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OAT GUM STRUCTURE, PROPERTIES, PRODUCTION,
APPLICATION IN THE FOOD INDUSTRY

Abstract

Oat gum (B-glucan, glycan) belongs to the group of soluble dietary fibers. Due to their important functional properties, cere-
al p-glucans are used to reduce the level of cholesterol in the blood, alleviate the symptoms of diabetes, lower blood pressure, and
prevent cardiovascular and oncological diseases. Sources of f-glucans are yeast, mushrooms, bacteria, barley, oats. The use of sec-
ondary resources of barley and oat processing as a Source of f-glucans has both economic and environmental significance. Cereal
PB-glucans consist of f-D-glucose monomers connected by (1,3)- and (1,4)-glycosidic bonds. f-Glucan dissolves well in cold water
and is insoluble in ethyl alcohol. It is able to form very viscous solutions at low concentrations. The viscosity of solutions depends on
the concentration and molecular weight of f-glucan. The rheological properties of aqueous gum solutions do not depend on the pH
of the medium. The presence of NaCl in concentrations of more than 0.5% leads to a decrease in the viscosity of solutions, and the
addition of sucrose in the amount of 20-45% increases the viscosity. The technological features of obtaining -glucans are related to
the method of their extraction from natural sources. Extraction of oat gum from oat bran or rolled oats involves alkaline treatment of
flour at 50-70 °C and pH 8.0-10.5, removal of starch and proteins, precipitation of oat gum with alcohol and separation by centrifu-
gation. Solubility, degree of extraction, and yield of f-glucan from oats depend on particle size, pretreatment of grain raw materials,
and extraction conditions (temperature, pH, extractants). f-Glucan is isolated from the extract by dialysis, ultrafiltration or alcohol
precipitation. When using dialysis, highly viscous B-glucan is obtained, but with a lower yield; ultrafiltration and alcohol precipita-
tion allow a higher yield of f-glucan with lower viscosity. Oat gum can be introduced into a wide range of food products to provide
new functional properties and improve nutritional quality, including wheat bread, bakery products, cookies, pasta, soft drinks, as a
fat substitute in dairy and meat products. It performs the technological functions of a thickener, gelling agent, stabilizer or coating in
food systems.
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Introduction content ranging from 0.5-1% and 1.4-2.6%, respectively.

Recently, there has been a growing interest in Sorghum, rice and millet contain less B-glucan.
functional foods, which are obtained by adding physio- Oats are the most widely available source of cere-
logically functional ingredients to their composition. al B-glucan. The content of B-glucan in grain is largely
Such ingredients include dietary fibre, which has a posi- influenced by the genotypic characteristics of the oat
tive effect on physiological and biochemical processes in variety and its growing conditions [5]. Hulled oats con-
the human body [1]. tain more B-glucan than filmy oats. High temperatures

Oat gum (B-glucan, glycan) performs the techno- and excessive irrigation during grain cultivation cause a
logical functions of thickener, gelling agent, stabiliser or decrease in the content of B-glucan in grain.
coating in food systems. Due to its important functional B-Glucans predominate among the cell wall com-
properties, cereal B-glucans are used to lower blood cho- ponents of cereals.
lesterol levels, alleviate the symptoms of diabetes melli-
tus, lower blood pressure, and prevent cardiovascular and Structure
oncological diseases. [2]. According to experts, from B-D-Glucans are a group of structurally diverse
2023 to 2029, the global oat gum market will grow stead- carbohydrate polymers composed of B-D-glucopyranose
ily, with an increase of approximately 6.5% over this residues. To date, five common natural structures of B-D-
period [3]. glucans are known [6]:

The purpose of this review is to summarize the - cellulose or (1-4)-p-D-glucan, the most
data from the current scientific literature on the structure common polysaccharide in nature, which is
and physicochemical properties of oat gum, technologi- formed in higher plants, seaweeds, some
cal aspects of its production and use in food production. invertebrates and microorganisms;

