
 

 

 

INTRODUCTION 

 

High-value fruits, vegetables, and crops are being produced 

in the whole world. Pakistan has a variety of highly fertile 

soils baring variations in soil structures and climatic 

conditions, which are highly favorable for the production of 

fruits, vegetables, flowers, and the other perishable and 

indigenous plants. Agriculture employs 44% of the labor 

force, supports 75% of the population, and accounts for 60% 

of the foreign exchange earnings in Pakistan (Ashraf, 2016; 

Qureshi, 2011; Briscoe and Qamar, 2006). More than 65 

different vegetables, fruits, and plants are produced in 

different tropical zones of all over Pakistan (Rehman et al., 

2017). The significant vegetables, fruits, and plants being 

grown are covering an area of 0.99 million hectares (4.30 

percent of the total cropped area) with the total production of 

10.9 million tons (Hafeez, 2011). 

Production of vegetables and fruits is being increased in 

recent years but at a very prolonged rate. Various factors like 

natural disasters, lack of innovative technologies, harvest and 

post-harvest losses are affecting the production rate 

significantly. However, the technology transfer takes a long 

time to control harvest losses, but the post-harvest losses can 

be managed easily which are ranging from 25-40% (Pessu et 

al., 2011). The primary factors of post-harvest losses of 

perishable plants are mechanical, pathological, physiological, 

and environmental. Mechanical failures cause through 

negligent operation during collection, transportation, 

packaging, and storage. The improper handling at post-

harvesting timing leads to a significant loss regarding diseases 

caused by fungi and bacteria. The environmental factors, 

humidity, and temperature also play a vital role in post-

harvest losses. Higher temperature and relative humidity 

encourage the growth of microorganisms that cause extensive 
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This work was aimed to determine the moisture content from Eucalyptus (Eucalyptus Citriodora) and Spearmint (Mentha 

spicata) leaves, as well as qualitative and quantitative analysis of volatile organic compounds (VOCs), released during the 

drying process. Sun and oven drying were used to determine the moisture content from the Eucalyptus and Spearmint leaves. 

Controlled, Solar, and Soxhlet distillation systems used to collect the volatile organic compounds (VOCs) from the fresh and 

dried leaves. Gas chromatography (GC) used to perform the qualitative and quantitative analysis of the VOCs. The result 

showed that the moisture contents of the Eucalyptus leaves were 53% and 56.2%, and Spearmint leaves were 62.5% and 77.3%, 

respectively. Furthermore, GC analysis using controlled and solar distillation systems for fresh leaves 14 and 10 (from 

Eucalyptus), and 6 and 4 (from Spearmint) volatiles were detected respectively whereas, soxhlet distillation system for dried 

leaves 4 and 4 volatiles were found only from both plants. The considerable difference in the number of volatiles from fresh 

and dried leaves is due to the missing volatiles were released during the drying process for becoming atmospheric pollutants 

as well as human toxicity and also resulted in the loss of functional properties of products e.g., nutritional and medicinal values. 

So, we conclude that the methodology adopted in this study is ample to collect and determine the volatiles/bio ingredients from 

the different perishable plants, as well as quantify and qualify each biochemical compound among the volatiles. 
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damage to food products. During the various studies, it is 

deeply observed that the quality of fruits and vegetables 

begins to deteriorate soon after their harvest (Yahia, 2019). 

To preserve the perishable plants, different techniques are 

suggested after harvesting. These techniques comprise; hyper 

cooling, freezing and refrigeration, storage, customized 

atmosphere packaging, modified atmosphere storage, 

irradiation, drying, and canning. Maintaining the quality of 

the indigenous plants with minimum damage, storage also 

plays a significant role and its primary objective is to extend 

the life of the indigenous product; to increase its availability 

period (El-Ramady et al., 2013). In this regard, drying is one 

of the techniques which is used from ancient times. However, 

the water content determination of the plant products is 

challenging since it is a very complex material and requires 

meticulous sample preparation, although oven-drying is still 

the most general method to determine the water content of a 

product (Schoffski, 2001). 

