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Abstract

The experiment was conducted with 150 Bovans brown pullets to evaluate the performance of grower pullets and layers
fed raw or processed pigeon pea seed meal diets from 18th week stage of life. Each treatment had three replicates and
ten birds per replicate in a completely randomized design (CRD) with pullets and layers fed comprised of 20% pigeon
pea seed meal diets that were isoenergetic and isonitrogenous. Live weight, feed intake, live weight gain, egg production
and mortality parameters were measured. Pullets fed 20% boiled and soaked PPSM diets attained significantly higher
(P<0.05) final body weight at point of lay and daily feed intake than those fed control, raw and toasted PPSM diets.
Results revealed that non-significant (P>0.05) differences among the layers fed PPSM diets in hen-day egg production,
average daily feed intake and average mortality parameters but significant differences (p<0.05) were observed on hen-
housed egg production and age at first egg lay parameters. It was concluded that PPSM could be a good protein source
for grower pullets and layers, which could be incorporated into the diets at 20% of the whole diet without any adverse

effect on growth and egg production performance.
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1. Introduction

In Ethiopia, in highly populated areas where it may be complex to continue agronomic activities, subsistence poultry
can be the best alternative form of income resources, plays a significant role in family nutrition. Above all, smallholder
poultry provide a good opportunity to address poverty alleviation [1]. However, scarcity of conventional feedstuffs and
food insecurity problems by rapidly increasing population growth are the most aggravating factors at present [2]. Most
of the population in Ethiopia depends on cereals as stable foods which are also required for poultry feeding. This means,
it is difficult to use cereals for poultry with having human food insecurity burden and replacing expensive cereals and
less available agro-industrial by-products. Hence unconventional source of raw materials, which are less exploited by
man, is one of the solutions to reduce cost of production and contribute to increased supply of animal protein to rich of
poor people’s [3].

However, in Ethiopia this strategy is not practiced because of the less characterization of non-conventional feed sources
from rural areas rather dependent on high costs of conventional feed ingredients (maize, soybean and others), which
are primarily utilized in the human food and industrial input application [4]. This elevates the prices of the products
like egg and chicken meat. Diets formulated on a least cost basis are vital and essential. It is generally assumed that
improvements in alternative feed resources utilization will be associated with increased rate of productivity and
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product quality [5]. One of such unconventional feed sources that could be used to reduce the problem of high cost of
conventional protein sources in livestock diets with particular reference to poultry is the pigeon pea. The pigeon pea
seeds have low human food preference and unlike soybean and groundnut cake, its value in livestock feeding has not
been fully investigated. Pigeon pea could provide nutritional importance as a protein source due to relative high crude
protein (CP) value ranging from 12 to 32% [6] and appreciable amounts of essential amino acids. [7] reported lysine
1.66%, methionine 0.29%, cysteine 0.29%, argentine 1.59% and tryptophan 0.11% in pigeon pea seed. It could be a
better and cheaper protein alternative as compared to other legume grains. Cajanus cajan contains crude protein (CP)
of 22%-27%, crude fiber (CF) of 7.3%-10%, nitrogen-free extract (NFE) of 61.2%, ether extract (EE) of 1.7%-2.1%, ash
of 3.1%-4.2%, and lysine of about 7.59% [8]. It is also a good source of soluble vitamins, especially thiamin, riboflavin,
niacin, and choline. However, the use of pigeon pea seed in poultry diets is limited by the presence of several
antinutrients which affects their utilization in poultry feeding; especially the raw seeds [9]. The previous studies
revealed that different processing methods of raw pigeon pea seeds will reduce ant-nutritional factors either by boiling
[6; 10; 11), boiling and dehulling [12], toasting [6; 13; 14], roasting [15], soaking [6; 10] or supplementation with
enzyme [10].

Although, pigeon pea seed meal is cheap sources of nutrients and its availability, the extent of practical use in poultry
ration is inadequate under Ethiopian condition and limited researches have been conducted on it as a feed ration for
commercial layer chickens. Therefore, the aim of the study was to study the effect of different processing methods on
the nutrient utilization of pigeon pea seed meal (PSM) (Cajanus cajan) and on growth performance and production
performance of commercial layer chickens.

