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ABSTRACT

A healthy diet, of which unrefined grain products are an essen-
tial element, is crucial to maintaining health and well-being.
Both oats and oat products have been used for centuries and are
awidely popular dietary component. They are rich in nutrients,
vitamins and minerals, as well as other biologically active com-
pounds, which gives them many health-promoting properties.
Because of their high nutritional value, these products are widely
used in many branches of industry.

The aim of this article is to present the current body of know-
ledge about the influence of oat products on human health, and
also their industrial applications. A special emphasis is placed
on the relationship between the intake of products made from
oats and the development and treatment of such disorders as

ABSTRAKT

Wtasciwa dieta, ktorej elementem sa niskoprzetworzone pro-
dukty zbozZowe, jest czynnikiem koniecznym do zachowania
zdrowia. Zaréwno owies, jak i przetwory owsiane sa stoso-
wane od wiekéw i ciesza sie duzg popularnoscia jako sktadnik
diety. Sg one bogate w sktadniki odzywcze, witaminy i mineraty
oraz inne zwiazki o charakterze biologicznie czynnym, dzieki
czemu wykazuja wiele wtasciwos$ci prozdrowotnych. W zwigzku
z wysoka warto$cig odzywcza produkty te znalazty szerokie
zastosowanie w wielu gateziach przemystu.

Celem pracy byto przedstawienie aktualnego stanu wiedzy
dotyczacej wptywu produktéw owsianych na zdrowie czto-
wieka, a takze ich wykorzystania w przemys$le. Szczeg6lna
uwage poswiecono zaleznosci pomiedzy spozyciem produktéw
uzyskanych z ziarna owsa a wystapieniem i leczeniem takich

INTRODUCTION

Oat grain is a valuable source of various biologically active
compounds. These compounds can be used in many industrial
sectors, as well as for the purposes of prevention and treatment
of health conditions. Oats and oat products have been used for
centuries and are an incredibly popular dietary component,
aremedy for various health ailments, and a source of valu-
able components in many branches of industry. The growing

type 2 diabetes, cardiovascular diseases and excess body weight.
There are many scientific reports indicating that the incorpo-
ration of oat products into the diet is associated with benefi-
cial effects in the context of the above conditions, notably due
to the high content of water-soluble dietary fibre, particularly
-glucans, which deserve special recognition. According to the
body of academic literature, high consumption of the latter is
linked to enhanced glycemic control, reduction in blood cho-
lesterol and may also contribute to weight loss in overweight
and obesity. For these reasons, oat products deserve special
attention and should be recommended for both prophylactic
and therapeutic use in metabolic disorders.

Keywords: Avena; metabolic disorders; beta-glucans.

zaburzen, jak cukrzyca typu 2, choroby uktadu krazenia czy nad-
mierna masa ciata. Istnieje wiele doniesienn naukowych swiad-
czacych, ze wiaczenie do diety przetworéw owsianych wiaze
sie z korzystnym dziataniem w kontekscie wymienionych scho-
rzen, a na szczegdlne zainteresowanie zastuguje wysoka zawar-
tos¢ frakcji rozpuszczalnej wtékna pokarmowego, a zwtaszcza
-glukanéw. Jak mozna wnioskowac z literatury fachowej, ich
wysokie spozycie wiaze sie z lepsza kontrola glikemii, obnize-
niem stezenia cholesterolu we krwi, a takze moze przyczyniac sie
do obnizenia masy ciata u oséb z nadwaga czy otytoscig. Z tych
wzgledow produkty owsiane zastuguja na szczegélna uwage
i powinny by¢ zalecane zaréwno w celach profilaktycznych, jak
ileczniczych w przypadku choréb o podtozu metabolicznym.

Stowa kluczowe: Avena; choroby metaboliczne; beta-glukany.

interest in healthy lifestyles and in the properties of widely
available natural materials has earned recognition for oats
and oat products in the eyes of those following the rules of
healthy nutrition, and those interested in preventing diseases
and supporting therapies. It is common knowledge that a well-
balanced diet is essential to maintaining good health, while an
imbalanced diet may be a contributing factor in the develop-
ment of metabolic disorders and so-called lifestyle diseases.
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The aim of this paper is to address the various potential
applications of oats and oat products and to present its posi-
tive impact on the human body.

