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ABSTRACT

Seeds with colored testa (seed coat) contain high concentrations of polyphenolic compounds that exhibit high levels of
antioxidant activity. Common processing procedures, such as cooking and baking, decrease the levels of these bioactive
compounds and consequently, overall antioxidant activity. Here, the effects of baking and cooking processes were ex-
amined on total phenolic content (TPC), total flavonoid content (TFC) and ferric-reducing ability of plasma antioxidant
activity (FRAP AA) of red and yellow quinoa seeds. Our results indicate that red quinoa seed contains significantly
higher levels of TPC, TFC and FRAP AA than yellow quinoa seeds. In addition, cooked and baked quinoa seeds retain
most of their TPC, TFC and FRAP AA in the final product. Thus, red quinoa seeds processed by these two methods
might be considered a functional food, in addition to its traditional role of providing dietary proteins. Due to their high
antioxidant activity, red quinoa seeds might also contribute significantly to the management and/or prevention of de-

generative diseases associated with free radical damage.
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1. Introduction

Quinoa (Chenopodium quinoa Willd.) is one of the most
important Andean grain crops, classified as a pseudoce-
real used principally in the same manner as wheat and
rice. This crop has been cultivated in the Andean high-
lands since 3000 BC [1]. Quinoa seeds contain carbohy-
drates (77.6%), protein (12.9%), a balanced amino acid
spectrum with high lysine and methionine contents, and
lipids (6.5%), and they are rich in dietary fibers and min-
erals [2-6]. Due to its high nutritional quality, interest in
quinoa is growing in other parts of the world.
Polyphenols are bioactive secondary plant metabolites
that are widely present in commonly consumed foods of
plant origin. The three main types of polyphenols are
flavonoids, phenolic acids and tannins, which act as
powerful antioxidants in vitro. These compounds are
considered to have many potential beneficial health ef-
fects, including antioxidant, apoptotic, antiaging, anticar-
cinogenic and anti-inflammatory activities, cardiovascu-
lar protection and improvement of endothelial function.
Polyphenols also inhibit angiogenesis and cell prolifera-
tion (reviewed by Han er al. [7]). Recent studies have

"Corresponding author.

Copyright © 2012 SciRes.

identified quinoa seeds as a good source of bioactive-
polyphenols which might change antioxidant status in the
organism and prevent oxidative stress [8-12]. Quinoa
seeds were shown to act as a moderate protective agent
against potential fructose-induced changes in rats by re-
ducing lipid peroxidation and by enhancing the antioxi-
dant capacity of the blood (plasma), heart, kidney, testis,
lung and pancreas [13]. However, like other grain seeds,
quinoa must be baked or cooked prior to consumption.
These processing procedures improve the flavor and pal-
atability of the food product, but they might also de-
crease the levels of bioactive compounds and antioxidant
activity of these foods, as has been shown for other grain
seeds, including quinoa [14-17]. To explore their poten-
tial use as functional foods, we determined the effects of
baking and cooking conditions on the levels of bioactive
compounds (polyphenols and flavonoids) and antioxidant
activity in vitro, in red and yellow quinoa seeds.

2. Materials and Methods
2.1. Plant Material

Two types of quinoa seed, red and yellow, were used in
this study. Both types were purchased from a local
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health-food store.

2.2. Cooking and Baking

Quinoa seeds (150 g) were immersed in 270 mL tap wa-
ter and brought to a boil in a 2 L pot. Cooking was
stopped after 12 min of continued boiling when all of the
water had been absorbed by the seeds. For baking, qui-
noa flour was obtained by grinding the seeds to a fine
powder (60 mesh). Quinoa bread was made from dough
containing 200 g quinoa flour and 200 ml tap water. The
dough was divided into rolls, 30 g each, and baked at
150°C for 25 min. Cooked and baked quinoa products
were freeze-dried, ground to a fine powder (60 mesh) in
liquid nitrogen with a mortar and pestle and kept at
—20°C until use.

