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Introduction

Grass is an important roughage source for ruminants 
in many parts of the world, and it can be offered freshly to 
animals, or hay and silage may be made of it. The east and 
northeast regions of Turkey are rich in terms of rangeland. 
In these parts of Turkey, common use of rangeland is making 
hay from grass, however, silage making from this area is 
increasing [4, 7, 14]. Produced hay or grass silage in these 
areas is used commonly in feeding of beef cattle. Grass is 
moderately appropriate for silage making due to the poor 
carbohydrate content [10]. It is reported that hay or grass 
silage use as roughage source did not affect live weight gain 

and feed intake of beef steers [20]. In the same research, pH, 
NH3 N, isobutyrate, isovalerate and valerate concentration 
of rumen fluid of animals, fed with grass silage, was found 
higher than those of animals fed with hay. In another study, 
using of grass- or maize silage as roughage source has not 
affected growth performance of beef cattle [15]. 

Another roughage source is corn silage and it has a lot of 
advantages compared to other roughages. Firstly, plant of corn 
is rich in terms of carbohydrate and water content. Secondly, 
it is suitable for making silage, and it grows as second product 
in many part of the warm climate. Thirdly, corn silage can 
be found in many parts of the world and almost all regions 

ABSTRACT

The study was conducted to determine the use of hay, grass silage, corn silage 
and grass silage+corn silage as roughage sources on growth performance, 
some rumen and blood serum parameters in beef cattle. A total of 24 
Simmental beef cattle (12 male, 12 female), 9 or 10 months age, which were 
initially 142.4 kg live weight, were used in this study. The animals were divided 
into four treatment groups each consisting of 6 cattle (3 male, 3 female). All 
animals in the groups were fed with 2888 g for 0-21 d, 3813 g for 22-42 d 
and 5177 g for 43-63 d concentrated feed. In addition to the concentrated 
feed, one of the following roughage source hay, grass silage, corn silage or 
grass silage+corn silage (50:50) were given ad libitum to animals in each 
group. Animals were fed by group basis. At the 63 d of the study, rumen fluid 
and blood serum samples were taken from the animals. Final live weights 
of the animals did not affect. Average daily weight gains of the cattle in the 
overall study were no statistical differences among the groups. The roughage 
sources did not affect rumen fluid pH, NH3 N, acetic-, propionic- and 
butyric acid concentrations of beef cattle. The roughage sources did not also 
affect serum glucose, total protein and albumin concentration of animals. 
Consequently, it is concluded that mentioned roughage sources could be 
preferred as alone or grass silage+corn silage combination in feeding of beef 
cattle after economic analyses of these feedstuffs.
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RESUME

Les effets du foin, de l’ensilage d’herbe et de l’ensilage de maïs sur la croissance, 
les paramètres du liquide ruminal et du sérum des bovins de boucherie

Cette étude a été menée pour déterminer l’effet de l’utilisation de foin, 
ensilage d’herbe, ensilage de maïs et du mélange ensilage de maïs et 
ensilage herbe comme sources de fibres alimentaires sur la performance de 
croissance, sur certains paramètres du liquide ruminal et du sérum chez les 
bovins de boucherie. Vingt-quatre bovins de race Simmental (12 mâles, 12 
femelles) âgés de 9 ou 10 mois qui avaient un poids vif initial de 142.4 kg ont 
été utilisés. Les animaux ont été repartis dans quatre groupes de traitement 
dont chacun était composé de 6 bovins (3 mâles, 3 femelles). Tous les 
animaux ont reçu un aliment, concentré, respectivement, 2888 g pour les 
jours 0-21, 3813 g pour les jours 22-42 et 5177 g pour les jours 43-63. En 
plus des concentrés, une des sources de fibres alimentaires suivantes, foin, 
ensilage d’herbe, ensilage de maïs ou bien un mélange d’ensilage de maïs et 
d’ensilage d’herbe (50:50), a été donnée aux animaux dans chaque groupe. 
Les animaux ont été nourris par groupe. Au 63ème jour de distribution 
des échantillons de liquide ruminal et de sérum. Les poids vifs finaux des 
animaux n’étaient pas influencés par le type d’aliment consommé. Les prises 
de poids quotidiennes moyennes des bovins sur l’ensemble de J’etude ne 
présentaient pas de différences statistiques parmi les groupes. Les sources de 
fibres alimentaires n’ont pas influencé le pH, les concentrations de N-NH3, 
d’acide acétique, d’acide propionique, d’acide butyrique du liquide ruminal 
ni les concentrations du glucose, des protéines totales et de l’albumine. 
En conséquence, il a été conclu que les sources de fibres alimentaires 
mentionnées peuvent être préférées séparément ou bien sous forme d’un 
mélange d’ensilage de maïs et d’ensilage d’herbe dans l’alimentation des 
bovins de boucherie en fonction de l’analyse économique de ces aliments.

