Journal of Food and Nutrition Sciences
2022; 10(4): 120-127
http://www.sciencepublishinggroup.com/j/jfns

doi: 10.11648/j.jfns.20221004.14

ISSN: 2330-7285 (Print); ISSN: 2330-7293 (Online)

B Jr ar )
otlencePl

Science Publishing Group

Impact of Feed Presentation Form and Feeding Strategy on
Egg Quality

Gwladys Menon Agbo', Sedjro Ludolphe Dedome', Mouaimine Mazou',

Chakirath Folake Arike Salifou’, Edith Gangbedji’, Faustin Dokui’, Peace Gloria Guidigbi’,
Ulrich Romaric Adjalian', Soumanou Seibou Toleba®, Fidele Paul Tchobo" ",

Mankpondji Frederic Houndonougbo®

'Department of Food Technology, Polytechnic School of Abomey-Calavi, University of Abomey-Calavi, Abomey-Calavi, Benin
Department of Production and Animal Health, Polytechnic School of Abomey-Calavi, University of Abomey-Calavi, Abomey-Calavi, Benin

3Sciences and Techniques of Animal Production School, Faculty of Agronomic Sciences, University of Abomey-Calavi, Abomey-Calavi,
Benin

Email address:

agbogwladys27@gmail.com (G. M. Agbo), dludolphe2014@gmail.com (S. L. Dedome), mouaiminemazou@gmail.com (M. Mazou),
chakiraths@gmail.com (C. F. A. Salifou), edithgangbedji@gmail.com (E. Gangbedji), dofaust@live.fr (F. Dokui),
gloriaguidigbi@gmail.com (P. G. Guidigbi), adjalianromaric@gmail.com (U. R. Adjalian), seiboutoleba@yahoo.fr (S. S. Toleba),
fideletchobo@gmail.com (F. P. Tchobo), fredericmh@gmail.com (M. F. Houndonougbo)

*Corresponding author

To cite this article:

Gwladys Menon Agbo, Sedjro Ludolphe Dedome, Mouaimine Mazou, Chakirath Folake Arike Salifou, Edith Gangbedji, Faustin Dokui,
Peace Gloria Guidigbi, Ulrich Romaric Adjalian, Soumanou Seibou Toleba, Fidele Paul Tchobo, Mankpondji Frederic Houndonougbo.
Impact of Feed Presentation Form and Feeding Strategy on Egg Quality. Journal of Food and Nutrition Sciences.

Vol. 10, No. 4, 2022, pp. 120-127. doi: 10.11648/j.jfns.20221004.14

Received: June 17, 2022; Accepted: July 4, 2022; Published: July 18, 2022

Abstract: Egg production in Benin is subject to a several constraints that hinder its development despite the growing
demand for animal proteins. Therefore, finding innovative means and techniques to guarantee quality and quantity of
production would be advantageous. The aim of this work is to determine the influence of animal feed supplements on egg
quality. A total of 144 Isa Brown laying hens randomly to six (6) groups and four (4) replicates with six (6) hens per group
(for each feed treatment) formed the experimental design. The hens were housed in ventilated and lighted cages and the
experiment lasted five (5) months of laying. Six (06) feed treatments were tested: ACF (Mealy completed food), ACG
(Granular completed food), CGMc (Granular supplements mixed with cracked maize), Mc+CF (Cracked maize morning /
Mealy supplement at 1:00 p.m.), CF+Mc (Mealy supplement morning / Cracked maize at 01:00 p.m.) and CG+Mc
(Granular supplement morning / Cracked maize at 01:00 p.m.). The external and internal physical quality of the eggs was
determined. The form of presentation and the mode of distribution significantly influenced the physical quality of the eggs
(p <0.05). ACF and CGMc showed good shell strength (7.80 £ 0.28; 7.70 = 0.28). The Mc+CF treatment accumulated the
best external and internal physical quality scores. This treatment would be recommended to poultry farmers to have eggs
with the best quality.
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1. Introduction

