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CHANGES IN THE ULTRASTRUCTURE OF EMULSIONS AS A RESULT OF 
ELECTRON MICROSCOPY PREPARATION PROCEDURES 
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Cornell University , Ithaca, NY l4853 

lpresent Address: University of Guelph, Dept . Food Science, Guelph , Ont . NIG 2Hl , Canada 

Var i ous methods of preparing emulsions for 
electron microscopy were examined with peanut 
oil/protein and ice cream mix emulsions. For 
transmi ssion electron microscopy {TEM) , fresh 
peanut oil/bovine serum albumin emulsions were 
mixed with 2% agar , fixed in phosphate-buffered 
(pH 7 . 0) 4% glutaraldehyde solution and 
postfixed in phosphate-buffered (pH ? . 0) 1% 
osmium tetroxide ; alternatively , the 
glutaraldehyde- fixed samples were briefly rinsed 
in acetone prior to postfixation . Both 
preparations yielded satisfactory fat globule 
preservation. Similar emulsions were prepared on 
loops and suspended over vapors of 25% 
gJ nt.RrBl r'lehyr'le Rnc'l 1% oRmi urn tetroxide . This 
preparation resulted in angular fat globules 
surrounded by a heavy protein precipitate. 

Ice cream mix emulsions were prepared for 
TEM study by mixing with 4% agar , mixing with 2% 
agarose or using agar tubes. After fixation in 
phosphate - buffered 4% glutaraldehyde (pH 7 .0) 
solution , the samples were postfixed in either 
phosphate/imidazole buffe red (pH 7 . 0) or 
phosphate- buffered (pH 7 . 0) 1% osmium tetroxide . 
~lixing with 2% agarose and postfixing in 
imidazole/phosphate buffered osmium tetroxide 
yielded the best results . A clearly visible fat 
membrane and well -delineated fat crystals were 
observed. 

Scanning electron microscope (SEM) studies 
o!' peanut oil/casein emulsions mixed with 4% 
agar yielded good results whereas in ice cream 
mix emul s i ons , the results were inconclusive. 
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Manuscript received April 02, 1988 
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Key Words : agarose , agar , emulsion , fat 
globule , gels , ice cream , membrane , peanut oil , 
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transmission elect:-on microscope , ultrastructure . 
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Introduction 

There has been a great deal of i nterest in 
the microstructure of food emulsions in recent 
years but because of variations in emulsion 
properties , standard preparation methods for 
electron microscopy study may have to be 
modified . It is well known that changes in 
preparation procedures for electron microscopy 
study can alter the specimen (Hayat , 1970 ; 
Ericsson et al. 1965; Sjostrand , 1967) . Chabot 
et al. (19?9) discussed these effects on the 
ultrastructure of white bread ; Khoo et al. 
{1975) experimented with vapor fixation of dough 
in order to eliminate artifacts caused by 
dehydration but discarded this method as 
unsatisfactory and adopted a more standard 
fixation method . Carroll et al. (1968) found 
that glutaraldehyde preserved micelle structure 
better than osmium tetroxide or formaldehyde. 
Parnell-Clunies et al. ( 1986) noted that 
electron dense particles were not observed when 
yoghurt was fixed in glutaraldehyde alone 
whereas the addition of osmium tetroxide as a 
postfixative in conjunction with glutaraldehyde 
as a primary fixative resulted in the appearance 
of dense particles. In a study of muscle 
tissue , Colquhoun and Rieder (1980) found that 
the relatively minor change of initiating the 
dehydration step at 75% ethanol rather than )0% 
ethanol caused an increase in contrast of EM 
images in phosphate buffered specimens whereas 
cacodylate buffered specimens were unaffected . 

Fluid multiphase samples , such as peanut 
oil/protein or ice cream mix emulsions present 
additional difficulties because they cannot be 
prepared as simply as semi-solid or solid 
samples . The use of freeze-etch (Buchheim and 
Precht , 1979 ; Buchheim , 1974) and cold stage SEM 
(Kalab , 1985) to study liquid samples may not 
provide the type of information needed or simply 
may not be available . In addition , some 
specimens are better preserved using the 
traditional critical point drying method rather 
than the cold stage for SEM (Kalab et a.l. , 
1988) , The puqJo::;e of Liil:> re::;earch was to 
evaluate di ffer ent electron microscopy 
preparation procedures for studying the 
ultrastructure of emulsions. 
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Specimen c hanges that oc cu r red using peanut 
oil /protein and ice cream mix emulsions 
examined. 

