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1 Introduction 
Raspberries (Rubus Idaeus) are one of the most popular 

fruit in the world. They belong to the Rosaceae family and 
they have a delicate sweet-smelling flavor and very agreeable 
bitter-sweet taste. They have high moisture (84% w.b.), thus are 
easily degraded by spoilage. Raspberries are rich in vitamin C and 
potassium and are a source of other minerals, proteins, fibers, 
vitamins, and antioxidants (Bórquez  et  al., 2010). Currently, 
there is a considerable interest in these fruits, mainly for their 
antioxidant properties, due to the growing demand for healthy 
and nutritive food in the world today.

Nowadays, there is an economical incentive for the dehydration 
of fruits. For this reason, finding efficient dehydration methods, 
with reasonable processing costs and friendly to the environment 
is a major challenge (Bruijn & Bórquez, 2014). On this context, 
solar drying and microwave heating have significant advantages 
over traditional methods of dehydration such as hot air drying. 
Solar energy is one of the most attractive and cost-effective drying 
methods for agricultural and marine products. Solar driers are 
usually equipment with small processing capacity. The majority 
of solar driers are used for drying of several different crops, either 
for familiar use or for industrial production to a small scale 
(Belessiotis & Delyannis, 2011). Microwave drying has acquired a 
great interest due to heating is generated by microwaves directly 
inside of the fruit. This way, it allows a decrease of process time 
and, therefore, can have direct consequences in terms of the 
energy efficiency and food quality (Pardo and Zufía, 2012).

Several studies have been reported on solar drying 
(Hassanain, 2010; Hossain et al., 2008; Rajkumar et al., 2007) 
and microwave drying (Zhao et al., 2016; Rodriguez et al., 2017a; 
Rodriguez et al., 2015; Bruijn & Bórquez 2014; Ghanem et al., 
2012) of fruits and vegetables. However, there are limited 
studies on drying of raspberries. According to the mentioned, 
the aim of this work include to studying the kinetics of weight 
reduction during solar and microwave drying and evaluating 
the quality of the final products in terms of color, hardness, 
antioxidant capacity and total polyphenols content so as to 
determine the most convenient drying technique based in the 
final quality of the products.

2 Materials and methods
2.1 Preparation of raw material

Raspberries (Rubus Idaeus cv. Heritage) were purchased 
from Don Pedro establishment in San Pedro city (Buenos 
Aires, Argentina) and stored at 0 °C. The fruits were visually 
selected according to size and maturity level. Then, fruits were 
washed and dried with absorbent tissue paper. The initial 
characteristics were: moisture content 85.5 ± 0.5% (wb), soluble 
solids 11.6 ± 1.0 (°Brix) and water activity 0.98 ± 0.004. Moisture 
content and activity water of fresh samples were determined 
in the same way that processed samples.
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2.2 Drying processes

Whole raspberries were subjected to two different drying 
processes: solar drying (SD) and microwave drying (MWD). 
Both processes were stopped when the samples reached a water 
activity of 0.6, approximately and were performed in triplicate.

The SD was performed with solar drier equipment consisting 
in a galvanized black chamber, which inner dimensions are: height 
15 cm; width 40 cm and depth 60 cm (Figure 1). The black chamber 
is coated with a glass box to retain the infrared radiation. The air 
runs inside of the equipment by natural convection. Experiments 
were performed during March, April and May in La Plata city 
whose geographic coordinates are: 34° 52’ of south latitude and 
57° 54’ of west latitude, at 98.7 m above sea level. The dryer was 
oriented northward and it was exposed to solar light for the 
dehydration process. The temperatures of the environment, the 
dryer and the fruit were registered hourly, with thermocouples 
type T (Cu-Ct); associated to a data logger system (Keithley, 
USA). The relative moisture of the environment was registered 
using a hygrometer (Testo 125-H2, Germany). The initial weight 
of the samples was 120 g. The weight of the sample was registered 
every 2 hours until the end of the experiment. The time of the 
samples inside of the oven was defined until that the temperature 
decreased below 30 °C (around 6 h). At the end of the working 
day, the samples were packaged in low density polyethylene bags 
(Ziploc, Argentina) and stored at 4 °C. The tests were conducted 
on consecutive days.

MWD was performed with a domestic microwave oven 
(model JT 359, brand Whirlpool, China) which inner dimensions 
are: height 32.1 cm; width 52.9 cm and depth 45 cm. The power 
selected, after several tests at different ranges, was 350 W (power 
density 7.5 W/g) to preserve the samples of overheating. Microwave 
drying was performed with cycles on/off of the normal control 
(the cycle of power was 47% of maximal power).

Raspberries samples were uniformly distributed on the 
turntable of the microwave and the amount of sample from 
each experience was 45 ± 0.5 g. For the kinetic curves, the 
fruit weight was registered at different times (5, 10, 15, 20, 

30 and 50 min). At the end of drying process, samples were 
cooled in a container during a few minutes. The temperature 
of samples was measured both at the beginning and the end of 
the microwave drying. The measurements were registered with 
an infrared thermometer (Handheld Onfrared Thermometer 
DMEGASCDPE, USA).

