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LINEAR PROGRAMS FOR LEAST-COST
HOG RATIONS ON OAHU, HAWAII

I .COMPUTED LEAST-COST RATIONS
WITHOUT MOLASSES

Shigeru YOSHIDA *

I. INTRODUCTION

In the previous study,20) the least-cost hog rations with molasses for given hog groups
were derived by using the linear programming and the electronic computer. The present
study is devoted to find the least-cost hog rations without molasses for given hog groups.
With the exception of molasses, the data and procedures used for this study are identical

to those used in the previous study.
The rations without molasses were compared with the rations with molasses.

II. COMPUTED LEAST-COST RATIONS WITHOUT MOLASSES
FOR GIVEN HOG GROUPS

The initial tableau for determining the least-cost rations without molasses for 35 to
99 pound pigs, 100 to 149 pound hogs and sows, and 180 pound to market hogs is given in
Table 1.

1. Computed Least-Cost Ration without Molasses for 100 Pounds of Feed for

Weight Group of 35 to 99 Pound Pigs

The computed ration without molasses for 100 pounds of feed for 35 to 99 pound
pigs is shown in Table 2.

Eleven ingredients are included in the ration. The cost of the ration is $4.88 per
100 prounds of feed mixed. Milo enters the ration with the largest quantity, 34.46 pounds.
The second largest quantity of ingredient is barley with 29.71 pounds. These two ingredi-
ents constitute 64.17 per cent of the ration. The cost of these two ingredients represents
57.89 per cent of the total cost of the ration. Less than one pound each of limestone, DL
methionine, T. M. salt, Vitamin premix, and Antibiotic are included in the ration.

The least-cost ration is checked to see whether it is consistent with the specified
nutrient requirements and ingredient limitations (Table 3). It will be noted in all cases
that the specified nutrient requirements and restrictions and ingredient limitations are
met. For example, the protein level of 16.00 pounds in the ration just meets the specified

minimum nutrient requirement for protein. It is specified that calcium in the ration could

* Department of Agriculture, College of Agriculture, University of the Ryukyus
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Table 1. Initial tableau for computed least-cost rations without
molasses for three weight groups of swine
COLUMN NAME
___ROW NAME Corn Wheat Barley Milo Millrun Middlings Fat

Obj. function Value

0475 .0328 .0435 .0445 .0423 .0465 . 10

Constraints  Yield 1 1 1 1 1 1 1
Portein .085 .13 .09 .10 .13 .13 0.0
Digestible energy 1,600 1,600 1,576 1,580 1,400 1,540 3,640
Calcium 0002 .0004 .0008 .0003  .0011  .0009 O. 0
Phosphorus .0027 .0039 .003 .003 .01 .0093 0.0
Methionine .0022 .0023 .0017 .0011  .004 .0028 0.0
Methionine plus cystine .0033  .0049 .004 .0011 .0l .0052 0.0
Lysine L0021 .0042 .004 .0028  .005 .0046 0.0
Tryptophan .0007 .0017 .0015 .0011 .002 .002 0.0
Fat .038 .02 .02 .03 .043 .049 .90
Fiber .024 .026 .06 .025 .085 .073 0.0
Cottonseed meal 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Fish meal and tuna meal0.0 0.0 0.0 0.0 0.0 0.0 0.0

Meat and bone meal,
and meat meal 0.0 0.0 0.0 0.0 0.0 0.0 0.0

aFeed for 35 to 99 pound pigs
bFeed for 100 to 149 pound hogs and for sows
CFeed for 150 pound to market hogs

Source : Department of Animal Science, University of Hawaii,
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Pin-apple Soybean Cottonseed

Cottonseed Fish Tuna Meat and Meat

__bran meal  meal 41% meal 44% meal meal bone meal meal methionine
.0285 .0626 .0521 .0545  .0841 .0805 .0367 .0587
1 1 1 1 1 1 1 1
.038 .44 .41 .44 .65 .58 .B3 .54
1,090 1,860 1,460 1,800 1,440 1,200 1,280 1,320
.0016 .0025 .0015 .0023 .06 .033 .10 .08
.0015 .006 .01 .0112 .03 .031 .03 .04
.0002 .0079 .006 .0066 .017 .017 .007 .003
.0003 .0141 .0145 .016 .027 .028 .013 .0146
.0008 .026 .016 .016 .05 .0625 .025 .034
.0012 .0033 .003 .005 .0034 .009 .0035 .0061
.016 .003 .04 .04 .02 .0%9 .085 .06
.19 .07 .13 .103 .01 .01 .02 .02
0.0 0.0 1 1 0 00 00 0.0
0.0 0.0 0.0 00 1 1 0.0 0.0
0.0 0.0 0.0 0.0 0 0.0 1 1

(Continued)

DL

1.18
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(Continued)

Dehy. Tri. ca. Tri. sodium Rations without molasses
Mw;)hate poly phosphate Ration 1° Ration 2~ Ration 3

.0445 .012 .0628 .116
1 1 1 1 = 89.15 = 99.20 = 99.20
.17 0.0 0.0 0.0 > 16 > 14 > 12
1,080 0.0 0.0 0.0 > 150,000 > 150,000 = 150,000
.016 .38 .30 0.0 > .60 > .60 > .50
< .75 < .60 < .60
.002 0.0 .18 .253 > .50 > .40 > .40
< .65 < .50 > .50
.0032 0.0 0.0 0.0 > .35 > .3 < .20
.0057 0.0 0.0 0.0 > .55 > .45 > .30
.0075 0.0 0.0 0.0 > .75 > .68 > .50
.0027 0.0 0.0 0.0 > .17 > .13 > .09
028 0.0 0.0 0.0 <7 <7 <7
.28 0.0 0.0 0.0 <5 < 8.5 <6
0.0 0.0 0.0 0.0 <8 <8 <8
0.0 0.0 . 0.0 0.0 <8 <5 <5

