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Abstract

Simarouba oil cake (SOC) is a byproduct of the oilseed processing industry that has gained attention in
recent years as a feed ingredient for livestock. This cake is a rich source of protein, fiber, minerals, and
other essential nutrients that are crucial for animal growth and development. The nutritive value of SOC
is comparable to that of other protein-rich feed ingredients, such as soybean meal and cottonseed meal,
making it a cost-effective alternative for livestock producers. Furthermore, SOC has been found to
possess some beneficial health properties, such as antioxidant and antimicrobial activity, which can
improve animal health and reduce the risk of diseases. In addition, SOC contains high levels of non-
starch polysaccharides, which can promote gut health and enhance the immune system of livestock. In
conclusion, SOC is a promising feed ingredient for livestock that offers a range of benefits in terms of
nutrition, health, and economic value. Its high protein content and favorable amino acid profile make it a
valuable source of dietary protein for animals, while its fiber and mineral content contribute to their
overall health and performance. As a byproduct of the oilseed processing industry, SOC represents a
sustainable and eco-friendly option for livestock feed formulation, and its utilization can contribute to the
development of a circular economy.
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Introduction

The cost of feed constitutes a major portion of the total cost of dairy production, accounting
for more than half of it. However, due to a deficit of 44% in concentrates (Singh et al., 2022)
(13 high prices of oil cakes and a decrease in the amount of land available for forage
production, there is a severe shortage of feed resources for livestock. This has created a
significant gap between the availability of concentrate ingredients and the requirements for
feeding livestock. To address this challenge, it is essential to identify and make use of
alternative and unconventional sources of feed, in addition to making judicious use of the
available feed resources. The efficient utilization of such feed sources is crucial for feeding the
millions of livestock in the country and safeguarding their nutritional and feed security. By
doing so, we can hope to bridge the gap between the availability and requirement of feed
resources for livestock, which is vital for the sustainable development of the dairy industry.
The concern for depletion of fossil fuel and environment has increased the demand for biofuels
in recent years. The biodiesel production from oil seeds yields residue known as oil cake or oil
meal. These cake are rich source of lignocellulose, minerals and protein. However, these also
contain toxic and antinutritional factors which limits their utilization as feed in livestock. The
detoxification of these cake or meal could allow them to be used as an alternative protein
source in livestock. In this context, seeds of Simarouba glauca is one such oil rich seeds which
are extensively in use nowadays for biodiesel production.

Simarouba glauca tree belonging to the family Simaroubaceae, a native of Florida, South
America and Caribbean. It grows well in temperature range of 10 to 40 °C and at 1000 m
above the sea level. It is well adopted to grow in warm, humid and tropical region. During
1961, Indian Council of Agricultural Research (ICAR), New Delhi, first introduced Simarouba
glauca, in India from El Salvador (EC-19701). Due to its wide range of adoptability for
various soil and climatic condition it has been used for large-scale plantation both for soil
conservation and reforestation programs. A large scale Simarouba glauca plantation has been
done in Orissa, Karnataka, Andhra Pradesh and other states of India. Simarouba seeds are an
important product of the tree. The seeds are oval-shaped and have a hard outer shell. When the
seeds are crushed, they produce a high-quality oil that is similar in composition to olive oil.
This oil is commonly used for cooking and as a cosmetic ingredient in soaps and lotions.
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It is estimated that Simarouba glauca can produce 5-6 tonnes
of seeds per hectare per year which is equivalent to about
1tonne of oil (Rout et al., 2014) [%. However, under proper
agricultural practices, that quantity of its seed and its
subsequent oil yield (2 tonnes) per hectare would be doubled
(Joshi and Hiremath, 2000) !, Simarouba seeds are rich in oil
(60%) and its oil has been extracted both by mechanical
expelling and solvent extraction. In addition to oil, the
Simarouba tree produces a byproduct known as the SOC. This
cake is made by pressing the remaining seed cake after oil
extraction. The soil cake is rich in nitrogen and can be used as
a natural fertilizer for crops. It is also used in animal feed and
as a biopesticide to control pests and diseases. Overall, the
Simarouba tree and its products have the potential to provide
sustainable solutions for food security and rural development
in many parts of the world.

