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ABSTRACT
Ruminants are grazing animals with the ability to utilize forage sources for maintenance, growth, reproduction and
production. They possess the rumen, a fermentation chamber composed of high diversity of microorganisms with the
ability for degrading fiber or starch rich food and other types of non-fibrous carbohydrates, since they contain enzymes
that act by breaking up bonds between molecules, making the substrate present in the food available. This study was
developed aiming at reviewing the literature on how different diets affect ruminal parameters as well as the rumen
ecology. Thus, the seeking for the understanding on how different diets can affect ruminal characteristics is found to be
important, since it makes possible manipulating the diet up to a threshold, without causing any metabolic disturbance
to animals and then maximizing the performance. This practice may contribute to minimize losses, maximize the food
fermentation process and the absorption of fermentation products, which can be converted into flesh and milk. Findings
from this study show that the microbial population and the final rumen fermentation products are directly affected by the
animal diet. Therefore, manipulating diets may make possible maximizing the animal productive efficiency, as well as the
optimization of the use of nutrients, to maximize the animal production.
Keywords: Ammonia; microorganisms; pH; ruminal environment; volatile fatty acids.

RESUMEN
Los rumiantes son animales de pastoreo con la capacidad de utilizar fuentes de forraje para mantenimiento,
crecimiento, reproducción y producción. Poseen el rumen, una cámara de fermentación compuesta por alta diversidad
de microorganismos con capacidad para degradar alimentos ricos en fibra o almidón y otro tipo de carbohidratos no
fibrosos, ya que contienen enzimas que actúan rompiendo enlaces entre moléculas, haciendo presente el sustrato. en
la comida disponible. Este estudio se desarrolló con el objetivo de revisar la literatura sobre cómo las diferentes dietas
afectan los parámetros ruminales, así como la ecología del rumen. Por lo tanto, la búsqueda de la comprensión de cómo
las diferentes dietas pueden afectar las características ruminales se considera importante, ya que permite manipular la
dieta hasta un umbral, sin causar ninguna alteración metabólica a los animales y luego maximizar el rendimiento. Esta
práctica puede contribuir a minimizar las pérdidas, maximizar el proceso de fermentación de los alimentos y la absorción
de los productos de fermentación, que pueden convertirse en carne y leche. Los resultados de este estudio muestran que
la población microbiana y los productos finales de la fermentación ruminal se ven directamente afectados por la dieta
animal. La manipulación de las dietas puede permitir maximizar la eficiencia productiva, así como la optimización del uso
de nutrientes, maximizar la producción animal.
Palabras clave: Amoníaco; microorganismos; pH; ambiente ruminal; ácidos grasos volátiles.
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INTRODUCTION
Ruminants have adapted to feed on vegetables (forage) over thousands of years due to their evolution. This event led to the
development of what is nowadays called rumen, a pre-gastric fermentation chamber composed of a range of microorganisms
with the ability to degrade food, especially bulky or fibrous feeds, then releasing nutrients into the environment, which are
used either for the host or ruminal microorganisms in a continuous process known as symbiosis (1).
Many animal breeds have emerged due to the strong human-made selection process over time, making ruminant animals
more productive and also nutritionally more demanding. Thus, the supply of food for animals is no longer strictly based
on forage, as animals also started to feed on grains. As the rumen environment is a fermentation chamber, this should
be in anaerobic conditions, with pH close to neutrality (pH ±7) for its proper functioning. When changes occur to one or
more of these basic rumen functioning aspects, there might be nutritional damages with direct impact to the production
of milk, flesh and wool, as well as in the profitability of the livestock production system (2).
The rumen environment is composed of a range of microorganisms that can in general be divided into three large groups
as follows: bacteria, protozoan and fungi. As the rumen environment is complex and always dynamic, depending on the
environment conditions, may occur among microorganisms, seeking for resources for their own development. When
diets with high proportion of grain are supplied to animals, the rumen equilibrium is compromised, since the pH of
the environment may change from alkaline to acid, then affecting the development of ruminal microorganisms and,
consequently, the use of food (3).
Bento et al (2) assessed the effect of the ruminal, abomasal and ruminal + abomasal infusions of casein associated with
Tifton-85 hay based diet supplied to beef cattle on the ruminal and performance parameters. The values of pH, ruminal
ammonia and synthesis of microbial protein in the rumen did not change (p>0.05). However, there was a significant effect
(p≤0.05) on the production of volatile fatty acids for animals supplemented with casein, when compared with animals
under the control treatment.

To optimize the use of nutrients present in the diet of ruminants, it should better understand how different foods are
degraded and fermented in the ruminal environment, in addition to the synchrony in the energy and proteins release,
which have a direct effect on the final fermentation products and microbial population of the rumen environment.
Therefore, this study aims at describing how different diets affect ruminal parameters and the microbial ecology of the
rumen.

This study is based on qualitative and descriptive research, as per Köche (4) methodology. Information was collected from
scientific journals indexed in national and international databases (5), with relevant information regarding the effect of
the ruminant diet on ruminal parameters and rumen microbiota.
Ruminal microbiology and its modification as a function of different foods. Ruminants are animals with the ability
to feed on forage and use nutrients present in vegetables for growth, reproduction and production of flesh, milk and
wool. This ability for forage use is due to rumen, a fermentation chamber integrated by a diverse microbial population,
essentially composed of bacteria, fungi, protozoa and archaea (methanogenic microorganisms), which occupy the liquid,
solid, semi-solid and gas portions of the rumen (2).

