
Introduction

Microbial protein synthesis is important in ruminants
because microbial protein synthesized in the rumen
provides from 50% to nearly all amino acids required for
beef cattle depending on the undegraded crude protein
concentration of the diet (1). Synthesis of microbial
protein and growth of ruminal microbes depend on
adequate energy (ATP), resulting from fermentation of
organic matter in the rumen, and N resulting from
degradation of non-protein and protein nitrogen sources
(2). Other nutrients such as sulfur, phosphorus, and
other minerals and vitamins are also required for
microbial protein synthesis (3). Not only the quantity of
nutrients, but also simultaneous ruminal degradation and
utilization of dietary carbohydrates and protein are
necessary for optimal microbial growth and protein

synthesis (4). The Figure shows the various nutrients
required for microbial growth (5).

Dietary crude protein (CP) consumed by ruminants
can be divided into ruminally degradable (RDP) and
undegradable (UDP) (6). As the RDP fraction of dietary
CP enters the rumen, it is extensively degraded into
peptides and, subsequently, amino acids and ammonia
(7). Ruminal ammonia-N is the major nitrogen source
used for protein synthesis by ruminal bacterial species.
However, in addition to ruminal ammonia-N, many of the
bacterial and protozoan species also require either
preformed amino acids or peptides for optimal growth
(8). Many studies have indicated that the addition of
amino acids and/or peptides in the rumen environment
has significantly increased microbial growth (9-12).
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Abstract: The objective of this review was to discuss microbial protein synthesis and the effects of sources and concentrations of
nitrogen and carbohydrate on microbial protein synthesis.  Even though ammonia-N is a satisfactory source of nitrogen for the
growth of the majority of rumen microbes, substitution of intact protein for urea usually stimulates ruminal microbial protein
synthesis.  While protein sources high in degradable intake protein (DIP), such as soybean meal, appear to have properties that
optimize microbial protein synthesis, protein sources low in DIP, such as fish meal, appear to limit microbial protein synthesis
apparantly because of the low ruminal digestibility of fish meal.  Similarly, a mixture of structural and non-structural carbohydrate
sources is necessary for maximal microbial protein synthesis in the rumen.
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Azot ve Karbonditrat Kayna¤› ve Miktar›n›n Rumen Mikrobiyal Protein Sentezi Üzerine Etkisi

Özet: Bu derleme de, rasyondaki azot ve karbonhidrat kaynaklar› ile miktarlar›n›n mikrobiyel protein sentezi üzerine etkileri
incelenmifltir. Amonyak azotu rumen mikroorganizmalar›n›n ço¤unlu¤u için yeterli azot kayna¤› oluflturmas›na ra¤men, rasyonlarda
üre yerine gerçek proteinlerin kullan›ld›¤› durumlarda, mikrobiyel protein sentezinin genel olarak stimüle edildi¤i bildirilmektedir.
Soya küspesi gibi rumende y›k›mlanabilir protein (DIP) bak›m›ndan zengin yemler mikrobiyel protein sentezini optimize ederken,
bal›k unu gibi DIP yönünden fakir yemler düflük rumen y›k›l›m›ndan dolay›, mikrobiyel protein sentezini s›n›rland›rmaktad›r. Benzer
flekilde, maksimum mikrobiyel protein sentezi için yap›sal ve yap›sal olmayan karbonhidratlar›n oluflturdu¤u bir kar›fl›ma ihtiyaç
duyulmaktad›r.
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The energy requirement of microbes is provided by
fermentation of the carbon skeleton of amino acids or
carbohydrates by microbial enzymes. The ATP generated
via protein fermentation is not adequate for optimal
microbial growth (5,13). Therefore, most of the energy
required for optimal microbial growth is provided by
fermentation of carbohydrates in the rumen (11,13). 

Factors Affecting Microbial Protein Synthesis and
Efficiency

Numerous studies have been conducted to determine
microbial protein synthesis in the rumen under various
conditions (2,6,10,14- 21).

