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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
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identlcal residues of the protein, so that inherently they are
all alike, Barcroft (1928) suggested that the specificity of
the protein component is such that fetal and adult hemoglobins
have proteins of different amino acid content and different
oxygen affinities, In fact Itano (1951) has demonstrated that
blood of the same individual may contaln different kinds of
hemoglobin, However, the iron porphyrin component is identical
in all hemoglobins (Guzman, 1954).

Myoglobin is a conjugated, complex protein that contains
a heme moiety (iron containing porphyrin compound) attached to
the protein, globin., Its function in the live animal is to
accept oxygen from the hemoglobin of the blood to use in oxi-
dation energy-ylelding reactions to the cell. This is essen-
tially a storage mechanism for oxygen in the cells (Fox, 1968),
Shenk et al. (1934) stated that this storage role is reflected
in the quantities of myoglobin found in varlous tissues, These
quantities are generally functions of (1) the amount of use of
the principally muscular-activity tissue, (2) the blood supply,
(3) the oxygen availability, and (4) the age of the animal
(Giffee et al., 1960).

It 1s pertinent to consider the chemical structure of
myoglobin and its derivative prior to evaluating factors affect-
ing the stability of the compounds, The oxidation of myoglobin
in alr proceeds at a rate 4.25 times faster than the oxldation

of hemoglobin, and the browning of meat must be due to the
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ready formation of metmyoglobin (Guzman, 1954).

Lemberg and Legge (1950) described myoglobin as a com-
plex protein, which means that in addition to the protein por-
tion of the molecule, there is another moiety, non-peptide in
nature, complexed to the peptide chain. The protein moiety,
the globin, has a molecular weight of 16,000 to 17,000. The
non-peptide portion ls called the heme, and it 1s composed of
two parts: an iron atom and a large planar ring, the porphyrin.
The porphyrin is made up of four subunits, the heterocyclic
compound pyrrole, linked together by methene bridges, There
are three different kinds of side chains: methyl, vinyl and
propyl. The complexes with iron are known as hemes, and when
they are bound by the globins the resulting compounds are
myoglobin and hemoglobin,

There are, however, two important differences between
hemoglobin and myoglobin, First, although hemoglobin has four
times the molecular weight of the muscle plgment, its oxygen-
binding equivalence is the same because it has four heme groups
per molecule., Second, the binding of the heme is not the same in
the two compounds and it is found that there is a higher oxygen
affinity in the muscle pigment, a factor which facilitates the
transfer of oxygen from the blood to the cells in the capillaries
(Guzman, 1954),

Kendrew et al. (1960) reported that in myoglobin, the

central iron atom is attached with six bonds. In this case the



14
iron has not contributed any electrons i1tself but has accepted
six palrs from some other atoms, five pairs from nitrogen atoms,
and one palr from oxygen. Four of the nitrogen atoms are in
the porphyrin ring, and one is in the imidazole group of a
histidine molecule in the amino acid chain of the globin, It
is the sixth bond orbital which provides for the function of
the molecules in that this orbital is available for the com-
plexing of any atom which has an electron palr to donste,

Giffee et al. (1960) stated that various known complexes
of heme, globin, and ligands may be grouped in two major classes
of ionic and covalent bond types, each of which contains members
in which the iron is in either the ferrous (2+) or ferric (3+)
state, Insofar as meat color is concerned, the covalent com-
plexes are of the greatest interest for 1t is in this class
that the bpright-red pigments so desired in fresh or cured meats
are found, Oxymyoglobin, nitrosomyoglobin and carbonmonoxymyo-
globin are examples of the ferrous covalent complexes of myo=~
globin with oxygen, nitric oxide, and carbon monoxide, respec-
tively, Two examples of ferric lron covalent complexes are
cyanometmyoglobin and metmyoglobin hydroxide, both of which
have the characteristice red color,

Myogloblin and metmyoglobin do not exist uncomplexed in
solution, and in the absence of strong covalent complexes they
form ionic complexes with water (Fox, 1968).

The oxldation of myoglobin in the presence of reducing

egents results in two other heme plgments; both are green but
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thelr essential character differs, depending upon the type of
reductant used, If the reductant is a sulfhydryl compound,
the resulting green pigment is sulfmyoglobin, a heme pigment
which apparently contains sulfur and is characterized spec-
trally by a strong absorption band at 616 nm in the red portion
of the spectrum, If the reductant ls ascorbate or some other
non-sul fhydryl agent, the princlipal product is choleomyoglobin,
a heme-globin complex in which the porphyrin has been oxidized,
Sulfmyoglobin may be converted back to the original myoglobin,
but choleomyoglobin cannot be reconverted and rapidly breaks
down to yield globin, iron and a tetrapyrrole (Millikan, 1939).

With thils information on the chemical structure of
myoglobin, and related compounds, it is of interest to consider
the chemical reactions involved 1n the production of desirable
or undesirable color changes in fresh or cured meats.

Several generalizatlons may be made relative to reactions
causing color change, as reported by Schwelgert (1956). While
oxygen is required for the oxygenatlon of myoglobin to oxymyo-
globin, a desired reaction in fresh meats, prolonged exposure
to oxygen results in the undesirable formation of metmyoglobin.
The presence of reducing conditions not only keeps myoglobin in
the reduced state, but will convert metmyoglobin to myoglobin.
Myoglobin must be in the reduced state before it will react
with nitric oxide to form the cured meat pigment. Nitrite will

function as an oxidizing agent in the presence of air to convert
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myoglobin to metmyoglobin, an undesirable reaction. When oxi-
dation proceeds to the formation of green combounds, the re-
actions appear to be irreversible. Green compound formation
with an ultimate degradation to colorless compounds, occurs
on prolonged exposure to oxygen, by the action of peroxildes,
by irradiation with gamma rays, and probably by several other
oxidizing condltions. The presence of light catalyzes the
rate of oxidation of these plgments. Nitriec oxide myoglobin
1s much more susceptible to oxidation changes than 1s the
pigment present after the cured meat is heated (Coleman, 1951;
Watts, 1954),

Guzman (1954) suggested that the simplest stoichiometry
for the oxidation of ferrous compounds by atmospheric oxygen

requires four Fe' ¥t equivalents per mole of 0 In the oxida-

2°
tion of myoglobin, which has one Fe++-porphyrin per mole of
protein, George and Stratman (1952a), found an uptake of 2.5
moles, an indlcation that some oxidizable groups of the proteins
were oxidized during this process (tyrosine, tryptophan,
serine...). During the oxidation of the Fe++ compound there
must be formation of intermediates whlch are strong oxidizing
agents, In acld solutlons the oxidation of oxymyoglobin is
first-order with respect to oxyhemoglobin and hydrogen‘lons,

the rate-determining step involving the production of the
perhydroxyl radical (Coryell et al., 1937).

