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Abstract In this study, the effect of roasting times on bio-
active compounds, antioxidant capacity, fatty acids, poly-
phenol and nutrients of amaranth seed and oils roasted in 
pan at 120 °C was investigated. Total phenolic and flavonoid 
results of the seeds of unroasted (control) and roasted-ama-
ranth were recorded between 48.81 (6 min) and 231.35 mg 
GAE/100 g (15 min) to 64.29 (6 min) and 144.29 mg/100 g 
(15 min), respectively. Antioxidant activities of unroasted 
and roasted-amaranth extracts were recorded between 5.50 
(control) and 12.78 mmol/kg (15 min). L* values of ama-
ranth seeds ranged from 51.21 to 78.53. Roasting for 3 min 
and 6 min was increased the L* values of samples, while 

roasting for 9–12 min caused a decrease in L* values. Gal-
lic acid results of amaranth seeds were identified between 
21.94 (control) and 71.06 mg/100 g (15 min). The linoleic 
acid results of amaranth seed oils were reported between 
44.24 (control) and 45.76% (12 min). The highest amounts 
of elements in roasted and unroasted amaranth seeds were P, 
K,Ca, Mg and S. In general, it was observed that both macro 
and micro-elements of amaranth seed samples increased 
with the application of heat treatment. However, microele-
ment contents differed depending on the roasting time.
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Graphical abstract In this study, the effect of thermal process times on total phenol, flavonoid, antioxidant activity, 
fatty acids, phenolic and minerals of amaranth seed and oils roasted in pan at 120 °C was investigated.
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Introduction

Amaranth (Amaranthus cruentus L.) is an unconventional 
plant belongs to the Amaranthaceae family (Januszewska-
Jogwiak and Synowiecki 2008), and resistant to drought 
and pests (Paredes-Lopez et al. 1989). Grain amaranth, a 
pseudoceral product, contains proteins, lipids, energy and 
fiber at high concentrations (Muyonga et al. 2013). Ama-
ranth grains contain more calcium, iron, sodium, potas-
sium, A, E, C, and folic acid (Becker et al. 1981). Phenolic 
contents of grain amaranth change among species and may 
be affected by environmental factors such as sunlight, 
temperature and rain (Escudero et al. 2004). Recently, 

considerable studies on the phenolic component content 
of amaranth seeds have been intensified (Repo-Carrasco-
Valencia et al. 2010). Amaranth seeds, produced frequently 
in the form of expanded popping and flakes, are gluten-
free and high nutritional value. This property of amaranth 
seeds is important to consumers suffering from celiac dis-
ease (Escudero et al. 2004; Gorinsteir et al. 2007). In last 
years, the use of amaranth seeds has increased as they are 
a source of lipids, flakes, exploded seeds, several bread 
types (Januszewska-Jogwiak and Synowiecki 2008) and 
are also used as an ingredient for the production of confec-
tionery (Sindhuja et al. 2005). As a result of the heat treat-
ment of grains such as baking, maillard reaction products 
with antioxidant properties may be formed in the bread 
crust (Lindenmeier and Hofmann 2004). In recent years, 
amaranth seeds have been used as an ingredient in the 
manufacture of lipids, flakes, popped seeds, various types 



131J Food Sci Technol (January 2024) 61(1):129–138 

1 3

of bread and confectionery (Mlakar et al. 2010). Ama-
ranth seeds, which are gluten-free and often produced in 
expanded poppy and flake form, are important to consum-
ers suffering from celiac disease (Gorinstein et al. 2007). 
During roasting, the texture, color, aroma and appearance 
of the seeds change, and therefore the crispness and taste 
characteristics of the product obtained compared to the 
raw seed develop positively (Chandrasekara and Shahidi 
2011). The phenolic profile of the seeds changes with 
the roasting of the seeds, and it has been reported that 
the antioxidant capacity of the seeds increases (Dewanto 
et al. 2002; Kim et al. 2011). Roasting causes significant 
changes in the physical, chemical, structural and sensory 
properties of seeds. Although the roasting process disrupts 
the component integrity of the cells, they break the cova-
lent bonds between the phenolic compounds and the cell 
wall (Kim et al. 2011). Roasting is one of the most com-
mon heat treatments applied to seeds to easily obtain oil 
from oilseeds and to increase yield and nutritional quality 
(Hama 2017). The goal of this investigation was to inves-
tigate the effect of roasting times on bioactive compounds, 
antioxidant capacity, fatty acids, polyphenol and nutrients 
of amaranth seed and oils roasted in pan at 120 °C.

