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Abstract: Cashew kernels provide fats, proteins, minerals and amino acids like soybeans. They are characterized by their
richness in linoleic and oleic acids which respectively contribute up to 20% and 60% of the fat. The aim of the present study is
to assess the impact of the diets of laying hens, based on of cashew nut kernels cakes, on the nutritional and sensory quality of
eggs. To carry out the experiment, 20 weeks old, 96 hens of the LOHMAN-Brown strain and with an average weight of 1600
g, were used over a period of 10 weeks. Laying hens were fed four diets Rt, R10, R15 and R20 at incorporation rates of 0%,
10%, 15% and 20% cashew kernel cake, respectively. The results indicate that the R10, R15 and R20 diets, after two weeks of
testing, were associated with a reduction of up to 34.50% in egg yolk cholesterol content, compared to the Rt control diet. In
sensory analysis tests, panelists accepted eggs from different diets without distinction. In short, far from degrading the quality
of eggs, the dietary the lipids in cashew kernel cake can contribute to the development of poultry production by providing the
consumer the fatty acids recommended by the medical profession.
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For a long time, the poultry industry has subsisted on the
conventional feed ingredients such as corn and soy. However,
the availability of these ingredients for poultry is hampered
by low production on the one hand, and by the competitive
use of these ingredients in other sectors and their cost of
production on the other. Consequently, some authors have
suggested the partial or total replacement of conventional
feed ingredients with less expensive non-conventional
alternatives [5]. However, the use of non-conventional feed
can compromise the quality of the feed, and deteriorate the
quality of the egg [6]. The question that arises is therefore
whether the use of alternative ingredients in laying hen diets
has an impact on the nutritional and sensory quality of eggs.

This study therefore aims to investigate the consequences

1. Introduction

The hen's egg is a reserve of nutrients and a mine of
essential molecules for various biological activities [1]. It
contains vitamins, minerals (shell), proteins and lipids (yolk),
necessary for the development of the embryo.

Eggs are also a staple food that is widely consumed
throughout the world. It has a high nutritional value due to
the balance of its easily assimilable amino acids [2, 3]. The
quality characteristics of the egg determine the acceptability
and marketability of eggs for consumption [4]. However,
variations in the composition of its constituents are observed.
These variations are related to the hen itself, to its genetic
origin and age, but also to its diet.
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of incorporating cashew kernel meal in poultry diets on the
nutritional and sensory quality of laying hen eggs.

2. Material and Methods

2.1. Experimental Device and Animals

Ninety-six (96) 20-week-old LOHMAN-Brown hens with
an average weight of 1638.31 + 36.7 g were used in this
study. They were selected at the experimental farm of the
School of Specialization in Livestock and Meat Trades of
Bingerville (ESEMV-B, Cote d'Ivoire) and distributed totally
randomly in an experimental design based on four diets
named Rt, R10, R15 and R20. These diets provided 0%, 10%,
15% and 20% cashew kernel cake respectively. Cashew
kernel cake was produced using an artisanal press "cassava
press" [7]. All four diets are iso-protein (17.28%) and

provided the same amount of metabolizable energy (2756
Kcal/Kg) (Table 1).

Hens were housed in batches of four in a
compartmentalized chamber house (1 m x 1.35 m or 1.35 m?),
on a floor covered with litter. Each experimental regime was
repeated on six (6) groups of hens. The experiment lasted ten
(10) weeks divided into two phases: an initial adaptation
period of two (2) weeks and the real experiment conducted
over eight (8) weeks [8].

2.2. Measurements of Study Parameters

Every two weeks, six eggs were randomly selected per
group of hens and broken to collect the yolk. At the end of
the eight weeks of experimentation, one hundred (100) eggs
of which twenty-five (25) per diet were collected and
submitted for sensory analysis.

Table 1. Chemical composition of different diets.

