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ABSTRACT: The present article includes the Ultrasound-Assisted Extraction (UAE) of Citrus unsiu
Marc. leaves rich in polyphenols. The best possible combinations of solvent, pH of the media,
solvent/solid ratio, extraction time, extraction temperature and particle size were obtained for the
maximum extraction of Total Phenolic Compounds (TPC) and Total Flavonoid Compounds (TFC)
by using One-Factor-at-a-Time (OFAT) approach. The optimum extraction conditions of TPC were
as follows: pH 4 in water; solvent/solid ratio of 20:1; extraction time, 54 min; and extraction
temperature, 53°C. On the other hand, pH 2 in water, solvent/solid ratio of 42:1, 48 min and 58°C
were found to be the optimal conditions for the extraction of TFC. The solvent selection was the
most effective parameter for the related system. Additionally, several kinetic models (Film theory,
Peleg model, first-order mechanism model and second order mechanism model) were employed

to examine the kinetics of UAE.
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INTRODUCTION

Free radicals called Reactive Oxygen Species (ROS)
are known to be harmful to DNA and cell membranes [1].
Phytochemicals containing antioxidants, are scavengers
of free radicals, thus reducing these harmful effects [2].
Polyphenolic substances, especially flavonoids are
beneficial to human health as shown in several studies [3-5].
Flavonoids have been the subject of numerous studies
because of their antioxidant, antimicrobial, antitumor,
antiviral and anti-inflammatory properties [6]. Studies
have shown that flavonoids are effective against the

common cold and breast cancer and several studies also
discuss the positive effects of flavonoids on protecting the
body against 6 different cancer types (colon, prostate,
lung, estrogen receptor positive (ER+), melanoma,
and Estrogen Receptor Negative (ER-)) [7-9]. It has been shown
in the research that flavonoids are also -effective
against degenerative diseases such as Alzheimer's,
and heart disease [10,11]. These cited properties have
generated considerable interest in flavonoids amongst
researchers.
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Optimization of the extraction process in terms of yield
is of great importance due to its economic profitability.
There are lots of scientific papers investigating and
comparing different traditional methods (Soxhlet,
maceration) and novel ones (microwave, high-pressure,
ultrasound) to extract phenolic compounds, flavonoids,
polysaccharides and oil from various cells [12-14]. Time-
consuming and expensive nature of traditional extraction
methods led researchers to investigate new alternatives.
Moreover, the conventional methods could have
drawbacks of the product's quality giving rise to target
compounds with unpleasant aromas due to the long
extraction time [15]. One of the novel technologies,
ultrasound-assisted extraction causes the plant cell to swell up
within the solvent and burst spectacularly. This level of
efficiency lowers the amount of solvent, thus showing the
method to be more economic. The success of this method
mostly depends on the cavitation, mechanical, and thermal
abilities which can bring about the break of cell walls,
particle size reduction, and improved mass transfer across
cell membranes [16]. The superior factor giving rise to the
improvement of extraction is ultrasonic cavitation, which
leads to local hot spot point, free radicals, and locally high
pressures [17,18]. In plant glands where the target
components are placed within cells, size reduction
by ultrasound treatment favors the complete extraction
by maximizing the surface area [19].

Citrus unsiu Marc., known as Satsuma Mandarin,
is the most common mandarin species grown in Turkey.
Moreover, polyphenolic substances, especially flavonoids
are plentiful in this species [20]. Ma et al. studied
phenolic compounds and antioxidant activity of extracts
by using ultrasonic treatment of Satsuma Mandarin peels [21].
To our knowledge, there is a lack of literature on the
flavonoid and phenolic contents of the satsuma mandarin
leaves. The first aim of this study was to identify a set of
parameters which will give higher yields in the UAE
process. The investigation was done using the best-
known and the simplest optimization method, OFAT.
The second purpose of this study was to analyze kinetic
models through the extraction process.

EXPERIMENTAL SECTION
Materials

Citrus unshiu Marc. leaves were collected during the
harvesting period in October 2012 by Bati Akdeniz
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Agricultural Research Institute (BATEM) which is located in
Antalya, Turkey. The leaves were dried in a vacuum oven at
35°C for 12 hours. The dried leaves were ground to their
particle size through 500-710, 710-1000 and 1000-2000
pm sieves, respectively.

Methanol, ethanol, 2-propanol, sodium carbonate, (+)-
catechin, gallic acid, Folin-Ciocalteu reagent, sodium
hydroxide and hydrochloric acid were supplied from
Sigma Aldrich Chemicals. Sodium nitrite and aluminum
chloride were purchased from Merck & Co. A Millipore
Milli Q water purification system was used for obtaining
deionized (18 mQ) water.

Ultrasound-assisted extraction

The extraction was carried out in an ultrasonic bath
(Protech) with a frequency of 40 kHz, at several
temperatures as reported in our previous studies [22,23].
Samples were put into vials, and stored at -20°C until
biochemical measurements. Each experiment was done in
triplicate.

Total phenols determination

UV-Vis spectrophotometry (PG Instruments, TG-40)
was used in order to measure the concentration of total
phenolic content in the extracts. The procedure of Malik
and Bradford [24] was applied to determine the total
phenolic content, using the Folin-Ciocalteu reagent as an
oxidizing agent. The absorbance was measured at 760
nm. The total phenolic content was calculated as the gallic
acid equivalent per g of the dried leaf (mg-GAE/g-DL) using
a calibration curve.

Total flavonoid determination

Total flavonoid content was determined by using a
slightly modified version of the calorimetric method
described by Sakanaka et al. [25]. The absorbance was
read at 510 nm against a blank by UV-Vis
spectrophotometry. The amount of total flavonoid content
was expressed in mg (+) - catechin equivalent per g of the
dried leaf (mg-CE/g-DL).

