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ABSTRACT 
 
Processing castor seed produces castor oil as the main product and castor pie 
crust and bran as the co-products. In this work, the castor pie was studied and 
treated, both as a raw material and the noble, which is widely used for 
fertilization due to significant amounts of nitrogen. However, because this 
material is also composed of a significant amount of protein, it could also be used 
as feed for ruminants. Unfortunately, due to the presence of the highly toxic 
component ricin, its use in feed is impeded. This study aims to demonstrate the 
efficiency of oxy-detoxification, using Fenton-type systems developed for castor 
bean, by in vivo testing so that the pie could be used as a protein supplement in 
animal feed and therefore add value to the supply chain of the oilseed. The 
detoxified castor bean meal used in this study was treated by oxidative reactions 
using a homogeneous catalytic system of Fe(III) and H2O2. The efficiency of the 
procedure was verified through weight gain and growth of the animals, 
histopathological analysis of the different organs and hematological values. The 
development of the animals was not harmed by the levels of detoxified pie added 
to their diets as compared with growth in control animals (fed with standard 
diets). At the end of the experiment, the animals were euthanized and their 
analyzed tissues showed no microscopic lesions. The results showed that it is 
possible to preserve the nutritional properties of lignocellulosic material by 
removing the non-toxic levels of ricin and trypsin inhibitors from the pie by 
treatment using Fenton-type systems. 
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INTRODUCTION 
 
The castor bean pie, a major co-product of the castor oil 
production chain, is produced from the extraction of oil 
from seeds. It has great technological interest because of 
its high nutritional value, but it also consists of compounds 
that confer toxicity (ricin) and anti-nutritional properties 
(trypsin inhibitors) to the material. Thus, there is a need 
for detoxification treatment of the castor bean and hence, 
better utilization of the nutritional properties. 

Several researchers, Dubois et al. (2013), Jim (2010), 
Rakshist et al. (2008), Anandam et al. (2005) and 
Aregheore et al. (2003) reported technologies to promote 
detoxification of castor bean as described by Anandan et 

al. (2005), where 100% of the existing ricin was eliminated 
after autoclaving the pie (1 bar/60 min) in a calcium 
hydroxide solution (40 g Ca(OH)2/kg pie). All published 
technologies to detoxify the pie utilized heat treatment 
under pressure which increased the cost of treatment 
and/or prevented this process. 

In this study, an advanced oxidation process based on 
the Fenton-type oxidation of complex organic molecules 
into less complex molecules was used. The Fenton system 
is based on a homogeneous system using H2O2 as the 
oxidant in the presence of Fe(III) ions (Dezotti, 1998). 
With this process it was possible to develop a simple, low
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cost technique as a method to detoxify castor bean pie. 

To compare the efficiency of the detoxification process, 
it was necessary to know and ensure the nutritional value 
of the castor cake after detoxification since the oxidized 
pie would be employed as a component of animal feed. 
Chemical and physical tests were conducted and in vivo 
monitoring was performed to support the hypothesis that 
the detoxified pie could safely be used as a protein source 
in animal feed formulations. 

Thus, the aim of this study was to confirm the efficiency 
of this new method of detoxification for castor bean, using 
the detoxified pie as a feed component in increasing the 
levels of 5, 10 and 15%, and the influence of this dietary 
composition on the growth of rats. 
 
 
MATERIALS AND METHODS 
 
Detoxified castor bean pie 
 
The detoxified castor bean used in this study was treated 
according to the process developed by Miller et al. (2012) 
using oxidative Fenton-type reactions. 
 
 
Proximate composition 
 
The dry matter (DM) following the AOAC method (1995), 
the neutral detergent fiber (NDF) and acid detergent fiber 
(ADF) contents by the Van Soest method (1994), and the 
ether extract (EE) by continuous Soxhlet extraction using 
the AOAC method (1995) was determined. All tests were 
performed in the laboratory of the Center for Analysis and 
Chemical Propecting - CAPQ located in the Department of 
Chemistry, University of Lavras (UFLA) in Minas Gerais. 

NDF represents the sum of the cellulose, hemicellulose, 
lignin, nitrogen waste and ash contents, which are 
associated with the food and fiber content. ADF consists of 
all the constituents except hemicellulose. Thus, the amount 
of hemicellulose was obtained from the subtracted value of 
the two (hemicellulose = NDF - ADF). 

The crude protein (CP) was obtained using methodology 
as described by Malavolta (1989) and the result was 
expressed as crude protein, after using the conversion 
factor of 5.30 (Greenfield and Southgate, 1992; Jones, 
1931). This constant was used to calculate the amount of 
protein in relation to the nitrogen content (N × 6.25 = 
%CP). 
 
