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ABSTRACT 

The physicochemical properties of Jatropha curcas (JC) seed oils are related to the plant 
varieties and affect the biodiesel quality when it is used as feedstock. This work 
investigates the physicochemical properties and feasibility of mutated JC seed oil for 
biodiesel feedstock. Three mutated JC seed oils, from JC-150, JC-226 and JC-300, were 
successfully evaluated. The oil contents were determined by using gravimetry methods. 
The AV, FFA, IV and PV were determined by using titrimetric methods. Types of fatty 
acids were analyzed by using a GC-FID. The triacylglycerol (TAG) and PE compositions 
were determined by using a HPLC-ELSD. The results show that the oil contents of JC-150, 
JC-226 and JC-300 seeds were 48.3%, 45.8%, and 51.7%, respectively. The PE contents in 
JC-150, JC-226 and JC-300 were lower (approximately 33.4%, 46.9% and 96.4%) 
compared to the control. The oleic and linoleic acids were two main components of all 
samples, with compositions in the range 41.82-42.45% and 36.68-37.45%, respectively. 
The compositions of polyunsaturated and monounsaturated TAG were obtained in the 
range 71.60–76.22% and 19.62–24.53%, respectively. These results show that the 
properties of mutated JC seed oils meet with the requirements for biodiesel production.  

INTRODUCTION 

The jatropha curcas (JC) plant is a species in the 
Euphorbeaceae family, which has short, vascular, woody 
plants and is categorized in the same family as rubber and 
cassava. The JC plant can easily be found in Central and 
South America, Africa, India and Southeast Asia. JC has 
many functions, such as traditional soap, organic pesticide, 
and medicinal herbs. In addition, JC seeds can be applied as 
a raw material in organic fertilizer because it contains 
nitrogen, phosphor and potassium. Also, the solid waste of 
JC seeds can be used as raw material for biogas 
production. The most interesting JC seeds are those with 
high oil content, around 70-75% of the seeds contain oil 
(Das et al., 2021).  

As reported in the literature, JC is considered to be a 
promising candidate plant to produce bio-lubricant and 
biodiesel feedstocks. It is well known that JC seed oil can 
be processed to produce various products, such as bio-
lubricant (Ho et al., 2019, Hoong et al., 2019) and biodiesel 
(Koh & Ghazi, 2011, Maftuchah et al., 2020, Silitonga et al., 
2011). A lubricant is defined as a substance (generally in 
liquid form) which is used to reduce the friction between two 
or more moving surfaces, to improve material efficiencies 
and reduce wear (Chowdary et al., 2021). Biodiesel is a 
biofuel that is produced from vegetable oils (i.e., palm, soy, 
canola or jatropha) through the transesterification reaction 
with a catalyst (Gutierrez-Lopez et al., 2021). Based on these 
facts, JC has become an interesting topic to be explored and 
developed in future research.     



Ibdal Satar, Adi Permadi, Waled A. Ahmed

 

 
Engenharia Agrícola, Jaboticabal, v.42, n.5, e20220093, 2022 

The characteristics of JC seed oil are strongly 
associated with genetic factors such as the age of the plants, 
environmental conditions, geography, soil fertility, and 
applied agronomic practices (Kumar & Singh, 2014, Lama 
et al., 2018). Several researchers have reported that different 
genotypes of JC produce different yields of oil seed (Lama 
et al., 2018, Maftuchah et al., 2020). In China, researchers 
found that the seed oil content in mutated jatropha was 
around 6% higher than the original jatropha (Yang et al., 
2010). In addition to the seed yields, the toxicity (based on 
the phorbol esters content) of JC seed oil is affected by the 
type of jatropha genotype used (Abou-Arab et al., 2019). 
Non-toxic jatropha genotypes have also been found in 
Mexico (Sanghamitra et al., 2014 , Valdes-Rodriguez et al., 
2013) but these genotypes are less abundant. The non-toxic 
jatropha are those that contain phorbol esters (PE) at a 
concentration less than 0.05 mg/g, while toxic jatropha 
contain PE more than 0.05 mg/g (Kumar & Singh, 2014). 
Currently, the researchers have tried approaches such as 
agrobiological or breeding programs (i.e., crossbreeding) 
and physical methods (gamma irradiation) (Ha et al., 2019, 
Maftuchah et al., 2020) to improve the quantity and quality 
of JC seed oil contents and/or reduce their toxicity.  

