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Abstract 

Confocal Scanning Laser Microscopy (CSLM) has 
advantages over conven tional light microscopy and 
electron microscopy. In particular the possibility to 
perform optical section ing, allowing the disturbance 
free observation of the three-dimensional internal 
structure, offers new possibilities in microstructural 
studies of food sys tems. The technique is further 
considered to be very valuable in the study of dy ­
namic processes and tran sport phenome na. Prelimi­
nary results are discussed of an inve s tigation into 
the microstructure of fat spreads, mayonnaise, cheese 
and rising dough us ing this CSLM technique . 
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Introduction 

Light and electron microscopy play an important 
role in the observation of the microstruc ture of food 
systems . Electron microscopy (EM) has the advan ­
tage of a high resolution ( - 1 nm), but it is general­
ly very laborious and requires elaborat e sample prep­
ara tion which may lead to ar tifac t s . In addition, 
samples are observed under high vacuum and a t high 
radiation doses. Classical light mic roscopy (Ll\·1) is 
easy to apply but it s resolution is rather limited and 
undisturbed observation of samples is difficult, espe­
cially when deeper layers must be pt•obed . 

In this context, and in view of the desirability 
to perform measurements under dynamic conditions, 
alternative techniques such a s acoustic microscopy, 
X - ray microscopy and confocal scanning laser 
microscopy (CSLM) may be considered. 

The CSLM technique has a lready been discussed 
extensivel y (1, 2, 6, 8, 9). The b asic idea of the 
confocal principle is that a point in the objec t is 
optimally illuminated and also optimally imaged in a 
detector pinhole, which leads to an increased resolu­
tion and a reduced depth of field because off- focus 
levels in the specimen will hardly contribute to the 
image. The latter property enables an excellent op­
tical sectioning (i.e., the in - depth imaging of the 
structure) and a disturbance - free three-dimensional 
observation of a non-deformed sample, whic h cannot 
be achieved with classical LM, In addition, cbmputer 
con trol and data acquisition create excell ent possibi­
lities for image analysis and processing. 

Preferably, specimens are studied by fluorescent 
light because the different structure element s can 
best be distinguished by using spec ifi c fluorochromes. 
Also in this case, the point illumination and pinhole 
detec tion system is a great advantage of CSLM over 
conventional LM because it effec tively suppresses 
contributions from off- fo cus levels of the object. 

The aim of the present con t ribu tion is to pre­
sent some of our first results on the observation of 
food sys tems by CSLM. 

Experimental 

General 
-----s&mpl es were observed by the CSLM developed 
by the Department of Electron Microscopy a nd Mo­
lecular Cytology, University of Amsterdam. Observa­
tions were made with oil-immersion optics ( N .A. = 
1.3) in the reflection I fluorescence mode (1, 2, 8), 
allowing visualization of structures to a depth of 
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more than 100 IJffi under the surface of t hick, non­
deformed spec ime ns . 
Fat spreads 

The water di s tribution in sp r eads c ontaining 80 % 
fat (com me r c ial margarine and butter) was inves ti ­
ga ted. Sampl es of the product were t aken by means 
of a sampling tube (Fig . 1) fitted with a s harp edge 
to preve nt work ing of the sample as much as possi­
bl e. When the tube was full , a stopper was inserted 
on the othe r end and the sam pl e pushed out. The 
material protruding fr om the tube was c ut into s lices 
2 mm thick by means of a thin pl atinum thread (0 .1 
mm) . 

Fig. 1. Schematic drawing of sampling tube for 
takmg spec imens of fat spreads. Material: s tainl ess 
steel; total length 80 mm; internal diameter 5 mm . 

Two or th ree of such s lices (diameter = 3 mm) 
were placed on a c over glass , which was introduced 
in to a container containing a fluorescent dye. For 
a proper observation of the wa ter globules in a fat 
spread, a fluoresce r has to b e added either to the oil 
or the water phase. Nile Blue i s a suitable dye for 
the localization of lipids by fluorescence light mi­
croscopy (3, 10). The samples of fa t spreads were 
immersed into an aqueous solution of Nile Blue (0 . 001 
% w/ v} for a t leas t 16 hours . This solution contains 
a number of lipophilic component s, whic h diffuse into 
the liquid lipid phase, thus generating a deep yellow 
fluorescen ce. The lipid phase becomes fluorescent 
without altering the structure of the emulsion. 
Mayonnaise 

