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Comparison of antioxidant potential and mineral composition 
of quinoa and lamb’s quarters weed (Chenopodium album)
Porównanie stężeń minerałów i potencjału antyoksydacyjnego w komosie ryżowej 
i w komosie białej

Bogdan Dębski 1/, Mikołaj A. Gralak 1/, Jerzy Bertrandt 2/, Anna Kłos 2/

1/ Katedra Nauk Fizjologicznych, Wydział Medycyny Weterynaryjnej, Szkoła Główna Gospodarstwa Wiejskiego w Warszawie
2/ Zakład Higieny i Fizjologii, Wojskowy Instytut Higieny i Epidemiologii w Warszawie

Introduction. Quinoa (Chenopodium quinoa) is known as traditional 
alternative crop called pseudo-cereal and its seeds are used in human and 
animal nutrition. Chenopodium album is a popular weed known as lamb’s 
quarter and its seeds were used in a mixture with common grains for bread 
production. Both plants may be used as forage or silage in animal feeding 
because of a high content of protein and bioactive compounds. There is 
however only limited information concerning mineral and antioxidant 
composition of the aeral parts of those plants.

Aim. To estimate and compare the mineral and antioxidant composition 
of quinoa and Chenopodium album grown in Poland.

Material & method. In randomly collected samples from quinoa and 
Chenopodium album minerals were estimated by the flame atomic 
absorption spectrometry. From antioxidant parameters total phenolics (TP), 
ferric reducing ability (FRAP) and antioxidant capacity (DPPH) expressed 
in dry matter were estimated.

Results. Both investigated plants are good sources of minerals and 
antioxidants. The Mg concentration was 4 times higher in quinoa than in 
Chenopodium album but Zn was much higher in Ch. album in comparison 
with quinoa. All estimated parameters of antioxidant status were higher 
in the examined weed in comparison with quinoa.

Conclusion. A relatively high content of mineral compounds and 
antioxidant status of Chenopodium quinoa and Chenopodium album in 
comparison with popular cereals allows to conclude that these plants can 
be recommended for the use in human and animal nutrition as a good 
source, not only of protein, but also of mineral compounds and antioxidants.
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Wprowadzenie. Komosa ryżowa (Chenopodium quinoa) zaliczana jest do 
pseudozbóż, a jej nasiona są stosowane w żywieniu ludzi, jak i zwierząt. Do 
tego samego rodzaju roślin należy Chenopodium album – znany jadalny 
chwast, o popularnej nazwie komosa biała. Jego nasiona były używane 
w mieszankach ze zbożami do wypieku chleba. Obie te rośliny mogą być 
stosowane w formie zielonek lub kiszonek w żywieniu zwierząt, gdyż są 
bogate w białko oraz substancje bioaktywne. W przeciwieństwie do składu 
nasion, niewiele jest informacji dotyczących zielonej części roślin, zarówno 
komosy białej, jak i komosy ryżowej.

Cel. Analiza i porównanie składu mineralnego oraz zawartości 
przeciutleniaczy w Chenopodium quinoa oraz Chenopodium album.

Materiały i metody. W próbkach naziemnej części badanych roślin komosy 
białej i komosy ryżowej (łodyga, liście, kwiatostan wraz z nasionami) 
oznaczano zawartość składników mineralnych metodą AAS oraz całkowitą 
zawartość polifenoli (TP), zawartość przeciwutleniaczy w reakcji opartej na 
wygaszaniu syntetycznych wolnych rodników (DPPH) oraz zdolność redukcji 
jonu żelazowego (FRAP).

Wyniki. Stwierdzono, że obie badane rośliny są dobrym źródłem składników 
mineralnych oraz przeciwutleniaczy. Stężenie Mg w liściach komosy ryżowej 
było 4-krotnie wyższe niż w komosie białej, ale stężenie Zn było znacznie 
wyższe w komosie białej. Wszystkie badane parametry dotyczące statusu 
antyoksydantów były wyższe w częściach naziemnych dzikorosnącej komosy 
białej.