Simarouba oil cake

Simarouba seeds is a valuable source of protein and essential
nutrients, making it a potential feed ingredient for livestock.
The seed cake contains approximately crude protein and crude
fiber, which is comparable to other protein sources such as
soybean meal and groundnut cake. The high fiber content of
Simarouba oil cake makes it a good candidate for ruminant
diets. The cake also contains essential amino acids like lysine,
methionine, and tryptophan, which are important for the
growth and development of livestock. In addition to protein,
the cake is also a good source of energy, with a high level of
metabolizable energy (ME) of around 2,800-3,000 kcal/kg. It
also contains minerals such as calcium, phosphorus, and
potassium, which are essential for the growth and
development of livestock. Overall, the nutritive value of
Simarouba glauca oil seed cake makes it a promising feed
ingredient for livestock.

The Simarouba meal or cake obtained after oil extraction is
rich source of protein of about 50 to 60% (Govindaraju et al.,
2009; Behura et al., 2010) > 3 with high in vitro solubility of
about 92% and biological value of 70.7 (Govindaraju et al.,
2009) B1. Similar to other oil seeds, it has greater proportion of
glutamic acid (23.43 g/100 g protein), arginine (10.75 g/100 g
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protein) and aspartic acid (10.50 g /100 g protein). Apart
from, it is high in essential amino acids such as of leucine
(7.76 g/100 g protein), lysine (5.62 g/100 g protein) and
valine (6.12 g/100 g protein) but deficient in sulphur
containing amino acids, methionine and cysteine
(Govindaraju et al., 2009) Bl In addition, it contains high
calcium (143.03 mg/100 g) and sodium (78.93 mg/100 g).
Although, SOC with excellent nutritive profile is still being
disposed as manure rather being used in animal feed. This is
due to presence of bitter toxin quassinoids (5% by weight)
(Rao, 2003) ¥ and its toxicity (Severen, 1953; Vaughan,
1970; Rath et al., 1987) [1%.14 9 |n addition, Govindraju et al.
(2009) reported for other antinutritional factors such as
saponin (3.7 g/ 100 g), alkaloids (1.01 g/100 g), phenolics
(0.95 ¢/100 g) and phytic acid (0.73 g/100 g), which can
affect feed intake, nutrient digestibility, and animal
performance. These anti-nutritional factors can bind to dietary
protein, reducing its availability to the animal, and can also
affect the microbial population in the rumen. In past
researchers have used various treatments to remove the toxins
and make oil cakefit for use as animal feed. The different
detoxification treatments includes boiling, roasting,
autoclaving, soaking with water, methanol extraction,
fermentation, acetic acid, sodium hydroxide, roasting +
ammonia, hydrochloric acid (Shafigi et al., 2021; Behuraet
al., 2008) [ 11, These treatments have reported to decrease the
levels of toxic constituents and alter the crude protein and
crude fibre, further increase the digestibility and availability
of nutrients. Shafiqui et al., (2021) !4 and Behuraet al.,
(2008) ™ reported that methanol and roasting + ammonia
were most effective in detoxification of the cake without
much altering the crude protein and crude fibre of the cake.
While treatment with acid, alkali and water resulted in dry
matter loss, reduction in protein content and increase crude
fibre. The detoxification methods used and their maximum
action on various antinutritional factor (ANF) and crude
protein and crude fibre in literature are listed below (Table 1).
Further no literature is available on complete detoxification of
quassinoids in SOC.

Table 1: List of detoxification methods used and their action on ANF and crude protein and crude fibre content of SOC

Detoxification methods Reduction in toxic factors Crude protein|Crude fibre
Methanol extraction Alkaloids (0.01%) 59 12.45
Roasting+ammonia | Alkaloids (0.01%), Phenolics (0.002), Saponin (16.25%) 62.8 7.83

Alkali treatment Efficiency of reduction of ANF low 40.20 12.12
Acetic acid Phytic acid (0.88%) 46 19.23
HCL Saponin (100%) 42 18.51
Autoclaving Efficiency of ANF reduction low 62.34 7.34
Roasting Saponin (92.8%) 61.98 7.59
Boiling Saponin (66.90%) 48.02 16.49
Fermentation Phenolics (0.002%) 47 18.85
Soaking Efficiency of reduction of ANF low 49,5 18.45

Feeding value of Simarouba oil cake

SOC is a protein rich agro industrial by-product obtained after
oil extraction can be used as a feed ingredient for poultry.
However, the inclusion level of Simarouba oil cake or meal in
the diet should be carefully considered, as high levels may
lead to negative effects on performance and health of poultry.

