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Introduction

One source of inefficiency in poultry production comes
from variation in feed ingredients. Using standard feed
mixing techniques, grains and meals are each stored in their
own bins (1-bin method). Linear programs are typically
used to find the combination of ingredients meeting nutri-
ent restrictions based on average ingredient compositions.
To increase the probability of meeting nutrient restrictions
greater than 50 percent of the time, stochastic models may
be implemented. For instance, feed cost may be increased
by 20 percent to meet the minimum crude protein require-
ment in 80 percent of batches instead of 50 percent. In-line
equipment (such as NIR) is now available to quickly esti-
mate ingredient compositions (e.g., percent protein) and
facilitate improved formulation techniques.

This publication describes how to use Microsoft Excel
workbooks designed to calculate 1) the effects of divid-

ing ingredients into above- and below-average portions
(2-bin method) and 2) the costs of providing nutrients at
specified confidence levels. By dividing ingredients into
above- and below-average portions, efficiency is increased
by 1) improving performance due to under-feeding with
below-specification batches of feed and 2) minimizing waste
from reduced over-feeding.

General Overview

Feedstuffs are characterized by inherent nutrient variability.
When formulating poultry feeds using the standard linear
feed formulation techniques, negative outcomes can be
expected due to the inherent variability. This publication
explains how to calculate and reduce measures of nutrient
variability in feed formulated by linear techniques. Cal-
culating the costs of providing nutrients at specified con-
fidence levels by the non-linear (stochastic) techniques is
also discussed. Crude protein content of a corn-SBM broiler
starter diet has been chosen as an example. Microsoft Excel
workbooks have been constructed to achieve the objectives
of this publication.

How is Poultry Feed Formulated?

The majority of poultry feeds are formulated by least-cost
feed formulation software that is based on linear program-
ing. Linear programming software formulates feeds with
only a 50 percent assurance of meeting nutrient require-
ments (half the batches will be below average). Stochastic
programming can also be used to formulate feeds with

a 99.99 percent or even higher assurance of meeting the
requirement of any nutrient. The stochastic programming
method takes into account nutrient variability. In practice,
feeds currently formulated by either linear or stochastic
programming methods are formulated from feed ingredi-
ents each stored in its own, single bin.

Why is Estimating Nutrient Variability in
Poultry Feeds Important?

Batches of feed ingredients arrive at feed mills from dif-
ferent sources. The batches are often not analyzed for the
actual content of nutrients, and feeds are formulated based
on the expected nutrient averages, ignoring the inherent
nutrient variability in feedstuffs. As a result, feeds formulat-
ed based on historical averages may only meet the nutrient
requirements of the birds 50 percent of the time, with high
variation in meeting the minimum requirements. Estimat-
ing nutrient variability in finished batches of feed would
be beneficial for helping feed formulators overcome the
problem of nutrient variability.

How is Crude Protein Variability Estimated?
A large number of ingredient samples collected from
poultry producers in North America have been analyzed
for their approximate composition, including crude pro-
tein (CP) (Tahir et al., 2012). Microsoft Excel spreadsheets
(Microsoft Corp., Redmond, WA) were constructed with
thousands of simulated batches of feed to estimate CP
variability of feeds using two grain handling methods. The
two methods are (1) feed formulation from undivided,
unseparated batches of corn and soybean meal (SBM) (1-



bin method) and (2) feed formulation from batches of corn
and SBM separated into above- and below-average batches
(2-bin method). The 2-bin method is proposed to reduce
nutrient variability in finished batches of feed, improve live
performance, reduce input costs and decrease waste and
environmental impact.

Why is the Simulation Method Used?

The distributions of CP in corn (mean = 6.9%; SD = 0.59)
and SBM (mean = 47.51%; SD = 1.42) samples in Figures 1
and 2 do not seem to be normal when the data are graphed.
Using an average value does not represent the true value of
feed ingredients that may be delivered to a mill. The Monte
Carlo simulation was used to represent the CP data as nor-
mal distributions by matching the mean and standard devi-
ation of the observed data with the simulated distribution.
Figures 1 and 2 demonstrate the shapes of the distribution
curves before and after the Monte Carlo simulation.
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How to Estimate CP Variability for Feeds
Formulated by a Linear Programming
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Spreadsheet Construction

The workbook “CP-VEW1” was constructed for this pur-
pose. The “Simulations” worksheet contains thousands of
simulated batches of finished feed (Figure 3).

o The numbered cells in column B (B9:B10008) represent
the ID numbers of 10,000 batches of finished feed.