Materials and Methods 

TEM - Peanut Oil/Bovine Serum Albumin (BSA) 
Peanut oil/BSA emulsions were prepared as 

described by Haque and Kinse l la (1988). The 
fresh emulsions were mixed with warm 2% agar (3 
parts emulsion:1 part agar) , mixed gently. Hith a 
wooden applicator stick and al l owed to set. The 
resul t an t gel was cut into 1 mm3 pieces and fixed 
in 4% glutaraldehyde in 0 . 1M phosphat e buffer 
(pH ?.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 : Hire loops 
approximately 2 mm in diameter were fashioned 
from nichrome wire . The loops were dipped into 
the peanut oil/BSA emulsions caus i ng the 
formation of an emul sion drople t within the loop 
by virtue of surface tension . The emulsions 
were then suspended over vapors of 25% 
glutaraldehyde for 1/2 h follo,.;ed by suspension 
over 1% osmium tetroxide vapo r s 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 loo p and there no material left to 
embed . 
TEM Ice Cream Mix 

Ice cr eam mixes were prepared as follows : 
10% mi lkfat , 11% milk solids no t 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 HPa (2500 psig) , 3.4 HPa 
(500 psig) second stage, cooled to 5oc, and aged 
24 h. Followi ng aging 1 j ce cream mix emulsions 
were warmed to 15oc and combined with either 2% 
agarose (22°C) 1 an ultra low gelling temperature 
agarose der ived fr om agar (Sea Prep Agarose , FHC 
Marine Colloids Div ., Rockland , ME) which 
r e ma i ns liquid at room temperatur e if stirred 
constant l y or wi t h warm 4% agar i n the 
proportion of 3 par t s sample:1 part agar or 
agarose . The 2% agarose was prepared as 
follows : De i onized , d i still ed wa t er was heated 
to 95 ° C. The agarose wa s added slowly until it 
dissolved wh i le t he wa t er was constantly 
stirr ed . The agarose so l ution was allowed to 
cool to 22°C Hi t h cons t ant st irr i ng. If 
stirring was stopped 1 t he solution be came quite 
visc ous . The sampl es were gently mixed with a 
wooden applicator s t ick and allowed to gel 
overnight a t 4oc . 

Agar microtubes were prepar ed as follows : 
th e flame s e ale d thin por t ion of a Pasteur 
pipet t e was r epeatedly dipped into war m 4% a gar 
a nd allowed to har den un t il a t hick film had 
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adsorbed , forming an agar tube . After cutting 
the distal end of the tube wi th a razor blade, 
the emulsion was drawn int o the tube by dipping 
the pipette into the emulsion and partially 
wi thdraHing t he pipet t e . The agar tubE
containing some of the emulsion was placed on a 
glass slide and the pipette was removed . After 
tr i mming and sealing the ends of the agar tubE 
Hi th warm agar 1 the tube was momentarily dipped 
in warm 4% agar to complete sealing and preven1 
leakage . The tube was t hen allowed to gel. 
This method is a variation of the one desc r ibed 
by Al l an - We j tas and Kalab ( 1984 b) . The threE 
sample types were cut into approximately 1 mm:3 
pieces and fixed in 4% glutaraldehyde in 0. H 
phosphate buffer (pH 7 . 0) overnight. 

In addi tion , the 2% agarose mixtures wer E
fixed in 2% glutaraldehyde in 0 . 1M phosphatE 
buffer (pH ? . 0). The samples ••ere briefly 
rinsed in several changes of 0 .1 M phosphatE 
buffer (pH ?.0) and postfixed in 1% osmiun 
tetroxide in 0.1M phosphate/imidazole buffer (pf 
7 .0) (1 :1, v/v) 12 h . The agar mixtures wer€ 
also postfixed in 1% osmium te t roxide in 0.1fl 
phosphate buffer (pH 7 . 0) alone . After 
dehydrat ion in a graded series of ethanol, thE 
samples were e mbedded in Spurr res i n anC: 
polymerized in a vacuum oven at 70oc . 

