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Abstract 

Despite the abundance of palm-based residues generated, the by-products from 

thermochemical processing such as bio-oil may create value-added products to the palm 

industry. The palm-based derived bio-oil contains high aromatic compounds, which are 

active ingredients in the bio-pesticides formulation. Therefore, this study investigated the 

formulation of the bio-pesticide from this bio-oil and determines their effect on insect-pest 

in oil palm such as Metisa plana walker bagworm. Prior the formulation, preliminary 

evaluation of the compatibility between bio-oil and surfactants such as Tween 20 and 

Tween 80 as the bio-pesticides ingredient were evaluated using the ternary phase diagram. 

The compatibility results showed the best formulation is at 20% of surfactant. Based on 

these conditions, the experiment was formulated using an active ingredient (AI) called 

azadirachtin extracted from neem seed. The formulated bio-pesticide was tested for its 

effectiveness towards the mortality of the bagworm. The results showed that the 

formulated bio-pesticide was able to repel 50% of the bagworm population, with a lethal 

concentration (LC50) of 22.1 g/mL showing a good indicator as an effective repellent. 

Hence, this study provided new knowledge for waste management towards zero waste 

strategy for a better environment and sustainability. 

1. Introduction 

Various palm biomass such as palm kernel shells 

(PKS), empty fruit bunches, and mesocarp fibers have 

been accumulated in numerous palm oil mills in the 

nation and pose challenges in waste management (Kabir 

et al., 2018). For this reason, proper utilization of solid 

biomass waste is necessary for environmental and 

economic reasons (Mushtaq et al., 2015). Thus, it is vital 

to explore the gaps in making a more sustainable oil 

palm industry (Khatun et al., 2017). Therefore, palm 

biomass's valorization into other useful products such as 

bio-oil through thermochemical processes such as 

pyrolysis (Baloch et al., 2018). In general, bio-oil from 

pyrolysis was used in boilers, diesel engines for power 

generation or industrial boilers, and kilns to replace 

fossil fuels (Kim et al., 2010). Recent studies also 

reported that the conversion of palm kernel shells (PKS) 

to bio-oil under thermal processing provides a more 

significant benefit. It minimizes the disposal problems 

associated with the agricultural wastes (Ogunkanmi et 

al., 2018). Bio-oil from palm kernel shell is the focus of 

this study due to the compounds it poses, such as phenol 

and methyl ester (Chan et al., 2018). These compounds 

are vital as methyl ester is known to be one of the 

carriers in the formulation of pesticides (Massaguni et 

al., 2016). Recently, more researches explored to 

produce eco-friendly carrier for pesticide formulation 

rather than relying on petroleum-derived products (Chin 

et al., 2012). Significantly, pesticide formulations also 

comprise active ingredients in charge of the pesticidal 

effect and inert ingredients such as surfactants in order of 

improving product performance, stability, and usability 

(Megat Nabil Mohsin et al., 2017). Based on previous 

studies, botanical insecticide active ingredient, i.e. 

azadirachtin has the highest insecticidal activity (Zheng 

et al., 2018).  

The major insect pests that cause outbreaks in the oil 

palm plantation are bagworms (Ahmad et al., 2013). 

Bagworms such as Metisa plana Walker (Lepidoptera: 

Psychidae) are caterpillars fed on oil palm leaflets 
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(Kamarudin et al., 2010). Over time the population of 

bagworms will increase above its threshold level 

(Ahmad et al., 2017). Despite extensive efforts, effective 

management of this pest in the oil palm industry remains 

unresolved (Halim et al., 2018). Hence, appropriate pest 

management strategies control bagworms and maintain a 

healthy oil palm plantation (Kok et al., 2012). This paper 

highlights the investigation on the formulation of bio-

pesticide from bio-oil and its' effect on insect-pest in oil 

palm such as Metisa plana bagworm. 

 

2. Materials and methods 

The formulation of bio-pesticide consists of three 

stages, namely compatibility testing on the components 

(bio-oil and surfactants), analysis of the potential of 

active ingredient (AI) (azadirachtin), and bio-assay 

studies of the formulated bio-pesticide on bagworm, 

Metisa plana.  

2.1 Compatibility of bio-oil and surfactants 

The compatibility tests performed to evaluate the 

suitable composition of bio-oil and surfactant in 

biopesticide formulation. For this test, the mixture of the 

theoretical weight of filtered bio-oil and surfactants (a) 

and deionized water were prepared based on Equation 

(1) and (2):    

Where a: weight of oil + weight of surfactant, b: 

percentage of total deionized water (%), c: weight of 

total deionized water content (g) and d: weight of 

deionized water added for each rotation (g). 