The efficiency of microbial protein synthesis varies
significantly among studies. Some of these variations
were attributed to the techniques used in these

experiments. But there are other factors that caused
differences in microbial protein synthesis among the
studies (22). These factors include nitrogen
concentrations, nitrogen sources, rates of nitrogen and
carbohydrate degradation, carbohydrate sources, the
ratio of forage to concentrate in the diets, dry matter
intake, synchronization of nitrogen and simultaneous
release of energy. Other factors such as rates of solid and
liquid passage and dietary sulfur concentrations must also
be considered (23,24)

The Effects of Nitrogen on Microbial Protein
Synthesis and Efficiency

Concentrations. Ruminal microbial protein synthesis
requires an adequate supply of nitrogen to achieve
maximum efficiency (25). When the nitrogen
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Figure: Nitrogen metabolism and microbial protein synthesis in ruminant animals. Adapted from Nocek et al. (5).



concentration is insufficient for optimal growth,
uncoupled fermentation may occur, resulting in
fermentation without efficient ATP use (26). In order to
obtain maximum microbial growth, energy and nitrogen
availability must be balanced (27).

Several researchers have observed that increasing CP
concentrations in basal diets increased microbial protein
synthesis. An infusion of urea at 22 g/d into the rumen of
sheep fed a ryegrass hay and rolled maize diet containing
7.3% CP improved microbial protein synthesis (28).
Galgal et al. (29) also reported that copra expeller pellet
supplementation at 0.5 or 1.0% of body weight of low
quality pangola grass hay increased total N intake.
Efficiencies of microbial protein synthesis were 15.7,
21.3, and 26.0 g of N/kg true organic matter digested in
the rumen of sheep fed the control diet or diets with
0.5% and 1.0% copra expeller pellet supplementation,
respectively. Cows fed whole barley supplemented with
urea at 0.14 kg/d or soybean meal at 2.4 kg/d had a
higher fiber digestibility and a greater efficiency of
microbial protein synthesis than with unsupplemented
control diet (30).

Studies from the literature have indicated that
concentrations of 11 to 13% CP in diets were adequate
to obtain optimal microbial protein synthesis (9,31).
When sheep were fed semi-purified, protein-free diets
containing urea as the N source, the efficiency of
microbial protein synthesis was improved when the urea
concentration was increased from 0.95 to 1.82%. No
further increases in microbial growth were observed
when the N level was increased to 3.29%. It was
concluded from this study that microbial protein synthesis
was depressed when dietary CP level was below 11% (9).
Satter and Roffler (31) reported that two percentage
units of higher dietary nitrogen concentrations were
required for maximal microbial growth in cattle
compared to sheep. Therefore, it has been suggested that
microbial growth will peak when dairy diets contain
approximately 12 to 13% CP.

The optimal concentrations of ruminal ammonia-N
required to maximize microbial protein synthesis are
controversial, but 5 mg/dL of ammonia-N maximized
microbial protein synthesis in vitro (15). The microbial
growth was limited at ruminal ammonia concentrations
closer to 2 mg ammonia-N/dL; however, excessive levels
of ammonia-N up to 80 mg/dL did not increase microbial
growth. Under in vitro conditions, ammonia-N started to

accumulate when dietary nitrogen concentrations
equivalent to 110-140 g CP/kg diet (DM basis) were
added to the fermenters (15). Even under favorable
conditions for microbial growth, the capture of ammonia-
N for microbial protein synthesis was far from complete
(16). Even though 5 mg ammonia-N/dL was found to be
adequate for optimal microbial protein synthesis in the in
vitro study, it is logical to say that more than 5 mg
ammonia-N/dL may need to be supplied for maximal in
vivo microbial growth because while in vitro conditions
are usually static, in vivo conditions are usually dynamic.

