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Castor bean (Ricinus communis L.) is an unpalatable tropical plant belonging to the spurge family (Euphorbiaceae). It has

great phytoremediation potential and is used for biofuels production. Its cultivation on contaminated and marginal land can

be considered a great alternative to fossil fuel, lowering the social-economic implication and ecological impacts of

biodiesel

production. In this entry, we analyze the botanical, agronomical, and the by-product obtainable from castor bean. More

information about the castor bean phytoremediation potential and its resistance to abiotic stresses can be found at

10.3390/agronomy10111690 (10.3390/agronomy10111690)
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Castor bean (Ricinus communis L.) is a tropical plant with C3 metabolism belonging to the spurge family (Euphorbiaceae),

genus Ricinus, with numerous wild and semiwild types that differ genotypically and phenotypically. 

1. Botanical Aspects

Castor bean can be as short as two feet in height (1.5–2.4 m), especially in a temperate climate, or as tall as a moderate-

sized tree in tropical and subtropical areas (10–13 m)  . In Ethiopia, where it is thought to have originated, plant size

varies from a perennial tree or shrub to a small annual  . The leaves are palmate with 5–11 lobes and alternate; they

are often dark glossy green, but the color can vary from light green to dark red, depending on the anthocyanin level and

genotype  . The fruit is a spiny, greenish to reddish-purple capsule with three locules containing one oval, shiny, and

highly poisonous brownish seed with marble-gray marks and a light-brown caruncle  ; at maturity, the capsules are

dried and may have dehiscence, depending on the genotype . Some castor bean varieties can produce capsules with

rudimentary spines, whereas others produce soft, flexible, and nonirritant spiny capsules, and others produce spiny irritant

capsules . The seeds of castor bean grow inside capsules on raceme that develops progressively over the life of the

plant. Seeds, exposed to different environmental conditions, end in an inhomogeneous maturity, with different

developmental stages among the raceme and their order  . The seeds can differ in color, size, external markings,

weight, and shape between cultivars    ; however, they are of an oval form on average. The number of capsules

per raceme depends on the number of female flowers on it. Male flowers are yellowish-green with creamy stamens, while

female flowers lie in undeveloped spiny capsules with prominent red stigmas. Castor bean plants can be “normal

monoecious” with pistillate flowers on the upper part of the raceme and staminate flowers on the lower part or

“interspersed monoecious” with pistillate and staminate flowers interspersed along the entire raceme axis    .

Rarely, castor bean inflorescence can terminate with a hermaphrodite flower that regularly drops off before capsule setting

. The female and male flower proportion on the raceme can vary within and among genotypes , and it is extensively

influenced by the environment. Racemes can have different shapes (conical, cylindrical, or oval) with different capsule

arrangements, which can be compact, semi-compact, or loose . According to the order of manifestation, the racemes

are called primary, secondary, or tertiary, and their numbers increase geometrically with the number of branches . The

castor bean stem is round, sometimes covered with a waxy bloom, and it may be green, reddish, or purple . The dark-

purple stem and the sulfur-yellow colors are occasional .

Figure 1. Ricinus communis L. (CB).

2. Ecological Niche

Castor bean can grow well in a wide range of ecosystems, from temperate to tropical desert and wet forests , in a

range of 250–4250 mm annual precipitation  , and in a wide range (4.5–8.3) of soil pH . Considered a wasteland

colonizer plant, it is commonly found on landfills, railway tracks, roadsides, etc. Castor bean cultivation spreads to 40°
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north (N) and 40° south (S) latitudes, but some cultivars have been found at 52° N in Russia . It can grow from sea level

to more than 2000 m above sea level (a.s.l.) , but the optimal altitude is 300–1800 m a.s.l. .

3. Agronomic Features

3.1. Growth Requirements

Castor bean requires temperatures between 20 and 26 ◦C ; shoots die at temperatures below −1 ◦C and adult plants

die at −3 ◦C . Castor bean requires a frost-free period of 140–180 days and at least 140 days with mean temperature

between 20◦ and 27 ◦C for satisfactory yields   (Table 2). Castor bean grows in all kinds of soils but prefers a well-

drained moisture-retentive soil such as sandy loam . Castor bean cultivation necessitates fertile, well-aerated soils with

a pH of 6–7.3 and rainfall of 600–700 mm for optimum yield . Castor bean is a long-day plant, but is adaptable to a wide

range of photoperiods even if with reduced yields . The optimal relative air humidity range falls between 30% and 60%

, with low relative humidity in the growth phase to obtain maximum productivity; humid and cloudy days, despite the

temperature, can be reflected in lower seed yield .

Table 1. Average seed and oil yield of castor bean in different countries under different treatments. USA, United States of

America; n.s., not specified.

Country Site

Seed
Yield

Mg/ha

Oil Yield

Mg/ha
Genotype Treatment Reference

Ethiopia Rift Valley 1.2–1.4 0.6–0.7 Hiruy
Planting

density

Greece Aliartos 3.0–3.8 n.s.

