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INTRODUCTION

Rapid industrialization and population growth 
has caused drastic increment in energy demand, 

which supplies mainly come from fossil fuels which 
produce lots of greenhouse gases (GH). Fossil fuels are 
indirectly prime movers of most Nations’ economy, and 
carbonization through emissions from the combustion 
of fossil fuels is one major contributor (climate change); 
hence decarbonization of the environment is among the 
ideals for the achievement of sustainable development 
goals (Amran et al., 2022). Therefore, the quest for 
energy structure for internal combustion engines with 
lower carbon footprints has increased research into 
bioenergy utilizing indigenous biomaterials (Eboibi et 
al., 2022).  Although, biofuel combustion produced a 
significant amount of greenhouse gases, its GH level 
is remarkably lower than the volume produced through 
the combustion of petroleum fuel. Ashraful et al. (2014) 
reported that the burning of fossil fuels produces larger 
volumes of particulate matter, and carbon and sulfur 
oxides, and carbon and sulfur oxides, when compared to 
their counterpart biofuels; hence biofuels are considered 
to be more ecofriendly compared to petroleum fuels.  

Biodiesel is one of the most promising types of biofuel. 
It is produced mainly from organic lipids, such as 
vegetable oils and animal fat. Biodiesel is considered 
as one of best alternative choice in this era of climate 

change problems and the depletion of petroleum reserves 
(Ghiaci et al., 2011). According to Prasad and Singh 
(2020), biodiesel has bright prospects because it emits 
lower poisonous particulate matter and gasses during 
combustion under ambient environmental conductions, 
when compared to most petroleum derived fuels. 
Agarwal and Khurana (2013), and Eboibi et al. (2022) 
stated in their different reports that biodiesel has more 
environmental friendly characteristics due to its higher 
degree of biodegradability, lower carbon and sulphur 
oxides profiles, and its recyclability. Just like other 
organic oils, biodiesel experiences alterations in its 
acids value, its physicochemical behaviors, and in other 
related fuel properties. Fuel properties of plant’s oil 
and its derivatives are subjective to the plant’s variety, 
cropping system, maturity stage, storage conditions 
and post-harvest treatments. Biodiesel acidic content, 
physiochemical parameters, and fatty acid profile are 
dependent on their corresponding values in the parent 
plant or animal oil (Nuhanovic et al., 2018; Eboibi et al., 
2021; Ekruyota and Uguru, 2021; Awad et al., 2022). 

Oxidation is a major problem of biofuel produced from 
plant and animal materials, because it affects both 
the shelf life and stability of the biofuel. Hazrat et al. 
(2021) reported that oxidation causes degradation of the 
fuel; thus compromising most of the fuel’s properties 
and the engine’s performance. This factor (oxidation 
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Abstract 
The engine performance of biodiesel had become a major concern. Improving the acid and oxidation stability of groundnut oil 
biodiesel (GOME), with various plant waste extracts, was carried out on in this study. Freshly prepared GOME was blended 
with onion extract (OE) and ginger extract (JE), at the rate of 100:1 parts per million, and stored at a temperature of 30±50C for 
28 days. At the end of the experimental period, the acid content and oxidation value of the biodiesel treated with both natural 
additives, were lower when compared to the biodiesel with additives. It was observed that untreated GOME acid value increased 
from 1.37 - 2.23 mgKOH/g, the acid value of the GOME containing OE increased from 1.35 – 1.81 mgKOH/g, and the acid 
content of the GOME treated with JE increased from 1.34 – 1.94 mgKOH/g. Regarding the oxidation stability, it was observed 
that the un-amended GOME oxidative stability decreased from 3.14 h to 2.44 h, the GOME amended with OE additive declined 
from 5.37 to 4.57 h, while the GOME treated with JE additive decreased from 4.99 h to 4.21 h. The findings of this study had 
revealed that incorporating natural additives into GOME, yield biodiesel with better oxidation stability. It was also noted that 
the blended GOME met the ASTM approved recommendation for biodiesel; unlike the results recorded for the GOME that was 
untreated with the natural additives.
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susceptibility) has greatly affected the patronage, 
utilization and commercialization of the various forms 
of biofuels (Kumar, 2017). Factors that affect biofuel 
oxidative stability include production technique, storage 
condition, plant’s maturity stage, plant variety and 
farming system. Though, oxidation of biofuels is quite 
higher than conventional fuels, these deficiencies can 
be corrected through amendment of the biofuels with 
special organic or inorganic extracts (Dunn, 2008). 
Numerous studies have been carried out on improving 
the stability of biofuel through the use of additives, 
mainly synthesized or natural products (Liang et al., 
2006; Tang et al., 2008; Moniru, 2017; Hazrat et al., 
2021).  Devi et al. (2017) in their investigation into fuel 
properties optimization, reported that natural extracts 
have more environmental friendliness, when compared 
to synthesized fuel properties enhancers; hence, the 
utilization of petroleum-based extracts should be avoided 
during stabilization of biodiesel.  

