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RESUMEN 

El objetivo general de esta tesis doctoral fue estudiar los efectos del tamaño de la 

criba utilizado para moler el cereal principal del pienso  sobre el consumo,   los 

rendimientos productivos y las características del tracto gastrointestinal (TGI) en 

gallinas ponedoras rubias. Con este proposito, se estudió la inclusión de maíz, trigo y 

cebada en piensos de gallinas ponedoras en tres experimentos. 

En el experimento 1 (capítulo 2), se estudió la influencia del tamaño de partícula 

del cereal principal del pienso en la producción y la calidad del huevo en gallinas 

ponedoras rubias de 33 a 65 sem de edad. El experimento se diseñó completamente al 

azar, con 6 tratamientos organizados en un factorial 3 x 2 en base a 3 cereales (cebada, 

maíz y trigo) y 2 tamaños de molienda del cereal (criba de 6 y 10 mm). Cada 

tratamiento se replicó 11 veces (10 gallinas por repetición). Las dietas se formularon 

para ser isonutritivas y contenían 2.740 Kcal/kg EMAn y 16.8% de proteína bruta. La 

producción de huevos, el consumo de pienso, el peso del huevo y el índice de 

conversión se calcularon por período (4 sem) y para el global del experimento. Así  

mismo se midieron los parámetros de calidad del huevo: porcentaje de huevos sucios, 

rotos y sin cáscara;  proporción de albumen, yema y cáscara y espesor, fuerza y color de 

la cáscara al final de cada período. Al final de la prueba, no se observaron interacciones 

entre el cereal principal y el diámetro geométrico medio del pienso para ninguna de las 

variables estudiadas. Ni el pienso ni el tamaño de partícula afectaron el consumo de 

pienso, la producción de huevos o la ganancia de peso corporal. Los huevos fueron más 

pesados (P <0,01) en las gallinas alimentadas con cebada que en las gallinas 

alimentadas con maíz o trigo, probablemente debido al mayor contenido de grasa de los 

piensos de cebada. Además, el Índice de Conversión tendió a ser mejor (P<0.07) en las 
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gallinas alimentadas con cebada que en las gallinas alimentadas con maíz o trigo. El 

tipo de pienso no afectó a ninguno de los parámetros de calidad del huevo. En resumen, 

cebada y trigo convenientemente suplementados con enzimas, pueden utilizarse en 

sustitución del maíz a niveles de hasta el 55%, en piensos para gallinas ponedoras, sin 

efecto adverso alguno sobre la producción o los parámetros de calidad del huevo. 

Además, la sustitución del maíz por una combinación de cebada y grasa aumentó el 

tamaño del huevo. En consecuencia, el uso de uno u otro cereal del pienso dependerá 

principalmente de su coste relativo y de la preferencia del mercado por el huevo grande. 

Dentro del rango estudiado, el tamaño de partícula de los cereales no afectó a la 

producción de las aves. 

En el experimento 2 (capítulo 3), se estudió la influencia del tamaño de la criba 

utilizado para moler el cereal sobre la producción de huevos, el desarrollo del  TGI y las 

medidas corporales en gallinas de 17 a 49 sem de edad. Se utilizaron 10 piensos, 

utilizando un factorial 2 × 5 con 2 cereales principales (maíz vs. cebada) y 5 tamaños de 

criba del cereal (4, 6, 8, 10 y 12 mm). Cada tratamiento se replicó 5 veces (10 gallinas 

por repetición). No se observaron interacciones entre el cereal principal y el tamaño de 

la criba, para ninguno de los factores estudiados. El tipo de cereal y el tamaño de la 

criba no afectaron al consumo de pienso,  la producción de huevos, o ganancia de peso 

vivo o parámetros de calidad de los huevos. Los huevos tendieron a ser más grandes (P 

= 0.09) en las gallinas alimentadas con cebada que en las gallinas alimentadas con maíz. 

Además, el índice de conversión tendió a aumentar (P = 0,08) al moler el cereal del 

pienso con una criba de 4 mm  comparado con la media de los otros piensos. A las 49 

sem de edad, el peso relativo (% BW) del TGI y de la  molleja fue superior (P <0,05) en 

las gallinas alimentadas con cebada que en las alimentadas con maíz. Un aumento del 

tamaño de la criba aumentó linealmente el peso relativo del TGI (P = 0,09), de la 
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molleja (P <0,01) y del hígado (P = 0,06). Ninguna de las otras medidas del TGI o 

corporal,  se vieron afectadas por el cereal principal del pienso o por el tamaño de la 

criba. En resumen, la cebada puede sustituir hasta un 45% del maíz en piensos para 

gallinas ponedoras sin ningún efecto adverso sobre la producción de huevos. Por lo 

tanto, el uso de uno u otro cereal dependerá de su coste relativo. Al aumentar el tamaño 

de la criba mejoró el desarrollo de la molleja, sin llegar a afectar la productividad de las 

aves. Dentro del rango estudiado, el tamaño de la criba utilizada para moler el cereal 

tuvo poco efecto sobre la productividad de las gallinas, aunque la criba de 4 mm tendió 

a incrementar los índices de conversión pero al mismo tiempo mejoró el desarrollo de la 

molleja. 

En el experimento 3 (capítulo 4), se estudió la influencia del tamaño de partícula 

del cereal principal del pienso sobre la preferencia en el consumo de las gallinas 

ponedoras. Los piensos se diseñaron formando un factorial 2x5 con 2 cereales 

principales (maíz vs. cebada) y 5 tamaños de molienda del cereal (4, 6, 8, 10 y 12 mm 

de criba). Cada tratamiento se replicó 5 veces (10 gallinas por repetición). Tras un 

período de ayuno de 8 h, las gallinas recibieron sus respectivos piensos experimentales 

de 6,00 a.m. a 14,00 p.m. El tamaño geométrico medio y la desviación estándar 

geométrica de los piensos se determinaron cada 2 h. Además se determinó el contenido 

en proteína bruta, cenizas y Ca de los piensos al inicio y al final del experimento. El 

diseño experimental fue completamente al azar y los datos se analizaron con medidas 

repetidas con el tamaño de partícula y el cereal como factores principales. El tamaño 

geométrico medio de los piensos originales aumentó al aumentar  el tamaño de la criba 

y fue mayor para los piensos basados en cebada que para los piensos basados en  maíz. 

La diferencia en el tamaño geométrico medio entre las piensos originales y los residuos 

de este pienso medidos a intervalos de 2 h, disminuyó a medida que transcurria el 
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experimento  (P <0,001 para la interacción).  La proteína bruta, la ceniza y el Ca de 

piensos y residuos en comederos  se concentraron en la fracción grosera tanto en los 

piensos originales como en el pienso sobrante con  los efectos más pronunciados para 

los minerales. Independientemente del tamaño del  tamiz, el contenido en cenizas y Ca 

fue mayor en el pienso sobrante no consumido a las 14.00 h  p.m que en los piensos 

iniciales. Las gallinas mostraron una clara preferencia por las partículas groseras,  

independientemente de la concentración de proteína bruta, ceniza o Ca en las diferentes 

fracciones de los piensos. Los datos mostraron que las gallinas consumen menos Ca 

durante la mañana, un período en el que los requisitos para la deposición mineral son 

bajos. En resumen, las gallinas mostraron una preferencia significativa por las partículas 

más gruesas, un efecto que fue más evidente cuando los cereales fueron molidos 

gruesos. Sin embargo, las gallinas no mostraron ninguna preferencia por consumir 

aquellas fracciones de pienso con mayores contenidos en proteína bruta, cenizas o Ca. 
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SUMMARY 

The general objective of this thesis was to study the effects of the screen size 

used to grind the main cereal of the diet on FI, performance, and GIT traits of brown-

egg laying hens. With this purpose, the inclusion of corn, wheat, and barley in the diet 

of laying hens was studied in three experiments. 

In experiment 1 (chapter 2), the influence of particle size of the main cereal of 

the diet on production and egg quality traits was studied in brown hens from 33 to 65 

wk of age. The experiment was completely randomized with 6 treatments arranged as a 

3 x 2 factorial with 3 main cereals (barley, corn, and wheat) and 2 grinding size of the 

cereal (6 and 10 mm screen). Each treatment was replicated 11 times (10 

hens/replicate). Diets were isonutritive and contained 2,740 kcal/kg AMEn and 16.8% 

CP. Egg production, ADFI, egg weight, and feed conversion ratio (FCR) were 

determined by period (4 wk) and for the entire experiment. Egg quality traits 

(percentage of undergrads, proportion of albumen, yolk, and shell, Haugh units, and 

thickness, strength, and color of the shell) were measured also by period. No 

interactions between main cereal and geometric mean diameter of the diet were 

observed for any of the traits studied. Feed intake, egg production, and BW gain were 

not affected by diet or particle size. Eggs were heavier (P < 0.01) in hens fed barley than 

in hens fed corn or wheat, probably because of the higher fat content of the barley diets. 

Also, FCR tended to be better in hens fed barley than in hens fed corn or wheat (P = 

0.07). Diet did not affect any of the egg quality traits studied. In summary, barley and 

wheat conveniently supplemented with enzymes, can be used in substitution of corn at 

levels of up to 55% in diets for laying hens, without any adverse effect on egg 

production or egg quality traits. Moreover, the substitution of corn by a combination of 
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barley and supplemental fat increased egg size. Consequently, the inclusion of one or 

other cereal in the diet will depend primarily on their relative cost. Within the range 

studied, particle size of the cereal did not have any effect on hen production. 

In experiment 2 (chapter 3), the influence of the screen size used to grind the 

main cereal of the diet on egg production, GIT development, and body measurements 

was studied in hens from 17 to 49 wk of age. Diets were arranged as a 2 × 5 factorial 

with 2 main cereals (corn vs. barley) and 5 screen sizes of the cereal (4, 6, 8, 10, and 12 

mm). Each treatment was replicated 5 times. No interactions between main cereal and 

screen size were observed for any of the traits studied. Cereal type and screen size did 

not affect feed intake, egg production, BW gain, or quality traits of the eggs. Eggs 

tended to be larger (P = 0.092) in hens fed the barley than in hens fed corn. Also, feed 

conversion ratio tended to increase (P = 0.081) when the cereal of the diet was ground 

with a 4-mm screen as compared with the average of the other diets. At 49 wk of age, 

the relative weight (% BW) of the GIT and gizzard was greater (P < 0.05) in hens fed 

barley than in hens fed corn. An increase in the screen size increased linearly the 

relative weight of the GIT (P = 0.089), gizzard (P < 0.01), and liver (P = 0.056). None 

of the other GIT traits or body measurements was affected by the main cereal or the 

screen size. In summary, barley can substitute up to 45% of the corn in diets for laying 

hens without any adverse effect on egg production. Therefore, the use of one or other 

cereal will depend on their relative cost. An increase in screen size improved gizzard 

development but had little effect on hen productivity. Within the range studied, the size 

of the screen used for grinding the cereal had little effect on hen productivity, although 

the use of a 4-mm screen might increase feed conversion ratio and gizzard development. 

In experiment 3 (chapter 4), we studied the influence of particle size of the main 

cereal of the diet on preference behavior of laying hens. Diets were arranged as a 2x5 
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factorial with 2 main cereals (corn vs. barley) and 5 grinding sizes of the cereal (4, 6, 8, 

10, and 12 mm screen). Each treatment was replicated 5 times (10 hens per replicate). 

After a fasting period of 8 h, hens received their respective experimental diets from 6.00 

a.m. to 14.00 p.m. The geometric mean diameter (GMD) and the geometric standard 

deviation of the feeds were determined every 2 h. In addition, CP, ash, and Ca contents 

of the feeds were determined at the start and at the end of the experiment. The 

experimental design was completely randomized with data analyzed as repeated 

measures with particle size and cereal as main effects. The GMD of the original feeds 

increased with increases in screen size and was greater for the barley than for the corn 

diets. The difference in GMD between the original diets and the residuals measured at 2 

h intervals decreased as the experiment progressed (P < 0.001 for the interaction). 

Crude protein, ash, and Ca concentrated in the coarse fraction of the original diets and 

of the uneaten feed with effects being more pronounced for the minerals. Independent of 

the coarseness of the feed sieve, ash and Ca contents were higher in the uneaten feed at 

14.00 p.m than in the original diets. Hens showed a clear preference for coarse particles 

irrespective of the concentration of CP, ash, or Ca in the different fractions of the diets. 

The data showed that hens under-consumed Ca during the morning, a period in which 

the requirements for mineral deposition are low. In summary, hens showed a significant 

preference for coarser particles, an effect that was more evident when the cereals were 

ground coarse. Hens, however, did not show any preference for consuming those feed 

fractions with greater CP, ash, or Ca contents. 
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1. Literature review 

1.1. Introduction 

From 2000-2014, world egg production increased by 36.5% an average of 2.8% 

per year. In 2014, 7,200 M hens produced 1,320 billion eggs, worldwide. In 2016, there 

were 374 M hens in the European Union (EU-28), with a total egg production of 7.5 

MT of eggs (European Commission, 2017). Spain, with 44 M hens (13.4 % of the total 

EU-28 census) and 828,000 tons of kg of eggs production was the fourth largest egg 

producer in the EU-28, after France, Germany, and Italy (USDA-FAS, 2015; European 

Commission, 2017) (Figure 1). Moreover, in 2014, Spain exported approximately 

170,041 tons of eggs, mostly to other European countries with some exports to Africa 

and Asia. 

 In 2016, world cereal production was 2,569 MT an increase of 15.7% compared 

with the production of 2,221 Mt in 2006 (FAO, 2016) (Figure 2). In this year, cereal 

production reached 316.4 Mt in the EU-28 of which, 19.2 MT were produced in Spain 

(FAO, 2016). The production of corn, wheat, and barley in Spain was 4.6, 6.4, and 6.7 

MT, respectively blow the requirements of the industry, (MAPAMA, 2017) (Figure 3). 

The demand for grains in Spain is increasing and the feed production sector needs to 

import from other countries. In fact, Spain is one of the main customer for cereals of 

other EU-28 countries. 

Genetics, management of the flock, and feeding practices are key points for 

successful egg production. The profitability of the egg industry depends of many 

factors, including length of the laying period, number of eggs per hen housed, egg size, 

and percentage of eggs that reach the table of the final consumer. Cereals are the main 

constituents of laying hen diets with levels of use of up to 60%. Consequently, cereal 
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selection is important in the control of cost because they provide up to 70% of the 

AMEn and 40% of the protein content of diets for laying hens. 

 One of the most critical points to improve egg rate and egg quality is proper 

management and feeding practices. Feed technology is of paramount importance in this 

respect (Amerah et al., 2007; Amerah et al., 2008; Frikha et al. 2011). Type of cereal 

and particle size of the cereal used in diets have gained increasing attention from the 

poultry industrial in recent years.  

 

 

Figure 1. Egg production in the 10 largest country of the EU-28 in 2016 (European 

Commission, 2017). 
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Figure 2. Cereal production in the world (FAO, 2016).  

 

 

Figure 3. Production of cereals (corn, wheat, and barley) in Spain (MAPAMA, 

2017). 
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1.2. Main cereal of the diet 

Corn, wheat, and barley are the most common cereals used in poultry diets.  

Corn has less crude protein (7.5% vs. 11.2% vs. 11.3%) and fiber (2.3% vs. 2.8% and 

4.5%) and more starch (63.3% vs. 59% vs. 51.1 %) and energy (3.280 vs. 3.150 vs. 

2.800 kcal AMEn/kg) than wheat and both more than barley (FEDNA, 2010). One of 

the main objectives of this thesis was to compare the effects of the main cereal of the 

diet (corn, wheat, and barley) on egg production, egg quality, gastrointestinal tract 

(GIT) traits, and body measurements of brown-egg laying hens. The hypothesis was that 

wheat and barley in conveniently formulated diets, and with the inclusion of adequate 

enzyme complexes, could be excellent alternatives to corn in feeding programs for 

laying hens. 

1.2.1. Effect on poultry performance 

Cereals are the most widely used energy sources in poultry feeds. The starch 

fraction of the grains provides a major proportion of the total energy of the diets. In 

addition, cereals provide part of the CP and amino acids (AA) required by the birds. 

Starch digestion depends on factors such as the nature, protection, and chemical 

characteristics of the starch, as well as the presence of anti-nutritional factors in the 

grain (soluble cell-wall polysaccharide content) and the age and the GIT capacity of the 

birds (Classen, 1996; Svihus and Hetland, 2001; Zimonja et al., 2007; Abdollahi et al., 

2011; Svihus, 2014). Consequently, starch utilization varies with the cereal used which 

in turn depends on the properties of the starch ingested which will affect its digestibility 

(Svihus et al., 2005; Svihus, 2014). However, there is still a lack of knowledge on the 

exact causes for these variations in starch digestibility. Factors such as the ratio between 

amylose and amylopectin, granule size, and content and properties of proteins, lipids, 

and phosphates on the surface of starch granules, have been identified as potential 
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causes for low starch digestibility (Svihus et al., 2005; Tester et al., 2006; Singh et al., 

2010). In this respect, more pronounced benefits of fine grinding are expected for 

ingredients with highly protected starch, such as peas and hard wheat, than for 

ingredients with less protected starch such as rice (Parera et al., 2010; Abdollahi et al., 

2011; Yegani and Korver, 2012). In fact, in the case of wheat the correlation between 

starch digestibility and grain hardness tends to be negative (Carré et al., 2005). Finally, 

pelleting might release the lipids contained in the oil bodies of ingredients such as corn, 

increasing energy utilization. 

The level of inclusion of corn, wheat, and barley in the diet and its nutritional 

value for poultry depend on many factors such as the species considered, age, enzyme 

supplementation, and chemical characteristics of the batch, including AMEn, CP, and 

non-starch polysaccharide (NSP) contents (Classen, 1996; Gutiérrez-Alamo et al., 2008; 

Abdollahi et al., 2011; Jacob and Pescatore, 2012). Many reports compared the 

inclusion of these cereals in the poultry diets. In broilers (Cowieson, 2005) reported that 

corn has higher nutritional value for poultry than wheat or barley. The AMEn content 

(as fed basis) for wheat, reported in tables by the different institutions ranges from 

2.870 kcal/kg for Feedipedia (2017)  to 3.120 kcal/kg for NRC (1994), whereas for 

barley the values range from 2.350 kcal/kg (Feedipedia, 2017) to 2.820 kcal/kg (WPSA, 

1989). These values are more variable than those reported for corn from 3.110 kcal/kg 

(Feedipedia, 2017) to 3.350 kcal/kg (NRC, 1994). The energy content of the cereals 

depends on the moisture content of the grain and the proportion and physico-chemical 

characteristics of the starch and fiber fractions (closely and negatively related) as well 

as on the concentration of viscous carbohydrates. A higher variability in energy is 

expected for wheat and barley than for corn. Fortunately, the inclusion in the diet of 

adequate enzyme complexes reduce the problems created by the NSP and digest 
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viscosity resulting in more uniform energy and protein value setting, closer for energy 

to that of corn.  

The composition of corn, especially for ether extract and moisture content, 

varies substantially among countries and even from batch to batch, resulting in 

considerable variation in its energy value for poultry. Diverse studies have been 

conducted on the use of exogenous enzymes to ameliorate the inconsistencies in the 

nutritional value of corn and thus, to improve BW gain, feed conversion ratio (FCR), 

and flock uniformity. However, the inclusion of enzymes, such as carbohydrases and 

proteases, in corn based diets has shown inconsistent results with some research 

showing improvements (Zanella et al. 1999; Ouhida et al. 2000; Gracia et al. 2003; 

Cowieson and Adeola, 2005) and others showing no effects (Marquardt et al. 1994; 

Çiftci et al. 2003). Nir et al (1994a) reported better FCR for broilers fed corn than in 

broilers fed wheat from 1 to 21 d of age. Ruiz et al. (1987) reported similar BWG and 

FCR in broilers fed mash when corn was substituted by wheat. Moreover, Moran et al. 

(1993) reported better growth performance in birds fed wheat than in birds fed corn 

from 1 to 42 d of age. Marquardt et al. (1994) compared corn, wheat, and barley as the 

main ingredient in broiler diets from 7 to 21 d of age, and reported greater feed intake 

(FI) and FCR in birds fed corn. In this last report the benefits of enzyme 

supplementation was greatest for the barley than for the wheat diet, without observing 

any improvement in the case of the corn based diet.  On the other hand, Edney et al. 

