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INTRODUCTION

In many instances the practice of homogenizing milk for fluid milk
consumption has created the problem of sediment formation in the bottled
product. This sediment appears often as a fine ring of silt or sediment
at the bottom of the bottle, verying in intensity and color.

While the greyish and greyish-yellow colors are perhaps the most com-
mon ones, other colors such as whitish, brownish and reddish may be ob-
served, depending on the main source of the sediment. Although this sedi-
ment may not lower the food value of the milk or impair the healthfulness
of the product, from the esthetic point of view it is en important defect
in the eyes of the consumer. The distridbutor is, therefore, confronted
with the difficult problem of preventing or removing the suspemded particles
in the homogenized milk, which upon storesge settle down and form the sedi-
ment,

Both, the selection of clean milk, according to the standards of the
sediment test, and the filtration of milk prior to homogenization are not
relisble measures to prevent sediment formation in every case. Power clari-
fication, however, before or after homogenization will remove most of the
suspended particles and thus render the milk sediment free,

Since the results of previous workers have shown that leucocytes,
epithelial cells and cell debris meke up a large part of the sediment in
nearly every case, & study was undertaken to investigate more closely the
behavior of leucocytes in milk, The problem was attacked from various angles,
all with the purpose in mind, that after a more complete understanding of the
behavior of the cells had been obtained, a simple and effective remedy might

be suggested.



REVIEW OF LITERATURE

Reasons for the occurrence of sediment. The mein reason for the occurrence
of sediment in homogenized milk seems to be due indirectly to the inhibited

or retarded fat arising in the processed milk. Bomogenization decreases the
size of the fat globules from 2.25-11.0 microns to about 1.2 microns, using
2,000 pounds pressure (Tracy, 1936). This in turn increases the mumber of
fat globules and their total surface area. Each fat globule before and
after homogenization is surrounded by a casein membrane (Titus et al, 1928),
Wiegner (1914) found that the thickness of the absorbed membrane was the
same both in the fat of nonhomogenized and homogenized milk. He showed that
about 2,27 per cent of the total casein present in milk would surround the
fat globules in normel milk, while in homogenized milk 25.2 per cent of the
total casein would surround the fat globules. The increased proportion of
casein to fat increases the specific gravity of the fat which coupled with
the reduced size of the fat globule preveants them from rising, thus allow~
ing for an even and fairly stable distridbution of the fat. According to
Breed (1912) and Wilcox (1912) leucocytes will adhere to the rising fat
globules., Bechhold (1929) attributed this property to the opposite elec-
tric charges of the leuococytes and the fat globules. If no fat rising
takes place, then the leucocytes due to their higher specific gravity (Bab-
cock, 1934a, 1939, 1940) will settle to the bottom carrying some fat with
them, Doan (1938) stated: "Homogenization tends to agglutinate particles
of fine dirt, bacteria and cellular elements of milk, and to cause them to

settle."

Iactors affecting sediment formation. Several factors have been found to



affect sedimentation in homogenized milk., Since they vary widely they are
being discussed separately. '

1. Cellular constituents of milk, Doan (1938) attributed the emount
of sediment produced in homogenized milk primarily to the mmber of cells
present in the milk., Tracy (1935) also considered bc'):y cells as a factor
affecting sediment formation. Babcook (1940) oclaimed thet if milk oontained
fewer than 100,000 leucocytes per cc. of milk no trouble with sediment would
be encountered.

Plastridge et al (1939) found that out of 2,125 samples of milk from
healthy cows, 80.2 per cent contained less thamn 100,000 leucooytes per cc.
with an average count of 73,000, On the other hand, in milk oconteining non-
hemolytic stephylococci the averege count was 220,000 leucocytes per cc. with
only 50 per cent of the samples below 100,000 leucocytes per cc.

Bucker (1942) eanalyzed 30,331 semples of milk from 8,000 cows and found
that 68 per cent of the samples conteined less tham 500,000 leucocytes per
ce. and 10 per cent more than 1,000,000 per cc. Ninety-eight per cent of
the ocows yielding milk with ocounts over 500,000 per cc. showed the presence
of streptococci and 92 per cent of cows yielding milk with the same counts
gave positive reaction with Brom Thymol Blue. Baker and Breed (1920) found
that "decreasing hydrogen iom concentration of fresh milk bears a relation-
ship to increase of number of leucocytes.” Other workers, Burr et al (1908),
Koning (1910), Hoyberg (1911), and Verrier-Jones snd Cemb (1924) all showed
that pathological conditions of the udder resulted in increased leucocyte
counts. Thus the use of milk from infected udders apparently would contain
counts above 100,000 leucocytes per ¢c. and according to Babcock (1940) sedi-

ment formation would take place.
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2. Stebility of milk golids, Doan (1929) stated that homogenization
destabilized proteins in the presence of fat. This effect increased with

fat concentrations end with efficiency of homogenization. He claimed that
part of t)p loss of protein stability was due to the increase in hydrogen-
ion concentration during homogenization. A lowering of pH by 0.0445 was ob-
served by homogenizing pasteurized milk at 2500 pounds pressure. Tracy (1935)
attributed unstable proteins as partial cause of sediment formation. Rowland
(1933) has shown that pasteurization will denature and coagulate some protein.

Charles and Sommer (1934, 1935) reported the white sediment in milk to
be coagulated milk solids. The addition of sodium and calcium salts, as
shown by Charles (1934) end Haln and Treacy (1940) would affect the stability
of proteins, the addition of calcium resulting in a less stable protein.
Tracy (1941) stated that "by destabilizing the protein by the addition of
calocium chloride it is possible to increase the degree of sedimentation,
®"and by stebilizing the protein with sodium citrete the amount of sediment
ocan be reduced.”

According to Bodensky (1934) proteins obtein their stability from
their electric charge and the water of hydration. They are emphoteric in
nature and thus may be either basic or acidic. At their isoelectric point
which is pH 4.6 for casein, (Rogers, 1935), pH 4.7 for lactalbumin end pH
5.5 for globulin (Bechhold, 1929) they are only stabilized by the water of
hydration. If water of hydration is removed by heat, coagulation of the
micelles will take place (Bodansky, 1934). Salts affect the electric charge
of the micelles and thus in turn affect the stability of the protein (Bech-
hold 1929). According to Davies (1936) the removel of the electric charge
will result in sgglutination, while dehydration will csuse coegulation of

the protein. Sommer (1938) claimed that while lactelbumin and lactoglobulin



retain their stability at the isoelectric point, casein was not sufficiently
hydrolyzed to prevent egglutination teking place.

3. Joreign particles. Trout eand Helloran (1933) found thet part of
the sediment was made up of very fine dirt which ocould not be removed by
ordinary filtering. Charles and Sommer (1934) reported that the gray color
of the sediment was due to foreign dirt particles. According to Doen (1938,
1940) egglutination would facilitate settling, thus producing a grey sedi-
ment, The foreign particles resemble leucocytes in their behavior in milk
in that they are carried up with the rising fat, end settle if no fat rising
action tekes place.

4, Jffect of heat on sedimentation, As pointed out earlier, heat has
a destabilizing effect on the milk proteins since it tends to remove the water
of hydration, thus causing coagulation. According to Bechhold (1929) heat
changes milk protein from hydrophilic colloids to hydrophobic colloids. Bo-
densky (1934) mentioned heat as one of the factors responsible for denatura-
tion of proteins, He claimed thet denesturation of proteins might teke place
at hydrogen ion concentrations far removed from their isocelectric point. Pre-
cipitation or flocculation, however, cccurred at the isoelectric point. Row-
lend (1933) found that holding milk at 63° C. for 30 minutes resulted in the
coagulation of 10.4 per cent of the lactalbumin. Ke observed that, "for each
rise of 1° C. between 63° C. end 75° C, the rate in increase of denaturation
was constant, the temperature coefficient of the reaction being 1.5." Davies
(1936) also mentioned the fact that precipitetiom of albumin and globulinm by
heat favors moleculer association of these proteins. This would tend to in-
oreese sedimentation, since the larger particles would be less stable,

8. Effect of pressure op sediment formetion, The degree of pressure
to which milk is subjected in the process of homogenization also seems to



affect sediment formation. Sommer (1938) stated that a pressure of 2500
pounds would increase the temperature of milk from 5 to 10° F. This would
tend to increase the coagulation of proteins if homogenization were carried
out at pasteurizing temperature,

A lowering in pHIof milk by 0.0445 as a result of homogenizstion was
observed by Doen (1929). Dehle et el (1930) found that as the homogenization
pressure increased the pH of the ice creem mix decreased. A lowering of the
pH increases the hydrogen ion concentration, thus reducing the electrie charge
or the protein molecules end rendering them less stable. Sommer (1938) ex-
pleined the increase in hydrogen ion concentration to be due to the precipi-
tation of tricalcium phosphate thus liberating free hydrogen ions. However,
Istaz and von Soest (1907) could not observe an increase in titratable acid-
ity after homogenization,

Doan (1938) found that piston~-type homogenization gave greater deposits
of sediment than 4id the Bump Rotary type when run at the same pressure.
Higher pressures incressed the sediment content due to the greater destabiliz-
ing effect on the proteins. The most importent function of the homogenizer,
bhowever, is the ahoarug‘ action of the pressure velve which reduces the size
of the fat globules, together with the increased proportion of the toteal
casein adsorbed at the fet surface, tends to stabilize the fat, as was men-
tioned previocusly. Tracy (1941) reported that with increesing pressure the
percentage of nitrogen increessed which he believed was due to the destabiliz-
ation of proteins.

6. Kifeot of egitation on sediment formation, The work of Halm and
Tracy (1941) showed that agitation of homogenized milk, especially at high
temperatures tended to speed up or increase sedimentation. Trecy (1941)
claimed that egitetion would ceuse clumping of cells, and thus facilitate

settling.



Trout et al

(1935) observed that heat shocking of homogenized milk seemed to favor sedi-
mentation. Tracy (1935) reported that sediment was more likely to form when
milk was warmed, Bahn and Tracy (1940) slso found that increesed tempera-
tures after bottling would incresse sedimentation. Tracy (1941) pointed out
that storsge temperatures of 400 F. were more desirable than higher tempera-
tures 80 far as freedome of sedimentation was concerned. Sommer (1938)
stated that low temperatures allowed for fat clumping and an inorease in
viscosity of the milk by the swelling or hydration of proteins, which would
seem in the case of homogenized milk to tend to inhibit sedimentation in
part at least,

Sources of sediment. According to the results of sediment enalyses made by
various workers the sources of sediment mey be divided into the following
three main groups, each of which will be dealt with separately.

