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The dairy industry is coming under increased pressure from federal and local governments and from 
public opinion to reduce its environmental impact.  Among the pollutants, nitrogen (N) excretion is a 
major concern.  Ammonia N released from manure during storage and land application combines 
with sulfur dioxide and nitrogen oxides in the air to form very small particles (less than 2.5 �m).  
These particles cause haze and contribute to lung problems and asthma in humans.  If manure is 
over-applied or applied to frozen or sloped land, N can migrate into surface waters and contribute to 
eutrophication, which can ultimately cause degradation of aquatic ecosystems and coastal hypoxia.  
Within the soil, manure N is converted to nitrate, nitrite, and nitrous oxide.  The former 2 can 
migrate into aquifers causing blood oxygen exchange problems in infants (methemoglobinemia).  
Nitrous oxide can escape to the atmosphere contributing to decreased stratospheric ozone 
concentrations and greenhouse warming.  In the latter case, it has greater than 300 times the 
greenhouse gas effect of carbon dioxide.  Nitrogen oxide, nitrogen dioxide, and sulfur dioxide 
(derived from the sulfur containing amino acids in undigested protein) that escapes to the air creates 
acid when dissolved in raindrops causing acid rain, which increases the acidity of soil and surface 
water (Wolfe and Patz, 2002). 

   
Protein, which is the source of the waste N and environmental pollution, is an expensive dietary 
nutrient (Table 1) representing approximately 42% of the cost of a lactating cow ration (St-Pierre, 
2012).  The reduction of dietary protein levels could potentially result in decreased demand for high 
protein ingredients, reduced price of those ingredients, and the diversion of acreage to higher 
yielding crops such as corn instead of growing oilseeds.  This would result in increased corn supply, 
which would cause a reduction in the cost of low protein ingredients as well. 
 
Table 1. Nutrient values based on central Ohio ingredient prices. From ST-Pierre and Knappa. 

Nutrient Sep., 2008 Aug., 2009 Oct., 2010 Sep., 2011 Sep., 2012 Nov., 2012 
NEL, $/mcal 0.145 0.103 0.121 0.166 0.194 0.115
MP, $/lb 0.292 0.466 0.277 0.280 0.498 0.636
neNDF, $/lb -0.195 -0.257 -0.072 -0.082 -0.121 -0.041
eNDF, $/lb -0.074 -0.045 -0.001 0.081 -0.011 0.059
a www.dairy.osu.edu/bdnews; MP=metabolizable protein, neNDF=non-effective NDF; 
eNDF=effective NDF. 
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In a survey carried out on 103 large scale dairies across the country (613 ± 46 cows; 34.5 ± 0.3 kg of 
milk per cow per day), nutritionists reported feeding diets with 17.8 ± 0.1 % crude protein (CP) 
(Caraviello et al., 2006).  A meta-analysis of 846 experimental diets found a similar mean CP 
content and conversion efficiencies for dietary and metabolizable N (based on NRC, 2001) to milk 
protein of 24.6 % and 42.6 %, respectively (Hristov et al., 2004).  Assuming the same dietary 
conditions (22.1 kg/d DMI and 17.8 % CP) over a 10 month lactation, the national herd of 9 million 
dairy cattle (Livestock, Dairy, and Poultry Outlook: August 2012, LDPM-218, Dairy Economic 
Research Service, USDA) would excrete 1.3 million metric tons (mmt) of N per year.  If a dietary 
protein conversion efficiency of 35% could be achieved with no change in milk protein output, 
excreted N would be reduced 39% to 0.51 mmt.  

 
Dietary protein is used to support microbial growth in the rumen.  The combination of microbial 
protein flow from the rumen and ruminally undegraded dietary protein (RUP), which represents the 
majority of the metabolizable protein (MP) supply to the animal, is used for maintenance and 
productive functions such as milk protein synthesis.  Several models, such as the NRC Nutrient 
Requirement models (NRC, 1989; 2001), estimate ruminal and animal N requirements, supply of 
ruminally degradable protein (RDP) and RUP, and are used in ration balancing software.  Because 
the NRC model is widely used, it is a primary determinant of protein use in dairy diets. 

