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ABSTRACT

Castor seed cake (CSC) has been recognized as a potential protein source for livestock due to its high Protein and amino acids profile. However, the cake
contains some anti-nutrients and toxic compounds that may prevent its full utilization in Livestock feed. The present study was conducted to investigate
the effect of partial substitution of Groundnut cake with Fungus (Aspergillus niger) treated Castor seed cake (FCSC) on performance characteristics, egg
quality and biochemical blood parameters of Japanese quail. Seventy-two quail chicks used for this experiment were subjected to three dietary treatments:
Control diet (A, 0% FCSC), B (30% FCSC) and C (60% FCSC). The birds were randomized against the diets with three replicates, and with eight birds each.
Feed and water were administered ad-libtum. The experiment which lasted for six weeks in a Complete Randomized design model revealed significant
differences(p<0.05). in the weight gain and feed conversion ratio of the Control diet (A) compared with Diets B and C Feed intake of Diets A and B was
similar (p>0.05) but significantly different from C. Additionally, the egg weight of Diets A and C was also similar (p>0.05) while the Haugh unit of the
three Diets were significantly different but highly acceptable according to USDA. However, the hen-day production of the Control diet (A) was highly
significantly different from B and C having 70%, 50% and 30% respectively. Conclusively, Fungus treatment of Castor seed cake is essential to eliminate
hepatotoxic and nephrotoxic effects and inclusion of 60% Aspergillus niger treated Castor seed cake in the diet of Japanese quail which have no effect on

the performance characteristics, egg quality and health status of the birds is recommended.
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Introduction

Poultry offers the greatest scope for increasing the quantity and
quality of animal protein hence; Poultry production should be
given high priority because the animal has a better energy and
protein conversion ratio with high net return on investment than
any other animal species. Initial investments costs are low for
the Japanese quail production, reason being that they are hardy
birds and small sized. Japanese quail, Coturnix japonica which is
a ground living species that tends to stay within dense vegetation
areas in order to take cover is one of the domesticated poultry
species which is mainly distributed in East Asia, Russia and Africa.

The plumage of Japanese quail is sexually dimorphic which allow
differentiating of different sexes from each other and the animal
has behaviour to closely follow photoperiods in their feeding habit,
i.e. they eat at the beginning and end of the day. Quails which are
best raised for good conversion of feeds into meat and eggs can
lay all year-round if photoperiod is maintained. Additionally, the
animal has a remarkable resistance to disease at six weeks and
ready for consumption at four to five weeks of age [1-4].

Increase in human population, income improvements and
urbanization are some of the factors governing the increased
demands for foods of animal origin in developing countries.
Hence, increase demand for protein of animal origin has helped
in combating malnutrition which is a problem in Africa and this
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resulted to increase in the production of animal protein with
consequential increasing demands of ingredients which have high
protein and energy values. Most feed ingredients given to poultry
are also eaten by human and this has led to food-feed competition
between man and his livestock in developing countries [5-7].

The major challenge facing the poultry industry is how to produce
sustainable poultry products that is capable of bridging the protein
supply gap in future. Protein supplements become costly as a result
of the habitual decrease in the production of these conventional
ingredients like Groundnut cake.

Groundnut cake is one of the conventional protein supplements
in poultry ration but due to its limited supply and seasonal
availability, there has been increase in its cost. As a result of the
digestive system in quail, very high-quality protein is required
to meet their protein requirement which is more similar to what
human need. Castor oil seed (Ricinus communis) has been found
as an alternative to partially substitute for groundnut cake. Castor
seed cake production can be obtained after the extraction of oil
from milled Castor seed either by mechanical or chemical methods
and about a tonne of processed castor oil seed will yield 550kg
of castor cake. It is noteworthy that Castor seed cake can be used
as protein supplement for poultry, ruminants and pigs but with
some limitations [8-11].

