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Fig 1. Schematic of Constructed Hybrid Dryer
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Fig 2. Effect of temperature on MR at different level of air velocity during drying of Melissa officinalis
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Table 1. The effect of temperature and at different level of air velocity on effective moisture diffusivity (Des) values during drying of
Melissa officinalis
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Table 2. The Effect of Temperature and air velocity on Specific Consumption Energy during drying of Melissa officinalis

(M/9) 158 o

air velocity (m/s)

(*C)Ls

Temperature (°C)

40 50 60 70
1 75.653 136.74 187.12 194.24
15 108.12 183.89 248.54 268.50
2 136.02 230.69 307.16 326.76

DM il s b Fe °Cglos 4y bogs o oiigel S
OC)‘ Loo w‘ﬁ‘ L: O . 0gd (V/W) = )9 Q‘JL""")J
S g cdly zals Jlasiol suill i Ve a Fe

ol Cawd 4 Ve °C &)l > ax s

= ol 5l g Las Lol (5l Sl aislin ol

3leads gl sl il e o S SS Slgr ol
Sgs g 0ddline el 00l 03,51 (F) UK 18 4 guzs o
J)L»_‘>‘ VO 9 \ m/s 5999 ‘519_‘5 k_gsl_‘><\_:l.‘> @o as

2 Flasinl publul Gl cp 5V g atilas g )ls gxe



WAL ) ojleds dh 090 ¢ 2138 (g slos,glid anlilad O \Y#

0.6
a
o oS
£ b
£
= 0.4 ¢
%
= 03 d
E
=
;E 02
o
«
5w
0
50 60 70
Temperature (°C)

0.6

0.5 a

0.4

0.3

0.2

0.1

Essential oil yield (v/w)

0
1 15 2

air velocity (m/s)

(Sl o gime BWS] pas gme 4y ba oyt (59, aline Bg,>) Jlasiul Guilul gliee plsa 20 5 lse slos Lol 51 .Sk anslie (F) S5
Fig 4. the average of the mutual effects between air temperature and air velocity of essential oil extracted (Similar letters on columns mean
no significant difference)

e 5 (JeSge Gz slml o lse o g Les 55k RSE
Olie (oS el j5S e capd (il 5 st (o
le 09V °C slos ag by Jlasen! il
by o Jlaseul ulal Gl o iien o Y M/S lga o>
LYOLYMS Iy gloasls 209 F- °C slos o
U T I N [N NN ICOWRNP IRV T 1 | IR S KV
YU sleo L o SSias Job )0 ol 0,550 lge 51 >
4 Cogby oy, S Sis ol o b jo ioed (ol
aS ol jl g ogh oo ) S o 5l Lasl aliwg
I3 ol (o5 b S mlaws jo bl g9l slaoad
Cawd 3ol Luiluol 5l 6ok oo S i anT g 0wyl
3 ol plie palS” e Wl o 580 (nl 39,50
Cwd 4 gull leolatnl b e s |y o SSs b
L g 65,00 B pae (ol Caz 0gd o dlpiioy ool
oS o, S Sl e o Jlaseiwl Guill jlade o iy
LYMslse oloal 205 F °C slos [0 490000

De plil 1/0

S5 4 ¥
=0 ol el lgo oloasl (oo g Les ol dl
wlzaly 03 Gl b uzen 0pd oo 0,5 Sas
e i il sLales 3 3,5 K8 lejite s Iy
sl 3 Gl 45 6l 4 o3 it SV slales
Ol o ol S o ¥ L3 Y S 5l (505,95
=0 5 00 Ojle 4l gm0l oL o S S
ol slales 5 9,5 K85 plojine 5 oo el
& 2 Fhe Cush, gy oo ke pSTas el i,
VeEx) s L Ve OC 63,9 slen Les o VIO MUS Iga
Gt o s e JBlas uimren el Caws 4 (MPYS)
¥ oCloy9 Sl Lod 5 Y MIS g2 (23 55 350 Cugh,
e e el s ay (MP8) VY =T L
I3 (23 )0 e 5 A g ,0b sl oy (Brae 555
A YYPIVEmMikg Ll Ve °C (60g,9 slgn Loo o ¥ MIS
= 9 le 2 sled Lial5 81 b Dt dsy oo, a4y al s
prz JUisl o 4 GV slales jo ol gy e JUS) 1o