(1989) reported that when the diets were supplemented with an adequate enzyme 

complex, growth performance was better in broilers fed barley than in broilers fed 

wheat from 1 to 21 d of age. In contrast, Yasar and Forbes (1999) observed similar 

performance when wheat or barley were used as the main ingredient in the diet in 

broilers from 7 to 21 d or from 28 to 42 d of age. To mention than in this report no 
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enzymes were added to the diets. In brown egg laying pullets, Frikha el al. (2011) 

reported that the substitution of 500 g of corn by 500 g of wheat/kg as the main cereal in 

the diet did not affect productive performance from 1 to 120 d of age. However, in a 

previous report, Frikha et al. (2009a) reported significantly greater BW gain from 1 to 

120 d of age in pullets fed corn than in pullets fed wheat, although FCR was not 

affected. Moreover, Saldaña et al. (2015a) reported that pullets fed corn had similar BW 

gain but poorer FCR than pullets fed wheat from hatching to 17 wk of age. In laying 

hens, Lillie and Denton (1968) reported similar production and FCR in Single Comb 

White Leghorn (SCWL) fed diets based on corn, wheat, or barley, although in this 

report no enzymes were added to the diet. Lázaro et al. (2003a) reported that the 

substitution of corn by wheat or barley did not affect FI, egg production, or egg quality 

of SCWL hens from 20 to 44 wk of age. Similarly, Safaa et al. (2009) and Pérez-Bonilla 

et al. (2011) observed similar performance when corn was substituted by wheat as the 

main ingredient of the diet in brown-egg laying hens from 20 to 48 wk and from 22 to 

54 wk of age, respectively. In contrast, Kim et al. (1976) found that SCWL hens fed a 

diet based on corn ate more feed and produced bigger eggs than hens fed a diet based on 

wheat from 21 to 43 wk of age. In addition, Pérez-Bonilla et al. (2014) reported that 

feed intake was greater in brown egg-laying hens fed wheat or corn than in hens fed 

barley from 24 to 59 wk of age. However, none of the other productive or egg quality 

traits was affected by the main cereal of the diet. Overall, the information available 

indicates that poultry responds well to the inclusion of barley or wheat in the diets as a 

substitute of corn. The data indicate also that the results of the different cereals on 

poultry production are less variable when adequate enzyme complexes are included in 

the diet. 
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1.2.2. Effects on gastrointestinal tract development 

There is a growing interest on the influence of the main cereal of the diet on the 

development of the GIT of chickens (Ravindran et al., 2006; Gabriel et al., 2008; 

Jiménez-Moreno et al., 2009c; Saldaña et al., 2015a). The GIT is a major consumer of 

the nutrients supplied by the diet in all animals, especially in those with rapid cell 

turnover which utilizes significant quantities of both AA and energy (Thomas and 

Ravindran, 2008). An increase in the size of the GIT will increase nutrient demand by 

the gut and will reduce feed efficiency in birds. It has been shown that cereals with a 

high NSP content increase the size and length of the GIT (Jorgensen et al., 1996; 

Steenfeldt, 2001; Thomas and Ravindran, 2008). In broilers, the growth of the different 

organs of the GIT and the production of HCL and of endogenous digestive enzymes 

depends on age, feed form, and diet composition (González-Alvarado et al., 2007; 

Svihus, 2011). Gizzard function reduces the particle size of feed ingredients by applying 

increasing amount of mechanical grinding pressure. The gizzard, the most muscular 

organ of the GIT, requires a large amount of energy in birds. Nir et al. (1994a) reported 

heavier relative weights (% BW) of the gizzard of broilers at 21 d of age when fed corn 

than when fed wheat. Similar differences between corn and wheat diets have been 

reported by Abdollahi et al. (2013b) comparing mash and pelleted diets. In contrast, 

Amerah et al. (2008) did not observe any difference in the relative weight of the gizzard 

at 21 d of age of broilers fed a corn or a wheat based diet, although the relative length 

(cm/kg BW) of the different segments of the GIT was shorter in birds fed wheat. 

Thomas and Ravindran (2008) reported similar relative weight of the GIT and the 

gizzard at 14 d of age in birds fed diets based on corn or wheat. In brown egg laying 

pullets, Frikha et al. (2009a) observed heavier relative weight of the gizzards in pullets 

fed corn than in pullets fed wheat at 45 d of age. In this report, gizzard pH and the 
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relative length of the different segments of the GIT were not affected by the main cereal 

of the diet at this age. Similar data in young pullets has been produced by Saldaña et al. 

(2015a) which indicated that because of its chemical composition and structure, the corn 

grain is more difficult to grind than the wheat grain. Consequently, the gizzard needs to 

work harder for corn than for wheat based diets. In contrast, Frikha et al. (2011) did not 

observe any difference in relative weight of the GIT or the gizzard, or gizzard pH at 120 

d of age in pullets fed corn or wheat. The author has not found any report on the 

influence of the main cereal of the diet on the development of the GIT in laying hens. 

1.3. Particle size of the diet 

The term `particle size` refers to the average diameter of the individual particles 

of a given feed, or simply to the “fineness of grind” of the feed (Amerah et al., 2007). 

The reduction in size of feed particles is the largest cost of energy in feed manufacturing 

for the layer industry (Deaton et al., 1989) and the second largest energy cost, after 

pelleting, in feed manufacturing for broilers industry (Reece et al., 1985). Consequently, 

any reduction in energy consumption during the grinding process, prior to ingredient 

mixing, can reduce significantly nutrition cost. In nutritional studies the particle size of 

a diet is defined by two variables: the geometric mean diameter (GMD) and the 

geometric standard deviation (GSD), variables that are calculated as indicated by the 

(ASAE, 1999). Feed particle size is typically determined by dry sieving a representative 

sample of 100 g (Baker and Herrman, 2002). The feed sample is passed through a sieve 

stack on a shaker for 10 minutes. The amount of particles retained on each screen size is 

then determined, and the GMD and GSD of the sample calculated using standard 

formula or computer software (ASAE, 1999). A reduction in particle size allows for a 

better mixing of the ingredients but influences also GIT development, nutrient 

utilization, and bird performance (Amerah et al., 2007; Koch, 2008; Jiménez-Moreno et 
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al., 2010). In the 50’s and 60’s, scientific reports on the effects of to the particle size of 

the feeds on animal performance defined particle size by using very general qualitative 

terms, such as fine, medium, and coarse (Davis et al., 1951). However, this approach 

does not allow to define accurately the size, uniformity, and the physical characteristics 

of the feed. 

 The interest on the effects of particle size of the diet on poultry growth, health, 

and production has increased in recent years, as the industry continues to search for new 

practices to optimize feed efficiency (Frikha et al., 2009b; Safaa et al., 2009; Svihus, 

2010; Ruhnke et al., 2015). In addition, the renewed attention on this area is driven 

partly by the increasing interest in feeding whole grains to birds specifically broilers, to 

reduce the incidence of digestive problems in the absence of in feed antibiotics. Physical 

form of the feed, complexity of the diet, grinding technology, grain type, endosperm 

hardness, and particle size distribution, might modify the effects of screen size on 

poultry production. Consequently, research efforts on this area of laying hen feeding, is 

of paramount interest for both feed cost and egg production. 

1.3.1. Methods for particle size reduction 

Two major processing equipments available to reduce the particle size of the 

grains are the hammer mill and the roller mill (Koch, 1996; Waldroup, 1997; Pérez-

Bonilla et al., 2014). The hammer mill consists of a set of hammers moving at high 

speed in the grinding chamber, which reduce the size of the grains until the particles are 

able to pass through a screen of designated size. Thus, the size and spectrum of particles 

produced depends not only on the screen size but also on the equipment and the speed 

of the hammer pieces (Koch, 1996; Amerah et al., 2007). The roller mill consists of one 

or more pairs of horizontal rollers in a supporting frame, the distance between which 

may be varied according to the particle size required. The size of the grain is reduced by 
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a constant compression force as they pass between the rotating rollers (Amerah et al., 

2007). Again, numerous factors affect the final size and uniformity of the ultimate feed.  

Irrespective of the cereal used, the GSD of the diets is reduced when roller mills 

rather than hammer mills are used, results that agree with data of Koch (1996) who 

indicated that the uniformity of the particle size of the diet was higher when using a 

roller mills than when using a hammer mills. Pérez-Bonilla et al., (2014) reported that 

the GMD of a barley diet was not affected by the type of mill used but those of the corn 

and wheat diet were lower when using a roller mill. These recorded differences reflect 

probably, differences in NDF content among the 3 cereals. Also, roller mills are more 

efficient and require less energy for grinding than the hammer mill. Other differences 

among mills, are that the undersized grains may escape the grinding process in the roller 

mill (Douglas et al., 1990) and that the shape of the particles produced is more irregular, 

being cubic or rectangular compared to those from a hammer mill, which tend to be 

spherical with more uniform shape (Reece et al., 1985; Koch, 1996). Hammer mill 

equipment however, are cheaper, easier to handle, and have lower maintenance cost 

than roller mill equipment, which favours its use by the feed compound industry (Koch, 

1996; Amerah et al., 2007; Pérez-Bonilla et al., 2014). 

1.3.2. Effects on poultry performance 

Most studies on the effects of particle size reduction of corn, barley, wheat, and 

sorghum of poultry diets have been conducted in broilers. Nir et al. (1994a) reported 

that birds fed mash had the best performance when the GMD of the grain portion of the 

diet was within the range of 1,130 to 1,230 μm, independent of the type of cereal used 

(corn, wheat, or sorghum). These authors reported lower ADFI when the feed particles 

were smaller than 570 μm or larger than 2,100 μm. Also, Nir et al. (1995) reported that 

broilers fed diets based on wheat or sorghum, in mash form, had heavier BW and better 
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FCR when ground coarse than when ground fine. Hamilton and Proudfoot (1995a) 

observed that BW gain was improved when birds were fed mash diets containing coarse 

or very coarse corn particles compared to those containing fine corn particles. Similar 

results were found by Reece et al. (1985). In contrast, Lott et al. (1992) reported that 

corn ground through a hammer mill with a screen opening of 9.59 mm, which resulted 

in coarse particles (GMD ≃,1,200 μm), significantly decreased 21 d BW and increased 

FCR compared with corn ground through a screen with an opening of 3.18 mm (GMD 

≃, 680 μm). In brown-egg laying pullets, Frikha et al. (2011) reported that pullets fed 

the finer diet (6-mm screen) had higher BW gain and better FCR than pullets fed the 

medium and the coarser diets (8- and 10-mm screen) from 1 to 45 d of age, but not 

thereafter. These data emphasize the importance of age on FI and FCR of the bird.  In 

brown-egg laying hens, Safaa et al. (2009) reported similar production but higher ADFI 

in hens fed diets with the cereal (corn or wheat) ground through a 10-mm screen (GMD 

of 1,165 μm and 1,250 μm, respectively) than in hens fed the same cereals ground 

through a 6-mm screen (GMD of 774 μm and 922 μm for corn and wheat diets, 

respectively). However, Deaton et al. (1989) did not observe any difference in ADFI or 

productive performance when SCWL hens were fed corn based diets with a GMD 

varying between 873 and 1,501 μm. Similar results have been reported by Hamilton and 

Proudfoot (1995b) in hens fed mash diets based on wheat either coarsely or finely 

ground.  

The existing interactions between cereals, particle size, and feed form of the diet 

on growth performance and productivity of poultry is well documented (Hamilton and 

Proudfoot, 1995b; Amerah et al. 2007; Abdollahi et al., 2013a,b). Many studies suggest 

that the particle size of the grain is more critical in mash feeds than in pelleted or 

crumbled feeds (Reece et al., 1985; Hamilton and Proudfoot, 1995a,b; Nir et al., 1995; 
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Svihus et al., 2004). The improvements observed for BW gain and FCR were consistent 

with the greater FI and the reduction in feed wastage detected. Amerah et al. (2008) 

reported higher ADFI and poorer efficiency in broilers from 1 to 21 d of age fed 

pelleted diets, based on fine corn or wheat (1-mm screen), than in those fed diets based 

on coarse corn or wheat (7-mm screen). Fine particles are retained for less time in the 

gizzard than coarse particles (Abdollahi et al., 2013a). Consequently, fine particles pass 

rapidly to the small intestine with minor effects on muscle development or gizzard 

function (Amerah et al. 2007; Svihus, 2011). However, a decrease in particle size might 

increase the voluntary FI of the birds, because of the faster emptying of the upper part 

of the GIT but also the dysfunction of the proventriculus-gizzard complex (Svihus et al., 

2010). Hamilton and Proudfoot (1995b), however, reported that layers fed a mash diet 

performed better than those fed a crumbled diet, although this is not a current finding in 

laying hens (Wahlström et al., 1999). Similarly, Berg and Bearse (1948) reported that 

the rate of egg production and BW gain of laying hens were not influenced by the 

particle size of the cereal in mash diets. 

1.3.3. Effects on gastrointestinal tract development 

The development of digestive tract of poultry, especially the gizzard, is known 

to be influenced by feed particle size, which is evident already in chickens at 7 d of age 

(Amerah et al. 2007). Nir et al. (1994b) reported greater gizzard development and lower 

gizzard pH in 7 d of age chicks fed medium or coarse particle size diets compared with 

those fed fine particle size diets. Also, Nir et al. (1994a) reported that the weight of the 

gizzard and its contents were positively related to the coarseness of the feed (1.13 vs. 

1.23 mm) in broilers at 21 d of age. In this report, the pH of the gizzard contents was 

greater in broilers fed the fine ground diet than in broilers fed the medium or coarse 

mash diets. The rate of passage of the digesta through the gizzard is faster with fine 
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particles than with coarse particles, because coarse particles need to be grinded before 

exiting the gizzard and therefore, coarse particle remain for longer in this organ. 

Hetland et al. (2004) indicated that the gizzard has a remarkable ability to grind all the 

constituents of the feed to a consistent fine size, regardless of the original particle size 

of the feed. When the digesta is retained in the gizzard for long, organ function is 

improved because of greater muscular development which in turn improves gizzard 

function. A more functional gizzard increases HCl and enzyme secretion and improves 

GIT motility and anti-peristaltic movements and gastro-duodenal refluxes of the GIT, 

facilitating the exposition of nutrient to digestive enzymes. An improvement in digesta 

mixing may increase nutrient digestibility (Duke, 1992; Carré, 2000; Svihus, 2011). In 

contrast, fine grinding reduces gizzard size and increase the incidence of proventriculitis 

(Taylor and Jones, 2004a,b). When the feed is finely ground, the small particles will 

pass quickly through the gizzard to the distal part of the GIT without any further 

reduction in size. Parsons et al. (2006) reported that at 42 d of age, broilers had heavier 

gizzards when fed mash diets based on corn with coarse particle size than when fed the 

same diet with fine particle size. Amerah et al. (2008) reported that at 21 d of age, 

broilers had heavier gizzards when fed coarse corn (7-mm screen) than when fed fine 

corn (1-mm screen), but no difference between coarse and fine grinding was observed in 

birds fed wheat based diets. Also, fine grinding of the corn but not of the wheat, reduced 

the relative length of the different segments of the GIT. In 120 d of age brown egg 

laying pullets, Frikha et al. (2011) reported no differences in relative weight of the GIT 

and of the gizzard and on gizzard pH when fed mash diets based on corn or wheat, with 

fine, medium, or coarse particle size. Moreover, Saldaña et al. (2015a) reported at 17 

wk of age, that pullets had heavier gizzard and GIT when fed mash diets based on corn 

or wheat than when fed crumble diets based on the same cereals. This information 
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indicates the importance of feed particle size which affects the residence time of the 

feed particles in the gizzard, an effect that will depend on the type and age of the bird as 

well as on the ingredient composition of the diet. Probably, response to these stimuli is 

greater in young birds than in older birds.  

When diets are fed mash diets, feed particle size and relative gizzard weight are 

positively related (Nir and Ptichi, 2001). In pelleted diets, however, the relation is not 

clear and probably will depend on the particle size and uniformity of the digesta. Svihus 

et al. (2004) found no effect of pre-pelleting particle size on gizzard weight in birds fed 

a hard wheat with a GMD varying between 600 and 1,700 μm. The reason for this 

finding probably lies in the reduction of the difference in particle size distribution after 

pelleting. In contrast, Péron et al. (2005) reported that particle size differences remained 

even after pelleting in very hard wheat-based diets, with GMD values varying from 380 

to 955 μm. The authors indicated that pelleted diets made with ingredients coarsely 

ground significantly increased gizzard weights compared to those made from fine 

wheat. Probably, the high resistance of the hard particulate material to reduction by the 

pelleting process, might explain the outcome of this experiment. Chewning et al. (2012) 

reported that 44 d of age, broilers had heavier gizzards when fed mash diets than when 

fed pellet diets based on coarsely or finely ground corn. The author has not found any 

information on the influence of particle size of the main cereal of the diet on GIT of 

laying hens fed mash or pelleted diets. 
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2. Objectives of the thesis 

The general objective of this thesis was to study the effects of the size of the 

screen used to grind the main cereal of the diet on FI, production performance, and GIT 

traits of brown-egg laying hens. With this purpose, the inclusion of corn, wheat, and 

barley in the diet of laying hens was studied in three experiments. 

 The individual objectives of the three assays of this research were as follow: 

In experiment 1 (chapter 2), we evaluated the effects of the screen size (6 mm 

vs. 10 mm) used to grind the cereal on egg production and egg quality of brown-egg 

laying hens fed diets based on barley, corn, and wheat from 33 to 65 wk of age. 

In experiment 2 (chapter 3), we evaluated the effects of the screen size used to 

grind the cereal on egg production, egg quality, GIT traits, and body measurements of 

brown egg laying hens fed diets based on corn or barley from 17 to 49 wk of age. 

In experiment 3 (chapter 4), we evaluated the effect of the size of the screen 

used to grind the cereal on preference behavior of brown-egg laying hens fed diets 

based on corn or barley from 06.00 a.m. to 14.00 p.m., after a night fasting period of 8 

h. 



 

27 
 

 

 

 

 

CHAPTER 2: 

INFLUENCE OF PARTICLE SIZE OF THE 

MAIN CEREAL OF THE DIET ON EGG 

PRODUCTION AND EGGS QUALITY OF 

BROWN EGG LAYING HENS FROM 33 TO 65 

WEEKS OF AGE 
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1. Introduction 

Corn and wheat are the main sources of energy in poultry diets worldwide, 

although barley is also commonly used in laying hens (Frikha et al. 2009; Jacob and 

Pescatore, 2012). Barley and wheat contain variable amounts of non-starch 

polysaccharides (NSP) which increase digesta viscosity and reduce nutrient absorption 

and performance in broilers (Edney et al., 1989; Wang et al., 2005; García et al., 2008) 

and laying hens (Lázaro et al., 2003; Mirzaie et al., 2012). In layers, a high NSP content 

of the diet is associated with an increase in dirty eggs (Francesch and Brufau, 2004). 

However, the incidence of dirty eggs decreases and even disappear with the use of 

convenient enzyme complexes (Lázaro et al., 2003; Garcia et al., 2008; Saki et al., 

2010).  

Egg weight has been associated traditionally to the level of methionine, the most 

limiting amino acid in hen diets, as well as to the linoleic acid (LNL) content (Shutze et 

al. 1962; Balnave 1970, 1971). Corn contains more LNL than wheat or barley, which 

favors its use in laying hen diets (Grobas et al., 1999a, b). However, it is unclear if the 

increase in egg size observed  is due to the LNL concentration per se or to an increase in 

the level of supplemental fat, because under most  practical conditions both factors are 

confounded (Grobas et al., 1999a).  

Numerous factors affect voluntary feed intake (FI) in poultry fed mash diets. In 

this respect, the optimal geometric mean diameter (GMD) of the diet that maximizes FI 

and hen production is a major challenge for the egg industry. Most studies indicate that 

when allowed to choose, hens show a clear performance for coarse particles (Isa Brown, 

2009).  Herrera et al. (2017) reported that feed efficiency tended to improve when diets 

based on corn or barley were ground with a 6 to 12 mm screen compared with a 4-mm 

screen but no other production or egg quality traits were affected. The hypothesis of this 
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research was that the size of the screen used to grind the main cereal of the diet could 

affect hen production, and effect that could depend on the type of cereal used. The 

objective of this research was to evaluate the effects of the GMD of the main cereal of 

the diet on production and egg quality traits of brown-egg laying hens fed diets based on 

barley, corn, and wheat from 33 to 65 wk of age. 

