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Abstract
This paper presents information about Crambe Abyssinica Hochst 

and discusses various aspects of oil planting, extraction and treatment, 
chemical composition, and the physical and chemical properties of the 
oil. In addition, it discusses the possibility of its use as a raw material for 
biofuels. Crambe Abyssinica Hochst is an oilseed from the Mediterranean 
that has good oil content in its seed (~ 38%). Other advantages are presented 
as the short growth period and can be grown in environments considered 
unsuitable, which are desirable requirements for use in the production of 
biofuels. Crambe oil has erucic acid as its main fatty acid, which is not 
edible, so it is an oil that does not compete with the food industry. This 
crop is already used in the industry in various parts of the world for the 
production of various products, including biodiesel with oxidative stability 
considered promising.
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Introduction
Renewable energy sources such as wind energy, solar energy, biomass in 

general (traditional and modern), large hydroelectric and geothermal, account 
for approximately 17.7% of all energy demand in the world. The rest of the 
energy comes from fossil fuels [1]. In Brazil, the amount of renewable energy 
had a total demand in 2020 of approximately 47.6%. Biomass corresponded 
to 8.6% of this value in 2020, increasing compared to 2019 which was 8.4% 
[2]. The global peak of energy consumption and greenhouse gas emissions 
is around 13.7 Mtoe and 32 GtCO2. The transport sector (which mainly uses 
fossil fuel sources) is one of the main consumers of energy, being responsible 
for emitting 25% of all greenhouse gases [3]. Oil, one of those responsible 
for the emission of greenhouse gases, is still the main source for energy 
production worldwide. With this, the rulers have a great challenge, to reduce 
the polluting gases emitted in the generation of energy in order to reduce 
climate change and environmental pollution. The generation of clean energy 
is an option to solve this problem, therefore, there is a need for investment in 
Renewable Energy [4].

Renewable energy is that generated by renewable raw material, that is, 
capable of regenerating itself. The raw materials are the sun, wind, biomass, 
running water, geothermal energy, among others [5]. Among the advantages 
of using renewable energy is the benefit to the environment. In the production 
of these energies, natural resources are not consumed permanently, there is 
a reduction in the amount of raw material and energy used in production, 
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they generate less waste, emit less polluting gases, including 
greenhouse gases (GHG) and still provide economic growth 
[6]. Four important areas must be taken into consideration for 
the production of renewable energies: the generation of jobs, 
production costs, safety and the environment. Furthermore, 
climatic, geographic and economic conditions must be taken 
into account [5]. In addition, sustainability is an important 
factor to be quantified for clean energy sources, since there 
are several production processes for each type of renewable 
energy [7].

When it comes to sustainability, the Greenhouse Gas 
Emissions Estimation System (SEEG) shows that the second 
largest emitter of GHGs is the energy sector. It is expected 
that replacing energy from fossil sources with clean energy 
will considerably reduce the emission of gases that harm the 
environment. Brazil has several resources for the synthesis 
of clean energy, the production of liquid biofuels for use in 
engines (such as ethanol and biodiesel) are examples that 
use these resources. Already consolidated in our country, 
anhydrous ethanol can partially replace gasoline and hydrated 
ethanol can be used in flex-fuel cars, completely replacing 
gasoline with the advantages of being renewable and reducing 
GHG emissions [8]. To encourage the use of clean energy, 
Law 13,576/2017, National Biofuel Policy, was created to 
promote biofuels in Brazil through the RenovaBio Program. 
The objective is to encourage the production of various 
biofuels by creating a decarbonization market, better known 
as CBio, in order to reduce the emission of polluting gases. 
In order to reach the GHG reduction target established at the 
21st Paris Climate Conference (COP21), Brazil will have to 
produce at least 46,106 m3 of ethanol by 2028 to reduce by 
10% the amount of GHG emitted by means of transport [9].

