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Castor oil extraction remains an important topic due to the growing demand for sustainable raw materials. In 

this context, the present study evaluates two extraction strategies: conventional Soxhlet extraction and 

microwave-assisted extraction. The oil is obtained from seeds of Ricinus communis L., a resilient species well 

adapted to a wide range of climatic conditions. These seeds are known to contain a high proportion of non-

edible oil, typically ranging from 40 to 50%, whose physicochemical characteristics make it suitable for high-

value industrial applications. Although both extraction techniques have been widely reported for oil recovery, 

comparative studies focusing on wild castor bean seeds from specific regions of central Mexico are still scarce. 

The findings of this work reveal clear differences between the two methods. Soxhlet extraction achieved 

significantly higher oil recovery, with yields up to 70% greater than those obtained through microwave-assisted 

extraction. However, quality-related parameters, including saponification, acid, and peroxide values, indicated 

that oils produced using the microwave-assisted approach exhibited more favorable quality characteristics.  
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Abstract  

 
Castor oil, also known as ricinus oil, is obtained from the seeds of Ricinus communis L. This plant easily adapts to 

diverse climate conditions but an important drawback is the presence of ricin in its seeds, which is a compound 

toxic to humans and animals. The seeds contain between 40 and 50% of a non-edible oil with unique properties of 

interest for the cosmetic industry. It also shows potential for biodiesel production. Its main component is ricinoleic 

acid, a hydroxylated fatty acid present in the form of triricinolein. The most common extraction methods include 

mechanical and chemical techniques. In this work it was studied the castor oil extraction from wild castor seeds 

through Soxhlet and microwave-assisted methods using hexane, ethanol and isopropanol as solvents. In addition, 

it was estimated the saponification, acid and peroxide indexes for all the obtained oil samples. It was found that 

the Sohxlet extraction method overperformed up to 70% the microwave method for the castor oil extraction. In 

contrast, the saponification, acid and peroxide indexes indicated that castor oil with the better quality was obtained 

when the microwave-assisted method was employed.  

 

 
 
 

Castor oil, Ricinus communis L., Soxhlet, Microwave 

 

Abstract  

 
El aceite de ricino, también llamado aceite de castor, se obtiene de las semillas de Ricinus communis L. Esta planta 

se adapta a diversas condiciones climáticas pero sus semillas son tóxicas para humanos y animales debido a la 

ricina. Las semillas contienen entre un 40 y 50 % de un aceite no comestible con propiedades únicas, ampliamente 

aprovechado en la industria cosmética. También posee potencial para la producción de biodiésel. El principal 

componente aceite de castor es el ácido ricinoleico, un ácido graso con grupo hidroxilo presente en forma de 

trirricinoleína. Los métodos más comunes de extracción incluyen técnicas mecánicas y químicas. En este capítulo 

se estudió la extracción de aceite de ricino a partir de semillas silvestres de higuerilla mediante los métodos Soxhlet 

y microondas empleando hexano, etanol e isopropanol como solventes. Adicionalmente se calcularon los índices 

de diferentes condiciones de proceso saponificación, de acidez y peróxido para las muestras extraídas. Se encontró 

que mediante la extracción Soxhlet se obtiene un rendimiento hasta 70% superior al obtenido mediate extracción 

por microondas. En contraste, los índices de acidez, saponificación y de peróxido indicaron el aceite de mejor 

calidad se obtiene a través del proceso asistido por microondas. 

 

 
 

Aceite de ricino, Extracción Soxhlet, Extracción por microondas 
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Introduction 

 

Ricinus communis L., commonly known as castor bean, is a wild plant widely distributed in Mexico due 

to its remarkable ability to adapt to various climatic conditions. Traditionally, it has been used for 

medicinal purposes (Anjani, 2014). The seeds of this species contain a composition that includes 

carbohydrates, ashes, fiber, protein, and a notable oil content (between 40 and 50%). However, these 

seeds are unsuitable for consumption because them contain ricin, a highly dangerous toxin for both 

animals and humans (Vasco et al., 2017). 