Csshy Gy o i e 428l il i

[1] Ghahraman, A. (2013). Flora of Iran. Research
Institute of Forests and Rangelands(RIFR)
Publisher,Vol. 27 Tehran, Iran. [In Persian]

[2] Kabiri, S., Sayyed-Alangi, S. Z. (2015).
Comparison of Antioxidant effect of different extracts
from Melissa officinalis leaves with immersion and

&l
microwave-assisted extractions and its oxidative
stability on soybean oil. Innov. Food Technol., 2(4),
23-38. [In Persian]

[3] Omidbaigi, r. (2014). Production and processing
of medicinal plants. third volume. Astan Quds Razavi
Publications, Mashhad, Iran. [In Persian]



OLles 5 (505 el

YWY : 45:205 0L uill gl Bl (yledily 5 (8 pae (65,3l (50,8 St calisee byl

[4] Cakmak, G., Yildiz, C. (2011). The drying kinetics
of seeded grape in solar dryer with PCM-based solar
integrated  collector. Food and Bioproducts
Processing, 89, 103-108.

[5] Karami, H., Rasekh, M., Darvishi, Y., Khaledi, R.
(2017). Effect of drying temperature and air velocity
on the essential oil content of Mentha pulegium L.
Innov. Food Technol., 5(1), 65-75. [In Persian]

[6] Akpinar, E.K., Bicer, Y., Cetinkaya, F. (2006).
Modelling of thin layer drying of parsley leaves in a
convective dryer and under open sun. J. Food Eng., 3,
308-315.

[7] Doymaz, 1., Tugrul, N., Pala, M. (2006). Drying
characteristics of dill and parsley leaves. J. Food Eng.,
3: 559-565.

[8] Karami, H., Rasekh, M., Darvishi, Y., Khaledi, R.
(2017). Effect of drying temperature and air velocity
on the essential oil content of Mentha aquatica L. J.
Essent. Oil Bear. PI., 20(4), 1131-1136.

[9] Karami, H., Rasekh, M., Darvishi, Y. (2017).
Effect of temperature and air velocity on drying
kinetics and organo essential oil extraction efficiency
in a hybrid dryer. Innov. Food Technol., 5(1): 65-75.
[In Persian]

[10] Karami, H., Rasekh, M. (2018). Investigation of
mass transfer kinetics and modeling of tarragon
drying(Artemisia dracunculus L.). Iranian Journal of
Medicinal and Aromatic Plants., 5(1): 65-75. [In
Persian]

[11] Alibas, 1. (2006). Characteristics of chard leaves
during microwave, convective, and combined
microwave-convective drying. Dry. Technol., 24(11),
1425-1435.

[12] Yaldiz, O., Ertekin, C. (2001). Thin layer solar
drying of some different vegetables. Dry. Technol.,
19, 586-596.

[13] Panchariya, P.C., Popovic, D., Sharma, A.L.
(2002). Thin-layer modeling of black tea drying
process. J. Food Eng., 52, 349-357.

[14] Kaya, A., Aydin, O., (2009). An experimental
study on drying kinetics of some herbal leaves.
Energy Convers. Manag., 50, 118-124.

[15] Doymaz, 1. (2009). Thin-layer drying of spinach
leaves in a convective dryer. J. Food Process Eng.,
32, 112-125.

[16] Doymaz, I. (2011). Drying of thyme (Thymus
vulgaris L.) and selection of a suitable thin-layer
drying model. J. Food Process. Preserv., 35, 458-465.
[17] Borah, A., Hazarika, K., Khayer, S.M. (2015).
Drying kinetics of whole and sliced turmeric rhizomes
(Curcuma longa L.) in a solar conduction dryer. Inf.
Process. Agric., 2, 85-92.