Patro et al. (2002) [l conducted a study to determine the safe
inclusion level of SOC in broiler diets. The researchers found
that defatted methanol extracted SOC could be safely
included up to 7.5% in broiler diets without affecting growth,
while reduced growth was observed at the 10% SOC

inclusion level. This indicates that SOC can be used as a
protein source in broiler diets at reasonable levels without
compromising growth performance. Similarly, Behura et al.
(2010) B investigated the effect of ammonia-treated and
roasted SOC on the growth performance of broilers. The
study found that SOC could be successfully included in
broiler diets at 2.5%, 5%, and 7.5% without affecting average
daily gain and feed conversion efficiency. The absence of
cytotoxicity at these inclusion levels indicates that SOC is
safe for broilers at these levels. However, the study also found
that the apparent metabolizable energy (AME) of SOC was
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lower compared to conventional protein  sources.
Additionally, there was a decrease in AME value with an
increase in the inclusion level of ammonia-treated and roasted
SOC. This suggests that SOC may not be as efficient as
conventional protein sources in providing energy to broilers.
To address this issue, the study also reported the apparent
nitrogen corrected metabolizable energy (AMEnN) of
ammonia-treated and roasted SOC to be 1771 Kcal/kg. This
indicates that the AMEn of SOC can be improved with
processing methods such as ammonia treatment and roasting.
In a study conducted by Behura et al. (2009) [, the feeding
value of untreated expeller pressed SOC was evaluated in
broiler chicks. The study investigated the effect of SOC at
various inclusion levels of 2.5%, 5%, 7.5%, and 10% on the
growth performance, blood biochemical parameters, and
histopathological lesions of broiler chicks. The results showed
that birds fed SOC had higher body weight gain and feed
conversion ratio compared to the control group, indicating
that SOC can be used as a protein source in poultry diets.
However, the study also revealed that the birds fed SOC had
significantly higher levels of blood biochemical parameters,
indicating the presence of some toxic substances in the SOC.
Additionally, the SOC-fed birds showed histopathological
lesions such as severe vacuolar degeneration, extensive
hepatic necrosis, and moderate vascular degeneration of the
liver, indicating that the raw SOC was unfit as a protein
source for the diet of chicks. The presence of these toxic
substances in the raw SOC such as tannins and saponins,
which can interfere with nutrient absorption and utilization in
poultry. In conclusion, the study conducted by Behura et al.
(2009) 1 indicates that untreated expeller pressed SOC is
unfit as a protein source for the diet of chicks due to its
potential toxic effects on growth performance and health.
However, with proper processing, SOC can be used as a
protein source in poultry diets, but its inclusion level should
be limited to avoid negative effects on performance and
health.

Behru et al. (2012) I conducted a study to determine the safe
inclusion level of ammonia-treated and roasted SOC in the
diet of egg-type grower chicks. The researchers fed egg-type
grower chicks SOC at 5%, 7.5%, 10%, 12.5%, and 15%
inclusion levels and observed their body weight and feed
conversion ratios. The study found that egg-type grower
chicks fed ammonia-treated and roasted SOC at 5%, 7.5%,
and 10% inclusion levels had similar body weights and feed
conversion ratios as the control group without any ill effects.
However, the groups supplemented with 12.5% and 15% SOC
showed reduced growth performance. This indicates that
ammonia-treated and roasted SOC can be safely included up
to 10% in the diet of egg-type grower chicks without any ill
effects on their growth performance. However, it is important
to note that higher inclusion levels of SOC may lead to
reduced growth performance in egg-type grower chicks.
Overall, the study conducted by Behru et al. (2012) ™
suggests that ammonia-treated and roasted SOC can be used
as a safe protein source in the diet of egg-type grower chicks
at reasonable levels without compromising their growth
performance. However, it is important to carefully consider
the inclusion level of SOC to avoid any negative effects on
growth performance.

Conclusion
In conclusion, SOC is a valuable byproduct of Simabrouba
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oilseed processing, which has numerous benefits and uses.
This cake is high in protein, fiber, and other essential
nutrients, making it a nutritious feed for livestock and poultry.
SOC can also be used as an organic fertilizer due to its high
nitrogen content, which improves soil fertility and crop yield.
Additionally, it can be used as a feedstock for the production
of biogas or biofuels. Overall, the nutritive value of
Simarouba glauca oil seed cake makes it a promising feed
ingredient for livestock. However, further research is needed
to determine its optimal inclusion level in animal diets and its
effects on animal performance and health. Proper processing
can also be used to improve its feeding value.
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