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 Derris elliptica which is known locally as ‘tuba’ plant contains rotenone, a well-known 
bio-active compound that has the potential to be used as bio-pesticide. Bio-pesticide is 

the best-known alternative to the commercially available conventional pesticides and it 

is more environmental friendly. For that reason, the aim of this study is to obtain the 
best extraction solvent system that produces high yield of rotenone and to determine the 

rotenone content with respect to different locations of Derris roots in Johor, Malaysia. 

Rotenone was extracted using normal soaking extraction (NSE) process using three 
different parts of Derris plant and three types of solvent system. The types of Derris 

part were: (1) fine root, (2) coarse root and (3) stem. The types of solvent system were: 

(1) acetone 95% (v/v), (2) Chloroform 99.9% (v/v) and (3) a mixture of ethanol and 
water (9:1) added with oxalic acid (1 mg/ml). Next, the liquid crude extracts were 

filtered to remove any fine debris prior to the reverse-phase high performance liquid 

chromatography (RP-HPLC) analysis. The results showed that acetone 95% (v/v) was 
the best solvent system to extract the highest yield of rotenone (1.14% w/w) of Derris 

fine roots. Meanwhile, Kangkar Pulai was the best location to procure this domesticated 

forest Derris plants with high content of rotenone due to the fact that the location where 
it thrived was nearby to the river stream, shady spot and humid condition. For that 

reason, the yield of rotenone was highly affected by location, types of solvent and plant 

parts used.  
 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Saiful Irwan Zubairi, Mohamad Roji Sarmidi and Ramlan Abdul Aziz. A Study of Rotenone from Derris Roots of 

Varies Location, Plant Parts and Types of Solvent Used. Adv. Environ. Biol., 8(2), 445-449, 2014 

 

INTRODUCTION 

 

Rotenone and its derivatives are well known for their insecticidal properties. They occur naturally as 

constituents of the roots, stems and leaves of many leguminous species of the genera Derris, Lonchocarpus, 

Tephrosia, and Amorpha [3]. For several centuries, these plants have been used by the aborigines to prepare for 

animal hunting and fishing poisons [9]. The ‘tuba’ plant is a woody plant which grows along the ground, 

crawling and climbing to other plants. It needs at least 75% moisture and a temperature of 25 
o
C to live. ‘Tuba’ 

is known by its botanical name as Derris elliptica. Rotenone is one of the important bio-active compounds 

extracted from Derris elliptica and other important constituents of Derris root (e.g., deguelin and tephrosin) 

have been shown to be toxic to insects as well. The molecular structure of rotenone is shown in Figure 1. 

However, they are less active than rotenone [11]. Commercially important Derris plants like Derris elliptica and 

D. malaccensis (Fig. 2) contain approximately 4% (w/w) to 5% (w/w) of rotenone [10]. More recently, rotenone 

has come of interest because of its selectivity and low environmental hazard. Rotenone is highly toxic to insects 

but relatively non-toxic to plants and mammals. This moderate polar molecule is toxic towards cold-blooded 

animals and when exposed to sunlight, it easily biodegrades to form dihydrorotenone and water. Rotenone is 

extremely active as contact and stomach poisons against many crop pests such as Mexican bean beetles, apple 

and pea aphids, corn borers and household pests. Besides having low mammalian toxicity, they are reasonably 

safe to honeybees [6]. Although there were many studies published on Derris plants, up to the extent of our 

knowledge, there were no studies conducted utilizing our own local Derris plant species. The aim of this study 

is to acquire the best extraction solvent system that produces high yield of rotenone in dried roots. Moreover, we 

aim to observe the rotenone content with respect to different locations of domesticated Derris plants in the state 

of Johor, Malaysia where they thrive abundantly in the palm oil plantation area. 
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Fig. 1: Rotenone molecular structures [4,5]. 

 

 

    
 

Fig. 2: Derris plant species that is abundantly available in the state of Johor: Kangkar Pulai and Kulai, 

Malaysia: (a) Derris elliptica and (b) Derris malaccensis. 

