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Abstract: Globally, beer is considered the most-consumed low-alcohol beverage, it ranks third, after
water and tea, in the top sales of these drinks. New types of beer are the result of the influence of
several factors, including innovations in science and technology, changing requirements for food
consumption of the population, competition between producers, promotion of food for health, flavor,
and quality, the limited nature of traditional food resource raw materials, and the interest of producers
in reducing production costs. Manufacturers are looking for new solutions for obtaining products
that meet the requirements of consumers, authentic products of superior quality, with distinctive taste
and aroma. This review proposes the use of two pseudocereals as raw materials in the manufacture
of beer: buckwheat and amaranth, focusing on the characteristics that recommend them in this
regard. Due to their functional and nutraceutical properties, these pseudocereals can improve the
quality of beer—a finished product. Additionally, all types of beer obtained from these pseudocereals
are recommended for diets with particular nutritional requirements, especially gluten-free diets.
Researchers and producers will continue to improve and optimize the sensory and technological
properties of the new types of beer obtained from these pseudocereals.

Keywords: unconventional raw material; pseudocereals; substitute’s malts; specialty beers

1. Introduction

Beer is the most widely consumed low-alcohol beverage, and the annual per capita
consumption, which is estimated to be 5.11 million hL/day, is increasing year by year [1].
Consumer interest in this beverage has increased due to unprecedented assortment di-
versification and the reinvention of craft beer [1,2]. Over the last 40 years, as scientific
discoveries have continued to develop, amazing innovations have resulted in advances
in the quality of the finished beer product. Innovation in the beer industry often involves
the use of new mixtures of cereals and pseudocereals or the rediscovery of old cereals,
new hop varieties or hop substitutes, new non-Saccharomyces yeast crops, fruit, vegetables,
some spices, and other flavouring compounds to improve/modify the sensory character-
istics of the finished product, customize a type of beer or offer a new type of different
beer [3-5]. However, minimal progress has been made in considering raw ingredients,
without malting, in the brewing process [6]. Moreover, there are few data in the literature
on the use of unconventional raw materials in brewing recipes and on how they influence
the physico-chemical and sensory characteristics of the finished product [7].

Conventional raw materials in beer processing include barley or wheat malt, water, hops,
and yeast, to which unmalted cereals and possibly enzymatic preparations can be added in
various proportions, through a technological process that includes four main operations: malt-
ing, mashing/filtration, boiling /hopping and wort pitching /fermentation [8-10]. Assortment
diversification has been influenced by several factors, such as the rebirth of craft beer;
increased consumer interest in functional beer; the concern of producers to reduce the
costs of obtaining the finished product; development of gluten-free brewing; consumer
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-Conventional beers: barley or

malts, hops, yeast, water

-Unconventional beers: alternative cereals,
either as malt or as raw grain plus commercial
enzymes, and many adjuncts and flavours

enhancers: herbs, fruits, spices etc.

-Unpasteurized beers
-Pasteurized beers

-Superfiltered beers: cold sterilized treatment

demand for the unique experience of consuming authentic products of superior quality,
with distinctive taste and aroma; and unfavourable conditions for growing barley or wheat
in some parts of the world [8,11-13]. These emerging trends and new developments in the
beer market have led to the production of distinctive and unconventional products, which,
together with traditional beers, make up many beer types (Figure 1).
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-Lager beers: bottom fermenting by
Saccharomyces pastorianus strains
-Ale Dbeers: top fermenting by
Saccharomyces cerevisiae strains
-Lambic beers: spontaneous

fermentation of indigenous yeasts

- low to no-alcohol beers - probiotic beers
- low carbohydrate beers - enriched beers
- gluten-free beers -organic beers: made only with
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“independent” and  “traditional” GMO

breweries
Figure 1. Types of beer according to different classification criteria.

Producers’ interest in making a non-traditional beer requires technical and empiri-
cal knowledge of the composition of the new ingredients in the production recipe, and
knowledge of the variables of each stage of the technological process. For example, craft
beer is a type of beer in which “anything is possible” in the world. Medicinal plants, herbs,
fruits, and spices are a treasure trove of bioactive components, making them valuable
antioxidant raw materials for beer [14]. The growing interest in craft beer has contributed
to an increase in the number of microbreweries, which in 2017 accounted for 94% of the
over 19,000 breweries worldwide [4].

The distribution of craft beer producers worldwide is as follows: the United States and
Europe hold 46% and 43%, respectively, followed by Canada (4.5%), South Africa (4.5%),
Australia (3%), Japan (1.6%) and New Zealand (1%). In 2019, the United States ranked 1st
in the world in the number of small breweries (8386, with over 20,000 brands of craft beer),
with the craft beer market accounting for 13.6% of the market share [3].

Craft beer brewers develop their beer with imagination and creativity and produce
many different styles and amazing beers. Innovations in science and technology and the
promotion of food for health, flavour, and quality are the engines of the development of
new types of beer [15-18].

The diversification of ingredients in beer production is also imposed by food aller-
gies and intolerances, developing functional beers that aim to combine moderate beer
consumption with health benefits [7]. For example, coeliac disease is an incurable disease,
and the only therapy is a strict, rigorous, gluten-free diet throughout life [19]. According
to Codex Alimentarius and EU Regulation 41 /2009 for gluten-free foods, beers with less
than 20 mg/kg of gluten can be declared as gluten-free beers [20]. Barley (Hordeum vulgare),
wheats (Triticum aestivum, Triticum turgidum ssp. durum, Triticum turgidum ssp. turgidum,
Triticum turanicum, hulled wheat: Triticum monococcum, Triticum dicoccum, Triticum spelta),



Plants 2022, 11, 756

30f22

rye (Secale cereale), and oats (Avena sativa, triticale (x Triticosecale) and tritordeum), respectively,
can trigger coeliac disease [9,21-23].

In recent years, studies investigating the use of 100% alternative ingredients instead of
barley malt in gluten-free beer production have increased [24]. Raw materials that have
been investigated for making gluten-free beer include cereals such as sorghum, maize,
rice, and millet, and pseudocereals such as buckwheat, amaranth, and quinoa [24-27].
However, techniques for producing beer from cereals (other than barley and wheat) and
pseudocereals are not yet well developed. A crucial element in gluten-free beers is their
taste, which for pseudocereals differs significantly from the taste of traditional beers [8].

Pseudocereals do not belong to the Poaceae family, which includes barley and wheats,
so they do not contain gluten-generating proteins and can be used to make gluten-free
beer [24]. Amaranth (Amaranthus spp.), buckwheat (Fagopyrum esculentum), and quinoa
(Chenopodium quinoa), due to their high starch content, are recommended to be used in
obtaining value-added foods [24,28-30]. Pseudocereal malt is characterized by a high
content of protein, carbohydrates, fibres, minerals, and vitamins. For example, in Poland,
buckwheat, due to its high availability as well as its positive recognition among potential
consumers, is used to obtain buckwheat malt, but its quality does not allow obtaining
100% buckwheat malt beer without enzymes addition [31]. Buckwheat is generally one
of the most cited pseudocereals in the literature for the manufacture of gluten-free malts
and beers, as it has shown excellent results over the years in terms of productivity and
chemical composition of the finished product [27]. Buckwheat is also an important source
of antioxidant compounds and its use in brewing considerably increases the antioxidant
activity of the finished product. Constant consumption of buckwheat can prevent some
“diseases of the civilization born of food” (indigestion, obesity, constipation, cholesterol,
diabetes, hypertension, etc.) [25]. Buckwheat is currently attracting increasing interest as a
raw material for functional foods and pharmaceuticals [1]. Due to its excellent nutritional
value and the fact that it does not form gluten, buckwheat can be included in gluten-free
diets for patients with gluten intolerance. Buckwheat is considered by specialists, due to its
huge nutraceutical properties, to be the “golden culture” of the future [2,26].

Amaranth is a plant that has been a staple for about 8000 years. In America, it was
considered a sacred food for the Inca, Mayan, and mainly Aztec civilizations due to its
nutritional and therapeutic properties and ritual uses [32]. Today, it is an underused,
rediscovered crop that includes species that are grown as leafy vegetables, grains, or
ornamental plants, while others are weeds. Amaranth is one of those rare plants whose
leaves are eaten as a vegetable, while the seeds are used as cereals, with a multipurpose
potential that is worth exploring [33-35].

Buckwheat and amaranth are two pseudocereals that have multiple uses, including for
obtaining of malt and beer, that are grown in different parts of the world. This review treats
these two pseudocereals as possible substitutes for barley malt or wheat malt in brewing.
Although obtaining an assortment of beer from ingredients other than barley or wheat is
simple, achieving efficiency in the economic process and producing a product acceptable to
consumers is an ongoing research challenge.

2. Buckwheat and Amaranth: Raw Materials for Brewing

In the process of obtaining beer, the main raw materials currently used for malting are
barley and wheat [36]. The many advantages of using these cereals for brewing are well
known, one of which is the high starch/protein ratio [37]. The global trend is to replace bar-
ley malt or wheat malt with other unconventional raw materials. This is due to consumers’
desire to add new qualities to the finished product, to improve the brewing process, or to
reduce the cost of production [38]. This review will detail two pseudocereals, buckwheat
and amaranth, which are currently used in brewing, emphasizing the characteristics that
recommend them in this regard.
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2.1. Overview

Buckwheat is an annual crop with a short development cycle, from 30 to 90 days,
which is part of the Polygonaceae family, the Fagopyrum genus comprising 30 species [39-41].
Buckwheat has similar characteristics to cereals such as barley or wheat in terms of chemical
composition and edibility, but as it does not belong to the family Poaceae is a pseudocereal
with differences in grain structure [27,42]. Barley and wheat are monocotyledonous plants,
while buckwheat is a dicotyledonous plant. This implies that the triangular buckwheat
fruits, similar to those of the beech, have the embryo with two S-shaped cotyledons instead
of a cotyledon, and the core reserve compounds are located differently (Figure 2) [42—44].
Buckwheat is not related to wheat, and its name is probably related to its triangular seeds
and the fact that it has similar uses to wheat [45].

Figure 2. Plant, flowers, and seeds of buckwheat.

Buckwheat has been grown for centuries for its grains, but also its leaves. However,
its cultivation has been neglected during the 21st century due to the increased focus on
the development of high-yielding varieties of other cereals, such as rice, wheat, and maize,
which has led to a significant decrease in the cultivated area [40,41]. Global buckwheat
production has steadily increased, reaching about 4 million tons by 2021 [46]. Buckwheat is
widely grown, especially in the northern hemisphere, Asia, Europe and America, China,
India, Korea, Bhutan, Nepal, Kazakhstan, Tajikistan, Russia, Ukraine, Lithuania, Estonia,
Belarus, Moldova, Poland, Serbia, Croatia, Slovenia, Austria, Italy, United States of America,
and Canada [39,47-49].

The buckwheat plant is easily adaptable, so that it can be grown almost anywhere
in the world and different habitats, from high altitude regions, with low rainfall and
temperatures, even in nutrient-poor soils and has a higher resistance to pests in compared
to other cereals [43,50,51].

Of the buckwheat species, the common buckwheat (Fagopyrum esculentum) and the
tartar buckwheat (Fagopyrum tataricum) are the most cultivated and consumed species
worldwide [39]. From an economic point of view, the most important species is the com-
mon buckwheat (Fagopyrum esculentum), which represents 90% of the world’s buckwheat
production, which is generally grown in the temperate regions of the northern hemi-
sphere [52]. Tartar buckwheat (Fagopyrum tataricum) has been called “bitter buckwheat”
due to the bitter substances in the grains and has many advantages over other species, such
as self-pollination, high grain yield, has better resistance to adverse climatic conditions,
being mainly a high-altitude culture [41]. Additionally, tartar buckwheat is considered
a healthy food due to the fact that it contains a higher amount of rutin compared to the
common buckwheat [53]. There are also wild buckwheat species, the best known being the
species Fagopyrum cymosum, used, for example, in traditional Chinese human and veteri-
nary medicines. Wild buckwheat species are used by researchers to create newly cultivated
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species, like in the case of Fagopyrum giganteum Krotov species, which was originally defined
by Krotov and Dranenko at the Ustymivska Experimental Station in Ukraine, obtained by
intraspecific crossings between tartar buckwheat and wild Fagopyrum homotropicum [54].

The health benefits of buckwheat have been studied and recognized worldwide. In
China, for example, it is said that “people who love buckwheat live a long time” and that
“people who love buckwheat are healthy” [55]. The consumption of products containing
buckwheat have a hypoglycaemic, hepatoprotective, anticancer, antihemorrhagic, anti-
inflammatory, antioxidant, vasoprotective, antihypertensive, and cytoprotective effect,
reduces the total triglycerides and total cholesterol in serum and liver, blood sugar, and
blood pressure, prevents cardiovascular disease gallstones and cognitive impairments such
as Alzheimer’s disease [40,41,54,56]. It can also lead to weight loss as well as a lower risk
of diabetes, stroke, and coronary heart disease [51,57]. Soluble and insoluble dietary fibre
in buckwheat grains positively affects constipation and obesity [58]. Literature data have
shown that long-term consumption of buckwheat products can prevent and control many
chronic diseases, such as hyperglycaemia, hypertension and hyperlipidaemia [46].

