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THESIS



The Visidle Quality of Market Nilk as Affected by

Olarifiocation and Pasteurisation,
Introduoction,

Like bread and water, milk is a wellenigh
universal food throughout civilised lands. loreover, oone-
taining, as is shown by chemiocal analysis, cerxtain solids
indispensabdble in animal food in forms that are easily and
readily digeated and assinmilated, it is one of the most
economiocal as well as one of the most important and wvaluable
means of sustenance. Investigation shows that when milk is
purchased at two dollars per hundred pounds, the actual coXet
of a pound of edible solids is only 15.7 cents; while the cost
of a pound of edible wolids in beef, with beef at ten dollars
and a half ($10.§0) per hundred pounds, is 34.3 cents. (The
above is a comparison of the retail cost of milk with the
gost of hind-quarter beef when purchased by the carcass).

Again, one quaré of milk surplies practically as much of both
protein and energy ae éhroo-qu.rtorl of a vound of beef of
average composition, or of eight average sized eggs, and

can usually be procured, as sugzzested above, for consideradly
lemsa money. Since, therefore, milk is s0o economical and
valuable a food sunply for the masses and since pure milk

is s0 visally connected with public health, the question of an
unadul terated surply of this necessity is an important and

presaing one, 103297
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Although as yet this problem has not besen entirely
solved, a number of its phases have been definitely settled,
In the first place we may aafely state that cheap milk is
apt to be poor milk and that an lmprovement in its guality
must inevitably mean an inorease in price., In the second
place, it will be generally adnittcd that the conditions under
which milk reaches our large cities vary greatly with ¢ ircum-
stanocea, This variation was especially nbtiooablo fifteeon
to twenty years ago when, though not transported eo far as it
ia today, yet due to 1mporfootioh of handling and other
carelessness on the part of the farmers, the nilk suprly was
upon the whole of a decidedly inferior quality. Nue to regue
lation initiated and practiced during the past ten years,
however, conditions as regards both quality and quantity have
noticeably improved. Today it is recognimed that the greater
part of the dirt and bacterial contamination that used to
characterize the marketed milk is external to the cow,
Admitting that a small percentase of this contamination comes
directly out of the cow's udder and is thus unavoidable, yet
cleaner barns, cleaner cows, sterilized and covered pails
and, above all, clenner milkers and a proper caling of milk
immediately after it is drawn, have worked wonders in solving
this problem of a nure milk supply.

Raturally the rigid enforcement of the above sug-
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gestions is a dow process ae well as a diffioult one. If
stringent lawg were at once enacted and put into opera-
tion in many cities there would be a consequent milk famine,
Again, the practicing of the above suggestions would inevitabe
1y so enhance the price of milk as to render it prohibitive
to the masses in the laryge cities, Hence, it is obvious
that such inprovement may be by evolution rather than by
revolution;, it must rve stimulated and fosteraed by education
and an enlightened mublic s.ptiment and, incidentally, by
paying the producer a higher price for his product. Until
this desired goal is reached however, we shall be obliged to
tolerate a milk supply of a less than perfect degree of sani.
tation. How to improve this milk of & doubdbtful qualisy and
to overcome its dangerous tendenoies durinz thie transition
staze, 1t is here recommended that all milk be properly olae-
rified and pasteurized, 8ince the process of pasteurization
ia not an exponeive one, (costs about 315 dper 100 lbs, milk)
pasteurised ailk can bYe sold to the consumer st a reasonable
price, and will be practically as sanitary and hygienic as
certified milk,

That pasteurization is annmually being adoped by
more and more cities and dealers is a strong point in t#vor

of this grade of milk. Only 5% of Hew York's milk supply
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was pasteurised in 1900, while in 1909 the percentage had
increased to 25 and today one is eafe in affirming that at
least 33 1/3% undergoes pasteurisation, In Boston and in
Chicago 50%, and in Yilwaukee aprroxizately 75% of the total
milk supply undergoes pantturizutiqn before renching the ule
timate consumer. Hence to provide a more sanitary milk supply
without a great incresse in aost until oertified milk is a
practiocable possibility, the clarifiesr and pasteurizer have
veen denigned, the firast to eliminnte the visible dirt or
sediment, and the second to render the bacteria less rotive
and to kill the pathogenic bacteria entirely. It is wery
necessary, however, that this clarification and pasteurizae
tion be properly done. To insure this, therefore, it is ine
dispensable that all clarifying and pasteurising plante be
frequently and carefully inspected by competent authorities.