 
Provision of less RDP than required by the microbes or the animal will result in reduced milk protein 
yield although it will increase N efficiency.  Increased N efficiency seems to be a positive effect.  
However, increased N efficiency will not necessarily result in efficiency gains at the national level.  
If one considers that a given amount of milk is required to meet consumer demand, a loss in 
production per cow will require that additional cows be milked.  The maintenance costs of those 
extra animals will quickly negate the apparent gains in efficiency per animal. 

 
Feeding protein in excess of requirements results in the use of the surplus protein for energy needs, 
increased N excretion, and decreased animal efficiency (Kalscheur et al., 2006).  Thus, it is 
important that animals be fed precisely at their requirements if maximal efficiency is to be achieved.  
The benefits of improved efficiency to the industry are reduced production costs associated with 
purchasing less dietary protein.  The benefit to society is the reduced environmental impact of 
generating food, e.g. milk. 
 

Ruminally Degradable Protein Requirements 
 
Ruminally degradable protein supply and requirement predictions by the NRC model (2001) 
represent our best estimates of current nutritional knowledge.  The degradation of dietary CP in the 
rumen is important as it supports microbial growth.  Inadequate RDP leads to reduced ruminal 
ammonia concentrations, which causes a depression in microbial growth and flow to the small 
intestine.  It also causes a reduction in fiber  degradation (Firkins et al., 1986) and reduced DMI 
(Allen, 2000).  However, the reduction in microbial flow does not always lead to a reduction in 
metabolizable protein available to the animal, as reductions in microbial N flow can be offset by 
increases in RUP flow (Santos et al., 1998).  If dietary protein is not degraded in the rumen, it is able 
to bypass microbial activity and flow into the small intestine.  Therefore, the loss in fiber digestion 
and intake is of greater significance as there is no capacity for fiber digestion in the small intestine 
and very little capacity in the large intestine.  If ruminal fiber digestion is inhibited or dry matter 
intake is reduced, the supply of energy to the animal will be reduced thereby reducing milk yield. 
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Evidence suggests that ruminants can remain productive at much lower N inputs than are currently 
recommended and used in practice (Christensen et al., 1994; Christensen et al., 1993).  The RDP 
requirements for dairy cows generally range from 9.5 to 10.5% of dietary DM depending on diet, 
animal characteristics, and production level.  Recommendations for RDP in the NRC (2001) were 
statistically derived from a large data set collected from literature.  Although the resulting regression 
equation describes the data reasonably well (r2=0.52), few of the experiments used in the evaluation 
utilized RDP levels that were well below the current recommendation.  Thus, it is possible the 
current requirements are set too high because of inadequate range in the data used to derive them.   

 
Results from research trials where the RDP: RUP ratio was changed while holding CP constant are 
difficult to interpret because the decreasing concentration of RDP is confounded with the increasing 
concentration of RUP.  Gressley and Armentano (2007)  observed no changes in milk production 
when 10.1% and 7.4% RDP diets were compared.  Cyriac et al. (2008) observed no change in milk 
yield or DM intake when diets with 8.8% RDP were fed, but did observe a significant reduction in 
intake and a trend for a reduction in milk yield when RDP concentrations of 7.7% were fed (Table 
2).  In a subsequent study, using the 11.3 and 8.8% RDP diets of Cyriac et al. (2008) in an 
experimental design with more power, Li et al. (2009) did observe a significant reduction in DM 
intake and a strong trend for a reduction in milk yield for cows given the 8.8% RDP diet. 
 

Table 2.  Least squares means for intake, milk yield, and milk composition of dairy cows fed diets 
with constant RUP and varying RDP content. From Cyriac et al. (2008). 