Kaima 93, C-853, C-

855, C-856, C-864, C-

1002, C-1008

Genotype

evaluation

(year 2014)

Italy Cadriano 0.7–4.0 n.s.
C-855, C-856, C-857,

C-864, C-1008

Genotype

evaluation

(year 2014)

Italy Ragusa 0.7–7.3 0.3–3.3
Local 1, Local 2,

Brazil, Tunisia

Autumnal

sowings

Mexico Texcoco 2.6–5.2 n.s. Krishna, Rincon
Optimal soil

moisture

Colombia Cordoba 0.8–1.2 0.3–0.6

Monteira, Cienaga de

Oro, Los Cordobas,

BRS Nordestina

Planting

density
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USA Florida, Citra 0.7–1.3 0.3–0.6 Birminghan, Hale

Plant growth

regulator and

harvest aid

USA Florida, Jay 0.7–1.2 0.3–0.6 Birminghan, Hale

Plant growth

regulator and

harvest aid

Italy Sardinia 1.4–2.5 n.s.
Hazera 22, ISCIOR

101
Irrigation

USA Texas 0.2–2.7 n.s. BRS Nordestina Irrigation

Brazil Carnaubais 0.1–1.2 n.s. BRS Nordestina Fertilization

Pakistan Bahawalpur 1.2–2.4 n.s. DS-30 Fertilization

Castor bean has slow and cold-sensitive germination . Seeds (Figure 2) may have a dormancy period of several

months, depending on variety, while others can germinate from freshly harvested seeds without any treatment . The

base temperature for CB seed emergence was found to be 15 ◦C, optimum at 31 ◦C and maximum at 35–36 ◦C, requiring

464 degree-days after pollination to reach physiological maturity   .

Figure 2. Ricinus communis L. seeds.

3.2. Planting Density

Plant arrangement is a simple low-cost technology that can affect yield , , ranging from 4200 plants/ha

for tall cultivars to 70,000 plants/ha for dwarf varieties . Castor bean plants compensate for a low population density by

producing a higher number of racemes   which, however, do not increase the seed yield considering the reduced

number of plants per hectare . Lower plant population increases basal stem diameter and survival rate   . Seed

number, a highly hereditable characteristic, is hardly influenced by environmental or exogenous factors . The raceme

size is slightly influenced by plant density  . In all the aforementioned studies, oil content, oil yield, and oil quality

were not influenced by plant density .
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3.3. Irrigation

Castor bean is very sensitive to root hypoxia caused by soil flooding; irreversible damage occurs after just 3 days of

flooding . The deep taproots and extensive root systems enable the plant to take up water from deep soil layers and

allow seed production with little or no irrigation. Obviously, despite the adaptability of CB to drought, the greatest yields

are obtained with irrigation. There is almost a linear increase in seed yield with irrigation, nearly doubling when additional

water is supplied  . In Brazil, a rainfed (376 mm) CB field produced 1774 kg/ha of seeds, +24% with supplementary

irrigation (1099 mm), and +139% with 1662 mm of water supplied . The castor bean plant response in seed yield to

water treatments differs between cultivars, but most of the variation can be explained by the number of racemes, followed

by seeds per raceme and seed weight  . The seed yield increase in irrigated CB fields is small compared with that of

other common crops cultivated in the same area, suggesting that it is more suitable for low-input, arid environments 

 . Castor bean can also grow well with wastewater irrigation   . Wastewater is an alternative water source

being recently exploited to irrigate biofuel crops without depleting the already scarce water resources. A study by Tsoutsos

et al.  investigated the use of wastewater on the quality of castor bean oil and biodiesel production. Oil samples derived

from wastewater irrigation provided a lower concentration of free fatty acids and a slight reduction in viscosity. According

to Abbas et al. , irrigation with wastewater resulted in higher fresh and dry weights of castor bean roots, shoots, leaves,

and seeds (g/plant) than those irrigated with freshwater, due to nutritive element contents such as N, P, and K.

3.4. Fertilization

CB can doubtlessly grow on agriculturally marginal lands; however, it benefits considerably from the addition of fertilizer.

For example, nitrogen applications can increase seed yield by 114% compared to unfertilized plants  . Organic

fertilization can increase productivity by 458 kg/ha, mineral fertilization by 824 kg/ha, and the combination of organic

fertilization and mineral by 1009 kg/ha. Mineral fertilization with N, P, and K, with the addition of organic material,

contributed to an increase in productivity of 184 kg/ha . Unfertilized plants produced 46% less fruit compared to well-

fertilized ones, with a 50% decrease in fruit dry weight . However, CB plants selected to grow at a certain nutrient level

have been adapted to produce the maximum at that level ; when cultivated in very fertile soils, they tend to produce

large vegetative mass at the expense of seed production. The oil content in seeds seemed to increase only in response to

P and was not influenced by other nutrients . Among the organic fertilizers, poultry manure seemed to be most effective

.

4. Castor Bean Products

Castor bean has been used for a very long time and is one of the oldest commercial products , known in the traditional

medicine of ancient Mediterranean and Asian cultures , and still used in traditional medicine worldwide (e.g., Chinese

and Ayurveda)  . Long before “biobased” became a catchphrase, CB oil-derived products were used for centuries

(e.g., in ancient Egypt lamps)  . Currently, CB oil has more than 700 industrial uses, and its global demand is

increasing steadily by 3–5% per year . It is a well-recognized commodity with a well-established market, costing 2–3

times more than soybean oil being cultivated only in a few countries . Castor bean oil consists mainly of ricinoleic acid

(85–90%), a hydroxylated fatty acid with one double bond, and some unique properties. Castor bean has an oil close to a

technical grade of purity, a rare natural phenomenon  . It is more versatile than other vegetable oils and extensively

used in a variety of industries, such as the cosmetic and pharmaceutical industries, as well as in paint, varnish, and

lacquer

production  . Because of its high viscosity, it is used as a lubricant in two-stroke engines, neat or blended, reducing

smoke emissions by up to 50–70%  . It is a polyol that can readily form polymers making polyurethanes that find

applications in adhesives and coatings, electrical insulators, and semirigid foams used in thermal insulation ; it was

also suggested as a possible candidate biomaterial for wound dressings  and as a graft for bone defect treatments .

