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The use of biochemistry in the daily life of a meat scientist 
employed by industry is much more prevalent than many 
people suspect. A prime example is the problem of soft, dis- 
colored turkey breast muscle illuminated so ably by the two 
previous speakers. There is no single issue within our com- 
pany which has received more research support and effort. 

Additionally, all of our competitors have done similar 
amounts of work in an attempt to understand the same prob- 
lem and develop systems to either eliminate or overcome the 
phenomena. The same is probably true for the pork industry. 
We’ve looked at the situation a bit differently than our aca- 
demic counterparts. Our chief concern is providing our con- 
sumers with a consistent product day after day. 

The drive to efficiently grow animals to market weight, then 
to use all parts of the resulting carcass at an economic ad- 
vantage certainly plays an important role in understanding the 
biochemical reactions with which we are faced. Our industry 
has pushed for leaner, faster-growing animals - mostly in 
response to consumer demand. This push or emphasis is prob- 
ably affecting our finished products in a negative way. It is 
now our quest to understand the complex reactions that are 
occurring and to discover a means for reducing the impact of 
these reactions on the finished products. 

The phenomena we’ve been hearing about today can all 
be grouped together into a single category-stress diseases. 
I believe that all of our livestock species suffer from some 
type of stress disease. I think in each species the disease is 
manifested a little differently but the end result is the same - 
inconsistency between animal raw materials of the same spe- 
cies. We are veryfamiliar with the manifestation in pork, PSE 
(pale, soft, exudative); in beef, it’s DFD (dark, firm and dry). 
We have spent much of the morning learning about turkey 
muscle myopathy. The common thread between these phe- 
nomena is color and muscle texture. Turkey breast color will 
vary from very white to a light caramel color. 

The textural differences are also very important. The tur- 
key breast muscle is both soft and very coarse-textured. The 
coarse texture of the turkey breast muscle seems to be unique 
to turkey. Both pork and turkey are exudative and do not ex- 
hibit normal water-holding capacity characteristics. The invited 
poster shown by Dr. Rhonda Miller earlier at this meeting had 
some data to verify these statements. 

The protein changes in pork related to PSE conditions are 
well documented. However, the changes in protein amounts 
and functionality for turkey have not been clearly identified. 
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This is a big opportunity and a major need which can help us 
in our quest to understand the biochemical processes and 
their effects on turkey breast muscle. Understanding the bio- 
chemical processes will also help us to more precisely deter- 
mine methods for either eliminating or reducing its effect on 
thefinished product. At this point, we know that the problem is 
much more prevalent during hot weather. It is suspected by 
many that the reason for this relates to the fact that turkeys 
are indigenous to cold weather regions and the respiratory 
system in the birds has not adapted to handle hot, humid 
weather well. 

I suspect that the inequity of prevalence of stress diseases 
between meat animal species is related to gene pools. The 
problem has not to date manifested itself to any great extent 
in the beef industry. However, the pork industry has had a 
tremendous problem over the past 30 to 40 years. We know 
that the cause of PSE pork is related to genetics. If we follow 
this line of thought, then there should be a reason why PSE 
pork is more of an issue than DFD beef. I submit that the 
reason relates to the variety of breeds among the various spe- 
cies. Beef cattle have more than 70 recognized breeds in this 
country alone. The population of swine breeds is consider- 
ably less with a total population of 8 to 15 different breeds or 
gene pools. There are only three commercial breeds of turkey 
in the world. The gene pool for chicken is much larger than 
turkey. I submit that the smaller the gene pool, combined with 
the effort to produce more usable meat in shorter and shorter 
timeframes, creates added stresses in the animals which are 
manifesting themselves in undesirable characteristics in the 
meat. In other words, our livestock production and genetic 
practices or goals are creating raw materials for the meat pro- 
cessor which are becoming increasingly difficult to use to cre- 
ate acceptable finished products for our ultimate consumers. 

So what do we do? How are we going to improve upon the 
situation as it exists today and how do we prevent the situa- 
tion from worsening? I believe the answer will only come from 
the successful interaction of teams of professionals with ex- 
pertise from a variety of different disciplines. Specifically, ge- 
neticists, veterinarians, physiologists, biochemists, biotech- 
nologists and meat scientists will all be needed as we work to 
solve these problems. 

