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WHEN DRYING GREEN PEA (Pisum Sativum I.) IN MICROWAVE

S. KAYISOGLU

Tekirdag Technical Vocational School, Namik Kemal University, 59030 Tekirdag, TURKEY.
skayisoglu@nku.edu.tr

Abstract— This research was conducted to de-
termine the drying Kinetics and color parameters
changes of green peas when microwave drying at
different microwave powers. For drying, 6 drying
kinetics models were applied. The values of L*, a*,
b*, C* and H° were measured to determine the effect
of the microwave drying on the color parameters.
The most suitable model was the parabolic model in
microwave drying of green peas. Effective diffusion
coefficients changed between 2.50x10° m?s! and
8.16x10° m?. The activation energy was found as
1279.7 W/g. L*, a* and b* color parameters were
significantly influenced by microwave drying, while

C* and H° values were not the much affected.

Keywords—Activation energy, drying models, dry-
ing rate, effective diffusion, microwave drying, rehy-
dration

I. INTRODUCTION
Agricultural crops continue their respiratory activities
after they are harvested. For this reason, they are quick-
ly spoiled and cannot be stored for a long time. There
are many ways in which products can be stored for a
long time after they have been harvested. One of these
methods is the drying of the products. Drying can be
defined as a process of moisture removal of products by
heat and mass transfer. It is also a classical method of
food preservation, which provides longer shelf-life,
lighter weight for transportation and smaller space for
storage (Ertekin and Yaldiz, 2004). Drying method has
been applied with the help of solar energy since the first
ages. However, this method is not preferred widely to-
day due to the fact that the products are exposed to dust,
insects, and microorganisms, as well as the drying time,
is long (Alibas et al., 2007). Many drying methods such
as hot air drying, vacuum drying, freeze drying are used
for drying products. These methods have positive or
negative aspects compared to each other. The drying
method chosen should preserve as much as possible the
biological qualities of the product after drying (Motevali
et al., 2011). Especially in hot air drying method, the
loss of nutritional value of the product and energy con-
sumption is high. The microwave drying method, which
has been used in recent years, is a less costly method
than other methods (Changrue and Raghavan, 2006). In
this method, the dipole heating causes the water to move
towards the surface of the product and to evaporate. In
the microwave drying method, a higher drying rate is
achieved (Sharma and Prasad, 2004; Li et al., 2010).

For whatever drying method is applied, mathematical
models that define the drying mechanism need to be
used for designing the proper dryer and for optimizing
the drying process. With these mathematical models
alternative drying methods can be developed.

Color properties are as important as quality attrib-
utes for dried products and should be as similar as pos-
sible to the color properties of fresh food to increase
acceptability. Color changes during drying process have
great importance from economic viewpoint (Moreira et
al., 2008).

The green pea (Pisum sativum 1.) used as material in
this research is one of the important plants of the legu-
minous family and has an important place in human
nutrition. Green peas are a protein-rich and valuable
plant and consumed fresh, canned and dried as well. In
addition to its 25% protein, it is also rich in A, B and D
vitamins (Alan and Nevzat, 1984). The moisture content
(db) of fresh peas varies between 2.3 and 4.0 and there-
fore it is difficult to store them for a long time. In recent
years, the consumption of dried green peas has become
more common (Pardeshi et al., 2009).

High microwave powers were used in previous stud-
ies on microwave drying of peas (Heybeli et al., 2013,
at 500-750 W; Doymaz et al., 2015 at 180-800 W;
Chahbani et al., 2018, at 300-450 W). In this research,
lower output powers were used to see the difference in
product drying times and color properties than previous
studies. Green peas were dried at three different power
outputs (90 W, 180 W and 360 W) in microwave and
the optimal kinetic model for drying was investigated.
The change in the color parameters of the green pea
after the drying process was also investigated.

Il. METHODS
A. Plant material
Green peas used in drying experiments have been taken
from the market from local producers and separated
from their shells. Green pea samples were stored in the
refrigerator (+4 °C) until used in drying experiments
(Kocayigit, 2010).

B. Microwave drying process

The initial moisture content of the green pea samples to
be dried was determined with AOAC (1990) method as
average 3.098 kg-water/kg-dry matter. During the pre-
liminary drying tests, drying times extended at micro-
wave powers below 90 W, and it was difficult to re-
move the moisture in the inner parts of the product.
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Table 1. Kinetic Models applied for fitting of experimental drying data

Model Name Equation References
(1) Newton MR = exp(—kt) Ayensu,1997; Tiris et al., 1994
(2) Page MR = exp(—kt™) Park et al., 2002; Sun and Woods, 1994

(3) Henderson&Pabis
(4) Logarithmic

(5) Midilli

(6) Wangh and Singh

MR = a exp(—kt)

MR = a exp(—kt) + ¢
MR = a exp(—kt™) + bt
MR =1+ at + bt?