Experimental diets

Ingredients (Kg) Rt R10 R15 R20
Corn 0.6455 0.5100 0.4434 0.3655
Wheat bran 0.0000 0.0300 0.0600 0.0700
Rice flour 0.0000 0.0500 0.0700 0.1100
Soybean meal 44 0.2060 0.1296 0.0605 0.0503
Cashew kernel cake 0.0000 0.1000 0.1500 0.2000
Cotton cake 0.004 0.0279 0.0500 0.0500
Fish meal 0.0400 0.0400 0.0537 0.0417
Opyster shell 0.0880 0.0880 0.0880 0.0880
TNH Eggs 1.25% 0.0125 0.0125 0.0125 0.0125
Salt (NaCl) 0.0020 0.0020 0.0020 0.0020
Sepiolite 0.0020 0.0100 0.0100 0.0100
TOTAL (Kg) 1 1 1 1
Calculated values

Metabolizable energy (kcal / kg) 2756 2756 2756 2756
Crude Protein (%) 17.28 17.25 17.28 17.28
Fat (%) 3.05 5.05 6.13 7.13
Crude cellulose (%) 2.79 3.95 4.53 5.30
Calcium (%) 3.35 3.37 3.46 3.41
Phosphorus (%) 0.17 0.22 0.29 0.29

Rations Rt, R10, R15 and R20: incorporation rates of 0%, 10%, 15% and 20% of cashew kernel cake respectively.

2.3. Nutritional Characteristics of the Egg

The nutritional quality of eggs was determined by the lipid
and cholesterol content of the egg yolk. The protocol for the
extraction of fat from egg yolks was that of Folch [9].

P2-P1
PO

X 100

Fat content (%) =

PO: Weight in g of the sample, P1: Weight in g of flask, P2:
Weight in g of flask and lipids.
The total cholesterol content of egg yolks was determined
according to the method of Pasin [10].
ODSc - ODB

Total cholesterol content = ———— X ES
ODS - ODB

ODSc: Optical density of the sample, ODB: Optical

density of the blank, ODS: Optical density of the standard et
CS: Concentration of the standard in g/l.

The coloration of the yolk was estimated by the DSM Yolk
Color Fan, which presents a 15-branch spectrum of different
colorations ranging from pale to dark yellow.

2.4. Sensory Analysis of Eggs

The eggs were stored at room temperature for 48 h before
evaluation. The eggs were evaluated in two forms: raw and in
the shell (cooked). For raw eggs, the judges broke the sample
themselves on a plate and assessed the shell color, yolk color
and odor. For cooked eggs, the eggs were presented to the
judges immediately after cooking. Hard-boiled eggs were
obtained in 10 min over low heat in water. The eggs were
cooled at room temperature in the preparation room to 50°C
before being served. The eggs were shelled, cut
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longitudinally, and placed in separate containers [11]. Judges
evaluated the color, odor, taste, aftertaste of the yolk of the
cooked eggs. Scores ranging from 5 (extremely pleasant) to 1
(extremely unpleasant) were assigned to the different
descriptors [12].

2.4.1. Acceptability Test

The panel consisted of 42 untrained individuals (young
girls and boys, adult women and men), recruited on the basis
of their availability. Egg samples coded with three digits
were presented monadically (one after the other) to each
panelist in a randomized order. Each panelist's perceived
pleasure was scored on a hedonic scale.

2.4.2. Quantitative Descriptive Analysis

The method consists of evaluating and quantifying the
appropriate descriptors, such as color, odor, taste and
aftertaste, using a category scale that reveals their intensity
[13]. The eggs of the hens that had consumed the cashew
kernel cake diets, as well as the eggs of those that had not,
were presented to a panel of 25 people who were recruited
and trained in the methodology of analyzing and evaluating
the selected qualitative traits [14]. This panel was composed
of adult men and women who were recruited on the basis of
their knowledge and acceptance of egg products. Their
availability, their sensitivity (sight, touch, taste, color) to the
stimulus, and their oral and written knowledge of French
were also criteria that contributed to recruitment.

The collected eggs were presented two to three days later
as fresh eggs with shells and then as cooked eggs for food
preparation. For each batch, 100 eggs were randomly
selected from those collected during the last two weeks of the
trial. The boiled eggs were transported in coolers to the
sensory analysis room, which was prepared for the occasion.
During the actual evaluation, four samples from each batch
of eggs were coded in randomized order and presented

simultaneously to each panelist. Perceived sensation after
observing and/or tasting the sample was collected. Between
items, panelists were asked to wash and dry their fingers and
rinse their mouths with water. A sensory profile of each
batch was thus established from the four samples.

2.5. Statistical Analysis

The results obtained in this study were analyzed using
Statistica Version 7.1 software. The mean values per diet
from the study criteria were subjected to an analysis of
variance (ANOVA), followed by a comparison of means
according to the Newman-Keuls test at the 5% significance
level. Numerical calculations and graph construction were
performed with Excel software.

