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Figure 20: Flower epidermis trichomes of A javanica (Magnification: 400X) 

 

Figure 21: Flowers epidermis trichomes of A javanica (Magnification: 800X) 
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4.2.2 Plant Physiology by Spectrophotomer 

4.2.2.1 Chlorophyll (A, B, Total) 

The results’ mean of chlorophyll A, B, and total chlorophyll content for fresh 

leaves of A. javanica are presented in Figure 22 with their SDs and error bars. The 

highest values, recorded in the spring and autumn, followed by the winter. While the 

lowest values, recorded in the summer. Results show same trend for the contents of 

chlorophyll A, B and total. 

 

 

 

Analysis of variance (illustrated in Figure 22) showed a significant difference 

(at P ≤ 0.05) for the influence of the seasonal variations on the chlorophyll content A, 

B, and total. Analysis of multiple comparisons between groups by Tukey HSD test 

showed significant variations of chlorophyll A for the spring at 0.001 and 0.002 

0

0.5

1

1.5

2

2.5

1 2 3 4

C
h

lo
ro

p
h

y
ll

 C
o

n
te

n
t 

(m
g

/g
)

Season

Chlorophyll A Chlorophyll B Total Chlorophyll

1.54±0.13

0.34±0.01

01.72±0.09

1.14±0.03

0.46±0.03

0.05±0.035

0.43±0.02
0.31±0.00

1.45±0.03

2.00±0.15

0.40±0.02

2.15±0.11

a

a

c

b

a a

c

b

a
a

c

b

Spring Summer Autumn Winter

 
Figure 22: Effect of seasonal variation on A. javanica chlorophyll content 



138 

 

 

 

  

significance level with the summer and winter season, respectively. While variations 

of the same season (spring) did not show any significant variations with the autumn.  

Similarly, variations of chlorophyll B and total chlorophyll for the spring were 

significant at 0.001 significance level with the summer and winter. While variations 

of the same physiological parameters of the spring did not show any significant 

variations with the autumn.  

The temperature range during the spring and autumn season are similar, which 

justify the similar recorded chlorophyll A, B and total between the two seasons, thus 

explains that variations between these two moderate seasons are not significant. On 

the other hand, the high temperature variations between either the spring or autumn 

with the summer and winter justify the obtained significant variations. Our previously 

recorded temperatures of the study location (Chapter 3: Section 3.2.2) support the 

obtained results and our explanations.  

The high or low temperatures (during summer and winter, respectively) are 

forms of abiotic stress that have been reported to reduce both biosynthesis and 

chlorophyll content due to enhances the production of reactive oxygen species (ROS) 

(e.g., O2- and H2O2) that can lead to lipid peroxidation and thus chlorophyll 

degradation (Cheruth et al., 2009; Salama et al., 2011). The same justifies our obtained 

results and support that the lowest recorded chlorophyll A, B, and total were recorded 

during the hottest season (summer), which has the highest recorded temperatures and 

highest temperatures’ range.  

Another explanation could be that, the lowest chlorophyll contents recorded in 

the summer could be a result of the dilution effect, which is due to a bigger leaf area 

in comparison with the other seasons. On the other hand, the highest chlorophyll 
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contents recorded in the autumn and spring could be due to the smallest leaf area 

(Shahin et al., 2018).  

It worth mentioning that, A. javanica is a perennial desert shrub that will has a 

productive growth that starts when the plant will have access to water during the 

precipitation periods, then the plant will continue the growth to form a bigger leaf area 

that reaches its maximum size during summer.  

4.2.2.2 Carotenoids  

The results’ mean of carotenoids content for fresh leaves and flowers of A. 

javanica are presented in Figure 23 with their SDs and error bars. Similarly to the 

results of the chlorophyll content, the highest carotenoids values for leaves and 

flowers, recorded in the spring and autumn, followed by the winter. While the lowest 

values, recorded in the summer.  

Analysis of variance (illustrated in Figure 23) showed a significant difference 

(at P ≤ 0.05) for the influence of the seasonal variations on the carotenoids content of 

leaves and flowers. Analysis of multiple comparisons between groups by Tukey HSD 

test showed significant variations of leaves and flowers carotenoids (at <0.0005 

significance level) with all seasons.  
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Carotenoids have an essential role in photosynthesis and photoprotection. Also, 

carotenoids play a significant role for their antioxidant activity through inhibiting lipid 

peroxidation and stabilizing membranes. Additionally, carotenoids are essential in the 

assembly of the light-harvesting complex and in the dissipation of excess energy 

(Cheruth et al., 2009; Hencl and Cebeci, 2014). This explains the reason of obtaining 

higher carotenoids contents for the leaves in comparison with the flowers.  

The high or low temperatures (during summer and winter, respectively) are 

forms of abiotic stress that have been reported to reduce both biosynthesis and plant 

pigments, like carotenoids, due to enhances the production of reactive oxygen species 

(ROS) (e.g., O2- and H2O2) that can lead to lipid peroxidation and thus pigments 

degradation (Cheruth et al., 2009; Salama et al., 2011). The same justify our obtained 

results and support that the lowest recorded carotenoids were recorded during the 
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Figure 23: Effect of seasonal variation on A. javanica carotenoids content 
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hottest season (summer), which has the highest recorded temperatures and highest 

temperatures’ range.  

Another explanation could be that, the lowest carotenoids content recorded in 

the summer could be a result of the dilution effect, which is due to a bigger leaf area 

and flower size in comparison with the other seasons. On the other hand, the highest 

carotenoids contents recorded in the autumn and spring could be due to the smallest 

leaf area and flower size.  

Actually, A. javanica is a perennial desert shrub that will has a productive 

growth starting in the precipitation periods. Then the plant will continue the growth to 

form bigger leaf area and flower size that reach its maximum sizes during summer, 

thus lowest carotenoids contents.  

4.2.2.3 Proline  

Results of the proline are presented in Figure 24 with their SDs and error bars. 

The highest proline value, recorded in the summer, 1.43 μg/ml, followed by 1.34 μg/ml 

for the winter. While the lowest values recorded in the spring (0.96 μg/ml) and autumn 

(1.05 μg/ml).    

Analysis of variance (illustrated in Figure 24) showed a significant difference 

(at P ≤ 0.05) for the seasonal variations on proline content. Analysis of multiple 

comparisons between groups showed significant variations between the spring with 

the summer and winter season at 0.001 significance level. While the same (spring) did 

not show any significant variation with the autumn.  

Similarly, analysis of multiple comparisons between groups showed significant 

variations between the summer with the spring and winter season at 0.001 significance 

level. While the same (summer) did not show any significant variation with the winter. 

Meaning that, variations of proline between the most stressful seasons (summer and 
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winter) or moderate seasons (spring and autumn) were similar, thus analysis of 

multiple comparisons between them did not show any significant changes.  

 

 

 

Many studies are considering proline as a good indicator of many stress factors, 

including water shortage, extreme temperatures, and high light intensity (Claussen, 

2005; Mahalingam, 2015). Proline is a compatible solute that plays three main roles, 

including acting as a metal chelator, defense antioxidant molecule, and as a signalling 

molecule.  Literature review indicates that stressful environmental conditions lead to 

high proline production, in plants in order to maintain cell turgor or osmotic balance. 

The same preventing electrolyte leakage and keeping normal concentrations of 

reactive oxygen species (ROS) that prevent oxidative burst in plants (Hayat et al., 

2012).  
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Figure 24: Effect of seasonal variation on A. javanica proline content 
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The high temperature fluctuations with the high (summer) or low (winter) 

temperatures are all forms of abiotic stress factors that enhance proline production, 

acting act as a scavenger and osmolytes to supply energy required for growth and 

survival, thus support the plant to adapt the stressful conditions. While the moderate 

seasons of autumn and spring will not lead to stressful conditions on the plant, thus 

will not enhance proline production. Our results are in agreement with other studies 

(Jaleel et al., 2007; Zhou et al., 2011; Hayat et al., 2012; Hencl and Cebeci, 2014; Al 

Muhairi et al., 2015).   

4.2.3 EO Extraction by Hydrodistillation  

This section represents and discusses EO yields of A. javanica (leaves and 

flowers) under the influence of different post-harvest drying methods (qualitatively 

and quantitatively). Also, the influence of leaves particle size (subjected to 

hydrodistillation) on the EO yield was tested. Moreover, the influence of the seasonal 

variations on the flowers EO yield was evaluated.  

EO Physical Characteristics 

Results show that leaves EO of A. javanica has a yellowish color with waxy 

nature at room temperature. It has a characteristics odor similar to the fresh grinded 

leaves. Similarly, flowers EO has yellowish color with waxy nature, and has a 

characteristics floral odor similar to the fresh flowers. The variation between the odor 

of the leaves and flowers EO is an indicator of different phytochemical constituents.  

According to Samejo et al. (2012) the EO obtained from A. javanica air-dried 

leaves, harvested from Pakistan, reported to be yellowish oil. While our obtained EO 

found to be a yellowish waxy oil at room temperature. An explanation could be due to 

different extraction methods, in which we used the hydrodistillation, while they used 
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steam distillation to isolate the EO. Another explanation may be due to different 

ecological conditions (e.g., soil, water, temperature, wind, sun exposure) between 

Pakistan and UAE, which may lead to availability of two different chemotypes. 

