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ABSTRACT - This experiment aimed to determine the metabolizable energy and the digestibility of detoxified castor
meal and castor cake nutrients for broilers. A total of 180 Cobb-500TM broilers from 21 to 32 days of age was randomly
distributed in three treatments with six replicates of 10 broilers – 5 males and 5 females. The experimental treatments were
a reference-diet and two test-diets composed of 80% of reference-diet and 20% of detoxified castor cake or castor meal. The
adaptation period ranged from 21 to 27 days of age and the total excreta collection period ranged from 28 to 32 days of
age. The detoxified castor meal presented apparent metabolizable energy of 2,032 kcal/kg of natural matter, apparent
metabolizable energy corrected for nitrogen balance of 1,829 kcal/kg of natural matter and the digestibility coefficients of
57.8% dry matter, 68.4% crude protein, 10.5% crude fiber, 35.9% nitrogen free extract, 80.0% ether extract and 26.6% ash.
In the detoxified castor cake, the apparent metabolizable energy content was 2,550 kcal/kg of natural matter, the nitrogen
corrected apparent metabolizable energy balance was of 2,320 kcal/kg of natural matter and the digestibility coefficients of
60.6% for dry matter, 77.2% for crude protein, 14.0% for crude fiber, 45.7% for nitrogen free extract, 85.4% for ether extract
and 28.2% for ash. The metabolizable energy and digestibility of nutrients in detoxified castor cake are higher than in the
detoxified castor meal.
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Introduction

Biodiesel is a biodegradable fuel derived from renewable
sources such as vegetable oils. According to the Agência
Nacional do Petróleo, Gás Natural e Biocombustíveis (ANP
2011), since January 1st 2010, the diesel oil derived from
fossils commercialized throughout the country contains
5% of biodiesel, causing Brazil to be one of the largest
biodiesel producers and consumers in the world, with an
annual production of 1.6 billion liters in 2009 and a
production capacity of about 4.7 billion liters in January 2010.

There are dozens of vegetable species whose oils can
be used to produce biodiesel, among them, the castor bean
(Ricinus communis L). The extraction of castor oil may be
mechanic or through solvents, and it derives the castor cake
and the castor meal, respectively.The castor cake
corresponds to approximately 55% of the seed weight
(Azevedo & Lima, 2001), and for each ton of processed seed
550 kg of castor cake is obtained.

Concerning the nutritional composition, the castor
meal presents an average in natural matter, 39.2% crude
protein, 1.55% ether extract, 18.5% crude fiber, 0.62%

calcium, 0.21% available phosphorus, 0.01% sodium, 0.78%
total lysine and 0.61% total methionine (Rostagno et al.,
2005). The castor cake presents 14.4% of ether extract,
34.5% crude protein and 6.6% ashes in its dry matter
(Moreira et al., 2003).

Although the nutritional composition allows the castor
cake to be used to feed poultry, most part of this by-product
has been used as fertilizer due to toxic and allergenic factors
present in castor beans. Nevertheless, there are efficient
methods of detoxification currently (Anandan et al., 2005;
Oliveira et al., 2006) that enable many derived products from
castor beans to become potential animal feed.

In order to use the detoxified castor cake and castor
meal to feed poultry, the nutrient digestibility and
metabolizable energy content have to be known. Rostagno
et al. (2005) reported that the castor meal presents 1,484 kcal
of metabolizable energy per kg of natural matter for poultry
and do not mention the nutrient digestibility values. No
scientific studies determining the digestibility and metabolized
energy content of castor by-products for poultry were found.

Brazil is one of the largest biodiesel producers in the
world, and castor oil has been used for its production. The
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castor cake and the castor meal, by-products of the castor
oil extraction, present potential to be used as animal feed;
however, we need to know the digestibility of their nutrients
and the metabolized energy content so that nutritionists
may feel safe to formulate feed. Thus, this experiment was
carried out aiming to determine the metabolizable energy
content and nutrient digestibility of the detoxified castor
meal and castor cake for broilers.

Material and Methods

The experiment was conducted at the Setor de
Avicultura of the Instituto de Ciências Agrárias of
Universidade Federal de Minas Gerais, in Montes Claros,
Minas Gerais, Brazil. One hundred and eighty broilers of
the commercial line Cobb-500TM from 21 to 32 days of age
were distributed in a completely randomized design with
three treatments and six repetitions of ten broilers – five
males and five females.

The experimental treatments consisted of a reference
diet based on corn and soybean meal (Table 1) and two test
diets composed of 80% of the reference diet and 20% of the
detoxified castor cake or castor meal. In the pre-trial
period, from 1 to 20 days of age, broilers received 61% corn
composed feed, 34% soybean meal, and 5%  supplement,
according to the manufacturer’s recommendation.