CHARACTERISTICS OF OAT PRODUCTS

The oat (Avena) belongs to the grass family, encompassing some
35 species originating from north Africa, central Asia and the
Mediterranean region, some of them grown as a grain crop,
some naturalised and some regarded as weeds. One species,
the common oat (Avena sativa), is seen as the most important,
as itis widely cultivated in regions with a temperate and cool
climate. The common oat grain is used as a raw material in
the production of livestock feed and also in the production of
oatmeal and oat flakes with a wide range of cooking applica-
tions [1]. The oat, as a plant rich in various biologically active
compounds, may be used in the prevention and treatment of
many health conditions. Oat grain is used in human nutrition,
and that is why from the nutritional point of view it is crucial
to establish the health-promoting benefits of that particular
element of plant morphology [2].

The most popular oat products include oat flakes, which
can vary in terms of degree of granulation and toasting, oat
bran, as well as products obtained directly from fragmented
(steel-cut, ground), dehusked oat grain, better known as oat
groats. Oat products (flakes, bran, meal or 3-glucan prepara-
tions) are often added or used as a base in bread, in granola or
muesli-type mixes of cereals, concentrated foods (including
instant foods, cocoa) and confectionery products. The content
of oat flakes in bakery products may amount up to 50%, and
oatmeal or bran to 20-30%. Oat bran is currently one of the
most popular oat products. It may be obtained from oat grain
or oat flakes which are fragmented, sized and separated mul-
tiple times, to remove the starchy endosperm from the fibre-
rich fractions. It should contain no less than 18-25% (16 g/100 g
dry weight, d.w.) of dietary fibre and 5.8-8.9% (5.5 g/100 g d.w.)
B-glucans. Oat bran is high in proteins and contains consider-
able amounts of vitamin E and B-group vitamins; it has a higher
fat content than oat flakes, but a lower level of minerals. There
are many new oat products launched in the global market with
an enhanced (3-glucan content. They include: fruit beverages
fortified with oat -glucans (no less than 5% content), oat milk,
and fermented beverages based on wholegrain oatmeal with
the addition of Lactobacillus plantarum. Oat milk is made from
oatmeal or fine oat flakes which are exposed to $-amylase and
hydrothermal processing to increase the levels of maltose and
dextrins, producing a drink with a similar sweetness level as
milk. One should bear in mind, however, that processed oat
products, such as bars, biscuits and instant foods, may contain
more than 10 g of saccharose per portion and in excess of 200
kcal. Other products made from oats are glucan preparations
sold under the trade names: C-Trim, Nutrim, Oatrim. The latter
is a polysaccharide preparation obtained from oat bran or meal
through the enzymatic degradation of starch. It is character-
ised by a high content of water-soluble dietary fibre (5-10%
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B-glucans) and is used as a fat substitute with a reduced calorie
content (1 kcal/g) in the processing of various foods, such as
cheese, chocolate, margarine, butter, confectionery and baked
goods. Likewise, C-Trim and Nutrim, rich in $-glucans (5-50%),
may be used as fat substitutes and/or functional additives in
food production. The US market also contains oatmeal mar-
keted under the trade name Avenex, which is used as a stabi-
liser and antioxidant to extend the shelf life of such products
as: fish oils, dried egg products, milk and milk products, as well
as meat and fish products. In Poland, the following products
are made from oat grain: oat bran, flakes, meal, groats, mid-
dlings, fibre preparations (with -glucan content at 30%) and
mixes of cereals and fruits such as muesli and granola [3, 4].

