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Olive leaves have been catching consumers’ and researchers’ great interest because of
benefits on human health. In this study, the olive leaves were dried by microwave method
at different powers (52, 90, 167, 290, 347 W real effective power levels) and drying
kinetics of olive leaves were examined to find the best mathematical model. Page model
was the most suitable model rather than the others. Diffusion coefficients were ranged
between 2.65x1070 to 6.87x10%° m?/s and an increment in power level promoted
moisture diffusivities. Dried olive leaves were used to get leave tea and different infusion
temperatures were investigated to recover the total polyphenols (mg GAE/kg) and radical
scavenging activities (%). Rising in infusion temperature, especially at 100°C enhanced
the extraction levels of polyphenols from leave tea. Olive leaves dried at 167 W had
higher phenolic contents (2282.9 mg GAE/kg) among all samples.
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Zeytin yapraklari, saglik iizerindeki olumlu etkilerinden dolay1 arastirmacilarin ve
tiiketicilerin ilgisini cekmektedir. Bu ¢alismada, zeytin yapraklar1 mikrodalga uygulamasi
ile 52, 90, 167, 290, 347 W ger¢ek etkin gii¢ seviyelerinde kurutulmus ve kurutma
kinetikleri, kurutma davranigini en iyi betimleyen matematik modelin belirlenebilmesi
maksadiyla incelenmistir. Page model, digerlerinin igerisinde en uygun model olarak
tespit edilmistir. Diflizyon katsayilart 2,65x10° — 6,87x10° m%s araliginda
hesaplanmis olup, gii¢ diizeyindeki artigin, difiizyon katsayisinda da artisa sebep oldugu
goriilmiistiir. Kurutulmus zeytin yapraklari ¢ay elde etmek amaciyla kullanilmis ve farkli
demleme sicakliklarinin, ¢aym toplam polifenol (mg GAE/kg) ve radikal siipiirme
aktivitesi (%) lizerindeki etkileri aragtirilmistir. Demleme sicakligindaki artisin, 6zellikle
100°C’de polifenollerin dziitlenmesini arttirdig goriilmiistiir. 167 W’da kurutulmus olan
zeytin yapraklarm (2282,9 mg GAE/kg) diger giiclerde kurutulanlara oranla daha fazla
fenolik icerigine sahip oldugu agiga ¢ikmustir.
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Introduction

Drying of foodstuffs can be made by many methods
such as convective, microwave, vacuum or freeze drying
(Lewicki, 2006; Figiel, 2010). Convective drying which is
widely used for the production of dehydrated fruits and
vegetables requires relatively long times and high drying
temperatures cause degradation of important nutritional
compounds as well as color changes (Chua et al., 2001;
Maskan, 2001). Microwave drying is a modern drying
technique that has great efficiency of food preservation
and energy is absorbed by water located in the whole
volume of food materials being dried. Large amount of
vapor pressure is occurred in the center of food material
allowing rapid transfer of moisture to the surrounding
vacuum and preventing structural collapse (Figiel, 2010).
The most important factor of microwave heating is power
which enhances drying and evaporation rate that is
considerably higher than convective drying (Sharma and
Prasad, 2004).

Olive is one of the most cultivated products annually
in the world and Mediterrenean countries have the biggest
share (nearly 98%). Valuable by-products of olive are
olive leaves and olive pomace. Leaves can contain small
twigs and branches and total biomass of leaves in oil
industry is between 3 and 5% (Souilem et al., 2017; EI
and Karakaya, 2009). The major uses of leaves are in
animal feed (Paiva-Martins and Pinto, 2008) and
Mediterrenean folk medicine (Omar, 2010) because of
containing a great quantity of polyphenols and flavonoids.
The most abundant polyphenolic compounds in olive
leaves are oleuropein and hydroxytyrosol. It is reported
that extraction of olive leave which contains higher
amount of oleuropein prevents the oxidation of
lipoprotein that plays important role as a food additive
(Visioli et al., 1995; Tuck and Hayball, 2002).