The reduction of greenhouse gases involves the use of 
biomass to produce biofuels. Biomass is a raw material that 
can be of animal or vegetable origin and generates clean 
energy that emits less polluting gases into the environment 
compared to fossil raw material [10]. Even though they are 
edible crops and compete with the food industry, they are 
economically viable for the production of biofuels [11]. 
When choosing a biomass, the production regime, the type of 
cultivated species and the influence on the energy efficiency 
index are parameters to be analyzed. That said, it is important 
that a clean source of energy serves specifically for energy 
purposes without competing with the food industry, whether 
it is an oilseed crop or not [5]. Among the inedible oilseeds 
are jatropha [12], castor bean [13], oiticica [14] and Crambe 
[15]. These oils, in addition to not competing with the food 
industry, can be grown in different soil systems, reducing the 
final cost of production [16].

Oil plants are widely used to obtain biofuels, including 
biodiesel. Crops that produce edible and non-edible oils such 

as soybean [17], palm [6], rapeseed [18], sunflower [19], 
canola [20], residual oil [20] among others are widely cited in 
the literature. The most used process for biodiesel production 
is transesterification. In this process, vegetable oil reacts with 
an alcohol (usually of low molecular weight) in an acidic 
or basic medium, forming triglycerides and glycerol [21]. 
The production of biodiesel from vegetable oils is seen as 
an easy chemical conversion to be achieved, achieving good 
yield and good quality. Biodiesel does not contain sulfur 
or aromatic compounds, it is biodegradable, does not have 
toxic characteristics, is oxygenated and is usually rich in 
hexadecane [22]. Since 2008, diesel sold in Brazil contains 
biodiesel. The Brazilian National Program for the Production 
of Biodiesel Use (PNPB), from 2013, allowed the use of 
B5, that is, with 5% of biodiesel. This biodiesel percentage 
value increased, reaching B10 in 2018 [23]. In April of 
this year (2023), the percentage reached 12%, a resolution 
approved by the National Council for Energy Policy (CNPE) 
and a progressive increase of 15% until 2026. This measure 
provides for an increase of two cents in the final price of B12 
diesel sold at gas stations [24].

In addition to biodiesel, recently biohydrocarbons have 
also been studied. Being able to be generated through 
lignocellulosic residues and fatty materials, they are 
known as drop-in biofuels [25]. Drop-in biofuels are liquid 
hydrocarbons chemically equivalent to their fossil analogues 
and with similar physicochemical properties, however 
they are produced with renewable raw material. One of the 
advantages of using these biofuels is that there is no need 
to change engines for their use. Among the drop-in biofuels 
are biokerosene (BioQAv) and green diesel [26]. Aviation 
biokerosene is formed by products with a carbon chain with 
around 9 to 16 carbons and green diesel in the range of 15 to 21 
carbons [25]. The aviation industry has been under pressure 
both for the manufacture of aircraft that have greater energy 
efficiency, as well as for the production of biokerosene to 
replace fossil kerosene. It is an important action, seen as the 
solution for CO2 mitigation [27]. The challenge of producing 
drop-in biofuels is to meet specifications similar to those 
of fossil origin, such as humidity, oxidative stability, heat, 
light, metals and storage time [28]. For the construction of 
this review on Crambe, some articles were analyzed. Table 1 
brings these articles according to the central themes defined 
by the authors.

In this review, an overview was given of the potential of 
Crambe oil for the production of liquid fuels (biodiesel) and 
new generation fuel (renewable hydrocarbons). In addition, it 
reports recent research on the production and implementation 
of Crambe oil in Brazil, chemical compositions, 
physicochemical properties of the oil and value-added co-
products.
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Main goal
Evaluate the main properties of Crambe Abyssinica 

Hochst as biomass for biofuel production

Specific objectives
•  Carry out a survey of the planting conditions of Crambe 

Abyssinica Hochst;

•  Evaluate the properties of biodiesel produced from 
Crambe oil;

•  Identify the main characteristics and fatty acids of crambe 
oil;

•  Evaluate the possibility of producing Drop-in fuels using 
crambe oil.

