
I

«
WW
W

 

CHANGES OBSERVED IN SOME OF THE,

CHARACTERIETECS 9F THE MELK FAY MEMBRANE

MATERIAL DURING ITS PREPARATION

7519515 for ”19 Degree of M. S.

MECHEMR 515ml UNIVERSWY

Shegmarh Remember-g

1957



THESIS

LIBRAR Y

Michigan Ststc

UHiVCf’aiiy

 



CHANGES OBSERVED IN SOME OF THE CHARACTERISTICS OF

THE MILK FAT MEMBRANE MATERIAL DURING ITS PREPARATION

By

Sherman Rosenberg

AN ABSTRACT

Submitted to the College of Agriculture of

Michigan State University of Agriculture and Applied Science

in partial fulfillment of the requirements

for the degree of

MASTER OF SCIENCE

Department of Dairy

1957

 

Approved QW

0'



ABSTRACT SHERMAN ROSENBERG

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 - 1.44 grams of total membrane material

per 100 grams of fat and 0.59 gram of membrane 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 38° C. resulted in a higher re-

covery of lipoprotein complex than did working at 4° C.

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
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salting—out the membrane material with ammonium sulfate was

quite pronounced. Use of organic solvents also inhibited

activity or destroyed the enzymes.
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INTRODUCTION

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 oil 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 just 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 observed.



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. VBltz (1904) and Abderhalden and

V81tz (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 — 70° 0., after which the dried residue was ex-

tracted by means of boiling ether.

Titus, Sommer, and Hart (1928) employed a similar tech-

nique except that their water column was twice as high; 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 V3ltz (1904), this technique has proven to be the

-3-



more pOpular means of removing milk plasma from around the

fat globule. Cream, after being separated from 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 V61tz and Titus gt g1. (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.

Again there was the problem of obtaining a product the 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 1ip0protein complex was re-

covered from the buttermilk and the melted and separated

butter.

Jenness and Palmer (1945) published an elaborate pro-

cedure for membrane 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 technique was employed by Hare,

Schwartz, and Weese (1952). They mixed the cream washings

and buttermilk after churning and used acetone to precipi-

tate the membrane material. The dry precipitate (moisture

removed by centrifugation) was washed with absolute alcohol,

a 1:4 alcohol-ether mixture, and finally anhydrous ether to

remove the lipid portion of the membrane.

Brunner, Duncan, and Trout (1955a) 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 ethanol-ether mixture to separate the lipids from

protein and then extracted the former with 400 C. ether.

Varying amounts of membrane material have been isolated

by different workers. Palmer and Wiese (1955) found 0.66 -

0.89 gamma per 100 grams of fat. Jenness and Palmer (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 58 grams per 100 grams

of fat, a value which is obviously high. The large error

was due possibly to his observations of membrane 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

and Fischer (1957) reported only 0.12 gram per 100 grams

of fat. This low figure is attributed to 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 (1955) found 0.46 -

0.71 grxnn per 100 grams of fat. Jenness and Palmer (1945)

reported 0.58 - 0.86 gIRHE per 100 grams of fat. Herald

(1956) obtained a value of 0.51 grwu: of membrane protein

per 100 grams of milk fat. Schwarz and Fischer (1957) re-

ported O.12 gpx3m per 100 grams of fat, a figure not only

decidedly low when compared to other published quantities

of membrane protein but also incompatible with their report

of 0.12 gram of membrane 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 0.44 - 2.22 grams of protein per 100

grams of fat, basing his figures on a formula devised by

himSelf o



Herald (1956) also reported a procedure for fraction-

ating the membrane protein into soluble and insoluble frac-

tions. As this technique was followed rather 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 membrane mate-

rial was used (by Herald). Instead of dialyzing the mem-

brane-containing serum, saturated ammonium sulfate was added

to a final concentration of 55 percent. This "salted out"

the entire membrane substance, not the protein portion alone,

because of the strong 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, comprehensive review of

this field of research which cites all but the most recently

published work in the area.





EXPLRIEENTAL PROCEDURE

Isolation of Membrane Proteins

Fifty gallon lots of relatively fresh, raw, mixed herd

cow's milk were separated at 40 C. and 580 C. using a De-

Laval Model No. 590 Standardizing-Clarifier. The cream from

each separation was diluted back to its original volume with

tap water of the same temperature. he 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 was allowed to

stand overnight at 50 C.

Both the high and low temperature washed creams were

treated identically. The cream was brought to 15 - 140 C.

and batch-churned in large glass jars placed horizontally

in a mechanical shaker and agitated to rupture the fat glob—

ule membrane. The combined butter and buttermilk was warmed

to 580 C. and run through a DeLaval Model No. 9 Laboratory

Separator. The membrane-containing serum was collected and

the butteroil discarded. Some of the warm separated cream

achieved a plastic condition after overnight storage, and

it was necessary to dilute it with distilled water at 15° c.

in order to obtain churning consistency.