4.2.3.1 Effect of Drying Method 

Quantitative Analysis (by Yield) 

Calculated dry matter content (DM%) of A. javanica is 28.58% and 32.5% for 

leaves and flowers, respectively. Moisture content (MC%) is slightly higher in leaves 

(71.42%) comparing to flowers (67.44%).  

The influence of selected drying methods on the EO yield (%, v/w of dry 

weight) of A. javanica (leaves and flowers) is illustrated in Figure 25. Mean results 

represented with their standard deviations (SDs) and standard deviation error bars.  

The mean EO yield of the leaves ranged from 0.005 to 0.0074%. The highest 

yield obtained from the fresh samples (control), and shows similar results in 

comparison with the freeze-drying treatment. While the lowest yield obtained from the 

air-drying treatment. 

Average EO yield of the flowers ranged from 0.002 to 0.013%. The lowest 

yield obtained from fresh samples (control), followed by freeze-drying treatment. 

While the air-dried samples showed the highest obtained yield. Results obtained by 

control and the freeze drying treatment were similar. 
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Comparing the results obtained from leaves and flowers treatment groups 

showed that in both cases fresh and freeze-dried samples showed similar results. On 

the other hand, results obtained from the air-dried group showed lowest values in the 

case of leaves, while highest values obtained from the flowers, which was the highest 

recorded result in our experiment. In general, under the tested drying methods the yield 

of leaves’ EO is double or even triple the yield of flowers’ EO, except for the air-dried 

samples.  

Analysis of variance (illustrated in Figure 25) showed no significant effect for 

the drying methods on leaves EO, which is similar to other works in the literature 

(Sefidkon et al., 2006). The same could be due to similarity of results obtained by the 

fresh (control) and freeze-dried samples.  

According to Samejo et al. (2012) EO yield of A. javanica air-dried leaves, 

harvested from Pakistan, recorded to be 0.1%, which is higher than our obtained results 

(0.005%). It worth mentioning that our used distillation method (hydrodistillation) is 
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different than the one used in their work (dry steam distillation). Also, micro and 

macro-ecological conditions (e.g., climate, soil) play major role on the EO yield of the 

same plant (Fornari et al., 2012), which may lead to new chemotypes of the same plant 

species. Consequently, all mentioned explanations justify variation of results between 

our work and others.   

However, analysis of variance (illustrated in Figure 25) showed significant 

effect for the drying method on flowers EO yield at 0.008 significance level. Analysis 

of multiple comparisons between groups by Tukey HSD test showed significant 

variations of flowers EO for the air-drying group at 0.01 and 0.018 significance level 

with the fresh (control) and freeze-drying treatment, respectively. Flowers’ yield 

showed significant enhancing effect for the air-drying treatment, followed by freeze-

drying and the fresh samples, respectively. Our results are in agreement with other 

studies (Pirbalouti et al., 2013; Rahimmalek and Goli, 2013). 

Based on results obtained by Díaz-Maroto et al. (2004) and Pirbalouti et al. 

(2013), different drying methods could significantly affect EO yield and composition 

by either increasing or losing in oil components due to different factors, like oxidation, 

glycoside hydrolysis, and esterification. Which explain our obtained results from the 

air-drying treatment.  

It worth mentioning that freeze-drying is one of the most suitable drying 

methods that conserve the original EO composition. Which explains the similarity 

between the EO yield of the fresh sample (control) and the freeze-dried samples. On 

the other hand, the process of leaving the plant material to dry gradually in the air-

drying treatment causes alteration in the EO chemical profile quantitatively and 

qualitatively. Our results are in agreement with other studies (Díaz-Maroto et al., 2004; 

Pirbalouti et al., 2013). 
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Based on our results, the influence of drying method on A. javanica EO is 

significantly depending on the part of the tested plant material. Thus, to obtain the 

highest quantitative yield of leaves it is recommended to distill the oil directly from 

fresh samples. In case, direct distillation is not possible, then freeze-drying is a better 

option to preserve the oil content comparing to air-drying.  On the other hand, air-

drying of flowers samples under shaded area recommended to obtain the highest 

quantitative yield comparing to fresh and freeze-dried samples.  

Qualitative Analysis (by GC-MS) 

The chromatogram results of A. javanica leaves’ and flowers’ EO subjected to 

different drying methods are illustrated in the appendix, in which results of the leaves 

shown in Figure 67, 68 and 69, and results of the flowers shown in Figure 70, 71, and 

72. The complete chemical composition of EO, retention time (RT) in minutes, 

retention indices (RI) and percentages (%) of identified compounds of the leaves and 

flowers oil are all represented in Table 18 and 19, respectively.  
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No. 

 

Compound 

 

    RT 

 

RI 

Percent Composition (%) 

   Fresh Sample          Air Dried        Freeze Dried 

1 α-Fenchocamphorone 11.700 1104 0.97 ----- ----- 

2 1,3,8-ρ-Menthatriene 11.899 1108 ----- ----- 9.80 

3 1-Octen-3-yl-acetate 11.904 1110 29.87 15.68 ----- 

4 trans-Thujone 12.184 1112 5.76 1.67 3.04 

5 cis-Limonene oxide 12.884 1132 ----- 1.68 3.95 

6 Terpinen-4-ol 14.667 1174 ----- 0.65 ----- 

7 1-Dodecene 15.244 1187 1.11 0.67 ----- 

8 cis-Piperitol 15.594 1195 1.65 ----- ----- 

9 cis-4-Caranane 15.780 1200 1.89 1.17 ----- 

10 Verbenone 15.979 1204 ----- 9.77 8.65 

11 3-methylthio-1-Hexanol 16.054 1207 3.17 ----- ----- 

12 (2E)-Octenol acetate 16.171 1208 ----- 4.48 2.72  

Table 18: Composition of A. javanica EO obtained from leaves under different drying methods 

  1
4
8
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No. 

 

Compound 

 

RT 

 

RI 

Percent Composition (%) 

       Fresh Sample       Air Dried       Freeze Dried 

13 Linalool formate 16.416 1214 ----- 0.72  ----- 

14 2,3-dimethyl Benzofuran 16.678 1219 ----- 2.83 3.68 

15 Citronellol 16.812 1223 ----- ----- 0.88 

16 nor-Davanone 17.028 1228 ----- 0.54 1.27 

17 exo-Fenchyl acetate 17.115 1229 ----- ----- 1.16 

18 tetrahydro-Linalool acetate 17.121 1231 ----- 1.48 ----- 

19 Pulegone 17.249 1233 ----- 1.72 2.00 

20 Cumin aldehyde 17.477 1238 ----- ----- 1.67 

21 Ethyl oct-(2E)-enoate 17.780 1245 ----- ----- 1.70 

22 (4Z)-Decen-1-ol 18.246 1255 ----- 5.71 ----- 

23 cis-Carvone oxide 18.415 1259 ----- ----- 1.60 

24 2(E)-Decenal 18.467 1260 ----- ----- 4.00 

25 o-Guaiacol acetate 18.485 1261 ----- 1.08 ----- 

  1
4
9

 

Table 18: Composition of A. javanica EO obtained from leaves under different drying methods (continued) 
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No. 

 

Compound 

 

     RT 

 

RI 

Percent Composition (%) 

  Fresh Sample            Air Dried       Freeze Dried 

26 Geranial 18.590 1264 14.15 4.87 9.18 

27 tetrahydro-Lavandulol acetate 18.794 1268 ----- 0.66 ----- 

28 Pregeijerene B 19.074 1274 ----- -----  1.94 

29 2-Undecanol 20.245 1301 ----- 0.91 ----- 

30 Isoamyl benzyl ether 20.653 1310 ----- 1.20 0.82 

31 2-ethyl-exo-Fenchol 21.079 1297 1.17 ----- ----- 

32 (2E,4E)-Decadienol 21.079 1319 ----- 0.90 0.92 

33 Evodone 21.871 1337 3.51 3.44 3.17 

34 (Z)-α-Damascone 22.641 1355 3.16 1.46 1.97 

35 Angustione 23.381 1372 4.64 6.89 6.00 

36 1-Tetradecene 24.098 1388 4.23 1.57 2.44 

37 methyl-Cresol acetate 24.786 1403 5.94 9.61 9.42 

38 (E)-Trimenal 25.45 1419 4.39 1.90 2.58 

  1
5
0
 

Table 18: Composition of A. javanica EO obtained from leaves under different drying methods (continued) 
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No. 

 

Compound 

 

     RT 

 

RI 

Percent Composition (%) 

  Fresh Sample            Air Dried       Freeze Dried 

39 γ-Elemene 26.103 1434 6.33 14.30 12.38 

40 (Z)-Methyl isoeugenol 26.791 1451 3.27 1.34 1.75 

41 α-Macrocarpene 27.589 1470 2.75 1.10 1.31 

42 Capillene 28.533 1493 2.05 -----  ----- 

  1
5
1
 

Table 18: Composition of A. javanica EO obtained from leaves under different drying methods (continued) 
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No. 

