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INTRODUCTION

The chemical and physical properties of the materials found at the
milk fat globule interphase in milk have been of interest to investigators
seeking answers to some of the practical and theoretical problems encoun-
tered in the commercial processing of deiry products. Emulsion stebility
of fat globules following homogenization, reconstitution of dried whole
milk powder, development of oxidative and other undesireble flavors in
fluid milk and butter, and the churning of cream are typical problems in
which the interphase materials (IM) play em important role.

It has been suggested that the materials present at the fat globule
interphase can be divided into two classes, labile and non-labile. The
former are easily removed from the interphase by physical means, whereas
the latter resist removal to a greater degree. The lebile materials have
been considered to be the comstituents of skimmilk, whereas partially
classified lipoprotein and glycoprotein complexes represent, in part, the
non-laebile class of IM. The combined hydrophobic and hydrophilic proper-
ties of both classes of materials play a major role in the "emulsion®
stability of fat globules in milk serum.

To obtain the small amount of IM in whole milk a number of investi-
gators have used the cream separator to prepare "washed" fat globules,
from which non-interphase materials were considered to have been removed,
by repeated dilution of cream with water and reseparation. When the
washed creams were churned, sizable quantities of IM were obtained but
uncertainty prevailed as to how nearly these preparations represented the

natural IM. At en earlier date, some investigators "washed®™ the fat glob-



ules by allowing tiiem to rise through long columns of water. They believed
that fat globules washed by this more "gentle" method retained more of the
complete I at their surfaces. Ceasein was identified as one of the major
interphase components. Investigators, who favored the use of the cream
separator, claimed that IM obtained by the gravity washing technique were
contaminated with milk serum proteins. However, they were unable to iden-
tify the protein components in the IM obtained by the washing technigue.
Based on chemical and physical analyses, they concluded that interphase
proteins were unlike the known milk proteins, the presence of lipoprotein
complexes made characterization difficult, end the natural state of the
protein fraction remained in doubt when methods used to cleave the lipo-
protein complex were applied.

Studies relating the churning losses and the pH of the cream churned
suggested that casein not only influenced their isoelectric point but con-
tributed considerable stability to the fat globules during the churning
process.

The information, discussed above, suggested this problem. The objec~
tives of the investigation were: 1) to evaluate gravity and separator
methods of preparing washed fat globules, 2) to develop a method of washing
creem whereby the bulk of the I were recovered, 3) to demonstrate the
effect of repeated washing of cream on the lability of IM by followings:

a) variation in the amounts of acid-and centrifugally-precipiteble mate-
rials, b) changes in the lipid and nitrogen contents, and ¢) changes in

trace metal contents of centrifugally-precipiteble IM preparations.



REVIEW OF LITERATURE

Comprehensive reviews of the literature concerning the fat globule-
milk serum interphase, and of the practical and theoretical explanations
regarding the chemical and physical behavior of the IM have been presented
by Bird, Breazeale and Bartle (10), and King (49). The review of litera-
ture presented here will summarize the more recent work in the field and

include earlier work pertinent to this problem.

Classicel Methods of Preparing Washed Fet Globules

Non creeam separator-washing methods

Vsltz (108) and Abderhalden and V6ltz (1) were the first to allow
the fat globules in milk to rise through colummns (50 cm long) of distilled
water or a salt and sugar solution in the preparation of washed creams. A
10-cm layer of milk was placed on the bottom of the column. Washed cream
was periodically, up to three days, siphoned from the top of the column. A4
variety of preservatives were added to both the milk and washirg solutions.
Following hot ether extraction of the filtered washed cream, the ether-
insoluble ‘materia.l remaining was reported to be casein.

Titus, Sommer end Hart (105) washed an 8% cream through a column of
water 120 cm high. Washed cream was removed from the top efter 24- and
48-hr intervals. Following removal of lipids from filtered, washed cream,
by ethanoll—e‘cher extraction and carbohydrates by repeated washing with dis-
tilled water, the chemical composition of the dried residue was determined.
Based on the sulfur, nitrogen, phosphorus and tryptophane content end its

entigenic properties, they concluded that protein portion of Iii was casein.



Mulder (71) recommended starting with uncooled fresh milk and allowing
it to separate by gravity at less than 10 C. The fat globules concentrated
in the cream retained all of the natural IM present. Based on the dis-
tribution of any component among the milk, cream and skimmilk, its con-
centration at the fat globule surface could be calculated.

Hattori (35) treated milk with nine volumes of chloroform-saturated
water. After two to three days the chloroform-saturated fat globules
settled out. This procedure was re?ea‘bed four times after which the fat
was extracted from the isolated fat globules with ether. Later Hattori
and Ogimura (36) precipitated the casein from cream with acid and remnet,
washed the fat globules from the precipitate with ether-saturated water,
and studied the ether-insoluble IM obtained from the isolated fat globules.
In both cases IM was reported as mostly protein which differed chemically

from all known milk proteins.

Cream separator-washing procedure

In 1897 Storch (95) washed fat globules four to five times using a
farm cream separator. The cream from 10 liters of milk was repeatedly
mixed with 8 liters of distilled water at 35 C and separated. After four
washes the presence of "albuminoids" in the cream suggested that I did
exist at the fat globule surface.

Wiese end Palmer (110) washed fat globules as many as eight times by
repeated dilution of the "cream" in four volumes of distilled water at
38-43 C and separation of the washed cream in a Sharples centrifuge at
10,000 rev/min. They observed churned particles of fat in the cream

following the fourth pass through the centrifuge.



lore recently Tarassuk, Koops and Pette (98) washed cream up to ten
or 15 times with four volumes of distilled water at 37 C by repeated dilu-
tion and separation of the cream in a cream separator. They reported that
emulsion stebility was retained throughout the washiﬁg procedure by main-
taining & constant fat content, 25%, and starting with fresh, uncooled raw
milk.

The cream separator was used more frequently to prepare washed fat
globules because it was faster than other methods and higher yields of
washed cream were obtained. Distilled water generally was used to wash
cream. The effects of using saline and suger solutions on the final IM
obtained were also studied (49).

Recently Sasaki end Koyama (87) washed creem up to four times with
nine volumes of a 0.95% sodium chloride solution at 40 C. Jackson and
Brumner (40) employed & 3% sucrose solution through the first three washes
and removed all traces of sugar from the washed cream with three additional
washes with distilled water. Cole, Kluepfel and Lusena (24) washed a
freshly prepared 45 - 55% cream twice at 35 C with ten volumes of a 0.01%
ash-free gelatin solution. A cream separator was employed in all these

investigations.

Effect of repeated washing of fat globules on the chemical and physical

properties of the interphase materials

The use of the gravity washing technique (1, 105, 108) was criticized
from the viewpoint that the final prepasration of IM was conteminated with
milk serum constituents. In the absence of natural milk salts the ascending

fat globules clumped readily, thereby trapping milk serum constituents with-



in the interstices of the cluster (49). MNulder (71) commented that centri-
fugel washing techniques employing water or salt solutions disturb en ad-
sorption equilibrium at the milk serum-fat globule interphase resulting in
the loss of important constituents. He favored the use of the gravity
washing technique.

Rimpila and Palmer (82) were able to wash cream up to 24 times using
& Sharples centrifuge. Beyond the 12th wash destebilization of the washed
cream increased and the total protein to fat ratio began to decrease, after
remaining constent from the fourth wash. Negative Biuret and Fehling's
tests on the wash water together with constent protein to fat ratios in
the washed cream were the criteria used to estimate the number of washes
required. Using rennet whey 1n place of several of the distilled water
washesS during the washing sequence resulted in a reduction in the lipid-
phosphorus content of the washed cream. Cream washed six times with dis-
tilled water retained only 50% of its original phosphatase activity. Later
Palmer (75) reported that 50% of the xanthine oxidase activity was also
lost by washing cresm six times with distilled water. Both enzymes are
known to be components of IM (49).

Recently Zittle et al. (112) used the washing procedure of Rimpila
end Palmer (82). Based on the amount in the original cream, 14% and 15%
of the xamthine oxidase and alkaline phosphatase activities, respectively,
were recovered in buttermilk obtained from cream washed four times. In
each wash the enzyme activity of the cream and wash water approximated the
total assay of the previous creem. As washing progressed, the xanthine
oxidase activity decreased at a faster rate then the alkaline phosphatase

activity. Reduction in the activity of these enzymes during repeated



washing of the cream was confirmed by others (9, 24, 89).

The susceptability of washed cream to the development of fishy flavor
was investigated by Tarassuk, Koops and Pette (98). Copper-catalyzed oxi-
dation of the phosphatides contained in IM was believed to be responsible
for this defect. As the milk serum was removed by repeated cream separator-
washing of cream, the development of fishy flavor reached a meximum after
four washes and thereafter decreased. This decrease was attributed to the

removal of a copper-bearing protein from the INM.

Isolation of Interphase Materials from Weshed Fat Globules

and their Characterization

Isolation of the interphase materials

——

Early investigators were content to fractionate the lipid and non-
lipid components from filtered, washed cream by solvent extraction with
hot ether (1, 108) or ethanol treatment followed by solvent extraction with
ether (105).

Pelmer and his co-workers (43, 44, 75, 82, 110, 111) churned the washed
cream and recovered IM from the resulting buttermilk and butterserum. This
procedure was widely used by later investigators (49). Palmer (75) admit-
ted that protein denaturation could have occurred during churning. Re-
cently (24) washed cream was frozen and thawed in order to dislodge IM
from the fat globule surface.

Concentration of IM from buttermilk, butterserum or their combinaetion
has been accomplished in meny ways: acidification to pH 4.0 (37, 40, 76),
selting out the crude IM with emmonium sulfate (20. 37). vervaporation

followed by freeze drying (104) or direct ultracentrifugation (67, 68, 89).



Subsequent fractionation of the lipid and non-lipid components in the
concentrated IM has been achieved by extraction with ethanol and ether (19,
37, 38, 44, 49, 76, 87, 102, 103, 104), in either 1:1 or 1:2 ratios. Morton
(69) used butanol to dissociate the lipoprotein particles he isolated from
milk. He was able to recover all of the original enzyme activity in true
solution and free of Yipids. Quantitative recovery of enzyme activity sug-
gested that lipoprotein complexes had been cleaved without denaturation of

the associated enzyme systems.

Identification of the components of the interphase materiels

Lipids Rimpila end Palmer (82) reporfed thet the IM conteined 13 -
26% phospholipid, 38.52 - 52.01% ether-soluble non-phospholipid and 21.98 -
43.96% protein. Earlier Palmer emd Wiese (78) identified lecithin, cephalin
and sphingomyelin by ether and acetone fractionation of an ethanol extract
of crude IM. Their determined phosphorus to nitrogen ratios of the iso-
lated phospholipids agreed well with other reported values, for similar
phospholipid fractions. Jenness end Palmer (44) crystallized a ™high-
melting glyceride fraction™ (HMGF) from the ethenol-ether extracts of
butterfat, buttermilk and butterserum. Yields of 3.5 - 5.1%, 4.1% and
37.4%, respectively, were obtained. The melting point, 52 - 53 C, iodine
value, 5.0 - 7.1, and saponification value, 198 - 204 were similar for the
EMGF from the three sources. The high yield of EMGF from butterserum sug-
gest‘that it was closely associated with the phospholipid-protein complex
in IM.

Recently Patton amd Keeney (77) demonstrated that crystallization at

22 C of the ethanol-ether extract of IM gave a HMGF identical in yield and



composition when either acetone or ethanol was used as the solvent. Thompson,
Brunner and Stine (102) presented a more deteiled characterization of a

HMGF isolated from crude IM. The iodine value, 5.0, melting point range,

50 - 51.8 C, and saponification value, 201 - 202 were in good agreement

with the values reported by Jermess end Pelmer (44). Analysis of the fatty
acids obtained from the HMGF fraction indicated the following mole per-

centages of acids: 1l1.0 Ci4- 59.6 016 and 16.5 018 acids; C,, unsaturated

18
acids represented only 6.1 mole % of the total. These values were in good
agreement with those reported by Patton and Keeney (77).

Thompson, Brumner and Stine (103) reported that the total lipid ex-
tract, obtained by ethanol-ether treatment and subsequently fractionated
using acetone and absolute ethanol, contained 43.5% phospholipids and 44.6%
HMGF. Thompson, et al. (104) fractionated the ethanql—ether extract of IM
from combined buttermilk end butterserum on silicic acid columms. Carote-
noids, squalene, cholesterol esters, triglycerides, free fatty acids,
cholesterol, di- and monoglycerides and phospholipids were evaluated
quentitatively. Phospholipids and triglycerides represented 13.76 and
36.12%, respectively, of the total IM; 67.51% of the totel IM was lipid
end 32.49%, protein. When the buttermilk-butterserum combination was ex-
tracted with ether prior to freeze drying and subsequent ethanol-ether ex~
traction was applied, only the last five of the above mentioned components
were recovered in smaller amounts; the total lipid represented only 43.76%
end the protein, 56.24% of the IN.

Mulder end Zuidhof (74) estimated from the fat and cholesterol con-

tents of milk, cream and skimmilk, that 36 J 16 mg of cholesterol/iOO g
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of fat were present in M. Using the same techniques and calculations,
Mulder, Menger and Koops (73) showed that 60% of the total phospholipids
in milk are concentrated on the fat globule surface. The phospholipid
content of IM was 20 - 30%. Koops and Tarassuk (52) studied the effects of
various processing treatments on the desorption of phospholipids from the
fat globule surface., Eighty per cent of the total phospholipids present
were firmly bound and they were not removed by normael plant processing
other than homogenization. Homogenization did not reduce the total phos-
pholipids retained but did reduce the concentration per unit of fat glob-
ule surface two to three times. This latter observation may be an impor-
tant factor in the inhibition of oxidized flavor in milk as a result of

homogenization (97).

Proteins The emount of protein reported in IM obtained from cream
washed repeatedky'with water varied from 0.46 - 0.71 g (82) and 0.38 -
0.86 g/iOO g of fat (43). These values are in good agreement with the
values, 0.2 - 0.8 g/lOO g of fat, reported by Lulder and Menger (72).

They calculated their values from the protein differences, on a fat free
basis, between the cream and skimmilk obtained by gravity separation of
milk. Rolend (84) developed an equation, based on this same difference,
for estimating the protein content of Iii. He reported.an average protein
content of 1.15 g/100 g of fat, with e remge of 0.44 - 2.22 g/100 g of fat,

in milk separated in a cream separator.

Studies on the whole protein fraction Based on the low nitro-

gen, 11 - 14%, high sulfur, 1.2 - 2.6%, low phosphorus, 0.33 - 0.64%, and

differences in amino acid composition, it was concluded that the protein
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in IM was different from known milk proteins. Furthermore, it was shown
to be heterogeneous, partially composed of a variety of enzyme systems.

The method of preparing the IM veried emong investigetors which in turn

méy have influenced variations in the results obtained (45, 49).

Mulder and Menger (72) concluded from simple serological experiments
that casein, albumin, and globulin were components of IM. They were unable
to-solublize their preparation with sodium hydroxide (pH 9.0) following
hydrochloric acid treatment (pH 4.0).

Sasaki and Koyame (87) compared interphase protein (IP) preparations
from creem washed two end four times with a 0.95% sodium chloride solution,
with proteins isolated from unwashed cream, isoelectric casein and whey
proteins from skimmilk. The paper electrophoretic patterns of IP were dif-
ferent from those of casein and whey proteins. From the results of a later
study (88) they concluded that casein, representing the outermost protein
in the interphase, was completely removed after four washes. Whey proteins
closely resembled the remaining IP of which [-lactoglobulin was definitely

not a component.

Lipoproteins Morton (67) ultracentrifuged buttermilk from
churned, washed cream at 14,000g for 45 min. The sedimented reddish-brown
pellet contained 22% lipid and traces of nucleic acid and succinic de-
hydrogenase activity. Based on the high amounts of enzyme activities he
concluded that smell lipoprotein particles were attached to the protein on
the fat globule surface. Since the enzyme activities were similar to those
reported for microsomal particles from enimel tissue, he assumed the lipo-

rotein or "microsomal particles® originated in the secretory cells of the
P E 3y
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udder and were released to the milk as a result of physiological changes
within the cell. More recently Bailie end Morton (7, 8) compared the
chemical composition of microsomal particles in milk with those isclated
from the mammery gland. Enzyme activities of the two were different; milk
microsomal particles contained less lipid end nucleic acid. Incubation of
glend microsomes in milk caused a drop in lipid and nucleic acid and changes
in the enzyme activities so that they closely resembled milk microsomes.
They concluded that following secretion the gland microsomes were changed.
Saseki and Koyams (89 isolated lipoprotein material from combined
buttermilk and butterserum from washed and unwashed cream by ultracentri-
fugation end emmonium sulfate fractionation followed by ultracentrifugation,
respectively. Paper electrophoresis of the resulting fractions followed by
differential staining for lipids and proteins revealed the presence of two
or three lipoproteins in the unwashed cream including interphase lipoprotein
material. They considered that lipoproteins, other then the interphase

lipoprotein were loosely adsorbed on the surface of fat globules.

Fractionation of interphase protein and characterization of indi-

vidual frections Herald and Brumner (37, 38) resolved "the most tena-

cious membrene proteins™ into soluble and insoluble fractions by salting
out the I from combined buttermilk and butterserum with ammonium sulfate,
followed by ultracentrifugation, extraction of the lipids and ultracen-
trifugation of the "lipid-free™ IP dispersed in a dilute sodium chloride
solution. A4An insoluble fraction sedimented as a reddish-brown pellet where-
as a soluble fraction remained in the supernatant. The soluble fraction

produced two peaks of similar mobilities when studied electrophoretically.
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The insoluble fraction was solublized using sodium sulfide and Duponal PC
revealing one and two peeks, respectively.

In subsequent studies, Brunner and Herald (17, 18),detergents were
employed to solublize the insoluble fraction. The electrophoretic prop-
erties of both fractions were then compared in a variety of buffers. The
isoelectric point of the soluble fraction was pH 5.0. The unfractionated
IP preparations contained 12.2 to 12.6% nitrogen whereas the subsequent
soluble end insoluble fractions contained 9.5 - 11.5% and 12.9 - 13.9%
nitrogen, respectively; both frections had similar amino acid compositions.
The soluble fraction gave a positive lMolisch end a negative nitroprusside
test, whereas the insoluble fraction gave a negative Molisch and a positive
nitroprusside test (37). Brunner and Thompson (19) reported that the red-
dish-brown pellet contained 8% lipid with a 1:1 ratio of triglycerides to
phospholipids and the ultracentrifuge supernatant contained lipoproteins
containing 45% lipid with a 2:1 ratio of triglycerides to phospholipids.

Remachandran and Whitney (80) isolated a soluble IP in 2 menner re-
sembling that of Herald and Brumner (37). It represented 17% of the total
IP end was electrophoretically homogeneous in buffers above pE 7.0. De-
tailed elemental analysis of this fraction was also reported.

Brunner and Thompson (20) suggested that the soluble IP fraction was
closely related in chemical composition and electrophoretic behavior to
some of the minor protein fractions obtained by different treatments of
skimmilk. The soluble IP contained 2.89 mg hexose, 1.08 mg hexosemine,
0.71 mg fucose, and 2.00 mg of sialic acid/iOO g of protein (101). Recently
Jackson, Coulson and Clark (41) found that the soluble IP contained a

variety of carbohydrates including hexosemine and sialic acid, and con-
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tained 11.28% nitrogen, 0.68% phosphorus, 6.12% ash end 2.1% lipid. They
classified it as a muco-protein. In a second paper Coulson and Jackson
(26) demonstrated that the isolated mucoprotein differed ’immunologically
from other known milk proteins.

Jackson and Brunner (40), sterting with homogenized milk prepared
lipid-free IP according to the method of Herald and Brumner (37). The
soluble IP fraction was found to contain an acid-precipitable caseinate
complex and heat-denatursble whey proteins. They concluded that caseinates
as well as whey proteins were adsorbed onto the fat globules during homoge-
nizetion. Sasaki, Tsugo and Miyazawa (91) reported that only the whey
proteins were adsorbed.

Loewenstein (62) found that heat treatments (momentarily to 40 C,

62 C for 30 min end 82 C for 15 min) of milk caused changes among the
materials adsorbed on the milk fat globule surface in approximate pro-
portion to the severity of the heat. As the heat intensity increased, the
amount of protein, phospholipid, and phosphorus-free lipids retained de-
creased. He concluded that casein was replaced by other proteins and pro-
tein-fat complexes were formed as a result of heating milk. Barlier
Dunkley and Sommer (31) discussed the role of euglobulins in the"aggluti-
nation™ of individual fat globules into clusters. They sugges‘bed that
euglobulins may be an importent I component but their presence or absence
on the fat globule surface depends on the physical state of the fat. Solid
or partially solidified fat (warmed to 5 amd 25 C, respectively) retains

the euglobulin, whereas warming milk to 50 C results in the loss of eu-

?

globuli

I3

from the fat globule surfacs.
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Enzymes associated with the interphase materials Aldolase,

alkeline phosphatase and xenthine oxidase (49, 67), as well as diaphorase
and diphosphopyridine nucleotide-cytochrome C-reductase activities (67)
have been reported for the isolated IM. Active lipase, which is present
in the milk serum of fresh, uncooled milk, is associated with the IM when
milk is cooled (98).

Zittle, et al. (112) demonstrated that 60% of the alkaline phosphatase
and xenthine oxidase activities in milk were in skimmilk. Although they
showed that alkaiine phosphatase was associated to a greater degree with
the casein particles in milk than was xanthine oxidase, they believed that
cream washing procedures and subsequent fractionation techniques dislodged
consideraeble amounts of lipoproteins containing both enzymes from IM.
Robert and Polonovski (83) studied the effects of various treatments on
the activity of xanthine oxidase in milk. They postulated from their re-
sults that the cooling of milk dislodged "liposomes" from the fat globule
surface with subsequent dissociation of a portion of the xanthine oxidase
from the "liposomes" producing e soluble enzyme ir the milk serum.

Kiermeier and Vogt (48) showed that when milk was separated most of
the xanthine oxidase activity was concentrated in the cream. Rennet coagu-
lotion of milk yielded whey and curd containing equal amounts of the enzyme.
Later Kiermeier and Meinl (47) indicated the presemce of alkaline phos-
phatase in the IM and the presenc; of an acid phosphatase in the milk serum.
Stage of lactation influenced the concentrations of both enzymes in milk.
Bredholt, Hansson and Sjostrém (15) reported on the chemical and physical
properties of acid phosphatase. They alsc demonsirated that creaming, and

acid or remmnet coagulation of the milk concentrated acid phosphatase activ-
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ity in the cream, whey and precipitate, respectively. Acid phosphatase
was reported to be associated with the IM as well as with the skimmilk by
Binghem, Jasewicz and Zittle (9). Cream washed only twice with water or
sodium chloride and sucrose solutions retained only 50% of the initial

enzyme activity. They concluded that the enzyme was easily dissociated
from the IM.

Herald and Brummer (37) showed that the alkeline phosphatase and
xanthine oxidase activities were concentrated in the soluble and insoluble
IP fractions, respectively. Saseki and Koyama (89) sedimented the inter-
phase lipoproteins from buttermilk by ultracentrifugation. The alkaline
phosphatase gctivity was 30 times greater in the resulting pellet them in
the supernatant. Ethanol-ether extraction of the lipoprotein pellet re-
sulted in a 20% loss in enzyme activity.

Lipoproteins separated from cream contained two or three fractionms,
each showing alkaline phosphatase end xanthine oxidase activity (90).
Alexander and Lusena (2) fractionated IM into five sedimenteble fractions
representing 75% of the total and 25% of one soluble fraction. The sedi-
mented fractions varied in their xanthine oxidase‘and alkaline phosphatase
activities.

A series of investigations was conducted by Koyama in which he re-
ported on the effect of divalent ions and heat (61) and the effect of pH
(60) on the alkaline phosphatase activity of scluble and sedimented in-
soluble lipoprotein fractions from IM. He also demonstrated that the solu-
ble fraction was more soluble than the insoluble lipoprotein fraction in
0.08 i NaCl (56). Only 13% of the original alkaline phosphatase activity

remained in creeam washed four times (54).
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Aurand and Woods (6) concluded that development of spontaneous
oxidized flevor in milk depended on the presence of & high level of
xanthine oxidase alone; milk lactoperoxidase or catalase alone or combined
with xenthine oxidase has no effect. Smith and Dunkley (92) observed no
correlation between xanthine oxidase activity end the development of spon-

taneous oxidized flavor in milk.

