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Abstract−− The effect of ultrasound (US) pre-

treatment on microwave drying parameters includ-

ing drying rate, moisture ratio and effective diffusiv-

ity and quality properties such as total phenolic and 

color parameters (L*, a*, b*, C, ΔE and H°) of black 

table olive slices were determined. 10 minutes ultra-

sound pretreatment decreased drying time of black 

table olive slices by 31.81%, 41.37% and 42.85% 

compared to control samples dried at 180, 450 and 

800 W, respectively. Weibull and Diffusion models 

could precisely fit the drying behavior of black table 

olive slices (R2 > 0.9950). Microwave drying had a 

negative effect on phenolic compounds of olives, 

whereas US pretreatment preserved phenolics and 

color parameters of samples. Higher effective diffu-

sivity (Deff) values were obtained when the drying 

was combined with US pretreatment. Microwave 

drying with ultrasound pretreatment could improve 

drying process, since it accelerated drying rate and 

preserved the phenolic compounds and color param-

eters. 
Keywords−− Ultrasound, microwave, drying, olive, 

kinetic model 

I. INTRODUCTION 

Olive fruit (Olea europaea L) is one of the most signifi-

cant agricultural products in Mediterranean countries 

and mostly consumed as olive oil and table olives 

throughout the world (Kailis, 2016). Olive consumption 

has been increased from 2110 thousand tons to 2667 

thousand tons from 2009 to 2019 in whole world and its 

consumption is risen in every year (International Olive 

Oil Council & Council, 2019).  It contains many phe-

nolic compounds including tyrosol, hydroxytyrosol and 

oleuropein, in which anticarcinogenic, antioxidant, an-

timicrobial and anti-inflammatory effects on humans 

have been proven in many studies (Aydar et al., 2017a).  

Drying is one of the oldest process applied to fruits and 

vegetables which provides long-term storage by remov-

ing moisture to a desired concentration that guarantee 

microbial safety of the food using heat energy (Wang et 

al. 2019; Lewicki, 1998). Hot air, spray, solar, micro-

wave, osmotic dehydration and freeze drying are some 

of the commonly used drying methods used in food in-

dustry (Yildiz and İzli, 2019). Microwave drying  has 

been proved to decrease drying time with less energy 

consumption (İçier et al., 2015). 

Pre-treatments including  ultraviolet, blanching, ul-

trasound, pulsed electric, osmotic dewatering, immers-

ing in solutions and sulfiting have been applied to fruits 

and vegetables to enhance qualitative and drying prop-

erties of foods (Bozkir et al., 2019). Ultrasound, a novel 

technology, is composed of mechanical sound waves 

that is generated from molecular movements has been 

used mostly for extraction (Aydar et al., 2017b; Lianfu 

and Zelong, 2008) and pre-treatment of a drying process 

(Wang et al., 2019; Seidi et al., 2016; Bozkir et al., 

2019) to enhance the product quality and improve the 

drying rate. 

Although microwave drying of black olives  have 

been determined in recent studies (İçier et al., 2015; 

Mahdhaoui et al., 2014), and ultrasound as a pretreat-

ment has been used  for microwave drying of kiwifruit 

(Wang et al., 2019), garlic (Bozkir et al., 2019), melon 

(Rodrigues and Fernandes, 2007), apple (Fijalkowska et 

al., 2016), mushroom (Zhang et al., 2016) and tomatoes 

(Horuz et al., 2017) and fresh green olives (Aydar, 

2020) there are limited numbers of study in literature 

evaluated the effect of ultrasound combined microwave 

drying on total phenolic compounds, color changes and 

kinetic modelling of fermented black table olive slices. 

Therefore, this work aimed to evaluate ultrasound as a 

pretreatment in microwave drying of fermented black 

table olives by investigating the qualitative and drying 

properties during drying including drying rate, moisture 

ratio and moisture effective diffusivity.  