 

Compound 

 

RT 

 

RI 

Percent Composition (%) 

Fresh Sample        Air Dried          Freeze Dried 

1 1-Octen-3-yl-acetate 11.898 1110 ----- ----- 7.12 

2 2E,4E-Octadienol 12.184 1113 5.93 1.35 3.81 

3 cis-Limonene oxide 12.883 1132 ----- 0.42 ----- 

4 Verbenone 15.973 1204 1.12 6.06 2.81 

5 (2E)-Octenol acetate 16.171 1208 ----- 1.14 ----- 

6 Methyl-(2E)-nonenoate 16.678 1221 ----- 1.20 ----- 

7 nor-Davanone 17.033 1228 ----- 0.39 ----- 

8 Thymol methyl ether 17.115 1132 ----- 0.84 ----- 

9 Methyl ether carvacrol 17.616 1241 0.97 ----- ----- 

10 (4Z)-Decen-1-ol 18.246 1255 ----- 4.07 ----- 

11 (2E)-Decenal 18.485 1260 ----- 0.44 ----- 

12 cis-Chrysanthenyl acetate 18.537 1261 1.29 0.43 ----- 

Table 19: Composition of A. javanica EO obtained from flowers under different drying methods 

  1
5
2
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No. 

 

Compound 

 

RT 

 

RI 

Percent Composition (%) 

Fresh Sample        Air Dried          Freeze Dried 

13 Geranial 18.595 1264 1.31 0.97 -----  

14 trans-Carvone oxide 19.044 1273 ----- 0.71 ----- 

15 δ-Octalactone 19.167 1276 3.96 ----- ----- 

16 (2Z)-Hexenyl valerate 19.388 1282 ----- 0.39 ----- 

17 n-Tridecane 20.245 1300 2.45 3.79 2.15 

18 Isoamyl bemzyl ether 20.653 1310 2.14 0.95 1.25 

19 2E,4E-Decadienol 21.078 1319 1.94 2.08 1.31 

20 Evodone 21.877 1137 11.52 14.77 10.75 

21 4-Hydroxybenzaldehyde 22.641 1355 5.09 4.56 3.65 

22 Angustione 23.392 1372 21.32 20.72 26.60 

23 1-Tetradecene 24.092 1388 4.76 3.98 4.34 

24 Cyperene 24.529 1398 1.09 1.16 1.61 

25 methyl-Cresol acetate 24.791 1403 14.54 12.49 17.22 

Table 19: Composition of A. javanica EO obtained from flowers under different drying methods (continued) 
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No. 

 

Compound 

 

RT 

 

RI 

Percent Composition (%) 

Fresh Sample        Air Dried          Freeze Dried 

26 (E)-Trimenal 25.450 1419 4.22 2.77 3.18 

27 cis-Thujopsene 25.858 1429 ----- 0.80 ----- 

28 γ-Elemene 26.103 1434 11.61 9.15 12.27  

29 α-Humulene 26.791 1452 2.72 1.65 ----- 

30 (2E)-Dodecen-1-ol 27.589 1469 2.0 1.05 ----- 

31 α-Selinene 28.755 1498 ----- 0.88 ----- 

32 Menthyl isovalerate 29.507 1516 ----- 0.80 1.94 

Table 19: Composition of A. javanica EO obtained from flowers under different drying methods (continued) 
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In fresh leaves, 19 volatile components were identified representing 100% of 

total volatiles. The main components were 1-octen-3-yl-acetate (29.87%), geranial 

(14.15%), γ-elemene (6.33%), methyl-cresol acetate (5.94%) and trans-thujone 

(5.76%).  

While in air-dried leaves, 29 volatile components were identified (Table 14) 

representing 100% of total volatiles. The main components were 1-octen-3-yl-acetate 

(15.68%), γ-elemene (14.3%), verbenone (9.77%) and methyl-cresol acetate (9.61%).  

In freeze-dried leaves, 27 volatile components were identified (Table 15) 

representing 100% of total volatiles. The major components were γ-elemene (12.38%), 

1,3,8-ρ-menthatriene (9.8%), methyl-cresol acetate (9.42%), geranial (9.18%) and 

verbenone (8.65%). 

Comparing the leaves results of the fresh samples (control) with the air-dried 

samples show that 1-octen-3-yl-acetate percentage reduced, while methyl-cresol 

acetate percentage increased after the samples were air-dried. γ-elemene was preserved 

by air-drying, with higher percentage comparing to fresh samples. The availability of 

geranial was preserved by freeze-drying, with a similar quality to the fresh samples. 

Geranial, is a main component in lavender oil with pleasant aroma, thus the quality of 

the freeze-dried samples were better comparing to air-dried samples. Similar results 

for the influence of air-drying and freeze-drying on the EO quality are available in the 

literature (Díaz-Maroto et al., 2004; Rahimmalek and Goli, 2013). 

Based on our results, tested drying methods have significant influence on the 

leaves EO. Our results are in agreement with other studies showing that different 

drying methods have significant influence in the chemical profile and quality of EO 

(Díaz-Maroto et al., 2004; Rahimmalek and Goli, 2013; Pirbalouti et al., 2013). 
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Reviewing the literature, there are two works studied EO composition of 

leaves, stems and seeds of A. javanica grown in Pakistan (Samejo et al., 2012; Samejo 

et al., 2013). According to Samejo et al., (2012), analysis of air-dried leaves of A. 

javanica found 19 compounds representing 82.96% of the total volatiles. While in our 

results, we identified 29 compounds for the air-dried leaves representing 100% of the 

total volatiles. Although, the compounds identification of the leaves’ oil were 

identified by Samejo et al. (2012) using dry steam distillation, however, in this work 

A. javanica leaves’ oil was extracted from wild A. javanica grown under UAE arid 

conditions and the used distillation method was the hydrodistillation. Thus, variation 

of results between Samejo et al. (2012) and our work is justified. On the other hand, 

the flowers’ oil is extracted for the first time in the literature along the compounds 

identification. 

In fresh flowers, 19 volatile components were identified representing 99.98% 

of total volatiles. The major components were angustione (21.32%), methyl-cresol 

acetate (14.54%), γ-elemene (11.61%), evodone (11.52%), 2e,4e-octadienol (5.93%) 

and 4-hydroxybenzaldehyde (5.09%). While geranial (1.31%), verbenone (1.21%) and 

cyperene (1.09%) were identified as minor components.  

In air-dried flowers, 29 volatile components were identified representing 100% 

of total volatiles. The main components were angustione (20.72%), evodone (14.77%), 

methyl-cresol acetate (12.49%), γ-elemene (9.15%) and verbenone (6.06%). Geranial 

(0.97%) and cyperene (1.16%) were identified as minor components with similar 

percentages comparing to fresh samples.  

In freeze-dried flowers, 15 volatile components were identified representing 

73.41% of total volatiles. The major components were angustione (26.6%), methyl-

cresol acetate (17.22%), γ-elemene (12.27%), evodone (10.75%), 1-octen-3-yl-acetate 
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(7.12%) and 2e,4e-octadienol (3.81%). While verbenone (2.81%) and cyperene 

(1.61%) were identified as minor components, and geranial was not detected in freeze-

dried samples. 

Based on our results of flowers EO, the oil is characterized by the availability 

of angustione and evodone as major components under all tested drying methods. 

While the fresh leaves’ oil is characterized by the availability of 1-octen-3-yl-acetate 

and geranial as major components. Also, results of leaves and flowers both share 

similar components’ profile, such as methyl-cresol acetate and γ-elemene as main 

components under all tested drying conditions.  

Angustione is a ketone reported to have antioxidant, anticancer and antiviral 

(anti-HIV) biological activity (Robertshawe, 2011). Which found in higher 

percentages in our freeze-dried flowers comparing to the fresh and air-dried samples. 

Therefore, freeze-drying is more favorable to be considered as a post-harvest drying 

method in obtaining flowers’ oil with better quality and higher expected biological 

activity.  

Our results show that leaves and flowers EO of A. javanica is a rich source of 

potential hydrocarbons, supporting the results published by Samejo et al. (2012) and 

Samejo et al. (2013). 

In general, different drying methods have significant influence on the quality 

of the leaves’ and flowers’ oil. Our results are in agreement with other studies (Díaz-

Maroto et al., 2004; Rahimmalek and Goli, 2013; Pirbalouti et al., 2013). It worth 

mentioning that the influence of drying methods in the literature is varied based on the 

tested plant species and based on the tested plant part (Tátrai et al., 2016). Also, 

analysis of fresh samples show less number of identified components comparing to air 

and freeze-dried samples. The same could be due to different factors that affect the 
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samples if not directly subjected to distillation, like oxidation, glycoside hydrolysis, 

and esterification, which lead to formation of new compounds. This process is 

particularly noticed in the air-dried samples that show the highest number of 

compounds due to oxidation process, while the process of freeze-drying shows better 

efficiency (specially in flowers) to conserve the original chemical profile and 

percentages of the fresh samples. Our results are similar to results of other studies 

found in the literature (Díaz-Maroto et al., 2004; Pirbalouti et al., 2013). 

