
Journal Full Title: Journal of Biomedical Research & Environmental Sciences
Journal NLM Abbreviation: J Biomed Res Environ Sci
Journal Website Link: https://www.jelsciences.com

Journal ISSN: 2766-2276
Category: Multidisciplinary

Subject Areas: Medicine Group, Biology Group, General, Environmental Sciences
Topics Summation: 128

Issue Regularity: Monthly
Review Process type: Double Blind

Time to Publication: 7-14 Days
Indexing catalog: Visit here

Publication fee catalog: Visit here

DOI: 10.37871 (CrossRef)
Plagiarism detection software: iThenticate

Managing entity: USA
Language: English

Research work collecting capability: Worldwide
Organized by: SciRes Literature LLC

License: Open Access by Journal of Biomedical Research & Environmental Sciences is 
licensed under a Creative Commons Attribution 4.0 International License. Based on a 

work at SciRes Literature LLC.
Manuscript should be submitted in Word Document (.doc or .docx) through

Online Submission
form or can be mailed to support@jelsciences.com

BIBLIOGRAPHIC INFORMATION SYSTEM

 Vision: Journal of Biomedical Research & Environmental Sciences main aim is to enhance the importance of science and technology to the scientifi c community and also to provide an equal opportunity to 
seek and share ideas to all our researchers and scientists without any barriers to develop their career and helping in their development of discovering the world.

https://portal.issn.org/resource/ISSN/2766-2276
https://www.jelsciences.com/assets/img/subjects.php
https://www.jelsciences.com/archive.php
https://www.jelsciences.com/peer-review-process.php
https://www.jelsciences.com/indexing.php
https://www.jelsciences.com/publication-fee-2021.php
https://search.crossref.org/?q=%22Journal+of+Biomedical+Research+%26+Environmental+Sciences%22&from_ui=yes
https://www.jelsciences.com/crossref-similarity-check.php
https://www.jelsciences.com/submit-form.php


 

RESEARCH ARTICLE

Thevetia peruviana Seed Oil 
Transesterifi cation for Biodiesel 
Production: An Optimization Study
Inam Ullah Khan, Han Wei, Ying Li, Abourehab Elmanshawy, Manqing Li, 
Huiting Chen and Yaowei Yu*
State Key Laboratory of Advanced Special Steel, Shanghai Key Laboratory of Advanced Ferrometallurgy, School of 
Materials Science and Engineering, Shanghai University, 99 Shangda Road, Shanghai 200444, China

*Corresponding author(s)

Yaowei Yu, State Key Laboratory of 
Advanced Special Steel, Shanghai Key 
Laboratory of Advanced Ferrometallurgy, 
School of Materials Science and 
Engineering, Shanghai University, 99 
Shangda Road, Shanghai 200444, China

Email:  yaoweiyu@shu.edu.cn

DOI: 10.37871/jbres1649

Submitted: 17 January 2023

Accepted: 20 January 2023

Published: 24 January 2023

Copyright: © 2023 Khan IU, et al. Distributed 
under Creative Commons CC-BY 4.0  

  OPEN ACCESS 

Keywords

  Thevetia peruviana

  Non-edible

  Feedstock’s

  Transesterifi cation

  Biodiesel

VOLUME: 4  ISSUE: 1 - JANUARY, 2023

ENVIRONMENTAL SCIENCES

GREEN CHEMISTRY  

Biodiesel production has been studied using non-edible seed oil from Thevetia 
peruviana. The non-edible oil from Thevetia peruviana seed could be used as a feedstock 
for biodiesel manufacturing. In this paper, the production of biodiesel utilizing Thevetia 
peruviana Seed Oil (TPSO) has been investigated. The ripe seeds of Thevetia peruviana 
were gathered from China and Pakistan, and after drying, its oil was extracted using 
the Soxhlet procedure. The seeds' highest oil content was discovered to be between 
48-62%. Investigations were done into the TPSO's physicochemical characteristics. 
Transesterifi cation was used to make biodiesel. The methanol to oil molar ratio, the 
duration, temperature, rate of stirring, and the amount of catalyst loaded were all studied 
in order to optimize the biodiesel synthesis process and get the highest yield. Under 
the ideal conditions, which included a methanol-to-oil molar ratio of 6:1, a catalyst 
loading of 0.42 weight percent, a temperature of 70°C, a stirring rate of 700 rpm, and 
an 80-minute reaction period, the biodiesel yield was 98.4%. Gas Chromatography (GC) 
analysis was used to identify the fatty acid confi guration of the oil. Nuclear Magnetic 
Resonance Spectroscopy (NMR, 1H NMR and 13C NMR) and Fourier Transform Infrared 
Spectroscopy (FTIR) were used to characterize the biodiesel product. The ASTM & EN 
test technique were used to determine the biodiesel's fuel characteristics. Thevetia 
peruviana seed oil is used to make biodiesel that satisfi es the requirements of ASTM 
D6751 and EN standards. As a result, this seed oil is a possible feedstock for the 
production of biodiesel.

