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Introduction 
 
 The protein requirements of lactating dairy cows continue to be refined.  In NRC 
(1971, 1978), dietary requirements were expressed as CP and metabolic requirements 
as digestible protein.  In NRC (1989), dietary requirements were expressed as CP or 
degraded intake CP (DIP) and undegraded intake CP (UIP), and metabolic 
requirements as absorbed protein.  Mean values of ruminal degradability for common 
feeds, derived from in vivo and in situ studies using sheep and cattle , were reported.  A 
fixed intestinal digestibility of 80% for RUP and microbial true protein was used for 
predicting passage of absorbed protein.  In NRC (2001), dietary requirements are 
expressed as rumen-degradable CP (RDP) and rumen-undegradable CP (RUP) and 
metabolic requirements are expressed as metabolizable protein (MP).  In contrast to 
NRC (1989): 1) microbial CP flows are predicted from intake of total digestible OM 
instead of NE intake, 2) a mechanistic system is used for predicting the RDP and RUP 
content of feeds that recognizes that the proportional content of these two fractions is 
not constant and is affected by DM intake and diet composition, 3) variable estimates of 
digestibility are assigned to the RUP fraction of each feed, and 4) flows of digestible 
essential amino acids (EAA) and their content in MP are predicted.  Amino acid (AA) 
requirements were not established, but dose-response curves that relate measured milk 
protein content and yield responses to changes of predicted percentages of lysine (Lys) 
and methionine (Met) in MP are provided.   
 
 The purpose of this paper is to emphasize  the importance of providing the 
lactating cow with the correct balance of AA in MP, to explain why some AA are more 
limiting than others, to review how one balances for Lys and Met in the context of 
balancing for MP and RUP and some production responses that have occurred when 
the practice is implemented, and to share some preliminary data aimed at extending the 
application of NRC (2001) to predict lactation responses from changes in supply of MP-
Lys and MP-Met.   
  

Why AA Balancing is Important 
 
 Absorbed AA, not protein per se, are the required nutrients.  In ruminants, 
absorbed AA are provided by ruminally-synthesized bacteria, RUP, and endogenous  
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protein.  Amino acids are the building blocks for tissue and milk proteins.  They are 
joined together in proteins according to a predetermined genetic code.  Therefore, the 
AA composition of a protein is the same every time it is synthesized.  Hence, the AA 
composition of synthesized proteins is not affected by the amount or profile of absorbed 
AA.   
 
 While the profile of absorbed AA does not affect the AA composition of 
synthesized proteins, the profile of absorbed EAA does affect the amount of protein that 
can be synthesized.  This is widely documented in swine (NRC, 1998) and poultry 
(NRC, 1994).  When EAA are absorbed in the profile as required by the animal, their 
efficiency of use for protein synthesis is maximized and the requirement for total 
absorbed AA is reduced to a minimum.  As a result, catabolism of “left-over” AA is 
minimal and urinary N excretion is lessened.  In contrast, efficiency of use of AA for 
protein synthesis is less than maximal when the profile of absorbed EAA is less than 
ideal.  In this case, it’s the supply of the first-limiting EAA that determines the extent of 
protein synthesis, not MP (total AA) supply.     
 

Limiting Amino Acids 
 
 Limiting AA are those that are in shortest supply relative to requirements. 
Methionine (Met), lysine (Lys), and histidine (His) have been identified most often as the 
most limiting AA for lactating dairy cows.   
 
 As reviewed in NRC (2001), Met is typically first limiting when most of the RUP is 
provided by soybean protein, animal-derived proteins, or a combination of the two.  This 
is because of their low concentrations of Met as compared to milk and bacterial protein.  
As shown in Table 1, Met in milk and bacteria are 2.6 -2.7% of CP; in soybean, blood, 
feather, and meat meals, Met is only 0.8-1.4% of CP.  In contrast, Lys is first-limiting 
when corn and feeds of corn origin provide most or all of RUP (NRC, 2001).  Again, 
these findings are not surprising.  Lysine in milk and bacteria are 7.6 and 7.9% of CP, 
respectively, whereas in corn silage, corn, corn distillers, and corn gluten meal, Lys is 
only 1.7-2.8% of CP.     
 