Wnioski. Na podstawie uzyskanych wyników zawartości związków 
mineralnych, jak i antyoksydantów w komosie ryzowej oraz w komosie 
białej, w porównaniu ze zbożami – można rekomendować stosowanie tych 
roślin w żywieniu, zarówno ludzi, jak i zwierząt. Szczególnie, że zawierają 
one, jak wiadomo z literatury, znaczne ilości białka o wysokiej wartości.

Słowa kluczowe: komosa ryżowa, komosa biała, składniki mineralne, 
antyoksydanty
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Introduction

 Chenopodium quinoa was recognized as a pseudo-ce-
real with grains of a very high nutritive value. Chenopo-
dium album was also consumed in several areas of the 
world. Historically only the quinoa seeds were used 
as food or as feedstuffs component but high concen-

trations of proteins, several minerals and biologically 
active compounds suggest potential use of other plants, 
belonging to the Chenopodium genus, as nutrients.
 Quinoa is one of the most nutritious tradition-
al food crops in the world. It was reintroduced in 
South-America and for a decade its production has 
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crude protein content (g) per dry matter (kg) 140-166 
(40-45 g/kg of fresh product) and estimated digest-
ibility of 63-69% were obtained in organic dairy farm 
in Aver Heino Centre in Netherland [19]. A relatively 
lower digestibility of the whole quinoa crop silage for 
dairy cows in comparison with maize or wilted grass/
clover silage limits its inclusion in the diet for dairy 
cattle [20].
 There are several publications concerning 
the concentration of antioxidants in quinoa seeds 
[17,  21-24]. All these authors are showing a high 
content of different antioxidants in quinoa seeds, but 
there is only a very limited information concerning 
mineral composition and antioxidant properties of 
quinoa plant [25-26]
 Chenopodium album is a very popular weed, well 
known also in Europe, called: lamb’s quarter, melde, 
goosefoot, fat-hen and pigweed. However, it is con-
sumed in North India as a food crop and historically 
also in Europe, where seeds of this plant were used in 
a mixture with common grains for bread production. 
Similarly to quinoa, Chenopodium album is a good 
source of high quality proteins [27].

Aim

 To characterize the mineral composition and 
antioxidant capacity of quinoa cultivar Olav grown 
in central Poland and to compare these indices with 
similar parameters estimated in another Cheopodium 
genus member Chenopodium album.

Material and method

 The field experiment was conducted 35 km North 
of Warsaw (Poland). The field was fertilized with 
150 kg N/ha. Seeds of Olav variety of quinoa were 
sown in the beginning of May, at a depth 1.5-2.0 cm, 
in rows spaced 40 cm. Germination started within 
2 days after sowing and seedlings emerged in ca. five 
days. During June up to the middle of July no water 
precipitation occurred. Wet conditions during seed 
maturation period (September, October) prevented 
leaves from drying and enabled complete maturation 
of seeds. Samples of the plants were randomly col-
lected from different parts of quinoa field (n=10) to 
estimate weight and dry matter content of different 
parts of plants (stem, leaves, infructescence). The 
Chenopodium album plants were obtained from the 
same location as Ch. quinoa.
 The samples of different parts of Ch. quinoa and 
Ch. album collected in October (180th d growth of 
quinoa) were dried and milled. 100 mg portions of 
samples were extracted twice with 1 mL of methanol 
+ HCl + water (8:1:1 v/v) mixture. After centrifu-
gation at 3000 g for 10 min supernatants were stored 
in a freezer (-20°C) until use for estimations of anti-
oxidant properties of obtained extracts.

