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Introduction
The poultry industry is one of the fast means of providing the 

much needed animal protein to the teeming populace. It has been 
suggested that the expansion of the Nigeria poultry holds the 
greatest promise of bridging the animal protein gap in the coun-
try within the shortest possible time [1,2]. Some agro-industrial 
by-products like Bambara nut, feather meal, rice offal, brewer’s 
dried grain have been used in poultry diets to replace cereals [3-
6]. Broiler birds are probably the most universal and important of 
all poultry as producers of meat for human consumption. It has 
been reported that sweet orange (Citrus sinensis) peel meal ob-
tained from ground sun dried peels can replace dietary maize in 
broiler chicken diet at 20% level without any adverse effect on per-
formance [7,8]. 

Feed processing helps to enhance the feeding quality of agro-
industrial by-products by reducing the level of toxicants where 
present, improving their nutrient value, acceptability of feed, and 
utilization by animals. The shortage of good quality feeds needed 

A four-week feeding trial on the simultaneous replacement of 0 to 50% of soybean meal and 0 to 100% of soybean oil on the 
growth performance, carcass composition and profitability was conducted using 45 randomly chosen one-week-old growing Japa-
nese quail. The five experimental diets were; D0= Diet containing 20% soybean meal and 4% soybean oil (control diet), D1= Diet, 
where 12.5% of soybean meal and 25% of soybean oil has been replaced by RSC; T2 = Diet, where 25% of soybean meal and 50% of 
soybean oil has been replaced by RSC; T3 = Diet, where 37.5% of soybean meal and 75% of soybean oil has been replaced by RSC; 
T4 = Diet, where 50% of soybean meal and 100% of soybean oil has been replaced by RSC. Results demonstrated that in raw rubber 
seed the proportion of kernel to hull is 64: 36. Proximate components of the boiled and sundried full fat rubber seed kernel (RS) were, 
moisture = 96.6%, ME = 5305 kcal/kg DM, CP = 17.6%, EE = 51.05%, CF = 8.5%, NFE = 18.25% and Ash = 4.6%. The body weights 
of the birds at 35 days of age in all dietary treatments were statistically similar. The feed intake of the quail among different dietary 
groups was varied significantly (p < 0.05) and there was a tendency of decreasing the feed intake at 25% and above inclusion level 
of RSC. The body weight gain and FCR were also statistically similar in all dietary groups. The feed cost and total production cost/kg 
BW of quail was also found to become steadily higher (p > 0.05) at higher RSC inclusion level. The muscle development was found to 
better at lower (%) RSC level, whereas the organs were enlarged at higher RSC inclusion. Results on the majority of the production 
parameters, and economics and carcass yield parameters suggested that the simultaneous replacement of maximum 50% soybean oil 
25% soybean meal by processed RSC might be suggested, particularly, there will be a crisis in the availability of these two ingredients.

to sustain livestock growth, especially during the dry season has 
been a major challenge to the industry in the developing countries. 
Thus crop residues, agro-industrial by products and non-conven-
tional feed resources which abound during the dry season are be-
ing evaluated to access their nutritive potential to support livestock 
productivity.

Several factors have been generally identified as limiting to the 
utilization or high incorporation of non-conventional feedstuffs in 
livestock feed. These include low protein content, high fibre, amino 
acid imbalance and presence of anti-nutritional factors [9]. Anti-
nutritional factors have significant negative effects on livestock 
production. These effects include reduction in palatability, digest-
ibility and utilization of ration, intoxication of different classes of 
livestock, resulting in mortality or decreased production of animal 
and reduction in the quality of meat, egg, and milk products due to 
the presence of hazardous residues [10].

There are two sources of feed protein, which are protein of ani-
mal origin and plant origin. Animal source protein is obviously the 
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Protein rich ingredients in poultry feeding

Literature Review

Ahaotu., et al. [11] reported that the replacement of soya bean 
by lupin field bean, green pea and a lucerne concentrate in both the 
starting and finishing diets of broilers caused a decrease in feed 
conversion efficiency. Wanasuria and Hutagalung (1990) carried 
out an experiment with Starbro chickens in 5 groups for 42 days. 
The quails were fed diets based on full fat soybean meal, blood 
meal, full fat yellow soybean meal, full fat lupin meal or soybean 
meal and rubber RSM. It is observed that the combination of veg-
etable and unconventional protein sources like soybean meal, sun-
flower meal, groundnut meal and RSM fortified with lysine and me-
thionine can be used as a single source of protein for broilers and 
quails. Iris and Balnave (1994) observed the poor growth in quails 
fed on diets containing soybean meal as a sole source of protein.