General Objective

e  To study the effect of different processing methods on the nutrient utilization of pigeon pea seed meal (PSM)
(Cajanus cajan), growth and production performance of commercial layer.

Specific Objectives

. To determine the effect of different processing methods on nutritive value of pigeon pea seed meal.
. To evaluate the effect of pigeon pea seed meal on growth performances of commercial layer.

° To evaluate the effect of pigeon pea seed meal on production performance of commercial layers.

2. Material and methods

2.1 Pigeon pea seed meal preparation

The dietary ingredients used in this experiment were maize (white), soybean (roasted), wheat bran, noug seed cake,
pigeon pea seed meal, limestone and salt. Pigeon pea seeds was procured from a local market of Wolaita Sodo city. The
collected seeds were cleaned by winnowing and hand picking of stones and debris and then subjected to different
processing treatments (raw, Toasting, Boiling and Soaking). Toasting was done in a manner similar to what was
described by [16]. The seeds were poured into a large locally made frying pan set over burning firewood with
temperatures fluctuating between 100-110°C and constantly stirred to prevent charring for about 12-15 min until about
75% of them were cracked to reveal a slight change in colour (from brown to darker brown) and a “roasted” aroma was
achieved. The seeds were then spread out in the air to cool and then crushed and included in the diet. Boiling of pigeon
pea seeds were done in water for 30 minutes at 1000C, soaking in water (30kg seed in 100litre of water) for 24 hours,
soaked seeds were first sun-dried and all are milled with a 2.0hp Lister powered local mill for use in the experiments.

2.2 Experimental diets

Five isoenergetic and isonitrogenous pullet and layer diets were formulated with raw, boiled, toasted and soaked Pigeon
pea seed meal. Several studies have been conducted on pigeon pea seed meal as poultry feeds. [9] demonstrated that
20% and 30% inclusion of raw, boiled or toasted pigeon pea seed meal (PPSM) in grower and layer diets respectively
could not adversely affect egg production, external and internal egg quality characteristics. [17] also stated inclusion of
26 and 27% of roasted pigeon pea seed meal can be included in broiler started and finisher diets respectively without
adverse effect on growth performance of broiler. Toasted pigeon pea was included at 10% of diet without any
determinant effect on growth performance and carcass yield of Japanese Quails [11]. Hence, with this basis and based
on the result of the chemical analysis five pullets and layer diets were formulated to contain PPSM 0% (T1), Raw PPSM
20% (T2), Toasted PPSM 20% (T3), Boiled PPSM 20% (T4) and Soaked PPSM 20% (Ts) (Table 1). The raw or processed
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pigeon pea seed meal replaced part of soybean meal and maize in the diets. The amount of Pigeon pea seed meal
required for the feeding trial was determined based on the total number of chicks and duration of the trial.

Table 1 Gross composition of the pullets (grower) experimental diets (% on DM basis)

Treatments
Ingredients T1 (0% T2 (20% T3(20% PPSM) | T4 (20% PPSM) Ts (20%
PSM) PPSM) raw toasted boiled PPSM) soaked
PPSM 0 20 20 20 20
Maize 59.8 51.8 50 50.5 52
Noug seed cake 5 5 5 5 5
Wheat bran 15 12 11.8 11.8 11.8
Soya bean meal 17 8 10 9.5 8
Limestone 2 2 2 2 2
DL-methionine 0.1 0.1 0.1 0.1 0.1
Lysine 0.1 0.1 0.1 0.1 0.1
Vitamin premix 0.5 0.5 0.5 0.5 0.5
Salt 0.5 0.5 0.5 0.5 0.5
Total 100 100 100 100 100
Calculated ME 2955.93 2970.06 2969.98 2980.55 2969.84
(Kcal/Kg DM)
Calculated CP% 16.54 16.62 16.64 16.74 16.66
ME: CP 178.71 178.70 178.48 178.05 178.26
Layer pullets (grower): ME (Kcal/Kg DM) = 28000 and CP (%) = 16; PPSM (Pigeon Pea Seed Meal).
Table 2 Gross composition of the layer experimental diets (% on DM basis)
Treatments
Ingredients T1(0% T2 (20% T3 (20% T4+ (20% PPSM) Ts (20% PPSM)
PPSM) PPSM) raw PPSM) boiled Soaked
toasted