Amaranth belongs to the order Caryophyllales, family Amaranthaceae, subfamily Ama-
ranthoideae, genus Amaranthus, with about 65-70 species, divided into four classes (cereals,
vegetables, ornamentals and weeds) which are naturally found in temperate and tropical
regions worldwide, mainly on the American continent, at altitudes that vary between sea
level and over 3000 m [32,59-62]. Like buckwheat, it is a pseudocereal, and an annual
dicotyledonous plant, with most species originating from Central and South America
(Figure 3) [59,63]. Amaranth is currently widely grown all over the world, but mainly in
Canada, Mexico, Russia, India, Nepal, China, Indonesia, Malaysia, the Philippines, Kenya,
Argentina, Peru, and Australia [35,64]. The world’s largest producer is China [64,65].
Presently, the main consumer market for amaranth seeds is Germany [64].

Figure 3. Plant, flowers, and seeds of amaranth.

More than 500 g of seeds can be harvested from a single plant, which can contain
60,000-100,000 pieces [62]. Amaranth is a plant that adapts very well to soil and climate
conditions, has a better resistance to biotic and abiotic stress than conventional cereal
crops [32,59,66,67]. Due to these advantages, amaranth may be a suitable alternative for
cereals that are less tolerant of heat, high radiation, pests, and drought [60,63,64,68].

The name amaranth comes from an ancient Greek word meaning “immortal”, “ever-
lasting”, or “not withering” [35,60].

Among the many species of amaranth discovered, the main typical species grown for
seeds are Amaranthus cruentus, Amaranthus caudatus and Amaranthus hypochondriacus, while
the most cultivated species for leaves is Amaranthus tricolor [59].

The chemical composition and high nutritional value, as well as its great potential for
use, have led to the recognition of amaranth by UN/FAO nutrition experts as the plant of
the 21st century [59].
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The amaranth plant can reach over 2.0 m in height; it has a pivoting root that ensures
its survival during periods of water scarcity [32].

In addition to its nutritional value, amaranth has many health benefits. Studies
have shown that regular consumption of amaranth has hypocholesterolaemic, antioxidant,
antidiabetic, anti-inflammatory, antirheumatic, analgesic, antimalarial, antiemetic, laxa-
tive, improves appetite, is antileprotic, induces the decrease of free fatty acids, benefits
people hypertension and cardiovascular disease, improves liver function and prevents
cancer [32,35,61,69-71]. The amaranth’s ability to provide health benefits is due to its bioac-
tive compounds; for example, there is evidence that rutin slows down the aging process,
quercetin prevents oxidation, and nictoflorin helps protect memory functions. In some
countries, parts of the amaranth plant are used to treat various disorders in traditional
medicine. In Zimbabwe, the consumption of amaranth grains has been reported to lead to
significant improvements in children’s health, such as improved appetite, quick healing
of mouth sores and weight loss. In Benin, the leaves of amaranth are recommended for
young children, nursing mothers and patients with constipation, fever, bleeding, anaemia,
or kidney problems. In Senegal, the roots are boiled with honey as a laxative for infants. In
Ghana, water from macerated plants is used as a wash to treat limb pain. In Sudan and
Gabon, the ash from the stems is used as a wound dressing. In Gabon, heated amaranth
leaves are used on tumours [35,64].

2.2. Structure and Chemical Composition

Specialists” attention has been directed towards the chemical composition of buck-
wheat seeds, confirming the unique nutritional value conferred by the various nutritional
and bioactive components it contains [39]. The chemical composition is influenced by
several factors, such as environmental conditions (especially climatic conditions), growing
season, species and variety of origin, crop management practices, and so on [48].

Buckwheat seeds are made up of endosperm where starch is located (on average
70%) and a starch-free aleuronic layer [2,42]. The weight of a thousand grains varies
between 17.6 and 25.9 g in commercially available buckwheat seeds, a weight that is di-
rectly proportional to the starch content, the useful component for brewing [68]. Buckwheat
starch granules are irregularly shaped, in a compact package, measuring 2—-6 pm, and
contain 24% amylose and 76% amylopectin, which is the usual ratio of cereal starch [43].

The availability of starch varies between 70-91%, an important aspect for the use of
buckwheat as a raw material in the beer industry. Starch is also a useful substance that
will be the content of fermentable carbohydrates in beer wort [8]. 33% of starch is in the
form of resistant starch, which recommends buckwheat as a potential ingredient for the
formulation of foods with low glycaemic index [26,72]. Buckwheat contains large amounts
of soluble and insoluble dietary fibre, which have a positive effect on constipation and
obesity [52].

Buckwheat is recognized as a good source of high biological value proteins that do
not form gluten and a balanced amino acid composition (high levels of lysine and arginine,
compared to cereals), lipids, antioxidants, organic acids, dietary fibre, mineral substances,
and vitamins [2,25,41,42,73].

The protein content of buckwheat is 11-19%, 55% of which is in the embryo and 35%
in the endosperm, while the rest is in the shell. Compared to buckwheat, cereal proteins
are 10-20% found in the embryo and 80-90% in the endosperm [43]. Buckwheat proteins
are easily digested by the human body and are more valuable compared to cereal proteins
and by their nutritional value is not inferior to legume proteins [73]. The main protein in
buckwheat is a 13S globulin considered a rare vegetable protein with a blood cholesterol
lowering effect. Buckwheat also contains lectins with a role in reducing the proliferation
of spontaneous and induced tumours [40]. Interestingly, buckwheat protein has a higher
amino acid score of 100 compared to cereals [48].

Buckwheat also contains essential fatty acids that are not synthesized in the human
body and must come from our diet. The lipid content of buckwheat (0.75-7.4%) is higher
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than that of wheat, being characterized by a high degree of unsaturation, which is preferable
from a nutritional point of view [74]. Buckwheat lipids are resistant to oxidation, which
means that buckwheat and processed products, can be stored for a long time [73]. It is also
valuable for its phospholipids content, especially lecithin [73,75].

Several biofunctional compounds have also been identified in buckwheat, such as: phe-
nolic acids, phytosterols, bioactive inositols (D-chyrosinitol and myo-inositol), condensed
tannins, flavonoids, such as rutin, orientin, homoorientin, vitexin, quercetin, isovitexin and
isoorientin [49,56,76-78]. Fagopyrum tataricum has been found to taste much bitterer than
Fagopyrum esculentum due to its higher content of phenolic compounds and flavonoids,
such as rutin and quercetin [53,57]. Buckwheat also contains phagopyrins and phagopyritol
with a huge potential in glycaemic control in people with type II diabetes [40,49,55,79].
Buckwheat rutin is a bioflavonoid with important physiological and biological properties,
for example, it keeps capillaries and arteries strong and flexible, in addition to acting as a
shield against gastric damage, prevents bleeding, improves vision and hearing, protects
against UV light, X-rays, oxidative stress [55,72,80,81]. It should be noted that rutin is not
found in any cereals and pseudocereals, so buckwheat can be used as a good source of
dietary rutin [2,76].

Buckwheat grains are an important source of minerals (2.0-2.5%), namely zinc, cop-
per, manganese, selenium, phosphorus, potassium, sodium, calcium, iron and magne-
sium [39,78]. The literature shows differences in the amount of mineral substances of
the two cultivated species Fagopyrum esculentum and Fagopyrum tataricum. While Fagopy-
rum tataricum contains higher concentrations of sulfur, calcium, copper, and molybde-
num, Fagopyrum esculentum has higher concentrations of selenium, zinc, iron, cobalt and
nickel [48]. Buckwheat contains several B vitamins, By (3.3 mg/kg), B, (10.6 mg/kg), B3
(18.0 mg/kg), Bs (11.0 mg/kg), B¢ (1.5 mg/kg), vitamins A, C and E [40,47,78,82].

Amaranth grains, although quite small compared to other cereals, have been widely
studied, and there is currently a large volume of literature on the chemical content and
nutritional qualities of amaranth [59,60].

Amaranth seeds have a diameter of 0.9-1.7 mm, lenticular in shape, with a weight
of 1000 seeds of 0.6-1.3 g [33,59,60,69,83]. The weight of 1000 seeds is an important index
for the beer malt industry, as their size is directly proportional to the starch and protein
content [59,60,84].

As in the case of cereals, the chemical composition of amaranth seeds is dominated
by carbohydrates, of which starch is found in a proportion of 50-60% in relation to the
total mass of the seeds or over 90% in relation to the carbohydrates included in the seeds.
Starch granules, located mainly in the endosperm, are polygonal in shape and have a high
swelling power [59,85]. The amylose content is lower than that of other cereal starches,
with values between 0.1% and 11.1%. For this reason, due to the small size of the starch
granule, it has specific properties, such as higher solubility, high water binding capacity
and susceptibility to enzymes, higher sorption capacity at high water activity range [61].
Amaranth seeds contain higher quantities of dietary fibre (4-8%) than those found in most
cereals (2%) [32,86,87].

Amaranth seed proteins are nutritionally valuable, with a high digestibility of about
90%, being rich in essential amino acids, in a proportion close to that recommended by
the World Health Organization [60,88,89]. Amaranth grains contain three major proteins,
namely, albumin (40%), globulin (20%) and glutelin (25-30%), and only 2-3% prolamine [69].
They do not generate gluten, so amaranth flour is recommended in the diet of people
suffering from coeliac disease. Amaranth grains contain lysine, the limiting amino acid
in cereals (wheat, rye and triticale), in the amount of 363—421 mg/g N, identical to that
contained in soy. Amaranth proteins also contain a considerable amount of amino acids
with sulphur (2-5%), methionine, cystine and cysteine, higher than in basic legumes (1.4%
on average), such as peas, beans and soybeans [32,59,60,64,85].

Amaranth grains contain 2-3 times more lipids than wheat or rye grains, almost twice
as much as maize grains, and contain as many lipids as oat grains [59,60]. Unsaturated
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fatty acids represent about 76%, the largest share of total fatty acids (unsaturated and
saturated), being held by linoleic acid (25-62%), oleic acid (19-35%), palmitic acid (12-25%),
stearic acid (2-8.6%) and linolenic acid (0.3-2.2%) [83]. Amaranth oil has been reported
as the richest source of squalene in the plant world (with amounts of 7-11% in refined
oil) [60]. Squalene has a high content of antioxidants, which prevents oxidative damage
induced by free radicals, especially on the skin, and helps to renew the protective layer of
the skin [32,64,83]. Amaranth oil is also a rich source of tocotrienols, which is very effective
in lowering LDL cholesterol and phytosterols with hypocholesterolaemic effects [32,69].
Among these phytosterols are beta-sitosterol (607 pg/100 g) which is 95% of the total
phytosterols, campesterol (8.8 ng/100 g) and stigmasterol (5.6 ng/100 g) [32,90].

The excellent antioxidant capacity of amaranth compared to cereals is conferred by phe-
nolic acids (caffeic acid, p-hydroxybenzoic acid, ferulic acid), flavonoids,
phytosterols, squalene and bioactive peptides. These substances give amaranth, among
other things, antidiabetic, antihypertensive, immunomodulatory, antitumor, and
antimicrobial activities [63,90,91]. Amaranth seeds contain polyphenols in the amount of
14.72-14.91 mg/100 g [61,91].

The mineral content of amaranth seeds is about twice as high as in other cereals [61].
They are a rich source of iron (72-174 mg/kg), calcium (1300-2850 mg/kg), sodium
(160—480 mg/kg), magnesium (2300-3360 mg/kg) and zinc (36.2-40 mg/kg) [60]. That is
why amaranth flour can reduce the deficiency of calcium, magnesium and iron in gluten-
free products and in the gluten-free diet, which can be deficient in these minerals [85,92].

Amaranth seeds contain several vitamins, such as riboflavin (0.19-0.23 mg/100 g),
ascorbic acid (4.5 mg/100 g), niacin (1.17-1.45) mg/100 g), thiamine (0.07-0.1 mg/100 g),
vitamin E, 3-carotene [60,61,63].

The chemical composition of the raw materials is particularly important for the beer
industry. Table 1 summarizes the physicochemical characteristics of the two pseudocereals
and wheat, one of the conventional raw materials for the beer industry.

Table 1. Physico-chemical characteristics of buckwheat, amaranth, and wheat.

Moisture

Protein

Fat

Carbohydrate

Fibre

Grain (%] [%] (%] [%] (%] References
12.8 11.8 2.5 71.2 125 [39]
- 10.91 1.82 75.56 2.2 [64]
13 14.0 2.0 69.0 1.0 [61]
- 10.7 2.0 75.4 12.7 [32]
12.6 11.7 2.0 71.0 2.0 [93]
Wheat - 9-18 2533 75-80 2.0-2.5 [94]
- 8-13 34 85 12 [95]
13 13.7 1.9 72.6 12.2 [96]
- 11-14.1 14-2.1 81.3-83.1 2.1-29 [97]
- 12.9-19.9 1.5-2.0 80 7.7-11.4 [98]
13.4-19.4 10.4-11.0 24-28 67.2 8.6 [99]
- 9.5-14.1 1.8-3.1 80.5-84.1 - [73]
- 12-19 1.5-3.7 60-70 1.7-85 [55]
- 10-12.5 47 65-75 - [82]
11 12 7.4 72.9 17.8 [39]
Buckwheat - 133 34 715 10.0 [32]
- 13.9-16.4 3.43-3.86 67.8-78.3 3.55-5.86 [66]
- 12.28-15.61 1.72-2.24 77.36-81.38 20.32-21.45 [100]
10.8-11.6 8.51-18.87 1.5-3.7 60-70 2.7-21.3 [101]
11.2 12.3 2.3 73.3 10.9 [102]
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Table 1. Cont.
Grain Moisture Protein Fat Carbohydrate Fibre References

[%] [%] [%] [%] [%]

69 13-18 6-8 63 4-14 [99]

- 15.7 7.2 62 42 [59]

- 16 7 62 10 [32]

- 13.1-21 5.6-10.9 48-69 3.1-5.0 [60]

6.23-6.71 13.58-17.6 6.3-8.1 58.6-68.9 3.4-5.3 [34]

Amaranth - 13.6 + 0.8 73403 69.0 + 0.2 11.0 + 02 [88]

11.29 13.56 7.2 65.25 6.7 [64]

69 13-18 6-8 63 4-14 [61]

- 13.6 7.0 65.3 6.7 [32]

- 15.1-16.4 6.47-7.25 57.3-65.5 6.53-11.16 [66]

From the data presented in Table 1, it can be observed that, compared to wheat,
which is a conventional raw material for the production of malt or beer, buckwheat has
for the carbohydrate content values of 60-84.1%, very close to those of wheat, of 69-85%.
The values taken from the literature for the carbohydrate content of amaranth are lower
than those for buckwheat, between 48% and 69%. Regarding the protein content, both
buckwheat and amaranth have values of 9.5-18.87% and 13.1-18%, respectively, which are
close to those of wheat, 8-19.9%.