In Benin, chicken farming and its by-products play a very  tonnes (250,682,000 flat eggs) in 2015 to 16851 tonnes
important role in the diet and economy of pastoral (331,715,000 flat eggs) in 2020 [2]. However, egg production
communities [1]. Eggs are an integral part of the human diet. ~ in Benin continues to be subject to a several constraints that
National chicken egg production increased from 14746  hinder its development despite the growing demand for
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animal protein. As a result, feed is one of the factors to be
controlled in order to lower the cost of production and make
the products available to the population [3]. Several authors
have shown that it would be advantageous to use local feed
resources and innovative means and techniques to ensure that
eggs are produced in sufficient quantity and quality [4, 5].
For example, better egg-laying rates and good physical egg
quality have been achieved by feeding different varieties of
maize grains to layers [1]. Similarly, some authors have
shown that the mode of distribution and the form of
presentation of the feed could improve the laying
performance and egg quality of hens fed rations based on
dried cassava leaves (Manihot esculenta, Crantz) [6]. Thus, it
is appropriate to make available to pastoral communities
(most of which are producers of maize, the staple food of
poultry) a feed supplement made from Benin’s agricultural
and agro-industrial by-products, with good instructions for
use. However, very few studies have been conducted on the
quality of eggs obtained from hens feeding with these feeds
in Benin. It is therefore necessary to assess not only the effect
of agricultural and agro-industrial by-products on egg quality,
but also to determine the influence of the form of
presentation and mode of distribution of this feed supplement
on the external and internal characteristics of eggs. Hence the
present study, whose objective was to evaluate the influence
of the form of presentation and the mode of distribution of
the feed on the internal and external physical characteristics
of eggs.

2. Material and Methods
2.1. Study Area

The experimental study on laying hens was carried out with the
material and technical support of the Laboratory of Aviculture
Research and Zoo-Economy (LARAZE) on the application farm
of the Faculty of Agronomic Sciences of the University of
Abomey-Calavi (FSA) located in the commune of Abomey-
Calavi (6° 21 and 6° 42 North and 2° 13 and 2° 25 East). The
climate is sub-equatorial with two dry seasons (August to mid-
September and December to March) and two rainy seasons
(March to July and mid-September to early December). The study
took place from August 2019 to January 2020.

2.2. Materials

2.2.1. Animal Material

The animal material consisted of 180 eggs fresh from the
day of the Isa-Brown layer strain. The eggs were collected
during five months of laying from twenty-four (24) to forty
(40) weeks of age of the hens.

2.2.2. Plant Material

The feed used in this study was obtained from standard
INRA formulas. It is a complete feed divided into two parts:
crushed yellow maize and feed supplements (wheat bran,
soybean meal, cottonseed meal, grain soybeans, red oil,
oyster shells, etc.). Its composition is given in Table 1.

Table 1. Composition of the feed rations.

Matiéres premiéres Quantités (%)

yellow maize 54.5
Wheat bran 2
0Oil cake of soybean 8
Oilcacake of cotton 10
Soybean seed 9
Red oil 1.5
Oyster shells 9
Lysine 0.2
Methionine 0.2
Dicalcium phosphate 0.25
Nacl 0.3
Iron sulphate 0.05
Laying concentrate 5
Total 100
2.3. Method

2.3.1. Egg Production and Collection

The experiment involved 144 laying hens of the Isa-
Brown strain fed with the same quality and quantity of
complete feed (120 g per bird). The complete feed was
presented in three forms (mealy, pelleted and a mixture of
mealy and pellets) and distributed differently in two modes
(continuous and sequential). Three treatments were tested to
evaluate the influence of the presentation form: the control
feed ACF (Mealy Completed Food), ACG (Granular
Completed Food) and CGMc (Granular Supplement mixed
with cracked Maize). These three forms of complete feed
were fed to the animals continuously throughout the day. In
addition to these, three other treatments where the two parts
of the complete feed were fed separately and sequentially to
assess the influence of the feeding method. These are:
CF+Mc (Mealy supplement distributed in the morning;
Cracked maize, distributed at 01:00 p.m.), CG+Mc
(Granular supplements distributed in the morning; Cracked
maize, distributed at 01:00 p.m.) and Mc+CF (Cracked
maize distributed in the morning; Mealy supplement,
distributed at 01:00 p.m.). Each month, thirty-six (36) eggs
of the day are taken at random at a rate of six (06) eggs per
feed treatment. A total of 180 eggs were collected after five
months of laying. The external and internal physical
characteristics of the eggs were determined.

