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Abstract

Various methods of preparing emulsions for
electron microscopy were examined with peanut
oil/protein and ice cream mix emulsions. For
transmission electron microscopy (TEM), fresh
peanut oil/bovine serum albumin emulsions were
mixed with 2% agar, fixed in phosphate

(pH 7.0) 4% glutaraldehyde solt
postfixed in phosphate-bu
osmium tetroxide; alternatively, the

glutaraldehyde-fixed samples were briefly rinsed
Both
globule

in acetone prior to postfixation.
preparations yielded satisfactory fat
preservation. Similar emulsions were pr

loops and suspended over vap
glutaraldehyde and 1% osmium tetroxide.
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Introduction

There has been a great deal of interest in
microstructure of food emulsions in recent
years but because of variations in emulsion
properties, standard preparation methods for
tron microscopy study may have to be
ied. It is well known that chang in
procedures for electron microscopy

the

can alter the men (H 19703

rand, 1967). Chabot
(1979) ed these effects on the
ructure of white bread; Khoo et al.

(1975) experimented with vapor fixation of dough

in order to eliminate artifacts caused by
arded this method as

more standard

(1968) found

ed that
ved when

ron dense particles

ghurt was fixed in 3 alone
the addition of ium tetroxide as a
postfixative in conjunction with glutaraldehyde

a primary fixative res

caused an increase in contrast of
hosphate buffere pecimens whereas

buffered specim were unaffected.
Fluid multiphase samples, such as peanut

oil/protein or ice cream mix emulsions present
additional
prepared

difficulties because they cannot be
as simply as emi-solid or solid
The use of freeze-etch (Buchheim and
Buchheim, 1974) a cold stage SEM
to udy mples may
ype of infor needed or simply
may be available. addition, some
specimens are better preserved using the
traditional critical point drying method rather
than the cold stage for SEM (Kalab et al.,
1988). The purpose of Lhis research to
evaluate different electron microscopy
preparation procedures for studying the
ultrastructure of emulsions.
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Specimen changes that occurred using peanut
0il/protein and ice cream mix emulsions were
examined.

Materials and Methods

TEM — Peanut 0il/Bovine Serum Albumin (BSA)

Peanut 0il/BSA emulsions were prepared as
described by Haque and Kinsella (1988). The
fresh emulsions were mixed with warm 2% agar (3
parts emulsion:] part agar), mixed gently.with a
wooden applicator stick and allowed to set. The
resultant gel was cut into 1mn3 pieces and fixed
in 4% glutaraldehyde in 0.1M phosphate buffer
(pH 7.0) overnight. After several brief rinses
in phosphate buffer, the samples were post-fixed
in 1% osmium tetroxide in 0.1M phosphate buffer
(pH 7.0) for 2h or rinsed briefly in acetone
between the glutaraldehyde and osmium step,
dehydrated in a graded series of acetone,
embedded in Spurr resin and polymerized in a
vacuum oven overnight at 70°C.

Loops were prepared as follows: Wire loops
approximately 2 mm in diameter were fashioned
from nichrome wire. The loops were dipped into
the peanut o0il/BSA emulsions causing the
formation of an emulsion droplet within the loop
by virtue of surface tension. The emulsions
were then suspended over vapors of 25%
glutaraldehyde for 1/2 h followed by suspension
over 1% osmium tetroxide vapors overnight.
After this process, the samples were brittle
enough to be removed from the loop, dehydrated
and embedded as described above. In some cases,
the droplet did not retain its integrity within
the loop and there was no material left to
embed.