Optimization of each experimental condition with OFAT
The design factors were the selection of solvents
(ethanol, methanol, 2-propanol, 50% 2-propanol, 50%
ethanol, 50% methanol, water), pH of the media (2-12),
solvent/solid ratio (10:1-50:1), extraction time (10-60 min),
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extraction temperature (32-62°C) and mean particle size
(605-1500 pm). The effects of these independent
parameters on TPC and TFC were investigated, respectively.
One-Factor-at-a-Time (OFAT) is a traditional method
of experimental design. While the effect of one factor is
observed on response/responses, the other factors are kept
constant. The effects of solvent type, pH, solvent volume,
and extraction time and extraction temperature were
examined step by step on the extraction of TPC and TFC
from mandarin. To select the optimal values of the
factors, curve fitting function in SigmaPlot (ver 12) was
used. Experimental results were expressed as means
+Standard Deviations (SD) of three replicate determinations.

Kinetics of ultrasound-assisted extraction

Kinetical models such as first order, second order,
Peleg and film theory are commonly applied to extraction
process of this kind [26-29]. Film theory contains two-
stage mechanism with two parameters.
The first stage is the washing stage and second stage is
the slow extraction which is defined in Eq. (1) [26].

CO -1 (1-p).e )
C(e)

Where C(t), concentration depends on time t; Ce, the
concentration at equilibrium; t, extraction time; b,
washing coefficient; and k, slow extraction coefficient.

In case of extraction, Peleg model can be employed as
in Eq. (2) [27].

t
c(t)= )

K, *K,

Where K, Peleg rate coefficient, K,, Peleg's capacity
coefficient.

First order mechanism model is based on the steady-
state model which was explained by Spiro and Jago. First-
order mechanism model is linearized as in Eq. (3) [28].

obs-t (3)

Where Kobs, is overall rate constant.

Second order mechanism model states that there are
two simultaneous processes through extraction. The yield
rises very rapidly with time at first and later reduces
gradually with time during extraction process [29,30].
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The integrated form for second order mechanism model
is depicted in Eq. (4).

ckt

c(t)=
) 1+ckt

(4)

Where k is the second-order extraction rate constant,
Cs is the extraction capacity (concentration of extract
yields at saturation).

The linear form of Eq. (4) becomes as Eq. (5);

t [ 1 t
‘HH ©

SigmaPlot version 12 was used to determinate the correlation
coefficients and parameters for different kinetic methods.

RESULTS AND DISCUSSIONS
Effect of solvent type on TPC and TFC

The extraction yields (TPC and TFC) obtained
by UAE with water, methanol (MeOH), ethanol (EtOH),
2-propanol, 50%MeOH, 50% EtOH, 50% 2-propanol
at the operating condition of 30 min, 32°C and solvent/solid
ratio of 20:1 (v/w) is illustrated by Fig. 1.

Water was found in the most effective solvent.
Expectedly, properties of the solvent such as polarity,
dielectric constant, dipole moment and viscosity effects
the diffusion rate thus effecting extraction efficiency [31,32].
In this study, properties of the water such as polarity
(highest polarity index (9) amongst the solvents used) and
dielectric constant (80) explain why water is the most
effective  on the TPC and TFP  content.
This might be explained by the fact that similar substances
dissolve in similar solvents by nature [33-35]. Many of
the researchers worked with water mixtures of EtOH and
MeOH with different ratios instead of pure solvents
found out higher phenolic content [33,36,37]. Our results
are consistent with that of Goli et al. [38], who studied
the effect of solvent type on the TPC extracted from
pistachio hull. Similarly, Khochar and Magnusdottir [39]
found that water is the most effective solvent comparing
to 80% and 70% ethanol in the extraction of catechin and
caffeine from the tea plant.

Effect of pH media on TPC and TFC

0.1 N of Hydrochloric acid and 0.1 N of sodium
hydroxide were used to adjust pH levels. After water
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Fig. 1: Effect of solvent type on TPC and TFC in Citrus unsiu
Marc. leaf extracts obtained by UAE (30 min, 32°C, pH 6,
20:1 (v/w)and 1000-2000 pm particle size). Reported values
are the mean £ SD (n=3).

was chosen as the best solvent, the pH levels of water were
increased by factors of 2 from 2 to 12. Fig. 2 exhibits
the TPC and TFC of the extracts obtained by UAE
with water at 30 min, 32°C and solvent/solid ratio of
40:1 (v/w). The sharp increase in TPC was seen at pH 4,
whereas the highest yield of TFC was found at pH 2.
The highest amounts of both TPC and TFC were achieved
in acidic media. This might be explicated by the fact that
an acidic pH supports the cleavage of phenolics bonded
to proteins and carbohydrate polymers [40].

Liang and Xu [41] studied the impact of pH
on the extract yield from tea in the range of 1.1-11
in their study. They gained the highest yield at pH 1.1.
There was a sharp drop in the yield from pH 1.1 to pH 2 and
fluctuated from 2 to 11. Besides, Chethan and Maleshi [42]
analyzed the polyphenolic content in precipitate and
supernatant from finger millet between the pH 1 to 10.
They obtained best extract efficiency at pH 1. However,
there was no trend showing a proportional relation from
acidity to alkalinity. Besides, when alkalinity was used,
the ratio of precipitate increased. While in acidity media,
polyphenols dissolved. These results are in agreement
with those of the present study.

Effect of solvent/solid ratio on TPC and TFC

Fig. 3 shows the TPC and TFC of the extracts
obtained by UAE with water at 30 min and 32°C. In this
stage, the solvent volume was increased by factors of 5
from 5 to 25 mL.
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Fig. 2: Effect of pH on TPC and TFC in Citrus unsiu Marc.
leaf extracts obtained by UAE with water (30 min, 32°C, 20:1
(v/w) and 1000-2000 pm).Reported values are the mean + SD
(n=3).

