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Consumer needs for low caloric and reduced fat foods has increased in Thailand. Cholesterol in milk

fat has been a drawback for milk products. Reduction of fat results in undesirable effects in some products.

To reduce fat in yogurt, total solid is lowered to 9-10%. This adversely affects physical and sensory proper-

ties of yogurt. Syneresis, weak body, lack of flavor and poor texture and mouthfeel are common defects of

nonfat and lowfat yogurt. Our previous study has shown that yogurt made from milk with high milk fat

globule membrane (FGM) had less whey separation. The objective of this study was to investigate the asso-

ciation of FGM on protein matrix in dairy gels using confocal microscopy. Sweet buttermilk contains a large

amount of FGM. A model system was used by addition of glucono-δδδδδ-lactone into yogurt mixes. When directly

acidified, membrane-like materials were observed under the microscope. They functioned as bridges linking

protein matrices together resulting in a more defined protein network. This suggested that FGM has a

potential to improve textural properties of yogurt.
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The previous studies (Kalab, 1980; Tamime
et al., 1989; Tamime et al., 1991) demonstrated
the presence of milk fat globule membrane (FGM)
in protein matrix of yogurt. Part of FGM is protein
and some other trace materials are phospholipids.
These proteins may be incorporated in protein
matrix of yogurt (Aguilera and Kinsella, 1991,
Corredig  and  Dalgleish,  1996)  and  may  help
improve  texture  (Trachoo  and  Mistry,  1998).
Phospholipids  such  as  sphingomyelin  were
believed to be tumor suppressor fats (Parodi, 1996).
Normally sphingomyelin and other phospholipids
account for 0.2-1.0% of the total lipids in milk,
where they are associated with FGM. During milk
processing, especially homogenization, this mem-
brane is disrupted and the phospholipids relocate
into aqueous phase. Sweet buttermilk is a rich
source of FGM (Christie et al., 1987), therefore
it can be a potential raw material for yogurt manu-
facturing.

According to our previous study which the
microstructure of yogurt made from skim milk
fortified with sweet buttermilk powder and ultra-

filtered sweet buttermilk was investigated, it was
found  that  there  were  some  membrane-like
materials  associated  with  the  yogurt  protein
matrices (Trachoo and Mistry, 1998). By observ-
ing under a scanning electron microscope (SEM),
the  size  of  the  membrane-like  materials  was
much bigger than casein micelles (Figure 1). Un-
fortunately, SEM did not allow us to observe the
membranous materials underneath the surface of
the specimen because SEM lacks such ability.
Confocal  laser  scanning  microscope  (CLSM)
was used in the studies of yogurt microstructure
by Hassan and Frank (Hassan and Frank, 1997,
Hassan et al., 1995). With CLSM, non-invasive
serial optical sectioning of intact or even living
specimens can be obtained without out-of-focus
blur (Sheppard and Shotton, 1997).

The objective of this research was to in-
vestigate the association of FGM with protein
matrix of dairy gels made from different dairy
ingredients (sweet buttermilk, sweet buttermilk
powder, nonfat dry milk, whole milk and skim
milk) using CLSM.
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Materials and Methods

Sweet  buttermilk  powder  was  obtained
from Wisconsin Whey International Inc., Madison,
WI.  Cream was obtained from raw milk by cen-
trifugation. The cream was then churned to separate
out sweet buttermilk, which was used for yogurt
production. Low heat nonfat dry milk (NDM),
sweet buttermilk powder, whole milk and skim
milk were commercially obtained.

Yogurt sample preparation

The yogurt mixes made with sweet butter-
milk, sweet buttermilk powder, skim milk, whole
or nonfat dry milk contained 10-11% total solids.

Table 1 shows the composition of raw materials.
The mixes were added with Nile red (10 g/L)
(Sigma Chemical Co., St. Louis, MO) solution (0.7
ml/L milk) and 2% (wt/vol) glucono-δ-lactone
(Sigma Chemical Co., St. Louis, MO) and incubated
in a glass chamber at 40ºC for 4.5 hr, then cooled
to room temperature.

Confocal scanning microscopy

The gel samples were observed using an
MTC-600  confocal  scanning  laser  microscope
(Bio-Rad Inc., Hertfordshire, England) with 60
times  oil  immersion  objective  (1.4  numerical
aperture) and an Ar/Kr laser (Bio0Rad Inc.) using
two  different  modes  of  operation.  Stained  fat

Table 1. Composition1 of raw materials used for gel preparation

Total Solid Total Proteins Fat Ash Carbohydrates2

(%) (%) (%) (%) (%)

Nonfat dry milk 96.83 36.22 1.03 7.91 51.67
Whole milk 12.34 3.32 3.65 0.64 4.73
Skim milk 9.81 3.27 0.11 0.81 5.62
Sweet butter milk 9.86 3.51 0.21 0.91 5.23
Sweet butter milk powder 95.83 31.45 7.43 6.93 50.02

1Mean values of sample duplicates.
2Calculated by difference.

Raw material

Figure 1.  Photomicrograph of membranous material in yogurt at 5,000 magnification
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globules and phospholipids were observed under
fluorescence mode with 568 nm excitation wave-
length and the normal microstructure of yogurt
protein matrices were studied using reflectance
mode (Hassan and Frank, 1997). Pictures gener-
ated with the two different modes were captured
and saved onto a Zip® disk for further processing.
Pictures of stained fat materials and yogurt protein
matrix were combined using computer software,
Confocal Assistant version 3.10.

