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Abstract: Castor bean is found in Chile between the Arica and Parinacota and Maule regions and
is one the most important industrial crops worldwide because of the presence of ricinoleic acid in
its oil. However, there is little information about it in our country. In this study, we analyzed the
oil content and fatty acid profiles of 17 castor bean Chilean accessions from the Metropolitana and
Valparaíso regions. The seed-oil was extracted using the Soxhlet extraction process, and the fatty acid
profiles were determined using the GC-FID method. The oil content in castor bean Chilean accessions
ranged between 45.7% and 54.0%. Among the 17 accessions analyzed, H-15 had the highest oil
content (54.0%; p < 0.05), whereas the H-10 and H-08 accessions had the lowest oil content, (45.7% and
45.9%, respectively; p < 0.05). Ricinoleic acid was the most abundant fatty acid (between 87.64%
and 89.83%) in the seed-oil. The highest level of ricinoleic acid was found in the H-08 accession.
This was only statistically higher (p < 0.05) for three accessions, whereas the H-04 accession had the
lowest ricinoleic acid content. Although the H-08 accession registered one of the least abundant oil
contents, it had the highest amount of ricinoleic acid. No significant correlation was found between
oil content and ricinoleic acid. Our study suggests that oil content does not influence the castor oil
fatty profile. The high oil content and ricinoleic acid level registered in castor bean Chilean accessions
justify their production in Chile and their utilization for developing bio-based products. Furthermore,
Chilean castor bean could grow in semi-arid lands. However, further field studies are needed to
identify the cultivars best suited for Mediterranean conditions.
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1. Introduction

Castor bean (Ricinus communis L.) is one the most important industrial crops in the world due
to the commercial importance of its oil [1]. Castor plants grow in tropical climates [2], with high
annual rainfall (over 400 mm year−1) and high annual average temperature (between 20–27 ◦C) [2,3].
Despite this, castor bean has been introduced and adapted to the varying climatic conditions in many
countries, including Chile, where it is wildly growing [4,5].
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In Chile, the castor bean is found between the Arica and Parinacota and Maule regions
(unpublished), growing under arid and semi-arid conditions and in Mediterranean climates. Those areas
normally receive an annual average rainfall lower than 400 mm that is concentrated during the winter
season, and in some areas the rainfall is even below 50 mm. Meanwhile, the annual average temperature
is lower than 20 ◦C [6]. Therefore, these naturalized castor beans have shown high adaptability to
Chilean climatic conditions. However, there is little information regarding the use, adaptation,
and characterization of castor bean and castor oil in Chile [4,5].

Seed-oil content in castor bean is variable according to germplasms or accessions, ranging between
28% and 59% [7,8]. This inedible oil contains ricinoleic acid, which constitutes 79% to 92% of the
fatty acid content in the seed-oil [7,8]. Castor oil is considered a high-value oil for the agriculture,
medicine, and cosmetic sectors because ricinoleic acid can be chemically transformed to obtain various
commercial products of interest, such as lubricants, inks, biopolymers, and biodiesel [8]. Moreover,
it is considered as a second-generation raw material for the production of bioenergy or industrial
purposes [9].

Although castor bean cultivars are mostly adapted to tropical conditions [8,10], their growth
has also been evaluated in semi-arid conditions of Mediterranean climates [2,3,11,12]. There are two
dwarf cultivars, “Hale” and “Brigham”, developed in the USA, that can grow under semi-arid or
arid conditions, with a maximum oil yield of 47.8% [10,13]. An evaluation of adventive germplasms
growing under Mediterranean conditions would allow their potential use for breeding programs and
thereby help to obtain new cultivars [12]. Moreover, castor bean production in marginal land has been
promoted as an alternative to avoid competition with food and feed production [2,11], and castor
bean is one of the industrial crops most attractive for seed-oil production under arid and semi-arid
conditions [2].