How 4ilk is Handled in Yilk Plant in the M, A, C, Dairy.

REach moming the milk produced that morning and on the
previous evening as well as on the neighborinz faras ise
brought bright and early to the ¥, A, ¢, dairy. Here, before
it passes through the doudle ply of fine cloth, or strainer,
into the receiving vat, each can is carefully weizhed and
sanpled, From this receivingz wvat it is pumped into the heate
er where it is heated to the desired temperature. From here
it is conveyed by means of pipes and troughs to the clarifier,
where those impuritics that were so fine ns to be able to
pass through the double vly of fine eloth are removed, Zrom
this olarifier it next passes into the pasteurizer and is pas-
teurized immediately. The surplus milk, that is, milk not
required for the dair&fc custoners is separated by means of
centrifuzal oreaa separators (DelLawval No, 60 with capaocity of
4000 pounds per hour is here used), This aystematic arrange-
ment of machinery used for clarification, pasteurisation, and
separation, respectively, is illustrated by the accompanying

diaram;

Clarification.

The milk clarifier resemblea the separator in appearance
out differs from it in results produced. 7<hile the separator
divides the whole nmilk into cream and skim milk, each escap-
ing through its own spout, the clarifier, on theother hand,
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delivers the whole milk through the one spout. Ite funce
tion is to remove not only the insoluble dirt or sediment
particles whioh externally entar while the milk is being
drawn or nfterwards, but nleo ths intemal contaminations
consisting of brokenedown udder tissues or yus corpuscles,
which are immriadly to be found in all wilk, sonetines
even to the extent of a million or more to the cubic oen-
timeter. This dirt collacts on the inside of the bowle
shall and should te removed iunediately after the process
of olarifying is completed,

From the hyzienio standpoint the removal of this
organic matter is especlally important. Otherwise, were it
left in the milk, it would be the source of organisas which
are likely to cause trouble. 7his is the oase vecause the
presgnee of such dirt seans ovncterial infestion, which in
many cases is decidedly dangerous. It will unquestionably
be admitted that milk whioh containes a large amount of dirt
and conscquently a large nuaber of bacteria will be far
inferior in quality. 8o degided an improvement over the
now old-fashioned milk filter, which never did prove satise
factory, is thie modern clarifier doing its work by centrie
fuzal force, that it {8 today being adopted more and more by

city milkesupply plants,
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TEST.,

(In the following imvestigation the DelLawval Centri-
fuzal ¥ilk Clarifier, ¥No, 110, Capaoity 4000 pounds per
hour, wae used).

The milk to be treated was firat pumped into the
heater from the receiving vat and was heated to a tempera-
ture of from 70° to 809 P, It was next conducted to the
clarifier through an elbow pipe and open faucet in the
regulating cover of this machine and thue entered the bowl.
Here it was clarified by thas a-pliocation of the principle
of centrifugzal force, and passed on through a spout to the
pasteurizer. (It should here be mentioned that the machine
should reach s uniform speed of 600 revolutions a mimute
before the milk is allowed to enter and that the inflow be
kert uniform; otherwise an irregular rate of speed or sven

of inflow would result in uneatisfactory oclarification),

R esults of Test,

Samples of this clarified milk when tested Ly the
sediment tenter, 4, 6., when straincd through a cotton dise
are usunlly highly s~tisfnctory. ‘ery occasionally, however,
some alizht nartioles of dirt are noticeabls on this cotton
disc. ‘hese particles, however, are probably due to ocontamie
nation from extemal sources after the process of clarifica-
tion has been completed. Again, light flaky, staff-like
chaff, or something similar to chaff, very infrequently {s
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found by testing in the milk after clarification has taken
place, This contamination escapes removal from the milk
probably because of its extreme lightness in welight in come-
parison with 1its surface area, thus buoying it up and conse-
quently enabling it to enter into the outflow of clarified
milk.

