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In this study, Kageneckia oblonga leaves were dried under different drying conditions and techniques [oven drying (NC), vacuum drying (VNC), convective drying (FC), and microwave-assisted convective drying (MWFC)]. Thus, the effect of temperature, vacuum, and microwave on the drying features of K. oblonga leaves was determined. Fick's second law was used to calculate the effective moisture diffusivity that varied from 3.94 to 8.14 × 10−11 m2/s, 1.12 to 1.40 × 10−11 m2/s, 7.83 to 11.36 × 10−11 m2/s, and 6.93 to 16.72 × 10−11 m2/s for NC, VNC, FC, and MWFC methods, respectively. In addition, the Weibull and Midilli–Kucuk models accurately predicted all experimental drying curves of K. oblonga leaves. Regarding the energy consumption and efficiency values for different drying methods of K. oblonga were found to be in the range of 0.20–7.50 kW·h and 0.10–3.70%, respectively. The results showed that MWFC method does not significantly affect the phenolic compounds and could be used for large-scale production of K. oblonga dried leaves.
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INTRODUCTION

Medicinal plants are a non-traditional export product that should be considered as part of a nation's agri-food supply. Kageneckia oblonga, also known as Bollén, is an endemic Chilean perennial tree, which resists conditions of extreme insolation and drought. In addition, it is characterized by having hard sawn leaves. K. oblonga is also found in north-facing slopes, exposed to full sun, with no conservation problems since it is one of the most common trees of the sclerophyll forests of central Chile (Rodríguez et al., 2006). It blooms from September to December and its fruit is a star-shaped capsule with five sections, from 2 to 3 cm diameter, containing numerous winged seeds (Russo and Garbarino, 2008). As for the traditional medicine, the infusion made from K. oblonga leaves is used to treat fever, liver, and kidney disorders (Montes and Wilkomirsky, 1985) due to its antipyretic, anti-inflammatory, and analgesic activity (Del Porte et al., 2002). These effects are related to the presence of ursolic acid in the leaves and branches of K. oblonga (Cassels and Ursúa, 1973), which has shown anti-inflammatory effects (Recio et al., 1995). Other phytochemical investigations reported the isolation of a cyanogenic glycoside called prunasin, attributing part of the anti-inflammatory effect to it (Fikenscher et al., 1981). For its conservation and storage, the leaves must be dried since the degradation of the compounds begins and consequently, its therapeutic activity decreases (Avello-Lorca et al., 2011). An ideal method for drying medicinal leaves should offer shorter heating time, lead to greater nutrient retention and improve quality characteristics (Di Cesare et al., 2003).

Different drying methods have been used to preserve the leaves longer, ensuring their availability during off-season. These methods can be classified into thermal drying and special drying (Babu et al., 2018). For example, natural and forced convection drying methods are within thermal drying while microwave-assisted drying is among special drying. In natural convection drying, the natural air circulation is used together with an increased temperature in a closed room. The energy used is low but the drying periods are normally high. Forced convection can significantly reduce the drying time by removing more moisture and transferring a higher percentage of previously heated air to the drying chamber (Amedorme et al., 2013). Microwave-assisted drying propagates electromagnetic energy through space by variable electric and magnetic fields. Food products response to dielectric heating result in rapid energy coupling inside the moisture, thus ensuring faster heating and drying (Feng et al., 2012).

The most of herbals and leaves have been dried using mainly the processes of forced convection and solar drying. Solar dryers may be used only about 4 months a year due to the cold and high relative humidity (Pinela et al., 2011). There are no studies of drying process behavior for energy consumption and the final quality of these leaves. The use of drying parameters such as drying time and drying temperature without considering the food characteristics (leaf thickness, diffusion coefficient, types of volatile active compounds, etc.) can result in loss of quality and nutrient constituents during the process (Feng et al., 2012; Amedorme et al., 2013; Hussein et al., 2015; Babu et al., 2018). Alternative methods to the conventional drying such microwave drying and/or combination thereof can contribute to improve leaves quality. This way, the processes could be more rapid, more uniform, energy efficient, along with keeping interest components of the leaves (Vadivambal and Jayas, 2007). The microwave technology is very required because present a high heating capacity not only on the surface but also inside the food what implies speed up the drying process and decreasing time process (Pinela et al., 2011).

