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CHAPTER I
INTRODUCTION
General Problem

The Oklahoma egg industry is undergoing a transition from producing
and marketing eggs on a curremt receipt basis to a system requiring that
eggs be graded according to U.S, Standards and Grades. The mandatory
egg law for Oklahoma became effective November 1, 1957. Complying with
the new law means drastic changes and some reorganizatiom on the part of
producers as emphasis is placed on grade, with quality comtrol at the
producer level conditioning returns.

At the retail and farm levels, eggs are classified and priced rela-
tive to interior quality. Therefore, met returns to egg producers are
conditioned by the quality of eggs delivered to the egg handler, Decisions
relating to such prac;ices as source of stock, confinement to the laying
house, nutrition, disease prevention, number of nests and type of nesting
material, frequency of gathering eggs, cooling and holding conditions and
frequency of marketing, may affect the quality of eggs delivered by the
producer and, therefore, affect returms that accrue to the resources
employed in production.

The interior quality of an egg is at its maximum when first laid,
Thereafter the rate of deterioration depends upon the care and emviron-
mental conditions that prevail., Other things being equal, artificial egg
cooling and frequemcy of marketing are of special importance to the

maintenance of egg quality.



Grade A eggs sell for a higher price during the warm summer months
because of the comparatively short supply relative to this quality.
Although the total supply of all eggs during these summer months is
ample, normal high temperatures generally reduce egg quality and result
in greater proportionate supplies of Grades B and C tham in other
seasons, During the fall months, Grade A prices normally continue high
as the result of lower total egg supplies. The price spreads between
grades of eggs are greater during these same summer and fall months than
for the remainder of the year. During the winter and spring seasoms, egg
production is at the seasonal peak. Grade A is im ample supply at a lower
price and the price spreads between grades are less tham for other seasoms.

Given this setting regarding the pricing and production of eggs, this
study is concerned with an ecomomic analysis of alternatives for maintain-
ing egg quality at the producer level. Since the holding condition is
one of the most important factors affecting summer egg quality, technical
and economic information relative to alternative holding conditioms are
essential for decision making at the producer level, This presents a
problem of determining the economic consequences of alternative holding
conditions and frequency of marketing so that the producer may make choices

consistent with his goal,

Particular Problem

It was estimated that 90 percent of Oklahoma egg producers were
small flock owners with 150 hens or less in 1956, This small flock size
does not lend itself ecomomically to the production and marketing of high

quality eggs. Increasing flock size to a level that is economically



efficient is only one of the many adjustments which can be made by the
producer if he is to maximize the returns to the resources utilized in
poultry production,

In adjusting to the emphasis on quality, there is a good possibility
that costly errors may be made if producers install egg coolers. Some
of these errors may include improper size, improper comstruction, or
improper location of the cooler. Am egg cooler, too large or too small,
for the quantity of eggs to be cooled can result in excessive costs.

Within this framework the objective of this study is to provide
Oklahoma egg producers with technical and economic information necessary
for selection of the optimum type of holding condition. In developing
this information the following problem areas are delineated:

1. To determine percent of Grade A eggs marketed under natural-
holding conditions.

2. To determine the impact of artificial-~holding conditions on
egg quality.

3. To determine the impact of days held on quality under differeat
holding conditions.

4, To estimate costs associated with alternative holding conditioms
under three price levels.

5. To estimate returns associated with alternative holding con-
ditions under three price levels.

6. To determine the optimum holding and marketing practice to
maximize returns from egg sales under alternative prices.



CHAPTER II
REVIEW OF LITERATURE
Temperature

Considerable research has been done relative to range of temperature
suitable for cooling and holding eggs at the farm level. There appears
to be general agreement that 55° to 60° F. provides adequate protection
to egg quality for ome to seven days. These temperatures reduce egg
sweating to a minimum - a serious problem under extreme conditions when
eggs are removed from the cooler for tramsportation to market,

Jensen and Stadelnanl

found that eggs refrigerated at 30° to 38° F.
for more than a week had essentially the same quality as when they were
placed in storage. They also found that a rapid decline in egg quality
occurred during the normal marketing procedure, This decline was closely
associated with the temperature of egg holding rooms.

Dawson and I-Iall2 found that the greatest decline in albumen quality
occurred during the first three days, regardless of temperature,

Temperatures of 60° F. or lower were found to be practical for normal

farm holding of eggs.

lL. S, Jensen and W, F, Stadelman, "A Study of Egg Quality in Market
Channels," Poultry Science 31:772-776, 1952,

2L. E. Dawson and C. W, Hall, "Relationship Between Rate of Cooling,
Holding Container and Egg Albumen Quality," Poultry Science 33:624-628,



In a study of egg quality on thirty-eight poultry ranches in
California, Lorenz and Bcwlon3 found that egg room temperatures and
frequency of marketing were important factors affecting egg quality.

Eenderlonﬁ discovered that albumen quality decreased more in four
days at 80° F than in tea days at 65° F. He found that a day or two
at 100° F, produced flatter yolks than several months of cold storage
at 34° to 38° ) 4%

Fry of Oklahonls reported deterioration of 15 Haugh units when
eggs were held at 60° F. for seven days. When held at 60° F. for seven
days, newly laid eggs with an initial Interior Quality of 94 or above
would still be AA and those eggs with initial Interior Quality of 70 or

above would still be Grade A.
Humidity

All reports gemerally agree that relative humidity of 80 percent
or higher is necessary for maintaining egg quality if stored for am
extended period. However, where eggs are marketed twice or more weekly,
there is some difference of opinion as to the importance of relative
humidity. General recommendations were that relative humidity at the

farm level should be 65 percent or higher.

3!'. W, Lorenz and W, E. Newlon, "A Field Survey of Ranch Egg Quality,"
Poultry Science 23:418-430, 1944,

48. M. Henderson, "Cooling and Holding Eggs on the Ranch," California
Agricultural Experiment Station Circular 405.

2Jack L. Fry, Management and Holding Conditions As They Affect the
Interior Quality of Eggs, (unpub., M.S. Thesis, Oklahoma State University,
1956) .



For shorter holding periods, a week or less, humidity had little
influence on albumen deterioration according to Funk6, but did affect the
amount of evaporation. Satisfactory results were obtained during shert
holding periods by Van Wagenen et al.T when the relative humidity was
approximately 60 percent.

Jeffrey and Durago8 found that relative humidities of 78 to 98 per~-
cent for winter temperatures and 62 to 93 percent for summer temperatures
had no effect on the interior quality as measured by the height of the

thick albumen.
Cost Data

Cost data for cooling and holding eggs at the farm level are limited.
The same is true for returns resulting from providing proper egg holding
facilities.

Jaska of Texasg reported amount of electricity used for cooling
eggs on twelve Texas farms involving 17,462 cases of eggs. The KWH per
case varied from 1.2 to 11.5, with an average use of 1.8 KWH. The
associated costs were 5.4 cents per case or less than 0.2 cents per

dozen.

GE. M, Funk, Effects of Temperature and Humidity on the Keeping

Quality of Shell Eggs, University of Missouri Agricultural Research
Bulletin 382, 1944,

TA. Van Wagenen, C., 0. Hall and H. Altmann,"Temperature and
Humidity in the Short-Rum Holding of Eggs," Proc. Seventh World's

Poultry Congress 6:516-521,

8?. P. Jeffrey and V. Darago, Effect of High Humidity on Egg Quality
During Short Hold Periods, New Jersey Agricultural Experiment Station
Bulletin No. 392, 1940. -

9Robart C. Jaska, What's New in Egg Cooling, Report to A.S.A.E.,
Texas A. and M., 1954,



CHAPTER 11X
EXPERIMENTAL PROCEDURE

To generate the necessary data for this study, a cooperative project
was developed between the Department of Poultry Science and the Department
of Agricultural Engineering at the Oklahoma Experiment Station. The
experiment was designed to test a seven and a twenty-five case egg cooler,
The test, covering a period of one year, was initiated to determine the
effect on cost and returns of mechanical refrigeration compared with non=-
refrigeration and evaporative cooling. The period for comparison of
refrigeration and non-refrigeration was identified as the seven months,
September through March, The period for comparison of refrigerated and
evaporative cooling was the five month period, April through August.

The two egg coolers were placed in operation and treatments started
December 1, 1955. The seven-case cooler was located in the poultry
farm egg room and the twenty-five case cooler in a feed room. The tem-
perature in both coolers was approximately 60° F. throughout the experi-
ment and relative humidity was approximately 65 percent,

The eggs receiving non-refrigerated treatment and held in the egg
handling room were cooled by a small evaporative unit, The average of
daily maximum temperatures im this egg handling room for the period
April 1 to August 31 was 88.2° F., with a range from 77.5° F. to 94.6° F.

During the five month period, June through October, 1956, all eggs
were weighed as they were placed in the two coolers, Through use of watt
hour meeters installed by the Agricultural Engineering Department, the

KWH of electricity used were recorded for each cooler,

7



 Eggs for the project were gathered in wire baskets four times daily
from the Experiment Station qultry Farm and placed immediately in their
respective assigned experimental areas, The eggs remained in wire baskets
overnight for the removal of body heat and were then placed in egg cases
until shipment to market weekly. Mechanically refrigerated eggs and
non-refrigerated eggs were identified separately until after they had
been graded. Grading was done by a commercisl egg handler according to
. S; Standards and Grades.l Egg candling slipe identifying treatment,

gradevand price per dozen were provided following each delivery.

<

B

1Brentwdod Egg Company, Tulsa, Oklahoma.



CHAPTER IV
IMPACT OF DAYS HELD

Egg quality deterioration based on days held at the farm level was
found to be closely associated with egg holding tauperaturei.l Knowledge
on the part of the producer as to the effect of time on egg quality
reduction in relation to holding conditions; may materially assist in
maximizing returns. Also, frequency of marketing, as a factor in
determining the percentage of Grade A eggs, is extremely important in
a production program. Higher relative prices for Grade A eggs give
producers an ecomomic incentive to organize production and marketing
programs whereby they can maintain a fairly constant supply of Grade A
eggs regardless of seasom or natural temperature and humidity.

Data from two sources were used to investigate this problem. Fry
made a study of the change in egg quality measured in Haugh Unitsd per
day up to seven days and at selected temperatures. The newly laid eggs
used by Fry in his experiment averaged 90 Haugh Unitl.4 At 60° F.,

according to Fry, there was a deterioration of 10 Haugh Units during the

1Loranz and Nelson, 418<430,
%pry.

31. R. Haugh, U. S. Egg and Poultry Magazime 43:552-555.

4Il: is universally agreed that eggs with thick white measuring 78 or
more Haugh Units are Grade AA eggs and from 55 to T8 Haugh Units are Grade
A eggs. Important to the expected initial Haugh Units of the production
from a given flock is the period of time the hens have been in productionm.
Pullet eggs generally are kmown to have the highest number of Haugh Units.

9



10

first two days and an additional five Haugh Units from the third to seventh
days, inclusive. In this instance, it was evident that newly laid eggs
stored at 60° F. remain within the upper Grade A classification up to and
including the seventh day.

In the above experiment, eggs held for two days at 90° F. deteriorated
22 Haugh Units and eggs held five days deteriorated 35 Haugh Units. Eggs
held for three days at 90° F. were no longer Grade AA. At the end of five
days, these eggs were at the breaking point in Haugh Units between Grade
A and Grade B (Figure 1). Quality reduction from one grade to another,
measured in Haugh Units, is identified on the graph.

Jaska5 reported on 644 cases of eggs from the Lindsey farm produced
during the months of April through July. fhese eggs were stored under
holding conditions, identified as mechanical refrigeration, evaporative
cooling and natural. The eggs were marketed on schaduies of l-day, 2-days,
3-days and 6-days. The average temperature for mechanical refrigeration
was 52.3° F. with a relative humidity of 80.4 percent; for the evaporative
cooler, the average temperature was 74.2o F. with a relative humidity of
T9.7 percent; and for natural holding conditions, the average room temper=
ature was 77,30 F., with a relative humidity of 71.3 percent.