Bacteria present in the rumen are divided into various genera, and they can be found in greater quantity and smaller
volume of microbial mass, the cellulolytic and amylolytic bacteria, which can respectively degrade sources of fiber and
carbohydrates (e.g. starch). The main structural carbohydrate fermenting bacteria are the following: Ruminococcus
flavefaciens, Ruminococcus albus, Fibrobacter succinogene and Prevotella ruminicola. The most predominant group of
amylolytic bacteria is Streptococcus bovis, followed by other amylolytic species such as Bacteroides amylophilus.

Fungi are usually found in smaller amount and greater mass when compared with bacteria, mainly because the ruminal
environment is anaerobic, and there is few species of fungi that tolerate the anaerobiosis. One of the main characteristic
of fungi is the ability to produce enzymes that degrade phenolic compounds such as lignin, which can be complexed
with cellulose and hemicellulose molecules, and consequently, release such molecules to be used as substrate for their
development. The ruminal microbiota of animals fed on diets containing high proportion of bulky feeds consists of high
population of fungi when compared with the rumen microbiota of animals fed on high proportions of the concentrate (6).
Protozoa are found in greater amount and biomass when compared with fungi. However, they are often found in smaller
amount and greater biomass when compared with bacteria, which can develop on different substrates and also use
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bacteria as source of substrate. Some species of protozoa have motility (chemotaxis), and they can be found on the
rumen wall and food particles, since they have the motility ability that allow them seeking for nutrients released in the
surrounding environment (7).

The archaea, also known as methanogenic bacteria based on their structure, are a group of single-celled organisms,
taxonomically unknown as bacteria, as they have differences in membranes, are able to ferment different sources of
substrate, and require sources of carbon released during the fermentation process of other microbial groups for their
full development. Population of archaea may be high when animals are fed on diets containing high proportions of bulky,
since this food contains high content of available carbon (C) that can be used by methanogenic bacteria for fermentation,
and generate the methane gas (CH4) as the final product (1).
Belanche et al (1) evaluated performance and ruminal parameters of dairy cows fed with two levels of crude protein
(10% above the requirements and 20% below the requirements for ruminants), and two types of carbohydrates (soy
pod and beet peel). They found that animals managed to adapt to the over and under protein intake regimens, with 29%
reduction in milk production from animals bred below the protein requirements and increase in 9% for animals bred
above the protein requirements, associated with beet peel. The ruminal microbiota was changed as function of the type
of the diet provided to animals, with reduction of pH and depletion of cellulolytic bacteria and fungi from animals fed on
starch-rich diets; and increase of cellulolytic bacteria, fungi and methanogenic bacteria in the rumen microbiota of cows
fed on fiber-rich diets.

Chen et al (3) studied different ratios bulky:concentrate (B:C of 97:3, 60:40, 40:60, 25:75, 15:85 and 8:92) on the
performance and production of beef heifers. They found constant changes in the ruminal microbial population, as well
as in the microbial diversity during the adaptation process. The polymerase chain reaction (PCR) showed significant
changes in the diversity of rumen microorganisms at 97:3 proportion, with a prevalence of microorganisms that degrade
non-fibrous carbohydrates; while the microbial diversity increased at 8:92 proportion, also with higher production of
acetic. These findings show that the greater production of acetic acid, high values of pH and the increase of microbial
diversity were obtained from greater proportion of bulky feeds in the diet. Studies support this statement by showing
that the diversity of microorganisms that degrade sources of fiber is significantly greater than those from microorganisms
that degrade sources of non-fibrous carbohydrates (8).
Table 1 shows the effect of ratios bulky:concentrate (B:C) on the behavior of the rumen microbial population and on the
production of volatile fatty acids. It observes that the increase in the proportion of fiber in the diet provided to animals
results in a significant increase of the amount of bacteria, fungi and protozoa in the rumen (9), once fibrolytic bacteria
usually act in greater number of species when compared with amylolytic bacteria, under favorable ruminal fermentation
conditions. Thus, bulky-rich diets show greater microbial diversity, as well as greater occurrence of fungi and protozoa
in the rumen (1).
Table 1. Effect of different proportions of bulky:concentrate (B:C) on the microbial population of the rumen and percentage of total bacteria.
Proportion (B:C)

Item

SEM-1

p-value-2

6.21

1.09

<0.01

7.44

1.47

<0.01

30:70

50:50

70:30

90:10

Total bacteria (×10-10 units.mL-1)

6.95

9.62

13.08

Protozoa (×10-5 units.mL-1)

4.03

3.64

17.44

Fungi (×10 units.mL )
-5

-1

Relative percentage of total bacteria in rumen samples
Ruminococcus flavefaciens
Ruminococcus albus
Fibrobacter succinogenes
Butyrivibrio fibrisolvens
Streptococcus bovis
Ruminobacter amylophilus
Selnomonas ruminantium
Lactobacillus species

6.57

5.10

11.80

3.57

0.91

<0.01

0.45

0.20

0.28

0.16

0.03

<0.01

1.03

0.39

0.23

0.11

0.09

<0.01

0.02
0.01
0.03
0.13
3.10
0.02

0.01
0.01
0.05
0.14
3.24
0.02

0.01
0.00
0.01
0.10
1.80
0.04

0.00
0.00
0.01
0.07
1.07
0.05

0.00
0.00
0.00
0.01
0.21
0.01

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

SEM: standard error of mean; p-value: a measure of the probability that an observed difference could have occurred just by random chance,
at significance level of 0.05. Source: Adapted from Ding et al (9).
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The entire microbial diversity found in the rumen is dynamically modified, since microbial groups present in the rumen
are in constant competition for substrates. The development of a particular microbial group, which usually occurs at the
expense of another group of microorganisms, depends on the conditions of the environment and the available substrates.
The multiplication of these microorganisms occurs as function of degradation of food particles found in the environment,
which are further fractionated into small sizes until they become monomers that can be used in the fermentative pathway
of ruminal microorganisms (8).