2. Materials and methods 

2.1. Husbandry, diets, and experiment design 

The procedures described in this research were approved by the Animal Ethics 

Committee of Universidad Politécnica de Madrid and followed the Spanish guidelines 

for the care and use of animals in research (Boletín Oficial del Estado, 2007). In total, 

660 Lohmann Brown Classic hens were selected at random from an 80,000-bird flock at 

30 wk of age and housed in an environmentally controlled barn. Hens were randomly 

allotted in groups of 10 into 66 enriched cages (120 cm × 63 cm × 45 cm; Facco S.p.A., 

Padova, Italy) with similar average BW per cage. Then, the hens were fed a common 

diet based on equal proportions of corn, wheat, and barley for 3 wk and weighed again 

(1,811 ± 31.9 g BW). The cages were provided with an open trough feeder and 2 low 

pressure nipple drinkers. The lighting program consisted in 16 h light/day throughout 

the experiment. Room temperature was recorded daily during the experiment, with a 

maximum average value of 26 ± 3ºC (June, last period of the experiment) and a 

minimum of 21 ± 3°C (February). Feed in mash form and water were provided for ad 

libitum consumption.  

Three diets with similar CP (16.8%) and AMEn (2,740 kcal/kg) contents but 

differing in the main cereal used (corn, wheat, or barley) were formulated. Two batches 

of the experimental diets, with same ingredient composition were manufactured and 

used from 33 to 44 wk and from 45 to 64 wk of age, respectively. The diets met or 
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exceeded the nutrient requirements of laying hens as recommended by FEDNA (2008). 

All diets were supplemented with a commercial enzyme complex with xylanase and β-

glucanase activity (Roxazyme, DSM SA., Madrid, Spain). In the formulation of the 

diets it was assumed that the inclusion of the enzyme complex increased the AMEn 

content of the barley and wheat grains by 2% (from 2,800 to 2,856 kcal/kg of barley and 

from 3,150 to 3,213 kcal/kg of wheat) but had no effects on the energy content of the 

corn or of the other ingredients of the diets (FEDNA, 2010). Before feed manufacturing, 

a batch of each of the 3 cereals were divided into 2 portions and each portion was 

ground using a horizontal hammer mill (Mecafa S.A., Ciudad Real, Spain) provided 

with a 6- or a 10-mm screen and included as such in their respective experimental diets.  

The experiment was conducted as a completely randomized design with 6 diets 

arranged factorially with 3 main cereals and 2 GMD of the cereal. Each treatment was 

replicated 11 times and the experimental unit was the cage with 10 hens for all 

measurements. 

2.2. Laboratory analysis 

Representative samples of the feeds were ground using a laboratory mill (Retsch 

Model Z-I, Stuttgart, Germany) equipped with a 1-mm screen and analyzed for moisture 

by oven-drying (method 930.15), total ash in a muffle furnace (method 942.05), and 

nitrogen by Dumas (method 968.06) using a Leco analyzer (Model FP-528, Leco Corp., 

St. Joseph, MI) as described by AOAC International (2005). Ether extract was 

determined by Soxhlet analysis after 3 N HCl acid hydrolysis and crude fiber (CF) by 

sequential extraction with diluted acid and alkali (Boletín Oficial Estado, 1995). Gross 

energy was determined using an adiabatic bomb calorimeter (model 1356, Parr 

Instrument Company, Moline, IL, USA) with benzoic acid as the calibration standard. 
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The LNL content of the diets was determined by gas-liquid chromatography (GC-14B, 

Shimadzu, Kyoto, Japan) as shown by Grobas et al. (1999a) and the amino acid content 

by ion-exchange chromatography (Hewlett-Packard 1100, Waldbronn, Germany) after 

acid hydrolysis, as indicated by de Coca-Sinova et al. (2008). Particle size distribution 

and mean particle size of the diets, expressed as the GMD and geometric standard 

deviation (GSD; log normal SD), were determined in 100 g samples using a shaker 

equipment (Retsch, Stuttgart, Germany) provided with 8 sieves ranging in mesh from 

5,000 to 40 µm as indicated by ASAE (1995). All the analyses were conducted in 

duplicate except for the GMD of the diets that were determined in triplicate. The 

ingredient composition and chemical analyses of the diets are shown in Table 1. The 

GMD and GSD of the two batches of the diets used during the experiment are shown in 

Table 2. 

2.3. Measurements 

2.3.1. Hen production 

Egg production, feed disappearance, and BW of the hens were determined by 

cage at 4 wk intervals. Eggs produced the last 2 d of each week were weighed, and the 

average value of the 4 wk was used to estimate egg weight by period. From these data, 

ADFI, egg production, egg weight, egg mass, feed conversion ratio (FCR) per kilogram 

and per dozen of eggs, and BW gain of the hens were calculated for each of the 8 

periods and for the entire experiment (33 to 65 wk of age). Any mortality was recorded 

and weighed as produced. 

2.3.2. Egg quality 

Undergrades (dirty, broken, and shell-less eggs) were recorded daily by replicate 

in all eggs produced. An egg was considered as dirty when a spot of any kind or size 
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was detected on the shell (Lázaro et al., 2003). Other egg quality traits, including haugh 

units, shell strength, shell color, and shell thickness, were measured in 12 fresh eggs 

collected randomly from each cage replicate the last 2 d of each of the 8 experimental 

periods. Haugh units was measured using a multitester equipment (QCMSystem, 

Technical Services and Supplies, Dunnington, York, UK) as indicated by Pérez-Bonilla 

et al. (2012). Shell thickness, was measured at the two pole ends and at the middle 

section of the egg shell with a digital micrometer (model IT-014UT, Mitotuyo, 

Kawasaki, Japan). The average of the 3 measurements of each of the 12 eggs was used 

for further analyses (Safaa et al., 2008). Shell strength and shell color were measured in 

6 eggs collected randomly from each replicate on the same days. Shell strength, 

expressed in g/cm2, was evaluated applying increased pressure to the broad pole of the 

egg using a press meter (Egg Force Reader, SANOVO Technology A/S, Odense, 

Denmark) as indicated by Safaa et al. (2008). Shell color was measured using a Minolta 

colorimeter (Chroma Meter Model CR-200, Minolta Corp., Ramsey, NJ) and the Hunter 

color values, L* (lightness), a* (green to red), and b* (blue to yellow), were recorded 

(Table 3).  

2.4. Statistical analysis 

Data were analyzed as a completely randomized design with 6 treatments 

arranged as a 3x2 factorial with cereal and GMD of the diet as main effects using the 

MIXED procedure of SAS (SAS Institute, 2004). Results in tables are presented as 

means and differences were considered significant at P < 0.05. 
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3. Results 

The GMD was higher for the barley than for the corn diets with the wheat diets 

being intermediate in both periods (Table 2). Also, the GMD of the diets increased as 

the screen size used to grind the cereals increased. The GSD was lower for the barley 

diets than for the wheat or the corn diets and in all cases decreased as the screen size 

increased. 

3.1. Hen production and egg quality 

No interactions between the main cereal of the diet and the screen size used to 

grind the cereal were observed for any of the traits studied and consequently, only main 

effects are discussed. 

3.1.1. Main cereal of the diet 

Egg production, egg mass, ADFI, and BW gain were not affected by the main 

cereal of the diet in any of the periods considered (Figure 1). Mortality tended to be 

higher in hens fed corn than in hens fed wheat or barley (4.9% vs. 2.6 and 1.9%; P= 

0.06). Cumulatively (33 to 65 wk of age), egg weight was greater in hens fed barley 

than in hens fed corn or wheat (65.7 g vs. 64.7 and 64.4 g; P < 0.05; Table 3). Also, 

FCR tended to be better for the barley- than for the corn- or the wheat diets (1.94 vs. 

1.98 and 1.98; P = 0.07). None of the egg quality traits studied (percentage of broken 

and dirty eggs, egg shell-less eggs, Haugh units, strength, thickness, and color of the 

shell, and percentage of albumen, yolk, and shell of the eggs) was affected by the main 

cereal of the diet (Table 3). 

3.1.2. Screen size 

The screen size used to grind the cereal did not affect any of the egg production 

or egg quality traits studied. 
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4. Discussion 

The GMD of the diets was higher for the barley than for the corn diet with that 

of the wheat diet being intermediate. The differences reported were expected because 

the barley grain had very flexibles glumes and contain more neutral detergent fiber than 

the corn grain. Consequently, more barley particles pass intact through the screen, 

increasing the GMD of the diet. The GSD was higher for the corn- and wheat diets than 

for barley diets. On the other hand, the GMD and the GSD of the diets increased as the 

screen size used to grind the cereals increased. Similar results comparing these three 

cereals were reported by Perez-Bonilla et al. (2014) and Herrera et al. (2017), indicating 

that the structure of the feed depends not only on the size of the screen used but also on 

the characteristics of the grain. 

4.1. Main cereal of the diet  

Egg production, egg mass, ADFI, and BW gain were not affected by the main 

cereal of the diet, consistent with most published research in which the wheat and barley 

diets were supplemented with an adequate combination of exogenous enzymes (Pérez-

Bonilla et al., 2011; Herrera et al., 2017). However, hens fed barley produced heavier 

egg than hens fed corn or wheat. The information available on the effects of main cereal 

of the diet on egg size is scarce. Herrera et al. (2017) observed that egg size was greater 

in hens fed barley that in hens fed corn, in agreement with the data reported herein. In 

contrast, Coon et al. (1988) and Pérez-Bonilla et al. (2011) reported similar egg size in 

hens fed barley based diets than in hens fed corn based diets. The reason for the 

inconsistencies reported among researches is not known but might be related to 

differences in the physico-chemical characteristics of the cultivars and batch of cereal 

used in the different experiments or to changes in the ingredient composition of the 

diets which result of the different nutrient value of the cereals. In this respect, when 
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corn is substituted by barley, the level of supplemental fat and the LNL content of the 

diet increases to compensate for the lower AMEn content of barley. As has been shown 

by Jensen et al. (1958), Grobas et al. (1999 a,c), and Ravindran et al. (2014) an increase 

in these 2 dietary components might increase egg size. Published data on the minimum 

requirement of LNL to optimize egg size in laying hens are not consistent. Scragg et al. 

(1987) reported that brown egg-laying hens required more than 2.0% LNL to maximize 

egg size. Moreover, Lohmann (2016) recommend a minimum of 1.8% in diets for 

commercial laying hens. In contrast, Pérez-Bonilla et al. (2014) observed that egg size 

was maximized with as little as 1.1% of LNL in the diet. In fact, Grobas et al. (1999c) 

and Safaa et al. (2008) demonstrated that an increase in the LNL content of the diet 

from 1.15% to 1.65% and from 1.12% to 1.60%, respectively, did not affect egg weight 

in brown egg-laying hens from 22 to 65 wk and 59 to 70 wk of age, respectively. In 

these two experiments, however, egg size increased significantly when extra amounts of 

supplemental fat were included in the diet, irrespective of their LNL content. In the 

current experiment, feeding barley resulted in heavier eggs compared with feeding corn 

or wheat. Probably, the higher level of supplemental fat of the barley diets, compared 

with that of the corn and wheat diets (4.9% vs. 1.8 and 1.6%, respectively) rather than 

the LNL content that was high and above 1.8% in all cases, was responsible for the 

increase in egg weight observed in hens fed barley. The results reported herein are 

consistent with data of Herrera et al. (2017) who reported heavier eggs in hens fed diets 

based on barley containing 5.3% supplemental fat and 3.4% LNL than in hens fed diets 

based in corn containing 4.7% supplemental fat and 3.7% LNL. These results confirm 

that once the LNL requirement of the hens are reached (around 1.0 to 1.2% of the diet), 

an increase in the level of supplemental fat, rather than a further increase in LNL, is 

responsible for the increase in egg weight often observed.  
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For the entire experimental period, FCR tended to be better with the barley- than 

with the wheat- and corn diets. In the current research, we accepted that the exogenous 

enzymes increase the energy content of barley by 2%. Probably, the enzyme complex 

used improved the AMEn content of barley more than expected (Mateos et al., 2017a). 

In this respect, Lázaro et al. (2003) reported that the supplementation of the diet with a 

complex based on β-glucanase and xylanase, similar to that used in the current research, 

improved energy utilization of the barley diet by up to 5.5% whereas no improvement 

was observed for the wheat and corn diets.  

Mortality tended to be higher in hens fed corn than in hens fed wheat or barley, 

probably because of differences in CF among the diets (Mateos et al., 2012; 2017). 

Similarly, Hartini et al. (2002) reported higher mortality in laying hens fed corn diets 

than in laying hens fed barley diets (2.9% vs. 5.3% CF, respectively) from 17 to 24 wk 

of age. Diets with a low fiber content increase aggressiveness and feather pecking in 

poultry resulting in higher mortality. In this respect, Francesch et al. (2005) reported 

greater mortality in laying hens fed corn based diets than in laying hens fed barley based 

diets (4.3% vs. 5.1%, respectively) from 22 to 46 wk of age. 

4.2. Screen size 

It is widely accepted that, when allowed to choose, hens show a preference for 

consuming the larger feed particles. Consequently, finely ground diets might reduce 

voluntary FI (Safaa et al., 2009; Lohmann, 2016; Herrera et al., 2017, 2018) and 

therefore, egg size and egg production (Isa Brown, 2009). In the current research, 

however, the size of the screen used to grind the cereals had little effect on hen 

production or egg quality traits. Similarly, Herrera et al. (2017) did not detect any 

difference on these traits using screens varying in size from 6 to 12 mm. In contrast, 

Safaa et al. (2009) reported a significant 2.5% increase in FI in hens fed corn or wheat 
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ground with a 10-mm screen than in hens fed these same diets ground with a 6-mm 

screen, although, no differences in egg production or egg weight were detected. In 

general, the data reported herein show a trend for increases in FI, egg production, and 

egg weight in hens fed the 10-mm ground diets compared with hens fed the 6-mm 

ground diets, although the differences were significant only for some of the traits during 

the first part of the experiment. For example, egg mass was greater and FCR was better 

when the cereal was ground with a 10-mm screen from 33 to 49 wk of age with no 

effects from 49 to 65 wk of age. The data might indicate that laying hens respond better 

to increases in particle size of the diet at younger ages, with effects disappearing with 

age. In the current research, the differences in GMD between the coarse and the fine 

diets were 199 and 141 µm for barley, 260 and 155 µm for wheat, and 265 and 151 µm 

for corn for the first (33 to 44 wk) and second (45 to 64 wk) period, respectively, 

differences that were less than expected for the second period (Safaa et al., 2009; 

Herrera et al., 2017). The reason for the small difference in GMD between the 2 diets 

could be related to differences in the use time and worn-out of the screens or of other 

parts of the hammer used to grind the cereals in the two periods considered. For 

example, in the experiment of Safaa et al. (2009), in which the authors reported greater 

FI in hens fed diets based on corn or wheat ground with a 10-mm screen than in hens 

fed the same cereals ground with a 6-mm screen, the difference in GMD reported was of 

491 and 252 µm, respectively, greater than the differences reported in the current 

research. The possibility that the greater effect of increased particle size in the first 

period of the experiment compared to the second period could be due to differences in 

GMD of the diets cannot be ruled out.  

In conclusion, the main cereal of the diet did not affect FI, egg production, BW 

gain of the hens, or eggs quality traits of the hens. However, hens fed barley had less 
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mortality and produced heavier eggs than hens fed wheat or corn, probably because of 

the higher level of fiber that reduces feather pecking and of supplemental fat, that 

increases egg size, of the barley diets. Feed conversion ratio tended to be better in hens 

fed barley than in hens fed wheat or corn, suggesting that the enzyme complex used 

improved energy and nutrient utilization more than expected. The size of the screen size 

used to grind the cereals had little effect on egg production or egg quality. Barley and 

wheat, supplemented with adequate enzymes, can substitute up to 55% of the corn in 

diets for laying hens, without any adverse effect on production or egg quality traits. 
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Table 1. Ingredient composition and chemical analyses (%, as fed basis) of the 

experimental diets. 

 Corn  Wheat  Barley 

Ingredient       

  Barley  -  -         55.12 

  Corn         60.89   9.92     4.81 

  Wheat   -           55.08      - 

  Soybean meal (47% CP)         23.80           16.40         24.30 

  Calcium carbonate            8.20             8.50           8.50 

  Sunflower meal (35% CP)           2.70             6.20             - 

  Soy oil soapstock           1.80             1.60           4.90 

  Dicalcium phosphate           1.54             1.14           1.29 

  Sodium chloride           0.34             0.34           0.34 

  L-Lisine-HCl (78%)           0.02             0.10           0.02 

  DL-Methionine (99%)            0.21             0.22           0.22 

 Premix1           0.50             0.50           0.50 

Calculated analysis2                                     

 AMEn (kcal/kg)    2,740    2,740    2,740 

 Digestible amino acid                        

Lys           0.76             0.76           0.77 

Met           0.39             0.38           0.39 

Met + Cys           0.62             0.62           0.62 

Thr           0.55             0.50           0.53 

 Total ash         12.00           12.00         12.00 

 Neutral detergent fiber        8.56   10.33    12.62 

 Available P           0.38             0.38           0.38 

Determined analysis3                         

 Dry matter         90.10           90.20         90.0 

 Gross energy (kcal/kg)           3,661    3,601    3,752 

 Ether extract             3.70             2.90           5.80 

 Linoleic acid (C18:2)           2.20             1.80           2.60 

 Crude fiber           2.70             3.60           3.40 

 Crude protein         17.30           17.00         17.40 

 Total amino acid                         

Lys           0.94             0.93           0.95 

Met     0.39             0.40           0.42 

Met + Cys           0.63             0.62           0.64 

Thr           0.56             0.54           0.55 

 Total ash     11.80           12.10         11.80 

 Calcium           3.80             3.86           3.70 

 Phosphorus           0.60             0.63           0.58 
1Provided the following (per kilogram of diet): vitamin A (trans-retinyl acetate), 10,000 IU; 

vitamin D3 (cholecalciferol), 3,750 IU; vitamin E (dl-α-tocopheryl acetate), 10 mg; vitamin B1, 

1.3 mg; vitamin B2, 5 mg; vitamin B6, 2 mg; vitamin B12 (cyanocobalamin), 15 mg; niacin, 25 

mg; pantothenic acid (d-calcium pantothenate), 10 mg; folic acid, 1 mg; biotin, 15 mcg; choline 

(choline chloride), 250 mg; manganese (MnO), 90 mg; zinc (ZnO), 60 mg; iron (FeSO4.H2O), 40 

mg; copper (CuSO4 5H2O), 8 mg; iodine [Ca(IO3)2], 0.7 mg; selenium (Na2SeO3), 0.3 mg; 

Roxazyme, 200 mg [1,600 U of endo-1,4-β-glucanase (EC 3.2.1.4), 3,600 U of endo-1,3 (4)-β-
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glucanase (EC 3.2.1.6), and 5,200 U of endo-1,4-β-xylanase (EC 3.2.1.8)] supplied by DSM S.A., 

Madrid, Spain; Natuphos 5,000 (300 FTU/kg supplied by Basf Española, S.A., Tarragona, Spain), 

60 mg. All diets included 0.18 g canthaxantin/kg. The barley and wheat diets included also 0.18 

g/kg and 0,16 g/kg, respectively of the ester of β-apo-8-carotenoic/kg (supplied by Basf Española, 

S.A., Tarragona, Spain). 

2According to FEDNA (2010). 

3Data correspond to the average of duplicate analyses of the 2 diets differing in the GMD of the 

cereal used in the 2 batches manufactured (33 to 44 wk and 45 to 64 wk of age). Within 

each cereal type, the determined chemical analyses were similar for the 2 diets (CV below 4%). 

