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Abstract: Feed costs constitute 60—70% of livestock and poultry production expenses,
prompting a search for unconventional alternatives. A by-product of biodiesel production,
castor bean cake is rich in protein and fiber and has manure value. However, its use in animal
feed is restricted due to toxic compounds like ricin, ricinine, ricinoleic acid, allergens,
tannins, phytate and oxalates as natural constituents. Proper detoxification through physical,
chemical, or biological methods can make it a viable feed for ruminants and non-ruminants.
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Introduction

Castor bean (Ricinus communis) is a traditionally cultivated crop in semi-arid regions of
Brazil, playing a crucial economic and social importance, especially in areas with around 500
mm of annual rainfall. Biodiesel production is a key strategy for reducing greenhouse gas
emissions, relying on oilseeds, many of which compete with food and feed industries.
However, castor bean stands out as a sustainable alternative for biodiesel production since it
does not compete with food crops (Araujo et al., 2021). This makes it a profitable and eco-
friendly option for renewable energy. Conventional protein sources like soybean cake,
groundnut cake, fishmeal, and cottonseed cake are costly and highly competitive among
humans and the livestock industry (Akinmutimi, 2001). This review provides a concise
exploration of castor bean cake as an alternative animal feed.

Castor bean

Castor bean (Ricinus communis L.), also known as castor oil bean, mole bean, or wonder tree,
belongs to the Spurge family (Euphorbiaceae) and originates from tropical Africa. It is now
generally cultivated as an oilseed crop and, in many parts of Asia, Central and North
America, Africa, and Europe, is also grown as a decorative plant (Doan, 2004). One of its key
advantages as a crop is its drought tolerance and ability to adapt to diverse growing

environments (Babita et al., 2010).
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Nutritive value of castor bean cake

Agarwal (2001) stated that castor bean meal contains significantly higher levels of
methionine and tryptophan compared to soybean meal and groundnut cake. Castor bean cake
contains following nutrients such as dry matter 89.6%, crude protein 35.9%, crude fibre
33.6%, neutral detergent fibre 45.9%, acid detergent fibre 34.8%, lignin 15.6%, ether extract
2.9%, ash 12%, insoluble ash 1% and gross energy 19.2 MJ/kg DM (Feedipedia, 2020). Helia
(2024) suggested that the protein content (32.5%) falls within the standard range for poultry
feed, making castor bean cake a viable protein supplement in poultry feed formulation.
Antinutritional factors

Castor bean cake contains ricin, ricinine, ricinoleic acid, allergens, tannins, phytates, and
oxalates. Castor beans naturally consist of 40% oil, 1-5% ricin, and 0.3—0.8% ricinine
(Johnson et al., 2005). The toxicity of Ricinus communis L. seeds is primarily due to ricin, a
highly toxic lectin that inhibits protein synthesis, leading to cell death (Baleta et al., 2015;
Audi et al., 2005). While all plant parts contain ricin, the seeds are particularly toxic and
generally linked to clinical toxicosis (Albertson et al., 2000). Castor seeds are 20% husk and
80% soft kernel, with the kernels containing bothoil and ricin, a type II ribosome-inactivating
glycoprotein, among the most potent plant toxins (Aslani et al., 2007). There are two types of
ricin, D and E, with ricin E found in small-grain castor varieties (Lin and Liu, 1986; Woo et
al., 1998). In addition, ricinoleic acid, a fatty acid in castor seeds, is highly irritating to the
gastrointestinal mucosa and is responsible for the cathartic properties of castor oil (Diaz,
2011).

Detoxification methods

Various physical, chemical, and biological methods have been explored for castor cake
detoxification, but large-scale application remains economically impractical (Severino et al.,
2012). Anandan et al. (2005) tested various methods, including soaking, steaming, boiling,
autoclaving, and chemical treatments (ammonia, formaldehyde, lime, sodium chloride, tannic
acid and sodium hydroxide). Among these, autoclaving at 15psi for 60 minutes and calcium
hydroxide treatment (40 g/kg residue) were the only methods that completely eliminated
toxins. Godoy et al. (2009) used fermentation with Penicillium simplicissimum, while
Madeira Jr. et al. (2011) found that Brazilian wild Paecilomyces variotii strain efficiently
detoxified castor residue through solid-state fermentation, producing tannase and phytase
enzymes. Genetic approaches have also been explored. Auld ef al. (2003) two strategies viz.,

conventional sexual hybridization used to develop F6 lines of castor, which has reduced ricin
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and other toxins (ricinine, Ricinus communis agglutinin - RCA toxins, 2S albumin) by 70—
75%, and transgenic castor plants, which could potentially achieve over 99% toxin reduction.
Use as feed of ruminants

Studies have explored the feasibility of replacing soybean meal (soya bean meal) with castor
bean meal (castor bean meal) in livestock diets, with varying results. Reddy et al. (1986)
found no adverse effects when replacing 30% of groundnut cake with castor bean meal in
buffalo feed. Robb et al. (1974) reported that castor bean meal could serve as a satisfactory
protein supplement for lactating dairy cows, with no harmful effects on calves consuming
milk from castor bean meal-fed cows (10-20% inclusion). Purushotham et al. (1986)
successfully fed 10% autoclaved castor bean meal to Deccani lambs without issues. Barros ef
al. (2011) and Araujo et al. (2021) found that increasing castor bean meal levels reduced dry
matter (DM) intake in grazing heifers and crossbred steers but did not affect animal
performance. Diniz et al. (2010) showed that castor bean meal supplemented with calcium
oxide (60 g/kg) fully replaced soya bean meal in cattle diets without negative effects on
digestion or ruminal parameters. Novaes et al. (2020) found that detoxified castor bean meal
could replace up to 100% of soya bean meal in lamb diets, improving DM digestibility and
nitrogen efficiency without compromising growth. Aradjo et al. (2019) observed that sodium
hydroxide-treated castor bean meal reduced DM intake but improved NDF rumination
efficiency in lactating goats, with no signs of stress. However, Lima et al. (2021) reported
that castor bean meal negatively affected nutrient digestibility, milk yield, and composition in
dairy cows, making it unsuitable for them. Melgar et al. (2022) found that detoxified castor
bean meal could replace up to 90% of soya bean meal in steer finishing diets without
affecting production performance.

Use as feed of non-ruminants

Agarwal (2001) found that NaCl-treated castor bean meal (CBM) could replace costly oil
cakes in rabbit diets without affecting feed intake or performance. Vilhjalmsdottir and Fisher
(1972) reported that hot water-extracted CBM, supplemented with lysine and tryptophan, was
a viable protein source for chicks. Akande and Odunsi (2012) found that heat and lye-treated
CBM could safely replace 50% of groundnut cake in broiler diets. Dairo et al. (2014)
determined that 10.57% trans-esterified CBM was the optimal inclusion level for broilers
without detoxification. Ombugu et al. (2022) reported that fermented CBM could replace
25% of soybean cake for improved growth and carcass yield in broilers. Ferreira et al. (2013)

found that 5-10% detoxified CBM was effective in growing pigs. Oliveira et al. (2016)
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demonstrated that 8% CBM inclusion had no negative effects, but 12% reduced performance
in pigs.

Conclusion

Castor bean cake is a nutrient-rich, cost-effective alternative to conventional animal feed.
Despite its toxic compounds (e.g., ricin), proper detoxification and formulation make it a
practical livestock feed. Its high protein content improves its potential, but further research on
processing techniques, safety protocols, and nutrient optimization is needed for sustainable
use. With proper handling, castor bean cake can help address feed scarcities and diversify
feed resources in animal production.
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