Roasted pigeon pea meal replacement to soybean meal and its effect on external and
internal egg quality parameters of Bovans Brown layers

Abstract

Aims:The study aims to determine whetherlayer hens could substitute their soybean meal with
roasted pigeon pea (Cajanuscajan) seed meal.

Study design: Five treatments and three replications in a complete randomized design (CRD)
Place and Duration of the Study: The study was conducted in Ethiopia's northwest Tigray, in
the Shire Enda lassie district.

Methodology: The experimental diets were designed to have the same calorie and nitrogen
content. A group of 105 commercial Bovans Brown (BB) egg-laying hens, 6 months old with an
average body weight of (1412.04g + 71.095g), were utilized for 90 days with a 10-day adaptation
period. The treatments included rations with 0% (control or without roasted pigeon pea), 25%,
50%, 75%, and 100% roasted pigeon pea seed meal replaced by soybean meal for T1, T2, T3,
T4, and T5, respectively. These treatment diets contained a metabolized energy range of 2882.28
- 2899.53 kcal/kg dry matter and 16.63 — 16.92% crude protein content. Data analysis was
performed using the general linear model (GLM) of the SAS software.

Results: The results of egg quality parameters did not exhibit any significant (p>0.05) variation
between the treatments. The average result of the experiment was egg weight 58.34 - 59.04
grams, shell weight 5.49 - 5.78g, and egg shape index 71.70 = 3.6. Similarly, the range of
albumin weight, albumin height and yolk weight in the experiment was 34.62 - 35.14g, 7.72 -
8.06 mm and 15.2 - 15.99, respectively. The yolk colour result using roch yolk colour fun was in
the range of 4.96 - 5.07 which indicates a normal result.

Conclusion: According to the findings, roasted Pigeon pea seed meal could be replaced up to
75% of Soybean meal in the layer's diet without an adverse effect on the parameters of internal
and external egg quality.
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Introduction

Worldwide the cost of the poultry industry is rising because of the limited resources of cereals
and oil cakes [1]. The high demand for cereal crops is becoming highly competitive since
population increment is high in developing countries. In Africa like Ethiopia [2], feed shortages



are the main obstacle for small- scale poultry producers since the commercial layer feeds are
highly expensive.

Hence, competition minimization for similar feed ingredients among livestock and humans is
mandatoryby replacing conventional feeds with locally accessible non-conventional feed
resources. MostlySoybean meal is ideal in amino acid profile to produce high protein feed
ingredients for layers.

In Ethiopia especially in theTigray region, since there is a low supply of soya beanssearching for
alternative feed sources is required to reduce the feed cost [3, 4]. Therefore, the problem can
solved using unconventional protein plants such as pigeon pea (PSM)[5] as an alternative to
replace expensive protein sources like soybean meal [6].

As indicated by [7], PSM can be a good alternative in the poultry feed industry and it has multi
advantages in feeding animals. As reported by [8]; and [9] PSM is a promising protein and
energy sourcewith a good content of essential minerals that is comparable to soybean.lt is also
known as a source of lysine since its protein content is excellent [6].

This indicates that protein feed ingredients like soya bean which are commonly used as protein
sources in the poultry feed industry can be substituted with PSM. The anti-nutritional factors
found in raw PSM can be treated by heat treatment simply [10].Although PSM in the poultry
industry is promising, little is known about how to use it as a feed ingredient especially how can
it replace soybean meal and its effect on egg quality parameters ofBovans Brown (BB) layer
hens.

Therefore, the research was designed to evaluatethe egg quality parameters of BB layers by
replacing soya bean meal with roasted Pigeon pea seed meal (RPSM).

Materials and methods
Description of the study area

The experiment took place in the northwestern Tigray region of Ethiopia, specifically in the

Shire Enda lassie district.