2.3.2. Data Collected

The mass of the whole egg (W), the mass of albumen (Wa)
and the mass of yolk (Wy) and shell (Ws) were determined by
weighing with an electronic balance with the precision of 0.1
gram (g) [7]. The Length (L) and Diameter (GD) of the egg,
the length and Diameter of albumen (Da), and the Diameter of
yolk (Dy) were measured with a caliper and expressed in
centimeters (cm). The Height of albumen (H) and the Height
of yolk (Hy) were measured using an electric micrometer
tripod (with the accuracy of 0.01 micrometres) and were
expressed in millimeters (mm) [8, 9]. These data were used to
calculate parameters such as Shape Index (IS), albumen Index
(Ia), yolk Index (Iy), Haugh Unit (HU) by the formula of [10],
shells surface (S) and shell Index (Is) by the following
relationships:
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1) Shape Index

IS= GD/L (1)
2) Albumen Index
Ia=H/Da )
3) Yolk Index
Iy = Hy /Dy 3)
4) Haugh Unit
HU=100*log (H +7,57-1,7 W*?") )

5) Shell surface
S (sz) =4,518* L% 289 % GO 3164 0. 4882 (5)
6) Shell index
Is (g/100 cm®) = Ws*100/S (6)

The proportion of yolk, albumen and shell was calculated
by dividing the mass of each component by the mass of the
whole egg [11]. The percentage of edible matter (EM) was
obtained by the relationship [12]:

EM = (Wb+Wj)*100 / W 7)

The thickness of the shell without the shell membrane was
measured using an electric micrometer with the precision of
0.001 mm. Shell thickness was taken at three different
locations: at the pointed end (high), at the rounded end
(middle) and at the equator (top). The thickness value is
obtained by averaging these three measurements [13].
Determination of yolk coloration was carried out using the
Roch fan on a scale of 1 to 15 [14].

2.4. Statistical Analysis

The effect of the feed presentation form and the mode of
distribution on the internal and external physical quality of
eggs was evaluated by performing an analysis of variance in
the R 3.5.1 software environment (R Core Team, 2018).
When the probability was significant (p < 0.05), a structuring
of means is done with the SNK function of the “agricolae”
package (from Mendiburu). The means of each parameter
were presented in tables with their standard errors except for
yolk color for which graphs were made.

3. Results and Discussion

3.1. Effect of the Form of Presentation on External and
Internal Physical Quality of Eggs

3.1.1. External Physical Quality of Eggs

Table 2 presents the results of the external physical quality
of eggs from animals feeding with the complete mealy feed
(ACF), the complete granular feed (ACG) and the
supplement granular mixed with cracked Maize (CGMc).
The mass of the eggs varied from 56.07 + 0.83 (ACF) to