« The entries in cells C9 through C10008 and D9 through
D10008 are simulated CP values for corn and SBM,
respectively. These simulated values were generated
using the Monte Carlo simulation method. The simu-
lation process was done using the function NORMINV
(RAND (), CP population mean of the ingredient, CP
population standard deviation of the ingredient).
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Figure 1. Corn crude protein (CP) distribution before and after the Monte Carlo simulation.
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Figure 2. Soybean meal crude protein (CP) distribution before and after the Monte Carlo simulation.
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o The entries in cells E9 through M10008 are the quanti-
ties of feed ingredients that make up the feeds (i.e., corn,
SBM, poultry fat, limestone, dicalcium phosphate, salt,
vitamin premix, mineral premix and dl-methionine).
Each row is a simulation of one batch of finished feed
formulated with the WUFFDA workbook (WUFFDA,
2004), which is linear programming software, using the
average CP of corn (6.9%) and SBM (47.51%). It should
be noted that the quantity of each feed ingredient is the
same among the batches of feed/rows to reflect the re-
al-life situation when feeds are formulated based on the
average CP values of the ingredients.

Column N (N9:N10008) represents the total amount of

each batch of feed calculated by summing the amount of

the ingredients in each row.

Column O shows the formula cost in dollars for each

batch of feed based on the ingredient prices listed in cells

F3 through K3.

The dietary CP value for each batch of feed is listed in

column P, and has been calculated from the three protein

sources in the feeds (corn, SBM and DIl-methionine).

Column Q shows the level of dietary CP in each batch of

feed; if it is equal to or above 23 percent, then the num-

ber 1 is assigned to this level and if it is below this level,

the assigned number is 0.

« CP means and standard deviations for corn and SBM
being investigated are entered in cells C4 through D5.

o The results of this worksheet appear in cells M4 through
R6.

« The mean, standard deviation and coefficient of variation
of all the CP values in column P are displayed in cells N4
through N6.

« The proportion of the batches of feed that lie above any
desired CP level in cell D6 is displayed in cell P6.

 The number and percentage of batches that meet the spec-
ified minimum are displayed in cells R5 and Ré.

Data for CP are graphed in separate worksheets. Histo-
grams were generated by using the histogram tool of the
analysis toolpak. The worksheet titled “G1” shows the
distribution of corn CP in column C, while the worksheet
“G2” shows the distribution of SBM CP in column D. CP
levels in the 10,000 batches of finished feed are graphed in
the worksheet titled “G3”

Understanding the Results of the "CP-VEW1"” Workbook.
Feeds formulated in this example were intended to meet the
requirements of broiler starter feeds (NRC, 1994) at a CP
level of 23 percent. All the feeds were formulated at corn CP
of 6.9 percent and SBM CP of 47.51 percent.

It is possible to modify this workbook to be used for any
stage of production of any species by reformulating the feed
according to the nutritional requirements of the stage or
species of interest and then the ingredients’ quantities can be
transferred to this workbook.

One objective of this work was to estimate CP variability

in the finished feed and to know the distribution of CP in

the batches as well. In our example, the entries in cells C4
through D5 produced the results in cells M4 through Ré6. The
mean CP of the 10,000 batches of finished feed is approx-
imately 23 percent, which is the specified CP level in this
example. The measures of variability of CP for the finished
feed are standard deviation (SD) = 0.64 and coeflicient of
variation (CV) = 2.79.

The percentage of batches of feed that lie above any CP level
can be determined by entering any value in cell D6 and the

A B C D E [ G H I 1 K 5 M N o P
al
2 CP Values to be Simulated Ingredient Prices $ per 100 Ib Feed Formulation Results
3 statistics ~ Comn SBM Corn 16.00 il 2000  DLMet 220.00 Statistics %
4 Mean (%) 6.90 47.51 SBM 28.00 sait 278 Mean 2299 CP Level Tested 23.50
5 sD 0.59 142 Poultry Fat 34.00 Vit. mix 370.00 sD 065 ZValue 0.79
& CP Level Tested 23.50 Limestone 3.00 Min. mix 57.00 =Y 2.81 % Above Tested Level 2143
3 D CornCP (%) | SBMCP (%) | Com (%) | SBM(%) | PoultryFat(%) | Limestone (%) | DCP (%) | Salt(%) | Vit. mix (%) | Min.mix (%) | DL-Met(%) | Total (%) Formula Cost ($) Diet CP (%)
9 1 7.94 4530 47.33 4125 73 140 162 0.45 0.25 015 024 100.00 2353 2258
10 2 535 48,06 47.33 4125 73 140 162 0.45 0.25 015 024 100.00 2353 22.96
11 3 540 5111 4733 4105 731 140 162 045 025 015 024 100.00 2353 2495
12 B 510 4303 4733 4105 731 140 162 045 025 015 024 100.00 7353 2321
13 5 6.95 4777 47.33 4125 73 1.40 162 0.45 0.25 0.15 024 100.00 2353 2313
14 6 7.92 4917 47.33 4125 73 1.40 162 0.45 0.25 0.15 024 100.00 2353 24.16
15 7 5.39 46.09 47.33 4125 73 140 162 0.45 0.25 015 024 100.00 2353 2254
16 E] .18 4864 47.33 4125 73 140 162 0.45 0.25 015 024 100.00 2353 2313
17 ] 502 4713 4733 4105 731 140 162 045 025 015 024 100.00 2353 2242
18 0 823 43 46 4733 4105 731 140 162 045 025 015 024 100.00 2353 2402
19 K 768 4508 4733 4125 73 140 162 0.45 0.25 015 0.24 100.00 2353 2274
20 2 6.08 46,36 47.33 4125 73 1.40 162 0.45 0.25 0.15 024 100.00 2353 22,56
21 13 5.90 43,65 47.33 4125 73 1.40 162 0.45 0.25 0.15 024 100.00 2353 23.43
22 4 541 4629 47.33 4125 73 140 162 0.45 0.25 015 024 100.00 2353 22.26
23 5 583 4823 47.33 4125 73 140 162 0.45 0.25 015 024 100.00 2353 22.79
24 6 709 5011 4733 4105 731 140 162 045 025 015 024 100.00 2353 2416
25 7 532 4684 4733 4105 731 140 162 045 025 015 024 100.00 2353 2245
26 18 5.63 1617 4733 4125 7 140 162 0.45 0.25 015 0.24 100.00 2353 2232
27 19 6.62 46.07 47.33 4125 73 1.40 162 0.45 0.25 015 024 100.00 2353 22,65
28 20 6.62 43,64 47.33 4125 73 1.40 162 0.45 0.25 015 024 100.00 2353 23.33
29 21 .16 4821 47.33 4125 73 140 162 0.45 0.25 015 024 100.00 2353 22.04
30 22 5.88 46,15 47.33 4125 73 140 162 0.45 0.25 015 024 100.00 2353 2243
31 23 786 4561 4733 4105 731 140 162 045 025 015 024 100.00 2353 2267
32 24 752 4726 4733 4105 731 140 162 045 025 015 024 100.00 2353 2319
== 25 6.52 4842 47.33 4125 73 1.40 162 0.45 0.25 0.15 024 100.00 2353 23.20
H 4 ¥ H[ Title | Simulations .“Gl G2 . G3 ./ % okl T} | >
Figure 3. The “simulations” worksheet of the CP-VEW1 workbook to estimate