ABSTRACT
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Introduction
The creation of new forms of energy, such as biodiesel, is becoming 

more popular throughout the world as a means of avoiding rising oil 
prices and potential shortages. The bioenergy has attracted full attention 
throughout the last 15 to 20 years. The two main fuels used as additions 
or replacements for the fossil fuels made from petroleum in this scenario 
are bioethanol and biodiesel made from vegetable oils [1,2]. The use of 
biodiesel has many benefi ts over the use of fossil fuels since it is a fuel that 
is both safe and environmentally friendly, that comes from a renewable 
energy source, has lower pollutant emission profi les than mineral diesel, 
and is suitable for diesel engines right away because of its similar physical 
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properties. Vegetable oils, animal fats, or used 
cooking oil can all be converted into biodiesel, a clean, 
long-lasting bioenergy source, by reacting them with 
alcohol to create esters (biodiesel) and glycerol [1]. 
Biodiesel is rapidly being researched by scientists 
looking into alternative fuels due to the rising expense 
of fuel and environmental concerns over exhaust 
emissions [1]. The transesterifi cation process can be 
used to create this. New raw materials are eagerly 
anticipated by researchers, particularly non-edible 
ones for the manufacture of biodiesel [2-4]. Because 
they are more aff ordable and less polluting than 
fossil fuels, renewable energy sources are receiving 
increased attention [5,6]. Researchers have examined 
the criteria to discover what conditions are ideal for 
the manufacture of biodiesel. A mono-alkyl ester 
mixture of long-chain saturated and unsaturated 
fatty acids makes up the majority of biodiesel and 
is completely miscible with diesel fuel derived from 
petroleum [7,8]. Biodiesel's composition by weight 
is 77% carbon, 12% hydrogen, and 11% oxygen [9]. 
Benefi ts of biodiesel as a fuel include its high fl ash 
point, excellent lubricity, enhanced oxygen content, 
lack of sulfur and aromatic Hydrocarbons (HC), 
absence of sulfur, and improved biodegradability 
[10,11]. Two well-known downsides of biodiesel fuels 
are their low calorifi c values and greater cloud point.

Thermal cracking (pyrolysis), microemulsions, 
and transesterifi cation are only a few of the processes 
used to generate biodiesel. The process of changing 
one chemical into another using heat and a catalyst is 
known as thermal cracking. Heat in the lack of oxygen 
or air causes chemical bonds to break, resulting in the 
formation of trivial molecules. A microemulsion is 
described as the spontaneous formation of two liquids 
that are generally incompatible, the presence of one 
or more ionic or nonionic amphiphiles, and a colloidal 
equilibrium dispersion of optically isotropic fl uid 
microstructures with diameters typically between 1 
and 150 nm [12]. Transesterifi cation, which involves 
swapping an ester molecule's alkoxy group for 
another alcohol, is the most well-known technique 
for creating biodiesel. For these reactions to be 
catalyzed, a base and an acid are typically introduced. 
A proton can be donated to the carbonyl group by 
acids to catalyze the reaction, but a proton can also 
be withdrawn from the alcohol by bases to catalyze 
the reaction, making the alcohol more reactive. 
Additionally, biodiesel can be made via a supercritical 
alcohol transesterifi cation [13,14]. As a sustainable, 
low-carbon, and ecologically friendly alternative to 
traditional transportation fuels, biodiesel—a fuel 

made from non-edible oils—has received praise. In 
comparison to fossil fuel, studies conducted in the 
past have found that biodiesel emits signifi cantly 
less Sulfur oxides (SOx), Carbon monoxide (CO), 
Carbon dioxide (CO2), Particulate Matter (PM), 
Poly-Aromatic Hydrocarbons (PAH), Nitrated Poly-
Aromatic Hydrocarbons (nPAH), and Hydrocarbons 
(HC) [15-17].

The plant oils typically include water, odorants, 
sterols, phospolipids, free fatty acids, and other 
contaminants. These factors prevent the oil from 
being utilized as fuel directly [18]. A minor chemical 
alteration of the oil is necessary to solve these issues 
[19]. An enzyme, a strong acid, and a strong alkaline 
catalyst are the three diff erent kinds of catalysts are 
usable in the transesterifi cation reaction. Shorter 
transesterifi cation reaction times and less catalyst 
are used during production, which are the foremost 
advantages of utilizing a powerful alkali as a catalyst. 
In order to produce biodiesel in large quantities, a 
powerful alkaline catalyst is frequently utilized in the 
commercial production.