[18] Sharabiani, V. R., Taghinezhad, E., Hadipour
Rokni, R. (2019). Modeling and Optimization of
Energy Parameters in Rosmarinus officinalis Drying
with Microwave Pretreatment. Innov. Food Technol.,
DOI: 10.22104/J1FT.2019.3500.1839. [In Persian]
[19] Karami, H. (2014). Design, manufacture and
evaluation of hybrid dryers for medicinal plants.

Master of Science thesis. Razi University,
Kermanshah, Iran. [In Persian]
[20] Aghbashlo, M., Kianmehr, M., Samimi-

Akhijahani, H. (2009). Evaluation of thin-layer drying
models for describing drying kinetics of barberries
(Barberries vulgaris). J. Food Process Eng., 32(2),
278-293.

[21] Aghbashlo, M., Kianmehr, M.H., Khani, S.,
Ghasemi, M. (2009). Mathematical modelling of thin-
layer drying of carrot. Int. Agrophys., 23(4), 313-317.
[22] Karami, H., Lorestani, A.N., Tahvilian, R.
(2018). Experimental study of performance of a
Forced convection Hybrid Dryer (Solar-electric).
Journal of New and Renewable Energy, 5(2), 107-
115. [In Persian]

[23] Crank, J. (1975). The Mathematics of Diffusion.
Clarendon Press, Oxford, Bristol, England.

[24] Rodriguez, 1., Clemente, G., Sanjuan, N., Bon, I.
(2014). Modelling drying kinetics of thyme (Thymus
vulgaris L.): theoretical and empirical models, and
neural networks. Food Sci. Technol. Int., 20: 13-22.
[25] Dehghannya, J., Hosseinlar, S. Heshmati M.K.
(2018). Multi-stage continuous and intermittent
microwave drying of quince fruit coupled with
osmotic dehydration and low temperature hot air
drying. Innov. Food Sci. Emerg Technol. 45, 132-151.



Innovative Food Technologies, 8(1), Autumn 2020 O YA
A4

Research Article
The effect of different drying conditions on effective moisture diffusivity, specific energy
consumption and extraction efficiency of Melissa officinalis essential oil

Hamed Karami', Ali Nejat Lorestani®’, and Reza Tahvilian®

1.MSc Graduate, Department of Mechanical Engineering of Biosystems, Faculty of
Agriculture, Razi University, Kermanshah
2. Associate professor, Mechanical Engineering of Biosystems Department, Faculty of
Agriculture, Razi University, Kermanshah
3. Associate professor, Department of Pharmaceutics, Novel Drug Delivery Research Center,
Students Research Committee School of Pharmacy, Kermanshah University of Medical
Sciences(KUMS), Kermanshah

Abstract

The aim of this study was to investigate the effect of temperature and air displacement rate on effective moisture
diffusivity, specific energy consumption, drying rate, moisture ratio, and the extraction efficiency of Melissa
officinalis essential oil in hybrid dryer as thin layer. This paper presents the thin layer drying behavior of
Tarragon (Melissa officinalis) by a solar hybrid dryer. Experiments were carried out at the air temperatures of
40°C, 50°C, 60°C, 70°C and air velocity of 1m/s, 1.5 and 2 m/s. Effective moisture diffusivity values were
achieved to be in the range of 7.1x10*2-1.05x10 ** m%s. Specific energy consumption values were achieved to
be in the range of 75.65-326.76 (MJ/kg). Also the effect of the air velocity on the drying time at a low
temperature is greater than that at a high temperature. The highest amount of essential oil related to a
temperature of 40°C and air velocity of 1-1.5 m/s was achieved with approximately 0.5 cc (v/w) and by
increasing the temperature from 40°C to 70°C the amount of essential oil was decreased Significantly.

Keywords: Specific Energy Consumption, Melissa Officinalis, Essential Oil, Effective Moisture
Diffusivity, Dryer.
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