The percentage of Grade A eggs for each holding condition and the
days held, as determined from the Jaska report, are shown in Table I.

The impact of days held on Grade A percentages in these Texas data
further emphasizes the importance of frequent marketings. The percentage

decline in Grade A eggs for the two-day holding and the following four

Robert C. Jaska.
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days holding for refrigeration were 6 percemt and 4 percent, respeétively;
fquevaporative cooling, 7 percent and 25 percent; for natural conditions,
11 percent and 26 percent, reapectivély. Figu:e‘é provides a comparison
of Grade A egg percentages for days held under the different holding
conditions. 1In six dayé Grade A eggs declined 10 percentage points under
mechanical reffige:atioﬁ;'32 percentage points under évaporative cooling;

and 37 percentage points under natural conditioms.

TABIE I

PERCENT GRADE A EGGS UNDER DIFFERENT HOLDING
CONDITIONS AND DAYS HELD

Holding conditions“ - "~ l=day 2-days  3-days 6-days
— — . (Percentage) |

Mechanical 93.0 87.2 86.1 83.0

- Evaporative 80.0 T2.6 67.0 48.2

Natural T70.0 59.5 50.5 33.4

Regaxdlessbof holding condition, it was found that high frequency
of marketing was very important to the producer, if a maximum percentage
of Grade A eggs is to be placed on the market. The 90° F, temperature
used in the Fry experiment was reached, or exceeded comsiderably, in
Oklahoma during the high temperature months., With egg qual ity reduced
‘to Grade B in five dajs when held under high tem#erature conditions, it

is mandatbry that the producer choose some type of artificial holding

copdition in order to realize the greatest returns.
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CHAPTER V
IMPACT OF HOLDING CONDITIONS

Holding condition environments qnd time periods for this study
included mechanical refrigeration, 12 months; evaporative cooling, April
through August; and natural conditions, April through July. The aversge
temperatures for mechanical refrigeration, evaporative cooling and
natural conditions were 600, 73°8° and 77°3° F., respectively. The
average humidities for these three types of holding conﬁitions were 65.0,
T74.7, apd T1.3 percent, respectively.

Eggs beld under mechanical refrigeration for the 12 months period
yieldeﬁ 87.76 pexcent Grade A, 5.97 percent Grade B‘and 4 .27 percent.
Grade C (Table II). For the sevem-month period, September through March,
;égs held under refrigeration were 92.53 percent Grade A, 4.53 perceﬁt
Grade B and 2.94 percent Grade G. Eggs held under mechanical refrigeration
for the higher temﬁerature nonths of.April through‘August were 85.92 per-
cent Grade A, T7.98 percent Grade B and 6.10 percent Grade C, Buring the
four-month peried, April through July, eggs held in mechanical refrigera-
tion were 86.42 percent Grade A, 8.22 percent Grade B and 5.36 percent
Grade G,

Although evaporative cooler data were reported by Oklahoma for the
months of April through July, they were not used in this study becauss
the evaporative cooling unit was faulty and opsrated at irregular inter=
vals, To estimate the impact of evaporative cooling on egg quhlity during

the higher temperature months, data were used from a study in Texas for

14



TABLE II

GRADE DISTRIBUTION OF EGGS FROM DIFFERENT HOLDING CONDITIONS

Jan, Feb,

26.00% 25.00% 48.60% 55,70

Mar, Apr. May June July Sept. Oect. Nov. Dec.
& (Percentage)

Refrigerated

Grade A 93.60 93.70 87.18 91.32 82.78 86.27 85.46 83.95 92.25 91.86 94.98 94.57

Grade B 3.07 3.56 T7.59 5.09 9.79 7.24 10.66 6.99 6.85 5.83 1,69 2.97

Grade C IR 2.73 52 35T T.641 649 3.85 1,17 2,29 3.31 2.45
Non-Refrigerated

Grade A 86.52 86.15 88.55 63.40% 55,50% 40.70% 33,30% 52,64 90.53 91.86 88.12 85.83

Grade B 6.12 6.21 6.26 18.60% 24.00% 20.30* 20.70* 18.31 2,88 4.49 5.31 6.13

Grade C 7.35 T.62 5.17 18.00% 20.50* 39.00% 46.00% 29.04 6.58 3.65 6.56 8.10
Natural

Grade A 46,50*% 40.80*% 27.20*% 19, 30*

Grade B 27.50% 34 .20*% 24 .20% 25.00%

Grade C

*'rcus Data (1954).

91
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the months of April through July and from the Oklahoma experiment for the
month of August only. This provided five months of evaporative cooler
data for comparison purposes., Since the Texas data provided Grade A
percentages only, the percentages of Grades B and C were astégatad for
the four months of April through July. These estimates were based on
expected percentages of Grades B and C as related to temperature condi«
tions prevalent during these months when eggs were marketed weekly.

These eggs are identified with non-refrigeration for the months of
April through August ('fable 1I). Eggs held under evaporative cooling
during this five-month period were distributed as follows: 49,1 percent
Grade A; 20.4 percent Grade B; and 30.5 percent Grade C,

Under the comparative returns analysis section, all eggs held under
evaporative cooling for the five months, April through August, were
considered to be Grade A and B only. This provided basic data to com-
plate alternative coste and returns. This was necessary to secure com-
parableness gince only Grade A percentages were reported in the Texas
data,

The Texas study reported percentages only for Grade A under natural
conditions and provided data for comparison purposes for the four-months
period, April through July. Distribution of Grades B and C were estimated
on the basis of weekly marketinge for prevailing temperatures and grade
relationehips during these four monthse, The grade distribution percentages
for all egge held under natural conditions for the four-month period were
33.39 percent Grade A; 27.79 percent Grade B; and 38,82 percent Grade C.
The data on Grade A egg percentages relative to holding condition indicates

that holding conditions may become highly important for some periods and
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relatively unimportamt for other periods. In the experiment, mechanical
refrigeration and evaporative cooling for the months of April through
August for Grade A distribution percentages were 85.92 percent and 49.1
percent, respectively. It was further evident from this comparison that
evaporative cooling during this period was not as satisfactory as
mechanical refrigeration (Table II).

The advantage measured in terms of sustained quality were 86,42
percent Grade A for mechanical refrigeration compared with 33.39 percent
Grade A for natural holding conditions during the period, April through
July (Table II). This was a difference of 53 percentage points. The
percentage of Grade A eggs under natural conditions was very low. It is
doubtful that marketing firms would find it profitable to candle and
grade eggs with such a low expected percentage of Grade A eggs.

The comparison of evaporative cooling and natural conditions for
the seme period, April through July, resulted in a slight gain in Grade
A eggs. The percentage of Grade A eggs was 48,2 percent with the use
of evaporative cooling compared with 33,39 percent for natural conditioms,.
Although evaporative cooling provided less protection to egg quality tham
did mechanical refrigeration, it was an improvement over natural holding
conditions.

A comparison can be made with the data taken from Table II regarding
refrigeration compared with non-refrigeration or natural conditions for
the seven-month period, September through March. The Grade A percentages
for all eggs held and marketed weekly for this period were 92.53 percent
from mechanical refrigeration compared with 88.24 percent from natural

conditions. Although there were only 4.3 percentage points in favor of
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mechanical reﬁrigeration; both percentages were relatively high. It is
important to peint out that eggs held under natural conditions in the
experiment during these cooler months were logcated to take advantage of
the‘natnral holding temperatures which prevailed., Natural holding
conditions during these cooler months‘can be modified and,arrangéd to

assure a greater utilization of the lower natural temperatures by most

producers.



CHAPTER VI

TECHNIGAL ENERGY REQUIREMENTS UNDER ALTERNATIVE TYPES
.OF HOLDING CONDITIONS

Two egg coolers were designed, constructed and placed in operation
at the Oklahoma Experinent Station poultry farm. The T-case eoolér was
; designed to hold the egga of a flock approximately 400 laying hens
when marketing weakly, or approximately 800 laying hens when narketing
~ eggs twice weekly. The 25-casg-coo;gvags dgsigngd‘to hold the eggs
for a producer with a flock of‘approximately.laoo laying hens whgﬁ
mgrkgting»weekly,‘or'approxima;ely 2400 lay;ng hens when ma;keting:gggs
twice weekly,

A‘cooling unit rated at 1/3 hp was ihstalled in the T=case cooler.
A 1/2 hp unit was used in the 25-case cooler, Both cooling units weré
standard hqgseho;d air-conditioners and thermostats were reset ;6 operate
the units at lower temperatures ‘60° F.). According to the Agricultural
Engineering Report, the 1/3 hp u;it‘was oversized singe it operated during
the peak aumﬁer temperatures in the T-case cooler less than one<half
time,I On the other hand, the 1/2 hp cooling unit in the 25-case cooler
would occasionally, during hot weather, operate continuously for two or
thrée hours. However, in view of its performance, this unit was not
under rated.

Instruments attached to each egg cooler continuously recorded temp-

erature and humidity during the coﬁrse of the experiment. It was found

¥G L Nelson "Resulcs from Research on Farm Egg Coolers," (pre-
gented at "Electric Power for Quality Eggs" Shortwcourse, May 23, 1957,

Stillwater, Oklahoma)
19
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that the temperature in the 7T-case cooler varied between 58° and 60°F,
and in the 25-case cooler, between 58° and 61° F.

The relative humidity generally ranged between 65 and 70 percent in
the T-case cooler and from 55 to 70 percent in the 25-case cooler. Water
filled pans were employed in both cabinets to help maintain a satisfactory
humidity level. Without these pans, lower humidities would have prevailed

in both units,.
Energy Requirements for Refrigeration

Energy used by each of the egg coolers was metered during the months
of July through October, 1956, Based on these energy use data, data on
daily egg loading rate, and data on temperature difference between the
coolers and the surrounding air, the Agricultural Engineering Department
developed an energy use expression, The expression was as follows:

Q= (cLAat) + (U.Aatc x 24) Heat/24 hours.

Q = Energy use by cooler per 24 hour period in BTU,

c.- Specific heat of eggs placed in cooler,.

= 0,772 BTU/pound eggs/degree F,
€ = Weight of eggs placed in cooler/24 hour period.
ot = Difference in temperature (°r) between eggs and cooler.

This portion of the expression determined the enmergy used in BTU to
bring egg temperature down to that of the cooler and may be expressed as
follows: (0.772 x Egg weight x temperature difference).

U, = Mean insulative value for the cooler.

= 0,0893 for the T-case cooler. (Values obtained by use of
"heat flow" meter.)
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= 0.867 for the 25-case cooler,
-hn Cooler square feet of surface area,
= 68.56 square feet for the T-case cooler.
= 220 square feet for the 25-case cooler.
€. % Temperature difference between cooler and surrounding air,

This portion of the expression determined the energy used per 24
hour period in BTU due to heat transfer and may be expressed as follows:

(24 x Uy value x square feet of surface x temperature difference).

In terms of BTU per KWH, 3,412 BTU per KWH were used for conversion
since all cost data were reported per KWH.

According to the agricultural engineers, the efficiency value of
refrigeration units are influenced by the quality of the equipment in
use, the conditions under which it operates and the voltage. The
engineers suggested that an assumed efficiency value of 26 percent be
applied to the energy use data, This value represents the efficiency
rate which would be found under practical producer circumstances. It was
assumed in the experiment that little loss of energy occurred through the
cooler floors since normal soil temperature was reported to be between
57° and 63° F.