1. Gell constituents entering milk Juring secretiop, Milk as drawn
from the udder of the cow contains various numbers of leucocytes, as shown
by Russell and Hoffmen (1907, 1908), Cempbell (1909), Plastridge et al
(1939), and Bucker (1942). According to Babcock (1934a, 1934b, 1934e, 1939,
1940) large mumbers of leucocytes are present in the sediment of bottled
homogenized milk. Tracy (1941) end Trout (1942) elso reported the presence
of leucocytes in the sediment. Baker and Breed (1920) found that milk with
a high leucocyte ocontent showed also an invariably high number of epithelial
cells and cell debris. Brudny (1914) mentioned the fact that large numbers
of epithelial cells may be present in normel milk. Both Babcock (1934a, 1934b,
1939, 1940) and Tracy (1941) reported the presence of epithelial cells in the
sediment. Tracy (1941) also included cell debris and erythrocytes as ococa-

sional constituents of the sediment., Brudny (1914) stated thet the presence



of erythrocytes could be detected by the reddish color of the sediment,
while leucocytes and epithelisl cells will give a yellowish sediment. Thus,
leucocytes, erythrocytes, epithelial cells and cell debris may be regarded
as sediment constituents entering milk during secretion. i

2. Denstured mjlk soljds. The work of Rowlend (1933) showed that
pasteurizetion would coagulate some of the albumin. Trout and Halloren
(1933) end Trout et al (1935) analyzed sediment by the Mojonnier method
end found that it contained fat and solids-not-fat. Charles (1934) reported
that the white sediment was made up of casein. Charles and Sommer (1935)
found the presence of “substances related to milk solids™ in the sediment
of hogmized milk, Tracy (1935, 1941) attributed some of the sediment to
unstable proteins or particles of milk solids.

3. Joreign particles, Foreign particles include any dust, apores or
other insoluble particles entering the milk from the time it {s drawm until
bottling, which cennot be removed by straining or filtering. Brudny (1914)
mentioned that dirty milk would give a grey sediment. Trout and Halloran
(1933) found very fine dirt to be a partisl cause for sediment. Similar
results were obtained by Doen (1938, 1940), Charles and Sommer (1934, 1935)
concluded that grey-colored sediment in homogenized milk was due to Airt
entering milk during bhandling on the fam.

Control measureg. The following control measures have been suggested by
various workers:

1. Selection of milk. The selection of milk appeared to be the first
step for controlling sediment in the processed product. This was edvocated
by Jones (1929). Trout and Hallorsn (1933) advised clean milk production,
especially in dry weather. Beabeock (1934b) suggested selection of low-cell

ocount milk in order to prevent sediment formetion by leucooytes. The re-



sults of many workers, previously listed, showx that mastitic milk contains
lerge numbers of blood cells, which inverisbly would show up in form of
sediment,

2. HMltratiop, Triels conducted by Dahlberg end Merquardt (1924)in
which they oomipared the removel of cells by filtration and clerification,
showed that filtration removed about 28 per cent of the totel number, while
eclarification lowered the count by 66 per cent. Trout (1933) showed that
the sediment test did not serve as a relisble guide in the selection of milk
for homogenization., Milk with sediment scores of 9. would show dark sedi-
ment, while milk with a sediment score of 8.% would show less sediment hav-
ing a light yellowish color. Other experiments conducted (Trout 1934) with
croem showed that filtration 4id not have as grest an effect on removel of
sediment as did clarification.

S. Clarificetiopn, The most common measure used to prevent sediment
formation is by the use of clarifiers. McInerney (1917) reported that about
99 per cent of the insoluble dirt in milk is removed by clarification. Ac-
cording to Nieder (1936) clarification reduced the cell count of milk by
67.55 per cent. Trout and Balloran (1933) recormended power clarification.
Baboock (1934b) suggested the ssme method., Hood and White (1934) advised
power clarification at 40° F. which will eliminate entirely or reduce to a
negligible quantity sediment deposits in homogenized milk. Opinions es to
the time and temperature for clarification vary, Babcock (1934b, 1939, 1940)
recommended: clarifying, homogenizing, pasteurizing, while Charles and Sommer
(1934), Tracy (1935), Hahn and Tracy (1940) advise clarification after ho-
mogenizatiaon.

With respect to elarifying.temperature, Hood and White (1934) found

that 40° ¥, would give satisfactory results. Charles and Sommer (1934)



-10 -

reccamended clarificetion after homogenization while the milk was still hot.
Marshall and Hood (1918) found that using 55° F., 75° F. snd 100° F. as clari-
fying temperatures the dry weight of slime increased with increesse in tem-
perature. Using 90° F., 110° F., 125° F. end 140° F. the seme trend was ob-
served. Jacobsen and Oleson (1931) found elso an increase in reduction of
cells with an increase in clarifying temperstures. Hammer (1916) in his
studies on the clarificetion of milk, stated that, "the percentasge of cells
eliminated appeared to bear no reletion to the originsl number of cells
present, the temperature of th.e milk or the percentege of fat." By using
the Doan-Buckley method he found on 52 samples of milk the percentage of
cells elimineted to vary from 7 to 73 per cent with an average of 39 per
cent, Hemmer and Hauser (1918) obteined similar results. Work done at the
Ideho Station (1926) showed that the clarification temperature seemed to
have no effect on the amount of visible dirt removed.

4. Proteip gtability, Doan and Minster (1930) recommended the method
of double homogenization or the use of a two-stage velve in order to in-
crease the protein stability. They cleimed that double homogenization would
inerease the pH slightly as compared with the effect of single-stage ho-
mogenization. Charles (1934) found that by the addition of sodium citrate
the white sediment could be eliminated. Hahn and Tracy (1940) observed the
same results. y

5. Storsge tempersture and agjtatjop, Hahn end Tracy (1940) found
thet holding bottled homogenized milk at temperatures between 40-45° F.
would help to prevent sediment formation. The same authors found that agi-
tation would csuse clumping of suspended particles and thus facilitate sedi-

ment formation.



EXPERIMENTAL PROCEDURE

The outline of the general procedure used in performing the experi-
mental work im this particuler research problem was as described below.
Special mention is made in the partioculer experiments of any changes in
procedure and the reasoms for them.

Source of milk. All milk used in this work was obtained from the
College Cresmery. The homogenized milk, both regular (3.8% fat) and "Vitae-
min D" (4.56 fat) were from the college herd where machine milking was x
practiced, end a‘ high degree of cleanliness wes observed. The pasteurized
milk was a mixed milk from reguler College Creamery shippers.

Method of handling, Milk used for pasteurization was filtered at the
incoming temperature which ranged from 50 to 60° F. A rotary pump was used
to force the milk tlirough the a von Gonton filter on its upward movement to
the pasteurizing vat. Small lots were gravity filtered, using a regular
milk filter cloth.

The milk to be used for homogenization purposes was clarified at the
receiving temperature, using a Delaval power clarifier, For clarifying
amall lots of milk a laboratory size, Delaval power clarifier was used.

All milk wes pasteurized at 142° to 144° F. for 30 minutes and cooled to
40° ¥. over a sweetwater surface cooler.

Homogenization was performed by either of two Union Stesm Pump, Duo-
Visco velve viscolizers. This was done after pasteurization and prior to
cooling, at a pressure of between 2000 and 2500 pounds per square inch,
Both units were of sanitary construction, were washed regulerly after each
day's use, and kept in good working condition.

The milk was bottled directly after leaving the cooler, into clean

sterile quart bottles and stored at 40° F. usually for 48 hours before
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exsminations of eny kind were made.

Source of leucooytes, The leucocytes were obtained from the separator
or clarifier slime at the College Creamery and were used either in the form
of slime, or as washed leucocytes., Care was taken to collect and use only
that portion of slime which resembled the leucocytes in color, omitting the
reddish deposits close to the interior wall of the separstor or clarifier
bowl.

In preparing the washed leucocytes, a method similar to that suggested
by Schuppius (1907) and used by Strynadka and Thornton (1938) was employed.
The fresh slime was suspended in a physiological salt solution (8.5 gms. of
NaCl in one liter of distilled water), centrifuged in a high-speed centri-
fuge, and the process repeated until the liquid remeined feirly clear and
the sediment showed a light greyish or greyish-yellow color. Microscopic
observetions of such preparations showed leucocytes only, with no other par-
ticles present. This sediment contsined approximately one-hundred million
leucocytes per milliliter.

Metbhod of adding leucocytes, In both cases, whether slime or washed
leucocytes were used, portions were weighed out into clean beekers and milk
was added to produce a suspension. A spatule or rubber policeman was used
to breek up any clumps, and in addition, if it were felt necessary, the
mixture was passed through a hend homogenizer to insure homogeneity. The
so-prepared suspension was added to the respective portions of milk and
nixed well before any semples were teken. The bottled product was shaken
25 times before sampling as in making a bacteriologicel examination.

Meaguring the verjous lavers, In order to determine the volume in the
layers produced upon the storage of milk a cerdboard measuring ruler was

made for each of the quart and the pint bottles. The cardboard was cut to



£it the shape of the bottle, marked in inches to " divieions. By filling
an empty bottle with water using & graduated cylinder, the volume in each
division was obtained. This ruled cardboard could thus be placed conven-
iently close to the bottle and readings made without disturbing the con-
tents of the bottle. The volume was them recorded in inches or in milli-
1liters,

Rxepination for fntensity of sediment, Sediment examinations were
made after holding the bottles for 48 hours from the time of bottling. The
milk having a temperature of 40° F, was carried into the laboratory room
and exeminations were made immediately afterwards by one or two persons be-
fore any changes in temperafure occurred. Any shaking or tilting was
guarded against, so as not to disturb any sediment present. The intensity
of sediment was recorded as follows:

0 = no sediment

1 = slight sediment

distinct sediment

2

3 = pronounced sediment

4 = very pronounced sediment
No higher value then 4 was given in any case, although the amount of sedi-
ment may have been even greater than the standard established for this group.

Method of obtajining verjous portions of the 1igquid, A suction-siphon

arrangement was employed in drawing off the various layers formed, or in re-
moving one~-third portions of milk from each bottle., Clean bottles were used
to colleoct the siphoned 1liquid. Care was teken not to intermix the individual
layers, or portions, if such danger existed. This was especially necessary
with pasteurized milk in which the upper layer usually carried more leuco-

ocytes per milliliter than did the lower portionms.
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Microscopic examinations. Of the three methods for counting leuco-
eytes as listed by Campbell (1909) and Salus (1912), the volumetric method
using the counting chember seemed to be the most preferred one. Russell
and Hoffmen (1907) who compared the Stokes-Stewart smear-stain method with
the Doan-Buckley volumetric method found that the latter showed almost uni-
formly higher results than the fommer. They found that "so far as the tech-
nique is concerned the volumetric method (Doan-Buckley) is more accurate.
It can be made as rapidly es the amear sediment and is less trying on the
eyss.” They used the counting chember method (1908) and so did Campbell
(1908) im his work on leucocytes in milk., Accordingly, the counting
chamber method was employed in this study.

The leucocyte counts were mede according to directions recommended
by the Spencer Lens Compeny, using Toisson's Fluid as a stain and Bright-
Line Improved Neubauer Counting Chamber with 0.1 mm, depth between the
surface of the counting chember and the cover glass., White-cell blood
pipettes were used, Each sample was transferred to the counting chember,
filling the squares on both sides of the moat. The cells were counted in
the four-corner, 1 mm. equares and in the central ruled area on both sides
of the haemacytometer (10 square mm. in all) thus giving a factor of
20,000, In making counts on sediment, the sample had to be diluted and a
correspondingly larger factor hed to be used, Wright's stein was used in
preparing smeared stains and a procedure followed as outlined in the "Atlas
of Hematology” by Osgood and Ashworth (1937).

Bhotographic preparatjons, In some instances, where photographs were
desired, suitable adjustments in the method of procedure were made., The
method used by Hammer and Hauser (1914) was employed to show the cream layer.

The milk was added to a dry pint bottle, containing 10 cc. of a saturated



alcohol (95%) solution of Sudan III. The mixture was then shaken until all
the color was uniformly dispersed. Thus the cream was of a reddish color
and no difficulty was encountered in making the photographs. In photograph-
ing the washed cream in heat-treated whey mixture the light was adjusted
from behind the bottles, 30 as to show the clearness or transparency of the
whey. The creem, being less transparent than the whey showed thus a deeper
shade on the picturs.