The nutritive value of olive leaves is quite high and it
has great effects on health such as supporting immune
system, protecting cardiovascular system and preventing
cancers, so olive leaves can be converted into different
products to get these pharmacological effects. One of the
products is olive leave tea that is produced from the sun-
dried olive leaves (at atmospheric conditions) which are
milled to the small particles at a size of 2-3 mm, sieved
and packaged in tea bags (2.5-3 g) (Nurs Company,
Adana, Turkey).

Erbay and Igier (2009) dried olive (Memecik cv.)
leaves at a temperature interval of 40-60°C with air
velocity range of 0.5-1.5 m/s during 240-480 min
respectively. Chemlali, Chemchali, Zarrazi and Chetoui
cultivars were also studied by Boudhrioua et al. (2009)
(infrared drying) and Nourhéne et al. (2008) (solar
drying). Studies about microwave drying of olive leaves
focused on mathematical modeling as well as its
phenolics and antioxidant activity were not found in
current literature.

The aims of this work were (i) to determine the effect
of microwave power on the drying kinetics of olive
leaves, (ii) to fit the experimental data to mathematical
models available in the literature, (iii) to confirm the total
phenolic contents (mg GAE/Kkg) and radical scavenging
activity (%) of olive leaf teas.

Material and Method

Material

Leaves of Gemlik olive cultivars that were grown at
province of Osmaniye, Turkey were collected from olive
planted region including 405 olive trees characterized by
a typical Mediterranean climate with a long-term average
annual temperature of 18.3°C (T.S.M.S., 2015).

Method

Power measurement of microwave dryer: Real
effective power levels were determined by using
International Microwave Power Institute (IMPI) 2 Liter
Test according to Buffler, 1993. The dryer was operated
at 5 different power stages indicated on machine (90, 180,
360, 600 and 900 W) with 2000 g of pure water placed in
2 glass beakers (1 liter). Initial temperatures of waters
were measured and then the dryer was run for 122 s. Final
temperatures were recorded immediately and equation 1
was used to compute actual powers. The tests were
performed in duplicate.

_ m X Cp X(ATy + ATy)

Pr
2At

1

Where P, is real effective power (W), m is mass of
water (kg), Cp is specific heat of water at average initial
temperature  (26°C), (J/kg°C), AT:1 and AT, are
temperature gradients in two beakers (°C) and At is time
in seconds. The average microwave outputs were
calculated as 52, 90, 167, 290 and 347 W instead of 90,
180, 360, 600 and 900 W respectively.

Drying procedure: After collecting leaves (contained
52.61% level of moisture) from tree, they were washed
and waited on the bench until surface moisture evaporated
spontaneously. Then, fresh olive leaves were milled with
a commercial lab blender (Waring, 8009L, Germany) into
2-3 mm sieve size averagely. In order to maximize
phenolic recovery and minimize the losses of nutritions,
this pretreatment had been accepted as an obligatory. 15
grams of crumbled olive leaves were spreaded on an
aluminum metal plate (with a thickness of 0.0025 m) and
then subjected to drying in a home-type microwave dryer
(Bosch HMT84G, Germany), at 52, 90, 167, 290 and 347
W discontinuously (heating cycle was in an every 18 s
for a time period of 10 s) and the weight of samples was
recorded in every ten seconds manually using a digital
balance (OHAUS, Pioneer™, PA 114, USA) until the
equilibrium moisture content was achieved.

Infusion: For preparation of tea, 3 g of olive leaves
dried at 52, 90, 167, 290 and 347 W were put into glass
container which contained 60 mL distilled water for
infusing during 8-10 minutes at different temperatures
between 30-100°C (Anonymous, 1983). Two replicates
for each sample were performed. The analyzes were
carried out in duplicate.