The faster oxidation of hemoglobin and myoglobin when
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compared to the oxlidatlon of the oxyhemoglobin and oxymyoglobin
is an indication that there 1s formation of an auxilliary electron
accepting group in the unoxidized forms of myoglobin and hemo-
globin (Guzman, 1954).

Metmyoglobin, the oxidized form of the plgment, cannot
bind oxygen. 1In the presence of oxygen, therefore, myoglobin
1s converted to two different pigments, metmyoglobln and
oxymyoglobin, the oxidized and bxygenated forms, respectively.
The relatilve proportions of these two forms depend upon the
prartial pressure of oxygen, the formation of metmyoglobin being
favored by low oxygen pressures, Thus, in a plece of fresh
meat, the bright-red color of oxymyoglobin on the surface is
observed where there is plentiful supply of both oxygen and
reducling substances, In the interlor myoglobin 1is in the
reduced state and haé the dark purple-red color. As long as
the tissues' supply of oxidizable substrates lasts, the heme
plgments are retalned in the reduced state, but as soon as
they are used up the reducing power of the muscle is lost, and
the iron of the heme pigment is oxidlized to the brown metmyo-
globin (Brooks, 1929; 1938).

Light-accelerated fading of dyes and other pigments is
well known, Muscle pigments also fade and absorbed light energy
apparently decomposes the pigment, Blue and green light would
be expected to cause the greatest destruction of "heme pigments"

since their strongest absorption bands in the visible spectrum
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lie in this reglon, an exvectation corroborated by experliments
of Archer and Brandfield (1950).

Myoglobin, in its various chemical forms, is not the
only pigment in muscle, but is generally the only pigment
present in large enough quantities to color the tissue, Myo-
globin acts primarily as a storage place for oxygen, and
apparently can be all dlspended without impalrment of muscle
funetion. A number of muscle pigments exlst which are of
greater importance to the living tlissue but which are present
in such small quantities that they contribute 1little or noth-
ing to the total color, Among these are the cytochromes, red
heme pligments which contain iron in a similar porphyrin-protein
complex structure; vitamin 512' a much more complex structure
which contalns the same porphyrin ring as the hemes and the
cytochromes, but which contalns a cobalt atom instead of iron;
end the flavins, yellow coenzymes involved with the cytochromes
in electron transport in the cell, as stated by Giffee and
associates (1960),

Factors Affectinz the Stability of Meat Pigments,
Snyder and Ayres (1961) believe that myoglobin is subjected

to an auntoxidation which 1s not assoclated with bacterial con-
tamination, Since the initlal discoloration occurs 2-~3 mm
below the meat surface (Brooks, 1929), it is difficult to
understand how surface bacterial growth causes the oxldation

of myoglobin at some distance removed, but not in immediately
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adjacent areas,
Pronounced surface discoloration can occur 1in less than
one hour 1f the meat surface 1s brushed with a heavy bacterial
inoculation., Butler et al. (1953), inoculated beef with

Pseudomonas and found that the inoculated samples showed greater

dlscoloration than non-inoculated control samples. Naumann
et al. (1968) reported that in natural conditions contamination
can happen with direct contact with an aged plece of meat, un-
cleaned blocks or cutting boards, and dirty equipment. Any
practice which increases the surface bacterial load on meat
cuts wlll promote surface discoloration,

Rikert et al. (1957a) reported that inoculation with

Achromobacter hastened the return of red color. This red color

is undoubtedly the purplish red myoglobin reported previously
by Butler et al. (1953) as produced by Pseudomonas and later

by Robach and Costilow (1961) for Pseudomonas, Achromobacter

and Ilavobacterium, but no discoloration was noted under the
effect of the microaerophile Lactobacillus plantarum,

Cutala and Ordal (1964) found that initial microbial
load had 1little or no effect upon the rate of metmyoglobin
formation and lts converslon to reduced myoglobin in anaerobl-
cally packaged ground beef,

Microorganisms, both living and dead, and thelr enzymes
on the surface of meat may oxldize both fresh and cured meat

pigments to "methemoglobin" (Jensen, 1954), Butler et al.
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(1953) postulated that the oxidation of meat pigments is pri-
marily due to the presence of bacteria., The explanations for
the effects of bacterla on meat color center upon assumed
influences of the bacteria on the oxldation-reduction potentlal
of the meat (Rikert et al., 1957a).

The destruction of heme by bacteria by direct utiliza-
tion of either the heme or the globin seems to be of little
importance, but the action of various by-products of bacterial
metabolism causes heme damage., The bacteria causing the greatest
discoloration in meats are those whlch produce hydrogen peroxide,
which oxidizes the porphyrin ring to a green compound (possitﬂy
choleomyoglobin) that may be oxidized further to colorless
compounds (Brissey, 1963},

Since bacterial levels affect meat discoloration, rate
of discoloration of meat cuts in the display case is increased
with increased storage temperature. Meat cuts displayed at
38-42°F (4-5°C) may maintain excellent color for periods of up
to three or four days, In general, the normal spoilage bacteria
on cut meat surfaces, at these relative temperatures, willl
multiply ten times more rapidly with each sPp (2,78°C) inecrease
in temperature, as reported by Brissey (1963},

The salable 1ife of both fresh and processed meats
depends to a great extent on the temperature at which they are
stored and displayed. One test (Hockman, 1956) indicated a
reduction of 50% in the salable 1ife of a loin steak if it is
kept at uOoF (h.soc) rather than 350F (1.500). Clark (1956)
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reported tests by a large grocery chaln showing that an 1llumi-
nation of 40 fc. {(430.4 1m/m2) from 150 watt reflector lamps
ralsed the surface temperature of transparent wrapped meats
in a self-gervice display case 2 or 3°F (1.6-2.200) above the
35°F (1.500) amblent, Fluorescent lamps have only about 1/5 as
much radiant heat per foot-candle as filament lamps. This is
in agreement with work done by Hockman (1956) who stated that
filament lamps emlt a relatively large amount of radiant heat
that can have the effect of ralsing the temperature of exposed
surfaces of meat in refrigerated show cases.