 As might be expected from the data presented in Table 1, Met and Lys have 
been identified as co-limiting AA for milk protein production when cows were fed corn 
silage-based diets containing complementary feed proteins  (NRC, 2001).  This is 
because only a small number of feeds have concentrations of either Lys or Met in CP 
that is as high as the concentrations observed in milk and bacterial protein.  Thus, while 
several feeds are complementary to each other [e.g., corn (low Lys, high Met) and 
soybean meal (high Lys, low Met)], their combined use cannot be expected to eliminate 
Met and Lys as the most limiting AA.  This is especially true when corn-based diets are 
fed.     
 
 More recently, His has been shown to be more limiting than Lys or Met when 
cows are fed grass silage based diets (Kim et al., 1999, 2000, 2001a, 2001b; Huhtanen 
et al., 2002; Korhonen et al., 2000; Vanhatalo et al., 1999).  In all cases, the diets were 
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devoid of corn and contained barley and oats as the supplemental energy feeds.  The 
diets were fed with or without feather meal as the sole source of supplemental RUP.  
While these diets are not common in the United States, these findings make an 
important contribution to our understanding of AA requirements and highlight the impact 
that diet composition has on the sequence of AA limitation.  Why did the cows respond 
to abomasal and intravenous infusions of His?   
 

One cannot be certain as to why His was more limiting than Lys and Met, but the 
data presented in Table 1 gives at least two clues.  First, His may be more limiting in 
ruminally synthesized bacteria than either Lys or Met for milk protein synthesis.  As 
noted in Table 1, His is 2.0% of CP in rumen bacteria and His is 2.7% of CP in milk.  In 
contrast, concentrations of Lys and Met are both very similar in rumen bacteria and milk  
(7.9 and 7.6%, and 2.6 and 2.7%, respectively).  This is mentioned because in these 
experiments, it is expected that bacterial protein constituted a larger percentage of total 
MP than in cows fed corn-based diets.  The CP of grass silage, barley, and oats 
contains considerably less RUP than corn silage and ground corn (NRC, 2001).  A 
smaller contribution of RUP to MP means that the AA composition of RUP has less of 
an effect on the AA composition of total MP than feeds that are less degradable and 
have a higher content of RUP in CP.  And second, the His content of all of these feeds 
is low.  The His content of barley and oats is lower than the His content of corn (2.3-2.4 
vs. 3.1% of CP).  The His content of feather meal is considerably lower than the His 
content of other protein supplements (1.2 vs. 2.0-2.8% of CP).  The high content of His 
in blood (6.4% of CP) is noteworthy and may give blood meal an additional advantage 
over other protein supplements, particularly when higher forage, lower corn diets are 
fed.   
 

Ideal Profile of EAA in MP 
 
 Based on the above discussion, it seems important that the ideal concentrations 
of Lys, Met, and His in MP be determined for lactating cows.  If these concentrations 
were known, and diets could be formulated to achieve these ideal concentrations, then 
the efficiency of use of MP for milk protein production should be maximized.  In other 
words, more milk protein could be produced with the same supply of MP, or the same 
amount of milk protein could be obtained with less MP.   
 

Both results have been obtained.  As reviewed in NRC (2001), and has now 
been observed on many farms, increasing intestinal supplies of Lys and Met, when they 
are limiting, increases yields of milk protein.  The result is an increased conversion of 
feed N to milk N.  In other cases, it has been shown that milk protein yields can be 
maintained by feeding less RUP if concentrations of Lys and Met in MP are increased 
(Noftsger and St-Pierre, 2003; Socha et al., in preparation; farm observations).  Again, 
the result is an increased conversion of feed N to milk N.  
 

Progress has been made in determining the ideal concentrations of Lys and Met 
in MP.  As reviewed at the Four -State Applied Nutrition and Management Conference in 
2001 (Schwab, 2001), the NRC (2001) publication contains dose-response plots that 
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relate measured milk protein content and yield responses to changes in predicted 
percentages of Lys and Met in MP.  The plots for milk protein content are shown in 
Figure 1.  The reader is referred to either NRC (2001; p. 81-85) or Schwab (2001) for an 
explanation of how the plots were generated.  It should be noted that the Lys plot was 
generated from only that portion of the Lys data set where predicted Met was 1.95% or 
more of MP (solid circles) and that the Met plot was generated from only that portion of 
the Met data set where predicted Lys was 6.50% or more of MP (solid circles).  This 
was done to help ensure that milk protein responses to supplemental amounts of either 
AA were not prevented by a deficiency of the other.   

