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Abstract 

Pest infestation is one of the serious problems of the agricultural sector in crop production and may even pose health hazards to 
humans. Aphis fabae, normally known as black bean aphid, is one of the main culprits that predominantly damage growing crops 
particularly beans, celery, and peas and may carry diseases as they multiply. Kakawate (Gliricidia sepium) leaves extracts was 
prepared using microwave assisted extraction and used as pesticide against black bean aphids in string beans (Phaseolus vulgaris). 
Microwave assisted extraction (MAE) is a rapid method of extraction of active components of plants which employ microwave 
energy to heat sample-solvent mixture at a short period of time. A central composite design (CCD) was employed to evaluate the 
effect of irradiation time (1.5 minutes) and microwave power (210W, 350W) on the phenolic content of the extract. Response 
surface methodology (RSM) determined the optimized conditions of MAE of total phenolics in dried G. sepium leaves. The 
optimized conditions were obtained at irradiation time of 2.44 minutes and microwave power of 275W with total phenolic content 
of 9.022 mg-GAE/g-dry sample. The presence of bioactive compounds of alkaloids, flavonoids, tannins and phenols were 
confirmed in the extract. The mortality or average life span of A. fabae upon application of G. sepium pesticide and commercially 
available pesticide are 5.17 seconds and 4.73 seconds, of which the difference is insignificant with the p-value one tail (0.002) and 
two tail (0.005) effect. No significant effect on the height of plant and number of P. vulgaris leaves at 10 days after the application 
of G. sepium pesticide (p = 0.022) and commercially available pesticide (p = 0.026) which make it a great potential biopesticide.   
 
Keywords:  black bean aphids, botanical pesticides, Gliricidia sepium, microwave assisted extraction, total phenolic content 

 

Abstrak 

Serangan makhluk perosak ialah satu masalah serius bagi sektor pertanian terutama hasil tuaian dan mungkin memberi kesan 
kesihatan terhadap manusia. Aphis fabae, juga dikenali sebagai afid kacang hitam, merupakan satu dari pemangsa utama yang 
merosakkan tanaman seperti kacang, seleri, kacang pea dan membawa penyakit. Ekstrak daun Kakawate (Gliricidia sepium) telah 
disediakan melalui pengekstrakan berbantu gelombang mikro dan digunakan sebagai racun mahkluk perosak bagi melawan afid 
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kacang hitam dalam untaian kacang (Phaseolus vulgaris). Pengekstrakan berbantu gelombang mikro (MAE) ialah satu kaedah 
pantas bagi pengekstrakan sebatian aktif dari tumbuhan di mana tenaga gelombang mikro digunakan memanaskan sampel 
campuran pelarut dalam tempoh masa yang singkat. Reka bentuk komposit berpusat (CCD) telah dibangunkan bagi penilaian kesan 
masa penyinaran (1.5 minit) dan kuasa gelombang mikro (210W, 350W) terhadap kandungan fenolik bagi hasil ekstrak. Keadaan 
optimum MAE bagi jumlah fenolik daun kering G. sepium ditentukan melalui kaedah gerak balas permukaan (RSM). Keadaan 
optimum telah diperolehi pada masa penyinaran 2.44 minit dan kuasa gelombang mikro ialah 275 W bersamaan jumlah kandungan 
fenolik 9.022 mg-GAE/g-sampel kering. Kehadiran sebatian bioaktif seperti alkaloid, flavonoid, tannin dan fenol telah disahkan 
melalui hasil ekstrak. Kadar kematian atau purata jangka hayat bagi A. fabae berdasarkan pengunaan racun makhluk perosak G. 

sepium dan perbandingan racun komersial ialah 5.17 saat dan 4.74 saat, di mana perbezaannya tidak signifikan dengan nilai p 
kesan satu arah (0.002) dan dua arah (0.005). Tiada kesan signifikan terhadap ketinggian pokok dan bilangan  P. vulgaris selepas 
10 hari racun G.sepium digunapakai (p = 0.022) dan racun komersial (p = 0.026) di mana ia menunjukkan potensi yang baik sebagai 
racun mahkluk perosak bio. 
 
