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Calculating Dairy Rations Using the Pearson Square
prepared by Krista Jacobsen, Dept. of Animal Science, UC Davis (kjacobsen@ucdavis.edu)
1) NRC Nutrient Requirements of Small Ruminants
1) Tables of nutrient guidelines at different sizes and stages of production
2) Feed tables: compositions of various feedstuffs
** Bear in mind that all requirements and feed values are expressed on a dry matter basis (DMB). It’s generally easiest to convert all values to DMB in the beginning and convert back to as-fed basis once you have a balanced ration

2) Determine where your goats fit in on the requirement tables. The protein requirements can be a bit confusing since they incorporate undegradable intake protein (UIP). As the level of UIP increases, more protein escapes rumen degradation and gets to the goat’s abomasum, so total dietary crude protein requirement decreases. Most feed tags give information for crude protein alone, so unless you know the UIP levels of your feeds, you can use the middle value, i.e., CP at 40% UIP. For my example today, I will be using a 80kg (176lbs) doe, in early lactation, with a milk yield of 4.65-6.43kg/day (10.2-14.1lbs/day).
So my goat’s daily needs are:


8.99 Mcal/day


640 g crude protein


18.2 g calcium


11.4 g phosphorus

Per the requirements table she should consume these nutrients in a total of 3.76kg of dry matter.

3) Determine which feeds you will be using and list their contents of energy, protein, etc. For as user-friendly as the Pearson square is, a downfall is that you can only balance two feeds at a time. Later on I will address how to do the square with multiple feeds, such as more than one roughage source. For the current example I will feed my goat midbloom alfalfa and a commercial lactating dairy goat concentrate mix from a local feed store. The feed tables in the NRC guidelines already express values on a dry matter basis, but the tag on the bag of concentrate mix does not. Many mixes are around 85-90% DM; I will use a DM value of 88% for my calculations here.
4) Since alfalfa is abundant in CA, chances are we shouldn’t have any issues meeting the protein requirement (and we’ll likely exceed it). I will balance my square for energy, and then check the other nutrients. The Pearson square is based on target concentrations of nutrients, so my target energy level is 8.99Mcal/3.76kg DM = 2.39 Mcal/kg DM

The feed table indicates that midbloom alfalfa has 2.1 Mcal/kg DM. Your feed tag may have an energy level on it. If it does, then you are saved some additional math...mine does not, so I have to estimate the energy content of the concentrate mix.

From the label, the mix contains 16% CP, 3% fat, 7% crude fiber, 7.1% ash, 0.5-0.9% Ca, 0.4% P, and 0.1-0.3% Na. Energy content can be estimated using Atwater’s values, which give protein, fat, and carbohydrate caloric levels (per g) of 4, 9, and 4 respectively. I only have a given level of crude fiber, so I’ll also have to estimate levels of other carbohydrates (CHO), which can be calculated by difference.

100 - 16 - 3 - 7 - 7.1 - 0.5 - 0.4 - 0.1 - 12 (water) = 53.9 % nonfiber CHO

16 x 4 cal/g protein         = 64 cal/100g

  3 x 9 cal/g fat                = 27 cal/100g

(7+ 53.9) x 4 cal/g CHO = 243.6 cal/100g

sum value to 334.6 cal/100g = 3.35 Mcal/kg AS FED = 3.35/0.88 = 3.81 Mcal/kg DM

Now the square can be set up, with the target energy level in the center and the two feeds on the left side. Now we’ll subtract down each diagonal to find total number of “parts.”

alfalfa  2.1 Mcal/kg DM                                              1.42/1.71 = 83% of total DM from hay


2.39 Mcal/kg DM


mix     3.81 Mcal/kg DM                                             0.29/1.71 = 17% of total DM from mix







1.71 total “parts”

So our total ration DM should be 83% alfalfa; 0.83 x 3.76kg = 3.12kg (dry)





         17% mix; 0.17 x 3.76kg = 0.64kg (dry)

Check that ration balances for energy (if it doesn’t there was a miscalculation since we specifically balanced for energy):

alfalfa 3.12kg x 2.10 Mcal/kg DM = 6.55 Mcal

mix     0.64kg x 3.81 Mcal/kg DM = 2.44 Mcal

6.55 + 2.44 = 8.99 Mcal (energy is balanced)

Now check for protein. Recall that the label from the mix expresses CP on an as-fed basis. So if estimating 88% DM, then CP on a DMB is 16/0.88 = 18.2%. The NRC feed table lists midbloom alfalfa as containing 17% CP DMB.

alfalfa 3.12kg x 0.17 = 0.5304kg = 530.4g

mix   0.64kg x 0.182 = 0.1165kg = 116.5g

530.4 + 116.5 = 646.9g (balances--reqt is 640g)

Check Ca and P in a way similar to protein.

