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Abstract 

 

Lemongrass [Cymbopogon citratus (DC.) Stapf] and lemon basil (Ocimum×africanum Lour.) are spices 

commonly used in Indonesian culinary and both have been known for demonstrating antimicrobial properties. 

Hence, the combination of both plants has the potential to be developed further as a natural food preservative. In 

this study, the constituents of individual lemongrass and lemon basil essential oils were analyzed and their 

potential use as a natural preservative of chicken fillets was evaluated. The essential oils were obtained from a 

steam and water distillation process. The chemical constituents of both essential oils were analyzed by the Gas 

Chromatography-Mass Spectroscopy (GC-MS) technique. Their application as a preservative of chicken fillets 

was evaluated based on their capacity to inhibit the growth of bacteria on the meat as well as the physical 

observation of the preserved meat during 9 d of refrigerated storage. The combination of both essential oils at an 

optimal ratio of 1:1 %v/v was capable of significantly inhibiting the growth of bacteria on the meat during 9-d 

refrigerated storage as well as extending the shelf life of the meat for up to 6 d. The preservation effects shown 

by the combination of both essential oils might be due to the presence of the high proportion of oxygenated 

compounds that have been proven to be the antibacterial active compounds of essential oils, including geranyl 

acetate, geraniol, citronellal, estragole, and linalool. 
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1. Introduction 

 

Chicken meat is the most popular poultry product and widely consumed worldwide [1]. However, the nature 

of chicken meat with its high amounts of water (75.0%), proteins (22.8%), and fats (0.9%) make it is easily spoiled 

by microorganisms and furthermore has a relatively short shelf life [2]. A preservation process is needed to 

prolong its shelf life and minimize the risk of food poisoning. Physical preservation methods, including 

modification of temperature and atmospheric packaging, have been well studied and are possible to be applied [3- 

4].  

The uses of antimicrobial agents for the preservation of chicken meat, including chitosan, nisin, and essential 

oils of plants, are also widely described [5-7]. The uses of essential oils, particularly, is attributed to their 

antimicrobial properties against a wide array of microbes, including the spoilage bacteria [8]. Essential oils of 

spices especially gain significant interest because of our familiarity with their taste and aroma in our daily meals 

which might improve their acceptability as natural food preservatives. Lemongrass [Cymbopogon citratus (DC.) 
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Stapf, Poaceae] and lemon basil (Ocimum×africanum Lour., Lamiaceae) are two spices commonly used in 

Indonesian culinary, typically for meat-based meals.  

Individually, the essential oil of both plants has demonstrated antimicrobial properties  [9-11].  Furthermore, 

lemongrass essential oil has been applied for prolonging the shelf life of grapes [12]. The use of a combination of 

essential oils in a preservation effort is thought to produce synergistic or mutually reinforcing effects, which 

eventually will enhance the shelf life of the preserved food [13] .  The use of the combination of lemongrass and 

clove essential oils was proven to be capable of prolonging the shelf life of bovine ground meat [14]. In this study, 

we analyzed the chemical constituents of individual lemongrass and lemon basil essential oils as well as evaluating 

the application of their combination to be used as a natural chicken fillet preservative. The evaluation of the 

preservation effect of the combination of both essential oils was based on their inhibition of bacterial growth and 

also their capability in extending the shelf life of the meat.  

 

2. Materials and methods 

 

2.1 Plant materials 

 

Aerial parts of lemongrass and lemon basil were collected from Banyumas, Central Java, Indonesia. The 

identity of plant materials was determined at the Laboratory of Plant Taxonomy, Faculty of Biology, University 

of Jenderal Soedirman, Banyumas, Indonesia. The plant materials were dried under direct sun light until their 

water content was less than 10%.  

 

2.2 Distillation of the essential oils 

 

Lemongrass and lemon basil essential oils were obtained from a steam and water distillation process as 

previously described [15]. The distillation process for each plant material was run for an average of six h.  

 

2.3 Identification of chemical constituents of the essential oils  

 

Lemongrass and lemon basil essential oils were separately analyzed using a Gas Chromatograph-Mass 

Spectrometer (GC-MS) Shimadzu QP2010 SE hyphenated to SH-Rxi-5Sil MS. The condition of the 

chromatographic separation, ionization, as well as the identification of chemical constituents followed a 

previously reported method [16].  

