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Abstract 

The aim of this study is the possibility of using individual 

lysozyme-containing vegetable juices as a source of inhibition 

of thermophilic microorganisms that cause rope disease in the 

production of bread from whole grain wheat flour. Whole 

grain flour is a rich source of vitamins, enzymes, essential 

amino acids and minerals (zinc, selenium, magnesium, etc.) 

[1]., due to the content of a whole grain, however, a large 

fraction of the outer layer can be seeded with many bacteria 

that remain in a viable state after baking bread [2; 3]. The 

study found that whole grain flour is infected with bacteria 

belonging to the thermostable family of bacilli. It was 

revealed that in 1 g of whole grain flour contains - 80-87 

CFU/g of Bacillus cereus. and 9-17 CFU/g of Bacillus 
mesentericus. Such an indicator is considered slightly infected 

by the criteria of grain and flour quality according to 

microbiological indicators (GOST 10444.15-94). Even if the 

spore bacteria do not cause rope disease or under the 

condition of weak infection, the presence of these bacteria in 

the finished product is still undesirable. According to 

literature sources, lysozyme-containing plants were examined 

and selected — their individual species (Brássica olerácea, 
Brassica rapa, Állium satívum, Zīngiber officināle) according 

to the degree of their inhibition of bacteria [5; 6]. It is known 

that natural antimicrobial compounds can be used as food 

preservatives to protect foods and extend shelf life [7]. 

According to the results of suppressing bacteria of the genus 

Bacillus, cabbage juice (Brássica olerácea) has an inhibitory 

property, which, in addition to bactericidal activity, is marked 

by a bacteriostatic effect, that is, it inhibits the growth and 

reproduction of bacteria. Laboratory baking with the 

introduction of cabbage juice in different percentages were 

tested, the sensory characteristics of the finished product were 

investigated. An optimal dosage of  
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1. INTRODUCTION 

 The basis of modern ideas about proper nutrition is the 

developed concept of a balanced diet, which provides for the 

need to fully meet the needs of the body. An important 

component of healthy and relatively accessible to all social 

groups of the population food can be attributed to cereals, 

vegetables, fruits and berries, as they are the main source of 

vitamins and dietary fiber [8]. Currently, in the food industry, 

much attention is paid to the development of new types of 

flour products with the introduction of whole grain wheat 

flour. Whole grain flour (WGF) is a flour made from grain 

that is not peeled from the outer layers of the endosperm, 

embryo, and shell [9]. Without them, grain is a refined 

product with a high content of carbohydrates, causing 

gastrointestinal tract obstruction, obesity, and other diseases 

[1; 9]. Since whole-grain flour is not cleaned of the outer layer 

of the endosperm, the seeds are seeded with microbiological 

fungi and spore-forming bacteria that have the ability to 

produce toxic substances by chemical nature [12]. Eating 

foods contaminated with pathogenic microflora causes human 

disease. Seediness of grain not only leads to food spoilage, but 

also reduces the quality of food products, which has an 

undesirable effect on the quality of the finished product and 

on human health in general, which is a worldwide safety 

problem [13]. 

The problem of microbiological contamination of grain is 

considered global on a world scale and is in the center of 

attention of many international organizations, as it is one of 

the main factors determining the health of the population and 

the preservation of its gene pool [14]. 

Various synthetic chemical preservatives are used to control 

microbial food spoilage and to extend the shelf life of the 

product. Researchers and consumers do not recommend the 

use of synthetic preservatives because of their negative effects 

on human health [20]. Natural antimicrobials have attracted 

the attention of researchers and food manufacturers due to 

their safety and non-toxicity [16]. Natural preservatives are 

easily obtained from plants, animals, and microbes [17]. 

These natural antimicrobial agents can be isolated from local 

sources using various advanced methods. 
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Spore bacteria entering the human body can cause very 

serious disturbances in the functioning of the immune system, 

gastrointestinal tract, liver, respiratory system, and nervous 

system [18]. Even if spore bacteria do not cause rope disease, 

their presence in finished products is undesirable, since even a 

small amount of B. subtilis and B. licheniformis in food 

products can cause a mild form of foodborne disease [19].  In 

recent years, the spread of wheat bread disease caused by 

Bacillus has been observed [20].  This situation is associated 

with the discovery of a large number of mini-bakeries, where 

microbiological control of incoming raw materials is not fully 

carried out. Which is especially true when using bran, which 

is a source of pathogenic microflora. 