Clauss et 21. (1957) reported that in general, total
organcleptic quality, flavor and color of all meats were main-
tained better at relatively low temperatures, Storage at
around 34°F (1°C) was better in prolonging good quality 1life
of fresh lamb from grain-fed animals, than storage at 40°F
(4.5%).

Jensen (1954) showed that meats held under refrigeration
may develop a flora of psychrophilic bacteria. These are
bacteria that grow at temperatures near freezing, although the
growth is slow,

Brissey (1963) stated that an unattractive brick red
color results as cut meat surfaces lose surface moisture., Low
humidities, excessive alr movement and non-molsture-prcof
packaging material promote surface drying. Plrko and Ayres
(1957) indicated that insofar as color changes are concerned,

cxygen transmission through the packaging material may be of
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more importance than water vapor transmission provided that
water losses do not cause the meat to be severly deslccated,
Brissey (1963) further added that surface drying does not
entirely inhibit surface bacterlial growth, but protection
against drying may set up a moist surface condition that
requires optimum sanitation measures and temperatures 1if more
than one day's dlsplay case 1ife 1s required,

Fresh meat packaging films will maintain the bloom of
the meat for several days If proper care is taken to guard
agalnst other discoloration factors. With a non-moisture-
proof film, a dried surface and hard brick red color is developed
in a short time as cited by Brissey (19613).

Mackinney and Little (1962) stated that oxymyoglobin is
falrly stable at high oxygen pressures and the question arises
whether to package fresh meat in an oxygen-permeable film,
Given an impermeable film, the metmyoglobin may be reduced to
myoglobin because the meat proteins have some reducing capacity.

Brissey (1963) suggested that with fresh meat the use
of a vacuum package and an oxygen lmpermeable film always pro-
duce a dull purple-red color. It is generally accepted that
this purple-red color does not have the appeal of the bdbright
red color mailntalned with proper fresh meat packaging film,.
However, a vacuum package does provide a longer display-case

life, This results because of the fact that the vacuum package,

and the oxygen lmpermeable film provide a nearly oxygen-free



23
packagling which is not conducive to the growth of the normal
spoilage-bacteria found on meat, Jaye et 2l. (1962) stated
that there is a growing utilization of vacuum packages on
fresh ground beef., The consumer has found that when the meat
is removed from the package, the characteristic red color is
aquickly formed.

Various packaging materials for fresh meat were studied
by Kraft and Ayres (1954a), to determine their ability to pre-
serve the deslrable bright-red color of meat. These investi-
gatlions concluded that packaging materials that preserve the
desirable color of meat in the early phases of storage enhanced
rapid growth of microorganlisms,

Rikert et al. (1957b), reported that no one film is
best sulted for packaging all types of meat. The best results,
as far as color is concerned, are obtained by packaging each
type of meat in a specific package. In most cases, the dif-
ference between long and short storage, ls not significant,
but some films were considered better for short rather than
long storage,

The replacement of the vacuum by carbon dioxide (Rikert
et al., 1957¢) or nitrogen (Rikert et al., 1958) ylelded re-
sults essentlally similar to those reported for the vacuun
studies, As oxygen replaced nitrogen or carbon diloxide in
these same studles the development of metmyoglobln was retarded,

Fellers et al. {(1963) reported that partial pressures of oxygeh
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above those in the normal atmosphere were advantageous for pre-
serving the oxymyoglobin redness of meat, Baush (1966) stated
that 760 mm of oxygen pressure, or any OXygen pressure above
that found in the atmosphere, will keep red meat for an "excep=-
tional" time period., Studies by Snyder (1964) further supported
the results previously clted,

Freezing and storage temperatures of frozen meat have
a marked effect on color, Color stabllity of frozen meat 1is
enhanced by freezing and storage treatments that produce and
maintain intracellular ice crystals (Lawrie, 1966). Ramsbhottom
and Koonz (1941) compared freezing temperatures of =12,2°C and
-3#.400 and found the slower frozen meat to be darker. Based
on histological evidence, they attributed the darkening to
large, mostly extracellular lce crystals resulting in less
scattering of light.

Frozen meat when stored at relatively high temperatures,
10 to 25°F (-12 to -300), will discolor even though it was
originally quick-frozen and did originally have a bright-red
color, The rate of discoloration can be very rapid, a matter
of just a few weeks at temperatures around 25°F (-3°C). Much
of the discoloration in fresh meat in freezer display cases ls
due to the fact that the frozen meat cuts are not held at
temperatures of 0°F (-18°C) or lower, as stated by Brissey
(1963).

The position of the meat cut in the case can affect the
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color of the packaged meat item. Very often the package 1s
placed too high in the case and does not have the advantage of
the proper freezer temperatures., In addition, the fluctuation
of temperatures due to defrost cycles and surface warming due
to radiant heat from high intensity light may contribute to
more rapld discoloration in the display case than is found in
the closed freezer (Gould, 1963).

Frost accumulation in the package when the film is not
In close contact with the meat surface will produce surface
meat dehydration as suggested by Brissey (1963). Further,
Brissey adds that dehydration detracts from the appearance of
the meat and if 1t continues to develop under prolonged storage,
will cause a decrease in the julciness of the meat and lead to
undesirable flavor of meat when cooked.

The effect of temperature on myoglobin in the absence
of oxygen was studied by Cutala and Ordal (1964). In this
situation, myoglobin or oxymyoglobin were partially oxidized to
metmyoglobin and then reduced again to myoglobin., As the storage
temperature was increased from 30° to 68°F (-1° to 20°C), the
time for formation of significant levels of metmyoglobin decreased,
resulting in a lower maximum quantity of metmyoglobin being
observed at the higher temperatures. Thus, it appéars that
reducing enzymes may be stimulated by temperature increase to
convert metmyoglobin to myoglobin at a greater rate than the
mechanlsm converting oxymyoglobin to metmyoglobin. In addition

there may be some difference Iin the rate of the two processes
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as a function of the energy requirement effect presented by
George and Stratmann (1952b), which showed that oxymyoglobin
oxidation required an activation energy of 25 Keal, whlle the
myoglobin-metmyoglobin reaction had an activation energy of
only 19 Kcal.

