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VALUE BASED MARKETING SYSTEMS: TECHNOLOGY IMPLEMENTATION

JOHN C. FORREST
Animal Sciences Department
Purdue University

West Lafayette, IN 47906

INTRODUCTION

Value based marketing of live animals has lead to the development of price discovery systems that base the price paid for an animal on the
utilitarian value of the carcass and its parts. The determination of utilitarian value is usually based upon the composition of the carcass and,
where applicable, those factors that may influence the palatability of the final consumer product whether fresh or processed. Many grading
programs around the world are based upon subjective appraisal of value determining factors by trained personnel. Although subjective
grades have played a major role in marketing and price discovery , there is a continual desire on the part of both buyers and sellers to
improve the objectivity and consistency of the price discovery process. This desire has driven the development of technology with the go&
of improving the precision of the evaluation process and give more consistent information upon which to base prices as well as to provide
better information feedback to producers of livestock who must make important decisions regarding the selection of breeding stock and
designing of production systems that will provide consumers with meat products that meet their desires for leanness and palatability.

Europe leads the world in the establishment of value based marketing systems and the implementation of technology to support objective
evaluation that is so critical to a truly effective and fair system. The swine industries in most countries seem to lead the way in the
development and adoption of technology by providing the necessary research support.

IMPLEMENTATION OF TECHNOLOGY IN NORTH AMERICA

Implementation of technology is an evolutionary process. Several technologies have the potential for implementation but are in various
stages of development. This report summarizes the current status in North American. An updated status report will be made available t0
symposium participants at the time of presentation.

Technologies that are in use currently include optical fat-lean probes, electromagnetic scanning, ultrasound, and various forms of machine
vision or video imaging.

Optical fat/lean probes

The majority of pork processors in North American that utilize technology to measure pork carcasses are using the optical fat lean probe:
Fat depth and lean depth is measured on the warm carcass soon after evisceration and splitting, usually in the area on the slaughter line
where the warm carcass weight is determined just prior to lodging the carcass in the cooler.

Optical probes consist of a light emitting diode and a light sensitive detector mounted near the end of a sharpened arrow-like tip. The
probe penetrates the subcutaneous fat layer and passes through the lean near the center of the loin muscle cross-section. Most prediction
equations are designed to use fat depth and lean depth measured between the third and fourth last rib. The lean content of the carcass i
predicted from those two measurements and, sometimes, carcass weight is utilized as a third variable.

There is some variation in accuracy (CD) among different probe brands; however, the larger variation appears to be due to operator efr or.
In a study where a single operator consistently placed the probe at the correct anatomical location at the correct probe angle, fat depth an!
muscle depth accounted for about 82% of the variation (CD) in total dissected carcass lean percent with 2.15% residual standard deviatio”
(Kuei, 1991). However, in another study conducted on a processing line with a different operator, the probe accounted for only 52% of
the variation in total dissected lean percentage with a residual standard deviation of 3.5%. This on-line study also revealed a tendency for
overestimation of the lean percentage in the fatter carcasses and underestimation in the leaner carcasses. This tendency has been observe
in other studies. This observation demonstrates that all current and future technologies should be checked for biases that may be caused bY
genotype differences within the pig population in the relationship between the predicting variable and the lean endpoint being evaluated.
Walstra (1989) reviewed results of optical fat/lean probe research in European laboratories and reported that they accounted for from 68 10
86% of the variation in dissected lean percentage with residual standard deviation from 2.45 to 1.79%. It appears that optical fat/lean
probes are acceptable for commercial operation provided a high level of quality control and supervision is associated with probing
technique and that operators are regularly checked for consistent probe placement. Development of a robot for accurate placement of the
sensors should improve the consistency of this technology. The Danish Classification Center which is a robotized multiple optical probe
device provides a good example where proper automation of technology improves accuracy and precision of measurements (Klinth-Jense?
1991).
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Two different image sections have been used on carcasses in experimental trials. The most common has been a cross-section of the
longissimus muscle at the space between the 10th and 11th ribs in pork and the 12th and 13th ribs in beef. This permits measurement of the
loin muscle area and the fat depth at a point 3/4 the distance along the longitudinal axis of the muscle cross section lateral to the chine boné
as accomplished on ribbed carcasses. Ultrasound detection of fat depth, and loin muscle area, combined with warm carcass weight
accounted for 78% of the variation in dissected carcass lean with a residual standard deviation of 4.6 Ib. in pork carcasses (Kuei, 1991).
Newer ultrasound systems may provide greater resolution and sharper images that will improve the ability to predict lean.

