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IBTRODUCPION

Milk la nan* a noat important food. It la tho flrat food glton

to ti« noto-tom babe. It atrongthana tho growing ohlld, the youth, and

the adult. It la the perfeot food for tho InTalld and the a gad.

The produetlon and marketing of milk and Its produets la one

of dmerlo«*8 largest induatriea. Tho pooflt of tho United Stetoo eonaumo

nearly aim billion gallons of milk annually aa fluid milk, beaidoa tho

millions of gallons which ̂  Into butter, oheese, loe cream, ete.

Milk, aa It leatoa a nomal healthy oow la praotloally free

from baeterla. It Is free from the pathogenlo, or dlaeaao*oaualng typo.

XnmsdiatOly after the milk is drawn froa the eew it begiiu to absorb

baeterla from the air and from the surfaoe of the oontalners In whloh

It la handled.

All spoilage of food, as it is known, is oauMd by the aotlon

of minute organlmos(baeterla). Their harmful offset is from three soureea.

Flrat, they oonsume the valuable food elemsnta to nourish t eir own bodies.

Seeond, their exeretlon of waste matter ereatea ohemloal ehanges In tho

preduet, reduoing Its food walue and oreating bad tastes and odors. Third,

the life epan of tho organisms la short and thoir dead bodies ereato ohemleal

texlna that are Injurloua to human beings.

Slnoe warm milk la nearly an Ideal medium for the propagation

of baeterla. of owrtaln typos, they grow Tsry rapidly in It. The rate

at tdiloh these baeterla imiltlply warlee aa to the temperature of milk.
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At a Imr tanpwratura Isttvean 40 and £0* F« th« baeterla IweoiM i^aotioally

imvt, Inxb aa tt» tanparatura riaaa abava SO^ F* tha miltiplloation bagina*

Freeslttgf also has a haznaful affaet on jsilk* It oauaea a aaparatlon of tha

aollAa and the inreolpatlon of a part of tha protein and ailneral oonatituenta*

Freeslng my also raduaa tha oraoa line and thua glya tha milk a mtery

appaaranoac

Many faotora^ <K»noernlng nllk ooollng will be diaousaed latar

in thla thasla. Among t^am are^ tina requirad to eool^ matariala uaad for

ooolingji tamperaturOj^ baaterla^ qiiallty of milk, ooat^ and others*

Baqperimental data are glTsn on tha different devloea uaad in

ooollng milk* 7he ii^portant ayataaui attidlad arOj. tha Frlgldalra^ tha

Daniels cooler« and tha heim mada box* These syatema oool milk by tha

dlreot Immersion method* Tha results^ measured by the effielenoy and

ooat are eomparad with other types of oeolers, suoh aa the tybular and the

oonloal types, T^loh oool milk by aarlatlon*

By the direot immersion method, ma mean ooollng milk by

placing the cans dlreotly in mater, or some other ooollng madia, suoh

aa brine, and allowing It to oool* Either ten or five gallon eana may

be uaad, and in a fav aaaaa tha bottles have been oooled by this method*

By the aerlation method, we mean allowing the milk to flow aver a cooler,

(either oonloal or tubular) and thus oool aa It is being exposed to tha

air* The dlreot imaeralon and tha aerlation nathoda are oemparad aa to

tha quality of milk, judged by the flavor and tha number of baoterla
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fh« Inaulation of different oaterlale are oompared, and

the praotleal e&lue of eaeh|) aa neaaured by tine and temperature la glTen#

The materiala atudied are air, aharinga^ and ̂ ouod earn ooba«

Special attention ia glean the home made type of eabinat^

vith the Idea of finding ahether it will be praetieal or eeeneadoaX^ aa

een^?ared wilii the popular oesmereial aaehinea*
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DBPINITIOK OP TESm

Tank* A ooollzig boot* XI; my be made of oonorete ox" other mt«riaXc

Xf mde of oonet^ete they are usually built partly in the ground ant

thmrefore^ not nxwrable* (jesBoeroial tanks are generally oork insulated

netal boms and are easily mivd* These are sailed eabinets*

l^boler* it may be either tl» tank or the oablnet* The tank and the

eabinet are referred to as the set type of soolers* The net type eeolsrs

are filled with eater* The eans of Bdlk are Issnersed direotly In this

mter* This preoess of »llk cooling is teraed "Direct Ismerslon"*

Storaas Boac* The dry type of Cooler* 1»»n milk is oooled over the

aerator it mat be stored in a dry type of cooler or in the "storage box"

to keep it cold* The air in the storage booe is oooled either by the

cooling coils which are exposed to the air of the dry box or by the

brine tank, in which ease, the cooling coils are leoal^ed in the brine

tank*

Double Tra-nefer* Ihen a brine tank is used in the storage box, the heat

is removed in two iteps* The }Mat is first iibsorbed from the wanner air

by the brine, and from the larine by the cooling coils* This is oalled

double toansfer* A double transfer of hoat takes plaee in a wet type

of eoolor if a brine tank is used to cool tho vator*

British TherBal Dnit* Tho unit of quantity of heat is the British thenaal

unit, which is gensrally abbreviated and written "B«t,u*". One B*t*u* is

the amount heat neeeseary te raise the tempsrature of one pound of

mter one degree fahrenheit* Per example, the heat required to ehange

one pound of water at 32® P. (freosing point) to 212® P. (boiling point)

is 180 B*t*u* To change one pound of loe at 32® F* to one pound of water
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at S8 F«* 144 waat b« auppliad* ^onvarsaly It raqalras tht

•xtraetion of 144 B*t«it. from one pound of mater at 82 F to freeze it

into ioe at the eame temperature*

Kilomatt-hour* (K edi) The moat commonly uaed unit of aleetrleal energy*

One ]dLllowatt*hour ia equiralent to 3415 B*t*u*

Speoifio heat* The amount of heat| expreaaed in B*t*u** required to

raiae or lower the temperature of a pound of the aubatanoe one degree*

The apeoifie heat of water ia one* The reason that the heat required

to raiae one pound of water one degree F* ia taken as tlie unit* ia

beoauae water ia one of the moat difficult of all aubatancea to heat*

Praotioally all other aubatanoea requirw leaa heat to raiae to a unit

quantity 1 f* For example, the heat neoaaaary to raiae one pound of

iron 1®F* ia only 1 x 0*118 x 1 or *113 B*t*u* In other worda, adiile

it takea one B*t*u* to raiae one pound of water one degree F*, it only
takea *113 B*t.u. to raiae one pound of iron one degree F* The apeoifie

heat of a aubatanee, therefore, ia ita ability or oapaeity, oompared with

water to absorb heat*
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W>tT aa a Cooling Agent«

(atar, parhapa la tha aoit aoman iillk cooling agant. It kaa
boon uaad for thla purpoaa for oanturlaa. than a can of nr> nilk li
piaaad in cold aatar tba haat pasaoa into tha i«tar until tha tanparatnra
of tha too i. ahoirt tha aama. According to OoBblad), tho final tanpara-
turo of both ailk and «tar dapand. largaly upon tha ralatlTa aolaaa and
tha initial taopar.tura of aaah. If a tan gallon can of ailk at a taipora.
tura of 860 P. ia piaaad in a aaoling tank containing 30 gallona of aatar
at 370 p., tha final taaparatura of both will ba about 600 p. It i,
aaidant, tharafora, that in oooling ailk with aatar alona to baloa 60° P..
it la naoaiaary to baaa a large toIibo of aatar oaaparad ta that of ailk.

■han a .ub.t«.aa i. .aid ta ooal, it glraa up if haat ta tha
ourrounding a.diua. If thi. aadiu. i, a poor aonduatar af haat. auah
a. air. tha rata of aaoling aill b. axtraaaly aloa. Aooarding f John.(2)
a can of aara ailk plaoad in a rafrigarafr ahara tha air i. baloa fraaaing.
r„uira. approxiaataly taalxa hour, to aool to baloa 60° P. Conaaquantly
tha attaapf f oool ailk in anoa bank, or axpo.ad ta outdoor taaparatura.
in aintar ara narar aatiafaafry. Watar. an tha athar hand, ia a good
aonduatar. and nill ...1 dn..„ tha ailk oTar f anty tlaaa aa faat aa cold

•«»§ tsmperaturc*

Aooarding to Trout. (6) tha aaat gonaral p«,otiaa of oooling
Idlh in Michigan i. by placing tha aana of ailk in a tank of .old aatar.
Ba atataa that for affiaiant coaling by thla aathod. at laaat alx or
aaran gallona af natar at a taaparatura of 48° - 60° P.. ara raquirad
for aaoh gallon of nilk aoolad. A oartain Maount of tina ia raouirad
2 • 3 s 4
3.4s7
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as well* As a general rule, from 30 to 60 minutes, depending upon the

amount of stirring, are required vith this method to reduee the temperature

of the milk to a safe tenprature for storage, and transportation to market.

The time element in the tank method of oooling is a problem on

some farms located at the beginning of the hauling route, shere the milk

hauler begins early in the morning to gather his load, frequently in

such looations, the morning's milk is either unoooled, or insufficiently

cooled} and it often arrives at the receiving station at a hi|^ temperature,

or is in an off-flavored condition and is, therefore rejected.

The surfaoe cooler is a quick method of reducing the milk's

temperature. Where the milk house and cooler are located neeur the stables,

and each ccv's milk is immediately placed in the cooler, practically all

of the milk is cooled idien the milking is completed, ^he time element

is thereby reduced to a minimum.

The question has been raised repeatedly as to the water require

ments of a surface type cooler. Water with a pressure must be used wiWh

this method of cooling, 'o deteimine the water requirements of a surface

cooler, tests were made at the Michigan Experiment Station^*) on five

different coolers. Ten gallons of siilk were cooled in each test over

each cooler, A water meter was attached so that the amount of water,

used by each type of cooler, could be determined acciurately. The

results of the waterrequirements of the different coolers are presented

in Table 1,

An examination of Table 1 shows that, of the five coolers

used, three yielded a milk with a final temperature below 60® F, These

three coolers were numbers 2, 4, and 6} the spiral tubular, the large
4.4:7 ~~
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horisontal tube open* and the small horlsontal tube closed* The average

water requirement per gallon of milk necessary to secure a temperatiare

of 60° F** was 7*1 gallons* In these three systems the counter flow

water system is used* and the water entering under pressure at the bottom

and passing out at the top of the oooler* idiile the milk flows by gravity

down over the surface* The milk* on leaving the cooler oomes in contact

with the coldest water* In the other two systems the oounter flow

system is not in use* and consequently* a low temperature of cooling

could not be obtained*

A milk cooling experiment was conducted in 1929 by Fries*

Kurd and CopeonC^), at the Oregon State Experiment Station* The purpose
of the experiment was to find just sdmt results could be obtained when

using mechanical refrigeration. They found that milk at 95® F* could

be cooled to 59° F* in one hour, idien the cans were kept in still

water (55° - 46® F*)* and to 46® F* in one hour sdien the water was

circulated around the cans* They also found that when the milk was

pre-cooled by a tubular* tap-water cooler to 66® F, before being placed

in refrigerated water* it cooled to 45® F* in one hour adien the cooling

water was circulated and to 55° F. when the water was not circulated*

Mioholas(®) shows* from his work on milk cooling* that with
the same water to milk ratio* milk cools more rapidly with agitation

of the cooling water. With a water to milk ratio of 7, when three ten

gallon cans are cooled* it requires 45 minutes to reach 50® F* with

agitation of 1 hour and SO minutes* or twice as long to reach the same

temperature without agitation. He summarises his work as followst "(a)

A large water to milk ratio is of prime importanoe for rapid cooling of
5.5:11-20
6.6:35
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nilkf. h«ne« a large tank or cabinet for eooling eeTeral oane ie deeirablet ?