The so-called Turkey red oil, produced by CB oil sulfation, is widely used in textile industries in dyeing and in finishing

cotton and linen . The CB oil obtained mechanically by pressing results in CB cake, while CB meal derives from CB oil

production through solvents. CB cake is a good organic fertilizer, containing about 5.5% nitrogen, 1.8–1.9% phosphorus,

and 1.1% potassium  . It can be applied in moist soil 3 weeks before sowing the crops, allowing for toxicant

degradation . It has been used as a substrate for tomato seedlings and as a fertilizer for onion production  .

Castor bean cake has also shown great potential for biogas production and was found to be a very interesting feedstock

for the production of pyrolysis bio-oil  . According to Gonzalez-Chavez et al. , castor bean cake derived from

plants naturally established on polluted mine-tailings can be utilized as organic fertilizer due to the lower levels (e.g., Pb in

cake: 2.6–8.8 mg·kg−1 ) of metal contamination allowed by EU regulations (e.g., maximum limit values of Pb in organic

fertilizer: 120 mg·kg−1 of dry matter) . Castor bean meal may contain up to 55.8% crude protein and can be used as a
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protein source for animal feedstock . Due to its ricin content, CB meal use necessitates caution. Different types of

seed processing can reduce or eliminate this toxin  . For instance, it can be detoxified with calcium oxide replacing

up to 50% of soybean meal in lambs’ diet   and reducing the production costs in a beef cattle grazing system .

Furthermore, up to 15% non-detoxified CB meal can be used in goat feed . Castor bean can also be considered an

eco-friendly and economic alternative to synthetic insecticidal agents (e.g., against Spodotpera frugiperda, Spodoptera
littoralis, Musca domestica, and Phlebotomus duboscqi, the Leishmania vector)   . Leaf extracts have also shown

antimicrobial potential and antifungal activity   . Castor bean leaves are used, especially in India and Africa 

, as food for Samia cynthia, a moth used to produce silk; in Italy, the use of senescent leaves for the eri-silkworm

artificial diet has provided a promising opportunity for valorizing residual biomass to good use after biorefinery .

Moreover, the reactive surface of CB leaf powder has been studied as a green adsorbent for the removal of heavy metals

from natural river water . In the eastern part of Nigeria, CB seeds are used as food seasoning called Ogiri, and CB can

be used in honey production  .

4.1. Castor Bean Biodiesel

Recently, castor bean biodiesel is receiving great attention . Biodiesel is the alcoholic ester of vegetable oils obtained

via transesterification. It presents many advantages over fuel, e.g., nontoxicity, biodegradability, renewability, and a

decline in most exhaust emissions. For instance, the presence of oxygen in biodiesel makes it burn cleaner, and its higher

viscosity cancels the need for added sulfur compounds in diesel, reducing SO  emissions  . Biodiesel production

begins with vegetable oil extraction from the seeds, generally carried out with mechanical pressing, solvent extraction, or

a combination of both technologies . Supercritical fluids, ultrasound, and microwave are the newest technologies

developed for oil extraction . After oil extraction, some refining steps are carried out to improve biodiesel quality, such

as filtration or discoloration . Subsequently, biodiesel is obtained through the transformation of triglycerides into fatty

acids (FA), which can be performed with ethanol (resulting in fatty acid ethyl esters, FAEEs) or methanol (fatty acid methyl

esters, FAMEs), in the presence of catalysts that can be chemical (alkali or acid catalysts) or biological (enzymes) .

Afterward, separation by centrifugation or decantation is performed to decrease the impurities and recover all products

(biodiesel, solvent, and glycerol) . The fatty acid composition of the feedstock, its properties, and the production

process employed are the parameters mainly affecting biodiesel quality . The biodiesel obtained, used alone or

blended with petrodiesel, has to conform to specific standards, e.g., ASTM D6751 or EN 14214  . Some important

biodiesel properties that need to conform to standards are kinetic viscosity, cetane number, cloud and pour point, and

flashpoint.

Castor bean oil is mainly composed of ricinoleic acid (85–90%). Castor bean has a very high percentage of seed oil

content (40–55%), higher than other normally used oil crops such as soybean (15–20%), sunflower (25–35%), or

rapeseed (38–46%), with a cultivation cost reduced by up to 50% compared to rapeseed . Castor bean oil can be used

in diesel engines with few modifications  , lowering the level of pollutants, carcinogens, and greenhouse gasses 

. According to Anjani , about 79,782 Mg of CO  emission can be saved if 10% of total castor bean seed oil produced

is transesterified into biodiesel. The world average castor bean seed production is 1.1 Mg/ha, corresponding to 460 kg of

castor bean oil with a seed oil content of 47% and oil yield of 90%; however, a higher yield can be obtained, indicating

promising oil productivity  . Castor bean oil FAMEs present an unacceptably high value of kinematic viscosity (which

influences characteristics such as the amount of fuel that drips in the injection pump ) and low cetane number (which

quantifies the time between injection and ignition of the fuel ) that do not allow it to achieve standard specifications 

 . Blending castor bean biodiesel with diesel is currently the only way to use it in current diesel engines without

complicating engine performance while meeting all the required specifications  . Castor bean biodiesel’s high

viscosity could improve diesel lubricity when blended, at a concentration of 2 g/kg, while rapeseed needs to be added at a

concentration above 7.5 g/kg to achieve the equivalent effect . Castor bean biodiesel presents a cetane number (CN;