The utilization of unconventional feed resources (UCFR) in Asia 
is justified by serious feed deficits, rising cost of production, low 
animal productivity, and inability of the components of the animal 
industries to meet national targets, especially of animal proteins. 
Constraints to the effective utilization of unconventional feeds are 
reviewed in the context of characteristics of these feeds, adequacy 
and requirements, and priorities for used by animals. It is estimat-
ed that from field, plantation and tree crops, approximately 238 x 
106 tonnes or 46% of unconventional feeds are produced annually 
(Panda, 1989). Of these, about 80-93% of the feeds produced are 
suited for feeding ruminants and poultry. Optimum levels of uti-
lizing many of the feed ingredients are summarized as a first step 
to diet formulation and case studies are cited which demonstrate 
economic benefits. Limited data are available on deleterious prin-
ciples of these feeds. The strategies for promoting expanded and 
intensive use of unconventional feed resources require high em-
phasis on the utilization of research results involving large scale 

most costly ingredient for the formulation of poultry diets than any 
other sources of the nutrients. The plant source protein, soybean 
meal, is also costly ingredient because it is imported from abroad 
and increases the ultimate feed cost. From the economic point of 
view, poultry should be supplied with cheaper feed to get maxi-
mum return with minimum cost. Poultry production may not be 
remunerative if costly conventional feeds are not replaced by the 
cheaper unconventional feeds in the poultry diet. A recent trend 
has been seen among the poultry nutritionists to explore the un-
conventional cheaper ingredients towards reducing feed cost to 
maximize profit from poultry farming. The locally produced one 
unconventional feed ingredient like rubber seed meal (RSM) may 
reduce the feed cost.

Now-a-days, RSM has been tasted as a feed ingredient of labo-
ratory animal. It has a good nutritional value having 2520 kcal/
kg energy, 34.10% crude protein and 10.12% fat, 3.1% ash and 
4.4% fiber content (Mmereole, 2008). So, this unconventional feed 
ingredient can be efficiently used in formulating broiler diet as a 
protein source. A rubber plant can produce huge amount of seed 
up to 30 years coupled with its main produce “the rubber”. Nor-
mally, the amount of seed produced from a rubber plant is several 
times higher than that of rubber crop produced from the same tree. 
Throughout the world the rubber seed is using for oil production 
but in Nigeria no care is taken to use these seeds, and simply be-
coming wastage. On the other hand, soybean meal is an important 
protein rich ingredient in poultry feed which is mostly being im-
ported in Nigeria.

The palm oil or soybean oil is also an essential feed ingredi-
ent of growing quail, particularly for broiler. Therefore, there is a 
good scope to test the rubber seed kernel (RS) as a simultaneous 
replacer of soybean meal and soybean oil at growing quail’s diet in 
Nigeria.

Soybean meal is an excellent source of plant protein, but in Ni-
geria, it has some limitations for using in poultry diet. Sometimes, 
it may be contaminated by disease organisms affecting the per-
formance of birds. It is costly due to importing from abroad and 
ultimately it increases the feed cost. Therefore, it is very impor-
tant to find out the possibilities of using alternative sources of low 
cost protein to substitute the expensive soybean meal. A number 
of works have been done on the effect of replacing soybean meal 
by unconventional feed ingredients on the performance of poul-
try, specially chicken. But, the research on the effect of rubber seed 
meal (RSM) on quail performance are scanty.

Need for using the unconventional protein source in Nigeria

In poultry rearing, feed cost alone accounts 65-70% of the 
production cost and protein cost accounts 15% of total feed cost. 
Animal protein sources and soybean meal are obviously costly for 
inclusion in poultry diets. Soybean is also a competitive ingredient 
with fish and other livestock. In Nigeria, the conventional protein 
concentrate, that are in use in poultry diets, are adulterated and 
of low quality (Rogerio and Cunha. 2009). So, the nutritionists are 
searching for good quality unconventional plant protein source at 
a minimum cost with high levels of energy, protein, vitamin and 
essential minerals to support maximum growth of the bird within 
a shortest period of time.