Methodology
The methodology for this review was based on [45]. In 

this model, the review is divided into three stages, and each 
stage has some phases to be overcome. In the first stage, a 
revision planning was made. In phase one of this stage, the 
need for this review was identified, since the biomass Crambe 
Abyssinica Hochst is not cited for the production of Drop-in 
fuels. In this sense, there was a need to carry out a study of 
art in order to learn about some of the works carried out with 
this raw material. Phase two of this stage was the planning 
and preparation of the review proposal. Phase three and the 
last phase of this stage, the protocol was made. In this phase it 
was chosen which articles were included, how the search was 
carried out, which platform the articles were searched for and 
the keywords chosen for the searches.

In the second stage, the review was carried out. It was 
at this stage that the review protocol was put into practice. 
Phase one of this internship was to search for articles from 
research platforms. Phase two dealt with selecting the 
articles, for which the following parameters were used: 
objectivity of the articles, quality of the information disclosed 
and period of publication. In this case, priority was given to 
using articles that had been published for a maximum of 7 
years. In phase three, the information and data selected in the 

articles were summarized. The third and final stage, it is about 
disseminating and reporting the synthesized data. This last 
stage has two phases. In phase one, the review was written 
and in phase two, submission for publication was made.

Planting and production of Crambe Abyssinica
Crambe Abyssinica Hochst, belonging to the Brassicacease 

(Crucifera) family [29], originally from the Mediterranean 
region, is a crop that generates an inedible oil. Its cultivation 
cycle is considered short, it can reach one meter in height, its 
roots are 15 cm in an aggressive root system and its flowers 
can be white or yellow [30]; [31]. Among its characteristics, 
some are highlighted below: in relation to the seeds, a 
thousand of them have a mass that varies between 6 and 
10 g, measuring between 0.8 and 2.6 mm each unit. These 
characteristics make crambe credible as a biomass with good 
agronomic characteristics [31]. Several experimental studies 
report some important characteristics for the crambe culture 
and some of these studies are mentioned in table 2.

The articles analyzed had Crambe cultivation in Portugal, 
Brazil and Italy (Table 2). But there are several works in 
other countries, such as Poland [5], India [49], China [50] 
among others. All the works cited in Table 2 purchased seeds 
from Cultivar Fundação MS-Brilhante no Brasil, a company 
in Mato Grosso do Sul, with the exception of [48] which 
received the seeds from the Council for Economic Research 
and Agricultural Research - CREA (Bologna, I). All authors 
considered the results in the amount of oil per hectare to be 
good, the reported values were between 120 and 229 kg per 
ha. It is important to highlight that the value cited by [48], 
considered the peeled seeds, while the other authors did not 
report this type of information, probably because they did not 
peel the seeds. The value of 150 kg/ha reached by [47], was 
at a cost of using 300 kg/ha of NPK fertilizer (N-P2O5-K2O 
8:28:16), that is, even using fertilizer, it obtained the second 
lowest amount of oil. The plantations for the cultivation of 
Crambe are organized in rows that vary in distance between 
one sowing of another between 23 and 45 cm. In most cases, 
around 12 kg of seed are used per planted hectare, with the 
exception of [48] who used 18 kg and provided data in which 
they used a total area of 400 m2. The regions had similar 
soils in at least three of the five experiments. The Distroférric 
Red Latosol, a clayey soil that can also be called Ferralsol 
Argiloso Latosol. [16] did not report the type of soil used, 
but reported in their work the analysis of the soil used, such 
as: pH = 7.1; P (mg/kg) > 200; Organic Matter (% wt.) = 
2.91; Ca (mg/kg) = 1737; K (mg/kg) > 200; Mg (mg/kg) = 
52. In Italy, [48] reported that it is a fertile clayey soil. The 
authors reported that crambe cultivation occurred in a rotation 
regime for second crop use for soybeans, corn and wheat. The 
treatment against weeds or pests was not mentioned because 
the literature indicates that crambe is resistant to these 
diversities. Despite soil modifications and fertilizers, it did 

Manuscript Reference main
Crambe Abyssinica Planting and 
Production [29]; [30]; [31]; [5]; [32]

Crambe Abyssinica oil production [31]; [16]; [29]; [33]

Oil Composition and Properties [32]; [34];[23]
Biodiesel production from Crambe 
Abyssinica oil [35]; [16]; [36]; [37]

Other fuels [26]; [38]; [39]; [40]

Other products [41]; [42]; [43]; [44]

Source: Author Himself (2020).