Later, Equations (3) and (4) were used for each test 

tube every cycle when deionized water was added in 

order to calculate the weight of the actual deionized 

water based on the theoretical weight for each cycle: 

Where number of cycle, n = 1,2,3,4,5,6,7,8,9,10,11 

and m = n + 1. 

Each test tube was then centrifuged and observed for 

the formation of different phases exist.   

The phased presence was evaluated based on the 

ternary phase diagram (TPD) using Ternary Plot in 

CHEMIX School software version 7.00 (Arne Standness, 

Bergen, Norway).  

2.2 Neem extraction, analysis, and mixture formulations 

Neem seeds were washed with running water and let 

to be dried at 50°C for 24 hrs. The weight of neem seeds 

before and after dried was measured. The dried neem 

seeds were then crushed into 1-2 mm particle size using 

the conventional blender. Next, 250 g of powdered neem 

seed was stirred in 1 L of hexane using a magnetic stirrer 

at 40°C for 2 hrs. After 2 hrs, the residue was filtered, 

and the extracted oil was kept in a bottle. The defatted 

neem powder was added into 1 L of methanol and was 

stirred using a magnetic stirrer at 1500 rpm at 40 °C for 

2 hrs. The compositions of AI (azadirachtin) obtained in 

this extraction process were analysed using UV-Vis 

spectrophotometer (HACH). Different concentrations of 

the bio-oil and neem extract were prepared according to 

the ratio in Table 1.  

2.3 Formulation of bio-pesticide composition  

Various combinations of oil (bio-oil and neem 

extract) and water ratio at constant surfactant percentage 

(20%) were formulated using TPD as a reference and 

summarized in Table 2. Each sample was well-mixed 

using vortex and then centrifuged at 3500 rpm for 30 

minutes. Model. The appearance and physical properties 

of each sample were then analysed and recorded.  

2.4 Bio-assay of Metisa plana bagworm 

The 3rd or 4th instar larvae of Metisa plana were 

tested using the formulated bio-pesticides. During the 

testing, the samples were placed in a plastic cup, fed with 

some palm oil leaves coated with bio-pesticide cream for 

10 s. The leaves kept dried at room temperature and 

tested on 3 instar larvae for each formulation with 

deionized water as a control sample. Meanwhile, the 

instar larvae were maintained under laboratory 

conditions at 26±2°C. The number of affected bagworms 

(dead/survive) from the tested formulated bio-pesticides 

was recorded over 4 days. Larvae that failed to respond 

to gentle prodding with a fine sable brush were 

considered as dead. The daily number of bagworms 

affected, the percentage of mortality and toxicity for 

b = ( c / ( c + a )) × 100 (1) 

c = ( b a / ( 100 – b )) (2) 

Theory m (c) – Theory n (d) = Theory m (d) (3) 

Actual m (d) + Actual n (c) = Actual m (c) (4) 

Samples Bio-oil: Neem extract 

A 10:00 

B 8:02 

C 5:05 

D 2:08 

E 0:10 

Table 1. The mixing ratio of bio-oil to neem extract 

Formulations Surfactant : Combined oil : Water 

A1,B1,C1,D1,E1 2 : 8 : 0 

A2,B2,C2,D2,E2 2 : 6 : 2 

A3,B3,C3,D3,E3 2 : 4 : 4 

A4,B4,C4,D4,E4 2 : 2 : 6 

Table 2. The composition ratio of bio-pesticide formulation 
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each combination of bio-oil and neem extract were 

observed and determined.  

 

3. Results and discussion 

3.1 Ternary phase diagram  

The ternary phase diagram is a tool used to 

understand the phase behaviour and stability of bio-oil 

(Li et al., 2020). The results of these experiments are 

shown in Figures 1 and 2. From the figures, Tween 20 is 

more compatible with bio-oil than Tween 80, as more 1 

phase (isotropic) appeared when it is mixed with water 

as well. This is because the solubility of Tween 20 in 

water is much higher than that of Tween 80 (Podgórska 

and Agata, 2016). The effect on phase behaviour of 

aqueous phase, or also known as a mixture of 

polyoxyethylene sorbitan fatty acid ester (Tween 20 or 

80) with oil (such as vegetable oil consisting of soybean 

oil and rapeseed oil) and water show that only 20% 

solution was used as the aqueous phase (Prasert and 

Gohtani, 2016).  