Due to the potentially adverse effect of some synthetic 

fungicides and preservatives on the environment and human 

health, regulatory authorities require manufacturers to use 

additives that do not contain synthetic preservatives in food 

production, preferring natural ones [21]. As an alternative, it 

is recommended to include natural preservatives derived from 

plants, and the microorganisms themselves, as well as their 

active antimicrobial metabolites for food. The use of such 

natural agents will create consumer confidence in the quality 

of food products. These alternatives complement barrier 

technologies. However, the use of natural agents for the 

preservation of food products is not regulated in many 

countries, and the intake of some of them raises questions 

related to the impact on human health, especially when 

consumed for a certain period of time [22]. 

Plant types of raw materials used as biological preservatives 

and possessing antimicrobial properties include turnip, 

horseradish, papaya, fig, radish, cabbage [6; 7]. There are 

scientific studies in the field of the use of lysozyme-

containing biopolymer complexes of plant origin as 

preservatives in the food industry and medicine. The Odessa 

National Academy of Food Technologies has developed a 

method for isolating lysozyme-containing components in the 

form of complexes with polysaccharides. Plants of the 

cabbage family (Brassicaceae) were considered as lysozyme-

containing raw materials: horseradish (Armoracia rusticana) 

and white cabbage (Brassica oleracea). Their functional-

physiological properties and biomedical evaluation of 

lysozyme-containing biopolymer complexes with Armoracia 

rusticana and Brassica oleracea were characterized [23]. 

The aim of this study is the possibility of using individual 

lysozyme-containing vegetable juices as a source of inhibition 

of thermophilic microorganisms that cause rope disease in the 

production of bread from whole grain wheat flour. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

For research, wheat grain of “Daulet” variety was used - a 

variety bred at the “Kazakh Research Institute of Agriculture 

and Plant Growing”. Whole grain flour was obtained by 

grinding in a CD1 mill (CHOPIN Technologies, France). 

Bacterial strains isolated from the studied whole grain wheat 

flour were used as test microorganisms: Bacillus cereus No. 1; 

Bacillus mesentericus No. 2. 

As a lysozyme-containing raw material of plant origin used: 

ginger (Zīngiber officināle), turnips (Brassica rapa), cabbage 

(Brássica olerácea), garlic (Állium satívum). The test samples 

were squeezed from vegetables in the form of juices. Sample 

No. 1 - ginger juice, sample No. 2 - turnip juice, sample No. 3 

- cabbage juice, sample No. 4 - garlic juice, sample No. 5 - 

radish juice. Previously, juices were filtered using a syringe 

filter with a pore diameter of 0,22 μm, to ensure purity and 

prevent possible pathogenesis. 

Microbiological reagents and equipment. 

Solutions and culture media: Müller-Hinton agar (MHA), 

Müller-Hinton broth (MHB), 0,9% sodium chloride solution 

(saline). 

Equipment: DEN-1 densitometer (Latvia), “Comfort” thermal 

shaker (Germany), LB 210-A analytical balance (Russia), 

PB11 pH meter (Germany), SystecV-120 vertical autoclave 

(Germany), BD-115 thermostat ( Germany), BioIIA/G 

laminar box (Spain), IKA MS3 Digital shaker (Germany), 

Eppendorf dispenser (1-10 ml, 100-1000 μl, 20-200 μl, 0,5-10 

μl) (Germany), HaakeP14 thermal bath (Germany), Arium 

611 VF water treatment system (Germany). 

 

3. METHODS 

3.1. Microbiological control of bread 

The primary identification of isolates, obtaining pure cultures, 

the study of morphological, cultural, tinctorial and 

physiological-biochemical properties was carried out 

according to the method of “The determinant of 

Bergeybacteria”. 

The quantitative content of spore bacteria was determined by 

the Koch method. From each dilution, TSA (tryptone soy 

agar) was plated on solid nutrient medium. The plated cups 

were incubated in thermostat at (37 ± 1) °C for 72 hours. 

