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Abstract 
Red beet (or beetroot) is highly nutritious and can be preserved by drying, in order to avoid wastage, to take advantage 
of crop surpluses, and to add value during the off-season. The objective of this study was to evaluate the effects of 
osmotic dehydration (OD) and ultrasound (US) pre-treatments on the nutritional quality and sensory characteristics of 
dried beetroot chips. The kinetics of moisture loss during OD and US were predicted by fitting the experimental data 
with thin-layer models. The physicochemical parameters (moisture, protein, lipid, carbohydrate, energy, ash, sodium 
and nitrate) and sensory properties (affective preference-ordering and acceptance test) were determined. Correlations 
between the treatments and the sensory acceptability evaluated by consumer’s perceptions were performed by 
applying unsupervised chemometric techniques (Principal Component Analysis (PCA) and Hierarchical Cluster Analysis 
(HCA)). The two-term exponential model provided the best fit for the experimental drying data. The US treatment 
promoted a higher drying rate and lower lipid, ash and energy values, while the OD process resulted in higher ash and 
sodium values. Multivariate analysis revealed that the US and OD treatments improved the sensory properties of the 
beetroot chips. The US was more efficient pre-treatment for producing beet chips due to its leads a significant 
reduction on drying time and intermediate level of sensory preference. 
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Resumo 
A beterraba vermelha é altamente nutritiva e pode ser preservada pela secagem, a fim de evitar desperdícios, 
aproveitar os excedentes das culturas e agregar valor durante a entressafra. O objetivo deste estudo foi avaliar 
os efeitos dos pré-tratamentos de desidratação osmótica (DO) e ultrassom (US) na qualidade nutricional e nas 
características sensoriais de chips de beterraba desidratados. A cinética de perda de umidade durante DO e US 
foi prevista pelo ajuste dos dados experimentais com modelos de camada fina. Foram determinados parâmetros 
físico-químicos (umidade, proteína, lipídio, carboidrato, energia, cinzas, sódio e nitrato) e propriedades sensoriais 
(ordem de preferência afetiva e teste de aceitação). As correlações entre os tratamentos e a aceitabilidade 
sensorial avaliada pelas percepções do consumidor foram realizadas aplicando técnicas quimiométricas não 
supervisionadas (Análise de Componentes Principais e Análise de Agrupamento Hierárquico). O modelo 
exponencial de dois termos forneceu melhor ajuste para os dados experimentais de secagem. O tratamento US 
promoveu maior taxa de secagem e menores valores de lipídios, cinzas e energia, enquanto o processo DO 
resultou em maiores valores de cinzas e sódio. A análise multivariada revelou que os tratamentos US e DO 
melhoraram as propriedades sensoriais dos chips de beterraba. US foi o pré-tratamento mais eficiente para a 
produção de chips de beterraba, em razão da redução significativa no tempo de secagem e do nível intermediário 
de preferência sensorial. 

Palavras-chave: beterraba; ultrassom; desidratação osmótica; propriedades nutricionais; avaliação sensorial, 
análise multivariada. 

1 Introduction 
Beetroot provides valuable essential nutrients and contains a high concentration of bioactive compounds, 

which are responsible for health promotion and disease prevention (Chhikara et al., 2019). In order to avoid 
wastage, to take advantage of crop surpluses, and to add value during the off-season, beets can be preserved 
by drying. This process, in addition to being an alternative method to reduce post-harvest damage, increases 
shelf life, reduces weight and volume, and facilitates storage and transport (Medeiros et al., 2016). 
Conventional drying methods used in food processing to extend shelf life may result in physical, chemical 
and sensory alterations to the final product (Aadil et al., 2013). 

However, in order to minimize heat damage in the drying process, pre-treatment techniques, such as 
osmotic dehydration and ultrasound, may be employed (Ricce et al., 2016). Osmotic dehydration is a process 
of partial water removal performed by the immersion of vegetable products into hypertonic solutions, usually 
sucrose or sodium chloride (Ahmed et al., 2016; Brochier et al., 2019; Mirzayi et al., 2018). In the drying of 
vegetables preceded by ultrasound (US) treatment, the ultrasonic waves applied to the food may form 
microchannels, therefore, increasing the porosity and facilitating the removal of water (da Rosa et al., 2019; 
Ricce et al., 2016). 