- unbranched (1-3), (1-4)-p-D-glucans from

Literary review lichens and higher plants, in which both

Sources types of bonds are distributed randomly

B-Glucan is present in various natural sources: ce- along the chain;
real grains (oats, barley), yeast (in particular Sacchromy- - (1-3)-p-D-glucans produced by fungi and
ces cerevisiae), and some molds [4]. However, the main microorganisms;
sources of this valuable functional ingredient are cereals. - (1-6)-p-D-glucans from lichens and some
Among cereals, oats and barley have the highest B-glucan fungi;
content: 2-11% in barley and 2-7.5% in oats. For wheat - branched (1-3), (1-6)-B-D-glucans from
and rye, pB-glucan is a less common component, with a fungi and algae.
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Oats and barley contain unique metabolites - hy-
drocolloidal polysaccharides with mixed bonds - (1-3),
(1-4)-B-D-glucans. Their primary structure is a linear
chain of glucopyranose monomers linked by single B-(1-
3)- and consecutive B-(1-4)-glycosidic bonds (Fig. 1).
The structure of B-D-glucans determines their solubility
in water.

Physical and chemical properties

B-Glucan is highly soluble in cold water and in-
soluble in ethyl alcohol. It is capable of forming very
viscous solutions at low concentrations. The viscosity of
the solutions depends on the concentration and molecular
weight of B-glucan. At low concentrations (less than
0.2%), a p-glucan solution behaves as a Newtonian fluid,
i.e., an increase in the shear rate does not affect the vis-
cosity. However, at higher concentrations (more than
0.2%), B-glucan molecules with a high molecular weight
form viscous and pseudoplastic solutions. The pseudo-
plastic behavior increases with increasing concentration
and molecular weight. B-Glucans with high molecular
weight form viscous and pseudoplastic solutions, while
B-glucans with low molecular weight can form soft gels
at higher concentrations. An increase in the concentration
of the dissolved polymer usually leads to an increase in
viscosity, as does an increase in the molecular weight of
the dissolved substance [7].

The rheological properties of aqueous solutions of
oat gum do not depend on the pH of the medium. The
presence of NaCl in concentrations of more than 0.5 %
leads to a decrease in the viscosity of solutions, and the
addition of sucrose in the amount of 20-45 % increases
the viscosity, while a higher concentration of sucrose
negatively affects the rheological properties [8].

Production

Oat gum is produced from oat or other cereal
grains containing B-glucan. In the process of production,
the grain endosperm is subjected to extraction, followed
by fermentation and purification of oat gum from raw
material residues.

The extraction of oat gum from oat bran or flat-
tened oats involves several stages: alkaline treatment of
flour at a temperature of +50-70°C and pH 8.0-10.5,
starch removal, isoelectric precipitation of proteins, pre-
cipitation of oat gum with alcohol and separation by cen-
trifugation [9]. The content of oat gum varies in the range
of 3.0-6.3 % for oat bran and 1.8-5.2 % for flattened oats,
while the content of B-glucan in the gum varies in the
range of 70-89 % and 50-68 %, respectively. Oat gum
extracted at a temperature of +50-55°C and pH 9.2-10.5
is characterized by little or no starch contamination.

The solubility, degree of extraction and yield of -
glucan from oats depend on the particle size, pretreat-
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Fig. 1. Structure of cereal p-D-glucan [6]

ment of the grain raw material and extrac-
tion conditions (temperature, pH, extract-
ants).

To increase the yield of B-glucan,
dry fractionation methods are used, includ-
ing sequential grinding using a roller and
hammer mill with oat groats sieved or
classified in the air. Furthermore, the yield
of B-glucan is increased by heating the oats at 12% mois-
ture for 20 minutes. Fine grinding leads to a decrease in
the yield of B-glucan, but with an increase in particle
size, the degree of its extraction decreases. The distribu-
tion of B-glucan in cereals varies, and therefore the re-
spective fractions may differ in its content.