Truly, the decision of deciding the favorable post-harvest drying method 

depends upon the proposed application of the extracted oil. The chemical profile of the 

oil will be varied according to the applied drying method. Therefore, different 

applications can consider different drying methods accordingly.  

Generally, our findings recommend the freeze-drying as an interesting post-

harvest drying method to conserve the original chemical profile, thus providing a 

quality EO yield comparing to shade air-drying method. Our results are in agreement 

with other studies in the literature (Díaz-Maroto et al., 2004; Rahimmalek and Goli, 

2013).  

4.2.3.2 Effect of Particle Size 

The results’ mean of EO yield extracted from A. javanica leaves at different 

particles sizes are presented in Figure 26 with their SDs and error bars. The highest 

value (0.01%), recorded at the coarse grinded particles (0.425 mm). While the lowest 

value (0.002%), recorded at the fine grinded particles (0.125 mm).  

Analysis of variance (illustrated in Figure 26) showed a significant difference 

(at P=0.01) for the influence of particle size on EO yield. Analysis of multiple 

comparisons between groups by Tukey HSD test showed significant variations of EO 

yield for the coarse particles group at 0.018 significance level with the fine particles 
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group. On the other hand, variations between small particles size (10 mm) with other 

treatment groups were not significant at 0.05 significance level.  

 

 

 

According to the literature survey, particles size of the plant material subjected 

to hydrodistillation plays major role in the EO yield. Decreasing the particles size is 

well documented to enhance the EO yield due to increasing the surface area subjected 

to distillation, thus amount of released volatiles from glandular cells will be increased. 

However, after certain limits, decreasing the particles size reduces the EO yield. The 

same is due to the formation of bed caking (bed compaction) from the packed fine 

particles, which reduces the volatiles extraction. Another explanation could be due to 

the channeling effect with the fine particles, which enhances a faster depletion of 

volatiles (e.g., monoterpenes, monoterpenic oxides) (Langa et al., 2009; Liu et al., 

2010). 

Based on our results, the coarse particles size (at 0.425 mm) of A. javanica 

leaves provides the highest EO yield comparing to other tested sizes (10 and 0.15 mm), 
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Figure 26: Effect of A. javanica leaves particle size on EO yield 
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thus the same is recommended to obtain the best quantitative yield. Our results are in 

agreement with other studies (Langa et al., 2009; Liu et al., 2010). 

4.2.3.3 Effect of Seasonal Variations 

Quantitative Analysis (by Yield) 

The influence of seasonal variations on the EO yield (%, v/w of dry weight) of 

A. javanica air-dried flowers is illustrated in Figure 27. Mean results represented with 

their standard deviations (SDs) and standard deviation error bars.  

 

 

Analysis of variance (illustrated in Figure 27) showed significant effect for the 

seasonal variation on flowers’ EO yield (quantitatively) at 0.042 significance level 

(P≤0.05). Analysis of multiple comparisons between groups by Tukey HSD test 

showed significant variations of EO yield obtained in the spring season at 0.036 

significance level with the results obtained in the autumn season. Our results are 
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similar to other studies found in the literature, which report that seasonal variation has 

significant influence on EO yield (Hussain et al., 2008; Omer et al., 2013; Villa-Ruano 

et al., 2015). According to Hussain et al. (2008), the highest EO yield obtained in 

spring, which was reduced afterward. Therefore, our findings are in agreement with 

their obtained results. 

Annually, A. javanica flowering stage started approximately in November (end 

of autumn season) to continue growing in the winter reaching maturity in the spring, 

and completing the life cycle by the beginning of summer. The same explains the trend 

of our obtained EO yields, which shows the lowest results in the autumn, followed by 

increasing the EO yield in winter to reach the maximum yield in spring, which start 

decreasing by the beginning of summer.  

Our results are in agreement with results obtained by Hussain et al. (2008), 

Omer et al. (2013) and Villa-Ruano et al. 2015, which report that seasonal variation 

has significant influence on the quantitative EO yield. According to Hussain et al. 

(2008), high EO yield was recorded in spring and reduced afterward, which is similar 

to our results. 

Referring to our results discussed in the physiological analysis section of A. 

javanica leaves, the proline content will increase gradually during autumn and winter 

to drop-down during the spring season, to again continue increasing with the entrance 

of the summer. Since, EOs are defense phytochemicals produced from glandular cells 

in response to biotic and abiotic stress factors (e.g., high or low temperatures, 

temperature variations), thus increasing of the leaves proline supports our findings 

related to EO yield increasing. However, with the entrance of the spring, the proline 

content of the leaves will drop-down (due to moderate temperature and lower 

variations between the maximum and minimum temperature). On the other hand, the 
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flowers will reach the maturity stage at that period (spring), thus the EO yield from the 

glandular cells will reach it is maximum levels, which will play major role in 

pollination process. However, with the entrance of the summer, which is characterized 

by high temperature and high variations between daily minimum and maximum  

temperature, the proline content of the leaves will reach it is maximum levels, while 

flowers will end it is life cycle, and accordingly the glandular cells will be collapsed, 

thus flowers’ EO content will be reduced.  

Based on our results, the best season to extract the highest quantitative EO 

yield (0.011±0.002%) obtained from A. javanica flowers is the spring season, followed 

by the early summer (0.009±0.001%) and winter (0.007±0.000%). While extracting 

the oil from flowers collected during the autumn period provides the lowest amount of 

yield (0.006±0.001%), thus not recommended.  

Qualitative Analysis (by GC-MS) 

The chromatogram results of A. javanica air-dried flowers’ EO extracted 

during two different seasons (mid spring and early summer) are illustrated in Figure 

73 and 74 in the appendix. The complete chemical composition of EO, retention time 

(RT) in minutes, retention indices (RI) and percentages (%) of identified compounds 

of the flowers oil are all represented in Table 20.  

In spring flowers, 29 volatile components were identified representing 100% 

of total volatiles. The main components were angustione (20.72%), evodone (14.77%), 

methyl-cresol acetate (12.49%), γ-elemene (9.15%) and verbenone (6.06%).                              

4-hydroxybenzaldehyde (4.56%), (4Z)-decen-1-ol (4.07%) and 1-tetradecene (3.98%) 

were identified as minor components.  

In summer flowers, 31 volatile components were identified representing 

99.99% of total volatiles. The major components were angustione (17.92%), methyl-
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cresol acetate (12.43%), verbenone (11.83%), evodone (10.19%), γ-elemene (10.03), 

and (2E)-octenol acetate (4.27%). While 4-hydroxybenzaldehyde (3.98%) and 1-

tetradecene (2.93%) were identified as minor components. 

Based on our results of flowers EO of spring and summer, the oil is 

characterized by the availability of angustione as major component with higher 

percentage in the spring (20.72%) comparing to summer (17.92%). Similarly, evodone 

percentage reduced from 14.77% in spring to reach 10.19% in summer. Oppositely, 

verbenone percentage doubled from 6.06% in the spring to reach 10.19% with the 

entrance of the summer At the same time, amounts of methyl-cresol acetate, γ-elemene, 

and 4-hydroxybenzaldehyde did not change significantly at the two studied seasons.  

Our results show that compounds identification between the two studied 

seasons did not show significant variation in the identification of the major 

components. Although, the availability of the same showed increasing (e.g., 

verbenone) or decreasing (e.g., angustione, evodone) in the percentages of some major 

components with the entrance of the summer season.  

Our results are similar to other studies found in the literature, which report that 

seasonal variation has significant influence on the quantitative EO yield (Hussain et 

al., 2008; Omer et al., 2013; Villa-Ruano et al., 2015). According to Hussain et al. 

(2008), basil EO extracted in spring was rich in oxygenated monoterpenes, while the 

oil obtained from summer was rich in sesquiterpene hydrocarbons. Meaning that, 

seasonal variation has significant influence on the EO qualitative yield, which is 

similar to our obtained results.  

Our results show that flowers EO of A. javanica is a rich source of potential 

hydrocarbons, supporting the results published by Samejo et al. (2012) and Samejo et 

al. (2013). Angustione is a ketone reported to have antioxidant, anticancer and antiviral 
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(anti-HIV) biological activity (Robertshawe, 2011). Therefore, spring season is more 

favorable to be considered as a collection season of A. javanica flowers that provides 

EO with a higher percentage of angustione comparing to the summer and consequently 

a better biological activity.  

It worth mentioning that verbenone is a monoterpene (bicyclic ketone terpene) 

that has a pleasant characteristic aroma, thus it is used in wide range of industries (e.g., 

herbal remedies, herbal teas, spices, aromatherapy, and perfumery) (Selvaraj et al., 

2010). Also, verbenone is an insect pheromones, thus used to control insects (Huber 

and Borden, 2001). Similarly, γ-elemene is a sesquiterpene that has a floral aroma and 

reported to cause antifungal and antioxidant activity (Akpuaka et al., 2013). 

