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Abstract
As a fossil fuel substitute, bio-jet fuel derived from inedible oilseed crops has the potential to improve energy security, 
decrease carbon footprint, and promote agricultural economy and social development. The efficient production of bio-jet 
fuels depends on the identification and characterization of eco-friendly and sustainable feedstocks. Brassica carinata (Arun 
Braun) cultivars are among the most significant industrial oilseeds that can be utilized as alternative feedstocks in the aviation 
industry. The study thoroughly evaluated four non-food Brassica carinata cultivars that are indigenous to Ethiopia to deter-
mine their suitability as substitute feedstocks for the production of bio-jet fuel. The effects of solvent extraction parameters 
were studied using response surface methodology with Box-Behnken design in an isothermal batch reactor. Physicochemical 
characterization, fatty acids profiling, ultimate analysis, analysis of metals and phosphorus concentration, Fourier-transform 
infrared spectroscopy characterization, and calorific value analyses were performed to characterize the properties of oils. 
Accordingly, oil yields ranged from 35.93 to 45.25%. Erucic acid (EA) was the most predominant fatty acid in all oils, 
accounting for 42–50%, of Derash and Yellow Dodolla oils, respectively, making Yellow Dodolla oil a super-high erucic 
acid oil. In comparison to the other oils, Yellow Dodolla was observed to be the least oxygenated oil, with a 7.80% oxygen 
content and oxygen to carbon ratio of 0.07, which may enable it to consume a very limited amount of hydrogen gas during 
hydrodeoxygenation in bio-jet fuel production. It was determined that, except for calcium and phosphorous levels in Tesfa, the 
concentrations of the metals and phosphorous were very small. Alkanes, alkenes, carboxylic acids, esters, alcohols, aromat-
ics, and olefins were among the most significant and main functional groups identified. Our extraction and characterization 
results revealed that the Brassica carinata cultivars have very high oil contents, better physicochemical properties, excellent 
fatty acid profiles, and very low concentrations of heteroatoms (nitrogen, sulfur), metals and phosphorous concentrations, 
and very low level of oxygen to carbon ratios, making the oils, notably Yellow Dodolla oil, very high quality and promising 
alternative feedstocks for upgrading of the oils into bio-jet fuels through hydroprocessing pathway.

Keywords Bio-jet fuel · Brassica carinata · Erucic acid · Oil characterization · Metal concentration · Oxygen 
concentration · Yellow Dodolla oil

1 Introduction

The aviation industry contributes significantly to the global 
economy, providing approximately 57 million employment 
and USD 2.2 trillion in GDP [1]. Presently, it is projected 
that the worldwide demand for biofuels would increase by 
41 billion liters, or 28%, between 2021 and 2026. One fifth 
of this demand surge is due to a return to pre-COVID-19 
consumption levels [2]. However, despite a large rise in pro-
duction (i.e., from just 7 million liters in 2018), commer-
cial volumes of bio-jet fuel are still rather low (i.e., roughly 
140 million liters/year (2019)), which is less than 1% of 
fuel currently used by the sector. This is associated with 

 * Zinnabu Tassew Redda 
 ztasew@gmail.com

 * S. Anuradha Jabasingh 
 anuradha.jabasingh@aait.edu.et

1 School of Chemical and Bio Engineering, Addis Ababa 
Institute of Technology, Addis Ababa University, King 
George VI St., P.O. Box 385, Addis Ababa, Ethiopia

2 Faculty I, University of Applied Sciences (HTW) Berlin, 
Wilhelminenhofstraße 75A, 12459 Berlin, Germany

http://crossmark.crossref.org/dialog/?doi=10.1007/s13399-022-03343-x&domain=pdf


 Biomass Conversion and Biorefinery

1 3

several factors, including the sluggish pace of technological 
advancement and the high price of these fuels [3].

Bio-aviation fuel (also referred to as bio-jet fuel, renew-
able jet fuel, or aviation biofuel) a kind of biofuel for the 
air transport industry, is identified as a short- to medium-
term strategy for reducing the sector’s overall GHG emis-
sions [1]. Bio-aviation fuel is a biomass-derived synthetic 
paraffinic kerosene (SPK) that is blended with traditionally 
petroleum-derived jet fuel [4]. Due to their sustainability 
and environmental friendliness, these fuels are regarded as 
a viable alternative to conventional jet fuels [4]. The signifi-
cant potential for sustainable fuels to decrease the industry’s 
influence on the environment stems from their potential to 
cut  CO2 emissions by up to 80% over their lifecycle [5]. 
This has a great contribution to the industry, reaching a 50% 
decrease in  CO2 emissions by 2050 compared to 2005 levels 
[6]. By eliminating oxygen from biomass, which results in 
the production of bio-based oxygen-free hydrocarbons, the 
detrimental impact of oxygen-containing biofuels may be 
reduced. There are various techniques with varying degrees 
of complexities that may be used to remove all or some oxy-
gen from bio-based feedstocks for the production of biofuels 
[7]. The resultant oxygen-free hydrocarbons are compatible 
with fossil fuels.

The composition of vegetable oil is a key parameter for 
determining its appropriateness as a feedstock. The com-
position of the oil, in turn, affects the characteristics of the 
biofuel produced [8]. Because of the possible benefits such 
as high energy density, low moisture content, and high rela-
tive stability, vegetable oils are promising feedstocks for 
the production of bio-jet fuels. Moreover, they may also be 
converted into saturated, unbranched, and long-chain hydro-
carbon fuels [9]; however, high viscosity and high freezing 
point are some of the undesirable qualities of vegetable oils 
for use as jet fuel [10, 11]. In the production of bio-jet fuels, 
the first crucial stage is the recovery of high-quality veg-
etable oil from the oilseeds [12, 13]; accordingly, it is vital 
to investigate an economical extraction technique for effec-
tively obtaining the necessary oils [14]. The Brassicaceae 
family comprises one of the most commercially significant 
plant groups [15]. Brassica carinata (A. Braun) is a plant 
species under the Brassicaceae family that evolved in the 
central highlands of Ethiopia at elevations ranging from 
2200 to 2800 m above sea level, and it is a high yielding, 
disease, and pest-resistant oilseed crop [16].

