 

boletus 
Champignons 

Oyster 

mushrooms 

Water-soluble (albumins and 

easy-soluble globulins) 

30.8 46.4 39.8 

Salt-soluble (hard-soluble 

globulins) 

22.4 23.9 25.2 

Alkali -soluble (glutelins) 12.6 8.06 10.6 

Alcohol-soluble (prolamins) 11.5 5.6 3.6 

Unsolved remnant 22.7 16.24 20.8 

 

According to results, cultivated mushrooms have higher biological value, because 
protein substances are mostly presented by easy-soluble factions ï 70.3% in champignons 

and 65% in oyster mushrooms. These proteins are alleged to dissociate in human body to 

amino acids, which are necessary for synthesis of the native proteins, with minimal energy 

losses.  

Fractional composition of champignon proteins is slightly better than of oyster 

mushrooms, however, both kinds of mushrooms are suitable for direct usage and industrial 

procession into proteinaceous semi-finished products as ecologically clean, useful and safe 

enough raw materials.  

Wild mushroom proteins contain less albumins and globulins (53.2%), therefore, they 

are worse soluble in water and neutral salt solutions. Human body worse absorbs such 

proteins, and their biological availability and value are lower in comparison to cultivated 
mushrooms.  

Because of high content of albumins and globulins, proteins of cultivated mushrooms 

will be far easily hydrolyzed in the gut by proteolytic enzymes, and proteins of wild 

mushroom have lower proteolysis degree because they contain much more cellulose, which 

may block the enzyme access to protein substances.      

 

Sensory characteristics of champignons 

 

Therefore, conducted research and obtained results showed the perspectives for using 

of cultivated mushrooms, particularly hats of champignons, as the reserve of native proteins, 

well-balanced proportion of essential and dispensable amino acids, prevalent content of easy-

soluble factions, and higher grade of digestibility by proteolytic enzymes.  Regarding to the 
fact that appearance is considered the complex index to include the shape, size, maturity 

grade, freshness, and color, the maximal figure of quality coefficient will be 0.35 (Table 7).  
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Table 7 
Scoring the sensory characteristics of fresh champignons  

 

Properties Coefficient Score 

points  

Characteristics  

Appearance 

0.35 5 Mushrooms are whole, clean, elastic, fresh, without 

excessive external humidity, non-frozen and non-
damaged by agricultural pests. Cut champignons 

should have their cuts clean; surface damages are not 
allowed.  

Taste and 

smell 

0.25 5 Typical for fresh champignons, without strange smell 

and smack.  

Color  

0.15 5 Hat surface is white or cream-colored, with different 
hues typical for certain sorts; hat pulp on the cut is 

white with pink hues; leg pulp is slightly darker due to 

higher cellulose content. 

Maturity 

grade  

0.25 5 Mushrooms are typical in appearance and color for the 

certain botanical species, homogenous in maturity, 
well shaped. Hats are closed or opened but not flat. 

The color of under-cup plates is pale pink. Legs of 
non-cut mushrooms may carry the traces of 

greenhouse soil materials.   

 

 
                                                                                                                     ʊable 8 

Criteria for selection of champignons for direct consumption  

and processing in semi-finished products 

 

No. Criterion  Criterion characteristics 

1 
High protein content  

(6-9% and more) 

The significant reserve of food proteins; their validity in 

terms of correlation between dispensable and indispensable 

amino acids; the important additional source of lysine, 
phenylalanine, asparagine and glutamine amino acids 

2 High biological value 

The presence of all the indispensable amino acids; 
correspondence of amino acid composition to human needs 

for synthesis of the native proteins; protein digestibility 
equal to the one of milk proteins 

3 
Optimal cellulose 
content (2-3.5%) 

Positive impact on gut functions; adsorption of heavy 
metals and radionuclides; prebiotic properties   

4 
Sufficient carbohydrate 
content  

(1-1.5%) 

The ability to stimulate anti-body synthesis and thus to 
increase the immune protection; cancer-protecting 

properties due to presence of polysaccharides 

5 
Relative initial humidity 

(no more than 80-84%) 

Quite an intensive drying process should be maintained; 
circa 90% of moisture are represented by free faction to be 

removed easily 

6 
The absence of toxic 

substances, heavy 
metals and carcinogens  

Environmental friendliness of production and procession; 

safety for consumers in both fresh and processed forms 

7 Sensory characteristics Appearance, taste and smell, color and maturity grade  
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Moreover, since mushrooms are discrepant in appearance to the requirements proposed, 

the usage of all the other criteria appears to be inexpedient.  In case when mushrooms are 

discrepant in appearance to the requirements proposed, the usage of all the other criteria 

appears to be inexpedient.   The studied champignons by all the sensory characteristics scored 

the maximal five points, confirming their status of a reliable source of proteins, amino acids 

and food cellulose that are the main nutrients in human diets.  

Upon taking into account, the results of studying the biochemical composition of 

champignons and scoring their sensory characteristics, the criteria to select mushrooms for 

either cookery or industrial procession were established (Table 8). 

 

 
Conclusions  
 

1. Proteins as macronutrients are essential in growth, creation of the new tissues and 

recovery of the damaged ones. They take part in regulation of the majority of vital 

processes in human body, enhance the biological influence of other nutrients, and 

provides the transport of oxygen, hormones and trace elements. Insufficient supply of 

proteins or separate amino acids with foodstuffs would lead to protein deficiency, 

causing serious damages in the body due to misbalance between protein anabolism and 

catabolism. This is why the searches for new untraditional sources of proteins are 

relevant today. One of the ways to solve this problem is the usage of cultivated 

mushrooms that contain about 50% of proteins (in terms of dry matter) and other value 
biocomponents.    

2. It was shown that cultivated champignons and oyster mushrooms have in their fractional 

composition a high content of easily digestible proteins (more than 70%), which 

facilitates their digestibility by proteolytic enzymes. At the same time, they contain all 

the essential amino acids that confirms their nutritional value. Organoleptic criteria have 

been proposed for the selection of cultivated mushrooms in order to use them in 

obtaining high-quality food products. 

3. The advantages of cultivated mushrooms over the wild ones in terms of ecological 

friendliness and safety were demonstrated.  

4. The optimal ration between proteins and cellulose in champignons (3 : 1) will provide 

the high grade of protein digestion by proteolytic enzymes and allow using the 

detoxifying properties of cellulose as the natural sorbent. Therefore, the further studies 
on cultivated mushrooms, the search of new high-protein species, and the design of 

effective methods to process the mushroom raw materials into semi-finished and final 

products are tasks targeted at overcoming the protein deficiency and ameliorating the 

human health.        
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 Abstract  
 

 

Introduction.  Dairy products are the most common 

probiotic food. However, due to lack of enzyme lactase, their 

ingestion for lactose intolerant people is a challenge. Fruit juices 
are rich in nutrients and have proved to be effective carriers or 

growth media for probiotics, specifically for lactic acid bacteria; 

they are also lactose-free and can be taken by lactose intolerant 

individuals.  

Materials and methods. Self-made apple juice and selected 

lactic acid bacteria were used in the study. The number of viable 

bacterial cells was determined by a serial dilution method; 

titratable acidity was determined by automatic titrator; sugars 

and organic acids concentrations were measured using High-

Performance Liquid Chromatography; total phenolic compound 

content was determined by the Folin-Chiocaltus method; and the 

antioxidant activity was determined by FRAP (ferric-reducing 
antioxidant power) assay. 

