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ABSTRACT 

Summer savory (Satureja hortensis L.) plant is one of the most promising plants suitable for 
cultivation in the conditions of Egypt. A filed experiment was carried out at Department of Ornamental 
Horticulture, Faculty of Agriculture, Cairo University and Department of Medicinal and Aromatic 
Plants Research National Research Center, Dokki, Giza, Egypt, during two successive seasons 2014 
and 2015. The aim of this work was to study the effect of different drying methods, sun dry, shade, 
oven at 45º C and freeze drying at -45º C on the herb dry weight, essential oil percentage, essential oil 
constituents and chlorophyll a, b and carotenoids content of summer savory plants. The results showed 
that the highest level of herb dry weights and essential oil percentages were obtained by using shade 
and oven drying methods. In general, the major essential oil constituents were carvacrol (43.13 - 
54.05%) and γ-terpinene (29.37 - 38.07%). The freeze drying method gave the highest value of 
carvacrol content, but the shade drying gave the highest valueof γ-terpinene content. The other lower 
percentage components arranged in descending order including ρ-cymene, terpinolene, α-terpinene, α-
pinene and α-thujene contents. The photosynthetic pigments contents (chlorophyll a, b and carotenoids) 
reached to the highest values by freeze drying method at both cuts during both seasons.  
 
Keywords: Summer savory, Satureja hortensis L., Drying methods, Carvacrol, γ-terpinene, 

Photosynthetic Pigments 

 
Introduction 

Summer savory (Satureja hortensis L.) plant which belongs to Lamiaceae family is an annual 
herb up to 45 cm height with slender, erect, slightly hairy stems, linear leaves and small, pale lilac 
flowers. It is native to Europe, naturalized in North America. It is extensively cultivated in Spain, 
France, Yugoslavia and the USA and recently in Egypt for the production of essential oil. It is popular 
culinary herb, with a peppery flavour. It has been used therapeutically mainly as a tea for various 
ailments including digestive complaints (cramp, nausea, indigestion, intestinal parasites), menstrual 
disorders and respiratory conditions (asthma, catarrh, sore throat). Applied externally, the fresh leaves 
bring instant relief from insect bites, bees and wasp stings (Lawless, 1992). 

Drying is one of the common processes in medicinal and aromatic plants where controlled heating 
used to conduct removing of water by evaporation and sublimation resulting in reduction of water 
activity. Preventing microbial and enzymatic activities, reducing of harmful chemical interaction such 
as non-enzymatic browning and auto oxidation, volume and weight reduction to facilitate packing and 
transportation. Drying is one of the most important post-harvest processes of herbal plants in which 
regarding the type of effective substances such as alkaloids, essential oils and flavonoids….etc. (Blose, 
2001). 

Several studies were done on effect of drying methods of the several aromatic plants on the 
essential oil content, composition and pigments content such as Maroto et al. (2002) on parsley, 
Fatemah et al. (2005), Sefdknot et al. (2006) on summer savory, Massoud et al. (2010) on sweet basil, 
Abdalleh et al. (2013) on Bakhitiari savory, Vahid and Sharareh (2013) on Common Sage, Lotfi et al. 
(2014) on summer savory and Marina et al. (2015) on peppermint. They found that deferent drying 
methods had a significant effect on all characteristics; herb dry weight, essential oil % and constitutes 
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as well as pigments contents. The highest content of chlorophyll was found in the Lyophilized drying 
method.    

The aim of this study was to investigate the effect of different drying methods (Sun drying, Shade 
drying, Oven drying and Freeze drying) on the herb weight, essential oil percentages, constituents and 
also pigments contents.  

 
Material and Methods 
 

This study was carried out at the Department of Ornamental Horticulture, Faculty of Agriculture, 
Cairo University and Medicinal and Aromatic Plants Research Department, National Research Center, 
Dokki, Giza, Egypt, during the two successive seasons of 2014 and 2015. 

The objective of this study was to investigate the effect of different drying methods; sun dry, 
shade, oven at 45º C and freeze drying at -45º C on the herb dry weight, essential oil percentage, 
essential oil constituents and chlorophyll a, b and carotenoids content of Satureja hortensis L. plants. 