The traditional drying method is not adequate because high 

temperatures can induce the formation and release of the bio-

ingredients, volatiles, and essential nutrients also, but this 

method is used in many industries (Heinze and Isengard, 

2001; Gergen et al., 2006; Morgano et al., 2011). The 

perishable plants contain an average of up to 80% moisture 

content (on wet basis), which influences, amongst other 

things, taste, shelf life, and appearance (Heinze and Isengard, 

2001; Schoffski, 2001). Plants take laments of sun and earth, 

receive energy from the sun individually and convert it into 

carbohydrates, proteins and fats. Monoterpene hydrocarbons, 

sesquiterpene hydrocarbons and their oxygenated derivatives, 

aliphatic hydrocarbons, aldehydes, ketones, acids and esters 

are the chemical constituents of the volatile essence of 

aromatic plants (Mondello et al., 2005). Moreover, during the 

industrial processing of the perishable plants: two main 

essential products, juice, and the volatiles/essential oil 

obtained, whereas the range of other by-products is also 

gained which are dried, stored and commercialized (Licandro 

and Odio, 2002; Arami et al., 2005). Most important 

determinants of the sensory characteristics of fresh 

agricultural products and their derived products, such as 

juices and essential oils are morphology, color, acidity, sugar 

content, and aroma compounds (Gancel et al., 2005). 

Volatiles/essential oil are volatile organic compounds 

(VOCs)/bio ingredients released from the leaf and other parts 

of the plant with a molecular mass below 250μg and a boiling 

point lower than 340°C. These volatiles include alcohols, 

hydrocarbons, esters, aldehydes, ketones, cyanides, organic 

acids, and sulfur compounds (Yang et al., 2018). These are a 

complicated mixture of chemical compounds which are 

responsible for its definite characteristics (Krishnaiah et al., 

2009). Younger plants produce more oil than older ones, but 

older plants are richer than most resinous oils and darker due 

to the constant evaporation of the lighter fractions of 

petroleum. These oils are used in food, pharmaceutical and 

perfume industries. The importance of perishable plants is due 

to the presences of these bioactive ingredients. Oil cells, 

glandular trichomes and oil/resin ducts are specialized 

structures in which essential oils accumulate (Kromer et al., 

2016). These oils are called essential because it was thought 

to represent the essence of smell and taste. Out of the vast 

number of plant species, essential oils have been well 

characterized and identified by a few thousand plants. The 

most odoriferous plants are found in the tropics, where solar 

energy is greater. These volatiles can be collected by using 

different distillation methods (Ronkart et al., 2006). 

Distillation is a process of extracting clean and refine 

oil/volatiles from the plant materials by evaporating the 

volatile essence of these plant materials (Malle and Schmickl, 

2005). This is the most common method for the isolation of 

essential oils/volatiles, but other processes, including 

enffleurage (extraction by using fat), maceration, solvent 

extraction, and mechanical pressing are also used for some 

products. Furthermore, gas chromatography (GC) technique 

used to analyse and separate the vaporized compounds. The 

main application of gas chromatography is to test the purity 

of substance and separation of different compounds from a 

complex mixture of chemicals (Donald, 2006). 

In the traditional drying method, due to the high temperature, 

there is an issue and release of the volatile organic compounds 

(VOCs) which are responsible for many environmental 

problems, such as the formation of tropospheric ozone, 

photochemical smog, as well as cause olfactory discomfort of 

residents (Albuquerque, 2007; Ras-Mallorquí et al., 2007; 

Different plant species e.g., Eucalyptus and Spearmint are a 

robust cause of volatiles, e.g., isoprenoid release (Richter et 

al., 2016), so the study of these volatiles (VOCs) was 

necessary. 

Therefore, present research work was conducted to collect 

volatile compounds/bio ingredients by using three different 

distillation methods, which were released to the atmosphere 

in the drying process of the Eucalyptus (Eucalyptus 

citriodora) and Spearmint (Mentha spicata) leaves and 

analyze them qualitatively and quantitatively using gas 

chromatography with flame ionization detector (GC-FID). 

 

MATERIALS AND METHODS 

 

Experimental Material: Eucalyptus (Eucalyptus citriodora) 

and Spearmint (Mentha spicata) leaves were obtained from 

the botanical garden and performed analysis after washing for 

removing trash, avoiding modifications on the posteriors data. 

Moisture Content Determination: The moisture content was 

analyzed by using the open sun drying method (traditional 

method) and oven drying process using the gravimetric 

method. Open sun drying was performed for 8 hours, after 

drying the dried leaves were ground in a mill and stored in an 

airtight bag under 4 oC (Aleem et al., 2018). Whereas the 

oven-dried moisture content was measured by using the 
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gravimetric method equation (1). The temperature was kept at 

105 oC for 24 hours (Sample size = 10 g).  

W = (mi –  mdm)/mi ×  100 ---------- (1) 

Where W represents the moisture content, mi represents the 

initial mass and mdm the dried matter mass. 