been increasing not only in North-America but it 
has been introduced in Europe. It is a dicotyledonous 
plant not belonging to cereals. Quinoa does not have 
gluten-forming protein and may be used for infant 
cereal production [1]. A growing market of food 
sector towards patients suffering from celiac disease 
or diabetes, as well as organic, non-GMO and non-al-
lergic foods, stimulate the quinoa production [2, 3]. 
Quinoa has been called a pseudo-cereal and similarly 
to many other crops (oat, barley, buckwheat) seems to 
possess higher satiating efficiency indices with respect 
to traditional cereal foods [4, 5]. It is a good example 
of functional food because of its unusually balanced 
composition of amino acids, high content of vitamins, 
minerals as well as antioxidants. It was observed that 
average protein content in quinoa seeds is ranging 
from 12 to 19% and what is very important in contrast 
to main grains, it possess a high lysine concentration 
[6-8]. Chenopodium plants are rich in high quality 
proteins. The protein concentration of Chenopodium 
album seeds in Poland was 203 g/kg and in Chenopo-
dium quinoa cv. Sandowal 216 g/kg DM, with high 
content of exogenous amino acids [9]. The quinoa 
leaves from plants grown in the hydroponic green-
house conditions, as well as in the field conditions, 
contain similar high protein concentrations ranging 
from 18 to 22% [10]. Chenopodium quinoa is an excel-
lent example of “functional food” the consumption of 
which can improve health and reduce disease burden.
 Average oil content in seeds is ca. 6% and the 
oil press cake, high in protein content, may be used 
as an excellent animal feedstuff component. During 
the plant growth α-linolenic acid was found to be the 
most abundant fatty acid [11]. Whole grains are good 
sources of dietary fiber; they also contain minerals, 
vitamins, essential fatty acids, and phytochemicals 
such as polyphenols [12]. The polyphenol classes 
present in different cereal types are phenolic acids, 
flavonoids and resocinols. Most polyphenols occur in 
the outer layers of the grain and they are largely lost 
during refining. Therefore refined flour contains very 
low amounts of polyphenols. Also in the quinoa seeds 
a higher content of antioxidants was found in outer 
part of the kernel – the constituent of the bran which 
is mostly used only for animal nutrition [14].
 The polyphenol content in cereals and pseudo-ce-
reals varies according cultivar, growing conditions and 
such factors as soil pH, rainfall, temperature [15, 16]. 
Different types of seed processing such as hot air 
drying [17], boiling [18] and bread making [2] have 
strong impact on antioxidant properties of the quinoa 
seeds constituents.
 There is however only limited information con-
cerning the composition of quinoa plant. Such data 
are very important because of a potential use of the 
whole plant in animal nutrition. A relatively high 
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 The samples of the Ch. quinoa and Ch. album air 
borne parts: leaves, stem, infructescence (flowers and 
seeds) (0.5 g) were mineralized with the mixture of 
5 ml HNO3 (Merck 1.00441), 2 ml of H2O2, and 1 ml 
HF (Merck) in hermetic Teflon vessels in microwave 
oven (Milestone Ethos 900). Copper was deter-
mined by the flame atomic absorption spectrometry 
(Perkin-Elmer 1100B) using hollow cathode lamp 
(324.8 nm). The external standards were prepared on 
the base of Copper Titrisol Standard (Merck 9987). 
In selected mineralized samples the other mineral 
elements were measured using specific hollow cathode 
lamps for calcium (422.7 nm), magnesium (285.2 
nm), iron (248.3 nm), zinc (213.9 nm), manganese 
(279.5 nm), and chromium (357.9 nm). Adequate 
standards based on Titrisol Standard series (Merck) 
were applied. The analysis of each sample was done in 
three repetitions to decrease dispersion rate.
 Total phenolics were determined using Folin-Ci-
calteau reagent, as described by Emmons et al. [28]. 
Colorimetric assay was conducted in a mixture of 
2.7 ml of deionised water, 0.3 ml of extract, 0.3 ml of 
7% Na2CO3 and 0.15 ml of Folin-Cicalteau reagent. 
A standard curve was prepared using gallic acid (GAE) 
and the final results were given as gallic acid equiva-
lents (GAE) per 100 g of dry matter (DM).
 Ferric reducing ability (FRAP) assay of plant ma-
terials was assessed by the method described by Benzie 
and Strain [29]. The FRAP reagent contained 10 mM 
of 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ) solu-
tion in 40 mM HCl. Acetate buffer (pH 3.6) was add-
ed. Estimation was done following 4 min incubation, 
using 593 nm wavelength. A standard curve based 
on Trolox solution in methanol was used to calculate 
the antioxidant capacity of the sample. Results were 
expressed in mg of Trolox equivalent per 100 g DM.
 Determination of antioxidant capacity using radical 
scavenging capacity (DPPH) assay 2,2-diphenyl-1-
picryl hydrazyl radicals were used to measure the free 
radical scavenging capacity of plant extracts. The absor-
bance of freshly prepared DPPH solution was measured 
against methanol at 517 nm. Concentration of sample 
causing 50% decrease of initial DPPH absorption was 
defined as the IC50. The IC50 of Trolox (synthetic ana-
logue of vitamin E) was estimated and the antioxidant 
capacity of samples were expressed as Trolox equivalents 
(TE) per 100 g sample dry matter basis.