Biochemical, tinctorial and morphological tests were carried 

out: mobility was determined by stabbing in semi-liquid agar; 

lecithinase activity — by plating on an VSA (vitelline-salt 

agar), catalase activity — by adding a culture of a few drops 

of 3% hydrogen peroxide on a glass slide, hydrolysis of 

starch, fermentation of mannitol, salicin and xylose was 

determined by stabbing in agar with appropriate carbohydrates 

and phenol red, as an indicator. Hemolytic activity was 

determined by plating on plates with 5% blood agar. The 

Voges-Proskauer reaction was determined on standardized 

MR-VP medium. The tinctorial properties of the isolates were 

studied by staining Gram smears using a standard commercial 

kit and further light microscopy. 

 

3.2. Determination of antimicrobial activity. 

To prepare inoculum, aliquot daily-cultured test strain was 

introduced into a sterile tube with 5 ml of 0,9 % NaCl, and 

then placed in a densitometer DEN-1 to measure the optical 

density (turbidity) and, accordingly, to achieve the desired 

concentration of the microorganism. The density of the 

primary suspension should be 0,5 units according to 

Mcfarland, which corresponds to 1,5×108 CFU/ml. 

Antimicrobial activity was determined by the method of 

double serial dilutions in a liquid nutrient medium - Mueller-

Hinton broth (standard medium for the study of antibiotic 

sensitivity), according to the international standard CLSI 

M100-S25, 2015 "Performance Standards for Antimicrobial 
Susceptibility Testing" - M100-S25, 2015, - Vol 35 - No 3 and 

guidelines “Guidelines for determining the sensitivity of 
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microorganisms to antibacterial drugs. MUK 4.12.1890-04. 

Moscow. 2004". 

After a series of dilutions, 0,05 ml of test strains of 

microorganisms at a concentration of 1,5×106 CFU/ml in 

triplicate were added to all tubes. Samples were incubated for 

18-24 hours at a temperature of 37 ± 1 °C. After the 

incubation time, seeding on Petri dishes was performed to 

determine living cells. After seeding, the plates were placed in 

a thermostat for 18-24 hours at a temperature of 37 ± 1 °C for 

bacteria. 

The results were taken into account by the presence of visible 

growth of microorganisms on the surface of a dense nutrient 

medium. Minimum bactericidal dilution was considered the 

smallest dilution that suppressed the growth of 

microorganisms. 

 

3.3. Bread making technology 

Straight dough method involves the introduction of all raw 

materials during the dough kneading: the use of whole grain 

flour, “Almaty” yeast, table salt and drinking water, 

lysozyme-containing raw juice to suppress Bacillus bacteria, 

selected on the basis of microbiological analysis. The main 

and auxiliary raw materials are preliminarily prepared: water 

is brought to a temperature of 32 °C, yeast is dissolved in it to 

prepare a yeast suspension. The juice of lysozyme-containing 

raw material is introduced into water. A saline solution of 

0,26 concentrations is prepared and filtered. The dough 

kneading is carried out in a TEDDY mixer (“Bear Varimixer”, 

Denmark). 

 

Table 1: The list of studied combinations 

Variants The combination of the studied materials % 

T0 100% WF 

T1 100%WF +5%PJ 

T2 100%WF+10%PJ 

T3 100%WF+15%PJ 

T4 100%WF+20%PJ 

Т5 100%WF+25%PJ 

WF - whole wheat flour; PJ - plant juice 

 

The dough humidity should be about 49% at an initial 

temperature of 28 – 30 °C. Fermentation of the dough is 

carried out at a temperature of 30 - 31 °C for about 150 

minutes. The duration of the dough fermentation is 210 

minutes. The finished dough is divided into pieces weighing 

400 grams. Manually round the dough pieces and place them 

for proofing in the Sinmag CLT04-09 proofing cabinet at a 

temperature of 32 - 35 °C for 40 minutes at a relative 

humidity of 85%. Baking bread is carried out in a convection, 

rotary mini-oven S 400 for 35-40 minutes with steam 

humidification of the baking chamber at a temperature of 200-

210°C. Baked bread is cooled and stored at room temperature. 