2.3 Physicochemical analysis

The Weight Reduction (WR) was determined as the weight 
ratio between the dried raspberries (mf) and fresh raspberries 
(mo) (Equation 1).
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Moisture content (MC) was determined drying in oven 
(Gallenkamp, UK) at 70 ºC until constant weight (24 h), according 
to the ADAC method with some modifications (Dfficial Methods of 
Analysis, 1980). Water content was calculated using Equation (2):
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where MC is the moisture content (% w.b.), mt is total mass (g), 
and mw is water mass (g). Water activity (aw) was determined 
at 25 ºC by the ADAC hygrometric method 978.18 (Dfficial 
Methods of Analysis, 1980), using a temperature-controlled 
AquaLab 3TE meter (Decagon Devices, Onc.).

Soluble solids (ºBrix) content of fresh samples was determined 
at 25 °C, using a digital refractometer (Hanna Onstrumental 
HO 96801, Romania).

All measurements were performed in duplicate.

2.4 Drying rate and water diffusion coefficients

The moisture ratio (MR) of samples was calculated using 
Equation (3):
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Figure 1.  Solar drier equipment front (a) and back view (b).
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Where me is equilibrium moisture content of sample 
(kg water/kg dry solid). This equation can be simplified because 
the values of me is relatively small, hence error involved in 
the simplification is negligible (Diamante & Munro, 1993; 
Doymaz, 2007).

The drying rate (DR) was calculated as the derivative of 
MR over time, considering that MR has an exponential decay 
with time:

( * )* −= k tMR a e  (4)

( * )* * −= = − k tdMRDR k a e
dt

 (5)

Where DR (min-1) is drying rate, MR is moisture ratio, t time 
(min), a and k are regression constants.

Water diffusion coefficients were obtained from the curves of 
water content for both processes. The microscopic mass balance 
was solved taking into account initial uniform concentration in all 
domain and Dirichlet boundary condition at the surface (equilibrium 
concentration at operating conditions). This equilibrium value 
was obtained from sorption isotherms (Syamaladevi et al., 2010). 
The mathematical methodology employed for the diffusivity 
estimation was reported by (Rodriguez et al., 2017b). Matlab 
7.10.0 software was used, the algorithm considers different values 
of Dw in a known range. Then, the numerical solutions could be 
obtained with the assistance of CDMSDL software (CDMSDL 
Multiphysics); this solution was compared with experimental 
data (MC as a function of process time) through the average 
relative error. The average relative error (ARE) (Equation 6) 
was the statistical parameter used to estimate the quality of 
model adjustment.
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where the superscript exp refers to experimental, while cal to 
calculated and the counter i indicates that the sum is made for 
discrete time steps in which experimental data are available. 
The value of Dw which minimized the error function (Equation 6) 
was considered valid for the selected operating conditions. 
A more detailed explanation of the calculation methodology 
was developed in literature (Rodriguez et al., 2017b).

2.5 Quality parameters

Color was measured using a colorimeter Konica Minolta 
Chromameter (Model CR 400/410, Japan). The instrument was 
calibrated with a standard white reflector plate and the system 
selected was COE L* a* b*. Color was expressed in L* (lightness), 
a* (redness/greenness) and b*(yellowness/blueness) coordinates, 
using standard illuminant D65. Ten raspberries were used for 
each measurement and the results were averaged from replicates. 
On addition, total color change (ΔE) was calculated using the 
following Equation:

( ) ( ) ( )2 2 2* * *∆ = ∆ + ∆ + ∆E L a b  (7)

The hardness measurements were performed using a texture 
analyzer (model TA-XT2, Stable Micro Systems, Ltd., UK), using 
a cylindrical probe (acrylic) of 45 mm diameter and 10 mm 
thickness. The sample was compressed at a constant rate of 
0.3 mm/s at 25 °C. Three raspberries were placed in an acrylic 
circular sample holder of 50 mm internal diameter and 85 mm 
height. During compression tests, the sample holder was kept in 
a fixed position in a cavity of a diameter only slightly longer than 
the holder. Determinations were performed in 12 raspberries. 
The parameter analyzed was hardness (g), i.e. the maximum 
force to break the sample.

The total polyphenols content and antioxidant capacity were 
measured to determine the effects of both drying processes on 
nutritional value of raspberries. The extracts were prepared with 
1 g of sample and were mixed with 10 mL of ethanol, thereafter 
the homogenate was centrifuged at 11000 rpm at 4 °C for 10 min. 
The same extract was used to all determinations. The DPPH 
radical scavenging activity assay and ABTS cationic radical 
scavenging activity were determined according to the method 
described by Rodriguez et al. (2015).

Measurements were performed with 1 mL of DPPH 
(diphenyl-1-picrylhydrazyl) solution (50 ppm) added to different 
aliquots of ethanol extracts (10, 20, 30, 40 and 50 µL) and reacted 
at room temperature for 60 min. The absorbance was measured 
at 510 nm with a spectrophotometer (model U-1900, Hitachi, 
England). The sample mass required to cause 50% DPPH 
inhibition (OC50 (mg/ g d.m.) was determined. The concentration 
required to obtain a 50% antioxidant capacity, is typically 
used to express the antioxidant activity and to compare the 
antioxidant capacity of various samples (Rodriguez et al., 2015). 
ABTS+ (2,2-azino-bis-(3-ethylbenzo-thiazoline-6-sulphonic 
acid)) was produced by mixing ABTS stock solution (7 mM) with 
potassium persulfate (2.45 mM). The solution was held at room 
temperature in darkness for 960 min. Dnce the radical was formed, 
the absorbance of the radical was adjusted to 0.7 by dilution with 
96% ethanol and measured at 734 nm. ABTS+ (1 mL) was added 
to 20 µL of ethanol extracts of raspberries. The mixture reacted 
at room temperature for 6 min. The absorbance was measured 
at 734 nm. The determinations became valid when 20-80% of 
inhibition was obtained, compared to the absorbance of a blank 
solution prepared with 20 µL of 96% ethanol and 1 mL of ABTS+. 
The standard curve was performed using Trolox (1.797 mM, 
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), with 
well-known concentrations. All determinations were performed 
in duplicate.