It is well known that the JC seed oil is one of the 
popular non-edible feedstocks of low price. The JC can be 
easily grown in semi-arable and uneconomic lands (Tan et 
al., 2019). This has encouraged researchers to explore and 
investigate the characteristics of seed oil from several JC 
genotypes. As mentioned above, the agrobiological and 
physical methods can be used to mutate the genotype of JC. 
Hence, the different genotypes produce different 
characteristics of seed oil. To the best of our knowledge, 
there are no reports on the feasibility of the mutated jatropha 
seed oil for producing biodiesel, especially the mutated JCs 
with high intensities of gamma radiation (150-300 kGy). 
Therefore, this work investigates the characteristics of seed 
oil from some of the mutated JCs, particularly the feasibility 
of the mutated JC seed oils for biodiesel feedstocks. The 
current study presents valuable information related to the 
physicochemical properties of the seed oil of mutated JC as 
feedstock for biodiesel production. The mutated JCs were 
produced by the gamma irradiation process on original 
jatropha seeds (article unpublished). All of the samples 
were obtained from the experimental plots at the Faculty of 
Science and Technology (FST), Universiti Kebangsaan, 
Malaysia (UKM).  

 
MATERIAL AND METHODS 

Chemicals and JC seeds  

The chemicals used were: hydrochloric acid (HCl), 
petroleum ether (C6H14), anhydrous sodium sulfate 
(Na2SO4), potassium hydroxide (KOH) pellets, potassium 
iodide (KI), sodium thiosulfate (Na2S2O3), ethanol (C2H6O), 
methanol (CH4O), diethyl ether (C4H10O), acetone (C3H6O), 
acetonitrile (C2H3N), glacial acetic acid (C2H4O2), 
chloroform (CHCl3), hydranal, Wijs solution, starch, and 
phenolphthalein; all were purchased from Fischer Chemical.  

The fresh seeds from JC-150, JC-226 and JC-300 
were collected from the experimental plots (Biobased 
Lubes) at FST, UKM. The JC-150, JC-226 and JC-300 were 
labelled based on the 150 kilo Gray (kGy), 226 kGy and 300 
kGy of gamma ray intensities which were used in the 
irradiation process to mutate the JC genotypes (article 

unpublished). All seed samples were dried separately in the 
open air for one week and then peeled, finely ground, 
weighed and placed in different sample bags at room 
temperature for further analysis.  

Oil extraction 

A total of 500 g of dried seed samples were weighed 
using an analytical balance (KERN ABS 220-4).  Dried seed 
of JC–150, JC–226, JC–300 and JC-0 (control) were 
extracted by the Soxhlet apparatus method using petroleum 
ether as a solvent at a ratio of 6:1 (v/w). Extraction 
processes were conducted at 70oC for 12 hours (Satar et al., 
2015, Sayyar et al., 2009). After the extraction process was 
finished, the solvent was removed from the extract by using 
a rotary evaporator (BUCHI Rotavapor R-124) at 65–700C. 
The seed oil yield (expressed as a percentage, %) was then 
determined by using [eq. (1)].   

𝑂𝑖𝑙 𝑦𝑖𝑒𝑙𝑑𝑠 (%) = 𝑥 100 %                    (1) 

Where:  

W0 and Ws are are the weight of oil (g) and seed 
sample (g), respectively. The collected oils were 
kept in a refrigerator for further analysis. 

Oil characterizations 

Some physicochemical properties, such as acid value 
(AV, mg KOH/g sample), free fatty acid (FFA, %), peroxide 
value (PV), and saponification value (SV), were determined 
by using the titrimetric methods described by Ewunie et al. 
(2021). As described by Asmare & Gabbiye (2014), the AV 
of the mutated JC seed oil can be determined by titration using 
potassium hydroxide. The FFA (%) was calculated based on 
the AV multiplied by 0.501, as described by Ewunie et al. 
(2021). The iodine value (IV) was determined, based on 
ASTM D5554, as described by Yusuff (2021). In brief, the 
mathematical expressions for the AV, IV, SV and PV are 
shown in [eq. (2)], [eq. (3)], [eq. (4)], and [eq. (5)], respectively.  

For determining the AV, a total of 5 g of oil was 
dissolved in a 25 ml diethyl ether and ethanol (50: 50) mixture. 
Then, a few droplets of phenolphthalein indicator was added 
to the oil-solvent mixture and carefully titrated with 0.1 N 
alcoholic KOH solution, until a light pink color appeared. The 
AV was calculated by using [eq. (2)], as follows:  

𝐴𝑉 =
.     

                                                (2) 

N and V are the concentration and volume (ml) of 
alcoholic KOH solution used in the titration, 
respectively, and  

Woil is the weight (g) of the oil sample. 
 

