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Abstract:  

Castor (Ricinus communis L.) meal contain highly toxic substances. Three 

detoxification methods were evaluated for their effectiveness and their inclusion in diets 

for broilers. Five treatments (experimental diets) were evaluated: control diet based on 

corn and soybean meal (SM), non-detoxified castor meal (NDC), autoclaved castor 

meal (AC), chemically treated castor meal (ChC) and autoclave and chemical methods 

treated castor meal (AChC). Each treatment was randomly assigned to seven 

experimental units with 10 chickens each. The variables evaluated were: feed 

consumption (FC), feed conversion ratio (FCR), weight gain (WG), carcass yield (CY), 

breast yield (BY), leg to thigh yield (LTY), digestive system development, walking 

ability (WA), valgus-varus angulation (VVA), and latency to lie down (LLD). Chickens 
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fed NDC and ChC had lower FC and WG (P<0.05). However, there was no difference 

among treatments for CA. There were differences among treatment (P<0.05) for WA 

and VVA, but there were not for LLD (P>0.05). The results showed that autoclave 

treatment (1 atm, 121 oC for 60 min) decreased toxicity in castor meal, since birds in the 

AC treatment had a similar productive behavior (P>0.05) to those in the control diet. 

Key words: Ricinus communis L., Detoxification methods, Autoclave, Calcium 

hydroxide, Broiler chickens. 
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Introduction 
 

 

Castor oil plant (Ricinus communis L.) is native to Africa. It belongs to the family of 

Euphorbiaceae; it is distributed worldwide, mainly in India, China and Brazil, and is 

noted for its hardiness, drought tolerance and high oil content of its seeds(1). In Mexico, 

there are favorable agro-ecological conditions for the cultivation of castor oil plants, 

especially in the south and southeast(2). Castor plant has been used for the production of 

biodiesel, as a result of this process castor meal is obtained(3). 

Due to its nutritional composition, castor meal(4,5) can be included in animal feeds as an 

alternative to substitute protein ingredients and thereby decrease production costs. 

However, its use must be limited because it contains toxic products and allergens, 

mainly ricin, ricinine, and the allergen CB-1A, the former being the most toxic(6). 

Nevertheless, there are efficient methods for detoxifying castor meal, these are focused 

on decreasing or eliminating ricin, such as autoclave and calcium hydroxide 

treatments(7,8). Furthermore, fermenting the seeds in water and cooking them decreases 

the toxicity of castor meal and allows its inclusion in poultry diets without affecting the 

productive performance(9,10).  

 

Ricin is inactivated at high temperatures and in strong alkalis; according to Anandan et 

al(7) no ricin residues were found in autoclaved castor meal (1 atm, 121 °C, 60 min) or 

calcium hydroxide (40 g/kg) samples, analyzed by polyacrylamide gel electrophoresis. 

Thus, the combination of these methods may potentiate their effect on the inactivation 

of toxic compounds in castor meal. No studies have been carried out where castor meal 

treated by these methods is included in the feed of broiler chickens.  Probably, the use 
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of autoclave (1 atm,121 °C for 60 min), and chemical treatment (with 40 g Ca(OH)2/kg  

castor meal) methods, or their combination, would  allow the inclusion of castor meal in 

broiler diets, without affecting the production and animal welfare variables. Thus, the 

aim of the present study was to evaluate the effect of autoclave and chemical treatment 

methods, or their combination on the productive performance and welfare variables of 

broilers.  

 

 

 

Material and methods 
 

 

Detoxification of castor meal 

 

 

Three methods described by Anandan et al(7) were used to detoxify the castor meal: 

Autoclave method (A), chemical method (Ch), and their combination (ACh). 

 

 

Autoclave method 

 

 

Forty samples of castor meal of 1,000 g each were placed in a Felisa autoclave, 

applying one atmosphere of pressure for 60 min, at 121 ºC. They were sun-dried 48 h 

and stored at room temperature(7).  

 

 

Chemical method with calcium hydroxide Ca(OH)2 

 

 

Twenty castor meal samples of 1,000 g each were treated with calcium hydroxide at a 

concentration of 40 g/kg, for 8 h and then they were sun dried 48 h, grounded with a 

hand mill (Estrella®, Mexico), and stored at room temperature. The calcium hydroxide 

was diluted in water before being mixed with the castor meal(7).  