A constant temperature of 60° F. within the coolers, a constant
temperature of 95o F. for eggs placed in the coolers and a constant egg
weight of one and one half pounds per dozen were also assumed to determine
energy used,

Energy consumed per dozen eggs was determined for various daily load-
ing rates with the outside average temperature equal to the constant
temperature of the egg coolers and 100, 200, and 30° F. above constant

temperature of the egg coolers (Table III). When the outside temperature



TABLE III

KWH OF ENERGY REQUIRED PER DOZEH EG%S AT DIEFERENT LOADING RATES FOR OUTSIDE TEMPERATURES
OF 60 707, 80 and 90 F., USING THE T-CASE COOLER

T

: : 60° : 70° : 80° : 90%
Dozens $ Lbs. : Total : Per : Total : Per t Total 3 Per : Tetal : Per
$ : ¢ Dozen : : Dozen : : Dozen  : : : Dozen
(KWH) y
5 T<5 0.212 0.042 1.869 0.373 3.523 0.704 5.18 1.03
10 15 0.426 0.042 2.084 0.208 3.738 0.373 5.39 0.539
20 30 0.853 0.042 2,507 0.125 4.16 0.208 5.82 0.291
30 45 1.280 0.042 2.93 0.097 4.59 0.153 6.25 0.208
50 T5 2,134 0.042 3.788 0.075 5.44 0.108 T.10 0.144

60 90 2.561  0.042 4,21 0.070 5.87 0.097 7.50 0.125
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was 60° F., the KWH of electricity required per dozen eggs was 0,042 for
all daily loading rate, No heat transfer occurred, Additional energy was
required, because of transfer heat, when the outside temperature exceeded
that of the coolexr. For example, 30 dozen eggs entered daily with the
outside temperature at 70° F., required 0.097 KWH per dozen eggs compared
with 0,042 when there was no heat transfer, However, the same quantity

of eggs entered at 90° ¥, required 0.208 KWH per dozen or approximately
five times the amount of energy where there was no heat transfer,

The energy use data generated in Table III are presented for com~
parison purposes in Figures 3 and 4 in order to extrapolate energy require-
ments per dozen eggs under alternative temperature and loading rate
situations. Energy required per dozen eggs cooled and held for different
outside temperatures up to 90° F., daily loading rates up to 30 dozens
with weekly marketing are correlated in Figure 3, Twice weekly marketing,
daily loading rates up to 60 dozens with the same temperature limitations
are related in Figure 4, As the daily loading rate was increased under
each of the marketing schedules, all other factors being equal, the energy
requirement per dogen eggs decreased, For example, 10 dozen eggs entered
daily for weekly marketing, with an outside temperature at 80° F. used
0.373 KWH per dozen eggs (Figure 3). When 30 dozen eggs were entered
daily, under the same conditions, the energy requirement was reduced to
0.153 KWH per dozen. Maximum use of the T-case cooler for twice weekly
marketing, with 60 dozens entered daily at an outside temperature of 80°
F., required 0,125 KWH of energy (Figure 4).

Energy used per dozen eggs entered daily in the 25-case cooler

decreased as the quantity of eggs was increased to maximum capacity of
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the coolexr. The average daily capacity was based upon the marketing
schedule. For the 25-case cooler for weekly marketing, the average
daily capacity was 107 dozen eggs and was 214 dozens daily for twice
weekly marketing (Table IV). Energy required per dozen was reduced as
the quantity of eggs increased. The extremes of energy used per dozen
eggs, based on daily egg loading rates, were 1.6 KWH for 10 dozen
compared with 0.113 KWH for 220 dozens.

The data in Table IV are presented for comparison purposes in
Figures 5 and 6 in order to extrapolate energy requirements per dozen
eggs under alternative temperature and loading rate situations. Energy
required per dozen eggs cooled and held at different outside tempera-
tures up to 90° F., with daily loading rates up to 110 dozens with a
weekly marketing schedule are related im Figure 5. Twice weekly
marketing, daily loading rates up to 60 dozen with the same temperature
limitations are related in Figure 5. Energy required per dozen eggs
at amy given outside temperature was minimized whemn the cooler was used
to capacity on a twice weekly marketing schedule,

Figures 3 and & for the T-case cooler and Figures 5 and 6 for
the 25-case cooler may be used to estimate KWH requirements per dozen
eggs entered each 24 hour period up to capacity use, either for weekly
or twice weekly marketing, and for temperatures ranging from 60° to 90°
F. 1In order for a producer to minimize costs amd maximize returns, it
is important that the cooler be of proper size in relation to the size
of flock. Through capacity use of either cooler with twice weekly

marketing, costs may be still further reduced and returns increased.



TABLE IV

KWH OF ENERGY REQUIRED PER DQZEN EGGS AT DIFFERENT LOADING RATES FOR OUTSIDE TEMPERATURES
- oF 60°, 70°, 80° AND 90° F., USING THE 25-CASE COOLER

: 3 60" : 70° : 80° :- 99°

Dozens g Lbs. :" Total : Per ' -: Total : Per : Total : Per ¢+ Total :. Per
F : :  Dozen H : Dogzen : : Dozen : Dozen

(KWH) : 2

10 15 0.42 0.042 5.6 0.5 10.8 1.08 16.0 1.6
20 30 0.84 0.042 6.03 0,301 11.23 0.561 16.46 0.823
35 52,5 1.49  0.042 6.7 0.190  11.9 0.340 17.0  0.485
70 105 2,96 0.042 8.19 0.117 13.38 0.191 18.57 0.265
110 165 4.69 0.042 9.9 0.09 15.1 0.137 20.3 0.184
170 255 7.23 0,042 12,46 0.0732 17.6 0.10 22.8 0.134
220 330 9.38 0.042 14.57 0.0662 19.8 0.090 25.0 0.113

L3
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Energy Requirements for Evaporative Cooling

Energy requirements for the operation of a 2,000 CFM evaporative
cooler were estimated by the Agricultural Engineering Deliartment° The
total amount of energy used by this unit remained coﬁstant vwhen in opera-
tion, regardless of the quantity of eggs involved, The unit required‘0.4
KWH per hourmof,operation or 9.6 KWH pe;_24 hour period. Whenvin‘constant
use during the months of April through Aﬁgust, the total estimated annual

energy requirement was 1,468 KWH,



' CHAPTER'VII
ESTIMATION OF COST UNBER;AETERHAIIVE,HGLDING,CONDITIQNS
"Refrigeration

Total and amnual fixed costs for the 7°case\amd 25-case egg coolers
were based upon informatiom supplied by the Agricultural Engineering
Depertment. Maﬁerials.used in thebconstruction of the coolers were
mpurehased from a local lumber yard at retail prices. Labor costs were
estimated at the going hourly wage s;ale for time spemt in actual con-
struction of each cooler. ' A normal retail price was paid for the 1/3
hp window air conditiomer, however, the 1/2 hp unit used for the 25-case.
egg cooler was purchased at less than retail price.

The fixed cbsts for the two mechanical refrigerated egg coolers are

shown below:

"TABIE V.

FIXED GOST FOR THE SEVEN-CASE AND THE TWENTY-FIVE -GASE COOLERS

- Dellars

_Seven-Case Cooler v ' '
Materials ' . § 68.02
1/2 bp window air conditioner ' ' 121,12
Construction labor 15.00
Total ‘ $264.14

Iwenty-Five Case_Cooler

Materials -$233.56
1/2 hp window air conditiomer - 112,50
‘Comstruction labor ’ ' 225,00

‘Total | . $571.06

31
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The annual fixed costs for each of the two egg coolers were estimated
by standard percentages of first cest, applicable to this class’@f'equipu
ment. Depreciation costs for each of the cabinets were based on a life
expectancy of 15 years for the cabinets and 10 years for each of the
@@olingvunitsP . Interest on investment was based én 6 percent of ome
half of first cost or 3 percent of origimal investmen@s. Annual repairs
and maintenance costs were based on two percent éf original costs for
the cabimets and three percemt for the cooling uniﬁso« Percentages applied
to total fixed cost for arriving at amnual fixed cost onveaeh cooler(are

shown below.

TABLE VI,

'PERCENTAGES USED TO DETERMINE ANNUAL FIXED COSTS

’_gype _  'G§Q;pet Cooling Unit vGeOling‘Unit ,
. (Percent) -
Depreciation 6 2/3 10 10
Interest 3 3 3
Repair and Maintenance 2 _n_ﬁ_ —
Total | 11 2/3 16 16

Applying these total percentages to the total costs for each of
the egg C@ole;s used in the_experiment, the annual fixed costs are
shewn in the table below, . |

Cost estimates were computed under the assumption that the T-case
_and 25ncase egg coolers were used to capacity with either weekly or twice
weekly marketing. Average fixed cost for use of the T-case ecooler for

weekly and twice weekly marketing were .0032 and .0016 cent per dozen
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eggs, respectively. Average fixed costs for the 25-case cooler for
weekly and twice weekly marketing were 0,0008 and 0.0004 cents per
dozen eggs. In a comparison of the fixed costs for the two coolers and
the different marketing schedules, it may be pointed out that as the
laying flocks were increased in size and a greater quantity of eggs
cooled, a redugtioﬁ occurred in fixed cost per dozen eggs. Twice
weekly markeﬁing compared with weekly marketing :educed fixed cost per

dozen eggs by ome-half,

TABLE VII

ANNUAL FIXED COST FOR CABINETS AND COOLING UNITS

Coolers - ,_Sizé,of Coolers

' - _Seven-Case -~ . Twenty-Five Case
Cabinets - $16.69 $53.50
Cooling Unit 19,38 18.00

Total 36.07 71.50

_In@reasimg,;he quantity of eggs cooled from twice weekly marketing
in a 7é¢ase cooler to twice weeklj marketing in a 25=case cooler reduéed
the fixed cost per dozen to ome fourth or from 0.0016 to 0.0004 cents.
Variable costs for mechanical refrigeration_werevgeuerated also
under the assumption that the two coolers were used to capacity with both
weekly and twice weekly marketing schedules., Electricity cost was assumed '
to_be two cents per KWH. There were no variable costs for_the months of
January, February, November and December. In each case the energy-use-
expression was applied to determine monthly emergy reguirements per

dozen eggs for refrigeration.
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The average annual_variable costs for mechanical refrigeration per
dozen eggs in the seven-case cooler, marketing weekly and twice veeklﬁ,
were 0.0019 and 0.0012 cents, respectively. The average ennual variable
costs for the 25-case cooler, Qarketing.veekly and twice weekly, were
0,9018 and 0.0010, respeétively;pe:'dezen eggs, The pattern of variable
costs started at zero in February, gradually increased to a peak in
August, aﬁd decreased hgain to zero in November. This monthly vatiable
cost followed the expected temperature pgttern for Oklahoma. Variable
costs per dozen are minimized when coolers are used at capacity with.
.twice weekly marketings,

~ Total and average variable costs were computed for time periods
to provide data for coﬁpa:ison purposesh(rable”VIII). These data for
refrigerat;on indicated significantly higher costs for the period April
through September, compared with the pgriod,Segtember through March.
Data on evaporative cooling coaf;,were.available only for the period of
April through August, Average variable cost for this period is rgduged
one half by twise;weekly marketing when compared with weekly marketing.

Alternatives in terms of size of flock and marketing schedules pro-

vide producers with means to reduce total costs (Table IX). Total
annual cost for the seven-cage cooler was‘$57a48¥fdr weekly marketing -
with an average total cost per dozen eggs of .0051 cents, Twice per
week marketing‘toﬁal annual cost was $62.51 with an average total cost
per dozen eggs of 0.0028 cents.

vAssuming capacity use of the 25-case cooler total annual cost for
. weekly marketing was $143.70 with aﬁﬁaverage.total cost per dozen eggs
of .0026 cents. Twice weekly marketing inereased total annual cost to

$162.92 but gave an average cost per dozen eggs of .0014 cents (Table IX).



