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Quality Assessment Instrumentation for the Pork Industry
 Eric  Berg
 
  [1]I’m going to introduce our first presenter, which is Eric Berg.  Eric is going 
to talk about the quality assessment instrumentation for the pork industry.  Dr. 
Berg joined the Animal Science Faculty at the University of Missouri in 1998 where 
he holds a research teaching appointment.  Dr. Berg’s research efforts have focused 
on evaluation of nutritional and environmental factors as they impact meat animal 
production efficiency, health, carcass composition, and meat quality.  He was 
honored in 2003 by the AMSA as a recipient of the Achievement Award in recognition 
of contributions by a young scientist to the field of muscle food research.  Please 
help me welcome Eric Berg.  Thanks everybody.  Thanks for coming this morning.  
Okay.  If I break into song, I apologize; maybe later, when people start nodding 
off.  I’d like to recognize my co-author on this paper, Jerry Cannon, who also 
provided an industry perspective on this so that you just didn’t get an 
academician’s take on what’s going on for quality assessment instrumentations for 
the pork industry.  For those of you that attended breakfast, there is kind of a 
tie-in with what they talked with regard to the hype out of Hollywood or the 
approach that the media takes with our meat product with my talk.  I’m going to kind
of turn this around.  I would like to encourage reciprocation.  So, why is it 
important that we quantify quality?  Why do we care?  Value.  Customer.  You can’t 
change what you can’t measure.  If you want to be able to quantify it, there are 
three good reasons.  We want to establish quality for the customer.  Why?  Because 
quality of a product, whether it’s a pickup truck, whether it’s a pork chop, that 
determines customer loyalty.  If we have a quality product, people are going to buy 
it.
 
 [2]When I say beef quality, everybody – don’t close your eyes.  It’s too early.  
You might fall asleep.  When I say beef quality, do you get a mental picture?  Is 
this your mental picture?  Yes?  So, for many of us, we’re all scientists.  We deal 
with this beef quality, pork quality thing on a daily basis.  As scientists, as 
industry representatives, this is what we are trained is an image of beef quality; a
lot of times.  It’s slightly abundant.  Prime.  Do you get a mental picture when I 
say pork quality?  Everybody got one?  I see some chuckling.  Is it a positive 
picture?  Is it more diverse?  Here’s what I get.  I kind of get this mental image 
of both good and bad quality.  The other day, we talked about customers have 
different perceptions of quality.  So, maybe it’s not as pinpointed.
 
 [3]We spent the last few days talking about quality issues.  Yesterday afternoon, 
Chuck Alison talked about quality.  I will give you, “Can we please define pork 
quality?”  Mark… is here with the Animal Science Committee of the National Pork 
Board.  We’ve been going round and round about what is pork quality.  Do we have a 
definition of pork quality?  You guys are the experts.  We talk about color.  We 
talk about marbling.  We even talk about – we talk about pH until the cows come 
home, but do we have a definition of pork quality?  Is our definition the same as 
what the customer has?  I’ve already stated that product quality establishes 
customer loyalty.  Customer loyalty; that equals repeated sales.  I bought a Ford.  
I like Ford.  Ford quality is job one.  I’m going to buy another Ford.  I’m not 
saying me.  I’m just using that in general.  I’m not endorsing Ford this morning.  I
drive a Mercury.  If we haven’t defined quality, we can look at what Chuck Alison 
showed – yesterday afternoon?  Monday afternoon?  Monday afternoon; that domestic 
sales of pork have been pretty much flat for almost the last ten years.  It hasn’t 
increased.  So, do we have a definition of pork quality?  Dr…. said, “We need to be 
able to quantify pork quality to elicit change.  It doesn’t look like we’ve changed 
anything on the domestic front, but what about exports?  What was the cash price for
hogs yesterday?  The value of hogs continues to go up.  Is our export market driving
that?  Are some other issues associated with the competitor driving that increase in
what is being paid to the producers?  Probably all of the above.  It appears we have
a definition of quality to increase customer loyalty and repeated sales on the 
export front, but we need a little bit of work on the domestic front perhaps.
 
