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Convective drying of yellow discarded onion (Angaco INTA): modelling 

of moisture loss kinetics and effect on phenolic compounds

Abstract

The Angaco INTA onion variety is the most cultivated and its production, mostly is destined 

for export. Due to their high-quality standards of these markets, many onions are discarded. 

The drying process seems to be a promising solution that not only give added value to this 

product, but also extend shelf life. In this work, the influence of convective drying process, 

at 60 and 70 ºC, on the kinetic behavior, antioxidant activity, phenolic and flavonoid contents 

of discarded onion slices were investigated. Considering that, the Angaco INTA onion is a 

variety genetically developed to have shorter cultivation times in this region; the phenolic 

compounds content in this onion variety, the drying kinetics and its influence on this content 

have never been studied. In this study, the phenolic compounds contributions to dehydrated 

product quality was evaluated, observing that the convective drying increased the total 

soluble phenolic and flavonoid contents and antioxidant properties for both temperatures, 

being highest at 70 ºC. The rehydration ratios were similar to the slices dried at 60 and 70ºC. 

Several models were used for describing the obtained drying curve equation of onion slices, 

being the Midilli’s model the one that presented the best fit. Ficks’s model of water diffusion 

fitted all experimental data with acceptable correlation coefficients. Considering the 

achieved findings, 70ºC is the optimum temperature to produce the dehydrated Angaco 

INTA onion.
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1. Introduction

Onion (Allium cepa L.) is one of the most cultivated vegetables throughout the world, with 

around 86 million tons (t) of outfits [1]. China is the largest manufacture (22% of the total 

global onion production), followed by India and EEUU. Argentine generate between 600000 

y 750000 t of onion, being San Juan one of the main producing provinces. The main onion 

varieties are Valenciana, Valencianita, Torrentina, Lona Inta, Valcatorce and Angaco INTA. 

The last variety was developed in order to have shorter cultivation times. It has light green 

leaves, medium bulbs, sub-conical shape, fine copper-yellow thin outer coat (golden yellow) 

and brief conservation time. 

Onion is a versatile vegetable, being the bulb, the plant portion commonly used as a food 

ingredient, adds taste and flavor to the food [2]. Besides, onion contains several antioxidant 

compounds, mainly polyphenols such as flavonoids, fructo-oligosaccharides (FOS) and 

sulfur-containing compounds, so it’s ingesting has been linked with health promotion, due 

to their beneficial effects against different pathologies [3], [4]. 

Considering the regional situation, it is important to remark that the most of Angaco INTA 

onion production is destined for export, however, due to the high-quality standards of these 

markets, many onions are discarded, principally by irregular shape and non-commercial 

sizes. Therefore, the use of these onions becomes an interesting topic. One of the utilization 

and revalorization alternatives, as well as preservation, is the drying. These aspects are 

gaining importance in the worldwide markets, considering that the dried onions could be 

used in the formulation of soups, sauces, comminuted meats, snacks, frozen foods, salad 

seasoning and condiment [5], [6]. In addition, the dehydrated onion may be marketed in 

different forms: flaked, minced and powdered, depending on its culinary uses.



  

In the actuality, the most used drying methods for onions are hot-air and freeze drying [7]. 

The dehydrated products have a better shelf life, up to one year, but generally their nutritional 

properties are affected and are closely connected to the processing operations and conditions 

[8]. This is the reason that the principal objectives during drying onions is to diminish the 

moisture content, maintaining the properties of their nutrients [9]. The processing effects on 

the overall quality of onions are lost/improvement of own components. It is known that the 

drying process has no influence in the ash, fat, protein and fiber contents. However, sugars, 

acidity and vitamin C contents are very affected by the drying, diminishing when the drying 

temperature increases [10]. 

Onions contain several phytochemicals, as the phenolic compounds, which are linked with 

health promotion and disease risk decrease; falling the cancers occurrence and preventing 

vascular and heart diseases, neurodegenerative disorders and cataract formation [11]. 

Considering the importance that onions have created in the antioxidant’s topic, different 

studies have addressed the need to evaluate the antioxidant capacity of different onion 

varieties. On the other hand, considering the wide large variation of the phenolic compounds 

content among different varieties, it is important its determination. So, Perez-Gregorio et al. 