CP measures of variation of feeds formulated by the 1-bin method.
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result will appear in cell P6. For instance, if we want to
know the percentage of batches of feed that lie above 20
percent, we simply enter “20” in cell D6 and recalculate the
worksheet (press the F9 key) to get the value of 100 percent
in cell P6.

The specified CP of 23 percent was achieved approximately
50 percent of the time, as shown in cell R5, which is what
we expect when we formulate feeds with linear programing
techniques (Figure 4; G3 worksheet). The average formula
cost of the feeds is presented in cell R6. It should be not-

ed that the outputs change slightly as the formulas in this
spreadsheet are recalculated either automatically or manu-
ally. With 100 simulations, the fluctuations are considerable;
with 10,000, the fluctuations are quite small. The number of
simulations can be adjusted to meet the needs of the opera-
tor subject to the speed of the operator’s computer.
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Figure 4. CP distribution for the finished batches of feed
formulated by the 1-Bin Method.

How to Estimate CP Variability for Feeds
Formulated by a Linear Programming
Model and the 2-Bin Method

Spreadsheet Construction

Modern technology allows for the rapid estimation of the
nutrient content of feed ingredients. It is possible to divert
above- and below-average rail car loads to bins designated
as the low CP portion (below-average) or high CP portion
(above-average) and then formulate the feed. The feed was
formulated with equal portions of each ingredient (i.e., 50
percent below-average and 50 percent above-average for
both corn and SBM). This step was done by forcing WUFEF-
DA to use the new portions of the same ingredient in 1:1
ratios. It should be noted that a new CP mean (truncated
distribution mean) was used in the ingredient matrix of
WUFFDA with each portion.

Estimating Crude Protein Variability and
Savings of Broiler Feeds Using Microsoft Excel

To determine these new means, the Excel spreadsheet named
“TND Calculator” was constructed to generate 1,000 CP sim-
ulations for both corn and SBM. These simulated CP values
were grouped based on the mean CP of each ingredient into
“low CP” values (below the mean; assigned 0 in columns

J and K) or high CP values (above the mean; assigned 1 in
columns J and K) and the new means were obtained for each
group as presented in cells L3 through M6.

The workbook “CP-VEW?2” is similar to “CP-VEW1” with
the exception of the grouping of the simulated CP values in
columns K and L into “low CP” or “high CP” values (grouped
into columns M through P) based on corn and SBM popula-
tion means (Figure 5).

The number of the batches of finished feed in this workbook
is lower (n = 2,500) than the CP-VEW 1 workbook because it
takes more time to conduct the simulations.

o Feed ingredient quantities obtained from WUFFDA are
listed in columns Q through AA.

o All the ingredients that constituted the batches of feed in
this workbook are totaled in column AB.

 Formula cost, dietary CP, and the level of CP for the
batches of feed are presented in columns AC, AD and AE,
respectively.

« The ingredient characteristics (mean and SD) are entered
in cells N4 through O5 and the results are in cells Z4
through AD6.

« The histograms of CP can be found in other worksheets.