Other cereal components may limit the extraction
of B-glucan. Enzymatic processing of raw materials with
subsequent inactivation of enzymes allows to obtain a
product with a higher B-glucan content and solution vis-
cosity, but its yield is reduced [10, 11].

The enzymatic conversion of oat flour starch and
bran to maltooligosaccharides is carried out with the par-
ticipation of thermostable a-amylase at a temperature of
+95°C for 10-60 minutes. After that, a-amylase is inacti-
vated by passing the mixture through a jet ejector at
+140°C. The soluble B-glucan fibers and maltooligosac-
charides are extracted by centrifugation [12].

Protein degradation under the influence of proteo-
Iytic enzymes added before heating leads to an increase
in B-glucan vyield, although it has been found that this
reduces both the molecular weight and viscosity of barley
and oat B-glucans. Trypsin, which does not have [-
glucanase activity, unlike other proteases, is used as a
proteolytic enzyme [13].

To enrich cereal B-glucans, acidic or alkaline con-
ditions can be used in combination with elevated temper-
ature, dry fractionation, enzymes and extractants. Using a
slightly alkaline solution with a pH of 7.0-8.0 at +55°C,
87 % of B-glucan is extracted from barley flour with a
purity of 89 %. The extraction of B-glucan is more effi-
cient at +55°C than at +40°C, and increasing the pH has
no effect. In another method, to obtain a highly concen-
trated B-glucan solution, milled barley is treated in 70 %
ethanol, washed in 96 % ethanol or extracted with hex-
ane, and then treated with hot water and thermostable a-
amylase.

From untreated or enzyme-treated oat bran, PB-
glucan can be extracted with aqueous sodium carbonate
at +40 °C and pH 10.0, after which B-glucan is separated
from the extract by dialysis, ultrafiltration or alcohol pre-
cipitation. These methods make it possible to obtain
products from oats with a B-glucan content of 60-65%,
but the viscosity and molecular weight vary depending
on the processing conditions. Dialysis produces a highly
viscous B-glucan, but with a lower yield; ultrafiltration
and alcohol precipitation allow for a higher yield of B-
glucan with a lower viscosity [14].

Application in the food industry

Cereal B-glucans can be added to a wide range of
food products to impart new functional properties and
improve nutritional quality.

One of the most common foods enriched with [3-
glucan is bakery products and other wheat flour-based
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products. However, $-glucan added to wheat bread in the
amount of 2.5 to 5.0% significantly reduces the volume
and height of the bread. B-Glucans with a high molecular
weight undergo degradation during bread baking, which
leads to the greatest loss of dough and bread quality. In
contrast, low-molecular-weight p-glucans do not degrade
during baking. Freezing and thawing bakery products
reduces the solubility of oat B-glucans and weakens the
hypoglycaemic effect. Adding B-glucan to biscuits in-
creases their elasticity and water content. Oat B-glucan
has been successfully added to Asian noodles, which
allows reducing the use of rice flour by 50%, while main-
taining the quality of the noodles, their taste and without
culinary losses during cooking. The addition of B-glucans
to pasta leads to an increase in the water absorption in-
dex, water solubility index, and viscosity of products
[15].

Cereal B-glucans have been successfully incorpo-
rated into some dairy products. It has been found that f3-
glucan from oats is better than barley at supporting the
viability and stability of probiotics, and increases the
content of lactic and propionic acid in yoghurt. A probi-
otic low-fat dairy product enriched with -glucan resem-
bles yoghurt. Recently, there has been a growing interest
in the development of dairy desserts with good nutrition-
al and rheological properties, in particular, using carra-
geenan and oat gum [16].

B-Glucan is used as a fat substitute in cheeses.
The resulting cheeses have a lower hardness, desirable
taste and melt duration, and similar elasticity and cohe-
sion. However, when using cereal f-glucans as fat substi-
tutes in cheese, difficulties arise in creating a product
with unchanged sensory properties.