NUTRITIONAL VALUE OF OAT PRODUCTS

Oat grain contains a wide range of valuable ingredients which
determine its usability in processing and in human nutrition.
Oats are an excellent source of protein rich in exogenous amino
acids, with a different fractional composition than other cere-
als and a high nutritional value. Globulins account for approx.
50-80% of the protein complex in oat grains, with the content
of glutelins and prolamins estimated at 20-25%. Such a ratio is
indicative of the high biological value of proteins among cereals,
found only in oats. The quality of the proteins, reflecting their
biological value, depends on the sum of the content of individual
exogenous amino acids, as well as on the mutual proportions
between them. By eating 100 g of oat flakes, one may cover
the daily requirement for 7 out of 10 exogenous amino acids.
The domestic cultivars of oats have a much higher fat con-
tent than other cereals (barley, wheat, rye and corn). The fat
content is in the range of 4-10% per 100 g of the product. Oat
fatis a source of unsaturated fatty acids, accounting for approx.
80% of all acids. They include: linoleic acid (24-48%), oleic acid
(29-53%), a-linolenic acid (1-5%), as well as some long chain
fatty acids: arachidonic, docosahexenoic and eicosapentenoic
acid. In raw oat fat, the content of essential fatty acids (EFA)
amounts to approx. 40%, which corresponds to 2.5-3.0% con-
tent in oat flakes. Eating 100 g of oat flakes is enough to cover
approx. 30% of the daily requirement for linoleic acid. Oat oil
is very well tolerated by the human body. A diet rich in oat
products is also observed to have a hypocholesterolemic effect,
probably owing to the interaction of the nutrients contained
in oats: linoleic acid, polyphenols, phytosterols and dietary
fibre. Compared to other cereals, oats have the lowest content
of polysaccharides. The total content of oligo- and monosac-
charides amounts to approx. 1%, made up primarily of glucose
and fructose (52 and 91 mg/100 g), raffinose (190 mg/100 g)
and sucrose (640 mg/100 g). Starch is the predominant poly-
saccharide, accounting for approx. 55% of the grain, which is
still about 10% less than in other cereals. Starch is without
a doubt a major storage substance of cereals, accumulated in
the endosperm - the germ and bran do not contain it. Other
important substances are complex polysaccharides, such as cel-
lulose and hemicellulose, which are the structural components
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of the cell wall and constitute the insoluble fraction of dietary
fibre. Oat grain and oat products are an important source of
dietary fibre in the daily diet. Whole oat grains prior to hull-
ing have an average fibre content of 32%, while in oat flakes
fibre averages 14%, with close to 8% in the soluble fibre frac-
tion and 6% of the insoluble fraction. Oats are the only cereal
with such a high level of soluble fibre fraction, which plays the
more important role in the context of human nutrition. The
most essential component of soluble fibre found in oats are
B-glucans. They are a mixture of linear unbranched chains
of 3-D-glucose, linked by 3-1,6, 3-1,4, $-1,3 and a-1,4 glycosidic
bonds. The content of dietary fibre in cereal products differs
because of the non-uniform distribution of fibre in the grain.
Wholegrain bread, flour, flakes and groats provide the most
valuable sources of 3-glucans. Oat fibre is particularly inter-
esting, due to its numerous health-promoting properties, such
as improving glycemic control or hypocholesterolemic action.
By activating the phagocytes responsible for absorbing cell
debris and unwanted substances, 3-glucans help reinforce
the body’s immune system, which makes them potentially
useful in cancer therapies. What is more, by stimulating the
development of healthy bacterial flora in the large intestine,
which feeds on dietary fibre, they contribute to enhancing
resistance to infections. Fats originating from oat grains were
found to contain compounds with strong antioxidant prop-
erties. Among them are polyphenols, including hydroxycin-
namic acids (caffeic and ferulic) and hydroxybenzoic acids.
They act as reducing agents for hydroxides and peroxides, and
also inhibit free radical reactions. In addition, they exhibit
a bacteriostatic action and have a beneficial influence on the
heart and the circulatory system, as well as prevent neoplas-
tic diseases and chronic inflammatory conditions. Other well-
known antioxidants found in oat grains include phenolic acid
esters and amides, vitamin E, alkylphenols, avenanthramides
and flavonoids. These compounds bind to metals, particularly
copper and iron, blocking enzymatic oxidation processes.
Oat products are a rich source of mineral salts. The ash
content in whole grain oats is estimated in the range of 2.7-
3.7%, and mineral compounds are concentrated in the outer
layer of the kernel. Hulled grain contains approx. 50% of the
mineral content of the whole grain. The mineral content of
oat grains is positively correlated with the level of soluble
dietary fibre fraction. Notable minerals include compound
forms of magnesium, calcium, iron, phosphorus and consid-
erable amounts of silicon. Moreover, whole oat grains, green
oat, oat flakes and bran contain large amounts of zinc. The low
sodium content makes oat products suitable for people with
cardiovascular disorders. Oat grains are regarded as a good
source of vitamin E, thiamine (vitamin B1) and pantothenic
acid - 100 g of oat flakes can satisfy 40% of the daily require-
ment for vitamin B1 and approx. 20% for vitamin E. An iso-
form of vitamin E, a-tocotrienol, inhibits cholesterol synthe-
sis in the liver, bringing down low-density lipoprotein (LDL)
cholesterol and total cholesterol levels in blood. An adequate
intake of vitamin E helps reduce the risk of developing pros-
tate cancer (by approx. 43%), breast cancer, oral, gastric and
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throat cancers, and body vitamin E levels are observed to be
inversely proportional to cardiovascular disorders, includ-
ing atherosclerosis [5].