Susceptibllity of frozen meats to fading by light is

similar to that of meats kept at temperatures between 32°F

(OOC) and MOOF (4,500). Cured, smoked, and table-ready meats
that have been sliced and frozen are much more susceptible to
light discoloration than frozen fresh meats (Ramsbottom et al.,
1951).

As reported by Kempschmidt (1955), light is known to
cause the dissoclatlon of carbon monoxide hemoglobin, He also
demonstrated that light caused the dissociation of nitrosomyo-
globin, formlng oxymyoglobln, since this compound 1ls not dis-
sociated by light.

Watts (1954) postulated that fresh meats are not materially
discolored by display case lighting durling a three-day perilod,
Longer display periods may bring about discoloration, primarily

a result of mleroblal development,

Ramsbottom et al. (1951) found that fresh meats became
only partially discolored after display for 36 hours under ultra=-
violet 1ighting of 60 fc (645.6 1m/m?) or less illumination,

In displaying the bright, natural colors of meats when

the 1light intensity at the level of dlsplay was approximately
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the same, "Deluxe Cool White" fluorescent, "Soft White" fluores-
cent and incandescent-tungsten fllament lamps were superior to
all others tested (Clark, 1956).

Barr et al. (1952) reported that the "Deluxe Cool White"
lemps appeared to define clearly the natural white color of the
fatty tlssue and the natural bright-red color of the lean meat.
The greater amount of red in the 1llumination of the incandes-
cent and "Soft White" fluorescent lamps gave the fat & yellowish
cast., ©Since fresh meats containing white fat are preferred by
the trade, a slight color advantage may be galned by the use of
"Deluxe Cool White" fluorescent lamps.

Ramsbottom and co-workers (1951) found that the rate of
discoloration of fresh meat exposed to 60 fc (645.6 lm/mz) was
between two and three times as fast as those exposed to 20 fec
(215.2 1m/m?).

In spectral reflectance studies made on sliced bologna,
Taylor and Pracejus (1950) reported that the same fading will
be produced by 20 fe (215.2 lm/mz) for 10 hours as is produced
by 200 fe (2,152 1m/m2) for one hour,

There has been conslderable speculation as to whether
certain wavelengths in the visible spectrum are primarily
responsible for discoloring meats, Townsend and Bratzler
(1958) stated that steaks stored under orange and red filters
and under neo filter showed the largest amount of metmyoglobin
formation, They showed that wavelengths of light between 560

and 630 nm (yellow and orange portion of the spectrum) seem to
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be responsible for color degradatlon of packaged frozen meat.
Frozen meat stored under green and red fluorescent light,
seemed to have better color stabllity.

Data reported by Kampschmidt (1955) showed that the
energy absorbed from wavelengths between 350 and 580 nm will
result in more dissociation than from the upper range of the
visible spectrum,

Archer and Brandfield (1950) used filters selected for
their abllity to absorb wavelengths in the 400 nm range and
interposed them between the fluorescent source and the meat
product, They have found a significant increase in the time
required for least perceptible dlscoloration of the meat.

Allen (1949) showed no effects on color which could be attributed
to the color of light in the vislible spectrum,

Hockman (1956) stated that intensity seems to have a
greater effect than does the color of light and more fading
occurred when the meat was exposed to near ultraviolet and
less with yellow light in cured meats. Ramsbottom et al. (1951)
showed that meats discolored Just as quickly under incandescent
light as they did under fluorescent light. These data are in
agreement with studies reported by Taylor and Pracejus (1950)
who stated that within experimental errors, the fading or color
change was ldentlical under the two sources for equal exposure
in foot-candles per hour,

Ramsbottom et al. (1951) reported that fluorescent lamps
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used In display cases do not emit ultraviolet rays in signifi-
cant amounts, and discredits statements to the effect that dis-
play~case discoloration of meat is caused‘by ultraviolet rays.

By using filters to absorb ultraviolet rays, it was demonstrated
that the meat discolored just as quickly with or without the
filters, vrovided the light intensity was the same, These obser-
vations are in agreement with those reported by Pracejus (1949).
The earlier statement regarding ultraviolet emission of

the fluorescent sources 1s contradictory in view of recent con-

cepts. Thorington and Parascandola (1967) stated that the
Deluxe Cool White fluorescent source emitts roughly 80 microwatts
per lumen of ultraviolet radiation.

Ramsbottom et a1. (1951) also stated that cured meats
were discolored to a lesser extent by a 36 hour exposure to
Wltraviolet rays, than when exposed for a similar perlod to
fluorescent light of 60 feo (645.6 1m/m2) intensity. Conversely,
fresh meats were not discolored after a 36 hour exposure to
luorescent light, but they did change color after a similar
exposure to the ultraviolet rays.

Kraft and Ayres (1954a) studied the intensity of "Soft
White" fluorescent light and found that it was unimportant in
influencing the course of discoloration of packaged fresh beef
or development of the surface ofganisms. They recommended dis-
play of fresh meat in self-service markets using high irtensi-

tles of "Soft White" fluorescent light without the occurrence
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of undue discoloration, These researchers (Krarft and Ayres,
19542) indicated simllar results when round stesks wrapped in
MSAT-80 cellophane were subjected to 7 to 10 fe (75.3 to 107.6
1m/m?) of wltraviolet light at 2.5°C. The reflectance rapldly
decreased during a two-day storage and the color became brown
compared to red for steeks dlsplayed under fluorescent lights,

However, beef wrapped with Visten-C (0.001 in., low transmittance

film, particularly below 320 nm) was not affected by the two
types of 1light in the same manner as was meat packaged with
MSAT-80 cellophane, It appears that "Soft White" fluorescent
light produced greater discoloration than did germicidal Wltra~
viclet light, From display observations it seémed that the
intensity of ultravieolet radlation on the surface of beef
packaged with Visten~C was not sufficlently great to cause
as marked discoloration as that which occurred when the meat
was wrapped with the more transparent cellophane,

Further, Kraft and Ayres (1954a) stated that there was
a higher moisture loss in steaks under ultraviolet light than
those under fluorescent light. Duggen (1936) and Haurowitz
(1950) suggested that affinity of proteins for water is decreased
as a result of denaturation by wltravlioclet radlation.