As shown by the records in Table I, out of 153
sedimentesanples of each day's original or raw milk, 8
samplea (5.23%) were found to be nearly olean; 64 samples
(41.83%)fairly clean: 78 sampies (50.98:) moderately
clean; while 3 samrnles (1.96%) were found to be dirty. On
the other hand, out of 153 sediment samples of olarified
milk, 145 samples (94.77%) wecre found to be clean; and 8

samples (5.23%) nearly oclean,

See Table I,
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TALLY I,

Report showing grading of samples taken each day.
Crade each dayes milk as follows:

1, flean,

2. Nearly elean.

3. Fairly clean.

4, Yoderately clean,

5. Dirty.

&. Filthy,

Samnle of Criginal milk is taken in olean pint bottle
from receiving vat &fter stirring well,

Sanple of Tlarified milk is taken in clean pint bottle
frem pasteurizer before rasteaurization after milk has passed
throuzh the clarifier,

Samrle of 'asteurized nilk ie taken in olean pint bottle
fron vasteurizer nfter pasteurization is completed,

(In each day pasteurized milk is clarified before pas-

teurization),
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TABLE I, (Continued).

Date Original Milk Clarified Milk rasteurized Hilk
Oct.4,'14 Hoderat:ly clean 013an ——e
L L X 1 J
- 6 . nearly clean . eee
] g L] clean ea=
[ ] [ ] " oo
* 10 » " .
" 12 clean " cow
" 13 ) " P,
24 moderately clean " clean
"5 " " »
® 16 ] ] (]
L} 1 " L} L]
: i : : nearl{ clean
b 28 . » clean
L} 21 LJ . [ ]
] 22 L} L} [ ]
" 23 " (] "
. 24 nearly clean ! »
: :z -odorn:ely clean : noariy clean
clean
Nov, 1 fairly olean . .
“« 2 moderately clean " .
] 3 " " "
[ ] 4 [ ] " [ ]
[ ] 5 " " "
L 6 " (] "
L} [ ] ] L
[ ] g [ ] [ ] [ ]
" 9 farily oclean " "
* 10 moderately clean » .
L] n L] ) "
" 13 fairly clean » .
* 14 " " »
L} 15 ] " [ ]
" 16 " " »
" iz moderately clean v "
: by . : fairl{ clean
dirty clean
L4 § moderately clean . .
s 22 nearly oclean " nearly oclean
" 23 moderately clean " clean
" 24 " ] "
[ ] 25 [ ] L} ]
® 26 L " ]
L} ] [ ] "
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TABLF I, (Continued),

Date Original Milk Clarified Milk Pasteurized }ilk

Nov.29,'14 Moderately olean clean clsan
" 30 L ]
Dacol " L L
] 2 L} ] L}
[ ] 3 L] " [ ]
"4 fairly clean . .
L moderately clean . .
" g . . nearly oclean
. » . clean
L] 9 " [ ] [ ]
* 10 » nearly olean nearly clean
* 1 airty . .
13 moderntely elean clean clean
" 14 fairly clean . .
"1y moderately olean . .
L] 16 [ ] [ ] [ ]
" 17 (] (] ]
Jan.% fairly clean » "
L ) moderately clean ” .
. g . nearly clean "
L] [ ] [ ] [ ]
9 . clean nearly elean
LD § . . alean
" 12 [ ] » :
" 13 " "
" 14 fairly clean . "
15 moderately olean " "
"l fairly clean » .
L] 1 " L "
. 5 . - .
LEN-3 § " ] "
. 22 nearly clean . "
" 24 moderately clean . .
" 25 fairly clean . .
] 26 [ ] ] L}
"2 moderately olean . "
[ ] 2 L] ] "
" 29 ] " "
" 31 " " L
?3b.1 fairly clean " "