(b) Low Temperature cooling, while requiring more kiloeatt houre, ia ^ i

eaential for low temperature of milk} (e) agitation of the water it

adTantageoua if the water milk ratio ia not leia than 10 for 40* F.| and

8 for 36® F| and 6 for 88® F« cooling water, provided no iee exiete on

the cooling coilei and (d) if milk ia to be cooled to only 60® f,, the %Wi?l
cooling water ahould not be lese than 40® F«" This mean* that heat ^

leakage and, consequently, power oonsumption will be low, henee more
-• j »

milk can be eooled per kilowatt hour than when low temperatures are

required. . '
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Tabl« I, AMOOTT OF IttTER REQITIHBD BY VARIOUS SURFACE TYFB COOLERS
TO BRING ABOUT DEFIHITB COOUNG.

Distin- Initial Initial Gallons Gallons Final Gallons oi
Mo. S^^Bhing Water Uilk of of Tempera Water per

Charaoter- Tenpera- Tempera Milk Water ture of Gallon of
iatie8 ture ture Milk Milk

Conleal 58 93 10 60 65 6 t 1
1* straight 58 93 10 16 64 l.Si 1

8ld8d 58 93 10 57.9 76 3.791 1

Spiral 52 98 10 85 58 8.6 t 1
tubular 52 93 10 50 59 6 t 1

52 98 10 28 62 2.8 t 1

Su1»Berg«d 52 93 10 200 68 20 t 1
8* hollow 52 93 10 100 76 10 1 1

cylinder 62 98 10 50 78 6 t 1
52 98 10 26 86 2.6t 1

Largt 52 93 10 102 57 10.2t 1
4* horisontal 52 93 10 60.8 59 5.08tl

tubes 52 98 10 30 62 8 1 1
open

Swall 52 98 10 97 56 9.7i 1
5* horixoutal 52 93 10 44 68 4.4t 1

tubes 62 98 10 27.9 60 2.79il
closed
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Cost of Coollns Milk

"What do«8 it cost to oool milk with eleotrio oooling

equipmontf How do«s th« 008t of •laotrio oooling oompare with tha

eost of oooling with loot*

Theso quootiono havo heen asked away tliMs by dairyaeB«

adio are anxious to awke a high qiaality produot, but are keenly

interested in oosts since the margin of profit« on so waay dairy

fams« is sawll*

BuoknaaC''')* in Hew York found that if eleotrioity oould be
purohased at four eents per kilowatt hour» the total oost of oooling

milk was 11«4 eents per 40 quart oan, or 13.2 cents per 100 pounds of

milk* On the other hand« when milk was cooled by lce« Buoknam reports

that the cost Taried fran 7 to 39 cents, with an average of 13*7 cents

for each 40 quart can of milk* For each 100 pounds of milk this would

bo 16.9 cents* The study in lew York showed that it was cheaper by

2,7 cents to cool 100 pounds of wdlk with electricity*

From Corbett's(^) survey in Rhode Island, made in 1929, the
average eost of cooling 100 pounds of milk with ice was 10 cents*

Ihen cooling milk with electricity using wet boxes the eost was IS

oents for each 100 pounds of milk, and with dry boxes the oost was 14

oents for each 100 pounds of milk*

Aokerman(^) in How Hampshire found that the average coet of
oooling 100 quarts of milk was 30 eents when ice was used, and 16 cents

when the oooling was done by eleotrioity* For each 100 poi)nds of milk

this would be 13*9 cents, when ice was used o<»ipared with 6*9 eents
7.7:8 ^ ~ v; ' '
8.8:11 ■ ■ ■ , . ■ ■ ■ '■ - ■■
9.9:14 ^ •.
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when al^otrloity vas usad* Zha aqulpmant usad on tha fanu atudiad

by Aekarm&n araa of tha dry room ty]^» consisting of an inaulatad room

larga anough to admit a person, and chiliad through the madium of cold

dry air«

Bllanbargar^^®), in Vermont found that it cost 22*1 aanta
par 100 pounds of milk mhan ooolad vith ice, as compared with 16.7

cents with elaotrioity* Zha ica was ralued at |8«00 to |4«00 par ton*

Andarson(^l) states that mhan a base rate of three cents par
kilowatt hour is usad tha avaraga aost of cooling milk is 10*8 aanta

per 100 pounds* When the power charge is three cants par kilowatt

hour, the power charge for cooling 100 pounds of milk is only 2*72

cants* Sea Table le* IZ*

^ '(f

l '
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Table II* COST OF COOLIHQ MILK BY ELBCTRICITT

Cost
Item

ATsraga
annual
cost

Awaraga cost for
aaoh 100 poiands
milk

Faroant of
Total

Power #23*29 #00.0272 25.0

Oepraciation
Unit #34.54 #00.0401 37.0

Dapraciation
Tank #12.54 #00.0147 14.0

Interest #22.07 #00.0258 24.0

Repairs #00.00 #00.0000 00.0

Total #92*33 #00.1078 100*0

10.10:9
11.11:8
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> TOven the ailk is cooled and stored in 10 gallon cans with
-•- y}' \\\*r

> the brine system used^ about *12 kilowatt hours is oonsurasd per gallon

of Bdlk« losing the base rate of three eents per kilowatt hour this

would mean the cost of 4*2 cents for power for 100 pounds of aiilk.

When the milk is oooled and stored in bottles, ■ttxe brine

system being used, about *17 kilowatt hours is consumed per gallon of

milk. Ihis means that if eleotricity is worth 8 centos per kilowatt

} bour, the oost of 100 pounds of milk handled under these conditions

would be 6 eents for the power.

When milk is oooled only, and is not stored, the brine

system being used, about .09 kilowatt hours is eonsumed per gallon

of milk. Ihls means that tixe power oost per 100 pounds of ad.lk would

be 1.05 oents.

When oooled and stored, or not stored, the direot expansion

system being used, about .08 kilowatt hours is eonsumed per gallon of
milk, this means .06 oents per 100 pounds of milk, if 3 eents per
kilowatt hour is oharged for the power.

Arioe, Kurd and Copson^^) found that it required 45.6 pounds
of ioe per 100 pounds of milk to lower the temperature of the milk from

96® P. to 36® P., but only 28.4 pounds, if the milk was first tubular

eooled to 70® P., and then tank oooled to 35® P. With ioe at 50 cents
12.12:33 —
13k 5:22

Hoses and Iravernetti state that from their work, the

electric power consumption for the operation of a farm milk cooling

plant depends upon the method of handling the milk, the time of the

year, the type of plant or eyetms, and the oonstruotion and operation

•-/1 •A-V
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par hundred the reepeotlve ooete irare 22*8 end 14*2 oentst ^hey state

that* *Under aTsrage eondltlons* a kilomitt hour was required to oool

100 pounds of milk with eleotrle refrigeration equipment (immersion

tanks insulated with -auree inohes oorkboard). This would cost S oents

at the usual power rate* A liberal Allowance for interest* depreciation

and repairs on an eleotrio refrigerator of sufficient oapaolty to eoel

80 gallons of milk per day should not exceed 20 oents per day idiieh would

be about 3 cents per 100 pounds of siilk* making a total oost of 6 oents

per 100 pounds of milk* Ihe eleotrie refrigeration equipment is less

expensiwe and more oonwenient*" The dry storage method was not approred

beoause ooollng proceeded at a slow rate* Water agitation greatly

hastened the cooling process*

Braokett and Lewis^^^) studied the oost of meohanloal cooling
on four Hebraska farms* using a dry room type of refrigeration* The

warm fresh milk was passed over a two-part tubular aerator* in tha uppsr

half of which was water, and in tha lower part brine circulated* The

milk on the upper part of the aerator ranged in tmaperature from 60® F*

to 56® F* ^ha cooled milk after passing over tha brine section of the

aerator* ranged in temperature from 38® F* to 42® F* The average amount

cooled daily on the four farms were 40* 120* 100* and 236 gallons* Ths

kilowatt hours used per 100 pounds of milk were 1*80* *58* 1.08* and *86*

Srepp (^) used five different inaersion type ooolers* four

of them insulated on the side with three* and one with two inch oork

board* Tha kilowatt hours of slsotrioity ustd in ooollng milk from 96®

to 45® F* ranged from *1023 to *0586 for taoh B*t.u* of haat removed*
14.13:17
15.14:38 .-"'■I'*. .
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Allowing an aweragt of 4»000 3»t«u« to b« removad froa aaohoan* (85

pounds of nilk) tha kilowatt hours requirad to oool 100 pounds of ailk

ranged from «58 to 2*74. Ifuoh more elaetrioity is usad in cooling

/ milk to 56® P. than to 46® P», as was evident in trials with one of
• -r

, the tanks where 1.76 kilowatt hours were required to oool 100 pounds

o^* ®llk to 45® ft, and 2«44 kilowatt hours was required in eooling tha

milk to 36 F»| a 40 par cant inoreasa* Stirring tha water around tha

cans with an agitator deoidely inoreased tha rate of cooling* Iha

cooling madium being at 38® ft, it took about four hours to lower tha

temp era t\ira from 95® P* to 45® P«« but whan tha water was agitated,

it took slightly over two hours*

£iley (^6) ealoulated the cost of cooling milk with ice in
a medium eised insulated tank, with three inches of corkboard, to bs

10,1 eents per 100 pounds of milk, lee being rated at 28*5 per 100 - ' ^

pounds in the eooling tank, which price allows for shrinkage and labor

of removal from ice houee to the tank* In a similai* tank where eleetri~

city was used, its cost at five cents a kilowatt hour varied from 8*47

to 8*66 eents per 100 pounds of milk* This variation depended on the

efficienoy of the different msohanisms, which in turn is affected by

the conditions of tmaperature and pressure under whioh they work, as

well as by their design*

Boards Dairyman(17) eolleoted data during eight months on
the oost of cooling milk with eleotricity on several Wisconsin farsts*

8p«oiai msters wers installed on four farms and definite figures thus
'.p.

ft bsoams available ae to the current aotually used for oooling milk to

about 40® P* The average reoords appear in Table in* ,
16.15:1
17.16:632-3



 
 

 

 

 

 

 

 

 

'f. - -1 ■■• '•'/Jfyi "■ ■ ■•■-'>>"• ■ ' ■■ ■■' ' ^ . ■, V-N. ■ .■'■ ■

.^c,A .:«c -hS. ?- -
^ .1 •-•(,• • •• ■••-, • v'-:--/: ■ .jfcvV- '., '. i,.- •'^. . I • . --v : • . , . . .. ^

.■■■ ■- I ■ ■■. 'v ■ ■■ ' .' ~- -*■ ■••■■.-V:tv<.\'' *-j',. : ■'i-,
v." ' *'^''•1,

1,;. •' ••-. ■ •. • *■ .v^.-, -.*• V , v

- ■S;;

16

.iV."

?•' -• 1

, • V:/ ^ ■.V.;V^:
• -A. . , . ' - , .-'.yT*.!', . ' /«-/%•

'"4-V -■» . • ..t« J -

Tablt III, KILORATT HOURS PER 100 PODHDS MILK
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|fonth •otal milk
ioolsd

Total Elootrioity
Usad

Elaotpioity par 100
Pounds of milk

M.n.h. k.v.h.

kprll 84,965 430 .61

fay 91468 706 .77

Juna 94.804 710 .76
1

July 86,828 997 1.16

August 80,695 1,052 1.30

Sspt 80,900 747 .92

OotoMsr 76,422 685 .91

HoTsmbsr 68,136 296 .48

Total 662,710 5,623

1 Averags .85
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Weekly baeterial oouaia vere made and only twioa did their

ttuaber exoeed 25,000 per eubio eentlMter,. It wae the general opinion

of these Wiennsin dairymen that eleotrioity ceally eoet no more than ioe.