 
Plant material 

In this experiment, the fresh herb samples (100 g) of summer savory plants were obtained from 
the plants fertilized with (80 kg N/fed.) and planted at spacing (30×50 cm), the samples were taken at 
the early bloom stage on 2nd June and 5th August 2014 for the first and second cuts, respectively and on 
10th June and 13th August 2015 for the first and second cuts, respectively in the two growing seasons. 

 
Layout of the experiment 

This experiment was designed using complete randomized design (CRD), with four drying 
treatments, i.e. sun drying, shade drying, oven at 45ºC and freeze drying at -45ºC. Each treatment 
replicated three times (12 replicates). 

 
Procedures 

Fresh herb samples (100 g) were dried as follows: 
Sun drying: the samples were placed on mesh plastic trays directly exposed to direct sunlight for 4 
days until reaching a constant weight. Shade drying: the samples were placed on mesh plastic trays at 
room temperature (25ºC) for 7 days until reaching a constant weight. Oven drying: the samples were 
placed in the laboratory oven at 45ºC for 48 hr. until reaching a constant weight.  Freeze drying: the 
samples were placed in freeze dryer (Instrument: Christ Mode (beta 1-8 LD plus, Germany) at -45ºC 
for 72 hrs. until reaching a constant weight. 

 
All dried samples obtained from different drying methods were packed in paper bags and kept in 

desiccators, then the following data were recorded at both cuts in both seasons: 
1- Herb dry weight percentage (g/100g F.W.) 
2- Essential oil isolation 

 The oil percentage was determined in dried herb in both seasons using the hydro-distillation 
method by Clevenger apparatus according to Guenther (1961).  A known weight of dried herb (25 g) 
was placed in a flask of 1 L capacity for distillation, and an adequate amount of water was added. A 
proper essential oil trap and condenser were attached to the flask and enough water was added to fill 
the trap. The distillation continued for 3.0 hours until no further increase in the oil was observed. After 
finishing the distillation process the apparatus was left to be cooled, and the essential oil percentage 
was estimated as (V/W). The oil was dried by sodium sulphate anhydrous. 

 
3- GC analysis 

Essential oil constituents samples taken from the essential oil obtained in the two seasons were 
analyzed using GC analysis, to determine their main constituents. The use of GC in the quantitative 
determinations was performed using the methods described by Tatjana et al. (2009). 

 The GC analysis of the essential oil samples were carried out in the two seasons using gas 
chromatography instrument stands at the Laboratory of Medicinal and Aromatic Plants, National 
Research Center with the following specifications.  
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Instrument: capillary GC-2010 plus Gas Chromatographs (Shimadzu Corp., Japan), coupled with 
a Shimadzu FID 2010 Plus detector (Flame Ionization Detector). The GC system was equipped with a 
Stabilwax column (30 m x 0.25 mm i.d., 0.25 μm film thickness). Analysis were carried out using 
helium as carrier gas at a flow rate of 1.0 mL/min at a split ratio of 1:10 and the following temperature 
program: 40º C for 1 min; rising at 4.0º C/min to 150º C and held for 6 min; rising at 4º C/min to 210º 
C and held for 1min. The injector and detector were held at 210º C and 250º C, respectively. Diluted 
samples (1:10 hexane, v/v) of 0.2 μL of the mixtures were always injected. Most of the compounds 
were identified using GC standards. The obtained chromatogram and analysis report for each sample 
were analyzed to calculate the percentage of the main volatile oil components. The area of each peak 
was first calculated by an automatic integrator. The areas were then summed, and the total area of the 
peaks represented the whole sample. The percentage of each component was the ratio between its peak 
area to the total peak areas, multiplied by 100. 

 
4- Photosynthetic Pigment contents:  

Determination of chlorophyll a, b and total carotenoids (mg/g fresh leaves) according to Moran 
(1982) as follows: Ten ml N, N-Dimethylformamide was added to 1 g of fresh leaves in dark tubes then 
they were placed overnight in the refrigerator. The obtained extracts from previous materials were 
measured by spectrophotometer at the wavelength of 663 nm for chlorophyll a, 647 nm for chlorophyll 
b and 470 nm for carotenoids, using N, N-Dimethylformamide as a blank. 

 
Statistical analysis  

Data recoded on the dry herb weight, essential oil percentage and photosynthetic pigments 
contents were statistically analyzed and separation of means were performed using the Least Significant 
Difference (L.S.D) test at the 5% level as described by Little and Hills (1978). 
 
