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Abstract 
This study aimed to assess the effect of different drying forms, environments, and storage periods on germination 
and sanitary quality of quinoa seeds cv. BRS Syetetuba. Seeds were submitted to drying in forced air circulation 
chamber at 30, 40, and 50 °C and in a suspended tray, in full sun, until they reached ±12% of moisture content. 
The observed drying data were adjusted to 10 mathematical models. The storage for 360 days was continuous in 
three different environments. Seeds were evaluated at 0, 6, and 12 months for germination, first count of 
germination, moisture content, and sanity tests. The experimental design was completely randomized, in a split 
split-plot scheme with four replicates. Among the studied models, Midilli was efficient in describing the drying 
curves of quinoa seeds. The storage environment influenced the loss of seed quality more than the drying 
temperature. The increased storage period caused a decrease on fungal seed incidence.  
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1. Introduction 
Quinoa seeds (Chenopodium quinoa Willd.) have striking nutritional qualities and have integrated the diet of 
Andean Peoples for hundreds of years (Bazile et al., 2016). Food and Agriculture Organization of the United 
Nations considered quinoa as one of the most promising cultures of humanity, not just for the beneficial 
properties to health, but also for the varieties of use (FAO, 2013). Quinoa adapts to different soil and climatic 
conditions, resist to abiotic factors and has a low production cost. In this form, this species may fit different 
agriculture systems (Restrepo et al., 2005). In Brazil, this culture was officially implemented to increase the 
variety of cultivation in production systems, besides contributing to food security and increasing producers' 
income (Spehar et al., 2011). 

During the last years, this culture expanded greatly, mainly outside the origin country, causing an increase in the 
demand for its grains and derivatives, mainly in the USA, Canada, European Union, and Asia, which are the 
leading importers (Bazile et al., 2016). For these reasons, there is high potentiality for the growth of this 
cultivation at medium and large scale to satisfy the growing world demand for this product (Torres & Salas, 
2015).  

A key factor for the success of this cultivation is the quality of seeds. Seeds quality must be kept high during 
storage, aiming at an optimal seedling establishment in the field, in order to guarantee the economic and 
productive benefits aimed by the producer (Tunes et al., 2014). Drying is a crucial stage of the productive cycle 
of seeds (Peske & Villela, 2012), mainly employed to reduce the amount of water, delay the deterioration, and 
make them more suitable for storage (Oliveira et al., 2009). Storage, in turn, aims to preserve the initial quality 
of the seeds, protecting them from the weather, insects, and microorganisms (Ellis & Hong, 2006). 

Both the processes of drying ad storage are often neglected, even if they are critical stages of the productive 
cycle of seeds (Berbert et al., 2008). As refers to quinoa, as an example, most of the producers still use artisanal 
techniques, such as the natural drying on the plant, under the sun, or the shadow, and on the ground, and storage 
in environments with uncontrolled temperature and relative humidity (Quiroga et al., 2013). Moisture content, 
temperature, and storage time are critical factors in the preservation of the quality of the seed (Marcos-Filho, 
2015).  
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Even the same, the drying process may be detrimental to the quality of seeds, mainly due to its delay, or the use 
of high temperatures, excessive time of exposure to heated air, or the drying method employed (Menezes et al., 
2012). Chemical, physical, and physiological alterations may occur during the process of water removal (Roveri 
José et al., 2004; Peske & Villela, 2012). Considering the relevance of the drying process of the seeds, the 
theoretical study of the process and its practical application in the post-harvest stage is crucial, mainly dealing 
with cultures that have been produced for a short time, such as quinoa (Moscon et al., 2017).  

Another crucial element to be considered is that the seed is one of the primary pathogen dissemination vehicles 
(Henning et al., 2011; Cardoso et al., 2015). Seeds contamination is often responsible for the introduction of new 
foci of infection of diseases in uncontaminated areas (Medeiros et al., 2015). Fungi play a crucial role as plant 
pathogens. Some infections caused by fungi appear as seeds are paced to germinate; other fungal infections 
appear during the storage, causing damages, mainly for production, and productivity (Henning et al., 2011). 

