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Abstract

The adoption of healthy lifestyles and sensible eating practices are more important to consumers nowadays.
Due to the increased danger of health-related issues, less and fewer species of the wide range of plants that
may be utilized for human nourishment are employed today. The requirement for an increase in the
nutritional content of goods made from cereals that are gluten free has been brought to light by the findings
of many recent research. In order to fulfil the requirements of the expanding population to enhance diet
and contribute to a better state of health, new food products are always being researched.
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Introduction

The widening gulf between population growth and food production is the biggest danger to
humanity's existence. 515 million people are thought to be chronically malnourished globally,
up from 777 million in 2015 but still below the 900 million threshold in 2000, according to the
study The World's Food Insecurity Situation as of 2017. The amount has increased from 777
million in 2015. (2017) (Kline et al.) *2. Any grain can be helpful or functional as human food,
but from a nutritional standpoint, this relies mostly on how much and what kind of protein is
present. One significant class of bio-macromolecules that is engaged in physiological processes
is the protein family. Natural vegetable proteins are excellent building blocks since they are safe,
highly biocompatible, filling, and reasonably priced. Thus, it is crucial for the food and
pharmaceutical businesses to create inventive, high-amino-acid vegetable proteins. (Bergamo,
Maurano, Mazzarella, Gianfrani, & Rossi, 2011) 2, The genetic make-up of the grain and the
effect of environmental conditions on its primary constituents, such as proteins, vitamins,
carbohydrates, minerals, and phenolic phytochemicals, determine how well the grain functions.
As a result, many cereal crops are either chemically deficient in one area or chemically rich in
another. Much attention has been placed on the extraction and use of odd dietary plants,
including Andes pseudocereals, in an effort to cure this illness. Because of its potential for
nutrition, level of phytochemicals, and use in gluten-free goods, Andean pseudocereals are of
great interest. The growth and variety of agricultural and food items are increasingly dependent
on this new plant species. As these plant species have a range of health advantages, creating
innovative meals from them has the potential to greatly enhance public health. As a result, the
scientific community, consumers, and food manufacturers are paying increasing attention to
these foods. (Behall, Scholfield, & Hallfrisch, 2006) [l (Rave, Roggen, Dellweg, Heise & Tom
Diek, 2007; Chan Wang & Holly, 2007; Slavin, 2004; Jacob & Gallaher, 2014) [6% 25 79, 100]
Despite the fact that these products are abundant in high-quality protein, amino acids,
phytochemicals, and minerals, their commercialization is still somewhat constrained due to a
lack of understanding regarding their nutritional makeup and a lack of cutting-edge processing
and utilisation technology. In order to optimize the knowledge about processing technologies
and obtain desirable functional characteristics and nutritional value, the technological range
should be maintained and expanded. According to Valcarcel-Yamani and da Silva Lannes,
pseudocereals are underutilised crops that are free of gluten, Rich in proteins and a variety of
essential nutrients (2012). Moreover, they contain saponins, which are used in a variety of
industrial and agro-pharmacological applications. The saponins can also lower blood serum
cholesterol levels and have hemolytic and antilipemic activities. This function of saponins may
be regarded as its most significant beneficial trait, and no evidence has been found that saponins
impair protein digestion (Repo-Carrasco, Espinoza, & Jacobsen, 2003) (631,
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Given the importance of the aforementioned characteristics,
this review paper will broaden perspectives on the use of
several under-utilized pseudocereals, for the creation of diverse
pseudocereals, their nutritional qualities and potential health
advantages.