The antioxidant retention was calculated by the following 
Equation (8)
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Where OC50b is antioxidant capacity of fresh raspberries and 
OC50m is antioxidant capacity of dried raspberries. On the case 
of ABTS+, the % antioxidant retention was calculated with the 
same equation (ABTS instead OC50)

Total polyphenols content was determined using the 
Folin-Ciocalteu method (Rodriguez et al., 2015). An aliquot of 
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0.5 mL of the extract was mixed with 2.5 mL of Folin-Ciocalteu´s 
reagent, (previously diluted 10-fold with distilled water) and 4 mL 
of Na2CD3 solution (75 g/L). After two hours of reaction, the 
absorbance of the sample was measured at 760 nm using a Perkin 
Elmer spectrophotometer (Perkin Elmer UV/VOS Lambda 25, 
USA). Calibration curve was prepared with commercial standard 
gallic acid to a series of concentrations from 0 to 200 ppm. 
Results were expressed as millimol of gallic acid equivalent per 
g dry matter (mM Galic acid/g d.m).

2.5 Statistical analysis

The statistical analysis was performed using SYSTAT 
software version 12. The results obtained were analyzed using 
the ANDVA analysis. The means were compared through a 
Tukey analysis at 95% level of trust. Significant differences were 
found when p<0.05.

3 Results and discussion
Fruits and vegetables are usually dried to extend shelf-life, 

enhance storage stability, minimize packaging requirements and 
reduce transport weight. Numerous processing techniques have 
been used for drying of fruits and vegetables (Karam et al., 2016). 
However, some of them present advantage or/and disadvantage 
on the final quality for dried product. The purpose of this work 
was compared the solar and microwave drying, evaluating the 
kinetics of weight reduction and the quality of the final products 
so as to determine the most convenient drying technique based 
in the final quality of the products.

3.1 Drying processes

Figure 2 shows the variation of the different temperatures as 
a function of time during three consecutive days of exposure to 
SD. The minimum values of the temperature inside of the drying 

chamber ranged between 52 °C to 38 °C, while de maximum 
measured average values varied between 61 °C to 55 °C. These 
temperatures were higher that air temperature (30 °C) showing 
a good performance of the equipment. The three temperatures 
lower to the end of each working day. Ot must be underlined that 
all experiences took place under low relative humidity conditions 
(ranging between 40 and 58%). The temperature of raspberries 
during solar drying also was measured (Figure 2). The minimum 
values of the product temperature oscillated between 40 °C to 
45 °C and the maximum values were next to 60 °C. Ot can be seen 
that there is an initial increase in air temperature and a steady 
increase in food temperature. The time required to reach a value 
of aw < 0.6 was 16 h (Table 1). Dissa et al. (2009), simulated 
the solar radiation by adopting the concept of “typical day” of 
month. The assumption of “typical day” considers all the days 
in the month to be identical and the impact of the climatic risk 
are neglected. The concept of typical day is appropriate for the 
sites where the variation of the daily climatic conditions is not 
significant and which are characterized by high index of clearness. 
The authors reported that in a “typical day”, the temperatures 
reached a maximum value of 63 °C at midday, and their profile 
was the same for each day of drying. According to these authors, 
three “typical days” of solar drying are necessary to reach 12-20% 
water contents range of mango preservation.

Prakash et al. (2004), also reported a drying time of 16 h 
from an initial water content of 80-90% up to reaching 6% of 
water content, measuring a higher temperature at midday time 
and they employed several days for processing. Thus, our results 
in the solar drying process were consistent with observed by 
other authors.

Respect to MWD process, the use of a power of 350 W allowed 
drying raspberries in short times. The time required to reach 
aw< 0.6 was 50 min (Table 1). Ot can be observed a reduction in 
process times in the order of 95% respect to those of SD. This is 
related to the differences in heat and mass transfer mechanisms 
in both methods. Solar oven works based on the principle of 
the black body, absorbing solar radiation and re-emitting it 
into the interior of the container. This black box is coated with 
a glass box, which retains infrared radiation. Onner air heats by 
natural convection; when increasing its temperature, relative 
humidity is lowered generating the driving force for mass transfer 
(Campañone et al., 2012).

Dn the other side, during microwave heating, electromagnetic 
energy is directly transformed into heat within the food as 
a result of its interaction with polar molecules present in its 
composition (mainly water), reducing in a high proportion 
heat transfer time (Arballo et al., 2012). The use of microwaves 
in food heating and dehydration has increased markedly heat 

Table 1. Different parameters measured in the experiments: Time, Medium Temperature (T°med.) and Maximum Temperature (T° max.) of 
processes and Onitial (WCi) and final (WCf) water content and final activity water of the dehydrated raspberries.

