
Efficiency and Variation in Efficiency of Microbial
Protein Synthesis

Daily microbial protein synthesis is different from the
efficiency of microbial protein synthesis. Daily microbial
protein synthesis is the product of the efficiency of
microbial protein synthesis (1), which usually is defined
as grams of microbial crude protein (MCP)/ kilogram or
100 grams of organic matter (OM) digested in the
rumen (1, 2).

Because a major energy source of OM is carbohydrate
for microbial protein synthesis, some researchers have
suggested that it would be more appropriate if the
efficiency of microbial protein synthesis is expressed as a
function of carbohydrate digested rather than OM
digested in the rumen (3).

The efficiency of microbial protein synthesis greatly
differs in animals fed different diets, even within similar

diets. The average efficiency of microbial protein
synthesis is 13.0, ranging from 7.5 to 24.3 for forage
based diets (based on 34 studies); 17.6, ranging from
9.1 to 27.9 for forage-concentrate mix diets (based on
36 studies), and 13.2, ranging form 7.0 to 23.7 g MCP/
100 g for concentrate diets (based on 14 studies) of OM
truly digested in the rumen. Overall, the average
efficiency of microbial protein synthesis is 14.8, ranging
from 7.0 to 27.9 g MCP/100 g of OM truly digested in
the rumen. The efficiency of microbial protein synthesis
was predicted to be around 13 g MCP/100 g of total
digestible nutrient (TDN) for beef cows (4, 5). Hoover
and Stokes (1) proposed that sources of carbohydrates,
such as different ratios of structural to nonstructural
carbohydrates, would have little effects on the efficiency
of microbial protein synthesis. On the other hand, the
rate of digestion of carbohydrates would have greater
impact on the efficiency of microbial protein synthesis. It
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Abstract: The effects of some dietary factors, other than source and amount of N and carbohydrate, on the amount and efficiency
of microbial protein synthesis are discussed in this review. Specifically, these factors include dry matter intake of animals,
forage:concentrate ratio of diets, rate of N and carbohydrate degradation, synchronized release of N and energy from diets, rate of
passage, and other factors, such as vitamins and minerals. It seemed that diets containing a mixture of forages and concentrates
increase the efficiency of microbial protein synthesis because of an improved rumen environment for the growth of more diverse
bacteria species.   
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Kimi Diyetsel Faktörlerin Rumen Mikrobiyal Protein Sentezi Üzerine Etkileri

Özet: Bu derlemede, N ve karbonhirat kayna¤› ve miktar› d›fl›nda, mikrobiyel protein sentez miktar› ve etkinli¤ini etkileyen kimi
diyetsel faktörler tart›fl›lm›flt›r.  Spesifik olarak bu faktörler, hayvanlar›n yem tüketimi, rasyonlar›n kaba:konsantre yem oranlar›,
rasyon N ve karbonhidrat y›k›l›m h›z›, rasyonlar›n N ve enejilerinin mikrobiyel protein sentezi için senkronizasyon durumu, rumen
içeri¤inin rumeni terk etme h›z› ve vitamin-mineral gibi di¤er diyetsel faktörlerden oluflmaktad›r. Mikrobiyel protein sentez
etkinli¤inin kaba-konsantre yem kar›fl›m› içeren rasyonlar› tüketen hayvanlarda, daha fazla bakteri türünün üreyebilmesi için uygun
rumen ortam›n›n sa¤lanmas›na ba¤l› olarak artt›¤› yönünde bir izlenim ortaya ç›kmaktad›r.