2 L] [ ] L}
"3 clean clean clean
.4 fairly clean . .

L} 5 [} [ ] [ ]
" 6 [ ] [ ) ]
"9 . nearly clean "
* 10 " clean "
[ ] 12 [} [ ] [ ]
L] L] [ ] L]



Date Original Milk
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TABLE I, (Continued),

Clarified Milk

Pasteurized Milk

Peb.16,'14 fairly'clean
L}

" 20
" 23
24
28
. §

e 16
19

r

.88.‘.‘."5"

48 3323 333C 3883323822383
N
wm

]
()
O

moderately clean
fairly clean
L}

moderately clean
nearly clean
fairly clean
L]

nearly clean

fairly clean

nearly clean

fairly clean
"

moderately clean
nearly clean

moderntely clean
fairly clean

nodcrat:ly clean

nearly clean
fairly clean

moderately clean
”»

[ ]
fairly clean

]

]

moderately clean

fairly clean
"

moderately clean
L}

fairl* clean

clean
n

nearly olean

clean
[ ]

2 3 2T 3 2 3 33 3 -3 3333 3=

nearly clean
clean
L]

clean
"

nearly clean
clean
L}

L}
nearly clean
L}

clean
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Pasteurization,

The neoosuity for the pasteurization of milk is twoe
fold: First, to destroy the pathogenic baocteria which so of-
ten are the source of disease, and second, to check the too
rapid multiplication of other bacteria, which allowed to go
unchecked as is often the case when milk olightl} contaiminated
is left exposed to a temonerature espesially condudive to such
multiplication, soon renders it unfit for use as a human food,

The large number of bacteria in the average market
milk is especially harmful to infante because a large percen-
tage of the bacteria present belongs to the putrefactive or
closely allied kind. Those are largely responeible for the
rrevalence of diarrhea dnd general gastro-intestinal troubles
and, therefore, for the high mortality rate among infants and
children,

Whether raw or pasteurized milk is the more digestible
is a queetion on whish authorities, variously interpreting
the few available facts, strongly differ. This naturally gives
rise‘tdino little discussion about the advnatages and disade
vantages of pasteurization. Let it suffice to say that the
advantages when pasteurization is nroperly done easily outweigh
the corresnonding disadvantages, Let it be borne in mind that
properly pasteurized milk is decidedly Aifferent in character
from merely boiled milk,

Pasteurization may be oarried on in any one of
three ways: First, by the *holding or intermittent method; "
second, by the "flashing or continuous method;" and third,
by the "bottle or final container method." In all three
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of these methods the milk is first heated to a specific high
temperature and is then rapidly and artificially cooled to a
specific low temperature sufficient to check the aspeed of
bacterial multiplication, Gy this general process at least
9% of the general mass of bacteria are destroyed, thus
improving the keeping quality of the milk and rendering it a
safe food.

The firat mentinned method of pasteurization generale
ly known as the "holding or intermittent method," also known
as "perfect vasteurization” is as follows; The milk is first
heated to comparatively a low temperature, somewhere between
1400 and 155° ¥, At 140° F, fhe minimum exposure should be
twenty minutes., or every degree of heat above 1400 F._,
however, this minimum may be reduced one minute., In no case,
howecver, should the minirum be less than five minutes., This
method is considered the most effective from several points
of view, and is therefore used most extensively,

The second, known as the "flashing or continuous
method® proceeds by heating the milk to a temperature higher
than that desired in the "inteormittent method," somewhere
betwren 160° and 175° ¥., and with less than a minute's expo-
sure. The efficiency of this method depends naturally upon
the lenzth of time the milk remains in the nasteurizer, 1If
the milk flows too rapidly, it will not be sufficiently heated,
while if it flows too slowly, it is likely to vecome over-

heated. The results, therefore, will derend unron the time of
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exposure, which in turn depends unon the speed of the milk
flow,

