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β-glucan is a polysaccharide found naturally in the cell walls of cereals, yeasts, seaweeds, bacteria, and fungi. The

physicochemical, functional, and technological properties of β-glucan are extremely different, depending on the source of

origin. This polysaccharide is used in the therapeutic, cosmetic, fitness, and professional sports fields. Interest in β-glucan

has arisen because it is a powerful immunostimulant, prebiotic, and dietary fiber. Interest in the use of β-glucan in the food

industry is associated not only with its positive impact on the health of consumers but also with its functional and

technological properties, which significantly improve the consumer characteristics of food products. The use of oat β-

glucan in the food industry became possible when the EFSA confirmed in 2010 that the daily consumption of oat β-glucan

in the amount of 3 g can reduce the risk of coronary disease and have a positive effect on the cardiovascular system,

provided that a diet with low saturated fat content is followed. β-glucan made from yeast has been recognized as a novel

ingredient and authorized for release since 2011.
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1. The Use of β-glucan in the Technology of Dairy Drinks and Fermented
Milk Products

1.1. Non-Fermented Milk Drinks

The production of chocolate milk is usually associated with the use of carrageenan as a stabilizer capable of reducing the

gravitational settling of cocoa powder particles. Bandana Chatterjee and Tinkal Patel  proved that the use of oat β-

glucan in the amount of 3% in combination with carrageenan increases the viscosity, has a favorable effect on the sensory

indicators of chocolate milk, and also enriches the product with dietary fiber, which allows positioning such a drink as

functional.

In the technology of milk with fillers—banana, chocolate, vanilla, strawberry—it is possible to use barley β-glucan, since it

has a chemical structure similar to oat β-glucan. In addition, it is possible to completely replace carrageenan with β-glucan

as it is an effective structure-former, which has been proven in experimental work with meat emulsions .

Oat β-glucan can act as a substitute for guar gum. Eva Vasquez-Orejarena et al.  developed a composition for a high-

protein milk drink in which oat flour was used as a stabilizer and a source of β-glucan. It was established that the

combination of milk protein isolate in the amount of 2.5% and 1.9% of oat flour (0.75 g oat β-glucan per 1 serving)

provided high-suspension stability for the drink (> 80%) and viscosity inherent in liquid drinks (< 50 mPa·s) with stabilizers

. An increase in the amount of oat flour led to a significant increase in the viscosity of protein drinks (from 51 to 100

mPa·s), which negatively affects their taste perception. Researchers have repeatedly drawn the attention of

manufacturers to the fact that the design of recipes for new drinks, in particular milk drinks, with dietary fiber, such as β-

glucan, requires a systematic approach to determining the rational dose of the additive . The functional properties of

dietary fiber and marketing promotion make it a popular product, which immediately affects the desire of manufacturers to

include it in the composition of products and position them as healthy or enriched . However, exceeding the rational

dose of β-glucan in cereals leads to the formation of a sandy consistency of the product, an aftertaste of oatmeal, or

dryness in the mouth .

1.2. Fermented Dairy Products

The use of oat β-glucan in fermented milk drinks (kefir, yogurts, rhazhenka, acidophilic milk, etc.) is promising due to the

fact that it allows the improvement of the physicochemical parameters of the product, in particular, to increase viscosity,

reduce acidity, prevent consistency defects (the separation of free water and the delamination of the product) , as well

as provide original taste properties. Thus, it was indicated that 0.6% of oat β-glucan in the composition of kefir, yogurt, and

fermented milk drinks based on buttermilk and skimmed milk significantly increases the viscosity, especially in yogurt .
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Furthermore, it was found that kefir drink and fermented milk had the best taste properties, while yogurt acquired a

pronounced extraneous aftertaste of rice porridge. A dose of 0.6% oat β-glucan excessively increases the viscosity of the

drink, which makes it impossible for the fermentation process to take place effectively. Xiaoqing Qu et al.  claim that a

dose of oat β-glucan at the level of 0.3% somewhat changes the chemical structure of three-dimensional mesh structure

of yogurt due to the fact that oat β-glucan slows down the interaction with casein, which shortens the fermentation process

by 16 min and increases the taste properties of the product. At the same time, a study by other scientists indicates that oat

