
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Soursop leaf extract as biodiesel antioxidant and
the effect on automotive diesel engine
performance
To cite this article: D Widjanarko et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 700 012031

 

View the article online for updates and enhancements.

You may also like
The degreening of “Selayar” orange using
ethephon: The color peel changes and
ethephon residue
Taruna Shafa Arzam AR, Muliaty M Tahir
and Hengki Wijaya

-

Effectiveness testing of attitude (Enhalus
acoroides) on lead (Pb) and copper (Cu)
metals
Sardi, N L Nafi and R Ambo Rappe

-

Ultra-Low NO2 Detection By Gamma WO3
Synthesized By Reactive Spray Deposition
Technology
Rishabh Jain, Yu Lei and Radenka Maric

-

This content was downloaded from IP address 114.5.214.97 on 30/06/2022 at 04:30

https://doi.org/10.1088/1755-1315/700/1/012031
https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022022
https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022022
https://iopscience.iop.org/article/10.1088/1755-1315/807/2/022022
https://iopscience.iop.org/article/10.1088/1755-1315/473/1/012138
https://iopscience.iop.org/article/10.1088/1755-1315/473/1/012138
https://iopscience.iop.org/article/10.1088/1755-1315/473/1/012138
https://iopscience.iop.org/article/10.1088/1755-1315/473/1/012138
https://iopscience.iop.org/article/10.1149/MA2016-01/39/1956
https://iopscience.iop.org/article/10.1149/MA2016-01/39/1956
https://iopscience.iop.org/article/10.1149/MA2016-01/39/1956
https://iopscience.iop.org/article/10.1149/MA2016-01/39/1956
https://iopscience.iop.org/article/10.1149/MA2016-01/39/1956
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstzP7o-bBeB6GY4sjrT-LLYWTVaZSYznP3pe9T6NN_Jz0O5srl6hr8A2oFFAUBfzuAwuaN9_vfRe8QAJEyIB5O5PGSneyRm8BQnrNhBKIAQZGnZix1PE3gz8yhmL-b9csJszVtJsild1g17AcDdeXgPTTlV87yfJ1NzcWnj7lM-FBzCRt2pcAsSRW2KaMaqacj2x-lAIPtC1rqsj84cQeKZCkIKfSM-H3Vy6du8adwlenwtXaDz4CXdw5lRtQ1gYRdbaXiFBUUEvobYJyTtq71riGbM0SrkMjHC_QpwQLw8UA&sig=Cg0ArKJSzElV6u0fmU_5&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/individual-membership%3Futm_source%3DIOP%26utm_medium%3D1640x440%26utm_campaign%3D2022Membership%23community


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

The 9th Engineering International Conference
IOP Conf. Series: Earth and Environmental Science 700 (2021) 012031

IOP Publishing
doi:10.1088/1755-1315/700/1/012031

1

 
 
 
 
 
 

Soursop leaf extract as biodiesel antioxidant and the effect on 

automotive diesel engine performance 

D Widjanarko
1
, S Azhar

1
, and Megawati

2
  

1
Department of Mechanical Engineering Faculty of Engineering Universitas Negeri 

Semarang 
2
Department of Chemical Engineering Faculty of Engineering Universitas Negeri 

Semarang 

 

 

dwi2_oto@mail.unnes.ac.id 

Abstract. This study aims to determine the effect of soursop leaf extraction as biodiesel 

antioxidants on the torque and power of diesel engines. Fuels were made by mixing the 

soursop leaf antioxidants of 50 ppm, 100 ppm and 150 ppm, to 1 litre of B30 fuel. The fuels 

were applied to diesel-engine vehicles. Diesel engine performance was tested by a chassis 

dynamometer. The results showed that the use of an antioxidant mixture of 50 ppm, 100 ppm, 

and 150 ppm in biodiesel caused a decrease in torque of 12.61%; 17.37%; 16.69% 

respectively, and the power was also decreased of 12.34%; 18.16% and 16.37% compared to 
biodiesel without antioxidant mixture. 