Conventional versus unconventional protein rich feed 
ingredients of poultry feed
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Anti-nutritional factors present in rubber seed

Numerous in vitro (Horigome., et al. 1988 and Garrido., et al. 
1989) and in vivo (Cousins., et al. 1981; Horigome., et al. 1988 
and Ahmed., et al. 1991) studies have shown that the apparent 
amino acid digestibility’s in rubber seed were reduced by tannins. 
Ahmed., et al. (1991) have showed that rubber seed contained tan-
nin which can decline the nitrogen digestibility in chicks.

The digestion of protein was reduced due to the formation of 
stable complexes with tannins (Oh., et al., 1980; Marquardt, 1989). 
Various attempts have been taken by scientists throughout the 
world to remove, reduce, and to inactivate the tannin, (both con-
densed and hydrolysable) in rubber seed and other animal feeds. 
The methods available for removal or inactivation of tannins as 
complied by Banerjee (1998) are physical treatment and chemical 
treatments. Among physical treatments; soaking, cooking and boil-
ing of tannin containing feedstuffs have been found very effective 
in decreasing the tannin content.

on-farm testing of the potentially important feedstuffs in individual 
countries. This initiative merits the highest priority in the objec-
tive to maximize productivity from, and more efficient use of, the 
animal and quail.

Large, medium, even small commercial poultry farmers are 
problems in formulating ration as per recommendations for high 
cost, low quality and variable quality of the conventional feed in-
gredient, their seasonal availability and improper control over feed 
market. There are two sources of feed proteins, which are protein 
of animal and plant origin. Among the animal proteins, fish meals 
are usually used in the feed. It is obviously costly as a competi-
tor of human being in respect of dry fish consumption and other 
limitations. Now it has become essential to search for an alterna-
tive source of protein to formulate poultry feed. Soybean meal is 
cheaper as compared to animal proteins, therefore, most of the 
feed mill in Nigeria is using this ingredient as protein source. In de-
veloped countries and soybean meal is being used successfully. The 
predominance of soybean meal can be attributed to its availability 
and superior amino acids composition. In Nigeria, soybean meal is 
mostly imported and the producers are searching its substitute for 
higher profit.

Status and use of soybean meal at poultry feed industry in 
Nigeria

The rising prices of livestock feeds, especially in Nigeria, and 
the scarcity of conventional protein and energy concentrates for 
the formulation of feeds have forced the animal scientists in Nige-
ria to search for attractive, cheaper and readily available protein 
and energy sources [12]. These efforts have produced accumulat-
ing evidence that the alternatives, such as palm kernel cake, Bam-
bara groundnut meal, pigeon pea meal, mango seed kernel meal 
and rubber seed meal can be used for feeding livestock, especially 
to poultry, pigs and rabbits with encouraging results [13]. Rubber 
seeds are very abundant in the South Eastern States of Nigeria 
where rubber is produced for domestic purposes and for export. 
The seeds are usually discarded. In recent years, however, a lot of 
attention has been paid to rubber seed meal as a potential pro-
tein source for livestock, having been reported to have about 41% 
crude proteins (Ugwuene and Abasie Kong, 2004).

It has been noted that significant changes in the blood param-
eters can be used to assess both the pathological and nutritional 
status of individual animals (Akpodiete and Ologbodo, 1998). It 
has also been established that certain haematological factors can 
be associated with certain production traits (Mmereole, 2004). For 
example, high packed cell volume (PCV) and hemoglobin (Hb) con-
tents are associated with high feed conversion efficiency (Mitruka 
and Rawnsley, 1997), while high percentages of white blood cells 

Past attempts of replacing soybean meal with other plant 
origin protein ingredients

(WBC), especially lymphocytes, are associated with the ability of 
the chicken to perform well under very stressful conditions. Con-
sequently, the effects of any feed ingredient on the haematological 
indices of chickens are of immense assistance in deciding whether 
or not such a feed ingredient should be used as poultry feed.