TEM - Ice Cream Mix

Ice cream mixes were prepared as follows:
10% wmilkfat, 11% wilk solids not fat, 10%
sucrose, and 5% corn syrup solids. Fresh cream,
skimmilk, and nonfat dry milk were used as the
sources of milk solids. The 8kg mixes were
blended, pasteurized at 74°C for 30 minutes,
homogenized at 17.2 MPa (2500 psig), 3.4 MPa
(500 psig) second stage, cooled to 5°C, and aged
24 h. TFollowing aging, ice cream mix emulsions
were warmed to 15°C and combined with either 2%
agarose (22°C), an ultra low gelling temperature
agarose derived from agar (Sea Prep Agarose, FMC
Marine Colloids Div., Rockland, ME) which
remains liquid at room temperature if stirred
constantly or with warm 4% agar in the
proportion of 3 parts sample:1 part agar or

agarose. The 2% agarose was prepared as
follows: Deionized, distilled water was heated
to 95°C. The agarose was added slowly until it

dissolved while the water was constantly
stirred. The agarose solution was allowed to
cool to 22°C with constant stirring. Iz
stirring was stopped, the solution became quite
viscous. The samples were gently mixed with a
wooden applicator stick and allowed to gel
overnight at 40C.

Agar microtubes were prepared as follows:
the flame sealed thin portion of a Pasteur
pipette was repeatedly dipped into warm 4% agar
and allowed to harden until a thick film had
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adsorbed, forming an agar tube. After cutting
the distal end of the tube with a razor blade,
the emulsion was drawn into the tube by dipping
the pipette into the emulsion and partially
withdrawing the pipette. The agar tube
containing some of the emulsion was placed on &
glass slide and the pipette was removed. After
trimming and sealing the ends of the agar tube
with warm agar, the tube was momentarily dipped
in warm 4% agar to complete sealing and prevent
leakage. The tube was then allowed to gel.
This method is a variation of the one described
by Allan-Wojtas and Kalab (1984b) . The three
sample types were cut into approximately 1 mm”
pieces and fixed in 4% glutaraldehyde in 0.1V
phosphate buffer (pH 7.0) overnight.

In addition, the 2% agarose mixtures were
fixed in 2% glutaraldehyde in 0.1M phosphate
buffer (pH 7.0). The samples were briefly
rinsed in several changes of 0.1M phosphate
buffer (pH 7.0) and postfixed in 1% osmiun
tetroxide in 0.1M phosphate/imidazole buffer (pE
7.0) (1:1, v/v) 12 h. The agar mixtures were
also postfixed in 1% osmium tetroxide in 0.1V
phosphate buffer (pH 7.0) alone. After
dehydration in a graded series of ethanol, the
samples were embedded in Spurr resin anc
polymerized in a vacuum oven at 70°C.

Sectioning was done on a Sorvall Porter-
Blum ultramicrotome. The sections were picked
up on carbon-coated Formvar grids, stained with
uranyl acetate followed by Reynold's leac
citrate and examined with a Philips 300 TEM at
80 kV.

SEM-Peanut 0il/Casein

Peanut oil/casein emulsions were preparec
as described by Haque and Kinsella (1988). Trey
were mixed with 4% warm agar. A spatula vas
used to 1lift the gelled emulsion, causing
several free fractures and exposing fresk
surfaces for examination. The samples were
treated as described in the TEM section (pearut
0i1/BSA) until the dehydration step. The E&EM
samples were dehydrated in a graded series of
ethanol and critical point dried in a Tousinis

Auto Dri critical point drier. The fresh
surface of the samples were oriented for
viewing, mounted on aluminum stubs covered with

double sticky tape, and coated with
gold/palladium in a Balzers Union Sputter
Coater.
SEM - Ice Cream Mix

Ice cream mix emulsions mixed with 4% ager,
2% agarose or encapsulated in agar tubes were
prepared as described in the TEM section (ice
cream mix) up to and including the etharol
dehydration step. Fresh surfaces of the 47
agar and 2% agarose mixtures were obtained as
described in SEM section (peanut oil/caseir).
The agar tube samples were sliced lengthwise
with a razor blade after critical point dryirg.
Specimen samples were taken from areas untouclted
by the razor blade. Samples near the center of
the tubc rather the cnds werc seleceted in orcer
to avoid the areas most exposed to heat. 'he
samples were critical point dried in a Tousiris
Auto Dri critical point drier, mounted on
aluminum stubs covered with double-sticky tepe
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concluded

the emuls

procedur: ion, 17 osmium tet-oxide
since saturated fatty
onent in the ice cream
osmium le was bufferd in
idazole in addition to 10;phate