We also need to work with a mixture of both basic and 
applied sciences. At our company, we have done some very 
basic work which we have followed with very applied work. In 
every case, the problem is as significant in the finished prod- 
uct as it is in the raw material. 

Most importantly, it will be necessary to use some creative 
approaches to problem solving. The problem is not a new one 
- PSE pork has been a problem for over 30 years. We have 
to learn to think outside the conventional box, to find new ways 
to look at the problem and new methods for solving the prob- 
lem. One method to do this is to divide the problem into sev- 
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era1 smaller pieces and work on those smaller issues. The 
problem as it exists today is a growing elephant, the only way 
to conquer it is to start with one bite at a time. 

Discussion 
D. Kropf: I have several questions, I think for Dr. Sosnicki. 

I have seen what I call greening in cooked turkey breast and I 
wonder to what extent oxidative vulnerability can be attrib- 
uted to this same condition? I feel that it is a contributing cause 
and related to the thing you described. 

A. Sosnicki: Was it the greening of the pectoralis super- 
ficialis muscle? There was another disease called green 
muscle disease, but that involves only deep pectoral myo- 
pathy and the ultimate cause of this is the swelling of the 
muscle and simultaneous ischemia, so that is a kind of myo- 
pathy. As far as the greening of the superficial muscles, es- 
sentially I have no answer. Possibly due to some damages to 
the membranes, the free radical can cause several alterations 
in the muscle in the meat including the changes in the 
endochromus part, the color parts of myoglobin in the heme 
part of this muscle, but that is just a speculation. 

Kropf:A second question. We talked here about difference 
in time of year and I think my question is two-part. What kind 
of geographical differences do you see between plants in Min- 
nesota and plants further south in the U.S. and secondly, to 
what extent? If I remember correctly, the early work of John 
Forrest at Oscar Mayer was that this condition occurs in pigs 
when we have a rapid change from cool weather to rather 
warm weather, that triggers what we call the wet pork season. 
So, is there some relationship here and what differences are 
we finding from south to north? 

Sosnicki: Well, there could be some similarities, again be- 
tween the domestic turkeys and swine. First, to answer your 
first question. We do see differences between the east coast 
and the central states. We do have our growing and slaugh- 
tering facilities in Iowa and the east coast in both Carolinas. 
So, again, the incidence of focal myonecrosis of the summer 
yield problem, whatever you name it, is much higher in the 
Carolinas than in the Midwest and that has been historically 
proven for at least 12 up to 15 years. What is interesting in the 
effect of very high temperature and humid atmosphere is that 
for poultry, essentially heat caused metabolic alkalosis, not 
acidosis. So, possibly there are two processes going on si- 
multaneously, one again due to focal heat distress, there is 
alkalosis but then due to probably muscle contraction, there 
is a metabolic acidosis again caused by several unknown fac- 
tors. 

The second question, I can’t answer. We haven’t exposed 
our turkeys to those extreme temperature changes. We try to 
keep them in more or less the same temperature so I can’t 
answer. It is possible that the turkeys could be very sensitive 
to the changes in temperature, but whether there is an impli- 
cation for the poor meat quality, I don’t know. 

W. Schwarfz: Dr. Sosnicki, we have talked a lot about the 
symptoms and what we think this is. But you only had one 
slide up there and several comments on what you think we 
are going to do to do something about this. Could you help us 

understand some of your ideas about what we think we would 
need to do for handling conditions or chilling conditions in or- 
der to work with this process? 

Sosnicki: We believe again as I pointed out that several 
approaches would be taken simultaneously. Our general view 
is to first work closer with the primary turkey breeder compa- 
nies. Again, they have been informed for several years that 
for them what really counts is the high hatchability; and then 
for meat type turkeys, just lower feed conversion and profit- 
ability. They don’t really care for the finer quality. So, that is 
the first point. You have to walk closer with them to get these 
three gene pools and possibly to identify the ultimate course. 
On the other hand, the processing industry; again, I believe 
we have to identify what alterations are happening with the 
proteins. Is it similar to some alteration in water-soluble and 
sarcoplasmic proteins? Is it similar to sarcoplasmic protein 
coating of myofibrils or are there any alterations to the myo- 
fibril proteins, to essentially myosin and to actomyosin? So 
we don’t know the answer for those questions and I believe 
that is the way to pursue it. 