3.2 Effect of various composition ratio of formulations 

Figure 3 shows the pest did not respond quickly to 

the bio-pesticide due to the bio-pesticides repellent 

ability that has been formulated from PKS bio-oil. This 

is because the bio-oil prior physical form of the liquid is 

dark brown, free-flowing, and has a strong acrid smell 

(Abnisa, Arami-Niya, Wan Daud and Sahu, 2013). A 

strong odour that can be smelled in each formulation 

shows that bio-oil formulation for A1, A2, A3, and A4 

contained some compounds responsible for this odour. 

The pungent odour release due to the presence of phenol 

compounds, which can repel the bagworm and cause the 

bagworm to still alive on day 1. High molecular phenols 

are the dominant components in bio-oil from the 

pyrolysis of lignin-rich biomass from PKS (Esohe et al., 

2016). Besides, the number of affected bagworms 

increased on day 2 for all the concentration except for 

A3. This was because the A3 formulation did not release 

much odour. 

However, one bagworm was dead on the following 

day, which died because of not consuming. On day 2, the 

largest number of deaths happened at the highest 

concentration of bio-oil, which was at A1. All the 

bagworms were dead on day 4. This shows that the bio-

pesticide that has the highest concentration was able to 

kill most of the bagworm. The production of a large 

amount of bio-oil showed volatiles' presence during 

pyrolysis of PKS biomass (Abnisa et al., 2013). Various 

bio-oil concentrations used in the bio-pesticide 

formulation for Sample A contain volatile compounds, 

which help control the bagworm. A high concentration 

of bio-oil indicates that the volatile compounds were 

more elevated and can cause a reaction faster. The 

volatile compound evaporated more quickly and released 

a strong odour, which could repel the pest away from the 

leaves. Thus, A1 of bio-pesticide of Sample A has the 

highest volatile matter cause the two out of three 

bagworms death quickly on the 2nd day compared with 

other concentrations and all the pest death at the end of 

the day. The higher concentration of the sample, the 

larger the number of deaths. Therefore, A1 of bio-oil was 

the most efficient bio-pesticide when compared with 

other formulation. The bio-oil that acts as repellent and 

antifeedant towards the Metisa plana larvae ensures the 

bagworm's fatality is able to achieve.  

Besides, Figure 3 also shows that the number of 

bagworm death has significantly increased from the 

beginning of the experiment for sample B2 of combined 

sample B and the result remained constant for the 

following two days indicated that the remaining 

bagworm did consume the food for three days and finally 

died on day 4 onwards. The Sample of B4 with the lower 

concentration among other samples affected the 

bagworm after 3 days indicated that the time for the bio-

pesticide to attack the bagworm was prolonged. This was 

Figure 1. Ternary phase diagram for Tween 20 

Figure 2. Ternary phase diagram for Tween 80 
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due to the low volatile matters in the B4 that causes the 

bagworm to respond towards the bio-pesticide slowly. 

This was proven that higher concentrations such as 

sample B2 and B1 reacted quickly on the 1st day of 

testing. The higher volatile compounds have a lower 

attack time for the bagworm. However, Sample B1 only 

affected one bagworm only when compared with 30 g/

mL on the first day. Sample B1 was not an excellent bio-

pesticide formulation. The absence of water in the B1 

formulation without any water ratio indicates that it was 

oil-based bio-pesticide as there is no water in the 

formulation. Since 100% of the sample B1 made up of 

oil and surfactant, the efficiency was lower than B2. 

Sample B2 has water, oil, and surfactant, which help the 

two miscible liquid to mix well. A suitable formulation 

can be obtained if water, oil as a carrier, and active 

ingredients with suitable surfactants would produce the 

best bio-pesticide formulation. Although sample B2 was 

also known as oil-based bio-pesticide, the efficiency was 

much higher than sample B1. Therefore, the oil in B1 

can be tested straight away without mix it with 

surfactant. The surfactant is used to reduce the water 

surface tension by breaking the surface tension of water 

and helping the active ingredients be evenly dispersed in 

the water. Sample B2 killed all the bagworms, whereas 

sample B4 killed two bagworms, and sample B3 killed 

only one bagworm. Sample B4 killed a larger number of 

bagworms when compared to the B3 due to the 

starvation. Therefore, B2 formulation with a ratio of 

1:3:1 was the most efficient bio-pesticide formulation for 

Sample B.  

