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Chapter 1
INTRODUCTION

The modern meat industry 1s moving towards centralized
cutting and processing. This new approach offers product im-
provement through stricter and more uniform quality control.
Plant management, in regard to labor efficlency and inventory
control, is made simpler. From the consumer stand point, an
inspected product can reach the markets at better prices, since
the lower processing cost and the sultability for most efficient
distribution will cut prices at the consumer level,

Desplite some earlier unsuccessful attempts at frozen
meat retalling, frozen products fit into the centralized pro-
cessing concept very well, Stores would be able to keep the
product for a longer period and deterioration during transport
and storage could be lessened.

Many factors affect color of frozen meats displayed in
transpafent films, Packaging material, freezing temperature,
display case temperature, source of light, intensity of 1illu-~
mination, as well as sanitation are included.

Color of frozen product is an important factor affect-
ing salabllity. Psychlc factors are important as dark color
1s associated with an "old product"; green with a "spolled"
one; and too bright a red with deception., The correct light
source, as well as the appropriate light intensity may contri-

bute to the eye appeal of the displayed product, A high level
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of illumination may produce too rapid a deterloration of the
red meat pigment, thus making the product less attractive to
the consumer,

Many unanswered questions face the industry today.
Stores vary widely in type and intensity of illumination and
no apparent recognition of their effect is evident,

It was considered worthwhile to study the effect of two
different 1light sources, and various l1ight intensity levels on
color stability of displayed beef steaks prepackaged in transe-
parent film.



Chapter 2

REVIEW OF LITERATURE

Color and its M=asurement,

Color can mean a mixture of light of various wavelengths,

its effect on the human eye, or the results of this effect in
the mind of the viewer, Color results from physlcal modifica-
tion of light by colorants as observed by the human eye and
interpreted in the brain (Wright, 1944), From the purely physi-
cal point of view, the productlon of color requires three things:
a source of light, an object which it 1lluminates, and the eye
end brain to percelve the color. In addition to a mere physical
phenomenon, color is a sensation experienced by an individual
when energy in the form of radiation within the visible spectrum
falls upon the retina of the eye (Francis and Clydesdale, 1967).
Visible 1light is a form of energy, part of the family
which includes radio waves and x-rays, as well as ultra-violet
and infrared l1ight, Light can be deseribed by its wavelength,
for which the millimicron (mu) or nanometer (nm) 1s a convenient
unit of length., The relative insensitivity of the eye limits
the vislible part of the spectrum to a very narrow band of wave-
lengths between about 380 nm and 750 nm with blue below about
480 nm; green, roughly between 480 and 560 nm; yellow 560 to
590 nm; orange, between 590 and 630 nm; and the red at the
wavelengths longer than 630 nm (Judd, 1953).
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‘The l1light from any source can be described 1n terms of
the "spectral energy distribution curve" which is the relative
energy emitted at each wavelength, Light strlking an object
can be transmitted, absorbed, or reflected, Translucent material
both transmits and reflects light but opaque material absorbs
or reflects all light and transmits none (Francis and Clydesdale,
1968).

Visual color measurements have been criticized by many
scientlists because of the problems related to repeatability of
results., One of the equally important lssues 1s whether any
of the objective instrumentation techniques actually measures
the varliable of interest, which at the level of the consumer
is based on visual appraisal (Enfleld, 1968).

The fundamental properties of an object responsible for
1ts color are spectral transmittance for transparent objects
and spectral reflectance for opague objects. The spectral
transmittance is the ratlo of transmitted to incident radiant
flux for one narrow band of the spectrum (Billmeyer and Saltz-
man, 1967).

Goldring et al. (1953) have examined abnormelties in
spectrophotometric measurements and classified these on the
basis of chemical factors, lnstrument factors, operational
techniques and mathematical considerations, Of particular
concern are errors of which the operator may remain unaware,

The case of mechanically insecure elements in the input electro-
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meter is cited. As the photocell compartment shutter is opened
or closed, there can be a substantial shift in the zero of the
photometer system. Thls is unsuspected when the change in zero
is reproducible, the new position being metastable as stated by
Mackinney and Chichester (1954),

Meat color appraisal has been aftempted by several d4dif-
ferent methods, including spinning disks (Hiner, 1954); color
photographs (University of Wisconsin, 1963); color paddles
(Hiner, 1954); pigment extraction (Schwelgert, 1954; Tauber and
Simon, 1963); and reflectance (Tappel, 1957, 1961; Cutaia and
Ordel, 1964; Snyder, 1965; Stewart et al., 1965; Kraft and
Ayres, 1954b; Snyder and Armstrong, 1967). Reflectance of
tissue color seems to offer promise as an objective non-destruce-
tive method of analysis.