Angermiiller and Fahimi 1982)
idazole-buffered osmium tet-oxide

gar (or agaro
e treatment g

tetroxide ; rlobul stai lipid droplets more intensely than
with round, regular shapes. Size distribution aqueous or cacodylate buffered osmium tetrixide.
was well-illustrated (Figure 4). Occasionally They suggested that unsaturated fatty .cids,
an agar film covered the emulsion, but with particularly linolenic, oleic and linolei: acid
careful scanning of the field it was possible to reacted intensely with imidazole-buifered

find an unobstructed area (Figure 5). osmium tetroxide. Allan-Wojtas and Kalab
(1984a) and Kalab (1985) in a study of yorhurt,
found that the liquid matrix of the fat g.obule
unmed to be composed of unsaturated fatty
as oleic and linoleic acid:s were
when postfixed with (smium
veronal-acetate/imidazole tiffer.

Figure 6. TEM of ice cream mix emulsion mixed
with agar and postfixed in phosphate-biffered
osmium tetroxide illustrating fat g.obule

Figure 4. SEM micrograph of peanut oil/casein distortion and lack of fat globule membraie. F
ion mixed with agar. TF = well-preserved = fat globule. A = agar fibrils. C = zasein
globule. Bar = 10um. micelle. Bar = 1um.

globules
globule membrane
lobule. A = agar fi
Bar = fum.

of peanut oil/protein
vere satisfactor)
first samples of ice cream mix emuls
were prepared using the same method (agar m
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Figwe 8. TEM micrograph of ice cream mix
emulsion prepared in agar microtubes
illutrating fat globule distortion, el

evidnt fat globule membrane and melted
crysals. F fat globule. M fat globule
menbrne. C = melted fat crystals. Bar = 14m.

Figue 9. TEM micrograph of ice cr
emulbion mixed with rose fixed
glutraldehyde illus
globle, clearly e L
and sell-delineated fat cry
globile. M = fat globule membrane. C =
crysals. Bar = Tym.

ce cream mix emulsions postfixed in

phoshate-buffered osmium tetroxide contained
fat zlobules that appeared distorted and
disrvted. There were no visible fat globule
membanes and no fat crystals were evident
(Figre 6). The emulsions postfixed in
phoshate/imidazole buffered osmium tetroxide
contined fat globules whose shape appeared
somehat less disrupted but the fat globule
membrnes were clearly visible (Figure 7).
was concluded that the presence
imideole in phosphate-buffered osmium tetroxide
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TEM micrograph of ice c
mixed with agarose, fixed in 2%
glutaraldehyde illust ing well-preserved fat
globule, rly evident globule m ane
and well-delineated fat ystals. C fat
crystal adjacent to distorted membrane. F = fat
globule, M = fat globule membrane. Bar = 14m.

Figure 11. Light mier
of diluted ice cream mix emulsion
slide. Arrow indicates a distorted ar
fat globule. Bar = 10u4m.

fat globule membrane
It appeared that

improved the image the
(Figure 6 vs. Figure 7).
unsaturated fatty acids present in the fat
globule membrane reacted with the imidazole,
producing a well-stained membrane. A similar
reaction was noted betwe globule
matrix of yoghurt and imidazole (Allan-Wojtas
and Kal 198a; lab,
in this section. In addition,
have resulted in a less delicate membrane.
could have contributed to fat globule stability
causing less disruption to globular shape
(Figure 6 vs. Figure 7).

In order to improve on these results, a
number of different procedures were studied.
The ice cream mix emulsions were prepared in
agar tubes. This procedure drastically reduced
the amount of time the samples were in contact
with heat, which could cause distortion of fat
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