 

2.4 Evaluation of the preservation effects on chicken fillet by the essential oils  

 

Lemongrass and lemon basil essential oils were evaluated for their chicken fillet preservation effects following 

a previous report [16]. In brief, the essential oils were dissolved in an equal volume of dimethyl sulfoxide (DMSO) 

and further homogenized with sterile distilled water to obtain five different concentration ratios of a combination 

of lemongrass and lemon basil essential oils (1:0, 0:1, 2:0.2, 1:1, and 0.2:2 %v/v). Chicken fillets were prepared 

from fresh chicken breast bought from a local market in Banyumas, Central Java, Indonesia. The fillets were cut 

into cubes in 1x1x1 cm and subjected to the surface sterilization by immersing them in boiling water for a minute. 

The cubes of meats were placed in 100 ml of liquid containing different concentration ratios of essential oils, as 

well as DMSO and sterile distilled water as negative controls, under sterile conditions. The preserved meats were 

kept in a refrigerator with a temperature of 5±2 °C for 9 d. The observation was carried out at 3 d intervals in d 0, 

3, 6, and 9. The inhibition of bacterial growth on chicken meat preserved with the combination of essential oils 

cultured on nutrient broth (NB) was calculated in each observation d. In addition, the shelf life of the chicken fillet 

was subjectively observed based on the physical characteristics of the meat using color, odor, texture, and slime 

formation as the parameters by the researchers. 

 

2.5 Statistical data analysis 

 

The data was obtained from three experiments and the means were calculated from triplicate results. Means 

separation of the optical densities of cultured bacterial suspensions in NB and area under curve (AUC) of the 

aforementioned curve versus the preservation time data was accomplished by Duncan’s tests. Significance was 

evaluated at p-value < 0.05. Statistical analysis was conducted by the general procedures of SPSS Statistics v.20 

(SPSS Inc.). 
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3. Results and discussion 

 

There are 24 compounds identified in lemongrass essential oil, with geranyl acetate, geraniol, citronellal, 

patchouli alcohol, and citronellyl acetate as the major constituents (Table 1). Typically, lemongrass essential oil 

is mainly consist of neral, geranial, geraniol, β-caryophyllene, and nerol. Altogether, those compounds are utilized 

as the quality parameter of lemongrass essential oil [17-18]. For example, geranial, neral, β-myrcene, 6-methyl-

5-hepten-2-one, α-gurjunene, and germacrene-D-4-ol were detected as the main constituents of lemongrass 

essential oils collected in Purbalingga, Indonesia; while geranial, neral, β-myrcene, 6- methyl-5-hepten-2-one, 

heptanal, and α-thujene were identified from those obtained from Abomey Calavi, Benin [9, 19]. Hence, the 

chemical constituents of the lemongrass essential oil used in this study are different from those aforementioned 

reports. However, variation in the composition of essential oils are commonly reported, as differences in 

cultivation conditions and geographical origin will affect the chemical constituents of most plant species [20].  

On the other hand, lemon basil essential oil consists of 10 compounds, with dominant constituents including 

estragole, linalool, α-bisabolene, β-caryophyllene, and geranial (Table 1). Our result is similar to a previously 

reported study, that estragole is the main constituent of lemon basil. Estragole, geranial, and neral are the major 

constituents of lemon basil collected in Chiang Mai, Thailand [21]. In addition, linalool, α-bisabolene, β-

caryophyllene, and geranial were also found as the characteristic constituents of lemon basil essential oil 

originated from northern India [22].  

 

Table 1 Chemical constituents of lemongrass and lemon basil essential oils. 