 
Determination of trypsin inhibitor 
 
The trypsin inhibitor activity was determined by 
comparison of a kinetic assay (at least four time periods) 
with the activity of untreated trypsin and detoxified castor 
cake. We used the BApNA substrate concentration of 0.87 
mM, prepared in 0.1 M glycine-NaOH buffer at the 

optimum pH of 9.7 (Rossi et al., 2009) and the activity was 
quantified using methodology as proposed by Erlanger et 
al. (1961). Control trials, as blank substrate (activity in the 
absence of enzyme and inhibitor), white enzyme (activity 
in the absence of substrate and inhibitor), white inhibitor 
(activity in the absence of substrate and enzyme) and 
trypsin activity in the extracted castor pie were performed 
in the same manner as the experimental tubes. The results 
were expressed as units of inhibited trypsin (TIU), which is 
the disappearance of the absorption of light corresponding 
to 1 mmol of p-nitroaniline (product formed during the 
trypsin activity on BApNA) for 1 min of reaction time in 1 g 
of castor bean. Control tests using bovine trypsin (4 mg of 
bovine trypisine in 200 ml of 0.001 mol/L HCl) from the 
manufacturer were performed on Merck 0.1 M TRIS/HCl 
with pH = 7.0. 
 
 
Animals 
 
The experiment was conducted in the Animal Department 
of Veterinary Medicine at UFLA under the approval of the 
ethics committee, nº 078/2011, Federal University of 
Lavras and lasted for 28 days. In vivo tests were performed 
on 24 female albino Wistar rats (Rattus norvegicus), each 
50 days old and weighing approximately 100 g. 

In the pre-experimental period, the animals were kept in 
groups of six mice per cage at ambient temperature (about 
25°C) with light-dark cycles of 12 h each and with access 
to commercial feed (Nuvilab CR1, Nuvital Nutrients, Ltd.) 
and water ad libtum. Six days before the start of the 
experiment, the animals were weighed and randomly 
distributed in individual metabolic cages and received a 
diet adaptation according to AIN-93 (American Institute of 
Nutrition). After this period, the animals were randomly 
divided into four groups of six animals in completely 
randomized design (CRD) and received the experimental 
diets and water ad libtum for 28 days. 
 
 
Diets 
 
Four experimental diets were formulated according to 
AIN-93G (Reeves et al., 1993) and modified by the addition 
of detoxified castor bean. They were distributed in 
treatments 1, 2, 3 and 4, with the pie in increasing levels 
(0, 5, 10 and 15%), respectively. Table 1 shows the 
composition of the experimental diets.  

A diet free of castor bean (0%) was considered the 
control diet. The diet containing the fresh pie (10%) 
(untreated castor bean), led to death by the second day of 
the experiment when a concentration of 2.000 mg/kg of 
body weight was consumed. In addition to this, the 
detoxified pie diets containing higher dosages of 10,000 to 
30,000 mg/kg of body weight was considered to ensure 
that the material underwent efficient detoxification. 

The feed intake was measured and recorded on a daily
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Table 1. Diet composition used for animals. 
 

DIET (g/100 g) 0% 5% 10% 15% 

Castor pie 0.00 5.00 10.00 15.00 

Casein 20.00 20.00 20.00 20.00 

Sugar 10.00 10.00 10.00 10.00 

Choline 0.25 0.25 0.25 0.25 

Methionine 0.30 0.30 0.30 0.30 

Cellulose 5.00 5.00 5.00 5.00 

Soybean oil  7.00 7.00 7.00 7.00 

VMa 1.00 1.00 1.00 1.00 

MMb 3.50 3.50 3.50 3.50 

B.H.T.c 0.05 0.05 0.05 0.05 

Vitamin E 0.05 0.05 0.05 0.05 

Cornflour  52.85 47.85 42.85 37.85 
 

aMV = vitamin mixture; bMM = mineral mixture and cB.H.T. = 2,6-bis(1,1-dimethylethyl)-4-methylphenol. 
 
 
 

Table 2. Proximate composition of detoxified and untreated castor bean. 
 

Pie DM (%) CP** (%) EE* (%) NDF* (%) ADF* (%) CB* (%) HEM* (%) 
Enzyme activity 

(UTI*) 

Detoxified castor 91.77 17.71 5.76 59.35 45.27 23.84 14.08 -0.17 

Castor untreated 93.06 19.03 6.043 57.42 43.27 34.88 14.15 24.26 
 

*DM = dry matter; CP = crude protein; EE = ether extract; NDF = neutral detergent fiber; ADF = acid detergent fiber; CB = crude fiber; HEM = 
hemicellulose. *UTI = unit trypsin inhibited. ** Conversion factor for nitrogen to protein is 5.30. 

