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digitizing pads, a vast improvement in speed of obtaining 
quantitative results has been made. 

The use of microscopy in advancement of meat science is 
well documented. We note, for example, the classical work 
relating muscle contraction state to tenderness and the char- 
acterization of muscle growth and meat properties by micro- 

scopic methods. 
What can be accomplished in the future? That depends 

upon the ideas of the investigator coupled with an apprecia- 
tion of how microscopy can be best utilized to answer ques- 
tions. 
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'A selected selection of resource documents to aid both the 
beginner and expert. 

Discussion 

'I: Silva: In my pictures, I have myofibers and what I think 
are Z-lines. But on the surface of my sample picture, I have 
open spaces. I have three treatments and a control and all 
exhibit the same behavior. My professor has asked what 
these spaces might mean and I told him I thought that water 
had evaporated. Do you think these are artifacts? Why do I 
have open spaces between the fibers? 
R. Cassens: 1'11 at least give you my ideas. Open spaces 

do not occur in living biological tissues. You immediately 
have to be suspicious if you see cracks and open spaces. As 
far as preparation for scanning electron microscopy, I really 
have had no experience. Is there anyone who would like to 
comment on this further? 

J. Sebranek: I'm not commenting from the standpoint of 
having a lot of experience with electron microscopy, but we 
might look at a couple of these slides. Scanning electron 
microscopy was used to study freezing rates and open 
spaces were related to supposed crystal size. In the slide, 
the four different freezing rates created the apparent size 
difference. We concluded that the ice crystals formed those 
kinds of textural differences. We are assuming that was the 
result of lost water. 

Cassens: Artifactual formation of ice crystals is very much 

dependent on the condition of the muscle. Because with the 
exactly same freezing techniques, you can take several 
samples from different animals and some will look terrible in 
terms of ice crystal formation. Ice crystal formation is depen- 
dent on the state of the water in the muscle as well as the 
freezing technique. Obviously, you must have a good freez- 
ing technique but sometimes that is not enough. 

M. Solomon: Some of the artifacts that you see from a 
section that is frozen improperly for histochemical staining 
can be created by just tampering with the hematoxylin. 
Depending on what enzyme you are going for, you can create 
a lot of artifacts that one would see if one was looking for ice 
crystal formation or membrane disruption. From the histo- 
chemical technique, it would be very difficult to ascertain 
using some of the criteria that are normally used when 
histochemists or pathologists look at sections to determine if 
a problem exists or whether it is an artifact. I have been 
interested in putting together a pamphlet on artifacts and 
various techniques for histochemistry. When you look at the 
literature, you see a lot of artifact and yet a lot of the artifact 
may be due to the sampling techniques. Also, people do not 
know that some of the solutions used can cause the artifacts. 

A. Sosnicki: Right now, a lot of artifacts are very well 
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known. I recently received a very good book, Pathology of 
Skeletal Muscle by Carpenter and Karpati, that reviews 
almost any kind of artifact we can get during fixation, sam- 
pling or whatever. For histochemical reactions, most of the 
time we get a realistic or natural histochemical reaction and if 
someone has enough experience, they can recognize 95% of 
all artifactual reactions. 

Cassens: Recognizing artifacts is very important. You 
have two possibilities: (1) to talk with someone who is familiar 
with artifacts and (2) to satisfy yourself and work out proper 
controls so that what you are observing is what you want to 
see. 

Sebfanek: How can we determine if something is a “new” 
observation or an artifact? 

Cassens: If it is a new observation, the possibility that it is 
an artifact always exists, so it has to stand the test of time. I 
insist that comparisons have to be made some way or 
another. It also helps if you have a couple of well-known 
artifacts that you can use as examples to show students. For 
example, a fixation artifact using a high solvent fixative. 
When it rushes into the cell, it moves everything in the cell 
across to one side. Tissues with a high lipid content are 
difficult to handle; lipid droplets will often be on top of the 
section. Interpretation is a problem and will always be a 
problem. However, it helps to know what some of the artifacts 
look like. You have to question, be honest and exhaust all 
possibilities before you stick your neck out. 

