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ABSTRACT : The rapid fonnation of a cream line cannot be observed in raw goafs milk standing at a low temperature. 
Although the poor creaming ability of goat's milk has been considered to be due to the small size of milk fat globules and 
the lack of euglobulin capable of being adsorbed on milk fat globules, there is much left to study. The present work 
attempted to elucidate a factor for poor creaming ability of goat's milk. The creaming ability of the experimental milks 
reconstituted from creams and skim milks separated from cow's milk or goat's milk was measured by the volume of the 
cream layer and the fat content of bottom layer. The polypeptides composition of the Pl the fraction (i.e., the high 
molecular weight fraction eluted near the void volume obtained by the gel filtration of whey) and milk fat globule 
membrane prepared from both milks were compared. It was found that the promotion of creaming originated from goat's 
skim milk was lower than that from cow's skim milk. The Pl fraction in goafs skim milk was less than that in cow's 
skim milk. The polypeptide (M.W. 4.3 X 104), found in the Pl fraction of cow's milk was not found in the Pl fraction of 
goafs milk. It is suggested that the poor creaming ability of goat milk is caused mainly by the difference from cow milk 
in the amount and the composition of the Pl fraction. (Asian-Aust. J, Anim. Sci, 2001. VoL 14, No, 3 ; 351-357)
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INTRODUCTION

In cow's milk which stands at a low temperature 
immediately after milking, a cream line forms on the 
surface in a much shorter period than individual milk 
fat globules independently rise because fat globules 
agglutinate on the way to the surface. However, 
formation of a cream line is very slow in goafs milk 
(Brunner, 1974; Fahmi et al., 1956; Jenness, 1980; 
Keenan et al., 1988; Walstra, 1995). The causes are 
considered to be the small size of the fat globules of 
goafs milk, the lack of euglobulin capable of being 
adsorbed on fat globules (Jenness and Parkash, 1971), 
and the small amount of components involved in the 
agglutination of fat globules in goafs milk 
(Morand-Fehr and Flamant, 1983).

We previously reported that immunoglobulin M 
(IgM) in milk and a fraction eluted near the void 
volume by gel filtration of whey using Sephacryl 
S-300 (Pl fraction) might be involved in the 
agglutination of fat globules in cow's milk (Masuda et 
al., 2000).

In the present study, to elucidate the causes of the 
poor creaming ability of goafs milk, we reconstituted 
2 types of milk with cow's cream and goafs skim 
milk and with goafs cream and cow's skim milk and 
examined the fonnation of a cream line, the amount 
of IgM, and the amount and composition (i.e., 

proteins/polypeptides, sugar chains and lipids) of the 
Pl fraction.

MATERIALS AND METHODS

Separation of skim milk and cream
The materials were milk from Holstein cows fed in 

a farm at the College of Bioresource Sciences, Nihon 
University and from Japanese Saanen goats fed at the 
Foundation of Mito City Agricultural Corporation. 
Immediately after milking, all milk was centrifuged at 
2,900 RCF for 15 min at 4 °C and separated into 
cream (centrifuged cream) and skim milk.

Creaming ability of the reconstituted milk
Cow's skim milk was added to the separated 

goat's cream to make a final volume the same as that 
of the original whole goat's milk (for example, when 
we got 5 ml of goafs centrifuged cream from 50 ml 
of whole goat's milk, we added 45 ml of cow's 
centrifuged skim milk to the goafs cream), and the 
mix was centrifuged. This procedure was performed 
twice. Components of goafs skim milk in goafs 
cream were thus replaced by those of cow's skim 
milk. The rinsed goat's cream was reconstituted with 
cow's skim milk to a final fat content of 4.5% and 
heated at 40 °C for 20 min. Fifty ml of the 
reconstituted milk was added to a measuring cylinder 
with a lid, then the volume of the cream layer (ml) 
was measured after the samples had been kept 
standing at 4 °C for 2, 4, and 17 hours. The fat 
content (%) of the skim milk was determined in 
samples standing for 17 hours. Cow's cream was 
rinsed with goafs skim milk in the same manner and 
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was reconstituted with goafs skim milk under the 
same conditions. The creaming parameters were 
examined. For the control, the creaming parameters of 
untreated cow's and goafs milk were examined under 
the same conditions.