As considering this context, there is still a lack of pieces of information on the drying process, and the effects of 
post-harvest stages, on the quality attributes of the seeds. In this form, the article aimed to analyze and to model 
the drying curve, and to assess the effects of different drying systems, environments, and storage times, on the 
germination, and sanitary quality of quinoa seeds.  

2. Material and Methods 
2.1 Environment and Harvesting 

The study was conducted at the laboratory of ‘Seed Studies’ and ‘Mycology’ of the University of Brasilia (UnB), 
Brasilia, Federal District, Brazil. In the experiment, we used pure seeds of the cultivar BRS Syetetuba (Spehar et 
al., 2011), produced in the ‘Água Limpa’ experimental farm (FAL) of the UnB. Seed harvesting and threshing 
were hand made by the friction of the panicles. These processes were performed, 120 days after the emergence 
of the seedlings. Seed cleaning and size standardization were done by using a prototype of air machine and 
sieves. 

2.2 Drying and Storage 

Thin layer seed drying was performed in a stove with a forced ventilation system (Lucadema brand, model 
82/150). The drying process was set as follows: D1—chamber at 30 °C; D2—chamber at 40 °C; D3—chamber 
at 50 °C; D4—suspended terrace at one-meter height under the full sun. All treatments used three trays with the 
bottom constituted by netting (50 × 50 cm). Each tray received 1.0 kg of seeds in a ±1.5 cm thin layer. The trays 
were randomly set, and sed layers were hand revolved. The drying continued until the seeds reached the moisture 
content of 12±1.0%.  

The seed moisture content reduction during the drying was measured gravimetrically. The final determination 
was performed by the hoven method (105 °C) using three 5 g samples (Brasil, 2009a). The equilibrium moisture 
was determined by using three 5 g samples for each drying condition. After the drying process, the content of the 
trays was grouped, hand homogenized, and divided into 200±10 g portions. The repetitions were characterized 
and packaged in closed translucent 300 mL plastic bottles (Souza et al., 2016). The bottles were stored for 360 
days as follows: A1—cold chamber (10 °C and 50% RH, initial); A2—cold chamber (19 °C and 40% RH, initial); 
A3—laboratory environment (26 °C and 50% RH, initial). The temperature and the relative humidity of the air 
(RH) during storage (August 2017 to September 2018) were assessed (Digital datalogger Onset HOBO® 
U12-011).  

2.3 Study the Kinetics of Drying 

To study the kinetics of drying, the assessment of the water removal rate from the seeds was performed 
according to equation 1 (Silva et al., 2018).  

WWR = (Mw0 – Mwi)/[MD × (ti – t0)]                            (1) 

where, WRR: water removal rate (kg kg-1 h-1); Mw0: previous total mass of water (Mp at t0 – MD), kg; Mwi: 
current total mass of water (Mp at ti – MD), kg; MD: dry matter [Mp × (1 – Ui)], kg; t0: previous total drying time, 
h; and ti: current total drying time, h.  

Moisture ratios (MR) were obtained for each temperature according to Equation 2.  

MR = (M – Me)/(Mi – Me)                               (2) 

where, M: moisture content of the product at each drying time, decimal and drying bases (d.b); Mi: initial 
moisture content of the product, decimal (d.b.); and, Me: equilibrium moisture content of the product, decimal 
(d.b).  
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Moisture content data determined during drying were submitted to mathematical models (Table 1) used to 
describe this phenomenon (Doymaz, 2014; Goneli et al., 2014; Santos et al., 2015; Mendonça et al., 2015; 
Maciel et al., 2017; Tao et al., 2018).  

 

Table 1. Mathematical models used to predict the drying 

Designation Model Equation 

Page MC = exp(-ktn)  (3) 

Henderson and Pabis MC = a· exp൫-kt൯  (4) 

Midilli 

Wang e Singh 

MC = a· exp൫-ktn൯ + b·t  

MC = 1 + a·t + b·t  

(5) 

(6) 

Verma MC = a· exp൫-kt൯ + (1 – a)· exp൫-k1t൯  (7) 

Thompson MC = exp ቄቂ-a – (a2+4bt)
0.5ቃ /2bቅ  (8) 

Newton MC = exp(-kt)  (9) 

Exponential Two Term MC = a· exp൫-kt൯ + ൫1 – a൯· exp൫-kat൯  (10) 

Two Terms MC = a· exp൫-k0t൯ + b· exp൫-k1t൯  (11) 

Page modified MC = exp(-kt)
n
  (12) 

Note. MC: moisture content data dimensionless; t: drying time (min); k, k0, k1 drying constants (s-1); a, b, c, n: 
models’ coefficients.  