The serum was adjusted to room temperature and a sat-

umwrted ammonium sulfate solution was slowly added with

_ 8 _



stirring until a final salt concent*ation of 2.2 Q was

reached. Salted-out membrane material was concentrated by

centrifuging at 2,000 R.P.fi. in a Universal Ko. 2 Centri-

fuge. The membrane substance was finally concentrated in

a Model 83-1 Servall Centrifuge by running at 25,300 x G

for 50 minutes.

A solution of 55 percent ethanol in ethyl ether at -50

C. was added to the membrane material in the prOportion of

100 milliliters to 50 grams of concentrated membrane. All

ether used in the preparation was tested for formation of

peroxides according to Weissberger, Iroskauer, Riddick, and

Toops (1955). The mixture was held at 00 to -50 C. and

agitated for 15 minutes. Subsequently it was observed that

for large quantities of membrane substance, the ratio of

ethanol-ether to membrane must be increased; otherwise, the

final ethanol concentration is insufficient to break the

lipid-protein bonds. Following the cold ethanol treatment,

the mixture was adjusted to —200 C. and filtered. The al-

cohol-treated membrane material was washed five times with

200 - 600 milliliter portions of -200 C. ethyl ether. Fi-

nally, the residual membrane lipids were extracted with

three 250 - 800 milliliter portions of ether at 500 C.

SOIVent separation was achieved by centrifugation. The pro-

teins were held overnight under a vacuum of 28 inches to re-

move residual ether.
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Separation of the soluble from insoluble protein frac-

tion was accomplished by the addition of successive 150 —

450 milliliter portions of 0.02 g sodium chloride solution.

Following agitation at 2° C. 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 a 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" fraction. All procedures were carried out in glass or

stainless steel containers.

Analytical Methods

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

termined by the method of Mojonnier and Troy (1925). In

cases where only a small amount of a given sample could be

used for testing purposes, a modified extraction technique

was employed for determining fat. The extraction was car-

ried out in a test tube using 0.25 - 0.50 gram of sample,

1 - 2 milliliters water, 1 milliliter concentrated ammonium

hydroxide, 2 milliliters ethanol (two extractions), 5 milli-

liters ethyl ether, and 5 milliliters petroleum ether.

Agh. Samples 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 - 6000 C. overnight.

Alkaline phosphatase. The activity of this enzyme was

determined according to the procedure of Sanders and Sager

(1947). In every case, the protein precipitant used was

5.0 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.g Calculatiens were based on

the method of Little, DellaMonica, 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 10-7 moles of phenol.

Xanthine oxidase. A slightly modified method of Zittle

25 31. (1956a) was used for determining xanthine oxidase

activity. This method of assay is based on the fact that

tetrazolium salts are good 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 M phosphate buffer to keep the

reaction close to pH 7.5, 0.005 E xanthine to act as sub-

strate for the enzyme, and 0.05 E triphenyltetrazolium chlo-

ride. Nitrogen gas was bubbled through 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 50° C. and the triphenyltetrazolium allowed

to be in contact with the enzyme 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) suggested 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 - % = 0.

One unit of activity is equivalent to the formation of 0.5

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 (1958). Nitrogen was deter-

mined by means of a modification of the technique employed

by Menefree and Overman (1940). Size 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 the Kjeldahl flask were allomed to

cool, the sides rinsed with distilled water, and the solu-

tion redigested for an additional 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

Parts of the above diluted in 5 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 HCl x .014

gm. eq.

 

x 1000 mg. N/gm. sample

mg. N/gm. sample x 100 mg./% N

0

moo'rétN x 100

milliliters of hydrochloric acid used in

mg. N/lOO gm. fat

Wher6 ml . HCl

titration

N H01 = normality of hydrochloric acid

.014 = milliequivalent weight of Nitrogen

gnu eq. = grams of sample to which the aliquot taken

is equivalent.
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Yields

The final preparation was carried out with the DeLaval

flkydléal No. 9 Laboratory Separator, since its smaller size

would permit a closer accounting of the materials and also

allow for smaller losses due to milk, cream, etc. being

held in the bowl.

{Twenty-five pounds of 25 percent cream were obtained

from 169 pounds of milk. After the first washing, 1? pounds

°f7 35GB. percent cream remained. Succeeding washings changed

the yield and percent fat only slightly, though it is ob-

ViIDIIEs when looking at the final washed cream-~15.5 pounds

of 31 percent fat-~that pure-1y mechanical loss plays a part

in the total picture which is obtained of the membrane.