 RDP, % of diet DM  Contrasts1  
Item 11.3 10.1 8.8 7.6 SEM L Q 
Intake, kg/d      (P <) 

DM 24.1a 23.9a 23.2a 20.4b 0.57 <0.0001 0.33 
CP 4.44 4.02 3.52 2.79 0.09 <0.0001 0.10 

Milk Production        
Milk yield, kg/d 41.2 42.1 40.3 36.6 1.95 0.09 0.26 
Milk lactose, % 4.87 4.88 4.86 4.88 0.03 0.92 0.96 
Milk CP, % 2.98 3.00 3.01 2.92 0.05 0.45 0.25 
Milk fat, % 3.43 3.13 3.22 3.33 0.20 0.82 0.32 
MUN, mg/dL 20.2 17.6 14.2 12.4 0.62 <0.0001 0.58 

1Contrasts: L = linear, Q = quadratic 
aMeans in a row without common superscript differ at P < 0.01.  Pair-wise least square mean 
comparison (Tukey) was conducted only for DMI 

 
Thus, it would appear that RDP requirements may be greater than necessary and dietary RDP could 
safely be reduced to 9% of DM or less under most conditions.  However, there may be diversity 
among animals in their ability to tolerate lower RDP diets.  Preliminary findings by Aguilar et al. 
(2011) showed that animals on a common diet and with similar milk yield vary in their transport of 
blood urea back into the rumen.  Because this urea is an alternative source of ruminally degradable 
nitrogen, it is possible that animals with high transport activity may tolerate a lower dietary RDP 
content than those with low transport activity.  However, this is preliminary work and needs to be 
extended before a final conclusion can be reached. 
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When deficiencies occur, they are almost universally associated with a drop in DM intake.  Even 
though it is not currently clear what the diversity in cows may be, in terms of their tolerance for low 
RDP diets, some diversity among cows and thus among herds likely exists.  If one wants to truly 
optimize the level of RDP feeding for each herd, then on-farm calibration should be adopted.  Where 
multiple pens are fed a similar diet, one pen could be fed a lower RDP diet while the other pen is 
maintained at or above NRC requirements.  If no change in DMI is observed after 10 days on the 
lower RDP diet, then one could adopt this as an estimate of the RDP requirements for that herd.  Of 
course, given success with the first incremental reduction in RDP, additional reductions should be 
attempted assuming they make economic sense.  Having established a herd specific requirement, this 
could be used for several years before requiring reassessment. 
 

Metabolizable Protein Requirements 
 
Although we commonly state animal N requirements in terms of MP, the true requirements are for 
the specific amino acids (AA) resident in that protein. Because there is diversity of AA composition 
in the absorbed protein, stating the requirements in MP units inherently forces a certain level of 
over-prediction of requirements to compensate for variation in AA composition of that protein.  This 
is perhaps most apparent when feeding diets constructed largely from corn products which are 
inherently low in lysine.  Such a diet could be created to meet MP requirements, but animals may 
still respond to the addition of a protected lysine source or more protein that also provides lysine to 
the ration.  When these types of data are mixed with all other experiments in the literature and 
subjected to statistical analyses to derive MP requirements, the loss in production associated with a 
specific amino acid deficiency forces the statistical algorithm to solve to a higher MP requirement 
than would be necessary if the diet contained a perfect mix of amino acids.  For example, pigs can 
achieve efficiencies of absorbed protein deposition in muscle protein of 85% when fed a diet 
perfectly matched to their AA requirements (Baker, 1996) as compared to 42.6% efficiency of 
conversion of MP to milk protein in lactating cows (Hristov et al., 2004).  So, it is a given that MP 
requirements are greater than needed to compensate for variable AA supply.  Thus, animals could 
successfully be fed a lower MP diet if the AA composition of that diet was better matched to AA 
requirements as demonstrated by Haque et al. (2012) using diets with less than 13% CP.  As the cost 
of RUP is 3-fold greater than the cost of RDP (Knapp, 2009), being able to reduce dietary RUP is of 
great economic interest. 