PPSM 0 20 20 20 20
Maize 58 48.5 47 47.3 48.8
Noug seed cake 5 5 5 5 5
Wheat bran 14.7 14.8 14.7 15 14.5
Soya bean meal 18 7.5 9 8.5 7.5
Limestone 3 3 3 3 3
DL-Methionine 0.1 0.1 0.2 0.1 0.1
Lysine 0.1 0.1 0.1 0.1 0.1
Vitamin premix 0.5 0.5 0.5 0.5 0.5
Salt 0.5 0.5 0.5 0.5 0.5
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Total 100 100 100 100 100
Calculated ME 2928.98 2890.24 2886.77 2893.43 2891.65
(Kcal/Kg DM)

Calculated CP% 16.77 16.55 16.45 16.52 16.58
ME: CP 174.66 174.64 175.49 175.14 174.41

Layer pullets (grower): ME (Kcal/Kg DM) = 2750 and CP (%) = 16.50; PPSM (Pigeon Pea Seed Meal)

2.3 Experimental birds and their management

A total of 150 Bovans brown pullets with 18 weeks of age were purchase from Debre Zeit cooperative farms. Before
commencement of the actual experiment, the experimental pens were properly cleaned, disinfected by formalin, well
ventilated and watering and feeding troughs were also thoroughly cleaned and disinfected. At the beginning of the study
period, there was a preliminary period of one week before data collection to allow acclimatization of birds to
experimental diets. After adaptation, one hundred fifty chickens were randomly selected; tagged, weighed individually
on a digital balance and transferred into the experimental pens. Ten (10) birds were distributed in each of the 15 pens
making a total of 150 birds. The birds were kept in 1.50 m x 1. 50 m wire-mesh partitioned deep litter floor housing,
which was covered with sawdust litter material of 12 cm depth. Feed was offered twice a day at 8:00 am in the morning
and at 3:00 pm in the afternoon throughout the experimental period. Feed refusals were collected, weighed and
recorded every day at 7.00am. Feed and water was provided ad libitum. Feed offered and refused was recorded. Eggs
were collected daily and recorded. Disease control measures such as vaccination against Newcastle disease and regular
pen cleaning (once in four weeks) was taken throughout the study period. Vitamins was given through drinking water
according to the manufacturer’s recommendation.

2.4 Experimental Design and Treatments

The experimental design used for this feeding trial was a completely randomized design consisting of 5 dietary
treatments with 3 replications (Table 1). Accordingly, one hundred fifty (150) Bovans brown pullets (growers) chickens
were divided into 5 groups of 30 birds each. Each group was further divided into 3 replicates of 10 birds.

Table 3 Experimental design of the feeding trial with Bovans brown chickens

Treatment | Inclusion Level of PPSM (%) | Replicates Chickens per Number of Chickens per
replicate treatment
T1 0 (Control) 3 10 30
T2 20 (Raw PPSM) 3 10 30
Ts 20 (Toasted PPSM) 3 10 30
T4 20 (Boiled PPSM) 3 10 30
Ts 20 (Soaked PPSM) 3 10 30
Total 50 150

2.5 Measurements

2.5.1  Feed data collection

Samples of the feed offered and refused was taken daily for chemical analysis. Body weight was measured at the
beginning and every week during the experiment period. The chicks were weighed early in the morning prior to feeding
using a digital balance. From the collected data, feed intake and body weight gain and feed conversion ratio were
calculated. Mortality was be recorded throughout experimental period as it occurred.