β-glucan in the amount of 1.4% does not provide proper structuring of yogurt and leads to a liquid consistency of the

product , which can be explained by a specific combination of lactic acid cultures , a reduced fermentation

temperature (36 °C), and an increased dose of polysaccharide, which was due to the desire to position the product as

functional in terms of its dietary fiber content, but without a scientific explanation of the product formulation, it is

impossible. Thus, the addition of oat β-glucan to milk before fermentation slows protein aggregation due to phase

separation between milk proteins and β-glucan, which leads to a decrease in gelation . Therefore, when using cereal β-

glucan with relatively high content, it is advisable to additionally use probiotic strains of microorganisms that will ensure

proper gel formation. Furthermore, the increased amount of oat β-glucan has a positive effect on the growth and

development of microorganisms such as L. Paracasei .

The influence of cereal β-glucan on the development and vital activity of probiotic organisms in the composition of

fermented milk and milk-based drinks was also noted by other scientists. María Isabel Chávez de la Vega et al. 

reported that oat β-glucan affects the proteolytic activity of Lb. Rhamnosus GG during milk fermentation. In order to

achieve the maximum impact on the development of Lb. Rhamnosus GG, β-glucan content should be 22.46 g per 1 liter of

milk . Poorva Sharma et al.  established that the number of bacterial cells of Lactobacillus acidophilus and

Lactobacillus bulgaricus during fermentation of mixtures with whey protein concentrate (70%) and oat β-glucan

significantly increases during the first 10 hours of the process. Similar are the conclusions regarding the significant

influence of oat β-glucan on the vital activity of Lactobacillus plantarum B28 in the composition of a probiotic drink made

from oats .

Most scientists confirm that one of the main advantages of using cereal β-glucans as part of fermented milk products is

their effect on syneresis , which is especially relevant in the production of low-fat or skimmed fermented milk products.

The difference in the degree of influence of oat or barley β-glucan on the viscosity of yogurts  can be explained by the

composition of their formulations. It was established that, in the presence of starch, the hydrophobicity of the hydrogen

bonds of amylose and β-glucan occurs, which leads to the destabilization of the spatial network and, as a result, the liquid

consistency of the drink . This shows once again that the ingredients in products with β-glucan need to be backed up

by science.

The use of β-glucan from baker’s yeast in the technology of milk drinks allows obtaining healthy products. Eunice Mah et

al.  developed a milk drink with 0.1% β-glucan from dispersed yeast, which was included in the diet of marathon

runners. It has been established that the consumption of such a drink during the 91  day reduces the symptoms of a cold

a few days after intense exertion, which allows reducing training gaps after a marathon and recovering strength sooner.

Eunice Mah et al.  investigated soluble and insoluble β-glucan from Wellmune® brand yeast at 0.1% in a milk drink that

improved symptoms in marathon runners. The results of the conducted research confirm that not all β-glucan is able to

show immunomodulating properties. In particular, this is more characteristic of β-glucans from fungi and yeast . The

yeast preparation, Wellmune®, is widely used in various fields of the food industry and pharmaceuticals , but it is

understudied in the technology of milk drinks, in particular for therapeutic and medicinal purposes.

The use of brewer’s yeast as a source of β-glucan is rational not only from the point of view of improving the

physicochemical parameters of the product but also from the point of view of implementing the principles of sustainable

development of brewing enterprises . Brewer’s yeast is a by-product of beer production, the volume of which is

extremely large, which can have a negative impact on the environment .

β-glucan from brewer’s yeast was studied in the range of 0 to 2% in the composition of skimmed milk yogurt . It was

established that its dose at a level of 1.5% improves the rheological properties, in particular, it allows to obtain the

viscosity value and consistency characteristic of yogurt with high-fat content. The possibility of using β-glucan from

brewer’s yeast as a milk fat replacer was investigated by Anna Piotrowska et al.  in the formulation of yogurt with 3%

fat. Among the range of β-glucan (0.15–0.9%) chosen for the study, the best dose was 0.3%, which provided a rich milky

taste, viscous consistency, and milky smell. Such a result of the sensory evaluation was possible only because the yogurt

was not low-fat.
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In general, the use of β-glucan from edible mushrooms in dairy beverage technologies is quite limited due to the lack of

information on its properties in food systems based on dairy raw materials, as well as the complex production technology

(paste- or gel-like form).