INDUSTRIAL APPLICATIONS OF OAT PRODUCTS

Contemporary agriculture uses both husked and naked culti-
vars of oats, with different chemical composition. The naked
grain, with a lower content of dietary fibre than its husked
counterpart, but with higher levels of fats and proteins, offers
new opportunities for applications of oats in food process-
ing and animal nutrition. There are 2 trends in oat cultiva-
tion worldwide - to improve grain quality by growing special
cultivars rich in bioactive compounds, and to increase yields.
The highest-yielding commercial cultivar of oats is Bingo, pro-
ducing grain of high consumer value and bioactive content.
To use oats as a material in different industries, the require-
ments of the target markets must be taken into consideration.
The pharmaceutical and food industries value varieties with
a high content of 3-glucans, specific lipids and antioxidants.
On the other hand, livestock feed manufacturers opt for oat
varieties with a low level of -glucans, but rich in proteins and
lipids. Manufacturers of groats and oatmeal choose cultivars
with large kernels and a low content of the lemma and lipids,
to optimise processing yields. The introduction of new husked
and naked oat cultivars significantly enhances the range of
potential applications of the plant in the food industry. New
methods and technologies of oat fractionation have made it
possible to develop strategies for the application of oats as
amaterial in various industrial sectors. Oat products, as well
as oat grains, are employed in new-generation products in
pharmaceuticals, cosmetics, chemicals, foods, as well as for
medicinal and dietary purposes:

¢ pharmaceutical industry: tocopherols, green oat extracts,
oat grass preparations, 3-glucans: ingredients of medications;
toasted oats: a cigarette additive reducing nicotine levels;

¢ cosmetic industry: -glucans (hydrocolloids) with pow-
erful moisturising properties: ingredients of shower gels and
hydrogels for wound dressing, cleansing milk; hydrolysed
oat protein: ingredient of cleansing milk, shampoos, hair con-
ditioners, creams for atopic dermatitis, lipsticks; oat starch:
powdered donning lubricant for rubber gloves; oat fat (linoleic
acid): an ingredient of toilet soaps;

¢ food industry: 3-glucans: alternative thickeners and sta-
bilisers; oatmeal: stabiliser and antioxidant; modified oat pro-
teins with improved solubility, emulsifying, foaming, and fat
binding properties: additives in functional food production;

¢ chemical industry: oat hulls: adhesive filler in the pro-
duction of plywood; oat starch: adhesive component; oat pro-
teins: active substance agents and carriers in plant protection
products;

e paperindustry: fibre binder for a smooth finish;

¢ herbalism: aqueous extracts of non-lignified parts of the
plant (silica): expectorant, analgesic properties, beneficial for
skin, hair, bones and nails;
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e catering: processed oat grains: alternative for groats or
rice in dinner and breakfast dishes; oat bran: breadcrumbs
substitute for coating foods;

¢ other: oat hulls: used in the production of cat litter; mate-
rial used for energy purposes [4].