3. Resultats
3.1. Dry Matter Content of Egg Yolk

The average yolk dry matter content of eggs from hens fed
the Rt control diet was 48.44 + 0.60%, compared with 50.72
+ 1.55%, 50.23 + 0.89%, and 47.38 + 3.69%, respectively,
for egg products from animals fed the R10, R15, and R20
diets. However, statistical analysis did not reveal any
significant difference (p > 0.05) between the yolk dry matter
contents of hens on the different diets.

3.2. Lipid Content of Egg Yolk

The lipid content of the egg yolk was recorded every two
weeks. The values obtained varied from 26.16 + 1.86 to 32.16
+4.57%, 24.33 £4.92t0 27.16 + 1.83%, 25.24 £ 1.92 t0 29.49
+ 1.56% and 24.78 + 2.81 to 28.16 + 2.16%, respectively for
weeks 2, 4, 6 and 8, without however reaching significantly
different values according to the rate of incorporation of
cashew kernel cake in the birds' diet (Table 2).

Table 2. Evolution of lipid levels as a function of time.

Experimental diets

Characteristics Weeks
RT R10 R15 R20
2 30.16 £3.06* 26.16 £1.86" 28.66+1.83" 32.16 £4.57*
. 4 27.16+1.83° 2433+£492° 26.83+£0.75% 26.83 £1.94%
Lipid rate (%)
6 28.66+2.01° 2524+1.92° 27.74+£23° 2949 +£1.56*
8 2791 +1.87% 2478 £2.81° 27.28+0.89 28.16+£2.16*

* There is no significant difference (p>0.05) between two means + standard deviation (on the same line). Rations Rt, R10, R15 and R20: 0%, 10%, 15% and

20% cashew kernel cake incorporation rates, respectively.

3.3. Cholesterol Content of Egg Yolk

After two weeks of experimentation, the yolk cholesterol
content of eggs produced by hens on the Rt control diet was
25.37 + 0.86 mg/g, compared to 20.99 + 1.99 mg/g, 19.32 +
2.61 mg/g and 17.01 + 2.18 mg/g in those on the R10, R15
and R20 diets, respectively.

Egg yolk cholesterol levels recorded at weeks 4, 6, and 8
varied from 26.08 = 3.18 mg/g to 17.08 = 1.81 mg/g, 26.08 +

3.18 to 17.08 +1.81 mg/g and 25.90 +£1.90 to 17.06 +2.05
mg/g, respectively. The R10, R15 and R20 diets, after two
weeks of testing, induced a 17.20 to 17.36%, 23.84 to 25.69%
and 32.95 to 34.50% reduction in the yolk cholesterol content
of the hens compared to the control diet, respectively. After
two weeks of experimentation, the yolk cholesterol contents
of the R10, R15 and R20 diets decreased, highly significantly
(p < 0.05) compared to that of the Rt control batch (Table 3).
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Table 3. Evolution of Cholesterol Concentration as a Function of Time.

Experimental diets

Characteristics Weeks
Rt R10 R15 R20
2 25.37+0.86 * 20.99+1.99 ° 19.324+2.61 ¢ 17.01+2.18 ¢
. 4 26.08 +3.18* 21.5542.53° 19.38+1.91 ¢ 17.08+1.81 ¢
Cholesterol concentration (mg/g) 3 a
6 25.72 £2.06 * 21.27 £2.40 19.35 +2.00 © 17.04 £1.90
8 25.90+£1.90* 21.41+220° 19.36 +2.02 ° 17.06 £2.05 ¢
2 17.20% ° 23.84% " 32.95%"
. ) 4 17.36% © 25.69%° 34.50%"
Taux de baisse du cholestérol . N
6 17.30% °© 24.76% 33.74%
8 17.33% ¢ 2525% " 34.13%"

abedelh There is no significant difference (p>0.05) between two means + standard deviation (on the same line). Rations Rt, R10, R15 and R20: 0%, 10%,

15% and 20% cashew kernel cake incorporation rates, respectively.

3.4. Sensory Characteristics of the Egg

3.4.1. Acceptability Test

At the end of the acceptability test, the average rank assigned
by the panelists is calculated for the eggs of a given diet. For the
cooked (in the shell) eggs, it is 3.82 + 0.13 for the control diet Rt
while the diets R10, R15 and R20 had rank averages of 3.70 +

0.14,3.92 £0.14 and 3.94 £ 0.14 respectively.