 

MATERIALS AND METHODS 

 

Plant collection: 

Derris elliptica was collected in the state of Johor; Kulai and Kangkar Pulai, Malaysia. The locations was a 

palm oil plantation area with abundant of ‘tuba’ plant thriving in the bushes.  

 

Pretreatment of raw material: 

The collected raw materials had to immediately undergo a cleaning process to remove any fine dirt and soil. 

They were kept and dried in an oven overnight at temperature of 28 to 30 
o
C. The cleaned raw materials were 

sorted carefully prior to the extraction process. Only roots and stems with specific sizes were utilized. The plant 

parts that had been collected at Kangkar Pulai and Kulai, Johor, Malaysia were categorized into 3 types: (1) fine 

root (0.5 mm to 2 mm in diameter); (2) coarse root (2 mm to 5 mm in diameter) and (3) stem (0.5 mm to 2 mm 

in diameter) [7]. The vibrating grinding sieve machine was used to pulverize 3 different types of plant parts into 

small chips.  

 

Extraction process: 

The normal soaking extraction (NSE) process was carried out by soaking 25 g of dried roots (based on the 

respective fine or coarse roots) and stem in 250 ml solution of 3 sets of solvent system which were (A) acetone 

95% (v/v), (B) chloroform 99.9% (v/v) and (C) a mixture of ethanol: H2O (9:1) added with oxalic acid (OA: 1.0 

mg/ml) for 24 hrs at room temperature (28 to 30 
o
C). The liquid crude extracts were filtered through 15 cm 

Whatman filter paper (number 4) directly into 500 ml beakers after 24 hrs of extraction. The filtered liquid crude 

extracts were transferred into small vials ready for the HPLC analysis of rotenone content with respect to 

different types of solvent systems and locations of collected samples.  

 

 

(a) (b) 
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Analysis of liquid crude extract: 

The filtered liquid crude extract was subjected to a quantitative analysis by using a reverse-phase high 

performance liquid chromatography (RP-HPLC) with UV (Photodiode Array - PDA) detection at 294 nm to 

determine the yield of rotenone % (w/w). The analysis of the extract solutions was carried out by using an 

external standard method (Rotenone PESTANAL


, analytical grade, 96.2% - Sigma-Aldrich as an external 

standard solution). The Waters Corp. (C18) liquid chromatography stainless steel column with particle size of 

10 m (3.9 mm I.D  150 mm lengths) was utilized. The isocratic solvent system was implemented throughout 

the whole analysis using acetonitrile and deionized water with a ratio of 60:40 as a mobile phase and amplitude 

unit full scale (AUFS) of 2. 

 

Statistical analysis: 

Data was presented as mean  standard deviation (SD) of mean. Statistical comparisons were performed 

using Students t-test (PASW version 17.0 IBM Co.). A p<0.05 was considered statistically significant. 

 

RESULTS AND DISCUSSION 

 

Figure 3 shows the yield of rotenone in dried roots extracted using normal soaking extraction (NSE) process 

of different types of solvents and locations of collected Derris plant. The extraction process was carried out by 

using 3 types of solvent systems (chloroform, ethanol and acetone) and 3 types of Derris plant parts which were 

fine roots (0.5 mm to 2 mm in diameter), coarse roots (2 mm to 5 mm in diameter),) and stems (0.5 mm to 2 mm 

in diameter). The result showed that the solvent system of acetone produced the highest extraction yield of 

1.14% (w/w) as compared to the chloroform and ethanol + oxalic acid + water (p<0.05). Meanwhile, the fine 

roots collected from Kangkar Pulai gave the highest yield of 1.14% (w/w) followed by Kangkar Pulai coarse 

roots, Kulai fine roots and Kulai/Kangkar Pulai stems (p<0.05) of acetone extract. For the ethanol + oxalic acid 

solution, all types of Derris plant parts of all locations produced the same yield of rotenone (p>0.05). Finally, 

for the chloroform extracts, only fine and coarse roots collected from Kangkar Pulai produced the highest yield 

of rotenone as compared to the other places and Derris plant parts (p<0.05). Overall, there was a significant 

effect on the Derris plant parts and types of solvents used in the normal soaking extraction (NSE) process. 