Mots-clés: Bovins de boucherie, ensilage, performance 
de croissance, foin, les paramètres du liquide ruminal, 
sérum sanguin.

Effects of feeding by hay, grass silage and corn 
silage on growth performance, rumen fluid and blood 
serum parameters in beef cattle 

T. TUFAN1*,  C. ARSLAN2,  K. ÖNK3,  M. SARI4,  M. TILKI5

1 Department of Animal Nutrition and Nutritional Disease, Faculty of Veterinary Medicine, Siirt University, 56100 Siirt, TURKEY.
2 Department of Animal Nutrition and Nutritional Disease, Faculty of Veterinary Medicine, Kafkas University, 36100 Kars, TURKEY.
3 Department of Agriculture and Animal Production, Kars Vocational School, Kafkas University, 36100 Kars, TURKEY. 
4 Department of Animal Science, Faculty of Veterinary Medicine, Mehmet Akif Ersoy University, 15000 Burdur, TURKEY
5 Department of Animal Science, Faculty of Veterinary Medicine, Kafkas University, 36100 Kars, TURKEY.

* Corresponding author: tuncay-tufan@hotmail.com



Revue  Méd. Vét., 2016, 167, 3-4, 99-105

TUFAN (T.) AND  COLLABORATORS100

in Turkey. Therefore, corn silage is commonly used both in 
the world and in Turkey for nutrition of dairy cattle and beef 
cattle [26]. Ayaşan et al. [6] found that use of corn silage 
or sugar beet pulp as roughage source did not change feed 
intake, live weight gain, and feed efficiency in bulls. They also 
found that serum Ca, inorganic P, total protein and glucose 
concentration was not affected from the roughage source, but 
serum albumin concentration was found higher at the corn 
silage group than that of sugar beet pulp group.

Phipps et al. [21] reported that grass and maize silage 
nutritionally differ from each other and if they use mixed 
form they induce an improvement on the performance of 
dairy cattle. Grass silage contains lower amount starch and 
water-soluble carbohydrate, but it contains higher level of 
fermentable fibre. However, corn silage contains higher level 
of starch when compared to grass silage [13]. Therefore, 
the use of dual combination of grass silage and corn silage 
may improve performance of ruminants as compared to 
their single use. In a previous study, grass silage, corn silage 
and combination of different levels of both of them were 
investigated by Browne et al. [8]. They found that mentioned 
roughage sources induced differences on the digestibility and 
N retention. Quinn et al. [23] have made a study to determine 
the effect of 15 or 30% grass silage or sorghum silage in 
addition to a corn-based standard concentrate in beef cattle. 
They found use of grass silage had positively affected growth 
performance of animals.

As is known, the rumen fluid fermentation products such 
as; pH, NH3 N and volatile fatty acids, reflect the fermentative 
activities in the rumen. These parameters are affected from 
the consumed feed stuff, roughage: concentrate ratio in the 
ration, the type of roughage, feed processing technics etc. 

Blood serum parameters are also affected by the consumed 
feed. Determination of both rumen fluid fermentation 
parameters and blood serum parameters help to interpret the 
animal feeding research.

The objective of this study was to evaluate the use of 
different roughage sources included in hay, grass silage, corn 
silage and equivalent mixes of grass silage and corn silage, 
on growth performance, rumen fluid and blood serum 
parameters in beef cattle.