Depending on the metabolic pathway used, bacteria can produce distinct final fermentation products in the rumen, such
as the releasing of volatile fatty acids, mainly the acetic, butyric, propionic, isobutyric and isovaleric acids; as well as
free molecules of carbon, ammonia and hydrogen ions. Animals can use acids produced in the rumen by means of the
absorption ability via ruminal epithelium and further use them via hepatic, thus participating in metabolic cycles that
generate energy as the adenosine triphosphate (ATP) for the animal (10).
The rumen environment is considered a dynamic system, with the pH close to neutrality and the anaerobiosis as the
main characteristics for its perfect functioning. The rumen as a fermentation chamber shows, in ideal conditions, a pH
from 6.8 to 7.2, which is found to be an optimal pH for the development of a wide range of microorganisms. The ruminal
pH may change as function of the diet and characteristics of the foods provided to the animal. When the pH is above the
maximum recommended level, the ruminal alkalosis may occur, and a pH below the minimum recommended limit may
cause the ruminal acidosis. The anaerobiosis condition in the rumen environment is also found to be essential, since most
microorganisms found in the rumen are obligate anaerobes, which means microorganisms development in the rumen
may cease in the presence of oxygen (9).

The rumen fermentation from ruminants that use forage plants as the basis for their feeding is predominantly associated
with microorganisms that degrade sources of structural carbohydrates and low release proportion of hydrogen ions (H+),
since the amount of acetic acid from the fermentation process is greater when compared with the amount of butyric and
propionic acids. The acetic acid has lower acidification capacity when compared with the propionic acid. The conversion
process that occurs during the breaking of glucose bonds, a six carbon ring, which will further be fermented by bacteria
and produce two molecules of acetic acid, uses four atoms of carbon. This process allows releasing two atoms of carbon for
the environment, which may be used by other microbial groups such as archaea, to generate CH4 as the final fermentation
product (11).
When animals are fed on diets containing high proportions of grains, sources of non-fibrous carbohydrates, amylolytic
bacteria from the rumen develop in greater proportion, resulting in an intense production of propionic acid as the final
fermentation product. During this conversion process, a molecule of glucose is converted into two molecules of propionic
acid, a fatty acid consisting of three carbon molecules; with no loss of energy. Thus, this acidification of the ruminal
environment, which is associated with the limited buffering capacity of ruminants feed on diets with high proportion of
grains, may trigger metabolic problems such as ruminal acidosis (12).

The microbial population in the rumen changes either as function of different proportions of B:C or as function of other
substances known as sources of fatty acids that can cause changes to the ruminal microbiota. The supply of sources of
oil in the rumen may affect the development of bacteria. Huws et al (13) assessed the inclusion of fish oil in the diet of
heifers and found that the microbial diversity in the rumen, the synthesis of microbial protein, as well as the digestibility
of experimental diets, reduced when the content of oil in the diet was increased.
Kim (12) assessed the effect of the feeding regimen based on two different diets as follows: the diet #1 consisting of
Timothy Grass hay for Jersey cows, and the diet #2 consisting of Timothy Grass hay + grains for Dutch cows. Authors
measured the effect of treatments on ruminal parameters and rumen microbiota, comparing unculturable bacteria in
culture media with culturable bacteria. By using the polymerase chain reaction (PCR), they found that animals fed on the
diet #1 showed greater amount of total microorganisms on the rumen wall, from which most were unculturable bacteria.
On other hand, animals fed on the diet #2 showed low amount of total microorganisms, from which the majority were
culturable bacteria and associated with the liquid part of the rumen fluid.

Lillis et al (14) used the real-time PCR to assess the effect of the proportions B:C = 50:50 and B:C = 90:10 on the microbial
diversity, amount of methanogenic bacteria and ruminal parameters of beef steers. They found that animals fed on diets
consisting of the proportion B:C = 90:10 showed lower microbial diversity, greater synthesis of propionic acid than acetic
acid, and lower population of methanogenic bacteria. On other hand, animals fed on diets consisting of the proportion
B:C=50:50 showed greater microbial diversity, greater synthesis of acetic acid than propionic acid, and greater population
of methanogenic bacteria.
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Findings described above show how the rumen microbiota varies according to changes made to the diet provided to
animals. Studies described here show that the increasing of the proportion of bulky feeds results in the increasing of
the microorganism population, greater microbial diversity and lesser production of propionic acid than acetic acid, and
greater release of methane to the atmosphere. However, animals fed on grains-based diets show greater synthesis of
propionic acid, pH tending to acid, lower microbial diversity, and lower use of fibrous sources present in the diet (14).
Microbial competition in the rumen environment. Taking into consideration the particularities of the rumen, it knows
that different genera of bacteria prevail in the rumen environment, and each bacterial species shows a certain tendency
for increasing or decreasing its multiplication rate, according to the conditions of the rumen, such as temperature, pH,
absence of oxygen, and the available source of substrate (12).

