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ABSTRACT: Phospholipid (PL) extracted from bovine milk was
tested for its emulsifying properties in conjunction with the re-
constitution of cream using butter oil. PL from bovine milk dis-
persed in the oil phase was found to stabilize the cream, whereas
PL extracted from soybean oil was found to solidify the cream.
Different PL species purified from bovine milk PL were tested for
their emulsifying properties. PC from bovine milk dispersed in
butter oil was shown to stabilize the cream, whereas PE and
sphingomyelin had no such effects. PC from soybean oil also was
found to have emulsifying abilities. It was suggested that PC sta-
bilized the reconstituted cream, regardless of its origin.
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Bovine milk contains approximately 4% fat in the form of
globules that are surrounded by a thin membrane called the
milk fat globule membrane (MFGM), which consists of a com-
plex mixture of lipids, proteins, enzymes, and other compo-
nents. Approximately half of MFGM is composed of lipids, of
which approximately 69% is TAG, 27% is phospholipids (PL),
3% is cholesterol, and the rest is other minor components such
as glycolipids (1). A liter of bovine milk contains 0.3-0.4 g of
PL, or 1% of total lipids, most of which exist in MFGM. PL in
bovine milk can be further subdivided into PC (34.5%), PE
(31.8%), sphingomyelin (SPM) (25.2%), P1 (4.7%), PS (3.1%),
and lyso-PL (0.7%) (2).

Biological functions of PL in bovine milk have come to the
attention of researchers in the last decade, and the role of
bovine milk PL in lipid metabolism, cell proliferation, and ma-
turing of intestinal cells in infants have been reported elsewhere
(3-7). However, owing to the technological difficulties in ex-
tracting PL from bovine milk, and the high price created by the
technology, extensive use of PL from bovine milk has been
limited to pharmaceutical and cosmetic applications.

PL extracted from bovine milk are commercially available
in technical quantities (8). Malmsten et al. (8) studied the lipo-
some and emulsion-forming properties of SPM from milk and
reported that SPM from milk has physicochemical properties
similar to saturated PC. They concluded that it may be advan-
tageous to use SPM both for the stability and the biological
acceptance of the formulation, especially in the case of oral
administration of drugs intended to be absorbed in the small
intestine and for cosmetic applications.
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Other workers have concentrated on the physicochemical
properties of PL extracted from soybeans, since PL from soy-
beans have long been commercially available for use as emulsi-
fiers in the food industry. Rydhag and Wilton (9) analyzed PL
compositions and emulsifying properties of commercially avail-
able soybean lecithins and showed that the presence of PE and
PI enhanced the incorporation of water and the swelling of the
lamellar liquid crystalline phase of PC, thus stabilizing oil-in-
water (O/W) emulsions. Boode et al. (10) studied the behavior
of natural cream and recombined cream, made from milk fat,
skimmed milk, water, and soybean lecithin, during and after tem-
perature fluctuation. They found that the behavior of natural
cream and recombined cream appeared to be the same, being sta-
ble at 5°C, but both exhibited considerable thickening when they
were subjected to temperatures at which most of the fat melted
and subsequently cooled again. Oortwijn and Walstra (11) also
studied recombined cream made of skimmed milk and butter fat
in which PL were dissolved and showed that thickening (rebody-
ing) took place when the recombined cream was subjected to
temperature cycling. They also found that recombined cream
without PL added to the fat could not be rebodied.

All the above studies suggest that the presence of lecithin as
emulsifier at the surface of the fat globule is essential for stabi-
lization of the O/W emulsion.

In the present study, PL extracted from bovine milk and
from soybeans are compared for their emulsifying properties
in O/W emulsions using butter oil as the fat source. Of particu-
lar interest are the emulsifying properties of various PL species
and the identification of an effective way to add PL to obtain
stable O/W emulsions, which are vital factors in using PL from
bovine milk as emulsifiers commercially.

EXPERIMENTAL PROCEDURES

Materials. Unless otherwise stated, all chemicals were of
reagent grade and were purchased from Wako Pure Chemicals
(Tokyo, Japan).

Butter oil was obtained by melting 100 g of commercial
butter (unsalted), holding it at 70°C for 15 min, and then cen-
trifuging the melt at 3,500 x g for 5 min. The top layer was
collected, held at 70°C for a further 10 min, and centrifuged
again at 3,500 x g for 5 min before the top layer was col-
lected. The butter oil obtained was checked for its purity by
TLC following the method of Christie (12) and was found to
be free of PL and other polar lipids.

