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INTRODICTION

Food preservation by use of cold storage lockers is a relatively
new business in Oklahoma, This business, however, is advancing very
rapidly as shown by the number of new plants now in operation, The
eold storage locker industry has been operating im the United States
for only a few years,

The number of cold storage locker plants in operation in the
United States is estimated by the cmmr't; Guide (1) to be 2,500,

As the years pass this number increases, and the increase is quite
rapid, More than 850,000 individual lockers are in service, indicating
that approximately this number of families are availing themselves of
locker storage service, With an estimated consumption of two pounds
per family per day, approximately 2,000,000 pounds of meat are removed
from the lockers each day,

A modern cold storage plant has the following rooms: a ehill room,
a cutting room, a quick-freezer room, and a locker room, Many plants
have in addition to these rooms, slaughter rooms, curing rooms, process=
ing rooms for fruits and vegotabloa., and storing rooms,

Most of the cold storage locker plants in Oklahoma are strictly
service orgenizations, These organizations vary in kind and amount of
service. "Complete service" includes slaughtering the animal, chilling
the carcass, cutting, wrapping, storing, and processing of the meat,

It also includes the processing of the by-products, the grinding and
mixing of sausege, and the remndering of lard, A few plants are equipped
to process and store fruits and vegetables,

Cold temperatures greatly hinder the growth and reproduction of
most bacteria; the amount of bacterial growth inhibited depends upon



the severity of the temperature. Thus the freezing of meats has beemn
found to be a method of preventing spoilage. At temperatures below
freezing, meat will keep a very long time in excellent condition,

Many problems pertaining to the freezing of meats, fruits, and
vegetables; the length of storage; and the proper charges for the

various services are as yet umsolved, Much interest has been shown in
the cold storage locker business in Oklahoma as evidenced by the number
of inquiries sent to the Meats Division of the Oklahoma Agricultural
and Mechanieal College. In order to obtain more information pertaining
to the number of cold storage locker plants, the size of the plants,
the operating costs, and the problems involved in the cold storage
locker business in Oklahoma, questionnaires were sent to sixty-four

ice, creamery, and cold storage companies throughout the state,



REVIEW OGF LITERATURE

There is considerable difference of opinion concerning the location
of the first cold storage locker plant, Authorities generally agree on
the fact that it was located somewhere in the Pacific Northwest,
Centralia, Washington is given credit by Iece and Refrigeration (3) for
having the first plant, The Artificial Ice Company of Billings, Mone
tana is credited by Spring (15) as having installed the first cold
storage plant in 1929, Another authority (2) claims the first was
started in Uniontown, Washington, about 1929, Warner (21) claims the
oldest commercial venture of this character was launched about ten years
ago, but most of this new development has oceurred within the last five
years, Many of these lockers have been operated less than two years,
and several less than one,

Schaars (13) gives the following reasons why so many patrons like
this method of handling their meat as well as certain fruits and vege-
tables,

\l, Frozen meats, which taste practically the same as fresh none

frozen meats are more palatable when eaten over a period of
time than either canned, cured, or smoked meats,

*2. Spoilage of home cured meats is eliminated,

"3« Butechering can be done any time of the year,

"4, The home work of canning and curing is eliminated,
‘De Carcasses can be used to a better advantage if an experienced

meat cutter does the cutting, More attractive cuts are to be
had,

6. The varieties of meat can be increased. One can have lamb,

beef, veal, poultry, and fish as well as pork,



Briefly, the convenience, the greater availability of more pale-
table meats, and the eeconomy of the locker storage service have had a
widespread appeal among farmer patrons, The usual size for each locker
was found by Emig (6) to be two by two by two feet or slightly larger,
This gives a capacity for about 300 to 350 pounds of meat,

One of the important problems confronting the cold storage locker
business is determining the correct temperatures for freezing and stor-
ing of various meats, fruits, and vegetables, The freezing of foods has
undergone a drastiec chenge in the last five years, Mohr (9) anl Birdseye
(5) found the change from slow freezing in lockers to quick freezing by
conduetion on vacuum plate or air travel at 3,500 c¢.f.m,, yields a trans-
ition from a dry, tasteless, freezer-burned product to one that is
bright, Juiey, palatable, and even more tender,

longer storage has likewise been made possible by learning better
methods of maintaining correct relative humidity. The development of

locker design to help prevent dehydration, or locker room frsezer-bum,
has done much to keep the products in a more nearly perfeect condition,
Birdseye (5) in his investigations concluded that freezing of meat
slowly caused large ice erystals to form which compressed and ruptured
the tissue, Foods quickly frozen by direet or indireet contact with
the refrigerant have the following advantages: the small ice erystels
thus formed do not injure the tissues; the texture, flavor, color, and

odor of the product are retained; there is no shrinksge from loss of

water,

Moulton (10) states when meat is frozen slowly the greater part of
the water goes through the sheath of the fiber and freezes between the
muscle fibers., The frozen muscle fibers are shrunken, distorted, and
surrounded by large areas of ice, When such meai is rapidly thawed,



this water is not well reabsorbed by the muscle fiber but remains outside.
When muscle tissue is frozen quickly emough, no water will separate
outside the individual musele fiber, but will remain as tiny ice centers

dispersed throughout the musele substance, Such muscle tissue will not
drip on being thawed and cut up,

The quantity of drip obtained from meat frozen at a constant rate
is affected by the period between slaughter and freezing and the pH of
the tisswe aceording to Sair and Cook (12), These two factors act inde-
pendently of each other, In pre-cooled meats the maximm amount of drip
is obtained at a pH of five and two-tenths, and as the pH increased the
net drip decreased to zero at about a pH of six and four-tenths, TFork,
beef, and mutton behave similarly both with respect to the form of the
drip-pH relation and the quantity of drip exuded at a given acidity.
Beef is normally more acid than the other meats tested, and this can
account for its greater tendency to drip in commercisl practice. Iarge
ice crystals are always produced by slow freezing regardless of the pH
of the material, The absence of drip from slowly frozen tissue at a pH
of six and four-tenths is therefore not due to crystal size, but must
be attributed to t he greater reabsorbing power of the proteins in this
region. Protein denaturation does not affect the quantity of drip
obtained when meat is slowly frozen or stored for periods up to three
days in the freezing zone, The weak reabsorptive power of the proteins
at a pH of five and two-tenths must be attributed to the isocelectric
condition in this region, rather than to their denaturation., It is
only in this isoelectric region that the production of small crystals
by quick-freezing will reduce the quantity of drip,