Understanding the Results

of the "CP-VEW2"” Workbook

As in CP-VEW]1, means and SDs for CP populations being
studied are entered in the upper left-hand side of this work-
sheet (cells N4 through O5) and the results are displayed

in the upper right-hand side (Z4 through AD6). The same
entries for CP statistics were used in this workbook. The
results show that the CP average for the batches of feed is
again 23 percent (Z4) but the SD is much lower than with
the 1-bin method (~ 0.27 (Z5)). The percentage of batches

of feed above any CP value of interest can be obtained in the
same way as in the CP-VEW 1 workbook. For example, if 22.5
percent is entered in cell N6, the percentage of batches above
this level are ~ 96.30 percent. The percentage meeting the CP
in the feed is roughly the same as in CP-VEW1 workbook

(~ 50 percent; cell AD5). CP values of the batches of feed
(column AD) when graphed are characterized with a tall and
narrow distribution (Figure 6) compared to Figure 4.
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A B K E M N o P a R 5 T u v w X
1
2 CP Yalues to be Simulated Ingredient Prices $ per 100 Ib
3 Statistics Comn SBM Com 16.00 DCP 20.00 DLMet 22000
4 Mean (2] 6.90 47.51 SBM 28.00 Salt 2.78
5 En) 0.59 142 Poultry Fat 34.00 Wic. mix 370.00
3 CP Level Tested 25.00 Limestone 3.00 Min. mix 57.00
7
k3
= ID | Corn CP ()| SBM CP ()| Low Corn CP (3¢) | High Carn CP () | Low SBM CP (]| High SBM CP )| High CP Corn ()| Low CP Corn ()| High CP SBM () |Low CP SBM (]| Poultry Fat (%) | Limestone (]| DCP (] | Salt (2]
10 1 708 4518 531 708 4.5 4518 367 567 0.5 0.6 73 0 6 0.45
11 H Bl 550 570 X5 637 45.30 SET 367 0.5 0.5 TE 0 I3 045
12 3 742 454 ES .04 473 45.55 SET 557 0.5 0.5 T3 0 .6 0.45
13 4 704 555 62 727 7.05 45,681 367 367 0.5 0.6 73 0 6 0.45
14 H 570 .37 e .07 637 560 SET 357 0.5 0.5 T3 0 & 045
15 & 655 48.61 6.5 N .45 7T SET 55T 0.5 0.5 i I L6 0.45
156 T 727 560 6.5 732 4512 5,40 3ET 367 0.5 0.6 T3 0 & 0.45
17 B 621 475 ] .25 56T 3,00 SET 357 0.5 0.5 TE I I3 0.45
18 3 507 705 627 783 45.51 5.00 367 367 0.5 0.6 73 0 6 0.45
19 10 737 T4 655 723 476 762 3ET 367 0.5 0.6 T3 0 & 0.45
20 il & el 637 7.05 438 TAE] SET 35T 0.5 0.5 i I & 0.45
21 B 534 745 665 597 657 526 367 567 0.5 0.6 73 0 6 0.45
22 H 725 EERE &30 AL 623 357 SET 367 0.5 0.5 T3 0 I3 045
23 4 £.51 4567 659 i 435 3,00 SET ST 0.5 0.5 TE I L& 0.45
24 B 783 45.40 610 7E 4611 554 367 367 0.5 0.E: 73 0 6 0.45
25 H £.51 4551 B51 7.4 96,23 5.2 SET 367 0.5 0.5 T3 Ii] L6 0.45
26 7 723 EYAS .80 = 45.5 7.50 SET 55T 0.5 0.5 i I L6 0.45
27 H 650 438 628 753 45.4 7.5 3ET 367 0.5 0.6 T3 0 & 0.45
28 E 705 3,00 [XE] .02 65 3.4z SET 357 0.5 0.5 TE I I 0.45
23 Z0 627 .00 573 718 6.73 5.05 367 367 0.5 0.6 73 0 6 0.45
20 21 658 TEZ 622 76 732 5,32 3ET 367 0.5 0.6 T3 0 6 045
31 z 637 INE] 614 .30 724 5,56 SET 35T 0.5 0.5 TE I & 0.45
32 3 637 BE7 555 726 6.56 ] 367 367 0.5 0.6 73 0 6 0.45
33 4 BES 623 655 73T 44.51 45.91 SET 367 0.5 0.5 ] 0 I3 045
34 = 630 4.55 S E 4710 45.57 SET 35T 0.5 0.5 T I L& 0.45
£ 3 653 4511 651 739 4721 4513 367 367 0.5 0.E: 73 0 6 0.45
ES T AL 45.26 675 732 4660 45.04 SET 367 0.5 0.5 TF 0 I3 045
37 5 ? 34 45 a? 5 Els 783 4737 47.68 SET 55T 0.5 0.5 i I L6 0.45
] 775 47.03 4764 3E7 367 0.6 0.6 T3 0 6 0.45

38 43.0
WA Trtle,l Slmulatlons/Gl 62 /53 P

i« il |

Figure 5. The “simulations” worksheet of the CP-VEW2 workbook to
estimate CP measures of variation of feeds formulated by the 2-bin method.
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Figure 6. CP distribution for the finished batches of feed
formulated by the 2-Bin Method.