Because edible oils account for more than 95% of 
biodiesel production, there are worries that a variety 
of issues with feedstock availability could develop. 
Recent years have seen a rise in public concern around 
the use of fi rst-generation feedstocks or vegetable 
oils that can be consumed for the creation of biodiesel. 
The conversion of food resources into fuels occurs 
during the biodiesel synthesis process from edible 
oils. Therefore, there may be an imbalance between 
the supply and demand for food around the world as 
a result of the large-scale manufacturing of biodiesel 
from edible oils. Additionally, as nations all over 
the world start clearing forests for plantations, this 
issue may result in signifi cant ecological issues. So, 
using edible oils as a feedstock for the manufacture 
of biodiesel could result in the destruction of forests 
and harm to wildlife. As a result, feedstocks made 
from non-edible vegetable oils are more appealing 
for the generation of biodiesel [5,8]. Non-edible oil 
feedstock’s have a variety of advantages over edible 
oils when it comes to the production of biodiesel. Non-
edible oils are inappropriate for human consumption 
because of their potentially dangerous ingredients 
[11]. The creation of non-edible oils requires less 
ideal environmental conditions. Because of this, non-
edible oil crops may be produced on barren ground, 
fi elds, roadways, damaged forests, and irrigation 
canals. Therefore, producing biodiesel from non-
edible oils could play an important role in projects 
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that boost the economies of rural areas that are still 
undeveloped [14].

As an alternative feedstock for the manufacturing 
of biodiesel fuel, TPSO seed oil was examined in the 
current study. In order to produce biodiesel, the crude 
oil was transesterifi ed with methanol using the TPSO 
seed in the presence of KOH as a catalyst. ASTM and EN 
standards were met by the TPSO seed oil biodiesel's 
properties after transesterifi cation.

Plant Description
Small, perennial, and evergreen Thevetia 

peruviana, sometimes referred to as milk bush or 
yellow oleander is mostly grown for ornamental 
purposes. The Apocynaceae family includes this 
plant, which is widely distributed on the continents of 
America, Asia, and Africa. The plant, which is loathed 
by herbivorous animals, produces seeds with high 
oil content (60-65%) [20], and it can be cultivated 
on expressway road barriers and roadside ditches for 
aesthetic purposes, environmental protection, and 
biodiesel generation. The plants may be gathered 
continuously for years on end and can be grown on 
places that would otherwise not appropriate for use 
in conventional agriculture. Figure 1 shows Thevetia 
peruviana Plant and seed photographs.

Materials and Methods
Feedstock

Thevetia peruviana seeds were used as a non-
edible feedstock in the current investigation to make 
biodiesel. Thevetia peruviana seeds were fi rst collected 
from ripe trees in Pakistan and China, following which 
the seeds were taken out once the stems had dried. A 
Thevetia peruviana plant and the seeds are shown in 
fi gure 1.

Laboratory resources

Sigma-Aldrich Chemical Suppliers, Shanghai, 
China, provided analytical-grade methanol and 
Potassium hydroxide (KOH) for this research.

Oil extraction

Through numerous visits from various locations 
in China and Pakistan, ripe seeds of the Thevetia 
peruviana plant were collected. After fi eld collection, 
the Thevetia peruviana seeds were cleaned of dust and 
other contaminants by washing in warm distilled 
water. After that, at 60°C the seeds were dried until their 
weight remained consistent. Soxhlet equipment was 
used to extract the oil in order to determine its precise 
composition [21]. This experiment used lactic acid, 
nitrogen, potassium bromide, potassium hydroxide, 

Figure 1 Thevetia peruviana plant and seed photographs.
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sodium hydroxide, magnesium oxide, and calcium 
oxide as chemical reagents. Chloroform, petroleum 
ether, n-hexane, phenolphthalein, isopropyl alcohol, 
sulphuric acid, anhydrous sodium sulfate, oxalic acid, 
methyl heptadecanoate, and tetramethylsilane were 
some of the additional chemicals.

Process of extracting and measurement of oil 
content

The seeds of Thevetia peruviana were removed from 
the stalks and mashed into ten grams in a grinder. 
The crushed seeds were placed inside of a fi lter paper. 
Oil extraction started when Thevetia peruviana seeds 
on fi lter paper were crushed and petroleum ether (150 
mL) was added to the Soxhlet extraction apparatus. 
The fi lter paper containing the seeds was taken out 
of the Soxhlet extraction system after 7 hours, and it 
was left to air dry for 24 hours. The oil content was 
determined using Eq. (1) [22].

                  100  
             
Gramof biodiesel producedThe yieldof biodiesel

Gramof oil sampletaken for thereaction
 

    
(1)

Transesterifi cation process

It was necessary to measure the acid value before 
the transesterifi cation reaction. As a result, titration 
was used in this investigation to measure the TPSO's 
free fatty acid content. To calculate the acid value 
of the TPSO, the [23] approach was utilized. The 
results showed that TPSO has an acid value of less 
than 0.137%. The oil had a low acid value, therefore 
the acid-catalyzed esterifi cation step was not 
required and the transesterifi cation reaction was 
started immediately away. Using a magnetic stirrer, 
methanol and potassium hydroxide were swirled for 
fi ve minutes to make potassium methoxide, which 
was then utilized to perform the transesterifi cation 
process. In a conical fl ask, the generated methoxide 
mixture and TPSO were combined. The mixture was 
then moved into a reaction room where ultrasonic 
waves were then applied. The controller was used 
to change the response time, amplitude, and pulse. 
The settings for the transesterifi cation process were 
50°C, 70% amplitude, and 70% pulse, respectively. 
In response to a variety of variables, including the 
reaction temperature, stirring rate, time, methanol 
to oil molar ratio, and catalyst loading, the rate of 
TPSO conversion to methyl esters was investigated. 
Biodiesel and glycerol were the two phases of the fi nal 
product that were created during the process. After 
the glycerol was taken out, the biodiesel was refi ned.