 

 

Combination of autoclave and chemical methods 

  

  

The autoclave and calcium hydroxide methods described by Anandan et al(7) were used 

in consecutive order. 
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Birds and treatments 

 

 

The experiment was conducted at the poultry facilities of the Postgraduate College 

(Colegio de Posgraduados), Campus Montecillo, Texcoco, State of Mexico. Located at 

an altitude of 2,247 m asl(11). Five treatments (experimental feeds) were evaluated: 

control diet corn and soybean meal (SM), non-detoxified castor meal (NDC), 

autoclaved castor meal (AC), chemical method treated castor meal (ChC) and autoclave 

and chemical methods treated castor meal (AChC). Each treatment was randomly 

assigned to seven experimental units with 10 chickens each. The birds were housed in 

1.5 m2 pens with wood litter shavings. A 23 h light regime was provided during the first 

two weeks and then decreased to 12 h. The ambient temperature at the beginning of the 

experiment was 33 °C, which was reduced by 2 °C per week to a temperature of 21 °C. 

This study was conducted in accordance with the Guide for the Care and Use of 

Experimental Animals approved by the General Academic Council of the Postgraduate 

College.  

 

The feeding program was divided into two phases: starter diet (1-21 d) containing: 

3,025 kcal of metabolizable energy (ME) kg-1, 22 % of crude protein (CP), 0.96 % of 

Ca and 0.48 % of available P, and finisher diet (22-42 d) containing: 3,100 kcal of ME 

kg-1, 19 of CP, 0.80 % of Ca and 0.40 % of available P (Table 1).  The diets were 

formulated to cover or exceed the nutritional recommendations of the Ross 308 line(12). 
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Table 1: Composition of the experimental diets for broiler chickens 

 Starter diet (1-21 days) Finisher diet (22-42 days) 

Ingredients (%) SM NDC AC ChC 
AC 

ChC 
SM NDC AC ChC 

AC 

ChC 

Soybean meal 35.41 33.34 33.34 33.34 33.34 30.44 28.36 28.36 28.36 28.36 

Corn 56.29 53.94 53.94 54.08 54.08 61.91 59.56 59.56 59.70 59.70 

Castor meal 0.00 4.16 4.16 4.13 4.13 0.00 4.16 4.16 4.13 4.13 

Calcium carbonate 1.25 1.22 1.22 1.16 1.16 1.07 1.04 1.04 0.98 0.98 

Calcium phosphate 2.03 2.06 2.06 2.06 2.06 1.61 1.64 1.64 1.64 1.64 

L-lysine 0.32 0.36 0.36 0.36 0.36 0.12 0.17 0.17 0.17 0.17 

DL-methionine 0.49 0.49 0.49 0.49 0.49 0.34 0.34 0.34 0.34 0.34 

L-threonine 0.13 0.14 0.14 0.14 0.14 0.02 0.03 0.03 0.03 0.03 

L-tryptophan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Oil 3.43 3.64 3.64 3.60 3.60 3.49 3.70 3.70 3.66 3.66 

Coccidiostat 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Pigment  0.00 0.00 0.00 0.00 0.00 0.35 0.35 0.35 0.35 0.35 

Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

Vitamins,  minerals* 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

Total 100 100 100 100 100 100 100 100 100 100 

Calculated analysis (%) 

Crude protein  21.0 21.0 21.0 21.0 21.0 19.0 19.0 19.0 19.0 19.0 

EM, kcal/kg 3025 3025 3025 3025 3025 3100 3100 3100 3100 3100 

Calcium  0.96 0.96 0.96 0.96 0.96 0.80 0.80 0.80 0.80 0.40 

Available phosphorus 0.48 0.48 0.48 0.48 0.48 0.40 0.40 0.40 0.40 0.40 

Lysine  1.44 1.44 1.44 1.44 1.44 1.15 1.15 1.15 1.15 1.15 

Methionine 0.83 0.83 0.83 0.83 0.83 0.47 0.66 0.66 0.66 0.66 

Methionine+cystin 1.08 1.08 1.08 1.08 1.08 0.90 0.90 0.90 0.90 0.90 

Threonin 0.97 0.97 0.97 0.97 0.97 0.78 0.78 0.78 0.78 0.78 

Tryptophan 0.30 0.30 0.30 0.30 0.30 0.18 0.27 0.27 0.27 0.27 

SM= Control diet corn and soybean meal. NDC= Non-detoxified castor meal.  AC= Autoclaved castor 

meal. ChC= Chemical method treated castor meal. AChC= Autoclave and chemical methods treated 

castor meal. 
1Vitamins and minerals premix per kilogram of feed: A, 12,000 UI; D3, 1,000 UI; E, 60 UI; K, 5.0 mg; 

B2, 8.0 mg; B12, 0.030 mg; pantothenic, 15 mg; niacin, 50 mg; folic acid, 1.5 mg; choline, 300 mg; biotin, 

0.150 mg; thiamin, 3.0 mg. Fe, 50.0 mg; Zn, 110 mg; Mn, 100 mg; Cu, 12.0 mg; Se, 0.3 mg; I, 1.0 mg. 

