
 

 
126                      Nor. Afr. J. Food Nutr. Res. • Vol 6 • Issue 14 • 2022 
 

 

 Nor. Afr. J. Food Nutr. Res. 2022; 6(14): 126-134                    https://doi.org/10.51745/najfnr.6.14.126-134  

 

 h t t p s : / /www.na j fn r . co m       
   

ORIGINAL ARTICLE 

Ultrasound as pre-treatment for microwave drying of Myrtus 
communis fruits: Influence on phenolic compounds and antioxidant 
activity   

Nadia Bouaoudia-Madi 1,2*,     Sofiane Dairi 1,3,     Omar Aoun 1, 2,     Nabil Kadri 2,4,    Khodir Madani 2,     Lila 
Boulekbache-Makhlouf 2  

1 Mouhamed Boudiaf University of Msila, Faculty of Sciences, Department of Microbiology and Biochemistry, Algeria. nadia.madi@univ-bejaia.dz  / bouaoudia.nadia@gmail.com  
2 University of Bejaia, Faculty of Sciences and Natural life, Laboratory of Biomathematics, Biophysics, Biochemistry, et Scientométrie (L3BS), 06000 Bejaia  
3 University of Jijel, Faculty of Sciences and Natural life, Department of   Applied Microbiology and Food Sciences,18000 Jijel, Algeria.  sofianedairi@yahoo.fr  
4 University of Bouira, Faculty of Sciences and Natural life, earth Sciences, Department of Biology, Bouira, Algérie. Kadri.montp2@gmail.com  
 
 

 

Abstract                          Article information         
 

Background: Drying constitutes the most common method of food preservation that may degrade nutrients 
compounds in fruits due to high temperatures and long drying times. Myrtus communis is one of the 
important aromatic and medicinal species, owing to these reasons, the development of new methods of drying 
is essential for the preservation and valorization of myrtle fruits. Aims: The aim of the present study was to 
investigate the effect of ultrasound as a pre-treatment (USP) at 10 min to 90 min in microwave-drying (MD) 
on the dehydration of myrtle Myrtus communis fruits, on phytochemical content, and on antioxidant 
activity. Methods: ultrasound drying as pretreatment in microwave drying, extraction yield efficiency and 
antioxidant activity were measured using radical scavenging assay (DPPH•) and reducing power in addition 
the PCA analysis was investigated to detect the relationships between variables. Results: The ultrasound 
pretreatment reduced notably the microwave drying time. A pretreatment of 90 min provided the most rapid 
drying kinetics (6 min and 5.5 min for 500 w and 700 w respectively) compared to the microwave drying 
alone (18 min and 11 min for 500 w and 700 w respectively). A higher phytochemical content; 219.90 ± 
0.69 mg GAE/g for total phenol content (TPC) was obtained compared to those from MD and conventional 
drying (CD); 193.79 ± 0.99 mg GAE/g and 148.16 ± 0.95 mg GAE/g for TPC respectively. Indeed, the 
antioxidant activity tests revealed that ultrasound pretreatment is one of the most efficient methods to 
preserve the quality and the hydrogen and/or electron-donating ability of antioxidants for neutralizing DPPH 
radicals (98.63 %) test and reducing ferric ions to ferrous ones. Effectively, the results of PCA analysis show 
a higher positive correlation between antioxidant activity and flavonoids, anthocyanins, and tannins contents. 
Conclusions: Ultrasound pretreatment is expected to be a potential alternative to preserve fruit quality during 
microwave drying because it can reduce drying time at ambient temperatures while preserving natural heat-
sensitive nutritive components, flavor, and color. 