Chhinnan, 1984; Rahman et al., 1997
Doymaz, 2004; Lahsasni et al., 2004

Midilli et al., 2002; Ertekin and Yaldiz, 2004
Wang and Singh, 1978

(7) Parabolic MR = a + bt + ct? Chabbani et al., 2018
MR = 2t ()
X
Drying rate was calculated as follow (Alibas, 2012):
Xt - Xt+dt
DR = —— 3
T 3)

Figure 1. Microwave dryer (1:Microwave oven 2: Ventilation
hole 3: Tray 4: Timer 5: Magnetron 6: Fan 7: Computer 8:
Power switch 9: Scale

Above 360 W microwave powers, it was observed that
physical distortions occurred on the surface of the prod-
uct. For this reason, drying experiments were carried out
at 90 W, 180 W and 360 W powers. Microwave drying
applications were performed using a microwave oven
(with Beko brand, 2450 MHz frequency, maximum 800
W power and 19 It inner space), as seen in Fig. 1. Elec-
tronic balance (AND brand) was used to measure the
weight losses during microwave drying, continuously
using interface programs, such as hot air dryer (Celen et
al., 2016).

The pea samples of 100 g each drying experiment
have been dried in a pan attached with a rope to the
digital precision scale on the microwave oven which
sent the measurement data to the computer in order to
be recorded in an excel file with 10 s intervals. The dry-
ing process has been continued until the green pea sam-
ples reached 29-30% of their initial mass (Sahin et al.,
2018).

C. Drying kinetics modelling
There are many models related to drying Kinetics in the
literature. These models are semi-theoretical, theoretical
and empirical models. Kinetic models used in this study
are given in Table 1. The dimensionless moisture ratio
(MR) used in these models is given in the following
equation (Chahbani et al., 2018):
Xt - Xeq
MR = —— @))
XO - Xeq
where: X,-moisture content of the sample at any time;
Xeq-€quilibrium moisture content; X,-Initial moisture
content (kg-water/kg-dry matter) of the sample.
Since the X,, value is quite small compared to the
value X;, the Eqg. 1 can be written as (Doymaz et al.,
2015; Midilli and Kucuk, 2003):

where: DR- Drying rate (kg-water/kg-dry matter.s);
Xi,qt- Moisture content at t 4+ dt (kg-water/kg-dry
matter); t- time (5).

The non-linear regression procedure is used in order
to estimate the empirical coefficients of these models.
The determination coefficient (R?), the root mean square
error (RMSE) and the reduced chi-square (y?) values
were used to understand the fit of the experimental data
with the models (Diamente and Munro, 1991; Yaldiz et
al., 2001). The model with the lowest values of %2 and
RMSE of the drying models and the highest value of R?
was selected as the most suitable model (Ertekin and
Menges, 2006).

D. Determination of effective moisture diffusivity
and activation energy.

The theoretical model, which has found extensive re-
search in thin-layer drying of various foods, is the solu-
tion to Fick's second law (Hutchinson and Otten, 1983;
Madhiyanon et al., 2009):

oxX
yrin V.(Dess.V X) 4)

Equation 4 can be solved by taking the diffusion co-
efficient constant and simplifying with appropriate
boundary conditions and the following equation can be
written for spherical coordinates

2n2Dgpst
XO—Xe ;zzz exp( r2 ) )

For long drying tlmes the first terms of Eq. 5 are
used for solution (Madamba, 2003):

nZDefft>

MR—

3 (6)
r

where: D, (- effective diffusion coefficient (m?.s?); r-
average radius of sample (m); t- time (s).

Effective diffusivity values were calculated by the
slope of the graph of experimental In (MR) values as a
function of drying times:

MR—6
=—exp

7D
_zeff (7)
The modified Arrhenius equation has been utilized
to determine the activation energy (Fu et al., 2017):
E,m
Desr = Dyexp (— T)

Slope =

8)
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where: D,- pre-exponential factor of Arrhenius equation
(m2s?); E,- Activation energy (W.gl); m- Average
mass of sample (g); P- Microwave output power (W).

The slope of the graph of InD, ¢, versus m/P is the
activation energy.

E. Determination of color parameters of dried prod-
ucts

L*, a*, b*, C* and H° indicate brightness, redness-
greenness, yellowness-blueness, color intensity (Chro-
ma), hue angle, respectively. Negative a* indicates
green, and higher positive a* indicates red color. Higher
positive b* indicates more yellow color.

The Chroma (C*) value indicates the color intensity
or saturation, which is calculated as below:

C* = (a?+b2)05 9

Hue angle (A?) indicates sample color when a* 0
and b*> 0, which is calculated as below:

H° =tan"*(a*/b*) (10)

If a*<0 and b*>0, Hue angle (H®) calculated as be-
low:

H° =tan"(a*/b*) + 180° (1)

For each application, on surfaces of ten randomly se-
lected green pea samples were measured color parame-
ters (L*, a*, b*, C* and H°) at three different points in
order to compare before and after drying (Chabbani et
al., 2018; Alibas, 2007).