The limitation in the direct use of Castor seed cake is the
presence of anti-nutritional factors like ricin, ricinine, allergen
and chlorogenic acid. Several methods of detoxification are well
documented in literature without encouraging results. Therefore,
the thrust of this study was to evaluate the efficacy of Aspergillus
niger treated Castor seed cake on the performance characteristics
and egg quality of Japanese quail [12-15].

Materials and Methods

Site of Experiment

This experiment was conducted at the Department of Animal
Production Poultry unit, University of Ilorin, Ilorin, Kwara State of
Nigeria. University of Ilorin is located at latitude 8.4820, longitude
4.320 and elevation of 330m [16].

Fungus

Fungus (Aspergillus niger) was obtained from the Department of
Microbiology, University of Ilorin, Nigeria into a bijour bottle.
The fungus was sub-cultured by inoculating and maintained on
Potato Dextrose Agar (PDA) containing in Petri-dishes.

Collection and Processing of Castor (Ricinus communis) Seed
Mature seeds of C. Ricinus were collected around Ilorin metropolis,
Nigeria. The debris and stones in the seeds were handpicked and
later cleaned, weighed and decorticated individually to remove
the kernels. The kernels were milled using grinder and defatted
using hydraulic press while petroleum ether was used as cool
extraction so as to remove the residual oil from the cake. The
cake was then autoclaved at 1210C, 15psi for 30minutes so as to
eliminate microbes present in the cake and later cool in readiness
for fungus inoculation [17].

Inoculation of the cake
The cooled autoclaved Ricinus communis cake was inoculated
using Aspergillus niger at the rate of 107 spore / ml [18].

Animal Management

A total of seventy-two (72) Japanese quail birds averaging 8g
initial weight at day old were used for the experiment. The birds
were kept under standard and similar environmental, hygienic and
management conditions in line with care guidelines while all birds
were brooded for a week in a brooding cage. Newly constructed
cage having nine faces (60m x 40m) was labelled randomly
(having three treatments replicated three times) and electrified
to supply light for the birds. The chicks were randomized against
three dietary ttreatments containing fungus treated Castor seed
cake at 0%(A), 30%(B) and 60%(C) in replacement of Groundnut
cake while other ingredients were of fixed proportions (Table 1).
Each Treatment had 24 chicks while feeding and watering were
supplied ad libitum throughout the experimental periods and
cleaning of feeders, drinkers, and cages were practiced daily [19].

Table 1: Presents the Composition of the Experimental Diet,
Formulated to Meet the Nutrient Requirements of Japanese Quail
[19].

Table 1: Composition of the experimental diets (%)

Ingredients Diets

Diets A B C
0% 30% 60%

Maize 52.00 51.00 50.00

Groundnut 28.80 20.10 11.40

Cake (GNC)

Fungus treated 0.00 8.64 17.28

Castor seed

cake

Wheat bran 10.00 11.00 12.00

Fish meal 2.50 2.50 2.50

Bone meal 2.00 2.00 2.00

Oyster shell 2.00 2.00 2.00

Palm kernel 2.00 2.00 2.00

cake

Salt 0.25 0.25 0.25

Methionine 0.10 0.10 0.10

Lysine 0.10 0.10 0.10

Premix 0.25 0.25 0.25

Total 100.00 100.00 100.00

Sample Collection

Average Weekly Feed Intake (AWFI) was calculated as the
difference between the feed offered and the feed refused as shown
below:

AWFI= Quantity of feed offered — Quantity of feed refused

Average Weight Gain (AWG) was calculated as follows:

_ W(t2) - W(t1)
t2-t1

AWG (t1, 12) = (t1, tz)

Where: t = initial time (week); t,= final

time (week); W (t,) = final body weight (g); w (t,) = initial body
weight (g).
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Feed Conversion Efficiency was Obtained as Follows:

Feed Conversion Efficiency=

9

Average weight gained (week

Average amount of feed consumed (g/week)

Eggs produced were collected daily at maturity during the study.
Egg production was expressed as Hen-day production.

number of eggs produced

Hen Day Production = X 100

number of hen—days

Number of hen-day = number of hensxnumber of days in lay.