[12] reported the flavonol content in cultivars of white and red onions. Rodrigues et al. [13] 

studied the effect of meteorological conditions on this compound content in Portuguese 

onions in the same cultivars. Moreover, Perez-Gregorio et al. [14] studied changes during 

freeze-drying of the red onion in the flavonols and anthocyanins, observing that flavonols 

increased with the freeze-drying process. Otherwise, Rodrigues et al. [15] reported the 

postharvest storage systems affect the phytochemical content and quality of traditional 

Portuguese white and red onion cultivars concluding that flavonols content augmented up to 

64% after six or 7seven months of storage. On the other hand, after 7seven months total 

anthocyanin content was diminished between 40 and 60%. Perez- Gregorio et al. [16] 



  

reviewed the main factors that influence ion the flavonoid content of onions. These authors 

observed that red and resistant cultivars have higher flavonoid quantities and the nitrogen 

content of soil does not affect the flavonol content in onions. Considering the antioxidant 

compounds, during the drying process, novel formed constituents or the interaction between 

existing phenolic compounds can increase or diminish the antioxidative potential [17].

Additionally, the kinetic analysis is indispensable for equipment design of drying process 

and choose the appropriate operating conditions [18]. Numerous mathematical models, 

theoretical, semi-empirical and empirical models, can fit the experimental kinetic data drying 

[19] and were studied in different varieties of onion by several researchers [20], [21]. 

Nevertheless, up to now there are no published works on chemical composition and drying 

kinetics of the Angaco INTA onion variety.

Thus, the main goal of this work was to evaluate the discarded onion drying at two different 

temperatures 60 and 70 ºC analyzing the kinetic behavior during the process and its effect 

on total soluble phenolic, flavonoids and antioxidant activity. The obtained results will allow 

to advance in knowledge about the revalorization of a regional variety of onion, diminishing 

economic losses of producers. 

2. Materials and methods

2.1. Reagents

Ultra-pure water (0.056 mS/cm, containing 5 mg/L TOC) was obtained from a water 

purification system Arium 126 61316-RO, plus an Arium 611 UV unit (Sartorius AG, 

Goettingen, Germany). Methanol (HPLC grade) was obtained from Fluka (Steinheim, 

Germany). Commercial Folin–Ciocalteu (FC) reagent and HCl (37%) were acquired in 

Merck Química Argentina (Buenos Aires, Argentina). 2,2-Diphenyl-1-picrylhydrazyl 



  

(DPPH), gallic acid (GA) and quercetin were purchased from Sigma Aldrich (Buenos Aires, 

Argentina). All other chemicals were of analytical grade.

2.2. Samples

Fresh discarded (second quality) Angaco INTA variety onions were provided by local 

farmers from Pocito Department, Province of San Juan, Argentina. This place is located: 

latitude 31º 39'32" south, longitude 68º 34 '45" west and altitude 650–750 m.a.s.l. The 

climate is continental with hot summers (temperatures up to 40 °C) and cold winters. 

Onions were harvested when 95 % or more of the stems have been folded (fallen) and packed 

in mesh bags in the dark at 20 °C until analysis within 30 days. To carry out the analyses, 

three independent samples (5 Kg/sample) were used. Onions (10, randomly taken from each 

sample) were hand-peeling, weighed, cut manually in the direction parallel to the vertical 

axis and diameters (D1 and D2), height, and cataphylls number were measured (Table 1). 

Table 1. Physical and chemical characterization of fresh onion Angaco INTA.

Variety / Denomination Angaco INTA

Origin Pocito INTA, San Juan - Argentina

Shape Sub-spinning or spinning

Color Copper yellow

Average weight (g) 137±22

Average diameter (D1 y D2) (cm) D1: 6.9±0.8 / D2: 7.1±0.3

Average height (cm) 5.2±0.5

Cataphylls number between 6 and 7

Moisture (%) 88.7±0.9

Ash (%) 0.56±0.01

Acidity (g citric acid /L) 0.17±0.04

Soluble solids (°Brix) 9.5±0.3

pH 5.09±0.08



  

2.3. Chemical characteristics 

The soluble solid content (%), pH, titratable acidity (g citric acid /L) were determinate in 

fresh onions (Table 1).