0.0 0.0 0.0 0.0 <5 <5 <5
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Table 2. Composition and cost of least-cost ration without molasses
(100 pounds of feed for 35 to 99 pound pigs)

Ingredlient Pougds of Pricg of Cost of ilzllgredient
ingredient ingredient in the ration
B $/1b.
Milo 34.46 .0445 1.8335
Barley ‘ 29.71 .0438 1.2024
Millrun 19.35 .0423 .8185
Soybean meal 9.14 .0626 .5722
Tuna meal 5.00 .0608 .3025
Meat and bone meal 108 .0867 .0612
Limestone .39 .0120 .0047
DL methionine .02 1.1500 .0230
T. M. salt* .50 .0374 .0187
Vitamin premix* .25 .6400 .1600
Antibiotic* .10 .9400 .0940
Total 1%0.00 ) sesr

*T. M. salt, Vitamin premix (NOPCOSOL M—2) and Antibiotic (AUREOFAC—10)

were not programmed into the ration but were added later.

not go below .60 or exceed .75 pound. The calcium content in the computed ration is .60
pound. Similarly, it is specified that the maximum restriction for fat is 7.00 pounds while
the actual fat composition in the ration is 3.04 pounds. The amounts of protein, digestible
energy, calcium and methionine in the ration just meet the specified minimum nutrient
requirements. The quantities of phosphorus, fiber and fish meal and tuna meal in the

ration are at their maximum limitations.



392 TRER SRR TR S 17 5 (1970)

Table 3. Comparison of the nutrient and ingredient levels in the
computed ration with the specified nutrient requirements,
restrictions and ingredient limitations (100 pounds of feed
without molasses for 35 to 99 pound pigs)

Nutrie]ht and Nutrient anc21 ingredient Specifiedsnutrient
ingredient levels calculated from requirements and ingredient
o o  the > ration limitationsa
Yield® 99.15 lbs. equals 99.15 Ibs.
Protein 16.00 Ilbs. min 16.00 Ibs.
Digestible energy 150,000.00 kcal. min 150,000.00 kcal.
Calcium .60 1b. min-max .60—.75 1b.
Phosphorus .65 Ib. min-max .B0—.65 1b.
Methionine .35 Ib. min .35 Ib.
Methionine plus cystine .64 1b. min .85 1b.
Lysine .89 1b. min .75 1b.
Tryptophan .22 1b. min .17 1b.
Fat 3.04 Ilbs. max 7.00 1bs.
Fiber 5.00 Ibs. max 8.00 Ibs.
Cottonseed meal 0.0 max 8.00 Ibs.
Fish meal and tuna meal 5.00 Ibs. max 5.00 Ibs.

Meat and bone meal,
and meat meal 1.08 1bs. max B.00 Ibs.

aThe specified nutrient requirements and ingredient limitations are reproduced from
Table 9 (Nutrient requirements and restrictions) and Table 10 (Maximum quantity
limitations for ingredients’.

b The programming yield requirement was 99.15 pounds; .83 pound of additives were
added later to make 100 pounds of feed.

The ranges in which purchase prices of ingredients can vary without changing
the least-cost ration are shown in Table 4. Unstable ingredients such as barley, milo and
millrun have very low upper price ranges. For example, if the price of barley were to
increase more than 2.11 per cent, the quantity of barley (29.71 pounds) in the ration
would decrease to 16.71 pounds. In that case, fat will enter the ration and the quantities
of most of the other ingredients in the ration will be changed. The new composition of

the ration will be:

Milo 39.54 lbs.
Millrun 26.75 Ibs.
Barley 16.71 1bs.
Soybean meal 9.79 lbs.
Tuna meal 5.00 lbs.

Fat .68 1b.
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Limestone .67 1b.
DL methionine .01 1».
T. M. salt .50 Ib.
Vitamin premix .25 Ib.
Antibiotic .10 1b.

Conversely, if the price of barley were decreased more than .43 per cent, the quantity
of barley in the ration would increase to 35.76 pounds. In that case, no new ingredient
enters the ration but composition of most of the present ingredients in the ration will be
changed. The new composition of the ration will be:

Barley 35,76 Ibs.
Milo 31.04 Ibs.
Millrun 15.05 Ibb.
Soybean meal 9.02 Ibs.
Tuna meal 5.00 Ibs.
Meat and bone meal 1.60 Ibs.
DL methionine .02 /b.
Limestone .65 1b.
T. M. salt .B0 Ib.
Vitamin premix .25 Ib.
Antibiotic .10 1b.

The upper price ranges of soybean meal, tuna meal, and meat and bone meal are
relatively high. For example, the quantity of soybean meal in the ration will not decline
unless the price of soybean meal increases by more than 11.10 per cent. Limestone and
DL methionine are both very stable. DL methionine will remain in the ration in present
quantity even if there would be a 97.57 per cent increase in its price. An increase of
more than 219.23 per cent in the price of limestone is needed before the amount of this
ingredient in the ration would decline.

Table 4. Ranges in which purchase prices of ingredients can vary without
changing the least-cost ration (100 pounds of feed without molas-
ses for 35 to 99 pound pigs)

1 2 3 4 5 6 7 8
Ingredient Quantity in Input Lower & upper Unit Upper and lower Pirce increase Entering
the ration price quantity cost price and decrease activity
1bs. $/1b. lbs. $ $/1b. %

Barley 29.71  .0435 16.71 .00092 .04442 2.11 Fat
35.76 .00021 .04329 .48 None
Milo 34.46  .0445 31.04 .00038 .04488 .88 None
64.37 .00122 .04328 2.74 None
Millrun 19.35  .0423 16.05 .00040 .04270 4.95 None