The slides used for miocrophotographs were prepared at the time the
experiment was mede, and stained with Wright's stain, as mentioned previous-
ly.

Zrestment of data, All leucocyte counts of two or more trials were
treated logarithmically. The figures are based on the logarithmical aver-
age values shown in the tables, In some cases the data of one trial are
shown only, although additional triels had been run, showing the same trend

of results,



EXPERIMENTAL RESULTS

1, t t tion of cocytes when ous smounts of sepg-
were added to nonhomo zed and to homogenized mi

The purpose of this experiment was to show the migration of leuco-
oytes in nonhomogenized and in homogenized milk. By adding known weights
and numbers of leucocytes to each quart bottle it was felt that the limit
of the "carrying cepacity” of leucocytes in the homogenized milk could be
found. The nonhomogenized milk was used as a control, showing the behavior
of leucocyte migration when the fat globules were not reduced in size.

Five triels were conducted, using fresh clarified, pasteurized, non-
homogenized and regular homogenized milk, Fresh separator slime was added
at the rate of 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, $.9 grams per quart to
quart bottles of nonhomogenized and homogenized milk. The bottles were held
for 48 hours at 40° F,, after which time examination for sediment énd leuco-
oyte counts of the upper, middle and lower one-third portions of each bottle
were made.

Yor each gram of fresh separator slime added per quart of milk, an in-
orease of epproximately 800,000 leucocytes per ml. was observed in both the
nonhomogenized and in the homogenized semples, This is shown in table 1,
column 1. The distribution of leucocytes after storage, in numbers per
millimeter end in per cent of total i{s shown in table 1 and figure 1 re-
spectively. The data show that while in the nonhomogenized milk from 78 to
98.4 per cent of the total number of leucooytes were carried in the upper
one-third portion of the bottle, the same portion in the homogenized milk
contained only from 30.8 to 11.7 per cent of the total leucocytes per bottle.

The homogenized milk, however, showed large increasing numbers in the lower



one-third portions, with greater additions of slime per bottle. Thus,
upon the addition of 5 gms., of slime per quart 7.4 per cent of the total
leucocytes, or over 8,000,000 per ml, were found in that portionm.

The difference in the distridbution of leucocytes in the bottles to
which no slime was added is attributed partially to the low initial count
and partially to the fagt that clarification had removed the larger leuco-
oytes, thus leaving the smaller, more stable leucocytes in the milk. It
can be seen thet there exists a fairly uniform distribution of leucocytes
throughout the bottle in the homogenized milk to which no slime was added.
There was, however, a slight settling and it might be said that the limit
of the “earrying capacity” of leucocytes by this particular milk had been
reached,

Upon the addition of 0.5 gm. of separator slime, 59.8 per cent of the
total number of leucocytes were found in the lower one-third portion and
slight sedimentation was observed, as shown in table 2. The same intensity
of sediment, namely 1.4, was not observed in the nonhomogenized milk until
3 gns. of slime were added to a quart of milk. This sediment, however, al-
though given the seme intensity rating, showed only a comparative small
number of leucocytes, nsmely 73,500 per ml., as compared with 1,334,000 per
ml. in the homogenized milk showing the same intensity of sediment.

The rising of the leucocytes with the rising fat, end the settling in
the absence of fat rising is vividly shown in figure 2, These colummns are
based on the average per cent of total leucocytes in each one-third portion
of the bottle after storage, upon the addition from 0.5 to 5.0 gms. of slime
per quart of milk, The strong attraction between the fat and the leucocytes
in the nonhomogenized milk is clearly shown, The uniform distribution of fat

ia the homogenized milk might be a factor in holding some of the leucocytes



in suspension, thus a relatively larger number is carried in the upper and
middle portions, s compered with the middle and lower portions of the non-
homogenized milk, resulting in a lower column in the lower third portion of
the homogenized milk. ~

The intensity of sediment in the homogenized milk increased in direct
proportion to the mumber of leucocytes present in the lower portion. 1In
the nonhomogenized milk, however, the leucocyte count in the lower third
portion of the bottle showed no relation to the intensity of sediment pro-
duced, as shown in figure 3. The sediment in the nonhomogenized milk,
therefore, was not due primarily to leucocytes, while the same cannot de

said in the case of the sediment in the homogenized milk.,



Table 1.

.19 -

The distribution of leucocytes in nonhomogenized and pasteurized

homogenized milk (Average of five trials)

Separator Leucocytes Leucocytes per ml. after storage at 40° F. for 48

slime per rl, hours in the
added before Upper one-third Middle one-third Lower one-third
gms./quart storage of bottle of bottle of bottle
Nonhomogenjzed
% of % of % of
total totel totel
0.9 131,000 328,400 78.0 55,700 13.2 36,70 8.8
0.5 493,000 948,200 89,9 63,500 6.9 $3,70 5.0
1.0 967,200 1,658,000 95.3 32,000 1.9 38,900 2,2
1.8 1,374,000 2,214,000 95.1 = 34,900 1.5 79,400 3.4
2,0 1,890,000 3,318,000 96.2 60,800 1.8 68,800 2.9
3.0 2,439,000 95,142,000 97,3 68,400 1.3 73,500 1.4
4.0 2,905,000 6,157,000 96.3 58,500 0.9 142,000 2.3
5.9 4,091,000 8,290,000 98.4 47,000 0,6 91,900 1.9
_Homogenized :
0.0 260,000 236,400 30,8 241,000 31.4 289,300 37,8
0.5 632,000 424,500 19.0 472,000 21.2 1,334,000 59.8
1.9 980,000 475,800 15.3 691,000 22.2 1,942,000 62.5
1.8 1,402,000 729,500 17,0 885,000 20,6 2,676,000 62.4
2,0 1,813,000 820,000 15.7 1,083,000 20,8 3,308,000 63.5
3.0 2,650,000 1,234,000 16.6 1,383,000 18.6 4,823,000 64.8
4.0 3,580,000 1,191,000 11.7 2,024,000 19.8 6,980,000 68.5
5.0 4,438,000 1,601,000 13.5 1,919,000 16.1 8,380,000 .4




Table 2. Sediment in nonhomogenized and in homogenized milk to which

separator slime had been added (Average of five trials)

Separator slime

added ntensity of s t w h wa
—Ens8. /quart Nonhomogenjzed __ Homogenized
0.0 0.0 0.0
0.8 0.2 1.4
1.0 0.8 2.2
1.5 0.8 2.4
2,9 0.3 3.2
3.0 1.4 3.6
4.9 1.6 4.9

5.0 1.4 4.9
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Since previous trials showed the migration of leucocytes with the
fat, it seemed of interest to find whether the fat would follow the leuco-
cytes if sufficiently large smounts of washed leucocytes were added to the
milk. Such a procedure would make possible a closer study eof the attrac-
tion between the fat and the leucocytes.

Fresh washed leucocytes were added to pint bottles of fresh pas-
teurized milk in which creaming had not taken place. Inocreasing amounts
of washed leucocytes were added as shown in table 3. JFor photographic pur-
poses ten ml, of saturated Sudan III was added to each pint bottle. Each
bottle was shaken twenty-five times and placed in storage at 40° ¥, for
sufficient length of time to allow for the naturel undisturbed migretion of
both the fat and the leucocytes., After two weeks time the bottles were
oexamined for cream volume, sediment formation, distribution of leucocytes,
and the percentages of fat and totel solids in the upper middle and lower
thirds of each pint bottle. The results are shown in tables 3, 4, 5 eand 6
and in figures 4, 5, 6, 7, 8 and 9.

The addition of washed leucocytes had various effects on the creeming
ability of milk depending upon the numbers added. The depth of the coream
layer increased with addod increments of washed leucocytes until finally both
upper and lower layers were formed. While no sediment was observed upon the
addition of up to 12,5 gas. of washed leucocytes per pint of milk, the cream
volume was inoreased moticeably, as shown in table 3 and figure 9. At this
point the upper third of the bottle conteined over one hundred million leu-

cocytes per ml., as showa in teble 4, which was 95.8 per cent of the totel
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number present in the milk., These were associated with 92.8 per cent of
the totel fat present.

Upom the addition of 2.5 gms. more of leucocytes the "breaking point"
of the creamline was reached, the leucocyte count dropped in the upper layer
to epproximately thirty-five million per ml, and continued to decrease in
numbers upon the further addition of increasing weights of leucocytes, as
shown in column 2, table 4. The divided cream volume was associated with
marked decrease of fat and total solids in the upper layer.

The data in figure 8 show clearly the action of the leucocytes in
general upon the cream volume, Data showing the migration of the fat with
the leucocytes towards the bottom of the bottle are presented in teble S
and figure S. The correlation between the mumber of leucocytes and the
percentage of fat is shown in figure 6. It is of interest to mote that
the fat curve follows the leucocyte curve, although it tends to lag behind
from the "breeking point™ of the leucooyte curve on toward the right. How-
ever, upon the addition of between 30 and 40 gms. of added leucocytes, the
upper and lower fat curves cross and thus, from the 40 gm. addition on,
there was more fat in the lower one-third of the milk than there was in the
upper one-third, From this graph (Fig. 6) it can be seen also that the fat
had a strong tendency to remain in the upp'o'r part of the bottle, but that
the stronger downward sweeping action of the leucocytes prevented the rising
of the fat. The data show that there must exist a very strong attraction
between the fat and the leucocytes, otherwise the fat would obey the laws
of gravity and rise to the top.

The data in table 6 and figure 7 show the distribution of total solids
in the milk to which various emounts of washed leucocytes had been added.
The upper and lower total-solid curves follow closely the leucocyte and fat

curves respectively and cross at the addition of between 20 and 25 gms. of



washed leucocytes per pint. A steep slope was observed between 12.5 and 15
gas. samples in all three curves, due to the shifting of both the fat and
the leucocytes.

The cream volumes, both on the top end bottom of the bottle showed
a greyish-red color upon the addition of increasing weights of leucocytes.
In general, the color of the “cream™ in the lower layer was of a darker

groyish-red ue than that of the upper layer.