Egg Quantity and Quality Assessment

The number of eggs of each unit was recorded daily and eggs were
weekly weighed to obtain average egg weight. Quail reach maturity
at six weeks of age and two eggs per replicate were collected
during three consecutive days throughout the experimental period.
The eggs were taken to the laboratory, weighed using precision
weighing scale (0.01). The eggs were accessed for both internal
and external qualities. The egg parameters measured were: Egg
weight (g), egg shell percentage, Albumen height (mm), Haugh
unit, Shell thickness (mm), Yolk height (mm), Yolk width (cm),
Yolk index (Y.I.), Albumen weight (gram) and Egg shape index.

Albumen Height (mm)

Three weighed egg samples were collected at random per
treatment. The eggs were broken on a flat non-absorbent surface.
The thick albumen was measured as its widest part at a position
half between the yolk and the outer margin using a spyrometer.
Albumen height was converted into Haugh unit based on the
calculation of [20]. Thus:

_ 0.37 _
U, — loolog (H Ve (3ow 100+1.9)
100

H. U. = Haugh Unit;
H = Albumen height in mm
G =32.2; W = Weight of the whole egg in grams.

Weight
Width

Egg shape index = X 100

Yolk Index (Y.I.)

This was calculated by dividing the yolk height with the yolk
width.

Weight of yolk
Width of yolk

Yolk index =

Gross Energy: It was determined Using the Formular of Carpenter
and Clegg [21].

Chemical Analysis
The Proximate Analysis of the Feed and faeces were determined
using [22].

Statistical Analysis

Data collected were subjected to analysis of variance (ANOVA)
using Completely Randomized Design model (CRD). Significant
means of the treatment were separated using Duncan Multiple
Range Test [23].

Result and Discussion
Table 2: Proximate analysis of Fungus Treated Castor seed
cake

Parameters (%) Aspergillus niger treated
Castor seed cake

Dry matter 92.71

Crude protein 29.52

Crude fibre 3.96

Ether extracts 15.27

Ash 5.03

Table 3: Proximate Analysis of the Experimental Diets

Parameters Diets

(%) A (0%) B (30%) C (60%)
Dry Matter 88.21 87.98 89.16
Ether Extracts 10.82 10.32 11.57
Ash 7.63 8.32 10.21
Crude Protein 21.16 20.09 20.12
Crude Fibre 5.42 6.84 7.92
NFE 45.03 45.58 49.82
Gross energy 476.99 .. 432.67 1435.67
(K.cal/Kg)

Table 3: Performance Characteristics of Quail Fed with
Fungus Treated Castor Seed Cake

Parameters Diets
Dietary Treatments
A (0%) | B(30%) | C(60%) | +SEM P<0.05
Feed Intake (g/bird/day) 21.82° | 22.21° 25.57 0.4004 0.0023
Weight Gain (g/bird/day) | 13.50* | 11.63" 10.32¢ 0.3434 0.0038
Feed Conversion Ratio 1.62¢ 1.92° 2.49° 0.0647 0.0050

Means along the row with different superscripts are significantly
different at p<0.05
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Table 4: Egg External and Internal Qualities of Quail fed with Fungus treated Castor seed cake