2.3. Extraction of Total Polyphenols

Quinoa seeds were ground to a fine powder (60 mesh) in
a Retsch MM301 grinder. A 100 mg portion of the pow-
der (for solvents 1 - 5) and 50 mg powder (for solvent 6)
were extracted in a 2 mL microfuge tube with 1 mL of
the following solvents (Bio-Lab, Israel): 1) acetone/water
(50:50, v/v); 2) acetone/water (80:20, v/v); 3) acetone/
water/acetic acid (70:29.5:0.5, v/v); 4) methanol/water/
acetic acid (65:29:6, v/v); 5) methanol/water (70:30, v/v),
as previously described [18]; and 6) methanol/hydro-
chloric acid/water (8:1:1, v/v) [9]. The mixture was sha-
ken at 300 rpm at ambient temperature for 2 h in the dark
followed by centrifugation at 10,000 g for 5 min at am-
bient temperature. Supernatant was transferred to a new
tube and the pellet was re-extracted in an additional 1 mL
of the same solvents (1 - 5) and with 2 mL of 70% ace-
tone for 2 h instead of solvent 6. The supernatants were
combined with the previous ones and stored in the dark
in a freezer at a temperature of —20°C until use for de-
termination of total polyphenol content (TPC), total fla-
vonoid content (TFC), and ferric-reducing ability of
plasma (FRAP) antioxidant activity (AA) [9].

2.4. Determination of TPC, TFC and
FRAP AA

TPC, in milligram catechin equivalents (CE) per gram,
was determined on a dry matter basis using the Folin-
Ciocalteu assay [19,20] and TFC (mg CE/g) was deter-
mined using a colorimetric method [21] in 50 pL of ex-
tracted sample, as described previously by Segev et al.
[18]. The FRAP AA method was used to evaluate the
antioxidant activity, in millimole trolox equivalents (TE)
per 100 gram of quinoa extract, by measuring the ferric-
reducing ability of plasma at low pH levels [22] as pre-
viously described [18].

Copyright © 2012 SciRes.

2.5. Statistical Analysis

Analyses were performed in triplicate. The data were
analyzed by ANOVA using JMP (Version 5.0). Tukey
HSD multiple-range tests were carried out to detect sig-
nificant differences between lines and between treat-
ments. A Pearson correlation test was conducted to de-
termine the correlations among variables. Level of sig-
nificance was defined as P <0.05.

3. Results and Discussion

3.1. Influence of Extraction Solvents on TPC,
TFC and FRAP AA

Different solvents were found to have different extraction
efficiencies for TPC and TFC, which exhibited high lev-
els of antioxidant activity [18,23]. We first determined
the effects of the various extraction solvents on TPC,
TFC and FRAP AA extracted from red and yellow qui-
noa seeds (Table 1). Small but significant differences in
TPC, TFC and FRAP AA were observed between the
different solvents and within seed colors (Table 1(a)).
Solvents 1 (50% acetone) and 6 (acidic methanol + 70%
acetone) extracted significantly more TPC than solvent 4
(70% methanol); solvent 6 extracted significantly more
TFC than all other solvents except solvent 2 (80% ace-
tone), and extract of solvent 2 exhibited significantly
more FRAP AA than that with solvent 4. We selected
solvent 6 as the best overall extraction solvent for further
extractions.

Table 1(b) shows that red quinoa seeds had signifi-
cantly higher levels of TPC, TFC and FRAP AA than
yellow quinoa seeds: the dry red quinoa seeds contained
about 50%, 90% and 300% more TPC, TFC and FRAP
AA, respectively, than the yellow seeds. Similar observa-
tions of colored seeds having more TPC, TFC and anti-
oxidant activity than beige-color seeds have been made
in colored chickpeas [16,18], soybean and common bean
[24], cowpea [25], and peanuts [26,27]. The levels of
TPC observed here were higher than those reported by
Pasko et al. [10] and Miranda et al. [28], but lower than
those reported by Nsimba et al. [29], and the levels of
TFC were similar to those obtained by Repo-Carrasco-
Valencia et al. [11]. These differences might result from
the different standards used.

Table 2 shows significant linear correlations between
TPC and TFC (P < 0.001), TPC and FRAP AA (P <
0.001), and TFC and FRAP AA (P < 0.001). These cor-
relations were higher than those obtained by Miranda et
al. [28] and Nsimba et al. [29], but somewhat lower than
those previously observed for quinoa [30] and other seed
legumes [18,24]. Our results support the suggestion that
in some quinoa seeds, antioxidant activity might also
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Table 1. Effect of extraction solvent (a) and seed color (b)
on total phenolic compounds (TPC), total flavonoid com-
pounds (TFC) and FRAP antioxidant activity (AA) of qui-
noa seeds.

