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RESUMEN 

El objetivo de esta Tesis ha sido estudiar la influencia de diferentes estrategias 
nutricionales sobre el control de la acidosis en terneros de cebo en un contexto 
experimental diseñado para representar el manejo nutricional predominante en España. 
Para ello, se llevaron a cabo tres ensayos experimentales que se describen a 
continuación. 

El primer experimento se diseñó para evaluar el efecto de la inclusión de malato, 
administrado bien en forma de ácido libre o bien en forma de sal disódica/cálcica, en 
dietas de cebo de terneros sobre la productividad, la calidad de la canal, los parámetros 
ruminales y los metabolitos sanguíneos. Se emplearon 108 terneras (216 ± 30,3 kg de 
peso vivo), alojadas en 18 corrales de seis animales cada uno, durante un periodo 
experimental de cebo de 141 días. Se asignaron al azar seis corrales a cada tratamiento 
experimental. Los tratamientos experimentales fueron los siguientes: CON: concentrado 
control (sin aditivo); MA: concentrado CON más 1,08 kg/t de ácido málico (0,98 g de 
malato/g producto); y MAL: concentrado CON más 2 kg/t de una mezcla de malato 
disódico y cálcico (0,53 g de malato/g producto). Ambos aditivos se incluyeron para 
suministrar 1,1 g de malato por kg de concentrado. Los animales dispusieron de paja ad 
libitum durante toda la prueba. Se determinó el consumo de concentrado en materia seca 
(kg/corral) y el peso vivo individual cada 28 días. En los días 0, 84 y 141 de la prueba, se 
tomó una muestra de líquido ruminal mediante ruminocentesis y una muestra de sangre 
en la base del rabo de dos terneras por corral (12 por tratamiento). Al sacrificio, se registró 
el peso de la canal individual para determinar el rendimiento de la canal. También se llevó 
a cabo un estudio in vitro para analizar la fermentación ruminal de las tres dietas 
experimentales. Para ello, se inocularon los cultivos con líquido ruminal procedente de 
terneras alimentadas con la dieta CON y se incubaron durante 17 horas a 39ºC, 
determinándose posteriormente los principales parámetros de la fermentación ruminal 
(pH, producción de ácidos grasos volátiles y CH4, concentración de nitrógeno amoniacal y 
lactato, y la degradabilidad de la dieta). No hubo diferencias (P>0,05) entre tratamientos 
para el peso vivo, el consumo medio diario de de concentrado o la ganancia de peso vivo 
en ningún momento a lo largo del ensayo. Al sacrificio, tampoco hubo diferencias (P>0,05) 
en el peso de la canal caliente, su rendimiento o la clasificación de la canal. No hubo 
diferencias entre tratamientos en los valores de pH y las concentraciones de ácidos 
grasos volátiles y lactato, pero la concentración de nitrógeno amoniacal a los 84 días de 
prueba fue mayor para el tratamiento MAL (P>0,05) que para CON y MA. No hubo efecto 
de los tratamientos sobre los metabolitos sanguíneos (concentraciones de glucosa, lactato 
y nitrógeno ureico). En el estudio in vitro, no hubo diferencias entre tratamientos (P>0,05) 
para ninguno de los parámetros estudiados. Por lo tanto, bajo las condiciones de este 
experimento, la suplementación de MA o MAL no tuvo efecto en la productividad, los 
parámetros ruminales o los metabolitos sanguíneos de las terneras. Los resultados no se 
vieron influenciados por la forma de presentación del malato, bien como ácido libre o 
como sal disódica y cálcica. 

El segundo ensayo se diseñó para estudiar los efectos de las sales de malato y de 
un cultivo de Saccharomyces cerevisiae en la productividad, la calidad de la canal, la 
fermentación ruminal y los metabolitos sanguíneos de terneras en cebo. Se emplearon 
108 terneras cruzadas con Charolés (214 ± 27,3 kg de peso vivo), que se alojaron en 18 
corrales de seis animales cada uno durante un periodo de cebo experimental de 114 días. 
Se asignaron al azar seis corrales a cada uno de los siguientes tratamientos: CON (sin 
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suplementación), MAL: CON más 4 g de una mezcla de malato disódico-cálcico por kg de 
concentrado (2,12 g de malato por kg), y YC: CON más 0,15 g de un cultivo de levadura 
(S. cerevisiae CBS 493.94; 1,5 x 108 ufc/kg) por kg de concentrado. La dieta CON 
consistió en un concentrado basado en trigo y cebada (32% de almidón en materia seca) 
y paja de cebada, ambos administrados ad libitum. Los días 0, 56 y 114 se tomaron 
muestras de líquido ruminal y sangre de cada ternera a las 2 horas tras la administración 
del concentrado mediante ruminocentesis y extracción en la base de la cola, 
respectivamente. El peso vivo, el consumo medio diario y el índice de transformación 
(ganancia/consumo) se registraron a los 28, 56, 84 y 114 días del ensayo. Los animales 
se sacrificaron en un matadero comercial y se determinó el peso de la canal caliente, el 
rendimiento de la canal y su clasificación en dos terneras por corral (12 animales por 
tratamiento). También se llevó a cabo un estudio in vitro para analizar la fermentación 
ruminal de las tres dietas experimentales. Para ello, se inocularon los cultivos con líquido 
ruminal procedente de terneras alimentadas con la dieta CON y se incubaron durante 17 
horas a 39ºC, determinándose posteriormente los principales parámetros de la 
fermentación ruminal. La suplementación con malato o YC no afectó (P>0,05) al consumo 
medio diario de concentrado, la ganancia media diaria o el índice de transformación a lo 
largo del ensayo. Tampoco hubo diferencias (P>0,05) entre tratamientos en el peso de la 
canal, su rendimiento y clasificación. No se detectaron diferencias entre tratamientos en el 
pH ruminal, las concentraciones ruminales de ácidos grasos volátiles, nitrógeno amoniacal 
y lactato, ni en las concentraciones plasmáticas de glucosa, nitrógeno ureico y lactato. En 
el estudio in vitro, no hubo diferencias entre tratamientos (P>0,05) para ninguno de los 
parámetros estudiados. En conclusión, bajo las condiciones de manejo y alimentación de 
este estudio, la suplementación con MAL o YC no tuvo ningún efecto significativo sobre 
los parámetros ruminales y sanguíneos, el rendimiento productivo ni la calidad de la canal.  

Finalmente, el objetivo del tercer experimento fue evaluar la interacción entre el 
tipo de cereal (maíz vs. trigo) y el nivel de energía de la dieta sobre la productividad, la 
calidad de la canal y la fermentación ruminal en terneras en cebo. Para ello se emplearon 
144 terneras (218 ± 26 kg de peso vivo) que fueron alojadas en 24 corrales (seis animales 
cada uno) durante un periodo experimental de cebo de 168 días. La prueba tuvo un 
diseño factorial con cuatro tratamientos en función de la composición de los concentrados, 
que fueron formulados con dos niveles energéticos (1.452 vs. 1.700 kcal EN/kg) y dos 
cereales principales (maíz vs. trigo). Las terneras recibieron los concentrados 
experimentales y paja de cereal administrados ad libitum. El consumo de concentrado y el 
PV se registraron a los 42, 84, 126 y 168 días del ensayo. Los días 1, 84 y 168 del ensayo 
se obtuvo líquido ruminal de tres terneras por corral mediante ruminocentesis, así como 
una muestra de sangre. Tras el sacrificio, se registró en las mismas terneras el peso de la 
canal y su clasificación, y se calculó el rendimiento de la canal. También se llevó a cabo 
un estudio in vitro para analizar la fermentación ruminal de las cuatro dietas 
experimentales. Para ello, se inocularon los cultivos con líquido ruminal procedente de 
terneras alimentadas con la dieta CON y se incubaron durante 17 horas a 39ºC, 
determinándose posteriormente los principales parámetros de la fermentación ruminal. 
Las terneras que recibieron las dietas de mayor nivel energético tuvieron un menor 
consumo (6,97 vs. 7,29 kg/d; P=0,011), un índice de conversión inferior (5,15 vs. 5,66 
kg/kg; P=0,002) que aquellas que recibieron los concentrados de baja energía, y tendieron 
a ser más pesadas (P=0,069) a lo largo del ensayo. No se observaron diferencias 
(P>0,05) debidas al nivel energético en el rendimiento y clasificación de la canal, en el pH 
ruminal, ni en las concentraciones de ácidos grasos volátiles y de nitrógeno amoniacal en 
el rumen. Por otro lado, la concentración total de ácidos grasos volátiles tendió (P=0,070) 
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a ser mayor en las terneras alimentadas con las dietas basadas en maíz, que en las que 
recibían las dietas basadas en cebada. En el estudio in vitro, no hubo diferencias debido 
al tipo de cereal (P>0,05) para ninguno de los parámetros estudiados, mientras que las 
dietas de alta energía tuvieron una menor producción de gas y ácidos grasos volátiles, y 
un mayor pH que las dietas de baja energía. Por lo tanto, según los resultados de este 
ensayo, la administración de concentrados con niveles energéticos elevados redujo el 
consumo y el índice de conversión, pero tuvo efectos minoritarios sobre el rendimiento de 
la canal. Por otro lado, el tipo de cereal mayoritario en el concentrado no tuvo ningún 
efecto en la productividad o la fermentación ruminal, sin que se detectaran interacciones 
entre el tipo de cereal y el nivel energético. 

  

3 



 

ABSTRACT 

The aim of this Thesis was to study the influence of nutritional strategies to control 
ruminal acidosis in feedlot cattle in an experimental context designed to resemble the 
predominant feeding practice in Spanish commercial feedlots. Therefore, three 
experiments were conducted, as summarized below. 

The first experiment was designed to evaluate the effects of malate inclusion in 
feedlot cattle diets provided either as free acid or disodium/calcium salt form on 
performance, carcass quality, ruminal parameters and blood metabolites. A total of 108 
heifers (216 ± 30.3 kg of body weight), housed in 18 pens of six animals per pen were 
used in a 141 d feedlot study. Six pens were randomly assigned to each of the following 
experimental diets: CON: control (no additive); MA: CON plus 1.08 kg/t of malic acid (0.98 
g of malate/g product); and MAL: CON plus 2 kg/t of disodium/calcium malate (0.53 g of 
malate/g product). Both additives provided 1.1 g of malate/kg of concentrate (as mixed). 
Concentrate dry matter intake (kg/pen) and individual animal body weights were 
determined every 28 d. At 0, 84 and 141 d, ruminal fluid was obtained by ruminocentesis 
and blood samples were collected via tail venipuncture from two heifers per pen (12 per 
treatment). At slaughter, individual carcass weights were measured and carcass yield was 
determined. An in vitro study was also conducted to analyze ruminal fermentation of the 
three experimental diets. Batch cultures were inoculated with ruminal fluid from CON 
heifers incubated for 17 h at 39ºC, and main fermentation parameters were determined 
(i.e., pH, volatile fatty acids and CH4 production, ammonia-N and lactate concentrations, 
and diet degradability). There were no differences among groups in body weight, 
concentrate dry matter intake or body weight gain at any time during the experiment. At 
slaughter, there were no differences in hot carcass weight and yield or carcass 
classification among groups. There were no effects of treatments on ruminal parameters 
(i.e., pH and concentrations of volatile fatty acids and lactate), with the exception of NH3-N 
concentrations, which were higher (P<0.05) for MAL compared with CON and MA groups 
at 84 d of sampling. Blood metabolites (i.e., glucose, urea-N, lactate) were unaffected by 
treatments. In the in vitro study, there were no differences among diets in any parameter 
measured. Under the conditions of this experiment, supplementation with MA or MAL had 
no effect on animal performance, ruminal parameters or blood metabolites, and results did 
not depend on whether malate was administered as the free acid or as the disodium-
calcium salt. 

The second experiment was designed to study the effects of malate salts and 
Saccharomyces cerevisiae culture on growth performance, carcass quality, ruminal 
fermentation products, and blood metabolites in heifers. A total of 108 Charolaise cross 
heifers (214 ± 27.3 kg of body weight) were housed in 18 pens of six animals each and 
used in a 114-day feedlot study. Six pens were randomly assigned to each of the following 
experimental diets: control (not supplemented; CON); the control plus 4 g of 
disodium/calcium malate mixture (MAL) per kg of concentrate, providing 2.12 g of malate 
per kg of concentrate; and the control plus 0.15 g of Saccharomyces cerevisiae CBS 
493.94 (YC) per kg of concentrate, providing 1.5 x 108 cfu per kg of concentrate. The 
control diet consisted on wheat-barley based concentrate (32% starch, dry matter basis) 
and barley straw fed ad libitum. On days 0, 56 and 114, ruminal fluid and blood samples 
were obtained from each heifer 2 h after feeding by ruminocentesis and tail venipuncture, 
respectively. Body weight, average daily feed intake and gain to feed ratio were recorded 
at 28, 56, 84 and 114 days. At slaughter, hot carcass weight and yield and carcass 
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classification were determined in two heifers per pen (12 animals per dietary treatment). 
An in vitro study was also conducted to analyze ruminal fermentation of the three 
experimental diets. Batch cultures were inoculated with ruminal fluid from CON heifers 
incubated for 17 h at 39ºC, and main fermentation parameters were determined. 
Supplementation with malate salts or YC did not affect concentrate average daily feed 
intake, average daily gain or gain to feed ration at any time during the experiment. At 
slaughter, there were no differences in carcass weight, classification and yield among 
experimental groups. There were no differences among experimental groups on ruminal 
pH, concentrations of volatile fatty acids, urea-N and lactate, and plasma concentrations of 
glucose, urea-N and lactate. In the in vitro study, there were no differences among diets in 
any parameter measured. In conclusion, under the feeding and management conditions of 
this study, diet supplementation with malate salts or YC did not have any significant effects 
on ruminal parameters, blood metabolites, animal performance or carcass quality. 

Finally, the objective of the third experiment was to assess the interaction of cereal 
type (corn vs. wheat) and energy level of the diet on growth performance, carcass quality 
and ruminal fermentation characteristics of beef cattle. A total of 144 beef heifers (218 ± 
26.4 kg body weight) were housed in 24 pens (six animals each) and were used in a 168-
day feedlot study. Four concentrates were formulated according to a 2x2  factorial 
arrangement of treatments with two energy levels (1,452 vs. 1,700 kcal of net energy/kg) 
and two main cereals (corn vs. wheat). Concentrate and straw were offered ad libitum. 
Concentrate intake and body weight were recorded on days 42, 84, 126 and 168. Ruminal 
fluid was obtained by ruminocentesis from three heifers per pen on days 1, 84 and 168; 
and carcass weight, classification and yield, were determined in the same animals after 
slaughter. An in vitro study was also conducted to analyze ruminal fermentation of the four 
experimental diets. Batch cultures were inoculated with ruminal fluid from CON heifers 
incubated for 17 h at 39ºC, and main fermentation parameters were determined. Heifers 
fed high-energy diets had lower intake (6.97 vs. 7.29 kg fresh matter/d; P=0.011), and 
lower feed to gain ratio (5.15 vs. 5.66 kg/kg; P=0.002) than those fed the low energy 
concentrates, and tended (P=0.069) to be heavier along the time. Neither carcass yield 
and classification, nor ruminal pH, volatile fatty acids nor NH3-N concentrations were 
affected (P>0.05) by energy level. Total volatile fatty acids concentration tended (P=0.070) 
to be greater in heifers fed corn-based than wheat-based concentrates. No energy level x 
cereal type interactions were observed. There were no differences due to cereal type in 
any of the variables determined in vitro incubations, while the fermentation of high-energy 
concentrates resulted in lower gas and total volatile fatty acid production, and in greater 
pH, than the low-energy concentrates. These results indicate that high energy 
concentrates decreased feed intake and feed conversion but had minor effects on carcass 
performance. Cereal type had no effects on performance and ruminal fermentation and no 
interactions between cereal type and energy were detected. 
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Chapter I: Introduction and objectives 

1.1. Spanish situation of beef cattle sector 

Spain produced 626,104 tons of beef in 2015, which accounted for the 6% of final 
agricultural production (MAGRAMA, 2015), being the fifth European beef producer after 
France (1,450,000 t), Germany (1,120,000 t), United Kingdom (883,230 t) and Italy 
(788,280 t). About 80% of Spanish beef production comes from animals with carcass 
weights ranging from 240 to 350 kg and from 8 to 24 month of age.  

Spanish beef cattle production differs from other European countries in the rearing 
management, and in the feeding management. A large part of Spanish beef production is 
based on feeding cereal concentrates and straw ad libitum in separate feed-bunks, with 
the concentrate accounting for more than 85% of total dry matter intake (DMI; Gimeno et 
al., 2014; Verdú et al., 2015). This feeding system is usual in Spain and other 
Mediterranean countries due to climate conditions, as climate do not allow enough forage 
areas were animals could graze. In general, the production system is based on fattening 
calves from dairy breeds (mainly Holstein-Friesian), pure autochthonous breeds (Avileña-
Negra Ibérica, Rubia Gallega, Asturiana, Pirenaica, Morucha) or cross-breeds with 
Limousine and Charolaise, with cross-breeding calves being about 54% of the total 
(MAGRAMA, 2015). 

Feeding high-concentrate diets favors beef growth, but an excessive amount of 
rapidly fermented starch could result in subacute ruminal acidosis (SARA), which is 
commonly stated as a reduction in ruminal pH below 5.8, mainly due to volatile fatty acids 
(VFA) and lactate accumulation in the rumen (Calsamiglia et al., 2012). Therefore, this 
intensive feeding system requires a good control of ruminal fermentation, with special 
attention to the prevention of SARA. This metabolic disease can reduce the absorption of 
VFA over an extended period of time (Krehbiel et al., 1995) due to abnormal keratinization 
of ruminal epithelium, reducing the contribution of VFA to energy and precursors supply. 
Moreover, animals experiencing SARA usually reduce feed intake, impairing growth rate. 
These changes not only cause economic losses due to decreased production, but also 
health and animal welfare problems (Calsamiglia et al., 2012). The challenge for beef 
cattle farmers is to implement feeding practices to reduce the incidence of SARA while 
maintaining high levels of productivity. The purpose of this chapter is to review some 
factors that influence the incidence of SARA and to analyze nutritional strategies to 
prevent or reduce its incidence. 

1.2. Impact of carbohydrates on ruminal fermentation 

Most of the organic components of high-concentrate diets are degraded and 
fermented in the rumen, producing VFA which are absorbed through rumen wall. The 
amount and variety of VFA produced depends on the type of carbohydrates in the diet and 
its degradation rate. Thus, structural carbohydrates are degraded more slowly than non-
structural carbohydrates and acetate is the main final product, whereas non-structural 
carbohydrates (mainly starch) are fermented faster by amylolytic bacteria and produce 
high amounts of propionate. Acetate is used by the host ruminant as an energy source and 
as a precursor for the synthesis of fatty acids, and propionate is mainly used to synthetize 
glucose in the liver (Van Soest, 1994). Therefore, the source of carbohydrates in the diet 
has a great influence on ruminal fermentation. Moreover, the structure and composition of 
cereal starch and the physical interactions between starch and protein can influence the 
digestibility and feeding value of cereal grains for ruminants (Rooney and Pflugfelder, 
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1986). For example, ruminal degradation of starch from corn grain is limited by its 
vitreousness, which reflects the association between starch and protein in the endosperm. 
In the vitreous endosperm, starch granules are surrounded by proteins and embedded in a 
dense matrix that limits the accessibility of microbial enzymes to starch (Corona et al., 
2006). In contrast, the protein matrix of wheat is more diffuse and does not hamper the 
access of ruminal microbes to starch granules (McAllister et al., 2006). Although the 
endosperm in different wheat types may differ in hardness, in general all wheat types are 
digested more rapidly than corn in the rumen (Yang et al., 2014). 

The massive supply of readily fermentable carbohydrates in the diet stimulates the 
growth of amylolytic bacteria, mainly Streptococcus bovis. S. bovis is not the only 
responsible for the breakdown of carbohydrates, but has great importance because lactate 
is its main fermentation product, and also competes with amylolytic bacteria (Asanuma and 
Hino, 2002). At low concentrations, lactate can be metabolized by Gram negative bacteria, 
mainly Megasphaera elsdenii and Selenomonas ruminantium lactilytica, avoiding lactate 
accumulation. However, M. elsdenii and S. ruminantium growth rate is lower than that of S. 
bovis, so the supply of diets rich in rapidly fermentable carbohydrates can result in lactate 
accumulation in the rumen and a sudden decrease in pH (Russell and Hino, 1985; Russell 
and Strover, 1989). If the pH drops below 5.6 Gram negative bacteria cannot growth, 
whereas S. bovis and Lactobacillus spp. continue growing and producing lactate which is 
accumulated in the rumen (Goad et al., 1998). This change in rumen microbiota can take 
place in only 24 h (Dawson and Allison, 1988). If the supply of high fermentable 
carbohydrates is maintained, ruminal pH continues falling and S. bovis growth becomes 
inhibited, being Lactobacillus spp. the predominant species. Ruminal fermentation is then 
reduced, with a concomitant decrease in rumen motility and saliva production (Lana et al., 
1998), and absorption of D-lactate through the rumen wall is increased (Figure 1.1). 

Figure 1.1. Main factors involved in the development of lactic acidosis (Adapted from 
Nocek, 1997). 
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Subclinical acidosis problems have been very effectively controlled in the past by 
the addition of monensin (especially in the countries that use concentrated-based diets), 
which had additional advantages such as increasing fermentation efficiency, and reducing 
the production of methane, a potent greenhouse gas. However, the use of monensin is 
banned in the European Union since January 2006, making necessary to develop 
strategies to overcome the effect of removing this product from ruminant diets. Moreover, 
diets designed for fattening cattle not only should meet the nutritional requirements of the 
animals, but also should promote propionate production maintaining the optimal ruminal 
function. The type and processing of cereals and forage are key factors to reduce the risk 
of subclinical acidosis, and therefore their influence on ruminal fermentation is briefly 
described below.  

1.2.1. Type of grain and grain processing 

One of the main factors to take into account when formulating diets for beef cattle is 
the total amount of starch, but also ruminal degradability of cereal grains is equally 
important. Bacha (1991) evaluated the in situ rate of disappearance of dry matter of 
different cereals and observed that triticale showed the highest rate, followed by wheat, 
barley, oats, rye and rice. The slowest degradation rate was showed by maize and 
sorghum. High degradation rates were associated with high theoretical degradability 
(84.4% on average) for the first 5 cereals; while corn and sorghum showed a theoretical 
degradability lower than 59% (Table 1.1.). 

Table 1.1. Degradation rate and theoretical degradability of different cereal grains (Bacha, 
1991). 

Cereal Degradation rate (%·h-1) Theoretical degradability (%) 
Triticale 0.350 88.70 
Wheat 0.302 90.08 
Barley 0.205 82.72 
Oats 0.190 70.70 
Rye 0.115 89.21 
Rice 0.110 85.79 
Corn 0.058 58.35 
Sorghum 0.040 47.47 
 

In general, most cereal grains bypass the rumen undigested when they are 
administered unprocessed (whole grains), but physical and/or chemical treatments of 
grains can increase starch fermentation in the rumen (Hutcheson, 2007). The most 
frequently treatments are grinding, pelleting, dry or steam rolling, reconstituted or high-
moisture. Nonetheless, each grain has its own structural characteristics and types of 
starch, and therefore not all of them respond similarly to the different treatments. Table 
1.2. shows the influence of cereal grain processing on performance and feed intake in 
fattening calves (Owens et al., 1997). The physical-chemical treatment of barley and oat 
grains did not affect either the average daily gain (ADG) or feed intake of calves. In 
contrast, feeding steam rolled wheat improved feed utilization compared to dry rolled 
wheat. Steam rolled maize and milo (sorghum) also improved feed utilization compared to 
the other treatments studied (dry rolled, high- moisture, whole or reconstituted), whereas 
administration of dry rolled corn and milo grains did not affect the ADG but reduced the 
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feed efficiency compared with whole grains (-12% and -17% for corn and milo, 
respectively). Grinding cereal grains reduces particle size and increases degradation rate, 
but the magnitude of these effects on starch utilization is generally greater for corn than for 
wheat, due to disruption of the protein matrix which encapsulates the corn starch granules 
(McAllister et al., 1993). In this sense, Liu et al. (2016) reported that corn starch in particles 
smaller than 1 mm was extensively fermented in the rumen, whereas wheat starch was 
highly fermented in particles smaller than 2 mm. 

Table 1.2. Influence of cereal grain processing on performance and feed intake of 
fattening calves (adapted from Owens et al., 1997).  
Item and grain form Barley Corn Milo Oats Wheat 
Average daily gain (kg/d) 

Dry rolled 1.45 1.45ª 1.43ª 1.53 1.38 
High-moisture - 1.37b 1.29b - - 
Steam rolled 1.33 1.43ª 1.40ab 1.48 1.38 
Whole 1.38 1.45ª - - - 
Reconstituted - - 1.31ab - - 
SEM1 2.43 1.29 1.45 0.52 1.74 

Dry matter intakes (kg/d) 
Dry rolled 8.96 9.45ª 10.47ª 9.20 8.97ª 
High-moisture - 8.72b 9.15b - - 
Steam rolled 8.25 8.35c 8.56c 9.12 8.10b 
Whole 9.30 8.56bc - - - 
Reconstituted - - 8.79bc - - 
SEM1 23.55 37.34 22.82 1.08 48.37 

Feed efficiency (feed/gain) 
Dry rolled 6.25 6.57ª 7.43ª 6.01 6.59ª 
High-moisture - 6.43b 7.12b - - 
Steam rolled 6.19 5.87c 6.33c 6.18 5.92b 
Whole 6.66 5.95bc - - - 
Reconstituted - - 6.75bc - - 
SEM1 48.06 21.91 34.37 5.07 14.87 

a, b, c Means within a column with different superscripts differ (P<0.05). 
1 Standard error of the mean.  
 