26.75 .00161 .04069 3.81 Fat
Soybean meal 9.14 .0526 1.88 .00595 .06958 11.10 Cottonseed
meal 449
10.65 .00415 .05845 6.63 None
Tuna meal 5.00 .0805 1.31 .00856 .06906 14.15 Fish meal
5.00 Infinity -Infinity — None
Meat and bone meal 1.08 .0567 ~2.00 .00377 .06247 10.18 None
1.60 .00253 .05417 4.46 . None
Limestone .39 .0120 -.27 .02631 .03831 219.25 Pineapple bran
.65 .00502 .00398 41.83 None

DL methionine .02 1.1500 .01 1.12209  2.27209 97.57 Fat

.02 .32874 .82126 28.59 None




394 ‘ | HERASEERANEER 175 (1970)

The price reductions of the excluded ingredients are shown in Table 5. Among the
excluded ingredients, corn has the lowest price reduction. Corn could be forced into the
ration at an additional cost of $.00188 per pound to the extent of 12.54 pounds. In other
words, when the price of corn falls by $.00188 per pound it will enter the ration to the
extent of i2'1'54 pounds. Middlings and pineapple bran also have low pricé reduétion. So.
tr1 poly pho,sphate has the higest price reduction of §.13729 per pound. If one pound of
so. tri. poly phosphate were used in the ration the cost of the ration would be increased
by $.13729. However highest feasible price of so. tri. poly phosphate is $-.02129,
indicating that even if the price of tri. so. poly phosphate were reduced to zero this

ingredient would not come into the ration. Tri. ca. phosphate also has high price

reduction.

Table 5. Price reduction required to permit each excluded ingredient to
enter the ration (100 pounds of feed without molasses for 35 to 99
pound pigs) ‘

— 1 — 2 3 4 5 6

Ingredient Input Price Upper Highest feasible Leaving

: price reduction  quantity  price to enter activity

the ration

B - _$/1b. $/1b. lbs. $/1b.
Corn ) .0478 .00188 12.54 .04562 DL methionine
Wheat .0528 .00857 22.97 .04723 DL methionine
Middlings .0465 .00200 11.81 .04450 Meat and bone meal
Fat .1000 .01736 .68 .03244 Meat and bone meal
Pineapple bran .0285 .00277 3.71 .02873 Limestone
Cottonseed meal 41% .0621 .00731 8.00 .05479 None
Cottonseed meal 44% .0645 .00631 8.00 .03819 None
Fish meal .0341 .01477 5.00 .06933 Tuna meal
Meat meal .0687 .00870 1.43 .035000 Meat and bone meal
Dehy. alfalfa meal .0445 .01369 3.00 .03081 Limestone
Tri. ca. phosphate .0625 .07283 .32 —-.01003 Meat and bone meal
Tri. so. poly phosphate .11e0 .13729 .28 -.02129 Meat and bone meal

The dual activities for nutrients and ingredients in the ration are shown in Table
6. Calcium is an inekpensive nutrient. The most expensive nutrient in the ration is

methionine.
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Table 6. Dual activities of nutrients and ingredients (100 pounds of feed
without molasses for 35 to 99 pound pigs)
1 2 3 4 5
Nutrient and Status Quantity in Lower quantity Dual
ingredient the ration Upper quantity activity
e . - 3 $/1b.
Yield EQ 99.15 Ubs. 98.06 Ibs. - .00870
93.98 [bs. .00870
Protein LL 16 Ibs. 13.81 Ibs. - .03791
17.11 Ibs. .03791
Digestible energy LL 150,000 kcal. 148,640 kcal. - .20288
181,873 kcal. .20258
Calcium LL .60 1b. .37 1b. - .00868
1.48 1bs. .00868
Phosphorus UL .63 1b. .60 1b. .11854
.72 1b. - .11854
Methionine LL .35 1b. .33 1b. -1.10339 '
1.38 Ibs. 1.10339 -
Fiber UL 5 [bs. 3.93 Ibs. .03446
5.87 7bs. - .03446
Fish meal and tuna meal UL 5 Ibs. 1.31 Ibs. .00856
7.43 1bs. - .008E6

2. Computed Least-Cost Ration without Molasses for 100 Pounds of Feed for
Weight Group of 100 to 149 Pound Hogs and for Sows
The computed least-cost ration without molasses for 100 pounds of feed for 100 to
149 pound hogs and for sows is shown in Table 7.

Table 7. Composition and cost of least-cost ration without molasses (100
pounds of feed for 100 to 149 pound hogs and for sows)

1 2 4

Ingredient Pounds of Prices of Cost of ingredient
ingredient ingredient in the ration
$/1b. -

Barley 47.14 .0438 2.0305
Milo 27.83 .0445 1.2384
Millrun 7.11 .0423 .3008
Soybean meal 7.08 .0626 .4432
Tuna meal 5.00 .0603 .3025
Pineapple bran 4.38 .0285 .1240
Limestone .67 .0120 .0080
DL methionine .02 1.1500 .0230
T. M. salt* .50 .0374 .0187
Vitamin premix* .25 .6400 .1600
Antibiotic* .08 .9400 .0470
Total 100.00 4.7162

*T. M. salt, Vitamin premix (NOPCOSOL M—2) and Antibiotic (AUREOFAC—10)
were not programmed into the ration but were added later.
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Eleven ingredients are included in the ration. The cost of the ration is $4.72 per
100 pounds of feed. Barley comes into the ration with the largest quantity of 47.14
pounds. Its cost represents about 43 per cent of the total cost of the ration. The second
largest quantity of ingredient is milo with 27.83 pounds. Tuna meal enters the ration to
its maximum allowable quantity of five pounds. Limestone and DL methionine, T. M.
salt, Vitamin premix, and Antibiotic are included in the ration in quantities of less than
one per cent each.

The nutrient and ingredient levels of the least-cost ration are compared with the
specified nutrient requirements and ingredient limitations in Table 8. The yield in the
ration meets exactly the specified yield requirement of 99.20 pounds. The contents of
protein, digestible energy and methionine in the ration just meet their specified minimum
nutrient requirements. The quantities of fiber, and fish meal and tuna meal meet their
specified maximum limitations. All other nutrient and ingredient levels in the ration
meet the specified nutrient requirements and ingredient limitations.