Distillation and Collection of Volatiles from Fresh and 

Dried Eucalyptus and Spearmint Leaves: The extraction of 

volatiles from the fresh and dried Eucalyptus (Eucalyptus 

citriodora) and Spearmint (Mentha spicata) leaves was 

carried out by controlled distillation system (fresh), solar 

(powered) distillation system (fresh) and soxhlet distillation 

system (dried). In the first two systems, water-cum-steam 

distillation technique was applied to extract the volatiles from 

the fresh leaves. 

Estimation of the Volatile Organic Compounds (VOCs): 

VOCs were determined by gas chromatography with flame 

ionization detector (GC-FID) technique (Selli et al., 2004; 

Schneider et al., 1998). Capillary columns were used, and 

often whole column cryogenics, cryogenic traps, or on-

column injections are used in conjunction with further 

enhancement of resolution, especially for lower boiling point 

volatiles (Stevenson et al., 1996). All analyses of volatiles 

from plant leaves were conducted by using Shimadzu 17-A 

gas chromatograph equipped with FID detector. The 

Shimadzu 17-A gas chromatograph with capillary column 

length and diameter 30 m and 0.25 mm respectively was used 

for GC analysis and other conditions for analysis were: 

• Column: DB-wax 

• Mobile Phase: Nitrogen 

• Flow Rate: 30ml/min 

• Detection: FID (260°C) 

• Temperature: Oven: (60°C for 1min to 140°C at 

5°C/min, to 240°C at 20°C/min, Inj. (250°C) 

• Range: Bipolar, 10000 mV, 10 Samp. per Sec. 

• Auto-stop: None 

• External Start: Down 

 

RESULTS AND DISCUSSION 

 

Moisture Content Determination by Open Sun Drying: 

Eucalyptus and Spearmint leaves obtained from the botanical 

garden dried by open sun drying. After washing for removing 

trash and avoiding modifications on the posterior's data, 40 kg 

leaves were exposed to open sun for drying for 8 hours. 

Afterwards, dried leaves were collected back and weighed for 

the determination of moisture content. 56.25% and 62.5% 

moisture contents were found in leaves of Eucalyptus and 

Spearmint after open sun drying, respectively. 

Fresh mass = 40 kg 

Drying time = 8 hours 

Dried mass of Eucalyptus and Spearmint leaves = 17.5 kg, 

15kg 

Water Content of Eucalyptus and Spearmint leaves = 56.25%, 

62.5% 

Moisture Content Determination by Oven Drying 

(Gravimetric Method): The results of the water content (W) 

by Equation 1, obtained by oven drying of the Eucalyptus 

(Eucalyptus citriodora) and Spearmint (Mentha spicata) 

leaves are summarized in Table 1. 

 

Table 1. Summarized Results of Water Content by Oven 

Drying 

Sr. No. Mass of dried 

Eucalyptus leaves (g) 

Mass of dried 

Spearmint leaves (g) 

1. 4.6 2.3 

2. 4.9 2.3 

3. 4.6 2.2 

Average 

dried mass 

4.7 2.27 

Moisture 

content (w) 

53% 77.3% 

 

Distillation of Volatiles from The Fresh Eucalyptus and 

Spearmint Leaves: 10 kg fresh leaves were subjected to 

water-cum-steam distillation using controlled and solar 

distillation systems for the distillation of volatiles. The 

average yield of volatiles was found 106 ml and 100 ml (from 

Eucalyptus) and 10ml and 3ml (from Spearmint), 

respectively, as shown in Table 2. 

 

Table 2. Volatiles Extracted by using Controlled and 

Solar Distillation Systems 

Distillation 

System 

Eucalyptus 

Volatiles (ml) 

Spearmint 

Volatiles (ml) 

Controlled 106 10 

Solar 100 3 

Distillation of Volatiles from The Dried Eucalyptus and 

Spearmint Leaves: Distillation of volatiles from the dried 

Eucalyptus and Spearmint leaves was done by using a 

Soxhlet distillation system. The solvent used in this system 

was n-Hexane. 

The volume of Solvent used = 300 ml 

Mass of Dried Material used = 75 g (Eucalyptus), 80 g 

(Spearmint) 

GC Analysis of Volatiles: 

Eucalyptus Leaves (Eucalyptus citriodora): From GC 

analysis 15, 11, and 7 peaks of Eucalyptus (Eucalyptus 

citriodora) volatiles, which were distilled using controlled 

distillation system, solar distillation system, and soxhlet 

distillation system respectively were identified. 