Characteristics of the pseudo cereals

The American Heritage Dictionary of English defines a pseudo
cereal as any plant that is not a member of the grass family but
yet produces fruits and seeds that are used to make bread and
other basic food items. The three best pseudocereals now
available are granulated amaranth (Amaranth caudatus,
Amaranth cruentus, and Amaranth hypochondriacus; family
Amaranthceae), quinoa (Chenopodium quinoa sub sp. quinoa;
Chenopodiaceae), and buckwheat (Fagopyrum esculentum;
family Polygonaceae). These are dicotyledonous plants, as
opposed to the different monocot cereals like wheat, rice, and
barley. They are referred to as pseudo cereals because of how
closely they resemble real cereals in both function and seed
makeup. (2010) Arendt, Gallagher, and Alvarez-Jubete. The
Andes of South America are where you may find Chenopodium
quinoa Willd, the quinoa plant. The crop may grow
successfully between 2000 and 4000 metres above sea level. In
Hindi, the invading Chenopodium album plant is commonly
referred to as "Bathua” while its English term is "pig weed"
(Jan, Saxena and Singh, 2016) [°2. It may thrive in regions with
limited rainfall (300-400 mm), as it is frost hardy. It produces
small seeds, size varying between 1- and 2.5-mm. Quinoa may
grow to a height of 1-3 m, depending on the density of the
seeds. If the seed is planted deeply enough in the soil, the root
might extend 30 cm. After being exposed to moisture for a few
hours, the seeds might begin to develop. It had a 3.5 cm
diameter, a stem that might be straight or branched, and its
color could alter. It may start out being white, light brown or
yellow before turning red, depending on the species. It has
incomplete blooms devoid of petals and goosefoot-shaped
leaves. a pericarp with two layers. After rice, it is regarded as
one of the national foods of Japan main grain crop. It can be
grown on almost all soil types, with the exception of sand, and
prefers warm climes. It also has low humus requirements.
Highly nutritive crop with one of the highest protein content
rankings among plants. Both cholesterol lowering and Type-II
diabetes prevention may be achieved by it. Amaranth caudatus,
Amaranth hypochodriacus, and Amaranth cruentus are the
three amaranth species that are predominantly farmed for their
seeds (Kaur, Singh, & Rana, 2010) %, Because to its use by
the Aztecs in ceremonial dinners involving human sacrifice, it
was long banned from the dinner table when the Spanish
conquistadors first arrived in South America (Rastogi &
Shukla, 2013) 8%, The lenticular-shaped seeds are lenticular in
shape and have a diameter of 1 to 1.5 mm and a weight of 0.6
to 1.3 mg (Bressani, 2003) %, This seed possesses a number
of inherent characteristics, such as a high tolerance for dry
climates and poor soils, resistance to heat, drought, and pests,
as well as the capacity to thrive in environments where
conventional cereal crops cannot.

Effect of pseudocereal intake on prevalence of celiac
diseases
The autoimmune condition known as celiac disease (CD) is
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defined by a lifelong resistance to the consumption of gluten,
term that also refers to the prolamins, which are certain proteins
that are ethanol-soluble when stored in cereals (Kagnoff, 2005)
%1, Gluten consumption, HLA-DQS8 alleles, a genetic
predisposition, and an immunological response that damages
the mucosa of the small intestine and results in a total loss of
Absorbtive villi are the cause of under nutrition and poor
nutritional absorption. And crypt hyperplasia, which has an
impact on numerous physiological systems in the body
(Rodrigo, 2006) 1. Human proteolytic digestion is unable to
break down these prolamins due to their distinct amino acid
composition and the large amounts of proline and glutamine
residues they contain. The small intestine accumulates a range
of somewhat big gluten peptides as a result of this imperfect
yet partial digestion (Catassi & Fasano, 2008) 231, Certain
gluten peptides have the potential to pass through the
epithelium and reach the small intestine's lamina propria. After
the gluten peptides have entered the body, tissue
transglutaminase can de-amidate glutamine residues in the
peptides (TG). HLA-DQ2 and HLA-DQ8-expressing antigen-
presenting cells showed a higher affinity for these de-amidated
peptides (Silvester & Rashid, 2007) [, Before transmitting
deamidated gluten peptides to CD4+ T cells with gluten
sensitivity, these antigen-presenting cells bind them. As a result
of this immune response, CD develops, which is characterized
by destruction to the small intestine mucosa (Samaroo,
Alaedini, & Briani, 2008; Kagnoff, 2005) 50 %3 The frequency
of the condition among Americans is estimated to range from
1in 1750 to 1 in 105. (2003) Fasano, Berti, and Gerrarduzzi.
The main causes of celiac disease include gliadin, a prolamin
(gluten protein) found in wheat, and other similar proteins.
Tissue transglutaminase can de-amidate glutamine residues in
gluten peptides once it has been internalized (TG). HLA-DQ2
and HLA-DQ8-expressing antigen-presenting cells had a
stronger affinity for these de-amidated peptides. Binding
deamidated gluten peptides, these antigen-presenting cells then
transfer them to CD4+ T lymphocytes with a phenotype
specific for gluten. This triggers an immunological response
that results in CD with unique small intestine mucosa damage.
It is estimated that between 1 in 1750 and 1 in 105 Americans
are afflicted by the illness in the nation. Wheat and other
similar proteins contain the prolamin (gluten protein) gliadin,
and it is one of the primary causes of the development of celiac
disease.