The pH of meat was found by Smorodintsev and Bystrov (14) to de-

erease progreasively during freezing and storage at minus eight degrees



to minus eighteen degrees fahremheit, and also during thawing., The
quantity of acid valences increase more during thawing (twenty-five
percent) than during freezing (fourteen percent); the basic valences
decrease to a greater extent during thawing (twenty percent) than during
freezing (nine percent)., During prolonged storage the decrease in basic
valences is considerably greater than that of acid valences, resulting
in an inerease in the acid-base coefficient and a decrease in pH, During
storage the acid and basic wvalences are gradually and progressively link-
ed by the ampholytes of the tissues,

Ritchie (11) found that pork should not be stored longer than six
months, and that an even shorter period of storage is desirable,

Tressler, Birdseye, and Murray (20) have observed a material tendering
effect caused by the quick-freezing and subsequent storsge of the meat
for one week at low temperatures, On the averasge, this amounted to
about twenty percent. Tressler (17) states the changes which may ocecur
in the food may be eclassified as physiecal, chemical, and enzymic. He
also found (18) certain changes in the fats and proteins of the tissues
underneath desiccated areas which occurred simultaneously with the
drying out of the tissues,

According to Heller and Iarwood (8) large sections of the South-
western part of the United States have alkaline soils which impregnate
surface waters with salts and in addition there are in these regions
extensive beds which contaminate the deep wells and many springs. The
salts present in the waters are sodium chloride, caleium chloride, cal-
eium aulphaf:e, and magnesium sulphate, Analyses of waters from such
sections have shown these salts in certain instances to be present in
excesas of 200,000 parts per million, and 5,000 to 50,000 parts per

million are common,



Storage of Fruits and Vegetables

Little information is available in regard to the preparation and
storage of fruits and vegetables in cold storage lockers, although con=-

siderable literature is available concerning the commercial freezing and
storage of such products,

Tressler (16) discusses three eriteria which are used to determine
the quality of frozen vegetables. The criteria in question are bacter-

ial count, enzyme, and vitamin C content, These three factors tell as
much about the quality of frozen vegetables as the bacterial count,

butterfat, and phosphotase test do about the quality of pasteurized
milk,



METHDD OF PROCEDUHE

Questionnaires were sent to sixty-four possible owners of cold
storage lockers, Out of this number forty-seven were returned to the
Meats Division of the Oklahome Agricultural and Mechanical College, Of
the forty-seven returned, thirty-one reported locker boxes were in use
in their plants,

The addresses of the sixty-four possible owners of cold storage
lockers were obtained by writing to Chamber of Commerce of several towns
and cities, and county agents in various counties throughout the state,
The primary purpose of the survey was to ascertain the problems, costs,
and finances involved in the cold storege locker business,

The following questiomnaire was sent out:

COLD STORAGE LOCKER SURVEY

Ao Building: 5
1. 1Is your locker room in comnection with an ice plant, creamery,

or operated as a single unit?
2, If so, what is your ice production capacity?
3 What are the dimensions of your building?
4, List the construction materials,
5. What materials are used for wall insulation in cooler, and give
thickness, =
6, Give dimensions and temperature of freezing room,
7« Give dimemsions of wholesale storage rooms, other tham lockers,
if any in your plant,
8, Give dimensions and capacity of slaughter room,
9, Give make, capacity, and source of power for your refrigeration
uit,
10, 1ist any undue trouble with your umnit due to water etec,

B, Fhr Rooms:
e What are the dimensions of your locker rooms?

2¢ HNumber of locker boxes?

3¢ Average number of boxes rented per year?
4, MNsnufacturer of locker boxes? .

5S¢ Dimensions and construction of locker boxes?

6e What is the temperature range of the locker room?
7. How are the lockers ventilated?




Be
9.
10,

Date of installation of locker business?
Dimensions of piekling and proecessing room?
Dimensions of cubting room?

19,

H
Owner of plant Address
Manager of plant Address

How is plant msnaged? That is, does T come to plant every
dey to oversee renting of lockers, and additions of meat,

ete,?

Does every locker have an individual key?
During what hours may meat be obtained from the lockers?

Who is responsible for stolen or spoiled meat?

Is an account of removals or additions to the Tockers kept?
Have you had any complaints of lost or spoiled meats from tHe
customers?

What are the contributing factors to meat spoilage?

How long can meat be kept in your lockers?
Do you slaughter for patrons?

Do you eut wrap and process for patrons?
Do you make deliveries?
How many men are employed in connection with the locker service
in your plant?

What foods are stored other than meats?

What is the estimated population of your trade territory?
Percentage of patronage: Rural Urban

Percentage winter months Swmer months

What kind of paper do you use in wrapping meat?

D. Costs and Income:

What are your operating costs per month?

a, Salaries 2 be Power and light
¢, Water d. Interest 8. Miscellaneous

Initial cost of plant?
Cost charged to locker service?

Cost of equipment for locker service?
Iist of equipment: Saws, grinders, ete,
Charges for lockers?

Charges for cutting and wrapping meat? it
Charge for processing meat? (Curing, sausages, and lard)
Charge for deliver?

Other sources of income if any?

How was your business financed?
How many signed patrons were listed before construction started?
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DISCUSSION

Cold Storage locker Buildings

Associate Businesses

Locker rooms have been installed in ice plants, in creameries, and
in cold storage locker plant buildings, The latter operate as single
units, having no other conneeting business, Of the plants reporting,
66.7 percent of the cold storage lockers operated in connection with ice
plents, 14,3 percent in connection with ecreameries, and the remaining

19,0 pexrcent as single units, Both the largest and smallest number of
lockers per plant were found in ice plants, All cold storage lockers

in connection with creameries reported over 100 and less than 200
lockers, A majority of the single units reported over 200 lockers per

plant,

Ice Production Capacity

The ice production capacity of the ice plants reporting averaged
thirty-one tons, These ice plants reported an average of over 250 lock-
ers per plant, These figures indicate the importance of ice production
in Oklahoma, and -th. popularity of locker storage in commection with

this business, Guest (7) states that a loecker plant, with all lockers
rented, cannot possibly get sufficient revenue from locker rents and

meat eutting to operate at a profit sufficient to justify the invest-
ment, However, "complete service” plants are profitable,

Dimensions of Buildings

The size of the buildings vary considerably as indicated by Table I,
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This individual variation may be due to the different uses made of the

building,
average size building.