Castor bean can be used as a productive alternative crop in arid or semi-arid land; however,
identifying and procuring cultivars that can adapt to these conditions is a key factor for the success
of such ventures. Thus, the evaluation of the oil contents and fatty acid composition of the wild
germplasms including Chilean castor bean accessions, may contribute towards this purpose. Therefore,
the objective of this study was to evaluate the oil content and fatty acid composition of Chilean castor
accessions that wildly grow in Chilean climatic conditions to be used as potential industrial crops in a
Mediterranean climate.

2. Materials and Methods

Seventeen castor bean naturalized accessions of Chile, obtained in January 2018 from a germplasm
field of the Faculty of Agronomic Sciences of Universidad de Chile (33◦34′05′′ S, 70◦38′04′′ W),
were evaluated. The detailed collection site of 17 castor accessions is presented (Table 1). A germplasm
field was established with one accession per row and spacing of 1.0 m between plants within a row
and 1.5 m between rows. Weeds were controlled manually, and no fertilizer or pesticide was applied.
The racemes were also collected by hand. All accessions growing as adventive species were collected
from Valparaíso and Metropolitana regions.

The seeds of castor bean were milled and dried in an oven overnight at 105 ◦C until reaching a
constant weight. Oil was extracted using the Soxhlet system with hexane as a solvent for 30 cycles
(or 5 h), and it was recovered through evaporation as described by Perdomo et al. [14].

The fatty acid composition was determined according to Hidalgo et al. [15]. Briefly, 50 µL of
castor oil was hydrolyzed with 1.0 mL of potassium hydroxide/methanol solution (0.5 M) at 100 ◦C
for 5 min. After 400 µL of a methylation solution comprising hydrochloric acid in methanol (4:1 v/v)
was added, it was maintained at 100 ◦C for 15 min. The sample was cooled, and 2.0 mL of purified
water and 3.0 mL petroleum ether were added and then stirred vigorously and allowed to stand for
1 min until two phases clearly separated; then, the supernatant was used for the downstream processes.
Finally, petroleum ether from the supernatant was evaporated at 55 ◦C. Gas chromatography with
flame-ionization detector (GC-FID) was employed for fatty acid analysis (Clarus 600, PerkinElmer,
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Waltham, MA, USA). The samples for GC-FID were prepared in a vial, where 10 µL of methylated
castor oil was dissolved in 233 µL of methyl heptadecanoate (internal standard) and 926 µL of heptane.
The vial was closed with a teflon septa cap and shaken vigorously, and 0.5 µL was injected. A capillary
column (30 m × 0.53 mm × 0.5 µm; DB23, J&W Scientific, Folsom, CA, USA) was used with helium
as a carrier gas (5.0 mL min−1). The injector and detector temperatures were 250 ◦C, while the oven
temperature was at a gradient: 60 ◦C to 180 ◦C at 30 ◦C min−1 and then from 180 ◦C to 210 ◦C at
2 ◦C min−1. Fatty acids peaks were identified by comparison with the relative retention time of fatty
acids methyl esters standard (Sigma-Aldrich Co., St. Louis, MO, USA).

Table 1. Castor bean Chilean accessions evaluated in this study.