In Ethiopia, the main growing regions include Arsi, Bale, 
Gonder, Gojam, Wello, Shewa, Sidamo, and Wellega; over the 
previous 5 years (CSA 2011/12 – 2015/16), 550,000–50,000 
quintals were produced from a total area coverage of 30,000 
to 45,000 hectares [17]. B. carinata has quite high oil con-
tents (25–47%) [18, 19], and its oil is a non-food vegetable oil 
having a very long-chain fatty acid composition suitable for 
conversion to biofuel [20]. Furthermore, B. carinata has a high 

percentage of erucic acid (35–51%), making it unsuitable for 
human consumption [21, 22]. Erucic acid (EA) is difficult to 
digest and absorb in the human body. Both glucosinolates and 
EA are harmful to health and can induce sickness, hence regu-
latory organizations have set severe limits on the maximum 
EA concentration of oils. Researchers have widely focused 
on increasing the EA level in Brassicaceae oilseeds to meet 
commercial uses while decreasing the EA concentration to 
assure food safety [23].

B. carinata provides coproduct molecules with functions 
apart from fuel that have major potential advantages, which 
is known as the coproduct-driven carinata bioeconomy 
strategy [24]. This is the reason why B. carinata oil’s high 
erucic acid concentration is suitable for industrial use and 
important raw material for the production of commercial 
products such as plasticizers, detergents, surfactants, and 
polyesters among others [25]. Furthermore, the non-edible 
nature of the oil makes it an important bio-industrial crop 
that can be used for the production of bio-jet fuels where 
the 22-carbon chain of the oil may be broken down into two 
biofuel hydrocarbons, thereby doubling the fuel output for 
each erucic acid molecule [26, 27].

The existence of naturally appearing impurities in vegeta-
ble oils such as phosphorus (P), alkalis (alkali and alkaline-
earth metals) (e.g., Ca, Mg, Na, K), and sulfur (S), have 
great impacts on the deactivation of hydrodeoxygenation 
catalysts [28]. The occurrence of the alkali in the catalyst 
deactivation because of their accumulation on the catalyst 
surface gives rise to blocking/poisoning of active sites. Phos-
phorus resulted in an even doubling of the consequence; 
however, they have pointed out that the occurrence of sul-
fur was observed to markedly increase the stability of the 
catalyst activity [28]. Calcium was observed to bring about 
deactivation in hydrogenation, hydrocracking, hydrodesul-
furization, and hydrodeoxygenation processes [29].

To date, to the best of the authors’ knowledge, no pre-
vious research has critically studied the in-depth solvent 
extraction and characterization of the oils of four B. cari-
nata cultivars that are indigenous to Ethiopia. Objectives 
of this study was to compare the various solvent extraction 
parameters, including temperature, solvent-to-solid ratio, 
time and particle size for oil yield and characterization of the 
oil properties of different B. carinata cultivars to determine 
their suitability for use as a feedstock for the production of 
bio-jet fuel.

2  Materials and methods

2.1  Collection and preparation of samples

Seed samples of four B. carinata cultivars (i.e., Brassica 
carinata “Yellow Dodolla,” Brassica carinata “Holleta-1,” 
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Brassica carinata “Derash,” and Brassica carinata “Tesfa”) 
were collected from the Holetta Agricultural Research Cen-
tre in Holetta, Ethiopia. In this study, the seed feedstock 
particle sizes of 150–355, 355–500, and 500–710 µm were 
prepared and used for the experimental analysis. The local 
names of the cultivars (i.e., Yellow Dodolla, Holetta-1, 
Derash, and Tesfa) are used to elucidate them.

2.2  Design of experiments for solvent extraction 
and statistical analysis

Response surface methodology (RSM) with three levels 
Box-Behnken design (BBD) was applied to study the effects 
of extraction parameters (i.e., temperature, solvent-to-solid 
ratio, time, and particle size) on oil yield. An isothermal 
batch reactor (Armfield CEX Chemical Reactor) was used to 
extract the oil. The extraction unit was outfitted with a tem-
perature regulator (thermostat), mixer, and rpm controller. 
The design parameters were temperature (25, 46.5, 68 °C), 
solvent-to-solid ratio (6:1, 8:1, 10:1 mL/g), time (30, 60, 
90 min), and particle size (150–355, 355–500, 500–710 µm). 
The solvent, n-hexane, was first added to the unit, heated, 
and continually stirred. After reaching the required tempera-
ture, 25 g of powdered sample was introduced to the unit 
and left for a fixed period. Following extraction, the oilseed 
cake was vacuum filtered to separate the mixture of oil and 
solvent where the oil was then separated from the solvent 
using a simple distillation method. Extracted oil yields were 
calculated using Eq. 1.

2.3  Characterization of oils

2.3.1  Physicochemical characterization

Experiments were run in two replicates, and each of the 
mean ± standard deviation values was reported as numbers 
corrected to two decimal places. Association of Official 
Analytical Chemists [30] standards were applied to charac-
terize the properties of the samples.

Physical properties Approximately 5 g of an oil sample 
was used to measure the total moisture content (%) by oven 
drying method according to the methods of Association of 
Official Analytical Chemists (AOAC 925.10) in an oven 
(D-6450 Hanau, Heraeus Instruments, Germany). The deter-
mination of pH was based on AOAC 960.19 method in a 
pH meter (Jenway 3505, Fisher Scientific, UK). Two drops 
of an oil sample were used to measure the refractive index 
at 20 °C using AOAC 921.08 in a refractometer (RFM960, 

(1)Extracted oil yield(%) =
Mass of oil

Mass of sample
× 100

Bellingham Stanley). The pycnometer method as described 
in AOAC 920.212 method was applied to determine the den-
sity and specific gravity of samples at 15 °C using a 50  cm3 
standard volumetric pycnometer. The kinematic viscosity 
 (mm2  s−1) was carried out following American Society for 
Testing and Materials, ASTM standard D445 using a Vibro 
viscometer (SV10, A & D Company Ltd, Tokyo, Japan). 
Kinematic viscosities were measured at three different tem-
peratures (i.e., 25, 40, and 100 °C) to observe the effect of 
temperature.

Chemical properties Approximately 10 g of a sample was 
applied to measure the total ash content following method 
AOAC 923.03 using an electrically heated Nabertherm fur-
nace (L5/C6, Nabertherm, Gesellschaft mit beschränkter 
Haftung, GmbH, Germany). Hanus method as defined in 
AOAC 920.158 method was used to determine the iodine 
value (IV) of the oils. For the titration, approximately 0.25 g 
of an oil sample was used. According to the International 
Organization for Standardisation, ISO 660:2009, ca. 20 g 
of a sample was used to measure the acid value (AV). The 
methods AOAC 965.33 and AOAC 920.160 were used to 
estimate the peroxide value (PV) and saponification value 
(SV), respectively. Approximately, 5 g of samples were used 
for each of these analyses.