Creameries housing cold storage lockers reported the smallest
Ice plants with cold storage lockers had the

largest buildings, with single unit plants mearly as large, The average
length of the buildings from plants reporting was 87,75 feet, the

average width 50,25 feet.
for this size building was 209,

approximately 300 loekers could be installed,

Table I

The average number of individual lockey boxes
However, with a building this size
(Table I)

Averages for Different Size Flants

Number of lockers 0 - 99 100 - 199 200 - 299 300 = up
Building dimensions 48' x 80°* 63' x 82" 42* x 8l1¢ 48t x 108¢
Dimensions:
Freezing roon —— 7' x 9 L B W 7 2 11 ¢
Temperature :
" _mﬂ_!. “‘150 !’. "300 !-
Dimensions:
Locker room 12* x 22° 16 x 26° 22 x 34" 22' x 39¢
Temperature:
_ $13° ¥, $15° ¥, +9° ¥, 48° 7,
Cutting room
dimensions — 11t x 14°¢ 11t x 18°¢ 11* x 15°*
ssing room
dimensions E— —— 12 x 18° D

Construetion Meterials

Brick was the most widely used construction material,

percent of the plants reported the use of brick.

Over seventy

Other materials used

were concrete-tile block, native stone with stucco covering, and frame

and stueco.

Many plants used a combination of construction materials
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all of which were fire proof, The initial cost of the plant went up

when more costly construction materials were used. However, the cost

was probably offset by lowered upkeep, and more attractive buildings,

Insulating Materials and Thickness

Insulation of the wvarious refrigerated rooms of a cold storage
locker plant presents a ma jor problem, The efficiency of the refriger-
ating unit largely depends upon this factor, Cork has long been used
as an iunsulating material, Corkboard was the most cormonly used
insulator in the plants reporting, The thickness varied according %o
the temperature of the rooms and the temperature of the ad jacent rooms,
Four inches was the minimum insulation thickness reported; eighteen inches
was the maximum., Three thicknesses of corkboard were used in meny plants,
These thicknesses were four, six, and eight inches, Sixteen to eighteen
inches of re-granulated cork was used in a few plants, A majority of the
plants used at least eight inches of insulating material in the sub-
freezing rooms, Only four inches were needed in walls between the chill
room and the locker room, and only six inches in walls between the quick-

freezer room and the locker room, Outside locker room walls required
six inches of corkboamrd., Outside quick-freezer rooms required eight

inches, Insulation of doors is very important too, Built-in doors may
be used where temperature changes between the two rooms differs not more
than thirty degrees fshremheit. Outside doors, that is, doors which
extend beyond the outside wall were used where thers was over thirty
degrees fahrenheit difference in temperature, Minor insulating materials
used were rockwool, and celotex.



Dimensions and Temperature of Freezing Room

Freezing rooms, known also as quickefreezing rooms or sharp-freez-
ing rooms, were usually small, These rooms required thick insulation

due to the low temperature maintained, Their construetion costs were
high; therefore, they were no larger than necessairy, The dimensions

of the freezer rooms from the plants reporting did not vary according
to number of locker boxes installed, but was nearly the same for all
plants having 100 or more lockers., (Teble I) The average dimensions
for all plants having 100 lockers was 7 feet by 10,5 feet, A few plants
did not maintain strictly quick-freezing rooms as their, so called,
quick-freezing room carried the same temperature as the locker room,

The temperature needed for quicke-freezing varied according to the
kind of foods frozen and the size of the packages it was frozen in.
It is known, however, (9) (5) that quick freezing is more desirable
than slow freezing. Extremely low temperatures in quick-freezing rooms

inereased the operating costs snd required very thick insuletion, The
average temperature for all the plants was minus fifteen degrees

fahrenheit., (Table I) One plant reported a temperature drop of minus
prty degrees fahrenheit., This plant was a frogen food company handling
frozen foods as well as meats, All plants reported freezing room

temperatures of below zero degrees fahrenheit,

Slaughter Rooms

City regulations prohibit slaughtering in various eities through-
out the state., Only twenty-five percent of the plants reported having
slaughter rooms. Other plants were not "complete servicev plants and
did not slaughter for patrons. Slaughtering for patrons is one of the



14

newer phases of the cold storage locker business and mji.}.zj the more

modern nlants were carrying out this practice, Additional space,
saunipment, nnd labor iz roquired for slau(;htering, and rany plaents

were not in a position to offer this service. he size of the room
varied aceording to tihe auwber of éniz;zals slaughtered, An aversge TooR
size of ten feot by twenty-five feet waec revorted by a few plants,
Several plants evidenced the fact that they had an outsider do sléughtezf-

ing for them, In a fPew cases this was the cubtter for the locker plamt.

Gold Storage Iocker Hooms
Dinensions of locker Nooms
The divensions of the locker rooms varied according to the size of

the plant and the number of locker boxes installed or to be installed,
The averane éiza for plants with 300 or more lockers was 22 feet by 39
foet. (Toble I) ZFlants bhaving over 200 and less than 300 lockers
reported an averagce room slze of 22 feet by 34 fooh. Theoe plants
evidenced the fact that their locker eapacity was 300 or more, and they
4id not have the room filled, Those wlante having only 100 loekers
reporbed an average room size of 12 feet by L8 feet, 4 Tow planis
renorted having bue lochker roons. These plants had two roons averaging

19 feet by 22 feet and housed over 500 lockers,

Dirensions of Cutting, Curing, and Frocsassing Booms

Here acain the dirensions of tho cutting room depend largely upon
the sizs of the iant, the amount of meat to be cut, and the nuwber of
meat eutters employed. A majority of thoe cold storage loeker plante
ﬁn Oklalioma are cutting, wrapping, and quick-freezing for their patrons,

The average size of the cutting room roported by the plents was 11 feot
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by 15.5 fest. (Table I} A fou of the plants operoting with over 350

lockers ovidenced the faet thot roows as small as this averace or swallor

were not large enough for thelr plants, larger cubtting rooms vere
reported by the planbts esustructed in 1938,