 [4]So, is quality real or perceived?  This morning, at breakfast, we heard that 
there are certain people that hold an agenda that may want to paint a picture in the
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customer’s mind of what quality of meat is.  It may be a different definition of 
quality than what we’re used to as scientists.  Take a look at this picture.  This 
is Heritage Foods USA.  They are an internet marketer of meat and natural products. 
They are painting a picture in their customers’ minds of a nice wholesome meat 
product.  Now, look at all of you guys out here; scientists, industry 
representatives.  Look at this breed of cattle.  Does that match the image of beef 
quality you had on my second slide?  How about that horned beast up there on top?  
Is that quality or that floppy-eared pig down there?  Is quality real or is it 
perceived?  Is beauty in the eye of the beholder or is it something the marketer put
in their head?
 
 [5]Perception is reality is what I would say.  We get that drilled into our heads 
all the time.  That floppy-eared pig; here’s Boston Butt Shoulder, eight pounds, 
seventy bucks.  Dr…., do you think people would pay seventy bucks for eight pounds 
of pork shoulder?  That’s value added man.  That is value added, but is it real 
quality, or is it perceived quality, or is perception reality?
 
 [6]All right.  I came across H.J. Anderson in an EAAP Publication No. 100, ‘What is
Pork Quality:  Quality of meat and fat in pigs as affected by genetics and 
nutrition.’  Is anybody familiar with this publication or this author?  All right.  
Good.  It will be brand new to you then.  He’s got consumer pork quality categories.
 The first one is consumption quality.  I think we are probably familiar with this 
one; appearance, flavor, tenderness, juiciness, the things we attribute to perhaps a
sensory panel.  Consumption quality; that’s the first one.
 
 [7]Nutritional quality; another definition of quality.  I think we could all agree 
on that one too; protein content, fat, minerals, vitamins, but here’s something else
that they had in that article; digestibility of a product.  This is part of 
nutritional quality; the second one.
 
 [8]Technological quality; as scientists, this may be the one we are most familiar 
with.  That has to do with water-holding capacity, pH, protein and lipid status, 
connective tissue content, maturity of that connective tissue.  Technological 
quality; things that we can use as a food chemist or as a food scientist to add 
value, things that we need to know before we can improve the value of that product 
in further processing.
 
 [9]Now, these other two were kind of new to me.  That’s why I put them in here.  
Hygienic quality; we always talk about food safety, but do we look at it as a 
quality attribute?  Risk of microbial contamination; for consumers who are concerned
about hygienic quality, this is what they are looking for.  Presence of – I’ve got 
to bring up the fingers – harmful substances.  Real or perceived?  Perception is 
reality.  If it’s painted in their mind, it’s reality.  Heritage Foods markets a 
natural product, because somebody, whether it be Hollywood or whoever, has painted a
picture in consumers’ minds that corporate agriculture is generating meat that is 
full of harmful substances; growth promotants, pollutants such as insecticides, and 
what have you.
 
 [10]The last one – industry representatives, this may be one of the most important 
definitions of quality for your plant.  What’s ethical quality?  Look at the demands
of certain customers like McDonald’s, Wendy’s, Burger King.  Other people have 
established a whole industry around monitoring, measuring the welfare of pigs at the
packing plant and probably soon all the way back to the production site.  Religion 
plays a factor in ethical quality; production environment.  Again, I forgot to state
that that natural market, natural being different than organic, I read in USA Today 
not too long ago that the annual increase of sales – annual increase in productivity
of that natural market increases thirty-one percent a year.  It’s a growing trend, 
and I’ll go back.  Is it real quality, or is it perceived quality?  Organic farming,
natural farming; these are all aspects of ethical quality.  So, there are five 
definitions of quality.  They may be new or may be not to you; consumption quality, 
nutritional quality, technological quality, hygienic quality, and ethical quality.
 