Material and Methods

ANIMALS, EXPERIMENTAL DESIGN AND FEEDING OF 
ANIMALS

In this study, 24 beef cattle (Simmental bred; 12 male, 12 
female), 9-10 months ages, average initial body weight 142.4 
kg (min-max: 117.8-176.8 kg) were used. Animals divided 
into four groups had similar live weight (3 male, 3 female). 
This study continued for 63 days. Animals were fed by group 
basis. Animals in the groups were allocated 2.888 kg/d 
concentrate feed (Table I) for the first period (0 to 21 d), 3813 
kg for the second period (22 to 42 d) and 5.177 kg for the 
third period (43 to 63 d) on a dry matter bases. The animals 
in each group were fed as ad libitum, one of the following 
roughage source; a) hay, b) grass silage, c) corn silage or d) 
50% grass silage + 50% corn silage mixes on a dry matter 
basis, respectively through the study. All animals in the 
study subjected to 10 days adaptation period for roughage 
sources before the starting of the study. Concentrated feed 
and roughages were given twice a day, 09:00 and 16:00. Water 
was available all the times during the study. The study lasted 
in a barn condition.

Ingredients %
Barley 36.00
Corn 19.50
Wheat bran 25.50
Molasses  3.00
Sunflower meal  5.00
Cotton seed meal  6.00
Limestone  4.25
Salt  0.40
Vit. Min prem.1  0.35
Nutrient composition
Dry matter 88.00
Metabolisable energy, kcal/kg2 2500
Crude protein 12.39
Crude ash  8.90
Ether extract  3.94
Crude fiber  6.69
Calcium2  1.62
Phosphor2  0.59

1: Per kg vit-min premix include: Vitamin A 1000000 IU; Vitamin D3 200000 IU; Vitamin E 1.0 g; Fe 3.0 g; Mn 2.4 g; Cu 0.45 g; Co 0.015 g; Zn 4.5 g; I 0.06 g; Se 
0.015 g; Ca 21.99 g. 
2: Metabolisable energy, provided by calculation according to NRC [19].

Table I: Ingredients and analyzed chemical composition of concentrated feed used in this study.
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DETERMINATION OF GROWTH PERFORMANCE

Live weight of the animals were determined at the 
beginning of the study (d 0) and then 21th, 42th, and 63th of the 
study. They were weighed by individually before the morning 
feeding. Average daily live weight gain of animals in the each 
group for each period was calculated by dividing to 21. This 
gave us the mean daily live weight gain between the end and 
the beginning of each period. Concentrate and roughage 
intake were determined for each period at the group basis. 
All of the offered concentrate were consumed by the animals 
in all groups through the study. The net roughage intake in 
each group was determined for each period by subtracting 
the remaining roughage from the offered roughage. The total 
net roughage intake during the each period were divided 
to 21 d x 6 animals, thus average daily roughage intake 
was calculated in group basis. Total feed intake of animals 
was converted to dry matter basis, and feed efficiency was 
calculated by dividing average daily feed intake to average 
daily weight gain.

OBTAINING OF RUMEN FLUID SAMPLES AND ANALYSES 
OF RUMEN FLUIDS 

At the end of the study (63 d) rumen fluids were taken 
via a ruminal tube from all animals approximately 3 h 
following morning feeding. The pH of the rumen fluids were 
immediately measured by a pH meter (Selecta, pH meter, pH 
2001) according to the methods of Playne and McDonald 
[22]. Then, rumen fluid filtered four layers cheesecloth. 
Approximately 7-8 ml filtered rumen fluid was transferred 
to a tube and 3-4 drop concentrated H2SO4 was added on. 
After then, the tube was mixed and stored at -20 °C until 
the process of analysis. The remaining part of rumen fluid 
was centrifuged 3000 g for 15 minutes and 4 ml supernatant 
was transferred to a tube and 1 ml 25% methaphosphoric 
acid was added on and mixed, then stored at – 20 °C for 
determination of volatile fatty acid analysis. 

Determination of rumen fluid NH3 N (proportion of 
total N) concentration was made in line with modified 
Kjeldal method [2]. Concentration of acetic-, propionic- and 
butyric acid were conducted according to Leventini et al. 
[16], and used through a gas chromatography (HP Agilent 
Technologies 6890N Network GC System).

OBTAINING OF BLOOD SAMPLES AND ANALYSES OF 
SERUM PARAMETERS

At the end of the study (63 d), blood samples were taken 
from V. jugularis from each animal. Blood samples were 
centrifuged at 3000 g for 10 minutes. Serum samples were 
transferred to a tube and they were stored at -20 °C for 
analyses.

