

EVALUATION of SECONDARY METABOLITES and FUNCTIONAL GROUPS in Derris elliptica (Wall) Benth for NATURAL PEST CONTROL



ABSTRACT
This study aimed to evaluate the secondary metabolites  and functional groups present in Derris elliptica (Wall) Benth leaves and roots, the significant difference on efficacy of the extracts and commercially available pesticide. The results revealed that the pure leaf extract has a flavonoids, steroids and tannins, whereas in the root extract were alkaloids, flavonoids, saponins, steroids, and tannins. This implied that the root extract has secondary metabolites pesticide presence of alkaloids and has a direct rotenone toxicity symptom leading to inhibition of growth which ultimately results in the death of insect. Fourier Transform Infrared Spectroscopy (FT-IR) analysis identified key functional groups, including carbonyl (C=O), aliphatic (C-H), and hydroxyl (O-H) groups, supporting the bioactivity of Tubli. Statistical analysis using ANOVA revealed a significant difference in cockroach mortality rates across different extract concentrations. The 100% root extract concentration showed the highest efficacy, comparable to that of a commercial pesticide. These findings highlight the potential of Derris elliptica root extract as a natural, eco-friendly, and cost-effective alternative to synthetic pesticides. Future studies should focus on the exploration of other plant species within the Fabaceae or Faboideae family for their pesticidal properties and or other properties. This research contributes to the development of sustainable and environmentally friendly pest management solutions using plant-based insecticides.
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I. INTRODUCTION

The Derris elliptica (Wall) Benth genus of vines is found in the Old World tropics, especially South East Asia. In the province of Pambujan, Northern Samar, Derris elliptica is commonly known as Tubli. It was often found in forest, along rivers and roadsides. 

Pest control in the recent years has become a major problem in almost all agricultural countries. A number of pest control strategies have been developed to manage various pests under different situation. However, pesticides continue to be the single most widely used pest control due to their ease of application and rapidity of action (Ecobichon, 2001).

To overcome increasing problems encountered with the excessive use of pesticides, efforts was being made to turn to the use of alternative methods that was environmentally friendly and relatively lower cost compared to the chemical pesticides. A large number of plants have been reported to possess insecticidal properties (Bohmon, 2000).

Plant extracts provide a safe and viable alternative to synthetic pesticides and was compatible with the use of beneficial organism, pest- resistant plants and to preserving a healthy environment in an effort to decrease reliance on synthetic pesticides. (Erdogan, et al.,2012).

This study was conducted to evaluate the secondary metabolites and functional groups present in Derris elliptica (Wall) Benth leaf and root as an agent for being a natural pest control. 
 
II. MATERIALS AND METHODS
Materials 
The researchers used the following materials and instruments according                    to their respective applications:
Cockroaches- conceptually define as a seavenging insects that resembles a beetle, having long antennae and legs typically a broad, flattened body. Operationally the test insect that will use by the researcher in order to test the effectiveness of formulated from Derris elliptica.
     Derris elliptica- conceptually, a species leguminous plant from Southeast Asia and the Southwest Pacific Islands. Operationally, a scientific name of “tubli” the experimental plant that will use in this study to test the effectiveness of plant extracts from Derris elliptica.

Research Design
This study employed an experimental research design with six treatments and three replications to determine the pesticidal efficacy of the experimental sample and positive control.
Research Methods and Procedures
Preliminary Activities
The fresh leaves of Tubli were collected in Barangay Cababto-an, Pambujan, Northern Samar. The Tubli leaves were washed with water and dried. After that, the Tubli leaves were cut into smaller pieces with the use of scissors. The cut leaves were juiced using a manual juicer. The extracts of the plant sample were filtered using a funnel with filter paper to remove leaf particles and all other solid substances from the extract. The collected pure extracts of the plant sample were poured separately into a bottle, and was tightly capped and stored in a refrigerator until used in the test for determining the physical properties and secondary metabolites. On the other hand, fresh Tubli roots were collected in Barangay Cababto-an, Pambujan, Northern Samar. One kilogram (1kg) of roots were washed and air dried for one day. After drying, the roots were cut into smaller pieces and placed an oven for drying then it was pulverized using a grinder. Pulverized roots were kept in dry bottle, macerated, and soaked in 80% analytical grade ethanol for three (3) days. The resulting suspension was filtered and subjected to rotary evaporator for extraction at 70°C. After rotary extraction, the Tubli root extract was incubated at 60°C to 70°C to remove the remaining alcohol.

