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Abstract

This study evaluated the effect of carrot flour (CF; Daucus carota L.) as a partial
substitute for the basal diet of Cobb 500 broiler chicken on skin pigmentation,
production parameters and profitability. A total of 64 chickens were separated
according to sex and assigned to four diets, with four replicates of two birds each.
The control groups were fed a standard diet, and the experimental groups were fed the
same conventional diet with replacement levels of 10, 15, and 20% CF. No significant
differences were observed in feed consumption, weight gain or feed conversion ratio.
However, diets with carrot flour improved feed intake, promoted weight gain and
optimized feed efficiency with 10% in males and 15% in females. No mortality was
recorded in the experimental groups. The intensity of pigmentation in the chickens’
skin increased as the level of substitution increased, while sex influenced color
expression. Diets with CF improved profitability especially in males. In conclusion,
the replacement of the basal diet with CF in the diet of Cobb 500 broilers had positive
effects on the evaluated parameters, therefore, it can be used as an alternative source
of natural pigment in the production of yellow-skinned broilers.

Keywords: pigmentation; carotenoids; poultry production; Daucus carota; carrot
flour.

Resumen

Este estudio evalu¢ el efecto de la harina de zanahoria (HZ; Daucus carota L.) como
sustituto parcial de la dieta basal de pollos de engorde Cobb 500 sobre la pigmentacion
de la piel, parametros productivos y rentabilidad. Un total de 64 pollos fueron
separados segun el sexo y se asignaron a cuatro dietas, con cuatro réplicas de dos aves
cada una. Los grupos testigos fueron alimentados con una dieta estdndar y los grupos
experimentales recibieron la misma dieta convencional con niveles de reemplazo del
10, 15 y 20% de HZ. No se observaron diferencias significativas en el consumo de
alimento, ganancia de peso o indice de conversion alimenticia. Sin embargo, las dietas
con harina de zanahoria mejoraron el consumo de alimento, promovieron el aumento
de peso y optimizaron la eficiencia alimenticia con un 10% en machos y un 15% en
hembras. No se registré mortalidad en los grupos experimentales. La intensidad de la
pigmentacion en la piel de los pollos aumentd a medida que se incrementd el nivel de
sustitucion, mientras que el sexo influyo en la expresion del color. Las dietas con HZ
mejoraron la rentabilidad especialmente en los machos. En conclusion, la sustitucion
de la dieta basal con HZ en la dieta de los pollos de engorde Cobb 500, tuvo efectos
positivos en los parametros evaluados; por tanto, puede usarse como fuente alternativa
de pigmento natural en la produccion de pollos de engorde de piel amarilla.

Palabras clave: pigmentacion; carotenoides; produccion avicola; Daucus carota;
harina de zanahoria.
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Introduction

The poultry industry has made grand-scale production
possible thanks to advancements in genetics,
reproduction, health and nutrition, allowing for greater
growth rates and optimized egg production. (Kleyn
y Ciacciariello, 2021; Martinez et al., 2021). These
advancements have help to meet the high demand for
poultry products, such as meat and eggs, which are
crucial sources of animal protein (Organizacion de las
Naciones Unidas para la Alimentacion y la Agricultura
(FAO), 2023).

Nowadays, one of the key aspects of poultry production
is improving the quality of the meat through nutritional
strategies, designed to modify the properties that
influence the general acceptability of the product.
Among these properties, meat and skin is the most
important attribute, because it is the first feature to
be perceived by the senses, and the one consumers
associate with both quality and healthiness (Ortiz et al.,
2022; Pandiselvam et al., 2023). Although pigmentation,
in practical terms, is not a reliable sign of quality and
safety, it does influence the consumer’s perception of
the product and their inclination to buy it; therefore,
pigmentation becomes economically important as well
(de Araujo et al., 2022).

In Ecuador, studies have shown preference for yellow
skin as an indicator of fresh safe and nutritious food
(Vargas, 2015; Toalombo et al., 2019). Nonetheless, the
broiler chicken lines have not managed to obtain the
adequate color intensity naturally, because they cannot
synthesize carotenoids in vivo. Thus, these pigments
have to be supplemented through diet (Wu et al., 2021).

As a result, the balanced feed industry adds pigments,
natural or synthetic, to the diet for yellow-skin chicken
production (Marounek y Pebriansyah, 2018). Although
the synthetic pigments are subjected to safety tests and
strict regulations, there is growing concern in consumers
about health, both their own and the chicken’s, and
demand for natural pigment also grows (Rana et al.,
2021).

