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ARTICLE INFO ABSTRACT

Keywords: Pseudocereals have attracted the attention of nutritionists and food technologists due to their high nutritional

Pseudocereals value. In addition to their richness in nutritional and bioactive components, these are deficient in gluten and can

(;er;matlon serve as valuable food for persons suffering from gluten allergies. Processing treatments are considered an
oaking

effective way to enhance the quality of food grains. Soaking and germination are traditional and most effective
treatments for enhancing the nutritional and bioactive potential as well as reducing the anti-nutritional com-
ponents in food grains. This study reflects the effect of soaking and germination treatments on nutritional,
bioactive, and anti-nutritional characteristics of pseudocereals. There was a significant (p < 0.05) increase in
nutritional and bioactive components such as crude fiber, crude protein, phenolic components, antioxidant ac-
tivity, and mineral content but reduced the anti-nutrients such as tannin and phytic acid. In amaranth, there was
a significant increase (p < 0.05) of 7.01, 74.67, 126.62, and 87.47% in crude protein, crude fiber, phenolic
content, and antioxidant activity but significant (p < 0.05) reduction of 32.30% and 29.57% in tannin and phytic
acid contents, respectively. Similar changes in values of crude proteins, crude fiber, phenolic content, and
antioxidant activity were observed in buckwheat and quinoa. While the anti-nutritional components such as
tannin and phytic acid decreased by 59.91 and 17.42%, in buckwheat and 27.08% and 47.57%, in quinoa,
respectively. Therefore, soaking and germination proved to be excellent techniques to minimize the anti-
nutritional component and enhance the nutritional, bioactive, and antioxidant potential of these underutilized
grains.

Anti-nutrients
Antioxidant activity
Phenolic components

1. Introduction

Pseudocereals are dicotyledonous gluten-free grains and are
considered as a substitute to true cereals. Amaranth (Amaranthus hypo-
chondriacus; family Amaranthaceae), buckwheat (Fagopyrum esculentum;
family Polygonaceae), and quinoa (Chenopodium quinoa sub sp. quinoa;
family Chenopodiaceae) are well-known pseudocereals used expan-
sively worldwide. Due to their high starch content, pseudocereals can be
used like other cereals for the preparation of value-added food products
(Li and Zhang, 2001; Thakur et al., 2021). Recently, pseudocereals have

gained wide popularity among consumers because of their good quality
proteins and their appropriateness for celiac patients. Moreover, these
are also rich in dietary fiber and phenolic components, which are con-
nected with their wide health benefits. Reports from various studies
have shown that the flour of pseudocereals can be replaced with that of
cereal for the preparation of functional and gluten-free food products
(Alencar and de Carvalho Oliveira, 2019).

Despite being highly nutritious, these grains have limited bioavail-
ability owing to the presence of anti-nutritional components such as
tannins and phytic acid that bind with nutrients making them
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unavailable to our body. Numerous traditional processing techniques
can be employed to increase the bioavailability of several micronutrients
in these grains (Hotz and Gibson, 2007). Soaking and germination are
the most commonly used techniques and can be treated as the simplest,
cost-effective, and most commonly used techniques to improve the
nutritional quality and to reduce the anti-nutritional components of food
grains. Soaking is a domestic treatment used for the hydration of grains
in water for a few hours (Embaby, 2010). Thus, it is quite useful in
decreasing and eliminating the anti-nutritional components present in
the food grains (Kajihausa et al., 2014; Singh et al., 2017). Numerous
studies have described that soaking for 12-18 h is the most effective
treatment to reduce the levels of anti-nutritional components such as
proteolytic enzyme inhibitors as well as phytic acid, which are partly or
wholly solubilized in soaked water (Embaby, 2010; Kajihausa et al.,
2014). Germination follows subsequently the soaking where the soaked
seeds are kept in a moist environment until they get sprouted. It results
in enhancing the bio-active potential (Pal et al., 2016), as well as the
sensory characteristics (Kuo and Faber Taylor, 2004) of germinated
grains, and reduces the anti-nutritional components at the same time.
Various researchers have described that 24-48 h of germination can
successfully result in the augmentation of nutritional properties and
reducing the anti-nutritional factors of grains (Urbano et al., 2005).
Keeping in view the effectiveness of soaking and germination processing
treatments in enhancing the nutritional as well as the bioactive potential
of processed grains, the current study was designed to study the nutri-
tional composition of pseudocereals as well as the effect of these treat-
ments on nutritional, antinutritional, and bioactive components so as to
enhance the nutritional composition of products to be prepared from
pseudocereals. The use of these processing treatments for pseudocereals
can be helpful in promoting the utilization of these underutilized grains.

2. Materials and methods
2.1. Materials

The different pseudocereals used in the present investigation were
procured from different institutes and local markets. The amaranth
(Durga cultivar) was procured from Punjab Agriculture University,
Ludhiana, Punjab. Buckwheat (PRB-1 cultivar) was procured from the
National Bureau of Plant Genetic Resources (NBPGR), Shimla, Himachal
Pradesh, and white quinoa was procured from the local market of Sir-
mour district, Himachal Pradesh. The chemicals used in the present
investigations were of ultrapure grade and purchased from standard
manufacturers such as BDH chemicals, Qualigens, Merck India, Hi-
Media, and Sigma.

2.2. Physico-chemical evaluation

Physico-chemical evaluation of raw pseudocereals (amaranth,
buckwheat, and quinoa), as well as that of the soaked and germinated
ones, was carried out at laboratories of the Department of Food Tech-
nology, Eternal University located at Sirmour, Himachal Pradesh, India.

2.2.1. Physical and functional parameters

Physical parameter like thousand-grain weights (TGW) was esti-
mated as per the methods of AACC (2000). It was expressed as the
weight of thousand grains in grams. Length, breadth, and thickness were
measured with a Vernier caliper and expressed in mm. Bulk density (BD)
was assessed by the method of Huang et al. (2005), tap density (TD) as
per method given by Jones et al. (2000), water absorption capacity
(WAC) by Sosulski (1962), Oil absorption capacity (OAC) by Kaur et al.
(2015) and water solubility index (WSI) by Stojceska et al. (2008). For
BD, grains were filled up to 25 ml in a 50 ml measuring cylinder, and
grains were then weighed. For tap density, the bottom of the measuring
cylinder was tapped gently on a smooth surface to fill grains properly.
Bulk as well as tap density was calculated by the ratio of the weight of
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the sample to the volume of these grains and expressed in g/cm?>.

