Describing and estimating variation in mixed feeds.


INTRODUCTION

A major goal of poultry nutritionists and feed millers is to see that each bird receives the nutrients they need each day.  To do that, the feed must be fairly uniform. It must contain adequate amounts of each required nutrient in the amount of feed a bird will eat in a meal or a day.  

The composition of feed ingredients is variable due to both genetic and environmental factors.  For plant products, different batches are derived from different cultivars and are grown under different climatic, fertilization conditions and then then processed and stored differently.  Different batches of animal by-products also differ, mainly because of variation in raw materials and how they are processed.

Once feeds are mixed, it is important that they be sampled properly to assure that that batches of feed contain what they are expected to.  Because there is variation inherent in different batches with the same ingredient formula, multiple samples of each batch are necessary to estimate the mean.  

When various proportions of feed ingredients are mixed, any samples have properties blended from all the incorporated ingredients.  

The variances of mixtures is calculated as follows from the variances of the ingredients:
Suppose Xi follows a Normal distribution with the mean i and variance ,
i = 1, . . . , k, and suppose Xi’s are independent. Then 
							[1]
follows a Normal distribution with mean  and variance 2, N(,2), where
							[2]
						[3]


How Variable Are Nutrients In A Feed?
The Microsoft Excel workbook called “FeedVariation.xlsx” was designed to use these formulas.  It is available from the Poultry Hub Australia web page under “Research Resources”.  A portion of the “Protein Example” worksheet is shown in Figure 1.  The ingredients with their average protein levels and standard deviations from samples collected from Australian producers and compiled in the Australian Feed ingredient Database (AFiD).

Figure 1.  A portion of the Microsoft Excel workbook called “FeedVariation.xlsx” showing the formulas to calculate the variation a mixed feed from the reported variation in the ingredients.
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In the right center portion of Figure 2 are some formulas for feeds for different classes of chickens and turkeys, and there are more on the actual worksheet.  At the bottom of the worksheet are the calculated averages and standard deviations of the expected crude protein levels of each of the feeds, highlighted in yellow.  You can download the workbook and click on each cell to see how the calculations were made consistent with Equation [3] above.

Figure 2.  A portion of the Microsoft Excel workbook called “FeedVariation.xlsx” showing the variation in crude protein of mixed feeds from the reported variation in Australian ingredients.
[image: ]

If many batches of Broiler Starter, 0 to 10 Days were mixed from random samples of Australian ingredients, the average crude protein levels of the feeds would be expected to be 230 g/kg CP.  Half of the batches would be expected to contain more and half less than 230 g/kg CP.  

The normal distribution, defined by the mean and standard deviation could be used estimate the distribution of batches of feed.

Figure 2. The Normal Distribution, from LibreText.
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Thirty-four percent of batches of this feed would contain between 230 and 230 - 4.48 = 225.52 g/kg CP;  13.5 % of batches of feed would contain between 225.52 and 225.52-4.48 = 221.04; and 2.5 % of batches of feed would contain less than 221.04 g/kg CP.