For determining the IV: a total 0.3 g oil sample was 
dissolved in 15 ml chloroform. Then, 25 ml of Wijs solution 
was added to the oil sample. The oil sample-Wijs solution 
mixture was kept in a dark place for 60 mins. After that, 20 
ml KI saturated solution and 100 ml deionized water were 
added to the mixture. The mixture was then titrated by using 
0.1 N Na2S2O3 solution, with some droplets of starch 
solution as an indicator. The endpoint of titration was 
indicated by the disappearance of the blue color. The blank 
solution was tested using the same procedure. The IV (mg 
I2/100 g oil) was calculated based on [eq. (3)]:  
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𝐼𝑉 =  
(   )

 𝑥 𝑁 𝑥 12.69                                  (3) 

Where:  

N (0.1 N) is the concentration of Na2S2O3, and  

Vb and Vs are the volume (ml) of Na2S2O3 utilized 
for titrating the blank and the sample, respectively. 
The numeral 12.69 is a constant associated with the 
equivalent weight of iodine.  

 
For determining the SV: a total 2.0 g of oil sample and 

50 ml of excess ethanolic KOH solution (0.1 N) were mixed 
in a boiling flask. Then, the mixture was refluxed and stirred 
with a magnetic bar for 45 mins. Subsequently, an excess of 
KOH was titrated with the 0.1 N HCl. Three droplets of 
phenolphthalein were used as indicators. The endpoint of 
titration was indicated by the disappearance of the pink color. 
The SV was calculated using [eq. (4)], as follows:  

𝑆𝑉 =  
 

𝑥 𝑁 𝐾𝑂𝐻 𝑥 56.1                    (4) 

Where:  

Vb and Vs are the volumes (ml) of HCl used for the 
blank and the sample, respectively.   

 
To determine the PV: a total 2.0 g of oil sample and 

10 ml of CHCl3 were mixed in a 250 ml conical flask. The 
mixed solution was then added to 15 ml of glacial C2H4O2 
and 1.0 ml of saturated KI solution, while being gently 
shaken for 2 mins. The mixture was subsequently placed in 
a dark room for 15 mins. Finally, a total of 15 ml deionized 
water was added to the mixture and titrated with 0.002 M of 
Na2S2O3 using starch as an indicator. The PV was calculated 
by using [eq. (5)], as follows: 

𝑃𝑉 =  
(  )

 𝑥 𝑀 𝑥 1000                                 (5) 

Where:  

Vb and Vs are the volumes (ml) of Na2S2O3 used for 
the blank and the sample and M is the molarity of 
Na2S2O3. 

 
The physical properties, such as density and 

kinematic viscosity, were measured by using a Pycnometer 
and Rheometer (Anton Parr, Physica MCR 301), 
respectively. However, the energy contents of seed oil were 
measured using a Bomb Calorimeter (Anton Parr, 6100 
Calorimeter).  

The composition of fatty acids  

Fatty acid profiles and compositions were analyzed 
using gas chromatography equipped with a flame ionization 
detector (GC–FID, Shimadzu). A total 0.1 ml of oil sample 
was put into a 10 ml vial and 2 ml of n-hexane and 1 ml of 
NaOCH3 (1M) were added, while shaking for 10 mins. The 
upper layers from two phases of mixtures were taken and 
injected into the GC-FID. The stationary phase of the GC-
FID is a capillary column with dimensions of 30 m x 0.25 
mm x 0.25 mm. Nitrogen gas was used as a mobile phase, 
with a flow rate set at 1 ml/minute and total running time of 
60 mins. The detector temperature was adjusted at 280oC 

during GC-FID operation. Lastly, the identified peaks of 
fatty acids in oil seed samples were characterized based on 
the standard fatty acids. 

The composition of triacylglycerols (TAGs)  

A total 0.25 ml of oil sample was diluted into 2 ml 
of an acetone and acetonitrile mixture (63.5:36.5) and 
homogeneously mixed together. To remove the suspended 
solids, the mixture was filtered using a filter membrane with 
a pore size of 0.45 μm. Subsequently, the filtered mixture 
was analyzed using high-performance liquid chromatography 
equipped with an evaporator light scattering detector (HPLC–
ELSD, Ultimate DIONEX). The stationary phase in the 
HPLC-ELSD was column C18, with the dimensions 5 μm x 
120 Å (4.6 x 250 nm), while the mobile phase was an acetone 
and acetonitrile mixture (63.5:36.5). The flow rate was set at 
1 ml/min and total running time was 30 min. To characterize 
the type of TAG, the identified peaks were compared with the 
standard TAG peaks. 

Biodiesel production  

Biodiesel, or fatty acid methyl ester (FAME), was 
produced from the mutated JCs through the 
transesterification process with KOH as a catalyst. The 
mutated JC seed oil and methanol-KOH were mixed at a 
ratio of 1:6 and placed inside a three-necked 500 ml flask. 
The KOH catalyst was prepared by diluting 1% (w/w oil) of 
KOH pellets in methanol (called methanol-KOH). The 
transesterification was conducted at 70oC for 2 hours, while 
being stirred using a magnetic bar during the process. At the 
end of the transesterification process, the product was 
separated into two phases: biodiesel (top layer) and glycerol 
(bottom layer). The biodiesel yield was calculated by using 
[eq. (6)], as follows:   

𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙 (%) =  𝑥 100 %    (6) 

Where:  

WB is the weight of biodiesel, and  

WO is the weight of the oil sample.  
 