PL concentrate extracted from buttermilk by using ultrafiltra-
tion and acetone extraction was obtained in our laboratory based
on the method reported by Ohba et al. (13); the resultant concen-
trate contained 80% PL. PC, PE, and SPM were purified from
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TABLE 1

Compositions of PL Concentrate and SB Lecithin?

Component PL concentrate (%) SB lecithin (%)
PL 80 95
PC 30 30.7
PE 15 26.6
SPM 28 —
Pl 0.3 16.9
PS 3.2 —
PA — 8.4
Lyso-PL — 2.1
Others 3.5 10.3
Neutral lipids 10 5
Protein 5 —
Moisture 5 —

9SPM, sphingomyelin; SB, soybean; PL, phospholipid.

this PL concentrate, as described below. Buttermilk powder
(BMP) was obtained from Snow Brand Milk Products (Tokyo,
Japan).

Soybean lecithin (SB lecithin) containing over 95% PL was
obtained from Nissin Oil (Tokyo, Japan). Compositions of PL
concentrate and SB lecithin are shown in Table 1.

PC, PE, lyso-PC, and lyso-PE from porcine liver, and SPM
and lyso-SPM from beef brain were all of 99% purity and were
purchased from Funakoshi (Tokyo, Japan). PC from soybeans
also was of 99% purity and was purchased from Sigma-Aldrich
Japan (Tokyo, Japan).

Purification of PL species from PL concentrate. PC, PE, and
SPM species were purified from PL concentrate as follows. PL
concentrate (150 g) was dissolved in 4.5 L of a methanol/chloro-
form (1:2,vol/vol) mixture. Insoluble matter was removed by
passing this mixture through a filter with pore size of 0.5 um
(Sunprep V-FH; Millipore, Bedford, MA). The solvent was re-
moved from the mixture by using a rotary evaporator, and the
residue was dissolved again in 150 mL of a chloroform/
methanol (8:2, vol/vol) mixture. The sample was then applied
onto a column of Iatrobeads (200-300 mesh; Iatron Laboratories
Inc., Tokyo, Japan) with dimensions of 11 cm diameter by 60 cm
length, which had been pre-equilibrated with chloroform. Five
liters of chloroform/methanol (7:3, vol/vol) and then 25 L of
chloroform/methanol (6:4, vol/vol) were passed through the col-
umn to obtain PC and PE. Finally, SPM was obtained by passing
a chloroform/methanol (5:5) mixture through the column. Elu-
ents were collected in 1-L flasks, and each 1-L fraction was
checked for eluted PL species by TLC following the method of

Christie (12). Finally, the solvents in which the PL species ob-
tained were dissolved were removed by a rotary evaporator, and
the PL were checked for purity by HPLC using a Spherisorb SI
60 column (5 wm, 4.6 mm i.d. X 250 mm; Senshu Kagaku,
Tokyo, Japan) equipped with an ELSD (Varex II; Varex, Bur-
tonsville, MD). The column temperature was 30°C. The elution
solvent used was a linear gradient of hexane/isopropanol/water
(6:8:0.75 to 6:8:1.4) at a flow rate of 1.0 mL/min (14,15).

Preparation of model cream. The compositions of model
creams are shown in Table 2. The oil-to-water ratio was kept at
40:56 (w/w) in all compositions. PL concentrate and SB
lecithin were each added at 1 part of the total weight, and BMP
was added at 3 parts of the total weight (Creams A and A”). In
the case of purified PL species, they were added at 1:3 (i.e., 0.3
parts) of the weight of PL concentrate, since PL concentrate
contains approximately 30% PC, PE, and SPM (Cream B).
Creams C and D were designed to test the emulsifying proper-
ties of PL and BMP in the absence of each other.

Preparation of the model creams was carried out by follow-
ing the method of Sugimoto et al. (16) with minor changes.
Briefly, PL were added to 2 g of butter oil and were dispersed
at 60°C with constant agitation. BMP was added to 2.8 g of
water and was dissolved at 60°C. Both the oil phase and the
aqueous phase were heated to 60°C and mixed together at
60°C, then prehomogenized by using an ultradisperser (Ultra-
Turrax T25; Janke & Kunkel, Staufen, Germany) at 13,500 rpm
for 5 min. This mixture was further homogenized by sonica-
tion for 2 min using a sonicator (UR-20P; Tomy Seiko Co.,
Tokyo, Japan). The O/W emulsion obtained was immediately
cooled to 0°C in ice water for 12 h, after which the emulsions
were kept at 5°C. All of these processes were carried out in a
15-mL plastic tube with screw cap.