Accessions Locality, Region Coordinate Accessions Locality, Region Coordinate

H-01 Cerro Blanco,
Metropolitana

33◦24′59′′ S
70◦38′40′′ W H-10 Talagante (Green),

Metropolitana
33◦40′59′′ S
70◦57′34′′ W

H-02 Cerro San Cristóbal,
Metropolitana

33◦25′31′′ S
70◦38′01′′W H-12 Gran Avenida,

Metropolitana
33◦32′29′′ S
70◦40′00′′ W

H-03 Cantera del Monte,
Metropolitana

33◦40′30′′ S
70◦59′52′′ W H-14 Muelle Barón, Valparaíso 33◦02′33′′ S

71◦36′22′′ W

H-04
San Francisco del

Monte,
Metropolitana

33◦40′56′′ S
70◦58′34′′ W H-15 Cerro Jiménez,

Valparaíso
33◦03′02′′ S
71◦37′47′′ W

H-05 Puente Rinconada,
Metropolitana

33◦30′25′′ S
70◦48′20′′ W H-16 Isla de Pascua,

Valparaíso
27◦08′59′′ S

109◦26′20′′ W

H-06 Talagante (Red),
Metropolitana

33◦40′12′′ S
70◦56′27′′ W H-17 Chilca, Valparaíso 32◦51′05′′ S

70◦52′53′′ W

H-07 Petorca, Valparaíso 32◦15′01′′ S
70◦55′53′′ W H-18 Universidad Adolfo

Ibáñez, Metropolitana
33◦29′22′′ S
70◦31′09′′ W

H-08 Cuyuncaví,
Metropolitana

33◦24′32′′ S
70◦07′36′′ W H-19 Autopista del Sol,

Metropolitana
33◦29′17′′ S
70◦44′50′′ W

H-09 Zanjón de la Aguada,
Metropolitana

33◦28′50′′ S
70◦37′51′′ W

Data of oil content and fatty acid composition were evaluated for normality and variance
homogeneity using the Kolmogorov–Smirnov and Levene’s tests, respectively. Analysis of variance
was performed, and the averages were compared using a Tukey’s test to determine significant differences
between the groups. Statistical significance was defined as p < 0.05. SPSS software, version 25.0,
was used for statistical analyses. All analyses were made with three replicates. Additionally,
correlation analysis was performed to determine the relationship between oil content and fatty acids
present in castor oil.

3. Results

The oil content in the different Chilean castor bean accessions, from Valparaíso and Metropolitana
regions, ranged from 45.7% to 54.0% of the total seed-oil, with an average of 49.2% (Figure 1).
The maximum castor oil content was registered for the H-15 accession (54.0%), whereas H-10 (45.7%)
and H-08 (45.9%) showed the lowest oil content among the tested accessions (Figure 1). The difference
between the castor oil content in H-15 and that in the other accessions, except H-02, H-09, and H-14,
was statistically significant (p < 0.05). However, the minimum amount of castor oil was statistically
significant (p < 0.05) for 11 accessions (Figure 1).

Ricinoleic acid (C18:1-OH) content in Chilean castor accessions was in the range of 87.6% to 89.8%,
in H-04 and H-08 accessions, respectively. Linoleic, oleic, stearic, palmitic, and linolenic acids (in order
of decreasing content) were also detected. The ricinoleic acid content in Chilean accessions did not vary
between the different accessions; the maximum content (89.8%) was detected in the H-08 accession,
and this was not statistically significant for 13 of 16 accessions (Table 2).
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Table 2. Fatty acids profile of seventeen castor bean Chilean accessions.

Fatty Acid Content (%)

C16:00 C18:00 C18:1 C18:2 C18:3 C18:1-OH

H-01 1.06 (±0.03) b 1.24 (±0.03) c,d,e 2.71 (±0.03) h 4.90 (±0.06) a,b,c 0.47 (±0.01) a,b,c 89.55 (±0.08) a,b

H-02 1.18 (±0.11) a,b 1.47 ±(0.06) a,b,c 3.16 (±0.03) f,g 4.84 (±0.05) a,b,c 0.40 (±0.01) e,f,g 88.86 (±0.25) a,b,c,d

H-03 1.31 (±0.01) a 1.26 (±0.00) b,c,d,e 3.60 (±0.01) a,b,c,d,e 5.12 (±0.06) a 0.49 (±0.01) a 88.16 (±0.07) c,d

H-04 1.30 (±0.02) a 1.51 (±0.04) a,b 4.01 (±0.04) a 5.04 (±0.06) a,b 0.50 (±0.02) a 87.64 (±0.07) d