Mathematical modeling, moisture diffusivity and
drying rate: 11 different mathematical equations were
used to describe the drying kinetics of olive leaves and
listed in Table 1.
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Table 1 11 different thin layer mathematical models

Model name

Equation

Reference

Newton (Lewis)
Page

Modified Page
Henderson & Pabis

MR=exp(-k.t)
MR=exp(-k.t")
MR=exp(-k.t)"
MR=a.exp(-k.t)

Wictor et al. 2013
Doymaz, 2007
Sharma et al. 2011
Doymaz, 2007

Logarithmic MR=a.exp(-k.t)+c Toujani et al. 2013
Two-term MR=a.exp (-ki.t)+b.exp(-k..t) Toujani et al. 2013
Approximation of diffusion MR=a.exp(-k.t)+(1-a).exp(-k.a.t) Toujani et al. 2013
Wang & Sing MR=1+a.t+h.t? Sharma et al. 2011
Simplified Fick’s diffusion MR=a.exp(c.(t/L?)) Toujani et al. 2013
Midilli et al. MR=a.exp(-k.t")+b.t Midilli et al. 2002
Polynomial MR=1+a.t+h.t>+c.t3 Gamli, 2011
Regression analysis was performed using Mathlab  proceeded for 15 min. at ambient temperature.

(R2009b) in order to select the best model. The
correlation coefficient (R?) and root of mean square of
error (RMSE) were also calculated. The higher R? and
lower RMSE indicated that the model fitted better to the
experimental data. Moisture distribution was considered
initially uniform in the material, moisture diffusivity was
homogeneous throughout the leaf powder, moisture
moved from center to its the surface directly, heat losses
were negligible, no chemical reactions occurred and heat
transfer was only accepted in one direction. Moisture
diffusivity equation is as follows:

MR = 8/IT exp [Desr.I12.t/(L/2)?] 2

MR: Moisture ratio

Desr: Moisture diffusivity (m?/s)

L: thickness of crumbled leaves on metal plate (m)
(0.0025 m)

Moisture ratio (MR) was calculated with the help of
equation (3):

MR = (M-Me)/(Mo-Me) @)
M: Moisture content at specific time (g water)
Mo: Initial moisture content (g water)

Me: Moisture content at equilibrium (g water)

Free moisture (FM) (g water) level and drying rate
(DR) were determined by the following equations;

FM=M - M. @)

AM
A XAt

DR =

()

AM: Difference in moisture content at specific time (g
water)

A: Drying area (m?)

At: Difference in time (s)

Total phenolic content (TPC): Total phenolic contents
(TPC) of leave tea extract were determined
colorimetrically using the Folin-Ciocalteu reagent. 0.5 mL
aliquot of the sample was transferred to a glass tube. 0.5
mL of FC reagent was added after 5 min followed by 2
mL of Na,COj; solution (200 mg/mL). The sample was
mixed by a vortex (Stuart, SA7, UK) and the reaction

Afterwards, 10 mL of distilled water was added and the
formed precipitate was removed by centrifugation
(Hettich, Universal 320R, Germany) for 5 min at 4000 g.
Finally, absorbance was measured at 725 nm using a
spectrophotometer (Shimadzu UV-1800, Kyoto, Japan)
and results were expressed as mg gallic acid equivalent
(GAE)/kg dry matter (DM) (Huang et al. 2005).

Radical scavenging activity (RSA):The antioxidant
activities of phenolic extracts obtained from olive leave
tea were determined by the DPPH method. 0.1 mL of the
extracted solution was added to 2.9 mL DPPH solution
and it was kept in dark for about 30 min. The absorbance
value was measured at 515 nm by spectrophotometer
(Shimadzu UV 1800, Kyoto, Japan). The radical
scavenging activity of leave samples was expressed as the
percentage inhibition of the DPPH radical within the
following equation (Huang et al., 2005; Ferreira et al.,
2007):

RSA, % = [(Acontrol'Asample)/Acontrol]X100 (6)

Where Acontrol iS the absorbance of control, Asample IS
the absorbance of sample at 515 nm.

Statistical Analysis

The statistical differences between the results of
infusion, total phenolic content and radical scavenging
activity were analyzed by Duncan test using an analysis
of variance (ANOVA) procedure with SPSS software
version 18.0 at a significance level of 0.05.