43.7) lower than diesel CN (51). Nevertheless, the B5 blend gave a CN of 50.6 . Moreover, castor bean biodiesel also

presents a high cloud and pour point (which monitors the flow proprieties at low temperature ), making it suitable for

extreme winter temperatures, alone and blended  . Castor bean biodiesel requires a negligible amount of catalyst to

give a high biodiesel yield, reducing the production cost for large-scale operations  . Furthermore, castor bean

biodiesel can be obtained at low temperatures   for instance, Keera et al.  produced castor bean biodiesel through

alkaline transesterification, with biodiesel yield obtained at 30°C similar to that obtained at 60°C. It is highly soluble in

alcohol, due to the presence of hydroxyl groups, with great advantage during transesterification     . A study by

Bateni et al.  demonstrated that the whole castor bean plant may be used in biodiesel production, with

transesterification performed with ethanol obtained by saccharification and fermentation of plant residues; 1 kg of castor

bean plant produced 149 g of biodiesel and 30.1 g of ethanol. Meneghetti et al.  performed a comparison of ethanolysis

versus methanolysis on commercial castor bean oil, obtaining similar yields but a shorter reaction time for methanolysis.

All the above-mentioned studies indicate that castor bean is a great feedstock for biodiesel production. Applying a
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mathematical experimental design and methodology, such as response surface methodology   or the Taguchi

approach  , can improve and optimize castor bean oil transesterification. New technological innovations, new diesel

engines, and mathematical model applications could greatly increase castor bean biodiesel production and utilization.

According to Amouri et al. , who studied the impact of castor bean biodiesel production on global warming, energy

return-on-energy investment (EROEI), and ecosystem and human health, castor bean biodiesel showed a positive carbon

balance, equivalent to a reduction in climate change emissions and an EROEI of 2.60. The above mentioned positive

impacts of castor bean biodiesel can also be improved by reducing its indirect land-use change (ILUC); according to

Gonzalez-Chavez et al. , oil produced by Ricinus shrubs grown on metal-polluted sites presents low levels of

contamination (e.g., Cd: 0–1.26 mg/L; Pb: 0–2.2 mg/L ) and could be used as a raw material.

Table 2. Comparison of the most common biodiesel feedstocks.

Feedstock
Seed oil
Content

Advantages Disadvantages References

Castor bean

oil
45–55%

Nonedible, high flash point.

high pour and cloud point

(useful in winter condition),

can grow on marginal and

PTEs contaminated soils,

miscible in alcohol, easily

undergoes transesterification

Low cetane number,

high viscosity, ricin

content

        

 

Soybean 15–20%
Low viscosity, high thermal

stability

High production

cost, edible, high

acid value

      

Sunflower 25–35% Low viscosity

Edible, high acid

value, long-term

cultivation

unsustainable

      

Palm 18–40%
Cheap feedstock, high

flashpoint

High cloud point,

edible, long-term

cultivation

unsustainable

      

Mustard 28–32%

High cetane number, cheap

feedstock, can grow on soils

contaminated with PTEs

High viscosity, low

heating value, high

cloud point
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Rapeseed 38–46%
High flash point and low cloud

point

Effective power and

torque decrease at

all engine loads,

increased NO

emissions up to 15%

in most experiments
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agronômica 2007, 38(4), 414-421, .

33. Liv Soares Severino; Dick L. Auld; Seed yield and yield components of castor influenced by irrigation. Industrial Crops
and Products 2013, 49, 52-60, 10.1016/j.indcrop.2013.04.012.



34. B.R. Neves; M.R. Santos; S.L.R. Donato; Evaluation of Irrigation Levels in the Castor Bean (Ricinus communis L.) in
the Brazilian Semiarid Region. Revista Engenharia na Agricultura - REVENG 2013, 21, 493-500, 10.13083/1414-3984.
v21n05a08.

35. Michalis K. Chatzakis; Vasileios A. Tzanakakis; Duncan D. Mara; Andreas N. Angelakis; Irrigation of Castor Bean
(Ricinus communis L.) and Sunflower (Helianthus annus L.) Plant Species with Municipal Wastewater Effluent: Impacts
on Soil Properties and Seed Yield. Water 2011, 3, 1112-1127, 10.3390/w3041112.

36. Praduman Yadav; K. Anjani; Assessment of Variation in Castor Genetic Resources for Oil Characteristics. Journal of
the American Oil Chemists' Society 2017, 94, 611-617, 10.1007/s11746-017-2961-7.

37. Theocharis Tsoutsos; Michael Chatzakis; Ioannis Sarantopoulos; Athanasios Nikologiannis; Nikos Pasadakis; Effect of
wastewater irrigation on biodiesel quality and productivity from castor and sunflower oil seeds. Renewable Energy
2013, 57, 211-215, 10.1016/j.renene.2013.01.050.

38. H. Abbas; I. Farid; S. Soliman; Y. Galal; M. Ismail; E. Kotb; S. Moslhy; GROWTH AND SOME MACRONUTRIENTS
UPTAKE BY CASTOR BEAN IRRADIATED WITH GAMMA RAY AND IRRIGATED WITH WASTEWATER UNDER
SANDY SOIL CONDITION. Journal of Soil Sciences and Agricultural Engineering 2015, 6, 433-444, 10.21608/jssae.20
15.42187.

39. Liv Soares Severino; Gilvan Barbosa Ferreira; Cássia Regina De Almeida Moraes; Tarcísio Marcos De Souza Gondim;
Whertas Saldanha De Almeida Freire; Diego Almeida De Castro; Gleibson Dionízio Cardoso; Napoleão Esberard De
Macedo Beltrão; Crescimento e produtividade da mamoneira adubada com macronutrientes e micronutrientes.
Pesquisa Agropecuária Brasileira 2006, 41, 563-568, 10.1590/s0100-204x2006000400003.

