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Castor oil is an important raw material used in a diverse range of chemical products with high added 
value. From a collection of Mexican grown seeds from the castor plant (Ricinus communis), 18 
accessions with a high potential for oil production and panicle indehiscent were selected and 
cultivated. The variability was studied from three aspects: seed yield, seed composition and the oil 
quality, through 22 descriptors measured experimentally. Two hybrid seeds cultivated under the same 
conditions were used as a control. The variability was studied by descriptive statistics and the 
conformation of clusters via multivariate techniques. It was found that the average coefficient of 
variation in the descriptors was 32.5%. The seed and oil yields together with content of minor fatty 
acids corresponded to the descriptors with the greatest dispersion. The correlation coefficients 
between the descriptors were low. The clustering methods used were capable of identifying and 
isolating the various hybrids of the local accessions. The principal components analysis identified a 
group of 6 local seeds with an average seed yield but high oil content. 
 
Key words: Fatty acids, yield, Ricinus communis. 

 
 
INTRODUCTION 
 
The castor plant belongs to the family of Euphorbiaceae 
and is developed in tropical and semi-tropical regions 
(Severino et al., 2012). Given its huge, adaptive capacity 

it can currently be found practically all over Mexico 
(Rodríguez and Zamarripa, 2012); however, its cultivation 
and commercial use has not been developed to the same 

 

 

 



 
 
 
 
extent as Brazil, Nigeria, India and China (Salimon et al., 
2010). Castor oil has a wide range of uses and is used as 
a raw material in the synthesis of high added value 
products such as oleorresines, polymers and synthetic 
fibres, as well as chemical products such as Undecylenic 
acid and Hydroxystearic acid  (Ogunniyi, 2006; Perdomo 
et al., 2013; Van der Steen et al., 2011). The main 
characteristic of castor o is the high content of ricinoleic 
acid (C18H32O3 (R)-12-Hydroxy-cis-9-octadecenoic acid) 
that, possessing a hydroxyl group and  unsaturation can 
contribute to reactions to obtain products with a high 
added value (Yusuf et al., 2015). 

In Mexico, during the decade of the 1960's, over 12,000 
ha were grown whereas in  the year 2000 that had 
reduced to only 1,800 ha and today there is practically no 
agricultural production of this plant (FAOSTAT, 2017); 
Mexico currently imports castor oil. Government 
authorities promote production of the castor seeds 
(SAGARPA, 2009), however, the value chain for the 
utilization of the seed and castor oil has not been 
consolidated, and there is a need to substantially 
increase the growth area together with agricultural 
productivity and the planning of the processing industry 
and marketing channels. 

Deeper knowledge about and an ability to identify those 
varieties of local castor plants with high oil production 
potential would make their cultivation attractive. 
Furthermore, the study on variability of the seeds via their 
descriptors would enable the most apt accessions to be 
chosen for their growth and industrial use (Lima et al., 
2014). In this last decade, the seed has been grown in a 
marginal way in Mexico leading to a preference for the 
introduction of foreign varieties which have raised the 
farming costs. Nevertheless, there is a diversity of local 
varieties of the castor plant that have been little studied 
yet offer an interesting potential and are better adapted to 
the region. This signifies the importance of evaluating 
these varieties for the quality of their oil that could be 
competitive with commercial varieties. 

In this work a variability study of 18 local accessions of 
seeds collected in Mexico from castor plants was carried 
out through 22 descriptors of their agronomic yield, 
proximate composition of the seed and the quality of the 
oil. This study was carried out using descriptive statistics 
and multivariate analysis to implement clustering 
algorithms to identify and select the seeds for their 
attributes and yields. 
 
 
MATERIALS AND METHODS 
 
The collection of castor seeds used in this study came from a 
national harvest that was made up of 120 local accessions that was  
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carried out by INIFAP-Bajio (Instituto Nacional de Investigaciones 
Forestales, Agrícolas y Pecuarias Unidad Bajío) en 2010. The 
accessions considered in this study came from Guanajuato, a state 
located in the centre of Mexico, and were selected for their high 
agricultural yield and oil content. These seeds are safeguarded and 
preserved in facilities INIFAP-BAJIO. 