B-Glucans are used as fat substitutes in meat
products. Sausages with a fat content of 12% and 0.3%
B-glucan met the requirements, but with 0.8% B-glucan
in the sausages, tasters did not rate them positively. Re-
placing 50 to 90 % of the fat in hamburger beef with ce-
real B-glucans did not reduce the product yield, main-
tained a high moisture content, and slightly reduced the
size of the product.

Soft drinks prepared with the addition of 0.3-0.7%
barley B-glucan did not differ in color intensity from
drinks in which pectin was added. Beverages containing
0.7 % B-glucan were more acidic than those with 0.3 %
pectin. At the same time, the viscosity of the drinks in-
creased. With an increase in the concentration of [-
glucan, the beverages became lighter and flocs formed,
while the organoleptic properties of beverages with pec-
tin did not change [14]. When studying the effect of hy-
drocolloids - oat gum, guar gum and carboxymethyl cel-
lulose - on the sensory perception of sweetness and aro-
ma, it was found that the sweetness of drinks was best
perceived in oat gum solutions and the weakest in guar
gum solutions. The effect of thickener composition on
sweetness perception was greater than that of viscosity.
The reduction of sweetness by hydrocolloids was weaker
for aspartame than for fructose or sucrose [17].

Oat gum is authorized for use in Ukraine and Eu-
rope. There is no daily allowable intake, although its me-
tabolism and toxicity have not been determined. Taking
into account the possible harm of oat gum, a daily intake
dose has been established that should not exceed 20
mg/kg body weight.

Conclusions and prospects for further research
Oat gum (B-glucan) is a valuable physiologically
functional ingredient used to lower blood cholesterol
levels, alleviate the symptoms of diabetes mellitus, lower
blood pressure, and prevent cardiovascular and oncologi-
cal diseases. The data of modern scientific literature on
the structure and physicochemical properties of oat gum,
as well as the technological aspects of its production and
use in food production, are summarized. Further research
aimed at fortification of soft drinks with cereal B-glucans
as a convenient basis for the creation of functional food
products is promising. The development of products en-
riched with cereal B-glucan will help to provide the popu-
lation with food products with a sufficient amount of
dietary fiber.
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Anomauin