RESULTS AND DISCUSSION 

Oil contents 

This work investigated and characterized the seed oil 
from mutated JC-150, JC-226 and JC-300 and the control 
JC (JC-0). Overall, the oil contents of the mutated JCs were 
higher than the control sample, JC-0. As reported by Lama 
et al. (2018), the genotype can affect the seed yield. 
Similarly, this work also shows that JC genotypes 
contribute to the oil seed content. Although the gamma 
irradiation may change the JC genotypes that have high oil 
seed content and low PE, extended work must be performed 
to ensure the most suitable intensity for the JC genetic 
mutations. As presented in Table 1, JC-300 shows the 
highest oil content, 51.7 ± 0.1%, then JC-150 (48.3 ± 0.1%), 
JC-226 (45.8 ± 0.1%) and the control JC-0 (45.5 ± 0.1%), 
respectively. There was no clear correlation between the 
intensity of gamma irradiation on the physicochemical 
properties of seed oil (Figure 1).
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FIGURE 1. Trends of oil content from the mutated JCs and control sample. 
 
The AV and FFA 

The AV is one of the most important parameters in 
identifying oil quality, particularly for biodiesel feedstock. 
In general, high AV is caused by the presence of free fatty 
acids (FFAs) at high concentrations. During biodiesel 
production, the FFAs can reduce the quantity of biodiesel 
because the FFAs generate soap when base catalysts are 
used (Bouaid et al., 2016, Mićić et al., 2019). In addition to 
the quantity of biodiesel, the quality (i.e., purity) of 
biodiesel is also affected by high FFA. According to Bouaid 
et al., (2016), the purity of biodiesel decreases from 97.2% 
to 95.0% when FFA increases from 0% to 4%. In general, 
the maximum FFA content in good quality feedstock for 
biodiesel production is less than 1.0% (Litinas et al., 2020).  

Unfortunately, the FFA content in the jatropha seed oil is 
generally higher than 0.5%, hence the acid pre-treatment 
processes are needed to reduce the FFA (Andrade-Tacca et 
al., 2014, Chai et al., 2014). As shown in this work, the FFA 
contents in all samples were obtained in the range 1.2-3.5%. 
The typical moisture effects on the seed oil FFA are described 
in Figure 2, where high seed moisture results in high FFA. 
The high FFA content is associated with the water content or 
the moisture of the seed oil as a result of hydrolyzing TAG to 
release the organic acids. If the FFA content in seed oil is 
higher than another one, then the transesterification reactions 
for biodiesel production will need more base catalyst to 
neutralize the acid. In addition, the high FFA increases the 
saponification reactions, consequently reducing biodiesel 
production (Zulqarnain et al., 2021).
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FIGURE 2. Trends of seed moisture, oil moisture and FFA compositions of the mutated JC seed oils and control. 
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Density  

Density, or specific gravity, is one of the most 
important parameters that must be investigated in the fatty 
acid industries. Biodiesel fuels are produced from vegetable 
oils or animal fats and so their characteristics are determined 
by their feedstock properties. If the seed oil has a high 
density, so the biodiesel produced also has a high density. 
The high density indicates large diameter oil droplets. The 
atomization formation can easily be attained if the oil has a 
low density. In addition, lower density causes the 
penetration of oil in the combustion chamber to be fast. 
Therefore, oil with a lower density is more favorable than 
that with a higher density (Canakci & Sanli, 2008). In this 
work, density for all seed oils was observed in the range 
0.89-0.90 g/l. These results meet with the EN ISO 3675/EN 
ISO 12185 standards; the density limit must in the range 
0.86-0.90 g/l. 

Viscosity  

The viscosity is associated with the chemical 
structure of oil and/or TAG compositions. The viscosity 
increases with the increasing length of the carbon chain and 
decreases with an increasing number of double bound of 
carbon chains. Like density, the viscosity also contributes to 
the quality of biodiesel as an engine fuel (Canakci & Sanli, 
2008). The viscosity is one of the paramount features of an 
engine fuel because it plays a key role in the fuel spray, 
mixture formation and combustion process. A high 
viscosity leads to reduced fuel atomization and interferes 
with the injection process (Woo & Kim, 2020). In general, 
the viscosity of oil seed will be reduced after the 
transesterification process because the big TAG structures 
are cracked to the simpler structure of fatty acid methyl 
ester. In this work, the viscosity for all seed oil samples was 
obtained in the range 23.5-24.6 cSt. These values were 
similar to vegetable oil viscosity (31.6-51.2 cSt) and much 
higher than biodiesel viscosity (4.08-5.16 cSt) (Canakci & 
Sanli, 2008).   