As for the mean rank of raw eggs, the values of 3.88 +
0.13,3.86 £ 0.13, 3.86 + 0.15 and 3.84 + 0.15 were recorded
for the Rt, R10, R15 and R20 diets respectively (Table 4).
These descriptor means reflect that the eggs are accepted.
Statistically there was no significant difference (P > 0.05)
between the egg rank means for either the raw or cooked egg.

Table 4. Comparison of the overall acceptability averages of cooked and raw eggs in different diets.

Batch of oggs Rt R10 R15 R20
Cooked eggs 3,82+0,13° 3,70+0,14° 3,92+0,14° 3,94+0,14°
Raw eggs 3,88+0,13° 3,86+0,13° 3,86+0,15° 384+0,15°

1: extremely unpleasant, 2: unpleasant, 3: neither pleasant nor unpleasant, 4: pleasant, 5: extremely pleasant
* There is no significant difference (p>0.05) between two means + standard deviation (on the same line). Rations Rt, R10, R15 and R20: 0%, 10%, 15% and

20% cashew kernel cake incorporation rates, respectively.

3.4.2. Quantitative Descriptive Analysis

The descriptors selected for the sensory evaluation of the
eggs were yolk color, egg odor, egg taste, and egg aftertaste
for the product in its cooked version and then shell color,
yolk color, and egg odor for the raw egg. The descriptor
means for the cooked egg ranged from 2.76 £ 0.17 to 3.14+
0.15, 3.50 + 0.15 to 3.88 = 0.14, 3.66 + 0.12 to 3.84 + 0.14
for yolk color, egg odor, egg taste, and egg aftertaste
respectively. These descriptor means for cooked eggs
correspond to neither dark nor pale yolk, pleasant odor,
pleasant taste and aftertaste. The descriptor means for the
shell egg (raw) ranged from 3.05 + 0.14 to 3.74 £ 0.19, 3.26
+0.17 to 3.72 +£ 0.17, 3.45 £+ 0.15 for shell color, yolk color
and egg odor. These descriptor means for raw eggs are
equivalent to egg shells that are neither dark nor light, yolk
color that is neither dark nor light, and odor that is rather
neither pleasant nor unpleasant (Figures 1 and 2).

During the descriptive analysis test, the analysis of
variance of the organoleptic data for cooked and raw eggs
showed no significant difference (P > 0.05) between the
means of each descriptor for the four egg samples Rt, R10,
R15, and R20 submitted to the taste panel.

4 Color of the yolk
Ry .
// N\ —o—R10
H \
// 2 R15
Eggy aftertaste z . R20
Rt
4 A
\\\ Smell of
\ the egg
\
\
Taste of the

Figure 1. Sensory profile of cooked eggs.

Yolk color: Very pale, Pale, Neither dark nor pale, Dark, Very dark

Smell of egg: Very unpleasant, Unpleasant, Neither pleasant nor unpleasant,
Pleasant, Very pleasant.

Taste of egg: Very unpleasant, Unpleasant, Neither pleasant nor unpleasant,
Pleasant, Very pleasant.

Egg aftertaste: Very unpleasant, Unpleasant, Neither pleasant nor unpleasant,
Pleasant, Very pleasant.

Rations Rt, R10, R15 and R20: incorporation rate of 0%, 10%, 15% and
20% of cashew nut meal respectively.
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Figure 2. Sensory profile of raw eggs.

Shell color: Very light, Light, Neither dark nor light, Dark, Very dark
Yolk color: Very pale, Pale, Not dark-not pale, Dark, Very dark

Egg odor: Very unpleasant, Unpleasant, Not pleasant-not unpleasant, Pleasant, Very pleasant
Rt: Control diet; R10: Diet with 10% cashew nut cake, R15: Diet with 15% cashew nut cake, R20: Diet with 20% cashew nut cake

4. Discussion

The high cholesterol level being an obstacle to the free
consumption of eggs, the present study aims at proposing
diets able to improve the quality of the egg yolk. The analysis
of the studied parameters revealed no significant difference
in the moisture and total dry matter content of the egg yolk in
relation to the addition of cashew kernel cake. This result is
consistent with those reported by other authors who found no
difference in egg yolk dry matter when incorporating up to
20% coconut cake [15, 16]. There is evidence that total solid
levels of yolk increase with the age of the birds and the strain
of the birds [17]. Similarly, egg storage conditions may alter
the relative proportion of these yolk characteristics.