The use of β-glucan from microalgae in food technology is also poorly researched. One such representative is Euglena
gracilis, which contains a significant amount of β-glucan (> 50%) . The use of this microalgae became possible when

the NDA in 2020 recognized the safety of dried whole cells of Euglena gracilis as an innovative ingredient, which

confirmed the regulation of the European Commission . The permissible levels of use of Euglena gracilis in fermented

milk drinks are as follows: yogurt–no more than 150 mg/100 g, yogurt drinks–no more than 93.75 mg/100 g .

The effect of biologically active substances of Euglena gracilis on the vital activity of lactobacilli is known, but scientists

have not yet determined what role β-glucan plays in this process. Junjie Dai et al.  believe that β-glucan support for the

growth of bacteria such as Lactobacillus acidophilus is mediated because it is not a major probiotic molecule in Euglena

. This data may be important in the development of fermented milk drink formulations with β-glucan from microalgae

Euglena gracilis.

The effectiveness of bacterial β-glucan was evaluated in yogurt by Niamh Kearney et al. , who used the strain

Lactobacillus paracasei NFBC 338 containing the Pediococcus parvulus glycosyltransferase gene responsible for β-

glucan production. This technology makes it possible to reduce the syneresis of the fermented clot due to the high

moisture-binding capacity of β-glucan and to improve the texture of yogurt due to the increase in viscosity. However, the

influence of β-glucan on the vital activity of Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus was

not detected, although the recombinant probiotic culture maintained high viability (> 108 CFU mL ) during 28 days of

yogurt storage. The improvement in the structure of yogurts when using different lactobacteria as a source of β-glucan

can be explained by their production of exopolysaccharides, in particular β-glucan capable of inhibiting casein

aggregation, which increases its stability and affects the viscosity of the final product .

2. The Use of β-glucan in Cheese and Cheese-like Products Technology

2.1. Oat and Barley β-glucan

β-glucan use of various origins in cheese technology is not as popular as in dairy beverages, which is due to the specific

properties of β-glucan in these food systems. Scientists are becoming more interested in it, though, because it can

structure mixtures during the fermentation of milk curd and actively bind whey, which leads to a higher yield of the finished

product .

The most studied in the technology of cheese and cheese-like product manufacturing is cereal β-glucan, which, despite its

ability to imitate the taste of milk fat, has certain limitations due to the deterioration of sensory indicators of protein-

containing products . Thus, Pantelis Volikakis et al.  investigated the effect of oat β-glucan in amounts of 0.7 and

1.4% in the technology of white-brined cheese with a reduced fat content (70% lower than in the full-fat analog) on quality

indicators. The ability of β-glucan to reduce active acidity and increase the yield of the finished product by preventing

whey separation during 90 days of storage was noted, which undoubtedly affects the texture of the product . However,

its use leads to a significant deterioration in taste and appearance. Other studies have also reported the possibility of an

aftertaste of oat flour and a gray color, which significantly impairs the consumer properties of the product. Thus, the use of

cereal β-glucan in cheese technology should be limited and should be combined with natural dyes and/or food flavor fillers

to make a product with an interesting and unique taste and smell . The fat replacer "Nutrim" based on oat β-glucan in

the form of a hydrocolloid suspension was studied in samples of low-fat cheddar cheese (mass fraction of fat: 3.47 and

6.84%) . Although the control sample had a higher yield of finished product compared to the experimental samples, an

improvement in cheese texture was noted. Using scanning microscopy, it has been proven that a β-glucan-based milk fat

replacer contributes to the formation of a uniform texture with small moisture droplets, which is associated with the high

fat- and water-holding capacity of the polysaccharide presented in the form of a suspension .

The combination of β-glucan and phytosterols makes it possible to obtain an effective replacer for milk fat in low-fat cream

cheese technology . β-glucan provides a significant increase in viscosity, while phytosterols reduce the coefficient of

friction, which contributes to the easy and plastic spreading of the cheese. This combination makes it possible to

effectively use the advantages of both components and obtain a low-fat product with sensory properties similar to a high-

fat counterpart. The combination of phytosterols, β-glucan, and the probiotic culture of L. Rhamnosus allowed for an

increase in the content of diacetyl compounds, which contribute to the formation of the buttery taste of the low-fat cream
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swirl . In addition, the combination of β-glucan and phytosterols provides an open product structure with evenly

distributed cell walls of L. Rhamnosus in a casein matrix .