Agricultural materials are the major parent materials 
for natural extracts production, irrespective of the 
method used for the biofuel production. Findings have 
revealed that agricultural products have complex internal 
structures; hence, their bioengineering properties (which 
affect the fuel quality) varies widely among the plants 
and animals (Uguru et al., 2019; Ekruyota et al., 2021; 
Uguru et al., 2023). Eboibi and Uguru (2017) stated that 
the stability of biomaterial’s engineering properties is 
dependent on the storage condition, farming practice and 
handling operations. Researches results have revealed 
that plants and animals’ engineering behaviors are 
greatly influenced by both intrinsic and extrinsic factors; 
and these factors can be managed significantly, through 
appropriate pre-harvest or post-harvest treatments (Uyeri 
and Uguru, 2018; Sanmartin et al., 2018; Obukoeroro and 
Uguru, 2021, Edema et al., 2022; Uguru et al., 2023). From 
related literature review, few reports have demonstrated 
the utilization of farm waste products to produce natural 
extracts, which can be used to improve biodiesel shelf-
life. The purpose of this study is to evaluate the impact 
of extracts produced from onion (Allium cepa) bulb and 
ginger (Zingiber officinale Roscoe) rhizome waste on 
the fuel properties and shelf-life of biodiesel produced 
from groundnut oil. 

MATERIALS AND METHODS 

Plant material cultivation 
The groundnut used for the biodiesel production was 
planted at the research centre of Delta State University 
of Science and Technology, Ozoro, Nigeria. Organic 
cropping system was adopted for the groundnut kernels 
production. The soil was sandy loam textural type and 

rich in humus. Ozoro experiences dual climatic seasons 
annually – wet (rainy) and dry season; with the rainy 
season lasting longer than the dry season (Uguru et 
al., 2022). During the groundnut cropping period, the 
mean environmental temperature was about 28±40C, 
and annual rainfall was approximately 1200 mm. The 
groundnut planted and harvested for a period of 4 month, 
i.e., January, 2022  to April, 2022. 

Onion bulbs and ginger rhizome
Onion bulbs and ginger rhizomes wastes (dry outer skin) 
were obtained from a local market. Both onion and ginger 
are spices, commonly consumed by human beings due to 
their appreciable nutritional and medicinal values 

Groundnut oil production 
The harvested groundnut pods were sundried, shell and 
the kernels separated from the shells. These kernels were 
milled and the oil was separated by adopting the solvent 
technique, while the excess solvent was removed through 
evaporation, as explained by Eboibi et al. (2022).  

Plant extract preparation 
The onion bulbs and ginger rhizomes wastes were oven 
dried (temperature ~ 500C), ground with a grinder and 
sieved with a 0.850 mm sieve. 10 g of the particulate 
was mixed with 1 L of ethanol, and allowed to stand for 
24 h at room temperature. Thereafter, the supernatant 
was then centrifuged at a speed of 3000 rpm for 25 min, 
sieved with grade 1 filter paper, before it was evaporated 
to remove the ethanol as explained by Devi et al. (2017).   

Biodiesel production  
The groundnut kernel biodiesel was produced through 
the transesterification technique. A mixture of 1% (by 
weight) of catalyst (sodium hydroxide) and methanol to 
groundnut oil (molar ratio of 6:1) were poured into a flask 
and heated for about 3 h at a temperature of 60oC. During 
the heating period, the mixture was centrifuged at a low 
speed of 300 revolutions per minute. The product was 
transferred into a separating funnel and left to stand for 
24 h, before the biodiesel (methyl ester) was separated 
from the glycerine. 

This raw biodiesel was washed by using distilled water, 
dried in a water bath at 80°C for 1 h, and later with 
anhydrous sodium tetraoxosulphate (VI) oxide (Devi et 
al., 2016; Eboibi et al., 2022). 

Blending of the biodiesel and laboratory analysis 
The OE and JE were incorporated into the freshly 
prepared GOME (groundnut oil methyl ester), at a rate 
of 100 parts of GOME to 1 part of OE or JE. Then the 
blended and unblended GOME was poured into glass 
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bottles, coded and stored inside a cabinet under ambient 
room temperature.  Acid value and oxidation stability 
tests were carried out on all the samples at an interval 
of seven days, starting from the production date till the 
28th day after production.

Oxidation stability determination 
The induction period procedure was used to evaluate 
the oxidation stability of the prepared biodiesel samples 
in accordance with the guidelines approved by ASTM 
D-6751, at a temperature of 1100C. 

Acid value determination 
The titration method was used to determine the acid 
value of the biodiesel, using phenolphthalein as the 
endpoint (neutrality) indicator, and potassium peroxide 
(KOH) as the standard. The titration procedure was done 
in accordance with ASTM D974 approved guidelines 
(Eboibi et al., 2022). 

Data analysis 
Raw results obtained from the laboratory tests were 
analyzed by using charts, with the aid of Microsoft Excel 
for Windows, to establish the influence of the blending 
materials on the GOME.  

