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ABSTRACT SHERMAN ROSLLNBLEG

The primary reason for this study was to observe some
of the changes which occur to the fat globule membrane dur-
ing the isolation procedure. Comments were given concern-
ing yield and general composition.

Yields of 1.11 - 1l.44 grams of total membrane material
per 100 grams of fat and 0.59 gram of menbrane protein per
100 grams of fat were obtained. The soluble protein frac-
tion composed 46 percent and the insoluble fraction 54 per-
cent of the membrane proteins.

A distribution curve for the nitrogen in successive
washed creams showed that less than the theoretical amount
was lost as a result of repeated dilutions and separations
of the original cream. This is due to the fact that mem-
brane as well as plasma nitrogen was measured.

Washing with a sugar solution rather than plain water
resulted in an increase in the separation efficiency and
consequently an increase in the yield of membrane material.
Separation and washing at 380 C. resulted in a higher re-
covery of lipoprotein complex than did working at 4° ¢,

Ash determinations on the membrane proteins yielded
lower results than those obtained by other researchers.

Enzyme activities were reduced quite drastically dur-
ing washing. Warm separated and washed creams retained more

activity than the cold counterparts. Loss of activity after



A3STILCT Siiblt 227 R05.75LRG

salting-out the membrane material with ammonium sulfete was
quite pronounced. TUse of organic solvents also inhibited

activity or destroyed the enzyncs.
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INTRODUCTICK

The fact that milk fat exists in the form of tiny glob-
ules three to six microns in diameter has been known for ap-
proximately 250 years. But not until Ascherson (1840) did
his classical work on olive o0il in contact with egg white
was it postulated that these globules are surrounded by a
"membrane" complex. Present knowledge classifies this ma-
terial as a protein-phospholipid complex.

The origin of the membrane is obscure. Mulder (1947)
believed that when a fat globule is detached from the secre-
ting cell, it drags along with it a thin film of material
representing a complicated system of substances such as pro-
teins, enzymes, phospholipids, carbohydrates, and other bio-
logical substances.

Sommer (1952) postulated that the triglyceride molecule
exists independently in the secreting cell. However the
lipid cannot remain by itself in solution, and thus it joins
with others to form fat globules. As this progresses, phos-
pholipids attach to the globule, but since the former are
both hydrophilic and lipophilic, they cannot be absorbed
completely by the fat. Therefore the phospholipids project
out from the globule surface. The proteinaceous material
may become associated with the globule at this same time,

Eventually the fat globule will "grow" to a size such that

-1 -



it is Jjust large enough for the phospholipid and protein ma-
terial to completely envelope it in a single layer, thus ef-
fectively sealing the globule from further growth.

Obviously the origin of the fat globule membrane may be
explained by the physiologist as well as the chemist. But
since the membrane has been shown to be closely associated
with flavor and palatability problems in milk (Palmer, 1944),
knowledge of its chemical and physical characteristics is
needed.

This manuscript deals in particular with the protein
materials of the membrane. Researchers believed for some
time that only a single protein existed in the membrane-
complex, or else that it was homogeneous. However Herald
(1956) was able to classify this material into two portions,
differentiated by their solubility in a dilute salt solu-
tion. Electrophoretic studies showed each of these frac-
tions to be heterogeneous, patterns of both consisting of
two or more peaks.

This present study deals with the detailed preparation
of the membrane proteins. The procedure employed is given
in some detail in the body of this thesis. The biological
material is characterized by its chemical composition at
various steps in its preparation. Also, compositional dif-
ferences found when isolating membrane material from warm

and cold separated cream were oObserved.



REVIEW OF LITERATURE

Two distinct approaches have been used for separating
membrane material from the plasma phase and two for removing
membrane from the lipid phase of milk. Because of the na-
ture of the work involved, these will be discussed concur-
rently.

Eliminating the aqueous or plasma phase involves wash-
ing the cream with water. VOltz (1904) and Abderhalden and
Voltz (1909) used extensively a method whereby cream was al-
lowed to rise through a column of water. These workers used
a 60 centimeter column and removed the washed fat globules
after 12, 24, 48, 72, and 96 hours. Although this is quite
effective, it has the disadvantage of carrying particles
from the plasma along with the cream. The product was fil-
tered at 50 - ?Oo C., after which the dried residue was ex-
tracted by weans of boiling ether.

Titus, Sommer, and Hart (1928) employed a similar tech-
nique except that their water éolumn was twice as highj; be-
fore filtration they mixed the washed cream with one-third
its volume of 95 percent ethanol; and.their method of fil-
ter residue purification was more involved.

The second method of washing cream was devised and used
by Storch (1897). Even though it came chronologically before
that of V8ltz (1904), this technique has proven to be the

-3 -



more popular means of recmoving milk plasma from around the
fat globule. Cream, after being separated froa the skim
milk, was diluted back to its original volume of whole milk
and separated again. This was repeated four or five times.
Removing fat from the membrane was achieved by organic sol-
vent extraction according to V8ltz and Titus et al. (1928).
The washed cream was shaken in strong alcohol followed by
the addition of ether and benzene. A gelatinous precipi-
tate was filtered from the aqueous phase, washed with strong
alcohol and ether, and dried in air at room temperature.
Aéain there was the problem of obtaining a product thec com-
position of which had been altered from that of the origi-
nal membrane. In this case the procedure involved the loss
of membrane phospholipids along with the milk fat.

Palmer and Samuelsson (1924) used this method of re-
peated dilutions and separations for washing the fat glob-
ules. Then, in order to keep mechanical loss of membrane
lipids to a minimum, these researchers churned the washed
cream, the agitation from this procedure being sufficient
to rupture the membrane. The lipoprotein complex was re-
covered from the buttermilk and the melted and separated
butter.

Jenness and Palmer (1945) published an elaborate pro-
cedure for mewbrane protein isolation. Included was their

mode of dialyzing the membrane-containing serum in order to



concentrate said membrane. The final step consisted of ex-
tracting phospholipids and a high-melting triglyceride frac-
tion from the membrane material by means of ethanol and
ethyl ether, leaving essentially nothing but protein.