The seeds were grown on plots located in the Campo 
Experimental de INIFAP-Bajío under the same agro-climatic 
conditions (20°34´47” N and 100°49´14” W) and agricultural 
technologies (Hernández-Martinez et al., 2013). The commercial 
varieties k75B and k93B were used as controls along with the 
seeds sown and harvested from varieties known as k75G and 
k93G. The seeds were stored in hermetically sealed plastic vessels 
at a temperature of between 4 and 5ºC for their subsequent study 
(Valero and Díaz, 2014). 
 
 

Fatty acid profiles 
 
Oil from the seeds was extracted with hexane using a Soxhlet 
apparatus and underwent transesterification reactions to convert 
the fatty acids into methyl esters (FAMEs, Kirk et al., 2004). The 
FAMES were dissolved in heptane to be analyzed by gas 
chromatography (Perkin Elmer; GC-Clarus 500). An AT-Wax 
capillary column 30 m x 0.25 mm x 0.5 µm (Alltech Heliflex®) was 
used. The operational temperatures were 230, 230 and 250°C in an 
injector, oven and FID detector, respectively. Chromatographic 
grade N2  was used as a carrier gas at a pressure of 14 psig with a 
15:1 split , the injected sample volume was 1 µL. Analytical 
standard methyl  heptadecanoate, (Sigma) was used as an internal 
standard. 
 
 
Chemical analysis of the oils 
 
The following values were determined: acidity (Horwitz, 2002), 
peroxide (Crowe and White, 2001), iodine (Canesin et al., 2014) 
and saponification (Canesin et al., 2014). The values were 
determined in triplicate using the oils extracted from seeds of the 
castor plant considered in this study as raw materials. 
 
 

Proximate composition 
 
The proximate composition of the seed samples taken from each 
accession: humidity (Horwitz, 2002), fixed and volatile solids (sf, sv: 
Horwitz, 2002), protein (Horwitz, 2002), fat percentage content (Xu, 
2007), crude fiber (Horwitz, 2002) and carbohydrates (Lima et al., 
2014) were determined. The weight of 100 seeds were also 
determined (Goytia et al., 2011). 
 
 

Statistical analysis 
 
The experimental details for 22 selected castor plant seeds were 
analyzed by descriptive statistics: Mean, standard deviation, 
maximum and minimum values, range and coefficient of variation. 
The matrix of correlation coefficients between the descriptor studies 
was also constructed. The Turkey test (α= 0.5) was carried out to 
determine the similarity between the measurements of the different 
descriptors of the accessions of the seeds studied. In order to study 
variability, multivariate analysis was used, implementing 
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Table 1. Average of the variables evaluated in the eighteen local seeds of the castor plant in Mexico and the commercial hybrid varieties. 
 

Accession Agronomic yield Oil Yield 
Weight of 100 

seeds (g) 

Fatty Acid Profiles (% w/w) Proximal (% Mean±Standard deviation) Chemical Properties (Mean± Standard deviation) 

Ricinoleic Linoleic Oleic Stearic Palmític Linolenic Arachidonic Ashes Volatile solids Fat content Protein Humidity Fiber Carbohydrates 
Oil ashes 

(%) 
Acidity value Peroxide value 

Saponification 
value 

Iodine value 

Nomenclature 
Re+ 

kg seed ha-1 

Ra 

kg oil ha-1 
P Oil1 Oil2 Oil3 Oil4 Oil5 Oil6 Oil7 sf sv PA Pro H Fi CH Cea IA (%) 

IP 

(meq  O2/kg) 

IS 

(mg KOH/g) 

IY 

(g I2/100 g) 

A553 1,190 660.80 44+0.66ab 82.11 15.15 7.12 1.11 0.44 0.26 0.12 3.37+0.42efg 91.55+1.16ª 55.53+0.26a 25.37+0.64def 4.01+0.01bc 14.49+0.54ij 11.68+0.05h 0.030 1.20+0.00a 1.02+0.72ef 110.26+27.8a 84.66+0.57c 

A559 2,120 1,011.66 44+0.66ab 82.19 15.33 3.6 0.88 0.74 0.65 0.16 4.74+0.05cde 91.15+0.77ª 47.72+0.95cdef 27.18+0.03cd 3.48+0.42c 17.48+0.56cde 19.05+0.04d 0.040 1.26+0.05a 1.13+0.56def 131.72+1.55a 78.45+1.05c 

