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Evaluation of maize distillers dried grains with solubles in the feeding of
White Leghorn L-33 laying hens

Evaluacion de granos secos de destileria con solubles de maiz en la
alimentacion de gallinas ponedoras White Leghorn L-33

Bérbara Rodriguez, Ysnagmy Vazquez, M. Valdivié and Magalys Herrera
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For determining the effect of maize dried distillers grains with
solubles on egg production and yolk color, a total of 270 White
Leghorn L-33 laying hens was used. Animals were randomly
distributed in three feeding treatments: inclusion of 0 (control
diet), 10 and 20 % of distillers dried grains with 10 replications and
9 fowls per replication during 20 laying weeks (24 to 44 weeks).
The inclusion of distillers dried grains in the diet did not affect egg
production, egg weight and mass conversion. However, there was
an increase in feed conversion with 10 % (P < 0.05). Yolk color
was more intense with the inclusion of distillers dried grains and
20 % was superior to 10 %. Results suggest the possibility of adding
up to 20 % in the laying hen diets without negative effect on egg
production. Further studies are necessary related to the internal
and external egg quality, as well as on the economic benefits of this
by-product on substituting raw matters of higher costs (soybean
and calcium phosphate).

Key words: non-conventional feeds, agro-industrial by-byproducts,
laying hens, DDGS

Maize dried distillers grains (DDGS) with solubles
are the by-product of alcohol distilleries. For more than
a decade are used in the United States as an alternative
economic source, contributing protein, energy and
available phosphorus (Noll et al. 2007, Bregendahl
2008). Bioethanol production is annually increased
and countries such as Brazil and Argentina also make
incursions into this area, though the availability of this
by-product in the industry of animal feedstuffs will
quantitatively expand (Martinez et al. 2010).

In Cuba, the importation of this by-product has as
objective the supplementation of dairy cattle feeding.
In addition, for learning the true possibilities of its
introduction in monogastric feeding, diverse studies are
presently developed.

In laying hens maize DDGS have been incorporated
between 10 and 15 % in the diet, without affecting
the productive performance (Lumpkins et al. 2005,
Masa’deh et al. 2011, Sun et al. 2012). Nevertheless, in
Cuba there are no studies allowing the establishment of
the levels that must be used under the conditions of the
country. Therefore, the objective of this study was to
determine the effect of the inclusion of maize DDGS in
the feeding of laying hens.

Para determinar el efecto de los granos secos de destileria con
solubles de maiz en la produccion de huevos y el color de la yema,
se utilizaron un total de 270 gallinas ponedoras White Leghorn L-33,
distribuidas aleatoriamente en tres tratamientos: inclusion de 0 (dieta
control), 10y 20 % de granos secos de destileria, con 10 repeticiones
y 9 aves por repeticion, alimentadas durante 20 semanas de postura
(24 a 44 semanas). La inclusion de los granos secos de destileria en
la dieta no afecto la produccion de huevos, el peso del huevo y la
conversion masal. Sin embargo, hubo incremento en la conversion
alimentaria con 10 % (P< 0.05). El color de la yema se incrementd
con la inclusion de los granos secos de destileria, y 20 % fue
superior al 10 %. Los resultados sugieren que es posible incluir hasta
20 % de estos en la dieta de gallinas ponedoras, sin efecto negativo
en la produccion de huevos. Es necesario profundizar en aspectos
relacionados con la calidad interna y externa del huevo, asi como en
los beneficios econdmicos de este subproducto, al sustituir materias
primas que presentan costos superiores (soya y fosfato de calcio)

Palabras clave: alimentos no convencionales, subpoductos
agroindustriales, gallinas ponedoras, DDGS

Los granos secos de destilerias (DDGS) con
solubles de maiz son el subproducto de las destilerias
de alcohol. Durante més de una década se utilizan
en los Estados Unidos como una fuente de alimento
alternativa econdmica, al aportar proteina, energia y
fosforo disponible (Noll ef al. 2007, Bregendahl 2008).
La produccion de bioetanol se incrementa anualmente,
y paises como Brasil y Argentina también incursionan
en este rubro, por lo que la disponibilidad de este
subproducto en la industria de alimento animal se
incrementara cuantitativamente (Martinez et al. 2010).