Feed ingredients and experimental ration

The ingredients for the feed formulation of the treatment were maize, Sorghum, pigeon pea
seed, wheat bran, nuge seed cake, sesame seed cake, soybean meal, salt, limestone, L-lysineHcl
and di-calcium phosphate. Except for the few feed components, all the cereal crops for the
research were obtained from the local markets of Shire-Endaslassie. The ingredient L-lysine
Hcl and Di-calcium phosphate were bought from Mekelle while the soya bean meal was from
Addis Abeba. Before preparation of experimental rations, all the ingredients were crushed to 5
mm size uniformly to mix with Limestone, salt, L-lysin HCL and Di-calcium phosphate
carefully. All the treatment diets were 2,800 — 2,900 kcal ME/kg DM and 16 - 17% CP content
to fulfil the minimum standard requirements of layers [11]. The ration formulation was
prepared by feed-win software for ration formulation. The experimental diets were formulated
level by level as 0%, 25%, 50%, 75% and 100% roasted PSM replacement to the soya bean in
T1 (control), T2, T3, T4 and T5, respectively.

Roasting method and Source of Pigeon pea seeds

Matured white PSM was harvested from Shire-Maitsebri agricultural research center and the
seed was roasted for 3-5 minutes at about 80 °C[12] till reached the required stage of frying,

Table 1. %arrangement of the feedstuff

Feed ingredients %  T1 (control) T2 T3 T4 T5
Maize grain 20.5 24 25.9 25.5 24
Sorghum grain 25.3 24.5 23 21 20

SBM 15 11.3 7.5 3.75 0




RPSM 0 3.75 7.5 11.3 15

Sesame seed cake 2.75 4.25 7.5 12 17
Noug seed cake 8 11.2 12 11 9.4
Wheat bran 15 8.5 4 3.9 3
Limestone 8 8 8 8 8
L-lysine Hcl 0 0.1 0.1 0.1 0.1
Salt 0.5 0.5 0.5 0.5 0.5
Di-ca-phosphate 5 4 4 3 3
Total (%) 100 100 100 100 100

SBM= Soybean meal; RPSM= roasted pigeon pea seed meal; T1= 100% soybean meal
(control); T2=25% roasted pigeon pea seed meal+ 75% soybean meal; T3= 50% roasted
pigeon pea +50% soybean meal; T4=75% roasted pigeon pea+ 25% soybean meal; T5=
100% roasted pigeon pea replacement to soybean meal

Experimental chickens and their management

One hundred five Bovans Brown egg-laying hens of Six-month-old pullets with the same
management and body weight were bought from the isolated chicken distributors. Their
vaccination and feeding history were carefully recorded and the necessary preparations were
taken pre-starting of the practical experiment. The whole experimental house with its pens,
feeding and watering troughs was disinfected and cleaned thoroughly before starting the
experiment.

The experimental pens were partitioned by 2.25 m?using wire mesh in the deep litter housing
system. Additional 4 o’clock light to the normal daylight was supplied in the full experimental
period.Then the light and dark cycle in twenty-four hours was sixteen to eight hours,
respectively.

The size of seven cm - ten cm sawdust by-products was used as litter. The old and dirty litter
was changed with fresh and disinfectednew ones every month throughoutthe experiment.In the
whole study, strict health precautions and disease control measures were maintained. The ration
was daily dispensed via hanging tubular feeders, and birds had access to water through plastic
fountains. Every morning, the troughs were cleaned for feeding and watering.

Experimental design and treatments



In the Completely Randomized Design (CRD), five treatments were replicated three times with
seven birds per replicate. Birds were assigned randomly to different diets. The experiment lasted
90 days with a 10-day adaptation period.

In the rations for T1, T2, T3, T4, and T5, soybean meal was replaced by pigeon pea seed meal at
the amounts of 0%, 25%, 50%, 75%, and 100% respectively. The recommended percentages of
pigeon pea replacement for soybean meal and the levels of inclusion in layers' diet vary among

different authors [13], [14].

Table 2. Experimental Layout

Treatment

Number of birds per replication

NoofRep R; R Rs

T No RPSM replacement 3 7 7 7
(100% soybean meal)

T,. 25% RPSM replacement to 3 7 7 7
soybean meal

T3: 50% RPSM replacement to 3 7 7 7
soybean meal

T4: 75% RPSM replacement to 3 7 7 7
soybean meal

T5: 100% RPSM replacement 3 7 7 7

to soya bean meal

RPSM: Roasted Pigeon pea Seed Meal; Rep: Replication; R1, R2, R3: replication 1, 2, 3,

respectively.