A modification of this technicue was employed by Hare,
3chwartz, and wWeese (1952). They mixed tne cream washings
and buttermilk after churning and uscd acetone to precipi-
tate the membrane material. The dry precipitate (moisture
removed by centrifugation) was washed with absolute alcohol,
a 1l:4 alcohol-ether mixture, and firnally anhydrous ether to
remove the lipid portion of the membrane.

Brunner, Duncan, and Tréut (195%a) used a method simi-
lar to that of Hardy and Gardiner (1910) for extracting the
lipoidal materials. They first treated the membrane with
a cold ethinol-ether mixture to separate the lipids from
protein and then extracted the former with 40° C. ether,

Varying amounts of membrane material have b.en isolated
by different workers. Palmer and wiese (193%) found 0.66 -
0.8% gram per 100 grams of fat. Jenness and Falmer (1945)
reported 0.71 - 1.20 grams of membrane substance per 100
grams of fat from different breeds and at various stages of
lactation. Herald (1956) prepared 1.27 grams per 100 grams
of milk fat. Storch (1897) estimated 38 grams per 100 graus
of fat, a value which is obviously high. The large error

was due poscibly to his observations of membranc material



under the microscope. In another section of his article,
Storch claims that butter churned from fresh cream contains
7 percent membrane by weight. At the other extreme Schwarz
end Fischer (1937) reported only 0.12 gram per 100 pruus
of fat. This low figure is attributed tc the use of physi-
ological saline for washing the cream, a procedure which
would have removed some globulin protein. The milk fat was
separated from the membrane by means of ether extraction;
thus much of the lipid portion would have been removed.
Again we find varying reports for the amount of protein
in the membrane. Rimpila and Palmer (1935) found 0.46 -
0.71 grem per 100 grams of fat. Jenness and Falmer (1945)
reported 0.38 - 0.¢€ gyruz per 100 grems of fat. Herald
(1956) obtained a value of 0.51 gran of membrane protein
per 100 grams of milk fat. Schwarz and Fischer (1937) re-
ported 0.12 . rcm per 100 grams of fat, a figure not only
decidedly low when compared to other published guantities
of membrane protein but also irncompatible with their report
of 0.12 gram of uembrane material per 100 grams of fat.
Their values are valid only if one considers the fat glob-
ule membrane to be composed exclusively of protein, a fact
which is strongly disputed by the literature on this subject.
Roland (1956) found 0.4 - 2.22 grams of protein per 100
grams of fat, basing his figures on a formula devised by

hinself,



Herald (1956) also reported a procedure for fraction-
ating the membrane protein into soluble and insoluble frac-
tions. As this technique was followed rathcr closely in
the work reported in this manuscript, the details will be
given under the experimental procedure. Suffice it to say
that a different means of concentrating the wembrane mate-
rial was used (by Herald). Instead of dialyzing the mem-
brane-containing serum, saturated ammonium sulfate was added
to a final concentrztion of 55 percent. This "éalted out”
the entire menbrane substance, not the protcin portion alone,
because of the strcng physical attraction and chemical bonds
between components of the membrane. Herald estimated that
the soluble fraction contained 44 percent and the insoluble
fraction 56 percent of the original membrane protein.

King (1955) wrote a brilliant, comprehcnsive review of
this field of research which cites all but the most recently

published work in the area.






ELFERILELNTAL FROCLDULL
Isolation of liembrane Froteins

Fifty gallon lots of relatively fresh, raw, mixed herd
cow's milk were separated at 4° ¢c. and 38° C. using a De-
Laval Model No. 390 Standardizing-Clarifier., The cream from
each separation was diluted back to its original volume with
tap water of the same temperature. The wash water was re-
moved from the cream by means of the separator used above.
This washing-separation process was repeated for a total of
three to five times. The final washed cream waos allowed to
stand overnight at 50 C.

Both the high and low temperature washed creams were
treated identically. The cream was brought to 13 - 14° ¢C.
and batch-churned in large glass Jjers placed horizontelly
in a mechaniczl shaker and agitated to rupture tne fat glob-
ule membrane. The combined butter and buttermilk was warmed
to 580 C. and run through a Delaval kodel No. ¢ laboratory
Separator. The membrane-containing serum was collected and
the butteroil discarded. Some of the warm sepurated cream
achieved a plastic condition after overnight storage, and
it was necessary to dilute it with distilled water at 150 C.
in order to obtain churning consistency.

The serum was adjusted to room temperature and a sat-

urated ammonium sulfate solution was slowly added with
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stirring until a final solt concentration of 2.2 LI was
reached. JSalted-out mcmbrane materiul wuas ccuncentrcted by
centrifuging at 2,000 R.F.I, in a Universzl Ko. 2 Centri-
fuze. The membrane substance was finally concentrated in
a Model 33-1 Servall Centrifupe by running at 25,200 x G
for 30 minutes.

A solution of 35 percent etlhianol in ethyl ether ct —50
C. was added to the nembrane material in the vroportion of
100 milliliters to 50 grams of concentrated ueizbrerne., All
ether used in the preraration wes tested for formation of
peroxides according to Weissberger, Iroskauer, Riddick, and
Toops (1955). The mixture was neld at 0° to -5° C. and
agitated for 15 minutes. Subsegquently it was observed that
for large quuntities of mewmbrane sudbstance, the ratio of
ethancl-ether to menbrane must be increased; otherwise, the
final ethounol concentration is insufficient to break the
lipid-protein bonds. Following the cold ethanol trestment,
the mixture was adjusted to -20° C. and filtered. The al-
cohol-treated membranc material was washed five times with
200 - 600 milliliter portions of -20° ¢. ethyl ether. Fi-
nally, the residual membrane lipids were extracted with
three 250 - €00 milliliter portions of ether at 500 C.
Solvent separation was achieved by centrifugaticen. The pro-
teins were held overnight under a vacvum of 28 inchaes to re-

move residuasl ether.
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Separation of the soluble from insoluble protein frec-
tion was accomplished by the addition of successive 150 -
450 milliliter porticns of 0.02 M sodium chloride solution.
Following agitation at 2° ¢. for approximately 2 hours the
suspension was centrifuged at 25,000 x G for 45 minutes.