 For statistical evaluation a one-way and multi-way 
analysis of variance (GLM procedure) was performed 
(SPSS software). Bonferoni test was used for evalua-
tion of differences between means at p≤0.05.

Results

 Table I shows mineral composition of different 
parts of quinoa and Chenopodium album. The values 
were expressed in g/kg DW in case of magnesium and 
iron, zinc and copper in mg/kg DW. In quinoa plant 
the highest concentration of Mg was found in leaves 
and Fe in infructescence. We found higher concentra-
tions of Mg, Fe and Zn in leaves then in infructescence 
of Chenopodium album. 
 The antioxidant activity results (TP, FRAP and 
DPPH) of different parts of quinoa and Chenopodium 
album were presented in Table II. Comparing antioxi-
dant activity of different parts of Chenopodium album the 
highest values were found in infructescence, only in case 
of DPPH this difference was statistically not significant 
(leaves vs. infructescence). Comparing quinoa and 
Chenopodium album a higher antioxidant activity was 
observed in Chenopodium album. In both investigated 
plants belonging to Chenopodium species stem was a poor 
source of mineral elements and antioxidants.

Discussion

 Malnutrition, micronutrient deficiencies as well as 
antioxidant shortages in the diet are the main problems 
not only in human but also animal nutrition. Mineral 
composition varies widely among plant species and is 
influenced by several factors e.g. soil composition, year 
season and climate, the amount of fertilizers used. Qui-
noa seeds were found to be a good source of minerals 
and their concentrations were higher than in most of 
common grains [30], the mineral density of which has 
been decreasing during decades [31]. It was shown that 
also in case of quinoa stage of growth, part of plant, as 
well as cultivar have a significant impact on its mineral 
composition [26]. In this study we observed very high 
concentrations of Mg in quinoa leaves; much higher 
than in infructescence and stem. The concentration 
of Mg in green parts of quinoa was higher than these 
observed in whole plant silage reported by Tingle and 
Dawley [32] and covers the NRC recommendations for 
steers and heifers which is 0.04 to 0.1% (0.4 to 1 g/kg).  
The observed Mg content in Chenopodium quinoa was 

Table I. Mineral composition of different parts of Chenopodium Quinna Willd and Chenopodium album L. (n=6)
Tabela I. Stężenie pierwiastków w różnych częściach Chenopodium Quinoa Willd oraz Chenopodium album L. (n=6)

Minerals
/Pierwiastki

Chenopodium quinoa Willd Chenopodium album L.

leaves /liście stem /łodyga infructescence /owoce leaves /liście stem /łodyga infructescence /owoce

Mg [g/kg] 12.69±0.86 f 1.43±0.20 b 4.69±0.24 e 3.24±0.30 d 0.87±0.13 a 1.86±0.16 c

Fe [mg/kg] 245.1±29.0 b 158.0±11.7 a 290.1±28.6 c 332.3±39.6 c 156.3±11.8 a 227.2±28.3 b

Zn [mg/kg] 72.7±9.5 c 28.8±3.4 a 61.2±6.9 b,c 177.0±11.7 e 57.7±6.3 b 153.7±8.8 d

Cu [mg/kg] 13.42±0.98 c 6.81±0.81 a 13.28±0.91 c 8.91±0.73 b 5.46±0.42 a 9.98±0.68 b

