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INTRODUCTION

During the past few years homogenized milk and cream have re-
ceived considerable attention from research workervs. The work of
Hill (7, 8, 9),* Espe and Dye {5), and others on soft-curd milk and
its relation to di%estibility, together with the work of Washburn and

Jones (18}, Washburn (6, 17), and others showing the possibility of
producing soft-curd milk with the homogenizer, is bringing homog-
enized milk to the attention of milk dealers as well as research
workers. In addition te its soft-curd properties homogenized milk
has other advantages. For example, Kelly (73) has shown that
serving homogenized milk to school children insures that they are
not deprived of a proportion of the butterfat which they ara sup-
posed to receive, That homogenized milk has commercial possi-
bilities has already been demonstrated in sections of Canada, where
some denrlers homogenize the greater proportion of their market
milk. The milk consumers of the United States have associated
cream line with quulity for so long that undoubtedly it will be many
years before the practice of homogenizing market milk becomes gen-
eral. It can be safely predicted, however, thet the practice will
gradually be extended.

* Ialic numbers In purenthesey rofer (o Literature Cleed, p, 11,
B7541%—34
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Before entering the field of distributing homogenized milk there
are several questions which the milk dealer will desire answered.
The most importunt of these concern its palatability and appearance
as compared with pasteurized milk.

PALATABILITY OF HOMOGENIZED MILK

Doan () states that several years ago 33 members of the winter
dairy short course at Pennsylvania State College were usked to give
their preference between {wo samples of milk. One sample was
normal raw milk, and the other was prepared by homogenizing the
same milk at 100° F. {38° C.). Of the 33 persons, 28 chose the
homogenized milk, from which he concluded it would seem that
homogenized milk is more palatable fo most people than normal
milk. A similar ¢ounclusion is reported by Irwin (72}, who found
that the consumpeivn of milk increased notably in several of the
State institutions in Pennsylvania when homogenized milk was sub-
stituted for nermal milk. For example, at the Mount Alte Sana-
torium for young people the per capita consumption rose from 134
quarts to 2 quarts. Hudon (77} also states that the homogenization
of milk has undoubtedly increased the per capita consumption of
imilk and milk products in the localities where it has been featured.

The results of experiments in the Bureau of Dairy Industry were
not so decisively in favor of homogenization. In one experiment,
pasteurized milk containing an average of 4.1 percent butterfat was
homogenized under closely controlled conditions_at 2,500 pounds
pressure, at the pastenrizing temperature, 142° F. (61° C.), and
compared with the same pasteurized milk which had not been homog-
enized. A total of 470 opinions were obtained on 470 samples of
cach of the milks. The follewing results were obtained: 178 opin-
ions, or 37.9 percent, were in favor of the unhomogenized milk; 172
opinions, or 36.6 percent, were in favor of the homogenized milk;
and 120 opinions, ar 25.5 percent, showed no choice between the two
samples.  In other words. with milk of good flavor, properly homog-
enized, 62.1 percent of the opinions showed no prejudice against
homogenized milk, and the preferences for homogenized milk and
unhomogenized milk were practically equal.

HOMOGENIZATION AS A SOURCE OF ABNORMAL FLAVORS

IN RAW MILK

Dorner and Widmer (4} reported that homogenization caused raw
milk and raw cream to becoine distinctly rancid after & few honrs.
The development of rancidity increased as the size of the fat globules
diminished. This rancidity was caused by a lipase. Halloran and
Trout (6) state that the titratable ncidity of raw milk was always
raised by viscolization. Along with the increase in acidity a ranad
flavor always developed. Pasteurization of the milk befere viseoli-
zation prevented both the rise in acidity and the development of
rancid flavor. These changes appeared to be caused by n lipase.
Therefore they coneluded that raw mille eannot be viscolized for
commercial purposes. Doan (2) used the increase in titratable
acidity, together with pH and surface-tension data, in determining
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-seritical preheating temperature for inhibiting rancidity in homog-
enized milk. :
Experimental work in this Burcan indicates that there is an opti-
mum homogenizing temperature for the development of a rancid
flavor in raw homogenized milk. This temperature ranges from 30°
to 40° C. (86° to 104° F.). Raw milk homogenized within this tem-
perature range, although ccoled and stored at a low temperature,
became rancid within 18 hours after homogenization. Milk homog-
enized at temperatures ranging from 4.3° to 10° C. (40° to 50° F.},
althouglh remaining of good flavor for this length of %ime, developed
an abnormal flavor upon further aging. Milk homogenized at 15°
and 55° €, {59° and 131° F.) developed a slight rancid fiavor; that
homogenized at 20°, 25°, and 45° C. (68°, 77°, and 118° F.} had
developed the rancid flavor at the end of 18 hours, but to a lesser
degree than the milk homogenized within the optimum temperature
range. The milk homogenized at 66° C. (140° F.) remained of nor-
mal flavor. _ .