D. Campion: In reference to good freezing technique, 
what would be the best freezing media and the optimum 
freezing rate for both light microscopy and electron 
microscopy? 

Cassens: I can’t tell you much about electron microscopy 
because I have not had that much experience. The standard 
for ordinary histochemistry is freezing at liquid nitrogen tem- 
perature in a solvent like isopentane. The objective of drop- 
ping the sample into talcum powder and then into liquid 
nitrogen would be to try to eliminate the layer of bubbles at 
the surface that acts as an insulator. Other techniques in- 
volve freezing in dry ice, freezing in dry ice and acetone and 
freezing on the stage of a cryostat. If you are looking at the 
surface, you have to be a little concerned about the extrac- 
tion of lipids when using the solvents, even though freezing 
does go very fast. 

B. Benedict: What we don’t see is as important as what 
we do see. In electron microscopy (EM), many of the 
microtubules are never shown because they are destroyed 
by the process of preparing the plates. The microbial attach- 
ments, the glycocalyx, which is a large portion of the microbe 
that attaches to the meat tissue, is not evident on EM and you 
must use a polyanion dye or an antibody dye. So the fact that 
we do not see things on the photographs does not mean that 
they are not there. We may not be using the right indication. 
Concerning histochemistry, I think we tend to use a lot of 
stains without realizing the chemical reactions that are re- 
sponsible for what we see. For example, the Feulgen stain 
depends on the production of an aldehyde. The main thing 
I‘m thinking of is reticulin because reticulin has been deter- 
mined for a long time on the basis of its silver argentaphyllic 
staining; but we found out it is probably due to a carbohydrate 
attached to a particular collagen rather than an unknown 
substance. So 1 think if one is aware of how these 

histochemical stains or histological preparations work, we 
can sometimes make better assessments of what we actually 
have or what we do not have. 

Cassens: Many of the stains that are routinely used in 
many laboratories cannot be explained; they are empirical. 
With modern techniques, you have a better chance of ex- 
plaining, on a chemical basis, why they work. 

Sosnicki: Someone mentioned photographs and this is a 
different problem. Sometimes it is especially difficult to get a 
good picture that is realistic to a microscopic view. Maybe we 
should ask a film manufacturer what we could do about 
removing the artifacts we get in tissue fixation and prepara- 
tion. This problem exists with all types of microscopes - light 
microscope to electron microscopy. 

W Moody: Relating to histochemistry, there seem to be 
many questions concerning postmortem sampling time and 
location. Some people take samples at the time of slaughter. 
Others remove samples and hold them in the refrigerator for 
24 to 48 hours, where the pH obviously changes, before 
chemical staining. I would like the discussion leaders to 
comment on the pros and cons of sampling times and 
discuss sampling location. 

Cassens: As far as when to collect samples postmortem, 
a good rule is as rapidly as possible. However, if you can see 
what you need to see and are convinced that what you see is 
reality, then there is no problem with sampling 2 to 10 hours 
postmortem. Some of the histochemical reactions work well 
on 24-hour old postmortem muscle; and if that is the case, 
then there is no reason in getting the sample 3 minutes after 
the animal is killed. But, you have to satisfy yourself in that 
what you are seeing is reality. For example, several years 
ago we were doing work with localization of myoglobin. In 
that case, it became quite obvious that if the sample was not 
taken as soon as possible postmortem, the myoglobin was 
moving everywhere within the body of the muscle. A sample 
taken immediately postmortem and processed would show a 
specific localization of myoglobin concentration in the red 
fibers. You could take a sample 2 to 3 hours postmortem and 
see absolutely no localization of myoglobin. So you have to 
assume that permeability had changed and the soluble 
myoglobin diffused around enough that no localization was 
shown. As far as sampling location, that is very important 
within a given muscle. As you know, fiber type composition 
can change very strongly from the surface to deeper in the 
muscle. Frankly, sampling location is sometimes determined 
by what is cheapest and that may not be the best sampling 
location. 

