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Abstract

Background: Residual annatto seed meal (RASM) is a byproduct after extraction of bixin in the cosmetic industry and 
may be used in animal diets. Objective: Two experiments were carried out to determine the nutritive value and effect of RASM 
inclusion levels in the diets of Japanese quails. Methods: For the digestibility experiment, 160 Japanese quails were distributed 
in a randomized study with two treatments and 10 replicates with eight birds each. The treatments consisted of a reference diet 
and a test diet containing 75% of the reference diet and 25% of RASM. For the performance assay, 192 Japanese quails were 
used in a randomized study with six treatments and four replicates with eight birds each. Treatments consisted of a control 
corn-based diet (Contr1) and another diet based on sorghum + canthaxanthin (Contr2), and four diets based on sorghum with 
increasing inclusion levels of RASM (0, 3, 6, and 9%). Results: Digestibility of dry matter and crude protein, metabolization 
coefficient of gross energy, and retention of calcium and phosphorus were 41.05, 43.12, 47.97, 25.49, and 30.35%, respectively. 
RASM inclusion did not influence bird productivity; however, feed conversion worsened in treatments with 0–6% RASM 
inclusion relative to that in Contr1. Yolk color increased due to RASM treatment. Conclusion: RASM may be included in 
sorghum-based diets for quails at 9%, with improvement in yolk color and no negative effects on productivity and egg quality.

Keywords: annatto seed; Bixa Orellana; Coturnix japonica; egg; egg quality; feed byproducts; Japanese quail; nutrient 
digestibility; plant pigment; poultry nutrition; yolk pigmentation.

Received: January 19, 2018; accepted: August 23, 2019

*Corresponding autor. Caixa Postal 244, Rio Verde, GO, Brasil, 75.901-970. Tel.: +556436112291. E-mail: mcorv@yahoo.com.br

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.

http://creativecommons.org/licenses/by-nc-sa/4.0/
https://orcid.org/0000-0003-2906-0798
https://orcid.org/0000-0002-3024-2276
https://orcid.org/0000-0003-0638-7050
https://orcid.org/0000-0002-6618-7694
https://orcid.org/0000-0002-2813-7979


111 

Rev Colomb Cienc Pecu 2020; 33(2, Apr-Jun):110-120
https://doi.org/10.17533/udea.rccp.v33n2a03

Annatto seed meal for quails

Resumen 

Antecedentes: La harina de la semilla de achiote (RASM) es un subproducto de la extracción de bixina por la industria 
cosmética y puede ser usada en alimentación animal. Objetivo: Se realizaron dos experimentos para determinar el valor 
nutritivo y los efectos de la inclusión de RASM en dietas para codorniz. Métodos: Para el experimento de digestibilidad, 
160 codornices japonesas fueron distribuidas en un estudio al azar con dos tratamientos y 10 repeticiones con ocho aves cada 
uno. Los tratamientos consistieron en una dieta referencia y una dieta de prueba, la cual estuvo compuesta por 75% de la dieta 
referencia y 25% de RASM. Para el ensayo de desempeño, 192 codornices japonesas fueron usadas en un estudio al azar con 
seis tratamientos y cuatro repeticiones con ocho aves cada uno. Los tratamientos consistieron en una dieta control a base de 
maíz (Contr1) y otra a base de sorgo + cantaxantina (Contr2) y cuatro dietas a base de sorgo con niveles de inclusión de RASM 
(0, 3, 6 y 9%). Resultados: Los coeficientes de digestibilidad de materia seca y proteína bruta, el coeficiente de metabolización 
de la energía bruta y la retención de calcio y fósforo fueron 41,05; 43,12; 47,97; 25,49 y 30,35%, respectivamente. La inclusión 
de RASM no influyó la productividad de las aves; entretanto la conversión alimenticia empeoró debido a los tratamientos con 
0-6% RASM comparado con el tratamiento Contr1. El color de la yema aumentó debido a la RASM. Conclusión: RASM 
puede ser incluido en dietas a base de sorgo para codornices en un 9%, debido a la mejora en el color de la yema, además de no 
tener ningún efecto negativo en el desempeño productivo y calidad del huevo.