FT-IR spectroscopy

The transesterifi cation reaction was observed 
using FT-IR spectroscopy. Thevetia peruviana seed 
oil biodiesel was examined using FT-IR technology 
between 4000-400 cm-1 on a Bio-Rad Excalibur Model 
FTS3000MX. There were 15 scans at a resolution of 1 
cm-1.

NMR analyses

Avan CE 300 MHz, 7.05 T, and 5 mm BBO probe-
equipped spectrometers were used for the NMR 
investigation. The internal reference standard was 
TMS, and the solvent was Deuterated chloroform 
(CDCl3). We captured the 1H (300 MHz) spectra using 
8 scans, a recycle delay of 1 second, and pulse widths 
of 30 degrees. With a pulse duration of 30 degrees and 
a recycle delay of 1.89 seconds, 160 scans of the 13C (75 
MHz) spectra were made.

Analysis of TPSO FAMEs using GC-MS

By converting the oil sample into its methyl esters 
using the ASTM D-1983 standard procedure, the 
fatty acid content of TPSO was ascertained. All of the 
evaluated FAMEs were subjected to GC-MS analysis 
using a Varian 450-GC/240-MS gas chromatography/
mass spectrometer (Varian, Santa Clara, CA, USA) 
coupled with a DBWAX capillary column (30 m x 
250 lm x 0.25 um fi lm thickness). Following are the 
precise operational conditions that were used: 3 mL/
min helium gas fl ow rates, a 1:10 split ratio, a 250°C 
injector temperature, a 1 uL injection volume, an oven 
temperature progression of 150 to 210°C at a rate of 
15°C/min, and from 210 to 226°C at a rate of 1°C/min; 
a 300°C detector temperature; a 200°C ion source 
temperature; the use of electronic impact mode at 
The mass spectra fragmentation patterns of the 
FAMEs were compared to those in the mass spectral 
library NIST 02 using the software of the GC-MS 
instrument, and their identities were then further 
verifi ed by comparing the data to those of recognized 
standards. By dividing the total mass of the FAMEs by 
the total mass of TPSO used in each experiment, the 
percentage of biodiesel yield (%, g/g) is computed (10 
g).

FAMEs purifi cation

After the two layers were separated, the remaining 
methanol was heated to 60°C and used to distill, 
purifying the upper biodiesel layer. Apply 1-2 drops of 
acetic acid on the catalyst to remove it, consecutive 
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rinses with distilled water were used to eliminate any 
leftover catalyst. Anhydrous sodium sulfate (Na2SO4) 
treatment and fi ltration were used to get rid of any 
leftover water.

TPSO-produced biodiesel's fuel characteristics

After being generated in line with ASTM 
biodiesel requirements, the physical and chemical 
characteristics of pure biodiesel were assessed. The 
following physical and chemical properties were 
measured: acid value, cetane number, oxidation 
stability at 110°C (EN 14112), sulfur content, density 
at 15°C (ASTM D4052), kinematic viscosity at 40°C 
(ASTM D445), cloud point, pour point, fl ash point, 
and IV (AOAC CD1-25).

Elemental analysis of biodiesel

The presence of metals in the FAMEs of the 
sources from non-edible plants was checked using an 
elemental analyzer (Vario EL CUBE, Hanau, Germany) 
and an ICP-OES (Spectro-blue, Kleve, Germany) [24].

Result and Discussion
Variables effecting TPBD yield

Biodiesel yield is impacted by the methanol/ 
oil ratio: The molar ratio of alcohol to triglycerides 
is one of the most crucial factors impacting the 
ester yield. For alkali catalyzed transesterifi cation 
processes, a methanol: oil rate of 6:1 is recommended 

for maximizing conversion [25]. The methyl esters' 
acid, peroxide, saponifi cation, and iodine levels are 
unaff ected by the molar ratio. The variety of catalyst 
employed is related to the molar ratio. The feasible 
range of the methanol to oil ratio was 4:1-6:1 [26]. In 
table 1 and fi gure 2, the infl uence of the methanol to 
oil ratio on TPBD production is depicted. Maximum 
biodiesel output (96.4%) was attained at a molar ratio 
of 6:1.