Sebfanek: The only thing I would add is that we should 
pay very close attention when describing our sampling tech- 
niques. Someone could generate a different meaning de- 
pending on what becomes known later. 

S. Goll: Is there a good quantitative technique for measur- 
ing protein extraction, for example in a restructured meat 
product? 

Cassens: I know of nothing. Anyone else want to com- 
ment? Why don’t you tell us what you have been doing and 
that might help us out. 

Go//: I am toying with the idea of taking a micrograph and 
cutting out that portion of the protein exudate and weighing; 
therefore, being able to quantitate it that way. 

Cassens: Do you want to look at micrographs of 
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processed meats that have been treated in different ways 
and stain them for protein and compare them? 

Benedict: You might try “Stainsall” which is a stain used 
on gel electrophoresis. It stains different types of compounds 
different colors. This might enable you to distinguish between 
the high molecular weight compounds. When you say “pro- 
teins,” it is somewhat nebulous; if you use a Lowry protein 
you are measuring one aspect and if you use Kjeldahl you 
are measuring nitrogen. We have to measure what we define 
as protein. 

Cassens: As a suggestion, you could devise a method by 
which you were sure there was a lot of protein lost in a 
system. A general protein stain might help you visualize the 
protein loss. I think it would be very difficult to observe small 
changes or shifts in protein loss or localization. Is this the 
stuff that you think is going to be lost as an exudate from the 
product? 

Goll: No, different treatments may lend themselves to 
more protein extraction. From the micrographs we might 
determine the amount of bind. 

Cassens: I’m afraid I can’t be of much help to you, but 
good luck anyway. 

M. Hunt: Bob, you touched on a variety of things, some of 
them rather routine, but I invite your comment on 
quantitation. How do you make fiber area, fiber diameter, and 
sarcomere length measurements? Maybe you could make a 
general statement or comparison between light microscopy 
methods versus laser techniques. 

Cassens: Quantitation ranges all the way from a very 
general look to quite sophisticated. The general look being 
just looking at something and putting “o”, I‘ + ”, or “ + +” or 
being more refined with Feulgen stains and the spec- 
trophometer coupled to microscope and scanning. I suppose 
we are more interested in linear measurements. The key 
here is to get a sample that has not undergone a lot of 
shrinkage or swelling or if the whole series of samples are 
going to change, they are changed to the same degree. We 
can measure with an ocular micrometer that is calibrated 
with a scale on the stage or project photographs and mea- 
sure them with a ruler. There are a number of computer 
programs that can be coupled with a digitizing pad, which 
with a projection tube from the microscope, allow you to trace 
directly and accumulate a lot of information in a very short 
time. Also, the data lends itself to statistical manipulations. I 
think the key is knowing about your sample and what 
changes it has undergone from the living state. If you are 
collecting a series of samples that are all changing the same, 
you can get an accurate comparative measurement. My 
general theory is to do the least amount of work you can to 
get a reasonable answer, and that depends on a lot of 
judgment. 