That is why the search for options for combining polysaccharides with other technological ingredients has extraordinary

practical value, especially in the technology of low-fat products .

Barley β-glucan has been investigated in the composition of functional low-fat Dahi cheese based on buffalo milk . The

mass fraction of the additive at a level of 0.5% ensures the most harmonious combination of individual organoleptic

indicators. Adding more barley β-glucan makes the product less similar to traditional cheese because it makes the

structure too hard. This happens when β-glucan binds too much whey , and it also changes the color of the cheese,

which has been seen in other studies . R. Elsanhoty et al.  note the possibility of using up to 5% of barley β-

glucan in low-fat labneh cheese technology, which effectively masks fat reduction (up to 50%) and significantly improves

the viability of probiotic cultures Lactobacillus acidophilus LA-5 and Bifidobacteria lactis Bb12 included in the composition

of the starter preparation. An interesting detail of the obtained data is the excellent microbiological indicators, despite the

increased yield of the finished product due to the retention of whey . Other scientists have reported on the ability of

barley β-glucan to influence the fermentation time of milk cheese mixtures because, at a high degree of gelation between

the polysaccharide and the casein micelles of milk, it is significantly reduced , which, presumably, can be one of the

aspects of enzyme preparation economy and requires additional experimental studies.

The high gelling ability of barley β-glucan has also been investigated in the technology of curd, in particular, due to the

urgency of finding natural functional and technological ingredients capable of reducing the volume of raw material losses

during production. Carmen M. Tudorica et al.  established that barley β-glucan not only reduces the loss of raw

materials due to effective water retention  but also increases the viscous and elastic characteristics of curd, increases

the yield of the finished product, and significantly reduces the duration of the technological process due to the high water-

binding capacity and the structuring ability of β-glucan. Furthermore, unlike oat β-glucan, it acts like milk fat, which gives

the product a better taste and makes it possible to use more of it .

The use of barley β-glucan in the technology of pasta filata cheeses requires small doses, which is associated with a

negative effect on the elasticity of the cheese mass in the process of kneading and forming products, as well as melting

during the use of the finished product . A rational dose of barley β-glucan (0.2%) was established in the technology of

low-fat mozzarella, which ensures the high elasticity of the cheese mass due to an increase in the mass fraction of

moisture in the product and masks the lack of fat .

2.2. β-glucan from Yeast

Although yeast β-glucan has a strong immunostimulant effect and helps protect the body from infectious and viral

diseases, its use in cheese technology is problematic because yeast is an undesirable component of the microflora in

such products and can cause a variety of texture defects, such as swelling and the appearance of cracks . However,

β-glucans are more likely to be used in a line of alternative cheeses and products that taste like cheese that are meant to

help vegans, vegetarians, people with high cholesterol, and people who like to try new things in their diets.

Kerry Group P. L. C. (Ireland) offers for use high-quality β-glucan from baker’s yeast, which can be used in the production

of cheeses, fermented milk products, and sports drinks . The advantage of this β-glucan is its high content of vitamin

B , which is especially important for vegans and vegetarians because it is the most deficient in people who do not

consume food of animal origin . "Hyeast Biotech" (China) offers a highly purified preparation of yeast β-glucan, which

has a pronounced immunoprotective effect . Such an additive is widely used in vegan pasty cheeses or other cheese

substitutes that have a texture and taste similar to their dairy counterparts without the specific odor of yeast due to the

high degree of purity . Saccharomyces cerevisiae has a significant potential to produce β-glucan. However, its

microstructural mesh can be much smaller than certain bacterial species, which should be considered when choosing a

food system . Considering that Saccharomyces cerevisiae is popular for use in the production of pizza, cheese

casseroles, and pasta due to their cheesy taste, β-glucan isolated from them can have a positive effect on the taste

properties of cheeses. The preservation capacity of Saccharomyces cerevisiae biomass was also reported, which may be

related to the content of protein peptides . Such a property can be interesting, for example, in the production of

cheese with mold.