The total inTestment vaa slightly more, but the yearly cost of the energy

was somevdiat less than the annual oost of filling the ice house* They

found eleotrioity to be more efficient and that the disagreeable tasks

eonneoted with oooling milk with iee were eliminated*

Frandsen^^®) found that in the immersion type of tank 40
pounds of ioe or 1*20 kilowatt hours of eleotrioity were required to

cool 100 pounds of milk from 90® F* to 46® F., and it took about two

hours time to cool milk from 90® to 60® F., the cooling eater being at

40® F.

Kewlander^l®^ states that practically no difference was found
in the oost of cooling milk by mechanical (wet storage type) refrigeration,

and by the use of ioe, Yis., 16 and 14*8 cents per 100 pounds. They

found that the STsrage cost of oooling 100 potmds of sdlk by meehanieal

(w*t storage type) refrigeration over a year's time was 12*76 oents and

that approximately one kilontt hour of eleotrioity or 86 to 40 pounds

of ioe were used on ths average, in oooling 100 pounds of milk*
18.17:3
19.18:7
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Effect of Cooling on Baoterlft

The nimber of bacteria present in nilk is generally accepted

as one of the most Important factors in determining the quality of milk#

As the temperature of the milk is reduced from the body teraperatvure

after milking, the rate of bacterial growth is decreased* According to

'i \ .
, i" , .V v

Price, Kurd, and Copson^^, sftxen the milk is cooled to below 50° P.,
the bacterial increase is practically stopped for a period of fron 12

to 24 hours* Bowwrer, if a longer period of time in storage is desired

the temperature of the milk must be maintained at 32^ F* to prevent

baoterial increase*

From the results of their experiment, in cooling milk from 96^ F*

in ten gallon cans in non-circulated water at 35° F* to 45*^ F*, they con*

elude that the increase in the number of bacteria per cubic centimeter

at the end of 14 hours storage was only 450, idiioh is of little or no

signifioanoe* The rate of cooling by this method, as given in the trials,

shows that a temperature of approximately 60° F* can be reached in one

hour, 55° F, in two hours, and 50° F. in four hours* This is offered

as evidence that it is not necessary to cool milk immediately to below

50° F* in order to maintain a low baoterial oount*

Uarquardt and Dahlberg^^^) report similar facts, in regard to
the time and temperature of cooling milk* They found that the baoterial

content of oan-oooled milk did not increase in 24 hours i^en the water

in the tank was below 42° F., and that stirring was of no value* liow^

ever, they state that this is true only of freshly drawn milk* The

milk which is older will increase in number of bacteria per cubic oenti-

meter if cooled by this slow process*
20,5:18-19 . . ...
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In thia investigation the milk -was cooled in three w^ya,

namely (1) e oen of liashly drawi milk immersed in a tank of water

without previous cooling, the milk not agitated in any wayi (2) the
milk was treated as in (l) except that it was stirred after one and

two hour periods; and (3) the milk was cooled by a surfaoe cooler to

the required temperature before being placed in the tank. The data

fcr the tubular-cooled milk are imcomplete, but the results of the

other two methods of cooling are shown in Table No, IV,

Table IV, INFLUENCE OF GOOLINO METHODS ON THE BACTERIAL CONTENT
OF MILK AFTER 24 HOURS STORAGE.

Cooling Method Hater held at
35O-40"F 45"-50"F, 55"-60"F,

Original 11,700 15,700 10,000
Can-Cooled not stirred 11,900 16,000 67,000
Can-Cooled stirred 12.700 17,000 66,400

The results of real significance are that the bacterial

content of can-cooled milk did not increase in 24 hours when the water

in the tank was below 42*' F,, and that stirring was of no value.

According to Johns^^^), milk should be cooled as promptly as
possible. He states that freshly drawn milk contains a substance known

as lactenin, which is able to restrain bacterial growth for a certain

period of time. If cooling id delayed, this effect soon passes off, and

on the other hand, if the milk is cooled immediately, the lactenie

effect ]nay be extended, even to 24 hours or longer*
22.3:4
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<Mt.rrltd «n by iTohnt haw shown tiiat i^on a

flaalc of freshly drawn milk was isnsdiately plaoed in a refri{^ator

at 60^ F* to 55^ F« the baeterial eeunt after 24 hours shows only

a moderate inofeaw* Another portion of the same mllk^ allowed to

remain in tias lalwatory fmr three hours before placing in the row

frigerator^ showed a marked increase in the baoteria oount during tho

same period of storage*

Bomilts from this eacperiment are shown in Table F*

Table ?• TALDE OF HSMEItlATB COOLING IN RETAEDING BACTERIAL GROWTH
IfJ MILK

(Refrigerator temperature 60^-54®F»)

Houss in Refrigsrato* Milk oooled at onoe Milk cooled after S hours

0

Baoteria per Cubio osntimet^r

18.700 17.700

6 14.900 19.800

12 17.900 37.300

In this experiment tlM storage temperature was not low enou^

to prersztt baoterlal growth but where the laetenie effect wae oonsenred

through prompt ooollng, tho ineroasa, in the bacterial oount, was rory

small oompared with that in tiie sample of milk whloh was not promptly

cooled*

states that since milk coming froa the omr at

approximately 100 degrees F* contains baoteria, immediate oooling is

nooossary f&f preserring the quality* freesing of the milk, howorer,

should be avoided* In order to maintain low baeterla oount, not only
23.20:14 '
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is it aMessary to oool the milk« bixt preoautlone ebsuld be taken to

prevent the entranoe of bacteria diiring the handling operationr*

Table Ko* VI shove the results of Boven's ejcperi)&ent« •

Table VI, THE EFFECT OF TIME AND TEMPERATUEE UPON BACTERIAL
INCREASE IN MILK.

Temp,
of
Milk

Number of bacteria per oo at the end of
24 hours 48 hours 96 hours 168 hours

32 30,000 27,000 24,000 19,000

36 38,000 56,000 4,300,000 38,000,000

42 43,000 310,000 5,760,000

60 89,000 1,940,000 , , .

65 187,000 38,000,000 mm MB mm MB mm mm mm

60 900,000 168,000,000

68 4,000,000 25,000,000,000

86 14,000,000,000

94 25,000,000,000 . ~ . . _ ~ — MB .M MB

Each sample oontained 30,000 bacteria per oc at the
start.

The effect of temperature upon the growth of baoteria in

milk is iiown by the following experiment conducted by the Alabama State

Board of Health^^wQ pint bottles of milk were taken, immediately after
milking, from the same pail at one of the best dairies in the Mobile

districts One of these saisples cooled immediately below 60^ F,, and

the other left tmoooled. At the end of a three hour period (the

average time for delivery) both samples were placed in the refrigerator

of the Health Deparhnont Laboratory, which varied in temperature fr<ai
24.21»3
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60* to 60* P» In order to imltete conditiona in the household after '

delivery* Zhe unoooled milk soured 80 hours befors the ohilled milk*

Table Ko* VIX shows the marked sffeet of the uhlllins on the bacterial

oount*

fSl

Table VIZ* BACTERIAL COUIiTS ON COOLED AND UNCOOLBD MILK. -■ - ■■• V!

Number of bacteria per cubic centimeter
Cooled milk Unoooled milk

Plate oount when milked 3 P.M. 6,000 5,000

Plate oount when milked 10 A.M.
next day 3,000 40,000

Plate oount when milked 2 P.M.
next day 6,000 85,000

Plate oount when milked 10 A.M.
second day 45,000 1,000,000

Plate oount when milked 2 F.M,
second day 170,000 14.000,000ctgQonu ociy ^fvjguw X^^WU^UUU
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oonduoted an exparincnt in an effort to determine

the effect of temperature on the deTelopneat of haeteria;* feo eemplee

of milk, one eontaining 280,000 and the other 16,400 haeteria per oubie

eentiaeter, were divided into four equal parte. These parta were held

at four different tmeperaturea until they aoured* The high bao|erla

part held at 100® F, aoured in 12 hourai the low bacteria part, held

at the aame temperature, aoured in 36 hours. At 40® F. the high-

baeteria part soured in 180 hours and the low-baoteria part in 396

hours. The actual results are shown in Figure 1*

Bottle lo. 1 low bacteria — Mo. 2 high bacteria

Degrees Fahrenheit

H\ loo» 1

\ 1000 1

If "7IS"

2I 766 ]

^f

2.| 40® I

Hours Milk Remained Sweet

q la
(zq M

I I 3«

] 60

80

J 180

2 180
396

Figure 1.
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Itothoda of Cooling Milk

There are, of course, several ways in which the temperature

of the milk can be reduced after milking, and under proper conditions

each of -ttiese may be appropriate#^^®^
There are very few sections of the country idiere water with

a temperature below 60® F. ean be found throughout the year. However,

where this condition can be found, and if the water is plentiful and clean,

a dairy man may obtain fairly satisfaotory results by submerging his

oans in tanks of this water kept moving by a steady gravity flow.

In most sections, however, the water temperature will be

about 60® F, in mid-suminer, and in case this is true, it will be nec«

essary for the dairy man to resort to either ice or meohanioal refri

geration to properly oool his milk. Ice, when properly used and in

sufficient quantities will do a very satisfaotory job on "Qie submersion

type coolers, or even supplying cold brine for oirnulation through

aerators. A meohanioal refrigerating maohine, driven by either an eleotrio

motor or a gasoline engine, is a dependable as well as eoonomioal method

of oooling milk.

Studies made and reported at the Hew Hampshire Bxperimsnt

8tation(^'^ } point to the siqperiority of the dry room, or cabinet type
of electric refrigeration over the wet type of storage. Under the former

method surface coolers are used for pre-oooling the milk before it is

placed in storage} under the wet type, there is no prei^ooling, as the

pre-cooling and storage are combined into one process by immersing the

oans of warm milk in refrigerated water,

Conclusions mad# from this sxpsrimsnt are listed as fellowsi
Tel ^ ~~

27. 23:11
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as oomparsd to the several hours for the wet tank. The final bacteria

count of niilk is invariably higher in the wet-tank method, due to the

Blow cooling process, which allows rapid multiplication of the original

bacterial content.

The oontainination factor of surface coolers is no greater,

and generally not so great, as that of many other utensils used in the

milk-handling process. This, after all, is a matter of cleaning and
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sterilization of the utensils, rather than a factor of refrigeration

equipment} and a good percentage of the coolers tested under actual

farm conditions have shown a high degree of cleanliness,"

Moses and Tavernetti^^®) state that the "wet" type of ^
cooling is used but little in California, and that in some cases an

aerator is also used for pre-oooling the milk, ^

The wet type of cooling has several advantages, among them

arei (1) low in first cost, (2) easy to build, (s) easily accessible
for making small quantities of ice, (4) able to store refrigeration.

It has the disadvantages oft (1) being limited to storage oens, (2)

being slow in cooling, (3) requiring occasional stirring of the milk

unless an aerator is used, (.4) being messy, and (5) making it neo-

r"; essary to lift the cans in and out .of the tank,
• f'' -

Price, Hurd, and Copson^®) made a study of the two methods
of cooling milk, the "wet" type of cooling was divided into two parts}

pre-oooling over a tubular cooler, and then placing the milk in the
-

refrigerated water} and not pre-cooled,
~~
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Th« nillc was pourad into. 10 gallon oaas at 9Q0 and

oeolad la eiroulatad or uneireulatad waters 7h« oana nera usually

filled as they floated in the refrigerated aater* this allowing tha

eaa to sink as it was being filled* The results of this trial are

shown in Table VIII*

The milk stored in the dry storage was first pre-oooled

with a tubular cooler with tap water at 66^ P* to 67° F* and thea

plaoed in dry stoxage* The results are shown in the following table*

■n.