 

3.4. Organoleptic evaluation of bread 

The prepared whole wheat bread was allowed to cool for 1 

hour at room temperature, and then evaluated. A group of ten 

judges was created (using the questionnaire) of regular bread 

consumers, the bread was examined using a 9-point hedonic 

scale, as recommended by Land and Shepherd (1984) with a 

scorecard from 1 to 9, where 1 = really dislike it, 5 = satisfies 

and 9 = really like it. Product evaluation options: crumb grain, 

texture, crumb color, aroma and general acceptability. A 

bulletin was prepared to assess the sensory characteristics of 

bread with the addition of various options for vegetable juice. 

 

4. RESULTS AND DISCUSSION 

4.1. Isolation of microorganisms of the genus Bacillus spp. 

from the studied flour 

After the incubation time, only in the first dilution of 1x10-1, 

microorganisms of the genus Bacillus spp. of two species 

were detected that were seeded into tryptone soy agar plates 

for further studies (Figure 1). The number of colony forming 

units in terms of 1 g of dry flour was: for the first type of 

colonies (dry wrinkled colonies of grayish-white color) - 80 

CFU/g, for the second type of colonies (yellowish brown dry 

wrinkled colonies) - 10 CFU/g. 

 

  

a) Dry wrinkled colonies of 

grayish-white color 

b) Yellowish-brown dry 

wrinkled colonies 

Figure 1: View of Bacilus colonies on TSA medium 

(tryptone-soy agar) 

 

Under microscopy of smears of the first type of colonies, the 

cells looked like gram-positive rods with endospores (Figure 

2). 

 

  
a) Colony No. 1 b) Colony No. 2 

Figure 2: Micrograph of smears from colonies grown from 

flour Gram stain. Zoom x100 under immersion. 

 
The cells of the colonies of the second type in the smear have 

the appearance of thin rods stained gram-positive. Some cells 

form short strands. 

The test results for the lecithinase and hemolytic activity of 

the selected cultures are presented in Figures 3-4. 
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a) Colony No. 1 (+) b) Colony No. 2 (-) 

Figure 3: The growth of the colonies of the first and second 

type on a plate with VSA (lecithinase activity test) 

  

Figure 3 shows that the colonies of the first type form small 

zones of turbidity, which indicates a weak lecithinase activity. 

Colonies of the second type do not possess lecithinase activity 

(the absence of turbidity zones around the colonies and the iris 

on the vitelline-salt medium). 

 

 
 

a) Colony No. 1: α - hemolysis b) Colony No. 2: α - 

hemolysis 

Figure 4: The growth of colonies of the first and second type 

on a plate with blood agar (hemolytic activity test) 

 
Figure 4 (a and b) shows that the growth of colonies of both 

the first and second types on blood agar causes the medium in 

the growth zone of bacteria to acquire a greenish-brown hue, 

which indicates the presence of hemolytic activity of type α in 

these isolates. 

The generalized results on morphological, tinctorial and 

biochemical characteristics are presented in Table 2. 

Table 2:  Basic biochemical, as well as morphological and 

tinctorial properties of isolated isolates 

Tests Colony No. 1 Colony No. 2 

Cell morphology 

and tinctoriology 

Gram-positive rods 

with centrally 

positioned endospores 

Gram-positive thin 

rods forming 

endospores 

Colony type Dry wrinkled colonies 

of grayish-white color 

Yellowish-brown 

dry wrinkled 

colonies 

Mobility + + 

Lecithinase 

activity 

+ - 

Catalase activity + + 

Voges-Proskauer 

test 

+ - 

Hemolytic 

activity 

+ (α-hemolysis) + (α-hemolysis) 

Hydrolysis of 

starch 

+ - 

Hydrolysis of 

mannitol 

- + 

Xylose 

fermentation 

+ + 

Salicin + - 

 

Summarizing the results of morphological, cultural, tinctorial 

and biochemical characters, it can be argued that colony No. 1 

is gram-positive rods with endospores located centrally, grow 

on the medium in the form of dry wrinkled colonies of 

grayish-white color, are motile, have lecithinase, catalase, 

hemolytic activity. They have a positive Foges-Proskauer 

reaction (ferment glucose under anaerobic conditions), 

hydrolyze starch, ferment xylose and salicin and do not 

ferment mannitol. These characters are close to those 

characteristic of the species Bacillus cereus. 