2.2.2. Chemical parameters

Moisture content was determined as per the air-oven drying method
of AOAC (1990). The crude fiber content was accessed using Fibroplus
FBS 08P (Pelican Inc.), crude protein contents by Kjeloplus Kjelodist
CAS VA (Pelican Inc.), crude fat by Soxoplus SPS 06 AS (Pelican Inc.),
and ash contents, as per the method defined by Ranganna (1986). The
total carbohydrate contents of the samples were determined by differ-
ence and calculated by subtracting the measured crude fat, crude pro-
tein, ash content, crude fiber, and moisture content from 100. The
calorific value was estimated based on the contents of fats, crude protein
(N x 6.25), and carbohydrates using the Atwater factors of 9.10, 4.0,
and 4.2 KCal/g of each component, respectively (WHO, 1973). Mineral
contents such as manganese, copper, zinc, and iron were estimated as
per AOAC (1990) using Atomic Absorption Spectrometer (AA240FS,
Agilent Technology, CA, USA). The antioxidant activity (%) was eval-
uated quantitatively based on free radical scavenging activity of 2,
2-diphenyl-1-picrylhydrazyl (DPPH) radical according to the method
described by Bouaziz et al. (2008), and tannins (%) as per the method of
Saxena et al. (2013). The extraction and quantification of phytic acid in
the biofortified wheat derivatives was evaluated by Gao et al. (2007),
with minor modifications. Total Phenolic contents (mg GAE/100g) were
estimated using Folin-Ciocalteu reagent as per the method of Ainsworth
and Gillespie (2007) with slight modifications.

2.2.3. Processing treatments

The soaking and germination of grains were done as per the method
used by Egli et al. (2002). Amaranth, buckwheat, and quinoa were
cleaned manually to remove foreign objects and soaked in distilled
water in the ratio of 1:5. Soaking was done for 12 and 24 h at room
temperature and oven-dried at 40 °C for 24 h. Soaked grains were
packed and stored at 4 °C for further analysis. The pseudocereals were
soaked and subjected to germination treatment by dividing into several
groups according to different germination treatments. The 30g seeds in
each treatment were cleaned and steeped in 120 ml water in a beaker
covered with muslin cloth for 16 h in the dark at ambient conditions.
The steeped seeds were drained off and were covered with moist muslin
cloth for germination. Germination was carried out in an incubator at
24, 48, and 72 h at 25 °C. The seeds were sprinkled periodically with
water during germination to keep the muslin cloth wet. Seeds germi-
nated after each treatment were dried at 40 °C in a hot air oven for 24 h.
Germinated and dried pseudocereals were packed and stored at 4 °C in
air-tight sealable packets until further analysis.

2.2.4. Statistical analysis

Data was assessed using one-way analysis of variance (ANOVA)
using IBM SPSS Statistics 26 software. All samples were analyzed in
triplicate and values entered in tables were expressed as mean =+ Stan-
dard Deviation (SD) and differences were considered significant at the
level of p < 0.05.

3. Results and discussion

The pseudocereals after processing treatments and further drying
were subjected to physicochemical analysis. The results of analytical
studies carried out on raw and processed grains are discussed under the
following headings.

3.1. Physical properties

Data related to the physical characteristics of processed grains is
presented in Figs. 1 and 2. TGW varied significantly (p < 0.05) from
0.90 g (amaranth) to 22.09 g (buckwheat). Pandey et al. (2015) reported
a TGW of 23.92 g in buckwheat which was comparable with the values
observed in the present study. The TGW of amaranth (0.90g) was within
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Fig. 1. Physical and functional characteristics of raw pseudocereals

(a)- L-Length (mm), W-Width (mm), T-Thickness (mm), TGW-Thousand grain
weight, BD-Bulk density (g/ml), TD-Tap density (g/ml), WAC- Water absorption
Capacity (%), OAC-Oil absorption capacity (%), WSI-water solubility index (%).
(b) SC-Swelling capacity (%).

the range of 0.55-1.04 g as reported by Gimplinger et al. (2007). Vari-
ation in TGW of different grains of pseudocereals may be associated with
varietal characteristics which are influenced by the size of the grains.
Larger grains contain more edible portions because of large endosperm
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(Cheik et al., 2006). Dimensional characteristics such as length varied
significantly (p < 0.05) from 1.12 (amaranth) to 5.30 mm (buckwheat),
width from 1.22 (amaranth) to 3.83 mm (buckwheat), and thickness
from 1.29 (amaranth) to 2.90 mm (buckwheat). BD and TD of different
pseudocereals varied significantly (p < 0.05) from 0.56 to 0.78 g/cm>
and 0.62-0.78 g/cm®, respectively. BD was lowest for buckwheat (0.56
g/cm®) and highest for amaranth (0.78 g/cm®). Similarly, TD was lowest
for buckwheat (0.62 g/cms) and highest for quinoa (0.82 g/cmg). Ac-
cording to Sindhu et al. (2019), BD of amaranth was 0.82 g/cm®
whereas, Di Cairano et al. (2020) reported the BD of amaranth, buck-
wheat, and quinoa as 0.57, 0.69, and 0.54 g/ml.