 
 
 

basis and weekly weighing and water consumption data 
were obtained for the animals. At the end of the study 
period, the data were used to evaluate the average daily 
intake of food and water, daily weight gain and feed 
efficiency ratio. 

After the experimental period, blood was collected by 
cardiac puncture. Blood samples were centrifuged for 5 
min at 11963 g to separate the serum which was then 
frozen at -20°C for subsequent analysis. 
 
 
Histopathological studies 
 
At the end of the experiment, the animals were fasted for 
12 h prior to euthanasia. Thiopental® (40 mg/kg) was used 
to anesthetize the animals before euthanasia through 
cervical dislocation and exsanguination by ventral incision 
performed by collecting blood from the heart. 

After euthanasia, necropsy was performed by removal of 
the internal organs (kidney, liver, heart, spleen, brain and 
lungs) and each subjected to a histopathological 
examination. The organs were cut into small pieces, fixed 
in buffered formalin for 24 h and then stored in 70% 
alcohol. The stored material was processed for inclusion in 
paraffin blocks and subjected to microtomy, resulting in 
thin slices of approximately 3 μm of the tissue. The 
sections were stained with hematoxylin and eosin and 
evaluated microscopically under an optical microscope. 

Hematological studies - Serum biochemical analysis 
 
Liver function was assessed by means of biochemical 
serum by using Kit's enzymatic-colorimetric Bioclin® and 
the enzymes aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and alkaline phosphatase (AP). 
 
 
Statistical analysis 
 
Statistical analyses of the results were performed with the 
SISVAR 4.0 software (Ferreira, 2000), analysis of variance 
(ANOVA) and Tukey's test for comparison of groups, all at 
5% probability.  
 
 
RESULTS 
 
Table 2 presents the results of the proximate composition 
of both the detoxified and untreated castor bean samples. 
Table 3 shows changes in body weight after administration 
of the detoxified cake. Figure 1 presents the comparison of 
weight gain among the species for the control group (C) 
and those fed diets containing 5% (M1), 10% (M2) and 
15% (M3) detoxified castor bean.  

Table 4 shows the cell count was performed on each 
animal through blood smear, using one drop of blood. The 
results of the cell counts revealed no significant differences 
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Table 3. CMD, GMD and CEA of rats with experimental trial diets. 
 

Diet* (%) CMD** (g) GMD** (g) CEA** Median daily consumption of water (ml) 

0 18.84ª 5.62a 0.036a 2.14a 

5 20.15ab 5.77a 0.036a 2.71b 

10 20.70ab 5.46a 0.036a 2.85b 

15 21.68b 5.69a 0.036a 3.17b 
 

Different letters in the column indicate that the means differ by Tukey test (p ≤0.05). *5, 10 and 15% = diets 
containing 5, 10 and 15% of detoxified castor bean respectively; 0% is control = standard diet; CMD** = average daily 
intake; GMD = average daily weight gain and CEA = coefficient of feed efficiency.  

 
 
 

  
 

Figure 1. Results of the weight gain of rats during the 28 day experiment: C = control, 0% castor bean; M1 = diet 
containing 5% castor bean; M2 = diet containing 10% castor bean; M3 = diet containing 15% castor bean. 

 
 
 

Table 4. Hemogram of the rats after 28 days of feeding with the experimental diets. 
 

Hemogram 0% 5% 10% 15% 

Erythrocytes (6.6–9.0 × 106/mm3)* 8.73±1.31 8.52±0.94 8.26±1.32 7.18±1.13 

Hemoglobin (15 g%)* 14.70±0.20 13.02±1.36 14.00±0.46 14.35±0.73 

Leukocytes (7300 –12600/mm3)* 3750±1147 3558±1111 3400±294 4641±954 

Rod Bacteria (~1%)* 0.75±0.5 1.67±1.03 1.00±0.55 0.67±0.82 

Segment (~30%)* 48.25±5.56 34.33 ±7.20 39.00±5.71 30.17 ±20.74 

Total Lymphocytes ( 65 - 77%)* 42.50±4.80 57.17±7.25 64.00±6.72 67.33±9.35 

Total Proteín ( 5–7 g%)* 7.30±0.35 7.13±0.10 7.40±0.22 7.13±0.21 
 

The results are expressed as the mean ± the standard deviation of each cell type measured in the blood smears with light 
microscopy and confirmed by automatic analyzer. *Source: Jain, 1993. 
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Table 5. Activity of enzymes in the blood serum of animals at the end of the experiment. 
 