Trace metals and metal containing proteins The presence of natural,

end the fate of added copper and iron in milk were determined by King,

et al. (51) by injecting isotopes of the two metals intraveneously, prior
to milking, and adding the isotopes directly to the milk. Following iso-
lation of IM by the method of Hera.ld and Brunrer (37) and separation of the
casein by acid precipitation or ultracentrifugation from skimmilk, it was
found that less then 3% of the added copper and 35% of the natural copper
wes associeted with the IM. Natural copper in the skimmilk was divided
between the whey and casein fractions of skimmilk in proportion to their
total nitrogen contents; 75% of the added copper was associated with IM
and that present in the skimmilk preferentially associated with the whey
proteins; all of the added iron was present in the skimmilk. Additiomns of
EDTA (50) chelated 37% and 50% of the natural copper and 50% end 100% of
the added copper in skimmilk and IM, respectively.

Menger end Mulder (66) had also shown that the natural copper in milk
was associated with IM. The copper content in milk was highest (> 200 mg/
liter) early in lactation and diminished to normal levels ( 20 - 40 mg/
liter) during the first two months.

Berald, Brunner and Bass (39) analyzed the soluble and insoluble IP
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fractions spectrogra.phicallj; these were prepared by the method of Herald
end Brumner (37). Celcium, copper, irom, magnesium, mengesnese, molybdenum,
phosphorus, end zinc were found in both fractions. The soluble fraction
contained more calcium, copper, magnesium and phosphorus whereas the in-
soluble fraction contained more iron and molybdenum. Total ash contents
of the soluble and insoluble fractions were 7.06 and 2.08%, respectively':

Remachendran end Whitney (80) analyzed the soluble IP fraction
spectrographically for trace metals. They reported traces of cobalt and
silicon, significant emounts of sodium, in addition to the trace metals
reported by Herald, Brunner and Bass (39). Reamachandran and Whitney (80)
did not detect molybdenum and reported only trace amounts of metals except
for copper which was 10 times higher than the value reported by Herald,
Brunner and Bass (39).

Xenthine oxidase from milk was found to contain iron and molybdenum
in en atomic ratio of 8:1 (16). Other metal-containing enzymes, iron in
catelase and lactoperoxidase, zinc in carbonic amhydrase and magnesium in
inorganic pyrophosphatases, have been isolated from milk. Their associa-
tion with IM was not confirmed (45). Trubowitz, et al. (106) isolated an
alkaline phospha‘taée from human leucocytes and found that the zinc content
increased as the enzyme was purified. ketal cofactors of milk acid or
alkaline phosphatases have not been reported (45).

The presence of copper in Il has been reported to catalyze the oxida-
tion of interphase phospholipids under certain environmental conditions (98).

Although enzymes have been the only metal-containing proteins shown to
be present in IM., it was interesting to note the isolation of an iron-con-

taining glycoprotein by treating casein with acid (34). Johanson (48) also
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reported on the properties of am iron-containing protein "salted out" of
milk serum with ammonium sulfate. Derechin and Johnson (27) isolated two
red protein fractions during the chromatographic separation of a whey
albumin fraction on DEAE cellulose columns. The two fractions were closely
related to the red protein of Groves (34).

Blanc and Isliker (13) isolated an iron-containing glycoprotein which
they called "lactotransferrin" from fat-free milk serum by ultracentri-
fugation and ammonium sulfate fractionation of the resulting supernatant.
They found it was associated with isolated B- amd ¥~ globulin fractioms.
They present an excellent summery of the chemical and physical properties
of iron-containing proteins isolated from milk by several investigators.

Dills end Nelson (30) reported on the characteristics of a copper-
bearing protein isolated from whole milk by emmonium sulfate fractionation.
The protein contained 0.19% of nondializable copper and 15% nitrogen. After

purification it produced a deep red color in solution.

Preparation of Model Emulsions in an Attempt to Simulate
the Fat Globule Milk Serum Imterphase
The behavior of fat globules under acid conditions is largely in-
fluenced by the types of IM present. Bird, Breazeale and Bartle (10)
reviewed the work of early investigators who measured the isoelectric pH
of natural fat globules in milk or cream as well as the isoelectric point
of butterfat in artificial emulsions. The isoelectric point of natural fat
globules in milk ranged from pH 4.1 to 4.3. Reported iscelectric points of
ertificial emulsions were pH 3.2 in butteroil-water emulsions; pH 4.7 in

butteroil-3% casein sol emulsions; pH 4.6 in butteroil-casein sol emulsions
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to which phospholipids, lactose and milk salts were added; pH 4.3 in
buttéroil—phospholipid sol emulsions to which casein, lactose and milk
salts were added and pH 2.0 for butteroil-phospholipid sols.

Palmer and Weise (76) "supercentrifuged™ the proteinaceous material
from buttermilk-butterserum from cream washed six to eight times. In
addition to containing lipid phosphorus, the material began to precipitate
at pH 4.6 and a clear serum separated at pH 3.9 - 4.0. They concluded that
the final isoelectric point, pH 3.9 ~ 4.0, of the material was due to the
influence of the components in a phospholipid-protein complex. Since this
value was lower them the reported isoelectric point, pH 4.1 - 4.5, of natu-
ral fat globules, they concluded that materials commonly found in the milk
serum influeﬁce the final isoelectric point of natural fat globules. This
conclusion would be in agreement with the isoelectric pH values obtained on
the artificial emulsions of butteroil in milk serum constituents.

More recently King (49) pointed out in his review that the isoelectric
point of natural fat globules in unwashed cream was pH 4.5 which was close
to the isoelectric point of casein, pEH 4.6 - 4.7. Following repeated
washing the isoelectric point dropped to 3.7 - 3.8 suggesting that materials
influencing the isoelectric point of the natural fat globules had been re-
moved. |

Payens (78) studied the interaction of mixed monolayers of PB-lacto-
globulin with milk phosphatides at different pH values (1.0, 3.9 and 5.9)
by determining the surface area pressure curves. The surface pressure:
area ratios were calculated for ideal mixtures in whiéh the two components
do nof interact. At pH 1.0 and 5.7 the measured and celculated curves

coincided, indicating no interaction, but at 3.9 the measured curve lay
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below the calculated one, indicating strong interaction between the com-
ponents. B -lactoglobulin is isoelectric at pH 5.1, so at 3.9 it is
positive. At this pH lecithin and sphingomyelin are ionized and carry
no net charge, while cephalin maintains a negative charge to pH 2.0;
so interaction between cephalin and B ~lactoglobulin could occur between
pH 2.0 and 5.1. He comsiders that the isoelectric point of IM results
from the presence of phosphatides and proteins. If protein-phospholipid
interaction is strongest at pH 3.8, it may explain the high susceptibility
of phosphatides to oxidize at this pH. The strong interac‘tion could ex-
plain the long churning times at pH 3.8.

More recently Jackson end Pallemsch (42) compared the effects of
A -, B~ and 7 -casein, from isoelectric casein, with those of a ™mono-
dispersed" casein preparation, as regards their reduction of the inter-
facial temsion of a butteroil protein-free ™milk plasma™ and & butteroil-
water interphase. The oA-, B - eand 7 -cé.seins behaved alike but d4if-
ferently from the "monodispersed™ preparation in the milk-plasme system
and all behaved differently in the water system. When skimmilk was cen-
trifuged to remove calcium-caseinates, their progressive removal had little
efféct on the interfacial tension. Preparations of serum proteins showed
more variations. Globulins were more effective in the milk-plasma-butter-
0il interface, whereas the albumins were most effective in the water-
butteroil interface. The ability of all these milk proteins was negligible
in comparison with that of a soluble protein fraction (37) from I.

Sasaki and Koyame (89) prepared emulsions of butteroil in prepared
Ca4"5 caseinate solutions in the absence and presence of added lecithin and

calcium phosphate. Similar emulsions were prepared using acid whey from
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skimmilk. Measurement of radioactivity in the prepared washed creams
indicated casein was removed from the interphase after four washes. Paper
electrophoresis of the whey proteins isolated from the washed creeams in-
dicated that B -lactoglobulin was removed by the end of two washes. Other
whey proteins were more representative of the real IP; casein constituted
the outermost protein layer at the interphase.

Recently Koyeme (55) demonstrated that the emulsifying powers of sodium
caseinate and lactelbumin were the same in the presence and absence of
lecithin and highest in the absence of lecithin, respectively. Lactoglobu-
lin was effective only when the lecithin was dissblved in the butterfat
prior to emulsification. He concluded that lecithin functioned only to
aid the adsorbtion of lactoglobulin on the surface of the fat globule.

Further studies by Koyame (57, 58, 59) on an artificial lipoprotein
prepared by emulsifying butterfat in whey in the presence of lecithin showed
it had a nitrogen content similar to isolated interphase lipoprotein but
less than that of lactalbumin end lactoglobulin. This artificial lipo~
protein was sedimented at 19,000g. Removal of the lipid yielded a protein
fraction which was hardly soluble in dilute sodium chloride. Phosphatase
remained in the insoluble protein fraction, whereas whey phosphatase was
soluble in dilute sodium chloride. He concluded that lactoglobulin served

as the major protein fraction in interfacial lipoprotein complexes.
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EXPERTMENTAL

Materials

Milk

Raw milk was obtained from the University dairy ferm. Samples were
taken from the bulk tank after 80 to 100 cows, including Holstein, Guernsey,
Jersey and Brown Swiss breeds, had been milked. The milk was never more

then 4 hr old when washing procedures were started.

Water

Distilled water Tap water softened by ion exchange treatment was

distilled in a Barnstead, hard-water model, laboratory still amnd stored in
Pyrex, 18-liter carboys. For use in the cream separator-washing procedure
distilled water was stored in stainless steel 5 and 10-gal cans until a
sufficient quantity had been accumulated. It was brought to a bolil in the
cans and boiled for 1 min by means of a stainless steel coil, through which
steam was passed, for the standardized runs. Distilled water was boiled
for 5 min in 4-liter Erlymmeyer flasks, cooled to 4.4 C end stored in 18~
liter carboys in the walk-in cooler; after sbout three days the chilled
water was used in the washing procedures in which the Size 2 International

centrifuges were used.

Redistilled water Redistilled water was prepared according'to the

procedure described by Bird, et al. (12).

Reagents

Al reagents used were reagent grade. Aqueous solutions were prepared
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using redistilled water.

Technical grade sodium hydroxide wes used in the nitrogen determi-
nation and in the 50% solutions employed in the traps in the wet ashing
procedure.

The 0.01% dithiozone in carbon tetrachloride used in the determination
of zinc had a molar sbsorbancy index of 1.57 which conformed to the A.C.S.

specifications (3).

Solvents

Acetone Acetone was purified by refluxing over ferric chloride
(0.5 g/liter) for 2 - 3 hr, distilling, refluxing over calcium chloride
(60 g/liter) for 3 hr, and distiiling; theAfirst and last 200-ml portions

of & 5-liter batch were discearded.

Carbon tetrachloride Reagent grade carbon tetrachloride was used.

It was evaluated for spectral purity in accordance with A.C.S. specifi-

cations (3) and was found to be satisfactory.

?E%: Ethanol Commercial ethyl alcohol was refluxed over potas-
sium hydroxide (10 g/liter) and aluminum (10 g/liter) for 2 hr and dis-

tilled.

Petroleum ether Commercial Skelly B was refluxed over potassium

carbonate (25 g/li‘ter) for 2 hr and distilled; the first and last 200-ml

portions from a 5-liter batch were discarded.
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Redistilled nitric acid and ammonium hydroxide

Nitric acid Two liters of reagent grade nitric acid were dis-
tilled from an all-glass system. A constent boiling fraction (119 2 0.5 C)

was collected; the first and last 100-ml portions were discarded.

Ammonium hydroxide Fifteen hundred ml of reagent grade ammonium

hydroxide was distilled from all-glass distillation sapparatus. The gas
evolved was collected in an initial charge of 500 ml of redistilled water
chilled in an ice plus water bath. Distillation was continued until the
final volume in the receiver was 1 liter. The final concentration was
22.78% emmonium hydroxide. For use in trace metal procedures, redistilled

emmonium hydroxide was diluted 1:1 (v:v) with redistilled water.

Buffers for electrophorssis and solubility studies

Sodium hydroxide-glycine-sodium chloride (pH 9.2 end 12.2), disodium
phosphate~citric acid (pH 2.6) and potassium chloride hydrochloric acid
(pH 1.8) buffers were prepared according to Clark (21).

The veronal (pH 8.8) and phosphate (pH 7.5) buffers were described

elsewhere (78).

Apparatus
Gravity washing of cream
Design of water columms A piece of Pyrex glass tubing, 4.5 (0.D.)

x 124 cm, was sealed off at one end and fitted with a short perpendicular
side arm sealed with a self-sealing rubber stopper. ZEight cm from the open

end of the tube a right-angle side arm was attached which paralleled the

glass tube. This side arm extended into & 50-ml graduate cylinder which
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served as a reservoir %o collect washed cream. A rubber stopper was used
to attach the graduated cylinder to the side ém. A cotton plug was in-

serted in the open end of the glass column.

Design of Erlynmeyer flasks Three-liter Erlynmeyer flasks were

fitted with 1.5 cm (0.D.) pieces of glass tubing inserted through a stopper.
The lower end of the glass tubing was 0.5 cm from the bottom of the flask.
The diameter of the top of the glass tubing was increased to 3 cm (0.D.)

to allow for easier entrance of the sample.

Cream separator

A De La.vé.l farm cream separator, Model 100 AE, was purchased (Mont-~
gomery Ward, Chicago, Ill.) for the study of the separator washing tech-
nique. The entire assembly contacting the milk was made of tinned metal
except for the bowl discs which were stainless steel.

No cream screw settings were available with this machine. As a result
a "zero point" was esteblished. The cream screw was lined up flush with
the inside of the cream divider disc; adjustments in or out were made from

this starting point.

Centrifugation

International Size 2 centrifuges Room temperature (Size 2) and

refrigerated (model PR-2) International centrifuges (International Equip-
ment Compeny, Boston, Mass.) were used to establish a method of centri-

fugally washing cream. The latter machine was equipped with an automatic
timer and refrigeration system. Selected temperatures were controlled to

f1¢ sutomatically. The head and cups which were purchased could be oper-
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ated at a maximum of 2300 rev/bin, and were large enough for 600 or 1000-ml
bottles. One-liter polyethylene reagent bottles fitted the cups satisfac-
torily; the threaded neck was cut off so that the bottles cleared the yoke
of the head during centrifugation. Rheostat speed control on the refrig-
erated model was celibrated using the large head, cups and water-filled

1-liter bottles.

Ultracentrifugation A Spinco model L ultracentrifuge (Spinco

Division, Beekmen Instruments, Inc., Belmont, Calif.) equipped with a No.
21 head was used to concentrate I for buttermilk and/br butterserum.
Plastic tubes fitted with aluminum caps and holding sapproximately 91 g of

liquid were used.

Churning
Washed and unwashed creams were churned in guart glass Mason jars, with
glass lids and rubber gaskets, placed horizontally on a home-made, motor-

driven, reciprocal action shaker with 75 - 80 oscillations per min.

Pervaporation

Pervaporation was conducted at room temperature by filling cellulose
casing, size 36/32, (The Visking Corp., Chicago, I1l.) to a depth of about
3 £t with the buttermilk-butterserum sample. The casings were suspended
from a framework of 0.5-in steel rods in front of a 16-in fan. The lower
ends of the filled casings were anchored to a steel rod to prevent movement

by the strong air currents.
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Freeze drying

Freeze drying apperatus was constructed from glass; it had two reser-
voirs, each fitted with four 24/40 inner standard teper joints. The reser-
voirs were set into two 4-liter Dewer flasks containing a dry ice-acetone
mixture. Both reservoirs were connected to a Welch Duo Seal vacuum pump
(Welch Menufacturing Co., Chicago, Ill.) via a condensate trap, through
glass tubing fitted with two stopcocks which permitted individual or simul-
taneous operation of the two units. Round bottom 24/40 ST flasks (the size
depended upon the smount of sample) containing the semples were attached to
the reservoir inlets after coating the joints with Apiezon N grease. A&
residual pressure of 0.07 mm was achieved under actual operating conditioms.

Approximately 500 ml of water could be sublimed per reservoir.

Electrophoresis

The free electrophoresis apparatus employed was model 384 Tiselius
wnit (Perkin Elmer Corp., Norwalk, Conn.) equipped with a Polaroid Land
cemere for photographing patterns. Two-ml closed Tiselius cells were used
for all the runs. Dialysis was carried out in l-liter dialysis units
(American Instrument Co., Silver Springs, ¥d.) fitted with a stirring motor
end stirrer and an attachment for holding the cellulose casing. The sample
in the casing was dialyzed against three changes of buffer during a 24-hr
period. The sample and buffer outside the casing were stirred (magneti-

cally) throughout dialysis.

PH measurements

oH measurements were made with a portable Beckmen glass electrode pH

meter, model G (Beckmen Instruments, Inc., Pasadens, Calif.).
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Spectrophotometry

Absorption spectra and optical density readings were made in Pyrex
cells using a Beckmen spectrophotometer, model DU (Beckmen Instruments, Inc.,
Pesadena, Calif.). Most wave lengths used in trace metal procedures were
in the visible region (436 - 820 mum ), and required no filters. A4 red
filter, Corning 9863, was used in the near ultra-violet region, 320 - 4OQ
mum , when the absorption spectra of metal chelates were determined. Re-
flectance measurements were made on & similer Beckman spectrophotometer,
model DU, equipped with a reflectance attachment containing solid calcium

oxide as a reference standard.

@EE éshing

Two 6-in hot plates were placed under the hood in such a meanner that
their heights could be adjusted. The hot plates were comnected to varieacs
which were calibrated using thermometers set in mercury wells on top of the
hot plates; with the hot plates set at "medium," 64 - 68 volts and 85 - 89
volts produced temperatures of 175 1 5 C and 235 *s50c, respectively.

Fume heads placed above the hot plates were comnected to 500-ml suction
flasks containing 150 - 200 ml of a 50% sodium hydroxide solution. The
flasks were connected to an aspirator with Tygorn tubing. The aspirator was
tapped with a second nipple thus permitting direct conmnection of both suction
flasks. Bubbling acid fumes through the caustic solution prevented corro-
sion of the aspirator. Glassware and thermometers were supported on a
0.5-in eluminum rod. Diehl and Smith (29) present a picture of the appa-
retus on page 369.

Excess perchloric acid was rapidly eveporated, whenever desired, by
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fitting a separate pair of fume heads with a piece of glass tubing (0.5 cm
0.D.) extending through the fume head into the Vycor flask. The space
between the fume head and the neck of the flask was packed with Pyrex wool
filtering fiber. The current of air drawn through the glass tube gquickly
evaporated the excess acid. For the sample sizes used in this study 125-ml

Vycor Erlynmeyer flasks were satisfactory.

Seperatory funnels

One hundred and twenty-five-ml Squibb, centrifuge separatory funnels
equipped with Teflon stopcocks were used in trace metal enalyses. The con-
ventional top opening was replaced with a fitted g.s., No. 13 stopper to
avoid the use of rubber stoppers during organic solvent extraction of metal

chelates.

Hethods
Preparation of washed creams
Gravity washing of cream using water columns Boiling distilled

weter was poured into the column supported on a ring stend. The water
level was adjusted to accammodste the cream sample without causing en over-
flow of water into the graduated cylinder attached to the upper side arm.
After inserting the cotton plug on top, the filled column was stored in the
4.4 C walk-in cooler for 24 hr prior to use.

Rew milk was placed in 3-liter Frlymmeyer flasks previously sterilized
with boiled distilled water. After 18 hr the resulting skimmilk was si-~
phoned off and the cream was transferred to a sterilized 400-ml beeker.

Fifty or 100 ml of cream were layered onto the bottom of the water
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column using a 50-ml syringe equipped with a large diameter, pointed needle.
The self-sealing rubber stoppers survived meny runs. Washed cream samples
were removed from the top of the water column after 24 hr; a sufficient
amount of 4.4 C distilled water was injected through the self-sealing
stopper causing the cream layer to overflow through the side arm into the

graduated cylinder.

Gravity washing of cream using Erlymmeyer flasks A series of four

3-liter Erlymmeyer fleasks were each filled with 2 liters of distilled water.
The water was brought to a boil, an inverted beasker was placed on top and
the Erlynmeyers were stored for 48 hr at 4.4 C. Approximately 1100 ml of
gravity~separated, raw cream were prepared as described under the previous
section. One liter of the cream was carefully layered under the 2 liters
of distilled water in ean Erlymmeyer flask. After 24 hr at 4.4 C the washed
"eream" was recovered, after removing the "skimmilk"™ through a glass si-
phon. The washed cream then was layered under the water a second time, and
the washing procedure repeated until the cream had been washed the desired

number of times.

Centrifugal washing of creams using the International centrifuges

One thousend grams of raw milk were weighed into each of four polyethylene
bottles. The bottles were centrifuged at 450 or 2250 rev/min for 90 min
in the room temperature or refrigerated centrifuge, respectively. The re-
sulting skimmilk was removed through a glass siphoﬁ introduced through a
hole punctured in the cream layer. The glass tubing was bent allowing it
to touch the perimeter of the bottle bottom. The glass tubing was held

stationary by a rubber stopper containing a vent hole. The bottle was
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placed in front of a light source during the siphoning procedure 4o help
determine when the lest traces of skimmilk were removed. A sample of well-
mixed skimmilk was retained for later analysis.

To the cream remeining in the bottle, 10 ml of 4.4 C distilled water
were added and the bottle was gently rotated. Lumps of cream which remeined
were dispersed gently with the aid of a glass rod. Three additional 10-ml
aliquots of water were added with rotation of the bottle between additions.
Lumps of cream clinging to the walls of the bottle were dispersed with the
aid of a glass rod. The dispersed cream was made to the original milk
volume with 4.4 C water. The bottles were placed in an ice plus water bath
(gbout 1.1 C) in the walk-in cooler for 30 - 40 min prior to centrifugation.
For each wash this procedure was repeated. When the final wash was com-
pleted, the creams (about 60 g/bottle) were redispersed using three 10-ml
aliquots of distilled water so that each bottle contained about 90 g of
cream. The washed creems were combined into one bottle; each bottle was
rinsed with 10 ml of distilled water which was added to the washed cream.
The combined washed cream sample was weighed. This procedure produced
approximately 360 g of creem containing from 34 - 40% fat.

In order to prepere a sufficient quantity of cream washed as meny as
six times, 4000 g of raw milk were used for each wash. Washes were paired
to make effecient use of time. The paired washes were rotated so that one
series of washed cream samples was being prepared for centrifugation while
the other series was in the centrifuge. Forty-eight hr were required to

prepare samples of cream washed zero to six times.
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Separator washing of creams The rew milk was preheated to 37.7 C

in 5 or 10-gal cans with hot tap water in the sink. The cream screw on the
separator was given one full turn in. After allowing one min for the bowl
to reach meximum speed, 3 gal of distilled water at 43.0 C were used to
preheat the bowl. In subsequent washes a 5.6 C differential between the
cream separation and the distilled water preheat temperatures was used in
each wash, thus permitting separation of the cream at the desired tempera-
ture. Creeam was collected in 3-liter beekers and weighed. Skimmilk was
collected in stainless steel cans and discarded after it was mixed and a
semple was teken. The cream was redispersed in distilled water which wes
two degrees higher than the desired separation temperature. Agitation and
foaming were minimized by allowing the cream to run down the walls of the
milk can. Gentle hand stirring followed to completely redisperse the cream
in the weater; the volume was mede to the original volume of the milk. Prior
to each redilu'tion procedure, the separator bowl had been dismantled and
the sludge ‘removed from the bowl. Following assembly of the bowl after the
first wash, the cream screw was set at two full turns in. Prewarming the
bowl with distilled water at 43.0 C was followed by reseparation of the re-~
dispersed cream. The redilution and reseparation procedure was repéated up
%o six times. If more than three washes were used the temperatures of sepa-
ration and preheating were lowered to 34.9 and 40.5 C, respectively, for
subséquent washes in order to prevent serious oiling off; other conditions
remained unchanged.

Although no sludge accumulated in the bowl beyond the first wash, the
bowl was dismantled and rinsed after each separation because clumps of fat

occasionally plugged the cream screw and cream cover spout. Distilled water
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used for redispersing washed cream weas heated to the desired temperature in
5 or 10-gal cems using stainless steel coils comnected to the steam line in

the leboratory.

Separation of interphase meteriels from washed cream

Washed and unweshed cream samples were tempered for 12 hr at 4.4 C.
From 350 - 450 g of cream were placed in glass quart containers and churned.
Churning times were noted. Buttermilk was poured from the churns through
cheese cloth to remove butter granules. The butter was retained in the
glass container which was placed in a 40 C water bath for 30 - 45 min. lost
of the resulting butteroil was poured off. The remaining butterserum-butter-
0il mixture was centrifuged at 700 rev/min for 10 min in 125-ml separatory
funnels. The butterserum leyer was removéd and combired with the buttermilk

when desired.