Teble S. The influence of added leucocytes on the creaming ability of milk

Leucocytes added Volume, jin ) nt t
gas, /pint c ayer () ent la

0.0 63 412 0

2,9 58 a7 0

5.0 66 409 0

7.5 n 405 0

10.0 74 401 0
12,5 77 398 0
15.9 45 390 40
20,9 40 390 45
25.0' S5 385 85
30,9 30 390 60

’ 45,0 23 368 87

60,9 15 360 100
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Table 4. The influence of the number of leucocytes in milk on their
distribution

Leucocytes eucocytes per ml, after sto e {n th
Leucocytes per ml. Upper one-third Middle one-third Lower one-third
added before of pint bottle of pint bottle of pint bottle
nt storage No._ % No,_ No,_ %
0.0 400,000 1,440,000 7.3 200,000 9.9 380,000 18.8
2.5 9,800,000 16,000,000 94.2 60,000 0.4 920,000 5.4
8.0 20,000,000 44,800,000 93.5 80,000 0.1 3,060,000 6.4
75 28,400,000 64,000,000 92,8 160,000 0.2 4,620,000 7,0
10,0 39,600,000 83,200,000 93.5 120,000 0.1 5,660,000 6.4
12,5 48,000,000 111,200,000 95,8 380,000 0,3 4,520,000 3.9
15,0 56,500,000 34,400,000 25,0 2,180,000 1.6 101,000,000 73.4
20,0 74,500,000 32,200,000 16.8 560,000 0,3 159,200,000 82,9
25,0 101,000,000 81,400,000 15.1 340,000 0,2 175,600,000 84,7
20,0 109,500,000 21,700,000 8,7 280,000 0.1 228,800,000 91,.%
45,0 175,000,000 11,200,000 2.2 300,000 0.1 492,000,000 97,7
60.0 220,000,000 6,600,000 1,.%& 60,000 0,0 544,000,000 98,8




Table 5. The influence of the number of leucocytes in milk on the dis-

tribution of the fat after storege

(Babecock test)

stribution o

Upper one-third

at

Middle one-third

the

Lower one-third

Leucocytes __of pint bottle of pint bottle of pint bottle _
added Fat Gms.of of Fat Gms.of % of Fat Gms.of % of
gng./rint %  fet _ totael fet _ totel % _ fat _ totel
0.0 10.1 16.463 93.5 0.3 0.489 2.8 0.4 0.652 3.7
2,8 10.1 16.463 94,4 0.3 0.489 2.8 0.3 0.489 2.8
5.0 10.1 16.463 92.6 0.4 0.652 3,7 0.4 0.652 3,7
7.8 10.0 16.2C0 9%5.2 0.2 0.326 1.¢ 0.3 0.489 2.8
10,0 9.7 15.811 91.5 0.5 0.815 4.7 0.4 0.652 3.8
12,8 10,3 16.789 92,8 0.4 0.652 3.6 0.4 0.652 3.8
15.0 7.1 11.873 68.9 0.5 0.81% 4.9 2.7 4.401 26.%
20,0 6.7 10.921 63.8 0.4 0.652 3.8 3.4 5.%542 32.4
25.0 5.8 9.454¢ %4.£2 0.2 0,326 1.9 4.7 7.661 43.9
30.0 5.9 9.617 656.2 0,2 0,326 1.9 4.4 7.1 41.9
45.0 3.5 5.5 34.3 0,2 0,326 2,0 6.5 10,895 63.7
60,0 4.4 7,172 29.6 0.2 0.326 1.8 6.5 10,595 8S8.6
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Table 6., The influence of the number of leucocytes in milk on the dis-
tribution of the total solids after storage (Mojonnier method)
Distributiop of totel solids in the
Upper one-third Middle one-third Lower one-third
Leucocytes of pint bottle of pint bottle of pint bottle
added T.8. Gms.of $of T.S. Gms.of % of T.S. Gms.of % of
&e./rint % T.S, tote] % _ T.S, totel % T,S, total
0.0 18.32 29.8616 49.4 9.26 15,0938 25.0 9.1 15.5013 25.€
2.9 17,86 29.1118 48,6 9.32 15,1916 25.4 9.56 15.5828 26.0
5,0 18,85 30.7285 49.% 9,65 15,7295 25.£ 9.78 15.9414 25.6
7.8 17.69 28.8347 48.6 9.49 15.4687 26.1 9.20 14.9960 25.3
10.0 17.297 29,2911 48.4 9.60 15.€480 25.9 9.52 15.517% 25.7
12,8 17.91 29,1933 48.6 9,29 15.1427 25.2 9.67 15,7621 26.%
15.0 14,52 23,667 41.1 9.36 l§.2568 26,5 1l.41 18,5983 32.4
20,0 14.%0 23.3090 38.6 9,51 15,5013 26.7 13,22 21.5486 35,7
25.0 13.47 21,9561 36.7 9.18 14.9634 25.0 14.01 22,8363 38,3
30.90 13.19 21,4997 35.4 9,22 15.0286 24.8 14.81 24.1403 39.8
45.0 12,03 19,6089 30.8 9.)1 14,8493 23,4 17.86 29,1118 45.8
60.0 11.11 18.1093 28.4 9.C0 14.7515 23.1 18.96 30,9048 48.%
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Figure 8

The creaming of milk to which verious emounts of leucocytes had been
added. From left to right respectively edditioms of O, 7.5, 15, 20, end

60 gms. of washed leucocytes were mede.



Figure 9

The influence of certain emounts of added leucocytes on the creeaming
ability of milk, From left to right respectively O, 12.5, 15.0, and 60

gms, of washed leucocytes were added.



3. t_of th eotrical ¢ the fat globules
t sh coc .

Since fat globules carry a negetive charge normally, (Mommsen, 1932)
with its iscelectric point at pH 4.3 (North and Sommer, 1935) below which
point they obtain a positive charge, and the leucocytes carry a positive .
charge (Bechhold 1929), it was felt that by lowering the pH below the iso-
electric point of the fat globules, the behavior of the similerly charged
leucocytes toward the fat globules could be observed. If the rising of the
leucocytes with the fat were due only to the sweeping action of the fet,
then the number of leucocytes migrating to the top of the bottle should be
the same in both cases, whether the fat and the leucocytes carried the same
or opposite charges. If, however, the rising was due to attraction of op-
posite charges, then the leucoocytes should rise with the negatively charged
fat globules, but settle down, when the fat carried a positive cherge.

Pasteurized milk, held for 24 hours at 40° F. was tempered to 80° F.
end separated. The oreem was diluted with physiological salt solutiom at
80° P, and separated egain. This was repeated two times, or until the skim
portion was fairly elear. The skimmilk was heated to 86° ¥., rennet added
to ocosgulete the casein, and the curd cooked, raising the temperature to
120° P, in order to expel most of the whey. The whey was strained and
heated to 160° ¥., cooled to 80° F., and clerified in order to remove all
suspended matter.

The whey and washed creem were remixed, washed leucecytes added at the
rate of 0.5 gm. per quart and the mixture acidified using N/}HC1l, taking
semples at decreasing pH values, down to pH 1.8, Pint bottles were used end
milk ranging in pB from 6.5 to 1.5 was stored for 48 hours at 40° P., after
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which time exsminations were mede as to oresm volume, sediment formationm,
distribution of leucooytes and so forth., The results are presented in
tables 7 and 8 and in figures 10 to 14 inclusive.

The effect of acidifying the artificiel preparation of washed oresm
in sweet whey showed an interesting picture in the behavior of both the fat
globuioc and the leucocytes. At pH 4.3, the approximete isoelectric point
of the fat globules, fat rising was most ocomplete, leaving a clear whey be-
low, with no sediment at the bottom (Figure 12).

With inoreasing end decreasing pH values the cream v;luno wes less
(Table 7, Figure 12) until at both extremes the volumes were of equal size,
the whey portion showed the same milky color end some white sediment was
found at the bottom of the bottles.

The distridbution of leucocytes in the upper middle and lower one-
third portion of each pint bottle is shown in table 8 and figure 10, Above ‘
the isocelectric point the leucocyte count followed the distribution of the
fat, while at lower pH values, the leucoeyte count in the cream layer de-
creased, which seemed to indicete that the fat, although rising toward the
top had failed to carry the leucocytes with it. Deta in figure 11 illus-
trates the behavior of the leucocytes with respect to the amount of fat ris-
ing, As more acid was added the positive electric charge on the fat globules
and the leucocytes, which carry a positive charge (Bechhold, 1929) beceme
more pronounced, preventing the leucoocytes to be carried up by the sweeping
action of the rising fat,

The data in figure 11 show that above the isoelectric point of fat the
leucocyte curve excels in slope the cresm-volume curve, indicating that the
leucocytes are carried up proportionally more than the fat. At pH velues be-

low the isoelectric point, however, the leucocytes are carried up at decreas-



ing proportionally less than the fat, perticularly at pH 3.0 or below where
the difference is most pronounced,

While it can be seen from table 7 and figure 12 that at pH 6.0 and pH
3.0, 2,8, 2.0, 1.5 the cream volumes are sll the same, namely 45 ml,, yet
the leucocyte count in the upper one-third protions ranged from 540,000 to
20,000 per ml. Assuming that fat rising with clumping had taken place at
both pH 6.C and 3.0 then it would follow that equal numbers of leucocytes
could be expected in the two creem leyers. The only reeson for the differ-
ence in the behavior of the leucocytes, or the fat must then be due to the
fact that both carry the same electric charge and thus repel oaeh' other. |
This would tend to explain the decreasing number of leucocytes carried into

the upper portion with decreasing pH values.

Table 7. The influence of pH on fat rising in a washed-cresm heat-treated

whey mixture

pH of Cresm volume

gample {nl.)
6.5 53 milky 1.6
6.0 45 . 1.0
$.0 182 fairly cleer 0.0 -
4.8 212 clear 0.C
4,0 10 fairly clear 0.C
3.8 53 milky 0.5
3.C 45 " 1.0
2.8 45 . 1.0
2.0 45 - 1.0
1.8 45 . 1.0

*The sediment had a white color.
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Table 8. The influence of pH on the migration of leucocytes in & washed-

cresm, heat-treated whey mixture

Leucocytes per ml, in the

pH of Uppér one-third Middle one-third Lower one-third
gemple  of pint bottle of pint bottle of pint bottle
% of % of JL_??
total total total
6.5 300,000 15.6 80,000 4.2 1,540,000 80.2
6.0 540,000 25.5 100,000 4,7 1,480,000 69.8
5.0 1,420,000 83.5 200,000 11.7 80,000 4.8
4.3 1,860,000 88.5 200,000 9.5 40,000 2,0
4.0 1,100,000 80,9 120,000 8.8 140,000 10.3
3.5 260,000 43.3 40,000 6.7 300,000 50,0
3.9 20,000 1.3 40,000 2.6 1,480,000 96.1
2.5 20,000 1.3 20,000 1.3 1,500,000 97. 4
2.0 80,000 4.9 40,000 2.4 1,520,000 92,7

1.5 40,000 2.4 10,000 0.6 1,600,000 97.0
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Figure 12

Pint bottles of washed-cream, heat-treated whey mixtures, having pH values
from left to right of 6.5, 6.9, 5.0, 4.3, 3.5, 2.5 and 1.5 respectively.
Note the cream volume in each bottle and also the clearness of the whey in

the semple 4, having a pH of 4,3, the isoelectric point of fat,



Figure 13

Pint bottles of washed-creem, heat-treated whey mixtures having pH values
from left to right of 6.0, 5.0, 4.3, 4.0, and 3.0.

Note the decrease of cream volume in the semples having pH values above
and below that at the isoelectric point and also the clearness of whey

in the lower portions.



Figure 14

Pint bottles of washed-cream, heat-treated whey mixtures ranging in pH

from 6.5 to 2.5,

From left to right:

(1) pH 6.5 - nomal range. Fat carries a negative charge.

(2) pH 4.3 - isoelectric point of fat. No charge.

(3) pH 2.5 - high-acid range. Fat carries a positive charge.

Note the cream volumes and the similarity of opacity of the lower portions

in bottles 1 and 3.
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4, REffect of pasteurization and homogenization temperatures upon the

pumber and distribution ef leucocytes in millk,
The work of Russell and Hoffmen (1908), and of Campbell (1909) had

shown that when portions of the same milk were heated to inoreasingly
higher temperatures an increase in the leucocyte count took place. Since
this work was done with nonhomogenized milk only, it was felt to be of
interest to repeat their experiments using both nonhomogenized and ho-
mogenized milk,

Three trials were run, using raw clarified milk to which fresh sepa-
rator slime was added at the rate of 1.5 to 3.0 gms. per quart of milk.
The milk was divided into five :two-gallon portions. Temperatures of 140°,
180°, 160°, 170° and 180° F. were employed, with a holding time of 30
minutes. Xach portion, pasteurized at a different temperature, was ho-
mogenized separately at 2500 pounds pressure. Samples were taken before
and after homogenization. All samples were held for 48 hours at 40° F.
before examination of any kind was made.