In the third method, commonly known as the "obottle
or final container method,® the processi is somevhat similar
to that of the "holding or intermittent method,” 1t differs,
however, in that the milk while being heated is kept either
in a bottle or in a swmall container, as the ocase may be, ine
stead of being contained in a large vat or rasteurizer. This
method is nreferable in at least one respect; viz.,, it does
awRy with the chance of contamination that is possiole during
the caing, bottling and delivering of the milk pasteurized
by either of the other methods, 1t is, however, the most
expensive mathod of the three,

(Bearing in mind the faots that pasteurized nuilk ise
Just ns prone to become infected or re-infected, if exposeed,
as raw milk; also that once infected, the bacteria multiply
more rapidly herein vecause the germicidal properties of this
milk have veen destroyed by the heat attendant uvon pasteuris-
zation and the surviving bacteria consequently do not have so
severa a struggle for existence, we muat take care that t.; *t
the pasteurized milk is kept cool and free from all possible
contamination. Again, those bacteria that survive the process
of nasteurization will multiply very ravidly if the milk is
allowed to reach a warm temperature, and will thus usually
change the taste to a rather bitter and irritating one. Some-
times, however, this multiplication of bacteria produces no

noticeadble change in either the taste or the appearance of
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The milk under consideration),

"he tyre of pasteurizer used in the following ife
vestigation was the "Perfection," which has a caprcity of
200 zallons of milk., "he quantity of milk to be pasteurized
was first placed in the vasteurizer, where it was heated by
_ meana of a revolving coil of pipe extending horizontally
acrose the pasteurizer, through whiech coil hot water wase
passed. “hen the milk thus hested reaches a temperature of
140° P, the hent is shut off. This temperature is kept approx-
imntely constant for twentiy minutes, then it is rapidly cooled
by the foreing of cold water through this same coil. “hen the
milk has been gcooled to 759 or 70° F, ice and salt are nixed
with the cold wster in the tank connecting with the eoil. The
brine resultin;; from this mixing is now forced through this
revolvinz coil., "he nurpose of this is to cool the milk to a
temperature of 50° ¥. or below, as quickly as possible. This
temperature, it will be recalled, prevents the too rapid mule

tiplication of bacteria,

ee “able II, Kecord of ‘asteurization of

Milk,



« 10, 1914 to 'ay 4, 1915),

, ream ; Distinctness Lump of H
Date ::ﬂ’i‘é'b ¢ of cream line : Butterfat,
ipasteu : : N
H : :

: hardly seen none :

H y : Some ]

: hs : > :

: " : ¥ :

: fairly dist, : slight I

¢ I'ardly seen some :

: » : " H

T L t " .

: o 3 o :

H hy : * :

, L B LJ ]

H " : slight H

: " 3 large H

: destroyed H ” 3

: n: : " :

: » H ~ 3

:  hardly seen :; slifht :

H destroyed : some :

: . : ® :

3 Ll . " .

SA'npld‘ the cream line was measured in neck
from recoiv{"”" not able to measure the absolute

Pean p““uJ gomparison was made between the raw

they were o*k'

four hours,
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From the commerical standpoint the practical value
of this method of rastuerization is deterained in the 1izht
of the following considerations: 'hat vactericidal afficien=
¢y ha3 been gecured; whnt effect has this rasteurization had
on the cream line; and what is the intensity of the cooked
flavor or taste produced. 1t will readily pbe seen that the
higher the temverature, the longer the exposure, and the more
rapid the cooling, the better will be the results froan the
standpoint of the destruction of vacterial 1ife. 0n the other
hand, too high a temperature and too long an éxposarue so alter
the pysical and chemical condition of the 7milk that the oream
does not rise naturally but comes more completely enulsie
fied, 1. @,, the clusters cf fat globules sometimes break up
int- smaller bodies, and occasionally these Jlobules as a ree
sult, exist individually and independently. Again, an
extrenely high tenperature or prolonged exposure develops
what is known as a "Cooked flavor" in the milk,

