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Abstract  

In this study, changes in the composition of the oil from clove buds (Syzygium aromaticum) and their 

blends were investigated by mass gas chromatographic analysis during different storage under light and 

temperature conditions for a period of four months. Samples that were taken periodically were used to 

assess the chemical composition. Under these conditions, clove essential oil retains its main ingredients, 

including Eugenol, β-Caryophyllene and Acetyleugenol for four months. However, the oxidation rate of 

the essential oil under direct light and 45 ° C is rapid, contrasted by that essential oils stored in the dark 

and 4 ° C. The total Eugenol content in essential oils increased further at the end of the storage period 

under storage conditions. Changes in these compounds during storage can serve as an indicator of 

quality for clove essential oil. 
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Introduction  

In recent years, people have tended to prefer 

food products, pharmaceuticals, and 

cosmetics that are natural, non-toxic, and can 

minimize the introduction of chemicals into 

the body and protect consumers' health. 

Therefore, valorization of the plants that 

produce precious essential oils, which are 

highly applicable in many fields has been the 

interest of by scientists [1, 10]. Applicable 

fields of essential oils include cosmetics, food 

and pharmaceutical industries [11, 19].  

Most essential oils are extracted from the 

leaves, stems, flowers or bark of plants, so 

they are very pure and have good effects on 

health. Clove (Syzygium aromaticum) is a 

woody plant, perennial, with a height of up to 

20m, belonging to the family of Myrtaceae. 

Syzygium aromaticum grows in warm 

climates and has oval leaves with flowers 

growing in clusters. Clove flower buds split 

into 4 distinct lobes. Flowers bloom with 4 

petals, above the 4 lobes, to help protect the 
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inner stamens. Buds about 10-17.5 mm long, 

about 2mm thick, dark red eye-catching. 

Cloves are very fragrant and intense, 

exerting numb taste on the tongue and can 

help reduce pain and spiciness. Cloves 

contain up to 14-21% volatile essential oils 

and have very specific aroma that is not 

mixed with other compound.  

The stem contains 5% essential oil content 

while the oil in leaves only amounts to 

around 2%. In clove buds, essential oil and 

vitamin are predominant components. Clove 

essential oil contains valuable compounds in 

large quantities such as eugenol (80-90%), 

eugenol acetate (15%) and beta-caryophyllene 

(5-12%) [20]. Among them Eugenol (4-allyl-2-

methoxyphenol) figures as a neuroprotective 

agent [21].  

Eugenol exhibits an excellent bactericidal 

activity against many organisms such as 

Escherichia coli, Staphylococcus aureus and 

is also known for its antioxidant capacity [22, 

23]. Many studies indicated that secondary 

compounds such as essential oils could be 

affected by genetic factors, climate, soil and 

farming techniques [24]. However, there have 

not been many reports on changes in 

chemical information about the composition 

and properties of essential oils during the 

storage of clove essential oil [25, 28]. 

Essential oils can degrade via oxidation 

processes in the presence of air and light, and 

temperature during storage. These changes 

often have adverse effects on the quality of 

essential oil products. In this study, four 

different storage conditions (light, dark, 4°C, 

45 ° C) were established and lasted for four 

months to evaluate compositional changes 

and preservability of clove essential oil. The 

results are presented by the GC-MS analysis 

method to identify the modified components. 

Newly extracted essential oil was used as the 

control sample [29, 32]. Study results are 

expected to contribute in further 

development in preservation of sensitive 

compounds. 

Materials and Methods 

Clove buds (the main part of the plant) were 

collected when the buds begin to turn from 

green to reddish pink (petiole rate 17 - 25%). 

Collected buds were sun dried in the sun. 

Flower buds were collected around March-

April 2019 of 2019 in India and were 

purchased by the Department of Chemical 

Engineering, HCMC University of 

Technology, VNU-HCM, Ho Chi Minh City, 

Vietnam. Clove buds after being purchased 

were cleaned to remove impurities. Dried 

clove buds (1300g) were distilled by the 

steam distillation system. The mixture was 

continuously distilled for 4 hours. The 

resulting essential oil is anhydrous by 

sodium sulfate, with an efficiency of 6.85% 

based on dry material. 

Storage Condition  

To determine the effect of storage conditions 

on the composition of the essential oil during 

storage, the essential oil was analyzed 

immediately after extraction to act as a 

control sample. Other samples were divided 

equally and stored in glass jars. Each set of 

samples is stored at four different 

temperatures and lighting conditions: kept 

directly under daylight at room temperature 

(25 °C), in dark bottles at room and 

refrigerator temperatures (4°C) and oven 

(45°C) for 4 consecutive months. The GC-MS 

analysis method is used to assess the change 

of volatile compounds in essential oils, after 

the storage time of 1 month, 2 months and 4 

months. 