II. METHODS 

A.Olive samples 

The fermented Aydın Kaba variety of olive samples 

(Olea europaea L.) was obtained from Aydar Olive 

Company, Akhisar, Turkey. Before the olives were 

sliced into the thickness of 5 mm the seeds of olives 

were removed by pitting machine (TM02 Model Tutkun 

Machine, İzmir). The olive slices had the outside diame-

ter of 14.5±0.5 mm and the inside diameter of 0.9±0.2 

cm. Olives were kept at +4 °C before drying process.  

B. Ultrasound pretreatment 

The black olive slices were put in a 250-mL glass beak-

er. The distilled water was used as the medium and the 

ratio of olive slices to water was 1:5 (w/w). It was stud-

ied with fresh green olives in these parameters and it 

was observed increasing the ultrasound time up to 15 

minutes, TPC of olives were decreased. Therefore 5 and 

10 minutes were applied in this study to determine the 

effect of ultrasound in fermented black table olives 

(Aydar, 2020). The 5 and 10 minutes of ultrasound were 

applied to samples using ultrasonic bath (Alex Machine, 

PR-6711, Turkey, 150kW and ultrasonic frequency 25 

https://www.sciencedirect.com/topics/engineering/effective-diffusivity
https://www.sciencedirect.com/topics/engineering/effective-diffusivity
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KHz; Tank volume 4.5 L) in this study. An infrared 

thermometer (Benetech, GM300, China) was used to 

measure the surface temperature of the olive slices and 

ultrasonic bath for 1 minute intervals during sonication 

process. The temperature inside the bath and surface of 

olive slices did not exceed to 25 °C during sonication.  

C. Microwave Drying  

A microwave oven (GE83X, Samsung, Turkey, 2450 

MHz and 23 L capacity) was used for drying of black 

olive slices. 5 g of sliced olives  were weighted and  put 

on a glass drying tray (10 cm diameter). Then they were 

left to dry at 180, 450, and 800 W microwave power 

levels. The weight of olive slices were recorded in every 

1 min  during microwave drying until the final moisture 

content of samples reached approximately 20% 

(weight/weight). In previous studies conducted with 

fresh green olives it was observed that samples burned 

at high microwave power level, therefore the weight of 

olive slices were recorded in every 1 min during micro-

wave drying until the final moisture content of samples 

reached approximately 20% (weight/weight).   The ex-

periments were performed in triplicate. 

D. Moisture Rate 

The moisture ratio (MR) of black table olive slices was 

calculated from  Eqs. (1) (Wang et al., 2019) 

MR=
Mt−Me

M0−Me
       (1) 

where Mt is the moisture at a specific time 

(weight/weight), Mo is the initial moisture content 

(w/w), Me is the equilibrium moisture content (weight/ 

weight), When moisture at a specific time and initial 

moisture content are compared with equilibrium mois-

ture content, Me value approaches to a very small num-

ber. Therefore, MR is simplified by many researchers 

and MR of fermented black table olives were calculated 

as this simplified Eq. 2 (Midilli et al., 2002): 

MR=
Mt

M0
       (2) 

Drying rates of different drying processes were comput-

ed according to equation below (Akpinar et al., 2003): 

DR=
Mt1−Mt2

t2−t1
      (3) 

where t1 and t2 are the different drying times and Mt1 

and Mt2 are the moisture contents of olive slices at time 

t1 and t2, respectively.  

E. Modeling 

Weibull, Newton, Henderson and Pabis, Logarithmic, 

Wang and Sing, Midilli et al. and Diffusion are models 

have been applied to describe the changes in moisture 

content  and physicochemical degradation of olive slices 

during drying are shown Table 1 (Simal et al., 2005; 

Aregbesola et al., 2015; Wang et al., 2019). A graph of 

moisture ratio (MR) and drying rates (DR) against time 

(t) at the different microwave power levels and ultra-

sound times was plotted. Drying data of the black olive 

slices were fitted to seven thin drying models (Table 1. 