2.3. Use in the Beer Industry

The use of buckwheat and amaranth as adjuvants in brewing has long been known.
Recently, research has been intensified on the use of these pseudocereals and in malted
form to obtain new varieties of beer [8]. Recent studies show that these pseudocereals are
becoming increasingly popular as raw materials for brewing, mainly due to the additional
health benefits outlined in Section 2.1 [103,104].

2.3.1. Buckwheat

The first uses of buckwheat in brewing consisted of its use as a raw material for
improving the extracted content of beer wort and reducing production costs. This was
materialized by the addition of this pseudocereal in the form of flour, groats, or in the
extruded form in the mashing stage. On the other hand, the nutritional value and yield are
higher than maize and wheat, and buckwheat is also more resistant than barley and wheat
to adverse climatic conditions of the crop [73].

Researchers continued to optimize the malting process with the desire to use 100%
buckwheat malt to make gluten-free beer. Barley and wheat, the conventional raw materials
used in brewing, are known to contain immunoreactive fragments of gluten-generating
proteins, hordein, and gliadin, which can cause allergic reactions in people with coeliac
disease [76]. Buckwheat is a dicotyledonous plant as opposed to barley or wheat, which
are monocotyledonous plants, so with a different location of the reserve compounds in
the grain, as presented in Section 2.2. Due to this difference in structure, the production of
enzymes and therefore the malting process may differ between buckwheat and barley or
wheat [58].

A synthetic definition of the malting process was provided by Wijngaard et al.,
2007 [44]: “Malting is the limited germination of a grain or seed under controlled conditions,
a complex physiological process whose conditions are dependent on the structure of the
grain”. Dezelak et al., 2014 [105] showed that buckwheat has adequate properties to replace
barley in the process of industrial production of gluten-free beer, of lower fermentation,
and the yeast used in the fermentation process can be reused at least 11 times.

Buckwheat malting includes the technological operations specific to the process of
obtaining barley malt or wheat malt, namely steeping, germination, and kilning, a process
that produces important physiological changes in the grains. Wijngaard et al., 2006 [106]
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pointed out that these changes depend on the conditions of malting, the enzymes that affect
the grains and the structure of the buckwheat grains. Due to structural and compositional
differences between barley and buckwheat grains, malting conditions need to be adapted
accordingly. The studies undertaken by specialists focused on optimizing the parameters
specific to each stage of the malting process [26,107-110]. Table 2 summarizes the results of
these studies published in the literature. The results obtained so far strongly suggest that
buckwheat, when optimally malted, has the potential as a gluten-free alternative to malt
for brewing purposes [45,111-114].

Table 2. Published studies on buckwheat malt.

Raw Materials Technological Process Study Conclusions References
Steeping: 15 °C following this program: 3 h water Finished product properties: Moisture = 5.32%
rest, 3 h air rest, 2 h water rest, 1 h air rest, 1 h pH = 6.05; Extract = 88.7% d.m.
Organic buckwheat from the USA water rest, 1 h air rest. Apparent attenuation = 81.0% [107]
Germination:15 °C for 4 days Free amino nitrogen (FAN) = 231 &+ 1 mg/L
Kilning: 5h at 40 °C,3 h at 50 °C and 3 h at 60 °C. Total soluble nitrogen (TSN) = 1.300 + 3 mg/L
Buckwheat harvested in 2018 in Steeping: 5 h wet stage, 19 h air stage, 4 h wet Buckwheat malt is a potential material for the
in northwest China stage, 20 h air stage beer brewing indust [103]
Germination: 16 °C for 4 days & Industry
Yy
Inclusion of buckwheat as brewing raw materials
Steeping: 20 °C for 20 h, followed by a 4 h air-rest will increase the availability of suitable materials
Buckwheat from Boston Seeds and further 22 h wet-steep. for use in the production of gluten-free beer, [104]
Germination: 20, 25, and 30 °C for 4 and 5 days. potentially making it more sustainable, cheaper,
and more widely available.
Steeping: 7 h resulted in 35% moisture, 13 h in The optimum out-of-steep moisture content for
Buckwheat harvested in 2003 40% moisture and 80 h in 45% moisture buckwheat is between 35% and 40%, which is a [79]
in Eastern Europe Germination: 15 °C/4 days compromise between attaining the desired malt
Kilning: 45°C/5h and 50 °C/12 h quality and minimising malting loss.
The optimum germination time of buckwheat
. Steeping: 3 wet and 3 dry cycles 10 °C for 12 h erminated at an air-on temperature of 15 °C is
BUCkYileEzggi?Eitfg lg 2003 i gGermination: 15y° Cyfor 6 days gfour or five days. At this tifne, the grains are [44,106]
P Kilning: 45 °C for 5 h and 50 °C for 17 h sufficiently modified but nutrients have not yet
been exhausted.
It was found that malt and wort made from
. o buckwheat kilned at 40 °C for 48 h with
Buckwheat from Trouw B. V. Stef;pmg:lZ h/10 CO optimized steeping and germination conditions, _
(Rotterdam, The Netherlands) Ge“.“lf.‘a“fm: 9% h/ },5 C shows potential as a gluten-free brewing (521
Kilning: 48 h/40 °C ingredient once kilning and mashing procedures
are optimized to ensure survival of the enzymes.
. Stee_P“lfo’: 1292 ;t 1t01(i’5C°C Buckwheat malt kilned using KR3 was found to
. ermination: a have the highest level of x-amylase, total
Buckwheat harvested in 2003 Kilning; o B-amylase,gand protease activiz]y and also [58]
in Eastern Europe KR1—48 h at 40 °C .
KR2—5 h at 40 °C and 11 h at 50 °C produced the hlghe_st levels of TSN and FAN
KR3—5 h at 40 °C, 3 h at 50 °C and 3 h at 60 °C. when optimally mashed.
Steeping: 10 °C for 12 h in still tap water (control) Steeping in dilute NaOH (0.1, 0.2, and 0.3%)
Buckwheat harvested in 2013 in the and still solution of NaOH (0.1, 0.2, and improves the buckwheat malt quality by
mountain area of northern 0.3% [w/v]) increasing TSN, FAN, and diastatic power. This [115]
Montenegro Germination: 15 °C for 5 days method is proposed for the reduction of mold
Kilning: 50 °C for 48 h contamination during buckwheat malting.
Common unhulled Steeping: 96 h degree of steeping 47% For to optimize the malting conditions has been [45]
buckwheat Germination: 120 hat 19 °C used response surface methodology (RSM).
Steeping: 120 sec per day and 60 sec for half days
Germination: 19 °C for 5 days The optimum malting conditions to enrich
Dehulled buckwheat Kilning: 50 °C for 17 h, 1 h at 60 °C an 5hat bioacti\f)e polyphenols Ei;n dehulled buckwheat (116}
65°C.
Steeping: 8 hat 20 °C The malting process influences the phenolic
Common buckwheat Germination: 96 h at 20 °C compound composition and antioxidant activity [117]
Kilning: 22 h at 60 °C and 18 h at 80 °C of buckwheat
Steeping: 10 h at 30 °C . . .
Organic buckwheat Germination: 40 h at 23 °C S1gn1f1cantlyblﬂgie‘i;iic; ttgt;lzgtz/l:te contentin [118]

Kilning: 10 h at 42 °C

Wijngaard et al., 2005 [106] suggested an optimal buckwheat steeping time in the

range of 7-13 h, an interval in which a balance was found between the desired quality
and the yield of obtaining the finished malt product. At the end of the steeping operation,
the optimum moisture content of the buckwheat varied between 40 and 45%. To optimize
germination parameters, Wijngaard et al., 2005 [106] germinated buckwheat at four different
germination temperatures, 9.5, 14.9, 16.5, and 20.2 °C, and concluded that the optimal
characteristics of the resulting buckwheat malt were obtained when the buckwheat was
germinated at 16.5 °C and 20.2 °C. However, they showed that the amylolytic activity
was lower compared to that of barley malt, a suggested solution to remedy this was to
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prolong the malting time. Compared to barley malt, buckwheat malt also had a low level
of fermentable carbohydrates and a high friability [44].

One year later, Phiarais et al., 2006 [52] reported that kilning at higher temperatures
for short periods (5 h at 40 °C, 3 h at 50 °C and 3 h at 60 °C) led to an increase in the activity
of the amylolytic enzymes and produced the highest levels of total soluble nitrogen in
buckwheat wort when the mashing was carried out in optimal conditions.

De Meo et al., 2011 [107] recommended the use of a NaOH solution in steeping. They
found that this had a positive effect on the quality of the malt, increasing both total soluble
nitrogen and total amino nitrogen in beer wort, compounds needed to ensure proper
fermentation of it.

Zarnkow et al., 2005 [108] used dehulled buckwheat for malting and determined the
optimal germination parameters: germination temperature, 19 °C, germination time, five days.
They also recommended that the technological operation of kilning the green malt be carried out
in several stages so as not to affect the enzymatic activity. Wijngaard et al., 2006 [106] studied
the effect of germination time on the quality of buckwheat malt and concluded that at
an air temperature of 15 °C for four or five days of germination, buckwheat grains are
sufficiently modified, but the nutrients are not yet exhausted. A study by Agu et al,,
2012 [104] concluded that high levels of & amylase are recorded in buckwheat malt when
the germination temperature was 20 °C.

Phiarais et al., 2005 [52] investigated the impact of the technological operation of
kilning green buckwheat malt on the activities of the enzymes x-amylase, 3-amylase, 3-
glucanase, and protease from buckwheat malt-finished product, under optimized steeping
and germination conditions. The study found that all these enzymatic activities decrease
during kilning at 40 °C for 48 h. They recommended that the technological kilning operation
should be carried out in two stages, at different temperatures and for shorter periods.
Zweytick et al., 2005 [109] obtained buckwheat malt by applying 2 h of steeping, 4 days of
germination, and 26 h of kilning at 80 °C. The beer produced from this malt was opaque,
brown in colour, with poor foam stability and bitter taste.

Obtaining 100% buckwheat malt beer was a real challenge for the specialists in the
field. The first stage in the production of buckwheat beer that has been optimized is
brewing. Buckwheat malt wort had low fermentability values and high viscosity levels
compared to barley malt wort [45]. Buckwheat malt has a lower amylolytic activity than
barley or wheat malt, which can lead to difficulties in obtaining the finished product
beer, such as low extract yields, the high viscosity of beer wort, low rates of filtration, and
fermentation problems [26]. Phiarais et al., 2006 [58] showed that the addition of commercial
enzymatic preparations improved the filtration process and the quality of buckwheat beer
by increasing the extracted content, yield, and total fermentable extract. These effects were
achieved by Wijngaard and Arendt, 2006 [110] who developed a mashing diagram for 100%
buckwheat malt, by optimizing the two important parameters, temperature and mashing
time. Phiaris et al., 2010 [111], obtained a 100% buckwheat malt beer with characteristics
similar to a wheat beer, in terms of pH, nitrogen content, degree of fermentation, and alcohol
content. In addition, a sensory analysis showed that this beer was acceptable in terms of
smell, purity of taste, tingling, and bitterness. In the mashing process it is recommended
to observe the following parameters: 15 min at 35 °C or 15 min at 45 °C; 40 min at 65 °C;
30 min at 72 °C; and 10 min at 78 °C. Although the optimum buckwheat gelatinization
temperature was found to be 67 °C, the optimum saccharification temperature was 65 °C.

All this research has led to promising results in terms of the quality of 100% buckwheat
malt beer; however, studies are needed to optimize the conditions of malting and mash-
ing. Moreover, the quality parameters of buckwheat malt and the sensory characteristics
of buckwheat-finished product beer are aspects that have not yet been investigated in
depth [26].
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2.3.2. Amaranth

There is little information in the literature on the use of amaranth as a raw material in
the beer industry, but its use as an unmalted adjuvant can be considered an innovation that
will attract consumer interest [25,45].