FlekKle 1oms are the sans as euidng rooms. IFrogessing rooms ars
rooms in which sausage is ground, lard is rendered, and other services
preformed. These rooms are found in “gompletc service® plents only.
size of the pickle room and the processing roon depends upon the size of
the plant and $the volume of business handled., &1l the plents reporting
the uee of g processing zoow had over 200 individual lockers with am
average of over 250. The average size of the proceszing roons was tualve

by oightven feet. (Table I) Couplete commmity food storage plants

""3

ien properly designed and equinped will take the farm bog, bubtcher 1%,
make sausege, rendsy lard, make hickory cured hen and bacom, and ¢ulcek-

freeze the fresh cuds and place then in the loeker For long ot

They will alse procoess zad store beel, poultry, fruits, and vegetables,
With cormpetent maregerent cueh plants are pmfitabl@ investoonts and

serve an economice and soclial nesd of the corzmmit

Termorature of Iocker Roor and Curing Foonm

The correet temperature alt whieh cold storags locker rooms should
be held is not definitely known. Different foods requirs differont
temmeratures. He O. Diskl of the United Skotes Progeu Iack Iaboratory
recourends storege of frozen foods ab zero degross fahrenheit. I is
cosential, he gtates, "Thet wiforsn storspe temporaturs conditions b
ogtablishad.” Varner {31) stades that zere degroes fabrenheld is
genarlly secepted as the proferred terporature for bhe sharp froczing

and storage of foode,
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This ehould not be confuced with th2 sub-2oro tormorstures used

ia 9gquleck-froszingvs Althoush zero is $he recormanded lovel for )

‘loeicsa:;- wom, ten or fwelve desgress ghove zero is efton used and will
probubly be setiefectory If tho lowor one io not practiccble. Tightoen
ts: twonty degroes féﬂmmheﬁ; i often nged, but ira probehly too high.
"ﬁm noot sabisfactory temperature lovel seems to be arsmnd plus fiftoen
degrees fahrenbeit and hisher tomperatures uwsuslly resuld in dissstis-
faction. heh variation in tamorature is considered undesizables
Faood chungee may be physical, chemical or crzprie (17)e The chief

Eialei:eriaus physiesl ehunges are desiceation and gg@ﬁsth in the size of
ice erystals, 1bot enpynie actions occurring in food during esld shorsee
are eiﬁh@r oxidative or mydrolyiic in nevure. Desieccation (drying)
-oeours mpiﬁly in mprotectod foods and produces cl}:zmgeé whieh apn vary
noticesble. Desicoetion oftom oceurs very unevonly frou the siin of
dressed poultry. Tresaler (18) hea found certain chsnges in the fats
and protoins of the tissucs undemacsth the deslcested aroas which
probably oceur similitanesusly uith the drving oud of the tissus. The
?pmmiﬂs boenns denatured and do not readily tele wp w2tor which has

oo lost. The fots, belng omosed 4o ndr, dule ur oxyoon and alowly
bacore raneld. this econdition ey b rarmedied by dinping the poultry
%in water or in Pat just before froening, or by shoring in sn stuesplore
;@f anrhrn dlonide,

7 . Yo Py e T4 P BTL L e ¢
Traszleor {18} heo Poand Shad low atorace

4 ot s 8 e g o T S T Ny o < T Nt L T
necessazy if vitanin O esnient, eqlor, flaver, wad otber gualities are

'y

\]‘ﬁ') bo conserved, Above meno degrees fahrenh
| ‘
|

1
lost fron pews, spinach, saap beans, and Jirs bomms.
I .

Baetorla, rolds, and ysast do nob muiiiply e

eratures Heloy twenty degrees fahrenheit and so the changes produced by
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orssnioes are vegplisihle,

The minimm leocker roonm ferpormatum yeparted by

gold storose
loeker vlants vas minug Tive degress fahrenbeit, ho moxinun btermerature
reporied was twenty degrses fehrenbeit., Thae avew,ra temperature was
'appmxima‘t@ly plus eleven degrees fairenheit, {4able I)

ﬁbmperatu:ms of thirty-sixn degroees to forsy degrees fahrenhelt am
typleal temperaturss found in sweet-nickle ccllars {(10). Temperaturcs
of bthirty-eizht degrees té forty degrees fahrenhslt are perhaps more
typleal, Higher temrersbures than norral speed up the cure, bub also
the inecidsnes of spoilage is preatly increased. Vence Terperatures
above Lifty danroes Pahrenbeit uswally resuldi in mmiluge of the meat,

Tarperatures below the normel greatly reterd the mwte of curing. The

>

P2 PRI N I SO O
La0% HANEG W

iy

- TR gy P g s ., - « s, et N — o - . P bl
rees bemperatures Keen the mead swest is of no pruetical

gimmifisanes 30 the poateuireT.

Pato of Instollation and Number of Poxos

The first lockor business in Oklaboma, according to the plm%s
reporting, vas started fn 1935, During 1955, anprozinately 12,5 percent
of the present loecker plants vers oporating. Dy 1935 the nunboer had
doubled, In 1957, 18,79 percent o the present mwher wont inte busi-
ness, Agein in 1938 there was an inerease, with $7.5 percent deing
buginess., During the Tivst =iz rontis of 1939 a nusher of plants bave
been built; these represont 3.25 perecent of all the plants now operating
in the state, |

The number of eold storage locker hoxes throughouv the state is
not definitely known., Manynlants have gone into oporation sinee the
étarting of this stuady, but 1t is estirated from the plants reporting

thet Oklahomn has between 8,200 and 7,950 individumal lockers in the 5L
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plants now operating,