Anahtar Sözcükler: Mikrobiyel Protein Sentezi, Yem Tüketimi, Rumen ‹çeri¤inin Rumeni Terk H›z›



is well known that the rapid digestion of nonstructural
carbohydrate results in reduced ruminal pH. The
efficiency of microbial protein synthesis is reported to be
low in animals fed high-concentrate diets because of
reduced ruminal pH (5). The efficiency of microbial
protein synthesis is also low in low-quality forages
because of slow carbohydrate digestion, as well as the
slow rate of particulate and liquid dilution turnover (5).
In addition to slow carbohydrate degradation, in situ data
showed that the ratio of degraded nitrogen (N) to OM in
the rumen greatly varied in the rumen in times after
feeding (6). The values (10 to 70 g N/kg of OM) were
below and above the optimal value for microbial protein
synthesis (30 to 40 g N/kg of OM), indicating periods of
both severe undersupply and oversupply of N moieties in
relation to energy availability, which may severely
compromise optimal microbial metabolism and efficiency.
The limitation associated with the efficiency of microbial
protein synthesis with low- and high-fiber diets seems to
be reduced when forage-concentrate mix diets were fed
to animals (7). Forage supplies readily degradable protein
and concentrate provides soluble carbohydrate at the
initiation of feeding. This is reversed in later phases of
feeding so that rumen microbes have enough substrate at
all times (8).

In addition to N and carbohydrate, there are several
factors which may influence the amount and efficiency of
microbial protein synthesis, as discussed above. These
factors include intake (9, 10), forage:concentrate ratio of
a diet (11), rate of N and carbohydrate degradation (12),
synchronization (13, 14), passage rates (15, 16), and
other dietary factors.

Effects of Dry Matter Intake on Microbial Protein
Synthesis and Efficiency

Data from the literature indicate that there is a strong
positive correlation between DM intake (DMI) and
microbial growth (7, 9, 10). Although increasing the level
of intake decreased the percentage of organic matter
digested in the rumen, the total amount of OM digested
in the rumen increased. Therefore, more nutrients were
supplied for microbial growth (9, 10). Djouvinov et al.
(10) found that increasing DMI with the addition of straw
to barley-based diets significantly increased microbial
protein synthesis in the rumen in one experiment, but did

not significantly change the efficiency of microbial protein
synthesis. In a second experiment, the addition of
polyvinylchloride (PVC) to provide ballast to increase dry
matter intake of diets containing ground barley and
dehydrated alfalfa increased DMI. Furthermore, the
efficiency of microbial protein synthesis linearly increased
with increasing levels of DMI (r2=.99). The different
effects of DMI on the efficiency of microbial growth
between the two experiments was probably related to the
extent of changes in DMI. Dry matter intake increased by
33 and 44% in the first and second experiments,
resulting in 60% and 120% increases in solid turnover
rates, respectively, increasing microbial protein synthesis
by 19 to 36% and 34 to 42%, respectively.

Similarly, Gomes et al. (7) discovered that the
supplementation of straw diets with starch linearly
increased the amounts of OM digested and solid and liquid
outflow rates. Therefore, increasing the level of starch
linearly increased microbial yields, resulting in a strong
correlation between the digestible organic matter intake
(OMI) and the microbial protein synthesis (r2=0.89).
Clark et al. (9) also demonstrated that microbial protein
synthesis was positively correlated with OMI (r2=.69). 

The increase in microbial protein synthesis with
increased feed intake is probably the result of the
increased passage rate. The increased passage of
microbial protein to the small intestine occurred as a
result of the increased passage of both fluids and solids
with increased intake (7, 10). A higher dilution rate
reduced the retention time of bacteria in the rumen and,
therefore, reduced the maintenance energy requirement
and increased the available energy for growth (17). The
faster rate of growth coupled with the faster passage of
microbes to the small intestine may reduce the recycling
of energy and N within the rumen because of decreased
cell lysis (9). 