The supernatant from each extraction was drawn off and pooled.
Extractions were continued until the supernatant gave 2 neg-
ative biuret test. No more than four extractions were re-
quired. The supernatant contained the "soluble" fraction
while the residue in the bottom of the tube was the "insolu-
ble" fracticn. All procedures were carried out in glass or

stainless steel contuiners.
Analytical kiethods

Fat and total solids. Fat and total solids were de-

termined by the method of Lojonnier and Troy (1925). 1In
cases where only a small amount of a given sample could be
used for testing purposes, a modified extraction technigue
was emﬁloyed for determining fat. The extraction was car-
ried out in a test tube using 0.25 - 0.50 gram of sample,
1l - 2 milliliters water, 1 milliliter concentrated ammonium
hydroxide, 2 milliliters ethanol (two extractions), 3 milli-
liters ethyl ether, and 3 milliliters petroleum ether.

Ash. 3Samples to be ashed were exhaustively dialyzed

against tap water, distilled water, and redistilled water.
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Concentrated materials first were suspended in distilled
water. Total solids determinations were run on the dialyzed
samples. Fifty gram samples were dried on a steam bath and
then placed in a muffle furnace at 550 - 600° C. overnight.

Alkaline phosphatase. The activity of this enzyme was

determined according to the procedure of 3anders and Sager
(1947). 1In every case, the protein precipitant used was
3.0 grams of zinc sulfate and 0.6 gram of cupric sulfate
made up to 100 milliliters with distilled water. Optical
density was read at 610 millimicrons in a Bausch and Lomb
"Spectronic 20" Colorimeter. Calculaticrns were based on
the method of Zittle, Dellalionica, Custer, and Rudd (1956b)
so that units of activity for both enzymes studied would be
of the same order. The activity found was converted from
optical density to units according to a standard curve with
the equation

x -2y = 0.
Ten and five-tenths units of activity is equivalent to the
release of 1.0 x 10~/ moles of phenol.

Xanthine oxidase. A slightly modified method of Zittle

et al. (1956a) was used for determining xanthine oxidase
activity. This method of assay is based on the fact that
tetrazolium salts are govd oxidation-reduction indicators.
They are colorless, soluble compounds in the oxidized form

and colored, water insoluble, oxygen stable formazans in
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the reduced state. In this test triphenyltetrazolium chlo-
ride is reduced by the action of xanthine oxidase. The
principal reagents are a 0.5 il phosphate buffer to keep the
reaction close to pH 7.5, 0.005 M xanthine to act as sub-
strate for the enzyme, and 0.05 M triphenyltetrazolium chlo-
ride. Nitrogen gas was bubbled througch the tube containing
the reactants in order to prevent oxygen from inhibiting
the reduction of the tetrazolium salt. To insure that the
nitrogen was pure, three columns of Benedict's (1912) oxy-
gen absorbent were placed in the nitrogen line. The assay
was conducted at 500 C. and the trirhenyltetrazolium allowed
to be in contact with the ¢nzyme for exactly 10 minutes.
Mustakallio, Ahos, and Autio (1955) reported that triphenyl-
tetrazolium chloride in solution is photosensitive and be-
comes red. They suggested using this salt only under con-
dition of total darkness. But because of the nature of this
particular test, Zittle (1956b) suggésted using a room with
a constant light source. The reduced triphenyltetrazolium
was taken up in toluene and optical density was read at 485
millimicrons in the "Spectronic 20." The equation for the
standard curve run for the xanthine oxidase had the equation
6x - 5y - % = O.
One unit of activity is equivalent to the formation of 0.3

x 10”7 moles of the reduced triphenyltetrazolium.
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Nitrogen. The samples tested were fractionated accord-
ing to the method of Rowland (1938). Nitrogen was deter-
mined by means of a modification of the technique employed
by Menefree and Overman (1S40). 3Size of the Kjeldahl sample
and amount of concentrated sulfuric acid used for digestion
were determined by the nature of the sample and the speci-
fic protein for which one was analyzing. In general, 10
milliliters of nitrogen-free concentrated sulfuric acid and
5 grams of sodium sulfate-mercuric oxide (14:1) mixture
were added to the sample. Digestion was allowed to proceed
for 15 minutes after the solution became clear and color-
less. The contents of nhe Kjeldahl flasx werce allowed to
cool, the sides rinsed with distilled water, and the solu-
tion redigested for amn additicral one-half hour. One hun-
dred fifty milliliters of distilled water and 40 milliliters
of 50 percent sodium hydroxide plus sodium thiosulfate were
added to the cooled contents. Approximately 100 milliliters
were distilled into a flask containing 50 milliliters of use
solution boric acid and a few drops of methyl red-methylene
blue indicator. The receiving solution was made up as fol-
lows: 1 pound of reagent grade boric acid was dissolved in
10 liters of distilled water; the use solution contains 2
bParts of the above diluted in 3 parts of water. The dis-
tillate was titrated with 0.05 N hydrochloric acid. Nitro-

gen was calculated as follows:
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ml. HCl x N HCl1 x .0l4

x 1000

mg. N/gm. sample
gh. €Q.

ng. N/gm. sample x 100 = mg./% N
Bg-2 x 100

milliliters of hydrochloric acid used in

"

ng. N/100 gm. fat

Whe re ml. HC1l

titration
d HCl = normality of hydrochloric acid
014 = milliequivalent weight of Nitrcgen
&£mn. eq. = grams of sample to which the &liquot taken

is equivalernt.



RESULTS
Yields

The final preparation was carried out with the Delaval
llod el No. 9 Laboratory Separator, since its smaller size
wora 1L d permit a closer accounting of the materials and also
al . ow for smaller losses due to milk, cream, etc. Ddeing
he . A in the bowl.