TABLE VIII

TOTAL AND AVERAGE VARIABLE COSTS BY PERIODS FOR DIFFERENT HOLDING CONDITIONS
AND MARKEIING SGHEBULES

:__September 1 - March 1 : April 1 - A{;gusg 31 April 1 - July 1
¢ Total ¢ Average 8 Total : - Average ¢ Total : Average
¢ Variable : Vaxiable 3 Variable : Variable ¢ Variable : Variable
:  Geost : Coste Per : Costs : Cosgs Per : ~ Costs : Costs Per
, _ - :__Desen : ;.. Dozen s s _ Dozen
Refrigeration ) ‘ ‘
T-Case »
Weekly marketing 6.03 0.000948 15.38 0.00335 10.92 0.00298
Twice weekly . : - ) _ }
marketing 8.10 0.000636 18.30 0590195 13.46 0.00183
25-Case
Weekly marketing 19.96 0.000879 52,24 0.00320 39.57 0.00303
Twice weekly . e oy ‘ 7
marketing .28.34 0,000551 63.08 0.00192 47.03 0.00180
"Evagorative (equivalent)
:7=Caae ;
Weekly marketing 29.36 0.0064
Twice weekly . :
marketing 29°36 - 0.0032
25-Case -
Weekly marketing : 29.36 0.0018
Twice weekly

‘marketing 29,36 0.0009
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TABLE IX

COSTS FOR THE T-CASE AND 25-CASE COOLERS OPERATED TO FULL CAPACITY UNDER
: WEEKLY AND TWICE WEEKLY MARKETING

i Total Average Cost
Jen. Feb. Mar, Apr. May June July Aug, Sept. Oct. Nov. Dec. Costs Per Dozen
J=Case Cooler ) .
Weekly marketing O 0 .18 1.35 2.51 3.15 3.91 4 .46 3.17 2.08 0 0 21.41 0.001955
variable costs )
Twice ;feekly 0 Y] 1.56 2.16 2.98 3.60 4.76 4.84 3.60 2.94 0 -0 26.44 0.001207
marketing
variable costs
- Fixed costs _
Weekly 36.07 0.003294
, Twice waekly .0.001647
25-¢ase Cooler
" Veekly marketing 0 0 2.7 4.75 7.03 10.34 12,47 12,67 10.27 6.90 0 0 T2.20 0.001848
variable costs :
Twice weekly 0 0 5.57 7.45 10.88 13,18 15.52 16.05 13.22 9.55 .0 0 91.42 0.001088
marketing : ’
variagble costs
Fixed costs ]
Weekly T71.50 0.00085
Twice weekly 0.000425

9
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Iwice weekly marketings are advantageous te the produ@er from a
cost standpoint. Total costs per dozen eggs cooled and held are reduced
alm@st one half with twice weekly marketings compared with weekly market~
ing. These data suggest that producers can double fl@gk size and change
to twice weekly marketing andvreduee the cest for holding eggs under

refrigeration provided marketing costs are proportionate,
Evaporative

~ Evaporative cooling costs were based-up@nvinformation secured
through a conference with the Agricultural Engineers., The engineers
assumed that a 2,000 CFM evapofative cocler would cost $80.00 for cool-
ing the quantity of eggs held by the two mechanical refrigerat;on coolers
and for all marketing schedules. The expected life span of seven years
was used to egtiaate annual fixed cost instead of the usual tem years
and no repair costs were used, _

Although the evaporative cooler was operated only during the months
of April through August, fixed costs were applied om amn annual bagis with
the q;antity of eggs cooled Being equivalent to the number of dozens
ecooled and held im the egg coolers under mechanically refrigerated com-
ditions. This provided comparable cost data for the various holding
conditions and ﬁarket schedules. |

The average annual f£ixed cest for the evaporative cocler was esti-
mated to be $11.43. The average fixed costs per dozen eggs coo;ed by
an-evaporativé unit, the eqﬁivaient of seven-case andAaﬁeaase coo}ers,
eggs marketed weekly”we;e 0.0010 and 0.0005 centsirQSpeétivelyq ‘Twice

weekly marketings woqld reduce average fixed costs by 50 percent,



Variable cost for evaporative cooling applied omly to the ﬁiye
month period, April through August, when this unit was in oPeratiqn
- (Table VILI)O Assuming a use rate of 9.6 KWH of emexrgy per 24 hour
perioémof operation, the total eﬁergy use for thenfive month period was
1,468 XWH, Energy cost at two cents per KWH resulted in a total variable

cost eﬁ $29 36 for the five-month period Thls total variable cost would
remain the same regardless of the dozens of eggs cooled siﬁée the cooler
was in continuous operation. However, the averagebvariab;e cost per
dozen eggs varied directly wiﬁh thg guantity of eggs cooledvand held,
The vari@ble>ggsgg pem_d@zen eges, eqﬁivalgnt to the T-case cooler for
once and twice weekly marketing, were 0.0062 and 0.0032 per dozen. The
variable costs, equivalent to the.&5=ca§e.cqoi@r,£or»@nce and twice weekly
marketing, were 0.0018 and 0.0009 per dozen eggs. |

Total annual cost for evaé@rative eocoling under all egg loading
rate equivalents was $40.79. Total average costs per dozen eggs cooled
amd held for the five-month period, April threugh_August, the equivalent
of the T-case cooler marketed weekly and twice wggkly,.were 0.0074 and
0.0039 cents per dozem. Average costs per dogen for the,same_fiveéﬁenth
period for the 25-case cooler equivalent, with weekly and twice weekly
marketing, were .0020 and .0010 cents per dozeﬁ cooled, |

- Comparisons of the average cost per dozen eggs cooled under these

alté?native holding conditioms and the two ma?keﬁingfsehgduleslfor the
months of April through Aﬁgﬁst are foundhin Table VIII The average
costs per dozen w;th the 7acase cooler, xefrigerated cooler compared
with the evapoxative cooler equivalent, marketed weekly, were 0, 0065
and 0.0074 cents,  With twice weekly marketing these costs were 0.0035

and 0.0039 cents per dozen,
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The average @@sts'per &@zen during this same five mogth period with
the 25-case refrigerated cooler were somewhat lower, For weekly markete
ing these costs were 0,0040 and 0.0020, and for twice weekly merketing
were 0.0023 amd 0.0010,

Under both mechanical refrigeration and evaporative coolimg, the
average costs per dozen decreased as the quantity of eggs cooled
inereased, »w;th thé T-case evaperative cocler equivalent average cost
per dozen exceeded that of mechanical refrigerstion. However, as
larger quantities of eggs were cooled im the 25-case coocler or eguiva-
lent, the average cost per dozen was reduced to orme half the cost for

mechanical refrigeration.



CHAPTER VIII
TOTAL RETURNS UNPER ALTERNATIVE HOLDING CONDITIONS
Seasonal Variation in Egg Prices

The physiological change in eggs resulting from holding conditions
and marketing schedules and the economic significance of these factors
are influenced by the seasonal nature of produetion,I Seasonal price
changes result from & combination of demand patterns, grade distri-
bution within seasonal segments of the productiom cycle, and the seasomal
nature of production, In order to be consistent whem analyzing the
impact of egg prices on total returns, seasomal indexes were computed
using 1952-57 monthly egg prices. The monthly average prices for the
six-year period used in this investigation were prices paid to producers
by the Brentwood Egg Company of Tulsa, Oklahana.a These prices were
assumed to be representative of seasonal price variations for eggs.

They are not identical to prices reported by the Agricultural Marketinmg
Service. However, these egg prices included prices paid by grades which
were essential for this study.

The 1952-5T7 period of egg prices was chosen because this sample
period embodied all types of conditioms, imcluding both high and low

price years. In order to reflect prices paid producers, the unweighted

1Ok.lahona State University Extenmsion Circular 549, p. 4.

auouthly prices paid by the Brentwood Egg Company, Tulsa, Oklahoma,
were used through the courtesy of Domn Volz, Manager.

40
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average of monthly prices was the method used to measure seasonal
variatien,

The seasonal indexes of pfi@esvpaid producers were computed for the
6=yea§.period for Grades A, B and é (Table X). Ehese seasonal indexes
by grades are presented graphically in Figuz?e,?o

Prices paid for Grade Aveggs were relatively higher duzimg the
period, July through November. Low indexes for Grade B eggs predominat-
éd during two seasons of the year, namely, May and June and October
through December. Grade C egg price indexes were significamtly below
average from August through December and were slightly above average
during the other seven months. The lower grade egg prices are generally
highest during thé flush production peried of late winter and early
spring. The Grade A prices are gemerally lower during the flush pro-
duction season although the proportion of the total production idemtified
as Grade A is smaller. _

In @rdéf to provide for estimates of the impact of the price level
on total returms, altermative pricesifor high and low years were com-
puted (Table XI). The year 1953 was selected as representative of high
prices and 1955 for low prices. The average prices for these two“T
representative years were adjusted by the momthly seasonal indexes
{Table X). These annual average priceé for the two years amd the average
for the period are categorized as High, Low and Average prices. The
annual averages were computed by grades and are as follows: High prices,
Grade A, 4708, Grade B, 42,0 and Grade C, 37.7 cents; the Low price
average for Grade A, 36.9, Grade B, 26.7, and Grade C, 20.7 cents;

Average price, Gré&é A, 38.2, Grade B, 31.5, and Grade C, 25.7 cents,



TABLE X

INDEX OF MONTHLY AVERAGE EGE PRICES BY GRADES, 1952-1957

May

Jan, Feb, Mar. Apr. June July” Aug. Sept. Qétel Hov, Dec. Average
GRADE A
Average 38.5 37.5 35.8 35.3 35.7 35.0 41,7 42,5 41.7 38.8 39.60 36.3 38.2
Index 100.8 98.2 93.7 92.4 93.5 91.6 109.2 111.3 109.2 101.6 102.1 95.0
GRADE B
Average 32.8 32.7 31.5 30.8 30.5 30.3 34.5 3.8 33.2 29.0 28.3 29.2 3.5
Index  104,1 103.8 100.0 97.8 96.8 96.2 109.5 110.5 105.4 92.1 89.8 92,7
GRADE C
Average 28,5 28.0 27.1 27.5 27.8 27.1 27,3 24.2 2.2 200 208 22,3 25.7
Index  110.9 108.9 105.5 107.0 - 106.2  94.1  94.1 80.9 86.8

108.1 105.5

77,8

SOURCE : Brentwood Egg Company, Tulsa, Oklahoma
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TABLE XI

ADJUSTED PRICE PER DOZEN EGGS PAID TO EGG PRODUCERS BY MONTHS UNDER THREE PRICE LEVELS

,@r;iiramd Jan., Feb., Mar, Apr, May June . July Aug. Sepg; Oct, Nov. Dec.
- {(cents per dozen) '
GRADE A
1953 48,2 44 .8 44,2 44,7 43,8 52,2 53.2 52,2 . 48.6 48.8 45.4
1955 3702 36.2 34,6 3.1 34.5 33.8 40.3 41.1 40.3 37°§ 37.7 35.1
Average ; P : : _ : _ :
1952257 38.5 37.5 35.8 35.3 35.7 35.0 4L.7 425 41.7 ~38.8 39.0 36.3
GRADE B
1953 43.7 43.6 42,0 41.0 40.7 40.4 46.0 46.4 44,3 38.7 37.7 38.9
1955 27.8 27.7 26.7 26,1 25.8 25.7 29.2 29.5 28.1 24.6 24.0 24,8
Average _ . , : :
195257 .8 3.7 315 30.8 30.5 30.3 34.5 34.8 33.2 29.0 28.3 29.2
GRADE C
1953 41.8 41,1 39.8 40.3 40,8 39.8 40,0 35.5 35.5 29.3 30.5 3.7
1955 23.0 2.5 21,8 22,1 22,4 21.8 22,0 19.5 19.5 16.1 16.7 18.0
Average ‘ , _ . N
195257 28.5 28.0 27.1 27.5 27,8 27.1 27.3 24,2 24.2 20.0 ?Q.§ 8203

SOURCE: Brentwood Egg Company, Tulsa, Oklahoma
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Total Returns

Total returms by periods or seasons were computed, assuming the
experimental grade distribution at the three price levels under alter-
native holding comdition. To supplement the empirical data gemerated
in the Oklahoma experiment, the returns under non-refrigeration for the
period April through July ars returms to evaporative cooling using Texas
data, The total returms te the evaporative cooler were calculated by
assuming all eggs were Grades A and B, Natural conditioms for the
period, April through July are ai&o based om the Te#as data, Total
returns were computed for both mechanically refrigerated egg coolers
u§@d to capacity, with a week;y marketing schedule.