The following pH levels of water were chosen: pH 4
for TPC and pH 2 for TFC. As seen in Fig. 3., the fast-
rising of TFC was observed up to solvent/solid ratio of
50:1 (v/w). When more than solvent/solid of 30:1 (v/w)
was used, the smaller increase in TPC and TFC were obtained.
Higher quantities of solvent might help improve the mass
transfer rate, so the extract yield can increase up to a certain
point. Prasad et al. [43] and Bucié-Koyjic et al. [44] observed the
effect of solid/solvent ratio on extract yield from different
plant matrixes. They found that solvent volume favored
the extraction of polyphenolic contents. Their reports
were consistent with our results. In this study, optimal
solvent volumes were selected solid/solvent ratio of 20:1
(v/w) and solvent/solvent ratio 42:1 (v/w) for TPC and
TFC, respectively.

Effect of extraction time on TPC and TFC

Extraction time was increased by factors of 10 mins
from 10 to 60 mins with water at 32°C as seen in Fig. 4.
The pH and solvent volume were as follows: pH 4 and
solvent/solid ratio of 20:1 (v/w) for TPC; and pH 2 and
solvent/solid ratio 42:1 (v/w) for TFC.

A rapid rise was seen up to 30 min since the diffusion
rate increased. After this point, the slope of the line was
gradually decreased. The concentration comes to
equilibrium at saturation level, thus diffusion rate kept
constant. The TPC yields of Wang et al. [37] and Thoo et al. [45]
are good harmony with this study. Moreover,
they noticed that the extract yield decreased after
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Fig. 3: Effect of solvent volume on TPC (30 min, 32°C,
pH 4 and 1000-2000 pm) and TFC (30 min, 32°C, pH 2
and 1000-2000 pm) in Citrus unsiu Marc. leaf extracts
obtained by UAE with water. Reported values are the mean +
SD (n=3).

a certain time. Long extraction time might cause the
degradation. 54 and 48 min were determined as the
optimal extraction time for TPC and TFC, respectively.

Effect of extraction temperature on TPC and TFC

Fig. 5 shows the effect of temperature on the yields of
TPC and TFC of Citrus unsiu Marc. leaf extracts obtained
by water through UAE. The extraction temperature was
increased by factors of 10°C from 32 to 62°C.

The selected extraction times for TPC and TFC were
54 mins and 48 mins. The remaining parameters
were kept fixed as stated in the previous stage. First, TPC
increased rapidly between 32 °C and 42°C. The slope of
line gradually increased between 42 °C and 52°C. As for
TFC, there was not an increment apparently. This might
be explained by the fact that the density of cavitation
reduced with increasing temperature [46,47]. According
to the Einstein equation, temperature decreases solvent
viscosity, leading to high diffusion rate [48]. In addition
to Einstein equation, Teorell formula reveals that
diffusion coefficient is proportional to temperature
[49,50]. These phenomena were also reported by many
researchers. For example, Wang et al. [51] extracted
phenolic compounds from the peel of pomegranate. They
observed that temperature resulted in the increase
in the extract yield. They concluded that this situation
was relevant to Einstein mobility which stated that
temperature  raised mass transfer.  Furthermore,
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Fig. 4: Effect of extraction time on TPC (32°C, pH 4,
solid/water ratio of 20:1 and 1000-2000 pum particle size), TFC
(32°C, pH 2, solid/water ratio of 42:1 and 1000-2000 pm
particle size) in Citrus unsiu Marc. leaf extracts obtained by
UAE with water. Reported values are the mean £ SD (n=3).

Spigno et al. [50] also examined total polyphenols from grapes.
They showed the same conclusion as that of Wang et al. [51].
Consequently, the optimal temperatures were found as 53
°C and 58 °C for TPC and TFC, respectively.

Effect of particle size on TPC and TFC

In the final step, three different particle sizes
(500-710, 710-1000, 1000-2000 um) of the plant material
were used to investigate the effect of solid particle size
in the UAE of Citrus unsiu Marc._leaves (Fig. 6). While
the remaining parameters were kept the same as
in the previous stage, the following extraction temperatures
were chosen: 53°C for TPC and 58°C for TFC.

Particle size affected the TPC in the extracts much
more comparing to TFC as seen in Fig. 6. Both of the
yields increased by decreasing the particle size, as a result of
the higher surface area leading to rising in the mass transfer
rate. Our results are in agreement with those of Wang et al.
[50], Capelo et al. [52] Zhao et al. [53]. On the other
hand,
the particle size has not a huge impact on the yield,
since UAE method already favors the rupture of the plant
cell walls [23]. This phenomenon here has two steps. The
first step, dissolution of soluble components on surfaces of
the plant matrix take places, which is known also as
‘washing’. The other step, mass transfer of the solute
from the plant matrix into the solvent by osmotic pressure
and diffusion, which is known as ‘slow extraction’.
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Table 1: Values for kinetic parameters (k, b, K1, Kz, ki, k2) and correlation coefficients (R?) and adjustment correlation
coefficients (Adj R?), and the Root Mean Squared Deviation (RMSD) of each model for TPC and TFC through UAE.

e o Parameters of Value of 5 Adj N\
Kinetic Model Models Coefficients R R? RMSD
_ k 0.0740
Film Theory 0.9800 0.9734 0.7708
b 0.1454
Pe Pel i 02077 09962 | 09953 | 0.2528
eleg's . . .
(mg-GAE/g-DL) 9 Ky 0.0267
First Order Mechanism Model ky 0.0783 0.9760 0.9760 1.4016
Second Order Mechanism Model ka 6818.2785 0.9934 0.9934 1.8806
_ k 0.0385
Film Theory 0.9858 0.9811 0.2811
b 0.2284
TFC Pel K L7294 09462 | 09327 | 41354
eleg's . . .
(mg-CE/g-DL) 9 K, 0.1047
First Order Mechanism Model ky 0.0456 0.9452 0.9452 0.5192
\_ Second Order Mechanism Model kz 50.1990 0.9882 0.9882 05197 J

40 -

30 4
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Extract Yield

10«4

Extraction Temperature ("C)

Fig. 5: Effect of extraction temperature on TPC (30 min, pH 4,
solid/solvent ratio of 20:1 and 1000-2000 pm) and TFC
(30 min, pH 2, solid/solvent ratio of 42:1 and 1000-2000 pm) in
Citrus unsiu Marc. leaf extracts obtained by UAE with water.
Reported values are the mean + SD (n=3).