1.2.2. The role of forages in high-grain concentrate diets 

As commented before, in the traditional Spanish beef fattening system the intake of 
high-grain concentrates usually reaches over 85% of total DMI. Cereal straw is fed ad 
libitum in order to maintain the rumen function and to reduce the impact of the high 
availability of starch (Gimeno et al., 2014), as straw promotes chewing and salivation and 
contributes to maintain the buffering capacity of the rumen. However, straw intake is 
generally low (below 12% of total DMI; Devant et al., 2000; Gimeno et al., 2014; Iraira et 
al., 2015), and related to the necessary quantity to maintain rumen functionality.  

Straw is usually fed ad libitum separately from the concentrate, but the form of 
straw supply (either separately from the concentrate or mixed together as a total mixed 
diet) can affect ruminal fermentation. Gimeno et al. (2014) studied the effect of feeding 
concentrate and straw either separately or mixed in form of briquettes on the pattern of 
intake, growth and rumen pH of beef cattle fed high concentrate diets, and observed that 
animals fed the briquettes had lower ruminal pH compared with those receiving straw and 
concentrate separately (daily average of 5.98 vs. 6.33, respectively; P=0.034) and tended 
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to have lower total feed intake (7.08 vs. 9.77 kg of dry matter; DM), and ADG (1.43 vs. 
1.76 kg/d, respectively).  

Although cereal straw could help to maintain ruminal pH and reduce the risk of 
acidosis, it is not as effective as feeding low starch concentrates or high-forage diets, such 
as the typical diets frequently used in Northern Europe countries. Jorgensen et al. (2007) 
observed that feeding bull calves high-starch concentrates and straw tended (P<0.10) to 
decrease ruminal pH by 0.18 and increase (P<0.05) the period of time in which pH was 
below 5.8 in 4 h, compared with feeding low-starch concentrates and grass hay ad libitum 
(P<0.05). However, some authors have questioned the need of forage supply in high-grain 
concentrate diets, as it increases production costs (Faleiro et al., 2011) and complicates 
feeding management (Brown et al., 2006). Faleiro et al. (2011) reported that the supply of 
concentrate (31% barley and 32% corn) without barley straw reduced (P=0.001) the 
average ruminal pH from 6.09 to 5.46, affected VFA concentration and profile, and 
increased stereotypic behaviors, but did not affect DMI, ADG and carcass characteristics 
of growing heifers. On the contrary, Devant et al. (2015) observed a decrease in ADG of 
calves when straw was suppressed in high concentrated diets containing 35% corn, 19% 
barley and 8% wheat; being the decrease higher when the concentrate was supplied in the 
form of pellets compared to mash. For both concentrate forms, the suppression of straw 
increased stereotypic behaviors, decreased rumination and increased the fusion of ruminal 
papillae. Therefore, it seems that forage is needed in high-grain concentrate diets to 
maintain performance, good animal welfare, and ruminal health. Suppressing forage in this 
type of diets would result in a higher risk of ruminal pathologies that could have a negative 
impact in growth performance.  

1.3. Use of additives to manipulate ruminal fermentation 

In the last two decades, many research efforts in the field of ruminant nutrition 
within the European framework have focused on identifying alternatives to ionophore 
antibiotics to prevent the incidence of ruminal acidosis in intensive rearing systems. The 
main lines of research are related to organic acids and their salts, probiotics and plant 
extracts, with special emphasis on essential oils. The mode of action and influence on 
animal performance of the two types of feed additives investigated in this Thesis (organic 
acids and probiotics) will be reviewed in the next sections. 

1.3.1. Organic acids and their salts 

Organic acids are found naturally in biological tissues, as they are intermediates in 
metabolic cycles and some of them are also produced in the digestive tract of animals 
during the fermentation processes (Caja et al., 2003). Organic acids are frequently used as 
antimicrobial additives in non-ruminant animals feeding to change the composition of gut 
microbiota. In ruminants, most research has focused on malate and fumarate, both of 
which are intermediates in the tricarboxylic acid cycle and in the randomizing pathway of 
propionate production in the rumen (Carro and Ungerfeld, 2015). 

Both malate and fumarate stimulate the growth of ruminal bacteria, especially 
Selenomonas ruminantium, which represents up to 51% of the viable bacteria in the rumen 
of animals fed high-concentrate diets (Caldwell and Bryant, 1966). The subspecie S. 
ruminantium lactilytica is able to ferment lactate and to use it as an energy source 
(Scheifinger et al., 1975; Stewart and Bryant, 1988) through the succinic pathway, in which 
malate and fumarate are intermediate metabolites (Gottschelk, 1986). Malate also may act 
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as an electron sink for hydrogen, which increases lactate utilization by S. ruminantium 
(Nisbet and Martin, 1991; Martin and Park, 1996). The addition of fumarate and malate to 
pure cultures of S. ruminantium (up to a concentration of 10 mM) doubled the growth of 
this bacteria and stimulated lactate uptake, but these organic acids did not promote the 
growth of S. ruminantium in the absence of lactate (Nisbet and Martin, 1990; 1993). 
Supplying malate and fumarate, or their sodium salts, to semi-continuous flow (Rusitec) 
fermenters resulted in decreased lactate concentrations and increased ruminal pH (Carro 
et al., 1999; Lopez et al., 1999; Carro and Ranilla, 2003). Some studies (reviewed by 
Carro and Ungerfeld, 2015) have also reported a decrease in methane production as a 
consequence of malate and fumarate supplementation, which can result in higher 
fermentation efficiency and reduced environmental impact due to the greenhouse effect of 
methane.  

Management of free acids is problematic as they are corrosive substances and can 
lower ruminal pH (Asanuma et al., 1999; Liu et al,. 2009), and salts have the advantages 
of being non-abrasive and safer to manipulate, although they are usually more expensive 
(Carro and Ungerfeld, 2015). An in vitro study performed by Martin and Streeter (1995) 
showed that the effect of free malic acid in the rumen was similar to that of disodium 
malate, although differences in chemical structure might imply different effects on ruminal 
fermentation. Free acids provide protons to the medium, which could decrease ruminal pH, 
whereas the contribution of the sodium cation in the salts can help to increase the pH 
(Castillo et al., 2004). Nisbet and Martin (1994) reported a synergistic action of both forms 
of malate, and observed that sodium concentrations between 25 and 100 mM stimulated 
consumption of L-lactate in the presence of S. ruminantium and 10 mM of malate ion. 
Castillo et al. (2007) performed an in vivo study comparing the effects of malate forms 
(malic acid or disodium salt) on performance of feedlot bull calves. Although these authors 
did not find differences in productive parameters, observed that only malate salts were 
able to counteract the natural decrease in blood pH. However, to our knowledge no other 
studies have investigated the possible differences between malic acid and its salts when 
used as feed additives. 

The effects of malate supplementation on feed intake and performance of beef 
cattle reported in the literature have been inconsistent. The Table 1.3. summarizes the 
results of some in vivo studies. The results indicate that malic acid or malate salts at 
inclusion rates up to 25 g per kg of diet DM had no negative effects on feed intake in beef 
cattle (Kung et al., 1982; Martin et al., 1999; Montaño et al., 1999; Castillo et al., 2007; Liu 
et al., 2009; Vyas et al., 2015). However, it seems that higher doses of malic acid can 
depress feed intake; thus, Foley et al. (2009) reported that malic acid supplied at 50 and 
75 g per kg of diet DM reduced DMI in steers fed grass silage and concentrate.  

The effects of malate on beef cattle performance have also been variable. Martin et 
al. (1999) reported that supplementing malic acid at rates of 5.2 and 10.4 g/kg DM to 
feedlot steers fed a corn-based diet significantly improved ADG and feed to gain (F:G) 
ratio the first 10 days of the fattening period. In contrast, no effects of either malic acid or 
malate salts on ADG and F:G ratio were observed by Castillo et al. (2007) using lower 
doses of malic acid or malate salts (2 g/kg DM). No effects of malic acid or malate salts on 
hot carcass weight and dressing proportion have been observed in steers (Martin et al., 
1999). The effects of malate on ruminal fermentation have been inconsistent. Some 
authors have reported increases in ruminal VFA concentrations when supplementing 
malate to steers (Kung et al., 1982; Martin et al., 1999; Khampa et al., 2006; Liu et al., 

14 



Chapter I: Introduction and objectives 

2009), but others (Montaño et al., 1999; Vyas et al., 2015) reported no effects or even a 
decrease in total VFA concentrations (Foley et al., 2009). Malate supplementation has 
generally resulted in increased proportions of propionate (Kung et al., 1982; Khampa et al., 
2006; Liu et al., 2009) and sometimes butyrate (Liu et al., 2009). Moreover, it has been 
suggested that malic acid and malate salts could selectively stimulate or inhibit the activity 
of specific ruminal microbes at some concentrations (Liu et al., 2009). Martin et al. (1999) 
showed that malate supplementation prevented a marked drop of ruminal pH after feed 
ingestion, but concentrations of propionate, butyrate and L-lactate were not affected. Vyas 
et al. (2015) also reported that malic acid supplementation reduced the amount of time that 
the ruminal pH was under 6.2 in comparison to unsupplemented animals and those 
receiving the same doses of fumaric acid. 

Few studies have assessed the effects of malate supplementation on plasma 
metabolites. Martin et al. (1999) and Montaño et al. (1999) reported no effects of malic 
acid on plasma concentrations of glucose, L-lactate and urea-N in steers. In contrast, 
Castillo et al. (2007) found that supplementing malic acid or a mixture of disodium and 
calcium malate at 4 g per kg of concentrate to feedlot bulls in the finishing period lowered 
plasma L-lactate concentrations compared to unsupplemented bulls. In a study from the 
same group, Hernández et al. (2011) observed that supplementing finishing bull calves 
with free malic acid or disodium/calcium malate salts at 4 g/kg DM diet lowered plasma 
concentrations of L-lactate, urea–N and creatinine. 

The number of studies conducted with fumarate as feed additive is lower than that 
involving malate, and many studies were focused on the potential of fumarate to reduce 
methane production. Some studies in different animal species have reported that fumarate 
can reduce feed intake (McGinn et al. 2004; Beauchemin and McGinn, 2006; Molano et 
al., 2008), but others have observed no effect (Vyas et al., 2015). McCourt et al. (2008) 
and Wood et al. (2009) administered to fattening lambs 113 and 100 g of encapsulated 
fumaric acid per kg DM, respectively, and observed no change in feed intake. However, 
Molano et al. (2008) observed a decrease in DM intake when supplementing lambs with 
free fumaric acid at 80 and 100 g/kg DM. These results suggest that encapsulation may be 
a useful procedure for administering high doses of organic acids to ruminants avoiding 
negative effects on feed intake (Carro and Ungerfeld, 2015).  

Supplementation of fumarate to steers at doses ranging from 12 to 50 g/kg DM did 
not affect diet digestibility (Bayaru et al., 2001; McGinn et al., 2004; Beauchemin and 
McGinn 2006). In contrast, Yu et al. (2010) observed that sodium fumarate 
supplementation (10 g/kg DM) increased diet digestibility in goats, and Isobe and Shibata 
(1993) reported that including fumaric acid (5 g/kg DM) in the diet of goats increased the in 
situ dissapearance of diet at short incubation times. To our best knowledge, no studies 
have analyzed the influence of fumarate supplementation on beef cattle performance. 
Beauchemin and McGinn (2006) administered daily 175 g of fumaric acid to growing beef 
cattle and observed no effects on methane production, but fumaric acid decreased DMI 
and increased total VFA concentrations and molar proportions of acetate and propionate in 
the rumen. Recently, Vyas et al. (2015) administered fumaric acid to finishing crossbred 
heifers at low (61 g/d) or high (125 g/d) dosage and observed no effects on DM intake, 
ruminal pH, or total VFA concentrations and individual VFA profile. Inconsistences in the 
response to malate and fumarate supplementation may be explained by variations in the 
dose and form (free acid vs. salts), growth rate and age of the animal, diet composition, 
and farming conditions, among other factors (Carro and Ungerfeld, 2015). 
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Table 1.3. Effects of malate supplementation on feed intake, ruminal fermentation and 
performance of fattening cattle (adapted from Carro and Ungerfeld, 20151). 

Reference 
Additive 

and dose2 
Animal and 

duration Diet Results3 
Kung et al. 
(1982) 

MA, 13.2 
or 26.0 
g/kg DM 

Steers (Holstein), 
47 days 

49:49:3 whole-
shelled corn: 
corn silage: 
supplements 

No effects on DMI, diet 
digestibility, plasma 
concentrations of urea–N. MA 
increased ruminal 
concentrations of total VFA 
and propionate 

Martin et 
al. (1999) 

MA, 5.2 or 
10.4 g/kg 
DM 

Beef steers 
(Angus and 
crossbred), 10 d 
step-up period, 
52-day finishing 
study, 113-day 
study 

Rolled corn-
based diet, 
included 
ionophores 

MA linearly increased ADG 
and F:G ratio in a 10-day 
period, but had no effects in 
the 52-d and 113-day studies. 
No effects on carcass 
characteristics and plasma 
metabolites (glucose, urea–N, 
cholesterol, triglyceride, and 
lactate) 

Montaño et 
al. (1999) 

MA, 26.4 
g/kg DM 

Holstein steers, 
14 d 
 

Steam-flaked 
barley-based diet 

No effects on diet digestibility, 
rumen concentrations of total 
and individual VFA, plasma 
lactate concentrations and 
microbial N flow to the 
duodenum. MA increased 
ruminal pH at 2 h post-feeding 

Castillo et 
al. (2007) 

MA, 2 g/kg 
DM; DCM, 
2 g/kg DM 

Beef calves 
(Belgian Blue), 
148 days 

Barley-based 
concentrate ad 
libitum and straw 

No effects on ADG and F:G 
ratio. Both MA and DCM 
decreased plasma lactate 
concentrations in the first 
week 

Khampa et 
al. (2006) 

SM, 1.7, 
3.4, or 5.1 
g/kg DM 

Dairy steers 
(Holstein– 
Friesian 
crossbred), 21 
days 

Urea-treated rice 
straw ad libitum 
and concentrate 
(1.5 % of BW) 

No effects on DMI and diet 
digestibility. SM linearly 
increased N retention, ruminal 
pH and concentrations of NH3 
-N, total VFA and propionate. 
SM linearly decreased acetate 
and acetate to propionate ratio 

Foley et al. 
(2009) 

MA, 25, 
37.5, 50 or 
75 g/kg 
DM 

Beef heifers 
(Charolaise 
cross), 28 d  
Beef steers 
(Friesian), 28 d 

Grass silage and 
pelleted 
concentrate 
(40:60). 

MA linearly decreased DMI 
and methane production in 
beef heifers. Increasing MA 
supply decreased linearly 
concentrations of total VFA 

Liu et al. 
(2009) 

MA, 7.8, 
15.6, or 
23.4 g/kg 
DM 

Beef steers 
(Chinese 
Simmental), 21 
days 

Corn stover and 
concentrate 
(60:40) 

No effects on DMI. MA linearly 
increased diet digestibility and 
total VFA concentrations in 
the rumen. MA linearly 
decreased ruminal pH, and 
concentrations of NH3 -N and 
lactate 
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Reference 
Additive 

and dose2 
Animal and 

duration Diet Results3 
Vyas et al. 
(2015) 

MA 5.9 or 
13.4 g/kg 
DM  

Hereford 
crossbred heifers, 
28 d adaptation, 
and 14 d 
experiment 

Rolled barley 
plus barley grain 
and complement. 
No ionophore 
was included 

No effect was observed on 
DMI. MA lowered the amount 
of time that ruminal pH was 
<6.2, with no differences on 
average pH and total VFA 
concentrations 

1Only studies describing diet composition and malic acid or malate dose were included. 
2 DCM: disodium / calcium malate; MA: malic acid; SM: sodium malate. 
3 ADG: average daily gain; BW: body weight; DMI: dry matter intake, F:G: feed-to-gain ratio; VFA: 
volatile fatty acids. 
 

1.3.2. Probiotics 

Probiotics can be defined as living bacteria that, when administered in adequate 
amounts, confer a health benefit on the host (FAO/WHO, 2001). The aim of using 
probiotics as feed additives in cattle is to modify the gut microbial populations, in order to 
improve feed digestibility, yields or animal health status (Álvarez and Carro, 2005). There 
are three main types of probiotics that can be used as feed additives for ruminants: live 
bacteria; live yeasts; and fungi extracts containing the culture medium and its fermentation 
products. The microbes used as probiotics are not natural inhabitants of the rumen, but 
they are able to stimulate the growth and viability of ruminal microbes, especially bacteria, 
by increasing their numbers and intensifying their metabolic activity, which can lead to an 
increase in animal performance (Figure 1.2.). 

Figure 1.2. Proposed mechanisms of action of yeasts cultures in ruminants (adapted from 
Carro et al., 2014). 
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Most research on probiotics as feed additives for ruminants has been focused on 
Saccharomyces cerevisiae. S. cerevisiae has been reported to stimulate lactate utilization 
by S. ruminantium and M. elsdenii (Callaway and Martin, 1997) and to produce malate 
which stimulates the growth of these two lactate-utilizing bacteria (Nisbet and Martín, 
1991; Rossi et al., 1995; Chaucheyras-Durand et al., 2012). As a consequence, S. 
cerevisiae supplementation can contribute to prevent a drop in rumen pH and reduce the 
risk of acidosis.  

When feeding live yeast, it should be taken into account that about 30-40% of live 
yeasts which enter into the rumen rapidly show signs of autolysis (Lyons, 1987), and 
therefore the effective population will be about 60-70% of the dosage. Moreover, yeasts 
have no replication capacity in the rumen and remain active for a maximum period of 48 h 
(Kung et al., 1997). Therefore, a continuous yeast administration is required to achieve 
their beneficial effects on ruminal fermentation. However, it is not still known whether the 
viability of the active yeast is critical for its beneficial effects (Vyas et al., 2014a), as other 
compounds present in yeast cultures, such as amino acids and B-group vitamins, have 
also been reported to exert a probiotic effect (Chaucheryas et al., 1995, 1996), stimulating 
the growth rate of bacteria such as M. elsdenii and fungi such as Neocallimastix frontalis. 
This mechanism of action increases the cellulolytic activity that allows digesting some of 
the most resistant fibrous feed components. On the other hand, live yeasts can utilize 
oxygen in the rumen, thus favoring the anaerobiosis conditions needed by the cellulolytic 
bacteria (Newbold et al., 1996). The increased growth of bacterial populations results in a 
higher NH3-N uptake rate, which contributes to avoiding high NH3–N concentrations in the 
rumen and to increase the flow of microbial protein to the duodenum (Carro et al., 2014).  

S. cerevisiae has been shown to influence positively dairy cattle production, as 
reviewed by De Ondarza et al. (2010). These authors reviewed 14 experiments with dairy 
cattle and reported that fat-corrected milk production was increased on average by 3.5% 
(P<0.01) in dairy cows supplemented with S. cerevisiae, with significant improvements in 
feed efficiency (1.75 vs. 1.70 kg/kg for live yeast and control, respectively; P<0.01), milk fat 
yield (1.28 vs. 1.25 kg/d; P<0.01) and milk true protein yield (1.02 vs. 1.00 kg/d; P<0.001); 
without any effect on DMI. Desnoyers et al. (2009) also performed a meta-analysis 
(involving 110 scientific papers and 157 experiments) on the effects of live S. cerevisiae 
cultures on ruminal parameters in dairy and growing cattle, sheep, goats and buffaloes. 
These authors concluded that yeast supplementation increased rumen pH (+0.03 on 
average) and ruminal VFA concentrations (+2.17 mM on average), tended to decrease 
lactic acid concentrations (-0.9 mM on average), increased DMI (+0.44 g/kg of BW) and 
milk yield (+1.2 g/kg of BW), and tended to increase milk fat content (+0.05%).  

The effects of S. cerevisiae on beef cattle performance are inconsistent. Table 1.4. 
summarizes the results of some in vivo studies performed in growing cattle (calves, heifers 
and bulls) fed a wide range of diets supplemented with live yeasts, killed yeasts or yeast 
cultures at different dosages. The results obtained by Bauman et al. (2004); Lascano and 
Heinrichs (2009); and Lascano et al. (2009, 2012) showed a lack of interaction between 
diet characteristics and S. cerevisiae effects. In contrast, Mir and Mir (1994) reported an 
increase in DMI and F:G when S. cerevisiae was supplemented to steers fed corn silage-
based diet that was not detected when steers were fed either alfalfa silage or high grain 
diets. The effects of S. cerevisiae on DMI reported in the literature are also controversial. 
Mutsvangwa et al. (1992) reported that S. cerevisiae supplementation increased DMI in 
bulls fed concentrate and barley straw, whereas Lascano et al. (2009) observed a 
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decrease in DMI when Holstein heifers fed diets composed of corn silage and concentrate 
were supplemented with S. cerevisiae. However, most authors did not observe any effect 
of S. cerevisiae on DMI (Mir and Mir, 1994; Bauman et al., 2004; Lascano et al., 2012; 
Moya et al., 2014; Vyas et al., 2014ab). The increase in DMI observed by Mutsvanga et al. 
(1992) in bulls supplemented with S. cerevisiae caused an increase in ADG, with no effect 
on F:G, whereas Mir and Mir (1994) did not report an increase of ADG in steers fed diets 
based on corn silage, thus resulting in higher F:G. Bauman et al. (2004); Lascano et al. 
(2009); and Vyas et al. (2014ab) did not observe any effect of S. cerevisiae 
supplementation on either final BW or animal growth, but an improvement in carcass 
weight was reported by Mir and Mir (1994) and Bauman et al. (2004) in trials with steers.  

S. cerevisiae supplementation has modified ruminal parameters in some, but not 
all, studies. Mutsvangwa et al. (1992) reported that S. cerevisiae supplementation 
increased acetate and total VFA concentrations (P<0.05) and tended to increase 
propionate concentration in the rumen of bulls, but acetate:propionate ratio remained 
unaffected. Vyas et al. (2014a) observed an increase on average pH by supplying either 
live or killed yeast to beef heifers. Lascano and Heinrichs (2009) reported no effect of 
yeasts on ruminal pH in Holstein heifers, but VFA concentrations were increased and NH3-
N values were reduced. In contrast, Mir and Mir (1994); Lascano et al. (2009), Moya et al. 
(2014) and Vyas et al. (2014b) did not observe any influence of yeasts on ruminal 
fermentation parameters.  

The reported experiments used S. cerevisiae doses ranging from 5 x 109 to 5 x 1010 
cfu per day. Although the results described above were not dose-related, Lascano et al. 
(2012) reported a quadratic effect of S. cerevisiae dose, as diet digestibility in Holstein 
heifers was increased and plasma glucose concentrations tended to increase at a dose of 
3 x 1010 cfu/d and no effects of S. cerevisiae was observed at 5 x 1010 cfu/d. Vyas et al. 
(2014a) also reported that either 4 x 1010 cfu/d of live or 4 g/d of autoclaved yeast tended 
to increase starch digestibility (P=0.07). Other fungi extracts, mainly from Aspergillus 
oryzae, can be used as feed additives combined with S. cerevisiae, and they have also 
been reported to stimulate the growth and to increase the viability of ruminal microbes, 
especially those of cellulolytic bacteria. Miranda et al. (1996) observed that both S. 
cerevisiae and A. oryzae cultures increased both the in situ degradability of alfalfa neutral 
detergent fiber (NDF) at 48 h incubation and propionate concentrations in the rumen of 
Holstein heifers. Chiquette (1995) concluded that the addition of A. oryzae, alone or in 
combination with S. cerevisiae, stimulated ruminal fermentation in steers, as indicated by 
the increased concentrations of acetate, propionate and total VFA, and the lower pH 
values measured in the supplemented animals.  

In conclusion, although there is some evidence of the beneficial effects of S. 
cerevisiae in ruminants, mainly in dairy cows, the results obtained in growing cattle are 
inconsistent; and its impact on performance and ruminal fermentation still remains unclear. 
Animal response to S. cerevisiae supplementation may be quite variable, and factors such 
as the nature of the diet, level of productivity, animal physiological and genetic factors and 
dose and strain of yeast used, among others, may influence the efficacy of this additive 
(Fonty and Chaucheyras-Durand, 2006). 
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Table 1.4. Effects of S. cerevisiae yeast supplementation on feed intake, ruminal 
fermentation and performance of growing cattle1. 