RASPBERROES
Drying Time (min) T° med. (°C) T° max. (°C) WCi (%) WCf (%) aw
Solar 960 49.7 ± 7 59.6 ± 1 72.21 ± 3.3 14.01 ± 1.2 0.6

Microwave 50 70 ±5.4 79 ± 5.1 83.66 ± 0.6 21.26 ± 2.5 0.63

Figure 2. Evolution of temperature during solar process applied to 
raspberries samples.
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transfer rate, and this is the main reason of the steady interest 
of its study and use in food processing.

Respect to mass transfer in both processes studied, the 
results obtained are shown in Figure 3. Ot can be observed a 
linear relationship between WR and drying time for SD, which 
means there is enough water in the samples during the whole 
process and a constant rate period was observed (Contreras et al., 
2008). Taking into account the linear behavior, it was possible 
to estimate the drying rate, which was of 0.084 min-1. Regarding 
to MWD, two drying periods were observed. From the first 
stage (linear) a drying rate of water removal was 1.94 min-1. 
This indicates that drying rates in microwaves are 23 times higher 
than SD (linear zone). The high calculated values during MWD 
are based on the transfer mechanisms of energy and matter 
involved. These results are in agreement with Lakshminarayana 
(2006); they worked on combined drying of Saskatoon berries. 
From 20 minutes on, a decrease in weight loss rate was observed 
indicated by a change in slope in the WR vs t curve (Figure 3), 
this is due to the lowering in mass transfer rate within the fruit 
as dehydration proceeds.

The results for drying rate are in agreement with the values 
of water diffusion coefficients obtained in the present work. 
The calculated values obtained from water content histories were 
2.6 10 -10 m2/s (ARE = 0.33) and 5.7 10-9 m2/s (ARE = 0.24) for 
solar and microwave drying. This indicates that Dw corresponding 
to microwaves is 22 times higher than SD (linear zone).

3.2 Quality parameters

Undesirable changes in the color of food may lead to a 
decrease in its quality and marketing value (Doymaz & Pala, 
2002). The color parameters of fresh and dried samples including 
the L*, a*, b* and total color change (∆E) under different drying 
conditions are shown in Figure 4, respectively. Low positive a* 
(12.48 ± 0.61) and b* (3.26 ± 0.06) values indicate more red for 
fresh raspberries and L* value was approximately 40.62 ± 0.41.

At the end of drying, the raspberries treated with SD presented 
an increase of L* parameter, whereas that the raspberries treated 
with MWD presented L* values similar to fresh ones. The ANDVA 
showed that SD-samples were significant different (p<0.05) 
with respect to MWD-samples and fresh ones. Similar results 
were observed by Arslan & Özcan, (2011) in dehydration of red 
bell-pepper with sun and microwaves. These authors reported 
that the sun dried samples had highest L* values which meant 
these samples were lighter in color than the fresh peppers. Dn the 
other hand, they found that L* values of microwave dried peppers 
had remained almost unchanged when compared to the fresh 
samples. On terms of a*, significant differences were not found 
(P>0.05) among the dried and fresh samples.

Regarding the b* value, the SD-samples showed more 
yellowness after drying than MWD-samples. This is consistent 
with reported by Arslan & Özcan, (2011) in sun drying of red 
pepper.

Anthocyanins are sensitive to heat and oxidation, and as 
a result dehydration frequently leads to a considerable change 
in the color of dehydrated foods, reflecting at the same time a 

concomitant loss of phytochemical components (Bruno et al., 
2012). The total color change (∆E), which is a combination of 
the L*, a*, b* values, is a colorimetric parameter extensively 
used to characterize the variation of colors in foods during 
processing (Maskan, 2001). The raspberries dehydrated with 
MWD presented a ∆E value of 1.43±0.65, whereas samples 
dried with SD had a ∆E of 2.85±0.32 (Figure 4). Changes in 
∆E are brought about by simultaneous heat and mass transfer 
occurring at the surface of fruit and depend on drying time and 
temperature (Vega-Gálvez et al., 2012). The conditions applied in 
this work achieved a drying without causing surface overheating 
phenomena. On general, both processes were effective to keep 
the color stability of raspberries.

Hardness is a very important textural property of fruits as 
it gives information on the storability and resistance to injury of 
the products during handling and processing (Vega-Gálvez et al., 
2009). Data shown in Figure  5 present significant changes 
(P<0.05) for hardness attribute with respect to fresh samples. 
The hardness in dried samples was higher than fresh raspberries. 
This increase could be explained due to the increased concentration 
of components as consequence of the moisture removal during 
drying. The water diffuses to the surface of the samples from 

Figure 3. Evolution of Weigh Reduction (WR %) of raspberries during 
solar and microwave drying. Solar = solar drying and MWD = microwave 
drying. 

Figure 4. Color parameters of fresh and dried raspberries: L* (lightness), 
a* (redness/greenness), b* (yellowness/blueness) and ∆E (Total color change). 
Different letters indicate significant differences (p<0.05). Fresh = without 
treatment, Solar = solar drying and MWD = microwave drying.
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the interior, carrying solutes with it. As the surface moisture 
evaporates, solutes concentrate and precipitate, leaving a hard 
and dry surface.