Beef exposed to ultraviolet light exhibited more drastic
changes in color and reflectance than those noted for similarly
packaged beef held under fluorescent light (Kraft and Ayres,

1954a), When the beef was displayed under ultraviolet lights,
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the reflectance rapldly decreased durling storage for two days,
and the color of the samples was a dark brown in contrast to
the dull red color of the meat displayed under fluorescent
light, The reflectance and color changes of beef wrapped in
cellophane and displayed under 50 and 150 fc (538 and 1614 lm/mz)
of fluorescent 1light were similar and corresponded to those
observed when cellophane-wrapped beef was stored in the dark,
Measurements of spectral reflectance and visible color changes
indicated that uwltraviolet light caused rapid oxidation to
metmyoglobin to produce marked discoloration of fresh beef
early 1n storage, whereas similar discoloration with dlsplay
under fluorescent light required a longer exposure period and
resulted from a combination of desiccatlion of the meat and
oxidation of the pigment,

Voegell (1952) found that the intensities of light
employed, up to 215 fe (2313.4 lm/mz) did not affect the rate
of color change of unwrapped samples under comparable storage
temperatures, The increased temperatures from the light
sources reduced the shelf 1life of both wrapped and unwrapped
samples, Gould (1963) studied high intensities of illumination
and reported that incandescent light contributed to increased
surface heating and rapid discoloration of fresh pork chops,
but 1ight intensities that did not increase surface temperature
had no effect on discoloration of fresh pork chops.

Bikert et al. (1957a) and Clauss et al. (1957) reported
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data indicating that light versus dark storage had little
effect on the color of fresh meat. The effect of lighted
storage upon the color of cured meat was deleterious except
in the case of cuts of ham in "film 15" (cellophane-pliofilm
laminate, pliefilm inside, with low vapor permeability and
0.019 ¢¢/100 sq. in,/24 hrs. [0.0029/1.0 m2/2u hrs] oxygen
permeability) during a long storage period. Clauss et al.
(1957) further stated that the organoleptic quelity of the
product was not altered under light and dark storage.

Marriot et al. (1967) showed that color deseription
and color desirability scores of prepackaged fresh beef steaks
changed only slightly durling ten days of dark storage at
30°F [-IDC). In contrast, steaks that were continuously dis-

played under light were scored lower for color and desirability

after three days than those stored in the dark and these dif-
ferences became progressively greater as the display period
increased. 'Likewise, steaks dlsplayed after 3, 5, or 7 days
dark storage were scored lower and these differences became
progressively greater as the display period increased. No
significant difference was observed in color desirability
scores attributable to packaging material.

Rate of frozen meat color deterioration is proportional
to the amount of light exposure as reported by Ramsbottom
et al. (1951) and Taylor and Pracejus (1950).

Lighted display following dark storage stimulated the
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growth of bacteria. Whether presence of light, or slight in-
crease in surface temperature due to light radiation stimulated
growth of bacteria was not determined (Marriot et al., 1967).
Although lower light intensity was used in this study than the
study reported by Voegeli (1952), the results obtained further
confirm the conclusions that fluorescent light causes discolora-
tion of packaged fresh beef. However, these results do not
support the report of Kraft and Ayres (1954a) that Soft White
fluorescent light intensity was unimportant in causing discolora-
tion,

Field inspections of meat discoloration by Archer and
Brandfield (1950) revealed that at 40°F (4,5°C), a fluorescent
source with 93 fc¢ (972.6 1m/m2) required one hour to produce
perceptible discoloration whereas approximately 159 fc (1708
1m/m2) were needed for tungsten sources. The discrepancles
become even greater at lower temperatures, thus at 35°F (1.500)
the fluorescent source required 135 fe, hr. (1452.6 lm/mz) and
the tungsten source required 300 fe. hr., (3228 1m/m2) to produce
equal amounts of perceptible discoloration., These differences
suggested that the yellow and red predominance of tungsten
sources was advantageous when considering the display lighting
of meat for more reasons than appearance alone, The same
researchers found that for prepared meats wrapped in cellophane

and exposed to illumination levels between 50 and 150 fe

(538-1614 1m/m?) the tine required to produced "least perceptible



34
discoloration" is a function of time, temperature, quantity

of illumination, and the spectral aquality of the light.
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Chapter 3

EFFECT OF DISFLAY LIGHT INTENSITY ON COLOR STABILITY
OF FROZEN BEEF CUTS IN TRANSPARENT FILNM

The modern meat industry is moving towards centralized
cutting and processing of products for economic reasons, MNore
efficient use can be made of machinery and work planning is
more efficlent, Freezing of meats is a loglcal and necessafy
step in this integration. Frozen products should have an
extended shelf 1ife, as compared to fresh meats, especially

under the distributlion system needed for central meat cutting.

Central meat cutting also offers greater standardization
and improved distribution of individual retail cuts in that

each cut could be sent to its highest demand area.

Color is one of the most lmportant factors determining
the acceptance of frozen products, Since the bright red color
of oxymyoglobln has been identified with fresh, wholesome meat,
the consumer relies on the color criterion as a basis for
acceptance or rejection. If the color of the meat is not
acceptable, there 1s no polht in considering other factors,
such as flavor, tenderness, texture, nutritional vaelue, etc,

A wide variation is found in retall stores with regard
to meat display case lighting type and intensity. The appro=-
priate source of illumlnation and the correct intensity level
to avold accelerated darkening of the bright oxymyogloblin pig-

ment should be developed,
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This study was undertaken to investigate the effect of

two different light sources, and varlous light intensity levels
on display case color stabllity of beef steaks prepackaged in

transparent film,

EXPERIMENTAL PROCEDURES

Sample Selection, Preparation and Display.

Beef loins were purchased at a commercial packing company.

