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111 I8 an iuwportent rfood in Amorican dle's and,
for thls rcason, milk ordineances have bean onccted to
ragulato tie production of nilk, “wolve largo ciiloss
ané wany s;mallor clitics have nmllk ordinances and thore
huve bucn 803 E&iffcerencas Ia thiess ordinsncos, Icceusd
of ti.eso éiffcronces, 4t haes Leen d1fl1cult to drew milk
houss plens wl:lich could be used steto wlde, 0Ono ssctiion,
corrion to all ordinuncas, is that wilk must Le haadled
in & milk houss whian it s markot or flauld milk,

As a rasult of coanferencos with daolry cuthorities
and investigatlona of rml1lk ordinancaes, it wes founi that

i@ followling functions sro perflormod In & =il houss?
(1) cooling end storin- =ilk, (2) was:in: en? sterilizing
utensils, and (Z) storing utensils end oguipyucnt betwcon
milkingse %o provide for these fuactions, thoe following

ulpent 18 nocoassarys e nilik coolar, a wator lieater,
e cdoubly wash vai, end @ cen rack, wilen thls eguipmint
is provided, It will encouraze tiie production of claan
wllke Ilowever, tlic uss mede of tils eguliznient Cancnds
upon tho locatlon cf the mllk Louss,

It was Tound, frox tine snid moriion stu’les mado



James S, Eoyd

by the Tarm Ienagwniat Tepartmaont, that the time spent

in the mllk house veried lnversely as the distence te-
treon tiha milk house end steble, Vhen the equipment 1is
convenlent, 1t will te used anl produclia- clean milk will
be made eeaslser,

A milk house locatsd in the barn will boe epproved
by ths majorlmilk markets end 1s most convenlent, A milk
house connected to the barn with tne entrance to the
steble throuch two doors, or through a vestibule, will be
approved by &ll !"ichiran milk ordinances vhen constructed
as showvn on the plen, and provided with afequsts ventila-

tion end dralnargo,

APPROVLDS

"l'ajor Professor

3/20/43
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THZ PIICTIONAL DESICN
0™ A
IILT II0VCT FOR MICHTGAN

T TRODTC TION

Mlstory

M1lk 1s one of our most valuable foods, food
tachnologists generally agree that ths food value of milk
18 hizher than that of most other foods., For this reason,
health authorities are interestsd in an abundant supply
of clean milk and are constantly watchinz for means of
improving its quality. Because milk cannot be cleaned,
1t is different from all other farm products; in fact,
Jensen and Bell2 deseribe milk as "perhaps the most deli-
eate food the farmer handles®™, Pasteurization will kill
any harmful bacteria which may enter the milk; however,
tnese dead bectsria cannot be removed., There are even
some types of bacterla which cannot be killed by pasteur-
fzation, For this reason, milk should be kept free from
contanination from the beginning,

111k production 1s one of lichigan's largest
industries, sccounting for 237 of the ennuasl farm income,l®
607% of this production is landled in the farm milk house.
Kuch of ths milk 1s produced on general farms and it has
been found that chore time accounts for half of the yearly

work on these farms,. Bookhoutf in a survey made of ten



Yichigan farms, indicates that 18/ of the chore time with
dairy cattle 1s spent cleaning utensils &end caring for
milk, Through observations, 1t hes been found that these
chores were sccomplished more effectively in a properly
designed milk houss.

There are two genereal classes of milk sold from
the farm «=- market milk, and manufacturing milk for the
condensary and cheese piant. These two types of milk
markets require different sanitation standardsy; the fluld
milk market 1s very strict in its requirements while the
condensary merket is rather lenient., Fluid milk is con-
sumed in essentially the same form as it is produced end
cannot be cleaned like other farm products, Pasteurization
renders good milk safe but will not meke poor quality milk
good, Lfforts to improve on milk supplies have been grad-
ual throughout the United States, but they have noticeably
accelerated as the use of market milk has increased in
comperison with that of manufecturing milk, It 1s generally
accepted that a sulitable milk house 1s essential to a q;al-
ity milk production program. The attitude of the Health
Departments regarding milk houses has changed, and not by
accident, For example, Parkerla, in 1917, indicated that
the best location for a milk house was from 150 feet to 200
feet from the stable, Since that time, changes have been
made in procedure and equipment which make possible a much
more convenient location., For instance, the installation

of pressure water systems is simplified by attaching the



milk house to the stable, The cleaning of milking machilnes
with vacuum lines froan the milking machines, the use of
elesctric coolers, and new methods of controlling flies have
made 1t possible to increase the usefulness of a milk house
by attaching it to the barn. Fligure 1 shows two milk
houses which have been used to handle milk in the past,
These structures were merely shelters for the milk coolers
(usually water coolsrs)., They were located between 150 and
200 feet from the stable and the other chores of carin; for
the milk and waeshins utensils were performed in the stable
and the kitchen because 1t was thought that milk would absorb

odors from the stable, I.tcLZillanl2

, however, found that milk
did not ebsorb ocdors from the air, 1!M1lk which has been ex-
posed to stable odors for one and one-half hours did not
absordb them unless the foreign matter causing the odors was
allowed to enter the milk., Because of this and other similar
studies, 1t was generally agr.ed that the milk house could be
located close to the btarn without contaminating the milk with
odors,