Concentration of interphase materials

Acid precipitation The pHE of the buttermilk-butterserum combi-

nation was adjusted to 4.6 - 4.7 with 0.01 ¥ hydrochloric acid during con-
stent agitation. The acidified samples were allowed to stand overnight at
4.4 C to allow the precipitate to settle completely. A sample of the whey
was removed and the remeinder was siphoned off end discarded. The pre-

cipitate slurry was transferred to a round bottom flask and freeze dried.

Pervaporation Cellulose casing was filled with the combined

buttermilk-butterserum to a height of about 3 ft. The casings were suspend-
ed in front of a fan at room temperature. The final volume was determined

by the number of centrifuge tubes available for handling the concentrated
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solution. The casings were inverted several times when evaporation was
completed to mix the sample which was then collected in & tared beaker and

weighed.

Ultracentrifugation followed by freeze drying Either the pervapo-

rated concentrates of combined buttermilk-butterserum or the buttermilk
directly from the churn were placed in centrifuge tubes using a 50-ml
syringe. Each tube held 91 g of sample. The filled tubes along with the
No. 21 head were chilled for 60 - 90 min in an ice plus water bath at ap-
proximately 1.1 C. The semples were ultracentrifuged at 20,000 rev/min
for 20 hr. When the centrifuge had stopped, the tubes were removed imme-
diately and the caps teken off. The whey and fat plug were poured off and
traces of fat were wiped from the walls with facial tissue.

Redistilled water was added in small portions to the pellet in the
centrifuge tube. Between additions the pellet was rubbed gently with a
blunt stirring rod to facilitate redispersion of the pellet. The redis-
persed pellet was then freeze dried in round bottom flasks. Redispersed
semples were continuously rotated in a dry ice-acetone bath (-70 C) wntil
the sample was frozen. It was necessary to have only a thin film on the
bottom of the flask to prevent the water vapor from the bottom from carrying
loose, dried materials that settled, into the head of the water collector.
The samples were considered freeze dried when the flasks were at room

temperature.

Separation of lipid and non-lipid fractions

Soxhlet extraction Freeze dried buttermilk-butterserum semples

were weighed directly into tared extraction thimbles. The thimbles were
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fitted with a cotton plug and placed in the extraction chamber of an all-
glass Soxhlet apparatus. The extraction chamber was attached to a water-
cooled condenser, fitted with a drying tube containing indicating drierite,
end to en ember, 350-ml flask containing 250 ml of ethyl ether. All the
standard teper joints were lubricated with glycerine to prevent loss of
ether. Heat was supplied by e heating mantle and controlled by a veriac.
Extraction was complete after 24 hr at which time the 'thimble was removed,
placed in a beaker and dried under vacuum for 3 hr at room temperature.

The Soxhlet residuve was trensferred to a sample bottle which was stored in
a vacuum over phosphorus pentoxide.

The Soxhlet extract remaining in the amber flask was evaporated to a
volume of sbout 30 - 50 ml on the Mojonnier hot plate (100 C) and was trans-
ferred to a tared Mojomnier fat dish. The flask was rinsed three times with
30 to 50-ml portions of ethyl ether which were transferred to the fat dish
and evaeporated. Residual solvent was removed in the Mojomnier ovem (70 C,
26-in vacuum, 15 min) after which the fat dishes were cooled for 4 hr in
a desiccator and weighed. The weight of the Soxhlet residue was calcu-~
lated by difference from the weight of the initial sample and the Soxhlet

residue.

Modified Bloor extraction g_f_ Soxhlet residue The extraction of

lipids from blood serum by the method of Bloor (14) involves dropwise
addition of 50 ml of blood plasme to 750 ml of an alcohol~ether mixture
(3:1 viv). Proteins not precipitated by the ethanol are precipitated by
boiling the plasma-solvent mixture. Since our Soxhlet residues were dry

and it was desired toc save the non-lipid portion, the following modified
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procedure was followed. The Soxhlet residue (0.8507 g) was suspended in
50 ml of redistilled water in a 250-ml centrifuge bottle using a stirring
bar and magnetic stirrer. After 30 min, 200 ml of a 3:1 ethanol-ethyl
ether mixture (added at the rate of 1000 ml per g of semple) was added end
stirring continued for an additional 30 min. The samples were centrifuged
at 2000 rev/min for 10 min and the resulting solvent supernatant was de-
canted into an amber 350-ml flask and evaporated under vacuum and & stream
of nitrogen at 60 C. The aqueous residue remeining in the centrifuge
bottle was treated with four additional solvent extractions, each of which
was added to the amber flask and evaporated to drymess. The lipid residue
was retained for subsequent fractionation by Bloor's method (14).

The aqueous supernatant was separated from the non-lipid residue in
the centrifuge bottle by decantation. The residue was dried under vacuum
over phosphorus pentoxide for 48 hr.

Modified ilojonnier extraction of the Soxhlet residue The Lio jonnier

procedure (5) for the extraction of total lipid from milk and related pro-
ducts calls for the addition of ammonium hydroxide (1.5 ml concentrated
ammonium hydroxide/lO ml final agueous sample) to facilitate peptization
of proteinaceous material and subsequent release of lipids. The procedure
was modified by substituting desired buffers for ammonium hydroxide %o
effect peptization of the sample. From 0.12 - 0.15 g of Soxhlet residue
was peptized in 7 ml of sodium hydroxide glycine buffer (pH 12.23) in a
15-ml glass mortar with the help of a blunt stirring rod and magnetic stir-
ring.

ter stirring for 60 min the peptized sample was transferred to a
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Mo jommier-type extraction flask. Three ml of buffer were used to rinse

the mortar. A Mojonnier fat determination was run on the combined peptized

sample and buffer rinses, which were made to 10 ml. The residual lipid in

the Soxhlet residue was celculated as a percentage of the Soxhlet residue.
After stirring for 60 min the peptized sample was transferred to a

Mo jonnier-type extraction flask. Three ml of buffer were used to rinse the

mortar. The combined peptized sample and buffer rinses totaling 10 ml were

then treated according to the Mojonnier extraction procedure. The residual

lipid in the Soxhlet residue was calculated from the total lipid extracted.

Characterization of the interphase lipids

Separation of ether~soluble and-insoluble fractions from the total

Soxhlet extract The Soxhlet extract (in the Mojomnier fat dish) was

dissolved in ethyl ether on the liojonnier hot plate (100 C), tramsferred
to a tared 15-ml centrifuge tube and centrifuged at 2000 rev/hin for 10
min. The clear supernatent was poured into a tared lMojonnier fat dish.
The insoluble material in the centrifuge tube was washed twice with 15-ml
portions of ethyl ether. The resulting supernatants were added to the
initial ethyl ether supernatant in the fat dish. Following solvent evapo-
ration on the hot plate and in the vacuum oven as with the Soxhlet extract,
the residual, solvent-soluble, lipid fraction was cooled in a metal desic-
cetor and weighed.

The centrifuge tube containing the solvent-insoluble fraction was

dried under vacuum for 3 hr and weighed.
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Fractionation gf_the total Bloor extract from the Soxhlet residue

The method of Bloor (14) was used to fractionate the free fatty acids,
neutral lipids and phospholipids contained in the total Bloor lipid extract

from the Soxhlet residue. MNojonnier-type extraction flasks were employed.

Fractionation gf_the Soxhlet extract The ether-free Soxhlet ex-

tract (in a Mojonnier fat dish) was dissolved in petroleum ether on the

Mo jonnier hot plate (100 C). The petroleum ether soluble and-insoluble
fractions were separated as outlined for the separation of ether soluble
and-insoluble fractions from the Soxhlet extract. Petroleum ether was used
in place of ethyl ether in an attempt to improve the solubility of the
whole Soxhlet extract. ‘

The petroleum ether-soluble, lipid fraction was redissolved in 15 ml
of acetone and allowed to stand at room temperature for 60 min. The ace-
tone-insoluble material was separated by centrifugation in a 15-ml centri-
fuge tube at 2000 rev/hin for 25 min. The scetone supernatant was removed
and the insoluble material washed twice with 15-ml portions of acetone.

The acetone-insoluble fraction was dried under vacuum for 3 hr and weighed.
The combined supernatants contairing the acebone-soluble, neutral lipids
and phospholipids were evaporated to a 10-ml volume and tramsferred to a
15-ml tared centrifuge tube. After standing for 30 min at 4.4 C, 3 ml of
cold, saturated magnesium chloride in ethanol was added. The well-mixed
sample was centrifuged at 2000 rev/min for 25 min. The precipitate was
washed three times with acetone. The supernatants were combined, evapo-
rated to dryness and the acetone-soluble, neutral lipid fraction was

weighed. The precipiteted phospholipids were dissolved in 15 ml of ethyl
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ether; excess magnesium chloride was separated from the solvent by centri-
fugation at 2000 rev/bin for 25 min. The precipitate was washed twice more
with 15-ml portions of ethyl ether which were combined with the initial ex-
tract, evaporated to dryness and weighed in a Mojonnier fat dish. The com-
bined weights of the initial acetone-insoluble fraction and the ether-
soluble fraction removed from the magnesium chloride precipitate were con-

sidered to represent the total phospholipids in the Soxhlet extract.

Characterization 2£ the ether-insoluble fraction from the Soxhlet ex-

tract The dried ether-insoluble residue was peptized in 7 ml of sodium

hydroxide-glycine buffer (pE 12.23) in e 15-ml morter using & blunt stir-
ring rod aﬁd mechanical stirring on a magnetic stirrer. After 60 min the
sample was transferred to a lMojonnier-type extraction flask and the mortar
was rinsed with 3 ml of buffer which was added to the flask. Lipid was
removed by a Hojonnier extrazction. The residual agueous layer was re-
turned to the mortar and residual solvent was removed by mechanical stir-
ring in the mortar on a magnetic stirrer for 3 hr. The sample volume was
measured in a graduated cylinder and 2 l-ml aliquot removed for the total
nitrogen determination. Another l-ml aliguot was removed for the Molisch

test.

Characterization of the non-lipid interphase materials

Solubility of the non-lipid fraction from interphase materials

Soxhlet residues were peptized in a variety of buffers and residuel lipids
were extracted by the Mojommier procedure. The method of peptization was
described in an earlier section. In addition to using buffers alone. a

variety of chemical agents added to the buffers were used in attempts to
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solubilize the non-lipid IM. A swmary is presented in Table 8.

After vigorous stirring at room temperature to remove traces of
Mo jonnier solvents, the peptized samples were transferred to test tubes
and held at 4.4 C overnight. The clarity of the seample was observed. In
some cases centrifugation at 2000 rev/min for 15 min in a 15-ml centrifuge
tube was applied and the amount of insoluble materiel present was compared

emong buffers.

Electrophoresis of non-lipid interphase materials A semple of

Soxhlet residue, which would yield an approximately 1% concentration of non-
lipid material in buffer was peptized, the lipid extracted by the kojonnier
method and the residual solvent was evaporated. This material .Was trans-
ferred to a 10-ml, graduated cylinder and the volume was measured. A 1-ml
semple was removed for total nitrogen determination. The remaining semple
was dialyzed against fthree changes of buffer for 24 hr at 4.4 C. The final
volume of the dialysate was measured and insoluble material was removed by
centrifugation at 2000 rev/min for 15 min. A 2-ml aligquot of the superna-
tant was used for electrophoresis. Subsequent electrophoretic patterns
were obtalned according to the method described in the Perkin Elmer menual

(79).

Preparation of bulk amounts of interphase materials from different washes

Five to 10-gal lots of raw milk were washed from zero to six times
using the farm cream separator. The washed creems were churned and the
buttermilk weighed end pervaporated. The concentrated buttermilk was

weighed and ultracentrifuged at 20,000 rev/min for 20 hr. The resulting
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pellets were freeze dried and the yields of dried material determined.

The IM from each wash was used for solubility studies in various
buffers. Reflectence measurements before and after Soxhlet extraction
were determined. The distribution of ether insoluble and-soluble fractioms
among the Soxhlet extracts and the Liojomnier-extracteble lipid retained by
The Soxhlet residues were measured. The nitrogen contents of the Soxhlet
residues before and after Soxhlet extraction were determined. The non-
lipid residues then were subjected to free electrophoresis and a com-
parison of the effect of repeated washing was made. Finally the bulk ¥
was used to evaluate the relisbility of trace metal methods in recovery
runs end was subsequently analyzed for calcium, copper, iron, magnesium,

phosphorus and zinc contents.

Comparative runs: separator vs. centrifugal washing techniques

Washed creams (zero to six washes), prepared with the creem separator
end the refrigerated centrifuge, were compered. In each case, the two
series were prepared from the same large lot of raw milk. The washed
orea.ins were churned and aliquots of the buttermilk were ultracentrifuged
at 20,000 rev/min for 20 hr. Color photographs of the resulting pre-
cipitates were teken. The total nitrogen, "non-casein™ nitrogen and total
lipid distribution‘ emong the washed and unwashed creams, skimmilks and
buttermilks was determined.

The comparison was repeated. In the second comparison the washed and
unwashed creams were standardized to 30% "fat," using redistilled water,
prior to churning. Churning times were recorded for each sample. The total

nitrogen distribution emong the washed and unwashed buttermilks and the
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supernatants resulting from ultracentrifugation of these bubttermilks was
determined. The total nitrogen contained in the pellet was calculated by
differences The freeze dried pellets were wet ashed and the calcium, copper,

iron, magnesium, phosphorus and zinc contents were determined.

Qualitative tests

The HMolisch, Buiret and Fehlings tests were used according to the

procedures described by Anderson (4).

Reflectance measurements

The sediment pad on a milk sediment assay card was replaced with a
piece of cellophane similar to the cover. A sufficient amount of dried
sample was placed on the cellophane and the cover was folded down and glued.
The sample between the two cellophane surfaces was spread out, completely
covering the cellophane surface. The assay cerd was trimmed to a size
which would fit the reflectance attachment of the Beckman liodel DU spectro-
photometer. Reflectance readings (% tramsmittency read on the mechine)

were taken from 310 - 1000 mgpe.

Photography

Colored pictures of the tubes containing the washed and wnwashed
buttermilk precipitates obtained by ultracentrifugation were teken with a
35 mm camera, by the author, for the first comparative run and by the ex-
periment station photographer for the second one. The tubes were removed
from the centrifuge head immediately after it had stopped. They were placed
between aluminws: bars supported by wooden blocks on a shelf in the 4.4 C

walk-in cooler. Moisture on the outside of the tubes was wiped off eand
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pictures were teken of front and side views of the precipitates in the

tubes.

Standerdization of cuvettes

The method of Ven Devender, Lyon and Bird (107) was used to stand-
ardize the Pyrex cuvettes. A 0.95% solution of chromic chloride in ethanol
end en agqueous solution of potassium permenzenate (0.025 g/liter) were used

to standerdize the cuvettes at 436 mum, and at 535 and 538 mm, respectively.

Cleaning of glassware

All glassware was cleaned by sogking in a hot sulfuric-nitric acid
bath followed by rinsing with a sufficient amount of distilled water to
remove traces of acid. Glassware, used in trace metal analyses, was given
an additional soaking in dilute hydrochloric acid (1l:1 v:v with redistilled
water) for 4 hr to remove traces of metals, then rinsed with a sufficient
amount of redistilled water to remove traces of acid.

Cuvettes were rinsed thoroughly with the solvent in use followed by
ethanol end then soaked in a mild detergent solution overnight. After
rinsing with distilled wabter the cuvettes were allowed to dry before using

again.

Wet ashing procedure

Dry samples of the I were weighed into 125-ml Vycor flasks. Three
ml of redistilled water were added followed by 3 ml of redistilled nitric
end 4 ml of 70% perchloric acid. The acids were added in this ratio to
semples ranging in size from 0.05 - 0.5 g. The flasks were placed on the

hot plates under the fume heads end heated to 175 I5C. After 1 hr the
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variacs were adjusted to produce a temperature of 235 iy 5 C. Digestion was
continued for an additional 1.5 hr. At this point heavy white fumes were
evolved and the digest was clear. Sometimes the digest had & greenish color
which disappeared when the flasks were cooled. TWhen the flasks had cooled,
20 ml of redistilled water were added end the flasks were returned to the
hot plate for an additional 25 min. The dissolved ash was transferred to a
50-ml volumetric flask while still hot. T.he Vycor flask was rinsed three
times with 10-ml portions of redistilled water. These rinses were added to
the volumetric flask. After rinsing the funnel and wells of the volumetric
flask, the wet ash digest was cooled overnight and made to volume. The
semples were mixed well before aliquots were removed for analysis.

A 10-ml aliquot was pipetted into a 125-ml Vycor Eflenmeyer flask.
The flask was placed under the fume head fitted with a piece of glass tubing
extending into the flask. The open space between the head and the neck of
the flask was packed with Pyrex wool filtering fiber. The variacs were set
to produce a temperature of 235 ¥5 . After 2 hr the ash was completely
dry. Twenty ml of 10% (27 ml cond. HC1/100 ml redistilled water) hydro-
chloric acid was added to the cooled flask. The glass tube was allowed to
remain in the fume head, and the {lask was returned to the hot plate. Aflter
25 min the dissolved ash was transferred to a 125-ml separatory funnel. The
flask was rinsed three times with enough redistilled water to increase the
volume of the ash sample to 20 ml. The final ash solution in the funnel
weas used In the copper and zinc determinations. Phosphorus, iron, calcium
end magnesium analyses were made using 1, 10, 10 and 10-ml aliguots, re-

spectively, of the original wet ash digest, per se.



Analyticel methods

Totel 1lipid The official Kojonnier procedure (5) was followed

for the determination of the total lipid contents of milk, washed and wn-
washed creem, skimmilk and buttermilk samples. One-g samples were used
for unwashed and one to three times, washed creams, and 2-g semples for
creams washed four to six times. Ten-g samples of unwashed and washed
skimmilks and buttermilks were used.

The Mojonnier extraction procedure, exclusive of the ammonium hy-
droxide addition, was used to extract the lipids from freeze dried, Soxhlet-
extracted I, peptized in buffers and determine them quantitatively.

The official Eabcock test (5) was used to determine the lipid content
of one series of washed and unwashed creams before and efter stendardi-

zgtion to a specific lipid content.

Total and "non-casein™ nitrogen The separation procedures for the

non~casein nitrogen were carried out according to the method of Rowland
(85). The distillation procedures and reagents employed were those sug-
gested by lenefee and Overman (65).

The total nitrogen contents of milk and of washed and unwashed cream,
skimmilk and buttermilk samples were determined using 300-ml Kjeldahl
flasks. Fluid samples were weighed out in kojomnier 1, 2, & and 10-g
pipettes after thorough mixing. Washed skimmilk and buttermilk seamples
beyond the fourth wash contained small amounts of protein; 50 - 200-g
semples were weighed out directly into Z00-ml Kjelcdahl flasks using a
large Torsion balance. A summary of sample sizes used for all samples is

presented in Teble 1.
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Teble 1. Sample sizes used in total nitrogen (TH) end "non-casein™
nitrogen (NCN) determinations on wnwashed and washed cream,
skimmilk and buttermilk samples

Cream Skimmilk Butternilk '

Tash® T3 YCH TH CH T NCN
(z) (g) () (g) (g) (g)

WO 1 10 1P 10° 1 10

W 1 20 5 20 2 10

oW 1 20 100 90 5 20

3W 1 20 200 90 10 20

o 2 30 200 90 10 50

5W 2 30 200 90 10 50

en 2 30 200 90 10 50

9'WO was the abbreviation used for the original or unwashed sample;
1W wes the first wash, 2W, the second, etc.

bSa:nple sizes used for whole milk.

Semples for the "non-casein" nitrogen determinetion were weighed into
100-ml1 volumetric flasks. Filtrate aliquots, digested in duplicate, were
256 ml for milk and unwashed cream, skimmilk and buttermilk samples, and 40
ml for all the washed semples.

Total nitrogen contents of the isolated I and subseguent non-lipid
fractions were determined on weighed, dry material samples or on a l-ml

aliguot of peptized samples; 300-ml Kjeldahl flasks were employed.

Trace metals The method for the analysis of the metals in I is

a combination of the following procedures, modified in some instances;

Tron, Collins and Diehl {25); phosphorus, Fomtaine (32); copper, Lusas,
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Bird and Rosenberger (63); zinc, Sendell (86); and calcium and magnesium,
Bird, et al. (12). The composite method employed was as follows:
Semples of 100 mg to 520 mg were wet ashed, as previously described,

and made to 50 ml with redistilled water.

Iron Place a 10-ml aliguot of the wet ash digest into a 125~

ml Squibb, centrifuge, seperstory furmel. 4dd 8 ml of 10% (w/v) hydroxyl-
amine hydrochloride (HAFC) end allow 80 min for reduction of the iron.

Add e piece, 2mm x 2mm, of congo red paper end enough ammonium hydroxide
(NH_OH) (1:2 v:v) until the paper is just pink. Add 3 ml of 0.002 M
bathophenanthroline (BP4) and 5 ml of acetate buffer (113.4 ml glacial
acetic acid and 164 g anhydrous sodium acetate/iiter), PE 4.80, and allow
the samples to stand for 30 min to chelate the iron. Add 4 ml of nitro-
benzene and sheke vigorously for 60 sec. Dislodge droplets of nitrobenzene
from the walls of the funnel by swirling the funnel contents and tapping
the funnel gently against the fumnel rack. Run the solvent into a 10-ml
clear, g.s., graduated cylinder. ZExtract remaining ferrous-bathophen-
anthroline-perchleorate salts from the agueous layer remaining in the fimnel
with subsequent 2.0 and 1.9-ml portions of nitrobenzene. Add the second
and third extracts tc the cylinder containing the first extract. Transfer
droplets of extrect, that may be in the funnel tip after each extraction,
to the cylinder by gently tapping the funnel tip against the cylinder wall.
Add enough nitrobenzene to make the volume in the cylinder tc 8 ml. Rinse
the lip and inmer wall of the cylinder with 2 ml of ethanol while meking to
volume. Mix well, rinse the cuvette with 3 ml of the sample and read the

optical density in l~cm cuvettes at 538 mau vs. nitrobenzene-ethanol (8:2
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viv). Carry a 10-ml aliquot of the blemk wet ash digest through the above
procedure and use it as a reagent blank for correction of the optical densi-
ties of the semples.

Iron-free HAEC and_acetate buffer were prepared according to the methods
described by Collins and Diehl (25). Add 20 ml of 0.002 1f BPA to 500 ml of
10% FAAC and extract with 50-ml aliguots of nitrobenzene until the solvent
layer is yellow. Add 5 ml of 0.002 X BPA to the agueous layer and extract
eny traces of red color with additional 20-ml aliquots of nitrobenzene until

the solvent layer is yellow. Centrifuge the remaining egqueous layer in
250-ml centrifuge bottles for 15 min at 2000 rev/hin. Decant the clear
supernetant into a glass-stoppered bottle. Add 10 ml of 10% HARC and 20
ml of 0.002 M BPA to each 500 ml of acetate buffer. Extract the iron with
nitrobenzene and centrifuge as described above. The final solution will
have yellow color.

A stendard iron solution conteining C.99995 g iron/ml was prepared
by tﬁe method of Collins and Diehl (25). Analyses were mede on aliquots
conteining from 1 - 25 g of the stendard. Ten ml of 10% (w/v) exrmonium
perchlorete were added to each aligquot prior to following the procedure as

described above.

Phosphorus Place a 1-ml aliquot of the wet ash digest in a
25-ml, g.s., volumetric flask.b Add 5 ml of 10 ¥ sulfuric acid (300 ml
concentrated sulfuric acid plus 671 ml of redistilled water). Add 2.5 ml
of 7.5% (w/v) sodium molybdate followed by enough redistilled water to made
the volume vo 20 - 22 ml. Mix the sample well after each addition of rea-

gents and water. Add 2.5 ml of a fresh stannous chloride solution (1 ml
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of a concentrated stannous chloride solution, 10 3/25 ml of concentrated
hydrochloric‘acid, diluted to 200 ml; use a concentrated stannous chloride
solution which is not more than four weeks 0ld) and mix well. Flace the
semple in a boiling water bath for 20 min To develcp the blue color. Cool
in a tap water bath for 30 min and make the samples to volume after holding
an additional 60 min at room temperature. Nix well and use 6 ml of sample
to rinse the cuvettes. Read the optical density in l-cm cuvettes at 820
mi ¥s. a reagent blank consisting of a l-ml eliquot of the wet digest

of the redistilled water sample carried through the above procedure.

A standard phosphorus solution containing 0.0l mg of phosphorus/ﬁl
was prepared according to the method of Fontaine (32). Analyses were made
as described above of dilute aliquots containing 0.001 mg of the standard.
Good agreement between the transmittancies obtained and the calculated re-
gression equation of Fortney (33) eliminated the need for preparing another

stendard curve. The regression equation reported by Fortney (33) was used.