{Dilea ‘yields from this preparation are tabulated in Table 1.

From this isolation 1.11 - 1.44 grams of 1ip0protein

mat erial per 100 grams of fat were obtained. The final

yield of membrane protein was 0.59 gram per 100 grams of

rat - The soluble- fraction appeared to make up 46 percent

of the total proteins and the insoluble portion 54 percent.

Nitrogen

The results of a nitr0gen distribution study on one

Se -

1‘3— es of washed creams are shown in Tables 2 and 5.

-15..
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Determinat ions made for total nitrogen, casein nitrogen,

non-casein nitrogen, proteose-peptone nitrOgen, and non-

protein nitrogen all displayed a sharp decrease after the

first Washing. From this point the various fractions lost

nitrogen quite gradually. In fact, casein nitrOgen leveled

Off 50 that the values for the final three washed creams

Were C"Onstant .

The amount of protein in each washed cream was calcu—

l

ated. These values followed the nitrogen curve (see Fig—

ur

e I) and are similar to those reported by Rimpila and

F

511516: (1955).

Fat and Total Solids

Tables 4 to l0 inclusive show, as one would expect,

that the total solids and fat percentages in cream range

higher from the warm than from the cold separations and

waghings. Conversely, the total solids content of the skim

milk of the cold separations were slightly higher than from

warm skimming. The first cold washing showed a marked de-

crease in solids content, while successive washing of the

c:old. separation showed an increase. 0n the other hand, the

1:015-‘u211 solids and fat content of the warm preparations in-

creased markedly as a result of the first dilution and sep-

aration, reaching a maximum at this point in the washing

1)

I‘o'izedure. Looking at the compositional data from another
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viewpoint, the solids-not—fat of cold washed creams dropped

after the first washing, whereas it increased after the

first war-m washing. Thus we have two distinct situations.

After the first 4° C. washing the cream generally decreased

in 13013511 solids and fat content, while the solids-not-fat

increased. proportionally. But the first warm washed cream

usually showed an increase in the concentration of all three

ComPon‘i‘llts.

In one trial a 12.7 percent sucrose solution was used

for chd-washing the cream in order to increase the specific

gravity of the mixture for separating. Data in Table 8

Show that in this case a cream of considerably higher 1501331

solids content than the other cold separations was obtained,

but With succeeding washing the cream's solids percentage

he

Vex, came within more than 15 percent of that from the

5&0

ti
- Q adverse effect on the plasma during washing, skim milk

C. separation. To be certain that the sugar solution had

<1:LZLuted to four times its volume with 12.7 percent sucrose

was agitated and centrifuged. The casein was unaffected.

1\‘rerbhrally, the increase in total solids was due to sugar

rt.0111 the wash solution entering the plasma. But the fat

C=°Jiltent also increased, indicating; that sugar has some ef-

fect in preventing the loss of fat during the washing op-

e

bat ion.
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Membra‘ine—containing serum had a total solids range of

0.8 - 2.4 percent. The sugar-washed preparation did not

Show a solids content out of proportion to the other trials.

Approximately one-half of the total solids was fat. Con-

centrated membrane ranged from 56.4 - 42.5 percent total

SOIidS- Solids-not-fat at this phase was in the range from

27'2 ‘ 35.5 percent. The membrane proteins were approxi-

mately 5 percent fat. In two out of three cases the soluble

protein fraction from the cold separation was lower in total

so ‘

lids and solids-not-fat than the corresponding warm prep-

aratioh

SOlids

The cold insoluble fraction was higher in total

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

Ash

3?or most trials the ash content was highest in the mem-

brahe~containing serum, the controlled trial yielding 5-43

Percent total ash on the dry weight basis. The soluble PTO”

tein fraction had a slightly higher ash content than the

in

soluble portion, 1.80 percent as opposed to 1.51 percent.

Enzyme Activity

—Enzyme activities were not followed solely for the

sap:

e of studying the effects of various physical and chemi—

Cal

actions upon alkaline phosphatase and xanthine oxidase.

The

Cic‘bivities were used also as a means of observing



l9

destructiC>IZL or loss of membrane. Tables 4 through 10 show

the graduiiil. loss of these enzymes in terms of sample size

and grams of fat. On the average, cream beginning: with 146

\uuts 0f 1phosphatase activity per gram of sample dropped to

76 units.; xanthine oxidase activity fell from El to 7 units

Per granl.

-A1Aso one can see the relative effects of cold and warm

Separation and washing. Although the data were somewhat

enrartj_c, the general picture shows that with both enzymes,

the

<1(Dld washed membrane holds the phosphatase and xanthine

”lilacs

e more tightly than the warm washing during the ear-

jpart of the procedure. But by the fourth dilution and

sexPellr‘ation there seems to be greater activity in the warm

CI§EEEiIns.

