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Proximate composition and physical parameters in nine quinoa cultivars were determined in order to establish
differences among them and to contribute to their characterization. Faro, Pichaman, and Baer varieties cultivars were
used. The aim of this research was to evaluate the physical and chemical properties and to characterize the protein
fractions. All analysed properties showed significant differences between the cultivars. The physical measurements
(weight, shape, size, and density) could be used for improving the technology associated with conditioning, transport,
and storage of the grain. The protein content ranged from 15 to 18%, fat 6 to 8%, carbohydrates 70 to 74%, and ash
from 3.5 to 4.4%, showing an outstanding nutritional profile. The relative quantity of soluble proteins (albumins and
globulins) ranged from 40 to 65%, except in Faro variety cultivar, which presented 16%. The relative percentage of
insoluble protein (prolamins and glutelins) ranged from 25 to 34%. The obtained information in this research could
be useful in determining seed-quality, automating production, improving cultivation practices and technologies, and
developing food products with enhanced nutritional qualities.
Keywords: quinoa, chemical composition, protein fractions, physical characterisation

Quinoa (Chenopodium quinoa Willd.) is a native grain from the Andean region, that was
segregated during the time of the conquest, and presently has gained popularity due to its
nutritional and agronomic qualities and its wide usability (ABuGocH, 2009). Another
outstanding feature is the absence of gluten-forming proteins, therefore it may be consumed
by people with celiac disease.

The global quinoa production has increased steadily in recent years, due to its high
demand and international prices (ScaLisg, 2016). The main producing and consuming
countries worldwide are Bolivia and Peru. In Argentina, the production of quinoa is focused
on the northwest region of the country, and it is used for self-consumption and marketing in
retail and cooperative markets (PROFECYT, 2008).

In order to promote the extensive cultivation of quinoa, it is necessary to develop
technological innovations in the machinery associated with the different operations of
sowing, harvest, post-harvest treatments, and processing of their byproducts. The knowledge
of physical characteristics of the grain is essential to select, design, and properly dimension
the technologies mentioned above.

In conjunction with the physical properties of the grains, their nutritional quality and
changes in the chemical composition during processing must be evaluated. Quinoa is
considered a complete food given its nutritional characteristics: protein content (10 to 18%)
and quality due to an adequate balance of amino acids; fat (4.5 to 8.75%) with a high
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proportion of polyunsaturated fatty acids; total minerals (2.4 to 3.65%); and carbohydrates
(54.1 and 64.2%) mainly composed by starch and in a lower proportion fiber (2.1 to 4.9%)
and free sugars (ABucocH, 2009). Concerning the total protein content of quinoa, they can be
classified into four fractions based on their solubility: albumins and globulins (70%), and
glutelins and prolamins in smaller proportion (ABuGocH, 2009). Its fractionation has great
importance, as each fraction contributes to the nutritional quality, functional properties, and
applications in the elaboration of certain food products.

On the other hand, saponins (triterpene glucosides) are a major antinutritional factor of
quinoa seeds, which are located in their outer layers and are responsible for the bitter taste of the
grain (G1anna et al., 2012). The content of saponins in the grain allows to distinguish the varieties
as sweet (<0.11%) or bitter (>0.11%) (GomMEz-CAravAcA et al., 2014). Therefore, for bitter
varieties it is essential to eliminate them before consumption or transformation of the grains.

Considering the background above, the aim of this research was to analyse the physical
and chemical characteristics, and to determinate the protein fraction composition on three
quinoa varieties of nine cultivars. This work could provide information for the design of
efficient post-harvest technology and for the application of this grain in multiple products.

1. Materials and methods

1.1. Materials

Quinoa seeds (Chenopodium quinoa Willd.) from “sea level” ecotype varieties Pichaman (P),
Faro (F), and Baer (B) were used. These seeds came from the central region of Chile (Ch,
year 2011), and the same varieties were cultivated in Rio Cuarto (Rc) — Argentina (years
2011-1Rc and 2012-2Rc).