 

1 Introduction 
Among the medicinal plants, Myrtus communis is one of the 
important aromatic and medicinal species from the Myrtaceae 
family 1. This plant is also used in folk medicine because of its 
astringent and balsamic properties. The fruits are very rich in 
anthocyanin and are used as a condiment to substitute pepper. 
Before plan preservation, drying is the most common method of 
food preservation and is used to reduce post-harvest loss and to 
produce several dried fruits, which can be directly consumed or 
used in processed foodstuffs. Conventional air-drying is energy 
and cost intensive because it is a simultaneous heat and mass 
transfer process which can result in serious damage to flavor, color, 

rehydration capacity and nutrients of the treated material as well 
as long low energy efficiency 2. Therefore, development of new 
methods of drying for such perishable fruits (Myrtle) is essential 
for food preservation, which can economize time and energy and 
minimize quality degradation.  

Since, the microwave drying has gained popularity as an 
alternative drying method to overcome above problems for a wide 
variety of food products 3. However, microwave drying caused an 
excessive temperature in the food products and thus leads 
scorching and production of off-flavors especially during final 
stages of drying 4. Hence, it is necessary to combine microwave 
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drying with a pretreatment to minimize product quality 
degradation.  

In recent years, ultrasound has been implemented as an alternative 
pretreatment method for drying, and the results have shown that 
this pretreatment can significantly reduce the overall processing 
time 5 and 6 which can attribute to the following factors: increase 
in the mass transfer rate, loss of cellular adhesion, rupture of the 
cell walls and formation of large channels 7. Therefore, the aim of 
this study was to evaluate the effect of ultrasound pretreatments 
on myrtle fruits drying kinetics. The influence of pretreatment on 
water loss, TPC, and their antioxidant activity were analyzed. The 
comparison between the microwave drying assisted by ultrasound 
pretreatment, microwave and conventional drying was also 
investigated. 

2 Material and Methods 

2.1 Preparation of samples 

Myrtus communis fruits were collected at optimal maturity 
(January), from Addekar municipality (Bejaia, North-east of 
Algeria). Fruits were isolated manually from the aerial parts and 
washed with a tap and distilled water to remove any adhering soil 
and dust. Finally, fruits were blotted with filter paper and 
pretreated by ultrasound. 

2.2 Ultrasound pretreatment microwave drying 
(USP-MD) 

The samples (fruits) were immersed in distilled water, covered 
with the metal net to avoid flow out of the samples and placed in 
an ultrasonic bath (Ctra.NII:585 Abrera (Barcelona) Spain,). 
The pretreatment was carried out at room temperature (25 °C). 
The ratio of raw material to water was set at 1:4 (w/v), as 
recommended by Fernandes et al. 8. The ultrasound frequency 
was set at 25 kHz and the ultrasound energy was applied for 10, 
20, 30, 45 and 90 min respectively. The plant material was 
blotted with filter paper. Before and after ultrasound treatment, 
the mass of the samples, dry matter content and water 
temperature were measured. The water loss of the samples was 
measured after pretreatment with ultrasounds.  After ultrasound 
pretreatment, the fruits were dried in microwave; domestic 
digital microwave oven with the technical feature of 230 V, 
50Hz and 2450 W. The size of the heating cavity is 37.5 cm (L) 
x 22.5 cm (W) x 38.6 cm (D) by two power (500 W and 700 
W). The microwave oven was operated by a control terminal, 
which could control microwave power level and emission time.  
After drying, fruit samples were peeled manually, and seeds were 
recovered. The pericarps were ground with an electrical grinder 
(IKA model A11 Basic, staufen, Germany). The obtained powder 
was passed through standard 125 µm size and only the fraction 
with particle size < 125 µm was utilized. The powder was stored 
in airtight bags until use.  

2.3 Ultrasound assisted extraction (UAE) 

Extraction of phenolic compounds, using ultrasound, was 
proposed to improve the efficiency and/or speed of this step. An 
ultrasonic apparatus (Vibra cell, VCX 75115 PB, SERIAL No. 