Oats, providing a relatively cheap material, are still under-
estimated in Poland. Oat grain and oat products have a wide
range of applications in the economy, and also - with their
exceptional physiological and nutritional benefits - in the daily
diet, offering the potential to improve the health of the general
population, and playing a positive role in the prevention and
treatment of health conditions.

THE ROLE OF OAT PRODUCTS IN THE
PREVENTION AND TREATMENT OF TYPE
2 DIABETES

Type 2 diabetes is a metabolic disorder. It is believed to arise
when tissues develop a resistance to insulin, a hormone
secreted by the pancreas [6]. According to data from 2017,
in high income countries, type 2 diabetes accounts for up
to 87-91% of all diabetes cases [7]. The typical type 2 diabe-
tes patient presents an excessive production and secretion of
insulin, while insulin resistance in tissues leads to hypergly-
cemia [6]. The most common causes of type 2 diabetes include
such lifestyle factors as: excessive consumption of (mainly
highly processed) food, low physical activity and obesity (par-
ticularly the abdominal type). Early management of type 2
diabetes is vitally important because, with the progression of
the condition, patients face the risk of serious complications
such as: diabetic nephropathy, retinopathy and neuropathy
(including diabetic foot problems), ischemic heart disease and
atherosclerosis [8].

The primary objective in the dietary management of dia-
betes is to achieve and maintain near-normal blood glucose
concentrations (glycemia). Carbohydrates are the key macro-
nutrient which can determine whether or not this objective
is accomplished [9]. Among carbohydrate-rich foods, the fol-
lowing are most recommended in diabetes: wholegrain cereal
products, fresh vegetables, fruit, and dairy with a low fat con-
tent. Patients should concentrate on food products with a low
glycemic index and a high level of dietary fibre, as such prod-
ucts improve glycemic control in diabetes [8]. Oat products
may be included in this category. The addition of oatmeal or
oat extrudates to soups, confectionery products and breads
reduces the post-meal (postprandial) glycemic response [2].

In the past few years there have been numerous reports
based on clinical trials which have investigated the influence
of a high-fibre diet on the prevalence of type 2 diabetes. A rela-
tionship was observed between the use of products contain-
ing dietary fibre and reductions in the risk of diabetes [10].
The experiments carried out within the framework of the
European Prospective Investigation into Cancer and Nutri-
tion (EPIC) in 2003 demonstrated that the risk of developing
type 2 diabetes is inversely proportional to the consumption
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of fibre, particularly those contained in cereals (including oats)

and vegetables [11]. Research findings indicate clearly that
increasing the amount of dietary fibre in the diet (especially
from oats) significantly reduces fluctuations in blood sugar
levels, and lowers the postprandial glycemic response [12].
Oat products, particularly those used most commonly like oat
flakes, oatmeal and oat bran, have a relatively lower glycemic
index than the same products obtained from wheat, barley or
corn. The level of B-glucans in the given product significantly
impacts on the control of blood glucose levels after it is con-
sumed. The glycemic index of a product can be reduced by an

average of 1% by incorporating 1 g of oat -glucans in the meal.
Itis important to note that oat flakes with an average thickness

of 1 mm, without pre-processing, are associated with a lower
glucose and insulin response than oat flakes with an average

thickness of 0.5 mm [3]. The documented ability of -glucans

to bring down post-meal serum glucose levels, as well as their
beneficial effects on insulin sensitivity, mean that incorporat-
ing oat products into the daily diet may contribute to reducing
the prevalence of type 2 diabetes in the human population. The

observed hypoglycemic effects may be explained by the ability
of B-glucans to bind water and form a gel inside the digestive

tract, which increases the viscosity of the food, delays gastric

emptying and increases gastrointestinal transit time. The com-
pounds also affect the secretion of gastrointestinal hormones.
The consumption of 3-glucans is associated with a delayed

absorption of nutrients, caused by impeding the accessibility of
food to digestive enzymes responsible for breaking down the