Results and Discussion

Drying Kinetics

The initial moisture content of olive leaves was 1.109
kg water/kg dry matter. Final moisture contents of
microwave dried olive leaves were changed from 0.38%
to 0.12% at 52-347 W respectively. As expected,
microwave heating power positively affected the drying
characteristics of olive leaves. Figure la depicted the
profile of moisture ratio (MR) during drying process and
Figure 1b illustrated the drying rates versus free moisture
levels of olive leaves under different microwave powers
(52-347 W). Drying results showed that an increase in
drying power of microwave led to a decrease in the time
required to achieve definite moisture content. A similar
behavior was observed in our another study which was

965



Gamli et al., | Turkish Journal of Agriculture - Food Science and Technology, 6(8): 963-970, 2018

conducted in a laboratory type dryer with olive leaves at
50, 60 and 70°C. When drying temperature was increased,
drying rate also enhanced, hence drying time reduced
(Gamli et al., 2016).

As shown in Figure 1b, there was no constant rate
period in the range of microwave powers studied, all
drying process occurred in falling rate and drying rate
decreased continuously with drying time as moisture
content fell. The increased molecular vibration due to
absorption of microwaves generated heat simultaneously
at the surface and the inner layers of samples at which the
rate of water removal increased (Puente-Diaz et al.,
2013). Moisture was supplied from the interior of the
solids towards to the surface in order to maintain the rate
of evaporation due to the higher moisture content under
the applied microwave heating power which positively
affected the rate of water removal from olive leaves. In
microwave drying process, olive leaves were exposed to a
microwave heater which impinged on the leaf surface and
penetrated into the leaves so, rapid drying took place.

Modeling of Drying Curves and Moisture Diffusivity

11 thin layer mathematical models were applied to fit
the drying data of olive leaves and Page model had the
highest regression coefficient (R?) and the lowest root of
mean square of errors (RMSE) at all microwave power
levels. Table 2 shows the statistical results of all models
also including model constants and regression
coefficients. Nourhéne et al. (2008) was also expressed
the Page model was the superior than Newton and
Henderson and Pabis models for dehydration of four
varieties of olive leaves using an indirect forced
convective solar dryer consisting of a solar collector, an
auxiliary heater, a circulation fan and a drying cabinet. On
the contrary, Erbay and I¢ier (2010) stated that Henderson
and Pabis model was the best among 11 mathematical
expressions for describing air (tray) drying phenomena of
Memecik cv. olive leaves at temperature range of 50—
70°C and air flow rate of 0.5-1.5 m/s. Differences may be
arised from material, drying technique and the number of
tested models.

According to the fitting results of Page model the
drying rate constant (k) which characterized the rate of
moisture removal from the materials was found in the
range of 0.110 to 0.582 1/min. The drying rate constant
showed higher values at higher microwave powers which

a)
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enhanced the drying rate by generating more heat energy
inside the materials (Gaware et al., 2010). The k values
increased with increasing drying temperature in drying of
flax fiber (30-70°C) (Ghazanfari et al., 2006), pine
residue (40-80°C) (Phanphanich and Mani, 2009) and
bamboo slices (45-65°C) (Kumar et al.,, 2013), thus
microwave drying results confirmed increasing
microwave power also increased the rate constant, k. The
power term, n was found in the range of 0.663 to 1.868 in
Page model (Table 2) and it did not show any systematic
pattern. The n values for 90-347 W of microwave were
more than 1.0 and n value was lower than 1.0 for 52 W of
microwave heating power.

The estimated moisture diffusivities of olive leaves
increased with microwave power, the values varied from
2.650x107° to 1.320x10° (m?/s) in the range of 52 to 347
W and regression coefficients, R?> were changed from
0.989 to 0.999. These values were compatible with those
reported for cassava cultivars (0.280x107-0,300x107°
m?/s at 70°C and 95 W) (Goncalves et al., 2017), for
bananas (0.489x10°-0.109x10® m?%s at 100-200 W)
(Omolola et al., 2014) and for pomegranate arils
(0.343x107°-3.205x10° m?/s, 100-300 W) (Minaei et al.
2012).