Results and Discussion 
 
1. Herb dry weight percentage 

The data presented in Table (1) show that the different drying methods had a marked effect on 
the herb dry weight of Satureja hortensis L. plants. In the first season, the sun drying method gave 
significantly higher herb dry weight%, with the mean value of 29.48% compared to the plants dried by 
shade drying method resulted the values of (27.58%). While the increase in herb dry weight from the 
plants dried by sun drying method was insignificant compared to the herb dry weights resulted from 
plants dried by oven and freeze drying methods (27.74 and 27.67%, respectively). The differences 
between the herb dry weights resulted from the plants dried by shade, oven and freeze drying methods 
were non-significant at the first cut. 
 
Table 1: Effect of drying methods on herb dry weight (%) of fresh herb of Satureja hortensis L. in both 

seasons 
Drying 
Methods 

First season, 2014 Second season, 2015  
1st cut 2nd cut Mean 1st cut 2nd cut Mean G.M. 

Sun 29.48 32.31 30.90 32.54 32.56 32.55 31.73 
Shade 27.58 32.90 30.24 33.61 29.32 31.47 30.86 
Oven 27.74 30.94 29.34 34.78 29.95 32.37 30.86 
Freeze  27.67 29.54 28.61 27.33 29.32 28.33 28.47 
LSD 0.05 1.894 3.249  1.747 N.S.   

 
At the second cut, the highest dry weight of herb (32.90%) was obtained in the plants dried by 

shade drying method compared to the other drying methods; sun, oven and freeze, the mean values were 
32.31, 30.94 and 29.54%, respectively, these increases were significant only in the plants dried by freeze 
drying method and non-significant by sun and oven drying methods. 

In the second season, oven drying method gave significantly increase in the dry herb weight 
(34.78%) compared to sun and freeze drying methods, giving 32.54 and 27.33%, respectively. 
meanwhile, the difference between the dry herb weights formed in the plants dried by the methods of 
oven and shade were statistically insignificant at the first cut. On the other hand, at the second cut, all 
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different drying methods (sun, shade, oven and freeze drying) had no significant effect on the dry herb 
weight between them, with mean values of 32.56, 29.32, 29.95 and 29.32%, respectively. 

Generally, the highest mean of dry weights in summer savory plants were recorded by sun drying 
method at both cuts for both seasons, recorded the general mean values of 30.90 and 32.55%, 
respectively. Also, the general total mean of dry herb matter for both seasons was (31.73%) was the 
highest with sun drying method than the other drying methods (shade, oven and freeze, with the general 
total mean values of 30.86, 30.86 and 28.47%, respectively). 

 
2. Essential oil percentage 

The data presented in Table (2) show the effect of different drying methods on the essential oil 
percentage of Satureja hortensis L. plants, the data indicated that: 

In the first season, at both cuts, the shade, oven and freeze drying methods significantly increased 
the essential oil percentage in dried herb compared to sun drying method, which gave the lowest 
essential oil percentage with mean values of 1.307 and 1.790% at both cuts, respectively. 

The highest essential oil percentage was recorded in the plants dried in oven drying method at 
both cuts, the values were 1.834 and 2.877%, respectively. Moreover, the essential oil percentages were 
1.733, 1.670 and 2.877, 2.400% obtained from the plants dried by shade and freeze drying methods at 
both cuts, respectively. 

These results are in agreement with those findings by Massoud et al. (2010) on Ocimum basilium 
plants, found that the oven drying method was the best treatment to produce the highest volatile oil 
percentage, Abdollah et al. (2013) on Satureja bachtiarica, Bunge. plants, found that the highest 
essential oil yields were obtained by oven drying at 65ºC and Ghasemi et al. (2013) on Melissa 
officinalis L., found that the maximum essential oil content (0.43%) was obtained in 48hrs oven drying. 
 
Table 2: Effect of drying methods on essential oil percentage of dry herb of Satureja hortensis L. in 

both seasons 
Drying 
Methods 

First season, 2014 Second season, 2015  
1st cut 2nd cut Mean 1st cut 2nd cut Mean G.M. 

Sun 1.307 1.790 1.548 1.520 2.290 1.905 1.727 
Shade 1.733 2.877 2.305 2.140 2.447 2.294 2.300 
Oven 1.843 2.877 2.360 1.957 2.487 2.222 2.291 
Freeze  1.670 2.400 2.035 1.697 2.383 2.040 2.038 
LSD 0.05 0.303 0.451  0.346 N.S.   