Infl uence of catalyst ratio on biodiesel yield: 
Alkalis, acids, enzymes, or heterogeneous catalysts 
can be employed to transesterify triglycerides. Alkali 
catalysts, such as potassium methoxide (KOMe), 
sodium methoxide (NaOMe), and alkali catalysts like 
KOH, are the most effi  cient of these [25]. By KOH 
as catalysts, the methanolysis of beef tallow was 
investigated. KOH was clearly superior to NaOH when 
compared to the two catalysts [27]. Mostly potassium 
hydroxide has been employed in alkali catalyzed 
methanolysis at concentrations ranging from 0.22%, 
0.32, to 0.42% weight/weight of oil. Figure 3 depicts 
the reaction's three distinct catalyst concentrations 
used with 50 ml of oil: 0.22, 0.32, and 0.42 g KOH. By 
increasing the catalyst concentration up to 0.42 g, 
the synthesis of FAMEs was improved; however, as 
the KOH ratio rise beyond 0.42 g, the methyl esters' 
yield declined. Figure 3 shows that the yield achieved 
98% at the optimum catalyst concentration of 0.42%. 
The yield of biodiesel was unchanged despite the 
additional catalyst. This was probably caused by the 

Table 1: Shows detail process of optimization.

Amount of Oil 
Used (ML)

Molar Ratio 
of Oil to 
Alcohol

Temperature 
(°C)

Stirring 
Intensity 

(rpm)

Reaction 
Time (min)

KOH Conc. 
Used (g)

Methanol 
Used (ML)

Biodiesel (%)
Glycerol 

(%)
Soap 
(%)

50      4:01 65 700 60 0.22 12.5 92 8 0

50 5:01 65 700 60 0.32 10.0 94 6 0

50 6:01 65 700 60 0.26   8.3 96.4 3.6 0

50 6:01 65 700 60 0.22 8.3 88 8 4

50 6:01 65 700 60 0.32 8.3 94.4 5.6 0

50 6:01 65 700 60 0.42 8.3 98 2 0

50 6:01 60 700 60 0.42 8.3 94.6 5.4 0

50 6:01 65 700 60 0.42 8.3 95.6 4.4 0

50 6:01 70 700 60 0.42 8.3 98.2 1.8 0

50 6:01 70 500 60 0.42 8.3 94 6 0

50 6:01 70 600 60 0.42 8.3 96 4 0

50 6:01 70 700 60 0.42 8.3 98.2 1.8 0

50 6:01 70 700 40 0.42 8.3 96 4 0

50 6:01 70 700 60 0.42 8.3 96.4 3.6 0.4

50 6:01 70 700 80 0.42 8.3 98.4 1.6 0
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slurry thickening to an unmanageable degree, which 
made stirring more diffi  cult and energy-intensive.

Impact of temperature and time on FAMEs: 
Reaction rate is greatly infl uenced by temperature. 
However, given enough time and ambient 
temperature, the reaction advances to almost 
completion [25]. We investigated the methanolysis of 
castor oil to methyl ricinoleate. Between 20 and 35°C, 
the reaction operated most effi  ciently. The reactions 
were generally conducted at atmospheric pressure at 
methanol's boiling point (60-70°C). A 6:1 methanol: 
oil ratio, 0.42% KOH, and a temperature of 60°C were 
used to study the transesterifi cation of linseed, tung 
seed, saffl  ower, and Rhus typhina oil. After 1 hour, the 
conversion rate for all four oils was nearly same (93-
98%). Depending on the oil utilized, transesterifi cation 
was performed at various temperatures (60, 65, and 
70°C). At three diff erent temperatures, 60, 65, and 
70°C, the transesterifi cation of Thevetia peruviana 
oil with methanol (6:1) and 0.42% KOH was studied. 
Figure 4 illustrates how the production of biodiesel 

increased as temperature raised up to 70°C. At 70°C, 
the maximum yield (98.2%) was attained. Ma F, et al. 
[12] and Lee I, et al. [29] looked into how reaction time 
aff ected the methanol-beaf tallow transesterifi cation 
process. The fi rst minute of the reaction was 
somewhat slow because of the mixing of methanol 
and beef tallow. The production of beef tallow methyl 
esters peaked after around 15 minutes. Currently, 
transesterifi cation was performed utilizing various 
reaction times (40, 60 and 80 min). At 40 minutes, 
96% yield was obtained, but as time passed, biodiesel 
yield increased, and at 60 minutes, 96.6% yield was 
obtained, but the maximum yield was obtained at 80 
minutes (98.4 %), which is shown in fi gure 5 and table 
1. These studies showed that, in the case of the alkali 
catalyst, transesterifi cation proceeded satisfactorily 
at room temperature. Temperature was a determining 
factor in both the reaction rate and esters yield [30]. 
Higher reaction times bring the conversion closer to 
equilibrium rate.