Colony No. 2 is characterized by the growth in a dense 

nutrient medium of dry wrinkled yellowish-brown colonies. In 

the smear, the cells are represented by gram-positive thin rods 

with endospores. According to the results of biochemical 

studies, the cells are motile, catalase-positive, have hemolytic 

activity, ferment mannitol and xylose. Leticinase activity is 

absent, have a negative response in the Voges-Proskauer 

reaction, do not hydrolyze starch, and do not ferment salicin. 

Based on the studies, it is presumed that isolate of colony No. 

2 can be attributed to the species Bacillus mesentericus. 
 

4.2. Antimicrobial activity of extracts against bacteria of 

the genus Bacillus 

The results of a study of the antibacterial activity of samples 

against bacteria of the genus Bacillus are presented in Table 3. 

From the data presented in Table 3 it is seen that not all test 

samples exhibit the expected biological activity against test 

strains. 

Table 3: Results of antimicrobial activity of samples obtained 

by serial dilution 

 

Test sample 

Test strain 

Bacillus cereus Bacillus mesentericus 
Minimum bactericidal dilution 

Sample No. 1 NA NA 

Sample No. 2 1:1 1:1 

Sample No. 3 1:2 1:2-1:8 (bacteriostatic effect) 

Sample No. 4 NA NA 

Sample No. 5 1:2 1:1 

NOTE: “NA” - does not have antimicrobial activity. 

 

Analysis of the activity of the extracts showed that in a 

dilution of 1:1, sample No. 2 has bactericidal activity against 

both test strains. 
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Sample No. 3 is effective against Bacillus cereus at a dilution 

of 1:2, and against Bacillus mesentericus at dilutions from 1:2 

to 1:8 it had a pronounced bacteriostatic effect. 

At a dilution of 1:2, sample No. 5 inhibited the growth of the 

Bacillus cereus strain, and at a dilution1:1, the growth of the 

Bacillus mesentericus strain. 

Sample No. 1 and sample No. 4 were ineffective relative to 

these test strains. 

Thus, comparing the results, we can conclude that the most 

effective in the fight against bacteria of the genus Bacillus is 

sample No. 3, which, in addition to bactericidal activity, has a 

bacteriostatic effect, that is, it inhibits the growth and 

reproduction of bacteria. Sample No. 2 and sample No. 5 have 

a less pronounced bactericidal effect, inhibiting the growth of 

bacteria of the genus Bacillus only in dilutions of 1:1-1:6. 

According to the results of antimicrobial activity, sample No. 

3 — cabbage juice — was selected for further research. 

 

4.3. Organoleptic evaluation of bread with cabbage juice 

The lightness values L of bread with added cabbage juice in 

various percentages were lower in all samples than in the 

control bread sample (Table 4). That is, bread with cabbage 

juice was lighter than the control group. The color values + a 

and + b for whole grain bread with added materials changed 

significantly from 4.62 to 4.75 and from 18.73 to 19.02, 

respectively. In general, the color values + a and + b for whole 

grain bread with added materials were higher than that of the 

control group. 

 

Table 4: Crumb color 

Variants Crumb color 

L +a +b 

Т0 57.12±0.05a 4.62±0.03e 18.73±0.12defgh 

Т1 57.23±0.21abc 4.65±0.01 e 18.87±0.05 defgh 

Т2 57.16±0.03 abc 4.69±0.07e 18.95±0.04 defgh 

Т3 57.03±0.01 abc 4.72±0.05 e 19.15±0.13 defgh 

Т4 56.87±0.10ab 4.74±0.01 e 19.19±0.07 defgh 

T5 56.91±0.03ab 4.75±0.11 e 19.20±0.01 defgh 

 

The results of all evaluated sensory attributes are shown in 

Table 4. No significant differences were observed between 

sensory characteristics in crumb color, crumb grain, texture, 

aroma, and general acceptability. The digital values of the 

crumbcolor index increased with the addition of the studied 

object - cabbage juice, the indicators changed from 6,00 (T0) 

to 6,54 (T4) at various ratio percentages. The sensory 

evaluation of the color index is higher than that of the control 

sample (T0). In indicators of Crumb grain, the samples had 

slight differences. Aroma scores were lowest in samples T0 

and T5. The highest General Acceptability scores were for T3 

in terms of average hedonic scores for all sensory traits tested. 