 
In the second season, at the first cut, the highest essential oil percentage (2.140%) was recorded 

in the plants dried by shade drying method compared to other drying methods as oven, freeze and sun 
drying methods, which gave the values of 1.957, 1.697 and 1.520%, respectively. This result agreed 
with Khorshidi et al. (2009) on Rosmarinus officinalis L., found that the maximum essential oil 
percentage (1.8%) was obtained with shade drying. 

The plants dried by shade and oven methods significantly increased the essential oil percentage 
compared to the sun and freeze drying methods at the first cut in the second season. At the second cut, 
all different drying methods (sun, shade, oven and freeze) had no significant effect on the essential oil 
percentages, the values were 2.290, 2.447, 2.487 and 2.383%, respectively. 

Currently, it is also worth mentioning that, the superior effect of oven and/or shade drying method 
on the essential oil percentage compared to those of sun and freeze drying methods in Table (2) the 
general means of both cuts and with the general total mean of both seasons may be attributed to the 
dominate conditions throughout at each method such as temperature, humidity and time of drying 
period. 

 
3. Essential oil constituents 

Results of the gas chromatographic analysis of the essential oil samples extracted from Satureja 
hortensis plants dried at different drying methods at both cuts in the two seasons, the data presented in 
Table (3) and Figure (1) show that the main constituents of the essential oil of summer savory plants 
dried by different drying methods at both cuts in the two seasons were identified by GC. Seven 
components were carvacrol (45.29 – 49.42%) and γ-terpinene (31.57 – 35.19%), followed by 
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terpinolene (5.15 – 6.20%), ρ-cymene (3.42 – 3.92%), α-terpinene (2.48 – 2.78%), α-pinene (1.51 – 
1.66%) and α-thujene (1.30 – 1.63%) as general means in both seasons. The total identified components 
in the essential oils were 96.05, 96.80, 96.32 and 95.73% recorded by sun, shade, oven and freeze drying 
methods, respectively. 

 
Carvacrol content (the first component) is a phenolic compound 

The data presented in Table (3) and Fig (1) show the effect of the different drying methods on 
the carvacrol content in the essential oils extracted from dried herb of summer savory plants. In the first 
season, the highest carvacrol content was found in the essential oil extracted from the plants dried by 
freeze drying method with values of 53.85 and 45.19% at both cuts, respectively. The lowest content of 
carvacrol was recorded by sun drying method the values were 48.27 and 43.30% at both cuts, 
respectively. Currently, the carvacrol contents were higher at the first cut than at the second one in 
essential oils of different drying methods. 
 
Table 3: Effect of drying methods on the essential oil constituents of dry herb of Satureja hortensis L. 

plants in both seasons 
Drying 
Methods 

First season, 2014 Second season, 2015  
1st cut 2nd cut Mean 1st cut 2nd cut Mean G.M. 

                            α-Thujene   
Sun 1.32 1.74 1.53 1.38 2.05 1.72 1.63 
Shade 1.06 1.28 1.17 1.23 1.63 1.43 1.30 
Oven 1.09 1.50 1.30 0.92 1.81 1.37 1.34 
Freeze  1.03 1.61 1.32 1.11 1.91 1.51 1.42 

                          α-Pinene   
Sun 1.78 1.90 1.84 1.36 1.59 1.48 1.66 
Shade 1.72 1.55 1.64 1.33 1.52 1.43 1.54 
Oven 1.58 1.84 1.71 1.02 1.60 1.31 1.51 
Freeze  1.55 1.93 1.74 1.22 1.63 1.43 1.59 

                          α-Terpinene   
Sun 2.62 2.76 2.69 2.74 2.72 2.73 2.71 
Shade 2.65 2.75 2.70 2.81 2.90 2.86 2.78 
Oven 2.52 2.86 2.69 2.60 2.95 2.78 2.74 
Freeze  2.44 2.77 2.61 1.98 2.71 2.35 2.48 

                         ρ-Cymene   
Sun 3.61 3.93 3.77 4.16 3.53 3.85 3.81 
Shade 3.73 3.90 3.82 4.25 3.77 4.01 3.92 
Oven 3.45 4.01 3.73 3.94 3.86 3.90 3.82 
Freeze  3.33 3.84 3.59 3.03 3.43 3.23 3.42 