2012010971MODEL CV 334, SONICS, Newtown, 
Connecticut, USA) was used for UAE with working frequency 
fixed at 20 kHz. For the extraction, one gram of the powder was 
placed in a 250 mL amber glass bottle. The suspension was 
exposed to acoustic waves with a concentration of 28 mL of 
ethanol at 70 %, irradiation time (7 min 30 s), and amplitude at 
30% 9. The temperature (27 ± 2 °C) was controlled continuously 
by circulating external cold water and checking the temperature 
using a T-type thermocouple. After the extraction, the solution 
was filtered through filter paper. 

2.4 Analytical determinations 

2.4.1 Total phenolic content (TPC) 

The determination of total phenolic compounds in the extracts 
was done according to the method of Georgé et al. 10. A volume 
of 500 µL of diluted pericarps extract was added to 2.5 mL of 
10-fold diluted Folin–Ciocalteau reagent. The solution was 
mixed and incubated at room temperature for 2 min. Then, 2 
mL of 7.5 % sodium carbonate (Na2CO3) (m/v) were added. 
After incubation at 50° C for 15 min, the absorbance of the 
sample was measured at 760 nm against a blank by using a UV–
VIS Spectrophotometer (SpectroScan 50, Nkesia, Cyprus). The 
assay was performed in triplicate. For quantification, a 
calibration curve was generated with the standard solution of 
gallic acid (R2= 0.998) and the results were expressed as mg of 
gallic acid equivalent (GAE) per gram of powder on dry weight 
(DW) basis (mg GAE g–1 DW).  

2.4.2 Total flavonoid content 

The total flavonoid content was estimated according to the 
aluminum chloride method of Quettier-Deleu et al., 11 based on 
the formation of a complex flavonoid-aluminum 12. 1 mL of 
pericarps extracts was mixed with 1 mL of 2 % AlCl3. After 15 
min of incubation in the dark, the absorbance of the mixture was 
determined at 430 nm. Each analysis was carried out in triplicate. 
The total flavonoid content was calculated from a calibration curve 
made with rutin as standard and expressed as milligrams of rutin 
equivalent per gram of powder on dry weight (DW) basis (mg RE 
g-1 DW). 

2.4.3 Total monomeric anthocyanin content 

Total monomeric anthocyanin content was determined by the 
pH-differential method 13, based on the structural change of the 
anthocyanin chromospheres between pH 1.0 and 4.5. The 
absorbance was measured at 520 nm and at 700 nm in potassium 
chloride (KCl) at pH 1.0 (0.025 M) buffer and sodium acetate 
(CH3CO2Na) at pH 4.5 (0.5 M). The concentration of 
anthocyanin was obtained using the following equation (Eq. 1). 
Results are expressed on a cyanidin-3- glycoside basis. 

Anthocyanin pigment (cyanidin-3-glucoside equivalents, mg/g 

DW= A×MW×FD×103

ε×L
           (1)  

Where: 

𝐴𝐴 = (𝐴𝐴520𝑛𝑛𝑛𝑛 − 𝐴𝐴700𝑛𝑛𝑛𝑛)𝑝𝑝𝑝𝑝1.0  −  (𝐴𝐴520𝑛𝑛𝑛𝑛 − 𝐴𝐴700𝑛𝑛𝑛𝑛)𝑝𝑝𝑝𝑝 4.5 
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MW is the molecular weight (449.2 g/mol) for cyanidin-3-
glucoside (cyd-3-glu). 

DF is the dilution factor; L is the path length in cm and ε is the 
molar extinction coefficient 26 900, in for cyd-3-glu (L × mol–1× 
cm–1; and 10 3 is the factor for conversion from g to mg. 

2.4.4 Total condensed tannin content 

Total tannin content was determined by the HCL–Vanillin 
procedure according to Ba et al.  14. 1 mL of the extract was mixed 
with 5 mL of reagent (HCL + Vanillin). The mixture was put in 
the dark for 20 minutes. The absorbance versus prepared blank 
was read at 500 nm. All analyses were performed in triplicate. 
Total tannins are expressed as mg catechin equivalents per gram 
(mg CE/g) through the calibration curve with catechin as 
standard. 