Table 8. Comparison of the nutrient and ingredient levels in the computed

ration with the specified nutrient requirements, restrictions and

ingredient limitations (100 pounds of feed without molasses for
100 to 149 pound hogs and for sows)

Nutrier]it and Nutrient an?i ingredient Specified iutrient
ingredient levels calculated from requirements and
the ration ingredient
S i limitations ®
Yield P 99.20 Ibs. equals 99.20 Ibs.
Protein 14.00 Ibs. min 14.00 ibs.
Digestible energy 150,000.00 kcal. min 150,000.00 kcal.
Calcium .60 1b. min-max .50—.60 Ib.
Phosphorus .80 1b. min-max .40—.580 1b.
Methionine .30 1b. min .30 1b.
Methionine plus cystine .54 Ib. min .45 1b.
Lysine .80 1b. min .68 1b.
Tryptophan .20 1b. min .13 1b.
Fat 2.63 1bs. max 7.00 lbs.
Fiber 5.80 Ibs. max 5.50 Ibs.
Cottonseed meal 0.0 max 8.00 Ibs.
Fish meal and tuna meal 5.00 lbs. max k 5.00 Ibs.

Meat and bone meal,
and meat meal 0.0 max 5.00 lbs.

a The specified nutrient requirements and ingredient limitations are repoduced from
Table 9 (Nutrient requirements and restrictions) and Table 10 (Maximum quantity
limitations for ingredients).

P The programming yield requirement was 99.20 pounds; .80 pound of additives were
added later to make 100 pounds of feed.
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The price ranges for the ingredients in the ration are shown in Table 9. Barley,
milo and millrun are very unstable in the ration. For example, the quantity of barley
in the ration would decline from 47,14 pounds to 42.95 pounds if the barley price would
increase as little as .78 per cent. Soybean meal, tuna meal and pineapple bran are
relatively stable in the ration. The quantity of soybean meal will remain in the ration
even if there would be a 11.47 per cent price increase in its price. Limestone and DL
methionine are both very stable in the ration. The prices of limestone and DL methionine
could increase by as much as 45.83 per cent, and 130.41 per cent without changing the

quantities in the ration.

Table 9. Ranges in which purchase prices of ingredients can vary without
changing the least-cost ration (100 pounds of feed without molas-
ses for 100 to 149 pound hogs and for sows)

Ingr;}dient Quanti%cy in Ingut Lower4& upper Ur?it Uppergzlower Pric7e increase Entiring
the ration price quantity cost price & decrease activity
4 _ lbs. $/1b. Ibs. $ $/lb. %
Barley 47.14 .0435 42.96 .00034 .04384 .78 None
69.24 .00152 .04198 3.49 None
Milo 27.83 .0445  11.05 00209 .046E0 4.49 None
31.41 .00040 .04410 .90 None
Millrun 7.11 .0423 -8.25 .00110 .04340 2.60 Meat and
bone meal
19.20 .00168 .04062 3.97 None
Soybean meal 7.08 .0626 - .36 .00718 .06978 11.47 Cottonseed
meal 449%
9.80 .00747 .03513 11.93 None
Tuna meal 5.00 .0505 1.56 .00590 .06640 9.75 Fish meal
5.00 Infinity -Infinity — None
Pineapple bran 4.35 .0385 1.04 .00515 .03465 21.53 None
5.18 .00172 .02678 6.04 None
Limestone .67 .0120 .41 .00350 .01730 45.83 None
1.14 .04411  --.03211 367.58 None
DL methionine .02 1.1500 .02 1.49973  2.64973 130.41 Corn
.04 .39819 .75181 34.63 Meat and
bone meal

Table 10 gives the price reduction information for the ingredients which are too

high priced to be used in the least-cost formulation. Corn and middlings have very low
price reductions. For example, the use of corn would increase the ration cost by only
$ .00197 for each pound used in the ration. If the corn price were reduced to $ .04853
(column 5) , 14.44 pounds of corn would be included in the ration. In that case, DL
methionine will leave the ration and also the quantities of the other ingredients in the
present ration will be changed. Tri. ca. phosphate and tri. so. poly phosphate have very
high price reductions. If one pound of so. tri. poly phosphate were used in the ration,
the cost of the ration would be increased by $.15343,
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Table 10. Price reduction required to permit each excluded ingredient
to enter the ration (100 pounds of feed without molasses for
100 to 149 pound hogs and for sows)

1 2 3 4 5 6
Ingredient Input Price Upper Highest feasible Leaving
price reduction quantity price to enter activity
the ration
@ /1b. $/1b. 1bs. $/1b.
Corn .0475 .00197 14.44 .04553 DL methionine
Wheat .0328 .00378 36.12 .04702 Milo
Middlings .0465 .00264 8.45 .04386 Millrun
Fat .1000 .02826 2.33 .07174 None
Cottonseed meal 41% .0621 .00731 7.97 .05479 Soybean meal
Cottonseed meal 44% .0545 .00568 7.62 .03782 Soybean meal
Fish meal .0841 .01593 5.00 .06813 Tuna meal
Meat and bone meal .0367 .00671 1.15 .04999 Millrun
Meat meal .0587 .01378 1.51 .05492 Millrun
Dehy. alfalfa meal .04458 .01112 4.68 .03338 Pineapple bran
Tri. ca. phosphate .0625 .09551 .28 -.03501 Millrun
Tri. so. poly phosphate .1160 .16343 .20 —.04743 Millrun

The dual activities of nutrient and ingredient of the ration are shown in Table 11.
The quantity of protein, digestible energy and methionine in the ration are at their lower
levels. On the other hand, calcium, phosphorus, fiber, and fish meal and tuna meal are
included in the ration at the upper level. Calcium is an inexpensive nutrient. On the
other hand, digestible energy, phosphorus and methionine are expensive nutrients. If
digestible energy were increased by one unit (1,500 kcal.) , the cost of the ration would
be increased by $ .14915.