 
The breakpoint estimates for the required concentrations of Lys and Met in MP 

for maximal content of milk protein were 7.2% and 2.4%, respectively (3.0:1.0 ratio).  
The breakpoint estimates for the required concentrations of Lys and Met in MP for 
maximal yield of milk protein were 7.1% and 2.4% (plots not shown).  Examination of 
the dose-response plots indicates little or no expected loss in content or yield of milk 
protein when Lys and Met in MP are 6.9% and 2.3%, respectively.  In fact, our research 
and field experience indicates no advantage of exceeding these concentrations.  
Therefore, we consider the latter values (6.9 and 2.3% of MP) to be the absolute 
highest targets to aim for in diet formulation when using NRC (2001) as the diet 
evaluation model.  However, even these concentrations are difficult to achieve, 
particularly in high producing cows fed corn based diets.  As a result, our “practical 
recommendations” for percentages of Lys and Met in MP in this case are 6.6 and 2.2, 
respectively (Figure 2).   

 
For those that use CPM-Dairy or CNCPS as a diet evaluation model, we suggest 

practical targets of 6.7-6.8% for Lys in MP and 2.2-2.3% for Met.   
 

Balancing for AA in the context of MP and RUP 
 
 Based on the above discussion and the senior author’s field experience over the 
past 2 years, an effective method to balance for Lys and Met involves a 2-step 
approach.   
 

The first step is to decide what your target values will be for Lys and Met in MP.  
Will they be 6.6 and 2.2%, or something lower?  Whatever you decide, remember two 
things.  First, maintain a Lys:Met ratio in MP of 3.0:1.0 if using NRC (2001) or 3.1:1.0 if 
using CNCPS or CPM-Dairy.  Having a Lys:Met ratio in MP that is either higher (usually 
the case) or lower (seldom occurs) than 3:1 means that one of the AA is being supplied 
in excess of need (see Table 2).  This has no benefit to the cow.  And second, try to get 
Lys and Met in MP as close to 6.6 and 2.2% as possible. Doing so has the net effect of 
increasing passage of the first two limiting AA without the need to increase passage of 
MP to the small intestine (Table 2).  We believe that it is cost effective, even with the 
current low milk prices, to use the high-Lys protein supplements (soy products and fish 
and blood meals) in combination with a rumen-protected Met product (RPMet) to get 
levels of Lys and Met in MP as close to 6.6 and 2.2% as possible (Schwab et al., 2003).      
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A question that is frequently asked is “what is more important, AA ratios or AA 
concentrations”?  The reason for this question appears to be the result of the frequent 
emphasis on the 3:1 Lys/Met ratio.  In one of the dairy publications about 3 months ago, 
the following statement was made – “A by-product such as corn gluten meal has a high 
level of methionine that can be used in combination with blood meal and fish to achieve 
the desired ratio of 3:1 lysine-methionine”.  The author was correct in what he said.  
However, the emphasis was on AA ratios, with no consideration given to how that 
strategy affects concentrations of Lys and Met in MP.  Purchasing the usually more 
expensive fish and blood meals only to dilute out their high content of Lys (7.7-9.0% of 
CP, Table 1) with a low-Lys protein supplement such as corn gluten meal (1.7% of CP) 
is counter-productive and does not achieve the desired goal of high Lys and Met 
concentrations in MP.  If the decision is made to feed the higher RUP, higher Lys 
products such as soybean, fish, and blood meals, then the most effective Met 
supplement is RPMet.  Use of a RPMet supplement allows Met in MP to be increased 
without decreasing Lys.     

 
In a recent paper (Schwab et al., 2003), we made the comparison of achieving a 

3:1 Lys-Met ratio in MP using soybean meal, blood meal, and a RPMet product as the 
primary sources of supplemental AA in a corn based ration vs. using soybean meal, 
corn distillers grains and corn gluten meal.  Diet RDP and RUP concentrations  were 
kept constant between the two diets.  In the first case, the NRC (2001) predicted 
concentrations of Lys and Met in MP were 6.6 and 2.1% (3:1/1.0 ratio) and MP-Lys and 
Met flows were 191 and 61 g/d.  (Note: a 3:1 ratio could have been obtained by 
including more RPMet in the diet).  In the second case, the predicted concentrations of 
Lys and Met in MP were 5.8 and 1.9% (3.0:1.0 ratio); MP-Lys and Met flows were 170 
and 56 g/d.      
 