Material and methods

Material

Amaranth grains were purchased from a local market in 
Konya province in Turkey in 2021. The seeds were cleaned 

from leaves, stems, stones. Roasting processes of amaranth 
samples were performed at 120 °C for 3, 6, 9, 12, 15 min 
in pan.

Methods

Determination of moisture results

The moisture contents of amaranth seeds were recorded 
at 105 °C using an oven till fixed weight (AOAC 1990).

Determination of oil amount

After the seeds were powdered, 10 g for each sample was 
weighed into a Soxhlet cartridge and the cartrige was 
closed with cotton. After adding 250 ml of petroleum ether 
to the balloon in the Soxhlet system, oil extraction was 
carried out at 50 °C for 5 h. At the end of this period, the 
flask containing micella was placed in the rotary evapora-
tor and the petroleum ether was completely removed at 
50 °C. The oil residue was calculated (%) (AOAC 1990).

L*, a* and b* values

The system stated by Rizzo et al. (2014) was applied to 
measure color values of amaranth seeds roasted in pan at 
different times.

Table 1  Some chemical and bioactive properties of amaranth seeds roasted in pan at different times

*Standard deviation
**Values within each column followed by different letters are significantly different at P < 0.05

Roasting time Moisture content (%) Oil content (%) Total phenolic content 
(mg/100 g)

Total flavo-
noid content 
(mg/100 g)

Control 6.24 ± 0.48*a 5.6 ± 0.10e 54.68 ± 2.73d 72.86 ± 4.04d
3 min 4.95 ± 0.31b** 6 ± 0.10c 50.56 ± 4.27e 67.14 ± 6.17e
6 min 3.61 ± 0.09 cd 6.15 ± 0.05ab 48.81 ± 1.94f 64.29 ± 4.04f
9 min 3.69 ± 0.23c 6.35 ± 0.05a 74.21 ± 4.64c 79.52 ± 4.86c
12 min 3.08 ± 0.32de 5.85 ± 0.05d 129.13 ± 9.93b 88.1 ± 6.73b
15 min 2.94 ± 0.12f 4.75 ± 0.15f 231.35 ± 14.92a 144.29 ± 6.17a

Roasting time Antioxidant activity (mmol/kg) L* a* b*

Control 5.5 ± 0.09f 73.46 ± 1.57c 3.17 ± 0.11d 22.53 ± 0.56c
3 min 5.57 ± 0.07e 78.05 ± 0.52b 2.9 ± 0.12ef 21.6 ± 0.56e
6 min 5.64 ± 0.09d 78.53 ± 0.97a 2.98 ± 0.16e 21.79 ± 0.19d
9 min 6.76 ± 0.40c 73.27 ± 0.26d 5.07 ± 0.12c 23.83 ± 0.49b
12 min 8.67 ± 0.28b 63.29 ± 0.86e 7.19 ± 0.34a 24.25 ± 0.82a
15 min 12.78 ± 0.13a 51.21 ± 0.68f 6.96 ± 0.24b 19.8 ± 0.42f
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Extraction procedure

After the solution consisting of 10 ml of acidic methanol/
water (50:50 v/v) mixture was added to 0.5 g of ground 
amaranth powder weighed into the folkom tube, the mix-
ture was mixed manually and shaken in a water bath for 
1 h. Then the solution was centrifuged at 6000 rpm/10 min 
and the supernatant was removed. The resulting extract 
was filtered (Abderrahim et al. 2015).