The average number of lockers per plant being 200 to 250 this
verifies the fact that approximately 6,200 to 7,750 families are
aveiling themselves of this service in Oklahoma, The number of locker

boxes installed was in direct correlation with the estimated trade
territory. (Teble II) Flants reporting less tham 100 lockers had an

average estimated trade territory of 4,250, Plants with 100 and less
than 200 lockers had an estimated trade territory of 5,000, Those plants
reporting 200 and less than 300 lockers had an average trade territory
of 20,600, and those with over 300 lockers reported an estimated trade

territory of 28,725,

Table II

Averages for Different Size Flants

Number of lockers 0 - 99 100 - 199 200 - 299 300 - up
Estimated

trade territory 4,250 5,000 20,650 28,725
Fercentage rural _50% 465 53% 565
FPercentage

winter months 75% 72% 70% 58%
Average percentage

of boxes rented 61% 82% 55% 59,5%

Average Yearly Rental

Plants leving less than 200 lockers had a higher percentage of
rentals than plants with over 200 lockers, (Table II) These plants also
had smaller trade areas, and a higher percentage of urban patronage.
Many of the larger plants have recently started operating and have not

had an opportunity to determine their percentage of box rentala, Flants
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located in large trade territories are usually close to a large city
and have to compete with a larger number of meat retailers and frozen
food retailers, whereas, those in smaller trade territories do not,

lanufacture and Construction of locker Boxes

Over eighty-five percent of the locker plants throughout the state
reported the use of commercially built locker boxes, The remmining
fifteen percent used home made lockers, These plants usually built the

lockers as they were rented, Home made lockers were usually constructed
from light wood or hardware cloth with wood frames, The manufactured
locker boxes were built by the following companies:

Nebraska Appliance Company, Wichita, Kansas
Knickerboeker Stamp Company, Parkersburg, West Virginia

Lincoln Locker Company, Lincoln, Nebraska
Jensen Machinery and Dairy Manufacturing Company, Wichita, Kansas
Capitol Iron Works Company, Topeka, Kansas

The usual size for each locker was found by Emig (6) to be two by
two by two feet or slightly larger, This gives a capacity for about

300 to 350 pounds of meat., The average dimensions of the locker boxes
from the plants reporting were sixteen by eighteen by thirty inches,
Only a few plants reported hnving locker boxes in two sizes, The size
of the plant had little to do with the size of the locker btemxes, The
menufacturers of lockers make the boxes in several different sizea, The
larger boxes cost a trifle more , but are found large enough to hold the
families frozen food supply. A majority of the plants reported their
boxes were made of steel, Others were made from galvanized wire, hard-
ware cloth, and wood, The steel boxes were liked by the patrons over

the other types of construction materials., Many of the boxes were
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construeted so that the door opened the whole front of the locker making
easy access o the econbtents within, UVhen the door is srmller than the
front, entrance is made diffieul’ essneeislly with ths larger packages,
To provent packages from sliding out of a box in which ths whole
frogt opens, some box manufacturers inserted & small stop on the floor

of the locker hox jJust inside the door., Tho -

= modern boxes, especlally
those next o the floor vers installsd on rollers snd the entire box pull-
od out when it was ovened, This type of box was found to be ideal for
floor boxes beeause thsy are rore accessible, These boxes, however, ro-
teil at a slightly higher priee than ordinary boxes,

Thethser locker ventilation is essential for successful storage of
frozen foods is & problem yet to be solved., ILonger storage has been made
possible, however, by lcarming bétter wethede of maintaining correct
relative hunidities {2). The developrment of lockers designed to help
prevent dehydration, or locker roon freezer-burn, has done much %o keep

the produets in a more nearly perfect condition, It is realized that

temperstures alone are not enough, The control of air cirsul

correct relative humidity prevent chomieal chances in meat juices that

were not knowa to take place, The secientific hamdling of thess problems
is broadening the fleld of locker service,

A majority of the cold storege locker plants reported sore tyoe
of ventilation for their lockers, Some locker boxes have perforated
sides, others lowered back and sides, and a few were made with eavy

mesh wire, Only a few were solid and without sorme type of wentilation,

The Ilmnagement of Cold Storage locker Plants

Plant Omnership and Managership

Approximately fifty vercent of the cold storage locker plarnta in
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Oklahoma are individuelly owned and managed. The remaining fifty percent

are owned by creamery companies, corporations, ice companies, or as
private investments, The data gave no evidence of cooperatives through-

out the state, This report differs from that of other states, particu-

larly Iowa, where eighty-seven percent of the locker plants operate as

private enterprises, and the remaining thirteen percent as cooperatives
(11).

The mansger was present in every plant during working hours to over-
see renting of lockers, removals and additions of meat, keeping records,
and processing operations, FPlants operating in connection with ice
companies usually stayed open longer than other plants, especially during
sumer months, when their ice business was heavy, Ice companies having
ovaer 250 lockers and having large estimated trade populations were among
those having long working hours, The average working hours for all
plants was from seven o'clock in the morning until seven o'clock in the

evening,

Responsibility for Produets in Iockers

Several plants reported they were responsible for stolen meat or
other foods from their patront's lockers; others reported they did not
stand responsible for éither spoilage or stolen products. Flants
operating with locker boxes made from hardware cloth or light wood were
more liable to theft than those plants having all steel boxes, However,
the plants using home made boxes were among those who did not assume
responsibility, These two problems confront every locker plant manager
and operator. It seems reasonable to believe the lockasr plant should
be responsible for spoilage due to temperature fluctuations; however,

if spoiled produects are placed in the locker to begin with the plant is
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justly not responsible,.

Over ninty percent of the lockers reported their patrons were
issued keys to their lockers when rented. Ten percent reported individ-
val keys were not issued to their patrons. When keys are not given to
the individual, more labor is required in handling the paetrons' locker
packages., However, if .labor is not a problem, better records can be kept
when the manager or employee in charge removes the packsges from the lock=-
er box,

Complaints Due to Spoilage

A few plants reported complaints from customers due to spoiled meats,
These plants were among those having an average locker room temperature
above plus fifteen degrees fahrenheit, Spoilage was especially prevelant
in plants reporting quick-freezing room temperatures as high as locker
room temperatures, or in plants reporting no quick-freezing room. Also
these plants did not keep a record of additions to the lockers in which
case spoiled meat might have been placed in the lockers at the start of
storage, The following factors were listed by plant operators as con-
tributing to meat spoilage:

l. Iocker room temperature too high,

2. Not quick-freezing before putting in lockers,

3 Too high humidity in locker room,

4, Meat allowed to age too long in chill room.

5¢ Too much fluetuation or variation in locker room temperature.

6, Meat left in lockers too long.