Furthermore, the nublic usually judges milk by the
amount of cream that rises. This is espeocially true in the
case of the uvottled milk where the location of the "cream
line" is so easily detected. This test, the only one used
by the consumer in deciding upon the riechness of nis milk,
is, of course, not an accurate one for determining the riche
nesy of wnilk, but the arrearance of the cream line, too often

serves as the only basis for judging the quality of supply,



--19--

As this is his standard, care should ve takne that pasteu-
rization influence the oremming ability of milk as little as
posaible where said milk is to ve used for conmercinl pure
voses, It might be interestinz to note that in "urcne cone
diticns are otherwise. "here the customer is accustomed to
the receiving of heated or cven boiled milk and counsequently
hns come to understand that a poor eream line does not neces-
sarily mean milk th-t is defieient in the normal amount of
fat. “he accompanyinz tnble gives statements from some

authorities relatiwe to the effects of heat on the crenming

a

ability of milk,

Gee Table IIX,
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Table III.

AYTHONS SMATHMINTS,
Roseman (&) soevecccccecses"™Milk may Le heated to 1459 ¥, for
an hour without markedly influencing
the crean line, If milk ias heated
somewhat higher than this, say 148°F
or for a longzer time, ths cream lay-
er will blend with the milk below,
The heatinz of milk for half an hour
at a tempcrature of 1509%, or over,
has the effect of entirely nreventing
the rising of eream or of delaying 1¢
very nmaterially,®
¥ichels (D)evecesscceeeeas1559F, for 1 minute affects cream 116@
145°F. for 35 minutes affects creame
8avage (€) eeeececsaces 1line,"
nae 7199, (159.89F.) the milk is affece
ted and th= crean wil! not rise proe
perly,"
WAYd (A)eeeeeeesscecasaaixposure to 160°%, for one minute, or
longer exnosure to 140°F, are both
safe "

(a) "The i1k ‘Juesation®
(b) "Varket Dairying and Vilk Yroducts,® by Michels

() * ilk and Public Health" by Savage.
(d) "rure Yilk and the Public Health" by Vard,
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The third point of congsideration of the jractice
ability of vasteurization, i, e,, the question of the impore
tance of a cooked flavor or taste in milk, is ~ae that differs
rreatly with the loeality concerned. In 'urone, for example,
where the majority ol the consumera are acoustoned to hented
and boiled milk, there i= little if any odjection on tiis score
“any of the cons3uners actuilly prefer the heated 7111k, From
the atandpoint of the mil% venders of this country, however,
it i3 desirable to avoid this eco-ked flavor 28 n result of
thie procrss of nastecurization n8 much as pos=ible., The Amerie
can consuricr atreauosusaly objects to any such flavor., “he
following table records statements authoritiea ia regard to
thiis matter of a cooked flavor or tsste in milk =23 a result

oi pi3teurization,

ea Table 1V,
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TABLY IV,

AUTHORS

WiNg (B)ecececcccencnsccnce

¥ackdy and Larsen (D)eecees

Mcihels (0)....-..........

3TATUMENT S,
"Milk may Le heated to 165%%W, if
quickly ocvoled afrecvards without
developing a boiled inste "
"“hen mil? i3 hested to 160°P., or
above, 1t assumecs a distinetly
cooked taete, which makes it dige
agre«able as a food 1Tor many people

*15092, for 40 minutcs doce not

affect taste, 167°F. for scvcral

Ro8enon (d)eeeecececscscns

Vlard (0)..................

minutes taste affected,”

"Zh~ cooked or sdalded taste appenrws
at about 700 C,(158°F,) and becomes
more pronounced the ihighor the teme-
perature,%

"This (cooked flavor) ie left perma=-
nently in milk exposed to about
1709®, for 1% minutea, I'Xxrosure

to 170° F,, in a2 closed vessel fol-
lowcd by immedinte cooling is the
higheat temperature that may be
used without leaving a cooked taste,

wen minutes at 160° is safe,
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TASILY IV, (Continued).