Smoulders: I have not been consistently working on 
sarcomere length measurement, mind you, but we have 
done data comparisons of light microscopy and laser 
defraction studies. In my opinion, the method depends on 
what you want to have out of the sample. If you want to see 
the histological condition of the sample, there is no way to get 
what you need to see from cross-light microscopy. If you are 
basically interested in the degree of contraction, you can 
save yourself a lot of time by working with laser defraction. 
Laser defraction will give you the average of about 20,000 
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sarcomeres. There is no way you could do that many from 
light microscopy. Then again, if you get heterogeneity in 
sarcomere lengths, which occurs quite often, I do not think 
you can find that with laser defraction. You will get a very 
hazy defraction pattern and you will not know what you are 
measuring. If you were interested in gross differences be- 
tween electrically-stimulated versus cold-shortened muscle, 
you can easily do that with laser defraction. But if you need to 
know what the histological condition is, I would suggest that 
you use light microscope. It is not only accurate but you can 
also see what is happening. If you work with single muscle 
fibers like I have in the last couple of months, you can see 
that one fiber is not like any other fiber even though all fibers 
may come from the same sample. For gross differences, I 
would use laser defraction because it is very accurate and it 
gives you an average of about 20,000 sarcomeres instead of 
just a couple; but, if the differences are slight then I don’t 
think you can only use laser defraction. Another problem is 
that you need to be aware that sarcomere length in one part 
of the muscle is not necessarily the same two centimeters 
apart from that. So you have to take a couple of samples out 
of a cross section for instance and do it a couple of times 
within one muscle to come up with data you can use. We put 
some of our experiences in a paper in Food Microstructure 
one or two years ago. We did some statistics on that and you 
might want to look at that paper. 

A. Pearson: How can histochemistry be used as a tool in 
meat science? 

Cassens: One example is that histochemistry can be used 
for fiber typing. Generally, you can divide the use of the 
ordinary light microscope into two fields: (1) structural work 
which uses paraffin sections and stains such as hematoxylin 
and eosin and other stainings and (2) histochemistry, which 
is a bit more specific and utilizes frozen section techniques. 
An example would be trying to localize an enzyme such as 
ATPase. The classical staining techniques are empirical; that 
is, I cannot explain how or why they work, we just know that 
they do. With histochemistry, in most instances the chemistry 
is reasonably well understood and the colored reaction prod- 
uct can be explained. Histochemistry has been used in meat 
substances for lipid, carbohydrate and enzymes. Histo- 
chemistry may be extended to the fluorescence technique or 
other techniques. 

R. Field: Someone told me that with a H and E stain and a 
light microscope, he could tell whether or not meat has been 
frozen. I would like your comment on that. 

Cassens: If there is some freezing damage in terms of 
crystal formation and subsequent holes left behind, I guess it 
would be fairly easy to see that the meat had been frozen. I 
think I would be hard pressed to say whether or not the meat 
had been frozen if I did not see some obvious tissue damage. 
There was the work in Germany that Hamm did in which the 
destruction of mitochondrial enzyme release could be detect- 
ed histochemically. 

Pearson: I think it would be very difficult to tell with thawed 
meat. If you still have the ice crystals, it might be easier to 
tell. There might be some enzymatic changes, but I am not 
aware of them. 

Field: Hamm did work on this for a number of years and 
he does have an enzyme procedure in which he can detect if 
meat is fresh or frozen. NADH is one of the components that 
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he quantitates and, if I remember correctly, it is higher in 
frozen meat. This question does not deal with histochemistry, 
but simply a structural observation. I realize you might be 
able to tell if the meat remained frozen, but I was quite 
skeptical once it was thawed. 

N. Marriott: I understand McCormick is at Wyoming and 
working in this area. Could you update us on his work? (No 
response). 

G. Trout: There have been two papers published in Meat 
Science that looked at final freezing temperature and freez- 
ing rate on the microstructure of muscle. 

R. Reddy: I am interested in localization of elements in the 
cells. If anyone has worked this area, I would like to talk to 
them or have them to make comments. I know an energy 
dispersion x-ray analyzer attached to a scanning electron 
microscope is the best way to do it, but sometimes some of 
these minerals are migrating from each side of the cell. 

Cassens: People have been trying to do this for a long 
time. There are histochemical methods, but we have never 
had much success at all. You need to go to more expensive 
equipment and I have not had any experience. 

G. Schmidt: If one wanted to develop a technique of 
locating polysaccharides in a meat product, what would be 
the best approach? 

Cassens: I don’t know, but there are methods for carbohy- 
drates. 