Cano-Chauca et al. (2002) observed that cutting force, a 
measure of hardness, increased as drying of banana progressed. 
They attributed this behavior to the concentration of solutes while 
moisture is removed during drying. As to the two drying methods 
tested, the results showed a trend for texture of raspberries to 
be more sensitive to microwave drying than to solar drying 
(p<0.05). MWD-samples were harder than the raspberries 
dehydrated with SD. The lowest hardness in SD-samples can 
be attributed to less effect of the temperature reached with this 
drying method, which was enough to achieve an evaporation 
of the water without generating a structural collapse of fruit as 
observed in the MWD drying.

At the same time, the internal structure of MWD-samples 
may be more difficult to break, so that samples might be perceived 
as being tough when chewed. Microwave drying generated an 
overheating on the samples, which caused a higher effect of 
hardening and structural collapse. These results suggest that 
there is a critical level of drying. From the results obtained, it is 
suggested that the best mechanical characteristics in raspberries 
are obtained using solar drying. Ot is believed that if the texture 
of the dried fruit is softer, the quality is better (Rodriguez et al., 
2015).

The evaluation of functional quality during drying was 
assessed in terms of antioxidant capacity and total polyphenols 
content. The antioxidant capacity and the total polyphenols 
content of raspberries were significantly affected by drying 
methods (Figure 6 and 7). The initial antioxidant capacity of 
fresh raspberries was 803.19 ± 125.46 (OC50 (mg/ g d.m)) and 
22.69 ± 5.08 (mg Trolox/ g d.m.) and the initial total polyphenols 
content was 206.28 ± 5.46 (mM Galic acid/ g d.m.). Ot can be 
observed that solar and microwave methods had an important 
effect (P<0.05) on antioxidant capacity and polyphenols content 
(Figure 6 y 7). At the end of processes, all samples presented 
a decrease in the antioxidant capacity (60 to 72%) and total 
polyphenols content (54% to 63%) in relation to the initial value. 
Drying conditions play an important role in determining the 
quality of the final product, especially in terms of its antioxidant 

activity, polyphenols content, color and pro-healthy properties. 
Therefore, it is very important to choose optimal drying method 
for fruits.

On the present work, the total polyphenols content found 
in dried raspberries were correlated to the antioxidant capacity 
measured for DPPH and ABTS methods and we could observe 
a linear adjustment (R2 = 0.99) between the decrease of the 
polyphenols content and antioxidant capacity. These results 
indicated that the decrease in antioxidant capacity resulted 
from the degradation of biologically active compounds at 
high temperatures, due to chemical, enzymatic or thermal 
decomposition (Nicoli et al., 1999)

The effect of the drying conditions on the antioxidant 
properties of different by products and materials has been 
evaluated in several research studies. On overall terms, it can 
be stated that there is great controversy over the most suitable 
drying conditions. Thus, the use of mild drying temperatures 
(60 °C) and intermediate drying times is reported as the most 
suitable for mulberry (Katsube et al., 2009). Dn the contrary, 
Harbourne et al. (2009) found that, over the range of 30–70 °C, 
the drying temperature did not influence the phenolic constituents 

Figure 5. Hardness of fresh and dried raspberries. Different letters 
indicate significant differences (p<0.05). Fresh = without treatment, 
Solar = solar drying and MWD = microwave drying.

Figure 6. DPPH radical scavenging activity assay (OC50 mg/ g d.m) and 
ABTS cationic radical scavenging activity (mg Trolox/ g d.m) of fresh 
and dried raspberries. Different letters indicate significant differences 
(p<0.05) among the treatment. Capital letters are corresponding to 
method DPPH and small letters are corresponding to method ABTS. 

Figure 7. Total polyphenols content (mM Galic acid/ g d.m) of fresh 
and dried raspberries. Different letters indicate significant differences 
(p<0.05) among the treatment. Fresh = without treatment, Solar = solar 
drying and MWD = microwave drying.
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of meadow sweet and willow. Dther authors state that the use 
of high temperatures (90 °C) allows extracts to be obtained 
with a high antioxidant potential (Vega-Gálvez  et  al., 2009). 
Vashisth  et  al. (2011) observed that the drying time had no 
influence on the antioxidant capacity of muscadine pomace at 
70 °C and 80 °C. Ot was also considered the fact that long drying 
times at low air temperatures (30 °C - 40 °C) promote a decrease 
in the antioxidant capacity (Garau et al., 2007). These different 
conclusions concerning the effect of the drying temperature on 
bioactive properties could probably be ascribed to the different 
nature of the raw material processed (Ahmad-Qasem et al., 2013). 
On our work, we could observe that the drying processes applied 
to raspberries reached a stable product against the microbiological 
agents and chemical reactions (aw < 0.6). However, they were 
no effective for retention of antioxidant capacity. The losses of 
antioxidant capacity of dehydrated raspberries treated with SD 
may be attributed to the intensive oxidation that occurs during 
their long exposition to solar radiation and oxygen inside of the 
oven. On the case of the microwave drying, it might be attributed 
to the heating effect caused by the electromagnetic radiations 
during microwave process (Ghanem et al., 2012). No significant 
differences (p>0.05) were found between drying processes. 
The  final percentage of antioxidant retention in raspberries 
dried with MWD and SD was around 30.39% and 27.883% 
(OC50) and 36.61% and 27.57% (ABTS), whereas that the final 
polyphenols content was around 94.01 ± 0.12 and 76.96 ± 6.71, 
respectively. Regarding the DPPH and ABTS assays, both 
presented similar trends and a significant correlation (R2 = 0.99) 
between them. This would indicate that the fruit extracts show 
comparable activity in both methods (Moo-Huchin et al., 2014; 
Rodriguez et al., 2015).