Table VIII. COOLINO UII.K IN TEN GALLON CANS IN KLFHIGLRATED HATER

Milk pro-cooled over Milk not pre-oooled
tubular cooler 65°-670F* received at 90°-95°F*

Hater oiroulated Water not
in refrigerator circulated

Water oiroulated Water Mot
oiroulated

Degrees Fahren]be it
Time Milk Water Milk Water Milk Water Milk Water

0 66 84 67,5 86 80 32 80 87

15 Uin* 55 85 64 37 64*6 25*6 70 41

SO Min. 49 36 61 89 64 36 64 45

46 Uin. 46 36 58 39 48 86 sews 46

1 hr. 44 36 56 38 46 36 59 45

2 hrs* 41 84.5 52 88 42 34 56 43

8 hre* 40 34 50 38 40 33.5 53 42

4 hrs* S8 84 48 86 88*5 88 50 40
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Bll«nb«rg«r^®°^ r«porti that, froa his trials with nsthods of
oooling milk, th# rssults thus far indioats that ths wst storags typs

of rsfrigeration is mors soonosdeal to q>«rats and more laraotioal for

uss undsr conditions sxisting on most dairy farms than is ths dry^stnoagm

typs#

labls ZX shows a oondsnssd suMnary of ths rsoords on ths

msohanioal unit for ths months of Juns, July, and August, Similar

data for ths ios and vatsr msthods ars shown in Tabls X,

During thsss months 42,726 pounds of milk wsrs eoolsd with

ths msohanioal unit, Ths initial tsmpsrature varisd from 81® to 94* P,,

usually about 90® P, Tsmpsraturs rangss as it Isft ths cooler wsrs frcsi

36® P, to 40® P., and usually about 40® P, Ihsn rsmoTod for dslirery

ths milk tempsraturs rwngsd from 30® to 40® P, Ths oomprsssor usod

768 kilowatt hours of slsotrioity and 5,219 cubic feet of water during

this tims, 3?hs baotsrial oount of ths milk aweragsd 19,900 psr oubio

osntimstsr,

Ths ico and water tank was operated at as near full capacity

as was the msohanioal unit. It handled 28,479 pounds of milk, Ths

initial tsmpsraturs of ths milk was ths same as that ooolsd by ths

slsotrioAlly operated unit, Ihsn rsmorsd for delivery ths temperature

from 38® to 46® P, Ths tank water was changed about onos a week,

often snou^ to keep it fresh and olsan. The total water usage was 617

cubic feet and 19,638 pounds of ios wsrs used. The labor requirement was

31 hours for the three months. The awerags baotsrial oount was 22,000

but not appreciably higher than that of the milk cooled by the msohanioal

unit. The quality of the milk was unaffooted by the method of cooling.
30. 10:11
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■Inet both methods were efficient in reducing the milk to tdie deeired
temperature*

The cost of cooling milk, as o«aputed from data given in

Tables IX and X, is shown in Table II. The water cost is based on a
charge of 20 cents per 100 cubic feet (748 gallons)i electric power
is figured at 8^ per kilowatt-hourj the labor, having to do with the
wet type of storage, is rated at SO cents per houri and the ice is
valued at |4.00 per ton of usable ice*

Table XI* COMPARATITB COST OF COOLINO 100 LBS* OF MILK BY

fater Usage Ice Usage Elec. Usage Fixed Charges Cost per 100 lbs

Ice Elec* Ice Labor Ice Else* lee Elee*

June
[}u. Ft.
2.2 4.2

58 Lbs.
6

Kwh.
1.39

Cents*

4.1 5.9
Cents

19.3 13.7

July 2.3 7.2 68 6.8 1.62 4.2 5.8 21.6 15.4

Aug. 2.6 11.9 81 7.7 2.50 4.8 7.1 25.4 22.0

3 Mos. 2.5 7.5 69 7.8 1*80 4.4 6.2 22.1 16.7

Hotis^^l) Btates that, from his work with wet-tank storage

as compared with dry-box etorage, it ie apparent that dry storage costs

slightly more* The average power consumption per gallon of milk cooled
was 5*8 watt hours with dry storage and 4*6 watt hours with wet storage,

A ocnsparison of meohanieal refrigeration with lee was mads by

Hotis^^^) with the results reported in Table XII. These figures show that

it took 4*8 watt-hours of electricity or *125 pounds of ice to cool 1

gallon through 1° P* and to hold the average storage temperature* If

the oost of ice to the farmers was 40 eents per 100 pounds, the cost
31, 24:18 —-
32. 24»2i '
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of olootriolty mui 3.6 eonts p«r kllow&tt hour« and tholr period of

-warn weather wai 7 Buntha* the average ooet of eleetriolty on eaeh

of the farms studied would he $110*00 less than the ooet of ioe.

This amount should be more than sufficient to take ears of interest*

deio'eeiation* and repiirs en the meehanieal unit*
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YAlue of Inaulating Materials
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There are eeTeral inportant points to consider in the

insulating of the cooling tank* Cork board is almost \miTersally

used in dairy fefrigeratore, and is reoonmended for oooling tanks

on the farm* While oork board is most generally used« it is probable

that sense other materials are more convenient for the dairyman to

piurohase, if he is making the tank on the farm* The following figures*

taken from the report by the United States Bureau of Standards* give

the heat losses in B«t*u* per hour* per square foot of different

materials* per 1<>F* gradient in temperature* and per 1 inoh of

thioknesst

'-yi

■'k/.

Material Heat loss in B.T*U* per hour

Corkboard •80

Celotex *84

Insulate *84

Flaxinum .31

Fibrofelt *32

White Pine (dry) *78

Oak (dry) 1*02

Briok 3*0 to 6*0

Concrete 6.0 to 9*0

These materials amiy be secured in varying thioknesses*

for ^ese tests they were all built one inoh thick*

y,
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MRrquardt «ad Dahlberg(33) studied the -value of different

ineulating vateriale In cozmeotion with their study of the cost of

eooling milk* The heat losses, through a tank insulated with 8

inohes of cork and through a nonoins]^lated tank with 4 inches of

oonorete wall, were determined* The water in both tanks was at

42°F* at the start and the test lasted for 24 hours* In the non-

insulated tank, 288 poxmds of ioe were plaoes, and after the 24 hour

period, only 40 pounds wore left* Ihe temperature of the water at

the end of the trial was 4S®P*, making a total refrigeration loss

of 268 pounds of ice* In the insulated tank 94 pounds of ioe were

placed, and after the 24 hour period there were 22 pounds of ioe

left and the mter in thetank was lowered to 89.6®P., making a loss

equi-valent to 46 pounds of ioe* The three inoh oork board sawed

212 pounds of ioe in one day, whioh at a cost of 16*00 per ton

would be 63 oents* If a similar loss for a five month period

oould be assumed, the insulation sa-ved #80*00, or three times its

oost in one year*

Tawernetti^®^^ states that there are many different kinds
of insulations made from various materials* (See Table No* XIII}*

Some of tixese materials are available in sheet form, the material

being pressed into sheets, quilts, or felts* Also some of these

* materials are sold in loose form, the individual fibers being loose

or the material coarsely ground* The first forms are shown as sheet

insulation, and the latter as fill insulation* The sheet insulation

oT being more easily made moisture-proof, of not

34. 25:6
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■•ttllng« and of uaually having a low haat transfer factor* They

have the disadvantages of being relativily high in first cost* and

of being harder to install* The fill insulations have the advantage

of being low in first oost, of being easy to install, and of fitting

into any space* They have the disadvantages of not being easily made

moisture-proof and of tending to settle* « ,
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T*bl« XIII, VARIOUS INSUUTIUG MATERIALS AUD THE THlClOnSSS

' ■ • ,£ ' ■'■ ■

Trad*
Mam*

Deeoription Thickness in
inches equiva
lent to one
inoh eorkboard

Bale* Wood Bark from Balsa tree 1,11

Balsam Wool Chemioally treated wood fibers 1,00

Cabo*a Quilt Eel grass between kraft paper 1,00

Colotex Matted cane fibers 1,05

Concrete 20,00

Gorkboard Compressed bark of oork trees
i l

1,00

Fiborfelt Felted -regetable fibers 1,09

Flaxinum Felted Tegetable fibers 1,06

Ground cork Granulated bark of cork tree 1,SS

Hair-felt Felted eattle hair 1,00

Znsulex Aerated cellular gypsum 2,00

Inaulit* Prsssed wood pulp 1,10

Kapok Confined vegetable fiber 1.00

Linofelb Confined vegetable fiber 1,00

Lithboard Mineral vegetable fiber 1.2b

Masonlt* Expanded wood fiber 1,06

Mineral wool Fibers bloen from slag 1,00

Rook Cork Fibers blown from limestone 1,00

Redwood fiber Shredded redwood bark 1,00

Wood 3,00 VV-V'"''
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SUMH&RY or RmEW OP UTERAnmi ; '1

X* Water is the most eonnon milk cooling agent*

2* A large water to milk ratio is of prime importance for rapid

cooling of milk*

8* Agitation of the irater is adTantageous if the water milk ratio

is not less than 10 for 40^F« cooling water*

4* The studies* on the eoet of cooling milk* showed that it was

cheaper to cool 100 pounde of milk with electricity than with

ioe*

5* When milk ie cooled and stored in 10 gallon eans with the brine

system used* about *12 kilowatt hours is consumed per gallon of

milk*

6* When milk is oooled and stored* the direct expansion system being

used* about *06 kilowatt hours is consumed per gallon of milk*

7* In cooling milk in the direct iasBcrsion type of tank* 40 pounds

of ioe will do the work of 1*20 kilowatt hours of electrioity*

8* TQien milk is oooled immediately to below CO^** the baeterial

inorease is practically stopped for a period of frcm 12 to 24

hours*

9* There are several ways in ediioh the temperature of the milk eaa

be reduced after milking* and under proper conditions each of these

may be appropriate*

10* The tats of cooling in the dry process is alsiost instantaneous

as compared to the several hours for the wet tank*

11* The average power ooneumption is slightly higher with the "dry*

type of cooling* than with the "wet* type*
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If* Ih«rt ar« m«ay dlff«r«at kind* of latulation HatorialB, mad

■OBUi of thorn art aa offleiont aa eork hoard*
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PXiw ItiWMHiIfli%ion»

SvMi though sUk my im produotd vunftsr pwrtSmaliwrly el««a

•ondittoM, and •Khib&t a Xtw baatarial eoxuit at it ttiatt itm tfat to«i|

It suit t» prtftrly and pftnptly toalitd^ ti It it tt vtaalA a higjb gradt

■ilk untli ioih ttat at It it dtUmitd tt tkt yrtiitiint piatt^ mt tt

tht tt£ituBMr* ^ tttt of fPttb tilk Bogr ktttMt at uniatitfttttry prt*

datt it a ittpiyatiwiiy Mrt tlat If ntt yttptrip ittlti* ittifC^) it
ftpfttd tt haw taldy "Z think that at ailk It dtUtittd ttm tht
awragt farm fPtn (Stty tt dap^ about di par ttnt of Hit high aountt art

tht rtottlt of fallurt to pPtpwlp and prtcptlp tool tht nilk"* It it

idltar Idmt pmtptr ttoIir^( it a aoNit laptrtant tttp in Hit prtdnttitn of

hi||i ttalitp milk^ and of tital otnttitt to tvotp yrtduttr#

fht |tai«ai yUt of thit innttifititt it« to ttrnjaw tfa»

diffoPMtt tttlinK tyttMMly tod tt find tot mm tital fttttpi ahith

haft to dt alth tooling* Aoouofato data mat oellotttd trm taoli ntHwi

otudltd* Tht optratioa of tht tooltrt mat undtr tht dirtot toqptrrttlon

of tht authtr and tht totiiag triala mart nadt by hS»* Spatial amtort

mart attadhtd to all altttpftnally drittn tttltrat and a dally thttir on

in tfaa mnttp

tatb of tatii tmk and daily ttertt mill tt kapt* Ihtttpt* tuth at naittr

of tailttiip ttotf tSmta ttmgtfntwe and fltwriero tHidIti and tnaitrid

at thay art affttttd ty diffartnt ntthodt of tttlins*
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O'bjagt of th8 InTO»tl^tlont.