No Compound name RT (min) Area (%) 

lemongrass lemon basil 

1 2-Methylpentane 7.87 0.82 - 
2 Limonene 13.239 3.29 - 

3 Ocimene 13.762 1.03 - 

4 Linalool 17.745 1.08 22.64 

5 Citronellal 21.249 17.83 - 

6 Estragole 24.391 - 69.93 

7 Citronellol 26.435 4.33 - 

8 Neral 26.999 - 0.6 

9 Geraniol 28.052 19.06 - 

10 Geranial 28.881 0.97 1.03 

11 p-Menthane-3,8-diol 32.237 0.96 - 

12 2-Methoxy(2-propenyl)-phenol 32.776 - 0.35 

13 Citronellyl acetate 32.848 6.5 - 

14 Geranyl acetate 33.982 19.72 - 

15 β-Elemene 34.291 0.53 - 

16 β-Caryophyllene 35.322 3.14 1.22 

17 Farnesol 36.507 - 0.44 

18 Germacrene D 37.359 0.72 - 

19 α-Bergamotene 37.7 0.48 0.78 

20 Methyl Isoeugenol 37.782 0.87 - 

21 α-Cadinene 38.519 1.49 - 

22 α-Bisabolene 39.142 - 2.48 

23 Elemol 39.355 0.53 - 

24 Geranyl butyrate 39.56 1.84 - 

25 3-Methoxycinnamaldehyde 39.808 - 0.5 

26 Patchouli alcohol 41.709 7.46 - 

27 α-Cadinol 42.226 1.04 - 

28 γ-Decalactone 43.254 3.36 - 

29 1-(3-Cyanophenyl)-2-phenylethane 57.983 1.73 - 

30 Cinnoline 67.22 0.52 - 

 Total area 99.3 99.97 

 Total terpenes and phenyl propanes 92.87 99.97 

 Total oxygenated compounds 82.19 95.49 

 Total hydrocarbon compounds 10.68 4.48 
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Linalool, geranial, β-caryophyllene, and α-bergamotene are identified in both essential oils, with a 

significantly higher proportion was found in lemon basil essential oil. The total terpene and phenylpropane 

compounds were higher in lemon basil essential oil as well. The proportion of oxygenated compounds in both 

essential oils was considerably higher than that of the hydrocarbons (Table 1). Terpenoids and phenylpropenes 

are considered as the antimicrobial compounds in essential oils, with oxygenated compounds showing a higher 

activity than those of hydrocarbons [8]. Hence, geranyl acetate, geraniol, and citronellal from lemongrass essential 

oil, as well as estragole and linalool from lemon basil essential oil, might be the compounds responsible for 

antimicrobial activity and further potential meat preservation effect of both oils.   

The capability of the combinations of lemongrass and lemon basil essential oils in inhibiting the growth of 

bacteria in chicken fillet is indicated by the optical density of the culture of the meats in NB. The higher optical 

density indicates the presence of more bacteria on the chicken fillets. There are two negative controls used in this 

study, the sterile water (as the medium) and 1% DMSO (as the co-solvent). Both negative controls demonstrated 

the highest optical density compared to other groups in most of the observation d, except in d 3. The meats treated 

with essential oils at any given ratios demonstrated an increasing optical density at d 3, which later gradually 

decreased until d 9. The wide variation in the optical density between the groups in d 0 was noticeable. It 

represented the insufficient surface sterilization we did, as the bacteria were still on the meats afterward. In d 3, 

the bacterial growth inhibition activity of the combination of the lemongrass and lemon basil essential oils were 

varied; those in higher ratios of lemongrass oil demonstrate a good inhibitory activity, while that at ratio of 0:1 

and 1: 1 %v/v exhibited no inhibitory activity, and their optical density were even higher than those with negative 

control. This phenomenon might indicate that the essential oil with more dominant antibacterial activity is that 

from lemongrass. The presence of a lower fraction of lemongrass essential oil was not capable of inhibiting the 

growth of the bacteria on the meats, and hence more bacterial growth was observed. In the higher concentrated 

suspension, such in both samples and also negative control, the deviation of the Beer-Lambert Law had taken 

place and further affected the observed optical density [23]. This phenomenon highlighted the unsuitability of the 

optical density-based enumeration for bacterial growth on chicken fillets in this study. For a better and more 

accurate result, a more suitable bacterial enumeration method should have been used. The direct bacterial growth 

enumeration, especially using the determination of colony forming units, is more appropriate for this purpose. For 

example, the direct method has been successfully used in a study of the preservation of black sea bream fillets 

using kakadu plum water extract [24]. In d 6 and 9, the combination of both essential oils in all ratios showed 

lower optical densities compared to negative controls (Figure 1) 

 

 
 

Figure 1 Profile of the optical density of culture of chicken meat in NB during 9-d of refrigerated storage. 