Ash and moisture contents were analyzed in both, fresh and dried onions [22]. 

2.4. Bioactive compounds: total soluble phenolic content (TSP), flavonoids (F) and 

antioxidant activity (AA)

Onion extract. Methanol extracts from fresh and dried onion samples were prepared 

according to the methodology described by Siddiq et al. [23]. The onions were ground in a 

coffee grinder and blended to obtain a homogeneous product. Samples were weighed (ca. 

5.0 g of fresh or dried material), and extracted by sonication (40 kHz, 45 min, 25 °C, 

ultrasound bath model TB02TACA, TESTLAB S.R.L, Buenos Aires, Argentina) using 20 

ml methanol: water (80:20, MeOH: H2O). The homogenate was then centrifuged at 10000 g 

during 10 min using a Biofuge 28RS Heraeus Sepatech Centrifuge (Heraeus Instruments, 

Hanau, Germany) and filtered. Each homogenate was extracted two times and the combined 

fractions diluted to a final volume of 40 ml and used for further analyses.

The total soluble phenolic content (TSP) was determined by the Folin-Ciocalteu method, 

using linear regression from a calibration plot constructed using gallic acid [24]. The results 

were expressed as mg of gallic acid equivalents (GAE) per 100 g of onion on a fresh weight 

(fw) (mg GAE/100 g fw) and on dry weight (dw) expressed (mg GAE/100 g dw).

Flavonoid content (F) was determined using the AlCl3 method according to the modified 

methodology proposed by Ismail et al. [25]. F content was calculated by linear regression 

from the construction of a calibration curve using quercetine. The results were expressed as 

mg of quercetine equivalents (QE) per 100 g of onion on a fresh weight (fw) (mg QE/100 g 

fw) and on a dry weight (dw) (mg QE/100 g dw).



  

Antioxidant activity (AA) was determined using the FRAP assay as described by Oyaizu 

[26]. Trolox (0-50 µM) was used as a standard antioxidant and the AA of the extracts were 

expressed as microMolar Trolox equivalent (µMol TE) per g of onion on a dried weight (dw) 

basis (µMol TE /g dw). Free radical scavenging effects were assessed according to the 

procedure described by Brand-Williams et al. [27] with slight modifications to reduce the 

test time [28]. Quercetin was used as the reference compound. The extract concentration 

providing 50% of radicals scavenging activity (EC50) was calculated. Absorbance 

measurements were carried out at 25 °C, using a Multiskan FC spectrometer (Thermo Fisher 

Scientific Corporation). All measurements were carried out in triplicate.

2.5. Drying equipment and experimental procedure

To carry out the drying experiences, a convective oven was used (Fischer Turbo 2.4). The 

onions were cut into circular shape, the diameter was approximately 6-7 cm and the thickness 

varied between 2 and 4 mm. The isothermal drying temperatures were 60 and 70 ºC for each 

experiment and air velocity was equal to 1 m/s. This oven was equipped with the control 

system to fix these operating parameters. A sample was placed in the dryer and their weight 

was measured with a precision balance coupled to a data acquisition system via the 

communication port interface. The data were registered at two-minute intervals for each 

drying temperature. Drying tests were replicated three times and average weight loss were 

reported.



  

(a) (b) (c) (d)

Figure 1. Onion slices dried at (a) 50 ºC, (b) 60 ºC, (c) 70 ºC and (d) 80 ºC.

To work at 60 and 70 ºC, previous experiences were carried out at 50, 60, 70 and 80 ºC. The 

drying time, when the work temperature was lower than 60 ºC, was very long (between 300 

and 330 min). On the other hand, when considering temperatures higher than 70 ºC, the 

visual aspects of the onion was deteriorated, presenting important texture and colour 

changes. Figure 1 shows the final product after drying at temperatures previously cited. 

