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Abstract: Barley (Hordeum vulgare L.) is unjustly neglected today as a food grain. Interest in the use
of barley in the food industry has increased recently. The reason for this is its content of dietary
fibre, especially β-glucan, which has been shown to reduce blood cholesterol and lower blood sugar
levels. The main nutritional components of barley and barley products, besides the mentioned
β-glucan, are starch, sugar, proteins, fat and ash. Although not common in the production of bakery
products, barley can be very easily involved in the production of the same products, and such
products have improved nutritional characteristics and acceptable sensory characteristics, which
make them desirable. Barley has great potential for use in a wide range of cereal-based foods as
a partial or full replacement for currently used grains (such as wheat, oats, rice and corn). This article
provides basic and general information about the use of barley in food and the processing of barley
grains for use in the manufacturing of cereal-based products, with particular attention to the use of
barley in the manufacturing of bread (flatbread and leavened bread), noodles and pasta, muffins and
cakes and cookies and biscuits.

Keywords: naked barley; covered barley; cereal-based products; functional food; nutrition value

1. Introduction

Barley (Hordeum vulgare L.), one of the first domesticated crops, is now one of the most
important cereals. It is cultivated worldwide in many countries and regions with temperate
climates in summer and some regions with temperate and subtropical climates in winter.
Barley was probably first used for human consumption. Later, with the increasing use of
wheat in the human diet, barley became important for feed production and an important
crop for malt production [1].

Throughout its history, however, it has remained the most important food source for
some cultures, especially in Asia and North Africa. Barley has so much to offer as a source
of nutrients. Interest in the use of barley in the food industry has increased thanks to its
fibre content, especially β-glucan, which has been shown to be effective in lowering blood
cholesterol, glycemic index and preventing cardiovascular disease [2].

As it contains soluble dietary fiber, β-glucan and phytochemicals, barley is also called a
functional grain. Bread, pasta or biscuits made from barley flour are not yet widely available,
but are beginning to occupy an important place in production. However, before it is
suitable for human consumption, barley must undergo various stages of processing (such as
extrusion, baking, cooking) that significantly affect its composition and physicochemical
properties (which play an important role in the development of a new food product) [3].

This article aims to explore the use of barley in the production of cereal-based products.
In particular, the use of barley in the production of various cereal-based products such as
bread (flatbread and sourdough bread), noodles and pasta, muffins and cakes and cookies
and pastries. The first part of the paper describes the historical aspect of barley use,
production, taxonomy and anatomy. Other parts of the review deal with the use and
application of barley in modern human nutrition and the use of barley in the production of
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cereal-based products. The results and discoveries of several investigations on these topics
are compiled.

2. Barley Production and Uses

Archaeological research relating to the lifestyles and history of people in ancient
civilizations provides convincing evidence that Hordeum vulgare, the subspecies vulgare L.
(domesticated barley) and Hordeum spontaneum C. Koch (wild barley) were the most im-
portant foodstuffs, along with pepper, fertile porridge and wheat (Triticum spelta, Triticum
dicoccum and Triticum monococcum) [4]. It is generally believed that modern domesticated
or cultivated barley is a direct descendant of wild barley, subspecies Hordeum vulgare [5,6].

The theory accepted today is that barley was first tamed in the fertile crescent of the
Middle East, which includes present-day Israel, Jordan, Syria and Iran [7,8]. With the
intermingling of civilizations and the creation of agricultural trade routes, the use and
cultivation of barley spread throughout the European continent. Barley cultivation has
moved with the advanced civilizations through Europe and the New World. Historical
accounts mention barley as a source of health, strength and stamina for athletes and
people doing hard physical labor. Ancient Arabic, Chinese, Egyptian, Ethiopian and
Greek literature emphasizes the health benefits and medicinal aspects of barley nutrition.
Moreover, the positive properties of barley nutrition are also recognized by more recent
civilizations [9].

Barley’s position among the main grains in world production has not changed signifi-
cantly in the last 15 years. The world production of barley in the crop year 2021/2022 was
147.05 million metric tons (decreasing from around 160.53 million metric tons in 2020/2021),
and the European Union was the world’s leading barley producer, with an annual produc-
tion of 52.75 million metric tons [10]. Much of the world’s barley is produced in regions
where cereals such as maize and rice cannot grow well [11]. Hordeum species are found in
most areas with a Mediterranean climate. The genus is also represented in zones with an
oceanic as well as a continental climate [12]. The main reasons for cultivation are the needs
of livestock and the increasingly organized and widespread industrial production of cereals
for the needs of the brewing industry. For the brewing industry, given the shape of the
classes, two-row varieties are the most suitable, while multi-row varieties are commonly
used to feed livestock. While barley was grown and used primarily for human food in the
last century, it is now widely grown for animal feed, malt products and human nutrition [2].
Barley can be successfully used in many foods at various levels and, in many cases, adds
texture, flavor, aroma and nutritional value to the product [13]. Various forms of processed
barley grain are used in foods in the form of pearled barley as groats, flakes or flour. In
Western countries, pearl barley, whole, flaked or ground, is used in breakfast cereals, stews,
soups, porridges, baking flour mixes and baby foods. In Middle Eastern and North African
countries, barley is pearled, milled and used in soups, pita bread and porridge [14].

3. Types and Forms of Barley
3.1. Species and Botanical Characteristics of Barley

Barley belongs to the family Poaceae (Gramineae), the division Triticeae, the subdivision
Hordeinae, and the genus Hordeum [9]. In addition, barley is classified into different classes
based on its different physical and nutritional properties, and its end use is determined
depending on which class it belongs to [13]. According to von Bothmer [15], there are
32 species and 45 taxa belonging to Hordeum, which are divided into 4 sections, although
some authors indicate 6 sections. All cultivated forms of barley are included in one Hordeum
vulgar species. Members of the genus Hordeum are divided into three groups based on the
number of chromosomes: diploids (2n = 2x = 14), tetraploids (2n = 4x = 28) and hexploids
(2n = 6x = 42). Cultivated barley can be diploid and hexploid, whereas wild barley can
only be diploid. Although its origin is not fully understood, modern barley (H. vulgare) is
thought to be descended from wild barley [9].
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The barley grain has a long, twisting appearance. In cross-section, four basic sections
of the grain can be distinguished:

• Germ (embryo),
• endosperm,
• aleuron,
• pericarp and testa,
• husk (glume or hull).

Looking at the morphology of barley grains, most of the grain consists of the en-
dosperm, which accounts for 77.2% of the grain weight and is rich in starch and protein [16].
Depending on the barley variety and growing conditions, the husk accounts for an average
of 13%; pericarp and testa, 3.3% and aleouron, 5.5%. The germ contains proteins, lipids and
tocopherol and accounts for 3% of the barley grain weight [16–18].

Barley is one of the most genetically diverse cereals. It can be classified as a spring
or winter variety, two-rowed or six-rowed, covered or naked/hulless (which refers to the
presence or absence of an outer husk on the grain) and brewing, food or feed, which refers
to the end use (Figure 1). Depending on the number of rows in the barley heads, there are
two main types of barley: six-rowed barley and two-rowed barley. In two-rowed barley,
only the middle spikelet is fertile, while in six-rowed barley, the lateral spikelets are also
fertile [13,19]. Barley is also referred to as naked (hulless) or covered (characterized by
the presence of a glume covering the grain), and as spring or winter barley. Comparing
covered and naked barley, naked barley contains more protein, lipids and soluble fiber and,
therefore, has better nutritional value than covered barley [20].

Figure 1. Barley grain classification.

Barley is one of the best-adapted cereals grown in climates ranging from subarctic to
subtropical. The barley grown is currently used for malt production, and the remainder
is used as livestock feed or for human consumption. There are certain barley varieties
that are best suited for each of these uses, and some varieties can be used for more than
one purpose [21,22].

For human food purposes, barley production is relatively small (~6%) but is becoming
increasingly important [23]. For human consumption, barley is used mainly in soups as an
additive, and a small portion is milled into flour. Recently, there has been growing interest
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in the use of certain barley varieties for human nutrition [24]. Among the most valuable
barley varieties that positively affect human health are those rich in soluble dietary fiber
(such as β-glucan, arabinoxylan or pentosan) [17]. Barley is considered one of the best
sources of phytochemicals such as tocols. Tocopherols and tocotrienols (commonly referred
to as tocols) are fat-soluble phytochemicals found in barley [25]. Tocols present in the cereal
have various health benefits, such as anticancer properties [26], ability to activate immune
function [27] and ability to reduce the risk of cardiovascular disease and stroke [28].

However, when we talk about barley varieties and their processing into an edible
food source, it is important to distinguish two main types: pearled and naked barley, with
pearled barley being the most commonly used. In addition to pearled and naked barley,
malt (which is made from barley) is also used in the food industry in baked goods and
flavorings [9,19]. Because of its use in malt production, barley is grown in many areas
of the world for both cultural and economic reasons. Barley is also grown for feed and
was traditionally one of the most important feed grains, which has recently been largely
replaced by corn [24].

3.2. Processing of Barley Grain

Barley grain is subject to processing to obtain a barley form suitable for human
consumption. The production process of pearled/pot barley, barley flour, barley malt or
barley flakes is shown in the flow chart in Figure 2.

Figure 2. Flow diagram of barley processing [23,29,30].
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In the production process of pearled barley or barley flour by milling, it is first pre-
cleaned, then conditioned (or tempered), followed by dehulling and aspiration. The
resulting de-hulled barley grains are then fed to the pearling and polishing process, result-
ing in pearled or pot barley. Finally, barley flour is produced by roller-milling of pearled
barley, with barley bran as a by-product of barley milling [23].

In the production of barley flakes, the barley grits are first predamped, then cooked
with steam, flaked and finally dried with hot air [29].

Barley malt is the end product of the malting process and is used to make malt-
based beverages or ground into flour. After the barley grains have been sorted by sieving,
the malting process can begin by steeping the barley in water. This phase is followed
by germination, which is responsible for producing the maximum extractable material
available. The germination phase is followed by the kilning process (controlled drying of the
green malt), which is responsible for developing the malt’s color and flavor properties [30].