Twenty-five pounds of 25 percent cream were obtained
from 169 pounds of milk., After the first washing, 17 pounds
of 36 percent cream remained. 3ucceeding washings changed
the r3ield and percent fat c¢cnly slightly, though it is ob-
Viowus when looking at thc final washed cream--15.5 pounds
°or 33 percent fat--that purely mechanical loss plays a rpart
in T he total picture which is obtained of the membrane.
The Yyields from this preparation are tabulated in Table 1.
From this isolaticn 1.11 - 1l.44 grams of lipoprotein
MBaterial per 100 grams of fat were obtained. The final
yie-lc]. of membrane protein was 0.59 gram per 100 grams of
Tat - The soluble fraction apreared to makce up 46 percent

L the totul proteins and the insoluble portion 54 percent.
Nitrogen

The results of a nitro;en distribution study on one

S e -
ra ©s of washed creams are shown in Tables 2 znd 3.

- 15 -
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Determina = jons made for total nitrogen, casein nitrogen,
non-case€l ¥ nitrogen, proteose-peptone nitro;en, and non-
protein X i trogen all displayed a sharp decrease after the
first wasshing. From this point the various fractions lost
nitrogemy quite gradually. In fact, casein nitrogen leveled
0ff so +*hat the values for the final three washed crcaus
¥ére constant.
The amount of protein in each washed cream was calcu-
lated~ These values followed the nitrogen curve (see Fipg-

ur
€ I) and are similar to those reported by Rimpila and

Fa
Imer (1935).
Fat and Totul solids

Tables 4 to 10 inclusive show, as one would expect,
that the total solids and fat percentages in cream range
hi&:her from the warm than from the cold separations and
Washn‘.ngs. Conversely, the total solids content of the skim
milk of the cold separations were slightly higher than from
Waxrny skimming. The first cold washing showed s marked de-
QI‘ease in solids content, while successive washing of the
S o213 separation showed an increase. On the other hand, the
Total solids and fat content of the warm preparations in-
Q‘t'eased markedly as a result of the first dilution and sep-
abat ion, reaching a maximum at this point in the washing

Dboe edure. Looking at the compositional data from another
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viewpoint o the solids-not-fat of cold washed creams dropped
after the  First washing, whercas it increased after the
first waram washing. Thus we have two distinct situations.
After the first 4° C. washing the cream generally decreased
in total g0lids and fat content, while the solids-not-fat
increaseq proportionally. But the first warm washed cream
USually showed an increase in the concentration of all three
fompon ents.

In one trial a 12.7 percent sucrose solution was used
for C o 1d-washing the cream in order to increase the specific
¥ 8¥'i 4y of the mixture for separating. Data in Table 8
B vy that in this case a cream of considerably higher total
solids content than the other cold separaticns was obtained,
hat With succeeding washing the cream's solids percentage

n
ever came within more than 15 percent of that from the
8o

el
- Adverse effect on the plasma duricyg washing, skim milk

C. serparation. To be certezin that the cupar sclution had

dj“:“‘l.llted to four times its volume with 12.7 percent sucrose
Was agitated and centrifuged. The casein was unaffected.
Iqe“t‘u:t:'ally, the increase in total solids was due to sugar
rbom the wash solution entering the plasma. But the fat
c>c>"':'flient also increased, indicating that sugar has some ef-
Tece in preventing the loss of fat during the washing op-

e
Tat 3 on.
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MembX™ zane-containing serum had a total solids range of
0.8 - 2.4 ercent. The sugar-washcd preparation did not
show a SO 2 _ids content out of proportion to the other trials.
Approximately one-half of the total solids was fat. Con-
centratedQ membrane ranged from 36.4 - 42.5 percent total
solids. Solids-not-fat at this phase was in the ranpe from
7.2 - 53.3 percent. The meanbrane proteins vere approxi-
Tately S percent fat. In two out of three cases the soluble
protein fraction from the cold separation was lower in total

soli
lias and solids-not-fat than the corresponding warm prep-
aMtiorl

Solid_s

The cold insoluble fraction was higher in total

and solids-not-fat content than the warm preparation.
Ash

For most trials the ash content was highest in the men-
braI)‘e~con‘taining serumn, the controlled trial yielding 5.43
Pera €©nt total ash on the dry weight basis. The soluble pro-

tein fraction had a slichtly higher ash content than the

in
SO 1 yuple portion, 1.80 percent as opposed to 1.51 percent.
Enzyme Activity

- Engzyme activities were not followed solely for the

sak .
€ or studying the effects of various physical and chemi-
cal

. < tions upon alkaline phos hatase and xanthinc oxidase.
he

X< tjvities were uscd also as a means of observing
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destructloxa or loss of menbrane. Tables 4 through 10 show
the graduza 1 loss of these enzyues in terms of sample size
and gralsS of fat. Cn the average, cream beginning with 146
units of Yhosphatase activity per gram of szample dropped to
76 units 3 xanthine oxidase activity fell from 5L to 7 units
ber gram
Also one can sec the relative effects of cold and warm

Separation and washing. Although the data were somewhoct
erratic, the general picture shows that with both enzymes,

the
C©14 washed membrane holds the phosphatase and xanthine
oxi. "‘l&-ﬂ\

e norc tightly than the vwarm washing during the ear-
Part of the procedure. But by the fcurth dilution and
Sepabation there seems to be greater activity in the warm
cbe&ms.

Most of the activity assays perforuwed on the latter
pb‘ai‘ses of thc preparation proved to be uasatisfactory. How-
ever the author found that both phosphatase and xanthine
Q}':id.anse activity were lost to a considerable extent as a
besult of the salting-out step and ethanol-ether treatment..
Also observed was the fact reported by Zittle (1956a) that

W a jority of the alkalinc phosrhatase was concentrated in

t
he soluble protein fraction.
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TABLE 1

YIulD OF LATERIAL AT VARICUS Fiasss OF Tils FRUFARATION
OF MILK FAT GLCBULL KluiBiailk FROTLEINS

_— e e e

Phase Yield Composition
Total Solids-
Solids Fat not-iat
\
W (pounds) (%) (%) (%)
. °le ik 169 12.7 3.9 g.s
feam 25 32,4  24.9 7.5

A 1 17 37.9  36.4 1.5
ass ©q Creanm 2 16 39.3  36.9 2.4
&Shed Crean 3 16. 33,9 33.8  0.1°

Nedq crean 4 15. 35.0 32.8 2,2

5

e 5.5
Stied Cream 5 15.5 24,1 31.3 2.8

9.5

M
Smy Trane-containing Serum 0.8 0.4 0.4

(grams)

;anentrated Membrane? le4.6 40.2 13.0 27.2
SMmbrane Proteins 51.4 59.3 1.8 57.5
SQ:Luble Protein Fraction 400b 3.5 0.1 3.4
S oluble Frotein Fraction 45.5 16.7 0.9 15.8

\

2Contains (NH4)2SO,+ from salting-out step.

