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Abstract: Pathogenic fungi has became a problem and caused crop failure. Synthetic fungicide was commonly used to 

control the growth of the fungi, however it has an adverse effect which can pollute the environment. As an alternative, 

botanical fungicide can be used as antifungal agent which is safer for environment. Neem oil has been reported as inhibitor for 

pathogen fungi, while eugenol and citronella oil have been proved to have antifungal effect against Aspergillus Niger. The 

essential oil does not dissolved naturally in water, therefore it is important to formulate this oil using palm oil based surfactant 

in order to form water dispersed formulation which might enhance the effectiveness of the formulation. This study investigate 

the best emulsifiable concentrate (EC) formulation using palm oil based surfactant and also the residue in water and soil in 

order to ensure that the formulation is safe for environment. Nanoemulsion was prepared by mixing essential oil and surfactant 

with ratio of 60:40, 70:30, 80:20, 90:10 each. The stability was investigated by observing creaming height and particle size 

overtime. The residue evaluation was done by analyzing TSS, TDS, COD value for water residue and GCMS analysis for soil 

residue. The best formulation was achieved with composition of neem, eugenol and citronella by 33% each, surfactant MES 

20%, PDO 10% and PMO 70% with oil/surfactant ratio 60/40 and solvent ethanol ratio 1:2. The droplet size ranged between 

350-480 nm and polydispersity index 0.3-0.5. This fungicide formulation also considered allowable by regulatory standard 

where the value of TDS was in range 1-100 mg/l, TSS 0-04 mg/l, COD 30-1270 mg/l and pH was in range 5-5.7. The result of 

Soil residue analysis shows that the essential oil derivatives still remain in soil for five days. It is expected that this result can 

become reference for fungicide companies and other related stakeholder to formulate stable botanical fungicide. 
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1. Introduction 

Pathogenic fungi can infect the plant and caused crop 

failure. In order to overcome this problem, farmers 

commonly use fungicide to prevent the growth of fungi. The 

use of chemical fungicide is a common way to control plant 

disease, but it can cause harmful impacts for human health 

and environment [1]. Natural substances can substitute 

synthetic fungicide for safer and environmental friendly 

product. Neem with active agent azadirachtin has been 

reported can inhibit the growth of pathogen fungi, insects, 

mites, nematodes and also snail and has been considered 

harmless for human [2]. Citronella oil has antifungal effect 

against Aspergillus Flavus on rubberwood plant (Hevea 

Brasiliensis) [3] and the nanoemulsions formulation 

combination of neem and citronella oils can control 

phytopathogenic fungi, Rhizoctonia solani and Sclerotium 

rolfsii in tuber plants [4]. Other than neem and citronella, 
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eugenol oil nanoemulsion can also be used as natural 

fungicide for pathogen fungi Fusarium oxysporum f.sp 

vasinfectum in cottonseeds plants by passing through the cell 

wall and cytoplasmic membrane, inactivate the essential 

enzyme and disturb genetic functionality [5]. A study by 

Aulifa et al also proved that eugenol has antifungal effect 

against phytophthora palmivora in cocoa plants [6]. 

Naturally these essential oils have antifungal activity yet 

these substances can’t dissolve in water. It is very important 

to formulate insoluble active agent to become stable 

fungicide for effective antimicrobial activity [7]. One of the 

formulation type of fungicide is Emulsifiable concentrate 

(EC). This formulation can be formulated by dissolving the 

active agent with surfactant and solvent. EC formulation 

commonly applied by diluting it in water to produce milky 

emulsion with little creaming and no oil separation. However, 

emulsion stability may become a problem in this formulation 

after dilution [8]. 

Surfactant is one the key factor to form stable emulsion 

from EC formulation. Surfactant is a molecule which 

contains both hydrophilic and hydrophobic groups which 

reduces interfacial tension between fluid and fluid system. 

Commonly, surfactant is a derivation of petroleum, but recent 

study reported that surfactant can be developed from oil palm 

derivatives which is more environmental friendly [9]. The 

emulsion from EC formulation can be prepared by 

spontaneous emulsification. Common issue of the emulsion 

is destabilization because of flocculation, coalescene and 

creaming, breaking and ostwald ripening. The stability can be 

maintained by controlling their composition and 

microstructure by adding the right amount of surfactant [10]. 

Thus, this study investigated the optimum fungicide EC 

formulation to produce stable nanoemulsion to enhance the 

emulsion stability from neem, citronella and eugenol oil 

combination with palm oil based surfactant which is safer for 

environment and all ingredients is derived from natural 

substances. The stability test was done for six hours and the 

most stable formulation was analyzed using particle size 

analyzer to observe the droplet size. The residue in water and 

soil was analyzed to evaluate the effect of the fungicide 

formulation to environment. 

