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Abstract:

Amaranth grain is a highly nutritional pseudocereal with a superior amount of proteins when compared to true

cereals. It is a reasonably well-balanced food with functional properties that have been shown to provide medicinal benefits.

The health benefits attributed include decreasing plasma cholesterol levels, stimulating the immune system, exerting an
antitumor activity, reducing blood glucose levels and improving conditions of hypertension and anemia. In addition, it has

been reported to possess anti-allergic and antioxidant activities. The present article provides a comprehensive overview of

amaranth grain that focuses on recent research reporting its use in the clinical practice and its possible benefits to human

health.
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Introduction: Amaranth, An Unusually Nutritious
Grain

Amaranth (Amaranthus spp.) has been consumed throughout his-
tory, including by the Inca, Maya and Aztec civilizations, where
it was used as a staple food. Recently, an increased interest in
amaranth appeared in the 1980s, when the United States Na-
tional Academy of Sciences performed research on the grain
and described its high nutritional value and agronomic potential
(Monteros and others 1998; Ulbricht and others 2009).

Given the growing acceptance of amaranth in countries where
its consumption has not been traditional because of the general
consumer interest in grains with medicinal properties, literature
reviews on amaranth have been published recently focusing on as-
pects such as the adaptation to traditional cuisines (Dixit and oth-
ers 2011), or the nutraceutical properties of this non-conventional
grain (Huerta-Ocampo and de la Rosa 2009). The present is a
more comprehensive review that attempts to bring somewhat di-
verging studies on amaranth grain into a new perspective, with a
special focus on its ability to modulate the metabolism and inhibit
or delay pathological processes both in vitro and in animals and/or
humans.

There are about 60 different amaranth species, but not all are
found in daily menus. Leaves of the young Amaranthus blitus, Ama-
ranthus tricolor, Amaranthus cruentus, Amaranthus dubius, Amaranthus
edulis, and Amaranthus hypochondriacus plants are used in salads and
soups. The grains of Amaranthus caudatus, Amaranthus hypochodria-
cus, Amaranthus cruentus, Amaranthus hybridus, and Amaranthus man-
tegazzianus are made into breads, cakes, cookies, confectionary and
soups, whereas such species as Amaranthus retroflexus, Amaranthus.
viridis and Amaranthus. spinosus, are not safe for consumption by
either humans or livestock.

Whether from the botanical or from the nutrient composition
standpoints, this grain shares characteristics of both a cereal and a
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leguminous seed. Because its protein content and its amino acid
composition are somewhere in between those of a cereal and a
bean, it could be nutritionally considered as a natural mixture of
rice and beans (Amaya-Farfan and others 2005).

Amaranth has a high soluble fiber content (4.2%; Early and Early
1987) and a reported protein concentration between either 12.5%
and 17.6%, according to Teutonico and Knorr (1985), or between
16.09% and 18.19%, according to Becker and others (1981). Its
methionine contents are around 15.8 mg/g total protein, whereas
its lysine levels are about 55.8 mg/g total protein (Table 1 and
2; USDA, Release 24, 2010). The high lysine and methionine
concentrations support the high nutritional quality of the grain,
especially when compared to other grains in which those amino
acids are present at limited levels (Teutonico and Knorr 1985;
Bressani 1989). Although this pseudocereal shares the same classes
of storage proteins with other grains, Kadoshnnikov and others
(2008) have shown that in the ontogenesis of amaranth the pro-
portions of globulins and albumins are reduced, whereas those of
glutelins and gliadins are increased. Nevertheless, a low content
of storage proteins (42% of the total) has been observed by these
authors to occur in amaranth, compared to the high proportions
found in wheat and other cereals.

Concerning fiber, the amaranth grain is considered a good
source of insoluble fiber. Marcilio and others (2003), in Brazil,
and Escudero and others (2004), in Argentina, reported that from
the total dietary fiber in A. cruentus, 4.2% is soluble fiber.

Amaranth’s lipid content shows great variations, ranging be-
tween 1.9% and 9.7% depending on the species and the genotype.
The fatty acids palmitic (19%), oleic (26%), and linoleic (47%)
appear in higher amounts, and the linolenic fatty acid is also found
(1.4% of the total fatty acids; Berger and others 2003). A high con-
tent of the unsaturated hydrocarbon squalene is found in amaranth
oil, ranging from 2.4% to 8.0% of the ether extract (Bruni and
others 2001; Rodas and Bressani 2009; Table 2), or amounting to
about 0.5% of the grain (dry basis [db]), and to which the benefi-
cial effect of reducing serum cholesterol levels has been attributed
(Miettinem and Vanhanen 1994).

Amaranth has also been recognized because of its high vitamin
and mineral contents, such as riboflavin, niacin, ascorbic acid,

Vol.77,Nr.4,2012 « Journal of Food Science R93

R: Concise Reviews

in Food Science



8008195 poo] Ul

SMaINBY BSIaU07 1Y

Amaranth grain: a comprehensive review. ..

calcium, and magnesium contents (Singhal and Kulkarni 1988;
Table 2).

The grain is processed in various ways for consumption, of
which the expanded grain form is perhaps the most popular.
Other processes include cooking in water, extruding, toasting,
incorporating it into flakes (Bressani and others 1993) or pastas
and baking into biscuits (Brenner and Willians 1995; Marcilio and
others 2005). In Mexico, A. cruentus cultivars are used to man-
ufacture cookies called “Alegria,” in which amaranth is used in
the form of popcorn (Irving and others 1981). In Asia, the Indian
diet finds in amaranth grain a culinary acceptable high protein,
high fiber, alternative to wheat, easy to incorporate into the tra-
ditional cuisine (Dixit and others 2011). In the last few years, the
properties of amaranth in cholesterol reduction, as an anti-oxidant,
anticancer, anti-allergic, and antihypertensive agent; and as a food
for patients with celiac disease and immunodeficiencies, have been
assessed 1n clinical studies.

Most of these properties are explained by the presence of sub-
stances such as lunasin, a peptide with antitumoral effects, or of an-
tihyperlipidemic, antidiabetic, and antihelmintic substances found
in methanolic extracts, in addition to those with antidiarrheic,
antifungal, and antimalarial properties found in aqueous extracts
of the seeds (Huerta-Ocampo and de la Rosa 2011). Specific
flavonoids such as rutin and some phenolic acids as gallic acid, p-
hydroxybenzoic acid and vanillic acid with antioxidant effects also
occur in amaranth seeds and sprouts (Table 3) (Pasko and others
2008).

Effect of Processing on the Nutritive Value

Aside from the obvious impact that heat or other processing
operations can have on digestibility and the bioavailability of car-
bohydrates, proteins and amino acids, of pertinent relevance are the
possible alterations on the profile of all active substances. Queiroz
and others (2009), for example, cooked, popped, toasted, extruded
and milled amaranth grain and found that processing reduced the
mean total content of phenolics by about 30% (gallic acid equiva-
lent/g of dry residue), whereas toasting was the only process whose
ethanolic extract showed a significant decrease in antioxidant ac-
tivity. Extrusion, toasting or popping were operations that did not
change the capacity to inhibit amaranth lipid oxidation.