2.6. Rehydration ratio

After the drying process, the rehydration was evaluated in order to observe the possible 

structural alterations produced by the drying process. Rehydration was carried out at 25±1 

°C. The dried samples (3 slices dried at each temperature) were put into 50 ml of distilled 

water in Petri dishes for 3 hours (to constant weight). Samples were removed from the water 

and then, their surfaces were covered with a piece of filter paper to soak the water excess. 

Three replicates were performed and the rehydration ratio was calculated as the relation 

between the initial and final weight weights of the sample [29].

2.7. Modelling of drying curves

From the obtained experimental data of moisture at each time interval, the MR was calculated 

utilizing the following equation:



  

(1)𝑀𝑅 =
(𝑀𝑡 ‒ 𝑀𝑒)
(𝑀0 ‒ 𝑀𝑒)

Me was determined from a plot of MR vs t , when the mass loss was equal to zero, assuming 

that no more moisture can be exchanged from the samples into the surrounding atmosphere 

of the chamber [9]. The plot of MR vs t was denominated drying curves of onions. These 

curves can be represented using different semi-theoretical and empirical models, from 

which, twelve of them were used in this work (Table 2). 

Table 2. Semi-theoretical and empirical models applied to drying curves [30].

Nº. Model name Model equation

1 Newton  exp ktMR 

2 Page  exp nktMR 

3 Modified Page  )(exp nktMR 

4 Henderson and Pabis  exp ktaMR 

5 Modified Henderson and Pabis      htcgtbktaMR  expexpexp

6 Wang and Singh  21 btatMR 

7 Logarithmic   cktaMR  exp

8 Midilli   btktaMR n  exp

9 Two term    ntbktaMR  expexp

10 Two term exponential      kataktaMR  exp1exp

11 Noomhorm and Verma     cntbktaMR  expexp

12 Approximation of diffusion      bktaktaMR  exp1exp



  

The fitting quality of each tested model to the experimental data was evaluated with the sum 

of squared errors (SSE), the root means square error (RMSE), and chi-square (χ2):

(2)𝑆𝑆𝐸 =
1
𝑁 ∗ ∑𝑁

𝑖 = 1(𝑀𝑅𝑝𝑟𝑒,𝑖 ‒ 𝑀𝑅𝑒𝑥𝑝,𝑖)2

(3)𝑅𝑀𝑆𝐸 =
1
𝑁 ∗ ∑𝑁

𝑖 = 1(𝑀𝑅𝑝𝑟𝑒,𝑖 ‒ 𝑀𝑅𝑒𝑥𝑝,𝑖)2

(4)𝑋2 =
∑𝑁

𝑖 = 1(𝑀𝑅𝑒𝑥𝑝,𝑖 ‒ 𝑀𝑅𝑝𝑟𝑒,𝑖)2

𝑁 ‒ 𝑧

The lowest of these statistical variables corresponds to the better fit to the experimental data 

[31]. These calculations were carried out using the statistical analysis software Origin.

2.7.1. Effective diffusivity 

To model and calculate various onion processing operations, the moisture diffusivity is a 

significant mass transport property of any food product [32] and it varies with the 

temperature and moisture content variation [33]. To obtain it, a simple diffusion model based 

on Fick's second law, in the falling rate drying period, was used. An analytical solution of 

this law is: 

                                               (5)𝑀𝑅 =
8

𝜋2exp ( ‒ 𝜋2𝐷𝑒𝑓𝑓.  𝑡

𝐿2 )

This expression is applicable when the initial moisture is distributed uniformly and it is used 

by various regular shaped and for a long drying period [34]. The effective moisture 

diffusivity can be calculated by using the slope method. So, the equation (5) is converted 

into: 



  

                                     (6)ln (𝑀𝑅) = ln (
8

𝜋2) ‒
𝜋2.𝐷𝑒𝑓𝑓.  𝑡

4𝐿2

                                                                                                     (7)𝑆𝑙𝑜𝑝𝑒 =‒
𝜋2. 𝐷𝑒𝑓𝑓

4 𝐿2

2.8. Statistical analysis

All analysis was carried out in triplicates and the data were reported as mean ± standard 

deviation (SD). The results were analysed by one-way ANOVA and significant differences 

between mean values were determined by Tuckey’s test (p < 0.05) using the software 

InfoStat [35]. Pearson's correlation analysis was used to determine statistically significance.