H-05 1.16 (±0.04) a,b 1.20 (±0.05) d,e 3.67 (±0.08) a,b,c 4.78 (±0.04) a,b,c,d 0.50 (±0.02) a 88.66 (±0.12) a,b,c,d

H-06 1.12 (±0.10) a,b 1.36 (±0.08) a,b,c,d 3.22 (±0.12) d,e,f,g 4.74 (±0.18) a,b,c,d 0.43 (±0.01) c,d,e,f 89.05 (±0.49) a,b,c

H-07 1.11 (±0.04) a,b 1.21 (±0.03) c,d,e 3.28 (±0.05) b,c,d,e,f,g 4.77 (±0.05) a,b,c,d 0.50 (±0.01) a 89.05 (±0.16) a,b,c

H-08 1.07 (±0.09) b 1.22 (±0.16) c,d,e 3.28 (±0.31) b,c,d,e,f,g 4.14 (±0.05) e 0.41 (±0.02) d,e,f,g 89.83 (±0.65) a

H-09 1.03 (±0.06) b 1.27 (±0.13) a,b,c,d,e 3.03 (±0.21) g,h 4.49 (±0.07) c,d,e 0.39 (±0.02) f,g 89.71 (±0.70) a,b

H-10 1.12 (±0.06) a,b 1.18 (±0.11) d,e,f 3.40 (±0.23) b,c,d,e,f,g 4.60 (±0.23) c,d 0.43 (±0.02) c,d,e,f 89.24 (±0.68) a,b,c

H-12 1.14 (±0.03) a,b 1.05 (±0.02) e,f 3.68 (±0.06) a,b 5.08 (±0.08) a 0.44 (±0.01) b,c,d,e 88.58 (±0.14) b,c,d

H-14 1.11 (±0.01) a,b 1.32 (±0.02) a,b,c,d 3.52 (±0.03) b,c,d,e,f 4.39 (±0.13) d,e 0.46 (±0.02) a,b,c,d 89.15 (±0.20) a,b,c

H-15 1.06 (±0.01) b 1.35 (±0.01) a,b,c,d 3.21 (±0.01) e,f,g 4.63 (±0.10) b,c,d 0.38 (±0.02) g 89.32 (±0.15) a,b,c

H-16 1.11 (±0.15) a,b 0.94 (±0.13) f 3.64 (±0.11) a,b,c,d 4.83 (±0.26) a,b,c 0.47 (±0.04) a,b,c 88.94 (±0.57) a,b,c

H-17 1.04 (±0.02) b 1.20 (±0.04) d,e 3.30 (±0.06) b,c,d,e,f,g 4.60 (±0.09) c,d 0.46 (±0.01) a,b,c,d 89.32 (±0.22) a,b,c

H-18 1.13 (±0.11) a,b 1.53 (±0.18) a 3.40 (±0.30) b,c,d,e,f,g 4.70 (±0.18) a,b,c,d 0.37 (±0.01) g 88.81 (±0.73) a,b,c,d

H-19 1.23 (±0.04) a,b 1.32 (±0.04) a,b,c,d 3.25 (±0.08) c,d,e,f,g 4.82 (±0.07) a,b,c,d 0.48 (±0.01) a,b 88.79 (±0.25) a,b,c,d

Different lowercase letters in the same columns are significantly different (p < 0.05; n = 3); values are expressed as mean ± standard deviation (n = 3). C16:0: palmitic acid; C18:0: stearic acid;
C18:1: oleic acid; C18:2: linoleic acid; C18:3: linolenic acid; C18:1-OH: ricinoleic acid.
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Figure 1. Castor bean seed-oil content in different Chilean accessions. Oil content (%) corresponds to
the mean for three replicates. Vertical bars represent standard error of the mean (n = 3), and different
lowercase letters in the columns represent statistically significant differences (p < 0.05).