Stirring rate's impact on biodiesel production: 
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Figure 5 The impact of time on FAMEs yield.
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Figure 2 FAMEs yield is impacted by the methanol: Oil ratio.
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Figure 3 Demonstrates how catalyst concentration affects the 
production of FAMEs.
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Figure 4 Demonstrates how temperature affects FAMEs yield.
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The potassium hydroxide methanol solution and oils 
or fats cannot mix, because of this stirring is critical 
for the transesterifi cation reaction, as shown in fi gure 
6. A slow pace is caused by insuffi  cient diff usion 
between the phases. The reaction might become 
diff usion regulated. Stirring is no longer required 
once the two phases have been blended and the 
reaction has begun. Ma F, et al. [12] investigated the 
impact of mixing on beef tallow's transesterifi cation. 
If there was no mixing, there was no reaction. The 
speed of the churning was quite slow when KOH-
MeOH was introduced to the melted beef tallow in 
the reactor. This implied that the evaluated stirring 
rates were faster than the mixing threshold. The 
stirring intensity was varied between 500, 600, and 
700 rpm. Starting with 500 rpm, the yield was only 
94%; however, with 600 rpm, the yield increased to 
96%. However, at 700 rpm resulted in the maximum 
output. Thevetia peruviana biodiesel required 700 rpm 
of stirring at its best.

Thevetia peruviana FAMEs were sketched using 
GC-MS analysis

Due to its typically greater precision in quantifying 
small components, the most widely used method for 
analyzing biodiesel has been gas chromatography. To 
accurately determine the rate at which the synthetic 
Thevetia peruviana oil is converted into biodiesel, we 
also used gas chromatography and mass spectrometry 
techniques in this experiment. Figure 7 displays data 
pertaining to GC-MS spectra. In agreement with our 
earlier study [31], we have reported seven main peaks 
utilizing GC spectra. Using library match tools (NO. 
NIST 02), the peaks were each determined to be fatty 
acid methyl ester compounds. Table 2 displays the 
recognized FAMEs and their retention times. Fatty 
acid methyl esters were identifi ed using retention 

time data, and this was later validated by mass 
spectrometric analysis. An EI ion source was used to 
obtain the mass spectrum. 

Elemental analysis by (ICP-OES & EA)

Elemental content in biodiesel is disagreeable 
because they contribute to a number of problems, 
including those that promote biodiesel breakdown, 
engine corrosion, operability issues, social issues like 
ecological contamination, and negative impacts on 
physical health [32]. Sodium and potassium, which 
are components of the appliance in the production 
of biodiesel, are the essentials whose quantity in 
biodiesel needs to be managed. The quantity of metal 
Phosphorus (P), which essentially comes from the raw 
materials, is also crucial. Thevetia peruviana Biodiesel 
(TPBD) elementals concentrations were matched 
with high-speed diesel (Petrodiesel). Results show 
that Thevetia peruviana Biodiesel (TPBD) has a lower 
concentration of numerous components than High 
Speed Diesel (HSD), which is shown in fi gure 8.

Essentials like potassium, sodium, magnesium, 
and calcium are present in biodiesel and serve as 
injector guides, drain stimulators, wear indicators 
for pistons and circles, indications for locomotive 
deposits, and fi lter plugging [33]. The levels of C, H, 
N, and O that were measured and C% was (76.25), H 
(13.01), N (1.41), and O (9.33%), while K, Na, Mg, and 
Ca were (6.14, 412.54, 42.51, and 14.90 g/g), which 
relative to HSD, were low (213.3, 868.3, and 45.6 
g/g). Na, K, and P can all is included in biodiesel at a 
maximum allowable concentration of 5 mg kg-1 and 10 
mgkg-1 each [34]. The raw materials needed to make 
biodiesel contain additional components like Ca, Mg, 
and P. Soap is created when sodium levels are too high. 
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Figure 6 Infl uence of stirring rate on the production of FAMEs.

7 14 21 28

60

80

100

ecnadnub
A

Time (minutes)

C
16

:0
9.

54
5

C
18

:0
14

.2
48

C
18

:1
15

.0
42

C
18

:2
16

.7
97

C
18

:3
19

.5
65

C
20

:0
22

.5
87 C

20
:1

23
.9

22

C22:0
27.036

Figure 7 GCMS study of TPBD FAMEs.
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Table 2: Fatty acids detected in TPBD FAMEs.

S/ No Fatty Acids Retention Time
Number of 

Carbons and 
Double Bonds

Chemical Name Chemical Structure
Molecular 

Weight

1 Palmitic acid 9.545 C16:0
Hexadecanoic acid, 

methyl ester
270

2 Stearic acid 14.248 C18:0 methyl stearate 298

3 Oleic acid 15.042 C18:1
9-Octadecenoic acidZ-, 

methyl Ester
296

4 Linoleic acid 16.797 C18:2
9, 12-Octadecadienoic 

Acid (Z, Z)-, methyl 
ester

294

5 α-Linolenic acid 19.565 C18:3 α-Linolenic Acid

6 Arachidic acid 22.587 C20:0
Eicosanoic Acid, methyl 

ester
326

7 Gondoic acid 23.922 C20:1
CiS- 11- Eicosenoic 
Acid, methyl ester

324
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Figure 8 TPBD ICP-OES FAMEs elemental concentration analysis.

To lower the salt concentration below the standard 
amount, more washing will be necessary.