In 1942, the 11k Ordinance Committee of the Michigan
Allied Dairy Association draefted the Nichiran MNilk 0rd1nanceg4

which was to be used as a pattern for city ordinances drafted

for the regulation of the milk production in that area,
REASOJS FOR TiIZ STUDY

In 1946, the health authorities started a program to

improve the quality of market milk, It was generally accepted



ijure 1. Above and Below-Inadequate Y1lk liouses
“hich llave Ieen Used In Michigen.
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that a milk house was importent to such a program and a
building plan which could bas used throughout the state

would help this program. It was estimated that ten thousand
new milk houses would be constructed in Michigan in the
followin: five years, Kealth authorities and daliry inspec=
tors, who were interested in the program, desired a plan
which would fulfill the milk ordinsnce requirements, The
farmers, who were to bulld these milk houses, wanted to be
sure that they would not have to rebuild in a short time
because thelr milk house would be out of date, The average
cost of the milk houses would be gabout three hundped dollars,
depending on the amount of native meterials and the farmer's
own labor used,

Ten thousand milk houses, costing approximately three
hundred dollars per unit to bulld, would represent an invest-
ment of three million dollars, If this investnent were to
be made by industry, very careful planning would be employed
to be sure that the best possible building would be con-
structed, It is equally important thet a farmer give care-

ful eonsideration to the construction of each unit he builds,
OBJEZCTIVES OF THZ STUDY

The two objectives of this study eare as follows:

l, To determine the functional requirements of
a milk house used by the average farmer to
produce &nd sell grade A market milk,

2, To prepare a milk house plan which will be
accepted by all milk ordinances and milk
Inspectors in !’lchigan,
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REVIZYW OF LIT.RATURE

From the literature reviewed, it was observed that
there were two types of mllk houses being used in the
United Statess (1) the porch type, in which the operator
must go out=ofedoors between the stabl: and the milk house,
and (2) the vestibule type, which has a covered walk
between the stable and the milk house,

Belton and Long3 stated that the milk house should
not bs part of any other bullding then the barn., Two
rooms were recommended for a dairy of fifteen to twenty
cows producing both milk and eream., Because many of the
herds in California are lsrger, 1t 18 practical to use
steam for cleaning and sterllizing purposes, A ventila-
tion system 18 necessary to remove excess molsture, and
insulation in the cellings and side walls will reduce the
trouble csused by the moisture, Smith}4 working with
health authorities in Vashington, also indicated that
ventilation was important to control dust end to prevent
decaying of the walls and ceiling.,

Euberz vorking in Yalne, recommended that walls be
made easy to clean and that adequate 1lisht and wventilation
be provided, Jefferson and Trout8 state that "the purpose
of a milk house 18 to provide adequate facilities for
handlin;s milk on the farm". Bell and Jensen? also working
in Yichigean, emphasize the 1lmportance of cooling as a

factor 1n high quallity mllk,
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Fogle and Lucas® found that, for good quality milk,
c¢leanliness and prompt cooling are essential, Harrington
and Bremer6 in Yassachusetts also stated that cleanliness
and refrigeration were the two essentials for high quality
milk, They recommenced a coolin: tank, a e¢sn rack, run-
ning water, end a weter heater &s necessary equipment in
a suitable milk house, They sugrested the following sizes

for the various amounts of milk procduced,

cans produced slze
per cay
4 6' x 716"
6 716" x 10°
8 9! x 12!
10 10'6" x 12¢
12 12' x 12¢
14 12' x 13'8"

LaRock eand Witzelll stated that an important con-

sideration was locsting the milk house for convenience,
.The milk house may be attached to the barn, providing
there is no cdirect opening to the barn. There must be a
pess&ge or a porch between the door to the milk house and
the door to the barn., Locating the milk house ¢losa to
the well 1s sugrested. This locatlion would not be recom=
mended if mechanical cooling 1s to be used, which 1is
necessary when the market regulations require milk to be
cooled to 50°F, in one hour., They recommended a minimum
size of 10' x 12' for single room houses énd 12t x 16" as
minimum for a two room milk house, Strahanl5 sugrested

that the recormended size for fifteen to twenty cow herds

1s 9'8" x 814" and for more than twenty cow herds, 10' x 14°',



A weter heater, a sink, a cooler and a can rack are
nccessary ltems of equipment.

Jennincs? workin~ at Cornell, elso made extensive
studles on the location of milk houses with relation to
the barn., e found that for each three and one half feet
betveen the barn &and the milk house, the dairyman walks
one mile per year Lo straln the milk from each cow. The
followling 1s a summary of the estlimated dlstance to be
traveled per year to straln the milk from a twenty cow
herd.,

If the milk house ist

10' from the barn 60 miles
25! from the barn 150 miles
£§0' from the barn 300 miles
100t from the barn 600 miles

Jennings also made a survey of milk houses to
determine the size and found that one out of eighty milk
houses was too large, while only one in four milk houses
was too small, The equipment necessary to accomplish a
good Job of milk handling was a cooling tank, a wash vat,
a can rack, and hot water., Ventilation was suggested to
eliminate the problem of excessive condensation on cell-
ings end walls, The following room sizes are recommended

for the various levels of production. (See Table 1)
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Table No, 1 !Mllk House Sizes Recommended by Jennings

11k produced per day Floor area per can
(cans) (qu fto)
2 29
4 21
6 18
8 13
10 12
12 11
186 10

Recommended sigze of milk house attached to barn

1’411k produced per day Size Floor area per can

(cans) (sq. rt.)
2 8" x 8¢ 32
4 8' x 10! 20
6 10" x 10! 17
8 10" x 12°¢ 15
10 12' x 12° 14
12 12' x 129 12
16 12' x 14! 11

Recommended size of milk house separate from barn

11k produced per day Sitze Floor area per can
(cans) (sqe ft.)
2 6! x 8! 24
4 g x 10! 20
6 10t x 10! 17
8 10' x 10! 13
10 10* x 12¢ 12
12 10' x 12! 10
16 12" x 12¢ 9