Most of the activity assays performed on the latter

:plléiises of the preparation proved to be unsatisfactory. How-

EE‘TGEJ? the author found that both phosphatase and xanthine

()lth<1ase activity were lost to a considerable extent as a

l§€353111t of the salting-out step and ethanol-ether treatment..

4(£1530 observed was the fact reported by Zittle (1956a) that

IIlajority of the alkaline phosphatase was concentrated in

1:

klea soluble protein fraction.
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TABLE 1

YIELD (:LF MATERIAL AT VARIOUS Pflndns OF THE PREPARATION

OF MILK FAT GLOBULL MEMBRAEE PROTEINS

W

Phase

 

 

Yield Composition

Total Solids—

__‘___‘~__ Solids Fat not-Fat

Whol e (poundS) (%) (%) (%

Ore Milk 169 12.7 5.9 8.8

was? 25 32.4 24.9 7.5

Washed Cream 1 17 57.9 56.4 1.5

wa5311f3<i Cream 2 16 59.5 56.9 2.44

Was ea Cream 5 16.5 55.9 55.8 0.1”

wéifigklfiad.0ream 4 15.5 55.0 52.8 2.2

Me 1led Cream 5 15.5 54.1 51.5 2.8

Inbrane-containing Serum 9.5 0.8 0.4 0.4

Co a (grams)

Ed lezentrated Membrane 164.6 40.2 15.0 27.2

eelunorane Proteins 51.4 59.5 1.8 57.5

c)lLu'ble Protein Fraction 400b 5.5 0.1 5.4

$3(Diluble Protein Fraction 45.5 16.7 0.9 15.8

\

 

aContains (NH4)2SO4 from salting-out step.

t _ b400 milliliters of NaCl solution containing this pro-—

@111 fraction.

53.. CValue obviously 10w; probably due to error in analy—

lg-



TABLE 2

NlTROGni.‘ con-1.61:1 0.0 1.11m, 81.111 1:11.11,
.’T . ‘ ~r , ' = \ ."
vul‘uuu, 111.1) 01110111141) 0.1111111”

 

 

 

 

=====::==:; -nn

Phase, Nitrogen Distributiona

\ TNb 0NC NCNd PPNe 1111:f

Whole jmg. 33/100 (5.. sample)

Skim -11 lk 558 405 155 22 55

Ore Itilk 542 404 158 27 55

“again 578 226 152 41 28

Washed Cream 1 90.4 56 55.8 17 9.5

Na L'leci Cream 2 58.5 28 10.2 5 5.2

Washed Cream 5 26.6 21 6.0 4 4.5

Wag bled Cream 4 22.6 21 1.0 — 5.7

~n\‘fif}ed Cream 5 21.8 21 1.5 5 2.9

 

Rowland (1958).

Total nitrogen.

aAccording to

b

c . .
Casein nitr0¢en.

d. 1 ' ' '

Lon—casein (wney) nitrogen.

e. .
lroteose—peptone nitrocen.

f" . .

non—proteln nitrogen.
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TABLE 5

THEOREID.LCAL nun ACTUAL rowan NITHUGmu n10 Lnornln oonrnnr

OE wasHEn CREAM

W
 

 

 

 

Phase Nitrogen Protein

‘--—____, Theoretical Actual E 2

'(mg. N/100 g. fat) (g. protein/100 g. fat)

5:;iirlal Cream 1520 1520 9.70 11.4

Washed Cream 1 580 249 1.59 1.66

was} e<1 Cream 2 80 104 0.66 0.75

Was led Cream 5 18 79 0.50 0.61

Washed Cream 4 4 69 0.44 0.59

lied Cream 5 1 70 0.45 ---

 

éCalculated to 15.68 g. NitrOgen.

l)-'1?'rom Rimpila and Palmer (1955).

l
‘

4
*
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Yields

The results from this study indicated a concentration

of 1.11 - 1.44 grams of membrane material per 100 grams of

fat. These values compare favorably with data reported by

others. Palmer and Wiese (1955) isolated 0.66 - 0.89 gram

of membrane substance per 100 grams of fat; Jenness and Pal-

mer (1945) reported 0.71 - 1.20 grams per 100 grams of fat;

and Herald (1956) found 1.27 grams per 100 grams of fat.

Storch (1897) and Schwarz and Fischer (1957) isolated 58

grams and 0.12 gram of lipoprotein material per 100 grams

of fat, respectively--va1ues 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 Palmer and Wiese.

Nevertheless the data of the latter indicates values some-

what lower than those of Jenness and Palmer.