Acetone with the solvent strength of 5.1, extracted around 39.5% to 72.8% more rotenone as compared to the 

chloroform and ethanol respectively (p<0.05). If the solubility of pure rotenone in acetone (0.66 g/ml), ethanol 

(0.0002 g/ml) and chloroform (4.72 g/ml) is used as an indicator of selecting the best solvent system for 

extraction, chloroform could be the best solvent to extract rotenone effectively (John, 1944). However, the low 

solubility of rotenone in the chloroform extract as compared to acetone might probably be due to the low 

solubility of three other major constituents (e.g., tephrosin, 12-rotenolone and deguelin) available in 

rotenoids resin which could hinder the chloroform to extract the rotenone as all of them existed as a resin and 

not as individual entities. On top of that, chloroform has been proven to only dissolving rotenone in a pure form 

but not being able to dissolve rotenoids resin homogeneously. It was shown that the solubility of rotenone in 

pure form (Rotenone PESTANAL


; Analytical grade, 96.2% (w/w); Sigma-Aldrich) was extremely soluble in 

chloroform (4.1) than the other solvents. Apart from that, the usage of different Derris plant parts had shown to 

affect the yield of rotenone in dried roots. The fine Derris roots (below than 1 cm in diameter) appeared to be 

the key contributor of high rotenone content in the acetone extract as compared to the coarse roots (1 cm to 2 cm 

in diameter) and stem (2 cm to 3 cm in diameter) (p<0.05). For that reason, rotenone and other bio-constituents 

seemed to bio-accumulate either in the fine or coarse roots. Moreover, the bio-active constituents in the roots 

were always higher than in the stems (p<0.05) due to the fact that the cell tissue containing mainly rotenoids 

resin (e.g., rotenone, tephrosin, 12-rotenolone and deguelin) is reasonably abundant in roots of small (below 

than 1 cm) and medium in diameter (2 cm to 5 cm) [1,7].  

    

Conclusion: 

The results of the experiment suggested that acetone is the best solvent system as it exhibited high in 

rotenone content in dried roots as compared to the others two solvents (p<0.05). Moreover, the usage of organic 

solvent with moderate polarity (e.g., acetone and ethanol) seemed to have affected the amount rotenone in the 

liquid crude extract. The purpose of adding oxalic acid solution with ethanol was to facilitate the solubility of 

rotenone during the extraction process. Surprisingly, rotenone dissolved in water in the form of liquid emulsion 

(milky solution) due to its natural occurring emulsifier in the resin substances. Rotenone is an isoflavonoid 

molecule which contains a sugar molecule with the tendency to be slightly soluble in water. On the other hand, 

as rotenone is typically being bio-accumulated at the root, rotenone content in the root is always higher than in 

the stem (p<0.05). This condition suggested that rotenone is accumulated in the roots (irrespective of fine or 

coarse roots) where there is a large amount of rotenoids resin in cell tissues (in the form of milky sap) of a small 

(below than 1 cm in diameter) and medium (1 cm to 2 cm in diameter) size root. Meanwhile, the conditions in 

which the Derris plants are collected play an important role in ensuring high rotenone content. It is believed that 
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if the production of rotenone from Derris plants can be understood metabolically, the Derris plant which 

produced high rotenone content could be studied and cultivated so that the exhaustive yield of the rotenone 

could be attained effectively. 

 
Fig. 3: Yield of rotenone content in dried roots % (w/w) extracted using the normal soaking extraction (NSE) 

method for different types of solvents and locations of collected Derris plant. Results shown were 

means ± S.D. in triplicate (n = 3). (*) p<0.05 comparison of rotenone yield in dried roots with different 

extraction solvent system of the same collected Derris plant location. () p<0.05 comparison of 

rotenone yield in dried roots with different collected Derris plant location of the same extraction solvent 

system. 
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