As intake of high-fiber diets increases, the neutrol
detergent fiber (NDF) turnover rate increases while the
ratio of bacterial OM to NDF in rumen ingesta is reduced.
This suggests that as intake increases, there is a greater
flow of particles from the rumen that are at an earlier
stage of digestion with fewer attached microbes. Thus,
microbial recycling is reduced concomitant with the
increased rate of feed OM flow leading to increased
microbial yield (18). 
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Effects of Forage: Concentrate Ratio of Diet on
Microbial Protein Synthesis and Efficiency 

As indicated earlier, the average efficiency of microbial
protein synthesis was higher in forage-concentrate mix
diets than for all-forage diets. Synthesis of microbial
protein is improved by varying the source and
degradability of energy incorporated into the diet (14). In
contrast to results of Salter et al. (19), several studies
have reported increased utilization of ruminal ammonia
nitrogen for microbial protein synthesis when diets
contained readily digestible carbohydrates rather than
starch in high-fiber diets (20). The difference between
these studies (19, 20) could be the varying carbohydrate
and nitrogen sources in the diets. As proposed by Hoover
and Stokes (1), the rate of carbohydrate digestion in diets
and the synchronization of this rate with that of N release
has an impact on microbial protein synthesis. Huber and
Kung (21) reported that the major factor limiting the
utilization of non-protein N (NPN) was a source of readily
available energy. Microbial N synthesis was highest when
highly ruminally available nonstructural carbohydrates
were combined with highly ruminally available proteins,
and lowest when highly ruminally available nonstructural
carbohydrate were combined with poorly ruminally
available protein. This situation would suggest that N
utilization for forages having high readily degradable
protein (RDP) will improve microbial growth when
forages are supplemented with ruminally available
nonstructural carbohydrates (21). 

Czerkawski et al. (11) reported that sheep fed a diet
composed of a mixture of hay and concentrate had
greater microbial growth in the rumen compared to those
fed concentrate and hay separately. The increase in
microbial growth may have resulted from a better non-
protein nitrogen to protein ratio in the mixed diet because
the concentration of NPN is generally higher in forages
than in concentrates. While forages may supply N as
highly degradable protein or non-protein N, concentrates
may slowly supply N mainly as peptides and/or amino
acids needed for microbial protein synthesis (8). It could
also be caused by better utilization of amino acids and
peptides in the mixed diet.

The effect of readily fermentable carbohydrate
supplementation on the efficiency of microbial protein
synthesis is dependent on the level of supplementation.
Efficiency tends to be increased when readily fermentable
carbohydrate is supplemented at less than 30% of the

total diet, but decreased when the supplementation level
is greater than 70% (22). The decrease in efficiency of
microbial protein passage to the small intestine when
diets containing more than 70% concentrate are fed may
occur because of a rapid rate of nonstructural
carbohydrate degradation, resulting in an uncoupled
fermentation (17). Uncoupled fermentation occurs
because energy is released much faster than it is captured
and utilized by the ruminal bacteria (9). Adding forage or
structural carbohydrate to a diet that is high in
concentrate may allow ruminal bacteria to utilize the
energy for growth more efficiently as energy is released
in a more uniform pattern throughout the day (8).
Furthermore, as the proportion of forage increases in
dietary dry matter, there is greater saliva flow, a higher
ruminal pH, improved cation exchange capacity, improved
hydration, improved mat formation, leading to decreased
retention times, and greater microbial growth as
microbial generation times are reduced (18).

Effects of Rate of N and Carbohydrate Degradation
on Microbial Protein Synthesis and Efficiency

Although the crude protein content of many practical
diets may be greater than the 11% CP required to
support optimal microbial growth, the resistance of
proteins to microbial degradation may limit microbial
protein synthesis (2).

It seems that proteins which have lower rates of
ruminal degradation tend to improve the efficiency of
microbial protein synthesis, probably because of the
better capture of released N by rumen microbes.
Broderick (23) reported that heating legume forages
increased microbial N flow to the duodenum from 11 to
15 g/kg OMD. Forage heating significantly decreased the
rate of N disappearance from Dacron bags incubated in
the rumen of steers (24, 25). Makkar et al. (12) indicated
that the efficiency of microbial protein synthesis was
greater in forages containing saponin and tannins, which
reduce ruminal N degradability.