Other studies have pointed out that antioxidant phenolics in
amaranth are likewise affected by heat processing. Total phenolics,

Table 1-Amino acids content of Amaranthus spp. (USDA 2010).

Amino acids Unit Value per 100 g
Tryptophan g 0.181
Threonine g 0.558
Isoleucine g 0.582
Leucine g 0.879
Lysine g 0.747
Methionine g 0.226
Cystine g 0.191
Phenylalanine g 0.542
Tyrosine g 0.329
Valine g 0.679
Arginine g 1.060
Histidine g 0.389
Alanine g 0.799
Aspartic acid g 1.261
Glutamic acid g 2.259
Glycine g 1.636
Proline g 0.698
Serine g 1.148
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antioxidant activity, as measured by 2 chemical methods, and
phytic acid contents of 2 Peruvian A. caudatus varieties were shown
to be significantly decreased after undergoing a low-cost extrusion
process (Repo-Carrasco-Valencia and others 2009). The content
of total phenolics, phytic acid, and the antioxidant activity de-
creased in both varieties during the hydrothermal treatment. Of
significant importance was the comparative total phenolics reten-
tion study by Kunyanga and others (2012), which reported that
amaranth grain is particularly susceptible to thermal processing
losses, in comparison to such cereals and legumes as finger millet,
sunflower seeds and pumpkin seeds, or even groundnuts and field
beans. In terms of catechin equivalents, the contents of a Kenyan
A. cruentus cultivar fell by about 70% after soaking and cooking or
roasting.

In terms of fractionation by milling, the report of Marcilio and
others (2005) raises the issue that in order to retain the maximum
nutritive quality, the flour should not be processed to any degree of
refinement because of the unique morphology of the seed. These
authors showed that refining of the amaranth flour would result

Table 2—Nutritional content of the Amaranthus spp. (USDA 2010).

Nutrient Unit Value per 100 g
‘Water g 11.29
Energy kcal 371
Energy kJ 1554
Protein g 13.56
Total lipid (fat) g 7.02
Ash g 2.88
Carbohydrate, by difference g 65.25
Fiber, total dietary g 6.7
Sugars, total g 1.69
Starch g 57.27
Calcium, Ca mg 159
Iron, Fe mg 7.61
Magnesium, Mg mg 248
Phosphorus, P mg 557
Potassium, K mg 508
Zinco, Zn mg 2.87
Manganese, Mn mg 3.333
Vitamin C, total ascorbic acid mg 4.2
Thiamin mg 0.116
Riboflavin mg 0.200
Niacin mg 0.923
Folate, total ng 82
Vitamin E (alpha-tocopherol) mg 1.19
Vitamin B6 mg 0.591
Fatty acids, total saturated g 1.459
Fatty acids, total monounsaturated g 1.685
Fatty acids, total polyunsaturated g 2.778
Fatty acids, 18:3 n-3 ¢,c,c (ALA) g 0.042
Phytosterols mg 24
Squalene in amaranth oil® % 2.4t08.00

#(Bruni and others, 2001; Rodas and Bressani, 2009

Table 3-Phenolic acid and flavonoids content of the seeds and sprouts
of 2 cultivars of Amaranth cruentus (mg/kg dry weight; Pasko and
others 2008).

Nutrient Seeds Sprouts
Phenolic acids
Gallic acid 400 to 440 350 to 370
p-Hydroxybenzoic acid 8.5 to 20.7 n.d.
Vanillic acid n.d. to 15.5 n.d.
p-Coumaric acid n.d. to 3.5 4.4t042.4
Syringic acid n.d. 3.7 t0 6.3
Flavonoids
Rutin n.d. 300 to 690

n.d. = not detected.
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in a drastic loss of protein and indispensable amino acids; as the
degree of extraction approached 40%, the protein content of the
flour was diminished to about 4%, unlike what was observed with
the other pseudocereal quinoa.

Hypocholesterolemic Activity

A summary of the in vitro and biological assays is presented in
Table 4. Several hypotheses have been proposed to explain one
of amaranth’s most cited abilities, which is the modulation of
the serum cholesterol levels. One of such hypotheses cited the
content of unsaturated fatty acids (Chaturvedi and others 1993;
Chavez-Jauregui and others 2000). Concurrently, the amount of
total and soluble fiber has also been mentioned (Danz and Lup-
ton 1992; Grajeta 1997; Plate and Aréas 2002; Mendonca and
others 2009), and possibly that the amino acid profile of its protein
(Berger and others 2003) may as well be involved in the mecha-
nism. The presence of phytochemicals as tocotrienols (Lehmann
1996; Qureshi and others 1996), phytosterols (Berger and others
2003; Martirosyan and others 2007), and tocopherols and squalene
(Lehmann 1996; Qureshi and others 1996; Shin and others 2004;
Gonor and others 2006b; Kulakova and others 2006; Martirosyan
and others 2007), have undoubtedly been proposed projecting a
rather complex scenario, but that also suggests the participation of
a set of components of different chemical nature.

Danz and Lupton (1992) reported that amaranth consumption
by the rat had a cholesterol lowering effect in the serum, similar
to that of a soluble fiber, but also behaving like a poorly fer-
mentable fiber in the colon. Meanwhile, Chaturvedi and others
(1993) used the rat model to show that the hypocholesterolemic
effect of an amaranth diet was able to reduce total cholesterol
by 50% compared to the control diet containing casein. Those
authors hypothesized that the unsaturated fatty acid content of
amaranth could have promoted the observed effect.

Among the remaining doubts, for instance, is that researches
suggesting that amaranth reduces serum cholesterol through some
function of squalene cannot explain the mechanism through which
this triterpenoid may act. Squalene, while serving as a substrate
for HMG-CoA reductase (3-hydroxy-3-methylglutaryl Co-A),
should promote, rather than inhibit, cholesterol biosynthesis in
the liver. Although no direct evidence was found in favor of the
role of squalene, Sawada and others (2002) have suggested that the
cholesterol biosynthetic pathway can be quite complex and that
inhibitors may cause either hypo- or hypercholesterolemia.

Qureshi and others (1996), however, studied the eftect of sup-
plementing the diet with amaranth for 6 wk on cholesterol biosyn-
thesis in chickens. The total and low-density lipoprotein (LDL)
cholesterol values decreased significantly in groups fed with ama-
ranth, but the high-density lipoprotein-C (HDL-c) concentra-
tions remained unchanged. The cholesterol 7 alpha-hydroxylase
enzyme activity was 10% to 18% higher in the experimental group
compared to the control group, whereas the HMG-CoA reduc-
tase activity in the liver was 9% lower. This study suggests that
the inhibition of HMG-CoA reductase, which results in lower
cholesterol levels, was due to the presence of some potent in-
hibitors of cholesterol synthesis other than amaranth’s tocotrienols
and squalene.