+ X b4OO milliliters of NaCl solution containing this pro-
€3in fraction.

sS5 °Value obviously low; probably due to error in cnaly-
Ls



‘.LIAISL:E 2

NITROGLH CC.uoly Cr wllK, SLIi x1LK,

Cn‘uxml, 20D wao-de) Uilluia.

S =

Fhase Nitrogen Distributicn

—_ TP cne Nerd PPN nint
Mo (mg. N/1OD g. sample)
Skime Milk 538 . 405 133 22 25
e Lilk 542 404 133 27 z
Was% LY 226 152 41 28
Was}led Crean 1 90. 4 %6 53,5 1) 9.3
Ve N ed Creanm 2 25,3 28 10.2 3 5.2
‘Nashed Crecun 3 26.6 21 6.0 4 4.3
‘VQS Tued Cream 4 22.¢C 21 1.0 - 5.7
\%hed Creca 5 2l.c 21 1.5 3 2.y

qpccording to Rowlund (193€).
bTotal nitrcoen.
CCusein nitro;en.
dﬁon—casein (wiiey) nitrcren.
elroteose—peptonc nitrc_.cn.

f.. . .
ion-protein nitr¢iern.
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TABLE 3

THEORST 3 Cali AKD ACTUAL TOTAL NITRUGL: b FROTLIL CCLwutT
OF WASHED CREAL

_—

e —

Phase Nitrogen — ;rotein
———— Theoretical Actual a 2]
(ng. N/100 g. fat) (g. protein/100 g. fat)
::;‘iihal Cream 1520 1520 9.70 11.4
wa531155<1 Cream 1 280 249 1.59 1.66
Fasy Sd Cream ¢ 80 104 0.66 0.73
Fas 1ed Cream 3 18 79 0.50 0.61
Wa&lled Cream 4 4 69 0.44 0.59
fied Cream 5 1 70 0.45 -—

2calculated to 15.68 g. Nitrogen.

hFrom Rimpila and Palmer (1935).
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Figure I. Effect of successive washings on the total

nitrogen content of cream.
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Yields

The results from this sculy indiceted @ concentration
of 1.11 - l.44 grans of xeubrane material per 100 graus of
fat. These values compare favorably with data rerorted by
others. Palmer and viese (1933) isclated 0.66 - 0.8Y gram
of membrane substance per 100 grums of fat; Jenness and Pal-
ner (1945) reported 0.71 -~ 1.20 grams per 100 graus of fat;
and Herald (1956) found 1.27 grams per 100 ;jrams of fat.
Storch (1897) and 3chwarz and Fischer (1937) isolated 38
grams and 0.12 gram of lipoprotein material per 100 graus

of fat, resypectively--values which are not coincident with

other data. Also it should be noted that the values reported

by Jenness and Palmer do not include the high-melting trigly-
ceride fraction of the membrane founl by Falmer and wiese.
Nevertheless the data of the latter indicates values some-
what lower tiicn those of Jenncss and Falmer,

A yield of 0.59 gram of umenbrane prctein per 100 graas
of fat was isolated in the present work. This is close to
the 0.51 gram per 100 grams of milk fat reported by Herald
(1956). Rimpila and Falmer (1935) and Jenness and Palmer
(1945) found 0.46 - 0.71 gram and 0.38 - 0.86 gram of mem-
brane protein per 100 grams of fat, respectively. Roland

(1956) calculated the mean of a number of determinations to

- 31 -

B4l tioe mppea

§ Paraun



32

be 1.15 grams of protein per 100 rrams of fat. He based

this figure on his formula

< - (n-e) %100-@)

where x = percent nitrogen in protein
n = perccnt nitrogen in fat-free liquid
e = percent nitrogen in skim milk
f = percent fat in cream and
7.4x = percent protein in mcmbrane. Even with the exag-

gerated figure of 0,12 gram of meanbrane protein per 100
grzms of fat reported b Schwarz and Fischer (1937), the
amounts of lipoprotein wmaterial and membrane protein would
indicate that workers in this field arc¢ fairly viell agreed
on the amount of these substances which is present in nor-
nal cow's milk.

Since Herald (1¢56) was the first to fractioncte the
membrane prcteins according to their solubility in dilute
salt solution cr water, =n extensivec comparison with results
found in this present study cannot be made. Forty-six rper-
cent of the membrane protein was found in the sujernatant
solution while 54 percent remainc<d as the insoluble frac-
tion. Herald's results were almost identical. Ilis soluble
fraction accounted for 44 percent and the insoluble porticn
56 percent of the total membrane protein.

Brunner, Duncan, Trout, and liackenzie (1953b) provi-

sionally classified the entire fat globule membrane protein



!
N

as one of a globulin-like nature. Interestingly, Icrald
(1956), on the basis of sedimentation velocity znd other
properties, tentatively clacsified his solublc proteins as
globulin in nature. Cn the basis of their solubility in
0.02 M sodium chloride, onc might o so far as to call theun
euglobulins, iicrald also councluded that tie inscluble froe-

tion should be previsicnally classified as a "pseudcuoratin,”
Iitro_en

Table 3 and Figure I show the theoretical aud actual
effects cf the washing procedure on the tctal nitro_en con-
tent of the creazm. Theoretically the plasza (=zd its nitro-
gen) of the crecuam should be reduced by three-fourths aftcer
each washing. The curve in Figure I showing the expected
distribution of nitrogen over five cream washirygs was cal-
culated on the basis of the results obtained in this cstudy.
As can be seen in Table 10, the plasma content of the vari-
ous washed cresms was nct constant, so the theoretical
curve was based on the changing values rather than on the
original 24.9 percent cream. oSince fat is hydrophobic, it
cannot be diluted by the water, and one assumes that the
plasma in the first washed cream has been reduced to 25 per-
cent of its value in the original cream. Therefore the to-
tal nitrogen content of the plasma porticn of the first

washed cream should be only one-fourth that of the origiral.
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The aqueous phasc of the second washed crean thwen would have
25 percent of the nitro_en which was in the jrevicus washing,
and so forth.