2.3.2  Fatty acid profiling

AOAC 996.06 was applied for the qualitative and quanti-
tative determination of fatty acid methyl esters (FAMEs) 
of Brassica carinata (B. carinata) oils in an Agilent Tech-
nologies’ gas chromatography (7820A GC) equipped with a 
mass selective detector (HP 5977), and a DB-5MS capillary 
column (60 m, 0.25 mm ID., 1.4 µm thickness). Helium 
was employed as the carrier gas, with a constant flow rate 
of 1 mL/min, and a 1µL injection volume. The injector and 
detector temperatures were 250 °C and 280 °C, respec-
tively. The oven temperature was set to 50 °C (isothermal 
for 4 min), then increased to 280 °C at 30 °C/min for 10 min, 
isothermal at 280 °C, and the mass scan range was set at 
29–800 amu [30].

2.3.3  Ultimate analysis

DIN standards, Deutsches Institut für Normung (German 
Institute for Standardisation) was employed in the ulti-
mate analysis. DIN 51,732 (2014–07), DIN 51,732 mod. 
(2014–07), DIN “Europaische Norm” (European stand-
ard) EN 14,582 (2016–12), and DIN 51,733 (2016–04), 
were used for CH, N, S, and O, respectively. Analysis for 
CHN, S, and O was performed using a CHNS analyzer 
(Vario EL Cube, Elementar, Germany), bomb calorimeter 
(C6000, IKA-Werke, Germany), and by difference [i.e., 
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100 − (C + H + N + S + ash content)], respectively. For CHN 
and S analyses, approximately 150 mg and 0.5 g of each 
sample were employed, respectively.

2.3.4  Analysis of metals and phosphorous contents

Concentrations of the various metals (i.e., Na, K, Ca, 
Mg, Al, Fe, Zn, Ni) and P were determined by DIN ISO 
22036:2009–06. Aqua regia flux digestion (DIN EN 13,657 
(2003–01)) in a microwave digester (ETHOS. Lab, Ger-
many), followed by inductively coupled-plasma optical 
emission spectroscopy (ICP-OES) (Vista MPX, Varian 
Deutschland GmbH, Germany) was used. Approximately 
0.3 g of each sample was used for analysis.

2.3.5  FT‑IR characterization

An FT-IR Spectrometer (Spectrum 100, PerkinElmer, UK) 
was used for the qualitative characterization of functional 
groups, and Spectrum software (Version 6.1.1.0045) was 
employed for instrument monitoring and data acquisition. 
The FT-IR was outfitted with a deuterated triglycine sulfate 
(DTGS) detector that scanned at a resolution of 4  cm−1 over 
a frequency range of 4000 to 550  cm−1. A single drop of the 
sample was applied to the diamond surface, a crystal with a 
high refractive index.

2.3.6  Measurement of calorific value

Samples of known moisture and ash contents were used for 
the determination of gross calorific value (GCV) and net 
calorific value (NCV). The determination of these calorific 
values was performed using DIN 51,900–1 (2000–04 + Cor-
rection 2004–02) (C6000, IKA-Werke GmbH & Co. KG, 
Staufen, Germany) in a bomb calorimeter. Measurements 
were carried out in two replicate experiments using 0.5 g 
of each sample.

3  Results and discussion

Storage of seeds of B. carinata cultivars, statistical data 
analysis for solvent extraction, and characterization of the 
oils are the three main components of this section.

3.1  Storage of B. carinata cultivars

In the present work, since the mean moisture and oil contents 
were determined, based on previously reported seed storage 
potential factors, the moisture and oil contents can indicate 
how long the seeds of the cultivars may be stored. Several 
variables affect seed quality during storage, including envi-
ronmental conditions at the time of seed production, pests, 

diseases, oil content, moisture content, mechanical damage 
to seed during processing, packaging materials, pesticides, 
air temperature, and relative air humidity [31]. However, 
during storage, seeds also age primarily through autoxida-
tion. This autoxidation happens as a result of the peroxida-
tion of polyunsaturated fatty acids (FA), which produce free 
radicals and reactive oxygen species (ROS). Changes in the 
concentrations of saturated and unsaturated fatty acids were 
attributable mostly to oxidative degradation during stor-
age. Due to the lack of double bonds in their structure, the 
saturated fatty acids content was only marginally impacted. 
Changes in the unsaturated fatty acid proportion, however, 
were more apparent [32].

In addition, due to the direct relationship between free 
fatty acid level and seed vigor and viability, its measurement 
is a valuable qualitative indication of seed degradation dur-
ing storage [33]. Seeds with high oil content could be kept 
for 4–5 years at temperatures ranging from 0 to 35 °C, with 
an average of 18 °C. The recommended moisture content 
of seeds with high oil content was less than 5% moisture 
content [34]. The cultivars of the current study are very high 
oil content oilseed crops and their mean moisture contents 
were found to be ca. 5%. Therefore, because of the various 
potential seed storage factors, especially aging and improper 
storage, the quality of bio-jet fuel produced from these cul-
tivars may be significantly impacted.

3.2  Statistical data analysis for solvent extraction

3.2.1  Model fitting and ANOVA analysis

Mathematical models were fitted to the observed data to 
generate regression models, and second-order polynomial 
equations (Table 1) were presented for each of the oil yields. 
For the oil yields of Yellow Dodolla, Holetta-1, Derash, and 
Tesfa, the coefficients of determination (R2) were determined 
to be 0.9522, 0.9756, 0.9551, and 0.9589, respectively, with a 
non-significant lack of fit at p > 0.05. The model F-value and 
the lack of fit F-value were used to determine the relevance 
of each of the coefficient terms, probability value (p value).

3.2.2  Diagnostic analysis for model validation

Diagnostic analysis was used to check the validity and reli-
ability of the developed models. Figures 1a, 2a, 3a, and 
4a show that the normal probability plot of residuals was 
adequately approximated along a straight line with no sign 
of non-normality, showing that the normality plot of residu-
als fulfilled the requirement for model adequacy tests. The 
experimental values were well fit by the model equations 
(Table 1) as evidenced by the random scatter and uniform 
distribution of residuals (i.e., plots of residuals versus pre-
dicted values) shown in Figs. 1b, 2b, 3b, and 4b. Another 
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Table 1  Quadratic polynomial equations of oil yields in terms of coded factors

YYellow,  YHoletta,  YDerash, and  YTesfa are responses for Yellow Dodolla, Holetta-1, Derash, and Tesfa oil yields, respectively

Responses Equations

YYellow YYellow =  + 40.89 + 0.51A − 6.20B + 0.28C + 2.15D + 1.51AB + 1.92AC + 1.36AD + 1.06BC + 0.075BD − 0.61CD − 1.05A2 − 2.9
8B2 − 0.45C2 − 1.28D2

