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PROSPECTS FOR THE USE OF GRAIN RAW  
MATERIALS IN THE PRODUCTION OF  

FUNCTIONAL PRODUCTS 
 

Abstract 
The development of new physiologically functional food products is a prospective direction for world food products market. 

The inclusion of functional ingredients in food can increase the biological value of products that are already familiar to the consum-
er, as well as expand the range of products offered. Physiological activity of cereal’s ingredients varies widely, there are: anti-
cancer, antiallergic, antioxidant properties, prebiotic, immunostimulating effects, etc. Moreover, the cereal’s ingredients can im-
prove the organoleptic properties of bakery, dairy and confectionery. 

Cereals can be used as a prebiotics: fermentable substrates for the growth of probiotic microbiota. It is scientifically prov-
en that grain’s nondigestible carbohydrates stimulate the growth of Lactobacillus acidophilus, L. casei, L. reuteri, L. rhamnosus, L. 
johnsonii, L. plantarum, Bifidobacterium longum, B. breve, B. lactis.  

Cereals contain water-soluble fibre, such as β-glucan and arabinoxylan, oilgosaccharides, such as xylo- and fructo-
oligosaccharides and resistant starch, which have a wide application as prebiotic preparations. Furthermore, cereals as wheat, rye 
and rice contain polyphenols (benzoic and cinnamic acid derivatives) that are used both in the food industry as antioxidants, dyes, 
flavors of natural origin and in the compositions of physiologically functional ingredients, as well as in the pharmaceutical and cos-
metic industries. 

Thus using cereals as a raw material for functional ingredients obtaining is a perspective in biotechnology, food and 
pharmaceutical industry.  

The modification of cereals processing technologies also will allow produce insufficiently studied prebiotic compounds, the 
functionality of which must be studied. 

Keywords: cereals, probiotics, prebiotics, modified polysaccharides, functional products 
 

Interest in the development of technologies for 
the production of functional products is growing due to 
their high market potential, which is associated with a 
number of their protective properties. Functional foods 
contain substances that have a positive effect on the hu-
man body, which makes them the subject of scientific 
research. Special attention in the development of func-
tional products is paid to increasing their industrial pro-
duction from various types of raw materials. This ap-
proach allows the development of functional products 
based on regional resources [1-3]. The term “functional 
nutrition” in the scientific literature appeared in Japan in 
1989, the main approaches to the definition of which 
correspond to three characteristics: forming part of the 
daily diet; components must be natural (of natural 
origin); along with the nutritional value should contribute 
to the regulation of any function of the body. The crea-
tion and introduction of functional products into produc-

tion is one of the areas of the humanistic program of hu-
man nutrition proclaimed by the UN [1, 2]. 

The use of biologically active additives (BAA) 
allows filling the shortage of essential nutrients, increas-
ing the nonspecific resistance of the organism to the ef-
fects of adverse factors, carrying out immune correction, 
individualizing the most nutrition. Among the existing 
dietary supplements, widespread and rapid development 
are observed among probiotics and prebiotics. 

Probiotic products are defined as products that 
contain a single or mixed culture of microorganisms that 
positively affect the health of consumers and correct the 
balance of the intestinal microbiota [20]. Their physio-
logical effect has been widely studied by domestic and 
foreign scientists both in vitro studies and through clini-
cal animal tests, namely lactose metabolism, control of 
gastrointestinal infections, suppression of cancer, reduc-
tion of serum cholesterol and immune stimulation 
[19,24]. In probiotic preparations, mainly the following 
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cells are used: Lactobacillus (Lactobacillus acidophilus, 
L. casei, L. reuteri, L. rhamnosus, L. johnsonii and L. 
plantarum) и Bifidobacterium (Bifidobacterium longum, 
B. breve, B. lactis) [41]. Introduction of probiotic strains 
into traditional food products is especially widespread in 
the dairy industry, as a result of which new types of fer-
mented milk and cheeses are produced [27]. 

Prebiotic is a food ingredient that is not hydro-
lyzed by human digestive enzymes in the upper gastroin-
testinal tract, but selectively stimulates the growth and/or 
activity of the normal intestinal microbiota [23]. Prebiot-
ics are dietary fibers obtained from the cell walls of 
plants by hydrolysis. They are easily fermented by spe-
cific intestinal bacteria, such as bifidobacteria and lacto-
bacilli, increasing the population of cells with the simul-
taneous formation of short-chain fatty acids. These acids, 
especially butyrate, acetate and propionate, provide me-
tabolism and lower the pH of the intestine [40]. A num-
ber of studies indicate that prebiotics lower blood choles-
terol and glucose levels, the risk of developing cancer, 
diabetes, cardiovascular diseases and obesity 
[16,18,28,34,42]. Fig. 1 illustrates the main physiological 
effects of prebiotics on the human body. 