A yield of 0.59 gram of membrane protein per 100 grams

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 Palmer (1955) and Jenness and Palmer

(1945) found 0.46 - 0.71 gram and 0.58 - 0.86 gram of mem-

brane protein per 100 grams of fat, respectively. Roland

(1956) calculated the mean of a number of determinations to
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be 1.15 grams of protein per 100 grams of fat. He based

this figure on his formula

X : In-e) loo—r)

where x = percent nitrogen in protein

n = percent nitrOgen in fat-free liquid

e = percent nitrogen in skim milk

f = percent fat in cream and

7.4x = percent protein in membrane. Even with the exag-

gerated figure of 0.12 gram of membrane protein per 100

grams of fat reported by Schwarz and Fischer (1957), the

amounts of lipoprotein material and membrane protein would

indicate that workers in this field are fairly well agreed

on the amount of these substances which is present in nor-

mal cow's milk.

Since Herald (1956) was the first to fractionate the

membrane proteins according to their solubility in dilute

salt solution or water, an extensive comparison with results

found in this present study cannot be made. Forty—six per-

cent of the membrane protein was found in the supernatant

solution while 54 percent remained as the insoluble frac—

tion. Herald's results were almost identical. His soluble

fraction accounted for 44 percent and the insoluble portion*

56 percent of the total membrane protein.

Brunner, Duncan, Trout, and Mackenzie (1955b) provi-

sionally classified the entire fat globule membrane protein
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as one of a globulin-like nature. Interestirgly, Herald

(1956), on the basis of sedimentation velocity and other

properties, tentatively cl ssified his soluble proteins as

globulin in nature. On the basis of their solubility in

0.02 M sodium chloride, one might go so far as to call them

euglobulins. Herald also concluded that the insoluble f‘ac—

tion should be provisionally classified as a "pseudok ratin."

Nitrogen

Table 5 and Figure I show the theoretical and actual

effects of the washing procedure on the total nitro;en con-

tent of the cream. Theoretically the plasma (and its nitro-

gen) of the cream should be reduced by three-fourths after

each washing. The curve in Figure I showing the expected

distribution of nitrogen over five cream washings was cal-

culated on the basis of the results obtained in this study.

As can be seen in Table 10, the plasma content of the vari-

ous washed creams was not constant, so the theoretical

curve was based on the changing values rather than on the

original 24.9 percent cream. Since 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 portion of the first

washed cream should be only one-fourth that of the original.
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The aqueous phase of the second washed cream then would have

25 percent of the nitroben which was in the Irevious washing,

and so forth.

Brunner gt al. (1955a) showed a nitrogen curve for non-

homogenized milk similar to the "Actual h" in Figure I.. Af—

ter the second washing the nitrOQen content is slightly

higher than the expected level. Then the actual value lev-'

els off so that the curve is practically flat. ‘he theoret-

ical curve also levels off but can never become horizontal

to the abscissa since the nitrogen would continue to be lost

until only an infinite amount remained. Therefore the ac—

tual total nitrogen content of the washed creams has in-

creased in conparison to the expected values. This is due

to the fact ‘hat not only plasma nitrogen but also mem ran

nitrogen has been measured.

Palmer (1944) pointed out that washing cream probably

removes from the membrane all but the most tenaciously held

materials. The curves in Figure I bear out this hypothesis.

It is interesting to note that Brunner £2.2l- (1955a) found

that the protein of homOgenized milk membrane differed mark—

edly from that of nonhomogenized milk. Trout (1950) recog—

nized the probability of such a change when he mentioned

that due to the effects of homogenization, one ay presume

". . . that a film of protein material is adsorbed to the

surfaces of the . . . fat globules.” Trout (1957) also



mentioned the possibility taut some of the original nemarane

might be envelOped by the fat globule during homogenization.

This could account for the change in amino acid composition

reported by Brunner pp a1. All of the above mentioned is

yet another indication that the membrane proteins obtained

by means of the rather harsh treathents used in this prepa—

ration procedure arectmeed materially from th natural

membrane proteins.

A final note on the amount of protein found in the fat

globule membrane might be made. A comparison between the

results of Rimpila and Palmer (1955) and those from the

present study showed the latter to be slightly lower in ab-

solute value, btt the trend was similar. For the sake of

uniformity, protein values were calculated on the basis that

an average nitrOLen content is 15.68 percent per protein.

The author realizes that such a figure must be used criti—

cally, but as already stated, this provides a common ground

for discussion. Also the present calculation assumes (since

it was not specifically stated) that Rimpila and Palmer com—

puted their protein results to 15.68 grams of nitrOLen.

Fat and Total Solids

When Storch (1897) first devised and used the method of

,,4- 1-
repeated dilutions and separations, he founl that the cream

from each washing had a considerably smaller amount of fat

c
.
‘ “
v

.