2. Materials and Method 

2.1. Material 

Material used in this study were pure neem oil from 

Indoneem, eugenol and citronella oil usp, Indonesia, anionic 

surfactant methyl ester sulfonate (MES) HLB 0.5, nonionic 

surfactant polyethylene glycol dioleate (PDO) HLB 8, 

polyethylene glycol monooleate (PMO) HLB 13 from Sigma 

Aldrich, United States and ethanol for analysis from Merck, 

Germany. 

2.2. Nanoemulsion Preparation 

Oil phase was made by mixing neem, eugenol and 

citronella oil and surfactant methyl ester sulfonate (MES), 

nonionic surfactant polyethylene glycol dioleate (PDO), 

polyethylene glycol monooleate (PMO) separately with 

composition as shown in table 1 with variation oil/surfactant 

ratio as shown in Table 2 at 1000 rpm for two hours at room 

temperature. Oil and surfactant mixture was mixed for two 

hours at 1000 rpm at room temperature. Ethanol was added 

into oil and surfactant mixture with ratio 1:2 v/v. 

Nanoemulsion was spontaneously formed by adding water 

into oil phase with ratio 1:10. 

2.3. Nanoemulsion Stability Evaluation 

Preliminary nanoemulsion stability was observed for six 

hours then the creaming and separation height was recorded 

every ten minutes. The most stable formulation with no 

creaming and separation was measured its particle size using 

Horiba Nano partica SZ-100 for six hours and recorded every 

ten minutes. 

Table 1. Fungicide Formulation. 

Component Composition (w/w) 

Oil 

Neem 33% 

Eugenol 33% 

Citronella 33% 

Surfactant 

MES 20% 

PDO 10% 

PMO 70% 

Table 2. Fungicide Formulation Oil/Surfactant Ratio. 

Formula Oil Fraction Surfactant Fraction 

F1 60 40 

F2 70 30 

F3 80 20 

F4 90 10 

2.4. Fungicide Residue Evaluation 

The residue of fungicide in water was done by adding 

fungicide into surface water then observed for five days with 

parameter Total dissolve solid (TDS) and pH using pH meter 

Consort C3020, Total suspended solid (TSS) by gravimetry 

method and Chemical oxygen demand (COD) using 

spectrophotometry method. The residue of fungicide in soil 

was done for five days. The fungicide was sprayed to soil and 

the soil sample was extracted using methanol then analyzed 

using GC-MS Agilent. 

3. Result and Discussion 

3.1. Oil/Surfactant Ratio Effect on Nanoemulsion Kinetic 

Stability 

Emulsions are dispersions of two or more immiscible 

phase using surfactant [11]. Surfactant with HLB range 2-6 

stabilizes water in oil emulsions while surfactant with HLB 

range 8-18 stabilizes oil in water emulsions. With mixed 

surfactant, the desired HLB can be calculated based on 

concentration and individual HLB number on each surfactant 

[12]. In this study, the HLB of neem oil is 9, eugenol oil is 6, 

citronella oil 12 so the HLB mixture is 9. The emulsion was 
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stable in surfactant mixture with HLB 10 [13]. Polyethylene 

monooleate (PMO) and polyethylene dioleate (PDO) as main 

composition of surfactant mixture is a non-ionic surfactant 

maintained the emulsion stability by providing ionic strength 

and improve dissolution of essential oil [14]. Methyl ester 

sulfonate (MES) as anionic surfactant has negative charged 

particle and stabilize the emulsion through hydrophobic 

binding of the surfactant tails to carbon chain [15]. The 

combination of PMO and PDO as non-ionic surfactant 

manage the crystallization and MES as anionic surfactant 

provide force to maintain particle stabilization and 

crystallization balance [16]. Surfactants with HLB value 

higher than 10 are known to be hydrophilic, while surfactant 

with HLB value lower than 10 are lipophilic [17]. MES and 

PDO tend to oil soluble while PMO tend to water soluble. 

The composition of surfactant 70% consist of PMO indicate 

a dominant hydrophilic affinity which interact with particle 

surface in water through hydrogen bonding to form oil in 

water nanoemulsion [18]. 

 

Figure 1. Nanoemulsion Stability in 6 Hours Observation. 

