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ABSTRACT

A study was carried out to test and evaluate the drying behavior of mint leaves using a laboratory scale dryer with

controlled air temperature and relative humidity.

The studied parameters included four different levels of drying air temperature (50, 55, 60 and 65°C) and four levels of
air relative humidity (25, 30, 35 and 40%). All the experimental runs were conducted at constant air velocity of (0.23 m/sec). The
drying behavior of mint leaves during the drying process were simulated using three different thin layer drying models (Lewis's
1921, Henderson and Pabis's 1961 and Page 1949 equations). Final quality of the dried mint leaves was also determined. The
results show that, drying rate of mint leaves increased with the increase of drying air temperature while, it was decreased with the
increase of relative humidity. All studied models could describe the drying behavior of mint leaves satisfactorily. However,
Page's model considered the most proper for describing the drying behavior of mint leaves in terms of higher values of (R?) and
lower values of (/’{Z), (MBE), (RMSE) and (SE). In general, the drying air temperature of 50°C and relative humidity of 25%

achieved the best quality of the dried mint leaves in terms of total chlorophyll, total carotenoids and essential oil contents.

INTRODUCTION

The production of medicinal and aromatic plants
considered as a good source of natural income as
potential exporTable crops, among these plants Mint
(Mentha spicata L.). Mint is one of the most important
medicinal and aromatic plants throughout the world. It’s
a member of the Labiatae (Laminaceae Family) and
very popular in Mediterranean regions, it’s also
represent a dominant part of the vegetation (Ozbek and
Dadali, 2007; Thompson, 2003).

The main component on mint is essential oil, its
yield ranged from 0.62 - 1.70 % (g /100g of fresh
matter) and from 0.1-1.8% (g/100 g of dry matter)
(Ozbek and Dadali, 2007; Hussain et al., 2010 and
Kofidis et al., 2006).

Both fresh and dried mint leaves and their
essential oils are widely used on account of its
medicinal and aromatic components in pharmaceutical
industries, food, cosmetic, confectionary, chewing gum
and toothpaste. Mint leaves are used in herbal teas or as
additives for different types of foods to offer aroma and
flavor in commercial spice mixtures (Lawrence, 2006;
Hadjlaoui et al., 2009). Due to the great importance of
this seasonal plant and in order to preserve, make it
available to consumers during the whole year and to
avoid quality losses, it should be exposed to specific
technological treatments, such as drying (Park et al.,
2002).

Drying is the most common and fundamental
method for preservation of medicinal and aromatic
plants because it allows for quick conservation of the
medicinal qualities of the plant material in an
uncomplicated manner. It is a preparation process,
carried out to meet the needs of the pharmaceutical
industry, which does not have the suiTable conditions to
use fresh plants on the scale required by industry
(Lorenzi and Matos, 2002).

To analyze the drying behavior of mint leaves, it
is quintessential to study the drying Kinetics of the plant.
Thin layer drying models have found to be the widest

application in crop drying because of their simplicity in
use. It can also correlates the changes in moisture
content of the material at any given point of time with
the drying parameters (Midilli et al., 2002; Togrul and
Pehlivan, 2002).

The present study aims to provide a rational basis
for the artificial drying of mint leaves, in which forced
heated air under controlled temperature and relative
humidity was used to remove the excess moisture
content. The final quality of the dried mint leaves was
also determined.

MATERIALS AND METHODS

Freshly harvested mint was obtained from the
experimental station of Mansoura University at initial
moisture content ranged between 77 and 87% wb.

To achieve the objective of the present study, a
controlled drying air temperature and relative humidity
laboratory scale dryer developed and installed at the
Agricultural Engineering Department, Faculty of Agric.
Mansoura University was used. The dryer can generate
any desired condition for both drying air temperature
and relative humidity.

The main components of the dryer included 1.3
kW centrifugal blower with straight impeller, humidity
control system in which water was spread and circulated
through a humidification tower in order to provide and
maintain the drying air at the desired dew point
temperature by means of a thermostat with an accuracy
of £0.1°C. The air temperature was controlled using air
heating unit with a temperature controller adjusted the
drying air temperature very satisfactorily. The samples
were accommodated in drying chamber consisted of
galvanized steel cylinder (27 cm diameter and 70 cm
long) and a drying tray placed inside the cylinder as
shown in Fig. (1).
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Fig. (1): Diagrammatic section of the laboratory scale dryer.