Blood biochemistry analysis included the measurement 
of glucose, total protein and albumin. Concentration of 
blood serum parameters were analyzed by an auto analyzer 
(Roche Cobas C501) using the commercial kits. 

OBTAINING OF FEED SAMPLES AND ANALYSES OF FEEDS 

The concentrated feed used in this study was obtained 
from a feed manufacturer in Kars, TURKEY. The hay was 
obtained from the rangeland area from Kafkas University, 
Kars, TURKEY. Used grass silage was prepared from the 
same rangeland. When the grass silage was produced 3% 
ground barley was added into fresh grass material as a silage 
additive, and the corn silage was obtained from a market.

Roughages samples were gathered at the beginning, 21th, 
42th and 63th days of the study for nutrient analysis. All feed 
samples for the each roughage were mixed equally and thus 
one sample for each roughage source was obtained, and 
analyses of nutrient composition were made from these 
samples.

Chemical analysis of concentrate, hay, grass silage and 
corn silage were carried out in line with AOAC [2] methods. 
Analyses of NDF and ADF content in roughages were done 
according to the methods of Goering and Van Soest [11].

STATISTICAL ANALYSES

The statistical process of data was performed using 
SPSS program and One-way ANOVA test was conducted 
with P≤0.05 considered being significant. After ANOVA, 
significantly different means for each variable were 
determined using Duncan’s multiple-range tests.

Results

The pH of grass- and corn silage and average nutrient 
composition of hay, grass- and corn silage were used in this 
study as is shown in Table II. The analysed nutrient content 

Chemical composition Hay Grass silage Corn silage
pH - 4.11 4.32
Dry matter 88.75 37.00 32.00
Crude ash  9.52 14.58 14.65
Crude protein  9.48 13.08  8.24
Ether extract  2.43  3.11  5.39
NDF 56.09 53.73 52.14
ADF 38.13 31.00 28.20

Table II: The pH and analysed nutrient composition of hay, grass silage and corn silage used in the study, % dry matter basis.
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of the roughage sources, used in this study, showed that 
crude ash and ether extract of the grass- and corn silage were 
higher than that of hay. The crude protein was highest in the 
grass silage. The NDF and ADF content of hay were higher 
than those of the grass and corn silage. 

Data on growth performance are presented in Table III. 
Using hay, grass silage, corn silage and grass silage+corn silage 
as roughage sources did not affect live weight of animals. The 
average live weights of the animals in all groups were similar 
through the study. Using hay as roughage source induced 
higher live weight gain of the animals at 21th d of the study 
than those of the animals in the grass silage and corn silage 
groups (P<0.05), but there were no statistical differences on 
the live weight gain at 42th, 63th d and overall the study among 
the groups.

Data on rumen fluid parameters are presented in Table 
IV. Using hay, grass silage, corn silage or grass silage+corn 
silage as roughage source in beef cattle had no significant 
influence on rumen fluid pH, NH3 N, acetic-, propionic- and 
butyric acid concentrations (P>0.05). 

Blood serum parameters obtained from the experimental 
groups are shown in Table 5. As seen in Table V, use of 
different roughage sources had no significant effect on serum 
glucose, total protein and albumin concentration (P>0.05). 

Discussion

In this study use of hay, grass silage, corn silage and 
grass silage+corn silage as roughage sources did not affect 
live weight of beef cattle (Table 3). Although there were no 
statistical differences, there was a numerical increase on 
the live weight of animals fed with hay when compared to 
animals fed with all silages. Numerically higher live weight in 
animals fed with hay can be considered as a positive situation 
for economical aspect but it can be more clear interpretation 
after the comparison cost of hay, grass silage and corn silage. 
Early in the feeding period (0 to 21 d) live weight gain of 
the animals fed with hay was significantly higher than those 
of the animals fed with grass silage and corn silage (Table 
3). However, there were no differences at 42th and 63th d and 
as well as the overall the study in terms of the live weight 
gain of animals in the all groups. The lower weight gain of 
the animals fed with grass- and corn silage at the 21th d than 
that of the animals fed with hay may be associated with the 
inability to adapt of animals these silages. At the 42th and 63th 
d lack of a difference among the research groups on the live 
weight gain suggest that a) These three roughage sources 
are relatively similar to each other as a nutrient content, b) 
Animals are better adapted to silages in time and they could 
show more live weight gain in these periods. Similar to the 
results of the current study, Petit and Flipot [20] reported 
that live weight gain and feed intake was not differ between 
the cattle’s fed with hay or grass silage, they also found 
numerically higher live weight gain and feed intake for the 
cattle fed with hay. Moreover, similarly to this study, many 