Schmidt: We tried some and they did not work out very 
well. 

Cassens: My advice is to try as hard as possible and then 
try again. It is easy to take a histochemistry book or go to the 
literature and find a very nice procedure; but when you go to 
apply it, the procedure often does not work. Keep trying or 
find someone that can give you a bit of advice. The first thing 
I suggest is to make a control. Therefore you need to extract, 
digest or destroy, so that on a companion slide you have 
some degree of assurance that what you are looking at is 
really what you want to see. 

Schmidt: The difficulty is that the procedures are for 
identifying plant carbohydrates or finding them in plant mate- 
rial. When you put the plant material into an animal environ- 
ment, you have changed the rules. 

Cassens: So now you are dealing with differences in pH, 
possibly phospate, lipid content, ascorbate, nitrite, etc. 

Solomon: In my lab, we are working on combinations of 
histochemical stains - the more traditional stains such as 
NADH or SDH with some of the ATPase stains. We looked at 
bovine, ovine and porcine muscle tissue and found that 
stains for bovine did not react similarly to those of ovine 
tissue. I anticipated that beef and lamb muscle would be 
metabolically more similar than pork muscle. However, we 
found pork muscle staining patterns followed lamb muscle 
quite closely. In developing a stain for bovine tissue, we 
found pH to be quite critical. Do you have an explanation for 
the different staining patterns for the different species? 

Sosnicki: What kind of muscle did you use? 
Solomon: To determine if staining patterns were muscle 

related, the longissimus, biceps and semimembranosus 
muscles were used. 

Sosnicki: As you mentioned, pH is very important. Also, I 
am not sure what kind of ATPase method you used. There 
are 3 or 4 basic ATPase methods for ATPase reactions. 

These methods react differently for different species. With 
one particular method, I got excellent results in pork muscle 
but poor results in poultry pectoralis muscle. Secondly, pH or 
buffers are not solely responsible for the result of the reac- 
tion. There is a paper by the group from Boston Medical 
Hospital (Histochemistry, 1986) that reported similar reaction 
patterns using acid or alkaline incubation. So once again, it is 
not easy to explain what is going on in the muscle. 

Cassens: The question is that you anticipated beef and 
sheep muscle would be more similar than pork and lamb and 
l would have guessed the same thing. 

Solomon: When we compared five different acid and 
alkaline ATPase procedures with the new combination stain- 
ing technique, we noted some species specificity. We picked 
the staining procedures that worked well across all three 
species. However, these procedures are not working on 
alligator or poultry tissue. 

Cassens: The message there is that there is a species 
difference in these histochemical stains that you need to look 
at very carefully. 

Solomon: Suzuki in some of his work has suggested that 
there are several fiber types. Muscle biologists, muscle 
physiologists and biochemists have used different nomencla- 
ture for these fiber types. First, what is your suggestion as to 
the classification system we should use as meat scientists 
when we publish in journals? Secondly, what is your opinion 
of the new fiber types as compared to the classical types of p 
red, CY red, white or red, cz white or intermediate fiber types? 

Cassens: I do not want to appear flippant, but you can find 
as many fiber types as you set out to find. My preference is to 
use the simplest classification system possible. That is why 
some time ago we had red, white and intermediate fiber 
types. We thought it was easy to identify red fibers and white 
fibers and there is a whole mess of others that we lumped 
together as intermediate fibers. That is why we attempted the 
immunological work based on protein characteristics be- 
cause you can get fairly clear-cut red and white fibers. All the 
shades of gray can be fantastic but I do not think it helps us 
out much in our fiber typing effort in correlating to progress in 
animal breeding or nutrition. I do not think 15 sub-types help 
us out at all. 

J. Eastridge: I have three questions. First, what is the 
incidence of giant fibers in muscle? Secondly, are giant fibers 
restricted to certain muscles? And thirdly, what are the 
criteria for defining a giant fiber? 