Infusion Characteristics, Total Phenolic Content
(TPC) and Radical Scavenging Activity (RSA)

The total phenolic content of the fresh olive leave was
found as 2385.5 mg GAE/kg dry matter and radical
scavenging activity was found as 94.5% (Table 3a). The
maximum phenolic content was obtained at 167 W as
2282.9 mg GAE/kg and minimum phenolic content as
994.5 mg GAE/kg at 347 W. The phenolic contents of
olive leaves were as 10945 mg GAE/kg, 1485 mg
GAE/kg and 1154.5 mg GAE/Kg that dried at 52, 90 and
290 W respectively. The radical scavenging activities
changed from 88 to 96% and olive leaves which dried at
90 and 167 W had higher radical scavenging activity as
well. Microwave powers had no significant effect on the
radical scavenging activities (92.5-94.5%) (P>0.05)
except 52 W. When comparing the results regarding the
microwave power, the total phenolic contents of dried
olive leaves increased up to 167 W but their phenolic
contents decreased from 41.5 to 45.9% with the increase
in microwave power of 290 and 347 W compared to the
fresh olive leaves respectively.

b)

10,0 -
E o ‘\\ ——352W
< 80 \ i
| 5 W
£ 70
| ——167W
= =200 W
g > :
= —=34T W
= 40 34
g
E 30
¥
£ 20
E

1,0

0,0 + = 3 : ) ¢
031 0.10 0,05 0,02 0,01 0,00
Free moisture (FM) (g water)

Figure 1 a) Changes in moisture ratios of olive leaves at different microwave powers b) Free moisture contents versus
drying rates
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Table 2 Statistical analyses results of selected drying models