Reference 
Type and 

dose 
Animal and 

duration Diet Results2 
Mutsvangwa 
et al. (1992) 

Live 9 x 109 

cfu/d 
Limousin × 
British 
Friesian 
bulls, 196 d 

Concentrate and 
barley straw 

Yeast increased DMI and 
ADG, with no effect of F:G. 
Yeast increased acetate and 
total VFA concentrations 

Mir and Mir 
(1994) 

Live 5 x 1010 
cfu/d 

Weaned 
Hereford 
steers, from 
24 to 84 d 

AS (75: 25 alfalfa 
silage: barley) vs. 
CS (96: 4 corn 
silage: soybean 
meal) vs. HG (75: 
25 dry-rolled 
barley: alfalfa hay) 

No effect of yeast on final 
BW, DMI, ADG and F:G, 
except in CS diets, were 
yeast increased DMI and 
F:G. Carcass weight was 
increased, with no impact on 
carcass quality. No effect on 
ammonia, lactic acid and 
VFA content was observed 

Bauman et al. 
(2004)  

Live 9 x 109 
cfu/d plus 
1,500 
xylanase 
units/d 

Crossbred 
beef steers, 
42 d 

dry-rolled corn 
48% vs. dry-rolled 
barley 55% vs. 
tempered-rolled 
barley 55% 

No effect of treatment on 
BW, DMI, ADG and F:G, but 
it increased carcass weight 
with no impact on carcass 
characteristics 

Lascano et 
al. (2009) 

Live 5 x 109 
cfu/d 

Holstein 
heifers, 133 
d 

40:60 corn silage: 
concentrate vs. 
80:20 corn silage: 
concentrate 

No effect of yeast on final 
BW, ADG and F:G. Yeast 
tended to decrease DMI in 
both diets 

Lascano and 
Heinrichs 
(2009) 

Live 1010 
cfu/d 

Holstein 
heifers, 35 
d 

80:20 vs. 60:40 vs. 
40:60 corn silage: 
concentrate ratios 

No effect of yeast on ruminal 
pH, but increased VFA 
concentration and reduced 
ammonia 

Lascano et 
al. (2012) 

Live 1010 vs. 
3 x 1010 cfu/d 
vs. 5 x 1010 
cfu/d 

Holstein 
heifers, 21 
d 

50: 50 forage: 
concentrate with 
high and low 
starch contents (28 
vs. 17% 
respectively) 

No effect of yeast on DMI, 
but increased diet 
digestibility at 3 x 1010 cfu/d 

Moya et al. 
(2014) 

Yeast culture, 
14 g/d 

Holstein 
heifers, 35 
d 

10:90 forage: 
concentrate 

No effect of yeast culture on 
DMI, pH, total VFA, lactate 
or ammonia  

Vyas et al. 
(2014a) 

Live 4 x 1010 

cfu/d vs. 
Autoclaved 
yeast 4 g/d  

Beef 
heifers, 21 
d 

50:50 forage to 
concentrate 

No effects on DMI or BW. 
Live and autoclaved yeast 
increased minimum and 
average pH, tended to 
increase starch digestibility 
with no effect on VFA or 
lactate 

Vyas et al. 
(2014b) 

Live 4 x 1010 

cfu/d vs. 
Autoclaved 
yeast 4 g/d  

Beef 
heifers, 28 
d 

40:10:50, barley 
silage: chopped 
grass hay:barley 
grain 

No effects on DMI, minimum 
and average pH, VFA and 
lactate 

1Only studies describing diet composition and malic acid or malate dose were included. 
2 ADG: average daily gain; BW: body weight; DMI: dry matter intake, F:G: feed-to-gain ratio; VFA: 
volatile fatty acids. 
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1.4. Objectives 

The general aim of this Thesis was to investigate the efficacy of nutritional 
strategies to control acidosis in feedlot cattle. In order to reach this objective, the 
experiments were designed to resemble the predominant feeding practice in commercial 
feedlots in Spain. The need of this research work was supported by the fact that most of 
the studies on this topic were conducted with diets including forage and dry-rolled or 
steamed cereals, which are typical raw materials used in Northern Europe or USA. 
Moreover, most of the studies involving high-concentrate diets in USA included antibiotics 
that are banned in Europe, such as monensin and lasalocid. Therefore, these results could 
not be extrapolated to Spanish conditions. 

To accomplish the general objective, three experimental trials were performed to 
achieve the following particular objectives: 

i. To evaluate the effect of malate inclusion in feedlot cattle diets provided as either 
free acid or disodium/calcium salt form on performance, ruminal parameters and 
blood metabolites of beef cattle.  

ii. To assess the effects of malate salts and a Saccharomyces cerevisiae culture on 
growth performance, carcass quality, ruminal fermentation products and blood 
metabolites in heifers.  

iii. To investigate the interaction of cereal type (corn vs. wheat) and energy level of the 
diet on growth performance, carcass quality and ruminal fermentation 
characteristics of beef cattle.  

  

21 



Chapter I: Introduction and objectives 

 

 

22 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II: EXPERIMENT 1 

“Effect of malate form (acid or disodium/calcium salt) 
supplementation on performance, ruminal parameters and blood 

metabolites of feedlot cattle” 
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2.1. Introduction 

Malic acid is an organic acid naturally found in many fruits and plants, including 
forages used in ruminant feeding (Callaway et al., 1997), which has been proposed as a 
substitute for monensin in beef cattle diets because its effects on ruminal fermentation are 
similar to those of ionophores (Castillo et al., 2004). Although malic acid and malate salts 
have been repeatedly shown to have positive effects on in vitro ruminal fermentation by 
increasing ruminal pH and propionate production (Carro and Ranilla, 2003; Gómez et al., 
2005; Newbold et al., 2005; Tejido et al., 2006), available information on effects of malate 
on in vivo ruminal fermentation and ruminant performance is limited and conflicting. Martin 
et al. (1999) reported that supplementing DL-malate at rates of 3.7 and 7.1 g/kg DM to 
feedlot steers fed a corn based diet improved ADG and F:G, and Flores et al. (2003) found 
that supplementing malate salts at 1.1 g/kg diet DM improved growth and digestibility of 
intensively fattened lambs. In contrast, no effects of malic acid supplementation at 26 g/kg 
diet DM on ruminal digestion and rumen microbial efficiency were found by Montaño et al. 
(1999) in steers, by Kung et al. (1982) on diet digestibility and N retention in steers fed 5.5 
and 11 g of malic acid/kg diet DM, and by Carro et al. (2006) on diet digestibility and 
animal performance in growing lambs supplemented with malate salts at 4 and 8 g/kg of 
concentrate DM. 

The contrasting results could be due to differences in animals, dietary factors (e,g., 
forage:concentrate ratio, forage type), dose of malate and chemical form in which malate 
was fed (i.e., free acid versus malate salt). Castillo et al. (2007) and Hernandez et al. 
(2011) compared effects of malic acid and malate salts supplemented with 4 g/kg DM diet 
to feedlot bull calves and found that both forms lowered plasma L-lactate concentrations. 
However, there are no studies in which effects of malic acid/malate salts on animal 
performance, carcass characteristics, ruminal fermentation and plasma parameters have 
been investigated in the same animals. Therefore, our objective was to evaluate effects of 
malate inclusion in feedlot cattle diets provided as either free acid or disodium/calcium salt 
form on performance, ruminal parameters (i.e., pH, VFA concentration, NH3-N and lactate) 
and blood metabolites (i.e., glucose, urea-N and lactate) of beef cattle maintained in a 
commercial feedlot.  

2.2. Materials and methods 

2.2.1. Animals, diets and experimental design  

Charolais purebred (36) or Charolais and Limousin crossbreed (72) heifers with a 
BW of 216 ± 30.3 kg and 5.5 ± 2.51 months of age were managed according to protocols 
approved by the León University Institutional Animal Care and Use Committee. Heifers 
were transported to the experimental farm (Comercial Pecuaria Segoviana SL, Coca, 
Spain) and, upon arrival, each was weighed, treated for endo- and ectoparasites with 
ivermectin (1 mL/50 kg BW, Ivomec®, Merial Laboratorios, SA, Barcelona, Spain) and 
vaccinated against infectious bovine rhinotracheitis, parainflueza-3 and bovine viral 
diarrhoea (2 mL/head, Cattlemaster-4®, Pfizer, Madrid, Spain) and enterotoxemia and 
carbuncle (2 mL/head, Miloxan®, Merial Laboratorios SA, Barcelona, Spain). The booster 
dose was administered 3 weeks later. 

After arrival and before starting the experiment, heifers were fed an adaptation diet 
of sunflower seed, olive pulp, alfalfa hay, corn gluten feed, soybean hulls, corn distillers 
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dried grains with solubles, beet pulp, rice bran, palm kernel meal, beet molasses, beet 
vinasses, calcium carbonate, sepiolite, wheat middlings, sodium chloride and animal fat in 
the proportions of 189, 100, 100, 100, 100, 100, 70, 60, 50, 30, 26, 22, 20, 15, 7 and 2 
g/kg DM. Crude protein (CP), neutral detergent fiber with heat-stable amylase and 
expressed inclusive of residual ash (aNDF) and acid detergent fiber (ADF) content of the 
adaptation diet was 169, 386 and 247 g/kg DM, respectively.  

Diets were formulated to meet or exceed National Research Council (NRC, 2000) 
nutritional requirements of growing/finishing heifers of 350 kg BW with 1.4 kg/d ADG. 
Ingredient and chemical composition of the concentrate is in Table 2.1. Diet composition 
was representative of those used for commercial feedlots in Spain, with barley grain as the 
main component. Concentrate and barley straw were provided ad libitum twice daily (i.e., 
7:00 and 18:00 h) and fresh water was freely accessible at all times.  

Table 2.1. Ingredients and chemical composition (g/kg DM) of the concentrate fed. 
Ingredients g/kg DM 
Barley, grain 500 
Gluten feed, corn 80 
Wheat, grain 125 
Wheat, middlings 75 
Soybean, meal 440 g/kg CP 72 
Molasses, beet 10 
Oil, palm 82 
Oleine1 15 
Calcium soap2 15 
Fat, rumen inert3    7 
Calcium carbonate 11 
Sodium chloride 2.5 
Mineral/vitamin premix4 2.5 
  Chemical composition  

CP  145 
aNDF  192 
ADF   68 
Starch 
 

358 
 1 A product based on olive soapstock (Refinación Industrial Oleícola SA, Ibros, Spain): Contained 1,000 

g of ether extract/kg DM. Fatty acid profile (g/kg ether extract): 741 of C18:1, 95 of C16:0, 61.8 of 
C18:2, 33.3 of C18:0, 2.9 of C18:3 and 1.9 of C16:1.  
2 Mixed fat calcium soap (Comercial Pecuaria Segoviana, SL, Coca, Spain): Contained/kg of DM: 160 
of ash and 840 g of ether extract. Fatty acid profile (g/kg ether extract): 303.2 of C16:0, 159.6 of C18:0, 
159.6 of C18:1, 95.8 of C>20, 23.9 of C18:2, 20.7 of C14:0, 9.6 of C16:1 and 3.8 of C18:3. Ca content: 
90 g/kg of DM.  
3 Hydrogenated fat (Mateos, SL, Cabezón de Pisuerga, Spain) containing 980 of ether extract/kg of 
DM. Fatty acid profile (g/kg of ether extract): 427.6 of C16:0, 380.0 of C18:0, 49.4 of C18:1, 19.0 of 
C14:0 and 19.0 of C18:2. 
4 Mineral and vitamin premix contained according to the manufacturer (Comercial Pecuaria Segoviana, 
SL, Coca, Spain): 8,000 IU of vitamin A, 1,600 IU of vitamin D3, 6,000 IU of vitamin E, 7.9 mg of Cu, 
0.7 mg of Co, 0.2 mg of Se, 50 mg of Zn, 35 mg of Mn, 438 mg of Mg, 100 mg of S, 20 mg of Fe and 
0.8 mg of I. 
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At the beginning of the experiment, heifers were weighed and assigned to 18 pens 
of 6 heifers according to BW and breed. Within breed, pens were randomly allotted to the 
three experimental groups being: CON: control (no additive); MA: CON plus 1.08 g of malic 
acid (0.98 g of malate/g product; Andres Pintaluba SA, Reus, Spain)/kg concentrate (DM 
basis); and MAL: CON plus 2 g of a mixture of disodium/calcium malate (0.53 g of 
malate/g product; Rumalato®, Norel SA, Madrid, Spain)/kg concentrate (DM basis). The 
experimental treatments were designed to provide 1.1 g of malate/kg of concentrate. There 
were 6 pens/ treatment (i.e., 2 pens of purebred Charolaise and 4 pens of crossbreds). 

Feed and straw supply was recorded daily. On days 0, 28, 56, 84, 114 and 141 the 
heifers were individually weighed and concentrate refusals in each pen were determined. 
Productive parameters determined were ADG (kg/d), DMI (kg/d) and F:G (kg DM intake/kg 
BW gain). At 141 d, heifers were slaughtered at Laguna de Duero slaughter house 
(Valladolid, Spain). Two representative heifers (i.e., heifers having maximum and minimum 
BW were excluded)/pen were randomly selected to determine hot carcass weight, dressing 
proportion, carcass characteristics and rumen papilla characteristics. Dressing proportion 
was calculated as the relationship between hot carcass weight and animal BW at 141 d of 
feeding. In addition, measurements made on the hot left mid-carcass included carcass 
length, as the length from the cranial border of the first rib to the point of the pubic 
symphysis, chest depth measured from the ventral surface of the spinal canal (at 5th rib 
level) to the lowest point of the sternum, and carcass compactness index determined as 
the relationship between carcass length and chest depth. Leg length was measured from 
the inner side of the tarsus-metatarsus joint to the point of the pubis symphysis, leg 
perimeter was measured at the level of the crest of the ileum, and leg compactness index 
was determined as the relationship between leg length and perimeter. Quality grade was 
determined according to European carcass grading system for conformation (S - Superior, 
E - Excellent; U - Very good; R - Good; O - Fair; P - Poor) and fat cover (1 - Poor; 2 - 
Slight; 3 - Average; 4 - High; 5 - Very high). 

To evaluate rumen papilla characteristics, after evisceration, rumens were identified 
with a tag. After rumen content evacuation, a 30 cm x 30 cm sample of rumen was 
collected from its ventral area. Samples were kept in bags and stored refrigerated at 5oC. 
At the laboratory, rumen samples were washed using a saline solution (85 g NaCl/L) and 
displayed over a white surface with intense and homogeneous light to evaluate colour (1-
Pale; 2-Pale-Pink; 3-Pink-Green; 4-Green; 5-Dark green) and papilla length (1-Very short; 
2-Short; 3-Medium; 4-Long). Evaluation was by four trained judges.  

2.2.2. Ruminal fermentation parameters and blood metabolites 

On days 0, 84 and 141, ruminal fluid (~20 mL) was obtained by ruminocentesis 
(i.e., puncture in the centre of the triangle between last rib, wing of ileum and transverse 
process of spine) and blood samples (9 mL) were collected by puncture of the median 
coccygeal vein from 2 heifers/pen (12/treatment). Sampling started 2 h after morning 
feeding. The pH of ruminal fluid was measured immediately with a pH meter, and 
fermentation was stopped by swirling the samples in an ice bath. Five millilitre of fluid were 
then added to 5 mL of deproteinizing solution (20 g of metaphosphoric acid and 4 g of 
crotonic acid/L) for VFA analysis, and 2 mL were added to 2 mL 0.5 M HCl for NH3-N and 
lactate determination. Samples were immediately frozen at -20ºC until analyses. Blood 
samples were collected into heparinized tubes, centrifuged at 1000 x g for 15 min at 4ºC, 
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and plasma was immediately frozen (-20ºC) until determination of glucose, urea-N and 
total lactate. 

2.2.3. In vitro fermentation of experimental diets  

Samples of the experimental diets were used as substrates for the in vitro 
fermentations. Straw and concentrates collected throughout the experiment were ground 
through a 1 mm screen and mixed in the proportion 120:880 as fed to resemble the diet 
fed to the heifers. Samples of diets (400 mg DM) were weighed into 120 mL serum bottles. 
Ruminal contents were collected from 8 heifers from control group at slaughter and 
immediately transported to the laboratory. The contents of randomly selected pairs of 
heifers were mixed, and strained through 4 layers of cheesecloth into an Erlenmeyer flask 
with an O2-free headspace to obtain 4 samples of ruminal fluid representing the CON fed 
heifers. Particle-free fluid was mixed with the buffer solution of Goering and Van Soest 
(1970; no trypticase added) in a proportion 1:4 (vol/vol) at 39ºC under continuous flushing 
with CO2. Four bottles with each diet and 8 bottles without substrate (blanks; 2 blanks per 
inoculum) were incubated. Forty millilitres of buffered rumen fluid were added into each 
bottle under CO2 flushing. Bottles were sealed with rubber stoppers and aluminium caps, 
incubated at 39ºC, and withdrawn 17 h after inoculation (based upon an estimated rumen 
passage rate of 0.06/h). 

Total gas production was measured using a pressure transducer and a calibrated 
syringe, and a gas sample (10 mL) was removed from each bottle and stored in a 
Haemoguard Vacutainer (Terumo Europe N.V., Leuven, Belgium) before analysis of CH4. 
Bottles were uncapped and the pH was measured immediately with a pH meter. 
Fermentation was stopped by swirling the bottles in ice, and the content of the bottles were 
sampled for VFA, NH3-N and lactate analysis following the procedure described above. 
Finally, contents of the bottles were transferred to previously weighed filter crucibles and 
the residue of incubation was washed with 50 mL of hot (50ºC) distilled water. Crucibles 
were dried at 50ºC to constant weight and weighed to calculate apparent DM degradability. 
Residue was analyzed for aNDF to calculate true DM degradability (Van Soest et al., 
1966) and aNDF degradability. There were 4 bottles per experimental treatment. 

2.2.4. Analytical procedures 

Dry matter (#934.01), ash (#942.05) and N (#984.13) content of diets were 
determined according to the Association of Official Analytical Chemists (1999). aNDF and 
ADF analyses were according to Van Soest et al. (1991) using an ANKOM220 Fibre 
Analyzer unit (ANKOM Technology Corporation, Macedon, NY, USA). Sodium sulphite and 
heat-stable amylase were used in analysis of aNDF and ADF, and they are both 
expressed inclusive of residual ash.  

Concentrations of VFA, ammonia-N and lactate in ruminal fluid and batch cultures 
were determined as described by García-Martínez et al. (2005), and CH4 was analysed by 
gas chromatography according to Martínez et al. (2010). Plasma concentrations of 
glucose, urea-N and lactate were determined by automated enzymatic methods adapted to 
a Cobas Integra 400 plus Analyzer (F. Hoffmann-La Roche Ltd, Basel, Switzerland). 
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2.2.5. Calculations and statistical analyses 

In the in vitro experiment, amounts of VFA produced/bottle were calculated by 
subtracting the amount present initially in the incubation medium from that determined at 
the end of the incubation period. The volume of gas produced was corrected for 
temperature (273 K) and pressure (1.013 x 105 Pa). The amount of CH4 was calculated by 
multiplying gas produced by the concentration of CH4 in the analyzed sample. Recovery of 
H2 in each bottle was estimated from net productions of acetate, propionate, butyrate, 
valerate and CH4 (Demeyer, 1991). 

The experimental unit for BW, ADG, DM intake and F:G measurements was the 
pen, representing mean data for 6 heifers housed together. The experimental unit for 
carcass and ruminal papillae characteristics, ruminal fermentation parameters and blood 
metabolites was the heifer, as these data were obtained individually. Data on BW, ADG, 
DM intake and F:G, ruminal parameters and blood metabolites were analysed as repeated 
measures using the MIXED procedure of SAS (2005). The statistical model included diet 
(CON, MA, MAL), breed, time (sampling day), diet x breed, diet x time and breed x time. 
Because breed effect and its interactions with diet and time were not significant for any 
ruminal parameter or blood metabolite they were excluded from the model. 

Hot carcass weight, dressing proportion and carcass characteristics (i.e., carcass 
compactness index and leg compactness index) were analyzed using the MIXED 
procedure of SAS (2005). The model included diet (CON, MA, MAL), breed and diet x 
breed interaction as main effects and final BW as a covariate. Quality grade and rumen 
papilla characteristics were analysed using the CATMOD procedure of SAS (2005).  

In vitro data were also analysed using the MIXED procedure, with diet as a fixed 
effect, and inoculum as a random effect. Within each experimental diet, there were four 
values for each of the measured variables in the in vitro fermentations which represented 
the four pairs of CON heifers from which rumen fluid was collected at slaughter.  

When a significant effect of diet occurred, differences among means were 
assessed by Tukey’s test. In all statistical analysis, significance was declared if P<0.05, 
and P<0.10 values were considered to be a trend to a difference. 

2.3. Results 

2.3.1 Body weight gain, productive parameters, and carcass and rumen papilla 
characteristics 

Neither BW gain nor feed intake or productive parameters (Table 2.2.) were 
influenced by treatments. However, as was expected, there were differences (P<0.001) in 
measures in time, due to animal growth. No treatment x time interactions occurred, with 
the exception of a trend (P=0.08) to concentrate DM intake. Although intake of barley 
straw was not determined, the amount of straw provided was recorded daily, and straw 
losses to the ground were visually observed. The amount of straw loss was similar in all 
pens, and average straw intake over the experiment was estimated as about 120 g/kg DM 
intake. 

Hot carcass weight, dressing proportion and carcass characteristics (Table 2.3) 
were not affected by treatments. As expected, SEUROP quality grade was similar among 
heifers, either U or R classification. Fat cover grade was 3 (average) for all heifers. 
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Ruminal papilla colour was darker in MA fed heifers (P=0.02), which had 3 of 12 
rumens classified as dark green, whereas 1 of 12 rumens from CON fed heifers were 
classified as pale, and none of the rumens from MA and MAL fed heifers were classified as 
pale or pale pink. There were no differences among treatments on rumen papilla length. 

Table 2.2. Effect of treatments on body weight (kg), average daily gain (ADG, kg/d), 
concentrate dry matter intake (DM, kg/d) and feed to gain ratio (F:G, kg/kg) of heifers 
during the experiment. 

Item and period  
(days of feed) 

Treatment1   P =2 
CON MA MAL SEM BR TR TM TR x TM 

BW         
0 229 230 230 3.9 0.02 0.33 <0.001 0.35 
28 274 279 276      
56 321 330 324      
84 362 375 363      
114 399 405 399      
141 427 432 425      

ADG         
0-28 1.61 1.79 1.62 0.078 0.08 0.38 <0.001 0.19 
29-56 1.67 1.83 1.71      
57-84 1.46 1.58 1.40      
85-114 1.24 1.01 1.19      
115-141 0.98 0.97 0.91      

Concentrate DMI         
0-28 6.28 6.53 6.32 0.188 0.24 0.46 <0.001 0.08 
29-56 7.99 8.49 7.94      
57-84 7.89 8.40 7.90      
85-114 7.71 7.83 7.69      
115-141 7.19 6.80 7.17      

F:G         
0-28 3.94 3.73 3.09 0.423 0.98 0.67 <0.001 0.16 
29-56 4.87 4.68 4.63      
57-84 5.47 5.38 5.79      
85-114 6.29 8.08 6.64      
115-141 7.48 7.21 8.12      

1 CON: control, unsupplemented; MA: CON supplemented with malic acid (0.98 g malate/g of product; 
1.08 g of product/kg of concentrate); MAL: CON supplemented with disodium/calcium malate (0.53 g 
malate/g of product; 2 g of product/kg of concentrate). 
2 BR: breed; TR: treatment; TM: time. BR x TR, BR x TM, and BR x TR x TM interactions were not 
significant (i.e., P>0.05) and P values are not shown. 
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Table 2.3. Effect of treatments on carcass parameters and rumen papilla characteristics in 
heifers at slaughter. 
 Treatment1  P =2 
 CON MA MAL SEM BR TR 
Hot carcass weight, kg 24700 244 249 2.7 0.71 0.37 
Dressing proportion, kg carcass/100 kg BW 55.10 54.60 55.70 0.61 0.76 0.39 
   Carcass characteristics       

Carcass compactness index 1.97 1.96 1.98 0.028 0.75 0.81 
Leg compactness index 1.55 1.58 1.60 0.017 0.06 0.17 

   Quality grade (samples within category):       
European SEUROP – U 9 10 8 N/A N/A 0.63 
European SEUROP – R 3 2 4 N/A N/A N/A 

Ruminal papilla characteristics       
   Colour (samples within category):       

Pale 1 0 0 N/A N/A 0.02 
Pale – Pink 0 0 0 N/A N/A N/A 
Pink – Green 4 1 4 N/A N/A N/A 
Green 7 7 8 N/A N/A N/A 
Dark Green 0 4 0 N/A N/A N/A 

   Length (samples within category):       
Very Short 2 0 0 N/A N/A 0.92 
Short 3 6 6 N/A N/A N/A 
Medium 4 3 3 N/A N/A N/A 
Long 3 3 3 N/A N/A N/A 

1 CON: control, unsupplemented; MA: CON supplemented with malic acid (0.98 g malate/g product; 
1.08 g product/kg concentrate); MAL: CON supplemented with disodium/calcium malate (0.53 g 
malate/g product; 2 g product/kg concentrate). 
2 BR: breed; TR: treatment. N/A: not applicable. 
 