3.2. Functional properties

The water absorption capacity (WAC) of different pseudocereals
varied significantly (p < 0.05) from 1.15 to 1.48 ml/g (Fig. 1). WAC was
recorded lowest in amaranth (1.15 ml/g) and the highest in buckwheat
(1.48 ml/g). Di Cairano et al. (2020) reported similar results concerning
the WAC of pseudocereals. They found WAC in amaranth, buckwheat,
and quinoa as 1.22, 1.45, and 1.27 g/g. WSI and OAC varied signifi-
cantly (p < 0.05) from 6.58 (buckwheat) to 7.11% (amaranth) and 1.63
ml/g (amaranth) to 2.83 ml/g (quinoa), respectively. Di Cairano et al.
(2020) reported the WSI in amaranth as 10.22 g/100 g and in buckwheat
as 6.22 g/100 g. Kaur et al. (2015) reported that WAC and OAC have
been found to enhance the sensory scores of gluten-free biscuits owing to
the improvement of functional characteristics. The swelling capacity
(SC) of pseudocereals varied significantly (p < 0.05) from 26.67
(buckwheat) to 225% (amaranth). The swelling capacity of amaranth
grains was reported as 2.54 ml/g by Singh and Punia (2020) while that
of buckwheat as 14.77% by Tanwar et al. (2019).

3.3. Nutritional characteristics

The moisture and fat content of raw ingredients varied significantly
(p < 0.05) from 10.31 (amaranth) to 11.56% (buckwheat) and 1.40
(buckwheat) to 6.39% (quinoa), respectively. Collar and Angioloni
(2014) reported the moisture content of amaranth grains as 12.31% and
that of buckwheat as 13.86%. Bertazzo et al. (2011) reported 4.5-8.8%
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crude fat in different cultivars of quinoa. There was a significant (p <
0.05) difference in fiber content of all pseudocereals and values varied
significantly (p < 0.05) from 3.83 (amaranth) to 7.55% (buckwheat). Li
and Zhang (2001) reported crude fiber in buckwheat as 10.9 g/100 g
and Njoki et al. (2014) as 6.6% in amaranth. Ash content varied
significantly (p < 0.05) from 1.66 (buckwheat) to 2.32% (amaranth).
Collar and Angioloni (2014) found ash content of 1.59% in amaranth
and 1.67% in buckwheat. The protein content of pseudocereals varied
significantly (p < 0.05) from 14.59 (buckwheat) to 17.40% (amaranth)
in pseudocereals. The results obtained are within the range of
12.5-17.6% as reported by Mburu et al. (2012) in amaranth and
8.51-18.87% as reported by Gimenez-Bastida and Zielinski (2015) in
buckwheat. Carbohydrate content and calorific value of raw ingredients
varied significantly (p < 0.05) from 60.12% (quinoa) to 63.23%
(buckwheat) and 336.70 (buckwheat) to 373.61 Kcal/100g (amaranth).
Bertazzo et al. (2011) also found carbohydrates in the range of 59-70%
in buckwheat and 54.1-64.2% in quinoa.

3.4. Phenolic content and antioxidant activity

Phenolic content ranged from 32.68 to 210.31 mg GAE/100g. It was
reported highest (210.31 mg GAE/100g) in buckwheat and lowest
(32.68 mg GAE/100g) in amaranth. Alvarez-Jubete et al. (2010) re-
ported phenolic content of 323 mg GAE/100g in buckwheat and 21.2 mg
GAE/100g in amaranth. Antioxidant activity ranged from 18.75
(amaranth) to 46.41% (quinoa) in pseudocereals. Gorinstein et al.
(2007) found the antioxidant activity of 24-26.2% in different cultivars
of amaranth and 30% in quinoa seeds.

3.5. Anti-nutritional properties

Tannin contents varied significantly (p < 0.05) from 0.048 (quinoa)
to 0.222% (buckwheat). Gorinstein et al. (2008) reported a tannin
content of 0.322% in buckwheat and 0.05% in quinoa seeds which were
comparable with the findings in the present study. Phytic acid content
ranged from 1.03% (quinoa) to 1.15% (amaranth). Similar results have
been observed by Egli et al. (2002). They reported a phytic acid content
of 1.39% in amaranth and 0.97% in quinoa.

3.6. Mineral contents

Pseudocereals are rich sources of micronutrients, including minerals.
Copper (Cu) content ranged from 6.10 (buckwheat) to 8.88 mg/kg
(amaranth). Iron (Fe) content varied significantly (p < 0.05) from 67.88
to 127.92 mg/kg. Amaranth contained the highest amount (127.92 mg/
kg) and the lowest was found in buckwheat (67.88 mg/kg). The values of
manganese (Mn) content varied significantly (p < 0.05) from 14.30
(quinoa) to 31.67 mg/kg (amaranth). Guardianelli et al. (2019) reported
9.4, 178, and 38 mg/kg of Cu, Fe, and Mn content, respectively in
amaranth grains. Zinc (Zn) content ranged from 28.51 (buckwheat) to
69.82 mg/kg (quinoa). Pongrac et al. (2016) reported 23.1 mg/kg of
zinc and 54.3 mg/kg iron content in buckwheat which was comparable
with the present study.

4. Principal component analysis

Principal component analysis (PCA) of all analytical variables was
done using Minitab 16 statistical software. The results obtained are
presented in Fig. 1 and Table 2.

Using the Kaiser criterion, the first three principal components (PCs),
with Eigen values greater than one (18.99 & 6.014) were extracted
(Table 1). The first four principal components accounted for more than
100% of the variation in the analyzed samples. The first (PC1), second
(PC2), third (PC3), and fourth (PC4) principal components explained
75.9, 100, 100, and 100% of the variance, respectively. Out of the four
main components obtained, the first component explained 75.9% of the
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Table 1
Nutritional composition of raw pseudocereals.
Parameters Amaranth Buckwheat Quinoa
Moisture (%) 10.31 £0.19¢ 11.56 + 0.07° 10.84 +
0.40°
Fat (%) 5.35 + 0.30" 1.40 + 0.20° 6.39 + 0.22%
Fibre (%) 3.83 + 0.28°¢ 7.55 + 0.10° 5.56 + 0.26°
Ash (%) 2.32 +£0.11% 1.66 £ 0.10°¢ 2.15 + 0.03°
Protein (%) 17.40 + 14.59 + 0.27° 14.94 +
0.10° 0.27°
Carbohydrate (%) 60.79 + 63.23 £+ 0.29? 60.12 +
0.67° 0.56"
Calorific Value (Kcal/100g) 373.61 + 336.70 + 370.48 +
1.60% 0.78° 0.68"
Anti-oxidant activity (% 18.75 +0.10¢ 31.69 + 0.68" 46.41 +
inhibition) 1.08%
Tannin (%) 0.065 + 0.222 + 0.048 +
0.006° 0.005° 0.006°
Phytic acid (%) 1.15 £ 0.05% 1.10 £+ 0.01* 1.03 + 0.2°
Total Phenolic content (mg 32.68+0.06° 210.31 & 48.07 +
GAE/100g) 0.28° 0.16°
Cu (mg/kg) 8.88 +0.45°  6.10 £0.13°  6.55+0.05"
Fe (mg/kg) 127.92 + 67.88 + 0.58° 107.17 £
0.10a 0.87°
Zn (mg/kg) 30.50 + 28514+ 0.76"  69.82 &+
0.18" 1.59°
Mn (mg/kg) 31.67 &+ 18.00 £ 0.46°  14.30 +
0.56% 1.02¢