Field experiences 
 
 Presented in Table 3 are the NRC (2001) evaluations of the “before” and “after” 
diets for six dairy farms in which diet changes were made to increase flows of MP-Lys 
and Met without increasing flows of total MP.  In all cases, Lys concentrations in MP 
were increased by introducing blood meal and reducing or eliminating distillers grains or 
a protected soy product.  Methionine concentrations in MP were increased to obtain the 
desired 3:1 Lys-Met ratio in MP by adding a RPMet product (Smartamine M) to the 
diets.  Also presented in Table 3 are the “before” and “after” milk protein and fat 
percentages.  There was no attempt to measure changes in milk yield for most of the 
herds.   
 

There are three noteworthy observations.  First, as evidenced by the high 
Lys/Met ratios, Met was more limiting than Lys in all of the “before” diets.  Therefore, we 
would conclude that all of the herds would have benefited with higher milk protein 
concentrations by adding RPMet to the diets.  Second, as a result of increasing Lys in 
MP as well as adding enough RPMet to the diets to achieve a Lys/Met ratio in MP 
equaled or approximated the desired 3.0/1 ratio, flows of MP-Met were increased 15 to 
30%.  These are significant increases in the availability of an apparent limiting nutrient 
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and explains why the producers not only observed some rather significant increases in 
content of milk protein but why in most cases they also thought they observed higher 
milk yields.  And third, in all cases, the diet changes resulted in variable increases in 
milk fat percentages.  This has been an often observed result when Met concentrations 
in MP are increased (NRC, 2001).       
 

University of New Hampshire Experience 
 
 The fo llowing discussion describes the “before” and “after” diets for herd 6 and 
the rationale for the changes that were made.  Herd 6 is the University of New 
Hampshire Research Herd.  
 

For about an 11-month period ending 2 years ago, 75 of our dairy cows were fed 
a diet containing (DM basis): 29.8% corn silage, 9.6% alfalfa hay, 9.6% grass silage, 
15.4% ground corn, 7.4% barley, 4.8% soy hulls, 11.6% soybean meal, 6.4% expeller 
soybean meal, 1.9% fat, and 3.5% minerals and vitamins.  During that period, milk true 
protein varied between 2.70 and 2.83% and milk fat between 3.4 and 3.7%.   
 
 At the end of the 11-month period, the diet was changed.  The new diet 
contained (DM basis): 30.9% corn silage, 12.3% grass silage, 6.0% alfalfa hay, 19.1% 
corn, 9.4% barley, 3 .7% soy hulls, 7.4% soybean meal, 3.7% canola meal, 0.14% urea, 
2.2% of a highly digestible animal protein blend (Venture Milling) that contained 0.075% 
Smartamine M and 0.10% Rhodimet AT-88, 1.9% fat, and 3.1% minerals and vitamins.  
The animal protein blend replaced the expeller soybean meal to increase Lys in MP.   
Smartamine M was added to achieve the desired 3.0/1.0 Lys to Met ratio in MP.  The 
canola meal and urea replaced some of the soybean meal to provide a more diverse 
mix of RDP and to lower the cost of RDP.  And finally, RDP and RUP were decreased 
to eliminate some of what NRC (2001) indicated to be a surplus and to offset the higher 
cost of the animal protein blend.  The new diet contained 17.2% CP as compared to 
18.1% for the old diet.  According to NRC (2001), the new diet contained 10.6% RDP 
(instead of 10.8%) and 6.6% RUP (instead of 7.3%).  Because of the decrease in RUP, 
predicted MP flows to the small intestine were decreased from 3071 to 2809 g/d (8% 
reduction).  RDP was lowered by 2%.  However, predicted concentrations of Lys and 
Met in MP increased from 6.34% and 1.73% to 6.55% and 2.20%, respectively.  
Therefore, even though predicted passage of MP was 8% less, the predicted flow of 
MP-Met (previously the “weakest link”) was increased from 53 to 61 g/d, a 16% 
increase.  Predicted MP-Lys flows decreased from 195 to 184 g/d.  This was not 
considered to be a problem because amounts greater than what would be needed to 
achieve a Lys/Met ratio of 3.0/1.0 using NRC (2001) would be considered to be a 
surplus.     
 