Inspection of the meat handled through freezer lockers is largely

absent; howevery there is definite talk about improving this situation
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{21). 1hny states alveady have laws and reguletions whish nust bo
obeyed in order %o obtain a license to opernte a cold storage locker

plent. Ome of the regulations states thot no article of food shinll be
éold stored wless 1% is in = proper condition Tor storuge and rwots
all the reguirements of the ﬁuref@@a and Tood sanitation lews, and sueh
rales as %¥? be established by the Taparinent of Aovieulture [4),

The Pollowing states report no legisistion relating to installation
or operation or regulobdion of cold storsge wamchouses and cold storage

locker plants: Coloradso; Idsho; Missouri; Oklaborn) and Tyoning,

Recond Heenins

Aporoximately £ifty percsnt of the locker plants reported come
system of keeping records, Very few evidencsd the faet that they lkept
an inventory record of the locker contentis. HNearly 7ifty sercent of the
Tirme stated they kept no record of additions oy ssrwvals whatsoever,
i“here the card system was used, a record of the rental of the locker was
kept clong with aceounts of additions or removals, Where the eutting
charge wap assessed on the amount of most velslie? in, =u inventory was
kept of this amount. Where records were kept in tﬁis ranuer, the patron
eould Ffigure his e¢hill shrinlk, his cubting shrink, hls quick-freszer,

and his locker storage shrink, Accounts of vemovals were not kept in

oy

the cbove systern. Thers accounts weare kept of rorwovals zat charge for

sach packaos romoved was made.,
Iength of Tiwe Msat Cun B Fopl In loclmrs

A differcenee of oplnion exists syong locker plant operators regard-

ing the length of time that meats, with the exception of pork, should be
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kent in storoge.

Yery few locker plants reporied mgat‘could ha kept in their
lockors indefinitely, but, o few dld, A majority reporbed meat could be
held from six %o twelve mpnths, Flants mointaining @ lower locker room
temperature reecmmended storage periods longer than those with higher
terperatures. Beef and lamb have been found to keep longer than pork.
The recommended storage period for pork is six months or less (11),

longer storage will be made possible when more !mowledge is obtained
about maintianing correet relative humidities {8), and preventing dehydra-

tion or locksr yoom freeper-bult,

Service for FPutrons

¢ity reculotions prohiblited sluuvghtering in seversld of the plants,
Many of the nlants not slawghtering did vot mention city regulations as
a reagon for not doing this secrvice, Approximately twenty-five npereent

of the plants in (Glahoma sre slaughbering anirals for

ot

heir patrone,
Thense plants were among those raporling an avernse of over 350 lockers
per plant,.

ver seventy-five percent of the locker plants offered the servieces

e

of cubiing, wrapping, snd processing for their patrona, The rermmining

£ )

twenty-five percent were plants with an average number of lockers bolow

o

midreds This service is believed to be one of the more important
sarvices and 16 & nmeans of incressipg the income from plants; hewsver, if
only a few lockers are installsd the eguipment and lebor reqguirsd rnles
this practlece ippractical,

iith over fifty percent rural pabronage, aid 2 large trade terrvitory

1

it is alwmpst irpossible for plunte to moke deliveriss Ho custensrs.



In spite of this faet, from ten to fifteen percent of thie plants reporied
deliveries of sorwe kind were rode, COresmeries reported free delivery %o
milk customers, ice plants reported making oceasionzl deliveries to iee

customers, but generally it wase not = custom to rmke doliveries, 411

deliveries reported were made withoubt charge. It is believed o be im=
practical to mmke deliveries in this business,

The lebor recuired in a cold storsge locker business varles with
the size of the plant, the arount of meat or other products handled, and
the number of locker bvoxes, The services of four men vere reported by
several of %the larger plants, These plents had an average of over 350
lockers, werc slsughtering for patrons, and were cubting, wrapping, and
processing meats, ALl plants with over a humdred lockers reported the
erployment of from one %o two persons, Flants with less than a hundred

locksrs d4id not exploy additional help.

Foods Storsd Other Than leats

Mony foods other than pork, beef, and mutton vere reported stored
in tho cold storsge lockers. Vegebables ranked next bto mects, and some
fruits were reported successfully stored. Peas, sweet corn {roasting esrs}),
green {snap)} beams, ond lirm besns were reported shored. TIFruits stored in-
eluded strawberries, raspberries, cherries, snd psaches, Other foods
naped were poultry, fish, cnd frog legs.

Vegetables for freezing should be carefully selected. Varlety,
maturity, and freshness nust be consideroed if a first class produect is
desired (19). Ioas were the most popular of all frozen vegetables and
the ope most commonly packed, The scrsened peas were washed in clean
cgld water and then blanched (seslded) for one nminubte by irmersion in

a large amount of rapidly boiling water., 4% least one gellon of boiling
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water was required for each pound of peas, Immediately after scalding,
the peas were cooled in the coldest clean water available (preferrably
not over sixty degrees fahrenheit) and packed in heavy paraffined paper-
board cartons holding sbout one quart and frozen quickly at zero degrees
fahrenheit or below,

All other vegetables were handled in practically the same manner,
Corn was selected for freezing when in the proper maturity for eooking
as corn on the cob, If corn has passed through the milk stage, the
frozen product was found to be starchy and undesirable, Blanching of
gorn was done in boiling water; however, a steam chamber gave better
produets where plenty of live steam was available, Corn was cooled to
seventy degrees fahrenheit or below, packaged in cartons, and frozen,

A cleaver was used to cut it into the proper size to fit the eartons,

The preparation of fruits was somewhat different from that of vege-
tables, Strawberries were mixed with one-third their weight of sugar and
8lowly stirred with a large spoon until most of the sugar was dissolved
in the julee drawn out of the berries., They were then packed in heavy
eartons and rmzanl at zero degrees fahrenheit or below,

Raspbérries were mixed with one part of sugar and four parts of
berries by weight, After mixing well by stirring they were packaged and
frozen &t zeroc degrees fahremnheit or below,

Cherries which had been previously pitted were mixed with granulated
sugar ir proportions of three parts of cherries to one part of sugar,
They were packaged in eartons and frozen the same as other fruits,