2.5 Antioxidant activity 

2.5.1 DPPH radical scavenging assay 

The free radical scavenging activity (RSA) was measured, 
following the method of Dudonne et al.  15. A DPPH• solution in 
absolute methanol (60 µM) was prepared, and 3 mL of this 
solution were mixed with 1 mL of different diluted extracts. The 
samples were incubated for 20 min at 37°C in the dark, then, the 
absorbance at 515 nm was measured. The α-tocopherol served as 
a positive control. All the tests were performed in triplicate and the 
inhibition rate was calculated according to the following equation 
(Eq. 2). 

( )
100control extract

control

A A
% Scavenging

A
−

= ×      (2) 

Where, Acontrol is the absorbance of DPPH solution at time 0 min 
and A sample is the absorbance of DPPH solution at time of 20 min. 

2.5.2 Iron reducing power 

According to the method described by Pan et al. 16, 1 mL of desired 
dilution with distilled water of pericarps extracts was mixed with 
2.5 mL of sodium phosphate buffer (0.2 M, pH 6.6) and 2.5 mL 
of 1 % potassium ferricyanide (K3Fe (CN)6 ). The mixture was 
incubated in a water bath at 50 °C for 20 min. Then, 2.5 mL of 
10 % trichloroacetic acid were added. Finally, 1 mL of the 
obtained solution was added to 5 mL of distilled water and 1 mL 
of 0.1 % ferric chloride (FeCl3). The intensity of the blue green 
color was measured at 700 nm. The higher absorbance 
corresponds to the higher antioxidant activity. Tests were carried 
out in triplicate. 

2.6 Statistical analysis 

The analysis of variance (ANOVA) was performed using 
XLSTAT release 10 (Addinsoft, Paris, France), Tukey’s multiple 
range test (HSD) was used to compare between TPC content and 
antioxidant activity as affected by microwave-assisted by 
ultrasound (USP-MD), microwave (MAE) and conventional 
drying methods (CD). Principal component analysis (PCA) was 
performed to highlight the relationships between variables. PCA 

was applied to the phenolic compounds; flavonoid, anthocyanins, 
tannin, content, and antioxidant activity of myrtle extract 
obtained with different drying methods (ME CE and USP-MD), 
and two factors were selected justifying 100 % of the total 
variance. 

3 Results  

3.1 Ultrasound pretreatment-assisted microwave 
drying (USP-MD) 

Drying kinetics were studied until a final water loss of 56 ± 
0.005 %. In the present study, the pretreatment with ultrasound 
for 10, 20 and 30 min had a positive effect on water loss of 
myrtle fruit tissue compared to the MD treatment alone (500 
and 700 W) (Figures 1 and 2), especially in the first 30 min of 
the treatment.  

3.2 Analytical determination 

3.2.1 Total phenolic content (TPC) 

The phenolic composition of dried myrtle fruits obtained with 
USP-MD at 500 W, and 700 W is summarized in Table 1. The 

Figure 1: Influence of ultrasonic pretreatment time on the 
microwave dehydration kinetic process at 500 W of myrtle 
pericarp 

Figure 2: Influence of ultrasonic pretreatment time on the 
microwave dehydration kinetic process at 700 W of myrtle 
pericarp 
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major significant differences were observed in the TPC content 
between the different ultrasonic pretreatment times; with an 
optimal content about 219.90 ± 0.69 mg GAE /g at 500 W and 
204.43 ± 0.43 mg GAE /g at 700 W. 

3.2.2 Total flavonoid content 

The total flavonoid content showed a significant difference 
(p<0.05) between all samples Table 1. The highest amount was 
attributed to sample pretreated for 90 min (5.75 ± 0.01 mg RE / 
g), and the lowest content was found with the sample pre-treated 
for 10 min (3.69 ± 0.05 mg RE/g), and this is in agreement with 
TPC content.  