AUTHORS STATITITO TS,

AiKMAN (£)ececenvececa.os "659 C,(149%F,) for 2J minutes

(a)
(v)

(c)
(d)
(e)
(r)

induces a caosked flascr but
tliis dieapnears on cooling,
70°7, (158°F,) permanent change

in taste,

"ilk and Tts I'roducts,™ oy "ing,

"Prineinles and l'recti-~e 5f¥ -uttcrmakingz," by
Yno¥ay and Larsen.

"Market Dairying and '"il%x Products,” Ly “ichels,

"The ilk @uention," by Rosenan,

“Pure !Tilk and the jublie Health," by “ard,

"4ilk its Nature =nd Composition," by ‘iken,
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A® peoplc diffcr widely in their acility to detect
this cooked flavor ian pastcurized -ilk, it secones excecding-
1y ¢ifficult to drtermine definitely at Just “hat point this
flavor is fir:t detccted. Agzain, soue nutlorities affirm
that milk hested in clonsedl veesels has a much lese jpronounOe
ed flavor than hac milk heatgd in oypen vessels,

The following exreriment, in which tests to deternine
the creaming atility, distinctnesa of crean line, znd flae
vor of nilk ~fter reosnteurication st varying tcurerstures
snd vith varving rrriods of exrosaire, ==8 Tnjec by the writer
in this 71i1% rlrnt with the following intereating rcsultss

Jeveral gsmanles of milk contsined in helf-pint bote
ttes wrre hented, each to the tcoaperature deaired for it, by
ivacraing in hot wvater xeot to the desired tenpncrature by 8
zns flame. After cach sanrle had veen exnosed to ites desired
teaneraturc for a zilven tiwe, it ~aAs trken out of the bath

and c-refully placed in urine, where it +was 1rIt until cooled

oy

to 1 tearcrature of 509 ¥, or lower. 1o a secsad test, some
bottles were subnitte? tn the rapid ccoling 53 In the first
case, while othors were cooled slowdly Ly alloviaz them to
renain one anl oneehalf hour thereabout in room temrerature
and after that by nlacin: then in brine., T'ach sannle of
both tests, after Leinz tlinroughly cooled, wns joured inte

a 100 e.0., sraiuated cylinier and 4ested for the nbove
qualitiens after reamining in the refrizerator tsentysfouyr

licurs., "able V, in designed to siow the effect of high
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tenmperature nnd leagth o7 ex.o8ure on the creaning abllity
and flavor of nnsteurized =milk;, while Tsble V1, sliows the
average result or the degree of ravidity of cooling u:va

tlhicse saae _ualities cf ;3teurized ailk,

Gece Tables V and VI,
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Resultae,

A8 showa in Table V, sample 2 hild ne effcet upon
the creaning nbility or cookel flavor in milk.

danple 3 had the 31i3ht cffect of : reventing the
rining of eream but thore waz no Aifference in distinctness
and in flavor or taste,

Janples 4 and 5 #Were ~ffected in distinctn-s: of
cre:vil line and showed ia shallow cream lnyer; tut no cooked
fiavor was developed,

in aample 6 the milk waa affected :rastly in
atount of crean and alightly in Jistinctnens of the oream
line, but no cooked flavor or taste wis pecoznized,

In samnle 7 the gooked flavor wis slightly leveloned
in the mil¥% but othicr conditions w-re adbout the same ao
thnse in aample 6,

In sanple 8 and 9 the crean line wna destroyed
entirely,; while conked flavor was developed 31ihtly in sampe
le 8 and -=arkedly in 9,

As showvn Iln Table VI, sample 2, ihc milk 918 not
affected as regards creaming mality nor in flavor or taste,

Samnle 3 showed an aprarent decresse in the amount of
orean, but no effeect on distinctness nor in flavor or
teste. wae noticesadle,

In semple 4 the 1ilk was affected markedly n~s regards
.ereanin,; ability, slizhtly as rezards distinotacus, but not