Copper Evaporate & 10-ml aliquot of the wet ash digest in a
125-nl Vycor EBrlemmeyer flask under the modified fume head. Dissolve the
residue in 20 ml of 10% (27 rl conc ECl/iOO ml redistilled water) hydro-
chloric acid and tramsfer quantitatively to a 125-ml Squibb, centrifuge,
separatory funnel. Add 8 ml of 10% (W/%) solution of FAHC, mix and allow
to stand 80 min to reduce the copper. 4dd a 2mm x 2mm piece of Congo red
paper and enough HH OH (1:2 v/v) until the paper is just pink. Add 3 ml.
of acetate buffer (36.2 ml glacial acetic acid and 30.35 g anhydrous sodium
scetate/liter), DE 4.42, and 8 ml of 1% agueous 2, 2’ ~bipyridyl solution

0

(1 g in 100 ml) to chelate the iron. After 30 mir add 5 ml of 0.1% agueous



sodium diethyldithiocarbemate (DEDTC). Allow 5 min for chelation of the
copper. Add 5 ml of carbon tetrachloride (CClé) and shake vigorously for

30 sec. Dislodge droplets of CClé from the walls of the funnel and the
surface of the agueous layer by swirling the funnel contents and tapping

the funnel gently against the fumnnel rack. Run the solvent leyer into a
10-ml, actinic red, g;s., graduated cylinder and add 3 ml addibional DEDTC.
Affter 5 min, extract additional copper-DEDTC with 2.5 and 2.0 ml CCl,. Run
the second and third extracts into the cylinder containing the first ex-~
tract. Save the agueous solution in the separatory fumnnel for the zinc
analysis. Transfer droplets of extract, that may be in the fumnel tip after
each extraction, to the cylinder by gently tapping the cylinder wall against
the funnel tip. Rinse the lip and inner wall of the cylinder with CCl4
(2bout 0.5 ml) while making to volume. Ifix well, rinse the cuvette with

3 ml of the sample and read the optical density in l-cm cuvetbes at 436

mpm vS. CClé. Carry two 10-ml samples of the wet ash digest through the
above procedure and use one as a reagent blank for correction of the opti-
cal densities of the samples.

A standard copper solution containing 1.00098 g copper/ﬁl wae.s pre-
pared by the method of Lusas, Bird and Rosenberger (63). Analyses were
made, as described above, of dilutioms containing from 1 - 25 ml of the
standard. A regression was calculated from the data and used in deter-

mining the amounts of copper in the samples analyzed.

Zinc To the agueous solution in the separatory funnels

(semples end blemks), add 10 ml of a 10% sodium citrate buffer [meke 10%

. s ! < : a1 s KIER TR Sore S ot SRR - EI %) s? srans
sodium citrate sclution sikaline with mn4Cn and extract with 0.01i% dithi-~
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zone until the solvent layer remains green. Filter through Whatmen ¥o.

42 filter peper treated previously with 250 ml of 6N hydrochloric acid and
enough redistilled water to remove traces of the acid; Sendell (86 p.

657)]. To one of the blanks add 4 drops 0.1% ethemolic bromthymol blue,

and 'then 1:2 (v:iv) NE,CE until a greenish color develops. Continue addition
of IIHA__OH until the pH of the blank is 7.85 ¥ 0.05, as determined with a pE
meter. Record the total ml of 1\3340’:3 employed and add this amount to the
second blank and the samples.

Add 5 ml of 0.01% dithizone in CClé and shake vigorously for 30 sec.
Run the dithizone extract into a 25-ml, actinic red, g.s., gradvated cyl-
inder. Extract twice more with l-ml portions of dithizone solution and
add the extracts to the graduated cylinder. Again be certain that no drops
of extract remain in the funnel tip. liake the extracts, containing zinc
dithizonate, to volume in the graduated cylinder and mix well. Rinse the
cuvettes with € ml of this solution and measure the optical density, in
l-cm cuvettes at 535 mpm against the second blank which is carried through
the same procedure as the sample.

A standard zinc solution was prepared as follows: Dissolve 0.1257 g
zinc oxide A.C.S. specifications (3) in some redistilled water, to which
10 ml concentrated ICl has been added and make to volume. This solution
contains 1.0 wmg zi.nc/ml. Aliquots of the standard (0 - 22 ml) were added
to 125-ml sepearatory funnels and were treated as though copver and zinc
were to be determined. A regression for optical density on zinc con-
centration was determined and used in calculating the zinc in the samples

analyzed.
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Calcium and magnesium Pipette two 10-ml aliquots (for cal-

cium, and calcium plus megnesium) into 250-ml centrifuge bottles. To each
aliquot add & magnetic stirring bar and 2 ml of nitric acid (1:2 vi:v). Add
20 ml of potassium metastannate solution with constant magnetic stirring.
Continue stirring for an additional 15 min followed by centrifugation at
2000 rev/hin for 20 min. Pour the resulting supernatants into a 125-ml
Eriynmeyer flask and rinse the lips of the centrifuge bottles into the
flasks as well as back into the bottles. Redisperse the precipitates in
redistilled water with the help of & glass stirring rod and magnetic stir-
ring for 20 - 30 min. Meke the final slurries to the original sample plus
reagents volume (32 ml) and centrifuge as above. Remove the supernatents
and wash the precipitates four times ‘o remove all calcium, and calcium
plus magnesium.

For calcium add a2 2mm x 2mm piece of litmus to the supernatant in the
125-m1 flask and neutralize with 1.5 ¥ sodium hydroxide (NaOH). Add an
additional 2 ml of ¥aOH and 0.02 g Erio SE mixed indicator (0.1 g Erio-
chrome Blue S.E}, 0.17 g nepthol green B and 20.0 g sodium chloride groumd
to & fine powder) to produce a definite red color. Titrate with EDTA
solution (2 g of disodium dihydroger ethylenediaminetetraacetate/liter)
until the red color is just chenged to a clear blue.

Use the second series of supernétants to determine calcium plus mag-
nesium. Add 1 drop of methyl red indicator (0.1 g methyl red in 500 ml of

ethanol) and 1.5 ¥ NaOE until the color chenges to yellow. Add one drop of

1 T . S ox .
Geigy Dyestuff Division, Gelgy Chemical Corp., Saw Mill River Road,
Ardsley, N. Y.
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nitric acid (1:2 v:v) to change the color back to red. 4dd 0.05 ¥ NaCE
wntil the color changes to yellow. 4dd 1 ml of buffer (mix 4.0 g of sodium
tetraborate in 80 ml of water and 1.0 g of ¥aOX plus 0.5 g sodium sulfide
in 10 ml of weter and meke to 100 ml) to meintain the pH at & - 10 and 2
drops of Eriochrome Black T indicator (1 g in 30 ml of water containing 1
ml of 1 ¥ sodium carborate; make to 100 ml with 2-propancl). Titrate
immedietely from red to light blue color.

Carry two 10-ml blenks through the precipitate washing procedure and
use the supernatant from one for a celcium blenk and the other for a celcium
plus magnesium blank.

Calcium and magnesium sta.ndérds as well as the 'potassium metastannate
reagent were prepared by the method of Bird et al. (12). The concentration
of magnesium in the standard was determined by precipitating the magnesium
as pyrophosphate by the method of Diehl end Smith (29).

The mg of calcium eguivalent Lo each ml of EDTA solution was deter-
mined by titrating a series of three aliquots of the calcium standard
soluﬁon. The mg of magnesium equivalent to each ml of EDTA was deter-
mined by multiplying the calcium equivalent by the factor, 0.80679 (atomic
welght magnesium/atomic weight of calcium). The titration of the super-
natent and washings from each sample corrected for the blank titration was
employed in calculating the calcium and magresium contents of the samples:

(ml EDTACa) (mg Ca == 1.0 ml =EDTA)

it

ng Ca/g of seample

g semple == aliquot size used

(ml EDTA., , .. - uml EDTA.,) (mg g == 1ml EDTA)

]

mg L'.g/g of sample
g sample =t= aliquot size used
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RESULTS AND DISCUSSICH

Bvaluation of the Accuracy of Trace lietal

Analytical iethods

q

Calcium and magnesium

In the method of EBird, et 2l. (12) for the determination of calcium

and megnesium, phosphate is removed by addition of potassium mevestannate,

centrifuging ond determining calcium and magnesium of the supernatant.
Because the amounts of calcium and maermssium involved were small iv was

on
considered necessary to determine the number of times the metastannate
precipitate must be washed toc remove all the calcium and magnesium; four
washings were found to be sufficlent. In checking the determination, 4C-ml

aliguots conteiring 0.12708 my of calcium and 0.03324 my of magnesium were
employed. The means of the recoveries of four trials were: Calcium, 100.68
(SEEZ, 0.65)% end magmesium, 102,48 (SZL, 0.61)%. Although the magnesium

recoveries were slightly hizn, it was considered that

method was satisfactory for the purpose at hand.

4 regression eguation and a correlation coefficient, r, were cal-
culated from optical density valuss (corrected for cuvette variation) ob-
tained with solubions cortaining O - 22 ug of iron/22 ml of solution.

=] Mo

cptical density + 0.00l¢;

(=

mg Iron/iO ml of solution =

r = 0.8597

2 ,
Standard error of the mean
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According to Diehl and Smith (28) the cations end anions commonly
found in milk would not interfere in the use of bathophenanthroline to
determine iron. Cobalt forms a yellow chelate which is not extracted under
acid conditions; copper forms a colorless chelate which is extracted by
nitrobenzene but does not interfere. To insure the presence of an excess
of bathophenenthroline in samples conteining high emounts of coprer and
possibly cobalt, a2 0,002 ¥ solution wes used.

.In e preliminary recovery, using only a standard solution containing
celcium, magnesium, phosphorus and iron, only 93% of the iron was recovered
from the nitric-perchloric acid digest. Increasing the amount of reducing
agent, hydroxylamine hydrochloride (HAHC), from 4 to 8 ml increased the
recovery to 97% in the seme semple. Sandell (88, p. 36S) indicated that
the effectiveness of the reducing agent may be impaired by the presence of
high amounts of phosphorus in the wet ash digest. Ferric pyrophosphates
may be formed; these are not easlly dissociated unless the pH is close to
1. The pE was measured and found to be 0.5. Increasing the amount of HARC
added to 8 ml improved the iron recovery and was used in subsequent iron

determinations.

Phosphorus

The influence of the perchlorate ilon on the final color intensity of
the phosphorus sample was studled. Perchloric acid irn concentrations ap-
proximating those expected in the final 50 ml of wet ash digest (from O to
4 ml/%O ml) was added to a series of phosphorus determinations using ali-
quots of the phosphorus standard. Phosphorus recoveries decreased from 100 -

96% as the perchloric acid concentration increased. The presence of per-
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chloric acid did not influence the color development in the phosphorus
determination.

Subsequently, in phosphorus recovery determinations, a 1l-ml aliquot
of standard phosphorus solution (0.0l mg/ml)'was added to 1 ml of the blank
wet ash digest in a 25-ml volumetric flask. The phosphorus determination
was carried out and the recovery of the standard measured. A mean recovery
of 100,39 (SEM, 0.98)% was obtained from 16 standard phosphorus samples
using the regression equation reported by Fortney (33). Since the average
recovery and SEM were within the experimental error of the method, the re-
gression equation calculated by Fortney (33) was used in all the phosphorus
determinations:

1.99817 - log % treamsmittancy
30.5874

mg Phosphorus/25 ml of solution =

Recoveries of calcium, magnesium, irorn and phosphorus in the presence of

interphase materials

Fifty ml of a standard solution containing 0.080 mg of irom, 0.500 mg
phosphorus, 0.7545 mg calcium end 0.096 mg of megnesivm were wet ashed in
the presence of 0.0831 to 0.1202 g of freeze dried, ultracentrifuged, un-
washed buttermilk samples (W’OB).3 In each case WOB samples without added
standards were wet ashed. Fifty ol of redistilled water was used as a
blank and accompanied the samples through the wet ashing and subsequent

analyses.

°The following abbreviations were employed: The number of washes
from zero to six by WO, 1W....8/; creams weshed zero to six times, WOC,
1WC....6WC; buttermilks from those creams, WOB, 1WB....8WB. and skimmilks
obtained in separating the creams, WOS, 1WS....8WS.
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The mean recoveries and (SHEi) in three separate runs were: calcium
99.39 (2.64), megnesium 100.41 (4.94), iron 98.73 (1.13) and phosphorus
99.32 (0.86)%. The mean compositior and (SEE) of the three WOB samples
glone were calcium 18.26 (0.07) mg/g of semple, magnesium 3.167 (0.108)
mg/g, iron 0.0256 (0.0010) mg/g and phosphorus 17.12 (0.30) mg/g.

The recoveries of added calcium, phosphorus and iron were acceptable.
In view of the small amounts of magnesium added to the samples the vari-
ation, 100.41 (SEM, 4.94)%, in quantitative recoveries could be expected;
A lerge veriation, 3.167 (SEM, 0.108) mg/g, was also obtained emong the
compositional analyses of WOB for magnesium. However, the recovery runs
and compositional analyses of WOB suggested that the methods employed to
determine calcium, magnesium, phosphorus end iron were satisfactory. Fur-
thermore, each of the analyses could be made directly on the nitric-per-
chloric acid digests of the samples.

The levels of added iron, 0.050 mg/b.0831 g of semple and 0.050
mg/0.1202 g of sample, were equivalent to 0.6017 and 0.4160 mg/g of sam-
ple, respectively. In each 10-ml aliguot of wet ash digest used for the
iron determination, the concentration of added iron was 0.050 mg/50 ml of
wet ash digest (0.0001 mg/ﬁl). The amounts of added irom, 0.4160 and
0.6017 mg/g, exceeded the average amounts of irorn found, 0.0256 (SEM,
0.0010) mg/g, among three WOB samples which suggested that the amounts
of added iron should be reduced to a level closer to the actual amount
present in WOB. Iowever, the other alternative was To increase the sample
size of WOB used, therebvy increasing the concentration of iron in the
final aligquot of wet ash digest used in the actual determination of iron.

In later recovery runs both changes were made.
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Copper

Using the opticel density velues obtained (corrected for cuvette
variation) with aliquots conteining O - 23 mg of copper/ZS ml of solution
carried through the copper determination, the regression equation and corre-
lation coefficient, r, were calculated.

optical demsity - 0.0001 ;

ng Copper/10 ml of solution =
poer/ : 0.02003

The ebsorption spectra of copper diethyldithiocarbamate in carbon
tetrachloride showed a single peak with a maximum at 436 mpm which agreed
with Snell and Snell (94, p. 62). Cobalt has been reported (79) to be
present in trace emounts in IM. Clinton (22,23) extracted the diethyl-
dithiocarbamates of copper, cobalt and nickel at pH 8.5 and 4.0 and deter-
mined them quentitetively by measuring the optical densities of the mixed
chelates at 436, 367 and 328 mm , respectively. During the actual deter-
mination of copper in I from different washes, the absorption spectra of
the solvent extracts were determined. The absence of a peak at 367 mpum
suggested that cobalt was not present or was present in very small amounts

undetected by the procedure employed.

Zinc

The optical density values obtained with solutions containing up *o
12 umg of zinc were used to calculate the regression equation and corre-
lation coefficient, r.

optical density + 0.00499;
mg Zinc/25 ml of solution = £ 0.05401

r = 0,9984



Above 13 ug of zine/25 ml of carbon tetrachloride solution (0.852
pom) deviation from Beer's Lew was observed. Sandell (88, p. 622) re-
ported that above a value of 0.4 ppm deviation from 3eer's Law occurred.

Dithizone is a very sensitive reagent end will form metal dithi-

ok

zenates with a variety of divalent me

als; copver, cobalt, iron, manganese
end zinc were of interest in this study. The zinc dithizorate vields an
intense reddish-vioclet ceclor which is not very stable. Snell and Snell
(93, ». 412) reported that as little as 0.005 ppm of zinc cculd be de-
dithizone and that from 1 - 100 ug of zinc could be guan-
titatively measured with an accuracy of 5 - 10%.

The determination of zinc followin: copper on the same aliguot of
wet ash digest seemed logical in view of the fact that twe interfering
hald already been eliminated. Lioss and kellon
(70) reporited that %the bipyridyl chelate of iron wes stable over a pE

range of 3.0 to $.0. An aliguct of iron standard sclution was carried

through the copper and zinc deter tions. The red-colored bipyridyl
chelate remeined in the agusous phase and the absorption smectrum of the

dithizone extracts was characteristic of pure dithizone. Liangansse

dithizeonate 1s wastable zbove I 7.0 and the presence of an excess of
Lyrophossth
that pyrophesphates are
dresence would eliminate possible mangzanese interference. Possible cobalt

interference was eliminated by the presence of an excess of sodium ci

d-
pa
ck
(]

buffer. Sandell (86, p. 282) points out that the extraction of cobalt be-

ccmes more 4ifficult as the molarity of added sodium citrate is increased

beyond 0.02. Absence of cobalt interference was confirmed by treating an
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aliguot of cobalt standard sclution, 5 - 10 mg, according to the copper
and zinc vprocedures but eliminating the addition of diethyldithiocarbamate
in the copper procedure. The lack of red color and a characteristic ab-
sorptlon spectrum in the dithizone extract sugzested that the concentration
of sodium citrate (0.074 i in the final agueous solution) was hizh enough
to prevent the interference of cebalt.

The absorption spectrum of dithizone extracts from wet ash digests

of I from different washes showed a single peak with a maximum et 535

Ty

mp which is the maximum reported by Welcher {109, 479) for zinc dithi-

‘g

zonate.

The method appeared to be guantitative for zinc. 3Decause sodiuam
diethyldithiocarbamate chelates zinc (86, 93, 94, 109) the loss of zinc
during the copper determination was checked. Possible loss of zinc in
the described copper plus zinc debtermination was svaluated by analyzing

two identical aliquots of zinc standard (10 my/10 nl), one by the copper

Y,

plus zine procedure and one by The zinc method only. The former recovered

97.31% of the zinc found by the latter. This loss was considered to be

A

within an cxpected experimentsl error of th hizonates

e
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o
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re observed to be unstable unless an cicess of dithizone was present.

a

Vihen the extracted zinc concentration sxceeded & ug of zinc/25 ml of

Lo k]

carbon tetrachloride solution read (characterized by a deep reddish-viclet

_,_ .

color), optical demnsity values decreased by more than 2% during the time

required to take three readings. Increasing the amount cf 0.01% dithizone

added to 7 ml during the extraction of zinc, plus the amount comtributed
by the previcusly dithizone-treated sodium citrate buffer (see zinc method

for preparation of buffer) afforded en adequete excess of dithizone in the



62

final extract (characterized by & blue-green to purple color). Under
these conditions the optical densities showed greater consistency during

three readings.

Recoveries of combined trace metal standards in the presence of interphase

materials

After establishing satisfactory methods for the determination of copper
end zinc, samples of the bulk ultracentrifuge buttermilk precipitates (UPS)
from unwashed and washed separator-prepared creams were analyzed for iron,
copper, zinc, calcium, magnesium and phosphorus. Since the approximate
levels of each metel present were known, recovery runs were set up in which
the concentrations of the added metals represented the highest and lowest
amounts (except for phosdhorus) actually present in the semples. Aliguots
of phosphorus (5 ml), calcium (1 and 5 ml), magnesium (1 and 3 ml), ironm,
copper and zinc (5 and 10 ml) stendards were added to 125-ml Vycor flasks;
three of the flasks contained the smaller aligquots, and the other three
contained the larger aliquots of added standerds. The combined aliguots
were evaporated nearly to drynmess. Varying amounts, 0.0832 - 0.1222 g of
3UPS, were weighed into the flasks. The final ccncentrations of adéed
metals ranged from 0.075 - 0.140 ng of iron, copper, and zinc, 4.09 - 7.90
mg of phosphorus, £.57 - 15.71 mg of calcium and 0.88 - 2.20 mg of mag-
nesium/z of 3UPS. The amount of eclement present (except for copper and
zing) did not influence the recovery data. Consequently the recoveries
obtained on the six samples were averaged together. The mean recoveries

and (SEM) were 99.64 (0.24) for calcium, 100.62 (5.28) for magnesium, 99.58

(¥

(2.58) for iron, 91.63 (2.18) for copper, 93.30 {3.09) for zinc and 99.06



(1.79)% for phosphorus. The average calcium, megnesium, iron and phos-
phorus recoveries agreed well with the values obtained in the absence of
added copper and zinc. The pressnce of added copper and zinc was, there-
fore, considered to have no effect on the analysis of the other elements.

A high mean recovery, 109.05 (3.44)% of copper, as well as a wide
range of values (SEM = 3.44%) were obtained when aliguots of the wet ash
digest were analyzed directly. Lusas, Bird and Rosenberger (83) found
that the presence of the perchlorate ion in the copper determination ap-
peared to influence the recovery of added copper; elimination of the per-
chlorate ion by teking the wet ash digest to dryness improved the con-
sistency of the copper recoveries. This was tried in this study as
described in the wet ashing procedure.

Recoveries of zinc in the absence of the perchlorate ion were not
improved, 93.21 (2.84)%. However, copper recoveries were reduced to en
average of 91.19 (1.99)% and were more consistent (SEi = 1.99%).

Aliquots (10-ml) of the wet ash digests from six 3UPS samples plus
added stendards were taken to dryness and redissolved in 10% (w/¥) hydro-
chloric acid; the ash solutions were transferred to 125-ml separatory
funnels and the copper and zinc determined. The average zinc recovery,
92.37 (3.44)%, was lower then the wvalue, 93.30 (3.09)%, obtairned when the
wet ash digest was analyzed directly. The average recovery of copper was
considerably lower, 91.16 (1.82)% vs. 109.05 (3.44)%, but mors consistent
as indicated by the lower SEL value of 1.99%.

The copper and zinc recoveries were generally lower when the levels
of added zinc ranged from 0.075 - 0.090 mg/g of 3UPS. In order to deter-

<L

mine whether or not the recoveries were affected by the amoumts of added



copper or zinc present, five additional recovery rumns were set up in which
the added copper and zinc varied from 0.007 mg - 0.086 mg/g of 3UPS. The
recoveries obtained were plotted against the corresponding amounts of copper
end zinc contained in the 10-ml aliquot of ash solution analyzed. Above
0.002 mg of copper end 0.003 mg of zinc per 10-ml aliguot analyzed, the
plotted curves asymptotically approached recoveries of 95.2 and 96.0%,
respectively. When the concentration of copper or zinc in the final 10-ml
aliquot of wet ash digest was known, recoveries were obtained from the

plotted curves.
Bvaluation of the Kethods of Washing Cream

Gravity washing

The use of water columns Gravity separated cream (18 hr, 4.4 C)

was used in all gravity washing experiments. The initial cream, layered
on the bottom of the water columm at 4.4 C, formed a distinct cream-water
interface. Gradually the cream dispersed into the water layer, and after
24 hr only a thin cream layer was visible at the top. After 48 hr the in-
crease in the washed cream layer depth was negligible. Increasing the
creaming time to 72 or 986 hr, doubling the amount of cream, varying the

lipid percentege of the cream from 2 - 40%, or adjusting the cream to

z
higher temperatures (9.9, 15.6, 21.0, 25.8 and 32.1 C) before washing failed
to increase the amounts of washed cream obteined. The formation of a strong
cream-water interface was believed to be the limiting factor. Attempts to

hasten the dispersion of the cream leyer by megnetically stirring the cream

or bubbling air through the cream layer had little effect. Addition of

detergents to the water apparently reduced the interfacial tension at the
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interface; however, the cream rose to the top in large clumps. This type
of gravity separation wes considered umsatisfactory. A finel attempt was
made to wash cream through water columms at room temperature. A sizeble
washed cream layer was obtained but the cream was sour. The use of water

columns was abandoned.

The use of Erlynmeyer flasks Ar attempt was made to increase the
surface area of the cream-water interface by using Brlymnmeyer flasks to
gravity wash cream. When 300 ml of 14% cream and 2700 ml of distilled water
were employed sbout 50 ml of washed cream were obtained within 2% hr at 4.4
C. The increased surface area appeared to facilitate gravity washing of
creem. Attempts to wash the IW gravity cream a second time were unsuccess-—
ful. By reducing the cream to water volume ratio from 1:5 to 1l:2, cream
could be washed as many as two times at 4.4 C. However, on the third pass
the cream soured. By this time the sample was 96 hr old. Atbempts to wash
cream by gravity techniques were abandoned because of the bacterial de-

composition encountered.

Centrifugal washing of cream

An effort was made to simulate a gravity washing Technique by using
the room temperature Size 2 International Centrifuge. Centrifugation of
rew milk at 450 rev/min for 90 min provided a sizable cream sample pos-
sessing the desired physical characteristics of plasticity and emulsion
stability. The original cream could be redispersed in 4.4 C redistilled
water and washed as many as three +times without appreciable loss of desira-
ble physical characteristics; some oiling off was observed on top of the

washed cream layers. From the 4W through 6d, successive redispersions of
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the washed cream in 4.4 C water resulted in pertial churning of the fat
and increased oiling off during subsequent centrifugetion. It was con-
sidered that temperature changes during redispersion and centrifugation
resulted in considerable destabilization of the cream as the number of

washes increased beyond four.