Measurement of the content of IgM
Whey was prepared with cream and skim milk 

separated from cow's milk and goafs milk using the 
method reported in a previous study (Masuda et al., 
2000), and the amount of IgM was determined by 
BIND ARID™ (The Binding Site Ltd.).

G이 filtration of whey and separation of IgM
Gel filtration of whey and separation of the Pl 

fraction were performed by the method of Masuda et 
al. (2000) as follows. The whey of cow's skim milk 
and goat's skim milk was fractionated by gel filtration 
using a column (26 x 900 mm) packed with Sephacryl 
S-300 (Pharmacia LKB Biotechnology). The elution 
pattern was observed at 280 nm and the fraction 
eluted near the void volume was collected as the Pl 
fraction. The elution was carried out by using veronal 
buffer (pH 8.6) at 10°C. The Pl fraction obtained by 
the above gel filtration was dialyzed against distilled 
water by stirring in a c시d room (4°C). The distilled 
water was exchanged every 6 hours for 24 hours. 
Contents in the dialysis tube were freeze-dried (Kyowa 
Shinkuu Gijyutu Co. Ltd.) after the dialysis. The 
temperature of the shelf during the warming process 
was maintained at 20°C.

Preparation of the milk fat globule membrane 
fraction

The milk fat globule membrane fraction was 
prepared according to the method of Eigel et al. 
(1984). Each type of cream separated from cow's milk 
and goat's milk was centrifuged at 2,900 RCF at 4 °C 
for 15 min, and centrifugal rinsing of the cream 
residues was performed three times using 10 mM 
Tris-HCl buffer containing 0.28 M sucrose and 1.0 M 
MgCh (No. 1 buffer, pH 7.5), diluted with No. 1 
buffer containing 0.15 M NaCl (No. 2 buffer, pH 7.5) 
to 30-35% of the fat content, then kept standing at 
4 °C for 20 hours. The cream residues were divided 
into butter particles and buttermilk by churning. The 
butter particles were heated at 40 °C and suspended in 
No. 2 buffer. Butter whey and the fat layer were 
separated by standing at 40°C, and centrifugal rinsing 
of the fat layer was performed th호ee times using No. 
2 buffer. The above butter milk and butter whey were 
mixed with the entire No. 2 buffer used for rinsing, 
and dialyzed to water at 4°C- The residues were 
freeze-dried to make the milk fat membrane fraction.

SDS-PAGE and CBB staining
One mg of the Pl fraction or the freeze-dried milk 

fat globule membrane fraction was dissolved in 95 p. 1 
of 0.5 M Tris HC1 buffer containing 2.5% SDS (pH 
6.8) and 5 “1 of /3 -mercaptoethanol and heated at 
100 °C for 5 min. Then electrophoresis was performed 
on a 7.5-15% gradient gel.

Detection of sugar chains
Polypeptides of the Pl fraction after electrophoresis 

were transferred on a PVDF membrane by the 
Western blotting method (Towbin et al., 1979), and 
the membrane was immersed in a block ace solution 
(Dainippon Pharmacy Co. Ltd.) at 37 °C for 2 hours. 
After rinsing with TTBS (0.01 M Tris, 0.15 M NaCl, 
0.1% Tween 20, pH 7,50) for 5 min 4 times, 
non-specific binding was blocked by an avidin/biotin 
blocking kit (Vector Laboratories Inc.). To detect sugar 
chains by G.P. SENSOR™ (Honen Corporation), the 
membrane was rinsed with TTBS for 5 min 4 times, 
and then with distilled water for 5 min 3 times and 
immersed in NMO4 s이ution (64 mg/30 ml) for 10 
min. After rinsing with a phosphate buffered saline 
(0.85% NaCl, pH 7.2) for 10 min 4 times, the 
membrane was immersed in biotinhydrazide (750 p. 
g/30 ml) for 30 min. After rinsing with 2 N-NaOH 
for 10 min 3 times and with TTBS for 10 min 7 
times, the membrane was immersed in HRP- 
streptavidin solution (Vector Laboratories Inc.) for 1 
hour. The membrane was rinsed with TTBS for 10 
min 7 times and colored using a POD immunostaining 
set (Wako Pure Chemical Industries, Ltd.).