Sectioni ng was done on a Sorval l Port Er
Blum ultramicrotome. The sect i ons were pickeci 
up on carbon-coated Formvar grids , stained wHI_ 
uranyl acetate fol l owed by Reynold 1 s leaC 
citrate and examined with a Philips 300 TEM a1 
80 kV . 
SEM-Peanut Oil/Casein 

Peanut oil/casein emulsions were prepareC. 
as described by Haque and Ki nsella (1988) . Ttey 
Here mixed wi t h 4% warm agar . A spatula yas 
used to lift the gelled emulsion , causing 
several free fractures and exposing fresi. 
sur faces for examination. The samples wfre 
treated as described in the TEI>l section (pear.ut 
oil/BSA) until the dehydration step. The EEl ~ 
samples were dehydrated in a graded series of 
ethanol and criti cal point dried in a Tousinis 
Au t o Dri c r itical point drier. The fresf_ 
surface of t he samples were oriented for 
viewing, mounted on aluminum stubs covered wjth 
double sticky tape , a n d coated wil:.h 
gold/palladium in a Balzers Union Sputter 
Coater. 
SEH - Ice Cream Mix 

I ce cream mix emulsions mixed wi t h 4% ag&r 1 

2% agarose or encapsulated i n agar tubes wfre 
prepared as described in the TEM section (jce 
cream mix) up to and including the etharol 
dehydrat i on step . Fresh surfaces of the 4% 
agar and 2% agarose mixtur es were obtained as 
desc r ibed in SEM section (peanut oil/caseir) . 
The agar tube samples were sl i ced lengthwjse 
wi t h a razor blade af t er cr i tical po i nt dryilg . 
Specimen sampl e s were t aken f rom areas untoucled 
by the razor blade . Sam ples ne ar the center of 
the tube rnther the endo were oelcctod in orcer 
t o avo i d the area s most exposed to heat . The 
samples we r e critical poi n t dried in a Tous i nis 
Au t o Dri critical point drier , mounted on 
al uminum stubs cover ed wi th double -sti cky trpe 
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and coated with gold/palladium in a Balzer 1 s 
Union sputter coater. 

All SEM samples were examined with an AMRay 
1000 SEM at 10 kV. 

Results and Discussion 

The first emulsions studied , peanut 
oil/BSA , were mixed with warm 2% agar , fixed in 
4% glutaraldehyde and postfixed in 1% osmium 
tetroxide . This preparation resulted in- fat 
globules that were well-preserved , r egular in 
s hap e , and surrounded by a fine , eve nly 
distributed protein precipitate (Figure 1) . 

.. 

Figure 1. TEM micrograph of peanut oil/BSA 
emulsion nixed with agar . No acetone treatment . 
F = wel:-preserved fat globule . FP = fine 
protein p:-ecipitate . Bar = 1,... m. 

The same emulsions were prepared as 
described above except for a brief acetone rinse 
between the glutaraldehyde and osmium step . 
This steo was included as a result of the 
observati;n by Henstra and Schmidt (1970) that 
in milk , the saturated fat which is not fixed 
with osmium tetroxide was extracted during the 
dehydratim, leaving an empty space surrounded 
by a wel :-stained fat globule membrane . Since 
peanut oil is composed of unsaturated fat which 
is wel l fixed with osmium t e troxide , a brief 
acetone rLnse before the osmium step was tested 
in orde : to extract the unsaturated fat, 
possibly enhancing TEM visualizat ion of the 
protein :ilm at the lipid interface. The 
acetone :.rea ted emulsion also yielded well
preservec. fat globules which had a regular 
shape 1 bt.t the protein precipitate surrounding 
the globuLes was denser and less homogeneous in 
si:z.e . 'Jhe distribution of the precipitate 
around th! globules was uneven (Figure 2) . The 
fat globU:.es in the acetone treated samples did 
not appea~ to be less densely stained than those 
in the nco-acetone treated samples, suggesting 
that the acetone rinse may have been too brief 
to extrac~ the fat . 
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Figure 2 . TEH micrograph of peanut oil/BSA 
emulsion mixed with agar . Acetone treatment . F 
=globule . P =protein precipitate . Bar= 1 .M m. 

Loops were tested in order to avoid the 
sample dilution and agar network visualization 
associated with the above methods as noted by 
Kalab (1981). Loop preparation yielded fat 
globules with an angular shape surrounded by 
very dense prote in precipitates (Figure J) . It 
was possible that surface tension changes within 
the emulsion su spend ed in th e loop caused 
angular distortion of the f at globules , Brooker 
(1985) and Brooker et al . (1986) , working on milk 
foams and ... ,hipped cream suspended in loops over 
fixati•te vll.pors , obtained excellent results . 
However in this study 1 the loop method was time 
consuming , tedious and did not always yield 
usable material since the emulsion droplet 
sometimes fell out of the loop after a period of 
time. 