The IV 

 The IV describes the degree of unsaturated oils, 
animal fats, and fatty acid methyl ester. The IV increases 
with an increase in the degree of unsaturated oil. The 
unsaturated oil is determined by the amount of double 
bond of carbon chains in the fatty acid or TAG structures 
(Alviso et al., 2021, Giakoumis, 2018). Based on DIN 
51605 and DIN 51623, the maximum IV for vegetable oil 
is around 125 mg I2/g oil. Meanwhile, the EN 14214 and 
ASTM 6584 standards assign a maximum IV for vegetable 
oils of 120 mg I2/g and 115 mg I2/g, respectively. From 
Table 1, the IV for oil samples was lower than that of the 
required standards. These facts suggest that the JC–150, 
JC–226 JC–300 and JC-O oils have good feasibility for 
biodiesel feedstocks. 

The SV 

The higher SV describes the shorter chain of fatty 
acids or smaller fatty acid molecules (Jumat et al., 2006, 
Kuntom et al., 2005, Siew et al., 1995). The SV for all oil 
samples were quite similar to each other and were obtained 
in the range 206.0-213.7 mg KOH/g. The highest SV (213.7 
mg KOH/g) was obtained for JC-0. However, the SV for 
these samples were quite similar. This might be due to the 
fact that the fatty acid composition in TAG is similar. The 
percentage of un-saponification values were obtained in the 
range 0.57-0.79%. The type and number of materials in the 
oils are closely related to the percentage of un-
saponification. The percentage of un-saponification values 
describes the number of substances frequently dissolved in 
oils or fats which cannot be saponified by the usual caustic 
processes (Vidal et al., 2018).  

The PV and energy content  

The PV is an indicator of deterioration or rancidity 
of oil due to the oxidation at the double bond of an 
unsaturated fatty acid (Azeez et al., 2019). The PV of oil 
samples were observed in the range 0.3-1.3 meq/kg. The 
highest PV was obtained for JC-226, followed by JC-150 
(0.3 meq/kg), JC-300 (0.5 meq/kg) and JC-0 (0.5 meq/kg). 
These results indicate that JC-226 was more easily damaged 
than JC-150, JC-300 and JC-0. In addition to the PV, the 
unsaturation level and the presence of oxygen bonds 
contributed to the energy content of the oil (Van Gerpen, 
2005). The energy content of all oil samples was quite 
similar and in the range 38.1-40.5 kJ/kg. This indicates that 
the levels of unsaturated fatty acid in the oil samples were 
also similar. In general, the high energy content is determined 
by the low unsaturation level and fewer oxygen bonds. 

The  PE compositions 

Phorbol esters (PE) are the main toxic constituents 
generally present in the jatropha seeds and oils, hence, 
jatropha seed oils can not be used for nutritional purposes 
or in the food industry. Furthermore, the presence of PE in 
the jatropha seeds makes them toxic to some vertebrates, 
snails and insects (Subhalaxmi et al., 2010). In general, the 
level of PE composition in the toxic jatropha is around 0.05 
mg/g (0.005%) or more (Jonas et al., 2021). Based on Table 
1, the PE contents in all seed oils were much higher than 
0.005%. The  JC-0 oil shows the highest PE composition 
obtained (3.84 ± 0.58% or 0.38 mg/g). Meanwhile, the PE 
contents in JC-150, JC-226 and JC-300 were observed to be 
2.56 ± 0.67% (0.26 mg/g), 2.04 ± 0.76% (0.24 mg/g) and 
0.14 ± 0.05% (0.14 mg/g), respectively. Figure 3 shows that 
the reduction of PE contents in JC-150, JC-226 and JC-300 
were found to be approximately 33.4%, 46.9% and 96.4%, 
respectively, compared to JC-0. These results may indicate 
that the gamma irradiation successfully changed the genetics 
of jatropha, hence the PE contents were decreased. This 
agrees with Lama et al. (2018), who reported that different 
genetics produce different seed yield, oil content and toxicity.
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FIGURE 3. The reduction of PE composition in the mutated jatropha oil and control. 
 
TABLE 1. Summary of physicochemical properties of the mutated JC seed oils and control. 

