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Abstract— In this study, the goal was to evaluate
the ascorbic acid degradation in basil, purslane and
celery leaves during microwave drying. The effects
of microwave output power and sample amount on
ascorbic acid loss in basil, purslane and celery leaves
were investigated. The method for the determination
of ascorbic acid content was based on the reaction
between ascorbic acid and 2,6-dichloroindophenol
and was successfully applied to basil, purslane and
celery leaves. Increasing microwave output power
and decreasing sample amount led to higher degra-
dation rates in basil, purslane and celery leaves.
Ascorbic acid degradation kinetics in basil, purslane
and celery leaves during microwave drying followed
a first-order reaction. The activation energy values
were also calculated using an exponential expression
based on Arrhenius equation for degradation of
ascorbic acid.

Keywords— ascorbic acid, kinetic, basil, purs-
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1. INTRODUCTION

Ascorbic acid, also known as vitamin C, is a water solu-
ble vitamin. Ascorbic acid is an essential substance
found mainly in fruits and vegetables. This nutrient has
vital importance in processes of oxidation and reduction
in human organism participating of several metabolic
reactions such as growth and repair of tissues in all parts
of the body (Arrioni and De Tullio, 2002; Guglu et al.,
2005; Al Zubaidy and Khalil, 2007; Vasco et al., 2009).
Due to the great importance of ascorbic acid in human
beings, the quantitative analysis of ascorbic acid has
gained increased significance in several areas of analyt-
ical chemistry such as pharmaceutical and food applica-
tions. It is usually selected as an index of the nutrient
quality because of its labile nature compared to other
nutrients in foods (Hossu and Magearu, 2007; Goula
and Adamopoulos, 2006).

Ascorbic acid can be easily degraded depending on
many variables such as pH, temperature, light, and pres-
ence of enzymes. Ascorbic acid degradation reactions
are often responsible for important quality changes that
occur during the storage of foods, limiting their shelf-
life, with formation of unstable intermediate com-
pounds, such as furfural (Al Zubaidy and Khalil, 2007;
Rojas and Gerschenson, 1997). Such degradation also
affects the sensory characteristics of processed food,
such as flavour and colour (Rassis and Saguy, 1995;
Santos and Silva, 2008).

Depending on the type of process, drying conditions,

product physical properties, and time-temperature re-
gimes used, thermal energy can cause varying degrees
of loss of ascorbic acid during drying of vegetables. In
general, rapid drying retains a greater amount of ascor-
bic acid than slow drying (Goula and Adamopoulos,
2006; Kaya et al., 2010). Several analytical methods
have been reported for the determination of vitamin C
using titrimetry (De Assis et al., 2009; Wunderlich et
al., 2008; Kabasakalis et al., 2000), spectrometry (Arya
et al., 1998), amperometry (Arya et al., 2000), voltam-
metry (Vazquez et al., 2012) and high resolution liquid
chromatography technique (Arrioni and De Tullio,
2002; Xu et al., 2008).

Microwave drying is an alternative method com-
pared with traditional drying processes. Microwave
heating is dielectric heating but refers to the heating that
takes place in a non-conductor due to polarization ef-
fects. While microwave is processing, microwaves radi-
ate from a source in all directions. These waves carry
energy, and during the drying process, material absorbs
this energy and converts it to heat by polar molecules.
Water is the common polar molecule and a component
of foods. So, during this process, water molecules con-
vert microwave energy to heat. Then the water mole-
cules start to evaporate as a result of this heat, and so
the material starts to dry. Microwave drying reduces the
drying time and prevents food from decomposing. The
previous studies performed by Demirhan and Ozbek
(2010a) (for basil), Demirhan and Ozbek (2010b) (for
purslane) and Demirhan and Ozbek (2011) (for celery
leaves) showed that microwaves enhance the drying
process of basil, purslane and celery leaves significantly
in comparison to convective conditions such as hot air
drying; and this technique was successfully used to dry
basil, purslane and celery leaves.

The retention of ascorbic acid in dried products is
assumed as a general indicator of the preservation of
other less labile nutrients. Therefore, in the present
study, ascorbic acid degradation of basil, purslane and
celery leaves during microwave drying was investigated
by using a titrimetric method. Activation energy values
of degradation of ascorbic acid of basil, purslane and
celery leaves were calculated by using the exponential
expression based on Arrhenius equation.