Model PR-2, International Centrifuge The idea of using centrifugal

force to accelerate the gravity washing of fat globules appeared sound.

The partial success achieved using the room temperature centrifuge sug-
gested the use of a refrigerated centrifuge to overcome the effect of temper-
ature fluétuatioﬁs on the emulsion stability and physical appearance of the
washed creams.

Two lots of rew milk were centrifuged et 450 rev/min for 90 min using
the room temperature and refrigerated centrifuges. The refrigerated cen-
trifuge produced a plastic cream layer closely resembling that obtained by
gravity separstion in Erlymmeyer flasks. The room temperature centrifuge
produced & cream layer composed of tightly packed fat globules. The yellow
color in the latter cream suggested thal either T was removed more rapidly
than with the refrigerated centrifuge or that incipient oiling off occurred
during the initial preparation of the cream sample; this defect was over-
come by using the refrigerated centrifuge. Although these results were
encouraging, subsequent analyses of the skimmilks revealed that 8.00 and
47.55% of the total lipid in the initial milk sample was lost to the skim-
nilk using the room temperature and refrigerated centrifuges, respectively.

A series of raw milk semples was centrifuged at speeds of 450, 900,

1350, 1800 and 2250 rev/min for 45 and 90 min, respectively, in the refrig-
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erated centrifuge. The mecroscopic and microscopic eppearances of the re-
sulting creams were observed. The cream yields and lipid contents of the
cream and skimmilk fractions were determined. The amount of total milk
lipid lost to the skimmilk was calculated. These data are summarized in
Table 2.

As the centrifuge speed and time increased the cream layers became more
compact and yellow; the number of small fat globules increased; the number
of fat globule clusters increased; and the loss of totel milk lipids to the
skimmilk decreased. Regarcdless of the speed or time used the cream leayers
were plastic and redispersed readily into 4.4 C redistilled water. XNo

Table 2. Centrifuge (Model PR-2) speed and time, and the amownt of total
milk lipid lost in the skimmilk

Total 1lipid

. Original
. creanm skimmilk yle&d milk lipid
Rev/min Cent. (/100 g) (g/100 g) (g) lost to
vime skimmillk
(%)
450 902 33.86 1.89 48 47.55
900 50 41.65 0.50 68 12.29
1350 90P 40,52 0.16 77 3.89
1800 90° 48,52 0.12 75 3.06
2250 9o§ 48.68 0.05 74 1.27
900 45 39.22 1.00 80 24.78
1350 452 40.48 0.66 75 16.83
1800 45 36.08 0.23 95 5.73
2250 45° 49,68 0.10 71 2.55

*prom 1000 g of milk
bOriginal milk tested 3.51%

“Originel milk tested 3.61%
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visual oiling off was evident in the cresm layer following centrifugetion
at 2250 rev/min for 90 min.

The effect of repeated washing on the macroscopic and microscopic
appearance of the washed creams and the total fat lost to the resulting
skimmilks was considered. Creams were washed from zero to six times at
speeds of $00, 1350, 1800 and 2250 rev/min for 90 min. At each wash (to
six) the fat zlobules yielded a more compact cream layer the higher the
centrifﬁge speed. Iicroscopic exemination of the dispersed creams revealed
the presence of individual spheres and very few clusters (two to four
spheres/bluster) regardless of the speed used. ZXHowever, as the speed in-
creased, a greater proportion of small fat globules were recovered in the
washed creams. The presence of a low proportion of clusters in the redis-
persed creams indicated each globule was being washed and the chances of
milk serum components being trapped in cluster intersticies and cerried
through the washing procedure was not likely. Despite the formation of
compect cream layers at higher speeds (1800-2250 rev/min), the creams re-
tained their plestic appearance and were readily dispersed into 4.4 C dis-
tilled water. Oiling off was absent and partial churning during redis-~
persion was not encountered.

The emount of original milk 1ipid lost to the skimmilk during each
vwash of the sequence was determined at each of the four speeds. The highest
loss occurred during the first wash, and decreased as the speed increased.

The percentage of the total lipid in the original milk lost to the
skimmilk during the entire washing sequence (OW to 6W) decreased from 56.3%
at 900 to 11.5% at 2250 rev/ﬁin. The latter value compared faverably with

the loss (10.4%), obtained using the cream separator. Based on these deter-
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creased as washing progressed showing only a smell increase in the fourth
wash. Although the degree of oiling off was the same in both rums, at
32.1 C, most of the lipid gathered in increasing smounts in the foam. As

& result, it was not mixed homogeneously with the liquid passing through

the separator. The lipid contents of the skimmilks from both runs are
presented in Figure 1.

An attempt to wash cream using' a separation temperature of 21.0 C
was tried. By the end of the fourth wash very little oiling off was evident
but thé cream was churned badly; butter granules were visible in the cream.
A compromise temperature gradient was tried. In the original separation
and first three washes 37.7 C was used, and during the final three washes
34.9 C was employed. Oiling off was not avoided but destabilization wes
nov o‘bserved duringv four washes. This greater stability is indicated by
the data presented in Figure 1. The lipid lost to the skimmilk gradually
decreased and showed no merked increase during the fourth wash. The total
amount of original milic lipid lost in ‘this series of skimmilks was 10.35%
of the original fat content of the milk in contrast with 11.81% at 37.7 C
and 5.217% at 32.1 C. The low value of 5.217% of the total fat at 32.1 C
agreed with the observation that most of the oiled off 1lipid remained in
the churned foam and was not incorporated in the liquid passing through the
separator.

Tarassuk, Koops and Pette (98) maintained the lipid content of suc-
cessively washed creams close to 25% which helped prevent destebilization
during washing. Using a 22.9% cream, the proposed temperature gradient
and 2 cream screw setting of 1TI, the lipid content of the cream gradually

decreased to 4.3% by the end of sixz washes. A gradual increase in oiling
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off was observed. By adjusting the cream screw setting to 2TI following
the initial separation of milk, the subsequent washed creems contained
from 33.5 - 43.0% lipid. Visual oiling off was reduced and the resulting
washed fat globules were concentrated into a smaller volume of weshed
cream. Lipid losses to the skimmilk were not determined.

As a result of the foregoing observations, physical destabilization
was accepted as a characteristic of cream washed with the cream separator.
Previous investigators failed to report similar observations; however,
recent workers suggest that if uncooled raw milk is used this problem is
eliminated entirely. This latter idea was never tried because of the in-
gbility to obtain a sample of ﬁncooled raw milk at the dairy farm. MNilk
supplied to the processor is cooled. Consequently, it would seem that a
study of the IM and their relationship to processing problems should begin
with a cooled raw milk sample. |

Finally, for all comparative runs irvolving the use of the refrigerated
centrifuge and the cream separator, 37.7 C was the separation temperature
used in the initial separation and first three washes, and 34.9 C was used

during the final three washes.

Comparison of the Methods of Washing Cream: TUse of

Separator vs. the Refrigerated Centrifuge

Two methods of washing cream were compared by the use of a sequence
of studies each of which was suggested, in part, by its predecessor. The
physical appearance of the resulting washed creams suggested that by using
the refrigerated centrifuge, emulsion stability was retained throughout

the washing sequence. The interphase materials nitrogen (DTM): lipid
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ratios were calculated to determine the effect of repeated washing on the
loss of labile Ii. TWhen a constent IMN: 1lipid ratio was achieved after
repeated washing it was considered that only the non-labile IM remained.
If casein was the principal labile component in the IM it should have been
possible to precipitate it from buttermilks at pH 4.6 - 4.7 and leave "non-
casein®™ proteins in the acid whey. The high acid precipiteble (pH 4.6 -
£.7): total nitrogen ratios among washed buttermilks showed that a much
larger portion of I behaved like casein than had been expected. Direct
acidification of a buttermilk-butferserum combinetion was used to con-
centrate crude Ii. The casein-like behavior of a large portion of IK sug-
gested that it might be present in large enough micelles to be concentrated
by ultracentrifugation under conditions similar to those previously used in
this laboratory to prepare natural caseinates. The color sequences that
were obtained among the ultracentrifuge buttermilk precipitates, obtained
from centrifuge and cream separator-prepared washed creams, were photo-
graphed so that a permanent record of the changes in relative amounts of
" precipitable iM constituents would be available. Attempts were made to
confirm visual color differences by measuring the reflectance spectra of
freeze dried, ultracentrifuge buttermilk precipitates (unextracted and
Soxhlet-extracted) obtained from cream separator-prepared unwashed and
washed creams. The appearance of colored materials among the ultracen-
trifuge buttermilk precipitates indicated the possible presence of metal-
containing fractions.

Because the lipid éercentages of the creams in the first color com~
parison varied greatly for the separator creams, an attempt was made to in-

crease the fairness of the comparison of washing technigues by standard-
ks Ng



izing the lipid content of the unwashed and weshed creams to 30%. Because
all of the creems had the same lipid content, churning times were noted as
a measure of the "normalcy" of the creams obtained; the total nitrogen con-
tents of the subsequent buttermilks (TWB) were determined and the THB:cream
lipid ratios were calculated end compared. The ultrecentrifuge buttermilk
precipitates were photographed; the color differences among subsequent
washes and between washing methods were compared as were the corresponding
vields of freeze dried, ultracentrifuge buttermilk precipitates. Finally
’%:heAcalcium, magnesium, phosphorus, iron, copper and zinc conbents of the

precipitates were determined and compared.

Physical appearances of the washed creams

Weshed creams, which could not be distinguished from the original
unwashed sample, were obtained with the refrigerated centrifuge. After
standing for 12 hr at 4.4 C the washed creams Were; plastic in appearance,
and no free lipid had separated. Washed creams prepared with the cream
separator contained an increasing amount of free lipid as the number of
washes increased. These observations suggest that the former method is
the less rigorous of the two procedures. high degree of emulsion sta-
bility was retained throughoutv centrifuge washing, suggesting thet I re-
tained by the fat globules might be more representative of the natural
materials present. The presence of free lipid in the creams washed by the

cresm separator suggests that the labile materials may have been removed

at a much faster rate and that non-lgbile Ii mey have been lost.
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Quentitative distribution of total interphase materials nitrogen and the

calculated interphase nitrogen to lipid ratios among unstandardized, un-

weashed and washed cresms

An accepted criterion for determining the number of washes needed %o
completely remove traces of milk serum constituents from washed creams has
been the totel nitrogen (T):lipid retios among the unwashed and washed
creams. Rimpila end Palmer (82) used this criterion and showed that beyond
four washes the ratio became constant. The TN:1lipid ratios among the washed
creams obtained with the separabtor gave values which were in good agree-
ment with those of Rimpile and Palmer (82) to the third wash. At this point
the ratio was lower, 0.77 vs. 0.96 ng/100 g lipid; it remeined constant,
0.74 :'0.05 mg/iOO g lipid, through the sixth wash. The TN:lipid ratics
among the Washed‘créams obtained using the refrigerated centrifuge were
lower then those from the separator samples through the second wash. How-
ever, the third wash yielded a cream with a higher ratio, 1.19 vs. 0.77
mg/100 g lipid. Beyond the third wash the ratio was lower but remained con-
stant, 0.33 f 0.03 mg/iOO g lipid, through the sixth wash.

Roland (84) developed an equation to calculate interphase materials
nitrogen (IMF) from the difference between the total nitrogen conmtazined in
separated cream, calculated on a lipid-free basis, and the total nitrogen
contained in the resulting skimmilk:

x=(n=-e) (100-17)
f

in which n = g of nitrogen in 100 g of lipid-free cream

[0}
1}

g of nitrogen in 100 g of skimmilk

(=]

£ = g of lipid in 100 gz of cream
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x = g of IMN per 100 g of lipid in the cream
The IaT:1lipid ratios were calculated wifh the above equation. Using
the relationship, (n - e )/h, the ratio of IMN:TN in the cream was cel-
culated. Values obtained for the creams prepared using the separator and
centrifuge are plotted in Figure 2. The IHH/iOO g of lipid velue (scale
on left side of Figure 2) was higher in the WOC, 1WC, 2WC and 3WC samples
obtained by centrifugal then by separator washing. In centrifuge-washed
creams IMN/iOO g of lipid decreased from 1WC - 4WC and then remeined con-
stant. Among creams prepared using the cream separator, IMN/iOO g of lipid
also showed a sharp increase in 1WC, the ratio remained constent through
2WC, decreased in 3WC and remained constant through 8iC. The egquilibrium
ratios, IMH/iOO g of lipid, were higher for separator than for centrifuge-
prepared creams. The higher IMN:TN ratios after the second wash, 0.882
vs. 0.935 (for separator-prepared creams), suggested that essentially all
of the milk serum proteins had been removed by the centrifuge washing pro-
cedure after the second wash. Only after three washes had been completed
did the TMN:TH retio (0.970) of the separator-prepared washed cream became
constant; they were lower than the ratio (0.996) obtained in the centri-
fuge prepared washed cream. The separator washing technigue appears to be
less efficien% then the centrifuge procedure in removing milk serum con-
stituents in the early washes; the curves suggest that some serum proteins
may persist to a greater degree through the sixth wash in the separator
samples as compered to the centrifuged samples. Perhaps the higher II:
1ipid ratio from the fourth through sixth washes resulted from the in-

clusion of traces of "soluble" milk serum proteins during the separator

washing procedure. The presence of free lipid among these washed creams
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could lead to partial emulsification of lipids with the proteins present.
This occurrance is not difficult to visualize in view of some of the pre-
vious studies (55, 82, 88, 110) of artificial emulsions of butteroil with
various milk proteins.

On the basis of the ILiN:lipid ratios, a greater amount of IM was
retained through three weshes using the refrigerated centrifuge than was

retained using the cream separator.

Concentration of interphase materials following churning of unwashed and

washed cream

Amounts of acid-precipiteble interphase materials contained in

"puttermilks™ from cream separator- and centrifuge-prepared unstanderdized,

unwashed and washed creeams The total nitrogen determination involved

the use of heat, concentrated sulfuric acid and a catalyst (mercuric oxide
end sodium sulfete) to digest the organic matter in the sample amd convert
organic nitrogen to ammonium sulfate (29). The nitrogen is freed as am-
monia by adding a mixture of sodium hydroxide and sodium thiosulfate, the
emmonie was distilled into 2% boric acid solution and the distillate was
titrated with dilute hydrochloric acid (65). Determination of the "non-
casein” nitrogen in the sample involves precipitation of casein at pH 4.6 -
4,7 with an acetic acid-sodium acetate buffer. The precipitate wes re-
moved by filtration; the total nitrogen content of the filtrate was deter-
mined as described ebove. . The total "casein" acid-precipitable nitrogen
wes then calculated by difference. The total and Maon-casein® nitrogen
contents of the buttermilks obtained from unwashed and washed creams were

used to calculate the amount of pid 4.5 - 4.7, acid-precipitable nitrogen
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(APN) present. The APN:total nitrogen (TNB) ratios were calculated for
toth the centrifuge- and cream separator-prepared buttermilks and are
plotted in Figure 3. The APN:TNB ratios among vthe buttermilks from un-
standardized centrifuge-prepared creams continued to increase beyond the
second wash reaching values of 0.9642 - 0.9687 in the third and fourth
washes, respectively; beyond the fourth wash the ratio decreased to an
average value of 0.9028 2 0.0186 in the fifth snd sixth washes. These
ratios follow the changes among the Iii:lipid ratios (Figure 2).

The higher APN:THB ratios in the 2WB, 3WB and 4¥B buttermilk samples
from centrifuge-prepared than from the separator-washed creams indicate
that more acid-precipiteble Iid was retained using the centrifuge. Beyond
the fourth wash the APN:TNB decreased to an average of 0.9152 through the
sixth wash, suggesting that the relative lability of APYN as compared to
other constituents in I increased beyond four washes. 4 comparison of
the APN:TXNB ratios, from 2W - 6&W, separator% end centrifuge-prepared creeams
indicates that possibly the most labile compenents are washed from the glob-
ules by the separator more quickly than by the centrifuge.

If the changes among the APN:TNB ratios were representative of the
lability of a major portion of the W, three washes would be sufficient
by either method; the use of the refrigerated centrifuge would be preferred
since the APN:TEB is higher, 0.9642, then the corresponding value, 0.9152,

obtained using the cream seperator.
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Concentration of interphase materials by the direct acidification of

—

buttermilk and butterserum mixtures with hydrochloric acid Acidification

(pE 4.6 - 4.7) of a series of combined buttermilk and butterserum (BLBS)
preparatiﬁns from separator-prepared washed creams resulted in the formation
of a casein-like precipitate after 24 hr at 4.4 C. The amount of APN was
determined from the differences between the nitrogen contents of the re-
sulting clear supernatents and the total nitrogen in the BMBS (TWBB). The
calculated APN:TWBB ratios are plotted in Figure 3. Beyond the third wash
94 - 98% of the TNBB was APN. The supernatents were Biuret negative beyond
the second and Fehlings negative beyond the first wash suggesting that acid
soluble (pH 4.8 - 4.7) milk proteins and lactose were removed after three
end two washes, respectively. A4 strong positive liolisch test was obtained
with the supernatents through the fourth wash; faint positive tests were
recorded through the fifth and sixth washes. The presence of carbohydrates
in the IM have been reported (41, .lOl).

The presence of materials yielding a2 positive Molisch test throughout
the washing sequence and a negative Fehlings test beyond the second wash
suggested that acid precipitation at DE 4.6 - 4.7 mey heve ceused mild acid
hydrolysis of I glycoproteins, thereby releasing carbohydrates to the
supernatant; the negative Fehlings tests suggested that free lactose was
not present beyond the second wash and that such carbohydrates as were re-
leased were non-reducing. The existence of an acid-soluble glycoprotein
in the supernetents was also considered since the Molisch test is sensitive
to glycoproteins (4). The faint positive Holisch test obtained on the
supernatants from the fifth and sixth washes suggested that possible glyco-

protein concentration in the I was eventually reduced by repeated washing
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of the fat globules.

The behavior of the IM under acid conditions was remerkeble in view
of the fact that 70% of the crude I in buttermilk was found by others to
be lipid (82, 103, 104) (free lipid, unchurned fat globules and bound inter-
phase lipid in the BMBS). The casein-like behavior of the small non-lipid
portion éuggested the use of ultracentrifugation as a means of concentrating
the IM from buttermilk. By centrifuging buttermilk alone, the lipid con-
tent of the final ultracentrifuge precipitate would be reduced since a
large portion of the free lipid contained in the buttermilk could rise to

the top of the tube.

Ultracentrifugation of buttermilk A series of buttermilks from

churned, standardized (lipid content), centrifuge-prepared, unwashed and
washed creams were ultracentrifuged at 20,000 rev/ﬁin for 20 hr. The com-
bined resulting supernatants and lipid layers and the whole "buttermilks"
(TWB) were analyzed for total nitrogen; the total nitrogen in the ultra-
centrifuge precipitate (UPN) was calculated by difference. The UPXN:TNB
ratio is plotted in Figure 3. A meximum ratio of 0.8673 was obtained by the
end of two washes and remeined almost constant (average 0.8253  0.0146)
beyond the second wash. A comparison of the UPN:TNB and APN:TNB ratios
indicates that ultracentrifugation does not concentrate all the APN into

the precipitete. A portion of the nitrogen was either soluble in the super-
natent, complexed as a low density lipoprotein or was present on unchurned
faet globules concentrated in the lipid plug. It was interesting to find
that in the second wash the UPN:TNB ratio, 0.8673, was closer to equilib-

rium APH:TNB ratios than were any other UPH:TNB values. This finding sug-

o
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gests that certain UPN constituents are lost beyond the second wash, which
apparently are acid-precipitable. The loss of UPN would seem to occur at
a greater rate than that of APY constituents to the sixth wash with separa-
tor washing. Analysis of the ultracentrifuge precipitates for total lipids
indicated that 47% of the final freeze dried solids were lipid. The lipid
enalyses will be discussed in a later section. The data suggest that the
non-lipid portion of the I influenced the density of the IM to a greater

degree during ultracentrifugation than did the lipid portion.

Color chenges smong the ultracentrifuge precipitates from separator and

centrifuge buttermilks obtained from unstendardized, unwashed and washed

creams

The changes in colors obtained emong the OW - 6W precipitates during
the study of ultracentrifugation as a means of concentrating I from butter-~
milks indicated considerable change among the precipitabe constituents
during washing. Colored photographs of the precipitates are presented in
Figure 4, A and B. The presence of colored materials was detected emong
all the precipitates regardless of the washing method used. 4s most of
the skimmilk caseinate appears to have been removed by the end of the first
wash, a red-brown material represented a major component of the precipitate
of 1IWB. A comparison of the precipitates obtained from centrifuge-prepared
WOB and WOS (Figure 4, B) showed that the red meterial was present in higher
amounts in the buttermilk than in its corresponding skimmilk. This in-
dicates that the red material was a component of the Ii. A close look at
the side and fronmt views of the ultracentrifuge precipitates (OUPC and

1UPC) from centrifuge-prepared buttermilks (WOEC and 1WBC) reveasled the



‘Photogrephs of colored ultracentrifuge precipitates of
butbermilks

Separator, unstandardized creams: A front, a side view
Centrifuge, unstandardized creams: B front, b side view
Separator, stendardized creams: C front, ¢ side view
Centrifuge, stendardized creams: D front, 4 side view

E:ccept' in B,b the creams from which the buttermilks were
obtained were washed zero to six times, from left to right; in

B,b, the extra tube on the extreme left represents skimmilk
from the original milk
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presence of several layers of sedimentable material. One thin red layer
seems to lie between twﬁ white, non-caseinate layers and is lost to a con-
siderasble degree in the first wash. The larger one persists, in part, at
least to 6UP. The original degree of layering was lost as washing prog-
ressed suggesting that uncolored end colored materials with lower densities
either were lost during successive washes or became integrated with each
other in the subsequent precipitates. The multilayer effect was not ob-
served among the ultracentrifuge precipitates (OUPS end 1UPS) obtained from
buttermilks (WOBS and 1WBS) prepared using the cream separator, regardless
of whether or not the creams were standardized.

Visual differences between the two series of ultracentrifuge precipi~
tates were the greater'proportion of red material to caseinate and other
white components in the precipitate (OUPC) from centrifugally-washed butter-
milk (WOBC), the larger and more uniform sizes of the 2UPC through 6UPC
precipitates, the progressive, more rapid reduction in the ratio of red
to white materials in 4UPS through 6UFS then in 4UPC through 6UPC, and the
intensity of the red coclor among all the precipitates.

The smaller amount of caseinate and the larger amount of red material
in OUPC than in OUPS suggested that the initial centrifugation of milk
removed more skimmilk from the unwashed cream ther did the initial cream
separator treatment. Furthermore, the higher IMN:lipid and TMN:TN ratios
(see Figure 2) agreed with the presence of higher amounts of red material
in OUPC.

The progressive decrease in the visuel ratio of red to white materials
from 3UPS - B8UPS suggested that the red material was removed from the Ii at

a Paster rate by using the separator rather than the centrifuge to wash



86

cream. The high ratio of red to white malterials among 3UPC -~ 6UPC samples
suggested that centrifugally-weshed fat globules retain a greater propor-
tion of labile, cerntrifugally-precipitable IM at their surfaces than do
those obtained by the cream separator washing method. Fowever, the fluctu-
ations emong the Tili:lipid ratios (Figure 2) of the corresponding washed
creams do not support this interpretation. This may result from the fact
thet the separator-prepared creams could have been less representative of
the fat globule system of milk then were the centrifuge-prepared creams

as indicated below.

When the lipid percentages of the two series of creams (Figure 4, A
end B) were calculated, it was found that the lipid content decreased from
22.93 - 4.31% for the separator and from 38.28 - 30.01% for the cemtrifuged
semples. This indicated that the net result of the differences shown in
Figure 4, A and B, was an unfair comparison of the effects of the washing
technigues if color and size of the precipitate are used as criteria among

the ultracentrifuge precipitates.

Stendardization of the lipid contents of cream separa

or- and centrifuge-

prepared, unwashed and washed creams

A second series of unwashed and washed creams was prepared from a
single lot of raw milk using the cream separator and refrigerated centri-
fuge. Dilution of the separator-prepared creams during washing was pre-
vented by readjusting the cream screw (2TI) following the separation of
the raw milk, ZResulting creams (Prom both series) were standardized +o a
30% lipid content using redistilled water. The creams were churned and the

bubttermilks ultracentrifuged. Fhotographs of the resulting precipitates
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were taken. Both front end side views are presented in Figure 4, C and D.
The purpose of this comparative run was to further study the effect of
washing by both methods, in a mamner that should have given comparative
results, on the appearances of the ultracentrifuge precipitates. The
churning times of the sfandardized creams and the approximate yields of
freeze dried ultracentrifuge precipitetes from each wash were determined.
In addition, THB:cream lipid ratios were calculated. . This ratio was cal-

culated using the following equation:

n { 100
£

£ )

x = mg total nitrogen per 100 g of lipid
n = mg nitrogen in 100 g of buttermilk

f =

o

of lipid in 100 g of cream

100 - £

g of lipid-free serum in 100 g of cream
The assumption was made that the mg of nitrogen per 100 g of butter-

milk was equivalent to the mg of nitrogen per 100 g of cream serum.