Peaches were found to be the most difficult of all the common fruits
to freeze. Theyoxidize readily, thus turning dark. Clean peeled peaches
were sliced into a heavy paraffin paperboard earton to which a seventy-

five percent sugar syrup was added to within three-fourths of an inch
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from the $op. They were immediately frozen at zero degrees fahrenheit
or below, Peaches had tobe stored in low temperature rooms to prevent
oxidation, The seventy-five percent sugar syrup was made by dissolving
seven parts by weight of sugar in three parts by weight of boiling water,

and stirring constantly over a fire until completely dissolved,

Patronage of Plants

The average estimated population of the trade territory of all the
plants reporting was 19,240, The size of the trade territory usually
indicates whether the plant is located in or near a city. Flants located
in the larger trade territories did not have a higher percentage of urban
eustomers, Although the trade territory was large for several of the
plants reporting, they did not have any more lockers rented than plants
reporting from smaller trade territories (Table II); however, they did
report more lockers per plant, A few plants reported over ninty percent
of their patronage was urban, These plants were located in large cities
or in college towns, Many of the plants having large trade territeories
reported as high as seventy-five percent rural patronage, Flants report-

ing less than a hundred lockers had fifty percent rural and fifty percent
urban patronage, Flants with 100 and less than 200 lockers reported 48

percent rural and 52 percent urban, while those with over 200 lockers
reported 55 percent rural and 45 percent urban. (Table II) Plants with
over 200 lockers represented trade territories of from 3,100 to 100,000
population,

Many of the plants have not had an opportunity to observe the
percentage patronage during the winter months or summer months, because

they have not been in operation one year, The plants that have been in

operation over one year reported an average of 65,5 percent of their
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patronage was during the winter months; the remaining 54.5 percent was
through the sumrer months. There is a tendeney for the patronnge fo

become ecually distributed througfwout the yvear in the larger trade areas

as the public becomss moro familiar with the benefits to be derived from

locker planté. (Table II)

Packaging

Five differsnt kinds of paper were reported used in wrapping meat.
The Lkinds reported were vegetable parchment, Ibdel Trap, special wax
paper, ordinery wrapping paper, and vapor proof papers, The greatest
number used "tbdel Wrap® purchas:d from a paper company in Oklabome Citye
ALY euts should be well wrapped in tough, meisture proof paper, preferrably
before freezing. Cheap oiled paper or ordimary urapping paper will not
prevent undesimble drying (21)@ & mejority of the locker plamibs mmrk
their paecksges by starping theme Others alloved the customer to mark their
own peckages., Soms were marked with peneil, others by tags, and a feu
were shtenciled, Stamping with a rubber stamper seems to bs the most

popular as writing is very difficult on parchuent or moisture proof paper.

The Costs and Incore Fron $old Storage Iocker Flants

Finsncing of Business

Pive different metlhiods of financing verc reported, 'These methods
are as follows:
1. CcCash
Z2e loan
3e R.FWLCe Ipan
44 PFaritnersilp investment

-

$e Snle of stock {corporation)
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The renbing of bthe locksr boxes in advance of installation or con-
struetion is thought to be o fsetor in rewmoving the risk of the invest-
ment; however, the number of signed patrons before comstruetion of the
plants or installastion of locker boxes in Oilaborm was simll. Only a few
firms reporbed having any great number of signed p-itrous before construe~
tion of their plant, The data Gid not indiecate that signing befors

construction was of speeinl benefit,

Cost of FPlant

The operating coste of cold storage locker plants varied among the
different plants, This variation was usually dwe to difference in laber,
difference in ubility charpes znd other factors such as interest, From
the data received ithe larger vlants or thse ones with the most lockers
did not show the higheét operating costs, 4 few plants operating with
from 350 to 500 lockers reported an everuge operating cost of $31%8.,00 pef
monthe In general locker plants operated in connection with other
businesses h»d a lower overhead per locker fhan aid single unit plants.
Tiue data showed that single unit plenés cost from §15,000,00 to
#85,000,00 depending upon their size and their cormleteness. Other plants
built for a dual purpose cost from $4,000,00 to %$40,000,00. These plants
represented businesses from 100 to Blé lockers. ‘The connecting business,
in most cases, was ilce moaufacture. pproximmtely one-~third of the initial
cost of the entire plant was charged to the locker searvice, espscially in
plants reporting installation of lockers in their present opsrating
plant. The lsrger plants spent more for equipment, thus inerezsing their
initizl cost. The data shoved the initial cost to be greatest in plants

having a large nuwber of lockers. Several plants stated they did not



have records to show the cost charged to the locker service, because
the instellation was over a period of time,

The amount and kind of equipment used in the cold storage locker
plants varied according to the size of the plant and the amount of
sexvices offered to patrons, Flonts with less than 100 lockers, in which
no services whatsoever were offered, d4id not list any equipment, TFlants
operating over 100 and less than 200 lockers reported the use of a meat
grinder, a cutting table and block, & meat slicer, scales, baskets commonly
known as butter tmays, and a complete set of butcher and cutting equipment.
Approximately the same amount and kind of equipment was used by plants
having 200 and less than 300 lockers as was used in plants housing 100 to
200 lockers, The larger plants reported the use of an electric meat saw,
display pans and counter, and a meat truck in addition to the equipment
listed by the smaller plants,

The cost of the equipment was not given, but can be had by inguiry
at places where such equipment is sold,

Charges for lockers

Some authorities (3) state much variation is shown in operating costs
due to varying local conditions, utility, and interest mtes, Iowever,
in other respects, such as charges for lockers and the services of the
butcher, there is & remarimble similarity. Particularly in reference to
the charge for lockers there appears to be a recognition of the necessity
of adequate rates which are considerbly higher than some of the pioneer
plants charged. By some it is pointed out that the minimm charge should
be more than the customary $1.,00 a month or $10,00 a year,

The maximum charge per month for a locker was $1,25, the minimum
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$0.50, The maximum charge per year was $12.50, the minimum $6,00. The
average monthly charge for all plants reporting was approximately $1.00,
the average yearly charge $10.00. (Table III) Many plants rented
different size lockers at different price levels, ‘The larger boxes
costing a trifle more, In every instance yearly rates were lower than
monthly rates, A few plants also rented on the six months basis, This

charge averageﬁ approximately $5.00,

Table III

Averages for Different Size Flants

Number of lockers 0 - 99 100 - 199 200 - 299 300 - up
Number of additiomal
men employed — 1-2 l1-2 l-2
Per month: _
Ghﬁthl for ’1000 - ;1025 ’0.85 *1.00 31.00
lockers
Per year: $10.,00 $9.00 $10,50 . $10.00
Charge for
cutting and wrapping --- $0.015 $0.,017 $0,015
for
processing —— $0,01 $0.,015 $0.02