 [11]Here is my first profound statement of the morning.  Identification of a 
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customer
 
 [12]who is willing to pay for these definitions of pork quality – these 
definitions, the customer’s definitions of pork quality…
 
 [13]…that constitutes a value added opportunity for the pork chain.  We’ve always 
been told, as Dr.... pointed out, we can’t change what we can’t measure, but can you
measure what you can’t quantify?  Can you quantify a customer’s perception of 
quality?  Maybe that’s why we haven’t moved as fast on instrumentation to measure 
pork quality, because that target keeps changing, and there may be multiple targets 
out there.  I think we have good equipment or at least decent equipment that could 
measure that technological quality, but some of these other targets, they are 
constantly moving.  How do you measure that?  All right.
 
 [14]The National Pork Board put out a survey that Jessica Meisinger presented at 
the Mid-West Animal Science Meeting this year.  The 2005 National Pork Quality 
Survey
 
 [15]– this was a survey that was sent out – hang on.  I’m getting ahead of myself. 
This was developed as a follow-up to the 2002 Pork Benchmarking Audit we received.  
With the questions, we received input from the Pork Board, Pork Quality Solutions 
Committee, to put together this quality survey.
 
 [16]The 2002 Pork Benchmarking Audit; that got everybody all excited, because it 
said that fifteen and a half percent of pork products were pale, or I should say of 
loins and hams, were pale, soft, and watery; fifteen and a half percent.  Just ten 
years ago, the PSE cost per carcass was thirty-four cents.  From the 2002 audit, ten
years later, that increased threefold.  That’s a big jump in ten years.  Why?  We 
could speculate on that a lot.  We also saw that back fat had dropped in these pigs.
 The average percent muscle – what did it jump Mark?  Was it six percent?  It jumped
a big bunch.  So, these got heavier muscled, and they got leaner, but was that the 
reason that quality went down?
 
 [17]When we talked in the Pork Quality Solutions Team, they said, “I don’t think we
have fifteen and a half percent.  We don’t see it.  We rarely see classic PSE.”  
Classic meaning traditional pale pork that’s also soft and also exudative; all three
of them together.  So, when they were filling out their report for the Benchmarking 
Audit, were those folks just considering pale pork?  Maybe.  Were they just 
considering watery pork?  Was it just soft pork?  So, that’s why we put this survey 
together.
 
 [18]We wanted to clarify the incidence of PSE pork, and we also wanted to more 
clearly categorize the levels and quality defects that are occurring in our pork 
industry.  Now, from this, the title of my talk is ‘Assessment Instrumentation.’  We
found out what type of instrumentation they are using to measure technological 
quality.
 
 [19]So, here are the respondents; fifteen packing companies.  Nine of the top 
fifteen packing companies were included in this process.
 
 [20]Here is the list of participants; Smithfield, Tyson Foods, Swift, Cargo, 
Hormel, Premium Standard, Hatfield, Clougherty Meat Packers, and Souix-Preme Pack.  
Based on the website, their estimated daily U.S. slaughter is eighty-two and a half 
percent of the daily pork slaughter coming from these plants.  Every one of these 
companies that I sent a survey to returned it.  So, I was happy.  I got one hundred 
percent return, but our goal was to try to get one from each plant.  So, when we put
it on a per-plant basis for each of these, forty-four percent return, which is 
probably about average for a survey.
 
 [21]Questions were asked relative to subjective color, objective color, pH, 
exudate, marbling, blood splash, and firmness.  I’m only going to cover a couple of 
these as they relate to instrumentation, whether it be the human instrument or 
otherwise.
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 [22]Subjective color; the human instrument, nine of the eleven respondents said 
they evaluate subjective color.  Four use the Pork Board standards that are shown 
there on your right.  Seven use the Japanese color standards.
 