3.3. Barley Forms and Processing By-Products Available on the Market

There are several forms of barley on the market: whole grain barley, barley processing
by-products and barley mill products, which are described below and shown in Table 1.

Table 1. Various forms of barley on the market.

Barley Type Barley Form-Whole Grain
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Table 1. Cont.
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• Covered barley is a grain with an outer inedible husk that should be removed to make
the grain suitable for food production (while the bran and endosperm layer may
remain intact). It is also known as barley groats. It is rich in fiber, which makes it
chewier and take longer to cook. However, naked barley has a greater potential for
food development than covered barley. One of the main problems in developing
functional barley-based products is that the husk of covered barley must be removed
for consumption, which makes covered barley less attractive for food production [31].

• Roasted Covered Barley. Roasted barley grains from covered barley are used to prepare
non-alcoholic beverages such as coffee substitute and roasted barley tea, called mugi-
cha in Japan [32].

• Barley flakes (rolled barley) are the result of conditioning, steaming and flaking of pre-
cleaned, partially debranned barley grains, flattened and sliced, similar to oat flakes.
They are cooked quickly, but have a lower nutritional content than covered barley.
Two types of rolled barley flakes can be distinguished: de-hulled and pearled rolled
barley flakes. While de-hulled rolled flakes are made from whole grain barley after
de-hulling, pearled rolled flakes are slightly smaller, have an attractive round shape
with no discernible bran and can be made from either naked or de-hulled barley [33].

• Barley malt is a sprouted grain produced in the malting process by controlled germi-
nation of cereal grains that have been previously soaked in water, and then further
germination is stopped by drying at high temperatures. Malting involves three main
steps: steeping (soaking the barley), germination of grain (to open it up for the fer-
mentation process in which the starch is converted into sugar, which becomes alcohol)
and kilning (heating the barley grain to dry it and obtain its final color and flavor) [9].
Barley malt is usually used in the production of beer, whiskey and other alcoholic
beverages. Of all the cereals, barley is the most used, but wheat, rye or oats can also
be used. The drying temperature affects the type and color of malt, so we distinguish:
pale, crystal, coffee, chocolate, black, etc. [34].

• Malted (sprouted) barley flour is made from barley malt. Because of its lower gluten
content, it is used as a dough conditioner in the production of many products such as
bread, pizza crusts, crackers, rolls, pretzels, etc. [9]. It is considered a functional
ingredient because it is rich in fiber, especially β-glucan, which can lower cholesterol
and blood sugar levels. In addition, malted barley flour is used as an improver in
various bakery products [35]. Two types of barley malt flour can be distinguished:
diastatic and non-diastatic malt powder.
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• Diastatic malt flour is neutral in taste and used as an additive for other bread flours
with low natural diastatic activity. The addition of diastatic malt flour gives a moister
product with a higher protein content [9].

• Non-diastatic malt barley flour (malt flour) has no active enzymes in it. It is used for its
distinctive flavor. It has many applications, such as in malted milk and in cereal-based
products, to give them a softer crumb, glossy surface and complement the taste [36].

• Naked (hulless) barley is a barley grain in which the hulled layer falls off naturally and
the bran layer and the endosperm layer remain intact during processing. Research
confirms the growing interest in its use in manufacturing cereal-based products. The
addition of naked barley flour affects the nutritional value of the product by increasing
the content of antioxidants and soluble fiber (β-glucan) [36–39].

• Pearled (Pearl) barley is produced by gradually removing the husk, bran and germ by
grinding in a stone mill by the process of pearling. It can be produced from covered
barley or naked barley. In the case of covered barley, the grain is obtained by removing
the husk and germ from the grain. In naked barley, the barrier around the endosperm
and germ must be removed to obtain a white grain. This is the most common form of
barley. It cooks faster than covered barley but has fewer nutrients.

• In addition, there is another co-variety called pot barley. The difference between pot
barley and pearled barley is subtle. The production of pot barley occurs in the first
stage of pearling (and still has most of the barley bran intact), while further abrasion
leads to pearled barley. Pearled barley gets its name from the extra rounds of polishing
it undergoes, and is mainly used in traditional recipes as a substitute for rice or as
breakfast cereal [2]. The by-products of pearled barley production are used as animal
feed. However, recent research suggests that the by-products obtained from pearled
barley production are a potential natural source of folate for the manufacturing of
cereal-based products [40].

• Puffed barley is a type of barley made by puffing naked barley grains at medium tem-
perature and pressure, which does not lose the fiber, vitamins and minerals contained
in the grain. Puffed barley has a low glycemic index and is, therefore, suitable for
diabetics. In addition, it is known for its anti-inflammatory properties, lowering blood
pressure, controlling blood sugar levels by improving insulin response and lowering
cholesterol levels. Puffed barley is easily incorporated into various food products or
consumed directly [41].

• Barley sprouts are obtained from the germination of seeds and their development in wa-
ter (or other medium), harvested before the development of true leaves and intended
for consumption whole (including the seeds). Barley seedlings can be consumed in
the form of ready-to-eat sprouts or further processed (dried or roasted) [42]. The use
of dried sprouted cereals is possible in producing pasta, noodles, unleavened bread
and porridge [43]. Barley sprouts have more available nutrients than mature grains.
These nutrients include folic acid, iron, vitamin C, zinc, magnesium and protein [44].

• Barley brewers’ spent grain (BSG) is an important by-product of the brewing industry,
produced during the malt mashing phase by enzymatic changes that cause about
60–70% of the dry matter to pass into the wort, while the rest remains BSG. It is a ligno-
cellulosic material composed mainly of the husk, germ, protein and non-fermentable
fibers, thus having high protein content (20%) and fibers (70%). Its main use was
limited to animal feed, energy production and biotechnological processes, although,
today, it is used to produce functionally enriched products [45,46].

• Barley grits are made from de-hulled or naked barley grains that are roasted and cut
into smaller pieces. Sometimes, the pieces are steamed or boiled and then dried for
shipment. Steaming or parboiling speeds up the subsequent cooking time and makes
the grits last longer. The nutritional content varies depending on the origin (de-hulled
or pearled barley) [47].

• Barley malt is normally used for brewing and distilling. Malt is a germinated grain that
has been dried in the malting process and is used in the production of beer, whiskey
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and other alcoholic beverages. Malt is produced by controlled germination of cereal
grains that have been previously soaked in water, and then further germination is
stopped by drying at high temperatures. Of all the cereals, barley is commonly used,
but wheat, rye or oats can also be used. The drying temperature affects the type and
color of malt, so we distinguish: pale, crystal, coffee, chocolate, black, etc. [34].

• Barley flour is usually produced by roller milling of pearled, covered or naked barley.
The use of barley flour is varied; it can be used for making wheat-based products
(bread, flatbread, cakes, cookies, pasta, extruded snack foods) and for making bread
with yeast as a component of composite flours [17]. Because barley flour contains
hordeins (not gliadins as in wheat flour), it is less able to form a gluten complex after
hydration and mixing.

• Barley bran is obtained as a by-product of barley milling naked or de-hulled barley. It
consists of testa and pericarp, germ, the three-celled aleurone layer, and the subaleu-
rone layer. Due to its high content of soluble dietary fibre, in particular its β-glucan
content, its use is becoming more widespread in baking. The addition of bran to
cereal-based products has several effects and increases dough yield. Due to its high
water absorption capacity, it causes the formation of a moister and shorter dough,
a lower tolerance to fermentation, a lower volume, a tense and inelastic crumb and
an altered taste, depending on the type of fiber and the type of bread [48].

• Barley husk (hull or glume) usually accounts for about 10–16% of the total dry weight
of the grain and consists mainly of arabinoxylan, cellulose, lignin, other phenolic
compounds and protein. In naked barley, the husks are removed during threshing,
while in covered barley, they remain associated with the pericarp tissue [49]. Barley
husk plays no role in the food industry and is classified as waste or production residue.
It is a by-product of the food and agricultural industries, obtained by processing barley
through milling. Some studies have focused on the use of barley husk as a raw material
for producing value-added products, such as ethanol [50]. Cruz et al. [51] investigated
the possibilities of chemical-biotechnological processing of barley husk, obtained after
the beer brewing process, with sulfuric acid and sodium hydroxide to fully utilize the
three fractions cellulose, hemicellulose and lignin and eventually obtain natural lactic
acid and phenolic compounds with high antioxidant capacity. Höije et al. [49] analyzed
the use of different methods to isolate arabinoxylan from barley husk, the influence of
the isolation method on the yield, composition and physicochemical properties of the
material. This extraction process yields about 57% of the available arabinoxylan in dry
barley husk.

• Barley starch is a white to cream-colored powder with a neutral odor and taste [52]. In
the dry weight of barley grains, the average starch content varies from 45% (in some
Chinese barley varieties [53]) to 72% (in Canadian barley varieties [54]). Genetic varia-
tions between different barley varieties are the cause of differences in the starch content,
as well as chemical composition, structure and physicochemical properties of barley
starch [55]. For example, barley genotypes with a high proportion of high-resistance
starch and amylose content usually have a low starch content in the grain [56]. The
ratio of amylose, amylopectin and other storage substances affects the physicochemical
properties, as well as the final use of starch [57,58]. Based on the concentration of
barley amylose, starch can be divided into normal (~25–27% amylose), waxy (not
measurable up to <5% amylose) and elevated amylose (>35% amylose) [58–60]. It can
be used in food (in confectionery, bakery products and snacks, sauces, soups and
beer production) and industrial food systems (as a thickener, gelling agent, bulking
agent, water binder, colloidal stabilizer, adhesive, texture stabilizer and regulator) [61].
Starch with an amylopectin content of 95 to 100% (waxy starch) is used in the food
industry to improve product properties, such as stability, texture, uniformity, increased
swelling capacity and water holding capacity, as well as better freeze-thaw ability
of foods [62]. Some barley starch products can be used in “gluten-free” and “very
low gluten” foods if the remaining gluten content is below the levels set by EU leg-
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islation. The physicochemical properties of starch, its functional characteristics and
its specific use in food depend on the biological origin of the starch [63]. Depending
on the botanical origin, there are differences in the shape, size and composition of
starch granules [64]. However, due to low shear strength, heat resistance, thermal
degradation and high retrogradation, there are limitations in the use of starch in some
industrial food applications. Chemical and physical modifications of starch are made
to overcome these shortcomings and meet the properties required by the industry [64],
or a native starch blend is used (i.e., starch obtained from various sources) [65]. While
modified starches generally exhibit better paste clarity, stability and increased resis-
tance to retrogradation [66], chemical modification of starches is intended to produce
thickeners with desired rheological properties during storage and transportation [67].