 

Functional products based on cereals 
Cereals were investigated as a potential source 

for the production of functional products. More than 73% 
of the total cultivated area is used for growing crops, they 
provide more than 60% of world food production. The 
functional properties of cereals are associated with vari-
ous minerals, vitamins and numerous biologically active 
compounds present in the grain. Cereals contain such 
phytochemicals as phenolic antioxidants, saponins, ster-
ols, and phytoestrogens. Part of the health effects of ce-
reals is due to the structural features of the complexes of 
dietary fiber present in them with phenolic compounds, 
lignin, and other bioactive molecules [4]. The most im-
portant physiological and functional components of cere-
als are shown in Fig. 2. 

Use of cereals or cereal components in function-
al food products: 

- as fermentable substrates for the growth of 
probiotic microorganisms, especially lactobacilli and 
bifidobacteria; 

- as dietary fiber; 
- as prebiotics; 
- as encapsulating materials for probiotics in 

order to increase their stability. 

 
Figure 1 - The main physiological effects of prebiotics on the human body [15] 

 

 
 Figure 2 - The most important physiological and functional components of cereals 
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Cereals – substrates for probiotics 
The fermentation of cereals with lactobacilli in 

Asia and Africa is a common processing method for the 
production of food: beverages, liquid and thick cereals. 
Despite some differences in the technology of prepara-
tion of such products, there are general approaches. Grain 
cereals (corn, sorghum, millet) are soaked in water for 
0.5 to 2 days, which helps to soften the grain before 
grinding, sent for grinding, and bran is easily removed 
from the resulting suspension by sieving. Then, suspen-
sion is carried out for 1-3 days, during which the crushed 
grain is fermented by lactobacilli. 

In European countries, cereals (wheat and rye) 
are used in the baking industry for the production of 
leaven. During the preparation of the leaven, the starter 
culture of lactobacilli is introduced, the fermentation lasts 
until the accumulation of the probiotic culture in the vol-
ume of more than 109 CFU/g, and the ratio of lactic acid 
bacteria to yeast is usually 100: 1 [38]. 

Carbohydrates of cereals have a high prebiotic 
effect and their inclusion in a number of foods not only 
expands the range, but also increases their biological 
value. Thus, in recent years, they have been particularly 
widespread in sour-milk products. However, when de-
veloping new technologies for fermented food products, 
technological aspects should be taken into account: 
chemical composition and processing methods of cereals, 
starter culture, stability of the number of probiotic cells 
during the shelf life, as well as organoleptic properties 
and nutritional value of the final product. 

In order for a probiotic product to be considered 
functional, the concentration of lactic and/or 
bifidobacteria must be at least 107 CFU/g. That is why 
probiotic strains should have a high adaptability to the  

substrate, growth rate and viability [27,41].  
Lactobacilli and bifidobacteria for normal 

growth require a number of nutrients: carbohydrates, 
amino acids, peptides, fatty acids, minerals, derivatives 
of nucleic acids and vitamins. The content of vitamins 
and minerals of cereals are given in Table 1, 2. 

Suggested  the use of lactobacilli fermented liq-
uid oatmeal for enteral nutrition [31]. Testing of several 
strains of hetero-and homofermentative probiotic lacto-
bacilli showed that L. acidophilus showed the lowest 
rates of reducing the pH and the number of viable cells in 
the finished product. High scores showed L. plantarum и 
L. reuteri 3∙109 and 1∙109 CFU/g, respectively. Adding 
barley malt to the porridge increased the rate of decrease 
in pH and the total amount L. acidophilus 109 CFU/g in 
the final product [15,32]. In the research [27] strains L. 
reuteri, L. plantarum, L. acidophilus and L. fermentum, 
were cultivated in extracts of malt, barley and wheat (Ta-
ble 3). Malt medium showed better cell growth than bar-
ley and wheat, due to the increased content of maltose, 
sucrose, glucose, fructose and free amino nitrogen [26]. 
Thus, combining carbon and nitrogen sources for probi-
otic cultures gives greater results than using a specific 
cereal grain. 