5) If you are using a commercially available concentrate mix, then you may not need any additional daily mineral supplementation. If everything balances, then the dry ration can be converted to as-fed values.
3.12kg dry alfalfa/0.89 = 3.5kg as-fed (approximately 7.7 pounds)

0.64kg dry mix/0.88 = 0.73kg as-fed (approximately 1.6 pounds)

6) If you formulate your ration without a commercial mix that incorporates vitamin and mineral supplements, then you can set aside 1.5% of the total ration DM as “slack space” to accommodate supplements after energy and protein needs are met. Your initial target nutrient levels would then be based on 98.5% of the dry matter intake requirement.
With more than two feeds:

Sometimes producers want to feed a combination of roughage sources, such as two types of hays, or provide regular access to fresh browse. Or, a ration could be developed using individual grains in the concentrate portion. The Pearson square can still be used, although you will need to do more than one square. 

If I want to feed my sample goat a combination of alfalfa and oat hays, along with the mix from the feed store, I would have the same initial target energy level. However, the hays would be represented as an average of the two hay types. Midbloom alfalfa is 2.1 Mcal/kg DM, and oat hay is 2.0 Mcal/kg DM (mix average is 2.05 Mcal/kg DM). So my first square would look like this:

alfalfa/oat hay mix 2.05 Mcal/kg                                                 1.42/1.76 = 80.7% of DM

   2.39 Mcal/kg


Concentrate mix 3.81 Mcal/kg                                                    0.34/1.76 = 19.3% of DM









      1.76 total “parts”

So hay would account for 80.7% of the total DM, or 0.807 x 3.76kg = 3.03kg (dry)

Concentrate mix accounts for 19.3%, or 0.193 x 3.76kg = 0.73 kg (dry)

0.73kg of dry concentrate mix provides 0.73kg x 3.81Mcal/kg DM = 2.78 Mcal

Since the requirement is 8.99 Mcal, the hay has to make up the difference (8.99 - 2.78 = 6.21 Mcal) in 3.03 kg. The second square will determine ratio of hays. New target energy level is 6.21 Mcal/3.03kg = 2.05 Mcal/kg

Oat hay 2.0 Mcal/kg DM   




  0.05/0.1 = 50% of total hay DM





        2.05 Mcal/kg


Alfalfa hay 2.1 Mcal/kg DM




  0.05/0.1 = 50% of total hay DM









  0.1 total “parts”

So 50% of the hay DM would be alfalfa, 50% would be oat hay (0.5 x 3.03kg = 1.5kg each)

This example wasn’t too complicated since both hay types had similar energy contents. But let’s say I wanted to feed my own ration of alfalfa hay, flaked corn, and barley. Then my two initial feeds for the first square would be alfalfa and a grain mix, whose energy content is an average of the two grains. I would then go through calculations similar to those above for the two hays, with a second square to calculate the ratios of corn and barley in the grain mix.

Some tips for happy rationing
The NRC dry matter intake requirement is a guideline, and you should adjust this value according to your individual animals. Some will eat more, some will eat less.

Feed values in the composition tables are national averages, and if possible you should get your feeds tested a few times annually.

For a Pearson square to work, you must have one feed that’s higher than target and one that’s lower. This may seem really obvious at first, but it’s very easy to overlook this if there are certain feeds that you are determined to use, and find that the ration doesn’t balance. If you set up a square to balance for energy, and you end up with either a deficit or overage of energy, there may be a miscalculation, or inappropriate feeds in the square (i.e., both are above or below the target level).

Feel free to visit the Penn State goat nutrition page, which has many links which you may find helpful, including a link to the metabolizable energy calculator maintained by Langston University: http://www.das.psu.edu/research-extension/goats/nutrition
Another article about formulating rations for dairy goats. This one has more information about other methods such as substitution and systems of equations: http://www.milkproduction.com/Library/Articles/Understanding_U_S_Feed_Tags_And_Balancing_a_Dairy_Goat_Ration.htm