Parameters Dietary Treatments

A (0%) B (30%) C (60%) +SEM P<0.05
Egg Weight (g) 8.82° 7.14° 8.68° 0.3475 0.0460
Egg Length (mm) 2.83¢ 2.60° 2.80° 1.3720 0.0350
Egg Width (cm) 223 2.15* 2.23* 0.0265 0.1190
Egg shell % 0.69 0.56 0.68
Shell Thickness (mm) 0.16° 0.13° 0.25 0.0220 0.0350
Shell Weight (g) 0.91° 0.99° 1.36 0.0795 0.0290
Albumen Height (cm) 3.40° 4.45° 3.60° 0.1360 0.0070
Yolk Weight (g) 2.48 1.90* 2.81* 0.3205 0.1240
% York 28.12 26.61 32.37
Yolk Height (mm) 5.50° 7.40% 8.25° 0.5255 0.0460
Yolk Diameter (cm) 2.10° 1.75% 2.10° 0.0925 0.0940
Albumen Diameter (cm) 3.13¢ 2.65* 3.05° 0.1349 0.1419
Albumen Weight (g) 4.43* 3.88¢ 3.85° 0.2000 0.2130
% Albumen 50.23 54.34 44.35
Egg Index 0.79b 0.83* 0.80° 0.0055 0.0130
Yolk Index 2.60° 4.27° 3.932 0.2141 0.0070
Haugh Unit 85.68° 93.11* 87.00° 0.9735 0.0070

Means along the row with different superscripts are signif icantly different at p<0.05

Table 5: Hen-Day Production

Diets Parameter

Castor % Hen-Day Production
A (0%) 70.33a

B (30%) 51.00b

C (60%) 32.33c

+SEM 2.07

P-value 0.05 <.0001

Means with different superscripts are significant at p<0.005

Results and Discussion

Proximate Composition

The Proximate composition of the experimental Diets is shown in
Table 2. The dry matter, Crude protein and Crude fibre contents
reported in this study agreed with the reported values of Roseli
et al. Contrarily the Crude Protein, Crude fibre and Ether extract
contents reported herein were higher than the value noted by
Annongu et al. and this could be attributed to the addition of
microbial protein synthesized by the fungus as well as the method
of fat extraction from the cake. Allied with the above points it
may also be due to the higher inclusion levels of the Fungus
(Aspergillus) treated Castor seed cake in the total diet. However,
the Ether extracts reported by Annongu et al.was higher than
15.27% noted in this study and this may be due to the lipolytic
action of the fungus and/or the differences in ether extracts might
be due to the combination of mechanical and chemical methods
of oil extraction in this study [24,25].

Additionally, the low Crude fibre content could probably be due
to the fungus treatment (which they could have used the fibre for
their body own growth). The high percentages of ash in both diets
B and C connotes that the Fungus treated Castor seed cake was
not deficient of minerals that is needed directly for shell formation
in laying birds.

The performance characteristics of the experimental Animals are
shown in Table 3.

Feed Intake

It was observed that the feed intake increased as the level of
Fungus treated Castor seed cake inclusion increases (p<0.05) in
this study and this contradicts the reported values in literature who
reported low feed intake as the castor seed cake inclusion level
increased. The variation in the results could be due to the fungus
treatment of Castor seed cake used in this study. The above authors
fed raw/ or chemically treated Jatropha cake. The highest feed
intake was recorded for birds on Diets C > B and A respectively.
The higher inclusion and tolerance levels of the fungus treated
Jatropha kernel cake could be due to its treatment by fungus
which could have detoxified the cake to tolerance level compared
to the reports in literature who fed raw, heat and chemical treated
Jatropha meal [26-31].

Weight Gain

The weight gain recorded in this study collaborates the reported
values authors in literature who noted a decreased in the final
body weight of birds as the inclusion level of Castor seed cake
increased in the diet. The reduction in the performance of the birds
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as the Castor seed cake inclusion level increases may be due to the
presence of residual castor allergen present in the cake. Ani and
Okorie reported that the presence of residual ricin in castor seed
meal might contribute to growth depression and ricin has been
shown to interfere with the digestion and absorption of nutrient
in the gastrointestinal tract [12,32-34].

The quantity of feed needed to obtain one gram of body weight
increases as the level of fungus castor seed cake increases at
p<0.05. The higher the feed conversion ratio, the poorer the feed
efficiency, low feed conversion ratio recorded especially at 60%
(Diet C) inclusion might be due to the effect of the toxin residues
still present in the cake. The feed conversion ratio recorded in this
study was found to be better and lower compared to the report
of Muhammad who noted 2.50 and 2.80 feed conversion ratios
in quails fed raw Castor seed cake. This indicates that fungus
treatment is still better than feeding raw Castor seed cake [35].