Egg production traits

Egglaid by all birds in each replication were recorded daily using egg recording format (date of egg lay, number of birds
alive and dead). Egg production data was collected starting from age at first laying eggs. The number of eggs laid by the
birds were estimated as follows:
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. Number of eggs (hen-day): - Total number of eggs produced by the birds divided by the number of hens alive
during the period.

. Number of eggs (hen-housed): - Total number of eggs produced by the birds divided by the number of hens
initially housed.

Therefore, the hen-day egg production (HDEP) and hen-housed egg production (HHEP) were calculated using the
following formula [18]:

HDEP (%) = Total eggs produced 100
%) = (Number of birds alive) x (Number of days in lay)
Total eggs produced
HHEP (%) = ggs produ 100

= X
(Number of birds initially housed) x (Number of days in lay)
2.5.2  Chemical Analysis

Different treated pigeon pea seed meal (raw, toasted, boiled and soaked), feeds offered and refused were analyzed for
dry matter (DM), ether extract (EE), crude fibre (CF) and total mineral (ash) by proximate analysis procedures [19] and
nitrogen free extract (NFE) was calculated by difference. A micro-Kjeldahl procedure of nitrogen analysis was employed
to determine the nitrogen content. The crude protein (CP) was then determined as nitrogen content x 6.25. All samples
were analyzed in duplicates at Chemistry laboratory of Arba Minch University.

The Metabolizable energy (ME) will be estimated by the formula:

ME (Kcal/kg DM) = 3951 + 54.4EE - 88.7CF - 40.8Ash [20]

2.6  Statistical Analysis

The effect of different treated pigeon pea seed meal on the growth performance and carcass traits were subjected to
analysis of variance (ANOVA) and differences between treatment means were separated using Duncan’s Multiple Range
Test [21].

2.6.1 Model.1
Yijk = u + Ai + eik;

Where, Yijk =individual values of the dependent variables;

i = overall mean of the response variable;

Ai = the effect of the ith Treatment (i = 0PPSM, 20RPPSM, 20TPPSM, BPPSM, 20SPPSM) on the dependent variable
eik= error associated with the experimental study.

2.6.2  Model 2
Yij = 1 + ai+ bj+abij+ej

u= overall mean

i= effect of sex,

j= effect of different treated PPSM on dietary treatments, 1, 2, 3, 4 and 5
abij= effect of ith sex on jth different treated PPSM

ejj = error associated with the experimental study

3. Results and discussion

The result of proximate composition analysis of raw and processed pigeon pea seed meal (PPSM) is presented in Table
4. There were no major differences in the proximate composition of the raw or processed pigeon pea seed meal even
though toasted pigeon pea seed meal had lower numerical values for crude protein but higher nitrogen free extract than
raw, boiled and PPSM. And CP of processed pigeon pea seed meal was numerical lower the raw which may probably

26



International Journal of Scholarly Research in Life Sciences, 2022, 01(01), 022-032

due to processing enhances degradation [22]. Boiling for example has been related with solubilization and leakage of
some nitrogenous compounds into the processing water [23]. The decrease in the CP of the toasted pigeon pea seed
meal could be due to loss of water, nitrogen and volatilization during dry heat application. The differences in the
proximate composition of the raw and processed pigeon pea seed meal were due to the effect of processing [24].

Table 4 Proximate composition of raw or processed pigeon pea seed meal (DM%)

Composition Raw Toasted Boiled Soaked
Dry matter 91.48 93.42 91.64 90.39
Crude protein 24.15 16.41 23 21
Ether extract 1.05 1.16 1.08 0.91
Crude fiber 7 5.65 7.75 6.93
Ash 35 3.15 2.92 3.46
Nitrogen free Extract 55.78 67.05 56.89 58.09
ME (Kcal/Kg DM) 3244.42 3384.43 3203.19 3244.65

NFE = DM - (CP + EE + CF + Ash); ME (Kcal/kg DM) = 3951 + 54.4EE - 88.7CF - 40.8Ash [20]

3.1 Performance of chickens

Table 5 Performance of grower pullets fed raw/processed pigeon pea seed meal diets from grower starter of life