4. Chemical Composition of Barley

The chemical composition of barley can vary greatly due to genotype and environ-
mental conditions during cultivation [12,68].

The main components of barley grain are carbohydrates (starch, sugars and fiber),
proteins (amino acids), fat (fatty acids) and ash (minerals), as well as vitamins and phenolic
compounds [69]. Oscarson et al. [20] reported the typical chemical composition of covered
barley and naked barley (Table 2). Whole grain barley contains between 57.7 and 60.7%
starch, 12.2 and 15.1% protein, 2.5 and 2.7% fat, 1.2 and 1.5% sugar, 4.8 and 5.7% β-glucan,
16.6 and 20.6% dietary fiber and 1.6 and 2.1% ash, depending on the variety (covered or
naked barley).

Table 2. Chemical composition of covered and naked barley grain [20].

Chemical Composition (%) * Covered Barley Naked Barley

Starch 57.7 60.7
Protein 12.2 15.1

Fat 2.5 2.7
Sugars 1.2 1.5

Ash 2.1 1.6
Dietary fiber 20.6 16.6
β-glucan 4.8 5.7

* Dry matter basis.

It should be emphasized that there is a clear relationship between the chemical com-
position of barley and its intended use. Thus, barley with high protein content is used for
human nutrition or as animal feed. On the other hand, barley with low protein content
is used for the production of malt or beer. The importance of the proteins contained in
barley is reflected in the improvement of the rheological properties (emulsifying ability and
stability, foaming, elasticity, cohesiveness and water retention) of barley-based products.

Due to its chemical composition, barley is considered a functional ingredient in the
development of foods with beneficial effects on human health. The positive effect of barley
on human health is due to fiber, specifically the presence of β-glucans (in wholegrain
barley) [70], tocols and resistant starch. The beneficial effects of β-glucan and tocol from
barley are shown to lower serum cholesterol [71] and blood glucose levels [72], while
β-glucan and resistant starch lower blood sugar levels and improve intestinal function [73].
In addition, due to the presence of phytochemicals (phenolic acids, flavonoids, lignans,
phytosterols and folic acid), barley shows antioxidant and antiproliferative ability and
lowers blood cholesterol [55,74,75].

4.1. Carbohydrates: Starch and Sugars

Starch is quantitatively the most important component of barley grain, followed
by fiber and protein. Starch consists of two structural types: branched glucose chains
(amylopectin) and straight-chain glucose chains (amylose), in a 3:1 ratio [76].
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Although barley usually contains amylopectin and amylose in a 3:1 ratio, there are
also barley varieties whose starch is 95–100% amylopectin, and there are cultivars that
contain 40–70% amylose [54] as a percentage of total starch. The term waxy barley is used
for varieties with a high amylopectin content, while the term non-waxy barley is used for
barley varieties that contain starch with a normal 3:1 ratio of amylopectin to amylose [9].

Waxy barley traditionally contains less total starch than comparable normal species,
and lower starch content is usually accompanied by small increases in sugar, sucrose,
glucose, fructose and a statistically significant increase in dietary fiber (TDF) in the husk.
An increase in the TDF component results in an increase in ß-glucan [77,78]. Small amounts
of sugars and oligosaccharides (small polymers) are found in the endosperm. Glucose and
fructose (monosaccharides) occur in very small amounts (<0.2%) and are found mainly
in the mature endosperm. Small amounts of the disaccharide maltose (0.1 to 0.2%) are
sometimes found in the endosperm tissue near the embryo. Sucrose content ranges from
0.74 to 0.84%, 80% of which is found in the embryo [9].

4.2. Carbohydrates: Dietary Fiber

The definition of dietary fiber in foods has been controversial for many years, but
most experts agree that dietary fiber consists of carbohydrates that cannot be digested by
mammalian enzymes. Dietary fiber in barley consists mainly of lignin, cellulose, ß-glucan
and arabinoxylan.

β-Glucan

Of all the dietary fiber components in barley, β-glucan is probably the most important
in terms of human nutrition and health. Although β-glucan content in barley is significantly
influenced by environmental factors, researchers generally agree that genetic background
is the most important factor in the final β-glucan content of barley [79].

β-glucans from different sources consist of glucose molecules that may be linked by
specific glycosidic linkage, which consequently affects its physicochemical and biological
properties. Cereal β-glucans have β–1,3/1,4 glycosidic linkages without any β–1,6 bonds
or branching, whereas non-cereal sources such as yeast and fungi usually have β–1,6 linked
branches off the main side chain [80].

Although β-glucans are present in all cereals, their concentration is particularly high
in sources such as barley grain (2–20%), oat grain (3–8%) and sorghum grain (1.1–6.2%) [81].
Processed grains, such as de-hulled barley, barley grits, pearl barley and oat flakes, con-
tained 4.83%, 3.96%, 2.95% and 2.55–2.91% β-glucan, respectively [82]. β-glucans form
a viscous solution in the digestive tract that slows the absorption of glucose after a meal
and helps maintain a good ratio of glucose to insulin in the blood. Since bakery products
and breakfast cereals have a high glycemic index, it is recommended to eat cereals such as
barley and oats (which have a lower glycemic index and are rich in fiber). Viscous (1,3),
(1,4)-β-D-glucans lower blood glucose levels. Therefore, barley can be used as a good
source of high-value fibre to reduce the glycemic response in conventional wheat-based
foods such as bread [83]. In addition, the European Food Safety Authority (EFSA) and the
U.S. Food and Drug Administration (FDA) have approved health claims for barley glucan
and soluble fiber from barley in terms of lowering blood cholesterol and reducing the risk
of coronary disease [84].

Numerous clinical studies have confirmed the value of barley as a hypocholesterolemic
food. Based on these reports, barley foods may be labeled with the health claim that they
may reduce the risk of coronary heart disease [85].

4.3. Proteins

The protein content of barley is highly variable, ranging from 7 to 25%, according to
a large USDA study involving more than 10,000 genotypes [86], although protein content in
typical barley tends to be in the 9–13% range [9]. In a study that included 3817 samples of
beer barley from western Canada, McMillan and Izydorczyk [87] indicated that the average
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protein content is 12.2%. Analytical methods to accurately calculate protein content are
time-consuming and expensive, whereas the determination of nitrogen is relatively simple,
rapid and inexpensive.

Nitrogen content is usually multiplied by 6.25 to estimate protein content because most
proteins or protein mixtures contain relatively close to 16.0% nitrogen, i.e., 100/16 = 6.25 [69].
Proteins are classified into four groups according to their solubility:

• Albumins—soluble in water, denatured at elevated temperatures, barley albumin
is leucosin;

• globulins—soluble in 5% K2SO4 solution, partially denatured on heating, barley
globulin is edestin;

• prolamins—soluble in 70% ethanol solution, barley prolamin is hordein;
• glutenins—soluble in dilute acids or alkalis, barley glutenin is hordenine [88].

The second classification of barley proteins refers to their biological functions, where
we distinguish between seed storage proteins (SSPs) and nonstorage proteins. The most
important storage proteins are prolamins, which are called hordeins [89].

4.4. Fats

Fats are found throughout the barley grain, with the greatest fat content in the aleurone
layer and in the embryo, and account for only 1–2% of the dry weight of the endosperm [90].
Åman et al. [91] reported that they extracted a total fat content of 2.1–3.7% dry matter in
115 barley grains, with an average of 3.0%. The major fatty acids in barley are 23% palmitic
acid (16:0), 13% oleic acid (18:1), 56% linoleic acid (18:2) and 8% linolenic acid (18:3) [90,92].
Stearic acid is also present, but in a very small proportion (<1%). In addition to fatty acids,
phospholipids are also present [9,92].

4.5. Ash

The ash or mineral content of barley ranges from 2.0% to 3.0%, with slightly lower
content in naked barley varieties and higher content in covered varieties. The higher content
in covered varieties, mainly due to hulls, contains around 6.0% ash, which is 60 to 70%
nutritionally inert silicon occurring primarily in the outer lemma. The average amounts
of macrominerals (g/100 g) in barley are calcium 0.05, phosphorus 0.35, potassium 0.47,
magnesium 0.14, sodium 0.05, 0.14 chlorine, sulfur 0.20 and silicon 0.33. The microminerals
(mg/kg) in barley are copper 6.25, iron 45.7, manganese 27.2, zinc 34.4, selenium 0.4 and
cobalt 0.07. These data are weighted averages from eight research reports [9].

4.6. Vitamins

Whole grains are generally a good source of certain vitamins, especially some of the
B-complex vitamins (such as thiamin, riboflavin, niacin, pyridoxine, biotin and folates). The
barley caryopsis contains all the vitamins and choline with the exception of vitamins A, D, K,
B12 and C. The average levels of vitamins in barley grain are presented in Table 3 [9]. Some
heat-labile B-complex vitamins may be damaged or destroyed by heat during processing.

Table 3. The proportion of B-complex vitamins in barley (Adapted with permission from Ref. [9]
2022, John Wiley and Sons).

Vitamin Average, mg/kg *

Thiamine (B1) 5.2
Riboflavin (B2) 1.8

Niacin (B3) 63.2
Pantothenic acid (B5) 5.1

Biotin (B7) 0.14
Folic acid (B9) 0.43

Pyridoxine (B6) 3.5
Choline 1290

* Dry matter basis.
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5. Barley in Modern Human Nutrition

Barley is considered an important food ingredient due to its vital biochemical compo-
nents (β-glucan, starch, amylose, protein). Furthermore, due to its nutritional composition
and its action on various mechanisms, it is known as a food with many beneficial effects on
the human body (reduces and prevents cardiovascular diseases and has a positive effect on
reducing appetite and obesity, etc.) [93].