Results and discussion. Selected Lactiplantibacillus 

plantarum strains were used to ferment apple juice. The optimal 

conditions for the fermentation were an initial pH 4.5 and 24 h 

duration, with maximum bacterial cells viability 8.23Ñ0.17 log 

CFU/mL and 8.55Ñ0.19 log CFU/mL for L. plantarum 74 and L. 

plantarum 76, respectively. Characteristics of apple juice were 

changed during fermentation, particularly, after 48 hours of 

fermentation, an increase in the titratable acidity caused the pH 

decrease and gradual decrease of the sugar contents was also 

observed. The highest production of lactic and malic acids were 
observed during 48 h of fermentation with the strain L. 

plantarum 74. The fermented juice with L. plantarum 52, L. 

plantarum 74, and L. plantarum 76 had concentration of total 

phenolic compounds 532.9Ñ26.7 mg GAE/L, 587.3Ñ29.4 mg 

GAE/L, 488.4Ñ24.4 mg GAE/L and antioxidant activity 

281.6Ñ14.1 mg AAE/L, 300.6Ñ15.0 mg AAE/L, 172.8Ñ8.6 mg 

AAE/L, respectively after 72 h of fermentation.   

Conclusion. Apple juice fermented with selected strains of 

Lactiplantibacillus plantarum was enriched with lactic acid 

bacteria and can be used as a probiotic product that people with 

lactose intolerance can consume. 
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Introducton  
 
The most common and affordable food products that are sources of beneficial probiotic 

bacteria are fermented dairy products. However, some people, including children, are unable 

to fully digest lactose, a sugar present in milk and milk products. On average, 65% of the 

world's population is lactose intolerant (Bayless et al., 2017). Fruit juices are healthy products 

that are rich in important nutrients such as vitamins, minerals and antioxidants (Hussein et 

al., 2022), and they can serve as a medium for the growth of lactic acid bacteria. At the same 

time, they do not contain lactose. Thus, fruit juices enriched with lactic acid bacteria might 

be used as probiotic food products that even persons with lactose intolerance could consume 

(Gomes et al., 2021; Katoch et al., 2021; Lillo-P®rez et al., 2021, Tkesheliadze et al., 2021). 

Fermentation of fruit juices using lactic acid bacteria (LAB) could be used to preserve 

sensorial and nutritional properties and to extend the shelf life of the final products (Garcia-
Gonzalez et al., 2021; Plessas, 2022). In addition, plant-based diets become increasingly 

popular, so fermentation of plant products and the selection of microorganisms to be used as 

starter culture is an issue of high demand (CichoŒska and Ziarno, 2022). During the 

fermentation of the juice caused by lactic acid bacteria, changes in its chemical and 

microbiological properties occur and the final product can be enriched with microbial 

metabolites such as organic acids, phenolic compounds, exopolysaccharides and bacteriocins 

(Khubber et al., 2022). Due to these beneficial properties, fruit juices fermented by LAB 

increases the availability of probiotic non-dairy products on the market. For this purpose, the 

application of autochthonous starters is preferred (Garcia et al., 2020).  

One of the most promising types of lactic acid bacteria used for the fermentation of 

fruit juices are strains of Lactiplantibacillus plantarum whose cells have high gastrointestinal 

adaptability and adhesion ability. These LAB also possess antimicrobial, antioxidant and 
anti-inflammatory properties ( Garcia-Gonzalez et al. 2021; Rocchetti et al., 2021; Won et 

al., 2021). Application of L. plantarum strains to ferment of vegetable and fruit juices is 

extremely appealing since they can improve their sensorial properties (Plessas, 2022). From 

a variety of fruit beverages, apple juice is considered as a good food substrate for enrichment 

with lactic acid bacteria (Wu et al., 2020). This advantage is facilitated by the fact that the 

fermentation process is thought increases the bioavailability of bioactive compounds found 

in the plant material, namely in apples, which leads to a change in the substrate composition 

and, as a result, affects the sensory properties of the final product (Guin® et al., 2021). 

The aim of the present study was to investigate change of the selected technological 

characteristics of apple juice fermented with the strains of Lactiplantibacillus plantarum.   

 

 

Materials and methods  
 

The apple fruits from different regions of Georgia were used in the study.  Apples were 

washed with tap water, cutting, crushed using a food processor and filtered through a paper 
filter, 12.5 cm diameter, and then through the Millex-GS Syringe Filter Unit with a 0.22 Õm 

pore size mixed cellulose esters membrane (Millipore). 

For the fermentation of apple juice three probiotic strains of autochthonous lactic acid 

bacteria Lactiplantibacillus plantarum 52, L. plantarum 74, L. plantarum 76 from the 

collection of microorganisms at Durmishidze Institute of Biochemistry and Biotechnology 

of the Agricultural University of Georgia, specifically were used.  The bacterial strains stored 

at -80 ÁC were transferred to MRS broth and incubated at 37 ÁC for 48 hours.  
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Apple juice was inoculated with lactic acid bacteria and incubated at 37 ÁC. Cell 

viability, pH values, titratable acidity, content of sugars, organic acids and total phenolic 

compounds as well as antioxidant activity were evaluated prior to the fermentation process 

and after 24 h, 48 h, and 72 h of fermentation. 

The total number of viable cells of L. plantarum 52, L. plantarum 74, L. plantarum 

76 on MRS agar was determined using the serial dilution method. Aliquots (0.1 mL) of 

diluted fermented juice were plated in triplicate onto MRS agar and incubated at 37 ÁC for 

72 h in an anaerobic incubator (Hashemi et al., 2017, ISO/TS 19036, 2006). The results were 

expressed as log CFU/mL. 
The pH was measured using a digital pH meter. Titratable acidity (TA) was determined 

by titrating with 0.1 M NaOH to a pH end-point of 8.2 using an automatic titrator (ZDJ-4A, 

NASA Scientific Instrument Co., Ltd, Anting Shanghai, China). The results were expressed 

as gram of malic acid equivalents per 100 mL of juice (Wlodarska et al., 2017).  

HPLC was used to determine the concentrations of sugars such as sucrose, fructose, 

and glucose, as well as the content of organic acids, in fermented and unfermented apple 

juices. The data were recalculated in grams per liter. 

Total phenolic content in apple juice was determined using the Folin-Chiocaltheus 

method (Bond et al., 2003). 5 mL of diluted 10 times Folin-Chicolteo reagent was added to 

1 mL of the test sample and left at room temperature for 8 minutes. As a control, 1 mL of 

distilled water was used. Then 4 mL of sodium carbonate was added and thoroughly mixed. 

The samples and standards were kept at room temperature for 1 hour. A spectrophotometer 
was used to determine the sample absorption rate at a wavelength of 765 nm. The results 

were expressed in mg gallic acid equivalents (GAE) per litre of juice. 

The total antioxidant concentration was determined by the FRAP method (Benzie 

and Strain, 1996). A spectrophotometer was used to measure the change in absorption 

intensity. Initially, a working solution for determining the sample was prepared using a 

mixture of three solutions: 300 mM acetate buffer (pH 3.6); TPTZ (2.4.6-tripiridyl -5-

triazine), and trivalent iron chloride, in the ratio 10:1:1. The obtained working solution was 

submerged in a 37 ÁC water bath for 15 minutes. The working solution, 3 mL, was added to 

the apple juice sample, 100 ɛl, and the absorbance was measured using a spectrophotometer 

at 593 nm; the absorption was recorded after 4 minutes. The working solution was used as a 

control, while ascorbic acid was applied as a comparator. The data were measured in mg of 
ascorbic acid equivalent (AAE) in 1L of the juice. 

All experiments were performed in triplicate. The data are expressed as the mean 

Ñstandard deviation. Statistical analysis was carried out using one-way ANOVA and Tukeyôs 

HSD tests. One-way analysis of variance (ANOVA) was done to analyze the variation of the 

means between the experimental samples. Tukeyôs HSD test was used to differentiate 

between the mean values. All the analyses were done using XLSTAT (free trial version 2022, 

Addinsoft, Inc., Brooklyn, NY, USA). p value < 0.05 was considered statistically significant. 