Kata kunci: afid kacang hitam, racun botani, Gliricidia sepium, pengekstrakan berbantu gelombang mikro, jumlah kandungan 

fenolik 

 
 

Introduction 

Food security is threatened by the occurrence of insect 
pest outbreak which estimated to have caused a loss of 
20-40% of global crop production due to infestation [1, 
2]. Insect pests are considered destructive to the natural 
environment, adversely impact human health and 
activities, and damage agricultural production. The 
quality of crops of a farmer are affected by the pest that 
thrive on the plants as they grow hence affecting market 
and reduced crops production to as much as 50% [3, 4]. 
One of the most serious pests encountered by farmers on 
their crops is black bean aphids (Aphis fabae). It is a 
small black insect with a soft body with piercing and 
sucking mouthparts that transmit harmful viruses to 
plants and grow in large numbers in agricultural, wild, 
horticultural, and ornamental plants [5]. It is an 
identified severe pest of economically important crops 
which are distributed worldwide, feeding about 200 
hosts in various botanical families [6]. Devastating 
populations of black bean aphids reproduce on the plant 
hosts under otherwise good developmental conditions, 
which result to leaf curling, distortion and yellowing 
through virus transmission to the plant host [7]. The 
sucking of plant sap from stems and leaves and the 
transmission of its viruses to plants diminishes the vigor 
of the plant and hinder its growth [8], hence reducing 
production yield. P. vulgaris is one of the plants that are 
commonly infested by black aphids. It is a green color 
crop with high nutritional value hence proper care must 
be provided to prevent pest infestation.  

 
Pesticides are used to kill or control pests that invade 
plants to protect it against the damage from infestation. 
Synthetic pesticides have proven toxic to pests, reduce 
crop damages and improve crop production. However, 
its use has some negative impact on human health and 
detrimental consequences to the environment such as 
water pollution, the necessity for excessive use of water, 
and the growth of weeds [9]. The use of botanical 
pesticides from plant material is considered a viable 
alternative to synthetic chemical pesticides because it is 
environmentally safe, naturally available, and low-cost. 
Many plants are capable in controlling pest and is being 
used in traditional agriculture application in most 
developing countries, particularly the tropical areas 
[10]. It contains active metabolites which are 
responsible for pesticidal and fungicidal activity. 
Phenolic compounds include simple phenols, 
flavonoids, flavonols, tannins, coumarins, quinnones, 
and flavons are phytochemicals, which are the major 
bioactive compounds which have a linear relation to 
antioxidant activity and toxicity to fungi and pest [9, 11].  
Kakawate (Gliricidia sepium) contains coumarins 
which are potent neutralizers of bed bugs and termites 
because it possesses a variety of biological properties 
like antimicrobial, anti-inflammatory, antiviral, 
antioxidant, and others [12]. Moreover, the leaf extract 
was proven effective for removal of animal lice and 
ticks, nematocidal activity against Meloidogyne and has 
antibacterial properties for a wide classification of 
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bacteria, as well as fungicidal properties [13]. The 
phytochemicals present in  leaf extract exhibit 
antioxidant properties which is an active component of 
biological pesticides, however possible degradation 
during the extraction process may occur which affect the 
yield and quality of phenolic compounds. Hence, 
choosing the suitable method of extraction of phenolic 
compounds from plant source must take into 
consideration. 
 
Several techniques used for the extraction of phenolic 
compounds from plant include solvent extraction 
[14,15,16], Soxhlet extraction [17], supercritical fluid 
extraction (SFE) [18, 19, 20] and microwave assisted 
extraction (MAE) [21-25]. These methods require 
solvent penetration in the plant matrix to separate the 
phenolic compounds in the plant source. Conventional 
extraction method such as solvent and Soxhlet 
extraction has the advantage of lower equipment cost, 
however it requires extensive use of organic solvent and 
long extraction time which may cause possible 
degradation of bioactive compounds and lower 
extraction efficiency [26]. Advanced method like SFE 
minimize degradation of phenolic compounds [19], 
achieved faster extraction time and higher extraction 
yield due to high degree of selectivity to the compound 
[27] but a fluid’s supercritical state should have 