a-f – means in rows with different superscript letter are significantly different (p≤0.05) /wartości w rzędach oznaczone różnymi literami różne statystycznie przy p≤0,05
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also 4 times higher than the one noticed in leaves of 
Chenopodium album. Magnesium is necessary for func-
tion of several enzymes, skeletal growth, signal trans-
duction in nervous system and muscle function. Lower 
availability of Mg is connected with spring intensive 
pasture fertilization with nitrogen and potassium and 
in case of deficiency may cause grass tetany.
 Opposite to magnesium, iron deficiency is rare 
in grazing cattle because of a generally adequate Fe 
content in forages [33]. Fe concentration was high-
est in infructescence of quinoa followed by its con-
centration in leaves and stem. These concentrations 
were a few times higher than in forage from pasture 
in Pakistan [34]. It also exceed recommendations 
for this mineral for beef cattle NRC [35]. Similar 
order of concentrations in parts of plant was noticed 
in Chenopodium album. Sharma, et al. [36] observed 
a very high variation in Fe concentration in leaves not 
only between Ch. album and quinoa but also among 
accessions of Chenopodium species with the average of 
4.5±2.98 mg/100 g fresh matter.
 The concentration of zinc found in quinoa was 
much higher than the requirement of cattle (30 mg/kg 
DM) [37], and also than its content in forages and 
cereals [33, 38]. Zn and Cu are essential components 
of many metaloenzymes playing a significant role in 
metabolism of proteins and carbohydrates, and are 
necessary for optimal function of immune system 
and free radical defense system. In case of Zn and 
Cu no differences between leaves and infructescence 
were noticed but a significantly lower concentration 
appeared in stem of both investigated plants belonging 
to the Chenopodium genus. Also in quinoa grown in 
hydroponic conditions much higher concentrations 
of Zn and Cu were found in leaves and seeds than in 
stems of different cultivars of quinoa [10].The cur-
rent Copper NRC dietary recommendation for cattle 
is 10 ppm and its concentration in forages is usually 
lower [33]. However, symptoms of Cu deficiency in 
grazing cattle are quite rare. Although deficiency 
symptoms are rather rare an improved growth rate 
and performance during initial period of copper sup-
plementation may be observed [39].
 Food processing may significantly influence the 
amount and bioavailability of microelements from 
the Chenopodium plants. Different cooking methods 

decrease Fe content by 13 to 36% when simultaneously 
only 5 to 8% of zinc was lost [36].
 Seeds of most varieties of quinoa contain bitter 
testing saponines in their seed coat surface so there is 
the necessity to remove it. Saponines may be removed 
by washing or abrasion [40]. In row mature quinoa 
seeds only slightly higher concentrations of Mg, Fe 
and Zn were observed than in dehulled seeds, so the 
abrasion process, which is used quite often during 
food processing, has no influence on their content 
[41]. Treating the Chenopodium plants with high 
temperature (e.g. during drying process), as well as 
cooking, causes loss of micronutrients but enhances 
bioavailability of nutrients by reduction of anti-nu-
tritional compounds e.g. oxalic acid and phytate [42]. 
So the impact of different methods of food processing 
on mineral composition is obvious, but it is unusual 
that different temperature of drying is supposed to 
change quinoa seeds mineral composition expressed 
per DM [17]. Thermal processing of quinoa seeds 
caused a significant decrease of antioxidant activity 
but still final product (gluten free bread) contained 
more antioxidants than similar breads from wheat, 
amaranth or buckwheat flour [2]. Quite opposite im-
pact of extrusion was observed. The results obtained 
by Repo-Carrasco-Valencia and Serna [43] shown that 
extrusion process cause the increase of total phenolic 
compounds and the radical scavenging activity of dif-
ferent variations of quinoa seeds.
 A great interest has been lately focused on natural 
compounds having antioxidative properties causing 
inhibition of the free radicals formation. Despite the 
increasing knowledge about problems of malnutri-
tion, many nutritionally valuable crops are not being 
popularized for consumption. In the last 2 decades 
the situation has been slowly changing. Chenopodi-
um quinoa Willd is being considered as new crop for 
NASA Ecological Life Support System for future space 
missions not only generating good quality food but 
also removing CO2 and supplying oxygen [10]. Plants 
belonging to the Chenopodium species contain known 
biologically-active components providing clinically 
proven health benefits [23] and quite often quinoa 
seeds are present in groceries on ‘healthy food’ shelves. 
Chenopodium album was consumed in form of grain 
and also green parts (mainly leaves) in Asia and  Africa. 