Consequently, if verbenone or γ-elemene are components of interest to be isolated 

from flowers’ EO thus summer is a better harvesting season comparing to spring. 

Truly, the decision of deciding the favorable harvesting season depends upon 

the proposed application of the extracted oil. Therefore, different purposes can 

consider different harvesting season accordingly.  

 

 



165 

 

 

 

  

 

No. 

 

Compound 

 

RT 

 

RI 

Percent Composition (%) 

            Spring                                Summer 

1 2E,4E-Octadienol 12.184 1113 1.35  1.33 

2 cis-Limonene oxide 12.883 1132 0.42  0.73 

3 Verbenone 15.973 1204 6.06  11.83 

4 (2E)-Octenol acetate 16.171 1208 1.14  4.27 

5 endo-Fenchyl acetate 16.573 1218 -----  0.51 

6 Methyl-(2E)-nonenoate 16.678 1221 1.20  1.21 

7 nor-Davanone 17.033 1228 0.39  0.72 

8 Thymol methyl ether 17.115 1132 0.84  ----- 

9 tetrahydro-Linalool acetate 17.121 1231 -----  1.19 

10 Pulegone 17.261 1233 -----  2.08 

11 Carvotanacetone 17.768 1244 -----  0.70 

12 (4Z)-Decen-1-ol 18.246 1255 4.07  2.05 

Table 20: Composition of A. javanica EO obtained from air-dried flowers during spring and summer 

 

  1
6
5
 



166 

 

 

 

  

 

No. 

 

Compound 

 

RT 

 

RI 

Percent Composition (%) 

            Spring                                Summer 

13 (2E)-Decenal 18.485 1260 0.44   ----- 

14 cis-Chrysanthenyl acetate 18.537 1261 0.43  1.22 

15 Geranial 18.595 1264 0.97  1.04 

16 trans-Carvone oxide 19.044 1273 0.71  ----- 

17 (2Z)-Hexenyl valerate 19.388 1282 0.39  ----- 

18 n-Tridecane 20.245 1300 3.79  2.64 

19 Isoamyl bemzyl ether 20.653 1310 0.95  1.65 

20 2E,4E-Decadienol 21.078 1319 2.08  1.36 

21 3-oxo-ρ-Menth-1-en-7-al 21.580 1330 -----  0.61 

22 Evodone 21.877 1137 14.77  10.19 

23 4-Hydroxybenzaldehyde 22.641 1355 4.56  3.98 

24 Angustione 23.392 1372 20.72  17.92 

25 (E)- Methyl cinnamate 23.556 1376 -----  0.66 

Table 20: Composition of A. javanica EO obtained from air-dried flowers during spring and summer (continued) 
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No. 

 

Compound 

 

RT 

 

RI 

Percent Composition (%) 

            Spring                                Summer 

26 1-Tetradecene 24.092 1388 3.98  2.93 

27 α-Chamipinene 24.448 1396 -----  0.84 

28 Cyperene 24.529 1398 1.16  0.69  

29 methyl-Cresol acetate 24.791 1403 12.49  12.43 

30 (2E,4E)-Undecadienal 25.281 1415 -----  0.79 

31 (E)-Trimenal 25.450 1419 2.77  2.03 

32 cis-Thujopsene 25.858 1429 0.80  0.66 

33 γ-Elemene 26.103 1434 9.15  10.03 

34 α-Humulene 26.791 1452 1.65  0.95 

35 (2E)-Dodecen-1-ol 27.589 1469 1.05  0.75 

36 α-Selinene 28.755 1498 0.88  ----- 

37 Menthyl isovalerate 29.507 1516 0.80  -----  

Table 20: Composition of A. javanica EO obtained from air-dried flowers during spring and summer (continued) 
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4.2.4 Remarks and Conclusions  

This section illustrates the most important highlights of all conducted 

experiments to test Hypothesis No. 2, which claims that EO of A. javanica (leaves and 

flowers) is a good resource of natural phytochemicals, which significantly affected by 

the post-harvest drying methods. Also, EO of A. javanica leaves and flowers are 

significantly affected by the particle size and the seasonal variations, respectively.  

Our morphological results by SEM photos show the appearance of glandular 

trichomes on the epidermis of the leaves and flowers, which support the fact that A. 

javanica is a desert xerophytic plant that can survive the harsh environmental 

conditions with minimal water requirements. Also, the prominent woolly tomentose 

indumentum support the fact that A. javanica is an EO-bearing plant. 

During the year, A. javanica exposed to climatological and seasonal variations 

that show significant influences on all tested physiological parameters. In which 

chlorophyll content (A, B, and total) significantly increasing reaching the maximum 

levels during mid spring and autumn. Similarly, during the same seasons, carotenoids 

content of the leaves and flowers significantly increasing recording the highest levels. 

On the other hand, the hottest (summer) and coldest (winter) seasons show the highest 

proline content of the leaves.  

The EO obtained from leaves and flowers of A. javanica is a waxy yellowish 

oil with characteristic odor. Quantitative analysis of leaves’ and flowers’ oil showed 

variations under tested post-harvest drying methods.  

EO yield obtained from the leaves ranged from 0.005±0.002 to 

0.0074±0.001%. Highest yield obtained from the fresh samples, while the lowest yield 

obtained from the air-dried samples. Tested drying methods did not show significant 

influence on the quantity of the leaves’ oil. The same is due to similarity of results 
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obtained from fresh samples and freeze-dried samples. It is recommended either to 

distill leaves’ oil directly from fresh samples or to expose the samples to freeze-drying, 

in order to obtain the highest quantitative yield of leaves.  

Tested drying methods showed significant influences on the quantity of the 

flowers’ oil, which ranged from 0.002±0.0002 to 0.013±0.005%. Lowest yield 

obtained from fresh samples, while the air-dried samples showed the highest obtained 

yield, and thus recommended.  

Qualitative analyses of leaves’ and flowers’ oils by GC-MS showed significant 

variations under tested post-harvest drying methods. In leaves’ oil, identified 

compounds varied according to applied drying method. Highest compounds number 

obtained from air-dried leaves (29 volatiles), followed by freeze-dried leaves (27 

volatiles), and finally fresh leaves (19 volatiles).  

Fresh leaves’ oil was characterized by the availability of 1-octen-3-yl-acetate 

(29.87%), geranial (14.15%), and γ-elemene (6.33%) as major components. Air-dried 

leaves’ oil was characterized by the availability of 1-octen-3-yl-acetate (15.68%), γ-

elemene (14.3%), and verbenone (9.77%). While freeze-dried leaves’ oil was 

characterized by the existence of the following main compounds: γ-elemene (12.38%), 

1,3,8-ρ-menthatriene (9.8%), and methyl-cresol acetate (9.42%).  

Similarly, identified compounds of flowers’ oil varied according to applied 

drying method. Highest compounds number obtained from air-dried flowers (29 

volatiles), followed by fresh flowers (19 volatiles), and finally freeze-dried flowers (15 

volatiles).  

Flowers’ oil was characterized by the availability of angustione and evodone 

as major components under all tested drying methods with different percentages. 

Freeze-drying is considered as a favorable option to preserve the original ingredients. 
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While the process of oxidation, which takes place in the air-dried samples, caused 

modifications on the original chemical profile, thus formation of new volatiles.  

Studying the influence of leaves particle size showed significant effect on EO 

yield, in which the highest yield (0.01%) obtained from the coarse grinded particles 

(0.425 mm), thus recommended. While the lowest yield (0.002%), obtained from the 

fine grinded particles (0.125 mm).  

Quantitative analysis showed significant effect for the seasonal variation on 

flowers’ EO yield. The best season to extract the highest EO yield (0.011%) obtained 

from flowers harvested in spring, followed by early summer (0.009%) and winter 

(0.007%). While extracting the oil from flowers collected during the autumn period 

provided the lowest amount of yield (0.006%), thus not recommended. The life cycle 

of flowers (which starts during end of autumn, reaches maturity in spring and ends in 

summer) plays major role on the amount of it is produced oil.  

During spring, 29 volatile components were identified in the flowers’ oil. The 

main components were angustione (20.72%), evodone (14.77%), and methyl-cresol 

acetate (12.49%). While in summer, 31 volatile components were identified in the 

flowers’ oil. The major components were angustione (17.92%), methyl-cresol acetate 

(12.43%), and verbenone (11.83%).  

Flowers’ oil of A. javanica harvested in spring and summer were characterized 

by the availability of angustione as a major component. The compounds identification 

between the two studied seasons did not show significant variation in the identification 

of the major components, while their percentages were varied showing an increasing 

(e.g., verbenone) or decreasing (e.g., angustione, evodone) trend with the entrance of 

the summer season.  
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Truly, the decision of deciding the favorable conditions (e.g., post-harvest 

drying method and harvesting season) depends upon the proposed application of the 

extracted oil. The chemical profile of the oil will be varied according to the applied 

factors. Therefore, different applications can consider different manipulated factors, 

accordingly.  

All our results obtained from this section support our claim in Hypothesis No. 