A1 2,169 984.07 79.98+0.66ab 83.21 16.12 4.64 1.67 1.39 0.23 0.12 5.71+0.84abc 90.85+0.03ª 45.37+1.28g 27.12+0.84cd 7.26+0.15a 16.67+1.61efgh 16.87+0.65ef 0.011 1.23+0.05a 1.08+0.77cdef 128.72+5.67a 84.13+3.9c 

A2 967 445.20 48.02+0.66ab 85.65 14.23 3.56 1.87 1.03 0.33 0.23 3.07+0.07g 92.58+0.83ª 46.04+2.68fg 25.57+2.64def 4.5+0.5bc 17.05+2.68defg 20.96+0.58c 0.002 1.23+0.05a 1.25+1.10bcdef 131.9+11.05a 85.96+5bc 

A3 2,403 1,098.89 78.81+0.66ab 85.83 16.83 4.86 1.32 0.52 0.25 0.25 5.27+0.65bc 91.01+0.67ª 45.73+0.98g 24.69+0.17fg 5.05+0.31bc 17.56+3.26cde 12.82+0.71h 0.050 1.13+0.11a 1.28+0.56abcdef 135.32+4.25a 87.8+0.67bc 

A4 1,856 886.79 86.83+0.66ab 81.01 15.47 5.23 2.1 1.11 0.69 0.1 3.51+0.04defg 93.12+0.02ª 47.78+0.5cdef 27.03+2.07cd 5.28+0.25bc 15.13+2.8hij 16.27+0.06fg 0.003 1.20+0.1a 2.24+1.07abc 131.33+2.18a 78.33+0.96c 

A5 1,308 610.96 43.09+0.66ab 86.78 14.66 4.22 1.9 1.01 0.6 0.21 4.89+0.07cd 90.66+1ª 46.71+0.6cdefg 25.74+1.74def 5.73+0.58ab 13.47+1.79j 18.65+1.01de 0.050 1.06+0.05a 2.21+0.80a 120.30+10.16a 79.08+0.46c 

A6 752 363.59 50.78+0.66ab 85.6 15.82 4.95 1.52 1.28 0.5 0.3 4.91+0.02cd 91.30+1.13ª 48.35+0.82cd 26.15+0.66def 5.16+1.04bc 15.33+4.48ghij 16.13+0.28fg 0.011 1.1+0.1a 1.27+0.21abcdef 133.2+0.38a 78.42+0.38c 

A7 572 268.84 31.08+0.66ab 88.43 14.94 4.11 1.73 1.08 0.22 0.21 4.63+0.2cdef 92.94+0.60ª 47+1.57cdefg 22.86+1.46gh 5.63+2.17ab 18.9+1.45bcd 21.43+0.92c 0.020 1.46+0.5a 2.30+0.55a 132.87+0.33a 76.9+0.56c 

A8 780 379.002 21.13+0.66b 85.32 15.98 4.3 1.06 1 0.32 0.2 5.10+0.1bc 94.58+0.05ª 48.59+0.14c 28.63+4.96bc 4.63+0.5bc 17.23+5.62def 14.78+0.39g 0.010 1.46+0.51a 2.11+1.6abcd 126.25+0.35a 77.51+1.08c 

A9 1,248 599.91 40.94+0.66ab 88.74 14.59 3.65 1.32 1.03 0.39 0.24 5.06+0.48bc 96.38+1.72ª 48.07+0.63cde 31.04+0.05a 5.5+1.88ab 16.93+6.70efgh 11.29+0.17h 0.014 1.1+0.1a 1.81+0.42abcdef 103.37+0.58a 78.29+0.54c 

A10 452 215.87 33.42+0.66ab 89.06 14.45 3.66 1 0.93 0.44 0.42 5.00+0.09bc 96.53+1.03ª 47.76+0.14cdef 24.95+0.35ef 5.46+0.64ab 17.67+9.21cde 18.72+0.38de 0.015 1.43+0.37a 1.98+0.3abcdef 114.48+0.81a 75.30+0.81c 

A11 969 450.77 36.65+0.66ab 84.31 15.48 5.3 2.69 1.09 0.32 0.12 5.03+0.47bc 96.39+0.81ª 46.52+2.73defg 26.62+0.45de 5.30+0.44bc 14.53+3.05ij 16.25+0.5fg 0.003 1.33+0.15a 2.27+0.57abcdef 113.96+0.03a 75.91+1.52c 