Each of the eight replications consisted of paired beef loins,
selected to have a "small" longissimus dorsl marbling score at
the twelfth rib, Ten steaks from each loin pair, each 2.54 cnm
thick, were randomly assigned to one of ten treatments which
conslsted of all possible combinations of two light sources:
fluorescent (Deluxe Cool White) and incandescent with a Holophane
Prismatic Refiectance fixture (Holophane Company, Inc., 1963),
and flve display light intensities (0, 807, 1076, 1614, and
3228 lm/mz) at product level. Steaks were required to have a
psoas major muscle large enough to cover the aperture of the
reflectance spectrophotometer,

Other factors such as bloom time, freezing rate, display
temperature, and packaging material were carefully standardized
for all steaks,

| After ecutting, steanks were held at room temperature for
at least 30 minutes to develop the bright-red oxymyoglobin pig-

ment before being frozen,
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The freezer chamber of a liquid nitrogen simulator freezer was
pre-chilled to -18°C, before placing steaks on the freezing
rack, The system was programmed to go through the following
cycle: -1800 for 1/2 min, -6000 for 1/2 min, -8700 for 1 min,
-115.?00 for 1 min, -14300 for 1 min, and allow to temper for
another 1 minute, Timing at each temperature was begun when
chamber temperature reached the prescribed level; consequently
the total cycle time was eight to nine minutes, Following the
freezing cycle, steaks were allowed to obtain a bright-red
surface color again before belng packaged,

Skin-tight, transparent packaging material was used.
The Iolon/ Iolon (Dupont) film used has s permeability of
b, 652-7,752 cc/ m2/ 24 hrs. (300-500 cc/100 sq. in./ 24 hrs). This
permeability is given for room temperature (21°C) and is not
avallable for sub-freezing temperatures,

The open top display case temperatures were maintained
at ~21°C at the product level and cases were set to defrost
twice in a 24 hour period. Product surface temperature never
rose above ~9.4°C (fluorescent, 3228 1m/m2) and —?.700 (incandes-
cent, 3228 1m/m2), during the defrost cycle. It took from two
hours and 40 minutes to three hours for the product to return
to its original temperature after initiation of defrost. The
alr temperature returned to its original level in from 50 min

to three hours after initiation of defrost cycle.

Color Determinations,

Subjective color scores and objective color determinations
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were taken over a period of 42 days, at the following intervals:
immediately post-freezing (Day 0), 24 hours later (Day 1), and
after frozen displey for 3, 7, 21, and 42 days.

Subjective color score (both the longissimus dorsl and
the psoas majon for each steak at each time period was determined
under both lighting systems, regardless of display lighting
used, All steaks were scored at the same light intensity,
namely 1076 lm/m2 to the nearest 0.5 point on the following
scale; 1. very bright: 2. bright; 3. slightly dark; 4, dark;
and 5, extremely dark,

A Bausch and Lomb 600 spectrophotometer with reflectance
attachment was used to objectlvely measure the surface color
changes, The apparatus was calibrated to read 100% reflectance
with a block Mg003 skin-wrapped in the same packaging material
as the cuts, in order to avoid effects due to packaging. Percent
of reflectance was measured from 400 to 700 nm at a recording
speed of 250 nm/ min., A black rubber gasket slightly larger
than the aperture of the reflectance attachment was placed
between the package and the reflectance sphere to insure a
minimum effect from thawlng during the coler scan and to reduce
the entrance of stray light.

Reflectance values were read to the nearest 0.1% at wave-
lengths of 474, 525, 572, 582, 600, 630, 650, and 685 nm,

Ratlios of reflectance readings at 474/525, 572/525,
582/525, 630/525, 685/525, and 685/474 nm were calculated.

Total area under the reflectance scans was measured as well as
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areas under the blue portion (450 to 474 nm) and red portion
(630 to 700 nm), Ratios of the red area/blue area were also
calculated,

Statistical Procedures,

411 data were subjected to a two-way anaelysis of variance

and least-significance difference procedure, to detect differences
in treatment means., Simple correlation coefficlents were come
putecd between the visual score for each reflectance reading,
ratios, and areas, These were calculated separately for both

the longissimus dorsi and the psoas major muscles and for light

sources under which color score was determined.

RESULTS AND DISCUSSION

Display Temperature.

Beef steaks dlsplayed under the incandescent source were
subjected to higher surface temperature (Figure 1) than beef
steaks displayed under the fluorescent light (Figure 2). Steaks
displayed under 3228 ]umen/meter> (1m/m2) incandescent, went
from —12°C up to -6.500 during the defrost cycle, whereas the
fluorescent-display steaks had a maximum temperature of -9.500.
Even under 0 light intensity, the incandescent case was about
3°C warmer so adjustment of case temperature was not entirely
satlsfactory,

Displaying steaks under 1614, 1076, and 807 1m/m® did not

Increase surface temperature noticeably for elther of the display
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sources, Steaks displayed in the darkx showed the lowest sur-
2

face temperature, ss expected. Display at 3228 lm/m resulted

in the greatest elevation of temperature, roughly ?OC above

dark-display steak temperature in both cases.

Light Source.
Mean visual scores for the lorglssimus dorsi and psoas

najor muscles are presented in Table 1. When longissimus dorsi
muscles were visually scored under the same lightling they were
displayed under, no difference was noted between steaks dis-
played under incandescent (Holophane Prismatic Reflectance
fixture) or Deluxe Cool White fluorescent at 0 time and after

3 or 7 daysz of display. Those displayed under incandescent
were brighter after 1 and 21 days of display and those under
fluorescent were brighter after 42 days.

This effect was questioned because the incandescent
lighting may have masked color deterioration. Consequently,
all steanks were also scored under the opposgite lighting system.
All color scoring was at 1light intensity of 1076 lm/mz. Steaxs
displayed under fluorescent lighting and scored under incandes-
cent lighting had a brighter color at each time periocd than
those displayed under incandescent and scored under fluorescent,

Results for the psoas malor color evaluatlon are similgr.

This suggests that fluorescent lighting caused less

color deterioration in frozen beef gteaks, However, the incan-
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descent source resulted in a brighter color when visually
appraised., Hansen and Sereika (1969) indicated that illumina-
tion of prepackaged frozen meat accelerated deterioration of
color but this rate of deterloration is essentially the same
for fluorescent or incandescent light sources, These findings
do not concur with what was found in the present study.