56

than the cream from the previous separation. If he meant

that the percentage of fat in the cream lessened, such re—

sults are not corroborated by this present study, for the

fat dropped after the first washing only; succeeding wash-

ings showed a fairly constant level of fat. Although his

work was performed at room temperature while the studies

presented here were carried out at 40 and 380 0., ‘he milk

fat in Storch's experiments was largely in a solid state

and should have behaved somewhat similarly to the cold sep-

aration of this report.

Therefore one may assume Storoh (1897) meant that the

total amount of fat in the cream decreased 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

Washed cream 5 2.55 kilograms of fat

Washed cream 4 2.51 kilograms of fat

Washed 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 creams show gram of membrane protein per gram of fat

ratio values of 0.0057, 0.015, 0.018, 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. Jack and Dahle (1957) and Brunner gt a_.

(1953a) also found that the nitroLen/fat ratio was fairly

constant after the third washing, demonstrating that almost

all of the plasma protein had been removed. Therefore one

may presume that membrane material was lost to only a slight

extent. Furthermore we may conclude that the lipoprotein

complex still adsorbed on the fat globulo after the third

washing will not be charged to any treat extent until the

emulsion is broken by ". . . twelve or more . . ." (Rimpila

and Palmer, 1955) successive washing U
}

Again referring to Storch (1897), one finds that he,

too, used a strong sugar solution in some of his washin;s.

He observed that using this technique left most of the mem-

brane around the fat globule, whereas washing the cream with

plain water resulted in the loss of a considerable part of

the lipOprotein complex. The sucros solution was used in

the present study in order to increase the difference of

specific gravity between the cream and wash solution to

permit the physical separation of fat from wash water during

cold washings. When water alone was used, we found it dif-

ficult to obtain good yields of cream from operations at 40 c,

A comparison of Tables 8 and 9 points out the advantage

of a sugar wash. One must agree with Storch that much more

fat and accompanying membrane material is lost with plain

water washings. Skim milk washed with the same concentration



sucrose solution was not affected, indicating that this pro-

cedure did not change the results by preventing adsorbed

casein from being released by the fat globule surface even

though the specific gravities of the two are close. A su-

crose solution was not used for any of the warm washings,

since it was felt that the mechanical separation was effi-

cient; therefore, no comparison can be made between the

amount of membrane left under the different conditions dis—

cussed. In all probability an even greater yield of lipo-

protein would have been obtained from warm sugar—washed

cream.

The membrane proteins ‘fter the ethanol-ether treat-

ment contained approximately 5 percent fat. This was prob-

ably phospholipid from the 1ip0protein complex which would

have been removed during the early stages of the prepara-

tion had a more drastic method than churning been used for

freeing the membrane from the milk fat. However it was

thought desirable to employ this technique so as to obtain

proteins as close to those of the original membrane as pos-

sible.

The results in Tables 4 through 9 demonstrate that per-

haps cold separation and washing of cream remOVeS more ad-

sorbed material from the fat globule surface. This would

agree with the findings of Jenness and Iclmer (1945) wherein

they stated that both chilling and aging of cream tend to
a

d
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increase the dissociation of the membrane material from the

cream. The reason for this is not clearly understood, t}1euh

it is probably merely a physical phenomenon whereby the

colder te.‘aperature euses the fat Clobule surface to become

more "brittle” and lo so me into the plasma. Using

this same line of reasoning, warm fat surfs e are quite pli—O
J

able, sinee the fat is completely melted, and lipOprotein

material is less likely to be washed off b1 the .Jcn ical

action of the wash water or Separator.

Ash

Titus e: a_. (19:2E) reported 5.11 percent ash in the

membrane proteins, an Hare gt al. (1952) found 3.22 percent.

{erald (1956 ) noted a considerably higher percentage of ash,

4.27 percent. he presen study found an averaLe of 1.63

percent ash, quite a bit lower than other reported values.

In the light of the lower enzyme activities reported for the

latter phases of the preparation, the ash values are not as

far out of line as they might appear at first glance. Her—

ald, Brunner, and Bass (1957) made 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 membrane may be the Spot at which

the trace elements in milk are located.



’\

The ash values shown in Tables 4 through 14 indicate

no definite pattern with regard to differences occurring

in cold and warm washed creams.

Enzyme Activity

Enzyme activity results as conplete as might be desired

were not obtained. This wa due partially to mechanical

problems enCountered with the assay met‘

partly to loss of activity during the preparation.