2.3.2. Blood metabolites and rumen parameters and characteristics 

Sampling time affected glucose (P=0.02) and urea-N (P=0.05) concentrations, but 
had no effect on lactate concentrations (Table 2.4.). Compared with initial values (i.e., day 
0), glucose and urea-N declined during the experiment. There were no effects of MA and 
MAL on glucose, lactate or urea-N concentrations. 

There were no effects of experimental treatments on ruminal pH, lactate or total 
VFA concentrations. The VFA profile was similar in all groups, with the exception of 
caproate molar proportions, which were higher (P<0.01) for MAL fed heifers on 0 d 
sampling compared with those in CON and MA fed heifers. However, no differences 
among groups in caproate proportion occurred on day 84 and 141. At 84 d of sampling, 
MAL fed heifers had higher rumen NH3-N concentrations compared with heifers fed CON 
and MA diets. Minor treatment x time interactions occurred for proportions of acetate, 
isovalerate, valerate and caproate (P=0.05, 0.04, 0.01 and 0.01, respectively) (Table 2.5.). 
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Table 2.4. Effect of treatments on blood metabolites in heifers during the experiment. 
Item and  
Sampling day 

Treatment1   P =2 
CON MA MAL  SEM TR TM TR x TM 

Glucose, mg/100 mL        
0   75.6   71.4   73.7  4.30 0.97 0.02 0.97 
84   63.0   61.5   63.3      
141   66.1   67.4   64.9      

 Lactate, mg/100 mL        
0   84.4   84.3   83.4  0.81 0.60 0.43 0.08 
84   70.5   59.6   70.3      
141   75.3   70.3   72.0      

Urea-N, mg/100 mL         
0 9.43 9.13 9.19  0.741 0.54 0.05 0.87 
84 8.13 6.58 8.06      
141 9.20 8.18 8.38      

1 CON: control, unsupplemented; MA: CON supplemented with malic acid (0.98 g malate/g product; 
1.08 g product/kg concentrate); MAL: CON supplemented with disodium/calcium malate (0.53 g 
malate/g product; 2 g product/kg concentrate). 
2 TR: treatment; TM: time. 
 
Table 2.5. Effect of experimental treatments on ruminal fermentation parameters in heifers 
during the experiment. 
Item and  
Sampling day 

Treatment1  
SEM 

P =2 
CON MA MAL  TR TM TR x TM 

pH        
0 6.64 5.67 5.12  0.152 0.81 <0.001 0.10 
84 6.00 5.96 6.14      
141 6.58 6.33 6.70      

NH3-N, mg/l        
0   65.5   66.2   75.9  6.63 0.03 <0.001 0.81 
84     22.8   25.6   49.1      
141   47.9   46.4   65.1      

Lactate, mmol/l         
0 0.90 0.90 0.90  0.07 0.53 0.05 0.69 
84 0.80 0.70 0.80      
141 0.80 0.70 0.90      

Total volatile fatty acids (VFA), mmol/l 
0 123 138 154  8.2 0.74 <0.001 0.54 
84 120 128 121      
141 100   97   95      
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Item and  
sampling day 

Treatment1   P = 2 
CON MA MAL  SEM TR TM TR x TM 

 VFA, mmol/mol         
Acetate         

0 503 496 481  9.9 0.08 <0.001 0.05 
84 489 493 485      
141 540 591 536      

Propionate         
0 322 213 313  9.6 0.70 <0.001 0.72 
84 376 389 380      
141 339 335 324      

Butyrate         
0 116 74 63  5.0 0.32 <0.001 0.24 
84 132 71 56      
141 132 78 65      

Isobutyrate         
0 4.90 6.20 4.80  1.01 0.41 <0.001 0.22 
84 7.00 6.70 7.70      
141 10.700 10.900 13.000      

Isovalerate         
0 7.10 7.00 5.10  2.80 0.57 <0.001 0.04 
84 17.100 17.400 15.60v      
141 26.100 28.100 39.200      

Valerate         
0 38.700 41.200 46.500  2.45 0.14 <0.001 0.01 
84 21.100 18.400 26.200      
141 18.200 20.800 19.700      

Caproate         
0 7.9a0 9.6a0 17.8b0  1.29 0.002 <0.001 0.01 
84 3.90 5.20 7.00      
141 3.10 3.60 3.80      

Acetate/propionate, mol/mol 
0 1.57 1.60 1.55  0.056 0.62 <0.001 0.71 
84 1.31 1.29 1.31      
141 1.50 1.64 1.61      

a,b For isovalerate, valerate and caproate within each time, means with different superscripts differ 
(P<0.05).  A lack of superscripts indicates that they do not differ within time. 
1 CON: control, unsupplemented; MA: CON supplemented with malic acid (0.98 g malate/g product; 
1.08 g product/kg concentrate); MAL: CON supplemented with disodium/calcium malate (0.53 g 
malate/g product; 2 g product/kg concentrate). 
2 TR: treatment; TM: time. 
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2.3.3. In vitro fermentation of experimental diets  

There were no differences among treatments in any of the parameters determined. 
Values were in the range of those previously reported for in vitro fermentation of high 
concentrate diets (Carro and Ranilla, 2003; Tejido et al., 2005) (Table 2.6.). 

Table 2.6. Influence of malic acid or disodium/calcium malate on in vitro fermentation (17 
h) of 120:880 straw:concentrate (DM) diets by mixed rumen microorganisms in batch 
cultures (400 mg of dry matter diet incubated/culture). 
 Treatment1 

SEM P=  CON MA MAL 
pH 6.82 6.81 6.84 0.006 0.16 
Gas, mmol 3.67 3.54 3.54 0.065 0.35 
Methane, mmol 0.55 0.55 0.55 0.009 0.91 
Volatile fatty acids (VFA), mmol      

Acetate  1.07 1.07 1.05 0.018 0.72 
Propionate 0.48 0.53 0.48 0.013 0.10 
Butyrate 0.34 0.36 0.35 0.005 0.13 
Other VFAb 0.11 0.11 0.11 0.007 0.87 
Total VFA 1.99 2.06 1.99 0.031 0.27 

Acetate/Propionate ratio,mol/mol 2.23 2.04 2.18 0.083 0.10 
Methane/VFA, mol/mol 0.27 0.27 0.28 0.010 0.46 
Hydrogen recovey, mol/mol 0.98 0.98 0.99 0.012 0.85 
NH3 N, mg/l  167  173  177 3.70 0.27 
Lactate, mg/l 17.00 16.70 16.90 3.52 0.96 
DM degradability, mg/g   464  463  465 9.1 0.99 
Neutral detergent fiber degradability, mg/g  388  370  367 10.8 0.72 
1 CON: control, unsupplemented; MA: CON supplemented with malic acid (0.98 g malate/g product; 
1.08 g product/kg concentrate); MAL: CON supplemented with disodium/calcium malate (0.53 g 
malate/g product; 2 g product/kg concentrate). 
2 Calculated as the sum of isobutyrate, isovalerate, valerate and caproate. 
 

2.4. Discussion 

This study was designed to assess effects of two forms of malate on performance 
and ruminal fermentation in beef cattle maintained in a commercial feedlot. Because the 
study was conducted under practical conditions, the level of the product (Rumalate®) was 
as recommended by the manufacturer (i.e., 2 g/kg concentrate), which provided 1.1 g of 
malate/kg concentrate. Malic acid was included in the MA treatment at the rate required to 
provide the same amount of malate (1.08 g of malic acid product/kg concentrate). Both 
malic acid and malate salts have been shown to have beneficial effects on rumen 
fermentation, but no studies have been conducted to compare their effectiveness as feed 
additives. Malate salts are more expensive than malic acid, but they have the advantages 
of being non-abrasive, safer to manipulate, and produce no negative effects on rumen pH, 
whereas malic acid has the potential to decrease ruminal pH (Liu et al., 2009). 
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2.4.1 Body weight gain, productive parameters and carcass and rumen papillae 
characteristics 

Results of BW gain agree with those obtained by Martin et al. (1999; Experiment 
(Expt.) 4) and Castillo et al. (2007), showing no effect of malic acid or malate salts 
inclusion, although the dosage was higher than the one in our experiment (i.e., 4 g of DL-
malic acid or disodium/calcium malate/kg of diet DM in Castillo et al. (2007) and 11 g of 
malic acid/kg of diet DM in Martin et al. (1999, Expt. 4). The lack of differences among our 
treatments on DM intake is consistent with Martin et al. (1999), Montaño et al. (1999) and 
Castillo et al. (2007), but contrasts with a reduction in Foley et al. (2009) when steers were 
supplemented with malic acid at 25, 50 and 75 g of malic acid/kg diet DM.  

Consistent with our results, Martin et al. (1999, Expt. 4) and Castillo et al. (2007) 
reported no effect of malic acid or malate salts supplementation on ADG, but Martin et al. 
(1999, Expt.’s 2 and 3) reported an increase in ADG associated with higher doses of DL-
malic acid which resulted in an improved F:G ratio, improvements which occurred with 
rolled corn grain based diets which also contained the ionophore lasalocid, whereas our 
diet was based on barley grain and contained no ionophores. 

A lack of effects of malic acid supplementation on hot carcass weight and dressing 
proportion has also been reported by Martin et al. (1999; Expt. 4). However, to our 
knowledge, there are no previous studies on effects of malic acid or malate salts on 
carcass (i.e., carcass compactness index, leg compactness index, quality grade 
proportion) or on rumen papilla characteristics (i.e., colour, length). Lack of effects of MA 
and MAL on carcass and rumen papilla characteristics is consistent with results for the rest 
of the parameters. 

2.4.2. Blood metabolites and rumen fermentation parameters 

Lack of differences among groups of heifers in plasma metabolite concentrations is 
consistent with Sanson and Stallcup (1984), Martin et al. (1999) and Montaño et al. (1999) 
in steers, Kung et al. (1982) in cows, and Carro et al. (2006) in lambs, indicating that under 
the conditions of these studies (i.e., concentrations of malic acid or malate salts of 3.7 - 26 
g/kg DM diet), malic acid or malate salts had no effects on plasma metabolite levels. In 
contrast, Castillo et al. (2007) found that supplementing malic acid or a mixture of disodium 
and calcium malate at 4 g/kg concentrate DM fed to feedlot bulls lowered plasma L-lactate 
concentrations compared with unsupplemented bulls during the finishing period. Similarly, 
Hernandez et al. (2011) found that supplementing the diet of finishing stage bull calves 
with free malic acid or disodium/calcium malate salts at 4 g/kg DM diet lowered plasma 
concentrations of L-lactate, urea-N and creatinine. Reasons for the discrepancies among 
studies are unknown, but dose of malic acid or malate salt used cannot be regarded as the 
only possible factor.  

Consistent with our results, Montaño et al., (1999) and Carro et al., (2006) reported 
no effects of malic acid or malate salts supplementation on rumen fermentation 
parameters. In contrast, linear increases in rumen pH with increased malate 
supplementation have been shown in steers by Martin et al. (1999; 2.8, 5.6 and 8.2 g malic 
acid/kg diet DM) and Liu et al. (2009; 7.8, 15.6 and 23.4 g of malic acid/kg diet DM). 
Effects of malic acid supplementation on VFA profiles have been variable, as Martin et al. 
(1999; Expt. 1) found an increase in the molar proportion of acetate without changes in 
propionate and butyrate, and Liu et al. (2009) reported an increase in propionate and 
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butyrate proportions. As a consequence, the acetate/propionate ratio increased with malic 
acid supplementation in Martin et al. (1999; Expt. 1) and decreased in Liu et al. (2009). 
These results indicate that malic acid’s effects on rumen fermentation could be dose 
dependant, and may be affected by the microbial population in the rumen. It has been 
suggested that malic acid and malate salts could selectively stimulate or inhibit activity of 
ruminal microbes at some concentrations (Liu et al., 2009). Moreover, it has to be 
considered that, when determining VFA concentrations in the rumen, VFA proportions may 
be unrepresentative of net production (Udén et al., 2011). 

2.4.3. In vitro fermentation of experimental diets 

The lack of effect of MA and MAL in our study contrasts with previous in vitro 
studies in which malic acid or malate salts supplementation to different substrates (i.e., 
corn grain, barley grain, wheat grain, sorghum grain and different mixtures of forages and 
concentrates) consistently increased total VFA and propionate production in batch cultures 
(Carro and Ranilla, 2003; Newbold et al., 2005; Tejido et al., 2005) and Rusitec fermenters 
(Carro et al., 1999; Gómez et al., 2005). Although the magnitude of the effects of malic 
acid/malate on in vitro ruminal fermentation have been shown to be influenced by the 
incubated substrate (Carro and Ranilla, 2003; Newbold et al., 2005; Gómez et al., 2005; 
Tejido et al., 2005), there are other factors which could explain the lack of effects in our in 
vitro fermentation. For example, doses of malic acid/malate used in the previously cited in 
vitro studies ranged from 4 to 10 mM, and corresponded to levels from 37 to 92 g of malic 
acid/malate/kg of incubated substrate (DM basis). The dose of malic acid and malate used 
in our experiment was 1.1 g/kg of concentrate and corresponded to 0.06 mM for 40 mL 
batch cultures, which is much lower than the lowest dose (4 mM) reported to have 
increased total VFA and propionate production. We are not aware of other in vitro studies 
which used doses of malic acid or malate salts as low as those in our experiment, but it 
seems probable that the amount of malic acid and malate in the concentrates was too low 
to allow beneficial effects on in vitro ruminal fermentation. Regardless, the lack of malic 
acid/malate effects in our in vitro fermentation of the experimental diets agrees with the 
absence of effects in the rumens of the heifers. 

In conclusion, under the feeding and management conditions of this study, the 
supplementation of 1.1 malate/kg concentrate DM had no effects on performance, ruminal 
parameters or blood metabolites of feedlot heifers. Results did not depend on whether 
malate was administered as the free acid or as disodium-calcium salt.  
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CHAPTER III: EXPERIMENT 2 

 “Effect of disodium/calcium malate or Saccharomyces cerevisiae 
supplementation on growth performance, carcass quality, ruminal 

fermentation products and blood metabolites of heifers” 

  

37 



Chapter III: Experiment 2 

 

  

38 



Chapter III: Experiment 2 

3.1. Introduction 

High-grain diets favor growth but could result on SARA, a reduction in ruminal pH 
below 5.8 due to VFA accumulation and insufficient buffering (Calsamiglia et al., 2012). 
Manipulating rumen ecology to promote lactate uptaking microorganisms, such as 
Selenomonas ruminantium and Megasphaera elsdenii, has been proposed to reduce 
SARA (Owens et al., 1998). Malate has been reported to stimulate in vitro lactate uptake 
by S. ruminantium (Martin and Park, 1996; Martin, 1998), and to increase ruminal pH and 
propionate production (reviewed by Carro and Ungerfeld, 2015). In contrast, information on 
the effects of malate on in vivo ruminal fermentation and performance of beef cattle is 
more limited and conflicting (Castillo et al., 2004). Yeast cultures of Saccharomyces 
cerevisiae have also been reported to stimulate lactate utilization by S. ruminantium and 
M. elsdenii (Callaway and Martin, 1997), and could contribute to increase rumen pH 
(Chaucheyras-Durand et al., 2012). As previously reviewed (Desnoyers et al., 2009; De 
Ondarza et al., 2010), S. ruminantium supplementation to dairy cattle increases in milk 
production, but studies on beef cattle are scarce and controversial. Inconsistences in the 
response to malate and S. ruminantium supplementation may be explained by variations in 
the dose, growth rate and age of the animal, diet composition and farming conditions, 
among other factors (Yoon and Stern, 1995; Carro and Ungerfeld, 2015). Our hypothesis 
was that dietary supplementation with malate or S. ruminantium may be effective at 
increasing ruminal pH and improving performance in beef cattle fed high-grain diets, as 
animals fed these diets usually have ruminal abundance of S. ruminantium and M. elsdenii 
(Petri et al., 2013). This study was designed to assess the effects of malate salts and S. 
cerevisiae culture on growth performance, carcass quality, ruminal fermentation products 
and blood metabolites in heifers raised under commercial farming conditions in southern 
Europe. 

3.2. Materials and methods 

The study was approved by the institutional animal care committee of the 
Universidad de León (León, Spain), and was conducted in accordance with the Spanish 
guidelines for experimental animal protection (Boletín Oficial del Estado, 2013).  

3.2.1. Animals, diets and experimental design  

A total of 108 Charolaise cross heifers with an average BW of 214 ± 27.3 kg and 
6.4 ± 1.10 month of age were used. Upon arrival to the experimental farm (Comercial 
Pecuaria Segoviana SL, Coca, Spain) each animal was weighed, treated for endo- and 
ectoparasites with ivermectin (1 mL/50 kg BW, Ivomec, Merial Laboratorios SA, Barcelona, 
Spain), and vaccinated against infectious bovine rhinotracheitis, parainflueza-3 and bovine 
viral diarrhoea (2 mL per animal, Cattlemaster-4, Zoetis Spain SLU, Madrid, Spain) and 
enterotoxemia and carbuncle (2 mL per animal, Miloxan, Merial Laboratorios SA, 
Barcelona, Spain). A booster dose was given 3 weeks later. Before starting the trial, all 
animals were fed an adaptation diet consisting of concentrate and straw for 7 days. Feeds 
were provided ad libitum (5% orts) twice a day, and fresh water was freely accessible at all 
times. In this period, the amount of straw and concentrate provided was recorded. 
Although feed refusals were not measured, a rough ratio of 70:30 concentrate-to-straw 
intake was estimated based on feed supply. 
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At the beginning of the trial, heifers were weighted and assigned to 18 pens (6 
heifers per pen) according to their weight and age. The pens were 5.0 x 7.0 m and had 
continuous concrete floor. Barley straw was used as bedding material. There was a totally 
randomized experimental design, and pens were randomly allotted to 1 of the 3 
experimental treatments (6 pens per treatment). The dietary treatments were a control (not 
supplemented; CON); the control plus 4 g of disodium/calcium malate mixture (MAL; 
Rumalato; NOREL SA, Madrid, Spain) per kg of concentrate, providing 2.12 g of malate 
per kg of concentrate; and the control plus 0.15 g of Saccharomyces cerevisiae CBS 
493.94 (YC; Yea-Sacc; Alltech Inc. Nicholasville, KY, USA) per kg of concentrate, 
providing 1.5 x 108 cfu per kg of concentrate. Both additives were used at the dose 
recommended by the manufacturers. Experimental diets were formulated to meet or 
exceed the nutritional requirements of National Research Council (2000) for 
growing/finishing heifers of 350 kg BW and 1.4 kg ADG. Ingredient and chemical 
composition of the concentrates fed during the adaptation and experimental periods is 
shown in Table 3.1. The composition of the concentrate was representative of those used 
for commercial feedlots in southern Europe, with wheat and barley grains as the main 
components. Concentrate and full-length barley straw were provided separately ad libitum 
twice daily (0700 and 1800 h), and their supply was recorded daily throughout the trial. 
Concentrates were pelleted to reduced feed selection and refusals. Straw refusals dropped 
on the floor formed part of bedding material, and could not be quantified.  

3.2.2. Productive parameters and carcass characteristics 

On d 28, 56, 84, and 114, animals were individually weighed and concentrate 
refusals in each pen were determined to calculate the following productive parameters: 
ADG (kg), concentrate average daily feed intake (ADFI, kg/d), and gain to feed ratio (G:F, 
ADG/ADFI). In addition, feed refusals were observed daily at feeding time to adjust the 
amount supplied, and orts were removed and weighted when any spoilage was detected. 
The amount of straw provided daily was recorded, but actual intake of straw could not be 
determined as part of the straw was thrown to the ground by the heifers.  

On d 114, animals were slaughtered at a commercial slaughterhouse (Laguna de 
Duero, Valladolid, Spain), and two representative heifers (i.e. heifers having the maximum 
and minimum BW were excluded) per pen were randomly selected to determine individual 
hot carcass weight (HCW) and carcass characteristics. Individual dressing percentage was 
calculated as the relationship between HCW and BW at d 114 of the trial. Carcass 
compactness index was determined as the relationship between carcass length and chest 
depth. Carcass length was determined on the hanged hot left midcarcass as the length 
from the cranial border of the first rib to the point of the pubic symphysis, and chest depth 
was measured from the ventral surface of the spinal canal (at fifth rib level) to the lowest 
point of the sternum. Leg compactness index was determined as the relationship between 
leg length and perimeter. Leg length was measured from the inner side of the tarsus-
metatarsus joint to the point of the pubis symphysis, and leg perimeter was measured at 
the level of the crest of the ileum. Quality grade was determined following the European 
carcass grading system (Council Regulation (EC) number 1183/2006; Official Journal of 
the European Union, 2006) according to conformation classes: superior (S), excellent (E), 
very good (U), good (R), fair (O) and poor (P), and to degrees of fat cover: 1 (poor), 2 
(slight), 3 (average), 4 (high) and 5 (very high).  
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Table 3.1. Ingredients and chemical composition of the concentrates fed over the 
adaptation and experimental periods. 

Item 
Adaptation 

period 
Experimental concentrates1 

CON MAL YC 
Ingredient, g/kg (as-fed basis)    

Sunflower seed  189 - - - 
Olive pulp  100 - - - 
Soybean hulls  100 - - - 
Corn distiller’s dried grains with solubles  100 - - - 
Beet pulp 70.0 - - - 
Rice bran 60.0 - - - 
Animal fat 2.1 - - - 
Wheat grain -    282    278    282 
Barley grain -    210    210    210 
Corn gluten feed  100    100    100    100 
Wheat middlings 14.9    100    100    100 
Sunflower meal -    100    100    100 
Palm kernel meal 50.0 55.0 55.0 55.0 
Beet molasses 30.0 40.0 40.0 40.0 
Alfalfa meal  100 40.0 40.0 40.0 
Beet vinasses 27.9 20.0 20.0 20.0 
Sepiolite 24.1 20.0 20.0 20.0 
Calcium carbonate 25.4 18.0 18.0 18.0 
Oleine2 - 10.0 10.0 10.0 
Sodium chloride 7.0   2.5   2.5   2.5 
Mineral/vitamin premix3 -   2.5   2.5   2.5 
Disodium/calcium malate salts - -    4.00 - 
Saccharomyces cerevisiae - - -    0.15 

Chemical composition4    
DM, % ND5 89.3 (1.10) 89.4 (0.85) 88.6 (1.48) 
OM, % of DM - 93.8 (0.67) 93.9 (0.30) 94.0 (0.65) 
CP, % of DM - 15.2 (0.66) 15.6 (0.97) 15.9 (0.94) 
NDF, % of DM - 23.0 (2.18) 24.4 (0.47) 23.6 (2.45) 
Starch, % of DM - 31.0 (2.76) 30.9 (0.71) 31.9 (1.26) 
Malate, % of DM - 0.230 0.445 0.240 

1 CON = control (not supplemented); MAL = control plus 4 g of disodium/calcium malate mixture 
(Rumalato; NOREL SA, Madrid, Spain) per kg of concentrate, providing 2.12 g of malate per kg of 
concentrate; YC = control plus 0.15 g of Saccharomyces cerevisiae CBS 493.94 (Yea-Sacc 1026, 
Alltech Inc., Nicholasville, KY) per kg of concentrate, providing 1.5 x 108 cfu/ kg of concentrate. 
2 A product based on refined olive soap stock (Refinación Industrial Oleícola SA, Ibros, Spain) that 
contained 10 g of ashes per kg DM and 990 g of ether extract per kilogram DM. Fatty acid profile (g/ kg 
ether extract): 640 of C18:1, 160 of C18:2, 110 of C16:0, and 38 of C18:0. 
3 Mineral and vitamin premix contained according to the manufacturer (Comercial Pecuaria Segoviana 
SL, Segovia, Spain): 8,000 IU of vitamin A (retinil acetate), 1,600 IU of vitamin D3 (cholecalciferol), 
6,000 IU of vitamin E (α-tocopheryl acetate), 7.9 mg of Cu (cupper sulfate), 0.7 mg of Co (cobalt (II) 
sulfate), 0.2 mg of Se (sodium selenite), 50 mg of Zn (zinc oxide), 35 mg of Mn (manganese oxide), 
438 mg of Mg (magnesium oxide), 100 mg of S (potassium sulfate), 20 mg of Fe (iron sulfate) and 0.8 
mg of I (potassium iodide). 
4 Mean (SD) values of 3 composite period samples. Calculated chemical composition of control 
concentrate based on Fundación Española para el Desarrollo de la Nutrición Animal reference tables 
of feedstuffs composition (de Blas et al., 2010) was 93.5, 14.7, 22.8 and 32.0% of OM, CP, NDF and 
starch, respectively (DM basis). 
5 ND = not determined. Chemical composition of adaptation concentrate was not determined. 
Calculated chemical composition based on Fundación Española para el Desarrollo de la Nutrición 
Animal (de Blas et al., 2010) was 88.0, 16.9, 38.6 and 4.9% of OM, CP, NDF and starch, respectively 
(DM basis). 
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3.2.3. Ruminal fermentation products and blood metabolites 

On days 0, 56, and 114, rumen fluid samples of each heifer were obtained between 
2 and 2.5 hours after morning feeding by rumenocentesis. A needle of 12.5 cm long and 
1.6 mm gauge was inserted into the ventral sac of the rumen in the center of the triangle 
between last rib, wing of ileum and transverse process of spine, and an aliquot (about 20 
mL) of rumen fluid was obtained. The time of feed supply was adjusted to the expected 
time of blood and ruminal fluid sampling, and the pens of each treatment were consistently 
distributed across the collection period. Rumen samples were homogenized, the pH was 
immediately measured (Crison Basic 20 pH-meter; Crisson Instruments, Barcelona, 
Spain), and fermentation was stopped by swirling the samples in iced water. Five milliliters 
of fluid were added to 5 mL of deproteinizing solution (20 g of metaphosphoric acid and 0.6 
g of crotonic acid/L) for VFA analysis, and 2 mL were added to 2 mL 0.5 M HCl for NH3-N 
and lactate determinations. Samples were immediately frozen (-20ºC) until analyses. In 
addition, blood samples (9 mL) were collected from each heifer by puncture of the median 
coccygeal vein into vacutainer tubes containing 143 United States Pharmacopeia units of 
sodium heparin. Samples were centrifuged (1,000 x g for 15 min at 4ºC), and the plasma 
was immediately frozen (-20ºC) until determination of glucose, urea-N and total lactate. 