RESULTS AND DISCUSSION

Creaming ability of the reconstituted milk
Keenan et al. (1988) reported that either the 

difference in the quantity of IgM or milk fat globule 
membrane proteins or the lack of IgM or IgM 
receptor proteins would cause poor creaming ability of 
goafs milk. From their speculations and based on the 
studies on the diameter of goat's milk fat globules by 
Fahmi et al. (1956) and by Puri et al, (1961), we 
considered that the poor creaming ability of goat's 
milk would be caused by a higher proportion of small 
milk fat globules than in cow's milk, and by 
differences in the amount of the Pl fraction, which 
was suggested by accelerating agglutination of milk fat 
globules by IgM (Masuda et 시., 2000).

As shown in table 1, the fat content of the skim 
milk layer in the milk reconstituted with cow's skim 
milk and rinsed goafs cream was 1.98%, which was 
about 2-fold higher than that in the milk reconstituted 
with cows skim milk and rinsed cow's cream. This 
demonstrated that agglutination of milk fat globules in 
the former reconstituted milk is slow even though both 
the Pl fraction and IgM of cow's milk were present. 
The volume of the cream layer in the milk 
reconstituted with goafs skim milk and rinsed cow's 
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cream was only 2 ml, while it was 9 ml in the milk 
reconstituted with cow's skim milk and rinsed goafs 
cream. If poor creaming ability of goafs milk is 
caused solely by the high proportion of small fat 
globules, creaming would not be very slow in the 
milk reconstituted with goafs skim milk and rinsed 
cow's cream. Moreover, the volume of the cream 
layer observed in the milk reconstituted with goafs 
skim milk and cream was only 1 ml, while it was 9 
ml in the milk reconstituted with cow's skim milk and 
the same rinsed goafs cream. It was shown that the 
formation of the cream line was accelerated when 
cow's skim milk was used. These results coincided 
with those of an investigation using milk reconstituted 
with goafs milk and cow's milk by Jenness and 
Parkash (1971) who suggested that the poor affinity of 
receptors existing on milk fat globule membranes to 
agglutinins is a cause of the poor creaming ability of 
goafs milk. Walstra (1984) reported that creaming of 
goafs milk is slow because it does not contain 
cryoglobulin (low temperature agglutinative mixture of 
IgM and other proteins). Based on these results and 
the results of the present study, the causes of the poor 
creaming ability of goafs milk are considered to be 
due to its high proportion of small fat globules and 
the differences between goat's milk and cow's milk in 
the quality or the amount of substances (such as IgM 
and the Pl fraction), which may be involved in the 
agglutination of fat globules (Masuda et al., 2000).

IgM content
As shown in table 2, there was no significant 

difference in the IgM content between cow's milk and 
goat's milk. Cloudiness was observed in acidic whey, 
which was separated from raw cow's milk and kept

* The figure indicated the volume (ml) of cream layer

standing at 4°C. This cloudiness is considered to be 
caused by agglutinated masses of a portion of IgM 
and the so-called skim milk membrane (Plantz and

Table 1. Creaming of cow's milk, goafs milk and
the combination of the cream and skim milk (ml)

Cream layer after: Fat (%) in
Specimen … … , bottom layer
r 2 h 4 h 17 h a s lafter 17 h

Cow,s milk 12* 13 9 n «Q
Goafs milk 0 0 1 3 ”
Cow's skim milk 13 14 8 q g

+cow,s cream
Cow's skim milk 7 9 6
+goafs cream

Goafs skim milk 0 1 1 3 94
+goat's cream

Goafs skim milk 0 2 2
+cow's cream

obtained from 50 ml of sample milk standing at 가°C.

Patton, 1973; Stewart et al., 1972). Masuda et al. 
(2000) confirmed that white and cottony agglutination 
occurred in the Pl fraction, which had been separated 
from cow's skim milk and kept standing at 4°C. This 
agglutination is considered to be the main cause of 
cloudiness in the acidic whey standing at a low 
temperature as mentioned above. In the Pl fraction, 
which had been separated from goat's skim milk and 
kept standing under the same condition as above, only 
a little white agglutination was observed. It is 
suggested that IgM of goafs milk is not agglutinative 
at low temperatures or that the amount and 
composition of the Pl fraction in goafs milk are 
different from those of cow's milk.