How to Determine the Level of
CP in the Feed Being Formulated
at Any Probability Level

Spreadsheet Construction

To directly and practically determine the level of CP at
any given probability when formulating feed, two auto-
mated worksheets were constructed. These worksheets
calculate the standard deviation and the CP content of the
feed being formulated at any probability level. For ease of
use, the worksheets were implemented into the WUFFDA
workbook to obtain these important pieces of information
during feed formulation. The “CP Estimator 1” workbook
(Figure 7) is designed to be used with the 1-bin method,
while the “CP Estimator 2” workbook is designed for the
2-bin method (click here to download CP Estimatorl; click
here to download CP Estimator2).

¢ In the “simulations” of the workbook CP Estimator 1, the
entries in cells B4 through B8 are CP means and SDs for
corn and SBM being used in WUFFDA.

o Any probability values between 0 and 1 can be entered in
cell BO.

Estimating Crude Protein Variability and
Savings of Broiler Feeds Using Microsoft Excel

o The amounts of corn and SBM obtained from WUFFDA
formulations are updated in cells B14 and B15.

o The expected CP in feed and its SD are presented in cells
B19 and B20, respectively.

 The CP content related to the probability entered in cell
B9 is presented in cell B22.

o Column D contains the IDs of the simulated CP values
for corn (column P) and SBM (column Q).

o Column S represents the final CP content for each of the
simulated feeds.

 The workbook CP Estimator 2 is very similar to CP
Estimator 1 except the CP simulations were grouped into
low- or high-CP populations as presented in columns R
through U.

Understanding the Results

of the “"CP Estimator” Workbooks

After the feed is formulated normally with WUFFDA,

the amounts of corn and SBM used in the formula should
appear in the corresponding cells of the simulations sheet.
The DL-methionine column in the simulations worksheets
is also updated. The next step is to input any probability
value in cell B9 to determine the level of CP associated with
this value. For example, if we decide to use 0.9 in cell B9 of
the CP Estimator 1 workbook, the result in cell B22 after
worksheet recalculation (the F9 key for Windows users)
will be 22.17 percent. There is a 90 percent probability that
the actual CP average in the feed being formulated meets or
exceeds 22.17 percent. The CP value in cell B19 represents
the specified CP limit in the feed, which is 23 percent in this
example. The calculated standard deviation is ~ 0.65 for the
1-bin method and ~ 0.28 percent for the 2-bin method (cell
B20). These statistics are very similar to those obtained by
the workbooks CP-VEW1 and CP-VEW?2.

UGA Extension Bulletin 1430



A B C ] P a R -] -
1 Mixed Distribution E
&
3 POPULATION CHARACTERISTICS CP (%) 1D of Si Value | Comn ion Distribution | SBM ion Distribution | DL ine in Finished Feed| Mixture Proten Content (Corn 1+Corn 2+5BM1+5BM2+ Met )
4 | Corn Population Mean 6.90 1 769 4869 0.24 2386
5 | Corn Population Stdev. 0.59 2 7.00 4494 0.24 2198
[ 3 6.62 47.25 0.24 2276
7 | 5BM Population Mean 47.51 4 6.98 45.38 0.24 22.16
8 SBM Population Stdev. 142 ] 6.79 4912 0.24 2361
9  Probability 0.50 6 763 5032 0.24 2450
10 7 6.92 4521 0.24 2206
1 8 8.23 46.58 0.24 23.24
12 L | 6.67 4863 0.24 2336
13 OPTIMIZATION 10 6.92 4728 0.24 2292
14 LBS of Corn from in Mixture | 4733 1 764 4962 0.24 2422
15 LBS of SBM from in Mixture 4125 12 6.93 47.09 0.24 2284
16 13 7.62 48.76 0.24 23.86
17 14 744 46.62 0.24 2289
18 RESULTING MIXTURE 15 717 4755 0.24 23.15
19 Expected Protein Content 23.01 16 592 4910 0.24 2319
20 Standard Deviation 0.64 17 5.61 4813 0.24 23.06
21 18 6.50 47.08 0.24 2263
22 Protein Content at threshold probability 23.01 19 5.83 48.20 0.24 2278
23 20 6.89 48.26 0.24 2331
24 21 7.14 46.09 0.24 2253
25 22 745 4645 0.24 2283
28 23 755 4747 0.24 2329
27 24 677 5209 024 2483
28 25 6.93 4733 0.24 22584
29 2% 815 2308 024 2217
30 27 844 4729 0.24 2364
31 2R fiR9 4R 16 0 24 2744 i
W 4 » M| Tile Ingredients . Nutrients  Formulate | Simulations ~Graphs ~Feed Spec ~ Miing Sheet . Ingredients (Poultry) -~ Ingredients (Feeddi] 4 »

Figure 7. Calculation of standard deviation and CP content
of the feed at any probability given by the CP Estimator 1 workbook.