Kinetics of the UAE process

Table 1 indicates the kinetic parameters of each model
(Film Theory, Peleg's, first-order mechanism model and
second order mechanism model), the values of correlation
coefficient (R?) and adjustment correlation coefficient
(Adj R?), and the Root Mean Squared Deviation (RMSD)
of the kinetic models. These values were calculated by
applying the equations of kinetic models mentioned to
experimental results depicted in Fig. 4 by means of
SigmaPlot.
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Fig. 6: Effect of particle size on TPC (54 min, pH 4,
solid/water ratio of 20:1,53 °C ) and TFC (48 min, pH 2,
solid/water ratio of 42:1, 58 °C) in Citrus unsiu Marc. leaf
extracts obtained by UAE with water. Reported values are
the mean £ SD (n=3).

Correlation coefficient and root mean squared
deviation were used to evaluate the relationship between
the experimental and calculated values (Table 1).
According to the high correlation coefficient (R?>=0.9760—
0.9962 for the TPC, and R?=0.9452-0.9882 for the TFC)
and the low root mean squared deviation (RMSD=
0.2528-1.8806 for the TPC, and RMSD=0.2811-4.1354
for the TFC) in all data, the models applied in this study
show to be convenient kinetic models for the extracts
of Citrus unsiu Marc. leaves obtained by UAE.
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CONCLUSIONS

Citrus unsiu Marc. leaves have proved to be a potential
source of high added value compounds. In order to achieve
the maximum TPC from the leaves by means of UAE, water
(pH 4), solvent/solid ratio of 20:1 (v/w), 54 min and 53°C
should be employed as optimal operating conditions. As for
TFC, pH 2 in water, solvent/solid ratio of 42:1 (v/w), 48 min
and 58°C were found to be the optimal conditions. Selection
of the solvent was the most significant parameter affecting
the system. Particle size showed a slight effect on the yields
comparing to other variables. On the other hand, significant
differences observed, when using acidic media at the
optimal extraction conditions. The last but not the least,
the applied kinetic models are proved to be appropriate to model
the UAE extraction Kkinetics of polyphenols and flavonoids
from Citrus unsiu Marc. leaves, according to the high
correlation coefficient and the low root mean squared
deviation in this system.

Received: Mar. 30, 2016 ; Accepted: Jan. 9, 2017

REFERENCES

[1] Halliwell B., Free Radicals, Antioxidants, and Human
Disease:Curiosity, Cause, or Connsequence? The
Lancet 344 (8924):721-724 (1994).

[2] Halliwell B., Gutteridge J. M. C., Cross C.E., Free
Radicals, Antioxidants, and Human Disease. Where are
We Now? J. Lab. Clin. Med., 119 (14): 598-620 (1982).

[3] Pietta P.G., Flavonoids as Antioxidants, J. Nat. Prod.,
63 (7): 1035-1042(2000).

[4] Baumann J., Bruchhausen F.V., Wurm G., Flavonoids
and Related Compounds as Inhibitors of Arachidonic
Acid Peroxidation, Prostaglandins, 4(20):627-639
(1980).

[5] Gao Z., Huang K., Yang X., Xu H., Free Radicals
Scavenging and  Antioxidant  Activities  of
Flavonoids Extracted from the Radix of Scutellaria
Baicalensis Georgi, Biochimica et Biophysica Acta.
1472 (3): 643-650 (1999).

[6] Wilmsen P.K., Spada D.S., Salvador M., Antioxidant
Activity of the Flavonoid Hesperidin in Chemical
and Biological Systems, J. Agric. Food Chem., 53:
4757-4761( 2005).

[7] Benavente-Garcia O., Castillo J., Marin F.R., Ortufio A,
Rio J.A.D., Uses and Properties of Citrus Flavonoids.
J. Agric. Food Chem., 45 (12) : 4505-4515 (1997).

Optimization and Kinetic Studies of Ultrasound-Assisted Extraction ...

Vol. 36, No. 5, 2017

[8] Macon W.L., Citrus Bioflavonoids in the Treatment
of the Common Cold, Jr. Ind Med Surg., 25(11):
525-7 (1956).

[9] So F.V., Guthrie N., Chambers A.F., Moussa M.,
Carroll K.K., Inhibition of Human Breast Cancer
Cell Proliferation and Delay of Mammary
Tumorigenesis by Flavonoids and Citrus Juices,
Nutr Cancer. 26 (2): 167-81(1996).

[10] Manthey J.A., Guthrie N., Antiproliterative
Activities of Citrus Flavonoids Against Six Human
Cancer Cell Lines, J. Agric. Food Chem., 50 (21):
5837-5843(2002).

[11] Conforti F., Statti G.A., Tundis R., Loizzo M.R.,
Menichini F., In Vitro Activities of Citrus Medica
L. cv. Diamante (Diamante citron) Relevant to
Treatment of Diabetes and Alzheimer's Disease,
Phytother Res., 21: 427-33(2007).