3. Results and discussion

3.1. Physical and Chemical characteristics of fresh onion

The physical and chemical characteristics of the Angaco INTA onion are shown in Table 1. 

Its appearance was copper yellow at maturity, with 6 to 7 cataphylls. The weight per unit 

was 137±22 g, being 6.9±0.8 cm the major diameter (D1) and 7.1±0.3 cm the minor diameter 

(D2), while the height was 5.2±0.5 cm. The content of dry matter (DM) was 11.2±0.9% and 

the values of soluble solids (SS) was 9.5±0.3 °Brix. SS value was similar to those reported 

by National Horticultural Production Research Program (2010), for short cycle onions (5.8 

-10.2 º Brix). The onion has a pH value of 5.13 ± 0.08, and a level acidity of 0.17 ± 0.04 g 

citric acid/L, while ash content was 0.56 ± 0.01 %. These parameters have not been reported 

previously for this variety. 

3.2. Bioactive compounds: total soluble phenolic content (TSP), flavonoids (F) and 

antioxidant activity (AA) of fresh and dried onions. Drying temperature effect.



  

Figure 2 shows the average total soluble phenolic (TSP) and flavonoid (F) content of fresh 

and dried onion slices expressed as fresh weight (fw) and dry weight (dw). The results were 

transformed from a fresh weight basis to a dry weight basis to avoid differences arising from 

the moisture content between fresh and dried onions.

Concerning the TSP content reported for fresh yellow onions from other locations, the found 

current values (40±6 mg GAE/100 g fw) are comparable to those cited by Siddiq et al. [16]. 

These authors reported a TSP content equal to 44.92 mg GAE/100 g fw from USA, 

considering the local market onion. Furthermore, Kaur et al. [11] reported TSP 

concentrations from 41.74 to 146.90 mg GAE/100 g for a great variety of fresh onion 

cultivars from India. On the other hand, several researchers informed major TSP for the 

yellow variety Marusino 330 and Sinsunhwang, from Muan, Republic of Korea [36], and for 

the variety Dorata di Parma from Cannara, Italy [37].

Figure 2. Effects of drying temperature on total soluble phenolic and flavonoid content of 

onion slices. The data are presented as the mean ± standard deviation. Bars with different 

letters are significantly different (Tuckey p < 0.05).



  

Related to the TSP content in the fresh onion slices (356±49 mg GAE/ 100g dw), this was 

significant smaller than quantified on the dry onion. Values ranged from 681 to 763 mg 

GAE/ 100g dw (Figure 2), being the relation TSP dried/TSP fresh onions equal to 1.8. Figure 

2 shows that TSP values were significant increased from fresh onion to dried onions, for the 

two analyzed drying temperatures, not finding significant differences between both. The 

phenolic content of onions, dried at 70°C (722±41 mg GAE/100 g fw) was closer to the 

values reported by Arslan and Özcan [5]. These authors informed a value equal to 780 

mg/100 g fw. The major quantity of found phenolic compounds in samples dried at 70°C, is 

possibly due to the liberation of these substances from the matrix during the drying process. 

According to Chang et al. [38], drying accelerates the release of bound phenolic compounds 

during the breakdown of cellular constituents. 

Seeing the obtained results concerning to flavonoid content (F), the values for fresh Angaco 

INTA onion, 23±4 mg QE/100 g fw, were lower than reported by Sharma et al. [36] for 

yellow skinned onions from Muan, Republic of Korea. Similar to the TSP content, flavonoid 

concentrations were lower in fresh (202±31 mg QE/100 g dw) than in dried onions (from 

348 to 379 mg QE/100 g dw) (Figure 2), not showing significant differences between both 

evaluated drying temperatures. Then, the F dried/F fresh onions rate was calculated and it 

was equal to 1.6. Considering the obtained results, the convective drying of fresh onions at 

60 and 70 °C not affect significantly their levels of TSP and F (Tuckey, p < 0.05).