"% a1l as reznrds flavor or taste,
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In sample 5 the 2ilk was affeoted sli.zitly more
thin in sample 4 n 4all these respects,
in samp;le G the milk was affceted Lir.icly in
crcaning yuality and in distinctness, zad slighitly in flavor,
In sample 7 the wilk <nas go nffectcd iu crery res-

rcot s to ve easlly detrcoled a8 hented milk,

Counclueions,

"he inveustigation herec reported is :rroouoly not
sufficiently autliorit-tive to warrant thc¢ drrwing of abpsolue
tely definite conclusions, It is cevident, lLowcver, thnt the
creaming gquality and cookesd ilavor of pasteurized wilk are
influenced bty varicus factors. "he principal of thesr face
tors are:

(1) "he teaperature to which the =milk is heated

(2) The time during which milk ias xwose¢l to the
hizh temuverature

(3) “he amount of agzitatlion to which thec milk is
suvjected, euspeecially when =nt hizh temperaturs,

(4) “he ranidity of cooling after heating

(5) "he clarification of the milk before naiteu-
rization,

Rersoning from the reault of the investigation of
the rractical elarifiocsation nnd nasteuriration of 1ilk as
resardd it ereaming quallty snd flaver, as well xs from the

partioular experiment here conducted, ws are led to the
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follewing conclusicns regarding the effect whicn this clari-
fication and pasteurization has u-on the viesiil. or tangible
quality of milk: "irst, o comparison of the result of the
sadiment test on clarificei and original raw milk respectively
shiows that this clarification bty means of ceatrifuznl force
i3z inatrumentnl in rewqcving the gre:ter nart of the dirt and
snrdiment to be found in orizinal raw milk, sec:ni, it ise
nossible to rasteurize ~ilk by henting it to a teancrature
of 1409¥, and exposing it to this temnerature for tventy
minutes, then rapidly cooling it to n %anporature of 50° ) 8
or telow, without any undesirablc effect on the .uality of
the 211k under ccneiderationbeing noticcable. 'low, acoor-
ding to themajority of bacteriologisis the hezxting ond
ceooling of milk within these temveratures are j.ite suffie
cient for‘bactericidal cfficiency. 1If, howcver, 2ilk is
heate1 during the pasteurization process at s temperature
hicher than 140° P,, or if it is exposed while =t this temw
r-ratare for a bnger veriod than twenty ninutes, it will de
affected in creaming alility, or ia flavor, or, =8 sometimes
hnuuens, in both. [t is well to note, however, ilint the ex=-
cess of teapersnture auove 1400 ¥, affects this creaxsing qualie
ty far more than dces the excess exposure. ~3ain the rapldi-
ty in coolinz is necessnry both for hygienic reass1s and for
the nrevention of cookeld flavor or taste. “his ragidity of
cooling, .iovever, does not waterially affect the creaming

ability of the milk,



Y, S

Azitation of the midk, especially when this milk
is rt n high temprernture, hrs &« distinctly noticeable effect
upon the creom line. "~he greater thie swmcunt of this agitation
the less the visible amcunt of cream, “his can be explained
Uy the presence of lumps cf lLutterfat seen floating on the
surface of the milk that has been so sgitated -fter it is
cooled. An investigantor exnerimenting along this line diee
covered that as the apeed of the agitntor wiiich kept the milk
in motion was reluced these lunna of utterfat usliowed a tene
dency to disanpeayr until when this sneed reached s certain
minimum they disarneared entirely,

It has rleo teen diascovered that the agitation
caused by centrifugal force in the elarification of milk heat-
ed to an extremely high temrcrature also affected the creame
inz quality. It did this first by separating the globules of
butterfat from the milk, then causing these globules to run
together, thus forming lumps of butterfat that Tloat on the
surface of the nmilk,

Agnin, it has been observed that milk heated in
closed vessels does not fom any pellicle cven when heated to
thie boiling roint; while =ilk exi.oaed to the open air during
e ?rpceos of heating always shows a péllicle on its surfage,-
a pellicle that rearpenrs if rcmoved by skimming. This
pellicle, it would, therefore, acem, is mainly due ¢o the

evvoration of the surface layer of the milk,
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