 

 

Results and discussion  
 

Determination of the viable cell number 

 

An important parameter for evaluating the fermentation process is the quantitative 

change in the number of bacteria (Janiszewska-Turak et al., 2022). Changes of viable cell 

number of Lactiplantibacillus plantarum 52, 74, and 76 during the fermentation of apple 
juice are shown in Table. 1.  
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Table 1 
Changes of viable cell number in apple juice fermented with strains Lactiplantibacillus 

plantarum   

 

Time of 

fermentation, h 

L. plantarum 52 L. plantarum 74 L. plantarum 76 

log of colony forming units (CFU)/mL 

0 8.1Ñ0.1 8.2Ñ0.2 8.3Ñ0.2 

24 9.0Ñ0.4 8.2Ñ0.2 8.6Ñ0.2 

48 6.6Ñ0.2 7.4Ñ0.3 7.4Ñ0.3 

72 9.1Ñ0.3 7.4Ñ0.1 7.8Ñ0.3 

192 7.8Ñ0.1 7.5Ñ0.4 8.5Ñ0.3 

288 7.0Ñ0.4 7.3Ñ0.2 7.8Ñ0.2 

 
 

All strains of the lactic acid bacteria revealed different growth (Table 1). In the case of 

L. plantarum 76, the initial cell number of 8.3Ñ0.2 log CFU/mL increased to 7.8Ñ0.3 log 

CFU/mL after 72 h, whereas in L. plantarum 52, an increase approximately 1 log CFU/mL 

of bacterial cells was observed within 24 h of fermentation, followed by decrease to 2.45 log 

CFU/mL, which could be caused by sugar consumption in fermented juices. Similar results 

were observed in the research of Janiszewska-Turak with co-authors (2022). Li with co-

authors (2019) in their study found that during the first 24 h of fermentation, the viability of 

L. plantarum cells increased due to adequate nutrient content and suitable growth conditions, 

and after 24 h their growth slowed down. Wang with co-authors (2021) studied the viability 

of bacteria in apple juice fermented with Lactobacillus plantarum. As the results showed, in 

the case of additional ultrasound processing of juice, in the early stage of fermentation, in 

particular after sonication for 0.5 h, the number of the bacteria increased from 7.5 log 
CFU/mL to 7.9 log CFU/mL and 7.8 log CFU/mL, whereas the number of Lactobacillus 

plantarum cells did not change when this treatment was not used. The viable cell count of L. 

plantarum decreased during the storage at 25 ÁC of fermented dairy substrates from 8.89 log 

CFU/mL to 8.6 log CFU/mL after 240 h and the decrease was more pronounced after 1440 h 

in fermented transition milk stored at 25 ÁC, showing a viable cell count 5.7 log CFU/mL 

(Fonseca et al., 2020). According to Ostlie with co-authors (2003), viable cell counts for the 

probiotic strains in fermented milk increased from 8.7 to 9.2 log CFU/mL after 6ï16 h of 

incubation.    

 
Determination of pH 

 
The pH changes in apple juice fermented using different strains of L. plantarum are 

shown in Table 2.  

The initial pH of control sample was 4.5Ñ0.2. The juice pH reduced after 48 h of 

fermentation from 4.5 to 3.6 and a modest decline in the cell viability was observed after 48 

h of fermentation (Table 1). The pH of apple juice increased from 3.8 to 4.0 on the 192 h of 

fermentation because of L. plantarum 76 activity, and the number of viable cells increased 

as well (Table 1). Meanwhile, the pH of the juice fermented with L. plantarum 74 increased 

to 4.0, and at the end of fermentation decreased to pH 3.8. According to the literary data, a 

similar drop was shown in fermented dairy product as well. After 2 h of fermentation, the pH 

of the milk began to decrease rapidly, from 6.8 reached Ḑ4.5 in less than 6 h (Dan et al., 

2019).  
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Table 2 
Changes of the pH of apple juice fermented with the strains Lactiplantibacillus plantarum  

 

Time of 

fermentation, h 

L. plantarum 52 L. plantarum 74 L. plantarum 76 

48 3.6Ñ0.2 3.6Ñ0.2 3.6Ñ0.2 

72 3.8Ñ0.2 3.8Ñ0.2 3.8Ñ0.2 

192 3.9Ñ0.2 4.0Ñ0.3 4.0Ñ0.1 

288 3.8Ñ0.2 3.8Ñ0.4 3.9Ñ0.1 

 

 
It should be mentioned that the pH of MRS broth was 6.4 at the start of the experiment 

and ranged between 3.8 and 4.0 by the 288 h as a result of the action of all three strains, 

whereas the pH of apple juice was 4.5. The value reduced on the 288 day of fermentation by 

L. plantarum strains.  

The pH changes, in turn, impacted the number of bacteria present during apple juice 

fermentation. In particular, on the 288 h of fermentation, the initial number of bacteria L. 

plantarum 52, L. plantarum  74, L. plantarum  76  decreased from 8.1Ñ0.1 log CFU/mL, 

8.2Ñ0.2 log CFU/mL and 8.3Ñ0.2 log CFU/mL to 7.0Ñ0.4 log CFU/mL, 7.3Ñ0.2 log CFU/mL 

and 7.8Ñ0.2 log CFU/mL, respectively, while no reduction in the number of cells of every 

culture was observed in MRS broth.  

The establishment of various conditions, particularly when the pH of MRS broth and 
apple juice do not match, may be one of the causes of the decrease in viable cell number 

(Mousavi et al., 2013). Given that pH is one of the most significant factors determining the 

probiotic survival, the pH value of the juice at the start of our experiment may have resulted 

in a steady decline in microbial growth. According to Dimitrovski with co-authors (2015), a 

low pH value does not promote LAB growth, and pH low than 4.4 could inhibit the growth 

or slow down the growth rate (Saeed et al., 2013) and thus the initial pH influences the 

fermentation process (Peng et al., 2021). 

 
Determination of titratable acidity  

 

The changes of the titratable acidity (TA) of apple juice fermented with strains of 
Lactiplantibacillus plantarum are shown in Table 3.  

 

Table 3 
Changes of the titratable acidity of apple juice fermented with the strains Lactiplantibacillus 

plantarum 

 

Time of 

fermentation, h 

L. plantarum 52 L. plantarum 74 L. plantarum 76 

g /100mL 

48 2.07Ñ0.10 2.54Ñ0.11 2.40Ñ0.23 

72 1.08Ñ0.05 1.14Ñ0.19 1.07Ñ0.07 

192 1.25Ñ0.06 0.97Ñ0.09 1.06Ñ0.06 

288 1.37Ñ0.15 1.01Ñ0.16 1.14Ñ0.14 
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The initial titratable acidity of control sample was 1.25Ñ0.13 g/100mL. For the first 48 

h, it increased, when compared to controls in all three samples. Our findings are consistent 

with those of Mashayekh with co-authors (2015) who found that the acidity of a mixture of 

pineapple, apple and mango juice significantly increased during fermentation with 

Lactobacillus casei 1608 due to production of organic acids. As seen in Tables 2 and 3, there 

is a correlation between the pH value and the titratable acidity, with the pH decreasing sharply 

from the start of fermentation to 48 h, while the titratable acidity increases significantly 

during this time of fermentation. In the case of milk fermentation by L. plantarum P9, the 

TA increased after 13.5 h of fermentation. It was accompanied by a rapidly dropping in the 
pH value and reaching the fermentation endpoint pH of 4.5 from 6.47. At this incubation 

period, the viable counts of L. plantarum P9 increased from 7.35 to 8.44 log CFU/mL (Zha 

et al., 2021).  