Sample C of various formulation were also been 

tested on the Metisa plana. The result obtained in Figure 

3 shows that the C2 formulation was the best and most 

efficient among all those four formulations. The highest 

death of bagworms on 2nd day was obtained from the C2 

formulation indicates that this was most effective. 

Furthermore, the number of deaths of other formulation 

were unable to achieve at least two bagworm death, 

denoting that samples C1, C3, and C4 were the weakest 

formulation and not recommended. Thus, the lower 

concentration should not be used to formulate bio-

pesticide for sample C combination (1:1). Also, C3 

formulation and C4 formulation, which made up from 

the ratio of 1:2:2 and 1:3:1 respectively, shows that the 

combination of the compound in bio-oil and the active 

ingredient that found in the neem extract were unable to 

produce the best result toward the bagworm as their time 

to attack the bagworm was very slow. The death of 

bagworm might occur due to the repellent and 

antifeedant activity of combined bio-oil to neem extract. 

In spite of this, the highest concentration of C1 bio-

pesticide also unable to kill the bagworm for the 

following two days implied that the surfactant with 

100% combined oils could not make the best 

combination as the usage of surfactant without water in 

formulation make the bio-pesticide less competent. 

However, at least one bagworm is dead on day 3 after 

been starved for two days. Hence, C2 bio-pesticide was 

the most effective formulation that could kill the 

bagworms. However, D2 formulation was the greater 

effective bio-pesticide as the number of death increased 

gradually from day 2 and achieved maximum target end 

of Day 4. Even though sample D2 cannot attack the 

bagworm on Day 1, sample D3 and D4 cause one 

bagworm's death. The D3 formulation was the same as a 

result obtained for D4 formulation of bio-pesticide. 

However, the number of death remain constant 

throughout the experiment after day 1. As discussed 

earlier, the highest concentration could not kill all the 

bagworms and the reaction was prolonged. In 

conclusion, D2 formulation at a ratio of 1:3:1 was the 

most effective bio-pesticide for sample D.  

The active ingredient's effect towards the different 

formulation of Sample E in Figure 3 implies that E1 

formulation was the most effective formulation due to its 

tendency to kill all the bagworms at the end of day 2 

indicates that the attacking time for E1 was the fastest 

when compared with other formulations. This 

formulation was able to kill two bagworms on the 1st day 

Figure 3. Cumulative number of affected bagworms per day for each formulation 
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while E4 formulation killed one bagworm, whereby E3 

and E2 did not kill any. The fastest attacking time of the 

E1 due to its high concentration of azadirachtin in neem 

extract adept at killing large amounts of bagworms. The 

azadirachtin is the main component responsible for both 

antifeedant and toxic effects in pests. Most importantly, 

this is because the presence of azadirachtin in insects 

induces hormonal balances, resulting in the failure of 

moulting or dramatic deformation at immature stages of 

growth when used in the formulation of pesticides or bio

-pesticide vitally (Asaduzzaman et al., 2016). This study 

proved that the higher the azadirachtin content in the bio-

pesticide formulation, the larger the affected bagworm 

would be. E1 formulation for sample E was the most 

effective formulation that could be used to kill most of 

the bagworm in a shorter period of time.  

3.2 Analysis of azadirachtin from neem extract  

The concentration of azadirachtin for each sample 

has been calculated and summarised in Table 1. Table 1 

shows that sample E has the highest concentration of 

azadirachtin in the mixture since the ratio for sample E 

was (0:1). Thus, it has been proven that the azadirachtin 

compound was very high in sample E, whereby the 

mixture prepared with neem extract only. In conclusion, 

if the ratio of neem extract was increased from sample A 

to sample E, the concentration of azadirachtin also 

increased as in Table 1. 

3.3 Mortality percentage of Metisa plana 

Table 1 shows the mortality percentage of the 

bagworms for each mixing ratio sample of bio-oil and 

neem extract during testing using the bagworms. Each 

prepared sample was tested on 12 bagworms. Sample A 

was pure bio-oil, while Sample E was pure neem extract, 

which contains azadirachtin, while other samples were 

the combination of the mixtures. The pest was exposed 

to different mixing ratios, showing 50% mortality for 

sample A, 42% mortality for Sample B, Sample C, and 

Sample D and 58% mortality for Sample E (Figure 3). 