 [23]We asked the question, “Describe what is considered unacceptable.”  They were 
all over the board.  Standard industry procedures was the common answer, and it’s 
also product dependent.  We were focusing on loins.  So, product and market 
dependent was also a common answer.
 
 [24]The big question for each of these categories, “We had a one out of  loins 
question.”  So, approximately one out of how many loins is unacceptable for 
subjective color?  What I’ve got here in parentheses is the number of respondents.  
So, we had a range from one in three to one in one hundred; a wide range.  So, when 
you quantify the average on that, it’s about one in fifty loins, two out of one 
hundred are unacceptable for subjective color.
 
 [25]How about if we try to quantify that through instrumentation?  All eleven 
companies measure subjective color.  All of them use a Minolta brand.  The number of
observations was widened and varied from three hundred per day to fifty per week.
 
 [26]Average L* value was about forty-five point six.  The average A* was six point 
nine, and the average B* value was one point eight.  So, if we put that in terms of 
the color standards, that falls in right about a three and a half, right in here, 
for a national average.  Not too shabby.
 
 [27]PH; all of the respondents also measured pH, pH and color.  At the time of this
survey, the most popular probe was the SFK, the pH Star probe.  Things are probably 
changing with that since I believe SFK has quit manufacturing that probe.  It was a 
wide range; four hundred per day to three hundred over three weeks.
 
 [28]Three of the respondents measure initial pH.  In less than one hour, the 
average is six point one.  Pretty good, according to the literature.  The average 
ultimate pH, probably greater than twenty, twenty-two hours, average was five point 
seven six.  Threshold of acceptability went from greater than five point five to 
greater than five point seven.  Several of the respondents provided a range.  I 
should point out that the final report will be available on the Pork Board website 
soon.
 
 [29]Approximately one out of how many loins is unacceptable for pH?  You see that 
wide range again from one in two and a half to one in a hundred.  So, what’s the 
average?  About four out of one hundred are unacceptable for pH.
 
 [30]Eight of the eleven respondents measure some form of moisture loss.  Most use 
those little plastic drip-loss tubes.  Do you guys know what I’m talking about with 
those?  They’ve got a little funnel on the top and a little beaker at the bottom.  
Some recorded daily, some weekly, some monthly, some quarterly.  The average of all 
methods, whether it’s a package purge loss or a traditional drip loss, was around 
three and a half percent moisture loss.
 
 [31]Take this for what it’s worth, because different methods are used.  So, what is
unacceptable?  Greater than three and a half percent all the way up to twelve 
percent over seven days in a vacuum packaged bag.
 
 [32]Approximately one of out how many loins is unacceptable for exudates?  Here are
all of the answers; one in three and a half to one in one hundred again.  The 
average was about five in one hundred are weepy.
 
 [33]Marbling; seven of the eleven respondents evaluate loins for quality with 
regard to marbling.  Nine use the Pork Board standards seen here.  Most of them, 
surprisingly, will cut that loin and evaluate it at the tenth rib.
 
 [34]What’s the average level of marbling?  Anybody?  Bueller?  Bueller?  Somebody 
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got that.  Two.  Anybody say less than two?  Two brave souls.  Here’s what we got; 
one and a half to two percent.  How many attended Chuck Alison’s talk the other day?
 What it Chuck’s?  No.  Yesterday, who had the – it was Philip out of Illinois with 
the marbling talks, and they had a range of chops in the retail case, and they asked
people, customers, to go in and pick the ones they wanted.  Forty-five percent of 
them picked chops that were one and a half percent fat.  Roger Johnson brought up 
that we had fifty-five percent that chose higher than that, but the majority of them
chose what our average is.  Pardon me?  [Inaudible].  Right.  This is subjective 
measurement.  It’s not chemical fat.  [Inaudible].  I can’t tell you, not from the 
industry survey, because they measure it all subjective.
 
 [35]What’s your threshold of acceptability for marbling?  It was wide and varied.  
Basically, it’s customer dependent.
 