1.2. Physical properties

For the determination of physical parameters, 50 grams of each sample were taken. The
weight of 1000 seeds (W1000) was determined by weighing 100 seeds on analytical balance
and extrapolating to 1000 seeds. The true density (p) was measured by the addition of a
certain seed mass in a real volume, using a pycnometer of 30 ml and toluene for the liquid
phase (ABALONE et al., 2004). The bulk density (p,) was determined using a 50 ml graduated
cylinder (v), and seeds were manually added until making up the volume; the seed mass (m)
occupying that volume was weighed and the quotient p,=m/v was calculated. These
determinations were performed in triplicate. The porosity (&) was calculated in terms of the
relationship between bulk and true density according to the equation e=(1-p,/p)*100 (SacILiK
et al., 2003). The size of the seeds was determined over 50 seeds randomly selected of each
specimen. Width (d)), length (d,), and thickness (d,) were measured in these samples using a
digital micrometer (accuracy of 0.01 mm). The equivalent diameter (d ) was calculated by the
expression d =(d,-d,"d,)"* (ViLchE et al., 2003). The sphericity (®) is defined as the
relationship between the equivalent diameter and the seed length (d,). This was measured
using the equation proposed by STRosHINE (1998): ®=(d,-d,-d,)""/d,.

1.3. Chemical properties

The analysis of total lipids (L), total protein (P), and ash (A) was carried out as described in
AOAC INTERNATIONAL (AOAC, 1990). For the conversion of nitrogen content to crude protein
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content, the 6.25 factor (N-factor) was used. The carbohydrates (HC) were calculated by
difference. The extraction and quantification of saponins (S) was microwave-assisted (MAE).
In this method, extractions of 1 g of seeds were accomplished with 20 ml of methanol. The
MAE extraction parameters were microwave power: 900 W, extraction time: 20 min, and
controlled temperature: 80 °C (Gianna et al., 2012). The moisture content (M) was determined
using the standard method described by AOAC (934.01, 1999).

Proteins were sequentially removed according to their solubility; albumins (Alb),
globulins (Glo), prolamins (Pro), and glutelins (Glu). For the extraction, 1 g of milled seed
was weighed and the corresponding solvent was added (ratio 1:10 w/v): water, phosphate
buffer pH 7.5, ethanol 70%, and sodium hydroxide 0.1 M, respectively. After each extraction,
the samples were centrifuged at 11 000 g for 15 min at4 °C, and the supernatant was collected
and stored at 2 °C until further use (OsBORNE & MENDEL, 1914). The protein content was
determined by the Bradford method (BRaDFORD, 1976). All determinations were performed in
triplicate.

1.4. Statistical analysis

In order to perform the statistical analysis, the software INFOSTATO has been used. The
results were expressed as the average + standard deviation. The analysis of variance was
applied through the DGC (DiRienzo, Guzman and Casanoves) multiple comparison test
(significance level set at P<0.05) for chemical and physical properties.

2. Results and discussion

Moisture content was between 7.62 and 9.93%. Its content must be controlled to avoid
contamination by insects and fungi and losses due to the heating of the grain (STROSHINE,
1998). In addition, variations in moisture content affect exponentially the size, weight, shape,
volume, density, and porosity of the grains (VILCHE et al., 2003).

2.1. Physical properties

Table 1 indicates the average values of the physical properties evaluated in quinoa seeds. The
weight of 1000 seeds (W) ranged from 2.05 g to 2.70 g, similar to those reported by
VILcHE and co-workers (2003) with results between 2.5 g and 2.7 g. These values are lower
than those reported by GrAF and co-workers (2015), who determined weights per 1000 seeds
of2.8 g,4.12 g, and 3.02 g for quinoa grains from Chile, Ecuador, and the USA, respectively.

The true density was between 0.87 and 3.28 g ml!. The seeds that presented higher
values were BCh, B1Rc, and B2Rc. On the other side, the bulk density fluctuated between
0.55 and 0.73 g ml'%. It is important to highlight that the information provided by true and
bulk density is useful for calculating heat transfer through the grains, quality control, and
design of transport systems, cleaning, and classification (STROSHINE, 1998).

The seeds from Chile presented higher porosity than those cultivated in Rio Cuarto,
indicating that the first ones present a less compact stacking, with air spaces between them.
The porosity values in seeds sown in Chile and Rio Cuarto were between 0.36-0.81 and
0.26-0.78, respectively. The porosity of the grains determines the resistance to air flow in
aeration and drying processes, allowing to define the exposure times and characteristics of
the equipment to be used (STROSHINE, 1998).
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With regard to the orthogonals dimensions (d,, d,, d,, d , and @), it is clearly seen thatd,
and d, prevail over d,, in accordance with findings of ViLchE and co-workers (2003) for
quinoa seeds from Pera and Argentina. On the other side, the size of the seeds (d) was
between 1.42 and 1.61 mm. According to the classification proposed by IBNORCA (2006),
these grains would have been of medium size. The esphericity, used to quantify differences
among seed shapes, indicated a spherical flattened shape (0.80 to 0.83). These results are
similar to those reported by ViLcHE and co-workers (2003) for quinoa seeds.