Parameters Treatments SEM P value
T1 T2 T3 T4 T5
Initial weight (g/b) 177.84 175.99 176.55 176.96 177.08 0.8 0.59
Final weight (g/b) 1450.20> 1448.74b 1451.13b 1501.842 1501.542 | 2.05 <0.001
Daily weight gain (g/b) 12.97 12.89 12.74 13.33 13.67 0.59 0.8
Daily feed intake (g/b) 65.16> 64.43b 65.01b 66.232 66.062 .037 0.02

a - ¢ Means in the same row followed by different superscripts are significantly different (P<0.05). SEM = Standard error of mean

The average final body weight, daily weight gain and daily feed intake of Bovans brown pullets fed diets with different
processing methods of pigeon pea seed meal was presented in Table 5. Daily weight gain of chickens was not
significantly (p>0.05) affected by feeding different processing methods of pigeon pea seed meal. This result is in
agreement with [25] who reported non-significant differences (P>0.05) among grower pullets fed the different
processing methods of pigeon pea seed meal in daily weight gain. However, final weight and there was no significant
(p>0.05) difference on daily feed intake of pullets fed T4 (boiled PPSM) and T5 (soaked PPSM) but significantly (p<0.05)
higher than those fed the rest three treatments. Boiled pigeon pea seed diets resulted in higher final body weight and
better feed intake than toasted pigeon pea seed diets. This could be due to the boiling processing method of pigeon pea
seed meal has been reported to be better than toasting [26]. The difference in performance could be due to greater
reduction of anti-tryptic and hemagglutinating activities of pigeon pea seeds achieved by boiling [22]. The results of the
present study were in agreement with the findings of Onu and Okongwu (2006), who reported significant differences
in feed intake and final body weight among the pullet groups fed diets containing raw, boiled and toasted processed
pigeon pea seed meal.

The feed intake trend (Fig. 1), followed pattern of growth rate, this may have been in response to nutrient requirements
for growth and development [27]. The average daily weight gain of pullets fed raw or processed pigeon pea seed meals
from the grower stage (Fig. 2) showed that the pullets had uniform growth pattern from 7-15 weeks of age bud had
different growth pattern to the point of lay from 16 weeks of age. Pullets fed toasted PSM diet had a more pronounced
negative growth rate than the rest. Daily weight gain peaked at week 17 except for those fed boiled pigeon pea seed
meal and dropped sharply by week 18. The daily weight gain of this study fell within the range (12.74 -13.67 g/b/d)
which is higher than the result reported by [25] (9.9-11.5 g/b/d) on performance of grower pullets fed raw or processed
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Pigeon Pea Seed Meal Diets and [28] reported (4 -12.4 g/b/d) on dietary protein and energy effects on reproductive
characteristics of commercial egg-type pullets reared in arid hot climate.
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3.2 Performance of layers

The performance of layers fed raw or processed pigeon pea seed meal during the grower and layer stages of life is
presented in Table 6. Hen-day egg production (%), average daily feed intake (g/b/d) and mortality were not
significantly (P>0. 05) affected by layers fed raw, toasted, boiled and soaked processed methods of pigeon pea seed meal
or control diets. The non-significant (P>0.05) average daily feed intake that was not affected by different processing
methods of the pigeon pea seed meal is not in agreement with the result of [9] reported that layers fed control and raw
diets were significantly (P<0.05) lower than those of toasted, boiled and soaked processed pigeon pea seed meal diets.

The significant (p<0.05) difference of age at first egg lay (sexual maturity) among layers fed different processing
methods of pigeon pea seed meal could be due to feed restriction practiced during the pullet growing period [9; 29].
The average age at first egg lay of this study range (151.3 - 161.7 days) is considered normal and agrees with 142-160
days of [30], 148-158 days of [31] and 153-175 days of [9]. Layers fed raw pigeon pea seed meal diet reached sexual
maturity (age at first egg lay) 4.7-10.4 days later than those fed processed pigeon pea seed meal diets and control diets;
and this could be due to the presence of antinutritional substances in the raw pigeon pea seed meal. This result is in
agreement with [9] in case of late sexual maturity (2-4 days later than those fed processed pigeon pea seed meal) but
higher in days. The present result showed more delayed age at first egg lay and it is not in line with the report of [32]
on commercial laying hens showed earlier average age at-first-of lay to be 126+1.02 days and according to [33]
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commercial egg type layers started laying eggs at the age of 140-147 days. This could be attributed to the difference of
breed and intensive management [34].