Furthermore, there are few researches regarding the application of drying methods on K. oblonga leaves and further evaluating process parameters and leaves quality. Thereby, the aim of this study was to evaluate several drying technologies (vacuum drying, natural convection, forced convection, and forced convection assisted by microwave methods) and study how these techniques affect to processing time, drying kinetic behavior, energy consumption as well as biocompounds content (phenols and proximal) in K. oblonga leaves.



MATERIALS AND METHODS


Raw Material

The K. oblonga leaves were obtained in the locality of Rauco, Cuesta La Higuera, Region of Maule, Chile (34°56′ 43″S; 71°21′51″W), in the month of May. Once collected, these were refrigerated at 5.0 ± 0.2°C until used. This way, the moisture, ash, lipids, crude fiber, protein, and carbohydrate analyses were performed on fresh and dried K. oblonga leaves samples. The used methodologies were those recommended by the AOAC (AOAC, 1990).



Drying Methods

Four drying methods were applied to K. oblonga leaves were oven drying, vacuum drying, convective drying, and microwave-assisted convective drying. The drying methods were performed in the different dryer used, as Figure 1 shows. The weight of the sample and therefore the moisture content was measured every 5 min in all cases. Each drying method applied until the final equilibrium moisture values were achieved.

• Oven drying (NC): This drying method is applied to fresh leaves of, subjected to different temperatures of 60, 80, and 100°C. The drying times, according to the used temperatures, were of 240, 180, and 135 min, respectively. An oven model LDO- 080F (Mlab Scientific) was used.

• Vacuum drying (VNC): The process is similar to the previous one, but with added vacuum. The Mlab Scientific Vacuum Oven MVO-024 was used to perform the test together with the vacuum pump Rocket 400. Temperatures of 60 and 80°C and a vacuum pressure of 0.08 MPa were applied.

• Convective drying (FC): This method was performed with a convective dryer manufactured by the University of Talca, which consists of a wind tunnel with an electric heater that heats the air entering to a rectangular chamber. This equipment corresponds to a modified commercial microwave, which can perform both the FC and MWFC processes. In the rectangular cavity where FC drying takes place, the magnetron that produces the microwaves was not activated. The air temperature is controlled by an Arduino sensor connected a computer. Air speed was constant in all tests (1.7 m/s) and the air temperatures were 70, 80, and 90°C. A relative humidity sensor, located at the entrance of the equipment, measured the relative humidity and its value was 47.3 ± 5.5%.

• Microwave-assisted convective drying (MWFC): The same equipment of the FC was used but, in this case, the magnetron was operated with two microwave powers (720 and 1,120 W). The applied air velocity is the same as for the FC and two different air temperatures of 40 and 20°C were applied.


[image: Figure 1]
FIGURE 1. Different dryers used for this study: (A) Oven dryer (NC), (B) vacuum dryer (VNC), and (C) convective (FC) and microwave-assisted convective dryer (MWFC) assisted convective dryer (MWCD).




Diffusivity and Modeling

For each drying process, the effective moisture diffusivity (Deff) of the K. oblonga leaves were determined by Fick's second law which is based on the moisture ratio (MR, Eq. 1), where this one relates the gradient of the sample moisture content in real time (Xt) to both initial (Xi) and equilibrium (Xe) moisture content (Vega-Gálvez et al., 2014). The integrated equation of Fick's second law was also used for long time periods and thin-layer in one dimension (Eq. 2) which leads to Eq. (3), representing the first term in the development of the series, from which the diffusional coefficient is obtained for each drying process (Lemus-Mondaca et al., 2015). The equilibrium moisture content (Xe) was determined experimentally by monitoring the weight and calculating the leaves moisture content using an analytical balance (Chyo, modelo JK-200) and from the calculation of the absolute value between two consecutive moisture measurements according to the following criterion, (Xt + Xt+1) < 0.001, where Xt+1 is the moisture content at time t+1 (Togrul and Pehlivan, 2003).
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Where: L is the leaves average thickness (m), i is number of terms; and t is time (min).