A12 670 319.38 27.74+0.66ab 81.23 15.84 6.31 1.19 0.86 0.51 0.32 4.42+0.32cdefg 95.64+1.06ª 47.67+0.33cdef 28.62+0.31bc 4.36+0.47bc 15.83+3.78efghi 16.25+0.57fg 0.020 1.16+0.2a 2.10+0.20a 114.31+0.31a 77.27+0.28c 

A13 2,023 980.54 31.76+0.66ab 85.78 15.4 4.5 1.13 1.06 0.53 0.39 3.21+0.01fg 94.18+0.55ª 48.47+0.22c 29.92+6.01ab 4.6+0.69bc 19.33+2.30bc 12.87+0.06h 0.030 1.36+0.28a 2.30+1.00abc 129.31+5.45a 100.42+20.04abc 

A14 1,196 554.22 38.65+0.66ab 87.06 15.1 4.57 1.09 1.07 0.57 0.51 7.01+0.01ª 92.83+9.16ª 46.34+0.36efg 29.52+0.12ab 4.83+0.83bc 19.9+5.23b 15.66+0.05fg 0.002 1.10+0.1a 2.00+1.00ab 134.04+1.02a 110.46+10.02ab 

A15 2,023 945.95 91.65+0.66a 89.35 14.81 3.3 0.84 0.8 0.53 0.33 4.33+0.07cdefg 98.22+1.15ª 46.76+1.09cdefg 27.26+0.46cd 4.67+0.54bc 21.9+5.23a 16.12+0.07fg 0.001 1.16+0.15a 2.23+0.57abcde 134.55+14.2a 90.4+10.02abc 

A16 1,196 559.8476 86.95+0.66a 82.13 15.89 3.5 1.4 1 0.98 0.25 5.76+1.36abc 89.13+0.52ª 46.81+1.41cdefg 22.47+1.33h 5.06+0.3bc 16.88+0.59efgh 25.73+0.17b 0.013 1.30+0.17a 2.20+1.9abc 136.75+14.2a 113.78+5.78a 

k75G* 2,200 1,347.621 39.90+0.66ab 60.676 17.582 11.151 4.145 3.495 1.417 1.533 5.38+0.56bc 98.40+1.04ª 42.1+1.01h 20.10+0.16ij 4.66+0.12bc 15.22+1.13ghij 30.02+0.47a 0.010 1.03+0.05a 1.01+0.05f 134.42+14.2a 91.03+0.05abc 

k93G* 2,350 1,361.2472 39.80+0.66ab 67.180 14.253 9.998 3.385 3.034 0.961 1.187 5.21+0.17bc 97.53+0.06ª 40.61+2.20h 21.21+1.01hi 4.17+0.21bc 15.56+1.54fghi 29.31+0.31a 0.012 1.4+0.6a 1.01+0.60f 136.62+14.2a 91.4+0.60abc 

k75B** 3,201Δ 1,145.1 32.7+0.66ab 81.98 15.9 4.2 1.12 0.99 0.43 0.31 5.28+017bc 96.74+2.22ª 52.05+0.23b 19.17+0.04j 5.56+0.23ab 15.15+1.77hij 20.19+0.69cd 0.010 1.2+0.17a 2.20+1.95abcdef 135.17+8.68a 110.774+19.54ab 

k93B** 3,352Δ 1,171.11 30.2+0.66ab 82.9 15.44 5.98 0.9 0.77 0.65 0.18 6.40+0.87ab 97.88+1.99a 49.86+0.10ij 19.86+0.10ij 5.26+0.30bc 16.66+1.37efgh 21.57+0.25c 0.013 1.7+0.3a 1.01+0.3f 133.91+1.02a 94.9+5.55abc 

Average 1,590.77 743.70 48.09 83.02 15.42 5.12 1.61 1.17 0.54 0.35 4.88 94.07 47.36 25.50 5.01 16.77 18.30 0.02 1.25 1.73 127.40 87.33 

Minimum 452.00 215.88 21.13 60.68 14.23 3.30 0.84 0.44 0.22 0.10 3.07 89.13 40.61 19.17 3.48 13.47 11.29 0.00 1.03 1.01 103.37 75.30 