 

The oil extracted from these seeds, known as castor oil, is characterized by its high content of 

ricinoleic acid (more than 85%), which gives it distinctive physicochemical properties that make it 

suitable for applications in the cosmetic, pharmaceutical, chemical, lubricant, and biofuel industries 

(Ogunniyi, 2006). Additionally, its potential use as a food preservative has been proposed (Yeboah et al., 

2021). These physicochemical properties are primarily attributed to the presence of a hydroxyl group (-

OH) at the 12th carbon and a double bond at the 9th position of the ricinoleic acid molecule. This unique 

molecular structure imparts characteristics such as high viscosity, emulsifying capability, and biological 

activity, which further enhance its suitability for various industrial applications (Gunstone, 2007). The 

growing interest in vegetable oils with specific properties has driven the development of extraction 

methods for non-edible sources such as castor bean seeds.  

 

These specific properties include high oxidative stability, viscosity, biodegradability, and the 

presence of bioactive compounds with antimicrobial or anti-inflammatory effects. Oil can be obtained 

mechanically (by cold or hot pressing) or chemically, using organic solvents. For instance, Soxhlet 

extraction in one of the most commonly used chemical extraction methods and is based on a continuous 

reflux system that enables efficient recovery of lipophilic compounds. In this process, the solvent is 

heated to its boiling point; the vapor is condensed and fall onto the solid sample contained in a porous 

cartridge leading to the extraction of target compounds. Finally, the stream containing solvent and 

extracted compounds reaches the siphon level returning to the flask. This method is convenient for 

solvent reuse, but its main disadvantage is the prolonged operation time (Sánchez, 2012). As an 

alternative, microwave-assisted extraction method has been proved to be effective in reducing both, 

processing time and energy consumption. This technique is based on localized dielectric heating that 

promotes the release of intracellular compounds nevertheless, chemical compounds with strong polar 

bonds can excessively absorb radiation, potentially leading to their degradation (Menéndez & Hernández, 

2017). 

 

Despite the advantages offered by both methods, there are few studies focused on the 

characterization of oil content and the comparative of the performance of extraction of wild castor bean 

seeds collected in specific regions of central Mexico. The environmental conditions of these areas can 

significantly influence the quality and efficiency of the extracted oil. This study aims to compare the 

efficiency and quality of castor oil extracted using Soxhlet and microwave methods, employing hexane, 

isopropyl alcohol, and ethanol as solvents. This work provides relevant data on the extraction of non-

edible vegetable oils, useful for the development of more efficient processes. It also offers an 

experimental basis that contributes to the valorization of wild plant resources with industrial potential. 

 

Methodology 

 

Raw Material Collection  

 

Wild castor bean seeds were collected in the eastern region of the State of Mexico. 

 

Plant Classification and Characterization  

 

According to Salihu et al. (2014), castor bean species can be classified into two types: tall (giant) and 

dwarf varieties. In uninhabited regions of the State of Mexico tall-type castor plants exhibiting tree-like 

shape were identified. Plants collection took place during February and March, under average 

temperatures around 25 °C. Plant height, stem diameter at the base, leaf size and color, presence of 

flowers on the inflorescence, as well as the length, shape, and color of the racemes were registered. 
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Moisture Content Determination  

 

Moisture content of the seeds was determined using the gravimetric method 925.0 of the Association of 

Official Analytical Chemists (AOAC, 2002). 3 g of ground seeds were placed in a crucible and dried in 

an oven at 105 °C for 24 hours. Moisture content (%) was calculated based on weight difference. All 

measurements were conducted by triplicate following Equation 1. 

 

𝐻 = (
(𝑃𝐶+𝑃𝑀)−𝑃𝐹

𝑃𝑀
) 100                                                                                                                              (1) 

 

Where:  

H, humidity 

PC, constant weight 

PM, sample weight 

PF, final weight. 

 

Ash content determination 

 

Ash content was quantified using t 

 

he total ash method. A 3 g sample of ground seeds was placed in a dry porcelain crucible. The crucible 

was exposed to a Bunsen burner flame in a fume hood until the sample stopped to emit smoke. 

