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Discussion 
J.L. Secrisf: Do you have trouble with frost buildup on the 

surface of steaks? 
D.H. Kropf: Not if we are very fast in putting them on the 

spectrophotometer and getting them off. Our instrument will 
scan the visible light spectrum in seven seconds, so we have 
not had that problem. Our spectrophotometer is in a different 
room from the display cases. We have some refrigerated, 
open-topped cases on wheels that get a lot of use in our 
laboratory. We put the steaks in there and wheel them over to 
the spectrophotometer. The other frost problem that I have 
encountered is that if you are doing display studies and have 
cases like ours, you run into the fact that twice in every 
twenty-four hours the retail case is going to have a defrost 
cycle that takes about a half hour. My advice is simply to wait 
until the defrost cycle is over and the frost goes off the 
steaks. You can wipe it off. So those are the frost problems I 
have encountered. I think we can work with them. 

A.M. Booren: Some of the older instruments have a 
longer scan time. What scan time would you recommend? 

Kropf: I really like our scan time of seven seconds. In that 
period of time, our Hunter Lab D54 stores the data and then 
we can, with a computer, calculate whatever color param- 
eters we like. That time is especially important if you are 
doing something like Melvin Hunt and Pam Sleeper have 
done, where they are taking frequent readings to estimate 
the blooming speed, or oxygenation speed, of a steak. I think 
that is a critical measurement where readings must be made 
rapidly. But remember, if you have a fast reading, then 
probably you are getting a wide band width and a less sharp 
instrument reading. I think there is some possibility of that. 
We can live with our seven-second reading time. Now, my old 
instrument had several reading speeds, and one of them was 
10 nm per minute. With the old B and L that I had, you could 
not do that kind of work, at the fastest scan speed of 250 nm 
per minute. It took 1.2 minutes to scan from 400 to 700 nm, 
which is pretty long. You get some changes. That scan 
started at the violet end of the visible spectrum and went to 
the red, and the red was always the last thing read when I put 
it on the instrument. That was an additional problem. 

R.L. Henrickson: It seems that your standards would be 
really important. What do you recommend for beef and pork? 

Kropf: The instrument we are using goes back to a white 
standard and a grey tile standard and then takes off from 
that. I used to fuss around with a magnesium carbonate 
block. Have any of the rest of you done that for 100% 
reflectance? They were always crumbling on me. I like the tile 

standard a great deal, as long as I keep them clean. Does 
your question imply what is a good color for beef and pork? 

Henrickson: No, I was wondering if you would be better off 
to have a red standard than a white standard? Something 
closer to the exact color of the meat? 

Kropf: It depends on which instrument you have. No, I am 
convinced that with this instrument I am getting good calibra- 
tions. That is my feel for it. Denny, do you have anything to 
expand on that? 

D.G. Olson: We use a white standard also and are very 
happy with the reproducibility of it. 

Henrickson: Will the data apply to the Munsell color 
standard? 

Kropf: Let us take a look at interconversions. My first 
reaction was to tell you no. Figure 1 shows the intercon- 
versions that are possible with many instruments. 

I am starting with a spectrophotometer and presumably a 
tristimulus reflectometer would do the same thing. From that, 
you can go to XYZ values and you will notice that we can 
calculate Munsell notations from that. I am not real sold on 
the Munsell system, I suppose. My feeling is that I think it is a 
good color description system, but it is a little bit awkward. I 
think many of you are familiar with the Munsell system and 
how it was set up. You have a three-dimensional system that 
involves something called hue (relative placement in the 
color order), chroma and value and you end up with three 
numbers and a letter. I think you can handle that on a 
computer. This is hue, and would be five red or could be 
yellow, red, blue or green. Also, you end up with a value 
number and a chroma number. It is a good sensitive system 
but I have trouble with interpretation. I like to use 
spectrophotometric data and that is my bias. They are 
interconvertible and the people from Hunter Labs tell me that 
they experience no serious error problems. 

Henrickson: With the Hunter system, do you have any 
trouble relating what the eye sees to what the Hunter tells 

Kropf: I am going to answer that no. I like the Hunter 
system pretty well for spectrophotometric possibilities. I have 
a picture of the Hunter system here for those of you who are 
not familiar with it. This still has a flaw in it, as near as I can 
tell. I think most of you have seen the Hunter system which is 
three dimensional also. For "a" value, plus is red and nega- 
tive is green, blue to yellow is "b '  value and it also has a 
lightness and darkness value. By the way, most fresh meats 
will be in this quadrant (plus values for both "a" and "b"). 

you? 
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There is some awkwardness if one were writing specs for 
meat based on either the Munsell system or on the Hunter 
Lab system. How much tolerance are you going to allow and 
how much tolerance will you have in each of the dimensions? 
That is a tough problem. I guess I would much prefer to use 
reflectances at different wave lengths obtained from the 
spectrophotometer. I feel that would simplify it to one number 
rather than three, and that is why I have been so interested in 
it. 