Rubber seed meal (RS) has been tasted as a feed ingredient 
of laboratory animal. It has a good nutritional value having 2520 
kcal/kg energy, 34.10% crude protein and 10.12% fat, 3.1% ash 
and 4.4% fiber content [14]. Therefore, he suggested this uncon-
ventional feed ingredient to use in formulating broiler diet as a 
source protein. Three experiments were conducted to evaluate 
the nutritive value of rubber (Hevea brasiliensis) seed meal either 
in vivo or in vitro by the pepsin/pancreatin incubation procedure. 
The average weight of the seed was 3.29 ± 0.78g and the propor-
tion kernel/husk was 1.17 ± 0.40g.

The average composition of rubber seed meal was ash 3.10, 
NDF 53.8, crude fat 28.4 and N 2.39% in dry basis. The cyanide 
content of the seeds decreased from 82.5 to 29.3 mg/kg DM (dry 
matter) in approximately 45 days of storage. In vivo digestibility 
of nutrients of the feed (sugar palm syrup and dried fish) was not 
impaired by the introduction of either 17.8 or 40.5% of rubber 
seed meal in the diet. Digestibility indices of rubber seed meal 
as estimated by the differences were DM 79.4, NDF 75.0, N2 83.6 
and organic matter 85.5%. In vitro digestibility studies indicated 
significantly (P<0.001) higher values for N2 utilization in the rub-
ber seed kernel (89.7%) than in fish meal or dried fish (81.3 and 
77.2%, respectively). In vitro DM and organic matter digestibility 
coefficients in the husk were comparatively low, probably due to 
the fibrous nature of this material.

Nutritional value of rubber seed
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Use of Japanese quail as research animal

Quail (Coturnix coturnix) belongs to the family Phasianidae and 
order Galliformes under the class Aves of Animal Kingdom. The use 
of Japanese quail as a laboratory animal was first reported in 1959. 
Later, the Japanese quail is recommended to interested investiga-
tors, especially to embryologists and physiologists, for use in re-
search because of its hardiness, ease of handling, precociousness, 
and great laying ability (Padgett and Ivey, 1959). Since then, this 
species has been increasingly used as an avian model for biomedi-
cal research including in the teratogenicity and toxicity studies 
(Ichilcik and Austin, 1978). Reese (1962) stated that quail, Cotur-
nix coturnix, is small, gentle, hardy, adaptable, easy to house, and 
economical to maintain. In their article, they have speculated that 
quail should prove as useful experimental animal for comparative 
studies, for basic research in learning, motivation, and perhaps so-
cial behavior, and for teaching the analysis of behavior in demon-
strations and laboratory courses. Wertheimer and Jacobs (1961) 
called this bird as the "Drosophila” of the avian laboratory.

Research gap and the need for the current study 

Rubber seed (Hevea brasiliensis) is an unconventional forest by-
product feed ingredients. A number of trials on the use of rubber 
seed meal has been conducted by the scientists across the world 
using the array of livestock and wild species. The nutritive value of 
the rubber seed meal is almost equivalent to that of soybean meal. 
But the published literatures on the use of full fat rubber seed 
kernel as a poultry feed ingredient is not so much and this scanty 
information does not clearly indicate whether this full fat rubber 
seed is fully toxic or harmless to the birds and exactly what inclu-
sion level is well comparable with others protein/energy sources 
in diets of different types of poultry.

The full fat rubber seed kernel which has not been subjected 
to oil extraction contains sufficient (30-40%) amount of crude oil 
that can be a source of huge energy too to the growing birds. It is a 
customary to use the fats or oil in the growing bird’s ration to meet 
their higher energy demand. Therefore, the proposed study was 
attempted to use the processed full fat rubber seed kernel in the 
diet of growing Japanese quail as a simultaneous replacer of partial 
soybean meal and complete replacer of soybean oil. The soybean 
meal and soybean oil both are imported in Nigeria, but the rub-
ber seed is locally produced and currently, no cost is needed to buy 
it. Therefore, the findings of this research might guide the poultry 
producer and feed manufacturer to use this by product efficiently 
as a feed ingredient to reduce the production cost.

Materials and Method
Location of study area 

The study was conducted at the Poultry Unit of Imo State Poly-
technic Umuagwo. Imo State Polytechnic Umuagwo is located at 
the site is situated between longitudes 7o 01 0611E and 7o 031 0011 

and latitudes 5o 281 0011N and 5o 301 0011N in the humid tropical 
West Africa [15]. The climate is marked by two seasons.