Subsequently, the crucibles were transferred to a muffle furnace (TERLAB) and heated at 550 °C for 2 

hours. After cooling down in a desiccator the ash content was determined by weight difference, according 

to Equation 2 (Kirk et al., 1996). 

 

𝐶 = (
𝑃𝐹−𝑃𝐶

𝑃𝑀
) 100                                                                                                                                        (2) 

 

Where:  

PF, final weight 

PC, constant weight 

PM, sample weight. 

 

Oil extraction pre-treatment 

 

Once the castor seeds were collected and dehulled, them underwent a pretreatment process aimed at 

enhancing oil extraction yield, as detailed below: 

 

1. Seed grinding: Carried out using a manual grinder. 

 

2. Heating: Ground seeds were placed in an oven at 105 °C for 2 hours. This step facilitates the 

coalescence of dispersed oil droplets within the seed matrix and promotes the separation of the 

oil emulsion from seed proteins. 

 

Soxhlet extraction 

 

Oil extraction was performed using a Soxhlet device where glass beads and 150 mL of elected solvent 

were added to a round-bottom flask. A 30 g sample of previously dried and ground seeds was weighed 

and placed in a filter paper thimble, which was inserted into the siphon chamber. The Soxhlet apparatus 

was assembled and operated on a heating mantle for 5 hours at the boiling point of the solvent. After 

extraction, the system was turned off and allowed to cool down. The oil–solvent mixture was 

subsequently distilled at the boiling point of the solvent using simple distillation. During this process, 

the solvent was recovered by evaporation and condensation while the extracted oil remained in the flask. 
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Microwave extraction 

 

Microwave-assisted extraction was performed using conventional microwave oven (WINIA) modified 

for the separation process. It started with 30 g of sample and a sample-to-solvent ratio of 1:5, employing 

the same solvents as in the Soxhlet extraction. Solvents were chosen based on their lipid affinity and ease 

of recovery. Extraction process was performed at 60 W and during 60 minutes for all the cases. After the 

extraction period, the remaining solid material was removed through a two-step filtration process: initial 

decantation followed by centrifugation. The solvent was then recovered by simple distillation, and the 

extracted oil was weighed using an analytical balance to evaluate extraction yield (Equation 3). 

 

𝑌𝑖𝑒𝑙𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =  
𝑚2−𝑚1

𝐸
 𝑥100                                                                                                              (3) 

 

Where, m1, weight of the empty, dry container with boiling beads (g); m2, weight of the flask with 

boiling beads and oil after evaporation of the alcohol (g); E, weight of the sample (g). 

 

Physicochemical Characterization of extracted oils  

 

To characterize the physicochemical properties of the extracted oils, the following parameters were 

quantified: 

 

a) Determination of the saponification value 

 

The saponification value was determined according to the methodology described by Nielsen (2003), 

using Equation 4. This method was applied to all oils extracted using the different methods and solvents. 

 

Saponification value (mg KOH required to saponify the total fatty acids in one gram of sample) =
28.05∗(𝐴−𝐵)

𝑀
                                                                                                                                                   (4)                                                                       

 

Where:  

A, blank flow rate (ml of HCl spent on the blank titration) 

B, sample flow rate (mL of HCl spent on the sample titration) 

M, weight of sample (g) 

 

b) Determination of acidity index 

 

The acid value was determined following the methodology described by Nielsen (2003) and expressed 

as the percentage of oleic acid, in accordance with Equation 5. 

 

% 𝑜𝑓 𝑓𝑟𝑒𝑒 𝑓𝑎𝑡𝑡𝑦 𝑎𝑐𝑖𝑑𝑠 =
𝐺∗𝑁∗28.2

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
∗ 100                                                                                      (5) 

 

Where:  

G, ml of KOH consumed in the titration 

N, normality of KOH. 

 

The acidity index was determined from equation 6, expressed as mg KOH/g oil, based on the 

percentage of free fatty acids. 

 

𝐴𝑐𝑖𝑑𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 =  % 𝑓𝑟𝑒𝑒 𝑓𝑎𝑡𝑡𝑦 𝑎𝑐𝑖𝑑𝑠 𝑥 1.99                                                                                      (6) 

 

c) Determination of peroxide value 

 

The peroxide value was determined using the micro-volumetric procedure described by Crowe and 

White. (2001), following Equation 7. This method was applied to all the extracted oils in this work. 