[12] Elliott MJr., Kandaswami C., Theoharis, CT.,
The Effect of Plant Flavonoids on Mammalian Cells,
Implications for Inflammation, Heart Disease,
and Cancer, Pharmacol Rev 52 :673-751
(2000) .

[13] Pan X., Niu G., Liu H., Microwave-Assisted
Extraction of Tea Polyphenols and Tea Caffeine
From Green Tea Leaves., Chemical Engineering and
Processing: Process Intensification 42 (2): 129-
133(2003) .

[14] Porto C.D., Porretto E., Decorti D., Comparison of
Ultrasound-Assisted Extraction with Conventional
Extraction Methods of Oil and Polyphenols From
Grape (Vitis vinifera L.) Seeds, Ultrasonics
Sonochem., 20 (4):1076-1080 (2013).

[15] Sahin S., Bilgin M., Dramur M., Investigation of
Oleuropein Content in Olive Leaf Extract Obtained
by Supercritical Fluid Extraction and Soxhlet
Methods, Sep. Sci. and Tech., 46 (11):1829-
1837(2011).

[16] Pan Z., Qu W., Ma H., Altungulu G.G., McHugh TH.,
Continuous and  Pulsed  Ultrasound-Assisted
Extractions of Antioxidants From Pomegranate
Peel., Ultrason. Sonochem. 18 (5): 1249-57 (2011).

[17] Sun Y., Liu D., Chen J., Ye X., Yu D., Effects of
Different Factors of Ultrasund Treatment on the
Extraction Yield of the All-Trans-p-carotene From
Citrus Peels, Ultrason. Sonochem. , 18 (1):243-
9(2011).

169


http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(94)92211-X
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(94)92211-X
http://www.translationalres.com/article/0022-2143(92)90284-R/abstract
http://www.translationalres.com/article/0022-2143(92)90284-R/abstract
http://www.translationalres.com/article/0022-2143(92)90284-R/abstract
http://pubs.acs.org/doi/abs/10.1021/np9904509
http://cdc338-www.sciencedirect.com/science/article/pii/0090698080901033
http://cdc338-www.sciencedirect.com/science/article/pii/0090698080901033
http://cdc338-www.sciencedirect.com/science/article/pii/0090698080901033
http://www.sciencedirect.com/science/article/pii/S030441659900152X
http://www.sciencedirect.com/science/article/pii/S030441659900152X
http://www.sciencedirect.com/science/article/pii/S030441659900152X
http://www.sciencedirect.com/science/article/pii/S030441659900152X
http://pubs.acs.org/doi/abs/10.1021/jf0502000
http://pubs.acs.org/doi/abs/10.1021/jf0502000
http://pubs.acs.org/doi/abs/10.1021/jf0502000
http://pubs.acs.org/doi/abs/10.1021/jf970373s
https://www.cabdirect.org/cabdirect/abstract/19572700799
https://www.cabdirect.org/cabdirect/abstract/19572700799
http://www.ncbi.nlm.nih.gov/pubmed/13366468
http://www.tandfonline.com/doi/abs/10.1080/01635589609514473?journalCode=hnuc20
http://www.tandfonline.com/doi/abs/10.1080/01635589609514473?journalCode=hnuc20
http://www.tandfonline.com/doi/abs/10.1080/01635589609514473?journalCode=hnuc20
http://pubs.acs.org/action/doSearch?action=search&author=Guthrie%2C+Najla&qsSearchArea=author
http://pubs.acs.org/doi/pdf/10.1021/jf020121d
http://pubs.acs.org/doi/pdf/10.1021/jf020121d
http://pubs.acs.org/doi/pdf/10.1021/jf020121d
http://onlinelibrary.wiley.com/doi/10.1002/ptr.2077/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ptr.2077/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ptr.2077/abstract
http://pharmrev.aspetjournals.org/content/52/4/673
http://pharmrev.aspetjournals.org/content/52/4/673
http://pharmrev.aspetjournals.org/content/52/4/673
http://www.sciencedirect.com/science/article/pii/S0255270102000375
http://www.sciencedirect.com/science/article/pii/S0255270102000375
http://www.sciencedirect.com/science/article/pii/S0255270102000375
http://www.sciencedirect.com/science/article/pii/S0255270102000375
http://www.sciencedirect.com/science/article/pii/S1350417712002763
http://www.sciencedirect.com/science/article/pii/S1350417712002763
http://www.sciencedirect.com/science/article/pii/S1350417712002763
http://www.sciencedirect.com/science/article/pii/S1350417712002763
http://www.tandfonline.com/doi/abs/10.1080/01496395.2011.573519
http://www.tandfonline.com/doi/abs/10.1080/01496395.2011.573519
http://www.tandfonline.com/doi/abs/10.1080/01496395.2011.573519
http://www.tandfonline.com/doi/abs/10.1080/01496395.2011.573519
http://www.sciencedirect.com/science/article/pii/S135041771100006X
http://www.sciencedirect.com/science/article/pii/S135041771100006X
http://www.sciencedirect.com/science/article/pii/S135041771100006X
http://www.sciencedirect.com/science/article/pii/S1350417710001070
http://www.sciencedirect.com/science/article/pii/S1350417710001070
http://www.sciencedirect.com/science/article/pii/S1350417710001070
http://www.sciencedirect.com/science/article/pii/S1350417710001070

Iran. J. Chem. Chem. Eng.

[18] Sun Y., Ma G., Ye X, Kakuda Y., Meng R.,
Stability of All-Trans-p-Carotene under Ultrasound
Treatment in a Model System: Effects of Different
Factors, Kinetics and Newly Formed Compounds,
Ultrason. Sonochem. 17:654-661(2010).