Several mathematical models have been proposed to describe the characteristic drying curves of food and agricultural products. In this work, the Weibull (Eq. 4) and Midillli-Kucuk (Eq. 5) models were used (Hussein et al., 2015; Lemus-Mondaca et al., 2016).
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Where: k, n1, n2 and c represent empirical parameters of Midilli-Kucuk model, whereas α is shape parameter (dimensionless) and β is scale parameter (1/min) of Weibull model.

The accumulative relative error (RE%, Eq. 6) between the experimental and predicted data is obtained with the following equation:
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Here the sub-script MRmod and MRexp indicate the modeled and experimental values at time t, respectively.



Energetic Aspects

To calculate the energy consumption (EC, kW·h), the electric energy used by the equipment was considered together with the duration of the drying tests (Motevali et al., 2011).
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Where, P is the electrical power of the oven (kW); hc is the warm-up time of the equipment (h); hs is the drying time (h); PB is the electric power of the vacuum pump (kW); hB is the running time of the vacuum pump (h); Prs is the electrical resistance power of hot-air (kW), Pai is the fans power that drive the air (kW) and Pex is the air extractor power (kW) and PMW is the microwave power (kW), for the respective usage time (h).

In all drying methods the energy efficiency (η, Eq. 11), of the process was calculated using the following equation which was calculated the instantaneous yield (Menshutina et al., 2004).
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Where η is the percentage energy efficiency (%), mw is the mass of evaporated water (kg), λw is the latent heat of vaporization (2,257 kJ/kg) and ET is the total energy consumed by the equipment or energy consumption in the total drying period (kW·h).



Polyphenols and Proximal Analysis

Firstly, an aqueous extract of Kageneckia oblonga leaves was performed based on the methodology by Taralkar and Chattopadhyay (2012) with some modifications. To 5 g of fresh and dried leaves, then 100 mL of methanol are added. The sample was stirred at a temperature of 28°C × 2 h, and then filtered. The obtained liquid was kept refrigerated at 5°C until analysis. As to TPC quantification, the Folin-Ciocalteu method was used. To 0.1 mL of aqueous extract, 0.5 mL of Folin-Ciocalteu reagent is added along with 1.5 mL of 20% sodium carbonate. After 2 h the dark the absorbance was measured in a spectrophotometer (Optizen Pop). A calibration curve based on gallic acid (GAE) was used which is expressed in mg GAE/L. As for the Identification of phenolic compounds, a High-resolution mass spectrometer Exactive™ Plus Orbitrap, ThermoFisher Scientific (Bremen, Germany) was used. The scan parameters were following: Resolution: 140,000, AGC target: 3E6, Max. inject time: 200, HESI source: Sheath gas flow: 45, Aux gas flow rate: 20, Sweep gas flow rate: 0, Capillary temperature: 350°C, S-lens RF level: 0, Heater temperature: 200°C. Identification of selected phenolic compounds was obtained by comparison of retention times, spectra, and peak area at a maximum absorption wavelength to standards. As for proximal analysis, a natural convection oven was used to measure the initial moisture content (Mlab Scientific LDO- 080F) in which the sample was kept at 80°C × 14 h. The ashes were determined using a muffle (Vulcan model A-550) where the sample was kept at 550°C × 12 h. Lipids were measured by the Soxhlet method and crude fiber with a fiber extractor (Velp, model fiwe 6). The protein was measured by the Kjeldahl method with a conversion factor of 6.25. Carbohydrates were obtained by difference between the values of the previous results and 100%. The average thickness of leaves was measured with a Vernier caliper (500-144, Mitutoyo Digimatic Caliper, China). All analyses were performed in triplicate and expressed in g/100 g dry matter (d.m.).