Feeds containing high proportion of non-fibrous carbohydrates, such as starch, are rapidly fermented in the rumen. In
addition, due to the weak cohesion of their bonds, bacteria require a shorter colonization time to degrade particles of food,
thus succeeding to multiply rapidly and modify conditions of the environment, releasing more acid (greater acidifying
power), and inhibiting the multiplication process of other opportunistic microbial groups (3).
Diets consisting of high proportions of bulky allow vast colonization of the rumen by cellulolytic and hemicellulolytic
bacteria, fungi and also protozoa. The time a bulky food will remain in the rumen to be better used is greater when
compared with the time a concentrate food would remain. However, the amount of non-degradable protein in the rumen,
which will be available at the intestinal level, will also be greater. As this multiplication is slow, exclusive sources of bulky
feed rarely meet all the protein and energy requirements that animals need on a daily basis. Thus, supplementing animals
with sources of non-fibrous carbohydrates such as maize, wheat, barley, soy, among other grains and cereals used for
animals feeding is founds necessary (15).
Changes in the ruminal pH may propitiate the development of pathogenic microorganisms such as Escherichia coli, which
has high growth rates, multiplies rapidly, and suppress the development of other microbial groups. This microorganism
has high degree of pathogenicity, as it may sporulate and produce substances that cause animal metabolic disorders,
diarrhea, lack of appetite, hemorrhages and other problems; which can even contaminate the milk and meat of exposed
animals (16).

Chen et al (17) assessed ruminal parameters and the microbial population in beef steers fed on two diets, one based on
high-grain and another on high-bulky. They found that animals fed on diet consisting of high-grain showed subclinical
acidosis, ruminal pH below 5.0, as well as reduction in microbial groups fermenting of structural carbohydrates, decrease
of microbial diversity. On other hand, animals fed on the diet consisting of high proportion of the bulky, showed a ruminal
pH close to neutrality, from 5.89 to 6.40, and high development of cellulolytic and hemicellulolytic microorganisms.

Studying how microbial groups behave in the rumen, as function of different foods and proportions of B:C is essential for
better understanding of these processes, in order to achieve better results from the use of food by animals. With current
technological advances, studies using genetic analysis by PCR have been conducted aiming at assessing relationships
and development of ruminal microbiota, which usually differ from other studies on rumen microbiota based on cultural
methods. For PCR analysis, 16S rRNA and 18S rDNA subunits of ribonucleic acid (RNA) and deoxyribonucleic acid (DNA)
obtained from microorganisms present in the medium were extracted for further amplification using selected primer-pairs.
The cycling parameters for PCR amplification consisted of initial denaturation step, followed by denaturation, annealing,
initial extension and a final extension. PCR products were then compared with nitrogen bases from the database, which are
sufficiently similar to nitrogen bases of interest that likely share a common characteristic. Findings show that the molecular
biology may lead to advances on ruminal ecosystem studies, although this technique could not identify all microorganisms
that inhabit the rumen environment, since most of them are quite sensitive to conditions outside the rumen (18).
Ruminal parameters. The intensification of animal production systems led to an increased risk for metabolic disturbances
either for dairy or beef herds, resulting from the inclusion of high content of grains in the diet. The key factor for this
occurrence is the desire for intensification of the production system, searching for better production rates, which result
in imbalance between nutrients supply and production levels demanded by producers (19).
Studies show that the best environmental conditions for the development of ruminal microorganisms are temperature
at 39oC and ruminal pH around 6.7 (20,21,22). However, when these conditions are not met due to management errors,
for instance, the intake rate may reduce, and then the weight gain and milk production. In addition, changes in the milk
composition may occur, and mainly metabolism disorders, which have a direct effect in the production costs of the unity
and also causing losses to rural producers (22).
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The increase in the production leads gradually to the increase of cases of metabolic disorders, which are in some cases
described as metabolic diseases. Such disorders are characterized by biochemistry changes occurring in the urine, ruminal
fluid and blood, followed by the production reduction around 10 to 25% and the emergence of reproductive problems,
although animals may look apparently perfectly healthy. Thus, by knowing the processes that occur at the ruminal level
and how the rumen in different situations, as well as the composition of feeds, is essential for the identification of the limit
for adjustments in the feeding, without causing any damage to the animal (23).
The rumen-reticulum is the main compartment where the dietary digestion in ruminants occurs, as well as actions
performed by the most diverse and numerous microbial populations take place (1,24). During the intake of food by the
animal, the rumen receives the essential nutrients for microorganisms’ growth, which provide the animal with volatile
fatty acids (VFAs) originated from the fermentation of feed and releasing of substrate that will be used by ruminal
microorganisms. These microorganisms multiply in food, producing the microbial protein that will supply nutrients to
be used in the animal intestine, and will be source of substrate for other microorganisms in the rumen. Microorganisms
produce VFAs as the final fermentation products, which are usually absorbed in the rumen wall and used as energetic
source for ruminants (25).

Ruminal microorganisms are responsible for fermentation process and they require conditions that favor the ruminal dynamic.
The following parameters are commonly used to assess the ruminal functioning: pH, ruminal fluid, content of nitrogen in the
rumen, molar concentration, proportion of VFAs produced in the rumen, and the amount of microorganisms (19).
The assessment of the ruminal dynamic present in the diet promotes fermentation changes, characterizing requirements
of herds with possible changes made to the nutritional management system. The fermentation pattern is an indication of
the potential nutritional value that food would promote better performance. On other hand, the pH, content of ammonia
and VFAs produced and absorbed in the rumen are indicators of ruminal environment conditions, while estimates of the
intake and digestibility describe the efficiency in the utilization of the food (26).
Ruiz-Albarrán et al (21) assessed the effect of type of the silage on the ruminal metabolism of dairy cows, and they found
that the efficiency of the ruminal microbial protein improved as the supply of forage to animals increased. However, the
silage provided lesser effect on the production of milk and rumen fermentation.