 

Table 5: The effect of the test material (T) on the sensory 

characteristics of whole wheat bread (average value ± SE) 

Variants Crumb 
grain 

Texture Crumb 
color 

Aroma General 
acceptability 

Т0 5.45±0,07 5.20±0,02 6.00±0,03 6.15±0,11 5.00±0,05 

Т1 6.86±0,11 5.07±0,04 6.35±0,13 6.85±0,03 5.86±0,09 

Т2 6.33±0,06 5.45±0,11 6.51±0,05 7.45±0,04 5.13±0,12 

Т3 7.46±0,08 6.87±0,16 6.45±0,31 7.99±0,16 6.97±0,05 

Т4 7.24±0,14 6.75±0,56 6.54±0,08 7.92±0,01 5.23±0,01 

Т5 6.12±0,23 6.26±0,03 6.53±0,02 6.12±0,09 5.11±0,16 

 

In general, there were no significant differences in sensory 

characteristics between the crumbs, crumb color, texture and 

aroma of whole grain bread (Table 5). However, it has been 

shown that materials added to whole grain bread samples have 

a positive effect on all sensory properties. Cabbage juice did 

not adversely affect product quality and consumer perception. 

The firmness values of bread with the addition of the studied 

materials changed from 24.26 N to 27.08 N after one day of 

the storage period (Fig. 1a). Firmness values from whole 

wheat stored for one day and the control sample had the same 

values. Based on the studies, it can be assumed that the 

introduction of cabbage juice in various percentages did not 

negatively affect the structural and mechanical properties of 

bread crumb. 

 

a) 

 
b) 

 
c) 

39.12 38.28 37.35 38.19 36.24
39.16

0

10

20

30

40

50

Т0 Т1 Т2 Т3 Т4 Т5

Fi
rm

n
e

ss
 

Day 1

Day 2

Day 3

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Т0 Т1 Т2 Т3 Т4 Т5

C
o

h
e

si
ve

n
e

ss
 

Day 1

Day 2

Day 3



International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 13, Number 11 (2020), pp. 3691-3698 

© International Research Publication House.  https://dx.doi.org/10.37624/IJERT/13.11.2020.3691-3698 

3696 

 
 

d) 

 

Figure 1: Effect of cabbage juice in% ratio on (a) firmness 

values, (b) cohesiveness values, (c) springiness values, and  

(d) chewiness values of whole wheat bread 

 

Parallelly, we studied the effect of cabbage juice on the 

specific volume of bread and the density of the crumb. It is 

known that the density of the crumb is inversely proportional 

to the volume of bread, that is, an increase in the density of 

the crumb is explained by a decrease in the volume of bread 

[24]. 

 

 

Figure 2: The effect of cabbage juice in% ratio on the specific 

volumetric values of whole wheat flour bread. 

 

According to the results of studies, it can be stated that 15% 

cabbage juice has a positive effect on both the crumb hardness 

and the loaf volume. The internal resistance of the bread 

crumb is evaluated by the cohesion characteristic of chewing. 

Cohesiveness is defined as how well a product withstands 

second deformation relative to how it behaved during the first 

deformation [25; 26]. In general, cohesiveness in bread 

samples increases with the addition of test materials (Fig. 1b). 

The cohesiveness values in all samples containing additional 

materials were higher than that of the control within 1 day of 

storage time. The highest cohesiveness values on day 1 were 

obtained in T5, and it was the lowest in sample T0. 

Cohesiveness in whole wheat bread samples decreased at 

different rates with increasing storage time. This reduction in 

cohesiveness indicates an increased susceptibility of bread to 

crushing or crumbling. 