Spearmint Leaves (Mentha spicata): From GC analysis 6, 5, 

and 12 peaks of Spearmint (Mentha spicata) volatiles, which 

were distilled using controlled distillation system, solar 

distillation system, and soxhlet distillation system 

respectively were identified. 
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Figure 1. Chromatogram of Fresh Eucalyptus Leaves (CDS) obtained by GC-FID 

 

Table 3. Qualitative and Quantitative Analysis of Volatiles from Fresh Eucalyptus Leaves (CDS) 

Sr. No. 
Reten. Time Area Height Area Height 

Volatiles 
(min) (mv.s) (mv) (%) (%) 

1 1.21 2278.83 149.08 11.90 12.30 Solvent (n - Hexane) 

2 2.88 1.81 1.37 0.01 0.10 Eugenol 

3 3.43 475.26 84.97 2.50 7.00 Benzyl acetate 

4 3.76 2286.15 117.55 12.00 9.70 Ethyl Heptanoate 

5 3.87 555.64 116.50 2.90 9.60 Linalool 

6 3.92 280.11 117.15 1.50 9.70 Gamma Undecalactone 

7 4.49 7156.19 169.14 37.50 14.00 Citral 

8 4.80 617.74 115.22 3.20 9.50 Octanal 

9 5.12 2759.03 119.86 14.50 9.90 Graniol 

10 7.38 20.47 5.51 0.10 0.50 Valerolacton 

11 8.10 260.34 28.57 1.40 2.40 Methyl Benzoate 

12 8.61 1708.02 75.31 9.00 6.20 Citronellal 

13 9.33 279.53 36.49 1.50 3.00 Gamma Terpinene 

14 9.65 356.56 49.21 1.90 4.10 Limonene 

15 10.63 39.82 22.56 0.20 1.90 Nerol 

Total 19075.52 1208.51 100.11 99.90 14 

Spearmint: From GC analysis 6 peaks (Fig. 2) and 6 volatiles (Table 4) distilled using controlled distillation system were 

identified. 

 
Figure 2. Chromatogram of Fresh Spearmint Leaves (CDS) obtained by GC-FID 
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Table 4. Qualitative and Quantitative Analysis of Fresh Spearmint Leaves (CDS) 

Sr. No. 
Reten. Time Area Height Area Height 

Volatiles 
(min) (mv.s) (mv) (%) (%) 

1 7.11 2699.46 126.67 14.50 18.50 Isopropyl Myristate 

2 7.69 5936.89 198.25 32.00 28.90 Methyl Benzoate 

3 8.19 8978.69 254.95 48.40 37.10 Menthol 

4 8.65 937.78 102.16 5.10 14.90 Citronellal 

5 8.81 1.91 0.80 0.01 0.10 Geranylacetate 

6 8.92 5.19 3.47 0.03 0.50 Gamma Terpinene 

Total 18559.92 686.30 100.04 100.00 6 

 
Figure 3. Chromatogram of Fresh Eucalyptus Leaves (SDS) obtained by GC-FID 

 

Table 5. Qualitative and Quantitative Analysis of Volatiles from Fresh Eucalyptus Leaves (SDS) 

Sr. No. 
Reten. Time Area Height Area Height 

Volatiles 
(min) (mv.s) (mv) (%) (%) 

1 3.89 425.53 66.80 1.70 7.90 Linalool 
2 4.25 1822.49 96.38 7.10 11.4 Gamma Undecalactone 
3 4.33 589.11 96.25 2.30 11.4 Citral 
4 5.30 6365.63 135.69 25.0 16.0 Graniol 
5 5.60 11347.15 139.83 44.5 16.5 No Standard 
6 8.87 114.25 15.66 0.40 1.80 Citronellal 
7 9.65 318.69 38.82 1.30 4.60 Limonene 
8 10.17 3036.27 99.34 11.9 11.7 Gamma Terpinene 
9 10.94 811.02 74.64 3.20 8.80 Nerol 
10 11.24 603.85 58.31 2.40 6.90 Benzaldehyde 
11 12.26 59.37 25.88 0.20 3.10 Furfuryl Alcohol 

Total 25493.34 847.57 100.00 100.10 10 

 
Figure 4. Chromatogram of Fresh Spearmint Leaves (SDS) obtained by GC-FID 
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Table 6. Qualitative and Quantitative Analysis of Fresh Spearmint Leaves (SDS) 

Sr. No. 
Reten. Time Area Height Area Height 

Volatiles 
(min) (mv.s) (mv) (%) (%) 

1 1.26 1043.55 124.21 6.20 16.30 Solvent (n - Hexane) 

