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Limonene 
D-limonene can be found in citrus peels such as orange and 
lemon peels. A large amount of orange peel waste is discarded 
annually; however, orange peels contain essential 
oils, which contain the compound, limonene.1 Limonene is a 
valuable compound used in food, cosmetic, and pharmaceutical 
applications.2  

There are several methods in which limonene may be extracted. 
Among the common methods used is, solvent-assisted extraction 
techniques which often include N-hexane.3 N-hexane is a 
petroleum-based solvent that is commonly used. However, the 
use of petroleum-based solvents have disadvantages which 
include, high energy and time consumption, lower product yield, 
and hazardous by-products.4 The use of green solvents, which 
are produced from biomass feedstock, for the extraction of 
limonene offer a way to improve resource efficiency while also 
offering hexane replacements.5 However, as an alternative to 
both of these methods, solvent-free microwave (SMF) assisted 
technique which will be examined.   

  

Solvent-free Microwave 
A household microwave was perforated at the top, and an inlet pipe 
was connected to a conical flask (reactor) placed inside the 
microwave while the other end (outlet pipe) was connected to a 
condenser. Connected to the condenser was a pipe that conveyed the 
hydrosol to a reagent bottle. The reagent bottle was used to further 
separate the contents into water and oil. About 150g of orange and 
lemon peels were placed into different 100 mL round bottle flasks 
with no solvent added. Each flask was placed in a microwave in 
1000 W power output with an adjustable value of 200 W intervals.4 

Results 
The results reveal maximum amount of oil is extracted with lower 
extraction time and higher microwave, rather than raising both 
parameters. Optimal yield occurred at an extraction time of ten 
minutes and a microwave power of 1000 W.4   
At ten minutes and a microwave power of 1000 W the orange peel 
oil yield was 3.7g. 
At ten minutes and a microwave power of 1000 W the lemon peel 
oil yield was 2.0g. 

  

Figure 3: Three-dimensional response surface plots.4  
A) Demonstrates orange peel yield.4 
B) Demonstrates lemon peel yield.4

Conclusion 
The experiment demonstrated the potential of the solvent-free 
microwave technique for d-limonene extraction from 
citrus peels. The study revealed that microwave power is an 
essential factor on oil yield during extraction. Higher extraction 
time does not yield a significant increase in product yield. In 
fact, higher extraction time can lead to 
potential decomposition of active ingredients in the oil. 3 

Optimum oil yield for both citrus peels occurred at 1,000 W 
and 10 minutes.  
Furthermore, gas chromatography with mass spectrometry 
(GC-MS) revealed 28.88% of limonene in the orange peel oil, 
and it revealed  44.74% of limonene in the lemon peel oil. 4 
  

Future Directions 
This study explored the correlation between extraction time and 
microwave power, all while providing a technique that avoids 
water and solvent consumption. With advancements in science, 
safe and efficient extraction techniques will continue 
to arise without compromising the maximum yield of product. 
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Figure 2: A visual of the modified microwave used for the extraction.4

Figure 1: The chemical 
structure of the mono-
terpene limonene.5