2, which says that EO extracted from leaves and flowers of A. javanica is a rich source 

of natural hydrocarbons. In addition, post-harvest drying methods, particles size of 

plant material subjected to distillation and the seasonal variations are all factors that 

play key roles in the quantity and quality of the isolated oil.   

4.3 Hypothesis No. 3 Outcomes: Antioxidant Activity of A. javanica  

This section illustrates and discusses the results of antioxidant activity (in vitro) 

to test Hypothesis No. 3, which claims that EO of A. javanica (leaves and flowers) has 

good antioxidant activity (in vitro); supporting it is traditional therapeutic applications 

and providing good source of natural antioxidants. At the end of this section, the most 

important remarks and conclusion would be provided. 

To test our hypothesis, we conducted three antioxidant assays, which are: 

DPPH, FRAP, and ABTS. These assays employ the same principle, which involves 

the generation of colored radical or redox-active compound, and the capability of the 

tested sample either to scavenge the radical or to reduce the redox-active compound. 

The reaction process of each of DPPH, FRAP, and ABTS is similar, depending on the 

electron transfer and causes reduction of a colored oxidant. These assays are measured 

by spectrophotometer method, recording the absorbance at certain wavelength suitable 

to the tested assay. Then, the obtained results are compared in equivalent to a standard 

curve for a common antioxidant (e.g., trolox, ascorbic acid) (Floegel et al., 2011). 
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According to Karthishwaran et al. (2018) they reported very strong antioxidant 

activity for A. javanica (aerial parts) crude extracts using methanol, acetone, hexane, 

chloroform, and ethyl acetate by cold percolation method. 

On the other hand, no data available in the literature regarding the antioxidant 

activity of A. javanica EO, and this work provides the first insights about the same 

under different tested conditions. The recent results published by Karthishwaran et al. 

(2018) provide positive indication that A. javanica EO may show good antioxidant 

activity. 

It worth mentioning that positive antioxidant results will justify and support 

the ethnobotanical applications of this shrub. In the UAE, leaves and flowers of A. 

javanica were extensively used (in the old herbal practices) to treat inflammations and 

severe wounds topically (Jongbloed et al., 2003; Shahin and Salem, 2016). According 

to Schäfer and Werner (2008) antioxidants (particularly the low molecular weight 

antioxidants) have major role in healing skin wounds, through regulating the redox 

environment.    

4.3.1 DPPH Assay 

The DPPH molecule (2,2-diphenyl-1-picryl hydrazyl) is one of the few stable 

organic nitrogen radicals. It is characterized by deep purple color, with maximum 

absorbance at 517 nm wavelength. The antioxidants cause reduction reactions against 

the free radical DPPH by pairing it is odd electron with the free radical scavenging 

antioxidant. This reaction causes color loss of the purple DPPH due to the formation 

of the reduced DPPH-H. The more the color loss, the higher the antioxidant 

concentration would be, thus higher DPPH scavenging activity (Brand-Williams et al., 

1995).  
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In this work, the antioxidant concentration was calculated as trolox equivalent 

from a calibration curve (Figure 64, Appendix) and the antioxidant activity was 

expressed as mg trolox eq/ g of extract. 

4.3.1.1 Effect of Drying Method 

Analysis of variance (illustrated in Figure 28) showed a significant difference 

(at <0.0005 significance level) for the tested drying methods on the antioxidant activity 

of A. javanica leaves and flowers EO using DPPH assay. As shown in Figure 28, the 

highest antioxidant activities of both leaves and flowers obtained from fresh samples 

(leaves: 136.08±2.40; flowers: 40.63±2.14 mg trolox equivalent/ g), followed by 

freeze-dried (leaves: 58.41±1.78; flowers: 20.73±0.31mg trolox equivalent/ g) and air-

dried samples (leaves: 9.07±0.23; flowers: 4.29±0.22 mg trolox equivalent/ g), 

respectively. Under all tested drying methods, leaves EO showed at least double 

antioxidant activity in comparison to the activity of flowers EO.  
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Figure 28: Effect of drying method on A. javanica EO by DPPH assay 
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Analysis of multiple comparisons between groups by Tukey HSD test showed 

significant variations of antioxidant activity (at <0.0005 significance level) with the 

results obtained from all tested drying methods of both leaves and flowers, 

independently.  

The oxidation process, which takes place in the air-drying method, causes an 

elongation in the enzymatic reactions, as well as, losing or forming new compounds, 

which all result in a lower quality extract, thus lower antioxidant activity. On the other 

hand, freeze-drying prevents the oxidation and the enzymatic processes, thus preserve 

the original quality of the extract and it is antioxidant properties.  

Our previous quantitative results of leaves’ oil (Section 4.2.3.1) showed no 

significant variation between fresh and freeze-dried samples, which means that both 

results are similar. While, the lowest EO percentage was obtained from the air-dried 

samples. Linking the results of our quantitative analysis with the current antioxidant 

results using DPPH assay revealed the high availability of rich antioxidants in both 

fresh and freeze-dried leaves in comparison to the air-dried leaves.  

While our qualitative results showed significant influence for the tested drying 

methods on the chemical profile of the leaves’ oil. Upon air-drying, the percentages of 

1-octen-3-yl-acetate and geranial reduced significantly, while methyl-cresol acetate 

percentage increased in comparison to the fresh samples. Freeze-drying method 

preserved the availability of geranial in comparison to the air-dried samples, and 

showed the availability of 1,3,8-ρ-menthatriene as a new volatile.  

Therefore, the results of leaves’ oil antioxidant activity could be due to the high 

amounts of geranial in both fresh and freeze-dried samples. Also, can be due to the 

availability of 1-octen-3-yl-acetate and 1,3,8-ρ-menthatriene in fresh and freeze-dried 



175 

 

 

 

  

samples, respectively. While it is suggested that the availability of methyl-cresol 

acetate do not contribute to the antioxidant activity.  

Based on our previously obtained GC-MS results (Section: 4.2.3.1), the 

following minor volatiles were recorded in higher percentages in both fresh and freeze-

dried leaves in comparison to the air-dried leaves: trans-thujone, (Z)-α-damascone, 1-

tetradecene, (E)-trimenal, (Z)-methyl isoeugenol, and α-macrocarpene. Therefore, the 

high DPPH antioxidant activity could be linked to their availability in fresh and freeze-

dried leaves. On the other hand, the following minor volatiles were only recorded in 

the air-dried samples: terpinen-4-ol, linalool formate, tetrahydro-linalool acetate, (4Z)-

decen-1-ol, o-guaiacol acetate, tetrahydro-lavandulol acetate, and 2-undecanol. 

Consequently, the low DPPH antioxidant activity of leaves’ oil using air-dried samples 

could be linked to the availability of previously mentioned compounds. 

Our previously obtained quantitative and qualitative analysis of A. javanica 

leaves’ oil, under tested drying methods, supporting our current antioxidant findings 

using DPPH assay. It is recommended to extract EO from either fresh or freeze-dried 

leaves, comparing to air-dried samples, in order to obtain highest antioxidant activity.  

Our previous quantitative results of flowers’ oil (Section 4.2.3.1) showed 

significant enhancing effect for the air-drying method on the EO yield comparing to 

the fresh and air-dried flowers. Linking the results of our quantitative analysis with the 

current antioxidant results, using DPPH assay, revealed that the oxidation process 

occurred in the air-drying method contributes in forming high amounts of volatiles that 

do not have good antioxidant properties.  

Our previous qualitative results (GC-MS) showed significant influence for the 

tested drying methods on the chemical profile of the flowers’ oil. Our current high 

antioxidant activity of flowers’ oil obtained from fresh or freeze-dried samples in 
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comparison to the same obtained from the air-dried samples could be due to the high 

percentages of angustione and γ-elemene, which occurred in high percentages in fresh 

and freeze-dried samples. While the deterioration of antioxidant activity in the air-

dried samples may be attributed to the high amounts of evodone and verbenone in 

comparison to the fresh and freeze-dried samples, and/ or due to the lower availability 

of angustione and γ-elemene in air-dried samples. 

Therefore, the results of flowers’ oil antioxidant activity using DPPH assay 

could be due to the high amounts of angustione and γ-elemene in both fresh and freeze-

dried samples in comparison to the air-dried samples.  

According to Robertshawe (2011), angustione is a ketone reported to have 

antioxidant, anticancer and antiviral (anti-HIV) biological activity. Which found in 

higher percentages in our fresh and freeze-dried flowers’ oil comparing to air-dried 

samples. Therefore, freeze-drying is more favorable to be considered as a post-harvest 

drying method in comparison to the air-drying method in obtaining flowers’ oil with 

similar quality and antioxidant activity to the original fresh sample.  