Determination of total phenolic

The total phenolic contents of amaranth seed extracts 
were reported by using Folin-Ciocalteu chemical accord-
ing to system defined by Yoo et al. (2004). The absorb-
ance was read at 750 nm. Findings were recognisedas mg 
GAE/100 g (dw).

Total flavonoid content

The study carried out by Hogan et al. (2009) was applied 
for total flavonoid amounts of amaranth seed extracts. The 
absorbance of each sample was recorded at 510 nm. The 
findings werestated as mg quercetin/100 g (fw).

DPPH radical scavenging activity

The antioxidant capacity results of extracts were tested by 
using 1.1-diphenyl-2-picrylhydrazyl (DPPH) (Lee et al. 
1998). Antioxidant capacity (%) results of extracts were 
determined by using following relation:

Determination of phenolic compounds

Chromatographic separation of phenolic compounds were 
carried out by High Power Liquid Chromatography (Shi-
madzu) equipped with a PDA detector and an Inertsil ODS-3 
column. The injection volume was 20 µl.

Fatty acid composition

Fatty acids of amaranth seed oil esterified according to 
ISO-5509 (1978) was detected by gas chromatography (Shi-
madzu) montaged with flame ionization detector and capil-
lary column for method GC-2010) was used.

Determination of mineral

After 5 mL of 65%  HNO3 and 2 mL of 35%  H2O2 were 
added to 0.5 g of amaranth seed powder, which was dried in 
an oven at 70 °C to fixed weight, the mixture was burned in 
a closed microwave. After the sample volume was completed 
to 20 ml with distilled water, the mineral results of each 
sample were recorded by ICP-AES.

Statistical analyses

After averaging the results of the triplicate analysis, they were 
subjected to analysis of variance. Significant changes between 
control, germination, blanching and roasting types results were 
stated using Duncan’s Multiple Range Test (p < 0.05).

Inhibition (%) =

[

ΔAControl 517 − ΔAExtract 517

ΔAControl

]

× 100

Table 2  Phenolic compounds of amaranth seeds roasted in pan at different times

*Standard deviation
**Values within each row followed by different letters are significantly different at P < 0.05

Phenolic compounds (mg/100 g) Control 3 min 6 min 9 min 12 min 15 min

Gallic acid 21.94 ± 0.19*f 27.32 ± 1.05e 39.73 ± 1.79b 28.62 ± 0.66d 32.79 ± 0.31c 71.06 ± 1.51a
3,4-Dihydroxybenzoic acid 1.40 ± 0.03e** 1.00 ± 0.14f 1.51 ± 0.11d 2.30 ± 0.20c 4.08 ± 0.18b 11.12 ± 0.55a
Catechin 3.54 ± 0.16e 3.81 ± 0.35d 3.21 ± 0.10f 7.91 ± 0.92b 6.99 ± 0.62c 28.69 ± 0.54a
Caffeic acid 0.27 ± 0.01f 0.84 ± 0.04b 0.52 ± 0.02e 0.63 ± 0.05d 0.79 ± 0.03c 3.28 ± 0.31a
Syringic acid 0.57 ± 0.04e 0.67 ± 0.09d 0.79 ± 0.10b 1.11 ± 0.08a 0.70 ± 0.06c 0.52 ± 0.03f
Rutin 2.94 ± 0.18a 1.74 ± 0.22e 2.62 ± 0.32b 2.34 ± 0.19d 2.57 ± 0.05c 2.95 ± 0.09a
p-Coumaric acid 0.32 ± 0.03b 0.23 ± 0.02c 0.13 ± 0.00f 0.22 ± 0.01d 0.17 ± 0.01e 0.37 ± 0.02a
Ferulic acid 1.04 ± 0.13a 0.49 ± 0.02d 0.63 ± 0.01b 0.25 ± 0.02f 0.26 ± 0.01e 0.58 ± 0.00c
Resveratrol 0.18 ± 0.01c 0.23 ± 0.01a 0.18 ± 0.02c 0.13 ± 0.00d 0.13 ± 0.01d 0.20 ± 0.02b
Quercetin 4.31 ± 0.38a 0.58 ± 0.05e 0.84 ± 0.07d 0.39 ± 0.01f 1.34 ± 0.06b 1.21 ± 0.16c
Cinnamic acid 0.07 ± 0.00c 0.05 ± 0.00d 0.07 ± 0.00c 0.07 ± 0.00c 0.12 ± 0.01a 0.09 ± 0.00b
Kaempferol 1.00 ± 0.02a 0.38 ± 0.03f 0.92 ± 0.05b 0.86 ± 0.03c 0.59 ± 0.06e 0.64 ± 0.04d
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Results and discussion