The emulsion stability was observed manually for six 

hours and the destabilization phenomenon was recorded 

every ten minutes. The result of the stability test is shown in 

Figure 1. Formula F3 and F4 show destabilization at minutes-

20 with creaming height 0.3 cm and minutes-3 with creaming 

height 0.4 cm. Formula F2 shows creaming formation at 

minutes-240 with creaming height 0.2 cm, while formula F1 

remain stable for 6 hours. Formula F3 consists of 80% oil 

and 20% surfactant and formula F4 is 90% oil and 10% 

surfactant. It is seen that creaming form in high oil/surfactant 

ratio because inadequate amount of surfactant and co-

surfactant in lowering the interfacial tension [19]. Formula 1 

and 2 have lower oil fraction, 60% and 70% respectively and 

shows better stability. This corresponds to a study by 

Matsaridou where the range of oil/surfactant between 6:4 and 

7:3 covered the region of emulsification process [14]. Yet, as 

seen in Figure 1, in formula F2 creaming was still occurred if 

it’s compared with formula F1 which remain stable for 6 

hours. It can be concluded that lower oil fraction produce 

more stable oil in water emulsion system. Low oil/surfactant 

ratio perform phase inversion composition emulsification by 

breaking an intermediate structure with superior water 

content forming nanoemulsion droplets which is kinetically 

stable [20]. 

3.2. Oil/Surfactant Ratio Effect on Nanoemulsion Particle 

Size Stability 

Formula F1 and F2 were considered the most stable 

formulation and the analysis continues to particle size 

analysis to know the droplet size stability as seen in Figure 2 

and Figure 3. 

 

Figure 2. Formulation F1 Particle Size Analysis in 6 Hours Observation. 

 

Figure 3. Formulation F1 Polydispersity Index in 6 Hours Observation. 

Figure 2 shows particle size analysis of formula F1. The 

particle size was ranged between 350-480 nm which 

categorize as nanoemulsion [21], polydispersity index was 

ranged between 0.3-0.5 and there was no significant change 

in six hours observation. The polydispersity index represent 

information about the homogeneity of the particle size while 

the value below 0.3 shows narrow size distribution which 

means the particles are monodisperse [22]. Formula F1 

showed narrow to moderate homogeneity during observation 
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for 6 hours. Nanoparticles tend to aggregate due to van der 

waal forces and may induce the increase of polydispersity 

index value [23]. The main constituent of neem, eugenol and 

citronella oil is oleic acid where the surfactant also contained 

the same fatty acid composition. The same structure causes 

good interaction between oil and surfactant so the surfactant 

can fully cover the surface of oil droplets, resulting excellent 

physical stability [24]. The use of PMO and PDO as non-

ionic surfactant associate with amphiphilic polymers which 

can form viscoelastic interfacial film at oil/water interface to 

prevent Ostwald ripening destabilization phenomenon [25]. 

The high surfactant concentration also increased the 

interfacial area between water phase and oil phase which 

yielded smaller droplet [26]. 

 

Figure 4. Formulation F2 Particle Size Analysis in 6 Hours Observation. 

 

Figure 5. Formulation F2 Polydispersity Index in 6 Hours Observation. 

The Formula F2 shows different particle size profile where 

the size was ranged between 1000-2300 nm and 

polydispersity index 1-3 as shown in Figure 4 and Figure 5. 

Polydispersity index larger than 0.7 indicate that the sample 

has wide range particle size [27]. The emulsion droplet size 

was unstable and had bigger particle size at the first 20 

minutes, this instability and high polydispersity might be 

caused by the excess oil phase in emulsion system [28]. At 

lower surfactant concentration the oil-water interfacial layer 

is not enough to fully cover the surface droplet thus the 

coalescence and flocculation occurred. The droplets which 

have no surfactant layer will merge together and form bigger 

droplet with wide range particle size. This phenomenon 

occurs when the droplet collide velocity higher than 

surfactant absorption rate in interfacial layer [29]. It can be 

concluded oil and surfactant in ratio 70/30 doesn’t sufficient 

to form stable emulsion with uniform particle size while in 

ratio 60/40 can stabilize the emulsion system and form 

nanoscale particle size. 

3.3. Fungicide Water and Soil Residue Evaluation 

To make sure that the fungicide is safe for environment, 

residue evaluation was done in water and soil for five days. 

The fungicide was doused to water and then analyzed with 

parameter TDS, TSS, pH and COD. The analysis result is 

shown in Table 3. 

Table 3. Water Residue Evaluation. 