Sosnicki: A very hard question. Recently, giant fibers 
have been termed hypercontracted fibers. From the work 
done with human muscular dystrophy, there are two 
hypotheses. According to Carpenter and Karpati, hypercon- 
traction takes place during the biopsy technique and is 
artifactual and nothing else. On the other hand, because the 
sarcolemma is more fragile in diseased muscle, 
hypercontraction is a natural state of diseased muscle and is 
connected with necrosis of the muscle fiber. Based on my 
limited experience, I agree that hypercontraction can occur 
during biopsy, but giant fibers are not artifacts but a true 
necrosis of muscle. In animals, it surprises me that it is 
possible to get hypercontracted fibers in normal appearing 
muscle. Therefore, the problem is still open for question. 

Cassens: Giant fibers are almost perfectly circular and 
considerably larger. Sometimes you see an isolated fiber and 
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sometimes you see quite a few. Obviously, there are two 
schools of thought. One, they are purely artifact and another 
says they are probably an early stage of a degenerative 
change. The only clue you have to go on is to check if there 
are any connective tissue changes or actually some necrotic 
change in those fibers. 

Eastridge: I did not know how excited I should be if I 
occasionally came across one. That is why I was asking 
about prevalence of giant fibers. 

Cassens: I guess my opinion is that if you see an occa- 
sional one scattered around, I would suspect a hypercon- 
tracted fiber. 

Eastridge: One more question, are you familiar with the 
irius red stain for the quantation of connective tissue? 

Cassens: I have not worked with that stain. 
A. Foegeding: There appears to be two approaches. One 

way is to get your antibody from purified protein so that you 
can specifically label it and the other is to do some 
histochemistry. Can you elaborate on the advantages of both 
techniques? 

Cassens: I believe microscopy can stand alone but is 
most effective when used in combination with other bio- 
chemical or physiological techniques. Looking at protein 
localization, plain hematoxylin is a protein stain as well as a 
stain for nucleic acids. It is primarily used to visualize nuclei. 
It is very broad and makes no differentiation at all. If you were 
able to develop a specific antibody for a specific protein, you 
could pinpoint the protein very precisely. General protein 
stains have limited usefulness. You are probably just as well 
off to do an extraction and quantation such as Kjeldahl, or 
some other means of measuring protein. On the other hand, 
if you want to locate myosin or titin, then you would elect 
fluorescence antibody. I am not a big fan of a general protein 
stain to locate protein. 

Foegeding: From the discussion, there appears to be a 
specific stain for ATPase, so how many stains are available 
that show a fair amount of specificity for a particular protein? 
Is the difference between species just isoelectric point of 
isozymes or do you think it is something else? Has anyone 
extracted proteins from the different species and done some 
comparisons on binding constants? 

Cassens: I would say probably not. You could probably 
develop a histochemical test for an enzyme if you could 
develop a procedure so that you know what the reaction is 
and can tag the reaction product. You must assume that the 
reaction occurs and a product formed that complexes with a 
dye and stays at that location and does not drift away. You 
also have to be concerned with the sensitivity of the proce- 
dure. We talk about ATPase (+)  and ATPase ( - )  fibers. 
Because we have a fiber with no reaction, the first thing we 
think is that the fiber has no ATPase, which is nonsensical. If 
it is a muscle fiber, it certainly has ATPase present. So, you 
are either not measuring the ATPase that is there or the 
sensitivity of the method is not high enough. In most in- 
stances the sensitivity of the method is just not great enough. 
(Slides illustrating localization of titin and tropomyosin with 
immunofluorescence staining methods were shown.) 

T: Ringkob: The anti-titin is very reactive and you get a lot 
of flare. The best way to visualize it is to isolate the myofibrils 
and then you can start to see some real changes, especially 
in the longer sarcomeres like from the psoas. 