Statistical Analysis

An analysis of variance (ANOVA) was performed for diffusivities, empirical parameters, equilibrium moisture, and proximal values at a confidence level of 95% (p-value < 0.05) by software StatGraphics® Centurion, including a Multiple Range Test (MRT) to recognize significant differences among each drying condition to determine possible homogeneous groups.




RESULTS


Dried K. oblonga Leaves

A relevant factor to consider in addition to drying kinetics and energy consumption is the appearance of the K. oblonga leaves after each drying process. Figure 2 presents final state pictures of the leaves considering the different drying methods and conditions used. The conditions observed were NC at 100, 80, and 60°C, VNC at 80 and 60°C, FC at 90, 80, and 70°C, and MWFC at 700 W/40°C, 1,120 W/20°C, and 1,120W/40°C.


[image: Figure 2]
FIGURE 2. Kageneckia oblonga leaves after applying different drying methods and under different operating conditions.




Drying Curves Behavior

The moisture content values with different methods and the drying time to reach the equilibrium moisture content are presented in Table 1. The drying kinetics for each drying method is presented in Figure 3. It was observed that the leaves moisture content decreases faster when the air temperature is higher. The drying time to reach the equilibrium moisture content (Xe) was between 30–120 and 60–90 min for the NC and FC drying processes, respectively, under temperatures from 60 to 100°C (Table 1). When statistically evaluating equilibrium moisture content (Xe), the ANOVA results indicated that comparing Xe values presented a significant effect of drying conditions on this value (p-value < 0.05). The MRT also stated that eight homogeneous groups for each used drying temperature were found (Table 1). Figure 3 shows the drying kinetics of VNC method, this shows a long time to reach the equilibrium condition (over 400 min) both 60 and 80°C (Table 1). Figure 3 also shows the drying curves obtained by adding microwaves to forced convection drying.


Table 1. Drying times, equilibrium moisture content, equilibrium time, and diffusivity coefficient obtained in each drying method.
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FIGURE 3. Drying curves predicted by Midilli-Kucuk and Weibull models with the lowest RE values for each drying curve.




Diffusivity and Modeling

Different values range for Deff were obtained for each drying method. For NC, VNC, FC, and MWFC methods the Deff ranges were of 3.94–8.14 × 10−11 m2/s, 1.12–1.40 × 10−11 m2/s, 7.83–11.36 × 10−11 m2/s and 6.93–16.72 × 10−11 m2/s, respectively. The values obtained of Deff during FC method were comparable with those reported by Panchariya et al. (2002) for convective drying of black tea leaves (Deff: 1.14–2.98 × 10−11 m2/s, air-velocity: 0.25–0.65 m/s, temperature: 80–120°C), Park et al. (2002) for convective drying of mint leaves (Deff: 0.47–2.94 × 10−12 m2/s, air temperature and velocity of 30–50°C and 0.5–1.0 m/s, respectively) and Lemus-Mondaca et al. (2015) for Stevia leaves dried by convective drying (Deff: 0.81–8.49 × 10−11 m2/s, air-temperature: 30–80°C and air-velocity: 2 m/s). Other studies showed higher diffusivities, such as Doymaz (2006) that evaluated the mint leaves convective drying (air-velocity: 4.1 m/s and air-temperature: 35 and 60°C), and presented Deff values between 0.31 and 1.94 × 10−8 m2/s; Doymaz (2006) in dill (Deff: 0.66–1.43 × 10−9) and parsley (Deff: 0.90–2.33 × 10−9) by hot-air drying (air-velocity: 1.1 m/s, air-temperature: 50–70°C), Kaya (2009) working with nettle (Deff: 1.74–4.99 × 10−9) and mint leaves (Deff: 1.975–6.172 × 10−9) during convective drying (air-velocity: 0.2–0.6 m/s, air-temperature: 35–55°C). The Deff values for MWFC drying process (180–900 W) are comparable with the ones obtained by Özbek and Dadali (2007) for mint leaves, Deff: 3.16–9.25 × 10−11 m2/s. When evaluating the Deff values by ANOVA analysis at a confidence level of 95%, this analysis showed a significant effect of drying temperature on the Deff values (i.e. p-value < 0.05). As for the MRT analysis, which determines if there are differences significant among the Deff means values, it was shown five homogeneous groups for each drying temperature, as follows: NC60; VNC60-VNC80; MWFC700W (40); MWFC1120W (40)-FC80; MWFC1120W (20)-FC90-FC70-NC100; NC80. The values of the parameters used to model the drying curves according to the Weibull and Midilli-Kucuk models are presented in Table 2.