Sources of rubber seed (RS) and processing method 

The rubber seeds used in this study was obtained from the ru-
ral women from Iho, Ikeduru Local Government Area of Imo State. 
Harvested rubber seeds were carefully selected by hand-picking 
them from under rubber plantation. Seeds were removed from the 
shell and oil was extracted with a manually operated rubber seed 
oil extractor. This was then be spread thinly on a concrete slab to 
sundry for about a week to reduce moisture content to be less than 
7%.

This dry rubber seed was milled into fine powder, packaged and 
stored in an air-tight polythene bag. This powdered test ingredient 
was mixed in calculated proportions with other feed ingredients to 
formulate five experimental diets for the feed trial.

Statement of the experiment

An experiment was carried on with Japanese quail (Cotornix 
cotornix Japonica) at the Poultry Unit of Imo State Polytechnic 
Umuagwo. Imo State Polytechnic Umuagwo for a period of 4 weeks. 
The one-week-old apparently healthy growing quail was used in 
this experiment as the model animal. The experimental quail was 
collected from a commercial hatchery in Owerri, Imo State. The 0 
to 50% of the soybean meal and 0 to 0% of the soybean oil used in 
the diet of 8-day- to 42-day-old growing Japanese quail have been 
replaced by processed rubber seed (RS). The feed intake, surviv-
ability, growth rate and carcass characteristics of the birds were 
investigated in this experiment.

Data analysis

Results were expressed as mean values and standard deviation 
of five (5) determinations. The obtained data was analysed using a 
one-way analysis of variance (ANOVA) using Statistical Packaging 
for Social Science (SPSS) version 20.0 software 2011 to test the lev-
el of significance (p<0.05). Duncan New Multiple Range Test was 
used to separate the means where significant differences existed.

Processing of Raw Rubber Seeds 

The raw RS (Photograph 1) was processed according to the fol-
lowing procedures:

• Raw RS from rubber garden

• Separation of seed kernel from the hulls manually using 
small hammer

• Boiling of the of the seed at 80-90ºC for 1 hour

• Sun drying of the boiled seed to reduce the moisture level 
to 8-10%

• Grinding of the seed to powder by hand grinding machine.
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Preparation of the experimental diet

The diets were formulated weekly using the ingredients avail-
able at local feed markets. The major ingredients used in the diet 
were maize, wheat bran, rice polish, mustard oil cake, soybean 
meal, meat and bone meal (MBM) and protein concentrate-60%. 
The maize, palm kernel cake, soybean meal, rubber seed were 
ground to powder by a hand grinding machine. Then, a thorough 
mixing was done after weighing of the feed ingredients proportion-
ately for each experimental diet. The vitamin-mineral pre-mix was 
added according standard procedure. The feed were formulated 
according to the requirement of growing quail (NRC, 1994) using 
the ration formulation program in computer. The ingredient com-
position of the diets is shown in table 1.

Table 1: Ingredient Composition of the experimental diet. 

Processing of quails

At the end of the experiment two quails from each pan were 
randomly selected and wing banded. The selected birds were 
slaughtered by “Halal method”. After slaughtering, the quails were 
allowed to bleed completely. The slaughtered quails were manu-
ally washed without soaking into water. Final processing was per-
formed by removal of viscera, head, shank, skin, kidney, liver, heart, 
proventriculus, gizzard of the carcass. The gizzard was opened 
with a knife and faecal materials were removed to take its actual 
weight.

Composition of rubber seed

In mature rubber seed were collected from rural women in Iho, 
Ikeduru Local Government Area of Imo State. The proportion of 
kernel to hull was 64:36. The dry matter (DM) contents of the ker-
nel and hull were found 96.6% and 91.8%, respectively. The me-
tabolizable energy (ME), crude protein (CP), crude fiber (CF), ether 
extract (EE), nitrogen free extract (NFE) and ash contents of rub-
ber seed kernel (RS) were 5305 kcal/kg DM, 17.6%, 8.5%, 51.05%, 
18.25 and 4.6%, respectively. The photographs of RS kernel and 
hull are given below:

Results

Figure 1: Raw rubber seeds from the plantation.

Figure 2: Kernel of rubber seeds.

Figure 3: Hull of rubber seeds.

Figure 4: Survivability (%) of the growing.

Quail under different dietary treatments.

