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Abstract: Chickens possess a well-developed vision that allows them to perceive a wide
range of the color spectrum. In addition, they display an inherent sensitivity toward specific
light spectra, which suggests that coloring feed could influence feed preference, feed intake
and growth performance. This trial assessed the effect of feed coloring on broiler feed color
preferences. A total of 216 day-old Cobb by-product males were randomly distributed into
18 battery cages, each containing 12 chicks and subjected to three dietary treatments from 1
to 21 days, resulting in six replicates per dietary treatment. Feed color treatments consisted
of a common corn-soybean meal-based undyed basal (UB) broiler starter diet, which was
dyed to obtain blue-colored (B) and purple-colored (P) diets, resulting in a total of three
diets used to create the feed combinations. Two feed troughs were affixed to each cage,
allowing for the assignment of dietary treatments as follows: UB-B, UB-P, and B-P. The birds
had ad libitum access to feed and water throughout the study. Feed consumption data were
collected at 7-day intervals. Additionally, bird weights were measured at 1 and 21 days.
The data were analyzed as a completely randomized design using the SAS GLIMMIX and
TTEST procedures. Overall, broilers exhibited a preference for the UB diet compared to
the B and P diets. Broilers had a 27.5 and 29.2% higher (p < 0.05) feed consumption of UB
feed compared to P feed from 1 to 14 and 1 to 21 days, respectively. In addition, broilers
tended to have a higher (p = 0.098) consumption of UB feed compared to B feed from 1 to
14 days. No differences were observed in feed consumption between B and P diets during
the experimental period. Based on feed consumption data, broilers displayed a preference
towards the UB feed when paired with B or P diets. Feed coloring did not impact the
mortality of broilers and did not result in adverse growth. Overall, broilers preferred the
UB diet over the B and P diets and showed no preference between B and P diets. Based on
the results of this trial, diets that appear more conventional, compared to dyed diets, can
promote consumption. Special care must be taken to avoid ingredients that could alter the
diet’s coloration.
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1. Introduction

Chickens have a well-developed trichromatic vision system composed of diverse pho-
toreceptors and cones [1], allowing them to perceive a broad range of the color spectrum [2].
Chickens can see in ultraviolet wavelengths and perceive colors that are not visible to most
mammals [3], including humans [4]. The chickens’ sharp visual capabilities allow them to
effectively survey their surroundings and localize feed [5,6]. In addition, broiler chickens
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have shown a preference toward shorter ultraviolet wavelengths [7-9]. It was suggested
that feed coloring could be used as a natural stimulant to enhance feed intake and perfor-
mance in broilers, who possess inherent stimulatory spectral effects [5]. Previous research
evaluated the effects of feed color on modern broiler strains. This research, however, is
inconsistent and focuses on lighting and feed color effects. Khosravinia [10] observed that
broilers displayed a higher feed intake under green lighting and green feed over other
light and feed combinations. However, Leslie et al. [11] found that when broiler chicks
could choose between an undyed and dyed feed, they exhibited a higher consumption of
the undyed diet. A previous work by our research group, in which broilers were offered
different dyed feeds, found that blue-colored (B) and purple-colored (P) diets increased
feed consumption (FC) and positively influenced performance [12]. This could be owed
to blue and purple residing closer to ultraviolet wavelengths. This study is a follow-up to
assess the impact of feed color preferences when broilers were provided with the ability
to choose between an undyed basal (UB) diet and either a B or P diet, or between B and
P diets.

2. Materials and Methods
2.1. Animal Care

The study design and animal handling techniques were approved by the Middle
Tennessee State University Institutional Animal Care and Use Committee (protocol #22—
2006 on 31 August 2021), and conformed to the Guide for the Care and Use of Agriculture
Animals in Research and Teaching [13,14].