Experimental Measurements and Measuring Equipment.
1-Air temperature and relative humidity:

A temperature and relative humidity meter model
(Trotec - 2000S) connected to an Iron-Constantine
thermocouple type (T) was used to measure both
parameters.
2-Air velocity:

A TRI-SENSE temperature/ humidity/ air
velocity meter (model Trotec 2000S) was used for
measuring air velocity over the samples surface with an
accuracy of 0.01 m/s.
3-Mass measurement:

The mass of samples was recorded using a digital
balance with accuracy of 0.01g.
4-Moisture content of mint leaves:

Initial and final moisture contents of mint leaves
were determined using a German electric oven 1.2 kW
(BINDER) at temperature of 105°C for 24 hours as
described by the method of AOAC (1990).
Experimental procedure:

Mint was cleaned by removing undesired stems
and impurities. Then the damaged and black leaves
were separated manually under careful observation and
the sound leaves were only used for the experimental
work. Prior to each experimental run, air temperature,
relative humidity and velocity had been stabilized, the
mint leaves were uniformly spread in thin layers of 50 g
for each sample in the perforated drying tray and
charged into the dryer bed. At the same time three sub
samples each of 5 g were taken from the fresh mint
leaves and kept in an aluminum tin to determine the
initial moisture content, the weight changes of the
samples were recorded during the drying process every
5 minutes during the first two hours and every 10
minutes up to the end of each run, or in other words
until the moisture content of mint leaves had
approached the equilibrium condition with the drying
air. At the end of each drying run the final weight of
mint leaves were assessed and then the dried leaves
were used to determine the final moisture content as
explained before. In order to minimize the experimental

errors of each run, it was replicated three times, and the
average reading was considered.
Simulation of the Drying Data:

The obtained data of the laboratory experiments
were employed to examine the applicability of the three
studied thin layer drying models (Lewis's 1921,
Henderson and Pabis's 1961 and Page 1949 equations)
on describing and simulating the drying data.

The examined drying models could be presented as
follows:

Lewis's model:
mr=M=M _ k t 1
= M,— M, =exp(—kpt) e v e (1)
Where:

MR: Moisture ratio, dimensionless.
M: Instantaneous moisture content during the drying

process, % (d.b).

M,: Initial moisture content of mint leaves samples,

% (d.b).

Mgs : Final moisture content of mint leaves samples, %

(d.b).

k.: Drying constant, min™.
t:  Drying time, min.

The values of the drying constant (k.) for the
Lewis's model (1) could be obtained from the
relationship between the natural logarithm Ln (MR) of
the tested sample versus the drying time (t) as follows:
LnMR=-k_t

The drying constant (k.) represented by the slope
of the equation.

Henderson and Pabis's model:

MR = Agy . €XD(—Kig L) eoe e e e e

Where:
ky: Drying constant, min™,
Ay Drying constant, dimensionless.

The values of drying constants (ky) and (Ay) for
Henderson and Pabis's (equation 2) could be also
obtained from the relationship between Ln (MR) versus
the drying time (t) as follows:

Ln MR=Ln AH - kH t

(2)
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The drying constant (ky) represented by the curve
slope while, the constant (Ay) represented by the y-
intercept.

Page’s model:
MR = exp(—Kpt™) s v e e v e (3)
Where:
ko: Drying constants, min™.
u: Drying constants, dimensionless.

The drying constants (kp) and (u) of Page's model
were determined after plotting the values of Ln (-Ln
(MR)) versus the drying time (Ln (t)) as follows:

(Ln (-Ln (MR))) = Ln (kp) +u Ln (t)

The slope of the drying curve represents the
drying constant (kp) while the constant (u) represents
the y-intercept.

Statistical analysis:

Regression analyses were proceeded by using the
Statistical routine. Correlation coefficient (r) was one of
the primary criterions for selecting the most appropriate
equation to define the thin layer drying curves of the
dried samples. In addition to (r), the various statistical
parameters such as; reduce chi-square ( ZZ), mean bias
error (MBE) and root mean square error (RMSE) were
used to determine the quality of the fit. The best fit was
decided for the highest value of (R?) and minimum
value of (ZZ), (MBE) and (RMSE) as stated by Togrul
and Pehlivan (2002); Demir et al. (2004); Erenturk et al.
(2004) and Goyal et al. (2007).

The following mathematical relationships were

utilized to calculate the mentioned statistical parameters:

I (MR ps; — MR g 1)
2 _fEh T obsd L] e e (R
x ] N—m ()]
MBE =SB (MR gt = MRops,o) e oo v e (5)
1 N 1/2
RMSE = WZ(MRM;Q,i—MRGbS.,i)Z B ()]
i=1
Where:

MR,ps.i - Observed moisture ratio.