(2)

YHoletta, YHoletta =  + 32.69 + 0.52A − 6.19B + 0.33C + 1.75D + 0.67AB + 1.17AC + 1.26AD + 1.41BC + 0.52BD − 0.34CD − 1.15A2 − 3.09
B2 − 1.09  C2 − 0.69  D2

(3)

YDeras YDerash =  + 39.75 + 0.60A − 6.02B + 0.15C + 1.99D + 1.18AB + 1.06AC + 1.47AD + 1.86BC ‒0.095BD − 0.17CD ‒ 0.87A2 − 
3.50B2 − 0.64C2 − 1.35D2

(4)

YTesfa YTesfa =  + 40.89 + 0.51A − 6.08B + 0.22C + 2.15D + 1.51AB + 1.92AC + 1.36AD + 1.26BC + 0.075BD − 0.61CD − 0.99A2 − 3.10
B2 − 0.57C2 − 1.22D2

(5)

Fig. 1  Adequacy test plots for Yellow Dodolla oil yield (%). a Normal probability distribution. b Predicted vs. actual values

Fig. 2  Adequacy test plots for Holetta-1 oil yield (%). a Normal probability distribution. b Predicted vs. actual values
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significant test for determining the adequacy of predictive 
models is a comparison of predicted and actual values based 
on the coefficient of determination values (R2). Since the lin-
ear correlation plots between the predicted and experimental 
values were quite close to the regressed diagonal line, the 
values of R2 were very high. This confirmed that the good-
ness of fit was excellent (p < 0.0001), indicating a high level 
of agreement between the predicted and actual values.

3.2.3  Analysis of response surface and contour plots

For all types of oil yields, the single factor particle size 
(i.e., 150–355 µm) was shown to be statistically highly sig-
nificant (p < 0.0001). The solvent-to-solid ratio was also 
shown to be significant for Yellow Dodolla (p = 0.0005), 
Holetta-1 (p = 0.0001), and Tesfa (p = 0.0003) oil yields. 
Figure 5a–d show 3D response surface plots that reveal 

Fig. 3  Adequacy test plots for Derash oil yield (%). a Normal probability distribution. b Predicted vs. actual values

Fig. 4  Adequacy test plots for Tesfa oil yield (%). a Normal probability distribution. b Predicted vs. actual values
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statistically significant two-parameter interactions. Among 
the two-parameter interactions, the 3D surface plots of the 
combined effects of temperature and time (p = 0.0329) (Yel-
low Dodolla), particle size and time (p = 0.0247) (Holetta-1), 
temperature and solvent to solid ratio (p = 0.0396) 
(Holetta-1), particle size and time (p = 0.0303) (Derash), 

and temperature and time (p = 0.0238) (Tesfa) were sig-
nificant factors. Table 2 shows the optimum parameters 
and their corresponding optimum oil yields. According to 
the study, further increase above the optimum values (e.g., 
solvent-to-solid ratios) has not brought any changes in the 
oil yields. This might be owing to mass transfer resistances 

Table 2  Optimum values of factors and predicted responses

Name of variety Optimum values of factors Response (%) Desirability

Temperature (°C) Particle size (µm) Time (min) Solvent-to-solid 
ratio (mL/g)

Exp Pred

Yellow Dodolla 38.94 150–355 35.20 8.96 45.30 45.25 1
Holetta-1 35.52 150–355 39.38 8.63 35.88 36.34 1
Derash 37.27 150–355 30.00 9.20 44.99 43.34 0.967
Tesfa 36.95 150–355 37.35 8.72 44.96 43.74 1

Fig. 5  3D response surface plots. a Temperature and time (Yellow Dodolla). b Particle size and time (Holetta-1). c Particle size and time 
(Derash). d Temperature and time (Tesfa)



 Biomass Conversion and Biorefinery

1 3

that occurred after the optimal levels were reached. This 
was confirmed by a previously reported work, where higher 
solvent-to-solid ratios resulted in a greater concentration 
gradient during mass transfer within solids, leading to 
faster diffusion rates [35]. The combined effects of temper-
ature and time, and particle size and time were significant. 
Higher temperatures and longer extraction times, increase 
solvent vaporization losses and reduce extraction yields 
[36]. The maximum and optimum oil yields were obtained 
at temperatures somewhat higher than room temperature 
(35.52–38.94℃), particle size (150–355 µm), shorter extrac-
tion times (30.00–39.38 min), and relatively lower solvent 
to solid ratios (8.63–9.20 mL/g). Since Soxhlet extraction 
is a time-consuming extraction process (6‒24 h) [37], in 
the current study, however, an isothermal batch reactor was 
employed and it was possible to drastically reduce the long 
Soxhlet extraction time to an extremely low extraction time 
(i.e., 30 min). According to the results (Table 2), very short 
extraction times were achieved, and maximum oil yields 
were obtained without reaching hexane's boiling point [38]. 
This confirmed that lower temperatures close to room tem-
peratures can be applied to extract oils, and hence, the tech-
nique can also be used for the extraction of heat-sensitive 
compounds. Even though recovery of products by filtration 
is a drawback when compared to Soxhlet extraction, it is 
simple to use and requires no thimbles. For validation of the 
optimization results, experiments with the optimum param-
eters were carried out, and the mean ± standard deviation 
verification values for Yellow Dodolla, Holetta-1, Derash, 
and Tesfa oil yields were determined to be 45.65 ± 0.47, 
35.85 ± 0.16, 44.28 ± 0.10, and 44.05 ± 03, respectively, in 
percentages.

3.3  Characterization of oils

3.3.1  Physicochemical characterization

Table 3 shows the characterization results of the B. carinata 
oils. Table 3 also includes the literature values for mustard 
and jatropha oils. The B. carinata oils have very low moisture 
contents (i.e., < 1%), and nearly the same pH values which 
make them less strong acid oils. The refractive index (RI) of 
oils is affected by molecular weight, fatty acid chain length, 
degree of unsaturation, and degree of conjugation [39]. The 
RI of B. carinata oils is higher than that of the reported val-
ues of Jatropha curcas and mustard measured at 28 °C and 
25 °C, respectively. The RI of the oils is also greater than 
that of soybean [40] measured at 30 °C (1.459 ± 0.00). The 
kinematic viscosities  (mm2  s−1) of the oils were determined 
at 25, 40, and 100 °C. At 25 °C, the oils are more viscous 
than those from jatropha and mustard, while the tempera-
ture of mustard was not specified. At 40 °C, the kinematic 
viscosities of Holetta-1 and Derash were very close to the 
kinematic viscosity of B. carinata oil (61.85  mm2  s−1) [41]; 
however, Yellow Dodolla was found to be slightly more vis-
cous than this reported value and Tesfa is the least viscous 
one compared to the reported value of B. carinata oil. On the 
other hand, the kinematic viscosities of Holetta-1 and Tesfa 
were close to the kinematic viscosity of B. carinata oil (55.07 
 mm2  s−1) [42]; however, Yellow Dodolla and Derash were 
slightly more viscous than these reported values.