Elution profile of the centrifuged skim milk in gel 
filtration

The amount of the Pl fraction was slightly less in 
the goafs milk than in the cow's milk (figure 1). In 
cow's milk, the amount of the Pl fraction in skim 
milk separated from milk that had been kept standing 
(standing skim milk) was less than that of the Pl 
fraction in cream separated from milk, which had been 
kept standing (standing cream), and in centrifuged 
skim milk, suggesting that components of the Pl 
fraction are involved in creaming (Masuda et al., 
2000). Therefore, it was suggested that the quantitative 
and qualitative differences in the Pl fraction are 
partially involved in the poor creaming ability of 
goat's milk.

Polypeptide composition of the Pl fraction
We had examined the amount of polypeptides with 

molecular weights of 4.3 X 104 and 4.8 X 104 in the Pl 
fraction separated from standing cow's cream, standing 
cow's skim milk, and centrifuged cow's skim milk 
and had found that the amount of these polypeptides 
was less in the Pl fraction separated from standing 
cow's skim milk (Masuda et al., 2000). Based on 
these observations and the results of studies on 
polypeptides with the same molecular weight as the 
above mentioned on milk fat globule membranes 
(Anderson et al., 1972; Mather and Jack, 1993; 
Shimizu et al., 1978), we had previously suggested 
that these polypeptides were involved in agglutination

Table 2. The contents of immunoglobulin M in 
goafs milk and cow's milk (p. g/ml)

Goafs milk Cow's milk
Whole milk 48 52
Skim milk* 48 51
Cream layer* 47 52 -
* Skim milk and cream layer were prepared by centri-

fugation (2,900 RCF, 15 minutes, at 4°C). Figures are 
expressed the means of four individual milks.
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Figure 1. Gel filtration patterns of whey obtained from goafs milk and cow's milk. A column (2.6 X 90 cm) 
was packed with Sephacryl S-300 (Phannacia Biote아i) and equilibrated with Veronal buffer (pH 8.6) at 4°C- 
Absorbance of the eluate was determined at 280 nm. The shaded areas indicate the Pl fraction.

of cow's fat globules (Masuda et al.5 2000). In 
polypeptide patterns of the Pl fraction separated from 
goafs milk (figure 2-A), there was no band of the 
polypeptide with a molecular weight of 4.3 X 104, but 
a clearly stained band was observed almost in the 
middle of the bands at 4.3 X104 and 4.8 X104. The 
examination of sugar chains in goafs milk by G.P. 
SENSOR™ revealed that there was no sugar chain 
around the molecular weight of 4.3 X 104 (figure 2-C), 
but the above-mentioned band in the middle showed 
the same reactivity as the band at 4.8 X104 in cow's 

milk (figure 2-D).

Polypeptide composition of milk fat globule 
membrane in goafs milk and cowJs milk

A cause of slow agglutination of fat globules in 
goafs milk is considered to be different in milk fat 
globule membrane proteins between species (Keenan et 
al., 1988). As shown in figure 2, electrophoresis on a 
7.5-15% gradient gel of the milk fat globule 
membrane fraction prepared from centrifuged cream of 
goafs milk and cow's milk demonstrated that there 

(
흐
 X
)
 

扫亠--
源
』
을°응2

A B C D

Figure 2. SDS-PAGE patterns of milk fat globule membrane fractions and Pl fractions obtained from goafs 
milk and cow's milk. A and C: Pl fraction obtained from goafs skim milk prepared by centrifuge (5,000 rpm, 
15 min. at 4°C). B and D: Pl fraction obtained from cow's skim milk prepared by centrifuge. E: milk fat 
globule membrane obtained from goafs cream prepared by centrifuge (2,900 RCF, 15 min. at 4°C)- F: milk fat 
globule membrane obtained from cow's cream prepared by centrifuge. One mg of lyophilized milk fat globule 
membrane and Pl fraction was dissolved in 95 “1 of sample buffer and 5 “1 of 0 -mercaptoethanol and was 
heated at 100°C for 5 min. Fifteen ml of treated Pl fraction was loaded on 7.5~15% gradient slab gel (W 90X 
H 80XT 1 mm). After electrophoresis, A, B, E and F were stained with Coomassie brilliant blue R-250. C and 
D were treated by G.P. SENSOR™ to detect carbohydrates after transfer to PVDF membrane. The positions of 
major polypeptides of milk fat globule membrane are indicated with arrow heads.