2 7.37 4795.69 157.49 28.30 20.60 Isopropyl Myristate 

3 7.70 3842.47 198.33 22.70 26.00 Methyl Benzoate 

4 8.14 7205.01 250.68 42.50 32.80 Menthol 

5 8.44 52.83 33.02 0.30 4.30 Citronellal 

Total 16939.54 763.72 100.00 100.00 4 

 
Figure 5. Chromatogram of Dried Eucalyptus Leaves (Soxhlet DS) obtained by GC-FID 

 

Table 7. Qualitative and Quantitative Analysis of Volatiles from Dried Eucalyptus Leaves (Soxhlet DS) 

Sr. No. 
Reten. Time Area Height Area Height 

Volatiles 
(min) (mv.s) (mv) (%) (%) 

1 1.38 3849.11 258.33 27.90 19.90 Solvent (n - Hexane) 

2 1.54 5995.20 278.84 43.50 21.40 Acetaldehyde 

3 1.89 1020.75 188.87 7.40 14.50 Ethyl Acetate 

4 2.02 1197.70 149.57 8.70 11.50 Anisaldehyde 

5 2.13 584.22 139.43 4.20 10.70 No Standard 

6 2.18 399.62 145.25 2.90 11.20 No Standard 

7 2.25 742.28 140.34 5.40 10.80 Eugenol 

Total 13788.87 1300.62 100.00 100.00 4 

 
Figure 6. Chromatogram of Dried Spearmint Leaves (Soxhlet DS) obtained by GC-FID 
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Qualitative and Quantitative Analysis of Volatiles: 

Eucalyptus Leaves: From GC analysis 15, 11, and 7 peaks of 

volatiles, which were distilled using controlled distillation 

system, solar distillation system, and soxhlet distillation 

system were identified as shown in Fig. 1, 3, and 5, 

respectively. 

Spearmint Leaves: From GC analysis 6, 5, and 12 peaks of 

volatiles, which were distilled using controlled distillation 

system, solar distillation system, and soxhlet distillation 

system were identified as shown in Fig. 2, 4, and 6, 

respectively. 

Controlled Distillation System (for Fresh leaves): 

Eucalyptus: From GC analysis, 15 peaks (Fig. 1) and 14 

volatiles (Table 3) distilled using controlled distillation 

system were identified. 

Solar Distillation System (for Fresh leaves): 

Eucalyptus: From GC analysis, 11 peaks (Fig. 3) and 10 

volatiles (Table 5) distilled using the solar distillation system 

were identified. The pattern of the gas chromatogram for the 

Eucalyptus (Eucalyptus citriodora) volatiles is found to be 

similar in the case of a controlled and solar distillation system, 

which can be seen in Fig. 1 and 3. 

Spearmint: From GC analysis 5 peaks (Fig. 4) and 4 volatiles 

(Table 6) distilled using the solar distillation system were 

identified. The pattern of the gas chromatogram for the 

Spearmint (Mentha spicata) volatiles is found to be similar in 

the case of controlled and solar distillation systems which can 

be seen in Fig. 2 and 4. 

Soxhlet Distillation System (for Dried leaves): 

Eucalyptus: From GC analysis, 7 peaks (Fig. 5) and 4 

volatiles (Table 7) distilled using a soxhlet distillation system 

were identified. 

Spearmint: From GC analysis, 12 peaks (Fig. 6) and 4 

volatiles (Table 8) distilled using a soxhlet distillation system 

were identified. 

Comparison and Importance of Volatiles distilled from 

Distillation Systems: 

Eucalyptus: Comparison and importance of all Eucalyptus 

volatiles distilled through three distillation methods are given 

in Table 9. 

Spearmint: Comparison and importance of all Spearmint 

volatiles distilled through three distillation methods are given 

in Table 10. 

From GC analysis 14, 10, and 4 volatiles from Eucalyptus, 

and 6, 4, and 4 volatiles from Spearmint leaves distilled using 

controlled, solar, and soxhlet distillation systems respectively 

are identified. It can be observed from the comparison that the 

many volatiles which were detected in fresh leaves omitted in 

the dried leaves. Those volatiles were released during the 

drying process and became atmospheric pollutants as well as 

human toxicity. And it can also be observed that the 

controlled distillation system already used for the distillation 

of volatiles from aromatic, perishable, and medicinal plants, 

is identical to the solar distillation system. 

It was not found in the past results of water content 

determination by Sun and oven drying, concerning to fresh 

and dried Eucalyptus (Eucalyptus citriodora) and Spearmint 

(Mentha spicata) leaves, making a difficult comparison with 

the results obtained in this research work. Therefore, it 

appears that all the results obtained, for different methods of 

determining the water content, have value results. 