Evaluation of cream solidification. The state of the cream
after storage at 0°C for 12 h was classified into two categories
based on visual observation: liquid (L) and solid (S) state. A
laser diffraction particle size analyzer (SALD-2000; Shimadzu,
Kyoto, Japan) was employed for measuring the particle size
distribution of the emulsion droplets.

RESULTS AND DISCUSSION

Emulsifying properties of BMP and PL concentrate. A model
cream with BMP in the aqueous phase and PL concentrate in
the oil phase was prepared as described in the Experimental

TABLE 2
Compositions of Model Creams on a Mass Basis, and the State? of the Creams After Thermal Treatment

Cream A Cream A’ Cream B Cream C Cream D

(parts) (parts) (parts) (parts) (parts)

Butter oil 40 40 40 40 40
Water 56 56 56 56 56
PL concentrate 1 — — 1 —
SB lecithin 1
PL species — — 0.3 — —
BMP 3 3 3 — 3
State of cream L S — S S

9L, liquid state; S, solid state; BMP, buttermilk powder; for other abbreviation see Table 1.
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Procedures section (Cream A). At the same time, a model
cream without BMP in the aqueous phase (Cream C) and a
model cream without PL concentrate in the oil phase were pre-
pared (Cream D).

After being stored at 0°C for 12 h, Cream A remained lig-
uid, whereas Creams C and D solidified. Cream A remained
liquid even after 1 wk at 5°C. This result suggests that the pres-
ence of both PL and proteins is necessary to obtain a stable
O/W emulsion.

Emulsifying properties of PL concentrate and SB lecithin.
Model creams (Creams A and A” in Table 2) were prepared with
butter oil as the fat source. PL concentrate and SB lecithin were
each added to the oil phase. At the end of 12 h of storage at 0°C,
the addition of PL concentrate to butter oil was found to give a
stable O/W emulsion, whereas the addition of SB lecithin to but-
ter oil did not prevent solidification of the emulsion. Figure 1
shows the particle size distributions of the O/W emulsions with
PL concentrate and SB Lecithin. The particle size distribution
was narrow in the emulsion that remained in the liquid state, with
an average particle diameter of 2.3 um. On the other hand, the
emulsion with SB lecithin showed a broad particle size distribu-
tion, suggesting that coagulation of oil droplets in the emulsion
led to the solidification of the cream.

When both the PL and the oil used in preparation of the
emulsion originated from bovine milk, a stable O/W emulsion
was obtained. It is not clear why different emulsifying proper-
ties were observed when PL concentrate and SB lecithin were
each added to butter oil. One factor that may influence the
emulsion properties of PL is the difference in the composition
of PL species between the PL concentrate and the SB lecithin.
According to Table 1, the most common PL species in the PL.
concentrate and SB lecithin were PC and PE, although the con-
tent of PE was higher in SB lecithin. Another factor may be the
difference in the FA composition of the PL. On the basis of the
hypothesis that PL species play an important role in the stabi-
lization of the O/W emulsion with butter oil as fat source, pu-
rification of PL species from PL concentrate was carried out to
evaluate the emulsifying properties of each PL species in milk.

Purification of PL species from PL concentrate. Table 3
shows the elution pattern of PE, PC, and SPM species, as mon-
itored by TLC. PE eluted when the chloroform/methanol ratio
was changed to 6:4 (fractions 6 to 10), followed closely by elu-
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FIG. 1. Particle size distribution of model cream: (@) Phospholipid concen-
trate dispersed in butter oil; (A) soybean lecithin dispersed in butter oil.