Processing Charges

Nearly all the plants reported a charge of $0,015 per pound for
eutting and wrapping meat for customers, A few reported a charge of
$0.02 per pound, and one plant charged $0,01 per pound. Another plant
charges approximately $1.35 per cut., These cuts included quarters of
beef and halves of hog carcasses, The average charge of all the locker
plants reporting was slightly more than $0,015 per pound. (Table III)

This charge 1s one of the charges found to be quite uniform in all plants



not only in (ahowsz, but in other shates az well. Flants hoving less

"'a

than 100 lockers did not cub or wrap for thelr patrons, o locker nland

cured reat, or msndercd lavrd. The eharge for grinding eat ronged from
£0,01 to 50,02 per pound as chown in table 111, Flants with less than

100 lozkers did not process for thelr pations,

Sources of Incore Other Than Lockers

Tith approxinntoly two-thirds of the cold storuzs lockor nlants

a8 e
higoest

mperating in comnection with ice plants, ths sale of les was
soures of income other than from the lockers, Incore from creaneries
ranked next to that of ica. ;pproximately fourteen percent of she plant
vere in connection with creameries, Soveral plants reportsd incors
from storage of psrishable products, the ehllling of Wsef, and from
electric and waier utilitiesc,
L few of the larger frozen food companies reporied ineomes from

retall of fast frozen meants, fish, powultry, fruits, znd vezetubles;

and also Tfrom vwholesale to hotels, restaurants, and smell stores.

Problems in Flent (peration

21thoush oil and gas are quite nlentiful in mmny sections of
OklahOﬂa, few cold cstorapge locker plants reporbed the use of gas engines
ag a szouree of power for their refrigeration wnits. A few plants report-
ed the use of gasoline motors, a few aubomobile motors, dubt the majority
reported the use of mechanieal refrigerating machines oﬁrared =ith
alectric motors. Nany of the larger plants reported the use of ﬁeveral‘

machines. The use of elther a York, a FPrick, or both was reported by
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soveral plants. The size of tho machines and the numbipiceeTiELed) THANICAL (OLLEGE
‘ LIBRARY
varied with the size of the plant and the numbosr of 1oekers.> A Tow
Oul = 1939
plsnte having 200 or more lockers reported the use of two York four hy

four inch dompressors having & capacity of four tons each, operated by
eEaét?icity. Other pleants having equally as many lockers reported the
use of a Frick five by five ineh self-contzined unit operated by an
electric mwotor,

Oklahomé has many different types of watsr {8). Sometinsg alkeline
an hard watsr cause corrosion in the coqling sywoene of the engines
and refrigeration coils, Howsver, only ohe cold storage locker plant
reported any trouble from hard water in their rafrigeraﬁion machinery,
T™is plant was located in the Horthwestern part of the states The

trouble caused in tuls instance was corrosion.
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SURMARY

l. The cold storage locker business is relatively new in the state
of Oklahoma., ALl the plants started opersting during or after 1935,
There has been considerable interest shown in this new business by the
number of inquiries seat to the Meats Division of the Cklahoma ggrigult-
ural snd Mechanical College.

2o Of the 31 cold storage locker plants throughout the sitate, 856.7
percent operated in conneetlon with ice plants, l4.5 percent in connection
with creameries, and 19,0 percent as single units,

3s The average dimensions for all plants wag 50,85 fest by 87.75
feet, (Table I) The approximate number of locker boxes for this siwn
plant was 209, There was little differencs in the dimensions of the
freezing rooms.

4, The average freezing-room size was 7 feet by 10,6 feet. The
average temperature was minus fifteen degrees fahrenheit., (Table I)

5, Ilocker room dimensions averaged 18 feet by 30 feet and had an
average capacity of 200 locker boxes, The terperature average was plus
11.85 degrees fahrenheit. (Table I)

6, The average ecubtbing room sizelgas eleven feet by nineteen feot
and was reported too small for the larger plants,

7¢ Very few plouts offered the service of processing for pastiona,
Flants opsrating between 200 and 300 lockers reported a processing
room 12 fect by 18 Tect,

8. Corkboard was the rost commonly used insulator. locker rooms
:equira& siirinehes, ¢hill roome four inches, snd guick-freszer rooms
éight inches.

D¢ The estimated trade territory had little to do with the parcontage
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of urban patronsge. & siightly higher rural patronsge was found in thoe
larger trade sreco, {(Table II)
10, Thers was a tendency toward egucl distribution of putronsgs

in swmoer snd winter mondhs inm the loyser tmde territories. (Table IT)

ess Hnan 200 lecekers had «ligh%ly hipgher rental

7ith over 200 loekers, (Tedble II)

12, The average locker box size vas sixteen by @1ehteen by thlrty
inehes, A few plants reported two sizes,

13, Lpproximctely Lifty porcont of the cold storsgs locker plants
in Oklahoms are individwelly owned and rmansged. The remaining fifty porcent
are owned by creamery companisess, corpoyations, ieco cormanies, or as private
iavestuentss. Ho cooperatives were reporited in the ctate,

14, Tocker plants reporting cormlaints duc o ap ollage hnd 2 locker
roon tempsrature above fiftecen degrees fahrenheit,

15, TFlants meintaining s lower locksr room temperature recommended
longer storage e rieds than those with hicher temporatures.

14, Végetables snd fralts were stored succezsfully in ceveral
plents There proner nrepuratory practices were ecarried outa
in tough moisture proof paper priei to freezig aided
materially in the keoping of a more nearly perfect product.

18, Tho average wonthly charge for standard size locker bozes was
$1l.00. The év@rage yearly charge was $10.,00, (Tsble III)

12, Proceszing ond ecubiting and wrapping chiarges were guide uniform
for all size plonts averaging a little over ¢0,015 per pound. (Teble III)

20, The data evidenced the fact that the cold storspge locker
businese has a definite place in the Soubthwest and that the larger

“aomplote serviece® plonts in econneetion with ice companies or operating



as single units were more successful than smaller plants with less

services,
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