The US pre-treatment and Osmotic Dehydration (OD) have been enhanced the mass transfer in different 
fruits and vegetable like persimmon (Bozkir et al., 2019; Bozkir & Ergün, 2020; Ribeiro et al., 2016), 
pomegranate (Allahdad et al., 2019), plum (Rahaman et al., 2019), cranberries (Nowacka et al., 2018), 
carambola (Barman & Badwaik, 2017), potato (Goula et al., 2017), mango (Xin et al., 2013), broccoli 
(Zhao et al., 2017), kiwi (Nowacka et al., 2014, 2017), carrots and strawberries (Konopacka et al., 2017; 
Villamiel et al., 2015). The main results obtained indicate that samples pretreated by US and OD compared 
with the untreated samples decreased drying time, enhanced the diffusion coefficients of water loss and 
showed a gain of solids (Amami et al., 2017; Barman & Badwaik, 2017; Bozkir et al., 2019; Bozkir & Ergün, 
2020; Mierzwa & Kowalski, 2016; Villamiel et al., 2015). 

Elias et al. (2008) verified that the combination of OD and convective drying maintained the nutritional 
quality of dried persimmon cylinders showing good consumer acceptance, and the texture was the 
predominant sensory parameter, whereas appearance was the least important characteristic. Similarly, guavas 
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that included dehydration by immersion were sensorially more accepted (Queiroz et al., 2007). According to 
Rahaman et al., (2019) the osmo-dehydrated plum in glucose showed an increased softness and the 
nutritional compounds like phenolics and antioxidant. 

Sakooei-Vayghan et al. (2020) showed that higher retention of total phenolic content and vitamin C were 
observed to pre-treatment of OD in dried apricot, while the sample treated by US osmotic dehydration 
presented higher ß-carotene and antioxidant activity. Konopacka et al. (2017) produced snacks of carrot 
slices applying US and enzymatic treatment and they not only had a positive effect on carotenoid retention 
but also led to a higher sensory appreciation of the dried carrot slices colour. 

Bozkir & Ergün (2020) analyzed the effect of sonication and OD applications on the quality of persimmon 
and they did not evidence a significant change in the total phenolic and bulk density. Allahdad et al. (2019) 
showed that the dried pomegranate arils presented higher color quality after US along with OD, but it showed 
losses of total anthocyanin content and increasing hardness, as compared to the osmo-dehydrated samples. 
The US pre-treatment combined with osmotic penetration effectively improved the quality of heat-pump 
dried tilapia fillets (Li et al., 2017). 

These technologies, besides accelerating drying, are simple and economically viable (Ricce et al., 2016). 
Thus, the aim of the present study was to evaluate the effects of OD) and US pre-treatment on the quality 
and sensory acceptability of beetroot chips. 

2 Materials and methods 

2.1 Raw material and preparation 

The red beets (beetroot) (Beta vulgaris L.), cv. Early Wonder) were acquired from a farmer at the State 
Supply Center of Pernambuco (Ceasa/PE), in the city of Recife, Brazil. The beets were washed and sanitized 
by immersion for three minutes in chlorinated water (200 mg L-1 of active chlorine). Subsequently, the 
inedible parts, except the peel, were manually removed and discarded. The beets were cut using a food 
processor into slices of 2 mm in thickness and 5 cm in diameter and then divided in half. For the US treatment, 
the beet slices were previously placed in a beaker containing distilled water at a ratio of sample: water of 
1:4 (w/w) and placed in an ultrasonic bath (Unique®, Brazil) at 30 °C for 20 minutes, using a frequency of 
25 kHz and intensity equal to 4,870 W/m2 (Azoubel et al., 2010; Souza da Silva et al., 2019). The osmotic 
treatment (OD) was carried out by immersing the samples for two minutes in 5% sodium chloride solution 
(NaCl), a ratio of 1:4 samples to the solution (weight basis). After the pre-treatments, the beet slices were 
removed from the solution, drained in a sieve for one minute, and dried with the aid of absorbent paper 
(Kiani et al., 2018). 