Just do not forget about the organoleptic charac-
teristics of the finished product. Functional products us-
ing a single probiotic strain have a sour smell and taste, 
so it is recommended to add Streptococcus thermophilus 
and L. delbrueckii or other strains that produce the de-
sired aromatic substances [38]. During the fermentation 
of grain in production, L. sanfransisco is most often 
mixed with Sacharomyces exiguus or Candida milleri, 
thereby improving the organoleptic properties of the fin-
ished product [25]. 

Table 1 -  The content of water soluble vitamins in whole grain cereal flour (mg/kg) 

Vitamines Wheat Rye Barely Maize Oat Rice Buckwheat Millet 

Thiamine, В1 3,9 3,3 1,6 3,3 4,2 0,7 3,9 7,3 

Riboflavin, В2 0,8 1,1 0,7 1,1 1,2 0,3 1,0 3,8 

Niacin, В3 56 17 55 57 8 14 3,5 2,3 

Pantothenic acid, В5 6,8 4,9 5 - 15 5,5 14,5 - 

Pyridoxin, В6 3,4 2,8 3 2,3 14,4 1,1 4,0 7,5 

Folate, В9 0,5 0,7 0,3 0,2 0,45 0,3 0,3 0,3 

Biotin, Н 0,07 0,06 - - 0,19 0,03 - - 

 
Table 2 - The content of minerals in whole grain (mg/kg) 

Minerals Wheat Rye Barely Maize Oat Rice Buckwheat Millet Sorghum 

Р 1170 3010 2650 990 4110 1030 1550 2400 350 

К 1560 4380 3280 1200 4000 1500 2400 2200 240 

Mg 270 930 670 470 1170 350 1010 1000 180 

Ca 180 330 270 60 530 60 110 100 30 

Na 20 50 40 10 40 20 10 - 5 

Zn 8 28 13 5 30 17 25 34 3 

Fe 12 28 24 11 38 12 15 48 11 

Mn 5 22 13 - 58 9 15 7 1 

Cu 1 3 1 - 2 2 6 5 0,2 
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Physiological and functional components of 
cereals and their physiological effects 

Dietary fiber 
According to modern nutrition theory, dietary 

fibers, along with their characteristic properties, also 
have high prebiotic potential and selective stimulating 
effect on the growth of the normal microbiota of the in-
testinal microorganism, thereby increasing its immune 
function and reducing the risk of developing diseases of 
the gastrointestinal tract (GIT), the appearance of ulcers, 
allergies [1, 2, 5]. 

They represent a non-fermentable matrix of cell 
walls of bran in the digestive tract, which is based on 
cellulose, hemicellulose, lignin and non-extractable 
arabinoxylan. The main part of dietary fiber is contained 
in bran and is removed in the process of peeling and 
grinding grain. Therefore, it is advisable to give a table of 
the percentage ratio of bran and germ fractions in cereals 
as the main source of dietary fiber (Table 3). 

Table 3 - The fractions ratio of bran and germ 
 in cereals (%) 

Cereals Bran Germ 
Wheat 14.0 – 15.0 2.5 – 3.0 

Rye 11.5 – 12.5 2.7 – 3.1 
Barely 28.0 – 31.0 3.0 – 3.5 

Oat 30.0 – 32,0 4.8 – 5.1 
Rice 7.0 – 7.2 2.0 – 2.5 

Maize 5,0 – 5.5 10.0 – 11.0 

Buckwheat 7.5 – 8.3 3.7 – 4.1 
Millet 8,1 – 8.6 16.8 – 17.2 

 
β-Glucan 
β-Glucans are unbranched polysaccharides 

formed from glycopyranose residues connected by 
groups of conjugated β-(1–4) bonds and isolated β-(1–3) 
bonds. Isolated β-(1–4) bonds are not found in the struc-
ture of grain β-glucans, most β-(1–4) bonds are arranged 
in groups of 2 or 3. The main structural fragment is 
cellotriose chains and cellotetraose residues connected by 
single β-(1–3) connections. The main chain of β-glucan, 
thus, resembles the structure of cellulose, but contains an 
inflection in the position of β-(1-3) binding. These kinks 
destroy the strong hydrogen bonds that are commonly 
found in cellulose, therefore, unlike cellulose, grain β-
glucans are soluble in water [1,2,3]. 