Color measurements were made with the Minolta
CR 400 color meter. This instrument uses a spectral
response for a CIE 1931 2° observer and illuminant C
(Konica Minolta, 2002).

I1l. RESULTS

A. Drying Kinetics models

The decreasing in moisture content of the green pea at
90 W, 180 W and 360 W microwave power outputs are
shown Fig. 2. As seen from Fig.2, at 360 W microwave
power, the product lost moisture in a shorter time. In the
initial stages of drying at 90 W and 180 W microwave
powers, the reduction in moisture content was close to
each other. The drying time required for drying has been
63, 50 and 19 min at 90, 180 and 360 W microwave
power, respectively. Heybeli et al. (2013) stated that
drying time changed between 10 and 13 minutes at 500-
750 W microwave powers. The drying time at 360 W
were close these values. As the microwave power in-
creases, the drying time decreases rapidly, but its effects
on the quality of the product need to be investigated.
Similar results were found for green peas (Chahbani et
al., 2018), green beans (Doymaz et al., 2015), carrots
(Fuetal., 2017).

Drying rates (DR) at different microwave rates were
given in Fig. 3. At the 360 W microwave power, drying
rate is considerably higher than others. One reason why
the drying time and drying rate in 360 W microwave
power are different from the others is the difference in
power. Since the difference between 90 W and 180 W
powers is less, the drying time and drying rate are closer
to each other at these powers.

—o—90W
——180W

—o—360W

MOUSTIRE CONTENT (kg water.kg drymatter )

[1] 500 1000 1500 2000 2500 3000 3500 4000
DRYING TIME (s)

Figure 2. Changes of experimental moisture content versus
Drying Time

0,004
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0,0025
——90 W
0,002 e 180w
——360W
0,0015
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0,001

0,0005

MOISTURE CONTENT (kg wate.kg DM *)

Figure 3. The graph of experimental moisture content versus
Drying Rate

Statistical results calculated from selected 7 drying
models are shown Table 2. The lowest RMSE and high-
est R? values were found in the Parabolic Model (7).
While RMSE was changed between 0.0399 and 0.0974
for all examined models, this value changed between
0.0158 and 0.0271 for Parabolic Model at 3 different
microwave powers. The closest values to this model are
found in Logarithmic Model (4). Both models can be
used to describe the drying kinetics of the green pea, but
the Parabolic model was preferred in this study. This
model represented the experimental values satisfactori-
ly. Chahbani et al. (2018) also reported that parabolic
model is the most suitable model for microwave drying
pea. The drying constants a, b, and c of the parabolic
model are given in Table 3. At 360 W microwave power
the coefficients b and c are quite large compared to oth-
ers. This is due to the high drying rate at this microwave
power.

The predicted moisture with the parabolic model and
experimental moisture changes are given in Fig. 4 as a
function of time.

B. Effective moisture diffusivity and activation ener-
ay.

Effective diffusion coefficients at 90 W, 180 W and 360
W microwave output power are shown in Table 4. The
effective diffusion coefficient (Des) increased as micro-
wave power increased. This is an expected situation
according to Eq. 8. Fu et al. (2017) and Chahbani et al.
(2018) in their research about microwave drying also
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Table 2. Statistical results calculated from selected drying
models

Model No P (W) RMSE 2 R2
90 0.0494 2.480x10° 0.973
1 180  0.0740 5.588x10°% 0.944
360  0.0974 9.992x10°% 0.910
90 0.0393 1.598x10%° 0.983
2 180 0.0535 2.974x10%° 0.971
360 0.0634 4.465x10° 0.962
90 0.0296 9.020x10“ 0.990
3 180  0.0505 2.659x10°% 0.974
360  0.0753 6.302x10° 0.946
90 0.0249  6.488x10“ 0.993
4 180 0.0313 1.044x10° 0.990
360 0.0307 1.107x10° 0.991
90 0.0276 8.153x10* 0.992
5 180  0.0333 1.203x10° 0.989
360  0.0318 1.263x10° 0.990
90 0.0277  7.930x10“ 0.991
6 180  0.0399 1.653x10° 0.984
360  0.0388 1.672x10° 0.986
90 0.0158 2,648x10* 0.997
7 180 0.0241 6.149x10* 0.994
360  0.0271 8.626x10* 0.993
Table 3. Drying constants of the Parabolic Model
P (W) a b c
90 1.0661 -5.70x10* 8.27x10®
180 1.0917 -6.15x104 8.95x10°8
360 1.0757 -1.17x108 2.06x10°7

Table 4. Effective diffusion coefficients

P (W) Derf (m%s?) Slope (x104) R?
90 2.50x10° 7.726 0.997
180 3.15x10°° 9.725 0.983
360 8.16x10°° 25.22 0.927
1,2
s 90W Exp
o 180W Exp
s 360W Exp
=~ 90 WPre
——————— 180W Pre
— 360W Pre
°5:¥;_.
Fo,
nmﬂp_é:::::::!o’mmﬂ;‘
0 500 1000 1500 2000 2500 3000 3500 4000
DRYING TIME (s)

Figure 4. Time-dependent variation of estimated and experi-
mental moisture rates in the parabolic model.

stated that Desincreased when microwave output power
increase.