After the optimal level of CP has been reached in
the diets, further increases in CP concentrations will not
improve microbial protein synthesis, but may increase
total amino acids to the small intestine because of escape
protein passage (32). Krop et al. (33) observed that
increasing the urea level in low quality forage diets did
not affect the microbial yield above a dietary CP level of
11.2%. The effect of increasing the urea level in the diets
from 8.5 to 11.2% CP was associated with increasing
ruminal ammonia-N concentrations from 3.7 to 22.2
mg/dL. Stern et al. (32) fed cows diets consisting of 50%
concentrate, 35% corn silage, and 15% alfalfa hay that
contained 13.1, 16.4, 20.4 or 22.9% CP by feeding
increasing amounts of corn gluten meal. Increased
amounts of CP increased the concentrations of ruminal
ammonia from 9.6 to 14.4 mg/dL, but did not change the
amounts of total bacterial amino acid entering the small
intestine. Therefore, additional dietary CP increased the
supply of total amino acids to the small intestine even
though microbial protein synthesis was not altered.

Source. As previously discussed, most ruminal
bacterial species use ammonia-N as the N source for
growth. Therefore, microbial growth can occur in the
rumen of animals fed semi-purified diets containing urea
as the only N source (34). In order to obtain maximal
efficiency of microbial protein synthesis in the rumen,
however, preformed amino acids and peptides are also
needed (35). 

Similar to other systems describing ruminal protein
metabolism, the metabolizable protein (MP) system
attempts to describe the degree to which dietary protein
is degraded in the rumen (RDP) and the amount that
leaves the rumen as undegradable protein (UDP), which
passes to the small intestine for digestion (1). The RDP
fraction is further categorized as either quickly
degradable protein (QDP) or slowly degradable protein
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(SDP) (6). The amount and rate of RDP degradation are
critical for microbial growth in the rumen because this
fraction provides the N necessary for microbial growth.
Microbial growth may be limited by the amount of
available N in the rumen, even though 11 to 13% CP is
provided in the diet if the RDP fractions of these diets are
low (21). In the United Kingdom’s MP system, QDP is
assumed to be incorporated into ruminal bacterial protein
with an efficiency of 80%. When energy is not limiting to
rumen microbes, the SDP fraction is considered to be
utilized within the rumen with an apparent efficiency of
100% (6).

Microbial protein synthesis responds better with some
N sources than others. Klusmeyer et al. (36) found that
daily microbial N flows into the duodenum were
numerically greater in cattle fed diets supplemented with
soybean meal compared to corn gluten meal in
isonitrogeneous diets. The difference in microbial protein
synthesis was apparently caused by a limitation of ruminal
ammonia-N in the corn gluten meal diets. Ruminal
ammonia-N concentrations were 2.5 and 1.9 mg/dL for
corn gluten meal diets containing 14.5 and 11% CP
compared to 10.5 and 5.4 mg/dL for SBM diets. Protein
sources such as blood meal or corn gluten meal, which
are high in undegradable intake protein (UIP), tended to
have lower microbial efficiency compared to protein
sources like sunflower meal, which had a high degradable
intake protein (DIP) content (37). Similarly, Waltz et al.
(38) found significantly higher efficiency of microbial
protein synthesis for cattle diets with high RDP than for
those fed diets of low RDP. Cows fed whole crop barley
with no supplement or supplemented with urea, soybean
meal or a mixture of urea and soybean meal consumed
1324, 1688, 1793, and 2157 g/d digestible CP,
respectively. Supplementation with the mixture of urea
and soybean meal resulted in the highest fiber
digestibility, and greater efficiency of microbial protein
synthesis than the unsupplemented diet. Because the
ruminal ammonia-N concentration of cattle fed the
unsupplemented diets was 6 mg/dL, the reduction in the
efficiency of microbial growth in the low protein diet may
have resulted from a lack of RDP (30). The data
suggested that supplemental energy may be synchronized
with ammonia and peptide production from forage
protein degradation, which in turn may have resulted in
greater microbial growth. Feeding high-quality forages or
soybean meal, containing proteins that are rapidly
degraded in the rumen, provides adequate N for the

utilization of rumen microbes; however, a shortage of
degradable N may also limit microbial protein synthesis in
the rumen, especially when diets containing high
concentrations of UIP are fed to animals (39).