J.C. Acton: The Hunter system, the L, a and b system, is 
used as widely as are spectrophotometric reflectance read- 
ings. With the chart that you just showed us before, you can 
interconvert that data through the CIE system. My question is 
that if I take the same sample and read it both with the Hunter 
L, a and b system, get the reflectance spectrophotometric 
curve on it and put the data in to go to the CIE system, will the 
CIE system coordinates be the same? If that is the case, then 
I can take this data and interconvert it. It is difficult to convert 
this backwards. I noticed you could not take any of the L, a 
and b or other designated systems and get reflectance 
information. But, if you can do that, is it not possible to take 
the reflectance readings and come up with the same coordi- 
nates for CIE? If that is the case, you can get L, a and b from 
reflectance data, but you cannot go back the other way. 

Kropf: That is a good point. I think you have more versatil- 
ity and more data you can work with using spectrophoto- 
metrics. To get back to your point, was it that you can get the 
same thing from spectrophotometrics data as taking a direct 
reading on another Hunter Lab instrument? 

Acton: On a meat sample, if I use a reflectance spectro- 
photometer and get my curve, can I go into the CIE system? 
If I take the same sample and read it on the Hunter Lab 
system, I can also move directly into the CIE system. Are 
those two comparable to CIE values? If that is the case, it 
seems that a more applied instrument is the Hunter L, a and 
b type system. I can get to the same central base, which is 
the CIE system. 

Kropf: Well, yes. If you are satisfied with that system and 
calculations which go in this direction, that is right. You can 
live with a three-dimensional Hunter L, a and b system. It is in 
great use around the country. But the thing that it will not do 
for you, as you have already said, is what if you think that a 
reflectance at 630 nm over that at 580 nm is a good single 
measurement. I think that is a very good measurement. You 
cannot get that with the Hunter L, a and b system. I do not 
know if that answers your question or not. 

C.R. Calkins: Would you comment a little bit, Don, about 
some of the adjustments that are commonly done with the 
data, either K/S ratios or in particular the 730 nm readings 
that are used by Krzywicki (1976)? Is there one that stands 
out as being a desirable way, or should we be using 
unadjusted data? 

Kropf: I will mention Krzywicki's work first. Denny was 
showing me a new reprint this morning. We think his 1976 
paper is very good and it uses reflectance but he makes an 
adjustment for structure of meat by a measurement at 730 
nm. A problem is that many of the spectrophotometers will 
not read at that wavelength so you cannot get that bit of data. 
Krzywicki (1982) deals with that some more but he is using 
extracts and solutions rather than reflectance and feels that 
he has a minimal change of metmyoglobin with that system. I 
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am very concerned about extracts though. They do not work 
for me because I still think that I have a problem with depth of 
sample. How much sample am I going to scrape off and grind 
up? But, you cannot argue that Krzywicki has had some good 
results, and I think he has found a way to take care of meat 
structure. Is that an oversimplification? 

Calkins: No, I guess what I wanted to know is whether that 
approach to negating the effect of meat structure is a valid 
one. Does that seem like it has a solid basis for adjusting our 
spectrophotometric data or should we instead go through the 
calculations of WS ratios? 

Kropf: I have not worked with his method directly and I 
think Melvin Hunter and I would say that we think that his 
1976 technique is a good technique. WS ratios are some- 
thing that we use. The WS concept scared me at first. Then I 
found it was not nearly as bad as I thought. You can look up 
WS in a table or you can do this on your computer, but it is a 
basic way to make a correction or an adjustment for samples 
varying in absorptive and scattering properties. We have 
found that if taking reflectance ratios, we get as good or 
better correlations to visual scores when we do not use US. 
Correlations are a little bit stronger, so US is a mathematical 
calculation we do not have to make. I think where IC's is 
good, and I appreciate you bringing out that point, is that it 
makes linear relationships of reflectance measurements to 
the various percentages of various myoglobin forms. It gives 
you a straight line rather than a curved line; I think one can 
calculate those more accurately. If any of you have a choice, 
you should get WS as a possible output of your data. Carol 
Setzer in our Department of Foods and Nutrition has made 
some calculations of variability on beef muscle and finds that 
when you use W S  you increase the coefficient of variation 
over what you would get by not making that correction. Chris, 
I forgot the first half of your question. 