Color changes among ultracentrifuge precipitates The smaller eamount

of caseinabe in the OUPC sample (Figure 4, D) agreed with the observetion
made in the previous comparison (Figure 4, B); the smaller welght of freeze
dried OUPC obtained (Table 3) confirmed this observation. By the end of
the first wash almost twice as much precipitate was obltained in 1UPC than
in 1UPS which was confirmed by the weights of freeze dried material ob-
tained; similar differences were obtained between the 2UPC and 2UPS samples.
Beyond the sécond wash thé observed sizes of the precipitates were rela-~

tively wniform within each series. The 3UPC -  6UPC precipitates looked
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larger, and the final weights of freeﬁe dried materiel (Table 3) were
larger than those of the 3, 4, 5 and 6UPS semples. The sizes of the darker
colored portions of the precipitates appear uniform within each series.
However, 3UPS through 6UPS showed a gradual loss of red color accompanied
by the appearsnce of a greenish-colored material, (Figure 4, C). The 3UPC
through 6UPC samples appear to retain a reasonably uniform.amount of the
red-colored material, and also contain more of the white background frac-
tion. Eowever, the ratio of red to Wﬂite naterial seems actually higher
in 3UPC through 6UPC than in 3TPS through 6UPS because of the progressive
loss of red maeteriel in the latter series. The appearance of a "reddish-
brown® precipitate following ultracentrifugation of washed butbtermilks from
separétor—prepared, wa.shed creams has been reported (37, 87, 112); the
appearance of a greenish fraction has never been reported, as far as is
knovm.

The comperisons proved to be interesting. On the basis of the ap-
parent high concentration of red material in 2 and 3UPS (Figure 4, C) and
its gradual loss during subsequent washes, the use of the cream separator
to wash cream must have influenced the types of Ik retained at the sur-
faces of the fat globules to a greater degree tham did the use of the cen-

trifuge.

Total nitrogen in buttermilk.: cream lipid ratios The TNB:cream

lipid ratios plotted in Figure 5 were higher in 1, 2 and 3WBC buttermilks
which agreed with the higher amounts of freeze dried ultracentrifuge pre-
cipitates obtained (Table 3). Beyond the third wash the ratios were lower

. x)
Iy

than the corresponding TiBicream 1ipid ratios obtained on the £, 5 and &WB
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Table 3. Approximate yields of freeze dried ultracentrifuge precipitates
from cream separator- and centrifuge-prepared, standardized,
churned creams

Yield of interphase materials
Wash separator centrifuge

(g) (g)

WOB 1.9845 1.3532
1WB 0.26086 0.5527
2WB 0.1522 0.2606
3B 0.1489 0.1770
418 0.1276 0.1649
SWB 0.1073 0.1305
6WB : 0.1120 0.147€

buttermilks; in both series the ratlios continued to decrease beyond the
third wash. The THB:cream lipid ratios do not agree with the final smounts
of freeze dried precipitates obtained. Beyond the third wash the TNB:
cream lipid ratio varied inversely with the amoumt of freeze dried ultra-
centrifuge precipitate obtained. The guestion raised by this situation

is: MAre glyco- or lipoproteins lost more rapidly in separator- then in
centrifugeiwashing?" Furthermore, the visual color changes among the

,

photographed ultracentrifuge precipitates suggest that the use of a nitro-

[}

en to lipid ratio as the sole criterion to determine the rumber of washes
reguired may not represent true changes occurring among the more and less
1

lebile T components, a&s would be indicated by the chenge in the ratios

emong colored and unceclored components.

Churning times of stendaerdized unvrashed and washed creams If the

fat globules in cream are equilibrated at the correct temperature, the

2z time, in a commercial operation, will be from 35 - 50 min end the
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churning loss epproximately 1% of the totel lipid placed in the churn.
Churning temperatures vary inversely with the degree of umsaturation of
the lipid, which in turn is dependent upon the feeding regime (pasture
vs. dry feed). During meny years experience with the smell churning wnit
employed, it has been learned that, if the creams to be churned are held
overnight at 4.4 C, churning times will be reasonably normal and churning
losses lowest (approximately 2%).

It was considered that one measure of the "normalness™ of the IM at
the fat globule surfaces in zero-to six-wash créams, would be ‘the churning
time. The lipid contents of all the creams were standardized to 30% lipid;
unfortunately there was some variation in cream weights. The weights were
not standerdized because it was desired to obtain all of the I possible.
Table 4 shows that, with the exception of WOCS and 1WCS, it is felt that
the difference in weights did not invalidate the results - and with the
pair cited possibly only WOCS was affected.

Disregarding WOCS because of the low sample weight, all of the
churning times for the separator creams were lower than one would expect.
They decreased considerazbly from IWCS through 4WCS and then tended to in-
crease. The churning time of the WOCC sample was normal. The removal of
the bulk of the skimmilk constituents lowered the churning time consider-
ably. However, the churning times of all of the centrifuge-washed creams
are in close approximetion of M™rormal" churning times. In both series,
the tendency to rise beyond &7 may result from the loss of the euglobulin
fraction which Dunkley and Sommer (31) called "egglutenins,™ because of

their apparent involvement in natural fat globule clumping.- Siow loss of
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Table 4. Weights of samples churned and churning times of standardized,
unwashed and washed creams prepared using the cream separator
and refrigerated centrifuge.

Separator Centrifuge
Wash weight churning weight churning
-churned time churned time
(g) (min) (g) (min)
WocC 257 29 375 48
1IWe 430 29 369 34
2WC 358 . 23 364 35
3WC 354 19 414 33
4WC 351 21 392 34
5WC 357 25 399 35
6WC 359 - 20 378 41
Crioe 322 24.5 --- --

%ream sample held at 4.4 C for 56 hr prior to churning

this fraction during several washes could logically be correlated with the
increase in churning time.

The churning times presented suggest that the materials held at the
fat globule interphase in centrifuge-washed creams more closely resemble
those in the original milk than do those in the separator-washed creams.
It was considered, however, that the churning time data might not be
representative for the separator-washed creams because the milk or diluted
creams were warmed to ebout 35 C for efficient separation; for this reason
the lipid components might not have been in temperature equilibrium al-
though the sample was placed in a large tray of water in the walk-in cooler
(£.4 Q) during the 12-hr holding period. The sample 6WCS was of suffi-

ciently large quantity that a second churning was held for 56 hr before it
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was churned. The difference in churning times of the two 6WCS samples would
not account for the generally steady, larger difference between the rums.

It is considered that the churning btime data indicate that the I in
the 1WCC through OSWCC samples are more like those of unwashed creams and
thet the skimmilk components in normel creams, é{fhéf’B& exerting protect-
ive action on the fat globule, or by stebilizing the foam-stage irn the churn-

ing process, exert an influence in the churning mechanism.

Reflectence measurements of freeze dried ultracentrifuge precipitates

Keasurement of the variations of the colored material among the ultra-
centrifuge precipitates (UPS) from separatorfprepared buttermilks was of
interest. Not enough of the UPS was available from the photographed series.
Towever, large guantities of bulk UPS ffom each wash had been stockpiled
s0 thet it would be available for exploratory experiments. Reflectance
measurements were made on the freeze dried bulk UPS both before and after
Soxhlet extraction. Both extracted aczd non-extracted materials were used
to evaluate any role of carotenes in the results obtained. Some of the -
typical spectra obtained are plotted in Figure 6. The shaded srea covers
the spectra which were not plotted. A broad reflectance minimum, corre-
sponding to en adsorption maximum, was observed between 420 and 480 mum;

s smaller minimum was observed between 350 and 370 mp ;3 little change was
dbsérved abdve 800 mu and ceonsequently the values obtained up to 1000 mu
were not plotted.

The lipids that were Soxhlet extractable did not influence the
spectral cheracteristics of IM from the several UPS prepesrations; 3UPS

before and after Soxhlet extraction showed the lowest reflectance mini-
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mum gt 440 - 460 mu and OUPS, the highest. The 4UPS sample before and
after Soxhlet extraction did not show a well defined minimum at 440 - 460
mm 3 ab 350 - 370 mmx the latter did show a minimum, whereas the former
continued to decrease through 340 mm . The 4UPS samples, before and after
Soxhlet extraction, were yellow in color, whereas the 1, 2, 3, & and 6UFS
samples were reddish-browm.

The chenges among the minimum reflectance values at440 to 460 mum
were believed to result from color chenges among the non-lipid portions
of the UPS samples.

Groves (34) studied the sbsorption spectra of his red protein in NaOH-
glycine buffer (pH 9.9). He obté.jzr_ed a broad absorption bend with a maxi-
mum 2t 470 ma end minimum at 400 - 410 mu . Blanc and Isliker (13) re-
ported a maximum at 455 and a minimum at 400 mu for their red protein

reparation. The findings of these investigators suggested that the con-
centration of observed red material in the UPS samples (Figure 4, C and D)
influenced the characteristics of the measured reflectance spectra (Figu.fe
6). Consequently, the average reflectance value obtained from the readings
at 440, 450 and 460 msu from all of the samples was used to plot the
curves in Figure 7. Regardless of the presence of Soxhlet extractable
lipid, the lowest reflectance values at 440 - 460 mp were obtained in
+the 2UPS and 3UPS samples, a fact which supports the visual interpre-
tation that the red color was concentrated in the ‘out‘befmilks from two-
end three washed centrifuge- and separator-prepared creams samples (Figure
4, A - D). Beyond three washes the minimum reflectance values increased

to 4UPS, then decreased through 6UPS; color differences occurred among the
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4TPS - 6UPS samples but the decreasing reflectance values did not agree
with the visual interpretation that the red color continued to decrease
with progressive washing by means of the cream separator.

Up to this point the reflectance minimums at 350 - 370 mu were
ignored. ZHowever, when the average reflectance value obtained from the
readings at 360 and 370 mm from all of the samples were plotted against
the individual washes, the curves presented in Figure 8 were obtained.
With the exception of the 2UPS sample Soxhlet extraction appeared to in-
fluence the minimum reflectence values at 360 - 370 mu to a greater degree
than at 440 - 460 mu (Figure 7). This was especially true of the 1UPS
and 4UPS samples. The changes in minimum reflectance values at 360 - 370
mp with the number of washes employed were not in agreement with the color
chenges observed among the UPS semples (Figure 4, C). The measurement of
the reflectances of these heterogeneous samples appeared vo be sensitive to
materials other than the red colored components.

It was interesting to find that the reflectance spectra in Figure 6
resembled the characteristic absorption spectra of metalloflavoproteins
(64). Theorell (100) pointed out that riboflavin and flavin edenine
dinucleotide (FAD) show characteristic absorption maxime at 280, 375 and
450 mus , respectively; the ebsorption maxima at 375 and 450 mum were about
equal. Mahler (64), in his review, presented the spectra of butyryl
coenzyme A dehydrogenase, & copper-conteining metalloflavoprotein, which
showed absorption maxima at 375 and 450 mum ; absorption at 450 mm was
stronger than at 375 mm . It was interesting to compare the minimum re-
flectance values at 360 - 370 and 440 - 460 mm ; beyond the first wash the

minimum reflectance values among the Soxhlet extracted samples were lower
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at 440 —‘460 nm, but the unextracted samples were higher than the ex-
tracted ones, with 4UPS the bnly exception. The heterogeneous nature of
all the UPS samples prevents assignment of the spectral characteristics
observed in this study to any one metal-containing protein on the basis
of the differences between the reflectence velues at 360 - 370 and 440 -
460 mm .

Richert and Westerfeld (81) studied the absorption spectra of milk
xenthine oxidase and tried to determine the influence of iron on the eb-

sorption maxime at 375 and 450 mu ; they were unable to show that iron

o

mo,

exerted any influence on the absorption spectrum. The "flavin" group of
the molecule epperently determines the spectral charactéristicé of metal-
loflavoproteins. Other investigators (2, 37, 67, 112) indicated that the
reddish~brown ultracentrifuge precipitate from buttermilk contained xan-
thine oxidase. The close agreement between the reflectance minima at

440 - 460 and 380 - 370 num and the absorption maxima at 450 and 375 mm
of metalloflavoproteins (64), as well as the absorption mexima at 455 and
470 mm of the iron-containing proteins (13, 34) suggested that the UPS

samples contained iron.

Trace metal analysis of ultracentrifuge precipitates from centrifuge-

and cream-separatbor prepared buttermilks

The coler aspects of the centrifugal precipitates and the reflectance
spectra, together with reports in the literabture concerning metals in
enzymes and T, end the presence of enzymes in IM, indicated that an in-
vestigation of the presence of and variations in the quentities of trace

-

metels might be of use in interperting changes in T in going from zero
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to six washes. It was considered that a preliminary emission spectro-
grephic investigation should at least give a gqualitative and ultimately

a guantitative estimate of the metals present.

Spectrogrephic analysis Soxhlet-extracted and wextracted bulk

4UPS and its nitric-perchloric écid digest were amalyzed spectrogrephically.
The presence of lipids in the freeze dried sample and perchloric acid in
the wet ash digests prevented successful quantitative determination of the
trace metals present. The presence of iron, cobalt, zinc and copper was
confirmed. Nolybdenum was not detected ir the sample; 2 molybdenum stand-
erd added to the sample could not be detected by the method employed.
Spectrographic énalysis of the wet ash digest looked promising. The use
of nitric acid and hydrogen peroxide to wet ash samples would have elimi-
nated interference from perchloric acid. Subsequent removal of invter-
fering phosphorus on ion exchange colwms theorsticelly would have solved
the problem. However, the use of an acetic acid-acetate buffer to elute
the desired ions from the column would have contributed new interference
in the form of carbonyl groups. Dry ashing the éamples and dissolving the
resulting ash in hydrochloric acid was also considered. Xowever, the pre-
sence of chlorides would have prevented the gquantitative determination of
copper.

Although only a small emount of sample (1 drop) was required for
spectrographic anelysis, the minimum concentration required for accurate
analysis was 10 Mg of each metal per ml. Calculations of the expected
concentrations of metals in the final wet ash digests of the amounts of

samples on hand indicated that the concentration reguirement for spectro-
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graphic analysis could not be achieved for some of the metals present. As

a result colorimetric methods for trace metal analysis were considered.

Colorimetric analysis The use of colorimetric methods for

guantitative determination of iron, copper end zinc offered several ad-
vantages: mnitric-verchloric acid diges®ts containing lower concentrations
of metals could be analyzed directly; interference from phosphorus was of
no concern. Cation interferences could be prevented by the addition of
chemical binding agents or by control of pH.

The colorimetric methods described earlier were used to determine
the iron, copper, zinc and phosphorus contents of the bulk OUPS - 6UPS
semples. Calcium and magnesium were also determined.

During the development and subsequent application of the zinc and
copper methods to the analysis of bulk UPS samples, cobalt was not de-
tected. Possible explanations have been presented in the discussion

under "Evaluation of the sccuracy of trace metal methods.™

Trace metal analysis of ultracentrifuge precipitates from butter-

milks from standardized, centrifuge- and cresm seperator-prepared creams

On the basis of the metal contents of the bulk UPS samples, appropriate
amounts of the freeze dried precipitates, 0.50C - 0.520 g of OUP, 0.200 -
0.220 g of 1TUP end 0.100 - 0.120 g of 2UP - 6UP, from the standardized
creams were Wet ashed. The amounts of calcium, copper, iron, magnesium,
phosphorus and zinc found in the UPS and UPC series are presented in

Figures 9 and 10, respectively.

By the end of two washes the iron contents of 2UPS and 2UPC were
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0.114 and 0.099 mg/g, respectively. As washing progressed the iron con-
tent decreased through 3UPC - 4UPC and leveled off at 0.073 - 0.075 mg/g
through S5UPC and 6UPC, respectively. The decrease in iron céntent going
from 2UPC - 4UPC followed tﬁe decrease in red color observed in the photo-
graphs (Figure 4, D); the small changes in iron content of 4UPC through
6UPC were not recognizable in the photographs. The iron contents of 1UPS
end 2UPS followed the color changes among the photographed precipitates
(Figure 4, C). The small décrease in iron content, 0.114 - 0.095 mg/g,
to the third wash could not be distinguished among the colors of the photo-
graphed precipitates. The large increase in iron content in the fourth
and fifth washes, 0.189 end 0.138 mg/g, respectively, was not in agreement
with the obvious loss of red color among the precipitates or the reflectance
neasurements at 440 - 480 mu . The sharp decrease, 0.189 - 0.071 mg/g, in
iron contents in 4UPS through 6UPS. did agree with the observed loss of red
color. It was interesting to compare the highest iron content in the 4UPS
sample with the low reflectance minimum at 360 =~ 370 M oﬁtained with the
non-Soxhlet extracted 4UPS sample irn Figure 8. If there was correlation
between the two values, certainly the 5UPS sample should have had a lower
minimum reflectance value at 360 - 370 mum than the one reported in Figure
8 since the iron content of 5UPS was second only to 4UPS. These data sug-
gested that the changes in red color among the UPS series did not neces-
sarily reflect the loss of all iron-cornteining components of . On the
other hand, there appeared to be some correlation between the red color and
iron contents of the UPC series.

Iron and copper contents were higher in the érecipitates which had

the greater eamounts of red color evidenced in the photographs of Figure 4

~2
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C and D. OUPC precipitates were evaluated as having a greater amount of
red-colored component than OUPS precipitates. The former contained 0.047
and 0.027 mg/g of iron and copper, respectively, compared to 0.029 mg of
iron end 0.013 mg of copper/ g. Figures 9 and 10, however, indicate that
the iron and copper contents of the total UPC and UPS vary independently
of each other beyond the second wash. In the UPC series the iron de-
creased to the fourth wash and increased slightly through the sixth. In
the UPS series the iron decreased to the third wash, increased markedly
to the fourth and decreased rapidly to the sixth wash. On the other hand
the copper continued to increase rapidly from the second to the fifth wash
in the UPC. The copper contents reached surprisingly high values, 1.687
and 2.240 mg/g, in 5 and 6UPS samples, respectively.

In UPS a greenish-gray color began to show in the 4UPS sample (Figure
4, C), whereas, in the TPC sample the reddish—brown colored component had
not been eroded sufficiently by the end. of the sixth wash for the greenish-
gray component to become discermeble in the photogrephs (Figure 4, C and
D). If the greenish-gray color is associated with a copper-bearing com-
ponent, the drop in copper content from 5UPC - 6UPC does not appear log-
ical and possibly mey have resulted from an analytical error.

The differences in zinc contents were very small, 0.089 mg/ g in OUPC
and 0.082 mg/g in OUPS. The zinc contents were in good agreement in 1UBS
(0.065 mg/g) and 1UPC (0.058 ng/z), end in 2UPS (0.090 mg/g) and 2UPC
(0.083 mg/z). The decrease of zinc during the first wash by both methods
as compared to increase in the iron and copper contents suggeswt ‘cl}at a
sizeble quentity of the zinc in the OUPC (about 27%) and OUPS (about 29%)

samples was associated either with the milk serum proteins which were al-
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most completely removed by one wash or that the zinc-containing component
lost is extremely laebile. It would appear that there are two zinc-contain-
ing components, one of which is fairly tightly bound, and one that is la-
bile. The former seems to occur to a greater degree in UPS than in UPC.
The latter is lost more slowly in UPS than in UPC.

Zittle, et al. (112) reported thet 60% of the alkaline phosphatase
activity in milk was associated with the skimmilk. If zinc is e comstitu~
ent (106) in milk phosphatases, the decrease of zinc after one wash would

be in egreement with the removal of phospnatases with the skimmilk, Subse-
guent increase of the zinc content at two washes could indicate an in-
creased concentration of a zinc-containing droteir in IH following removal
of more labile Iif components or traces of miik serum constituents. Beyond
two washes the lability of the zinc-containing protein was increased rela-
tive to other components, using the centrifuge, whereas the cream separa-
tor had no effect. Xo explanation can be offered for the differences be-
tween the two Types of precipitates.

In the above discussior of the changes in iron, copper and zinc con-

tents, their possible relationship to the color changes observed among the

UPS end UPC semples was considered. ietal containing prolteins, chiefly

(=N

enzymes, are lmown tc be present in milk and in some cases are associated
with I.

It was interesting to consider a possible relationship between the
progressive loss of xenthine oxidase activity reported by Zittle et al.
{112) and the loss of red color observed in the UPS samples since Zittle
employed the cream separator for preparing washed creams. Although xan-

thine oxidase contains iron, the loss of rsd color does not agree
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with the high amounts of iron remaining in the £ and 5UPS samples. Tauber

o

(99) indicated thet milk lactoperoxidase contains iron and was brownish-
green in color. This suggested that more than one iron-containirng protein

was present in IY¥, and the observed green color in the 5 and 6UPS samples

may be partially representative of a second less labile iron-containing
protein. Zittle, et el. (112) also attributed lability of alkaline phos-

phatase to repeated washing. Although the metallic constituents associated

with milk phosphatases have not been investigated, zinc has been considered
to be present in alkaline nrosnﬂ“uases from other sources (106). Groves

(34) isolated a greenish-yellow protein which he foumd to contain a high

amount of acid phosphatase activity. Assuming that milk acid- and alkaline
phosphatases do contain zinc, the green color of the 5 and 6UPS samples may

also be partially represented by a less labile phosphatase. Aside from the

red-colored, copper-containing protein isolated from milk by Dills and

¥elson (30), ascorbic acid oxidase is the omly other copper-coniaining pro-
Tein found in milk to date. Its association with the Ii has not been con-
firmed. Pure preparations of the enzyme are greenish-blue (99). It was
conceivable that the green color in 5 and 6UPS semples might have resulted
from the presence of a copper-containing protein and possibly an iron-con-
Taining protein. The a_most linear increase in copper contents from O <
SUPS and O %o 5UPC suggested that such a possible green-colored, copper-
containing protein was concentrated in IX as washing progressed, and its
color finally dominated the precipitate, after the masking red color of the
more labile iron~containing protein had been lost. Since the red color
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employed recovered more of the labile Ii proteins, as compared with sepa~-
rator washing, although this was not true with the zinc-containing compo-
nent.

From previous interpretations of the photograghs it was concluded that
almost complete removal of skimmilk casein was achieved by the end of the
second wash. The repid decrease in calcium from OUP - 2UP observed in Fig-
ures 9 and 10, the rapid decrease in phosphorus from CUP - 1UP and the loss
of magnesium from 1UP - 2UP, regardless of the washing method, supports

this conclusion. The gradual increases in calcium contents from the +hird
through sixth washes, with both washing methods, may heve resulted from a

proportionate increase of a calcium-binding protein in the Ik as a result

of the losses of other metal binding proteins. Th sphorus content

(]
‘d

'1nc*easea sharply in 2UPC and 2UPS. Followirg a decrease to the third

wash, the phosphorus content remained fairly constant from 3 through 6UPC.

The phosphorus content continued to decrease from 3 - 4UPS then increased
slightly to 6UPS. The more rapid changes between 2UPS and 4UPS may result

-

the loss of T phospho-

‘_h

from destabilizaticn during washing resulting

lipids. The absence of severe oiling off in the centrifuge-prepared creams
g g e

mey have minimized the loss of Iil phospholipids. Changes in the phosphorus

contents among the UPS and UPC samples may have also resulted from chenges

in phosphorus-containing

protein conternts in the Ii.
The presence of phosphorus in the non-lipid portion of Ii has been
reported by several investigators ( 41, 80, 82, 105, 111). Phosphorus con-

tents of Soxhlet residues from bulk UPS preparations were known. Based on

the amount of Hojomnier-extractable lipid remainirg in the Soxhlet resi-
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dueé, the contribution to the total phosphorus contents by the presence

of phospholipids was calculated. These calculations are discussed in a
later section. Among all of the UPS samples analyzed, the calculabed phos-
pholipid phosphorus did not account for the total phosphorus content of the
Soxhlet residues. Consequently, the changes in the phosphorus contents
emong the UPC and UPS samples beyond the second wash indicated changes
occurring among phosphorus-containing proteins as well as in phospholipids.

Assuming the variations in metal contents among the UPS and UPC sam-
ples reflect the degree of lability of metal-conteining components in the
I to repeated washing, the data presented in Figures 9 and 10 would be
helpful in establishing the number of washes to use and the method of wash-
ing cream. Regardless of the method used, the iron, zinc and phosphorus
(after the initial sherp phosphorus loss) contents reached 2 meximum after
two washes. Since the calcium and magnesium contents were negligible after
two washes by either method, virtually complete removal of the skimmilk
caseinates appears to have been achieved. On the basis of these observa-
tions, two weshes by either method would be recommended for the preparation
of Ti.