Numerous studies have been conducted to evaluate
the effects of amino acids and peptides as non-ammonia-
N sources on microbial growth (9,11,35). In an in vitro
study, Jones et al. (35) found that production of
microbial CP and DM digestion were affected
quadratically by peptide addition, with the highest values
for each variable occurring in a diet containing 10%
peptides. It was suggested that in diets containing high
concentrations of nonstructural carbohydrates, excessive
peptides could depress protein digestion and ammonia
concentrations and, thereby, cause decreased OM
digestibility and microbial protein synthesis. Similarly,
Argyle and Baldwin (11) conducted an in vitro experiment
to determine which amino acids limited growth of mixed
ruminal bacteria. It was concluded that growth of mixed
bacteria was a linear function of carbohydrate fermented,
but was greatly stimulated by peptides and amino acids,
which acted as multiplying factors for microbial growth.
Moreover, bacterial affinity for peptides and amino acids
was high enough that these organisms used these
substrates very efficiently at the low levels normally
found in the rumen. Stimulation of microbial protein
synthesis was a general phenomenon that was more
dependent upon how many different amino acids were
available to bacteria in a given mixture than on specific
growth limiting amino acids.

Hume et al. (9) fed sheep with diets containing
nitrogen provided from urea, gelatin, casein and zein
resulting in the synthesis of 17.1 19.8, 23.3 and 22.5 g
microbial CP/100 g digestible organic matter,
respectively. The lower microbial protein synthesis when
urea was fed could have been caused by two reasons.
First, urea is completely degraded in the rumen within
two hours of feeding, resulting in peak ruminal ammonia-
N concentrations at one to three hours after feeding.
Although some ammonia-N was used for microbial
growth, much of the ammonia is either absorbed or
passed to the duodenum and lost in digestion (10).
Second, NPN sources did not supply the amino acids and
peptides required for optimal microbial growth (11).

Beever and Cottrill (6) indicated that optimal
microbial growth occurs only if the supply of nitrogenous
constituents for amino acids and protein synthesis is
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adequate. Growth rate is generally limited from
substrates supplying only ammonia. Both in vitro and in
vivo experimentation have established the importance of
performed AA if microbial yields are to be optimized.
When isolated soy protein was added to a continuous
culture system, less microbial growth was observed than
when amino acids, peptides and urea were used as N
sources (12). The reduced microbial yield when isolated
soy protein was used may have resulted from the lower
ruminal digestibility of soy protein than those of amino
acids, peptides and urea, thereby yielding less ammonia-
N for microbial growth. 

The Effects of Carbohydrates on Microbial Protein
Synthesis and Efficiency

Amount and Source of Carbohydrates. If N supply
is not limiting, then the yield of microbial protein is
considered to be energy dependent (6). Consideration of
the nutrients required to support microbial growth
indicates that the major source of energy used by ruminal
microorganisms is the monosaccharides, which are
derived from the ruminal catabolism of ingested soluble
and structural carbohydrates (6). A fermentable
carbohydrate that releases energy at the same rate as N
is released from dietary N source is also required for the
most efficient utilization of nutrients by rumen microbes
(4).

Gomes et al. (40) found that supplementation of
barley straw with 15.5 or 31.0% of a 1.2 to 1.0 mixture
of corn and barley increased microbial protein synthesis
from 12.8 to 14.1 and 17.5 g N/kg DOMI. This study
implied that with low quality straw, supplementation of
the diet with 31% concentrate increased both voluntary
intake and microbial protein synthesis per unit of DOMI,
apparently because of increased liquid and solid outflow
rates when starch was included in the diet.

The above studies have shown that the addition of
readily fermentable carbohydrates into the rumen
increases microbial growth. However, increasing the
energy level beyond an optimal level did not further
increase microbial growth. McAllan et al. (41) found that
cows fed two types of grass silage at two levels of
concentrates had similar ammonia-N concentrations, but
the efficiency of microbial protein synthesis was
significantly higher in early cut grass silage than late cut
grass silage. Because early cut grass silage had higher
ruminal digestion coefficients for neutral detergent fiber
(NDF) and acid detergent fiber (ADF), the greater

microbial protein synthesis may have resulted from
greater cell wall digestion in the rumen.