 

The adjust of the mathematical methods to the experimental data of drying was performed by non-linear 
regression analysis, by the Quasi-Newton method, by computational analysis. The degree of adjustment to each 
model was assessed considering the magnitude of the determination coefficient (R2), the mean relative deviation 
(P), and the standard error of estimate (SE), the variance explained by the model (VE) (Goneli et al., 2014).  

2.4 Analysis of Physiological Quality 

Samples of the seeds were withdrawn at 0, 6, and 12 months of storage to assess, by the following methods:  

Moisture content (MC): Determined by the stove method at 105±3 °C for 24 h (Brasil, 2009a). The results were 
expressed as percentage wet bases (w.b). 

Germination (G): Four subsamples of 50 seeds were seeded in transparent plastic boxes (11 cm × 11 cm × 3 cm) 
on two leaves of previously moistened Germitest paper. The boxes were stored in an incubation chamber (12 
hours of light exposure; 25±2 °C). The normal seedlings were counted on the 5th day, and the results were 
expressed as a percentage (Brasil, 2009a; Souza et al., 2017).  

First count of germination test (FC): Counting of the normal seedlings at two days after the beginning of the 
germination test and expressed as a percentage (Brasil, 2009a; Souza et al., 2017).  

2.5 Analysis of Sanitary Quality 

Seeds incubation was performed by the filter paper method, with freezing and 12 hours photoperiod (Brasil, 
2009b). 2.0 g samples of seeds from each repetition were disinfected using a 2% solution of sodium hypochlorite 
for 2 minutes. Were extracted 200 seeds, divided into four groups of 50 units each, and seeded in plastic boxes, 
stored in incubation chambers at 20 °C during 12 hours, frozen at -20 °C during 24 hours and later placed again 
in an incubation chamber at 25 °C during seven days. After this, the seeds were examined individually using a 
magnifying glass with lighting and stereoscopic microscope. The percentage of infected seeds and the incidence 
of each genus were considered (Brasil, 2009b; Henning, 2015).  

2.5 Statistics 

For the analysis of physiological and sanitary quality, the completely randomized experimental design was used, 
in a split split plot scheme, with four repetitions. The factors were: the drying conditions, the place, and the 
storage period. Data were submitted to analysis of variance. The comparisons among the means were performed 
by the Tukey Test (p ≤ 0.05). As refers to the storage time, the regression analysis was performed, and the 
models were adjusted based on the t-test (p ≤ 0.05) and coefficient of determination (R2).  
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Guimaraes and Carvalho (2014) associated the presence of Cladosporium spp. in bean seeds, with their storage, 
affecting their quality. Silva and Lourenço Jr. (2009) described similar pathogens in seeds of five other Brazilian 
quinoa strains. Antonello et al. (2009) described the presence of the fungi Aspergillus spp., and Penicillium spp. 
during the storage of corn seeds in plastic packages. Additionally, fungi of the genus Fusarium found in seeds of 
quinoa have already been described as causing agents of damping-off (Drímalková & Veverka, 2004). 

It is crucial to point out that, due to their low incidence, in this experiment fungi did not influence the 
germination of the seeds directly, mainly at the end of the storage period. Even the same, it is essential to pay 
attention to the handling of the seeds to avoid or reduce the contamination, mainly due to their pathogenic 
potential. Fungi may deteriorate the seeds or kill them before, or after the planting.  

4. Conclusions 
The Midilli model was efficient to describe the drying curves of quinoa seeds. Regardless of the drying 
temperature, the storage environment influenced the loss of seed germination quality. There was a reduction in 
the incidence of fungi with increasing storage time.  
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