The lack of effect of the diets tested on the total lipid
content in the yolk composition would be explained by the
fact that the enzymes of lipogenesis are not affected by the
nature of the diet [18]. Identical results were observed when
15% flaxseed was included in the diet for laying hens [19].

The R20 diet induced a reduction of up to 34% in the total
cholesterol content of the egg yolk. Such a variation was also
observed after supplementing the feed with chia (Silva
hispanica L.) and euphorbia seeds (Euphorbia heterophylla
L)) [20, 21].

These authors found an 18% reduction in chicken yolk
cholesterol by incorporating 15% FEuphorbia heterophylla
seeds in the diet of laying hens. Monogastrics, including
chicken, show a strong positive correlation between the
nature of the fat ingested and the fat deposited in the carcass
[22], especially for Polyunsaturated fatty acids (PUFAs),
which are known to have beneficial effects on human health.
The addition of oils in animal nutrition improves the growth
performance and quality of the products obtained by
providing essential fatty acids [23].

However, these results are different from those obtained
by some authors who found no significant difference in the
cholesterol content of egg yolks following the incorporation
of fish and flaxseed oils in the diets of laying hens [24, 25].

The positive impact of the introduction of cashew kernel
cake is undeniable. The reduction in cholesterol content of

egg yolks in diets containing cashew kernel cake could be a
result of the increased content of oleic acid and a-linoleic
acid provided by cashew kernel cake since Monounsaturated
Fatty Acids (MUFA) and Polyunsaturated Fatty Acids
(PUFA) can lead to a reduction in cholesterol levels during
lipid metabolism in birds [26].

The color of the yolk is important to consumers. Pale yolks
are perceived as a sick hen while well colored yolks indicate
a healthy hen. This impression is wrong because yolk
coloration is directly dependent on the hen's carotenoid
intake. The degradation of the yolk coloration would be
related to the amount of carotenoids consumed by the hen
because the animals cannot synthesize carotenoids. Therefore,
it is only their diet that determines the yolk color of the eggs
[27, 6]. Cashew kernel cakes would therefore be poor in
carotenoids.

During the descriptive analysis test, the analysis of
variance of the organoleptic data of the cooked and raw eggs
shows no significant difference between the means of each
descriptor for the four egg samples (Rt, R10, R15, and R20)
submitted to the taste panel. These data imply that eggs
produced from the cashew kernel meal feed have similar
organoleptic qualities to eggs produced from the control
(commercial) feed. These results are comparable to those
obtained by some authors, who did not observe any effect on
the sensory analysis of boiled eggs incorporating different
food sources rich in n-3 fatty acids [28].

The present results corroborate those establishing
similarity between the organoleptic qualities of soy milk and
cashew almond milk for the mean sensory scores of soy milk
and cashew milk [29]. Indeed a similarity was found in
mouthfeel due to the similar fat contents present in both milk
samples, as fat is well known to be associated with better
mouthfeel.

Also, color is another important attribute used by
consumers to judge the acceptability of food products [30].
The sense of taste of a food enables its ingestion and
absorption into the body. Flavor is the primary criterion for
liking or disliking a product. The sensations of taste and
smell are flavor functions that are a complex of sensations
[31]. Thus, eggs from diets containing cashew kernel meal



35 Silué Fatogoma Etienne et al.: Effects of Cashew Kernels Cake on the Nutritional and Sensory Quality of Hen Eggs

have organoleptic characteristics that allow them to be well
liked by consumers on par with eggs from the control diet.

5. Conclusion

The results of this study indicate that the incorporation of
cashew kernel cake in the diets of laying hens is likely to
reduce egg cholesterol levels. This is a definite advantage,
especially since the presence of anti-nutritional factors in
cashew kernel cake has no significant effect on the
parameters considered, even at 20% of the ration. In
conclusion, far from degrading the quality of hens' eggs, the
dietary lipids in cashew kernel cake can contribute to the
optimization of poultry production by providing the
consumer with the fatty acids recommended by the medical
profession. The processing industry could thus formulate
products based on eggs from farms supplemented with
cashew kernel cake, without major problems of functional or
sensory properties.
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