Serological test

In celiac disease, B-lymphocytes in the lamina propria generate
anti-gluten/anti-gliadin antibodies, however these antibodies
are not sensitive nor specific enough to be used as a screening
tool. Even more recently, it was demonstrated that antibodies
to the fibroblast-produced enzyme tissue transglutaminase
(TG2) exhibited > 90% sensitivity and specificity for celiac
disease. These antibodies can be found on tissue sections using
endomycial antibodies (EMA) or TG2 ELISA (Capriles &
Areas, 2014) 2 Table 1 compares the sensitivity and
specificity values of several antibodies for the diagnosis of
celiac disease. When a disease is diagnosed, all of these
antibodies, if present, are in high titers; however, when a
gluten-free diet is maintained, these titers return to normal.
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Table 1: Celiac disease serological testing

Antigen Antibody Type Test sensitivity (%) range Specificity (%) range
Gliadin IgA ELISA 85 90
[e]€] ELISA 80 80
Endomysium LgG IFA 95 99 (97-100)
LgG IfA 80 97 (95-100)
Tissue LgA ELISA 98 96
Transglutaminase 1gG ELISA 70 95 (94-100)
Deamidate gluten LgA ELISA 88 91 (80-95)
Peptide LgG ELISA 80 97

(Derived and modified from: Rshid & Lee, 2016; Leffler, Schuppan) 5,

IgA stands for immunoglobulin A, 1gG for immunoglobulin G,
and ELISA for enzyme linked immunosorbents test. IFA =
Immunofluorecence asasay. Important step given that recent
research indicates a small increase in this disease's mortality.

Value of nutrient-dense pseudocereals and Gluten free
diets

Finding a well-balanced gluten-free diet is one of the major
challenges for people with celiac disease. There are many
gluten-free products on the market today, but the majority of
them are of poor quality. Since they have not been thoroughly
tested for gluten. network (Gul, Riar, and Mir, 2014a) 1 (Gul,
Riar, and Mir, 2014a) %1 Bakery products made without gluten
showed lower levels of protein, fibre, and B vitamins than those
made with gluten, according to Dickey & Kearney (2006) 7
and Thompson, Dennis, Higgins, Lee, and Sharrett (2005) 7.,
Thus, it is crucial to develop gluten-free bakery items with
nutritional profiles that are comparable to those of their gluten-
containing equivalents (Auricchio, 2012b) 8. The capacity to
restore health with a gluten-free diet has been documented by
Stern, Teuscher, and Wechmann (2008) 841, People with celiac
illness still have difficulty locating gluten-free foods despite
the gluten-free market's expansion. Due to their exorbitant
costs, narrow selection, and inadequate sensory qualities (Mir,
Gul, & Riar, 2014b) 11, Due to these issues, People frequently
find it difficult and unpleasant to follow a gluten-free diet.
(Nascimento et al., 2014a) 1. Rice flour is being used in place
of wheat flour in some conventional recipes, according to
Mohamed and Hamid (1998 Hydrocolloids, emulsifiers, and
Enzymes have also been utilized in a variety of situations to
improve the quality of cakes (Preichardt, Vendruscolo, Gularte,
& Moreira, 2011; Ronda, Gomez, Caballero, Oliete, & Blanco,
2009; Sumnu, Koksel, Sahin, Basman, & Meda, 2010; Turabi,
Sumnu, & Sahin, 2008) [ 66.82. %1 inquiry into composite
gluten-free bread compositions employing maize, potato, rice,
and 70% sorghum flour Researchers have investigated the
potential for using artificial grains into gluten-free breads.
Alvarez-Jubete, Holse, Hansen, Arendt, and Gallagher (2009b)
B compared a gluten-free bread prepared with amaranth,
buckwheat, and quinoa flour to a control made with rice and
potato starch (50:50). Pseudocereals improved the gluten-free
bread's in vitro antioxidant activity as well as its levels of
protein, fiber, calcium, iron, vitamin E, and polyphenols. With
pseudo-cereal additions, gluten-free breads feature softer
crumb textures and deeper crust and crumb colours. The
feasibility of creating synthetic grains to be added to gluten-
free bread has been studied by several academics. Alvarez-
Jubete, Holse, Hansen, Arendt, and Gallagher (2009b) B!
compared a gluten-free bread prepared with amaranth,
buckwheat, and quinoa flour to a control made with rice and
potato starch (50:50). Pseudocereals improved the gluten-free