 

 

 

Productive performance, animal welfare and carcass yield traits 

 

 

Feed consumption, weight gain, and feed conversion ratio were recorded from day one 

through d 42.  At d 43, 35 birds per treatment were randomly selected to evaluate 

walking ability, valgus-varus angulation, and prostrate latency. Walking ability was 

evaluated according to the methodology described by Kestin et al(13) as modified by 

Garner et al(14). The measurement was carried out simultaneously by two assessors who 
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rated each bird on a scale of 0 to 5 where: 0. Birds that walk normally; 1. Birds with a 

slight difficulty for walking; 2. Birds with a defined and identifiable defect in their gait, 

but whose injury or damage does not impair movement or consumption of food and 

water; 3. Birds with an obvious defect that affects the ability to move; 4. Birds with a 

severe defect, and 5. Birds incapable of walking. 

 

Valgus-varus angulation was evaluated according to the methodology described by 

Leterrier and Nys(15). Depending on the tibia-metatarsal angle, 4 scores were defined: 0, 

normal chicken; 1, chicken with low angulation (tibia-metatarsal angle between 10 and 

25 °); 2, bird with evident angulation (angle between 25 and 45 °) and 3, severe 

angulation (angle greater than 45 °). 

 

The birds were subjected to the latency-to-lie-down test as described by Berg and 

Sanotra(16). This test is based on the chicken's body contact with water, which is a novel 

and adverse experience for broilers. The birds were placed in a plastic container with 

water at 32 °C at a height of 3 cm. The time elapsed in seconds until each bird lay down 

was recorded. If the bird stood up after 600 seconds, the test was stopped. The birds 

were assessed individually, without visual contact among them. 

 

At 42 d of age, seven birds per treatment were randomly selected in order to assess the 

carcass yield, breast weight and leg-to-thigh weight. Feed was withdrawn 8 h before 

slaughter, and the chickens were slaughtered using a stun knife (model VS-200, input 

power 120 V-1 A, output power 50 V-0.1 A, Midwest Processing Systems, 

Minneapolis, MN, USA), according to the Mexican Official Standard NOM-033-

SAG/ZOO-2014(17). 

 

 

 

Development of the digestive system and accessory organs 

 

 

The chickens selected for the evaluation of carcass yield were used to assess the 

development of the digestive system. The length of the small intestine and the cecum 

was obtained with a measuring tape, and the empty weight of the proventricle, gizzard, 

small intestine and cecum were determined. The weight of liver, spleen, bursa of 

Fabricius, pancreas and heart was also estimated. The small intestine and the cecum 

were measured on a wet cloth in order to prevent them from contracting. 

 

 

 

 

 

 



Rev Mex Cienc Pecu 2020;11(3):605-619 
 

611 

 

Statistical analysis 

 

 

Feed consumption, weight gain, and feed conversion ratio were analyzed with a 

completely randomized design with a significance level of 0.05, using the SAS GLM 

procedure(18). Treatment means were compared using the Tukey adjusted test (P<0.05).  

The variables walking ability and angulation were analyzed with a completely 

randomized design using PROC GLIMMIX (for non-parametric data) and SAS PROC 

FREQ(18). The relative weights of the digestive system, accessory organs and prostrate 

latency were analyzed with a completely randomized experimental design with five 

treatments and seven repetitions per treatment using the GLM procedure of the SAS(18). 

Treatment means were compared using the Tukey test and presented as mean ± standard 

error.  

 

 

 

Results 
 

 

Productive performance and carcass yield 

 

 

Chickens in the NDC and ChC treatments had lower (P<0.05) feed consumption and 

weight gain, compared to birds in the other treatments. No differences (P>0.05) were 

observed between treatments in feed conversion ratio. (Table 2). There were no 

differences between treatments in the carcass, breast, and leg and thigh yield variables. 