2.3. β-glucan from Microorganisms

The isolation of β-glucan is also possible from such microorganisms as Pediococcus parvulus 2.6, Aspergillus spp.,
Oenococcus oeni IOEB0205, Xanthomonas campestris, Lactobacillus diolivorans G77, Lasiodiplodia theobromae,
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Botryosphaeria rhodina, and Bacillus natto .

β-glucan produced from X. campestris has the smallest dimensions of the microstructural network, which affects the

presence of biologically active substances. It is somewhat higher in β-glucans from S. cerevisiae and B. natto, and the

lowest biological activity in β-glucan is from A. oryzae.

Bacillus subtilis natto is used in Asian countries in the technology of fermented products, in particular cheese-like products

based on legumes . Cyclic β-glucans from Agrobacterium, Bradyrhizobium, and Rhizobium spp. are considered more

soluble and bioavailable, but they have not been studied in cheese technology, which outlines the scope of scientific

interest in them.

2.4. β-glucan from Edible Mushrooms

The use of β-glucan from edible mushrooms is limited due to insufficient awareness of their immunomodulating and

preventive properties and a lack of scientific data on their use in cheese technology . However, considering the fact that

cereal β-glucan is not widely used in the composition of these products, edible mushrooms can be a promising source of

β-glucans .

In addition, β-glucan extracts from the edible mushroom Pleurotus ostreatus in the amount of 0.4% were used in the

production of non-fat cheese based on sheep’s milk . In general, the texture of the cheese was improved by the β-

glucan use of Pleurotus ostreatus, but for this, the duration of ripening must be at least 180 days. The most important

advantage of its use is the possibility of reducing the mass fraction of fat by up to 50% in cheese, which does not affect

the change in organoleptic indicators. This is partly due to the ability of β-glucan to mimic the taste of milk fat  and, on

the other hand, to the pasty form of β-glucan obtained from Pleurotus ostreatus . β-glucan in a form other than powder

may pose some problems, but this technology has a place and needs to be improved because of the demand for high-

quality, low-fat functional products that taste like their high-fat counterparts .

Kondyli et al.  continued a series of experiments with β-glucan from Pleurotus ostreatus in the technology of a

functional pasty cheese-like product based on sheep’s milk. At a mass fraction of 0.4%, β-glucan did not significantly

affect the biological value of the finished product, but allowed the improvement of its structure by increasing viscosity .

However, due to the high moisture-binding capacity of β-glucan, the pasty cheese-like product contains more moisture

than its counterparts, which affects the water activity in this food system and, accordingly, the duration and storage

conditions of the finished product. In addition, the product was distinguished by a bright and attractive color. Khorshidian

et al.  recommended not exceeding the dose of β-glucan in dairy products by more than 1%. However, other scientists

proved that the permissible dose of β-glucan in yogurt can be 1.5% , which outlines the contradiction between the

existing scientific data and requires clarification for each product technology individually .

3. The Use of β-glucan in the Technology of Ice Cream and Frozen
Desserts

3.1. Oat and Barley β-glucan

Traditional ice cream is a high-calorie product with a fairly high content of sugars (up to 15–16% sucrose and 4.2–5.5%

lactose) and fat (up to 16%), which limits its use for people who are overweight, lactose-intolerant, diabetic or who follow

low-fat diets . Considering the fact that this dessert is common in most countries of the world, scientists are

developing new types of ice cream with reduced fat, milk sugar, probiotics, protein, and sour milk content . A sharp drop

in taste quality in low-fat or non-fat frozen desserts is a big problem that needs a complex solution 

Scientists have said many times that polysaccharides can act like they do not have any fat, and when they are combined

with protein ingredients and treated specially, they become good replacements for milk fat .

Oat β-glucan is similar to guar gum in its technological and functional properties , which allows it to be used in ice

cream recipes not only as a milk fat mimetic but also to partially or completely replace the stabilizer.