X# to obxdj Hio various nstbsAs of sooliag atUk.

2. t» 0M^ro isbooo sMtbods as ts ooob, •ffioienoy, and adapbations*

Sft Ta sindy tho offsot of oeollng on tha baoterial eontenb of

To malos a study of tho rato of eoollng milk, undor differont oonditiont*

8* To study tho insulating value of different materials shleh nay bo used

in a hoao«inado oeollng taslc*
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0«nT>l ProetdyBrt in Handling tht Mllk»

In oarrying out th«a« trial* in nllk eooling tht milk

produotion of tht thirty»ooir htrd of tht Dairy Husbandry Dtpartnent

mat oooltd in the milk room adjaotnt to tht milking bam* The daily

produotion during the period of these teett mat 400-600 pounds of mill^'

or 2 to 3 ten-gallon oans each milking, sinot the oovt mart milktd

thret timtt taoh day*

Tht morning milking mat oomplettd by tan o*olook and tht milk

placed in the oooling tank until five o'olook the folloming morning*

The afternoon milking mae oompleted by six o*olock, and the milk plaotd

in the tank along mlth that produced in the morning* The night milking

mat oompleted by tmo o*olook, a*m* and that milk alto m as placed in

the tank, along mith that produced the tmo previous miSingt*

The milk was remov-ad from the tank only onot a day, that being

at five o'clock in the morning* In this may, one third of each day's

milk produotion remained in the oooling tank for as much as 19 hourtj

one third for 11 hours, and one third for only S hours*

This procedure mas follomed for the first five months of the

test period* After that time, the Prigidaire was removed from the bam,

and the capacity of the cooler put in its place, mas not large enough

to take care of all the milk, oonsequently the milk had to be removed

from the barn twioe taoh day* These removals were then made at 6 a*m*

and 6 p*m*
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Th«r« are, of oourse, eeveral nays in -which the tenperature

of the milk can be reduced after milking, and under proper oircumetanoes

each of these methods may be appropriate*

Two general types of milk eooling and storing plants are in

use, the "wet" and the "dry". The "wet" type, which is used almost ex

clusively in this investigation consists of an insulated tank or chest,

made of wood, metal or concrete* This tank contains brine or water,

oooled by a refrigerating machine* Cans of freshly-drawn milk are set

into this -water and oooled by conduction through the metal can* IVhen

first set into the tank the milk is muoh warmer than the water so that

the heat transfer is rapid and the temperature of the milk drops rather

quickly* Ordinarily it will drop from 90o F* to 55^ F* in one hour if

the temperature of the water bath is 38^ F* or less* Agitating the -water

and the milk either by hand or meohanioal means will shorten the cooling

time, and oannot eon-teminate the milk unless, of oourse, a stirring rod

is used in the milk* Zn some oases an aerator (milk cooler) and a small

piasp for circulating the brine or water through the aerator sire used*

Hhen an aerator is used, the milk is first cooled over the aerator by

well water, brine, or water from the tank, or by a combination of these,

and then placed in cans and stored until shipped*

This -type of plant has the advan-bages of being low in first

cost, easy to build and install, and able to store refrigeration* X-t

..A.
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hfts the disadvantagts of being Itmitcd to storage cans, and being scaw*

what slow in cooling*

This plain sulasersion 'Sret* type system of oooling and storing

is reocmnaended for dairymen who sell their raw milk, wholesale, in eans

and edio are able to leave the milk in the cooler for not leas than two

hours after milking*

With the "dry" type of ooolizxg and storing plant, the milk is

always first oooled over an aerator* The milk is then plaoed in cans

or bottles and stored in a dry storage box* With thle type of plant,

two systems of oooling may be used, the brine and the direot expansion*

Wiidx ihe brine system, the refrigerating machine cools a tank of brine,

and this in turn eools the sdlk and storage box* With the direot ex

pansion system, the refrigei>ating maohine eools the milk imd storage

box direotly*

The advantages of the brine system aret (1) the compressor

may be smaller| (2) refrigeration can be stored in the brine tank, and

(3) a fairly uniform storage box temperature is always maintained* The

advantages of the direot expansion system area (l) less equipment is

needed! (2) only two heat transfers are rsquired, milk to refrigerant

and refrigerant to compressor cooling mediurna and the operating cost

is usually lower*

In comparing the "wet" and "dry" types of storage plant, one

fact to keep in mind is that it is possible to eool to lower temperatures

with dry storage, beoause the brine is held at a temperature below freesing.
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wh«r«*« «torag« wat«r If held below freesing would fom loe and could not

be olroulated throu^ the sd.lk ooolert
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Tho Frlgidairo*

Tho Frigldairt used ms tho A*d Modol* uhloh hot a otorago

oapaoity for six 40 quart oaas* Tho outsldo dlotooions aro 60 s/s

inohos long* 41 l/4 Inohoo irldo, and 84 Inohoo high* ^ho oablnot is

dlTldod Into two coBpartmonts, four oano to bo plaeod in ono and two

in tho other* Tho oold water is eiroulatod* by a pump from tho right*

hand to the loft-hand oompartment* The left-hand oompartaent is always

kept full of water. Vhen oano are placed in the left-hand coBpartBent*

tho displaood water flowa OTor tho solf-loTelor into tho right-hand

ooBpartment* In this way tho oold water always surrounds the oano abo-re

tho milk lino. The agitation of the cooling water is brought about by

an eleotrioally driron pump which puwps the water fron tho right-hand

eoapartment into tho loft-hanUi oonipartment* k timi-wniteh eontrols the

pump and will autoaatioally out it off after a certain length of time.

This typo of cooler allows for agitation of the cooling water but no

agitation of the silk*

Trials were started on this ooolor tho 1st of October* 1934*

The total amount of sdlk cooled and stored during that month was 9*845

pounds) an average of 317 pounds per day* The amount of electricity

consumed in cooling and storing this milk was 187 kilowatt hours* or

an average of 6 kilowatt hours per day* Assuming that this power costs

3 cents per kilowatt hour* then tho cost for power used in oooling for

^ . - ,r^ ■.
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the Bonth would be |5»6l, or 6*7 eants per 100 pounde of milk eooltd*

These figures ere e little high, when eonpered with other work

elong this line. Howerer, this may he due to the feet that the compressor

used was running low in gas, as a very definite decrease in kilowatt hours

consumed per day, was noted imediately after more gas was added to the

eompressor.

For the month of Hovemher, 9,944 poxmds of milk was cooled by

the same method. The number of kilowatt hours consumed was 116, at a

cost of $8.45, or 3.47 cents per 100 pounds of milk cooled and stored.

Converted into gallons, it would mean a consumption of .10 kilowatt hotirs

per gallon of milk cooled and stored, as compared with .16 kilowatt hours

coneumed per gallon for the month of October.

During the month of December, there were 10,694 pounds of sdlk

cooled and stored in the Frigidaire. This required 131 kilowatt hours

of elactrioity, at a cost of |8.99. This would mean a oost of 3.69 osnts

par 100 pounds of milk, or .106 kilowatt hours per gallon. Fractieally

the same as that for the month of Hovember.

For January, 13,154 pounds of milk were cooled and stored,

consuming 166 kilowatt hoxirs, at a cost of H .95. This means a cost of

3.77 cants per 100 pounds, or .108 kilowatt hours per gallon.

February was the coldest month in the year, and the volume of

milk was larger than the previous months. Only 160 kilowatt hours of

eleotrioity were required to oool and store 16,732 pounds of milk.

The total cost for the power was only |4.50, iriiioh means it oost 2.86

osnts per 100 pounds of milk, or .082 kilowatt hours per gallon. Soo

' yy,,.-
r'.-j'
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Table He, XIV for oeaplete figuree on thle trial.

Table XIV, 0® OP COOLIHO MILK IK PRIOIDilIHE POR TllE MONTHS OP

Month
Bsunds
of Milk
Gaoled

tau
Ctonsured

^ower Oost
it 3^f per
I W H

Oost per 100 Ibe
at per £ W H

K W H '
per
Gal.

Oetober 9.84S 187» #6,61 5,7j^ .16

loTember 9.944 115 3.45 3.47<^ ,10

Deeember 10.694 131 3.93 3.69^ .105

January 13.134 165 4,95 3,77^ ,108

February 15.738 150 4,50 2,86^ ,088

* Oae iraa running low, adiioh overwerloid i^e eoapressor.

The Daniels Cooler,

After eelleeting datsa on the Prigidaire for the four nenthe

period, the Prigidaire eae reno^ fVom the milk room and the Daniels

box put in its plaoe. This box was onl^ a four ean unit, and emseqaently

all of the milk oould be stored, as eas with the Prigidaire, Bow*

STfwr, it was all oooled and a good part of it stored, Hhile the Prigidaire

was in use, the milk was reutoyed only onoe a day, but it was neoossary to

reoofw it twieo whilo using the Daniels oabinet,

TImi Daniels box was built with a movable floor, Tho eans of

milk were plaeed en thie floor whioh oould bo mowed by an eleetrie meter.

It was in this way that the mter and the milk were agitated, while with

the Prigidaire imly the water was agitated.
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During th« month of Uareh, 19,870 pounds of milk wers

produesd at tho dairy and cooled in ths Daniels box* £79 kilowatt

ho\a'e of electricity were consumed, at a coat of f8*37* This means

a oost of 4*21 cents per 100 pounds of milk produoed, or .12 kilowatt

hours per gallon. For April, 16,120 pounds were produoed, whioh

required 234 kilontt hours to cool. This electricity oost $7*02,

whioh means 4.85 oents per 100 pounds, or .124 kilowatt hours per

gallon, ^or May, 16,066 pounds were oooled whioh req;uired 233 kilo
watt hours, at a oost of |6.99, vdiioh means 4.86 cents per 100

pounds, or .126 kilowatt hours per gallon*

It will be notioed that the number of kilowatt hours of

electricity oonsumsd diuring the month of May is somewhat lower than

that of the two previous months* This may be partly due to the fact

that diiring Hay part of the milk was first tubular oooled with tap

water and then plaeed in the Daniels box. This would bring the oost

down considerably, as it was noted that on the days the milk was

pre-oooled the compressor would require from two to three kilowatt

hovirs less. The results of the three months trial will be found

in Table XT. and these figures may be oompared with those of Table

XIV*
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Tablii X\r« OOBT ̂ OOOLINC UILE IN CiUtXELS BOX SOB THE MONTBS OF

Itonth
I^ounis of
^ilk

Oooled
Consumed

jPower Cost

per

K W H

Cost per
100 lbs.
@3^ per E W H

K W H

per

Callon

Maroh 19.870 279 $8,37 3.21f^ •12

April 13.120 234 7,02 4.35^ •124

May* 16.066 233 6.99 4.35^ .125

♦ For 8 days in this laenth the mUk nets first pre«oeoIoA
a tubular oooler using tap-mtor*

A oemparlson of Tables XI7 and Xf showi that there is eery

little diffbrenoe in the two wiits as far as the eoM} of the povw is

ooneensMl* Ftsr the shole five months period the Prigidaire averaged

a eost of •127 oents per gallon of milk, as eoitpared with *128 oents

for the Daniels box* The average outside tenperature was about the

sane, Sinoe the Frigidaire was operated during the fbll aeiitht|, and

the Daniels in the spring*

Figure 4 shows snphieally^ the aotual pounds of milk

predueed during the eight months period, and also the power eharge for

oooling this milk by meohanloal refrigeration* It will be noted that

during the month of Ootober the produotion was the lowest of the entire

period* Also the eost per 100 pounds oooled was the highest* The

Frigidaire did not have near its oi^aoity and therefore, the aotual

oost per 100 pounds oooled was aui^ highmr than for those aenths when

the maehine was running at full eapaoity* Other faeters enter also

and aaeng then is the fdot that Ootober was the warmest month of the
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Figurs 3* The Daniels Cooler, also showing the tuhular
cooler used in these trials.
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faill period, and oonaequeatly the oooling xmit had a nuoh heavier load

than it did during the oold month ot J^ebruary.