The higher level of unsaturation from monounsaturated 
fatty acids, which will be addressed in the following sec-
tions, may be the reason for the B. carinata oils’ higher vis-
cosities, especially, that of Yellow Dodolla. The oils have a 
little lower density than jatropha but a slightly higher density 

Table 3  Physicochemical properties of B. carinata oils

Properties Experimental values Reported values

Yellow Dodolla Holetta-1 Derash Tesfa Jatropha [43] Mustard [44]

Moisture content (%) 0.20 ± 0.01 0.32 ± 0.04 0.41 ± 0.01 0.69 ± 0.02 5.58 0.05 ± 0.002
pH 5.33 ± 0.01 5.15 ± 0.01 5.20 ± 0.010 5.18 ± 0.01 – –
Refractive index at 20 °C 1.473 ± 0.00 1.473 ± 0.00 1.472 ± 0.00 1.477 ± 0.00 1.458 1.4652 ± 0.001
Kinematic viscosity  (mm2  s−1)
25 °C 109.39 ± 0.00 108.49 ± 0.00 103.84 ± 0.00 88.44 ± 0.00 49.85 61.30 ± 0.02
40 °C 69.46 ± 0.08 57.28 ± 0.00 61.20 ± 0.00 51.41 ± 0.00 – –
100 °C 12.89 ± 0.00 12.34 ± 0.00 14.80 ± 0.00 10.14 ± 0.00 – –
Density at 15 °C (kg/m3) 907.75 ± 0.00 907.90 ± 0.00 905.25 ± 0.00 904.55 ± 0.00 915.00 0.8867 ± 0.3
Specific gravity at 15 °C 0.914 ± 0.00 0.914 ± 0.00 0.912 ± 0.00 0.911 ± 0.00 – 0.9021 ± 0.01
Ash content (%) 0.02 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.02 ± 0.01 – –
Iodine value (g I2/100 g oil) 95.15 96.78 96.89 93.93 96.3 121.3 ± 0.32
Acid value (mg KOH/g) 0.45 0.5 0.22 9.20 2.9 0.4 ± 0.02
Peroxide value (meq.  O2/kg oil) 10.00 17.98 5.99 21.96 1.1 2.84 ± 0.13
Saponification value (mg KOH/g) 171.73 176.51 178.23 174.02 202.87 –
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than mustard. The iodine value (IV) of the oils, an indica-
tion of the degree of unsaturation, may be primarily derived 
from the erucic acid and is much lower than soybean [40] 
(127.55 ± 0.74 g I2/ 100 g), but much higher than the dif-
ferent mustard oilseed varieties such as BARI Sarisha-15, 
BARI Sarisha-16, and BARI Sarisha-17 whose IV are 72.50, 
70.60, and 73.44, respectively, [45]. Although lower than the 
Mustard oil [44], the IV of the oils is in good accord with 
that of jatropha. The IV of the oils is slightly lower than that 
of B. carinata (111.7 g I2/ 100 g) and Brassica napus (B. 
napus) (100.1 g I2/ 100 g) [46], but much lower than that 
of B. juncea (125.3 ± 0.32 g I2/100 g) [47]. The B. carinata 
oils have also very low ash levels, indicating that the oils’ 
inorganic content is quite low, and this can be related to 
the lower metals’ concentrations. Except for Tesfa oil [43], 
the oils’ acid values, which is the susceptibility to rancid-
ity for higher values as free fatty acids, are identical to that 
of Mustard [44] but lower than that of jatropha (Table 3), 

mustard (3.82 ± 0.10 mg KOH/g oil) [48], and B. juncea 
oils (3.90 ± 0.32 KOH/g) [47]. The peroxide values (PV) of 
Holetta-1 and Tesfa are much higher than those of soybean 
(2.1 ± 0.11 meq. O2/kg oil) [40], jatropha, and mustard oils 
[44]. The higher acidic and peroxide values of Tesfa may be 
due to the possible oxidation of the oil. The reported saponi-
fication values (SV) of B. carinata (177.60 mg KOH/g) and 
B. napus (190.95 mg KOH/g) [46] are higher than that of the 
experimental oils; however, the SV of B. carinata are much 
lower when compared to that of soybean (225.56 ± 0.42 mg 
KOH/g) [40]. The B. carinata oils have high-quality phys-
icochemical properties which enable them to be applied in 
the production of bio-aviation fuels.

3.3.2  Fatty acid profiling

The characteristics of vegetable oils, notably fatty acid pro-
files (FAP), are affected by oilseed species, oil extraction 

Fig. 6  Chromatogram of methyl esters of B. carinata oils. a Yellow Dodolla. b Holetta-1. c Derash. d Tesfa
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processes, and processing conditions [9]. Fatty acids may 
impact the properties of vegetable oil, such as viscosity, 
oxidative stability, boiling point, and combustion energy; 
consequently, vegetable oil with a high FAP can be readily 
converted into a suitable hydrocarbon fuel at a low cost and 
with high efficiency [49, 50]. Fatty acid profiles of the B. 
carinata oils (i.e., Yellow Dodolla, Holetta-1, Derash, and 
Tesfa) are shown in Tables 4, 5, 6, and 7, respectively. The 
mass spectrum of the various fatty acids (FA) illustrated in 
Fig. 6a–d showed narrow elution times, but the separation 
was adequate to avoid coelution.

Based on the qualitative analysis of the FA, carbon 
lengths of C16:0, C18:0, C18:1, C18:2, C18:3, C20:1, and 
C22:1 are found in the B. carinata oils (Tables 4, 5, 6, and 
7); however, carbon lengths of 16:0, 18:0, 18:1, 18:2 in algal 

[51], 16:0, 18:0, 18:1, 18:2, 18:3 in Jatropha curcas [52], 
and 16:0, 18:0, 18:1cis-9, 18:1, 18:2, 18:3 in Castor oils 
[53] are found. Palmitic (C16:0, 51%) [51], oleic (C18:1, 
43%) [52], ricinoleic (C18:1, 87.7%) [53], and erucic acids 
(C22:1, 42.00–49.69%) are the highest concentrations of 
fatty acids found in algal, jatropha, castor, and the experi-
mental B. carinata oils, respectively. The total saturated fatty 
acid (SFA) content of the B. carinata oils (3.01–5.66%) is 
nearly the same as the SFA of Moroccan castor seed oil 
(5.2%) [54]. In addition, the total unsaturated fatty acid 
(UFA) content of this seed oil is also approximately the 
same as the UFA (94.34–96.99%) of the B. carinata oils. 
The presence of erucic acid in the B. carinata oils, therefore, 
makes them industrially significant feedstocks where these 
significant fatty acids are not common in many of the edible 
and non-edible oils.