 

Table 2: Productive performance of broilers fed castor meal treated with different 

detoxification methods, from 1 to 42 d of age 

 Treatment   

Variable SM NDC AC ChC AChC SE P-value 

FC, g  4499 a 3272 b 4492 a 3181 b 4575 a 66.41 0.0001 

WG, g 2811 a 1980 b 2835 a 1923 b 2835 a 44.69 0.0001 

FCR, g/g 1.60 1.65 1.58 1.65 1.61 0.03 0.2322 

CY, % 79.96 78.31 78.91 78.03 79.91 0.66 0.1467 

BY, % 28.31 25.28 25.86 25.01 26.85 0.81 0.0510 

LTY, % 20.16 21.02 21.18 20.11 20.11 0.74 0.7002 

SM= Control diet corn and soybean meal. NDC= Non-detoxified castor meal.  AC= Autoclaved castor 

meal. ChC= Chemical method treated castor meal. AChC= Autoclave and chemical methods treated 

castor meal. 

FC= feed consumption; WG= weight gain; FCR= feed conversion ratio; CY= carcass yield; BY= breast 

yield; LTY= leg and thigh yield. 

ab Means with different letters are different (P<0.05). SE=Standard error. 
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Walking hability 

 

 

Differences were found (P<0.05) by effect of the treatments on the walking ability; 

broilers fed the NDC and ChC diets exhibited a higher proportion of healthy birds 

(rating 0) compared to the birds of the other treatments. Birds rated 4 and 5 were not 

observed in this experiment (Table 3). 

 

Table 3: Walking ability, valgus/varus angulation, and latency to lie down of broilers 

fed castor meal treated with different detoxification methods, from 1 to 42 d of age 

Treatment  SM NDC AC ChC AChC 

Score  Walking ability  

0 0.00 25.71 5.71 28.57 14.29 

1 42.86 51.43 51.43 48.57 31.43 

2 37.14 22.86 34.29 22.86 40.00 

3 20.00 0.00 8.57 0.00 14.29 

4 0.00 0.00 0.00 0.00 0.00 

5 0.00 0.00 0.00 0.00 0.00 

P-value 0.0009 

Score  Valgus-varus angulation 

0 14.29 48.57 34.29 60.00 34.29 

1 65.71 42.86 60.00 40.00 60.00 

2 20.00 8.57 5.71 0.00 5.71 

3 0.00 0.00 0.00 0.00 0.00 

P-valor 0.0024 

 Latency to lie down 

Seconds (s) 84 118 103 103 114 

P-value 0.6681 

SM= Control diet corn and soybean meal. NDC= Non-detoxified castor meal. AC= Autoclaved castor 

meal. ChC= Chemical method treated castor meal. AChC= Autoclave and chemical methods treated 

castor meal. 

 

 

 

Valgus-varus angulation 

 

 

Valgus/ varus angulation was affected by treatments (P<0.05) on the degree of valgus-

varus angulation. The highest proportion of birds with a 0 rating was found in the NDC 

and ChC treatments and, to a lesser proportion, in birds with a score of 1. No broilers 

with a degree of angulation rated 3 were observed (Table 3). 
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Latency to lie down 

 

 

There was no difference (P>0.05) between treatments in latency to lie down (Table 3).  

 

 

Development of the digestive system and accessory organs 

 

 

There were not differences (P>0.05) in terms of relative weight of spleen and heart; 

however, the relative weight of liver was lower (P<0.05) in broilers fed the SM diet, 

compared to birds fed the treatments that included castor meal. Relative weight of bursa 

of Fabricius was lower (P<0.05) in chickens fed the NDC and ChC diets compared to 

chickens fed the SM, AC and AChC diets (Table 4). 

 

Relative weight of pancreas, gizzard, and small intestine and length of small intestine 

were greater (P <0.05) in chickens fed NDC and ChC diets, with respect to SM, AC and 

AChC. Relative weight of cecum of chickens fed SM, AC and AChC diets were lower 

(P <0.05) compared to the chickens of the ChC treatment and the length of the cecum 

was greater (P <0.05) in the chickens fed with NDC compared to AChC. 

 

Table 4: Relative weight (g/kg) and length (cm/kg) of the different sections of the 

digestive system and accessory organs of broilers fed castor meal treated with different 

detoxification methods, from 1 to 42 d of age 

 

SM= Control diet corn and soybean meal. NDC= Non-detoxified castor meal. AC= Autoclaved castor 

meal. ChC= Chemical method treated castor meal. AChC= Autoclave and chemical methods treated 

castor meal. 

ab Means with different letters are different (P<0.05). SE=Standard error. 