maintained which requires high operating and capital 
cost. These shortcomings can be partially or completely 
overcome using MAE which operates at low extraction 
time, low energy requirement, less consumption of 
solvent and has improved yield [28]. In MAE, the 
extraction of bioactive compounds was due to the 
penetration of the solvent to the plants cell wall and 
heating with electromagnetic waves. It is important to 
understand the interaction between the microwave 
power and irradiation time during MAE to optimize the 
extraction conditions [29]. The increase in extraction 
yield was attained by increasing the temperature under 
microwave heating at short exposure time [30] but may 
not be generalized due to diverse nature of the 
phytochemicals present in plant. In view of these, it is 
important to optimized the MAE parameters such as 
microwave power and irradiation time and generate a 
mathematical model that describes the yield of phenolic 
compounds from G. sepium leaves. Generation of 

mathematical model provides useful information in 
control of extraction process, design and scale up of 
equipment [31] for practical application. It is also 
important to determine the effectiveness of the produced 
extract as botanical pesticide by measuring the mortality 
of black bean aphids upon application.  

 
Materials and Methods 

Folin Ciocalteu phenol reagent purchased from Merck 
and ACS reagent grade sodium carbonate, Na2CO3 at 
>99.5% purity and gallic acid was used for 
spectrophotometric quantification of TPC. Analytical 
grade potassium mercuric iodide (K2HgI4), sodium 
hydroxide (NaOH), sodium chloride (NaCl) and 
anhydrous ferric chloride (FeCl3) was used for 
qualitative determination of phytochemicals. 
Laboratory grade ethanol, 95% (C2H5OH) was used for 
microwave assisted extraction of TPC from G. sepium. 
A batch of G. sepium leaves obtained from Alitagtag, 
Batangas was used as a precursor of TPC. The schematic 
of the study was shown in Figure 1. 
 
Sample preparation 

The G. sepium leaves was freshly harvested from a farm 
in Alitagtag, Batangas. The sample were carefully 
cleaned and washed several times with de-ionized water 
to remove dirt, drained, placed in zip lock plastic bags 
and frozen overnight at -4 oC before drying. The frozen 
samples were freeze dried in the Instrumentation 
Laboratory of the Science and Technology Research 
Center, De La Salle University, Manila using a vacuum 
freeze dryer at -40oC. The moisture content of the G. 

sepium was determined (1) by getting the difference of 
the weight of the sample before (Wi) and after ((Wi) 
drying. The weight of the sample was obtained using a 
laboratory analytical balance. 

moisture content (%)= 
Wi- Wf

Wi
 x 100                            (1) 

The freeze-dried samples were milled using a blender to 
obtain fine powder and passed through a 35-tyler mesh 
sieve to collect sizes less than 500 microns. The G. 

sepium fine powder was placed in a sealed glass 
container to avoid adsorption of moisture which may 
affect the analysis of phenolic compounds and its 
optimization. 
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Figure 1.  Scheme for extraction of G. sepium leaves using MAE method 
 

 

Microwave assisted extraction 

A Face Centered Central Composite Design is the 
design of experiment used in the extraction of total 
phenolics in the G. sepium leaves with two independent 
numeric variables such as irradiation time and 
microwave power. The coded value of the independent 
variable was shown (Table 1) to clearly see the 
minimum and maximum operation conditions of MAE 
and the Design of Experiment (Table 2) to describe each 
set-up. 
 
A full level factorial scheme was used in the analysis 
have a total of 13 runs with the following characteristics: 
face centered with α = 1, 8 factorial points, 5 center 

points at confidence level of 95% (p=0.05) was used in 
the analysis. To lessen the effect of natural variability on 
the response, sampling was done randomly. The 
optimized condition was determined using Response 
surface methodology (RSM) while the determination of 
the significance of primary variable effects, variable 
interaction, and the model will be evaluated using 
Analysis of variance (ANOVA). 

 
The freeze-dried sample was pretreated with ethanol to 
soften the cell wall and initiate the release of soluble 
phytochemicals. The 1-gram sample of G. sepium leaves 
powder was pre-leached by soaking in 200mL of 95% 
ethanol for 2 hours. The pre-leached samples were 
transferred in a microwave oven for extraction of TPC 
following the design of experiment in Table 2. After 
each extraction set-up, the liquid was separated from the 
solid residue using centrifuge at 4000rpm. The crude 
liquid extract was kept at 4oC to preserve the bioactive 
components. 
 