The pre-exponential factor (D,) and the activation
energy (E) were calculated by slope the Arrhenius plot
of InDes as a function of the sample mass/microwave

Table 5. Color parameters of fresh and dried green peas

50(3):235-240 (2020)

power. These values were 9.218x10° m2.s and 1279.7
W.g? respectively. It is possible to express the effective
diffusion coefficient as a function of m/P in the follow-
ing equation;

m
Dy = 9.218x10%xp (1297.73) (12)

Chabbani et al. (2018) were found these values
4.32x10° m2.stand 1380.0 W.g* at 100-300 W micro-
wave power for green pea, respectively. Doymaz et al.
(2015) found these values as 5.189x10® m2s? and
19185 W.g%, respectively, in a study of drying the green
bean in microwave. It is seen that the activation energy
is higher in the green bean than in the green pea.

C. Changes in color parameters

Color parameters of dried green peas have been given
with the Duncan’s multiple range tests (£<0.05) in Ta-
ble 5. Brightness (L*) of samples were significantly dif-
ferent in all microwave output powers than fresh prod-
uct and decreased significantly after drying. However,
there was no significant difference in Brightness (L")
between microwave output powers. Heybeli et al.
(2013) stated that the Lightness values of the pea sam-
ples (L") were not affected by microwave power.
Kocyigit (2010) stated that there was a decrease in the
(L") value of green pea samples that were dried at dif-
ferent temperatures according to the fresh green pea. In
dried products, there was a color change from green to
yellow. After drying, a* values were significantly dif-
ferent from fresh green peas in all power outputs. At 90
W and 360 W power outputs, b* values were different
from b* values of fresh peas. At 180 W output power,
b* value was in the same group with fresh peas (Table
5). Heybeli et al. (2013) found that the effect of micro-
wave power on the a* value which gives the green ratio
was statistically significant (/£<0.05). Chahbani et al.
(2018) and Alibas (2012) also stated that the values of
a* and b* decrease as microwave output increases. High
contents of sugars, proteins, and chlorophyll in green
peas caused color changes of them after drying in the
microwave (Zielinska et al., 2013; Dadali, 2007). In
Chroma (C*) parameters, fresh green pea, 90 W and 360
W microwave output powers were in the same group
statistically. These parameters did not change signifi-
cantly after drying except 180 W microwave output
power (Table 5). Heybeli et al. (2013) also found that
the dried peas were close to fresh pea samples without
any change in the Chroma. As seen in Table 5, Hue an-
gles (H®) were significantly different in all microwave
powers and decreased after drying.

L" a b* c H°
Fresh 55,79°+0,98 -17,59%+0,32 42,18%+0,87 49,68°+0,92 110,8°+0,48
oW 42,80%t1,44 -12,44°+0,56 48,85°+2,71 50,43°+2,72 104,52+0,85
180W 43,53%+0,75 -10,87°+0,60 41,76%+1,64 43,56%+1,70 105,1+0,41
360W 42,78°+1,04 -13,72°+0,49 50,72°+2,43 52,54°+2,45 105,22+0,48
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IV. CONCLUSIONS

In this study, peas were dried at 3 different microwave
power (90 W, 180 W and 360 W) without any pretreat-
ment. The drying time at 360 W microwave power was
less than the other two microwave power. The drying
rate increased (DR) with microwave power, but was
higher than the others at 360 W power. The Parabolic
Model has been the most suitable model between ap-
plied drying models for drying green peas with micro-
wave. Effective diffusion coefficients were also affected
by the microwave power and increased with increasing
microwave power. The color parameters Brightness
(L), redness-greenness (a*) and Hue angle (H°) were
influenced by the microwave output power and were
different significantly from the fresh product at all mi-
crowave power outputs. As a result of the drying pro-
cess, while the L* and H° values decreased, a* value
increased. The yellowness-blueness (b*) at 90 W and
360 W increased significantly after drying. The Chroma
(C*) of the dried samples and fresh green peas showed
no statistical difference among them, except for the 180
W sample. In this study, instead of high microwave out-
put powers as in previous studies, it can be suggested to
use 360W microwave output power, which is closer to
drying time and rate at high microwave powers.
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