SAS 9.2. (SAS Institute Inc., Cary, NC, 2009) was used 

to perform regression analyses. To identify the goodness 

of fit coefficient of determination (R2), χ2 (reduced chi- 
 

Table 1. Thin-layer drying models used for the study 

No Model 

name 

Model  References 

1 Weibull MR= exp[−(t/β)α] (Wang et al., 2019) 

2 Newton  MR=exp(-kt) (Akwasi, 1997) 

3 Henderson 

& Pabis  

MR=aexp(-kt) (Akpinar et al., 2003) 

4 Logarith-

mic  

MR=aexp(-kt)+c (Aregbesola et al., 

2015) 

5 Wang & 

Singh 

MR=1+at+bt2 (Yildiz and İzli, 2019) 

6 Midilli et 

al. 
MR=𝑎exp(-ktn)+bt (Midilli et al., 2002) 

7 

 

Diffusion  MR=αexp(-kt)+ (1-

a)exp(-kbt) 
(Yaldiz et al.,  2001) 

 

square parameter) and root mean square error (RMSE) 

between the predicted and experimental values were ap-

plied (Wang et al., 2007). 

F. Effective diffusivity 

Effective diffusivity of olive slices  was calculated by 

using the Fick’s second diffusion law for slab geometry: 
𝜕𝑀

𝜕𝑡
= 𝐷𝑒𝑓𝑓∇2M      (4) 

where Deff is the effective moisture diffusivity (m2/s) , 

M is the moisture content (dry basis), t is the time(s) 

(Yağcıoğlu et al., 2014). Fick’s second diffusion law 

presumes that moisture removal is caused by diffusion, 

temperature, shrinkage and constant diffusion coeffi-

cients (Aregbesola et al., 2015;  Sun, 2014)  

MR=
Mt−Me

M0−Me
=

8

𝜋2
∑

1

(2𝑛+1)2 𝑒𝑥𝑝 [− 
(2𝑛+1)2𝜋2𝐷𝑒𝑓𝑓

4𝐿2 ]∞
𝑛=0  (5) 

Where t is time (s), L is half thickness of samples (m) 

and n is a positive integer. For longer drying times, Eq. 

5 can be converted to a further formula consisting of on-

ly the first set of terms without significant influence on 

the correctness of the supposition. 

 MR=
8

𝜋2 𝑒𝑥𝑝 [−
𝜋2𝐷𝑒𝑓𝑓

4𝐿2 ]    (6) 

ln (MR)=ln ( 
8

𝜋2) − [
𝜋2𝐷𝑒𝑓𝑓

4𝐿2 ]    (7) 

From Eq. 7,  moisture  effective diffusivity can be de-

termined by plotting ln(MR) versus drying time (t); 

which provides a linear line and  the slope of this line is 

explained as below: 

Slope= [
𝜋2𝐷𝑒𝑓𝑓

4𝐿2 ]     (8) 

G. Total Phenolic Compounds ( TPC) 
Total phenolic compounds of black olive slices were  

determined using Folin-Ciocalteau method (İçier et al. 

2015). According to this method, 2 gr of olive slices ex-

tracted in an 50 mL of methanol solution (80:20, vol-

ume/volume), then extract was filtered. 50 µl of filtered 

extract was reacted by 250 µl Folin-Ciocalteau reagent 

for 5 minutes. After 750 µl of Na2CO3 was added the 

volume was completed with 3.95 ml of distilled water. 

Final solution was kept at 2 h in dark and the absorb-

ance value was measured using an UV-VİS spectropho-

tometer at 760 nm. A calibration curve (R2 =0.9899) of 

standard solution of gallic acid was prepared and results  
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Fig. 1 Calibration curve of standard gallic acid for determina-

tion of TPC. 

 
Fig. 2. Drying curves of microwave dried olive slices. 

were expressed as mg gallic acid equivalents per 100 g 

of dried fruit (Fig 1). 