E F
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was no significant difference in the composition of the 
main polypeptides (figures 2-E and F). It was reported 
that the composition of milk fat globule membrane 
polypeptides in goat's milk is almost identical to that 
in cow's milk (Heid et al., 1983; Patton, 1982; Patton 
and Hubert, 1983).

The polypeptide with a molecular weight of 4.3 X 
104, which was confirmed to be absent in the Pl 
fraction of goafs milk, was present in the milk fat 
globule membrane fraction of goat's milk (figure 2-E), 
but the amount was much less than in cow's milk. 
The amount of the polypeptide with a molecular 
weight of 4.8 X IO，in goafs milk was similar to that 
in the milk fat globule membrane fraction of cow's 
milk. There have been a number of studies on the fat 
globule membrane polypeptides of cow's milk 
(Brunner, 1974; Kanno, 1980; Keenan et al., 1983; 
McPherson and Kitchen, 1983; Keenan et al., 1988; 
Mather and Jack, 1993; Keenan and Dylewski, 1995). 
Mather et al. (1980) considered that the polypeptide 
CB15 with the molecular weight of 4.8 X104 in the 
present study, is a precursor of polypeptide CB16 with 
a 4.3 X104 molecular weight, and suggested that the 
polypeptides were closely related. McPherson and 
Kitchen (1983) also suggested that CB15 is a 
biological precursor of CB16. Because there was a 
band with the same electrophoretic distance as that of 
the milk fat globule membrane fraction in the 
polypeptide patterns of the Pl fraction in cow's milk 
and goafs milk (figure 2), the Pl fraction is 
considered to have components such as a skim milk 
membrane or milk microsome (O'Connor and O'Brien,

1995). According to the process of generating the 
skim milk membrane proposed by Kanno (1988), after 
secretion of fat globules from mammary cells, the 
phospholipid layer on the superficial layer of the fat 
drops fuses with that inside the milk fat globule 
membranes immediately after their formation. Then 
some separate from fat globules as unstructured 
membranes because of the overproduction of covering 
substances. The separated membrane from fat globules 
is the skim milk membrane, which is generated by 
reconstitution of milk fat globule membrane 
components. Deeney et al. (1985) reported that skim 
milk membranes are derived from mammary cells, and 
are different between species. In the polypeptide 
patterns of the Pl fraction and the milk fat globule 
membrane fraction (figure 2), the amount of 
polypeptides with a molecular weight of 8.5 X 104 was 
large in the skim milk membrane, which is in 
agreement with the results by Kitchen (1974). The 
number of bands corresponding to the molecular 
weight of 2.0-3.0 X 104 by electrophoresis was relative
ly much in the milk fat globule membrane fraction 
separated from cow's milk while these bands were 
much in the Pl fraction separated from goafs milk. 
The polypeptide patterns of the Pl fraction and the 
milk fat globule membrance fraction were not always 
identical, and the differences in the polypeptide 
patterns varied with species. These results suggested 
that the process of generating the skim milk 
membrane is different between goat's milk and cow's 
milk.

Pl fraction of cow's milkPl fraction of goat's milk

Figure 3・ Gas chromatogram of hexane-extract of Pl fractions obtained from goafs milk and cow's milk. The 
extract of Pl fraction by hexane was iiyected into a gas-chromatograph equipped with a FID detector and 
stainless steel column packed SE-30 (G.L. Science Ltd.). The column temperature was programmed to rise from 
200 to 300at a rate of 7.5 C per min, and the injection temperature was maintained at 350C
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Extracts of the Pl fraction with hexane
Plantz and Patton (1973) reported that there were 

differences in the distribution of phospholipids and 
cholesterols, which are components of the skim milk 
membrane, between cow's milk and goafs milk. As 
shown in figure 3, peaks of cholesterol and 
triglyceride (C26, C38-C52) were confirmed in the Pl 
fraction of cow's milk. In the Pl fraction of goat's 
milk, the amount of cholesterol was the same as in 
cow's milk, while the amount of triglycerides was 
small (figure 3). These results of the lipid composition 
suggested that there is a difference in the composition 
of the Pl fraction, i.e., the composition of the skim 
milk membrane between cow's milk and goafs milk.

In conclusion, it was suggested that the poor 
creaming ability of goat's milk was mainly caused the 
difference in the composition of Pl fraction (high 
molecular weight fraction of whey) between cow's 
milk and goafs milk.
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