The castor meal and cake were obtained from the castor
bean processing industry. The castor meal was obtained

from the castor oil extraction through solvents and the
castor cake by separating the oil by pressing. Meal and
cake were detoxified according to Oliveira et al. (2006)
using 60 g of micro processed calcium oxide for each kg
of the product to be detoxified. Before mixing with the
castor meal and the castor cake, the calcium oxide was
diluted into ten parts of water. After eight hours, the
castor meal and the castor cake were placed for drying at
room temperature. According to Oliveira et al. (2006).
Through the technique of detoxification, ricin, which is
the main toxic agent of the castor cake and meal, is
completely eliminated. The nutritional composition
of the toxic and detoxified castor meal and castor cake
was determined according to Silva & Queiroz  (2002)
(Table 2).

A metabolism trial was carried out by the traditional
method of total excreta collection during the period of 21
to 32 days of age. A seven-day period (21 to 27 days of
age) of adaptation to the facilities and to the experimental
diet was adopted followed by a total collection of a five-
day period (28 to 32 days of age). Trays covered with
plastic were installed below the cages to collect the excreta.
On the first and last collection days 1% ferric oxide was
added in the diet to identify the excreta from the experimental
diets. Excreta collections were performed twice a day,
and samples were stored by repetition and immediately
frozen (–4 ºC). At the end of the experiment, amounts of
feed consumed were determined and the excreta were
defrosted at room temperature to determine the total
excreta produced. Then, the excreta were homogenized
and dried in forced ventilation oven at 55 ± 2 ºC for 72
hours and subsequently ground. Feed and excreta were
analyzed for dry matter, crude protein, ether extract,
crude fiber, mineral matter, nitrogen free extract and crude
energy as described by Silva & Queiroz (2002). The content
of apparent metabolizable energy (AME), the coefficient
of AME metabolization, the apparent metabolizable energy
corrected by nitrogen balance (AMEn), the coefficient AMEn
metabolization and the coefficient of digestibility of dry
matter, crude protein, crude fiber, mineral matter, ether
extract and nitrogen free extract were calculated according
to reports by  Sakomura & Rostagno (2007).

The data were submitted to the normality analyses of
the studentized errors (Cramer-Von Mises test) and
variance homogeneity (Brown-Forsythe test) and checked
for the presence of outliers. After verifying the compliance
of these presuppositions, the data were submitted to
analysis of variance using the General Linear Model in
SAS® procedure (Littell et al., 2002).

Ingredient Growth (kg)

Corn 68
Soybean meal 27
Supplement1 5
Tota l 1 0 0
Chemical composition (in natural matter)
Metabolizable energy (kcal/kg)2 2908
Crude protein (%)3 19.21
Calcium (%)3 0.84
Total phosphorus (%)3 0.61
Sodium (%)3 0.19
Total methionine (%)2 0.29
Total methionine + total cystine (%)2 0.62
Total lysine (%)2 0.91
1 Composition per kg of product: vitamin A - 90 000 UI; vitamin D3 - 24,000 UI;

vitamin E - 300 UI; vitamin K - 20 mg; thiamine - 36 mg; riboflavin - 90 mg;
pyridoxine - 40 mg; cyanocobalamin - 200 mcg;  pantothenic acid - 200 mg;
niacin - 700 mg; biotin - 1,2 mg; folic acid - 10 mcg; choline - 4,000 mg;
methionine - 18,000 mg; selenium - 6 mg; manganese - 1,600 mg; zinc - 1.000 mg;
iron - 1,000; copper - 160 mg; iodine - 20 mg; coccidiocide - 2 g; growth
promoter  - 200 mg; antioxidant - 2,5 g; vehicle - 1,000 g.

2 Values calculated considering the nutritional composition of feed provided by
Rostagno et al. (2005).

3 Values determined in laboratory following the procedures proposed by Silva &
Queiroz (2002).

Table 1- Reference diet for broilers used during the experimental
period (21 to 32 days of age)
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Results and Discussion

The castor cake showed a higher content (P<0.01) of
apparent metabolized energy, apparent metabolized  energy
corrected by nitrogen balance and digestibility coefficients
of dry matter, crude protein, crude fiber, nitrogen free
extract and ether extract in relation to the castor meal. The
experimental treatments did not influence (P>0.05) the
mineral matter digestibility coefficient.

These better results for the castor cake may have been
caused by the lower crude fiber content and by the higher
fat content from this by-product in relation to the castor
meal. The higher fat content stimulates the hormone
cholecystokinin release, which stimulates the production
of lipases and also proteases, as well as amylases (Bertechini,
2006). In addition, the high fat content decreases the food
passage rate (Mateos & Sell, 1981; Mateos et al., 1982;
Andreotti et al., 2004), exposing it to longer enzyme activity
from the digestive tract (Bertechini, 2006). Lower fiber
content may also have contributed to better energy and
nutrient use because the fiber constitutes a physical
impairment for the digestive tract enzymes’ access to the
nutrients. According to the data presented by Bertechini

(2006), diets with high content of crude fiber decrease the
nitrogen free extract digestibility in poultry. Besides, Muztar
& Slinger (1980) and Parsons (1984) observed increased
amino acid excretion in higher fiber content diets and
attributed this effect to the fiber abrasion in the digestive
tract, which decreases its digestion and absorption capacity.