Further evidence that there is an optimum temperature for the de-
velopment, of a raucid flavor is shown by the time required for the
flavor to develop in the milk after homogenization at different tem-
peratures. In table 1, the plus (+) marks indicate the relative de-
velopment of rancidity in milk homogenized at 3,000 pounds pressure,
at different intervals of time after being homogenized.

TABLE l.-—Derelopiment of rancidity® in milk homogewized af 8,000 pounds
pressure, ai different intervals of time after homoegenization

Halutive rancidily of honiogenized milk—

Bomogenizing

telmperatare At 2 hours AL 3 hours AL hours

Cooled | Uncooled | Cooledd | UFneooled | Cooled Uneovled

1 ++
++++ |
++HE |

+ +
+ +3

! Minus marks indleste no naeidily snd plus mwarks indicate the reletive developnient of rancld!{ty.

The raneid flavor not only appeared sooner but was more intense
when the milk was homogenized at 30° or 40° C. than at 20° or 50°,

As shown in table 1, cooling and storing the homogenized milk
at a low temperature appurently vetarded.the development of the
runcid flavor, However, the cvoled samples showed the same dle-
gree of rancidity as the uncooled samples within 10 minutes after
warming,

Varying the hemogenizing pressure did not affect the development
of the rancid flavor.” Ilowever, if complete homogenization was not
obtained, thereby permitting a partial separation of the cream, a
greater length of time was required for the rancid flavor to develop
and the flavor was less intense.

This work shews that homogenization cannot be applied to raw
milk for commercial purposes.” It also indicates that in handling
raw milk care must be used not to subject it to any process or agita-
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tion which might have an homogenizing effect, especially ut tempera-
tures within the optimum temperature range for causing a rancid
flavor,

1IN PASTEURIZED MILK

Pasteurized milk was homogenized through the same femperature
range as wags used in the experiments with raw milk. Upon aging,
the pasteurized milk that had been homogenized at a temperature
within the optimum range {30° to 40° C.) for the develupment of
rancid flavor, developed what is best described as a slight oxidized
flavor, The milk homogenized at temperatures outside the optimum
range did not always develop a flavor which could be identified.
At the lower temperatures, however, it frequently developed a
slightly bitter flavor. The pasteurized milk homogenized at 60° G,
{140° T.) remained of goodp flavor upon aging.

When milk was pasteurized immediately after being homogenized,
no abnormal flavors due te homogenization developed upon aging,
regardless of the homogenizing temperature. Likewise, when mi
was pasteurized and then immediately homogenized at the pasteuriz-
in% temperature, no abnormal flavors developed upon aging,

n the preparation of homogenized milk for market purposes the
millkk mazy be either pasteurvized and then immediately homogenized
at or above the temperature at which it was pastéarized, ov else
pasteurized immediately after homogenization. From a sanitary
standpoint, the better practice would be to place the homogenizer
between the preheater and the pasteuvizer, because the milk would
come into contact with one less picce of apparatus after pasteuriza-
tion. TIf this method is followed, care must be taken to prevent
delay in the pasteurizing process. It is advisable to homogenize
the milk at or above the pasteurizing temperature, regardless of
whether the process of homogenization is performed before or after
pasteurization, because the higher temperature of homogenization
insures against abnormal flavors, and because at the lower tempera-
tures difficulty is encountered in obtaining complete homogenization.

SEDIMENT IN HOMOGENIZED MILK

One of the objections to homogenized milk is that when the milk
stands after bottling, a ring of sediment frequently forms on the
bottom of the bottle, Trout and Halloran (I14) state that this
sediment appears to be very fine dirt, probably in a mixture with
some milk solids; Doan and Minster (3) concur with Trout and
Halloran by stating that the sedimént is undoubtedly fne dirt,
which is aggregated amd caused to settle out by the action of the
homogenizer. While the sediment has the general appearance of
separator or clarifier slime, Trout and Halloran (15} state that—
Although the depesit from homogenized milk compared with clavifier slime
in respeet to the purcentage of water and total solids, the percentage of fal
wits from two to three tlmes higher than fhat in clarifier stime, while the
soligs-not-fut  were constderabiy lower.