Schwartz: Let me ask a more probing one then. Was any 
of this information that you shared with us today from your 
California operation in Tulare? 

Sosnicki: Yes 
Schwam: Nicholas breeding? 
Sosnicki: Nicholas breeding. 
Schwa&: Okay, for those of you who may not be that fa- 

miliar, if you could understand why some of this might be stress 
related-if you jump on a truck in the middle of the night about 
80°F (27OC); get hauled down a road for 150 miles; get set 
out in the parking lot at 110°F; by the time you get to the kill 
lot, you might be a little bit stressed! Have you looked at the 
same kind of Nicholas breeding in some of these other loca- 
tions. 

Sosnicki: Yes, the same breed performs quite differently in 
our Iowa operation, so there are strong environmental influ- 
ences. 

A. Ho/lingsworth: We have done quite a bit of work looking 
at the three different breeds and while I am not willing to tell 
you that one is worse than the other, I will tell you it exists in 
all three breeds. I won’t tell you that one is worse, but I will tell 
you that there seems to be graduations between the three 
breeds. 

Schwartz: But, as I understand, most of your birds would 
have been Michigan4ifferent. 

Ho//ingsworfh:No, if you will remember, we closed our Ohio 
plant last June and we are still carting birds all the way from at 
least that far away, which is a six-hour drive. 

Schwartz: I want to probe that other question because han- 
dling conditions in this industry, as I see it, are a little bit differ- 
ent than what we might see in some of the pork and beef 
industry. 
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Sosnicki: In addition to different breeds, one can identify 
three different populations of turkeys on a slaughtering line, 
so again, every turkey or just the population could be uni- 
formly stressed as you have said, but then on the slaughter- 
ing line you can identify three groups, slow glycolising, mod- 
erate glycolising and very fast. Again, we are dealing with the 
same environmental conditions and with the same turkey 
strain, so there is something genetic behind this. 

Schwartz: Yes, I understand that, that is why I was inter- 
ested in your other suggestion about the killing process. You 
just got yoursetf to the chill line, do you see that you can handle 
those three different. groups a little bit differently in the chill 
and have some favorable results? 

Sosnicki: If you will be able to chill the meat within 10 min- 
utes under commercial conditions, possibly you will get some 
positive resu Its. 

Schwartz: Help me with your definition of chill. We are 
coming in with a body temperature over 100°F (38"C), how 
quickly do you need to get down to what temperature? 

Sosnicki: Again, we can speculate based on the informa- 
tion from the PSE in swine. l believe the border tempera- 
tures, well depending on publication between 30" and 35°C 
(86" and 95°F). So again, assuming that the syndromes are 
similar, if you chill the meat as soon as possible below 35°C 
(95"F), then possibly we can overcome at least partially the 
problems with the poor protein functionality. 

Schwartz: Is there another way that you want to speed up 
the kill lines? 

Sosnicki: No comment. 
Schwartz: While I was waiting for the microphone, I asked 

Jim Acton if there is a similar problem in broilers and I know 
that some of you work with that area. Jim, would you want to 
comment on some of that? 

J. Acton: We have an economic interest in the Carolinas 
and it is identified as one of the target or problem areas com- 
pared to the northern sector. We know it exists with our broil- 
ers also. But the secondary problem in broilers is very tough 
tissue, not the PSE type tissue. 

A. Booren: I have two questions. The first would be for Dr. 
Louis. You briefly mentioned working with these Pietrain pigs 
and handling and this is similar to some of Dr. Schwartz' se- 
ries of questions. Could you discuss briefly some of the hus- 
bandry practices and some of the things that you had to do 
differently to these pigs compared to industry practices and 
how handling would affect your data and data collection? 