3 -.. " ·_.; " < .,. • 
I DP , 

~ I J F f .....,-.. ... 
/ ' 

"-· .< 
I . . ~t 

Fisure 3 . TEl-l micrograph of peanut oil/BSA 
emulsion mixed with agar . Loop method . F = 
well-preserved fat globule with angular shape . 
DP = dense protein precipitate . Bar = 1..u m. 
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It was concluded that the simple procedure 
of mixing the emulsions with agar (or agarose 
discussed below) without acetone treatment gave 
the most satisfactory results. 

SEM samples of peanut oil/casein emulsions 
mixed with warm 4% agar , fixed in 4% 
glutaraldehyde and postfixed in 1% osmium 
tetroxide yielded well- preserved fat globules 
with round , regular shapes. Size distribution 
was well-illustrated (Figure 4) . Occasionally 
an agar film covered the emulsion , but with 
careful scanning of the field it was possible to 
find an unobstructed a r ea (Figure 5). 

Figure 4. SEN micrograph of peanut oil/casein 
emulsion mixed with agar . F = well - preserved 
fat globule . Bar = 10AA, m. 

Figure 5 . SFJ.f micrograph of peanut oil/casein 
emulsion mixed with agar. F = well-preserved 
fat globule . A= agar . Bar= 10...4A m. 

Since the micrographs of peanut oil/protein 
emulsions mixed vri th agar were satisfactory , 
the first samples of ice cream cix emulsions 
were prepared using the same method (agar mix , 
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4% glutaraldehyde fixation , 1% osmium tet~oxide 
post- fixation ) . However , since saturated fatty 
acids were a major component in the ice cream 
mix samples , osmium tetroxide was buffeted in 
phosphate/imidazole in addition to pho;phate 
buffer alone. AngermUller and Fahimi 1982) 
found that imidazole-buffered osmium tet·oxide 
stained lipid droplets more intensely than 
aqueous or cacodylate buffered osmium tetr)xide . 
They suggested that unsaturated fatty Lcids , 
particularly linolenic , oleic and linoleit acid 
reacted i n tensely with imidazole - bu jfe r ed 
osmium tetroxide. Allan-Wojtas and Kalab 
(1984a) and Kalab (1985) in a study of yo;hur t , 
found that the liquid matrix of the fat g.obule 
assumed to be composed of unsaturated fatty 
acids such as oleic and linoleic acidr wer e 
deeply stained when postfixed with <s mium 
tetroxide in veronal-acetate/imidazole b1ffer . 
The lightly stained fat crystals compo:ed of 
saturated fatty acids contrasted sharpl: with 
the well - stained unsaturated fatty acids. 
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' 

• 
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Figure 6 . TEM of ice cream mix emulsion mi xed 
with agar and postfixed in phosphate- btffered 
osmium tetroxide illustrating fat g.obule 
distortion and lack of fat globule membra1e , F 
= fat globule . A = agar fibrils. C = .!asein 
micelle. Bar = 1M. m. 

Figure 7 . TEM micrograph of ice cret:n mix 
emulsion mixed with e.gar , postfix!d in 
imidazole/phosphate buffered osmium tetroxide 
illustrating fat ~;lobules that are scnewhat 
distorted. The fat globule membrane is dearly 
evident . F= fat globule . A = agar fibnls . 
!~ = fat globule membrane . Bar = 1..u m. 
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Figu·e 8 . TEN micrograph of ice cream mix 
emu:sion prepared in agar microtubes 
illu trating fat globule distortion , clearly 
evid nt fa t globule membrane and melted fat 
crys'tlls . F = fat globule . N = fat globule 
meobnne . C =melted fat crystals . Bar= 1.-t.4 mo 

Figue 9 o TEM micrograph of ice cream mix 
ernul; ion mixed with agarose fixed in 4% 
glutraldehyde illustrating well - preserved fat 
globle , clearly evident fat globule membrane 
and /ell - delineated fat crystals . F fat 
globU.e . M = fat globule membrane. C = fat 
crysuls . Bar = 1 M ID . 

· ce cream mix emulsions postfixed in 
phos hate - buffered osmium tetroxide contained 
fat ~lobules that appeared distorted and 
disruted o There were no visible fat globule 
membanes and no fat crystals were evident 
(Figre 6). The emulsio ns postfixed in 
phos hate/ imidazole buffered osmium tetroxide 
contined fat globules whose shape appeared 
some·hat less disrupted but the fat globule 
membnnes were clearly visible (Figure 7) . 