Calkins: You have answered my question. The other 
portion of the question dealt with the adjustment for muscle 
structure that Krzywicki was presenting and you have dis- 
cussed that already. 

Kropf: I do not know much about it, but we are quite 
impressed with his work. Denny, do you have a feel for either 
of these two points? 

Olson: I agree with your points in terms of if you take 
percent reflectance and use ratios, I do not think that WS 
helps you a great deal. I really do not have enough back- 
ground on the 730 adjustment. With some extracts, that looks 
like quite a good measure for determining if you have too 
turbid a sample to make an accurate reading. On the 
reflectance data with 730, I really do not have any sugges- 
tions as to whether that is valid or not. 

Calkins: In the paper where they took reflectance at 730 
nm and looked at reflectance (Kryzwicki, 1976), they were 
able to demonstrate a difference in muscle structure reading 
due to muscle pH. It seems to me that quite frequently, as we 
evaluate muscle color, we often focus only on the pigment 
and tend to ignore the effect of the structure of the muscle 
itself. So it seems that if it works and if it does have a sound 
theoretical basis behind it, then we may have an opportunity 
to remove the effect of structure, or in fact to investigate the 
influence of muscle structure as it might influence perceived 
color or the instrument measurements as well. 

Kropf: I think that is an excellent comment. If you have 
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that capability, I think you should explore it for yourself. Now, 
we do have problems in taking reflectance readings with the 
effects of marbling, free water on the surface, etc. I think that 
when you use a ratio of reflectance at two different wave 
lengths, you largely correct for those differences. Denny also 
alluded to that. 

C.F. Ande: You say you prefer using reflectance rather 
than absorbance, because you increase metmyoglobin and 
oxymyoglobin formation by extracting the pigments. Howev- 
er, if you buffer the meat at the actual isoelectric point of the 
myoglobin, do you know how much change you would get by 
reading absorbance? 

Kropf: Will that buffering stop the oxygen incorporation 
into the sample? 

Ande: I think it will make the protein itself more stable to 
the temperature and pH changes that Calkins was talking 
about. If you are measuring total pigment and if you are 
measuring metmyoglobin, is there going to be a change? Do 
you have any data saying that reflectance is better than 
absorbance because of this change? Do you have any data 
saying that extracting the pigment is going to oxidize the 
pigment? How would we go about measuring this? 

Kropf: No, I think I have read about this mostly. I believe it 
was Dean and Ball (1 960) who remarked on the overestima- 
tion. That is an old paper. I have no doubt that extraction is a 
way to go if you want to determine total heme pigment or total 
myoglobin. But I worry about it when you are measuring the 
three chemical states of myoglobin. Perhaps metmyoglobin 
is the least serious if you will follow Kryzwicki’s most recent 
paper. But the really serious one is when you go from 
reduced myoglobin to oxymyoglobin. So that is my opinion. 

Ande: Have you tried Kryzwicki’s new 1982 procedure? 
Kropf: No. 
Ande: Has anybody tried that procedure? 
(no response) 
Kropf: Who has an instrument here that reads at 730 nm? 

Anyone have that capability? Nebraska and Iowa State do. 
Olson: With extraction, apparently you do not get a lot of 

metmyoglobin formation if you keep it quite cold. We are 
doing some work at pH 6.8 with saline solution. So, I think 
that maybe as far as estimating metmyoglobin, there might 
be some validity with that. The biggest problem is with frozen 
steaks. We scraped the surface about one mm in depth with 
a razor blade. Well, how do you get one mm in depth with a 
razor blade consistently? What if you go two mm or 112 mm? 
The extraction may not be that important then because what 
you are seeing is the surface and that is what you want to 
know about. So the problem is not so much with the extrac- 
tion as with sample preparation. 

Kropf: Sample preparation artifacts are a serious prob- 
lem, I think, whatever color work you do. 

C.A. Hollingsworth: What have you observed using the 
Hunter L, a and b measurements with frozen steaks? I have 
occasionally seen buildup of frost on the plate as I replace 
steaks. How important is it to keep that frost off the plate and 
does it make a big difference in the readings you get? 

Kropf: Anne Hollingsworth says that she has encountered 
a buildup of frost on the glass plate over the aperture on a 
Hunter Lab instrument. How important is it to keep it cleaned 
off? I have never tried to make a reading with frost on and no 
frost on. You can see that I wear range finders and when I go 

in and out of the cooler on a humid day, I do not see very well 
and I suppose I let my personal experience carry me way too 
far. Have you tried it? 