The iron and phosphorus contents did not fluctuate as rapidly bevond
the second wash among the UPC samples as did the corresponding values among
the UPS samples. These data supported the observations of more uniform red
color among the UPC samples and the emulsion stebility among the corres-
ponding washed creams. Consequently, the use of the refrigerated centri-

fuge would appear, on this basis, to be preferred to the cream separator.

The differences in zinc contents between UPC and UPS samples beyond the
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second wash would not support this recommendation, 1if more than two
washes were employed. The rates of change of the copper contents would
indicate & loss of components beyond one wash that was greater by sepa-
rator than by centrifuge washing; a comparison of the copper contents cof
QUPS and 1UPS with OUPC end 1UPC indicates that there is a greater total
loss of copper or a greater inclusion of non-copper-bearing components in
If from the centrifuge then from the separator. A similar statement can
be made concerning calcium, magnesium and phosphorus but not of iron and
zinc.

It would appear that neither method retains all of the original IM

and that it will be necessary to study this subject further before a final

conclusion can be reached.

Additional Characteristics of Isolated Interphase liaterials

Quantitative and qualitative estimation of gross lipid fractions

(=}

Interest in the lipid portion of the IM resulted from a desire %o
completely remove I lipids and obtain quantitative yields of lipid-free
I by the isolation procedures employed, and to determine whether the
total phosphorus content of crude Iil resulted from the presence of phos-
pholipids or a combination of these and a phosphorus-containing protein.

Separation of lipids from non~-lipid I was attempted. Soxhlet ex-
traction with ethyl ether of freeze dried, acid-precipitable and ultra-
centrifuge-precipitable IM was used to remove lipids "loosely essociated"
with the IM. The resulting Soxhlet residues were then treated by either.
the Mojommier (5) or Bloor (14) extraction procedure to remove I lipids

more "closely associated™ with the .
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The amounts of neutral lipid end phospholipid contained in the Soxhlet
extract were estimated on the basis of the solubility of the petroleum
ether- or ethyl ether-soluble fraction from the Soxhlet extrect in acebone;
acetone-soluble phospholipids were determined by precipitation with mag-
nesium chloride.

The amounts of neubral lipid, phospholipid amnd free fatby acids con-
tained in the RBloor extract of the Soxhlet residue were estimated by the

frectionation procedure described by Bloor (14).

Lipid content of acid-precipitable interphase materials from com-

bined buttermilk and butterserum from centrifugally-prepared washed crean

Soxhlet extraction of a freeze dried sample of acid-precipitable, pH 4.6 -
4.7, buttermilk plus butterserum (APBB) from six-times washed cream (6WC)
was carried out. The Soxhlet-extractable material represented 61.15% of
the freeze dried APBB; increasing the Soxhlet exbtraction time from 24 -

38 hr increased the yield to 61.43%. This increase was considered negli-
gible,vand 24 hr was employed throughout this study.

During the Soxhlet extraction of APBE an interesting observation was
made. Considerable cloudiness appeared in the ethyl ether on its first
contact with the APBB contained in the extraction thimble. As extraction
progressed, the concentration of insoluble material increased in the
solvent reservoir. DPossible contemination from the extraction thimble
and cotton plug was considered. ZXZowever, extraction of an empty thimble
end cottor plug with ethyl ether did not yield any solvent-insoluble resi-
dues. Chemical characteristics of this material will be discussed in a

leter section.
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After weighing the total Soxhlet extract in a tared Mojonnier dish,
the crude lipids were dissolved in petroleum ether in an attempt to solu-
blize & larger portion of the crude lipid fraction. The petroleum efher-
insoluble end -soluble fractions were separated according to the pre-
viously described procedure. The petroleum ether-insoluble fraction
represented 4.03% of the total Soxhlet extract and 2.46% of the original
APBB sample. The petroleum ether-soluble fraction was redissolved in
acetone after its weight had been determined. Acetone-soluble, neutral
lipids ard phospholipids, and acetone-insoluble phospholipids were sepa-~
rated according to the procedure described under "Methods™. Acetone-
soluble, neutral lipids represented 88.84% of thextotal Soxhlet extract
and 54.59% of the original APBB sample (Table 5); the combined weights

of the acetone-soluble and -insoluble phospholipids represented 6.99 and
4,36% of the total Soxhlet extract and originel APBB, respectively.

Qua_tltatﬂve and qualitative estimetion of the "more firmly bound"
lipids remeining in the Soxhlet residue was achieved using the modified
Bloor extraction and fractionation procedures (14). The total Bloor
extract represented 22.39% of the weight of Soxhlet residue used and 8.70%
of the originel weight of APBB. Upon fractionation, the Bloor extract
waes found to contain 78.50% phospholipid, 14.03% free fatty acids and

7.47% neutral lipids; calculated as a vercentage of the original weight

g
o

7 APBB, the corresponding values were 6.71% phospholipid, 1.20% free

b

fetty acids and 0.82% neutral lipid. A summery of the lipid composition
of the Soxhlet extract and residue is presented ir Table 5. By esti-~
N

mating the total lipid and individual lipid fractions contaeined in the

Soxhlet extract and residue as percentages of the total weight of APBB
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Teble 5. Approximate gross lipid composition of acid-precipitable butter-
milk plus butterserum (4PBB) from centrifuge-prepared, six-times
washed cream

Freeze dried buttermilk-

butterserum Thompson et el. (104)
Fractions Soxhlet  Bloor Scheme I° Scheme II°
- extract extract® Total (<2) (<
(%) (%) (% ’
Total 1lipid 61.15  8.70  69.83% 67.51 43.76
Yeubral lipid 54,59 0.62 55.10 49.49 31l.19
Thospholipid 4,36 8.71 11.07 13.76 12.57
Free fatty ecids W  --=== 1.20 1.20 £.26 0 eeee-
8

Tobtal 1ipid and lipid fractions obtained by Bloor extraction (14)
and fractionation of Soxhlet residue

bScheme I; BuBS from four-times washed cream, pervaporated end
freeze dried; lipids extracted with 1:2 (v:v) ethanol in ether and frac-
tionated on a silicic acid column '

CScheme II: Started with uncooled raw milk; final BMBS from four-
times washed creem was extracted with ether to remove free fat prior to

freeze drying. IM lipids extracted and fractiorated as in Scheme T

Contained 2.46% of the weight of freeze dried buttermilk bubtter-
serum; was ethyl ether, petroleun ether-insoluble material

used, the resulting values could be added together to obtain the total
Iipid end individual lipid contents of the vhole éfBB sample. These vealues
are compared in Table 5 with the data rsporited bty Thompson EE.EE' (104).
The total lipid end neutral lipid fractions from APBB were higher,
69.85 and 55,10%, respectively, than the corresponding values obtained by
Thompson et al. (104) of 67.51 and £9.49%, respectively. The neutral
lipid fraction reported by these investigators 1s represented by tri-

glvcerides and other mincr lipid fractions eluted from the silicic acid
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colum. Also their free fatty acid fraction included some triglycerides
which may account for its higher value of 4.26% compared to 1.20% for the
free fatty acids from APBB. Only the phospholipid fraction, 11.07%, was
lower than the value, 13.76%, of Thompson et al. (104). By extracting

the BEBS with ethyl ether prior to freeze drying (Scheme II), they were
eble to reduce the final lipid content to 43.76%. The decrease resulted
from removal of neutral lipids, whereas the phospholipid fraction was
virtually unchanged. These findings confirmed our earlier suggestion that
acid precipitation of BEBS included considerdble cmounts of lipid material
which were not fepresentative of the real I lipid. Rimpila and Palmer
(82) reported a renge of 17.53 to 19.46% phospholipids and 38.52 to 40.42%
ether-soluble non-phospholipids estimated from the lipid phosphorus con-
tent of ethanol-ether extracts of dried BLBS from two lots of cream washed
four and eight times, respectively, using a Sharples centrifuge. The

liquid BuBS preparations were "supercentrifuged" to remove free lipid

which would account for the lor ether-scluble, non-phospholipid content

T

Wiese (78) reported thel the

)

of the final freeze dried BiBS. Palmer and
percentage of phospholipids, with an average phosphorus content of 3.85%,
contained in a crude I preparation from six-times washed BXBS was 17.5 -
20.0%. The phospholipid content of the Soxhlet residue from our APBB pre-
paration was found ©o be 17.28%, which was in ~ood agreement with the
lower values of Palmer and Wiese (78) and Rimpila and Palmer (82).

The total neutral lipid extracted with ethyl ether from APBB, 55.10%,

was higher than the Scheme II, comblnea neutral lipid, 31.19%, of Thompson

Py

et al., (104) and the ether-soluble, non-phospholipid fraction, 38.52 -

40.42%, of Rimpila and Palmer (82). Since no effort was made to remove
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undesirable lipids from the BMBS prior to precipitation with acid, these
results seem logical.

Based on the above findings, Soxhlet extraotion of acid-precipitated
I with ethyl ether, was an essential step for removing contaminating
lipids. However, the date in Table 5 suggested that Soxhlet extraction
with ether removed scme of the phospholipids considered to be a part of
the totel Iif lipid by Thompson et al. (100). These data indica.ted that
elthough the binding forces between 1lipid and protein are not broken by
extraction of the original aguesous suspension of T, the bonds are not all
of equal strength. Freeze drying apparently ruptures & proportion of
these bonds causing approximately 46% of the total phospholipid in the
buttermilk to become Soxhlet (ethyl ether) extractable. However, the

amount of ohospholipids retained after Soxhlet extraction was in good

agreement with velues reported by Palmer and Wiese (786).

Soxhlet-extractable 1ipid content of uliracentrifuge precipitates

from bubtermilk from cream separator-prepared creams A series of bulk

UPS preparations were Soxhlet extracted with ethyl ether and the amoumts
of ethyl ether—solublg and -insoluble materizl present in the resulting
extracts was determined. These findings are summarized in Table 6.

As washing progressed the amount of Soxhlet-extractable material
contained in the UPS samples from bubttermilk increased to a meximum, 49.50%,
v the end of four washes and decreased thereafter. The amount of ethyl
ether-insoluble material contained in the Soxhlet extract reached a maxi-

mum, 5.57%, by the end of three washes and was variable but lower than

the 3W value thereafter. The amount of this material appeared to be af-
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Table 6. Bthyl ether-soluble and -insoluble fractions contained in the
Soxhlet (ethyl ether) extracts of freeze dried, ultracentri-
fuge buttermilk precipitates (separator)

Freeze dried UPS zﬁiﬁ

Totel ether ether Tether

Sample Soxhlet soluble insoluble soluble
extract fraction fraction frection

(% (%) (%) ()

oues® 0.57 0.37 0.00 ©100.00
1Ups 7.89 5.77 2.11 73.13
2TPS 34.38b 30.98 3.50 90.11
3UPS 4£3.25 35.68 3457 91.74
4TPS 49.50 £7.75 1.74 96.46
5UPS 48.55 47.02 1.38 96.85
6UPS 43.85b £1.83 2.02 95.39
6UPS 50.49 42.00 8.75 83.30

&Tncreased to 43.50% by increasing the extraction time from 24 -
40 hr

bsUPS extracted with pstroleun ether

fected by the aumber of washes; higher amounts (2.11 and 3.50%) were
present in 2UPS and 3UPS samples than in 4UPS and 5UPS samples (1.74 and
1.53%).

The presence of Soxhlet (ethyl ether) -extractable lipid, up to
49.50% in 4UPS in these ultracentrifuge precipitates was not anticipated.
Following ultracentrifugation of the buttermilks = sizable lipid plug wes
obtained in the top of the tube. This plug presumebly contained all the
free lipid (possibly as unchurned fat globules) present. However, the
presence of ethyl ether-extractable lipids in UPS samples suggested that .

a sizgble quantity of "lcosely bound" lipids was associated with the IM
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Possible inclusion of some free lipid end unchurned fat globules in the
final UPS samples may have occurred during ultracentrifugation. Inclusion
of the butterserum in the buttermilk in this study was avoided since most
of the solid meterial contributed by the butterserum was lipid. Soxhlet
extraction of ultracentrifuged butterserun precipitate from BWC yielded

a lipid fraction representing 70% of the total precipitate.

The solvent-insoluble maeterial contained in the Soxhlet extract was
of interest. Substitution of petroleum ether for ethyl ether during the
Soxhlet extraction of 6UPS increased the yield of insoluble material from
2.02 to 8.75% while the soluble lipids extracted remained uwnchanged, 41.83
vs. 42.00%. This increase suggested that the insoluble material was non-
polar, and consequently more soluble ir petroleum ether than in ethyl
ether. More efficient extraction of the insoluble material by the petro-
leun ether wes elso considered. The higher boiling point of petroleum
ether (60 - 70 C vs. 35 C for ethyl ether) resulted in the conduction of
more heat to the extraction chamber via the connection to the solvent res-
ervoir perhaps causing greater solubility of this insoluble material.

The insoluble material was suspended in sodium hydroxide-glycine buffer,

pH 12.23, and The resulting suspension was subjected to Mojonnier ex-

traction. Iojonnier-extracteble lipid was not obtained. The remaining
Z

agueous suspension yielded a kolisch test of + 17 and conteined 9.8 mg

of nitrogen per g of solid material. These findings suggested that the

“Definite differences of color intensity and the depth of the purple
ring were observed among various samples; the results of the Lolisch tests
PR g N n . . [
vere classified as positive (+ 1), strong ( +2) and very strong (+ 4).
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insoluble material mey be a glycolipid or glycoprotein fraction associated
with M. Extraction by ethyl ether or petroleum ether without sustained
solution in the solvent even when hot (in the Soxhlet solvent reservoir)

is its most unique property.

Mojonnier-extracteble lipids contained in the Soxhlet residues of

ultracentrifuge precipitate prepesrations In order to obtain & lipid-

free TM preperation the Soxhlet residues iwere subjected to lojonnier ex-
traction following peptization in sodium hydroxide-glycine buffer, pH
12.23. The amounts of residual lipids removed from Soxhlet residues of
OUPS - 6UPS samples are reported in Table 7. Beyond the first wash 13.05%
- 15.72% of the Soxhlet residue was liojonnier-extracteble lipid. The

¥o jommier-extractable li?id retained by the Soxhlet residue varied directly
as the Soxhlet-extractable lipid content of the crude UPS samples. Beyond
the second wash the Liojomnier-extractaeble lipid retained by the Soxhlet
residue showed only a small incrsase, 14.09 - 15.15%, to the fourth wash;
the Soxhlet-extractable lipid of crude UPS increased at a faster rate,
34,38 - 49.50%, by the fourth wash. TWhen petroleum ether replaced ethyl
ether in the.Soxhlet extraction of 6UPS, a Soxhlet residue containing
12.04% ko jonnier—extractable lipid was obtained, instead of the 13.05% in
the ethyl ether residue.

Assuming that the nitrogern present in the Soxhlet residues repre-
sented IM proteins, the nitrogen content was calculated on a lipid-free
basis and compared to the determined nitrogen present in the adueous layer
following the modified ilojonnier extraction. The data in Table 7 (which

a glycine-Falk wuffer blark) show that beyond the initial

o

are corrected by

k!
v
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Table 7. Total nitrogen and kiojonnier-extractable lipid contents of
Soxhlet-extracted ultracentrifuge precipitates (separator)
and nitrogen contents of these precipitates after Lojonnier

extraction
Soxhlet residue Lipid-free Soxhlet residue®
s . nitrogen nitrogen
Semple h(?,;d m?f;o;gen calculated determined
d ’ (%) (%)
oUPS 0.37 9.01 9.04 9.31
1UPS 2.20 12.46 12.74 12.45
2UPS 1£.09 12,32 14,34 : 12.19
3UPS 15.13 11.98 14.12 13.00
4UPS 15.15 11.59 13.56 11.40
5UPS 15.72 11.39 14.11 11.11
6UPS 13.05 12.21 14.03 10.41

a . . . s .
Contained in agueous layer following lojonnier extraction

by nitrogen in Soxhlet residue (100)
100 - % lojonnier-extractable lipid

= % nitrogen in lipid-free residue

separation the calculated nitrogen was consistently higher than the deter-
mined nitroger content of the lipid-free UPS. These data suggest that the
¥ojonnier extraction procedure removed & portion of the nitrogen from the
Soxhlet residue, possibly as a soluble orotein or complexed proteolipid.
< §

Yo investigation of this loss of nitrogen was made.

On the basis of these results, the final trace metal investigations
were conducted using crude freeze dried UPS and UPC samples in order to

avoid possible losses of metal-containing proteins during lipid extrac-

tion procedures.
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Non-1lipid portion of interphase materials

Solubility studies of ultracentrifuge precipitate samples One of

the major problems in the study of IM proteins is their low solubility in
slightly alkaline buffers. Isolated IM protein fractions have been success-
fully dissolved in buffers with the help of reagents such as peracetic acid,
sodium sulfide or non-ionic detergents (18, 37, 40). TWe were interested
in finding a suitable buffer or combination of buffer plus a reagent which
would solublize lipid-free Soxhlet residues of UPS samples without de-
naturing the protein and producing a final solution suitable for free
boundary electrophoresis. A summary of the buffers and buffers plus rea-
gents used is presented in Table 3.

Wative caseinates, the caseinates in their natural forms in milk,
are considered to be combinations of unknown compositior among casein com-
ponents, calcium and phosphate. In another comnection, it was learned in
these laboratories, that 80% of these combinations could be ulfracentri-
fuged during 20 hr at 20,000 rev/min, and 100% at about 70 hr at 40,000
rev/hin. The 80%, precipitated during 20 hr cennot readily be peptized
either’mechanically or in usual alkaline buffers. It has been reasoned
that if the hypothesis that casein and phosphate are linked through a
calcium bridge, and if the solubility of this complex were greater then
that of calcium oxalate, the addition of 0.0l - 0.05 ki emmorium oxalate
to a normal buffer should precipitate calcium oxalate and allow normal
peptization of the casein. This was found to be true and free electro-
phoresis of the native caseinates so Treated yielded essentially normal
patterns.

Consequently ammonium oxalate was employed in these studles because
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Table 8. Buffers and reagents used in an attempt to solubilize non-
lipid interphase materieals

Reagent added Final
Buffer to buffer pHa

NaQHE-glycine-NaCl ———— 8.20
NaOH-glycine-HeCl = =-==- 11.75
NaQB-glycine-NeaCl 0.01% (NE,), C,0, 11.96
NaQE-glycine-NaCl 0.0lSM(NBi)z 0204 12.09
NaQH~glycine-aCl 0.070 HE;)Z C.0, 11.93
NeQH-glycine-FeCl = ==--- - . 12.23
NaQH-zlycine-NaCl 0.5% Triton - x - 100 12.02
KeQh-glycine-Nell 0.01 FagPz0q 12.00
Fa0H-glycine-NaCl 0.011 (I\TaSPOéS)G 12.02
Na-Veronal-Veronal ———— : 8.43
Na-Veronal-Veronal 0.01K (WE, ) C,0, 8.40
Ha-Veronal-Veronal 0.5% rT‘*“::1:011 - x = 1002 3.42
Ha-Verornal-Veronal 0.01x1 “angolo 8.32
NaZEPoé—ﬁaEéPOé—NaCI ——— 7.52
NaZHPOA citric acid ——— 2.60
k€L -2  mm——- 1.80

Son-ionic detergent; courtesy Rohm and Haass Co., Philadelphia, Pa.

it nad been thought that part of If might be a "more soluble™ caseinate or
other calcium phosphate~complexed protein. Regérdless of the presence of
non-ionic detergents, polyphosphates or ammonium oxalate, complete dis-

persion of the material was never achieved; the use of highly acid buffers
(pH 1.8 - 2.8) was also unsuccessful. In many cases the agueous layer of
a peptized sample in buffer following lojomnier extraction of the residual

lipids locked translucent at room vemperature but became opague while

At

standing for 12 - 24 hr at 4.4 C, end also during dialysis at 4.4 C. A
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sodium hydroxide-glycine buffer, pH 12.23, was the best peptizing egent
studied. The peptized samples retained enough tramslucency to permit

electrophoretic studies.

Electrophoretic behavior of ultracentrifuge precipitate samples

Soxhlet residues of OUPS - 6UPS samples were peptized in sodium hydroxide-
glycine buffer, pH 12.23, subjected to Soxhlet e?:traction, and dialyze
for 24 hr against three changes of buffer following attempts to evaporate
excess Xojonnier solvents. Samples of CUPS and native caseinate from the
same milk source were treated in the same memner, but the Hojonnier ex-
traction step was avoided. The resulting electrophoretic patterns are
presen_'l:ed in Figure 1l.

The pettern of native casein in sodium hydroxide-glycine buffer, pE
12.23, wes different from patterns obtained using lower pX buffers. Four
distinct peaks were observéd in contrast to the usuwal & , 8 and ¥ peak

in lower pH buffers. In addition a large false boundary was obtained

(=)

which suggested that a large portion of the casein did not migrate. The

patterns obtained with OUPS samples before and after extraction sug-
hat Lojonnier extraction of residual lipids did not affect the
electrophoretic pattern in sodium hydroxide-glycine buffer except for
the shoulder on the peak 'of the most rapidly moving component.

The pattern of 1UPS closely resembled the pattern of OUPS; the shoulder
on the most rapidly moving peak was not apparent. The pattern of 2UPS was
completely different from 1UPS which indicated the lack of casein in the

2UPS samples. These observations were in agreement with visual obser-

L e el

. hY ) - y;
vations (Figure 4, A - D) of the phobographsd UPS samples and subseguent
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OUPS

BEFORE EXTRACTION SKIM MILK CASEINATE
° °

BUTTERMILKS FROM 0-6 WASHED CREAMS ULTRACENTRIFUGE
PRECIPITATES, SOXHLET EXTRACTED

l

4yp

I UP 5 UP

2UP | 6 UP

3UP

igure 1l1. Electrophoretic behavior of the non-lipid fractions
from ultracentrifuge precipitates (separator) in
sodiun hydroxide-glycine buffer, pE 12.23
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calcium, megnesium and phosphorus amalyses (Figures 9 and 10), which sug-
gested that caseinates as well as other milk proteins were removed by the
end of two weshes. In general, the patterns of 2UP, 3UF, 4UP, 5UP and 6UP
showed one distinct peak with one or two less distinct faster moving peaks;
in addition 3UP and 6UPS patterns suggested the presence of a slower moving
component.

One interesting observation made during the dialysis of all the

r

samples presented in Figure 1l was the increased volume of the dialysate
following dialysis. Seamples of OUPS - 5UPS showed a volume increase of
from 68.0 - 111.0%. When ethanol was omitted from the third step of the
Mo jonnier éxuraction precedure, the dialysate volume increase was re-
duced from 111.0 and 100.0% in 3UP and 4UPS, respectively, to 68.0, 74.3
end 67.3% in OUP, 1UP and 2UPS, respectively. Increasing the solvent
evaporation time from 2 -~ 4 hr following Mojomnler extraction limited
the volume increase to 74% in 5UPS while decreasing the dislysis time
from 24 - 12 hr reduced the volume increase to 47.0% in 6UPS. A sample
of buffer alone was subjected to ifojornier extraction followed by removal
of excess solvent and then dialysis. The volume of dialysate increased
168.2%.

These observations suggested that the presence of ethanol in +the
peptized seample was responsible for the volume change. However, a series
of -peptized native caseinate samples in which the caseinate concentrations
were 1.0, 2.0 and 2.5% showed volume increases of 24.0, 42.5 and 62.8%,
respectively, during dialysis. These samples were not subjected to
iojornier extraction. These results indicated that the concentration of

protein as well as the presence of residual ethanol in the peptized sample



125

influenced the volume change during dialysis. 4s a result of volume
changes during dialysis, the estimated protein concentrations in the final
dialysate ranged from 0.38% in 3UPS up to 0.70% in 5UPS. Consequently,
studies on electrophéretic hehavior of UPS samples were limited to guali-~

tative interpretations of the effect of repeated washing on IN.