Zittle 32 al. (1956b) have shown the enzyme activity

distribution through successive cream washings. The pr)—

sent study agrees with their findings. On the avers“

percent of the original cream's phosphatase activity remains

after four washings, while only 18 percent of the xanthine

oxidase activity is present. Sharp (1940) commented that

over 50 percent of the xanthine ox'dase originally present

in the membrane is removed by washing. This indicates that

alkaline phosphatase is more tenaciously held by the lipo—

protein complex. Zittle gt a1. note that the loss is a

mechanical one into the wash water rather than destruction

of the enzymes. The large drop in xanthine oxilase activity

may be because this enzyme is associated with the plasma as

F
l

wel as the fat globule surface. Cn the ther hand ZittleO

et al. (1956a) found only a low level of activity in skim

milk.
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Rimpila and Talmer (1955) reported that 72 percent of

th
9 Original alkaline phosphatase activity remain d after

four washings, a figure somewhat higher than reported here

(a)? by Zittle _e_t_ al. (1956b). The latter postulate the

cause to be due to chilling of the original cream before

The present study tends to support such a theory,washi rig .

for xvlien cream was separated and washed in the cold, 49 and

15 percent of the phosphatase and xanthine oxidase activity,

respectively, remained, whereas 56 and 25 percent, respec-

tively, were retained by the warm cream. Jenness and Pal-

mer (1945) said that ". . . mere aging. of milk at low tem—

perature followed by rewarming: before separation greatly de-

creases the retention of protein and phospholipide during:

waShirigj." This would explain to so:::e extent the reason for

thls author's washed creams loosing; so much more enzyme than

that or Rimpila and Palmer, for all milk used had been in

for 16 — 48 hours at(
J
)

the University Dairy's holding tank

0

5'5 C - before separation. But the warm washed cream re-

ta' - .
med more enzyme than the cold. Perhaps the rewarming

allows a portion of the enzymes to be readsorbed onto the

fat 810131116. surface, while separating. and washing; directly

at the colder temgerature permits a maximum amount to re-

main ill the milk plasma.

Lst of enzyme activity after tno churning process Iay

be due to chemical as well as physical changes. there-as
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L11‘ing separation, washing;- and churning, the cream came in

contact with nothing that could destroy the enzyme or in-

lbit activity, subsequent treatments conceivably were de-

iQQntal to the enzyme. In one preparation the butter and

daftermilk, instead of being; held at room temperature until

all was ready to be warmed and separated, was brought to

approximately 380 C. and held there for from 20 to 90 min-

utes before the butteroil was removed from the serum. Hei-

ther xanthine oxidase nor alkaline phosphatase activity

could be detected in subsequent stages of the preparation

with the exception of a considerably reduced amount of ac-

tivitzg,r for phosphatase in themembrane-containing serum.

An explanation of this phenomenon is difficult. We know

that phOSphatase is only 9b percent inactivated after being;

held at 61.50 C. for 50 minutes (Kay and Graham, 1954), and

Zittle _e_t al. (1956a) have shown that xanthine oxidase is

even nor: resistant to heat. In addition, the work of

Z' .. - . .
lttle et §_l_. was performed on skim milk, a low fat product,

whi . . . ,

le t31:1e butter and buttermilk in the preparation under

dis - . , o ,- ,
CUSSlon had a combined fat con-ent of (41 percent, thus

rov. - o I o o ‘ o

p 131113;: good insulation against the relatively high tem-

Peratub 6

AS can be seen in Tables 4 through 10, the recov:.:=y of

e ym ~ . . _ .. a, 1

nz. C' (actiVity) after treatment with cold ethanol-ether

is :u‘ . . .
‘ lte low. LVidently, organic solvents take their toll
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0f Phosphatase and xanthine oxidase activity. This indi-

gateS that rerhars other proteins of the li t ' inle.p a: . L .. popro ein comp ex

also may be harmed. If further trials were to show the

02296 _ . .. _ _ , . 1
results, this would demonstrate that the final proaucts

or” the pr paration are quite drastically changed from those

of tile original membrane. Zittle _e_i_:_ _a_l. (1956b) obtained

metroreuie from washed cream buttermilk by means of ultra-

ccutrifugation and recovered 8‘) and 82 percent, res; ective y,

of the xanthine oxidase and alkaline phosphatase in the

original buttermilk fraction. The present study recovered

an average of less than 1 percent of each enzyme in the

original serum.

ikxaother point of interest was observed during this

series of preparations. Sharp (1940) noted that the red-

dish~brown color of buttermilk is due to the presence of

xmthizie oxidase. Herald (1956) found that when this color

disalJP ears, xanthine oxidase activity is gone, also. The

present study proves, however, that the reverse is not true;

namely , the presence of this characteristic color does not

guarallt ee that any activity will be found.