Values in the table are presented as mean + SD; Values within rows sharing the
same letters are not significantly different according to Duncan’s LSD post hoc
analysis at p < 0.05.

Table 2

Principal Component analysis and loading of first four components.
Factor Number 1 2 3 4
Initial Eigen values 18.986 6.014 0.000 0.000
% of variance 75.9 24.1 0.000 0.000
Cumulative % 75.9 100 100 100
Factor Loadings
Moisture (%) —0.229 —0.027 —0.220 0.008
Fat (%) 0.194 -0.219 0.139 —-0.253
Fibre (%) —0.228 —0.047 —0.074 —0.026
Ash (%) 0.228 —0.043 —0.102 0.129
Protein (%) 0.194 0.218 0.010 —0.008
Carbohydrate (%) —0.193 0.221 —0.113 —0.118
Calorific Value (Kcal/100g) 0.220 -0.117 0.096 0.166
Anti-oxidant activity (% —0.074 —0.386 0.034 —0.074

inhibition)
Tannin (%) —0.206 0.178 0.041 0.311
Phytic acid (%) 0.058 0.394 —0.095 0.221
Total Phenolic content (mg GAE/ —0.220 0.116 —0.182 0.005
100g)

Thousand grain weight (g) —0.220 0.118 —0.072 0.009
Bulk density (g/ml) 0.225 0.082 0.298 —-0.218
Tap density(g/ml) 0.225 —-0.077 —0.222 -0.121
WAC (%) —0.228 0.049 0.074 —0.222
WSI (%) 0.218 0.129 0.050 —0.092
OAC (%) —0.131 —0.334 0.069 —0.140
Length (mm) —0.226 0.067 —0.034 —0.367
Width (mm) —0.228 0.046 —0.098 —0.056
Thickness (mm) —0.220 0.116 —0.138 —0.223
Swelling capacity (%) 0.224 0.093 —0.141 —0.067
Cu (mg/kg) 0.198 0.206 —0.007 —0.021
Fe (mg/kg) 0.229 —0.008 —0.513 —0.504
Zn (mg/kg) 0.045 —0.400 —0.547 0.370
Mn (mg/kg) 0.146 0.315 —0.286 0.049

variance, which was mostly dominated by Fe shown in bold in Table 1.
The second component was dominated by Mn while bulk density
dominated the third component and the last component was dominated
by zinc. Therefore, in the present study, most of the minerals were
important variables that were capable of discriminating as compared to
other chemical properties. Fig. 2 showed that all samples on the upright
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of PC1 were linked to ash while other samples positioned on its upleft
were linked to carbohydrates and tannins. Thus, minerals could be used
to distinguish the samples from each other.

5. Effect of soaking and germination on nutritional and anti-
nutritional components

The pseudocereal grains after soaking and germination treatments
were subjected to physico-chemical analysis to study the effect of pro-
cessing treatments on nutritional and anti-nutritional components. The
results obtained after physicochemical analysis of amaranth, buck-
wheat, and quinoas are depicted, respectively in Tables 3-5 and
explained under the following headings.

5.1. Nutritional characteristics

The changes in physicochemical characteristics of pseudocereals
were observed after soaking for 12 h (S12), 24 h (524), and germination
for 24 h (G24), 48 h (G48), and 72 h (G72). The moisture and fat content
of amaranth varied significantly (p < 0.05) from 9.79 to 10.31% and
2.58-5.35%, respectively. There was a significant (p < 0.05) decrease in
moisture content of grains subjected to soaking as well as germination
treatments and further drying in a hot air oven. The moisture content
was highest in raw grains (RG) (10.31%), but decreased to 9.79% after
72 h of germination. There was a 5.04% decrease in moisture content in
samples germinated for 72 h. Cornejo et al. (2019) reported a decrease in
moisture content in different cultivars of amaranth after germination
treatment. Fat content decreased significantly (p < 0.05) from 5.35%
(RG) to 2.58% (G72). There was a 51.77% decrease in fat content after
germination. Similar reductions were observed by Sindhu et al. (2019)
during the germination of amaranth and quinoa. They observed a
46.08% decrease in fat content after 48 h of germination treatment. In
the case of buckwheat, there was a significant (p < 0.05) change in the
moisture content of grains, and values decreased from 11.56 (RG) to
6.53% (G24). The values for fat content in buckwheat grains decreased
significantly (p < 0.05) from 1.40 (RG) to 1.15% (G72). Shreeja et al.
(2021) reported a 17.67% reduction in fat content in buckwheat grains
after germination for 48 h. In quinoa, the moisture and fat content of
quinoa reduced significantly (p < 0.05) from 10.84% (RG) to 8.34%
(G72) and 6.39% (RG) to 5.15% (G72), respectively. There was a
19.41% reduction in fat content after germination treatment. Jan et al.
(2017) observed a significant reduction in fat content in two cultivars of
quinoa after the 48 h of germination. This decline in fat content can be
due to its use as a source of energy during germination. According to

Table 3
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Chauhan et al. (2015) and Xu et al. (2017), this reduction in fat content
could be due to the increased lipolytic activity during germination that
hydrolyzed the fat components and provided the essential energy for
growth activities in the seed.