Brunner et al. (1953a) showed a nitrogen curve for non-
homogenized milk similar to the "Actual T" in Figure I. . Af-
ter the second washing the nitro_en content is slightly
higher than thc expected level. Then the actual value lev-
els off so that the curve is ;ractically flat. The theoret-
ical curve also levels off but can ncver beccae horizontal
to the abscissa since th-. nitrogen would continue to be lost
until only an infinite amount remaineil. Therefore the ac-
tual total nitrogen content of the wzshed cresus has ir-
creased in coaparison tc the expected vzlues. This is due
to the fact that not only plasma nitrogen but also membrane
nitrogen has been measured.

FPalmer (1944) pointed out that washin_ cresm probebly
renoves from the membrane all but the most tenaciously held
materials. The curves in Figure I bear out this hypothesis.
It is intercsting to note that Brunner et al. (1953a) found
that the protein of homogenized milk membrane diffcred mark-
edly from that of nonhomogenized milk. Trout (1950) recog-
nized the probzbility of such a chinge when he uentioned
that due to the effects of homogenization, one may , resune
", . . that a film of protein material is adsorbed to the

surfaces of the . . . fat plobules.”" Trcut (1957) alzo



mentioned the possibility t:st soume of the ori_ inal :emdrane
might be envelopud by the fat plobule during homogenizaticn.
This could zccount for the change in amino acid cowmposition
reported by Brunncer et al. All of the above umenticned is
yet aznother indicaticn thut the wewbranc proteirnrs obtained
by mcans of the rather hursh treat.«nts uscd in this vrepa-
ration proceduzc are char_ed meterially frem the natural
Lenbrane proteins,

A final rote on the wiownt of protein found in the fat
zlobule mewbrane might be made. A compariscn between the
results of Rinpila and Falmer (1925) and those frou the
present study s'.owed tic lattzr to be slig:itly lower in ab-
solute value, but the trend wes similar. For the salie of
uniformity, prctein valucs were calculated on the basis that
an average nitro;en content is 15.68 percent per protein.
The author realizes thit sucl a figure must be used criti-
cally, but as already statel, this provides a common gjround
for discucsion. Also the present calculaticn assuaes (since
it was not specifically stated) tia.t Rimpila and Falmer com-

puted thieir protein results to 15.68 grans of nitro:en.
Fat and Total Solids

When Storch (189y) first devised and uuel the methol of
repeated diluvtions znd separations, he founl tlhet the creun

from each wasaning had a considerably smailer amount of fat

.
S
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than the cream from the previous separation. If he meant
that the percentage of fat in the cream lessened, such re-
sults are not corroborzted by this present study, for the
fat dropped after the first washing only; succeeding wash-
ings showed a fairly constant level of feot. Although his
work was performed at room temperature while the studies
presented here were carried out at 4° and 560 C., the milk
fat in Storch's experimcnts wuas largely in & solid state
and should have behaved somewhat similarly to the cold sep-
aration of this regport.

Therefore one may assume 3torch (18¢7) mcant that the
total amount of fat in the cream decreused after each dilu-
tion and separation. Using the figures from Trial 4 (Table
10), we find the following:

washed cream 1 2.81 kilograms of fat

Washed cream 2 2.68 kilograms of fat

Wwashed cream 3 2.53% kilograus of fat

Washed cream 4 2.31 kilograms of fat

Wwashed cream 5 2.20 kilograms of fat.
These values do indicate that fat was lost with each suc-
ceeding washing. Data from the second through fifth
washed creamns show gram of mewmbrane protein per graa of fat
ratio values of 0.0057, 0.015, 0.01&, and 0.020. The ratio

of protein to fat over the same period was 0.025, 0.020,
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0.019, and 0.020. Juck and Dahle (1937) arnd Bruncer et al.
(195%a) also found that the nitro_en/fat ratio was fairly
constent after the third washirg, demonstratiug that almost
all of the plasma protein huad becn removed., Therefore onc
may presunc bhat mcobrane matcerial was lost to only a slight
extent. Furtheraocre we uay cenclule that the lipoprotein
complex still adsorved on the fat _lobulc after the third
wasning will nol be churged to any (reat extent until the
emulsion is broken by ". . . twelve or more . . ." (Rimpila
and Falmer, 1925) successive washings.

Again referring to 3torch (1897), one finds that he,
too, used a stron: sugar sclutiorn in sowmc of his washin_s.
de observed thet usi.: this technigue lcft nost ol the men-
brare around the fat globule, wihicress washing the cream with
plain water rcsulted in the loss of a cousiderable purt of
the lipoprotein couplex. The sucrose soluticn was used in
the present stuly in order to increase thc difference of
specific gravity between thce cream and wash soluticn to
permit the physical separaticn of fat frosa wash water during
cold washings. When water alone was used, we found it dif-
ficult to obtain good yields of cream from operations at 4© C.
A coaparison of Tubles € and 9 points out the advantage
of a sugar wash. One must arree with 3Storch that nuch more
fat and accompanyins membrane material is lost with plain

water washings. OSxim milk washed with the same concentration



sucrose soluticn was not affected, indicating thet this pro-
cedure did not change the results by rreventing adsorbed
casein from being relcased by the fat globulec surface even
though the specific gravities of the two are close. A su-

crose soluticn was not usel for any of the varm washings,

since it wvas felt thiat the aechanicel sepuraticn was cefii- J

cicvnt; therefore, no ccmypariscon can be aade betueen the :
amount of uembrane left under tiic different conditions dis-
cussed. In all probability an even grezter vield of lipo- }
protein would huve buen cbtained from warm sugar-washed
crean,

The menurane protei:s after the ethanol-ether trect-
ment contained approximcteiy £ zercent fat. This was prob-

ably phospholipid from the lipoprotein complex which would

Y

rt

have becn removed during the carly staces of the nrepera-

t

tion had & ikore drastic ncethod than ciurning becen uscd for
freeiug the meunbranc fream the wilk fat. However it was
thought desirablc to employ this techrnijue so as te obtzin
proteins as close to thosze of the criginel membrane as pos-
sible.