Table 2. Empirical parameter values for each temperature and drying method.
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Statistical Analysis of Models

Figure 3 shows the experimental drying data along with the drying curves calculated with the mathematical models that obtained the lowest relative error values. The lowest RE% values are obtained by using the Weibull model for the drying processes following: NC 100°C, VNC 80°C, FC 70°C, FC 80°C, FC 90°C, MWFC 1120W/40°C and MWFC 700W/40°C. The RE% values varied between 5.2 and 37.2%. Whereas, the Midilli–Kucuk model gave the lowest values of RE% for NC 60°C, NC 80°C, VNC 60°C, and MWFC 1120W/40°C. In these cases, the RE% values ranged between 10.8 and 24.3%.



Energy Consumption

The results of the energy consumption and operating condition of each studied drying process are presented in Figure 4. In general, the shorter the time to reach the equilibrium condition, the lower is the energy consumption.


[image: Figure 4]
FIGURE 4. Effect of different drying methods on energy consumption and efficiency of Kageneckia oblonga leaves drying.




Proximal, Polyphenols, and Interesting Compounds

A proximal analysis comparison was performed on samples of fresh leaves and those obtained after having gone through the MWFC drying process with a microwave power of 1120 W and an air temperature of 20°C, these results were shown in Table 3. The initial moisture content values (130.79 ± 0.07 g/100 g d.m.) are close to those reported by Montenegro et al. (1980) in fresh leaves (133.998 ± 0.21 g/100 g d.m.). As for, the total polyphenol content for the fresh and MWFC-dried leaves, values of 18.62 ± 0.27 and 25.87 ± 1.103 mg GAE/g d.m. were obtained, respectively. The K. oblonga leaves have a high content of total polyphenol content, comparable to the leaves of the olive tree (Picual variety: 83.3 ± 3.15 mg/g d.m., Arbequina variety: 46.04 ± 1.94 mg/g d.m. and Sikitita variety: 53.68 ± 2.98 mg/g d.m.) (Talhaoui et al., 2016).


Table 3. Proximal analysis of fresh Kageneckia oblonga “Bollén” leaves and microwave-assisted convective dried (MWFC 1,120 W/20°C).

[image: Table 3]

From the methanol extract, isolations were performed of interesting compounds, these were identified according to the peak characteristics, such as retention time, a wavelength of maximum absorption, and mass spectral data. Two compounds were identified, as shown in Figure 5.


[image: Figure 5]
FIGURE 5. Chromatographic profile of the phenolic compounds found in the dried Bollén leaves: Ursolic acid methylester (C31H50O3) with Rt = 33.6 and 35.8 min, and Prunasin (C14H17NO6) with Rt = 13.2 min.