C. Louis: Most of your questions I can't answer because 
you are talking to a naive biochemist who happily uses ani- 
mals that those much more intelligent and knowledgeable 
about animal breeding provide. I think one of the observa- 
tions which really seems very clear now is that the stress sus- 
ceptibility gene can behave quite differently depending on the 
breed which that gene is in. It's an issue of penetrance and so 
the Pietrains are really relatively easy to handle. We use very 
few animals and we don't treat them particularly differently. 
We use a Yorkshire and a Minnesota #1 as our normal breeds 
and they are not handled substantially different as far as I 
understand. As I said, you are not speaking to the person who 
deals with that aspect of the project. I know in other breeds, 
that is certainly not the case, but with Pietrains that is an easy 
one. The Pietrain is such an atypical unusual pig that I am 

aware it is not used commercially. So, I am sorry that limits 
my ability to answer that one. 

Booren: For Dr. Sosnicki, I listened to Dr. Lawrie on Mon- 
day, and he very briefly talked on one slide about white muscle 
versus red muscle and calpain, calpostatin activity of changes. 
It wasn't very clear, to me at least, what he was talking about. 
Do you think there is calpain, calpostatin changes in white 
muscle in some of the species that you are working with? 

Sosnicki: Well, again that field is not my specialty. What I 
have learned just recently is that the calpain, calpostatin sys- 
tem might be more active in white type of skeletal muscles, 
but I am very glad that Dr. Robson stands over there and he 
will be able to answer your question perfectly. 

R. Robson: You did so great in France three weeks ago 
when I heard you and I am sure you will handle this one okay. 

Sosnicki: Well, there is just a notion that the proteolytic 
system might be more active in white type of skeletal muscle. 
The rest would be just a speculation. 

R. Robson: I have two questions for Dr. Louis that I would 
like to turn to. First of all, you mention that you would expect 
conformational change in the ryanodine receptor in the PSS 
condition. I was wondering, is anything known about that? 
For instance, do the four subunits that form the calcium chan- 
nel, do they not interact as well or is there anything known at 
all about that? 

Louis: That is an excellent question and the answer to all 
of it is that we don't know. What I didn't make clear was that 
mutation turns out to be in a region of the protein that we 
know is in the N-terminal and yet, all the portions of the pro- 
tein that are involved actually in getting the calcium across 
the membrane, which is what this protein exists for, is down in 
the C-terminal; it is literally 4,000 amino acids away. So when 
I was saying that you have this mutation that is a long way 
away from the functional activity, we were talking physically 
on the primary sequence of the protein, but the three-dimen- 
sional structure of the protein is known at a very gross limit, 
so big it can actually be visualized with the electron micro- 
graph. But, we don't know, in that nice pretty picture that is 
now obtained at low resolution, where any of the individual 
amino acids are. So, that awaits people being able to crystal- 
lize the protein and get 3-D structure. When that comes up, 
that will be the answer to your question. 

Robson: A second question, the ryonodene receptor is a 
substrate where the calpains and there is a lot of interest in 
beef tenderness in terms of relating calcium and the calpain 
system to tenderness. I am just wondering if there is anything 
known about changes post-mortem in the ryonodene recep- 
tor that might be due to digestion by calpain? Is there any- 
thing at all known about that? 

Louis: Again, an excellent question, it is one we are actu- 
ally interested in looking at right at this very time. No one has 
really done any studies on that, at least in the animal that is 
walking around and most times these may be stress-suscep- 
tible or normal animals, the muscle performance is unnotice- 
able because the animals live quite happily. The actual physi- 
cal intactness of the ryanodine receptor is quite normal. In 
other words, if you look at the quantity and if you look on poly- 
acrylamide gels with antibodies, there is no additional degra- 
dation of the stress-susceptible ryanodine receptor as com- 
pared to the normal as far as we can tell. What happens 
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post-mortem? Yes of course, I would imagine whaj is going to 
happen as soon as particularly PSE is triggered is that you 
are then going to have this elevation of calcium going on which 
potentially could activate as proteases. How that ultimately 
affects the tenderness, which is the cart and the horse in that 
subject, I think is a real interesting and important question but 
no one has studied that yet. 