Poultry producers often purchase ingredients from the same supplier, so the variation in some ingredients may be less than what would be expected from the AFiD database.  None the less, this analysis points out the importance of monitoring ingredients to decrease variation as much as possible.  Limiting variation in mixed feeds is important when the producer is feeding their own birds, but even more important when the producer is selling feed and the customer expects each batch to have a specified minimum amount of each nutrient.  Using average values may not be acceptable to the customer.
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Protein Percentage (g/1009) Percentage (g/1009)
. : Broiler
. Mean ) Broiler Broiler | 5rower, 25|  Pullet Pulet | PulletPre- | 1UrkeY Turkey Turkey | Turkey
Ingredient (g/kg) (9/kg) Starter, 0 to | Grower, 11 Days to Starter Grower Lay Starter Starter (HD) Grower Grower
10 Days | to 24 Days Mkt (Standard) (Standard) (HD)
Wheat 100.05 6.78 48.91 54.88 60.91 63.09 67.32 68.94 16.10 5.82 28.36 18.87
Soybean meal (Brazil) 423.26 6.90 42.40 36.59 30.76 31.45 24.21 21.33 67.04 76.25 56.31 64.83
Meat and bone meal 455.19 36.60 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Mixed Recycled Vegetable Oil 0.00 0.00 3.09 3.74 3.65 0.18 0.00 0.00 9.41 10.48 8.84 9.83
Salt 0.00 0.00 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Vitamin Premix 0.00 0.00 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Trace Mineral Premix 0.00 0.00 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Limestone, Fine 0.00 0.00 0.60 0.34 0.28 0.89 4.23 5.26 1.14 1.15 0.96 0.96
Dicalcium Phosphate 0.00 0.00 1.63 1.23 0.93 1.43 1.39 1.71 2.92 2.84 2.21 2.14
DL-Methionine 581.00 0.00 0.42 0.38 0.42 0.25 0.20 0.18 0.43 0.49 0.38 0.43
L-LysineHCI 934.00 0.00 0.25 0.22 0.38 0.13 0.09 0.04 0.18 0.17 0.16 0.13
L-Threonine 724.00 0.00 0.17 0.09 0.16 0.05 0.04 0.02 0.26 0.27 0.25 0.27
Additional Ingredients from the AFID Database in Rows 19 to 33
Dry Matter g/kg 902.29 903.22 904.17 901.73 905.70 907.33 904.34 903.46 905.09 904.25
AMEN KJl/g 12.40 12.80 13.00 12.00 11.72 11.62 12.93 12.93 13.22 13.22
Metabolisable Energy KJ/g 14.47 14.83 14.91 13.98 13.56 13.42 15.36 15.48 15.52 15.64
Net Energy KJl/g 8.02 8.38 8.56 7.92 7.82 7.80 8.10 7.98 8.43 8.33
Crude Protein g/kg Mean| 230.00 212.50 195.00 200.00 175.00 165.00 296.50 323.40 265.50 290.40
a/kg SD 448 [ 456 [ 470 [ 485 [ 492 [ 496 [ 481 [ 533 [ 440 [ 4.71
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Wheat 100.056.78 48.9154.8860.9163.0967.3268.9416.105.8228.3618.87

Soybean meal (Brazil) 423.266.90 42.4036.5930.7631.4524.2121.3367.0476.2556.3164.83

Meat and bone meal 455.1936.60 2.002.002.002.002.002.002.002.002.002.00

Mixed Recycled Vegetable Oil0.000.00 3.093.743.650.180.000.009.4110.488.849.83

Salt 0.000.00 0.400.400.400.400.400.400.400.400.400.40

Vitamin Premix 0.000.00 0.050.050.050.050.050.050.050.050.050.05

Trace Mineral Premix 0.000.00 0.080.080.080.080.080.080.080.080.080.08

Limestone, Fine 0.000.00 0.600.340.280.894.235.261.141.150.960.96

Dicalcium Phosphate 0.000.00 1.631.230.931.431.391.712.922.842.212.14

DL-Methionine 581.000.00 0.420.380.420.250.200.180.430.490.380.43

L-LysineHCl 934.000.00 0.250.220.380.130.090.040.180.170.160.13

L-Threonine 724.000.00 0.170.090.160.050.040.020.260.270.250.27

Additional Ingredients from the AFID Database in Rows 19 to 33

Dry Matter g/kg 902.29903.22904.17901.73905.70907.33904.34903.46905.09904.25

AMEn KJ/g 12.4012.8013.0012.0011.7211.6212.9312.9313.2213.22

Metabolisable Energy KJ/g 14.4714.8314.9113.9813.5613.4215.3615.4815.5215.64

Net Energy KJ/g 8.028.388.567.927.827.808.107.988.438.33

Crude Protein g/kg Mean230.00212.50195.00200.00175.00165.00296.50323.40265.50290.40

g/kg SD4.484.564.704.854.924.964.815.334.404.71
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