Hollingsworth: I find that if I clean it between every 10 
steaks, I do not find many differences in the readings. I have 
even tried reading a steak with frost on it, taking it off and 
cleaning the plate. This is a tough thing to do because it gets 
on both sides so you have to spend a good three minutes 
cleaning it off. I still get pretty consistent readings. I have not 
been able to tell any differences, more than what you would 
normally see in steaks. 

Kropf: Anne, how much color variation have you had on 
the surfaces of your product and how do you handle that? Do 
you do multiple sampling or are your samples uniform all the 
way through? 

Hollingsworth: No, we usually read at least two different 
places on the Hunter Lab and several steaks per treatment. 
We use at least two samples and we generally get values that 
are on the L value within five full scales, for example, 
between 30 and 35. 

Kropf: What numbers are you taking? 
Hollingsworth: L, a and b. 
Kropf: Do any of the rest of you have any advice on 

restructured products? Are two readings enough? Some- 
times you think that might be a problem? What I like about 
some of the new instrumentation is sample averaging. I do 
not have sample averaging but it allows multiple readings up 
to about 20. I would feel a lot better with 20 places and then 
take the average for that sample. I think anyone who is 
starting work like this now with a nice new instrument might 
want to do exploratory work and see whether you need one, 
three, five, ten or twenty readings. 

Hollingsworth: One reason that we are generally limited is 
because we do have the buildup of frost that Dr. Henrickson 
was talking about if we keep them out that long. We are not 
reading in a refrigerated room. 

Kropf: Were you alluding to frost on the cover glass and 
things like that, Bob Henrickson? Earlier, when you men- 
tioned frost, was that on the steak or on the instrument too? 

Henrickson: No, I did not mention that. However, what is 
the legitimacy of reporting only one of the values of “L”, “a” 
or “b”. 

Kropf: Well, my feel for reporting only one of the values L, 
a or b is that to me, of course, “L” is lightness and if you are 
expecting a difference in color intensity, I think that is the one 
that may help you the most. If you are experiencing differ- 
ences in redness, then “a” or “b” might be more appropriate. 
By the way, we have just completed some work with heat 
processing of restructured meat, and were interested in 
following color denaturation. Our “L” value did not change 
with cooking. Our “a” values changed dramatically from a 
fairly red at a rare cook to a brown. Our “b” values changed 
some. I have probably taken license, to pick out of there only 
those that show what I am trying to show. 

Acton: Packaging people will tell you that they are not 
interested in anything but the “a” value, but there are some 
other things about it that I need. My analogy for using “a” and 
“b” but not “L” would be like wearing a bedroom shoe and 
one glove, because you do not know where you are. The 
chart that you showed with “L”, “a” and “b” has three 
coordinates on it. Although “L” does not change, you are still 
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in a coordinate position. Both “a” and “b” will move. Do you 
follow what I am saying about color space? 

Henrickson: I do not think we should accept just one data 
point. We should report all three values. 

Kropf: I think the question you come up with sometimes is 
that you may have three times as many numbers. You have 
to make a decision on where you are going to pare your data. 
But that is a point well taken. 

Acton: The journal usually will make you delete them. If 
you have discussed your data as you said around what is 
moving and what it is telling you about what is going on with 
your treatment, and the other value did not change so you do 
not use it, then they will tell you to delete it. That is a problem 
because a reviewer does not know that all three coordinates 
are needed, particularly if someone else wants to use that 
data. A different purpose of needing all three values would be 
to determine if that treatment had a similar effect when 
measuring through a different system. 

J. Anderson: What about using the bia (or db)  ratio if you 
are using the Hunter color scale? 

Kropf: Well, the b/a ratio or a ratio involving “a” and “b” 
either way was reported by Strange et al. (1974) as being 
useful in some situations. I think it has some possibility. Now, 
maybe my theoretical background is not enough to tell you 
whether that is good or not, but it is a number that picks up 
differences. Any comment on the b/a ratio? 

Acton: I happen to like it, so I am an advocate for it 
because it moves whether it is fresh meat or cured meat, 
probably best in cured meat. But, again I still believe you 
ought to have three coordinates in terms of reporting data 
and then you can use your a’b ratio. It has limitations since it 
does not work for all food systems. If you have a system like 
a fruit system that had a pH shift because it went from red to 
blue, you have problems and cannot use that system. For 
meat systems, I think we are in the quadrant that you pointed 
out where a/b works pretty well. 

B.R. Rao: On cooked steaks, the color is different due to 
several other factors, for example, the browning reaction. 
How are we going to use this system? 