The accelerated color deterloration of steaks displayed
under incandescent lightling may have been due to the elevated
product surface temperatures,

A summary of percent reflectance at 630 nm is presented
in Tables 2 and 3, At 0 and 1 day steaks 'displayed under
fluorescent lighting showed greater reflectance at this wave-
length and a trend 1s shown 1n the same direction after 3 and
7 days. Higher reflectance at 630 nm indicated less metmyoglobin
since Hansen and Serelka (1969) reported greater absorbancy at
630 nm to be related to more metmyoglobin,

Ultraviolet radiation, wavelengths shorter than 400 nm,
emltted by the Deluxe Cool White fluorescent source, was reported
to be around 75 microwatts per lumen (Thorington and Parascandola,
1967)., Incandescent sources are regarded as very low emitters
of U. V. radiation; in fact less than 0.1% of the input wattage
(I.E.S., 1966),

Most infrared radiation 1s 1n the near part of the
spectrum (shorter wavelength) with relatively little in the

far infrared, for the incandescent source (I.E.S., 1966).
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Radiation amounting to 70% 1s emitted as infrared and 10% as
light (General Electric Company. No date). The energy of the
Deluxe Cool White fluorescent lamp includes 36% emitted as
infrared radiation and 22% as light output. The rest, 42%, is
dissipated as heat.

The smooth curve of the fluorescent source represents
the light resulting from phosphorus excitation., Some visible
light is generated dlrectly by the mercuric arec, and the bars
added to the top of the cu show where this energy is con-
centrated (Figure 3). Thi, urce 1s high in yellow and some-
what lacking in red, but would have a predominant spectral out-
put near the blue end of the spectrum'(General Electric Company,
1970).

Tungsten-incandescent sources are quite defieclent in
blue, nevertheless are well-balanced to accentuate meat color,
The Holophane fixture filters out a large portion of wave-
lengths between 550 and 650 nm; hence, there should be a larger
proportion of wavelengths emitted at 540 to 610 by the fluores-
cent source. The apparent lack of harmful eflfect on meat color
stabllity of the lluorescent source, 1s not in agreement with
Townsend and Bratzler (1958) who reported that beef steaks dis-
played under fluorescent light at wavelengths of 560 to 630 nm

were subjected to an accelerated discoloration.

Intensity.
Display light intensity at different levels (Tables 4 and 5)
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significantly (P<0.01) affected the visual score of the longis-
slmus dorsl muscle from day 1 up to day 42, At all time periods,
the brightest visual score was noted for steaks dlsplayed at
0 1m/m2 intensity whereas those at 3228 1m/m2 showed a rapid
increase in the visual score, from 1.54 to 4,06 (longissimus

dorsi) and from 2,36 to 4,78 (psoas major). Color value for

steaks stored in the dark display remalned quite constant for
the entire 42-day display period. Furthermore, these two inten-
sities deviated significantly from 807, 1076 and 1614 1m/m2.

In general, 807 and 1076 were not different nor were 1076 and
1614, but 807 and 1614 1m/m2 presented variations in gll time
periods with greater color deterioration at the higher inten-

sity. The same pattern was found for the psocas major muscle.

Reflectance at 630 nmn (Tables 2 and 3) generally sub-
stantiates visual score results since steaks at 0 1ight inten-
sity reflected more 1light at 630 nm and those at higher light-
ing intensity tended to have less reflectance at this wave-
length,

Reported evidence is in agreement with data presented by
Voegeli (1952), Townsend and Bratzler (1958), and Hansen and
Sereika (1969) who stated that samples kept in dark storage
remained unchanged, Levels of 1llumination above 2152 lm/m2
(200 fc) caused rapid degradation of frozen meat color as
noted by Hansen and Serelka (1969).

Significant interactions between lighting type and inten-
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sity with respect to visual score were calculated at 1, 3, 7

and 21 days for the longlssimus dorsi and at 1, 7 and 21 days

for the psoas major. Muscles displayed under incandescent

lighting tended to have brighter scores with lower intensity
illumination (807, 1076 1m/m2) whereas they had darker scores
under the highest lighting intensity. Reflectance at 630 nm
generally did not show this difference,

Percent Reflectance Chanees with Display Time.

Means for various objective measurements at each time
period are presented in Tables 6 and 7. Reflectance values at
630 and 650 nm for the longissimus dorsi and psoas major, pre-
sented a decrease from day 0 to day 42. These lower values at
the end of the display period may indicate larger proportions
of metmyoglobin. Mean percent reflectance at 474, 525, and
572 nm did not change much from time period to time period
while that at 582 nm tended to increase with display time.

Ratlo of reflectance at 630/525 nm showed a progressive
decline of the mean values through the display period. The
values for the ratios 572/525 nm and 582/525 nm presented an
increase from day 0 to day 42, Hansen and Sereika (1969)
stated that the absorbancy ratio 630/525 nm would indicate
the amount of oxymyoglobin being converted to metmyozlobin,
therefore a declining reflectance ratio also 1ndicates this
change, The other ratios (572/525 nm and 582/525 nm) were
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calculated as suggested by Snyder and Armstrong (1967) and
Hansen and Sereika (1969) respectively, and should indicate
an increase in the concentration of metmyoglobin,

Reflectance scan areas indicate greater or lesser light

reflectance in blue and red areas of the spectrum and it was
felt that total scan area should be related to lightness or
darkness of muscle. A slight decrease in red reflectance was
noted with increasing time and total light reflectance tended
to decrease in the psoas major but this trend is not apparent
for the longissimus dorsi muscle sampies. Means of other objec=-
tive color measurements for the psoas major muscle disclosed
the same pattern as the Jlongissimus dorsi.

These results are in agreement with those reported by
Kropf gt gl. (1970) who stated that reflectance at no wave-
length studied under 600 nm was signiricantly correlated to
visual score, but wavelengths from 610 to 700 nm were equally
correlated to visual score (r from -0.58 to =0,66), A darker
color evidenced less reflected light at higher wavelengths.

| A correlation coefficient of 0.87 between percent reflec-

tance at 685 nm and visual score for beef was reported by
Ockerman and Cahill (1969), Results of this study do not
support this high correlation as reflectance at 685 did not
change much as discoloration increased. Pirko and Ayres
(1957} indicated that minimal reflectance at 635 nm (maximal

metmyoglobin content) coincided with higher reflectance readings
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for myoglobin and for oxymyoglobin (lower content of these two
pigments). Franke and Solberg (1970) have directly related the
height of the absorbance peak at 632 nm to metmyoglobin concen~
tration, Furthermore, reflectance minima for metmyoglobin were
reported by Ginger et al. (1954), at 635 nm which may substan-
tiate the findings of the present study in regard to highest

correlations scores being at 630-650 nm percent reflectance.