Returns to the T-case cooler er its eéuivalent, based on 10,950
dozen eggs, during the twalve-month period, for the high, low and average
price levels were as follows: $5,148.70, $3,897309 and $4,079.42, Nom-=
mechanical refrigeration returns for seven months of natural holding
conditions plus five-momths of evaporative cooling are $4,989.50,
$3,622.93 and $3,878.27 for the three price levels, Returns aceruing
to evaporative cooling, A and B grades omly, for April through August,
are $2,074.25, $1,463.43 and $1,607,77 for the three price levels.
Returns from matural @@mditi@ns for April through July are $1,551.81,

0 $1,012.34 and $;,l52°10 (Table XII). ~

' Returns to the 25-case cooler or its equivalent, 39,055 dozens, for
a twelveamonth period, and fer the thrée price levels with mechanical
r@f#igemation ere as follows: $18,363.15, $13,901.35 and $14,548.68,
Non-refrigeration returns for seven months but including five months of

evaporative cooling are $17,796.96, $12,918.64 and $13,833.38. Returns



TOTAL RETURNS FOR THE 7-CASE COOLER OR TITS EQUIVALENT UNDER HIGH, LOW AND AVERAGE PRICES AND UNDER
DIFFERENT HOLDING CONDITIONS s

TABLE XII

Totsl

Jan, _Feb, Mar. Apr. May June July Aug. Sept. Oct, Nov, Dec.
: (Dollars)
Refrigeration o . )
High 444,99 391,63 412,25 395.09 409.38 389.63 4T4.93 475.47 .463.39 442,38  432.05 417.60 5,148.79
Low 336.88 298.38 310.03 299.38 304.59 291.86 357.22 356.55 353.3Q 337.07 330.95 319.78 3,897.99
Average 353.34 311.38 325.72 313.14 321.83 307.29 375.51 374.88 368.45 351.4; 343.94 332.53 4,079.42
. Non-Refrigeration »
High 441.34 388.48 412,61 386.11% 399.34% 373.94% 421.34% 435.41% 457.90 440,96 423.08 408.99  4,989.50
Low 330.95 290.76 311.05 274.02* 278.33% 247.25% 275.15% 304.19% 347.27 335.89 320.33 307.74 3,622.93
Average 348.01 306.33 326,27 297.50% 305.33% 278.67* 312.35% 332.75% 362.TT 350.13 335.12 323.04 3,878.27
Evaporative v
A and B only
High 387.24% - 399.10% 376.05% 447.02% 464.84 2,074.25
Low "280.50% 284.83 260.94* 305.97* 331.19 1,463.43
Average 302.85*% 310.48% 289.90% 343.17% 361.37 ‘ 1,607.77
Natural
High 380.T8% - 393.90% 369.31% 407.82% 1,551.81
Low 259,10% - 264,99% 234 11% 254, 14% 1,012.34
Average 288,37% 297.06% 270.23% 296.44% 1,152.10

*Texes Data (1954).

9%
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to evaporative cooling, A and B grades:only, for April through August,
are $7,407.47, $5,225.46 and $5,738.91. Returns to natural conditions
for April through July are $5,534.79, $3,610.52 and $4,109.08 (Table
XI111).

Returns under alternative holding conditions are essential for a
comparison of additional returns which may acecrue to a specific holding
condition for a certain season 6: period and under the different situa-
tions. In comparing refrigeration and mon-refrigeration fer thé ﬁwelvew:
month period, using the T=case cooler with a total of 10,950 dozen eggs
held under each condition, additional total returns to refrigeration
assuming high, low, and average price levels are $159.29, $275,06 and
$201.15, The 25-=case cooiér for the same twelve-month period with
39,055 dozen eggs held under each condition, gave additional returns to
refrigeration compared with nonarefrigerétion of $566.19, $982,71 and
$715930_for the three price levels. In a comparison of refrigeration
and non-refrigeration, for the seven months, September through March,
additional total returms to refrigeration on the 6,360 dozens of eggs
held under each condition for this period are $30.93 for high, $44.40
for low, and $35.00 for the average price level. Assuming the use of
the 25=-case cooler for the same seven-month period when 22,684 dozen
were held under each cendition, édditional total ret;rns to refrigeration
over ncn-refrigeration were $99,97}for high, $155°12 for low and $116.92

3

for average.

» 3Noteg The added returns that accrue to refrigeration undexr the
high price level are always less than under the low price level. The
decline in grade discounts when prices decrease are greater than the

‘change in prices.



TABLE XIII1

TOTAL RETURNS FOR THE 25-CASﬁ COOLER OR ITS EQUIVALENT UNDER HIGH, LOW AND AVERAGE PRICES AND UNDER
- DIFFERERT HOLDING CONDITIONS

Jan, Feb, Max, _Apr, May June July Aug ., Sept. Oct. Nov. Dec. Total
' (Dollars)
Refr ig eration .
High 1587.10 1396.83 1470.31 1409.12 1460.10 1389.73 1693.91. 1695.T7 1651.98 1578.19 1540.91 1489.20 18,363.15
Low 1208.58 1064.22 1105.62 1067.77 1086.32 1041.10 1274.04 1271.58 1259.01° 1202.39 1180.30 1140.22 13,901.35
Average 1260.14 1110.58 1161.60 1116.83 1147.84 1096.09 1339.27 1336.97 1313.31 1253.70 1226.65 1185.70 14,548 .68
Hon-Refrigeration - ) . . }
High 1574.04 1385.76 1471.62 1377.17% 1426.34% 1333.74* 1502.83% 1552.85*% 1632.95 1573.95 1508.89 1458.82 17,796.96 .
Low 1180.19 1037.48 1109.32 977.50% 992.84% 881.93% 981.42% 1084.76+ 1238.31 1198.75 1142.44 1097.70 12,918.64
Average 11241,07 1092.92 1163.62 1061.19% 1089.06% 993.94* 1114.14% 1186.68* 1293.64 1249.64 1195.20 1152.28 13,833.38
Evaporative o
A &and B only
High 1381.22% 1423.66% 1341.25% 1603.53% 1657.81 7,407.47
" Low | 1000.62% 1015.96% 930.76% 1097.06% 1181.06 5,225.46
‘ Average 1080.26% 1107.42% 1034.01% 1230.83% 1289.36 5,738.91
Natural _ .
High 1358.04% 1404 .97% 1317.16% 1454 ,62% 5,534.79
Low 923.85% 945,28% 834.84% 906.55% 3,610.52
Average 1028.32% 1059.63* 963.T4* 1057.39% 4,109.08

*Texaa ‘Data (1954).

8%
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In 8 comparison of Eefrigeration and evaporative cooling for the
high temperature mom;hs of April through August, additiomal total
returns to refrigeration from the T-case cooler, on 4,590 dozen of eggs
held under each conditiom, were $L%8,36 for high, $230.76 f@r l@w; and
$166.05 for the avegégeo Assuming use of the\@ﬁn@ése cooler for the
same five-month period; where 16,371 dozen eggs were held under each
@@mditi@m, refrigeration showed additi@nai‘r@tmmns of»$457;70 for high,
$822.36 for i©w9 and $591.99 for average,

Comparing m@@hami@él refrigeration and evaporative cooling for the
five-month period of April through August, assuming that all ;ggs not
@Grade A’are Grade B when held in the evaporative cooler, the T-case
cooler gave total additional returms in favor @f'reﬁrigerati@n as
follows: $70.25 for high, $146.17 for low, and $84.88 for average. The
25-case cooler, under the same circumstances and for the same period,
gave to refrigeratiom additiomal returms of $241.16 for high, $515.35
for low, and $298.09 for average, Total returns for Grades A and B
only were e@ﬁput@d in this instance for evaporative coolimg, simce the
basic Texas data provided only percentages of Grade A eggs. Through
identifying all eggs as Grade B other than those kmown to be Grade A,
ninimum additional returns could be shown for refrigeration as c@mpéred
with evaporative cooling.

Comparison of refrigeration and matural holding conditioms for the

four-month period of April through July, using the T-case cooler with a
total of 3,660 dozen eggs held under each condition; additiomal returns
to refrigeration were $157.28 for high, $293007 for low, and $207.50 for

average. Under the same assumptions the 25-case cooler with 13,054 dozens
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held under each condition, the additional returns to refrigeration are

$560.99 for high, $1,045,53 for low, and §741.24 for average
.Total Returns Per Case

Total returnms and total additional returms refle@téd the influence
of different holding @onditions under different price situétionﬁ. These
returns were converted to total returne per case due to the practice of
marketing firms dealimg largely with the case (30 dozen) as & umit,

The total returns per case as presented in Figure é»were computed
by use of data from the total returmns section and the number of cases of
eggs cooled for the perioed given. The data were comverted to returns
per case for eggs for the varied holding conditions and price situations
as follows: re_ﬁriggr}ation, Sepﬁ;embgr through n.‘;arch, $14,17 for high,

-$10°77 for low and $11.25 for average; non-refrigeration for September
through March, $14.02 for high, $10.58 for low and $11.09 for average;
refrigeration, April through August, $14.02 for high, $10.52 for low and
$11.06 for average; evaporative c@ol@ﬁ for April through August, $13.17
for high, $9.01 for low and $9.98 for average; evaporative cooler (Grades
A and B only) for April through August, $l§,56 for high, $9.56 for low
and $10.50 for average; natural conditioms for April through July, $12.77
for high, $8.30 for low and $9.44 for average (Figure 8). a

Comparisons were made of total retufns per case for the three price
situations for refrigeration in comparison_with other:holding @onditioné
to determine additional‘returns per case reggzéi;g frémnﬁefrigerétion,

Refrigeration compar@d with nonnreftig@raéion for thevpe;iod,

September through March, gave additional retﬁrns"per case of 15 cents
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for high, 19 cents for low,and 16 cents forvaverage during this period,
Refrigeration compared with evaporative cooling for the period, April
through.August, gave added returns per case of 85 cents for high, $1.51
for low and $1.08 for average. vAssuming that the eggs heL@ under evapora-
tive cooling from April through August were Grades A and B only, the added
returns to refrigeration wefe 46 cents for high, 96 cents forblow and 56
cents for average., Since the Texas data used for evaporative cooling
ﬁrovided only the peréentage of Grade A eggs, the remaining percentage
was assumed to be Grade B in.the comp#rative analysis to prevent over-
stating the additional returns to refrigeration. Refrigeration compared
with natural conditions fbr the period, April through July, gave added
returns per case of $1.25 for high, $2.22 for low, and $1.62 for‘average.
Based on total returns per case there was a slight difference in
favor of refrigeration over non-refrigeratiom for the cool weather momths
of September through March. There was, howeQer, & considerable difference
in-added returns to refrigeration compared with evaporative cooling and

-

natural conditions for the warm weather months.
Returns Under 3-Day and 6-Day Mafketing Schedules

Freguency of marketing was investigated to obtain an estimate of the
relative impoftance”of twice weekly compared with weekly marketing within
and between the various holding conditions. This segment of the study
was based on the Texas data and eggs were placed -under the various holding
conditions during the months of April_;hrough July and marketed om 3-day .
and 6-day schedules,

Estimates for the 3-day marketing,.tvice»weeklj, gave the Grade A

percentages under the various holding conditions as follows: 86.1 percent
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- for mechanical refrigeration, 67.0 percent for evaporative cooling and 50.5
percent for matural conditions. The percentages of Grade A eggs for 6-day
marketing were as follows: 83.0 percent for mechanical refrigeration,
48,2 percent for eiaporative cooling and 33.4>percent‘for natural con-
ditibns. {

The reduction in Grade A percentages from 3-day to 6-day marketing
amounted to 3.1 percentage points for refrigeration, 18.8 percentage
points for evaporative cooling and 17.1 percentage points for natural
conditions. This analysis reflected the effects of time and holding
conditions upén egg quality deterioration and, therefore, returns to the
poultry enterprise,