 
𝑀𝑖𝑙𝑙𝑖𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑓 𝑃𝑒𝑟𝑜𝑥𝑖𝑑𝑒

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑡ℎ (𝐾𝑔)
= (𝐺𝑠 − 𝐺𝑤) ∗ 𝑁 ∗ 1000                                                                                           (7) 
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Where:  

Gs, mL of sample 

Gw, mL of reference 

N, normality. 

 

Results 

 

Seed Identification 

 

The wild castor plant identified measured approximately 4 meters in height, with orange-colored flowers 

and conical green inflorescences. The basal stem diameter was roughly 60 cm, and the leaves exhibited 

a dark green coloration. An average of 72 seeds per dry raceme was obtained from the collected pods. 

 

Castor Seed Dimensional Analysis 

 

Length, width, thickness, and weight of fifty castor seeds were measured using a digital Vernier caliper; 

results are presented in Table 1. 
 

Box 1 

 

Table 1 

Seed sizing 

 
 Length (mm) Broad (mm) Thickness (mm) 

Average 11.8706 6.9102 5.1637 

Minimum value 10.4700 5.0300 4.4600 

Maximum value 12.7600 7.7500 5.6100 

Standard deviation 0.4751 0.4419 0.2165 

Median 11.8800 6.9200 5.1400 

Coefficient of variation 0.0400 0.06395 0.0419 

Variance 0.2257 0.1953 0.0469 
 

 

Seed quality is based on various attributes that promote its successful grown. This physical quality 

can be evaluated by dimensional parameters such as length, width, and thickness (Pérez et al., 2006). In 

our study, seed exhibited an average value of 11.8706 mm in length, 6.9102 mm in width, and 5.1637 

mm in thickness, with a mean variance of 0.009 mm.  

 

These results are consistent with those reported by Bonilla et al. (2016) for a castor ecotype from 

Montecillo, Texcoco, which exhibited dimensions of 12.1 mm, 7.6 mm, and 5.4 mm. In a similar study 

conducted by Vasco and coworkers, it was reported values of 13 mm, 7.71 mm, and 6.07 mm for seeds 

collected in Querétaro, Mexico (Vasco et al., 2017).  

 

Similarly, Cruz et al. (2012) found comparable measurements in Criollo seeds from San 

Bernardino, State of Mexico, and Santa María Roaló, Oaxaca. In our work, the standard deviations for 

length, width, and thickness were 0.4751, 0.4419, and 0.2165, respectively, indicating differences of 

0.029%, 0.0639%, and 0.0419% around their corresponding averages resulting in considerable 

heterogeneity in seed size among the samples collected in the eastern region of the State of Mexico. This 

fact is particularly relevant for the design of equipment used in dehulling, sowing, sorting, storage, and 

processing. 
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Castor Seed Weight 

 

Table 2 presents the measures of dispersion derived from the weight analysis of fifty castor seeds used 

in this study. 

 

Box 2  
 

Table 2 

Weight of castor bean sedes 
 

Dispersion measurement Value 

Average  0.2253 

Minimum value 0.1130 

Maximum value 0.2930 

Standard deviation 0.0301 

Median 0.2250 

Variance 0.0009 

Coefficient of variation 0.1336 

 

The average weight of the analyzed castor seeds was 0.2253 g, which is consistent with the value reported 

by Barrios et al. (2018), suggesting that the seeds were developed under optimal growth conditions. The 

standard deviation was 0.020 indicating a homogeneous weight distribution among the seeds collected 

in the eastern region of the State of Mexico. 

 

Moisture Content of Castor Seeds 

 

Table 3 shows the moisture content percentages obtained from castor seeds. 