Il. METHODS
A. Materials
Fresh basil (Ocimum basilicum L.), purslane (Portulaca
oleracea L.) and celery leaves (Apium graveolens L.)
samples were purchased from a local supplier in Istan-
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bul. They were washed and stored at 4+0.5°C at refrig-
erator. Before the drying experiments, the samples were
taken out of the refrigerator and weighed to dry by mi-
crowave.

B. Drying equipment and drying method

Microwave drying experiments for basil, purslane and
celery leaves were performed in a domestic digital mi-
crowave oven (Arcelik MD 594, Turkey). During dry-
ing experiments, each sample was put on the rotating
glass plate and placed at the center of the oven. Mois-
ture loss was periodically measured. Three replications
of each experiment were performed according to a pre-
set microwave power level and time schedule, and the
data given are an average of these results. The reproduc-
ibility of the experiments was within the range of £5%.
The microwave power was applied until the weight of
the sample reduced to a level corresponding to moisture
content of about 0.1 g water/g dry base. All weighing
processes were completed in less than 10 s during the
drying process (Demirhan and Ozbek, 2010a; Demirhan
and Ozbek, 2010b; Demirhan and Ozbek, 2011).

In the present study, effects of microwave output
power and sample amount on ascorbic acid degradation
of basil, purslane and celery leaves were investigated at
different microwave output powers (180, 360, 540, 720
and 900 W) and different sample amounts (25, 50, 75
and 100 g).

C. Determination of Ascorbic Acid

Ascorbic acid (AA) was determined by titrimetric
method defined by AOAC (1980). Dried samples were
blended at high speed in 100 ml of 3% (w/v) metaphos-
phoric acid/acetic acid solution and then filtered. Prepa-
rations of the sample solutions were performed just be-
fore the titration. Then 5 ml sample solution was redi-
luted with 30 ml distilled water. This solution was titrat-
ed with 2,6-dichloroindophenol solution until the solu-
tion turned pink and then kept for at least 15 sec, and
the volume of titrant was recorded. The volumes of ti-
trant used for the standard L-ascorbic acid solution and
sample solution were calculated by subtracting the vol-
ume of the titrant used for the blank solution from those
of the standard and sample solutions, respectively.
These measurements were repeated three times and av-
erages were taken. The reproducibility of the measure-
ments made for ascorbic acid content was within the
range of £5%. Then, the ascorbic acid content of fresh
samples of basil, purslane and celery leaves were found
as 21.6, 21.2 and 30 mg L-ascorbic acid/100 g, respec-
tively.

D. Kinetic model for Ascorbic acid degradation
In order to determine ascorbic acid degradation during
drying process as a function of drying time, zero-order
kinetic model (Eq. 1) and first-order kinetic model (Eq.
2) were used (Erenturk et al., 2005; Gamboa-Santos et
al., 2014);

C=C,tkt (1)

C =C, exp(+kt) @)
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where; C, is the initial value of ascorbic acid (mg
AA/100 g), C is the ascorbic acid value at pre-specified
time (mg AA/100 g), k is the degradation rate constant
(min™) and t is the drying time (min).

E. Computational work

The regression analysis was performed using the
MATHLAB 5.0 computer program. The goodness of fit
of the tested mathematical model to the experimental
data was evaluated from the coefficient of determination
(R? and the standard error () between the predicted
and experimental values. The standard error (o) can be
calculated as follows;

3(Co; -Cons)

4 exp,i ~ “pre,i

ol=4 @)
m-p

where Cep; is the experimental data, Cyy; is the predict-

ed data, m is the number of observations and p is num-

ber of constants.

I11. RESULTS AND DISCUSSIONS

The effect of microwave output power and sample
amount on ascorbic acid content

Nutritional quality deterioration during drying of basil,
purslane and celery leaves was assessed in terms of
ascorbic acid content, which was selected due to its
temperature sensitivity. The effect of microwave output
power on ascorbic acid content of basil, purslane and
celery leaves was investigated at five different power
levels; 180, 360, 540, 720 and 900 W; using samples of
25¢

The graphical representations of the predicted and
experimental ascorbic acid content of basil, purslane
and celery leaves were shown in Fig. 1, for various mi-
crowave output powers applied. As seen from this fig-
ure, as the microwave output power increased from 180
to 900 W, the content of ascorbic acid for basil, purslane
and celery leaves decreased. This can be explained by
higher energy transferred to per unit of sample mass
which ranged from 7.2 W/g to 36 W/g; which resulted
in higher product temperature of samples, and as a re-
sult, a greater degradation rate of ascorbic acid was ob-
served for samples at 900 W microwave output power.
At this microwave output power, the ascorbic acid loss
was found as 95%, 84% and 95% for basil, purslane and
celery leaves, respectively.