Rikert et al. (1957b) noted that probably any one of the
Hunter components (L scale, ar» bL) could be used satisfactorily
as an index to the color changes of meat. They also stated that
the highly significant correlatlions between aj values and both
hue and chroma seemed to qualify this component as a satisfactory
index of the color of fresh meat. Arbltrary interpretations of
visual color acceptabllity in terms of ar, values were lndlcated,
The upper value {(from 12 and up), marked a desirability of the
fresh meat, The lower value (8 and down}), arbitrarily designated
as undesirable, is that below which the average consumer probably

would regard the meat unacceptable., These values constituted
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the upper and lower bounds for satlsfactory, but not preferred,
color. Snyder (1964) using the Gardner color-difference meter
showed that ay, values changed appreciably in relatlon to the
other two parameters (L, bL) of color, When changing from
oxymyoglobin or myoglobin to metmyoglobin, aL velue decreased.
The two types of change (oxidation; oxygenation) could be dis-
tinguished by considering the aL/bL ratio. 1In differentiating
between oxymyoglobin and myoglobin, aL/bL ratio did not change
apprecliably, but for a conversion of oxymyoglobin or myoglobin
to metmyoglobin, the aL/bL ratio decreased considerably.

Dean and Ball (1960), using the Gardner ay, velue, showed
that cut surfaces of muscle did not bloom to equal redness,
The sample of higher bloom (aL=18.2) was indicated by the
reflectance and absorbancy ratlio methods, respectively, to have
0 and 9% metmyoglobin, 37 and 0% reduced myoglobin, and 63 and
91% oxymyoglobin. Samlple of lowest bloom (a;=11.7) was indi-
cated by the reflectance and absorbancy ratio methods, respec-
tively, to have 18 and 34% metmyoglobin, 61 and 16% reduced
myoglobin, and 21 and 50% oxymyoglobin, They stated that from
these factors, 1t ls difficult to say which of the two methods
presents the more nearly true pilcture of the facts,

Reflectance and absorbance methods have been used to
follow and/or to measure the changes in the myoglobin pigments.
The absorbance method, developed by Broumand et zl. (1958) was

dependent upon pignment extraction. Snyder (1965) stated that
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there are practical problems in extracting the pligments from
meat to give a clear solution, in selecting the surface volume
of meat to be analyzed, and in changes in the form of the pig-
ment during extraction and analysis, Furthermore, reflectance
nmethod excludes errors'due to extractlion since the analysis is
done on an intact or‘ground sagmple of meat, and no extraction
1s necessary., However, there 1s no sound theoretical basis
relating reflectance spectra and qualities of pigments. Per-
cent of reflectance will depend upon the concentration of pig-
ment, the amount of intramuscular fat, and the amount of surface
moisture of the meat, as well as the oxidation or oxygenation
state of the pigment,

Reflectance curves of fresh meat in the vislble region
were reported (Ginger et al., 1954) and the meat pigments
identified in accordance with existing reflectance maxima,

These workers stated that the reflectance curves obtained with

a spectrophotometer confirmed the presence of discoloration
observed visually while absorptlion curves from plgment extracts
of similar samples did not give any indication about the plgment
changes on the surface of the mesgt.

Pirko and Ayres (1957) have stated that four absorption
maxima can be seen at the wavelengths 500, 545, 580 and 635 nm;
there is also a minimum value shown at 555 nm, According to
Bowen (1954}, these peaks may be attributed to the pigments
metmyoglobin (500 and 635 nm), and oxymyoglobin (545 and 580 nm),
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while a minimal value at 555 nm coincides with the absorption
spectrum for myoglobin,

Dean and Ball (1960) pointed out that neither the absor-
bancy ratio nor the reflectance ratio give positive and accurate
evidence of the presence of myoglobin derivatives in the reported
proportions, Furthermore, no chemlicel reaction by which it could
be possible to check the spectrophotometric methods was reported.
These researchers showed that on the surface of freshly cut beef
without a blooming period, reduced myoglobin should predominate
and reflectance ratio indicated that this was true, Reduced
myoglobin was over 50% and metmyoglobin was under 10%. However,
absorbancy ratio indicated for the same surfaces that myoglobin
was 20%, metmyoglobin about 20% and oxymyoglobin over 50%. This
implies that the reflectance method is giving truer values for
composition of the meat sample surface,

Snyder (1965) recorded reflectance spectra from 400 to
700 nm, The curves were adjusted to a constant at 525 nm to
eliminate uncontrolled variables. The adjustment of the spectra
leads to relatively stable and reproducible isobestic points.
Isobestic points were reported at 474 nm for metmyoglobin and
oxymyoglobin, at 571 nm for myoglobin and oxymyoglobin, and at
525 nm for the three forms of the pigment.