Kruegerlo stated that three operations are neces-
gary to insure a quality product.
l, Production of milk with low bacteria count,
(from clean cows)
2., Handle the milk to prevent outside contame

ination. °
3. Quickly chill the milk to 50 F or lower,

The milk house should not connect directly with

the barn, should be bullt of non-absorbent material,
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should be ventilated and should have window area equivalent
to ten per cent of the floor area, In addition to the
cooling facilities, a wash vat and a cen rack should be
provided. The floor space necessary to operate this equip-

ment 1s shown below,

Cans of milk produced Size
4 7 x 11!
6 9' x 11!¢
8 11' x 11°¢
10 13" x 11t
12 15' x 11t

The milk ordinances in the state are the governing
rules in milk house construction and will regulate the
type of milk house built in the different areas of the
state, Twelve large cities in Michigan have dairy plants
buying milk and have ordinances controlling the production
of this milk, These ordinances have been reviewed and the
sections pertaining to milk house construction summarized

as shown in Table 2.



Table No. 2 !M1lk Ordinance 1

I
I
I

JLING ,
ARE A SIZE AND UTILITY
SFRIG. RACK
LANSING? . WITHIN
194 NO
946 WE HOUR
MICH. MILKZ? ° WITHIN 12" ABOVE
ORD. 1945 NONE HOUR FLOOR
GRANC RAPIDS? 50e
1942 NCNEDI'BTELY
BAY CITY'® ' WITHIN
1940 NON HOUR
”6 20 GAL .
PONTIAC 20-50 " i° IMMED- 12" ABOVE
1945 50-100  |TELY FLOOR
100" | !
ETF‘O‘TTS | ' "
0 1947 10" % | WITHIN | 12" ABOVE
RECOMIE HOUR | FLOOR
23 i
cv-:ug;co Noy WITHIN
. E HCUK
(KALAMAZO0O) !
FED. SECURITY non 0’
AGENGY 1939 NoiareLY
0-15 GA|
22 15-25 " i° WITHIN
ANN ARBOR 7 ° WITHIN | 12" ABOVE
1947 NONE HOUR FLOOR
SAZINAwW 28 50° WELL
1942 NON;MpTLY VENTILA_T__ED
WITHIN ME TAL
BATTLE CREEK NO H‘O 12" agove
UR | Fnox
! ! - ~
JACKSON2° °° 0 !
NYEoiaTELY REQUIRED |
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MATCRTALS AND EQUIPILK

The milk house shown in Figure 2 was constructed
- to 1nvestigate the effects of slze, and the proper arrange-
ment of equipment in a milk house, Cinder blocks were used
for the walls end standard wood construction in the roof.
The cellin; was constructed using two types of insulation.
The north half was covered with three inches of vermiculite
£111 and thes south half insulated with aluminum foll, The
north half of the east wall was filled with the same ver-
miculite insulation as was used 1in the ceililing and the
south half was fllled with cinders to detormine the desir-
ability of insulating masonry walls by filling the cores,
The milk house was built adjJacent to a remodeled
dairy barn on liichigen State College property, one mile
east and one half mile south of the campus, Since cows
were not housed in this barn during the winter, the milk
house could not be used for this study., Fecause of this
fact, four other milk houses, located through the assistence
of fleldmen from Lansing dairies, were used for the studles.,
M1lk house No. 1 wes of cinder block econstruction
with four sides exposed to the weather as shown in Figure 3,
The c¢elling was made of one half inch insuletion board and
the roof was of standard construetion. The milk house was
connected to the barn through a porch. Equipment used
inecluded an electric cooler (6 can), a ten gallon water
heater, and a double wash vat, During the cold days in

Januery and February, a fifteen hundred watt electric space
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heatér was used to prevent freezing, The farm was located
two miles west and one and one half miles north of !'ason,
"ichigan,

¥11k house lio, 2, Figure 4, was located five miles
south west of Lansing, Michlgan., It was bullt of concrete
blocks with three sides exposed to the weather, This milk
house had recently been completed and was not fully equipped.,
The celling wss made of cement asbestos board with no lnsu-
lation, Ventilation was provided through two small venti-
lators in either end of the attiec, A six can electric
cooler was used and the window was lept open during the
tests,

}¥11lk house Xo, 3, Flgure 5, was located two miles
east snd two miles north of Charlotte, ichigen. It 1is
bullt of concrete blocks in one corner of the barn as
shown, The celling consists of cement asbestos board under
the Joists and baled hsy was stored overhcad, A six can
electric cooler wes used, a ten gallon water heater, a
single wash vat, and a small rack for utensils, Several
of the palls were stored on the concrete floor, The outside
walls were constructed of one inch vertical siding on the
outside and one quartser inch cement astestos board on the
inside, Vater was piped to the milk house from the stable.
Two doors were provided through a vestibule to the stable,

¥1lk house No., 4, Figure 6, was located two miles
north and one and one half miles west of Grand Ledge, Michi-

gen, It 1s situated in the south east corner of the barn
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and 1s econnected to the stabla throucrh a vestibule, The
two insids walls wers constructed of studdinz covered on
both sides with cement asbtestos board. The north well
1= masonry twenty=-four inches thick and the west wall 1is
eisht inch cinder blocks, The eeiling 1s nine feet hich
with hay stored overhead. This milk houss was protected
from the wind by a machine shed located twenty feet to
the eest,