Chemical analysis of the feed ingredients

Random samples were taken from all feed ingredients except premixes and salt for laboratory
analysis before diet formulation. Chemical analysis was performed on samples taken from each
treatment ration. Samples were analyzed for dry matter (DM), crude protein (CP), ether extract
(EE), crude fibre (CF), and ash following the Weende or proximate analysis methods [15].
Nitrogen (N) content was determined by the Kjeldahl procedure and crude protein (CP) was
calculated as Nx6.25. Chemical analyses of each feed ingredient and samples from the formulated
feeds were conducted at Hawasa University nutrition laboratory. The experimental diets'
metabolizable energy was assessed using an indirect method as described in [16].

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



Egg quality measurements

Egg quality measurements for each parameterwere done using nine eggs per treatment (three
eggs per replication) weekly and the average value from each replication was computed for

eachquality parameter.

Egg weight and egg mass

The Average weight of eggs was computed using the commonly used sensitive balance of 0.005-
5kg weighing capacity by dividing the total weight of egg mass by the number of eggs laid.
Egg mass = HDEP* Average egg weight in gram

Eggshell quality

In poultry production, eggshell quality significantly impacts consumer acceptance. The weight
and thickness of the eggshell were determined through its destruction. The shell thickness was
determined by averaging the measurements of the blunt, middle, and sharp points of the egg
using a digital caliper. The sensitive balance with a capacity of 0.005- 5kg was used to measure
the eggshell weight.

Shape index

The shape index was calculated based on the standard formula of [17]involving the ratio of width
to length. Egg width and length were taken carefully from the sample eggs used for quality

parameter measurements.

Egg albumen quality

The eggs were carefully broken to separate the aloumin and yolk. Then after, albumin and yolk
were placed in their own pre-weighed Petri dish for individual weight measurement. First, the
weight of a petri dish containing the albumin was measured, and thenthe albumin weight was
determined using the weight difference between a petri dish with and without
albumin.Simultaneously, aloumen height was measured using the Electronic digital caliper. The
Haugh unit (HU) measurement indicates higher egg quality, with a more desirable number
reflecting fresher, thicker—white eggs[18].

HU =100 log (ALH +7.6 — 1.7W°%3")



Where: ALH = Observed height of the albumen in mm, and W = Weight of egg in grams

Egg yolk quality

Yolk quality was compared after careful separating of yolk and albumin in their pre-weighed
Petri dish. Then the egg yolk with its Petri dish was weighed using the sensitive balance. Then
the weight difference between the Petri dish with yolk and the empty Petri-dish was taken as
yolk weight. Soon after taking the weight, the color of the yolk was compared with the Roche
yolk color fan (RYCF) which is used to isolate the original yolk color by comparing the plastic
strips of fifteen colors ordered from very pale yellow to a deep intense reddish orange [19].

The yolk sample was taken on a piece of white paper for comparison with RYCF after removing
the yolk membrane and homogenizing the yolk. RYCF is crucial for defining the target yolk
color and formulating the hens' feed accordingly.

Statistical model and data analysis

Data analysis was conducted using the General Linear Model in SAS version 9.2 [20]. Tukey's
HSD test was used to distinguish the significant differences (p<0.05) among the treatments'
means. The experiment utilized the Gomez and Gomez (1984) model.

Yij=p+it ey

Where, Yj; = Response variable; u = overall mean; i = i" treatment effect (1,2,3,45),E;=

Random error effect



Results

Chemical composition of feedstuffs and treatment diets
The chemical compositions of each ingredient in the dietary rations for each treatment are
outlined in Table 3.

Table 3. Proximate chemical composition of ingredients used in the formulation of dietary treatments (% DM
Basis)

Feedstuffs

Composition Maize Sorghum SBM RPSM SSC NSC WB Lime
stone SEM  P-value

DM (%) 91.03 90.9 927 927 915 927 909 99 019  0.001
ME(Kcal/kg 3,880. 3,651.6 3,373 2,956 3,141 1,690.6 3,0108 031  0.001
DM) 7

C P (%) 612 12.9 429 197 345 34 15.3 0.05  0.001
EE (%) 385 171 645 069 925 1.8 2.66 0.02  0.001
CF (%) 268  3.32 785 101 105 21.4 9.78 0.04  0.001
Ash (%) 103 2.4 57 345 938 65 5.33 0.03  0.001
Ca (%) 0.04 0.3 1.02 283 231 0.0 091 32 021  0.001
P (%) 03 03 024 053 129 121 121 0.03  0.001