Cooling With lee.

It vae found that the amMrago pener ooet for oooling for

the entire el^t montho period eao 4 OM^ per 100 peuada of millc

oooled» A liberal aUenanee for intereot, de]^eiation, and repaire

on an eleotrio refrigerator of auffieient oapaeity to oool 80 gallono

of milk per day should mt eiceeed ZOfi per day, -idiioh mould bo about

8 oonba per 100 pounds of milk, making a total of f oeato per 100

pounds of milk*

Tnm the rorioer of literature oo find that the mndior of

pounds of ioo required to oool 100 pounds of milk is 88*4. loe at

l/S oent per pound mould oost 14*2|^ to oool 100 pounds of milk as

shoim abore* Under thoso oonditions om oan easily see that the

olootrie rofrigaration oqulpmsnt is must loss OKponiiTO* lot only

is it loss oxponsleo, but it is also more oonrsnient* Mth the

meOhaniolil refrlgsrator the expenot and labor of aetual operation

is reduoed to a wintmam, mfaereao mith ioe the eost of labor alone io

a big item in milk oooling*

The eoat of an adoquato supply of ioo, howrrer, often plaoeo

this oooling means out of the reaoh of the dairyman idio has to figure

his oost olosoly* If artificial ioo is uood, it must itstially bo truoked
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••▼eral kIIcb in tvamer and tha loss thron^^ selting is a eonsidarabla

aronat* Zf natural iea is aTsilable, ths dair^naan nnst hare a gansrous
> .

iea housa, nhioh mans a substantial inrestnant, and ths daily labor cost

as wall as tha saasonal cost of harwasting and storing tha ioa» sadcea

this prooadura axpensiTO* In addition to thasa faota^ 'titara ara faw

ragiona in tha Ihiitad States that oan ba absolutely positira of a satis

factory iea hai^st OTory winter* and if «ia ioa crop is short or of

poor quality, tha dairyman may lose a large asiount of his dairy profit

ahan his short supply of ioa baoomes azhaustad in sunaer*

C.,
Sato of Cooling, The Frigidaira

ftMh work has bean dona on tha rate of eooling. It ia an ^

i>q?ortant factor sinoa tha gpopoth and mnltipliaation of baotaria ara

so olosaly oonnaetad with it* Mazqr inrestigators balioTa that it ia

absolutely naoassary to bring the tmparatura of milk down to 60^ R, or

below, within an hour after it is sdlkad* They hawa found that unless tha

milk ia eooled imediataly, tha baotaria growth is wary rapid*

Trials ware run with tha Frigidaire in order to find out tha

azaot tiM required to oool a 40 quart oan of freshly drawn milk to 60® F*

Tha milk was at a temperature of 88® P* at tha start* After the and of

a ten minute period -ttia tmeparatura had gone down to T6® P* In 20 minutes

the tei^rature was 69® F*, and after thirty minutes had expired tha

tsmperatura was down to 64® P* The temperature was read awary 10 minutes
and it was found that one hour and fifty siinutas ware raquiad to bring

tha taaperatura down to 600 p.

^ i
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The temperature of the water was 38° P., but the pump waa
not working. Consequently neither the milk nor water was agitated.
It was interesting to note that the temperature of the milk near the

edge of the oan was brought down much more rapidly than was the milk

in the center of the can. In faot, the milk next to the edge of the
oan was brought below 60° F, in less than one hour. "

A similar trial was run with the Frigidaire. The pump was
working, idiioh oiroulated the water around the oans. The temperature
of the milk was 88° F,, and after 10 minutes of cooling the temperature
had gone down to 74° F. After 20 minutes the temperature was 65° F.,
and after 30 minutes of cooling the temperature had gone down to 58° F.
It was found that by cooling milk with the Frigidaire. (temperature of
water bath at 38° F.) it required one hour and 10 minutes to cool to
below 50° F. A summary of these trials is shown in Figure 5,

A sunmary of Figure 5 shows that the oan of milk oooled

while the water was being agitated, reached 50° F. in 40 minutes less
time than did the can which was oooled in still water. This shows the
value of circulating the cooling water as the milk is being oooled.

Table XVI shows the rate of cooling 10 gallon oans of milk
in oiroulated water at 40° F. as compared with non-circulated water. .
The increase in temperature of the water bath is also given. This
trial was made with the Frigidaire.
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Tabl« I7I, COOLING MILK IH 10 GALLON CAMS IH BLBOTRICALLT DIFRIGSaATED
WATER.

I«mp«ratur« of nator 40^ P« at start
Temperaturs of *ilk 81° F. - 83® F» start

!?fatsr Ciroula!ted Water not Ciroulated
ximt

Milk Watsr Milk Water
op dp °P op

Start 81 40 as 40

15 Min. 64 41 73 41

30 Mln. 56 43 66 42

45 Min. 52 42 63 45

60 Mln. 61 41 46

75 Min. 50 40 57 48

90 Min. __ -.-P 54 42

105 Min. mm 52 41

120 Min. mm mm 60 41
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Milk e»n b« oool«d ai •ffieiantly vlth loa aa with naehanieaX

rafrigaratlon. A trial was nada la ordar to datarmina tha rata of eooling

Bilk with iea watar. Tha Oaniala hex was fillad with water and anough ioa

addad to bring tha tamparature of tha watar down to 40<> F« Vhan this tan-

paratura was reaohad tha iea rastaining in tha watar was raauTad and a 10

gallon aan of milk at a tanporatura of 82° F* was ianaraad in this imtar*

Tha tamparatiira of both tha ailk and water was taken at tha end of aaoh

fifteen minute period, Tha results from this trial are shown in Table

XVII. These results when ooB^mrad with those in Table XVI show that tha

rata of aooling in watar at 40° F. is Just tha same no matter whether

ioa or maehanioal swans are used to supply the refrigeration. In tha

trial with ioa the water was oiroulated suround tha ean by means of

stirring the water.

\

.• '•K

Table XVII. COOLIHG MILK IN 10 GALLON CANS IN WATER REFRIGERATED WITH ICE.

Temperature of water 40° F.
Temperature of milk, start 82® F.

Time Milk Watar

Start 82 40

IS Minutes 70 44

50 Minutes 60 47

46 Minutes 55 48

60 Minutes 62 48

75 Minutes i 50 48

v.sAajt- dSL
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Tht Daniels Cooler*

Studies irere nade on the rate of eoollng milk In the Daniels

box* Two trials were made* one with the agitator working and one with

it off* The results are shown In Figure 6*

A ean of warm sdlk (92^ F*} was placed in the cooling water

(38^ F)* The agitator was not In use* and consequently neither the

milk nor the water were agitated. The temperature of the milk (in the

center of the ean) was read after eeoh 10 minute period* After the

1st period the temperature had gone 8own to 77° F** to 89° F* in

twenty minutes* and to 66* F* In one hour* It required one hour and

55 minutes to bring the temperature of the milk to 60° F*

A second trial was run with the Daniels box* This time the

agitator was in use* Both the milk and the water were agitated* It

was found that after 10 lalnutes the temperature of a oan of milk was

brought trcn. 88^ F* to 72° F* After 20 minutes the temperature had

reached 62® F* and it required only 50 idLnutes to bring the temperature

of the milk down to 50° F*

An examination of Figure 4 shows the advantage of agitation

of both water and milk* It required 65 minutes longer to cool the

milk without agitation* Figure 7 shows a comparison of milk* being

cooled without agitation* with milk as It Is cooled with agitation

of Just the cooling water and also the agitation of both the milk and

the water* The figure shows that a ten gallon oan of freshly drawn

milk ean be brought to 60® F* In 40 minutes less time by the agitation
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of Just ths ooollng wstsr. By ths agitation of boldi the oooling uater

and the milk* the temperature of the milk can be brought to 60^ F* in

65 minutes less time than by oooling sdlk in still mater*

There are ample data in the literature to demonstrate that

milk oools rery slowly in a 10-gallon oan immersed in water* that it

oools muoh more rapidly when stirred or agitated* and that for most

rapid oooling the milk should be tubular eooled before plaoing the

oan of milk in the tank of water* There oan be no doubt edwtewer

oonoerning the necessity of tubular oooling the milk which is to

be set in a cold air room* beoause air oools milk so slowly* Homw

erer* the necessity of rapid tubular oooling of ITesh milk before

plaoing it in water may be entirely different when the tank is of

ample oapaoity* well-insulated and the cooling water at a low enou|^

temperature*

Figure 8 shows exactly what happens to the temperature of a

can of sdlk ahen first eooled without agitation and the agitator

started before the oooling is completed* The milk in the still water

oooled along a definite line, but when the agitation was started* the

oooling line began to drop at a muoh greater rate*
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Th« Tubular Cooler.

The tubular cooler, or aerator, usually consists of a series

of horisontal tubes placed one above the other. The cooling is accomo

plished by allowing the milk to run in a thin sheet over the outside
j

V of the tubes, idiile the cooling medium runs through the inside. The
^ V'- .

i* . '•-

> cooling medium enters the aerator through the bottom tube and leaves

through the top tube. When plenty of water is available, the aerator

is usually made in two sections, the milk being cooled by water over

the upper portion and by brine or refrigerant on the lover portion.

Care should be taken to see that the milk runs in a thin sheet over

■ ' the aerator and not in streaks. This can bewt be accomplished by

i collecting the first milk passing over the cooler in a clean bottle or
dipper and pouring it rapidly over the top pipes of the cooler. This

wets the entire surface of the cooler with milk, and permits the re

mainder of the milk to spread more uniformly over the surface.

Cost and convenience, as well as milk quality must be bal

anced against each other in considering can cooling. If a surface
cooler is used, about 20 to 30 per cent of the total cooling can be
done with ordinary water. Yhter usually has to be pumped for the
oaUle, 80 it is not a direct expense to be charged against cooling.
The use of the surface cooler saves some refrigeration expense, but it
increases labor, equiiaient. and danger of bacterial contamination.

Trials were run with milk, pre-cooled with tap-water, over
cooler. The temperature of this tapwwater was 74® F. and

m

■V-

V

■yy-

rl-:.,-

V.