Health statistics on chronic diseases and mortality are often associated with the dietary
habits of the population. Various health promotion agencies and organizations define
the dietary components needed to change people’s health and improve health statistics.
Nutritionists advocate dietary changes, such as consuming less saturated and trans fats and
more fiber. Barley has attracted the attention of health experts because it contains dietary
fiber, particularly β-glucan, which has been shown to lower blood cholesterol levels and
induce a lower glycemic response [75,94,95].

In modern times, barley is consumed primarily as an ingredient in soups. To expand
the consumption of barley to the majority of the diet, common foods such as bread and
pasta that are consumed regularly and frequently must be considered. Wheat is ideal
for making these foods, but barley itself is not. Replacing wheat flour with barley flour
or fractions of ground barley in leavened bread results in increasing soluble fiber and
a decrease in gluten, which, in turn, weakens the cellular structure of the bread. The three
obvious effects on bread that occur when white wheat flour is replaced by barley flour
are a reduction in bread volume, darker color and lower quality of the crumb. For pasta,
changes in color and texture are the most obvious effects. Consumer acceptance of food is
strongly influenced by appearance, texture, color and taste. These are all characteristics
that can be affected by introducing alternative grains such as barley. Another challenge for
product manufacturers is to maintain the beneficial physiological properties of β-glucan
during processing and preserve the positive health properties.

Foods containing barley can be considered functional foods, especially after the U.S.
Food and Drug Administration granted approval in 2006 [85]. Functional foods are defined
as any fresh or processed food with properties to promote health or prevent disease
beyond the basic function of providing nutrients. The term was introduced in Japan in
the mid-1980s and refers to processed foods that are not only nutritious but also contain
ingredients that support specific body functions. Foods made from barley have been
classified as functional foods to reduce the risk of cardiovascular disease and modify
blood glucose levels to treat and prevent diabetes [96]. Recently, the European Food Safety
Authority (EFSA) also published a scientific opinion stating that “the health requirements
for β-glucans from oats and barley are justified in terms of maintaining normal blood LDL
cholesterol levels, increasing satiety leading to lower energy intake, reducing postprandial
glycemic response, and digestive functions” [97].

5.1. Application of Barley in the Manufacturing of Cereal-Based Products

The use of barley in the preparation of various types of cereal- and cereal component-
based food products is still present today in different cultures around the world, especially
in the Middle East, North Africa and Northern and Eastern Europe (Iran, Morocco, Ethiopia,
Finland, England, Denmark), Russia and Poland and in Asia (Japan, India, Tibet and
Republic of Korea) [98]. Table 4 provides an overview of the various traditional barley-
based dishes produced worldwide.

Barley has great potential as an edible grain due to its high nutritional value. It
contains low fat, complex carbohydrates for energy, relatively balanced proteins, minerals,
vitamins, polyphenols and both insoluble and soluble fiber. Because wheat flour can be
partially or fully substituted with barley flour in many unleavened bakery products, there is
a trend toward increased use of barley, particularly in whole grain bread, unleavened-type
bread and breakfast cereal products.
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Table 4. Barley-based traditional food prepared from whole, cracked or ground raw grain.

Food Category Traditional Product Name Reference

Food prepared from whole, cracked or
ground raw grain

Balady, Pita, or Pocket Bread (Jordanian flatbread) [99]
Barley Porridge (Denmark porridge) [21]
Bolon or Boulon (Hard barley bread) [99]

Champa (Thin leavened pancake-like bread from Nepal) [21,22]
Chang (Tibetan alcoholic beverage) [100]

Chapatti (Indian flatbread) [101]
Chhaang or Chang (Nepalese and Tibetan alcoholic beverage) [102]

Dabbo (Ethiopian leavened thick bread) [103]
Drylur (Norway barley bread) [98]

Fateera or Kaac (Yemeni hard pie made of barley, corn and lentil flour) [100]
Fric and Mermez (Tunisian barley soup) [104]

Injera or Taita (Ethiopian and Eritrea thin leavened bread) [105,106]
Kaac (Yemen pie made from barley and lentil flour) [100]

Kicha (Flatbread from Eritrea) [106]
Kisra (Tunisian barley bread) [104]

Kitta or Torosho (Ethiopian unleavened, thin, dehydrated bread) [103]
Kornmjolsbrod (Swedish flatbread) [22]

Maloog and Matany (Yemen bread from barley and lentil flour) [100]
Malthouth (Tunisian dampen cracked barley couscous) [104]

Murri and Kamakh (Fermented condiment made with barley flour in Andalusia) [98]
Nakia (beverage from Yemen) [21]

Orkney Bere Bannocks (Scottish flatbread) [22]
Parathas and Poori (Indian single-layered flatbread) [22]

Paximadia (twice-baked barley biscuit) [107]
Sanchak tukba (Tibetan porridge) [21]
Shirba or Geat (Eritrean porridge) [22]

Shorba (Ethiopian soup) [21]
Tbikha (Tunisian cooked barley grain) [104]

Tihilo (Eritrean flour dough balls) [108]
Tortillas [109]

Toughrift (flatbread from Morocco) [21]
Turkey Tarhana, Egyptian Kishk, Iraqi Kushuk, Hungary Tahonya, Finland Talkuna [110,111]

Yufka (Turkish flatbread) [112]
Zoam, Matiat and Alaath (porridge from Yemen) [22]

Food prepared from soaked, drained
and dried whole or pearled grain

Ohralehikaiset (Finnish barley baked on leaves) [21]
Barley–Yogurt Soup [9]

Černy Kuba or Black Kuba (Czech mushroom–barley casserole) [9]
Goose and Barley Soup (Russian dish) [113]

Jau nu pani (barley water) [108,114]
Kasha (traditional sweet or savory dish of Russia, Poland and Eastern Europe) [22]

Kong Bori Bob (Korean cooked barley) [114]
Krupnick Polski (Polish barley–mushroom soup) [9,115]

Latvian Barley and Potato Porridge [116]
Latvian Bean Soup [116]

Miežu Putra or Meat and Barley Casserole (Latvian meat and barley casserole) [9]
Mugi Gohan (Japanese cooked barley) [117]

Polsa (Swedish barley sausage) [22]
Sanchak tukba (Tibetan porridge from steeped barley gain) [100]

Scotch Broth (Scottish soup) [21]
Talkkuna (in Finnish), Kama (in Estonian), Tolokno (in Russia) (powder which is a mixture of

roasted barley) [9]

Food prepared from malt,
roasted grain or flour

Areki (Ethiopian distilled homemade drink from fermented ingredients) [106]
Atmit or Muk (Ethiopian soup from roasted grain flour) [21]

Bazine (Tunisian porridge from roasted grain flour) [21,22]
Besso and Chiko (Ethiopian dough balls with water, butter or oil) [108]

Boricha (Korean barley tea), Maicha (Chinese barley tea); Mugicha (Japanese barley tea) [21,22]
Buza [98]

Changuel and Tsangtub (Tibetan soup) [21,100]
Chima (Tibetan cake mixed with butter, dried cheese and sugar) [21,100]

Dhido (Etiopian porridge from roasted grain flour) [21]
Genfo or Kinche (Ethiopian porridge from roasted grain flour) [21,106]

Ini (fried naked barley grain) [98]
Kolo (Ethiopian and Eritrean mix with well-roasted whole grains served as breakfast,

sidedish or snacks) [106]

Krimnitas or Chondrinos [6,98]
Magsan and Tsog (Tibetan cake mixed with tea, dried cheese, dried grapes and brown sugar) [21,100]

Pinni or Bagpinni (Himachal Pradesh snack from roasted barley flour) [118,119]
Sanchang (Tibetan slightly alcoholic beverage from roasted grain flour) [100]

Siwa (beer) [106]
Tella (Ethiopian fermented and undistilled beer) [9]

Tijmirout, Tounjifine and Tiroufine (Moroccan popcorn-like products) [22]
Tsangpa-ba or Tsampa-ba (Tibetan and Nepal dough balls with butter and tea) [9,120]

Yue (Tibetan popcorn-like snack) [9]
Yuetub (Tibetan porridge from roasted grain flour) [21,22]

Zurbegonie, Borde and Bequre (Ethiopian unfermented or slightly fermented beverage from
roasted grain and malt) [9,98]



Plants 2022, 11, 3519 16 of 27

Unleavened-type bread (flatbread)—Flatbreads are a traditional type of bread in
many countries [121,122]. There are several types of bread under this common name,
such as Turkish balzama and yufka; Indian chapattis, parathas, poori and roti; Jordanian
balady (sometimes called pita or pocket bread) and Mexican tortillas.

Fermented cereal-based products require high-quality gluten protein, found only in
wheat flour. Therefore, barley flour is mainly used for making unleavened bread (flatbread).
When barley flour is used in fermented bakery products, it should not be added in large
quantities, and different baking additives should be included in the recipe if it is added
in large quantities (e.g., glycerol monostearate in combination with NaCl in chapatti
bread) [123].

This bread is very easy to prepare since it is made of several basic ingredients and is
characterized by the possibility of making it in different thicknesses (from a few millimeters
similar to a tortilla to a few centimeters similar to a balzama). As flatbreads are almost
independent of fermentation and their volume is not a decisive quality parameter, it is
ideal for the inclusion of barley flour in the recipe.

Many authors have dealt with the production and recipes of flatbread with the addition
of barley in different variants such as ground barley flour (barley lines with high protein
content [124], naked barley [125] and waxy naked barley [126]), whole barley flour [127] or
as an extract of ß-glucan from waxy naked barley [128].

Barley flour was added mainly in combination with wheat flour in the preparation of
the different varieties of flatbreads. The proportion of barley flour varied in the samples,
indicating the desired characteristics of a particular type of flatbread.

Thus, in the scientific literature, addition of up to 100% barley flour is found in
tortilla samples [109,129], 50% in flatbread samples [130], 10–40% in balzami samples [131],
5–100% [124] and 10–50% [101,123,125,132] in chapattis samples and 0–100% in balady
samples [127,133].

In addition to the barley flour mentioned above, some studies have investigated the
addition of dietary fiber (TDF), such as Hecker et al. [128], who added an extract of β-
glucan from waxy naked barley as a dietary fiber supplement to flour tortillas. In addition,
Izydorczyk et al. [134] addressed the total soluble fiber content in flatbread samples in
their study. Flatbreads that contain up to a 20% high-fiber barley fraction in their recipe
positively affect the human body (the amount of dietary fiber increases, and the digestibility
of starch is reduced).