 

In order to evaluate the bacterial growth inhibitory activity during 9 d of preservation, we calculated the total 

AUC of the optical density of cultures of chicken fillet preserved with the combination of lemongrass and lemon 

basil essential oils, versus the preservation time.  The total AUC represents the overall bacterial growth in d 0-9. 

Hence, the total AUC of a given group that is significantly different from the negative control indicates that the 

group is capable of inhibiting the bacterial growth during a 9-d preservation period. All treatments with 

lemongrass and lemon basil essential oils are capable of inhibiting the bacteria on the meats. The use of essential 

oils in combination, in any ratios, demonstrated a better inhibitory activity than those of individual oil use. 
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However, the activity of those 3 ratios of lemongrass and lemon basil essential oils are statistically equal (Figure 

2).  

 

 
 

Figure 2 Total AUC of the profile optical density of culture of chicken meat in NB during 9-d of refrigerated 

storage. 

 

Our results demonstrated that the use of lemongrass and lemon basil essential oils in combination have a better 

preservation effect than those in individual oil uses. The increasing antimicrobial activity and further food 

preservation effect of a combination of essential oils resulted from the additive or synergistic effects of the 

respective essential oil [25-26]. This strategy has been evaluated and indicates that the combination of lemongrass 

and clove essential oils successfully minimized the number of Listeria monocytogenes inoculated in bovine 

ground meat [14].  

We calculated the relative volume of oxygenated compounds in each ratio of lemongrass and lemon basil 

essential oils by multiplying the % area of total oxygenated compounds to the volume of the respective essential 

oil used in each ratio and then calculated the results. They were calculated in order to find the relationship between 

the inhibitory activities with the compounds in each ratio. The relative volume of oxygenated compounds was 

found to support our bacterial growth inhibitory activity result; that the combination of essential oils at any given 

ratios demonstrated a higher relative volume of oxygenated compounds than those in individual oil use (Figure 

3). The oxygenated compounds, especially the aldehydes and phenols, have been recognized as volatile 

compounds with the strongest antibacterial activity [25]. Hence, the presence of more oxygenated compounds in 

a combination of essential oils will enhance its antimicrobial activity. In our case, geranyl acetate, geraniol, 

citronellal, estragole, and linalool might be responsible for the antibacterial activity of the combination of 

lemongrass and lemon basil essential oils. 

 

 
 

Figure 3 Relative volume of antimicrobial-active oxygenated compounds in a combination of lemongrass and 

lemon basil essential oil. 



6 
 
 

We evaluated the physical characteristics of preserved chicken fillets, including color, odor, texture, and slime 

formation, in order to determine improvement of shelf life of the meat with the combination of lemongrass and 

lemon basil essential oil.  The changes in any of those four parameters were caused by bacterial activity. Treatment 

with the essential oils changed the color of the meat from pinkish-white to yellowish white. However, the color 

of meat in negative control was pinkish-white and started to change in d 6. The meat treated with single lemongrass 

essential oil started to change color into brownish-white in d 9, while that in the lemon basil group remained 

unchanged until d 9. The use of essential oils masked the fresh chicken meat odor after being applied. While meat 

in negative control started to smell slightly rotten in d 3, those preserved with lemongrass and lemon basil essential 

oils exhibited delayed odor changes. The delaying of odor changes in meat preserved with combinations of 

essential oils is longer than those preserved with individual oils. The combination of lemongrass and lemon basil 

at ratio of 2:0.2 %v/v was capable of retaining the original color of the yellowish-white meat which remained 

unchanged until d 9. Without essential oil, the texture of chicken meat in negative control quickly changed in d 3, 

while those preserved with essential oils demonstrated a longer delay in texture changes with the trend as in the 

odor parameter.  The presence of slime in the meats treated with negative control group, individual essential oil, 

and a combination of essential oils could be detected in d 3, 6, and 9, respectively (Table 2). 

 

Table 2 The physical characteristics of chicken fillets during 9-d of refrigerated storage. 