52 W
Model Name R? RMSE K n a b c

Lewis 0.996 0.005 0.348

Page 0.999 0.005 0.110 0.663

Mod. Page 0.992 0.043 0.712 -0.188

Henderson & Page 0.996 0.022 0.133 0.997

Logaritmic 0.997 0.027 0.136 0.990 -0.001

Two term* 0.997 0.022 0.163 0.833 0.157 0.064*

App. of Diffusion 0.991 0.004 1.209 0.009

Wang & Singh 0.860 0.135 -0.051 0.000

Simp. Fick’s Diffusion 0.996 0.026 0.091 1.094

Midilli et al. 0.978 0.463 0.159 0.921 1.000 0.000

Polynomial 0.990 0.042 0.934 -0.078 0.020
90w

Lewis 0.998 0.016 0.386

Page 0.999 0.004 0.175 1.865

Mod. Page 0.997 0.050 0.796 0.485

Henderson & Page 0.998 0.017 0.389 1.002

Logaritmic 0.998 0.017 0.382 1.006 -0.004

Two term* 0.998 0.018 0.387 0.500 0.502 0.387*

App. of Diffusion 0.994 0.004 10.780 0.916

Wang & Singh 0.662 0.206 -0.126 0.003

Simp. Fick’s Diffusion 0.998 0.020 5.780 0.816

Midilli et al. 0.990 0.657 0.099 1.939 1.000 0.000

Polynomial 0.944 0.099 0.948 -0.199 0.012
167 W

Lewis 0.999 0.011 0.532

Page 0.999 0.005 0.393 1.235

Mod. Page 0.991 0.064 0.713 0.746

Henderson & Page 0.994 0.012 1.004 0.534

Logaritmic 0.995 0.013 0.533 1.005 -0.000

Two term* 0.990 0.012 0.063 0.161 0.839 0.156*

App. of Diffusion 0.995 0.004 0.192 0.499

Wang & Singh 0.738 0.181 -0.051 0.000

Simp. Fick’s Diffusion 0.993 0.014 0.484 0.173

Midilli et al. 0.943 0.849 0.165 2.176 1.000 0.000

Polynomial 0.965 0.078 -0.078 0.020 0.000
290 W

Lewis 0.998 0.013 0.433

Page 0.998 0.013 0.470 1.018

Mod. Page 0.998 0.014 0.797 0.544

Henderson & Page 0.998 0.013 0.434 1.000

Logaritmic 0.992 0.014 0.444 0.993 -0.010

Two term* 0.992 0.012 -0.971 0.000 1.001 0.434*

App. of Diffusion 0.998 0.015 0.453 0.800

Wang & Singh 0.959 0.070 -0.301 0.021

Simp. Fick’s Diffusion 0.982 0.016 0.484 0.173

Midilli et al. 0.996 0.013 0.429 1.028 0.996 0.002

Polynomial 0.997 0.018 -0.363 0.048 -0.002
347w

Lewis 0.923 0.103 0.554

Page 0.999 0.009 0.582 1.097

Mod. Page 0.923 0.106 0.841 0.659

Henderson & Page 0.946 0.088 0.629 1.155

Logaritmic 0.973 0.065 0.404 1.349 -0.024

Two term* 0.975 0.065 0.270 6.01 -4.904 0.222*

App. of Diffusion 0.991 0.036 0.935 2.207

Wang & Singh 0.974 0.062 -0.401 0.039

Simp. Fick’s Diffusion 0.561 0.273 4.267 0.635

Midilli et al. 0.994 0.008 0.281 1.953 0.990 0.001

Polynomial 0.991 0.039 -0.340 -0.020 0.009

k (1/min) and n are model constants; a, b and ¢ are regression coefficients, k and ¢ belonged to k; and k, value respectively.
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Table 3a Total phenolics and antioxidant capacity of fresh
olive leaves

Total phenolic content (mg GAE/kg DM) | 2385.5+£123.1

Radical scavenging activity (%) 94.0+0.0

Table 3b Total phenolic contents and radical scavenging
activities of olive leaf teas

Infusion Temp. 52 W
(°C) TPC* RSA**

- 1094.5%£17.3 92.0%+0.5
30 748.5°420.5 94.5°+0.7
40 658.0%:11.3 94.0°+0.0
50 720.0%+15.5 89.5%+6.4
60 695.5%+13.4 94.0°+0.0
70 930.0°+13.4 91.0%2.8
80 578.5+2.12 93.5%+0.7
90 1038.0422.6 92.0%1.4
100 1056.0%+43.8 93.5%+0.7

oW

- 1485.0%+0.0 91.0%+0.2
30 952.0%+8.4 93.5%+2.1
40 898.5%+14.8 94.0%+0.0
50 905.0%+35.3 96.0%+2.8
60 787.0%+1.4 94.0%+1.4
70 651.09+1.4 92.5%+0.7
80 834.5%+13 4 93.58+0.7
90 1164.5°4¢6.4 93.58+0.7
100 1300.5P+71.4 93.5%+0.7

167 W

- 2282.97+46.3 94.0%1.4
30 1188.0°%9£74.9 94.52+0.7
40 1066.09£86.2 94.0%+1.4
50 1082.5%+13.4 94.0%+0.0
60 1029.0%+33.9 93.5%0.7
70 711.5%£173.2 93.0%0.0
80 1208.0°4+48.1 93.0%1.4
90 1697.5%°+6.4 90.0%4.2
100 2072.7°+82.0 92.5%0.7

290 W

- 1154.5%+23.7 90.5%0.2
30 760.09+9.1 92.5%+0.7
40 877.0°¢15.5 92.5%+0.7
50 757.5%7.7 92.0%£0.0
60 893.0°+42.4 92.0%+1.4
70 968.0°°+11.3 92.0%+1.4
80 900.5°+81.3 91.0%+0.0
90 1048.5%+44.5 90.0%+0.0
100 1087.5%+36.0 90.5%+0.7

34T W

- 994.5%£3.2 91.5%+2.2
30 596.0°+4.2 89.54£0.7
40 611.5°+6.3 88.0%+4.2
50 668.5£0.7 93.0%+0.0
60 874.5"+188.7 92.0%+2.8
70 661.5°+£44.5 93.0%+0.0
80 847.5°+10.6 93.0%+0.0
90 890.0°+55.1 92.0%16.3
100 928.5°+10.6 92.0%+0.7

*mg GAE/kg DM; ** %, Different superscript letters in columns
indicate significant difference at P<0.05. Each value are the mean of two
analyzes

Polyphenols were secluded within vacuoles in healthy
intact plant tissue to preserve the compounds from
oxidation, and only or physical breakdown of the plant
tissue structures are phenolics exposed to oxygen (Puente-
Diaz et al., 2013). The cell wall destruction may activate
the release the enzymes that would destroy the phenolics
in olive leaves. So, drying process with higher microwave
power would damage the oxidative and hydrolytic
enzymes and prohibit the loss of polyphenols. The result
of microwave heating of olive leaves revealed that
microwave drying process could enhance the phenolic
content up to 360 W. Similar trend was observed in
Ghanem et al. (2012)’ study. They dried lemon and
thompson peels in microwave at different power levels
like 100, 180, 300, 450 and 600 W and stated that
between 100 and 300 W, the phenolic contents of
thompson peels decreased, however after 300 W, the
amounts of phenolics increased. In lemon peels, up to 450
W, the phenolics raised continuously. Nevertheless, at
600 W, the phenolics degraded. High or low levels of
phenolic substances could be changed depending on plant
material (Hamrouni-Sellami et al., 2013).