Increesing the pasteurization temperature resulted in increased
leucocyte counts both in the nonhomogenized and homogenized portions of
milk (Table 9, column 1 and figure 15). The results are similar to those
obtained by Campbell (1909) with nonhomogenized milk. The homogenized milk
counts are lower than those of the nonhomogenized milk et all temperatures.
This is due, a8 will be shown later, to the destruction of some of the leu-
cocytes during the process of homogenization, Otherwise the slopes are
identiocal,

While it has been known for a long time thet only mature white blood

cells enter the blood streaem, which do not multiply (Sabin, 1923) and the



incubation trial by Slanetz and Naghski (1939) showed the seme results,

it must be assumed that reaw milk actually contains a higher leucocyte
population than that generally obtained by counting procedures. Campbell
(1909) used both the volumetric Doane-Buckley method and the Stokes-Stewart
smear-stain method, and found thet higher counts were obtained in each case,
when milk was heated to higher ranges of increasing temperatures. Thus it
would seem that some leucocytes will not stain unless heat treatment is
practiced. Sabin (1923) end Sabin et al (1925) who practiced vital stain-
ing on living cells oﬁtained from the blood, found that a certain group,
called "non-motile form"™ would not stain with neutral red, which was com-
monly used. They gave the following explanation. %"As seen in the living
preparations, the cell first stops moving and rounds up, and the granules
no longer stain with neutral red. It is obvious that these granules have
either lost all power of reacting to vitel dyes, or thet the cell membrane
has become impermeeble to the dye." Schilling, as quoted by the seme
authors (1925) referred to this type of cell as "physiological death of
leucocyte.”™ The probability exists that some leucocytes found in milk may
possess some such properties which prevent their staining, unless heat
treatment is precticed.

While the leucocyte counts increased with increesing pasteurization
temperatures resulting in a fairly uniformly inclined slope, the percentages
of totel leucocytes in the upper, middle and lower thirds of the bottle in
the nonhomogenized milk showed broken curves (Fig. 16), Failure of the fat
globules to clump and form a oream layer at 160° F. resulted in an ebnormal
distribution of leucocytes in the nonhomogenized semple.

Data in figure 16 show the various surves, while those in table 10

and figure 17 show the relation of cream volume to the per cent of total



leucocytes in the upper one-third portion of the five samples of nonhomog-
enized milk, The data in this table show that the depth of the cream vol-
ume 18 a decisive factor in the distribution of leucocytes, and is in agree-
ment with the observations made previously that the leucocytes tend to rise
with the fat globules, while in the absence of fat rising they will settle
to the bottom,

Increasing the pasteurization temperature resulted in en increased
intensity of sediment, both in the nonhomogenized and homogenized milk
samples, However, the intensity of the sediment in the homogenized milk
was greater in each case than that of the correspondingly heat-treated non-
homogenized milk sample. Data in table 11 eand figure 18 show the reletion
of the intensity of sediment of the nonhomogenized and homogenized milk to
the pasteurization temperature employed. The maximum increase in intensity
of sediment was between the pasteurization temperatures of 150° and 160° F.,
resulting in a large increase of sediment. Since all milk portions were Held
at the respective pasteurizing temperatures for 30 minutes, it can be ex-
pected that some coagulation Qf albumin, such as observed by Rowlend (1933)
took place at higher temperatures. This elbumin, although white in color
would tend to settle and carry with it suspended metter, which otherwise
would not have been deposited. This would explain the reason for the in-
tensity of sediment in the milk pasteurized at 170° end 180° F. respectively,
since both of these lots showed cresm rising, but still had a sediment equal
in intensity to that of the sample pasteurized at 160° F, where no fat ris-
ing had takem place.

It is of interest to note that the same relation exists between the
intensity of sediment and the per cent leucocytes in the lower one-third

portion of the bottle, in both the nonhomogenized end in the homogenized



milk as was reported in section 1.

While the sediment in the homogenized

milk 18 due primerily to the settling of leucocytes, such is not the case

in the nonhomogenized samples, especially at the pasteurizing temperatures

of 170° and 180° F.

Table 9. The influence of the pasteurization temperature on the distri-
bution of leucocytes in nonhomogenized and in homogenized milk
(Average of three trials).
Past. Leucocytes per Leucocytes per ml, =fter storage in the
temap., ml. before Upper one-third Middle one-third Lower one-third
OF, _storage of bottle of bottle _of bottle
Nonhomogen{i zed
% of % of % of
total total total
140 2,087,000 3,962,000 94.9 139,000 3.3 72,630 1.8
150 2,158,000 6,240,000 94.9 23,400 0.4 374,200 5.6
160 2,582,000 4,658,000 7.0 942,400 14.4 959,000 14.6
1% 2,572,000 7,006,000 89,9 248,500 3.2 535,800 6.9
180 3,370,000 6,741,000 88.0 199,000 2.6 718,800 9.4
Homogenized
140 945,000 585,400 20.9 532, 00 19.0 1,684,000 60.1
150 1,459,000 225,200 6.2 421,800 11.8 2,978,000 82.2
160 1,676,000 396,600 8.9 453,500 10.1 3,619,000 81.0
17 2,042,000 695,800 11,9 643,100 10.2 4,977,000 78.8
180 2,696,000 748, 300 9.1 806 ,400 9.8 6,690,000 81.1
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Table 10. The relationship between the cream volume and the leucocyte
ocount of the upper one-third when the milk was pasteurized

at Aifferent temperatures (Average of three trials).

Pest., temp. Per cent of total leucocytes Cream volume per
OF,_ in upper one-third of bottle bottle (ml,)
140 94,9 165
150 94.90 115.5
160 7.0 0.9
17 89.9 127,3
180 88,0 122,3

Table 1l1. The influence of the temperature of pasteurization upon the
intensity of sediment in nonhomogenized and in homogenized

milk (Average of three trials).

Past. temp. tensit f sedim tt rt bottle
oy, Before homoge : : p genization
140
150 1.3 3.3
160 2.3 3.6
1% ‘ 2.6 3.6
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S. t o ogeniz before or after pasteurization on th
f leucocytes in :

Since homogenization before or after pasteurization are both prac-
ticed commercially, and a difference in opinion exists in the preference
of one or the other method, it was felt thet a comparative study of the
two methods would be of value, By varying the sequence of the procedure,
speciel attenj:lon was to be paid to the number of leucocytes after process-
ing, and to the intensity of sediment produced in each case,

To ten gallons of fresh, raw, clarified milk was added fresh sepa-
rator slime at the rate of 1.5 gms. per quart. One-half portion of the
milk was heated to 100° F., homogenized and pasteurized, while the other
one-half was pasteurized and homogenized. Each one-half portion was di-
vided into five equal lots. Pasteurizing temperatures of 140°, 150°,
160°, 170° and 180° F. were employed, holding the milk for 30 minutes,
Homogenization was performed at 2500 pounds pressure. Samples teken at
various stages of processing were held for 48 hours at 40° ¥. before
examinations of any kind were made.

The data, shown in table 12 and figure 19, indicate that homogen-
ization before pasteurization reduced the leucoocyte count to a greater ex-
tent than if homogenizetion after pasteurization were practiced. This,
however, was not the case when pesteurization temperatures of 140° to 150°
¥. were used. No definite oconclusions could be reached as to why this was
80, but the fact remained that all three trials showed the same trend. The
leucocyte count for the pasteurized-homogenized milk yielded a slope similar
to that observed when the milk was heat-treated at & high temperature as was
shown in part 4 figure 16, Thus the difference in the slope of the leuco-

cyte-count curve of the homogenized-pasteurized milk was due to the reversed



sequence of treatment, Some explanation might be found in the following:
While all the homogenized-pasteurized milk was homogenized at the seme
temperature, nemely 100° F,, the pasteurized-homogenized milk was homogen-
1zed at a different temperature, namely at the pasteurizing temperature of
each respective lot of milk., The distribution of leucocytes after storage
was very much the same with both treatments, Some difference was encoun-
tered at temperature treatments above 160° F. as shown in figure 20. This
difference in behavior was attribudted to a variety of factors, which re-
quire further study.

While all samples showed a large amount of sediment, the intensity
varied with the individual lots (Table 13), A slight increase in the in-
tensity of sediment was observed between 140° and 150° F. heat treatment
of pasteurized-homogenized milk, while the others of this series were
given the seme score. All samples of the homogenized-pasteurized milk
showed a uniform intensity of sediment, which was greater than the high-
est value given to the pasteurized-homogenized lots. Thus, according to
the results obtained from the above trials, pasteurization at 140-150° F,
before homogenization would be preferable to homogenization prior to

pasteurization.



Table 12, The leucocyte counts in pasteurized-homogenized end homogenized-
pasteurized milk samples, before and after storage, pasteurized

at different temperatures for thirty minutes (Aversge of three

trials).
Past, Leucocytes per cocytes pe ter sto
temp. ml. before Upper ome-third Middle one-third Lower one-third
0 1 f bottle of bot f bot
st ed-Homo (]
Per Per Per
cent cent cent
140 795,100 429,400 17,2 410,000 16.% 1,651,000 66.3
150 1,080,000 299,500 10,2 396,600 13.9 2,188,000 75.9
160 1,113,000 477,400 11.8 447,300 11,90 3,137,000 77,2
17 1,545,000 563,000 12,8 767,600 17.5 3,067,000 69.7
180 1,865,000 729,300 13.6 389,000 7.3 4,242,000 79.1
0 ~pasgt 8
140 1,098,000 353,400 13.8 395,400 185.5 1,806,000 70,7
150 1,140,000 317,800 11,9 338,800 11.3 2,219,000 77,2
160 820,000 245,000 9.5 455,70 17.8 1,863,000 72,7
1% 856, 700 179,300 8.4 168, 700 7.9 1,792,000 83.7

180 1,315,000 899,700 18,2 640,600 19.4 2,060,000 62.4




Table 13. The intensity of sediment in pasteurized-homogenized end
homogenized-pasteurized milk, pasteurized at different

’ temperatures (Average of thres trials).

Past, Temp. JIntensjity of s n bottom o bottle of mjil
oF, zed-homo Homogenjzed-pasteurize
140 2.3 3.9
150 2,6 3.0
1680 2.8 3.0
17 2.8 3.0

180 2.6 3.9
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6. Effect of delivery-route agjtetion on the formation of sediment_{ip

zed milk
Since egitation of homogenized milk, such as in unavoidable during

delivery had been found to eid the settling of leucocytes, as reported by
Habn end Tracy (1940), a close study was made over a period of time, using
clarified, filtered, and nonclerified-nonfiltered homogenized milk to secer-
tein the specific effects of route egitation on sedimentetion.

Twenty-four triesls were conducted over a period of five months, using
regular clarified homogenized milk., Six trials were made with nonclarified,
filtered regular homogenized milk, and nine trials with nonfiltered, non-
clarified vitamin D milk, over a shorter period of time.