 

Box 3 

 

Table 3 

Moisture percentage in castor bean seeds  
 

Sample Humidity percentage (%) 

1 8.28 

2 6.14 

 

Heating the castor seeds during the pretreatment promoted the coalescence of dispersed oil 

droplets and by the other hand, it also resulted in a formation of a water film around seeds. Moisture 

content is crucial for estimating safe storage time (Bartosik et al., 2009). In this study, oven-drying at 

105 °C for 24 h resulted in moisture values of 8.28% and 6.14% for samples 1 and 2, respectively, which 

are higher than those reported by Vasco et al. (2017) in seeds from Querétaro (4.69% and 3.65%). These 

findings indicate a high moisture content; thus, long-term storage is not recommended. 

 

Ash Content 

 

The results of the ash content determination are presented in Table 4. 

 

Box 4 

 

Table 4 

Ash percentage in castor bean seeds   
 

Sample Ash percentage (%) 

1 5.5 

2 5.1 

 

crThe ash content determination of castor seeds was determined to be 5.1% to 5.5% for samples 

1 and 2, respectively. Ash represents the inorganic residue remaining after the combustion of organic 

matter, indicating the total mineral content in the seed.  
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This value is important for identifying inorganic elements to obtain value-added by-products. 

Previous studies have reported slightly higher values (5.66% to 6.49% and 6.24%) (Panhwar et al., 2019; 

Omotehinse et al., 2019). According to Vasco et al. (2017), the mineral content of castor seeds is an 

excellent soil conditioner. Therefore, the wild castor seeds collected from the eastern region of the State 

of Mexico exhibit a slightly lower ash content, indicating a reduced presence of inorganic matter. 
 

Physicochemical Characterization of the Oils  

 

a) Determination of the saponification index  

 

Table 5 shows the results of the physicochemical analysis carried out to determine the saponification 

index (mg KOH/g of oil). 

 

Box 5 

 

Table 5 

Saponification, Acidity, and Peroxide Indices of Castor Bean Seeds 

 

Solvent Saponification index 

(mg KOH/g of oil) 

Acidity index Peroxide index (meq 

O2/g) 

Soxhlet extraction 

hexane 182.2 2.1835 3.3864 

ethanol 158.4 2.8915 2.3762 

isopropanol 168.3 2.5850 3.5785 

Microwave extraction 

hexane 165.5 2.7892 1.6 

ethanol 172.5 2.3742 1.1976 

isopropanol 182.3 2.7891 1.5904 

 

The saponification index varied depending on the solvent and extraction method. With Soxhlet, 

hexane had the highest value (182.2 mg KOH/g), and with microwaves, isopropyl alcohol was highest 

(182.32 mg KOH/g). These results indicate a higher content of free fatty acids, beneficial for soap 

production. Some values were below the range reported by other studies (Shridrak et al., 2010; Yusuf et 

al., 2015; Omotehinse et al., 2019; Suliman, 2016; Ogunniyi, 2006), suggesting lower saponification 

efficiency in some cases. 

 

b) Determination of acidity index 

 

Table 5 shows the results of the acidity index (mg KOH/g of oil) to determine the quality of the extracted 

oil. 

 

It was determined acid values between 2.18 and 2.89 for castor oils extracted from wild seeds, 

and free fatty acid content from 1.09% to 1.45%, depending on solvent and method (Table 5). This values 

are quite similar regardless the extraction method used (Soxhlet/microwave) but in all the cases are higher 

than those reported by Shridrak (2010), Yusuf (2015), and Suliman (2016). The acid value reflects oil 

quality since high values indicate lower refining efficiency (Yeboah, 2020). Despite the elevated values 

of the oils extracted in this work, all of them remain within the acceptable range of 0.4–4.0 (Shridrak et 

al, 2010). This suggests the oil is suitable for refining to improve the quality of the product. 

 

c) Determination of peroxide value 

 

The results of the determination of the peroxide index (meq O2/g of oil) carried out to the different oils 

are shown in Table 5. 

 

The peroxide index of castor oil was higher with Soxhlet extraction (3.37–3.57 meq O₂/kg) than 

with microwave-assisted extraction (1.19–1.60 meq O₂/kg) regardless to the used solvent, as shown in 

Table 7. This index indicates the initial oxidation level of the oil, related to rancidity. Although the values 

of peroxide index of our samples exceeded those reported by Cepeda et al. (2006), who found 0.475 meq 

O₂/kg, all of them remain within the acceptable limit (<5). Higher peroxide values suggest greater 

degradation, consequently, the extraction method impacts oil oxidative quality. 
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Castor Oil Yield 

 

The yield of the oil extracted using the Soxhlet method is shown in Table 6. 