Table 11. Dual activities of nutrients and ingredients (100 pounds of feed
without molasses for 100 to 149 pound hogs and for sows)

1 2 3 4 5
Nutrient and Status Quantity in Lower quantity Dual
ingredient the ration Upper quantity activity
$/1b.
Yield EQ 99.20 lbs. 97.82 lbs. —.01745
101 60 Ibs .01745
Protein LL 14 1bs. 12.05 Ibs. —-.03913
15.31 Ibs. .03913
Digestible energy LL 150,000 kcal. 143,693 kcal. —.14915
182,252 kcal. .14915
Calcium UL .60 1b. .34 1b. .01434
1.12 Ibs. -.01434
Phosphorus UL .50 1b. .45 1b. .25643
o .56 1b. -.25643
Methionine LL .30 1b. .28 1b. -1.09342
_ 1.51 lbs. 1.09342
Fiber UL 5.80 Ibs. 4.22 lbs. .03423
6.38 1bs. -.03423
Fish meal and tuna meal UL 5 1bs. 1.56 Ibs. .00390

7.02 lbs. -.00890
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3. Computed Least-Cost Ration without Molasses for 100 Pounds of
Feed for Weight Group of 150 Pound to Market Hogs

The computed ration without molasses for 100 pounds of feed for 150 pound to
market hogs is shown in Table 12. The ration consists of nine ingredients. The cost of
100 pounds of the ration is $1.53. The largest quantity of ingredient in the ration is
barley with 52.51 pounds (52.51 per cent of the ration) . The cost of barley in lLe ration
is $2.238 representing about 50 per cent of the total cost of the ration. Milo ranks second
with 29.03 pounds. Barley and milo represent 81.54 per cent of the ration quantity.

Table 12, Composition and cost of least-cost ration without molasses
(100 pounds of feed for 150 pound to market hogs) ’

Ingredient Poungs of Price of Cost of ingiedient
ingredient ingreldbi.ent in the ration
Barley 52.51 .0438 2.2842
Milo 29.03 .0443 1.2916
Pineapple bran 9.72 .0285 .2770
Meat and bone meal 3.32 .0367 J1722
Soybean meal 2.75 .0526 L1131
Tuna meal o 1.87 .0508 .1882
T. M. salt* .50 .0374 .0187
Vitamin premix* .25 .6400 .1600
Antibiotic* .03 .9400 .0470
Total 100.00 4 5322

* T. M. salt, Vitamin premix (NOPCOSOL M—2) and Antibiotic (AUREOFAC—10)

were not programmed into the ration but were added later.

A check is made in Table 13 to determine whether the least-cost ration (Table 12)
resulting from the linear programming analysis meets the specified nutrient requirements
and ingredient limitations. It will be noted tha* the ration complies in all instances with
the specified nutrient requirements and restrictions and ingredient limitations. For exam-
ple, the calcium in the ration amounts to .50 pound, consistent with the specified min.-
max. range of .30 to .60 pound. Protein, digestible energy, calcium and methionine come into

the ration at their minimum limits. Phosphorus and fiber enter at their maximum limits.
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Table 13. Comparison of the nutrient and ingredient levels in the com-
puted ration with the specified nutrient requirements, restric-
tions and ingredient limitations (100 pounds of feed without
molasses for 150 pound to market hogs)

Nutrielﬁt and Nutrient a2nd ingredient Specified nitrient
ingredient levels calculated requirements and
from the ration ingredient limitationsa
Yield® 99.20 Ibs.  equals 99.20 1bs.
Protein 12.00 Ibs. min. 12.00 Ibs.
Digestible energy 150,000.00 kcal.  min. 150,000.00 kcal.
Calcium .80 Ib. min.-max. .80—.60 Ib.
Phosphorus .50 [b.  min.-max. .40—.50 Ib.
Methionine .20 1b. min. .20 1b.
Methionine plus cystine .37 1b. min. .30 1b.
Lysine .67 Ib.  min. .50 1b.
Tryptophan .17 1.  min. .09 1b.
Fat 2.83 lbs.  max. 7.00 Ibs.
Fiber 6.00 Ibs. max. 6.00 Ibs.
Cottonseed meal 0.0 max. 8.00 lbs.
Fish meal and tuna meal 1.87 Ilbs. max. 5.00 Ibs.

Meat and bone meal,
and meat meal 3.32 lbs. max. 5.00 1bs.

a The specified nutrient requirements and ingredient limitations are reproduced from
Table 9 (Nutrient requirements and restrictions) and Table 10 (Maximum quantity
limitations for ingredients.) ‘
bThe programming yield requirement was 99.20 pounds; .80 pound of additives
were added later to make 100 pounds of feed.

The price ranges for the ingredients in the ration are presented in Table 14. Barley
and milo are very unstable in the ration. The upper price ranges of these ingredients are
only 1.49 per cent in barley and 1.17 per cent in milo. That is, if the prices of barley and
milo increase by as little as 1.49 per cent and 1.17 per cent, respectively, the quantities
of these ingredients in the ration will decrease from 52.51 pounds to 46.96 pounds and
from 29.03 to 26.31 pounds. Tuna meal is the most stable ingredient. Tuna meal could

stay in the ration even if its price increases by 7.9 per cent,
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Table 14. Ranges in which purchase prices of ingredients can vary with-
out changing the least-cost ration (100 pounds of feed without
molasses for 150 pound to market hogs)