40. K. Raja Reddy; Satyasai K. Matcha; Quantifying nitrogen effects on castor bean (Ricinus communis L.) development,
growth, and photosynthesis. Industrial Crops and Products 2010, 31, 185-191, 10.1016/j.indcrop.2009.10.004.

41. Ayodeji Omotehinse; Anthony Clement Igboanugo; Effects of Fertilizer Application on Growth Capacity of Castor
(Ricinus Communis) Shrub. Journal of Engineering Technology and Applied Sciences 2019, 4, 19-33, 10.30931/jetas.4
77187.

42. K. Nahar; W. Pan; Urea Fertilization: Effects on Growth, Nutrient Uptake and Root Development of the Biodiesel Plant,
Castor Bean (Ricinus communis L.). American Journal of Experimental Agriculture 2015, 5, 320-335, 10.9734/ajea/201
5/12729.

43. Letizia Polito; Massimo Bortolotti; Maria Giulia Battelli; Giulia Calafato; Andrea Bolognesi; Ricin: An Ancient Story for a
Timeless Plant Toxin. Toxins 2019, 11, 324, 10.3390/toxins11060324ù.

44. M. S. Copley; H. A. Bland; P. Rose; M. Horton; R. P. Evershed; Gas chromatographic, mass spectrometric and stable
carbon isotopic investigations of organic residues of plant oils and animal fats employed as illuminants in
archaeological lamps from Egypt. The Analyst 2005, 130, 860-871, 10.1039/b500403a.

45. Xiupei Zhou; Guoyong Huang; Ding Liang; Yonghong Liu; Shiyuan Yao; Umeed Ali; Hongqing Hu; Influence of nitrogen
forms and application rates on the phytoextraction of copper by castor bean (Ricinus communis L.). Environmental
Science and Pollution Research 2019, 27, 647-656, 10.1007/s11356-019-06768-6.

46. Hamed Bateni; Keikhosro Karimi; Biodiesel production from castor plant integrating ethanol production via a biorefinery
approach. Chemical Engineering Research and Design 2016, 107, 4-12, 10.1016/j.cherd.2015.08.014.

47. Patrick Borg; Guillaume Lê; Stéphanie Lebrun; Bernard Pées; Example of industrial valorisation of derivative products
of Castor oil. Oléagineux, Corps gras, Lipides 2009, 16, 211-214, 10.1051/ocl.2009.0276.

48. D S Ogunniyi; Castor oil: A vital industrial raw material. Bioresource Technology 2006, 97, 1086-1091, 10.1016/j.biortec
h.2005.03.028.

49. Bernardo Luiz Harry Diniz Lemos; Eduardo Abreu Salomão; Matheus Philipe Ribeiro Viana; Rogério Jorge Amorim;
Ethanol and Castor Oil for Two-Stroke and Wankel Engines. SAE Technical Paper Series 2016, 1, ., 10.4271/2016-36-
0153.

50. A.K. Singh; Castor oil-based lubricant reduces smoke emission in two-stroke engines. Industrial Crops and Products
2011, 33, 287-295, 10.1016/j.indcrop.2010.12.014.

51. Grace Tibério Cardoso; Salvador Claro Neto; Francisco Vecchia; Rigid foam polyurethane (PU) derived from castor oil
(Ricinus communis) for thermal insulation in roof systems. Frontiers of Architectural Research 2012, 1, 348-356, 10.10
16/j.foar.2012.09.005.

52. Yomaira L. Uscátegui; Luis E. Díaz; José A. Gómez-Tejedor; Ana Vallés-Lluch; Guillermo Vilariño-Feltrer; Maria-Antonia
Serrano; Manuel F. Valero; Candidate Polyurethanes Based on Castor Oil (Ricinus communis), with Polycaprolactone
Diol and Chitosan Additions, for Use in Biomedical Applications. Molecules 2019, 24, 237, 10.3390/molecules2402023
7.



53. Tatiana Peixoto Telles De Sousa; Maria Silvana Totti Da Costa; Renata Guilherme; Wilson Orcini; Leandro De Andrade
Holgado; Elcia Maria Varize Silveira; Orivaldo Tavano; Aroldo Geraldo Magdalena; Sérgio Augusto Catanzaro-
Guimarães; Angela Kinoshita; et al. Polyurethane derived from Ricinus Communis as graft for bone defect treatments.
Polímeros 2018, 28, 246-255, 10.1590/0104-1428.03617.

54. Egid B. Mubofu; Castor oil as a potential renewable resource for the production of functional materials. Sustainable
Chemical Processes 2016, 4, 1-12, 10.1186/s40508-016-0055-8.

55. Rosiane L.S. Lima; Liv S. Severino; Ligia R. Sampaio; Valdinei Sofiatti; Jucélia A. Gomes; Napoleão E.M. Beltrão;
Blends of castor meal and castor husks for optimized use as organic fertilizer. Industrial Crops and Products 2011, 33,
364-368, 10.1016/j.indcrop.2010.11.008.

56. Hemant Y Shrirame; N. L. Panwar; B. R. Bamniya; Bio Diesel from Castor Oil – A Green Energy Option. Low Carbon
Economy 2011, 2, 1-6, 10.4236/lce.2011.21001.

57. Ap Gupta; Rs Antil; Rp Narwal; Utilization of deoiled castor cake for crop production. Archives of Agronomy and Soil
Science 2004, 50, 389-395, 10.1080/03650340410001663891.