Table 1: Main manuscript on Crambe Abyssinica
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not seem to be a concern among the authors, since crambe can 
be grown on environmentally inappropriate, non-agricultural, 
arid and semi-arid lands [32]. Climatic conditions were 
different between growing conditions. Temperature ranged 
from 18 to 35 °C and rainfall ranged from 62 to 250 mm of 
precipitation. It was noticed that the precipitation volume did 
not influence the seed yield. Probably because the crop was 
irrigated, although only [16] mentioned that he used sprinkler 
irrigation. Other studies have already shown that this crop 
supports water restriction well [51]. All seeds were collected 
close to maturation, with the exception of [47] who performed 
the harvest after 46 days. Even though the harvest was done in 
half of the recommended period, the author achieved a good 
yield. The tests carried out with the addition of fertilizer in 
the soil had better results, both for yield and seed quantity and 
for the oil content extracted from the seeds. The results were 
26 ± 4% [16]; 25.3 to 48.6% [46]; 36.2% [47]; 29.32% [30]; 
44.9% [48]. Only [47] and [48] cited the values of a thousand 
Crambe seeds, which were 9.3 and 6.4 grams respectively, 
within the margin already seen in the literature [31]. 

Crambe Abyssinica oil production
For the extraction of Crambe oil, some techniques can be 

used. These include pressurized liquid extraction, mechanical 
pressing, ultrasound-assisted extraction and soxhlet-assisted 

extraction. Pressurized liquid extraction occurs when a liquid 
solvent at high temperature increases the solubility of the 
oil, decreases the interaction of the matrix with the solvent, 
increasing the diffusion rate. In addition, high pressure is 
used so that the fluid density and boiling temperature remain 
high [31]. In mechanical pressing, the oil is extracted through 
the force exerted by a press, usually without the use of 
reagents, making this option a cheaper process, but with less 
efficiency [29]. In ultrasound-assisted extraction, high values 
of oil content are obtained from the biomass, using a low 
amount of solvent, occurring in a short period. In this type 
of extraction, the surface of the material is disrupted by the 
cavitation generated by the ultrasound, making the diffusion 
more accelerated [52]. The soxhlet is an extraction model 
often cited in the literature. An organic solvent is used on 
heating to extract the oil from the biomass [15]. The Crambe 
oil extraction process follows the flowchart 1.

 [16] [46] [47] [30] [48]

City (Country) Portugal Rio Verde/ GO (Brazil) Botucatu/ SP (Brazil) Cascavel/ RS 
(Brazil) Italy

Crambe 
Abyssinica 

seeds supplier

Cultivar FMS-Brilante 
(MS-Brazil)

Cultivar FMS-Brilante 
(MS-Brazil)

Cultivar FMS-Brilante 
(MS-Brazil)

Cultivar FMS-
Brilante (MS-Brazil)

Council for Economic 
Research and Agricultural 

Research - CREA 
(Bologna, Italy)

Oil yield per 
hectare 194 kg/ha 120 kg/ha 150 kg/ha 194 kg/ha 229 kg/ha

Planted 
Area and/or 
measures

Rows with 35cm 
between plants, 2cm 
deep, density of 100 

plants /m2.

Rows with 45cm between 
plants, 1220 plants /ha, 

12 kg of seeds /ha.

Rows with 34cm 
between plants, 4cm 
deep, 12 kg of seeds 

/ha.

Rows with 30cm 
between plants, 

3cm deep, 12 kg of 
seeds /ha.

Rows with 23cm between 
plants, 12 kg of seeds / 
ha, density of 75 plants /

m2.

Soil composition - Dystrophic Red Latosol Dystrophic Red 
Latosol

Dystrophic Red 
Latosol

Fertile clay soil with 
subalkaline pH

Weather 
Conditions

Temperature day / 
night = 22 / 16 °C. 