Table 6 Performance evaluation of layers fed raw or processed pigeon pea seed meal diets

Treatments
Parameters
T1 T2 T3 T4 T5 SEM | Pvalue
Hen-housed egg production (%) 63.132 63.09b 61.29°b 61.292 68.422 | 4.26 0.008
Hen-day egg production (%) 70.23 67.62 68.15 70.82 70.80 0.58 0.75
Average daily feed intake (g/b/d) 99.9 100.8 100.01 100.1 100.4 0.32 0.28
Average Mortality (%) 10 6.7 10 13.3 3.3 6.54 0.84
Age at first egg lay (days) 151.3b 161.72 152.7b 154.3b 1572b 2.12 0.05
——T1 T2 T3 T4 ——T5
107.50
105.00
= 102.50
z
<= 100.00
2
& 9750
S
= 95.00
92.50
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22 23 24 25 26 27 28 29 30 31 32 33 34
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Figure 3 Layers Daily feed intake across experimental period (g/d/bird)

Treatments

Boiled Pigeon Pea Seed Meal
=== Control
=== Raw Pigeon Pea Seed Meal
=== Soaked Pigeon Pea Seed Meal

Toasted Pigecn Pea Seed Meal

Hen-day egg production (%)

1 2 3 4 5
Period..months.

Figure 4 Average Percent hen-day egg Product in of layers fed raw or processed pigeon pea seed meal diets during
layer stage of life
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The hen-day production (%) of layers fed boiled, soaked pigeon pea seed meal and control diets did not show significant
(P>0.05) difference but significantly (p<0.05) higher than that of birds fed raw and toasted pigeon pea seed meal diets.
Hen-day production showed peaks at the 5% month (Fig. 4). The overall average of hen-day egg production for the
current study is 69.5% from point of lay to 42 weeks of age which is 13.4% lower than hen-day egg production reported
by ISA Hendrix Genetic Company under intensive management system (www.isapoultry.com). But it is in agreement
with the report of [9] 71.5% of hen-day egg production on laying performance and egg quality characteristics of pullets
fed raw or processed pigeon pea seed meal diets during grower and layer stage of life. The egg production performance
could be due to breed, feed consumption (quality and quantity), water intake, intensity and duration of light received,
parasite infestation, diseases, management and environmental factors [35].

4. Conclusion

The study revealed that pigeon pea seed meal could be a good protein source for grower pullets and layers, which could
be incorporated into the diet at 20% of the whole diet. Any of the processed or raw pigeon pea seed meal diets could be
fed to the pullets from the 7th week of age to the layer stage of life without adverse effect on growth and egg production
performance.

Compliance with ethical standards

Acknowledgments

The fund for this research article was granted by Ethiopian Institute of Agricultural Research. We are thankful to
technical and field assistants of feeds and nutrition research program, Wondogenet Agricultural Research Canter for
their assistance in data collection. Our appreciation and thanks also go Arba Minch University Chemistry laboratory for
analysis of all feed samples.

Disclosure of conflict of interest

Authors declare no competing interest for publication of this paper.

References

[1]  Jamroz D. Influence of feed diets on the quality of poultry products. VIII Symposium on Poultry, WPSA, Polanica
Zdroj Wroclaw. 2007; 12-16.

[2]  GitzV, Meybeck A, Lipper L, Young CD, Braatz S. Climate change and food security: risks and responses. Food and
Agriculture Organization of the United Nations (FAO) Report. 2016; 110:2-4.