The highest fatality of bagworms was observed for 

Sample E due to its strong, active ingredient content, 

which makes it the most efficient bio-pesticide. Since 

Sample E was made up of neem extract that has been 

extracted from neem seeds using alcohol, azadirachtin is 

the leading cause to produce higher lethality percentage 

when compared with other samples. This is also 

supported by a past study that shown that azadirachtin 

caused both larval and pupal mortality toward a 

Lepidopteran insect (Rharrabe et al., 2008). 

Thus, Sample E was the most effective active 

ingredient that can be used to formulate a highly efficient 

bio-pesticide due to its ability to reach a higher lethality 

percentage. Sample A containing bio-oil was the second-

largest mortality of 50% after sample E. Sample A's 

fatality was 8% lower than that of Sample E, implying 

that the active ingredient found in the bio-oil is slightly 

less vibrant than the azadirachtin compound in neem 

extract. Moreover, the past study claimed that 

azadirachtin also killed the fourth instar larvae within 1–

4 days, with peak host mortality occurring 2 days after 

treatment (Nathan and Kalaivani, 2006). 

It was observed that the combination of bio-oil with 

neem extract was not the best formulation because the 

fatality percentage was lower than Sample A and Sample 

E. The lowest value was 42% obtained from the 

combination of bio-oil and neem extract. The value 

remains constant for three Sample B, Sample C, and 

Sample D. This can be explained by the fact that the 

active ingredient from different chemical groups can 

slow down the development of bio-pesticide resistance. 

However, the reduction of its efficiency of the 

formulation due to the lower mixing or combination of 

both active ingredients which contribute to reducing the 

efficiency of the formulation.  

3.4 Values of LC50 for Metisa plana 

The data were analyzed accordingly using Probit 

Analysis Method and the LC50 values were determined. 

Based on LC50 values, the toxicity of the formulations 

for 72 hrs after treatment in increasing order were 

sample E > Sample A > Sample B = Sample C = Sample 

D. All the Sample B, Sample C, and Sample D were 

categorized under the same level toxicity group as their 

LC50 values were the same. The observation of nano-

emulsion formulation tested on bagworm shows that 

Sample E was found to be most toxic with the lowest 

lethal concentration (LC50) of 16.9 g/mL, is able to repel 

50% of the population. This is because a past study 

highlighted incorporating azadirachtin in the diet (leaves) 

significantly reduced the growth of one of the 

Lepidopteran insects (Nathan and Kalaivani, 2005). 

This proved that azadirachtin, which contains in the 

neem extract, can act as the best repellent for Metisa 

plana. Thus, it is noticed that the lower amount could kill 

the bagworm as the toxicity level for the bagworm to 

react to the azadirachtin compound was very high at the 

lower LC50. This phenomenon agrees with other 

researchers (list of references) where higher active 

ingredients were used in this study by assuming that the 

more massive amount of active ingredient in bio-

pesticide formulation could kill the bagworm. However, 

the less purity of the azadirachtin in neem extract 

resulted in lower impact during the mortality test. Thus, 

to extract the highly pure Aza-A, a series of steps should 

be done and therefore prolong the synthesis time to 
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produce 99% of pure Aza-A. As the produced 

azadirachtin compounds not a pure Aza A, a large 

amount was used in the formulation of bio-pesticide in 

this study. The neem extract is not harmful to the 

animals and human beings, so the usage of large amounts 

was not a serious problem since the raw material was 

neem seed and is not toxic to the user or environment. In 

this study, the bagworm that has been fed on Sample A 

(10:0) bio-pesticide formulation shows LC50 of 22.1 g/

mL. Sample A could kill 50% of the bagworm at the 

concentration of 22.1 g/mL indicated that the 

concentration required was much higher than Sample E 

(0:10). The phenolic compound found in the bio-oil 

(Sample A) has a distinctive odour, which an acrid 

smoky smell. It's a bitter smell or taste that is unpleasant 

synonym pungent, acrid smoke. The cause of this smell 

is due to the low molecular weight of aldehydes and 

acids.  