In past, Braddock (1999) determined the moisture content of 

citrus by vacuum oven dryer at 333K for 16 hours, obtaining 

a value of 74.1% (wet basis), and a result similar to that found 

in this work. This difference is due to the different drying 

conditions and the citrus belongs to different species. Other 

authors such as Cháfer et al. (2003) determined the moisture 

from citrus alike variety also at 333K until constant weight 

and obtained value of 74.8 % ± 0.012, a similar result found 

by previous authors for the same kind of citrus. Drying 

process of citrus was studied by Zanella et al. (2013) at a 

temperature of 313K in the oven drying for 2 days, obtaining 

moisture content of 76.1% and 76.5% (wet basis), similar to 

the results found here. 

 

Table 8. Qualitative and Quantitative Analysis of Dried Spearmint Leaves (Soxhlet DS) 

Sr. No. 
Reten. Time Area Height Area Height 

Volatiles 
(min) (mv.s) (mv) (%) (%) 

1 1.30 3117.20 298.22 25.60 25.50 Solvent (n - Hexane) 

2 1.42 5202.89 308.83 42.70 26.40 Acetaldehyde 

3 1.66 12.90 218.07 10.10 18.70 Ethyl Acetate 

4 1.77 934.01 167.17 7.70 14.30 Anisaldehyde 

5 1.90 1639.20 156.37 13.50 13.40 Eugenol 

6 2.47 29.30 18.13 0.20 1.60 Noise 

7 3.31 3.27 0.21 0.03 0.02 Noise 

8 4.63 2.14 0.14 0.02 0.01 Noise 

9 7.71 2.23 0.23 0.02 0.02 Noise 

10 7.81 1.00 0.19 0.01 0.02 Noise 

11 8.87 4.70 0.21 0.04 0.02 Noise 

12 9.93 4.89 0.23 0.04 0.02 Noise 

Total 10953.72 1168.02 99.95 100.00 4 



Altaf, Zhu, Zhu, Aleem, Saeed, Gull, Quan, Bo, Fujian, Khan & Zada 

 1476 

Table 9. Comparison and Importance of Volatiles extracted from Eucalyptus Leaves 

Sr. No. Volatiles/Importance 
Controlled DS Solar DS Soxhlet DS 

(Fresh Leaves) (Fresh Leaves) (Dried Leaves) 

1 Acetaldehyde - - Present 

Use: Manufacturing of paraldehyde, acetic acid, butanol, perfumes, flavors, aniline, dyes, plastics, synthetic rubber, silvering 

mirrors and hardening gelatin fibers. 

Human Toxicity: Irritating to mucous membranes, general narcotic action, and large doses may cause death by respiratory 

paralysis; symptoms of chronic intoxication resemble those of chronic alcoholism. 

2 Anisaldehyde - - Present 

Use: Perfumery and toilet soaps, odor resembles that of coumarins, but the aldehyde must be mixed with other substances to 

yield an agreeable odor and also used in organic syntheses. 

3 Benzaldehyde Present Present - 

Use: Manufacturing dyes, perfumery, cinnamic and mandelic acids, as a solvent, in flavors. 

Human Toxicity: Narcotic in high concentrations may cause dermatitis. 

4 Benzyl acetate Present - - 

Use: In perfumery, solvent for cellulose, acetate and nitrate. 

Human Toxicity: If ingested can cause Git irritation with vomiting and diarrhea, also irritating to skin, eyes and respiratory 

tract. 

5 Citral Present Present - 

Use: In the synthesis of vitamin A, ionone and methyl ionone, as a flavor, for fortifying lemon oil, in perfumery for its citrus 

effect in lemon and verbena cents, in cologne odors, in perfumes for colored soaps, not stable to alkalies and strong acids and 

will cause discoloration of white soaps and alkaline cosmetics. 

6 Citronellal Present Present - 

Use: As perfume and insectifuge. 

7 Ethyl Acetate - - Present 

Use: Artificial fruit essences, solvent for nitrocellulose, varnishes, lacquers and aero plane dopes, manufacturing smokeless 

powder, artificial leather, photographic films and plates, artificial silk, perfumes and cleaning textiles, etc. 

Medicinal Use: Has been used internally; as carminative, antispasmodic, a stimulant in syncope, and externally; as a 

counterirritant, re-solvent. 

Human Toxicity: Vapors may be irritating to mucous membranes; prolonged inhalation may cause renal and hepatic damage. 

8 Ethyl Heptanoate Present - - 

Use: In the manufacturing of liqueurs. It plays an important part in the formulation of raspberry, gooseberry, grape, cherry, 

apricot, currant, bourbon and other artificial essences. 