DISCUSSION


Dried K. oblonga Leaves

The Figure 2 shows that during NC drying at 100°C, leaves were damaged by the temperature, these operating conditions alters the initial green color of the leaves. The green appearance of the fresh leaf was less affected when the air temperature is lowered, even though there are a few which get brown during this drying process (NC at 80 and 60°C). Also, this figure shows the leaves resulting from the VNC drying process, at 80°C air temperature it was observed that all leaves of the sample have a brown color, which indicates temperature damage. Whereas, at 60°C there were K. oblonga leaves that maintain their green color, however there were still some brown leaves that were damaged mainly by the mixture between temperature and high residence time during the process. During VNC drying, severe damage was observed when the leaves were dried at 100°C. Due to this assay, the results are not presented at this temperature. During the FC process, some brown leaves could be observed, which indicate damage due to the high temperature of the applied air. When working at 70°C, the damage by temperature observed by the brown color of the leaves decreased. The dried leaves obtained with the MWFC process do not have visible damage by temperature and the original green color is better preserved. This could be attributed to the fact that during this method the leaves are exposed to shorter drying time and lower air temperatures. Shorter heating time also leads to greater nutrient retention, better quality characteristics such as texture, color and flavor, as well as increased production (Doymaz, 2006). That is why, the microwaves didn't not visibly affect the original green color of the leaves. Thus, a reduced time during drying and a high moisture effective diffusion would play an important role in the selection of the method to use to dry these leaves.



Drying Curves Behavior

Regarding the drying time of VNC process, this showed the highest average time of all drying methods. The drying times reached were above 400 min with regard to the average time for each drying method. Whilst the drying time reached by MWFC process, both drying conditions (MWFC 700 W/20°C and MWFC 1,120 W/20°C/40°C) presented an average drying time close to 20 min. A similar tendency was found for equilibrium moisture content values since the lower Xe values were obtained for MWFC and NC methods (15.5 < Xe <19.0) while higher Xe values were obtained for VNC and FC method (19.8 < Xe <24.1). Also, no difference was found between these two drying methods that might be due to the fact that both methods were applied under temperatures very close. From the same Figure 3, the FC process drying kinetics, no significant variations were observed between 80 and 90°C, where the Xe reached at 90 and 70°C were of 60 and 90 min, respectively (Table 1). This process took less the least time to reach the Xe, it highlights the process with an input air temperature of 20°C and 1,120 W of microwave power. In this case, the equilibrium moisture content was reached in 10 min (see Table 1). Compared with the best results for jumbo squid samples treated only using FC (input air at 70°C), the drying time was reduced 80 min (case MWFC-1,120 and 20°C). The microwaves (1,120 W) reducing drying time by eight times.



Diffusivity and Modeling

The values of the effective diffusivity coefficient obtained by Eq. (3), for different drying processes operating at different air temperatures, are presented in Table 1. As expected, effective diffusivity values rise with increasing drying air temperatures. It is worth mentioning that each drying method present diverse operational conditions as well as temperature vacuum and microwave. As for leaves drying experiments performed under natural convection, as expected, moisture diffusion rate should increase if drying process is conducted under forced-air convection. While vacuum drying, the temperature showed a smaller effect on the moisture diffusivity of leaves. This may be due to a higher porosity of the vacuum-dried samples provided by a large area-to-volume ratio (Jaya and Das, 2003), increasing the moisture diffusion rate associated to a higher vapor pressure gradient between the inside and outside of the sample being dried (Péré and Rodier, 2002). The different authors aforementioned showed high Deff values (Doymaz, 2006; Kaya, 2009), which could be a result of the use of different process settings (relative humidity, air-velocity, load-density, air-flow direction among others), as well as the leaves features under study (porosity, thickness and chemical composition). As for the Deff obtained values by Özbek and Dadali, these reflect that MWFC drying process achieved the highest values of Deff. It was noted that the greater the power of the microwave and the lower the air temperature, the coefficient Deff increases. In general, the highest Deff values are presented in the tests that had a drying shorter time what it could assume what it could also assume an energy saving. From the same Table 2, it was found that parameters k and β followed an increasing tendency as increasing temperature, which is a tendency similar to Deff behavior. In addition, the n1, n2, c, and α values remained relatively unchanged, suggesting them to be most probably dependent on the characteristics of the food (external skin, porosity, among others) and air properties (air-velocity, kind and/or direction of flow, etc.).