bread's in vitro antioxidant activity as well as its levels of
protein, fiber, iron, calcium, vitamin E, and polyphenols.
Gluten-free loaves with pseudo-cereal added had softer crumb
textures and richer crust and crumb colors. The rates of
pseudoacceptance are another factor. The physical properties
of gluten-free dough have significantly improved, according to
studies on composite gluten-free bread formulations employing
70% sorghum flour together with maize, potato, rice, and
cassava starches. Moreover, bread and bread are easily
available (Onyango, Mutungi, Unbehend, & Lindhauer 2011;
Schober, Messerschmidt, Bean, Park, & Arendt, 2005) 49 701,
To find out if artificial grains may be added to gluten-free
bread, studies have been conducted. Alvarez-Jubete, Holse,
Hansen, Arendt, and Gallagher (2009b) [51 compared gluten-
free bread made with rice and potato starch against gluten-free
bread made with amaranth, buckwheat, and quinoa flour as a
control (50:50). The gluten-free bread's protein, fiber, iron,
calcium, vitamin E, polyphenols, and antioxidant activity are
all increased in vitro by pseudocereals. The faux cereal-topped
gluten-free loaves featured softer crumbs. The gluten-free
control bread and Cereal breads have a lot of similar traits
(Alvarez-Jubete, Auty, Arendt, and Gallagher, 2010c) ™.
According to Capriles and Areas (2014) [?2, nutrient-dense
alternative raw materials, such as non-gluten cereals,
pseudocereals, legumes, nuts, seeds, and fruit and vegetable-
based components, can be used to make gluten-free bread with
good physical and sensory qualities and increased nutritional
quality. For a rating of 6.8 on a hedonic scale of 1 to 9, the
composition retained the same level of acceptability as that of
the working framework and had the same amount of fiber and
iron. A homogeneous crumb and increased volume were
created by using the appropriate ratio of 60% popped amaranth
flour to 40% raw amaranth flour. Amaranth was used as a
substitute flour to create gluten-free loaves with acceptable
results, and they were distinguished by their high protein, fibre,
and nutritional content. Tartary buckwheat flour was used to
make bread in a 2010 study by Vogrincic, Timoracka,
Melichacova, Vollmannova, and Kreft. During processing,
quercetin concentration increased while rutin levels dropped.
The body transforms rutin into quercetin, a powerful
antioxidant that may chelate metals to prevent lipid oxidation
and neutralize free radicals (Boots, Drent, De Boer, Bast, &
Haenen, 2011) 81, A diet rich in these phenolic chemicals is
associated with a lower incidence of oxidative stress-related
disorders, such as cancer and cardiovascular disease, according
to epidemiological study (Scalbert, Manach, Morand, Remesy,
& Jimenez, 2005) ¢, Buckwheat, both regular and tartary, has
a high protein content and an amino acid profile that is well
balanced, with considerable quantities of leucine and valine.
The protein content of common and tartary buckwheat is 5.84,
7.11, and 6.18 g/100 g, respectively (Bonafaccia, Marocchini,
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& Kreft, 2003) I, According to research, buckwheat proteins
can reduce blood cholesterol levels by boosting the excretion
of steroids in the faeces, which results from the binding of
steroids to incompletely digested proteins (Takahama, Tanaka,
& Hirota, 2011, pp. 141-151) 8, Buckwheat is nutritionally
relevant, according to Skrabanja, Elmstahl, Kreft, and Bjorck,