The first use of amaranth in the production of beer was as unmalted cereal, replacing
part of the malt with this pseudocereal. The replacement of part of the malt with unmalted
amaranth favourably influenced the amino acid and fatty acid profiles. The type and con-
centration of amino acids and fatty acids in fermented wort substantially affect the aromatic
compounds synthesized by yeast, differences in the profiles of esters and higher alcohols
have been reported in beers produced with amaranth [112,113]. The inclusion of amaranth
as a non-malted pseudocereal led to a finished product with lower alcohol content and
improved antioxidants and polyphenols. Disadvantages include the lower carbohydrate
content of amaranth, reduced enzyme capacity, higher gelatinization temperature (72 °C),
the need for a specific diagram for mashing, and some small investments to control enzy-
matic activity [33,113]. To minimize these disadvantages, the mashing process should be
modified by applying additional boiling to compensate for the gelatinization temperature
and adjusting the pH of the slurry to preserve the enzymatic activity. Pre-treated cereal
extracts, hydrolysed starch, or sugar syrup may be added during the boiling of the wort or
exogenous enzymes in the mash. The obtained must have high viscosities of 2.0-13.3 mPa s,
a pH of 6.2 and a darker colour of 13-14 EBC [114].

Adding a small amount of unmalted amaranth, due to its nutritional and sensory
properties, can contribute to the qualities of the finished product, in addition to enriching
the beer wort with metal ions essential for the multiplication of yeasts in the fermentation
process. According to Cadenas et al., 2021 [25], the use of amaranth as an adjunct in brewing
increased the ratio of Mg?*/Ca?*, necessary for the efficient transformation of fermentable
carbohydrates from beer wort into ethyl alcohol, as well as the content of Zn%* and Mgz*,
even at an amount of 10% amaranth used in the manufacturing recipe.

Amaranth has also been subjected to malting. Due to the small size of the amaranth
grains, a steeping time of 1 h was sulfficient. The germination operation lasted 3 days, and
the kilning was performed at 80 °C for 24 h [33]. Another malting process consisted of
steeping at 8 °C, according to the following diagram: 5 h of rest in the water, 8 h of rest
in the air, 8 h of rest in the water, 12 h of rest in the air. The germination operation lasted
7 days at 8 °C and 3 days at 15 °C due to insufficient root growth. Kilning was performed
at 50 °C for 16 h, at 60 °C for 1 h and 65 °C for 5 h [107].

Zarnkow et al., 2005 [108] used response surface methodology (RSM) to optimize the
amaranth malting process to obtain a beer and recommended a steeping time of 36 h to
a humidity of 54% and a germination temperature of 8 °C, for 168 h. The malt—as the
finished product—had a low content of free amino nitrogen (FAN), and the fermentation
performance was poor [108]. The resulting 100% amaranth malt beer was slightly opaque,
with poor foam stability and an intense and bitter taste [33]. Research into optimizing the
malt quality for beer must be continued in an attempt to raise the diastatic power of the
malt of this pseudocereal to values close to the minimum recommended for this purpose,
which is 220 WK [119].

Amaranth malt has been used to make gluten-free beer [88,120]. In recent years, the
demand for high-quality gluten-free foods, including gluten-free beer, has grown sharply,
and the availability of gluten-free, healthy, and tasty beer appreciably improves people’s
well-being and perception of normal social life [121].

Table 3 summarizes data from the literature on obtaining beer from amaranth or
amaranth malt. Many of these data come from research conducted on pilot scale or in the
laboratory on small quantities of raw materials. Technical-scientific progress will have to
intervene in the industrial production of beer, by optimizing the technological process and
increasing the shelf life of the finished product [8].
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Table 3. Data from the literature on amaranth beer or amaranth malt beer.

Raw Materials Technological Process Finished Product Characteristics References
Mashing: 30 min at 45 °C, 60 min at 62 °C,
30 min at 72 °C, and 10 min at 78 °C The addition of amaranth positively
Mashing temperature increased by 1 °C per  influenced the amino acid profiles, a higher
70% of barley malt with 30% of minute, with continuous mixing; Mash content of fatty acids, including long-chain [112]
amaranth flakes filtration; Wort boiling: 60 min with hop and unsaturated, which resulted in a greater
pellets 1.5 g/L; Fermentation: at 10 °C for degree of assimilation of these compounds
14 days; Bottling and maCturation for 14 days by yeasts.
at1°
Mashing: 15 min at 50 °C, increase to 65 °C
(1 °C/min), 45 min at 65 °C, 30 min at 72 °C
and mashing out at 78 °C for 10 min; Mash Lower extract vields
60% of barley malt with 40% of filtration L | R b 99
amaranth malt Wort boiling: 60 min and rested for 20 min ower volumes o f € Tinal beers [99]
Primary fermentation: at 20 °C for 14 days Beer pH = 4.0
Maturation: 20 days at 1 °C; Refermentation
at 23 °C for 1 month
0,
100% amaranth malt Conventional process of brewing verEXlgg;gf?g}tg?igﬁ:(gd.géﬁ"/o) [44]
Sligﬁtly opaque, yellow colour.
100% amaranth malt Conventional process of brewing The foam stability—not good [109]
The taste—too bitter.
70% of barley malt with 30% use of amaranth increased the ratio of Mg?*
dehulled amaranth seeds, flakes Conventional process of brewing to CaZ* as well as the content of both Zn2* [25,122]
and popping and Mg2+ in wort substantially
Mashing: double-decoction method: at
50 °C, part of the mash was removed to a - Sy
boiler};nd heated for 5 min at 85 °C; the Amaranthlkgehet{ ;Zﬁg%&lzlgl(t;ibld witha
100% amaranth malt procedure was repeated to obtain a The beer tasted too bitter. [20,24]

temperature of 71 °C; boiling for 90 min;
cooling to 12 °C; pitched with yeast
Primary fermentation at 6-12 °C;

The foam stability of the beer is poor
Beer stability was satisfactory

Secondary fermentation at 4 °C.

2.4. Other Uses

Pseudocereals, like cereals, have a high economic value and have multiple directions
of use. On the other hand, pseudocereals are important crops for food security in various
parts of the globe, such as Asia and Africa. Buckwheat shoots, germs, and micro plants are
generally considered to be a rich source of bioactive compounds with valuable nutraceutical
properties for the human diet [51,55].

Buckwheat flower is used as an excellent source of honey known for its health benefits
due to the presence of benzoic and abscisic acids, flavonoids, and high antioxidant prop-
erties [41,52,123]. Buckwheat husks can be used as fertilizer or can be used for packing,
filling pillows and mattresses [27,52].

Buckwheat seeds are used as food for birds and animals and in human food [55,82].
Buckwheat is used in the food industry in the form of flour or groats for obtaining bak-
ery products, pastries, and confectionery, biscuits, snacks, pasta, yogurt, being used as a
source of protein to products for people suffering from coeliac disease, without gliadin
and glutenin (gluten-generating proteins) in its composition [1,27,39,41,81,123]. More-
over, the incidence of people with coeliac disease will certainly increase worldwide in
the coming years due to increased awareness of the disease and improved diagnostic
procedures [79]. Gluten intolerance can be treated by excluding gluten from the diet, so it
is recommended that these patients exclude gluten-containing foods from their diet [78]. In
India, buckwheat flour is called “kuttu ka atta” and is consumed by Hindus on certain days
of fasting, especially during “Navaratri, Ekadashi, Janamashthami, and Maha-Shivaratri”.
In Korea, buckwheat flour is used in the manufacture of various traditional products,
such as Makguksu, Naengmyeon, and Mug [47,124]. For example, Makguksu obtained
from Fagopyrum tataricum, is considered an ideal nutraceutical, very nutritious, with the
ability to be easily absorbed into the blood [55]. In other countries, buckwheat is used to
make specific products, such as “stove”, “kasha”, “porridge naengmyeon”,
“polenta taragna” and “pizzoccheri” [47].

a7 Vs

, “crumpet”,
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Many buckwheat-based food and pharmaceutical products have been patented world-
wide. For example, more than 210 traditional foods, healthy drinks, and pharmaceutical
formulations based on Fagopyrum tataricum have been patented in China by the Chinese
National Intellectual Property Administration [46]. Of these products, about 28% are in the
form of tea and 20% are in the form of beer and wine, with a high content of flavonoids.
About 57% of healthy buckwheat-based foods are in capsule form, being the most popular
form of product on the market, and 88.6% of them have hypoglycaemic and hypolipidaemic
effects, which is in accordance with studies showing that Fagopyrum tataricum has the effect
of lowering fat and blood sugar [46].

The research was extended to the extraction of valuable compounds from the buck-
wheat plant, which then received various uses. For example, a protein isolated from
buckwheat grains has been processed into bioactive peptides for the development of func-
tional ingredients, “healthy” food, and edible films for food packaging [81]. However, the
uniqueness of buckwheat proteins and peptides is largely under-explored [81,124,125].

Amaranth is now widely grown around the world for many reasons of interest, includ-
ing industrial, medicinal, ornamental, fodder, and nutritional purposes. This pseudocereal
is considered a multifunctional plant because it has proven its value in providing cereals and
leafy vegetables with high essential nutritional value for animals and human food [126-129].
The amaranth plant has been rediscovered as having medicinal, nutraceutical, industrial,
and ornamental benefits are considered one of the most produced and consumed indige-
nous vegetables on the African continent in particular, with high nutritional potential,
which has not yet been fully explored [35].

After the 1970s, due to its unique properties and versatile use, amaranth came to the
attention of specialists in various fields [60,67]. The whole amaranth plant is edible, so
amaranth is commonly considered an unconventional food plant [32]. Researchers have
stated that amaranth is suitable for the development of foods for consumers with some
chronic degenerative diseases and due to its richness in macro and micronutrients, it can
be used for the development of new foods [130]. Thus, amaranth grains are used as a
starchy raw material for alcohol and alcoholic beverages, for the production of fermented
products (for ogi, a traditional product of lactic fermentation of cereal porridge in Africa,
or instead of soy in shoyu) [60,131]. Amaranth protein drinks recommended for vegans,
coeliac patients and those with lactose intolerance have been developed [65,88].

One of these drinks is Kunu, a non-alcoholic soft drink consumed in Nigeria that was
developed by fermenting amaranth grains. Argiielles-Lopez et al., 2018 [132] obtained
a drink based on amaranth and chia (Salvia hispanica) from germinated and extruded
amaranth grains. Germination of amaranth seeds and chia seeds has been shown to
have a higher protein content compared to extruded seeds. Steeping and germination
are traditional and highly effective treatments for increasing the nutritional and bioactive
potential and reducing the anti-nutritional components of pseudocereals [19].

Amaranth grains can be processed into various forms, such as expanded, roasted,
flaked, extruded, and ground into flour, and can be used to make bakery products, bis-
cuits, pasta, pastries, confectionery, breakfast cereals, and energizing bars [33,34,92,133].
Amaranth is the most studied pseudocereal for bread making [68]. Kurek and Krzeminska,
2020 [134] suggested that adding 5% amaranth flour was enough to maintain the quality of
bread and adding 10-15% could extend the shelf life of finished products. Amaranth has
been tested and recognized by many authorities as gluten-free food, suitable for incorpora-
tion into the diet of patients with coeliac disease [60].

In Latin America and the Himalayas, amaranth flour is used to produce a variety of
flatbreads, as well as in Ethiopia where Kita (unleavened bread) is obtained in various
parts of Asia where chapati is prepared [34,63]. Amaranth flour can be used in a mixture of
wheat flour to make bakery products. Amaranth grain flour has been shown to contain
50-75% of the flour mixture, retaining its functional properties as well as flavour [59]. Ayo,
2001 replaced wheat flour with amaranth flour (5-50%) and found an increase in water
absorption and moisture content of the bread with a decrease in the volume and texture
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of the finished product [135]. Sanz-Penella et al., 2013 [136] and Miranda-Ramos et al.,
2019 [137] found similar results: the specific volume of the bread and the brightness of the
crust decreased when the amaranth flour was used in a proportion of more than 25% [86].

In the making of gluten-free bread, amaranth flour was used to increase the protein and
fibre content [90,138]. Studies show that adding amaranth to gluten-free bread increases
water retention and improves viscoelastic properties and micronutrient content in the
finished product [21,139]. Amaranth flour has been used to make nutritious, gluten-free
noodles [90].

Young boiled amaranth leaves and shoots can be used as a side dish, in soups, lasagne,
pasta, pies, soufflé, etc. [59]. Whole grains are used to make culinary products, such
as snacks (alegrias in Mexico; turrones in Peru) obtained by mixing popped seeds with
molasses, tasty soups, stews, sauces, porridge, tortillas, pancakes, dumplings, baby purees
and soufflé, and boiled grains can be used, such as rice and couscous [34,60,63,70,85,130].

They are also usually picked fresh, used as greens in salads or blanched, steamed,
boiled, stir-fried, or baked to taste. In India, amaranth grains are used as a gastronomic
substitute for wheat, they have a higher amount of fibre and protein. Amaranth seeds are
eaten with boiled rice, used to make “laddoos”, and expanded grains are used to create a
confectionery product after mixing with molasses and honey [63]. Amaranth flour can be
used as an alternative binder to maize starch in the production of sausages [140]. Amaranth
starch can be used as a thickening agent due to its excellent freeze-thaw stability and low
amylose content. Amaranth starch is also resistant to degradation, so it can be used in salad
dressings, cream soups, and pie fillings [68].

Amaranth grains have been used as a source of protein in feed mixtures, especially
after the appearance of bovine spongiform encephalopathy and the consequent ban on
meat and bone meal in the diet of all species of farm animals in Europe [60]. The use of
grains and/or amaranth leaves and stems in poultry, pig, cattle, sheep, rabbit, and fish feed
has shown positive results in terms of productive performance and animal health [32].