β-Glucans are divided into high molecular 
weight up to 3000 kDa and low molecular weight up to 9 
kDa. In addition to molecular weight, they differ in the 
degree of gelation and structural bonds. In addition, the 
ability of β-glucans of oats and barley to selectively 
stimulate the growth of lactic and bifidobacteria in exper-
iments in vitro and in vivo was repeatedly confirmed 
[29]. 

It is known that barley and oats lead in the con-
tent of -glucan; its content varies from 3–11% to 3–7% 
by dry weight, respectively. -glucans are concentrated 
in the aleurone layer and the endosperm of barley, oats, 
and wheat. [30,44,45]. Despite the fact that the glucan 
content in wheat does not exceed 1%, grinding of the 
weevil leads to the separation of the aleurone layer, 
which makes it possible to develop the technology for 

processing secondary products of wheat processing into 
-glucans. 

To date, -glucan concentrates have found 
worldwide use as stabilizers and rheological correctors 
for food systems, as well as prophylactic and therapeutic 
drugs prescribed for various diseases. The use of symbi-
otic complexes based on -glucans, increases the stability 
of probiotics and allows for more efficient use of func-
tional ingredients with their inclusion. 

 
Resistant starch 
Resistant or stable starch refers to functional di-

etary fiber that plays an important role in the physiology 
of the gastrointestinal tract. Like many oligosaccharides, 
especially fructooligosaccharides, it is not digested in the 
human body; however, it is a source of fermentable car-
bohydrates for the intestinal microbiota. Another ad-
vantage of resistant starch is the synthesis of essential 
metabolites, including short-chain fatty acids in the co-
lon. In addition to therapeutic effects, it has more attrac-
tive organoleptic properties (appearance, texture, and 
aftertaste) in comparison with traditional dietary fibers 
[33]. Today, there are already technologies for obtaining 
physiologically functional ingredients from resistant 
starch, namely prebiotics aimed at reducing the risk of 
intestinal diseases. Resistant starch can be divided into 
four types, but its natural forms are often destroyed dur-
ing the technological operations of cooking [46]. In its 
natural form, it is found in cereals, as well as in heat-
treated starch-containing products. Therefore, when ob-
taining resistant starch, acid hydrolysis, hydrothermal 
treatment, heating, retrogradation, extrusion cooking, 
chemical modification and repolymerization are used 
[16,21,39,43,46]. 
 

Oligosaccharides 
Oligosaccharides such as lactulose, 

fructooligosaccharides, transgalacto-oligosaccharides 
have been used in the food industry since the 1980s [19]. 
In the food industry, oligosaccharides are used as 
bifidogenic substances, and some are contained in baby 
foods as an analogue of human milk oligosaccharides 
[39]. A subsequent study of their technological and phys-
iological properties led to the expansion of their areas of 
application. Today, oligosaccharides are used in food, 
pharmaceutical, cosmetic and other industries. Special 
attention of scientists today attract oligosaccharides ob-
tained by the hydrolysis of xylan – xylooligosaccharides 
(XOS). 

XOS are most widely used as ingredients in func-
tional foods. They are added to the composition of soft 
drinks, tea, dairy products, confectionery, jams, bee 
products, gerodietic and other products for children [23, 
45]. 

In the food industry, XOS are used in the produc-
tion of low-calorie sweeteners like xylitol. Thus, they 
enhance the sweet taste without altering other organolep-
tic characteristics. Stability in a wide range of tempera-
tures and pH, high prebiotic effect allows using XOS as 
an ingredient of synbiotic products. Unassimilated oligo-
saccharides are the matrix for immobilization of probi-
otic bacteria. The resulting synbiotic drugs are sent to the 
colon undamaged [45]. 
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In the pharmaceutical industry, XOS is used in the 
composition of antiviral and anticancer drugs. They are 
added in the preparation of micro- and nanoparticles, 
hydrogels for drug delivery, as well as the treatment and 
prevention of gastrointestinal disorders [46]. 
Immunomodulatory, anticarcinogenic and antiallergic 
activities make it possible to include XOS as a compo-
nent of the respective drugs. 

XOS is also added to pet food and fish food. They 
are used in agriculture as a yield enhancer, ripening 

agents and growth-promoting factor and growth accelera-
tor [46]. 
 

Polyphenols 
Antioxidants are concentrated in the outer shell 

of the grains of cereals, where their content reaches 80% 
of the total amount in the grain. This causes the growth 
of production volumes for the population of bread prod-
ucts from whole-grain flour or with the addition of bran, 
as well as the intensive use of native antioxidants for 
other purposes [7]. 