Gas Chromatography-mass 

Spectrometry Analysais  

The chemical composition of the Clove 

essential oil was determined by GC-MS 

analysis using GC Agilent 6890 N instrument 

coupled with the HP5-MS column and MS 

5973 inert. The pressure of the head column 

was 9.3 psi. 25µL of essential oil was added 

with 1.0 mL n-hexane and dehydrated with 

Na2SO4.  

The flow rate was constant at 1 mL/min. 

Injector temperature is 250°C and the rate of 

division is 30. Thermal program for samples: 

50°C kept for 2 minutes increased by 2°C/min 

to 80°C, continued to increase by 5°C/min to 

150°C, continued to increase by 10°C/min to 

200°C, increase 20°C/min to 300°C hold for 5 

minutes. The compounds were determined by 

comparing retention indices with the Wiley 

library or with published mass spectra.  

Result and Discussion  

The impact of light, as well as time on the 

quality of clove essential oil during storage, is 

shown in Figures 1a, b and table 1. In 

general, the content of essential oil 

components fluctuates throughout storage 
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conditions and periods. Visually, after 4 

months, color change from light to darker 

yellow was observed in samples stored under 

normal conditions and in 45°C. The results 

also indicate that the concentration of the 

lower molecular weight components 

decreased with time of storage, especially at 

room temperature. Clove essential oils stored 

at room temperatures had β-Caryophyllene, 

Acetyleugenol, and Eugenol as main 

components. Under the direct influence of 

light and in the dark, 3-Allyl-2-

methoxyphenol was found in essential oil 

samples in the first two months of storage, 

but this ingredient was missing at the end of 

storage time in the same sample.  

On the other hand, 3-Allyl-6-methoxyphenol 

content was only determined after four 

months of storage. In direct light conditions, 

Acetyleugenol content in almost all samples, 

compared with the control samples 

(18.111%), tended to decrease during storage 

after 4 months where the sharpest decrease 

was observed in February (to 16.877%) and 

modest increase was detected at the end of 

the storage period (to 17.533%). Another 

important ingredient showing an interesting 

change trend is Eugenol. Eugenol content is 

constantly changing during the storage 

period where a decrease after the first month 

(75.199%) of storage and a subsequent 

increase in the second month (76.985%) were 

observed. Overall, the Eugenol content at the 

end of the storage period (76.869%) was 

higher than the Eugenol content (76.542%) in 

the control sample. On the other hand, when 

storing essential oils in dark bottles, avoiding 

exposure to light, Eugenol content in the 

essential oil gradually increased over the 

storage period, achieving 76.95%, 76.668%, 

and 76.913% after one, two and four months, 

respectively.  

Similar to Eugenol, Acetyl eugenol 

experienced gradual decline over the course 

of four months. To be specific, Eugenol 

amounted to 18.111% at the time of 

extraction, then decreased to 16.951%, 

17.025% and 17.424% after one, two and four 

months respectively. Meanwhile, essential 

oils stored under light easily cause changes 

in the composition of essential oils because of 

the chemical changes of terpenoids. In the 

case of significant compositional changes 

occurring in the dark, the responsible factors 

may include the structure and the likelihood 

of their reaction [29].  

 

  

 
Figure 1: The influence of light on the storage of essential oils 

 

Figure 2a,b and Table 1 indicate that 

compositional stability of the essential oil 

was undermined with prolonged storage and 

elevated temperature (from 4 to 45°C) [33]. 

Evidently, most compounds decreased in 

content markedly at 45 °C. At the 

temperature of 4 °C, essential oil composition 

tended to decrease in comparison to the 

newly extracted sample [25]. In this study, 

monoterpenoids account for most of detected 

compounds identified in essential oils. 

Furthermore, highest retentions of main 

compounds were observed in samples stored 

at low temperatures, especially at 4°C. For 

samples stored at 4°C, Acetyleugenol content 

was 18.111% after distillation, then 

gradually decreased to 15.56% after 2 months 

and finally increased to 17.417% at the end of 

the storage period. For Eugenol, the 

compound achieved the relative content of 

76.258%, 78.294% and 76.983% after one, two 

and four months after storage respectively. 

We also found that an increase in storage 

temperatures has clearly led to an increase in 

unidentified oxidation products. Current data 

suggest that essential oils differ in their 
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sensitivity to self-oxidation at different 

storage temperatures. It is obvious that with 

the longer storage time, at 45°C, the number 

of compounds decreased markedly (Table 1). 

The content of the Eugenol compound of the 

control sample was 76.542%. After two and 

four months, the Eugenol content decreased 

to 77.57% and 77.489%.  

In contrast, the Acetyleugenol content 

(18.111% in the control sample) in essential 

oils stored at 45°C decreased over time, 

reaching 17.094% at the end of the storage 

period. This may be due to volatilization, 

oxidation and other undesirable changes in 

essential oil components during storage [34]. 

