
The Nutrients of a Good Calf Milk Replacer 
A version of this information from Akey was published in Hoard’s Dairyman, August 2008 issue 

 
Milk replacer (MR) formulation has moved beyond crude protein, fat, and crude fiber.  These nutrients 
mean little relative to performance.  Today we should be focused on amino acids, fatty acids, feeding 
rate, and weaning age. 
 
Note how much specific amino acids influence the growth of a calf in Figures 1 and 2.  These figures 
were generated from feeding 240 calves MR and changes in ADG exceeded 25% from different lysine 
and methionine concentrations.  These data with other data have been used to determine the amino acid 
concentrations required in MR for calves under a month old. 
 
Several economical synthetic amino acids are available (lysine, methionine, and threonine) and are used 
in MR.  The use of these amino acids allow the CP concentration of a MR to support a given ADG to be 2 
to 4 percentage points lower than if no synthetic amino acids are used in the MR.  This lowers the cost of 
gain and reduces nitrogen excretion into the environment. 
 
Fatty acids are the components of fat.  Calf MR in the US are based on animal fat.  Animal fat is low in 
essential fatty acids, especially linolenic acid (C18:3).  Essential fatty acids cannot be synthesized by the 
animal and have to be included in the diet.  Additionally, animal fat is very low in medium and short chain 
fatty acids that have metabolic functions in the body.  The fat in milk has an array of all of these fatty 
acids that are much more balanced than the fatty acid profile of animal fat.  In human nutrition, MR are 
formulated to specific concentrations of several of these key fatty acid groups, thus human baby formulas 
have a nutrient composition much more similar to human milk than the typical calf MR does to cow’s milk.  
An approach like human MR are formulated has been taken with the research and formulation of calf MR 
at Akey.  When essential fatty acids and medium chain fatty acids were added to MR based on animal fat 
only, calf ADG and health were improved (Figure 3).  Likewise, when MR based on animal fat were 
supplemented with butyrate (a short chain fatty acid), ADG was increased (Table 1). 
 
Fat from the MR is a major energy source for calves.  The fat concentration and the amount of MR fed 
influences overall energy intake and ADG.  However, if too much energy is consumed from the MR (or 
milk), starter intake will be reduced for several weeks pre- and post-weaning and reduction in ADG occurs 
at weaning and it can carry over for several weeks post-weaning (Bar-Peled, 1997; Jasper, 2002).  Thus, 
as more energy is fed to the calf from MR or milk, pre-weaning ADG will increase but at some point this 
will have a negative impact on post-weaning ADG.  Additionally, when post-weaning ADG has been 
reduced from feeding too much MR or milk, it is a function of both reduced starter intake and reduce 
digestion of the starter (Terre, 2007).  Excess MR or milk intake will reduce rumen development. 
 
Milk does not contain fiber, however, a trace amount of crude fiber can be analyzed in milk.  Alternative 
proteins like soy and wheat protein will analyze with greater concentration of crude fiber than milk.  Thus, 
crude fiber is an indicator of alternatives to milk protein within a MR, albeit a poor indicator.  When soy 
proteins were studied years ago as alternatives for milk protein, they were found to have antinutritional 
factors (antigens and carbohydrates).  The antigens created abnormal intestinal villi important in the 
absorption of nutrients (absorption was reduced).  Additionally, the carbohydrate fractions of soy proteins 
are hard to digest by the young animal.  Today it is fairly well accepted that soy proteins are inferior to 
milk proteins, especially in traditional 20 and 22% CP MR fed at approximately 1 lb of powder daily.  
Research from the Akey facility with replacement of milk protein in a 26% CP MR powder fed at 1.5 lb 
daily with modified (improved) soy proteins (concentrates and flours), hydrolyzed wheat gluten (Figure , 
and rice protein concentrate reduced ADG of the calf.  Much has been made of using plasma protein in 
MR.  However, the research has been with slow growing calves, bringing into question the feasibility of 
plasma protein to support fast ADG in calves (Table 2).  The only MR with alternative proteins that has 
research data supporting good rates of ADG, comparable with all milk MR, is Akey Infiniti MR.  Good 
rates of gain are achieved when feeding Akey Infiniti because it contains 90% milk protein.  Most 
alternative protein MR marketed contain 50+% alternative proteins. 
 
Summary points: 
Focus on amino acids and fatty acids, not CP and fat. 
Do not over-feed MR or milk, because it will reduce overall ADG and efficiency of gain. 
Most all alternative proteins will not support the same ADG as milk proteins. 
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Effect of adding butyrate to a MR
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Table 1.

* Greater than control (P < 0.05).
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ADG, lb/day

0.0800.1190.08320JDS 86:586

--0.1910.21616JDS 85:413*

--0.2600.26720JDS 85:413

--0.2200.29625JDS 79:1881

0.3140.2790.15727JDS 78:902

Pork 
Plasma

Beef 
Plasma

Control 
All whey

~Plasma
% of CPReference

Plasma protein sources for MR
(20% CP, 20% fat MR, ~1.0 lb/day, 0-28 days)

*~22% of CP from soy protein concentrate in each MR treatment

P < 0.09

Table 2.

 
 
 
References: 
Akey.  2006.  Prof. Anim. Scientist 22:374. 
Akey.  2007.  Prof. Anim. Scientist 23:135. 
Akey.  2007.  Prof. Anim. Scientist 23:401. 
Akey.  2007.  Prof. Anim. Scientist 23:649. 
Bar-Peled. 1997. J. Dairy Sci. 80.2523. 
Jasper.  2002.  J. Dairy Sci.3054. 
NRC.  2001.  National Academy Press. Washington, DC. 
Terre.  2007.  Livest. Sci. 110:82. 
 