Palabras clave: Achiote; Bixa orellana; calidad del huevo; codorniz; Coturnix japonica; digestibilidad de nutrientes; 
huevo; nutrición de aves; pigmentación de yema; pigmento vegetal; semilla de achiote; subproducto; urucu.

Resumo

Antecedentes: O farelo residual da semente de urucum (RASM) é um subproduto da extração da bixina pela indústria 
cosmética e pode ser usado na alimentação animal. Objetivo: Dois experimentos foram conduzidos para determinar o valor 
nutritivo e os efeitos de inclusão do FRSU em dietas para codornas Japonesas. Métodos: Para o experimento de digestibilidade, 
160 codornas Japonesas foram distribuídas em um estudo casualizado com dois tratamentos e 10 repetições com oito aves 
cada. Os tratamentos consistiram em uma dieta referência e uma dieta teste, a qual era composta por 75% da dieta referência e 
25% de RASM. Para o ensaio de desempenho, 192 codornas Japonesas foram usadas em estudo ao acaso com seis tratamentos 
e quatro repetições com oito aves cada. Os tratamentos consistiram em uma dieta controle a base de milho (Contr1) e outra 
à base de sorgo com cantaxantina (Contr2) e quatro dietas a base de sorgo com níveis de inclusão de RASM (0, 3, 6 e 9%). 
Resultados: Os coeficientes de digestiblidade de matéria seca e proteína bruta, coeficiente de metabolização da energia bruta e 
retenção de cálcio e fósforo foram 41,05; 43,12; 47,97; 25,49 e 30,35%, respectivamente. A inclusão do FRSU não influenciou 
a produtividade das aves; entretanto, a conversão alimentar piorou devido aos tratamentos com 0-6% FRSU comparado com 
o tratamento Contr1. A cor da gema aumentou devido ao FRSU. Conclusão: RASM pode ser incluido em dietas baseadas em sorgo 
para codornas em 9%, devido a mehoria na cor da gema e nenhum efeito negativo no desempenho produtivo e qualidade de ovo.

Palavras-chave: Bixa orellana; codornas Japonesas; Coturnix japônica; digestibilidade de nutrientes; nutrição de aves; 
ovo; pigmentação de gema; pigmento vegetal; qualidade do ovo; semente de urucum; subproduto. 
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Introduction 

Nutrition plays an important role in quail 
productivity and egg quality. Sorghum can 
be used to replace corn (Moura et al., 2011). 
However, as sorghum is poor in carotenoids, it 
is necessary to add artificial pigments to the diet 
to enhance yolk color (Oliveira et al., 2008). 

Residual annatto seed meal (RASM), a 
byproduct of bixin extraction (Santos et al., 
2015), can be used in animal feed. Annatto 
seeds are externally covered by reddish 
pigments, primarily, carotenoids such as 
bixin and norbixin (Mantovani et al., 2013). 
Bixin is used as a coloring substance in the 
food, pharmaceutical, and cosmetic industries 
(Raddatz-Mota, 2017). The annatto grain 
residue has considerable nutritional value 
due to its high content of protein, fiber, and 
minerals (Queiroz et al., 2011). According to 
Rêgo et al. (2010), bixin extraction generates 
98% of the byproduct, of which 97% is not 
reused. Brazil is one of the major producers and 
exporters of this coloring residue. According to 
several researchers, RASM could be included 
in feed for cattle (Rêgo et al., 2010), broilers 
(Souza et al., 2015), and laying hens (Garcia 
et al., 2014). The growing demand for natural 
colors makes RASM a profitable and viable 
alternative in agriculture because, in addition to 
economic considerations, the annatto plant has 
the advantage of adaptability and reasonable 
tolerance to drought (Ribeiro et al., 2013).

Therefore, this study was carried out to 
determine the nutritional value of RASM, as 
well as its effect on productivity and egg quality 
of laying quails. 

Materials and Methods

Ethical considerations

The experimental protocol was approved by 
the Ethics Committee on Animal Use (protocol 
number 01/13; May 7, 2013) of Universidade de 
Rio Verde, Brazil.