A two pen, Brown recording thermometor was used
in mi1lk house Yo, 1. In houses 2, 3, and 4, a Taylor
recording thermometer was used to record outside tempera-
tures and a Foxboro recording thermometer and hygrometer

was usad to record the inside temperatures,

PROCEDURE
Interview with Farmers

Inspection trips were made with dairy plant field
men and other authorities to interview the farmers oper-
ating these milk houses, The emount of equipment used,
the material used in construction, and the location were
studied, The farmers were asked whether their milk houses
wore adequate and their answers were discussed with them,

Survey sheets were prepared and distributed by
these fleldmen to thirty farmesrs who indicated they would
£111 in the sheets and return them, Sixteen of these
forms were returned with the required information. Since
many of the farmers did not keep records of the construc-

tion, they cdid not know how much the milk houses had cost,



Calculations of Iloor Area Requirements

T™e noxt step, after reviewing the literature and
Interviewing farmoers end health suthoritles, was to de-
termine the equlpment necessary to handle, adequately,
the milk and the milke-processing equipment., Cince the
purpose of a milk house 18 to furnish a placa to use
thls equipment, 1t must, obviously, provide ample room
to house and operate 1t,

Calculations of the floor space needod were made
on the following basis, I'loor space for the water heater
end the wash vats was constent for the range of production
we considered, Three standard brands of heaters were
measurad and found to be nearly the same size, Three
standard makes of wash vats were also measured and found
to be essentially the same, The space for the can rack
and the milk cooler varies with the number of cans produced.,
Comparisons were mades on the basis of cans produced rather
than the number of cows milked because of the wide vari-
ation in the production of herds, The floor area allowed
for the cooler was the averege space of eleven manufaetured
coolers, This area represents the space necessary for one
unit to handle the number of cans produced. Vhen two
smaller units are substituted for one large unit, this
space will be somewhat larger, The space allowed for can
racks was determined assuming that cans would be stored in
palrs, one above the other, The work area was determined

as follows: A working space of two feet was allowed in



front of a double wash vatj floor space for setting three
pails and two mllkers was providsd, and four feet was
‘allowed in front of the cooler. 7The total work srea was
then plotted on section paper. The space recorrmended by
farmers was also plotted with the minimum requirements
set up by the milk ordinances,

A conference was held with Bookhout to determine
the time spent in the milk house from time studles made
on ten lichlgan dairy farms, Irom his data, the distance
between the barn and the milk house, and the time spent
in the mllk house daily, were determined and plotted.
Figure 13.

Investigation of I'i1lk Eouse Room Temperatures

During the winter of 1947-43, temperature measure-
ments were made In the four milk houses deseribed under
"UATCRIALS AND EQUIPMINT", In milk house No. 1, a two pen
Brown recording thermometer was used to record the inside
and outside temperature, The milk house was operated
normally and the thermometer was placed so that it would
not be disturbed by the operator, The outside bulb was
located on the north side of the building vhere it would
be protected from the sun during the day. The inside bulb
was placed approximately elight inches from the ceiling.
This recorded the room temperature and was not affected
by the cold layer of eir next to the walls, Vhen the out=-

side temperature was predicted to go below 0°F. a 1500-watt
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electric space heater was used to try to prevent the
water from freezing, Ths farmer using this m!lk house
performed all of the mllklng operations used in the fast
milking procedure,

In milk house No, 2, the outside temperature was
recorded by a Taylor recording thermometer located on the
east slde of the barn close to the eave of the milk house,
The sun shone on this thermometer during the late morning
but there were only three or four days vhoen the sun was
out during that time., This milk house had just been com=-
pleted and the cooler was the only equipment used,

111k house No, 3 was located in the southeast corner
of the barn close to the steble, The same two thermometers
as used in No. 2 were used in this installation., The out=-
side bulb was suspended approximately ten inches from the
south wall, It was notlced that when the sun came out, the
temperature rose unusually hich and we found that there was
a considerable amount of radlation coming from the barn
wall, so a shade was made to cover the bulb, The resulting
temperature would be similar to the outside temperature
recorded in the other locatlons,

¥11lk house Mo, 4 was also located In the southeast
corner of the barn, The inside thermometer was placed on
the west half of the water cooler, which was not being‘used
in the winter, The outside thermometer was suspended from
the barn wall on the south side of the barn. The readings

were made in this location iIn lMarch and April when the



outside temperatures variad considerably between daytime
end night time,

The temperatures recorded on th2 sheats were
replotted on regular proflle cross-section psper, The
averare temperatures were calculated by measuring the area
under the curve and éividing thls erea by the length of

time represented on the abscissa,

RISULTS OF TH: STUDY
Equlpment Recommended

The interviews and fleld investigations revealed
three main operatlions that fleldmen and inspectors watched
for, and which occur at each milking and have proved
essential to the production of high quality milk, These
operations are: (1) cooling and storing milk, (2) cleening
and sterilizing equipment, and (3) storing equipment
between milkings,

To accomplish these operations most effectively,
four 1tems of equipment must be included in the milk house:
nemely, a mllk cooler, a water heater, & double wash vat,
end a8 can rack,

A milk cooler 1s very important in marketing milk
of low bacteria count, In order to be safe for storage,
milk should be cooled to 50°F, within one hour after it
has been taken from the cowl. Above 50°P,, bacteria will
multiply very rapidly but, by cooling the milk, the rapild
growth of bacterla can be prevented, Cooling 1s accom-

plished most effectively by mechanical coolers, Figure 7.
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Figure 7. Standard Milk Cooler For Iarm Milk Cooling.