 

Box 6 

 

Table 6 

Castor oil yield from using Soxhlet extraction 
 

Sample Yield (%) 

Hexane 61 

Isopropanol 56 

Ethanol 51 

 

The yield of the oil extraction with hexane, isopropanol, and ethanol was 61%, 56%, and 51%, 

respectively (Table 6). Among them, the better performance of the Soxhlet extraction process was 

attained with hexane as solvent (18.24 g/30 g seed). These results are consistent with Cepeda et al. (2006), 

who reported similar yields using the same solvents, but are slightly lower than the results of the study 

conducted by Danlami et al. (2015), who reached up to 59.5% with ethanol. The values obtained in our 

work also overperform Nangbes et al. (2013) study, who reported 48.32% using hexane and Soxhlet. 

Therefore, the oil yields obtained here are satisfactory when compared to existing studies. 

 

The yield of the oil extracted using the microwave method is shown in Table 7. 

 

Box 7 

 

Table 7 

Castor oil yield from using microwave extraction 
 

Sample Yield (%) 

Hexane 30 

Isopropanol 33 

Ethanol 35 

 

In contrast, the yield of the extracted oil by Microwave-assisted method was 30% with hexane, 

33% with isopropanol, and 35% with ethanol (Table 9). Cardona et al. (2012) reported similar yields 

(26–37%) using hexane and acetone. Mosquera et al. (2012) also achieved high yields (37–45%) using 

various solvents for vegetable oils. These findings support microwave-assisted extraction as an efficient 

and viable method for obtaining oils with potential food and cosmetic applications. Our study identify 

ethanol as the most effective solvent for this extraction method and remarkably, it has a very superior 

performance compared to the 23.4% yield reported by Izquierdo et al. (2013) using ethanol for oil 

extraction from Cucurbita pepo L. (pumpkin) seeds. 

 

Conclusions 

 

Wild castor seeds from the eastern region of the State of Mexico were collected during February and 

March for its evaluation as raw material for castor oil extraction. These seeds exhibited typical 

dimensions and weight according to several reports from various regions of Mexico. It was found an 

average moisture content in the seeds of 7.21%, which is considerably high and its storage for long 

periods is not recommended. Similarly, the ash content was elevated, indicating a considerable presence 

of organic matter in the seeds. Regarding to castor oil extraction, conventional Soxhlet and microwave-

assisted methods were assessed employing different solvents. It was attained a yield of 61% with hexane, 

51% with ethanol, and 56% with isopropanol with the Soxhlet method while for microwave-assisted 

extraction the yield achieved was 30% with hexane, 33% with isopropanol, and 35% with ethanol.  
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The free fatty acid content was slightly higher in the oil extracted by microwave (2.65 mg KOH/g) 

compared to Soxhlet (2.55 mg KOH/g) while regarding to the saponification index, by Soxhlet extraction 

it was 169.70 mg KOH/g, while by microwave-assisted extraction it was determined to be 173.44 mg 

KOH/g. Lastly, the peroxide value, was significantly lower in microwave-assisted extraction (1.46 meq 

O₂/g) compared to Soxhlet (3.11 meq O₂/g), indicating better oil quality in the microwave-extracted 

samples. In all cases the normative was observed. In conclusion, the wild castor seeds collected in State 

of Mexico, exhibit the necessary physical and chemical characteristics to be considered a viable source 

for castor oil extraction. While the Soxhlet method provides higher yields, the microwave-assisted 

method offers superior oil quality, reduced processing time, and lower energy consumption.  
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AOAC Association of Official Analytical Chemists 

°C Celsius Degrees 

g Gram 

h Hour(s) 

KOH Potassium Hydroxide 

mL Milliliter(s) 

meq O₂/kg Milliequivalents of Oxygen per Kilogram 

mm Millimeter(s) 

N Normality 

W Watt(s) 
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