In this context, the most important source of carotenoids
is yellow maize, but it does not contribute enough to
pigmentation to meet the demands of the consumer
(Moreno et al., 2020). Consequently, food pigments are
used, such as: saffron (Crocus sativus), calendula flower
(Calendula officinalis), paprika (Capsicum annunm),
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alfalfa (Medicago sativa) and annatto (Bixa orellana)
to improve the color of the skin, meat and egg yolk.
Nonetheless, the commercial viability of these feeding
programs is limited by the high cost of diets that include
these pigments (Farkas et al., 2020; Surai y Kochish,
2020; Martinez Camara et al., 2021).

With this challenge, Uriisan et al. (2018), Khan (2019),
Ng’Ambi et al. (2019), Widya et al. (2019) y Dabai et
al. (2021), have documented the potential for broiler
chicken feeding of carrot-derived products , like leave
and seed extract, juice, the fleshy part of the napiform
root (root pulp), and the scraps. These studies revealed
significant improvements on skin pigmentation,
digestion, body-weight gain, feed convertion rate,
and poultry immune response. Nonetheless, scientific
evidence for the use of carrots in Cobb 500 chicken
broiler feeding, and reports of its profitability are non-
existant. Therefore, the objective of the research was to
evaluate the effects of carrot flour (Daucus carota L.),
as a partial substitute for the basal diet of Cobb 500
broiler chicken, on pigmentation, production indicators
and profitability.

Materials and methods
Location

The experiment took place at the Rio Suma
Experimental Farm, located on the premises of the
Faculty of Agricultural Engineering, Universidad Laica
Eloy Alfaro de Manabi, El Carmen campus, province
of Manabi, Ecuador, with geographical coordinates
-0.262655 S and -79 427579 E, and a humid tropical
climate. This area is located at an altitude of 263 meters
above sea level, with an average temperature of 24 °C,
an annual precipitation of 2,806 mm, a relative humidity
of 86%, a solar exposure of 1,026 light hours per year
and an annual evaporation of 1,064 mm. (National
Institute of Meteorology and Hydrology (INAMHI),
2019).

Experimental design

A completely randomized experimental design (DCA)
was applied with a factorial arrangement A (sex) x B
(carrot flour levels) with four repetitions, each consisting
of two birds. The treatments consisted of a control diet
and three experimental diets in which the conventional
food was replaced by carrot flour in proportions of 10,
15 and 20%, as detailed in table 1.
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Table 1. Experimental groups.

Factor B

Factor A
Control (bl)  10% HZ (b2) 15% HZ (b3) 20% HZ (b4)

Female al+bl al+b2 al+b3 al+b4
(al)

Treatment 1 Treatment 2 Treatment 3 Treatment 4

Male a2+bl a2+b2 a2+b3 a2+b4
(a2)

Treatment 5 Treatment 6 Treatment 7 Treatment 8

Nota: HZ: carrot flour.

Experiment management

A total of 64 5-day-old chicks were used, with an initial
average weight of 45 g, who were housed in a rearing
circle in a shed for 14 days. After 15 days, they were
separated by sex, and then randomly distributed in
experimental units. In the first three weeks, all birds
received an standard diet following the nutritional
requirements for each stage. From then to the final
stage, on week 5, they were given fattening feed with
the carrot flour included.

The carrot flour came from a food processing company
(no branding). afterwards, in order to determine
the nutritional composition, a sample was sent to a
local laboratory for bromatologic analysis, while the
nutritional values for the balanced feed used in the
formulation of the diet were obtained from the table of
food composition (table 2).

Table 2. Nutritional composition of the diets.

Variable Balanced feed Carrot flour
(%) Humidity 13 9.10
(%) Protein 18 8.62
(%) Ether ext. 5 1.32
(%) Ash 7 5.73
(%) Fiber 4 7.54

Evaluation method

During the experiment, the birds were weighed weekly,
while the food intake was measured daily (given feed/
rejected feed). The following variables were established
when the experimentation stage ended:

Daily average intake (g-bird!): This value was obtained
by dividing the sum of the food consumption records by
the number of birds.

Average weight gain (g-bird'): This variable was
calculated by adding the differences between the final
weight and the initial weight of each bird, and then
dividing by the total number of birds in the treatment.

Y latecnica@utm.edu.ec

Food conversion index: To obtain the value of this
variable, the total amount of food consumed was divided
by the total amount of weight gain experienced.

Mortality (%): It was obtained by dividing the total
number of chickens that died during the observation
period by the initial number of chickens with which
treatment began, and then multiplying the result by 100.