https://www.thepharmajournal.com

because of its dietary fiber and resistant starch content, both of
which have advantages by lowering the glycemic and insulin
indices (2001). While tartary buckwheat normally has similar
amounts of crude protein, fiber, fat, and ash as conventional
buckwheat, it is rarely ingested due to the bitter flavor that is
created by its presence.

Table 2: Chemical, functional, and nutritional composition of pseudocereals

Parameter Flour
Amaranth | Buckwheat | Quinoa
Physical properties
Moisture g/100g flour 12.31+0.29 13.86+0.32 12.05+0.36
Fat g/100g flour (dry basis) 5.08+0.18 (5.79) 2.52+0.09 (2.93) 3.44+0.19(3.91)
Ash g/100g flour as is ()dry basis 1.59+0.05 (1.81) 1.67+0.09 (1.94) 2.10+0.10 (2.39)
Protein g/100g flour (dry basis) 11.00+0.23 (12.54) 13.07+0.15 (15.17) 11.32+0.16
Insoluble fibre as is (dry basis) 7.91+0.85 (9.02) 5.81+0.75 (6.74) 9.13+0.96 (10.38)
Soluble fiber 5.66+0.95 (6.45) 6.12+1.02 (7.10) 5.37+1.03 (6.11)
Total dietary fiber g/100g flour as is (dry basis) 13.57+1.4 (15.47) 11.94+1.32 (13.86) 14.5+0.98(16.49)
Digestible carbohydrates g/100g flour, (dry basis) 56 (63.86) 56 (65) 57 (65)
Functional properties
Water holding capacity 3000 rpm g water/ g flour 1.44+0.10 1.13+0.09 1.57+0.09
Water holding capacity 5000 rpm g water/ g flour 1.05+0.05 0.8+0.09 1.16+0.06
Fat adsorption capacity, g/g 1.54+0.12 1.33+0.09 1.2+0.10
Foam capacity, mL 9+2.0 3+1.0 3+1.0
Foam stability 30, % 44+3.0 100+6.0 100+7.0
Foam stability 60, % 33+3.0 10045.0 100+4.0
Solvent retention capacity, %
Water 8445.0 8447.0 134+8.0
Sucrose 106+5.0 114+7.0 166+9.0
Sodium carbonate 99+4.0 84+8.0 140+8.0
Lactic acid 97+4.0 83+8.0 141+8.0

(Collar and Angiolony's 2014 article has been changed and adapted.)

Chemical, biological, and nutritional components of
pseudo-cereals

This review paper's main points center on the usefulness and
nutritional value of pseudocereals. Consumers who are
concerned about their health nowadays want products with
additional value, so the chance to supplement or entirely
replace Cereals with better nutritional content, such quinoa,
amaranth, or buckwheat, will unquestionably benefit
consumers' health more than common cereal grains like corn,
rice, and wheat. Pseudocereals may be the greatest choice to
suit the demands of the target market due to their better
nutritional profile. Table 2 lists the nutritional, functional, and
chemical makeup of buckwheat, quinoa, and amaranth.