The writer wus unuable to identify the real character of the sedi-
ment in homogenized milk by microscopic examination. However,
when slides of this sediment were prepared and stained by the Breed
method, it was found to consist largely of leucocytes and epithelial
cells {(fig. 1),
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MILK CONTAINING AFPPROXIMATELY 1,000,000 CELLS PER CUBIC CENTIMETER

To determine whether homogenization of milk permits the cells
therein to settle out, cell counts of milk from different points in
the bottle were made with both hemogenized and unhomogenized
milk at intervals over a period of 4 days. The samples were ob-
tained by drawing 10 c¢c of milk from the top, middle, and bostom
of each hottle with a4 10-cc pipeite. Table 2 shows the average cell
counts at different depths in bottled homogenized and unhomoge-
nized milk.

Fraury 1.—3lerogcapic Neid showing leneoeytes o the sedlment Drom bomogenlzed mllk,
(Mieresvopie fuctor JH0,0000)

TanLe 2. —Averege cell counly of pasienrized unhomogenized and hoinogenized
Wil ol differeat points i the totile

Averngn eell count per cubic
ventimeler-—

Choracter of mitk ond slornge inlerval

Al lop of | AL middle | AL hottom
hatile af hottle | of botth:

Poslevrized onhimogenized milk:
AL B OIS, L o i e aea i emea .| By B3, 00 128, 30
AL 24 hours. . R .- R -
At 48 hoors. ... I &, 063, 300
AL T2 lioars. .. - coan | 725,800
AtbO houars. .. crim - 0, 863, 300
Pasteurized milk homogenized ut 5,000
AL 3 huurs. . - 650, 800
AL 24 hours, 147, 500
AL 48 hiours _ 2 3
AL 72 hanra B 5, 104, 900
AL B0 hottrs.. BN e F 10, KL i, 178, Juo
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Table 2 shows that in unhomogenized milk the cells, to a large
extent, are carried up with the fat globules and remsin in the cream
layer (figs. 2 and 3). In homogenized milk there is no rising of
fat globules, so that the cells, which apparently have a higher specific
gravity than milk, are released from the influence of rising fat
globules and settle to the bottom of the bottle (figs. 8 and 4). The
cells collecting on the bottom of the bottle appear as sediment in
the milk,

There was no correlation between the homogenizing pressure and
the formation of sediment. There was usually pronounced sediment
at the end of 24 hours and the quantity was apparently the same,
regardless of the homogenizing pressure. However, if the prassure
was not sufficiént to obtain complete homogenization, the sediment

Maure 2.—Microseopie fleld showlng leucoeytes Ly the top or ¢reams layer of unbomope.
nized mik,  {Microsgopie facter HE0OLG0,)

in the bottled milk was less pronounced. This was due to the forma-
tion of a thin cream layer which contained a comparatively large
number of cells.

MILK CONTAINING LESS THAN 100,000 CELLS PER CUBIC CENTIMETER

In order to substantiate the fact that the sediment in homogenized
milk consists largely of leucocytes and epithelial cells, an experiment
was conducted with millc having a low cell count, in the same manner
as the preceding experiment. This milk was obtained by selecting
cows giving milk with cell counts below 100,000 per cubic centi-
meter, The average cell count of the mixed milic used in this

xperiment was slightly below 90,000 per cubic centimeter. The
mitk was produced and handled in the same manner as the milk




FiguRE 3.—Trpienl mlerescopic field trom the middle of the Lottles of both homogenized
snd ynhomegendied milk; alse the Lottem of unhomogenized nud the top of homoge-
nlzed milk,  Many flields contaln no levcocytes.  (Mleroseople fuctor 630,000,)

Flapre 4.—Micrescople fleld showing leacpoevtes in the botbnm of Immogu:ﬁzed mlik,
{Microsronic fhetor G6G,000,)
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used in the previous experiment. When this milk was homogenized,
bottled, and stored at a low temperature, no trace of sediment could
be detected even, after 120 hours. The cell counts from different
points in the bottle showed that the same movement of cells took
place as in the previous experiment. After a storage period of 96
hours, the unhomogenized milk had an average celt count of 348,300
per cubic centimeter in the cream layer and the homogenized mille
lad an average cell count of 337,500 per cubic centimeter in the milk
at the bottom of the bottle. This number of cells, however, was not
snfficient to cause sediment or discoloration.