Table 1.  Coded values of independent variables 

Independent Variables ( -1 ) ( 0 ) (+1) 

Irradiation time (minutes)  1 3 5 

Microwave power (Watts) 210 280 350 
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Table 2.  Design of Experiment using Central Composite Design 

 

Standard 

 

Run 

 

Factor 1 

A: Irradiation Time 

(Minutes) 

Factor 2 

B: Microwave Power 

(Watts) 

Response 

TPC 

(mg-GAE/g-sample) 

13 1 3 280 R1 
12 2 3 280 R2 
5 3 1 280 R3 
8 4 3 350 R4 
11 5 3 280 R5 
1 6 1 210 R6 
6 7 5 280 R7 
7 8 3 210 R8 
10 9 3 280 R9 
9 10 3 280 R10 
4 11 5 350 R11 
3 12 1 350 R12 
2 13 3 210 R13 

 
 
 

Determination of phytochemicals of G. sepium leaves 

extract 

The crude extracts from G. sepium obtained at optimized 
condition were examined qualitatively for presence of 
phytochemicals such as alkaloids, flavonoids, tannins, 
and simple phenols. A 5mL crude extract was used in 
the analysis and the reaction occurred after addition of 
reagents will determine the presence of each 
phytochemical. The presence of alkaloids was 
determined by acidifying 5mL crude extract with 
hydrochloric acid and addition of 3 drops of Mayer’s 

reagent (K2HgI4). Flavonoids were identified using 
alkaline reagent analysis wherein the crude extracts 
were treated with a small amount of NaOH solution 
dilute hydrochloric acid. Presence of tannins was 
determined upon addition of NaCl to the crude extract. 
Finally, the presence of simple phenols was analyzed by 
adding few drops of FeCl3 solution to the crude extract. 
 
Determination of total phenolic content 

TPC of the extract was quantified using modified Folin 
Ciocalteu method [32]. A 0.5 mL crude extract was 
mixed with 0.5 mL of 10% Folin Ciocalteu reagent 
solution. After 5 minutes, 1-mL of 15% w/w Na2CO3 

was added to the mixture to catalyze the reaction. The 

samples were left standing in the dark for 1 hour to 
achieve complete reaction. A sample prepared (5%v/v) 
was quantified using spectrophotometer (Shimadzu UV-
1800 spectrophotometer) at λmax = 765nm and the result 
was compared to the standard curve and expressed as 
gallic acid equivalents (GAE) per gram sample.  
  
Pest and plant isolation 

The infested P. vulgaris beans with black bean aphids 
were sequestered from the other plants by means of 
housing it into a cage made of nets and fences having a 
dimension of 34x72x59”. Six (6) cages were prepared 

which corresponds to the triplicated plots for each kind 
of pesticide which are the G. sepium extract based 
pesticide and the commercially available one.  A larger 
cage was made in order to house the three (3) smaller 
cages with nine (9) string beans plants. A total of six (6) 
huge cages were made. This is to ensure that the pest 
will not escape when the researchers apply the pesticide 
in every plot. Each plot was planted with the same 
number of string beans.  
 

Pesticide preparation and application 

The crude extract produced at optimized condition was 
purified using rotary evaporator to remove excess 
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ethanol leaving only the crude extract of G. sepium. A 
20mL dosing amount of extract were placed in sterilized 
and clean spray bottles. The P. vulgaris beans plant was 
sprayed with formulated pesticide. The effect of 
pesticide on the plant’s height and leaf color and number 

were examined for 10 consecutive days. The 
experiments were done in triplicates and were calculated 
for statistical comparison of the effectiveness and 
performance of botanical pesticide with commercially 
available pesticides. 
 

Results and Discussion 

The dry weight of the G. sepium leaves obtained after 
freeze drying was 32.34%. The average dry matter in G. 

sepium leaves was 25.3% ranging from 19.6 to 37% 
[33]. The use of the vacuum freeze drying is 
advantageous from other dehydration methods since the 
constituents of the dried material remain homogenously 
dispersed, has less damage on the volatile substances 
compared to other dehydration methods operated at 
higher temperatures, hence preserving the 
phytochemicals of the G. sepium samples. Moreover, no 
shrinkage or toughening of the material after drying can 
be observed and can be protected against spoilage for a 
longer period of time. 
 