In turn, Lehmann (1996) stated that the decrease in choles-
terol would be associated with some soluble component in the
lipid fraction of the amaranth, suggesting that squalene and to-
cotrienols are responsible for the decrease. On the other hand,
Grajeta (1997) also observed a significant reduction in blood and
liver cholesterol concentrations in rats fed with whole and defatted

amaranth flour and attributed the hypocholesterolemic effect to
the soluble fraction of dietetic fibers present in the flours.

Later, Grajeta (1999), through a complex experimental design,
observed the effect of whole amaranth and oat bran in the blood
and liver of 60 male Buffalo rats. The results showed that the
amaranth and oat bran were responsible for a significant decrease
in the total blood and liver cholesterol levels of rats, and that the
oat bran provided a larger decrease compared to amaranth. The
2 intervention products did not show any effect on blood HDL-c
levels, but the amaranth caused the triacylglycerol level to decrease
in the liver.

Among the diversity of attempts carried out to show the choles-
terol lowering power of amaranth, in vitro assays and animal models
like rats, hamsters, rabbits, and chickens have been used, besides
intervention trials in humans (Table 3). The experiments have
tested the different fractions of the grain and used either hyperc-
holesterolemic animals or diets, for the most part. Plate and Aréas
(2002) showed that hypercholesterolemic rabbits fed with an ex-
truded defatted (A. caudatus) amaranth flour showed a reduction
of LDL- and total cholesterol levels by 50%, whereas amaranth oil
was not as efficient as the extruded amaranth.

In a study conducted by Berger and others (2003) with ham-
sters, a diet containing 20% of A. cruentus grains and totaling
5% amaranth oil decreased the non-HDL cholesterol level. In
this study, the authors suggested that amaranth phytosterols and
the protein showed some hypocholesterolemic effect, eliminat-
ing the possibility that the composition of fatty acids, toco-
pherols, and tocotrienols would be responsible for the observed
effect.

In another study, Czerwinski and others (2004) utilized rats fed
with a diet containing cholesterol to compare the effect of oat and
amaranth ingestion, aiming at determining whether the pseudo-
cereal could be used as a replacement for allergic individuals to
improve blood lipid levels. Although both the bran and the whole
grain showed a positive effect, the authors suggested that amaranth
had the additional advantage of being free from known allergens,
so it could be used as a replacement for cereals by hypercholes-
terolemic patients who are allergic to classical cereals.

The effect of a protein concentrate from A. cruentus on the
amount of lipid in the blood and liver of Wistar rats was studied
by Escudero and others (2005). No significant differences were
observed in total cholesterol serum levels, but a decrease in LDL-c
levels and an increase in HDL-c levels was observed, and the tria-
cylglycerol levels of the experimental group were lower compared
to the control group. The results demonstrated that the amaranth
protein concentrate has a hypotriacylglycerolemic effect, affecting
the lipid metabolism in the liver and increasing the indicators of
antioxidant protection in Wistar rats.

Shin and others (2004) made some interesting observations on
the effect of amaranth grain, oil and squalene in an experiment
in which rats were fed with a semipurified diet containing 1%
cholesterol for 4 wk, and amaranth grain or amaranth oil, which
were substituted in experimental groups. Both the amaranth grain
and the amaranth oil decreased the total blood and liver cholesterol
levels and the triacylglycerol concentrations. The fecal cholesterol
excretion and bile acid excretion were increased in the amaranth
oil group, but only the bile acid excretion was increased in the
amaranth group. In another experiment, the rats were fed with
a cholesterol diet and salt (control), amaranth squalene or shark
squalene for 7 d. The interesting feature of this experiment was
that, whereas the amaranth squalene demonstrated a hypolipidemic
effect in the blood and liver, an increase in fecal and bile acid
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Table 4=In vitro, animal and clinical trials testing Amaranthus spp.

Publication

(reference) Subjects N Amaranth Duration Aim Results Comments

Whittaker and ~ Male Sprague— 40 A. caudatus cereal 7d To compare iron The iron-fortified cereal ~ An iron-fortified cereal
Ologunde Dawley rats bioavailability in had good Fe absorption ~ would be useful to
(1990) Nigerian grain and showed a significant ~ combat protein-calorie

Ologunde and
others

(1991)

Chatuverdi
and others
(1993)

Ologunde and
others

(1994)

Tosi and others

(1996)

Qureshi and
others
(1996)

Grajeta (1997)

Chaturvedi
and others
(1997)

Grajeta (1999)

Yu and others
(2001)

Klimczak and
others
(2002)

Male Sprague 40

Dawley rats

Adult male
‘Wistar rats

24

Male Sprague— 40
Dawley rats

Member 10
sensory
panel

Female 60
chicken

Male Buffalo 60
rats

Humans 6

Male Buffalo 60
rats

Human colon -
cancer cell

In vitro -

A. caudatus flour 7d
A. esculentus seeds 80 d
A. caudatus flour 7d
A. cruentus flour -
A. hypochondriacus and -
cruentus popped,
milled and their oils
A. cruentus seeds
A. esculentus popped 3 h
and roasted
A. cruentus seeds 28 d
Amaranth lectin from 8 d

A. caudatus

A. caudatus, A. -
paniculatus and their
ethanolic seed
extracts.

amaranth cereal
fortified by 2 iron
compounds.

To evaluate the iron
bioavailability in
fortified and unfortified
grain amaranth seed
flour and FeSO,
fortified casein diet as
control.

To study the effect of
amaranth seed flour on
serum and tissue lipid
profile in
hypercholesterolemic
rats.

To evaluate the iron (Fe)
bioavailability to the
amaranth cereal.

To develop the
formulation for
producing cookies with
whole amaranth flour.

To compare the eftects of
variously processed
amaranth varieties and
their oily fraction.

increase in final Hb or
hemoglobin gain.

The relative biological
value of unfortified
cereal was 40% of
control suggesting low
iron absorption from
the amaranth cereal.

Feeding with amaranth
seed showed a definite
hypocholesterolemic
effect.

Amaranth cereal can be
considered an ideal
food vehicle for iron
fortification.

The cookies can be
labeled “gluten free.”
The protein level of the
cookies was high and
nutritional value
increased.

The inhibition of
HMG-CoA reductase,
which resulted in lower
cholesterol levels.

The triacylglycerol level
in the liver decreased by
10%.

malnutrition and iron
deficiency anemia.

The iron fortificant of
choice was ferrous
fumarate.

Effect can be attributed to
the preponderance of
unsaturated fatty acids.

Native phytate and tannin
in the grain have no
effect on fortified iron.