In relation to the antioxidant activity (DPPH and FRAP assays), the results were shown in 

Figure 3. According to the revised literature, the high temperature usually degrades native 

bioactive compounds, oxidising the polyphenols, however these still exhibited higher 

antioxidant activity, more than of non-oxidized phenols. Moreover, the Maillard 

reaction/caramelization contributes to the formation of new compounds with proven strong 



  

antioxidant capacity [39]. The two different performed assays, FRAP and DPPH, shown 

similar tendency, presenting significant differences between analyzed samples of fresh and 

dried onions. The obtained results revealed that the antioxidant activity of dried onions at 60 

and 70 °C were significantly higher (p < 0.01) than fresh onions (Figure 3). 

Regarding FRAP assay, Figure 3 shows that the reducing antioxidant power was the highest 

in onions, dried at 70 °C (15.5±0.4 µmol TE/g dw). Moreover, the highest DPPH radical 

scavenging capacities of MeOH-E extracts were detected for onions, dried at 70 °C (EC50 = 

23±1 mg/mL dw), in agreement with the highest content of TSP and F observed for these 

dried onions. FRAP values for the Angaco INTA fresh onions were smaller than finding by 

Sharma et al. [36], but greater than informed by Lisanti et al. [37].

Figure 3. Effect of heating on antioxidant activity of onion, as assessed by Frap and 

DPPH. Data are presented as the mean ± standard deviation. Values with same superscripts 

within the same treatment indicate no significant difference (Tuckey p < 0.05).

3.3. Drying characteristics 



  

The time taken to reach the equilibrium moisture content for the drying at 60 and 70ºC were 

180 min and 176 min, respectively. As predictable, with the temperature increase, the drying 

time of samples diminished due to the growth of the drying rate. This phenomenon is 

produced by an augmentation of a surface temperature and the subsequent growth of water 

vapor pressure in the slice and consequently, higher evaporation rate [40]. 

After the drying process, the final moisture contents were 2.68 and 1.71 % for 60 and 70°C, 

correspondingly. These values allow an efficient storage and processing. Figure 4 shows the 

drying curves of onion slices at both studied temperatures. These curves follow an 

exponential moisture reduction, showing two stages: the first, the MR falls linearly with time 

at a higher rate, and the second phase, this weight loss is produced at a lower rate. This 

phenomenon is produced due to accessibility of surface water and its subsequent diffusion 

to maintain the constant drying rate at the beginning, resulting in higher moisture diffusion 

and consequently, in high drying rates [41].
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This phenomenon was observed by other researchers, and it indicates that the falling rate is 

a main drying mechanism in controlling the water evaporation rate [42]. When moisture 

diffusion from the internal core to the surface decelerated down, the drying rate of 

subsequent stage also decreases. Instead, the obtained drying curves of onion correspond to 

material porous or cellular structures [43]. Additionally, and considering that the water is 

present in a solid as free and bound water, at a moderately low drying temperature, the 

removed moisture is habitually considered to be the free moisture that is feebly bound to the 

solid [44].

3.4. Rehydration ratio

The rehydration ratio is considered an important quality parameter of drying products [45]. 

It is influenced by preceding pre-treatments, vegetables properties (injury caused by drying), 

drying and rehydration conditions [46]. The rehydration ratio values varied between 7.38 - 

7.41 and 7.48-7.52 at 25 + 1 ºC, for the onion dried at 60 and 70 ºC, respectively. It is not 

observed drying temperature influence on this parameter. Figure 5 shows the rehydration 

slices. Sharma et al. [45] reported values of this parameter between 4.5 and 5.3 for dried 

onion slices. The found rehydration values were greater compared with the values reported 

by these authors. 

Figure 5. Rehydrated onion slices previously dried at (a) 60 ºC, y (b) 70 ºC.

(a) (b)



  

3.5. Application of different empirical models of thin layer drying process

Twelve models listed in Table 2 were used for predicting the changes in the onion particle 

moisture content with the drying time at different temperatures. The used criterion for model 

selection was the magnitude of the average value of SSE, RMSE and χ2. Model 8 (Midilli 

model) has minimum average values of the statistical variables between these models. 