H. Color Parameters 

The color parameters of black olive slices was measured 

with a Chroma Meter( Konica Minolta, CR 300 Model, 

VA) based on 5 color coordinates (L*, a*, b*, C,  h°).  

After the calibration of colorimeter against a standard 

white surface and black one, six replicate measurements 

were performed for each sample To illustrate the color 

changes between control sample and  samples after dry-

ing treatments total color variance (∆E) values were cal-

culated by using the formula: 

ΔE = [(ΔL*)2 + (Δa*)2 + (Δb*2 )]1/2    (9) 

Where: ΔL*, Δa*, and Δb* are the differences of these 

values between the control sample and samples after 

drying treatment 

I. Statistical Analysis 

The data was shown as means ± standard deviation 

(SD). SAS 9.2. (SAS Institute Inc., Cary, NC, USA) 

was used to determine the effect of the microwave pow-

er level and ultrasound time on the qualitative parame-

ters of olive samples by one-way ANOVA. Tukey’s 

honestly significant differences (HSD) test (α=0.05) was 

applied as post-hoc test. Coefficient of determination 

(R2), χ2 (reduced chi-square parameter) and root mean 

square error (RMSE) were calculated to interpret the 

adequacy of each model.  

III. RESULTS 

A. Drying Kinetics  

Figure 2 shows thin layer microwave drying curves of 

olive slices at the different power levels and Fig. 3  
 

 
Fig. 3. Drying curves of olive slices pretreated with ultra-

sound. 

shows thin layer microwave drying combined with dif-

ferent ultrasound pretreatment times  

The total drying times for olive slices were 880, 580 

and 420 seconds at microwave drying levels of 180, 450  

and 800 W respectively. Drying times of olive slices de-

creased to 280, 240 and 180 seconds when 10 minutes 

of sonication applied  before microwave drying at pow-

er levels  180, 450 and 800 W respectively. This shows 

that longer drying times are required to dry the olives 

when they are nontreated with ultrasound. 

Horuz et al. (2017) also observed that application of 

ultrasound pre-treatment reduced the drying time of to-

mato slices by 7.38%  when they were dried at 120 W 

microwave power. It was also determined by the re-

searcher that ultrasound pre-treatment caused shorter 

drying times (Rodrigues and Fernandes, 2007; Seidi et 

al., 2016; Bozkir et al., 2019) 

The results of nonlinear analysis of the fitting of 

seven selected models to the drying data of black olive 

slices at the different ultrasound pretreatment times (5 

and 10 min.) and microwave power levels (180, 450 and 

800 W) are shown in Table 2. According to the evalua-

tion criteria (R2, χ2 and RMSE), most of models well 

fitted with the thin layer drying characteristics (R2>0.94, 

RMSE<0.11 and χ2<0.02) of olive slices which are sub-

jected to 5 minute of ultrasound before being dried at 

180 W  power level  in microwave. 

Weibull and the Midilli et al., were the best fitted 

models in describing the thin layer drying characteris-

tics of olive slices which are not pretreated with ultra-

sound with the lowest RMSE and X2 values and highest 

R2 values. In a similar study by İzli et al. (2019), Page 

and Midilli et al. models were best fitted in describing 

the thin layer microwave drying kinetics  of lime slices.  

On the other hand, in ultrasound pretreated black ta-

ble olive slices Distribution and Midilli et al. models 

well described the experimental data with R2 value 

higher than 0.992, RMSE and χ2 values lower than 

0.029 and 0.002, respectively.  

Figure 2 and Fig. 3 demonstrate the comparison be-

tween the experimental and predicted data using the best 

fitted models with drying interval at different ultrasound 

combined microwave drying treatments. As it can be 

seen in these figures, the Weibull and Diffusion models 

well predicted the experimental values in most treat-

ments. 
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Table 2. Coefficients of selected drying models and sta 

statistical computations on model equations. 