1 2 3 4 5 6 7 8
Ingredient Quantity in Input Lower & upper Unit Upper&lower Price increase Entering
the ration price quantity cost price & decrease activity
Ibs. $/1b. lbs. $ $/1b. %
Barley B2.51 .0435 45,95 .00035 .04415 1.49 None
55,59 .00046 .04304 1.72 Limestone
Milo 29.03 .0445 26.31 .00032 .04502 1.17 Limestone
35.04 .00080 . .04390 1.38 None
Pineapple bran 9.72 .0283 9.02 .00201 .03031 7.05 Limestone
18.33 .00457 .02393 16.04 Fat
Soybean meal 2.75 .0526 2.12 .00362 *06622 5.78 None
2.81 .00447 .03813 7.14 None
Tuna meal 1.87 .0503 1.58 .00478 .056528 7.90 Limestone
2.94 .00212 .03338 4.50 None
Meat and bone meal3.32 .0587 2.71 .00371 .06041 6.54 None
3.48 .00913 .04757 16.10 Limestone

The price reductions calculated for the ration are presented in Table 15. Corn, millrun
and middlings have low price reductions, while DL methionine or so. tri. poly phosphate
have rather high price reductions. That is, corn, millrun and middlings are more econom-
ically included in the ration than DL methionine and tri. so. poly phosphate. For exam-
ple, if one pound of corn were used in the ration the cost of the ration would be increased
by only $.00311. However, the cost would be increased by $.89339 if one pound of DL
methionine were added in the ration.

Table 15. Price reduction required to permit each excluded ingredient to
enter the ration (100 pounds of feed without molasses for 150
pound to market hogs)

Ingrédient Ingut Pfice Up;l)er Highest5 feasible Lea?ring
price reduction quantity  price to enter activity
the ration
$/1b. $/1b. lbs. $/1b.
Corn .0475 .00311 16.22 .04439 None
Wheat .0328 .00816 4.18 .04664 None
Millrun .0423 .00113 .33 .04117 None
Middlings .0463 .00209 .36 .04441 None
Fat .1000 .01689 2.33 .08311 None
Cottonseed meal 419% .0621 .00493 .40 .05717 None
Cottonseed meal 449 .06458 .00452 .37 .05993 None
Fish meal .03841 .01307 2.76 .07103 Tuna meal
Meat meal .0387 .00921 4.54 .03949 Meat and bone meal
DL methionine 1 1500 .89339 .02 .258661 None
Dehy. alfalfa meal .0445 .00990 5.09 .03460 Soybean meal
Limestone .0120 .00368 .25 .00832 None
Tri. ca. phosphate .05258 .07804 .05 —.01554 None

Tri. so. poly phosphate .1160 .14040 .01 —-.02440 None
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The dual activities of nutrients in the ration are presented in Table 16. The dual
activity of the yield indicates that if yield were permitted to increase up to 100.83
pounds, the ration cost would be increased by $ .00532 per pound of increase of feed. If
yield were permitted to decrease down to 97.62 pounds, the ration cost would be reduced
by $.00532 per pound of decrease of feed. Digestible energy, phosphorus and methionine
are expensive nutrients. To ihcrease digestible energy by one unit (1,500 kcal.) would
increase the ration cost by $ .21096.

Table 16. Dual activities of nutrients (100 pounds of feed without molas-
ses for 150 pound to market hogs)

1 2 3 4

Nutrient Status Quantity in Lower quantity Dual
the ration Upper quantity activity

$ /1b.
Yield EQ 99.20 1bs. 97.62 lbs. —.00632
100.53 Ibs. .00632
Protein LL 12.00 Ibs. 11.31 Ilbs. —.05350
12.67 lbs. .08350
Digestible energy LL 150,000. 00 keal. 145,517.00 kcal. —.21096
152,766.00 keal. . 21096
Phosphorus UL .80 Ib. .50 1b. .12144
.54 1b. —.12144
Methionine LL .20 1b. .18 1b. —.19679
.21 1b. .19679
Fiber UL 6.00 Ibs. 5.75 1bs. 01425
6.88 Ulbs. —.01425

III. SUMMARY OF COMPUTED LEAST-COST RATIONS
WITHOUT MOLASSES

The least-cost rations without molasses for the given hog groups are summarized as

follows:

(1) The cost of the ration ranges from $4.55 for ration for 150 pound to market
hogs to $4.88 for ration for 35 to 99 pound pigs.

(2) The cost of the ration declines for growing and finishing hogs as the weight
increases. A

{3) Rations for 36 to 99 pound pigs and for 100 to 149 pound hogs and for sows
consist of 11 ingredients each and ration for 150 pound to market hogs only of S.

(4) Milo, barley, soybean meal and tuna meal are included in every ration. The
composition of milo and barley in the rations represents from 64.17 to 81.54 per
cent.

(5) Ration for 35 to 99 pound pigs includes milo in the largest quantity with barley
ranking second. In contrast, barley is the ingredient with the largest quantity
in rations for 100 to 149 pound hogs and for sows and for 150 pound to market
hogs with milo second in quantity. .

(6) Although rations for 35 to 99 pound pigs and for 100 to 149 pound hogs and for
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sows include millrun, limestone and DL methionine, ration for 150 pound to
market hogs does not include these ingredients. Pineapple bran is an ingredient
in rations for 100 to 149 pound hogs and for sows and for 150 pound to market
hogs but not in ration for 35 to 99 pound pigs. Meat and bone meal enters
rations for 35 to 99 pound pigs and for 150 pound to market hogs, but not
ration for 100 to 149 pound hogs and for sows.

(1) Tuna meal enters rations for 35 to 99 pound pigs and for 100 to 149 pound hogs
and for sows to its maximum limit.

(8) The contents of protein, digestible energy and methionine in all rations just
meet the specified minimum requirements.

(9) Phosphorus and fiber are at their maximum limits in all rations.

(0 Milo and barley are very unstable in every ration. The average upper price
ranges of milo and barley are 2.17 and 1.46 per cent, respectively. That
is, if the average prices of these ingredients increase by as little as 2.17 and
1.46 per cent respectively, the quantities of these ingredients in the rations will
decrease. Tuna meal, relatively stable in all rations, would not decrease even if
the average price of tuna meal would increase by 10 60 per cent per pound.
Limestone and DL methionine in rations for 35 to 99 pound pigs and for 100 to
149 pound hogs and for sows are very stable. The price of limestone could in-
crease by as much as 219.25 per cent in ration for 35 to 99 pound pigs and
45.83 per cent in ration for 100 to 149 pound hogs and for sows without changing
the least-cost ration. Similarly, the price of DL methionine could increase by
97.87 per cent in ration for 35 to 99 pound pigs and 130.41 per cent in ration
for 100 to 149 pound hogs and for sows without changing the least-cost ration.