3.2.4. Analytical procedures 

Dry matter (method 934.01), ash (method 942.05) and N (method 984.13) content 
of concentrates were determined according to the Association of Official Analytical 
Chemists (1999) and neutral detergent fiber (NDF) analyses were carried out according to 
Van Soest et al. (1991) using an ANKOM220 Fibre Analyzer unit (ANKOM Technology 
Corporation, Fairport, NY, USA). Sodium sulphite and heat-stable amylase were used in 
analysis of NDF and they were expressed inclusive of residual ash. Malate content of 
experimental concentrates was analyzed by HPLC-UV (Callaway et al., 1997).  

Concentrations of VFA, ammonia-N, and total lactate in ruminal fluid were 
determined as described by García-Martínez et al. (2005). Plasma concentrations of 
glucose, urea-N and total lactate were determined by automated enzymatic methods 
adapted to a Cobas Integra 400 plus Analyzer (F. Hoffmann-La Roche Ltd., Basel, 
Switzerland). 

3.2.5. Statistical analysis 

The experimental unit for BW, ADG, concentrate ADFI, G:F, carcass-adjusted 
values, HCW, and carcass yield measurements was the pen (mean data for 6 heifers). The 
individual animal was the experimental unit for ruminal fermentation products, blood 
metabolites and carcass characteristics. Data on feed intake, growth performance, ruminal 
fermentation products and blood metabolites were analyzed as repeated measures using 
the PROC MIXED of SAS (SAS Inst. Inc., Cary, NC). A compound symmetry was used to 
model the covariance structure for the repeated measures. The statistical model included 
diet, time (sampling day) and diet x time interaction as fixed effects, and either pen or 
heifer as random effect, respectively. Carcass-adjusted final BW was calculated as 
HCW/average dressing percent for heifers in each treatment. Carcass-adjusted ADG and 
G:F were calculated from carcass-adjusted final BW. Those data were analyzed using the 
PROC GLM of SAS, and the model included diet as main effect. Data on HCW, dressing 
percentage, and carcass characteristics (carcass compactness index and leg 
compactness index) were analyzed using the PROC GLM of SAS, and the model included 
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diet as main effect and final BW as a covariate. Data on carcass conformation were 
analyzed using the PROC GLIMMIX procedure of SAS. Data are presented as least 
square means. Significance was declared at P<0.05, and 0.05<P<0.10 values were 
considered to be a trend.  

3.3. Results 
Malate content in CON concentrate was 2.30 g, and MAL diet had 4.45 g of malate 

per kilogram of concentrate (Table 3.1). Daily average consumption of malate was 13.7 g, 
26.3 g, and 14.2 g for heifers fed the CON, MAL, and YC diets, respectively.  

As shown in Table 3.2, there were no differences among treatments on concentrate 
ADFI (P=0.98), BW (P=0.95), ADG (P=0.74) or G:F (P=0.50), and no treatment x time 
interactions were observed (P>0.10). Carcass-adjusted BW, ADG, and G:F values were 
similar among treatments (P=0.94, P=0.95 and P=0.92, respectively). Actual barley straw 
intake was not determined, but no differences among groups were detected in the amount 
of straw provided daily. Average straw intake over the trial was estimated to be about 120 
g/kg of total DMI. As expected, concentrate ADFI and BW increased with time (P<0.001). 

Table 3.2. Concentrate intake, BW, ADG, and G:F in heifers fed 1 of the following high-
grain diets: control (not supplemented; CON), control plus 4 g of disodium/calcium malate 
mixture (MAL), or control plus 0.15 g of Saccharomyces cerevisiae CBS 493.94 (YC). 
Item and period  
(days of feed) 

Treatment (TR)   P =  
CON MAL1 YC2 SEM TR Time TR x Time 

Concentrate ADFI, kg       
0-28 5.680 5.710 5.650 0.139 0.98 <0.001 0.87 
29-56 6.530 6.570 6.670     
57-84 6.350 6.310 6.370     
85-114 7.180 7.050 7.040     

BW, kg        0 214 215 214 7.79 0.95 <0.001 0.85 
28 241 242 242     56 272 275 274     84 298 303 300     114 335 338 335     ADG, kg        0-28 0.990 0.970 1.000 0.047 0.74 <0.001 0.67 
29-56 1.100 1.190 1.140     57-84 0.930 1.010 0.950     85-114 1.210 1.160 1.140     G:F, kg/kg        0-28 0.173 0.170 0.174 0.2436 0.50 <0.001 0.53 
29-56 0.167 0.180 0.170     57-84 0.143 0.159 0.149     85-114 0.168 0.162 0.161     Carcass-adjusted3        
BW (114 d) 367 371 369 8.5 0.94 - - 
ADG (0 – 114 d) 1.100 1.120 1.110 0.05 0.95 - - 
G:F (0 – 114 d) 0.170 0.175 0.173 0.009 0.92 - - 

1 Control plus 4 g of disodium/calcium malate mixture (Rumalato; NOREL SA, Madrid, Spain) per 
kilogram of concentrate, providing 2.12 g of malate per kg of concentrate. 2 Control plus 0.15 g of 
Saccharomyces cerevisiae CBS 493.94 (Yea-Sacc 1026; Alltech Inc., Nicholasville, KY) per kilogram of 
concentrate, providing 1.5 x 108 cfu per kg of concentrate. 3 Carcass-adjusted final BW was calculated 
as HCW/average dressing percent.  
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Hot carcass weight (P=0.86), dressing percentage (P=0.84), carcass compactness 
index (P=0.82) and leg compactness index (P=0.62) were not affected by experimental 
treatments (Table 3.3.). Carcass quality grade was also similar among experimental 
groups (P=0.18), and fat cover grade was 3 (average) for all heifers. 

Table 3.3. Carcass characteristics of heifers fed 1 of the following high-grain diets: control 
(not supplemented; CON), control plus 4 g of disodium/calcium malate mixture (MAL), or 
control plus 0.15 g of Saccharomyces cerevisiae CBS 493.94 (YC). 

Item 
Treatment 

SEM P = 
CON MAL1 YC2 

HCW, kg 202 201 200 2.5 0.86 
Dressing proportion, kg carcass/100 kg BW 54.90 54.50 54.30 0.69 0.84 
Carcass characteristics      

Carcass compactness index3 1.83 1.80 1.81 0.034 0.82 
Leg compactness index3 1.48 1.47 1.46 0.014 0.62 
Quality grade (% within category)3 3.83 4.08 3.92 0.066 0.18 

1 Control plus 4 g of disodium/calcium malate mixture (Rumalato; NOREL SA, Madrid, Spain) per 
kilogram of concentrate, providing 2.12 g of malate per kg of concentrate. 
2 Control plus 0.15 g of Saccharomyces cerevisiae CBS 493.94 (Yea-Sacc 1026; Alltech Inc., 
Nicholasville, KY) per kilogram of concentrate, providing 1.5 x 108 cfu per kg of concentrate. 
3 Relationship between carcass length (from the cranial border of the first rib to the point of the pubic 
symphysis) and chest depth (from the ventral surface of the spinal canal, at fifth rib level, to the lowest 
point of the sternum). 
4 Relationship between leg length (from the inner side of the tarsus –metatarsus joint to the point of the 
pubis symphisis) and perimeter (measured at the level of the crest of the ileum). 
5 Determined according to European carcass grading system for conformation (1= superior; 2 = 
excellent; 3 = very good; 4 = good; 5 = fair; and 6 = poor). 
 

Data on rumen fermentation products and blood metabolites are shown in Tables 
3.4. and 3.5., respectively. No treatment x time interaction was detected for any rumen 
fermentation product measured (P>0.10). There were no effects of dietary treatment on 
ruminal pH (P=0.24), concentrations of NH3-N (P=0.82), lactate (P=0.93), and total VFA 
(P=0.69); and molar proportions of individual VFA (P>0.10). Sampling time influenced 
(P<0.01) all rumen fermentation products except the molar proportion of butyrate, which 
remained unaffected over the trial (P=0.49). The lowest ruminal pH was observed at d 56 
(the average value across treatments was 5.44), and the highest value was observed at 
the end of the trial (6.09). Evolution of lactate and total VFA concentrations over the trial 
was the inverse of pH, and the highest concentrations were observed on d 56. Rumen 
NH3-N concentrations increased over the experimental period (P<0.001). Dietary 
treatments did not affect plasma concentrations of glucose (P=0.96), lactate (P=0.82) and 
urea-N (P=0.15), and no treatment x time interactions (P>0.10) were detected. Urea-N 
concentrations increased with time (P<0.001), but glucose and lactate concentrations 
remained unchanged during the trial (P=0.19 and P=0.27, respectively). 
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Table 3.4. Rumen fermentation characteristics in heifers fed 1 of the following high-grain 
diets: control (not supplemented; CON), control plus 4 g of disodium/calcium malate 
mixture (MAL), or control plus 0.15 g of Saccharomyces cerevisiae CBS 493.94 (YC). 
 

Sampling 
day 

Treatment (TR) 
SEM 

P = 
Item CON MAL1 YC2 TR Time TR x 

time 
pH  0 5.77 5.65 5.91 0.112 0.24 <0.001 0.57 
  6 5.58 5.32 5.43     
  114 6.05 6.07 6.14     
NH3-N, mg/L  0 44.40 42.50 43.60 4.83 0.82 <0.001 0.88 

  6 83.90 79.80 78.60     
  114 86.40 91.40 85.50     

Lactate, mM  0 0.65 0.83 0.72 0.077 0.93 <0.001 0.38 
  6 1.05 0.93 1.07     
  114 0.83 0.81 0.81     

Total VFA, mM  0  132  139  130 7.5 0.69 <0.001 0.89 
  6  168  173  171     
  114  143  139  134     

Individual VFA, mmol/mmol        
Acetate  0 50.10 48.60 48.10 0.96 0.65 <0.001 0.57 
  6 50.20 49.40 51.10     
  114 53.80 53.80 53.70     
Propionate  0 37.60 37.40 37.20 1.03 0.86 <0.001 0.61 
  6 37.60 38.70 36.70     
  114 31.40 31.70 32.80     
Butyrate  0   8.04 9.20 9.68 0.674 0.84 0.49 0.36 
  6   8.37 8.32 8.43     
  114   9.32 9.19 8.21     
Isobutyrate  0   0.46 0.42 0.54 0.052 0.93 <0.001 0.46 
  6   0.48 0.44 0.40     
  114   0.74 0.76 0.72     
Isovalerate  0   0.50 0.46 0.54 0.145 0.55 <0.001 0.88 
  6   0.81 0.69 0.69     
  114   1.83 1.65 1.56     
Valerate  0   3.07 3.56 3.63 0.178 0.27 <0.001 0.46 
  6   1.92 1.95 1.99     
  114   2.34 2.33 2.53     
Caproate  0   0.37 0.46 0.35 1.104 0.97 0.01 0.53 
  6   0.63 0.53 0.75     
  114   0.65 0.63 0.58     
Acetate/ 
Propionate, 
mol/mol 

 0   1.40 1.34 1.38 0.079 0.67 <0.001 0.90 
 6   1.37 1.29 1.42     
 114   1.75 1.74 1.71     

1 Control plus 4 g of disodium/calcium malate mixture (Rumalato; NOREL SA, Madrid, Spain) per 
kilogram of concentrate, providing 2.12 g of malate per kg of concentrate. 
2 Control plus 0.15 g of Saccharomyces cerevisiae CBS 493.94 (Yea-Sacc 1026; Alltech Inc., 
Nicholasville, KY) per kilogram of concentrate, providing 1.5 x 108 cfu per kg of concentrate.  
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Table 3.5. Blood metabolites in heifers fed 1 of the following high-grain diets: control (not 
supplemented; CON), control plus 4 g of disodium/calcium malate mixture (MAL), or 
control plus 0.15 g of Saccharomyces cerevisiae CBS 493.94 (YC). 

Item and 
sampling day 

Treatment (TR)  P= 
CON MAL1 YC2 SEM TR Time TR x Time 

Glucose, mg/dL 
d 0 70.92 69.49 71.01 3.642 0.96 0.19 0.99 
d 56 73.17 73.56 74.35         
d 114 74.41 75.27 75.90         

Lactate, mg/dL 
d 0 7.11 6.92 6.64 0.669 0.82 0.27 0.98 
d 56 8.05 7.36 7.47         
d 114 7.50 7.28 7.38         

Urea-N, mg/dL 
d 0 19.75 18.82 18.44 1.213 0.15 <0.001 0.59 
d 56 25.73 22.53 22.71         
d 114 33.70 31.95 30.23         

1 Control plus 4 g of disodium/calcium malate mixture (Rumalato; NOREL SA, Madrid, Spain) per 
kilogram of concentrate, providing 2.12 g of malate per kg of concentrate. 
2 Control plus 0.15 g of Saccharomyces cerevisiae CBS 493.94 (Yea-Sacc 1026; Alltech Inc., 
Nicholasville, KY) per kilogram of concentrate, providing 1.5 x 108 cfu per kg of concentrate. 
 

3.4. Discussion 

This study was designed to assess the effects of malate and S. cerevisiae culture on 
growth performance, carcass quality, rumen fermentation products and blood metabolites 
in heifers raised under practical farm conditions in southern Europe. The diet was typical of 
those fed in the practice to growing/finishing beef cattle, and both additives were 
supplemented at the level recommended by the manufacturer. Dietary starch supply was 
close to 31% DM, with wheat and barley grains being the main starch sources, which 
agrees with the nutritional profile of high-grain diets that induces SARA (Owens et al., 
1998; Dohme et al., 2008). The relatively high basal level of malate in CON was probably 
due to the presence of alfalfa meal, which is a natural source of malate (Callaway et al., 
1997). 

In agreement with previous studies in beef cattle supplemented daily up to 120 g of 
malate salts or malic acid (Martin et al., 1999; Montaño et al., 1999; Castillo et al., 2007; 
Carrasco et al., 2012; Vyas et al., 2015), malate supplementation did not affect either ADFI 
or cattle growth performance. In contrast, Martin et al. (1999) observed that ADG and G:F 
ratio significantly increased in steers receiving daily 60 or 120 g of malic acid during the 
10-d step-up period. Because malate effects were not observed after 52 d of feed, Martin 
et al. (1999) suggested that, due to the high cost of malate, supplementation would be 
more practical when beef cattle first arrive at the feedlot rather than throughout the 
finishing period. Unfortunately, the concentrate fed to heifers during the adaptation period 
in the present study was not supplemented with malate. Moreover, it should be noted that 
in the study of Martin et al. (1999), steers were fed rolled corn-based concentrates that 
also contained lasalocid, whereas in the current study, the concentrate was based on 
wheat and barley grains and did not contain ionophores. In fact, Carro and Ranilla (2003) 
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evaluated the effects of different doses of malate on in vitro rumen fermentation of different 
cereal grains and observed that corn showed a greater response than wheat and barley. 
To our knowledge only Martin et al. (1999) and Carrasco et al. (2012) have investigated 
the effects of malate supplementation on carcass characteristics of beef cattle, and the 
lack of effects observed in the current study agrees with their results, as well as with the 
absence of effects on BW and ADG. 

The influence of malate supplementation on rumen fermentation seems to be dose-
dependent (Martin et al., 1999; Carro and Ranilla, 2003), but is also affected by the type of 
diet and rumen microbial populations (Gómez et al., 2005; Tejido et al., 2005). The lack of 
effects of malate on rumen concentrations of NH3-N, lactate, and VFA observed in the 
current study is consistent with other studies in which beef cattle was fed high-grain diets 
and supplemented daily up to 134 g of malic acid or malate salts (Montaño et al., 1999; 
Carrasco et al., 2012; Vyas et al., 2015). However, Liu et al. (2009) reported that total VFA 
concentrations in the rumen of steers increased linearly by supplementing increasing 
doses of malic acid (up to 210 g/d), whereas NH3-N and lactate concentrations were 
reduced, and Martin et al. (1999) observed that total VFA in steers tended to decrease by 
increasing DL-malate inclusion up to 80 g/d and L-lactate concentrations remained 
unchanged. These results suggest that the effective dose of malate could depend on either 
S. ruminantium population in the rumen or on its capacity of metabolizing as well as on the 
concentration of other metabolites of the propionate production pathway. 

The reported effects of malate supplementation on ruminal pH in vivo are also 
inconsistent. In agreement with current results, Carrasco et al. (2012) and Vyas et al. 
(2015) reported no efficacy of malate supplementation in elevating ruminal pH in heifers 
fed barley grain-based diets. In contrast, Martin et al. (1999) and Montaño et al. (1999) 
observed significant increases in rumen pH in cattle fed diets based on corn and barley 
grains, respectively, by supplementing 80 g of malic acid daily. In the current experiment, 
the basal diet contained 0.23% of malate and supplementation of malate salts increased it 
up to 0.45% which may have not been enough to cause a positive effect on pH (supply of 
26.3 g/d). Moreover, the diet in the study of Martin et al. (1999) also included lasalocid. 
Because ionophores can stimulate the rate of utilization of organic acids (Callaway and 
Martin, 1997), this could have contributed to maintain rumen pH values. The diet fed to the 
animals seems to be an important factor influencing the effects of malate on ruminal pH. In 
fact, Foley et al. (2009) reported only a tendency towards an overall greater pH with 
increasing malate supplementation in steers fed a 40:60 forage-to-concentrate diet, even 
though daily supply of malate ranged from 325 to 983 g/d.  

Consistent with that observed in the rumen, plasma concentrations of lactate, 
glucose, and urea-N were not affected by the inclusion of malate, which is in agreement 
with the results of other studies (Martin et al., 1999; Montaño et al., 1999; Carrasco et al., 
2012) in which beef cattle were supplemented with malic acid or malate salts up to 120 
g/d. In contrast, Castillo et al. (2007) reported that supplementing malic acid or a mixture of 
disodium and calcium malate at 4 g per kg of concentrate (DM basis) significantly lowered 
plasma L-lactate concentrations compared with unsupplemented bulls. Similarly, 
Hernández et al. (2011) reported that supplementing the diet of finishing bull calves with 
disodium/calcium malate salts (4 g/kg DM diet) lowered plasma concentrations of L-
lactate, urea-N, and creatinine compared with unsupplemented animals. As previously 
discussed, the inconsistent results reported in the literature for the effects of malate 
supplementation on ruminal fermentation, plasma metabolites, or ruminant performance 
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can be attributed to differences in the diet (i.e., forage: concentrate ratio, forage type, 
cereal grains, etc.), malate dose, chemical form in which malate was fed (i.e., free acid vs. 
salts), and characteristics of experimental animals such as physiological state, level of 
production, ruminal populations, etc. (Carro and Ungerfeld, 2015). Results indicate that 
greater levels of malate than those used in the current study are necessary to detect 
significant effects on in vivo rumen fermentation products and growth performance. 

Yeast cultures can be supplied live and dried or dead with its culture media being a 
source of nutrients with prebiotic effect. In this study, a dried live S. cerevisae culture was 
supplied, and its daily supply in ad libitum feeding system provided a continued flow of 
yeast, as S. cerevisiae is viable only for only 24 to 30 h in the rumen (Kung et al., 1997; 
Durand-Chaucheyras et al., 1998). In agreement with previous studies (Vyas et al. 2014a, 
b), ADFI of heifers was unaffected by S. cerevisae. On the contrary, Mutsvangwa et al. 
(1992) reported an increase in ADFI with S. cerevisae supplementation, and Lascano et al. 
(2009) suggested that S. cerevisae inclusion in the diet tended to require less DMI to 
maintain growth, as compared to non-supplemented heifers on a restricted feed supply 
management. Despite these effects on ADFI, Mutsvangwa et al. (1992), Lascano et al. 
(2009), and Vyas et al. (2014a) did not observe a positive effect of S. cerevisae 
supplementation on growth or feed efficiency, which is in agreement with the current 
results. Accordingly to growth performance results, we did not find any effect on carcass 
characteristics, which is consistent with previous results in steers (Mir and Mir, 1994) and 
lambs (Issakowicz et al., 2013). 

Saccharomyces. cerevisiae has been reported to stimulate lactate utilization by M. 
elsdenii and S. ruminantium (Callaway and Martin, 1997), and to reduce the incidence of 
SARA by increasing daily average ruminal pH and decreasing rumen lactic acid 
concentration (Desnoyers et al., 2009; Vyas et al. 2014a). In contrast, and in agreement 
with the current results, others (Mir and Mir, 1994; Lascano and Heinrichs, 2009; Moya et 
al., 2009, Vyas et al., 2014b) reported no influence of S. cerevisae supplementation on 
ruminal pH with different diets and levels of inclusion. Reported effects of S. cerevisae on 
rumen fermentation pattern are inconsistent and seem to be influenced by diet 
characteristics and the yeast strain, among other factors (Carro et al., 1992; Chaucheyras-
Durand et al., 2012). In accordance with the results of other studies in beef cattle (Mir and 
Mir, 1994; Moya et al., 2009), supplementation did not influence VFA profile in current 
study. 

The lack of effect of S. cerevisae on plasma levels of glucose, lactate, and urea-N 
is in agreement with the results of Stella et al. (2007) and Yalçm et al. (2011) in dairy goats 
and cows, respectively. Lascano et al. (2012) observed that glucose concentrations tended 
to increase quadratically with increasing doses of S. cerevisae (S. cerevisiae CBS 493.94; 
1 x 1010 to 5 x 1010 cfu/d) in dairy heifers fed low starch diets (16.7% of DM). The greatest 
response on glucose concentration was obtained at 3 x 1010 cfu per day, which is 30-fold 
the daily dosage used in the current study. 

The decrease in rumen pH is usually due to increased production of VFA and 
lactate. In the current study, rumen pH was negatively correlated with VFA concentrations 
(R2=0.78; all data included), but showed a poor correlation with lactate (R2=0.08). In 
addition, lactate concentrations were low (≤ 1 mM), which is indicative of SARA 
(Beauchemin and Penner, 2009). It has to be noted that ruminal fluid was obtained by 
rumenocentesis and metabolites and pH in the obtained fluid could not be representative 
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of the rumen conditions as a whole. However, Duffield et al. (2004) concluded that 
rumenocentesis was the most accurate field technique for ruminal sampling compared to 
oral stomach tube, as rumenocentesis values were highly correlated to direct sampling 
through a cannula. 

In conclusion, under the feeding and management conditions of this study, 
supplementation of either malate salts (2.12 g malate/kg of concentrate) or a live S. 
cerevisiae culture (1.5 x 108 cfu/kg of concentrate) had no effect on growth performance, 
carcass quality, ruminal fermentation products and blood metabolites in feedlot heifers.  
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CHAPTER IV: EXPERIMENT 3 

“Performance, carcass and ruminal fermentation characteristics 
of heifers fed concentrates differing in energy level and cereal 

type (corn vs. wheat)” 
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4.1. Introduction 

A large part of Spanish beef production is based on feeding ad libitum cereal 
concentrates and straw, with the concentrate reaching over 85% of total dry matter intake 
(Gimeno et al., 2014; Verdú et al., 2015). High-concentrate diets favour beef growth, but 
an excessive amount of rapidly fermented starch in the rumen could result on SARA, 
which is commonly stated as a reduction in ruminal pH below 5.8, mainly due to VFA and 
lactate accumulation in the rumen (Calsamiglia et al., 2012).  

The structure and composition of cereal starches and the physical interactions 
between starch and protein can influence the digestibility and feeding value of cereal 
grains for ruminants (Rooney and Pflugfelder, 1986). Ruminal degradation of starch from 
corn grain is limited by its vitreousness, which reflects the association between starch and 
protein in the endosperm. In the vitreous endosperm, starch granules are surrounded by 
proteins and embedded in a dense matrix that limits the accessibility of microbial enzymes 
to starch (Corona et al., 2006). In contrast, the protein matrix of wheat is more diffuse and 
does not hamper the access of ruminal microbes to starch granules (McAllister et al., 
2006). Although the endosperm in different wheat types differs in hardness, all wheat types 
are digested more rapidly than corn in the rumen (Yang et al., 2014), and greater in situ 
disappearance rates and theoretical degradability values for wheat compared to corn have 
been reported (0.302 vs. 0.058%/h and 90.1 vs. 58.4%, respectively; Bacha, 1991).  