What Grain Handling Method Minimizes

CP Variability — the 1-Bin Method or the
2-Bin Method?

As seen from the results of the workbooks (Table 1), formu-
lating feeds with the 2-bin method resulted in a significant
reduction in the standard deviation and CV of CP in fin-
ished feeds compared to formulating feeds with the regular
1-bin method. The standard deviation for feed formulated
by the 2-bin method was approximately 0.27 (CV= 1.18)
while the standard deviation for the 1-bin method was 0.64
(CV=2.79). The distribution of the CP values around the
mean was altered as well. Almost 96 percent of the batches
of feed for the 2-bin method lie above 22.5 percent com-
pared to only 78 percent for the 1-bin method. On the other
hand, only 3.5 percent of the batches of feed for the 2-bin
method lie above 23.5 percent, compared to 22 percent

for the 1-bin method. The majority of the batches of feed

(= 93 percent) formulated with the 2-bin method have CP
values within 1 percentage point (between 22.5 and 23.5).
In contrast, only 56 percent of the batches of feed for the
1-bin method fall within this percentage point. The reduc-
tion in the number of batches having very low CP contents
(CP < 22.5 percent) can support the growth performance of
all birds. On the other hand, the reduction in the number
of batches having excessive CP content (CP > 23.5 percent)
can reduce nitrogen pollution to the environment.

Estimating Crude Protein Variability and
Savings of Broiler Feeds Using Microsoft Excel

Table 1. Effect of grain handling method on crude protein
variability and the percentage of batches of feed that lies
above certain CP levels.

Grain Handling Method
CP Statistics 1-Bin Method | 2-Bin Method
Mean, % 23.00 23.00
Standard deviation, % 0.65 0.28
Coefficient of variation % 2.81 1.20
CPlevel (%) | oo % above CP level............
21.0 99.90 100.00
21.5 98.98 100.00
22.0 93.89 99.98
22.5 78.00 96.34
23.0 49.96 49.20
23.5 21.94 3.35
24.0 6.09 0.01
24.5 1.01 0.00
25.0 0.10 0.00
25.5 0.01 0.00

How to Determine the Cost of Providing
CP at Specified Confidence Levels for
Feeds Formulated by Stochastic
Programming and the 1-Bin Method

Spreadsheet Construction

The stochastic programming spreadsheet in Figure 8
(SPW1) was constructed based on previous work by Pesti
and Seila (1998).

o The ingredients as well as their prices ($ / 100 lbs.) used
above were used here (cells B1 to L1) and (cells B2 to
L2).
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The weight of each ingredient appears in cells B3 to L3.
CP values of the ingredients and the corresponding stan-

dard deviations are presented in cells B4 to L4 and B5 to

L5, respectively.

o The entries in cells B6 through L19 are the nutrient

compositions of the feed ingredients used based on NRC

(1994).
presented in cells B21 to L21.

ingredient used.

The quantity of each ingredient used in the formula is

The minimums and maximums of the ingredients are

The outputs in cells B24 to L24 indicate the cost of each

specified in cells B22 to 122 and cells B23 to L23, respec-

tively.

The formula cost ($ / 100 Ibs.) is presented in cell B25.
Column M contains the nutrient specification and col-

umn N contains the maximum amount of each nutrient

to be used.

la is output in column O.

o A stochastic constraint was implemented into the

spreadsheet and the constraint is

oy x +Z ||E}'=1 CFL,ZJ xf = b

The supplied amount of each nutrient in the final formu-

where u, is the mean of the i* nutrient in the j* ingredi-
ent; x is the fraction of the j™ ingredient; Z is the stan-
dard normal deviate of the i nutrient; o7 is the variance
of the i nutrient in the j*ingredient; and b, is the con-

fidence level of meeting the i nutrient (D’Alfonso, et al.,
1992). The i* nutrient in this example is CP. The first part
of the constraint

(E?:-j Hyp Xy )

is the total CP of the formula while the second part

(z 'E}'=1 ol %)

is the product of multiplying the Z value by the square
root of the summed cells in row 20. The value of this con-
straint is computed by the formula in cell O4.

The Z, value is displayed in cell B26 and is calculated
based on the probability value in cell B28, which is the
desired probability of success in meeting the specified
protein level.

Column P calculates the average content of each nutrient.
To optimize the stochastic formulation problem, the
solver option must be selected. Once selected, a dialog
box is produced that contains the objective value (formu-
la cost) that needs to be minimized and subject to a set of
constraints (Figure 9). The solving method selected in the
dialog box is GRG Non-Linear since the problem to be
solved is not linear (stochastic). The stochastic problem is
optimized by clicking “solve” and the solver results dialog
should appear.