  Digestibility experiment

A total of 160 laying Japanese quails were 
used in this experiment. All individuals were 
50 day-old females and were maintained in 
metallic cages (33 × 25 × 20 cm) for 10 days, 
with 5 days for adaptation to the diets and 5 
days for excreta collection.

A completely randomized design was 
used, with two treatments, 10 replicates, and 
eight birds per experimental unit. Treatments 
consisted of a reference diet based on ground 
corn and soybean meal, and a test diet containing 
75% of the reference diet and 25% RASM, w/w 
(Table 1). Diets were formulated in accordance 
with quail requirements (Rostagno et al., 2011) 
and, together with water, were provided ad 
libitum throughout the experimental period.

Table 1. Nutritional composition of the reference diet.
Ingredients %

Corn 53.22

Soybean meal 34.73

Soybean oil 2.48

Dicalcium phosphate 1.18

Limestone 6.93

DL-Methionine 0.28

L-Lysine 0.13

Common salt 0.34

Premix1 0.50

Inert 0.20

BHT 0.01

Total 100.00

Chemical composition

   Crude protein 19.90

   Metabolizable energy (kcal/kg) 2800

   Calcium 3.00

   Available phosphorus 0.33

   Sodium 0.15

   Total lysine 1.22

   Total methionine 0.58
1Each kg feed contains: vit A: 9,000 IU; vit D3: 2,500 IU; vit E: 10 IU; 
vit K3: 1.8 mg; vit B12: 12 mcg; niacin: 25 mg; pantothenic acid: 10 mg; 
folic acid: 0.4 mg; thiamin: 1.5 mg; choline: 0.5 g; riboflavin: 5 mg; 
pyridoxine: 1.5 mg; biotin: 0.04 mg; Cu: 10 mg; Fe: 40 mg; I: 1 mg; 
Mn: 0.075 g; Se:  0.3 mg; Zn: 50 mg; methionine: 0.1 g; chloro-
hydroxyquinoline: 30 mg; antioxidant: 2.5 mg.
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 The total excreta collection method was 
used, with ferric oxide (1.0%) as a fecal marker 
to indicate the start and end of the collection 
period. Excreta were collected twice a day 
(at 8 and 16 h), packed, weighed, and stored 
in a freezer (-18 °C) for later analysis. At the 
end of the experiment, these were defrosted, 
homogenized, and weighed again. Subsequently, 
they were dried in a forced-air oven at 55 °C for 
72 h, ground, and packed again.

Excreta, diets, and RASM samples were 
analyzed for dry matter (DM), crude protein 
(CP), ether extract (EE), calcium (Ca), 
phosphorus (P), crude fiber (CF), and gross 
energy (GE), based on the methods of Silva and 
Queiroz (2002). Apparent nutrient digestibility 
and apparent metabolizable energy (AME) were 
determined as follows:

Performance experiment 

A total of 192 laying female Japanese quails 
were used in this experiment. All individuals were 
50-days old, and were kept for 84 days divided 
into 3 cycles of 28 days each. The experimental 
design was completely randomized, with six 
treatments, four replicates, and eight birds per 
experimental unit. The treatments included a 
control diet based on corn (Contr 1), a basal diet 
based on sorghum (BD) containing an artificial 
pigment, canthaxanthin 10% (Contr 2), BD with 
no RASM or artificial pigment, BD with 3% 
RASM, BD with 6% RASM, and BD with 9% 
RASM. The experimental diets were formulated 
according to the nutritional requirements for 
quails, as recommended by Rostagno et al. 
(2011) (Table 2). Photoperiod in the birdhouse 
was set at17:7 h light: day schedule. Water and 
diets were provided ad libitum. 

Feed intake, egg production, egg mass, feed 
conversion per egg mass and per dozen eggs, 
egg weight, egg pH, specific gravity, yolk 
color, Haugh unit, yolk, albumen, and eggshell 
absolute and relative weight, yolk and albumen 
diameter and height, and eggshell thickness 
were assessed. 