[19] Vilkhu K., Mawson R., Simons L., Bates D.,
Applications and Opportunities for Ultrasound
Assisted Extraction in the Food Industry-A Review,
Innovative Food Sci. and Emerg. Tech. 9 (2): 161-
169 (2008).

[20] Sahin S., Samli R., Optimization of Olive Leaf
Extract Obtained by Ultrasound-Assisted Extraction
with Response Surface Methodology, Ultrason
Sonochem. 20 (1): 595-602 (2013).

[21] Ma Y.Q., Ye X.Q., Fang Z.X., Chen J.C., Xu G.H.,
Liu D.H., Phenolic Compounds and Antioxidant
Activity of Extracts From Ultrasonic Treatment of
Satsuma Mandarin (Citrus unshiu Marc.) Peels,
J. Agric. Food Chem. 56 (14): 5682-90(2008).

[22] ilbay Z., Sahin S., Kirbaslar S.I., Investigation of
Polyhenolic Content of Rose Hip (Rosa canina L.)
Tea Extracts: A Comparative Study, Foods, 2: 43-52
(2013).

[23] ilbay Z., Sahin S., Kirbaslar S.I., Optimisation of
Ultrasound-Assisted Extraction of Rosehip (Rosa
canina L.) with Response Surface Methodology,
J. Sci. Food Agric., 93 (11): 2804-2809
(2013).

[24] Malik N.S.A., Bradford. JM., Changes in Oleuropein
Levels During Differenciation and Development of
Floral Buds in ‘Arbequina’ Olives, Sci Hortic-
Amsterdam 110: 274-278 (2006).

[25] Sakanaka S., Tachibana Y., Okada Y., Preparation
and Antioxidant Properties of Extracts of Japanese
Persimmon Leaf tea (kakinoa -cha), Food Chem., 89
(4): 569-575(2005).

[26] Velickovic D.T., Kinetics of Ultrasonic Extraction of
Extractive Substance From Garden (Salvia
officinalis L.) and Glutinous (Salvia Glutinosa L.)
sage Ultrason Sonochem. 13 (2): 150-6
(2006).

[27] Peleg M., Fabbro P. Del, Manzocco L., Nunez M.J,,
Nicoli M.C., An Empirical Model for Description of
Moisture Sorption Curves, J. Food Sci. 53: 1216-
1219 (1998).

170

Cigeroglu Z. et al.

Vol. 36, No. 5, 2017

[28] Spiro M., Jago D.S., Kinetics and Equilibria of Tea
Infusion. Part 3.—Rotating-Disc  Experiments
Interpreted by a Steady-State Model, Journal of the
Chemical Society, Faraday Transactions I, 78: 295-
305(1982).

[29] Rabeisaka L.R., Havet J., Porte C., Fauduet H.,
Solid-Liquid Extraction of Protopine from Fumaria
Officinalis L. -Analysis Determination, Kinetic
Reaction and Model Building, Sep. Purif. Technol.
54 (2): 253-261(2007).

[30] Uhm J. T., Yoon W. B., Effects of High-Pressure
Process on Kinetics of Leaching Oil from Soybean
Powder Using Hexane in Batch Systems, J. Food
Sci. 76: 444-449 (2011).

[31] Khiari Z., Dimitris P.M., Kefalas P., An
Investigation on the Recovery of Antioxidant
Phenolics from Onion Solid Wastes Employing
Water/Ethanol-Based Solvent Systems, Food and
Bioprocess Technol. 2: 337-343 (2009).

[32] Cacace J.E., Mazza G., Extraction of Anthocyanins
and Other Phenolics from Black Currants with
Sulfured Water, J Agric Food Chem. 50: 5939-5946
(2002).

[33] Zhang Z.S., Wang D.L.L.J., Ozkan N., Chen X.D.,
Mao Z.H., Yang H.Z., Optimization of Ethanol-
Water Extraction of Lignans from Flaxseed,
Separation and Purification Technology 57 (1): 17-
24 (2007).

[34] Yu J., Ahmedna M., Goktepe I., Effects of
Processing Methods and Extraction Solvents on
Concentration and Antioxidant Activity of Peanut
Skin Phenolics, Food Chem. 90: 199-206 (2005).

[35] Hemwimon S., Pavasant P., Shotipruk A,
Microwave-assisted Extraction of Antioxidative
Anthraquinones from Roots of Morinda Citrifolia,
Separation and Purification Technology 54:44-50
(2007).

[36] zied K., Dimitris P M., Panagiotis K., An
Investigation on the Recovery of Antioxidant
Phenolics from Onion Solid Wastes Employing
Water/Ethanol-Based Solvent Systems, Food and
Bioprocess Technology 2: 337-34(2009).

[37] Wang H., Zhao M., Yang B., Jiang Y., Rao G,
Identification of Polyphenols in Tobacco Leaf and
Their Antioxidant and Antimicrobial Activities,
Food Chem., 107: 1399-1406 (2008).