 

 

 

Table 2. Geometric mean diameter (GMD, µm) and geometric standard deviation 

(GSD) of the experimental diets 

Period  
Screen size 

Corn  Wheat Barley Mean 

33 to 44 wk 

of age 

6 mm     940 ± 2.13 1,010 ± 2.14 1,181 ± 2.09 1,044 ± 2.13 

10 mm  1,205 ± 2.16 1,270 ± 2.12 1,380 ± 2.05 1,285 ± 2.12 

Mean   1,072 ± 2.17 1,140 ± 2.14 1,280 ± 2.08 1,164 ± 2.14 

45 to 54 wk 

of age 

6 mm     972 ± 2.21 1,116 ± 2.26 1,245 ± 2.11 1,111 ± 2.19 

10 mm  1,123 ± 2.19 1,271 ± 2.19 1,386 ± 2.02 1,260 ± 2.13 

Mean   1,047 ± 2.20 1,193 ± 2.23 1,315 ± 2.06 1,185 ± 2.14 
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Table 3. Influence of the main cereal of the diet and the screen size used to grind the cereal on hen production 

and egg quality from 33 to 65 wk of age 

 
 Cereal   Screen size (mm) 

SD1 

Probability2 

 
 Corn Wheat  Barley  6 10 Cereal Screen size 

Hen production          

 Egg production (%) 89.1 89.4 89.2  89.0 89.4   1.45 0.96 0.68 

 Feed intake (g/d) 114.2 114.5 113.8  113.5 114.1   2.63 0.54 0.13 

 Egg weight (g) 64.7b 64.4b 65.7a  64.8 65.1   1.36 0.01 0.48 

 Egg mass (g/d) 57.6 57.6 58.6  57.7 58.2   2.86 0.40 0.47 

 FCR3 (kg/kg) 1.98 1.98 1.94  1.96 1.96   0.09 0.07 0.94 

 FCR3 (kg/dozen) 1.55 1.55 1.54  1.55 1.55   0.09 0.69 0.81 

 BW (g) 1,875 1,851 1,844  1,865 1,849 62.0 0.22 0.31 

 Mortality (%)   4.9 2.6  1.9  3.4 2.8   0.92 0.06 0.58 

Egg quality          

 Haugh units4           88.6   88.7 88.5    88.6   88.6   1.35 0.78 0.95 

 Dirty eggs5 (%)         1.8 1.5 1.5  1.4 1.7   0.75 0.23 0.16 

 Broken eggs5 (%)         0.5 0.6 0.7  0.7 0.6   0.65 0.35 0.72 

 Shell-less eggs5 (%)         0.2 0.2 0.2  0.2 0.2   0.37 0.95 0.61 

 Shell thickness5 (mm) 0.372 0.375   0.371  0.372 0.375   0.01 0.31 0.35 

 Shell strength5 (g/cm2) 4,299 4,419 4,237  4,328 4,309   0.34 0.25 0.82 

 Shell color5,6          

    L 18.4 18.1 18.4  18.2 18.3   0.85 0.12 0.39 

    A 30.0 29.6 29.6  29.7 29.8   0.86 0.33 0.23 

    B 62.6 63.3 62.8  62.9 62.8   1.48 0.21 0.48 

Egg constituents (% of the eggs)  

 Albumen 59.7 59.8 60.0  59.7 60.0   1.13 0.49 0.28 

 Yolk  27.0 27.0 26.8  27.0 26.9   0.84 0.39 0.40 

 Shell  13.2 13.2 13.2  13.3 13.2   0.70 0.54 0.50 
a-bWithin a row, means without a common superscript differ significantly.  

122 and 33 replicates for the main cereal and for the screen size effects. 

2The interactions between main effects was not significant for all variables (P > 0.10). 

3Feed conversion ratio. 

4Haugh units  

5Data for dirty, broken, and shell-less eggs correspond to the average of all eggs produced during the 5 periods of 

the experiment. 

6Hunter color values, L* (lightness), a* (green to red), and b* (blue to yellow). 

7Data for these variables correspond to the means of 12 fresh eggs of the 5 periods (28 days each one)  
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Figure 1. Effect of the main cereal of the diet on egg production (A), ADFI (B), 

egg weight (C), egg mass (D), and feed conversion ratio (FCR) per kg of eggs (E) 

from 33 to 65 wk of age 

 
NSP > 0.1; +0.1 > P > 0.05; *0.05 >P > 0.01.; **0.01 > P> 0.005; ***0.005 > P > 

0.001. 
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Figure 2. Effect of screen size used to grind the cereal of the diet on egg production 

(A), ADFI (B), egg weight (C), egg mass (D), and feed conversion ratio per kg of eggs 

(E), of the hens from 33 to 65 wk of age 

 
NSP > 0.1; +0.1 > P > 0.05; *0.05 >P > 0.01.; **0.01 > P> 0.005; ***0.005 > P > 

0.001. 
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1. Introduction 

Corn (Zea mays L.) and barley (Hordeum vulgare L.) are extensively used in 

diets for laying hens. As an average, corn has less protein (7.5 vs. 11.3%) but more 

starch (63.3 vs. 51.1%), EE (3.6 vs. 2.0%), linoleic acid (LNL; 1.81 vs. 0.78%), and 

energy (3,280 vs. 2,800 kcal AMEn/kg) than barley (FEDNA, 2010). In addition, the 

nutritive value of corn is less variable than that of barley, probably because of its lower 

content in non-starch polysaccharides (NSP) (García et al., 2008; Jacob and Pescatore, 

2012). The β-glucans and arabino-xylans present in barley increase digesta viscosity and 

might affect the development of the gastrointestinal tract (GIT) (Mateos et al., 2002), 

nutrient digestibility and absorption (Lázaro et al., 2003a), and bird performance 

(García et al., 2008). A high content in NSP is associated also with an increase in the 

incidence of dirty eggs (Francesch et al., 1995; Lázaro et al., 2003a). Enzyme 

supplementation (ES), however, reduces or even eliminates the negative effects of NSP 

on nutrient digestibility and egg production, improving the feeding value of barley 

(Gracia et al., 2003; Saki et al., 2010).  

Ingredient composition and size of the screen used to grind the cereals affect the 

structure and particle size of the diet. Mechanoreceptors located in the beak detect 

differences in texture which might affect feed intake (FI) and performance in broilers 

(Amerah et al., 2007; Jiménez-Moreno et al., 2016) and laying hens (Safaa et al., 2009; 

Pérez-Bonilla et al., 2014). A reduction in particle size facilitates the contact between 

nutrients and endogenous enzymes, improving nutrient digestibility (Parsons et al., 

2006). However, fine particles result often in a less developed gizzard and GIT (Hetland 

et al., 2002) which might affect poultry performance (Nir et al., 1994a; González- 

Alvarado et al., 2007). On the other hand, when the diets are coarsely ground, bird 

selection increases which may affect feed efficiency (Nir et al., 1994b). These opposite 
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effects might counteract each other and the final effect on hen productivity might 

depend on factors such as the characteristic and the ingredient composition of the 

experimental diets. However, no research is available comparing the influence of corn 

or barley of diets ground with different screen size on productive performance of hens. 

Body measurements are useful criteria to predict body composition and the size and 

future performance of birds, including broilers (Van Roovert-Reijrink, 2013), pullets 

(Guzmán et al., 2015), and laying hens (Guzmán et al., 2016). However, the information 

available on the effects of the particle size and the characteristics of the diet on these 

variables in laying hens is scarce. 

The hypothesis of this research was that screen size used to grind the cereal 

could affect FI, GIT development, and egg production in laying hens, effects that could 

vary depending on the cereal. The objective of this research was to compare the effects 

of the screen size used to grind the cereal on egg production, egg quality, GIT traits, and 

body measurements of brownegg laying hens fed diets based on corn or barley. 

2. Materials and methods 

2.1. Husbandry, diets, and experiment design 

The procedures described in this research were approved by the Animal Ethics 

Committee of Universidad Politécnica de Madrid, in compliance with the Spanish 

guidelines for the care and use of animals in research (Boletín Oficial del Estado, 2007). 

In total, 500 Lohmann Brown Classic hens were housed at 16wk of age in an 

environmentally controlled barn. Hens were weighed individually at 17 wk of age 

(1,407 ± 31.9 g BW) and randomly allotted in groups of 10 into 50 enriched cages (40 

cm × 80 cm × 68 cm; Facco S.p.A., Padova, Italy) with similar average BW per cage. 

The cages were provided with an open trough feeder and 2 low pressure nipple drinkers. 

Room temperature was recorded daily throughout the experiment, with a maximum 
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average value of 26 ± 3oC (July, first period of the experiment) and a minimum of 21 ± 

3◦C (February, last period of the experiment). Feed in mash form and water were 

provided for ad libitum consumption. The lighting program consisted in 16 h of light 

per day throughout the experiment. 

Two diets with similar AMEn (2,750 kcal/kg) and CP (17.5%) content but 

differing in the main cereal used (corn vs. barley) were formulated. The diets met or 

exceeded the nutrient requirements of laying hens as recommended by FEDNA (2008). 

All diets were supplemented with the same dose of a commercial enzyme complex with 

xylanase and β-glucanase activity (Roxazyme, DSM S.A., Madrid, Spain). In the 

formulation of the diets it was accepted that the inclusion of the enzyme complex 

increased the AMEn content of the barley by 2% (from 2,800 to 2,856 kcal/kg) but had 

no effects on the energy content of any of the other ingredients of the diet (FEDNA, 

2010). Before feed manufacturing, the batch of each of the 2 cereals was divided into 5 

portions, and each portion was ground using a horizontal hammer mill (Mecafa S.A., 

Ciudad Real, Spain) provided with a 4, 6, 8, 10, or 12 mm screen and then included in 

their respective experimental diets. 

The experiment was conducted as a completely randomized design with 10 diets 

in a factorial arrangement with 2 main cereals and 5 screen size used to grind the cereal. 

Each treatment was replicated 5 times and the experimental unit was the cage with 10 

hens for all measurements. 
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2.2. Laboratory analysis 

Representative samples of the feeds were ground using a laboratory mill (Retsch 

Model Z-I, Stuttgart, Germany) equipped with a 1-mm screen and analyzed for moisture 

by the oven-drying (method 930.15), total ash in a muffle furnace (method 942.05), and 

nitrogen by Dumas (method 968.06) using a Leco analyzer (Model FP-528, Leco Corp., 

St. Joseph, MI) as indicated by AOAC International (2005). Ether extract, gross energy, 

and the neutral detergent fiber were determined as indicated by Pérez-Bonilla et al. 

(2011) and expressed on an ash-free basis. The LNL content of the diets was determined 

by gas-liquid chromatography (GC-14B, Shimadzu, Kyoto, Japan) as shown by Grobas 

et al. (1999a) and the amino acid (AA) content by ion-exchange chromatography 

(Hewlett- Packard 1100, Waldbronn, Germany) after acid hydrolysis, as indicated by de 

Coca-Sinova et al. (2008). Particle size distribution and mean particle size of the diets, 

expressed as the geometric mean diameter (GMD) and geometric standard deviation 

(log normal SD; GSD), were determined in 100 g samples using a shaker equipment 

(Retsch, Stuttgart, Germany) provided with 8 sieves ranging in mesh from 5,000 to 40 

μm as indicated by ASAE (1995). All the analyses were conducted in duplicate except 

for the GMD of the diets that was determined in triplicate. The ingredient composition 

and chemical analyses of the diets and their GMD and particle size distribution are 

shown in Tables 1 and 2 and Figure 1, respectively. 

2.3. Measurements 

2.3.1. Hen productivity  

Feed disappearance, egg production, and BW of the hens were determined by 

age at 4 wk intervals. Any mortality was recorded and weighed as produced. All eggs 

produced the last 2 d of each week were weighed, and the average value of the 4 weeks 

was used to estimate egg weight by period. From these data, ADFI, egg production, egg 
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weight, egg mass, feed conversion ratio (FCR) per kilogram and per dozen of eggs, and 

BW gain were calculated by period as well as for the entire experiment (17 to 49wk of 

age). 

2.3.2. Egg quality  

The number of undergrades, dirty, broken, and shell-less eggs was recorded 

daily by replicate in all eggs produced. An egg was considered as dirty when a spot of 

any kind or size was detected on the shell. Other egg quality traits, including yolk color, 

Haugh units, and shell thickness were measured in 12 fresh eggs collected randomly 

from each cage replicate the last 2 d of each of the 8 experimental periods. Haugh units 

and yolk color (Roche Color Fan) were measured using a multitester equipment 

(QCMSystem, Technical Services and Supplies, Dunnington, York, UK). Shell 

thickness was measured at the two pole ends and at the middle section of the egg shell 

with a digital micrometer (model IT-014UT, Mitotuyo, Kawasaki, Japan) and the 

average of the 3 measurements of each of the 12 eggs was used for further analyses. 

Shell strength and shell color were measured in 6 eggs collected randomly from each 

replicate the same days. Egg shell strength, expressed in g/cm2, was evaluated applying 

increased pressure to the broad pole of the egg using a press meter (Egg Force Reader, 

SANOVO Technology A/S, Odense, Denmark). Shell color was measured using a 

Minolta colorimeter (Chroma Meter Model CR-200, Minolta Corp., Ramsey, NJ) and 

the Hunter color values, L∗ (lightness), a∗ (green to red), and b∗ (blue to yellow), were 

recorded. 
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2.3.3. Gastrointestinal tract traits and body measurements 

At 49 wk of age, after the corresponding performance control, 2 hens per 

replicate were randomly selected, weighed individually, and euthanized by CO2 

inhalation. The digestive tract, from the post-crop esophagus to the cloaca, including the 

digesta content and the annex organs (liver, pancreas, and spleen) was removed and 

weighed. Then, the proventriculus, gizzard, and the liver were excised and weighed and 

the weight expressed relative to BW. In addition, the gizzard was emptied from any 

digesta content, cleaned, dried with desiccant paper, and weighed again. The weight of 

the digesta content of the gizzard was expressed relative to the full organ weight (%). 

Gizzard pH was measured in situ in all these hens in duplicate using a digital pH meter 

fitted with a fine tip glass electrode (model 507, Crison Instruments S.A., Barcelona, 

Spain) as indicated by Jiménez-Moreno et al. (2009a). The length of the duodenum 

(from the gizzard to the pancreo-biliary ducts), jejunum (from the pancreo-biliary ducts 

to the Meckel’s diverticulum), ileum (from the Meckel’s diverticulum to the ileo-cecal 

valvue), and the two ceca (from the ostium to the tip of the right and left ceca) were 

measured on a glass surface using a flexible tape with a precision of 1 mm. The length 

of the small intestine was determined by adding that of the duodenum, jejunum, and 

ileum. In addition, hen length, from the tip of the beak to the end of the longest phalanx, 

was measured in extended birds as indicated for the small intestine and body mass index 

(BMI) was estimated. Also, the length and diameter of the tarsus of these hens were 

measured with the aid of a digital caliper and expressed relative to BW. The average 

value of the 2 hens was used for further statistical analysis. 

 

 



Chapter 3: Particle size and hen productivity 

53 
 

2.4.  Statistical analysis  

Data were analyzed as a completely randomized design with 10 treatments 

arranged as a 2 × 5 factorial with main cereal of the diet and screen size used as main 

effects using the MIXED procedure of SAS (SAS Institute, 2004). In addition, treatment 

sum of squares of the effects of screen size on all variables studied was partitioned into 

the linear and quadratic components. Also, a non-orthogonal contrast comparing the 

effects of the average of the 2 diets based on corn or barley ground through a 4-mm 

screen and the average of all the other diets (ground through a 6- to 12-mm screen size) 

was included in the statistical analysis. The Pearson correlation analyses (SAS Institute, 

2004) was used to study the effect of diet on the relation between BW and BMI, body 

length, tarsus length, and tarsus diameter of the hens at 49 wk of age. Results in tables 

are presented as means and differences were considered significant at P < 0.05. 

3. Results 

The GMD was higher for the barley than for the corn diets and increased as the 

screen size used to grind the cereals increased (Table 2). The GSD, however, was higher 

for the corn than for the barley diets and increased with the size of the screen used. 

3.1.  Hen productivity and egg quality  

Mortality was 0.6% and was not related to any treatment (data not shown). No 

interactions between main cereal of the diets and the screen size used were observed for 

any of the traits studied and therefore, only main effects are discussed. 

3.1.1. Main cereal of the diet  

For the entire experimental period, none of the production traits studied, except 

egg weight that tended (P = 0.092) to increase with barley, were affected by the main 

cereal of the diet (Table 3). In fact, egg production, ADFI, and BW gain were not 
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affected by the main cereal in any of the periods studied. Egg mass, however, increased 

with barley feeding in some of the periods considered (Figure 2). The main cereal of the 

diet did not affect any of the egg quality traits studied (dirty, broken, and shell-less 

eggs, Haugh units, and strength, thickness, and color of the shell) (Table 3). 

3.1.2. Screen size  

From 17 to 49 wk of age, the screen size used to grind the cereal did not affect 

any of the production or egg quality traits studied, except for FCR that tended (P = 

0.081) to be higher in hens fed the 4- mm screen ground diet as compared with the 

average of hens fed the 6- to 12-mm screen ground diets (Table 3). Egg production, egg 

mass, and FCR were affected by the screen size used to grind the cereal in some of the 

periods considered (Figure 3). The screen size used to grind the cereal did not affect any 

of the egg quality traits studied. 

3.2.  Gastrointestinal tract traits and body measurements 

3.2.1. Main cereal of the diet  

At the end of the experiment, the GIT (126 vs. 122 g/kg BW; P < 0.05) and the 

gizzard (29.1 vs. 27.7 g/kg BW; P < 0.05) were heavier in hens fed barley than in hens 

fed corn. Gizzard pH, gizzard content, and body measurements traits, however, were not 

affected by the main cereal of the diet (Tables 4 and 5). 

3.2.2. Screen size 

The relative weight of the full gizzard (P < 0.01), GIT (P = 0.089), and liver (P = 

0.056) increased linearly as the screen size used increased (Table 4). Body 

measurements, however, were not affected by the screen size (Table 5). 
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 A significant positive relation between BW of the hens and BMI (P < 0.001), 

body length (P < 0.05), and tarsus length and diameter (P < 0.01) were observed at 49 

wk of age (Table 6). 

4. Discussion   

The chemical composition of the experimental diets was close to expected 

values, confirming that the ingredients were mixed correctly. The GMD was greater for 

the barley than for the corn diets, in agreement with data of Pérez-Bonilla et al. (2011). 

The glumes of the barley grains are coarse and flexible and barley has a higher NDF 

content than corn. Consequently, the chances of the fiber fraction of barley passing 

intact through the screen increase, resulting in an increase in the GMD of the diet. In 

contrast, the GSD was higher for the corn than for the barley diets, in agreement with 

data of Pérez-Bonilla et al. (2014) comparing different types of grinding in diets for 

laying hens. The data suggest that the structure of the feed (mean particle size and 

uniformity) depends not only on the size of the screen but also on the characteristics of 

the grain used. As expected, the GMD of the diets increased as the screen size 

increased. In fact, the GMD of the diet (average of the corn and barley diet) increased 

by 42.3% (1,003 to 1,427 μm) as the size of the screen increased from 4 to 12 mm. The 

GSD tended to increase with increases in screen size. 

4.1.  Hen productivity and egg quality 

4.1.1. Main cereal of the diet  

For the entire experimental period, the main cereal of the diet did not affect egg 

production, ADFI, FCR, or egg quality traits, results that agree with previous studies 

(Safaa et al., 2009; Pérez-Bonilla et al., 2011). In contrast, Coon et al. (1988) reported 

higher ADFI but reduced feed efficiency in hens fed barley than in hens fed corn but in 

this research the diets were not supplemented with enzymes. Yu et al. (1998) reported 
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also better growth performance of broilers when fed a corn diet than when fed a barley 

diet supplemented with enzymes. The chemical composition and nutritive value of 

barley is less uniform than that of corn because of its higher content in NSP (Jacob and 

Pescatore, 2012). Consequently, the use of corn favors poultry performance as 

compared with the use of barley. However, the potential differences in nutritive value 

among the two cereals might be reduced and even disappear when the barley diets are 

supplemented with adequate exogenous enzymes (Lázaro et al., 2003a; Gracia et al., 

2003; Pérez-Bonilla et al., 2011), as occurred in the current experiment. On the other 

hand, moisture content is more variable in corn than in barley (FEDNA, 2010). 

Consequently, FCR could increase in those flocks fed diets based on corn with a higher 

moisture content.  