Figure 8., Combination Vater And Space lieater I'or Use
In '1lk liouses,
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In some areas in northzrn MNichlrcan, the tempereture of

the ground weter 1s low enourh that effective cooling may
be obtained by continuelly running water throu~h a concrete
cooling tenk, This 1s not recomrended by milk ssnitarilans,
in generel, because of the temperature of the weter, It

1s difficult to ccol milk effectively with water vwhich 1is
50°F., !ost milk plants encourage the use of electric
coolers end feel they will beneflt the farmer by allowing
him to market a higher quality milk. Floor area require-
ments are caelculated with the assumption that mechanical
coolers will be used,

The milk ordinances for tho state indicated that
mechanical cooling was not required at that time, It was
found that the farmers using electric cooling generally
marketed & higher quality product, Individual dairiles
throughout the stete were recommending mechanical cooling
and had as hich as 607 of thelr producers operating with
this equipment, Lallock and Witzel state that where city
ordinances require that milk be eooled to 50°F, or less,
immedlately, i1ce or mechanical refrigeration must be used,

A water heater should be included in the equipment
of all milk houses, On some farms, hot water 1s carried
from ithe house to the milk house at milking time but when
this practice 1s followed, the water is ususlly too cold
to accomplish its purpose in the milk house, There are
two types of water heaters aveilable for use, depending

on the water supply. Vhen water under pressure 1s available
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in the milk house, the pressurs water heater can be used
and will furnish a good supply of hot water automaticelly.
However, & non-pressure weter systsm must be used in most
milk houses because water under pressure is not available,
“1th this type of heater, the amount of hot water to be
used at one time 1s 1limited and, in many cases, will not
be sufficlient to effectively clean the necessary milking
utensils, Flgure 8 shows a non-pressure water heater,
This particular one i1s an eighteen gallon unit and will
usually be sufficient for the size of milk houses considered.
This heater also has an additional feature in ghat it can be
used to spaecs heat the milk house in cold weather, Some of
the houses not attached to the barn, are too cold for effec-
tive use during the winter. By supplylng some heat, they
can be made functional the year around. Vith this heater,
winter opcration of the milk housse will not be curtailed
because it is constructed so that there is an alr chamber
around the flue gas chamber, and, for winter operation,
alr 18 allowed to circulate in the air chamber, is heated,
and blown out into the room with a small fan,

Jensen found that good hot water with the addition
of an epproved wetting type cleaner 1s necessary for clean-
ing dairy equipment, A supply of hot water is always
required to clean the utensils, In six of the milk ordin-
ances In the state, 1t 1s necessary to have the water heater
in the milk house, a fact which would make it possible to

heat the milk house with the same equipment,
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Yash vats are necesssary to effectively use the hot
water provided. All of the utensils and pails should be
washed in hot water, to whlch a good clesner has been added,
and then rinsed in a disinfectant solution. For effective
cleaning, a double wash vat should be provided., In this
way, the equipment can be washed clean in one vat and
immedlately transferred to the rinse vat to be sterilized
and rinsed, Some farmers were using the practice of set-
ting the palls and other milk contalners on the floor and
rinsing them., Although the floor of the m'lkhouse should
be washed clean at all times, it cannot be free of bacteria
and dirt becausse thc operator will be continuslly walking
in and out with the milk. TFigure 10 illustrates an inexpens-
ive double wash vat which will be adequgte for propser clean=
ing operations in the milk house,

Vhen the palls and utensils have been cleaned and
sterilized, space must be provided to store them so that
they will rcmain sterile until the next milking., Storage
of mllking utensils varied eonsiderably. Some farmers
believe 1t 1s the duty of the housewife to do the wasi:ing
so that all of the equipmiunt 1s carried to the hoise to be
washed with the dishes, and stored in the kitchen between
milkings, Other farmers will wash their equlpment and
store 1t in the barn where it becomes dirty and unsenitary,
and still other farmers store equipment outside on racks
end expect them to be clean enouch to procduce a high quality

milk, As a result of visits to the various farms, it was



Firure 9, Can And Utensil Rack For 'se In I"ilk louses,

Figure 10, Double 'ash Vats Tor .‘ashing And Sterilizing
¥1lk andling Utensils,.



found that can racks were nocessary to keep the palls end

utensils clean and sanltary between milkings., There are

many different types of cen racks avellable and the only

requirement 1s that the bottom rack be at least twelve

inches from the floor. Flgure 9 shows the type used in

many milk housses, It 1s & portable unit wnich can be

moved about easlly and can be moved outside into the sun-

shine to clean, Other types casn be secured to the wall,

in which case, they casnnot be moved end, if care 1s not

taken, the fasteners mey pull loose 1f not properly designed.
These 1tems of equipment are important to the market-

ing of clean milk but even when all these are provided 1in

a milk house, the operator cannot be assured of the highsst

quallity milk. Tnis equipment will maks the chore easler

and help to encourage the procduction of clean milk but the

farmer still has to do his part. His habits and practices

will have a blg effect on tiie quallty of milk marksted.

Floor Area Requiremsnts

The most wvarlable requirement for m'lk house con=-
struction is ths floor erea required., Jenningsg found
that the floor area per can necessary to provide adequate
space varled inversely as the number of cans produced and
varied somewhat according to the location of the milk house.
T.1th milk houses attached to the barn, he recommends a
larger floor erea than when the milk house 1s separate from

the barn,



11
Lafiock and Vitzel recommended a 10! x 12' milk.

house as a minimum size for the averege farm. This also
was considered as a minimum by various city mllk ordinances.