4 Conclusions
According to the results, significant effects on the 

physicochemical parameters and quality properties were found 
at the end of the drying by the two tested methods. Microwave 
application significantly reduced the drying time compared to 
solar drying. The analysis of the quality properties showed that 
both drying methods allowed a good preservation of surface color 
of dried samples with respect to fresh raspberries. Regarding 
to hardness, the best texture characteristic was obtained with 
solar drying, where samples presented a softer texture. However, 
the results showed that both drying methods resulted in a 
substantial reduction of the antioxidant capacity. These results 
lead to the generation of new researches for the optimization 
of the design of solar driers and microwave oven. This way, it 
would achieve improvement or preservation of the functional 
quality of the final product and obtain a stable product against 
to the microorganism contaminants, with high nutritional value.

Acknowledgements
The financial support given by the University of La Plata, 

Consejo Nacional de Onvestigaciones Científicas y Técnicas 
(CDNOCET), Agencia Nacional de Promoción Científica y 
Tecnológica (ANPCyT). We thank to Dra Gabriela Denoya 
and Dra Adriana Pazos of the National Onstitute of Agricultural 

Technology (ONTA), for their assistance and help to realize some 
determinations of this work.

References
Ahmad-Qasem, M. H., Barrajon-Catalan, E., Micol, V., Cárcel, J. 

A., & Garcia-Perez, J. V., (2013). Onfluence of air temperature on 
drying kinetics and antioxidant potential of olive pomace. Journal 
of Food Engineering, 119(3), 516-524. http://dx.doi.org/10.1016/j.
jfoodeng.2013.06.027.

Arballo, J. R., Campañone, L. A., & Mascheroni, R. H. (2012). Modeling 
of Microwave Drying of Fruits. Part OO: Effect of Dsmotic Pretreatment 
on the Microwave Dehydration Process. Drying Technology, 30(4), 
404-415. http://dx.doi.org/10.1080/07373937.2011.645100.

Arslan, D., & Özcan, M. M. (2011). Dehydration of red bell-pepper 
(Capsicum annuum L.): Change in drying behavior, color and 
antioxidant content. Food and Bioproducts Processing, 8(9), 504-513. 
http://dx.doi.org/10.1016/j.fbp.2010.09.009.

Belessiotis, V., & Delyannis, E. (2011). Solar drying. Solar Energy, 
85(8), 1665-1691. http://dx.doi.org/10.1016/j.solener.2009.10.001.

Bórquez, R. M., Canales, E. R., & Redon, J. P. (2010). Dsmotic dehydration 
of raspberries with vacuum pretreatment followed by microwave-
vacuum drying. Journal of Food Engineering, 99(2), 121-127. http://
dx.doi.org/10.1016/j.jfoodeng.2010.02.006.

Bruijn, J., & Bórquez, R. (2014). Quality retention in strawberries dried 
by emerging dehydration methods. Food Research International, 63, 
42-48. http://dx.doi.org/10.1016/j.foodres.2014.03.029.

Bruno, E., Campañone, L., & Martino, M. (2012). Some Functional 
Properties of Pigment Extracts from Red Cabbage (Brassica oleracea) 
and Beet (Beta vulgaris). Latin American Applied Research, 42, 427-432.

Campañone, L. A., Mackeprang, M., & Paola, C. A. (2012). Aplicación 
de Energía Solar combinada con Microondas para la deshidratación 
de frutas y vegetales. On VII Congreso de Medio Ambiente. La Plata: 
AUGM.

Cano-Chauca, M., Ramos, A. M., & Stringheta, P. C. (2002). Color 
and texture change during banana drying (Musa spp.  nanica). 
Allimentaria, 337, 153-158.

Contreras, C., Martín-Esparza, M. E., Chiralt, A., & Martínez-Navarrete, 
N. (2008). Onfluence of microwave application on convective drying: 
Effects on drying kinetics, and optical and mechanical properties 
of apple and strawberry. Journal of Food Engineering, 88(1), 55-64. 
http://dx.doi.org/10.1016/j.jfoodeng.2008.01.014.

Diamante, L. M., & Munro, P. A. (1993). Mathematical modelling 
of the thin layer solar drying of sweet potato slices. Solar Energy, 
51(4), 271-276. http://dx.doi.org/10.1016/0038-092X(93)90122-5.

Dissa, A. D., Bathiebo, J., Kam, S., Savadogo, P. W., Desmorieux, H., 
& Koulidiati, J. (2009). Modelling and experimental validation of 
thin layer indirect solar drying of mango slices. Renewable Energy, 
34(4), 1000-1008. http://dx.doi.org/10.1016/j.renene.2008.08.006.

Doymaz, O. (2007). Air-drying characteristics of tomatoes. Journal of 
Food Engineering, 78(4), 1291-1297. http://dx.doi.org/10.1016/j.
jfoodeng.2005.12.047.

Doymaz, O., & Pala, M. (2002). Hot-air drying characteristics of red 
pepper. Journal of Food Engineering, 55(4), 331-335. http://dx.doi.
org/10.1016/S0260-8774(02)00110-3.