2.2. Bird Husbandry and Data Collection

A total of 216 day-old Cobb 500 by-product males were donated from a local Cobb-
Vantress hatchery (Lafayette, TN, USA) and randomly distributed into 18 battery cages
(0.79 m?/cage) (12 broilers/cage; 658 cm?/bird) and grown for 21 days. The hatchery
followed standard commercial protocols, and all broilers were placed on study approx-
imately 16 h after hatching. Each cage had two affixed feed troughs positioned at a 90°
angle to each other (Figure 1). The troughs were alternated for each feed color combination
to reduce feeder location preferences. All birds had adequate feeder (9.6 cm/bird) and
drinker (4.8 cm/bird) space. Additionally, all cages had a supplemental feeder for the first
7 days (Figure 2). The birds were kept in a brooding environment set at around 35 °C, with
the temperature decreasing by approximately 3 °C each week. Environmental continuous
white light (24 L:0 D; 25 lux) was provided throughout the study; however, the birds
received light with a lower intensity inside the battery cage. Feed and water were offered
ad libitum. For each cage, both feed troughs were weighed at 1, 7, 14, and 21 days for
feed preference and FC determination. Feed trough weights were recorded individually to
assess feed color preference within each specific color combination tested. Broilers were
group weighed by battery cage on days 1 and 21 to determine their body weight (BW) and
the feed conversion ratio (FCR). Mortality was monitored daily and used to adjust the FCR.
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Figure 2. Broilers provided a combination of undyed basal diet and blue-colored diet through

supplemental feeders.

2.3. Experimental Design and Diets

Each battery cage was randomly assigned to one of three experimental treatments,
resulting in 6 replicate cages per treatment. The treatments were different color combi-
nations of feed provided to the broilers using the two affixed feed troughs on each cage.
The combinations were as follows: (1) UB diet and B diet (UB-B) (Figure 2), (2) UB diet
and P diet (UB-P) (Figure 3), and (3) B diet and P diet (B-P). The UB diet was a typical
broiler starter manufactured at the Auburn University Animal Nutrition Center (Auburn,
AL, USA) as described in Downs et al. [15]. The feed used in this study met or exceeded
National Research Council requirements [16] (Table 1). The B and P diets were manufac-
tured by the addition of a non-nutritive human food-grade powdered dye (LorAnn Oils®,
Lansing, MI, USA) to the UB diet (Figures 4 and 5). The dyes were mixed into the UB diet
using a Marion Mixer (Model 2010, Rapids Machinery Company, Marion, IA, USA) and
uniformly dispersed in the feed to ensure the color was noticeable. The blue (Hexadecimal
color code: #4a9c9d) and purple (Hexadecimal color code: #6b5669) color specifications
were determined following previous research protocols [12].
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Figure 5. Purple-colored diet offered to broilers.
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Table 1. Ingredient and nutrient composition of the undyed basal diet fed to Cobb 500 by-product
males from 1 to 21 d of age !.

Ingredient, % As-Fed (Unless Otherwise Noted) Basal
Corn 51.60
Soybean meal, 46% crude protein 37.94
Dried distillers grains with solubles 4.00
Corn oil 3.31
Dicalcium phosphate, 18% P 0.55
Calcium carbonate 1.45
Salt 0.38
DL-Methionine 0.33
L-Lysine 0.18
Trace mineral premix 2 0.10
Vitamin premix 3 0.10
Choline chloride 0.07
Phytase 4, g/kg 0.10
Calculated nutrients, % as-fed (unless otherwise noted)
AME,,, kcal/kg 3000
Crude protein 23.17
Calcium 1.00
Available phosphorous 0.40
Digestible Lys 1.23
Digestible Met + Cys 0.93
Digestible Met 0.64
Digestible Thr 0.73
Digestible Val 0.96

1 Blue- and purple-colored diets were manufactured by the addition of a powdered food-grade dye to the basal
diet; blue and purple food-grade dyes were included at 0.214 and 0.500% of the feed, respectively. > Mineral
premix included per kg of diet: Mn (manganese sulfate), 120 mg; Zn (zinc sulfate), 100 mg; Fe (iron sulfate mono-
hydrate), 30 mg; Cu (tri-basic copper chloride), 8 mg; I (ethylenediamine dihydriodide), 1.4 mg; and Se (sodium
selenite), 0.3 mg. 3 Vitamin premix included per kg of diet: Vitamin A (Vitamin A acetate), 18,739 IU; Vitamin
D (cholecalciferol), 6614 IU; Vitamin E (DL-alpha tocopherol acetate), 66 IU; menadione (menadione sodium
bisulfate complex), 4 mg; Vitamin B12 (cyanocobalamin), 0.03 mg; folacin (folic acid), 2.6 mg; D-pantothenic acid
(calcium pantothenate), 31 mg; riboflavin (riboflavin), 22 mg; niacin (niacinamide), 88 mg; thiamine (thiamine
mononitrate), 5.5 mg; D-biotin (biotin), 0.18 mg; and pyridoxine (pyridoxine hydrochloride), 7.7 mg. 4 OptiPhos
Plus (Huvepharma Inc., Peachtree City, GA, USA) provided 1000 FTU/kg (0.10 g/kg) of phytase activity per kg
of diet.