Data from the literature indicate that the type of
nonstructural carbohydrate also influences microbial
growth. Voigt et al. (42) found that steers fed barley,
ground maize or fresh potatoes as supplements for diets
containing grass meal and beet pulp had average
efficiencies of microbial protein synthesis in the rumen of
16.4 g N/kg organic matter truly fermented in the rumen
with a range of 10.6 to 21.4. Microbial efficiency was
highest when the ratio of nitrogen-free extract to crude
fiber in the diet was between 1.7 and 2.1 for barley, 1.8
for potatoes, and between 2.1 and 3.3 for maize as the
starch source. The amino acid composition of the
duodenal flow was also significantly influenced by the
starch source. In another study, greater microbial protein
passage was observed in cows fed barley compared to
cows fed corn at similar starch intakes (43). This greater
microbial protein synthesis was attributed to greater
starch and OM digestion in the rumen for barley diets. 

Starch is a more suitable energy source than glucose
for maximum capture of ammonia-N for microbial
synthesis (16). Replacing starch with glucose as the main
energy source for bacteria in continuous culture
fermentation caused a marked depression in the
proportion of dietary urea-N captured for microbial
growth. The growth of mixed ruminal bacteria is a linear
function of the amounts of carbohydrate fermented in the
rumen (11). However, Cecava et al. (18) did not see a
significant difference between the different energy
sources upon microbial growth. In that study, the
difference in the energy levels (2.24 vs 2.92 Mcal
metabolizable energy/kg DM) of the two diets may not
have been sufficient to observe significant results.

Conclusion

Data reviewed from the literature indicated that
calculating the protein requirement of ruminant based on
dietary CP is not adequate. As indicated earlier, protein
sources that are low in DIP may limit 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. Even though microbial
protein synthesis can occur in the rumen of animals fed
semi-purified diets containing urea as the only N source,
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nitrogen sources also must include amino acids and
peptides in addition to NPN to maintain optimal microbial
protein synthesis.

It seems that diets containing a mixture of structural
and non-structural carbohydrate sources increase
microbial protein synthesis and the efficiency of microbial
protein synthesis because of an improved ruminal
environment for more diverse ruminal bacteria species

and increased amounts and type of substrates, available
for microbial protein synthesis.

Therefore, if maximal microbial protein synthesis is
aimed, diets must include amino acids and peptides in
addition to NPN, and a mixture of structural and non-
structural carbohydrate sources is necessary in order to
obtain the maximal efficiency of microbial protein
synthesis in the rumen.

Effects of Source and Concentrations of Nitrogen and Carbohydrate on Ruminal Microbial Protein Synthesis

206

References

1. NRC. Nutrient Requirements of Beef Cattle (7th Ed.). National
Academy Press, Washington, DC. 1996.

2. Clark, J. H., T. H. Klusmeyer, and M. R. Cameron.: Microbial
protein synthesis and flow of nitrogen fractions to the duodenum
of dairy cows. J. Dairy Sci. 1992; 75: 2304-2323.

3. Sniffen, C. J., and P. H. Robinson.: Symposium: Protein and fiber
digestion, passage, and utilization in lactating cows. J. Dairy Sci.
1987; 70: 425-441.

4. Sinclair, L. A., P. C. Garnworthy, J. R. Newbold, and P. J. Buttery.:
Effect of synchronizing the rate of dietary energy and nitrogen in
diets with a similar carbohydrate composition on rumen
fermentation and microbial protein synthesis in sheep. J. Agric.
Sci. 1995; 124: 463-472.

5. Nocek, J. E., and J. B. Russell.: Protein and energy as an
integrated system. Relationship ruminal protein and carbohydrate
availability to microbial protein synthesis and milk production. J.
Dairy Sci. 1988; 71: 2070-2107.

6. Beever, D. E. and B. R. Cottrill.: Protein systems for feeding
ruminant livestock: A European Assesment. J. Dairy Sci. 1994;
77: 2031-2043.

7. Tamminga, S.: Protein degradation in the forestomachs of
ruminants. J. Anim. Sci. 1979; 49: 1615-1627.

8. Wallace, R. J.: Rumen proteolysis and its control. In: Rumen
Microbial Metabolism and Ruminant Digestion. Paris, INRA. pp.
131-150. 1991.