Parameter JC – 0 JC–150 JC–226 JC–300 

Seed moisture (%) 9.63 ± 0.06  8.30 ± 0.01 9.40 ± 0.01 8.80 ± 0.01 

Oil content (%) 45.5 ± 0.1 48.3 ± 0.1 45.8 ± 0.1 51.7 ± 0.1 

Oil moisture (%) 0.24 ± 0.01 0.20 ± 0.01 0.24 ± 0.01 0.23 ± 0.01 

Acid value (mg KOH/g) 7.0 ± 0.2 2.5 ± 0.1 4.4 ± 0.2 2.7 ± 0.3 

% FFA as oleic acid 3.5 ± 0.1 1.2 ± 0.1 2.2 ± 0.1 1.4 ± 0.1 

Density (g/ml) 0.90 ± 0.01 0.89 ± 0.01 0.90 ± 0.01 0.89 ± 0.01 

Viscosity (cSt) 23.9 ± 0.1 23.6 ± 0.1 24.9 ± 0.1 23.5 ± 0.1 

Iodine (mg I2/g) 95.7 ± 0.1 94.2 ± 0.1 95.4 ± 0.1 94.2 ± 0.8 

Saponification value (mg KOH/g) 213.7 ± 0.8 207.1 ± 3.2 208.5 ± 0.8 206.0 ±2.2 

Un-saponification material (%) 0.6 ± 0.1 0.7 ± 0.1 0.7 ± 0.2 0.8 ± 0.1 

Peroxide (meq/kg) 0.5 ± 0.1 0.3 ± 0.1 1.3 ± 0.1 0.5 ± 0.1 

Energy content (kJ/g) 40.5 ± 0.1 39.2 ± 0.1   39.1 ± 0.1   38.1 ± 0.1 

Phorbol ester content (%) * 3.84 ± 0.58 2.56 ± 0.67 2.04 ± 0.76 0.14 ± 0.05 

Note: All parameters were tested in triplicate. *Amount of PE compositions in seed and oil. 
 
Fatty acid compositions 

The types and compositions of fatty acid in the 
mutated JC seed oils are presented in Table 2. The mutated 
JC seed oils and Taxus baccata can be categorized into the 
second-generation of biodiesel feedstock, while 
Scenedesmus obliquus and Ulothrix are third-generation 
biodiesel feedstock. Mentha pulegium is the fourth-
generation feedstock. The types of fatty acid in the mutated 
JC seed oils were observed as palmitic (P), palmitoleic (Pl), 
stearic (S), oleic (O), and linoleic (L). The palmitic, oleic 
and linoleic acids were the three main types of fatty acid in 
all samples. In the mutated JC seed oils, the relative 
compositions of oleic, linoleic, palmitic acids were obtained 
in the ranges 41.82-44.39%, 35.09-37.45% and 12.8-13.4%, 
respectively. Meanwhile, two main components of fatty 
acids in the selected references (e.g., Scenedesmus obliquus 
(Mendonça et al., 2022), Taxus baccata, Ulothrix and 
Mentha pulegium (Jafarihaghighi et al. 2022) were palmitic-
linoleic and palmitic-oleic. Based on these results,               
the mutated JC seed oils can be categorized as oleic-linoleic  

groups because the oleic and linoleic acids were the main 
types of fatty acid in the samples (Akintayo, 2004). 

Furthermore, the compositions of monounsaturated 
fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) 
in the mutated JC seed oils were higher than the saturated 
fatty acids (SFA). Meanwhile, the SFA compositions in 
Taxus baccata, Scenedesmus obliquus and Ulothrix were 
higher than MUFA and PUFA. In the Mentha pulegium 
sample, the composition of MUFA was much higher than 
SFA and PUFA. The types of fatty acids and their 
compositions are important parameters for evaluating the 
quality of feedstocks for biodiesel production (Folayan et 
al., 2019, Khethiwe et al., 2020). The types of fatty acids 
and MUFA and PUFA compositions affect the density, 
viscosity, flashpoint, cloud point and cetane number (CN). 
The high unsaturated fatty acid content results in a high 
density, low viscosity, low flashpoint, low CN and high cold 
point of biodiesel (Folayan et al., 2019), while the oils that 
have a higher SFA level are easily crystallized. In addition, 
the carbon chain lengths (CCLs) are associated with the CN, 
and increased CCLs lead to an enhanced quality of biodiesel 
burning in the engine (Jafarihaghighi et al., 2020). The 
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CCLs of fatty acid in the mutated JCs and Scenedesmus 
obliquus were observed to be lineic (C18:2) while they are 
Gondoic (C20:1), Erucic (C22:1) and Nervonic (C24:1) in 
Ulothrix, Taxus baccata and Mentha pulegium, respectively. 

This suggests that the JC seed oils and Scenedesmus obliquus 
can produce biodiesel with about the same amount of CN but, 
when JC seed oils are compared to the selected references, 
they might produce biodiesel with lower CN.

 
TABLE 2. Relative fatty acids compositions of the second generation of mutated JCs and selected references of the second, third 
and fourth generations of biodiesel feedstock. 

Fatty acids 
(%)  

JC-T 
(2nd gen.) 

JC–150 
(2nd gen.) 