Eggs tended to be heavier in hens fed barley than in hens fed corn. The 

information available on the effects of the main cereal of the diet on egg weight is 

limited and conflicting, with reports showing higher (Nahashon et al., 1994; Lázaro et 

al., 2003a), similar (Brufau et al., 1994; Pérez-Bonilla et al., 2011), or reduced (Coon et 

al., 1988) egg weight with barley. Total sulfur AA, LNL, and supplemental fat are the 

main dietary factors affecting egg weight in commercial layer operations (Grobas et al., 

1999b; Safaa et al., 2008). In the current research, the contents in TSAA and all others 

indispensable AA of the 2 diets was above recommendations (FEDNA, 2008; Lohmann, 

2014) and the LNL content was also in excess of hen requirements for optimal hen 

productivity (Grobas et al., 1999a). Consequently, no effect of an excess of TSAA or 

LNL on egg production was expected. On the other hand, the level of supplemental fat 

was higher for the barley than for the corn diet (5.3 vs. 4.7%) which might have resulted 

in the small increase in egg weight observed (Pérez-Bonilla et al., 2011). 
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4.1.2. Screen size 

In the current research, FI was not affected by the screen size used to grind the 

cereal. Most published research, however, showed that hens had a preference for larger 

feed particles and that fine grinding reduced voluntary FI in laying hens (Safaa et al., 

2009). In this respect, Safaa et al. (2009) observed a 2.5% greater FI in hens fed corn or 

wheat ground with a 10-mm screen than in hens fed the same cereals ground with a 6-

mm screen. Moreover, many laying hens management guides (i.e., Lohmann, 2014) 

recommend the use of coarse texture diets when the objective is to maximize FI. In this 

respect, Nir et al. (1994b) indicated that coarse particles are better adapted to the size of 

the beak than fine particles. The lack of effect of the screen size used to grind the cereal 

on FI of the hens observed in the current experiment is not consistent with most 

published research and we do not have a clear explanation for the difference in behavior 

observed. In our research, the proportion of very fine particles (<315 μm) was low in all 

the diets (between 7.9% for the 4-mm screen diet and 4.0% for the 12-mm screen diet) 

which might have reduced the negative impact of fine grinding on FI. In addition, all 

diets included extra amounts of supplemental fat (4.7 to 5.3%) which could have reduce 

dust formation and hen selection. The data suggest that laying hens adapt well their 

voluntary FI to diets varying widely in particle size, provided that the proportion of very 

fine particles is limited and that some extra supplemental fat is included in the diet. 

In the current research, FCR from 17 to 49 wk of age tended to be reduced in 

hens fed the 4-mm screen ground diets as compared with the average of the hens fed the 

other diets. Also, a reduction in egg production and egg mass was observed in hens fed 

the 4-mm screen ground diet in some of the feeding periods. The available data on the 

effects of coarse particle size on nutrient digestibility and feed efficiency in poultry are 

contradictory with some research showing an improvement (Nir et al., 1994a,b; Röhe et 
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al., 2014; Ruhnke et al., 2015) and some research showing no effects (Maclsaac and 

Anderson, 2007; Safaa et al., 2009). Coarsely ground diets have a stimulating effects of 

the development of the GIT, improving gizzard and pancreas weight (Röhe et al., 2014) 

and starch digestibility (Ruhnke et al., 2015). Fine particles, however, are not retained 

for long in the gizzard, which reduce gizzard activity and nutrient digestibility in 

poultry (Nir et al., 1994a; Mateos et al., 2012). In this respect, Amerah et al. (2007) 

suggested that coarse particles increase the antiperistaltic movements in the GIT of the 

birds, leading to better mixing and utilization of the nutrients. Also, a reduction in 

particle size increases the surface of contact between nutrients and endogenous enzymes 

which might favor nutrient digestibility (Amerah et al., 2007). On the other hand, the 

vitamins, minerals, and crystalline AA might concentrate in the fine fraction of the diet. 

Consequently, a preference for coarse particles affects the balance of nutrients ingested, 

which eventually might reduce egg weight and hen production. These opposite effects 

of particle size on feed efficiency might counteract each other, and the final outcome 

might depend on factors such as ingredient composition of the diet and age, 

management, and health status of the birds. 

The screen size used to grind the cereal did not affect any of the egg quality 

traits studied. Most published data (Safaa et al., 2009) do not show any influence of 

particle size on egg traits, including different measurements of shell and albumen 

quality. Moreover, Hafeez et al. (2015) indicated that differences in albumen weight and 

shell quality due to particle size were of little practical interest. Also, these authors 

recorded that the proportion of shell, yolk, and albumen of the eggs were not affected by 

particle size. Consequently, the screen size use to grind the cereal can be modified 

according to specific requirements without any effect on egg quality. 
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4.2.  Gastrointestinal tract traits and body measurements  

4.2.1. Main cereal of the diet  

None of the GIT traits studied was affected by the main cereal of the diet, except 

the gizzard that was heavier in hens fed barley. The GMD of the diets was greater for 

the barley than for the corn diets and coarser particles are associated with greater 

development of the gizzard in broilers (Nir et al., 1994a) and pullets (Saldaña et al., 

2015b). Also, the NDF content was higher (11.3 vs. 10.4%) in the barley than in the 

corn diets and consequently, barley feeding might stimulate more gizzard and GIT 

development than corn feeding (González-Alvarado et al., 2007; Mateos et al., 2012; 

Sacranie et al., 2012). 

4.2.2. Screen size  

None of the GIT traits studied were affected by the screen size, except gizzard 

weight that increased as the screen size used to grind the cereal increased, in agreement 

with the data of Röhe et al. (2014). Fine particles pass faster through the upper part of 

the GIT than coarse particles (Hetland et al., 2002) and consequently, gizzard size and 

function will increase with coarse grinding (Jiménez-Moreno et al., 2009b; Mateos et 

al., 2012). 

Body mass index, body length, and tarsus length and diameter are used to 

estimate the BW and size of broilers (Van Roovert-Reijrink, 2013), pullets (Saldaña et 

al., 2015b), and laying hens (Guzmán et al., 2016). In the current research, none of these 

traits was affected by the main cereal of the diet or the screen size used to grind the 

cereal, results that are consistent with the lack of effect of the characteristics of the diets 

on BW gain. On the other hand, the significant positive relation detected between BW 

and BMI, body length, and tarsus length and diameter, confirm that these traits can be 

used as good estimators of BW in hens. 
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In summary, barley can substitute up to 45% of the corn in diets for laying hens 

provided that the feed is supplemented with adequate enzymes. The size of the screen 

used to grind the cereal had no impact on hen productivity or egg quality provided that 

the proportion of very fine particles (<160 μm) remains low and that the diets are 

supplemented with fat. Gizzard development, however, improves as the screen size 

increases. The data suggest that corn and barley ground through a 6 to 10-mm screen 

can be used indistinctly in diets for laying hens, without any effect on hen performance. 
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Table 1. Ingredient composition and chemical analyses (%, as fed basis, unless 

otherwise indicated) of the experimental diets  

  Corn  Barley 

Ingredient                     

Corn                45.00                12.50 

Barley                  8.80                45.00 

Soybean meal, 47% CP                20.80                25.20 

Sunflower meal, 34% CP                10.00                  1.20 

Soy oil soapstock                  4.70                  5.30 

Dicalcium phosphate                  1.49                  1.42 

Calcium carbonate                   8.22                  8.36 

Sodium chloride                  0.35                  0.35 

DL-methionine, 99%                  0.14                  0.17 

Vitamin and mineral premix1,2                  0.50                  0.50 

Calculated analyses3                                     

DM                 89.20                90.50 

AMEn (kcal/kg)           2,750           2,750 

Ether extract                   7.10                  6.90 

Linoleic acid (C18:2)                   3.60                  3.30 

Crude fiber                   4.40                  3.60 

Neutral detergent fiber                 10.40                11.30 

CP                 17.50                17.50 

Digestible amino acidc                                      

Lys                   0.79                  0.80 

Met                   0.36                  0.36 

Met+cys                   0.60                  0.60 

Thr                   0.57                  0.56 

Ash                 12.40                12.60 

Calcium                   3.80                  3.80 

Digestible phosphorus                   0.35                  0.35 

Determined analyses4                     

DM                 89.60                90.30 

Gross energy (kcal/kg)           4,305           4,290 

Ether extract                   7.10      7.50 

Linoleic acid (C18:2)                   3.75      3.40 

Neutral detergent fiber                 10.00    11.30 

CP                 17.80                18.00 

Total amino acid                                      

Lys                   0.85                  0.82 

Met                   0.40                  0.43 

Met+cys                   0.64                  0.66 

Thr                   0.61                  0.63 

Ash                 12.30                12.80 
1Provided the following (per kilogram of diet): vitamin A (trans-retinyl acetate), 10,000 IU; vitamin D3 

(cholecalciferol), 3,750 IU; vitamin E (dl-α-tocopheryl acetate), 10 mg; vitamin B1, 1.3 mg; vitamin B2, 5 mg; vitamin 

B6, 2 mg; vitamin B12 (cyanocobalamin), 13 mg; niacin, 25 mg; pantothenic acid (d-calcium pantothenate), 10 mg; 
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folic acid, 1 mg; biotin, 13 mcg; choline (choline chloride), 250 mg; manganese (MnO), 88 mg; zinc (ZnO), 63 mg; 

iron (FeSO4.H2O), 38 mg; copper (CuSO4 5H2O), 8 mg; iodine [Ca(IO3)2], 0.7 mg; selenium (Na2SeO3), 0.3 mg; 

Roxazyme, 200 mg [1,600 U of endo-1,4-β-glucanase (EC 3.2.1.4), 3,600 U of endo-1,3 (4)-β-glucanase (EC 3.2.1.6), 

and 5,200 U of endo-1,4-β-xylanase (EC 3.2.1.8)] supplied by DSM S.A., Madrid, Spain; Natuphos 5,000 (300 FTU/kg 

supplied by Basf Española, S.A., Tarragona, Spain), 60 mg. 

2All diets included 2.4 g canthaxantin/kg. The barley diet included also 1.7 g of ester of β-apo-8-carotenoic/kg 

(supplied by Basf Española, S.A., Tarragona, Spain). 

3According to FEDNA (2010). 

4Data correspond to the average of analyses conducted by duplicate in the 5 diets that differed in the size of the screen 

used per each cereal. Within each cereal, the determined chemical analyses were similar for the 5 diets, with a CV 

below 5% in all cases 

 

 

Table 2. Geometric mean diameter (GMD1 ± GSD2, µm) of the experimental diets  

Screen size (mm) 
 Cereal  

Mean 
 Corn  Barley  

  4     960 ± 2.07  1,045 ± 2.01  1,003 ± 2.04 

  6  1,041 ± 2.12  1,165 ± 2.07  1,103 ± 2.10 

  8  1,180 ± 2.20  1,335 ± 2.06  1,258 ± 2.13 

  10  1,232 ± 2.21  1,458 ± 2.08  1,345 ± 2.15 

  12  1,302 ± 2.20  1,551 ± 2.07  1,427 ± 2.14 

       

Mean  1,143 ± 2.16  1,311 ± 2.06   
1GMD = Geometric mean diameter. 

2GSD = Geometric standard deviation (Log normal SD). 
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Table 3. Influence of the main cereal of the diet and the screen size used to grind the cereal on hen productivity and egg quality from 17 to 49 wk of age 

  Main cereal   Screen size (mm)   
SD1 

  Probability2,3 

 
Corn 

 
Barley 

 

4 
 

6 
 

8 
 

10 
 

12 
  

1 
 

2 
 

3 

 Productivity                      

  Egg production (%) 93.3  93.3  92.7  93.4  93.4  93.8  93.2  1.44  0.946  0.342  0.140 

  ADFI (g/d) 112.1  112.9  112.4  112.4  112.3  112.6  112.8  2.07  0.220  0.571  0.824 

  FCR4 (kg/kg) 1.96  1.95  1.98  1.95  1.95  1.95  1.95  0.041  0.310  0.304  0.081 

  FCR (kg/dozen) 1.44  1.45  1.46  1.44  1.44  1.44  1.45  0.027  0.308  0.653  0.236 

  Egg weight (g) 61.5  62.2  61.5  62.0  61.8  61.7  62.3  1.44  0.092  0.398  0.413 

  Egg mass (g/d) 57.4  58.1  57.1  58.0  57.8  58.0  58.1  1.48  0.119  0.195  0.109 

  BW gain (g) 565   564   599   550   538   574   561   36.5 
 

0.998 
 

0.856 
 

0.672 

 Egg quality traits5                      

  Dirty eggs (%) 1.47  1.30  1.30  1.34  1.50  1.43  1.46  0.402  0.295  0.309  0.628 

  Broken eggs (%) 0.46  0.65  0.49  0.73  0.44  0.31  0.80  0.460  0.140  0.684  0.163 

  Shell-less eggs (%) 0.13  0.15  0.18  0.16  0.10  0.13  0.14  0.142  0.686  0.526  0.723 

  Haugh units 88.5  88.8  88.8  88.5  88.4  88.4  89.1  1.27  0.360  0.672  0.595 

  Yolk color 10.7  10.7  10.6  10.7  10.6  10.7  10.7  0.25  0.955  0.355  0.200 

  Shell strength (g/cm2) 5,165  5,147  5,194  5,232  5,221  5,155  4,977  412  0.880  0.221  0.993 

  Shell thickness (mm) 0.382  0.382  0.383  0.381  0.380  0.382  0.383  0.0071  0.710  0.793  0.786 

  Shell color6                      

     L 61.3  61.6  61.3  62.4  60.9  61.2  61.4  1.07  0.371  0.321  0.431 

     a 15.6  15.4  15.6  14.9  16.0  15.6  15.6  0.75  0.391  0.341  0.667 

     b 32.6  32.6  32.7  32.4  32.7  32.6  32.7  0.52  0.690  0.617  0.943 
125 replicates for the main cereal and 10 replicates for the screen size effects. 

21) Effect of the main cereal; 2) Linear effect of the screen size; 3) Comparison between the average of the 2 diets ground at 4 mm vs. the average of all the other diets (ground at 6 to 12 mm). 

3The interactions between main effects, and the quadratic effect of the screen size were not significant for all variables (P > 0.10). 

4Feed conversion ratio. 

5The data correspond to the means of 8 periods (28-d each) measured in 12 fresh eggs per period. 

6Hunter color values, L* (lightness), a* (green to red), and b* (blue to yellow). 
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Table 4. Influence of the main cereal of the diet and the screen size used to grind the cereal on the relative weight (g/kg full BW) and length (cm/kg full BW) of 

the gastrointestinal tract (GIT) traits and gizzard content (% organ weight) and pH of the hens1 at 49 wk of age 

    Cereal   Screen size (mm)   
SD2 

  Probability3,4 

 
 

Corn 
 

Barley 

 

4 
 

6 
 

8 
 

10 
 

12 

 
 

1 
 

2 
 

3 

Hen BW (g) 

 

1,782 
 

1,771 
 

1,770 
 

1,783 
 

1,804 
 

1,747 
 

1,780 
        

GIT relative weight                       

GIT5  

 

122b 
 

126a 
 

122 
 

123 
 

124 
 

124 
 

126 
 

5.7 

 

0.031 
 

0.089 
 

0.163 

Full proventriculus  
 

5.51 
 

5.65 
 

5.43 
 

5.67 
 

5.59 
 

5.58 
 

5.44 
 

0.548 
 

0.362 
 

0.649 
 

0.676 

Full gizzard  

 

27.8b 
 

29.1a 
 

27.1 
 

28.3 
 

28.5 
 

28.8 
 

29.5 
 

1.85 

 

0.018 
 

0.006 
 

0.017 

Liver   26.4  26.8  25.3  26.7  27.2  26.7  27.3  2.16  0.495  0.056  0.232 

GIT relative length                     

Duodenum  

 

14.3 

 

14.6 

 

14.4 

 

14.0 

 

13.9 

 

15.0 

 

14.9 

 

1.45 

 

0.600 

 

0.189 

 

0.269 

Jejunum  

 

40.6 

 

41.2 

 

40.9 

 

40.5 

 

41.4 

 

41 

 

40.7 

 

3.01 

 

0.527 

 

0.966 

 

0.617 

Ileum  

 

46.0 

 

46.0 

 

45.6 

 

45.1 

 

46.7 

 

46.7 

 

45.9 
 

3.63 
 

0.957 

 

0.542 

 

0.935 

Small intestine 
 

101 

 

102 

 

101 

 

100 

 

102 
 

103 
 

102 
 

7.16 
 

0.860 

 

0.625 

 

0.766 

Ceca   20.2  20.6  19.5  20.0  20.9  21.2  20.5  2.33  0.567  0.180  0.403 

Gizzard content   29.3  29.0  30.4  29.3  27.7  28.8  29.7  3.50  0.767  0.577  0.730 

Gizzard pH  3.93  3.99  4.02  4.01  3.90  3.86  4.01  0.269  0.456  0.536  0.495 
a-bWithin a row, means without a common superscript differ significantly. 

1Average of 2 hens per replicate chosen at random.  

225 replicates for the main cereal and 10 replicates for the screen size effects. 

31) Effect of the main cereal; 2) Linear effect of the screen size; 3) Comparison between the average of the 2 diets ground at 4 mm vs. the average of all the other diets (ground at 6 to 12 mm). 

4The interactions between main effects, and the quadratic effect of the screen size were not significant for all variables (P > 0.1). 

5From the post-crop esophagus to the cloaca, including the digesta content and the annex organs (liver, pancreas, and spleen). 
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Table 5. Influence of the main cereal of the diet and the screen size used to grind the cereal on the body mass index (BMI, g/body length2) and the relative 

length1 (cm/kg full BW) of the hens and tarsus at 49 wk of age 

    Cereal   Screen size (mm)   
SD2 

  Probability3,4 

 
 

Corn 
 

Barley 

 

4 
 

6 
 

8 
 

10 
 

12 

 
 

1 
 

2 
 

3 

BMI  0.400  0.407  0.399  0.417  400  0.399  0.401  0.0262  0.363  0.615  0.545 

Hen length 
 

37.6 

 

37.4 

 

37.8 

 

36.7 

 

37.4 

 

38.0 

 

37.6 
 

2.18 
 

0.752 

 

0.682 

 

0.586 

Tarsus length  
 

4.70 
 

4.73 

 

4.71 

 

4.69 

 

4.65 

 

4.77 

 

4.77 
 

0.267 
 

0.740 

 

0.508 

 

0.248 

Tarsus diameter    0.726  0.739  0.721  0.730  0.734  0.735  0.744  0.0413  0.267  0.226  0.089 
1Average of 2 hens per replicate chosen at random (BW are show in Table 4).  

225 replicates for the main cereal and 10 replicates for the screen size effects. 

31) Effect of the main cereal; 2) Linear effect of the screen size; 3) Comparison between the average of the 2 diets ground at 4 mm vs. the average of all the other diets (ground at 6 to 12 mm). 

4The interactions between main effects, and the quadratic effect of the screen size were not significant for all variables (P > 0.10). 

 

 

Table 6. Correlations between BW of the hens1 at 49 wk of age and BMI2, body length, and tarsus length and diameter  

1Average of 2 hens per replicate chosen at random (BW are show in Table 4).  

2Body mass index. 

 

 

  BMI 

(g/cm²) 
 

Body length  

(cm) 

 Tarsus length  

(cm) 

 Tarsus diameter  

(cm) 

r  0.6829  0.2449  0.3624  0.3602 

Probability  <.001  0.048  0.010  0.010 
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Figure 1. Particle size distribution1 of the corn (A) and barley (B) diets 

1 The percentage of particles smaller than 160 µm and bigger than 2,500 µm were negligible for all diets. 

Screen size (mm)   
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Figure 2. Effect of the main cereal of the diet on egg production (A), feed intake (B), egg weight (C), and feed conversion ratio per kg of eggs (D) of the 

hens from 17 to 49 wk of age 

+ P < 0.10; * P < 0.05 
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Figure 3. Effect of screen size used to grind the cereal of the diet1 on egg production (A), feed intake (B), egg weight (C), and feed conversion ratio per kg of 

eggs (D) of the hens from 17 to 49 wk of age 

1L = Linear effect of screen size used to grind the cereal; Q = Quadratic effect of screen size used to grind the cereal; C = Comparison between diet ground at 4 mm vs. all other diets (6 to 12 mm). 

+P < 0.10; *P < 0.05; **P  < 0.01; ***P < 0.005.  
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1. Introduction 

Several researchers (Benabdeljelil and Arbaoui, 1994; Lázaro et al., 2003a; 

Herrera et al. 2017) have compared the effects of diets based on corn or barley on feed 

intake (FI), egg production, and egg quality in laying hens. In most cases, the main 

cereal of the diet did not affect egg production provided that the feed was supplemented 

with an adequate enzyme complex. Berg (1959) reported also similar egg production 

but greater BW gain and lower FI in hens fed corn than in hens fed barley. Pérez-

Bonilla et al. (2011) compared diets based on corn or barley and reported similar egg 

production but greater BW gain in hens fed corn. In contrast, Coon et al. (1988) 

reported higher FI, lower egg size, and reduced feed efficiency and BW gain in hens fed 

a barley diet than in hens fed a corn diet, probably because in this research the diets 

were not supplemented with exogenous enzymes.  