2.2 Drying process 

The design of the processing set was based in Souza da Silva et al. (2019). The samples without 
pre-treatment (C) and with pre-treatment (OD and US) were dried at 60 °C. The samples were weighed 
every 15 minutes until reaching the dynamic equilibrium between the sample and the air. The study 
of drying kinetics was performed using data from the dimensionless Moisture Ratio (MR) as a function 
of process time (Equation 1) using thin-layer models (Table 1) to adjust the experimental data 
obtained, as follows: 

Xt XeMR
Xo Xe

−
=

−
 (1) 

where Xt is the sample moisture content in time t (g water/g dry mass); Xo is the initial moisture content 
(g water/g dry mass); Xe is the equilibrium moisture content (g water/g dry mass). 
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Table 1. Mathematical layer models used for mathematical of dehydrated beet type chips. 

Model Equation Reference 
Single exponential MR exp( kt)= −  Abe & Afzal (1997)  

Page vMR exp( kt )= −  Page (1949)  

Henderson and Pabis MR a exp( kt)= −  Henderson & Pabis (1961)  

Logarithmic MR a exp( kt) c= − +  Yaldiz et al. (2001)  

Two-term exponential o 1MR a exp( k t) b exp( k t)= − + −  Ozdemir & Devres (1999)  

The parameters of the mathematical model were obtained by nonlinear regression using STATISTICA 7.0 
software (StatSoft, USA). In order to verify the fit of the models to the experimental data, the relative average 
error (P) was calculated (Equation 2) and the determination coefficient R2; the model that was considered as 
predictive presented a p-value below 10% (Lomauro et al., 1985). MR represents the moisture ratio, k is the 
drying rate constant, t is the drying time, a, b, c, v are the empirical constants in drying models. 

p e

p

M M100P
N M

−
= ∑  (2) 

where Mp is the value predicted by the model; Me is the value obtained experimentally and N is the number 
of experimental points. 

2.3 Physicochemical parameters 

The moisture content was determined by heating the sample to a constant weight in an oven at 105 ± 2 °C 
(Association of Official Analytical Chemists, 2008); ash was determined by gravimetric methodology after 
calcination of the sample in the furnace at 550 °C ± 2 °C for at least 6 h (Association of Official Analytical 
Chemists, 2008); protein (% total nitrogen × 6.25) was determined by the Kjeldahl method (Association of 
Official Analytical Chemists, 2008); lipids were determined after sample extraction in chloroform, methanol 
and water (1:2:0.8) (Bligh & Dyer, 1959); carbohydrate was obtained by difference (IAL, 2008); the energetic 
value was calculated by multiplying the carbohydrate and protein content by 4 kcal/g and lipids by 9 kcal/g; 
sodium chloride by volumetry (Instituto Adolfo Lutz, 2008) and nitrate by titration (Association of Official 
Analytical Chemists, 2008). 

2.4 Sensory analysis 

The sensory analysis was performed in a training session using 124 volunteers, who were aged 18-22 and 
who were low-grade athletes from a soccer team. Before beginning the test, the untrained judges signed an 
informed consent form (in Portuguese Termo de Consentimento Livre e Esclarecido (TCLE)). The samples 
were served in sealed individual packages and coded with three digits, which were chosen at random. The 
judges were handed 2 g of beet chips from the three treatments: C (control- untreated), OD (osmotic 
dehydration) and US (ultrasound). After tasting each sample, the volunteers were instructed to drink water 
in order to eliminate residual elements. The affective preference-ordering test was performed by choosing 
the treatments that were least preferred (1), intermediate (2) and preferred (3) by the judges. The acceptance 
test was carried out using a nine-point, structured hedonic scale, ranging from 1= “extremely disliked” to 
9= “extremely liked”, according to Fakhouri et al. (2015). The project was approved by the Research Ethics 
Committee (CEP) of the Federal University of Paraná, Brazil under No. 1322.349. 
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2.5 Statistical analysis 