previous studies reported no difference on live weight and 
live weight gain feeding by good quality pasture or corn silage 
[1], grass silage, corn silage and grass silage+corn silage [15], 
alfalfa hay and corn silage [25] or corn silage and sugar beet 
pulp [6] as roughage sources in beef cattle. In another study 
conducted on beef cattle fed with a kind of hay and sorghum 
silage as roughage sources, it was found that supplementation 
at 15% level from the both roughage did not affect live weight, 
but supplementation of sorghum silage at 30% level had 
significantly decreased live weight of animals [23]. Juniper 
et al. [12] reported that using of 67% grass silage+33% corn 
silage as roughage source did not affect performance of beef 
cattle, but vice versa, they determined that feed intake and 
live weight gain increased and feed efficiency improved. It 
was reported that use of grass silage, corn silage and grass 
silage+corn silage did not affect roughage consumption of 
beef cattle [8]. The differences between the results of this 
study on the growth performance, and the results of other 
studies might be related to the differences on the nutrient 
composition of roughages and concentrates, roughage to 
concentrate ratio in the ration, differences breed of cattle 
used these studies and their initial live weights. 

In this study, average ruminal pH of the animals in the hay, 
grass silage, corn silage and grass silage+corn silage groups 
were found to be 6.59, 6.77, 6.66 and 6.56, respectively, which 
were not affecting by roughage sources (Table 4). The optimal 
range for ruminal fluid pH in ruminants has been reported to 
be 6.20 to 6.80 [9], which are consistent with the study results. 
Moloney and O’Kiely [18] reported to be 6.44 ruminal fluid 
pH for animals fed with grass silage, Abdelhadi and Santini 
[1] found 6.69 for animals fed with corn silage for beef cattle. 
Petit and Flipot [20] reported 6.31 and 6.51 ruminal pH, for 
beef steers fed with hay and grass silage, respectively. In the 
present study, average ruminal fluid NH3 N concentrations in 
the hay, grass silage, corn silage and grass silage+corn silage 
groups were 122.7, 118.5, 99.8 and 103.8 mmol/l respectively, 
which did not change by using roughage sources (Table 4). 
Numerically higher NH3 N concentration was found in the 
animals fed with hay than those of the animals fed with all 
silages consumed groups. Beside numerically higher NH3 
N, numerically higher live weight gain (Table 3) and serum 
total protein (Table 4) were obtained from the animal fed 
with hay. This might be induced to higher microbial protein 
synthesis in animals, which consumed hay. Lower microbial 
protein synthesis is reported in ruminants feeding silage 
than animals feeding hay [3]. In this study, it was established 
that using hay, grass silage, corn silage and grass silage+corn 
silage as roughage sources did not affect ruminal acetic-, 
proponic-, and butyric acid concentration. Our results on 
the acetic-, propionic- and butyric acid concentrations 
changed 66.5 to 67.7, 17.3 to 17.8 and 8.35 to 9.33 mol/100 
mol, respectively, which are similar to the results of other 
study results conducted on beef cattle [1, 18, 20]. The lack of 
differences in ruminal pH, NH3 N and acetic-, propionic- and 
butyric acid concentration among the groups is likely due to 
the similar digestibility of the diets consumed and relatively 
similar nutrient content of roughages.
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Parameters Hay Grass silage Corn silage
Grass sil.

+
Corn sil.

SEM Sig.