' ^ ■
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it imt Ibund that froshly drawn milk with a tmperatura of 9^ F#

•euld ho roduood to 78* 7« by thia water* this milk waa than

isooeraed In a tank of wat«r at 88* F* and brought down to 5Ql* F*^

within one hour and wltlu>ut either the milk or the water being

agitated* The walue of tubular ooollng la idtua ewldest aa far aa the

rate of ooollng la oonoemed* Figure 0 idxaan the rate of ooollng

milk under theae ewadltlone*

ft waa found from thla trial that under awerage oondltlona^

with a aurfaoe ooolor and running waterj, from 10 15 gallona of

water ahould be aufflolent to lowmr the temperature of eaoh gallon

of warm milk to within 8® of the Initial ten^rature of the water*

Thia aeane that during the winter mentha* whan tiia temprature of the

water la 47® F« or belew^ the milk oan be effioiently ooolad by

the water alone^ if a tubular oooler ia uaed*

The aacaet purpoao of the tubular»siurfaoo oooler for milk

faaa not yet been oloaely eatabllahed* Aoeording to aene anthorltlaaji

1^0 only raaaon for ualng a tubular oooler la to oeol the milk* Othara

oontent that it la neaeaaary to allow the milk to flow otsr a aurfaoe

oooler to aerate the milk for the pnrpeae of ipproTlng ita flawor in

addition to the eooling* A atudy on the effeot of oeoling on the

qualily of milk ia reported later in thia theala*
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B*etTl>l InereaBt in Milk During Cooling*

Bftottrial content ie a big factor in detarsiining the quality

of the ailk* As the te&perature of the ndlk ie reduced from body

temperature after milking# the rate of bacterial growth is decreased*

When milk is cooled below 50® F* bacterial increase is practically

stopped for a period of from 12 to 24 hours, but for a longnr storage

period a much lower temperature must be maintained to prewent bacterial

increase*

Milk freshly drawn from the udder of the cow should not re**

quire the rapid cooling necessary to maintain a low bacterial oount*

such as is know to be the case for aged milk. That bacteria fail

to develop and smltiply in most samples of freshly drawn milk haa

been well established, although there may be some doubt concerning

the proper explanation of this phenomenon* At the beginning of this

Century freshly drawn milk was found to have a germioidal action, but

recently there has developed a belief that the effect is partly due

to the changed environmental conditions of the bacteria or to the lag

in bacterial amltiplioation preceding growth*

Hunsiker, at Cornell University, in 1901, found that bacteria

deereased in freshly drawn milk, partioulafly when stored at 70° P* In

1922, Maoy, at Minnesota, found under practical farm conditions that

the count of unoooled milk rarely changed in an hour, but after two

hours some samples began to give higher counts*
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In this investigation the siilk was oool«6 in three «aye«

namelyj (1) the can of freshly draim nilk was eet into a tank of

nater without previous cooling* and the nilk was not agitated in

any uayt (2) the nilk uae treated ae in (l)« sxoept that the cooling

water was circulated around the cant and (3) the nilk was oooled ae

in (1) except both the milk and water were agitated by the moving

of a false bott(»a in the cooling tank* fdiioh shook the cans somovdiat*

also keeping the oooling water in motion* A sample of the milk was

tested Bor baoteria at the beginning of the trial, and again after

12 hours* The results of this study are found in Table XVIII*

Table mil* IHFLUEHCB OF COOLINO METHODS OH THE BACTERIAL COITBHT

Cooling
Method

!ount at
beginning

Count
After
12 hrs*

•ime
lequired
;o Cool 50®F. 1

'enp*
»f
rater

Increase in
Baoteria

Mo agita
tion 6,500 7,300

l,Hr,
10 Min. 38° P* pi 800

Ifatar
Only
Agitated 13,900 0,000

1 hr.
.0 min* 38° F* M 3,900

Water &
Milk
Agitated 36,000 J 8,600 60 Min* 38° F. pi 2,600

The results of real signifioanoe are that the baoterial

content of can cooled nilk did not increase in 12 hours idien the

water in the tank was below 40® F* and that the agitation of the

vilk and water was of no value as far as the bacterial eeunt was

;

*«•
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eoneerned. If these results are indicative of what night be generally
expected, then the hi^est quality of nillc can be naintained by can

cooling without agitation of eildier the nilk or the cooling unit#

A study of the bacteria-count data nay be oonfusing to

anyone not faniliar with the usual variations in bacterial counts

of milk. One group of samples of nilk actually showed a decrease

in the number of bacteria present in the nilk during the first twelve
hours. All of these increases or decreases were so slight that all
of the methods of cooling and holding the milk for the first 12 hours
may be oonsidmred satisfactory in preventing increase in the number

of bacteria in the milk. ' ^
V-: X

In order to maintain a low bacterial oount by direct
immersion cooling, it is absolutely neeessary to have the cooling
water at a high level. This water must be up to, or above the level
of the milk in the cans. Unless the water is at this level tiie nilk
near the top of the can will be insufficiently cooled. It was found
that after four hours in tiie tank the nilk near the top of the can had
not reached 60^ F.

A study of the bacterial oount was made under these cooling
conditions. A sas^le of milk was taken from a ean immediately after
milking, and before cooling. A plate count was made, and the easels
of milk was found to contain 3,800 bacteria per cubio centimeter.
This oan was than imersed in a tank of water, (the water line was
about three inches below the milk level). After 14 hours of storage
another sample of the milk was taken and the oount found to be 17,000

3.'^ $
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an Inorease of 13,200 or four tiiMS tha number at the start*

The eooling nater did not eonne up to the top of the ean,

and neither the milk nor the mater mas agitated* It is reasonable

to belieye, therefore, that this inersase in bacteria took ploee

at the top of the oan, idiere the milk mas at a higher temperature

than that at the bottom of the oan*

from, this trial mith eapeoially good quality milk, one

mould oonolude that by this method of ooollng the increase in bao*>

teria mould not be an Important factor* Homeyer, yery little of

the milk produced under ayerage farm oonditione mill have a oount

as lorn as this and as a result the poor quality milk eooled under

these conditions mould be a yery unsatisfactory product after 14

hours of storage*

Standard laboratory methods hays been deyeloped for deterw

mining the number of bacteria present in one cubic centimeter of

milk, and this is generally referred to as the bacterial count of

the milk* All bacterial couF^S in the foregoing study mere made

by the plate-count method*

Another series of experiments, on the bacterial increase

in milk during oooling, mere made, and the miscrosoopic oolony—oount

method used* These counts mere made aoeording to "Standard Methods

of Milk Analysis", of the American Public Healtix Association*

In this inyestigation the milk mas cooled and handled

•xactly in tiie same manner as that reported in Table XVIII* The milk

.-.f
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Has oooltd by th« ••»• three methoder i»e«, (l) no agltationj (2)

water only agitated^ and (3) both tltc -water and nilk agitated, the

results of this trial are found in Table XIX*

Table XU* XNFLUEVCK OF COOLXXO HBTHODS OH TBS BACTERIAL COBTSHT OF
IflLK.*

Cooling 1
Me-thod

lount at
ieginning

Count
After
12 hrs*

Time
Required
to cool to
50® F*

Temper a-ture
of water

Increase in
Bacteria

Ho
Agitation 12*000 12*700

1 hr* A
16 minutes 38®-40®F* pi 700

Water cnly
Agitated 47,000 40*000

1 hr* A
10 Minutes 38®-40OF* - 7,000

Water A
Milk
Agitated 15*000 13*200 55 Minutes 38O-40Op* - 1*800

A study of Table XXX shows a pioture Tsry similar to -that

of Table XTXXX* The only differenee in -the -two trials was that the

milk in the latbar -trial had a slightly higher oount than did the milk

in Table XIX* This may be partly due to -the fact that the miscroscopio

oount will usually show slightly higher than -the plate-count me-thod

of determining the number of baeteria per oubic eentimeter in milk*

According to au-thorities on the subject this is due to -the fact that

a colony of bacteria suiy show up as a single bacterium on the agar

plate* but under tne misoropoope one is able to see eaoh individual

organism* ^th methods* howsTer* are in aocordance -with -the "Standard
Methods of J(ilk Analysis** of the American Public Health Association*
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A study was BAde in ordsr to oompars ths baotsrial oontent

of milk prs-ooolsd ovsr a tubular ooolsr, with milk which was coolsd
by dlrset ismersion. A can of frsshly drawn milk was divided into two
parts, Ths first part was run over a tubular ooolsr and then plaoed
into the oooling tank of the "Daniels" cooler. Ths ssoond pirt of
the milk was plaesd direotly into the "Daniels" cooler and allowed to
dool without agitation in any way. After oooling and being stored
fpr 12 hours a count was made on a sample from eaoh part of the milk.
iB.That milk idxioh was first pre-oooled had a count of 20,600 as otmpared ^
to 18,750 for the milk which was cooled by direot immersion.

The results of this trial, while not absolutely oonelusive,
will serve to give some idea of the number of bacteria in milk, oooled
by the two different methods.

It may be well to state here that special precaution was
taken in cleaning the tubular cooler before the milk was allowed tc
pass over it. The cooler was washed and scrubbed with washing powder

I and then rinsed with a chemical sterilising solution. The cans con-
I tainlng th. milk nr« •t.rllli.d la „ .i„trio .t.rlll.,r for two

hour, iofor. ..lag. ift.r .11, th, ,«at«ila.tiag factor of th. aarfao.
cooler. 1. a aattn- of cLaaiag «,d .tcrlll.lag th. atcaall. rather tl«a
a factor la ooollag. If cpccial o„. l, takca with th. aerator. «■
tubuW ooolcr, th. Milk coMlag frc. It chould b. Ju.t a. free fro,
haoterla a. it wa. before going oter the ooolv. . i't/'' M t 'i ■ .

k *■ f' '
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The Bffeot of Cooling on the Quality of Millc»

It appears that edlk of lov bacterial content eaa bt

produced eil^er by tttbular>8urfs.oe eooling erith tap water followed

by can cooling in 85®«»40o P, water, or by can cooling only, in 86®-

40° F« water* The ohoioe between the two methods appears to be one

of eoonoBiee and oonTonience depending on the cost of the necessary

amount of cool water as compared to the additional investment in the

larger refrigeration unit required and the additional power required

for operation for can oooling* Khen a surfaoe cooler is used it adds

to the amount of equipment to be washed and sterilised and it offers

an additional opportunity for contamination of the milk*

The purpose of oooling milk by the aerator or tubular cooler

is two-fold, to expose the milk to the air and to quickly cool the milk

to a low temperature ismediately after it ooms from the oow*

There are many people who believe that the most important

purpose of the aerator is to expose the milk to the air, and thus

improve its flavor* In other words, they believed that to plaoe the

milk directly into the cans, and to place the lid ti^tly on the can,

was sealing the bad taste and odors in the milk* It was with this

thought in mind that the following study was made*

Prom a can of freshly drawn warm milk, two samples were

taken* The first sample was cooled, over an aerator, to 60® F*,

bottled and placed in stozwge* The second sample was scaled tightly

in the bottle and cooled by direct immersion* After 18 hom-s the
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bottlti «tr« rmoY«d froK tht itorftg* and 8utmitt«d to flft««n Jiidg«8

In ordor to t«ll« if poseibla, if tharo actually was a differanoo in

tha flavor and odor of tha &ilk« Iha rasulta ara aonawhat surpriaing«

as shown by Tabla XX*

Tabla XX* INFLFBHCE Of COOLING OH QUALITY OF MILK

lumber
of

Judges

lumbar preferring
Milk cooled by
^riation

Mumbar preferring
Milk ooolad by
Direct immersion

No
Differanoo

16 8 6 7

- -•

■f-' '