The study was conducted using a completely randomized design. The chemical analysis was performed in 
triplicate and presented in mean and standard deviation. The results were submitted to Analysis of Variance 
(ANOVA) and, in the case of significant difference, the averages were compared using Tukey’s test 
(p ≤ 0.05). Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA) were performed 
using STATISTICA software (StatSoft version 7.0) to describe the relationship between the beet samples 
(n = 3) and sensory consumers (n = 124) in the hedonic scale of preference. In the case of PCA, eigenvalues 
greater than 1.0 were adopted to explain the projection of the samples on the graph, and the two-dimensional 
analysis was based on linear correlations. In the case of HCA, Euclidean metric and Ward’s method were 
used to suggest groups of similar samples (Ávila et al., 2019). 

3 Results and discussion 

The resulting values for the drying model parameters are shown in Table 2. The data fitted well, with the 
two-term exponential model presenting an R2 value of 0.99 and the lowest values of error, indicating a good 
fit. The moisture content decreased exponentially during the drying time (Figure 1). 

Table 2. Parameters, average relative error (E), and R2 determination coefficient results for dehydrated beet type chips. 

Samples Models Model parameters E (%) R2 

Control 

Two-term exponential 

a = 0.55 

0.98 0.99 ko = 0.04 
b = 0.45 
k1 = 0.14 

Page k = 0.07 85.71 0.74 v = 18.67 

Logarithmic 
a = 0.87 

74.03 0.88 k = 1.89 
c = 0.13 

Single exponential k = 0.06 9.53 0.99 
Henderson and Pabis a = 0.99 22.98 0.99 

 k = 0.06   

DO 

Two-term exponential 

a = 0.67 

5.71 0.99 ko = 0.03 
b = 0.33 
k1 = 0.14 

Page k = 0.07 87.50 0.57 v = 18.78 

Logarithmic 
a = 0.84 

170.48 0.81 k = 1.63 
c = 0.16 

Single exponential k = 0.04 26.00 0.99 
Henderson and Pabis a = 0.98 24.54 0.99 

 k = 0.04   

US 

Two-term exponential 

a = 0.54 

4.37 0.99 ko = 1.83 
b = 0.46 
k1 = 0.05 

Page k = 0.07 83.33 0.91 v = 19.07 

Logarithmic 
a = 0.92 

148.54 0.96 k = 2.19 
c = 0.08 

Single exponential k = 0.09 49.83 0.99 
Henderson and Pabis a = 0.99 49.77 0.99 

 k = 0.09   
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Figure 1. Experimental (point) (e) and predicted moisture content ratio (p) (MR) for dehydrated beet type chips 

curves using two-term exponential model (lines). 

However, the US treatment promoted a shorter drying time than the untreated (C) sample and the sample 
pre-treated by OD, with times of 76 min, 85 min, and 103 min, respectively. Similar results were found by 
previous studies with different matrices (Allahdad et al., 2019; Amami et al., 2017; Barman & Badwaik, 2017; 
Bozkir et al., 2019; Bozkir & Ergün, 2020; Prithani & Dash, 2020). In less than 20 minutes, the US presented 
a decrease in moisture of 80%, indicating that ultrasonic pre-treatment can facilitate the removal of moisture, 
decreasing drying time, increasing product yield and reducing operating and maintenance costs (Medeiros et al., 
2016; Ricce et al., 2016). The force generated by the ultrasonic mechanism is greater than the surface tension 
that keeps the water inside the plant capillaries, causing the creation of microscopic channels that reduce the 
boundary layer of diffusion and increasing the transfer of mass by convection. 