individual nutrients (including carbohydrates). In one study,
breakfast cereal with the addition of 5 g of oat 3-glucans eaten

by subjects with type 2 diabetes, caused a decline in postpran-
dial glycemia by an average of 50% and insulin response by
approx. 35%, in comparison to the values observed after the

consumption of a standard breakfast containing 35 g of car-
bohydrates. It is important to note, however, thatevena3.8 g

dose of B-glucans was associated with a statistically signifi-
cant reduction in postprandial insulin levels. Interestingly, in

order for the hypoglycemic action of oat $-glucans to be pos-
sible, the given foodstuff must contain at least 4 g of -glucans

per 30 g of available carbohydrates in a portion. In the study,
the subjects who consumed a minimum of 5 g of oat 3-glucans

reported an extended postprandial satiety, which in turn led

to areduced calorie intake in subsequent meals [13].

THE INFLUENCE AND MECHANISM OF ACTION
OF OAT PRODUCTS ON IMPROVING
THE LIPID PROFILE

Cholesterol is a compound belonging to the steroid family, prob-
ably best known for its involvement in cardiovascular diseases
and atherosclerosis. It plays important biochemical roles as
a precursor of steroids, such as e.g. sex hormones and vitamin
D [14]. Despite the beneficial functions of cholesterol in the
human body, elevated levels are associated with adverse health
effects. Hypercholesterolemia is the most crucial risk factor in
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the development of atherosclerosis and other pathologies in
the cardiovascular system. Cardiovascular diseases are cur-
rently the most common cause of death worldwide, including
Poland. Atherosclerosis is regarded as a critical factor in their
development. The factors responsible for the development
of cardiovascular system diseases include, among others, an
unbalanced diet, arterial hypertension, excess body weight,
tobacco smoking, excessive consumption of alcohol and a low
level of physical activity.

The best-known method for managing disorders of lipid
metabolism, including hypercholesterolemia, is the use of medi-
cation. It is assumed, however, that any therapeutic approach
must be founded on non-pharmacological interventions, includ-
ing physical activity and a healthy diet [15]. The diet should
be well balanced, with a prominent role reserved for carbo-
hydrates, which should be eaten in the form of wholegrain
cereal products and pulses. In studies carried out on human
and animal models, a diet with a high content of 3-glucans
from oats was observed to reduce plasma cholesterol levels,
the main risk factor for atherosclerosis. The reduction of cho-
lesterol levels by the compound is brought about by changes
taking place in the upper part of the gastrointestinal tract.
They are related to the fact that water-soluble dietary fibre
factions form gel-like network structures, which delay the
absorption of nutrients in the intestine, alter the viscosity of
the fecal mass and extend subjective satiety [16].

Beta-glucans, which are polysaccharides belonging to the
water-soluble dietary fibre fraction, are capable of forming gel
matrices in the lumen of the small intestine. The associated
significant increase in the binding and excretion of cholesterol,
bile acids and their metabolites in the feces, redirects the path-
way of cholesterol production in the liver to the hepatic synthe-
sis of bile acids. A human diet enriched with 30 g of oat grain
fibre increased the release of bile acids into the lumen of the
small intestine by more than 50% compared to the diet with-
out. Patients with ileostomy who received 11.6 g of 3-glucans
daily were observed to secrete 40% more bile acids and cho-
lesterol, as well as exhibiting a significantly higher activity of
cholesterol 7-a-hydroxylase, which plays an important role in
the biosynthesis of bile acids, compared to the subjects eat-
ing a diet without added B-glucans. A diet rich in B-glucans
resulted in a decline in the amount of cholesterol available for
lipoprotein synthesis, and also a higher number of LDL recep-
tors in the liver, which may explain the reduction of plasma
LDL cholesterol levels.