The egg production period was divided into 
three periods of 28 days each. At the end of each 
period, the feed left in each feeder was collected 
to calculate feed intake. Egg collection and 
mortality were recorded twice a day. Percent 
egg production was calculated by dividing the 
total amount of eggs per cage by the number 
of quails, correcting for mortality. The eggs of 
the last three days of each period were weighed 
individually to obtain the average weight of the 
eggs. Egg mass was the product of total egg 
production by the average weight of eggs per 
pen. Feed conversion per egg mass was the ratio 
of feed intake to egg mass, and feed conversion 
per dozen eggs was the ratio of feed intake to 
egg production, multiplied by 12.

where DCDM stands for digestibility 
coefficient of dry matter, DM for dry matter, 
AME for apparent metabolizable energy, and 
GE is gross energy. The Matterson et al. (1965) 
formula was used to obtain the digestible 
nutrients from RASM:

where MEF stands for metabolizable 
energy of the feed, METD for metabolizable 
energy of the test diet, and MERD for 
metabolizable energy of the reference diet. 

https://doi.org/10.17533/udea.rccp.v33n2a03
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Yolk and thick albumen diameter and height 
were measured with a digital caliper and a 
micrometer, respectively. Average eggshell 
thickness was determined at three locations (at 
both poles and in the middle) using a digital 
caliper with 0.001 mm precision (Digimess, São 
Paulo, SP, Brazil). Haugh units were obtained 
using the formula: HU = 100 × log (H − 1,7 × 
W0.37 + 7.6), where H is albumen height (mm), 
and W is egg weight (g). A colorimetric fan 
was used for yolk color evaluation, using five 
eggs from each replicate.

Statistical analysis

Productive performance and egg quality of 
the sorghum-based diets containing RASM were 
analyzed with ANOVA in ActionStat (Equipe 
Estatcamp, 2014). When the F test results were 
significant, the data were subjected to polynomial 
regression at 5% probability and their means were 
compared to those of Contr1 and Contr2 treatments 
by the Dunnett test, at 5% probability.

Table 2. Nutritional composition of the experimental diets.

Ingredients (%)
RASM level (%)

Contr1 Contr2 0.0 3.0 6.0 9.0
Corn 53.22 0.00 0.00 0.00 0.00 0.00
Soybean meal 34.73 33.54 33.54 33.38 33.22 33.09
Soybean oil 2.48 4.13 4.13 4.81 5.48 6.16
Sorghum 0.00 52.72 52.72 49.24 45.77 42.27
RASM 0.00 0.00 0.00 3.00 6.00 9.00
Dicalcium phosphate 1.18 1.14 1.14 1.14 1.13 1.13
Limestone 6.93 6.96 6.96 6.93 6.90 6.86
DL-Methionine 0.28 0.29 0.29 0.29 0.30 0.30
L-Lysine 0.13 0.18 0.18 0.17 0.16 0.15
Common salt 0.34 0.34 0.34 0.34 0.34 0.34
Premix1 0.50 0.50 0.50 0.50 0.50 0.50
Inert 0.20 0.00 0.20 0.20 0.20 0.20
Canthaxanthin 10% 0.00 0.20 0.00 0.00 0.00 0.00
BHT 0.01 0.01 0.01 0.01 0.01 0.01
Total 100 100 100 100 100 100
Chemical analysis (%), DM basis
Crude protein 19.90 19.90 19.90 19.91 19.92 19.94
Metabolizable energy (kcal/kg) 2800 2800 2800 2800 2800 2800
Calcium 3.00 3.00 3.00 3.00 3.00 3.00
Available phosphorus 0.33 0.33 0.33 0.33 0.33 0.33
Sodium 0.15 0.15 0.15 0.15 0.15 0.15
Total lysine 1.22 1.22 1.22 1.22 1.22 1.23
Total methionine 0.58 0.58 0.58 0.58 0.58 0.58
Crude fiber 2.76 2.99 2.99 3.42 3.85 4.29

1Each kg of feed contains: vit A: 9,000 IU; vit D3: 2,500 IU; vit E: 10 IU; vit K3: 1.8 mg; vit B12: 12 mcg; niacin: 25 mg; pantothenic acid: 10 mg; 
folic acid: 0.4 mg; thiamin: 1.5 mg; choline: 0.5 g; riboflavin: 5 mg; pyridoxine: 1.5 mg; biotin: 0.04 mg; Cu: 10 mg; Fe: 40 mg; I: 1 mg; Mn: 0.075 g; 
Se: 0.3 mg; Zn: 50 mg; methionine: 0.1 g; chloro hydroxyquinoline: 30 mg; antioxidant: 2.5 mg.
RASM –residual annatto seed meal; Contr1 –control diet based on corn; Contr2 –control diet based on sorghum.

https://doi.org/10.17533/udea.rccp.v33n2a03
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Results

The nutrient composition of RASM is listed 
in Table 3. 