DM= Dry Matter, ME= Metabolizabe Energy; Kcal= kilo calorie; kg= kilo gram; CP= Crud Protein; EE= Ether
Extract;

CF= Crud Fiber; Ca= Calcium, P= Phosphors;SBM=Soya bean Meal, RPSM=Roasted Pigeon pea Seed Meal, NSC= Noug
Seed Cake, WB=Wheat bran

Table 4. Chemical composition of treatment diets containing different levels of
processed pigeon pea seed meal on a DM basis

Treatments

Chemical composition T1 T2 T3 T4 T5 SEM  P-value
DM (%) 92.4 92.4 925 924 924 0.144  0.98
ME (kcal/kg DM) 2896.8 2897.9 2882.3 2899.5 2892.1 0.063 0.001
CP( %) 16.9 16.9 16.6 16.7 16.6 0.052 0.005
L-Lysin HCL (%) 0.72 0.78 0.76 0.76 0.74 0.005 0.001
Methionine (%) 0.3 0.32 0.34 0.38 0.42 0.028 0.084
M+C (%) 0.61 0.63 0.67 0.72 0.77 0.006 0.001
EE (%) 2.99 291 2.94 3.07 3.19 0.000 0.001
CF (%) 6.03 6.38 6.54 6.8 6.9 0.029 0.001
Ca (%) 4.08 3.97 411 4.03 4.2 0.005 0.001
P (%) 1.38 1.2 1.21 1.08 1.12 0.023 0.001

T1= 100% soybean meal (control); T2=25% roasted pigeon pea seed meal+ 75% soybean meal; T3= 50% roasted
pigeon pea seed meal +50% soybean meal; T4=75% roasted pigeon pea seed meal + 25% soybean meal; T5= 100%
roasted pigeon pea seed meal replacement to soybean meal; DM= Dry Matter; ME= Metabolizable energy; CP = Crud



Protein; M+C= Methionine + Cystine; EE= Ether Extract; CF= Crud Fiber; Ca= Calcium; P = Phosphors

Egg quality parameters
According to Table 5, replacing soybean meal with RPSM in the layer's diet had no statistically
significant impact on any internal or external egg quality parameter (p>0.05).

Table 5. External and internal egg quality parameters of BB layer-fed dietary treatments

Treatments
Parameters T1 2 T3 T4 T5  SEM  p-value
EW (g) 58.74 5891 5879 58.34 5004 016  0.7446
EWth (mm) 40.42 39.98 40.19 40.10 40.31 0.06 0.1379
EL (mm) 56.41 56.41 56.56 56.30 56.71 0.11 0.785
S 72.22 72.44 71.33 71.25 71.26 0.31 0.5973
SW (g) 5.63 555 549 564 5.78 0.035  0.0846
ST (mm) 0.39 0.37 0.37 0.37 0.39 .004 0.2408
AW (g) 34.79 3462 3514 3514 3507 016  0.773
AH(cm) 7.95 803 796  7.72 8.06 0.05  0.2456
HUS 89.54 90.00 89.60 88.23 90.10 0.28 0.1079
YW (g) 15.48 1542 1528 1520 1593 009  0.217
YC 4.96 5.07 4.89 4.96 4.96 0.07 0.9385

T1= 100% soybean meal (control); T2=25% roasted pigeon pea+ 75% soybean meal; T3= 50% roasted
pigeon pea +50% soybean meal; T4=75% roasted pigeon pea+ 25% soybean meal; T5= 100% roasted
pigeon pea replacement to soybean meal; SEM = Standard Error of Mean; EW= Egg weight; EWth= Egg
width; EL= Egg length; SI= Shape index; SW= Shell weight; ST= Shell thickness; AW= Albumin
weight; AH= Albumin height; HUS= Haugh Unit Score; YW= Yolk weight; YC= Yolk color