Some investigators place the detector head parallel to the long axis of the longissimus muscle approximately 3 in. lateral to the midline of
the carcass. Since the detector head is about 5 in. long, this permits measurement and averaging of lean and fat depth at three or more
points under the head. A study by Gresham et al. (1992) reported that a regression equation including sex, warm carcass weight,
ultrasound fat depth and muscle depth accounted for 91% of the variation in weight of boneless lean cuts with a residual standard deviation
of 3.0 Ib. However, the same variables accounted for only 53% of the variation in boneless lean cut percentage. The main advantage to
this system is that the muscle depth may be easier to measure in an automated computer image analysis system than loin muscle area.
Further testing and validation of this procedure seems warranted.

The most advanced form of ultrasound that may have future application to carcass evaluation is velocity of sound (VOS). This technology
operates on the principle that ultrasound waves pass through muscle at a higher velocity than through fat (Ferguson, 1991). By generating
ultrasound waves, transmitting them through a sample and receiving them on the other side, one can determine the rate of travel of the
wave. The path of the ultrasound wave must not be obstructed by bones or intestines. Such measurements can be made across the back 0
the animal in the thoracic region by passing the wave between the spinous processes of the thoracic vertebrae. A major advantage of the
VOS technique is the elimination of images and image analysis. The velocity will determine accurately the composition of the combined
tissues in the path of the ultrasound wave. Specific anatomical locations must be identified that can be scanned and provide consistently
good predictions of the composition of the entire carcass. Some laboratory studies suggest that VOS would be more precise in predicting
carcass lean and fat than real-time imaging ultrasound.

Machine Vision Systems

One machine vision system is know to be in operation in a US beef slaughter plant. This instrument reportedly estimates lean composition
and evaluates marbling from an image of the loin cross-section.

The advent of sophisticated digital imaging techniques creates the potential for computerized image analysis from a wide range of imaging
sources. Analysis of video images based on color and/or grey scale offers the potential for objective evaluation of traits that have been
evaluated traditionally by visual means on the basis of fatness and conformation.

Work at Kansas State University and at the U.S. Meat Animal Research Center, Clay Center, Nebraska, several years ago demonstrated
that a video image of the cross-section of the beef rib-eye and the subcutaneous fat covering the muscle could be used to determine beef
yield grades with accuracy (Cross et al., 1983). Other systems have been developed in Australia, Great Britain and Denmark in which
video images of the carcass side were analyzed for thickness of fat to predict lean yield. Some of these methods appear promising for lean
yield evaluation but the greatest power that advanced video image technology may have to offer in the future may be in the area of color
and marbling evaluation.

Currently the only technology being utilized for evaluation of quality palatability factors appears to be machine vision. Several
investigations are being supported by the National Livestock and Meat Board and the National Pork Producers Council to further develop
technology that will allow the early post mortem detection of problems that might be associated with color or water holding capacity, and
tenderness. Studies are also being conducted that would allow the on-line sorting of individual retail fresh meat cuts prior to packaging
when done by central distributor.

SUMMARY

The utilization of technology to support value based marketing in North American is most advanced in the swine industry. The beef
industry has supported extensive research over the past decade. That research will ultimately lead to viable technology. The lamb industry
is also supporting technology research that will lead to a technology based system of price discovery for carcasses. Research is being
conducted in the poultry meat industry, however the marketing goals are different in a vertically integrated industry therefore the
technology will likely be utilized for sorting and grading.

Very little technology is being used for the objective measurement of quality attributes in meat products. Considerable research and
development activity is underway to find practical objective measures of meat quality

For a more comprehensive review of potential technologies and technologies under development see Forrest and Judge (1994) and Forrest
(1995).
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