58.10 = 0.94 g (CGMc). The eggs in the CGMc treatment
had the highest mass values. Similarly, the largest diameter
(4.28 = 0.03 cm) and length (5.48 + 0.05 cm) were obtained
by the CGMc treatment while the smallest diameter (4.21
+0.05 cm) and length (5.46 £ 0.04 cm) were obtained by
ACG. Thus, the hen feeding with CGMc and ACF got the
largest eggs compared to ACG. However, statistical analysis
did not find any significant difference between the mass,
length and diameter of eggs from hens fed the same feed in
different forms. Indeed, the feeding a fine meal compared to
a coarser grind result in only a small reduction in egg mass (-
0.9 g) [15]. The mass, index and shell thickness mean varied
from 6.57 + 0.27 (ACG) to 7.80 + 0.28 g (ACF), from 9.59
+0.01 (ACG) to 11.24 + 0.01 (ACF), and from 0.491 £ 0.005
(ACG) to 0.496 £+ 0.005 mm (ACF) respectively. Shell
strength was significantly higher for ACF and CGMc eggs
compared to ACG (p<0.05). This is because the mechanical
strength of the shell is related to its thickness, shell mass and
structural organization. It is very important that the shell of
table eggs has a high mechanical strength in order to prevent
fractures resulting from shocks or settling that occur
throughout the production and transport chain [16]. The
influence of the form of presentation of the feed was
significant (p<0.05) on shell mass, shell proportion and shell
index. Thus, ACF and CGMc feeds gave larger eggs with
stronger shells in contrast to the ACG food which recorded
the lowest values for egg mass and shell quality. However,
hens always put the same amount of calcium (shell) on each
egg they lay during their lifetime. When a hen lays an egg,
she loses 2 to 2.5 g of calcium, regardless of the size of the
egg [17]. Thus, when the egg is smaller, the shell per unit
area is thicker, and when the egg is larger, the egg shell is
thinner. Therefore, this difference in egg quality observed
between the ACF, CGMc and ACG treatments could be due
to the sanitary quality of the feed.

3.1.2. Internal Physical Quality of Eggs

Table 3 shows the internal physical characteristics of eggs
according to presentation form. Internal egg quality
parameters such as albumen height, Haugh unit and edible
fractions were significantly affected by feed form. Eggs from
hens feeding with the ACF (control) had a higher albumen
height (9.36 mm) compared to CGMc (supplement granular
mixed with cracked Maize) (8.45 mm). However, the
albumen height of the hen feeding with the completed
granular food (8.67 mm) was similar (p > 0.05) to the other
treatments. The same trend was observed at the Haugh unit.
Thus, freshness was better with the mealy completed food
(96.77 £ 1.09) compared to the completed granular feed
(93.34 + 1.38) and the supplement granular mixed with
cracked Maize (91.70 £ 1.44). The results obtained for the
ACF food treatment which alone recorded a high shell
thickness added to a better freshness are in agreement with
[18] who found a positive correlation between shell thickness
and Haugh unit [18]. According to this author, the greater the
shell thickness the higher the Haugh unit value. On the other
hand, it is agreed that eggs with a Haugh Unit of more than
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70 are considered to be of excellent quality, between 70 and 60
acceptable, while those with a Haugh Unit of fewer than 60 are
poor quality eggs [19, 20]. Thus, all eggs produced can be
considered of excellent quality. With regard to the consumable
fraction of the egg, ACG offers a higher proportion
(88.28+0.46%) than those obtained with ACF (86.34 = 0.40%)

and CGMc (86.75 + 0.44%). Indeed, the percentage in edible
fraction is widely used in the egg product industry to evaluate
the yield in edible fractions. It has a nutritional interest for the
consumer. The percentages in edible fraction found in this
study are close to those obtained on eggs used in the egg
product industry in Burkina Faso (88.17%) [21].

Table 2. Effect of feed form on the external physical quality of eggs.

. Rations

Variables ACF ACG CGMe P
Mass of egg (g) 57.03+1.09 56.07+0.83 58.10+0.94 0.330
Diameter (cm) 4.26+0.04 4.21+0.05 4.28+0.03 0.453
Length (cm) 5.48+0.04 5.46+0.04 5.48+0.05 0916
Mass of shell (g) 7.80°+£0.28 6.57°+0.27 7.70°+£0.28 0.004
Proportion of shell (%) 13.66°+0.40 11.72+0.46 13.25%0.44 0.005
Surface (cm?) 69.16+0.89 68.40+0.69 70.06+0.77 0.332
Shell Index 11.24°+0.01 9.59°+0.01 10.97°+0.01 0.004
Shape Index 0.78+0.01 0.77+0.01 0.78+0.01 0.436
Shell thickness high (mm) 0.495+0.005 0.499+0.006 0.498+0.007 0.497
Shell thickness low (mm) 0.503+0.007 0.495+0.005 0.496+0.006 0.615
Shell thickness middle (mm) 0.495+0.005 0.499+0.006 0.498+0.007 0.888
Shell thickness mean (mm) 0.496+0.005 0.491+0.005 0.494+0.006 0.835

ACF: Mealy Completed Food; ACG: Granular Completed Food; CGMc: Granular Supplement mixed with cracked maize. a, b on the same line: values with

different letters are significantly different; P: Probability.