58. Guilherme E. Machado Lopes; Henrique Duarte Vieira; Janie Mendes Jasmim; Aldo Shimoya; Claudio Roberto
Marciano; Casca do fruto da mamoneira como substrato para as plantas. Revista Ceres 2011, 58, 350-358, 10.1590/s
0034-737x2011000300016.

59. Gabriel Alves Botelho De Mello; Daniel F. De Carvalho; Leonardo O Medici; Aldir Carlos Silva; Daniela Gomes;
Marinaldo Ferreira Pinto; Organic cultivation of onion under castor cake fertilization and irrigation depths. Acta
Scientiarum. Agronomy 2018, 40, 34993, 10.4025/actasciagron.v40i1.34993.

60. Hamed Bateni; Keikhosro Karimi; Akram Zamani; Fatemeh Benakashani; Castor plant for biodiesel, biogas, and
ethanol production with a biorefinery processing perspective. Applied Energy 2014, 136, 14-22, 10.1016/j.apenergy.201
4.09.005.

61. Konstantinos G. Kalogiannis; Stylianos D. Stefanidis; Chrysoula M. Michailof; Angelos A. Lappas; Castor bean cake
residues upgrading towards high added value products via fast catalytic pyrolysis. Biomass and Bioenergy 2016, 95,
405-415, 10.1016/j.biombioe.2016.07.001.

62. M. C. A. González-Chávez; A. Ruíz Olivares; R. Carrillo-González; E. Ríos Leal; Crude oil and bioproducts of castor
bean (Ricinus communis L.) plants established naturally on metal mine tailings. International Journal of Environmental
Science and Technology 2014, 12, 2263-2272, 10.1007/s13762-014-0622-z.

63. Regulation (EU) No 1009/2019 of 5 June 2019—Laying down Rules on the Making available on the Market of EU Fertili
sing Products and Amending Regulations (EC) No 1069/2009 and (EC) No 1107/2009 and Repealing Regulation (EC)
No 2003. . EUR-Lex Access to European Union Law. Retrieved 2020-11-5

64. Isis Miranda Carvalho Nicory; Gleidson Giordano Pinto De Carvalho; Ossival Lolato Ribeiro; Stefanie Alvarenga
Santos; Fabiano Ferreira Da Silva; Robério Rodrigues Silva; Lívia Santos Costa Lopes; Fábio Nicory Costa Souza;
José Esler De Freitas Jr.; Productive and metabolic parameters in lambs fed diets with castor seed meal. Livestock
Science 2015, 181, 171-178, 10.1016/j.livsci.2015.09.015.

65. Thomas A. McKeon; Kang Bo Shim; Xiaohua He; Reducing the toxicity of castor seed meal through processing
treatments. Biocatalysis and Agricultural Biotechnology 2013, 2, 159-161, 10.1016/j.bcab.2012.12.001.

66. T. O. Akande; A. A. Odunsi; E. O. Akinfala; A review of nutritional and toxicological implications of castor bean (Ricinus
communisL.) meal in animal feeding systems. Journal of Animal Physiology and Animal Nutrition 2015, 100, 201-210, 1
0.1111/jpn.12360.

67. Luis Henrique Almeida De Matos; Gleidson Giordano Pinto De Carvalho; Robério Rodrigues Silva; Laudí Cunha Leite;
Stefanie Alvarenga Santos; Cinara Peixoto Conceição; Lenon Machado Santos; José Augusto Gomes De Azevêdo;
Aracele Vieira Santos; Douglas Dos Santos Pina; et al. The Use of Castor Meal, a by-Product of the Biodiesel Industry,
in a Beef Production System in Tropical Pastures. Annals of Animal Science 2018, 18, 469-482, 10.1515/aoas-2017-00
44.

68. Liliane Moreira Silva; Cláudio Henrique De Almeida Oliveira; Cleidson Manoel Gomes Da Silva; Aline Maia Silva; César
Carneiro Linhares Fernandes; Roselayne Ferro Furtado; Diana Célia Sousa Nunes-Pinheiro; Maria Izabel Florindo
Guedes; Davide Rondina; Use of castor meal (Ricinus communis L.) as a source of dietary protein in goats during the
mating period: impact on reproductive and metabolic responses. Semina: Ciências Agrárias 2015, 36, 203-216, 10.543
3/1679-0359.2015v36n1p203.

69. G D Rossi; C D Santos; Dejane S Alves; L L S Pereira; G A Carvalho; Guilherme D. Rossi; Biochemical Analysis of a
Castor Bean Leaf Extract and its Insecticidal Effects Against Spodoptera frugiperda (Smith) (Lepidoptera: Noctuidae).
Neotropical Entomology 2012, 41, 503-509, 10.1007/s13744-012-0078-0.



70. Amandeep Singh; Jasneet Kaur; Toxicity of Leaf Extracts of Ricinus communis L. (Euphorbiaceace) Against the Third
Instar Larvae of Musca domestica L. (Diptera: Muscidae). American Journal of BioScience 2016, 4, 5, 10.11648/j.ajbio.
s.2016040301.12.

71. Mong’Are Samuel; Ng’Ang’A Zipporah; Ngumbi Philip; Johnstone Ingonga; Ngure Peter; Ovicidal and Larvicidal Effects
of Ricinus communis L. (Euphorbiaceae) Extracts on Phlebotomus duboscqi. European Journal of Medicinal Plants
2016, 11, 1-14, 10.9734/ejmp/2016/22241.