Live weight, kg
    Initial 141.4 143.5 142.1 142.7 5.30 NS
    21 d 162.4 155.5 152.9 157.9 5.83 NS
    42 d 181.0 174.0 170.5 174.3 6.53 NS
    63 d 200.0 194.8 195.7 197.3 8.07 NS

Average live weight gain, kg/d
    0-21 d 1.000a 0.572b 0.516b 0.727ab 61.10 *
    22-42 d 0.887 0.880 0.838 0.779 73.47 NS
    43-63 d 0.913 0.988 1.197 1.095 92.83 NS
    Overall, 0-63 d 0.933 0.813 0.850 0.867 75.33 NS

Feed intake, Total(concentrate+roughage)/Roughage, kg DM basis 
    0-21 d 3.899/1.011 4.010/1.122 3.861/973 3.938/1.050
    22-42 d 4.905/1.092 5.456/1.643 5.237/1.424 5.344/1.531
    43-63 d 6.725/1.548 7.374/2.197 7.078/1.901 7.229/2.052

Feed efficiency, kg / kg
    0-21 d 3.90 7.01 7.48 5.42
    22-42 d 5.53 6.20 6.25 6.86
    43-63 d 7.37 7.46 5.91 6.61

SEM: Standard Error of Means 
NS: Non significant, *: P<0.05

Table III: Use of hay, grass silage, corn silage and grass silage+corn silage (50:50) as roughage sources on growth performance of beef cattle during the 63 d 
of study, n=6.

Parameters Hay Grass silage Corn silage Grass 
sil.+Corn sil. SEM Sig.

pH 6.59 6.77 6.66 6.56 0.06 NS
NH3 N, mmol/l 122.7 118.5 99.8 103.8 7.44 NS
VFA, mol/100 mol

    Acetic acid 67.7 66.5 66.8 67.0 1.27 NS
    Propionic acid 17.8 17.3 17.5 17.4 0.74 NS
    Butyric acid 9.33 8.67 8.35 8.60 0.21 NS

SEM: Standard Error of Means 
NS: Non significant

Table IV: Effects of hay, grass silage, corn silage and grass silage+corn silage (50:50) as roughage sources on rumen fluid parameters of beef cattle, n=6.

Parameters Hay Grass
silage

Corn
silage

Grass sil.
+

Corn sil.
SEM Sig.

Glucose, g/dl 57.17 53.50 60.00 56.67 1.23 NS
Total protein, g/dl 7.29 6.95 6.93 6.94 0.09 NS
Albumin, g/dl 3.34 3.16 3.31 3.19 0.05 NS

SEM: Standard Error of Means 
NS: Non significant

Table V: Effects of hay, grass silage, corn silage and grass silage+corn silage (50:50) as roughage sources on blood serum parameters of beef cattle, n=6.
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In this study, use of hay, grass silage, corn silage and 
grass silage+corn silage as roughage sources induced similar 
effect on blood serum glucose, total protein and albumin 
concentrations (Table 5). Mitruka and Rawnsley [17] 
reported that normal glucose, total protein and albumin 
levels for cattle 87 g/dl, 7.3 g/dl and 3.3 g/dl, respectively. 
Our results for glucose ranged between 53.50 and 60.00 g/
dl, which are below the above reference values but our results 
for total protein and albumin are similar to above reference 
values. Ayaşan et al. [6] found 28.64 mg/dl for glucose for 
beef cattle fed with corn silage, which is lower than that of our 
study results. Moloney and O’Kiely [18] have found serum 
glucose amount as 3.81 mmol/l for beef cattle fed with grass 
silage. Our results on the serum total protein and albumin for 
corn silage group, which are 6.93 and 3.31 g/dl, are similar 
to the results of Ayaşan et al. [6], which are 7.51 and 3.78 g/
dl, for beef cattle fed with corn silage. As mentioned before, 
the differences between the results of this study on the serum 
parameters and other studies might be related to differences 
on the diet composition, roughage to concentrate ratio in 
the ration, differences breed of cattle used in these study and 
their live weights. 

In conclusion, these results suggest that use of hay, 
grass silage, corn silage and grass silage + corn silage as 
roughage sources had no effect live weight and live weight 
gain, rumen fluid pH, NH3 N, acetic-, propionic- and butyric 
acid amount and blood serum glucose, total protein and 
albumin concentration in beef cattle. Based on the results, 
it is concluded that the mentioned roughage sources could 
be use as alone or grass silage+corn silage combination in 
feeding beef cattle after economic analyses of these feedstuffs.
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