To obtain milk with a low cell count it is advisable to select cows
which are not nearing the end of their lactation peried. In this
work it was found that the milk produced by cows near the end of
the lactation period not only contained considerable udder tissue but
the cells were, to a considerable extent, in groups or clumps. Both
of these factors tend to increase sedimentation in homogenized milk.
In fact, the pasteurized samples of such milk which had not been
homogenized frequently contained the sediment to pearly the same
degree ns the homogenized samples. Evidently the rising fat glob-
ules are incapable of carrying up and holding the clumps of cells
and udder tissue, so that these settle to the bottom of the bottle and
appear as sediment, even in milk which has not been homogenized,

CLARIFIED MILK

Inasmuch as the sediment in homogenized milk is formed mostly
of cells, clarification of the milk should help to prevent its formation.
Milk with a comparatively high cell count (above 1,500,000 per cubic
centimeter) was clarified, otherwise the experiment was conducted in
the snme manner as described previously. The average cell count of
the clarificd milk was slightly below 200,000 per cubic centimeter,
Table 8 shows the average cell counts, at different points in the
bottle, for both unhomogenized and homogenized clarified milk, a
few hours after bottling and at daily intervals.

Tane 3—dAverage cefl cownts of pustewrized clarified wnhomogenized und
Romogenized milk, af different polits i the bottle

Average cell count per cubic
eentlmoter—

Character of milk nnel stongge intorval

At top af | At middle | AL bottoln
hottle of bottle of bottle

Pasteurized clsr!tied unhiomogenized milk:
1:.Kt_'.’.hm.mg e meremmmaeeans I, 410, 800 T4, 600
At 24 hourd 1, 837, 000 40, 500
At 48 hour e et memraems 2084,000 ; . 348,500

&1 72 hours.. . . & 14, 000
SAL T DHIUITS. « 4 sewwme <e aimrm s b s vomdacmrmmrcdamsamms e 2, 508, 100 3B, 500
Fadtourlzed clurifed liotngenized milk, homogenized ot 3,000

pounds pressire:
At d hours_.. . 2'|?'}"' 750 201, 700

#80, 500 8%, 000

38, 08, 000

44, 84, 000

Comparison of the results in table 3 with those in table 2 shows
that in general the same movement of cells takes place in clarified
mill as wus found in the unclarified milk, Nevertheless, from g
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practical standpoint, clarification prevents the formation of sedi-
ment in homogenized milk. However, n careful examination fre-
quently disclosed a slight discoloration in the bottom of the bottle
of clarified homogenized milk after it had stood for over 48 hours.
When the aged milkk was poured from the hottle without mixing,
that clinging to the bottom of the bottle was also frequently of a
grayish tint, This udhesion of cells on the bottom of the bottle
probably accounts for the fact that the bottom portion of the homog-
enized milk had a lower cell count than the cream layer of the
unhomogenized milk, .

EFFECT OF HOMOGENIZATION ON THE BABCOCK TEST

In the experiments described herein the Babeock test was used in
making butterfat determinations on the milk before and aftér homog-
cnization. Halloran and Trout {6) state that viscolization appears
to have no cffect on either the Babeock test or the specific gravity of
milk. The writer found that in every case the homogenized milk
showed u slightly lower fat test than the same nilk before being
homogenized, 'I‘Ke difference ranged from 0.03 to 0.15 percent, with
an average of 0.1 percent. This is in agreement with Hollingsworth
{(77), who states:

Denlers have come to realize that a 3.6 percent butterfat pasteurized mifk
wlll ot yleld & 3.6 poreent hotterfar homogenized millk; ihat is, by aetuul
Babcock fut test, The rengon for the discropuney is based on the fuct that the
fat globules ave so flnely divided that sone of them, ihe more minute ones,
camngt be vaised with the fat column in the Babeock Int test bottle by the
combined netion of sulphuric acid and eentrifugnd foree,  Agnin, one must
remember that under usual conditions, with ovdinary wmilk, as much as one-
tenth of 1 percent ful remaing unseparated i the neek of the Bnbeoeck bottle.
With homogenized milk this aoonnt may be increased to ns mueh as two- or
threc-tenths of 1 percent,

SPECIFIC GRAVITY OF HOMOGENIZED MILK

. Williams and Leighton (78) have shown that the volume of an
Ice-crenm mix may be increased by the incorporation of air during
homogenization, The writer found that ravely was there sufficient
air incorporated in millt by homogenization to affect its lactometer
reading. However, by using a Wrest])h:ll balance it was found thut
honegenization did ncorporate suflicient air in milk to affect its
specific gravity slightly. Table 4 shows the average decrease in
specific gravity due to homogenization,