The results in Tables 4 throusli 9 demonstrate thav per-
haps cold separaticn aand washin. of cream removes ncre ad-
sorbved muterial from the fat lobule gurfece. This would
agree with the findinss of Jenness and I'olmer (1945) wherein

they stated that both chilling and aging of cream tend to
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increase thc dissociation of thz mcibrane material from the
cream. The reason for this is not clearly undcrstood, theuch
it is probebly nmerely a physical phenomeunon whoreby the
colder tempcroture cuauses th: feot clobule surface Lo hHecoiac
more "brittle" and loouc mecovrone into the plasaa.  Using
tais sewe line of reasoning, warn fat surfcces cre gquite pli-
etle, since The fat 1s completely meltced, cnd lirorrotein
material 1s less likely to De wazhed off Ty &

actiorn c¢f the wash water or separator.
Azh

Titus et al. (1922) reperted 3.11 percent ash in the
meabrare proteins, and Hore ¢t al. (1€52) fournd 3.22 percent.
Herald (1956) noted « considerably hi: her tercentcie of ash,
4.2%7 percent. The present study found an aversie of 1.63
rercent ash, quite a bit lower than other reportcd values.

In the light of the lower enzyme activities repcited for the
latter phases of the preparation, the ash values arc nct as
far out of line as they nmight appear at first glance. ler-
ald, Brunner, and Bass (1957) wmade the comment that both
protein fractions contained mineral elements in concentra-
tions higher than reported for other milk proteins, suggest-
ing that the fat globule nmewmbrane mzy be the spot at which

the trace elements in milk are located.
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The ash valucs shcown in Tebles 4 tlhircugh 170 inlicave
no definite pavtern with regard to differences occurring

in cold and warm washed creans.
Enzyme Activity

Enzyme octivity results as couplete as might be desired
were not obtained. This was duc partially to iechuniceal
problems encouuntered with the assay mothods theiwsolves aian
partly to lcss of activity during the preparaticn.

Zittle ¢t al. (195€b) have chown the cnzyme activity
distribution through svccecsive cream washirngs. The jpre-
sent study ajrees with their findings. OCn the wverg;
percent of the original cream's rhosphatase activity reamains
after four washin.s, while only 1Z percent of thec xanthi-.e
oxidase activity is present. Sharp (19v40) comnmented thot
over 50 percent of the xanthine oxidasc oricinally present

e This ‘ndicates tiot

(8
—

in the ncmbrane is removed Ly washin
alkzlinrnc phosphctase is more tenacicusly held by the lipo-
protein comzlex. Jittle et z2l. note that the loss is a
mechanical onc into the wash water rather than destruction
of the enzyiacs. The larre drop in xanthirne oxilase activity
may be because this enzymne iz associated with the plasma as
well as the Lot globule surfsce. Cn the other hand Zittle
et al. (195€a) found cnly o low luvel of activity in skin
milk,
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Rinpila and Fulmer (1935) reported that 72 percent of
te Oripginal alkaline phosyphatase activity remaircd after
rollI‘washings, a figure somewhat higher than reported hiere
? by zittle et al. (1056b). The latter postulate the

causs e to be due to chilling of the original cream before

was¥rd g, The present study tends to suprort such a theory,
for v Iien cream was scparated and washed in the cold, 49Y and

1 pexrcent of the phosrhatase and xanthine oxidase activity,

respec tively, remaincd, whereas 56 and 25 percent, resrec-

tively, were retained by the warm cream. Jenness and Fal-
ner (L 945) said that ". . . mere aging of milk at low tem-
rerature followed by rewarming before sevzration greatly de-

(rease s the retention of protein and phospholipide during

¥eshimgr," This would explain to soze extent the reason for

this & thor's washed crea:s loosing so much more enzyne than
that o £ Rimpila and Palmer, for all milk used h:zd been in
theUll-‘iversity Dairy's holdiny tanks for 16 - 48 hours at
3.3° C <« vefore sepuration. But the warm washed cream re-
talneq more enzyrxe than the cold. PFerhars the rewarmiug
allovs & porticn of the enzymes to be readsorbed onto the

fat g . - . s -
€l opule surfzce, while scparating ond washing direclly

colder tem erature permits a moximum anount to re-

nai i .
80 133 the milk plasna.

IJCDSS of enzyme activity alfter tihe¢ churning process nay

to chomical as well as physicel changes. whereacs
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Wing separation, washing, and churning, the cream came in
“atact with nothing that could destroy the enzyme or in-
lbit activity, subsequent treatments conceivably were de-
i‘bental to the enzyme. In one preparation the butter and
¢ € e Tmilk, instcad of beinz teld at room temperature until
all was ready to be warued and separated, was brought to
agppro ximetely 3&0 C. and nheld there for from 20 to~ 92 nmin-
wes T efore the butteroil was removed from the serum. Fei-
thexr ><anthine oxidaze nor aslkaline phosphatase activity
could Dbe detected in subsequent staizes of the rrcparaticn
"ithh t he excerption of a considerably reduced amount ¢f ac-
tivit:~ for phosphotuse in the membranc-containing serum.
In exp>1 anation of this phenomenon is difficult. We know
that phosphetase is only 96 percent inactivated after being

held at 61.5° C. for 30 ninutes (Kay and Graham, 1934), and

little €t al. (1956a) have shown that xanthine oxidase is

€N :nor: resistant to hest. In addition, the wori of

fttl e et zl. was rerformed cn skim milk, a low fat product,

"hile T he butter and buttermilk in the rrepcration under
1

di - . 3 .
SCUS = 5 on had 2 co..bined fat con.ent of

percent, vaus
providilﬁg cood insulation zpainst the relatively high tem-
Pel‘atube.