The stems of the dried amaranth plant are used as fuel [85]. Non-food applications of
amaranth also include starch for laundry, cosmetics, paper coatings, and biodegradable
films [63]. Squalene extracted from amaranth grains finds its application in medicine,
pharmacy, cosmetology, and even the computer industry [59].

Amaranth has been declared one of the most promising future crops, with a huge
potential to feed the global population, a crop that is currently underused with a significant
contribution to food and nutrition security [63,64].

3. Perspectives

In recent years, the development of beer production from unconventional raw materi-
als through the use of 100% alternative cereals instead of barley or wheat malt has been
a major challenge for researchers and specialists in the field [8,141]. In applied research,
the use of new raw materials often leads to difficulties in the technological process, such
as the need to use exogenous enzymes, excessive saccharification or filtration time, very
low wort extract, and therefore low beer alcohol content. It is, therefore, appropriate to
extend the research directions in the use of these alternative raw materials, by optimizing
the manufacturing recipes and technological processes for the development of new types
of beer with improved quality characteristics [142-145].

Innovation is a specific feature of today’s food industry, and the beer industry is in
line with this trend. On the other hand, consumers have begun to pay increasing attention
to the supply of products, their nutritional impact, and their beneficial effects on health.
Therefore, research must be continued to develop new varieties of beer that respond to
these trends [146-150]. The two pseudocereals presented in this study are valuable uncon-
ventional raw materials, through the technological, functional, and nutritional properties
highlighted in specialized studies and applied research in the field. If buckwheat is about
to officially become a raw material that can successfully replace barley malt or wheat malt,
the use of amaranth as a 100% malted pseudocereal has led to less promising results. One
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area of research that has not yet been addressed by specialists is the use of amaranth as a
substitute for hops (maybe just hops that are used for bitterness, and not for the flavour)
for the bitter taste that beer can give as a finished product.

Future studies are being considered to improve the malting conditions, especially
for amaranth, to optimize technological processes and manufacturing recipes to improve
the sensory characteristics of beer—the finished product [151-153]. This process requires
concentrated and continuous research efforts and the coordination of all stakeholders for
the effective implementation of relevant solutions with effects on the quality of the finished
product [154-156]. Technological innovation takes into account technical and economic
criteria, but also the acceptability of new assortments by consumers [8].

4. Conclusions

Research performed to date on the use of buckwheat and amaranth in brewing has
shown the possibility of obtaining new beer varieties, using them from simple adjuvants
in the form of unmalted cereals, flour, groats, flakes, 100% extruded or expanded grains
buckwheat malt or 100% amaranth malt.

The results indicate that for the further improvement and optimization of the beer
quality characteristics as a finished product, combinations of different raw materials may be
useful. This may include both buckwheat and amaranth. If buckwheat has so far proved its
qualities in obtaining finished products appreciated by consumers, it remains for amaranth
to find applicability in this industry, through the functional and nutritional qualities that it
possesses, and which have not yet been fully exploited.

In recent years, research studies on the use of buckwheat and amaranth in the manu-
facture of gluten-free beers have intensified due to the increase in the number of people
suffering from coeliac disease. These possible raw materials will continue to attract the
attention of consumers with different taste and aroma preferences or consumers with medi-
cal conditions. The possibilities are limitless when optimizing the manufacturing recipe in
the innovation activity of specialists, which also considers the efficiency and effectiveness
of the process of manufacturing new varieties of beer.

Author Contributions: A.D., M.E.C., A.C. and G.G.C. contributed equally to the study design,
collection of data, development of the sampling, analyses, interpretation of results and preparation of
the paper. All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by Ministry of Research, Innovation and Digitalization within Pro-
gram 1—Development of national research and development system, Subprogram 1.2—Institutional
Performance—RDI excellence funding projects, under contract no. 10PFE/2021.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

@

Duliniski, R.; Zdaniewicz, M.; Pater, A.; Poniewska, D.; Zyla, K. The Impact of Phytases on the Release of Bioactive Inositols, the
Profile of Inositol Phosphates, and the Release of Selected Minerals in the Technology of Buckwheat Beer Production. Biomolecules
2020, 10, 166. [CrossRef] [PubMed]

Deng, Y.; Lim, J.; Lee, G.H.; Nguyen, T.T.H.; Xiao, Y.; Piao, M.; Kim, D. Brewing rutin-enriched lager beer with buckwheat malt as
adjuncts. J. Microbiol. Biotechnol. 2019, 29, 877-886. [CrossRef] [PubMed]

Baiano, A. Craft beer: An overview. Comprehensive Reviews in Food Science and Food Safety. J. Food Sci. 2021, 20, 1829-1856.
Zdaniewicz, M.; Satora, P; Pater, A.; Bogacz, S. Low Lactic Acid-Producing Strain of Lachancea thermotolerans as a New Starter for
Beer Production. Biomolecules 2020, 10, 256. [CrossRef] [PubMed]

Iorizzo, M.; Coppola, F,; Letizia, F,; Testa, B.; Sorrentino, E. Role of yeasts in the brewing process: Tradition and innovation.
Processes 2021, 9, 839. [CrossRef]

Bruner, J.; Fox, G. Novel non-cerevisiae Saccharomyces yeast species used in beer and alcoholic beverage fermentations. Fermentation
2020, 6, 116. [CrossRef]


http://doi.org/10.3390/biom10020166
http://www.ncbi.nlm.nih.gov/pubmed/31973207
http://doi.org/10.4014/jmb.1904.04041
http://www.ncbi.nlm.nih.gov/pubmed/31154743
http://doi.org/10.3390/biom10020256
http://www.ncbi.nlm.nih.gov/pubmed/32046171
http://doi.org/10.3390/pr9050839
http://doi.org/10.3390/fermentation6040116

Plants 2022, 11, 756 17 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Paiva, R.A.; Mutz, Y.S.; Conte-Junior, C.A. A Review on the Obtaining of Functional Beers by Addition of Non-Cereal Adjuncts
Rich in Antioxidant Compounds. Antioxidants 2021, 10, 1332. [CrossRef] [PubMed]

Dabija, A.; Ciocan, M.E.; Chetrariu, A.; Codind, G.G. Maize and sorghum as raw materials for brewing, a review. Appl. Sci. 2021,
11, 3139. [CrossRef]

Rubio-Flores, M.; Serna-Saldivar, S.O. Technological and engineering trends for production of gluten-free beers. Food Eng. Rev.
2016, 8, 468-482. [CrossRef]

Cela, N.; Condelli, N.; Caruso, M.C.; Perretti, G.; Di Cairano, M.; Tolve, R.; Galgano, F. Gluten-free brewing: Issues and
perspectives. Fermentation 2020, 6, 53. [CrossRef]

Di Ghionno, L.; Sileoni, V.; Marconi, O.; De Francesco, G.; Perretti, G. Comparative study on quality attributes of gluten-free beer
from malted and unmalted teff [Eragrostis tef (zucc.) trotter]. LWT 2017, 84, 746-752. [CrossRef]

Budner, D.; Carr, J.; Serafini, B.; Tucker, S.; Dieckman-Meyer, E.; Bell, L.; Thompson-Witrick, K.A. Statistical Significant Differences
between Aroma Profiles of Beer Brewed from Sorghum. Beverages 2021, 7, 56. [CrossRef]

Kok, YJ.; Ye, L.; Muller, J.; Ow, D.S.W.; Bi, X. Brewing with malted barley or raw barley: What makes the difference in the
processes? Appl. Microbiol. Biotechnol. 2019, 103, 1059-1067. [CrossRef] [PubMed]

Xie, F; Lei, Y.; Han, X.; Zhao, Y.; Zhang, S. Antioxidant ability of polyphenols from black rice, buckwheat and oats: In vitro and
in vivo. Czech J. Food Sci. 2020, 38, 242-247. [CrossRef]

Li, F; Shi, Y;; Boswell, M.; Rozelle, S. Craft beer in China. In Economic Perspectives on Craft Beer: A Revolution in the Global Beer
Industry; Garavaglia, C., Swinnen, J., Eds.; Palgrave Macmillan: London, UK, 2018; pp. 457-484.

Gomez-Corona, C.; Escalona-Buendia, H.B.; Garcia, M.; Chollet, S.; Valentin, D. Craft vs. industrial: Habits, attitudes and
motivations towards beer consumption in Mexico. Appetite 2016, 96, 358-367. [CrossRef] [PubMed]

Hayward, L.; Wedel, A.; McSweeney, M.B. Acceptability of beer produced with dandelion, nettle, and sage. Int. J. Gastron. Food
Sci. 2019, 18, 100180. [CrossRef]

Pereira, LM.C.; Matos Neto, ].D.; Figuereido, R.W.; Carvalho, ].D.G.; de Figuereido, E.A.T.; de Menezes, N.V.S.; Gaban, S.V.E.
Physicochemical characterization, antioxidant activity, and sensory analysis of beers brewed with cashew peduncle (Anacardium
occidentale) and orange peel (Citrus sinensis). Food Sci. Technol. 2020, 40, 749-755. [CrossRef]

Thakur, P.; Kumar, K.; Ahmed, N.; Chauhan, D.; Rizvi, Q.U.E.H.; Jan, S.; Dhaliwal, H.S. Effect of soaking and germination treat-
ments on nutritional, anti-nutritional, and bioactive properties of amaranth (Amaranthus hypochondriacus L.), quinoa (Chenopodium
quinoa L.), and buckwheat (Fagopyrum esculentum L.). Curr. Res. Food Sci. 2021, 4, 917-925. [CrossRef]

Gumienna, M.; Goérna, B. Gluten hypersensitivities and their impact on the production of gluten-free beer. Eur. Food Res. Technol.
2020, 246, 1-14. [CrossRef]

Piga, A.; Conte, P; Fois, S.; Catzeddu, P.; Del Caro, A.; Sanguinetti, A.M.; Fadda, C. Technological, Nutritional and Sensory
Properties of an Innovative Gluten-Free Double-Layered Flat Bread Enriched with Amaranth Flour. Foods 2021, 10, 920. [CrossRef]
Hager, A.S; Taylor, ].P.; Waters, D.M.; Arendt, E.K. Gluten free beer—A review. Trends Food Sci. Technol. 2014, 36, 44-54. [CrossRef]
Spina, A.; Zingale, S. Health Benefits of Minor Cereals. Reference Module. In Food Science; Elsevier: Amsterdam, The Netherlands,
2021; ISBN 9780081005965.

Yang, D.; Gao, X. Progress of the use of alternatives to malt in the production of gluten-free beer. Crit. Rev. Food Sci. Nutr. 2020,
16, 1-16. [CrossRef] [PubMed]

Cadenas, R.; Caballero, I.; Nimubona, D.; Blanco, C.A. Brewing with Starchy Adjuncts: Its Influence on the Sensory and
Nutritional Properties of Beer. Foods 2021, 10, 1726. [CrossRef] [PubMed]

Giménez-Bastida, J.A.; Piskuta, M.; Zieliriski, H. Recent advances in development of gluten-free buckwheat products. Trends Food
Sci. Technol. 2015, 44, 58—65. [CrossRef]

Brasil, V.C.B.; Guimaraes, B.P,; Evaristo, R.B.W.; Carmo, T.S.; Ghesti, G.F. Buckwheat (Fagopyrum esculentum Moench) characteriza-
tion as adjunct in beer brewing. Food Sci. Technol. 2020, 41, 265-272. [CrossRef]

Martinez-Villaluenga, C.; Pefas, E.; Hernandez-Ledesma, B. Pseudocereal grains: Nutritional value, health benefits and current
applications for the development of gluten-free foods. Food Chem. Toxicol. 2020, 137, 111178. [CrossRef] [PubMed]

Pirzadah, T.B.; Malik, B. Pseudocereals as super foods of 21st century: Recent technological interventions. J. Agric. Food Res. 2020,
2,100052. [CrossRef]

Morales, D.; Miguel, M.; Garcés-Rimoén, M. Pseudocereals: A novel source of biologically active peptides. Crit. Rev. Food Sci. Nutr.
2021, 61, 1537-1544. [CrossRef]

Podeszwa, T.; Harasym, J.; Czerniecki, P.; Kopacz, M. Congress wort analysis from commercial buckwheat malt mixtures with
RSM. Nauk. Inzynierskie I Technol. 2016, 3, 77-89.

Schmidt, D.; Verruma-Bernardi, M.R.; Forti, V.A.; Borges, M.T.M.R. Quinoa and Amaranth as Functional Foods: A Review. Food
Rev. Int. 2021, 1-20. [CrossRef]

Cureton, P,; Fasano, A. The Increasing Incidence of Celiac Disease and the Range of Gluten-Free Products in the Marketplace.
In Gluten-Free Food Science and Technology; Gallagher, E., Ed.; John Wiley & Sons Ltd.: Chichester, UK, 2009; pp. 1-16.

Mburu, M.W.; Gikonyo, N.K.; Kenji, G.M.; Mwasaru, A.M. Properties of a complementary food based on amaranth grain
(Amaranthus cruentus) grown in Kenya. J. Agric. Food Technol. 2011, 1, 153-178.