The increase of ascorbic acid degradation with high
product temperature was reported for drying of several
foods like spinach (Dadali and Ozbek, 2009), pepper
(Vega-Galvez et al., 2009), papaya (Kurozawa et al.,
2014), Hayward kiwifruits (Kaya et al., 2010), pineap-
ple (Ramallo and Mascheroni, 2012), strawberries
(Gamboa-Santos et al., 2014), pear (Mrad et al., 2012)
and tomato (Marfil et al., 2008). Dadali and Ozbek
(2009) were observed that the ascorbic acid content de-
crease with increase in microwave output power. Mrad
et al. (2012) evaluated the ascorbic acid degradation
during drying of pear at different air temperatures and;
the ascorbic acid loss was found as 70% for pears dried
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at 70°C. Similarly, Vega-Galvez et al (2009) obtained
highest value of ascorbic acid loss (98.2%) at high tem-
perature value of 90°C. Marfil et al. (2008) also ob-
served that higher drying temperatures have increased
vitamin C degradation rate on peeled dried tomatoes.

In literature, no study was found about investigation
of the effect of sample amount on ascorbic acid content
of basil, purslane and celery leaves undergoing micro-
wave treatment. Therefore, in this work, the ascorbic ac-
id degradation of basil, purslane and celery leaves at
various sample amounts, ranging from 25 to 100 g were
studied at constant microwave output power of 360 W.
The predicted and experimental data of ascorbic acid
content of basil, purslane and celery leaves were shown
in Figure 2. As seen from figure, as the sample amount
increased from 25 to 100 g, the degradation of ascorbic
acid of basil, purslane and celery leaves samples de-
creased. The same behavior was obtained by Dadali and
Ozbek (2009) for spinach leaves undergoing microwave
treatment.

Ascorbic acid degradation kinetics

For mathematical modeling of degradation of ascorbic
acid of basil, purslane and celery leaves dried at differ-
ent microwave output powers and sample amounts, em-
pirical zero-order kinetic (Eq. 1) and first-order kinetic
model (Eg. 2) were used. Between these two models,
first-order kinetic model was found the most suitable
one for all the experimental data with higher value for
the coefficient of determination and lower standard er-
ror compared with zero-order kinetic model. The esti-
mated Kinetic parameters of these models and the statis-
tical values of coefficients of determination R? and the
standard error (c) were represented in Table 1 and 2 for
basil, purslane and celery leaves.

As the microwave output increased, the kinetic rate
constants for basil, purslane and celery leaves were in-
creased from 0.0464 to 1.4902 min™, from 0.0207 to
0.1591 min™, from 0.0272 to 0.2135 min™, respectively.
On the other hand, the Kinetic rate constants for basil,
purslane and celery leaves were decreased as the sample
amount increased. The results obtained were in agree-
ment with studies published in the literature and, the
first order kinetic for ascorbic acid degradation were re-
ported for different fruits by Gamboa-Santos et al.
(2014), Demiray et al. (2013), Marfil et al. (2008), Ku-
rozawa et al. (2014).

Estimation of activation energy values

In this study, as the temperature is not measurably vari-
able in the standard microwave oven used for drying
process, the Arrhenius equation was used in a modified
form to illustrate the relationship between the kinetic
rate constant and the ratio of the microwave output
power to sample amount instead of the temperature for
calculation of the activation energy. After evaluation of
the data, the dependence of the kinetic rate constant on
the ratio of microwave output power to sample amount
was represented with an exponential equation (Eq. 4)
derived by Dadali et al. (2007);
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Figure 1. Degradation of ascorbic acid at various microwave
output powers a) basil leaves b) purslane leaves c) purslane
leaves (sample amount 25 g) (@ 180 W, m 360 W A 540 W,
x 720 W, s 900 W, — kinetic model).

k =k, exp(_ E;.m) (4)

where k is the degradation rate constant obtained by
first-order kinetic model (min™), ko is the pre-
exponential constant (min™), E, is the activation energy
(minimum energy required for ascorbic acid degradation
during microwave drying; W.g™%), P is microwave out-
put power (W) and m is the mass of raw sample (g).