Discussion
Chemical composition of feed ingredients and treatment diets

The chemical composition of RPSM, as shown in Table 3, was 92.7% dry matter, 2956.3 kcal
metabolic energy, 19.7% crude protein, 0.69% ether extract, 10.1% crude fibre, and 3.45% ash.
According to [21] and [22], the RPSM used in this study contained CP levels between 17.9% and
24%. The current experiment shows the lowest crude protein content compared to thestudies
explored by [12], [5], and [23]. The experiments by [6], [12], and [23] reported CP content
ranging from 22 to 29%. As reported by [5], the CP content of Pigeon pea can reach up to 25.4 to
27.3 %. The CF% of the RPSM used in the current study is in line with the result reported by
[23] and [24], but exceeded the values from [12] and [5]. The nutritional value of pigeon peas
can vary among studies due to different factors like variety, growth condition, storage duration,
soil, processing method, and more. According to [25], the protein content of pigeon pea cultivars
ranges from 17.9% to 24.3% which strengths the idea thatpigeon pea seed meal falls under the
category of protein feed ingredients [5] since its protein content exceeding 18% [26]. There was
no difference between the experimental diets in their proximate composition as they were
formulated to be iso-caloric and iso-nitrogenous based [11] as indicated in Table 4. The diets
were ranged from 2882.28-2899.53 kcal’kg DM and 16.6%-16.9% CP, with a recommended Ca:
P ratio of 2:1 to 4:1. The prepared amount of EE% and CF% was below the maximum tolerable
level (<8%) while ensuring the minimum requirement for critical essential amino acids and

minerals [11].



Egg quality parameters

As indicated in Table 5, there were no significant (p>0.05) differences for the internal and
external egg quality parameters among all treatments. As reported by [27] 30% toasted Pigeon
pea seed meal inclusion in layer diets enhances superior egg quality over control diets which
contrasts with the current finding that shows no difference at all.Generally, the differences in
external and internal egg quality parameters among the present study and findings from different
authors may come from the type of feed, bird’s age and varieties of layer hens used in the

experiment [28].

Egg weight

As indicated in Table 5, the average egg weight in this finding was 58.3-59.04 grams with a
mean of 58.76 + 1.96 grams which satisfies the standard for large size in the United States and
medium size in Africa, respectively.The current result of this finding is in line withthe average
egg weight reported by[29] and [27] and in contrast with the result of egg weight obtained from
autoclaved pigeon pea and soybean seed meal [24], up to 30% inclusion of row and processed
Pigeon pea [5]andBrewery spent grain inclusion [30]. The egg weight of the current experiment
was lower than the result obtained by feeding pigeon pea seed meal in layers [14], egg quality
traits of Bovans Brown managed intensively [31] and rapeseed expeller cake inclusion [32] in
layers diet. The different results of egg weight by different authors at different times could be
due to environmental and nutritional factors [28]. Consuming a high- protein diet led to a
significant increase in egg weight [33]; [34]. The acceptable standard weight of eggs varies from

country to country.

Eggshell quality

According to Table 5, eggshell quality did not vary significantly among the treatments.
Theeggshell weight in the current experiment was in the range of 5.49 -5.78g with a mean of
5.62 £0.4g which shows a similar result with [30] reported as 5.58-5.9 g and a similar result with



the finding of ([27]; [5]). But this result was below the finding of [29] which was in the range of
6.4-6.59.The environmental conditions, feed quality and breed could be the main factors for
differences in eggshell quality [35]. The range of eggshell thickness in the current study was
between 0.37-0.39 mm which is in line with the findings of ([5]; [14]) but higher than the result
found by [29] and [30] reported in the range of 0.29-0.3 mm and 0.32-0.34 mm, respectively.
The correlation between shell thickness and calcium deposition from bird skeletons and diet

affects the variation in eggshell quality.

Egg shape index

The treatment groups did not vary significantly (p>0.05) in their resulting egg shapes due to a
minor variation in egg width and length. The shape index, defined as the ratio of egg width to
egg length, determines [17] the character of the eggs. As indicated by [36] 74% egg shape index
with blunt and pointed ends is taken as standard while the elongated and rounded eggs have
lower and higher shape index values, respectively.