The fiber content in amaranth grains increased significantly (p <
0.05) from 3.83 (RG) to 6.69% (G72) after soaking and germination.
There was a 74.67% increase in fiber content after the germination
process. De Ruiz and Bressani (1990) reported an 85% increase in crude
fiber content after germination for 72 h and associated it to the loss of
dry matter resulting from enzymatic hydrolysis of starch and significant
(p < 0.05) increase in the cellular structures like lignin, cellulose, and
hemicelluloses during the germination. Similarly, in buckwheat, the
values for fiber content increased significantly (p < 0.05) from 7.55%
(RG) to 12.92% (G72). There was a 71.13% increase in fiber content
after the germination of buckwheat grains for 72 h. Shreeja et al. (2021)
reported a 56.52% increase in fiber contents after 48 h of germination.
The fiber content in quinoa increased significantly (p < 0.05) from
5.56% (RG) to 8.50% (G72), resulting in a 52.88% increase when
compared to the fiber content of raw grains. Jan et al. (2017) observed
28.87% increases in fiber content in quinoa grains germinated for 48 h
and reported it to be due to structural modification of polysaccharides in
the cell wall of the seeds, and disruption of the protein-carbohydrate
interaction. This process involved increased cell wall biosynthesis
resulting in the manufacture of new dietary fiber. According to Nkhata
et al. (2018), the loss of dry matter resulting from hydrolysis of starch
with enzymes activated during germination and breakdown of cellular
materials such as fats, proteins, and carbohydrates by microorganisms
could explain the increase in fiber contents observed in the germination
process. Also, Giami (1993) reported a similar enhancement in crude
fiber contents during germination of cowpea grains and ascribed it to be
due to the synthesis of more cell wall materials to support the shoots and
rootlets.

The ash and protein content of amaranth varied significantly (p <
0.05) from 2.09 to 2.32% and 17.40-18.62%, respectively. There was
non-significant (p < 0.05) decreases in ash content after the germination
process. The crude proteins increased significantly (p < 0.05) from
17.40% (RG) to 18.62% (G72). There was a 7.01% increase in protein
content after germination for 72h. Sindhu et al. (2019) reported a 4.81%
increase in crude protein content of amaranth grain after germination
for 48 h. According to Hejazi and Orsat (2016), the increase in protein
content has been ascribed to the release of packed protein in the seed
structure when the a-amylase breaks down the starch granule during
germination. Due to increased a-amylase activity during germination,
there is a breakdown of the starch granule leading to the release of

Effect of Soaking and germination at different time intervals on nutritional and anti-nutritional components of amaranth.

Parameters Time interval (h)

Soaking Germination

0 12 24 24 48 72
Moisture (%) 10.31 + 0.19° 10.14 + 0.08% 10.10 + 0.10° 10.09 + 0.01° 9.95 + 0.05" 9.79 + 0.10°
Fat (%) 5.35 + 0.30? 5.33 + 0.09% 4.23 4 0.28¢ 4.65 + 0.11° 3.68 + 0.06¢ 2.58 + 0.24°
Fibre (%) 3.83 + 0.28¢ 3.89 + 0.07¢ 3.93 + 0.05¢ 4.43 4 0.10° 5.35 + 0.15" 6.69 + 0.36%
Ash (%) 2.32 +0.11% 2.27 +0.21%° 2.24 +0.12% 2.16 + 0.02%° 2.15 + 0.01% 2.09 + 0.04°
Protein (%) 17.40 + 0.10¢ 17.63 + 0.10% 17.86 + 0.18™ 17.98 + 0.10° 18.39 + 0.18° 18.62 + 0.10°
Carbohydrate (%) 60.79 + 0.67° 61.64 + 0.05° 61.61 + 0.26° 60.71 + 0.16° 60.77 + 0.47° 60.68 + 0.62°
Calorific Value (Kcal/100g) 373.61 + 1.60° 377.93 + 0.47% 368.75 + 2.01° 369.21 + 0.58° 362.31 + 1.73¢ 352.78 + 0.42°
Anti-oxidant activity (% inhibition) 18.75 + 0.10f 19.47 + 0.37° 20.77 + 0.16¢ 23.70 + 0.41° 30.91 + 0.60° 35.15 + 0.27°
Tannin (%) 0.065 + 0.006 0.059 + 0.001%° 0.056 + 0.001° 0.053 + 0.001%¢ 0.051 + 0.001¢ 0.044 + 0.002°
Phytic acid (%) 1.15 + 0.05% 1.13 + 0.01%° 1.10 + 0.01> 1.08 + 0.01° 0.98 + 0.014 0.81 + 0.01°
Total Phenolic content (mg GAE/100g) 32.68 + 0.06° 45.67 + 0.31° 53.00 + 1.87¢ 58.34 + 0.19° 68.35 + 0.49° 74.06 + 0.58°
Cu (mg/kg) 8.88 + 0.45¢ 9.02 + 0.03¢ 9.50 + 0.05° 9.65 + 0.10° 10.05 =+ 0.05" 10.60 =+ 0.08%
Fe (mg/kg) 127.92 + 0.45¢ 132.92 + 0.45° 135.25 + 0.09° 135.40 + 0.05° 135.70 + 0.05%° 135.83 + 0.05°
Zn (mg/kg) 30.50 + 0.18" 31.70 + 0.05° 32.87 +0.13¢ 33.32 + 0.16° 33.66 + 0.09° 34.65 + 0.08°
Mn (mg/kg) 31.67 + 0.21¢ 32.05 + 0.17¢ 32.17 + 0.08° 32.38 + 0.03° 32.55 + 0.05% 32.70 + 0.05°

Values in the table are presented as mean + SD; Values within rows sharing the same letters are not significantly different according to Duncan’s LSD post hoc analysis

atp < 0.05.
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Table 4
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Effect of soaking and germination at different time intervals on nutritional and anti-nutritional components of Buckwheat.