The chemical and bioactive compounds of amaranth 
seeds roasted in pan

The moisture results, bioactive compounds and antioxi-
dant capacity results of amaranth seeds roasted in pan at 
120 °C are given in Table 1. Findings obtained showed 
some changes depending on roasting times. While the mois-
ture results of unroasted- and roasted-amaranth seeds vary 
between 2.94 (15 min) and 6.24% (control-unroasted), the 
oil results of unroasted and roasted seeds were measured 
between 4.75% (15 min) and 6.35% (9 min). Also, bio-
actice compounds (total phenolic and total flavonoid) of 

unroasted (control) and roasted-amaranth seeds were deter-
mined between 48.81 (6 min) and 231.35 mgGAE/100 g 
(15 min) to 64.29 (6 min) and 144.29 mg/100 g (15 min), 
respectively. Significant changes were established among 
the bioctive properties of unroasted and roasted amaranth 
seeds according as roasting time (p < 0.05). Alvarez-Jubete 
et al. (2010) described that amaranth seed contained 16.5% 
protein. Ogrodowska et al. (2014) determined 16.1% protein, 
9.66% moisture and 8.30% fat in amaranth seeds. Rathod 
et al. (2017) determined 5.23 and 7.07% oil in Suvarna and 
Durga varieties of A.caudatus seeds. Alvarez-Jubete et al. 
(2010) determined 21.2 mg GAE/100 g (dw) total phenol 
and 28.4 mg TE/100 g radical scavenging activity value 
in amaranth seeds. Ogrodowska et al. (2012) recognized 

Fig. 1  Phenolic chromatograms of of unroasted and roasted amaranth seeds



134 J Food Sci Technol (January 2024) 61(1):129–138

1 3

272.6–615.3 mg/kg total phenol and 11064–15327 µmol/kg 
antioxidant activity (DPPH) in seeds of Amaranthus cruen-
tus. Also, antioxidant activities of unroasted and roasted-
amaranth seeds were measured between 5.50 (control) and 
12.78 mmol/kg (15 min). While the moisture results of the 
amaranth seeds increased up to 9 min, and a partial decrease 
in the oil result occurred in the following periods. The rea-
son for this decrease may be due to the oil leaking out of the 
seed after long roasting and contaminating the roasting pan. 
In addition, an increase was determined in the total phenol 
and flavonoid and antioxidant capacity results of roasted 
seeds according to control (unroasted). However, in the 3rd 
and 6th minutes of roasting, a partial decrease and then an 
increase was recorded in both components (total phenol and 
flavonoid) compared to control. The total phenol, flavonoid 
and antioxidant capacity results of roasted amaranth seeds 
showed a linear connection. The increase in these properties 
with roasting time may be due to a relative increase in mois-
ture content in the seed and maillard reaction products with 
heating. L* results of amaranth seeds ranged from 51.21 to 
78.53. Roasting for 3 min and 6 min was increased the L* 
results of samples, while roasting for 9–12 min caused a 
decrease in L* values. The increase in L* results for begin-
ing of roasting is probably due to the glazed appearance 
(Moss and Otten 1989). On the other hand, the decrease 
after roasting for 9 min is resulted from dehydration of the 
carbohydrate molecules (Moss and Otten 1989). The a* and 
b* values were determined as 2.90–7.19 and 19.80–24.25, 
respectively. The highest a* (7.19) and b* (24.25) values 
were detected in sample roasted for 12 min. Roasting pro-
cess caused a decrease for 3 and 6 min, and an increase 
after 9 min in comparison with control sample. There is a 
lack of study about color values of amaranth seeds. While 
L* result decreased from 83.01 to 72.77, a* and b* results 
of seeds increased from  − 0.27 to 2.49 and from 15.49 to 
25.25, respectively (Wani et al. 2016).