The average egg shape index result for this experiment was 71.70 £ 3.6 which is categorized in

the sharp type but it approximates the range of normal shape index value of 72-76% [36].
Egg albumen quality

According to Table 5, no significant (p>0.05) differences were observed in albumin quality,
including weight, height, and HU among the treatments. Albumen quality is mostly affected by
the hen's age and egg storage conditions, with nutrition playing a minor role ([37]; [38]).As
pointed out by [38] albumen quality decreases as the age of the egg increases and albumen height
can be influenced by the age and strain of hen [39]. The range of aloumin weight and albumin
height in the present experiment was 34.62-35.14g and 7.72-8.06 mm, respectively. The result
was in line with [29], but greater than the [30]. In the caseofalbumin height similar range with
[30] and greater result from [32] was observed. The higher average value of the albumen height
in the experiment (7.95 £ 0.6) shows better internal quality. The result of HU in the finding was
88.23 - 90.1 which was lower when compared with [29]; [30] and higher compared to the result
from rapeseed replaced with soybean in layers feed [32]. The Average HU result from the
current experiment was 89.49 + 3.24 which shows a rank of good quality (70 -100HU) and
ensures the standard for the United States Department of Agriculture for AA quality and the



higher the HU, the better the quality of the egg (fresher, higher quality eggs have thicker whites)
[18].

Egg yolk quality

As pointed out in Table 5, there were no significant (p>0.05) differences in egg yolk quality
(yolk weight, yolk height and egg yolk color) resulting from the difference in experiments diets.
The Yolk weight obtained in the present experiment (15.20-15.93g) was higher than those
reported by ([27] and [5]; [14]). A similar average yolk weight result of Bovans Brown layers
was reported by [30] but the current yolk weight result was lower than the finding of [29]. The
yolk color result of the current experiment about the Roch Yolk Color Fan (RYCF) was in the
range of 4.96-5.07 (with an average of 4.97+0.76) which shows non-significant (p>0.05)
differences in yolk color among treatments. Since yolk color is mainly influenced by diet [40], in
the current experiment, yellow maize was used as a major feed ingredient which contains

carotenes and xanthophyll which can help in producing yellow-colored yolk.

Conclusion

Replacing 75% of soya bean meal with RPSM in the treatment diet yields equivalent egg quality
parameters as the fully soya bean meal diet (controlled treatment), without any negative impact
on either internal or external egg quality. When soybean meal prices are high and access is
limited, roasted pigeon pea seed meal can function as a suitable replacement. Poultry feed
producers can save costs by using up to 75% roasted pigeon pea seed meal instead of soybean
meal in layer diets. Finally, it is essential to carry out additional research on using roasted pigeon
pea seed meal as a replacement for soybean meal in chicken diets, from chick stage to layers.

Disclaimer (Artificial intelligence)

Option 1:

Author(s) hereby declare that NO generative Al technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or
editing of this manuscript.

Option 2:

Author(s) hereby declare that generative Al technologies such as Large Language Models, etc.
have been used during the writing or editing of manuscripts. This explanation will include the



name, version, model, and source of the generative Al technology and as well as all input
prompts provided to the generative Al technology

Details of the Al usage are given below:
1.

2.

Reference



10.

11.

12.

13.

Ponnuvel P, Narayanankutty K, Jalaludeen A, Anitha P. Economics of phytase enzyme
supplementation in low energy-protein layer chicken diet. International Journal of
Livestock Production. 2014 Jul 31; 5(7):113-6.

Sebho HK. Exotic chicken status, production performance and constraints in Ethiopia: a review. Asian
Journal of Poultry Science. 2016; 10(1):30-9.

Girma M, Tamir B, Dessie T. Effects of replacing peanut seed cake with brewery dried yeast on laying
performance, egg quality and carcass characteristics of rhode island red chicken. Int. J. Poult. Sci. 2012;
11:65-72.

Swain BK, Naik PK, Chakurkar EB, Singh NP. Effect of feeding brewers’ dried grain on the
performance of Japanese quail layers. Indian Journal of Animal Nutrition. 2013; 30(2):210-3.

Amaefule KU, Oguike MA, Ironkwe MO, Obioha FC. Pigeon pea [Cajanuscajan (L.) Millsp.] Seed
meal in layer diets: 3. Effect of higher inclusion level and prolonged feeding of raw or processed pigeon
pea seed meal diets from pullet chick stage on the laying performance of pullets. International Journal of
Poultry Science. 2007; 6(6):452-8.