Among all the different varieties and species of the Bras-
sicaceae family, there are variations in the concentrations of 
fatty acids. This is mainly due to the intended purposes of 
the breeding programs. B. carinata, for example, are mostly 
developed either to have no erucic acid which will be used 
for human consumption, or developed to have high erucic 
acid or linoleic acid contents which will be applied in the 
biofuel processing industries [55, 56]. The erucic acid con-
tent of the B. carinata oils is compared with other previously 
reported B. carinata cultivars. As a result, the oils, and Yel-
low Dodolla oil, in particular, had somewhat greater erucic 
acid contents than what was reported (40.7–42.9%) by [57]. 
In the present study, erucic acid, eluted after 35 min, was the 
most prevalent FA in all oils, accounting for the lowest value 
(42.00%) from Derash to the highest level (49.69%) from 
Yellow Dodolla, making Yellow Dodolla a super-high erucic 
acid oil. After erucic acid, the next most dominant FA in 
Yellow Dodolla, Holetta-1, Derash, and Tesfa oils were lin-
oleic (24.89%), linoleic (25.47%), linolelaidic (28.74%), and 
oleic (27.44%), respectively. The overall quantity of unsatu-
rated (mono and poly) FA in each of the oils outnumbers 

Fig. 7  Comparison of FA composition of B. carinata oils

Fig. 8  Degree of saturation/unsaturation of FA of B. carinata oils

Table 8  The total number of saturated/ unsaturated, and percentages 
of total saturated, unsaturated, mono- and polyunsaturated fatty acids 
of B. carinata oils

Parameter Yellow Dodolla Holetta-1 Derash Tesfa

Total number of SFA 1 2 1 2
Total number of UFA 5 5 5 6
Total MUFA (%) 61.51 60.50 56.14 57.53
Total PUFA (%) 35.48 33.84 38.84 37.57
Total SFA (%) 3.01 5.66 4.10 4.90
Total UFA (%) 96.99 94.34 94.98 95.10
MUFA/PUFA 1.73:1 1.79:1 1.45:1 1.53:1
PUFA/SFA 11.79 5.98 9.48 7.67
UFA/SFA 32.23:1 16.68:1 23.18:1 19.41:1
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the total number of saturated FA. Yellow Dodolla has 
the greatest percentage (96.99%) of total unsaturated FA 
(UFA) with > 61% coming from total monounsaturated FA 
(MUFA), primarily, from erucic acid.

Since Yellow Dodolla is slightly more viscous at 25 and 
40 °C than the other oils, this feature could be attributed to 
the maximum level of unsaturation, and hence to the lengthy 
carbon chains and big molecules containing oxygen atoms. 
In comparison to the other oils, this oil has the lowest total 
saturated FA content (SFA) (3.01%), which is even lower 
than the low saturated fatty acids (≤ 6%) found in other B. 
carinata oils [58]. Yellow Dodolla’s combined qualities 
(i.e., lowest total SFA and highest total UFA) make it a 
suitable feedstock for the production of bio-jet fuels and 
biochemicals. Figures 7 and 8 indicate a comparison of 
compositions, and the degrees of saturation and unsatura-
tion of the various FA, respectively. The highest UFA and 
lowest SFA levels of the oils, especially Yellow Dodolla, 
have a wide range of practical applications. This is backed 

Table 9  Ultimate analysis results, H/C and O/C atomic ratios of B. carinata oils

Element Experimental values (wt. %) Reported values (wt. %)

Yellow Dodolla Holetta-1 Derash Tesfa Canola [59, 60] 
(edible)

Pongamia [61] 
(non-edible)

B. carinata [62] 
(non-edible)

Biomass [63] 
pyrolysis oil

C 79.8 77.6 79.7 78.1 78.3 77.2 ± 0.24 78.33 ± 0.14 40.8
H 12.3 12.0 12.3 12.0 12.2 11.4 ± 0.03 11.64 ± 0.08 6.1
N 0.14 0.02 0.01 0.01 0.43 – 0.37 ± 0.24  < 0.1
S 0.004 0.004 0.004 0.004 0.02 – –  < 0.1
O 7.80 10.30 8.00 9.80 11.5 11.2 ± 0.21 9.67 ± 0.18 53.1
H/C 1.85 1.86 1.85 1.84 – 1.78 – –
O/C 0.07 0.10 0.08 0.09 – – – –

Fig. 9  Ultimate analysis results of B. carinata oils

Table 10  ICP-OES elemental analysis results of B. carinata oils

NRO, neat rapeseed oil, fresh oil after extraction, edible; UCO, used cooking oil

Elements Experimental values (mg/kg) Previous values (mg/kg)

Yellow Dodolla Holetta-1 Derash Tesfa NRO [28] (edible) B. carinata [65] 
(non-edible)

UCO [65] 
(used cooking 
oil)

Na 3.00 3.00 3.00 4.00 7.20 – –
K 5.00 7.00 5.00 20.00 24.60 – –
Ca 20.00 30.00 30.00 50.00 146.00 1.4 ± 0.6 7.2 ± 0.5
Mg 4.00 6.00 4.00 10.00 45.90  < 0.011 0.85 ± 0.10
Al 3.00 4.00 4.00 6.00 – 0.47 ± 0.09 1.1 ± 0.2
Fe 6.00 4.00 3.00 7.00 – 0.2 ± 0.05 7.4 ± 0.2
Zn 12.00 7.90 4.00 0.00 – – –
Ni 0.21  < 0.20  < 0.20 0.31 –  < 0.18  < 0.18
P 30.00 50.00 30.00 120.00 188.00 – –
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up by the following previously reported work. Because of 
the highly reactive properties of B. carinata oils UFA, they 
can easily form cycloparaffin and aromatic compounds, and 

their larger molecular weights resulted in more hydrocarbon 
fuel products and chemicals when compared to vegetable 
oils with longer 18-carbon chains, such as soybean, canola, 
or jatropha oils [24]. In each of the experimental oils, total 
monounsaturated fatty acid (MUFA) content > total poly-
unsaturated fatty acid (PUFA) content > total SFA content. 
Table 8 shows a comparison of saturated, unsaturated, total 
mono- and polyunsaturated FA, as well as their important 
ratios. Yellow Dodolla is indeed the most prominent cultivar 
among the four B. carinata cultivars due to its superior fatty 
acid profile for the production of bio-jet fuel.