Therefore, this model can be proposed to evaluate the moisture ratio of onion particles for 

drying temperature (60–70 ºC). This model also, describes the drying behavior of carrot [47] 

and mushroom slices [48] and poplar sawdust [49]. Table 3 shows the parameter values of 

Midilli model for each temperature and the average values of SSE, RMSE and χ2. The dried 

onion parameters at 70 ºC present the lowest values of the statistical variables. Similar results 

were obtained by Gazor and Mohsenimanesh [50]. Mota el al. [10] used three models to 

predict the empirical results of onion drying: Newton, Logaritmic and Modified Page, being 

the last one which presented the best fit. However, these authors do not use the other models 

as the Midilli expression.  

Table 3. Coefficients of Midilli model to predict the onion particles drying at different 

temperatures. Values of statistical variables.

Onion 

shape

Temperature 

(ºC)

Model constants R 2 X 2 SSE RMSE

60 k=0.0029, n=1.406, a=0.969, b=0.0006 0.9995 0.00008 0.00007 0.0086

Slices
70 k=0.0038, n=1,374, a=0.981, b=0.0006 0.9995 0.00004 0.00004 0.0062



  

Figure 6 shows the comparison between the experimental and predicted moisture ratio (MR) 

for the two studied temperatures. It is important to note that the suitability of these models 

was analyzed by Praveen Kumar et al. [9].

3.6. Effective moisture diffusivity 

The Fick diffusion model was used to determine the Deff from the experimental drying data. 

It is important to note that this parameter represents the onion intrinsic moisture mass transfer 

characteristics involving liquid and molecular diffusion, hydrodynamic flow, vapor 

diffusion and other mass transport mechanisms [51]. So, the obtained Deff values for the slice 

onion are 8.11x10-11 and 1.22x10-10 m2/s at 60 and 70 ºC, respectively. The fitting was 

satisfactory because the obtained regression coefficients were lower than 0.97.

Figure 6. Comparison between the experimental and predicted MR values for 60 and 70 ºC



  

On the other hand, it is obvious that Deff increases gradually with the temperature growths, 

reducing the drying time significantly. This behavior can be explained considering that the 

temperature increase produces fast heating of the onion particles, growing the activity among 

water molecules and the vapor pressure in these particles, augmenting the moisture diffusion 

rate to the sample surface. The obtained values are within the suitable range of various food 

products, 10-11 to 10-9 m2/s, reported in the literature [52], [53], [54]. Mota et al. [10] 

determined that Deff values are equal to 9.5324×10−09 m2/s when the onion is dried at 60ºC. 

This value is lower than the one determined in this work due to the different onion variety 

and the slice diameter (equal to 3 cm).

Conclusions 

This is the first study reporting the characterization of yellow discarded onion (Angaco 

INTA variety) and the influence of the drying process on its phenolic compound contents. 

The results showed that the convective drying increased the total soluble phenolic and 

flavonoid contents for both temperatures, being highest at 70 ºC. In relation to the antioxidant 

properties, the onions, dried at 70 °C, showed also the major values. The founding 

rehydration ratios are not influenced by the drying temperature. Additionally, the effect of 

drying process on kinetic behavior and moisture diffusivity was evaluated. Twelve 

mathematical models were tested, presenting the Midilli model the better fit of the 

experimental dehydration data. The obtained effective moisture diffusivity exhibited that 

onion drying process varied with the drying temperature. Comparing the achieved findings 

at 60 and 70 ºC, the last temperature is better to produce the dehydrated Angaco INTA onion. 

It is considered that this study is the first step to obtain the optimum temperature with the 

objective of the onion drying keeping the nutritional characteristics and to design a dryer to 

industrial scale.
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Nomenclature

MR: moisture ratio, dimensionless.

Mt: moisture content at time equal t, kg water/kg dry matter.

M0: initial moisture content, kg water/kg dry matter.

Me: equilibrium moisture content, kg water/kg dry matter.

t: time, min.

MRexp,i : ith experimentally observed moisture ratio, dimensionless. 

MRpre,i is the ith predicted moisture ratio, dimensionless.

N: Observations number. 

 z: Constant number in the model.

Deff: Effective diffusivity, m2/s.

L: Half thickness of the particle, m.
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