MR¢ac.i : calculated moisture ratio.

N: number of observations.

n : number of constants.(Pangavhane et al., 1999).
Quality evaluation of the dried mint leaves:

The total chlorophyll (mg/g) and total
carotenoids (mg/g) were determined according to the
method of Mackinny (1941). While, the essential oil
content was determined according to methods described
by the Egyptian pharmacopeia (1984).

RESULTS AND DISCUSSION

Moisture content of mint leaves:

The changes in moisture content of mint leaves
as related to drying time at different levels of drying air
temperature and relative humidity are illustrated in Fig.
(2). It clearly showed that, both drying air temperature
and relative humidity had a great effect on the drying
behavior of mint leaves. As the drying air temperature
increased and the relative humidity decreased the drying
rate of mint leaves increased.
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Fig. (2): Change in moisture content of mint leaves as related to drying time at different levels of drying air
temperature and relative humidity of 25 and 40%.
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Drying analysis of mint leaves using Lewis's model:

Fig. (3) illustrates the method of determining the

drying constant (k_) of Lewis’s model and Table (1)

presents the obtained data of the constant (k.) at
different levels of drying air temperature and relative
humidity.
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Fig. (3): Determination of the drying constant (k) of Lewis’s model.

Table (1): Values of the drying constant (k;) for Lewis’s model.

Air relative humidity, %

Alr temp., °C 25 30 35 40

50 0.0325 0.0300 0.0270 0.0260

55 0.0495 0.0440 0.0410 0.0380

60 0.0660 0.0620 0.0570 0.0530

65 0.1035 0.0970 0.0915 0.0860

As shown in Table (1), the drying constant (k.) could be expressed by the following equation:

increased with the increase of drying air temperature, k. =0.00427 Ta—0.0008 RH—0.1624 .................... )
while it was decreased with the increase of drying air (S.E. =0.00633 R?=0.94762 r =0.97346)

relative humidity.

A multiple regression analysis was proceeded to
relate the drying air temperature (Ta) and relative
humidity (RH) with the drying constant (k,) at constant
air velocity of 0.23 m/sec. The nature of dependence

Drying analysis of thin layer drying of mint leaves using
Henderson and Pabis's model:

Fig. (4) illustrates the method of determining the
drying constants (ky), (Ay) of Henerson and Papis’s
model and Table (2) presented the obtained data.
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Fig. (4): Determination of the drying constants (k) and (Ay) of Henderson and Pabis's model.
Table (2): Values of the drying constants (ky) and (Ay) for Henderson and Pabis's model.

Air temp.,

Air relative humidity, %

o 25 30 35 40

Ky An K An Ky An Ku Ay
50 0.0345 1.2580 0.0325 1.3236 0.0300  1.3947  0.0290  1.4737
55 0.0535 1.4102 0.0500 1.5208 0.0447 15289  0.0420 1.6071
60 0.0720 1.4915 0.0660 1.5522 0.0615 1.6630  0.0590 1.7441
65 0.1190 1.5769 0.1100 1.6383 0.1035  1.7487 0.0930  1.7752
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As shown in Table (2), both drying constants (k)
and (Ay) increased with the increase of drying air
temperature, while the drying constant (ky) decreased
with the increase of drying air relative humidity and
constant (Ay) increased with the increase of drying air
relative humidity.

A multiple regression analysis was proceeded to
relate the drying air temperature (Ta) and relative
humidity (RH) with both drying constant (ky) and (An).
The nature of dependence could be expressed by the
following equations:

ky = 0.00483 Ta—0.00093 RH — 0.18509 ......... ®)
(S.E. =0.00829 R?=0.93141 r=0.96510)

Ay =0.02126 Ta + 0.01446 RH — 0.14787 ......... 9)
(S.E. =0.03069 R?=0.96426 r=0.98197)
Drying analysis of thin layer drying of mint leaves
using Page's model:

Fig. (5) illustrates the method of determining the
drying constants (kp), (u) of Page’s model and Table (3)
presented the obtained data.
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Fig. (5): Determination of the drying constants (ke,u) of Page’s model.

Table (3): Values of the drying constants (kp) and (u) for Page's model.