 
Aside from the question of balancing for AA to achieve greater efficiency, there are additional 
problems with the NRC (2001) MP requirement equations.  Obviously, one would expect the model 
to predict requirements at all levels of production with the same precision.  For example, if the 
precision of the system at 60 lbs of milk/d is plus or minus 15%, then one should expect similar 
precision at 80 and 90 lbs of milk.  Unfortunately this is not the case.  As demonstrated in Figure 4, 
the model over-predicts (predicted – observed; Should be 0 if all predictions were perfect) the 
amount of MP allowable milk at high levels of production and under-predicts at lower levels.  Thus, 
when using the model, one may need to balance for slightly greater amounts of MP in the diet if 
working with high producing cows and the reverse when working with lower producing cows.  As 
the MP supply predictions have been well validated, the problem appears to reside in the 
requirement equations. 
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Figure 4. Residual errors (Obs – Pred) associated with predictions of metabolizable protein (MP) 
allowable milk yields by the NRC (2001) model. Adapted from NRC (2001). 

 
The problem with predicting MP requirements is at least partially driven by the model assumption 
that the conversion of MP to milk protein, after subtraction of maintenance use, is a constant 65%.  
In a summary of literature data, Lapierre et al. (2007) found that the highest efficiency was 43% and 
it declined from there as milk protein output (and MP supply) increased.  Hanigan et al. (1998) 
summarized publications reporting responses to post-ruminally infused casein and found a similar 
maximal efficiency of conversion of about 45% with an average conversion efficiency of 22%.  The 
reduction in efficiency at higher levels of production would seem to explain the over-predictions of 
allowable MP at those increased levels of milk yield.  This problem is well recognized by our group, 
as well as others, and we are working to fix this problem.  Such a fix will undoubtedly be in the next 
release of the NRC which is likely to occur in the next 4 to 5 years.  However, in the mean time, one 
should be aware of the problem. 
 
When using the NRC model to balance a given ration at differing levels of dietary protein, one can 
assess the potential for saving money by removing all constraints from CP and relying on the model 
to solve for rations that meet RDP and MP requirements.  Such an exercise is demonstrated in 
Error! Not a valid bookmark self-reference. with Eastern US ingredients at prevailing prices in 
2011.  From that work, it is apparent that diets can be formulated to meet NRC requirements down to 
at least 16% CP, although the cheapest ration was at the highest level of protein.  As protein costs 
increase relative to dietary energy costs, such low protein rations could become cost beneficial.  
Thus, it is important to allow the models to work without placing arbitrary limits on dietary protein 
content.  Least cost rations, containing 16% CP that still meet NRC requirements, can only be 
achieved if arbitrary minimums are not placed on dietary CP content.  
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Figure 5. The cost of diets formulated to varying protein levels using the NRC (2001) model and a 
least cost algorithm.  Adapted from Stewart et al. (2012). 

 
 
If one assumes the RDP requirement is over-predicted by 0.5% unit, then the above analyses (When 
using the NRC model to balance a given ration at differing levels of dietary protein, one can assess 
the potential for saving money by removing all constraints from CP and relying on the model to 
solve for rations that meet RDP and MP requirements.  Such an exercise is demonstrated in Error! 
Not a valid bookmark self-reference. with Eastern US ingredients at prevailing prices in 2011.  
From that work, it is apparent that diets can be formulated to meet NRC requirements down to at 
least 16% CP, although the cheapest ration was at the highest level of protein.  As protein costs 
increase relative to dietary energy costs, such low protein rations could become cost beneficial.  
Thus, it is important to allow the models to work without placing arbitrary limits on dietary protein 
content.  Least cost rations, containing 16% CP that still meet NRC requirements, can only be 
achieved if arbitrary minimums are not placed on dietary CP content.  