                         γ-Terpinene   
Sun 33.53 36.12 34.83 37.81 31.52 34.67 34.75 
Shade 33.14 36.75 34.95 38.07 32.78 35.43 35.19 
Oven 30.56 36.28 33.42 37.21 33.88 35.55 34.49 
Freeze  30.44 35.60 33.02 29.37 30.87 30.12 31.57 

                           Terpinolene   
Sun 5.39 5.48 5.44 4.10 9.82 6.96 6.20 
Shade 3.24 5.18 4.21 3.96 8.20 6.08 5.15 
Oven 4.29 5.37 4.83 4.13 8.37 6.25 5.54 
Freeze  3.93 4.94 4.44 4.41 10.02 7.22 5.83 

                          Carvacrol   
Sun 48.27 43.30 45.79 45.50 44.05 44.78 45.29 
Shade 51.33 44.66 48.00 45.66 45.03 45.35 46.92 
Oven 52.99 44.33 48.66 47.06 43.13 45.10 46.88 
Freeze  53.85 45.19 49.52 54.05 44.57 49.31 49.42 

Seven components representing =  (identified) sun: 96.05%, shade: 96.80%, oven: 96.32% and freeze: 95.73%                    
Other  components representing = (unidentified) sun: 3.95%, shade: 3.20%, oven: 3.68% and freeze: 4.27%                                          
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Fig.1: GC chromatogram of Satureja hortensis L. essential oil. 
 
In the second season, at the first cut, carvacrol content had a similar trend at both cuts in the first 

season. Moreover, at the first and second cuts, the highest content of carvacrol (54.05% and 44.57%) 
were found also in the oil of  obtained from drying plants by shade and freeze drying method, but the 
lowest content 43.13% was recorded in the oil of oven drying method at the second cut. Generally, the 
highest carvacrol content was found in the essential oil of the plants dried by freeze drying method 
compared with the other drying methods, especially sun method in the both seasons. 
 
Gamma terpinene content (the second major component) is a hydrocarbon compound 

In the first season, the highest gamma terpinene content (33.53%) was found in the oil extracted 
from the plants dried by sun drying compared to the other drying methods (shade, oven and freeze 
methods), the values were 33.14, 30.56 and 30.44%, respectively at the first cut, also, the highest content 
of (36.75%) was recorded in the oil extracted from plants dried by shade method at the second cut. The 
lowest value 30.44% was obtained in the oil extracted from planted dried by freeze drying method at 
the first cut. In the second season, at the first cut, the contents of γ-trepinene had similar trend as in the 
second cut in the first season, i.e. the highest content 38.07% was found in the oil of shade dried plants, 
but the lowest value 29.37% was recorded for plants treated by freeze drying method. Moreover, the 
highest content of γ-trepinene was 33.88% in the oil of oven drying method and the lowest content 
30.87% was recorded also in the oil extracted from plants dried by freeze method in the second cut. 

Generally, the lowest content of γ-trepinene was found in the oil of the plants dried by freeze 
drying method compared to the other drying methods (sun, shade and oven) which gave the highest 
content in both seasons. This result is in agreement with finding obtained by Khalied et al. (2008) on 
the herb of lemon balm, Melissa officinalis L., found that the drying methods had no effect on the 
number of chemical components of the essential oil. Sun drying method was the most suitable for a 
high percentage of monoterpine hydrocarbons during the first harvesting and Abdallah et al. (2013) on 
Bakhtiari savory, Satureja bachtiarica Bunge plant, found that the drying of aerial parts in the oven at 
45ºC was the most suitable drying method considering short drying time and high oil yield. 

Terpinolene content in the essential oil of summer savory was higher at the second cut than at the 
first one in both seasons at the different drying methods especially at the second cut in the second 
season. 