Therefore, a high proportion of wheat in the concentrate could favour SARA 
incidence compared with corn, especially in diets with low effective NDF content (Owens et 
al., 1997). However, most of scientific research to evaluate the dietary effects of corn and 
wheat has been carried out in dairy cows (reviewed by Ferraretto et al., 2013). Some 
comparative studies have also been conducted with beef cattle, but in most of them the 
concentrates also included monensin, which is currently banned in Europe and can mask 
the effects of different cereals on ruminal fermentation (Yang et al., 2014). In addition, the 
response of beef cattle to corn and wheat-based concentrates, as measured by feedlot 
performance, may be influenced by the rest of the ingredients in the diet, which, in turn, 
determine its energy level. Our hypothesis is that the use of wheat instead of corn in high 
energy diets, with low NDF content and without monensin, may increase the risk of SARA 
and have an impact on growth performance and ruminal fermentation, whereas the effect 
of cereal type could be insignificant in low energy diets.  

Therefore, the objective of the current study was to assess the interaction of cereal 
type (corn vs. wheat) and energy level of the diet on growth performance, carcass quality 
and ruminal fermentation characteristics of beef cattle.  

4.2. Materials and methods 

The experimental protocols were approved by the institutional Animal Care 
Committee of the Technical University of Madrid (Madrid, Spain), and the study was 
conducted in accordance with the Spanish guidelines for experimental animal protection 
(Royal Decree 53/2013 of February 1st on the protection of animals used for 
experimentation or other scientific purposes; Boletín Oficial del Estado, 2013). 
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4.2.1. Animals, diets and experimental design  

A total of 144 Charolaise cross heifers were used. Upon arrival to the experimental 
farm (Comercial Pecuaria Segoviana SL, Coca, Spain) each animal was weighed, treated 
for endo- and ecto-parasites with ivermectin (1 mL per 50 kg BW, Ivomec, Merial 
Laboratorios SA, Barcelona, Spain) and vaccinated against infectious bovine 
rhinotracheitis, parainflueza-3 and bovine viral diarrhoea (2 mL per animal, Cattlemaster-4, 
Zoetis Spain SLU, Madrid, Spain), enterotoxemia and carbuncle (2 mL per animal, 
Miloxan, Merial Laboratorios SA, Barcelona, Spain). A booster dose was given 3 weeks 
later.  

Before starting the trial, all heifers were fed an adaptation diet consisting of 
concentrate and barley straw for 7 days. Concentrate was provided twice a day, and the 
amount provided was recorded. Fresh water and straw was freely accessible at all times. 
The main ingredients in the concentrate were sunflower seed, olive pulp, soybean hulls, 
corn grain, corn DDGS, barley straw pelleted, sugar beet pulp, rice bran, soybean meal, 
palm kernel meal, peas meal, calcium carbonate, sepiolite, wheat middling, sodium 
chloride and animal fat (189, 100, 100, 100, 100, 100, 70, 60, 50, 30, 28, 25, 24, 15, 7 and 
2 g/kg fresh matter (FM), respectively). Calculated chemical composition based on FEDNA 
(de Blas et al., 2010) was 88.0, 16.9, 38.6 and 4.9% of organic matter, crude protein, 
neutral detergent fibre and starch, respectively (DM basis). 

At the beginning of the experimental period, heifers were weighted and assigned to 
24 pens (6 heifers each) according to their BW (average 218 ± 26.4 kg). The pens were 
5.0 m x 7.0 m, had continuous concrete floor, and barley straw was used as bedding 
material. Pens were randomly allotted to one of the four experimental treatments (6 pens 
per treatment) following a totally randomized experimental design. Four concentrates were 
formulated following National Research Council (2000) requirements for growing/finishing 
heifers of 350 kg BW and 1.5 kg ADG according to a 2 × 2 factorial arrangement of 
treatments. The concentrates had energy levels of 1,452 kcal of net energy (NE)/kg (low 
energy; 713 and 739 kcal of NE for maintenance and growth per kg, respectively) or 1,700 
kcal NE/kg (high energy; 835 and 865 kcal of NE for maintenance and growth per kg, 
respectively), and the main cereal type was either corn or wheat. Ingredient and chemical 
composition of the concentrates are shown in Table 4.1. Feed ingredients were ground (3 
mm diameter pore sieve) and particle size was determined by dry sieving of a 400 g 
representative sample of each concentrate before pelleting. Samples were passed through 
sieves of 4.76, 2.36, 1.40, 0.80, 0.50 and 0.30 mm, and the amount of particles retained on 
each screen size was calculated.  

Concentrate and full-length barley straw were provided separately ad libitum twice 
a day (0700 and 1800 h), and their supply was recorded daily throughout the trial. 
Concentrates were pelleted (3.5 mm diameter) to reduce feed selection and refusals, and 
supplied into a 1.5 m x 0.2 m line feed bunk. Concentrate supply was controlled by 
registering the number of packs provided to each pen per day. In addition, feed refusals 
were observed daily at feeding time to adjust the amount supplied to allow for 5% refusals, 
and orts were removed and weighed when any spoilage was detected. Straw was offered 
in a separate feed bunk. Straw was provided equally to each pen, adjusted daily at feeding 
time to allow for 5% average refusals in the feeder. However, some straw refusals dropped 
on the floor and formed part of bedding material. Therefore, the actual straw intake per pen 
could not be quantified. 
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Table 4.1. Ingredients and chemical composition of the experimental concentrates1 
Ingredient, g/kg 
as fed basis 

Corn Wheat 
Low energy High energy Low energy High energy 

Wheat grain - -      405       405 
Barley grain      100       100      105       105 
Corn grain      400       400 - - 
Wheat middlings      156 65.0      160 65.0 
Sunflower seed 96.0 76.1 96.0 80.0 
Soybean meal (47% CP) 74.9 59.2 50.7 32.6 
Palm kernel meal 63.5 80.0 65.0 80.0 
Barley straw2 62.7 35.6 64.8 35.6 
Peas meal -       120 -       125 
Sepiolite 20.0 - 20.0 - 
Calcium carbonate 19.3 11.0 19.4 11.3 
Oleine3 - 14.8 08.8 15.0 
Calcium soap4 - 30.0 - 30.0 
Fat, rumen inert5 - - - 09.4 
Monocalcium phosphate 02.6 02.2 - - 
Sodium chloride 02.9 03.6 02.8 03.6 
Mineral/vitamin premix6 02.5 02.5 02.5 02.5 
Chemical composition7      

Dry matter (g/kg) 878 (5.3) 895 (3.2) 888 (9.2) 900 (1.5) 
Organic matter (g/kg DM) 930 (5.2) 934 (5.2) 931 (6.6) 943 (7.8) 
Crude protein (g/kg DM)  170 (9.1) 167 (7.9) 171 (4.5) 177 (4.9) 
Ether extract (g/kg DM)  35.8 (4.6) 74.1 (4.9) 36.3 (13.9) 75.1 (15.4) 
Neutral detergent fibre (g/kg 

DM) 241 (12.9) 216 (9.5) 250 (8.7) 222 (7.9) 

Starch (g/kg DM)  395 (18.8) 403 (29.3) 383 (5.9) 390 (17.5) 
Particle size (%)8     

> 4.76 mm 00.87 00.37 01.62 00.87 
2.36 – 4.76 mm 01.50 01.24 01.24 01.25 
1.40 – 2.36 mm 08.50 11.41 12.22 13.00 
1.00 – 1.40 mm 17.75 15.90 18.42 18.50 
0.80 – 1.00 mm 08.25 11.06 08.97 11.00 
0.50 – 0.80 mm 18.88 20.25 16.70 19.13 
0.30 – 0.50 mm 22.87 22.38 18.68 21.12 
0 – 0.30 mm 21.38 17.39 22.15 15.13 

Total > 1 mm 28.62 28.92 33.50 33.62 
Total < 1 mm 71.38 71.08 66.50 66.38 

1 Low energy: 1,453 kcal NE/kg; High energy: 1,700 kcal NE/kg (fresh matter basis, according to 
FEDNA (de Blas et al., 2010)). 2 A product based on barley straw treated with NaOH and pelleted. 3 A 
product based on olive soapstock (Refinación Industrial Oleícola SA, Ibros, Spain): Contained 980 g of 
ether extract/kg DM. Fatty acid profile (g/kg ether extract): 640 of C18:1, 160 of C18:2, 110 of C16:0, 
and 38 of C18:0. 4 Mixed fat calcium soap (Comercial Pecuaria Segoviana SL, Coca, Spain): 
Contained 850 g of ether extract/kg DM. Fatty acid profile (g/kg ether extract): 475 of C16:0, 370 of 
C18:1, 85 of C18:2 and 45 of C18:0. Ca content: 90 g/kg of DM. 5 Hydrogenated fat (Mateos SL, 
Cabezón de Pisuerga, Spain) containing 985 g of ether extract/kg of DM. Fatty acid profile (g/kg of 
ether extract): 470 of C16:0, 430 of C18:0 and 80 of C18:1. 6 Mineral and vitamin premix (Comercial 
Pecuaria Segoviana SL, Segovia, Spain) contained: 8,000 IU of vitamin A (retinyl acetate), 1,600 IU of 
vitamin D3 (cholecalciferol), 6,000 IU of vitamin E (α-tocopheryl acetate), 7.9 mg of Cu (copper sulfate), 
0.7 mg of Co (cobalt (II) sulfate), 0.2 mg of Se (sodium selenite), 50 mg of Zn (zinc oxide), 35 mg of Mn 
(manganese oxide), 438 mg of Mg (magnesium oxide), 100 mg of S (potassium sulfate), 20 mg of Fe 
(iron sulfate) and 0.8 mg of I (potassium iodide). 7 Mean values (± standard deviation) of five samples. 8 
Particle size of ground feed ingredients before pelleting.  
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4.2.2. Data collection and carcass measurements 

On days 42, 84, 126 and 168, all animals were individually weighed and 
concentrate refusals in each pen were determined to calculate the following productive 
variables: ADG (kg/d), concentrate average daily intake (cADI, kg FM/d) and concentrate 
to gain ratio (F:G). In addition, feed refusals were observed daily at feeding time to adjust 
the amount supplied, and orts were removed and weighed when any spoilage was 
detected.  

On day 168 of trial, animals were slaughtered at a commercial slaughterhouse 
(MACRISA Matadero de Castilla Rioseco SA; Medina de Rioseco, Valladolid, Spain). 
Three heifers per pen, which had been ruminally sampled as described below, were 
selected to determine individual hot carcass weight and carcass characteristics. The 
dressing percentage was calculated as the relationship between hot carcass weight and 
BW at 168 days of trial. Carcass compactness index was calculated as the relationship 
between carcass length and chest depth. Carcass length was determined on the hanged 
hot left mid-carcass as the length from the cranial border of the first rib to the point of the 
pubic symphysis, and chest depth was measured from the ventral surface of the spinal 
canal (at fifth rib level) to the lowest point of the sternum. Leg compactness index was 
calculated as the relationship between leg length and perimeter. Leg length was measured 
from the inner side of the tarsus-metatarsus joint to the point of the pubis symphysis, and 
leg perimeter was measured at the level of the crest of the ileum. Carcass conformation 
was determined following the European carcass grading system (Council Regulation (EC) 
No 1183/2006 of 24 July 2006 concerning the Community scale for the classification of 
carcasses of adult bovine animals; Official Journal of the European Union, 2006) according 
to the following conformation classes: S (superior), E (excellent), U (very good), R (good), 
O (fair) and P (poor), and to five degrees of fat cover: 1 (poor), 2 (slight), 3 (average), 4 
(high) and 5 (very high).  

The procedure used to evaluate rumen papillae characteristics has been described 
by Carrasco et al. (2012). Briefly, a 30 x 30 cm rumen wall sample was collected from the 
ventral area after evisceration and rumen content evacuation. Ventral area of the rumen 
was identified using the esophagus and spleen as physical references. Samples were 
stored at 5ºC until visual evaluation within 4 h after slaughtering.  Rumen samples were 
washed with saline solution (85 g NaCl/L) and displayed on a white surface under an 
intense and homogeneous light to evaluate their colour (1 – pale; 2 – pale-pink; 3 – pink-
green; 4 – green; 5 – dark green) and papilla length (1 – very short; 2 – short; 3 – medium; 
4 – long). The evaluation was performed by four trained judges, and the average score 
was used for the statistical analysis. 

4.2.3. Ruminal fermentation characteristics 

On days 1, 84 and 168, individual ruminal fluid samples (about 20 mL) of three 
representative heifers per pen (heifers having maximum and minimum initial BW were 
excluded) were obtained between 2 and 3 hours after morning feeding by rumenocentesis. 
A needle of 12.5 cm long and 1.6 mm diameter was inserted into the ventral sac of the 
rumen in the centre of the triangle between last rib, wing of ileum and transverse process 
of spine, and an aliquot (about 20 mL) of rumen fluid was obtained. The time of feed 
supply was adjusted to the expected time of ruminal fluid sampling, and the pens of each 
treatment were consistently distributed across the collection period. Ruminal samples were 
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homogenized, the pH was immediately measured (Crison Basic 20, Crisson Instruments, 
Barcelona, Spain), and fermentation was stopped by swirling the samples in iced water. 
Five millilitres of fluid were then added to 5 mL of deproteinizing solution (20 g of 
metaphosphoric acid and 0.6 g of crotonic acid per L) for VFA analysis and 2 mL were 
added to 2 mL of 0.5 M HCl for NH3-N and lactate determination. Samples were 
immediately frozen (-20ºC) until analyses. Unfortunately, lactate analyses could not be 
performed due to a problem during the handling of samples. 

4.2.4. In vitro fermentation of concentrates 

Five samples of each experimental concentrates were collected throughout the 
experiment. They were mixed within each experimental treatment, ground through a 1 mm 
pore sieve and weighed (400 mg DM) into 120 mL serum bottles. Ruminal fluids from other 
eight heifers fed high-grain concentrates (60% cereals, being a mixture of barley, wheat 
and corn) and straw were taken in pre-warmed thermal flasks and immediately transported 
to the laboratory. The contents of randomly selected pairs of heifers were mixed, and 
strained through four layers of cheesecloth into an Erlenmeyer flask with an O2-free 
headspace to obtain four ruminal fluids. Particle-free fluid was mixed with the buffer 
solution (no trypticase added) of Goering and Van Soest (1970) in a proportion 1:4 (v/v) at 
39ºC under continuous flushing with CO2. Four bottles with each concentrate and eight 
bottles without substrate (blanks; two per inoculum) were incubated. Forty millilitres of 
buffered rumen fluid were added into each bottle under CO2 flushing. Bottles were sealed 
with rubber stoppers and aluminium caps and incubated at 39ºC. After 17 h of inoculation 
(corresponding to a rumen passage rate of 0.06/h), total gas production was measured 
using a pressure transducer (HD2304.0 pressure gauge, DELTA OHM, Italy) and a plastic 
syringe. Bottles were then uncapped and the pH was measured immediately with a pH 
meter (Crison Basic 20, Crisson Instruments, Barcelona. Spain). Fermentation was 
stopped by swirling the bottles in ice, and the content of the bottles were sampled for VFA, 
NH3–N and lactate analysis as described above.  

4.2.5. Analytical procedures 

Dry matter (ID 934.01), ash (ID 942.05), nitrogen (ID 984.13), starch (ID 920.40) 
and ether extract (ID 920.39) content of concentrates were determined (n = 5) according to 
the Association of Official Analytical Chemists (1999). Neutral detergent fibre analyses 
were carried out according to Van Soest et al. (1991) using an ANKOM220 Fibre Analyzer 
unit (ANKOM Technology Corporation, Fairport, NY, USA). Sodium sulphite and heat-
stable amylase were used in the analysis of NDF and results were expressed inclusive of 
residual ash.  

Durability was measured using a durabilimeter (Mabrik, Barcelona, Spain). A 
sample of 500 g of pellets was inserted. After tumbled for 10 min, the pellets were passed 
through a 1.4 mm pore sieve, and the amount of particles retained measured. Durability 
was expressed as the ratio of retained particles to the sample weight before tumbling, 
multiplied by 100. 

Samples of ruminal fluid were defrosted at 4ºC, centrifuged (13,000 x g, 20 min, 
4ºC) and the supernatant used for analyses. Analysis of VFA were performed as described 
by Carro et al. (1999) using a Shimadzu GC 2010 gas chromatography (Shimadzu Europa 
GmbH, Duisburg, Germany) heated at 150ºC and equipped with a flame ionization 
detector and a TR-FFAP column (30 m x 0.53 mm x 1 μm; Supelco, Madrid, Spain). 
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Helium and crotonic acid were used as carrier gas and internal standard, respectively; and 
peaks were identified by comparison with standards of known individual VFA 
concentrations. Total lactate and NH3-N concentrations were determined by the 
colorimetric methods described by Taylor (1996) and Weatherburn (1967), respectively. 

4.2.6. Statistical analysis 

The experimental unit for BW, ADG, concentrate ADFI and F:G measurements was 
the pen (averaged data for 6 heifers). Data were analysed as Repeated Measures 
procedure within General Lineal Model of IBM SPSS Statistics v. 19 (SPSS). A compound 
symmetry was used to model the covariance structure for the repeated measures. The 
statistical model included cereal type (corn vs. wheat), energy level (low vs. high), time 
(sampling day) and their interactions as main effects, and initial BW was used as a 
covariate. Data on ruminal characteristics were analysed with the same model, using the 
pen as the experimental unit (averaged data for 3 heifers) and excluding the BW as a 
covariate.  

The experimental unit for carcass weight, dressing percentage and carcass 
characteristics (carcass compactness index and leg compactness index) was also the pen 
(averaged data of 3 heifers). Data were analysed through an ANOVA. The statistical model 
included cereal type, energy level, and the cereal type x energy level interaction as main 
effects, and final body weight as a covariate. Regardless the experimental unit was the 
pen, in carcass quality data (quality and fat cover grade) and rumen colour and papillae 
length scores the experimental unit was the individual heifer as they were discrete 
variables, and were analysed using the Chi-square independence test for categorical 
variables of SPSS.  

In vitro data were analysed as a mixed model (n=4), with cereal type, energy level, 
and the cereal type x energy level interaction as fixed effects, and inoculum as a random 
effect. Within each experimental diet, there were four values for each of the measured 
variables in the in vitro fermentations. For all statistical analyses, significance was declared 
at P<0.050, and 0.050<P<0.10 values were considered to be a trend. 

4.3. Results 

4.3.1. Intake and growth performance  

Chemical analysed composition, durability and particle size of experimental 
concentrates are shown in Table 4.1. The effect of treatments on performance is shown in 
Table 4.2. Cereal type did not affect (P>0.100) BW, ADG or concentrate ADFI, but heifers 
fed corn tended to have greater F:G ratio than those fed wheat (5.52 vs. 5.28 kg/kg, 
respectively; P=0.089). The energy level did not affect BW or ADG, but heifers fed the 
high-energy concentrates had lower concentrate ADFI (P=0.011) and F:G ratio (P=0.002) 
than those fed the low-energy ones (6.97 vs. 7.29 kg/d, and 5.14 vs. 5.66 kg/kg, 
respectively). No cereal type x energy level interactions (P>0.100) were detected for any of 
these variables. Although the actual intake of straw could not be quantified, the amount of 
straw supplied per pen was registered and there were no differences among experimental 
treatments. 
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Table 4.2. Effect of cereal type (CT) and energy level (EL) in the concentrate on body 
weight (BW), average daily gain (ADG), concentrate average daily intake (ADFI) and 
feed:gain ratio (F:G) of heifers during the experimental period1 

Item and 
period 
(days of 
feed) 

Corn Wheat  P =2 

Low  
energy 

High 
energy 

Low 
energy 

High 
energy SEM CT EL CT x 

EL Time CT x 
time 

EL x 
time 

BW (kg)            
42 273 270 269 271 7.1 0.978 0.364 0.971 0.010 0.691 0.069 
84 336 338 335 335        
126 387 395 390 394        
168 440 449 442 452        

ADG (kg/d)            
0 – 42 1.39 1.33 1.31 1.36 0.065 0.731 0.199 0.979 0.286 0.722 0.629 
43 – 84 1.49 1.62 1.56 1.52        
85 – 126 1.23 1.36 1.32 1.39        
127 – 168 1.15 1.18 1.13 1.28        

ADFI (kg/d)            
0 – 42 5.88 5.60 5.57 5.48 0.173 0.130 0.011 0.728 0.107 0.299 0.022 
43 - 84 7.47 7.32 7.24 6.94        
85 - 126 7.82 7.72 7.96 7.46        
127 - 168 8.26 7.64 8.12 7.56        

F:G (kg/kg)            
0 - 42 4.26 4.27 4.27 4.06 0.207 0.089 0.002 0.830 0.281 0.859 0.097 
43 - 84 5.02 4.55 4.66 4.56        
85 - 126 6.50 5.71 6.05 5.39        
127 - 168 7.26 6.58 7.23 6.04        

1 Low energy: 1,452 kcal NE/kg; High energy: 1,700 kcal NE/kg (fresh matter basis).  
2 No CT x El x time interactions were detected (P values between 0.176 and 0.662). 

 

As expected, time significantly affected BW (P=0.010), but ADG, concentrate ADFI 
and F:G ratio were not affected by time (P>0.100). There were no cereal type x time or 
cereal type x energy level x time interactions (P>0.100). However, there was an energy 
level x time interaction for concentrate ADFI (P=0.022): low energy concentrate ADFI 
increased along the time while concentrate ADFI of high energy concentrate was 
depressed at the end of the trial (8.19 vs. 7.60 kg in period 127 – 168 d). In addition, 
heifers fed high energy diets tended to show a greater BW from d 96 of trial than low 
energy ones (P=0.069); and heifers fed high energy diets tended to have a lower F:G ratio 
(P=0.097) than heifers fed low energy diets from d 85 of trial. 

4.3.2. Carcass characteristics  

Hot carcass weight, dressing percentage and carcass characteristics (carcass 
compactness index, leg compactness index, carcass conformation and fat cover grade) 
were not affected either by cereal type or energy level, and no cereal type x energy level 
interactions were detected for any of these variables (P>0.100; Table 4.3). 
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Table 4.3. Effect of cereal type (CT) and energy level (EL) in the concentrate on carcass 
characteristics of heifers1. 
 Corn Wheat 

SEM 

P = 

Item 
Low 

Energy 
High 

Energy 
Low 

Energy 
High 

Energy CT EL CT x 
EL 

Hot carcass weight (kg) 247 249 248 250 4.3 0.63
9 0.373 0.998 

Dressing proportion (%) 53.80 54.40 54.10 54.70 0.93 0.62
2 0.327 0.970 

Carcass characteristics         Carcass compactness 
 index2 1.96 1.95 1.94 1.96 0.04

0 
0.74

5 0.744 0.601 

Leg compactness index3 1.45 1.45 1.47 1.44 0.03
1 

0.69
7 0.489 0.562 

Quality grade (%)4         

U - Very good 50.00 38.89 33.33 33.33 N/A 0.28
1 0.655 0.658 

R - Good 50.00 61.11 66.67 66.67     Fat cover grade (%)5         

2 - Slight 62.50 55.56 56.25 62.50 N/A 0.96
4 0.964 0.960 

3 - Average 
37.50 44.44 43.75 37.50     

1 Low energy: 1,452 kcal NE/kg; High energy: 1,700 kcal NE/kg (fresh matter basis).  
2 Relationship between carcass length (from the cranial border of the first rib to the point of the pubic 
symphysis) and chest depth (from the ventral surface of the spinal canal, at fifth rib level, to the lowest 
point of the sternum).  
3 Relationship between leg length (from the inner side of the tarsus –metatarsus joint to the point of the 
pubis symphysis) and perimeter (measured at the level of the crest of the ileum).  
4 Determined according to European carcass grading system for conformation: 1 (S – Superior), 2 (E –
Excellent), 3 (U – Very good), 4 (R – Good), 5 (O – Fair), and 6 (P - Poor).  
5 Determined according to European carcass grading system for fat cover: 1 (poor), 2 (slight), 3 
(average), 4 (high) and 5 (very high).  
 