Converging results were obtained by Zhu et al (22), who tested the effects of the products of fermentation with
Saccharomyces cerevisiae on the performance, the rumen fermentation and the ruminal microbiota of dairy cows fed on
a diet consisting of low quality of forage. These authors found that the supplementation with S. cerevisiae modified the
microbial population of the rumen for a greater nitrogen energetic efficiency of animals.

Ruminants with high productive potential are usually fed on energetic diets based on cereal, from which, the rapid
ruminal fermentation of starch and sugar may cause ruminal acidosis, a metabolic disorder that exists in both acute and
subacute forms (1,19). This acidosis occurs due to the decrease in pH as a result of accumulation of organic acids and
modification in the balance of rumen microorganisms, in which the growth of not acid-tolerant microorganisms stops
and, consequently, the microbial competition reduces, and environmental conditions become conducive only for acidtolerant microorganisms (24).

Benchaar et al (24) assessed the effect of the supplementation of dairy cows with increasing amount of linseed oil added
to the ration on the digestion, characteristics of ruminal fermentation and population of protozoa. They found that the
addition of 4% linseed oil may be safely made to forage-based diet for lactating cows for milk enrichment to the benefit
of the animal health, without causing any harmful effect on the digestion, rumen function.
Therefore, the assessment of ruminal parameters in experiments with animals is noteworthy, since understanding how
each parameter behaves in function of different feeding situations, may contribute to minimize or prevent metabolic
disorders to the animals.

Factors that affect the rumen pH. The rumen consists of a diversified microbial ecosystem, which transforms fibrous plant
material and non-protein nitrogen into products such as short-chain fatty acids and microbial protein (22). The rumen
epithelium absorbs VFAs, what is found to be essential to prevent the accumulation of H+ ions and the consequent reduction
in rumen pH. When animals are fed on diets containing high amount of non-fibrous carbohydrates without prior adaptation,
some physiological processes are activated, resulting in metabolic disorders such as ruminal acidosis (26).
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The ruminal pH is usually related to final fermentation products. Then, after the intake of food with rapid fermentation
rate and the digestion, the reduction of pH and consequent acidification of rumen may occur (24). This fermentation
process provides sources of organic acids such as acetic and propionic acids, which can be used by ruminants as sources
of energy, followed by the synthesis of non-beneficial products such as methane (24).

Thus, an adequate rumen buffering must occur to maintain levels of ruminal pH close to neutrality. In case of conventional
diets with no addition of ruminal manipulators, the important buffering agent used is the animal saliva, which has
satisfactory concentrations of bicarbonate and other minerals, preventing the rumen pH to reach values below 5.0 (27).
The pH of the ruminal fluid must range from 6.0 to 7.0 to allow rumen proteolytic activities to occur. However, the ideal
pH is 6.5 for most microorganisms, and its maintenance is important for maximum cellulolytic activities (21).

When the production rate of VFAs exceeds the absorption capacity of the ruminal epithelium, the accumulation of acids
in the rumen may occur, resulting in pH decreasing. This process promotes changes in the fermentation patterns of the
rumen microbial population, where the lactic acid, which has stronger acidity than other acids due to the high dissociation
constant, acts by further reducing the ruminal pH (19).
The assessment of the ruminal pH is important since it affects directly the characteristics of the animal diet. Then, changes
in this parameter may affect the growth rate of bacteria and protozoa (28). The stabilization of the pH is, in general,
attributed to the saliva, due to its buffering function. In addition, the ruminal mucosa has the ability to absorb acids
produced during the ruminal fermentation.
When the ruminal pH is below 6.0, changes in the production of microbial protein and VFAs may occur, leading to intake
decrease and lower synthesis of milk, as well as changes in its composition, which can lead to metabolic disturbances and
lower productive profitability (19,29).

Sun et al (23) studied the effect of Bacillus subtilis natto on milk production, ruminal fermentation and ruminal microbiota
of dairy cows, and found that the supplementation with B. subtilis natto increased the population of ruminal bacteria,
especially amylolytic, proteolytic and total bacteria, reduced the amount of protozoa and ruminal fermentation, and
increased the total concentration of VFAs.
The microbial growth in the rumen is intrinsically related to the animal digestive capacity, and influences the production of
VFAs and the flow of microbial protein to the small intestine. The microbial efficiency is usually assessed by the production
of microbial cells synthesized per unit of the substrate used. Factors that affect the microbial efficiency are the availability
and the synchronization between the energy and nitrogen compounds. The availability of ammoniacal nitrogen (NH3-N)
may be the factor that restricts the microbial growth in the rumen (30). Thus, the ratio bulky:concentrate in the diet
provided to animals has a direct effect on the pH, ammonia and VFAs in the rumen (Table 2).
Table 2. Ratios bulky:concentrate (B:C) and its effects on pH, ammonia and volatile fatty acids in bovines.
Acids (Total %)

Aptitude

B:C

pH

Ammonia
(mmol.mL-1)

Acetic

Butyric

Propionic

milk

80:20

6.5-6.7

6.6-9.5

65.5-67.6

10.7-12.6

17.4-18.0

(1)

beef

50:50

6.8-7.0

5.3-9.3

67.0-70.5

8.3-9.0

15.2-15.7

(2)

milk
milk

20:80
97:3

milk

60:40

beef

90:10

milk
beef

40:60
10:90

6.4-6.6
6.4-7.0
6.5-7.0
6.5-7.0
5.9-6.4
4.9-6.3

1.5-6.6
-
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65.6-67.3
69.6-70.4
69.8-70.0
70.0-70.9
49.6-58.3
49.6-49.9

