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FIG 1 Schematic of constructed Hybrid Dryer:
a-Dryer Chamber b-Solar collector c-Framed-
Photovoltaic cell e-Automated Control unit f-Trays
g-Chimney h-cabinet door i-Wheels
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Table 1 Thin layer drying models used in modeling of 7. vulgaris

Model Equations Reference
Midili et al MR = aexp( -kt") + bt (Y]
Verma et al MR = aexp(—kt) + (1 - a)exp( —gt) vl

Wang and Sing MR =1+ at +bt* 0]
Two- term MR = aexp(— kyt)+bexp(- kit) [o]
Logarithmic MR = aexp(—kt)+c 1]
Page MR = exp(—kt") (V]

MR , moisture Ratio

t, time

a, b, g, k, n, empirical constants and coefficients in drying models
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2. Root Mean Square Error
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Fig 2 Moisture content curve vs. drying time for
Thyme
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Table 2 Statistical results obtained from the selected drying models
2

RMSE

X R’

Model Hybrid Oven Shade

Hybrid

dryer dryer

Oven Shade I-(Iiybrld Oven Shade
ryer

Midilietal  0.007 0.002 0.009 0.001
Vermaetal  0.016 0.045 0.029 0.025

Wang and
Sing

0.041 0.033 0.063 0.037

Two- term 0.009 0.005 0.008 0.005
Logarithmic ~ 0.011 0.011 0.006 0.002
Page 0.007 0.002 0.012 0.001

0.005 0.006 0.999 0.999 0.998
0.007 0.005 0.998 0.997 0.997

0.018 0.003 0.989 0.983 0.981

0.007 0.027 0.989 0.995 0.996
0.003 0.001 0.998 0.994 0.992
0.004 0.014 0.995 0.992 0.998
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Fig 4 The essential oil content of Thyme in
different drying methods
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Table 3 compositions of essential oils of Thymus vulgaris L. obtained by three drying methods.

Hybrid dryer oven shade
No RI Area Area Area
corr. area % corr. area % corr. area %
1 Butanoic acid 904 123959859 1.54 - - - -
2 1,3,6-Octatriene 916 123959859 1.74 - - - -
3 o-Pinene 930 132184601 1.86 - - - -
4 B-Pinene 973 8951332 0.12 - - - -
5 1-Octen-3-ol 980 1029887214  14.59 - - - -
6 a-Terpinene 1014 19603153 0.27 - - - -
7 p-Cymene 1030 8777934 0.12 3136028 1.51 4460541 441
8 Limonene 1031 - - 17522120 8.47 - -
9 Linalool 1102 183527994 2.58 - - - -
10 v-Terpinene 1062 132184601 1.86 18577022 8.99 12030406 11.9
11 Borneol 1167 90823141 1.18 - - - -
12 Terpinen-4-ol 1182 106516038 1.28 38508308 18.63 1410574 1.39
13 a-Terpineol 1185 88047823 1.24 3199515 1.54 1811448 1.81
14 Thymol methyl ether 1235 210248679 2.96 - - - -
15 Citral 1240 8775030 0.12 - - - -
16 Carvone 1242 - - 4934972 2.38 - -
17 Thymol 1290 3386204290  47.7 104947219 50.78 75726694  74.96
18 Carvacrol 1313 1261253539 17.18 6957832 3.36 5579644 5.52
19 B-Cubebene 1389 54444698 0.76 - - - -
20  Caryophyllene oxide 1573 52738912 0.74 - - - -
21 Cyclooctasiloxane 1568 - - 2110749 2.51 - -
22 v-Eudesmol 1629 24159867 0.34 - - - -
23 1-Cadinol 1633 41260725 0.58 - - - -
24 Apiol 1679 - - 3764574 1.82 - -
25 1-Hexadecanol 1882 5855553 0.08 - - - -
26 Carotol 2033 71686151 1.01 -
27 Phytol 2111 9992738 0.14 - - - -
Total 7175043731 999 185047453 99.9 101019307 99.9
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The drying process plays an important role in the treatment of medicinal plants,
in order to maintain the quantity and quality of the essential oil extracted from the
plant. Because Medicinal herbs containing essential oils if they are not dried
immediately or their essence is not extracted, they will lose their active
ingredients and volatile compounds. The aim of this study is to design a hybrid
dryer to drying medicinal plants to compare their results with traditional drying
methods (sun and shade). The effects of different drying methods (hybrid dryer,
oven, and shade drying) on the essential oil content and chemical composition of
thyme were studied. The essential oils from all organs of thyme were extracted by
hydro distillation and the chemical components were analyzed by GC/MS
systems. Mathematical modeling results showed that the Midilli model can fit the
drying curves with high accuracy. The highest essential oils yield of 2.4 % (v/w)
was obtained by a hybrid dryer. Results indicated that hybrid dryer could keep the
24 Kinds of volatile compounds of thyme while these values were 10 and 6 for
oven and shadow methods, respectively. The main components of the essential
oils in different drying methods were including alpha and beta pinene,
caryophyllene, caryophyllene oxide, carotol, thymol, thymol methyl ether,
terpinene-4-ol, gama-terpinene, p-cymene. In general, hybrid-drying method is
recommended as the best method for post-harvest thyme processing.
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