In comparing total returns under the weekly and twice weekly market-
ing schedules, the three price levels during the months of April, May,
June and July were applied (Table XIV), All eggs other than Grade A
were considered Grade B in computing total returns per case. Total »
returns per case for refrigeratioﬁ'oﬁ the S-day marketing schedulé wés
$13.68 assuming the high seasonal price., Assuming the same conditions

except for 6-day marketing, total return was $13.65,

TABLE XIV

TOTAL RETURNS PER CASE UNDER DIFFERENT HOLDING
CONDITIONS AND MARKETING SCHEDULES

& 3-Day Schedule ;. G-Day Schedule
: High : Low : Average : High : Low : Average
‘ (Pollars) '
Mechanical '
Refrigeration 13.68 10.35 10.86 13.65 10.26 10.77
Evaporative Cooler 13.44 9,81 10,53 13,20 '9.30 10.23
Natural

Conditions 13.23  9.36 10.26 13.02 8.91 9.99
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The additional returns per case for J-day marketing compared with a
6-day marketing schedule when holding conditions and price schedules were
the same were analy;ed_(Table XV)., Additiomal return p@r:case to 3-day
marketing for refrigerétion undér high prices was 3 cents and for evapora-=

tive cooling under low prices was 51 cents,

TABLE XV

ADDITIONAL RETURNS PER CASE FOR 3-DAY
MARRETINGS WITHIN HOLDING CONDITIONS

High Low "~ Average
(Dollars)
 Mechanical Refrigeration .03 ' .09 .09
Evaporative Cooler .24 .51 .30

Natural Conditions 21 .45 .27

Additional returms bétween holding conditions and between 3-day and
6-day marketing schedules were also analyzed (Table XVI). Under the low
price level, refrigeration with 3-day marketing c@mpgféd witﬁ.ﬁaﬁural
conditions with 6fday markéting, gave additiomal returns @f:$1.44 per
case, Assuming high prices, :efrigérati@n with 3-day marketing gave
additi@ﬁal returns per case of 48 cents over evaporative cooling with 6=day
marketing, When refrigeration is compared with evaporative cocling, the
additional rétutn per case was 33 cents for refrigeratiom. Assuming an
average price schedule, under 3-day marketing, refrigeration compared

with natural conditions was 60 cents per case and evaporative cooling was

27 cents greater than natural conditions (Table XVI).
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TABLE XVI

ADDITIONAL RETURNS PER CASE BETWEEN HOLDING CONDITIONS
AND 3-DAY AND 6-DAY MARKETINGS ‘

Average Within

High Low ‘Average 3-=Day Marketing

(Dollars Per Case)

Mechanical vs, . o
Evaporative .48 1.05 .63 .33

Mechanical vs,
Natural .66 1.44 .87 .60

Evaporative vs.,
Matural .42 .90 <54 27

As egg producers seck greater returns, the alternatives of differemt
gchedules, weekly and twice weekly mérketing; offers opportunities for
additional returns, Refrigeration compared with non-refrigeration for the
cool weather months gave @cmparatively small added returns. However, when
refrigeration was compared to other holding conditions, the additional

returns were important.



CHAPTER IX
NET REIURNS UNDER ALTERNATIVE HOLDING CONDITIONS

Net returns are more easily understood and more practical to apply
when computed om a per case basis., Fixed and variable costs were
previously galcuiated for refrigeration and evaporative cooling includ~
ing the two marketing schedules and the coolers, It was assumed that
both coolers or their equivalent, under natural conditions wére used to
capacity, for the three price situations of high, low and average.

- Since basic data on grade distribution for twice weekly marketing
were mot. provided in the Oklahqma Experiment Statiom Project, only net
returns for the weekly marketing schédul@ were computed in this section.
Total net rgturns for twice weekly marketing are found in the appendix,
However, only fixed and variable costs were conside:ed under the various
holding conditions. Lacking data on the grade differential between
weekly and twice weekly marketing, it was necessary to assume grade
percentages for weekly marketing when computing net returms for twice
weekly marketing.

Through application of the appropriate costs and returns data, the

net. returns per case were determined for each of the holding conditioms.
Refrigeration

Monthly net returns per case to refrigeration for the three price
situations were computed (Table XVII). Under high, low and average prices

the net returns per case are relatively lower during the months of

56



TABLE XVII

NET RETURNS PER CASE 7O REFRIGERATION FOR THREE PRICE LEVELS AND WEEKLY MARKETING

Jan,

Feb.

Mar,

Apr

May

June

July

Aug.

Sept.,

Oct.

Nov,

_Dec. .

HIGH

T=Case
Weekly

25=Cage

' Weekly

T=Case
Weekly

25-Case
Weekly

AVERAGE
7=Case
Weekly

25=Case

Weekly

14.25

14,31

10.83

10.88

11.29

11,35

13.88

13.84

10.55

10.54

“11.02

11.04

13.16

13,22

9.87

9.92

10.37

10.43

13.01

13.06

9.82

9.87

10.28

10.33

13,02 12,

13.10 12,

9.64 9

9.72 9

10.20 10

10.27 10

(Dollars)

77 15.09

80 15.16

.51 11.29

56 11,36

.03 11.88

.08 11.96

15009

15.18

11.27

11.34

11.85

11.93

15.25

15.27

11.57

11.60

12,07

12,11

14.10

14,17

10.70

10.77

11,16

11.23

14.30

14.34

10.86

-10.97

11.36

11.40

;3.37

13.42

10.21

10.26

10.62

10.68

Lg
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February through June tham for the other seven months, Under all price
situations the net return per case for refrigeratiom for the month of
June was lowest @fbthe 12-month periecd., It was foumnd that prices paid
for Grade A eggs under all three price situations were lower im June
than for any other momth. The net returns per case was highest during
the months of July, August and September. It was found that prices paid
for Grades A and B were at a ma#imum during these three momths. It
might be pointed out that higher met returms per case f@rrthe summer
months occurred at a time when energy requirements for refrigeration
were highest, )

Net returms per case for twice weekly marketing using the T-case
and 25-case coolers are found in Appendix Table I. The difference imn

weekly and twice weekly marketing reflected the difference in fixed

and variable cost and did net comsider grade differemces.
Evaporative Cooling

As a basis for comparison, the net returns per cése for evaporative
cooling were computed for a l2-month peried. The evaporative cooler was
in operation during the five months of April through August and non-
refrigeration conditioms existed for the remaining seven months of September
through March. In order that met returns for periods and different hold-
ing conditions were comparable, the fixed cost of evaporative cooling was
distributed over the 12-month period,

The net returms per case were lo%er for the months of April through

J

August when the evaporative cooler was operated (Table XVIII). This method

resulted in fewer Grade A eggs during these months when evaperative cooling



TABLE XVIII

NET RETURNS PER CASE TO EVAPORATIVE COOLING FOR THREE PRICE LEVELS AND WEEKLY MARKETING

Jan,

Feb,

Mar.

Apr,

May

June

July

Aug,

Sept.

Oct.,

Nov,

Dec.

HIGH
T=Cage
Weekly

25=Case
Weekly

LoW
7=Case
Weekly

25-Case
Weekly

AVERAGE
T=Case
Weekly

25=Case

Weekly

14,12

14 .21

10.56

10.65

11,11

11.20

13.76

13.77

10.27

10.27

10.83

10.87

13.20

13.28

9.92

10.00

10.41

10.50

12.76

12.84

9.02

9.10

9.80

9.88

12.77

12,85

8.86

8.95

9.83

8.13

8.21

9.17

9.26

(Dollars)

12.35 13.48

12.43 13.57

8.76

8.85

9.96

10.05

13.93

14,02

10.62

10.70

15.15

15.23

11.46

11.54

11.98

12,06

14,11

14.16

10.72

10.82

11.18

11.27

13.99

14.07

10.56

10,64

11.06

11.14

13,08

13.17

92.81

9.90

10.31

10.39

65
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provided only partial protection against quality deterioratiom, September
net retuﬁng per case were highest of the year and resulted from a combina-
tion of comparatively high prgées for the three price periods, plus the
higher percentage of Gréde A eggs. The September eggs were largely from
pullets and are generally conceded te be the best quélity eggs laid.

Net returns per case for twice weekly marketimg, held under evapora-
tive cooling and n@n-refrigeratioﬁ, are found in Appendix Table II. The

monthly net returms for weekly and twice weekly marketing were influenced

by costs only. No grade differential was assumed.
Natural Conditions

Net returns and total returns per case for natural holding conditions
were the same, since mo holding costs were imcurred. Returmns éér case
vsed Iin this section were taken from the Texas data for the months of
April through July where only Grade A eggs were given identified grade
distribution and the remainder was estimated. Umder natural conditions
the percentage of Grade A eggs declined from 46.5 percemt in April to
19.3 percent in June.,

Highest net return per case was $13.16 for July, under a high price
situation in spite of the reductiom in the percentage of Grade A eggs.

It was evident that Grade A and B price differentials were too low in July
to offset the Grade A reduction. These net returns for matural hol@iné

conditions amd the three price periods are presented in Table XIX,
Refrigeration Compared with Other Holding Conditions

Total net returmns are not computed on a monthly basis for all holding

conditions with weekly marketing. The net returms per case were regrouped
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by periods in order to compare the average net returns per case between
holding conditions and for weekly marketimg. Average net returns per case

for twice weekly marketing were computed and are givem in Appendix Table

111,
TABLE XIX
NET RETURNS PER CASE FOR THREE PRICE LEVELS UNDER
NATURAL HOLDING CONDITIONS

April May June _7 July
High $12.69 . $12.71 $12.31 $13.16
Low 8.54 8.55 . 7.80 8.20
Average 9.61 9.58 9.01 9.56

Comparison of Net Returms

The net returns per case were computed for the three price levels
in the period, September through March, and for the 7-and 25-case cooclers
or equivalent (Table XX). The calculated net returns for each distimet
situation varied from zero to a meximum of four cents per case, Net
returns per case imdicated that in each instance very little was gained
through use of refrigeration under the assumed price. In order to obtaim
these met returns to non-refrigeration, the producer would expect to
take advantage of natural holding conditions which exist durimg the cool
weather months by holding eggs near 60° F.

Net returms per case for refrigeratiom in comparison with evapera-
tive cooling were analyzed for the five-month period of April through

fugust (Table XX). The net returns are also shown for the three price



TABLE XX

AVERAGE NET RETURNS PER CASE FOR HIGH, LOW AND AVERAGE FPRICE LEVELS UNDER
DIFFERENT HOLDING CONDITIONS AMB- WEEKLY MARKETING

- H BIGH g LOW : i AVERAGE
s T-Case ¢ 25-Case : T=Case s 285-Case -3 - T-Case. : - 25-Case
- - - . = T -7 (pollars) - - — o= =
REFRIGERATION
Annual Average 13.94 13.98 10.51 '10.56 11.01 11.06
September-March Average 14.04 14.08 10.65 10.72 11.12 11.17
Ap:ileugust Average 13.79 13.85 10.30 10.37 10.84 10.85
EVAPORAT IVE N
Annual Average 13.55 © 13.63 9.81 9.89 10.51 10.59
- September=March Average 13.91 13.98 10.47 : 10.54 ' 10.98 11.06
April-August Average 13.05 13. 14 8.89 8,98 9.85 9,94

NATURAL
' April-July Average 12,72 12,72 8.40 8.40 9.4k 9.44
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levels and for the T-case and 25-case coolers, Differences in net returns
are evident between the two holding'conditions for all price levels and
for both coolers, The average price gave net returns per case of $10.84
for refrigeration and $9.85 for evaporative cooling with the 7-case
cooler. A comparison of refrigeration with evaporative cooling for this
five-month period showed that the evaporative coocler did not provide
maximum protection to egg quality.