Table 3. Nutrient composition and gross energy of 
residual annatto seed meal (RASM).

Parameter Value
Dry matter (DM, %) 90.20
Crude protein (CP, %) 13.13
Ether extract (EE, %) 2.10
Crude fiber (%) 17.33
Neutral detergent fiber (NDF, %) 34.80
Acid detergent fiber (ADF, %) 21.45
Calcium (Ca, %) 0.51
Total phosphorus (P, %) 0.40
Gross energy (GE, kcal/kg) 3836

Nutrient utilization and energy results are 
presented in Table 4.

Table 4. Use of nutrients and energy from residual 
annatto seed meal (RASM) by Japanese quails, 
based on dry matter data.

Parameter (%) Value
Digestible dry matter 37.02
DC of dry matter 41.05

Digestible protein 5.66
DC of crude protein 43.12

Digestible ether extract 1.04
DC of ether extract 49.40

Retained calcium 0.13
Calcium retention 25.49

Retained phosphorus 0.12
Phosphorus retention 30.35

Apparent metabolizable energy (kcal/kg) 1840
MC of gross energy 47.97

DC = digestibility coefficient; MC = metabolization coefficient.

The RASM inclusion level in the diets did not 
influence (p>0.05) feed intake, egg weight, laying 
rate, egg mass, or feed conversion, and these 
results did not differ (p>0.05) from those obtained 
with diets containing canthaxanthin. However, 
compared with the corn-based treatment, feed 
conversion of birds fed diets with 0, 3, and 6% 
RASM was worse (Table 5).

The increasing levels of RASM inclusion 
in the diets did not affect (p>0.05) egg quality 
parameters (Table 6), except for yolk color, 
which increased linearly (p<0.05) in 0.86 points 
for each 1% RASM inclusion.

Discussion

The moisture content of RASM (9.80%) 
follows the recommended values for meals used 
for animals in Brazil, which is 12% maximum 
(Brasil, 2007). The DM content was similar to 
the 88.8% described by Tonani et al. (2000); 
however, our results revealed values higher 
than 85.80% reported by Lima Jr et al. (2014) 
and slightly lower than 92.43% reported by 
Carvalho et al. (2009).

Proteins are structural and functional 
components in cells; they have immunological 
functions, participate in hormone production, 
and catalyze organic reactions (De Angelis & 
Tirapegui, 2007). Tonani et al. (2000) reported 
similar values for CP in RASM (13.5%); 
however, Kumar et al. (2007) reported a higher 
value (14.40%). Valério et al. (2015) found a 
value lower (11.50%) than the one obtained in 
the present study.

Kumar et al. (2007) and Valério et al. (2015) 
found EE values close to those obtained in 
this study (2.00% and 2.23%, respectively). 
Regarding GE, Valério et al. (2015) obtained a 
lower value (2,345 kcal/kg). These differences 
may be related to the pigment extraction method 
and seed processing by the cosmetic industries 
and consequent RASM production.

https://doi.org/10.17533/udea.rccp.v33n2a03
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Table 5. Performance of quails fed diets containing residual annatto seed meal (RASM).

Parameters Contr1 Contr2
RASM levels (%) CV(%)

0.0 3.0 6.0 9.0
Feed intake (g/d) 31.34 31.23 31.07 27.35 29.63 28.65 5.53
Feed conversion (kg/kg) 3.22 3.56 3.87* 3.55* 3.85* 3.07 6.29
Feed conversion (kg/dozen) 0.42 0.46 0.48* 0.45* 0.51* 0.40 5.56
Egg weight (g) 10.88 10.68 10.38 10.70 11.18 10.93 4.73
Laying rate (%) 83.83 84.73 84.49 91.30 82.65 91.31 6.09
Egg mass (g/bird/d) 9.13 9.08 8.87 9.75 9.28 10.00 5.79

CV: Coefficient of variation.
Means followed by an asterisks (*) differ from Contr1 treatment by Dunnett test at 5% probability.