The presence of some
potent inhibitors of
cholesterol synthesis
other than amaranth’s
tocotrienols and
squalene.

To investigate the eftect of The 25:75 combination of Due to the starch high

differently processed
(popped and roasted)
grain amaranth
products on
postprandial glycemia
in noninsulin
dependent diabetic
subjects.

To examine the
hypolipemic effect of
amaranth and oat bran
in rats depending on
the kind of fat in diet.

To investigate the
proliferative eftects of
the other 2 known
dietary Tf-binding
lectins: jacalin and
amaranth lectin.

To investigate the
antioxidant activity of
ethanolic extracts of
amaranth seeds.

amaranth and wheat,
wheat and rice can be
considered low GI
food, 50:50 grain
amaranth and wheat
medium GI food and
popped amaranth and
milk combination high
GI food.

The diets containing
amaranth with lard did
not decrease the
concentration of these
lipids.

The dietary TF-binding
lectins can have marked
effects on the
proliferation of human
malignant
gastro-intestinal
epithelial cells and
hence may play a role
in intestinal cancer
development.

The ethanolic extracts of
the amaranth seeds
showed appreciable
antioxidant activity in
our model system
b-carotene and
linoleate.

digestibility, isolated
ingestion of amaranth
grains is not
recommended to
diabetic patients.

Effect can be due the
soluble fraction of
dietetic fibers present in
the flours.

The biological effects of
dietary lectins cannot
be predicted solely from
their carbohydrate
binding properties.

Amaranth seeds could be a
potential source of
natural antioxidants.
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Table 4-Continued

Publication
(reference) Subjects N Amaranth Duration Aim Results Comments
Plate and Male rabbits 18 A. caudatus extruded  21d To evaluate the The extrused amaranth Effect may be due to

Aréas (2002)

Berger and Hamsters
others
(2003)

Hibi and In vitro and
others female
(2003) OVA-TCR

Tg mice

Czerwinski Male Wistar
and others rats
(2004)

Shin and Rats
others
(2004)

Male Wistar
rats

Escudero and
others

(2005)

Guerra-Matias Women
and Aréas
(2005)

Conforti and In vitro

others

(2005)

Marcilio and
others

(2005)

Member sensory
panel

and its oil

A. cruentus seeds and
its oil

A. hypochondriacus

60 A. hypochondriacus

24 Amaranth grain, oil
and squalene.

16 Protein concentrate
from A. cruentus

11 A. cruentus extruded

- A. caudatus seeds

39 A. cruentus flour

cholesterol-lowering
effect of extruded
amaranth and amaranth
oil in
hypercholesterolemic
rabbits.

To verify the
hypocholesterolemic
effect in rats.

4 wk

14 d To study the effects of
amaranth grain on
cytokine and IgE
production using in
vitro helper T cell
development and IgE
production assays and
an animal model of an
orally-induced,
allergen-specific IgE
response.

To compare oatmeal with
equal in nutritional
values 2 allergy-free

amaranth meals.

32d

4 wk To examine the
hypocholesterolemic

effect of amaranth

grain, oil, and squalene.

28 d To study the effect of
protein concentrate
from A. cruentus on the
lipid content in serum

and liver tissue of rats.

7d To investigate the starch
digestibility of an
extruded amaranth
product.

- To investigate 2 varieties
of A. caudatus seeds for
their biological
activities, antioxidant
and antidiabetic, and
oil, squalene, and
phenolic contents.

To develop a process for
lnanufacturing
gluten-free cookies
from amaranth flour as
a certified gluten-free,
nutritious alternative
for celiac patients.

reduced LDL-c and
total cholesterol levels.

Amaranth affected
absorption of
cholesterol and bile
acids, cholesterol

lipoprotein distribution,

hepatic cholesterol

content, and cholesterol

biosynthesis.

The amaranth grain and
its extract inhibited
antigen-specific IgE
production through
augmenting Th1
cytokine responses in
vivo and in vitro.

Oat and amaranth meals
positively affect plasma
lipid profile in rats fed
cholesterol-containing
diets.

The cholesterol-lowering
effect of amaranth
squalene may increase
fecal elimination of
steroids and interfere
with cholesterol
absorption.

The protein concentrate
from A. cruentus has a
hypotriglycerideic
effect, affects the
metabolism of liver
lipids, and increases
parameters of
antioxidant protection
in rats.

The amaranth snack
causes high glycemic
and insulinemic
responses.

unsaturated fatty acid
composition.

Amaranth grain and oil
did not affect these
pathways identically.

It may prove to be a useful
tool in the treatment of
allergic disease.

The positive influence can
be related to the
bioactive components
and antioxidant
activities.

The different sources of
squalene (plant
compared with animal)
may aftect cholesterol
metabolism differently.

The protein concentrate
from A. cruentus can
contribute as a
supplement in the diet
to prevent
cardiovascular diseases.

The extruded amaranth is
recommended for
patients with celiac
disease and athetes.

The isolated squalene and  Seeds of both investigated

ethyl acetate extracts
showed potent
antioxidant activity.
The extracts showed
antidiabetic activity
through or-amylase
inhibition.

The amaranth showed
potential for the
manufacture of high
nutritive value biscuit
products, not only for
the gluten-sensitive
consumer but also for

the common consumer.

varieties were found to
possess very different
levels of squalene.

The sensorial analysis was
conducted with
consumers nonceliac
patients.

(Continued)
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Table 4-Continued

Publication

(reference) Subjects N Amaranth Duration Aim Results Comments

Gonor and Humans 125 Amaranth squalene 3 mo To investigate the The antiatherosclerotic The consumption of
others influence of a diet diet with 600 mg 200-400 mg of
(20062) supplemented with squalene promoted the squalene/D produced

amaranth oil on most positive changes the greatest
dynamic of antioxidant of immune status. improvement of
and immune status in immune status.
patients with ischemic

heart disease and

hyperlipoproteinemia.

Kim and Male Sprague— 24 A. esculentus seeds 3wk To investigate the effect of Amaranth seeds and oil The amaranth seeds and
others Dawley rats and its oil amaranth on serum supplement reverted oil may be beneficial
(20062) glucose and the lipid the antioxidant enzyme  for correcting

profile in diabetic rats. activities to near normal  hyperglycemia and
values and increased the  preventing diabetic
hepatic lipid peroxide complications.
product and decreased
the glutathione content.

Kim and Male Sprague— 24 A. esculentus seeds 3 wk To investigate the effect of Amaranth seeds and oil It is suggested that the
others Dawley rats and its oil amaranth on serum supplementation mechanism is
(2006b) glucose and the lipid improve the glucose interference with

profile in diabetic rats. and lipid metabolism in  intestinal cholesterol
streptozotocin induced and bile acid
diabetic rats. absorption, leading to
an increase in fecal
neutral sterol and bile
acid excretion.