Quart bottles were picked at random during the bottling process, two
at a time, one of which was used as control and held at 40° F. for 48 hours,
while the other one was taken on the delivery route, but returned and placed
with the control bottle for the remeinder of the 48 hours. Examinations as
to formation of sediment and leucocyte count were made at the end of the
holding time. Experiments were started late in July, and carried on with
intervals until the end of Decamber,

The influence of delivery route agitation was observed. All three
sets of triels conducted showed higher leucooyte counts in the lower portion
of the bottle in the return milk as compared with the control. This differ-
ence in counts was attributed to the agitating effect that the milk had to
undergo during delivery. Although the denger existed that heat shocking,
such as reported by Tracy (1935), would also produce similar results, tem-
perature observations showed that the milk leaving at 40° F, would return

at a temperature not higher than 50° F, Thus the effect of a change in






temperature, although possibly a factor, was considered to be negligible.
The data are shown in tables 14, 15 and 16, and in figures 22, 23, and 24.
While the increase of the number of leucocytes per milliliter in the lower
portion of the bottle upon delivery-route agitation was only slight, the
increase in the intensity of sediment was more pronounced, This was es-
pecially the case with the nonclarified series, as shown in table 17 and
figure 25. The beneficisl effect of clarification i8 clearly shown in
these trials.

The higher intensity of sediment in the regular filtered, nonclari-
fied milk, as compared with the intensity of sediment observed in the vita-
min D, nonfiltered, nonclarified milk may be partially due to the higher
leucocyte count in the former milk, as shown in table 18, The data show
that if milk is not clarified, high intensities of sediment meay be ob-
tained even with leucocyte counts below 100,000 per milliliter. Hahn and
Trecy (1940) found thet if the milk were normal in every respect then it
was possible to eliminate sedimentation when the milk contained approxi-
mately 100,000 ¥ 25,000 cells per milliliter. The ebove results are in
agreement with their observations.

No special study was mede on influence of heat shocking on the
settling of leucocytes and the intensity of sediment produced. However,
it was generally observed that in exemining the milk in the laboratory,
with a temperature of 70° to 85° F. in the room, the milk from the cooler
having a temperature of 40° F, would increase in temperature during the
examination period. Observations made in 15-minute intervals showed that
the intensity of sediment in the control samples of the nonclarified quart
bottles of milk would increase within the first 15 minutes and show the

seme intensity of sediment as was found in the return samples on the first
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observations, Since little agitation hed taken place, the change in in-
tensity of sediment was attributed to the effect of increasing temperature
of the milk. The sediment of all the nonclarified milk studies wes usual-

ly of a yellowish-grey to greyish color.
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Table 14. The influence of delivery-route agitstion on the migration of
leucocytes in regular clarified homogenized milk (Average of

24 trials).

Leucocytes per ml, in the upper, middle and lower one-third por-

ons, after storage, in re r clarified, homogenized milk.,
Control : Return _
Trial Upper one- Middle one- Lower one- : Upper one~ Middle one- Lower one-
No, third third third H third third third
1 10,000 20,000 120,000 120,000 100,000 100,000
2 120,000 80,000 80,000 40,000 40,000 40,000
3 20,000 10,000 80,000 60,000 10,000 40,000
4 80,000 120,000 160,000 20,000 20,000 80,000
5 40,000 10,000 60,000 20,000 20,000 60,000
6 60,000 60,000 40,000 20,000 10,000 160,000
7 40,000 20,000 60,000 20,000 60,000 280,000
8 40,000 40,090 100,000 10,000 60,000 80,000
9 40,000 80,000 100,000 60,000 100,000 100,000
10 40,000 10,000 40,000 60,000 20,000 20,000
11 80,090 20,000 80,200 60,000 20,000 120,000
12 60,000 60,0Q0 120,000 20,000 10,000 260,000
13 100,000 10,000 220,000 100,000 80,000 160,000
14 40,000 60,000 220,000 40,000 60,000 160,000
15 20,000 60,000 60,000 20,000 20,000 20,000
16 40,000 60,000 60,000 60,000 20,000 20,000
17 20,000 20,000 20,000 20,000 60,000 60,000
18 40,000 40,000 60,000 20,000 40,000 60,000
19 40,000 160,000 200,000 80,000 40,000 360,000
20 40,000 10,000 180,000 40,000 120,000 80,000
21 40,000 60,000 60,000 80,000 10,000 320,000
22 10,000 10,000 80,000 10,000 10,000 20,000
23 100,000 80,000 240,000 20,000 40,000 140,000
000 1 0 40,000 10,000 100,000
Log.
200 90,120 54,450 29,600 84, 700
Per cent -

£ gotal 24.0 22,6 53.4 23,2 19.9 56,9




Table 15. The influence of delivery-route agitation on the migration of
leucocytes in filtered, nonclarified reguler homogenized milk

(Average of six trials).

Leucocytes per ml, in the upper, middle and lower one-third por-

ng af to t aonclarified homogenized milk
Control H Return

Trial Upper one- Middle one- Lower one- : Upper one- Middle one- Lower one-
Nos third third third  :  third third third

1 40,000 220,000 460,000 80,000 60,000 340,000

2 60,000 80,000 340,000 80,000 160,000 480,000

3 140,000 80,000 200,000 10,000 40,000 260,000

4 180,000 160,000 260,000 40,000 140,000 400,000

S 220,000 220,000 640,000 260,000 200,000 640,000

g 60.000 __ 120.000 200,000 100,000 00,000 260,000
Mzo 134,600 318,300 63,640  101.400 _ 376,000

Per cent

of totel 17,0 24.9 $8.0 11.8 18.8 69,4

Table 16. The influence of delivery-route agitation on the migration of
leucoyctes in nonfiltered, nonclarified homogenized vitemin D

milk (Average of nine triels).

Leucocytes per ml, in the upper, middle and lower one-third por-
tions, after storage, in nonfiltered, nonclarified, homogenized

vitemin D milk
Coptrol : Return

Trial Upper one- Middle one- Lower one- : Upper one- Middle one- Lower one-
Ho. third third third _: third thirgd third

1 140,000 180,000 640,000 220,000 160,000 520,000

2 80,000 20,000 220,000 60,000 40,000 200,000

3 20,000 20,000 60,000 40,000 10,000 120,000

4 40,000 100,000 300,000 20,000 140,000 180,000

5 120,000 80,000 180,000 180,000 60,000 180,000

6 80,000 60,000 160,000 40,000 80,000 80,000

7 10,000 40,000 10,000 10,000 10,000 40,000

8 120,000 80,000 300,000 120,000 120,000 300,000
2 40,000 10 0,000 280,000 40,000 100,000 220,000
Log.

Aversge 53,330 46,930 158,000 53,600 55,700 164,000

Per cent

of totel 21,0 18,0 _61.0 19,6 20,4 60,0




Table 17. The influence of delivery-route agitation on the intensity of

sediment in quart bottles of homogenized milk

Type and treatment of milk The jntensity of sediment in the

prior to homogenjzatjion Control Return

Regular, clarified 0.9 Y

Regular, filtered, not clarified 0.5 3e9

Vitemin D, not filtered, not 0.55 2.33
clarified

Table 18. The relation between the number of leucocytes per milliliter

in quart bottles end the intensity of sediment observed

Control : Return
Type and treatment of milk Leucocytes Intensity :Leucocytes Intensity
prior to homogenization per ml, of sedjment: pexr ml. of sediment
Regular, clarified 56,260 0.0 49,580 0.2
Regular, filtered, not 183,070 0.5 180,220 3.0
clarified
Vitemin D, not filtered, 86,420 0.55 91,100 2,33

not clarified
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7. Effect of normel homogenjzetion pressure on the leucocyte count of
Rilk,

The observation wes mede, while conducting the verious trials, that
the homogenized milk usuelly conteined a lower leucocyte count per milli-
liter, than the homogenized semple of the seme milk. Thus it was felt
of interest to find out what the average percentege reduction in the number
of leucocytes was when normal homogenizetion pressures were employed.

A1l milk used in this experiment wes pesteurized at 142° - 144° F,
for 30 minutes and homogenized at pressures ranging from 2000 to 2500 pounds
per squere inch. ILeucocyte counts were mede from semples of milk collected
before and after homogenization., A totsl of thirty trials were conducted.
The date secured are presented in table 19.

The date show that in 211 but four cases the number of leucocytes
found in the honhomogenized milk exceeded the count in the homogenized milk,
The inconsistency of these four trials, bowever, might be explained by the
fact the counts were within the range of experimentsl error, end were made
also on low count milk to which no leucocytes had been added.

The reduction, based on the logeritimic eaverege of the above triels,
was found to be 41.28 per cent.

The decreese in the number of leucocytes in the homogenized milk must
be attributed to the destructive action of the homogenization process. No
other explenation can be given, since in msking the counts, it was much
easier to see the leucocytes in the microscopic field when homogenized milk
was used, than with nonhomogenized milk. Thus, es far as observing the
leucooytes in meking the counts was concerned, no lower numbers should have

been encountered.



Teable 19. The influence of normel homogenization pressure on the

destruction of leucocytes

Trial ucocytes per ml, jn milk when
No, Nonhomogenj zed Homogeni zed
1 3,900,000 2,220,000
2 1,620,000 480,000
3 1,440,000 760,000
¢ 1,140,000 1,040,000
S 1,800,000 640,000
6 1,000,000 700,000
7 1,060,000 460,000
8 880,000 700,000
9 940,000 760,000
10 2,240,000 960,000
1 640,000 440,000
12 260,000 340,000
13 100,000 120,000
14 80,000 100,000
15 180,000 100,000
16 440,000 160,000
17 160,000 100,000
18 200,000 140,000
19 120,000 180,000
20 320,000 320,000
2l 140,000 120,600
22 2,260,000 580,000
23 3,000,000 1,140,000
24 4,060,000 2,160,000
25 1,460,000 700,000
26 1,900,000 560,000
a7 1,580,000 460,000
28 960,000 480,000
29 1,060,000 500,000
30 800,000 480,000
Leog. everege 725,600 426,000

Rer cent reduction 41,28



8. JEffect of repested high pressure homogenization on the leucocyte c

of Bilk,
Since the results of previous trials had shown that normsl homogeniza-

tion pressures reduced the leucocyte count per milliliter in the homogenized
milk, ean experiment was conducted to show the influence of repested high
pressure hamogenizetion on the leucocyte count of milk, It was felt that
such procedure would demonstrate the destructive action of homogenization
on the leucocytes in the milk, at high homogenization pressures.

Three triels were conducted, using raw, clarified milk to which was
added fresh separator slime at the rate of 1.5 gms. per quert of milk, The
milk was pasteurized et 142° - 144° F. for 30 minutes end homogenized, first
at 2500 pounds pressure and then followed by five repetitions at 5000 pounds
pressure. Quart semples were collected, which were cooled end held for 48
hours at 40° F. et the end of which periocd exeminations were mede.

The leucocyte count per milliliter decreased rapidly with the first
two triels of high pressure homogenizetion which reduced the count over 80
per cent, After that the rate of reduction was markedly less. The data are
shown in teble 20 end figure 26. The highest totel reduction obtained after
the last homogenization was 92.4 per cent.

Although the leucocyte count decreessed with repeated high pressure
homogenizetion, no reduction in the intensity of sediment was observed. All
bottles of homogenized milk showed sediment of a greyish color and were given
en intensity rating of 3.0. Some difference was noticed in the general ap-
pearance of the sediment, The sediment deposits of the milk homogenized from
one to five times resembled sand in sppearance, while the sediment of the

last bottles was smooth and even throughout. The conclusion was reached that



the broken leucocytes tended to settle down and form sediment, similerly

to the nonbroken leucocytes found in milk.