 The cows were switched gradually over a 10-d period to the new diet.  For the 2-
wk period preceding the transition to the new diet, milk protein concentrations averaged 
2.82%.  Although considered to be low, this level of milk protein was at the high end of 
the range (2.70% to 2.83%) for the preceding 11-month period.  One week after the 
change, milk protein concentrations had increased to 3.01%.  At the end of wk 2, protein 
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increased to 3.06% and by wk 4 it had increased to 3.13%.  Thereafter, and for the next 
couple of months while it was being monitored, milk protein stabilized between 3.12 and 
3.16%.  As expected because of the decrease in ration CP, milk urea N decreased from 
an average of 14.5 to an average of 12.4 mg/dL.  Milk fat concentrations also increased.  
It appeared that milk yields increased but it was difficult to determine that as the cows 
(on average) were advancing in days-in-milk.  
 
 The economics of the diet changes were most favorable.  Because we assumed 
that milk yield was not increased, we also assumed that DM intake was not affected.  A 
cost analysis of the diet indicated an approximate 5 cents per cow per day increase in 
feed costs.  However, because of the increases in milk protein and milk fat 
concentrations, milk income was increased by $0.70 per cow per day.  The increased 
income-over-feed-costs (IOFC) was $0.65 (assuming no increase in milk yield or feed 
intake).   
 

Predicting Production from MP-Lys and MP-Met 
  
 Is balancing for Lys and Met in MP always profitable?  The use of high quality 
protein and RPMet supplements to increase intestinal flows of MP-Lys and Met continue 
to be questioned as to their economic value. Do we keep the high-Lys, high-digestible 
blood, fish and soybean meals and the protected Met supplements in the diets at our 
normal inclusion levels, or just feed less?  Or, do we let cost per ton of feed take center 
stage and scrap these feeds?  Unfortunately, the current diet evaluation models that 
predict passage of MP-AA to the small intestine (e.g., NRC, 2001; CNCPS, and CPM-
Dairy) in their present form are not useful in predicting the effect that changes in 
supplies of MP-Lys and MP-Met have on milk and milk component production.  Until 
such systems are in place, it will remain difficult to predict the effect that changes in 
protein supplementation strategies have on milk and milk protein yields and the 
resulting effects on IOFC.   
 
 Schwab et al. (2003) used the NRC (2001) model in conjunction with published 
experiments to examine the relationships between predicted supplies of MP, MP-Met, 
and MP-Lys and yields of milk and milk protein.  That effort has been extended for this 
paper.   
 
 Over 300 diets from experiments published in the Journal of Dairy Science were 
entered into the NRC (2001) model.  In most of these experiments the objective was to 
compare the effects of feeding different protein supplements on milk production and 
milk composition, and in some cases, passage of N fractions to the small intestine.  
Relevant data from the Summary and Duodenal Amino Acid Supply Reports were 
recorded.   
 
 To generate plots of measured yields of milk and milk protein vs. predicted 
supplies of MP, data were restricted to diets in which NE-allowable milk was higher than 
MP-allowable milk, and actual milk yield was between minus 6 kg and plus 6 kg of MP-
allowable milk. The former restriction was imposed to help ensure that MP was more 
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limiting than NE.  The latter restriction was imposed to avoid the use of experiments in 
which factors other than MP or NE limited lactation performance or situations where 
excessive protein mobilization may have been occurring.     
 
 To generate plots of measured yields of milk and milk protein vs. predicted 
supplies of MP-Lys and MP-Met, data were restricted to diets in which MP balance was 
within -250 and +100 g/d of zero balance.  This was done with the hope of further 
ensuring that Lys and Met were limiting.  For the Met plots, we imposed the restriction 
that the Lys/Met ratio in MP had to be greater than 3.0/1.0 to make more certain that 
Met was more limiting than Lys.  For the Lys plots, we wanted to add the restriction that 
the ratio of Lys to Met in MP had to be less than 3.0/1.0 to ensure that Lys was more 
limiting in MP than Met.  However, only in a few cases was the ratio of Lys to Met in MP 
less than 3.0/1.0.  Therefore, to give ourselves an adequate number of data points from 
which to get some idea of the relationship between yields of milk and milk protein vs. 
predicted supplies of Lys, diets yielding predicted Lys/Met ratios up to 3.25/1.0 were 
used.    
 