2.4. Statistical Analysis

This study was analyzed as a completely randomized design with battery cages repre-
senting the experimental unit. Each treatment was represented by 6 replicate cages. The
mortality was arcsine transformed before analysis. The performance data were analyzed as
a one-way ANOVA using the PROC GLIMMIX procedure of the SAS software [17]. The
treatment means were further separated using post hoc Tukey-Kramer. In addition, PROC
TTEST was used to determine the feed color preferences within each color combination
(UB-B, UB-P, and B-P). The significance level was set at p < 0.05, and tendencies were
considered at 0.10 > p > 0.05.

3. Results
3.1. Broiler Performance

Performance and mortality results are shown in Table 2. All birds met Cobb 500 male
BW, FC, and FCR objectives [18] at 21 days and did not display any adverse growth. Broilers
fed the UB-P combination had a 39 g higher (p = 0.045) BW at 21 days, compared to birds
offered the UB-B combination.
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Table 2. Starter feed color combination effects on live performance and mortality of broilers grown
from1to21d .

Feed Color Combinations 2

Item UB-B? UB-P* B-P° P, >F SEM
Average body weight, g/bird

Day 1 38.2 38.0 38.0 0.926 0.35

Day 21 1025° 1064 2 1044 b 0.045 10
Cumulative feed consumption, g/bird

Day 1 to 21 1274 1266 1253 0.403 12
Adjusted feed conversion ratio °, g:g

Day 1 to 21 1.235 1.213 1.190 0.101 0.015
Mortality, %

Day 1 to 21 1.39 5.56 2.78 0.680 2.71

3 Means in the same row with different superscript letters are significantly different (p < 0.05). ! Values are
least square means of 6 replicate cages, with each cage containing 12 broilers at placement. 2 Each cage was
offered ad libitum feed of a two-feed color combination. ® Undyed basal diet and blue-colored diet combination.
4 Undyed basal diet and purple-colored diet combination. 5 Blue-colored diet and purple-colored diet combination.
6 Adjusted for mortality.

3.2. Feed Color Preference

The mean FC in g/bird/day by color is shown in Table 3. The birds exhibited a
preference, as assessed by the FC, to UB diets versus B and P diets. When birds were fed
UB-B or UB-P combinations, the FC gap between the P diet and UB diet was larger than the
FC gap between the B diet and UB diet throughout the experimental period. There was an
18.3% higher (p = 0.098) cumulative FC of the UB diet, compared to the B diet, from 1 to
14 days. Likewise, broilers exhibited a 27.5 and 29.2% higher (p < 0.05) cumulative FC of
the UB diet, compared to the P diet, from 1 to 14 and 1 to 21 days, respectively. A similar
(p > 0.05) FC was observed between B and P diets throughout the 21-day growing period
within the B-P combination, indicating no preference toward a specific color.

Table 3. Feed consumption differences between broilers offered different feed color combinations
from1to21d1.

Feed Color
Item UB? B3 P, >F* SEM
Feed consumption,
g/bird/day
Day1to?7 11.94 12.28 0.885 2.25
Day 1 to 14 22.12 18.08 0.098 2.15
Day 1 to 21 31.93 27.85 0.109 2.26
UB P>
Day1to?7 12.16 11.29 0.582 1.53
Day 1 to 14 23.20 16.82 <0.001 1.29
Day 1 to 21 35.05 24.83 <0.001 1.90
B P
Day1to7 11.28 11.51 0.914 2.02
Day 1 to 14 18.46 21.46 0.123 1.78
Day 1 to 21 29.81 30.06 0.842 1.23

1 Values are means of 6 replicate cages, with each cage containing 12 broilers at placement. 2 Undyed basal diet.
3 Blue-colored diet. * Statistical significance was considered at p < 0.05. 5 Purple-colored diet.