The analysis of the relationships of net returns from refrigeratiom
and natural conditioms was based on a five-month period April through
August, Net returns for Apfil through August with April through July,
respectively for refrigeration and April through July for natural condi-
tions were presented in Table XX. These data ar;‘for the three price
levels and for the T-case and 25-case coblers or equivalent. Under the
low price level with a T-case cooler the average met returns per @ése te
refrigeration was $10.30 and for natural conditions $8.40. Under all
price situations and for both coolers the differemnces im mnet returms are
comparatively large. Where eggs are held under natural conditions there
exists an @ppbr@unity for increasing net returns amd total incéme from
egg pr@du@tiom (Figures 9 and 10).

Further comparisons were made between refrigeration and other holding
conditions by computing additional net returns per case to refrigeration
sbove that received from evaporative cooling (Table xé1>. Additional
net returns per case are for each month under the three price levels and
ﬁor the T-case and 25-case coolers»for weekly marketing. Returns te
x@ﬁrigerati@ﬁ were negative during March. This resulted from the fact

that in the basic data the grade distribution under non~refrigeration
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TABLE XXI

RET RETURNS PER CASE TO REFRIGERATION ABOVE THAT RECEIVED FOR EVAPORATIVE COOLING

Annual September~ April-
Average  March August
Average Average

Jawn, Feb,  Mar. Apr. Mayv June July Aug. Sept. Oct. Nov. Dec.

{(Dollars)

HIGH
T=Case

Weekly .13 .12 -,06 .25 .25 .42 1,61 1,61 ,i0 -.0L .31 .29 .39 .13 T4

25=Case
Weekly .10 .07 =.06 .22 .25 .37 1.59 1.16 - 04 .01 .27 .25 .35 .10 .71

LOW
T=Case
Weekly .27 .28 -=.05 .80 .78 1.38 2,53 1.57 L1 =02 .30 .40 .70 .18 1.41

25-Case
Weekly .23 .27 =.08 .77 .77 1.35 2.51 1,56 .06 -.05 .33 .36 .67 .18 1.39

AVERAGE
T=Case
Weekly .18 .19 <,04 48 4T .86 1.92 1.23 .09 .02 .30 .31 .50 .14 .99

25=Case
Weekly .15 .17 =.07 .45 .44 .82 1,91 1.23 .05 =-.40 .26 .29 .47 J11 .91

99
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for March was a fraction of one percentage point more than for refrigera-
tion. Likewise, added returns for October are near zero and negative
for refrigeration. Grade distribution for refrigeration and non-refrigera-
tion were quite élose for the month of October and costs for refrigeration
resulted in the negative results, The greatest additional net returns to
refrigeration cccurred for the month of July under all price situations.
These high additional returns are the results of comparatively high
prices for'Grade A eggs for July and a difference in percentage of Grade
A from refrigeration and evaporative cooling compared with other months.
For July the Grade A percentage was 85.0 percent for refrigeratiom and

21.88 percent for evaporative cooling.
Impact of Frequency of Marketing (Quality Difference)

Net returns per case were computed for weekly marketing when eggs

were cooled and held under the various holding conditions. Twice weekly

marketing as an important ecqnomic factor in maximizing net returns were
analyzed on a limited basis to indicate possible additional returns,

The Oklahoma Experiment Station did not provide grade di;tribution
for twice weekly marketing, Texas experimental data for the months of
April through July were used for this section. To provide net returns
data on weekly and twice weekly marketing for comparison purposes, Grade
A percentagés were c@mputéd for the §arious holding conditions. Grade A
percentages for weekly marketing were 83.0 percent for mechamnical refrig-
eration, 48.2 percent for evaporativé cooling and 33.4 percent for
natural conditions. Grade A percentages for twice weekly marketing were

86.7 percent for mechanical refrigeration, 67.0 percent for evaporative



cooling and 50.5 percent for natural conditions. Since the distribution
for Grades B and C was not provided in the Texas data, all eggs other
than Grade A were considered Grade B. Egg prices used in this analysis
were for April through July and are identified as high, low and average.
Net returns per case for the T=-case cooler or equivalent, under the
different holding conditions for weekly and twice weekly marketing were
compared (Table XXII). Under mechanical refrigeration with average
prices, net returns per case were $10.59 for weekly marketing and $10.76

for twice weekly marketing.

TABLE XXII

TOTAL NET RETURNS PER CASE UNDER DIFFERENT HOLDING CONDIT IONS
AND MARKETING SCHEDULES, T-CASE COOLEB OR EQUIVALENT

Weekly Schedule : Twice Weekly Schedule

: High : Low : Average : High : Low : Average
'(Dollars) i

Mechanical

Refrigeration  1O¢4T 10.08 10.59 13.58  10.25 10.76
Evaporative

Cooler 13.09  9.19 10.12 13.38  9.75 10.47
Natural »
Conditions 13.02 8.91 9.99 13.23 9.36 | 10.26

Additional net returns per case for the T-casé cooler or equivalent
within holding conditions for twice weekly marketing over weekly market-
ing were also compared (T;ble XXII1). With mechanical refrigeration the
ad@itiongl net returns per case to twice weekly marketing varied from
11 cents for high prices to 17 cents for average prices. Evaporative
cooling varied from 29 cents for high prices to 56 cents for low prices,
and natural conditions varied from 21 cents for high prices to 27 cents

for average prices.
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TABLE XXIII

ADDITIONAL NET RETURNS PER CASE FOR TWICE WEEKLY MARKETING WITHIN
HOLDING CONDITIONS, T7-CASE COOLER OR EQUIVALENT

High Low Average
(cents per case)

Mechanical Refrigeration A : e Uy ¢ 17
Evaporative Cooling .29 .56 «35
Natural Conditions 21 45 27

The additional net returns per case for the T-case cooler or equiva-
lent, between holding conditions and once and twice weekly marketing,
were also calculated (Table XXIV). The additional net returns per case
to mechanical refrigeration for twice weekly marketing over evaporative
cooling marketed weekly were 49 cents for high, $1.06 for low and 64 cents

for average,

TABLE XXIV

ADDITIONAL NET RETURNS PER CASE BETWEEN HOLDING CONDITIONS AND
ONCE AND TWICE WEEKLY MARKETING, 7-CASE COOLER OR EQUIVALENT

Average within Twice-

High il Average Weekly Marketing

(dollars per case)

Mechanical vs.
Evaporative .49 1.06 .64 .29

Mechanical vs,
Natural .56 1.34 B i | .50

Evaporative vs,
Natural .36 .84 48 .21
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Mechanical refrigeration compared with evaporative cooling for twice
weekly marketing gave additional net returns of 29 cents. Refrigeration
compared with natural gave 50 cents and evaporative cooling compared with
natural gave added returns of 21 cents,

Net returns per case for the 25-case cooler or equivalent, under
the varied holding conditions for once and twice weekly marketing were
computed in Table XXV, The three price schedules were assumed for each
holding conditions. Evaporative cooling for weekly marketing gave net
returns per case under average prices of $10,20 and for twice weekly

marketing $10.52,

TABLE XXV

TOTAL NET RETURNS PER CASE UNDER DIFFERENT HOLDING CONDITIONS
AND MARKETING SCHEDULES, 25-CASE COOLER

: Weekly Schedule H Twice Weekly Schedule
; High : Low : Average : |High : Low : Average
(Dollars)

Mechanical
Refrigeration 13.54 10.15  10.66 13.62  10.29 10.80
Evaporative
Cooler 13.1T  9.27 10.20 13.44 9.80 10.52
contint 13.02  8.91 9.99 13.23 9.36 10.26
Conditions g p ' . . i

The additional net returns per case for the 25-case cooler or equiva-
lent, for twice weekly marketing within holding conditions were also
computed (Table XXVI). The additional net returns per case to twice weekly
marketing for mechanical refrigeration varied from 8 cents for high to
14 cents for average. Evaporative cooling varied from 27 for high to
53 cents for low, and natural conditions varied from 21 cents for high

to 27 cents for average.
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TABLE XXVI

ADDITIONAL NET RETURNS PER CASE FOR TWICE WEEKLY MARKETING WITHIN
HOLDING CONDITIONS, 25-CASE COOLER

High Low Average
(Dollars per Case)

Mechanical Refrigeration .08 14 .14
Evaporative Cooling L7 53 .32
Natural Condition 21 45 .27

The additional net returns per case for the 25-case cooler or equiva-
lent, between holding conditions and once and twice weekly marketing, were
calculated (Table XXVII). The additional net returns per case to mechani-
cal refrigeration for twice weekly marketing over natural holding condi-
tions for weekly marketing were 60 cents for high, $1.38 for low, and 81

cents for average.

TABLE XXVII

ADDITIONAL NET RETURNS PER CASE BETIWEEN HOLDING CONDITIONS AND
ONCE AND TWICE WEEKLY MARKETING, 25-CASE COOLER

Average within Twice

Bisn Lo Averiss Weekly Marketing

(Dollars per Case)

Mechanical vs,

Evaporative 25 .92 .60 .28
Mechanical vs.

Natural .60 1.38 .81 .54
Evaporative vs, 42 .89 53 o

Natural




The average additional net returns within twice weekly marketing
for mechanical refrigeration compared with evaporative cooling resulted
in added net returns of 28 cents. Refrigeration compared with natural
conditions gave 54 cents and evaporative compared with natural gave 26
cents,

This analysis of additional net returns per case for twice weekly
marketing over weekly marketing reflected increased net returns varying
from 14 cents to 35 cents per case, depending upon size of flock and
holding conditions. These net returns may have been greater if grade
distribution provided information relative to the percentage of Grade C
eggs. The difference in net returns to refrigeration from the two
marketing schedules was relatively small, and other circumstances may
have dictated the marketing schedule. For holding conditions other than
refrigeration, the additional net returns were sufficiently high to

warrant twice weekly marketing to maximize returns assuming constant

marketing costs.



CHAPTER X
SUMMARY AND IMPLICATIONS

The major objective of this study was to determine the economic
cons;;ﬁences of alternative holding conditions and frequency of market=-
ing 1; order that the producer may make choices consistent with his
goal, Basic data to achieving this objective were generated by an
experiment designed to test and compare a T-case and a 25-case farm
egg cooler., Specifically, the holding conditions investigated were
mechanical refrigeration, evaporative cooling and non-refrigeration or
natural,

Necessary data for this study were generated by an experiment con=-
ducted jointly by the Department of Poultry Science and the Department
of Agricultural Engineering at the Oklahoma E;perimsnt Station. The
experiment began December 1, 1955, and data were accumulated for the
ensuing twelve months. In order to further investigate the implica-
tions of frequency of marketing, data were used from a Texas experi-
ment for the months of April through July.

The impact of days held before marketing, as related to holding
conditions, affected the percentage of Grade A eggs marketed. In
particular, newly laid eggs held at 60° F. for seven days were still
within the Grade A classification, However, eggs held at 90° F. for
five days deteriorated 35 Haugh Units and were classified Grade B eggs.

The impact of holding conditions upon egg quality was investigated

with eggs held under refrigeration, evaporative cooling and natural

73
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conditions, The eggs were candled and graded by a commercial egg handler,
Egg candling slips identified treatment, grade and price, and u;fe received
after each weekly delivery. In order to investigate the impact of holding
conditions upon egg quality, grade distribution by months and holding
conditions were reported. The average annual percentages of Grade A eggs
when refrigerated were 89.78 percent and when held under evaporative cool-
ing and non-refrigeration were 77.l4 percent, Grade A egg percentages
under refrigeration in November were 94,98 percent and for non-refrigeration
were 88.12 percent. Grade A egg percentages under refrigeration in July
were 85.46 and for evaporative cooling 33.3 percent. This stressed the
importance of artificial hoiding conditions during part of the year.
Technical energy requirements for the various holding conditions
were generated through application of an equation developed by the
Department of Agricultural Engineering. Original costs of equipment and
a relevant depreciation schedule were developed to determine fixed cost
per dozen eggs under the various holding conditions when coolers were used
to capacity. Applying appropriate prices, variable costs were ascertained
on a per dozen egg basis under the different holding conditions, by months,
Average fixed and variable costs per dozen eggs cooled and held in the
25=case cooler for the period April through August were 0.0008 and 0,0032
cents, respectively. Average fixed and variable costs per dozen eggs for
evaporative cooling, equivalent to the 25«~case cooler, for April through
August were 0.00@5 and 0.0018 cents, respectively. Average total cost per
dozen eggs cooled and held, with the 25-case cooler during the period

September through March, was 00,0017 cents.
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Seasonal egg prices for high, low and average price levels were
estimated and applied to grade distribution by months to obtain total
returns under all holding conditions., Egg prices were generated by the
simple average method of indexes of prices to producers for the 6-year
period, 1952-1957, inclusive., Total returns were converted to a per
case basis for all holding conditions, marketing schedules, price
levels and production periods. Total returns per case for the period,
April through August, for refrigeration under the three price situations
were $14.02, $10,52 for low and $11.06 for average. Total returns per
case for evaporative cooling during the same period were $13.17 for
high, $9.01 for low and $9,98 for average.