3.3.3  Ultimate analysis

Results (Table 9) of the concentrations of C, H, N, S, O, H/C, 
and O/C atomic ratios indicated that each of these elements 
and atomic ratios differed according to C (77.6–79.8%), H 
(12.0–12.3%), N (0.01–0.14%), S (0.004%), O (7.80–10.30%), 
H/C (1.84–1.86), and O/C (0.07–0.10) (Fig. 9). These results 
were compared to edible and non-edible vegetable oils, and 
bio-oil published in the literature. There were no significant 
variations in carbon and hydrogen concentrations when 

Fig. 10  ICP-OES elemental analysis results of B. carinata oils

Fig. 11  FT-IR spectrum of Yellow Dodolla oil
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compared to the reported values of the edible oil, canola oil 
[59, 60]; however, the concentrations of each of N, S, and O 
were smaller than that of canola oil [59, 60], but higher than 
that of refined rapeseed oil (0.0003%) [60]. Additionally, the 
oils’ C, H, O, and H/C ratios were compared to that of ponga-
mia oil, whose values are presented in [61].

Although pongamia oil has a little higher oxygen concen-
tration than the B. carinata oils, its C, H, and H/C ratios are 
in good agreement with that of these oils. As can be seen in 
Table 9, the ultimate analysis results of the oils are also com-
pared to the literature values of B. carinata [62] and biomass-
pyrolysis oils [63], where except for the nitrogen content of 
the B. carinata oil, which is slightly higher than that of the 
experimental oils, the B. carinata and these experimental oils 
have nearly the same C, H, and O contents. This is not the case 
with biomass pyrolysis oil, though. The C and H concentrations 
of the experimental oils are significantly greater than those of 
the pyrolysis oil, and their oxygen level is substantially smaller. 
The oxygen concentration of the oils is similarly quite low when 
compared to liquid fuels such as bioethanol (35%), and FAME 
biodiesel (11%) [64]. Based on the foregoing discussion, B. car-
inata oils have excellent ultimate analysis results with greater 

H/C and lower O/C atomic ratios, as well as very low N and S 
levels, all of which make the oils very useful feedstocks.

Comparisons were also performed among the B. carinata 
oils, where significant variations were not observed in their C, 
H, S, N, and H/C atomic ratio results except for the value of 
N, which is slightly greater in Yellow Dodolla oil. Although 
the N content of Yellow Dodolla appears to be slightly greater 
when compared to the other oils, its value is still lower than 
that of the edible canola oil [59, 60]. The oils have very small 
and identical S contents; however, the solvent-extracted oil-
seed meals of these cultivars have higher S concentrations, 
which will be further investigated in our upcoming work. Even 
though the oils have lower O concentrations, the concentration 
of O in Yellow Dodolla is the lowest. The B. carinata oils, 
in general, offer excellent ultimate analysis results, especially, 
their lower O levels require reduced hydrogen gas consumption 
during upgrading in the deoxygenation of the oils.

3.3.4  Analysis of metals and phosphorous contents

Table 10 shows the Inductively coupled plasma optical emis-
sion spectroscopy (ICP-OES) results of metals and phosphorous 

Fig. 12  FT-IR spectrum of Holetta-1 oil
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concentrations. These results are also shown in Fig. 10. Regard-
less of their concentrations, all these elements were found in 
all of the B. carinata oils. The concentrations of the elements 
Na, K, Ca, Mg, Al, Fe, Zn, Ni, and P were compared to previ-
ously reported values of edible NRO (neat rapeseed oil, fresh 
oil after extraction) [28], non-edible (e.g., B. carinata and waste 
rapeseed oil (WRO)) and used cooking oils (UCO) (Table 10). 
Na levels in the B. carinata oils are less than those in NRO, but 
they are practically identical to those in Waste Rapeseed Oil 
(WRO) (4.5 mg/kg) [28]. Except for Tesfa oil, the K content in 
the B. carinata oils is lower than that found in NRO but almost 
equivalent to that of WRO (4.00 mg/kg) [28]. The oils have rela-
tively higher Ca contents than that of B. carinata oil and UCO, 
although the concentrations are quite low compared to the value 
in NRO. The Mg concentration is comparatively larger than that 
of WRO (0.91 mg/kg) [28], B. carinata, and UCO [65].

The concentrations of Al in Yellow Dodolla, Holetta-1, and 
Derash are similar to those observed in B. carinata and UCO 
(Table 10), with just minor differences. The Ni content in the 
oils is quite low and is comparable to that of the B. carinata and 
UCO (Table 10). The concentration of Fe in the oils did not vary 
significantly, but it is somewhat higher than the levels reported 

for these B. carinata and UCO. Although Yellow Dodolla has a 
relatively higher Zn content, Zn was not detected in Tesfa. Even 
though the concentration of P in all the B. carinata oils, except 
for its value in Tesfa, was found to be close to the reported P 
level in a B. carinata oil (59 mg/kg) [55], and WRO (37.90 mg/
kg) [28], its concentration was much smaller than what was 
reported for NRO. In general, the lower concentrations of the 
metals of the B. carinata oils may be correlated to the lower 
total ash contents of the oils discussed in the previous sections.

3.3.5  FT‑IR characterization

Since FT-IR is a versatile analytical approach for the evalu-
ation of a broad variety of materials, particularly for iden-
tifying unknown compounds [66], it provides details on 
unique chemical bonds and functional groups [67]. Based 
on research performed on hydrocarbons, the physical and 
chemical characteristics are highly reliant on the functional 
groups, and the spectrum-functional group interactions offer 
the theoretical background for employing mid-IR spectra to 
determine fuel qualities [68]. Vegetable oils are not stable, 

Fig. 13  FT-IR spectrum of Derash oil
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particularly in the presence of oxygen, heat, light, and 
humidity, and experience a variety of chemical reactions 
of degradation, causing their conservation difficult, making 
the production and storage methods key stages in ensuring 
their quality [69]. As a result, this qualitative analysis may 
be used to estimate the relative purity of the oils.