 

Determination of sugars 

 

Changes of glucose, fructose and sucrose concentrations in apple juice fermented with 

strains of Lactiplantibacillus plantarum are shown in Table 4.  
 

Table 4  
Changes of the glucose, fructose and sucrose concentrations in apple juice fermented with the 

strains Lactiplantibacillus plantarum 
 

 

Apple juice 

fermented with 

Concentration of sugars,  g/L, at time of fermentation, h 

Sucrose Glucose Fructose 

24 48 24 48 24 48 

Apple juice (control) 2.4Ñ0.1 2.4Ñ0.1 39.0Ñ2.0 39Ñ2.0 105Ñ5.3 105Ñ5.3 

L. plantarum 52  2.3Ñ0.1 1.9Ñ0.1 32.5Ñ1.6 26.8Ñ1.3 93.5Ñ4.7 84.3Ñ4.2 

L. plantarum 74 2.2Ñ0.1 2.0Ñ0.1 33.6Ñ1.7 28.5Ñ1.4 95.5Ñ4.8 87.8Ñ4.4 

L. plantarum 76  2.2Ñ0.2 2.0Ñ0.1 33.9Ñ1.7 28.5Ñ1.3 100Ñ5.0 88Ñ4.4 

 

The strain of L. plantarum 52 fermented 0.16 g/L of sucrose during 24 h and 0.41 g/L 

for 48 h. Fermentation of glucose and fructose was going more intensive during the first 24 

h. 6.5 g/L of glucose and 11.5 g/L of fructose were fermented on the first day, while 5.7 g/L 

of glucose and 9.2 g/L of fructose were converted on the second day. Fermentation using the 

strain of L. plantarum 74 was similar. In the case of L. plantarum 76 use, fructose 

fermentation increased on the second day. According to the literary data, different bacterial 

strains ferment sugars in different ways. Some strains of lactic acid bacteria ferment glucose 

at a rate higher than the rate of fructose assimilation (Mousavi et al., 2013), while others do 
the opposite (Peng et al., 2021). 

 
Determination of organic acids 

 

Apple juice used in the study contained 6.5Ñ0.3 g/L of malic and 1.2Ñ0.1 g/L of lactic 

acids. During 48 h fermentation in samples with L. plantarum 52, 74, 76, bacteria consumed 

malic acid and produced lactic acid; the concentration of lactic acid reached 6.9Ñ0.3, 7.0Ñ0.3, 

6.9Ñ0.5 g/L, respectively, while concentration of malic acid reduced to 3.3Ñ0.2, 3.5Ñ0.2, 

3.3Ñ0.1 g/L (Figure 1).  



ʈʈʈFood Technology ʈʈʈ 

ƄƄƄ Ukrainian Food Journal .   2022.  Volume 11. Issue 1 ƄƄƄ 58 

 
Figure 1. Changes in organic acid concentrations in apple juice fermented with the strains 

Lactiplantibacillus plantarum 

 

 

The mail product of sugar fermentation by LAB is lactic acid, and the breakdown of 

malic acid is going due to their activity (Chen et al., 2019; Fonseca et al., 2021; Mousavi et 

al., 2013; Ricci et al., 2019). For example, concentration of lactic acid in the soymilk 

increased after 56 h of fermentation from 0.5 g/L to 2.04 g/L (Shu et al., 2022). 

 

Determination of total phenolic content 

 
The concentration of polyphenols in apple juice varies depending on the apple cultivars 

(Wlodarska et al., 2017). Phenolic compounds enrich the fermented juice with flavor, inhibit 

microbial spoilage, and regulate fermentation rate (Ye et al., 2014). Phenolic compounds 

frequently occur as complex molecules associated with sugars or proteins. LAB can break 

down polyphenols into simpler components through decarboxylation, reduction, de-

esterification, and deglycosylation reactions (Lee and Paik, 2017). The total amount of 

phenols in the fermented product may raise or decrease because of fermentation (Crespo et 

al., 2021). 

After fermentation with L. plantarum 74, the total phenol concentration in the 

fermented apple juice increased from 405.0Ñ20.3 to 414.8Ñ20.8 mg GAE/L in 24 h and 

443.4Ñ22.2 mg GAE/L in 48 h. From 24 to 72 hours of fermentation, all samples showed a 
tendency to increase total phenols content, although various tendencies were seen from the 

third day of fermentation (Table 5). 

Lactic acid fermentation of chokeberry juice with L. paracasei SP5 resulted in an 

increase in total phenolics content and antioxidant activity in fermented chokeberry juice 

compared with non-fermented juice after storage at 4 ÁC for 4 weeks (Bontsidis et al., 2021). 

Hashemi with co-authors (2017) also found significant changes in the common phenolic 

content during the fermentation of sweet lemon juice with L. plantarum.  
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Table 5  
Changes of the total phenol contents in apple juice fermented with the strains Lactiplantibacillus 

plantarum 

 

Apple juice 

fermented with 

Concentration of the total phenol contents,  mg GAE/L, at time 

of fermentation, h 

0 24 48 72 192 288 

L. plantarum 

52 

406.0Ñ 

20.3ef 

397.2Ñ 

19.9ef 

479.6Ñ 

24.0bcd 

532.9Ñ 

26.7ab 

404.3Ñ 

20.2ef 

400.5Ñ 

20.0ef 

L. plantarum 

74 

406.0Ñ 

20.3ef 

414.8Ñ 

20.7def 

443.4Ñ 

22.2cdef 

587.3Ñ 

29.4a 

391.2Ñ 

19.6ef 

403.8Ñ 

20.12ef 

L. plantarum 76 

 

406.0Ñ 
20.3ef 

387.9Ñ 
19.4f 

457.6Ñ 
22.9cde 

488.4Ñ 
24.4bc 

393.4Ñ 
19.7ef 

414.8Ñ 
20.7def 

 

Note: means Ñstandard deviation (SD) in the table with different alphabet letters indicate the significant 
difference at p < 0.05. 

 
 

Determination of antioxidant activity 

 

The changes in the total antioxidant activities in apple juices fermented with the three 

selected Lactiplantibacillus plantarum strains are shown (Table 6).  

 
Table 6  

Changes of the total antioxidant activities of the apple juice fermented with the strains 

Lactiplantibacillus plantarum 

 
\ 

 

Note: means Ñstandard deviation (SD) in the table with different alphabet letters indicate the significant 
difference at p < 0.05. 

 

 

Maximum antioxidant activities were found in apple juice fermented by all strains of 

L. plantarum after 72 h of fermentation and were 274.4, 282.6 and 172.8 mg AAE/L for L. 

plantarum 52, 74 and 76, respectively. The influence of the unique properties of various 
strains as well as composition of fermented juice on the increase of the antioxidant activity 

is shown (Multari et al., 2020; Nguyen, 2019). The antioxidant activity of orange juice 

fermented with different strains of Lactobacillus brevis POM and Lactobacillus plantarum 

varied significantly (de la Fuente et al., 2021). According to Shakya and co-authors (2021), 

the rise in total phenol content in the plant extracts fermented with Lactobacillus brevis 174A 

may be associated with an increase in antioxidant activity. The increase in the total phenol 

Apple juice 

fermented with 

Concentration of the total phenol contents,  mg  AAE/L, at time 

of fermentation, h 

0 24 48 72 192 288 

L. plantarum 52 173.1Ñ 
8.7 cd 

117.2Ñ 
5.9f 

274.4Ñ 
13.7ab 

281.6Ñ 
14.1ab 

183.5Ñ 
9.2c 

155.0Ñ 
7.8cde 

L. plantarum 74 173.1Ñ 

8.7 cd 

269.6Ñ 

13.5b 

282.8Ñ 

14.1ab 

300.6Ñ 

15.0a 

132.2Ñ 

6.6ef 

177.3Ñ 

8.9c 

L. plantarum 76 

 

173.1Ñ 

8.7cd 

140.3Ñ 

7.0ef 

144.8Ñ 

7.2def 

172.8Ñ 

8.6cd 

153.8Ñ 

7.7cde 

138.2Ñ 

6.9ef 
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content was observed in the present study as well: for example, in the case of L. plantarum 

74 application, the total phenolic content increased from 406. 0Ñ20.3 mg GAE/L to 

587.3Ñ29.4 mg GAE/L, while the antioxidant activity increased from 173.1Ñ8.7 mg AAE/L 

to 300.6Ñ15.0 mg AAE/L after 72 h of fermentation (Tables 5 and 6).  