() The price reductions of corn and middlings are very low in all rations. For
example, the use of corn would increase cost of the formula by only $.00232
on the average for each pound used. The price reductions of tri. ca. phosphate
and so. tri. poly phosphate are very high. Tri. so. poly phosphate, for example,
would increase the formula cost $ .14704 on the average for each pound used.

(2 In all rations calcium is an inexpensive nutrient. Digestible energy and methionine
are very expensive nutrients. If another pound of digestible energy were added
the cost of the rations would be increased by $.18756 on the average.

IV. COMPARISON OF COMPOSITION AND COST BETWEEN RATIONS
WITHOUT MOLASSES AND RATIONS WITH MOLASSES

1. Comparison of Composition and Cost Between Ration without Molasses
and Ration with Molasses for 35 to 99 Pound Pigs
The ration without molasses is compared with the ration with molasses in Table 17,
The following are the findings of the comparison;
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Table 17. Comparison of composition and cost between ration without
molasses and ration with molasses for 35 to 99 pound pigs

Ingrédient Ration %vithout Ratioi with
_ molasses molasses
(lbs)
Barley 29.71 67.99
Soybean meal 9.14 11.15
Tuna meal 5.00 5.00
Meat and bone meal 1.08 3.39
Milo 34.46 .89
DL methionine .02 .04
Fat 0.0 .69
Millrun 19.38 0.0
Limestone .39 0.0
Molasses 0.0 10.00
T. M. salt* .50 ) .50
Vitamin premix* .28 .25
Antibiotic* .10 .10
Total 100.00 100.00
Cost per 100 Ibs. ($) 4.88 4.71

* T. M. salt, Vitamin premix and Antibiotic are additives.

(1) The two rations contain eleven ingredients.

(2) Barley, soybean meal, tuna meal, meat and bone meal, milo and DL methionine
come into both rations. In the ration without molasses milo is the ingredient
included in the greatest quantity, namely 34.46 pounds. Barley and millrun are
second and third largest in quantity with 20.71 and 19.35 pounds, respectively.
These three ingredients represent 83.52 per cent of the ration. On the other
‘hand, in the ration with molasses barley is the ingredient included in the largest
amount, namely 67.99 pounds. Soybean meal and molasses rank second and third
with 11.15 and 10.00 pounds, respectively. These three ingredients account for
89.14 per cent of the ration.

(3) Tuna meal is included in both rations to the maximum limit. Fat is included
only in the ration with molasses, while millrun and limestone are included only
in the ration without molasses.

(4) Protein, digestible energy and metionine are included in both rations to the
specified minimum nutrient requirement. Fiber is included in both rations to the
maximum limit. The calcium content of the ration without molasses is at its
minimum nutrient requirement while the calcium content of the ration with
molasses is at its maximum limit.

(5) The upper price ranges of barley and milo in both rations are very low. That
is, these two ingredients are unstable. In both rations tuna meal is relatively
stable and DL methionine is very stable,
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(8)

(7

(8)

[ ]

The price reductions of corn and middlings in both are low while those of tri.
ca. phosphate and tri. so. poly phosphate are high.

Calcium is an inexpensive nutrient, while digestible energy and methionine are
expensive nutrients.

The cost of 100 pounds of feed with molasses is $4.71 or $ .17 less than the
cost of the ration without molasses. As far as the cost of 100 pounds of feed is
concerned, the ration with molasses is cheaper than the ration without molasses.
However, experimental data from the Hawaii Agricultural Experiment Station
indicate that pigs fed diets containing molasses grew more slowly and required
more feed and digestible energy per unit of gain than pigs on the basal diet
containing corn and no molasses.” Therefore, we have to take into consideration
the efficiency of the rations. According to the Department of Animal Science,
the efficiency of 190 pounds of feed without molasses is equal to the efficiency
of 108 pounds of feed with molasses. The costs of 100 pounds of feed without
molasses and 103 pounds of feed with molasses are $4.83 and $5.07 respectively.
It is thus more profitable to feed hogs a ration without than with molasses. The
cost of the ration without molasses is $ .19 cheaper than that of the ration with
molasses.

Comparison of Composition and Cost Between Ration without Molasses
and Ration with Molasses for 100 to 149 Pound Hogs and for Sows

The comparison of the ration without molasses and the ration with molasses is
shown in Table 13. The following findings are derived from the comparison:

Table 18. Comparison of composition and cost between ration without

molasses and ration with molasses for 100 to 149 pound hogs and sows

Ingrédient Ration 3vithout Ration with
molasses ) molasses
(1bs.)

Barley 47.14 59 94
Soybean meal 7.08 11.51
Tuna meal 5.00 5.00
DL methionine .02 .02
Milo 27.83 0.0
Millrun 7.11 0.0
Pineapple bran 4.35 0.0
Limestone .67 0.0
Fat 0.0 2.41
Meat and bone meal 0. .32
Molasses 0.0 20.00
T. M. salt* .50 .50
Vitamin premix* .23 .25
Antibiotic* .03 .08
Total 100.00 100.00
Cost per 100 Ibs. ($) 4.72 4.41

*“T. M. salt, Vitamin premix and

Antibiotic are additives.
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(5)
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The ration without molasses includes eleven ingredients and the ration with
molasses ten ingredients.

Barley, soybean meal, tuna meal and DL methionine are contained in both rations.
Millrun, pineapple bran and limestone are included only in the ration without
molasses. Fat, and meat and bone meal are included only in the ration with
molasses.