1. Introduction 

Biodiesel is currently widely used as a mixture of diesel fuel [1] for it is one of prospective renewable 

energy due to its superior properties as diesel fuel such as non-toxic, environment friendly, resulting 

low pollutant emission, and biodegradable [2]. However, biodiesel has a disadvantage, the quality 

decreases due to oxidation. The low oxidation stability of biodiesel causes degradation. Gurau et al. 

[3] stated that oxidation in biodiesel occurs through three stages, namely initiation, propagation, 

termination. This degradation occurs caused by carboxylic acid contain [4], storage conditions 

(closed/open), temperature, metal elements, and peroxides [5]. To prevent degradation, it is necessary 

to add antioxidants to biodiesel. The addition of antioxidants to biodiesel can inhibit the oxidation 

process [6]. One of the natural ingredients that can be made antioxidants is soursop leaves, because 

they contain flavonoid compounds and have antioxidant activity [7]. However, the addition of 

additives including antioxidants to the fuel can affect the characteristics of the fuel [8] so that it can 

affect engine performance as well [9]. 

Several studies of natural ingredients as antioxidants have been conducted. The addition of natural 

antioxidants from soursop leaf extract and mangosteen peel extract to biodiesel (B20) can inhibit 

oxidation in bio solar (B20) [10]. Natural antioxidants can also be made from extracts of banana peels 

to inhibit oxidation reactions in biodiesel [6]. However, the substitution of antioxidants to biodiesel 

can affect the viscosity and density of biodiesel, but not significantly [11]. 

Antioxidant consists of two types, namely natural antioxidants and artificial antioxidants 

(synthetic). Natural antioxidants can be made from plants, one of which is soursop leaves. Soursop 

leaf extract showed the strongest antioxidant activity with a high percentage of inhibition [7]. Soursop 

leaf anti-oxidants can be applied as additives in biodiesel to inhibit the oxidation, but the addition of 

additives to fuel can affect fuel characteristics [8]. 
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Fuel characteristics, such as viscosity, can affect the operation of a diesel engine. Biodiesel has 

higher viscosity compared to diesel fuel. Higher viscosity of fuel can have a negative impact on fuel 

fogging in diesel engines [12]. Viscosity can affect fuel evaporation and the combustion process [12]. 

By adding antioxidants to the fuel, the characteristics of the fuel will also change [11] and will affect 

engine performance [13]. For this reason, this article will discuss the effect of adding soursop leaf 

extraction antioxidants to biodiesel on diesel engine torque and power. 

2. Methods 

The fuels that have been prepared in this study were applied on a diesel engine to evaluate the diesel 

engine performance. A chassis dynamometer was used to measure the performance of diesel engine on 

vehicles. The chassis dynamometer specifications used were the MAHA Dynamometer type LPS 3000 

Roller set R100/1; Eddy Current Brake; Air cooling system; Max speed test 260 km/h; Wheel power 

max. 260 kW; Traction max. 6 kN; and Measurement accuracy of ± 2%. 

The diesel engine used for this research was a diesel engine on an Isuzu Panther vehicle 2015. The 

specifications of the vehicle used were: MSG5K engine; 2,499 cc cylinder Capacity; Maximum torque 

of 19.5 kgfm/1,800 rpm; Maximum Power of 80 PS/3,500 rpm; Number of cylinders: 4 in line; 

Diameter x stroke 95.4 mm x 87.4 mm; 5 speed transmission. 

The tested fuels were made by mixing antioxidants of 50 ppm, 100 ppm and 150 ppm (43.5 mg, 87 

mg and 130.5 mg) to 1 liter of biodiesel (B30). The mixing was carried out in the Erlenmeyer, which 

was placed on the hotplate stirrer. Each mixture of antioxidant and B30 was stirred using a magnetic 

stirrer at a temperature of 40
o
C for 30 minutes so that it become B30 fuel with a mixture of 50 ppm, 

100 ppm and 150 ppm respectively. The fuels were then allowed to stand for 24 hours so that the 

mixed particles settled. Finally, the fuels then filtered to get fuel being free from soursop leaf extract 

particles. 