 

 

Conclusions  
 

The apple juice was used to be fermented by autochthonous Lactiplantibacillus 

plantarum strains. Fermented apple juice possessed higher content of the phenolic 

compounds and increased antioxidant activity. The number of alive lactic bacteria cells 

increased to the end of fermentation, so apple juice is  a good substrate for maintaining the 

viability of probiotic lactic acid bacteria.  Apple juice fermented by lactic acid bacteria could 
be considered as a probiotic product consumption of which   will have a beneficial effect on 

human health, especially for people with lactose intolerance. 
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 Abstract  
  

Introduction . The aim of this study was to investigate the effects 
of replacing part of the wheat flour (WF) with brewer's barley malt 
flour (BMF), while reducing the sucrose in the recipe, on the quality 
characteristics of sponge cakes. 

Materials and methods. For the production of sponge cake 
samples, WF and three different types of brewer's BMF (Pilsen, 
Amber and Black) were used in different ratios with simultaneous 
reduction of sucrose addition. The content of reducing sugars in WF 
and BMF was determined, as well as the moisture content and water 
activity in sponge cake samples. Determination of specific volume, 
colour in CIEL*a*b*  space, texture profile analysis (TPA) and 
sensory analysis using the nine-point hedonic scale were also 
performed. 

Results and discussion. The contents of reducing sugars were 
0.43, 7.75, 17.05 and 61.02 g/100 g in WF, Amber, Pilsen and Black 
BMF, respectively. Since sucrose is known to be an excellent 
ingredient for lowering water activity, both moisture content and 
water activity in the sponge cake samples increased significantly 
when the addition of sucrose was reduced. The specific volume 
decreased from 1.99 cm3/g in the control WF sample to 1.79 cm3/g in 
the WF sample with reduction of sucrose content by 50.0%.  
Reducing the sucrose addition significantly increased the hardness 
and chewiness, while the resilience and cohesiveness of the cake 
decreased (p < 0.05). Addition of 20% BMF and reduction of sucrose 
to 83.3% of the original recipe mitigated these effects and there were 
no statistically significant differences between these samples and the 
control WF sample in terms of specific volume and texture 
parameters. The addition of BMF significantly affected all colour 
parameters of the sponge cake crumb (p < 0.05). Amber BMF:WF 
(20:80) sponge cake with reduced sucrose addition (83.3%) had the 
highest sensory scores for colour, appearance and overall 
acceptability. Pilsen BMF:WF (20:80) with reduced added sucrose 
(83.3%) had the best odour and the best taste was the WF control 
sample. 

Conclusion. By replacing WF with BMF in the production of 
sponge cakes, a very wide range of sponge cake products with 
different quality characteristics, improved nutritional and functional 
properties can be obtained. BMF has significant amounts of its own 
sugars, which can minimize the effect of the reduction of sucrose 
content in the sponge cake recipe. 
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Introduction  
 
Sponge cakes are considered to be food with low nutritional value because they usually 

contain high amounts of refined wheat flour (WF) and sucrose. Consumption of so-called 

sweetened grain products, which include sponge cakes, significantly increases the intake of 

sugar and decreases the intake of fibre (Frary et al., 2004). This has a negative impact on the 
quality of the human diet and increases the risk of various diseases such as diabetes, dental 

decay and obesity, and thus also hypertension and cardiovascular diseases. Therefore, all 

attempts to increase the nutritional value of these types of products are welcome. One way to 

achieve this goal is to use non-wheat flour in a sponge cake recipe. For fermented products, 

such as bread, the use of non-wheat flour is limited as a significant amount of gluten is 

desirable to produce quality products (Ho et al., 2018). However, this is not the case for 

products such as sponge cakes. Sponge cakes are foam-like products and their structure 

depends mainly on the incorporation of air bubbles into the foam during the mixing phase 

and on the functionality of sucrose and eggs in the recipe (Godefroidt et al., 2019). Since 

gluten is not so important for making sponge cake, many recipes have been developed with 

flours from other grains and even legumes (Sobhy et al., 2015). Barley flour has long been 

used as a substitute for WF in the manufacture of various cereal-based products, including 
different types of cakes (Gupta et al., 2009; Khalek, 2020; Sangeeta and Chopra, 2013).  

Barley grain is considered more nutritious than wheat due to a higher content of 

ɓ-glucan, insoluble fibre, vitamins, minerals and phenolic substances (Farag et al., 2022). 

However, as far as we know, no attempt has yet been made to use barley malt flour (BMF) 

for making sponge cake. Barley malt is normally used in the production of beer and other 

barley malt-based beverages and in small quantities in the production of bakery products to 

optimise amylolytic activity (diastatic malt) and in confectionery to improve colour and 

flavour (non-diastatic malt) (Pyler and Gorton, 2008). The malting process consists of four 

steps: steeping, germination, kilning and/or roasting, and cleaning the malted grains from 

rootlets and impurities. During the malting process, barley undergoes numerous changes in 

its composition and its functional and nutritional properties. During germination, there is an 
intensive synthesis of hydrolysing enzymes (ɓ-glucanase, amylases and proteases) and a 

moderate change in the main components of the barley grain (starch, proteins, ɓ-glucan) 

(Celus et al., 2006; Gupta et al., 2010; Ġimiĺ et al., 2015). Elevated temperatures during 

kilning and/or roasting step abort these modifications and contribute to the development of 

the colour and flavour of the malt (Hertrich, 2013). Malting is considered a process that 

improves the nutritional value of barley by increasing the digestibility of protein and the 

bioavailability of vitamins B and C and minerals (copper, calcium, zinc and manganese) 

(Baranwal, 2017), increasing antioxidant activity through the release of bound phenolic 

compounds and the generation of Maillard reaction products (Carvalho et al., 2016). 

Although the use of non-wheat flour is widespread and does not cause major problems 

in the production of sponge cakes, the situation is quite different when sucrose is reduced 

because sucrose is not only a sweetener but an ingredient that significantly affects the 
technological quality of sponge cakes (Godefroidt et al., 2019). Sucrose plays a multiple role 

in creating the structure of the sponge cake. It facilitates the incorporation of air and improves 

the stability of the foam (Goranova et al., 2020), delays the development of gluten and the 

gelatinisation of starch, so that the cake can expand better before it sets and the texture 

becomes softer ( Godefroidt et al., 2019; Paton et al., 1981). 