 [36]All right.  The big question was – this was at the end of a three-page survey, 
“Given that PSE is defined as a product that’s pale, soft, and exudative, what 
percent of loins have all three of these characteristics?”  Was it fifteen and a 
half percent?  Is it one and a half percent?  Oh.  The tension mounts.  What is it? 
What is it?  Here’s what we got for responses; around three percent.  Ten percent 
was the highest incidence rate, but the most common was less than one percent.  One 
person really pinned it down or one plant, but the average is going to be around 
three and a half percent; pale, soft, and exudative, something that we treat with a 
broad brush a lot of times.  PSE just rolls off our tongues.  PSE.
 
 [37]A few years back, the Pork Board sponsored a seminar, ‘Moving Beyond pH.’  We 
haven’t moved beyond pH.  What’s going on here?  Why can’t we move beyond ph?  We 
still use the classics of evaluation that we’ve been using since my mentor, John…, 
started back a number of years ago.
 
 [38]The classics of pH, color, moisture loss, and marbling, are still what’s being 
used in the industry.  My little machine isn’t going to work there.  We need a 
reliable online measurement that’s repeatable and that we can use to quantify what I
will say is technological quality; something that they can use for sorting based on 
the standards for maximum quality.  I would say within the industry that quality 
would be defined as technological quality.  Once you identify that technological 
quality, then you can start to target some of these other definitions of quality.
 
 [39]So, what are some of the issues relative to the classics that are used in 
industry?  Ultimate pH is a decent predictor of technological quality.  It can be 
used to sort fresh pork cuts, and it is most familiar to the processing industry.
 
 [40]The forty-five minute pH; that’s another standard that we’ve used for awhile.  
It used to be the classic.  In recent discoveries, the different genetic anomalies 
such as the RN gene or the Nepal gene show that we may have a normal early decline 
of pH, but it just keeps going.  So, as a predictor of ultimate quality, it may not 
be as good; ultimate technological quality, but I think it does have a benefit maybe
as a means of ethical quality.  The folks from Wyoming showed that pigs susceptible 
to stress are going to start that process that will end up with poor pork quality.  
They are going to start that in… or even as they are being moved up to….  So, 
perhaps, early pH now can be used as an estimate of ethical quality.
 
 [41]Overall, as scientists, we always used to say, “PH is not a measure of quality.
 It’s an indicator of technological quality or something that we can use as a tool 
for further processing,” but information out of Iowa Sate yesterday in the fifteen 
minute abstract shows that perhaps pH does have an impact on sensory attributes.  
Perhaps it is a quality attribute.  Glass-tipped probes are a problem.  They are a 
concern.  The whole one needle is too many campaign, one shard of glass is certainly
also too many, if that probe tip breaks off in there.  So, we need a rapid, reliable
non-glass technology, and there are some that are being developed, some that are 
actually out in the industry right now that are being tested.  Probably a big thing 
that we see if we want to compare across the industry is instrument-to-instrument 
variation.  Even though five of the respondents said they used the same pH probe, 
you are going to see differences across from plant to plant.  So, if you are going 
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to establish a threshold, it may be difficult because of instrument variation within
the plants.
 
 [42]Issues relative to color; the human instrument, visual assessment.  It’s 
simple.  We can train somebody to do it.  Reference standards have been developed.  
It’s familiar to the industry, and it’s familiar to most people out there who read 
our publications.  However, it’s still subjective.
 
 [43]Colorimeters are widely used.  They are objective.  The readings most people 
understand the L, A, and B now when you’re talking about it.  You don’t have to give
a long definition of what it is.  However, we see meter-to-meter variations.  I can 
go into a plant with my Minolta that has the same aperture size, the same standards 
were used to calibrate it, the same instrument, the same light source, and we’ll get
L* - on the same piece of pork, we’ll get L* readings that are different from one 
another, up to two or three even in some cases.  This is because maybe (a) even 
though they are taken right after a number, we have inherent variations of the 
biological system.  We’ve got bloom time to deal with, if we are going to compare 
things.  Again, if we were going to set a threshold of L, A, and B, we are also 
going to have to set levels based on a changing biological system.  You can’t kill a
pig twice, but if you could treat that pig different each time, the biological 
process may change the ultimate quality or what we perceive as technological quality
of that pig.  So, the biological system makes that a moving target as well.
 