The time to the beet chips reach 9.06 g/100 g final moisture using the US was 26% lower than those dried 
only with conventional drying. Amami et al. (2017) also needed about the 10.88% to 28.25% less time to 
achieve 90% reduction in moisture content with Ultrasound-Assisted Osmotic Dehydration (UAOD) for 
strawberry halves. Besides, Bozkir & Ergün (2020) have evidenced that the drying rates and effective 
diffusivities increased with the increase in US treatment times for persimmon fruits and the drying time with 
US (30 min) and OD decreased significantly by 46%. Ribeiro et al. (2016) observed that the drying time 
reduction contributes to preserving the sensory and physicochemical characteristics of the samples. 

During the osmotic dehydration process, the semipermeable membrane of the plant cell structure produces a 
potential chemical difference between water and nutrients in the osmotic environment; the incorporation of 
solids hinders the elimination of water during drying, resulting in a higher internal resistance and lower drying 
rate (Azoubel et al., 2015; Medeiros et al., 2016; Ricce et al., 2016). This is clearly shown in Figure 1, where 
the longest drying time was for OD pre-treatment. During the osmotic process, three simultaneous mass transfer 
flows occur: increase of solutes from the solution to the sample, migration of water from inside of the sample 
to the medium and migration of some constituents from the sample to the medium. In addition, the plant tissue 
is permeable to Na+ and Cl- ions and the immersion process of the samples in sodium chloride solution increased 
the ash and sodium values of the beet chips, Table 3 (Borin et al., 2008). However, the amount of sodium in the 
portion of the beet chips for all the studied samples met the recommended limit for sodium consumption, which 
is less than 3 g per day. 

Table 3. Centesimal composition of dehydrated beet type chips. 

Analysis Untreated DO US 
Moisture (g/100 g) 6.04 ± 0.06b 5.27 ± 0.14c 9.60 ± 0.43a 

Protein (g/100 g) 1.88 ± 0.06ab 1.77 ± 0.05b 1.95 ± 0.06a 

Lipid (g/100 g) 1.14 ± 0.12a 1.41 ± 0.09a 0.53 ± 0.01b 

Carbohydrate (g/100 g) 81.67 ± 0.15a 77.75 ± 0.18c 79.13 ± 0.46b 

Energy 344.46 ± 0.48a 330.77 ± 0.53b 329.09 ± 1.88c 

Ash (g/100 g) 9.27 ± 0.02b 13.80 ± 0.04a 8.79 ± 0.21c 
Sodium (g/100 g) 0.29 ± 0.01b 0.71 ± 0.01a 0.27 ± 0.01b 
Nitrate (mg/100 g) 739.43 ± 5.69b 731.85 ± 3.28b 858.88 ± 0.01a 

Mean and standard deviation followed by equal letters indicate that there was no statistical difference at the p < 0.05 level. 
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The values for the energy levels of the beet chips were higher (37.67 kcal/100 g) than for the same amount 
of in nature beet (World Health Organization, 2016). The energy, lipid and ash contents for the US pre-
treatment were lower than the OD and C treatments (Table 3). Nevertheless, there was no significant 
difference in relation to the protein and lipid contents among OD and C, which shows that OD did not 
influence the loss of these nutrients. The US probably causes a disturbance in plant cells, facilitating the 
release of cellular matrix components (Ricce et al., 2016). 

When statistically evaluating Table 3, it is observed that the drying process without pre-treatment 
influenced the ash, sodium and nitrate content. Regarding the nitrate content, the US treatment presented the 
highest amounts of nitrate, suggesting that this method promotes the retention of water, which might contain 
nitrate in its composition (Pingret et al., 2013). According to the acceptable daily intake for dietary nitrate, 
established by the Joint FAO/WHO Expert Committee on Food Additives, an adult of 70 kg can ingest on 
average 30 g of dehydrated beet chips. A six-year-old child of approximately 20 kg can ingest 9 g, while a 
one-year-old child weighing approximately 10 kg can ingest 4.5 g of dehydrated beet chips, which 
corresponds to four slices. Consumption is prohibited for children aged under three months (Food and 
Agriculture Organization, 2003). 

