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Abstract
Due to the numerous benefits of essential oil, its demand is increasing globally.
Despite this, one of the challenges involved with the essential oil extraction from
lemongrass is the low oil yield, the current work investigated the effect of operating parameters contact time (1-5 h), particle size (0.5-2.5 cm) and volume
(100-300 ml) on the yield of essential oil from lemongrass (Cymbopogon citratus)
using Soxhlet extraction to determine the best operating conditions resulting in
highest oil yield. The results show that as the particle size increased from 0.5cm to
2.5cm, the yield of lemongrass oil decreased from 1.62 to 1.225%. Conversely, as
the contact time and solvent volume increase, the oil yield also increases. Considering the results from different operating parameters, contact time imparted much
on the oil yield, and the maximum yield of lemongrass oil is 1.7% obtained using
100g of dried lemongrass, particle size of 0.5cm and contact time of 5hr. This information will serve as important resources to the essential oil industry.

Keywords
Essential oils, Extraction, Lemongrass, Oil yield, Operating parameters, Soxhlet
extractor

1. Introduction
The recovery of natural product such as plants oil dates back to Egyptian and Mesopotamian times, where manufacturing of perfumery, pharmaceutical and waxes products was the major trade and occupation [1]. Such oils are known
as essential oil. Currently, essential oil of lemongrass has gained attention in the recent times. Due to the growing concern of consumers over the ingredients from natural sources and the awareness about potentially harmful synthetic
spices additives, the desire for essential oils globally is increasing. Lemongrass (Cymbopogon Citratus) is a medicinal
perennial plant which has long, thin leaves and predominantly cultivated in the tropics and subtropics like Nigeria, India,
Thailand, Australia and Oceania South America [2, 3]. Lemongrass plant belongs to Graminae (Poaceae) family and
genus Cymbopogon. The Graminae (Poaceae) family has more than 700 genera and about 11,000 species as reported in
the work of [4]. According to [5], lemongrass plants persist for many growing season and it produces essential oil.
These oils are volatile and odoriferous aromatic, and are located in the cells, ducts and glands of leaves, barks, roots,
buds, flowers and fruits of most plants. The essential oil from the lemongrass constitutes of 1-2% on dry basis and the
chemical composition depends largely on genetics. It contains many organic compounds like phenol, citral, geranial,
terpenoids, benzenoids and other nitrogenous compounds which help in metabolic process of plant. The lemony characteristic flavour is due to the presence of citral which is the most dominant constitutes. Lemongrass essential oil has
found broad applications in food (culinary), pharmaceutical/medicinal and perfumery/cosmetics industries [3]. It has a
sweet, refreshing aroma, antifungal/antibacterial properties [6, 7].
Usually, essential oil is extracted from the lemongrass using hydrodistillation (HD), steam distillation, steam and water distillation, maceration, enfleurage, empyreumatic (or destructive) distillation [8-10]. The method used for extraction
may influence the composition of the extract as a result of thermal degradation, hydrolysis and water solubilization of
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the fragrance components [11]. The use of organic solvent could also contaminate the fragrance of the oil and this might
be dangerous if such fragrance is to be consumed as food. These problems can be overcome by using methods such as
microwave-assisted extraction, ohmic-assisted hydrodistillation, subcritical water, ultrasound-assisted extraction and
microwave-assisted hydrodistillation [12-16]. Carbon dioxide extracts are solvent-free and do not undergo thermal degradation as steam distilled oil do, although its application is constrained by its low polarity [17]. Some of the extracts
are usually thick as it contains fats, resins and waxes giving rise to high molecular weight which depending on the final
product might not be desirable [18]. These methods help to reduce the extraction time, increase yield and reduce the
cost of the operation. The yield of oil from the plant is usually small. At the moment, researchers are investigating the
possibilities of increasing the yield, because of its numerous benefits and the absence of side effects when ingested.
However, not much work have been done on investigating the impact of some operating parameters on the yield of
essential oil from lemongrass leaves using Soxhlet extraction method, as most of the studies in this area has been centred on steam distillation method. Besides, some operating parameters affecting Soxhlet extraction of lemongrass oil
using ethanol as solvent is scarce in literature. Therefore, this work aimed at extracting oil from lemongrass with Soxhlet extractor apparatus using ethanol as solvent and as well investigating the effects of particle size, contact time and
volume of solvent on the percentage oil yield to identify optimum condition for extraction of lemongrass oil.

2. Materials and Methods
Fresh lemongrass leaves were harvested from a private garden in Ozoro located at 5° 32′ 18″ N, 6° 12′ 58″ E, Delta
State, Nigeria. The Reagents used were of analytical grade. 250ml Shuniu GG-17 Soxhlet extractor was used for extracting the oil, and Setra analytical weighing balance BL-410s was used to measure the weights of the materials.

2.1. Sample preparation
Sample was washed and dried for eight (8) hours in an oven to reduce the moisture content. The dried lemongrass
leaves were kept in a sealed bag to avoid direct sunlight. Thereafter, the dried lemongrass leaves were cut with a knife
into various sizes of 0.5cm, 1.0cm, 1.5cm, 2.0cm and 2.5cm so as to increased contact area of the plant matrix.