 [44]Issues relative to marbling; visual assessment is simple.  Reference standards 
are developed.  It’s familiar to the industry, but as we learned yesterday, one of 
the titles says, from Illinois, that pork marbling has absolutely nothing to do with
consumer preference.  Is marbling a quality indicator in pork?  As of yesterday, I 
don’t know anymore.
 
 [45]Evaluation is highly subjective, even though we have standards here.  Visual 
assessment is very, at least in our lab, we’ve seen it’s a low correlation with the 
chemical fat.  In visiting some of the other professors that do this on a routine 
basis, they see the same thing.  I would say we are looking at the cut, lean surface
of that chop, and there is other fat underneath there.  So, what we visually see may
not be indicative of the total chemical fat within that product.  This is what I 
just said.  You’re looking at the cut, lean surface and chemical analyses of a 
sub-sample.  A recent paper out of Kansas State showed that if we are going to 
evaluate – if we are not going to cut that loin, we evaluate it at one end or the 
other, it’s not going to be indicative – it may or may not be indicative of the 
marbling in the middle.  Another industry standard is to look at the underside where
we take the ribs off to look for indications of marbling.  That too may also not be 
indicated at the center portion of the loin.
 
 [46]So, what are our options?  I’ll give you some recommendations as an industry.  
If we are going to do this online, we’ve got to operate fast; a thousand carcasses 
at least or a thousand pieces.  It doesn’t necessarily have to be a carcass.  It 
could be a loin.  It could be a ham but a dozen pieces per hour.  It’s got to be 
accurate.  It’s got to be repeatable.  If you were to run that same carcass or that 
same loin through twice, you would get a consistent reading on whatever your 
definition of quality is.  In a world where we are consistently looking further back
down the production chain, ideally, in order to elicit change, we’d like to be able 
to trace that reading back to the source so that we can say, “Mark, your pigs were 
very high quality today.  Here’s a little extra money.  Bring us some more just like
that next week.”  Also, we want to be able to have traceability.  We want to be able
to plug it into our system so that we can follow it through a bar code all the way 
out the door, all the way to our customer.  Early prediction on the kill floor or 
even earlier would provide you with a lot more options.
 
 [47]How about offline?  This is probably where these pieces of equipment are used 
the most is by the quality control audits or within the plant.  They are used to 
monitor daily fluctuations, daily fluctuations in genetics, daily fluctuations in 
ethical quality with live handling, time on the kill floor, chilling.  That way they
can make adjustments to other equipment within the plant or other personnel within 
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the plant to maximize the quality of that carcass or that loin or that ham.  They 
are very plant specific.  It may or may not be a trade secret, but they are customer
specific within these plants.  They do these offline because they can move slower, 
because if you’re moving too fast online, that’s just a limited thing.  You can’t 
keep up a thousand per hour, and if you tried to keep up at a thousand per hour, you
may risk injury.  If it’s human operated, you may risk injury to yourself, or in the
case of the glass-tipped pH probe, you may risk injury to your customer.  So, they 
do it offline.  Those are my recommendations.  They are probably nothing new to you 
guys.  We’ve heard these for a number of years.
 
 [48]Summary; we have established many definitions of poor quality, and again, 
everyone in the industry knows that.  They have different markets, different buyers 
who have different ideas of perceived quality.  Quality of pork is determined by the
market.  It is determined by the restaurant you go to or the pickup you drive.  Same
old standards; same old, same old.  I guess you won’t invite me back for another ten
years.  Hopefully, I’ll have something newer to talk about, and again, how they are 
using the plant, how these pieces of equipment and their use of the plant is very 
specific to those plants.
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