 The resulting plots are presented in Figure 3.  There are at least three 
observations that are worthy of mention.  First, in all cases (for MP, MP-Met, and MP-
Lys), it appears that protein yields can be predicted more accurately than milk yields.  
This would be expected because of the changes in milk protein percentages that often 
occur with changes in protein nutrition.  Second, as expected, predicting yields of milk 
and milk protein from intestinal supplies of the most limiting AA is more precise than 
predicting yields from MP supply.  Third, and while the current data is too limited and 
not adequate for this exercise, it appears that a very strong relationship exists between 
milk and milk protein yields and predicted MP-Lys supplies.  This should probably be 
expected given the fact that Lys, unlike Met, has only one function in the body, i.e., 
protein synthesis.       
 

Conclusions 
 
 Balancing diets to optimize Lys and Met nutrition is important to maximizing milk 
and milk protein yields.  As expected, it appears that establishing relationships between 
predicted supplies of the most limiting AA in the diet and milk and milk protein yields will 
allow for more accurate prediction of changes in milk protein production when changes 
in protein nutrition are made.  Of concern is the lack of a rumen-protected Lys product 
and therefore, the inability to achieve desired concentrations of Lys in MP when high 
corn diets are fed.       
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Table 1. A comparison of the essential amino acid composition of body lean tissue, milk, 
and ruminal bacteria with that of some common feeds1. 
 
Item Arg His Ile Leu Lys Met Phe Thr Trp Val 
 - - - - - - - - - - - - - - - - -  (% of CP) - - - - - - - - - - - - - - -  
Lean tissue 6.6 2.5 2.8 6.7 6.4 2.0 3.5 3.9 0.6 4.0 
Milk 3.4 2.7 5.8 9.2 7.6 2.7 4.8 3.7 1.5 5.9 
Bacteria 5.1 2.0 5.7 8.1 7.9 2.6 5.1 5.8 - 6.2 
           
Alfalfa silage 3.9 1.7 3.9 6.4 4.4 1.4 4.2 3.8 0.9 5.0 
Corn silage 2.0 1.8 3.3 8.6 2.5 1.5 3.8 3.2 0.4 4.5 
Grass silage 3.1 1.7 3.6 6.1 3.3 1.2 4.4 3.3 1.1 4.9 
           
Barley 5.1 2.3 3.5 7.0 3.6 1.7 5.1 3.4 1.2 4.9 
Corn 4.6 3.1 3.3 11.2 2.8 2.1 4.6 3.6 0.7 4.0 
Oats  6.8 2.4 3.8 7.3 4.2 2.9 5.2 3.5 1.2 5.2 
Wheat 4.7 2.4 3.3 6.6 2.8 1.6 4.6 2.9 1.2 4.2 
           
Brewers grains  5.8 2.0 3.9 7.9 4.1 1.7 4.6 3.6 1.0 4.8 
Canola meal 7.0 2.8 3.8 6.8 5.6 1.9 4.1 4.4 1.5 4.7 
Corn DDG w/sol 4.1 2.5 3.7 9.6 2.2 1.8 4.9 3.4 0.9 4.7 
Corn gluten meal 3.2 2.1 4.1 16.8 1.7 2.4 6.4 3.4 0.5 4.6 
Cottonseed meal 11.1 2.8 3.1 5.9 4.1 1.6 5.3 3.2 1.2 4.2 
Soybean meal 7.3 2.8 4.6 7.8 6.3 1.4 5.3 4.0 1.3 4.6 
Sunflower meal 8.2 2.6 4.1 6.4 3.6 2.3 4.6 3.7 1.2 5.0 
           
Blood meal 4.4 6.4 1.3 12.8 9.0 1.2 6.9 4.3 1.6 8.7 
Feather meal 6.9 1.2 4.9 8.5 2.6 0.8 4.9 4.7 0.7 7.5 
Fish meal 5.8 2.8 4.1 7.2 7.7 2.8 4.0 4.2 1.1 4.8 
Meat meal 7.1 2.1 3.0 6.3 5.4 1.4 3.6 3.4 0.7 4.4 
1 Amino acid values for lean tissue, milk, and ruminal bacteria are from O'Connor et al. 
(1993) and amino acid values for feeds are from NRC (2001). 
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Table 2. Effect of NRC (2001) predicted percentages of Lys and Met in MP on 
calculated flows of MP-Lys and MP-Met and the amounts of MP-Lys and Met  that can 
be used for protein synthesis. 
 