"t ·.,te.s concluded that the presence of 
imideole in phosphate-buffered osmium tetroxide 
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Figure 10 . TEN micrograph of ice cream mix 
emulsion mixed with agarose, fixed in 2% 
glutaraldehyde illustrating well - preserved fat 
globule , clearly evident fat globul e membrane 
and wel l-delineated fat crystals . C = fat 
crystal adjacent to distorted membrane o F = fat 
globule . H = fat globule membrane. Bar = 1...U m. 

Figure 11. Light micrograph under oil immersion 
of dilwted ice cream mix emulsion in depression 
slide . Arrow indicates a distorted area in the 
fat globule . Bar = 10,..t.t m. 

i~:~proved the image of the fat globule mecbrane 
(Figure 6 vs. Figure 7). It appeared that 
unsaturated fatty acids presen t in the fat 
globule membrane r eacted with the imidazole , 
producing a well- stained membrane . A similar 
reaction was noted between the fat globule 
matrix of yoghur t and imidazole (Allan- Wojtas 
and Kalab , 1984a ; Kalab, 1985) discussed earlier 
in this section . In addition, this reaction may 
have resulted in a less delicate membrane . This 
could have contributed to fat globule stability 
causing less disruption to globular shape 
(Figure 6 vs . Figure 7) o 

In order t o 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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globule shape . Henstra and Schmidt (1970) and 
Jewell (1981) used variations of this technique 
introduced by Salyaev ( 1968) for the preparation 
of milk and orange juice for TEl-! . Allan- Wojtas 
and Kalab ( 1984b) used this method for 
preparatio n of yoghurt for SElL After 
preparation of samples in the agar tubes , they 
were fixed in 4% glutaraldehyde and postfixed in 
1% oscium in phosphate/imidazole buffer. The 
membr anes of the fat globules were well - defined 
with this preparation {Figure 8) . However , 
g r oss distortion of many fat g l obu les was 
evid ent and the fat crystals seemed t o have 
me l t ed , losing their definition (Figure 8) . 
Therefore , it appeared that ice cream mix 
emulsions we r e very sensitive to temperature 
changes . The brief expo sure to heat when 
sealing the agar tubes appeared to have caused 
melting of some of the fat crystals and fat 
globule distortion . 

In order to circumvent heat induced 
alterations , the ice cream mix emulsions were 
mixed with 2% agarose (Sea- Prep) which is liquid 
at room temperature . To process single cells 
for TEN , Yuan and Gulyas {1981) used an agarose 
preparation (Sea Plaque Agarose , Ha.rine Colloids 
Inc ., Biomedical System , Rockland , ME) that gels 
at 30°C . However , Strausbauch et al. (1985) 
used the newly introduced Sea Prep agarose for 
TEN preparation of cell suspensions . They found 
that 2:t agarose solutions ,..ere best sui ted for 
this purpose . Concentrations of less than 1% 
did not giv e consistent gelling whi l e higher 
concentrations were difficult to prepare . 

The samples were fix ed in 2% or 11% 
glutaraldehyde and postfixed in 1% osmium 
tetroxide in phosphate/imidazole buffer. Ice 
cream mix emulsions fixed in 4% glutaraldehyde 
showed well - preserved fat globules which had 
minimal irregular! ties in shape compared to the 
fat globules in Figures 6 , 7 and 8 . The 
cembrane was clearly evident and the fat 
crystals were well - delineated (Figure 9) . 
Fixation in 2% glutaraldehyde was compared to 4% 
glutaraldehyde end seemed to have had no 
noticeable effect . The membrane was clearly 
evident and the fa t crystals were well 
delineated (Figure 10) . There were some fat 
globules that were more r egular in their shape 
than others . Some of the fat crystals appeared 
to cause distortion of the f at globule membrane 
(Figure 10) . In order to determine whether fat 
globul es were distor ted before preparation for 
TEt~ s tudy , light micrograph s were taken of 
diluted ice cr eam mix emulsion ( 1 drop emulsion : 
10 drops distilled , deionized H20} in a 
depression slide under oil immersion . Light 
microscopy illustrated that some fat globules 
were distorted befor e preparation for TFJ~ study 
(Figure 11) . Van Boeke! and \.:alstra (1981) 
hypothesized that cr ystals in an oil- in- water 
emulsion may protrude through the membrane into 
the aqueous phase . Darling (1982) suggested 
that fat crystals pierce the film between two 
approaching interfaces in dairy emulsions . The 
T~1 and light microscopic data indicated that in 
some cases this appeared to be the mechanism 
that caused fat globule d i stor tion . 