Phytochemical screening of G. sepium leaves extract 

The presence of phytochemicals or phenolic compounds 
such as alkaloids, flavonoids, tannins and simple 
phenols play an important role in pesticide production 
due to its antibacterial, antimicrobial and insecticidal 
properties. These are the major bioactive compounds 
which have a linear relation to antioxidant activity and 
toxicity to fungi and pest [9,11]. Table 3 shows the result 
of phytochemical screening of crude ethanolic G. 

sepium leaves. The color change of the crude extract 
indicates the presence of phytochemicals. 
 

Qualitative phytochemical screening of crude G. sepium 

leaves confirmed the presence of alkaloids, flavonoids, 
tannins, and phenols. These phytochemicals in crude 
extracts of G sepium leaves indicates the presence of 
appreciable amounts of bioactive compounds [34, 35] in 
the extract which exist linearly to TPC and antioxidant 
activity. Phenolic compounds are the major bioactive 
compounds found in dried herbs and a linear 

relationship exists between the total phenolic content 
and the antioxidant activity of herbs [36, 37]. The 
presence of alkaloids indicates the appearance of yellow 
colored residue after acidification and addition of 
Mayer’s reagent. On the other hand, after treatment with 

alkaline reagent, an intense yellow color solution was 
formed and become colorless upon acidification which 
indicates the presence of flavonoids. Moreover, the 
presence of tannins was identified after the formation of 
white precipitates upon addition of salt to the crude 
extract. Finally, simple phenols were identified for the 
appearance of bluish black color after addition of ferric 
chloride. All the phytochemicals tested were found to be 
present in the extracts of G. sepium, hence it can be 
assumed that this extract exhibit good antioxidant 
activities that can be an active component of effective 
biopesticide. 
 
Microwave assisted extraction of TPC in G. sepium 

leaves extract 

To optimize the extraction of TPC in crude extract of G. 
sepium, two parameters were varied in the studies such 
as irradiation time (1.5 minutes) and microwave power 
(210-350W). The design has 13 runs comprising of 8 
non-center points and 5 center points. To lessen the 
effect of natural variability on the response, sampling 
was done randomly. Among the varying condition of 
MAE, the highest TPC obtained in ethanolic extract of 
G. sepium leaves is 9.04 mg GAE/g dry sample 
extracted at 3 minutes irradiation time and 280W 
microwave power while the lowest amount of 2.30 mg-
GAE/g-dry sample was obtained at 5 minutes irradiation 
time and 350W. The TPC values in the present study is 
higher compared with [38, 39] having 7.57 mg-GAE/g-
dry sample where the extraction was done by soaking in 
ethanol for 3 days and 1.7 mg/ml respectively. 
Preservation of the bioactive components are achieved 
using MAE compared to conventional soaking with 
solvents which improved the antimicrobial and 
antioxidant activity of the extract.  
 
MAE is effective in extraction of TPC, however proper 
control of irradiation time and microwave power must 
be considered to improve extraction yield and reduce 
processing cost.  Phenolic content degrades with longer 
extraction time and high temperature [40]. Likewise, 
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with higher power settings, too much penetration of the 
electromagnetic waves was encountered and resulted in 
the breakdown of phenolic compounds. Increasing 
irradiation time and microwave power increased the 
amount of analyte being extracted, although there is the 
risk of extracted compound degradation [41]. However, 
at too short extraction time, less amount of total phenolic 
content can be extracted, thus its effect on extraction of 
TPC must be determined. The effect of irradiation time 
and microwave power and their interaction in extraction 
of TPC in ethanolic G. sepium leaves (Figure 2) is 
important to study to see its trend. 
 