Maximum 3,352.00 1,361.25 91.65 89.35 17.58 11.15 4.15 3.50 1.42 1.53 7.01 98.40 55.53 31.04 7.26 21.90 30.02 0.05 1.70 2.30 136.75 113.78 

Range 2,900.00 1,145.37 70.52 28.67 3.35 7.85 3.31 3.06 1.20 1.43 3.94 9.27 14.92 11.87 3.78 8.43 18.73 0.05 0.67 1.29 33.38 38.48 

Standard deviation  
(DS) 

826.62 359.53 21.61 6.78 0.82 2.02 0.84 0.71 0.29 0.35 0.97 2.87 2.96 3.35 0.76 1.98 5.08 0.01 0.16 5.36 9.87 12.04 

Coefficient variation (CV 
%) 

51.96 48.34 44.94 8.17 5.30 39.43 52.30 61.11 53.77 99.34 19.97 3.05 6.26 13.12 15.26 11.84 27.75 86.55 12.98 3.09 7.75 13.78 

 

*Commercial hybrid varieties under study conditions, ** Commercial hybrid varieties (initial reference), Δ Yields based on seed datasheet in kg ha
-1
. 

 
 
 
clustering algorithms. Two methodologies were used: the 
Un-weighted Pair Group Method with Arithmetic Mean 
(UPGMA), to represent the categorization of accessions 
via a dendrogram (Cuadra, 2016) and the Principal 
Component Analysis, PCA methodology to describe and 
explain the variability between the characteristics of the 
seeds using the JMP Software (JMP-Statistical Discovery 
Software from SAS) ver. 5.0.1 as a statistical tool. 

 
 
RESULTS 
 
Table 1 shows the characterization of the different 
accessions of the seeds studied, indicating the 

average value, standard variation, maximum and 
minimum values, and the range and coefficient of 
variation of each of the descriptors that were 
experimentally measured. The Turkey tests of 
means are indicated by superscripts; same letters 
indicate means with no significant statistical 
difference (α= 0.5), the variables of volatile solids, 
acidity values and iodine values show similar 
means in all the accessions. Figure 1 shows the 
variation coefficients (CV) of each one of the 
descriptors studied. As can be seen, the amount 
of araquidonic acid (Oil7) and the ashes content in 
the oil (Cea) are the variables that exhibit the 

greatest variability among the accessions. The 
agronomic yields of the seed (Re) and the oil (Ra) 
are also sources of important variability. The 
variables that describe the proximal seed 
composition and the chemical properties of the 
oils show lower CV. 

One of the variables of greatest interest is the 
yield of the castor plant seed (Re). The average 
world yield is 1.1 t ha

-1
; under favorable conditions 

yields of up to 4-5 t ha
-1

 have been reported 
(Scholz and da Silva, 2008). In the results 
obtained in this work, the values reported in the 
technical datasheets of the hybrid seeds are the
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Figure 1. Variation coefficients of the descriptors of the castor plant seed accessions studied. 

 
 
 

greatest (K75B: 3,201 kg ha
-1

 and K93B: 3,352 kg ha
-1

). 
However, in agricultural testing in Mexico these reduced 
to (K75G: 2,200 kg ha

-1
 and K93G 2,350 kg ha

-1
). Local 

accessions with attractive yields such as A3 with 2,402 
kg ha

-1 
were found. 

In a collection of castor plant seeds in the United 
States, the weight of 100 seeds (P) between 10.1g and 
73.3 g with an average of 28.3 g were determined (Wang 
et al., 2010). A collection of seeds in Chiapas State, 
southeastern Mexico has a P of between 7 and 123.9 g 
with an average of 48.72 g (Goytia-Jiménez et al., 2011). 
In this study, that varies between 21.13 and 91.65 g with 
an average of 48.55 g. In landrace collections, seed oil 
contents, PA, of 40–55% have been reported (Wang et 
al., 2010), in selected seeds, 54.47% (Chen et al., 2016) 
and hybrid seeds, 45.5-52.1% (Alexopoulou et al., 2015). 
The accessions studied in this work, showed a content 
range of 40.51-55.53% and an average of 47.47%. Local 

variety A553 is the highest content. 
Acidity value (IA) based on the ricinoleic acid of the wild 

varieties A7 and A8 showed the highest values (1.46%), 
while variety A5 showed the lowest, 1.06%. Commercial 
seed K93B exhibited an index greater than 1.7%. 
Wesoøowski and ErecinÂska (1998) reported an IA of 
1.59% (oleic acid) in rapeseed oil. The oils of local 
varieties A1, A12, A2, A3, A553, A559 and A6, as well as 
hybrids k75G, k93B and k93G have peroxide value (IP) 
of around 10 meq O2 kg

-1
, indicating greater chemical 

stability of the oil to oxidation reactions that give rise to 
rancidity. 