Ruth, O.N.; Unathi, K.; Nomali, N.; Chinsamy, M. Underutilization Versus Nutritional-Nutraceutical Potential of the Amaranthus
Food Plant: A Mini-Review. Appl. Sci. 2021, 11, 6879. [CrossRef]


http://doi.org/10.3390/antiox10091332
http://www.ncbi.nlm.nih.gov/pubmed/34572969
http://doi.org/10.3390/app11073139
http://doi.org/10.1007/s12393-016-9142-6
http://doi.org/10.3390/fermentation6020053
http://doi.org/10.1016/j.lwt.2017.06.044
http://doi.org/10.3390/beverages7030056
http://doi.org/10.1007/s00253-018-9537-9
http://www.ncbi.nlm.nih.gov/pubmed/30515549
http://doi.org/10.17221/248/2018-CJFS
http://doi.org/10.1016/j.appet.2015.10.002
http://www.ncbi.nlm.nih.gov/pubmed/26455311
http://doi.org/10.1016/j.ijgfs.2019.100180
http://doi.org/10.1590/fst.17319
http://doi.org/10.1016/j.crfs.2021.11.019
http://doi.org/10.1007/s00217-020-03579-9
http://doi.org/10.3390/foods10050920
http://doi.org/10.1016/j.tifs.2014.01.001
http://doi.org/10.1080/10408398.2020.1859458
http://www.ncbi.nlm.nih.gov/pubmed/33325770
http://doi.org/10.3390/foods10081726
http://www.ncbi.nlm.nih.gov/pubmed/34441504
http://doi.org/10.1016/j.tifs.2015.02.013
http://doi.org/10.1590/fst.15920
http://doi.org/10.1016/j.fct.2020.111178
http://www.ncbi.nlm.nih.gov/pubmed/32035214
http://doi.org/10.1016/j.jafr.2020.100052
http://doi.org/10.1080/10408398.2020.1761774
http://doi.org/10.1080/87559129.2021.1950175
http://doi.org/10.3390/app11156879

Plants 2022, 11, 756 18 of 22

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Dabija, A. Biotehnologies in the Food Industries; Performantica Press: Iasi, Romania, 2019.

Prado, R.; Gastl, M.; Becker, T. Aroma and color development during the production of specialty malts: A review. Compr. Rev.
Food Sci. Food Saf. 2021, 20, 4816—4840. [CrossRef] [PubMed]

Zdaniewicz, M.; Pater, A.; Knapik, A.; Duliniski, R. The effect of different oat (Avena sativa L) malt contents in a top-fermented
beer recipe on the brewing process performance and product quality. J. Cereal Sci. 2021, 101, 103301. [CrossRef]

Huda, M.N,; Lu, S;; Jahan, T.; Ding, M.; Jha, R.; Zhang, K.; Zhou, M. Treasure from garden: Bioactive compounds of buckwheat.
Food Chem. 2021, 335, 127653. [CrossRef] [PubMed]

Chettry, U.; Chrungoo, N.K. Beyond the Cereal Box: Breeding Buckwheat as a Strategic Crop for Human Nutrition. Plant. Foods
Hum. Nutr. 2021, 76, 399—-409. [CrossRef] [PubMed]

Chrungoo, N.K.; Chettry, U. Buckwheat: A critical approach towards assessment of its potential as a super crop. Indian J. Genet.
Plant Breed 2021, 81, 1-23. [CrossRef]

Wijngaard, H.H.; Ulmer, H.M.; Neumann, M.; Arendt, E.K. The effect of steeping time on the final malt quality of buckwheat.
J. Inst. Brew. 2005, 111, 275-281. [CrossRef]

Wijngaard, H.H.; Ulmer, H.M.; Arendt, E.K. The effect of germination temperature on malt quality of buckwheat. ]. Am. Soc. Brew.
Chem. 2005, 63, 31-36. [CrossRef]

Wijngaard, H.H.; Renzetti, S.; Arendt, E.K. Microstructure of buckwheat and barley during malting observed by confocal scanning
laser microscopy and scanning electron microscopy. J. Inst. Brew. 2007, 113, 34—41. [CrossRef]

Arendt, E.; Dal Bello, F. Gluten-Free Cereal Products and Beverages, 1st ed.; Academic Press: London, UK; Elsevier: London, UK,
2018; pp. 325-405.

Zou, L.; Wu, D,; Ren, G.; Hu, Y.; Peng, L.; Zhao, ].; Xiao, ]J. Bioactive compounds, health benefits, and industrial applications of
Tartary buckwheat (Fagopyrum tataricum). Crit. Rev. Food Sci. Nutr. 2021, 1-17. [CrossRef] [PubMed]

Yilmaz, H.O,; Ayhan, N.Y.; Merig, C.S. Buckwheat: A useful food and its effects on human health. Curr. Nutr. Food Sci. 2020, 16,
29-34. [CrossRef]

Podolska, G.; Gujska, E.; Klepacka, J.; Aleksandrowicz, E. Bioactive compounds in different buckwheat species. Plants 2021,
10, 961. [CrossRef] [PubMed]

Raguindin, P.F,; Itodo, O.A.; Stoyanov, J.; Dejanovic, G.M.; Gamba, M.; Asllanaj, E.; Kern, H. A systematic review of phytochemi-
cals in oat and buckwheat. Food Chem. 2021, 338, 127982. [CrossRef] [PubMed]

Zhu, F. Chemical composition and health effects of Tartary buckwheat. Food Chem. 2016, 203, 231-245. [CrossRef] [PubMed]
Zivkovié, A.; Polak, T; Cigi¢, B.; Pozrl, T. Germinated Buckwheat: Effects of Dehulling on Phenolics Profile and Antioxidant
Activity of Buckwheat Seeds. Foods 2021, 10, 740. [CrossRef] [PubMed]

Phiarais, B.P.N.; Wijngaard, H.H.; Arendt, E.K. The impact of kilning on enzymatic activity of buckwheat malt. J. Inst. Brew. 2005,
111, 290-298. [CrossRef]

Suzuki, T.; Morishita, T.; Noda, T.; Ishiguro, K.; Otsuka, S.; Katsu, K. Breeding of Buckwheat to Reduce Bitterness and Rutin
Hydrolysis. Plants 2021, 10, 791. [CrossRef] [PubMed]

Luthar, Z.; Golob, A.; Germ, M.; Vombergar, B.; Kreft, I. Tartary Buckwheat in Human Nutrition. Plants 2021, 10, 700. [CrossRef]
[PubMed]

Pirzadah, T.B.; Malik, B.; Tahir, I.; Ul Rehman, R. Buckwheat journey to functional food sector. Curr. Nutr. Food Sci. 2020, 16,
134-141. [CrossRef]

Liu, Y.; Ma, T.J.; Chen, J. Changes of the flavonoid and phenolic acid content and antioxidant activity of tartary buckwheat beer
during the fermentation. Adv. Mater. Res. 2013, 781, 1619-1624. [CrossRef]

Liu, Y,; Cai, C.; Yao, Y.; Xu, B. Alteration of phenolic profiles and antioxidant capacities of common buckwheat and tartary
buckwheat produced in China upon thermal processing. J. Sci. Food Agric. 2019, 99, 5565-5576. [CrossRef] [PubMed]

Phiarais, B.PN.; Wijngaard, H.H.; Arendt, E.K. Kilning conditions for the optimization of enzyme levels in buckwheat. . Am. Soc.
Brew. Chem. 2006, 64, 187-194. [CrossRef]

Haber, T.; Obiedzinski, M.; Biller, E.; Waszkiewicz-Robak, B.; Achremowicz, B.; Cegliriska, A. Pseudocereals and the posibilities of
their application in food technology, General characteristics of Amaranth. Pol. J. Appl. Sci. 2017, 3, 45-52.

Mlakar, S.G.; Turinek, M.; Jakop, M.; Bavec, M.; Bavec, F. Nutrition value and use of grain amaranth: Potential future application
in bread making. Agricultura 2009, 6, 43-53.

Chandra, S.; Dwivedi, P; Baig, M.M.V,; Shinde, L.P. Importance of quinoa and amaranth in food security. J. Agric. Ecol. 2018, 5,
26-37. [CrossRef]

Wangui, J. Impact of Different Processing Techniques on Nutrients and Antinutrients Content of Grain Amaranth (Amaranthus albus),
Doctoral Dissertation; Jomo Kenyatta University of Agriculture and Technology: Juja, Kenya, 2015.

Park, S.J.; Sharma, A.; Lee, H.]. A Review of Recent Studies on the Antioxidant Activities of a Third-Millennium Food: Amaranthus
spp. Antioxidants 2020, 9, 1236. [CrossRef] [PubMed]

Aderibigbe, O.R.; Ezekiel, O.0.; Owolade, S.O.; Korese, ].K.; Sturm, B.; Hensel, O. Exploring the potentials of underutilized grain
amaranth (Amaranthus spp.) along the value chain for food and nutrition security: A review. Crit. Rev. Food Sci. Nutr. 2020, 62,
656-669. [CrossRef] [PubMed]


http://doi.org/10.1111/1541-4337.12806
http://www.ncbi.nlm.nih.gov/pubmed/34370381
http://doi.org/10.1016/j.jcs.2021.103301
http://doi.org/10.1016/j.foodchem.2020.127653
http://www.ncbi.nlm.nih.gov/pubmed/32739818
http://doi.org/10.1007/s11130-021-00930-7
http://www.ncbi.nlm.nih.gov/pubmed/34652552
http://doi.org/10.31742/IJGPB.81.1.1
http://doi.org/10.1002/j.2050-0416.2005.tb00683.x
http://doi.org/10.1094/ASBCJ-63-0031
http://doi.org/10.1002/j.2050-0416.2007.tb00253.x
http://doi.org/10.1080/10408398.2021.1952161
http://www.ncbi.nlm.nih.gov/pubmed/34278850
http://doi.org/10.2174/1573401314666180910140021
http://doi.org/10.3390/plants10050961
http://www.ncbi.nlm.nih.gov/pubmed/34065966
http://doi.org/10.1016/j.foodchem.2020.127982
http://www.ncbi.nlm.nih.gov/pubmed/32950005
http://doi.org/10.1016/j.foodchem.2016.02.050
http://www.ncbi.nlm.nih.gov/pubmed/26948610
http://doi.org/10.3390/foods10040740
http://www.ncbi.nlm.nih.gov/pubmed/33915814
http://doi.org/10.1002/j.2050-0416.2005.tb00685.x
http://doi.org/10.3390/plants10040791
http://www.ncbi.nlm.nih.gov/pubmed/33923833
http://doi.org/10.3390/plants10040700
http://www.ncbi.nlm.nih.gov/pubmed/33916396
http://doi.org/10.2174/1573401314666181022154332
http://doi.org/10.4028/www.scientific.net/AMR.781-784.1619
http://doi.org/10.1002/jsfa.9825
http://www.ncbi.nlm.nih.gov/pubmed/31152448
http://doi.org/10.1094/ASBCJ-64-0187
http://doi.org/10.53911/JAE.2018.5102
http://doi.org/10.3390/antiox9121236
http://www.ncbi.nlm.nih.gov/pubmed/33291467
http://doi.org/10.1080/10408398.2020.1825323
http://www.ncbi.nlm.nih.gov/pubmed/33021382

Plants 2022, 11, 756 19 of 22

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Figueroa-Gonzalez, J.J.; Lobato-Calleros, C.; Vernon-Carter, E.J.; Aguirre-Mandujano, E.; Alvarez-Ramirez, J.; Martinez-Velasco, A.
Modifying the structure, physicochemical properties, and foaming ability of amaranth protein by dual pH-shifting and ultrasound
treatments. LWT 2022, 153, 112561. [CrossRef]

De Bock, P; Daelemans, L.; Selis, L.; Raes, K.; Vermeir, P.; Eeckhout, M.; Van Bockstaele, F. Comparison of the Chemical and
Technological Characteristics of Wholemeal Flours Obtained from Amaranth (Amaranthus sp.), Quinoa (Chenopodium quinoa) and
Buckwheat (Fagopyrum sp.) Seeds. Foods 2021, 10, 651. [CrossRef]

Fejér, J.; Kron, I; Eliasova, A.; Grul'ova, D.; Gajdosova, A.; Lancikovd, V.; Hricova, A. New Mutant Amaranth Varieties as a
Potential Source of Biologically Active Substances. Antioxidants 2021, 10, 1705. [CrossRef] [PubMed]

Bender, D.; Schonlechner, R. Recent developments and knowledge in pseudocereals including technological aspects. Acta Aliment.
2021, 50, 583-609. [CrossRef]

Bhattarai, G. Amaranth: A Golden Crop for Future. Himal. ]. Sci. Technol. 2018, 2, 108-116. [CrossRef]

Karimi, N.; Zeynali, F.; Rezazad Bari, M.; Nikoo, M.; Mohtarami, F.; Kadivar, M. Amaranth selective hydrolyzed protein influence
on sourdough fermentation and wheat bread quality. Food Sci. Nutr. 2021, 9, 6683-6691. [CrossRef] [PubMed]

Bang, ].H.; Lee, K.; Jeong, W.; Han, S.; Jo, LH.; Choi, S.; Chung, ].W. Antioxidant Activity and Phytochemical Content of Nine
Amaranthus Species. Agronomy 2021, 11, 1032. [CrossRef]

Igbal, S.; Thanushree, M.P,; Sudha, M.L.; Crassina, K. Quality characteristics of buckwheat (Fagopyrum esculentum) based nutritious
ready-to-eat extruded baked snack. J. Food Sci. Technol. 2021, 58, 2034-2040. [CrossRef] [PubMed]

Koshova, V.; Kobernitska, A.; Kinash, D. Improvement of Buckwheat Malt Technology. J. Environ. Sci. Toxicol. Food Technol. 2017,
11, 5-17. [CrossRef]

Cotovanu, I.; Mironeasa, S. Buckwheat Seeds: Impact of Milling Fractions and Addition Level on Wheat Bread Dough Rheology.
Appl. Sci. 2021, 11, 1731. [CrossRef]

Patil, S.B.; Jena, S. Utilization of underrated pseudo-cereals of North East India: A systematic review. Nutr. Food Sci. 2020, 50,
1229-1240. [CrossRef]

Dulinski, R.; Zdaniewicz, M.; Pater, A.; Zyia, K. Impact of Two Commercial Enzymes on the Release of Inositols, Fermentable
Sugars, and Peptides in the Technology of Buckwheat Beer. J. Am. Soc. Brew. Chem. 2019, 77, 119-125. [CrossRef]

DeZelak, M. Beer-Like Gluten-Free Beverages Fermented from Buckwheat and Quinoa. Ph.D. Thesis, Biotehnical Faculty,
University of Ljubljana, Ljubljana, Slovenia, 2014.