Snyder (1965) also showed that since the wvariation in
reflectance at an lsobestie point is small, it appeared possible

to measure the amount of pigment present based on reflectance
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at two wavelengths, From thls information 1t 1s possible to
plot graphs relating reflectance to the percent of the three
myogloblin derivatives., To determine the intermediate points
of these graphs, a suspension of non-fat milk, with known
mixtures of oxymyoglobin and metmyoglobin was used.

Vodicka (1956) first called attention to the necessity
of using K/S values rather than absorbance in studying the
plgments of cured meat,

- Since 525 nm is isobestic for all three pigments (Stewart
et al., 1965), the reflectivity values at this wavelength,
expressed as the ratio K/S, might be expected to show some
correlation with the total amount of heme pigments in the
meat. Stewart and co-workers found a positive correlation
between the readings at 525 nm and total pigment. Expressed
as absorbance, the relation is definitely non-linear. The
ratio of absorbances at 572 nm/525 nm, when plotted against
percent of the total pigment as metmyoglobin, gives a straight
line, in contrast to the curve obtalned for a ratio at 507 nm/
573 rm, as was done by Broumand et gl. (1958).

Snyder and Armstrong (1967) made reflectance measurements
and compared the wvalues and K/S ratios for a series of dry milk
suspenslions containing mixtures of oxymyoglobin and metmyoglobin,
(K=absorbancy coefficlent per unit of sample thickness; S=scat-
tering coefficient per unit of sample thickness), Because of

the definite curvature of reflectance plotted agalnst concentra-
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tion and because of the linearity of K/S plotted agalnst con-
centration, they recommend that X/S wvalues be utilized in
attempts to relate data to the myoglobin concentrations in
meat.

Zimmerman and Snyder (1969) stated that reflectance
measurements and K/S ratlios agree well with ratios reported
earlier (Stewart et al., 1965; Snyder and Armstrong, 1967).
They found the K/S ratio for metmyoglobin to be 0,59 at
571/525 nm; for oxymyoglobin, K/S equaled 1.36 at 571/525 nm,
and 0,88 at 474/525 nm; and for myoglobin K/S was 0,53 at
W74/525 nm,

Ockerman and Cahill (1969) indicated that the simplest
method of prediecting beef visual color was to use the reflec-
tance at 685 nm rather than at 485 nm,

Franke and Solberg (1970) found that the height of the
peak at 632 nm absorbance was directly related to the amount
of metmyoglobin present on the meat sample, For 100% oxymyo-
globin, sbsorbance at 632 nm was at a minimum, For 100%
metmyoglobin the absorbance at this wavelength was at a maximum,

Wrinkles in the transparent film covering the sample,
moist or dry meat surfaces and the presence of fat particles

can cause variations in the reflectance spectra (Snyder, 1968).

Meat Plgzments,

A vital factor in the acceptabllity of fresh and cured
meat is muscle color. The bright-red color of the fresh meat

and the pinkish-red color of cured meat, as well as discolora-
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tion of various meat products, are due to the chemical state
of the pligment called myoglobin, The muscle plgment, myoglobin,
differs in chemical structure and reactivity from the blood
plgment, hemoglobin,

In the animal tissues, oxygen is transported to the
tissues by the iron-porphyrin pigments hemoglobin, myoglobin
and chloroecruorin, and by the copper-containing pigment
hemoeyanin (Guzman, 1954),

The porphyrin molecule can easily accept metals., Thus,
iron enters into the center of the square formed by the four
nitrogen atoms in the porphyrin ring stabilizing the electrons
of the pyrrol nuclei. As a consequence the absorption spectrum
of the porphyrin loses some of 1ts complexity: two absorption
maxima in the visible light wvanish, and fluorescence disappears.
This iron completes its Werner coordination complex by ligating
by itself two more groups, one above and the other below the
plane of the porphyrin molecule, as reported by Guzman (1954),

Work reported by Perutz (1964) showed the hemoglobin
molecule is a flattened disk whose shape may be approximated
by a right-circular cylinder 34 8 high and 57 £ in dlameter.

It possesses a two-fold axls of symmetry, perpendicular to the
cylinder axls, and appears to consist of four equally-spaced
layers of matter, The four iron porphyrins are arranged on
the surface of the molecule with thelr planes parallel to the

cylinder axls and the axls of symmetry, nd are attached to