 Treatments   

 
SM NDC AC ChC AChC SE 

P-

value 

Spleen  1.65 1.79 2.00 1.77 1.99 0.17 0.5189 

Heart  4.08 4.38 4.15 4.35 4.26 0.12 0.3394 

Liver  18.27b 24.16a 21.78a 24.34a 21.78a 0.72 0.0001 

Bursa of Fabricius 1.62 a 0.70 b 1.49 a 0.81 b 1.32 a 0.08 0.0001 

Pancreas 1.63 b 2.19 a 1.82 b 2.19 a 1.50 b 0.08 0.0001 

Proventricle 2.94c 3.84ab 3.35bc 4.22a 2.94c 0.14 0.0001 

Gizzard  10.50b 14.24a 10.50b 14.24a 8.61b 0.65 0.0001 

Small intestine 19.46b 25.17a 21.12b 23.60a 20.49b 0.56 0.0001 

Cecum 4.91b 5.78ab 5.43b 7.13a 5.21b 0.39 0.0047 

Cecum length  6.36bc 7.93a 6.65bc 7.57ab 6.10c 0.30 0.0007 

Intestine length 62.22b 84.19a 69.88b 86.50a 63.81b 1.95 0.0001 
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Discussion 
 

 

The response of animals fed detoxified castor meal is determined by the effectiveness of 

the detoxification process, the concentration of castor meal in the diet, the feeding time, 

and the animal species(19). It has been recorded in the literature that heat treatments 

applied to castor seed meal reduce its toxic compounds, especially ricin which is the 

most toxic: high temperatures seem to inactivate it(20). These treatments have allowed 

the inclusion in diets for broilers up to 10% without affecting the productive 

performance or the carcass yield(21,22). In this study, birds fed AC and AChC had similar 

productive performance to that of birds fed SM, indicating that the heat and pressure 

used in the autoclave decreased the toxicity of the castor meal. In contrast, chickens fed 

NDC and ChC had a lower consumption and a lower weight gain, which could be 

attributed to the content of toxic substances(23). Treatment with Ca(OH)2 apparently did 

not reduce the toxic compounds which inhibit protein synthesis and mainly affect the 

digestive system, causing desquamation and a decrease in the length of the intestinal 

villi that prevents the absorption of nutrients and, therefore, the normal development of 

the birds(10,24). The use of 5% non-detoxified castor meal decreases feed consumption 

and weight gain in broilers(9,22,25). 

 

No studies on the use of castor meal in diets for broilers about animal welfare variables 

were found in the literature; however, in this study it was found that the degree of 

walking ability decreased in birds from the SM, AC and AChC treatments and the 

valgus/varus angulation was greater in these birds. This can be explained by the fact that 

birds with higher weight have lower ability to walk compared to lighter birds(26), since 

weight influences these characteristics(27). Broiler chickens with higher weight remain 

prostrate longer. Consequently, the balance and angulation condition of these birds are 

affected, causing discomfort when walking and deterioration in their well-being(28). 

 

The inclusion of castor meal in the diet leads to kidney damage (inflammation and 

congestion), enlargement of the liver, inflamed lungs, atrophy of the bursa of Fabricius, 

and necrosis of the spleen(21,29). In the present study, the size of the liver was larger in 

chickens fed castor meal; this may be accounted for by the increase in the metabolic 

activity in the face of residues of the toxic compounds(29). In addition, an increase in the 

size of pancreas, gizzard, proventricle, and intestine was observed in chickens fed NDC 

and ChC with respect to the control (corn-soybean meal). Organ weights have been 

studied in other species that were administered non-detoxified castor meal and castor 

meal treated with calcium hydroxide in the feed, and no differences were found in the 

weight of the liver, the heart, the kidneys and the spleen with respect to those of the 

animals fed the control diet (soybean meal)(30). 
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The weight or size of the bursa of Fabricius is an indicator of the state of 

immunocompetence or immunosuppression in birds at the level of the lymphoid 

organs(31). The ratio of the weight of the bursa of Fabricius to the body weight 

(BFW/BW) may be correlated with immunosuppression. Birds aged 3 to 6 wk normally 

have a BFW/BW ratio of 2 to 4; values of 1 or less to 1 are indicative of 

immunosuppression and are observed in clinically ill birds(32). In this study, the 

BFW/BW ratio of chickens fed NDC and ChC was less than 1, which indicates that the 

toxic compounds present in castor meal may have caused immunosuppression in the 

chickens. Okoye et al(21) observed a decrease in lymphoid organ size and necrosis of the 

bursa of Fabricius in chickens consuming feed with 10 and 15 % heat-treated castor 

meal. 

 

 

 

Conclusions and implications 
 

 

It is possible to include castor meal detoxified with the autoclave method in the feeds of 

broilers without affecting the productive performance and welfare variables. However, 

since this study did not quantify the ricin resides in the meat, it was not possible to 

determine whether or not the meat of these chickens is suitable for human consumption. 

Therefore, it is suggested carrying out studies to quantify the ricin residues in the meat. 
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