Table 3. Effect of feed form on internal physical quality of eggs.

. Rations

Variables ACF ACG CGMe P

Height of albumen (mm) 9.38%0.25 8.67%°+0.27 8.45£0.255 0.035
Height of yolk (mm) 18.05+0.19 17.87+0.18 17.61+0.227 0.313
Diameter of albumen (cm) 6.26+0.09 6.36+0.11 6.48+0.12 0.343
Diameter of yolk (cm) 3.79+0.06 3.82+0.07 3.81+0.06 0.942
Albumen Index 1.26+0.04 1.13+0.05 1.1120.05 0.058
Yolk Index 2.90+0.05 2.84+0.07 2.75+0.06 0.203
Haugh Unit 96.77*£1.09 93.34%+1 .38 91.70°+1.44 0.024
Mass of yolk (g) 14.23+0.31 14.27+0.34 14.23+0.31 0.997
Mass of albumen (g) 34.57+0.86 34.83+0.68 35.77+0.90 0.554
Proportion of abumen (%) 70.73+£0.47 70.95+0.54 71.33+0.711 0.757
Proportion of yolk (%) 29.28+0.47 29.05+0.54 28.66+0.711 0.775
Edible matter (%) 86.34°+0.40 88.28%+0.46 86.75%+0.44 0.005

ACF: Mealy Completed Food; ACG: Granular Completed Food; CGMc: Granular supplement mixed with cracked maize. a, b on the same line: values with

different letters are significantly different; P: Probability.

Figure 1 shows the effect of feed form on yolk coloration.
The degree of yolk coloration of ACF was better than the
other treatments throughout the trial. Indeed, at the start of
the trial, yolk coloration of eggs from the ACF treatment
scored 12 compared to 11 for ACG and 10 for CGMc. At 30
weeks of age, the degree of yolk coloration decreased in all
treatments. The scores were 8 for ACF and CGMc and 7 for
ACG. The different scores then increased after 30 weeks of
age. At the end of collection, yolk of the mealy feed had a
color of 11 compared to 9 and 10 for ACF, CGMc and ACG
respectively. This decrease in color observed for all
treatments is believed to be due to the carotenoid content of
the raw materials, in this case that of the yellow maize, which
is a function of several factors including storage time and
conditions [22]. Indeed, yolk pigmentation, which is strongly
influenced by intestinal absorption, plasma transfers, tissue
export efficiency and carotenoid degradation metabolism, is
also linked to the diet [23]. The difference in yolk color

observed between treatments with and without pelleted feed
could be due to pelleting, which is a heat treatment that can
act on the thermolabile pigments and carotenoids contained
in the feed responsible for yolk intensity.

e ACF e ACG CGMc
14 -
12 4 — @
—2 e
10 7 S
——__ -
e 8 . 2
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Figure 1. Effect of the form of presentation of the food on the color of yolk.
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3.2. Effect of the Mode of Distribution on External and
Internal Physical Quality of Eggs

3.2.1. External Physical Quality of Eggs

The effect of the mode of distribution on external physical
quality was assessed by first comparing the CF+Mc (mealy
supplement served in the morning with cracked maize at 01:00
p.m.) and Mc+CF (cracked maize served in the morning and
then mealy supplement at 01:00 p.m.) and the control treatment
ACF (completed mealy food) (Table 4). In a second step, CGMc
(supplement granular mixed with cracked maize) and CG+Mc
(granular supplement served in the morning and then cracked
maize at 01:00 p.m.) were compared to ACF (complete mealy
food) (Table 5). In the first case, the mode of feeding only
affected the shape index of the eggs. The shape index of eggs
from hens feeding with the cracked maize in the morning and