Tane 4 —Adverage decrease in spectfic gravity of milk due to homogenlzation

Avernga deeranse In spoeitie
graviiy of—

[‘I onrg nf!?r

zilion

. MUK homog- | Bk bomog-
(number) ‘L-n[zu(I nt enlzed ny
1,000 pounds | 3,000 pounds

0. 0RFE 0. LSS
» I LLE
+ N LRI
i LLivs) FLLIR)
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Homogenization at 3,000 pounds pressure incorporated slightly
more air in milk than homogenization at 1,000 pounds pressure.
Apparently the air is not permanently incorporated, as the ('} ifference
in the specific gravity of the homogenized and the unhomogenized
milk became less upon aging, although it was stored in capped bottles.

The average difference in specific gravity of the milk %efore and
after homogenization at 3,000 pounds, as shown by table 4, ranged
from 0.00085 at 1 hour to 0.00088 at 72 hours. The greatest differ-
ence in specific gravity found in any one sample after homogeniza-
tion at 3,000 pounds pressure was 0.0011 at 1 hour and 24 hours,
0.0007 at 48 hours, and 0.0006 at 72 hours, The average and exfreme
ranges, taken together, indicate that homogenization does not affect
the specific gravity of milk to the extent of changing materially the
percentage of total solids as calculated from the specific gravity.

SUMMARY AND CONCLUSIONS

Pasteurized homogenized milk is as palatuble to the average con-
sumer as js pasteurized milk. ’ )

Homogenization eauses the development of rancidit in raw milk
to such an extent that the process cannot be applied to raw milk
for commercial purposes.

The optimum temperature of homogenization for the development
of rancidity in raw milk ranges from 30° to 40° C. (86° to 104° F.J.

In handling raw milk care should be taken not to subject it to any
process or tgitation which might have an homogenizing effect, espe-
cially ab temperatures within the optimum temperature range for
the development of rancidity.

In the preparation of homogenized milk for market purposes the
milk should be homogenized immediately nfter being pasteurized, or
pasteurized immediately after being homogenized.

Homogenization should be done at or above the pasteurizing ter-
perature.

The sediment frequently found in homegenized milk consists
largely of leucocytes and epithelial cells. In unhomogenized milk
the cells are carried up with the rising fat globules and held in the
cream layer. In homogenized milk these cells settle to the bottom.

To prevent sedimentasion in homogenized milikc the milk should be
clarified before it is homogenized.

The Babeock test for butterfat does not give as high a fat reading
for homogenized milk as it does for the same milk before homog-
enization.

Although the specific gravity of milk is lowered slightly by homog-
enization, this does not oceur to such an extent that it atfeets ma-
terially the percentage of total solids as calculated from the specific
gravity.
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Director of Finance W. A, Jome
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Agriculiural Adjusiment Administrativn... . Cueatsr C. Davis, Administraior.
Bureau of Agricultural Economics MiLs A. Ousen, Chinf:

Burcat of Agricultural Engineering S. H. McCrony, Chigf.

Bureaw of Antmal I'ndusiry ._ Jonn R. MoHLER, Chicf.
Bureau of Biologicul Survey J. N. Danuiva, Chigf.

Burcau of Chemistry and Soils

Office of Cooparniive Extension Work.

Bureau of Dairy Industryeoo v am——— 0. I, Reep, Chief.

Bureau of Entomology and Plant Quarantine. Lez A. STRONG, Chief.

Office of Ezperiment Stalions ! James T, Jarpine, Chicef,

Food and Drug Administralion . Wanrer G. CaMPBELL, Chief.
Forest Serviee. oo oo mmmecaammn FerpINaND A. Bincox, Chief.
Grain Futures Administration J. W. T. Duver, Chief.

Bureaw of Home Economics Louise STANLEY; Chief.

Library CLarIBEL R. Banwsrt, Librarian.
Bureay of Plant Industry oo Kwowuss A, Ryesrson, Chief.
Bureaw of Public Roads Tuomas H. MacDonaLp, Chief.
Weather Bureau WiLsis R, Geirce, Chief.

This bulletin is a contribution from

Bureau of Dairy Industry 0. E. REED, Chief.
Divisien of Market Milk Invesiipalions. EnNEST KEeLLy, Senior Market M4tk
Specialist, Chief.
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