En Cuba, la importacion de este subproducto tiene
como objetivo suplementar la alimentacion del ganado
de leche. Ademas, con vistas a conocer las posibilidades
reales de su introduccién en la alimentacion de
monogastricos, se desarrollan actualmente en el pais
diversos estudios. En gallinas ponedoras, los DDGS de
maiz se han incorporado entre 10 y 15 % en la dieta,
sin afectar el comportamiento productivo (Lumpkins
et al. 2005, Masa’deh et al. 2011, Sun ef al. 2012). Sin
embargo, en Cuba no existen estudios que permitan
definir los niveles de uso en las condiciones del pais. Por
ello, el objetivo de este estudio fue determinar el efecto
de la inclusion de los DDGS de maiz en la alimentacion
de gallinas ponedoras.
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Materials and Methods

The investigation was developed at the experimental
poultry unit of the Institute of Animal Science between
December and May, 2014, with 75 % of average relative
humidity, 18.6 °C of average minimum temperature and
an average maximum temperature of 28.3 °C.

Actotal of 270 White Leghorn L-33 layers of 24 weeks
of age were used during 20 laying weeks for evaluating
the inclusion of maize DDGS in the diet and its effect of
the productive performance. Fowls were distributed at a
rate of three hens per cage. Each experimental unit was
formed by 9 hens (three consecutive cages of 40 cm x
40 cm) according to a completely random design. Three
experimental treatments were established consisting
of the inclusion in the diet of 0, 10 and 20 % of maize
DDGS with ten replications each.

DDGS selected had a gold coloring and a pleasant
fermentation smell, according to the recommendations
of De Blas et al. (2003). The bromatological composition
of this by-product was determined according to AOAC
(2016) and contained 93.6 % DM, 27.45 % CP and
9.25 % CP. The available phosphorus contribution
(0.55 %), calcium (0.14 %), digestible methionine +
cystine (1.01 %), digestible lysine (0.8 %) and ME
(2800 Kcal’kg DM) employed for the formulation of the
diets were taken from the recommendations of Dale (2004).

Feeding was controlled at a rate of 110 g of feed
per bird per day, fractioned in two frequencies, 50 %
in the morning and 50 % in the afternoon. Diets were
isoprotein and isocaloric (table 1) so as to cover the
nutritional requirements in stage I of White Leghorn
laying hens. Water was supplied ad libitum in nipple
waterers at a rate of two per cage. Illumination was of
16 h light.

For analyzing the productive performance, mortality
and egg production were controlled daily and egg weight
weekly. From these data, feed conversion per egg dozen,
mass conversion and laying intensity were calculated.

Egg yolk color was visually determined by Roche’s
fan scale. For that, 15 eggs per treatment were selected
weekly.

The theoretical supposition of the analysis of variance
and homogeneity of the variance were analyzed by
Levene’s (1960) test. The analysis of normality of errors
was developed according to Shapiro and Wilk (1965) for
the variables viability and laying intensity which did not
fulfill with the suppositions. Hence, the transformation
arcsineVx was applied. In view that its fulfillment was
not improved, the non-parametric variance of Kruskal-
Wallis was employed and Conover’s (1999) test was
applied for P < 0.05.

It was proceeded similarly with the variables
feed conversion mass conversion and yolk color,
which fulfilled the suppositions of homogeneity and
normality, therefore an analysis of variance according
to a completely randomized design was carried out.
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Materiales y Métodos

La investigacion se desarrolld en la unidad
experimental avicola del Instituto de Ciencia Animal,
entre diciembre y mayo de 2014, con humedad relativa
promedio de 75 %, temperatura minima promedio de
18.6 °C y temperatura maxima promedio de 28.3 °C.

Se utilizaron un total de 270 gallinas ponedoras White
Leghorn L-33, con 24 semanas de edad, durante 20
semanas de puesta, para evaluar la inclusion de los DDGS
de maiz en la dieta y su efecto en el comportamiento
productivo. Las aves se distribuyeron a razon de tres
gallinas por jaula. Cada unidad experimental estuvo
conformada por 9 gallinas (tres jaulas consecutivas de
40 cm x 40 cm) segun disefio completamente al azar.
Se establecieron tres tratamientos experimentales, que
consistieron en la inclusion en la dieta de 0, 10 y 20 %
de DDGS de maiz, con diez repeticiones cada uno.

Los DDGS seleccionados tenian una coloracion oro
y olor agradable a fermentacion, segiin lo recomendado
por De Blas et al. (2003). La composicion bromatologica
de este subproducto se determin6 segin AOAC (2016),
y contenia 93.6 % de MS, 27. 45 % de PB y 9.25 % de
FB. El aporte de fosforo disponible (0.55 %), calcio
(0.14 %), metionina+cistina digestibles (1.01 %),
lisina digestible (0.8 %) y EM (2800 Kcal/kg de MS)
empleados para la formulacion de las dietas se tomaron
de las recomendaciones de Dale (2004).