http://www.sciencedirect.com/science/article/pii/S1350417709002272
http://www.sciencedirect.com/science/article/pii/S1350417709002272
http://www.sciencedirect.com/science/article/pii/S1350417709002272
http://www.sciencedirect.com/science/article/pii/S1466856407001245
http://www.sciencedirect.com/science/article/pii/S1466856407001245
http://www.sciencedirect.com/science/article/pii/S1350417712001757
http://www.sciencedirect.com/science/article/pii/S1350417712001757
http://www.sciencedirect.com/science/article/pii/S1350417712001757
http://pubs.acs.org/doi/abs/10.1021/jf072474o
http://pubs.acs.org/doi/abs/10.1021/jf072474o
http://pubs.acs.org/doi/abs/10.1021/jf072474o
http://www.mdpi.com/2304-8158/2/1/43
http://www.mdpi.com/2304-8158/2/1/43
http://www.mdpi.com/2304-8158/2/1/43
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6104/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6104/pdf
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6104/pdf
http://www.sciencedirect.com/science/article/pii/S0304423806003098
http://www.sciencedirect.com/science/article/pii/S0304423806003098
http://www.sciencedirect.com/science/article/pii/S0304423806003098
http://www.sciencedirect.com/science/article/pii/S0308814604002535
http://www.sciencedirect.com/science/article/pii/S0308814604002535
http://www.sciencedirect.com/science/article/pii/S0308814604002535
http://www.sciencedirect.com/science/article/pii/S1350417705000179
http://www.sciencedirect.com/science/article/pii/S1350417705000179
http://www.sciencedirect.com/science/article/pii/S1350417705000179
http://www.sciencedirect.com/science/article/pii/S1350417705000179
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1988.tb13565.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1988.tb13565.x/abstract
http://pubs.rsc.org/en/content/articlelanding/1982/f1/f19827800295#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1982/f1/f19827800295#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1982/f1/f19827800295#!divAbstract
http://www.sciencedirect.com/science/article/pii/S1383586606003042
http://www.sciencedirect.com/science/article/pii/S1383586606003042
http://www.sciencedirect.com/science/article/pii/S1383586606003042
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2011.02252.x/abstract;jsessionid=CF949A453E50663F6D1044A6FCBE730F.f03t01?systemMessage=WOL+Usage+report+download+page+will+be+unavailable+on+Friday+27th+January+2017+at+23%3A00+GMT%2F+18%3A00+EST%2F+07
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2011.02252.x/abstract;jsessionid=CF949A453E50663F6D1044A6FCBE730F.f03t01?systemMessage=WOL+Usage+report+download+page+will+be+unavailable+on+Friday+27th+January+2017+at+23%3A00+GMT%2F+18%3A00+EST%2F+07
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2011.02252.x/abstract;jsessionid=CF949A453E50663F6D1044A6FCBE730F.f03t01?systemMessage=WOL+Usage+report+download+page+will+be+unavailable+on+Friday+27th+January+2017+at+23%3A00+GMT%2F+18%3A00+EST%2F+07
http://link.springer.com/article/10.1007/s11947-007-0044-8
http://link.springer.com/article/10.1007/s11947-007-0044-8
http://link.springer.com/article/10.1007/s11947-007-0044-8
http://link.springer.com/article/10.1007/s11947-007-0044-8
http://pubs.acs.org/doi/abs/10.1021/jf025614x
http://pubs.acs.org/doi/abs/10.1021/jf025614x
http://pubs.acs.org/doi/abs/10.1021/jf025614x
http://www.sciencedirect.com/science/article/pii/S1383586607001372
http://www.sciencedirect.com/science/article/pii/S1383586607001372
http://www.sciencedirect.com/science/article/pii/S0308814604002948
http://www.sciencedirect.com/science/article/pii/S0308814604002948
http://www.sciencedirect.com/science/article/pii/S0308814604002948
http://www.sciencedirect.com/science/article/pii/S0308814604002948
http://www.sciencedirect.com/science/article/pii/S0308814604002948
http://www.sciencedirect.com/science/article/pii/S1383586606002589
http://www.sciencedirect.com/science/article/pii/S1383586606002589
http://link.springer.com/article/10.1007/s11947-007-0044-8
http://link.springer.com/article/10.1007/s11947-007-0044-8
http://link.springer.com/article/10.1007/s11947-007-0044-8
http://link.springer.com/article/10.1007/s11947-007-0044-8
http://www.sciencedirect.com/science/article/pii/S0308814607009971
http://www.sciencedirect.com/science/article/pii/S0308814607009971

Iran. J. Chem. Chem. Eng.

[38] Goli A.H., Barzegar M., Sahari M.A., Antioxidant
Activity and Total Phenolic Compounds of Pistachio
(Pistachia vera) Hull Extracts, Food Chem. 92 (3):
521-525(2005).

[39] Khokhar S., Magnusdottir S.G.M., Total Phenol,
Catechin, and Caffeine Contents of Teas Commonly
Consumed in the United Kingdom, J. Agric. Food
Chem., 50 : 565-570 (2002).

[40] ilbay Z., Sahin S., Biiyiikkabasakal K., A Novel
Approach for Olive Leaf Extraction Through
Ultrasound  Technology:  Response  Surface
Methodology Versus Artificial Neural Networks,
Korean Journal of Chemical Engineering 31: (9)
1661-1667 (2014).

[41] Liang Y, Xu Y., Effect of pH on Cream Particle
Formation and Solids Extraction Yield of Black Tea,
Food Chem., 74:155-160 (2001).

[42] Chethan S, Malleshi N.G., Finger Millet
polyphenols: Optimization of Extraction and the
Effect of pH on Their Stability, Food Chem., 105:
862-870 (2007).

[43] Prasad NK,Yang B, Zhao M, Wang BS, Chen F,
Jiang Y, Effects of High-Pressure Treatment on the
Extraction Yield, Phenolic Content and Antioxidant
Activity of Litchi (Litchi chinensis Sonn.) Fruit
Pericarp, International Food Science and
Technology, 44: 960-966 (2009).

[44] Buci¢-Koji¢ A, Planini¢c M, Tomas S, Bili¢ M,
Veli¢ D. Study of Solid-Liquid Extraction Kinetics
of Total Polyphenols From Grape Sseeds, J Food
Eng 81: 236-242 (2007).

[45] Thoo YY, Ho SK,, Liang JY, Ho CW., Tan CP.,
Effects of Binary Solvent Extraction System,
Extraction Time and Extraction Temperature on
Phenolic Antioxidants and Antioxidant Capacity
From Mengkudu (Morinda citrifolia) Food Chem.
120: 290-295 (2010).