As can be seen in Tables 4 through 10, the recove:y of

enzyme Cactivity) after treatment with cclld cthenol-ether

is zui S . .
S WMl e 1ow. Ividently, orpanic solvents tike their toll
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t Phosphatase and xanthine oxidase activity. This indi-
e
%es that perhaps othcr proteins of the lipoprotein complex
. P E e
& Ql
{ .
; So nay be harmed. If further trials were to show the
% : .

€ results, this would demorstrate that the fiual products
0 t Ixe prevaration are cuite drastically changed from those
of tiIre original mcubrane. Zittle et al. (1256b) obtained
nem © xrane from washed cream;m butternilik by means of ultra-
cent® 3 fugation and recovered 39 and £2 percent, resiectively,
of €the xanthine oxidase wnd alkaline phosphatase in the
rig;iraal buttermilk fraction. The prescnt study recovered

M averagce of less than 1 percent ol each enzyme in the

\ origirial serum.
this

2

\ Another point of interest was observed durin
Séries of preparations. Sharp (1940) noted thet the red-
dish—~b xown color of buttermilk is due to the rresernce of

¥nthi ryie oxidace. Herald (19556) found that when this color

diSaPp ears, xanthine oxidase activity is gone, slso. The
Presen ¢ study proves, hcwever, thot the reverse is not true;
lanelsr | the presence of this characteristic color does not

| Eldrary £ ¢ thst any activity will be found.

ITry the final membrane protein fracticns, Zittle (1v56z)
foung “-r03t%t of the phosphatase sctivity concentrated in the
solubl & portion, U4 a.:d €O rcrcent of that in both frac-
tions T or thc two sanples reported. Fresent results show

78, 85 > 92, and 90 percent of the phosphatasze in the soluble
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Yaction., The absolute amount of activity is considersbly
Sn

“ller in the latter series of determinations, but this

Ty,
Ght ve explained by normal variations in the milk soamvles,.
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The primary objective of tlis study was to ovserve scue

« the changes vhich occur in the fat globule meabrane pro-
ff’l}:’s during the isolation rrocedure. Factors studied in-
clud ed nitrogen distribution in the wacshed crecams, varia-

tioxa = in compositicn due to different temperatures of sep',a—

ratd omn and wachiny ond type of wosh solution, anl alkaline

~

pho 3 plwutace and xanthine oxideze activity of the varicus

thas e s throughout the preparation. Where the data obtained

1ale [t possible, further comm-nts were given concernir: the

e
resul £s of othcer woricrs in t. is nrea. Such iteas o3 yield
and - eneral comrosition viere obs:rved.

Yields of 1.11 - 1l.%4 grams of membranc per 100 ; viimc

.

2 ¢ and V.59 renm ol nenvrance protein per 1o _rons cf

fat vre re obtsined. These values arree vwiti the resulvs of

3 “4 3 . .
ther pcsearchers. Likcwise the soluble srd inscluble TIO-

tein T raoctions wore 1n tic ccse preporvions as feound by
ferela (1956).

D e terninctions of the nitrogen dictribution by ..cuns
of R°’~'-‘la:.-d.'s (1¢2&8) fructicnation showel o loss i every
fracti oy gtudied, but this loss leveled off quite reoilly
after The first weshing. MNore nitrozen was lost from tae
crecan

e=fter the first weshing than was cxpected from calcu-

l'—'ti e 0y Y .
“VlOXy 5, washed creams hod aore thon the theoretical cocunt
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0 s a . .
f Ritrcgen due to tie fact thet meubrane as well s plasoa

o
ltI'OLen wr

ﬁ_)

15 measured.
wWashing cold crcan with a cucrose solution instcad of
thin water resulted in an incresse in the cepzrstion effi-
¢lercy and consequently an incrcese in the yield of meubrone
o

Lotz e xricl. GSeparaticn and wazshing at 32 C. resulted in a

Wity ox reccvery of liporrotein conmplex thun did vorking at
e
¢ Ca

The results of ash anclrces vere scaewtrat lovier than

thos e cbtained by other rescarchers but oy have been Zue to

normal varicticns in millk,
nzy.e activities vere reduced guvite Jdrasticaily; Juzring
5C rercent ¢f the alkeline rhosphetese and 2 per-

Le xarthirne oxidase hoving b en removed. This in-

hat somc of the rhiosphutase in milk is :ore clozely

Bsoc i =ted .ith th: fat cleobule surfuce thnn is wentire

Yilda = <, Cne cunrot suy "all thosrhotase" bec-uszs it i:s

i

o

O ] - - . L . - v 3 - -
foun g 1 oskim zilk o3 vell ¢ in crewil. A_cin e worn sep-
arat . ”

“ve d und wocteld creom retaired nore enzyme activitr tlhan

the .
*®COo A g products, 5C rercent compurced to 4$ perceont of h:

200 14 . - L P B NN
b + =3 Yose and 25 percent oo ozrozed to 1) percent of Wic

-

xant. s - . R ~ .
V-3 e cwidusce. Loss of enzyme activity ofter sulti_-cut

with 5 ~_ . , .
QI goniun sulfote was auite rroncunccd., Use of oi_on

a1

-

sclvear, . s
= Clitc s zlso cppesred to iunhibit activity or Jestror Hl.cuoc

CRZJIN&: 5
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Should further enzyme studies of the preparaticn yicld

€3 - \ . . . .
Sults similar to thoce obtained in the prezent vovk, one

e

6,0/.0» )

"8 milk is altered as

Qg
<Q P . - - .
v PCcssivly cenclule tiet the meubrene austericl of nornal

a result of the technigues emplcyed

in +tXe isolaticn procedure.
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