Rostagno et al. (2005) reported the value of apparent
metabolizable energy corrected by nitrogen balance of
1,484 kcal/kg of natural matter for the castor meal. In this
study, the value obtained was 23.3% higher, and this
difference may be related to variations in the inclusion level
of test food in the reference diet (Table 3). The standard
experimental protocols suggest that 40% of the test food
should be incorporated into the reference diet (Sakomura
& Rostagno, 2007). However, in this research, due to the
high crude fiber content of castor by-products, the level
of 20% was adopted. Other factors that may have contributed
to differences in the results are the detoxification methods
to which the castor by-products were submitted, according
to broilers’ gender and age, diet nutrient level, among
others. No other papers in the literature about the
metabolizable energy level determination of castor by-
products for poultry were found.

Nutrient Castor cake Castor meal

Toxic Detoxified Toxic Detoxified

Dry matter (%) 90.4 91.1 92.2 91.2
Crude protein  (%) 36.1 30.9 38.2 33.1
Ether extract (%) 10.2 8 .3 5 .0 1 .9
Crude fiber (%) 22.6 21.9 25.5 24.8
Nitrogen free extract (%) 13.4 15.9 9 .1 12.2
Mineral matter (%) 8 .1 14 .1 14.4 19.2
Calcium (%) 1.06 4.97 2.98 5.67
Phosphorus (%) 0.39 0.73 0.47 0.30
Sodium  (%) 0.06 0.07 0.06 0.06
Crude energy (kcal/kg) 4297 3790 3624 3218
Values determined in accordance with the procedures proposed by Silva & Queiroz (2002).

Table 2 - Nutritional composition of the castor meal and castor cake used in the experiment (in the natural matter)

Castor meal Cator cake CV (%)

AME (kcal/kg of NM) 2032b 2555a 2 .3
AME metabolization (%) 63.1b 67.4a 3 .5
AMEn (kcal/kg of NM) 1829b 2320a 2 .3
AMEn metabolization (%) 56.8b 61.2a 3 .4

Digestibility coefficient
Dry matter (%) 57.8b 60.6a 3 .2
Crude protein (%) 68.4b 77.2a 2 .5
Crude fiber (%) 10.5b 14.0a 9 .5
Nitrogen free extract (%) 35.9b 45.7a 3 .7
Ether extract (%) 80.0b 85.4a 1 .8
Mineral matter (%) 26.6a 28.2a 14.4
AME = apparent metabolizable energy; AMEn = apparent metabolizable energy corrected by nitrogen balance; NM = natural matter; CV = coefficient of variation.
Averages followed by different letters in the line differ (P<0.05) by F test.

Table 3 - Metabolizable energy and nutrient digestibility determined by the total excreta collection method in broilers
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The bromatological composition and digestibility of
the nutrients obtained in this study were used to predict
the content of apparent metabolizable energy corrected by
nutrient balance using the prediction equations presented
by Rostagno et al. (2005). The AMEn values estimated by
Rostagno et al. equation (2005) were 1,988 and 1,298 kcal/kg
of natural matter for the detoxified castor cake and castor
meal respectively. These AMEn values were 14.3 and
28.9% lower for the detoxified castor cake and castor meal
in relation to the values determined in this study.

It is important to emphasize that the detoxified castor
cake and the castor meal still remain as an allergenic factor
(glycoprotein CB-1A), which, in animal feed, does not
cause problems but may cause allergic reactions in humans
during handling. Therefore, it is recommended to wear
masks, gloves and protective clothing when handling
these by-products.

The implementation of the national production program
and biodiesel use, which currently already includes 5% of
this biofuel in the diesel, will increase the castor cultivation
destined for oil extraction that will be used in biodiesel
production. The by-products generated in this extraction,
the castor cake and castor meal when detoxified, are potential
food for poultry. Nowadays, there are efficient methods to
detoxify the castor bean by-products (Anandan et al., 2005;
Oliveira et al., 2006) and allow its use in animal feed. These
research findings provide support for the nutritionist to use
the castor by-products more safely in formulations.

Few studies on the effects on the castor by-products
use in poultry feed performance can be found.  Ani &
Okorie (2008) studied the inclusion of 0, 10, 15 and 20% of
detoxified crushed castor seed for broilers in the final
stage of raising and concluded that the level of 10% was
sufficient to optimize feed consumption, weight gain and
feed conversion. Unpublished data from our research
group confirm that in the period from 1 to 40 days of age,
the detoxified castor cake may be included in the poultry
diet in levels up to 1.25% to optimize the poultry performance
without affecting their carcass characteristics.

Conclusions

The metabolizable energy and digestibility of nutrients
in detoxified castor cake are higher than in the detoxified
castor meal.
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