[3] Amin I, Cheah SF. Determination of vitamin C, B-carotene and riboflavin contents in five green vegetables
organically and conventionally grown. Malays J Nutr. 2010; 9(1): 31-39.

[4] Gizaw S, Ebro A, Tesfaye Y, Mekuriaw Z, Mekasha Y, Hoekstra D, Gebremedhin B, Tegegne A. Feed resources in
the highlands of Ethiopia: A value chain assessment and intervention options. LIVES Working Paper. 2017.

[5] Tion MA, Adeka 1. The evaluation of cassava root meal as replacement for maize in broiler diets. In Proceedings
of the 25th Annual Conference, Nigerian Society of Animal Production, Michael 2000 Mar.

[6] Amaefule KU, OC Onwudike. Comparative evaluation of the processing methods of pigeon pea seeds (Cajanus
cajan) as protein source for broilers. ]. of Sustain. Agri. Environ. 2000; 1: 134-136.

[71  Aduku AO. Tropical feedstuff analysis table. Department of Animal Science, Faculty of Agriculture, Ahmadu Bello
University, Samaru, Zaria, Nigeria. 1993;4.

[8] Ahmed BH, Ati KAA, Elawad SM. Effect of feeding different level of soaked pigeon pea (Cajanus cajan) seeds on
broiler chickens’ performance and profitability. ] Anim Vet Adv. 2006; 1: 1-4.

[9] Amaefule KU, UK Oke, FC Obioha. 1. Pigeon pea [Cajanus cajan (L.) Millsp] seed meal in layer diets: 2. Laying
performance and egg quality characteristics of pullets fed raw or processed pigeon pea seed meal diets during
grower and layer stages of life. Int. . Poult. Sci. 2007; 6: 445-451.

[10] Akintunde AR, Omage ]], Bawa GS. Effects of Allzyme SSF® supplementation of differently processed pigeon pea
(Cajanus cajan) seeds on performance and carcass characteristics of broiler chickens. Nigerian Journal of Animal
Science. 2013 Sep 11; 15:83-94.

30


http://www.isapoultry.com/

[11]

[12]

[13]

[14]

[15]

[16]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

International Journal of Scholarly Research in Life Sciences, 2022, 01(01), 022-032

Yisa AG, Yakubu B, Edache JA, Danjuma MN, Deme HI. Effect of graded levels of toasted pigeon pea [Cajanus cajan
(L.) Millsp] seed meal diets on growth performance and carcass characteristics of Japanese quails (Coturnix
coturnix japonica). International Journal of Poultry Science. 2013 Feb 1;12(2):121-5.

Amaefule KU, FC Obioha. Performance and nutrient utilization of broiler starters fed diets containing raw, boiled
or dehulled pigeon pea seeds. Nig. J. Anim. Prod. 2001; 28: 31-39.

Amaefule KU, Odukwe CN, Ndubuisi EC. Pigeon pea seed meal as protein source for broilers. | Sustain Agric
Environ. 2003; 5: 1-11.

Amaefule KU, Nwagbara NN. Nutrient Utilization of Pigeon pea Seed Meal and Pigeon pea Seed Meal Based Diets.
International Journal of Poultry Science. 2004; 3(8): 543-546.

Akanji AM, Ogungbesan AM, Fasina O. Effect of raw, cooked and roasted pigeon peas-based diets on performance
characteristics and blood chemistry of broiler chickens. Nigeria Agricultural Journal. 2014 Nov 21;45(2):1-9.

Etuk EB, Esonu BO, Udedibie AB. Evaluation of toasted pigeon pea (Cajanus cajan) seed meal as replacement for
soyabean meal and maize in broiler finisher diets. InProceedings of the 8th Annual Conference of Animal Science
Association of Nigeria, September 15th-18th Federal University of Technology, Minna, Niger State, Nigeria 2003.

Ani AO, Okeke GC. The performance of broiler birds fed varying levels of roasted pigeon pea (Cajanus cajan) seed
meal. Pakistan Journal of Nutrition. 2011;10(11):1036-40.