Kropf: There is no way that we can sort out the effect 
here, but we have found that as you go from red to pink to 
brown there is a gradual decrease in “a” value and a slight 
change in “b” value, so that is all we are saying. We are just 
taking a measurement of the pigment and we do not know 
what causes it. 

Has anyone worked with a measurement of smoke inten- 
sity with reflectance? It may be a very difficult one. It appears 
nobody here has done that sort of thing. 

Acton: What is the best color system to use in measuring 
cured meat color? 

Kropf: We may disagree on this one. A valuable paper to 
me has been the one by Erdman and Watts (1957). I really 
like reflectance at 570 nm over 650 nm. It does two things for 
me. I think it measures fading of cured pigment and it also 
helps measure the intensity of development of cured pig- 
ment. What are you using? 

Acton: I use a/b, but it is not that sensitive. 
N.G. Marriott: It was mentioned that you discouraged the 

reporting of only some of the Hunter values. for example, the 
”a” as opposed to the L, a and b. Can you comment on that 
as to just why you discouraged it? 

Kfopf: The Hunter L, a and b system has three dimen- 
sions to it and sometimes in some of our data we may not find 
a treatment effect on L value, or lightness, but we may have 
an effect on “a” value. I guess I have always felt I will not 
clutter up my tables with a lot of data that does not show any 
differences and maybe I can just say there was no difference 
in L value. Jim Acton felt rather strongly that the L, a and b 
system is three-dimensional color space and that we ought to 
tie all three of them together. I guess I would still feel that if 
there is no difference in L values, I am not sure that I need to 
report all of them. 

Marriott: Would you concur with reporting, for example, 
only “a” values if the “L” or “b” values were similar for all 
treatments? 

Kropf: If there were no significant differences. I suppose 
that if I were a reviewer, my reaction would be to let it go that 
way. I would not object if you were writing that paper and you 
wanted to report L values even if there was not any 
differences. 

J.M. Regenstein: I would say that one of the points I think 
is unique is that you still need to give either the range or the 
average of those two that were not significantly different, 
because people would have a better characterization of the 
material. Either extreme may be wrong, but it is important to 
have a characterization so that people know what you have 
done. I was also interested in the problem of reporting spotty 
type materials, because we are currently doing some work 
with products that are getting very spotty. Does one really just 
go after the intensity of the spot and then do something like 
measuring the amount of the area that has the dark spot? 
How much of the material has spotted is of interest because 
we are finding that, as the material is aging and with the 
different treatments, we are getting both a color change and 
the amount of area that has that color change is different. We 
are trying to decide how best to sort that out. 

Kropf: That is a difficult problem with which to deal. I think 
it is more difficult with an objective color measurement. I am 
going to try and talk around that one, I guess. Visually, we 
have scored average color and lately we are into something 
that we called “worst point color”. We feel that if you have a 
display study, the one thing that will “unsell” that steak is a 
given point of discoloration. The worst color you have could 
be a fairly small area in the steak. So, we are using that as a 
visual evaluation. Now, I am going to raise another question. 
Let us say that the spot is 1.5 cm in diameter but our aperture 
on the spec we are using is 2.5 cm in diameter. The reading 
on the spec will have some discolored portion and some 
nondiscolored portion. For better or for worse, the readings 
that we have tried to make have been what we call an 
average place on the steak. I think that is fraught with some 
peril but that is the approach that we have taken. 

WL. Sulzbacher: I am backing up just a little to what you 
were talking about earlier. Does not this depend on what it is 
you want to measure or what you want to determine? I think 
you indicated this to some extent when you started, and I 
would like to harp on it a little. If you want to determine the 
effect of treatments, for example, what the animals were fed, 
I do not see any point in measuring anything except those 
things that show you a difference. But if you are trying to 
report something which suggested a color that a human 
observer saw, then certainly you should deal with all the 
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parameters you know how to measure that will reflect what 
the human eye sees. 

Kropf: Does anyone want to respond to that? Okay, then I 
am willing to let it go. 

R.C. Benedict: I share your enthusiasm for integrated 
sphere reflectance and the difference of values. We did some 
studies some years back where we compared hedonic val- 
ues of various colored meats, both with the reflectance and 
with the colorimetric measurements. They both had high 
correlations. But, one thing I want to mention is that the 
amount of marbling in intact pieces or the amount of fat in 
ground meat will actually, for integrated spheres, move the 
whole spectrum up. You will get the same difference value for 
oxymyoglobin, for example. But you can also take different 
wavelength values and get the percentage of fat or the 
degree of marbling. So that is another feature. If you take the 
whole spectrum you would have a number of points that you 
can use for not only calculating the Hunter values if you want, 
but selected values for extent of marbling or fat, oxymyo- 
globin or myoglobin. 