The information available on particle size preference by brown-egg laying hens 

is limited. Schiffman (1968) and Allen and Perry (1977) observed that poultry had a 

pecking preference for coarse textured feed over non-textured feed, a preference that 

increased with age. ISA Brown (1999) recorded a 3.4% increase in FI and egg 

production in hens fed coarsely ground feeds compared with hens fed finely ground 

feeds (9% vs. 31% of particles smaller than 0.5 mm, respectively). More recently, Safaa 

et al. (2009) recorded higher FI in hens fed diets with a geometric mean diameter 

(GMD) of 1,375 µm than in hens fed diets with a GMD of 1,007 µm. In fact, most 

guidelines for laying hens (ISA Brown, 2010; Lohmann, 2016) recommend feeding 

coarse diets with less than 15% to 20% particles smaller than 0.5 mm when the 

objective is to increase FI. However, Herrera et al. (2017) did not detect any difference 

in FI or egg production in brown egg-laying hens fed diets in which the cereal was 
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ground using sieves varying in screen size from 4 to 12 mm (GMD of 1,003 µm and 

1,427 µm, respectively). 

The physico-chemical characteristics of the cereal and the diameter of the screen 

used to grind the cereal affect diet structure (Amerah et al., 2007; Jiménez-Moreno et 

al., 2016) and FI (Schiffman, 1968; Xu et al., 2015). The mechanoreceptors located in 

the beak of the bird detect differences in feed texture and discriminate against the 

consumption of fine particles (Gentle, 1979; González-Alvarado et al., 2007; Pérez-

Bonilla et al., 2014) which may reduce voluntary FI. On the other hand, coarse particles 

are retained for longer in the upper part of the gastrointestinal tract (GIT) than fine 

particles, which might result in better development and function of the gizzard and in an 

improvement in nutrient utilization (Jiménez-Moreno et al., 2010; Svihus, 2011). The 

relative smaller surface area of the coarse particles, however, penalizes the contact 

between digestive enzymes and nutrients, reducing feed utilization (Amerah et al., 

2007). Moreover, coarse grinding reduces feed uniformity and might induce a 

preference of the hens for coarse particles, resulting in the consumption of unbalanced 

diets and a reduction in feed efficiency (Davis et al., 1951; Nir et al., 1994a). In this 

respect, mash diets based on cereals with different physico-chemical characteristics 

might result in feeds with different particle size distribution and GMD, even when 

ground using the same screen size (Douglas et al., 1990; Nir et al., 1995; Jiménez-

Moreno et al., 2009c; Perez-Bonilla et al., 2014). All these contrasting effects might 

counteract each other and the final outcome might depend on other uncontrolled 

variables, such as age of the bird, management practices, and nutritional characteristics 

of the diet (Mateos and Sell, 1980; Grobas et al., 1999a; González-Alvarado et al., 

2010). 
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Laying hens show a specific appetite for some components of the diet, such as 

protein, fiber, and Ca. When given a choice, birds might be able to balance the final diet 

by selecting nutrients and increasing the consumption of those feed particles rich in the 

deficient nutrient (Hughes and Wood-Gush, 1971; Mongin and Sauveur, 1974; 

Holcombe et al., 1975; Abdollahi et al., 2016). For example, Forbes and Shariatmadari 

(1994) showed that poultry offered diets differing in CP content, choose the correct 

amount of the different feeds to meet protein requirements. Poultry show also an 

appetite for structural dietary components, and when fed low fiber diets, they consume 

extra amounts of fibrous components if have free access to the litter (Hetland et al., 

2003; Mateos et al., 2012).  

We hypothesized that grinding size could affect FI and preference behavior in 

laying hens, with effects that could depend on the physico-chemical characteristics of 

the main cereal used. Also, it was hypothesized that differences in the nutritional 

composition of the coarse and the fine fractions of the diets, could affect the feeding 

behavior of the hens. The objective of this research was to compare the effect of the size 

of the screen used to grind the cereal on the preference behavior of brown-egg laying 

hens fasted for 8 h and then fed diets based on corn or barley from 06.00 a.m. to 14.00 

p.m. 

2. Materials and methods 

2.1. Husbandry, diets, and experiment design 

All procedures were approved by the Animal Ethics Committee of the 

Universidad Politécnica de Madrid and were in compliance with the Spanish guidelines 

for the care and use of animals in research (Boletín Oficial del Estado, 2007). Details on 

husbandry, ingredient composition, feeding program, and nutrient content of the diets, 
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were reported by Herrera et al. (2017). Briefly, two diets with similar nutrient content 

but differing in the main cereal used (corn vs. barley) were formulated. Before feed 

manufacturing, the batches of the 2 cereals were divided into 5 portions, and each 

portion was ground using a horizontal hammer mill (Mecafa S.A., Ciudad Real, Spain) 

provided with a 4, 6, 8, 10, or 12 mm screen and included in their respective 

experimental diets. Each of the 10 diets was fed to 5 replicates that consisted in an 

enriched cage with 10 brown egg-laying hens.  

The soybean meal used in the manufacturing of the diets was used as received 

whereas the the sunflower meal (received in pellets) was ground using a 10-mm screen. 

The GMD ± geometric standard deviation (GSD; log normal SD) of the soybean meal 

and sunflower meal were 1,069 ± 1.79 and 699 ± 2.23 µm, respectively (Table 1). The 

limestone included in the diets was presented 50% as powder (GMD = 597 ± 2.31 µm) 

and 50% in granular (GMD = 2,166 ± 1.39 µm) form. This ratio was representative of 

diets used in laying hens under Spanish commercial conditions (Pérez-Bonilla et al., 

2014). The ingredient composition and the calculated (FEDNA, 2010) and determined 

nutrient content of the experimental diets are shown in Table 2. As reported by Herrera 

et al. (2017), feed intake, egg production, and BW gain of the hens from 17 to 48 wk of 

age (previous to the start of the experiment) were not affected by the main cereal or the 

screen size used to grind the cereal.  

The night before the start of the experiment, feeders were emptied at 22.00 p.m. 

and the hens fasted for 8 h. At 06.00 a.m. of the following day, all replicates were 

offered 2.2 kg of their respective experimental feeds for ad libitum consumption. The 

amount of feed supplied at the start of the experiment was chosen to allow a complete 

filling of the feeders while avoiding feed wastage. Consequently, hens consumed the 

different fractions of the original feeds according to their preference throughout the 
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experiment. Representative samples (300 g) of the feed remaining in the feeders were 

collected every 2 h during the experiment (from 06.00 a.m. to 14.00 p.m.) and the 

particle size distribution and the GMD ± GSD were determined per cage at the end of 

each interval. Feed intake was measured by replicate as the difference between the 

amount of feed present in the feeder at the start and end of the experiment. Feed 

wastage was not determined. 

The experiment was conducted as a completely randomized design with 10 diets 

in a factorial arrangement with 2 cereals and 5 screen sizes. Each treatment was 

replicated 5 times and the experimental unit was the cage with 10 hens for all 

measurements. 

2.2. Laboratory analysis 

Representative samples of the feeds were ground with a laboratory mill (Retsch 

Model Z-I, Stuttgart, Germany) equipped with a 1-mm screen and analyzed in duplicate 

for major nutrients as indicated by AOAC International (2005) (Table 2). The particle 

size distribution of the main ingredients, the original diets, and the uneaten feed 

remaining in the feeders was determined in triplicate in representative samples (100 g) 

every 2 h (Tables 1 and 3, and Figure 1). The data was expressed as GMD ± GSD 

(ASAE, 1995).  

At the end of the experiment (14.00 p.m.), the feed remaining in the feeders of 

all the replicates was collected and pooled by treatment. The reason for pooling the 

uneaten feed of the 5 replicates of each of the 10 treatments, was the limited amount of 

residual feeds present in some replicates, which did not allow to estimate precisely the 

nutrient composition of each of the sieve fractions in the replicates. Representative 

samples of the 5 sieve fractions of each of the 10 original diets and of the 50 composite 

uneaten feed samples collected at 14.00 p.m. (10 treatments and 5 sieve fractions per 



                                                                            Chapter 4: Particle size preference in laying hen 

75 
 

treatment) were ground (1-mm screen) and analyzed for moisture, CP, total ash, and Ca 

as indicated by Herrera et al. (2017). 

2.3. Statistical analysis 

The experiment was conducted as a completely randomized design with 10 

treatments arranged as a 2x5 factorial with 2 main cereals (corn and barley) and 5 mean 

particle size of the cereal (4, 6, 8, 10, and 12 mm screen). The effects of type of cereal 

and grinding size of the cereal on FI and their interactions were analyzed by the GLM 

procedure of SAS (SAS Institute, 2004). For particle size selection, the same effects and 

the interaction between sampling time and the main effects were analyzed by the 

MIXED procedure of SAS (SAS Institute, 2004), using time as repeated measure. The 

individual cage represented the experimental unit for all measurements. When the 

model was significant, treatment means were separated using the Tukey test. Results in 

tables are presented as means and differences were considered significant at P < 0.05. 

For data on CP, ash, and Ca content of the different sieve fractions of the original diets 

and of the residual feeds at 14.00 p.m., no replicates were available and therefore, only 

average values per treatment are presented.  

3. Results 

The effects of the cereal and screen size on the GMD and the GSD of the diets 

are shown in Table 3. Independent of the screen used, the GMD of the feeds was greater 

(average of 1,311 µm vs. 1,143 µm) for the barley- than for the corn diets. However, an 

opposite effect was observed for the GSD (2.06 vs. 2.16). Feed intake from 06.00 a.m. 

to 14.00 p.m. (56.6 ± 5.4 g) was not affected by the main cereal or the screen size used 

to grind the cereal (data not shown).  

The effects of the main cereal, screen size, and time on particle size distribution 

of diets and feed refusals are shown in Table 4. The GMD and the GSD of the diets 



                                                                            Chapter 4: Particle size preference in laying hen 

76 
 

decreased (P < 0.001) as the experiment progressed, irrespective of the size of the 

screen used to grind the cereal. The differences in GMD between the corn and barley 

based diets decreased with time (P < 0.001 for the interaction; Figure 2A). For the GSD, 

the decrease with sampling time observed was more pronounced for the corn than for 

the barley diets (P < 0.001 for the interaction; Figure 2B).  

As an average of the corn and barley diets, both GMD (from 948 µm to 1,246 

µm) and the GSD (from 2.00 to 2.10) increased (P < 0.001) as the screen size used to 

grind the cereal increased from 4 to 12 mm (Table 4). The differences in GMD among 

screen sizes of the corn and barley diets decreased with time (P < 0.001 for the 

interaction; Figure 3) but no interactions were detected for the GSD. 

The CP content of the sieved fractions of the original diets and of the residual 

feeds, measured after 8 h of ad libitum feeding, is shown in Table 5. When the cereal, 

either corn or barley, was finely ground (4 and 6 mm screen), the protein accumulated 

primarily in the coarser fraction (average of the 1,250 and 2,500 µm sieves) of the 

original diets. However, no such an effect was observed when the cereal was coarsely 

ground (10 and 12 mm screen), with more protein accumulating in the finer fraction 

(160 and 315 µm sieves). In fact, the CP content of the coarser fraction was 18.6% and 

19.2% for the corn and barley diets, when the cereal was ground with a 4 mm screen but 

14.3% and 14.4% when ground with a 12 mm screen. Similar but less pronounced 

effects were observed in the residual feeds after 8 h of ad libitum feeding; the CP 

content of the coarser fractions was 17.1% and 16.8% for the corn and barley diets 

when the cereal was finely ground (4 mm screen) but 15.0% and 16.6% when the cereal 

was coarsely ground (12 mm screen). 

The ash and Ca contents of the sieving of the original diets and of the residual 

feeds, measured after 8 h of ad libitum feeding are shown in Tables 6 and 7, 
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respectively. Ash and Ca concentrated in the coarser fractions of the original and the 

residual feeds in both set of diets, with differences being more pronounced when the 

cereals were ground fine than when ground coarse. In fact, the Ca content of the coarser 

fraction (1,250 and 2,500 µm sieves) of the original corn and barley diets was 8.2% and 

7.8% when the cereal was ground at 4 mm but 4.4% and 3.7% when ground at 12 mm 

(Table 7). Similarly, the Ca content of the coarser fraction (1,250 and 2,500 µm sieves) 

of the residual feed after 8 h of ad libitum feeding was 13.2% and 11.7% for the corn 

and barley diets when the cereal was ground at 4 mm but 9.7% and 6.7% when ground 

at 12 mm. Similar response was observed for the ash, which concentrated in the coarser 

fraction of the original and of the residual feeds, with more pronounced effects when the 

cereal was ground fine (4- and 6 mm screen) than when ground coarse (10- and 12 mm 

screen). 

4. Discussion 

The GMD of the original diets was greater for the barley- than for the corn diets 

(1,311 vs. 1,143 µm), consistent with data of Pérez-Bonilla et al. (2011) comparing the 

two cereals. The glumes of the barley grains are quite flexible, and when ground, a high 

proportion passes intact through the screen, resulting in an increase in the GMD of diets 

based on barley compared with diets based on corn. These results confirm that the 

structure of the feed depends not only on the size of the sieve but also on the main 

cereal of the diet, consistent with data of Douglas et al. (1990) and Nir et al. (1995). 

The beak of the chicken is not well adapted to consume fine particles and 

consequently, coarse particles tended to be preferred (Picard et al., 1997; Mateos et al., 

2002). In fact, most management guides (ISA Brown, 2010; Lohmann, 2016) 

recommended coarse grinding when the objective is to maximize FI. In this respect, 

Safaa et al. (2009) observed a significant 2.5% increase in FI in hens fed corn or wheat 
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ground with a 10-mm screen compared with hens fed the same cereals ground with a 6-

mm screen. However, in the current research in which diets based on corn or barley 

were compared, no differences in FI because of particle size were observed. The reasons 

for the discrepancy among experiments is not apparent but could be related to the 

proportion of very fine particles present in the diets rather than to their GMD. In this 

respect, Portella et al. (1988a) suggested that hen preference for coarse particles might 

be altered not only by the average size of the particles of the diet but also by the 

proportion of very fine particles. Herrera et al. (2017) suggested that supplemental fat 

might agglomerate the fines of the diet, improving palatability and reducing the 

rejection rate for fine particles. In the current research supplemental, fat was high in 

both corn and barley diets (4.7% and 5.3%, respectively) which might have reduced the 

preference of the hens for coarse vs. fine particles. 

The GMD of the diets decreased with time, reflecting the preference behavior of 

the hens for coarse particles, in agreement with previous studies with broilers 

(Schiffman, 1968; Portella et al., 1988b; Xu et al., 2015) and laying hens (Portella et al., 

1988a; Safaa et al., 2009). The data confirm that when allowed to choose, laying hens 

prefer coarse particles. In contrast, Herrera et al. (2017) reported no differences in FI of 

brown laying hens fed diets from 17 to 49 wk of age when the cereal was ground using 

screens varying in size from 4 to 12 mm. The reasons for the discrepancy among 

researches are not known but might depend on the chemical composition of the 

experimental diets as well as on the feeding strategy used (i.e., frequency of feeding) 

and feeder design which might affect feed particle size distribution. When allowed to 

choose, hens might prefer coarse particles as observed in the current experiment. 

However, when new feed is constantly added to the uneaten feed or when the hens are 
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obliged to clean the feeders at specific times, as occurred often under practical 

conditions, the effects might be less pronounced or even disappear.  

The differences in GMD of the residual feeds between the two cereals based 

diets and among screen sizes, decreased with time, reflecting the increased uniformity 

of the particles in the uneaten feed. Portella et al. (1988a) reported also that the 

disappearance of coarse particles was overwhelming when the feed had an excess of 

large particles (> 2.36 mm). However, the preference was less obvious as the 

experiment progressed and the percentage of coarse particle was reduced, consistent 

with the results reported herein. The GSD of the diets was greater for the corn- than for 

the barley diets, differences that increased with increases in the size of the screen. In 

contrast, the differences in GSD for both main effects (type of cereal and screen size) 

decreased with time, reflecting the higher rate of disappearance of the coarser particles 

of the uneaten feed for the first hours after the start of the experiment. 

Birds show a specific appetite for some components of the diet, such as CP, 

fiber, or Ca (Hughes and Wood-Gush, 1971; Mongin and Sauveur, 1974; Holcombe et 

al., 1975). When the diet is deficient in a given nutrient, birds might choose to eat those 

sieving fractions richer in the deficient nutrient (Portella et al., 1988a). As a result, hen 

preference might depend not only on particle size but also on the physical distribution 

of the limiting nutrient within the sieving fractions. In the current research, however, the 

differences in CP, ash, and Ca content among the sieving fractions of the original diets 

were similar to those of the residuals at the end of the experiment, suggesting that feed 

preference was not modulated by differences in nutrient content of the sieve fractions of 

the diet.  

An observation that deserves further attention is the difference in Ca 

concentration between the original diets and the residual feeds after 8 h of ad libitum 

http://www.sciencedirect.com/science/article/pii/S0003347271801033
http://www.sciencedirect.com/science/article/pii/S0003347271801033
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consumption. For the corn diet, the percentage of Ca across fractions of the diet, 

independent of the sieving fraction considered and of the screen size used to grind the 

corn, was 8.6% to 63.4% higher in the residual feeds than in the original diets. Similar 

data were observed for the barley diets, in which the percentage of Ca was 11.1% to 

58.3% higher in the residual feed than in the original diets. Similar distribution pattern 

was observed for ash content but not for CP. The reasons of these contrasting 

observations are unknown but might be related to the timing at which the feed (and the 

Ca included in the feed) was available for consumption and the Ca needs for shell 

formation according to the period of the day. Hughes et al. (1972) reported that laying 

hens under-consume Ca during the morning but tend to over-consume Ca late in the 

day, when most of the shell formation process occurs. In the evening, hens try to 

balance Ca intake and Ca requirements, giving preference to those particles rich in the 

deficient nutrient, regardless of feed coarseness, whereas an opposite pattern might 

occur during the morning.  

The current research was conducted from 06.00 a.m. to 14.00 p.m., a period of 

the day in which Ca deposition is relatively low. Consequently, hens chose to under-

consume Ca because Ca requirements are lower. The higher Ca concentration of the 

residual feeds after 8 h of ad libitum consumption, compared to that of the original diets 

observed, is consistent with this suggestion. Also, it was noticed that Ca concentrated in 

the coarse fractions of the original feeds, probably because 50% of the CaCO3 of the 

diets was supplied in granular form. Similar Ca distribution pattern was observed in the 

residual feeds of all diets after 8 h of ad libitum consumption, confirming that hens 

preference for coarse particles was independent of its Ca content. In contrast, Portella et 

al. (1988a) observed that the proportion of Ca in the different sieving fractions of a 

mash diet was not homogenous and decreased as the GMD of the diet increased, 
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opposite to the results reported herein. The reasons for the discrepancy are not known. 

We do not have information on the time of the day and the size of the Ca carbonate used 

by Portella et al. (1988a) and thus, no comparison of the results of the two experiments 

can be made. 

The consumption pattern observed was different for CP than for Ca. Hens 

showed a clear preference for consuming coarse particles and were unable to choose 

those fractions of the feed with a higher or lower protein content. Traineau et al. (2015), 

however, reported that when hens were allowed to choose between two feeds varying in 

CP content, they over-consumed of the diet rich in protein after oviposition, early in the 

morning, a period in which the albumen of the egg is formed. In the research of 

Traineau et al. (2015), hens were offered two different feeds to choose, whereas a single 

feed was supplied in the current research, limiting the capacity of the hens for selecting 

feed particles based on its protein content. In this respect, Forbes and Shariatmadari 

(1994) showed that the ability of the hens to choose ingredients according to its CP 

needs, when offered a single diet, was limited. Moreover, Pousga et al. (2005) reported 

that hens offered a single conventional feed were not able to choose those feed fractions 

with higher CP content, consistent with the data reported herein. 