Results and Discussions

Gel formation was achieved by addition of
glucono-δ-lactone to yogurt mixes and incubation
at 40ºC for 4.5 h allowing glucono-δ-lactone to be
hydrolyzed into solution to yield gluconic acid
(Hashizume and Sato, 1988). This simulates the
gel  formation  in  yogurt  (Hassan  et  al.,  1995)
without using starter culture, thus reducing the
problem of starter culture contamination. Nile red
was previously used to stain fat globule in milk
(Hassan and Frank, 1997). In this study, fading of
Nile Red stain was a major problem during the
confocal laser scanning operation for all samples
especially in lower fat content yogurts. Capturing
a picture in fluorescence mode first and then in
reflectance mode reduced the problem. In some
cases where the samples were low in fat content
such  as  those  made  from  skim  milk,  NDM  or
sweet buttermilk powder, time required to work
with these samples before capturing had to be
minimum. This suggests that anti-fading agent
may  be  needed  for  long  exposure  of  the  laser
beam. Also, it is possible to use some other dyes
for staining FGM.

To differentiate protein matrix from the fat
materials in the gels, artificial colors, green and red
were assigned to protein matrix and fat materials,
respectively. Pictures were taken at magnification
of 3,000 with the help of digital zoom. The stained
fat  materials  in  gel  samples  made  from  raw
materials from which most fat was removed, such
as nonfat dry milk, sweet buttermilk and sweet
buttermilk powder, are most likely to be FGM or
part of FGM (phospholipids), thus these images

indicate the location of FGM and the association
of FGM with protein matrix.

Gel samples made with sweet buttermilk
apparently had a large amount of fat materials
(Figure 2a) although most fat was previously
removed. These fat-containing materials seemed
to connect protein chains together providing an
improved protein network. This may be due to the
protein in FGM on milk fat globules being capable
of  binding  to  casein  micelles  during  acid  gel
formation (Aguilera and Kinsella, 1991) resulting
in a stronger gel. A research result showed that fat
globules coated with protein participate in milk gel
formation (Aguilera and Kessler, 1988, Aguilera
and Kinsella, 1991). Ultrafiltered sweet buttermilk,
which also contains large amount of free FGM,
was used to make yogurt with low syneresis and
firm  texture  (Trachoo  and  Mistry,  1998).  Gel
sample made with sweet buttermilk powder had
lower fat materials compared to acidified sweet
buttermilk gel (Figure 2b). This result corresponds
with the work of Christie and co-workers (Christie
et al., 1987) who reported that they did not detect
phospholipids in sweet buttermilk powder although
they found are increased level of phospholipids in
sweet buttermilk. Most fat materials in samples
made from sweet buttermilk powder did not link
protein  network  together  (Figure  2b).  Casein
micelles in this sample were closely surrounded
by fat materials. Heat treatment during the process
of sweet buttermilk powder manufacture caused
whey protein incorporation into FGM (Lee and
Sherbon, 2002) and denaturization (Kinsella and
Whitehead, 1989). When gel formation occurred
after the addition of glucono-δ-lactone, FGM (if it
exists) and casein are thus likely to co-precipitate
to form the gel matrix. In other words, FGM in
sweet buttermilk powder were not available to
freely bind to casein micelles in the matrix, unlike
those found in the sample made with liquid sweet
buttermilk.  The amount of fat containing materials
in this acidified gel from sweet buttermilk powder
was far less than in that made from sweet butter-
milk. This may be due to the drying process during
the manufacture of the sweet buttermilk powder.
Atomization and heat treatment may break down
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FGM into small pieces. Samples prepared from
whole milk contained fairy small fat materials
which looked like dots in the picture (Figure 3a).
This is due to homogenization which breaks down
the fat globules into smaller sizes. After homo-
genization, casein protein in milk absorbed onto
fat globules and may act as a binder between these
small fat globules (Darling and Butcher, 1978).
Therefore, the small fat globules with casein on
their surface acting as casein micelles or sub-
micelles may aggregate together during casein
precipitation. Also, whey protein was believed to
absorb to the fat serum interface during homo-
genization (Lee and Sherbon, 2002). This may be
the reason why yogurt made from whole milk had

Figure 2. Optical thin sections of acidified gels made from sweet buttermilk (a) and sweet buttermilk

powder at 3,000 magnification (b)

a b

Figure 3. Optical thin sections of acidified gels made from whole milk (a) and skim milk (b) at 3,000

magnification

a b

a better mouthfeel and less whey separation. Fat
materials were hardly found in samples prepared
with NDM or skim milk (Figures 3b and 4). This
was because of the low fat content in the skim
milk and NDM. Although sweet buttermilk and
sweet buttermilk powder contains as little fat as
skim milk and NDM, they contain large amounts
of FGM which, as shown in this experiment, binds
or links to protein matrix in acidified gels, and
potentially in yogurt as well.

Conclusions

The associations of fat materials with pro-
tein matrices in acidified gels prepared with sweet
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buttermilk, sweet buttermilk powder, whole milk,
skim milk or NDM were studied using confocal
laser scanning microscopy. It was found that gel
prepared with sweet buttermilk made from un-
homogenized cream contained a large amount of
membranous  material.  This  membrane-like
material may function as bridges linking protein
matrix together. In whole milk, homogenization
may contribute to the reformation of fat globules;
therefore the fat materials may associate with
protein matrix in different ways from that found
in gel prepared with sweet buttermilk. Samples
made with skim milk and NDM contained less fat
material, therefore the association of fat materials
with protein matrices was not significant.
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