The preferred sample in the sensory sorting testing was OD, followed by the US sample, which received 
an intermediate rating; the least preferred sample was the untreated sample (C) (Figure 2). Furthermore, 
according to physicochemical results, the OD sample showed lower moisture and higher lipid, ash and 
sodium content. The present findings are corroborated by previous studies that also obtained better nutritional 
quality and sensory acceptability with osmotic pre-treatments for plum (Rahaman et al., 2019), mango 
(Sanjinez-Argandoña et al., 2018), carrot (Tadesse et al., 2016), persimmon (Elias et al., 2008) and guavas 
(Queiroz et al., 2007). 

 
Figure 2. Sensory analysis of preference (%) of the dehydrated beet type chips. Untreated (C); osmotic dehydration 

pre-treatment (DO), and ultrasonic pre-treatment (US). 

The preference for the OD sample may have been a consequence of the method, which causes sensory 
alteration and/or modification of some compounds (Pingret et al., 2013). The presence of hypertonic sodium 
chloride solution promotes leaching of water-soluble compounds, such as mineral salts, aromas and dyes, 
which may have exerted an important role in the sensory preference for the beet chips treated with osmotic 
dehydration (Ahmed et al., 2016). The consequent use advantages of OD are that the immersion of product 
in osmotic agents avoids the O2 exposure of the product, the higher moisture content is allowed at the end of 
drying as salt uptake influences water sorption behavior of the product, it protects against the structural 
collapse during subsequent drying and it helps retain the shape of the dehydrated products (Bozkir et al., 
2019; Chavan & Amarowicz, 2012). 
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The intermediate sensory rating for the US sample compared with the untreated sample (C) corroborated 
with Medeiros et al. (2016), who claim that this method can improve sensory characteristics. Bozkir et al. 
(2019) reported that were not statistically significant changes in the color values (ΔE, ΔC, and Hue°), while 
Allahdad et al. (2019) and Konopacka et al. (2017) evidenced a more vivid and desirable color in the US 
treatment application previous to drying. 

The PCA was performed to evaluate the data from the consumers’ acceptance tests (Figure 3a) regarding 
the different treatments (C, OD and US). PC1 and PC2 explained 51.97% and 29.31% of the respective 
experimental data variance, accounting together for 81.28% of the variance. The PC1 x PC2 plot split the 
samples into three different groups, and the US and OD samples received the highest acceptance scores. The 
US and OD treatments did not affect flavor or taste significantly, and the untreated (C) samples received the 
lowest acceptance scores. 

The HCA (Figure 3b and 3c) grouped the samples into two clusters according to the consumers’ preferences. 
Cluster 1 comprised the untreated samples, and cluster 2 contained the OD and US samples. The pre-treated 
samples were in the opposite direction to the control samples, which was in accordance with the PCA. 
Nevertheless, it should be noted that the sensory tests were conducted with a specific public, i.e. soccer players 
aged 18-22. Therefore, further studies should be performed using a wider panel to evaluate the sensory 
properties of the beetroot chips. The sensory analysis indicated that both pre-treatments (OD and US) are viable 
ways to enhance the sensory properties of beetroot chips, which is important prior to marketing such a product. 

 
Figure 3. Sensory analysis of dehydrated beet type chips. Sample codes: US (ultrasound), OD (osmotic dehydration) 

and C (untreated - control). (A) PC1 X PC2 generated from a correlation-matrix PCA; (B) Cluster dendrogram 
constructed with Euclidean distances and Ward's linkage method; (C) Grouping of pre-treated (US and OD) and 

untreated (C) samples. 
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4 Conclusion 
The ultrasound (US) treatment promoted a higher drying rate when compared to samples pre-treated by 

osmotic dehydration (OD) with sodium chloride, and the untreated samples (C). The two-term exponential 
model showed that the R2 value presented a good correlation, indicating that the symmetry of the studied 
model was maintained and can be applied in the dehydration of beet chips. The US pre-treatment decreased 
the lipid, ash and energy values of the beet chips. The OD process resulted in higher sodium values. Beets 
without pre-treatment were the least preferred by the judges. Considering the fact that it provided the shortest 
drying time and obtained an intermediate level of preference, the US technique can be economically feasible 
to add value to beetroot and generate income for family farmers. 
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