Phosphorus present in non-lipid portion of Soxhlet residues from

bulk separator-prepared ultraceatrifuge precipitate samples Previous

analysis of the Soxhlet residue from APBBArevealed that it contained 8.70%
of residuel lipids, of which approximately 78% was phospholipid estimated
by the Bloor fractionation procedure (14). The phosphorus contents of the
Soxhlet residues of bulk UPS samples mey have résulted in part from the
presence of & phosphorﬁs-containing protein. In order to estimabe the
possible contribution of phospholipids to the total phosphorus content of
UPS, Soxhlet residues, the following assumptions and calculations were made.
The assumption was made that the Hojonnler-extractable, residual
lipid in the Soxhlet was 100% phospholipid. The phospholipids were re-
presented by a model of lecithin (stearyl-oleyl type) with a molecular
weight of 790 and containing one atom of phosphorus. The percent phos-
phorus in the lecithin model was 3.921%. Finally, 100%/3.921% = 25.5,
the factor used to convert percent lipid phosphorus to percent phospho-
lipids (11). Knowing the residual lipid content of the Soxhlet residues,
the féctor 25.5 can be used in reverse to convert vercent phospholipid
(residual 1lipid) to percent phosphorus:

% residual lipid in Soxhlet residue

T = % phospholipid phosphorus in the

Sozhlet residue
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The phospholipid phosphorus was subtracted from the total phosphorus
giving the non-lipid phosphorus content of the Soxhlet residues. The re-
sults of these calculations as well as the non-lipidstotal phosphorus

ratios (WLP:TP) are presented in Table 9.

Table 9. Total lipid, total phospholipid and non-lipid phosphorus con-
tents, and non-lipid phosphorus:total phosphorus ratios (WLP:TP)
emong Soxhlet-extracted ultracentrifuge precipitates (separator)

Soxhlet residue
total total phospholipid non-lipid ratio
Sample lipid phosphorus phosphorus phosphorus® NLP:TP

(mg/8) (me/g) (ng/g) (mg/s)

ouPs 3.7 16.36 0.14 16.22 0.992
1 22.0 13.66 C.86 17.80 0.938
2 140.9 8.98 5.52 3.45 0.384
3 151.3 8.73 5.93 2.80 0.321
4 151.5 9.84 5.94 3.90 0.396
5 151.2 11.56 6.16 5.40 0.468
6 130.5 13.17 5.98 7.19 0.546

&(total phosphorus) - (phospholipid phosphorus) = non-lipid phosphorus

The XLP:TP ratio drops sharply, 0.838 - 0.384, from 1UPS to 2TUPS,
which would follow the removal of a large quanfity of phosphorus-con-
taining milk proteins and the soluble and colloidal phosphates. After
reaching a minimum of 0.321 in 3UPS, the HLP:TP ratio increased to 0.548
in 6UPS. A plot of the ratio data (not shown) indicates that the ratio
drops exponentially from 1W to 3W and increases linearly from 3 to 6W.

This progressive increase suggested that the concentration of phosphorus-

=

conteining proteins in TM was increasing as a result of a progressive loss
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of other proteins for the estimated phospholipid content of the Soxhlet‘
residue did not change significantly from 3UPS - 5UPS. The changes in
the calculated NLP:TP ratios with washing suggest that a phosphorus-con-
taining protein is present in IM, and that it increases as the number of
washes (separator) increases.

The NIP:TP ratio drops sharply, 0.938 - 0.384, from 1UPS to 2TUFS,
which would result from remov 1 of the bulk of phosphorus-containing milk
proteins and soluble and colloidal vhosphates. A plot of the ratio data
(not presented) indicates that the ratio drops exponentially from 1W
(0.938) %o 3W (0.321) and then increases linearly to 6W (0.546). During
this ratio increase (3W to 6W), the pho'_svpholipid content, except for €W,
was essentially constent (15.13 - 15.72% of the Soxhlet residue; Teble
7). This would indicate that a lipid-containing component decreased at
the same rate as total UM decreased. GSecause the ratio and the total
phosphorus increased, the non-lipid, phosphorus-containing component must
be released, by the washing, at = much slower rate than i's.'the lipid com-~
ponent conbaining phosphorus. In as much as there is a non-lipid com-
ponent, which varies independently of the phosphorus-containing lipid in
I, it is possible that a phbspho.protein, which is one of the strongly

irreversible components, may exist at the fat globule interphase.

Acid-precipitable nitrogen and carbonydrates contained in the ultra-
P T g i

centrifuge precipitates Following peptization of the Soxhlet residue

from a 6UPS sample in sodium hydroxide-glycine buffer (pH 12.23), and

subsequent lojonnier extraction, an aliquot of the remaining agueous

| Sd

gyer gave a + 2 lMolisch test. After removal of a second 2liguot for
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total nitrogen determination, the pX of the aqueous iayer was adjusted to
4.6 - 4.7 with 0.01 § hydrochloric acid. The resulting supernatant gave

a + 4 Molisch test and contained only 5% of the total nitrogen in the in-
itial aqueous leayer. Peptization of the acid precipitete in sodium
hydroxide-glycine buffer, p3 9.2, resulted in a cloudy suspension. By
edjusting the pHE up to 12.23 with 0.01 ¥ sodium hydroxide, the precipitate
went into solution; a + 1 Molisch test was obbtained with the final peptized
precipitate. The acid-precipitebility (pH 4.8 - 4.7) of the non-lipid
material contained in the agueous layer resembled that of crude APBB under
similar acid conditions. The strong iolisch test obtained on the acid
supernatent suggested the occurrance of acid hydrolysis of possible glyco-
proteins contained in the 6UPS sample. The concentration of 95% of the
total nitroger in the acid precipitate suggested that the I non-lipid

fraction behaves much like casein at pd 4.6 - 4.7.
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SUMLIARY AND COXRCLUSIONS

The materials at the fat globule interphase, interphase materials
(13), cen be divided into two classes, labile end non-labile., The former
are easily removed from the intervhase by physical means, whereas the lat-
ter resist removal to a greater degree. The labile IL have been consid~
ered to he constituents of skimmilk, while vartially classified lipopro-
teins and glycoprotein complexes, together with other lipid constituents,
have been considered to be among the non-labile T,

Cream was allowed to rise {(gravity) through columns of water in early
attempts to "wash" fat globules. Use of a cream separator replaced this
nethod because the fat globules could be washed "more efficiently™ by
repeated dilution and separation of washed cream; another advantage
claimed by this method was the higher yield of Il obtained.

We considered that the gravity washing procedure might yield washed
fat globules retaining I¥ more nearly representative of their natural
state than would the cream separator. Separator washing was considered
to be the more rigorous of the Two methods and tc involve greater shear-
forces at fat globule surfaces; thus Iii obtained should not be represen-

tative of the natural I (71). Atbtempts to repeatedly'wash creem by the

[

gravity technique failed due to iInability to overcome a strong cream-water
interfacial tension in the columms and to the occurrance of bacterial
decomposition when repeated washing was attempted. Consequently, an
accelerated zravity washing technique was developed in order to reduce

the time required and minimize bacterial decomposition while essentially

retaining the gravity weshing principle. A refrigerated iodel PR 2
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International centrifuge was employed at 4.4 + 1 C. Cream was washed
from zero to six times by redispersing the original end subsequent
wa.shed creams in 4.4 C redistilled water and centrifuging at 2250
rev/min for 90 min. Hacroscopic and microscopic eppearances of the
cream layers and fat globules, respectively, suggested that the provosed
method was effective in washing fat zlobules without causing the forma-
tion of fat-zlobule clumps or oiling off; emulsicn stability of the
washed cream was ar advantageous property.

A ferm cream separator was employed to repeatedly wash cream
according to procedures described by others (43, 82). Essentially the
method involved dilution of the original and subsequent washed creams

the origiral milk volume with water and separation af temperatures
of 37.7 C (original and first three washes) and 34.5 C (fourth through
sixth washes). Although emulsion stebility of the washed creem was
claimed for this method, ociling off of washed cream was repeatedly
ncountered. Destabilization of the washed cream suggested that con-
siderable quantities of lakbile ané possibly some non-labile Iif were lost
as a result of this more rigorous washing procedure.

The cream separator and refrigerated centriftuge were used to wash
cream up to six times. Samples of the original cream (WOC) and subse-

ent washed creams (IWC - 6WC) prepared by both methods were compared
regarding emulsion stability of the washed creams, the calculated inter-
phase materials nitrogen (IiI7) :1ipid ratio, the calculated IiW:total

nitrogen (TH) ratic and the churning times of WOC - 6#C samples stand-

u\

linid content. Rerardless of the number of washes

.. ,
erdized to a2 30%
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applied emulsion stebility was a property possessed oﬁly by centrifuge-
prepared creems; severe oiling off wes an unavoidable property of sepa-
rator-prepared creams. Emulsion stability of the centrifuge-prepared
creams appeared to be correlated with the mcre normel, longer churning

times resembling those of unwashed creams. Centrifuge-prepared washed

creams had higher IiIi:lipid and higher L{:TH ratios (Figure 2) through
three washes, sug estlng hat a higher proportion of the more labile Iif
were retained; beyond three washes the lower Iiii:lipid ratios suggested
increased lability of I to repeated wahn ing by the centrifugal method.
he higher Il:lipid ratio among the separator creams beyond four washes
may have resulted from the inclusion of some types of milk serum con-
stituents through the sixth wash.

During the churning of cream Ik are released to the rssulting but-
termilk end butterserum. Subsequent ultracentrifugation (87, 68, 89)
or acid precivitation (37, 40, 78) of buttermilk a”d/br butterserum have
been used to concentrate Ili. A series of butbtermilk-butterserum com-

binetions (BMES) were prepared from WOC - SWC separator-prepared creams.

~

By adjusting the pE to £.6 - 4.7 a casein-like precivitate was obtaired.
The clear supernatant that resulted gave a regative Biuret and Fehlings

test beyond the first wash, whereas a positive Lolisch test was obtained
through the fifth wash. These results suggested that milk serum proteins
and lactose were removed by the end of the first wash; the positive

kiolisch test through the fifth wash suggested that acid-soluble I

58
glyconroteins were present in the supernatant or mild acid hydrolysis

of precipitated I glycoproteins, during acidification, released
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carbohydrates to the supernatant. Beyond the fourth wash 95 to 98% of
the totel buttermilk nitrogen was concentrated in the precipitate
(Figure 3).

The acid-precipitable (pH 4.6 - 4.7) nitrozen (4FN) contained in
buttermilks from centrifuge~ and separator-ovrepered WOC - SWC samples
was determined from the differences tetween total nitrogen (T8 ) and
"non casein" nitrogen (acid pfecipitable at p¥ 4.6 - 4.7) contents of
the buttermilks.

APN:TNB ratios in the bubttermilks from centrifuge-prepared ZWC -
4aWC (0.92 - 0.97) were higher then the corresponding velues from sepe-
rator-prepared 2WC - 4WC- (0.91 - 0.92). The higher emounts of APN ambng
the former semples suggested that labile APY was removed from fat glob-

ules at a slower rate when the centrifuge was employed (Fi

=5

ure 3). I

B

the changes among the AT

n

M ratics were representative of the lability
of a major portion of the I1i, three washes should not be exceeded by
ither method; the centrifuge would te preferred since the APN:TI'B, as

well as the IIX:1lipid

;.v.

the washed creams, were all
higher than the corresponding ratios amonz separator-prevared creams
and subsequent buttermilks.

behevior of IX from ZES under acid conditions (pZ 4.6 - 4.7),
sugzested that the IX could be concentrated by ultracentrifugation under
conditions similer to those used To precipitate natural caseinates from
skimmilk (20,000 rev/min for 20 hr at O C). Tlitracentrifugation of
buttermilk from separator-prepared WOC - GiC concer‘raued ap to 88.7%

£ J_‘_A e L o ~ o, - aa ] d=
of ths tetel nitrogen im the rosultin
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two washes. Beyond two washes only 82.5 I 1.5% of the totel buttermilk

nitrogen was concentrated in the resulting precipitates. These results

suggested that some of the I nitrogen may bz low-density lipoprodteins or
be associated with unchurned fat globules which are not sedimented duri

ultracentrifugation.

A comparison of the resulting ultracentrifuge precipitates from
buttermilk from separator~ and centrifuge-prepared WOC ~ 66C was made.
The red material distribubed among the CUPS - 8UPS and QUPC -~ BUPC
semples i1s associated witn ILii concenvrated in the buttermilk. Only =
trace of red materisl is present in the natural caseinates from skimmilk
compared to its concentration (two distinet layers) in OUPC and 1UPC
(Figure £ 'B,b). Photographs (Figure 4, A and B) revealed that the
amount of precipitate obtained and the ratio of red to white material
vithin the precipitats decrsased rapidly s separator washing orogressed.
Comperative precipitates obtained from centrifu
were larger and showed a higher red to white material ratio to six

washes. Progressive dilution of the separator-washed cream wes evident

from the variation in cream lipid cenmitenit, 22.8% in WCC to 4.3 in 8WC;
by contrast the centrifuge-prepared creams varied in lipid content from
38% in WCC to 30% in 6WC. Consequently, the amount of ultracentrifuge-
precipiteble Ii present in the corresponding buttermilks varied dirsctly
with the lipid content of the cream. These resulis suggested that the

effect of the washing method used might be compared using the ultracen-

trifuge-precipitable I from

< =
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A second comparetive series of runs were made using the same raw
milk source for the preparation of the centrifuge- and separator-washed
WOC ~ 6WC samples. Dilution of the washed cream with progressive sepa-
rator washing was prevented by adjus ru.the cream screw on the cream
separator, two full turns in, following the separation of T0C. The
resulting creams from both series were all standardized to a 30% lipid
content prior to churning. The resulting ultracentrifuge buttermilk
precipitates OUPC ~ 6UPC and OUPS - 6UPS, from centrifuge-prepared
WOC - GWC and separator-prepared WOC - 6JC creams were photographed
(Figure 4, C and D); yields of freeze dried OTPC -~ 6UPC and CUPS - 8UPS
were determined and compared (Table 3); the totael nitrogen content of
the buttermilk was determined and the total buttermilk nitrogen (THB)
to creeam lipid ratios were calculated and compared for both washing
methods (Figure 5); and the calcium, mognesium, phosphorus, iron, cop-
per and zinc contents of the J0UPC - SUPC anc OUPS - SUPS samples were
determined (Figures 9 and 10).

The THE:cream lipid ratios were hijner ameng 1UPC - 3UPC but lower
among 4UPC - 6USC than corresponding 1UPS - 6UPS samples; these ratios

veried inversely with the yields of freeze dried 4UPC - 6UPC and 4UPS -

v}

£UPS samples which suggested that nitro

-
h

necessarily reflect the changss occurring among Il during repeated wash-

ing of cream by either method. Color changes among the UPS and UPC sam-
ples support this sugzestion.

The precipitates from 1UPC - 8UPC were slightly larzer in appear-

ance than correspording 1lUPS - 8UPS; higher jields of freeze dried
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precipitates supported this observation. The ratio of red to white
material wes higher and more uniform among 4UPC - 6UPC compared to the
progressive loss of red material and the appearance of & greenish-browm
meterial among the 4UPS - 6UPS. Color changes among the 4UPS - 6UPS
samples suggestved that a lebile red meterial was lost more rapidly when
the cream separator was used to wash cream.

An attempt was mede to confirm the appearance of more red material
among 1UPS, 2UPS and 3UPS and its subseguent loss in 4UPS - 8UPS by
measuring the reflectance spectra of previously-vrepared, freeze dried,
bulk CUPS - 6UPS samples (Fizure 8). The lowest reflectance value at
240 - 460 mu (Figure 7) agreed with the highest observed concentration
of red color in 2UPS and 3UPS (Figure 4, A and C). Reflectance spesctra

of 1UPS -~ €UPS samples (Figure €) resembled the characteristic absorp-

tion spectra of metalloflavoproteins (55).
The observed color changes among the photographed CUPS - 6UPS sam-
ples (Figure 4, A and C) and the reflectance spectra of related freeze

dried samples suggested that metal-containing materials were present in

¢
the ultracentrifuge precipitates.

Trace metal analysis of the freeze dried UPS and UPC samples from
standardized, unweshed and washed creams suggested: 1) color changes

among the UPS and UPC samples corresgond to changes in iron and copver

contents, 2) lowest reflectance values ab 440 - 460 mu were not asso-

ciated with the highest concentration of irom, 3) the highest iron con-

centration in 4UPS mey be related to its lowest minimum reflectance

velue at 360 - 370 mm ., £4) the orogressive increase in copper contents
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with repeated weshing among the UPC and UPS samples indicated that a

g
copper-bearing component was among the least labile I¥ components,

5) the rapid increase in copper reflected the loss of more labile I at

a faster rate amonz cream-separator prepared samples, 6) a portion of

the zinc was lost together with milk serum consvituents, and beyond the
second wash zinc-containing components of Iil were removed at a faster
rate when the centrifuge was used, 7) sharp decreases in phosphorus, cal-
cium and megnesium contents by the end of the first wash agree with the
observed loss of caseinates from the photographed precipitates, 8) phos-
phorus increases in the second wash reflect the association of phospho-
rus-containing components with I, and 9) changes in phosphorus contents
beyonc the first wash were represented by changes in vhospholipid as well

2s non-lipid phesphorus.

Beyond three washes iron, ccpper and phosphorus contents of UPS

samples showed greater rates of change than did corresponding iron,
copoer and phosphorus contents of UPC samples. These changes together
with the noticable color changes among the UPS samples and the lower

IEi:1ipid ratios beyond the third wash suggest that three washes should

g

not .be exceeded using the cream separator. The rapid decrease in zinc

using the centrifuge su

==

gested that two washes saculd not be exceeded.

g8

-

The higher Iuii:

more normal churning times of the centrifuge-prepared washed creams,
together with the higher yields of freeze dried TPC saﬁnles suggested
that the use of the refrigerated centrifuge would produce materials more

nearly revresentative of the natural



Interest in the lipid porticn of the IU resulted from a desire to
completely remove I liovids and obtain quantitative yields of lipid-free
Ik by the isolation procedures employed, and to determine whether the
total phospnorus content of crude Il resulted from the presence of phos-

pholipids only or a combinatlion of these and & phosphorus-containing

protein. Soxhlset extraction with ethyl ether was used Lo remove lipids

. Resulting Soxhlet residues

loosely associated with freeze dried 14
were then treated by iLiojonnier (5) or Eloor (14} extraction procedures

a3

to remove Ii lipids more "closely associated" with the Ii.

The emounts of neutral 1lipid and phospholivild contained in the Sox-

hlet extract were estimated on the basis of the solubility of the

leum ether- or ethyl ether-soluble fraction from the Soxhlet extract in

w

acetone; acetone-soluble phosvholipids wer

determined by precipitation

-

with magnesiuvm chloride. The amounts of neutral 1lipid, phospholipid and
free fatty acids contained in the Blcor extract of the Soxhlet residue

imated by the fractionation procedure described by Bloor (14).

Py

itable (DE 4.6 - £.7) I¥ from a

Lipids contained in acid-preci

s

e

buttermiliz-butterserun mixture (AFRE) from centri
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times washed cream were studlied. CFf the initial weight of APBB used,
81.15% was Soxhlet-extracteble lipid and 38.70% was Bloor-extracteble
lipid; the fractionated Bloor extract contained 78.50% phosphelipids,
7.47% neutral lipids and 14.03% free fatty acids. The Soxhlet extract
contained 88.84% acetone-soluble neutral lipids, 6.99% acetone-soluble
and -insoluble phospholinids and 4,17 of ethyl ether, petroleum ether

iuble materisl (Table 5). The hich phospholinid content of the

e
5
0



Bloor extract indicated that most of the Iil phospholipids are closely

.

associated with the non-lipid IM. The high neutral lipid content of the
Sozhlet extract suggested that large emounts of lipid (free lipid and
unchurned fat globules) were occluded during acid precipitation of Iif.
Neubral lipids, chiefly triglycerides, are known (43, 77, 102) to be
associated with Ik, but appear to be easily removed by ethyl ether (Sox-
hlet) extraction.
4 series of bulk OUPS - 6UPS preparations were Soxhlet extracted
(etnyl ether) and the resulting ethyl ether-soluble and ~insoluble frac-
tions were determined guentitatively. Some chemical properties of ©
insoluble fraction wers studied. The remaining Soxhlet residues from
QUPS - 8UPS were peptized in sodium hydroxide-glycine buffer, pH 12.23,
and residual, "closely asscciated" lipids were removed by iiojonnier ex-
traction and détermined quantitatively. Aliguots of the peptized Sox-
hlet residue before and after iojonnier extraction were removed for the
determination of total nitrogen. Aliquots of the llojomnier-extracted
Soxhlet residue were subjected to free electrophorstic studies.
The amount of Soxhlet-extractable 1ipid contained'in the freeze
dried UPS samples reached a maximum of 49.50% in 4UPS (Table 6). The
igh 1lipid content of these samples suggested that the non-lipid portion

e

influences the density of the Ii to a greater degree during ultracentri-
fugation thar does the presence of lipids. An ethyl ether-insoluble
material present in the Soxhlet extract represented as much as 3.57% of
the original 3UPS sample and 8.26% of the total Sorhlet extract (Table 6).

g 1

The low nitrogen content, positive lolisch test, and absence of kojonnier
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-extractable lipid were not helpful in attempting to characterize this
material. It possessed the unique property of being Soxhlet-extracteble
(ethyl ether) while remaining insoluble in the chosen solvent.
lojonnier-extractable lipid present in the Soxhlet extracts from
QUPS - 6UPS did not change as much, 13.05 - 15.72% (Table 7), from 2UPS -
8UPS as did the Soxhlet-exiractable lipid, 34.38 - 49.50%. The latter
change reflected the occlusion of varying amounts of free fat and un-
churned fat glébules among the UPS samples during sedimentation of the

T

micellar IK. Failure of the nitrogen content to increase (Table 7)
following kojommier extractior of the OUPS ~ 6UPS Soxhlet residues in-
dicated that Mojonnier extraction removed a portion of the non-lipid
nifrogen from Il |

Une of the major problems in a study of non-lipid T is its rela-
tive insolubility. Several buffers and buffer plus chemical agents
(Tekle 9) were used in an attempt to solubtlize lipid-free Iil. Sodium
hydroxide-glycine buffer »Z 12.23 was the best peptizing agent studied.
Soxhlet extracts of OUPS - 6UPS samples were peptized in sodium hydrox-
ide- glwycine buffer, pE 12.23 and the residual Hojonnier-extractable
lipids were removed. The resulting aqueous samples were dialyzed and
subjected to free electrovhoresis (Figure 11). The OUPS and 1UPS pat-
terns closely resembled the pattern obtained from naturael skimmilk
caseinates under identical electrophoretic conditions. The pattern
obtained from 2UPS was completely differernt, suggesting that caseinates
were completely removed by the end of two washes. Electrophoretic pat-

terns of 2UPS - 6UPS each showed a major peak together with one or two
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slower or faster migrating components. These minor pesks were not
well defined and appeared as shoulders on the major peak.

The total phosphorus content of the Soxhlet-extracted JUPS -~ 6UPS
samples were determined. Assuming the corresponding kojonnier-extract-
able 1lipid wes all phospholipid, +the phospholipid phosphorus was cal-
culated (11). The phosphorus contents of the non-lipid fractions from
OUPS - GUPS were thern estimated from the difference between the total
and phospholipid phosphorus. The calculated non-lipid vhosphorus (HLP) .
to total phosphorus (TP) ratio was calculated (Table 9). A plot of
NLP:TP ratio vs. the number of washes revealed that the ratio decreased
rapidly from 1UPS to 2UPS, resulting from the removal of caseinates,
foliowed by a linear ircrease to 6UPS. During this linear increase the
phospholipid content, except for 6UPC, was essentially constant 15.13 -
15.72% (Table 7)., These results suggested that a non-lipid phosphorus
containing comporent was relessed &t & much slower rate tham is the
phosphorus-containing lipid component during progressive washing. These
results also support the theory that changes among the phosphorus con-
tents of UPS and UPC samples, Figures § and 10, reflect changes in non-
lipid as well as 1lipid phosphcrus-containing components with progressive
washinz.

The comparison of the two methods for washing cream, using a refrig-
erated centrifuge and a cream separator, has provided some interesting
results. The more consistent Iii:lipid ratios amorg the cream separator

washed creams, the apparent retention of more ron-acid-precipiteble T

1

as suggested by the lower AP :THB ratios emong the cerresponding
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buttermilks and the ability to process more milk and obtain larger gquen-
tities of I favor the use of the cream separator. The higher iron, copper
and zinc contents of the ultracentrifuge precipitates from buttermilk sug-
gest that IM from cream separator—prepared.creams contains higher amounts
of these metal-containing materials. The emulsion staebility and the more
normal, longer churning times of the centrifuge-prepared washed creams,
together with the more uniform color composition of the corresponding ultra-
centrifuge bubttermilk preci?itates and the consistently higher yields of
freeze dried precipitbates suggest that the use of the refrigerated cen-
trifuge to wash cream provides I in their most natural state. Dased on
these results the use of the refrigerated centrifuge is favored, but more
dete are needed to confirm our selection.

Regerdless of which method is used to prepere washed creem and ulti-
metely I, changes among washed cresm IdT:lipld and APN:TN ratios, as well
as color and trace metal composition of corresponding ultracentrifuge
buttermilk precipitates, indicate that at least two and not more Then
three washes would be sufficient for the preparation of I in their most

natural state.
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