JC–226 
(2nd gen.) 

JC–226 
(2nd gen.) 

Taxus baccata 
(2nd gen.) 

Scenedesmus 
obliquus 
(3rd gen.) 

Ulothrix 
(3rd gen.) 

Mentha 
pulegium 
(4th gen.) 

Palmitic 
(C16:0) 

12.76 ± 0.14 13.28 ± 0.38 12.99 ± 0.62 13.39 ± 0.26 30.59 42 38.65 19.30 

Palmitolic 
(C16:1) 

0.15 ± 0.25 0.51 ± 0.04 0.56 ± 0.02 0.52 ± 0.07 0.16 - - 1.00 

Stearic (C18:0) 7.61 ± 0.18 7.16 ± 1.40 6.61 ± 0.03 6.82 ± 0.66 4.03 7 5.30 1.49 

Oleic (C18:1) 44.39 ± 0.41 41.82 ± 2.90 42.39 ± 0.01 42.45 ± 1.41 20.02 36 26.75 54.04 
Linoleic 
(C18:2) 

35.09 ± 0.17 36.68 ± 4.32 37.45 ± 0.08 36.81 ± 2.25 30.37 20 19.38 10.52 

Linolenic 
(C18:3) 

- - - - 1.69 13.8 3.20 1.74 

Others  - - - - 13.14a - 6.72b 11.91c 

SFA 20.37 20.44 19.60 20.21 43.96* 49* 44.02* 22.49* 

MUFA 44.54 42.33 42.95 42.97 22.53* 36* 33.45* 65.25* 

PUFA 35.09 ± 0.17 36.68 ± 4.32 37.45 ± 0.08 36.81 ± 2.25 33.51* 33.8* 22.53* 12.26* 

References This work This work This work This work 
(Jafarihaghighi  
et al. 2022) 

(Mendonça  
et al. 2022) 

(Jafarihaghighi  
et al. 2022) 

(Jafarihaghighi 
et al. 2022) 

Note: 2nd gen, 3rd gen and 4th gen. = the second, third and fourth generation feedstock;  a = total composition of Capric (C10:0) = 2.11%; 
Myristoleic (C14:1) = 2.35, Pentadecanoic (C15:0) =  1.01%, Arachidic (C20:0) = 6.01%, and Behenic (C22:0) = 0.21%; b = total composition of 
Arachidic (C20:0) = 0.02% and Gondoic (C20:1) = 6.70%; c = total composition of Arachidic (C20:0) = 1.70%, Erucic (C22:1) = 8.10% and Nervonic 
(C24:1) = 2.11%;  * = calculated 
 
TAG composition of the mutated JC seed oil 

Eleven TAGs were detected in all samples, which 
consisted of seven polyunsaturated TAGs, three 
monounsaturated TAGs, and one saturated TAG (Table 3). 
Polyunsaturated TAGs were categorized as LLL, OLL, 
POL+SLL, PLL, OOL, OOO, and SOO. Monounsaturated 
TAGs consisted of PPL, POP, and POS, while the saturated 
TAG detected was PPP. The total amount of 
polyunsaturated TAGs in JC-0, JC–150, JC–226, and JC–
300 oils were found to be around 75.5%, 71.6%, 71.6%, and  

76.2%, respectively. The total compositions of the 
monounsaturated TAGs in JC-0, JC–150, JC–226, and JC–
300 oils were found to be around 19.6%, 24.5%, 23.9%, and 
20.6%, respectively. However, the total compostion of 
saturated TAGs in JC-0, JC–150, JC–226, and JC–300 oils 
were observed to be around 3.1%, 2.8%, 3.2%, and 2.1%, 
respectively. Like the fatty acids, the composition and types 
of TAGs also affected the quality of biodiesel because the 
fatty acids are the main components in TAGs. In general, 
the typical TAG distributions in the jatropha oil are 
presented clearly in Figure 4.

 
TABLE 3. Relative compositions of TAG in JC-O, JC–150, JC–226 and JC–300. 

TAGs ECN
Relative compositions (%) 