The calculated floor area for the milk house equip-
ment is shown on Figure 11, The space required for the
water heater and the wash vats 18 constant for the range
of procuction considered. The space required for the can
rack will vary directly with the number of cans produced
and space should be provided for the maximum daily produc-
tion anticipated, The can rack provides the necessary
facilities for keeping the milk casns clean after they
return from the dalry plant. Thls rack should be constructed
so that the other utensilas used in the milking and cleaning
operations may be kept clean,

The space necessary for the milk cooler will also
vary directly according to the number of cans of milk pro-
duced, This area was calculated on the assumption that
.only one unit would be used to cool the daily supply of
milk, The curve does not start at the origin of the chart
because tl.e space necessary for the compressor and motor
would be constant for any type of cooler, VThen two units
are to be used to cool the milk, the cooler space will be
larger by the amount of space needed for the refrigeration
unit,

Figure 12 indicates the floor area required to
provide space for equipment and for operation of the equip-

ment, Curve number 1 shows the work area necessary to
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operate the equipment previously described, Curve number

2 shows the total ceeclculated floor area, and the difference
between curves number 1 and 2 represents the floor srea
required by the equiprent, The srea required by the milk
ordinances 1s a straizsht line, curve number 3, and the size
varies as the number of cans produced, Nany of the ordin-
ances do not stete & definite slze except that the floor
gpace should be edsquate, The farmers, in general, indi-
cated that thelr milk house wes adequats, As will be
noticed on the grsph, the minimum sizes sugcested were not
consistent but the average of these suggestions 1s similar
to the minimum sizes required by the milk ordinances. This
total area 1s somewliat higher than the celculated area
because the general opinion 1s that it 1s better to have

8 found that one

too much room than not enough., Jennings

out of four milk houses wes too smell, while only one of

elghty milk houses was too large, A farmer should antlici-

pate his maximum production and build his milk house

accordingly, but the milk house should not be so large

that there will be space for the accumulation of trash,.
then a two room milk house, as recommended by

? 13 used, the

LeEock and Vitzelll anéd by Belton end Long
floor space will be larger, Kowever, the MNichigan study
was made on milk houses for herds produclng less than
sixteen cans of milk dally and a single room milk house
i1s adequate under these conditions., The storage of other

farm products, such as eggs, vegetables, etc., is not
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recommencded in a milk house of any size and was not
conslidered in this study. Frozen food lockcrs should

be located some other place on the farm,

Location of X¥1lk House Kelative to Barn

Bookhout'!s studies show that the amount of work
done In the milk house varied considerably. Tnhe time
spent in the milk house, dally, varied from 5.2 minutes
to 50,47 minutes, The farm operetors studied were milking
herds of various sigzes but there was only slight correla-
tion between the number of cows milked and the time spent
in the milk house, This seemed to indicate that there
mist be some other reason for not using the milk house for
a larpger proportion of the milking operations.

A curve was plotted to show the relastion between
the distance from the stable to the milk house and the
minutes spent in the milk house, Figure 13. Tals shows
that the closer the milk house 18 to the barn, the more
times it was used during the daye. Individual farms were
studied to determine the operations performed in the milk
house end 1t was found that the farmer whose milk house
was located conveniently to the stable performed more
operations in his milk house. The farmer who built his
milk house some distasnce from the barn found it more
convenient to perform some operations in other buildings
on the farm, which resulted in edditional time and travel

in doing the chores,
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The wilde varlation in the milklng procedures used
also affected the time spent in the milk house and the time
required to milk ths cows, The farmer represented by
point A (Figure 13), attached his milk house to the side
of the barn but was not using the available facllities,

His utensils were carried to the kitchen to be washed and
the milk house was used merely as a shelter for the cooler,
The farmer represented by point B was also unusual, On
this farm, thé milk was taken to the milk house and the
utensils to the house for washing end sterilizing. The
farmer then returned to the milk house and eocoled the milk
with a small portable cooling unit that had to be changed

from one can to the other until the milk cooled,

Relation Between Temperature esnd Location

As previously mentioned, some mllk houses are used
during the c¢old winter months only for coolings milk, This
means that although a farmer builds a milk house according
to the requirements and equips i1t satisfactorily, Lhe can
not make the best use of his milk house the year around,
One solution to this problem would be to supply edditional
heat with a space he&ter or to locate the milk house to
take advantage of any source of heat availlable, Insulation
will reduce the loss of heat produced by motors and water
heaters operating in the milk house,

Contlinuous temperature readings were made on three
different types of milk houses (1) with four sides exposed

to the weather, (2) three sides exposed to the weather,



and (3) two sides exposed to the weather, Tigures 5 and
6 are plens of tho two milk houses studied with two sides
exposed to the weather, These milk houses were built in
the corner of the barns and were protected by other nearby
buildings and trees, Figure 4 shows the milk house with
three sides exposed, Thils milk house was located on the
northeast corner of the barn and was not as well protected
as the other three bulldings. Figure 3 1s the unit with
four sldes exposed to the weather but, being located on the
south-east corner of the barn, was protected from the cold
north-west winds, During all this investigation, the pre-
valling winds, a&s recorded by the Lansing Weather Bureau,
were from the north-west,

The findings of this study were summarized in Table
3. During this time, we were more intsrested in the low
inside temperature than in the high temperatures because
the lower temperatures would restrict the use which eould
be made of the milk house, The average inside minimum
temperature in houses number 3 and 4 were very eclose to
the freezing point. Although the outside temperature was
below SBOF, the largest percentage of the time, the 1inside
temperature did not fall below 32°F more than 61,67 and
537 of the time, respectively. These houses were not losing
a8 much heat as houses 1 end 2 and were receiving addition-
al heat from the stable., In milk house number 4, 86.8%7 of
the days had outside temperatures below freezing, while