The phenolic profiles of unroasted and roasted 
amaranth seed extracts

The phenolic constituents of unroasted and roasted amaranth 
seed extracts are seed in Table 2. Gallic acid and catechin 
were the main compounds with the most quantitative values 
in roasted and roasted amaranth seeds (Fig. 1). While gal-
lic acid results of seeds vary between 21.94 (control) and 
71.06 mg/100 g (15 min), 3,4-dihydroxybenzoic acid results 
of amaranth seed extracts were identified between 1.00 
(3 min) and 11.12 mg/100 g (15 min). Catechin and p-cou-
maric acid results of unroasted and roasted amaranth seeds 
were recorded between 3.21 (6 min) and 28.69 mg/100 g 
(15 min) to 1.74 (3 min) and 2.95 mg/100 g (15 min), respec-
tively. Quercetin results of amaranth extracts were recorded 
between 0.39 (9 min) and 4.31 mg/100 g (control). The high-
est ferulic acid and kaempferol were determined in unroasted 
seeds. Also, the highest syringic acid (1.11) and caffeic acid 
(3.28 mg/100 g) were found in amaranth seeds roasted in the 
9th and 15th minutes, respectively. Significant changes were 
determined among quantitative values of phenolic profiles of 
unroasted and roasted amaranth seeds depending on roast-
ing time (p < 0.05). But, there is no significant differences 
between the resveratrol results of amaranth seeds roasted 
in the 9th and 12th minutes. In addition, cinnamic acid 
values of amaranth seeds that were unroasted and roasted 
for 6 to 9 min were found to be statistically insignificant. 
Alvarez-Jubete et al. (2010) determined that amaranth seed 
contained 13.6 µmol/100 g (dw) protocatechuic acid. Repo-
Carrasco-Valencia et al. (2010) determined 0.9 caffeic acid, 
6.9 ferulic acid, 0.89 p-coumaric acid, 3.0 p-OH-benzoic 
acid, 5.4 vanillic acid, 0.15 sinapic acid, 5.0 mg/100 g pro-
tocatechuic acid in amaranth seed. Ogrodowska et al. (2012) 
determined 3.08–5.51 caffeic acid, 54.30–83.81 ferulic acid, 
8.33–11.48 p-coumaric acid, 88.68 p-hydroxybenzoic acid, 
and 109.69–158.43 mg/kg vanillic acid in seeds of Ama-
ranthus cruentus. While gallic, 3,4-dihydroxybenzoic acid, 

Table 3  Fatty acid composition of the oils extracted from amaranth seeds roasted in pan at different times

*Standard deviation
**Values within each row followed by different letters are significantly different at P < 0.05