In conclusion, type of cereal and size of the screen used to grind the cereal 

affected feed preference behavior of the hens. The CP, ash, and Ca contents of the diet 

were not uniform and varied with the screen used to grind the cereal and with the sieving 

fraction (fine vs. coarse) of the diets. The data demonstrate that under the condition of the 

current research, hen preference for coarse particles was not modulated by the desire to 

meet any potential requirement for the missing nutrient. In fact, in relative terms, the 

concentration of CP, ash, and Ca of the sieve fractions of the original diets and the 

residuals after 8 h of ad libitum consumption, followed a similar pattern, demonstrating 
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that the composition of the sieving fractions of the diet did not affect the preference 

behavior of the hens for coarse particles. When allowed to choose, and no extra quantities 

of feed are added to the feeder during the experimental period, hens showed a clear 

preference for consuming coarse particles. Crude protein content of the different sieve 

fractions, did not affect hen preference behavior. In fact, hens did not show any 

preference for consuming extra amounts of protein during the early part of the day. In 

contrast, Ca intake of the hens was reduced during the morning, resulting in residual 

feeds with greater concentration of ash and Ca than in the original diets, irrespective of 

the size of the feed fractions. It should be noticed that in the current research hens were 

offered at all times the leftovers of the previous feeding periods, reducing its potential 

capacity to choose coarse particles. Hen preference behavior might be different under 

commercial conditions, when the residuals are remixed constantly with new feed coming 

from the auger and the hens are obliged often to consume the fine particles previously 

refused. 
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Table 1. Particle size distribution and geometric mean diameter (GMD) and Log normal SD (GSD) of the 

main ingredients1 

 

 Soybean meal 

(47% CP) 

 Sunflower meal  

(34% CP) 

 Calcium carbonate 

 Powder  Granular 

Sieve diameter, µm         

5,000    0.0    0.5    0.0    0.2 

2,500    3.6    3.6    0.1  29.2 

1,250  36.0  18.5  18.5  70.3 

630  47.7  34.6  35.2    0.2 

315  10.2  27.3  23.4    0.0 

160    1.4  11.8  14.8    0.0 

80    0.7    3.2    6.0    0.1 

40    0.4    0.5    1.9    0.0 

0    0.0    0.0    0.1    0.0 

GMD    1,069          699  597  2,166 

GSD  1.79  2.23  2.31  1.39 
1Measured in the original ingredients before the manufacturing of the diets. 
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Table 2. Ingredient composition and chemical analyses (% as fed basis) of the experimental diets  

  Corn  Barley 

Ingredient     

Corn                   45.00                   12.50 

Barley                     8.80                   45.00 

Soybean meal, 47% CP                   20.80                   25.20 

Sunflower meal, 34% CP                   10.00                     1.20 

Soy oil soapstock                     4.70                     5.30 

Dicalcium phosphate                     1.49                     1.42 

Calcium carbonate (powder)                     4.11                     4.18 

Calcium carbonate (granular size)                     4.11                     4.18 

Sodium chloride                     0.35                     0.35 

DL-methionine, 99%                     0.14                     0.17 

Vitamin and mineral premix1                     0.50                     0.50 

Calculated analyses2                                             

AMEn (Kcal/kg)              2,750              2,750 

Crude fiber                     4.40                     3.60 

Digestible amino acids2                                           

Lys                     0.80                     0.80 

Met                     0.35                     0.35 

Met + cys                     0.59                     0.59 

Thr                     0.56                     0.56 

Determined analyses3                                           

Dry matter                   89.60                   90.30 

Gross energy (Kcal/kg)              4,305              4,290 

Crude protein                   17.70                   17.90 

Neutral detergent fiber                   10.00                   11.30 

Ether extract                     7.10                     7.50 

Linoleic acid (C18:2)                     3.75                     3.40 

Ash                   12.30                   12.80 

Calcium                     3.85                     3.94 

Total phosphorus                     0.65                     0.62 
1Provided the following (per kilogram of diet): vitamin A (trans-retinyl acetate), 10,000 IU; vitamin D3 

(cholecalciferol), 3,750 IU; vitamin E (dl-α-tocopheryl acetate), 10 mg; vitamin B1, 1.3 mg; vitamin B2, 5 mg; 

vitamin B6, 2 mg; vitamin B12 (cyanocobalamin), 13 mg; niacin, 25 mg; pantothenic acid (d-calcium pantothenate), 

10 mg; folic acid, 1 mg; biotin, 0.13 mg; choline (choline chloride), 250 mg; manganese (MnO), 90 mg; zinc (ZnO), 

65 mg; iron (FeSO4.H2O), 40 mg; copper (CuSO4 5H2O), 8 mg; iodine [Ca(IO3)2], 0.7 mg; selenium (Na2SeO3), 0.3 

mg; Roxazyme, 200 mg [1,600 U of endo-1,4-β-glucanase (EC 3.2.1.4), 3,600 U of endo-1,3 (4)-β-glucanase (EC 

3.2.1.6), and 5,200 U of endo-1,4-β-xylanase (EC 3.2.1.8)] supplied by DSM S.A., Madrid, Spain; Natuphos 5,000 

(300 FTU/kg supplied by Basf Española, S.A., Tarragona, Spain), 60 mg. 
2According to FEDNA (2010). 
3Data correspond to the average of duplicate analyses of the 5 diets ground with different screen size of each 

cereal. Within each cereal type, the determined chemical analyses were similar for all the diets (CV below 5%), 

independent of the screen size. 
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Table 3. Geometric mean diameter (GMD, µm) and geometric standard deviation (GSD) of the 

experimental diets1  

Screen size  

(mm) 

 Cereal  
Average 

 Corn  Barley  

  4     960 ± 2.07  1,045 ± 2.01  1,003 ± 2.04 

  6  1,041 ± 2.12  1,165 ± 2.07  1,103 ± 2.10 

  8  1,180 ± 2.20  1,335 ± 2.06  1,258 ± 2.13 

  10  1,232 ± 2.21  1,458 ± 2.08  1,345 ± 2.15 

  12  1,302 ± 2.20  1,551 ± 2.07  1,427 ± 2.14 

Average  1,143 ± 2.16  1,311 ± 2.06   
1 Determined before the start of the experiment. 
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Table 4. Influence of the main cereal and the particle size distribution of the diet on preference behavior of the hens 

   

Cereal  Screen size (mm) 

 
Time  SD1 

 

Probability2, 3 

   

Corn  Barley  4  6  8  10  12 

   

1  2  3  4  5 

GMD4 

 

    

 

 

 

 

 

 

 

 

    

88.5 

 

<.001  <.001  <.001  <.001  <.001 

 

06.00 h 

 

1,143  1,311  1,003  1,103  1,258  1,345  1,427 

 

1,227x 

 

           

 

08.00 h 

 

1,060  1,202    950  1,109  1,103  1,239  1,255 

 

1,131y 

    

 

 

 

 

 

 

 

 

 

10.00 h 

 

1,048  1,149    936  1,076  1,063  1,206  1,212 

 

1,098y 

    

 

 

 

 

 

 

 

 

 

12.00 h 

 

1,023  1,158    933  1,070  1,079  1,165  1,206 

 

1,091y 

    

 

 

 

 

 

 

 

 

 

14.00 h 

 

   928  1,053    884    991    981  1,036  1,061 

 

   991z 

    

 

 

 

 

 

 

 

 

 

Average 

 

1,048b  1,175a    948c  1,069b  1,108b  1,198a  1,246a 

      

 

 

 

 

 

 

 

 GSD5  

 

    

 

 

 

 

 

 

 

 

    

0.051 

 

<.001  <.001  <.001  <.001  0.601 

 

06.00 h 

 

2.16  2.06  2.04  2.10  2.13  2.15  2.14 

 

2.11y 

 

           

 

08.00 h 

 

2.13  2.06  2.03  2.07  2.12  2.12  2.14 

 

2.10x 

    

 

 

 

 

 

 

 

 

 

10.00 h 

 

2.08  2.04  2.01  2.04  2.09  2.09  2.09 

 

2.06y 

    

 

 

 

 

 

 

 

 

 

12.00 h 

 

2.03  1.98  1.96  1.98  2.01  2.02  2.06 

 

2.01z 

    

 

 

 

 

 

 

 

 

 

14.00 h 

 

2.03  1.99  1.97  1.99  2.01  2.02  2.05 

 

2.01z 

    

 

 

 

 

 

 

 

 

 

Average 

 

2.09a  2.03b  2.00c  2.04b  2.07a  2.08a  2.10a 

      

 

 

 

 

 

 

 

 a-b-c Within a line, means without a common superscript differ significantly. 
x-y-z Within a column, means without a common superscript differ significantly. 
125 replicates for the main cereal effect and 10 replicates for the screen size effect. 
21 = Effect of type of cereal; 2 = effect of screen size; 3 = effect of time; 4 = interaction between type of cereal and time; 5 = interaction between screen size and time.  
3The interaction between type of cereal and screen size was not significant (P > 0.10). 
4Geometric mean diameter. 
5Geometric standard deviation.  
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Table 5. Crude protein content (%) of the sieved fractions of the original diets at the start of the experiment 

(06.00 h) and of the residual feeds at the end of the experiment (14.00 h) 

  Original diet1  

Main cereal  Corn   Barley  

Screen size (mm)  4  6  8  10  12  4  6  8  10  12 

Sieve diameter, μm  

   

                

 

160  15.0  14.7  15.1  15.5  16.0  13.0  13.4  13.7  14.3  16.9 

 

315  15.9  16.6  16.2  17.1  19.3  14.6  14.6  16.0  16.2  18.3 

 

630  17.4  18.4  19.3  20.9  20.9  17.9  18.4  19.0  21.2  21.6 

 

1,250  17.4  17.6  19.8  18.8  18.5  18.9  18.2  19.1  21.0  18.9 

 

2,500  19.9  19.5  12.3  11.4  10.1  19.4  15.2  13.4  11.0  9.8 

Pooled fractions                     

 Fine fraction2  15.5  15.7  15.7  16.3  17.7  13.8  14.0  14.9  15.3  17.6 

 Coarse fraction3  18.6  18.5  16.1  15.1  14.3  19.2  16.7  16.3  16.0  14.4 

                      

   Residual feed4  

Main cereal  Corn   Barley  

Screen size (mm)  4  6  8  10  12  4  6  8  10  12 

Sieve diameter, μm                     

 160  14.1  15.0  15.7  15.5  15.7  12.4  12.8  13.2  13.4  13.5 

 315  16.3  17.7  18.1  17.4  19.2  14.9  16.6  17.1  17.6  19.5 

 630  19.4  20.1  20.6  21.0  22.2  19.2  21.4  21.2  23.5  23.5 

 1,250  19.0  18.3  18.7  19.9  17.9  18.8  18.9  18.9  18.7  19.4 

 2,500  15.1  13.7  15.9  13.2  12.1  14.7  12.4  15.0  13.9  13.8 

Pooled fractions                     

 Fine fraction  15.2  16.4  16.9  16.5  17.5  13.7  14.7  15.2  15.5  16.5 

 Coarse fraction  17.1  16.0  17.3  16.6  15.0  16.8  15.7  17.0  16.3  16.6 
1The analyzed CP content was 17.7% and 17.9% for the corn and barley diets, respectively. 
2The fine fraction was defined as the proportion of particles with a geometric mean diameter no more than 315 µm.  
3The coarse fraction was defined as the proportion of particles with a geometric mean diameter of at least 1,250 

µm. 
4The feed remaining in the feeders of all the replicates of each of the 10 experimental diets was collected and 

pooled by treatment. Consequently, only average data are presented.  
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Table 6. Ash content (%) of the sieved fractions of the original diets at the start of the experiment (06.00 h) 

and of the residual feeds at the end of the experiment (14.00 h) 

  Original diet1  

Main cereal  Corn   Barley  

Screen size (mm)  4  6  8  10  12  4  6  8  10  12 

Sieve diameter, μm  

 

                  

 

160  7.3  7.5  8.7  8.3  8.7  10.5  10.8  10.8  12.3  12.6 

 

315  6.6  7.3  7.4  7.7  7.6  8.3  9.1  8.9  9.7  9.7 

 

630  11.3  12.1  12.2  12.7  12.9  11.2  13.6  12.9  14.6  14.7 

 

1,250  12.7  15.0  12.1  16.4  15.5  10.4  17.2  12.3  14.8  14.2 

 

2,500  34.1  21.5  22.1  16.5  14.7  33.2  20.2  15.1  15.3  10.3 

Pooled fractions                     

 Fine fraction2  7.0  7.4  8.1  8.0  8.2  9.4  10.0  9.9  11.0  11.2 

 Coarse fraction3  23.4  18.3  17.1  16.5  15.1  21.8  18.7  13.7  15.1  12.3 

                      

   Residual feed4  

Main cereal  Corn   Barley  

Screen size (mm)  4  6  8  10  12  4  6  8  10  12 

Sieve diameter, μm                     

 160  9.7  10.6  10.9  10.5  9.3  11.3  14.7  16.0  17.1  15.7 

 315  9.3  9.4  9.8  9.1  10.4  8.9  11.5  11.9  12.7  12.2 

 630  11.8  12.0  13.3  12.5  13.7  12.1  15.6  15.2  15.8  15.5 

 1,250  21.7  19.6  24.0  18.3  19.8  18.1  19.2  17.6  16.8  18.2 

 2,500  47.9  36.0  42.7  33.0  33.0  45.4  29.1  27.4  27.6  21.4 

Pooled fractions                     

 Fine fraction  9.5  10.0  10.4  9.8  9.9  10.1  13.1  14.0  14.9  14.0 

 Coarse fraction   34.8  27.8  33.4  25.7  26.4  31.8  24.2  22.5  22.2  19.8 
1The analyzed ash content was 12.3% and 12.8% for the corn and barley diets, respectively. 
2The fine fraction was defined as the proportion of particles with a geometric mean diameter no more than 315 µm.  
3The coarse fraction was defined as the proportion of particles with a geometric mean diameter of at least 1,250 

µm. 
4The feed remaining in the feeders of all the replicates of each of the 10 experimental diets was collected and 

pooled by treatment. Consequently, only average data are presented. 
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Table 7. Calcium content (%) of the sieved fractions of the original diets at the start of the experiment 

(06.00 h) and of the residual feeds at the end of the experiment (14.00 h) 

  Original diet1  

Main cereal  Corn   Barley  

Screen size (mm)  4  6  8  10  12  4  6  8  10  12 

Sieve diameter, μm  

 

                  

 

160  1.3  1.3  1.6  1.5  1.7  2.2  2.3  2.3  2.8  2.9 

 

315  0.9  1.2  1.1  1.7  1.5  1.8  1.9  1.7  1.9  2.0 

 

630  3.2  3.2  3.2  3.3  3.3  3.0  3.8  3.5  4.2  4.0 

 

1,250  4.0  4.2  3.3  4.6  4.3  3.5  5.3  3.7  4.5  4.3 

 

2,500  12.4  7.1  7.4  5.5  4.5  12.1  8.1  4.4  4.9  3.0 

Pooled fractions                     

 Fine fraction 2  1.1  1.3  1.4  1.6  1.6  2.0  2.1  2.0  2.4  2.5 

 Coarse fraction3  8.2  5.7  5.4  5.1  4.4  7.8  6.7  4.1  4.7  3.7 

                      

  Residual feed4  

Main cereal  Corn   Barley  

Screen size (mm)  4  6  8  10  12  4  6  8  10  12 

Sieve diameter, μm                     

 160  2.5  3.0  3.1  2.9  3.5  3.1  4.3  4.6  5.0  4.2 

 315  2.3  2.4  2.4  2.4  2.5  2.1  3.2  3.1  3.5  3.1 

 630  3.6  3.5  4.0  3.7  4.0  3.7  4.8  4.4  4.9  4.5 

 1,250  7.8  6.9  9.0  6.4  7.0  6.0  7.1  5.6  5.5  6.2 

 2,500  18.6  13.8  16.4  12.6  12.3  17.4  11.4  10.5  10.7  7.2 

                     

 Fine fraction  2.4  2.7  2.8  2.7  3.0  2.6  3.8  3.9  4.3  3.7 

 Coarse fraction  13.2  10.4  12.7  9.5  9.7  11.7  9.3  8.1  8.1  6.7 
1The analyzed Ca content was 3.85% and 3.94% for the corn and barley diets, respectively. 
2The fine fraction was defined as the proportion of particles with a geometric mean diameter no more than 315 µm.  
3The coarse fraction was defined as the proportion of particles with a geometric mean diameter of at least 1,250 

µm. 
4The feed remaining in the feeders of all the replicates of each of the 10 experimental diets was collected and 

pooled by treatment. Consequently, only average data are presented. 
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Figure 1. Particle size distribution1 of the original diets at the start of the experiment2 

1 The percentage of particles smaller than 160 µm and bigger than 2,500 µm were 

negligible for all diets. 
2The average geometric mean diameter and geometric standard deviation (GMD  ± 

GSD), across sieve diameters was 1,143 ± 2.16 µm for the corn diets and 1,311 ± 2.06 

µm for the barley diets. 
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A) Geometric mean diameter (GMD, µm) 

 

 

B) Geometric standard deviation (GSD, µm) 

 

 

Figure 2. Interaction between the main cereal of the diet and sampling time on 

geometric mean diameter (GMD) and Log normal SD (GSD) of the diets 
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Figure 3. Interaction between the screen size (mm) used to grind the cereal and 

sampling time on the geometric mean diameter (GMD) of the diet 
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1. General discussion  

The aim of this thesis was to gain scientific insights on the use of the most 

available cereals (corn, wheat, and barley), ground at different particle size, in diets for 

laying hens. In all the experiments exogenous enzymes complexes were used as a 

supplement of the diets. In this chapter, the main findings of the three experiments 

conducted are combined to generate a general discussion. 

1.1. Main cereal 

1.1.1. Influence on hen production 

In experiment 1, egg production, egg mass, ADFI, BW gain, and FCR were not 

affected by the main cereal of diet (corn, wheat, and barley) from 33 to 65 wk of age. 

Similarly, in experiment 2, the main cereal of the diet (corn vs. barley) did not affect 

egg production, ADFI, FCR, or BW gain of brown-egg laying hens from 17 to 49 wk of 

age. Similarly, FI was not affected by the main cereal of diet (corn vs. barley) as 

indicated in experiment 3, confirming previous results. All these data are in agreement 

with previous studies (Craig and Goodman, 1993; Safaa et al., 2009; Pérez-Bonilla et 

al., 2011). Safaa et al. (2009) did not observe any effect on productive performance of 

layers from 20 to 48 wk of age when 50% corn was substituted by wheat. Similarly, 

Pérez-Bonilla et al. (2011) reported that the substitution of 45% of corn by the same 

amount of wheat or barley did not affect productive performance of brown-egg laying 

hens from 22 to 54 wk of age. In contrast, Coon et al. (1988) reported higher FI and 

poorer FCR per kilogram of eggs in hens fed barley based diets than in hens fed corn 

based diets, although in this research diets were not supplemented with an adequate 

exogenous enzyme complex. Also, Pérez-Bonilla et al. (2014) reported greater FI in 

brown-egg laying hens fed corn and wheat than in hens fed barley from 24 to 59 wk of 
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age, although in this research none of the other production traits was affected by the 

main cereal of the diet.  

In the current experiment, all diets, including those based on corn, were 

supplemented with exogenous carbohydrases and therefore, no effect of NSP content of 

the diet on productive performance was expected. Lázaro et al. (2003a) reported in 

SCWL hens that corn could be substituted by high soluble fiber content cereals (wheat, 

barley, or rye) without any negative effect on performance. These authors observed also 

that the supplementation of the wheat, barley, and rye diets with enzymes (a 

combination of β-glucanases and xylanases) improved nutrient digestibility, probably 

because of the decrease in digesta viscosity caused by enzyme supplementation. Lillie 

and Denton (1968) reported also similar production and FCR in SCWL fed diets based 

on corn, wheat, or barley, even though in this report no enzyme were added to the diet. 

Because of its higher content in NSP, barley and wheat are less uniform in chemical 

composition and nutritive value than corn (Jacob and Pescatore, 2012). Consequently, 

under commercial practices the use of corn tends to favor poultry performance 

compared with the use of wheat or barley. However, the potential differences in 

nutritive value among cereals are reduced and even disappear when the small, white 

grain based diets are supplemented with an adequate exogenous enzyme complex 

(Lázaro et al., 2003a; Gracia et al., 2003; Pérez-Bonilla et al., 2011).  