In this study, there were four types of fuel that will be tested on a diesel engine, namely B30 fuel 

(without antioxidants), a mixture of B30 + 50 ppm antioxidants, B30 + 100 ppm antioxidants, and B30 

+ 150 ppm antioxidants. The procedures for testing the diesel engine performance in vehicle were: 1) 

positioning and tying the vehicle safely on the dynamometer; 2) placing the blower in front of the 

vehicle to keep the engine temperature; 3) inserting the oil temperature sensor stick into the oil stick 

holder; 4) preparing the fuel reservoir instead of the fuel tank; 7) filling biodiesel (B30)  in the 

reservoir; 8) starting and warming the engine up until gaining engine working temperature; 9) turning 

on the dynamometer computer; 10) adjusting the car's specifications on the computer; 11) positioning 

the transmission gear to 4th position; 12) stepping on the acceleration pedal until the computer 

dynamometer reading was completed; and 13) conducting next similar steps for B30+50 ppm, 

B30+100 ppm, and B30+150 ppm. Each fuel variation was tested twice. The simple scheme of the test 

is shown in Figure 1. 

 

 
Figure 1. Schematic of the diesel engine performance testing 

 

Data obtained from the roller and load-cell was processed by a computer to produce the torque and 

diesel engine power values of the vehicle being tested. 
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3. Result and Discussion  

Based on research data, it can be explained that the addition of antioxidants to B30 fuel can affect the 

torque of the diesel engine. The higher amount of soursop leaf antioxidants in biodiesel B30, the 

engine torque tends to decrease. The average torque produced by a diesel engine with B30 fuel 

(without antioxidants) is 108.71 Nm, while the torque produced by adding antioxidants 50 pp, 100 

ppm, and 150 ppm are 98.25 Nm, 91.80 Nm, and 91.63 Nm respectively. The results of torque testing 

on several fuels can be seen in Figure 2. 

 

 
Figure 2. Engine speed vs torque 

 

Based on Figure 2, the addition of antioxidants in B30 with 50 ppm, 100 ppm and 150 ppm tend to 

decrease engine torque. These can be caused by the lower calorific value of the soursop leaves 

(kaempferol), thus reducing the heating value of B30. In soursop leaves, the main chemical compound 

component is kaempferol [14]. According to Kasenov et al. [15] the calorific value of kaempferol 

compound (C15H10O6) in the liquid state is 66.8 kJ/mol or about 234 kJ/kg, this value is much smaller 

than the calorific value of biodiesel which is 40,763 kJ/kg [16]. The weakness of the addition of this 

antioxidant also causes the torque to decrease and was not readable by the computer because the 

engine performance decreases at rotation above 2900 rpm for antioxidant content of 50 ppm. At a 

content of 100 ppm and 150 ppm, the highest engine speeds at which the computer could read were 

2700 rpm and 2600 rpm, respectively. So, besides causing the torque to drop, adding more 

antioxidants can also cause a decrease in the maximum speed of the diesel engine. 

If specifically studied at 2300 to 2600 rpm, all torque data could be read by computer. The 

resulting torque is as shown in table 1. When compared with the fuel torque of B30, the average torque 

after adding the antioxidants of 50 ppm, 100 ppm and 150 ppm of soursop leaves decreased by 

12.61%; 17.37% and 16.69%. The addition of antioxidants can cause changes in the viscosity and 

density of biodiesel [11] so that the torque becomes affected. 