A14 and A16 exhibited the highest iodine value (IY); 
110.46 and 113.78 g I2/100 g respectively. Vegetable oils 
generally have an IY between 30 and 60 g I2/100 g 
(Meshram et al., 2013). Akpan et al. (2006) and Yusuf et 
al. (2015) reported that IY values between 81 and 91g 
I2/100 g, similar to the results presented in this work.  
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Table 2. Correlation coefficients among the descriptors of the seeds and oil of the castor plant. 
 

 Re P H Fi Pro sf sv PA CH IA IP IY IS Cea ra oil1 oil2 oil3 oil4 oil5 oil6 oil7 

Re 1.000                      

P 0.192 1.000                     

H 0.045 0.213 1.000                    

Fi -0.017 0.187 -0.104 1.000                   

Pro -0.485 0.045 -0.054 0.318 1.000                  

sf 0.135 0.465 -0.005 0.289 -0.030 1.000                 

sv -0.432 0.038 0.023 -0.104 0.627* -0.289 1.000                

PA 0.048 -0.198 -0.043 -0.102 0.037 -0.136 -0.159 1.000               

CH 0.236 -0.045 -0.086 -0.174 -0.746* 0.099 -0.497 -0.532* 1.000              

IA 0.117 -0.332 0.005 0.159 -0.284 0.100 -0.387 0.219 0.177 1.000             

IP -0.352 -0.034 0.185 0.238 0.313 0.123 0.237 0.092 -0.251 0.003 1.000            

IY 0.473 0.140 -0.044 0.251 -0.338 0.422 -0.497 0.048 0.302 -0.014 0.072 1.000           

IS 0.486 0.334 -0.057 0.302 -0.476 0.239 -0.347 -0.326 0.524* 0.113 -0.157 0.532* 1.000          

Cea 0.088 -0.040 -0.146 -0.177 0.038 -0.257 0.390 0.113 -0.223 -0.136 -0.132 -0.172 -0.129 1.000         

ra 0.860* 0.238 -0.104 -0.048 -0.446 0.187 -0.295 -0.356 0.436 -0.050 -0.481 0.362 0.497 0.091 1.000        

oil1 0.895* 0.240 0.041 -0.012 -0.375 0.201 -0.375 0.316 -0.027 0.059 -0.339 0.466 0.289 0.128 0.720* 1.000       

oil2 0.867* 0.161 -0.034 -0.013 -0.429 0.152 -0.401 0.400 -0.026 0.060 -0.313 0.508* 0.303 0.188 0.656* 0.973* 1.000      

oil3 0.791* -0.012 0.031 -0.252 -0.505* 0.035 -0.435 0.495 0.007 0.161 -0.314 0.432 0.178 0.076 0.551* 0.905* 0.904* 1.000     

oil4 0.782* 0.182 0.353 -0.317 -0.437 -0.004 -0.276 0.378 -0.018 0.092 -0.137 0.355 0.213 -0.009 0.491 0.826* 0.804* 0.863* 1.000    

oil5 0.563* 0.465 0.392 0.025 0.043 0.180 0.035 -0.186 -0.007 -0.263 -0.112 0.317 0.280 -0.108 0.612* 0.570* 0.439 0.363 0.528* 1.000   

oil6 0.777* 0.284 -0.133 -0.031 -0.400 0.369 -0.401 0.115 0.279 -0.007 0.032 0.657* 0.470 -0.024 0.664* 0.709* 0.693* 0.653* 0.622* 0.495 1.000  

oil7 0.722* -0.080 0.045 0.139 -0.402 0.082 -0.443 0.289 0.067 -0.026 0.063 0.696* 0.366 -0.043 0.466 0.708* 0.767* 0.719* 0.643* 0.340 0.699* 1.000 