Figures 11, 12, 13, and 14 show the FT-IR spectra of the B. 
carinata oils. Strong, medium, and weak infrared bands have 
been observed in all types of B. carinata oils, with the majority 
of the peaks being quite sharp (i.e., not broad) and quite strong, 
suggesting that the oil samples are exceptionally pure. The 
presence of an alkene was verified by the presence of a C-H 
stretching vibration, which is attributed to the medium peaks at 
3008  cm−1. The existence of an asymmetrical –CH2 stretching 
vibration [70] indicated the presence of an alkane, which gives 
off a very strong peak at 2922  cm−1. Likewise, the presence 
of a symmetrical –CH2 stretching vibration, which is respon-
sible for the strong and sharp peaks at 2853  cm−1, showed the 
presence of an alkane [71]. Because of the presence of carbox-
ylic acids [72], the oils show a peak at 1744  cm−1, confirming 
quite sharp and quite strong vibration of –C = O bonds. The 

C = C stretching vibration that attributes to the variable peak 
at 1654  cm−1 shows the presence of an alkene. The presence 
of C–C stretching vibration that leads to a peak at 1463  cm−1 
confirmed the presence of an aromatic ring.

The other absorption bands lower than 1463   cm−1 
(Figs. 11, 12, 13, 14) are also discussed as follows: except 
for the peaks at 1160, 1099, and 721  cm−1, all other peaks 
are not strong. There is an aromatic ring (C–C stretching) 
in 1418   cm−1, a methyl (C-H symmetrical bending) in 
1377  cm−1 [73], an α, β-unsaturated ester (C–O stretching) 
in ca. 1236  cm−1, a tertiary alcohol (C–O stretching) in ca. 
1160  cm−1, an ester (C–O stretching) in the peaks 1119  cm−1 
and ca. 1099  cm−1 [71]. Furthermore, the appearance of 
C–H bending vibration at a peak of 967  cm−1 confirms the 
presence of trans-olefins produced from mono- or polyunsat-
urated groups [74]; however, these olefins are not observed 
in Yellow Dodolla oil. There is a –(CH2)n rocking vibration 
at a peak of 721  cm−1 [70]. There are intricate patterns of 
absorptions that are peculiar to the chemical compounds 
or molecules in the so-called fingerprint region, which lies 
within the wavelength range of about 1500–500  cm−1 [75]. 

Fig. 14  FT-IR spectrum of Tesfa oil
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In the current study, the differences in the patterns of B. cari-
nata oils are relatively insignificant outside of this region 
(i.e., bands above 721   cm−1); thus, they share the same 
functional groups and identical chemical compositions; yet, 
there are slight variations in the patterns of the oils in the 
fingerprint region (Figs. 11, 12, 13, 14), suggesting that the 
oils have different properties.

3.3.6  Analysis of calorific values

The gross calorific values (GCVs) of the oils were 
determined to vary from 39.97 ± 0.32 (Holetta-1) to 
40.08 ± 0.24 MJ/kg (Yellow Dodolla), and the net calorific 
values (NCV) of the oils were found to be closely identical, 
37.45 MJ/kg. The GCV and NCV of the oils were com-
pared to edible and non-edible vegetable oils, including 
those from B. napus, B. carinata, and Jatropha curcas oils. 
In light of this, the GCV of the present B. carinata oils is 
nearly comparable to that of B. napus (39.55 MJ/kg), B. 
carinata (39.93 MJ/kg) [46], and Jatropha curcas (38.8 MJ/
kg) [76], although slightly higher than that of Pongamia oil 
(35.18 ± 0.12 MJ/kg) [61]. Similarly, the NCV of the B. cari-
nata oils is nearly identical to that of B. carinata (37.39 MJ/
kg) and B. napus (37.01 MJ/kg) [46]. In general, the higher 
calorific values of the oils mentioned thus far make them 
suitable alternative feedstocks for the production of bio-
aviation fuels.

4  Conclusions

Response surface methodology (RSM) with three lev-
els Box-Behnken design (BBD) in an isothermal batch 
reactor was applied for extraction of B. carinata oils. 
Powdered samples (150–710 µm) were heated and con-
tinuously stirred in n-hexane. Both heat energy and con-
tinuous mixing were applied, and hence, the potential 
mass transfer resistances (i.e., solid–solid, solid–liquid, 
and liquid–liquid) might have been greatly reduced and 
enhanced the rate of extraction. Accordingly, very short 
extraction times (30.00–39.38 min), and lower tempera-
tures higher than room temperature (35.52–38.94 °C) 
were achieved to recover the maximum and opti-
mum oil yields (35.93–45.25%) using particle sizes of 
150–355 µm without reaching hexane's boiling point (ca. 
69 °C). The application of this extraction technique can 
result in the following significant benefits: (a) it is not 
necessary to raise the boiling point of the solvent; (b) it 
reduces the amount of time required to boil, condense, 
and reach the surface of the sample; (c) it avoids the 
potential solvent loss while boiling; (d) there is no evapo-
ration, no solvent loss, and hence, no potential reduction 
in extraction yield; (e) it saves energy for boiling; (f) it 

may also be applied for the extraction of heat-sensitive 
components at temperatures slightly higher than room 
temperature. Moreover, it is also simple to use and 
requires no thimbles even though recovery of products 
by vacuum filtration is a drawback when compared to the 
Soxhlet extraction method. Characterization results con-
firmed that the oils’ better physicochemical properties, 
excellent fatty acid profiles (such as their high erucic 
acid contents, 42–50%), ultimate analysis (such as their 
low heteroatom contents and O/C ratio), lower metals 
and phosphorous concentrations, FT-IR characterization 
(which demonstrates the presence of various functional 
groups in the oils), and high gross and net calorific val-
ues make them promising alternatives to existing feed-
stocks in the aviation industry. These findings suggested 
that the oils, in particular Yellow Dodolla oil, a super-
high erucic acid oil, would be used in our subsequent 
investigation of a hydroprocessing pathway for the pro-
duction of bio-jet fuel because of their ideal properties. 
Yellow Dodolla is among the most significant cultivated 
non-food B. carinata oilseed crops introduced in 1986 
by the Holetta Agricultural Research Centre in Holetta, 
Ethiopia. Normal hexane was used for oil extraction, and 
it was determined to be a suitable solvent to obtain maxi-
mum oil yields; however, iso-propanol was also tested 
for extraction, and it resulted in very low oil yields. Fur-
thermore, higher yields of viscous and semi-solid-like 
components were extracted. Depending on the need (i.e., 
maximum oil content or the viscous and semi-solid-like 
components), we propose that future studies extract and 
evaluate these iso-propanol soluble components for they 
may be very valuable feedstocks for the production of 
significant industrial products.
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