Garau, M. C., Simal, S., Rosselló, C., & Femenia, A. (2007). Effect of air-
drying temperature on physico-chemical properties of dietary fiber 
and antioxidant capacity of orange (Citrus aurantium v. Canoneta) 
by-products. Food Chemistry, 104(3), 1014-1024. http://dx.doi.
org/10.1016/j.foodchem.2007.01.009.

https://doi.org/10.1016/j.jfoodeng.2013.06.027
https://doi.org/10.1016/j.jfoodeng.2013.06.027
https://doi.org/10.1080/07373937.2011.645100
https://doi.org/10.1016/j.fbp.2010.09.009
https://doi.org/10.1016/j.solener.2009.10.001
https://doi.org/10.1016/j.jfoodeng.2010.02.006
https://doi.org/10.1016/j.jfoodeng.2010.02.006
https://doi.org/10.1016/j.foodres.2014.03.029
https://doi.org/10.1016/j.jfoodeng.2008.01.014
https://doi.org/10.1016/0038-092X(93)90122-5
https://doi.org/10.1016/j.renene.2008.08.006
https://doi.org/10.1016/j.jfoodeng.2005.12.047
https://doi.org/10.1016/j.jfoodeng.2005.12.047
https://doi.org/10.1016/S0260-8774(02)00110-3
https://doi.org/10.1016/S0260-8774(02)00110-3
https://doi.org/10.1016/j.foodchem.2007.01.009
https://doi.org/10.1016/j.foodchem.2007.01.009


Rodriguez et al.

Food Sci. Technol, Campinas, 39(2): 336-343, Apr.-June 2019 343/343   343

Prakash, S., Jha, S. K., & Datta, N. (2004). Performance evaluation of 
blanched carrots dried by three different driers. Journal of Food 
Engineering, 62(3), 305-313. http://dx.doi.org/10.1016/S0260-
8774(03)00244-9.

Rajkumar, P., Kulanthaisami, S., Raghavan, G. S. V., Gariépy, Y., & 
Drsat, V. (2007). Drying Kinetics of Tomato Slices in Vacuum 
Assisted Solar and Dpen Sun Drying Methods. Drying Technology: 
An International Journal, 25(7-8), 1349-1357. http://dx.doi.
org/10.1080/07373930701438931.

Rodriguez, A., Rodriguez, M. M., Lemoine, M. L., & Mascheroni, R. 
H. (2017a). Study and comparison of different drying processes 
for dehydration of raspberries. Drying Technology, 35(6), 689-698. 
http://dx.doi.org/10.1080/07373937.2016.1202958.

Rodriguez, A., Zaro, M. J., Lemoine, M. L., & Mascheroni, R. H. 
(2015). Comparison of Two Alternatives of Combined Drying 
to Process Blueberries (D’Neal): Evaluation of the Final Quality. 
Drying Technology, 34(8), 974-985. http://dx.doi.org/10.1080/073
73937.2015.1089886.

Rodriguez, M. M., Arballo, J. R., Campañone, L. A., & Mascheroni, 
R. H. (2017b). Analysis of Dperating Conditions on Dsmotic 
Dehydration of Plums (Prunus Domestica L.) and 3D-Numerical 
Determination of Effective Diffusion Coefficients. International 
Journal of Food Engineering, 13(11), 1556-3758. http://dx.doi.
org/10.1515/ijfe-2017-0071.

Syamaladevi, R. M., Sablani, S. S., Tang, J., Powers, J., & Swanson, B. 
G. (2010). Water sorption and glass transition temperatures in red 
raspberries (Rubus idaeus). Thermochimica Acta, 503-504, 90-96. 
http://dx.doi.org/10.1016/j.tca.2010.03.013.

Vashisth, T., Singh, R. K., & Pegg, R. B. (2011). Effects of drying on the 
phenolics content and antioxidant activity of muscadine pomace. 
Lebensmittel-Wissenschaft + Technologie, 44(7), 1649-1657. http://
dx.doi.org/10.1016/j.lwt.2011.02.011.

Vega-Gálvez, A., Ah-Hen, K., Chacana, M., Vergara, J., Martínez-Monzó, 
J., García-Segovia, P., Lemus-Mondaca, R., & Di Scala, K., (2012). 
Effect of temperature and air velocity on drying kinetics, antioxidant 
capacity, total phenolic content, colour, texture and microstructure 
of apple (var. Granny Smith) slices. Food Chemistry, 132(1), 51-59. 
http://dx.doi.org/10.1016/j.foodchem.2011.10.029. PMid:26434262.

Vega-Gálvez, A., Di Scala, K., Rodríguez, K., Lemus-Mondaca, R., 
Miranda, M., López, J., & Perez-Won, M. (2009). Effect of air-drying 
temperature on physico-chemical properties, antioxidant capacity, 
colour and total phenolic content of red pepper (Capsicum annuum, 
L. var. Hungarian). Food Chemistry, 117(4), 647-653. http://dx.doi.
org/10.1016/j.foodchem.2009.04.066.

Zhao, D., Wang, Y., Zhu, Y., & Ni, Y. (2016). Effect of carbonic maceration 
pre-treatment on drying behaviour and physicochemical compositions 
of sweet potato dried with intermittent or continuous microwave. 
Drying Technology, 34(13), 1604-1612. http://dx.doi.org/10.1080/
07373937.2016.1138231.

Ghanem, N., Mihoubi, D., Kechaou, N., & Mihoubi, N. B. (2012). 
Microwave dehydration of three citrus peel cultivars: Effect on 
water and oil retention capacities, color, shrinkage and total phenols 
content. Industrial Crops and Products, 40, 167-177. http://dx.doi.
org/10.1016/j.indcrop.2012.03.009.