4. Discussion

Vision is fundamental for avians and consists of three types of photoreceptors: sin-
gle cones, rods, and double cones [1]. This allows birds to perceive colors of different
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wavelengths, ranging from 350 to 700 nm [2]. Birds rely, almost exclusively, on vision
to choose feed from the environment [6]. Perhaps, feed coloring could stimulate FC and
improve broiler performance. Gulizia and Downs [12] evaluated how feed color impacted
the performance of broilers grown from 1 to 21 days. They used an array of hues within
the visible color spectrum representing longer (red, orange, yellow, and green) and shorter
(blue and purple) wavelengths [19], and reported that B and P diets positively impacted
BW gain and the FCR, compared to the remaining feed colors. This response may have
resulted from the inherent affinity, displayed by birds, toward ultraviolet wavelengths [7,8].
The current study specifically assessed the impact of B and P diets on broiler feed color
preferences. Additionally, the impact of feed color combinations on growth was assessed at
21 days to ensure that the feed coloring did not result in the abnormal growth of broilers. It
is important to highlight that the coloring of feed in this study did not influence mortality,
which agrees with previous research [5,12,20].

In the present study, broilers offered either a B or P diet along with an UB diet displayed
a marked preference towards the UB diet throughout the experimental period. This finding
is consistent with the work of Leslie et al. [11], who created a colored diet by mixing red,
green, yellow, or blue pellets, which was offered to broilers along with either a corn-soybean
meal- or corn-rapeseed meal-based analog undyed control pelleted diet. These authors
reported a reduction in the FC of the colored feed, with broilers favoring the undyed
control diets from 1 to 18 days. Unexpectedly, the chicks in the present trial did not exhibit
a preference toward B and P feeds, which disagrees with earlier research [7]. Throughout
this study, the difference in FC between the UB diet and either a B or P diet increased as the
birds aged, favoring the UB diet. This reinforces the birds’ preference for the UB diet as they
physiologically develop. Color feed preferences by chicks are established from an early age,
as they are born with specific preferences that influence their early decision making [21].
The research by Bolhuis et al. [22] reported that chick preference is affected by early learning
processes and develops predispositions, which result in an increasing preference toward
an object. The feed preference findings of the present work are inconsistent with previous
research. Reports show that the responsiveness of birds to colored feed is highly influenced
by the precise experimental conditions under which the feed is presented [20]. Factors such
as the contrast of feed color with a background [20,23,24], different light intensities [12,25],
and the color and position of feeders [5] can significantly alter color preferences. Within
this context, Del Rierson [26] reported that broiler chicks preferred red feed when subjected
to blue light, and a preference toward control feed (light brown) under red light. Similarly,
Roper and Marples [20] observed that chicks only exhibited a preference toward colored
feed when it could be easily distinguished against the floor of the cage, or when it was
presented in moderate or large amounts. A similar consumption was displayed by broilers
when they were offered a combination of B and P diets, which could have been influenced
by the closeness of the colors within the visible color spectrum and their similar wavelength
(purple: 370 nm; blue: 445 nm) [2]. Another aspect worth considering, with a potential
impact in feed color preference, is the color of the UB diets, which is highly influenced
by ingredient composition. In the present trial, the UB diet mainly comprised a corn and
soybean meal, whereas other research have used different ingredients for the formulation
of undyed control diets [11].

The understanding of avian feed color preferences could also have implications that go
beyond improvements in FC and performance. Understanding avian color preferences is
fundamental for the use of specific colors as repellents to prevent the ingestion of pesticides
and fertilizer granules in extensive free-range poultry production systems [20,27,28]. In
addition, the pigmentation of poultry products, to satisfy consumer preferences [29], often
resorts to the addition of a variety of feed ingredients with a high content of pigments, such
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References

as purple [30,31] and orange corn [32], which could significantly modify feed color [29].
Therefore, the identification of poultry feed color preferences is fundamental to promote
feed consumption and avoid feed refusal and wastage. Finally, the inclusion of dyes in
research feeds to distinguish experimental treatments and avoid confusion is a practice that
could benefit from the awareness of broiler feed color preferences.

5. Conclusions

Overall, when broilers were provided with an UB diet and either a B or P diet, they
exhibited a preference toward the UB diet throughout the experimental period. When
broilers were provided with an UB diet and either a B or P diet, the difference in FC between
the P diet and UB diet was greater than the difference between the B diet and UB diet,
favoring the UB diet in both combinations. In addition, when offered either a B or P diet,
broilers did not show a preference toward a specific color. Feed coloring did not impact the
mortality and growth of broilers. Overall, the FC of broilers could be influenced by feed
color, as broilers showed a preference for the UB diet throughout the study. The results of
this trial indicate that broiler producers could benefit from incorporating diets that appear
more natural, in comparison to colored diets, to promote FC. Special care must be taken
when incorporating ingredients into broiler diets which could alter the diet’s coloration
and influence FC.
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