Fatty acids (%) Control 3 min 6 min 9 min 12 min 15 min

Myristic 0.19 ± 0.00*c 0.21 ± 0.00b 0.21 ± 0.01b 0.21 ± 0.00b 0.19 ± 0.00c 0.22 ± 0.01a
Palmitic 17.80 ± 0.02f** 19.07 ± 0.08b 18.96 ± 0.03c 18.29 ± 0.22d 18.07 ± 0.19e 19.61 ± 0.44a
Stearic 3.21 ± 0.00e 3.25 ± 0.00d 3.27 ± 0.01c 3.31 ± 0.02b 3.32 ± 0.01a 3.24 ± 0.04d
Oleic 26.87 ± 0.01a 24.94 ± 0.01e 25.35 ± 0.00c 25.27 ± 0.07d 26.06 ± 0.07b 24.58 ± 0.15f
Linoleic 44.24 ± 0.03f 45.73 ± 0.02b 45.50 ± 0.01d 45.57 ± 0.13c 45.76 ± 0.10a 45.45 ± 0.17e
Arachidic 0.63 ± 0.00b 0.60 ± 0.01e 0.61 ± 0.00d 0.62 ± 0.01c 0.64 ± 0.01a 0.61 ± 0.02d
Linolenic 1.60 ± 0.00a 0.88 ± 0.00e 0.89 ± 0.00d 1.61 ± 0.01a 0.99 ± 0.01c 1.11 ± 0.01b
Behenic 0.25 ± 0.00a 0.23 ± 0.01c 0.24 ± 0.00b 0.24 ± 0.00b 0.24 ± 0.00b 0.25 ± 0.01a
Erucic 4.80 ± 0.01a 4.65 ± 0.03c 4.49 ± 0.04e 4.51 ± 0.03d 4.42 ± 0.01f 4.68 ± 0.05b
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catechin, caffeic, rutin, p-coumaric acid and cinnamic acid 
contents of roasted amaranth seed extracts increased depend-
ing on the roasting time, ferulic acid and kaempferol con-
tents of amaranth seed extracts decreased. While syringic 
acid results of samples increased up to 9th minutes of roast-
ing, it decreased partially in the following periods. It has 
been observed that the majority of phenolic components in 
amaranth seeds are resistant to heat treatment. In addition, 
the increase in the amount of phenolic components depend-
ing on the roasting time may likely be due to the thermal 
breakdown of the cell walls containing the bound phenolic 
constituents in the seed, resulting in the formation of phe-
nolic compounds. The possible reason of the increase of 
phenolic amount of foods may be due to the release of bound 
phenolics by heat (Dewanto et al. 2002). Results regarding 
phenolic constituents exhibited some changes compared to 
data of previous literatures. These differences can be prob-
able due to cultural conditions, environmental factors, seed 
maturity and thermal process time.

The fatty acid profiles of unroasted 
and roasted‑amaranth seed oils

The fatty acids of unroasted (control) and roasted-amaranth 
seed oils are shown in Table 3. The results of fatty acids 
showed some differences depending on roasting times. 
While palmitic acid results of oils are recorded between 
17.80% (unroasted-control) and 19.61% (15 min), stearic 
acid results of amaranth oils were monitored between 3.21% 
(control) and 3.32% (12 min). Also, oleic acid amounts of 
unroasted and roasted amaranth seed oils were recorded 
between 24.58% (15 min) and 26.87% (control) while the 
linoleic acid results of amaranth seed oils are reported 
between 44.24% (control) and 45.76% (12 min). Also, lino-
lenic acid results of unroasted and roasted amaranth seed oils 
were established between 0.88% (3 min) and 1.61% (9 min). 
Another important fatty acid found in amaranth seed oil is 
erucic acid, the amount of this acid varied between 4.42% 
(12 min) and 4.80% (control). Since the amount of erucic 
acid in the oil remains within tolerable (max 5%) limits, 
it is thought that it does not pose a significant risk. Fatty 
acid components of amaranth seed oils, which were roasted 
and unroasted for certain periods, fluctuated depending on 
the roasting time. When compared with the control, the 
amount of fatty acid decreased in some roasting times, 
while it increased in others. The reason for this difference 
may be due to the fact that the oil is affected by ait oxygen 
and temperature in an irregular manner depending on time. 
Significant changes were found among fatty acid results 
of unroasted and roasted amaranth seed oils depending 
on roasting time (p < 0.05). Jahaniaval et al. (2000) deter-
mined 20.4% palmitic, 3.9% stearic, 0.3% behenic, 32.1% 
oleic, 38.2% linoleic, 0.7% linolenic acids in Amaranthus Ta
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cruentus seed oil. Ogrodowska et al. (2014) determined 
23.45% palmitic, 4.16% stearic, 24.66% oleic, 47.05% lin-
oleic and 0.69% linolenic acids in amaranth seed oil. Rathod 
et al. (2017) determined 0.36 and 0.36% myristic, 21.36 and 
19.31% palmitic, 5.92 and 14.74% stearic, 33.13 and 30.55% 
oleic, 34.24 and 30.16% linoleic, 1.23 and 1.16% linolenic, 
1.59 and 1.72% arachidic and 0.78 and 0.78% behenic in 
“Suvarna” and “Dunga” varieties of amaranth (A. caudatus) 
seed oils. Some changes were found in fatty acid contents 
of oil samples according to previous literature results. These 
differences can be probable due to genetic, agronomic con-
ditions, ripening, especially temperature, and biosynthesis 
of oil in plant tissue. It is thought that oven and microwave 
roasting is more beneficial compared to the linoleic acid 
content of amaranth seed oils.