Kropf: I have one problem with that. Benedict is suggest- 
ing that more marbling or greater lightness would raise your 
whole reflecting scan and I would agree with that. Now, that is 
fine but what if you are comparing several samples and one 
has more oxymyoglobin and the other has more reduced 
myoglobin? You want to be sure that your muscle back- 
ground, then, is in the same chemical state. 

Benedict: Recently at a trade show, there was a firm in 
Stratford, CN that makes fiber optics where you can actually 
connect one end to the light source, the other end to the 
phototube input and actually measure different points right 
on the surface of the samples, which may be something 
applicable to these point places on meats. 

Kropf: That sounds reasonable. Do we have another 
comment or question? 

E A .  Nunez: I just want to know a definitive time and 
temperature to prepare the specimen. You have to bloom the 
sample and you mentioned that temperature and time would 
affect the blooming time. Do you have a set time, for exam- 
ple, one hour or 25 minutes or so? If you are comparing 
different times, for example, you will have plenty of trouble. 

Kropf: If you are making animal comparisons such as 
breed, nutrition and that sort of thing, time can be critical. 
Earlier, someone asked about a lamb experiment that he was 
doing. He was cutting the meat and immediately taking his 
readings. I am afraid of that technique because immediately 
after you cut the meat, it blooms. Then the reading you get is 
very dependent on the time post-cutting. It is very difficult to 
standardize it. How long do I recommend? Well, I had a 
graduate student some time ago who showed that oxygen- 
ation, or changes, in a chilled beef muscle sample were 
minimal after 10 minutes. I like to bloom it for 30 minutes and 
this would be hopefully at 3°C. 

Nunez: Some papers from Europe recommend 40 min- 
utes to one hour. They say temperature should be at 3“ to 4°C 
to avoid that kind of problem. However, I found that color was 
changing under those conditions. I did a series of studies 
with the killing of goats, trying to establish the color when it 
was getting chilled. I found that I was having trouble with the 
40-minutes and one-hour times. 

Kropf: You were having trouble with 40 minutes? 
Nunez: Yes. The sample was cut and put in a freezer to 

bloom for 40 minutes or one hour and then the measurement 
was taken. Still, I was having a great deal of variation in the 
color. I do not know why. 

Kropf: You were having variations. Were you re-reading 
the same sample? 

Nunez: I repeated the reading after 10 minutes and the 
reading was different. 

Kropf: Are you sure you read exactly the same place each 
time? Did you have the same thing over the aperture? 

Nunez: Yes, the longissimus muscle sample was placed 
in a tray and read with a Harrison colorimeter. The color was 
changing. 

Kropf: Based on our work, I would say I would like to put 
some film over the sample to avoid dehydration and keep it at 
2” to 3°C. I think I would wait 30 minutes. 

R.G. Cassens: I had a question recently from some Japa- 
nese scientists involving what they called a “salmon color” in 
pork muscle. I think, in fact, that I suggested that they write to 
you. This is the color they see on rather freshly cut surfaces 
of fresh pork. I think I have seen the same thing more 
frequently on cured beef and I have described it as a 
“sheen“. Do you know the cause of that? 

Kropf: Melvin Hunt just found a paper that dealt with 
sheen. Do you think that is the same thing, Melvin? A sheen, 
but not phosphorescent or multi-color appearance, is purely 
a physical effect. It is not a chemical effect. Sometimes, if you 
can change the angle of the light rays you will not see it 
anymore. That is the only explanation I can make of a sheen. 

Cassens: What is the physical explanation? 
Kropf: Well, it deals with the way the structure alters the 

waves as they come in compared to the wave lengths of the 
light involved. 

Sulzbacher: L.P. Jenson suggested that this sheen ap- 
pearance was due to a very fine film of fat which was spread 
over the meat by the knife when you cut it and this changed 
the index of the refraction of the light at the surface of the 
meat. 

Kropf: I think that is one possibility. 
Sulzbacher: I have certainly observed this myself. I do not 

know if that is what these chaps were referring to, but it might 
be. 

Kropf: If we could draw a picture of that sort of thing, that 
could be part of it, Bill (Sulzbacher). If we had a meat surface 
with a thin layer of fat smeared over it, you could have some 
light reflecting and refracting off the surface and some going 
into the meat surface and doing the same thing. They tell me 
that this is what makes that happen. I have not heard of the 
term of “salmon color” before. 