It is evident from the graph that at increasing irradiation 
time from 1 to 3 minutes, there is an increase in the 
extracted TPC at microwave power of 210W signifying 
the continuous extraction of TPC. As the microwave 
power increased to 350W, less time is needed to obtain 
the highest TPC because more electromagnetic waves 
have been absorbed at a given time. As the extraction 
process continued longer, a decreasing trend in the 
phenolic content was observed in both microwave 
power condition which may be due to degradation of the 
bioactive components and its evaporation. A drastic 
decrease in TPC was observed with a longer extraction 
time at a higher microwave power. An intersection of 
the curves indicates that the interaction of the process 
condition was found to affect the extraction of TPC. It 
revealed that increasing irradiation time and microwave 
power resulted to an increase in TPC, however were 
nullified as further increases in both factors were made. 
This is due to the reason that longer time or exposure 
and too much microwave power causes a rapid rupture 
of cell wall that resulted to degradation, hence a lower 
TPC was obtained. To determine the effect of the 
primary variables and their interaction, ANOVA was 

used.  Coded equation (2) is useful in identifying the 
relative impact of irradiation time and microwave power 
on TPC based on their coefficients.  
 

In comparing the level of their coefficients, irradiation 
time has greater impact compared to microwave power 
on the extraction of TPC. The actual equation can be 
used to predict the TPC at a given condition. The coded 
equation (2) is very useful to predict the impact of each 
factors on TPC of G. sepium within the design space. 
Likewise, actual equation (3) can be used to make 
predictions on the amount of TPC extracted from G. 

sepium at a given level of each factors within the design 
space.  
 

The ANOVA (Table 4) for the model is important to see 
the significance of the equation to the response within 
the design space.  
 

The interaction of irradiation with time and power were 
found to be highly significant with p-value of 0.0078 at 
α=0.05. The model was generated to relate the specific 
variable to TPC of G. sepium leaves extract. The devised 
equation was based on quadratic model with F-value of 
50.15 and p-value of <0.0001 at 0.05 level of 
significance which implies that the model is significant 
with R2 = 0.97. Moreover, the adequate precision is 
21.16 which indicates an adequate signal to noise ratio 
and is desirable, thus the model can be used to navigate 
the design space at irradiation time of 1 to 5 minutes and 
microwave power of 210-350 watts.  The residual plot 
of the model (Figure 3) generated is relatively normal 
distribution which indicates that model chosen 
representing the data adequate. This was also supported 
by the plot of predicted versus actual values. 
 

 
 

Table 3.  Qualitative phytochemical screening of the crude ethanolic extract of G-sepium leaves 

        Alkaloids    Flavonoids        Tannins Phenols 

Appearance 
 

Presence of 

Phytochemicals 

Green to yellow 

extract 

+ 

Green to intense 

yellow extract 

+ 

Formation of        

white precipitate 

+ 

Green to bluish 

black extract 

+ 
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Figure 2.  Effect of irradiation time (a) and microwave power (b) and their interaction (c) on TPC of G. sepium leaves 
extract: Design points: (-) 210W, (--) 210W at 95% CF, (-) 210W, (--) 210W at 95% CF, (•) design points   

 
 
                TPC =  +8.78 − 1.62𝐴 − 0.4133𝐵 − 0.8900𝐴𝐵 − 2.79𝐴2 − 1.22𝐵2                            (2) 
 
                TPC =  −18.31 + 5.16𝐴 + 0.153𝐵 − 0.006𝐴𝐵 − 0.698𝐴2 − 2.49𝑥10−4𝐵2                         (3) 
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Table 4.  ANOVA for Quadratic model 

Source Sum of squares F-value P-value Effect 

Model 58.43 50.15 <0.0001 Significant 

A: Irradiation time 15.81 67.85 <0.0001 Significant 

B: Microwave power 1.03 4.40 0.0742 not-significant 

AB 3.17 13.60 0.0078 Significant 

A2 21.54 92.4 <0.0001 Significant 

B2 4.13 17.71 0.0040 Significant 
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Figure 3.  Diagnostics: Normal plot of residuals (a), Predicted vs. actual (b), Residual vs. predicted (c), Residuals 
vs. run (d), Residuals vs irradiation time (e), Residuals vs. microwave power (f) 

 
 
Optimization of TPC extraction in G. sepium leaves 

Response surface methodology was used to determine 
the optimum condition for the extraction of TPC in G. 

sepium at a given design space. Determination of 
optimum irradiation time and microwave power is 
necessary to achieve higher yield and low processing 
cost. Irradiation time and microwave power are essential 
parameters in MAE extraction and inadequate selection 
of either less and enormous time and power of extraction 
can alter the phenolic compounds in plant material [41]. 
The model plot of MAE of TPC from G-sepium leaves 
was shown in Figure 4.  
 