9 Eugenol Present - Present 

Use: In perfumery instead of oil of cloves and manufacturing vanillin. 

Medicinal Use: Dental antiseptic and analgesic. 

Because of its long-time use as a sedative or anodyne in dental procedures, eugenol was studied to determine its effects on 

evoked nerve impulse transmission. Eugenol, a derivative of clove oil, has marked antipyretic activity when given 

intravenously, intra-gastrically and centrally and may reduce fever primarily through a central action that is similar to that of 

common antipyretic drugs such as acetaminophen. 

Incorporated in a paste with zinc oxide, eugenol or oil of cloves still retains definite antibacterial properties. 

10 Furfuryl Alcohol - Present - 

Use: As solvent, manufacturing wetting agents and resins. 

11 Gamma Terpinene Present Present - 

12 Gamma Undecalactone Present Present - 

13 Graniol Present Present - 

14 Limonene Present Present - 

Use: Solvent, manufacturing of resins, wetting and dispersing agent. 

Human Toxicity: Skin irritant and sensitizer. 

15 Linalool Present Present - 

Use: In perfumery; a base for manufacturing of perfumes. 

16 Methyl Benzoate Present - - 

Use: In perfumes and antimicrobial preservative. 

17 Nerol Present Present - 

18 Octanal Present - - 

Use: Used in gas chromatography (GC). 

19 Valerolacton Present - - 

Total 14 10 4 
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Table 10. Comparison and Importance of Volatiles extracted from Spearmint Leaves 

Sr. No. Volatiles/Importance 
Controlled DS Solar DS Soxhlet DS 

(Fresh Leaves) (Fresh Leaves) (Dried Leaves) 

1 Acetaldehyde - - Present 

Use: Manufacturing of paraldehyde, acetic acid, butanol, perfumes, flavors, aniline, dyes, plastics, synthetic rubber, silvering 

mirrors and hardening gelatin fibers. 

Human Toxicity: Irritating to mucous membranes, general narcotic action, and large doses may cause death by respiratory 

paralysis; symptoms of chronic intoxication resemble those of chronic alcoholism. 

2 Anisaldehyde - - Present 

Use: Perfumery and toilet soaps, odor resembles that of coumarins, but the aldehyde must be mixed with other substances to 

yield an agreeable odor and also used in organic syntheses. 

3 Citronellal Present Present - 

Use: As perfume and insectifuge. 

4 Ethyl Acetate - - Present 

Use: Artificial fruit essences, solvent for nitrocellulose, varnishes, lacquers and aero plane dopes, manufacturing smokeless 

powder, artificial leather, photographic films and plates, artificial silk, perfumes and cleaning textiles, etc. 

Medicinal Use: Has been used internally; as carminative, antispasmodic, a stimulant in syncope, and externally; as a 

counterirritant, re-solvent. 

Human Toxicity: Vapors may be irritating to mucous membranes; prolonged inhalation may cause renal and hepatic damage. 

5 Eugenol - - Present 

Use: In perfumery instead of oil of cloves and manufacturing vanillin. 

Medicinal Use: Dental antiseptic and analgesic. 

Because of its long-time use as a sedative or anodyne in dental procedures, eugenol was studied to determine its effects on 

evoked nerve impulse transmission. Eugenol, a derivative of clove oil, has marked antipyretic activity when given 

intravenously, intra-gastrically and centrally and may reduce fever primarily through a central action that is similar to that of 

common antipyretic drugs such as acetaminophen. 

Incorporated in a paste with zinc oxide, eugenol or oil of cloves still retains definite antibacterial properties. 

6 Gamma Terpinene Present - - 

7 Geranyl acetate Present - - 

8 Isopropyl Myristate Present Present - 

Use: In cosmetic and topical medicinal preparations where good absorption through the skin is desired. A jellied isopropyl 

myristate is marketed under the name of ester gel. 

9 Menthol Present Present - 

Use: In liqueurs, confectionery, perfumery, cigarettes, cough drops and nasal inhalers. 

Medicinal Use: Antipruritic, mild local anesthetic and counterirritant. 

Human Toxicity: May act as a mild irritant. 

10 Methyl Benzoate Present Present - 

Use: In perfumes and antimicrobial preservative. 