Cassens: The major problem is obtaining a good antibody. 
S. Smith: One other technique that is similar to the 

fluorescence antibody technique, is in-situ hybridization. In- 
stead of looking for a specific protein, you would look for a 
RNA. This is especially helpful when you have a heteroge- 
neous cell population and you do not know which of the cells 
are expressing a particular protein. This technique is virtually 
identical to the kinds of things you do with fluorescence 
antibodies, but looking for RNAs instead. 

A. Miller: Are people in meat science using quantative 
image analysis? Instead of counting 100 histochemical 
stained cells by hand, you might count 50,000 by electronic 
imaging. Therefore, you could greatly increase your sample 
number. 

D. Beerman: Video image is less than satisfactory for 
quantification of fiber typing. The continuous scale of gray 
tones between different intensities for a given stain preclude 
the instrumentation to document accurately the exact num- 
ber of fiber types within various categories, especially when 
you go from a two to a three type classified system. Based on 
my experience, a satisfactory system has not yet been 
developed. 

Cassens: We recently purchased a digitizing pad from 
Ziess that has a small computer. You can look into the 
microscope and see the stylus on the digitizing pad. Fiber 
area, linear measurements, counts and other manipulations 
are easily made. It was one of the simplest devices we could 
get and it cost about $3000. There are a lot of other packages 
available. For another system we investigated, the software 
alone was about $7000. 

Solomon: Most of the computers and software packages 
capable of fiber typing use either the RGB scale or the gray 
scale. The packages that use the gray scale do not lend us 
any advances because they cannot differentiate some of the 
traditional stains. Likewise, the RGB scale systems handle 
the overlapping hues of these three colors but the shades 
and shadows are not handled very well. For fiber area or 
diameter, the computer has difficulty differentiating bound- 
aries. 

Cassens: I am safe in saying there is not a substitute for 
the trained eye. 

Sosnicki: The trained eye is especially important when 
investigating abnormal or diseased muscle. 

Eastridge: Is the source of ATP important? 
Cassens: I have never noticed any real differences 

among sources. 
D. Loveday: What are some applications of microscopy, 

particularly in the manufactured meat area? 
Cassens: With electron microscopy, Larry Borchert dem- 

onstrated the idea of protein being located on the surface of 
fat globules. It could be a lot surer if a given protein was 
tagged and the same manipulations were performed. 

Sebranek: A potential area would be the effects of equip- 
ment on product structure. There are claims of equipment 
effectiveness or lack of effectiveness that would be interest- 
ing to study. 

L. Borchert: One area that is interesting to me is the use 
of polarized light to evaluate product structure. Weak emul- 
sions have a white appearance whereas strong emulsions 
give a solid black appearance under polarized light. In the 
future, I believe more people will be working with polarized 
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light to demonstrate the effectiveness of equipment. 
Cassens: Although not used very much, I believe the 

microscope has potential in routine quality control checks. 
K. Kotula: Are contracture bands real or are they an 

artifact? 
Cassens: I guess I’m prejudiced but I think contracture 

bands are real. They occur. Whether you make them during 
tissue removal and fixation is another question. 

Beerman: In some cases, you need to prevent thaw rigor 
that occurs when you thaw the frozen pre-rigor muscle onto 
the glass slide or cover slip, especially longitudinal tissue 
section 20-70 um. Without EDTA-coated slides or other 
protective measures to prevent the thaw rigor phenomenon, 

you will destroy the tissue and eliminate the opportunity to 
visualize the true morphology. 

E. Marsh: My experience with contracture bands has 
been when we induce contracture bands in early postmortem 
muscle. We then leave the muscle intact, not cutting into the 
muscle, until it is set in rigor. Under those circumstances, 
there is no doubt that contracture bands do occur. There is no 
possibility of artifacts by cutting them out pre-rigor. 

Sebranek: One final comment. It is important in all re- 
search, but maybe more important in microscopy, that we 
accurately report our sampling, handling and treatment tech- 
niques. Artifacts and interpretations may prove meaningful or 
give greater insight later on down the road. 