The aim of this study was to investigate the effects of replacing part of the WF with 

three different types of brewer's BMF with a simultaneous reduction of sucrose in the recipe 

on the physical and sensory properties of sponge cakes. 
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Materials and methods  
 

Materials 
 

Commercial plain WF (Tena-Ģito Ltd., ņakovo, Croatia) and three different types of 

brewerôs BMF were used for this study: Pilsen (enzymatically active), Amber (low-

enzymatically active) and Black malt (non-enzymatically active). (Slavonija slad d.o.o., Nova 

Gradiġka, Croatia; Boortmalt, Antwerp, Belgium). Protein content was 10.6, 11.2, 11.1 and 

10.8% in WF, Pilsen, Amber, and Black BMF respectively. Shortening (Zvijezda d.d., 

Zagreb, Croatia), sucrose, eggs, milk, and sodium bicarbonate (NaHCO3) were purchased 

from a local market. 

 

Reducing sugar content in flour 
 

The content of reducing sugars in WF and BMF was determined using AACC 

International Method 80-68.01 (Schoorl method) (AACC, 2010). Since maltose is the 

dominant reducing sugar in malt, the results of reducing sugar content were expressed on a 

maltose basis. The measurements were carried out in triplicate for each sample. 
 

Sponge cake production 
 

The sponge cakes were prepared according to the procedure of VelioỲlu et al. (2017) 

with slight modifications. The quantities of raw materials (100 g flour base) are given in 
Table 1. First, the total amount of eggs and sugar was added to the bowl of an electronic 

mixer (Gorenje MMC800W, Slovenia) and the mixture was stirred with a wire attachment 

for 4 minutes at maximum speed until a voluminous foam was formed. The other raw 

materials were then added and mixing continued at a lower speed for a further 4 minutes. The 

accurately weighed sponge cake mixture (175 g) was distributed into moulds, which were 

placed in the oven (Wiesheu Minimat Zibo, Wiesheu GmbH, Germany). Baking was carried 

out at 180 ÁC for 20 minutes in triplicate batches. 

 

Moisture content and water activity (aw) 
 

Moisture content was determined according to AACC International Method 44-15.02 

(AACC, 2010) and water activity with the Hygropalm AW1 indicator (Rotronic, USA). 

 

Physical analysis 
 

The specific volume (cm3/g) of the sponge cakes was measured using the VolScan 

Profiler (Stable Micro Systems, UK). 

Texture profile analysis (TPA) was performed using the TA.XT2i Texture Analyzer 

(Stable Microsystems Ltd., Surrey, UK). The sponge cake samples were cut into cubes 

(30x30x30 mm) and subjected to double compression at 40% with 5 s delay between 

compressions and a test speed of 1 mm/s. An aluminium plate with a diameter of 75 mm was 

used. Hardness (N), cohesiveness, resilience, and chewiness (N) were determined from the 
TPA curves. 

The colour of the cross-section of sponge cakes was measured using the CR -400 

chromameter (Konica Minolta, Japan) and expressed in a CIEL*a*b*  colour model. The L*  

value ranges from 0 (black) to 100 (white) and represents the lightness or luminance of the 

sample. The a* and b* values range from -128 to 127 and represent the green-red (a*) and 

blue-yellow (b*) axes of the colour space. The total colour difference (æE) between the 

control and sample sponge cakes was calculated according to the CIE76 colour difference 

equation (Mokrzycki and Tatol, 2011). 
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Table 1 

Formulation of sponge cakes made from composite flours containing wheat flour (WF) and 

barley malt flour (BMF)  

 

 
WF 
(g) 

BMF 
(g) 

Sucrose 1 
(g) 

Shortening 
(g) 

Sunflower 
oil (mL) 

Milk  
(mL) 

Egg 

(g) 

NaHCOϝ 
(g) 

WF 

(Control)  
100 - 

79.5  
(100%) 

28.4 22.7 45.5 40.0 2.4 

WF 

100 - 
66.2  

(83.3%) 
28.4 22.7 45.5 40.0 2.4 

100 - 
53.0  

(66.6%) 
28.4 22.7 45.5 40.0 2.4 

100 - 
39.8  

(50.0%) 
28.4 22.7 45.5 40.0 2.4 

PILSEN:WF  

80 20 
66.2  

(83.3%) 
28.4 22.7 45.5 40.0 2.4 

60 40 
53.0  

(66.6%) 
28.4 22.7 45.5 40.0 2.4 

40 60 
39.8  

(50.0%) 
28.4 22.7 45.5 40.0 2.4 

AMBER:WF  

80 20 
66.2  

(83.3%) 
28.4 22.7 45.5 40.0 2.4 

60 40 
53.0  

(66.6%) 
28.4 22.7 45.5 40.0 2.4 

40 60 
39.8  

(50.0%) 
28.4 22.7 45.5 40.0 2.4 

BLACK:WF  

80 20 
66.2  

(83.3%) 
28.4 22.7 45.5 40.0 2.4 

60 40 
53.0  

(66.6%) 
28.4 22.7 45.5 40.0 2.4 

40 60 
39.8  

(50.0%) 
28.4 22.7 45.5 40.0 2.4 

1 Percentage of added sucrose compared to standard recipe. 

 

 

Sensory analysis 

 
The sensory assessment of the sponge cakes was conducted by a panel of eleven semi-

trained evaluators with previous experience in sensory analysis. The nine-point hedonic scale 

was used to asses individual sensory characteristics: colour, appearance, odour, taste, and 

overall acceptance. The scores were: like extremely (9), like very much (8), like moderately 

(7), like slightly (6), neither like nor dislike (5), dislike slightly (4), dislike moderately (3), 

dislike very much (2), and dislike extremely (1). 

 

Statistical analysis 

 

Analysis of variance (ANOVA) and multiple comparison post-hoc Fisher Least 

Significant Difference (LSD) test were performed (p < 0.05) using XLSTAT software 
(Addinsoft, New York, USA). 
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Results and discussion  
 
In this study, WF was partially replaced by brewerôs BMF (Pilsen, Amber, and Black 

BMF). The ratios of the prepared BMF:WF composite flours were 20:80, 40:60 and 60:40, 

respectively. The addition of sucrose was reduced to 83.3, 66.6 and 50.0% (66.2, 53.0 and 

39.8 g/100 g flour base), compared to the original sponge cake recipe in the ratios 20:80, 

40:60 and 60:40 BMF:WF, respectively. The sponge cake made from 100% WF and 100% 

(75 g/100 g flour base) added sucrose served as the control sample. In order to evaluate only 

the influence of sucrose on the quality characteristics of the sponge cake, WF sponge cakes 

with reduced sucrose addition were also prepared. 

 

Reducing sugar content 
 

The reducing sugars content in WF and BMF was 0.43, 7.75, 17.05 and 61.02 g/100 g 

in WF, Amber, Pilsen and Black BMF, respectively (Table 2). The content of reducing sugars 

in BMF samples is significantly higher (p < 0.05) than in WF. This is due to the enzymatic 
hydrolysis of starch and thermal dextrinization in the kilning/roasting stage of malt 

production, where a certain proportion of starch is broken down into various dextrins and 

short-chain sugars, many of which have a reducing potential.  
Table 2 

Reducing sugars content in wheat flour (WF) and barley malt flours (BMF) 
 

Flour  Reducing sugar content (g/100 g)1 

WF 0.43Ñ0.09d 

Pilsen BMF 7.75Ñ0.21c 

Amber BMF 17.05Ñ0.19b 

Black BMF 61.02Ñ0.32a 
1 The values are MeanÑSD (n = 3). Different letters (aïd) indicate 
statistically significant differences (p < 0.05) 

 

Maltose is the dominant sugar in malt, followed by maltotriose and glucose. Moreover, 

the dextrin content is proportional to the applied temperature in the final malting step, which 
is evident from the results obtained, where the reducing sugar content was highest in Black 

BMF and lowest in Pilsen BMF (Duke and Henson, 2008; Koljonen et al., 1995). This was 

to be expected as the kilning temperature for Pilsen malt is in the range of 50ï85 ÁC, roasting 

of Amber malt is done at 100ï150 ÁC and for Black malt at 230 ÁC. The higher the 

temperature and the longer the roasting, the more dark dextrins are formed. Thus, the roasting 

of Black malt produces a very dark, almost black colour, which comes from the pyrodextrins 

(Srivastava et al., 1970). Since starch hydrolysis during malting produces maltodextrins 

together with various simple sugars, the exact molecular composition is not known. 