■■- .ft .■■ i

Four ssffiplas of this lailk wara sutaaittad to aach Jud£a« two

of tha sasiplas wara aoolad by aaration, and two by diraet imarsion*

Tha ;judgas wara raquirad to tall adiioh two of tha four SfORplas wara

dupliaatas* If this was not dona corraotly, that particular Judga

tdio wada tha arror was listad in tha "no diffaranoa" oolutnn* Iha

sanplas wara fron hi^ quality milk and most of tha judges raportad

both samplas good« with vary little diffaranoa batwaan tha two samplas*

Tha diffaranoa raportad was that the aampla ooolad by direct

immarsion was slightly strongar in flavor* This may indioata, soma-

idiat that milk eaolad by aeration nay losa sona of tha flavor* dua to

tha faat that it is axposad to mora air* It would also indiaata that

it tha milk is of a poor quality to start with, it may be slightly

improved by aeration* but if tua milk is of high quality* tha good

flavor and odor may be kept in by diraot imioarsion eooling rather than

by exposing the milk to tha air*

■ t-...
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Araotloally all of tha eartlflad milk os th« markat today

la produoad, eoelad« and bottlad without baing axpoaad ta tha air in

any way* Cartifiad milk ia tha only raw milk sold in aoma of our

largar oltiaa* law York* for aacampla* will allow only aartifiad milk

to ba sold without paataurisation* This faat* in itaalf* apaaks wall

for milk uhioh is produead without baing axpoaad to tha air*
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Insulating ?>lut of Dlffarant MfctTlalt#

Insulation valus gsnsrally dspsnds upon ths prtsenot of

innumsrabls air eslla nhioh oonduot hsat slowly* This slew oon-

duotioB of hsat Is duo to no eoxnrsotion eurrsnts and low spsoifio

hsat* Matsrials hawing poor hsat oonduotiwity ars tsrasd hsat

insulators* Ths uss of insulators* or insulation is nsesssary for

ths oonstruotion or rsfrigerators and oold rooau* Ths smoimt

kind of insulating natsrlal ussd is a question of soononiss*

Ibny diffsrsnt kinds of ssitsrial haws bssn ussd for in"

sulating purposes as well as special oonstruotions inwolwing ths
uss of so-sallsd dead air spaoss. Tests haws shown that air spaess
ars good insulators if sosm means oan be found to cAnfins ths air

and prswsnt ths hsat transmission. Insulating matsrials suoh as

oork board* rook cork* etc.* really contains countless numbers of

tiny cells of confined air and it is only in this form that air

truly acts as an insulator.

Cork is usually oonsidersd, by the authorities on ths

subject, to be one of ths most efficient insulating materials on
ths market. It is ussd more sxtensiwsly than any other swterial*
Cork is the outer layer of ths bark of an swergreen speoiss of oak
tree. Ths bark is dried* broken up* and pressed in metal molds.
It is then baked at a moderate temperature during which process the
natural gum or rosin of «ie bark flews and binds the idiole siass

together. This mbs is then trisaied into boards of warying thiok*
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n«8««s. The ability of oerk board to raslst boat Is saslly under**

stood idien Its struoture Is szamlnsd* It Is a honogensous mass of

snail air sells separated by vails. Cork beeause of Its natural

binder. Is resistant to moisture and can be made praotloally vater-

proof by surfaelng with asphalt.

Slnoe the first eest of hl|^ qiiallty Insulating material

Is so high, and the prlee of a eemmerolal ooollng tank Is out of the

reaoh of some farmers, a study vas made of ooollng sdlk in a home

made box. using rou(^ farm material for insulation, kany farmers

on the farm.

Figure 9 shove the box used in these trials. The tank

Is made of gal-ranised iron and a 4 inoh spaoe. for insulation is

left between the Iron tank and -the outside walls. The dimensions

of the Iron ooollng tank were 36" x 36" x 36". or a eapaeity of

about 184 gallons of water.

. This tank was filled wi-th -water and eooled to 40^ F.

lo Insulation of any kind was used, and It was found that the

vli F; temperature of -the water rose from 40^ F. to 54*^ F. In 96 hours.

78
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oool their milk by using an old barrel or seme other non-Insulated ^
f.'-'

If loe is used In eoollng by this method a great loss of i.. ,

refrigeration takes plaoe due to heat leakage throu{^ the walls of

the tank*

It Is possible and may be practloal for some farmers to

/'jjf
V '' i., '

V 'j-

build their evn ooollng tank and Insulate it with materials found
>■ -H
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Thla trial «»■ md* in a roon vhara thf tanperatura aaa 66 ?•

Saa Figora 11«

A aiBiliar trial vaa nada with this sama box using
vi"

•A

ground corn cobs as insulating suitarlal* The tamparatura of tha

rooB uas tha sasui, 66*^ F** and 124 gallons of 40^ F« uatar was

usad« It was fovmd that aftar 96 hours undar thasa oonditions

tha tamparatura of tha watar was only 51^ F«* an ineraasa of 11^ F*

in 96 hours. Saa Figura 10.

Aftar tha trials with ground oorn cobs wars oomplatad,

^a oorn cobs wara ramovad and dry shavings put in its plaoa* Tha

rasults from iha shavings ara also shown in Figura 11 and Tabla JXl,

It was found that by using shavings for an insulator, tha watar

tamparatura want from 40*^ F* to 48° F* in 96 hours*

Tabla XU* INFLUEHOE OF IISULATlHa MATERUL OK IKCfiEASS IK
TEMPERATUBE.

Matarial

HI

1

m

laira of Watar Room Tamparatura
Start Aftar 96 hrs*

Air 40°F. 64®F. 660f.

around Corn
Cobs* 40Of. 610f. 66®F.

Shavings 40«F. 480F* 66°F*
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It th« insalation baooMa mt ita value ia largely

deatroyed on acoount of the high apeoifio heat of water# The

inaulating nateriala uaed in thla trial were not made water ti^t
and, oonaequently it waa aKpeeted that the material would depreciate

rapidly as it waa being i^ed* Contrary to expectationa, howcTer, the

aiaterials held up remarkably well. Check triala were made on the

ahavinga, and the aeeond and third trial with the aame ahavinga ahowed

juat aa good reeulta aa did trial lo. 1, After 288 houra, being uaed

aa inaulation, the ahavinga felt ^at aa dry to the hand aa they did

irtxen firat put in the eooling box, Aoourate moiature teata, however,

wore not made.

From theae triala with inaulating materiala, it would aeem

that it may be practieal in anae oaaea for a farmer to build hia own

box, inaulate it with home grown material, uaing either iee or meehan-

loal refrigeration.
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Problems In Milk Cooling,
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Any work on cooling is essentially a study of heat*

Theoretioally there is no such thing as "odd** but merely the

nbsenoe of heat* There are two kinds of heat to be oonsidered*

latent heat and sensible heat* Aooording to physios* latent heat

or hidden heat as it is sometimes called* is a result of work done

on a body in changing its state* Sensible heat oan be felt by the

sense of touch and can be measured by means of a thermometer*

The unit of heat used by the physicist is the calorie*

whioh is defined as the amount of heat required to raise 1 gram of
,6water 1 C * The unit of heat used by the engineer is the British

thennal unit, which is the amount of heat required to raise 1 pound

of water 1° F* One B*t*u* is equivalent to 252 calories*

In order to find accurately the amount of refrigeration

necessary to oool a substance* it is first neoessary to know the

ot that substance to absorb heat* as compared with some

standard* This is known as the specific heat of that substanoe*

The speoifio heat of water is taken as 1* and the specific heat

of milk is slightly less than 1* The speoifio heat of milk is

usually given between .92 and *95, although it changes with the

composition of milk* This means that the given amount of milk would

require from *92 to *95 as muoh heat* to raise the temperature a

oertain nusiber of degrees as would be required for the same amount

of water under the same conditions* From a refrigeration standpoint
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A given volume of adllc would require cSS • J35 ee enioh iee to cool
Vj

..-."/vv^;

it a certain number of degrees as would be required by the same .-y a
-- 4'

\ 'Y-.-.-v' /•i' .,,-, "'■i
volume of water uixder similar conditions.

On the ordinary dairy farm a oold storage room is not

neoessary* If the milk is the only dairy product held* it ean be
-■ *" '■" •*' 'ipoured in cans and set in the tank. If the milk is bottled and

'A

■ -<-1
is neoessary. The size of the oold storage room will depend upon ^

held for ai^ oonsiderable tlM. a oold storage room of some kind

the size of tht business. One of the main efforts in building a

oold storage room is to i^event the entranee of heat and the escape

of oold from the room. ^

In building a oold storage room, it should, if possible^ :
. ^ • ,u ' a

■ V^Sr'i" ^ ^
be built in the form of a cube or as near that shaped figure as

■ r . 2.--.-.

possible. It is knowB as a geometric fact that a cube-shaped figure

offers less exposed surface than any other figure of the same oubieal

eontent. Take for example a room 10* X 10* X 10*. This room contains

1,000 oubio feet and has 600 square feet of surface. Compare these

figures with a room 5* X 8* X 25', which contains the seme number of

cubic feet, but has 750 square feet of surface, k saving of 150 square . 41-

feet of surface, idiich means a saving in construction material, in

sulating material and a saving in the heat leakage which would take

place in the 150 square feet of surface zdxen the average dairyman,

not familiar with mechanical refrigeration, wishes to determine hie

refrigeration needs. . ^ ^ ' v* 4'he is confronted with many trade names or tezms ■

f-li * **
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Ufcd by those srtxo are familiar with refrigeration. Among these terms

aret melting ioe equivalent, pound of refrigeration, ton of refrigeration,

and povtnds of iee melting in 24 hours. These terms ean be easily oom-

pared by the use of simple arithmetie.

mien iee melts, heat is absorbed. This absorption of heat has

bssa given a unit of measure and a name. A pound of refrigeration is

equal to that produced by melting one pound of ioe. One pound of ioe

in melting absorbs 144 British thermal units or "144 B.t.u.". A ton

of refrigeration adds the time faetor with the cooling rate equivalent

to the oooling effect of 2,000 pounds of ioe melting in 24 hoxirs, or

1,200 B.t.u. Ber hour, or 288,000 B.t.u. in 24 hours, ellion a ton of

ioe melts it absorbs 288,000 B.t.u*

'*■ t{. t'-
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CONCLUSIOKS

From iirv»irt;lgatlon« made in this reeearoh eerkf the follotring
oonolusioRS are made*

!• Khen eooling ntXk in mxm hy meehanieel refrigBratlsn and with

©leetrielty at thrae oenti per kileeatt hour, approximately four
eente he the peeer eeet for eaeh 100 pounds of milk eooled

and stoi^*

2* Ikiier aierage farm eonditiwis oooling milk by eleotrieity is myiteh
less esqpensiTO than by oooling with ioe*

S» If the eooling mater is agitated, it re<!uiro8 one hour and ten

minutes to eool a ten gallon eaa of milk fkom body temparature to

50» F« in mnhmr at «• F,

4* If the eooling mater is notagitated, it roijuiros one hour and fifty
sdnutss to eool a tea gallon oan of milk frcna body tmperatore to 5CP

r« in mater at 38® F,

6» If both the matw and milk are agitated^ it requires fifty minutes
to cool a ton gallon can of milk from body temperature to 60® F# in

mater at Si* F«

i* With 10-'16 gallons of mater for eaeh gallon of milk tho temperature of
the milk ean be Inroiight to within S* of tho mater temperature by the
use of a surface eooler*

The baoterial oontent of can eooled milk mill not inoreaso within If

hours proTiding thm smter to milk ratio is as mooh as 10 and the

temperature of the eooling wator as lom as 40® K
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8* Acitaticm of tho adlk euod «&tor io of no Taluo in ohooking tho

iMAto'laX dOTOlopo*B8« pnrriding that tiw tMnporaturo of tho fooling

omtor is a« low ao 40® F,^ and Idiat tiio mtor lovfl if high fnou^

to ofTor tbf adlk in tho mo*

8« Oooling hy diroft ivnfrflon will hatf no HI offoot wi Idw taftf

and odor o£ good qualii^ milk*

10* Shavingf aro aoro offieiont ao inmlating material than are ground

fom ooho*
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