Table 6. Egg quality of quails fed diets containing residual annatto seed meal (RASM).

Parameters Contr1 Contr2
RASM levels (%) CV(%)

0.0 3.0 6.0 9.0
Yolk weight (g) 3.34 3.17 3.37 3.16 3.39 3.40 5.94
Yolk percentage (%) 30.74 29.64 32.43 29.46 30.64 31.11 6.35
Yolk height (mm) 11.87 12.25 12.00 11.87 12.25 12.13 3.93
Yolk diameter (mm) 23.50 22.75 23.63 23.25 23.25 24.00 4.77
Yolk index 0.506 0.538 0.509 0.511 0.528 0.506 4.25
Yolk color1 4.70 12.21 4.30** 5.77** 10.90* 11.15* 12.46
Albumen weight (g) 6.79 6.71 6.23 6.77 7.03 6.76 5.38
Albumen percentage (%) 62.37 62.76 59.98 63.29 62.53 61.81 5.00
Albumen height (mm) 4.63 5.00 5.00 4.50 4.63 4.50 5.48
Albumen diameter (mm) 45.00 41.37 41.00 44.13 42.87 43.87 4.82
Albumen index 0.103 0.122 0.122 0.102 0.108 0.103 6.11
Haugh unit 90.86 92.91 93.24 90.33 90.68 90.21 2.42
Eggshell weight (g) 0.75 0.81 0.78 0.77 0.76 0.77 6.75
Eggshell percentage (%) 6.89 7.60 7.58 7.24 6.83 7.08 5.11
Eggshell thickness (mm) 0.204 0.210 0.203 0.208 0.204 0.212 5.74
Specific gravity (g/cm3) 1.057 1.055 1.062 1.061 1.060 1.061 3.83

CV: Coefficient of variation.
1Linear effect (Ŷ = 4.18 + 0.86x, r2 = 0.77).
Means followed by an asterisk (*) and two asterisks (**) differ from Contr1 and Contr2, respectively, by Dunnett test at 5% probability.

Fiber is very important for gut function and 
fecal moisture maintenance, and RASM is 
relatively high in fiber (17.33%), whichis close 
to the 15 and 16% reported by Tonani et al. 
(2000) and Bressani (1983), respectively.

RASM is a rich source of minerals. Its Ca 
and P content were higher than those of other 
feeds described by Rostagno et al. (2011), such 

as corn (0.03% Ca and 0.25% P) and sorghum 
(0.03% Ca and 0.26% P); however, the Ca and 
P content were different from 0.04% Ca and 
0.70% P obtained by Kumar et al. (2007).

 It is possible that the low digestibility 
coefficients of DM, CP and EE, mineral 
retention, and use of gross energy found in 
this study were caused by the high crude fiber 

https://doi.org/10.17533/udea.rccp.v33n2a03
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in RASM (17.33%), which has the ability to 
accelerate gastric emptying, reduce enzymatic 
activity and nutrient uptake, and decrease 
nutrient absorption because of its interactions 
with the intestinal mucosa (Müller et al., 2018). 

None of the nutrients showed a high 
digestibility coefficient. However, the values in 
this study were close to those obtained with other 
byproducts used in bird diets, such as wheat 
bran and defatted rice bran, which showed very 
similar energy metabolization coefficients and 
metabolizable energy values (48.82 and 50.72% 
and 1,911 and 1,897 kcal/kg, respectively; 
Rostagno et al., 2011). Although RASM has 
high gross energy value, it becomes evident 
that this energy has little advantage for quails, 
as there is an inverse relationship between fiber 
content and nutrient digestibility (Pagnussatt et 
al., 2011), and consequently, energy utilization.