  No Model Coefficients R2 RMSE X2 

U
S

 5
 M

W
 1

8
0
 

1 a:2.0029, b:258.3136 0.9997 0.0070 5.35 x10-5 

2 k: 0.0041 0.9582 0.1080 0.0127 

3 a:1.1472, k: 0.0046 0.9484 0.0931 0.0104 

4 a:1.3173, k:0.0062, c:-0.0213 0.9668 0.0697 0.0065 

5 a:-0.0025, b:1.36 x10-6 0.9540 0.0844 0.0086 

6 
a:1.0797, b:-0.0006, k:0.0052 

n:0.4851 
0.9717 0.0545 0.0045 

7 a:-6.8062, b:0.0014, k:1.1684 0.9659 0.0777 0.0080 

U
S

 5
 M

W
 4

5
0

 

1 a: 7.7631, b: 0.3248 0.8468 0.1139 0.0181 

2 k: 1.8402 0.9534 0.1044 0.0127 

3 a:0.9998, k:1.8402 0.9534 0.1045 0.0153 

4 a: 0.9170, k:2.6537, c:0.0828 0.9534 0.0709 0.0088 

5 a: -0.0086, b: 1.75 x10-5 0.8576 0.1326 0.0235 

6 
a:0.5277, b:-0.0018, k:0.014 

n:0.02 
0.9924 0.0290 0.0020 

7 a:0.4179, b: 33.4809, k:0.0003 0.9999 0.0099 4.12 x10-6 

U
S

 5
 M

W
 8

0
0
 

1 a:2.8883, b: 0.2372 0.8520 0.3665 0.1791 

2 k: 1.5001 0.9872 0.0957 0.0106 

3 a: 0.9998, k:1.5001 0.8551 0.1568 0.0328 

4 a:0.8764, k: 0.5412, c:0.1234 0.8554 0.1155 0.0214 

5 a:-0.0080, b: 1.52 x10-5 0.9423 0.3601 0.1729 

6 
a:0.9926, b:3.01 x10-5, k:0.0212 

n:0.6887 
0.9968 0.0181 0.0007 

7 a:0.0156, b:25.9013, k:0.0005 0.9972 0.0172 0.000472 

U
S

 1
0
 M

W
 1

8
0
 

1 a:24.9433, b:63.1013 0.9023 0.2217 0.0655 

2 k: 0.3801 0.8325 0.3528 0.1422 

3 a:1.0202, k:0.3817 0.8942 0.0968 0.0125 

4 a: 0.7250, k:0.4072, c:0.2749 0.8964 0.2415 0.0933 

5 a:-0.0042, b: 4.10 x10-6 0.9917 0.0330 0.0015 

6 
a:1.0226, b:3.7 x10-5 k:0.0612, 

n:0.0845 
0.9994 0.0239 0.0011 

7 a:-3.7790, b:1.2269, k:0.0025 0.9951 0.0250 0.0010 

U
S

 1
0
 M

W
 4

5
0

 

1 a: 3.8825, b: 50.1796 0.9214 0.0603 0.0042 

2 k: 1.7804 0.8836 0.0739 0.0062 

3 a:0.9954, k:1.7412 0.8946 0.3464 0.1600 

4 a: 0.9460, k: 2.7756, c:0.0538 0.9681 0.0601 0.0063 

5 a:-0.0093, b: 1.97 x10-5 0.8343 0.1483 0.0293 

6 
a: 0.9981, b: 4.16 X 10-5, 

k:0.0287, n: 0.933 
0.9971 0.0199 0.0009 

7 a:0.3683, b:4.9695, k:0.0127 0.9996 0.0064 5.86 x10-5 

U
S

 1
0
 M

W
 8

0
0
 

1 a: 3.8481, b:10.7672 0.8656 0.2814 0.1055 

2 k: 0.4805 0.8457 0.2796 0.0893 

3 a:0.9988, k:0.4814 0.9546 0.0790 0.0087 

4 a: 0.9631 , k: 0.5187, c: 0.0367 0.9835 0.0399 0.0026 

5 a:-0.0058, b: 9.15 x10-6 0.7334 0.2639 0.0907 

6 
a:0.9991, b:3.08 x10-5,  k:0.1548  

n: 0.2135 
0.9977 0.0167 0.0006 

7 a:0.2949, b:10.8769, k: 0.0137 0.9998 0.0047 3.50 x10-5 

 