La alimentacion se control6 arazon de 110 gramos de
alimento por ave por dia, fraccionada en dos frecuencias,
50 % en mafiana y 50 % en la tarde. Las dietas se
formularon isoproteicas e isocaloricas (tabla 1), de modo
que cubrieran los requerimientos nutricionales en la
fase I de gallinas ponedoras White Leghorn. El agua se
ofrecid a voluntad en bebederos tipo tetina, a razén de
dos por jaula. La iluminacion fue de 16 h luz.

Para analizar el comportamiento productivo, se
controlo diariamente la mortalidad y la produccion de
huevos, asi como el peso del huevo semanal. A partir
de estos datos, se calculd la conversion alimentaria por
decena de huevos, la conversion masal y la intensidad
de puesta. El color de la yema del huevo se determind
visualmente mediante la escala del abanico de Roche,
para lo que se seleccionaron semanalmente 15 huevos
por tratamiento.

Se analizaron los supuestos teoricos del analisis de
varianza y homogeneidad de varianza por la docima de
Levene (1960). El analisis de la normalidad errores se
desarrolld segin Shapiro y Wilk (1965) para las variables
viabilidad e intensidad de puesta que incumplieron con
los supuestos, por lo que se aplico la transformacion
(arcosenoVx). Al no mejorar su cumplimiento, se
emple6 andlisis de varianza no paramétrico Kruskal-
Wallis y se aplico la décima de Conover (1999), para
P <0.05.

De igual forma, se procedié con las variables
conversion alimentaria, conversion masal y color
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Table 1. Composition and calculated analysis of the experimental diets with
increasing levels of maize DDGS

DDGS inclusion, %

Ingredients

0 10 20
Maize meal 57.44 53.00 48.50
Soybean meal 28.85 23.36 17.85
DDGS 0.00 10.00 20.00
Vegetable oil 1.20 1.22 1.30
Monocalcium phosphate 1.56 1.34 1.17
Calcium carbonate 9.10 9.20 9.25
Common salt 0.32 0.32 0.32
DL-methionine 0.25 0.22 0.20
L-lysine 0.17 0.23 0.30
Choline chloride 0.11 0.11 0.11
Vit. + mineral premix 1.00 1.00 1.00
Contribution of calculated nutrients, %
CP 17.00 17.00 17.00
ME, Mj/kg DM 11.50 11.50 11.50
Calcium 3.80 3.80 3.80
Available phosphorus 0.43 0.43 0.43
Meth. + cyst. 0.73 0.73 0.73
Lysine 0.91 0.91 0.91
CF 2.53 3.06 3.59

Duncan’s (1955) test was applied for P < 0.05.

In the same way was proceeded with the variables
feed conversion, mass conversion and egg yolk which
fulfilled with the suppositions of homogeneity and
normality. Thus, an analysis of variance according to a
completely randomized design was realized. Duncan’s
(1955) test was applied for P < 0.05.

For data processing the INFOSTAT computer system
version 1.0 (Balzarini et al. 2012) was employed and for
the analysis of variance the StatSoft (2001) statistical
program was used.

Results and Discussion

Fowl viability was not affected with the inclusion of
DDGS in the diet (table 2). In this sense, in the literature
there is no report that this by-product provokes mortality
(Ghazalah et al. 2011, Shim et al. 2011).

de la yema, que cumplieron con los supuestos de
homogeneidad y normalidad, por lo que se realiz6
un analisis de varianza seglin disefio completamente
aleatorizado. Se aplic la docima de Duncan (1955)
para P < 0.05.

Para el procesamiento matematico de los datos, se
empleo el sistema de computo INFOSTAT version 1.0
(Balzarini ef al. 2012) y para el analisis de varianza se
empleo el programa estadistico StatSoft (2001).

Resultados y Discusion

La viabilidad de las aves no se afecto con la inclusion
de los DDGS en la dieta (tabla 2). En este sentido, en la
literatura no se informa que este subproducto provoque
mortalidad (Ghazalah et al. 2011, Shim et al. 2011).

Con la inclusion de DDGS en la dieta, se alcanzo6 una
intensidad de puesta (tabla 2) similar al grupo control.