Phytochemical Screening
For secondary metabolites determination of Derris Elliptica (Tubli) Extracts, procedures were done in triplicate. The applied procedures are adopted in Guevara, et al. (2004) 

Detection of Alkaloids: 
Dragendorff’s reagent,  and  Mayer’s reagent were used to test the presence of alkaloid on   the tubli leaf, and root extracts. By adding one (1) mL of Dragendorff’s reagent to two (2) mL of leaf, and root extracts in the separate test tubes, an orange red precipitate was formed, indicating the presence of alkaloids. While on Mayer’s test, few drops of Mayer’s reagent were added to one (1) mL of  leaf,and root extracts. A yellowish or white precipitate was formed, indicating the presence of alkaloids.   

Detection of Flavonoids 
To detect the presence of flavonoids, a five(5) mL of the tubli leaf, and root extracts in the separate test tubes, was mixed with 0.1g of Metallic Zinc, and added eight (8)mL of concentrated sulfuric acid. The mixture was observed for red color as indicative of flavonoid.

Detection of Saponins
Saponin test used the standard Froth, and Foam tests to detect and confirm the presence of saponin in tubli leaf, and root extracts.
Froth Test: A 5mL of leaf and root extracts of 
Tubli in a separate test tubes were added with 
20 mL distilled water and shaken vigorously for5 minutes. It was allowed to stand for 10 minutes and observed for honeycomb froth, which 
was indicative of the presence of saponins. 
Foam Test: A five (5) mL of tubli leaf, and root extracts was shaken vigorously in the separate test tube for five (5) minutes. Development of stable foam suggested the presence of 
saponin.

Detection of Steroids
Salkowski test was used to detect the presence of steroids. Placed one (1)mL of tubli leaf, and root extracts into the separate test tubes then added two (2)mL of chloroform and wait for a few seconds then added five (5) drops concentrated sulfuric acid, and if a green color was produced in the forms of ring, the presence of steroids was confirmed.

Detection of Tannins
Ferric chloride test was used to detect the presence of tannins. 
A two (2)mL of tubli leaf, and root extracts in a
separate test tubes were added with three (3
mL of distilled water and then added three (3)
drops of 10% ferric chloride. It gave a blue-bla
ck color that indicated the presence of hydroly
zable tannins while a brownish-green color ind
icated the presence of condensed tannins. 

Preparation of the Tubli leaf , root extract  and positive control at different concentration.
The different concentration from the filtered leaves, and roots extract of tubli samples were prepared as follows.
1.50% concentration- 5 mL of pure tubli leaves extract was added with 5 mL distilled water.
2.100% concentration- the pure tubli leaves extract without adding water.
3.50% concentration- 5 mL of pure tubli root extract was added with 5 mL distilled water.
4.100% concentration- the ethanolic tubli root extract without adding water.
5. 50% concentration - 5 mL of commercial pesticide was added with 5 mL distilled water.
6.100% concentration - 10 mL of commercial
 pesticide.

Collection of Experimental Insects
Cockroaches were collected from several locations, a total of 90 cockroaches were used in this study. Fishing was used in collecting the insects that were transferred to clear round disposable plastic containers. 

Administration of the Test Substances to the Cockroaches.
In testing the efficacy of plant extracts as pesticides, five (5) cockroaches was placed in a cages covered with a clear net. Four (4) mL of each concentration (50%, and 100%) of the fresh leaves, roots extract and commercial pesticide were poured separately in a bottle spray, then sprayed on the cage containing the test insects. The number of dead cockroaches was recorded (the efficacy) after 15 minutes,  30 minutes, 45 minutes, and 60 minutes. This 
[bookmark: _Hlk131419090]was done thrice.

Data Analysis Procedure
Analysis of Variance (ANOVA) was used to determine the significant differences between the average of mortality of cockroaches in the different concentration based on different treatments. The percentile was employed to compare the pesticidal efficacy between the extracts and commercial pesticide / positive control.

III. RESULTS

Phytochemical Screening on Tubli Extracts
The table below illustrates the results of secondary  metabolites for Tubli leaf, and root extracts in terms of Alkaloids, Flavonoids, Saponins, Steroids and Tannins.

Phytochemical screening revealed that Tubli leaf extract contains flavonoids, steroids, and tannins, while the root extract contains alkaloids, flavonoids, saponins, steroids, and tannins. This indicates that the root extract possesses secondary metabolites with pesticidal properties, particularly due to the presence of alkaloids. Rotenone is an alkaloid, a key compound, exhibits toxicity symptoms that inhibit insect growth, ultimately leading to their death. (Int J Mol Sci. 2022).