 
 
 

Comparing with local varieties for IS, accession 
A14 was the highest (110.46 mg KOH g

-1
) and A9 

(103.37 mg KOH g
-1

) the lowest. Amongst the 
hybrids, k93B (133.91 mg KOH g

-1
) exhibited a 

smaller IS than k93G (136.62 mg KOH g
-1

). 
Variety k93B, being a commercial variety, had 
been harvested for a longer time than the k93G; 
however data presented in this work do not 
coincide with those reported by Wesoøowski and 
Erecin Âska (1998), given that they reported 
values of 173 and 191.3 mg KOH g

-1
; the first in 

castor plant oil and the second in mangrove oil 

whereas lower values were found in this work. 
Table 2 shows the correlation coefficients 

among the variables that describe the seeds 
studied. It can be observed that the majority of 
coefficients differed from the unit, indicating that 
the variables are mainly independent of each 
other. The castor seed (Re) and oil yield (ra) 
possess a correlation coefficient of 0.860, which, if 
all the seeds had the same oil content (PA) this 
coefficient would approach unity. It is for this 
reason that the oil content (PA) has a low 
correlation with respect to Re and ra. Coefficients 

with low variation imply problems in the 
description of variability of the castor plant 
accessions in function of their original descriptors. 
 
 
Clustering analysis   

 
Clustering is based on dissimilitude analysis of 
objects that make up a population, seeking to 
group objects with more homogenous properties. 
Dissimilitude is measured mainly by the difference 
in the attributes of the objects, in this case,
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Figure 2. Euclidean distance with respect to the averages of the normalized descriptors for the accessions of the castor 
plant. 

 
 
 
euclidean distance. Figure 2 shows the modules of the 
distance vectors for each accession in an ordered way. 
The variables were normalized with respect to their 
maximum value, in percentage units. The components of 
each distance vector, as the difference between the 
measured value and the average of each variable studied 
were calculated. It can be clearly observed that the 
commercially grown hybrid varieties k93G and k75G 
show an important distancing from the rest of the seeds. 
The majority of the local accessions are found between 
polygons 40 and 80. Some local seeds and the 
commercial varieties k75B and k93B are found between 
polygons 80 and 100. 

The results of the clustering algorithm using UPGMA 
(Unweighted Pair Group Method with Arithmetic Mean) 
methodology are shown by a dendogram in Figure 3. In 
this method, the distance vectors are conformed by the 
differences in descriptors between two accessions; the  
pairs of closest accessions are associated in a cluster 
with average properties. In the next stage of clustering 

the new distances are calculated and new clusters are 
created. It is interesting to observe that the original hybrid 
seeds and the cultivated hybrids grouped in two different 
clusters separate from the local seeds. The seeds with 
the greatest differences are the local varieties A1 and 
A553 which make up unitary clusters. The local vanity 
A553 is associated with the great majority of the local 
varieties has the average attributes similar to the set of 
seeds involved in this category. 

The seed accessions show high dispersion in their 
descriptors, the average CV was 32.45% and the 
correlation coefficients among variables, were in general, 
low.  PCA found that 11 Principal Components are 
necessary to represent 95% of the total variation. For the 
variability study of the seeds, components PC1 and PC2 
were used representing 33.4% and 13.6% of the total 
variation respectively. Table 3 shows the components of 
each eigenvector. These coefficients are used to 
transform the values of the characteristics of each seed 
into one single value for each main component.  In  this
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Figure 3. Dendogram obtained from clustering analysis using the Unweighted 
Pair Group Method with Arithmetic Mean (UPGMA) based on euclidic distances. 

 
 
 

Table 3. Principal components analysis of the correlation coefficient matrix. 
 