Therefore, the results obtained should be understood as the total reduction potential and not 

the exact content of reducing sugars. 

 

Moisture content and water activity (aw) of BMF:WF sponge cakes 
 

Sucrose has many functions in the production of sponge cakes. One of the most 
important functions of sucrose is its moistening (hygroscopic) effect and its influence on 

water activity. It is very important to keep water activity as low as possible to prevent spoilage 

and staling of products. Therefore, the reduction of sucrose in the sponge cake recipe is a 

very difficult task.  
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Table 3 

Moisture content and water activity (aw) of sponge cakes 

 

BMF:WF  
Sucrose 

(%)  1 
Moisture content 

(%) 
Water activity  

WF (Control)     

0:100 100 21.4Ñ0.1j 2 0.851Ñ0.016h 

WF    

0:100 83.3 23.7Ñ0.2de 0.924Ñ0.005bc 

0:100 66.6 24.8Ñ0.0b 0.945Ñ0.003a 

0:100 50.0 25.9Ñ0.3 a 0.946Ñ0.015a 

PILSEN:WF     

20:80 83.3 21.6Ñ0.2ij  0.875Ñ0.012g 

40:60 66.6 22.5Ñ0.0gh 0.901Ñ0.003de 

60:40 50.0 23.9Ñ0.1cd 0.924Ñ0.009bc 

AMBER:WF     

20:80 83.3 22.0Ñ0.3hi 0.881Ñ0.001fg 

40:60 66.6 23.0Ñ0.1fg 0.900Ñ0.006def 

60:40 50.0 24.2Ñ0.1cd 0.914Ñ0.006cde 

BLACK:WF     

20:80 83.3 22.2Ñ0.1hi 0.850Ñ0.008h 

40:60 66.6 23.3Ñ0.4ef 0.883Ñ0.009fg 

60:40 50.0 24.4Ñ0.1bc 0.916Ñ0.002cde 
1 Percentage of added sucrose compared to original recipe. 
2 The values are MeanÑSD (n = 3). Different letters (aïj) indicate statistically significant 

differences (p < 0.05) 

 

The results of moisture content and water activity are summarised in Table 3. The 

moisture content and water activity in the control WF sponge cake sample were 21.4% and 

0.851 respectively. When the addition of sucrose was reduced, both the moisture content and 

water activity increased significantly. The highest moisture content and water activity were 

obtained in sponge cake with 50% added sucrose. In this sponge cake sample, the moisture 

content was 25.9 and the water activity was 0.946. This was to be expected as sucrose is 

known to be an excellent ingredient for lowering water activity in various products. Similar 

results were obtained in the study by Milner et al. (2020), when cakes with sucrose had a 

significantly lower moisture content and water activity than samples in which sucrose was 

partially replaced by whey permeate, apple pomace, polydextrose and oligofructose. 
When BMF was used as a partial substitute for WF in the ratio 20:80 and sucrose was 

reduced to 83.3% of the original recipe, moisture content increased slightly but water activity 

remained well below 0.900. Water activity was 0.875, 0.881 and 0.850 for Pilsen, Amber and 

Black BMF:WF (20:80), respectively. This was much lower than the WF sample with the 

same degree of sucrose reduction (83.3%), where a water activity of 0.924 was measured. 

This can be explained by the fact that BMF has significant amounts of its own sugar, which 

can weaken the effect of the reduced sucrose addition in the sponge cake recipe. A similar 

attenuating effect of BMF was observed in the production of biscuits with reduced sucrose 

content (Jukiĺ et al., 2022). 

Further reducing the amount of sucrose added (66.6% of the original recipe) and 

increasing the amount of BMF (40%) increased the water activity, but it was still within an 
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acceptable range (bellow 0.883-0.901) and significantly lower than samples with the same 

amount of sucrose. In samples with a BMF:WF ratio of 60:40, the water activity remained 

similar or even lower than in WF samples with a sucrose addition of 83.3% of the original 

formulation, even when the sucrose addition was reduced to 50%. 

 

Physical properties of BMF:WF sponge cakes 

 

The formation of the cake structure during baking is controlled by the occurrence of 

three phase transitions: water evaporation, gelatinisation of starch and thermosetting of egg 
white and gluten proteins. 

 
Table 4 

Specific volume and texture properties of sponge cakes 

 

BMF:WF  
Sucrose 
(%) 1 

Specific 
volume 
(cm3/g) 

Hardness 
(N) Cohesiveness Resilience 

Chewiness 
(N) 

WF (Control)        

0:100 100 1.99Ñ0.03b 2 23.3Ñ3.2de 0.68Ñ0.02a 0.88Ñ0.03ab 15.5Ñ1.3gh 

WF       

0:100 83.3 1.94Ñ0.01bc 27.6Ñ0.3cd 0.68Ñ0.00a 0.89Ñ0.01a 18.6Ñ0.0fg 

0:100 66.6 1.78Ñ0.03d 42.6Ñ3.4b 0.63Ñ0.00bcd 0.86Ñ0.00abc 26.5Ñ2.1bc 

0:100 50.0 1.79Ñ0.05d 50.1Ñ0.9b 0.57Ñ0.00ef 0.85Ñ0.01bcd 28.3Ñ1.0b 

PILSEN:WF        

20:80 83.3 2.11Ñ0.02a 20.2Ñ0.3de 0.65Ñ0.00ab 0.89Ñ0.02a 13.3Ñ0.4h 

40:60 66.6 1.89Ñ0.04c 32.5Ñ2.1c 0.63Ñ0.01bc 0.85Ñ0.00bcd 19.8Ñ1.0def 

60:40 50.0 1.77Ñ0.03de 44.0Ñ3.4b 0.55Ñ0.00f 0.80Ñ0.00ef 22.7Ñ1.7cde 

AMBER:WF        

20:80 83.3 1.91Ñ0.03c 27.7Ñ2.5cd 0.64Ñ0.00bc 0.88Ñ0.01ab 17.6Ñ1.3fg 

40:60 66.6 1.71Ñ0.02f 42.3Ñ2.3b 0.61Ñ0.03cd 0.85Ñ0.01bcd 25.1Ñ0.3bc 

60:40 50.0 1.47Ñ0.02g 77.3Ñ1.8a 0.57Ñ0.00ef 0.81Ñ0.01def 42.6Ñ1.1a 

BLACK:WF        

20:80 83.3 2.05Ñ0.01a 18.6Ñ4.6e 0.66Ñ0.02ab 0.86Ñ0.01abc 11.7Ñ2.4h 

40:60 66.6 1.81Ñ0.05d 32.2Ñ2.0c 0.59Ñ0.01de 0.83Ñ0.01cde 18.9Ñ1.5efg 

60:40 50.0 1.72Ñ0.01ef 46.4Ñ2.9b 0.54Ñ0.00f 0.78Ñ0.03f 23.0Ñ0.4cd 
1 Percentage of added sucrose compared to original recipe. 
2 The values are MeanÑSD (n = 3). Different letters (aïg) indicate statistically significant 
differences (p < 0.05) 

 

The addition of sucrose affects all three factors by regulating water activity, raising the 
gelatinisation temperature of starch and increasing the denaturation temperature of proteins. 