Based on our previously obtained GC-MS results (Section: 4.2.3.1), the 

following minor volatiles were recorded in higher percentages in both fresh and freeze-

dried flowers in comparison to the air-dried flowers: 2E,4E-octadienol, isoamyl 

bemzyl ether, 1-tetradecene, cyperene, and (E)-trimenal. Therefore, the high DPPH 

antioxidant activity could be linked to their availability in fresh and freeze-dried 

samples. On the other hand, the following minor volatiles were either only recorded in 

the air-dried samples or existed in higher percentages in air-dried flowers comparing 

to fresh and freeze-dried samples: cis-limonene oxide, (2E)-octenol acetate, methyl-

(2E)-nonenoate, nor-davanone, thymol methyl ether, (4Z)-decen-1-ol, (2E)-decenal, 

trans-carvone oxide, (2Z)-hexenyl valerate, n-tridecane, 2E,4E-decadienol, cis-
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thujopsene, and α-selinene. Consequently, the low DPPH antioxidant activity of 

flowers’ oil using air-dried samples could be linked to the availability of previously 

mentioned compounds. 

It worth mentioning that the antioxidant activity could be due to the activity of 

certain volatiles in the extracted oil. In addition, it could be due to the presence of 

volatiles mixture that contributes together to the antioxidant activity. Therefore, it is 

difficult to conclude the contribution of certain volatile to the reported antioxidant 

activity, thus further studies for the oil fractionation and isolation of certain 

compounds are required.    

Our results are similar with other studies done by Pinela et al. (2011), 

Siriamornpun et al. (2012) and Orphanides et al. (2013), which report that freeze-

drying shows a better antioxidant activity comparing to air-dried samples. Thus, 

freeze-drying is a recommended post-harvest drying method to enhance the shelf life 

of the extract, and to preserve it is original quality and antioxidant activity.  

In general, the antioxidant activity obtained from DPPH assay is due to the 

availability of hydrogen donating ability, which can be linked to the existence of 

adjacent substituted groups (e.g., methoxyl). While the existence of electron-

withdrawing group (e.g., carboxyl) has negative antioxidant effect. The same support 

our GC-MS results obtained previously.     

Results of DPPH assay, shows that the leaves’ oil of A. javanica is an 

interesting resource of natural antioxidants that performs a better antioxidant activity, 

thus a better quality comparing to it is flowers’ oil.  

4.3.1.2 Effect of Seasonal Variation  

Analysis of variance (illustrated in Figure 29) showed a significant difference 

(at <0.0005 significance level) for the influence of seasonal variation on the 
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antioxidant activity of A. javanica flowers’ EO using DPPH assay. As shown in Figure 

29, the highest antioxidant activities obtained in the spring (12.20±1.44 mg trolox 

equivalent/ g), followed by winter (11.5±0.15 mg trolox equivalent/ g), autumn 

(7.77±0.21 mg trolox equivalent/ g), and summer (7.08±0.21 mg trolox equivalent/ g), 

respectively.  

 

 

Figure 29: Effect of seasonal variation on A. javanica EO by DPPH assay 

 

Analysis of multiple comparisons between groups by Tukey HSD test showed 

significant variations of antioxidant activity recorded in spring with summer and 

autumn both at <0.0005 significance level, while no significant variation between 

spring and winter was observed. The antioxidant activity recorded in winter was 

significant with also summer and autumn at <0.0005 and 0.001 significance level, 

respectively.  
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According to our previously measured physiological parameters, the 

chlorophyll content (A, B, total) and carotenoids (measured for leaves and flowers, 

independently) all showed high levels during spring season, while lowest values 

recorded in summer. Oppositely, the proline content of the leaves found at it is lowest 

levels in spring, while the highest levels recorded in summer. Which all support a 

healthy physiological situation of A. javanica flowers during spring season and an 

opposite situation during summer. All previously mentioned support our antioxidant 

activity of flowers’ EO measured by DPPH assay. 

Although, there are many studies that link the influence of exposing the plant 

to biotic and abiotic stress factors with the high productivity of EO (Laribi et al., 2009; 

Tátrai et al., 2016). However, in our work there was a negative correlation between the 

severity of seasonal impacts and the EO yield, which is in agreement with results 

obtained by Hussain et al. (2008), who reported that during the year the highest 

antioxidant activity of basil EO was recorded in spring, while the lowest activity was 

recorded in summer.  

Referring to our EO results obtained from flowers, the highest yield throughout 

the year was recorded in spring, with 29 identified volatiles (representing 100% of the 

oil). The major compounds were angustione (20.72%), evodone (14.77%), methyl-

cresol acetate (12.49%), γ-elemene (9.15%) and verbenone (6.06%). 4-

hydroxybenzaldehyde (4.56%), (4Z)-decen-1-ol (4.07%) and 1-tetradecene (3.98%) 

were identified as minor components.  

While in early summer’s flowers, 31 volatile components were identified 

representing 99.99% of total volatiles. The major components were angustione 

(17.92%), methyl-cresol acetate (12.43%), verbenone (11.83%), evodone (10.19%), γ-
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elemene (10.03), and (2E)-octenol acetate (4.27%). While 4-hydroxybenzaldehyde 

(3.98%) and 1-tetradecene (2.93%) were identified as minor components. 

Based on our results of flowers’ EO of spring and early summer, the oil is 

characterized by the availability of angustione as major component with higher 

percentage in the spring (20.72%) comparing to summer (17.92%). Similarly, evodone 

percentage reduced from 14.77% in spring to reach 10.19% in summer. Oppositely, 

verbenone percentage doubled from 6.06% in the spring to reach 10.19% with the 

entrance of the summer At the same time, amounts of methyl-cresol acetate, γ-elemene, 

and 4-hydroxybenzaldehyde did not change significantly at the two studied seasons.  

Our results show that compounds identification between the two studied 

seasons did not show significant variation in the identification of the major 

components. Although, the availability of the same showed increasing (e.g., 

verbenone) or decreasing (e.g., angustione, evodone) in the percentages of some major 

components with the entrance of the summer season.  

Linking the quantitative and qualitative results of A. javanica EO obtained 

from flowers to our current antioxidant DPPH results show that the high antioxidant 

activity recorded in the spring, which then reduced significantly by the entrance of 

summer, could be due to the variation in amounts of major compounds, which causes 

reduction in the availability of electron-donation group. It is recommended that 

angustione and evodone may have contribution to the high antioxidant activity 

recorded in spring. While, verbenone may not has contribution to the antioxidant 

activity.  

It worth mentioning that, A. javanica flowering stage started approximately in 

November (end of autumn season) to continue growing in the winter reaching maturity 
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in the spring, and completing the life cycle by the beginning of summer. The same 

support the trend of our obtained antioxidant results by DPPH assay.  

4.3.2 FRAP Assay 

The ferric reducing antioxidant power assay (FRAP) measures the reduction of 

ferric into ferrous ion by the availability of antioxidants. This assay measures the 

ability of the extract’s components to reduce the ferric salt (TPTZ-Fe3+), which has 

yellow color, to ferrous product (TPTZ-Fe2+), which has deep blue color. The electron 

transfer reaction happens due to the availability of the electron-donating group (e.g., 

hydroxyl) of the antioxidants, thus this assay determines the antioxidant activity of the 

tested extract (Benzie and Strain, 1996; Benzie and Strain, 1999). 

4.3.2.1 Effect of Drying Method 

Analysis of variance (illustrated in Figure 30) showed a significant difference 

for the tested drying methods on the antioxidant activity of A. javanica leaves (at 0.01 

significance level) and flowers (at <0.0005 significance level) EO using FRAP assay. 

As shown in Figure 30, the highest antioxidant activities of both leaves and flowers 

obtained from freeze-dried samples (leaves: 8.856±0.487; flowers: 7.747±0.616 mg 

trolox equivalent/ g), followed by fresh (leaves: 6.045±2.564; flowers: 4.837±0.109 

mg trolox equivalent/ g) and air-dried samples (leaves: 3.050±0.201; flowers: 

1.651±0.059 mg trolox equivalent/ g), respectively. Under all tested drying methods, 

leaves EO showed higher antioxidant activity in comparison to the activity of flowers’ 

EO.  

Analysis of multiple comparisons between groups by Tukey HSD test showed 

significant difference between antioxidant results of air-dried and freeze-dried leaves 

at 0.008 significance level. While the same analysis of flowers’ oil showed significant 
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difference between antioxidant results of all tested drying methods at <0.0005 

significance level. 

 

 

 

The oxidation process, which takes place in the air-drying method, causes an 

elongation in the enzymatic reactions, as well as, losing or forming new compounds, 

which all result in a lower quality extract, thus lower antioxidant activity. On the other 

hand, freeze-drying prevents the oxidation and the enzymatic processes, thus preserve 

the original quality of the extract and it is antioxidant properties.  

Our previous quantitative results of leaves’ oil (Section 4.2.3.1) showed no 

significant variation between fresh and freeze-dried samples, which means that both 

results are similar. While the lowest EO percentage was obtained from the air-dried 

samples. Linking the results of our quantitative analysis with the current antioxidant 

results using FRAP assay revealed the high availability of rich antioxidants in both 

fresh and freeze-dried leaves in comparison to the air-dried leaves.  
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Figure 30: Effect of drying method on A. javanica EO by FRAP assay 
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While our qualitative results showed significant influence for the tested drying 

methods on the chemical profile of the leaves’ oil. Upon air-drying, the percentages of 

1-octen-3-yl-acetate and geranial reduced significantly, while methyl-cresol acetate 

percentage increased in comparison to the fresh samples. Freeze-drying method 

preserved the availability of geranial in comparison to the air-dried samples, and 

showed the availability of 1,3,8-ρ-menthatriene as a new volatile.  