The readily degradable fraction of protein is higher in
forages than in grains. Approximately 40% of protein in
fresh alfalfa is soluble in the rumen environment (24).
The solubility of the protein in corn grain was lower than
in alfalfa (26). Therefore, while 2.0 g of available N per
100 g digestible organic matter has been reported to be
required for optimal microbial growth for animals fed
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forages, the level of degradable N in grains may limit
microbial protein synthesis when supplemented at this
level. Research indicates that more than 2.0 g of available
N per 100 g digestible organic matter is required for
optimal microbial growth in feedstuffs like grains which
are resistant to ruminal microbial degradation (2).

The primary function of the microbial carbohydrate
metabolism is to release the ATP required for microbial
growth. Thus, patterns and rates of microbial nitrogen
metabolism are dependent upon the rates of
carbohydrate fermentation (1). Baldwin and Denham (8)
divided carbohydrates into three groups according to
their solubility in the rumen environment. These groups
included: soluble carbohydrates, such as soluble sugars
and organic acids; carbohydrates with intermediate
solubility, such as starch and pectin; and insoluble
carbohydrates, such as cellulose and hemicellulose.
Fermentation rates of soluble sugars and starches are
very high up to 2 h postfeeding, but decrease almost
completely approximately 4 h postfeeding. Soluble sugars
and starch provide higher levels of ATP than structural
carbohydrate up to 4 h postfeeding, but they provide
almost no ATP for microbial growth after 4 h
postfeeding. Approximately 3 to 4 h postfeeding,
cellulose and hemicellulose degradation start and continue
for a long period (up to 96 h) postfeeding, providing ATP
for later microbial growth (8). Therefore, feeding a
mixture of forage and concentrate resulted in greater
microbial protein synthesis compared to feeding only
concentrate or forage (11).

Effects of Synchronization on Microbial Protein
Synthesis and Efficiency

Matching the release of ammonia-N from dietary
protein with the release of usable energy may improve N
utilization (27). Sinclair et al. (14) found that wheat
straw and barley diets containing rapeseed meal as a slow
release N source, or urea as a rapid release N source,
contained equal amounts of rumen degradable protein
and OM truly degraded in the rumen. The efficiency of
microbial protein synthesis, however, was 11 to 20%
greater in sheep fed a diet supplemented with rapeseed
meal than with urea. This increase in efficiency of
microbial protein synthesis in sheep fed the rapeseed
supplemented diet may have resulted from a lower rate
of N and carbohydrate release and the better capture of
these nutrients by rumen microbes. Similarly,

synchronization for rapid fermentation with highly
degradable starch and protein sources stimulated greater
microbial protein flow to the duodenum when compared
to diets with unsynchronized N and energy release (28).
In contrast, the degree of energy and N synchronization,
as controlled by intraruminal infusion, affected neither
the duodenal microbial flow nor the efficiency of
microbial protein synthesis in cattle (29). However,
ammonia-N levels throughout a 24-hour period were
high enough to support maximum microbial growth when
urea was fed once a day (27).

Spreading the urea dosage throughout the day had no
effect on N capture efficiency by ruminal bacteria when
starch was used as the energy source (27). Salter et al.
(19) also reported that spreading the dosages of urea and
glucose to synchronize nitrogen and energy supplied to
steers consuming a wheat straw-based diet had no effect
on microbial N-capture efficiency. Henning et al. (29)
concluded that merely improving the degree of
synchronization between energy and N release rates in
the rumen did not increase microbial yield. However, in
their studies urea was used as the nitrogen source, and
therefore, utilized amino acid and/or peptides might have
limited ruminal microbial protein synthesis. In order to
increase microbial yield, it seems that the manipulation of
energy and N fermentation in the rumen should first be
aimed at obtaining the most even ruminal energy supply
pattern possible within a particular dietary regimen. The
second goal is to supply the total daily amount of
ruminally available N sufficient for use of the total
amount of energy expected to be released in the rumen
per day.