The contents of ρ-cymene, α-terpinene, α-pinene and α-thujene components in the essential oil 
of Satureja hortensis plants had no clear trend as affected by the different drying methods and the time 
of harvesting (cuts) or growing seasons. This result agreed with Fatemeh et al. (2005) on Satureja 
hortensis L. plants, found that the drying method had no significant effect on oil composition of S. 
hortensis.  
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4. Photosynthetic Pigments contents: 
  
4.1. Chlorophyll a content  

The results recoded in Table (4) show that the chlorophyll a content in the dried leaves of Satureja 
hortensis L. was effected by the different drying methods at both cuts in the two growing seasons, the 
data indicated that: 

In the first season, the highest chlorophyll a content was found in the plants dried by the freeze 
drying method at both cuts, giving the mean values were 1.444 and 2.010 mg/g D.W., respectively. 
While the lowest contents of chlorophyll a were recorded in plants dried by sun and oven drying 
methods at both cuts, with non-significant differences between them. Moreover, the chlorophyll a 
content obtained by the shade drying method had intermediate content (0.986 and 1.209 mg/g D.W.) at 
both cuts, respectively) compared to sun and oven drying methods and/or freeze drying method at both 
cuts in the first season. 

 
Table 4: Effect of drying methods on chlorophyll a content (mg/g D.W.) of dry leaves of Satureja 

hortensis L. in both seasons 
Drying 
Methods 

First season, 2014 Second season, 2015  
1st cut 2nd cut Mean 1st cut 2nd cut Mean G.M. 

Sun 0.511 1.031 0.771 1.550 0.888 1.219 0.995 
Shade 0.986 1.209 1.098 1.604 1.163 1.384 1.241 
Oven 0.620 1.061 0.841 1.545 1.098 1.322 1.082 
Freeze  1.444 2.010 1.727 2.948 1.451 2.200 1.964 
LSD 0.05 0.167 0.110  0.219 0.141   

 
In the second season, the highest chlorophyll a content was found in plants dried by the freeze 

drying method at both cuts, also similar results was noticed in the first season, compared to the other 
drying methods (sun, shade and oven methods). The increase in chlorophyll a content obtained by freeze 
drying method was significant compared to the other drying methods at the first cut. Moreover, the 
chlorophyll a content significantly increased in the plants dried by shade, oven and freeze drying 
methods with mean values were 1.163, 1.098 and 1.451 mg/g D.W., respectively, compared to 0.888 
mg/g D.W. was found in the plants dried by sun drying method at the second cut in the second season. 

In general, the maximum content of chlorophyll a was recorded in the plants dried by freeze 
drying method compared to the other drying methods (sun, shade and oven methods) with the general 
mean of both cuts in both seasons and/or with the general total mean of both seasons, with the mean of 
1.727, 2,200 and/or 1.964 mg/g D.W., respectively. The increase in chlorophyll a content in the plants 
dried by freeze drying method may be due to the low temperature (-45ºC) and short time of drying 
period (48 hrs) throughout this method. Similar result was recorded by Marina et al. (2015) on the two 
peppermint (Mentha piperita L.) cultivars "Krasnodarkaja and Peppermint", found that the highest 
content of chlorophyll was recorded in the Lyophilized Peppermint cv. leaves (715.0 mg/100g of dry 
mass).  

 
4.2. Chlorophyll b content  

The results recorded at both cuts in the two seasons in Table (5) show that the chlorophyll b 
content in dried leaves of Satureja hortensis L. was considerable affected by the different drying 
methods. In the first season, the highest chlorophyll b content was found in the leaves of the plants dried 
by freeze drying method, the mean values were 0.538 and 0.755 mg/g D.W. at both cuts, respectively 
compared to in the plants dried by the other drying method with significant differences as compared to 
the other drying methods (shade, oven and sun drying methods). The lowest chlorophyll b content was 
recorded in the plants dried by sun drying method at the first cut and/or with shade and oven drying 
methods at the second cut, the values were 0.349 and/or 0.367 and 0.377 mg/g D.W., respectively. The 
increase in chlorophyll b content by freeze drying methods compared to other drying methods (sun, 
shade and oven drying methods) at both cuts in the first season. 
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Table 5: Effect of drying methods on chlorophyll b content (mg/g D.W.) of dry leaves of Satureja 
hortensis L. in both seasons   

Drying 
Methods 

First season, 2014 Second season, 2015  
1st cut 2nd cut Mean 1st cut 2nd cut Mean G.M. 

Sun 0.349 0.461 0.405 0.994 0.458 0.726 0.566 
Shade 0.516 0.376 0.446 0.803 0.432 0.618 0.532 
Oven 0.436 0.377 0.407 0.687 0.551 0.619 0.513 
Freeze  0.538 0.755 0.647 1.175 0.422 0.799 0.723 
LSD 0.089 0.006  0.141 0.089   

 
In the second season, the highest chlorophyll b content (1.175) was found in the plants dried by 

freeze drying method compared to the other drying methods, oven, shade and sun drying methods, 
which gave the values of 0.687, 0.803 and 0.994 mg/g D.W. at the first cut, respectively, the same trend 
was noticed in the second cut in the first season. 