[46] Entezari MH., Kruus P., Effect of Frequency on
Sonochemical Reactions Il. Temperature and Intensity
Effects, Ultrason. Sonochem., 3: 19-24 (1996).

[47] Raso J., Mafias P., Pagan R., Sala FJ., Influence of
Different Factors on the Output Power Transferred
Into Medium by Ultrasound, Ultrason. Sonochem. 5:
157-162(1999).

[48] Bennett C., Myers J., “Momentum Heat, and Mass
Transfer”, New York: McGraw Hill (1982).

Optimization and Kinetic Studies of Ultrasound-Assisted Extraction ...

Vol. 36, No. 5, 2017

[49] Gorban A.N., Sargsyan H.P., Wahab H.A,
“Quasichemical Models of Multicomponent Nonlinear
Diffusion”, Math. Model. Nat. Phenom. 6: 184-262
(2011).

[50] Spigno G., Faveri DMD., Antioxidants From Grape
Stalks and Marc: Influence of Extraction Procedure
on Yield, Purity and Antioxidant Power of the
Extracts, Journal of Food Engineering 78: 793-801
(2007).

[51] Wang Z., Pan Z., Ma H., Atungulu G.G., Extract of
Phenolics From Pomegranate Peels, The Open Food
Science Journal, 5: 17-25(2011).

[52] Capelo J.L., Maduro C., Vilhena C., Discussion of
Parameters Associated with the Ultrasonic Solid-
Liquid Extraction for Elemental Analysis (Total
Content) by Electrothermal Atomic Absorption
Spectrometry. An Overview, Ultrason Sonochem.
12: 225-232(2005).

[53] Zhao X.Y., Ao Q., Yang LW., Yang Y.W., Sun J.C,,
Gai GS., Application of Superfine Pulverization
technology in Biomaterial Industry, J Taiwan Inst
Chem E 40: 337-343 (2009).

171


http://www.sciencedirect.com/science/article/pii/S0308814604006582
http://www.sciencedirect.com/science/article/pii/S0308814604006582
http://www.sciencedirect.com/science/article/pii/S0308814604006582
http://pubs.acs.org/doi/abs/10.1021/jf010153l
http://pubs.acs.org/doi/abs/10.1021/jf010153l
http://pubs.acs.org/doi/abs/10.1021/jf010153l
http://link.springer.com/article/10.1007/s11814-014-0106-3
http://link.springer.com/article/10.1007/s11814-014-0106-3
http://link.springer.com/article/10.1007/s11814-014-0106-3
http://link.springer.com/article/10.1007/s11814-014-0106-3
http://www.sciencedirect.com/science/article/pii/S030881460100108X
http://www.sciencedirect.com/science/article/pii/S030881460100108X
http://www.sciencedirect.com/science/article/pii/S030881460100108X
http://www.sciencedirect.com/science/article/pii/S0308814607001707
http://www.sciencedirect.com/science/article/pii/S0308814607001707
http://www.sciencedirect.com/science/article/pii/S0308814607001707
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01768.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01768.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01768.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2008.01768.x/abstract
http://www.sciencedirect.com/science/article/pii/S0260877406006686
http://www.sciencedirect.com/science/article/pii/S0260877406006686
http://www.sciencedirect.com/science/article/pii/S0260877406006686
http://www.sciencedirect.com/science/article/pii/S0260877406006686
http://www.sciencedirect.com/science/article/pii/S0260877406006686
http://www.sciencedirect.com/science/article/pii/S0308814609011248
http://www.sciencedirect.com/science/article/pii/S0308814609011248
http://www.sciencedirect.com/science/article/pii/S0308814609011248
http://www.sciencedirect.com/science/article/pii/S0308814609011248
http://www.sciencedirect.com/science/article/pii/1350417795000372
http://www.sciencedirect.com/science/article/pii/1350417795000372
http://www.sciencedirect.com/science/article/pii/1350417795000372
http://www.sciencedirect.com/science/article/pii/S135041779800042X
http://www.sciencedirect.com/science/article/pii/S135041779800042X
http://www.sciencedirect.com/science/article/pii/S135041779800042X
http://www.sciencedirect.com/science/article/pii/S135041779800042X
http://www.sciencedirect.com/science/article/pii/S135041779800042X
http://www.sciencedirect.com/science/article/pii/S135041779800042X
https://books.google.com.tr/books?id=GcBTAAAAMAAJ&q=Momentum+Heat,+and+Mass+Transfer+bennett&dq=Momentum+Heat,+and+Mass+Transfer+bennett&hl=tr&sa=X&redir_esc=y
https://books.google.com.tr/books?id=GcBTAAAAMAAJ&q=Momentum+Heat,+and+Mass+Transfer+bennett&dq=Momentum+Heat,+and+Mass+Transfer+bennett&hl=tr&sa=X&redir_esc=y
https://arxiv.org/abs/1012.2908
https://arxiv.org/abs/1012.2908
http://www.sciencedirect.com/science/article/pii/S026087740500779X
http://www.sciencedirect.com/science/article/pii/S026087740500779X
http://www.sciencedirect.com/science/article/pii/S026087740500779X
http://www.sciencedirect.com/science/article/pii/S026087740500779X
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.849.3158&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.849.3158&rep=rep1&type=pdf
http://www.sciencedirect.com/science/article/pii/S1350417703002062
http://www.sciencedirect.com/science/article/pii/S1350417703002062
http://www.sciencedirect.com/science/article/pii/S1350417703002062
http://www.sciencedirect.com/science/article/pii/S1350417703002062
http://www.sciencedirect.com/science/article/pii/S1350417703002062
http://www.sciencedirect.com/science/article/pii/S1876107008001697
http://www.sciencedirect.com/science/article/pii/S1876107008001697