The red portion of the plots in both 3D model (Figure 
4.a) and contour plot model (Figure 4.b) represents the 
good condition which yield a high TPC result in which 
the irradiation time of about 3 minutes and microwave 
power of 280 watts showed a favorable performance of 
TPC extraction. The light green up to dark blue 
represents less to least TPC value. Increasing yield of 
TPC was observed as the irradiation time increased from 
1 minute to less than 3 minutes and microwave power of 
210 watts to 280 watts. There is a decline in TPC as 
irradiation time and microwave power exceeded 3 
minutes and 280 watts, respectively. This indicated that 
upon reaching equilibrium, the interaction of the 

parameters with extracting solvent and G. sepium occurs 
until it reached the highest TPC at 3 minutes and 280 
watts. Once the highest yield was achieved and the 
extraction continued, the dissolution of the phenolic 
compound into the solvent began and this was due to the 
prolonged exposure to irradiation [42,43].  Decline in 
TPC (2.1 mg-GAE/g-dry sample) beyond 280 watts can 
be associated with the overexposure to electromagnetic 
radiation that activated the diffusion coefficient between 
solvent and plants resulting from the increased power. 
This implies that the limited exposure and prolonged 
exposure of plant matrix to electromagnetic radiation 
belittle the TPC yield. The highest yield of TPC (9.04 
mg-GAE/g-dray sample) was observed at 3 minutes of 
irradiation time and 280 watts of microwave power 
which should be considered as the maximum setting 
MAE. The optimized condition (TPC= 9.022 mg-
GAE.g-dry sample) was attained at an irradiation time 
of 2.44 minutes and microwave power of 275 W at the 
desirability of 0.997. The generated model was validated 
by performing extraction of phenolics at 2.44 minutes 
and 280W power which attained actual TPC of 9.01 mg-
GAE/g-dry sample against the predicted value of 9.02 ± 
0.48 mg-GAE/g-dry sample. The actual obtained is 
within the predicted range at 95% confidence level 
which validated the model.  
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Effect of G. sepium pesticide upon application 

It is important to determine the effect of the application 
of pesticide on the target pest and the growth of plant. 
The TPC of G. sepium extract is the active component 
of the pesticide that enhances its antimicrobial and 
antioxidant property [23].  Upon application of G. 

sepium pesticide and the commercially available 
pesticide, the mortality or average life span of A. fabae 
are found to be 5.17 seconds and 4.73 seconds 
respectively. The difference of the result is insignificant 
in one tail (p-value = 0.002) and two tail (p-value = 
0.005). In case of the control (without pesticide 
application), there is no pest mortality observed. The 
effect of G. sepium pesticide on the growth of P. 

vulgaris plants in terms of height and leaves were also 
studied. A total of 90 P. vulgaris plants were harvested 
and measured for its height and all the leaves of the P. 

vulgaris plants were counted. The p-value obtained after 
10 days monitoring on the height and number of leaves 
of P. vulgaris plant compared to the control are 0.025 
and 0.0266 respectively at a=0.05 which indicates no 
significant differences. This implies that the G. sepium 
pesticide effectiveness against A. fabae is comparable to 
the commercially available pesticides on the market. 
Thus, the use of biological pesticides is advantageous in 
terms of its safe use which caused no hazards to human 
health and environment. 

 

 
 

 

Figure 4.  Model Plot of MAE of TPC from G. sepium extract (3-D surface plot (a) and contour plot (b) 
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Conclusion 

The presence of phytochemicals such as alkaloids, 
flavonoids, tannins, and phenols are present in G. 
sepium extract which are the active components of its 
antimicrobial, antioxidant, anti-fungicidal and even the 
anti-insecticidal activity. Careful control of irradiation 
time and microwave power in MAE is required to attain 
high TPC yield. The interaction of the two parameters 
can give the optimum yield TPC from G. sepium. 
Prolonged irradiation time and increasing microwave 
power affect TPC of the plant due to degradation and 
evaporation. The effectiveness of G. sepium on A. fabae 
mortality and growth of P. vulgaris plant was 
comparable to the commercially available pesticide in 
the market but is advantageous in terms of use because 
it is safe for humans and posed no hazards to the 
environment. 
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