Furthermore, there was no significant correlation observed between oil and ricinoleic acid content
(r = −0.013; p > 0.01). Meanwhile, linolenic acid was the only fatty acid that showed a moderately
significant correlation with oil content (r = −0.432; p < 0.01). However, it was the least abundant fatty
acid in castor oil (average of 0.5%). Moreover, there was a significantly negative correlation between
ricinoleic acid and the other fatty acids, especially palmitic (r = −0.870; p < 0.01), oleic (r = −0.789;
p < 0.01), and linoleic acids (r = −0.785; p < 0.01; Table 3).

Table 3. Pearson correlation coefficients comparing oil content (%) and fatty acid content (%) registered
in the 17 castor Chilean accessions.

C16:0 C18:0 C18:1 C18:2 C18:3 C18:1-OH

Oil content Pearson correlation −0.098 0.224 −0.165 0.163 −0.432 * −0.013
Sig. (p value) 0.496 0.113 0.246 0.252 0.002 0.927

C16:0 Pearson correlation 0.445 * 0.628 * 0.612 * 0.406 * −0.870 *
Sig. (p value) 0.001 0 0 0.003 0

C18:0 Pearson correlation 0.087 0.116 −0.254 −0.410 *
Sig. (p value) 0.543 0.417 0.072 0.003

C18:1 Pearson correlation 0.385 * 0.396 * −0.789 *
Sig. (p value) 0.005 0.004 0

C18:2 Pearson correlation 0.492 * −0.785 *
Sig. (p value) 0 0

C18:3 Pearson correlation −0.474 *
Sig. (p value) 0

* Significative correlation at 0.01 level. C16:0: palmitic acid; C18:0: stearic acid; C18:1: oleic acid; C18:2: linoleic acid;
C18:3: linolenic acid; C18:1-OH: ricinoleic acid.
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4. Discussion

In this study, castor oil content in the Chilean accessions was found to range between 45.7% and
54.0% (Figure 1). According to the literature, oil content in castor bean seed ranges from 38% to 55% in
an Indian collection [8] and from 36.6% to 49.2% in Chinese accessions [16]. In the USDA collection,
the maximum oil contents reported in two different studies were 56.5% [7] and 60.6% [17]. In the
present study, seven accessions showed castor oil contents greater than 50% (H-06, H-12, H-05, H-18,
H-09, H-02, and H-15; Figure 1).

Under natural conditions, the average oil content in castor bean fluctuates between 42.0%
and 49.0% [8] but reaches between 47.0% and 55.0% under Mediterranean conditions [3,11,12].
Sixteen Chilean castor bean accessions in this study were collected from a Mediterranean climate [6],
except H-16, which was obtained from Rapa Nui with an annual average rainfall of 1157 mm year−1

and mean temperature between 18 to 20 ◦C [18], and the oil content for these averaged 49.2% (Figure 1).
These results could indicate that the oil content in castor bean accessions grown in Mediterranean
conditions could be superior to that of plants grown in natural conditions (tropical climate),
despite precipitation during 2017 being 343 mm in Cardenal Zamoré meteorology station (33◦31′ S,
70◦35′ W) [19], which was considerably lower than the precipitation level considered as optimal for
castor bean growth (>750 mm) [20]. This is despite the fact that plants under stress conditions normally
have reduced oil contents in oilseeds [21]. Therefore, these results suggest that these accessions have
completely adapted to the Mediterranean climate. Regardless, oil content and fatty acid profiles in
oilseeds are dependent on genotype, environmental conditions, and their interactions [21]; however,
more information (agronomic, genetic, and physiologic) is necessary to determine castor bean oil
production and yield under Chilean conditions.