The low protein utilization, and Ca and P 
retention observed could also have been caused 
by fiber quality, because crude fiber content 
in RASM is similar to the values reported for 
wheat bran and defatted rice bran; however, the 
digestible protein content in the latter feedstuffs 
is higher (12.03 and 11.88%, respectively) 
according to Rostagno et al. (2011). Acid 
detergent fiber (ADF) is the indigestible fraction 
of crude fiber, which may influence nutrient 
digestibility (Gomes, 1996). The ADF value in 
RASM (21.45%) was higher than that in wheat 
and rice bran (13.64 and 15.80%, respectively; 
Rostagno et al., 2011). The different processing 
methods of the feedstuffs or the existing 
differences among the tested animal species 
result in different levels of nutrient use from a 
feed. 

The amino acid availability in sorghum, 
such as that of lysine and methionine, is 
lower compared to corn (Moughan et al., 
2014) because endosperm protein is more 
adherent to the starch granules in sorghum 
than in corn (Sedghi et al., 2013), which may 
have contributed to the poor feed conversion 
of diets containing sorghum and RASM at 3 
and 6%, relative to the treatment with corn. 

In the treatment containing sorghum + 9% 
RASM, feed conversion values were similar to 
those obtained for corn-based diets. Sorghum 
contains tannins (low level), phytate, kafirin, 
and polyphenols that may have anti-nutritional 
effects (McCuistion et al., 2018), causing 
lower digestibility and nitrogen retention 
rates (Pasquali et al., 2017) relative to corn-
based diets. However, these effects may have 
been mitigated by a lower ratio of sorghum 
and higher oil level relative to corn-based 
diets. Oil improves nutrient digestibility and 
increases lipase activity (Polycarpo et al., 
2014). According to Kil and Stein (2011), oil 
inclusion in pig diets improves digestibility 
of most amino acids, which is attributed to 
the ability of oil to increase gastric emptying 
time and to reduce passage rate, which, in turn, 
increases the time for protein digestion and 
amino acid absorption.

RASM inclusion did not have an effect on 
feed intake probably due to the diets being 
iso-nutritive, ensuring the same nutritional and 
energetic density in all treatments. Similarly, 
Silva et al. (2006), when assessing RASM in 
diets for laying hens, did not observe differences 
in productive performance and recommended 
12% RASM inclusion in the diet.

RASM’s carotenoids intensified yolk color 
through xanthophyll -a group of carotenoid 
pigments- deposition. These results depend 
on the amount of pigment used in the diet, the 
deposition rate in the tissues, and the ability 
of birds to digest, absorb, and metabolize the 
pigment (Klassing, 1998). Free carotenoids 
are absorbed with fatty acids, dissolved in 
the micelles (Abdel-Aal et al., 2013), and 
transported by lipoproteins in the blood. 
Carotenoid transport depends on several factors, 
such as peripheral tissue demand, chemical 
properties of carotenoids, affinity of carotenoids 
for receptors and transporters, and ability of 
lipid vesicles to cross membranes in the liver 
and egg. Livers and eggs act as storage tissues 
(Moreno et al., 2016).
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Absence (0%) or 3% RASM inclusion in 
the sorghum-based diets promoted a yolk 
color similar to that of corn-based diets; 
however, 6 and 9% RASM inclusion resulted 
in a yolk color comparable to that of diets 
containing canthaxanthin, allowing us to infer 
that RASM could be used to enhance yolk 
pigmentation in quails.

Similar results were reported by Braz et al. 
(2007) and Garcia et al. (2014) when researching 
RASM levels from 0.5 to 2.5% for laying hens; 
showing no differences in egg quality, with the 
exception of yolk color, which increased with 
RASM use. Garcia et al. (2010) and Laganá 
et al. (2011) studied the inclusion of annatto 
seeds in diets of laying hens and detected an 
improvement in yolk color.

The RASM used contained 37.02% digestible 
dry matter, 5.66% digestible protein, 1.04% 
digestible ether extract, 0.13% retained calcium, 
0.12% retained phosphorus, and 1,840kcal/kg 
apparent metabolizable energy for quails. Thus, 
RASM may be included at 9% concentration in 
sorghum-based diets of laying quails, resulting 
in improved yolk color and no negative effects 
on bird productivity or egg quality.
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