 
 
 

Figure 5) would likely shift downward by a 0.5% unit.  Instead of a minimum effective dietary CP 
content of 16%, one should be able to work down to a 15.5% dietary protein range.  If the same or 
even greater is true for RUP given a proper mix of AA, it should be possible to balance rations for 
less than 14.5% protein for high producing cows.  Such a level of intake would achieve an efficiency 
of 30% which is half way to our goal of 35% efficiency.  Achieving 35% efficiency (11.5% CP 
diets) likely requires much more precise AA supply and requirement prediction equations so that 
diets can be formulated for AA as well as MP. 
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The challenge of predicting AA supply and requirements for ruminants is much greater than for 
monogastric species.  Flow of AA from the rumen is a function of the AA content of undigested feed 
protein, microbial protein, and sloughed digestive tract cells and secretions (NRC, 2001).  The 
difficulty of predicting each of these entities has greatly hampered our ability to derive AA 
requirements based on performance data as is done with swine and poultry.  Most of the progress 
that has been made in ruminants has occurred through the use of catheterized and cannulated 
animals, allowing the provision of AA post-ruminally (for example Haque et al., 2012).  However, 
this is very intensive and expensive work.  To date we have amassed the most information on 
methionine and lysine with histidine results appearing more recently (Korhonen et al., 2000; 
Noftsger and St-Pierre, 2003; Rulquin et al., 1993).  We are far from the level of understanding that 
the swine and poultry people have of the remaining essential AA requirements and likely not to 
achieve that level of understanding any time in the near future. 

 
As AA requirements are expressed as a percentage of MP supply, the problem with variable 
efficiency of MP use and over-predicting the marginal responses of milk protein to changing MP 
supply is partially propagated in existing AA requirement equations and likely contributing to the 
lack of accuracy and precision in those equations (NRC, 2001).  Work at the tissue level, using 
multi-catheterized animals, has clearly shown that the liver and gut tissues remove a constant 
fraction of AA from blood presented in each pass by that tissue.  Because mammary tissue does not 
generally remove more than half of the AA presented to it, there is significant recycling to the gut 
and liver resulting in additional removal.  This is magnified as AA supply increases relative to 
energy supply, as the mammary tissue has the ability to change its removal of AA to meet its needs 
(Bequette et al., 2000).  So if mammary tissue is presented with a good energy supply, it will capable 
to produce milk near its maximum potential and will increase its AA extraction efficiency to achieve 
this.  The same will happen if energy is held constant and AA supply is reduced.  Conversely if the 
mammary tissue is presented with inadequate energy, it will reduce its use of AA and reduce 
extraction from blood.  In the former case, less AA are recycled to the liver and gut, less are 
catabolized, and AA extraction efficiency is increased.  In the latter case, more AA are recycled, 
catabolism increases, and AA extraction efficiency decreases.  So, assuming a constant efficiency of 
post-absorptive AA use for milk protein synthesis is clearly wrong. 

 
The above interactions between energy and AA supplies to the mammary tissue are mediated by 
intracellular signaling that integrates information regarding the intracellular supply of several key 
AA (Appuhamy et al., 2012; Appuhamy et al., 2011), the supply of energy in the cell (Appuhamy et 
al., 2009), and hormonal signals indicating overall animal status, i.e. insulin (Appuhamy et al., 2011) 
and probably IGF-1.  Because these 3 entities all interact to set the overall rate of milk protein 
synthesis, and because the tissue can adapt its AA extraction capacity to meet intracellular AA 
demand, the concept of a single limiting AA or even a nutrient is wrong.  

 
The first limiting nutrient and AA concept is based on the hypothesis commonly called the Law of 
the Minimum, which Sprengel (1828) formulated based on plant growth responses to soil minerals.  
The original hypothesis stated that a nutrient can limit plant growth, and when limiting, growth will 
be proportional to supply.  Von Liebig (see Paris, 1992 for a translation) subsequently restated the 
hypothesis in stronger terms indicating that if a nutrient was limiting for growth, responses to other 
nutrients could not occur (von Liebig, 1862).  Mitchell and Block (1946) used von Liebig’s 
extension of Sprengel’s hypothesis to develop the concept of the order of limiting AA which is 
commonly described using the analogy of a water barrel with broken staves.  Based on this 
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formulation, if any nutrient is limiting milk production, then only the addition of that nutrient to the 
diet will result in a positive milk yield response, e.g. the single limiting nutrient paradigm. 