In orde r t o maintain the s truc tural integrity of 
the origina l mayonnaise as much as possible, nine 
parts of a mayonnaise sample were carefully mixed 
with one part of a Nile Blue solution (0.1 %). In 

contrast to fat spread samples , the com ponents in 
the continuous water phase as well as in the inter­
face become fluorescent (or at least more fluore scent 
than the discontinuous dispersed fat phase), In this 
case, the fluorescence of the hydrophilic components 
of the Nile Blue dominated that of the lipophilic 
component s , which might be attributed to hin dered 
t ran sport. After s taining , the mayonnaise sample was 
p l aced between two glass s lides . 
Cheese 
--A small piece of young Gouda c heese was 
placed on a glass s lide and introduced in a 0.01 % 
Nile Blue solution to s tain the fat phase or, alterna­
tive ly, in 0.01 % solution of 1-anilino-8-naphthalene 
sulfonic acid (ANS) to stain the prote in . 
Ri sing Dough 

Io establish the capabilities of confocal instru­
mentation for anal yzing dynamic processes in s itu , 
the structural changes in rising dough were studied . 
To this end, 10 g of wheat flour was mixed with 5 
ml of an 0 . 05 % fluorescein isothiocyanate solution in 
water and 0. 5 g of yeast. After kneading for 10 min 
an d a first rise for 30 min, a small piece of dough 
(thickness 2 mm) was placed betwee n two gl ass s lides 
and observed at room t emperature (200C) as a func ­
tion of time. 

Result s and Discu ssion 

Figs . 2 and 3 s how the water distribution in 
margar ine and butter samples, respectively. The 
water droplet s appear as dark non - fluorescent struc­
tures embedded in a fluorescent fat phase . Because 
of the high resolution and high dyna mic range, 
s t r uc tures as small as 0 . 3 IJm can be di scerned with­
out difficulty. This c annot be ac hieved by normal 
light microscopy, a lthough s pec ial imaging modes may 
come very c lose (7). The main advantage of CSLM 
is that pictures can be t aken at d ifferent depths 
without de for mation of the sampl es. Thi s possibility 
to make optical sec tions along the opt ical axis is 
demonstrated in Fig . 4 for a mayonnaise sample. 

Mayonnaise i s a n oil - in - water emuls ion contain­
ing a high percentage of oil (80 % or more). This 
high volume o f oil cau ses the formation of a honey­
comb s truc ture of c losely packed and oft en distorted 
o il droplet s (the c losest packing of equal sphe r es 
would lead to a volume frac tion of 0. 72). The inter­
fac e layers between the droplets are imaged wit h a 
dimension of 0. 2 ~ m. which i s very c lose to the 
theoretical resolution limit of the ins trume nt. 

The depth resolution of the optical sec tioning is 
about 0 . 7 J.Jm (2) , so that elements which are that 
dis tance apart, are imaged completely independently 
of eac h other and do not interfere with adjacent 
image planes. Consequently, large oil droplets (size 
- 10 ~m) are detec te d on different image planes, 
whereas small droplets ( - 1 J,Jm) appear or disappear 
from the i mage <Fig. 4). 

Figs. 2 and 3. Water distribution in margarine (Fig. 
2) and butter (Fig. 3). Fat phase is fluorescent. 

Fig. 4. Mayonnaise obtained at (a) 2, (b) 4, (c) 6, 
Brid(d) 8 J.Jffi depth b elow the surface of the sampl e. 
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Depending on the optical density of the sample, 
optical sectioning can be applied up to depths of 
about 100 J,lm from the surface (2) . A set of images 
thus formed at specific depths in the specimen can 
be used to obtain a stereopair of images. A three­
dimensional observation of the microstructure re­
quires the s torage of data from such a set of images 
and the generation of stereoscopic images by a spe­
cific image processing algorithm (2, 9) . Examples of 
such s t ereoscopic images are shown in Fig. 5 and 6. 
Microstructural studies of cheese by LM and EM 
have been the subject of numerous papers (11). The 
struc tural matrix in cheese is protein in which the 
fat is embedded as a dispersed phase ( 4, 5, 11). The 
three- dimensional structures observed by us both 
with protein staining (Fig. 5) and fat staining (Fig. 
6), perfectly agrees with these earlier observations. 

The spatial network of protein strands as well 
as the presence of dispersed fat globules a nd ag­
glomerates are c l early observable and give an impres ­
sive image of the internal structure of the c heese. 
As already mentioned, this image is obtained without 
disruption of structure and laborious sample prepara­
tion. Moreover, the whole operation takes only a 
few minutes. It is these performance aspec t s which 
make the confocal equ ipment well -suit ed to perform 

Fig. 5. Gouda cheese . Protein is 
stamed. Stereo-micrographs. 

~- Gouda cheese . Fat is 
sta1ned. Stereo-micrographs. 

in si tu observations under dynamic conditions: struc­
ture formation in different types of gels, formation 
of emulsions, coalescence phenomena, and effects of 
deformation. An example is the study on the kinet­
ics of rising dough, which are related to dough 
rheology and baking performance. 