Kowalska, E.; Ziarno, M. Characterization of Buckwheat Beverages Fermented with Lactic Acid Bacterial Cultures and Bifidobac-
teria. Foods 2020, 9, 1771. [CrossRef]

Garkina, PK.; Kurochkin, A.A.; Frolov, D.I.; Shaburova, G.V. Chemical composition and physicochemical properties of extruded
buckwheat. In IOP Conference Series: Earth and Environmental Science; IOP Publishing: Bristol, UK, 2021; Volume 640, p. 022037.
Appiani, M.; Rabitti, N.S.; Proserpio, C.; Pagliarini, E.; Laureati, M. Tartary Buckwheat: A New Plant-Based Ingredient to Enrich
Corn-Based Gluten-Free Formulations. Foods 2021, 10, 2613. [CrossRef]

Zhu, F. Buckwheat proteins and peptides: Biological functions and food applications. Trends Food Sci. Technol. 2021, 110, 155-167.
[CrossRef]

Puligundla, P.; Lim, S. Buckwheat noodles: Processing and quality enhancement. Food Sci. Biotechnol. 2021, 30, 1471-1480.
[CrossRef]

Srivastava, S.; Sreerama, Y.N.; Dharmaraj, U. Effect of processing on squalene content of grain amaranth fractions. J. Cereal Sci.
2021, 100, 103218. [CrossRef]

Ciocan, M.; Dabija, A.; Codind, G.G. Effect of some unconventional ingredients on the production of black beer. Ukr. Food ]. 2020,
9, 322-331. [CrossRef]

Early, D.K. Amaranth production in Mexico and Peru. In Advances in New Crops; Timber Press: Portland, OR, USA, 1990; pp.
140-142.

Guardianelli, L.M.; Salinas, M.V.; Puppo, M.C. Quality of wheat breads enriched with flour from germinated amaranth seeds.
Food Sci. Technol. Int. 2021, 10820132211016577. [CrossRef]

Cankurtaran, T.; Bilgicli, N. Improvement of functional couscous formulation using ancient wheat and pseudocereals. Int. J.
Gastron. Food Sci. 2021, 25, 100400. [CrossRef]

Manassero, C.A.; Afiéon, M.C.; Speroni, F. Development of a High Protein Beverage Based on Amaranth. Plant Foods Hum. Nutr.
2020, 75, 599-607. [CrossRef]

Arslan-Tontul, S.; Uslu, C.C.; Mutlu, C.; Erbas, M. Expected glycemic impact and probiotic stimulating effects of whole grain
flours of buckwheat, quinoa, amaranth and chia. J. Food Sci. Technol. 2021, 59, 1460-1467. [CrossRef]

Singh, M.; Liu, S.X. Evaluation of amaranth flour processing for noodle making. J. Food Processing Preserv. 2021, 45, e15270.
[CrossRef]

Gonzélez-Calderon, A K.; Garcia-Flores, N.A.; Elizondo-Rodriguez, A.S.; Zavala-Lopez, M.; Garcia-Lara, S.; Ponce-Garcia, N.;
Escalante-Aburto, A. Effect of the addition of different vegetal mixtures on the nutritional, functional, and sensorial properties of
snacks based on pseudocereals. Foods 2021, 10, 2271. [CrossRef]

Lawal, O.M.; van Stuijvenberg, L.; Boon, N.; Awolu, O.; Fogliano, V.; Linnemann, A.R. Technological and nutritional properties of
amaranth-fortified yellow cassava pasta. J. Food Sci. 2021, 86, 5213-5225. [CrossRef]


http://doi.org/10.1016/j.lwt.2021.112561
http://doi.org/10.3390/foods10030651
http://doi.org/10.3390/antiox10111705
http://www.ncbi.nlm.nih.gov/pubmed/34829576
http://doi.org/10.1556/066.2021.00136
http://doi.org/10.3126/hijost.v2i0.25854
http://doi.org/10.1002/fsn3.2618
http://www.ncbi.nlm.nih.gov/pubmed/34925798
http://doi.org/10.3390/agronomy11061032
http://doi.org/10.1007/s13197-020-04940-2
http://www.ncbi.nlm.nih.gov/pubmed/33897040
http://doi.org/10.9790/2402-1101021517
http://doi.org/10.3390/app11041731
http://doi.org/10.1108/NFS-11-2019-0339
http://doi.org/10.1080/03610470.2019.1589910
http://doi.org/10.3390/foods9121771
http://doi.org/10.3390/foods10112613
http://doi.org/10.1016/j.tifs.2021.01.081
http://doi.org/10.1007/s10068-021-00960-6
http://doi.org/10.1016/j.jcs.2021.103218
http://doi.org/10.24263/2304-974X-2020-9-2-5
http://doi.org/10.1177/10820132211016577
http://doi.org/10.1016/j.ijgfs.2021.100400
http://doi.org/10.1007/s11130-020-00853-9
http://doi.org/10.1007/s13197-021-05156-8
http://doi.org/10.1111/jfpp.15270
http://doi.org/10.3390/foods10102271
http://doi.org/10.1111/1750-3841.15975

Plants 2022, 11, 756 20 of 22

93.

94.
95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.
120.

Gebremariam, M.M.; Zarnkow, M.; Becker, T. Teff (Eragrostis tef) as a raw material for malting, brewing and manufacturing of
gluten-free foods and beverages: A review. J. Food Sci. Technol. 2014, 51, 2881-2895. [CrossRef]

de Sousa, T.; Ribeiro, M.; Sabenga, C.; Igrejas, G. The 10,000-year success story of wheat! Foods 2021, 10, 2124. [CrossRef]
Uthayakumaran, S.; Wrigley, C.W. Wheat: Characteristics and quality requirements. In Cereal Grains; Wrigley, C., Batey, I,
Miskelly, D., Eds.; Woodhead Publishing (Elsevier): Kidlington, UK, 2010; pp. 59-111.

Wrigley, C.; Batey, LL.; Miskelly, D. Cereal grains: Assessing and Managing Quality, 2nd ed.; Woodhead Publishing (Elsevier):
Kidlington, UK, 2016; pp. 245-468.

Rachon, L.; Szumilo, G. Comparison of chemical composition of selected winter wheat species. J. Elem. 2009, 14, 135-145.
[CrossRef]

Shewry, P.R.; Hawkesford, M.].; Piironen, V.; Lampi, A.M.; Gebruers, K.; Boros, D.; Ward, J.L. Natural variation in grain
composition of wheat and related cereals. J. Agric. Food Chem. 2013, 61, 8295-8303. [CrossRef]

Buiatti, S.; Bertoli, S.; Passaghe, P. Influence of gluten-free adjuncts on beer colloidal stability. Eur. Food Res. Technol. 2018, 244,
903-912. [CrossRef]

Dziadek, K.; Kope¢, A.; Pastucha, E.; Piatkowska, E.; Leszczyniska, T.; Pisulewska, E.; Francik, R. Basic chemical composition and
bioactive compounds content in selected cultivars of buckwheat whole seeds, dehulled seeds and hulls. J. Cereal Sci. 2016, 69, 1-8.
[CrossRef]

Bobkov, S. Biochemical and technological properties of buckwheat grains. In Molecular Breeding and Nutritional Aspects of Buckwheat;
Zhou, M., Woo, S.H., Wieslander, G., Kreft, I., Chrungoo, N., Eds.; Academic Press: London, UK, 2016; pp. 423-440.

Li, H. Buckwheat. In Bioactive Factors and Processing Technology for Cereal Foods; Wang, J., Sun, B., Tsao, R., Eds.; Springer:
Berlin/Heidelberg, Germany, 2019; pp. 137-149.

Zhao, X,; Li, C,; Jiang, Y.; Wang, M.; Wang, B.; Xiao, L.; Dong, L. Metabolite fingerprinting of buckwheat in the malting process.
J. Food Meas. Charact. 2020, 15, 1-12. [CrossRef]

Agu, R.C,; Chiba, Y.; Goodfellow, V.; Mackinlay, J.; Brosnan, ].M.; Bringhurst, T.A.; Bryce, ]. H. Effect of germination temperatures
on proteolysis of the gluten-free grains rice and buckwheat during malting and mashing. J. Agric. Food Chem. 2012, 60,
10147-10154. [CrossRef] [PubMed]

Dezelak, M.; Gebremariam, M.M.; Zarnkow, M.; Becker, T.; Kosir, 1.]. Part III: The influence of serial repitching of Saccharomyces
pastorianus on the production dynamics of some important aroma compounds during the fermentation of barley and gluten-free
buckwheat and quinoa wort. J. Inst. Brew. 2015, 121, 387-399. [CrossRef]

Wijngaard, H.H.; Ulmer, H.M.; Arendt, E.K. The effect of germination time on the final malt quality of buckwheat. J. Am. Soc.
Brew. Chem. 2006, 64, 214-221. [CrossRef]

De Meo, B.; Freeman, G.; Marconi, O.; Booer, C.; Perretti, G.; Fantozzi, P. Behaviour of malted cereals and pseudo-cereals for
gluten-free beer production. J. Inst. Brew. 2011, 117, 541-546. [CrossRef]

Zarnkow, M.; Kessler, M.; Burberg, F.; Kreisz, S.; Back, W. Gluten free beer from malted cereals and pseudocereals. In Proceedings
of the European Brewery Convention Congress, Prague, Czech Republic, 14-19 May 2005.

Zweytick, G.; Berghofer, E. Production of Gluten-Free Beer. In Gluten-Free Food Science and Technology; Gallagher, E., Ed.; John
Wiley & Sons Ltd: West Sussex, UK, 2009; pp. 181-200.

Wijngaard, H.H.; Arendt, E.K. Optimisation of a mashing program for 100% malted buckwheat. |. Inst. Brew. 2006, 112, 57-65.
[CrossRef]

Phiarais, B.P.N.; Mauch, A.; Schehl, B.D.; Zarnkow, M.; Gastl, M.; Herrmann, M.; Arendt, E.K. Processing of a top fermented beer
brewed from 100% buckwheat malt with sensory and analytical characterisation. J. Inst. Brew. 2010, 116, 265-274. [CrossRef]
Bogdan, P,; Kordialik-Bogacka, E.; Czyzowska, A.; Oracz, J.; Zyielewicz, D. The profiles of low molecular nitrogen compounds
and fatty acids in wort and beer obtained with the addition of quinoa (Chenopodium quinoa willd.), amaranth (Amaranthus cruentus
L.) or maltose syrup. Foods 2020, 9, 1626. [CrossRef]

Salanta, L.C.; Coldea, T.E.; Ignat, M.V.; Pop, C.R.; Tofana, M.; Mudura, E.; Zhao, H. Functionality of special beer processes and
potential health benefits. Processes 2020, 8, 1613. [CrossRef]

Kerpes, R.; Fischer, S.; Becker, T. The production of gluten-free beer: Degradation of hordeins during malting and brewing and
the application of modern process technology focusing on endogenous malt peptidases. Trends Food Sci. Technol. 2017, 67, 129-138.
[CrossRef]

Jaukovi¢, M.M.; Zecevié, V.V,; Boskovié, J.Z.; Nikié, T.S.; Prodanovié, L.Z.; Samailovi¢, N.V. Effect of Dilute Alkaline Steeping on
Mold Contamination, Toxicity, and Quality Parameters of Buckwheat Malt. |. Am. Soc. Brew. Chem. 2015, 73, 357-361. [CrossRef]
Krahl, M.; Back, W.; Zarnkow, M.; Kreisz, S. Determination of optimised malting conditions for the enrichment of rutin, vitexin
and orientin in common buckwheat (Fagopyrum esculentum Moench). ]. Inst. Brew. 2008, 114, 294-299. [CrossRef]

Terpinc, P; Cigi¢, B.; Polak, T.; Hribar, J.; Pozrl, T. LC-MS analysis of phenolic compounds and antioxidant activity of buckwheat
at different stages of malting. Food Chem. 2016, 210, 9-17. [CrossRef] [PubMed]

Motta, C.; Delgado, I.; Matos, A.S.; Gonzales, G.B.; Torres, D.; Santos, M.; Castanheira, I. Folates in quinoa (Chenopodium quinoa),
amaranth (Amaranthus sp.) and buckwheat (Fagopyrum esculentum): Influence of cooking and malting. J. Food Compos. Anal. 2017,
64, 181-187. [CrossRef]

Crivelari-Costa, PM.; Bianchini, A. Malte de variedades de amaranto. Nativa 2021, 9, 563-566. [CrossRef]

Bogdan, P.; Kordialik-Bogacka, E. Alternatives to malt in brewing. Trends Food Sci. Technol. 2017, 65, 1-9. [CrossRef]


http://doi.org/10.1007/s13197-012-0745-5
http://doi.org/10.3390/foods10092124
http://doi.org/10.5601/jelem.2009.14.1.14
http://doi.org/10.1021/jf3054092
http://doi.org/10.1007/s00217-017-3010-3
http://doi.org/10.1016/j.jcs.2016.02.004
http://doi.org/10.1007/s11694-020-00737-1
http://doi.org/10.1021/jf3028039
http://www.ncbi.nlm.nih.gov/pubmed/22950683
http://doi.org/10.1002/jib.243
http://doi.org/10.1094/ASBCJ-64-0214
http://doi.org/10.1002/j.2050-0416.2011.tb00502.x
http://doi.org/10.1002/j.2050-0416.2006.tb00708.x
http://doi.org/10.1002/j.2050-0416.2010.tb00430.x
http://doi.org/10.3390/foods9111626
http://doi.org/10.3390/pr8121613
http://doi.org/10.1016/j.tifs.2017.07.004
http://doi.org/10.1094/ASBCJ-2015-0823-01
http://doi.org/10.1002/j.2050-0416.2008.tb00772.x
http://doi.org/10.1016/j.foodchem.2016.04.030
http://www.ncbi.nlm.nih.gov/pubmed/27211614
http://doi.org/10.1016/j.jfca.2017.09.003
http://doi.org/10.31413/nativa.v9i5.13216
http://doi.org/10.1016/j.tifs.2017.05.001

Plants 2022, 11, 756 21 of 22

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.
136.