Another mechanism explaining the hypocholesterolemic
effect of 3-glucans, is associated with the formation of short-
chain fatty acids (SCFA) in the large intestine in the course of
fermentation of the soluble fibre fraction. Propionic, butyric
and acetic acid, the products of fibre fermentation, are osmoti-
cally active and, in addition, are capable of modifying lipid
and carbohydrate metabolism in the liver. A daily dose of
6 g of oat B-glucans administered for 6 weeks to subjects with
hypercholesterolemia, caused a marked reduction of LDL cho-
lesterol and total cholesterol levels compared to the baseline.
A meal containing oat products with a high level of 3-glucans
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may affect postprandial lipoprotein metabolism. Products rich
in water-soluble dietary fibre slow down the time it takes for
food to pass through the stomach, while also extending the
gastrointestinal transit time, inhibiting lipid absorption in the
small intestine, and modifying pancreatic enzyme activities.
They additionally downregulate intestinal lipoprotein produc-
tion and triglyceride resynthesis, which may ultimately lead
to alterations in the composition or proportions of intestinal
fractions of very low density lipoprotein (VLDL) and chylomi-
crons [13].

THE ROLE OF OAT PRODUCTS IN THE
PREVENTION AND THERAPY OF OBESITY

Obesity is unquestionably a major health problem, becoming
areal epidemic of the 21st century. Over the past 30 years, a sig-
nificant upswing in the prevalence of overweight and obesity
has been observed in the majority of countries around the
world. It is estimated that the number of obese children up
to the age of 18 has tripled in the last decade of the last cen-
tury. Worldwide, the problem of overweight affects approx.
155 million children of school-going age, with 30-45 million
among them being obese; additionally, there are 22 million
overweight children under the age of 5 [17]. In Polish society,
obesity affects approx. 22% of men with more than 45% of
men overweight, while among women the respective figures
are 29% and 35%. With such a share of the population carry-
ing excess body weight, Poland occupies one of the highest
positions in Europe [18].

Obesity is a condition characterised by weight gain from
an excessive accumulation of adipose tissue in the body. In its
pathogenesis, key roles are played by: environmental factors
(mainly physical activity and diet), genetic factors, cultural and
social factors and hormonal status [19]. Excessive accumula-
tion of adipose cells, especially in the abdomen, is associated
with an elevated risk of cardiovascular complications, as well
as that of the metabolic syndrome and certain cancers. Obe-
sity in children may adversely affect the development of bones
and joints, leading to the development of flat feet, bad posture,
varus/valgus knee deformities. In boys, it may be responsible
for gynecomastia and disorders of pubertal development, and
in girls it sometimes causes menstrual disorders [18].

The steadily rising prevalence of obesity is primarily caused
by the contemporary diet - high in calories and fat, poor in min-
erals, with insufficient amounts of fruits and vegetables, and
consequently low dietary fibre. Physical exercise accounts for
as little as 20% of the effort to maintain normal body weight [17,
18]. The preferable approach is to follow a low-energy diet which
should include wholegrain cereal products on a daily basis [20].
Oats and oat products provide an important source of dietary
fibre in human nutrition. The whole oat grains prior to hulling
have an average fibre content of 32%, and oat flakes contain
approx. 14%, with more than 6% of the insoluble fraction and
close to 8% of the soluble fibre fraction, which includes f3-glucans.
Meals rich in dietary fibre typically have a larger amount per
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portion and lower energy density, which means that a satisfy-
ing portion provides a lower calorie content compared to meals

low in dietary fibre. With a larger volume of food, the sense of
fullness (satiety) is achieved sooner and, as a result, the person

consumes fewer calories without feeling food-deprived. For this

reason, oat products may be beneficial in reducing excess body
weight [5]. The constituents of the soluble fibre fraction have

a water-binding capacity. This capacity extends the time it takes

for food to pass through the stomach, which has beneficial effects

on the efficiency of the digestion, absorption and enhanced sub-
jective satiety after meals [10]. Beta-glucans also have properties

preventing the development of metabolic syndrome because

they bring down the glycemic index and modulate the levels

of ghrelin and leptin, the hormones responsible for regulating
the sensations of hunger and satiety. The low glycemic index of
oat products (on average 40) produces greater satiating effects

than those of products with a high glycemic index, which is due

to the presence of indigestible forms of carbohydrates included

in oat products [21].