Table 2. Effect of the maize DDGS included in the diets on the viability and intensity
of White Leghorn L-33 hen laying

DDGS inclusion, %

Indicators SE ()
0 10 20
Viability, % 17.00 14.00 15.50 P=0.5465
(98.87) (96.63) (97.75)
SD=4.67 SD=5.41 SD=4.72
Laying 20.60 11.55 14.35 P=0.0626
intensity, % (71.66) (66.28) (68.40)
SD=4.67 SD=4.10 SD=4.85

() True values in parentheses
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With the inclusion of DDGS in the diet, a laying
intensity (table 2) similar to that of the control group
was attained. In the same way, Masa’deh et al. (2011)
found that on increasing the DDGS from 0 to 25 % in
the diet for White Leghorn laying hens, egg production
was not affected. However, Deniz et al. (2013) noticed
a reduction in egg production of hens fed 20 % maize
DDGS which was attributed to the high concentration
of fibrous components and for that reason hens were
not capable of covering their energetic needs and amino
acid requirements.

In egg weight and consequently in mass conversion
(table 3) there were no negative effects. There results
are similar to previous studies (Shalash ef al. 2010,
Wu-Haan et al. 2010). Sun ef al. (2012) on evaluating
high levels of DDGS (17, 35 and 50 %) indicating that
when amino acids (lysine and methionine) are sufficient
in the diet, egg weight is not affected. However, if the
diet is not balanced, regarding nutrient contents, with
high DDGS inclusion the production and egg mass
can decrease.

In this study it was not possible the determination
of the availability and digestibility of amino acids.
For diet formulation the suggestions of Dale’s (2004)
tables were employed and this could have influenced
on the results found. Consequently, further studies are
necessary on some aspects of the nutritional quality
of DDGS as the amino acid digestibility so as a more
efficient use of this by-product could be made by the
laying hen, since there was a trend towards increasing
feed conversion.

Feed conversion worsened with 10 % regarding
the control. This performance has no biological
explanation, since the recommended levels for
layers are between 10 and 15 % DDGS in the diet
(Martinez et al. 2004, Swiatkiewicz and Koreleski
2006, Jiang et al. 2013). In other studies, Loar ef al.
(2010), Masa’deh et al. (2011 and Shim et al. (2011)
demonstrated that DDGS can be added in poultry diets
at higher inclusion levels, even of 20 %, provided
precise nutrient profiles are used, specific of the
DDGS source and that diets are formulated based on
digestible amino acids.

Yolk color presented increment (P <0.0001) with the
inclusion of DDGS in the diet, and it was reached with
20 % a value higher than 6.95 in Roche’s fan scale. In that
respect, Shalash et al. (2010), Sun et al. (2012) reported
a significant increment in the egg yolk color. However,
Lumpkins et al. (2005) did not refer it on including
15 % and Roberts et al. (2007) did not observe effect
with the addition of 10 % DDGS.

Sauvant and Tran (2004) reported that the xanthophyl
content in DDGS (34 mg/kg) is up to three times higher
than that of maize (10.62 mg/kg). The xanthophylls are
pigments susceptible to light and heat, thus the different
effect on egg yolk coloring are related to the xanthophyl
content present in DDGS which could vary in function
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De igual forma, Masa’deh et al. (2011) encontraron que,
al incrementar los DDGS desde 0 hasta 25 % en la dieta
para gallinas ponedoras White Leghorn, la produccion
de huevos no se afecta. Sin embargo, Deniz et al. (2013)
encontraron reduccion en la produccion de huevos de
gallinas alimentadas con 20 % de DDGS de maiz, lo
que atribuyeron a la alta concentracién de componentes
fibrosos, por lo que las gallinas no eran capaces de
satisfacer sus necesidades energéticas y requerimientos
de aminoacidos.

En el peso del huevo y por ende, en la conversion
masal (tabla 3) no se encontraron efectos negativos,
resultados que son similares a estudios anteriores (Shalash
et al. 2010, Wu-Haan ef al. 2010). Sun et al. (2012), al
evaluar altos niveles de DDGS (17,35 y 50 %) indicando
que cuando los aminoacidos (lisina y metionina) son
suficientes en la dieta, el peso del huevo no se afecta. Sin
embargo, si la dieta no es balanceada, en lo que respecta
al contenido de nutrientes, con inclusion alta de DDGS
puede decrecer la produccion y la masa de huevos.