Gwladys Menon Agbo et al.: Impact of Feed Presentation Form and Feeding Strategy on Egg Quality

then the supplement meal at 01:00 p.m. (0.80 & 0.01) was higher
than that of the completed meal food (0.78 £+ 0.01). However,
the egg shape index of hens fed the supplement mealy in the
morning and with the cracked maize at 01:00 p.m. (0.79 + 0.01)
was similar to the other two treatments. Similarly, egg mass
appeared to be higher with Mc+CF (cracked maize in the
morning and then mealy supplement at 01:00 p.m.) (58.40 +
0.74 g) than with eggs from hens fed the control diet (57.03 +
1.09g) and CF+Mc (mealy supplement in the morning and then
cracked maize at 01:00 p.m.) (57.23 + 1.16 g). The same trend
was observed for the large diameter, surface area and shell
thickness. These results show that the supplement meal
separated from the maize and fed to the animals improves egg
size. This effect becomes significant when the animals are
feeding with the supplement alone in the afternoon.

Table 4. Effect of the mode of distribution on external physical quality: Meal supplement.

. Rations

Variables ACF CF+Mc Mc+CF P

Height of albumen (mm) 57.03+1.09 57.23+1.16 58.40+0.74 0.590
Height of yolk (mm) 4.26+0.04 4.26+0.05 4.34+0.04 0.281
Diameter of albumen (cm) 5.48+0.04 5.38+0.05 5.41+0.03 0.229
Diameter of yolk (cm) 7.80+0.28 7.60+0.24 7.57£0.18 0.755
Albumen Index 13.66+0.40 13.3040.35 12.9340.23 0.303
Yolk Index 69.16+0.89 69.34+0.96 70.32+0.60 0.570
Haugh Unit 11.2440.01 10.94+0.01 10.74+0.01 0.443
Mass of yolk (g) 0.78"+0.01 0.79"+0.01 0.80°+0.01 0.013
Mass of albumen (g) 0.495+0.005 0.495+0.006 0.511+0.006 0.302
Proportion of abumen (%) 0.503+0.007 0.491+0.007 0.507+0.006 0.245
Proportion of yolk (%) 0.495+0.005 0.495+0.006 0.511+0.006 0.079
Edible matter (%) 0.496+0.005 0.491+0.006 0.506+0.005 0.118

ACF: Mealy completed food; CF+Mc: Mealy supplement morning + Cracked maize at 01:00 p.m.; Mc+CF: Cracked maize morning + Mealy supplement at
01:00 p.m.; a, b on the same line: values with different letters are significantly different; P: Probability.

Table 5. Effect of the mode of distribution on external physical quality: granular supplement.

. Rations

Variables ACF CGMc CG+Mc P

Mass of egg (g) 57.03£1.09 58.10+0.94 57.70+0.99 0.750
Diameter (cm) 4.26+0.04 4.28+0.03 4.26+0.05 0.926
Length (cm) 5.48+0.04 5.48+0.05 5.43+0.05 0.731
Mass of shell (g) 7.80+0.28 7.70+0.28 7.80+0.31 0.961
Proportion of shell (%) 13.66+0.40 13.25+£0.44 13.57+0.52 0.799
Surface (cm?) 69.16+0.89 70.06:£0.77 69.73+0.82 0.740
Shell Index 11.24+0.01 10.97+0.01 11.19+0.01 0.864
Shape Index 0.78+0.01 0.78+0.01 0.78+0.01 0.693
Shell thickness high (mm) 0.495+0.005 0.498+0.007 0.504+0.007 0.998
Shell thickness low (mm) 0.5030.007 0.496+0.006 0.499+0.010 0.819
Shell thickness middle (mm) 0.495+0.005 0.498+0.007 0.504£0.007 0.651
Shell thickness mean (mm) 0.496+0.005 0.494:£0.006 0.497:0.007 0.946

ACF: Mealy completed food; CGMc: Granular supplement mixed with cracked maize; CG+Mc: Granular supplement distributed in the morning + Cracked
maize, distributed at 01:00 p.m. a, b on the same line: values with different letters are significantly different; P: Probability.