 
In order to determine which nutrient is most limiting, one must be able to calculate the allowable 
milk yield from that nutrient.  That calculation is quite simple if one assumes a constant transfer 
efficiency, as is the case in the NRC model.  However, as discussed above, transfer efficiency of AA 
is not fixed.  Because AA removal from blood is regulated in concert with needs for milk protein 
synthesis (Bequette et al., 2000), the efficiency of AA transfer from the gut to milk protein is 
variable thus violating one of von Liebig’s assumptions. 

 
Integration of signals arising from several AA, energy supply in the mammary cells, and hormonal 
signals to set rates of milk protein synthesis also violates the assumption that only one nutrient can 
be limiting production.  If more of one nutrient or hormone can offset less of another, there are 
almost an infinite number of combinations of AA, energy substrates, and hormonal concentrations 
that will result in the very same amount of milk.  This concept is demonstrated in vivo by the work 
of Rius et al. (2010a) in Figure 6.  More of any one AA, while all others are held constant, will push 
milk protein synthesis higher regardless of which is perceived to be “first limiting” (Clark et al., 
1978; Hanigan et al., 2000).  Therefore, current protein and AA requirement models for lactation 
inappropriately represent the underlying biology, which leads to large prediction errors. 

 
The take home message from this discussion is that rations can be balanced at levels well below 15% 
CP, probably even below 13%, if we are able to reliably match AA supply with true animal needs.  
But current models of AA requirements used in field application programs appear to be incompatible 
with making such predictions.  We are in the process of devising a new prediction scheme that will 
be a better representation of the biology, and thus should provide much greater accuracy allowing us 
to achieve N efficiencies of 35% in lactating cattle. 
 
Figure 6. Milk yield and metabolizable protein efficiency of conversion to milk protein in response 
to varying energy and ruminally undegraded protein supply. From Rius et al. (2010).  HEHP = 1.54 
MCal/kg; 11.8% MP; HELP = 1.54 MCal/kg, 9.5% MP; LEHP = 1.45 MCal/kg, 11.8% MP; LELP = 
1.45 MCal/kg, 9.5% MP. 
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Milk Urea Nitrogen as a Tool to Monitor Feeding Programs 

 
Synthesized urea is released into blood and equilibrates with body fluids including milk (Broderick 
and Clayton, 1997) resulting in high correlations among blood urea N, milk urea N (MUN), dietary 
N, and N balance in the cow (Preston et al., 1965).  If protein in the diet is deficient relative to cow 
requirements, AA catabolism will be minimized resulting in low urea synthesis and concentrations 
of urea in blood and milk.  Conversely if dietary protein is in excess, AA catabolism will increase 
resulting in greater urea synthesis and concentrations of urea in blood and milk.  Thus, protein 
feeding can be adjusted based on MUN concentrations to achieve maximal efficiency without 
compromising milk production.  Because kidney urea clearance is concentration dependent, there is 
also a high correlation between MUN and urinary N excretion (Jonker et al., 1998).  Milk urea N is 
also a good indicator of ammonia emissions from dairy manure (Burgos et al., 2007). These 
relationships and routine measurement of MUN by milk processors and DHIA testing laboratories 
provides a useful tool for monitoring feeding programs and feed management practices to achieve 
maximum N efficiency and minimum environmental loading (NRCS, 2011).   
 
Although MUN concentration is clearly related to protein sufficiency, there are several factors that 
can cause deviations from expected values.  These include time of sampling, season of the year, 
body weight, breed, and nutritional factors (Broderick and Clayton, 1997; DePeters and Cant, 1992; 
Kauffman and St-Pierre, 2001).  There are also significant cow effects (Wattiaux et al., 2005) that 
are at least partially explained by genetic variance (Miglior et al., 2007; Mitchell et al., 2005; Stoop 
et al., 2007; Wood et al., 2003).  Given the genetic effects on MUN, it is possible that sire selection 
decisions within a herd may result in herd concentrations of MUN differing from the expected 
values based on feed management.   
 