Gonor and Humans 125 Amaranth squalene 3 mo To investigate the The antiatherosclerotic
others influence of a diet diet with 600 mg
(2006b) supplemented with squalene promoted

amaranth oil on positive changes in
dynamic of lipid profile  serum cholesterol, TG
and composition of levels and FA

fatty acids of composition of
erythrocytes in patients erythrocyte

with ischemic heart membranes.

disease and

hyperlipoproteidemia.

Kulakova and Rats Amaranth oil 28 d To study the The decrease of An increase in sterols in
others hypocholesterolemic cholesterol lever in rat liver composition of
(2006) effect of amaranth oil. blood was not rats.

accompanied by its
increasing in a liver

Martirosyan Humans 125 Amaranth oil 3wk To investigate the effects ~ Amaranth oil decreases The dose of amaranth oil
and others of amaranth oil in the amount of total is 18 mL/d.

(2007) patients sufferring from  cholesterol,
coronary heart disease triglycerides, LDL and
and hypertension with VLDL significantly
obesity.

Capriles and In vitro - A. cuentus seeds - To compare in vitro starch  The amaranth is a high Cooked, popped, and
others digestibility of glycemic food. Rapidly ~ extruded amaranth
(2008) processed amaranth digestible starch seeds had starch

seeds and white bread. contents, hydrolysis digestibility similar to
index, and predicted white bread.
glycemic index were
significantly increased
by popping, roasting,
and flaking processes.
Silva-Sanchez In vitro - A. hypochondriacus - To investigate the The amaranth seed The amaranth seeds are a

and others
(2008)

presence,
characterization, and
the anticarcinogenic
properties of the
peptide lunasin in
amaranth seeds.

proteins could be an
alternative. source of
lunasin or lunasin-like
isoforms.

potential source of
other bioactive peptides
with biological
functions that could be
beneficial to
antihypertensive
activity.
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Table 4-Continued

Publication
(reference) Subjects N Amaranth Duration Aim Results Comments
Mendong¢a and  Golden Syrian 42 Amaranth protein 4 wk To evaluate the The total plasma The amaranth protein has

others

(2009)

Tiengo and
others

(2009)

Tovar-Pérez
and others
(2009)

Vecchi and
Anon
(2009)

Pasko and
others

(2009)

Kabiri and
others
(2010)

Barrio and
Anon

(2010)

Pasko and
others
2011)

Betim (2008)

Hamsters isolate from A.
cruentus
In vitro - A. cruentus
In vitro - A. hypochondriacus
In vitro - A. hypochondriacus

Male Wistar
rats

36 A. cruentus seeds

Male New 25 A. caudatus extract
Zealand

Rabbits

Human tumor -
cells

A. mantegazzianus
isolated protein

In vitro - A. cruentus seeds

Male Wistar 48 A. cruentus seeds

rats

5 wk

60 d

6 wk

hypocholesterolemic
effect of amaranth
protein in
hypercholesterolemic
hamsters.

To characterize and
evaluate the activity of
the angiotensin
converting enzyme
inhibitor of the
amaranth protein
concentrate and of
hydrolysates produced
with Alcalase.

To obtain ACE-inhibitory
peptide fractions
produced by alcalase
treatment of albumin 1
and globulin of
amaranth.

To provide experimental
evidence for the
presence of
antihypertensive
peptides in globulin
11S.

cholesterol
concentration in
animals fed on diets
containing amaranth
protein isolate were
27%, being the

non-HDL fractions the

most affected.

The alcalase-hydrolyzed
protein showed the
highest inhibiting

activity before and after

in vitro digestion.

Amaranth proteins are
good raw material for
production of
ACE-inhibitory
peptides.

The occurrence of
2 tetrapeptides, ALEP
and VIKP, was
experimentally

observed through an in
vitro evaluation of ACE

inhibition.

a metabolic effect on
endogenous cholesterol
metabolism.

The globulin peptide
fraction may have one
of the most active
naturally-occurring
ACE-inhibitory
peptides.

It was a fist time that a
peptide docking
approach was used to
find ACE inhibitory
peptides from a food

protein source.

To assess the influence of ~ Amaranth seeds can act as  Amaranth sprouts may be

fructose addition (31%)
and addition of
amaranth seeds to
fodder on the
antioxidant status in
selected rats’ tissues and
plasma.

To find out the
antiatherosclerosis effect
of A. caudatus L. on
rabbits, and was
compared with
lovastatin.

To investigate the
potential antitumor
properties of A.
mantegazzianus protein
isolate and to elucidate
the possible mechanism
of action.

To show the nutritional
value of amaranth
sprouts as a good source
of antioxidants.

To verify the
hypocholesterolemic
eftect of 35% of
amaranth protein in
normolipidemic rats

fed.

a moderate protective
agent against
fructose-induced
changes in rats by
reducing lipid
peroxidation and by
enhancing the
antioxidant capacity.
A. caudatus extract
significantly decreased

the cholesterol, LDL-C,

triglycerides, oxidized
LDL (Ox-LDL),
apo-lipoprotein B
(apoB), CRP,
atherogenic index (AI)
and HDL-C and
apo-lipoprotein A
(apoA) increased.

The A. mantegazzianus
protein isolate
exhibited potential
antitumor properties
and propose a putative
mechanism of action.

used in the diet because
they are good sources
of anthocyanins and
phenolic compounds.

Amaranthus caudatus was
more effective than
lovastatin.

The sprouts have a higher The amaranth seeds and

antioxidant activity

than seeds, which may
be a result of difference

in the content of
polyphenols,

anthocyanins, and other

compounds.

The amaranth decreased
in LDL cholesterol
without going beyond
the normal limits or
adversely affecting the
HDL cholesterol level

sprouts showed
relatively high
antioxidant activity.

The moderate and chronic
consumption, as a
replacement of standard
protein, may have a
prophylactic effect.
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cholesterol excretion and inhibition of the HMG-CoA reductase
activity, these effects were not observed with the shark squalene.

Concerning the effect of the oil fraction and squalene on ama-
ranth’s hypolipidemic properties, Gonor and others (2006b) stud-
ied the influence of a diet containing the oil on the lipid profiles
and the erythrocyte fatty acid profiles of cardiac ischemia pa-
tients. The diets supplied squalene amounts of 100, 200, 400, and
600 mg/d, and the diet containing 600 mg showed significant
positive changes in the cholesterol and triacylglycerol levels as well
as in the composition of fatty acids of erythrocyte membranes.