4.3.3. Ruminal fermentation characteristics  

Rumen fermentation characteristics are shown in Table 4.4. The cereal type did not 
affect ruminal pH, NH3-N concentrations or molar proportions of individual VFA, with the 
exception of valerate proportion, which tended to be lower for corn compared with wheat 
(2.33 vs. 2.73 mol/100 mol, respectively; P=0.052). Heifers fed corn concentrates tended 
to show greater total VFA concentrations than those fed wheat (140 vs. 132 mM, 
respectively; P=0.070). There were not differences (P>0.050) due to energy level in either 
ruminal pH or concentrations of total VFA and NH3-N, but heifers fed the high-energy 
concentrates had greater isovalerate proportions and lower caproate proportions than 
those fed low-energy concentrates (1.39 vs. 1.02 mol/100 mol, P=0.019; and 0.55 vs. 0.76 
mol/100 mol, P=0.040; respectively). Cereal type x energy level interactions were detected 
for molar proportions of acetate (P=0.048), propionate (P=0.020) and acetate/propionate 
ratio (P=0.020). Whereas the low energy wheat-based concentrate promoted greater 
acetate and lower propionate proportions compared with the high energy one, the opposite 
was observed for the corn-based concentrates. As a consequence, high energy wheat-
based diets and low energy corn-based diets had the highest acetate/propionate values. 
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Table 4.4. Effect of cereal type (CT) and energy level (EL) on ruminal fermentation characteristics of heifers over the experimental period1 

Item and period 
(days of feed) 

Corn  Wheat  P = 
Low 

energy 
High 

energy  Low 
energy 

High 
energy SEM CT EL CT x EL Time CT x time EL x time 

pH             
d 1 5.97 5.86  5.95 6.01 0.134 0.154 0.112 0.323 0.003 0.914 0.244 
d 84 5.84 5.96  5.79 6.32        
d 168 6.16 6.31  6.34 6.37        

NH3-N (mg/L)             
d 1 94.90 80.20  64.50 64.10 13.30 0.836 0.362 0.908 0.001 0.013 0.985 
d 84 40.80 36.40  61.70 54.40    

 

   
d 168 64.10 59.00  66.10 54.90        Total volatile fatty 

acids (VFA; mM)             

d 1 165 174  150 163 7.6 0.070 0.614 0.816 <0.001 0.743 0.241 
d 84 140 135  137 117        
d 168 117 109  113 109        

Individual VFA (mol/100 mol)             
Acetate             

d 1 54.20 51.30  52.50 54.20 1.35 0.307 0.944 0.048 0.004 0.087 0.279 
d 84 51.00 48.00  51.30 52.60        
d 168 53.70 54.70  52.50 54.60        

Propionate             
d 1 25.90 29.80  30.10 27.70 1.82 0.728 0.756 0.020 <0.001 0.097 0.718 
d 84 37.00 39.50  36.80 32.70        
d 168 32.00 32.50  34.80 32.30        1 Low energy: 1,452 kcal NE/kg; High energy: 1,700 kcal NE/kg (fresh matter basis). No CT x EL x time interactions (P values between 0.412 and 0.921) were detected 

for any measured parameter.  
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Table 4.4. Effect of cereal type (CT) and energy level (EL) on ruminal fermentation characteristics of heifers over the experimental period1 
(continued) 

Item and period 
(days of feed) 

Corn  Wheat  P = 
Low 

energy 
High 

energy  Low 
energy 

High 
energy SEM CT EL CT x EL Time CT x time EL x time 

             
Butyrate             

d 1 13.70 12.90  10.90 12.90 0.125 0.839 0.706 0.196 <0.001 0.689 0.491 
d 84 8.00 8.78  7.22 9.48        
d 168 10.20 8.51  8.00 8.71        

Isobutyrate             
d 1 0.57 0.57  0.61 0.67 1.072 0.197 0.395 0.087 <0.001 0.508 0.155 
d 84 0.57 0.20  0.24 0.33        
d 168 0.67 0.83  0.71 0.94        

Valerate             
d 1 3.53 3.66  3.66 3.67 0.331 0.052 0.327 0.652 <0.001 0.244 0.396 
d 84 2.00 1.81  2.74 2.62        
d 168 1.63 1.37  2.21 1.47        

Isovalerate             
d 1 1.17 1.02  0.78 0.90 0.246 0.597 0.019 0.204 0.002 0.585 0.057 
d 84 0.88 1.30  0.61 1.67        
d 168 1.42 1.68  1.28 1.76        

Caproate             
d 1 0.95 0.71  0.93 0.85 0.170 0.289 0.040 0.611 <0.001 0.568 0.721 
d 84 0.66 0.51  1.05 0.58        
d 168 0.44 0.33  0.54 0.30        

Acetate/propionate (mol/mol)         
d 1 2.23 1.79  1.86 2.08 0.150 0.782 0.963 0.020 <0.001 0.258 0.628 
d 84 1.43 1.23  1.41 1.67        
d 168 1.74 1.71  1.54 1.72        

1 Low energy: 1,452 kcal NE/kg; High energy: 1,700 kcal NE/kg (fresh matter basis). No CT x EL x time interactions (p values between 0.412 and 0.921) were detected 
for any measured parameter. 
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All ruminal variables measured were significantly affected by sampling time 
(sampling day throughout the trial). Ruminal pH increased (P=0.003) with time, whereas 
NH3-N and total VFA concentrations decreased (P=0.001 and P<0.001, respectively). No 
energy level x time interactions were detected, with the exception of a trend observed for 
isovalerate proportion (P=0.057), which was continuously increased along time in high 
energy diet, whereas isovalerate concentration of low energy diets increased only at d 168. 
In contrast, cereal type x time interactions were detected for NH3-N concentrations 
(P=0.013), that decreased on d 84 more in corn diets than in wheat ones. Also, molar 
proportions of acetate and propionate tended to increase or decrease, respectively, more 
in corn than wheat diets on d 84 of trial (P=0.087 and 0.097, respectively). No cereal type 
x energy level x time interactions were observed for any ruminal parameter (P>0.100).  

Rumen papillae characteristics are shown in Table 4.5. Heifers fed corn had shorter 
papilla (P=0.013) and tended to show lighter rumen colour (P=0.064) than those fed 
wheat, whereas heifers fed the high-energy concentrates had shorter (P=0.048) and 
tended to have darker papilla (P=0.057) than those fed the low-energy ones. 

Table 4.5. Effect of cereal type (CT) and energy level (EL) in the concentrate on rumen 
wall characteristics1. 
 Corn Wheat 

SEM4 

P= 

Item 
Low 

Energy 
High 

Energy 
Low 

Energy 
High 

Energy CT EL CT x EL 

Papilla length2 (%)         
Very short 6.25 11.11 6.25 25.00 N/A 0.013 0.048 0.010 

Short 12.50 44.44 6.25 12.50     
Medium 43.75 16.67 62.50 62.50     
Long 37.50 27.78 25.00 0.00     

Colour3 (%)         
Pale 18.75 0.00 6.25 0.00 N/A 0.064 0.057 0.001 

Pale-pink 6.25 0.00 18.75 0.00     
Pink 31.25 5.56 0.00 18.75     
Pink-Green 12.50 5.56 25.00 50.00     
Green 25.00 50.00 31.25 25.00     
Dark green 6.25 38.89 18.75 6.25     1 Low energy: 1,452 kcal NE/kg; High energy: 1,700 kcal NE/kg (fresh matter basis). 2 Papilla length 

was determined according to a subjective scale: 1 (very short), 2 (short), 3 (medium) and 4 (long). 3 
Colour was scored as: 1 (pale), 2 (pale-pink), 3 (pink-green), 4 (green) and 5 (dark green). 4 SEM: 
standard error of the mean of CT x EL interaction (n=6). 

4.3.4. In vitro fermentation characteristics  

Data on in vitro fermentation are shown in Table 4.6. There were no differences 
(P>0.067) due to cereal type in any of the variables determined in the in vitro incubations, 
but pH tended to be greater for wheat compared with corn (6.56 vs. 6.53 respectively; 
P=0.067) and acetate proportion tended to be greater for corn compared with wheat (55.85 
vs. 55.35 mol/100 mol, respectively; P=0.068). The fermentation of high-energy 
concentrates resulted in lower (P<0.001) gas production, total VFA production and acetate 
molar proportions, but in greater (P<0.050) pH, NH3-N concentration, and molar 
proportions of butyrate, isovalerate, valerate and caproate, than the low-energy 
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concentrates. Cereal type x energy level interactions were observed for pH (P=0.030), gas 
production (P=0.003) and acetate proportions (P=0.025), as those values were similar in 
corn and wheat low-energy diets, but high-energy wheat based diets obtained the highest 
pH and lowest gas and acetate production rates, whereas high energy corn-based diets 
showed intermediated values. 

Table 4.6. Effect of cereal type (CT) and energy level (EL) on in vitro ruminal fermentation 
characteristics of the experimental concentrates after 17 h incubation1 
 Corn Wheat  P= 

Item  Low 
energy 

High 
energy 

Low 
energy 

High 
energy SEM CT EL CT x 

EL 

pH 6.51 6.55 6.51 6.60 0.015 0.067 <0.001 0.030 
Gas (µmol) 306000 282300 318500 254500 50.2 0.163 <0.001 0.003 
NH3-N (mg/L)  16300 18000 16300 17500 3.2 0.472 0.002 0.467 
Lactate (mg/L) 10.40 10.00 10.30 11.80 1.86 0.670 0.753 0.635 
Total VFA(µmol) 265600 242800 270800 233100 42.8 0.611 <0.001 0.115 
Individual VFA (mol/100 mol)        

Acetate 56.70 55.00 56.90 53.80 0.26 0.068 <0.001 0.025 
Propionate 23.10 21.70 22.90 21.40 0.99 0.814 0.164 0.937 
Butyrate 15.00 16.80 14.90 17.80 0.77 0.565 0.015 0.445 
Isobutyrate 1.53 1.60 1.37 1.73 0.113 0.905 0.099 0.241 
Isovalerate 1.62 1.83 1.54 1.88 0.055 0.814 <0.001 0.270 
Valerate 1.75 2.58 2.06 2.83 0.170 0.127 0.001 0.840 
Caproate 0.25 0.54 0.32 0.59 0.047 0.255 <0.001 0.829 

Acetate/propionate 
(mol/mol) 2.47 2.56 2.49 2.56 0.117 0.904 0.525 0.963 
1 Low energy: 1,452 kcal NE/kg; High energy: 1,700 kcal NE/kg (fresh matter basis). Samples of 400 
mg DM of concentrates were incubated with ruminal fluid from heifers fed a high-grain diet. 

4.4. Discussion 

This study was designed to compare diets based on the most typical cereals in 
beef diets in the range of energy used, in order to determine the effect of both cereals and 
energy, and the possible interactions between them on performance, carcass and ruminal 
fermentation characteristics. 

4.4.1. In vivo trial 

In agreement with the results of Bock et al. (1991) and Philippeau et al. (1999) in 
beef cattle and Gozho and Mutsvangwa (2008) in dairy cows, the type of cereal (corn vs. 
wheat) did not affect concentrate ADFI in our experiment. In contrast, greater intakes for 
corn-based concentrates than for wheat-concentrates have been reported in other studies 
with beef cattle (Fulton et al., 1979; Kreikemeier et al., 1987). Studies comparing the 
ruminal fermentation of cattle fed different cereals have also produced contrasting results. 
In agreement with our results, Fulton et al. (1979) observed that steers fed corn tended to 
have greater VFA concentrations than those fed wheat, without differences in the molar 
proportions of the main VFA. In contrast, Oltjen et al. (1966), Philippeau et al. (1999) and 
Liu et al. (2016) in beef cattle and Kreikemeier et al. (1987) in lambs observed significantly 
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greater VFA concentrations in the rumen of animals fed wheat than in those fed corn, and 
Gozho and Mutsvangwa (2008) reported no differences in dairy cows fed either corn or 
wheat.  

It was expected that the greater fermentability of wheat compared with corn should 
decreased significantly the rumen pH, as it has been previously reported by others (Fulton 
et al., 1979; Philippeau et al., 1999). However, the type of cereal did not affect significantly 
rumen pH in our study, supporting the lack of differences reported by Liu et al. (2016) in 
beef steers and by Gozho and Mutsvangwa (2008) in dairy cows. The lack of differences 
could partly be explained by the high individual variability of pH values, as some authors 
have reported a high variability inter- and intra-individuals along the day when using 
indwelling pH meter probes that continuously measure pH (Beauchemin and Penner, 
2009; Danscher et al., 2015). As pH meter probes were not available, rumenocentesis was 
selected as the best method for ruminal sampling in the conditions of our trials. In fact, 
Duffield et al. (2004) concluded that ruminocentesis was the most accurate field technique 
for ruminal sampling after comparing this technique and the use of an oral stomach tube 
with direct sampling through a rumen cannula and continuous electronic pH measurement. 
All sampling days, time of feed supply in each pen was adjusted to the expected time of 
ruminal sampling and experimental treatments were consistently distributed across the day 
(i.e., one pen per treatment was successively sampled). Although these precautions were 
taken, it was impossible to know the actual time of feed intake in each heifer, and 
individual variations may have affected the results. 

Rumen wall characteristics related to papillae length are in agreement to those 
reported by Khan et al. (2008), who reported that corn diets increased papillae length and 
width compared to wheat, although animals had similar papillae concentration and rumen 
mucosa colour, which was described as dark brown. Those authors performed their study 
on post-weaning calves at the early stages of rumen development. The early exposure to 
high-starch concentrates could promote the dark brown colour of papillae, as it is 
associated to keratinized tissue, resulted from rapid growth and acid pH (Nockels et al., 
1966; Gelberg, 2016). On the contrary, in this study, the high-starch concentrates were 
provided in older animals which had a post-weaning transition into pasture prior to the 
experimental period. This management could palliate the effect of the high-concentrate 
diets and prevent parakeratosis incidence, resulting on lighter rumen papilla colour, 
especially in low energy diets. 

Responses of cattle to different cereal grains depends, among other factors, on the 
level of dietary inclusion, the basal ration, physical processing of the cereal grains, the 
composition of a given batch of cereal grain, and the level of dietary intake, and therefore 
direct comparisons among studies are often not possible (Philippeau et al., 1999). For 
example, Bock et al. (1991) conducted two experiments to compare wheat and corn as the 
grain source for beef steers and reported that feeding wheat decreased ADG compared 
with corn in the first trial, but improved ADG in the second trial. This was attributed to 
differences in the cereal processing; as wheat was dry-rolled in the first trial and steam-
rolled in the second one, and steam-rolled wheat usually results in improved performance 
compared with dry-rolled wheat (Bock et al., 1991). These results indicate that processing 
can markedly affect the comparison of cereals, and the effects of cereal processing can be 
even more evident than those derived from cereal type as reported by Gimeno et al. 
(2014). Pellet durability can influence feed efficiency and growth (Devant et al., 2015) 
because low durability pellets promotes feed selection and higher spoilage, as cattle 

65 



Chapter IV: Experiment 3 

rejects low particle size, whereas high durability increases chewing and rumen buffering 
activity. In the current study, concentrates were pelleted and durability was similar among 
treatments (98%) so no differences were expected due to this factor. Grinding cereal 
grains reduces particle size and increases degradation rate, but the magnitude of this 
effect on starch utilization is greater with corn than with wheat, due to disrupting the protein 
matrix which encapsulates the starch granules (McAllister et al., 1993). Liu et al. (2016) 
reported that corn starch in particles smaller than 1 mm was extensively fermented in the 
rumen, whereas in wheat was highly fermented in particles smaller than 2 mm. In our 
study both cereals were ground and more than 70% of the particles were lower than 1.00 
mm in the corn-concentrate (71.38 and 71.08% for low- and high-energy corn 
concentrates, respectively) and more than 66% in the wheat-concentrate (66.50 and 
66.38% for low- and high-energy wheat concentrates, respectively). This may have 
resulted in an extensive fermentation of corn grains, which could help to explain the trend 
to greater total VFA concentration observed for corn-fed heifers.  

The lack of impact of cereal type in the current study could also be explained by the 
feeding management, as heifers were fed twice daily and had enough feeding space (25 
cm per animal), and these conditions could have resulted in low social competition and a 
more uniform eating pattern (especially in wheat diets). Previous studies in beef cattle fed 
high-grain diets have shown that feeding space per animal has an impact in eating 
behaviour. González et al. (2008ab) conducted several trials to investigate the effects of 
increased social pressure caused by a reduced number of concentrate feeding places on 
performance and behaviour of beef cattle, and reported that reducing the feeding space 
(25 vs. 12.5 cm per animal) reduced animal performance, increased concentrate eating 
rate and reduced straw eating time during peak feeding times, which may result in lower 
ruminal pH. Different studies have reported straw intakes in beef cattle fed high-grain 
concentrates and straw on a feed-choice system ranging from 3.9 to 10.2% (Devant et al., 
2000; Gimeno et al., 2014; Iraira et al., 2015). The high straw intake estimated in our study 
should have increased the NDF intake, which may have increased rumination and chewing 
and contributing to mask the possible differences in corn and wheat fermentation. 

As expected, the increase in energy supply of the concentrate reduced beef 
concentrate ADFI and F:G ratio, as ruminants fed on high-grain diets usually eat trying to 
maintain constant energy intake (Krehbiel et al, 2006). Despite the cADI decrease, in our 
study the average daily NE intake of heifers fed the high-energy concentrates was 11.5% 
greater than that of heifers fed the low-energy ones. That increase in NE intake had no 
impact on ADG or carcass traits in the present study. This lack of effect could be 
associated to the high fat content of the high-energy concentrates (74.1 and 75.1 g/kg DM 
for corn and wheat diets, respectively), as Krehbiel et al. (2006) reviewed the relationships 
between dietary energy density and animal performance in finishing diets for beef cattle, 
and reported that supplementing fat above 60 to 70 g/kg of DM resulted in decreased 
intake to a level at which F:G is maintained or decreased. Those authors also reported that 
maximum ADG was achieved at the equivalent of 39.9 g/kg of supplemental fat, that is 
close to fat content of low energy diets (38.8 and 36.3 g/kg DM for corn and wheat diets, 
respectively).  

Carcass characteristics results agree with the results in BW and ADG, with no 
differences regarding to cereal type or energy level. Even though when cereal type had an 
effect on productivity of mixed crossbred yearling cattle, as reported by Kreikenmier et al. 
(1987), there was not an impact in carcass conformation. Those authors only reported an 
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increase in back fat depth in diets with high corn content compared to wheat-diets, ranging 
from 117 mm in 100% corn-diets to 93 mm in 100% wheat-diets, but those differences 
were smaller in 67:33 and 33:67 corn:wheat diets (114 mm vs 108 mm, respectively). As in 
our study the experimental diets contained other cereals, as barley, we assumed that the 
expected effect should be similar to mixed corn:wheat diets. Therefore, the difference in 6 
mm of back fat reported by Kreikenmier et al. (1987) could have not been high enough to 
affect fat cover carcass grading in our study. Regarding to the effect of energy level on 
carcass characteristics, Li et al. (2014) reported no effect of energy level of corn-based 
concentrates on carcass weight and dressing, carcass length, chest depth and leg depth. 
However, those authors reported a high medium and top grade cuts yield and increased 
intramuscular fat of high energy diets compared to low energy ones. Unfortunately those 
variables were not measured in our study, so we could not evaluate the effect of energy 
level on them. 

4.4.2. In vitro incubations 

The in vitro trial was conducted to analyse the fermentation potential of the 
experimental concentrates under identical conditions (pH, concentrate to ruminal fluid 
ratio, retention time, etc.). Straw was not included as part of the incubated substrate 
because actual straw intake by heifers could not be determined. In vitro values were in the 
range of those previously reported for in vitro fermentation of high-concentrate diets 
(Tejido et al., 2005; Mateos et al., 2013). The lack of differences in fermentation due to the 
cereal type agrees quite well with the results observed in vivo. In contrast, more 
differences due to concentrate energy levels were detected in vitro than in vivo. Gas and 
total VFA production were 14.0 and 11.3% lower, respectively, for high-energy 
concentrates compared with the low-energy ones, which is consistent with the lower pH 
values observed for low-energy concentrates. These results indicate that high-energy 
concentrates were less fermented. Although low and high-energy concentrates had similar 
starch content, the high ether extract content of high-energy concentrate (74.5 vs. 35.5 
g/kg DM for high- and low-energy concentrates, respectively) could affect its fermentation. 
High levels of fat (>50-60 g/kg DM) can negatively affect ruminal fermentation, as the free 
fatty acids resulting from the triglyceride hydrolysis are toxic for the cellulolytic bacteria 
(Maia et al., 2007). This is in agreement with the lower acetate proportions observed for 
the high-energy concentrates (54.4 vs. 56.8 mol/100 mol for high and low-energy 
concentrates, respectively), as acetate is the main VFA resulting from fibre degradation. 
The greater isobutyrate, isovalerate and valerate proportions observed for the high-energy 
concentrates may also indicate a lower abundance and/or activity of the cellulolytic 
bacteria, as these minor VFA are specific nutrients for these bacteria and are required for 
cellulose digestion (Muller, 1987). Differences between in vivo and in vitro fermentation 
characteristics have been attributed to the high buffering in the batch cultures, lack of 
absorption and differences in solids retention time, among other factors (Mateos et al., 
2015). Moreover, absolute amounts of feed input (no straw was included in the in vitro 
fermentations) and solid/liquid ratios were different in vivo and in the in vitro cultures, and 
that may have also contributed to the differences in the variables measured. 

Altogether, the results indicate that, under the conditions of this trial, substitution of 
wheat by corn had a minimal impact on animal performance and ruminal fermentation 
regardless of the energy level of the concentrate. Increasing the energy level of 
concentrates from 1,452 to 1,700 kcal NE/kg reduced significantly the concentrate to gain 
ratio, but had no significant impact on daily gain or carcass traits. 
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5.1. Introduction 

The aim of this Thesis was to study the influence of nutritional strategies to reduce 
the risk of ruminal acidosis in feedlot cattle in the predominant feeding practice in 
commercial feedlots in Spain. Three trials were performed to investigate the influence of 
feed additives (malic acid, disodium/calcium malate and a probiotic based on 
Saccharomyces cerevisiae) and the type of cereal and energy level in the concentrate on 
growth performance, carcass quality, ruminal fermentation characteristics, and blood 
metabolites of heifers. The general results of this research will be discussed in this section. 

5.2. Composition of experimental diets 

The experimental diets were designed to be representative of the practice in 
Spanish commercial feedlots, and they were based on high-cereal concentrates and straw. 
The main cereal grain in the concentrate varied along the trials, but corn, barley and wheat 
were included in all concentrates (Figure 5.1.). Barley was the main cereal in Expt.1 (50% 
of the concentrate), but in Expt. 2, barley was partially replaced by wheat (21.0 and 28.2%, 
respectively) in order to increase ruminal degradation of starch and try to promote SARA 
status. Thus, energy level of concentrate in Expt. 2 was increased by 17% compared to 
Expt. 1. These two energy levels were compared in Expt. 3, in which differences in starch 
degradation were also maximized by using either corn (slow degradation rate) or wheat 
(rapid degradation rate). Despite the well-known differences between the two selected 
cereals, no clear effect of cereal type was observed in Expt. 3, that could be explained, at 
least in part, due to cereal grinding and concentrate pelleting (3.5 mm), as both processes 
destroy the grain structure and increase its degradation rate (Devant et al., 2015), thus 
resulting in an extensive fermentation of cereals grains independently of the type of cereal.  

The concentrates evaluated in the three trials were designed to supply starch 
above 30% DM (Table 5.1.), which agrees with the nutritional profile of high-grain diets that 
induce SARA according to Dohme et al. (2008) and Vyas et al. (2014b). Concentrates 
were also formulated to provide a maximum of 25% NDF (DM basis), as this has been 
reported as the minimum NDF content required to maintain a ruminal pH adequate for 
microbial growth (Owens et al., 1997), in order to contribute to SARA induction. However, 
full-length barley straw (75.4% NDF; DM basis) was provided ad libitum in the three trials, 
which also contributed to total NDF intake. Unfortunately, straw intake could not be 
quantified in any trial, because straw refusals dropped on the floor and formed part of the 
bedding material. 
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Figure 5.1. Level of inclusion of different cereal grains (corn, wheat, barley and wheat 
middlings) in the experimental concentrates used in this Thesis1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. In Expt. 3, 
the 4 tested concentrates were: C = corn-based; W = wheat-based; LE= low energy (1,453 kcal 
NE/kg), and HE= high energy (1,700 kcal NE/kg).  

Table 5.1. Chemical composition of experimental concentrates used in the three trials1. 

Chemical composition Expt. 1 
(CON) 

Expt. 2 
(CON) 

Expt. 3 
C-LE C-HE W-LE W-HE 

CP (g/kg DM) 145 152 170 167 171 177 

NDF (g/kg DM) 192 230 241 216 250 222 

Starch (g/kg DM) 358 310 395 403 383 390 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. In Expt. 3, 
the 4 tested concentrates were: C = corn-based; W = wheat-based; LE= low energy (1,453 kcal 
NE/kg), and HE= high energy (1,700 kcal NE/kg). 

 

5.2. Influence of experimental diets on ruminal fermentation variables and 
rumen wall characteristics 

Figure 5.2. shows in vivo ruminal pH values at each sampling time in all the trials. 
Although diets were designed to promote SARA status, no significant differences were 
observed in ruminal pH among treatments within each trial. However, ruminal pH values 
significantly varied along the time, following a cubic relationship (Figure 5.3.). In general, 
average pH values at the end of the experimental period (141, 114 and 168 days in Expt. 
1, 2 and 3, respectively) were greater than those measured at the middle of the trial (day 
84 in Expt. 1 and 3, and day 56 in Expt. 2). At the middle of the experimental period, 
average pH values in Expt. 2 were close to or under 5.5, that is detrimental to the rumen 
epithelium and VFA absorption (Gäbel et al., 2002). However, in Expt. 1 and 3 (in which 
pH was measured at 84 d of trial), pH values were close to or over 5.8, considered as the 
limit below which is harmful to ruminal cellulolytic bacteria (Russell and Wilson, 1996).  
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Despite some authors have suggested that a period of 10 - 21 days is enough for 
adaptation of ruminal microbiota to high-concentrate diets (Warner, 1962; Mackie and 
Gilchrist, 1979), our results suggest than an adaptation period over 56 d may be necessary 
to reach ruminal pH values over 5.8 in heifers fed high-grain concentrates. Unfortunately, 
due to welfare issues related to the method used for ruminal fluid sampling, pH was not 
measured frequently at the beginning of the trial (i.e. weekly in the first 56 days of trial or 
daily using indwelling pH meter probes), which could have provided useful information on 
the adaption pattern of heifers to high-concentrate diets. In all experiments, pH was over 
5.8 at the end of the trial (average values ranging from 6.05 to 6.70), which suggest a 
complete adaptation of heifers to high-concentrate diets at the end of fattening period.  