These phenolic compounds found in the bio-oil were 

the main reason for Sample A to act as a repellent 

towards Metisa plana. This repellent causes the 

bagworm to be starved and died at the end of this 

experiment. However, the combined bio-oil and neem 

extract's toxicity was much lower than bio-oil pesticide 

and neem extract pesticide because the LC50 was the 

highest, which was 54 g/mL. This indicated that this 

massive amount of concentration of combined bio-

pesticide required to attack the Metisa plana. Therefore, 

the same total concentration of combined oil with 

various bio-oil ratio to neem extract could not give a 

different result of LC50. In consideration of the same 

LC50, the toxicity level towards the Metisa plana was 

equivalent. Therefore, neem extract bio-pesticide without 

any combination is highly efficient. This was because of 

its ability to achieved high mortality of bagworms at 

lower lethal concentration, LC50.  

 

4. Conclusion 

The bio-oil-based pesticide was analyzed in this 

study as it can act as a repellent towards bagworm due to 

the LC50 of 22.1 g/mL, which can repel 50% of the 

population. This indicated that the lower concentration of 

bio-oil was only needed to kill bagworm with high 

mortality of 50%. Furthermore, other experiments, such 

as bio-assay of bagworm, should also be conducted with 

the use of insect growth regulators (IGRs) such as 

diflubenzuron (DFB) and teflubenzuron (TFB). This is 

due to diflubenzuron has been reported to affect 

bagworm in previous research. Thus, this is vital to 

observe the mortality of bagworm before bio-pesticide 

with the active ingredient from azadirachtin, surfactants, 

and bio-oil as a carrier is formulated to produce a more 

effective bio-pesticide. 

References 

Abnisa, F., Arami-Niya, A., Wan Daud, W.M.A. and 

Sahu, J.N. (2013). Characterization of Bio-oil and 

Bio-char from Pyrolysis of Palm Oil Wastes. 

Bioenergy Research, 6(2), 830–840. https://

doi.org/10.1007/s12155-013-9313-8 

Abnisa, F., Arami-Niya, A., Wan Daud, W.M.A., Sahu, 

J.N. and Noor, I.M. (2013). Utilization of oil palm 

tree residues to produce bio-oil and bio-char via 

pyrolysis. Energy Conversion and Management, 76

(1), 1073–1082. https://doi.org/10.1016/

j.enconman.2013.08.038 

Ahmad, M.N., Ahmad Ali, S.R., Mohd Masri, M.M. and 

Wahid, M.B. (2013). Efficacy of BAFOG-1 (S), 

Formulated Local Bacillus thuringiensis for 

Controlling Bagworm, Pteroma pendula 

(Lepidoptera: Psychidae). Journal of Oil Palm 

Research, 25(2), 228–234. 

Ahmad, M.N., Kamarudin, N., Ahmad, S.N., Arshad, O., 

Mohd Masri, M.M., Moslim, R. and Kushairi, A. 

(2017). Efficacy of Pheromone Trapping and Aerial 

Spraying of Bacillus thuringiensis (Bt) for 

Controlling Bagworm, Metisa plana Walker 

(Lepidoptera: Psychidae) in Yong Peng, Johor, 

Malaysia. Journal of Oil Palm Research, 29(1), 55 – 

65. https://doi.org/10.21894/jopr.2017.2901.06 

Asaduzzaman, M., Shim, J., Lee, S. and Lee, K. (2016). 

Azadirachtin ingestion is lethal and inhibits 

expression of ferritin and thioredoxin peroxidase 

genes of the sweet potato whitefly Bemisia tabaci. 

Journal of Asia-Pacific Entomology, 19(1), 1–4. 

https://doi.org/10.1016/j.aspen.2015.10.011 

Baloch, H.A., Nizamuddin, S., Siddiqui, M.T.H., Riaz, 

S., Jatoi, A.S., Dumbre, D.K., Mubarak, N.M., 

Srinivasan, M.P. and Griffin, G.J. (2018). Recent 

advances in production and upgrading of bio-oil 

from biomass: A critical overview. Journal of 

Environmental Chemical Engineering, 6(4), 5101–

5118. https://doi.org/10.1016/j.jece.2018.07.050 

Chan, Y.H., Quitain, A.T., Yusup, S., Uemura, Y., 

Sasaki, M. and Kida, T. (2018). Liquefaction of palm 

kernel shell in sub- and supercritical water for bio-oil 

production. Journal of the Energy Institute, 91(5), 

721–732. https://doi.org/10.1016/j.joei.2017.05.009 

Chin, C.P., Lan, C.W. and Wu, H.S. (2012). Application 

of biodiesel as carrier for insecticide emulsifiable 

concentrate formulation. Journal of the Taiwan 

Institute of Chemical Engineers, 43(4), 578–584. 

https://doi.org/10.1016/j.jtice.2012.02.003 

Esohe, J., Tahmasebi, A. and Yu, J. (2016). Production 

of phenol-rich bio-oil during catalytic fixed-bed and 

microwave pyrolysis of palm kernel shell. 