3.2.3 Total Anthocyanins content 

As summarized in Table 1, the results showed that the highest 
content was observed in samples pretreated by ultrasound at 90 
min with microwave drying at 500 W (11.30 ± 0.02 mg cy-3-glu 
E/g), and the lowest yield was observed by 10 min (6.46 ± 0.06 
mg cy-3-glu E /g).  

3.2.4 Total condensed tannins content 

The results in Table 1 show that, condensed tannin content, in 
the samples, obtained with microwave drying at 500W, after 
ultrasounds pretreatment, was the highest with a significant 
difference (p˂0.05) between all samples, compared to those 
obtained for 700 W. 

 

3.2.5 Antioxidant activity 

• DPPH radical scavenging assay 

The results of radical DPPH scavenging activity of myrtle extract 
obtained with different drying methods was illustrate in Figure 3. 
The extracts obtained by microwave drying at 500 W pretreated 
by ultrasound show that the inhibition effect of DPPH radical 
antioxidant was most important. 

• Iron reducing power 

The results in Figure 4 show that the highest absorbance was 
observed for fruits pretreated at 90 min at 500 W, and the lowest 
was attributed to those pretreated at 10 min. The same 
relationship between antioxidant activity and phenolic content 
was observed. These observations were confirmed by Hrenovic 
et al. 17. 

4 Discussion  

Table 1: Phenolic composition of dried myrtle fruits obtained with USP-MD at 500 W and 700 W 

 
 

Method 

conditions 

Recovery of TPC  
(mg GAE / g) 

  

Recovery of flavonoid 
(mg RE / g) 

  

Recovery of 
anthocyans 

( CE mg / g) 

Recovery of tannin  
(mg QE / g) 

  
500 W USP-10 min 115.78 ± 0.26i 3.69 ± 0.05e 6.46 ± 0.06e 111 ± 0.54h 

 USP-20 min 140.25 ± 0.77g 3.81± 0.05d 6.86 ± 0.1e 119.83 ± 0.8g 

 USP-30 min 160.34 ± 0.22e 4.10 ± 0.01c 7.99 ± 0.40d 136.38 ± 0.28f 

 USP-45 min 173.11 ± 0.18b 4.70 ± 0.09b 10.51 ± 0.01b 158.6 ± 0.46c 

 USP-90 min 219.90 ± 0.69a 5.75 ± 0.01a 11.30 ± 0.02a 200.56 ± 0.76a 

700 W USP-10 min 108.84 ± 0.43j 2.49 ± 0.01h 5.79 ± 0.06f 85.61 ± 0.72i 

 USP-20 min 130.82 ± 0.03h 2.80 ± 0.04g 6.46 ± 0.47e 110.06 ± 1.6h 

 USP-30 min 154.17 ± 0.36f 3.17 ± 0.03f 6.98 ± 0.17e 153.15 ± 0.9d 

 USP-45 min 167.10 ± 0.24c 3.85 ± 0.005d 7.95 ± 0.02d 141.86 ± 0.16e 

 USP-90 min 204.43 ± 0.43b 4.75 ± 0.04b 9.47 ± 0.02c 192.23 ± 0.83b 

Assays performed in triplicate (n = 3) and data expressed as mean ± standard deviation. Means with different letters within each column are significantly 
different p to p˂0.05. 

 

Figure 3: Radical DPPH scavenging activity of myrtle extract 
obtained with different drying methods 
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4.1  Ultrasound pretreatment-assisted microwave 
drying (USP-MD) 

The use of ultrasound in the food industry is new; only a few 
studies have addressed the use of ultrasound pre-treatment in 
drying processes. Tarleton 18; Mason et al. 19; Tarleton & 
Wakeman 20;  Gallego-Juárez et al. 21; Fuente-Blanco et al. 22; 

Zheng & Sun 23; Fernandes & Rodrigues 24, Rodríguez-
Fernández 25, most of them dealing with ultrasound assisted 
osmotic dehydration and ultrasound assisted spray-drying. 