En este trabajo no se pudo determinar la disponibilidad
y digestibilidad de los aminodacidos. Para la formulacion
de las dietas se emplearon las sugerencias de las tablas
de Dale (2004), lo que pudo influir en los resultados
encontrados. Por ello, es necesario profundizar en
algunos aspectos de la calidad nutricional de los DDGS,
como es la digestibilidad de los aminoacidos, de modo
que pueda haber un uso mas eficiente de este subproducto
por parte de la gallina ponedora, ya que hubo una
tendencia a incrementar la conversion alimentaria.

La conversion alimentaria empeord con 10 % con
respecto al control. Este comportamiento no tiene una
explicacion bioldgica, ya que los niveles recomendados
para las gallinas ponedoras estan en entre 10y 15% de
DDGS en la dieta (Martinez et al. 2004, Swiatkiewicz
y Koreleski 2006, Jiang et al. 2013). En otros estudios,
Loar et al. (2010), Masa’deh et al. (2011 y Shim et al.
(2011) demostraron que se pueden afiadir los DDGS en
dietas avicolas a niveles de inclusion mas altos, incluso de
20 %, siempre que se utilicen perfiles de nutrientes precisos,
especificos de la fuente de DDGS, y que las dietas se
formulen sobre la base de aminoécidos digestibles.

El color de la yema presento6 incremento (P <0.0001),
con la inclusion de los DDGS en la dieta, y se alcanzo
con 20 % un valor superior a 6.95 en la escala del
abanico de Roche. Al respecto, Shalash et al. (2010),
Sun et al. (2012) informaron incremento significativo en
el color de la yema de huevo. Sin embargo, Lumpkins
et al. (2005) no lo refirieron, al incluir 15 % y Roberts
et al. (2007) no observaron efecto con la adicién de
10 % de DDGS.

Sauvant y Tran (2004) informaron que el contenido
de xantoéfilas en los DDGS (34 mg/kg) es hasta tres veces
superior al del maiz (10.62 mg/kg). Las xantdfilas son
pigmentos susceptibles a la luz y el calor, por lo que los
diferentes efectos en la coloracion de la yema del huevo
se relacionan con el contenido de xantéfilas presente en
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Table 3. Effect on egg weight, yolk color, feed and mass conversion of White Leghorn L

33 laying hens fed maize DDGS

Inclusion de DDGS, %

Indicadores EE (%)
0 10 20
Peso del huevo, g 58.62 57.63 58.62 0.47
P<0.2500
Conversion alimenticia, 1.542 1.66° 1.62%® 0.03
kg/ decena de huevos P=0.0428
Conversion masal, 2.37 2.41 2.37 0.02
kg kg!' de huevo P<0.2623
Color de la yema 5.172 6.01° 6.95° 0.11
P<0.0001

acDifferent letters in the same line differ at P < 0.05 and P < 0.0001

of the drying technology and the technological treatment
applied to the diets (Cortes-Cuevas et al. 2015).

The cost of the diets decreased with the inclusion
of DDGS (424.59,407.75 and 395.61 USD t'). With
10 % there was a 4 % reduction (16.84 USD t') and
with 20 % a 6.82 % (28.98 USD t!). This equals, in
turn, to the contribution of 16 and 32 % of the protein,
10 and 20 % of the energy and 12.8 and 25.55 of
the available phosphorus in the diet, by substituting
soybean meal, the maize meal and the monocalcium
phosphate the three most expensive elements in layer
feeding.

The inclusion of DDGS up to 20 % in the diet of
laying hens constitutes an interesting alternative from
the economic point of view, since it attains the decrease
of the cost of the diets, without affecting the productive
performance of the fowls. In addition, regarding the
commercialization, by showing a more intense yolk
color, there is a better acceptance of eggs from layers
fed this by-product.
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los DDGS, que puede variar en funcion de la tecnologia
de secado y del tratamiento tecnologico aplicado a las
dietas (Cortes-Cuevas et al. 2015).

El costo de las dietas disminuy6 con la inclusion
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10 % hubo reduccion del 4 % (16.84 USD t') y con
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energiay 12.8 y 25.55 % del fosforo disponible en la
dieta, al sustituir la harina de soya, la harina de maiz y
el fosfato monocalcico, los tres elementos mas costosos
en la alimentacion de gallinas ponedoras.

La inclusion de los DDGS hasta 20 % en la dieta de
gallinas ponedoras constituye una alternativa interesante
desde el punto de vista economico, pues se logra disminuir
el costo de las dietas, sin afectar el comportamiento
productivo de las aves. Ademas, en lo que respecta a la
comercializacion, al presentar la yema una coloracion mas
intensa, es mejor la aceptacion de los huevos procedentes
de gallinas alimentadas con este subproducto.
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