On the contrary, the castor bean vulnerability to freeze stress (low sub-zero temperature) has been
previously reported [8,22], and there is limited information about castor bean cultivars adapted to
these conditions of abiotic stress. Castor bean naturalized accessions under Mediterranean conditions
in Chile are exposed to a freezing temperature for at least 8.0 days per year [23]; thus, these results
suggest the possibility of developing a cultivar adapted to frost stress in countries with Mediterranean
climates. Precisely, some of the most important challenges for increasing castor bean production
worldwide are germplasm evaluation, breeding programs, and abiotic stress of cultivars [24], and with
these results, it could be assumed that Chilean castor bean accessions could tolerate mild frost and
maintain high seed-oil production.

The fatty acid profiles obtained for all Chilean castor beans evaluated in this study were similar to
those previously registered by Zapata et al. [4] and Román-Figueroa et al. [5] in Chilean accessions.
The ricinoleic acid content (average of 88.9%) registered in castor bean Chilean accessions was higher
than that previously reported in USDA castor germplasms (84.5%), as well as Tunisian (81.8%) and
Spanish (87.6%) accessions [11,12,25]. This high ricinoleic acid content in Chilean accessions could be
an opportunity to obtain a cultivar adapted to Mediterranean conditions, but further field evaluations
of the accessions with the highest oil or ricinoleic acid contents characterized in this study could lead to
obtaining commercial cultivars. However, there were no correlations between castor oil and ricinoleic
acid; therefore, high oil content does not guarantee high ricinoleic acid content in the fatty acid profile.

In fact, in this study, it was observed that the H-08 accession, which had the second lowest oil
content (45.9%) among the Chilean accessions (Figure 1), had the highest ricinoleic acid content (89.8%;
Table 2). Meanwhile, the only significant correlation between oil and some fatty acid content was
registered with linolenic acid, but this fatty acid is found in lower quantities in the castor bean seed.
Consequently, its variation did not have an impact on castor oil content and fatty acid profiles [25,26].

Significant correlation was not found between ricinoleic acid and oil content in Chilean castor
bean (Table 3), this might be due to the relative quantification method for fatty acids determination
employed in this study [27]. Anyway, similar to the present observations, previous studies also did not
find significant correlations [25,26,28]. In contrast, Huang et al. [16] and Velasco et al. [12] found a
positive correlation between oil content and ricinoleic acid, whereas Anastasi et al. [11] observed a
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highly significant negative correlation. These contradicting results hint at the high genetic variability
among castor bean accessions. This highlights the importance of establishing a breeding program to
obtain cultivars with homogenous characteristics [29,30].

This inverse correlation could be explained by the fact that in the synthesis of ricinoleic acid,
oleic acid must be hydroxylated, and hence, when ricinoleic acid content increases, oleic acid content is
reduced in the seed-oil [31]. Likewise, this behavior would result in decreased linoleic acid, which is
also synthesized from oleic acid [32]. Similar correlations were observed by Da Silva et al. [26],
Wang et al. [25], Shah et al. [28], and Anastasi et al. [11]. However, Huang et al. [14] did not detect
significant correlations between ricinoleic acid and other fatty acids.

5. Conclusions

Chilean castor accessions showed high seed oil content (49.2%). The H-15 accession had the
highest oil content (54.0%), which was greater than that of some commercial castor cultivars from other
countries. On the contrary, the castor oil fatty acid profile was similar to those previously published
and included ricinoleic, linolenic, linoleic, oleic, stearic, and palmitic acids.

As was expected, ricinoleic acid was the most important fatty acid in the Chilean castor accessions
(ranged between 87.6% and 89.8%), and its concentration was not related to oil content. The H-08
accession showed one the lowest oil contents (45.9%) but the highest ricinoleic acid content (89.83%)
among the seventeen accessions evaluated. These results confirmed that there is no direct correlation
between oil content and ricinoleic acid.

The characteristics of Chilean castor bean accessions related to oil content and fatty profile need
to be further studied, and the interaction of genotype × environment needs to be evaluated for the
determination of seed productivity and oil yield in field experiments and for a breeding program to
obtain a castor bean Chilean cultivar.
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