Total 6 4 4 

 

In literature, some experimental studies have also been done 

on the extraction of volatiles/essential oils from perishable 

and aromatic plants. Like other plants, volatile material which 

is called essential oil is also present in Eucalyptus. The 

essential oil of the Eucalyptus is extracted from different parts 

of the tree which depends upon the species but the oils which 

are extracted from its leaves are most valuable. The essential 

oil present in the fresh weight of leaves of different species is 

up to 0.1-7% (Boland et al., 1991). Many countries like 

China, India, South Africa, Portugal, Brazil and Tasmania are 

engaged in the production of essential oil of Eucalyptus for 

commercial use. In 1992 it was estimated that 4000 tons of 

Eucalyptus oil was produced in the world and about 60-70% 

of it was used in the different kind of industries. Eucalyptus 

oil is used in different diseases: Cold, Chest pain, Influenza, 

Chest problems and Skin rashes are treated by the use of 

essential oil of different species of Eucalyptus. To oppose 

inflammation its oil vapors are inhaled (Musyimi and Ogur, 

2008). 

Quantitative and qualitative analysis of solar distilled and 

conventionally natural gas-fired distilled essential oils of 

Eucalyptus and Spearmint has been carried out in this study. 

For volatiles detection gas chromatography (GC-FID) 

analysis of solar distilled and conventionally (Controlled) 

distilled essential oils have been performed. Furthermore, 

Mubarak et al. (2015) identified and quantified different 

VOCs from E. camaldulensis leaves, stems, and immature 

flowers are γterpinene, o-cymene and terpinen-4-ol, 

monoterpene hydrocarbons, e.g., γterpinene among the 

biochemical compounds that they identified. Maghsoodlou et 

al. (2015) isolated the volatiles/oils using hydro-distillation 

by capillary gas chromatography with flame ionization (GC-

FID) and mass spectrometry (GC-MS). The GC analysis of 

extracted VOCs from E. microtheca leaves shown the 

presence of sesquiterpenes, alkanes, monoterpenes, 
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polyketides, fatty acids, and diterpene. In general, although 

the species and methods used are different from each other, it 

can be possible to ensure that the results obtained are similar; 

however, it is difficult to make a direct comparison with the 

values obtained in this research work. 

Moreover, it appears that all the results obtained for different 

species and different methods of determining the water 

content have value results. The results presented that the 

controlled distillation system already used for the distillation 

of volatiles from aromatic, perishable, and medicinal plants, 

is identical to the solar distillation system. Therefore, 

different kinds of medicinal, and aromatic plants can be 

processed successfully using solar based distillery also 

because the controlled and solar distillation systems are 

suitable for the quantitative determination of volatiles from 

fresh agricultural products. And, soxhlet distillation method 

is best for the quantitative determination of volatiles from the 

dried stuff. Also, the way used to analyze the volatile organic 

compounds (VOCs) is efficient, as it brought satisfactory 

results in the qualitative and quantitative identification of 

biochemical compounds by gas chromatography with flame 

ionization detector (GC-FID). 

 

Conclusion: It was determined and explored, qualitatively 

and quantitatively the volatile organic compounds 

(VOCs)/bio ingredients of fresh and dried Eucalyptus 

(Eucalyptus citriodora) and Spearmint (Mentha spicata) 

leaves extracted through three different distillation systems; 

controlled, solar and soxhlet, and gas chromatography with 

flame ionization detector (GC-FID). The difference between 

the distillation systems controlled/solar and soxhlet shows 

that both systems are suitable for the extraction of volatiles 

from fresh and dried materials, respectively. From the GC-

FID analysis of VOCs collected from fresh leaves using 

controlled, and solar distillation methods; there were 14 and 

10 volatiles of Eucalyptus, and 6 and 4 volatiles of Spearmint, 

respectively. Furthermore, using the soxhlet distillation 

method for dried leaves; there were only 4 and 4 volatiles 

from both. The considerable difference in the number of 

volatiles from fresh and dried leaves, i.e., 60-70% because the 

missing volatiles were released during the drying process and 

became atmospheric pollutants as well as human toxicity. 

Moreover, the methods used to collect and analyse the 

volatiles/VOCs proved to be useful since it brought 

satisfactory results in the qualitative and quantitative 

identification of the biochemical compounds using GC-FID. 

Therefore, it is concluded that volatiles/essential oils should 

be used in food, pharmaceutical and perfume industries 

commercially so that these VOCs could not become 

atmospheric pollutants, human toxicity as well as the loss of 

nutritional and medicinal values of agricultural products. 

These essential oils can be used in three main ways: (i) as 

odorants are used in cosmetics, perfumes, detergents and 

industrial products ranging from feed to various insecticides 

for paints; (ii) as the flavours are found in baked goods, 

sweets, pickles, soft drinks, and many other food products; 

and (iii) pharmaceuticals/medicines. 
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