9. Hume, I. D., R. J. Moir, and M. Somers.: Synthesis of microbial
protein in the rumen. I. Influence of the level of nitrogen intake.
Australian J. Agr. Res. 1970; 25: 155-164.

10. Salter, D. N., K. Daneshvar and R. H. Smith.: The origin of nitrogen
incorporated into compound in the rumen bacteria of steers given
protein- and urea-containing diets. Br. J. Nutr. 1979; 41: 197-
209.

11. Argyle, J. L. and R. L. Baldwin.: Effects of amino acids and
peptides on rumen microbial growth yields. J. Dairy. Sci. 1989;
72: 2017-2027.

12. Grishwold, K. E., W. H. Hover, T. K. Miller, and W. V. Thayne.:
Effect of form of nitrogen on growth of ruminal microbes in
continuous culture. J. Anim. Sci. 1996; 74: 483-491.

13. Hespell, R. B. and M. P. Bryant.: Efficiency of rumen microbial
growth: Influence of some theoretical and experimental factors on
YATP. J. Dairy Sci. 1979; 49: 1640-1659.

14. Bergner, H.: ATP in the metabolism of ruminant. Arch. Anim. Nutr.
1991; 41: 65-674.

15. Satter, L. D. and L. L. Slyter.: Effect of ammonia concentration on
rumen microbial protein production in vitro. Br. J. Nutr. 1974; 32:
199-208.

16. Erfle, J. D., F. D. Sauer and S. Mahadevan.: Effect of ammonia
concentration on activity of enzymes of ammonia assimilation and
on synthesis of amino acids by mixed rumen bacteria in continuous
culture. J. Dairy Sci. 1977; 60: 1064-1072.

17. Salter, D. N., R. H. Smith and D. Hewitt.: Factor affecting capture
of dietary nitrogen by micro-organisms in the forestomachs of the
young steer. Experiments with [15N] urea. Br. J. Nutr. 1983; 50:
427-435.

18. Cecava, M. J., N. R. Merchen, L. C. Gay, and L. L. Berger.:
Composition of ruminal bacteria harvested from steers as
influenced by dietary energy level, feeding frequency, and isolation
techniques. J. Dairy. Sci. 1990; 73: 2480-2488.

19. De Visser, H., P. L. Van Der Togt, H. Huisert, and S. Tamminga.:
Structural and non-structural carbohydrates in concentrate
supplements of silage-based dairy cow rations. Rumen
degredation, fermentation and kinetics. Neth. J. Agric. Sci. 1992;
40: 431-445. 

20. Singh, B. and T. J. Klopfenstein.: Kinetics of microbial protein
production and in vitro digestibility of straw ammoniated and/or
supplemented with NPN and protein. Ind. J. Ani. Sci. 1994; 64:
867-872.

21. Ludden, P. A., and Cecava.: Supplemental protein sources for
steers fed corn-based diets: 1. Ruminal characteristics and
intestinal amino acid flows. J. Anim. Sci. 1995; 73: 1466-1475.

22. Cole, N. A., R. R. Johnson, F. N. Owens, and J. R. Males.:
Influence of roughage level and corn processing method on
microbial protein synthesis by beef steers. J. Anim. Sci. 1976; 43:
497-503.



M.A. KARSLI, J.R. RUSSELL

207

23. Rode, L. M., D. C. Weakley, and L. D. Satter.: Effect of forage
amount and particle size in diets of lactating dairy cows on site of
digestion and microbial protein synthesis. Can. J. Anim. Sci. 1985;
65: 101-111.

24. Hoover, W. H., and S. R. Stokes.: Balancing carbohydrates and
proteins for optimum rumen microbial yield. J. Dairy Sci. 1991;
74: 3630-3645.

25. Stern, M. D., G. A. Varga, J. H. Clark, J. L. Firkins, J. Huber, D. L.
Palmquist.: Symposium: Metabolic relationships in supply of
nutrients for milk protein synthesis. J. Dairy Sci. 1994; 77: 2762-
2786.

26. Polan, C. E.: Update: Dietary protein and microbial protein
contribution. J. Nutr. 1988; 118: 242-248.

27. Stern, M. D. and W. H. Hoover.: Methods for determining and
factors affecting rumen microbial protein synthesis: A review. J.
Anim. Sci. 1979; 49: 1590-1603.