Rebello et al. [22] also observed positive effects of oat flakes
on enhanced satiety, suppression of appetite and reduced fre-
quency and desire to snack after a meal. The authors attributed
these beneficial effects in particular to 3-glucans and their
properties imparting viscosity to food. The extended contact
between food and the epithelium of the small intestine acti-
vates protein hormones responsible for appetite control at the
neural and hormonal level. To maintain the highest possible
viscosity of 3-glucans, the processing of oat flakes should be
limited to the minimum. In the experiment referred to above,
subjects ate 350 g of oat flakes in 3 forms (with a different
degree of granulation) and observed the satiety, appetite and
desire to eat immediately after the meal and 4 h later. The
results were inversely proportional to the degree of process-
ing - the least durable appetite suppression was provided by
instant oat flakes. Based on these findings, it may be concluded
that the effectiveness of weight loss efforts may be significantly
affected by the degree of oat product processing [22]. In turn,
a study carried out by researchers from Taiwan [23] demon-
strated the effects of oat products on the visceral distribu-
tion of adipose tissue and on obesity prevention. The study
included individuals aged between 18-65 with a diagnosis of
overweight or obesity. After 12 weeks, during which the study
group followed a diet containing oat cereal rich in B-glucans,
the findings pointed to a positive influence of the consump-
tion of oat products on weight loss, as well as reduced body
fat and waist-to-hip ratio in the study participants. Reduced
hepatic lipid accumulation and enhanced insulin sensitivity
were observed in participants with visceral adiposity. The
study confirms the beneficial effects of oat products on weight
loss, the impact on reducing visceral fat, improving the lipid
profile and liver function [23]. On the basis of the cited papers,
it may be concluded that products rich in dietary fibre, both
water-soluble and insoluble, and with a low glycemic index,
exert the greatest satiating effects by stimulating satiety-gen-
erating mechanisms.
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CONCLUSIONS

Oats and oat products are without a doubt an excellent source
of valuable compounds which may be successfully used in dif-
ferent industrial sectors, and also in the prevention and treat-
ment of many health conditions. Oat grains as a raw material
have industrial properties lending themselves to applications in
cosmetics, pharmaceuticals, food, papermaking, energy, herbal-
ism, catering and many other economic sectors. In light of the
steadily growing prevalence of conditions referred to jointly as
lifestyle diseases, such as type 2 diabetes, hypercholesterolemia
and obesity, experts are looking for methods to support pre-
ventive and therapeutic interventions in these conditions. With
the high content of dietary fibre and its water-soluble fraction
- notably -glucans - in oat grain and oat products, this mate-
rial appears to be the long-sought remedy to counteract the
spread of lifestyle diseases. The treatment of type 2 diabetes,
a chronic disorder of carbohydrate metabolism resulting from
an unbalanced, low-fibre and high-energy diet, and a neglect
of regular physical activity, may be successfully supported
by incorporating oat products into the daily diet. The pres-
ence of oat 3-glucans, which form a gel in the gastrointestinal
tract, provides a markedly improved control of postprandial
glycemia. Moreover, with the high content of water-insoluble
dietary fibre fraction, the meals have a low glycemic index,
which helps prevent peaks in insulin levels after eating. A diet
rich in dietary fibre, which can be found in oat products, is par-
ticularly recommended to people with high serum cholesterol
levels. This is due to the presence of 3-glucans which create gel
matrices in the small intestine and effectively bind bile acids
and cholesterol, thus downregulating endogenous cholesterol
synthesis in the liver, simultaneously reducing total choles-
terol levels in the body. The growing problem of overweight
and obesity calls for strong measures aimed at reducing the
number of people with excess body weight. A fibre-rich diet
can considerably contribute to lasting weight loss. Oat products
incorporated into the daily diet of obese patients provide for
long-term postprandial satiety, reducing the desire for snack-
ing, while consequently bringing down the calorie intake and
facilitating weight loss. In summary, considering such a wide
range of applications, it may be concluded that both oats and
oat products are a valuable material both for industrial appli-
cations and in the prevention and treatment of many diseases.
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