The cholesterol-lowering effect of the amaranth oil fraction
in rats was also investigated by Kulakova and others (2006).
The authors confirmed that there was a decrease in blood choles-
terol levels without observing an increase in liver cholesterol. An
increase in liver sterols was observed, but it was thought to occur
due to the presence of squalene in the amaranth oil. Such property
of the oil was confirmed by Martirosyan and others (2007), while
testing the properties of amaranth against coronary heart disease
and hypertension, helping to reduce blood pressure. Its beneficial
action was the highest when using an 18-mL amaranth oil dosage
per day. The hydrocarbon squalene and phytosterols were sug-
gested to be involved in this mechanism. Although most studies
have been conducted with animals and/or hypercholesterolemic
diets, Betim (2008) have found that if normolipidemic Wistar rats
are chronically fed with normolipidemic diets in which 35% of
the protein is replaced with the standard diet (AIN 93-G), they
respond with a decrease in LDL cholesterol without going beyond
the normal limits or adversely affecting the HDL cholesterol level.
The authors conclude that moderate and chronic consumption, as
a replacement of standard protein, may have a prophylactic effect.

Just as in the case of the protein concentrate, Mendonga and
others (2009) attested that the amaranth protein isolate can also
reduce the total and LDL cholesterol levels in hamsters. Although
the mechanism involved was not described, an attempt was made
to partially explain the mechanism by the lysine/arginine ratio.

Regardless of whichever the putative anticholesterolemic or
antidyslipidemic factors may be, Kabiri and others (2010) have
reported that an aqueous extract of A. caudatus is capable of signif-
icantly reducing the atherogenic index and injuries of cholesterol-
fed atherosclerotic rabbits.

New insights seem to be emerging concerning the elusive role
of squalene, or another associated substance present in the ama-
ranth grain, which apparently has an inhibiting effect on squalene
biosynthesis. This is the squalene monooxygenase enzyme, which
has been identified as a key regulatory site, and whose inhibi-
tion ultimately results in a decrease of the synthesis of cholesterol
(Belter and others 2011). If diminishing the activity of squalene
monooxynase can help regulate the synthesis of cholesterol, then it
is possible that an inhibitor, or inhibitors whether direct or indirect,
are being coextracted with several of the amaranth seed fractions,
including squalene itself. Should this new view be proven correct,
it would also explain the intriguing observation made by Shin and
others (2004) that the “squalene” from amaranth is not equivalent
to shark squalene. It should be pointed out that when squalene
was purified for analytical purposes, the substance was not assayed
biologically (Rodas and Bressani 2009).

Immune System Influence

Gonor and others (2006b) investigated the influence of a diet
containing either amaranth oil or squalene on the antioxidant
activity and the immune state of 125 patients (ages between 33
and 74 y) with cardiac ischemia and hyperlipoproteinemia over
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3 mo. Different amounts of squalene were used in the diet (100,
200, 400, 600 mg/day), and upon comparison, the responses of
the groups showed that the diet containing 600 mg of squalene
provided a positive effect in the immune state, whereas the diets
containing 200 to 400 mg promoted an antioxidant effect.

More recently, authors have reported both positive and negative
effects of squalene on the immune system. Whereas Escrich and
others (2011) have hypothesized that the chemopreventive eftect
of extra virgin olive oil on breast cancer may be due at least in part
to squalene and phenolic antioxidants, Tritto and others (2009)
and Montagnani and others (2011) have attributed an autoim-
mune reaction of some individuals to a squalene-based adjuvant
used in flu vaccines. Although a mechanism for the possible role
of squalene on immunomodulation is not yet at reach, it is ap-
parent that the lipid molecule can in fact influence the immune
system most likely by altering the immune cell membrane. Tritto
and others (2009), for instance, have suggested that in the case
of vaccine adjuvants, squalene may activate the protein complex
NLPR3/inflammasome, which is required for the correct process-
ing of a number of pro-inflammatory cytokines, including IL1.

Antitumor Effect

Diet is considered a risk factor for several chronic diseases, in-
cluding cancer. In an estimated period of 10 to 30 y, normal cells
may be transformed in clinically detectable tumors, and the diet
may promote or inhibit the development of the disease (Bennink
and Om 1998).

Yu and others (2001) also investigated the proliferative effects of
diets with 2 lectins that can bind a tumor factor (TF-binding
lectin): jacalin (Artocarpus integrifolia) and amaranth lectin (A.
caudatus). Increased Thomsen-Friedenreich antigen (TF-antigen,
Gal-betal-3GalNAc-alpha) expression is a common characteristic
of epithelial malignancy and premalignancy. The results showed
that the diets containing the TF-binding lectins may be markers
of proliferation of malignant gastro-intestinal epithelial cells and
that it may have a role in diagnosing intestinal cancer.

Barrio and Aflon (2010) studied the antitumor properties of
the A. mantegazzianus isolated protein (MPI) and elucidated the
possible mechanism of action. The study was conducted with 4
different tumor cells: MC3T3E1, UMR106, Caco-2, and TC7.
MPI showed an antiproliferative effect on the 4 cell lines with dif-
ferent potentials. MPI inhibits cell adhesion and induces apoptosis
and necrosis in the malignant cell UMR 106, and the authors con-
cluded that A. mantegazzianus grains show an antitumor potential.

Action on Blood Glucose Levels

The action of amaranth on the levels of blood glucose seems
to be somewhat controversial. Although some investigators report
that the consumption of either the grain or the oil may protect
against insulin deficiency, others assert that the high glycemic in-
dex (GI) of the starch is a liability to diabetic patients. Conforti
and others (2005) detected antidiabetic activity in 2 varieties of
A. caudatus seeds using an in vitro assay consisting of the inhibition
of a-amylase, which acts in the digestion of starch and reduces
the absorption of glucose. Using streptozotocin-induced diabetic
rats, Kim and others (2006a,b) investigated the effect of amaranth
oil and grain supplementation (A. esculentus L.) on blood glucose
and the lipid profile. The rats were divided into 4 groups: normal
control, diabetic control, diabetic group supplemented with ama-
ranth grain, and diabetic group supplemented with amaranth oil
for 3 wk. The results showed a decrease in blood glucose and an
increase in serum insulin levels.
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On the other hand, earlier studies have found that because
of the high digestibility of its starch, amaranth grain may not
be suitable for diabetics. Chaturvedi and others (1997) studied
the effect of amaranth, wheat and grain preparations in the GI
of noninsulin-dependent diabetic patients. A. esculentum L. was
used in the form of “popcorn” (popped) and was prepared with
different proportions of wheat flour to create unleavened bread
(chapattis). In the amaranth—wheat combination, a GI of 91.7 was
observed for a proportion of 50:50 and a GI of 105.7 was observed
for a proportion of 25:75. For a combination of popped amaranth
and unsweetened milk, a GI of 136.2 was observed. They con-
cluded that due to the high starch digestibility, the isolated inges-
tion of amaranth grains should not be recommended to diabetic
patients.

High GI foods promote hyperglycemia and hyperinsulinemia.
A diet with a high GI shows lower satiety, which may result in
excess food ingestion, favors an increase in body weight, changes
lipid profile and insulin secretion and favors the development of
cardiovascular diseases and diabetes mellitus (Jenkins and others
2002). The consumption of high GI foods may also lead to a se-
quence of hormonal actions that limit the postprandial availability
of metabolic fuel, leading to hunger and excess food ingestion. The
ingestion of low GI foods, therefore, may lower the secretion of
proteolytic counter-regulatory hormones such as cortisol, growth
hormone, and glucagon, stimulating protein synthesis (Ludwig
and others 1999).