Turek et al (2012) reported the values of the 

physical and chemical parameters and 

quality changes of the select essential oils 

during different storage times.  

It was shown that compositions vary 

according to the different storage regimes 

and rosemary essential oils exhibit marked 

stability at room temperature in the dark but 

are susceptible to oxidation under the 

influence of light [35]. However, in another 

study Misharina et al (2005), it was shown 

that Sweet fennel oil is unstable regardless of 

light condition and declined dramatically 

within 2 months under light, accompanied by 

formation of oxidation products, as well as 

some unidentified compounds. In the same 

study, it was also revealed that composition 

of laurel essential oil is independent of light 

condition [29].  

Ambient temperature greatly affects the 

stability of essential oils in several respects 

mainly through acceleration of chemical 

reactions. Current results indicate that the 

number of components having small 

molecular weight declines extending storage 

time. Oxidation reactions are one of the main 

causes of essential oil damage and it is clear 

that access to oxygen acts as the critical 

factor in determining essential oil stability.  

On the other hand, Blitzke 2009 has 

articulated that the lack of reliable and 

comprehensive studies involving assessing 

stability of essential oils stored in storage 

and specific specifications hindered 

development of proper storage conditions and 

determination of shelf life. 

 

  

 
Figure 2: The influence of temperature on the storage of essential oils 

 
Table 1: Ingredients of Clove essential oil after for 4 months stored under the conditions of light and 

temperature 

Name Initial 

1 Month 2 Month 3 Month 

Ligh

t 
Dark 4°C 45°C 

Ligh

t 
Dark 4°C 45°C 

Ligh

t 
Dark 4°C 45°C 

Eugenol 76.542 
75.1

99 

76.9

5 

76.2

58 

75.7

08 

76.9

85 

76.6

68 

78.2

94 

77.5

7 

76.8

69 

76.9

13 

76.9

83 

77.4

89 

3-Allyl-2-

methoxyphenol 
- 

1.63

9 

1.05

7 

1.76

9 

1.99

8 

1.01

9 

1.30

9 

1.03

8 

0.77

6 
- - - - 

Caryophyllene 4.319 
4.01

8 

4.13

7 

4.44

2 

3.68

9 

4.10

9 

3.94

9 

4.62

2 

3.41

8 
- - - - 

-Caryophyllene 0.456 
0.42

6 

0.44

1 

0.46

8 

0.40

1 

0.43

3 

0.41

7 

0.48

6 

0.37

4 
- - - - 

Acetyleugenol 18.111 
18.0

41 

16.9

51 

16.6

1 

17.3

94 

16.8

77 

17.0

25 

15.5

6 

16.9

31 

17.5

33 

17.4

24 

17.4

17 

17.0

94 

3-Allyl-6-

methoxyphenol 
- - - - - - - - - 0.18 

0.18

6 
- - 

Caryophyllene 

oxide 
0.192 

0.25

8 

0.25

1 

0.18

5 

0.44

7 

0.31

3 

0.32

6 
- 

0.65

2 
- - - - 
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These variations indicate that the contents of 

the essential component in aromatic plants 

may be related to the expression of different 

genes in different seasons. In addition, it was 

found that an isomer of eugenol that was 

found in the MS spectrum of the product has 

the same form as the standard spectrum in 

the data banks. Eugenol has been shown to 

have antibacterial properties [37, 

38].Therefore; the clove essential oil is 

suggested to have good antibacterial activity  

due to the presence of eugenol in high 

content. In addition, eugenol has also been 

demonstrated to exhibit strong antifungal 

activity against different fungal species [39]. 

The chemical composition of eugenol varies 

from region to region, possibly due to a 

number of environmental factors, the part of 

the tree being used, the age of the tree and 

the period of the growing season, or even 

genetic factors. 

 

 

 
Figure 3: The major components of Syzygium aromaticum essential oil 

 

Conclusion 

This assessment provides a basis for 

understanding and identifying future 

research pathways to attain better 

preservability. The stability of essential oils 

isolated from clove essential oil was observed 

for four months under light and dark light 

condition and at temperature of 4°C and 

45°C. The compounds of clove essential oil 

have undergone a number of changes 

depending on the temperature and light 

impact on storage conditions. It was 

concluded that Syzygium aromaticum 

essential oil stored in a refrigerator 

maintained its main ingredients better than 

samples stored at room temperature and 

those stored at 45°C. Storing Syzygium 

aromaticum essential oil at low temperatures 

prevents the reduction of the concentration of 

the oil components and helps maintain the 

essential quality of the essential oil with 

minimal changes. These findings can be 

extended to industrial applications in 

preservation of plant-derived essential oils. 
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