Ultrasound pretreatment applied prior to microwave drying 
(MD), improves the mass transfer phenomena and the duration of 
drying time of many fruits 8, 26. The USP-MD affects the drying 
time that shows (6 min, 5 min 30 s at 500 W and 700 W 
respectively) compared with microwave drying (18 min at 500 W, 
11mn at 700w).This could be due to the microscopic channels 
creation during ultrasound pretreatment, which may ease 
moisture removal and increase the diffusivity of the water 8. The 
results illustrate that the ultrasonic pretreatment is interesting 
when the quantity of water in the fruit was very high such in our 
case.  

The ultrasonic waves can cause a rapid series of compression and 
alternative expansions, in a manner 27 similar to a sponge when it 
is tightened and released on several occasions. The forces implied 
in this mechanical process can be much larger than those due to 
the surface tension, which holds moisture inside the capillaries of 
the fruit creating the microscopic channels, which can relieve the 
removal of moisture 22. This result is in agreement with the 
observations of De la Fuente-Blanco 22, who reported that 
increased water diffusivity, during the microwave drying process, 
reduced the time required for drying. In addition, the microwave 
drying with high temperature and long-time treatments can 
cause phenolic compounds degradation 28.  The advantage of 
ultrasound is that the process can be carried out at room 
temperature as no heating is required, reducing the potential of 
thermal degradation 29. 

4.2 Analytical determination 

• TPC  

The highest level was found in the pretreated sample 90 min at 
500 W (219.90 0.69 mg GAE/g), however, the lowest was 
observed with a sample pretreated for 10 min (115.78 ± 0.26 mg 
GAE/g) which correspond to 47 % TPC reduction compared to 
90 min result. These observations are in correlation with kinetic 
drying results, i.e., increase ultrasound pretreatment time, 
reduces MD time, and preserves TPC content from thermo-
degradation.  Microwave drying at 700 W showed that TPC 
content had the same tendency that 500 W one, but TPC yield 
was decreased by 7%. This lowest content could be caused by the 
thermal degradation of the phytochemicals at a higher microwave 
power 30. Fernandes et al. 30 showed that after 180 minutes under 
osmotic dehydration, papayas can gain from 144.1% of sugar 
when the osmotic dehydration is carried out at 50ºBrix and 
50ºC to 189.6% of sugar when the process is carried out at 
70ºBrix and 70ºC. The results showed that ultrasonic treated 
papayas can have 13.8% less sugar than the dried fruit and at 
least 64.7% less sugar than the osmo-dehydrated fruit. As such, 
the ultrasonic treatment may be an interesting process to produce 
low sugar dried fruits. 

• Total flavonoid 

The content was higher in the sample pretreated for 90 min (5.75 
± 0.01 mg RE / g), which was explained by Oliveira et al. 28, and 
Fernandes et al. 30 who studied dehydration of Malay apple using 
ultrasound as pretreatment explained that to reduce the initial 
moisture content of the fruit by 90%. The total processing time 
can be reduced by 233 min when Malay apples are subjected to 
ultrasound during 60 min that leading to better preservation of 
nutrients content. The result was also confirmed by Masoumeh 
Moghimi et al. 31 who demonstrated that in the ultrasound 
pretreatment, the power of the applied wave affected the oil 
extraction efficiency rather than irradiation time. With the 
application of ultrasound waves, due to the decomposition of cells’ 
membrane and enhancements of holes numbers, the quantity of 
the extracted oil will increase. 