Table 1. Secondary metabolites of Tubli Extracts
	Phytochemical Screening
	Tubli leaf extract
	Tubli root extract

	Alkaloids
	Negative
	Positive

	Flavonoids
	Positive
	Positive

	Saponins
	Negative
	Positive

	Steroids
	Positive
	Positive

	Tannins
	Positive
	Positive




FT-IR Analysis of Tubli Samples
The FT-IR spectra for the Tubli leaf and root powder were analyzed using FTIR spectrometer. When infrared radiation passes through a material, intensity passes through without interacting with molecules, while the remainder interacts with molecules and is absorbed. This makes infrared spectroscopy useful several types of analysis. (Marichelvam et al., 2018). The result of the characterization of the Tubli leaves and root samples using FT-IR Analysis was presented. 






Table 2. FT-IR   Characterization on Tubli Leaf 
	FT-IR Analysis Result on Tubli Leaf 

	Observed Peaks
(cm-¹)
	IR Assignment

	
	Functional Group
	Range (cm-¹)

	1610.81
	-C=O (Carbonyl group)
	1730-1650

	2917.79
	-C-H (Aliphatic)
	2850-2950

	3287.15
	-O-H (Hydroxyl group)
	3570-3200
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Figure 1. FT-IR Analysis on Tubli Leaves

Table 3.  FT- IR   Characterization on Tubli Root 
	FT-IR Result on Tubli Root 

	Observed Peaks (cm-¹)
	IR Assignment

	
	Functional Group
	Range (cm-¹)

	1606.95
	-C=O(Carbonyl group)
	1730-1650

	1611.64
	-C=C-C (Aromatic ring)
	1600-1580

	2922.7
	-C-H (Aliphatic)
	2850-2950

	32888.16
	-O-H (Hydroxyl group)
	3570-3200
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Figure 2. FT-IR Analysis Result on Tubli Root

Fourier Transform Infrared Spectroscopy (FTIR) analysis was conducted to identify the functional groups present in Tubli leaves and roots. The analysis revealed broad peaks in the range of 3287.15–3288.16 cm⁻¹, with additional peaks forming between 3200–3600 cm⁻¹, which are characteristic of the O-H (hydroxyl) functional group. These peaks can be attributed to the presence of glycerin, a polyol that contains multiple hydroxyl groups (Tahir et al., 2018). This suggests that Tubli contains compounds with hydroxyl-rich structures, which may contribute to its bioactivity.

The column graph below presents data on the pesticidal efficacy of Tubli (Derris elliptica) leaf and root extracts against cockroaches, compared to a commercial insecticide (positive control). The results are shown for different concentrations (50% and 100%) of each extracts, with the number of dead cockroaches recorded.

No cockroach mortality (0%) was observed at both 50% and 100% concentrations of Tubli leaf extract. Only that the cockroaches became weak after 45 minutes and revive after 60 mins. This indicates that Tubli leaf extract has a slight pesticidal effect on the cockroach.

While at 50% concentration of Tubli root extract has a 66.67% efficacy wherein, 10 out of 15 cockroaches died. In addition, 100% concentration of Tubli root extract has a 93.33% efficacy wherein, 14 out of 15 cockroaches died. The root extract showed a significant pesticidal effect, with higher mortality at 100% concentration. This confirms that Tubli roots contain bioactive compounds, particularly rotenone, which is known for its high toxicity to insects.

As to compare at 50% concentration of commercial pesticide with 86.67% efficacy, wherein 13 out of 15 cockroaches died. In addition, a 100% concentration of positive control has a 100% efficacy wherein all 15 cockroaches died. 
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Figure 3. Pesticidal Efficacy of Tubli Leaf, Root Extract and Positive Control

Analysis of Variance (ANOVA) for Pesticidal Efficacy of Tubli Extract 
The analysis of variance (ANOVA) examined the variability in cockroach mortality across the four treatment groups: Tubli root 50%, Tubli root 100%, commercial pesticide 50%, and commercial pesticide 100%.

Since the computed F-value (3.90) is greater than the critical value (3.49), this means at least one of the treatments has a significantly different effect from the others, based on Table 4. 