Chicken fillet 

preserved with 

Observed 

characters 

Preservation time (d) 

0 3 6 9 

Sterile water color pinkish-white pinkish-white yellowish-white yellowish-white 

odor fresh  putrid + putrid ++ putrid +++ 

texture firm softer softer softer 

slime 

formation 

no yes yes yes 

Lemongrass - 

lemon basil 

(1%:0, v/v) 

color yellowish-

white 

yellowish-

white 

yellowish-white brownish-white 

odor aromatic 

lemongrass  

aromatic 

lemongrass 

weaker 

aromatic 

lemongrass, 

putrid + 

weaker aromatic 

lemongrass, putrid + 

texture firm firm softer softer 

slime 

formation 

 

no no yes yes 

Lemongrass - 

lemon basil 

(0:1%, v/v) 

color pinkish-white pinkish-white pinkish-white pinkish-white 

odor aromatic lemon 

basil 

aromatic lemon 

basil 

aromatic lemon 

basil 

weaker aromatic 

lemon basil, putrid + 

texture firm firm softer softer 

slime 

formation 

no no yes yes 

Lemongrass - 

lemon basil 

(0.2:2%, v/v) 

color yellowish-

white 

yellowish-

white 

yellowish-white yellowish-white 

odor aromatic lemon 

basil 

aromatic lemon 

basil 

aromatic lemon 

basil 

weaker aromatic 

lemon basil, putrid + 

texture firm firm firm softer 

slime 

formation 

no no no yes 

Lemongrass - 

lemon basil 

(1:1%, v/v)  

 

color yellowish-

white 

yellowish-

white 

yellowish-white yellowish-white 

odor aromatic 

lemongrass and 

lemon basil 

aromatic 

lemongrass and 

lemon basil 

aromatic 

lemongrass and 

lemon basil 

weaker aromatic 

lemongrass and 

lemon basil, putrid + 

texture firm firm firm softer 

slime 

formation 

no no no yes 
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Chicken fillet 

preserved with 

Observed 

characters 

Preservation time (d) 

0 3 6 9 

Lemongrass - 

lemon basil 

(2:0.2%, v/v) 

 

color yellowish-

white 

yellowish-

white 

yellowish-white yellowish-white 

odor aromatic 

lemongrass 

aromatic 

lemongrass 

aromatic 

lemongrass 

aromatic 

lemongrass 

texture firm firm firm softer 

slime 

formation 

no no no yes 

 

The improvement of the shelf life of the chicken fillets preserved with a combination of lemongrass and lemon 

basil essential oils was calculated from the comparison on the first d when any of the physical characteristics of 

the meat started to change in a given group, to that of negative control (Figure 4). The combination of lemongrass 

and lemon basil essential oils in all ratios are capable of prolonging the shelf life of the meat up to 6 d and are 

better than the single essential oil uses. The improvement of shelf life capacity of combined essential oils has been 

described. For example, a combination of thyme and laurel essential oils extended the shelf life of bluefish in ice 

by 3-4 d [27].  

Combining the results of the inhibition of microbial growth and the physical properties of the meat, the 

combination of lemongrass and lemon basil essential oils in three different ratios demonstrated the same efficacy. 

The combination of both essential oils was capable of significantly inhibiting the growth of bacteria on the meat 

during 9 d of preservation as well as extending the shelf life of the meat for up to 6 d. Based on this result, we 

recommended the ratio of 1:1 %v/v as the optimal ratio for the combination of lemongrass and lemon basil 

essential oil.  

 
 

Figure 4 The effect of a combination of lemongrass and lemon basil essential oils to the shelf life of chicken 

fillets. LG = lemongrass and LB = lemon basil. 

 

4. Conclusion 

 

A combination of lemongrass and lemon basil essential oils at the optimal ratio of 1:1% v/v was capable of 

reducing the bacterial growth on the meat during 9 d of preservation and prolonging the shelf life of the meat for 

up to 6 d compared to the negative control at a temperature of 5 °C. These preservation effects might be related to 

the high proportion of oxygenated compounds, especially geranyl acetate, geraniol, citronellal, estragole, and 

linalool in both essential oils. 
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