Harbourne, N., Marete, E., Jacquier, J. C., & D’Riordan, D. (2009). Effect 
of drying methods on the phenolic constituents of meadowsweet 
(Filipendulaulmaria) and willow (Salix Alba). Lebensmittel-Wissenschaft 
+ Technologie, 42(9), 1468-1473. http://dx.doi.org/10.1016/j.
lwt.2009.05.005.

Hassanain, A. A. (2010). Unglazed transpired solar dryers for medicinal 
plants. Drying Technology: An International Journal, 28(2), 240-248. 
http://dx.doi.org/10.1080/07373930903530139.

Hossain, M. A., Amer, B. M. A., & Gottschalk, K. (2008). Hybrid Solar Dryer 
for Quality Dried Tomato. Drying Technology: An International Journal, 
26(12), 1591-1601. http://dx.doi.org/10.1080/07373930802467466.

Karam, M. C., Petit, J., Zimmer, D., Baudelaire Djantou, E., & Scher, 
J. (2016). Effects of drying and grinding in production of fruit and 
vegetable powders: A review. Journal of Food Engineering, 188, 32-
49. http://dx.doi.org/10.1016/j.jfoodeng.2016.05.001.

Katsube, T., Tsurunaga, Y., Sugiyama, M., Furuno, T., & Yamasaki, Y. 
(2009). Effect of air drying temperature on antioxidant capacity and 
stability of polyphenolic compounds in mulberry (Morus alba L.) 
leaves. Food Chemistry, 113(4), 964-969. http://dx.doi.org/10.1016/j.
foodchem.2008.08.041.

Lakshminarayana R. (2006). Drying characteristics of saskatoon berries 
under microwave and combined microwave-convection heating 
(Tesis de master). Facultad de Estudios Graduados e Onvestigación, 
Departamento de Agricultura y Ongeniería de Recursos Biológicos, 
Universidad de Saskatchewan, Saskatoon.

Maskan, M. (2001). Kinetics of color change of kiwifruits during hot air 
and microwave drying. Journal of Food Engineering, 48(2), 169-175. 
http://dx.doi.org/10.1016/S0260-8774(00)00154-0.

Moo-Huchin, V. M., Estrada-Mota, O., Estrada-León, R., Cuevas-Glory, 
L., Drtiz-Vázquez, E., Vargas, M. L. V., Betancur-Ancona, D., & 
Sauri-Duch, E. (2014). Determination of some physicochemical 
characteristics, bioactive compounds and antioxidant activity of 
tropical fruits from Yucatan, Mexico. Food Chemistry, 152, 508-515. 
http://dx.doi.org/10.1016/j.foodchem.2013.12.013. PMid:24444968.

Nicoli, M. C., Anese, M., & Parpinel, M. (1999). Onfluence of processing 
on the antioxidant properties of fruit and vegetables. Trends in Food 
Science & Technology, 10(3), 94-100. http://dx.doi.org/10.1016/
S0924-2244(99)00023-0.

Dfficial Methods of Analysis – ADAC. (1980). Official methods of 
analysis (13th ed.). Washington: ADAC.

Pardo, G., & Zufía, J. (2012). Life cycle assessment of food-preservation 
technologies. Journal of Cleaner Production, 28(0), 198-207. http://
dx.doi.org/10.1016/j.jclepro.2011.10.016.

https://doi.org/10.1016/S0260-8774(03)00244-9
https://doi.org/10.1016/S0260-8774(03)00244-9
https://doi.org/10.1080/07373930701438931
https://doi.org/10.1080/07373930701438931
https://doi.org/10.1080/07373937.2016.1202958
https://doi.org/10.1080/07373937.2015.1089886
https://doi.org/10.1080/07373937.2015.1089886
https://doi.org/10.1515/ijfe-2017-0071
https://doi.org/10.1515/ijfe-2017-0071
https://doi.org/10.1016/j.tca.2010.03.013
https://doi.org/10.1016/j.lwt.2011.02.011
https://doi.org/10.1016/j.lwt.2011.02.011
https://doi.org/10.1016/j.foodchem.2011.10.029
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26434262&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2009.04.066
https://doi.org/10.1016/j.foodchem.2009.04.066
https://doi.org/10.1080/07373937.2016.1138231
https://doi.org/10.1080/07373937.2016.1138231
https://doi.org/10.1016/j.indcrop.2012.03.009
https://doi.org/10.1016/j.indcrop.2012.03.009
https://doi.org/10.1016/j.lwt.2009.05.005
https://doi.org/10.1016/j.lwt.2009.05.005
https://doi.org/10.1080/07373930903530139
https://doi.org/10.1080/07373930802467466
https://doi.org/10.1016/j.jfoodeng.2016.05.001
https://doi.org/10.1016/j.foodchem.2008.08.041
https://doi.org/10.1016/j.foodchem.2008.08.041
https://doi.org/10.1016/S0260-8774(00)00154-0
https://doi.org/10.1016/j.foodchem.2013.12.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24444968&dopt=Abstract
https://doi.org/10.1016/S0924-2244(99)00023-0
https://doi.org/10.1016/S0924-2244(99)00023-0
https://doi.org/10.1016/j.jclepro.2011.10.016
https://doi.org/10.1016/j.jclepro.2011.10.016