Table 4 - Main components of wheat bran and their physiological effects 
Component Content, % 

dry matter 
Functionality Health effects  

Carbohydrates: 
Alimentary fiber 

65.0 – 75.0 
41.0 – 63.0 

Increases viscosity in the 
intestine and reduces 
postpradial glycemic index 

Laxative effect, reduces choles-
terol in the blood, carries out a 
detoxification effect, prevents 
colon cancer 

18 

Arabinoxylans 11.0 – 23.0 Estrogenic effect, antitumor 
properties 

Reduces the risk of cardiovascular 
disease and type 2 diabetes 

18,
20 

Resistant starch 
(starch) 

5.6 – 8.9 
(17.0 – 37.4) 

Increased viscosity in the 
intestine, the formation of 
metabolites, including short-
chain fatty acids 

Prebiotic effect 22 

β-Glucans 3.1 – 4.0 Increases viscosity in the 
intestine, reduces the glyce-
mic index 

Reduces the risk of cardiovascular 
diseases, reduces blood cholester-
ol and glycemic index, shows 
prebiotic properties 

23 

Oligosaccharides 
(stachyose, raffinose, 
fructooligosaccharides) 

2.9 – 3.7 Improves the organoleptic 
properties of the product 

Growth stimulants of GIT 
microbiota 

 

Phytochemicals, 
mcg/g: 
Lignans 
Alkylresorcinols 
 
 
Phytosterols 
 
Phenolic compounds 
(ferulic acid) 
Related phenolic com-
pounds 
Saponins and 
capsacins 
 
 
 
Enzyme inhibitors 

2.550 – 11.350 
600 – 1.000 
400 – 1,250 

 
 

340 – 1.900 
 
 

1.300 – 1.900 
 
 

45 – 4,000 
 

40 – 75 
 
 
 

65 – 100 

 
Anticarcinogenic and antiox-
idant properties, lipid oxida-
tion inhibitors 
Inhibits cholesterol sorption 
Inhibits cholesterol sorption 
in the small intestine, antiox-
idants 
 
 
 
Substances inhibiting DNA 
replication of cancer cells 
and adhesion of pathogenic 
microorganisms 
Therapeutic effect in a num-
ber of diseases of the diges-
tive tract 

 
 
Reduce the risk of prostate and 
breast cancer 
 
Produce plasma cholesterol 
 
 
Reduce the risk of colon cancer 
and cardiovascular diseases 
 
 
 
 
 
Protease inhibitors reduce the risk 
of developing colon, lung, liver, 
pancreas and esophagus cancers. 

25, 
26, 
27 

Peptides 
(L-glutathione) 

 Antioxidant properties, in-
creases the digestibility of 
certain vitamins, protects 
white blood cells, partici-
pates in the synthesis of 
leukotrients, cleanses the 
liver, starts self-destruction 
mechanism (apoptosis) in 
cancer cells 

Reduces depression and apathy, 
autoimmune disorders, chronic 
kidney damage, malignant tumors 

29 

Enzymes  Help digestion Reduces obesity, allergies, vari-
ous diseases of the gastrointesti-
nal tract 

31 
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Polyphenols are a group of several classes of 
weakly acidic chemical compounds that contain several 
aromatic (benzene) rings directly bonded to one or more 
hydroxyl phenolic groups. They are secondary metabo-
lites of plants, formed as a result of the flow of shikimate 
pathway. Phenolic acids contained in barley kernels from 
450 to 1346 μg/g, maize 601 μg/g, oats 472 μg/g, rice 
197-376 μg/g, rye 1,362-1,366 μg/g, sorghum 385 -746 
μg/g, wheat 1342 μg/g and oat bran 651 μg/g, rye 4190 
μg/g, wheat up to 4527 μg/g [7]. 

According to studies by foreign and domestic 
scientists, phenolic antioxidants exhibit a protective ef-
fect against the oxidative effect of copper on DNA in the 
calf thymus. Similarly, barley extracts of free and bound 
phenolic substances inhibit the breaking of the chain of 
DNA molecules. Barley contains various phenolic anti-
oxidants: benzoic and cinnamic acid derivatives, 
flavanols, flavones, flavanones, chalcones, 
proanthocyanides, quinones, and aminophenolic com-
pounds present in free and bound forms. At the same 
time, barley contains bound ferulic and p-coumaric acid 
in much smaller quantities than other grains – 50 mg/kg 
and 3 mg/kg, respectively. Anthocyanins are also con-
tained in barley grain 4 µg/g, corn 93-965 µg/g, black 
rice 2283 µg/g, sorghum up to 944 µg/g, wheat from 13 
to 153 µg/g [7, 13].  