RESULTS AND DISCUSSION 

Impact of the plant’s extract on the acid value
The results of the effects of the two plants’ extract on 
the acid value of the GOME are presented in Figure 1. 
Figure 1 revealed that the extracts, regardless of their 
source significantly inhibited acid formation during 
storage. During storage at a temperature of 30±50C, 
the following increments in acid values in the biodiesel 
were noted: untreated GOME from 1.37 - 2.23 mgKOH/g 
(representing 69.34% increment), GOME treated with 
OE from 1.35 – 1.81 mgKOH/g (34.07% increment), and 
GOME amended with JE from 1.34 – 1.94 mgKOH/g 
(44.77% increment). Despite the general increment in the 
biodiesel acid value during storage, the increment was 
higher in the unblended GOME when compared with the 
biodiesel treated with OE and JE. Similar retardation of 
acid production in biodiesel during storage, associated 
with organic extracts therapies were reported by Devi et 
al. (2017), and Tang et al. (2008). Nuhanovic et al. (2018) 
reported that plants materials contain significant amount 
of antioxidants and other oxygen scavengers, which help 
to lower acid formation in biofuels during storage.   

It was noted from the tested results that OE had a 
higher resistance to acid production when compared 
to the results, obtained from the JE treated GOME. A 
situation that is attributed variations in phytochemicals 

and antioxidants compositions of the green extracts, 
caused by maturation stage, crop variety and treatments 
applied to the different crops in the field (Edafeadhe 
and Uguru, 2020). According to the study of Beautin 
Nirsha et al. (2023), agricultural materials biochemical 
properties are influenced by processing and handling 
techniques; although, field operations and environmental 
factors, tend to alter the cellular chemical reactions and 
physiological properties. 

Furthermore, Bianchin et al. (2017) stated that spices 
contain high proportion of antioxidants and other 
relevant phytochemical compounds; thus they have 
potentials for optimizing biodiesel fuel properties, and 
stabilizing these properties during storage and high 
operational temperatures. The tocopherol and ascorbic 
acid contents in onion extracts are promising oxidation 
scavengers in biodiesel, hence improving its stability 
and utilization (Sousa et al., 2014). Biodiesel acid value 
is a vital parameter used to evaluate its performance, as 
a high acid value is an indication of high oxidation and 
deterioration of the biodiesel. 
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Figure 1: The effect of storage duration on acid formation 

Oxidative stability
The results of the oxidative stability of the three biodiesel 
categories are presented in Figure 2. As seen in Figure 
2, the additives had substantial effects on the GOME 
oxidative stability. The GOME treated with OE and 
JE, were more stable than the non-antioxidant amended 
biodiesel. At production day, the GOME had oxidative 
stability of 3.14 h, while GOME + OE and GOME + JE 
had oxidative stabilities of 5.37 h and 4.99 h respectively; 
while at storage day 28, the untreated GOME, GOME 
+ OE and GOME + JE oxidative stabilities were, 2.44 
h. 4.57 h and 4.21 h, respectively. This revealed that the 
GOME containing the natural additives had a better 
oxidation stability, compared to the GOME without 
natural additives. Similar results were obtained by Davi 
et al. (2017), where ginger extract hindered the oxidation 
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of biodiesel produced from non-edible oil. Also, Liang 
et al. (2006), investigated the impact of organic and 
inorganic additives on the stability of palm oil diesel, 
and reported that the organic antioxidant considerably 
impeded the oxidation of the palm diesel. 

Despite the depreciation in the biodiesel stability, the 
values recorded for the green extracts treated biodiesel 
never exceeded the European biodiesel standard approved 
value of 4.0 h. It was also further revealed that extracts 
produced from non-edible (waste) agricultural products 
can be used to enhance the performance of biodiesel. 
Davi et al. (2017) reported that additives produced from 
spices have the ability of inhibiting oxidation of biodiesel. 
Liang et al. (2006) further stated that additives that 
contain antioxidants have the ability of retarding the 
oxidative degradation of biodiesel; hence, they should 
be incorporated into crude biodiesels to increase their 
shelf-life. This study’s findings had shown that extracts 
from onion and ginger wastes materials which are readily 
available in many countries including Nigeria, can be 
used to stabilize biodiesel engine fuel performance 
during storage, thus improving the commercialization 
and patronage of biodiesel in these nations. 
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CONCLUSION 

This study was conducted to evaluate the possibility of 
using extracts produced from plants waste materials, in 
improving the shelf-life of biodiesel. Extracts produced 
from onion bulbs and ginger rhizome wastes (dry skins) 
were used to blend groundnut oil biodiesel (GOME) at the 
rate of 1000 parts per million (ppm). The findings revealed 
that both onion bulbs and ginger rhizomes extracts have 
substantial influence on the GOME stability. It was noted 
that the increment in the GOME acidity (acid value) 
was higher in the untreated GOME, when compared to 
the GOME amended with either onions bulb or ginger 
rhizomes extracts.  Additionally, the findings of this 

study depicted that organic extracts had better prospects 
of oxidation inhibition. Interestingly, these results had 
revealed that waste agricultural materials can be used 
to produce extracts that can be utilized to enhance the 
performance and stability of biodiesel for use in internal 
combustion engines.
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