• Total Anthocyanins content 

The results can be explained by the reduction of time sonification 
in the ultrasonic bath, which can contribute to the preservation of 
nutritive compounds 26. When Corrales et al. 32 extracted the 
available anthocyanins in grape waste with the use of ultrasounds, 
they demonstrated that 1 h after the extraction process, total 
phenolic compounds of the treated samples with the use of novel 
pretreatment approaches was 5% higher compared to control 
sample. However, the microwave drying at 700 W displayed an 
amount of 9.46 ± 0.02 mg cy-3-glu E/g; the lowest content of 
anthocyanin could be due to its degradation by the high 
temperatures and long-times irradiation  in the microwave 22. 

• Total condensed tannin content 

The results showed that the samples treated by microwave drying 
at 500 W, pre-sonicated at 90 min were the highest with a 
significant difference (p˂0.05) (200.50 ± 0.76 mg EC/g). 

Figure 4: Reducing power of myrtle extract obtained with 
different drying methods 
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Followed by sample pre-sonicated at 45 min with an amount of 
(158.6 ± 0.46 mg CE/g), while the lowest content (111 ± 0.54 mg 
CE/g) was attributed to the sample pre-sonicated for 10 min. This 
is because ultrasonic pretreatment minimizes degradation of 
bioactive compounds caused by the higher temperatures of 
microwave heating 30. Furthermore, the condensed tannins 
content obtained with drying power of 700 W was 192.23 ± 0.84 
mg CE/g. This result may be due to the degradation of these 
compounds under the influence of microwaves irradiation 8.  

4.3 Antioxidant activity 

The effect of antioxidants on DPPH radical scavenging was 
conceived to their hydrogen donating ability 26. Concerning the 
extracts obtained by microwave drying at 500 W pretreated by 
ultrasound, Figure 3 shows that the most the inhibition effect of 
DPPH radical for sample pretreated for 90 min (98.63 %), 
followed by that pretreated for 45 min, and the lowest is recorded 
with that pretreated for 10 min (80.80 %). A positive correlation 
was recorded between DPPH scavenging activity and total 
phenolic compounds (flavonoids, tannins, and anthocyanins). 
These results were in agreement with those obtained by De la 
Fuente-Blanco et al. 22, who demonstrated that high total 
polyphenol contents increase the antioxidant activity. Effectively, 
the sample drying with microwave at 700 W presented a low 
content of bioactive compounds comparison with those of 500 W, 
and thus, showing a lower antioxidant activity than myrtle dried 
at 500 W. Our results agree with those found by Yang et al. 33. 
Identical outcomes were obtained when reducing power test 
providing the highest antioxidant activity for sample pretreated for 
90 min with the same correlation between reducing power and 
phenolic compounds.  

This result was confirmed by Rashid et al. 34 in drying of sweet 
potatoes using multi frequency ultrasound 1’*-/ 01d (US) 
pretreatments (20, 40, and 60 kHz) at three different infrared (IR) 
drying temperatures (60, 70, and 80°C). The antioxidant activity 
of the samples increased especially at 60 kHz and 80 °C, while US-
IR treatments showed a positive effect on total phenolic 
compounds. The study provides evidence that infrared drying 
application in synergy with ultrasonic pretreatments can improve 
drying efficiency and food quality better than using each method 
isolated. The findings showed that moderate ultrasound frequency 
(40 kHz) at 60 °C improved phytochemical properties while 
antioxidant activities showed better preservation response at 80 °C 
with 60 kHz. 

4.4 Comparison of USP-MD, MD and conventional 
drying methods 

The selection of a drying method would mainly depend on the 
advantages and disadvantages of the processes, such as the drying 
time, extraction yield, complexity, production cost, environmental 
friendliness, and safety. Conventional air-drying is a simultaneous 
heat and mass transfer process, accompanied by phase change 
being a high-cost process. Usually, some form of pretreatment is 
used to reduce the initial water content or to modify the fruit tissue 
structure to reduce the total drying processing time 35, 36. 