2.2. Chemical properties

Table 2 presents the results of the chemical analysis. The saponin contents ranged from 0.44
to 0.77%. These results are lower compared to those obtained by Warp (2000). However,
they are superior to the flavour perception limit of 0.11%, therefore they are considered bitter
grains (GOMEz-CARAVACA et al., 2014).

As with cereals, carbohydrates are the major component of quinoa. However, it does not
belong to the same botanical family, and therefore it is called pseudocereal. In this study,
carbohydrates ranged from 70.28 to 73.68%. These values were inferior to other commonly
consumed grains, such as corn, rice, and barley, which have carbohydrate contents between
83 and 87% (WRIGLEY et al., 2016).

On the other side, the lipid content ranged from 5.83 to 8.19%, which was among the
ranges published by ABucocH (2009) and Viputeiros and co-workers (2013). This percentage
is superior to corn’s percentage (4.9%), and that is the reason why it can be considered as a
grain with potential for oil extraction.

The results found for ashes were from 3.39 to 4.43%, similar to those reported by
Vipueros and co-workers (2013). These values allow to consider this grain as a great source
of minerals, such as Ca, Mg, K, P, Fe, Cu, and Zn, exceeding corn, rice, and barley’s mineral
content (WRIGLEY et al., 2016).

The total protein percentage varied from 15.45 to 18.25%, similar to those found by
ViputIros and co-workers (2013), and higher than those reported by MirRanDA and co-workers
(2011). Quinoa’s protein content (N-factor 6.25) exceeds barley (11.02%), corn (10.51%),
and rice’s (7.94%) protein values (WRIGLEY et al., 2016). Besides, it has a complete amino
acidic profile with high lysine, cysteine, and methionine contents, all limiting amino acids are
present in the mentioned grains. Protein supplementation with quinoa could help to cover
essential amino acid requirements suggested by WHO (2002).

Although protein values were similar for all seeds under study, the relative quantity of
albumins and globulins varied from 5.39 to 33% and from 10.61 and 32.01%, respectively;
on the other hand, prolamins and glutelins had more limited ranges from 4.17 to 5.64% and
from 20.83 to 28.19%, respectively. F1Rc variety presented the lowest albumine and globulin
contents and the highest contents of prolamins, glutelins, and high molecular weight proteins
(50.17%). These ones do not dissolve in the extraction solvent used. On the other side, B2Rc
presented the highest values of albumin and glubulin fractions. According to the literature,
quinoa contains 44 to 77% albumins and globulins, wich are the major storage proteins, and
aminor fraction of prolamins of 0.5 to 7% (ABuGocH, 2009). The obtained results for albumins
and globulins were between 40 and 65%, except for the F1Rc line, which only presented
16%.
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From the reported data it was observed that seeds with greater saponin content presented
higher proportions of prolamins, glutelins, and residual fractions; however, no differences
were found in their total protein values. In another study conducted by the working group on
22 quinoa accessions from different countries of the world, the same trend was observed
(unpublished data). For this behaviour there is no explanation in previous studies in the
literature, therefore it is proposed to be approached from a macronutrient biosynthetic route
or genetic perspective. If the above-mentioned is achieved, quinoa varieties with low level of
saponins (sweet flavor) and high proportion of soluble proteins could be produced.

3. Conclusions

This study provides information on the seed-quality of quinoa grains regarding physical
properties and nutritional value. The results of the physical examinations offer basic
information for post-harvest quinoa processes. Regarding chemical properties, quinoa grains
have higher protein, ash, and lipid contents compared to cereal sources. The protein fractions
profile demonstrated greater contents of albumins, globulins, and glutelins (approximately
25% each) and a minor prolamins proportion (approximately 5%). The grains with higher
saponins content presented higher amount of insoluble fractions. Whereas this observation
yet has no clear explanation, it could generate future reaserch in order to clarify this behaviour.

The authors express their gratitude to the CONICET, the SeCyT, the ICyTAC, the ICTA, and to Dr. Guillermo
Peiretti.
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