K. Effective Diffusivities and Drying Rates 

Table 3. demonstrates the effective moisture diffusivity 

(Deff) values for each different treatment. Among all the 

dried samples, Deff value observed highest at 10 min ul-

trasound – 800 W microwave drying combination (1.13  
 

Table 3. Effective Diffusivities of Different Drying Experi-

ments 
Treatment Moisture Effective Diffusivity (m2/s) 

MW180 2.53 X 10-09 

MW450 3.80 X 10-09 
MW800 4.56 X 10-09 

US5MW180 2.35  X 10-08 

US5MW450 3.09 X 10-08 
US5MW800 3.70 X 10-08 

US10MW180 2.61 X 10-08 

US10MW450 4.43 X 10-08 
US10MW800 1.13 X 10-07 

MW180: Microwave dried samples at 180 W,  MW450: Microwave 

dried samples at 450 W, MW800: Microwave dried samples at 800 W, 

US5MW180: 5 minutes of ultrasound pretreated and microwave dried 
samples at 180 W, US5MW450: 5 minutes of ultrasound pretreated 

and microwave dried samples at 450 W, US5MW800: 5 minutes of 

ultrasound pretreated and microwave dried samples at 800 W, 
US10MW180: 10 minutes of ultrasound pretreated and microwave 

dried samples at 180 W, US10MW450: 10 minutes of ultrasound pre-

treated and microwave dried samples at 450 W, US10MW800: 10 
minutes of ultrasound pretreated and microwave dried samples at 800 

W. 

 
Fig. 4. Drying rate of ultrasound pretreated microwave dried 

olive slices.  
 

× 10−7 m2/s) and lowest at 180 W microwave drying 

(2.53 × 10−9 m2/s). A higher Deff value revealed that the 

moisture removal rate in the black olive slices was 

greater, which would reduce the drying time to obtain 

the final moisture content. It was observed that the Deff 

values increased with increase in ultrasound pretreat-

ment time and microwave power level. Since, high mi-

crowave power levels cause an increase in the water 

molecule activity at elevated drying temperatures, mois-

ture diffusion increases in samples.  

Highest drying rates were observed the 10 minutes 

ultrasound pretreatment combined with microwave dry-

ing at 800 and 450 W power levels, respectively (Fig. 4 

and Fig 5).  The drying rate of ultrasound non-treated 

samples was lower in comparison to pretreated samples.  

L. Color Parameters and Total Phenolic Content 

L* (lightness) values of olive slices dried at 450 W and 

800 W power level were significantly different from 

control sample and it decreased as microwave level in-

creased. The decrease in L* value could be explained by 

non-enzymatic oxidation reaction. In all other drying 

conditions which are pretreated by ultrasound, L* value 

was not significantly different from control. Bozkır et 

al. (2019), who studied the ultrasound pretreatment ef-

fect on quality and drying parameters and found that  
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Fig. 5. Drying rate of microwave dried olive slices.  

lightness was lowest at microwave dried samples and 

highest at hot air dried samples. 

Significant difference in a*(redness-greenness) val-

ue was only observed in ultrasound treated samples 

(p<0.05). b* (yellowness-blueness)  values of all non-

treated samples and 10 minutes ultrasound treated olives 

dried at 450 W power level were different than control. 