The physical and chemical characteristics

Using the listed biodiesel (ASTM-D6751) and 
petro-diesel values (ASTM-D6751), the synthetic 
TPBD's physical and fuel properties were evaluated 
using ASTM procedures. The results are shown in 
table 3 (ASTM-D975).

At 40°C, TPBD's density was found to be 0.887 
gcm-3, in comparison to petrodiesel (0.834 gcm-3) and 
within the biodiesel ASTM D6751 restrictions (Table 
3). The current investigation determined that the 
specifi c gravity of TPBD was equivalent to the ASTM 
values for petro-diesel and biodiesel (Table 3).

Viscosity, which impacts the fuel's fl uidity and 
how fuel injection equipment operates, particularly 
at low temperatures, is the most crucial characteristic 
of biodiesel. The determined viscosity of TPBD was 
3.9 mm2/s, which is close to the ASTM D6751 value 
for biodiesel and the ASTM values for petro-diesel 
(Table 3). The measured TPBD kinematic viscosity 
(3.9 mm2/s) at 40°C is within the range of biodiesel 
and petroleum-based diesel ASTM values.

In contrast to the cloud point (cp), which is the 
temperature at which wax fi rst becomes visible 
after the fuel has cooled, the pour point (pp) is the 
temperature at which there is enough wax out of 
solution to acquire the fuel. As a result, the pour 
point is the lowest temperature at which fuel can 
fl ow. Testing revealed that Thevetia peruviana Seed 
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Oil Biodiesel (TPSOBD) pp and cp values are 1 and 4°C, 
respectively, and are within the ASTM requirements 
for diesel fuels (Table 3).

When managing, storing, and maintaining the 
safety of fuels and fl ammable materials, the fl ash 
point is a consideration. Even though it is higher than 
petro-diesel, the claimed fl ash point of TPBD (160°C) 
is within ASTM limits. This illustrates how safer TPBD 
fuel is compared to petroleum fuel. A higher fl ash 
point may, however, result in less combustibility 
when compared to petro-diesel.

The biodiesel's level of free fatty acids is indicated 
by the acid number. If it contains more than 0.50 mg 
KOH per gram, corrosion to engines is possible. A lot 
less than the ASTM standards for diesel fuels, 0.137 
mg KOH g-1 was found to be the acid number of TPBD 
(Table 1). Sulfur levels in the TPBD were found to be 
2.037 g/g, which is within the permitted limits for 
diesels (Table 3).

NMR spectroscopy

1H NMR analysis: The transesterifi cation process 
is demonstrated to go through its various spectrums 
using the 1H NMR method to calculate biodiesel yield. 
By measuring the protons in the alcohol moiety of 
the resulting methyl esters and the protons in the 
methylene group next to the ester moiety in TAG, 
the yield was determined by 1H NMR. The 1H NMR 
spectroscopy used to assess the Thevetia peruviana oil-
based biodiesel is shown in fi gure 9. α-CH2 protons 
were found in a triplet at 2.30 ppm, and methoxy 
protons were discovered in a singlet at 3.66 ppm. 
These two separate peaks demonstrate that methyl 
esters are present in biodiesel. Additionally, there were 
peaks for the terminal methyl protons at 0.89 ppm 
and a robust signal for the carbon chain-containing 
methylene protons at 1.27 ppm. Additional signals 
were observed for olefi nic hydrogen and β-carbonyl 
methylene protons at concentrations of 1.63 ppm and 
5.34 ppm, respectively. Using a variety of calibration 

Table 3: Shows TPSOBD (Thevetia peruviana seed oil biodiesel) physiochemical characterization.

Studied Parameters ASTM D6751-02 EN 14214
ASTM 
D6751

Petrodiesel
Experimental 

Result
Density @ 15°C (g/cm3) - 860-900 0.86-0.90 809.1 0.887

Kinematic Viscosity @ 40°C 
(mm2/s)

1.9-6.0 3.5-5.0 1.9-6.0 1.3-4.1 3.9

Flash Point, °C 130.0 Min 120.0 Min 130 Min 60-80 160
Fire Point, °C

- - - - 190

Acid Value, mg KOH/g oil 0.80 Max 0.50 Max 0.5 Max - 0.54
Saponifi cation Value, mg 

KOH/g oil
- - - - 169.8

Iodine Value, gI2/100 mg - Max. 120 Max. 120 - 79.6

Refractive index @ 20°C - - - - 1.3502

Cloud Point, °C - -3 to 12 -3 to 12 -15 to 5 4

Pour Point, °C - -15 to 16 -5 to 5 -2.0 1

Cetane number 47 Min 51 Min Min. 47 49.7 48.5

Acid number - - - - 0.137

HHV - - - - 23.39

Oxidation stability (110°C, h) 3 Min 6 Min Min. 3 25.8 72.60
Ash content

- - - - 0.03

Specifi c gravity
- - - - 0.891

Cold fi lter plug point (CFPP, °C) – Max.19 Max.19 -16 -9

Sulfated ash content (wt%) 0.02 Max 0.02 Max - - 0.003
Phosphorous (mg/kg)