Cassens: That is what the Japanese called it. 
Kropf: Do they experience that a lot with fish also? Is that 

Cassens: They say occasionally they will see it. 
WG. Moody: There is a procedure problem on standard- 

ization when using the Hunter Lab instrument. As far as using 
the different tiles for standardization for frozen meat, 
restructured meat or fresh beef, what tile do you recommend 
be used? When I use the pink one that comes with the 
instrument, I have been criticized for using it because it is not 

where this springs from? 
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typical of beef color. Is there a better one to use? 
Kropf: I use one that is even further off from beef color 

than you. I should tell you that we have a D-54 Hunter Lab 
Spectrophotometer. Our standard tiles are white and gray. I 
think they give us repeatability in our measurements and I 
am convinced that this is a good way to go. 

Olson: We use the same standards, a white standard and 
a gray one, and we are very satisfied with the reproducibility 
of these. 

Moody: One of the reviewers on a recent paper we 
submitted said I should use a red tile. I have never seen a red 
one from the Hunter people. I have the opinion that the white 
would be better, but this individual did not know that or did not 
express it. 

Kropf: I think you ought to challenge him. I do not see why 
this could not be standard procedure to use the white and 
gray tile. Red tiles may be preferred for some of the older 
colorimeter instruments. 

R.F. Kelly: Do not challenge him too much because there 
are tiles made of different colors. We have a whole set of 
them. 

Regenstein: The problem is that you are going to get 
different numbers using different tiles and that makes it very 
hard to compare between laboratories. 

Kropf: I think what you need to do is say what you have 
done. 

Moody: They (tiles) all have reference numbers. 
Kropf: While you are thinking of questions, I will tell you 

that I have found some very good sources of information that 
do help me. Food Colorimetry: Theory and Application by 
Francis and Clydesdale (1975) is my Bible of color, but I will 
tell you that the meat color measurement part of it is some- 
what out of date. If you want to get quite technical but obtain 
answers to some questions, there is Richard Hunter’s book 
entitled The Measurement of Appearance. I think it is now 
selling for $21.95. Another one that has helped me a great 
deal is called Principles of Color Technology by Billmeyer 
and Saltzman (1 967) because it explains color in terms I can 
understand. It took me a long time to find something that 
explains color in a way I could understand and I do not 
understand all of that book. If you teach color, this free 
pamphlet from General Electric is useful. You may want to 
take a look at it. It is beautiful for showing the X and Y 
coordinate scale of color, particularly for showing where 
different light sources fit on a color scale. It has helped us 
explain to our students what color measurement is all about. 

J.T. Keeton: As far as measuring differences between 
spots on meat, would you suggest that we use a combination 
of both visual subjective evaluation and a Hunter color mea- 
surement (or something like that), or would you strictly stick 
with the sensory scale and try to predict the percent discol- 
ored area and make that kind of an estimation? How would 
you approach this problem? 

Kropf: I may be wishy-washy on how to do it. Texas A&M, 
of course, uses the scale on percent discoloration and I think 
it has merit. I think sometimes it is a tough decision to make. 
The question I would always raise on discoloration is that if 
you have ten percent discoloration and it is really bad, that 
steak is not going to sell. It may not be any different from one 
that has 75 percent discoloration. However, percent discolor- 

ation may be an indicator of the oxidation that has occurred 
with the pigment. I think it has definite value in that direction. 
The more you have, the more oxidation has occurred. So it 
has some value, but I am not sure whether saleability of the 
product should be our final referee either. We are getting off 
on visual scales a little bit. Denny Olson has a spec that will 
take multiple readings and I think that if one has that capabili- 
ty, a real nice early activity when you are working with a new 
sample is to determine if one reading, two readings, three 
readings, five, ten or twenty readings are what you need to 
fairly represent surface color. 

Keeton: Are you saying to measure over the same sample 
area? 

Kropf: Over the same sample but in different locations 
within the same muscle tissue. 

Regenstein: Have you had any experience with materials 
where the translucency changes over time? It is not neces- 
sarily the color but you can sort of just look all the way 
through it in terms of trying to make reflectance 
measurements. 

Kropf: I do not recall any experience like that. Any re- 
sponse to that? This is a tough one. 

Regenstein: Any thoughts on how to handle that? Unfortu- 
nately, we have a material like that and we are trying to 
measure color. 

Kropf: How thick are your fish muscle samples? 
Regenstein: We can get them as thick as we want but 

often we are dealing with one cm to 2.5 cm fillet. 
Kropf: Why not just use a white opaque backing behind it? 