Springiness is an indicator of how much breadcrumbs bounce 

after a single squeeze, and can be defined as the elasticity of 

breadcrumbs; it is also an important parameter for 

determining the degree of baking of bread [27]. In general, the 

springiness of bread decreased more significantly, as the shelf 

life increased from 1 to 3 days. However, when the shelf life 

increased from 3 to 5 days, the decrease in springiness 

reached a lesser extent. The quality of the bread was 

determined by Chewiness. Chewiness is one of the texture 

parameters that is easily correlated with touch analysis using 

panels [29]. Chewiness is associated with the work necessary 

to chew a solid sample, such as bread, until it is swallowed 

steadily. In general, increasing shelf life reduced Chewiness 

(Figure 1d). A high Chewiness value was characteristic of 

sample T3 (WF + 10% CJ) when stored for 1 day, the lowest 

is in sample T0. 

Despite the advantages of whole grain bread, in view of its 

useful properties, compared with refined wheat bread, its use 

is limited for several reasons by consumers: a coarser texture, 

low volume, due to the lack of gluten [29]. 

The sensory indicators of bread made from whole grain wheat 

flour with the addition of cabbage juice in various percentages 

are presented in Table 4. Statistical analysis showed 

insignificant differences between the control variant and 

samples with the addition of cabbage juice, except for the 

appearance indicator of the bread. The results also showed 

that bread baked with 15% cabbage juice was more acceptable 

than bread with other variants. 

 

5. DISCUSSION 

Based on the scientific research and processed materials, the 

following research results should be presented for discussion. 

1. In the studied samples, bacteria of the species Bacillus 
cereus and Bacillus mesentericus were found. The number of 

colony forming units in terms of 1 g of dry whole-wheat flour 

was 80 CFU/g for a bacterium of the species Bacillus cereus, 

and 10 CFU/g for a bacterium of Bacillus mesentericus. The 

indicated values indicate the safety of the finished product 

(GOST 10444.15-94). Spore bacteria of the genus Bacillus, 
entering the human body, can cause very serious dysfunction 

of the immune system, the gastrointestinal tract, liver, 

respiratory system, and nervous system. Therefore, even if 

spore bacteria do not cause rope spoilage of bread, their 

presence in finished products is undesirable. They may be 

present in large fractions of the outer layer of whole grain 

wheat bread. The source of infection may be the air 
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environment of the bakery. Statistics show that over the past 

decade, the number of small and medium-sized enterprises 

engaged in the production of bread and bakery products using 

non-traditional raw materials of plant origin, such as bran, 

seeds, grains and legumes, has increased. Such products are in 

demand among consumers, however, the feedstock is often a 

source of Bacillus bacteria, which requires the use of safe 

preservatives. 

2. Lysozyme is found in almost all living things, which is 

associated with its unique protective function [31].  Lysozyme 

is a hydrolytic enzyme that selectively breaks down the 

polysaccharides of the bacterial cell wall. It belongs to small-

sized proteins with a molecular weight of about 15 thousand 

Da.The enzyme is relatively thermostable and can withstand 

pasteurization temperature [32]. Five types of available 

lysozyme-containing plants were used: ginger, garlic, turnip, 

cabbage, radish juice. Juice of turnip, cabbage, radish exhibits 

biological activity against the genera of Bacillus, in contrast to 

ginger juice, garlic. Moreover, cabbage juice is more effective 

and in addition to bactericidal activity has a bacteriostatic 

effect. The research was to study the effect of cabbage juice 

with a different percentage on the bacteria of the genus 

Bacillus. 

3. Sensory analysis. Cabbage juice was added in dosages of 

5,10,15,20,25%. In the course of sensory analysis, it was 

found that the optimal dosage of cabbage juice for all 

organoleptic indicators is T3-15%. When add juice of cabbage 

T3 - 15% the specific volume was 2,26. 

 

6. CONCLUSION 

Whole grain bread can be used as a functional product, 

accessible to all social layers of the population. However, its 

component constituents can be carriers of Bacillus bacteria, 

which produce mainly on the upper layers of the grain. One of 

the ways to suppress the activity of Bacillus bacteria when 

making bread from whole grain flour can be considered a 

method in which cabbage juice is added as a source of 

lysozyme-containing substances during kneading. The 

addition of cabbage juice not only significantly improved the 

quality of the bread, but also reduced the activity of Bacillus 
bacteria that cause rope diseases. Microbiological studies 

were the basis for further scientific research in the context of 

studying the sensory characteristics of bread. Informing the 

public about the nutritional benefits of functional foods using 

vegetable juice will expand the assortment line of functional 

bread and bakery products. 
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