Bioresource Technology, 207(1), 188–196. https://

https://doi.org/10.1007/s12155-013-9313-8
https://doi.org/10.1007/s12155-013-9313-8
https://doi.org/10.1016/j.enconman.2013.08.038
https://doi.org/10.1016/j.enconman.2013.08.038
https://doi.org/10.21894/jopr.2017.2901.06
https://doi.org/10.1016/j.aspen.2015.10.011
https://doi.org/10.1016/j.jece.2018.07.050
https://doi.org/10.1016/j.joei.2017.05.009
https://doi.org/10.1016/j.jtice.2012.02.003
https://doi.org/10.1016/j.biortech.2016.02.002


 Zulkefli et al. / Food Research 5 (Suppl. 2) (2021) 137 - 143 143 

 
eISSN: 2550-2166 © 2021 The Authors. Published by Rynnye Lyan Resources 

F
U

L
L

 P
A

P
E

R
 

doi.org/10.1016/j.biortech.2016.02.002 

Halim, M., Aman-zuki, A., Syed Ahmad, S.Z., 

Mohammad Din, A.M., Abdul Rahim, A., Mohd 

Masri, M.M., Zain, B.M.M. and Yaakop, S. (2018). 

Exploring the abundance and DNA barcode 

information of eight parasitoid wasps species 

(Hymenoptera), the natural enemies of the important 

pest of oil palm, bagworm, Metisa plana 

(Lepidoptera: Psychidae) toward the biocontrol 

approach and it's application. Journal of Asia-Pacific 

Entomology, 21(4), 1359–1365. https://

doi.org/10.1016/j.aspen.2018.10.012 

Kabir, G., Mohd Din, A.T. and Hameed, B.H. (2018). 

Pyrolysis of oil palm mesocarp fiber catalyzed with 

steel slag-derived zeolite for bio-oil production. 

Bioresource Technology, 249(1), 42–48. https://

doi.org/10.1016/j.biortech.2017.09.190 

Kamarudin, N., Ahmad, S.N., Arshad, O. and Wahid, 

M.B. (2010). Pheromone mass trapping of bagworm 

moths, Metisa plana Walker (Lepidoptera: 

Psychidae), for its control in mature oil palms in 

Perak, Malaysia. Journal of Asia-Pacific 

Entomology, 13(2), 101–106. https://

doi.org/10.1016/j.aspen.2009.11.003 

Khatun, R., Reza, M.I.H., Moniruzzaman, M. and 

Yaakob, Z. (2017). Sustainable oil palm industry: 

The possibilities. Renewable and Sustainable Energy 

Reviews, 76(1), 608–619. https://doi.org/10.1016/

j.rser.2017.03.077 

Kim, S., Jung, S. and Kim, J. (2010). Fast pyrolysis of 

palm kernel shells: Influence of operation parameters 

on the bio-oil yield and the yield of phenol and 

phenolic compounds. Bioresource Technology, 101

(23), 9294–9300. https://doi.org/10.1016/

j.biortech.2010.06.110 

Kok, C.C., Eng, O.K., Razak, A.R., Arshad, A.M. and 

Marcon, P.G. (2012). Susceptibility of Bagworm 

Metisa plana (Lepidoptera: Psychidae) to 

Chlorantraniliprole. Pertanika Journal of Tropical 

Agricultural Science, 35(1), 149–163. 

Li, M., Zhang, M., Yu, Y. and Wu, H. (2020). Effect of 

temperature on ternary phase diagrams of pyrolytic 

lignin, mixed solvent and water. Fuel, 262(1), 116-

458. https://doi.org/10.1016/j.fuel.2019.116458 

Massaguni, R., Raman, I.A. and Md Latip, S. N.H. 

(2016). Efficacy and persistence of neem in 

emulsion-in-water (EW) formulation against the 

golden apple snail. International Journal of 

Scientific Engineering and Applied Science, 2(9), 

2395–3470. 

Megat Nabil Mohsin, S., Ab Raman, I., Azizul Hasan, 

Z.A. and Idris, Z. (2017). Palm-based Methyl Esters 

as Carrier Solvents in Pesticide Formulations. Palm 

Oil Developments, 66(1), 32–38. 