Fixed and variable costs were applied to total returns, resulting
in net returns per case under the alternative holding conditiomns for
weekly marketing, Based on the Texas data for April through July,
additional net returns possible from twice weekly marketing were investi-
gated, Comparisons were made of the net returns for alternative holding
conditions, and additional net returns per case accruing to refrigeration
were computed, The additional net return per case to refrigeration
compared with evaporative cooling with the 7-case cooler for July, under
low prices, was $2.53. The additional net return to refrigeration
compared with non-refrigeration with the 7-case cooler for February under
high prices was 12 cents.

The implications of this study for decision making by the egg
producer largely involves the choices relating to holding condition and
frequency of marketing. With the objective of maximizing net returns,

the producer is concerned with those practices which will improve his
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position in a highly competitive enterprise. As shown by this study, a
farm egg cooler of proper design and size may be used to increase net
returns during the warm weather months of April through August. The
magnitude of the additional returns to refrigeration during the summer
months points up the economic impact of choices relating to holding
conditiens,

The selectiorn of refrigeration compared with non-refrigeration
during the months of September through March adds little to the total
net returns., Where non-refrigeration is practiced, the producer can
maximize returns by taking advantage of natural temperature conditions
prevailing during the coel weather months and holding eggs at a tempera-
ture between 29°wand 60° F.

As flock size increased from 400 te 2,400 hens, fixed and variable
costs per case for refrigeration and evaporative cooling decreased and
greater net returns accrued to the producer.,

The marketing schedule selected is closely related to the holding
condition chosen., With evaporative cooling and natural conditions during
warm weather moﬁths, net returns are expected to increase in relation
to frequency of marketing., With refrigeration during the warm months
and with or without refrigeration during the cool months, a slightly
higher percent of Grade A eggs are expected from twice weekly marketing.
With refrigeration very little differences are expected in net returns

per case between weekly and twice weekly marketing.
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APPENDIX

NET RETURNS DATA FOR WEEKLY AND TWICE WEEKLY MARKETING



APPENDIX TABLE I

NET RETURKS PER CASE TO REFRIGERATION, FOR THREE PRICE LEVELS AND DIFFERENT MARKETING

SCHEDULES
Jan, Feb. Mar, Apr. May June July Aug. Sept. . Oct. Nov. Dec.
(Dollars)
HIGH
I-Case
Weekly 14.25 13.88 13.16 13.01 13.02 2.77 15.09 15.09 15.25 14,10 14.30 13.37
Twice weekly 14.30 13.93 13.21 13.07 13.10 12.87 " 15,19 15,20 15.35 14,17 14.35 13.42
25-Case
Weekly 14.31  13.84 13,22 13.06 13.10 12.80 15.16 15.18 15.27 14.17 14.34 13,42
Twice weekly 14.33 13.87 13.24 13.10 13.13 12.87 15.22 15.24 15.34 14.21 14,37 13.44
LoW
1=Case .
Weekly 10.83 10.55 9.87 9.82 9.64 9.51 11.29 11.27 11.57 10.70 10.86 10.21
Twice weekly 10.88 10.60 9.92 9.88 9.72 9.61 11.39 11.38 11.67 10.77 10.91 10.26
25-Case : ]
Weekly 10.88 10.54 9.92 9.87 9.72 9.56 11.36 11.34 11.60 10.77 10.97 - 10.26
TWice weekly 10.90 10.57 _9.96 9.91 9.77 9.63 11.42 11.39 . 11.63 10.81 11.00° 10.28
AVERAGE
T~Case
Weekly 11.29 11,02 10.37 10.28 10.20 10.03 11.88 11.85 12.07 11.16 11.36 10.62
Twice weekly 11.34 11.07 10.42 10.34 10.28 10.13 11.98 11.96 12.17 11.23 11.41 10.67
25-Case
Weekly 11.35 11.04 10.43 10.33 10.27 10.08 11.96 11.93 12.11 11.23 11.40 10.68
Twice weekly 11.37 11,07 10,45 10.37 10.30 10.15 12.02 11.99 12,18 11.27 11.43 10.70
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APPENDIX TABIE II

NET RETURNS PER CASE TO EVAPORATIVE COOLING, FOR THREE PRICE LEVELS AND DIFFERENT MARKET ING

SCHEDUILES
Jan, Feb. Mar, Apr. May June July Aug., Sept. Oct. Nov. Dec.
(Dollars)
HIGH
7-Case
Weekly 14.12 13.76 13.20 12.76 12.'77 12,35 13.48 13.93 15.15 14.11 13.99 13.08
Twice weekly 14,17 13.81 13.25 12.81 12.82 12.40 13.53 13.98 15.20 14.16 14,04 13.13
25-Case . -
Weekly . 14.21 13.77 13.28 12,84  12.85 12.43 13.57 14,02 15.23 14,16 14.07 13.17
Twice weekly 14,23 13.79 13.30 12,86 12,87 12 .45 - 13.59 14.04 15.25 14,18 14.09 13.19
LoW
T=Case . ) ‘
Weekly 10.56 10.27 9.92 9.02 8.86 8.13 8.76 9.70 11.46 10.72 10.56 9.81
Twice weekly 10.61 10.32 9.97 9.07 8.91 8.18 8.81 9.75 11.51 10.77 10.61 9.86
25=-Case
Weekly 10.65 10.27 10.00 92.10 8.95 8.21 8.85 9.78 11.54 10.82 10.64 9.90
Twice weekly 10.67 10.29 10.02 - 9,12 8.97 8.23 8.87 9.80 11.56 10.84 10.66 9.92
AVERAGE
J=Case
Weekly 11.11 10.83 10.41 9.80 9,73 9.17 9.96 10,62 11.98 11.18 11.06 10.31
Twice weekly 11,16 10.88 10.46 9.85 9.78 9.22 10.01 10.67 12,03 11.23 11.11 10,36
25-~Case .
Weekly 11.20 10.87 10.50 9.88 9.83 . 9.26 10.05 10.70 12,06 11.27 11.14 10.39

Twice weekly 11.22 10.89 10.52 9.90 9.85 9.28 10.07 10.72 12.08 11.29 11.16 10.41
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APPENDIX TABLE -III
AVERAGE NET RETURNS PER CASE FOR HIGH, LOW AND AVERAGE PRICE PERIODS UNDER
DIFFERENT HOLDING CONDITIONS AND MARKETING SCHEDULES

HIGH H LOW : AVERAGE
T-Case H 25~Case H 7-Case : 25-Case H T~Case H 25=-Case
s Twice : Twice : : Twice : Twice : : Twice : Twice
Weekly : Weekly : Weekly : Weekly : Weekly : Weekly : Weekly : Weekly : Weekly : Weekly : Weekly : Weekly
(Dollars)

REFRIGERAT ION ‘
Annual Average 13.94 14.01 13.98 14.03 10.51 '10.58 10.56 10.60 11.01 11.08 11.06 11.10
iﬁg:i‘;‘ze"“"“h 14.04 14.10 14.08 4.1 10.65 10.71 10.72 10.73 = 11.12 11.18 11.17 11.21
April-August Average 13.79 13.88 13.85 13.91 10.30 10.39 10.37 10,43 10.84 10.93 10.85 = 11.96

EVAPORAT IVE
Annual Average 13.55 13.60 13.63 13.65 9.81 9.86 9.89 9.91 10.51 10.56 10.59 10.61
ijg:i‘;‘:“‘“‘“"h 13.91 13.96 13.98 13.98 10.47 10.52 10.54 10.56 10.98 11.03 11.06 11.08

April-August Average 13.05 13.10 13.14 13.16 8.89 8.94 8.98 9.00 9.85 9.90 9.94 9.96
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NET RETURNS PER CASE TO REFRIGERATION ABOVE THAT RECEIVED FOR EVAPORATIVE COOLING

APFENDIX TABLE IV

Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov, Dec. :::::;e S:{gi:tber- Aﬁl;:t-
Average Average
(Dollars)
HICE
I-Case
Weekly A3 .12 -0 25 .25 .42 161 116 .10 =01 .31 .29 .39 .13 74
Twice weekly .13 12 =04 .26 .28 4T 166 1,22 .15 .01 .31 .29 4l .14 .78
25-Case
Weekly .10 .07 -.06 22 .25 37 159 1.16 .04 0127 .25 .35 .10 LTt
Twice weekly .10 .08 =-,06 24 26 42 1,63 1.20 .09 .03 .28 .25 .38 .13 .75
LOW .
Z-Case
Weekly .27 .28 =,05 .80 T8 - 1.38  2.53  1.57 A1 =-,02 .30 .40 .T0 .18 1.41
Twice weekly 27 28 -.05 91 .81 1.43 2.58 1.63 .16 .00 .30 .40 .72 .19 1.45
25=Case
Weekly .23 2T -.08 7 7 135 2,51 1.56 .06 =05 .33 ;36 67 .18 1.39
Twice weekly 23 28 -.06 .79 .80 1.40 2.55 1.59 .07 =.03 .34 .36 .69 A7 1.43
AVERAGE
I-Case .
Weekly .18 19 -.04 .48 47 .86 1.92 1.23 .09 .02 .30 .31 .50 .14 .99
Twice weekly .18 .19 -.04 .49 .50 91 1,97 1.29 .14 .00 .30 .31 .52 .15 .1.03
25-Case . )
- Weekly 15 .17 -0 W45 44 82 191 123 05 -.4 26 .29 4T 11 .91
Twice weekly .15 .18 =-,07 W4T 45 87T 1.95 1.27 10 -,02 .27 .29 .49 .13 1.00

28



VITA

Sewell Gilbert Skelton
Candidate for the Degree of

Master of Science

Thesis: THE COST AND PRICE RELATIONSHIP QF THE VARIOUS HOLDING
CONDITIONS FOR EGGS

Major Field: Agricultural Economics

Bicgraphical:

Personal Data: Born near Fairland, Oklahoma, March 24, 1913
Son of Gilbert V. and Mary H. Skelton :

Edu@ati@n: @raduat@d in 1931 from Fairland High School;
received the Bachelor of Science Degree from Oklahoma
State University, with & major im Paultry Husbandry, May,
1935; completed requirements for Master of Science Degree

May, 1959.

Experience: Assistant county agent, Tulsa, Oklahoma, September
16, 1935 to September 15, 1940; County agent, Okmulgee,
Oklahoma, September 16, 1940 to March 4, 1942; Lieutenant
Colomel, U. S. Army, Battalion Commander, lst Bn, 124th
Infantry, March 5, 1942 to October 20, 1955; District
Supervisor, Oklahoma Northeast District, Veterans Agri-
cultural Training, May 17, 1947 to August 31, 1954;
Extension Poultry Specialist, Marketing, October 15, 1954
to date,

Orgamizatm@n5° Spur and Comb; Alpha Zeta; Phi Kappa Phi;
American Poultry Association Licensed Poultry Judge; Secre-
tary, Oklshoma State Poultry Federation; Past member, Okla-
homa Agricultural Advisery Council; American Legiomn;
Poultry Science Associatien.