118 

When mixing flour and water, starch and pro­
teins are hydrated and form a visco- e lastic matrix. 
This matrix can occlude air bubbles. In the rising 
stage, carbon dioxide produced by yeast, diffuses to 
the air cells occluded during mix ing, thus causing 
expansion of the dough. The four micrographs (Fig. 
7a - 7d), obtained 1, 2, 4, and 6 minutes after the 
first dough rise, show the results of monitoring this 
process by CSLM about 20 J,lm under the surface of 
the sample. The protein mass and the starch gran­
ules generate strong and faint fluorescence respec­
tively. Gas cell s are discernable as dark structures 
in the protein matrix. Expansion and coalescence of 
gas cell s responsible for dough rise, can also b e 
clearly observed. It is possible to do these time­
resolved observat ions on the internal dough structure 
without any perceptible photo- bleaching of fluorescer 
taking place. 
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Fig. 7 Rising dough . (a) 1 , (b) 2, (c) 4, and (d) 6 minutes afte r the first dough rise . (p) protein; (s) s tarc h; 
(g) gas cell . 

Conc luding Remarks 

Confocal Scanning Laser Microscopy appea r s to 
be a ve ry useful tool in the s tudy of food mic ro­
struc tu re. An improved resolu tion and a high dy ­
namic range are no doubt advantages over conven ­
tiona l light microscopy. In particular, the poss ibility 
of optical sec tioning, which allows a disturb ance- free 
observation of the three-dimensional internal s truc­
ture, offers new poss ibilities to do microstructural 
s tudies of food syst ems . In addition, CSLI\1 e nables 
the monitoring of dynamic processes as a fun c tion of 
variables suc h as temperature, pH, concentration, 
pressure, e tc . In this context, the possibility to 
study transport phenomena b y fluorochromes or­
gold - labeled compounds - s hould also be mentioned. 
These options may mark a new era in the s tudy of 
food produc t s . 
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Di scu ssion with Rev ie wer s 

S . H. Cohen: What a r e the a dvantages a nd di sadvan ­
tages of s t age scanning as compare d to lase r 
sc anning? 
Authors: Advantages a nd disadvantages of on axis 
s tage scanning ver su s o ff axis lase r scanning have 
been discu s se d b y Bra k enhoff ( 2) and Pe t ran e t al. , 
(6). An important aspec t in favor of on a xis stage 
scanning is the somewhat higher a ttainabl e r e solu ­
tion. On the other hand , a scanning s t age c an be a 
nuisance when manipul ation of s pecime n is required. 

S.H. Cohen: What is the n ature of the staining 
agent Nlie Blue? 
Authors: Nile Blue i s a comme r c ial pre paration , 
c ontammg protonat ed ox azine base, oxazone and free 
oxazine base . 

D.P . Dylewski : I assume that all samples ex amined in 
this paper wer e s tud ie d a t room t emperature . Is it 
tec hnically fe as ibl e t o apply a hot or cold s tage to 
the CSLM to enhance its ve r satilit y in s tudying 
dynamic processes? 
Authors: Jus t as in normal light mic roscopy it is 
poss ible to use hot or c old s t ages . Howeve r , in c ase 
of s tage scanning, dynamic exper iment s or micro­
manipulation can be troubl esome. 

J. 0. Fairing: In Fig. 2 many of the wat e r droplet s 
appear elhptical rather than c irc ular . Is this an 
optical effec t or i s it due to the working of the 
sample? 
Authors : We are not quite sure about the cause of 
ffi'i'SCiTS tortion. Most lik ely it is due t o the working 
of the sampl e . On the other hand , it cannot be ex­
c lud ed that the scan speeds in both directions are 
no t c omple te ly ma tc hed . 

J.D. Fai r ing: What is the cause of the di ffe re nce in 
appe arance of the wat e r - fat inte rface in Fig . 3 as 
c ompared with Fig . 2? 
Authors: We ca nno t offe r an ex pl an ation for this 
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d iffe rence . 

J . D. Fairing: In Figs. 5 and 6, what is the equi ­
va lent parallax angl e of the ster eopa ir? 
Authors : The angl e i s t en degrees. 

J.D. Fairing: In Fig . 7, why are the individual pixel s 
so clearly vi s ibl e when they ar e not seen in the 
other micrographs ? What is the d iffer ence in the 
instrumental and r ecording conditions that produces 
this undesirabl e e ffec t? 
Authors: This e ffec t is caused by the image format 
~256 pixe ls , u sed in produc ing these pictures. 
The se conditions we re applied b ecause r apid record ­
ing , of the dynam ic be hav ior of doug h r ise, was r e­
quired. Normally, a for mat of 51 2-5 12 pixels , and 
for high r e solution images 10 24- 10 24 pixels, is used. 

J.D. Fairing: \\'hat is the wavelength of the exciting 
radiation m your ex perime nts? 
Authors: The wave length of the exc iting r a diation is 
5T2nii1. 
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