Moreover, the highest chlorophyll b content (0.551 mg/g D.W.) was recorded in the plants dried 
by oven drying method compared to the different drying methods of freeze, shade and sun drying 
methods, with the mean values of 0.422, 0.432 and 0.458 mg/g D.W. at the second cut, respectively. 
The increase was significant in chlorophyll b content by oven drying method compared to the other 
drying methods mentioned before. 

Generally, the highest chlorophyll b content was recorded in the plants dried by freeze drying 
method compared to the other drying methods (sun, shade and drying methods). The increases were 
maximum general mean at both cuts in both seasons, with the mean of 0.647 and 0.799 mg/g D.W., 
respectively and in both seasons with the general total mean of 0.723 mg/g D.W. A similar result was 
found by Marina et al. (2015) on Mentha piperita plants. 

 
4.3. Carotenoids content  

The results recorded in the two seasons in Table (6) show that the carotenoids content in dried 
leaves of Satureja hortensis L. plants was affected by the different drying methods, the data indicated 
that: 

In the first season, the freeze drying method had a significant effect on increasing the carotenoids 
content when compared to the other drying methods (sun, shade and oven) at both cuts. The highest 
carotenoids content was recorded by freeze drying method, the averages were 0.762 and 1.540 mg/g 
D.W. at both cuts, respectively, while the lowest contents of carotenoids were obtained in the dried 
leaves of plants treated by sun drying in the first and second cuts, the values were 0.388 and 0.888 mg/g 
D.W., respectively.  

In the second season, the highest contents of carotenoids was found in the plants dried by freeze 
drying method with a significant differences, the value was (2.2 63 mg/g D.W.), meanwhile, the lowest 
content of carotenoids was found in the plants dried by oven drying method, with mean value of 1.572 
mg/g D.W., at the first cut. At the second cut, the drying methods such as shade, oven and freeze had a 
significant increase in carotenoids contents in comparison with sun drying, with mean values of 1.074, 
1.399, 0.968 and 0.799 mg/g D.W. respectively. The highest carotenoids content was recorded in the 
plants dried by oven drying method (1.399 mg/g D.W.), whereas the lowest value was found in the 
plants dried by the sun method (0.799 mg/g D.W.) at the second cut in the second season. 
 
Table 6: Effect of drying methods on carotenoids content (mg/g D.W.) of dry leaves of Satureja 

hortensis L. in both seasons 
Drying 
Methods 

First season, 2014 Second season, 2015  
1st cut 2nd cut Mean 1st cut 2nd cut Mean G.M. 

Sun 0.388 0.888 0.638 1.604 0.799 1.202 0.920 
Shade 0.621 0.928 0.775 1.629 1.074 1.352 1.064 
Oven 0.423 1.007 0.715 1.572 1.399 1.486 1.101 
Freeze  0.762 1.540 1.151 2.263 0.968 1.616 1.384 
LSD 0.05 0.126 0.063  0.200 0.063   
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Currently, the content of carotenoids was higher in the plants dried by freeze drying method than 
those resulted in the plants dried by the other methods of drying (sun, shade and oven), similar results 
were recorded in chlorophyll a and b contents at both cuts in both seasons. 

Generally, the highest pigment contents (chlorophyll a, b and carotenoids) were found in the 
summer savory plants dried by the freeze drying method compared to the other different drying methods 
of sun, shade and oven at both cuts in the two seasons. These results are in agreement with the findings 
obtained by Lotfi et al. (2014) on Satureja hortensis L., found that the different drying conditions 
including shadow, sun and oven (70ºC and 100ºC) and microwave. The results recorded that the changes 
in Satureja color was a function of time temperature drying. Marina et al. (2015) on Mentha piperita 
plants, found that the quality of dried herbs depended on the properties of plants and drying techniques. 
The highest content of chlorophyll was found in the lyophilized (freeze drying) leaves. 
 
Conclusion 

 
The shade drying method was favorable condition for commercial production of the essential oil 

of s ummer savory plant, while the production of the dry herb with high quality properties (green color), 
the fresh herb should be dried by freeze drying method. 
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