- 4 mg/kg Max
0.001% 

mass Max
- 0.105 ug/g

Sulfur (mg/kg)
- 10 mg/kg Max

0.0015% 
mass (ppm) 

Max
- 2.073 ug/g
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curves based on 1H NMR spectroscopy, several studies 
have previously assessed the reaction yield during 
the transesterifi cation of fatty acid mixtures and 
methanol to produce biodiesel [35-38]. The amount 
of the transesterifi cation reaction's triglyceride that 
was converted to methyl esters can be deduced from 
the 1H NMR spectra of the biodiesel produced from 
Thevetia peruviana oil, which are consistent with 
earlier studies [39,40]. Thevetia peruviana oil is used 
to make biodiesel, and this study's revelation that 
the methyl esters in that biodiesel exhibit unique 1H 
NMR spectrum from one another allowed for a new 
investigation of the biodiesel spectra. The methoxy 
group in the methyl esters, at 3.66 ppm, and the 
α-carbonyl methylene protons, at 2.30 ppm, were the 
pertinent signals for integration.

13C NMR analysis: The typical ester carbonyl peaks 
of the 13C NMR spectra are shown at 174.24 and 51.34 
ppm, respectively. Figure 10 depicts the 13C NMR 
spectra. Peaks at 130.21 and 127.88 ppm showed that 
methyl esters were unsaturated. Additional peaks are 
connected to the terminal carbon of methyl groups 
and the long-chain methylene carbon, respectively, 
around 14.1 ppm and between 22.5 and 34.2 ppm. Our 
fi ndings are supported by the fact that these peaks 
were closely related to previous studies [41].

FT-IR spectroscopy

The functional groups and bands in the samples 
of Thevetia peruviana oil biodiesel were located 
using the mid-infrared area of the FT-IR spectrum, 
which correlates to various stretching and bending 
vibrations. The position of the carbonyl group in 
FT-IR is determined by the molecule's structure 
and the eff ect of substituents [42]. Esters can be 

identifi ed by two distinct, powerful absorption bands 
from carbonyl (ʋC = O) at about 1750-1730 cm-1 and 
from C-O (anti symmetric axial stretching and 
asymmetric axial stretching) at about 1300-1000 
cm-1. While the bending vibrations of these groups 
may be found at 1475-1350, 1350-1150, and 723 
cm-1 (ρCH2), respectively, the stretching vibrations 
of CH3, CH2, and CH emerge at 2980-2950, 2950-
2850, and 3050-3000 cm-1, respectively [43]. In the 
biodiesel created from Thevetia peruviana oil, fi gure 
11 demonstrates that the methoxy ester carbonyl 
group seems to be present at a wavelength of 1743 
cm-1. The overtone of the ester functional group was 
visible in the band, which was detectable at 3465 
cm-1 [44]. The vC-C( = O)-O and O-C-C vibrations 
were two asymmetrically coupled vibrations that 
were present in the C-O stretching vibration at 1170 
cm-1 and 1016 cm-1, respectively. At 3007, 2925, and 
2854 cm-1, respectively, the methylene and methane 
stretching bands were seen. The bending vibrations 
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of methyl groups were seen at 1434 and 1360 cm-1, 
while methylene's vibrations were seen at 723 cm-

1. The biodiesel from the Thevetia peruviana plant 
displayed C = C unsaturation in the band at 1641 
cm-1. The use of methods likes chromatography and 
spectroscopy to evaluate the quality, production, and 
monitoring of biodiesel is widely known. The GC-MS, 
infrared spectroscopy, and 1H & 13C NMR techniques 
are the most eff ective, user-friendly, and quick ways 
to identify FAMEs, their properties, the presence of 
functional groups, and their distinctive structures. 
For accurately understanding biodiesel data, it is 
therefore appropriate and trustworthy to utilize.

Conclusion
The seeds of the Milk Bush (Thevetia peruviana) 

were found to contain 48-62% oil after extraction. 
Due to the fatty acid makeup of TPO, this seed oil can be 
used as a feedstock for the production of biodiesel. The 
transesterifi cation reaction involved methanol and 
Potassium hydroxide (KOH) as a catalyst. The process 
input variables, including the methanol to oil molar 
ratio, reaction time (min), catalyst loading, reaction 
temperature, and stirring intensity, were tuned to 
provide the highest FAMEs yield. After optimizing 
the input variables, which included a catalyst loading 
of 0.42 weight percent, a methanol to oil molar ratio 
of 6:1, a reaction time of 80 minutes, a temperature 
of 70°C, and a stirring intensity of 700 rpm, the rate 
of biodiesel generation was reached at 98.4%. When 
the physical and chemical characteristics of the 
biodiesel produced from TPBD were evaluated, it was 
discovered to meet all ASTM and EN criteria, proving 
that this seed oil can be used as a feedstock for the 
production of biodiesel. Thevetia peruviana seed oil has 
been identifi ed by the exploration as a very promising 
feedstock for the production of biodiesel.
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