10.7-13.7
8.9-9.5
9.4-9.6
9.1-9.6

7.5-19.2
7.1-7.5

17.0-18.5
17.7-18.2
18.1-18.3
17.3-17.8
17.5-36.7
36.7-38.1

Source

(1)
(3)
(3)
(3)

(17)

(17)
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The supply of nitrogen in the rumen, in addition to other essential nutrients, may limit the microbial fermentation.
The ruminal ammonia is an indicator of N-use efficiency by the animal, since around 60% to 80% of N absorbed by
microorganisms is from ammonia (15). The ruminal concentration of ammoniacal nitrogen (NH3-N) results from the
balance between its production and utilization by ruminal microorganisms (28).
Rumen microorganisms act in the degradation of protein sources, by producing NH3-N. The ruminal ammonia originates
from non-protein N in the diet, degradation of true protein and also from the recycling by saliva or diffusion through the
rumen wall. On other hand, its removal occurs by incorporation of microbial protein or ruminal absorption (22).

The NH3-N present in the rumen is assimilated by microorganisms through two main pathways, a follows: from the
glutamate dehydrogenase enzyme, and by glutamine synthetase and glutamate synthase enzymes. The first pathway
acts under high concentration of NH3-N without wasting energy, and the second prevails under low conditions of NH3-N;
however, with energy expenditure (27).

The subacute ruminal acidosis occurs in diets for ruminants either with low or high energy, and the digestible energy is
provided by highly fermentable carbohydrates, mainly at pH below 5.6 (21). A decrease in ruminal pH may also cause
changes in the production of VFAs, causing consumption decrease and resulting in low production of milk and low
weight gain. The ruminal pH is negatively related to the concentration of VFAs in the rumen, i.e., when the pH is high, the
absorption reduces and vice-versa (30).
Ratio bulky:concentrate and its influence on microbial concentration and final fermentation products. The feeding
supplementation influences directly the concentration of ammonia and the pH of the rumen fluid, favoring the microbial
population, which alters degradation mechanisms of the fibrous fraction of forage, as well as the synthesis of nutrients in
the rumen (14). Formulation of diets containing different levels of the concentrate modifies the rumen biochemistry and
show a direct effect regarding the consumption, contributing to satisfactory results in a feeding program (24).

The maximization of the efficiency of the microbial synthesis has been altered by manipulating the ratio bulky:concentrate,
which can affect the production regarding the microbial efficiency of the rumen, enhanced by the availability of the
substrate and ruminal pH (27).
There is no consensus regarding the best ratio bulky:concentrate, since some studies report that the higher microbial
efficiency was found at the ratio B:C = 80:20, while better results on the microbial production were found on diets
formulated at the ratio B:C = 38:62 (19).
Animals raised in tropical conditions occupy pasture systems during the most part of the year, systems in which variation
in growth and nutritional value of forages may occur, requiring an additional supply of nutrients to meet the energetic
requirement for animals (29). During seasons with forage scarcity, the management of the supply and supplementation
with concentrate or silage are common practices that determine the animal nutritional state (20).

The rumen pH is, among ruminal fermentation parameters, related with various processes that occur in the rumen. The
pH decrease affects negatively the dry matter intake, ruminal motility, degradation of the fibrous fraction and microbial
production; compromising the perfect functioning of the rumen and, consequently, affecting directly the animal health (25).
When lactating animals are fed on diets containing high proportion of grass silage, the concentration of protein in the milk
tends to reduce, probably due to the reduced energy intake or low retention of N from the silage, when compared with
diets consisting of concentrate feeds (21).

The effect of the application of fibrolytic enzymes in diets containing low and high levels of concentrate on the performance of
lactating dairy cows has studied (17). These authors found that the supply of fibrolytic enzymes did not affect the daily intake
of dry matter and production of milk. However, the availability of nutrients and the total concentration of VFAs increased.
Regarding milk production and digestibility of dry matter, they also found that the application of these enzymes on diets of
dairy cows with low concentrate content caused similar effects from those found for animals fed on diets containing high
concentrate. These benefits were likely due to the effect of the enzyme in the improvement of nutrients digestion.
There is a high variation on molar proportions of acetate:propionate:butyrate in the diet. Thus, when animals are fed on
diets rich in fibrous carbohydrates, the proportion 75:15:10 may be found, while the molar proportion 40:40:20 is found
when animals are fed on diets rich in non-fibrous carbohydrates; with the total VFAs varying from 60 to 150 nM.mL-1 of
the ruminal fluid (31).
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According to Foiklang et al (28), the importance of increasing the efficiency of nutrients use by ruminants encourages
studies to assess balanced diets, taking into account the existing relationships between ruminal microorganisms and
their hosts.

Therefore, there is a negative relationship between the ruminal concentration of VFAs and the rumen pH, due to the high
variation of diets effect in the removal and neutralization of rumen acids, which likely affects such relationship. Dijkstra et
al (32) studied the regulation of rumen pH and consequences of a low pH in the rumen. They found that the reduction of
ruminal pH is associated with the decrease in fibers degradation, as well as in the ratio acetate:propionate and methane
production. These authors also stated that increasing the supply of dietary proteins in the diet is found to be necessary,
to allow the obtaining of greater degradation rate of the fibrous fraction in feeds at low pH, thus increasing the production
of microbial proteins and volatile fatty acids.
In conclusions the study shows that the microbial population and final fermentation products of the rumen are totally
influenced by the diet provided to animals. The understanding of these processes may clearly elucidate how each of these
microbial successions occurs. It will also allow maximizing the animal productive efficiency by manipulating diets, to
generate practical recommendations for producers, for the optimization of nutrients use and maximization of the animal
production with greater use of these feeds and, consequently, improving the incomes for rural properties.
Funding

No public or private organization has provided funds to support this research and article.
Conflicts of interest

The authors declare no conflicts of interest.