Effect of RS containing diet on the performance parameters 
and cost-effectiveness of growing quail

The physical appearance and health condition was found nor-
mal in different dietary groups, except the D3, where only one quail 
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was found unable to walk at half way of the experiment. Incidence 
of only case implied that this might be due to physical injury of the 
quail rather than any effect of RS. The body weight, body weight 

gain, feed intake, feed conversion ratio, feed cost and total cost of 
production of the growing quails on different dietary treatments 
are presented in table 2.

Table 2: Performance of the growing Japanese quail during 2-5 week of age fed on RS added diet.

Values (mean ± standard error) bearing the uncommon superscripts differ significantly (p<0.05); SED = Standard error differences; 
BW= Body weight (g/bird); FCR= Feed conversion ration; FI (g/b/d) = Feed intake (g/bird/day); BWG= Body weight gain; IBW= Initial 

body weight; BDT= Nigerian Naira; TC= Total cost; D0= Diet containing 20 % soybean meal and 4 % soybean oil (control diet), D1= 
Diet, where 12.5% of soybean meal and 25 % of soybean oil has been replaced by RS; T2 = Diet, where 25% of soybean meal and 50 % 
of soybean oil has been replaced by RS; T3 = Diet, where 37.5 % of soybean meal and 75 % of soybean oil has been replaced by RS; T4 = 

Diet, where 50% of soybean meal and 100 % of soybean oil has been replaced by RS.

Relationship between RS inclusion level in diet and feed intake 
of growing quail

The weekly feed intake (FI) and the regression of RS inclu-
sion level on FI of the growing quail over time has been presented 
in Figure 5 and Figure 6 respectively. It was found that the total 
weekly FI in different dietary groups were not similar at all ages. 
During the 1st and 2nd week of RSC feeding, the FI was not affected 
at any level of RSC inclusion. But, on 3rd week of RSC inclusion, was 
marked decline in FI of the bird on RSC level 25% and above, which 
was recovered to that of the control diet later on, except the 12.5 
inclusion group that was found to consume more feed at 2nd week 
through end of the experiment.

Figure 5: Feed intake of the bird under different 
 dietary treatment at different ages.

Figure 6: Regression for the equation of, y = a + bx; where,  
y= feed intake, x= the inclusion rate of RS in the diet in place  
of soybean meal, and b= regression co-efficient and a= intercept. 
D0= Diet containing 20 % soybean meal and 4 % soybean oil (con-
trol diet), D1= Diet, where 12.5% of soybean meal and 25 % of soy-
bean oil has been replaced by RS; T2 = Diet, where 25% of soybean 
meal and 50 % of soybean oil has been replaced by RS; T3 = Diet, 
where 37.5 % of soybean meal and 75 % of soybean oil has been 
replaced by RS; T4 = Diet, where 50% of soybean meal and 100 % 

of soybean oil has been replaced by RS.

Effect of RS incorporation on carcass composition of growing 
quail

The carcass composition and carcass yield characteristics of 
5-week old quail on different dietary treatments are shown in Ta-
ble 3. Among the carcass components, the drumstick weight, thigh, 

wing, liver, kidney, heart, gizzard and head weights were found to 
be varied among birds fed diets containing various levels of RSC. 
The dressing percentage (DP) of among the dietary groups was sig-
nificantly different. The DP became lowered at 37.5and 50% RSC 
included diet when compared with that of the quails of control and 
other lower level RS added groups. The liver and kidney weights 
in the quails were found to be higher at higher RSC included in the 
diet compared to control and other lower RS groups. The thigh and 
wing weights were markedly lowered at 50% RSC inclusion that all 
other dietary groups. The reduction in muscle weight and enlarge-
ment of the liver and kidney at relatively higher RSC incorporated 
diets; particularly at 50% replacement of soybean meal gives the 
indication of the presence of toxic substances in RSC.
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Table 3: Carcass composition in 35 days old Japanese quail in different dietary treatments.

Discussion
Mmereole, (2008) analyzed the rubber seed (Hevea brasiliensis) 

and reported the average weight of seed and the kernel to hull ratio 
to be 3.29 ± 0.78 g and 1.17, respectively. The observed DM% of RS 
in the current study was almost coincided with that of the soybean 
meal. However, Hanczakowski (1995) have noticed 90.1% and 
96% DM content of RS, respectively. Islam found 90.1% DM in RS. 
In terms of chemical composition, the RS was much lower for CP% 
to that of rubber seed meal (RSM) and soybean meal (CP 41.7%). 