Simion T, Ersulo D, Fikre A. Performance Evaluation of Pigeon Pea (Cajanuscajan L. Millsp.)
Variety for Registration in the Lowland Areas of Ethiopia. Advances in Agriculture.
2022;2022(1):7013602. DOI: https://doi.org/10.1155/2022/7013602

Orwa C. Agroforestree Database: a tree reference and selection guide, version 4.0. http://mww.
worldagroforestry. Org/sites/treedbs/treedatabases. Asp.

2009.http://www.worldagroforestry.org/sites/treedbs/treedatabases.asp 2009

Odeny DA. The potential of pigeonpea (Cajanuscajan (L.) Millsp.) In Africa. InNatural resources forum
2007 Nov (Vol. 31, No. 4, pp. 297-305). Oxford, UK: Blackwell Publishing Ltd.

Amaefule KU, Onwudike OC. Evaluation of processing methods of pigeonpea seeds (Cajanuscajan) as
protein source for broiler starters.

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

National Research Council, Subcommittee on Poultry Nutrition. Nutrient requirements of poultry: 1994.
National Academies Press; 1994 Feb 1.

Akande KE, Abubakar MM, Adegbola TA, Bogoro SE, Doma UD. Chemical evaluation of the nutritive
quality of pigeon pea [Cajanuscajan (L.) Millsp.].2010.

Amaefule KU, Onwuchuruba CF, Okereke OC. Replacement value of soybean meal and maize with raw
or boiled pigeon pea seed meal in exotic pullet diets. Nigerian Journal of Animal Science. 2013 Sep 11;

15:37-48.https://www.ajol.info/index.php/tjas/article/view/94030




14.

15.

16.

17.

Amaefule KU, Oke UK, Obioha FC. Pigeon pea (Cajanuscajan (L.) Mill sp) 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. International Journal of Poultry Science. 2007;
6(6):445-51.

Chemists AO. Official Methods of Analysis: Changes in official methods of analysis made at the annual
meeting. Assoc. Off. Anal. Chem. 1990; 15:132-7.

https://scholar.google.com/scholar?hl=en&as sdt=0%2C5&0g=15.%

Wiseman J, Salvador F, Craigon J. Prediction of the apparent metabolizable energy content of fats fed to
broiler chickens. Poultry Science. 1991 Jul 1; 70(7):1527-33.
DOI: https://doi.org/10.3382/ps.0701527

Anderson KE, Tharrington JB, Curtis PA, Jones FT. Shell characteristics of eggs from historic strains of
single comb white leghorn chickens and the relationship of egg shape to shell strength. International
journal of poultry science. 2004 Mar 24; 3(1):17-9.

https://www.researchgate.net/profile/Patricia-Curtis-2/publication/26557470

18.

19.

20.

21.

22,

23.

24,

25.

Haugh R.R. the Haugh unit for measuring egg quality. United States egg poultry
magazine [internet]. 1937; 43(-):552-573. available from:https://sid.ir/paper/543065/en

Vuilleumier JP. The ‘Roche Yolk Colour Fan ‘—An Instrument for Measuring Yolk Colour. Poultry
Science. 1969 May 1; 48(3):767-79.

Lohr SL. SAS® Software companion for sampling: design and analysis. Chapman and Hall/CRC; 2021
Nov 29. DOI: https://doi.org/10.1201/9780429298899

Emefiene ME, Joshua VI, Nwadike C, Yaroson AY, Zwalnan ND. Profitability analysis of Pigean pea
(Cajanuscajan) production in Riyom LGA of Plateau State. International Letters of Natural Sciences.
2014; 13 (2).

Elsayed EO, Omer RE, ElI-Naim AM. Some quality aspects and proximate composition of
some legumes in Sudan. Advances in Environmental Biology. 2014 Mar 1:770-4.