REFERENCES
1.
2.
3.
4.
5.
6.
7.

Belanche A, Doreau M, Edwards JE, Moorby JM, Pinloche E, Newbold CJ. Shifts in the Rumen Microbiota Due to
the Type of Carbohydrate and Level of Protein Ingested by Dairy Cattle Are Associated with Changes in Rumen
Fermentation. J Nutr. 2012; 142(9):1684–1692. https://doi.org/10.3945/jn.112.159574
Bento CBP, Azevedo AC, Gomes DI, Batista ED, Rufino LMA, Detmann E, et al. Effect of protein supplementation
on ruminal parameters and microbial community fingerprint of Nellore steers fed tropical forages. Animal. 2016;
10(1):44–54. https://doi.org/10.1017/S1751731115001512
Chen Y, Penner GB, Li M, Oba M, Guan LL. Changes in Bacterial Diversity Associated with Epithelial Tissue in the Beef
Cow Rumen during the Transition to a High-Grain Diet. Appl Environ Microbiol. 2011; 77(16):5770–5781. https://
doi.org/10.1128/AEM.00375-11

Köche JC. Fundamentos de metodologia científica [Internet]. 1st ed. Matos APS, Silva JM da, Peretti L, Oleniki ML,
editors. Petrópolis: Editora Vozes; 2011. http://www.adm.ufrpe.br/sites/ww4.deinfo.ufrpe.br/files/Fundamentos_
de_Metodologia_Científica.pdf
Pereira AS, Shitsuka DM, Parreira FJ, Shitsuka R. Metodologia da Pesquisa Científica [Internet]. 1st ed. Educacional
N de T, editor. Santa Maria: Universidade Federal de Santa Maria; 2018. https://repositorio.ufsm.br/bitstream/
handle/1/15824/Lic_Computacao_Metodologia-Pesquisa-Cientifica.pdf?sequence=1
Khiaosa-ard R, Zebeli Q. Cattle’s variation in rumen ecology and metabolism and its contributions to feed efficiency.
Livest Sci. 2014; 162:66–75. https://doi.org/10.1016/j.livsci.2014.01.005

Henderson G, Cox F, Ganesh S, Jonker A, Young W, Janssen PH. Rumen microbial community composition varies with
diet and host, but a core microbiome is found across a wide geographical range. Sci Rep. 2015; 5(1):14567. https://
doi.org/10.1038/srep14567

Rev Colombiana Cienc Anim. Recia. 2022 enero-junio; 14(1):e886.
https://doi.org/10.24188/recia.v14.n1.2022.886

9/11

Macêdo et al - Effect of the diet on rumen fermentation

8.
9.

Hernandez-Sanabria E, Goonewardene LA, Wang Z, Durunna ON, Moore SS, Guan LL. Impact of feed efficiency and
diet on adaptive variations in the bacterial community in the rumen fluid of cattle. Appl Environ Microbiol. 2012;
78(4):1203–1214. https://doi.org/10.1128/AEM.05114-11
Ding G, Chang Y, Zhao L, Zhou Z, Ren L, Meng Q. Effect of Saccharomyces cerevisiae on alfalfa nutrient degradation
characteristics and rumen microbial populations of steers fed diets with different concentrate-to-forage ratios. J
Anim Sci Biotechnol. 2014; 5(1):24. https://doi.org/10.1186/2049-1891-5-24

10. Hernandez-Sanabria E, Goonewardene LA, Wang Z, Durunna ON, Moore SS, Guan LL. Impact of Feed Efficiency and
Diet on Adaptive Variations in the Bacterial Community in the Rumen Fluid of Cattle. Appl Environ Microbiol. 2012;
78(4):1203–1214. https://doi.org/10.1128/AEM.05114-11

11. Kittelmann S, Seedorf H, Walters WA, Clemente JC, Knight R, Gordon JI, et al. Simultaneous Amplicon Sequencing
to Explore Co-Occurrence Patterns of Bacterial, Archaeal and Eukaryotic Microorganisms in Rumen Microbial
Communities. PLoS One. 2013; 8(2):e47879. https://doi.org/10.1371/journal.pone.0047879

12. Kim M, Yu Z. Quantitative comparisons of select cultured and uncultured microbial populations in the rumen of
cattle fed different diets. J Anim Sci Biotechnol. 2012; 3(1):2–7. https://doi.org/10.1186/2049-1891-3-28

13. Huws SA, Lee MRF, Muetzel SM, Scott MB, Wallace RJ, Scollan ND. Forage type and fish oil cause shifts in rumen
bacterial diversity. FEMS Microbiol Ecol. 2010; 73(2):396–702. https://doi.org/10.1111/j.1574-6941.2010.00892.x
14. Lillis L, Boots B, Kenny DA, Petrie K, Boland TM, Clipson N, et al. The effect of dietary concentrate and soya oil
inclusion on microbial diversity in the rumen of cattle. J Appl Microbiol. 2011; 111(6):1426–1435. https://doi.
org/10.1111/j.1365-2672.2011.05154.x

15. Krause DO, Nagaraja TG, Wright ADG, Callaway TR. Board-invited review: Rumen microbiology: Leading the way in
microbial ecology 1,2. J Anim Sci. 2013; 91(1):331–341. https://doi.org/10.2527/jas.2012-5567