The CF level in the sample was 8.5%, which was nearly similar 
to that reported by (Zaher., et al. 1995 and Mmereole, 2008). They 
had reported that the RS contains 3.1 to 5% CF. The EE content 
of RS, in the present study, was found to be 51.1% that was a bit 
higher than that observed by Dudley., et al. (1993). The ME value 
of RS of this study is approximately double to that found in RSM 
and soybean meal. The ash content of RS was also very close to that 
of other plant protein sources. Therefore, considering the overall 
chemical composition it can be said that the RS can be efficiently 
used as a moderate source of CP and simultaneously, it might com-
plement the sole energy source oil, animal fat or vegetables fats 
that are normally being used in the broiler diets throughout the 
world.

The statistically similar body weight of the quails (Table 2) at 35 
days of age in all dietary treatments irrespective of the levels of RS 
incorporated indicated that the RS might support the growth of the 
quail as the soybean meal did. This result was in agreement with 
the observation of Haustein., et al. (1994), who found the almost 
similar body weight 5-week old quail at different dietary treat-
ments. The feed intake of the quails among different dietary groups 
varied significantly (p < 0.05). The highest feed intake was noticed 
in D1 diet followed by D0, D2, D3 and D4, and there was a tendency 
of decreasing the feed intake at 25% and above inclusion level of 
RS. The reasons of unexpectedly higher feed intake of D1 dietary 

group are not clear, but there are reports that higher the inclusions 
of RSM in broiler diet lower the feed intake.

The BWG and FCR were also statistically similar in all dietary 
groups. The rate of BWG was found to be declined consistently 
with the higher inclusion of RS. But, the FCR value was tended to 
be higher at higher RS inclusion. Possibly, the opposite trends be-
tween BW and FI, which are the key elements of FCR calculation, 
might result the tendency of higher FCR at higher RS inclusion. The 
feed cost and total production cost/kg BW was also found to be 
steadily higher (p> 0.05) at higher RSC inclusion level. In spite of 
lower cost/kg of the RSC included diet, such tendency could be the 
consequence of poor FCR in RSC included diet. The mortality rate 
was statistically similar on all diets. However, it was noticeable that 
all most 1/3 of the quails were died on all groups irrespective of RS 
inclusion. This rate of mortally was coincided with the findings of 
Ahaotu., et al. [14]. Who observed a normal mortality rate of 12 to 
35 in different colour mutations of Japanese quail.

The regression analysis of RSC level on FI over duration of feed-
ing revealed that the negative regression co-efficient was lower 
(b = - 0.149) during 1st and 2nd week of RSC inclusion that became 
highest (b = - 0.859) at 3rd week of feeding that was tended to be 
lower (b = - 0.458) at 4th week of feeding. However, the depression 
in 2nd week FI might be the consequences of temporary negative 
effect of RSC on bird’s FI physiology. This assumption was support-
ed by Okafor and Anyanwu (2006), who reported the immediate 
toxicity of fresh RSC in rat via the mechanism of cyanide toxicity 
in cells.

The findings of Narahari and Kothandaraman (1983) were in 
agreement with the present findings. They claimed the presence 
of tannins and cyanide in fresh RSC. Babatunde., et al. (1990) also 
stated the negative effect of replacing more than 10% soybean pro-
tein by that of RSC in growing Barrows and Gilts. They speculated 
that the poor quality of RSC protein compared to that of the soy-
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bean meal might be the constraints of replacing more than 10% 
of soybean meal protein by RSC protein in growing quails. This as-
sumption was also supported the lower muscular growth in higher 
RSC included birds, in spite of heat treatment of the RSC to detoxify 
the toxins in fresh RSC. On the other hand, the higher oil contents 
of RSC might be another factor to interfere with the mechanisms of 
muscle deposition and organ maintenance [18-31].

Conclusion
Partial replacement of soybean meal up to 50% and soybean oil 

up to 100% by processed RSC in corn-based growing quail diets is 
not harmful in respect of all parameters measured. But the most 
of the production parameters, economics and carcass yield param-
eters indicated that replacement of 50% soybean oil and soybean 
meal up to 25% by processed RSC could cushion unavailability of 
soybean meal and soybean oil. 
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