Diet (%) ALP* (U·mL-1) ALT* (U·mL-1) AST* (U·mL-1) 

0 2.36a 20.08a 64.46a 
5 2.54a 18.34a 64.17a 

10 1.77a 30.26a 64.46a 
15 0.99a 28.66a 78.72b 

 

Different letters in the column indicate that the means differ by Tukey test (p≤0.05). *ALP = alkaline 
phosphatase; AST = aspartate aminotransferase and ALT = alanine aminotransferase. 

 
 
 

between the groups. Table 5 shows the activity of enzymes 
ALP, ALT and AST. Only the group fed with 15% detoxified 
castor bean showed an increase in the levels of AST. 

Enzymatic analyses were performed to inspect for 
possible hepatocellular damage that may have been caused 
by the toxic substances naturally present in castor cake. 
The tests did not identify any macro- or microscopic 
lesions in tissues of the necropsied animals from all 
groups.  
 
 
DISCUSSION 
 
In several studies, detoxification of castor oil involves 
complicated steps that increase operating costs of the 
process; such as heat, pressure, use of toxic chemical 
reagents and complex methods. Beltran (2003) boiled and 
baked the pie to destroy the ricin. Anandan et al. (2005) 
studied the efficiency of immersion processing, steaming, 
boiling, autoclaving and heating for different time 
intervals, followed by chemical treatments with ammonia, 
formaldehyde, lime, sodium chloride, tannic acid and 
sodium hydroxide in different concentrations to detoxify 
the castor pie. Asqueri (2009) used the extrusion process 
combined with other variables such as addition of acids, 
bases, salts and enzymes, or sheared and heated the pie at 
temperatures ranging from 80 to 140ºC under dry, wet or 
steam conditions with different exposure times to heat. Jim 
(2010) also developed a method to detoxify the castor pie 
by using extrusion technology. Finally, Dubois et al. (2013) 
in their study combined an excess of methanol, sodium 
hydroxide and heat (120°C) to detoxify the pie. 

The oxy-detoxification method for purifying the castor 
pie used in this study required small amounts of non-toxic 
reagents (0.02 mmol of Fe(III), 0.04 mmol of PDC 
(pyridine-2,6-dicarboxylic acid) and 1.76 mmol of H2O2) to 
completely destroy the ricin. The reaction proceeded at 
room temperature without additional heat. Due to these 
conditions, the process of oxy-detoxification can be 
considered a simple, low cost and efficient operation to 
remove the toxic material from castor bean pie, while 
ensuring the same nutritional quality. 

 Pie detoxified and used for the in vivo test showed good 
nutritional properties, suggesting its use as an economical 
source of protein for animals (20.89% protein content) 
considering that protein is generally the most expensive 

ingredient in diet compositions (Naufel et al., 1962; 
Loureiro, 1962). Also, according to Church (1988) and 
Garden (1976), the minimal amount of protein indicated 
for ruminant diets is 7%, since this quantity is associated 
with improved microbial fermentation in the rumen of 
animals. A relatively low fat percentage (EE = 5.76%), is an 
advantage in the preservation of the feed (Neiva, 2007) 
and does not have deleterious effects on the digestibility of 
the fiber (Van Soest, 1994). 

With respect to trypsin inhibitors, there is a natural 
occurrence in castor bean cultivar. The presence of this 
protein in the intestinal tract inhibits the action of trypsin 
(EC 3.4.21.4), which is responsible for digestion of 
proteins. This inhibition leads to increased enzyme 
production by the pancreas and organ hypertrophy 
(Carvalho et al., 2002) which in turn reduces protein 
digestion of food and provides decreases in weight gain 
and animal growth (Miller, 2004). When the treated castor 
bean was used, a negative result was found for trypsin 
inhibitors which indicated that trypsin (EC 3.4.21.4) was 
activated; an advantage for weight gain. 

The test for in vivo toxicity of castor bean was 
determined by the possibility of poisoning the rats fed 
with the treated castor bean. Three groups of rats were fed 
diets containing 10,000, 21,000 and 32,000 mg/kg body 
weight of treated castor bean, respectively, for 28 days. 
These values are in excess compared to studies which have 
reported that the acute oral toxicity in rats is 2000 mg of 
material per kg of body weight (Worbs et al., 2011). The 
high dosage ensured the efficiency of the detoxification 
process of the material. Dubois et al. (2013) also studied 
the process of detoxification of castor seed, and used 
castor oil in feed amounts ranging from 300 to 2000 
mg/kg; they observed that animals fed the diet containing 
the highest dosage of this material experienced 100% 
mortality rates by the 2nd day. 