Protein content of pseudocereals

Proteins' nutritional value can be assessed based on whether
they include essential amino acids that the body cannot
manufacture on its own. A single amino acid deficiency will
cause the other amino acids to be broken down and eliminated,
which will stunt human and animal growth and eliminate
nitrogen from the diet. The necessary amino acids included in
protein are the most important part of it nutritionally (EAA).
They must be obtained from diet since the carbon skeleton
inhibits individuals from synthesizing them (Mota et al., 2016)
44, As a result, the non-essential amino acids that are still
present are less crucial for the establishment and upkeep of
metabolic needs. A third category of amino acids is recognized
as being "conditionally" necessary in addition to these two.
Pseudocereals are superior to cereals in terms of protein quality
and quantity. More precisely, Lysine is the limiting amino acid
in grains and is widely dispersed in them. Amaranth and quinoa

are fascinating for children's nutrition since they include high
amounts of arginine and histidine, two nutrients that are crucial
for babies and young children. According to a recent finding
from our study, about 210% of the amino acids histidine,
107.33% of the amino acid isoleucine, 132.22% of the amino
acid lysine, 157.72% of the amino acid methionine plus
cysteine, 247.63% of the amino acid phenylalanine plus
tyrosine, and 177.82% of the amino acid valine should be
present in protein sources for adult nutrition (2013). Amare et
al. (2015) "1 looked at how fermenting and popping affected
things. They came to the conclusion that popping increased the
amaranth's total lysine level and improved the protein content
of the grains. The total lysine concentration was discovered to
be greater than that of commercially available cereal grains but
similar to that of legumes. Methionine and cysteine
concentrations in grain proteins were greater than those in
cereal and bean proteins. It is commonly known that
fermentation and popping reduce the amount of foreign
substances such tannin, phytate, and trypsin inhibitors. Which
hinder protein digestion. Prolamins, also known as high
molecular weight prolamins, are said to be the primary
determinants affecting rheological qualities, according to
Taylor, Taylor, Campanella, and Hamaker (2016) [,

Carbohydrates content of pseudocereals

The primary biopolymeric component of plants, starch, is
found mostly in the form of granular forms in a variety of sizes
and shapes. In the human diet, starch serves as the primary
source of physiologic energy, which is why it is typically
categorized as a quickly accessible carbohydrate. Simple units
or spherical aggregates of starchy substances can be seen in the
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perisperm of the seeds. According to, quinoa contains between
67% and 74% of the dry matter in the form of carbohydrates,
with a lower amylose concentration than cereals at 11%. was
looked into Quinoa has starch granules that are smaller in
diameter than those seen in maize earlier, according to
numerous physicochemical and pasting properties (range 1-2).

Dietary fibre in content of pseudocereals

Alternative grains have gained interest recently, yet less is
known about their dietary fibre content. Currently, it is believed
that quinoa and dicotyledonous amaranth have beneficial
nutritional qualities. as tempting foods for health. According to
Berghofer and Schoenlechner's research of the total
composition of the grains in 2002 [*31, There is between 8 and
16% dietary fibre in amaranth grains, with 33-44% of it being
soluble. Amaranth, quinoa, and buckwheat seeds in particular
offer much more dietary fibre than traditional cereals, with
amounts comparable to those found in such foods (Alvarez-
Jubete, Arendt, & Gallagher, 2009a) . Bunzel, Ralph, and
Steinhart found the following sugars: Arabinose (22%), Xylose
(9%), Galactose (6%), Rhamnose (4%), Mannose (2%), and
Fucose (1%). (2005), followed by glucose (57%) and other
monosaccharides, made up the majority of the insoluble fibre
in amaranth. The amount of total dietary fibre in quinoa,
according to various researchers, is comparable to that of

https://www.thepharmajournal.com

amaranth and is comparable to those of leguminous seeds and
cereal grains. In a recent study, rhamnogalacturonan-1 (RG-1),
a pectic polysaccharide having side chains to arabinan and
galactan, was shown to make up the majority of the pectic
polysaccharides isolated from quinoa seeds. Also, rats exposed
to these pectic polysaccharides demonstrated protection from
stomach ulcers brought on by ethanol (Cordeiro et al., 2012)
1281, The insoluble fibres from pseudocereals are mostly made
up of homogalacturonans that are interwoven with, according
to Lamothe, Srichuwong, Reuhs, and Hamaker's 2015 [34
investigation of the dietary fibre content of quinoa and
amaranth. The quantities between the two grains varied
significantly, with amaranth having a marginally higher
quantity of soluble dietary fibre than quinoa. based on Lamothe
et al., homogalacturonans and arabinans make up the bulk of
the soluble fibre in quinoa (2015) B4, Pectic polysaccharides,
branched xyloglucans with a preponderance of disaccharide
and trisaccharide side chains, and xyloglucans made up the
majority of the soluble fibre in amaranth. Soluble dietary fibre
in quinoa has less xylose than in amaranth. It is crucial to look
into the potential physiological and functional properties of
quinoa and amaranth fibres since little is known about the
physiological and fermentative properties of xyloglucans and
because this fibre composition differs from that of cereal fibres.

