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Introduction

Objective measurement of meat quality is one of the
most challenging and elusive endeavours taken up by meat
scientists. All senses come together to determine whether
consuming a pork product was a pleasant experience. This
is the ultimate test of quality. The challenge is to develop
sensors to replace human sensors in the industrial envi-
ronment. Why? Because humans are not consistent, and
more than just the senses are involved. Whether or not the
individual has had a good day affects the assessment.

Meat Quality

Quality may refer to the color, waterholding capacity
(drip loss, cooking loss), marbling, palatability, flavor, ten-
derness, juiciness, wholesomeness, or nutritional value. For
the purposes of this session, however, quality will focus
mainly on the color and waterholding capacity of fresh
meat. These two criteria were selected because they ac-
count for a large portion of the economic loss associated
with poor quality pork.

Food quality sensors are in the high technology cat-
egory. Until recently most sensors were developed and
utilized only in the aerospace and medical fields. The in-
formation and computer age has put knowledge in our
hands that we are hard pressed to utilize effectively. We
must survey potential technology and its capabilities, then
concentrate our efforts on solving the economically im-
portant problems.

Subjective Evaluation of Quality

Standards for subjective evaluation of pork color, struc-
ture, and wateriness have been developed by the National
Pork Producers Council (NPPC, 1991). Samples are as-

signed a score for color on a 1 (pale, pinkish grey) to 5
(dark purplish red) scale. Similarly, structure can be evalu-
ated on 1 (very soft and very watery) to 5 (very firm and
dry) scale.  Subjective evaluation is more effective when
color and structure are evaluated as independent entities.

Laboratory Assessment of Color

Color can be evaluated using one of several instru-
ments that reflect white light off the surface of the meat to
measure hue, saturation, and intensity. Hunter
Color-difference meter, Gofo instrument, and CIE-L*a*b*
are common light reflectance meters. The L* reflectance
value is most commonly used as higher values represent a
lighter colored sample. However, it should be noted that
readings from different types of instruments using different
illuminants and standards cannot be directly compared.

Laboratory Assessment of Waterholding Capacity

Water-holding capacity refers to the degree to which
the physically bound water is confined in the meat struc-
ture. Methods include compression of a meat sample on
filter paper and measurement of drip loss. There are many
variations to these methods as well as a variety of opinions
and recommendations as to the best method.

Rasmussen and Andersson (1996) have further refined
the drip loss method by placing the sample on a specially
designed lamellar grid with minimal area touching the
sample surface in a closed container. This technique proved
to have a higher sensitivity and resulted in higher absolute
values for percentage drip loss than the suspension method.

On-line Postmortem Muscle Quality Detection Methods

The complex combination of biological and environ-
mental factors, which produce many of the quality defects
in pork, are well enough understood that the incidence of
these defects can be reduced. Sensors that accurately as-
sess quality at line speeds of modern pork processing plants
could provide feedback information that would allow fine
tuning of the entire pork production chain.
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pH Probes

Measurement of muscle pH at 45 minutes post-mortem
is one of the few methods currently available for early de-
tection of PSE muscle. This involves either the insertion of
a pH electrode into the muscle or the excision of a small
muscle sample and preparation of a slurry. However, con-
sistent, accurate, on-line measurement of pH is difficult.

Quality characteristics are not fully developed until
20-24 hr postmortem. Therefore the use of pHu (ultimate
pH) values may be more accurate than early postmortem
measurements. The measurement of pHu accurately iden-
tifies carcasses which are DFD (usually pHu > 6.0) and
when pHu is < 5.4, the muscle is usually PSE. However,
between 5.4 and 6.0, it is difficult to separate RFN from
RSE (Kauffman et al., 1993).

Measurement of pH to identify quality defects is cur-
rently considered the most effective. However, on-line
implementation has been slow due to problems regarding
its use. These problems include frequent recalibration and
cleaning, low repeatability, inability to accurately compen-
sate for temperature, and the assumption that all pH meters
measure the same (Bendall and Swatland, 1988).

Optical Probes

One principle of using optics to measure pork quality
is that the perceived color of an object will be determined
by its reflectance of light. Four factors which must be con-
sidered when utilizing the optical properties of pork to mea-
sure its inherent quality are:  wavelength of the incident
light, angle of incident light to the muscle fibers, mode of
measurement (scattering, absorbance, or reflectance), and
coupling efficiency at the meat-probe surface (van Laack
et al., 1995). These factors influence the predictive accu-
racy of probes developed for use in industry.