Feed intake was significantly higher for all doses as 
compared with the control diet (p<0.05). The animals fed 
the control diet (0% of treated castor oil) gained an 
average body mass of 18.84 g per day, those fed 5% gained 
20.15 g per day, those fed 10% gained 20.70 g and finally, 
those fed 15% gained 21.68 g per day. In summary, the 
animals whose diets contained detoxified castor pie 
gained, on average, more body weight than those fed with 
the diet free of castor cake, indicating acceptance and 
quality of the diet. The weight gain was higher in groups 
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fed diets containing 5 and 15% detoxified castor bean. 
Additionally, the average daily consumption of water was 
higher for the three doses, compared to the control diet 
used. 

For all doses used in this study, there were no observed 
signs of clinical change (diarrhea, weight or hair loss) and 
no mortality of the animals. During the 28 days, the 
animals fed with detoxified castor pie showed higher 
weight gain as compared to the growth of the control 
group. These results demonstrated that there was no 
impairment in growth and development of the animals 
that consumed the detoxified castor bean. 

The results from the blood test do not indicate any 
inflammatory process and also demonstrated that the 
differences found are not due to the food intake. All the 
results are acceptable when the groups fed with detoxified 
pie are compared with the control group which had a diet 
free of the castor pie. 

Changes in the concentration of the cellular enzyme and 
alkaline phosphatase are directly related to biliary 
obstruction and hepatocellular injury. Alkaline 
phosphatase (ALP) is predominantly indicative of 
cholestasis. This phenomenon is triggered by an 
inflammatory process, infection or obstruction that can be 
seen from the hepatocyte to the terminal portion of the 
bile ducts, such as infectious hepatitis. In this experiment, 
the ALP showed no statistically significant difference in the 
groups fed diets containing detoxified castor bean meal as 
compared to the control feed. This demonstrated that the 
diet containing the pie did not cause any injuries. 

AST values found in the different groups were not 
statistically different and are within the range found in the 
literature, from 45.7 to 80.8 U/L, as is normal, indicating 
no liver damage. This result was confirmed by histological 
examinations when there were changes in the tissues. This 
is because the AST enzyme exists in large quantities in the 
myocardium, liver, skeletal muscle, brain and kidneys, so 
when injuries occur with cellular destruction there is also 
a significant increase in the activity of this enzyme in the 
blood (Lima et al., 2001; Gella, 1994). 

ALT levels found in the treated groups did not differ 
statistically from the control group and are within the 
normal range reported in the literature which is between 
26 to 60 U/L (Melo, 2012). The ALT results therefore also 
confirmed that there was no liver damage. The study of 
this enzyme also aids in the diagnosis and prognosis of 
liver diseases, because in hepatocellular damage, a serious 
injury predominantly leads to cytoplasm in serum as well 
as, a release of mitochondrial enzyme which elevates the 
AST/ALT levels. Another factor associated with the 
elevation of the AST/ALT level is during serious injury 
where ALT levels may decline more rapidly because they 
are first launched, meanwhile, the values of AST in the 
bloodstream remains high for longer period, which leads 
to the increase in the AST/ALT ratio (Lima et al., 2001). 

All results demonstrated that the castor bean was 
detoxified by the oxidative process, using the 

homogeneous catalytic system with Fe(III). The process 
allowed the toxic ricin and plant allergens to be destroyed 
simultaneously from the castor pie. However, this study 
was conducted on a pilot scale and further investigations 
are necessary for producing and marketing large 
quantities of detoxified castor bean. The oxy-detoxification 
process also has the potential to be applied to other toxic 
oilseeds such as jatropha pie while requiring only a few 
modifications based on the amount of toxic compounds 
present. 

This new detoxification technology is of great 
importance in the oil production chain of the respective 
plant because it elevates the value of a co-product of a 
renewable raw material and provides a cost effective way 
of supplementing feed. In addition, it can be used to 
increase the producer’s income without increasing 
production and acreage, as described in the work by 
Abdalla et al (2008). Thus, besides adding value to a co-
product, this work has been a positive factor in the life 
cycle of the production of chemicals derived from castor 
oil. 
 

 
Conclusion 
 

The results indicated that the detoxicated ricin pie can 
replace 15% of the cornflour in the diets for animal 
without negative effects on animal health. The ricin pie 
may also cease to be a waste, adding value to the 
production chain of castor oil and benefiting the 
environment by reducing an environmental liability. 
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