Arif M, Rehman A, Saeed M, EL-HACK ME, Alagawany M, Abbas H, Arian MA, Fazlani SA, Hussain
Al, AYASAN T. Effect of different processing methods of pigeon pea (Cajanuscajan) on growth
performance, carcass traits, and blood biochemical and hematological parametersof broiler chickens.
Turkish Journal of Veterinary & Animal Sciences. 2017; 41(1):38-45

Agwunobi LN. Effect of feeding heat treated soybeans (glycine max) and pigeon pea (cajanuscajan) as

major sources of protein on layer performance. Global journal of pure and applied sciences. 2014 dec 5;
6(1):1-3. https://scholar.google.com/scholar?hl=en&as sdt=0%2C5&q=23.%

Akande KE. Dietary effects of increasing levels of pigeon pea meal on rabbit performance.2015;
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+24.%09




26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Holden, Palmer j. and Loosli, John k. "Feed". Encyclopedia Britannica, 10
Jul. 2023, https:/lwww.britannica.com/topic/feed-agriculture. Accessed 29
September 2024.

Amaefule KU, Ironkwe MC, Obioha FC. Pigeon pea [Cajanuscajan (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.

Islam MA, Bulbul SM, Seeland G, Islam AB. Egg quality of different chicken genotypes in summer
and winter. Pakistan Journal of Biological Sciences. 2001 Oct 15; 4(11):1411-4.
DOI: 10.3923/pjbs.2001.1411.1414

Girma M, Urge M, Animut G. Ground Prosopis juliflora pod as feed ingredient in poultry diet: Effects
on laying performance and egg quality. International Journal of Poultry Science. 2011; 10(11):879-85.

Gebremedhn B, Niguse M, Hagos B, Tesfamariam T, Kidane T, Berhe A, Gebresilassie L,
Gebreegziabher L, Gebremariam T, Gebremeskel Y. Effects of dietary brewery spent grain inclusion on
egg laying performance and quality parameters of bovans brown chickens. Brazilian Journal of Poultry
Science. 2019 Aug 19; 21(02): eRBCA-2018.

Tadesse D, Esatu W, Girma M, Dessie T. Comparative study on some egg quality traits of exotic
chickens in different production systems in East Shewa, Ethiopia. African Journal of Agricultural
Research. 2015 Feb 26; 10(9):1016-21.

https://scholar.google.com/scholar?hl=en&as sdt=0%2C5&qg=30.%09

Swiatkiewicz S, Koreleski J, Arczewska-Wlosek A. Egg performance, egg quality, and nutrient
utilization in laying hens fed diets with different levels of rapeseed expeller cake.
DOI: https://doi.org/10.2137/145960610792912594

Almeida VR, Dias AN, Bueno CF, Couto FA, Rodrigues PA, Nogueira WC, Faria Filho DE. Crude
protein and metabolizable energy levels for layers reared in hot climates. Brazilian Journal of Poultry
Science. 2012; 14:203-8

Rashid MM. Nutritional status of scavenging chickens with special emphasis on energy and protein
supplementation under rural conditions in Bangladesh. Master of Science). Royal Veterinary and
Agricultural University: Denmark. 2003.https://www.researchgate.net/profile/Md-Rashid-
7/publication/237286070

Zita L, Tamova E, Stolc L. Effects of genotype, age and their interaction on egg quality in brown-egg
laying hens. Acta Veterinaria Brno. 2009; 78(1):85-91.

Sarica M, Erensayin C. Broiler husbandry. Poultry science (training, nutrition, diseases).
2009:239-63.



37.

38.

39.

40.

Sekeroglu A, Sarica M, Demir E, Ulutas Z, Tilki M, Saat¢i M. The effects of housing system and
storage length on the quality of eggs produced by two lines of laying hens.2008.

https://hdl.handle.net/20.500.12462/8508
Rajkumar U, Sharma RP, Rajaravindra KS, Niranjan M, Reddy BL, Bhattacharya TK, Chatterjee RN.

Effect of genotype and age on egg quality traits in naked neck chicken under tropical climate from
India. International Journal of Poultry Science. 2009; 8(12):1151-5.

Silversides FG, Scott AT. Effect of storage and layer age on quality of eggs from two lines of hens.
Poultry science. 2001 Aug 1; 80(8):1240-5.

Galbert J, Sala R, Rincén-Carruyo X, Manzanilla EG, Vila B, Gasa J. Egg yolk color as affected by
saponification of different natural pigmenting sources. Journal of Applied Poultry Research. 2004 Jul 1;
13(2):328-34.