In the second case, the method of feed distribution had no
effect on the external physical quality parameters of the
eggs. However, hens feeding with the supplement granular
mixed with cracked maize (CGMc) gave the largest eggs
(58.10 + 0.94 g) followed by those feeding with the
supplement granular in the morning and the cracked maize
at 1.00 pm (57.70 = 0.99 g) and those feeding the
completed mealy food (57.03 = 1.09 g). The same trend was

observed with large diameter and surface. These results
indicate that egg mass was improved when the supplement
was pelleted and fed continuously throughout the day. This
is because poultry always choose to consume the largest
particle sizes first, regardless of the raw material
composition [24]. Also, the ingestion of coarse particles
allows the development of the gizzard, which results in a
significant improvement in mechanical grinding of the feed
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(making nutrients more available for digestion and thus
assimilation) [24]. This improved nutrient uptake explains
why layers fed the Mc+CF, CGMc and CG+Mc feeds
produced larger eggs than the other treatments. The Mc+CF
feed in particular gave the largest eggs compared to CGMc
and CG+Mc. Indeed, some authors had found an increase in
feed conversion when feeding wheat or whole maize in the
morning and a protein and calcium rich supplement in the
afternoon [25].

3.2.2. Internal Physical Quality of Eggs

The effect of the mode of distribution on the physical
parameters of internal egg quality was evaluated by first
comparing the mealy supplement served in the morning with
the cracked maize at 13:00 (CF+Mc) and the cracked maize
served in the morning followed by the supplement mealy at
13:00 (Mc+CF) and the completed mealy food (Table 6). In a
second step, the supplement granular mixed with cracked
maize (CGMc) and the supplement granular served in the
morning followed by cracked maize at 1 p.m. (CG+Mc) were
compared to the completed mealy food (Table 7). In the first

case, the mode of feeding had no effect on the internal
physical quality parameters (p>0.05). In the second case, the
mode of distribution had an effect only on albumen height
and Haugh units. Thus, albumen height was significantly
higher with the completed mealy food (9.38+0.25 mm)
compared to the granular supplement mixed with cracked
maize (8.45+0.25 mm). However, albumen height and Haugh
units for the hens feeding with the pelleted supplement in the
morning followed by the cracked maize at 01:00 p.m.
(8.70£0.26 mm and 93.05+1.44) were similar to those from
the other treatments. The Haugh unit was significantly higher
with the completed mealy food (96.77+1.09) compared to
91.70+1.44 for the granular supplement mixed with cracked
maize and 93.05+1.44 for the granular supplement served in
the morning followed by cracked maize at 01:00 p.m. Thus,
the freshness of eggs was better with the ACF food. This
agrees with the observations of [18] which states that the
greater the shell thickness the higher the Haugh unit value.
Thus, ACF gave better egg freshness because the same foo
ration gave greater shell thickness.

Table 6. Effect of the mode of distribution on internal physical quality: Meal supplement.

Rations

Variables ACF CF+Mc Mc+CF P

Height of albumen (mm) 9.38+0.25 9.73+0.30 9.51+0.28 0.668
Height of yolk (mm) 18.05+0.19 18.20+0.18 18.15+0.21 0.844
Diameter of albumen (cm) 6.26+0.09 6.06+0.11 6.18+0.08 0.304
Diameter of yolk (cm) 3.79+0.06 3.68+0.06 3.80+0.06 0.316
Albumen Index 1.26+0.04 1.34+0.04 1.2740.05 0.465
Yolk Index 2.90+0.05 3.04+0.07 2.95+0.06 0.297
Haugh Unit 96.77+1.09 98.18+1.29 96.89+1.27 0.665
Mass of yolk (g) 14.23+0.31 14.03+0.25 14.10+0.24 0.867
Mass of albumen (g) 34.57+0.86 35.50+0.89 36.43+0.60 0.256
Proportion of albumen (%) 70.73+0.47 71.52+0.42 72.04+0.46 0.122
Proportion of yolk (%) 29.28+0.47 28.48+0.42 27.96+0.46 0.132
Edible matter (%) 86.3440.40 86.70+0.35 87.07+0.23 0.303

ACF: Mealy completed food; CF+Mc: Mealy supplement morning + Cracked maize at 01:00 p.m.; Mc+CF: Cracked maize morning + Mealy supplements at

01:00 p.m.; a, b on the same line: values with different letters are significantly different; P: Probability.