Teble 20, The influence of repeated high pressure homogenization on the
leucooyte count and the intensity of sediment im quart bottles

of homogenized milk (Averesge of three trials)

Number Homogenization A Leucocyte Intensity
of times pressure Leucocytes reduction of
enjze 8 8g.jin. No, of tots ged 1
0 0 957,000 0 0.0
1l 2500 625,400 34.6 3.C
2 5000 357,200 62,7 3.C
3 5000 159,100 83.4 3.0
4 5000 106,300 88,9 3.0
5 5000 84,200 91,2 3.0
6 5000 72, 700 92,¢ 3.0
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9a. Effect of continuous, high-nressure homogenization on the leucocyte

ount of milk,
Since previous experiment had shown the destructive action of high-

pressure homogsenization upon leucocytes, a trial was conducted with the
purpose of ettempting to accomplish the complete destruction of leucocytes.

To five gallons of pesteurized milk was added fresh separator slime
at the rate of 1.5 gms. per quert. The milk was heated to 140° F. and
homogenized, first at 2500 pounds pressure, and again at S000 pounds press-
ure for ten minutes continuously. Quart samples of milk were collected
before and after the first homogenization as well as at two-minute inter-
vals during the continuous process. All samples were cooled and held at
40° P, for 48 hours at the end of which time examinations for sediment and
leucooytes were made.

The data, shown in table 21 and figure 27, give the results obtained
in this experiment. Virtually complete destruction of leucocytes was ac-
complished. The leucocyte count was reduced from 2,240,000 per milliliter
to 20,000 per milliliter as a result of homogenizing at 5300 pounds press-
ure for 10 minutes. Microscopic exeamination of the homogenized milk showed
the last samples to contain leucocytes of small size only. The leucocyte
fragments, although not readily stained could be seen as small particles in
the mioroscopic field. The intensity of sediment wes found to be the same
in all samples of homogenized milk., This would indicate that the broken
leucocytes settled and formed sediment, similarly to the nonbroken leuco-
cytes.

Since the temperature of the milk increased during the process of
homogenization from 140° F. to 190° F. it might be expected thet the sedi-

ment of the latter semples contained some destabilized portioms together
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with the fragmented leucooytes. Also, the high temperature must have
liberated more leucocytes thus resulting in a higher percentage of total

reduction than the 99.1 per cent as calculated.

Table 21, The influence of continuous high pressure homogenization on

the leucocyte count snd on the intensity of sediment

Time Homogenization Leucocyte Intensity
homogenized pressure Leucocytes reduction of
(min,) (1bs., per sq, in.) per ml. (% of total) sediment

0 0 2,240,000 0 2.0

0 2500 960,000 57.1 3.0

2 5000 320,900 85.9 3.0

4 5000 180,000 92,0 3.0

6 5000 100,000 95,5 3.9

8 5000 40,900 98,2 3.9

10 5000 20,000 99.1 3.0
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b, Effect on sedimentation of sdding increasing portions of continuous,
high-pressure-homogenized milk to normal homogenized mjlk,

The object in this experiment was to find out whether or not mixtures

of normal homogenized milk and milk subjected to a continuous high press-
ure treatment, which wes high in leucocyte fragments, would form sediment
of greater intensity.

To a2 series of elsven quart bottles containing decreaesing emounts
of normel homogenized milk, were added increasing amounts of the continu-
ous, high-pressure-homogenized milk prepared earlier in this experiment.
All ssmples were mixed well, and allowsd to remain undisturbed for 48 hours
at 40° F, Sediment studies were mede at the end of the storage period.

The intensity of sediment increased with the addition of increasing
portione of continuous, high-pressure-homogenized milk, This is shown in
the data of table 22 and figure 28, The sediment was not due primarily to
leucocytes, since none of the samples contained a leucocyte count above
80,000 per milliliter. The sediment curve in figure 28 follows the straight
1line of the milk mixture. Thus no doubt can exist as to the settling of

the broken leucocytes in normal homogenized milk.



Table 22. The influence of adding increasing portions of continuous
high-pressure treated milk to normal homogenized milk on

the intensity of sediment produced

Per cent of normal Per cent of continuous Intensity

Semple homogenized milk high-pressure treated of
No., per bottle milk per bottle sediment
1 100 0 0
2 90 10 b
3 80 20 3
4 70 30 3
S 60 40 3
6 50 50 3
K 40 60 4
8 20 0 4
9 20 80 4
10 10 90 4

11 0 100 4
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10, JRffect of tempersture of clerifjcation on the jntensity of sediment

in homogenized milk,
While the results of previous workers (Jacobsen and Olson, 1931) hed

shown that the temperature at which milk was clarified plays a role in the
efficiency of the removal of leucocytes from milk, a further study seemed
t0 be of interest in view of sedimentation in homogenized miik.

Six gallons of fresh raw milk were divided into three equel lots,

The three lots of milk were clarified at temperatures of 60°, 100° and 145°
¥. respectively. Washed leucocytes were then added to the clarified milk
at the rate of 2 gms. per quart. The mixtures were pasteurized at 142° to
144° P, for 20 minutes, followed by homogenization at 2500 pounds pressure.
Quart semples were collscted, cooled and stored at 40° F. for 48 hours.
Exeminations for sediment formetion and leucocytes were made at the end of
the storage period.

The use of lower clarification temperatures resulted in slightly lower
leucocyte counts in the clarified milk, as shown in the data of table 23,
This difference in count, based on the results of three triaels only, seems
not to be of any significance. All the clarified milk had very low leuco-
ocyte counts, and no sediment formation would have teken place, according to
the results obtained in previous trials.

The addition of similar weights of washed leucocytes to the milk which
had been clarified at different temperatures with subsequent pasteurization
and homogenization showed a similar trend in the leucocyte count to that
observed in the clarified milk. Lower leucocyte counts were obtained in

milk samples which had been clarified at lower temperatures.
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The correlation of the leucocyte count per milliliter of milk after
homogenization to the intensity of sediment produced is shown in the data
of table 23 and in figure 29.

Whether or not the slight increase in leucocyte count at the higher
temperature and the increase in the intensity of sediment were due only
to the clarification temperature employed, 18 not certain. Since, however,
the seme trend, namely a higher count with higher clarification tempera-

ture, was observed in the clarified milk, both before end after the addi-
tion of washed leucocytes, and the intensity of sediment increased also
with higher clarification temperatures it would follow that low clarifica-
- tion temperatures would be more desirsable.

The data in table 24 show the distribution of leucocytes in the upper,
middle and lower one-third portions of quart bottles of milk after storage.
The distribution, calculated as percentage of total number of leucocytes
per bottle, in the upper, middle and lower portions‘were about the seme in

all three lots of milk,



Table 23. The influence of the temperature of clarification on the
leucocyte count and the intensity of sediment observed

(Average of three trials)

Temperature of Intensity
clarification _Leucocytes per milliliter of the milk when of
(°F.) Rew Clarified Homogenized* _‘sediment
60 31,740 10,000 589,600 2.66
100 31,740 12,6C0 683,400 3.0
145 31,740 15,870 781,200 3.66€

*2 gms. washed leucocytes per quert of milk were added prior to
homogenizetion.

Teble 24. The influence of the tempereture of clerificetion on the
distribution of leucocytes in quart bottles of homogenized
milk to which weshed leucocytes were added after clarifice-

tion (Average of three trials)

Temperature of Leucocytes per milljliter in the
milk at clari- TUpper one-third Middle one-third Lower one~third
ficetion (°F.) _ of guert bottle of guart bottle of guart bottle

% of % of % of
total total total

60 252,000 17.2 405,100 27,7 807,500 55.1
100 300,000 16.5 464,500 25.9 1,055,000 58.0

145 433,200 19.9 546,000 25.0 1,199,000 55.).
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11, Effect of clarification at different temperatures end at different

gtages of processing on the wejght of dry metter removed,

Since clerification removes the unstable suspended particles it was

thought to be of interest to study the weight of dry matter removed from
equal weights of milk, when clerificetion wes performed at different tem-
peratures of the milk and at different stages of processing., The weights
of 4dry matter removed per given quantity of milk would then serve as an in-
dication as to the efficiency of the clarifying process at different tem-
peratures and at different stages of processing.

To twelve gallons of fresh rew milk were added washed leucocytes at
the rate of 0.5 gms. per quart., The milk was divided into six equal por-
tions or lots, Lots 1, 2, 3 and 4 were clerified at temperatures of 40°,
60°, 100° end 145° F. respectively. Lot 5 was clerified et 145° F. after
pasteurizetion, snd lot 6 at the same temperature after pssteurization and
homogenization.

All six lots of milk were pasteurized and homogenized in the reguler
manner, quart samples collected, cooled eand stored for further studies.
Tke clerifier slime of each lot was collected separately by scraping and
rinsing the bowl with smell emounts of distilled water, until perfectly
cleean, The slime and the washings were placed in petri plates and dried
in a drying oven et 100° C., cooled and weighed.

The reduction in leucocyte count due to clerification was very great
in all cases, renging from 85.2 to 97.Z per cent of totel number of leuco-
cytes as shown in the data in teble 25. The difference in leucocyte count
between the individual lots of milk, however, were not considered signifi-
cent enough in order to pay too much importence to these velues. The same

might be said about the slight differences in numbers of leucocytes per
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milliliter of milk in the clarified, homogenized semples of the different
lots of milk. The differences in leucocyte count are all in the renge of
experimental error.

The date in teble 26 end in figure 30 show the grems of dry matter
removed by clarification of each two-gallon lot of milk, The weight of the
totel dry matter removed increased with increasing heat treatment, but de-
oreased with homogenization. This would tend to indicate that more effi-
cient clarification cen be obteined by clarifying the milk at pasteuriza-
tion temperestures, prior to homogenization.

According to totel-solids enalysis made by the Mojonnier method the
washed leucocytes contained 21 per cent total solids. Since each lot of
milk conteined four grems of washed leucocytes, which woulé meen 0.84 gms,
of dry matter, the rest of the removed matter must have been present in the
milk prior to the addition of the washed leucocytes., The high velues ob-
tained in the two lots of milk clarified at 145° F. before and efter pas-
teurization would show the effect of heat treatment, both on the leucocytes
end also on the milk proteins,

The fact that the pesteurized homogenized lot showed a lower value
must be attributed to the homogenizing action upon the suspended pearticles.
The possibility exists, that some particles must have been reduced to 2 small
enough size so that they would not be removed by the centrifugal force of
clarificetion.

Fat tests made by the Mojonnier method on each lot of dry matter
showed a decresse in percentasge fet with higher clerifying temperatureé. A
slight inorease, however, took plece with homogenizetion. The data are
shown in teble 26 end figure 31. Some difficulty was emcountered in making

the tests, since the dry matter was used and it seemed difficult to dissolve



the dry slime. Since ell samples were treated in the same menner it was
felt that the data would show the trend of fet removal with clarification
at different temperatures of milk, st different steges of homogenizetion.

The slight increase in the percentege of fat in the dry metter ob-
tained from the homogenized lot over that of the nonhomogenized lot, clari-
fied at the same temperature might be attributed to the reduced size of the
fat globules in the homogenized milk. The smaller size of the fat globules,
together with their increased specific gravity would eid in removing some
of the fat during the process of clarification.