Marek Aljewicz et al.  investigated the possibility of reducing the mass fraction of fat in classic ice cream from 10 to

2.5% using highly purified oat β-glucan. A dose of β-glucan at the level of 1% provides a product that is maximally close to

the control sample with high-fat content in terms of sensory indicators . Oat β-glucan increases the overrun and

viscosity of ice cream mixes. However, in the case of excessive structuring, the aeration of mixtures with air during

freezing may deteriorate, which will reduce overrun and increase the hardness of ice cream. Due to its high moisture-
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binding and water- and fat-holding capacity, β-glucan in excess effectively structures mixtures, which impairs the uniform

distribution of the air phase in the thickness of the product . In order to increase the aeration of mixtures during

freezing, it is advisable to use inulin, which can reduce the hardness of ice cream, which is one of the recommendations

for the use of β-glucan in frozen desserts .

Lazaridou et al.  also dealt with the issue of reducing the effect of β-glucan hardness in food systems. It was

established that the addition of polyols to barley β-glucan solutions slows cryostructuring and leads to the formation of

weaker and less thermostable cryogels, compared to control systems without polyols. On the other hand, mechanical

deformation tests revealed an increase in the hardness and strength of β-glucan cryogels with the inclusion of polyols in

the following order: sucrose, fructose < glucose, xylose < sorbitol, which requires further scientific research in the

technology of frozen desserts.

The use of cereal β-glucan in the amount of less than 0.5% in ice cream technology may not be justified in general

because such a dose will not make it possible to achieve a technological effect. It is well known that using 0.4% barley β-

glucan in the production of ice cream based on buffalo milk with 4.17% fat not only produces the desired result but also

reduces overall quality, particularly due to the unsatisfactory texture of the product . A similar conclusion was

reached by another group of scientists, who determined the dose of oat β-glucan at the level of 0.6% to be the most

acceptable among the range of 0.1–0.6% for use in low-fat ice cream, which provides ice cream with a rich milky taste

due to increased viscosity, which prevents the defect of a watery and empty taste .

Rahil Rezaei et al.  reported that oat β-glucan was able to regulate the textural properties of frozen soy yogurt by

increasing viscosity. In addition, an overall increase in quality was observed when the fermentation process of the mixture

was prolonged since the presence of soybeans is an inhibitory factor for the duration of fermentation of such mixtures .

With higher concentrations of oat β-glucan in the technology of frozen soy yogurt, the duration and temperature of ice

cream mixture ripening are subject to the refinement of technological modes, which will significantly affect the quality of

the product. The introduction of β-glucan in the amount of up to 1–2% allows reducing the duration of ripening from 24 to

13 h (at a temperature of 2 °C), which ensures the high viscosity and moderate hardness of the product after freezing .

An increase in temperature up to 6 °C does not make it possible to reach the optimal viscosity value within 24 hours and

negatively affects the quality of the frozen dessert.

3.2. β-glucan of Bacterial Origin

As in the case of cereal β-glucan use, β-glucan of bacterial origin also leads to an increase in the resistance of ice cream

to melting, which is probably related to the formation of a stable polysaccharide matrix, inside which molecules retain free

moisture. However, Marek Aljewicz et al.  reported that a dose of β-glucan isolated from Agrobacterium sp. at a level of

1% provides the same resistance to melting value as 0.5% highly purified oat β-glucan, which suggests a less pronounced

ability of bacterial β-glucan to retain free moisture. This can be a technological advantage of bacterial β-glucan because

the resulting ice cream will be less hard than when using cereal β-glucan. For a significant decrease in the mass fraction

of fat in ice cream, β-glucan from Agrobacterium sp. cannot completely mask its absence, which may somewhat limit its

use.

The source of β-glucan can be bacteria such as Alcaligenes spp., Agrobacterium spp., Paenibacillus spp., Rhizobium
spp., Saccharomyces cerevisiae, Candida spp., fungi such as Aureobasidium pullulan, and Poria cocos. However, β-

glucan from bacteria and fungi has not yet been explored in ice cream production. Scientists should look into whether or

not they could be used to make frozen desserts because their chemical makeup includes biologically active substances

and complexes that can reveal protective functions in the human body. Triveni P. Shukla and Gregory J. Halpern 

proposed a way to reduce the mass fraction of fat in ice cream by replacing it with an emulsified liquid shortening

composition containing a gel of dietary fiber, water, and lipid, as well as additional bioactive components, including yeast

β-glucan . Using yeast β-glucan makes it possible to make low-calorie ice cream that also has health benefits . This

type of ice cream will be in high demand among modern consumers.
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