The possible influence of extrusion on starch digestibility and
GI has been investigated (Guerra-Matias and Aréas 2005) by com-
paring an extruded amaranth product to white bread in 11 women
and observed that the amaranth provided women with a GI value
of 107 and an insulin curve consistent with stimulation of insulin
production. The authors have thus concluded that extrusion of the
amaranth flour causes a high glycemic and insulin response, and
that patients who chose amaranth to manage their celiac disease
should plan their diets to ensure the adequate control of blood
glucose.

Furthering the above study, Capriles and others (2008), have
compared the in vitro digestibility of the starch of amaranth seeds
and white bread. Raw seeds resulted in rapidly digestible starch
content of 30.7% db and a predicted GI of 87.2. The cooked,
extruded and popped preparation forms were digested similar to
white bread (92.4; 91.2; and 101.3, respectively), and the seeds
in the form of either flakes and toasted showed a higher GI (106
and 105.8, respectively). Cooking and extrusion did not alter the
digestibility of the seed content. No differences were observed
in the digestibility of popped, flake and toasted amaranth. The
authors concluded that amaranth is a high GI food, probably due
to the small size of its starch granules, the low content of resistant
starch (<1%) and its tendency to completely lose the crystalline
and granular structure of the starch during the heat treatment
processes.

Oxidative stress has a role in the complications of diabetes,
which suggests that the production of oxidants increases as a func-
tion of glucose metabolism or free fatty acid metabolism through
multiple pathways. Oxidative stress may accelerate the basic pro-
cess of various pathologies (Venugopal and others 2002; Kuroki
and others 2003).

Effect on Liver Function

Besides the effects cited on the blood glucose levels, the work of
Kim and other (2006a,b) also reported that feeding rats with either
the whole grain or its oil resulted in an improvement (decrease)

in the animals’ AST (aspartate aminotransferase) and ALT (ala-
nine aminotransferase) enzymes, which are liver function markers.
Moreover, there was a reduction in TBARS levels (thiobarbituric
acid reactive substances, lipid peroxidation and oxidative stress in-
dexes) in the liver cytosol. Considering that the fecal excretion of
cholesterol, triacylglycerols, and bile acids of the diabetic animals
that consumed amaranth grain and amaranth oil was likewise sub-
stantially increased, it is understood that the actions of this grain
on the general metabolism can be rather extensive.

Effect on Hypertension

The renin—angiotensin system is a biochemical system that helps
control blood pressure. As angiotensinogen is released in response
to a drop in blood pressure, sodium depletion or a reduction in
plasma volume, the decapeptide angiotensin I is produced (Ondetti
and Cushman 1982), followed by the cleavage of the dipeptide
His-Leu by the angiotensin-converting enzyme (ACE) to form
angiotensin II, a potent vasoconstrictor (Li and others 2004).

A series of reports by several researchers attest to the existence of
several proteins capable of generating peptides that can inhibit the
function of ACE. Silva-Sanchez and others (2008) investigated the
presence of the peptide lunasin in amaranth grains, characterized it
and studied its anticarcinogenic properties. The authors concluded
that amaranth grains may be a potential source of several bioactive
peptides with relevant actions on cancer and hypertension.

Tiengo and others (2009) evaluated the ACE-inhibiting activity
and the binding capacity of bile acids of defatted amaranth flour
and its in vitro products. The alcalase-hydrolyzed protein showed
the highest inhibiting activity before and after in vitro digestion,
suggesting that alcalase releases peptides that are not affected by
gastrointestinal enzymes.

Tovar-Pérez and others (2009) studied fractions of peptides that
inhibit ACE obtained from albumin 1 and the globulin of amaranth
grains (A. hypochondriacus) by alcalase hydrolysis. The inhibitory
activity against ACE of the albumin 1 products after 15 h of hy-
drolysis was 40%, and from globulin 35%, after 18 h of hydrolysis.

Vecchi and Afion (2009), in turn, have gathered evidence sup-
porting the presence of antihypertensive peptides also in globulin
118, one of the most important constituents of the A. hypochondri-
acus grain. A three-dimensional model of globulin 11S was built,
and the antihypertensive peptides were mapped through a com-
putational method. The occurrence of 2 tetrapeptides, ALEP and
VIKP, was experimentally observed through an in vitro evalua-
tion of ACE inhibition, with values of 6.32 mM and 175 uM,
respectively.

Anti-Anemic Effect

The causes of anemia may be due to a number of situations,
including chronic infections; hereditary blood problems; or the
lack of one or more essential nutrients necessary for the formation
of hemoglobin, such as iron, folic acid, B12, B6 and C vitamins,
and proteins. Iron deficiency is the most common kind of anemia
(Queiroz and Torres 2000), and amaranth grain may be used as an
interventional carrier to fight the deficiency.

Whittaker and Ologunde (1990) evaluated the biological avail-
ability of iron in a cereal of amaranth grains in weaned male
Sprague—Dawley rats induced to anemia. The amaranth cereal was
fortified with 3 iron compound sources, ferric, sodium EDTA-
chelate (NaFeEDTA), ferrous fumarate (FeC4H,Oy), and ferrous
sulfate heptahydrate (FeSO4-7H,0O), and was compared to cereal
from amaranth grains without iron fortification. Body weight,
hemoglobin concentration, percentage of hematocrit and the
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relative biological value (RBV) were evaluated. The normal
weight gain and high RBV showed good absorption of the nu-
trients in unfortified cereal from amaranth grains; however, the
groups of animals that received iron-fortified cereal showed a sig-
nificant increase in hemoglobin and hemoglobin gain compared
to the group fed with unfortified cereal.

In another study, Ologunde and others (1991) observed the bi-
ological availability of fortified amaranth grains in weaned male
Sprague—Dawley rats compared to unfortified amaranth grains, and
using casein with ferrous sulfate (FeSOy) as a control group. The
compounds used were NaFeEDTA, FeC,H,O, and FeSOy. Iron
ingestion, increases in hemoglobin, the availability of binding ca-
pacity of iron, and serum iron and non-heme iron levels in the liver
and the RBV were determined. The RBV were 0.40, 1.55, 1.75,
1.67, and 1.00 for animals that received NaFeEDTA, FeC4H>O,
and FeSO, and casein with FeSOy, respectively. The RBV of the
nonfortified cereal was 40%, suggesting that the amaranth without
fortification had a low contribution. The authors concluded that
amaranth is an ideal cereal to be used in iron fortification and that
the most appropriate form of iron is FeC4H,Oy.