Mushtaq, F., Tuan Abdullah, T.A., Mat, R. and Ani, F.N. 

(2015). Optimization and characterization of bio-oil 

produced by microwave assisted pyrolysis of oil 

palm shell waste biomass with microwave absorber. 

Bioresource Technology, 190(1), 442–450. https://

doi.org/10.1016/j.biortech.2015.02.055 

Nathan, S.S. and Kalaivani, K. (2005). Efficacy of 

nucleopolyhedrovirus and azadirachtin on 

Spodoptera litura Fabricius (Lepidoptera : 

Noctuidae). Biological Control, 34(1), 93–98. 

https://doi.org/10.1016/j.biocontrol.2005.03.001 

Nathan, S.S. and Kalaivani, K. (2006). Combined effects 

of azadirachtin and nucleopolyhedrovirus (SpltNPV) 

on Spodoptera litura Fabricius (Lepidoptera: 

Noctuidae) larvae. Biological Control, 39(1), 96–

104. https://doi.org/10.1016/j.biocontrol.2006.06.013 

Ogunkanmi, J.O., Kulla, D.M., Omisanya, N.O., 

Sumaila, M., Obada, D.O. and Dodoo-Arhin, D. 

(2018). Extraction of bio-oil during pyrolysis of 

locally sourced palm kernel shells : Effect of process 

parameters. Case Studies in Thermal Engineering, 

12(1), 711–716. https://doi.org/10.1016/

j.csite.2018.09.003 

Podgórska, W. and Agata, B. (2016). Interfacial and 

surface tensions of toluene/water and air/water 

systems with nonionic surfactants Tween 20 and 

Tween 80. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 504(1), 

414–425. https://doi.org/10.1016/

j.colsurfa.2016.05.091 

Prasert, W. and Gohtani, S. (2016). Effect of sucrose on 

phase behavior of aqueous phase/polyoxyethylene 

sorbitan fatty acid ester (Tween xx)/vegetable oil 

systems and food nano-emulsification using low-

energy methods. Journal of Food Engineering, 168

(1), 119–128. https://doi.org/10.1016/

j.jfoodeng.2015.07.026 

Rharrabe, K., Amri, H., Bouayad, N. and Sayah, F. 

(2008). Effects of azadirachtin on post-embryonic 

development, energy reserves and a-amylase activity 

of Plodia interpunctella Hubner (Lepidoptera: 

Pyralidae). Journal of Stored Products Research, 44

(1), 290–294. https://doi.org/10.1016/

j.jspr.2008.03.003 

Zheng, Y., Wu, J., Wang, Y., Peng, X. and Zhang, Y. 

(2018). Seed yield and azadirachtin content of 

Azadirachta indica in four ecosystems of southwest 

China. Industrial Crops and Products, 122(1), 23–

27. https://doi.org/10.1016/j.indcrop.2018.05.040 

https://doi.org/10.1016/j.biortech.2016.02.002
https://doi.org/10.1016/j.aspen.2018.10.012
https://doi.org/10.1016/j.aspen.2018.10.012
https://doi.org/10.1016/j.biortech.2017.09.190
https://doi.org/10.1016/j.biortech.2017.09.190
https://doi.org/10.1016/j.aspen.2009.11.003
https://doi.org/10.1016/j.aspen.2009.11.003
https://doi.org/10.1016/j.rser.2017.03.077
https://doi.org/10.1016/j.rser.2017.03.077
https://doi.org/10.1016/j.biortech.2010.06.110
https://doi.org/10.1016/j.biortech.2010.06.110
https://doi.org/10.1016/j.fuel.2019.116458
https://doi.org/10.1016/j.biortech.2015.02.055
https://doi.org/10.1016/j.biortech.2015.02.055
https://doi.org/10.1016/j.biocontrol.2005.03.001
https://doi.org/10.1016/j.biocontrol.2006.06.013
https://doi.org/10.1016/j.csite.2018.09.003
https://doi.org/10.1016/j.csite.2018.09.003
https://doi.org/10.1016/j.colsurfa.2016.05.091
https://doi.org/10.1016/j.colsurfa.2016.05.091
https://doi.org/10.1016/j.jfoodeng.2015.07.026
https://doi.org/10.1016/j.jfoodeng.2015.07.026
https://doi.org/10.1016/j.jspr.2008.03.003
https://doi.org/10.1016/j.jspr.2008.03.003
https://doi.org/10.1016/j.indcrop.2018.05.040