547 of the days had inside temperatures below freezing.
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The averege dslly minimum tempereture in houces 3 and 4
was 32°F &nd 33,1°F respectively. In milk houss number
4, the terperaturs might have been kept above freezing
at all times by the heat rlven off by a mechanical mllk
cooler, In milk house number 3, a liyht bulb esttached
to the water pipe prevented freezing in the pipes, even
though water left on the floor would occaslionally freeze,

In house number 1, the ratio of the days with
freezing temperatures outside and the days with freezing
temperatures 1nside 1s larger, The average minimum inside
tomperature was approximately five degrees higher than
the average minimum inside tempsrature of houses 3 and 4,
This was the result of using a 1500 watt heater during
the days when the outside temperature was low, It is
significant that although the outside temperatﬁres wore
lower with houses 3 and 4, the inside conditions were
very much better and with very little expense or equip-
ment, could be made satisfactory during the entire winter
season, The mean dally temperature difference was essen-
tially the same except for house number 3, the last milk
house in which readings were taken, at which time there
was wide varlation between the daytime and night time
tempoeratures.

These figures show that, with four sides exposed
to the weather, it 1is difficult to maintain sdequate
inside temperatures without the use of some type of space

heater, V1th one or two sides common to the barn, the
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heat ordinsrlly lost 1s saved and, in addition, heat
mey be galned from the barn throuch the common walls,
In house number 3, 1t was possible to prevent the water
pipes from freezing by attachinz a &0 watt 1licht bﬁlb
to the watsr pipe coming into the milk house.

In houses number 3 snd 4, the room tempersature
went up very definitely whenever the milk cooler came
on and ths tamperature remained hisher than normal for
as long as three hours efter the cooler ceased to operate,
In house nunber 1, the temperature ralsed an average of
five degrees whenever the cooler came on but 1t returned
to normel within two hours after the cooler stopped., Ths
terpersture curve for house number 2, with one side common
to the barn, was similar to that of house number 3, This
indicates that satisfactory temperatures could be main-
talned if the milk house were attached to the barn in

some way, and a small smount of eadditionel heat supplied.

‘DISCUSSION OF PIYSICAL CHARACTIRTETICS
Size of the M1ilk lousse
The recommended sige for a lichigan }Milk House is
shown in the followinz table,

no, of cans dimensions area per can

per day insjide 8q. ft.
2 8! x 10! 40
4 9' x 10! 22
6 10* x 10° 17
8 10 x 12t 15
10 10' x 14! 14
12 12' x 12¢ 12
14 12' x 14! 12
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The 1nside dimensions ere used in these recormen-
dations to eliminate the varlation 1n floor arca cazused by
the éiffcreant materlels used 1n construction. These are
minimunm dimenslions and shiould be considered as such,
Frozen food lockers &nd othor food etorare should not be

planned in the milk house,

Locatlion of the !'11k EKouse

On the basls of the results of this study, the
opﬁimum locacion is in the corner of the barn. This will
decrease the cost of construction when the milk house 1is
being added to the present barn. In new construction, the
milk house should be attached to the barn wall as close to
the milking herd as possible, but there should not be a
direct entrance to the stable, The entrance should be
through a vestibule provided with two self-closing doors,
i1f possible, or under a porch roof which may connect the
stable entrence to the mllk house entrance,

Vhen the milk house 1s located iIn the barn, the
walls must be &ir tight and the sams entrance precautions
must be observed, The mllk house should be located on the
side farthest from the cattle yards, 1f possible, and in
no cases within fifty feet of & masnure pile or other source
of contemination., This location will usually be on the side
of the bern nearest the drive, snd will facilitate loading
the milk on the truck,

Figure 14 1llustrates the recommended locetions for

sultable milk houses,
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J 1

LOCATIONS
INSIDE OF BARN

P T3

PORCH TYPE MILKHOUSE

S
. Lh
VESTIBULE TYPE

MILKHOUSE

Figure 1l4. Recommended Loecations For Milk Houses In
Michigan.
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Func tional lIquipment Recommenced
The following equlpment is necessary to produce a

high quality milk for market,

Cooling equlpnent

l'echanical cooling 1s recommendsd to insure adequate
cooling in all weather conditions, Capacity enough for
both morning and evening milk should be provided., The cool-
er should be located near the door to the loading platfornm,
to eliminate unnecessary travel between the cooler and the
truck,

In areas where water temperatures are below 50°F.
at the milk house, insulated cooling tanks may be used but,
because of the time required, the farmer living at the
beginning of the milk route will find it difficult to cool
the milk to 50°F, before 1t is picked up.

V.ater heaters

Some type of water heater should be provided in the
milk house, Vhen the milk house is located in the barn or
attached to the barn, electric heaters are recommended to
eliminate the fire hazard, Vater under pressure is desir-
able in the milk house, in which case automatic water
heaters should be used, Vvhen water must be carried 1in, an
elghteen or twenty gallon gravity flow water heater 1s sug-
gested, vhen water under pressure is available, a thirty
gallon water heater 1s recommended, For milk houses connec-

ted to the barn by a vestibule, gas eand fuel o1l heaters
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are avallable. These must be approved by the Underwriters
Laboratories, and the installation should be carefully

inspected to be approved by insurance companies,

Can and utensll racks
Provision should be made for storage of all mllk
cans and all equlpment used in the milk ::andllinz process,
These can best be mace of galvanized iron plpe and elther
welded or assembled with fittinss. The bottom shelf should

be at least twelve inches from the floor,

Vash vats
A double wash vat should be provided close to the
water heater, These two itesms of equipment should be
located on the warmest side of the milk house to decrease