Pigmentation: The evaluation of skin pigmentation
of chickens was carried out using the Rocher scale.
This procedure involved measuring and recording the
intensity of pigmentation in the skin of each chicken
individually, at the time of slaughter. Each chicken was
assigned a numerical value based on the intensity of
its skin pigmentation. Subsequently, the average of the
recorded values was calculated.

Profitability: It was calculated through the benefit/cost
formula, considering only the feeding costs and the
income derived from the sale of chickens based on their
weight. A value greater than 1 indicated that the project
was profitable (Rebollar et al., 2020).

Data Analysis

It was calculated through the benefit/cost formula,
considering only the feeding costs and the income
derived from the sale of chickens based on their weight.
A value greater than 1 indicated that the project was
profitable (Rebollar et al., 2020).

Results and discussion

The results of the analysis of variance presented in
table 3 indicated that the different levels of carrot flour
used as a partial substitute for the basal diet of broiler
chickens did not have a significant impact on any of
the parameters evaluated (P>0.05). This finding was
similar to that reported by Khan (2019), who replaced
a proportion of corn with carrot pulp meal in the diet of
Hubbard chickens and found no significant differences
in feed intake, body weight and conversion rate.

Feed intake

Even though no significant statistical differences were
found, the data in Table 3 showed that males consumed
more food than females in all treatments. This trend
coincided with what was reported by Jacome-Gomez et
al. (2023) in relation to the greater feed intake by male
chickens of the Cobb 500 line compared to females.
Furthermore, it was observed that feed consumption
increased as the percentages of carrot flour in the diet
increased, which agreed with what was described
by Noviadi and Maradon (2021) and confirmed the
influence of HZ on the eating behavior of the animals.
chickens, noted by Ng’Ambi et al. (2019).
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Itis possible that the chickens’ response in this parameter
was related to the lower protein content in the carrot
flour portion, which led to an increase in feed intake to
balance the protein level required to maintain growth. as
mentioned by Jabbar et al. (2021).

Weight gain

Regarding weight gain, it was observed that males
gained greater weight compared to females, regardless
of the quantity of carrot flour. This was in line with the
general trend that the sex of chickens plays a crucial
role in productivity, with a faster growth rate and greater
weight gain in males than in females, regardless of other
factors such as diet. or breeding systems (Benyi et al.,
2015; Cygan-Szczegielniak et al., 2019).

On the other hand, among the treatments, the highest
weight gain was found in the group of males with
20% HZ (2,809 g), while in the group of females the
highest weight gain was recorded in the birds with
15% substitution (2,649.63 g). It is relevant to note
that, although these values were slightly lower than the
reference standards, the control groups obtained lower
values, which suggests that carrot flour improved the
weight of the chickens. The amount of fiber present in
carrot flour could have partially explained these results,
since it is a component that helps regulate the digestion
of birds and contributes to the use of nutrients, as noted
by Widya et al. (2019).

Food conversion

Regarding feed conversion, the results indicated that,
in general, males had greater efficiency compared
to females. This variability could be related to the
physiological differences between males and females
in terms of metabolism, nutritional requirements, and
hormonal interactions that influence how chickens use
and digest nutrients (Cui et al., 2021).

Taking into account that feed conversion is the indicator
that reflects the amount of feed necessary to produce
a unit of body weight, and generally, a lower value
indicates greater efficiency in the production process
(Prakash et al., 2020 ), the results showed that, for
females, replacing the basal diet with 15% carrot flour
was beneficial, while for males, 10% carrot flour was
more efficient compared to the control groups. These
improvements in feeding efficiency could be related to
the presence of carotenoids, precursors of vitamin A,
in carrot flour. According to Khan et al. (2023) these
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compounds, at optimal concentrations, had positive
effects on nutrient digestibility and feed conversion rate.

Table 3. Statistical comparison of zootechnical
parameters.

Feed intake Weight Food

Treatment Sex HZ (%) . .
(2) gain (g) conversion

1 Female Control 3,713.63° 2,366.00* 1.57*

2 Female 10 4,126.88*  2,384.63°* 1.73°
3 Female 15 4,14575*®  2,649.63* 1.56°
4 Female 20 4225.63*® 2,352.88* 1.80°
5 Male Control  3,988.32  2,543.38°* 1.57*
6 Male 10 4230.19®  2,725.63° 1.55°
7 Male 15 4,501.07* 2,758.50* 1.63*
8 Male 20 4,475.07* 2,809.00* 1.59°

Note: medians with the same letters are not significant
(P>0.05).

Mortality

The results of table 4 revealed that mortality in all
experimental groups was 0%, while in the control
groups for both sexes they presented a mortality rate
of 12.50%, which indicated that the inclusion of carrot
flour in chicken diets, in the percentages evaluated, had
a positive impact on the survival of the birds. This result
was in line with what was pointed out by Silondae et al.
(2023) who highlighted the use of carrots as a source of
essential antioxidants to improve the health of chickens,
and consequently reduce the percentage of losses due
to death.