A B c F G H | J K L M N o] P Oal
1 Corn SBM Poultry fat | Limestone DCP  |Vitamin premix| Mineral premix salt DL-Met | MIN (Nutrient) | MAX (Nutrient) Supplied A g ]
2 |Cost($) 16.00 28.00 34.00 3.00 20.00 370.00 57.00 278 220.00
3 |weight 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 i 1.00 I 1.00
4 |CP 6.90 47.51 0.00 0.00 0.00 0.00 0.00 0.00 57.52 23.00 100 I 23.00 i 23.00
5 |CP SD 0.59 142 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.87 0.87
& [ME 335 244 8.20 0.00 0.00 0.00 0.00 0.00 3.61 3.20 100 i 3.20 i 320
7 |Ca 0.02 0.27 0.00 38.00 21.30 0.00 0.00 0.30 0.00 1.00 100 I 1.00 I 1.00
3 NPP 0.13 0.40 0.00 0.00 18.70 0.00 0.00 0.00 0.00 0.45 100 r 0.45 I 0.45
9 TSAA 029 128 0.00 0.00 0.00 0.00 0.00 0.00 98.00 0.90 100 I 0.90 I 0.90
10 Met 0.14 0.62 0.00 0.00 0.00 0.00 0.00 0.00 96.00 0.50 100 i 0.56 i 0.56
11 |Cysteine 0.15 0.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100 r 0.34 r 0.34
12 |Lysine 020 288 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.10 100 r 128 r 1.28
13 |Arginine 0.32 3.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 100 f 1.65 i 1.85 =
14 Valine 0.32 225 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 100 i 1.08 i 1.08
15 |Tryptophan 0.06 0.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 100 I 0.29 r 0.29
16 |phenylalanine 0.33 240 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.72 100 I 115 I 1.15
17 |Threonine 0.24 1.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 100 f 0.87 f 0.87
18 |isoleucine 0.23 214 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 100 i 0.99 i 0.99
19 |Histidine 0.19 1.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35 100 I 0.58 I 0.58
20 sigmarZXj 2 0.08 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 Quantities 0.48 0.41 0.07 0.02 0.01 0.00 0.00 0.00 0.00
22 |MIN {Ingredient) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 |MAX(Ingredient) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
24 Cost/ Ingredient 7.63 11.53 244 0.05 0.24 093 0.09 0.01 0.53
25
26 Fi
27
28 El
A w Stochastic . Outputs %] RN i J »

Figure 8. Stochastic programming workbook “"SPW1” based on the 1-bin method.

Estimating Crude Protein Variability and
Savings of Broiler Feeds Using Microsoft Excel
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Solver Parameters

average content has to be increased to 23.17 percent. When
the confidence level is increased to 80 percent, the average
CP content required increases to 23.56 percent, leading to
increased formula cost ($23.63).

Set Objective: sB425|
To: () Max @ Min _) Value Of: 0

By Changing Variable Cells:
SBE21:4 821

How to Determine the Cost of
Providing CP at Specified
Confidence Levels for Feeds
Formulated by Stochastic
Programming and the 2-Bin Method

Subject to the Constraints:

SBS21 <= 58523 ~
SBS21 >= 6522

SBS218L621 =0
SC821 <= §C823 Change
SCs21 »= $C522
SFS21 <= 523
SFS21 >= £F522 Delete
G821 <= $G523

$G521 »= $6522

SHE21 <= §HE23

SHS21 »= §HS22

sIs21 <= &1523

51521 >= g1§22 v

Make Unconstrained Variables Mon-egative
B

Select the GRG Neonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth,

—r— -

Figure 9. The solver parameters dialog box of the
stochastic programming spreadsheet.

m

]III [ il

Reset All

Spreadsheet Construction

The SPW2 workbook (Figure 10) is very similar to SPW1 ex-
cept that corn and SBM were divided into two equal portions
as discussed previously.

Load/Save

Select a Solving Method: GRG Monlinear

Solving Method

o Corn was divided into low CP corn (Column B) and high
CP corn (Column C) while SBM was divided into low CP
SBM (Column D) and high CP SBM (Column E).

e Two more rows each were added for corn (rows 7 and 8)
and SBM (rows 10 and 11) to force the program to use
the two portions of each ingredient in a ratio of 1:1 (cells

Understanding the Results of SPW1

The SPW1 workbook is designed to calculate the average
content of CP in feeds formulated by the 1-bin method at
any confidence level and to estimate the cost of feed at that

B7 and C8 for corn portions; cells D11 and E10 for SBM
portions).

« The corresponding CP and SD for each portion discussed
previously were used to formulate feeds by SPW2.

confidence level. For example, to be 60 percent confident
that the feed contains at least 23 percent (in cell O4), we
simply enter 0.6 (in cell B27) and optimize the formulation
problem by clicking “solve” to get 23.17 percent (in cell P4).
The formula cost is $23.50 (in cell B25). In other words, to
be 60 percent sure the feed contains at least 23 percent, the

Understanding the Results of SPW2

The workbook SPW?2 is designed to calculate the average
content of CP in feeds formulated by the 2-bin method at
any confidence level and to estimate the cost of feed at that
confidence level. This workbook can be optimized in the