In this way, the thermal stability of the proteins is increased and they form a network with 

the incorporated swollen and gelatinised starch granules (Godefroidt et al., 2019; van der 

Sman and Renzetti, 2021). 
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One of the most important indicators of the quality of sponge cakes is the formation of 

a porous structure, which forms when air is incorporated during batter mixing and the volume 

increases during baking. Evaluation of the specific volume of a sponge cake serves as an 

excellent tool to assess the porosity of a product (Psimouli and Oreopoulou, 2012). The 

results showed that the addition of sucrose plays a decisive role in the porosity of the sponge 

cakes (Table 4). A higher specific volume indicates greater porosity. The specific volume 

decreased from 1.99 cm3/g in the control WF sample to 1.79 cm3/g in the WF sample with 

50.0% reduced sucrose addition. This is consistent with the study by Sangeeta and Chopra 

(2013), where a 10% reduction in sugar content reduced cake volume by almost 8%. Specific 
volume is directly related to the texture of sponge cakes. A high specific volume means a low 

cake density and consequently a softer texture of the product. Therefore, by reducing the 

addition of sucrose, the hardness and chewiness increased significantly, while the resilience 

(elasticity) and cohesiveness of the cake decreased. The use of BMF in a 20:80 ratio and the 

reduction of sucrose to 83.3% of the original recipe mitigated this deterioration and there 

were no statistically significant differences between these samples and the control WF sample 

in terms of specific volume and texture parameters. Further reduction of sucrose and addition 

of higher amounts of BMF significantly deteriorated the specific volume and textural 

properties of sponge cakes. This is particularly evident in sponge cakes made with Pilsen and 

Black BMF. The probable reason for this negative effect is that although these BMFs contain 

significant amounts of reducing sugars, the starch content is considerably reduced due to 

intensive starch hydrolysis during malting of barley, and starch is one of the key factors in 
the formation of sponge cake structure. This lower starch content should be taken into 

account in future studies when BMF is used as a substitute for WF. A similar effect on the 

textural properties of sponge cake was found by Gupta et al. (2009) in their study on the 

effects of partial replacement of WF with barley flour. Their results showed that adding 

barley flour up to 40% increased the hardness and chewiness and reduced the volume, 

cohesiveness and elasticity of the cake. 

The interdependence between sucrose addition, water activity, specific volume and 

texture parameters of sponge cake was demonstrated and described by correlation analysis 

(Table 5).  
 

Table 5 

Correlation matrix of data for specific volume and texture properties of sponge cakes 

 

Variables 
Water 

activity 

Specific 

volume 

(cm3/g) 

Hardness 

(N) Cohesiveness Resilience 
Chewiness 

(N) 

Sucrose (%) -0.729**  0.781**  -0.808**  0.934**  0.834**  -0.720**  

Water activity - -0.573* 0.629* -0.571* -0.361 0.633* 

Spec. volume (cm3/g) - - -0.950**  0.725**  0.696**  -0.928**  

Hardness (N) - - - -0.722**  -0.636* 0.982**  

Cohesiveness - - - - 0.890**  -0.599* 

Resilience - - - - - -0.491 
*p <0.05; ** p < 0.01 

 
The results showed that there were significant correlations (p < 0.01) between sucrose 

addition and water activity (r = -0.729), specific volume (r = 0.781), hardness (r = -0.808), 

cohesiveness (r = 0.934), resilience (r = 0.834) and chewiness (r = -0.720). The highest 

correlation (r = -0.950) was between the specific volume and the hardness of sponge cake. 
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In this study, the colour of the sponge cake crumb was measured using the CIEL*a*b*  

colour, as this model approximates human vision. The L*  value stands for the lightness or 

luminance of the sample, and the a* and b* values stand for the "green-red" and "blue-

yellow" axes of the colour space. 

 
Table 6 

Colour of sponge cakes 
 

BMF:WF  Sucrose (%) 1 L*  a*  b*  ȹE 

WF (Control)       

0:100 100 76.4Ñ0.8a -2.8Ñ0.1i 23.6Ñ0.5de - 

WF      

0:100 83.3 76.4Ñ0.8a -2.7Ñ0.1hi 23.1Ñ0.3ef 0.5 

0:100 66.6 76.5Ñ2.2a -2.6Ñ0.2hi 23.0Ñ0.8f 0.7 

0:100 50.0 76.4Ñ2.5a -2.5Ñ0.1h 22.8Ñ0.7fg 0.9 

PILSEN:WF       

20:80 83.3 69.5Ñ1.3b 0.2Ñ0.2g 22.4Ñ0.4gh 7.6 

40:60 66.6 65.2Ñ1.9c 1.5Ñ0.2f 23.9Ñ0.4d 12.0 

60:40 50.0 59.2Ñ1.3d 2.7Ñ0.1e 24.9Ñ0.7c 18.1 

AMBER:WF       

20:80 83.3 56.0Ñ0.9e 6.7Ñ0.3c 30.4Ñ0.6b 23.5 

40:60 66.6 47.6Ñ0.7f 9.9Ñ0.4b 31.4Ñ0.5a 32.4 

60:40 50.0 38.2Ñ2.1g 11.2Ñ0.4a 31.9Ñ1.3a 41.5 

BLACK:WF       

20:80 83.3 24.3Ñ0.7h 6.6Ñ0.2c 14.3Ñ0.4i 53.8 

40:60 66.6 15.0Ñ0.8h 3.5Ñ0.4d 6.6Ñ0.7j 64.0 

60:40 50.0 14.1Ñ1.0h 1.7Ñ0.2f 3.8Ñ0.3k 65.6 
1 Percentage of added sucrose compared to original recipe. 
2 The values are MeanÑSD (n = 3). Different letters (aïj) indicate statistically significant 
differences (p < 0.05) 

 

Unlike biscuits, where the colour is largely determined by the amount of sucrose added 
in the recipe, the colour of sponge cakes is more strongly influenced by added eggs and other 

coloured ingredients. From the results of the colour determination shown in Table 6, it can 

be seen that the addition of sucrose had no effect on the colour of the sponge cake crumb. 

There were no statistically significant differences between the control WF sample and the 

WF samples with reduced sucrose addition in the L* , a* and b* values and the (ȹE) total 

colour difference was very small (0.5ï0.9). 
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Figure 1. Sponge cakes made from composite flours containing wheat flour (WF) and barley 

malt flour (BMF)  

 

 

The addition of BMF significantly influenced all colour parameters of the sponge cake 

crumb (p < 0.05). The colour changes depended on the type of BMF used and its amount in 

the recipe. The colour of BMF comes from the process of barley malting and the intensity of 

the colour is directly proportional to the temperature during kilning and/or roasting (Hertrich, 

2013). The lightest BMF was the Pilsen BMF, slightly darker with an intense amber hue was 

the Amber BMF, while the Black BMF was the darkest, almost black. Consequently, the 
sponge cakes with Pilsen BMF were the lightest among the three composite sponge cakes, 

and the cakes with Black BMF were the darkest. The addition of the Amber BMF caused the 

highest increase in a* and b* values, resulting in a reddish amber colour of the sponge cakes. 

The lowest L*a*b*  values were observed in the Black BMF:WF cakes, as these samples had 

a very dark colour even at a BMF:WF ratio of 20:80. These samples also had the largest 

colour difference (ȹE) compared to the WF control sample. The total colour difference (ȹE) 

between the control WF sample and the Pilsen BMF:WF cakes was the smallest, but even 

with a BMF:WF ratio of 20:80, this difference was > 5, which is the smallest difference that 

can be easily perceived by the consumer (Mokrzycki and Tatol, 2011). Since many types of 

BMFs can be found on the market, it can be concluded that by using them in the production 

of sponge cakes, it is very easy to influence the colour of the product and achieve a more 
attractive appearance of the cakes (Figure 1). 

 

  