The type of flatbread also determines the maximum allowable percentage of barley
flour in products such as chapattis and balzama, so, in some cases, up to 30% barley
flour is acceptable. So, when the percentage is increased, samples become sensorially
unacceptable [125,131].

Considering the health aspect and the benefits for the human body, the content of
β-glucan and dietary fiber increases proportionally to the amount of barley flour added. In
addition, research confirms that β-glucan in barley with high water absorption capacity
is responsible for maintaining the starchy character, thus preserving extensibility during
storage [131,135–137].

Leavened-type bread—Bread is a staple food in all cultures and a convenient product
containing health-promoting ingredients such as barley. Barley flour alone is not suitable
for making leavened-type bread because it does not have the property of spreading that
wheat gluten does, preventing the development of the desired texture and volume of
the bread. Adding barley flour or high-fiber milled barley fractions may adversely affect
common quality parameters such as color and flavor [9].

Barley flour is less able to form a gluten complex after hydration and mixing because
gliadin is replaced by hordenines [138]. Therefore, the addition of barley flour in the bread
mixture disturbs the properties of the dough, reduces the volume of the bread [124] and
causes the darker color of the bread crumbs, which could be due to weaker properties of
barley gluten and the high content of phenolic compounds and fiber.
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Niffenegger [139] made yeast bread (and other products) using 100% barley flour, 75%
barley flour and 25% wheat flour, 50% barley flour and 50% wheat flour and 100% wheat
flour. The volume of bread gradually reduced with the increase in the percentage of barley
flour. Sensory tests indicated poor texture and flavor of bread with a higher percentage
(75% and 100%) of barley.

The focus of several studies has been to determine the acceptable content of barley
flour (in combination with wheat flour) without affecting the quality parameters of bread.

Harlan [140] stated that barley flour might be blended with wheat flour up to 20%
without affecting the quality of leavened bread. Harlan further stated that up to 80% barley
flour can be included in chemically leavened bread and that in both cases, barley flour
darkens the color of the bread and changes the flavor. These facts remain true after more
than 80 years, and thus much of the research in recent years has focused on improving the
quality of bread with barley flour.

Knuckles et al. [141] made bread to which they added barley flour and β-glucan
fractions (obtained by aqueous extraction). Dry-milled and sieved barley flour replaced
wheat flour in amounts of 20% and 40%, and fractions of water-extracted barley were added
in an amount of 5%. When 40% barley flour was added, all bread quality parameters were
low and unacceptable. Bread with 20% dry-milled barley flour and 5% water-extracted
fractions was rated acceptable by consumers in terms of appearance, color, texture, taste
and odor, despite the smaller volume of the bread and darker color.

Kawka et al. [142] added whole barley flakes to the bread dough in a proportion up to
25%. The addition of barley flakes in a proportion of 15% resulted in a decrease in bread
volume, but these samples had the best sensory ratings. In this study, the addition of flakes
resulted in satisfactory texture and flavor of the bread and showed that they can be used as
an ingredient in many baked goods.

Barley bread can be used to lower the glycemic index of conventional wheat-based
foods because barley flour is a rich source of high-quality dietary fiber. Cavallero et al. [83]
used barley flour sieved and water-extracted fractions (both enriched with β-glucan) to
make bread.

A group of researchers in India [143] added barley flour to bread dough in proportions
of 10% and 20%, along with wet gluten and ascorbic acid. For the samples with 20% added
barley flour, 15% moist gluten and 20 ppm ascorbic acid were found, and the texture and
volume of the bread were similar to the control wheat bread.

The acceptable percentage of added barley flour in the production of leavened bread
without affecting its quality (volume, texture, color, porosity) varies up to a maximum of
45%, which is confirmed by many studies [133,135,136,144]. Adding a higher proportion of
barley flour results in breads with higher crumb density, higher ash content, greater bread
hardness and darker breads with lower protein and gluten content. The substitution of
wheat flour with barley flour in the production of bread has a positive effect on the nutri-
tional properties of the product. The partial replacement of wheat flour with barley flour
creates a functional and healthy product enriched with dietary fiber, β-glucan and minerals
without compromising the organoleptic and nutritional properties [145]. Lin et al. [146]
investigated replacing part of the wheat flour with six-row barley flour in the production
of steamed bread. Two types of barley flour (barley pearl flour prepared from pearled
grain and barley endosperm flour obtained after carefully peeling off all layers around the
endosperm and removing the embryo) were used, and the effect of adding barley flour
on the dough properties during processing and the quality of the steamed bread as the
final product were studied. This study also showed that pearl barley flour contains more
dietary fibre. On the other hand, increased amounts of barley flour have a negative effect
on the quality of steamed bread (significantly reduces the specific volume, brightness and
whiteness index of the bread and causes an increase in hardness and chewiness). Barbari is
a traditional Iranian yeast bread made by baking in special ovens. The study conducted by
Naji-Tabasi et al. [147] dealt with the production of barbari bread with improved quality
and higher nutritional value, made with sourdough and whole wheat and barley flour.
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Noodles and pasta—Pasta to which barley flour is added is made in various forms
and types (such as fettuccine, penne, rigatoni, spaghetti, ziti, etc.). The most common
synonyms that can be used to describe these products are macaroni, noodles (traditionally
associated with Asian consumers, e. g., Japanese ramen or Chinese Llamian) and spaghetti.

People’s awareness of a healthy diet and the consumption of functional products is
leading to an increasing interest in the production of such foods. In line with these trends,
there is growing interest in the inclusion of whole grains in the development of new pasta
varieties with whole wheat, barley flours [148–150], barley milling fractions [151–154] or
with a high fraction of β-glucan from barley [155–157]. In this way, pasta is enriched with
dietary fiber, β-glucan and minerals, with a darker color than those made from wheat
flour, but still with satisfactory organoleptic properties. Recent research is based on the
production of pasta from whole grains and high-fiber cereals such as barley (which contains
15.2–16.1% fiber and 4.3–5.0% β-glucan) [158].

The important quality parameters for noodles include a light yellow color of noodles
without dark spots, a smooth, non-sticky surface, high strength and elasticity [159–161].
To offset the negative effects of barley in pasta production (dark pasta, lower firmness
and elasticity, increased losses during cooking, absence of gluten), pasta is made from
wheat flour to which a lower percentage of barley flour is added. When investigating
the optimal recipe for pasta production, Dexter et al. [153] added barley with different
amylose content in their study, and the addition of 20% barley flour proved to be the best
in pasta production.

There are studies in which quality barley noodles were produced by adding 100%
barley flour combined with the addition of various additives (such as glyceryl monostearate
and sodium polyacrylate) that improved the textural properties of the barley noodles [162].

Muffins and cake—Muffins and cake products owe their popularity to the practical
and easy preparation and durability. The addition of barley to the muffin or cake recipe
results in darkening of the sample, lower volume and softer structure. Berglund et al. [163]
studied the addition of naked waxy barley milled into whole grain flour and also processed
into flakes. In their study, they made a number of products (muffins, cookies and granola
bars) with the addition of barley flour in proportions ranging from 26–100%. The products
were tested for their physical (such as color, volume and spreading factor) and sensory
properties. The results showed adding barley flour led to a reduction in volume, a darker
color and a generally better sensory evaluation (in appearance, texture, taste, sweetness
and flavor) than wheat flour samples.

Hudson et al. [164] studied muffins prepared from oat bran (100%), barley bran (40%),
and rice bran (60%). Sensory analysis showed acceptable or better overall quality (compared
to a commercial muffin made with oat bran). Muffins were also successfully prepared
with 100% barley flour, although differences between varieties affected muffin volume and
density [68].

Newman et al. [165] studied the influence of the addition of naked waxy barley
fractions in the production of yeast bread, biscuits, cookies and muffins. The barley
fractions differed in the amount of TDF, ranging from 8.8–18.2%. The products were
evaluated sensorily, and their volume and dimensions were determined. The yeast bread
was the only fiber-enriched product with reduced volume and dimensions. The results
of the sensory analysis showed no significant difference between the products with and
without the addition of barley. The muffins with the addition of barley were described
as “moist”.

Cookies/biscuits—When wheat flour is partially or completely replaced by barley
flour, the gluten protein of wheat is diluted. Since gluten content is not a determining
factor in cookie quality (unlike leavened bread), its absence will not decrease cookie quality
(even if they become darker in color and softer in structure). Moreover, adding barley flour
makes the cookies a functional product due to the content of phenolic compounds and
antioxidant activity, β-glucan and dietary fiber [166].
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The quality of barley flour in producing cookies is significantly influenced by the
genotype and the size of the barley grains. Therefore, when selecting a variety of barley
to produce cookies, it is necessary to consider the desired characteristics of the cookies to
be obtained.

The results of studies on the effects of adding barley flour to cookies on their quality
and nutritional composition (β-glucan) have shown that increasing the content of added
barley flour leads to an improvement in flavor, density, color, dryness and graininess, as
well as an improvement in the nutritional value [167] of cookies. Frost et al. [168] found
that adding barley flour to samples resulted in the enrichment of samples with β-glucan
(an addition of 30% barley results in 0.5 g in samples and a 50% addition of β-glucan in
samples is 0.8 g). To improve the nutritional, sensory and qualitative properties of cookies,
a mixture of several cereals was prepared. It has been confirmed that a mixture of wheat,
barley (20%) and buckwheat leads to an increase in iron, calcium and zinc content [93]
and fiber, fat, ash and carbohydrate content in cookies [169]. The addition of barley flour
affected the darker color of the cookies, greater total phenolics content and antioxidant
activity compared to wheat biscuits [166]. The color of the samples varied from pale cream
to golden brown and depends on the proportion of barley added [170].

The bran of malted barley is a potentially valuable resource for protein, minerals
and dietary fibre (which could be important in the food industry, especially in baking).
Therefore, substituting wheat flour with malted barley bran could improve the nutritional
quality of baked goods. In a study by Ikuomola et al. [171], the quality of cookies produced
from blends of wheat flour and bran of malted barley at different ratios was investigated.
The addition of 5% malted barley bran could be used to produce nutritionally enriched
cookies (high protein, ash and fiber content). In a study by Alka et al. [172], malt flour was
added to the cookies, resulting in an increase in crude protein content, crude and dietary
fiber and soluble fiber.