While total color difference values of  ultrasound treated 

olive slices were between 2.21-4.15, it was 5.03-10.34 

for nontreated samples. Horuz et al. (2917) also report-

ed that ΔE values of all microwave drying conditions 

combined by ultrasound was not higher than 10 in toma-

to samples. It was found that the color of olive slices did 

not differ significantly compared to control sample 

when exposed to ultrasound. The changes in L* and C 

values of olive slices were more clearly observed than 

in Hue angle. 

TPC of black table olive slices reduced significantly 

in all microwave and ultrasound pretreated drying 

treatments compared to control sample (p < 0.05). The 

decrease in phenolic compounds might be related to de-

terioration of these compounds by electromagnetic 

waves of the microwave. In addition, microwave power 

induced to the internal temperature of food to rise due to 

the friction of the water molecules. Thus, thermal deg-

radation and irreversible oxidative reactions caused 

phenolic compounds to be damaged during drying. Ul-

trasound pretreatment also influenced the total phenolic 

compounds of olive slices significantly (p < 0.05). It  

can be explained by the cavitation phenomena which al-

lows the release of phenolic compounds and improves 

the mass transfer by disrupting the cell walls (Aguilar-

Hernández et al., 2019) But when ultrasound  treatment 

time exceeds, degradation could be due to sonochemical 

and oxidation reactions, increased interaction with free 

radicals during sonication (Aydar, 2018). Therefore op-

timum treatment time for an ultrasound processing 

should be well decided in extraction studies. It can be 

seen from Table 4 ultrasound pretreated samples pre-

served phenolics better compared to non-treated sam-

ples at each microwave power levels. Highest loss in 

phenolic compounds were observed when samples were 

dried at 800 W microwave power level. When olive 

slices were dried at 800 W microwave power, total phe-

nolic compounds were decreased by 49.92%. However 

when samples subjected to 5 and 10 minutes of soni-

cation before microwave drying at 800 W, the decrease 

in phenolic contents was 38.51% and 44.23%, respec-

tively. It can be explained by when ultrasound was ap-

plied to samples drying time decreased and thus sample 

were exposed to microwave shorter time, therefore TPC 

of ultrasound pretreated samples were found higher than 

nontreated samples. 

IV. CONCLUSIONS 

The aim of this study was to evaluate a continuous ul-

trasonic microwave drying procedure for the table olive 

slices means of drying and quality parameters.  The dry-

ing time decreased significantly as microwave power 

and ultrasound pretreatment time increased by enhanc-

ing the moisture effective diffusivity. Weibull and Dis-

tribution models gave good fit for the samples dried at 

different power levels (R2 > 0.99). Deff value was high-

est at 10 min ultrasound – 800 W microwave drying 

combination (1.13 × 10−7 m2/s) and lowest at 180 W mi-

crowave drying (2.53 × 10−9 m2/s). L* values of ultra-

sound treated olive slices were not significantly differ-

ent compared to control sample. It was found that total 

phenolic compounds of ultrasound pretreated black ta-

ble olive slices were higher than those which are not 

subjected to sonication and increasing microwave pow-

er decreased total phenolic compounds. This study re-

veals that ultrasound has a positive effect not only in 

color parameters and phenolic compounds of black table 

olive slice, but also it improves drying properties by in-

creasing the drying rate. 

NOMENCLATURE 

a, b, k, n: Dimensionless drying constants 

M: Moisture content of sample (g water/g dry matter) 

Me: Equilibrium moisture content (g water/g dry matter) 

M0: Initial moisture rate (g water/g dry matter) 

Mt: Moisture content at actual t (g water/g dry matter) 

MR: Dimensionless moisture ratio 

Deff: Effective moisture diffusivity (m2/s) 

DR: Drying rate (s-1) 

L: half thickness of slab (m) 

R2 : Coefficient of determination 

χ2 : Reduced chi-square parameter 

RMSE: Root mean square error  

t:Time (sec) 

T:Temperature (°C) 

L*: L value (CIE) 

a*: a value (CIE) 

b*: b value (CIE) 

C: chroma (CIE) 

H: hue angle (CIE) 
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