In the final membrane protein fractions, Zittle (13:56a)

found 1'1 n p 4 n _ , _-._. l, , a- a ' .1,
- Cot oi tne phosphatase aCtlJltJ concentrated in the

SOlubl Q portion, {‘4 8.13.43. 90 percent of that in both frac-

tions for the two samples reported. Present results show

78’ “5 , 92, ane- 90 percent of the phosphatase in the soluble
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r . o o o u

PaCtion. The absolute amount of actiVity is considerably

8“ I O O ‘ O

lflller in the latter series of determinations, but this

mi,

Eht'be explained by normal variations in the milk samples.



l. amnesia alfD col-:insIe-L;

{x The primary objective of this study was to observe some

‘9’ ofthe changes which occur in the fat globule membrane pro—

AZZEZES during the isolation procedure. Factors studied in-

cluiéiesd.nitrogen distribution in the washed creams, varia-

ticxrlss in composition due to different temperatures of sepa—

Iat:j_c311 and washing and type of wash solution, anl alkaline

Fl

mxaxsgplnatase and xanthine oxidase activity 0; the various

phaxsesss throughout the preparation. Where the data obtained

znriez :it possible, further comments weie given concerning the

‘ re31il'bs;cd'other ”or;ers in t.is area. Such iteas as yield

mnl g;eaneral composition were obs rved.

L-
\ 'Efields of 1. ll — 1.44 grams of membrane per 100 ;rans

W- cat: and J.S'J gram of membrane piotein per luv prams of

fat 1Y<E;re obtained. These values agree with the results of

1 _,, , .

03191? ;researchers. LikLWise the solub and insoluble pro—

 
a:actions were in tie sane preporeions as found by

-I)Oterm1n"tLens of the nitro;en distribution by heals

01. P) ‘I 7 ’ o o q -

LO" 3~31d'3 (1935) fractionation snowed a loss in every

fra - . . . .,

ctzL-Cbn studied, but this loss leVeled Oif quite reLgialy

aftér‘ t7 —. ‘ ' vb“ yr n 3' _. ‘ ‘| r-- ‘ rm ~ 9 v —"w

as iiis mrvshing. more DlLlO;efl has lOot iron the

CI‘CQ

‘* {after the first mashing than has expected from calcu-

lnti ,” .

V (3:113. washed creams had more t11an the theoretical enount
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We)

V‘ of nitrogen due to the fact that me1'.1brane as well as plasma

nitI‘Oggen Kiras measured.

Washing cold cream with a sucrose solution instead of

(0241.21 water resulted in an increase in the separa‘ion effi-

ciency and cons equently an increase in t.1o yield of me1i1brane

o
mt:<3:ruial. Separation and washinp at 38 C. resulted in a

tn;;21<333 recovery of lipOprotein complex than did uorking at

4+0 c-

CDhe results of ash analyses u re so1e.nat loner tliea1

thcnses obtained by other researchers but may have been due to

nOIEl:IL variations in milk.

\ IEhazyne activities were reduced gr to drastically during

‘ “aslri2:;;, 58 percent of the alkaline phou1eiase and 82 per-

\ cmat c>i‘the xanthin: oxidase having b.en removed. This in-

dlCEft<3.3 that some of the phosphatase in milk is sore closely

 
.1-' 1 a -. ‘ .-. ' ‘-°r~ ~\~. um ..
‘Alm rllfi as well as in crean. “vain t1e mar“ sep-

arhl+’ ..__ ‘n A ‘ ~ u o _. ‘7' -

“Ave e1 and tasted cream retained nor; enzyme actiVity than

the -

, C<3§1.d.products, 5e percent conpwled to 49 percent of the

F P210 (NI: ' 1' fi ' - - r? f) f- 'r‘ '1' x 4‘ v' "I " V" " ‘ 4" 1.; ‘ "" ' -“ J— " 1‘ J"‘-‘ ‘

4~-<3gtase and e) percent as o;_oaed b0 1, PbLCemb 91 u-e

45;.1tj‘ 4 _‘ o 7 ,_ ' ' ._._ _ n

J ‘r-lwae oridase. Loss of ens' gaze actiVity aiter sal

"Jit11 .— V... , o I 0 _ ~ 0 - _ o

C14~Lmoniun sulfate was quite pronounced. bse of Qfgtnlc

("f‘, ‘\

Owl—IEl- /‘ A _ _ _3 ,\ 0 +~r V 3.~.~ , _. .;_‘l -.

4- s alSo appeared to inhioit activity 01 destroy these



in

J possibly concluie thet the membrane naterial of normal

fall ’

47

Should further enzyme studies of the preparation yield

ex . . , . . . L _
°Ults Similar to those ootained in the nrcsent uork, ne

mi

” 8 milk is altered as a result of the techniques employed

{sine isolation procedure.
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