Air relative humidity, %

Air temp.,

°c 25 30 35 40
Kp u kp Kp u ko u

50 0.0196 1.0729 0.0185 1.0949 0.0156 1.0978 0.0148 1.1290
55 0.0212 1.1250 0.0190 1.1314 0.0177 1.1754 0.0170 1.1989
60 0.0273 1.1780 0.0226 1.1990 0.0209 1.2211 0.0205 1.2397
65 0.0376 1.2599 0.0333 1.2686 0.0317 1.2783 0.0304 1.2867

As shown in Table (3), both drying constants (kp) u=10.01152 Ta + 0.00367 RH + 0.40321 ......... (11)
and (u) increased with the increase of drying air (S.E.=0.00996 R?=0.98265 r=0.991287)

temperature, while the drying constant (kp) decreased
with the increase of drying air relative humidity and
drying constants (u) increased with the increase of air
relative humidity.

A multiple regression analysis was proceeded to
relate the drying air temperature (Ta) and relative
humidity (RH) with both drying constant (k) and (u).
The obtained equations could be presented as follows:
ke = 0.00105 (Ta) — 0.00038 (RH) + 0.02498 ...... (10)
(S.E.=0.00267 R?=0.871 r=0.93327)

The applicability of the studied models in simulating
the drying data:

Figs. (6) illustrates the observed and calculated
values of moisture content of mint leaves at 50°C drying
air temperature and of 25% air relative humidity. The
results show that, all studied models described the
drying behavior of mint leaves satisfactorily as
indicated by the high values of coefficient of
determination (R?) and low values of standard error
(SE).
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Fig. (6): The observed and calculated moisture content values of mint leaves using all the studied models.

Comparative evaluation of the studied drying models:

In general, all the studied models could describe
the drying behavior of mint leaves as indicated from the
high values of (R?). However, to assess the most proper
model for describing the drying behavior of mint leaves
and in addition to the high values of (R?), various
statistical parameters such as (r), (¥ %), (MBE) and

(RMSE) were calculated. The results show that, Page’s
model recorded the highest value of (r) and the lowest
values ( ¥ %), (MBE), (RMSE). This means that, Page’s

model is the most proper model for describing the
drying behavior of mint leaves under the studied ranges
of drying air temperature and relative humidity.

Quality of mint leaves:

Mint leaves dried at air temperature of 65°C at all
studied levels of relative humidity and also the samples
dried at air temperature of 60°C and air relative
humidity of (25, 30%) have been excluded form quality
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evaluation tests of the dried mint leaves due to over
drying of mint leaves samples or in other words, the
final moisture contents of leaves were below the safe
storage moisture content of (8%) as mentioned by Farias
(2003).

Total Chlorophyll, Carotenoids and Essential oil contents:

Table (4) illustrates the changes in chlorophyll a,
chlorophyll b, total (a + b) chlorophyll, total carotenoids
(mg/g) and essential oil (mI/100g) of mint leaves at
different levels of drying air temperature and relative
humidity. As shown in the Table, the optimum
conditions keeping the final quality of the dried mint
leaves, are drying air temperature of 50 °C and relative
humidity of 25% which recorded the highest contents of
chlorophyll a (0.672 mg/g), chlorophyll b (0.462 mg/g),
total (a + b) chlorophyll (1.134 mg/g), total carotenoids
(0.0374 mg/g) and essential oil (2.50 ml/ 100g).



J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 7(2), February , 2016

Table (4): Total chlorophyll and carotenoids content in mint leaves as influenced by the drying parameters

Treatments a Choloros hyll (mg/g) ath Carotenoids (mg/g) E(Sr:ﬁ/n;&;;)”
Control 0.706 0.493 1.199 0.0395 3.23
50°C/25% 0.672 0.462 1.134 0.0374 2.50
50°C/30% 0.653 0.445 1.098 0.0362 2.25
50°C/35% 0.637 0.43 1.067 0.0347 2.13
50°C / 40% 0.623 0.418 1.041 0.0333 1.88
55°C/25% 0.655 0.456 1.111 0.0367 2.38
55°C/30% 0.64 0.443 1.083 0.0349 2.00
55°C/35% 0.626 0.428 1.054 0.0337 1.75
55°C/40% 0.615 0.415 1.03 0.0328 1.63
60°C/35% 0.617 0.418 1.035 0.033 1.38
60°C / 40% 0.605 0.406 1.011 0.0321 1.13

CONCLUSIONS

1- The moisture ratio of mint leaves increased with the
increase of drying air temperature. While, it was
decreased with the increase of relative humidity.

2- All studied models (Lewis's, Henderson and Pabis's
and Page’s model) could describe the drying
behavior of mint leaves satisfactory however Page's
model could be considered the most proper model
for describing the drying behavior of mint leaves.

3- The optimum conditions keeping the final quality
of the dried mint leaves are 50°C drying air
temperature and 25% (RH).
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