72. Rabia Naz; Asghari Bano; Antimicrobial potential of Ricinus communis leaf extracts in different solvents against
pathogenic bacterial and fungal strains. Asian Pacific Journal of Tropical Biomedicine 2012, 2, 944-947, 10.1016/s2221
-1691(13)60004-0.

73. Carolina, A.; Herliyana, E. N.; Sulastri, H.; Antifungal activity of castor (Ricinus communis L.) leaves methanolic extract
on Aspergillus niger. International Food Research Journal 2019, 26(2), 595-598, .

74. Mansoor Shazia; Khan Imran; Fatima Jasmine; Saeed Mohd; Mustafa Huma; Shazia Mansoor; Imran Khan; Jasmine
Fatima; Mohd Saeed; Huma Mustafa; et al. Anti-bacterial, anti-oxidant and cytotoxicity of aqueous and organic extracts
of Ricinus communis. African Journal of Microbiology Research 2016, 10, 260-270, 10.5897/ajmr2015.7397.

75. Sharma D.K.; Rana S.; Seed-Borne and post-harvest disease of Castor bean (Ricinus Communis Linn.) and their
management: A Review. Journal of Phytological Research 2017, 30, 31-45, .

76. Umer Biftu: Sori Waktole; Getachew Merkebu; Evaluation of castor (Ricinus communis L.) accession as feed for eri-
silkworm (Samia cynthia RICINI Boisduval) at Jimma, South West Ethiopia. Sericologia 2016, 56 (4), 219-228, .

77. Federica Zanetti; Camilla Chieco; Efthymia Alexopoulou; Angela Vecchi; Giampaolo Bertazza; Andrea Monti;
Comparison of new castor (Ricinus communis L.) genotypes in the mediterranean area and possible valorization of
residual biomass for insect rearing. Industrial Crops and Products 2017, 107, 581-587, 10.1016/j.indcrop.2017.04.055.

78. Amanda E. Martins; Milene S. Pereira; Alexandre O. Jorgetto; Marco A.U. Martines; Rafael I.V. Silva; Margarida J.
Saeki; Gustavo R. Castro; The reactive surface of Castor leaf [Ricinus communis L.] powder as a green adsorbent for
the removal of heavy metals from natural river water. Applied Surface Science 2013, 276, 24-30, 10.1016/j.apsusc.201
3.02.096.

79. S.T.Keera; S.M. El Sabagh; A.R.Taman; Castor oil biodiesel production and optimization. Egyptian Journal of
Petroleum 2018, 27, 979-984, https://doi.org/10.1016/j.ejpe.2018.02.007.

80. Thomas A. McKeon; Castor (Ricinus communis L.). Industrial Oil Crops 2016, ., 75-112, 10.1016/b978-1-893997-98-1.
00004-x.

81. Carlos S. Osorio-Gonzaléz; Natali Gómez-Falcon; Fabiola Sandoval-Salas; Rahul Saini; Satinder Kaur Brar; Antonio
Avalos Ramírez; Production of Biodiesel from Castor Oil: A Review. Energies 2020, 13, 2467, 10.3390/en13102467.

82. Titipong Issariyakul; Ajay K.Dalai; Biodiesel from vegetable oils. Renewable and Sustainable Energy Reviews 2014, 31,
446-471, https://doi.org/10.1016/j.rser.2013.11.001.

83. Baharak Sajjadi; Abdul Aziz Abdul Raman; Hamidreza Arandiyan; A comprehensive review on properties of edible and
non-edible vegetable oil-based biodiesel: Composition, specifications and prediction models. Renewable and
Sustainable Energy Reviews 2016, 63, 62-92, 10.1016/j.rser.2016.05.035.

84. S Ismail; S. A Abu; R Rezaur; H Sinin; Biodiesel Production from Castor Oil and Its Application in Diesel Engine.
ASEAN Journal on Science and Technology for Development 2014, 31, 90, 10.29037/ajstd.18.

85. K. Bello; F. Airen; A. O. Akinola; E. I. Bello; A Study of the Lipid Structure of Castor Seed Oil (Ricinus communis L),
Biodiesel and Its Characterization. Current Journal of Applied Science and Technology 2020, ., 1-11, 10.9734/cjast/201
9/v38i630448.

86. Volkhard Scholz; Jadir Nogueira Da Silva; Prospects and risks of the use of castor oil as a fuel. Biomass and Bioenergy
2008, 32, 95-100, 10.1016/j.biombioe.2007.08.004.

87. Paula Berman; Shahar Nizri; Zeev Wiesman; Castor oil biodiesel and its blends as alternative fuel. Biomass and
Bioenergy 2011, 35, 2861-2866, 10.1016/j.biombioe.2011.03.024.

88. Nívea De Lima Da Silva; Carlos M. García Santander; Sandra M. Gómez Rueda; Maria R. Wolf Maciel; Rubens M.
Filho; Characterization of Blend Properties of Castor Biodiesel and Bioethanol. Industrial & Engineering Chemistry
Research 2013, 52, 15504-15508, 10.1021/ie400680t.

89. Ayhan Demirbas; Abdullah Bafail; Waqar Ahmad; Manzoor Sheikh; Biodiesel production from non-edible plant oils.
Energy Exploration & Exploitation 2016, 34, 290-318, 10.1177/0144598716630166.

90. Simoni M. Plentz Meneghetti; Mario R. Meneghetti; Carlos R. Wolf; Eid C. Silva; Gilvan E. S. Lima; Laelson De Lira
Silva; Tatiana M. Serra; Fernanda Cauduro; Lenise G. De Oliveira; Biodiesel from Castor Oil: A Comparison of



Ethanolysis versus Methanolysis. Energy & Fuels 2006, 20, 2262-2265, 10.1021/ef060118m.