Since barley improves the nutritional properties and color of the cake, its use in the
production of nutritionally-enriched cake is justified. Sprouted barley flour can be added
to the recipe to obtain a cake enriched with nutrients and improved physical properties
(crumbly and soft texture). In addition to improving the nutritional properties of the cake,
the addition of sprouted barley flour in proportions of 10–40% has a significant anti-staling
effect [173].

In their study, Yaqoob et al. [174] investigated the effects of adding raw and sprouted
barley flour mixed with wheat flour on cake quality. They found that cakes with the
addition of sprouted barley flour had both advantages and disadvantages. They were
softer, firmer and more nutritious, but had weaker sensory characteristics compared to
cakes made from pure wheat flour or raw barley flour.

In the research by Nakov et al. [37], the influence of replacing wheat flour with
naked barley flour on the quality of short-dough cookies and the production of cookies
with improved nutritional value and functional properties was analyzed. The research
results showed that the physicochemical properties of cookies change significantly with the
addition of barley flour (the spread factor and hardness decreased, and the color became
slightly darker). At the same time, the addition of barley flour had a positive effect on the
nutritional and functional properties of the cookies (the content of dietary fiber, especially
β-glucan, and the content of total phenols and antioxidant capacity increased).

5.2. Malted Barley-Based Food Products

Malt production is an important technological process for processing whole grains.
During beer production, large quantities of by-products are produced after mashing, such
as roots or brewers’ spent grain (BSG) (approximately 85% of the total by-products ob-
tained) [175]. Malted grain (or by-product of malting) can be used to produce a nutritionally-
enriched, functional product with increased levels of fiber, minerals, proteins or secondary
plant compounds. The increasing interest in the use of malted grains (or by-products
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resulting from the malting process) as a functional ingredient in the production of various
cereal-based products is confirmed by research on this topic [36,37,45,176].

The most common application of barley malt is the production of beer and other
beverages based on barley malt. However, small amounts of malt (in the form of malt
flour) are also used in the production of baked goods. This type of malt flour is also
called diastatic malt flour. Diastatic malt flour is commonly used in small amounts as
an additive to improve amylolytic activity in the dough of baked goods that require
fermentation. Non-diastatic malt extract is typically used to improve color and flavor
in cookies and may contribute to the sweetness of the product as it contains significant
amounts of sugar [69,177,178].

The study by Jukić et al. [38] referred to the use of barley malt flour (BMF) in the
production of sponge cake. The influence of the addition of BMF, together with the
reduction of sucrose in the recipe on the quality characteristics of sponge cake, was analyzed.
The results showed that adding BMF influenced the reduction of specific volume and the
coloration of the sponge cake crumb, positively affected the sensory evaluation of the
product (with the addition of 20% BMF) and improved nutritional and functional properties
of the sponge cake (since BMF contains significant amounts of its own sugar, which can
minimize the effects of the reduction of sucrose content in the sponge cake recipe).

In another study by Jukić et al. [36], it was found that different types of BMF (enzymat-
ically active Pilsen, low-enzymatically active Amber and non-enzymatically active Black)
could be successfully used to produce functional sponge cake with reduced added sucrose.
Furthermore, based on the results of sensory analysis, it was found that cookies with the
addition of BMF (Pilsen and Amber) had a pleasantly sweet and rich taste. In contrast, the
addition of Black BMF resulted in an excessively bitter taste and a nutty roasted aroma.

The use of barley malt roots as a by-product in the production of malt and beer
contributes to the nutrient enrichment of the final product with proteins, essential amino
acids, healthy fats, polyphenols and minerals. Waters et al. [176] investigated the possibility
of producing nutrient-enriched bread by adding barley malt roots (fermented or just
ground) in amounts up to 20%. The addition of barley malt roots in bread making can
enrich bread and contribute to developing high-quality bread with improved characteristics
for a wide consumer market.

BSG is the main by-product of the brewing industry, with a high content of proteins
(20%) and fibers (70%). It contains about 17% cellulose and 28% non-cellulosic polysaccha-
rides (mainly arabinoxylans and 28% lignin). Due to its granular structure, it must be milled
into flour so that it can be added directly to the product. However, due to its influence on
the color, flavor and texture of the product, there are certain limitations to the use of BSG as
a flour, protein additive or a partial substitute for wheat flours. Because of its influence on
the organoleptic and functional properties of the product, it is recommended to add BSG
in a proportion of 5–10%. According to previous studies, BSG has been successfully used
in a number of cereal-based products (bread, muffins, cookies, waffles, pancakes, tortillas,
donuts, brownies and cakes) for the production of flakes and appetizers [45,179–182].

6. Conclusions

Consumers are becoming increasingly aware of the link between diet and disease. As
a result, more attention is being paid to a balanced diet and more effort is now being put
into developing novel, healthier, more nutritious and fortified functional foods worldwide.

Barley is an important source of macro- and micronutrients needed in the typical
human diet, and has beneficial effects against the development of various diseases. There-
fore, barley grain is gaining renewed attention worldwide due to its richness in functional
ingredients (proteins, fibre, vitamins, and natural bioactive antioxidants such as phenols
and lipids). These components are widely distributed in barley and influence the aroma,
taste and color of foods. The nutritional properties of barley contribute to the prevention of
numerous metabolic disorders by exerting antioxidant, anticarcinogenic, anti-inflammatory
and cardio- and neuroprotective effects. Overall, the consumption of barley in the hu-
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man diet has shown beneficial effects in preventing the development of chronic diseases.
The recent interest in barley grain is mainly due to its content of soluble dietary fibre, β-
glucan and antioxidant phytochemicals. However, studies on the bioactive and nutritional
properties of barley and the use of the crop as a functional food in human nutrition are
still limited.

Recently, there have been several initiatives to encourage barley producers to grow
selected barley varieties suitable for human consumption and to develop barley-based
products. Those barley varieties mainly include naked barley varieties and those that
contain more β-glucan, higher levels of indigestible carbohydrates and better protein
quality. Naked barley varieties require minimal processing because the bran layer remains
intact, whereas covered varieties can lose nutrient-rich layers during pearling. In addition,
cereal product manufacturers face numerous challenges as the addition of barley has
an unfavorable effect on certain bakery products (reduced volume and increased water
retention in the final product). Even though the addition of barley has a negative effect on
some products, such as leavened bread, there are many products where the use of barley is
very successful (e.g., flatbread, muffins, cookies).
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2007, 80, 1016–1022. [CrossRef]
42. Hübner, F.; Arendt, E.K. Germination of Cereal Grains as a Way to Improve the Nutritional Value: A Review. Crit. Rev. Food

Sci. Nutr. 2013, 53, 853–861. [CrossRef]
43. Shingare, S.P.; Thorat, B.N. Fluidized Bed Drying of Sprouted Wheat (Triticum aestivum). Int. J. Food Eng. 2013, 10, 29–37.

[CrossRef]
44. Ortiz, L.T.; Velasco, S.; Treviño, J.; Jiménez, B.; Rebolé, A. Changes in the Nutrient Composition of Barley Grain

(Hordeum vulgare L.) and of Morphological Fractions of Sprouts. Scientifica 2021, 2021, 1–7. [CrossRef]

http://doi.org/10.1080/10408699891274183
http://www.ncbi.nlm.nih.gov/pubmed/9526682
http://doi.org/10.1071/AR98158
http://doi.org/10.1016/j.tifs.2012.10.005
http://doi.org/10.1006/jcrs.1996.0049
http://doi.org/10.1016/B978-1-891127-79-3.50010-X
http://doi.org/10.1094/CFW-61-5-0188
http://doi.org/10.5772/intechopen.78967
http://doi.org/10.1016/j.jcs.2009.09.004
http://doi.org/10.1016/j.foodres.2020.110065
http://doi.org/10.1016/j.cofs.2017.01.004
http://doi.org/10.3390/nu11081769
http://doi.org/10.1016/B978-0-12-812043-9.00002-3
http://doi.org/10.1016/B978-0-12-812043-9.00005-9
http://doi.org/10.1533/9781845693886.2.261
http://doi.org/10.1021/acs.jafc.9b08063
http://doi.org/10.1007/BF01088472
http://doi.org/10.1111/1750-3841.15858
http://doi.org/10.3390/foods9030296
http://doi.org/10.24263/2304-974X-2022-11-1-8
http://doi.org/10.3390/foods11162428
http://doi.org/10.3390/plants11060761
http://www.ncbi.nlm.nih.gov/pubmed/35336642
http://doi.org/10.3389/fnut.2021.785847
http://www.ncbi.nlm.nih.gov/pubmed/34966773
http://doi.org/10.3390/nu14183729
http://www.ncbi.nlm.nih.gov/pubmed/36145105
http://doi.org/10.1016/j.jfoodeng.2006.08.012
http://doi.org/10.1080/10408398.2011.562060
http://doi.org/10.1515/ijfe-2012-0097
http://doi.org/10.1155/2021/9968864


Plants 2022, 11, 3519 23 of 27

45. Mussatto, S.I.; Dragone, G.; Roberto, I.C. Brewers’ Spent Grain: Generation, Characteristics and Potential Applications.
J. Cereal Sci. 2006, 43, 1–14. [CrossRef]

46. Czubaszek, A.; Wojciechowicz-Budzisz, A.; Spychaj, R.; Kawa-Rygielska, J. Effect of Added Brewer’s Spent Grain on the Baking
Value of Flour and the Quality of Wheat Bread. Molecules 2022, 27, 1624. [CrossRef]

47. Kiryluk, J.; Kawka, A.; Gasiorowski, H.; Chalcarz, A.; Anioła, J. Milling of Barley to Obtain β-Glucan Enriched Products.
Nahrung-Food 2000, 44, 238–241. [CrossRef]

48. Hartikainen, K.; Katina, K. Improving the Quality of High-Fibre Breads. In Breadmaking: Improving Quality, 2nd ed.;
Cauvain, S.P., Ed.; Elsevier: Amsterdam, The Netherlands, 2012; pp. 736–753. [CrossRef]