Day TDS (mg/l) TSS (mg/l) COD (mg/l) pH 

1 1.36 0.3819 28.2 5.06 

3 101.6 0.0032 767 5.74 

5 76.3 0.0157 1270 5.54 

Table 3 shows the value of TDS was in range 1-100 mg/l, 

TSS 0-04 mh/l, COD 30-1270 mg/l and pH was in range 5-

5.7. Based on The Environment Regulation No 01, 2010 

about Procedures of Water Pollution Control in Indonesia, 

TDS and TSS below 250 and 100 mg/l is categorized low 

concentration domestic waste water while COD below 250 

mg/l is categorized low and below 1000 was categorized high 

concentration domestic water [30]. Based on the analysis 

result, waste water from this fungicide was found to have 

relatively low TSS and TDS. The composition TSS may 

contain sand, silt, mineral precipitates and biological mater 

while TDS may contain salts, metalloids and dissolved 

organic matter [31]. Low TSS value was caused by the 

formulation of fungicide in stable emulsion form which was 

not contained suspended matter. TDS value was affected by 

organic constituents from fungicide active agent and 

surfactant. 

COD value was relatively high yet still in regulatory 

standard. COD is the quantity of oxidant that reacts with the 

sample under certain condition [32]. High COD value was 

caused by the presence of oxidizable chemicals compound 

from essential oil and surfactant derivatives in fungicide 

formulation, such as fatty acids, esters and its derivatives. 

The chemical constituents were shown in GCMS figures 

below and specified in Table 4. 

 

 



18 Melati Septiyanti et al.:  Evaluation of  Nanoemulsion Concentrate Botanical Fungicide from Neem, Citronella and  

Eugenol Oil Using Palm Oil Based Surfactant 

Table 4. Soil Sample Extract Compound from GCMS Analysis. 

Day Retention Time Area% Compound 

1 4.865 85.47 Bis(trimethylsilyl)trifluoroacetamide 

 
11.767 6.66 2-Propenoic acid, 2-methyl-,1,2-ethanediyl ester 

 
20.047 7.87 Palmitic Acid 

3 11.767 17.71 2-Propenoic acid, 2-methyl-,1,2-ethanediyl ester 

 
20.680 52.34 Ethyl Vanilin 

 
21.736 15.19 1,3a-Ethano(1H)inden-4-ol, octahydro-2,2,4,7a-tetramethyl- 

 
23.133 14.76 Hexanedioic acid, bis(2-ethylhexyl) ester 

5 11.766 4.79 2-Propenoic acid, 2-methyl-,1,2-ethanediyl ester 

 

 

Figure 6. GCMS Peak of Soil Sample Extract for Day 1. 

 

Figure 7. GCMS Peak of Soil Sample Extract for Day 3. 

 

Figure 8. GCMS Peak of Soil Sample Extract for Day 5. 

The analysis of residue in soil can be seen in Table 4. It is 

shown the derivatives of neem, citronella and clove oil. For 

five days observation, still remained ester compound and 

derivatives compound from eugenol, ethyl vanillin and 

Hexanedioic acid [33, 34] and 2-Propenoic acid, 2-methyl-

,1,2-ethanediyl ester from citronella oil derivatives [35]. 

Palmitic acid constituent was from palm oil based surfactant. 

MES, PMO and PDO is derived from crude palm oil or palm 

kernel oil which has C16-C18 fatty acids composition [36–

38]. Based on five days observation, the chemical constituent 

still remained in soil. The presence of fungicide chemical 

constituents might be caused by soil-fungicide interaction 

trough hydrogen bonding (H-bonding). Esters constituents, 

non-ionic polar and anionic fungicide may interact with soil 

by H-bonding [39]. Yet, essential oils and extract as 

fungicide active agent are biodegradable and have less 

environmental risk compare with synthetic fungicide [1]. 

Degradation of fungicides in soil may happen by leaching, 

drainage, dilution and runoff. The presence of surfactant and 

solvent can affect fungicide degradation process but the 

nanotecnology in fungicide formulation can provide 

controlled or slow release of active ingredients to prevent 

rapid degradation to water bodies [40]. 

4. Conclusion 

The best formulation of fungicide formulation from neem, 

eugenol and citronella oil is formula F1 with composition 

neem, eugenol and citronella is 33% each, surfactant MES 

20%, PDO 10% and PMO 70% with oil/surfactant ratio 

60/40 and solvent ethanol ratio 1:2. This formulation 

remained stable in six hours storage with droplet size ranged 

between 350-480 nm and polydispersity index 0.3-0.5. This 

fungicide formulation also considered safe for environtment 

where the value of TDS was in range 1-100 mg/l, TSS 0-04 

mh/l, COD 30-1270 mg/l and pH was in range 5-5.7. Soil 

residue analysis shows that the essential oil derivatives still 

remain in soil for five days. Based on this result, this 

fungicide formulation has been proven to be stable and it is 

expected that fungicide companies and other related 

stakeholder can use this formulation as reference. 
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