The conditions of different techniques and their results are 
summarized in Table 2. The results indicated that the highest 
TPC, total flavonoids, anthocyanins, and tannin content were 
found in extracts obtained by the USP-MD. That gave 
significantly higher values (p<0.001) at 500 W assisted by 

ultrasound pretreatment of 90 min (p<0.05) compared with 
those obtained by microwave and conventional drying (p<0.05). 
Concerning the antioxidant activity, a comparison of different 
samples was presented in Figures 3 and 4. Using both assays 
(DPPH and Reducing power), the antioxidant activity was 
higher in pericarp extracts obtained by USP-MD compared to 
MD and CD (p<0.05). The efficiency of ultrasound 
pretreatment was to minimize the bioactive compound 
degradation caused by the higher temperatures of microwave 
heating 37. The combination of microwave and ultrasound can be 
carried out at ambient temperature 22, which has been proven by 
the works of Yang et al. 33. The Fernandes et al.’s study 26 on the 
apples and the pineapples, showed that such a combination 
provides high speeds of water removal even at low temperatures, 

 

Table 2: Phenolic composition of dried myrtle fruits obtained 
with different drying methods (USP-MD, MD, and CD) 

 
Drying 
methods  

Recovery 
of TPC 

(mg 
GAE/g) 

Recovery of 
flavonoid 
(mg RE/g) 

 

Recovery of 
anthocyans 
(mg Cy 3 
glu E/g) 

Recovery  
of tannin 
(mg 
CE/g) 

USP-MD 
90 min 
 

219.90 ± 0.69a 5.75 ± 0.01a 11.30 ± 0.02a 200.56 ± 0.76a 

MD 
 

193.79 ± 0.99b 4.41 ± 0.10c 0.85 ± 0.01c 18.22 ± .02c 

CD 
 

148.16 ± 0.95c 5.03 ± 0.06b 7.43 ± 0.20b 41.38 ± 0.5b 

Assays are performed in triplicate (n = 3) and data are expressed as mean 
± standard deviation Means with different letters within each column are 
significantly different at p˂0.05. 

 

  

Figure 5: Principal component analysis of myrtle fruits drying 
methods 
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thus leading to better maintenance of a natural aroma, color, and 
nutriment content. 

4.5 PCA analysis 

In this study, PCA was applied to the phenolic compounds. 
Flavonoids, anthocyanins, tannin contents, and antioxidant 
activity of extracts obtained by different drying methods. Two 
factors were selected justifying 100 % of the total variance PC1 
that explained 81.11 % of the total variance in the data set, 
whereas PC2 explained 18.89 %. The sample score plot for PC1 
vs. PC2 is displayed in Figure 5. The position of each variable in 
this loading plot describes its relationship to the other variables. 
The figure shows the positive correlation between USP-MD and 
phenolic, flavonoids tannins, and anthocyanins compounds that 
are ported positively by PC1. However, CD and MD were ported 
negatively by PC1. Using the plots (Figure 5), it is possible to 
select the drying adequate method providing a higher antioxidant 
content.  The best level was observed in the extract abstained by 
the USP-MD drying and ultrasounds assisted extraction 
explaining the higher correlation. In terms of antioxidant activity, 
DPPH and the reductive power test are positively correlated with 
polyphenol tannin compounds. The results of this study revealed 
the importance of comparing and exploring the variance of the 
phenolic composition with drying methods of myrtle fruits. 

5 Conclusion  
Referring to the results of this investigation, pretreatment of 
myrtle fruits using ultrasound has led to accelerated water loss and 
improved the efficiency of microwave drying. The pretreatment 
time was also important in the drying process. In fact, among the 
pretreated myrtle fruits, the USP-90 min sample offered the fastest 
drying conditions. In addition, pretreated ultrasonic samples 
showed the best phenolic composition with a higher antioxidant 
activity than in the use of MD and CD processes.  Thus, the 
utilization of ultrasound pretreatment may be the most 
appropriate alternative to preserve fruit quality during microwave 
drying because it can reduce drying time while preserving natural 
heat-sensitive nutritive components, flavor, and color. 
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