That is what Mary Ellen Zuyus recommended to me. I asked 
her whether black or white should be the choice in a backing 
on a sample where you get a little bit of light transmission all 
the way through, and she thought white. No, I cannot support 
that, but that was her recommendation. 

Benedict: Are we going to cover cured meat color? I think 
extraction is more effective there than a reflectance 
measurement. 

Kropf: Okay, it may be. We have done both and I guess I 
have only done extraction in class work. I think there is an 
easy, quick reflectance measurement to do on cured meat 
color. I like it. It goes back to the old paper of Erdman and 
Watts (1 957), and it is reflectance at 570 nm over that of 650 
nm. It will follow color fade and also follow intensity of cured 
color development very well. Jim Acton is using Hunter a/b 
values and he believes that this ratio did a really nice 
sensitive job of following that color change. Any other recom- 
mendations from the group on the cured color 
measurement? 

Marriot: Do you have any problems with the use of one of 
these color plates that does approach the color of red meat? 

Kropf: No. My problem is that I do not have one. I should 
buy one! 

Cassens: Does pH play a role in reflectance 
measurements? 

Kropf: I am sure that it does and the project we feel the 
worst about is one where we did not measure muscle pH. 
Now let’s get a little philosophical or theoretical on muscle. 
Let’s say you have a low pH muscle, PSE at a pH of 5.1, and 
we have a lot of light scattering from that sort of a muscle. It 
makes it look lighter colored. I think that condition definitely 
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affects how deeply into the steak light rays penetrate and 
actually are reflected back. Apparently with low pH, PSE 
condition, we get more light scattering and light rays do not 
go in as deeply. Now, the oxygen penetration is a different 
thing from penetration of light rays. If you had a high pH such 
as >6, kind of a dark muscle, we have less light scattering 
and less of the light rays that come back to the spectrophoto- 
meter detector because more of them go more deeply into 
the sample. So I think the depth of penetration and reflection 
of the rays are pH dependent. 

Cassens: I asked because there was a question relating 
bloom time with temperature and bloom time. I wonder how 
continual measurements of pH would relate to these 
measurements? 

Kropf: Would it be fair to say that if you have a project 
where you are expecting a pH difference, you should mea- 
sure it? 

Olson: There is some indication from the earlier paper 
(Krzywicki, 1976) that if you take the reflectance at 730 nm, it 
gives you a blanking out of the fiber orientation or maybe the 
effect of the amount of light that is being reflected or to what 
depth it is being absorbed. So, there may be some correction 
for that just by measuring reflectance at 730 nm, which 
apparently works with both extractions and with reflectance. 

Sulzbacher: What about the effect of the wave length of 
the light used in these situations? 

Kropf: You have more light scatter with longer wave 
lengths, so that would be the effect. 

Sulzbachec Do most of these machines use tungsten 
sources? 

Kropf: Most of them use variable sources with filters. Then 
they make calculations, and they can do it for different 
illuminants. Those of you that have been working with this 
know that illuminant A is a tungsten filament light. I think the 
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temperature is 2854 K. Another one is light source C which is 
daylight at noon. In some of these instruments, you can get 
very complicated or you can just use the same one all the 
time. We have found our best correlations, not by much but 
by a little bit, are obtained when we go back to illuminant A for 
red meat. llluminant A is the reddest of the illuminant sources 
so I think it makes some sense to me. 

Regenstein: Which comes closest to being like fluores- 
cent light, which often is where we are actually looking at the 
product? 

Kropf: I have to ask you a good question now. Which 
fluorescent light? I could get on a soap box and say I have 
reviewed too many papers where people have not stated 
which fluorescent light they are using. Daylight fluorescent 
light would be very close to a illuminant C. Earlier we were 
talking about Krzywicki (1976) work on using reflectance at 
730 nm to remove the effect of structure. He has a 1982 
paper that Dennis Olson and I were looking at this morning, 
in which he deals with extracts and it corrects for differences 
in turbidity. This keeps turbidity from being a problem in 
making color measurements. However, there is a problem in 
that a lot of us do not have instruments which can measure at 
730 nm. Ours goes up to 700 or 710 nm. I think Krzywicki’s 
work is good and if you have the instrument capability, you 
may wish to look at his paper and follow the procedure. 
Again, we like to use reflectance ratios at two different wave 
lengths. What I like about ratios is that they give us one 
number rather than three. We have talked about the Munsell 
system and the Hunter Lab system. Both are very popular 
but each one has three values. I would rather work with one 
number than three. If it follows the changes that I am contem- 
plating, I suppose that is really what I wish to measure and 
report. 