Parameters Time interval (h)
Soaking Germination
0 12 24 24 48 72
Moisture (%) 11.56 + 0.07° 9.64 + 0.27° 9.09 + 0.76" 6.53 + 0.35¢ 7.49 + 0.22° 7.84 +0.14°
Fat (%) 1.40 + 0.20° 1.25 + 0.17% 1.24 + 0.05%° 1.20 + 0.05%° 1.18 + 0.02° 1.15 + 0.03°
Fibre (%) 7.55 + 0.104 7.63 + 0.09¢ 7.37 + 0.334 9.92 + 0.05° 10.92 + 0.05° 12.92 + 0.05°
Ash (%) 1.66 + 0.10% 1.40 + 0.10% 1.43 + 0.06* 1.59 + 0.09° 1.57 + 0.19° 1.45 + 0.28°
Protein (%) 14.59 + 0.27¢ 15.00 + 0.10¢ 15.12 + 0.10¢ 16.11 + 0.18° 16.87 + 0.10° 17.46 + 0.20°
Carbohydrates (%) 63.23 + 0.29° 65.07 + 0.26" 65.76 + 0.43° 64.65 + 0.68° 61.98 + 0.18¢ 59.19 + 0.12°
Calorific value (Kcal/100g) 336.70 + 0.78° 344.68 + 1.56" 347.92 + 1.57% 346.92 + 1.81% 338.49 + 0.31° 328.88 + 0.73¢
Antioxidant activity (% inhibition) 31.69 + 0.68° 52.53 + 0.76¢ 55.46 + 1.03° 86.78 + 0.21° 87.77 + 0.06™ 88.22 + 0.54°
Tannin (%) 0.222 + 0.005% 0.194 + 0.004° 0.103 £ 0.015° 0.099 + 0.002¢ 0.093 + 0.001¢ 0.089 + 0.001¢
Phytic acid (%) 1.32 + 0.01% 1.29 +0.01° 1.24 + 0.01° 1.22 + 0.01¢ 1.12 + 0.01° 1.09 + 0.01f
TPC (mg GAE/100g) 210.31 + 0.28% 251.87 + 1.78" 280.81 + 1.81°¢ 341.24 + 0.28¢ 390.39 + 1.57¢ 473.87 + 0.87°
Cu (mg/kg) 6.10 + 0.13f 9.82 + 0.06° 11.87 + 0.08¢ 12.77 + 0.20° 13.53 + 0.33° 15.48 + 0.20°
Fe(mg/kg) 67.88 + 0.58° 68.76 + 1.01° 74.47 + 0.56¢ 96.80 + 0.39° 110.28 + 2.80° 134.18 + 0.08°
Zn (mg/kg) 28.51 + 0.76 30.79 + 0.25° 34.86 + 0.59¢ 39.86 =+ 0.59° 42.76 + 0.77° 46.02 + 0.48°
Mn (mg/kg) 18.00 + 0.46 19.77 + 0.15¢ 20.62 + 0.53¢ 21.62 + 0.50° 23.20 + 0.28° 24.25 + 0.15°
Values in the table are presented as mean + SD; Values within rows sharing the same letters are not significantly different according to Duncan’s LSD post hoc analysis
at p < 0.05.
Table 5

Effect of soaking and germination at different time intervals on the nutritive value of Quinoa.

Parameters Time interval (h)
Soaking Germination

0 12 24 24 48 72
Moisture (%) 10.84 + 0.40° 10.72 + 0.10% 10.54 + 0.412 9.71 + 0.22" 8.47 + 0.16° 8.34 + 0.24°
Fat (%) 6.39 + 0.22° 6.35 =+ 0.05% 6.28 + 0.07% 5.72 + 0.21° 5.62 + 0.20° 5.15 + 0.06°
Fibre (%) 5.56 + 0.269 5.80 + 0.27¢ 6.59 + 0.18° 6.66 + 0.38° 7.43 + 0.34° 8.50 + 0.16%
Ash (%) 2.15 + 0.03% 2.10 + 0.05% 2.04 + 0.05" 1.99 + 0.04%¢ 1.92 + 0.06¢ 1.90 + 0.07¢
Protein (%) 14.94 + 0.27¢ 15.45 + 0.68%¢ 15.74 + 0.43° 16.14 + 0.47" 16.82 + 0.10° 17.88 + 0.09*
Carbohydrate (%) 60.12 + 0.56% 59.58 + 0.44%" 59.09 + 1.12%° 59.78 + 1.21% 59.74 + 0.38%° 58.32 + 0.25°
Calorific Value (Kcal/100g) 370.48 + 0.68% 369.86 + 1.47%° 367.19 + 1.41%¢ 367.64 + 1.32 369.32 + 2.15° 363.34 + 0.70¢
Anti-oxidant activity (% inhibition) 46.41 + 1.08° 48.02 + 0.33¢ 50.99 + 1.12¢ 57.41 + 0.16° 61.95 + 0.26° 62.60 + 0.27°
Tannin (%) 0.048 + 0.006% 0.042 + 0.002° 0.041 + 0.001° 0.037 £ 0.001° 0.036 + 0.001° 0.035 + 0.001°
Phytic acid (%) 1.03 + 0.2° 1.01 + 0.01% 0.97 +0.01° 0.82 + 0.01°¢ 0.68 + 0.01¢ 0.54 + 0.01e
Total Phenolic content (mg GAE/100g) 48.07 + 0.16" 54.45 + 0.25° 56.59 + 0.19¢ 65.41 + 0.22° 69.11 + 0.17° 82.47 + 0.19°
Cu (mg/kg) 6.55 + 0.05 7.08 + 0.08° 7.73 + 0.08¢ 8.25 + 0.09° 8.60 + 0.09" 8.87 + 0.08%
Fe (mg/kg) 107.17 + 0.87¢ 108.10 + 0.05° 134.82 + 0.19¢ 139.82 + 0.19° 150.82 + 0.81° 155.61 =+ 0.83°
Zn (mg/kg) 69.82 + 1.59° 73.15 + 0.20° 79.98 + 0.40¢ 82.63 + 0.33° 84.80 + 0.28° 88.47 + 0.10°
Mn (mg/kg) 14.30 + 0.30° 14.58 + 0.54" 15.23 + 0.12%¢ 15.43 + 0.50%" 15.58 + 0.082 16.2 + 0.05°

Values in the table are presented as mean + SD; Values within rows sharing the same letters are not significantly different according to Duncan’s LSD post hoc analysis

atp < 0.05.

packed protein in the seed structure, resulting in increased protein
content of germinated grains (Hejazi and Orsat, 2016). Narsih and
Harijono (2012) stated that the increased activity of protease enzyme
during germination caused the breakdown of peptide components to
amino acids resulting in the increased protein content of germinated
grains.