Therefore, the results of leaves’ oil antioxidant activity could be due to the high 

amounts of geranial in both fresh and freeze-dried samples. Also, can be due to the 

availability of 1-octen-3-yl-acetate and 1,3,8-ρ-menthatriene in fresh and freeze-dried 

samples, respectively. While it is suggested that the availability of methyl-cresol 

acetate (as an individual compound or mixed with other compounds) do not contributes 

to the antioxidant activity.  

Based on our previously obtained GC-MS results (Section: 4.2.3.1), the 

following minor volatiles were recorded in higher percentages in both fresh and freeze-

dried leaves in comparison to the air-dried leaves: trans-thujone, (Z)-α-damascone, 1-

tetradecene, (E)-trimenal, (Z)-methyl isoeugenol, and α-macrocarpene. Therefore, the 

high FRAP antioxidant activity could be linked to their availability in fresh and freeze-

dried leaves. On the other hand, the following minor volatiles were only recorded in 

the air-dried samples: terpinen-4-ol, linalool formate, tetrahydro-linalool acetate, (4Z)-

decen-1-ol, o-guaiacol acetate, tetrahydro-lavandulol acetate, and 2-undecanol. 

Consequently, the low FRAP antioxidant activity of leaves’ oil using air-dried samples 

could be linked to the availability of previously mentioned compounds. 

Our previously obtained quantitative and qualitative analysis of A. javanica 

leaves’ oil, under tested drying methods, supporting our current antioxidant findings 
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using FRAP assay. It is recommended to extract EO from either fresh or freeze-dried 

leaves, comparing to air-dried samples, in order to obtain highest antioxidant activity.  

Our previous quantitative results of flowers’ oil (Section 4.2.3.1) showed 

significant enhancing effect for the air-drying method on the EO yield comparing to 

the fresh and air-dried flowers. Linking the results of our quantitative analysis with the 

current antioxidant results, using FRAP assay, revealed that the oxidation process 

occurred in the air-drying method contributes in forming high amounts of volatiles that 

do not have good antioxidant properties comparing to fresh and freeze-dried samples.  

Our previous qualitative results (GC-MS) showed significant influence for the 

tested drying methods on the chemical profile of the flowers’ oil. Our current high 

antioxidant activity of flowers’ oil obtained from fresh or freeze-dried samples in 

comparison to the same obtained from the air-dried samples could be due to the high 

percentages of angustione and γ-elemene, which occurred in high percentages in fresh 

and freeze-dried samples. While the deterioration of antioxidant activity in the air-

dried samples may be attributed to the high amounts of evodone and verbenone in 

comparison to the fresh and freeze-dried samples, and/ or due to the lower availability 

of angustione and γ-elemene in air-dried samples. 

Therefore, the results of flowers’ oil antioxidant activity using FRAP assay 

could be due to the high amounts of angustione and γ-elemene in both fresh and freeze-

dried samples in comparison to the air-dried samples.  

According to Robertshawe (2011), angustione is a ketone reported to have 

antioxidant, anticancer and antiviral (anti-HIV) biological activity. Which found in 

higher percentages in our fresh and freeze-dried flowers’ oil comparing to air-dried 

samples. Therefore, freeze-drying is more favorable to be considered as a post-harvest 
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drying method in comparison to the air-drying method in obtaining flowers’ oil with 

similar quality and antioxidant activity to the original fresh sample.  

Based on our previously obtained GC-MS results (Section: 4.2.3.1), the 

following minor volatiles were recorded in higher percentages in both fresh and freeze-

dried flowers in comparison to the air-dried flowers: 2E,4E-octadienol, isoamyl 

bemzyl ether, 1-tetradecene, cyperene, and (E)-trimenal. Therefore, the high FRAP 

antioxidant activity could be linked to their availability in fresh and freeze-dried 

samples. On the other hand, the following minor volatiles were either only recorded in 

the air-dried samples or existed in higher percentages in air-dried flowers comparing 

to fresh and freeze-dried samples: cis-limonene oxide, (2E)-octenol acetate, methyl-

(2E)-nonenoate, nor-Davanone, Thymol methyl ether, (4Z)-decen-1-ol, (2E)-decenal, 

trans-carvone oxide, (2Z)-hexenyl valerate, n-tridecane, 2E,4E-decadienol, cis-

thujopsene, and α-selinene. Consequently, the low FRAP antioxidant activity of 

flowers’ oil using air-dried samples could be linked to the availability of previously 

mentioned compounds. 

It worth mentioning that the antioxidant activity could be due to the activity of 

certain volatiles in the extracted oil. In addition, it could be due to the presence of 

volatiles mixture that contributes together to the antioxidant activity. Therefore, it is 

difficult to conclude the contribution of certain volatile to the reported antioxidant 

activity, thus further studies for the oil fractionation and isolation of certain 

compounds are required.    

Our results are similar with other studies done by Pinela et al. (2011), 

Siriamornpun et al. (2012) and Orphanides et al. (2013), which report that freeze-

drying shows a better antioxidant activity comparing to air-dried samples. Thus, 
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freeze-drying is a recommended post-harvest drying method to enhance the shelf life 

of the extract, and to preserve it is original quality and antioxidant activity.  

In general, the antioxidant activity obtained from FRAP assay is due to the 

availability of hydrogen donating ability, which can be linked to the existence of 

adjacent substituted groups (e.g., hydroxyl).  

Results of FRAP assay, shows that the leaves’ oil of A. javanica is an 

interesting resource of natural antioxidants that performs a better antioxidant activity, 

thus a better quality comparing to it is flowers’ oil.  

4.3.2.2 Effect of Seasonal Variation  

Analysis of variance (illustrated in Figure 31) showed a significant difference 

(at <0.0005 significance level) for the influence of seasonal variation on the 

antioxidant activity of A. javanica flowers’ EO using FRAP assay. As shown in Figure 

31, the highest antioxidant activities obtained in the spring (7.76±0.55 mg trolox 

equivalent/ g), followed by summer (5.47±0.57 mg trolox equivalent/ g), winter 

(3.28±0.148 mg trolox equivalent/ g), and autumn (3.14±0.38 mg trolox equivalent/ 

g), respectively.  
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Figure 31: Effect of seasonal variation on A. javanica EO by FRAP assay 

 

Analysis of multiple comparisons between groups by Tukey HSD test showed 

significant variations of antioxidant activity recorded in spring with antioxidant results 

recorded in summer at 0.001 significance level. Also, variation between results of 

spring with autumn and winter were significant both at <0.0005 significance level. 

While no significant variation between autumn and winter was observed.  

According to our previously measured physiological parameters, the 

chlorophyll content (A, B, total) and carotenoids (measured for leaves and flowers 

independently) all showed high levels during spring season. Oppositely, the proline 

content of the leaves found at it is lowest levels in spring. Which all support a healthy 

situation of A. javanica flowers during spring season, thus support our antioxidant 

activity of flowers’ EO measured by FRAP assay. 

Although, there are many studies that link the influence of exposing the plant 

to biotic and abiotic stress factors with the high productivity of EO (Laribi et al., 2009; 
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Tátrai et al., 2016). However, in our work there was a negative correlation between the 

severity of seasonal impacts and the EO yield, which is in agreement with results 

obtained by Hussain et al. (2008), who reported that during the year the highest 

antioxidant activity of basil EO was recorded in spring, which reduced afterward.  

Referring to our EO results obtained from flowers, the highest yield throughout 

the year was recorded in spring, with 29 identified volatiles (representing 100% of the 

oil). The major compounds were angustione (20.72%), evodone (14.77%), methyl-

cresol acetate (12.49%), γ-elemene (9.15%) and verbenone (6.06%). 4-

Hydroxybenzaldehyde (4.56%), (4Z)-Decen-1-ol (4.07%) and 1-Tetradecene (3.98%) 

were identified as minor components.  

Our results are in agreement with results obtained by Hussain et al. (2008), 

who reported that during the year the highest antioxidant activity of basil EO was 

recorded in spring, which reduced afterward.  

It worth mentioning that, A. javanica flowering stage starting approximately in 

November (end of autumn season) to continue growing in the winter reaching maturity 

in the spring, and completing the life cycle by the beginning of summer. The same 

support the trend of our obtained antioxidant results by FRAP assay.  

4.3.3 ABTS Assay 

The ABTS assay (2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid) is 

based on the production of a blue/green ABTS+, which can be reduced by 

antioxidants (Floegel et al., 2011).  

4.3.3.1 Effect of Drying Method 

Analysis of variance (illustrated in Figure 32) showed a significant difference 

for the tested drying methods on the antioxidant activity of A. javanica leaves’ (at 

0.008 significance level) and flowers’ (at <0.0005 significance level) EO using ABTS 