Effects of Passage Rate on Microbial Protein
Synthesis and Efficiency

Microbes leave the rumen in either a liquid or solid
phase of the digesta. Therefore, it is logical to assume
that changes in the rate of solid or liquid passage would
affect the amount of microbial protein flow to the
duodenum. Cell yield efficiency increases as the dilution
rate increases (2). The fundamental principle is that the
mean age of the ruminal microbial population is
decreased at higher dilution rates. At high ruminal
dilution rates, values of 20-45 g cell/100 g carbohydrate
fermentation have been reported (30). Theoretically, the
ideal situation for each species of microbes to achieve
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maximum yield, would be an outflow rate equal to the
division time of that species. Such a condition would
ensure that a minimum amount of energy is used to
maintain the microbial population. However, this
condition is impossible to achieve because different
species divide at different rates in different nutritional
environments (31).

It has been reported that at least 50% of the
microbes leaving the rumen are associated with feed
particles (18). However, this proportion could be diet
dependent. While the majority of carbohydrates come
from starch in high concentrate diets, fiber is the major
source of carbohydrate in high forage diets. Therefore,
while the rate of liquid passage may play an important
role in high concentrate diets, the rate of solid passage
could be more important in high forage diets. Cole et al.
(15) reported that the efficiency of microbial protein
synthesis was linearly (r2=.85) correlated with the
liquid dilution rate in high concentrate diets, but Rode
et al. (16) found that efficiency was linearly (r2=.77)
correlated with particulate turnover rate with high fiber
diets.

Other Dietary Factors Affecting Microbial Protein
Synthesis and Efficiency 

In addition to N and carbohydrate supply, microbial
yield is affected by the concentrations of trace minerals
and vitamins (18). Dietary sulfur concentration has been
found to affect microbial growth (18). The amount of
sulfur required by rumen microorganisms for synthesis of
methionine and cysteine ranges from .11 to .20% of the
total diet, depending on the status of the cattle (32).
Limited intake of sulfur may restrict microbial protein
synthesis when large amounts of non-protein nitrogen
are fed to ruminant animals, such as urea (18).
Phosphorus is another mineral required for the synthesis
of ATP and protein by rumen microbes (2). Microbial
protein synthesis can be limited by an insufficient supply
of P for microbial growth (2).

Summary

Dietary CP in ruminant diets serves as a source of
metabolizable protein to the ruminant by providing both
ruminal degraded protein for microbial protein synthesis
and ruminal undegraded protein. 

Microbial protein synthesis is dependent upon suitable
N and carbohydrate sources. Even though trace minerals
and vitamins are adequate for maximal microbial protein
synthesis in many feeding conditions, microbial protein
synthesis could be limited by inadequate trace minerals
and vitamins, in some cases. Data reviewed from the
literature indicated that calculating the protein
requirement of ruminant animals based on dietary CP is
not adequate. As indicated earlier, protein sources, which
are low in degradable intake protein (DIP) may limit the
microbial protein synthesis when calculated to meet
animal requirements based on dietary CP. In order to
obtain maximal microbial protein synthesis, the nitrogen
requirement of the rumen bacteria has to be met first.
Nitrogen sources also must include amino acids and
peptides in addition to NPN.

Diets containing a mixture of forages and
concentrates increase microbial protein synthesis because
of improved synchronization of nutrient release, an
improved ruminal environment for more diverse ruminal
bacteria species, increased amounts and types of
substrates, increased intake and, subsequently, increased
rates of solid and liquid passage.

Although the majority of differences in the efficiency
of microbial protein synthesis have been from the diets
used, some of the differences have, unfortunately, been
caused by the techniques used and assumptions made.
Many different markers have been used to determine the
microbial N flow to the duodenum. Different estimates
among the markers have been shown. Even though none
of the markers are perfect, the use of bacterial purines
has been recommended by Stern et al. (33). Caution
should also be taken when we make assumptions about
the composition of rumen microbes because the
composition of microbes may vary greatly (34). 
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