The element results of unroasted (control) and roasted 
amaranth seeds

The element contents of unroasted (control) and roasted 
amaranth seeds are explained in Table  4. The highest 
amounts of elements in roasted and unroasted amaranth 
seeds were P, K, Ca, Mg and S., and followed by Na, Fe, 
Mn and Cu in descending order. While P results of ama-
ranth seeds are monitored between 3263.41 (control) and 
4543.65  mg/kg (15  min), K amounts of seed samples 
changed between 2963.63 (control) and 4024.65 mg/kg 
(15 min). Also, Ca results of seeds were reported between 
2894.93 (12 min) and 3532.80 mg/kg (3 min) while Mg 
contents of amaranth seeds are recorded between 2013.64 
(control) and 2705.51 mg/kg (15 min). S results of seeds 
were recorded between 1809.96 (control) and 2266.00 mg/

kg (15 min). As a microelements, while Fe amounts of seed 
samples roasted at different roasting times are found between 
74.67 (control) and 98.95 mg/kg (15 min), Mn results of 
amount seeds were reported between 20.50 (control) and 
25.67 mg/kg (15 min). Cu amounts of amaranth seeds were 
found between 11.70 (control) and 14.67 mg/kg (3 min) 
while Zn amounts of seeds vary between 23.26 (12 min) 
and 26.17 mg/kg (15 min). In general, the macroelement 
contents of amaranth seeds increased in parallel with the 
roasting time. However, microelement contents differed 
depending on the roasting time. In general, it was observed 
that both macro and micro-elements of amaranth seed sam-
ples increased with the application of heat treatment. The 
probable cause of this increase is thought to be due to a 
relative increase in the moisture content of the material. Sta-
tistically significant changes were observed among quan-
titative values of mineral results of unroasted and roasted 
amaranth seeds as according roasting time (p < 0.05). The 
protein results of unroasted and roasted amaranth seeds were 
reported between 11.85 (9 min) and 14.63% (15 min). The 
protein contents of amaranth seeds fluctuated depending on 
the roasting time. The probable reason for these changes 
may be due to the very low levels of water in the seeds 
during roasting. Because, it is estimated that steam result-
ing from moisture has nore power to denature protein than 
dry hot air. Amaranth proteins have well-balanced amino 
acid composition, high bioavailability and good functional 
properties (Venskutonis and Kraujalis 2013). Nascimento 
et al. (2014) reported 0.51 Cu, 1.51 Mn, 9.62 Fe, 5.55 Zn, 
231 Mg, 165 Ca, 527 P and 530 mg/100 g K in amaranth (A.
caudatus) seeds. Kachiguma et al. (2015) reported that the 
amaranth grain had calcium (78.3 to 1004.6 mg/100 g (dw)), 
iron (3.61 to 22.51), magnesium (44.31 to 97.38), potassium 
(267.8 to 473.6) and zinc (0.53 to 1.20). Grace et al. (2017) 
determined 66 Fe, 11.34 Zn, 78.7 Ca, 37.1 Mn, 2845 Mg and 
400 mg/100 g K in amaranth seed. Our results are in partly 
agreement with several authors that reported amaranth as 
rich source of minerals (Nascimento et al. 2014; Kachiguma 
et al. 2015). All of the proposes applied to amaranth seeds 
resulted in a partial reduction of the overall mineral content. 
Therefore, it is thought that it is more beneficial to use seeds 
in control group form in terms of mineral content. Results 
regarding minerals exhibited some changes compared to 
results of previous literatures. These differences observed 
can be probable due to plant species, agronomic factors, 
harvest time and climatic factors.