250mm of precipitation 
in the period.

Temperature day / night 
= 35 / 20 °C. 1500 - 

1800mm of precipitation 
per year. Humid tropical 
climate with rainy season 

in summer and dry in 
winter.

62mm precipitation for 
the period. Tropical 

climate with dry 
winters and hot and 

rainy summers.

Average 
temperature 

21°C. 1620mm of 
precipitation per 

year. Local climate 
is temperate /

mesothermal and 
super-humid.

Average temperature 
of 18.1°C. 152.8mm of 

precipitation in the period.

Harvest Period 120 days 88 days 46 days 110 days 96 days

Fertilizers and 
Nutrients

Organic Matter for 
adjustments

Phosphorus (18% P2O5) 
and Limestone (CaO = 

30,5 % and MgO 18,7 %)

NPK - nitrogen-
phosphorus-

potassium (formula 
N-P2O5-K2O 8:28:16)

- 30, 40 and 75 kg /ha of  
N, P and K, respectively

Table 2: Experimental studies on the culture of Crambe Abyssinica

Flowchart 1: Production of Crambe oil.
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The structure of Erucic Acid contains 22 carbons. At the 
13th atom there is a double bond with CIS-type isomerism 
[34]. Oleic acid contains 18 carbon atoms, presenting a 
double with CIS conformation of the 9th carbon [53]. The 
presence of erucic acid in Crambe oil makes it unfit for 
human consumption. It is a toxic acid that can attack the 
heart directly in the myocardium with the accumulation of 
triglycerides, (TAG) [32]. This is due to the presence of 
tocopherols, which stand out in capturing free radicals as 
their main biological activity. The oil has a high oxidative 
stability, an important parameter when choosing a biomass 
for the production of biofuels [23]. 

Crambe oil as raw material for biodiesel production
Some biomass conversion processes into biodiesel are 

already used in the literature. Such as hydroesterification 
[54], esterification [55], interesterification [56] and 
transesterification, usually the most used in research and 
industry. It is a process in which a triglyceride reacts with a 
short-chain alcohol (methanol or ethanol) in the presence of 
an acidic, basic or enzymatic catalyst producing, in addition 
to biodiesel, glycerol [35]. In figure 2, a flowchart with one 
of the possibilities of production and purification of biodiesel 
through degumming through Crambe seeds. 

After biodiesel production, some parameters must be 
analyzed in order to consider the biomass to produce the 
biofuel to be mixed with diesel. This is the only way to know 
if biomass is a promising raw material or not for large-scale 
biodiesel production [37]. Viscosity, density, acidity and 
oxidative stability are among these parameters [16]. Several 
studies have already shown that the oxidative stability of 
biodiesel from Crambe is high, reaching 13 hours in some 
cases. With the characteristics of the literature, biodiesel from 
crambe is credible to be used as a mixture with fossil diesel 
sold at service stations or in a mixture with soy biodiesel 
(main raw material used for the production of biodiesel in 
Brazil) to mainly improve the oxidative and stability [37]. 
In Brazil, who regulates the specifications is the National 
Agency of Petroleum, Natural Gas and Biofuels (ANP) [36], 
while in Europe it is the EN 14214 - European Biodiesel 
Quality Standard [16].

Advanced alternative fuels and other products from 
Crambe

In addition to biodiesel, other types of biofuels have 
been studied recently, such as drop-in biofuels. These 
biofuels are liquid hydrocarbons with the amount of carbon 
chemically equivalent to their fossil analogues and with 
similar physicochemical properties, however, derived from 
renewable sources [26]. Among the Drop-in biofuels are 
Biokerosene, which is a biofuel that is in the carbon range 
of petroleum kerosene (C9 - C16), and green diesel that is 
in the carbon range of diesel derived from petroleum (C15 

The amount of oil extracted can vary between 25 and 
51%. This variation depends on some factors such as soil 
type, volume of water in irrigation, use of fertilizers, among 
other factors. Crambe oil can be used for various purposes, 
for example in the production of biodiesel [15]. It is worth 
mentioning that not only the oil, but all the biomass itself is 
used in Crambe, adding value to the biomass. In industry, 
in addition to biofuels, its seeds can also be used to produce 
adhesives, nylon, lubricants, electrical insulators, cosmetics, 
anticorrosive agents, rubbers, and its leaves can be used to 
produce nematicides [33].