Figure 5.2. Ruminal pH values of heifers sampled by ruminocentesis between 2 and 2.5 h 
after the morning feeding at the beginning (Initial), middle (Mid) and the end (Final) of the 
trials1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 
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Figure 5.3. Evolution of ruminal pH of heifers sampled by ruminocentesis between 2 and 
2.5 h after the morning feeding throughout of the trials1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 

The lack of differences due to malic acid, disodium/calcium malate and 
Saccharomyces cerevisiae supplementation in ruminal pH might partly be explained by: i) 
the incidence of SARA was relatively low; ii) the dose of the products; iii) the sampling 
method, and iv) the high individual variability of pH values, which might have masked the 
hypothetic positive effect of these feed additives in animals with SARA. Some authors 
have reported a high variability inter- and intra-individuals along the day when using 
indwelling pH meter probes that continuously measure pH (Beauchemin and Penner, 
2009; Danscher et al., 2015). Unfortunately, we did not have access to pH meter probes, 
and rumenocentesis was selected as the best method for ruminal sampling in our 
conditions. In fact, Duffield et al. (2004) concluded that ruminocentesis was the most 
accurate field technique for ruminal sampling, after comparing this technique and the use 
of an oral stomach tube with direct sampling through a rumen cannula and continuous 
electronic pH measurement. In all sampling days of our trials, time of feed supply in each 
pen was adjusted to the expected time of ruminal sampling, and experimental treatments 
were consistently distributed across the day (i.e., one pen per treatment was successively 
sampled). Although these precautions were taken, it was impossible to know the actual 
time of feed intake, and the quantity of concentrate and straw consumed by each heifer, 
and therefore individual variations may have affected the results. 
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Total and individual VFA concentrations are shown in Figure 5.4. There were not 
differences in acetate, propionate or butyrate proportions among treatments within each 
trial, and acetate:propionate ratios were representative of those reported in beef cattle fed 
high-concentrate diets (Devant et al., 2000; Martin et al., 2010), with an average value of 
1.57. However, VFA concentration significantly varied along the time following a cubic 
relationship (Figure 5.5.), and was negatively correlated with pH values (r=-0.766, 
P<0.001; n=30), as it is shown in Figure 5.6. Under the experimental conditions of the trials 
performed, it seems that pH varied mainly due to total VFA concentration, rather than 
particular variations of individual VFAs. 

Figure 5.4. Ruminal total volatile fatty acids (VFA) concentrations (mM) in heifers sampled 
by ruminocentesis between 2 and 2.5 h after the morning feeding at the beginning (Initial), 
middle (Mid) and the end (Final) of the trials1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy (1,453 kcal NE/kg); HE= high energy (1,700 kcal NE/kg).  
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Figure 5.5. Evolution of ruminal VFA concentrations (mM) of heifers sampled by 
ruminocentesis between 2 and 2.5 h after the morning feeding throughout of the trials1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy (1,453 kcal NE/kg); HE= high energy (1,700 kcal NE/kg). 

Figure 5.6. Relationship between ruminal pH and volatile fatty acid (VFA, mM) values 
measured in each control day per trial1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy (1,453 kcal NE/kg); HE= high energy (1,700 kcal NE/kg).  
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Ruminal lactate concentrations were low (usually ≤1 mM; Figure 5.7) and no heifers 
showed concentrations over 5 mM, which is considered the upper level for normal ruminal 
conditions (Owens et al., 1998; Chiquette et al., 2015). Low lactate concentrations have 
also been reported by others (Beauchemin and Penner, 2009; Danscher et al., 2015; Vyas 
et al., 2015) in beef cattle experiencing SARA (diagnostic based on ruminal pH), and it 
seems that excessive VFA production may be a more important contributor to SARA than 
lactate (Constable et al., 2017). As mentioned before, in our trials rumen pH was 
negatively correlated with VFA concentrations, but showed a poor correlation with lactate 
concentrations (r=0.163, P=0.097; n=18; Figure 5.8.). Although VFA accumulation could 
have contributed to decrease ruminal pH in our studies, lactate is assumed to depress pH 
more drastically than similar amounts of VFA (Owens et al., 1998), and it also increases 
rumen osmolality, thus reducing the rate of VFA absorption. Probably, the role of lactate is 
essential once VFA concentrations caused pH values to decrease below 5.8. 

Figure 5.7. Ruminal lactate concentrations (mM) in heifers sampled by ruminocentesis 
between 2 and 2.5 h after morning feeding at the beginning (Initial), middle (Mid) and the 
end (Final) of the trials1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. 
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Figure 5.8. Relationship between ruminal pH values and lactate concentration (mM) 
measured in each control day per trial1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. 
 
 

Ammonia-N concentrations were highly variable among trials (Figure 5.9.). In Expt. 
1 ammnonia-N concentration of heifers fed disodium/calcium malate was greater than that 
in heifers fed malic acid or unsupplemented concentrate, whereas no differences were 
observed in Expt. 2 and 3. Ammonia-N concentration was always above the minimum of 
20 mg/L recommended by Satter and Slyter (1974) to prevent a limitation of microbial 
growth in vitro. In agreement with the results of these authors, ammonia-N concentration 
was positively correlated to total VFA (r=0.526, P=0.003; n=30), as total VFA 
concentrations increased linearly with augmented ammonia-N concentrations (Figure 
5.10). Both, total VFA and ammonia-N concentrations were in the range of values 
indicating normal microbial activity, and there were no signs of ruminal dysfunction which 
could confirm a clear SARA status. Ammonia-N concentration was poorly correlated to pH 
(r=-0.186, P=0.326; n=30), which is in agreement with the results of Lana et al. (1998), 
who concluded that cattle fed 90% concentrate had similar rates of ammonia production at 
pH values ranging from 6.5 to 5.7 (Figure 5.11.). 
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Figure 5.9. Ruminal ammonia-N concentrations (mg/L) in heifers sampled by 
ruminocentesis between 2 and 2.5 h after morning feeding at the beginning (Initial), middle 
(Mid) and the end (Final) of the trials1. 

 1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 
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Figure 5.10. Relationship between total VFA (mM) and ammonia-N concentration (mg/L) 
measured in each control day per trial1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 
 
Figure 5.11. Relationship between pH and ammonia-N concentration (mg/L) measured in 
each control day per trial1. 

 1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 
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Ruminal papilla characteristics were evaluated at slaughter in all trials, and 
significant effects of treatments were detected on rumen color and length, as shown in 
Figures 5.12. and 5.13. The incidence of short and pale-pink rumen papillae might be 
associated to acidosis episodes (Figure 5.14.), as when ruminal osmolarity is markedly 
greater than blood osmolarity, water from blood is drawn rapidly through the rumen wall, 
producing ruminal damage and abscesses (Owens et al., 1998). Subsequently, repaired 
tissues are thickened (parakeratosis), which may inhibit the rate of VFA absorption for 
months after the damage has occurred (Krehbiel et al., 1995). Thus, brown colored 
rumens are associated to keratinized tissue (Nockels et al., 1966), whereas the dark green 
pigment has been reported to be present in the external layer of the rumen epithelium 
(Nockels et al., 1966), associated to products of microbial activity (Sinclair and Kunkel, 
1959). In Expt. 1, only heifers fed the control diets showed pale rumens, which suggest 
that only these heifers suffered ruminal damage, but no differences among treatments 
were found in papillae length. The highest incidence of pale rumens was observed in Expt. 
2, in which the group fed malate showed the highest percentage of pale and pale-pink 
rumens, although there were no differences between treatments in papilla length. Finally, 
in Expt. 3 only the heifers fed low-energy diets showed pale or pale-pink rumens and had 
medium and long papillae, whereas heifers receiving the high energy diets showed darker 
rumens with shorter papillae (Figure 5.15.). However, no differences were observed due to 
cereal type within each energy level.  

Figure 5.12. Effect of experimental treatments on ruminal papilla color1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 
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Figure 5.13. Effect of experimental treatments on ruminal papilla length1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 

Figure 5.14. Detail of damage in ruminal papilla. 
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Figure 5.15. Example of color and length differences in ruminal papilla. 

Pink color and  
long length 

 

Dark-green color and 
short length 

 
 

5.3. Influence of the nutritional strategies evaluated on growth performance, 
concentrate intake, carcass characteristics and blood metabolites 

The evolution of heifers BW over the experimental periods is shown in Figure 5.16. 
Differences in growth rate observed among trials can be partially explained by the breed of 
the heifers. In fact, in Expt. 1, Charolaise purebred or Charolaise x Limousin crossbreed 
were used, whereas in Expt. 2 and 3, only Charolaise crossbreed heifers were used, 
resulting in decreased growth rates, especially in Expt. 2. However, there were no 
significant effects of treatments on BW. The lack of differences in BW observed in Exp. 1 
and 2 is consistent with the absence of effects of the additives on concentrate intake and 
ruminal fermentation variables. Some authors (Gómez et al., 2005; Newbold et al., 2005; 
Tejido et al., 2005) suggested, based on in vitro results, that the effects of sodium malate 
may be more pronounced with diets containing a high proportion of forage (60-80%) than 
with high-concentrate diets such as those used in our studies. 
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Figure 5.16. Evolution of heifers body weight (BW, kg) throughout the experimental trials1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 

 

Feeding management could have played a determinant role in reducing the 
incidence of ruminal upsets, thus decreasing the expected effects of the nutritional 
strategies tested in the current studies. It should be noticed that concentrate and full-length 
barley straw were provided separately ad libitum twice a day, and that concentrates were 
pelleted to reduce feed selection and refusals, and supplied into a 1.5 m line feed bunk. 
These conditions could have resulted in low social competition and a regular eating pattern 
along the day. As daily concentrate intake was recorded per pen (6 animals housed 
together), individual daily fluctuations of intake and possible intake reductions associated 
to acidosis could not be detected, unless all animals had experienced acidosis at the same 
time (Owens et al., 1998).  

However, concentrate intake pattern along the experimental period was different in 
each trial, as shown in Figure 5.18. In Expt. 1 concentrate intake increased from the 
beginning of the experimental period to day 56, and then slightly decreased. This intake 
pattern could be partly explained because this trial was performed from April to 
September, reaching a high-temperature period (average daily temperature above 25ºC) 
at day 56 of the trial, which suggests a depression of intake associated to heat stress. In 
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Expt. 2 (performed from October to February) concentrate intake also increased until day 
56, and then decreased to day 84, rising again by the end of the trial. In this trial, 
concentrate intake measured at day 56 could be depressed by a digestive upset, as 
ruminal pH values were close to or under 5.5. Finally, in Expt. 3 concentrate intake 
increased continuously along the trial, according to less variable temperature conditions (it 
was performed from December to May), and concentrate intake was 1.91±0.21% BW 
through the trial. 

Figure 5.18. Effect of experimental treatment on concentrate average daily intake (cADI, 
kg) along the trials1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 

As the nutritional strategies had not a great impact either on concentrate intake or 
growth performance, no effects on carcass yield and characteristics were expected (Figure 
5.19). Despite this fact, studies on the effects of SARA and the influence of the nutritional 
strategies studied in this Thesis on carcass quality are scarce. Dressing proportion ranged 
from 53.8 to 55.7%, and it was not affected by any experimental treatment. Finally, the lack 
of effects of feed additives on ruminal variables, performance or blood metabolites 
(measured in Expt. 1 and 2) is consistent with results obtained in the carcass 
characteristics.   
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Figure 5.19. Effect of experimental treatments on dressing proportion (%) and hot carcass 
weight (HCW, kg)1. 

1 
CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 
 

5.4. Comparison of in vivo and in vitro ruminal fermentation 

Samples of the experimental concentrates and barley straw were collected in each 
trial in order to perform in vitro ruminal fermentations. In vitro incubations lasted 17 h, 
which corresponds to a rumen passage rate of 0.06/h. The effects of the experimental 
treatments (P values of main effects) on ruminal fermentation parameters observed in vivo 
and in vitro are summarized in Table 5.2. No differences between treatments in any of the 
measured parameters were detected either in vivo or in vitro in Expt. 1 and 2. The lack of 
effects of malic acid or disodium/calcium malate on in vitro fermentation in these 
experiments contrasts with previous in vitro studies reporting that malic acid or malate 
salts supplementation resulted in increased total VFA and propionate production in batch 
cultures of ruminal microorganisms (Carro and Ranilla, 2003; Newbold et al., 2005; Tejido 
et al., 2005). However, the doses of malic acid/malate used in these in vitro studies ranged 
from 4 to 10 mM, whereas the dose used in our experiments were much lower (0.06 and 
0.12 mM in Expt. 1 and 2, respectively). As discussed in Chapter II, it seems probable that 
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the amount of malate supplied was too low to produce beneficial effects on in vitro and in 
vivo ruminal fermentation.  

On the contrary, in vitro fermentation in Expt. 3 detected significant effects of 
concentrate energy level on final pH, ammonia-N and total VFA concentrations, and molar 
proportions of acetate and butyrate, but no differences in these variables were detected in 
vivo (P>0.10). Moreover, total VFA concentrations in the rumen of heifers tended (P=0.07) 
to be greater for corn than for wheat, but no effect (P=0.61) of cereal type were detected in 
the batch cultures. In contrast, a trend (P=0.07) to greater acetate proportions and lower 
pH values for corn compared to wheat was detected in the batch cultures and no 
differences (P=0.31 and P=0.15, respectively) were observed in vivo. These differences in 
vivo vs. in vitro might be related to the absolute amounts of feed input, as no straw was 
included in the in vitro fermentation in Expt. 3 (as actual straw intake could not be 
determined in this trial), whereas in Expt. 1 and 2 a mixture of 88:12 concentrate:straw was 
used as substrate to resemble the diet ingested by the heifers. Differences between in vivo 
and in vitro fermentations can be also attributed to the lack of absorption in the batch 
cultures, and to differences in solid retention time (17 h in vitro and variable in vivo), and in 
solid/liquid ratio, among other factors, as in vivo measures depends on individual eating 
and drinking times and rates. 

Table 5.2. Effects of experimental treatments (P values of main effects) on ruminal 
fermentation parameters measured in vivo and in vitro. 

Item 

Expt. 1 
(Treatment) 

Expt. 2 
(Treatment) 

Expt. 3 
(Cereal type) 

Expt. 3 
(Energy level) 

In vivo In vitro In vivo In vitro In vivo In vitro In vivo In vitro 

pH 0.81 0.16 0.24 0.31 0.15 0.07 0.11 <0.01 
ammonia-N (mg/L) 0.03 0.27 0.82 0.87 0.84 0.47 0.36 <0.01 
Lactate (mg/L) 0.53 0.96 0.93 0.74 n.a. 0.67 n.a. 0.75 
Total volatile  
fatty acids (mM)  0.74 027 0.69 0.92 0.07 0.61 0.61 <0.01 

Individual VFA (mol/100mol) 
Acetate 0.08 0.72 0.65 0.97 0.31 0.07 0.94 <0.01 
Propionate 0.70 0.10 0.86 0.98 0.73 0.81 0.76 0.16 
Butyrate 0.32 0.13 0.84 0.47 0.84 0.57 0.71 0.02 

Acetate/propionate 
(mol/mol) 0.62 0.10 0.67 0.99 0.78 0.90 0.96 0.53 

n.a. not analized. 

There were differences between in vivo and in vitro in the magnitude of most 
determined parameters. In vitro pH values were higher than in vivo ones in all 
experiments, probably due to the high buffering capacity of the medium used in the batch 
cultures which prevented a pH drop (Mateos et al., 2015). Despite these differences, in 
vitro pH values were linearly correlated (r = 0.643; P = 0.045; n = 10) to in vivo values 
(Figure 5.19.). There were also significant relationships between in vivo values and those 
determined in the batch cultures for total VFA concentrations (r= 0.909; P < 0.001; n = 10) 
and acetate:propionate ratio (r = 0.759; P = 0.011; n = 10), as shown in Figures 5.20. and 
5.21., respectively. However, the relationships between in vivo and in vitro values for 
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lactate (r=-0.630, P=0.180; n=6) and ammonia-N (r=0.367, P=0.295; n=10) concentrations 
were poorer. Lactate concentrations were lower in vitro (up to 0.20 mM) than in vivo (≤ 1 
mM), which confirms previous studies (Tejido et al., 2005; Mateos et al., 2013), and 
suggest either lower lactate production or greater lactate utilization in the batch cultures 
than in the rumen. In contrast, ammonia-N concentrations were greater in vitro (≥ 150 
mg/L) than in vivo (< 100 mg/L), but it should be taken into account that the modified 
buffer–mineral solution of Goering and Van Soest (1970) used in the present study 
supplied 84.11 mg N per liter in the form NH4HCO3, which can be rapidly degraded to 
ammonia by ruminal microorganisms. 

Figure 5.19. Relationship between ruminal pH values measured in the rumen of beef 
heifers (averaged values of three sampling times per treatment in each trial) and in 17 h in 
vitro fermentations1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh 
matter basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON 
plus malic acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 
2.12 g malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg 
Saccharomyces cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low 
energy, 1,453 kcal NE/kg; HE= high energy, 1,700 kcal NE/kg. 
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Figure 5.20. Relationship between total volatile fatty acids concentrations measured in the 
rumen of beef heifers (averaged values of three sampling times per treatment in each trial) 
and in 17 h fermentations in batch cultures1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh matter 
basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON plus malic 
acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 2.12 g 
malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg Saccharomyces 
cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low energy, 1,453 kcal 
NE/kg; HE= high energy, 1,700 kcal NE/kg. 

Figure 5.21. Relationship between acetate/propionate ratio measured in the rumen of beef 
heifers (averaged values of three sampling times per treatment in each trial) and in 17 h 
fermentations in batch cultures1. 

 
1 CON = control; unsupplemented concentrate. CON supplied 1,453 and 1,700 kcal NE/kg (fresh matter 
basis) according to FEDNA (de Blas et al., 2010) in Expt. 1 and 2, respectively. MA = CON plus malic 
acid (1.06 g malate/kg concentrate); MAL: CON plus disodium/calcium malate (1.06 and 2.12 g 
malate/kg concentrate in Expt. 1 and 2, respectively); YC = CON plus 1.5 x 108 cfu/kg Saccharomyces 
cerevisiae CBS 493.94. In Expt. 3, C = corn based; W = wheat based; LE= low energy, 1,453 kcal 
NE/kg; HE= high energy, 1,700 kcal NE/kg.  
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6.1. Conclusions 

1. Supplying 1.06 g of malate per kg of concentrate, either as free acid or 
disodium/calcium salts, to beef heifers fed a barley-based pelleted concentrate (50% 
barley grains; 35.8% starch; 1,453 kcal NE/kg) and straw ad libitum, had no effect on 
concentrate intake, growth performance, ruminal parameters (pH, lactate and total 
volatile fatty acids), carcass quality and blood metabolites (glucose, lactate and urea-
N). Heifers supplemented with disodium/calcium malate had greater ruminal ammonia-
N concentrations after 84 days of supply compared to control and malic acid 
supplemented animals, but differences disappeared by the end of the trial (141 days). 

2. Ruminal papillae were darker in beef heifers supplemented with malic acid at 1.06 g 
per kg of concentrate compared to those in heifers fed either an unsupplemented 
concentrate or a concentrate including the same amount of malate in the form of 
disodium/calcium salts. No effect of any malate presentation was detected on ruminal 
papilla length.  

3. The supplementation of either 2.12 g of disodium/calcium malate or 1.5 x 108 cfu of 
Saccharomyces cerevisiae per kg of concentrate had no effect on growth performance, 
ruminal fermentation characteristics, carcass quality or blood metabolites of beef 
heifers fed a wheat-barley based pelleted concentrate (32% starch; 1,700 kcal NE/kg) 
and straw ad libitum compared to a control concentrate. 

4. Heifers fed concentrates which included 40% corn tended to reduce feed to gain ratio 
by 4% compared to the inclusion of 40.5% wheat, but there were no significant 
differences between cereal grains in concentrate intake, growth performance, or 
carcass characteristics. Heifers fed corn had shorter papilla and tended to show lighter-
colored rumen compared to heifers fed wheat. 

5. Ruminal pH, ammonia-N concentrations and molar proportions of individual volatile 
fatty acids were not different between heifers given a corn-based concentrate (40%) 
and those fed a wheat-based concentrate (40.5%), but total volatile fatty acids 
concentration tended to be 6% higher in heifers fed corn compared to those given 
wheat. 

6. An increase in the energy of the concentrate from 1,453 to 1,700 kcal NE per kg 
reduced concentrate intake by 4% and feed to gain ratio by 9% in beef heifers, with no 
effect on body weight, ruminal parameters (pH and total volatile fatty acids and 
ammonia-N concentrations), average daily gain or carcass characteristics. Heifers fed 
the high-energy concentrate had shorter ruminal papilla and tended to have darker-
colored rumen compared to heifers fed the low-energy concentrate. 

7. The in vitro incubation of the concentrates used in the experimental trials with buffered 
ruminal fluid from heifers revealed marked differences between in vivo and in vitro 
fermentation in most of the determined parameters, but there were significant 
relationships between in vivo and in vitro values for pH, total volatile fatty acids 
concentrations and acetate:propionate ratio. In contrast, no in vivo - in vitro 
relationships were detected for lactate and ammonia-N concentrations. 
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6.2. Conclusiones 

1. La administración de 1.06 g de malato por kg de concentrado, en forma de ácido libre 
o como sal disódica y cálcica, a terneras de carne que recibían un concentrado 
granulado rico en cebada (50% cebada; 35,8% de almidón; 1.453 kcal EN/kg) y paja 
ad libitum no tuvo ningún efecto sobre el consumo de concentrado, el rendimiento 
productivo, los parámetros ruminales (pH, lactato y ácidos grasos volátiles totales), la 
calidad de la canal y los metabolitos sanguíneos (glucosa, lactado y N ureico). Las 
terneras suplementadas con malato disódico y cálcico tuvieron una mayor 
concentración de ammonia-N en el rumen tras 84 días de administración comparadas 
con las terneras control y las suplementadas con ácido málico, pero las diferencias 
desaparecieron al final del ensayo (141 días). 

2. Las papilas ruminales de las terneras suplementadas con 1,06 g de ácido málico por 
kg de concentrado fueron más oscuras que las de las terneras que recibieron el 
concentrado control o un concentrado que incluyó la misma cantidad de malato en 
forma de sal disódica/cálcica. No se observó ningún efecto de la forma de malato 
sobre la longitud de las papilas ruminales. 

3. La inclusión de 2,12 g de malato disódico/cálcico o de 1,5 x 108 ufc de S. cerevisiae 
por kg de concentrado no tuvo ningún efecto sobre el rendimiento productivo, las 
características de la fermentación ruminal, la calidad de la canal o los metabolitos 
plasmáticos, de terneras alimentadas con un concentrado granulado basado en trigo y 
cebada (32% almidón; 1.700 kcal EN/kg) con paja ad libitum, en comparación con las 
terneras que recibían el concentrado sin suplementar. 

4. La administración a las terneras de un concentrado con un 40% de maíz tendió a 
reducir un 4% el índice de conversión en comparación con la inclusión de un 40,5% de 
trigo, sin que se observaran diferencias significativas entre cereales en el consumo de 
concentrado, el rendimiento productivo o las características de la canal. Las terneras 
alimentadas con maíz tuvieron papilas más cortas y tendieron a mostrar rúmenes más 
claros en comparación con aquellas que recibieron trigo. 

5. El pH ruminal, las concentraciones de ammonia-N y la proporción molar de los ácidos 
grasos volátiles individuales no difirieron entre terneras alimentadas con un 
concentrado a base de maíz (40%) frente a aquellas alimentadas con un concentrado 
a base de trigo (40.5%), pero la concentración total de ácidos grasos volátiles tendió a 
ser un 6% mayor en las terneras que recibieron maíz en comparación con las que 
recibieron trigo.  

6. El incremento de la energía del concentrado de 1.453 a 1.700 kcal EN por kg redujo el 
consumo de concentrado en un 4% y el índice de conversión en un 9% en terneras de 
carne, sin que se observase ningún efecto en el peso vivo, los parámetros ruminales 
(el pH y las concentraciones de ácidos grasos volátiles totales y ammonia-N), la 
ganancia media diaria o las características de la canal. Las terneras alimentadas con 
dietas altas en energía tuvieron papilas ruminales más cortas y tendieron a presentar 
rúmenes más oscuros en comparación con las terneras alimentadas con dietas bajas 
en energía. 
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7. La incubación in vitro de los concentrados empleados en los ensayos experimentales 
con líquido ruminal tamponado de las terneras mostró marcadas diferencias en la 
magnitud de la mayoría de los parámetros determinados in vivo e in vitro, pero 
existieron relaciones significativas entre los valores obtenidos in vivo e in vitro para el 
pH, la concentración total de ácidos grasos volátiles y la relación acético:propiónico. 
Por el contrario, no se detectaron correlaciones in vivo - in vitro para las 
concentraciones de lactato y ammonia-N. 
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