The activation energy values for basil, purslane and
celery leaves, corresponding values of coefficients of
determination R® and the standard error (c) of the model
proposed were given in Table 3. As can be seen from
the table, the activation energy values for basil, purslane
and celery leaves were found as 15 W/g, 10.7 W/g and
9.6 W/g, respectively.
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Figure 2. Degradation of ascorbic acid at various sample
amounts a) basil leaves b) purslane leaves c) celery leaves
(microwave output power 360 W) (® 25 g, m 50 g, x 75 g,
A 100 g, — Kkinetic model).

IV. CONCLUSIONS

The kinetic degradation of ascorbic acid for basil, purs-
lane and celery leaves was evaluated during microwave
drying. The effects of various microwave output powers
and various sample amounts were investigated. It was
observed that as the microwave output power increased
the content of ascorbic acid of basil, purslane and celery
leaves decreased due to high temperature occurred in
the dried product depending on higher levels of micro-
wave energy applied. Moreover, it was found that as the
sample amount increased, ascorbic acid degradation of
basil, purslane and celery leaves was decreased as well.

After evaluation of the experimental data, an empiri-
cal first-order kinetic model was used for the degrada

45:113-118 (2015)

Table 1. The estimated kinetic parameters and the statistical
values of kinetic models for basil, purslane and celery leaves
at various microwave output powers

Basil Leaves

Zero order kinetic First order kinetic

P

W) k R? z k R? ¢

180  0.5683 0.9858 1.0967 0.0464 0.9923 0.8118
360 1.0036 0.9358 24879 0.1163 0.9851 1.2156
540 15745 0.8822 3.7782 0.2716 0.9874 1.2716
720 21967 0.7449 57354 0.9325 0.9883 1.3106
900 25734 0.7636 6.4058 1.4902 0.9889 1.4677

Purslane Leaves

Zero order Kinetic First order kinetic

P

w) k R? ) k R? ¢

180 0.2811 0.9479 16178 0.0207 0.9822 0.9541
360 04778 0.9429 1.7607 0.0406 0.9829 0.9736
540 0.6176 0.9486 1.6979 0.0543 0.9808 1.0449
720 1.3942 09674 15281 0.1153 0.9832 1.1018
900 1.5352 0.9595 2.0273 0.1591 0.9934 0.8228

Celery Leaves

Zero order kinetic First order kinetic

P

W) k R? z k R? ¢

180  0.4944 0.9519 20959 0.0272 09814 13119
360 0.7524 0.9474 2.6583 0.0482 0.9818 1.5785
540  1.2212 09309 3.1538 0.0858 0.9775 1.8229
720 2.0357 0.9263 3.4637 0.1515 0.9739 2.0885
900 2.7917 09411 3.6609 02135 09890 1.5997

Table 2. The estimated kinetic parameters and the statistical
values of kinetics model for basil, purslane and celery leaves
at various sample amounts

Basil Leaves

Zero order Kinetic First order kinetic

S.A.

k R? c k R? c
(@)
25 1.0036 0.9358 2.4879 0.1163 0.9851 1.2156
50 0.6218 0.9563 1.9886 0.0632 0.9881 1.0456
75 0.4299 0.9713 1.4683 0.0401 0.9889 0.9142
100 0.2587 0.9615 1.3287 0.0204 0.9816 0.9233

Purslane Leaves

Zero order Kinetic First order kinetic

S.A.

k R? c k R? c
(@
25 0.4778 0.9429 1.7607 0.0406 0.9829 0.9736
50 0.2778 0.9786 0.8301 0.0207 0.9894 0.5848
75 0.1984 0.9919 0.4185 0.0128 0.9953 0.3208
100 0.1394 0.9991 0.0727 0.0083 0.9996 0.1244

Celery Leaves

Zero order Kinetic First order kinetic

S.A.

k R? c k R? c
@
25 0.7524 0.9474 2.6583 0.0482 0.9818 1.5785
50 0.6085 0.9745 1.7594 0.0342 0.9956 0.7340
75 0.4241 0.9908 05711 0.0200 0.9934 0.8148
100 0.2587 0.9615 1.3287 0.0149 0.9865 1.1438
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Table 3. The activation energy values calculated for ascorbic
acid degradation of basil, purslane and celery leaves

Sample E. (W/g) R’ c
Basil Leaves 15 0.9819 0.2922
Purslane 10.7 0.9807 0.1971
Leaves

Celery Leaves 9.6 0.9803 0.1971

tion of ascorbic acid for basil, purslane and celery
leaves undergoing microwave heat treatment; and
moreover the activation energy values were found as 15
W/g, 10.7 W/g and 9.6 W/g for basil, purslane and cel-
ery leaves, respectively.
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