the danger of freezlng during the winter monthls,

Space heaters
Yhenever the milk house 18 too cold to be used during
the winter season, some type of space heater should be used,
For milk houses attached to the barn, a smasll electric heat-
er will be sufficiant. In other installations, where more
heat 18 required, gas or fuel 01l heaters will be less expen-
sive,.  Coal and wood heaters are not recommended because of

the dirt which usually accompanies this type of heat,

Construction Detalls Recommended
Vaterials

The milk house mey be constructed of any type of
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material evallable., The interior finish must be smooth

end easy to clean., +vhen frame constructlon 1s used,
(ficure 15) the insids should ts plastercd and palnted
with white water repellent paint, Vhen masonry construc-
tion 1s used, (figure 16) the inside surface may be painted

with two coats of water proof Portland cement paint,

Floors
Floors must be impervious to water and preferably
made of concrete, They should be sloped one quarter of an
inch per foot to the drain, which should be located under
the wash vats, At the point where the wall Joins the floor,
a concrete cove should be made as shown in figure 17, This
will facilitste cleaning and prevent water from standing in
the corner. It can be formed easily with a milk bottle as

shovwne

Insulation

V.hen frame construction 18 used, the walls should be
insulated with two inches of cormercial insulation, or
filled with dry wood shavings. The inside surface of this
wall should be painted with a primer coat of two applica-
tions of aluminum paint before the water repellent paint 1is
applied,

"hen masonry construction 1s used, cinder blocks are
recormended above grade, ‘hen additionsl insulation 1is
necessary, furring strips may be attached to the wall and

rigid insulation fastened to these strips, Vith this type



Figure 17. Construction Of The Cove Between The "alls And
Floors Of 111k louses,
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of construction, the plaster should be applied to the

surface of the infculetion and finlished as nentioned above,
Under all conditions, thoe celling should be insu-

lated with three or four inches of commercial insulation

or wood shavin:s,

Ventilation
A ventilation duct, at least ons hundred inches in
cross-sectional area, should extend from the ceilinz to a
ventilator in the roof., This should bs fitted with a
damper to econtrol the flow of alr vhen the temperatﬁre is
extremely high or extromely low, Louvres should be pro=-
vided in the attlic to ventlilate the space above the insula=

tion, snd should be screened to ksep out birds,

Viindows
vindow area equivalent to 107 of the floor area
should be provided and screens for these windows are

required during the fly season,

Doors

Glazed doors are recommended wherever possible to
eliminate accidents when more than one person 1s using the
milk house, During the fly season, screen doors which
will swinc outward, must be provided, A removable psnel
built of wood should be installed es shown on fipure 2,
Tis allows coolers to be taken through the door without
having to remove masonry sections, The panel should be on

the latch side of the door frame so that the door will be



hin~ed from the =0l1ld framz btolted to the masonry wall,

C DNCLUCSTIONS
On the baslis of the work done and reported in

this thesis, 1t may be concluded that:

l. A milk house should provide:

a, A place to handle and c¢ool milk between the time
it comes from the cow &n< the time 1t is plcked
up by the milk plent,

b, A place to wash and assenble utensils used in
the milking process,

6es A place to store sterilized equipmcnt between
milkinzs,

2. The milk house locations shown in figure 14 will be
approved by the tvelve major milk markets in iichigan
end will be conducive to efficicnt operation. One
eity, however, will not allow the milk house to be
attached to the barn except by a vestibule,

3« Type A milk house, figure 18, may be used where there
18 no room available in the barn for a milk house, It
18 economlcal to construct and, with a small amount of
additlional heat, may be used the year around,

4, .Type R milk house, figure 19, will meet the require-
ments of the milk ordinance end, with a small emount
of additionsl heat, will be functional the year around.

5. Type C milk house, figure 22, knovn as the vestibule
type, will be approved by all of the mllk ordinance

Inspectors, It is preferred by certsin inspectors,
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Figure 20, Flevation Of A Type "A" I'1lk Jouse,

Figure 21. Elevat'cn O A Type "o™ ¥11k House,
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Faving four sides exposed to tha weather, this milk
house will usually be too cold durin- the winter
scason and must be Insuletzd or heated to meke it
functional for twelve months per year,

6s Type D milk house, flgure 24, represents the best
location for & farm milk house, It i1s economical to
construct and, with a small emount of heat, will be
sufficicntly warm for twelve months each year., Vhen
gufficient room 1s avallacle in the barn, end when
properly constructed, this typs of milk house 1s
recomnended and will be approved by all except one of

the ma jor milk markets,

PRODLZEYS RILCOIT LIDLD FOR FURTHIR STUDY

l., Zxtend the temperature stucies for both summer and
winter operation,

2, Study the types of heaters avallstle for milk house
space heating.,

3s TIetermine ths most adaptable materials available for
use 1n m!lk houses, Investigate the possibilities of

applying insulation for the conservation of heat.
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PELFACY T BIBLIOGRAPHY

l'ost of the references on tils subject are from
magazine articles and Statse bulletins, Milk houses have
been used for large herds, but small milk producers have
handled milix under the most unsanltary conditions,

In the last three years, milk compsnies and milk
inspeectors have stressed the importence of handling and
storing milk in an epproved milk house,

This 1ist was cowplled from books in the ¥ichigan
State College Library end from megazine articles listed
in The Agricultural Index from 1925 through April, 1947,
o8t of the iInformation on the subject has been published
in magezine srticles included in the 1list.,

The references &re listed in ths dictionary cata-
1ogue'form, simllar to thaet used in the Journal of Agri-

cultural Research,
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