91. Nuria Sánchez; Ramiro Sánchez; José M. Encinar; Juan F. González; Gloria M Martinez; Complete analysis of castor
oil methanolysis to obtain biodiesel. Fuel 2015, 147, 95-99, 10.1016/j.fuel.2015.01.062.

92. Bisheswar Karmakar; Sumit H. Dhawane; Gopinath Halder; Optimization of biodiesel production from castor oil by
Taguchi design. Journal of Environmental Chemical Engineering 2018, 6, 2684-2695, 10.1016/j.jece.2018.04.019.

93. K. Ramezani; S. Rowshanzamir; Mohammad H. Eikani; Castor oil transesterification reaction: A kinetic study and
optimization of parameters. Energy 2010, 35, 4142-4148, 10.1016/j.energy.2010.06.034.

94. Mohammed Amouri; Faroudja Mohellebi; Toudert Ahmed Zaïd; Majda Aziza; Sustainability assessment of Ricinus
communis biodiesel using LCA Approach. Clean Technologies and Environmental Policy 2016, 19, 749-760, 10.1007/s
10098-016-1262-4.

95. S. Kent Hoekman; Amber Broch; Curtis Robbins; Eric Ceniceros; Mani Natarajan; Review of biodiesel composition,
properties, and specifications. Renewable and Sustainable Energy Reviews 2012, 16, 143-169, 10.1016/j.rser.2011.07.
143.

96. Maryam Ijaz; Khizar Hayat Bahtti; Zahid Anwar; Umar Farooq Dogar; Muhammad Irshad; Production, optimization and
quality assessment of biodiesel from Ricinus communis L. oil. Journal of Radiation Research and Applied Sciences
2016, 9, 180-184, 10.1016/j.jrras.2015.12.005.

97. Joana M Dias; Juliana Milani Araujo; J.F. Costa; M.C.M. Alvim-Ferraz; Manuel Almeida; Biodiesel production from raw
castor oil. Energy 2013, 53, 58-66, 10.1016/j.energy.2013.02.018.

98. Daniela Da Costa Barbosa; Tatiana M. Serra; Simoni M. Plentz Meneghetti; Mario R. Meneghetti; Biodiesel production
by ethanolysis of mixed castor and soybean oils. Fuel 2010, 89, 3791-3794, 10.1016/j.fuel.2010.07.016.

99. Debora Oliveira; M. Di Luccio; Carina Faccio; Clarissa Dalla Rosa; João Paulo Bender; Nádia Lipke; Cristiana
Amroginski; Cláudio Dariva; José Vladimir De Oliveira; Optimization of Alkaline Transesterification of Soybean Oil and
Castor Oil for Biodiesel Production. Applied Biochemistry and Biotechnology 2005, 122, 0553-0560, 10.1385/abab:122:
1-3:0553.

100. Ayhan Demirbas; Biodiesel from sunflower oil in supercritical methanol with calcium oxide. Energy Conversion and
Management 2007, 48, 937-941, 10.1016/j.enconman.2006.08.004.

101. S. Mekhilef; S. Siga; R. Saidur; A review on palm oil biodiesel as a source of renewable fuel. Renewable and
Sustainable Energy Reviews 2011, 15, 1937-1949, 10.1016/j.rser.2010.12.012.

102. Ahmet Uyumaz; Combustion, performance and emission characteristics of a DI diesel engine fueled with mustard oil
biodiesel fuel blends at different engine loads. Fuel 2018, 212, 256-267, 10.1016/j.fuel.2017.09.005.

103. A. Sanjid; H. H. Masjuki; M.A. Kalam; M.J. Abedin; Mohammad Jafari; Experimental Investigation of Mustard Biodiesel
Blend Properties, Performance, Exhaust Emission and Noise in an Unmodified Diesel Engine. APCBEE Procedia
2014, 10, 149-153, 10.1016/j.apcbee.2014.10.033.

104. M.M. Alam; K.A. Rahman; Biodiesel from Mustard oil: a Sustainable Engine Fuel Substitute for Bangladesh.
International Journal of Renewable Energy Development 2013, 2, 141-149, 10.14710/ijred.2.3.141-149.

105. Yuvarajan Devarajan; Dineshbabu Munuswamy; Beemkumar Nagappan; Amith Kishore Pandian; Performance,
combustion and emission analysis of mustard oil biodiesel and octanol blends in diesel engine. Heat and Mass
Transfer 2018, 54, 1803-1811, 10.1007/s00231-018-2274-x.

106. Umer Rashid; Farooq Anwar; Production of biodiesel through optimized alkaline-catalyzed transesterification of
rapeseed oil. Fuel 2008, 87, 265-273, 10.1016/j.fuel.2007.05.003.

107. Mohanad Aldhaidhawi; Radu Chiriac; Viorel Badescu; Ignition delay, combustion and emission characteristics of Diesel
engine fueled with rapeseed biodiesel – A literature review. Renewable and Sustainable Energy Reviews 2017, 73,
178-186, 10.1016/j.rser.2017.01.129.

108. Mohanad Aldhaidhawi; Radu Chiriac; Viorel Badescu; Ignition delay, combustion and emission characteristics of Diesel
engine fueled with rapeseed biodiesel – A literature review. Renewable and Sustainable Energy Reviews 2017, 73,
178-186, 10.1016/j.rser.2017.01.129.

Retrieved from https://encyclopedia.pub/entry/history/show/8837