2.2. Experimental procedure
100g of 0.5cm particle size lemongrass samples was measured using weighing balance. The weighed sample was put
into extractor thimble and 300ml of ethanol was added into the flask. The heating mantle was set at a pre-determine
temperature according to the boiling point of the solvent use for the experiment and the extraction was conducted for 1
hr. Thereafter, the experimental set up was dismantled and mixtures of solvent and extracted oil obtained were placed
on rotary evaporator set at speed of 110 rpm. This was done to enable the recovery of solvent from sample by evaporation under reduced pressure. Thereafter, extracted oil was kept in desiccators for 25 minutes and weight of oil extract
was determined using digital electronic weighing balance. The above steps were repeated for five (5) times at one (1)
hour time intervals considering the effects of operating conditions/parameter as stated below;
a) Effects of particle (solid material) size on oil yield was done by using 300ml of different solvents and 100g each
of particle size- 0.5, 1.0, 1.5, 2.0 and 2.5cm of lemongrass sample for 1 hour.
b) Effect of contact time on yield was done using 300ml of different solvents and 100g of 0.5cm particle size lemongrass sample. Five different contacts duration of one (1) hour intervals was used to study effect of extraction
time on yield.
c) Effect of volume of solvent to solid ratio on oil yield was performed using 100g of 0.5cm particle size lemongrass sample for 100, 150, 200, 250 and 300ml solvent for 1 hour.
The percentage oil yield was evaluated by gravimetry. The difference in final weight (beaker + extract) and initial
weight (weight of empty beaker) was recorded as essential oil weight. The percentage oil yield was calculated using
Equation 1.
Weight of extracted oil
100%
x
(1)
Oil yield =

3. Results and Discussion

Weight of lemongrass sample

1

3.1. Effect of particle size on lemongrass oil yields
Experiments were conducted using 100g of different particles (lemongrass) sizes 0.5, 1.0, 1.5, 2.0 and 2.5cm, and
300ml of ethanol to investigate the effect of particle size on the yield of lemongrass oil by solvent extraction. The result
obtained is presented in Figure 1 and it shows that the yield of lemongrass oil decreases with increase in particle size.
The maximum yield was 1.625% obtained using 0.5 cm of lemongrass and this is in agreement with the findings of
[19].
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Figure 1. Effect of particle size on yield of oil using 100g of lemongrass, 300ml of ethanol and contact time of 1 hour.

Conversely, the bigger particle size will yield very little oil at initial stage of extraction process but because they have
large surface area to continue, oil yield will be increasing as extraction time increased until when the extraction process
is completed. This observation also agreed with findings of [20, 21]. [22] has also observed that extraction rate increase
with decrease in size of particles and this is in agreement with result presented in Figure 1. According to [23], higher oil
yield is usually obtained from smaller particle size due to the bigger interfacial area of the solid. Furthermore, reports
have showed that if the particle sizes are tiny, the percentage oil yield becomes small in quantity. This trend could be as
result of the assembly of the fine particles which reduces the effective surface area available for the free flow of solvents towards the inner core of solid particles. According to [21], for three different particle size ranging from<0.5mm,
0.5-0.75mm and >0.75mm, higher oil yield was reported for intermediate particle sizes suggesting that decreasing particle size below certain size does not increase percentage oil yield instead a decrease may be observed.

3.2. Effect of extraction time on lemongrass oil yield
This was evaluated at extraction time 1-5 h using 300ml of ethanol, and 100g of lemongrass with a particle size of 0.5
cm. The result obtained is presented in Figure 2. The figure shows that the yield increased as the extraction time increases until after 4 h, when it tends to be constant. This means that the extraction rate was high at the beginning of the
process and slow towards the end. The trend is in agreement with those obtained by [24, 25]; and [16], although, the
current optimum yield of 1.653% is greater than 1.46% obtained by [16] using microwave-assisted hydrodistillation at
90 minutes extraction time. This difference could be attributed to the extraction time and method of extraction used.
The result validates the Fick’s second law of diffusion which states that final equilibrium is achieved by the solute concentrations in plant matrix and in the solvent after a certain period of time [26, 16].
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Figure 2. Effect of extraction time on the yield of lemongrass oil extracted for 1-5 h using 300 ml of ethanol, and 100g of lemongrass with a particle size of 0.5 cm.

3.3. Effect of ethanol volume on lemongrass oil yield
This was conducted using ethanol volume of 100, 150, 200, 250 and 300 ml, extraction time of 1 hour and 100g of
0.5 cm particle size lemongrass sample. The result obtained is presented in Figure 3. This shows that the yield of the
lemongrass oil increases with increasing solvent volume leading to a maximum yield of 1.619% obtained after 1 hr. The
effect is probably due to increased mass transfer as this, increases with concentration gradient. The result obtained was
corroborated with that presented by of [27, 28].
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Figure 3. Effect of volume of ethanol on lemongrass oil yield using 100 g of lemongrass and at 1.

4. Conclusion and Recommendation
From findings of this research work, operating parameters/variables such as particle sizes, contact time, and solid to
volume ratio affects oil yield of lemongrass oil extraction. For optimal yield of lemongrass oil using Soxhlet extractor
with ethanol as solvent, particle size of 0.5cm, contact time of 5 hours and volume of 300ml gave the highest yield.
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