A, =] C [u) ¥ F G H | J K N 2] L) -
1 Low Corn High Corn Low SBM High SBM Poultry fat Limestone DCP Vitamin premix Mineral premix salt DL-Met MIN (Nutrient) MAX (Nutries |
: Cost($) 16.00 16.00 28.00 28.00 34.00 3.00 20.00 370.00 57.00 278 220.00
3 weight 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
4 ICP 6.40 739 4641 48.66 0.00 0.00 0.00 0.00 0.00 0.00 57.52 23.00 100
5 CPSD 036 037 0.85 0.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 Corn CP -1.00 100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o
7 Low Corn 100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100
¢ High Corn 0.00 100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100
3 SBMCP 0.00 0.00 -1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1]
i High SBM 0.00 0.00 0.00 100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100
it Low SBM 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100
iz ME 335 335 24 244 8.20 0.00 0.00 0.00 0.00 0.00 3.61 320 100 =
1z Ca 0.02 0.02 027 0.27 0.00 38.00 21.30 0.00 0.00 0.30 0.00 1.00 100
1+ NPP 0.13 0.13 0.40 0.40 0.00 0.00 18.70 0.00 0.00 0.00 0.00 045 100
5 TSAA 0.29 0.28 128 1.28 0.00 0.00 0.00 0.00 0.00 0.00 85.00 0.50 100
6 Met 014 014 0.62 0.62 0.00 0.00 0.00 0.00 0.00 0.00 98.00 0.50 100
17 Cysteine 015 015 0.65 0.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100
1z Lysine 020 020 2.88 288 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.10 100
1 Arginine 032 032 340 340 0.00 0.00 0.00 0.00 0.00 0.00 0.00 125 100
20 Valine 0.32 0.32 225 225 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 100
z1 Tryptophan 0.06 0.06 0.64 0.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 100
zz phenylalanine 0.33 0.33 240 240 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.72 100
23 Threonine 0.24 0.24 1.83 183 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 100 L4
x4 isoleucine 0.23 0.23 214 2.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 100
25 Histidine 0.1% 0.18 119 119 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35 100
% sigma®2*Xj 2 0.01 0.01 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00
27 Quantities 024 024 021 021 007 0.02 0.01 0.00 0.00 0.00 0.00
2z MIN (Ingredient} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
4« 4 » M| Title | Stochastic .~ Ourputs . ¥a Ml M 3
Figure 10. Stochastic programming workbook “"SPW2" based on the 2-bin method.
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same way as in SPW1, as discussed previously. To be 80
percent sure the finished feed has at least 23 percent, the
average CP content has to increase to 23.24 percent, with a
formula cost of $23.52. In the same manner, the cost of feed
at any confidence level can be determined.

What Grain Handling Method

Maximizes Savings, the 1-Bin Method

or the 2-Bin Method?

Feed formulation using the 2-bin method costs more at low
probabilities of success (P < 50%) and less at high proba-
bilities of success (P > 50%) compared to feed formulation
using the 1-bin method (Table 2). For example, at P=1%,
formula cost increases $5.38 per ton but at P=99%, formula
cost decreases $6.47 per ton with the 2-bin method com-
pared to the 1-bin method.

In practice, no one should formulate feed at a low proba-
bility of success. The 2-bin method can be an economically
efficient way to reduce formula costs. Normally when we
buy something that is labeled to contain a certain amount
of anything, we do not expect to receive less than that 50
percent of the time. Separating feed ingredients into dif-
ferent categories helps reduce the amount of sub-standard
feed, and stochastic programming demonstrates the cost of
achieving a minimum specification.

Table 2. Probability of success of meeting the specified
crude protein level in broiler feeds, feed costs and the
expected savings when feeds are formulated by stochastic
programming.

1-Bin Method 2-Bin Method

Proba-

bility of Cost Cost Savings

Success | Average ($/ Average ($/ ($/

(%) CP (%) Ton) CP (%) Ton) Ton)

1 21.57 459.21 22.37 464.58 -5.38
5 21.97 461.94 22.55 465.81 -3.87
10 22.19 463.33 22.65 466.48 -3.04
20 22.46 465.28 22.77 467.29 -2.01
30 22.66 466.63 22.86 467.87 -1.24
40 22.84 467.80 22.93 468.38 -0.58
50 23.00 468.91 23.00 468.86 +0.05
60 23.17 470.03 23.07 469.33 +0.70
70 23.35 471.25 23.15 469.85 +1.40
80 23.56 472.70 23.24 470.45 +2.24
90 23.86 474.74 23.36 471.30 +3.44
95 24.12 476.47 23.46 472.00 +4.47
99 24.61 479.82 23.66 473.34 +6.47

Estimating Crude Protein Variability and
Savings of Broiler Feeds Using Microsoft Excel

Conclusions

Formulating poultry feeds using the 2-bin method based
on linear programming will greatly decrease CP variability
(the CV is reduced by as much as 50 percent) compared to
the regular feed formulation with the 1-bin method with no
influence on formula cost. Formulating feeds with stochas-
tic programming models shows how formula costs to meet
the minimum nutrient specification change and the CP
variability is reduced when the 2-bin method is applied.
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