72 

al. 

SEM of ice cream mix emulsions proved 
unsati sfactory . The fat globules were obscured 
by either agar or an undefined precipitate 
probably composed of proteins . This occurred 
regardless of whether the emulsions were mixed 
with agar , agarose or in agar microtubes . 

It was concluded that for TEM study of 
liquid emulsions , especially those sensiti ve to 
heat such as ice c r eam mix emulsions , mixing 
with agarose was preferable to mixing with agar 
or preparation in agar tubes . Th i s technique 
minimized fat globule distortion and prevented 
melting of the fat crystals . Postfixation in 
phosphate/imidazole buffered osmium tetroxide 
resulted in well-preserved fat globules , clearly 
defined membranes and well - delineated fat 
crystals . These results correlate well with 
those reported by Allan-Wojtas and Kalab {1984a) 
and Kalab (1985) . Fixation in 2% or 4% 
glutaraldehyde produced similar results . 

Further study on ice cream mix emulsions 
using cold stage SEr-1 on frozen , hydrated 
specimens may produce useful results . 
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Discussion with Reviewers 

N. Kalab : Do the authors have any explanation 
why the 11 loop method 11 was unreliable? I used 
Brooker's loop pr ocedure too and obtained 
excellent results with various foams . 
Authors : It appeared that the :mrfo.co tonoion 
~the loop and some of the emulsions was 
not strong enough to allow the emulsions to 
remain intact until the completion of EH 
preparation procedures . ~!any times the 
emulsions destabilized and 11 f ell out " of the 
loop several hours after preparation resulting 
in a complete loss of sample. 

R. Martin : How do you know the absence of fat 
crystals is due to heat and not a fixation 
artefact? 
Authors : Samples mixed with 4% agar (Figure 7) , 
encapsulated in agar tubes (Figure 8) and mixed 
with 2% agarose (Fi gure 9) were fixed {4% 
glutaraldehyde) and postfixed (1% osmium 
tetroxide in phosphate/imidazole buffer) in a 
similar manner . Since there was no exposure to 
heat while preparing samples with 2% agarose , we 
believe that this was the variable that affected 
preservation of fat crystals . In addition , 
there appeared to be a temperature dependent 
progression o f fat crystal preservation . 
Samples mixed with agar were subject to the most 
heat and had few , if any , fat crystals . Samples 
encapsulated in agar tubes thereby subj ect to 
less heat than the agar mix ex hi bi ted f at 
crystals but in many case s they appeared to have 
mel ted . The samples mixed with agarose 
exhibited the most satisfactory fat crystal 
preservation . 

R. Martin : Are these fat crystals or merely the 
location where fat crystals were once present? 
Authors : t~e believe that these are fat crystals 
because they are stained , albeit very slightly , 
compared to the background . Ho\..'ever , without 
conducting chemical analyses of the residues 
after fixation , postfixation and dehydration , it 
cannot be stated with certainty what proportion , 
if any , of the saturated or unsaturated fatty 
acids were washed out. Allan- Woj tas and Kalab 
(1984a) and Kalab (1985) observed fat crystals 
in yoghurt very similar in appearance to those 
we observed . 

B. E . Brooker : Perhaps some explanation might be 
gi v en to accoun t for t he great difference in 
appearance of the fat globule membranes in 
Figures 1 and 2 . 
Authors : It is possible that protein membrane 
surrounding the fat globule is very fragile , 
even after fixation with glutaraldehyde . The 
acetone appears to have caused the protein to 
coagulate but additional work on this aspect of 
sample preps.ra tion is needed. 

B. E . Brooker : Are the authora implying a. 
connection between crystal melting and globule 
distortion? If not , will they please comment on 
the possible cause of fat globule distortion . 
~ V.le believe that the primary cause of 
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fat globule distortion is due to heat , although 
fat globule melting could be a contributing 
factor . Preliminary experiments with emulsions 
composed solely of unsaturated fatty acids and 
protein (devoid of fat crystals) also exhibited 
globule distortion . The minimal fat globule 
di:stortion noted in the 2% agarose/emulsion 
might be explained by the hypotheses of Darling 
(1982) and Van Boekel and Walstra (1981) stated 
briefly in the text. 
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