Bekele B, Melesse A, Esatu W, Dessie T. Production performance and egg quality evaluation of indigenous
chickens across different agro-ecologies of Southern Ethiopia. Veterinary Integrative Sciences. 2022;20(1):133-
45.

Kelrich K. ur. (1990) Official methods of analysis. Arlington, VA: Association of Official Analytical Chemists/AOAC,
Wiseman |. Feeding of non-ruminant livestock, Butter worth Co. Ltd., London. 1987.
Duncan DB. Multiple range and multiple F tests. biometrics. 1955 Mar 1;11(1):1-42.

Onu PN, Okongwu SN. Performance characteristics and nutrient utilization of starter broilers fed raw and
processed pigeon pea (Cajanus cajan) seed meal. International Journal of Poultry Science. 2006; 5(7): 693-697.

Onu PN, FN Madubuike, BO Esonu, DO Onu. The effect of wild cocoyam (Caladium bicolor) on the performance
and internal organ weight of finisher broilers. ]. Sci. Agri. Food Tec. and Environ. 2001; 1: 19-24.

Amaefule KU, Obioha FC. Performance of pullet chicks fed raw or processed pigeon pea (Cajanus cajan) seed meal
diets. Livestock research for rural development. 2005; 17(3): 4-8.

Amaefule KU, Ironkwe MC, Obioha FC. Pigeon pea [Cajanus cajan (L.) Millsp.] seed meal in layer diets: 1.
Performance of point of lay pullets fed raw or processed pigeon pea seed meal diets. International Journal of
Poultry Science. 2006;5(7):639-45.

Akanji AAD, Ologhobo IA, Emiola and IO Oladunyoye. Effect of raw and differently processed sesame seeds on
performance and nutrients utilization of broiler chickens. Proc. of the 28th Ann.Conf. Nig. Soc. for Anim. Prod.
Ibadan. 2003; 28: 184- 188.

Amaefule KU, Okereke CO. Feeding value of raw and boiled pigeon pea seed meal on the growth performance of
local pullet chicks. Nigerian Journal of Animal Production. 2019; 46(5): 88-95.

Elzubeir EA, Mohammed OA. Dietary protein and energy effects on reproductive characteristics of commercial
egg-type pullets reared in arid hot climate. Animal feed science and technology. 1993 Apr 15;41(2):161-5.

Sharma VP, DP Sharda. The effect of the levels and duration of feed restriction on the growth, feed consumption
and utilization of feed during laying period of the growing pullets. Int. ]. Trop. Agri. 1993; 11: 63-70.

Shanawany MM. Sexual Maturity and Subsequent Laying Performance of Fowls Under Normal Photoperiods—A
Review 1950-1975. World's Poultry Science Journal. 1983 Feb;39(1):38-46.

Odunsi AA, A] Gbadamosi. Effect of dietary inclusions of palm oil and sheabutter fat on growth and sexual
maturity of pullets. Nig. J. Anim. Prod. 2001; 28: 26-30.

Farooq M, Mian MA, Durrani FR, Syed M. Egg production performance of commercial laying hens in Chakwal
district, Pakistan. Livestock Research for Rural Development. 2002;14(2):31-9.

Petek M. Production traits and economic efficiencies of different Genotypes of layers reared by enterprises in
Bursa province and its near vicinity. Veteriner Fakultesi Dergisi Uludag Universitesi. 1999; 18: 1-2: 65-77.

31



International Journal of Scholarly Research in Life Sciences, 2022, 01(01), 022-032

[34] Gezahegn T, Ashenafi M, Berhan T. Evaluation of the egg production performance in Bovans brown and Koekoek
Chicken Breeds under varied seasons and feeding regimes in South Wollo zone, Ethiopia. Global Veterinaria.
2016;17(4):318-24.

[35] Mebratu Yigzaw, Solomon Demeke, Wasihun Hassen et al. Egg production performance of three strains of laying
hens kept in floor pens, 09 November 2021, PREPRINT (Version 1) available at Research Square
[https://doi.org/10.21203/rs.3.rs-1026950/v1].

32