  Flows1 Used for protein synthesis2 

Predicted Lys/Met 
in MP 

Lys/Met 
ratio 

 
MP-Lys 

 
MP-Met 

 
MP-Lys 

 
MP-Met 

(%)  - - - - - - - - - - -  (g/d) - - - - - - - - - - - - - - -  
6.4/1.7 3.8/1 179 48 144 48 
5.8/1.7 3.4/1 162 48 144 48 
5.7/1.9 3.0/1 160 53 159 53 
5.8/2.1 2.8/1 162 59  162 54 
6.3/2.0 3.2/1 176 56 168 56 
6.6/2.2 3.0/1 185 62 186 62 

1 Calculations are based on a predicted MP supply of 2,800 g/d. 
2 Based on the assumption that the optimum Lys/Met ratio in MP is 3:1 and the 
understanding that any AA supplied in excess of need for protein synthesis is not used 
for protein synthesis and therefore, is catabolized and used for energy. 
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Table 3. NRC (2001) evaluations of “Before” and “After” diets for six commercial farms 
in which concentrations of Met and Lys in MP were increased. 

 Herd 1 Herd 2 Herd 3 
Item Before After Before After Before After 
CP, % 17.7 17.8 18.3 18.6 18.3 18.1 
RDP, % 10.9 11.2 11.0 11.2 11.4 11.3 
RUP, % 6.8 6.6 7.3 7.4 6.9 6.8 
MP, g/d 3054 2984 3159 3131 3062 3040 
Lys, %MP 5.78 6.53 5.74 6.20 5.84 6.18 
Met, %MP 1.65 2.17 1.68 2.08 1.68 2.01 
MP-Lys, g/d 177 195 181 194 179 188 
MP-Met, g/d 50 65 53 65 51 61 
Lys/Met 3.5/1 3.0/1 3.4/1 3.0/1 3.5/1 3.1/1 
Milk protein, % 3.06 3.33 2.99 3.12 3.02 3.22 
Milk fat, % 3.81 3.92 3.56 3.66 3.61 3.72 

 
 Herd 4 Herd 5 Herd 6 
Item Before After Before After Before After 
CP, % 19.1 18.2 17.6 17.0 18.1 17.2 
RDP, % 12.0 11.2 10.4 10.3 10.8 10.6 
RUP, % 7.1 6.9 7.2 6.7 7.3 6.6 
MP, g/d 3107 3030 3073 3035 3071 2809 
Lys, %MP 5.84 6.25 6.34 6.76 6.37 6.55 
Met, %MP 1.67 2.04 1.73 2.35 1.73 2.20 
MP-Lys, g/d 182 189 195 193 184 174 
MP-Met, g/d 52 62 53 61 50 58 
Lys/Met 3.5/1 3.0/1 3.7/1 3.2/1 3.7/1 3.0/1 
Milk protein, % 3.00 3.20 3.20 3.50 2.82 3.16 
Milk fat, % 3.49 3.64 3.90 4.30 3.32 3.78 
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Figure 1.  Milk protein content responses as a function of percent Lys and Met in MP.  
For the Lys plot, the regression analysis was limited to data where Met was predicted to 
be 1.95% or more of MP (solid circles).  For the Met plot, the regression analysis was 
limited to data where Met was predicted to be 6.50% or more of MP (solid circles) 
(NRC, 2001).     
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Figure 2. Optimum versus practical levels of Lys and Met in metabolizable protein. 
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Figure 3.  Plots of measured milk and milk protein yields vs. NRC (2001) predicted flows 
of metabolizable protein (MP) and MP–Lys and MP–Met.  Data were selected from a 
database involving 321 diets fed to Holstein cows without AA supplementation 
(restrictions used for selecting data are indicated above each of the plots). 
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