Statistical Analysis of Models

The analysis about RE% values, this shows that it is not possible to generalize a model to a particular process and automatically expect a good performance. If the result does not represent a low RE%, other models should be tested in each particular case. Also, diverse researchers have used the Midilli–Kucuk and Weibull models in drying kinetics of different herbs and leaves, which have gotten good results upon being applied, including Doymaz (2006) in dill and parsley drying, Özbek and Dadali (2007) in mint drying, and Lemus-Mondaca et al. (2015) in Stevia leaves.



Energy Consumption

When NC drying was applied, the lowest energy consumption was obtained with an air temperature of 100°C and its value was 0.925 kW·h. In the case of the VNC processes, they presented the highest energy consumption values, which exceeded 7.0 kWh. The FC process presents energy consumption under 1 kW·h in all the studied cases, and the best result (0.664 kW·h) is obtained with an air temperature of 80°C. MWFC method presented the lowest energy consumption, because the time to reach the equilibrium moisture content are low (between 10 and 30 min). It was found that the lowest energy consumption is obtained through MWFC drying with a power of 1,120 W and 20°C input air temperature. Thereby, the MWFC drying method has shown to be a promising drying technology, especially to decrease drying time as compared with drying methods under study. In addition, when the drying technologies are used combined, in this case, microwave and air-convective, for industrial-scale food drying, e.g., medicinal leaves with high biological potential, thus this drying method also could be regarded as a synergic technology, owing to reducing the processing time along with energy consumption.



Proximal, Polyphenols, and Interesting Compounds

The MWFC drying process was only evaluated because this method showed the lowest energy consumption (shortest drying time) and leaves dried showed the best final appearance. As the leaves pass through the MWFC drying process, a significant decrease in moisture content in the dried leaves is observed. The values of lipids, ashes and crude fiber increase slightly while protein and carbohydrates values decrease. When compared with data obtained in a Stevia drying study, similar variations are observed Lemus-Mondaca et al. (2016). For example, in both leaf samples was a slight increase of ash and fat content, which is a common variation in the composition of natural food products (Lemus-Mondaca et al., 2016). This increasing polyphenol content of MWFC-dried leaves was mainly caused by decreasing moisture content. In addition, Das and Maulik (1994) showed that the antioxidant activity of K. oblonga leaves, they could have a probable relation with the anti-inflammatory property.

The compounds represented by peaks tree were identified by comparison with commercial standard chromatographic characteristics. The compound corresponding to peak 1 [(M-H)− at m/z 294.09], presenting a retaining time (Rt) of 13.2 min., being identified as Prunasin (C14H17NO6). Also, the compound represented by peaks two [(M)+ at m/z 471.38] and three [(M)+ at m/z 472.38] was identified as ursolic acid methylester (C31H50O3), revealing two retaining time (Rt) of 33.6 and 35.8 min. For K. oblonga leaves, ursolic acid, and prunasin have been isolated in earlier studies (Cassels and Ursúa, 1973; Fikenscher et al., 1981; Del Porte et al., 2002) only for fresh leaves. However, it is therefore important to note that during the microwave-drying process of K. oblonga leaves, these compounds are still remaining.




CONCLUSIONS

The energy consumption and quality of the dried K. oblonga leaf product have been studied by means of natural convection, natural vacuum convection, forced convection and microwave-assisted forced convection processes. In general, at lower temperatures the dry leaf tends to maintain its original green color, while drying time and energy consumption increase. The microwave-assisted forced convection (MWFC) process using a power and air inlet temperature of 1,120 W and 20°C respectively, showed the best performance in terms of energy consumption (3.73%) and quality of the dried leaves. The microwave-assisted forced convection process enabled the equilibrium moisture values to be reached within 10 min of drying. Under these conditions the process had an effective diffusion coefficient of 16.72 ± 2.3 × 10−11 m2/s. The proximal values show that the dry leaf is not altered by the MWFC drying process, neither did this process decrease the total polyphenols content; on the contrary, an increase was verified from 18.6 to 25.8 mg GAE/g d.m. in the fresh until dried leaf, respectively. Thereby, this research shows it could be classed as a great previous for future and new investigations for bioactive compounds extraction and their possible uses pharmacological and healthy.
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