 

Table 1. Engine torque 

Engine Speed (rpm) 

Torque (Nm) 

Biodiesel 

B30 
50 ppm 

Antioxidant 

100 ppm 

Antioxidant 

150 ppm 

Antioxidant 
Average  

2300 119.8 89.3 80 84.1 93.3 

2400 122.9 107.8 95.7 94.6 105.25 

2500 122.6 119.2 108.6 115 116.35 
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2600 121.6 109.2 118 111.9 115.175 

Average  121.725 106.375 100.575 101.4  

 

The addition of antioxidants to B30 fuel can also affect diesel engine power. The more the amount 

of soursop leaf antioxidants in biodiesel B30, the engine power also tends to decrease. The average 

power produced by the diesel engine with B30 fuel (without antioxidants) is 38.06 kW, while the 

power produced by adding antioxidants 50 pp, 100 ppm, and 150 ppm are 25.96 kW, 23.22 kW, and 

22.85 kW respectively. The results of testing for several types of fuel being tested can be seen in 

Figure 3. 

 
Figure 3. Engine speed vs power 

 

Based on Figure 3, the addition of antioxidants to B30 with 50 ppm, 100 ppm and 150 ppm tend to 

decrease the power along with the addition of antioxidants. The decrease in power can be caused by 

the small antioxidant calorific value of the soursop leaves (kaempferol) so that it will affect the 

calorific value of B30. In soursop leaves, the main chemical compound component is thought to be 

kaempferol [14]. According to Kasenov et al. [15] the calorific value of kaempferol compound (C15 

H10O6) in the liquid state is 66.8 kJ/mol or about 234 kJ/kg, this value is smaller than the calorific 

value of biodiesel which is 40,763 kJ/kg [16]. The weakness of the addition of this antioxidant also 

causes the power to decrease and could not be read by the computer because the engine performance 

decreases at rotation above 2900 rpm for antioxidant content of 50 ppm. At a content of 100 and 150 

ppm, the highest engine revolutions that computer could read were 2700 rpm and 2600 rpm, 

respectively. So, besides causing the power to drop, adding more antioxidants can also cause a 

decrease in the maximum speed of the diesel engine. 

If examined specifically, at 2300 to 2600 rpm, the torque and power of the diesel engine could be 

read by computer. The resulting data is presented in table 2. When compared with the value of the B30 

fuel, the average of the power after being added the antioxidants of 50 ppm, 100 ppm and 150 ppm of 

soursop leaves, the power decreased respectively by 12.34%; 18.16% and 16.37%. This decrease can 

be due to the addition of synthetic antioxidants which can cause changes in the viscosity and density 

(density) of biodiesel [17] so that their power was affected. 

 

Table 2. Engine power 

Engine speed (rpm) 

Power (kW) 

Biodiesel 

B30 

50 ppm 

Antioxidant 

100 ppm 

Antioxidant 

150 ppm 

Antioxidant 
Average 

2300 28.87 21.52 19.27 20.25 22.4775 

2400 30.95 27.11 22.54 23.77 26.0925 

2500 32.17 31.19 28.44 30.12 30.48 
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2600 33.1 29.82 32.12 30.46 31.375 

Average  31.27 27.41 25.59 26.15  

 

The results of this study that indicated a decrease in power due to the addition of antioxidants was 

in line with research conducted by Fattah et al. [18], which explained that the addition of antioxidants 

to biodiesel can affect the characteristics of biodiesel and can reduce power when compared to the 

result of engine power when using pure biodiesel fuel. 

4. Conclusion  

The addition of soursop leaf extract antioxidants to biodiesel B30 can affect engine torque. The 

antioxidant mixture of 50 ppm, 100 ppm and 150 ppm soursop leaves can reduce torque by 12.61%, 

17.37% and 16.69%, respectively. In addition, poor combustion of the engine is the reason the rotation 

cannot be stable so that the average recorded data is less than 2600 rpm. The addition of soursop leaf 

extract antioxidants to biodiesel B30 also affects engine power. The addition of antioxidants of 50 

ppm, 100 ppm and 150 ppm of soursop leaves decreased their power by 12.34%; 18.16% and 16.37%. 

The use of antioxidants in fuels can affect combustion so that the resulting engine speed was unstable 

and the recorded data was not more than 2600 rpm. 
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