According to the fet analysis made on washed leucocytes by the Mo-
jonnier method it was pund that 23.58 per cent of the total solids were
made up of fatty substences., This value is much higher than the highest
value found in the dry separstor slime, which would indicete that a large
percentege of the dry separator slime wes made up of fat-free substances.
As the milk was clarified at higher temperstures the percentege of fat in
the dry separator slime decreased, showing that the percentage of solids-

not-fat increased.
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Teble 25. The influence of clerifying tempersture and subsequent ho-
mogenizetion on the leucocyte count of milk (Average of

three triels)

Stage of processing Leucocytes per milliliter in the milk
and temperature at Before After clarifying After clarifying
¥hich clarified clarifying __% reduction & homogenization
1. Raw at 40° F. 446,000 31, 740 92.9 25,400
2. Rew at 60° F, 446,000 18,170 95.9 25,200
3, Rew at 100° F. 446,000 12,600 97.2 18,600
4. Raw at 145° F. 446,000 25,200 94.3 20,000
5. Pasteurized at 145CF.446,000 66,000 85.2 31,300

6. Homogenized et 1450F.446,000* 28,810 93.5 12,600

*Leucocyte count before homogenizetion.

Teble 26, The influence of the temperature of the milk and the stege of
processing on the weight of dry matter removed by clarifica-

tion (Average of three trisls)

Stage of processing end

temperature at which Dry matter removed from Per cent fat in
glerified 2 gallons of milk (gms.) dry matter

1. Raw at 40° F, 1.5277 13.7

2. Raw at 60° F. 1.8720 11.6

3. Raw at 100° F, 2.2325 9.0

4. Raw at 145° F. 3.1616 5.1

5. Pasteurized at 145° F. 3.167 4.2

6. Homogenized et 145° F. 2.2459 4.6
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12. Microscopic observations of sediment in homogenized milk,

Many microscopic fields showing the sediment in homogenized milk had
been studied while performing the previously described experimental work.
Some of the more common and illustrative views were photographed and are
presented in figures 32 to 36 inclusive,

The influence of the temperature of clarification upon the removeal
of cellular elemnents in raw milk is shown clearly in figures 32, 33 end
34. Higher clarification temperature allowed for the more complete re-
moval of the large cellular elements, which usually tended to settle in
the homogenized milk, and thus contributed to sediment formation. A tem-
perature of 145° F,, therefore, sesmed to be more suitable for clarifica-
tion, as far as the removal of large cellular elements was concerned.

This could be attributed to the fact that the milk would be less viscous
at a high temperature, and thus allow for greater ease with which the
suspended cellular elements could be thrown out by the centrifugal forcs.

The clarifier slime obtained by clarifying the decanted milk, with-
out disturbing the sediment in the bottom of the bottle wes very similar
in all three cases. Few leucocytes and epithelial cells were found in the
microscopic fields of milk clarified at 609, 100° and 145° F. respectively.

The sediment of nonclarified homogenized milk was commonly observed
to be of a nature as shown in figure 35. Leucocytes and large epithelial
cells, with few small fragments were predominant. The clerifier slime
obtained by clarifying the same milk, which hed been decanted without dis-
turbing the sediment showed few large epithelial cells but many leucocytes

and some smaller fragments.,
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While it had been shown previously that continuous high pressure
homogenization reduced the leucocyte count by 99 per cent, the stained
sediment showed very many small fregments, with few leucocytes. The
gmall fragments were believed to be parts of the broken leucocytes. Fig-

ure 36 shows the typical view of the sediment.
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Figure 32.

A. Bediment of homogenized milk which had been clerified at
6C° F. =nd to which weshed leucocytes wers added at the
rete of 2 gms., per quart of milk, followed by pasteurize-

tion znd homogenizetion.

B, Clerifier slime obtsined by clerifying the asbove milk,
which hed been decented without disturbing the sediment.

(Mzgnification 550x).



Figure 33.

A, Sediment of homogenized milk which had been clarified at
100° F, snd to which washed leucocytes were added at the
rate of 2 gms. per quart of milk, followed by pasteuriza-

tion and homogenization.

B. Clerifier slime obteined by clerifying the above milk,
which hed been decanted without disturbing the sediment.

(Megnification 550x).
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B.
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Figure 34.
Sediment of homogenized milk which had been clerified at
145° F. and to which washed leucocytes were added at the
rate of 2 gms. per quart of milk, followed by pasteuriza-

tion and homogenizetion.

Clarifier slime obtained by clerifying the above milk,
which had been decented without disturbing the sediment.

(Megnificetion 550x).



Figure 35.

A. Sediment of nonclerified homogenized milk. A predominence

of leucocytes and lerge epithelisl cells was observed.

B. Clerifier slime obteined by clerifying the ebove milk, which

had been decanted without disturbing the sediment.
(Magnification 550x).



Figure 26,

Sediment found in milk which had been homogenized
continuously for ten minutes et 5000 pounds press-
ure. rlragmenis of broken leucocytes seemed to mske
up the largest pert of the sediment.

(liegnificetion 550x).
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LISCUSSION

While performing the experimentel work in the studies reported, the
mein emphesis was pleced on the behavior of leucocytes in nonhomogenized
end in homogenized milk under verious conditions of temperature, pH, end
ﬁomogenizer pressures. A casreful study of the verious results obtained
ellows for a better understanding of the behavior of leucocytes in milk
end their influence upon sediment formation in homogenized milk,

There exists no doubt that leucocytes plsy an importent part in sedi-
ment formation in homogenized milk. Thus, selection of milk with low leu-
cocyte counts would eliminete this source of sediment, and may, therefore,
be regerded as the first step in the prevention of sediment formation in
homogenized milk, However, other sources of sediment exist and it is possi-
ble to have sediment formed in homogenized milk with a very low leucccyte
count. It follows then that the selection of milk wholly on the besis of
leucocyte count is a rather unrgliable method to assure ebsence of sediment
in the homogenized milk. In sddition, other more dependeble methods should
be employed to eliminete sediment,

Ordinary filtration is not a satisfectory method to eliminate leuco-
cytes and other suspended particles in milk in large enough quentities so
a8 to render the average homogenized milk sediment free. Therefore, filtra-
tion should not be considered as & protective messure sgainst sediment forma-
tion in the homogenized milk,

The most reliable method to be employed to prevent sediment formation
to teke plsce in homogenized milk is power clarificetion. This should be

done at a temperature and at a stage of processing which would ellow for

the most complete removel of the suspended particles found in milk. Clari-
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fication et the pasteurizing temperasture before or after the holding
period end previous to homogenization is recommended. At this temperature
the fat is in the liquid stete, and the milk is less viscous which allows
for the easy removel of the suspended perticles. The high tempersture elso
helps to free the leucocytes by lowering the attraction between them and
the fet, and thus allows for greater deposition in the clerifier slime.
Since pasteurization tends to denature some proteins, especislly albumin,
end mekes them unsteble, clarification after pasteurization would remove
also the possibility of this source of sediment. Clerification should be
performed before homogenization since many leucocytes end other suspended
particles are broken up during the process of homogenizaticn, and thus may
be too finely divided to respond to clarification.

Despite the fact that higher than usual temperetures of holder pes-
teurization liberate more leucocytes to be thrown out in subsequent clari-
ficetion, it is believed reguler pasteurization temperstures of 142° to
144° F. for 30 minutes are more desirable than higher temperatures for the
same length of time for the reason that less protein will be destsbilized
and removed by clarificetion. Pasteurizaetion should be done before clari-
ficetion and homogenization in order to render the milk sediment-free.

While heet treatment, such as employed in pasteurizetion, tends to
destabilize the proteins to some extent, it is felt that homogenization
should follow pesteurization, rather than precede it. The chances are that
if milk 18 pesteurized efter homogenization more proteins will be denatured
during pasteurization, since homogenization tends to destabilize the pro-
tein to some extent, If on the other hand, the milk is pasteurized before

homogenization, the milk proteins enter the pasteurization process in &
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more stable condition then if it were homogenized prior to pasteurization
and the effect of homogenization upon the milk proteins, followed by im-
mediete cooling of the milk, is less pronounced.

Since delivery-route sgitation esnd heat shocking from the time the
milk is bottled until it is consumed are commonly unavoidable, these con-
ditions should be teken into account when processing the milk., To be
assured of a satisfied customer a satisfactory product should be offered.
This can be done only if all precautions ere teken to remove the lergest
amount of suspended particles of the milk, There should te no traces of
any kind of sediment whatsoever.

In summerizing, the procedure recommended according to the present
knowledge, &ll milk should be pasteurized at regular pasteurizing tem-
peratures, clarified at the pasteurizing temperature after pasteurization
and homogenized at a high enough pressure to assure homogeneity of the
milk, followed by immediete cooling to 40° F. or lower, Such milk should
be sble to reach the consumer sediment free and thus uphold the consumer's

confidence in the product.
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SUMMARY

The behavior of leucocytes in nonhomogenized and in homogenized
milk has been studied from various angles,

The addition of 0.5 gm. of separator slime per quart of clarified,
pasteurized, homogenized milk was sufficient to produce a noticsable
sediment upon storage of the milk,

Adding increasing increments of washed leucocytes to freshly
pasteurized, nonhomogenized milk resulted in increasing the depth of the
creem layer to its "breaking point" beyond which a "cream layer™ composed
of fat and leucocytes formed in the bottom of the bottle.

When the electric charge of the fat globules was reversed from nega-
tive to positive, the leucocytes failed to be carried up by the "sweeping
action®™ of the fat,

Higher leucocyte counts and a somewhat higher intensity of sediment
wore noted when higher pasteurization temperatures were employed.

Homogenization prior to pasteurization resulted in a slightly lower
leucocyte count and in a higher intensity of sediment as compared with
similar milk homogenized after pasteurization.

Delivery-route agitation had a pronounced influence on the settling
of leucocytes and other suspended matter in homogenized milk, and thus
aided in the formation of sediment. Heat shocking had a similar effect to
thet of delivary-route agitation.

Normal homogenization pressures destroysd large percentages of leu-
cocytes in milk, Results of thirty trials showed a reduction of 41.28 per
cent. Rehomogenizing the milk five times at S000 pounds pressure reduced
the leucocyte count 92.4 per cent, with 1little effect on the intensity of

sediment.
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Milk homogenized at 5000 pounds pressure for 10 minutes showed a
reduction of leucocyte count of 99,1 per cent. The intensity of the sedi-
mont was the same in all homogenized samples. The additions of incrsasing
portions of this milk to normal clarified homogenized milk resulted in a
corresponding increase in the intensity of the sediment in the milk mix-
ture.

Milk clarified at 60°, 100° and 145° F. respectively, showed slight
differences in the leucocyte count of the clarified milk. This difference,
however, was felt to be in the range of experimental error and thus was
considered to be of 1ittle significance,

The weight of dry totsl solids removed from equal portions of
similar milk when various clarification temperatures were used at differ-
ent stages of processing, showed that milk clarified at 145° F, before or
after pasteurization, resulted in the largest weights of total solids re-
moved. The percentage of fat in the dry total solids decreased with in-
creasing clarification temperatures,

Microscopic examinations of clarifier slime showed that more large
cellular constituents were removed at clarification temperatures of 100°
and 145° F. then at 60° F. 1In general, the sediment of nonclarified ho-
mogenized milk showed more large epithelial cells and other large frag-

ments, than did the clarifier slime of the same decanted clarified milk.
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