49. Höije, A.; Gröndahl, M.; Tømmeraas, K.; Gatenholm, P. Isolation and Characterization of Physicochemical and Material Properties
of Arabinoxylans from Barley Husks. Carbohydr. Polym. 2005, 61, 266–275. [CrossRef]

50. Palmarola-Adrados, B.; Galbe, M.; Zacchi, G. Pretreatment of Barley Husk for Bioethanol Production. J. Chem. Technol. Biotechnol.
2005, 80, 85–91. [CrossRef]

51. Cruz, J.M.; Moldes, A.B.; Bustos, G.; Torrado, A.; Domínguez, J.M. Integral Utilisation of Barley Husk for the Production of Food
Additives. J. Sci. Food Agric. 2007, 87, 1000–1008. [CrossRef]

52. Gao, J.; Vasanthan, T.; Hoover, R. Isolation and Characterization of High-Purity Starch Isolates from Regular, Waxy, and
High-Amylose Hulless Barley Grains. Cereal Chem. 2009, 86, 157–163. [CrossRef]

53. Ping, H.; Wang, J.; Ren, G. Prediction of The Total Starch and Amylose Content in Barley Using Near-Infrared Reflectance
Spectroscopy. Intell. Autom. Soft Comput. 2013, 19, 231–237. [CrossRef]

54. Asare, E.K.; Jaiswal, S.; Maley, J.; Båga, M.; Sammynaiken, R.; Rossnagel, B.G.; Chibbar, R.N. Barley Grain Constituents, Starch
Composition, and Structure Affect Starch in Vitro Enzymatic Hydrolysis. J. Agric. Food Chem. 2011, 59, 4743–4754. [CrossRef]

55. Zhu, F. Barley Starch: Composition, Structure, Properties, and Modifications. Compr. Rev. Food Sci. Food Saf. 2017, 16, 558–579.
[CrossRef]

56. Ahmed, Z.; Tetlow, I.J.; Falk, D.E.; Liu, Q.; Emes, M.J. Resistant Starch Content Is Related to Granule Size in Barley. Cereal Chem.
2016, 93, 618–630. [CrossRef]

57. Hang, A.; Obert, D.; Gironella, A.I.N.; Burton, C.S. Barley Amylose and β-Glucan: Their Relationships to Protein, Agronomic
Traits, and Environmental Factors. Crop Sci. 2007, 47, 1754–1760. [CrossRef]

58. Izydorczyk, M.S.; Storsley, J.; Labossiere, D.; MacGregor, A.W.; Rossnagel, B.G. Variation in Total and Soluble β-Glucan Content
in Hulless Barley: Effects of Thermal, Physical, and Enzymic Treatments. J. Agric. Food Chem. 2000, 48, 982–989. [CrossRef]

59. Bhatty, R.S.; Rossnagel, B.G. Zero Amylose Lines of Hull-Less Barley. Cereal Chem. J. 1997, 74, 190–191. [CrossRef]
60. Bhatty, R.S.; Rossnagel, B.G. Comparison of Pearled and Unpearled Canadian and Japanese Barleys. Cereal Chem. 1998, 75, 15–21.

[CrossRef]
61. Considine, D.M. Foods and Food Production Encyclopedia; Considine, D.M., Considine, G.D., Eds.; Springer: Boston, MA, USA, 1982.

[CrossRef]
62. Newman, R.K.; Newman, C.W. Hulless Barley for Food and Feed. In Specialty Grains for Food and Feed; Abdel-Aal, E.,

Wood, P.J., Eds.; American Association of Cereal Chemists: St. Paul, MN, USA, 2005; pp. 167–202.
63. Svegmark, K.; Hermansson, A. Microstructure and Rheological Properties of Composites of Potato Starch Granules and Amylose:

A Comparison of Observed and Predicted Structures. Food Struct. 1993, 12, 181–193.
64. Fleche, G. Chemical Modification And Degradation Of Starch. In Food Science Technology; Van Beynum, G.M.A., Roels, J.A., Eds.;

Marcel Dekker, Inc.: New York, NY, USA, 1985; Volume 14, pp. 77–99.
65. Gupta, M.; Bawa, A.S.; Semwal, A.D. Morphological, Thermal, Pasting, and Rheological Properties of Barley Starch and Their

Blends. Int. J. Food Prop. 2009, 12, 587–604. [CrossRef]
66. Agboola, S.O.; Akingbala, J.O.; Oguntimein, G.B. Physicochemical and Functional Properties of Low DS Cassava Starch Acetates

and Citrates. Starch -Stärke 1991, 43, 62–66. [CrossRef]
67. Moore, C.O.; Tuschhoff, J.V.; Hastings, C.W.; Schanefelt, R.V. Applications of Starches in Foods. In Starch: Chemistry and Technology;

Whistler, R.L., BeMiller, J.N., Paschall, E.F., Eds.; Elsevier: Orlando, FL, USA, 1984; pp. 575–591. [CrossRef]
68. Newman, R.K.; McGuire, C.F.; Newman, C.W. Composition and Muffin-Baking Characteristics of Flours from Four Barley

Cultivars. Cereal Foods World 1990, 35, 563–566.
69. Ullrich, S.E. Significance, Adaptation, Production, and Trade of Barley. In Barley: Production, Improvement, and Uses;

Ullrich, S.E., Ed.; Blackwell Publishing Ltd.: West Sussex, UK, 2011; pp. 3–13. [CrossRef]
70. Makeri, M.U.; Nkama, I.; Badau, M.H. Physico-Chemical, Malting and Biochemical Properties of Some Improved Nigerian Barley

Cultivars and Their Malts. Int. Food Res. J. 2013, 20, 1563–1568.
71. Tosh, S.M.; Bordenave, N. Emerging Science on Benefits of Whole Grain Oat and Barley and Their Soluble Dietary Fibers for

Heart Health, Glycemic Response, and Gut Microbiota. Nutr. Rev. 2021, 78, 13–20. [CrossRef]
72. Fuse, Y.; Higa, M.; Miyashita, N.; Fujitani, A.; Yamashita, K.; Ichijo, T.; Aoe, S.; Hirose, T. Effect of High β-Glucan Barley on

Postprandial Blood Glucose and Insulin Levels in Type 2 Diabetic Patients. Clin. Nutr. Res. 2020, 9, 43. [CrossRef]
73. DeMartino, P.; Cockburn, D.W. Resistant Starch: Impact on the Gut Microbiome and Health. Curr. Opin. Biotechnol. 2020, 61,

66–71. [CrossRef]
74. Idehen, E.; Tang, Y.; Sang, S. Bioactive Phytochemicals in Barley. J. Food Drug Anal. 2017, 25, 148–161. [CrossRef]

http://doi.org/10.1016/j.jcs.2005.06.001
http://doi.org/10.3390/molecules27051624
http://doi.org/10.1002/1521-3803(20000701)44:4&lt;238::AID-FOOD238&gt;3.0.CO;2-I
http://doi.org/10.1533/9780857095695.4.736
http://doi.org/10.1016/j.carbpol.2005.02.009
http://doi.org/10.1002/jctb.1161
http://doi.org/10.1002/jsfa.2796
http://doi.org/10.1094/CCHEM-86-2-0157
http://doi.org/10.1080/10798587.2013.823719
http://doi.org/10.1021/jf200054e
http://doi.org/10.1111/1541-4337.12265
http://doi.org/10.1094/CCHEM-02-16-0025-R
http://doi.org/10.2135/cropsci2006.06.0429
http://doi.org/10.1021/jf991102f
http://doi.org/10.1094/CCHEM.1997.74.2.190
http://doi.org/10.1094/CCHEM.1998.75.1.15
http://doi.org/10.1007/978-1-4684-8511-0
http://doi.org/10.1080/10942910801947763
http://doi.org/10.1002/star.19910430207
http://doi.org/10.1016/b978-0-12-746270-7.50025-2
http://doi.org/10.1002/9780470958636.ch1
http://doi.org/10.1093/nutrit/nuz085
http://doi.org/10.7762/cnr.2020.9.1.43
http://doi.org/10.1016/j.copbio.2019.10.008
http://doi.org/10.1016/j.jfda.2016.08.002


Plants 2022, 11, 3519 24 of 27

75. Geng, L.; Li, M.; Zhang, G.; Ye, L. Barley: A Potential Cereal for Producing Healthy and Functional Foods. Food Qual. Saf. 2022, 6,
1–13. [CrossRef]

76. Whitehouse, R.N.H. Barley. By D. E. Briggs. London: Chapman and Hall (1978), Pp. 612, £25. Exp. Agric. 1979, 15, 203–204.
[CrossRef]

77. Ullrich, S.E.; Clancy, J.A.; Eslick, R.F.; Lance, R.C.M. B-Glucan Content and Viscosity of Extracts From Waxy Barley. J. Cereal Sci.
1986, 4, 279–285. [CrossRef]

78. Xue, Q.; Wang, L.; Newman, R.K.; Newman, C.W.; Graham, H. Influence of the Hulless, Waxy Starch and Short-Awn Genes on
the Composition of Barleys. J. Cereal Sci. 1997, 26, 251–257. [CrossRef]

79. MacGregor, A.W.; Fincher, G.B. Carbohydrates of the Barley Grain. In Barley: Chemistry and Technology; MacGregor, A.W., Bhatty,
R.S., Eds.; American Association of Cereal Chemist: St. Paul, MN, USA, 1993; pp. 73–130.