()
Solvent No. TPC TFC FRAP AA
1 1.45+0.1a 0.7+ 0.1bc 3.5+0.3ab
2 1.35+0.1ab 0.9+0.1ab 3.6+0.3a
3 1.38 +0.1ab 0.8+ 0.1bc 3.5+0.3ab
4 1.05+0.1b 0.6+0.1¢c 2.4+0.3b
5 1.13+0.1ab 0.5+0.1¢c 2.7+0.3ab
6 1.44+0.1a 1.1+0.1a 3.0+£0.3ab
(b)
Color TPC TFC FRAP
Red 2.1+0.1a 1.9+0.1a 5.1+0.2a
Yellow 1.4+0.1b 0.9+0.1b 1.7+0.1b

Table 2. Correlations between TPC, TFC and FRAP AA.

TFC FRAP AA
TPC 0.85 0.78
FRAP AA 0.68

Note: All correlations were significant at the 0.001 level (2-tailed).

derive from proteins and other non-phenolic compounds
[29,31,32].

3.2. Effects of Cooking and Baking on TPC,
TFC and FRAP AA

The effects of cooking on TPC, TFC and FRAP AA are
shown in Figure 1. In all cases except TPC after cooking,
red quinoa seeds had significantly higher levels of TPC,
TFC and FRAP AA than yellow quinoa seeds. In most
cases, cooking did not cause any significant changes in
these three parameters (Figure 1). The significant in-
crease in FRAP AA in yellow quinoa seeds (Figure 1(c))
might have derived from a small, non-significant in-
crease in TPC (Figure 1(a)). Thus, cooked quinoa re-
tained high levels of TPC, TFC and FRAP AA and can
be considered a functional food. Similar results were
obtained by Brady et al. [33] in which steaming for up to
60 min also did not affect the composition of quinoa
flour. Our results are in contrast to those obtained for
seed legumes, in which cooking legume seeds results in a
significant reduction in these three parameters [16,17,34],

Copyright © 2012 SciRes.
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Figure 1. Effect of cooking on total phenolic content (a),
total flavonoid content (b) and antioxidant activity (c) in red
and yellow quinoa seeds. Bar represents mean + standard
error from at least three replicates. Values marked by the
same letter above each column are not significantly differ-
ent (P < 0.05).

because most of the TPC, TFC and FRAP AA leaked
into the cooking water [16]. Thus, the conservation of
TPC, TFC and FRAP AA in quinoa seeds after cooking
might be due to the fact that quinoa seeds absorb all of
the cooking water.

The effects of baking on TPC, TFC and FRAP AA are
shown in Figure 2. Similar to that which was found with
the cooking process, in all cases red quinoa seeds had
significantly higher levels of TPC, TFC and FRAP AA
than yellow quinoa seeds. Baking did not cause any sig-
nificant changes in TPC, but TFC levels were signifi-
cantly reduced. FRAP AA increased in red quinoa seeds
and did not change in the yellow seeds. This increase in
antioxidant activity might have been due to the Maillard
reaction products produced during the thermal processing
[35]. Similar observations have been made with baked
rhubarb, in which both TPC and FRAP AA were at
higher levels during the first 20 min of baking and then
decreased to low levels [36], and in baked chocolate
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Figure 2. Effect of baking on total phenolic content (a), total
flavonoid content (b) and antioxidant activity (c) in red and
yellow quinoa seeds. Bar represents means + standard error
from at least three replicates. Values marked by the same
letter above each column are not significantly different (P <
0.05).

cookies and chocolate cakes made with baking powder
rather than baking soda [37,38].

4. Conclusion

Our results indicate that cooked and baked quinoa seeds
retain most of their TPC, TFC and FRAP AA in the final
product. In addition, red quinoa seeds have significantly
higher levels of TPC, TFC and FRAP AA than regular
yellow seeds. Thus, red quinoa seeds subjected to these
two processing methods might be considered a functional
food, in addition to their traditional role of providing
dietary proteins. Red quinoa seeds, due to their high an-
tioxidant activity, might also markedly contribute to the
management and/or prevention of degenerative diseases
associated with free radical damage. Future research
should be conducted to verify that colored quinoa seeds
can be used for management and/or prevention of such
degenerative diseases.

Copyright © 2012 SciRes.
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