Many studies confirmed a linear relationship between
total phenolic contents and antioxidant activities
(Olivieira et al., 2012) and increasing total phenolic
content of material such as radix angelicae sinensis
extracts (RAS) had a higher DPPH with in terms of mg
PYR/g and caffeic, ferrulic acid compounds exerted more
antioxidant capacity than other phenolic compounds in
the RAS extracts (Li et al., 2009). Degirmencioglu et al.
(2016) also reported that microwave dried tarhana
samples depicted higher DPPH and ABTS values
compared to other drying methods. Owing to
pharmacological effects on health, the dried olive leaves
are converted to the different products. One of the
products is olive leaf tea which is obtained from dried
olive leaves which milled and sieved at a size of 2-3 mm
by infusing with water between 8 and 10 minutes
(Anonymous, 1983). The total phenolic contents of
infused leaf tea were changed from 578.5 mg GAE/kg to
2072.7 mg GAE/kg and increasing infusion temperature
increased the total phenolic content of leaf tea as shown in
Table 3b.

There are many extraction processes for recovering of
polyphenols from olive leaves, especially oleuropein such
as methanol, ethanol, acetonitrile, hexane, acidified water,
mixture of these solvents with water and also an
extraction in 80% methanol is the most effective method
for polyphenols from olive leaves (Yateem et al., 2014;
Mkhaour et al., 2015; Sahin and Bilgin, 2012). The
boiling of dried olive leaves is also a very efficient
method for extracting oleuropein and verbascoside that
gave 96 and 94% recoveries of these compounds
respectively (Malik and Bradford, 2008) and also the
mixture of ethanol-water is highly recommended as co-
solvents for their non-toxicological, environmental and
low cost considerations for recovering of polyphenols
(Sahin and Bilgin, 2012). These studies confirm that
water is a good solvent for extracting polyphenols from
olive leaves and also increasing extraction temperature
(90-100°C) results an increase in total phenol levels from
olive leaves so the results of infusion temperatures
especially 100°C confirmed high recovery of polyphenols
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from olive leaves (Table 3). The olive leaf teas extracted
at 100°C had relatively higher phenolic content, so
consuming olive leaf tea by infusing with hot water
(100°C) could be a good method to recover polyphenols.
It can be helpful for protecting from cancer, immune and
cardiovascular system diseases.

Conclusion

In this study, the leaves of olive trees (Gemlik cv.)
grown in Osmaniye were dried at different microwave
powers from 52 to 347 W by modeling drying behavior
using thin layer equations.Page model (R?: 0.998 - 0.999)
gave the best fitting results and an increment in
microwave power caused also an increase in rate constant
“k” because of rapid moisture removal. The effective
moisture diffusivity of olive leaves changed from
2.650x1071° to 1.320x10° (m?/s) and the maximum value
was observed in maximum power.

When regarding the phenolic contents of dried olive
leaves, leaves dried at 167 W and 347 W had the highest
and lowest phenolicsrespectively. Infusion temperature of
leaf tea affected recovering polyphenols and maximum
extraction obtained at 100°C from 8 to 10 minutes of
infusion. The extraction levels of olive leaf tea showed
that water was a good solvent for extracting polyphenols.
With these findings, it is believed that olive leaf tea has a
potential of being a cheaper and healthy alternative of
black tea which is consumed widely especially in Turkey,
because of growing abundantly and having high
polyphenol content and antioxidant activity. Furthermore,
microwave drying could be applicable in production of
tea due to presenting higher drying rates and expressed
mathematical model results will give opinion to
manufacturers, scientists and engineers who are interested
in designing of new equipments.
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