Today, polyphenols are used both in the food 
industry as antioxidants, dyes, flavors of natural origin 
and in the compositions of physiologically functional 
ingredients, as well as in the pharmaceutical and cosmet-
ic industries.  

Wheat bran is of the greatest interest as a raw 
material for the production of physiological and func-
tional ingredients, as they are a by-product of the pro-

cessing of wheat into flour. Wheat is the most common 
cereal grown on the territory of Ukraine, which means 
solving the problem of bran utilization is relevant. There-
fore, it was advisable to present a general table of the 
main components of wheat bran and their physiological 
effects (Table 4).  

 
Conclusion 
Cereals are the source of a wide range of sub-

strates-growth promoters for the probiotic human 
microbiota. Such a variety of physiological effects, or-
ganoleptic characteristics and methods of production 
requires a systematic approach for determining endoge-
nous and technological factors that promote growth and, 
more importantly, the survival of probiotic microorgan-
isms in vitro and in vivo. The combination of probiotic 
cultures and physiological and functional substances can 
also improve the organoleptic properties of the product. 

In addition, the selection of dietary fiber, re-
sistant starches, β-glucans, oligosaccharides and antioxi-
dants from various types of grain or by-products of their 
processing is a promising direction in biotechnology, 
food and pharmaceutical industry. 

The development of new technologies for ob-
taining physiologically functional ingredients has the 
advantage that food manufacturers can increase the bio-
logical value of products that are already familiar to the 
consumer, as well as expand the range of products of-
fered. Cereals do not only have the ability to stimulate 
the growth of lactic and bifidobacteria, deliver them to 
the human intestine, but also contain insufficiently stud-
ied prebiotic compounds, the functionality of which must 
be studied. 
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ПЕРСПЕКТИВИ ВИКОРИСТАННЯ ЗЕРНОВОЇ СИРОВИНИ У  
ВИРОБНИЦТВІ ФУНКЦІОНАЛЬНИХ ПРОДУКТІВ 

 
Анотація 
Розвиток нових фізіологічно функціональних харчових продуктів є перспективним напрямом для сві-

тового ринку продуктів харчування. Включення функціональних інгредієнтів у їжу може збільшити біологічну 
цінність виробів, які вже знайомі споживачеві, а також розширити спектр пропонованих продуктів. Фізіологіч-
на активність інгредієнтів злаків коливається в широких межах: протиракові, протиалергічні, антиоксидантні 
властивості, пребіотичні, імуностимулюючі ефекти і т. д. Крім того, інгредієнти злаків можуть поліпшити орга-
нолептичні властивості хлібобулочних, молочних та кондитерських виробів. 

Злаки можна використовувати як пребіотиків: ферментні субстрати для росту мікробата пробіоту. Нау-
ково доведено, що непереварні вуглеводи зерна стимулюють ріст Lactobacillus acidophilus, L. casei, L. reuteri, L. 
rhamnosus, L. johnsonii, L. plantarum, Bifidobacterium longum, B. breve, B. lactis.  

Злаки містять водорозчинні волокна, такі як β-глюкан та арабіноксілан, олігосахариди, такі як ксило- та 
фруктоолігосахариди та стійкі крохмалі, які широко застосовуються як пребіотичні препарати. Крім того, зла-
ки, як пшениця, жито та рис, містять поліфеноли (похідні бензойної та коричної кислоти), що використовують-
ся як в харчовій промисловості як антиоксиданти, барвники, ароматизатори природного походження, а також у 
складі фізіологічно функціональних інгредієнтів, а також у фармацевтичному і косметичної промисловості. 

Таким чином, використання зернових як сировини для отримання функціональних інгредієнтів є перс-
пективою в галузі біотехнології, харчової та фармацевтичної промисловості.  

Модифікація технологій переробки злаків також дозволить виробляти недостатньо вивчені пребіотичні 
сполуки, функціональність яких повинна вивчатися. 

Ключові слова: злаки, пробіотики, пребіотики, модифіковані полісахариди, функціональні продукти. 
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