Barley is included in both rations and is the ingredient with the largest quantity.
Tuna meal is used to the maximum limit. DL methionine has the same quantity
in both rations.

The contents of protein, digestible energy and methionine in both rations just
meet the specified minimum requirement. Calcium in the ration without molasses
is at the maximum while calcium in the ration with molasses is at its minimum
requirement level.

Barley in both rations is very unstable. Tuna meal is relatively stable. Soybean

meal and DL methionine in the ration without molasses are stable while these

ingredients in the ration with molasses are unstable.

The price reductions of corn and middlings in both rations are low. Cottonseed
meal 419%, cottonseed meal 44%, fish meal, meat meal, tri. ca. phosphate and so.
tri. poly phosphate have higher price reductions. Of these, tri. so. poly phos-
phate has the highest price reduction.

Calcium is an inexpensive nutrient while digestible energy and methionine are

expensive nutrients.

The cost of 100 pounds of feed with molasses is $4.41, $ .31 lower than that
of the ration without molasses. However, to obtain the same feeding effiéiency,
8 per cent more of the ration with molasses must be fed than of the ration
without molasses. The following is thus the comparison of actual costs between
the two rations: $4.72 for 100 pounds of feed without molasses and $4.76 for
108 pounds of feed with molasses. The ration without molasses is thus $ .04
cheaper than the ration with molasses. Therefore, it is still cheaper to feed the
weight group 100 to 149 pound hogs and sows the ration without molasses rather

than the ration with molasses.

Comparison of Composition and Cost Between Ration without Molasses

and Ration with Molasses for 150 Pound to Market Hogs

The ration without molasses is compared with the ration with molasses in Table 19.

The following are the findings of the comparison:
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Table 19. Comparison of composition and cost between ration without

molasses and ration with molasses for 150 pound
to market hogs

Ingredient Ration 2Withou‘c Ration 3with
molasses molasses
(1b6s.)
Barley 52.81 B1.00
Meat and bone meal 3.32 3.13
Soybean meal 2.75 10.28
Tuna meal 1.87 .60
Milo 29.03 0.0
Pineapple bran 9.72 0.0
Fat 0.0 4.19
Molasses 0.0 30.00
T. M. salt* .50 .50
Vitamin premix* .25 .25
Antibiotic* .08 .05
Total 100.00 100.00
Cost per 100/6s. ($) 4.58 4.13

* T. M. salt, Vitamin premix and Antibiotic are additives.

(1
(2)

(5)

(D

Both rations contain nine ingredients each.

Barley, meat and bone meal, soybean meal and tuna meal are included in both
rations. Milo and pineapple bran are included only in the ration without molasses.
Fat enters only the ration with molasses. Barley is thé most important
ingredient by weight in both rations.

Protein, digestigle energy and methionine are included in both rations at their
minimum requirements. Calcium is included at its minimum requirement in the
ration without molasses and at its maximum limit in the ration with molasses.
The ration without molasses contains phosphorus at the maximum limit while
the ration with molasses contains only the minimum required.

Barley in both rations is a very unstable ingredient. The most stable ingredi-
ent in the ration without molasses is tuna meal while in the ration with
molasses it is molasses.

Millrun has the lowest price reduction in the ration without molasses while milo
has it in the ration with molasses. DL methionine has the highest price re-
duction in both rations.

Calcium in both rations is a very cheap nutrient. Digestible energy and me-
thionine in both rations are very expensive nutrients.

The cost of 100 pounds of feed with molasses is $ 4.13,$ .42 lower than the cost
of the ration without molasses. The efficiency of the ration with molasses is
lower than that without molasses. To eliminate this inefficiency, the ration
with molasses must be fed 8 per cent more than the one without molasses. The
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comparison of the costs between the two rations after eliminating the inefficiency
of the ration with molasses is shown below:

The cost of 100 pounds of feed without molasses is $4.55 and the cost of
103 pounds of feed with molasses is $4.46. The cost of the ration with molasses
is thus $ .09 cheaper than the cost of the one without molasses. Therefore, for
the weight group of 130 pound to market hogs, feeding the ration with molasses

is slightly less expensive than feeding the ration without molasses.

Y. CONCLUSION

The study was made for determining least-cost rations without molasses for given hog

groups. The computed least -cost rations without molasses were compared with the least-cost

rations with molasses which were derived in the previous study. The following are the

conclusions of the study:

(1

(1)

Barley, soybean meal and tuna meal are included in all six rations. Barley is

the most important ingredient by weight in five of the six rations. Only in the

ration without molasses for 35 to 99 pound pigs is milo the major ingredient by

weight. Tuna meal enters four rations(rations for 35to 99 pound pigs and rations

for 100 to 149 pound hogs and for sows) to the maximum limit.

The quantity of protein, digestible energy and methionine in all rations just

meets the specified minimum requirement.

Barley in all rations is very unstable while tuna meal is relatively stable. Molasses

and DL methionine are highly stable in the rations.

Corn is an inexpensive potential substitute ingredient among the excluded

ingredient in all rations. On the other hand, tri. ca. phosphate and tri. so. poly

phosphate are very expensive ingredients.

Calcium is an inexpensive nutrient while digestible energy and methionine are

expensive.

The cost of the rations declines for growing and finishing hogs as the weight of

hogs increases.

As far as the cost of 100 pounds of feed is concerned, the rations with molasses

are lower in cost than the rations without molasses. After considering the

efficiency of the rations, we may conclude the following:

@ It is more economical to use the rations without molasses for the weight
groups of 35 to 99 pound pigs and of 100 to 149 pound hogs and for sows.

() It is more economical to use the ration with molasses for the weight group

of 150 pound to market hogs.

[ wish to express my sincere appreciation to Dr. Perry F. Philipp, Professor of
Agricultural Economics, University of Hawaii, under whose guidance this study was
carried out. I also wish to take this opportunity to express my sincere gratitude to the U.
S. Army for providing the scholarship which permitted me to study at the University of

Hawaii.
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