Table 7. Effect of the mode of distribution on internal physical quality: granular supplement.

Rations

Variables ACF CGMc CG+Mc P

Height of albumen (mm) 9.38%+0.25 8.45°+£0.255 8.70™+0.26 0.039
Height of yolk (mm) 18.05+0.19 17.61+0.227 17.77+0.21 0.337
Diameter of albumen (cm) 6.26+0.09 6.48+0.12 6.17+0.14 0.166
Diameter of yolk (cm) 3.79+0.06 3.81+0.06 3.82+0.05 0.947
Albumen Index 1.26+0.04 1.11+0.05 1.16£0.05 0.108
Yolk Index 2.90+0.05 2.75+0.06 2.93+0.09 0.133
Haugh Unit 96.77'+1.09 91.70°+1.44 93.05%+1.44 0.024
Mass of yolk (g) 14.23+0.31 14.23+0.31 14.20+0.25 0.996
Mass of albumen (g) 34.57+0.86 35.77+0.90 35.40+0.89 0.617
Proportion of albumen (%) 70.73+£0.47 71.33+£0.711 71.16+0.57 0.761
Proportion of yolk (%) 29.28+0.47 28.66+0.711 28.84+0.57 0.760
Edible matter (%) 86.3440.40 86.75+0.44 86.43+0.52 0.799

ACF: Mealy completed food; CGMc: Granular supplement mixed with cracked maize; CG+Mc: Granular supplement distributed in the morning + Cracked
maize, distributed at 01:00 p.m. a, b on the same line: values with different letters are significantly different; P: Probability.

Figures 2 and 3 show the change in yolk color when
CF+Mc and Mc+CF were feeding sequentially, and CGMc
and CG+Mc were fed sequentially, all compared to the ACF

control. The yolk color of the mealy supplement served in the
morning followed by a maize meal in the evening (CF+Mc)
and creased maize in the morning followed by mealy
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supplements in the evening (Mc+CF) was similar to the
complete mealy feed (ACF) throughout the experiment. The
color scores of the different treatments decreased at the 30th
week of age of the hens and increased after this period. At
the end of the trial period, yolk color was the same (11) in the
different treatments.
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Figure 2. Effect of the mode of distribution on yolk coloration: mealy
supplement.
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Figure 3. Effect the mode of distribution on yolk coloration: granular
complement.

Thus, the sequential distribution of CF+Mc¢ and Mc+CF
maintained the intensity of yolk color. In the CGMc and
CG+Mc sequential distribution, the yolk of the complete
mealy feed was better colored (12) compared to the pelleted
supplement mixed with cracked maize (10) and the pelleted
supplement served in the morning and then the cracked
maize served at 1:00 p.m. (11). Also, this coloration
decreased at the 30th week of age of the hens and increased
after this period. At the end of collection, the complete mealy
feed (ACF) had better colored eggs (11) than the other
treatments (10 and 9 respectively for CGMc and CG+Mc).
These results from the sequential distribution mode of the
Granular supplement confirm those obtained above on the
presentation form. Therefore, granulations may be the reason
for the low yolk staining.

4. Conclusion

This study aims to contribute to the provision of feed
supplements to pastoralist communities with maize stocks in
order to reduce their production costs and make the products

accessible to the population. The results revealed that it would
be advantageous to present the food in the granular supplement
mixed with crushed maize that permits to have good physical
qualities internal and external of the eggs. Also, the crushed
maize served in the morning and the complement served in the
mealy form to 13H can be recommended to the poultry
farmers in sequential distribution. However, it would be
interesting to continue this work with further research on the
chemical composition of feed supplements produced from
agricultural and agro-industrial by-products and the impact of
granulation technology on yolk color.
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