Table 4. Mortality of chicken broiler.

Treatment Sex HZ (%) Mortality
1 Female Control 12.50
2 Female 10 0.00
3 Female 15 0.00
4 Female 20 0.00
5 Male Cintrol 12.50
6 Male 10 0.00
7 Male 15 0.00
8 Male 20 0.00

Note: HZ: Carrot flour.
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Pigmentation

Carrot flour as a partial substitute for the basal diet
of broilers had a positive effect on skin pigmentation.
Furthermore, an increase in color intensity was
observed as the percentage of substitution increased, in
both females and males. However, it is important to note
that males exhibited higher pigmentation compared to
females, which could be related to the amount of food
consumed. In the case of males, having ingested greater
amounts of food, also incorporating a greater amount of
carotenoids (table 5).

In general, the results indicated that carrot flour improved
the skin pigmentation of the chickens, contrary to what
was stated by Azizah et al. (2017) in which no change
was observed in the skin color of Lohmann broilers
when they included carrot waste meal in the feed. One
reason for these differences could be the decrease in
the concentration of carotenoids in the waste due to the
extraction process (Otalora-Orrego y Martin, 2021).

Table 5. Effect of carrot flour on skin pigmentation
according to sex.

Treatments Sex HZ (%) Pigmentation
1 Female Control 0.25
2 Female 10 2.25
3 Female 15 3.25
4 Female 20 5.50
5 Male Control 0.50
6 Male 10 2.75
7 Male 15 4.75
8 Male 20 6.00

Nota: HZ: carrot flour.
Profitability

The results of the economic analysis, presented in Table
6, showed that the partial substitution of carrot flour
in the diet of broiler chickens had a positive effect on
profitability. In particular, in the female group, the 15%
HZ treatment showed the highest income and a more
favorable B/C ratio, while, in the male group, the 20%
HZ treatment generated the highest income. However,
treating males with 10% carrot flour reported the
lowest cost and the best B/C ratio. Because studies on
the pigmentation characteristics of various carotenoid
sources often place less emphasis on cost-effectiveness,
it was difficult to compare the findings of this study with
previous research, especially in the case of carrot flour
which has been less explored.

In summary, this study provided preliminary evidence
of the possible benefits of using carrot flour in the

Y latecnica@utm.edu.ec

production of broiler chickens of the Cobb 500 line.
These benefits were reflected in both productive
performance and economic profitability, presenting an
excellent opportunity to eliminate or reduce the use of
artificial pigments in poultry production. These findings
may be valuable to the poultry industry and decision
making in diet formulation. Likewise, the results are of
particular importance for small poultry producers in the
municipality of El Carmen, Manabi, since it provides
them with an alternative to adapt their production
strategies so that they satisfy the preferences of local
consumers.

Table 6. Economic analysis of the effect of carrot flour
on the pigmentation of broiler chickens according to

SEX.
Treatment Sex HZ (%) Income Cost B/C
1 Female Witness 40.08 29.95 1.34
2 Female 10 54.56 35.60 1.53
3 Female 15 60.62 35.72 1.70
4 Female 20 53.83 36.25 1.49
5 Male  Witness 43.08 31.55 1.37
6 Male 10 62.36 36.28 1.72
7 Male 15 63.11 38.08 1.66
8 Male 20 64.27 37.90 1.70

Nota: HZ: carrot flour.

This study has limitations. First, the lack of analysis of
the carotenoid contents in carrot flour made the result
interpretation harder.It is recommended to carry out
this analysis in further research. Second, the purchase
of carrot flour influenced the feeding costs. For further
research it is recommended to assess the viability of
local carrot flour production.Lastly, the main limitation
of the study ewas the color measurement, because
using the YolkFan DSM may lead to inacurrate
measurements caused by subjectivity, human fatigue
and light variations. Further studies may overcome this
limitiation by using reflectance photometry.

Conclusion

Carrot flour, as substitute in basal diets, had positive
effects in the skin pigmentation of chickens, regardless
of sex. With 10%, a mild degree of pigmentation with
a subtle yellow hue was achieved; with 15%, a pale
yellow color; and with 20%, a more intense and defined
yellow. Likewise, carrot flour improves weight gain and
the food efficiency index, particularly in males, when a
15% carrot flour is added to the feed. Additionally, it has
proved to be profitable, especially with males. These
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findings can be very relevant in the decision-making
poultry and cattle production.
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