Table 3: The primary proteins for storing seeds in pseudocereals

Plant type | Protein Fraction of | Main structural Mo_lecular weight of Amono acid | Cysteine content (mol %) Polymer/
total % elements main monomerx103 monomer

Buckwheat 2s alb 25 N,D 9-16 MET,GLU,ASP 0.8 Dimerig
13s glb 75 B-sheet 33-44 ASP,GLU,GLY 3 hexameric

Quinoa 2s alb N,D N,D CYS,ARG,GLU 17 Dimeric.
11s glb ND ND 321 ASP,ARG,GLU 8 Hexameric
Amaranth 11sglb 80 B-sheet 271-380 GLY,LYS,GLU N,D Hexameric

(Adapted and modified from Belton, Delgadillo, Halford, & Shewry, 2006; Shewry et al., 2002) (1% 7]

GLU stands for glutamic acid, MET for methionine, ASP for
aspartic acid, GLY for glycine, CYS for cysteine, ARG for

arginine, and LY'S for lysine and N.D for not determined.

Table 4: Possibility of using fake cereals

Process Products

Specific properties

Cooking Cooked seeds

Amaranth, quinoa, and buckwheat all have cooked seeds that
alter in texture as they cool.

Puffing orb popping

Popped or expanded seeds

Amaranth

milling Whole meal flour Amaranth and quinoa
Milling and classification Flour fractions Protein-rich Amaranth and quinoa after adaptation of processing parameters,
buckwheat
Cooking and flaking Flakes Amaranth, quinoa and buckwheat
Drum drying Pre-gelatinized flours Amaranth, quinoa, buckwheat no Full starch gelatenization

Cooking extrusion Cooked, expanded

Amaranth and quinoa only by blending with low fat raw
material due to its high fat content

Cooking extrusion

Pre-gelatinized flours

Buckwheat-very good expansion

Germination (malting) Sprout, malt

Amaranth, quinoa and buckwheat

Direct starch hydrolysis

Protein concentrates, glucose syrup

Amaranth, quinoa, buckwheat

Starch isolation Isolated starch

Amaranth and quinoa

Vitamins and mineral content of pseudocereals

Quinoa and amaranth both include some soluble dietary fiber,
however amaranth has a higher concentration than quinoa.
Homogalacturonans and arabinans make up the majority of the
soluble fiber in quinoa, according to Lamothe et al. The
predominant components of the soluble fiber in amaranth were
pectic polysaccharides, branched xyloglucans with a
predominance of disaccharide and trisaccharide side chains,

and xyloglucans. The soluble dietary fiber of amaranth had
more xylose than quinoa did. Research into the possible
physiological and functional qualities of quinoa and amaranth
fibers is crucial since there is little understanding about the
physiological and fermentative capabilities of xyloglucans and
because this fiber composition differs from that of cereal fibers.
excellent sources of essential minerals including calcium,
magnesium, and iron. Amaranth was discovered to be third in
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terms of mineral content, after quinoa and buckwheat. Since
that osteopenia and osteoporosis are prevalent in newly
diagnosed celiac patients, Amaranth seeds' high calcium
content is especially important for those who suffer from the
illness (Rodrigo, 2006) [¢3],