Variable PC1 PC2 

Agronomic Yield (g ha
-1

) 0.334 0.077 

Weight of 100 seeds (g) 0.086 0.065 

Humidity (%) -0.168 0.380 

Fiber (%) 0.183 -0.165 

Protein (%) 0.015 0.088 

Fixed solids (%) -0.046 0.066 

Volatile solids (%) -0.227 0.231 

Fat content (%) 0.078 -0.007 

Carbohydrates (%) -0.192 0.143 

Acidity value (%) 0.010 0.414 

Peroxide value (meq O2 kg
-1

 ) 0.136 -0.470 

Iodine value (g  I2/100 g); 0.030 -0.042 

Saponification value (mg KOH g
-1

) -0.174 0.197 

Ashes in oil (%) 0.201 0.022 

Oil Yield (g ha
-1

) 0.186 -0.189 

Ricinoleic Acid  0.311 -0.110 

Linoleic Acid  0.299 -0.006 

Oleic Acid  0.324 0.229 

Stearic Acid  0.312 0.241 

Palmitic Acid  0.300 0.219 

Linolenic Acid  0.276 0.243 

Arachidonic Acid  0.207 0.116 
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Figure 4. Distribution and grouping  of local and commercial hybrid seeds of Ricinus communis as 
a function of the main components of their descriptors. 

 
 
 
way, each seed was represented in function of 
components PC1 and PC2 in Figure 4; this graph, known 
as biplot, also shows the correlation between the original 
variables with each main component using dotted lines.  
As can be seen, the highest amount of correlation lines 
coincides around the positive axis of PC1. The variables 
with the highest positive correlation with PC1 are Re, ra 
and oil1-oil7. The seed accessions from PC1 are ordered 
from lowest to highest, left to right, in accordance 
principally with their agronomic yield of oil and seed. In 
contrast, PC2 exhibits a high positive correlation with PA 
and a high negative correlation with CH. It can be seen in 
Figure 4 that the accessions with the greatest seed and 
oil yield are k93B and k75B whereas the local accession 
A10 is the lowest. Moreover, accessions A13 and A553 
produce seeds with the highest amount of oil and hybrids 
k75G and k93G, commercially grown in Mexico, show the 
lowest. 

A cluster analysis of the seed accessions, based on 
their representation in function of PC1 and PC2 was 
carried out. The resulting clusters are represented in 
Figure 4 as ellipses. In Figures 3 and 4 the two methods 
of multi-variant analysis groupings were able to 
discriminate and separate the accessions of commercial 
hybrid seeds from the local accessions. The local seeds 
in both methods group together in different heterogenic 
groups. In particular, A1 and A553 were unique and 
distant from other accessions using UPGMA, these 
accessions may be desirable parents for cross breeding 
in castor plant. In the dendogram, A5 had been identified 
associating the average properties of a group of local 
accessions. However, in the PCA, A5 is again found 
located close to the centroid of the clustering on the 
second quadrant between PC1 and PC2.  Accessions 
A6, A7, A8, A9, A10, A11 and A12 can again be 
observed in this cluster. Both grouping  techniques  show 



2396          Afr. J. Agric. Res. 
 
 
 
that the accessions of castor plant seeds exhibit high 
dispersion in their descriptors. 
 
 
Conclusions 
 
In this article, 22 accessions, 18 local seeds from a 
national collection in Mexico and 4 hybrid seeds from 
Ricinus communis were evaluated from three aspects: 
agronomic yield, seed composition and oil quality, 
evaluating 22 descriptors. In the descriptive statistical 
analysis, high variability was found; the variation 
coefficients of the descriptors ranged from 3.05 to 
99.34% with an average of 32.45%. This explains why 
the grouping techniques form dissimilar sets of sedes. 
The two clustering algorithms used were able to identify 
and separate the commercial hybrid accessions from the 
local wild varieties. From both clustering methodologies, 
it was possible to identify 5 groups; the hybrid varieties 
were located in 2 identical groups. The UPGMA identified 
two notable accessions of local seeds, A1 and A553, 
whose properties situate them as extreme opposites of all 
the seeds studied.  

Castor seeds were described and classified by PCA 
methodology, in two major components, PC1, correlated 
to crop yields of oil and seed and PC2, correlated to the 
oil content and seed composition. The hybrid seeds 
exhibit high crop yields but oil content decreases, a group 
of local accessions with medium agronomic yields and 
high seed oil content was identified, 1944 kg ha

-1
 and 

48.27%: A1, A3, A4, A13, A15 y A553. 
This methodology can be extended to a greater number 

of castor seed accessions to obtain groups with a higher 
number of individuals and more defined, homogeous 
characteristics. This analysis technique can be extended 
to correlate seed characteristics to their agricultural 
performance such as germination, adaptation to climatic 
conditions and resistence to pathogens. 
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