Principal component analysis (PCA)

Principal component analysis was carried out to assess the 
effect of roasting process at different times on phenolic 
compounds of amaranth. PCA modeling exhibited about 
41.974% of explained variance for PC1; 26.283% of variance 

Fig. 2  Biplot graph drawn with results of PCA. Dihyd: 3,4-Dihy-
droxybenzoic acid
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for PC2; 19.282% of variance for PC3; 8.162% of variance 
for PC4 and 4.300% of variance for PC5, which are given 
in Table 1. 3,4-dihydroxybenzoic acid (0.959), catechin 
(0.948), caffeic acid (0.948), and gallic acid (0.900) had 
high positive correlation with PC1. In addition, PC2 was 
recorded with ferulic acid (0.951) and quercetin (0.936). 
Control sample was located in the negative area of PC1 and 
positive area of PC2, and also contained higher amounts of 
quercetin, kaempferol and ferulic acid in comparison with 
other samples (Fig. 2). The highest gallic acid, 3,4-dihy-
droxybenzoic acid and catechin contents were monitored in 
the sample roasted for 15 min.

Conclusion

An increase was determined in the total phenol, flavonoid 
and antioxidant capacity results of roasted seeds com-
pared to control (unroasted) group. However, in the 3rd 
and 6th minutes of roasting, a partial decrease and then an 
increase was established in both components (total phe-
nol and flavonoid) compared to control. The total phenol, 
flavonoid and antioxidant capacity results of roasted ama-
ranth seeds showed a linear connection. The increase in 
these properties with roasting time may be due to a relative 
increase in moisture content in the seed and maillard reac-
tion products with heating. Roasting for 3 min and 6 min 
was increased the L* values of samples, while roasting for 
9–12 min caused a decrease in L* values. Gallic, catechin, 
caffeic, rutin, p-coumaric acid and cinnamic acid contents 
of roasted amaranth seed extracts increased depending on 
the roasting time. While gallic, 3,4-dihydroxybenzoic 
acid, catechin, caffeic, rutin, p-coumaric acid and cin-
namic acid contents of roasted amaranth seed extracts 
increased depending on the roasting time, ferulic acid and 
kaempferol contents of amaranth seed extracts decreased. 
While syringic acid results of samples increased up to 9th 
minutes of roasting, it decreased partially in the following 
periods. It has been observed that the majority of phenolic 
components in amaranth seeds are resistant to heat treat-
ment. Fatty acid components of amaranth seed oils, which 
were roasted and unroasted for certain periods, fluctuated 
depending on the roasting time. When compared with the 
control, the result of fatty acid decreased in some roasting 
times, while it increased in others. The highest amounts of 
elements in roasted and unroasted amaranth seeds were P, 
K, Ca, Mg and S., and followed by Na, Fe, Mn and Cu in 
descending order. In general, the macroelement contents 
of amaranth seeds increased in parallel with the roasting 
time. However, microelement contents differed depend-
ing on the roasting time. In general, it was observed that 
both macro and micro-elements of amaranth seed samples 
increased with the application of heat treatment. However, 

microelement contents differed depending on the roasting 
time.
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