Fats in pseudocereals

Pseudo cereals have been shown to contain more fat than most
cereal species, according to research. Unsaturated fatty acids
make up a large portion of pseudocereal fat (High amount of
lenolenic acid). In addition to improving insulin sensitivity,
Further, lowering the risk of cardiovascular disease are
polyunsaturated fatty acids (Abugoch, 2009) . Deep sea fish
and other marine animals' livers frequently contain the highly
unsaturated open chain triterpene known as squalene, is present
in substantial concentrations in amaranth. Applications for
pseudo-cereal squalenes in medicine and cosmetics are
common. According to Alvarez-Jubete et al., quinoa and
amaranth have two to three times as much lipid content as
buckwheat and other common grains. (2009b) 1. A diet rich in
alpha lenolenic acid (ALA) n 3 fatty acid is beneficial,
according to a Simopoulos study (Simopoulos, 2001) "7, In
biological markers, fatty acids all lower inflammatory and
autoimmune illnesses, cancer, osteoporosis, cardiovascular
disease, and other degenerative diseases. According to Ng et
al. (2007) 71, Quinoa and amaranth lipids are typically stable
against oxidation, despite having a high fat content and degree
of unsaturation. This characteristic has been associated with the
tocopherols, which are found in these pseudocereals in
comparably large amounts and have antioxidant
characteristics.

Anti-nutritional factors

Antinutritional elements are compounds that impair the
survival and performance of monogastric animals. They can be
utilized to make foods that feature cereal as an ingredient and
are generally found in cereals. Researchers have identified
saponins, phytic acid, tannins, and protease inhibitors as the
anti-nutritional components in quinoa and amaranth. All plant
species have secondary metabolites, or saponins, which are
natural detergents that have been glycosylated. One or more
sugar chains and steroidal or triterpenoid aglycones act as
identifiers for the diverse constituents. Saponins are anti-
quality factors found in quinoa, according to Improta &
Kellems (2001) [%1 put they are also linked to some
fascinating biological properties. Surface active agents
(surfactants) with a strong bitter taste are called saponins.
Saponins have several fascinating health advantages, such as
anti-inflammatory, cholesterol-lowering, anti-cancer, and anti-
microbial capabilities. Amaranth seeds only contain a small
amount of saponins (0.09 percent), according to Chauhan et al.
Because of the amaranth seeds' relatively low toxicity and
saponin content, customers are unlikely to face any serious
health risks. In the literature, the saponin (whole seed) ranges
from 0.03 to 2.05%; however, these numbers are still lower
than those of soyabeans. Washing and dehulling can both
significantly reduce the amount of saponins present.
Additionally, processing can remove saponins, Nevertheless,
the decrease in the was not as noticeable as the one seen after
washing or dehulling. Another strategy for lowering the
saponin concentration of quinoa seeds is to crossbreed so-
called sweet (low saponin content) and bitter quinoa species.
(High saponin content). The cultivar can be categorized as
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sweet if the saponin level is less than 0.11%.

Processing and applications of pseudo cereals

According to research, buckwheat is processed the closest to
wheat of the three pseudocereals, however, many processing
methods for amaranth and quinoa require special adaptations
because of their distinctive morphological and functional
characteristics. Amaranth and quinoa grains are frequently
used to make savory soups, desserts, drinks, sauces, cereal, and
soufflés. Amaranth seeds are typically consumed intact,
whereas quinoa seeds must be dehulled to get rid of the
saponins that give them their bitter flavor. Due to the
significant proportion of hulls in buckwheat seeds-which
contain antinutritive secondary plant metabolites-these seeds
are also dehulled. The processes used to use pseudocereals are
listed in Table 5. Some research has indicated

Conclusion

Pseudocereals generally have a rich phenolic phytochemical
content, which may have important health benefits in addition
to their excellent nutritional profile. qualities that promote
health. So, in order to improve dietary diversity among
individuals and maintain the biodiversity of food plants, diet
should include these small grains. Buckwheat, quinoa, and
amaranth were being grown for their superior nutritional
profiles, according to ancient and historical data and current
laboratory scientific findings, and have been given their
position back by contemporary scientific procedures after
being ignored in favor of old crops. The recovery of
pseudocereals may be slowed down by bitter seed coat
saponins, however this may not be good for their "take off"
among farmers for a bigger client base. Because of this,
saponins have important industrial applications in
agropharmacology and cosmetics.
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