80. Murphy, E.J.; Rezoagli, E.; Major, I.; Rowan, N.; Laffey, J.G. β-Glucans. Encyclopedia 2021, 1, 831–847. [CrossRef]
81. Bacic, A.; Fincher, G.B.; Stone, A.B. Chemistry, Biochemistry, and Biology of 1-3 Beta Glucans and Related Polysaccharides, 1st ed.;

Antony, B., Geoffrey, F., Bruce, S., Eds.; Elsevier: Amsterdam, The Netherlands, 2009. [CrossRef]
82. Vizhi, V.K.; Many, J.N. Study on Estimation, Extraction and Analysis of Barley Beta-Glucan. Int. J. Sci. Res. 2014, 3, 1480–1484.
83. Cavallero, A.; Empilli, S.; Brighenti, F.; Stanca, A.M. High (1→ 3, 1→ 4)-β-Glucan Barley Fractions in Bread Making and Their

Effects on Human Glycemic Response. J. Cereal Sci. 2002, 36, 59–66. [CrossRef]
84. Scientific Opinion on the substantiation of health claims related to dietary fibre (ID 744, 745, 746, 748, 749, 753, 803, 810, 855, 1415,

1416, 4308, 4330) pursuant to Article 13(1) of Regulation (EC) No 1924/2006. EFSA J. 2010, 8, 1735. [CrossRef]
85. FDA (The Food and Drug Administration). Health Claim for Barley Products; FDA: Silver Spring, MD, USA, 2006; Volume 40, p. 5.
86. Swanston, R.P.; Ellis, J.S. Genetics and Breeding of Malt Quality Attributes. In Barley Science: Recent Advances from Molecular

Biology to Agronomy of Yield and Quality; Slafer, G.A., Molina-Cano, J.L., Savin, R., Araus, J.L., Romagosa, I., Eds.; Haworth Press:
Binghamton, NY, USA, 2002; pp. 85–114.

87. Izydorczyk, M.S.; Mcmillan, T. Barley Production and Quality of Western Canadian Malting Barley 2021 Annual Barley Harvest Report;
Grain Research Laboratory, Canadian Grain Commission: Winnipeg, MB, Canada, 2021.

88. Osborne, T.B. The Proteids of Barley. J. Am. Chem. Soc. 1895, 17, 539–567. [CrossRef]
89. Shewry, P.R.; Tatham, A.S. The Prolamin Storage Proteins of Cereal Seeds: Structure and Evolution. Biochem. J. 1990, 267, 1–12.

[CrossRef] [PubMed]
90. Morrison, W.R. Barley Lipids. In Barley: Chemistry and Technology; MacGregor, A.W., Bhatty, R.S., Eds.; American Association of

Cereal Chemists: St. Paul, MN, USA, 1993; pp. 199–246.
91. Åman, P.; Hesselman, K.; Tilly, A.C. The Variation in Chemical Composition of Swedish Barleys. J. Cereal Sci. 1985, 3, 73–77.

[CrossRef]
92. Anness, B.J. Lipids of Barley, Malt and Adjuncts. J. Inst. Brew. 1984, 90, 315–318. [CrossRef]
93. Kaur, H.; Shaveta, S.; Kaur, S.; Sharma, V.; Kaur, K. Hulless Barley: A New Era of Research for Food Purposes. Wheat Barley Res.

2019, 11, 873–881. [CrossRef]
94. Bourdon, I.; Yokoyama, W.; Davis, P.; Hudson, C.; Backus, R.; Richter, D.; Knuckles, B.; Schneeman, B.O. Postprandial Lipid,

Glucose, Insulin, and Cholecystokinin Responses in Men Fed Barley Pasta Enriched with β-Glucan. Am. J. Clin. Nutr. 1999, 69,
55–63. [CrossRef]

95. Geng, L.; Li, M.; Xie, S.; Wu, D.; Ye, L.; Zhang, G. Identification of Genetic Loci and Candidate Genes Related to β-Glucan Content
in Barley Grain by Genome-Wide Association Study in International Barley Core Selected Collection. Mol. Breed. 2021, 41, 6.
[CrossRef]

96. Lazaridou, A.; Biliaderis, C.G. Molecular Aspects of Cereal β-Glucan Functionality: Physical Properties, Technological Applica-
tions and Physiological Effects. J. Cereal Sci. 2007, 46, 101–118. [CrossRef]

97. Scientific Opinion on the Substantiation of a Health Claim Related to Barley Beta-Glucans and Lowering of Blood Cholesterol
and Reduced Risk of (Coronary) Heart Disease Pursuant to Article 14 of Regulation (EC) No 1924/2006. EFSA J. 2011, 9, 2470.
[CrossRef]

98. Newman, C.W.; Newman, R.K. A Brief History of Barley Foods. Cereal Foods World 2006, 51, 4–7. [CrossRef]
99. Schmid, R.; Davidson, A. The Oxford Companion to Food; Oxford University Press: New York, NY, USA, 2000; Volume 49. [CrossRef]
100. Brophy, M. Barley Production and Research Trends in Canada. In Food Barley: Importance, Uses and Local Knowledge. Proceedings of

the International Workshop on Food Barley Improvement; Grando, S., Macpherson, H.G., Eds.; International Center for Agricultural
Research in the Dry Areas (ICARDA): Aleppo, Syria, 2011; pp. 80–87.

101. Sharma, P.; Gujral, H.S. Antioxidant Potential of Wheat Flour Chapattis as Affected by Incorporating Barley Flour. Lwt 2014, 56,
118–123. [CrossRef]

102. Tamang, J.P.; Thapa, S. Fermentation Dynamics during Production of Bhaati Jaanr, a Traditional Fermented Rice Beverage of the
Eastern Himalayas. Food Biotechnol. 2006, 20, 251–261. [CrossRef]

103. Mola, A.; Abebaw, M. Barley Utilization in Ankober Wereda, North Shewa. In Barley-Based Farming Systems in the Highlands of
Ethiopia; Yirga, C., Alemayehu, F., Sinebo, W., Eds.; Ethiopian Agricultural Research Organization: Adis Abeba, Ethiopia, 1998;
pp. 113–117.

104. Felah, M.E.; Medimagh, S. Food Barley in Tunisia. In Food barley: Importance, Uses and Local Knowledge; Grando, S., Macpherson,
H.G., Eds.; International Center for Agricultural Research in the Dry Areas (ICARDA): Aleppo, Syria, 2005; pp. 29–35.

http://doi.org/10.1093/fqsafe/fyac012
http://doi.org/10.1017/S0014479700000636
http://doi.org/10.1016/S0733-5210(86)80030-3
http://doi.org/10.1006/jcrs.1996.0114
http://doi.org/10.3390/encyclopedia1030064
http://doi.org/10.1016/B978-0-12-373971-1.X0001-5
http://doi.org/10.1006/jcrs.2002.0454
http://doi.org/10.2903/j.efsa.2010.1735
http://doi.org/10.1021/ja02162a008
http://doi.org/10.1042/bj2670001
http://www.ncbi.nlm.nih.gov/pubmed/2183790
http://doi.org/10.1016/S0733-5210(85)80035-7
http://doi.org/10.1002/j.2050-0416.1984.tb04282.x
http://doi.org/10.25174/2249-4065/2019/83719
http://doi.org/10.1093/ajcn/69.1.55
http://doi.org/10.1007/s11032-020-01199-5
http://doi.org/10.1016/j.jcs.2007.05.003
http://doi.org/10.2903/j.efsa.2011.2470
http://doi.org/10.1094/CFW-51-0004
http://doi.org/10.2307/1223859
http://doi.org/10.1016/j.lwt.2013.10.047
http://doi.org/10.1080/08905430600904476


Plants 2022, 11, 3519 25 of 27

105. Bekele, B.; Alemayehu, F.; Lakew, B. Food Barley in Ethiopia. In Food barley: Importance, Uses and Local Knowledge; Grando,
S., Macpherson, H.G., Eds.; International Center for Agricultural Research in the Dry Areas (ICARDA): Aleppo, Syria, 2005;
pp. 53–82.

106. Nigusse, B.T. Barley Farming Systems and Types of Barley End Uses for Human Consumption as Described by Farmers in Eritrea.
In Food Barley: Importance, Uses and Local Knowledge. Proceedings of the International Workshop on Food Barley Improvement; Grand,
S., Macpherson, H.G., Eds.; International Center for Agricultural Research in the Dry Areas (ICARDA): Aleppo, Syria, 2002;
pp. 36–41.

107. Kremezi, A. Paximadia (Barley Biscuits): Food for Sailors, Travellers, and Poor Islanders. In Food on the Move: Proc. Oxford Symp.
Food Cookery; Walker, H., Ed.; Prospect Books: Devon, UK, 1996.

108. Suman, D.; Sreeja, V. Barley: A Cereal with Potential for Development of Functional Fermented Foods. Intl. J. Ferment. Food 2019,
8, 1–13. [CrossRef]

109. Prasopsunwattana, N.; Omary, M.B.; Arndt, E.A.; Cooke, P.H.; Flores, R.A.; Yokoyama, W.; Toma, A.; Chongcham, S.; Lee, S.P.
Particle Size Effects on the Quality of Flour Tortillas Enriched with Whole Grain Waxy Barley. Cereal Chem. 2009, 86, 439–451.
[CrossRef]

110. Karademir, E.; Yalçin, E. Effect of Fermentation on Some Quality Properties of Cornelian Cherry Tarhana Produced from Different
Cereal/Pseudocereal Flours. Qual. Assur. Saf. Crop. Foods 2019, 11, 127–135. [CrossRef]

111. Erkan, H.; Çelik, S.; Bilgi, B.; Köksel, H. A New Approach for the Utilization of Barley in Food Products: Barley Tarhana.
Food Chem. 2006, 97, 12–18. [CrossRef]

112. Basman, A.; Köksel, H. Effects of Barley Flour and Wheat Bran Supplementation on the Properties and Composition of Turkish
Flat Bread, Yufka. Eur. Food Res. Technol. 2001, 212, 198–202. [CrossRef]

113. Moosavy, M.H.; Basti, A.A.; Misaghi, A.; Salehi, T.Z.; Abbasifar, R.; Mousavi, H.A.E.; Alipour, M.; Razavi, N.E.; Gandomi, H.;
Noori, N. Effect of Zataria Multiflora Boiss. Essential Oil and Nisin on Salmonella Typhimurium and Staphylococcus Aureus in a
Food Model System and on the Bacterial Cell Membranes. Food Res. Int. 2008, 41, 1050–1057. [CrossRef]

114. Dutta, M.; Bhattacharyya, S.; Nandy, P.; Paul, A. A Review on Products from Barley. Int. J. Curr. Microbiol. Appl. Sci. 2018, 7,
1718–1725. [CrossRef]

115. Ochorowicz-Monatowa, M. Polish Cookery; Crown Publishers: New York, NY, USA, 1958.
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