Table 4. ANOVA data on Pesticidal Efficacy of Tubli root extract and Positive Control
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Table 5. Comparative Analysis on Pesticidal Efficacy of Tubli root extract and Positive Control
[image: ]

Table 5  indicated that the effectiveness of Derris elliptica (Tubli root) extract varies depending on concentration. The 100% concentration of Tubli root extract performs comparably to the positive control at both 100% and 50%, suggesting its potential as a natural pesticide. However, Tubli root extract at 50% concentration is significantly less effective than the positive control at 100%, indicating a reduction in pesticidal efficacy at lower concentrations. The significant difference between Tubli root 100% and Tubli root 50% suggests that higher concentrations are necessary for effective pesticidal action.

IV. DISCUSSION

This study was conducted to compare the pesticide efficacy of Derris elliptica (tubli) leaf and root extracts for the reason that these plant samples might contain active constituents that was effective as pesticidal agents. It also aimed to determine the secondary metabolites and functional group present in the leaves and roots of Derris elliptica (tubli). 	

Based on phytochemical screening, that Tubli root extract may be more effective as a bio-pesticide compared to the leaf extract due to the presence of alkaloids and saponins. Saponins have been reported to enhance permeability in insect cell membranes, which may facilitate the action of rotenone and other toxic compounds. Additionally, flavonoids and tannins may contribute to antioxidant and defensive mechanisms 	that further strengthen the plant’s insecticidal properties.

The FTIR spectra interactions between different components in the Tubli leaf and root samples. The leaf extracts caused weakening and reduced movement of the cockroaches after one hour, no significant mortality was observed. This suggests that Tubli leaves lack potent pesticidal properties, likely due to the absence of rotenone, the primary insecticidal compound found in the plant. Instead, the leaves are rich in flavonoids and tannins, which are known for their antioxidant and medicinal properties rather than insecticidal effects (Trease & Evans, 1983; Ayinde et al., 2007). Although these compounds may contribute to general plant defense mechanisms, they do not exhibit strong toxicity against insects.

In contrast, the ethanolic root extracts showed clear pesticidal activity, with mortality increasing over time. Treatment 4 recorded the highest number of dead cockroaches (14) after one hour, confirming the effectiveness of the root extract as an insecticide. The superior efficacy of Tubli roots can be attributed to rotenone, a well-documented natural insecticide that interferes with the mitochondrial electron transport chain, leading to energy depletion and eventual insect death (Binas, 2021). Additionally, Tubli roots contain lipid-based compounds, ceramides, and polyhydroxyl octadecenoic acid, which further enhance their pesticidal properties against a variety of insects, including aphids, flies, caterpillars, and ticks (Evans, 2002). Positive control confirming its high toxicity and rapid action. The commercial insecticide remains the most effective, killing all cockroaches at full concentration.

The ANOVA results indicate that there is a statistically significant difference among the treatment groups at the 0.05 significance level. This means that at least one of the treatment groups differs significantly from the others in terms of efficacy. Further post-hoc analysis may be needed to determine which specific groups are significantly different from each other. This finding supports the hypothesis that Derris elliptica extracts may exhibit pesticidal activity at varying concentrations, and at least one concentration shows a distinct effect compared to others.
Based on Tukey’s HSD test, we observed that Tubli root extract at 100% performs similarly to the positive control at 100% but differs from Tubli root extract at 50%.
This supports the idea that higher concentrations of Tubli root extract increase effectiveness, making it a viable alternative to commercial insecticides at full strength. 


V. CONCLUSION

 	Based on the research findings from the series of laboratory tests on the evaluation of secondary metabolites and functional groups in derris elliptica (wall) benth for natural pest control the researchers derived the following conclusions:
1. This study successfully evaluated the secondary metabolites and functional groups present in Derris elliptica (Tubli) leaves and roots, determining their potential use as a natural pest control agent. The phytochemical screening confirmed the presence of alkaloids, flavonoids, saponins, steroids, and tannins, which are known for their pesticidal properties. Notably, the root extract exhibited higher pesticidal efficacy due to the presence of alkaloids, particularly rotenone, a compound known for its insecticidal activity.
2. The FT-IR analysis identified key functional groups such as carbonyl (C=O), aliphatic (C-H), and hydroxyl (O-H) groups, further supporting the bioactivity of Tubli. 
3. The ANOVA results revealed a statistically significant difference in the mortality rate of cockroaches treated with different extract concentrations, confirming the pesticidal potential of Tubli root extract, particularly at 100% concentration.
4. Comparative analysis with a commercial pesticide indicated that Tubli root extract at 100% concentration exhibited a comparable effect on cockroach mortality, highlighting its potential as an alternative, eco-friendly, and cost-effective pesticide.
	
This research supports the sustainable use of natural plant extracts as an alternative to synthetic pesticides, contributing to safer and more environmentally friendly pest management solutions.
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