In the case of buckwheat, a non-significant decrease (1.66-1.45%) in
ash content was observed after the germination process. Protein con-
tents increased significantly (p < 0.05) from 14.59 (RG) to 17.46%
(G72) in buckwheat. There was a 19.67% increase in protein contents in
buckwheat after the germination process. Shreeja et al. (2021) reported
a 21.72% increase in protein contents after 48 h of germination. Zhang
et al. (2015) stated that during germination, there was activation of
many enzymes involved in protein synthesis through a series of
biochemical reactions. In quinoa, there was a slight but non-significant
decrease in ash content and values increased from 2.15 to 1.90%.
Uwaegbute et al. (2000) and Chinma et al. (2009) stated that reduction
in ash content during germination could be due to leaching out of some
water-sensitive soluble minerals during soaking.

There was a significant (p < 0.05) increase in crude protein content
from 14.94% (RG) to 17.88% (G72), resulting in a 19.68% increase in
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protein content after 72 h of germination. Jan et al. (2017) reported a
15.98-17.76% increase in crude protein In different cultivars of quinoa
after the germination of 48 h. Bertazzo et al. (2011) associated it with
the biological synthesis of new amino acids and losses of dry matter,
particularly the carbohydrates, through respiration during the germi-
nation process.

Carbohydrate content and calorific value of amaranth varied
significantly (p < 0.05) from 60.68 (G72) to 61.64% (S12) and 352.78
Kcal/100g (G72) to 377.93 Kcal/100g (S12). Germination facilitated the
conversion of complex carbohydrates into simple sugars by activation of
enzymes like a-amylase resulting in improved digestibility (Oghbaei and
Prakash, 2016) and release of energy for growth activities in the seed
(Zhang et al., 2015). In buckwheat, there was a significant (p < 0.05)
decrease in carbohydrates and calorific value of germinated grains. The
reduced calorific value may be associated with a lower content of car-
bohydrates in germinated grains. Similar to amaranth and buckwheat,
there was a decrease in the values for carbohydrate and calorific value of
quinoa after the germination process. The values for carbohydrate
contents decreased significantly (p < 0.05) in quinoa from 60.12% (RG)
to 58.32% (G72) to and from 370.48 (RG) to 363.34 (G72) Kcal/100g,
respectively. It may be associated with the lower content of
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carbohydrates in germinated grains as compared to raw grains.
5.2. Phenolic content and antioxidant activity

In the case of amaranth, phenolic content increased significantly (p
< 0.05) from 32.68 GAE/100g (RG) to 74.06 mg GAE/100g (G72).
There was a 126.62% increase in phenolic substances after 72 h of
germination. Cornejo et al. (2019) reported a 212.98% increase in
phenolic content during germination of amaranth grains for 24 h.
Phenolic content in buckwheat varied significantly (p < 0.05) from
210.31 mg GAE/100g (RG) to 473.98 mg GAE/100g (G72). There was a
125.32% increase in phenolic contents after 72 h of germination. Results
are comparable with the findings of Zhang et al. (2015), who reported a
177.89% increase in phenolic contents after 72 h of germination in
buckwheat. In quinoa, the phenolic components increased significantly
(p <0.05) from 48.07 (RG) to 82.47 mg GAE/100g (G72). There was a
71.56% increase in phenolic content after germination of quinoa for 72
h. Alvarez-Jubete et al. (2010) found a 105.02% increase in phenolic
content after 82 h of germination in quinoa seeds. Olawoye and Gba-
damosi (2017) stated that this increase in the phenolic compounds can
be associated with de novo biosynthesis of the phytochemicals due to
increased activity of phenylalanine ammonia-lyase (PAL) enzyme dur-
ing germination.

There was an 87.47% increase in antioxidant activity in amaranth
grains after the germination process and grains germinated for 72 h were
observed to have the highest antioxidant activity (35.15%) and it was
recorded lowest in RG (18.75%). Alvarez-Jubete et al. (2010) observed
38.27% increases in antioxidant activity during germination for 98 h.
Acosta-Estrada et al. (2014) stated that this increment in antioxidant
activity during germination is linked to the release of phenolic compo-
nents from cell walls or interaction between protein and starch com-
ponents of the seed. Similarly, there was a significant (p < 0.05) increase
in the antioxidant activity of buckwheat after germination. The values
increased from 31.69% (RG) to 88.22% (G72) contributing to a 178.38%
increase in antioxidant activity after germination. Zhang et al. (2015)
reported a 287.66% increase in antioxidant activity after 72h of
germination.

In the case of quinoa, the antioxidant activity increased significantly
(p < 0.05) from 46.41 (RG) to 62.60% (G72). There was a 34.88% in-
crease in antioxidant activity and the results are comparable with the
findings of Jan et al. (2017). They observed 26.51-29.08% increases in
antioxidant activity during 48 h of germination in different cultivars of
quinoa. Alvarez-Jubete et al. (2010) stated that this increase in antiox-
idant activity during the germination bioprocess might be the result of
increased synthesis of phenolic compounds by the hydrolytic activity of
endogenous enzymes. Chavan et al. (1989) stated that an increase in
antioxidant activity during sprouting is one of the many metabolic
changes that take place upon sprouting of seeds, mainly due to an in-
crease in the activity of the endogenous hydrolytic enzymes.