Mortality

In contrast to the reported values in literature there was no mortality
recorded throughout this experimental study. The reports of these
authors could be due to the inclusion of raw Jatropha meal in their
diet as well as the methods of detoxification (chemical method).
The treated meal might still be containing some anti-nutrients
(anti-trypsin, lectin, curcin, phytate and phorbolester) [26,28].

External and Internal Qualities of Quail Egg

Egg quality

The effect of Castor seed cake on quail eggs qualities and quantity
are shown in Table 4. There was no significant difference in egg
weight between the Control and Diet C (60%). This might be
attributed to late egg production of the birds on 60% Fungus treated
Castor seed cake inclusion level (the birds had fully developed
for egg production than the control). The age of hen strongly
influences the egg size and the proportion of its components.
There was significant difference in the shell qualities of the egg by
birds on Diet C (60%) with the highest shell thickness compared
with other diets. However, the percentage egg shell fell within
the reported ranged in literature. Shell thickness is important in
handling and marketing of eggs; hence, farmers could embrace
diet C for highest egg shell thickness [29-32].

Egg Length and Width

There was no significant difference in the egg width but the Egg
length value was least for Diet B while Diets A and C are similar.
The values of egg length reported herein fell within the reported
values in literature while the egg width was lower that the values
of between 2.25 and 2.94 reported by Nowaczewski et al. The egg
length and diameter are vital in calculating egg index and both
could be used to select for egg and hatch weight [30].

Albumen and Yolk

There were significant differences in the albumen and yolk
percentages with Diet C recording higher yolk percentage and
Diet B had higher Albumen percentage. The weight of the
albumen noted in this study was higher than the reported values
of Nowaczewski et al. but lower than the values found by Abd
El-Hack et al. Additionally, the report of the yolk weight and yolk
percentage of this study were lower than the reported values of
Nowaczewski et al.but higher than the value reported by Abd El
Hack et al. [1,30].

Haugh Unit
Haugh unit is a parameter used to determine egg quality and
freshness. According to the United States Department of

Agriculture (USDA), a Haugh unit score of 72 and above is
acceptable. This implies the freshness of the egg. Although, there
was significant difference in the Haugh unit of the treatments, but
acceptability is normal according to USDA [31]. This connotes
that as Fungus Castor seed cake inclusion level increases, the
freshness and quality of eggs is maintained and not altered. Haugh
unit was positively affected by the inclusion levels of the fungus
treated Castor seed cake in the following order Diets B> C>A. The
result of Haugh unit reported herein was higher than the values
noted by Pereira et al. (2016) but fell within the values reported
by Abd El Hack et al. and Berto et al. [1,34].

Hen Day Production

The Hen-day Production value (Table 5) reported herein was
highly significant for the control compared with other Diets (B
and C), The poor performance of birds on diets B and C could be
attributed to variation in the nutrition (diets B and C had inclusion
levels of 30 and 60 % of Fungus Treated Castor seed cake which
could still contain some anti- nutrients of Jatropha cake). However,
the egg production is slightly in line with the recommended egg
production of 300egg per year for quail (i.e. 25 eggs per month).
Contrarily the value noted in this study was higher than the values
reported by Nowaczewski et al. [30].

Conclusion and Recommendation

In conclusion, inclusion of Fungus treated castor seed cake at 60%
replacement of Groundnut cake increased the freshness of quail
egg (High Haugh unit) with high egg weight, albumen weight,
yolk weight, yolk height, albumen diameter and albumen weight.
It is therefore recommended that inclusion of 60% fungus treated
Castor seed cake in the diet of Japanese quail has not detrimental
effect on the egg quality of Japanese quail.
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