tion of PC (fractions 11 to 25). PC was further eluted when the
chloroform/methanol ratio was changed to 5:5, although the
elution of both PC and SPM was observed from fractions 52 to
61. Elution of SPM by itself was observed from fractions 62 to
93. Fractions 6 to 10 were combined to obtain PE, 12 to 25 and
42 to 51 were mixed to obtain PC, and 62 to 93 were combined
to obtain SPM species. Solvents from each mixture were re-
moved by using a rotary evaporator, and the purity of each mix-
ture was analyzed by HPLC. At the same time, the retention
time of each PL species obtained was compared with PL stan-
dards. HPLC chromatograms of the PE, PC, and SPM fractions
revealed that PE and PC were free of any other species. How-
ever, the HPLC chromatogram of SPM showed two peaks, al-
though the elution pattern on TLC showed no indication of the
presence of a second band. The retention time of the larger peak
was the same as that for the standard SPM from beef brain, and
the area percentage of the peak was 86%. The retention time of
the smaller peak was compared to the retention times of stan-
dard lyso-PC, lyso-PE, and lyso-SPM; the smaller peak was
not lyso-PE, lyso-PC, or lyso-SPM. The identification of the
smaller peak is yet to be clarified. To evaluate the emulsifying
properties of PL species, the SPM obtained with 86% purity
was used.

Emulsifying properties of PE, PC, and SPM purified from
milk and of PC from soybeans. A model cream (Cream B in
Table 2) was prepared by dissolving PE, PC, and SPM species
purified from milk in either butter oil or water. Table 4 shows
the state of each cream after 12 h at 0°C.

PC dispersed in the oil phase stabilized the O/W emulsion,
whereas the addition of PE or SPM in the oil phase did not pre-
vent the solidification of the emulsion. To confirm the emulsi-
fying properties of PC, PC purified from bovine milk and PC
from soybean were each dissolved in butter oil, and cream was
prepared as described in the Experimental Procedures section.
In either case, the O/W emulsion remained in the liquid state
after 12 h at 0°C. Average particle size distributions of O/W
emulsions were determined to be 2.3 um for both emulsions.
These results suggest that PC itself has a stabilizing effect on
the O/W emulsion regardless of its origin, and this ability may
be hampered by its combination with other PL components, as
was exhibited in the case of SB lecithin dispersed in butter oil.
These observations may be due to structural differences
between PC, PE, and SPM. PC has a choline headgroup,
whereas PE has an ethanolamine headgroup. PC and SPM, on
the other hand, have the same choline headgroup but a differ-
ent backbone structure; PC has a glycerol backbone structure,
whereas SPM has a sphingosine backbone structure. These dif-
ferences may have led to the different abilities of these PL
species to stabilize the O/W emulsion.

Table 4 shows that the addition of PL species to the water
phase before homogenization did not prevent the solidification
of the cream. With respect to PC, this result suggests that the
presence of PC in the oil phase before homogenization, that is to
say, before the oil/water interface of the fat globules is formed, is
necessary for PC to be able organize itself at the oil/water inter-
face with polar headgroups protruding into the aqueous phase.
Otherwise, the presence of BMP and PC in the aqueous phase
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TABLE 3

Elution Pattern of PL Species®”

S. MIURA ET AL.

Solvent CM=7:3
Fr. no. 1 2 3 4 5 6 7 8 9 10 11

C/M =6:4

12 13 14 15 16 17 18 19 20 21 22 23 24 25

PE X X X X
PC X
SPM

>

C/M =64
27 28 29 30 |31 32 33 34 35 36

Solvent
Fr. no. 26

C/M =5:5

37 38 39 40 41 42 43 44 45 46 47 48 49 50

PE
PC
SPM

Solvent

Fr. no. 51 52 53 54 55 56 57 58 59 60 61

X X X X X X X X X

C/M =5:5

62 63 64 65 66 67 68 69 70 71 72 73 74 75

PE
PC X X X X X X X X X X X
SPM X X X X X X X X X X

Solvent

Fr. no. 76 77 78 79 80 81 82 83 84 85 86

C/M =5:5

X X X X X X X X X X X X X X

C/M =4:6

87 88 89 90 91 92 93 94 |95 96 97 98 99 100

PE
PC
SPM X X X X X X X X X X X

X X X X X X X

4C/M, ratio of chloroform to methanol used in elution of PL from the column of latrobeads; for details see the Experimental Procedures section. Fr.

no., fraction number; for other abbreviation see Table 1.

bThe letter “X” indicates the presence of the PL in question in that fraction number of the elution scheme.

may promote the formation of PC/protein aggregates, which may
prevent PC molecules from organizing at the oil/water interface
and lead to the destabilization of the emulsion.
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