Table II. Antioxidant activity of different parts of Chenopodium quinoa Willd and Chenopodium album L. measured by TP, FRAP and DPPH method (n=6)
Tabela II. Aktywność antyoksydantów w różnych częściach Chenopodium quinoa Willd oraz Chenopodium album L. oznaczone za pomocą pomiarów TP, FRAP 
oraz DPPH (n=6)

Antioxidant activity
/Aktywność antyoksydantów

Chenopodium quinoa Willd Chenopodium album L.

leaves
/liście

stem
/łodyga

infructescence
/owoce

leaves
/liście

stem
/łodyga

infructescence
/owoce

TP [mg gallic acid (GAE)/100 g DM sample] 188±14 c 46±9 a 172±21 c 287±22 d 87±17 b 320±33 d

FRAP [mmol Fe(II) equivalent/100 g DM sample] 136±17 b 74±12 a 226±25 c 310±37 d 156±19 b 372±21 d

DPPH [scavenging ability of DPPH – mg TE/100 g] 34±2 b 28±1 a 95±3 e 65±8 c,d 53±5 c 85±13 d,e

a-e – means in rows with different superscript letter are significantly different (p≤0.05) /wartości w rzędach oznaczone różnymi literami różne statystycznie przy p≤0,05
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Much more popular are quinoa seeds consumed in 
quite high amounts in South America.
 Quinoa seeds were recognized as a good source of 
phenolic compounds and natural antioxidants [21, 
22, 28]. Phenolics in cereals are the derivative of 
either benzoic or cinnamic acid and because they are 
insoluble and bound by ester and ether linkages with 
polysaccharides it was shown that methanol and eth-
anol are effective solvents for extraction of phenols. In 
cereals it was shown that ferulic acid represents up to 
90% of total polyphenols [44]. Paśko, et al. [23] found 
similar concentrations of polyphenols in quinoa seeds 
as we did in infructance and in leaves of Ch. quinoa. 
Much lower concentrations were found in stem of Ch. 
quinoa and Ch. alba. We found higher concentrations 
of TP in the whole plant of Ch. alba than in quinoa. 
It is in agreement with the observations of Elif Kor-
can, et al. [45], who showed a high total antioxidant 
status (TAS) of Ch. album leaf extracts and its DNA 
protective properties. Repo-Carasco-Valencia, et al. 
[43] observed slightly lower concentration of TP in 
quinoa seeds but they were increased after extrusion 
and these changes may be ascribed to the alteration 
the chemical structure of polyphenols. Such results 
suggest that food processing can cause destruction of 
some important compounds but similarly improve the 
properties of antioxidants appearing in seeds or even 
induce formation of new compounds possessing such 
properties [15].
 Similarly to TP also FRAP values in Ch. album 
were found to be higher than in Ch. quinoa and among 
tissues highest were found in infructescennce followed 
by leaves and stem.
 The values obtained in infructescence of Ch. qui-
noa in this study were lower than those observed in 
buckwheat but higher than these observed in quinoa 
seeds by Alvarez-Jubete, et al. [2]. The comparison of 
results obtained by different scientists is not always 
possible because of differences in extraction process, 

using different units and often also because of the 
variation caused by use of different varieties of plants. 
This is very important in case of quinoa because Brend, 
et al. [15] found significant difference of antioxidant 
activity among varieties with different seed colors.
 Radical scavenging activity using 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) was highest in infructe-
scence followed by leaves and stem but the differences 
were not always statistically significant. The results 
obtained in infructescence were comparable with the 
values observed in buckwheat and rice bran by Gorin-
stein, et al. [22]. The same authors have shown that 
the major antioxidant component of methanol frac-
tion extracts of cereals and pseudo-cereals are derived 
from polyphenols and protein fraction is showing only 
minor antioxidative bioactivity. The results of Laus, et 
al. [24] may suggest that quinoa antioxidants might 
be more easily accessible than those from durum 
wheat and emmer. Dietary polyphenol content of the 
diet may have a significant impact on certain diseases 
prevention [46]. The addition of such plants or their 
fractions might be a good idea for composition of the 
pseudo-cereal based functional food.

Conclusion

 A relatively high antioxidant status of Chenopo-
dium quinoa and Chenopodium album in comparison 
with popular cereals means that these plants can 
be recommended for the use in animal nutrition as 
a good source not only of protein but also of mineral 
compounds and antioxidants. The use of pseudo-ce-
reals seems to be related to potential health benefits 
of consumers.
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