The iron biological availability in ironfortified and nonfortified
amaranth flour using a FeSO4-fortified casein control diet was later
reevaluated by Ologunde and others (1994). The flour of amaranth
grains was fortified with NaFeEDTA, FeC4H,O4 and FeSO;.
Weaned Sprague—Dawley male rats were used. Iron ingestion, iron
gain in hemoglobin, iron availability, total iron binding capacity,
iron serum, nonheme iron in the liver, volume of red cells and
RBV were observed. The results were similar to those of the
previous study (Ologunde and others 1991).

Antioxidant Activity

Antioxidant activity has been reported in several of the various
fractions of amaranth. The in vitro antioxidant activity of 2
amaranth grain species, A. caudatus and A. paniculatus, in a model
system of B-carotene/linoleic acid was reported by Klimczak and
others (2002). These authors estimated the content of phenolic
compounds by the Folin—Ciocalteu method as being 39.17 mg/
100 gin A. caudatus and 56.22 mg/100 g in A. Paniculatus.

The biological antioxidant properties, and the amount of oil,
squalene and phenolic compounds have also been determined in
two A. caudatus grain varieties (Oscar Blanco and Victor Red) by
Conforti and others (2005). The antioxidant activity was evaluated
using a lipid peroxidation assay, The varieties showed different
squalene amounts; however, the antioxidant activity did not show
significant statistical differences. Nevertheless, a methanolic extract
of both varieties displayed antidiabetic activity, showing 50.5% for
A. caudatus var. Oscar Blanco and 28% for A. caudatus var. Victor
Red at a concentration of 25 mg/ml.

The phenolic and flavonoid compositions of two A. cruentus
cultivars were determined by Pasko and others (2008; Table 4).
Later, the same group investigated the antioxidant capacity, the
amount of phenolic compounds and the content of antho-
cyanins in A. cruentus grains and sprouts. These authors found
that at 4 d of germination the seeds significantly increased,
not only in the total contents of phenolics and anthocyanins,
but also in their antioxidant capacity, as measured by ferric re-
ducing ability of plasma (FRAP), antioxidant capacity by 2,2’-
azino-bis(3-ethylbenzothiozoline-6-sulphonic acid (ABTS) and
Diphenylpicrylhydrazyl. From these results the authors concluded
that although the grains contained a considerable amounts of phe-
nolic compounds, and that the sprouts became a significant source
of the flavonoid rutin, thus contributing to the substantially greater

R102 Journal of Food Science ¢ Vol. 77, Nr. 4,2012

levels of antioxidant activity of the sprouts (Pasko and others 2009).

Pasko and others (2011) further evaluated the effect of ama-
ranth grains on oxidative stress in the plasma, heart, kidney, and
pancreas of rats. Fructose was administered to induce oxidative
stress, which was manifested through an increase of malondi-
aldehyde and a decrease of enzyme antioxidant capacity in the
plasma and selected tissues. The ingestion of amaranth grains (310
and 155 g/kg of diet) restored the activity of a number of en-
zymes and influenced the oxidative stress through the decrease of
malondialdehyde, the increase of ferric ion reduction capacity in
the plasma (FRAP) and the activity of antioxidant enzymes (ery-
throcyte superoxide dismutase—eSOD, catalase—CAT, and glu-
tathione peroxidase—GPx1). The results showed that amaranth
grains may have a moderate, dose-dependent protective eftect
against the changes promoted by the fructose-induced oxidative
stress in rats through the reduction of lipid peroxidation and in-
creased antioxidant capacity of the tissues.

Celiac Disease

Celiac disease is manifested as an enteropathy of sensitivity to
gluten in genetically predisposed individuals. It is characterized
by constant injuries of intestinal mucosa caused by gluten inges-
tion, and the mucosa can completely recover due to the total
elimination of gluten from the diet (Molberg and others 2000).
The gluten prolamins (gliadin, secalin, and hordein) are associated
with injuries of the intestinal mucosa (Sdepanian and others 1999;
Valder and others 2002). The only known therapy for patients
diagnosed with celiac disease consists of the withdrawal of dietary
products that contain gluten.

Therefore, the most sensible strategy is to develop a variety of
nutritious foods, such as those derived from amaranth grain. In
fact, amaranth has been used for some time by patients with celiac
disease because it does not cause allergic reactions for the intesti-
nal mucosa Thompson (2001). Tosi and others (1996) produced
gluten-free cookies from whole amaranth flour, cornstarch, eggs,
margarine, sugar, baking soda, potassium bitartrate, and butyl-
hydroxytoluene. The cookie showed a high content of protein
(5.7 g/100 g) and dietary fiber (1.1 g/100 g) satisfactorily com-
paring with commercially available traditional cookies without
gluten.

Meanwhile, Marcilio and others (2005) used the surface-
response methodology for the development of nutritious cookies
for celiac disease patients, with amaranth flour which was proven
to be gluten free. The cookie with the lowest amaranth flour con-
tent met the highest acceptance rating in a sensory analysis trial
that was conducted with nonceliac consumers.

From a tolerability study of 40 amaranth varieties, using both
SDS-PAGE-immunoblotting and ELISA, it has been established
that their binding affinities for both specific anti-gliadin antibodies
and human IgAs are quite similar, most of them being in a range
below 20 ng/g, as measured by ELISA (Ballabio and others 2011).

Anti-Allergic Action

Research has suggested that the amaranth grain has may be used
in the development of nonallergenic food products, with an added
potential for use in fighting allergies.

Hibi and others (2003) discovered that some components of
the A. hypochodriacus grain can inhibit the production of IgE and
increase the cytokine Th1 synthesis, both in vitro and in vivo,
as a result of suppressing the cascade of allergenicity for specific
antigens. In vitro, the studies showed that the soluble water fraction
of the amaranth grain promotes the development of helper cells T
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type 1 (Th1) phenotype, whereas the amaranth extract suppresses
the production of IgE, which inhibits the allergic cascade. In
in vivo studies, mice were fed with amaranth flour and defatted
grain soluble extract, and a nonallergenic potential was observed,
which may be applied in allergic diseases such as asthma and atopic
dermatitis.

Conclusion

Although the great majority of the research about the bene-
ficial functions and actions of amaranth has been conducted in
experimental animal models, there are compounds in the grain
with potentially beneficial medicinal properties present in the var-
ious fractions. Because one of the basic principles of functional
foods is the functionality of bioactive substances through multiple
metabolic paths, the beneficial health effects of amaranth are likely
due to the joint presence of all of them, as found in the whole
grain. Future research should be directed to epidemiologic studies
and towards consolidating the mechanisms of action, especially
in the human body. Nevertheless, it is also desirable to conduct
research aimed at determining the minimum amount of amaranth
that should be consumed through the diet in order to produce
the expected effects. Caution has been recommended, however,
concerning the potential effects of the elevated GI associated to
the highly digestible starch present in both popped and extruded

forms of the grain.
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