Recent studies in the laboratories of the Danish Meat
Research Institute suggest that, early post mortem predic-
tion of waterholding capacity in the longissimus muscle
may be possible by measuring changes in the NIR spectra
over time rather than trying to measure color at 45 min-
utes postmortem. These investigations were continued in
an off-line area at an industrial plant, and confirm the po-
tential for adaptation of this technology.

Measurement of the Electrical Properties of Muscle

Low frequency electrical impedance measurements
can provide insight to the structure and viability of muscle
tissue. Living tissue is comprised of cells which can be
modeled as a membrane containing electrolytes sur-
rounded by other tissue fluids or electrolytes. The cell mem-
brane has an electrical capacitance associated with it due
to the differences in pH of the extracellular and intracellu-
lar fluids. During the conversion of muscle to meat, muscle
pH declines, cell membranes are disrupted, and the amount

of intracellular and extracellular fluid changes. Investiga-
tors have reported varying degrees of success in utilizing
measurements made in the early and late postmortem stages
to assess quality, especially PSE and WHC.

Machine Vision

Color machine vision has a potential for improving
accuracy, consistency, and speed of on-line evaluation of
fresh meat quality (Nielsen, 1995). Results at Purdue Uni-
versity demonstrate that color machine vision is more ac-
curate than most individual sensory panelists for grading
pork color (Tan, 1996).

Ultrasound

Ultrasound technology has the advantage of being non-
invasive and may be applied in at least four formats.
Real time imaging

Instruments with high resolution have been used for
marbling assessment in both live animals and carcasses
(Brethour, 1994). Ultrasound scanning also offers the po-
tential for detecting abscesses in the carcass.
Digital A-mode

This format of ultrasound utilizes a single pulse echo
detector/sensor that allows digital signals to be analyzed
without the need for creating images before analysis.  Fur-
ther refinement of this analysis could lead to techniques
for marbling detection and other quality defects. The main
advantage of the digital A-mode format is that it offers the
potential for complete automation.
Velocity of sound

VOS utilizes a transmitter and receiver aligned on ei-
ther side of a sample to be measured. Because there is less
loss of signal than with pulse echo technology this system
has the potential for more precise evaluation of the tissues
through which the sound wave passes. The transmitter and
the receiver must be aligned and in contact with the prod-
uct so it would be difficult at this point to design an on-line
system at this point.  Future developments may utilize the
potential of this technology for accurate assessment of in-
tramuscular fat.
Elastography

A new application of ultrasound technology has been
developed to test the hardness and softness of biological
tissues. Elastography compares an initial traditional ultra-
sound scan with a second scan obtained after the tissues
are slightly compressed. Scientists at Texas A&M Univer-
sity reported that quantitative elastography was not suc-
cessful in detecting differences in pork quality groups.
However, qualitative elastography was able to differenti-
ate the elasticity differences among pork quality classes.
They concluded that elastography has the potential to be a
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non-intrusive method for determining differences among
pork quality groups (Miller et. al. 1995)

Color Meters

Several color assessment instruments are being used
to measure meat color for purposes of genetic selection
where access to a cut surface is available at approximately
24 hr post mortem.  The devices are valuable tools for this
purpose, but have the disadvantages of not being able to
directly compare data from one instrument to the other.
They are also not currently adaptable to automated on-
line systems. Generally these instruments sample only a
small area of the cut surface and do not take into account
variations which may occur within a cut of meat.

Tensiometer

The tensiometer was specifically designed to measure
the tension of water held in the pores of soil. This is ac-
complished by water passing through the microscopic (5
mm) porous holes in a ceramic tip. Kim et al. (1995) evalu-
ated the effectiveness of the tensiometer to distinguish the
differences in percentage drip loss of 29 pork loins. The

tensiometer could successfully distinguish between exu-
dative and nonexudative loins. However, due to frequent
clogging of the ceramic pores, further investigation for com-
mercial application was not pursued.

Tenderometers

Prediction or measurement of tenderness presents a
major challenge because it is influenced by so many fac-
tors, including the final preparation. Several devices have
been designed for on-line measurement, but none have
proven accurate enough for sustained use.

Future of Quality Assessment Technology

Expansion in domestic or export markets will only be
achieved by improving the consistency and quality of prod-
ucts in line with consumer desires. Consistency and qual-
ity can be achieved by continual on-line assessment
coupled with prudent use of the information in a feed for-
ward and feed back information system. Research under-
way in laboratories around the world will soon make qual-
ity evaluation commonplace in the pork industry.