16. Mateos I, Ranilla MJ, Saro C, Carro MD. Shifts in microbial populations in Rusitec fermenters as affected by the type of
diet and impact of the method for estimating microbial growth (15N v. microbial DNA). Animal. 2017; 11(11):1939–
1948. https://doi.org/10.1017/S1751731117000878
17. Chen Y, Oba M, Guan LL. Variation of bacterial communities and expression of Toll-like receptor genes in the rumen
of steers differing in susceptibility to subacute ruminal acidosis. Vet Microbiol. 2012; 159(3–4):451–459. https://
doi.org/10.1016/j.vetmic.2012.04.032

18. Deng W, Xi D, Mao H, Wanapat M. The use of molecular techniques based on ribosomal RNA and DNA for rumen
microbial ecosystem studies: a review. Mol Biol Rep. 2008; 35(2):265–274. https://doi.org/10.1007/s11033-0079079-1

19. Aikman PC, Henning PH, Humphries DJ, Horn CH. Rumen pH and fermentation characteristics in dairy cows
supplemented with Megasphaera elsdenii NCIMB 41125 in early lactation. J Dairy Sci. 2011; 94(6):2840–2849.
https://doi.org/10.3168/jds.2010-3783
20. Arelovich HM, Amela MI, Martínez MF, Bravo RD, Torrea MB. Influence of different sources of zinc and protein
supplementation on digestion and rumen fermentation parameters in sheep consuming low-quality hay. Small
Rumin Res. 2014; 121(2–3):175–182. https://doi.org/10.1016/j.smallrumres.2014.08.005
21. Ruiz‐Albarrán M, Balocchi OA, Noro M, Wittwer F, Pulido RG. Effect of the type of silage on milk yield, intake and
rumen metabolism of dairy cows grazing swards with low herbage mass. Anim Sci J. 2016; 87(7):878–884. https://
doi.org/10.1111/asj.12513

22. Zhu W, Wei Z, Xu N, Yang F, Yoon I, Chung Y, et al. Effects of Saccharomyces cerevisiae fermentation products on
performance and rumen fermentation and microbiota in dairy cows fed a diet containing low quality forage. J Anim
Sci Biotechnol. 2017; 8(1):36. https://doi.org/10.1186/s40104-017-0167-3
Rev Colombiana Cienc Anim. Recia. 2022 enero-junio; 14(1):e886.
https://doi.org/10.24188/recia.v14.n1.2022.886

10/11

Macêdo et al - Effect of the diet on rumen fermentation

23. Sun P, Wang JQ, Deng LF. Effects of Bacillus subtilis natto on milk production, rumen fermentation and ruminal
microbiome of dairy cows. Animal. 2013; 7(2):216–222. https://doi.org/10.1017/S1751731112001188

24. Benchaar C, Romero-Pérez GA, Chouinard PY, Hassanat F, Eugene M, Petit H V., et al. Supplementation of
increasing amounts of linseed oil to dairy cows fed total mixed rations: Effects on digestion, ruminal fermentation
characteristics, protozoal populations, and milk fatty acid composition. J Dairy Sci. 2012; 95(8):4578–4590. https://
doi.org/10.3168/jds.2012-5455
25. Xie X, Wang J, Guan L, Liu J. Effect of changing forage on the dynamic variation in rumen fermentation in sheep. Anim
Sci J. 2018; 89(1):122–131. https://doi.org/10.1111/asj.12915

26. Kobayashi Y, Oh S, Myint H, Koike S. Use of Asian selected agricultural byproducts to modulate rumen microbes and
fermentation. J Anim Sci Biotechnol. 2016; 7(1):70. https://doi.org/10.1186/s40104-016-0126-4

27. Ueda K, Mitani T, Kondo S. Effect of increased concentrate allotment before evening grazing on herbage intake,
nitrogen utilization and rumen fermentation in dairy cows grazed on perennial ryegrass pasture. Anim Sci J. 2016;
87(10):1233–1243. https://doi.org/10.1111/asj.12576
28. Foiklang S, Wanapat M, Norrapoke T. In vitro rumen fermentation and digestibility of buffaloes as influenced by
grape pomace powder and urea treated rice straw supplementation. Anim Sci J. 2016; 87(3):370–377. https://doi.
org/10.1111/asj.12428

29. Benchaar C, McAllister TA, Petit H V., Chouinard PY. Whole flax seed and flax oil supplementation of dairy cows
fed high-forage or high-concentrate diets: Effects on digestion, ruminal fermentation characteristics, protozoal
populations and milk fatty acid profile. Anim Feed Sci Technol. 2014; 198:117–129. https://doi.org/10.1016/j.
anifeedsci.2014.10.003
30. Commun L, Mialon MM, Martin C, Baumont R, Veissier I. Risk of subacute ruminal acidosis in sheep with separate
access to forage and concentrate. J Anim Sci. 2009; 87(10):3372–3379. https://doi.org/10.2527/jas.2009-1968

31. Biswas AA, Lee S, Mamuad LL, Kim S, Choi Y, Lee C, et al. Effects of illite supplementation on in vitro and in vivo rumen
fermentation, microbial population and methane emission of Hanwoo steers fed high concentrate diets. Anim Sci J.
2018; 89(1):114–121. https://doi.org/10.1111/asj.12913
32. Dijkstra J, Ellis JL, Kebreab E, Strathe AB, López S, France J, et al. Ruminal pH regulation and nutritional consequences
of low pH. Anim Feed Sci Technol. 2012; 172(1–2):22–33. https://doi.org/10.1016/j.anifeedsci.2011.12.005

Rev Colombiana Cienc Anim. Recia. 2022 enero-junio; 14(1):e886.
https://doi.org/10.24188/recia.v14.n1.2022.886

11/11