In experiments 1 and 2, the only variable affected by the main cereal of the diet 

was egg weight that was heavier for hens fed barley than for hens fed corn. The 

scientific information available on the effects of the main cereal of the diet on egg 

weight is limited and conflicting (Coon et al., 1988; Lázaro et al., 2003a, Pérez-Bonilla 

et al., 2011). For example, Nahashon et al. (1994) and Lázaro et al. (2003a) reported 

heavier eggs in hens fed barley than in hens fed corn, results that are consistent with the 
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data of the current research. However, Pérez-Bonilla et al. (2011) reported similar egg 

weight when corn was substituted by wheat or barley as the main ingredient of the diet 

in brown-egg laying hens from 22 to 54 wk of age. Mathlouthi et al. (2002) reported 

also similar egg weight when wheat was substituted by barley as the main ingredient of 

the diet of white laying hens from 28 to 40 wk of age. In contrast, Coon et al. (1988) 

reported heavier eggs in hens fed corn than in hens fed barley as the main ingredient of 

the diet in white hens from 36 to 64 wk of age. Total sulfur AA, linoleic acid (LNL), 

and supplemental fat are the main dietary factors affecting egg weight in commercial 

layer operations (Coon et al., 1988; Grobas et al., 1999a; Safaa et al., 2008). In this 

respect, Coon et al. (1988) reported that eggs from hens fed barley diets with lower 

lysine and methionine that was 0.68% and 0.29% respectively, were about 1 g lighter 

than weights of eggs from layers fed the corn and a second barley diets in hens from 36 

to 64 wk of age. In the current experiments, the contents in TSAA and all others 

indispensable AA of the diets was above recommendations (FEDNA, 2008; Lohmann, 

2016) and the LNL content was also in excess of hen requirements for optimal hen 

productivity (Grobas et al., 1999a). Consequently, no effect of an excess of TSAA or 

LNL on egg production was expected. In experiments 1 and 2 of the current thesis, the 

levels of supplemental fat was higher for the barley- than for the corn diet (4.9% vs. 

1.8% in experiment 1 and 5.3% vs. 4.7% in experiment 2) which might have resulted in 

heavier in eggs (Pérez-Bonilla et al., 2011). The results of the current experiments 

confirm that wheat and barley, supplemented with adequate enzymes, are a good 

alternative to corn in diets for brown-egg laying hens. 

1.1.2. Influence on egg quality traits  

The effects of the main cereal of the diet on egg quality traits were studied in 

experiments 1 and 2. The hypothesis was that the inclusion of barley and wheat in the 
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diet in substitution of corn could not affect any of the variables studied, except the 

incidence of dirty eggs that could increase and yolk color that could reduced. However, 

in none of the two experiments the cereal used affected any of the egg quality traits 

studied, including HU, yolk color, shell strength, shell thickness, and shell color. To 

notice that in the current researches, an enzyme complex and adequate amounts of 

canthaxantin and β-apo-8-carotenoic, yellow and red pigments, were added to the diets 

as needed, and therefore no effects of diet on the percentage of dirty eggs or yolk color 

were expected. In experiment 1, the only quality traits affected were the percentage of 

undergrades and of dirty eggs, that tended to be higher in hens fed corn and wheat than 

in hens fed barley, and the number of broken eggs that tended to be greater in hens fed 

the barley diet. Francesch et al. (1995) reported that the inclusion of barley and wheat in 

diets without any enzyme supplementation, increased the incidence of dirty eggs 

compared with the inclusion of corn. The available information on the effect of the main 

cereal of the diet on egg quality traits, other than incidence of dirty eggs, is scarce. To 

our knowledge, the only reports available comparing egg quality in hens fed these 3 

cereals are those of Lázaro et al. (2003a) and Pérez-Bonilla et al. (2011). Lázaro et al. 

(2003a) reported that hens fed barley or wheat based diets showed an increase in the 

percentage of dirty eggs compared with hens fed a control corn diet. However, none of 

the other quality traits studied (shell weight, percentage of shell-less, and HU) was 

affected. The authors reported that when an enzyme complex was added to the wheat 

and barley diets, the incidence of dirty eggs decreased to levels similar to those found 

for the corn diet. In this respect, Mathlouthi et al. (2002), Lázaro et al. (2003b, 2004), 

and García et al. (2008) reported that enzymes reduced intestinal viscosity in poultry, 

improving the consistency of the excreta, and thus, reducing or even eliminating the 

incidence of dirty eggs. Pérez-Bonilla et al. (2011) observed that the substitution of corn 
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by wheat and barley in enzyme supplemented diets fed to brown-egg laying hens from 

22 to 54 wk of age did not affect any of the egg quality traits studied (HU, shell 

thickness, shell density, and number of undergrads eggs) except yolk color, that was 

higher for hens fed corn than for hens fed wheat or barley. Moreover, Çiftci et al. (2003) 

and Safaa et al. (2009) reported that the substitution of corn by wheat in enzyme 

supplemented diets did not affect any egg quality trait in SCWL or brown-egg laying 

hens, respectively. Also, Jamroz et al. (2001) reported similar egg quality in hens fed 

wheat or barley diets supplemented with enzymes 

1.1.3. Influence on gastrointestinal tract development and body measurements 

The effect of the main cereal of the diet on GIT traits was studied in experiment 

2, exclusively. The authors have not found any published report on the effects of the 

main cereal of the diet on GIT measurements in brown-egg layer hens to compare with 

the data of the current research. In this experiment the relative weight of the GIT and 

the gizzard at 49 wk of age was greater in hens fed the barley diets than in hens fed the 

corn diets. However, none of the others GIT traits studied (proventriculus and liver 

weights) was affected by the main cereal of the diet. The GMD of the diets was greater 

for the barley than for the corn feeds (1,311 vs. 1,143 µm) and coarser particles are 

associated with greater development of the gizzard in broilers (Nir et al., 1994a) and 

pullets (Saldaña et al., 2015b). Also, the NDF content was higher (11.3 vs. 10.4%) in 

the barley than in the corn diets and consequently, barley feeding might stimulate more 

the muscular layers of the gizzard and the development of the GIT than corn feeding 

(González-Alvarado et al., 2007; Mateos et al., 2012; Sacranie et al., 2012). 

Body mass index (BMI), body length, and tarsus length are useful criteria to 

evaluate body size and predict future performance of broilers (Mendes et al., 2007; Van 

Roovert-Reijrink, 2013), pullets (Saldaña et al., 2015b), and layers (Guzmán et al., 
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2016). In experiment 2, none of these traits was affected by the main cereal of the diet. 

The only report available comparing the relative length of the pullets and the tarsus in 

pullets fed the corn or wheat diets is that of Saldaña et al. (2015b). These authors 

reported that the relative length of the pullets tended to be higher in birds fed corn than 

in birds fed wheat at 5 and 17 wk of age. However, tarsus length was not affected. The 

authors have not found any published report on the effects of the main cereal of the diet 

on hens or tarsus length to compare with the results reported herein. 

1.2. Particle size 

1.2.1. Influence on hen production 

The effects of the particle size of the diet on productive performance of the hens 

were studied in experiments 1, 2, and 3. In all these experiments, the GMD of three 

cereals increased as the screen size used to grind the ingredient increased but the 

magnitude of the increase was greater for barley and wheat than for corn, in agreement 

with data of Pérez-Bonilla et al. (2011). The glumes of barley are coarser and flexible 

and also, barley grains have higher NDF content than corn. Consequently, the chances 

of the different fractions of barley passing intact through the screen increased compared 

with corn, resulting in an increase in the GMD of the diet. Safaa et al. (2009) reported 

that the GMD of wheat was greater than that of corn when both cereals were hammer 

milled through an 8 or a 10-mm screen. In contrast, the GSD was higher for the corn 

and wheat diets than for the barley diets in these experiments, in agreement with data of 

Pérez-Bonilla et al. (2011, 2014) comparing different cereals in diets for laying hens. 

The data suggest that the structure of the feed (mean particle size and uniformity) 

depends not only of the size of the screen used for grinding but also of the 

characteristics of the ingredient (i.e., cereal) used. 
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The effect of particle size of the diet on poultry production is a subject of debate. 

The authors have not found any scientific report in the literature comparing the 

influence of particle size of corn, wheat, and barley on production of brown-egg laying 

hens. In experiment 2, from 17 to 49 wk of age, the screen size used to grind the cereals 

(corn or barley) did not affect any of the production traits studied, except for FCR that 

tended to increase in hens fed the cereals ground with a 4- mm screen compared with 

the average of hens fed the 6- to 12-mm screen ground cereals. In experiment 1, from 33 

to 65 wk of age, the screen size (6 mm vs. 10 mm) used to grind the cereal (corn, wheat 

or barley) did not affect any of the production traits studied, in agreement with data of 

Deaton et al. (1989) who did not observe any effect on ADFI, FCR, or egg production 

in SCWL hens when fed diets based on coarse (873 μm) or fine (1,501μm) corn from 23 

to 71 wk of age. Similarly, Maclsaac and Anderson (2007) reported that coarsely 

ground corn and wheat (milled to pass through a 7-mm vs. a 5-mm screen) did not 

affect egg production, egg weight, FI, or FCR of SCWL from 20 to 64 wk of age. 

Moreover, Hamilton and Proudfoot (1995b) observed that BW, egg production, egg 

weight, and FCR were not affected when diets based on coarse or fine soft wheat were 

fed to SCWL from 20 to 70 wk of age. In any of the 3 experiments of this thesis, FI was 

affected by the screen size used to grind the cereal. Most published research, however, 

showed that hens had a preference for larger feed particles and that coarse grinding 

increased voluntary FI in laying hens. In this respect, Safaa et al. (2009) observed a 

2.5% increase in FI in hens fed corn or wheat ground with a 10-mm screen compared 

with hens fed the same cereals ground with a 6-mm screen. In fact, many laying hen 

management guides (i.e., Lohmann, 2016) recommend the use of coarse texture diets 

when the objective is to maximize FI. It is worthy to notice that in experiment 3 (50 wk 

of age) laying hens showed a clear preference for ingesting coarse particles from diets 
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based on corn or barley, with differences being more notorious for the first hours after 

feed provision. The reasons for the discrepancy among experiments is not apparent but 

could be related to the proportion of very fine particles of the diet rather than to the 

GMD. In experiments 2 and 3 less than 20% of the feed particles of the original diets 

had a GMD of less than 0.5 mm, a percentage recommended as maximum by most 

guidelines for maximizing FI in laying hens. Moreover, supplemental fat of the diets 

might agglomerate the very fine particles, improving palatability and reducing the 

rejection rate for fine particles and thus, limiting the preference of the hens for coarse 

vs. fine particles. In fact, in these two experiments, the supplemental fat was high for 

both corn and barley diets (4.7% and 5.3%, respectively) which might have reduced the 

rejection of fine particles by the hen. 

The data available on the effects of coarse particle size on nutrient digestibility 

and FCR in poultry are contradictory with some research showing an improvement (Nir 

et al., 1994a,b; Röhe et al., 2014; Ruhnke et al., 2015) and some research showing no 

effects (Maclsaac and Anderson, 2007; Safaa et al., 2009). In experiment 2, FCR tended 

to increase in hens fed the 4-mm screen ground diets compared with the average FCR of 

the hens fed the other diets from 17 to 49 wk of age. Ouart et al. (1986) reported no 

differences in FCR between SCWL hens fed diets based on coarse or fine wheat from 

20 to 68 wk of age. In this respect, Amerah et al. (2007) suggested that coarse particles 

increase the antiperistaltic movements in the GIT of the birds, leading to better mixing 

and utilization of the nutrients. Also, a reduction in particle size increases the surface of 

contact between nutrients and endogenous enzymes which might favor nutrient 

digestibility. On the other hand, vitamins, minerals, and crystalline AA might 

concentrate in the fine fraction of the diet. Consequently, a preference for coarse 

particles affects the balance of nutrients ingested, which eventually might reduce egg 
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weight and hen production. These opposite effects of particle size on feed efficiency 

might counteract each other, and the final outcome might depend on factors such as 

ingredient composition of the diet, age, management, and health status of the birds. 

1.2.2. Influence on egg quality traits 

The effects of particle size of the diet on egg quality were studied in experiments 

1 and 2. In both experiments, an increase in the size of the screen used to grind the 

cereal did not affect any of the egg quality traits studied, consistent with data of Safaa et 

al. (2009) who observed that egg quality traits were similar in brown egg-laying hens 

fed fine-, medium-, or coarse- ground corn and wheat diets from 20 to 48 wk of age. 

Hamilton and Proudfoot (1995b) observed that specific gravity, HU, and percentage of 

blood spots were similar in SCWL hens fed fine- or coarse-ground wheat diets from 20 

to 70 wk of age. Moreover, Deaton et al. (1989) reported that an increase in the GMD of 

a corn diet from 814 to 873 µm did not affect shell-breaking strength of the eggs from 

23 to 71 wk of age. In contrast, Ouart et al. (1986) noticed that SCWL hens fed diets 

based on coarsely ground wheat from 68 to 71 wk of age had lower egg-specific gravity 

than hens fed diets based on finely ground wheat. Hafeez et al. (2015) indicated that 

differences in albumen weight and shell quality due to particle size of the feed were in 

all cases of little practical interest. Most of these authors recorded that the proportion of 

shell, yolk, and albumen of the eggs were not affected by particle size. Consequently, 

the screen size use to grind the cereal can be modified according to specific 

requirements without any effect on egg quality. 
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1.2.3. Influence on gastrointestinal tract development and body measurements 

The effects of particle size of the diet on GIT development were studied in 

experiment 2. None of the GIT traits was affected by the screen size, except gizzard 

weight that increased as the screen size used to grind the cereal increased. Röhe et al. 

(2014) observed that brown hens fed coarsely ground feeds showed heavier gizzards 

than hens fed finely ground diets at 23 wk of age. The authors have not found any report 

comparing the influence of particle size of corn, wheat, and barley on GIT development 

of brown-egg laying hens but these observations agree with data of numerous studies 

conducted in broilers (Nir et al., 1994a; Svihus et al., 2004; Amerah et al., 2007). The 

reason for the increase in gizzard development is not known. The gizzard grinds feed 

particles until reaching a consistent fine particle size, irrespective of the physical 

characteristics and particle size distribution of the diet (Hetland et al., 2004). Fine 

particles pass faster through the upper part of the GIT than coarse particles (Hetland et 

al., 2002) and consequently, gizzard size and function will increase with coarse grinding 

(Jiménez-Moreno et al., 2009b; Mateos et al., 2012). However, some authors showed 

that coarser particles can pass the gizzard at some extent and enter the small intestine, 

affecting negatively digestive efficiency of the bird (Lentle et al., 2006; Amerah et al., 

2007). Probably, particle density might be as important as particle size in this respect. 

BMI, body length, and tarsus length and diameter are used to estimate BW of 

broilers (Van Roovert-Reijrink, 2013), pullets (Saldaña et al., 2015b), and laying hens 

(Guzmán et al., 2016). In the current research, none of these traits was affected by the 

screen size used to grind the cereal, results that are consistent with the lack of effect of 

the characteristics of the diets on BW gain. On the other hand, the significant positive 

relation detected between BW and BMI, body length, and tarsus length and diameter, 

confirm that these traits can be used at a certain extent, to estimate BW in hens. 
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1.2.4. Influence on preference behavior 

The effects of the particle size of the diet on preference behavior of the hens 

were studied in experiment 3. We hypothesized that grinding size could affect 

preference behavior in laying hens with effects that could depend on the physico-

chemical characteristics of the main cereal used. Also, it was hypothesized that 

differences in the nutritional composition of the coarse and the fine fractions of the 

diets, could affect the feeding behavior of the hens. Hens showed a significant 

preference for coarser particles, an effect that was more evident when the cereals were 

ground coarsely. In general, chickens are known to have a preference for larger feed 

particles (Schiffman, 1968) which is observed at all ages (Portella et al., 1988a). Also, it 

has been reported that particle size preference is thought to increase with age (Nir et al., 

1994a). This may be related to the size of the birds ‘gape’ (width of the beak), that 

increases with age (Gentle, 1979). It is possible that the particle size be increase with 

age is of important interest, for optimal poultry performance. The information available 

on particle size preference by brown-egg laying hens is limited and contradictory. 

Schiffman (1968) suggested that birds have a pecking preference for textured feed over 

non-textured feed and that as they become older their preference for larger particles 

increases. Portella et al. (1988a) suggested that the preference for coarse particles of the 

laying hens might be altered not only by the average size but also by the proportion of 

very fine particles. These authors reported also that the disappearance of small particles 

was overwhelming when the feed had an excess of large particles (> 2.36 mm), but was 

less obvious as the experiment progressed and the percentage of coarse particle was 

reduced, consistent with the results of the current experiment. The data confirm that 

when allowed to choose, laying hens show a clear preference for coarse particles. 
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Also, a possible explanation for particle size preference could be that birds 

selected particles sizes in order to obtain a balanced diet. When the diet is deficient in a 

given nutrient, birds might choose to eat the sieving fraction that is richer in the 

deficient nutrient (Portella et al., 1988a). As a result, hen preference might depend not 

only on particle size but also on the physical distribution of the limiting nutrient or feed 

component within the sieving fractions. In the current experiment, hens did not show 

any preference for consuming those feed fractions with a greater proportion of CP, ash, 

or Ca content. In fact, Ca concentration in the different feed fractions was in relative 

terms, in-dependent of their size. Moreover, Ca content of the feed refusals increased 

with time showing a dislike of the hens for eating Ca in the early hours of the day. This 

observation deserves further attention because it might be related to differences in Ca 

requirements of the hens along the day and the timing at which the feed was available 

for consumption. Birds have a specific appetite for calcium, and thus, particle selection 

by the hens may be influenced by the requirement in this nutrient. It has been suggested 

that Ca and feed intake are regulated independently (Mongin and Sauveur 1979) and if 

given a choice, laying hens are able to choose between different feed sources to regulate 

their Ca intake (Holcombe et al. 1975). In this respect, Portella et al. (1988a) reported 

that birds tend to regulate their Ca intake more efficiently when fine particles were fed 

than when coarse particles are offered. When fed coarse diets, birds apparently ate large 

particles which contained less Ca while smaller particles with higher Ca content were 

less eagerly consumed. This may explain why in the current experiment the percentage 

of Ca was higher in the residual feed than in the original diets. Hughes et al. (1972) 

reported that laying hens tended to over-consume Ca late in the day, when most of the 

shell formation process occurs, but tended to under-consume Ca during the morning. In 

the evening, however, hens might try to balance Ca intake and Ca requirements, giving 
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preference to those particles rich in the deficient nutrient, regardless of feed coarseness, 

whereas an opposite pattern might occur during the morning. The data demonstrate that 

under the condition of the current research, hen preference for coarse particles was not 

modulated by the desire to meet any potential requirement for CP or Ca. 

 

2. General conclusions 

➢ Wheat and barley can be used in substitution of corn, at level of up to 45 % 

in diets for brown-egg laying hens provided that the feed is supplemented 

with adequate enzymes. Therefore, the use of one or other cereal will depend 

on their relative purchasing cost. 

➢ Eggs were heavier in hens fed barley than in hens fed wheat or corn, 

probably because of differences in the level of supplemental fat, rather than 

because of differences in linoleic acid content. 

➢ Type of cereal and the screen size used to grind the cereal did not affect any 

egg quality trait of the hens. 

➢ Corn, wheat, and barley ground through a 6 to 12-mm screen can be used 

indistinctly in commercial diets for laying hens, without any effect on hen 

performance.  

➢ An increase in screen size from (4 to 12 mm) improved gizzard development 

in hens at 49 wk of age. 

➢ Hens show a preference behavior for coarse particles, with differences that 

are more pronounced when the feed is coarsely ground than when the feed is 

finely ground.  
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➢ The CP, ash, and Ca contents of the diet were not uniform and varied with 

the diameter of the screen used to grind the cereal and also with the sieving 

fractions (fine vs. coarse). 

➢ Brown hens reduced Ca intake during the morning after the lights were 

switch on, resulting in residual feeds with greater concentration of ash and 

Ca than in the original diets, irrespective of the size of the feed fractions. 

➢ Crude protein content of the different sieve fractions, did not affect hen 

preference behavior. In fact, hens did not show any preference for 

consuming extra amounts of protein during the early part of the day. 

➢ The preference of hens for consuming coarse particle is not affected by the 

desire of the hens to ingest faulty nutrients to meet their nutrient 

requirements. 
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