Robson:Are there any selective advantages in this defect, 
in other words that help keep this thing alive in the population 
during evolution? 

Louis: The reason it still exists and why it is in 15% of the 
population is because there are breeders who are still import- 
ing homozygous stress-susceptible animals into this country. 
Denmark, which has traditionally had a very lean product, has 
been a place where I know a number of breeders in the past 
have traditionally gone to for breeding animals because of the 
quality of the animal. I think the interesting thing that has come 
out and reminds me of when I started this project 12 years 
ago, one of the leaders in swine research told me that stress 
syndrome was taken care of and I should spend my time bet- 
ter working on something else! But it is the sort of disease 
that everybody recognizes, but nobody wants to admit is re- 
lated to their animals. Because some of these Danish ani- 
mals, it turns out, have been carriers of this gene and the 
reason that some of those animals indeed had such lean qual- 
ity is because of that lean gene or the random receptor muta- 
tion being linked to this leanness. So, people keep consider- 
ing and I think it is a bad way to go because of the PSE side of 
it but people keep wanting to keep this gene in the population 
believing that if they have a terminal line that is heterozygous, 
they will have intermediate characteristics between the stress- 
susceptible very lean animal but PSE. The normal animals 
are not as lean, but more stress resistant. Can they get an 
animal which is leaner, doesn’t have PSE meat and of course 
heterozygous, not stress susceptible? So, that is what has 
kept it in the population, but the question is, is that going to be 
economically advantageous? I think it depends on the mar- 
kets that those animals are going to go to. 

R. Warner: I guess my question is addressed to Dr. Louis. 
It is a question to do with the evolution and the effect that this 
mutation occurs in maybe a number of different species. I heard 
a talk recently by a woman from the University of Chicago 
who works with heat production in warm-blooded fish. Appar- 
ently in tuna fish, they say that they have a condition called 
“tuna burn”, which is basically the PSE syndrome in these 

tuna fish. Of course, this population hasn’t been bred or se- 
lected at all because it is caught from the ocean and the fact 
that they think it is the same phenomenon as the PSS in pigs 
and it is a mutation which must commonly occur, maybe in a 
number of species, across species anyway. I just wanted a 
comment on that. 

Louis: It is well known in the species, Dr. Sosnicki men- 
tioned the capture myopathy, which I think many people sus- 
pect is associated with an abnormal calcium regulation and 
similar in some of these white fish now where there is thought 
to be an involvement. There is heater muscle which keeps 
the muscles around the eyes warm when these animals go 
down to great depth, which again seems to be an abnormality 
and maybe it is like brown adipose tissue with slippage of the 
mitochondrial proton pump that you know. Calcium also plays 
a key role in a number of specific physiological situations that 
are needed to keep animals functioning. It is intriguing. I think 
that the indication of the complexity of the problem is the fact 
that I have talked about this as we use the pigs to study the 
human disease originally. Unfortunately, there is a lot more 
money and funding for human disease than swine diseases, 
so we have got into the swine end of this at the end of the day. 
It turns out that in the humans with stress syndrome or malig- 
nant hypothermia, it is much more complicated. Number one, 
of all the clinically diagnosed humans with malignant hypoth- 
ermia, only 50% now show linkage to the ryanodine receptor 
using markers and so 50% of them are some other genes 
which also produce elevated calcium so there are other pro- 
teins, probably channel proteins. Then of the 50% that show 
linkage to the ryonodene receptor, only three families have 
been identified with the same mutation as in pigs. It turns out 
that the mutation is highly heterogeneous in the human popu- 
lation. 

We have just been very lucky in the pigs that at some point 
back in time, one farmer obviously got an animal that was 
very lean and then somehow this slipped into all the other 
purebred breeds, I am not quite sure how that happened but 
presumably they are not quite pure. Biggest spontaneous 
creation does not occur in lots of places identically at the same 
time. So we have been lucky because in pigs, every single 
animal that has been identified with stress syndrome, it is clear 
(when the study is done carefully), that it is this mutation. So 
that has made it very easy for the swine industry; but I think 
there are many different ways in which calcium can be el- 
evated in muscles and we have identified one of them. 