JC – 0 JC–150 JC–226 JC–300
Polyunsaturated  
LLL 42 4.8 ± 0.1 2.7 ± 1.2 3.9 ± 0.9 3.8 ± 1.0
OLL 44 17.1 ± 1.1 13.3 ± 1.5 14.8 ± 2.3 17.5 ± 0.4
POL+SLL 44 6.7 ± 0.3 5.3 ± 0.4 7.2 ± 0.6 6.4 ± 0.8
PLL 44 19.1 ± 1.2 17.3 ± 0.3 17.3 ± 0.3 21.4 ± 1.3
OOL 46 17.6 ± 1.1 23.5 ± 2.9 17.9 ± 0.3 18.5 ± 0.6
OOO 48 9.3 ± 0.6 8.7  ± 0.8 9.5 ± 0.2 9.9 ± 0.6
SOO 48 0.2 ± 0.1 0.7 ± 0.3 0.4 ± 0.2 0.1 ± 0.1
Monounsaturated  
PPL 46 1.3 ± 0.5 1.7 ± 0.4 0.8 ± 0.5 1.5 ± 0.2
POP 48 18.2 ± 1.5 22.7 ± 0.2 22.9 ± 0.2 17.1 ± 1.1
POS 50 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 0.0
Saturated  
PPP 48 3.1 ± 1.0 2.8 ± 0.9 3.2 ± 0.4 2.6 ± 0.6
Unknown - 0.5 ± 0.2 0.3 ± 0.1 0.3 ± 0.2 0.3 ± 0.2
Note; ECN = Equivalent carbon number; L = linoleic; O = oleic; P = palmitic; S = stearic   
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FIGURE 4. Typical TAG distributions and PE constituents in the jatropha seed oil. 
 
Characterization of biodiesel derived from the mutated 
JC seed oils 

Biodiesel feedstocks can be divided into four groups: 
first, second, third and fourth generation biodiesel. The first 
and second generations are derived from edible and non-
edible oils. The third and fourth generation are derived from 
algae and genetically modified (GM) algae biomass 
(Abdullah et al., 2019). Based on these classifications, the 
samples of the mutated JCs and JC-0 can be categorized as 
second generation feedstock. In general, the biodiesel 
derived from the second generation feedstock is of lower 
quality than the third and fourth generations. This is due to 
the higher concentration of unsaturated fatty acid in the 
second generation than in the third and fourth generations. 
According to Jafarihaghighi et al. (2022), the CCLs and 

high concentrations of unsaturated fatty acids are strongly 
associated with the CN of biodiesel and emissions of nitrogen 
oxide (NOx). To date, the first and second generations of 
biodiesel are commercially produced (Jafarihaghighi et al., 
2022). Meanwhile, the third and fourth generations are not 
commercially available, as yet. In addition to the quality, the 
quantity of biodiesel produced must be considered. Either the 
first, second, third or fourth generation feedstock can be 
converted to 81–99%, depending on the catalyst used. This 
suggests that one kilogram of feedstock can produce 
approximately 800-900 g of biodiesel. Based on these facts, 
the mutated JCs could be assumed to be a feedstock for 
producing biodiesel of an appropriate quality and quality. As 
presented in Table 4, the quality of mutated jatropha oil 
methyl ester (JOME) meet the EN 14214 European standard.

 
TABLE 4. Biodiesel quality and European standard EN 14214. 

Parameter 
Biodiesel 

EN 14214 
JOME – 0* JOME–150 JOME-226 JOME–300 

Acid value (mg KOH/g)  0.32 0.26  0.30 0.26 max. 0.5 

FFA (%) 0.16 0.13  0.15  0.13  - 

Water content (ppm) 150 100 140 130 500 

Iodine value (mg I2/g) 111.5 121.3   113.4  111.5 120 

Density (24 0C, g/ml) 0.87 0.87  0.87 0.87 0.86 - 0.90 

Viscosity (40, cSt) 4.9 4.8 4.8 4.9 3.5 – 5.0 

Caloric value (kJ/g) 38.9 37.9 38.4 38.9 - 

Cetane number 52.2 52.5 52.0 52.2 min. 47  

Cloud point (0C) 7 7   7 8  - 

Flash point (0C) 157 158 158 157 - 

Ash content (%) 0.001 0.001 0.002 0.010 - 

Methyl ester (%) 99.1 98.6 98.8 99.1 >96.5 

Yield (%) using NaOH as catalyst  89.3 91.1  89.4 91.2 - 

Note: JOME-0, JOME-150, JOME-226 and JOME 300 = Jatropha oil methyl ester of JC-0, JC-150, JC-226 and JC-300; * = data were 
collected from a published paper by Satar et al. (2015).  
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CONCLUSIONS 

Physicochemical properties of mutated JC seed oils 
(JC-150, JC-226 and JC-300) have been successfully 
evaluated in this work. The type of TAGs and fatty acid 
compositions of the mutated JC seed oils were similar to the 
type of TAGs and fatty acid compositions of JC-0. 
Meanwhile, the PE content in all mutated JC seed oils was 
much lower than the JC-0 control. The quality of biodiesel 
derived from the mutated JC oils was comparable to the 
second generation of biodiesel. These results show that 
mutated JC seed oils could be used as one of the second 
generation feedstocks for biodiesel production. More 
research is needed to find a suitable physical method of 
gamma ray intensity to produce mutated jatropha with much 
higher oil content and zero PE. Thus, the next generation of 
JCs can probably be used in the energy field and food 
product sectors.  
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