When the model of Kauffman and St-Pierre (2001) was used to predict MUN concentrations for 
individual cows in trials performed by Cyriac et al. (2008) and Rius et al. (2010), the variance in 
residual MUN associated with cow was 4.1 ± 1.1 mg/dl (P<0.001), indicating that individual cows 
can deviate considerably from the expected MUN value given a defined diet (Aguilar et al., 2012).  
Aguilar et al. (2012) also observed highly significant cow effects and a strong trend for a herd effect 
(P<.08) when analyzing data from 6 herds in the state of Virginia after corrections for differences in 
dietary nutrients and level of production.  Least squares means for MUN by herd ranged from a low 
of 13.6 mg/dl to a high of 17.3 mg/dl.  Given that a percentage unit change in dietary CP, e.g. 17% 
to 16%, results in a 1.1 mg/dl change in MUN, the herd with the highest MUN would have had to 
reduce dietary CP to 12.8% to achieve the commonly accepted MUN target of 12 mg/dl, if all other 
factors are held constant.  Thus, it is important to recognize that not all herds can be expected to 
achieve the same target MUN, and herd specific calibrated targets are required if maximal efficiency 
is to be achieved and maintained. 
 
Herd calibration can be achieved through an assessment of the herds feeding program, taking into 
account all possible factors that may affect observed variation in MUN.  If the herd is well managed, 
fed a balanced diet that does not exceed NRC (2001) requirements for protein, and the diet has 
adequate energy, the prevailing MUN could serve as a calibrated target value for that herd.  If the 
herd is overfeeding protein relative to energy supply and milk production, the ration would have to 
be rebalanced and fed for a period of 2 or 3 weeks before reassessing MUN.  The MUN value 
achieved after this period of feeding to requirements reflects the calibrated NRC reference target for 
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the herd.  At this MUN level, a diet balanced properly for RDP and RUP should not precipitate a 
protein deficiency. 
 
Given a reference MUN target for the herd, one can then determine if the herd will tolerate lower 
RDP and RUP feeding levels.  Because RUP costs considerably more than RDP, it makes sense to 
start with RUP calibration first.  After feeding the diet balanced to NRC requirements, reduce the 
RUP content of the diet by 0.25% or 0.5% units while holding energy and RDP content constant.  
Feed the diet for a period of 2 weeks and determine if any loss in milk production or DM intake has 
occurred while also recording MUN content.  If there is no loss in production or intake, try removing 
another 0.25% units from RUP and again assess production, intake, and MUN after another 2 weeks.  
Any loss in production will be much less than that predicted by the NRC model because it over-
predicts responses.  Once a loss is experienced, add back the last reduction in RUP and store this 
value as your target RUP content and MUN target level for that herd. 
Having established a herd specific RUP feeding level, you can try reducing RDP content if 
economically favorable.  Remove 0.25% or 0.5% units of RDP from the diet while holding energy 
content constant and RUP at the newly established level.  Again feed the diet for 2 weeks and 
monitor DM intake, production, and MUN.  Note that DM intake will generally change before milk 
production.  If no loss in production or intake, remove another 0.25% units of RDP and repeat the 
process.  Once a loss of DM intake or production occurs, add back the last increment of RDP and 
store this value as your target RDP content for that herd.  Also store the new MUN value as your 
target MUN for the herd. 
 
This herd specific MUN target can be used to monitor your feeding program.  If MUN drops below 
the target value, it is highly likely that a loss in production will follow soon and corrective action 
should be taken immediately.  Note that a drop in MUN does not provide any information regarding 
whether the problem is with RDP or RUP.  It simply tells you the animal is short on N relative to its 
current level of production.  You will have to determine whether it is a problem with RDP, RUP, 
other dietary factors such as energy and fiber, or animal health.  It also important to recognize that 
the amount of salt in the ration will affect MUN (Spek et al., 2012), so make sure salt inclusion 
remains constant and similar to the level used when determining the target MUN values. 
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