5.3. Anti-nutritional components

In amaranth, the tannin content decreased significantly (p < 0.05)
from 0.065 (RG) to 0.044% (G72) resulting in a 32.31% reduction in
tannin content after the germination of grains. Results are comparable
with the findings of Siwatch et al. (2019), and Sindhu et al. (2019) who
reported 36.25 and 56.96%, reduction in tannin content, respectively,
after 48 h of germination. Shimelis and Rakshit (2007) reported a sig-
nificant (p < 0.05) decrease in tannins content during germination and
reported it to be due to the leaching out of tannins in water during
soaking. In amaranth, the phytic content decreased from 1.15% (RG) to
0.81% (G72). There was a 29.57% decrease in phytic acid content after
the germination of grains for 72 h. Siwatch et al. (2019), observed a
36.43% decrease in phytic contents in germinated amaranth grains. Luo
et al. (2014) hypothesized that phytic acids get reduced due to signifi-
cant (p < 0.05) enhancement in activity of phytase enzyme during
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germination leading to increased availability of minerals.

In buckwheat, the tannin content decreased from 0.222% (RG) to
0.089% (G72) leading to a 59.91% reduction after 72 h of germination.
Saharan et al. (2002) stated that a decrease in tannin contents might be
due to hydrophobic bonding between polyphenolic compounds with
organic substances like proteins or carbohydrates present in the seed.
Similarly, the values for phytic content decreased significantly (p <
0.05) from 1.32% (RG) to 1.09% (G72). There was a 17.42% decrease in
phytic content after the germination process. Zhang et al. (2015) found a
16.84% reduction of phytic content during the germination of buck-
wheat grain for 72 h. They associated it with the increased phytase ac-
tivity, resulting in the hydrolysis of phytic acid to myoinositol and
phosphoric acid.

In quinoa, the tannin contents decreased from 0.048% (RG) to 0.035
(G72). There was a 27.08% reduction in tannin content. Modgil and
Sood (2017) stated that the seed coat containing the tannin components
gets ruptured during germination resulting in their losses. Moreover,
new complex components are also formed and some losses are also due
to the leaching of tannins in water during soaking. Similarly, the phytic
acid contents reduced significantly (p < 0.05) from 1.03% (RG) to
0.54% (G72). There was a 47.57% decrease in phytic acid content
during the germination process of 72 h. Demir and Bilgicli (2020)
observed a similar decrease in phytic content (77.23%) during germi-
nation of grains for 72 h.

5.4. Mineral contents

Values for Zn content increased significantly (p < 0.05) from 30.50
to 34.65 mg/kg after the soaking and germination treatment. The
highest zinc content (34.65 mg/kg) was observed in G72 and the lowest
in RG (30.50 mg/kg). The Cu content increased from 8.88 (RG) to 10.60
mg/kg (G72), Fe from 127.92 (RG) to 135.83 mg/kg (G72), and Mn
content from 31.67 (RG) to 32.70 mg/kg (G72) after the soaking and
germination treatment. There was a 13.61, 19.37, 3.25, and 6.18% in-
crease in zinc, copper, manganese, and iron content, respectively after
72 h of germination of amaranth grains. Results are comparable with the
Guardianelli et al. (2019) who reported the increase in Zn, Cu, and Mn
contents by 17.65, 7.45, and 5.26% respectively, after germination of
amaranth grains.

In the case of buckwheat, a similar increase in mineral contents was
observed after germination. The Cu content increased significantly (p <
0.05) from 6.10 (RG) to 15.48 mg/kg (G72) after the soaking and
germination treatments. The content of Fe changed significantly (p <
0.05) from 67.88 mg/kg (RG) to 134.18 mg/kg (G72). Zinc contents
increased significantly (p < 0.05) from 28.51 (RG) to 46.02 mg/kg
(G72) after the soaking and germination treatments. Similarly, values
for Mn increased from 18 (RG) to 24.25 mg/kg (G72) after the soaking
and germination treatments. An increase in copper, iron, zinc, and
manganese contents was observed as 153.77, 97.67, 61.42, and 34.72%
respectively, after the germination treatment. Pongrac et al. (2016) re-
ported similar augmentation in mineral contents during germination.
They observed a 124.44, 82.14, and 35.45% increase in copper, iron,
and manganese content, respectively which was comparable with the
present study.

In quinoa grains, there was a 26.15% increase in Cu content after
germination. The values increased from 6.55% (RG) to 8.87 mg/kg
(G72) after the soaking and germination treatments. Iron content
increased from 107.17 mg/kg (RG) to 155.61 mg/kg (G72) and Zn from
69.82 (RG) to 88.47 mg/kg (G72) after the soaking and germination
treatments. There was a 45.20 and 26.71% increase in iron and zinc
content, respectively after the germination process. The results are
comparable to the study carried out by Demir and Bilgicli (2020) who
reported an increase of 16.92% and 55.60% in iron and zinc content
respectively during the germination of quinoa grains for 72 h. The values
for Mn content increased from 14.30 (raw grain) to 16.2 mg/kg (G72)
after the soaking and there was a 13.29% increase in manganese content



P. Thakur et al.

after the germination process.
6. Conclusion

Chemical evaluation of pseudocereals concluded that these are rich
sources of proteins, crude fibers, and minerals components. Processing
treatments such as soaking and germination does not require compli-
cated types of equipment rendering them a simple technique to improve
the nutritional and sensory characteristics of pseudocereals. The pro-
cessing treatments showed effective results to increase the nutritional
components such as proteins, phenolic components, and antioxidant
activity significantly. Germination resulted in significant (p < 0.05)
changes in the biochemical as well as nutritional compositions of
pseudocereals, and the total nutritional value was improved. Due to the
increased lipolytic activity during germination, fats get hydrolyzed
resulting in decreased fat content of germinated grains. Germinated
pseudocereals are excellent nutritional sources of crude protein, crude
fiber, antioxidant activity, and phenolic compounds. Leaching of tannins
during soaking and their further degradation during germination and
significant (p < 0.05) increase in the activity of enzyme phytase resulted
in the reduction of anti-nutritional components, thereby increasing
mineral availability. Therefore, the use of processing techniques can
enhance the nutritional value and functionality of these underutilized
grins and these can prove perfect food for gluten-challenged individuals
suffering from celiac diseases.
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