28. Obitsu, T., K Taniguchi, and Y Yamatani.: Effects of ruminal
infusion rate of urea on digestion and nitrogen utilization in
ruminants. Ani. Sci. and Tech. 1992; 63: 277-285.

29. Galgal, K. K., N. P. McMeniman, and B. W. Norton.: Effect of
copra expeller pellet supplementation on the flow of nutrients from
the rumen of sheep fed low quality pangola grass. Small Rum. Res.
1994; 15: 1-39.

30. Weisbjerg, M. R., T. Hvelplund, and B. M. Bibby.: Nutrient
metabolism in the digestive tract of cows fed different amounts of
soybean meal or urea together with whole crop barley and
modelling of the rumen protein metabolism. Forskningsraport-fra-
Statens-Husdyrbrugsforsog. 1994; 27: 25-32.

31. Satter, L. D., and R. E. Roffler.: Influence of nitrogen and
carbohydrate inputs on rumen fermentation. In: Recent Advances
in Animal Nutrition. Butterworth Inc., Boston, MA. 1977.

32. Stern, M. D., L. M. Rode, R. W. Prange, R. H. Stauffacher, and L.
D. Satter.:  Ruminal protein degradation of corn gluten meal in
lactating dairy cattle fitted with  duodenal T-type cannulae. J.
Anim. Sci. 1978; 56: 194-201.

33. Krop, J. R., R. R. Jonhson, J. R. Males and F. N. Owens.:
Microbial protein synthesis with low quality roughage rations:
Level and source of nitrogen. J. Anim. Sci. 1977; 46: 844-854. 

34. Virtanen, A. I.: Milk production of cows on protein-free feed.
Science 1966; 153: 1603-1605.

35. Jones, F. D., W. H. Hoover, and T. K. Miller Webster.: Effects of
concentrations of peptides on microbial metabolism in continuous
culture. J. Anim. Sci. 1998; 76: 611-616.

36. Klusmeyer, T. H., R. D. McCarthy, Jr., and J. H. Clark.: Effects of
source and amount of protein on ruminal fermentation and
passage of nutrients to the small intestine of lactating cows. J.
Dairy Sci. 1990; 73: 3526-3537.

37. Erasmus, L. J., and P. M. Botha.: Effect of protein source on
ruminal fermentation and passage of amino acids to the small
intestine of lactating cows. J. Dairy Sci. 1994; 77: 3655-3665.

38. Waltz, D. M., M. D. Stern, and J. Illg.: Effect of ruminal protein
degradation of blood meal and feather meal on the intestinal amino
acid supply to lactating cows. J. Dairy Sci. 1989; 72: 1509-1608.

39. Maeng, W. J., and R. L. Baldwin.: Factors influencing the rumen
microbial growth rates and yields: Effect of urea and amino acids
over time. J. Dairy Sci. 1976; 59: 643-647.

40. Gomes, M. J., F. D. Hovell, and X. B. Chen.: The effect of starch
supplementation of straw on microbial protein supply in sheep.
Anim. Feed Sci. and Technol. 1994; 49: 277-286.

41. McAllan, A. B., J. D. Sutton, D. E. Beever, and D. J. Napper.:
Rumen fermentation characteristics and duodenal nutrient flow in
lactating dairy cows receiving two types of grass silage with two
levels of concentrates. Anim. Feed Sci. and Technol. 1994; 46:
227-235.

42. Voigt, J., W. Jentsch, U. Schonhusen, M. Beyer, and F.
Kreienbring.: Influence of starch sources barley, maize, potatoes
and their dietary proportions on nutrient digestibility and energy
utilization in ruminants. Arch. Anim. Nutr. 1993; 44: 369-376.

43. McCarthy, R. D., Jr., T. H. Klusmeyer, J. L. Vinici, and J. H. Clark.:
Effects of source of protein and carbohydrate on ruminal
fermentation and passage of nutrients  to the small intestine of
lactating cows. J. Dairy Sci. 1989; 72: 2002-2016.