Chemical composition and physical-chemical 
properties of Crambe oil

There is no significant change in the percentages of fatty 
acids in Crambe oil from one job to the next. The average 
fatty acid composition of Crambe oil is shown in Table 3 [32]. 
Only when there is a specific study to increase the percentage 
of one acid or another is there variation. In view of this, 
[34] used the protein Lipase A Moesziomyces Antarcticus 
(CAL-A) in order to enrich erucic acid from ethyl esters of 
Crambe oil. In this study, CAL-A variants are able to provide 
an oil with up to 80% erucic acid. 

The fatty acids present in Crambe oil in the highest 
concentration are erucic acid (approximately 60%) and oleic 
acid (approximately 20%). The structures of the main acids 
are shown in figure 1.

Fatty Acid Mass composition (%)

Palmitic 1.49 ± 0.01

Palmitoleic 0.06 ± 0.04

Stearic 0.71 ± 0.05

Oleic 20.24 ± 0.18

linoleic 5.80 ± 0.09

linolenic 0.68 ± 0.07

Arachidic 3.33 ± 0.09

Gadoleic 5.62 ± 0.15

Behenic 1.00 ± 0.07

Erucic 59.94 ± 0.65

Lignoceric 0.96 ± 0.01

Not Identified 0.33 ± 0.02

Source: Adapted from [32].

Table 3: Composition of abyssinic crambe oil extracted by soxhlet 
with n-hexane.
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Figure 1: Structure of erucic acid (a) and oleic acid (b).
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– C21) [11]. Due to the scarcity of works related to the use 
of Crambe oil for the production of Drop-in biofuels, this 
reinforces the need for studies to analyze the production and 
quality of these biofuels through this promising biomass. 
For the production of drop-in biofuels, in general, vegetable 
oil can be used as a raw material through deoxygenation, 
hydrogenation and hydrogenolysis processes. By 
deoxygenation, triglycerides can go through three pathways, 
decarbonylation, decarboxylation and hydrodeoxygenation. 
The three equations can be seen below [38]. 

     
Another process for converting biomass into drop-in fuels 

is hydroprocessing. It is the conversion of liquid biomass into 
drop-in biofuels where oxygen compounds are eliminated 
in the form of H2O, CO2 or CO through a hydrogenation 
reaction under controlled pressure and in the presence of 
a catalyst [39]. Figure 3 shows the elimination of oxygen 
during catalytic hydroprocessing. 

In addition to raw material for the production of biofuels, 
biomass crambe abyssinica hochst is used to form several 
other products. To obtain a base for lubricating oil with 
adequate viscosity and properties [41], Crambe bran can 
be used in chicken feed to replace soybean bran [43], the 
concentration in Crambe protein can be used to feed fish [44], 
among others.

Conclusion
Consumption of fossil fuels, particularly for the transport 

sector, continues to increase worldwide. However, the aviation 
sector is increasingly investing in more energy efficient 
aircraft and in the production of aviation biofuels in order 
to mitigate GHG emissions caused by the burning of fossil 
fuels. The biomass Crambe abyssinica Hochst, originating 
from the Mediterranean, has good agronomic properties, 
adapts to different types of soil and water conditions. It 
presents resistance to pests and weeds and provides an oil with 
appropriate parameters for biodiesel production. Additional 
research is needed to verify the quality of drop-in biofuels 
produced from Crambe oil. Biodiesel from this raw material 
has already shown to be of good quality and promising for its 
use in the Brazilian energy matrix. 
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Figure 2: Biodiesel production and purification.
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Figure 3: Deoxygenation of fatty acids during the catalytic 
hydroprocessing.
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