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 Introduction 
      
   A fundamental rule regarding diet formulation is that you will never know the true 
value of anything.  Although we have reasonably accurate estimates of the average 
requirements for most nutrients, we have less certainty regarding nutrient requirements 
of a specific herd or animal under specific circumstances.  We have equations that 
accurately estimate the average dry matter intake for groups of cows but we are not 
very good at estimating how much dry matter a specific cow is eating.  We have 
developed several good analytical procedures to measure the concentrations of many 
nutrients in feeds and tables are available that contain the average nutrient composition 
of all feeds commonly fed to dairy cows.  However, biological and manufacturing 
variation, variation caused by sampling, and variation in analytical measurements can 
be substantial so that concentrations of nutrients within a specific feedstuff may be quite 
different from the average.  Does all this uncertainty mean that we should give up on 
ration formulation and feed analysis?  The answer to that question is obviously, no.  
However, the uncertainty associated with feed analysis and ration formulation must be 
understood and addressed.  With proper sampling techniques, adequate number of 
samples, and appropriate data handling, you can reduce the uncertainty associated with 
feed analysis data.  The objective of this paper is to discuss expected variation in feed 
composition, factors affecting that variation, and methods you can use to increase the 
reliability of feed analysis data.  Although much of the following discussion is 
appropriate for all feeds, discussion will be limited to grains and byproduct feeds. 
 
 Elementary Statistics 
 
   We need to start thinking about feed composition data in terms of probabilities 
rather than actual, absolute concentrations.  In other words, how confident are you (or 
should you be) that the number you have actually represents the true concentration of a 
nutrient in a feed?  Because we are working with probabilities, a basic understanding of 
some statistical principles and terminology is needed.   
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Populations and Samples 
 
   The ultimate goal of feed analysis is to obtain an analytical value from a sample 
that reflects the actual value of a ‘population’.  Examples of a population include a 
truckload of distiller grain, all the distiller grains produced by a specific distillery, or 
perhaps all the distiller grain produced in the U.S.  In statistical terms, a population is 
defined as a larger set from which samples are obtained. In other words, a population is 
defined by sampling.  If distiller grains from a single distillery were sampled extensively, 
we would have a good estimate of the average nutrient composition of distiller grains 
produced at that plant.  However, since other distilleries were not sampled we should be 
very hesitant to extrapolate the data obtained from a single distillery (i.e., a population) 
to the larger population of all distilleries.  
 
Central Tendency and Dispersion  
 
   A population is represented by a set of observations or samples.  Because of 
inherent variation and variation caused by sampling and analytical procedures, we know 
that all the sample values will not be the same.  Rather than one single value, you will 
obtain a distribution of values.  The two most important pieces of information we need to 
obtain from that set of samples are a measure of central tendency and a measure of 
dispersion.  For observations that follow a normal statistical distribution, the mean (in 
this discussion average and mean will be used interchangeably) is the best measure of 
central tendency.  The mean of a normal distribution is not the absolute ‘right’ answer, 
but rather it is the value that has the lowest probability of being substantially wrong.  
The concentrations of most nutrients in plant-based feedstuffs fit an approximately 
normal distribution, therefore the mean is the best measure of central tendency for 
those nutrients. With a normal distribution, approximately one-half of the samples will 
have values lower than the mean and one-half will have concentrations higher than the 
mean.   The concentrations of trace minerals (sometimes fat) in plant-based feeds often 
have a skewed distribution (a few observations will have very high concentrations).  
With this type of distribution, the mean overestimates central tendency (less than one-
half of the observations will have concentrations higher than the mean).  The median 
(the value at which half the observations are higher and half are lower) is the best 
measure of central tendency for this type of distribution.   
 
   Although many people are familiar with and often use measures of central 
tendency (i.e., the mean) in ration formulation, fewer people consider or use measures 
of dispersion in ration formulation.  In simple terms, a measure of dispersion should be 
used to determine how much confidence you should have when using a mean value.  
When a distribution of values has a large dispersion, the probability of being 
substantially wrong when using the mean increases.  For a normal distribution the most 
common measure of dispersion is the standard deviation (SD).  In a normal distribution 
approximately 38% of all observations will be within + 0.5 SD units of the mean, 68% of 
all observations will be within + 1 SD of the mean and approximately 95% of the 
observations will be within + 2 SD of the mean.  For example, if the mean concentration 
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