137.

138.

139.

140.

141.
142.

143.

144.

145.

146.

147.

148.

149.

Benucci, I.; Caso, M.C.; Bavaro, T.; Masci, S.; Kersiene¢, M.; Esti, M. Prolyl endopeptidase from Aspergillus niger immobilized on a
food-grade carrier for the production of gluten-reduced beer. Food Control 2020, 110, 106987. [CrossRef]

Kordialik-Bogacka, E.; Bogdan, P.; Ciosek, A. Effects of quinoa and amaranth on zinc, magnesium and calcium content in beer
wort. Int. J. Food Sci. Technol. 2019, 54, 1706-1712. [CrossRef]

Starowicz, M.; Koutsidis, G.; Zieliriski, H. Sensory analysis and aroma compounds of buckwheat containing products—A review.
Crit. Rev. Food Sci. Nutr. 2018, 58, 1767-1779. [CrossRef]

Skrobot, D.; Pezo, L.; Tomié, J.; Pestori¢, M.; Saka¢, M.; Mandié¢, A. Insights into sensory and hedonic perception of wholegrain
buckwheat enriched pasta. LWT 2022, 153, 112528. [CrossRef]

Norbéck, D.; Wieslander, G. A Review on Epidemiological and Clinical Studies on Buckwheat Allergy. Plants 2021, 10, 607.
[CrossRef] [PubMed]

Coelho, L.M.; Silva, PM.; Martins, J.T.; Pinheiro, A.C.; Vicente, A.A. Emerging opportunities in exploring the nutri-
tional/ functional value of amaranth. Food Funct. 2018, 9, 5499-5512. [CrossRef] [PubMed]

Nardo, A.E,; Suarez, S.; Quiroga, A.V.; Aiién, M.C. Amaranth as a source of antihypertensive peptides. Front. Plant Sci. 2020,
11, 1470. [CrossRef] [PubMed]

Ayala-Nifio, A.; Contreras-Lopez, E.; Castafieda-Ovando, A.; Sanchez-Franco, ].A.; Gonzalez-Olivares, L.G. Amaranth proteins as
a source of bioactive peptides: A review. Int. Food Res. J. 2020, 27, 1-15.

Caselato-Sousa, V.M.; Amaya-Farfan, J. State of knowledge on amaranth grain: A comprehensive review. J. Food Sci. 2012, 77,
93-104. [CrossRef] [PubMed]

Rojas-Rivas, E.; Espinoza-Ortega, A.; Thomé-Ortiz, H.; Moctezuma-Pérez, S. Consumers’ perception of amaranth in Mexico:
A traditional food with characteristics of functional foods. Br. Food J. 2019, 10, 1-14. [CrossRef]

Rovina, K,; Siddiquee, S.; Shaarani, S.M. Toxicology, extraction and analytical methods for determination of Amaranth in food
and beverage products. Trends Food Sci. Technol. 2017, 65, 68-79. [CrossRef]

Argiielles-Lopez, O.D.; Reyes-Moreno, C.; Gutiérrez-Dorado, R.R.; Sanchez-Osuna, MLE; Lopez-Cervantes, J.; Cuevas-Rodriguez, E.O.;
Perales-Sanchez, ] X.K. Functional beverages elaborated from amaranth and chia flours processed by germination and extrusion.
Biotecnia 2018, 20, 135-145. [CrossRef]

Amare, E.; Grigoletto, L.; Corich, V.; Giacomini, A.; Lante, A. Fatty Acid Profile, Lipid Quality and Squalene Content of Teff
(Eragrostis teff (Zucc.) Trotter) and Amaranth (Amaranthus caudatus L.) Varieties from Ethiopia. Appl. Sci. 2021, 11, 3590. [CrossRef]
Kurek, M. A ; Krzeminska, A. Effect of modified atmosphere packaging on quality of bread with amaranth flour addition. Food
Sci. Technol. Int. 2020, 26, 44-52. [CrossRef] [PubMed]

Ayo, ].A. The effect of amaranth grain flour on the quality of bread. Int. . Food Prop. 2001, 4, 341-351. [CrossRef]

Sanz-Penella, ] M.; Wronkowska, M.; Soral-Smietana, M.; Haros, M. Effect of whole amaranth flour on bread properties and
nutritive value. LWT-Food Sci. Technol. 2013, 50, 679—-685. [CrossRef]

Miranda-Ramos, K.C.; Sanz-Ponce, N.; Haros, C.M. Evaluation of technological and nutritional quality of bread enriched with
amaranth flour. LWT 2019, 114, 108418. [CrossRef]

Drub, T.E,; dos Santos, EG.; Centeno, A.C.L.S.; Capriles, V.D. Sorghum, millet and pseudocereals as ingredients for gluten-free
whole-grain yeast rolls. Int. . Gastron. Food Sci. 2021, 23, 100293. [CrossRef]

Garcia-Valle, D.E.; Agama-Acevedo, E.; del Carmen Nufiez-Santiago, M.; Alvarez-Ramirez, ].; Bello-Pérez, L.A. Extrusion
pregelatinization improves texture, viscoelasticity and in vitro starch digestibility of mango and amaranth flours. J. Funct. Foods
2021, 80, 104441. [CrossRef]

Tafadzwa, M.J.; Zvamaziva, ].T.; Charles, M.; Amiel, M.; Pepukai, M.; Shepherd, M. Proximate, physico-chemical, functional and
sensory properties OF quinoa and amaranth flour AS potential binders in beef sausages. Food Chem. 2021, 365, 130619. [PubMed]
Chetrariu, A.; Dabija, A. Brewer’s spent grains: Possibilities of valorization, a review. Appl. Sci. 2020, 10, 5619. [CrossRef]
Rogul, M.D.; Mandi¢, A.L; Migan, A.C.; Peri¢, N.R; Pejin, ].D. Review of trends in formulation of functional beer. Food Feed Res.
2019, 46, 23-35. [CrossRef]

Habschied, K.; Zivkovié¢, A.; Krstanovié, V.; Mastanjevi¢, K. Functional beer—A review on possibilities. Beverages 2020, 6, 51.
[CrossRef]

Bhinder, S.; Singh, N.; Kaur, A. Impact of germination on nutraceutical, functional and gluten free muffin making properties of
Tartary buckwheat (Fagopyrum tataricum). Food Hydrocoll. 2022, 124, 107268. [CrossRef]

Betancur, M.I.; Motoki, K.; Spence, C.; Velasco, C. Factors influencing the choice of beer: A review. Food Res. Int. 2020, 137, 109367.
[CrossRef] [PubMed]

Alves, M.D.M.; Rosa, M.D.S.; Santos, PP.A.D.; Paz, M.ED.; Morato, PN.; Fuzinatto, M.M. Artisanal beer production and
evaluation adding rice flakes and soursop pulp (Annona muricata L.). Food Sci. Technol. 2020, 40, 545-549. [CrossRef]

Sebestyén, A.; Kiss, Z.; Vecseri-Hegyes, B.; Kun-Farkas, G.; Hoschke, A. Experiences with laboratory and pilot plant preparation
of millet and buckwheat beer. Acta Aliment. 2013, 42, 81-89. [CrossRef]

Dezelak, M.; Zarnkow, M.; Becker, T.; Kosir, 1.]. Processing of bottom-fermented gluten-free beer-like beverages based on
buckwheat and quinoa malt with chemical and sensory characterization. |. Inst. Brew. 2014, 120, 360-370. [CrossRef]

Dulinski, R.; Zdaniewicz, M.; Pater, A. Effect of Phytase Addition to Buckwheat Wort on the Selected Fermentable Sugars,
Polypeptide Profile and Nitrogen Content from Free Aminoacids, Bulletin of University of Agricultural Sciences and Veterinary
Medicine Cluj-Napoca. Food Sci. Technol. 2021, 78, 33—40.


http://doi.org/10.1016/j.foodcont.2019.106987
http://doi.org/10.1111/ijfs.14052
http://doi.org/10.1080/10408398.2017.1284742
http://doi.org/10.1016/j.lwt.2021.112528
http://doi.org/10.3390/plants10030607
http://www.ncbi.nlm.nih.gov/pubmed/33806876
http://doi.org/10.1039/C8FO01422A
http://www.ncbi.nlm.nih.gov/pubmed/30307006
http://doi.org/10.3389/fpls.2020.578631
http://www.ncbi.nlm.nih.gov/pubmed/33101347
http://doi.org/10.1111/j.1750-3841.2012.02645.x
http://www.ncbi.nlm.nih.gov/pubmed/22515252
http://doi.org/10.1108/BFJ-05-2018-0334
http://doi.org/10.1016/j.tifs.2017.05.008
http://doi.org/10.18633/biotecnia.v20i3.721
http://doi.org/10.3390/app11083590
http://doi.org/10.1177/1082013219864197
http://www.ncbi.nlm.nih.gov/pubmed/31403831
http://doi.org/10.1081/JFP-100105198
http://doi.org/10.1016/j.lwt.2012.07.031
http://doi.org/10.1016/j.lwt.2019.108418
http://doi.org/10.1016/j.ijgfs.2020.100293
http://doi.org/10.1016/j.jff.2021.104441
http://www.ncbi.nlm.nih.gov/pubmed/34407490
http://doi.org/10.3390/app10165619
http://doi.org/10.5937/FFR1901023R
http://doi.org/10.3390/beverages6030051
http://doi.org/10.1016/j.foodhyd.2021.107268
http://doi.org/10.1016/j.foodres.2020.109367
http://www.ncbi.nlm.nih.gov/pubmed/33233069
http://doi.org/10.1590/fst.36119
http://doi.org/10.1556/AAlim.42.2013.Suppl.10
http://doi.org/10.1002/jib.166

Plants 2022, 11, 756 22 of 22

150.

151.

152.

153.

154.

155.

156.

Salantd, L.C.; Coldea, T.E.; Ignat, M.V,; Pop, C.R,; Tofand, M.; Mudura, E.; Zhao, H. Non-alcoholic and craft beer production and
challenges. Processes 2020, 8, 1382. [CrossRef]

Estevao, S.T.; e Silva, ].B.D.A.; Lourengo, ER. Development and optimization of beer containing malted and non-malted substitutes
using quality by design (QbD) approach. J. Food Eng. 2021, 289, 110182. [CrossRef]

Puligundla, P.; Smogrovicova, D.; Mok, C.; Obulam, V.S.R. Recent developments in high gravity beer-brewing. Innov. Food Sci.
Emerg. Technol. 2020, 64, 102399. [CrossRef]

Mellor, D.D.; Hanna-Khalil, B.; Carson, R. A review of the potential health benefits of low alcohol and alcohol-free beer: Effects of
ingredients and craft brewing processes on potentially bioactive metabolites. Beverages 2020, 6, 25. [CrossRef]

Donadini, G.; Porretta, S. Uncovering patterns of consumers' interest for beer: A case study with craft beers. Food Res. Int. 2017,
91, 183-198. [CrossRef]

Morgan, D.R.; Thomas Lane, E.; Styles, D. Crafty Marketing: An Evaluation of Distinctive Criteria for “Craft” Beer. Food Rev. Int.
2020, 1-17. [CrossRef]

Yorke, J.; Cook, D.; Ford, R. Brewing with Unmalted Cereal Adjuncts: Sensory and Analytical Impacts on Beer Quality. Beverages
2021, 7, 4. [CrossRef]


http://doi.org/10.3390/pr8111382
http://doi.org/10.1016/j.jfoodeng.2020.110182
http://doi.org/10.1016/j.ifset.2020.102399
http://doi.org/10.3390/beverages6020025
http://doi.org/10.1016/j.foodres.2016.11.043
http://doi.org/10.1080/87559129.2020.1753207
http://doi.org/10.3390/beverages7010004

	Introduction 
	Buckwheat and Amaranth: Raw Materials for Brewing 
	Overview 
	Structure and Chemical Composition 
	Use in the Beer Industry 
	Buckwheat 
	Amaranth 

	Other Uses 

	Perspectives 
	Conclusions 
	References