Bigcsana kameob (f-enioKkan, 2iikam) HALeHcumsb 00 pPYnu POIYUHHUX XAPYOGUX B0JIOKOH. 3a80sKU 8ANCIUBUM
DYHKYIOHATLHUM 6IACIMUBOCAM 3€PHO8I [-2NIOKAHU 3ACMOCO8YIOMYb 011 SHUICEHHS PIGHS X0JIeCMepUHy 6 Kposi, 0cia-
ONeHHA CUMNMOMIE YYKP0B020 Oiabemy, SHUNICEeHHS apmepianbHo20 MUCKY, NPOQINaKMUKY cepyeso-CyOUHHUX i OHKO-
JIO2TYHUX 3aX60pI06aHb. [dcepenamu f-enokanie € Opiowcoxci, epubu, baxmepii, Auminb, ogec. Buxopucmanus emopun-
HUX pecypcie nepepodienHs AYMeHIo ma isca AK 0dicepena f-enioKanie Mac Ak eKOHOMIuHe, MakK i eKoI02iuHe 3HAUeHHS.
3eprosi f-emokanu ckraoaiomvcsi 3 monomepis f-D-emokosu, 36’ sizanux (1,3)- i (1,4)-enikosuonumu 36 ’szxkamu. f-
Iniokan 006pe po3uuHAEMbCA 8 XON0OHIU 800 U He POZYUHAEMbCA 8 emuno8omy cnupmi. Bin 30amuuti ymeoproeamu
Oyoice 8 A3KI POUUHU 3a HU3LKUX KOHYeHmpayii. B saskicms posuunie 3anexcums 8i0 KOHYeHmMpayii ma MoneKyispHol
macu f-enrokany. Peonociuni enacmusocmi 600Hux posuunie kamedi ne 3anexcamsv 6i0 pH cepedosuwa. Hasguicmo I:l
NaCl y xonyenmpayisax 6invw ax 0,5 % npu3eo0umsv 00 3HUNCEHHSL 8 SA3KOCMI PO3YUHIB, A 000A8AHHA CAXAPO3U 8 Kilb-
xocmi 20-45 % niosuwgye 6 sizkicmo. Texnono2iuni 0coOAU80Cmi OMPUMAHHS [f-2NIOKAHIE N08 S3aHi 31 cnOCco6OM ix 00-
bysanns 3 npupoonux oxcepein. Excmpazyeanns 6iecanoi kameoi 3 GI6CAHUX BUCIGOK abO NIIOWEHO20 GI6Ca 6KNI0UAE
aygicHe 0bpobnenns bopowna sa memnepamypu +50-70 °C ma pH 8,0-10,5, sudanenns kpoxmanio i Oinkis, ocaoicenns
BIBCAHOL KameOi cnupmom I GI0OKpemlen st yenmpugyeysannim. Posuunnicms, cmynine excmpazyeanns ma euxio 3
8igca [-enokamny 3anexncams 6i0 po3mipy YaCmMuHOK, NONepeoHb020 00pOONEHHS 3epHOB0T CUPOBUHU Ui YMO8 eKcmpagzy-
sannst (memnepamypu, pH, excmpacenmis). p-I'noxan eudinsgioms 3 excmpaxmy Oianizom, yiempagitempayicio abo
cnupmosum ocaodicenusam. Ilpu 3acmocysanui 0ianizy ompumyoms 6UCOKOG A3KULL f-20KAH, NPOMe 3 HUICHUM BUXO-
oom; yrempaginempayis 1l 0CAONCEHHS CRUPMOM OArOMb 3MO2Y OMPUMAMU SUWULL GUXIO B-2TIOKAHY 3 HUJICYOIO
8 ’sskicmio. Biecana kamedv mooice Oymu 66e0eHa 8 WUPOKUL CREKMP Xap4o8Uux nPOOYKmie 01l HAOAHHS HOBUX (PYHKYI-
OHANLHUX 61ACMUBOCMEN | NOKPAWEHHS SAIKOCMI XAPYYBAHHS, 30KpeMa 8 NUeHUYHUL Xai0, X1i6006yi0uni 6upobu, nedu-
60, MaKapoHHi 6upodU, 0e3aNK020NbHI HANOI, AK 3AMIHHUKU JHCUPY — 6 MONOYHI Ut M AcHi npodykmu. Bona euxouye 6
Xapyosux cucmemax mexnHono2iuni Qyukyii 3azycHuxa, 2eneymaoprosaya, cmadinizamopa abo noKpumms.

Kirouosi ciioBa: B-riokaH, riaikal, pyHKkuioHaabHUIl iHrpeaieHT, yHKIIOHAIBHI Xap4yoBi POAYKTH

GRAIN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

Received 26.05.2023 Revised  25.06.2023 <-7
Reviewed 07.06.2023 Approved 29.06.2023 \

Cite as Vancouver Citation Style
Kosiv, R. Oat gum: structure, properties, production, application in the food industry. Grain Products and Mixed Fodder’s,
2023; 23 (2, 90): 16-19. DOI https://doi.org/10.15673/gpmf.v23i2.2707

Cite as State Standard of Ukraine 8302:2015
Oat gum: structure, properties, production, application in the food industry. / Kosiv, R. // Grain Products and Mixed Fodder’s.
2023. Vol. 23, Issue 2 (90). P. 16-19. DOI https://doi.org/10.15673/gpmf.v23i2.2707

ete - SISt S 5%

\

19 http://grain-feed.ontu.edu.ua


https://doi.org/10.3390/%20foods9101412
https://doi.org/10.1016/S0268-005X(09)80076-3
https://doi.org/10.15673/gpmf.v23i2.2707
https://doi.org/10.15673/gpmf.v23i2.2707