Visual Score Correlations,

The highest correlation coefficients between visual
score values and percent of reflectance appear to be found at
wavelengths of 630 nm and 650 nm, for both muscles (longissimus
dorsi and pgsoas major) at most time periods, as presented in
Tables 8 and 9,

The reflectance ratios 630/525 nm and 582/525 nm generally
presented the highest correlations with the visusl scores for
the pspoas major muscle, However, similar correlations were low
and lacking in significance for the reflectance ratios of the

longlissimus dorsi muscle, All correlations generally were low

at day 0 when little color variation exists.

In general, reflectance values lower than 600 nm were
insensitive to color deterioration. A gradual decrease in
reflectance of values above 600 nm was noted as discoloration
proceeded, This is in accordance with research reported by
Allen and associates (1969) working with fresh beef lopgissimus
dorsl muscle, These workers also found that the ratio 474/525 nm
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tended to decline as the color of the fresh beef brightened and
increased as color deteriorated, but this observation was not

corroborated in this study.
SUMMARY

Display color stability of frozen beef longissimus dorsi
and psegs malor in transparent film was evaluated using two
light sources (Deluxe Cool White fluorescent and incandescent
with Holophane Prismétic_Reflegtance fixture) at five different
intensity levels (0, 807, 1076, 1614 and 3228 lm/mz). Color of
the steaks was evaluated under the display lighting source and
also under the opposite source. Subjective visual score and
objective measurements (reflectance spectrophotometry) were
recorded immediately after freezing and packaglng and also
after display at -21°C for 1, 3, 7, 21 and 42 days.

Fluorescent display lightling appeared to cause less dis-

coloration on frozen beef longissimus dorsi and pscas major

muscle. However, the incandescent source enhanced the appear-
ance of frozen steaks and may have masked discoloration.

A display intensity of 3228 1m/m2 was found to accelerate
discoloration whereas 0 1m/m2 resultec 1n excellent color stabi-
1ity. Intermediate intensities gave no appreciable difierence
between 807 and 1076 lm/mz. nor 1076 and 1614 1m/m2, but at 807
the steaks retained a more desirable color longer than at 1614

1m/m2.
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Interaction between lighting type and intensity with the
Incandescent source resulted in brighter visual scores after
all display perlods at lower levels of 1llumination (B07 and
1076 lm/mz) whereas the fluorescent source was superior at the
highest intensity (3228 1m/m?).

Correlation coefficients between visual score and per-
cent reflectance were higher at wavelengths of 630 nm and up,

for both musecles, Correlation coefficients between reflectance

ratios and visual scores showed low values for the longissimus

dorsl; however, generally high correlations were evident for
the,gﬁggg‘ggigx visual scores and percent of reflectance ratios
at 582/525 nm and 630/525 nm. The reflectance scen of the red
area showed consistent and negative correlations with the visual
appraisal over the various displéy periods (the higher the red
reflectance values, the brighter the color), Other areas and
ratio of the area, percents of reflectance and reflectance
ratios, were not consistently or strongly related to the wvisual

scores,
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APPENDIX



Visual color score scale,

APPENDIX A

and treatment combinations

Visual Score

1.

Very Bright
Bright
Slightly Dark
Dark

Extremely Dark

Time Periods

Frozen day 0
Frozen day 1
Frozen day 3
Frozen day 7
Frozen day 21

Frozen day 42

74

time period identiflcation,

Ireatment Combinations

1.

Fluorescent
Fluorescent
Fluorescent
Fluorescent
Fluorescent
Incandescent
Incandescent
Incandescent
Incandescent

Incandescent

807 lumen/meter

1614 lumen/meter

0 lumen/meter?

807 1umen/meter2
1076 lumen/meter2
1614 1umen/meter2

3228 lunen/meter>

0 lumen/meter2

2

1076 lumen/meter?2

2

3228 lumen/meter2



APPENDIX B

List of the objective color measurements
(longissimus dorsi and psoas major)

Percent Reflectance

1.

- 4 B F R D

L7 nm
525 nm
572 nm
582 mm
600 nm
630 m
650 nm

. 685 nm

Reflectance Ratios

9.
10,
11,
12,
13,
14,

4W7l/525
572/525
582/525
630/525
685/525
685/474

Reflectance Scan Area

15, Total area (400-700 nm)

16, Blue area (L450-474 nm)

17. Red area (630-700 nm)

18, Area ratio: Red area/Blue area
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APPENDIX H-8

scan blue area of frozen beef Jongissimus dorsl muscle

(F)

The effect of display lighting type and intensity on reflect
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superseript letters are not significantly different (P < 0.05).
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1Means of the same set of observations within the same column bearing similar or no

¥Light intensity in lumens/meter
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Frozen beef steaks were stored at -21°C and the color
stability during display was evaluated, Two light sources
(Deluxe Cool White fluorescent and incandescent with Holophane
Prismatic Reflectance fixture) and five intensity levels (O,
807, 1076, 1614 and 3228 1m/m2) were compared during a display
period of 42 days, Objectlive and subjective color measurements
(reflectance spectrophotometry and visual scbre, respectively)
were recorded immedlately after freezing, and then at day 1,
3y 7y 21 and 42, Eveluation were made on both the longissimus

dorsl and psoas major muscles,
Fluorescent display lighting caused less color deteriora-

tlon in frozen beef steaks. However, the incandescent source
resulted in a brighter color when visually appraised, due to
some masking of the deterioration by the light.

A pronounced effect on meat color deterloration was
observed with a light intensity of 3228 lm/mz. whereas 0 lm/mz
showed no effect and resulted in excellent color stablility.
Intensities of 807 and 1076 1m/m2 were found not signiflcantly

different (P<0.05), nor were 1076 and 1614, but the difference
was significant between 807 and 1614 1m/m2 with the discolora-
tion greater at the higher intensity.

Significantly different (P< 0.05) interactlons between
lighting type and intenslity were found. The incandescent source
produced brighter color scores at low intensities (807, 1076

lm/mz), but at the highest intensity (3228 1m/m2) the fluorescent



source appeared to be superior,

Percent of reflectance at 630 nm and 650 nm indicated
larger proportions of metmyoglobin at the end of the display
perlod, Correlation coefficlents between the objective measure-
ments and visual score were low at day O when 1little color
varlation exists, but greater values were found at 630-650 nm
for both muscles, at most time periods. Visusl appralsal
score and percent of reflectance correlations at W74, 525, 572,
582 and 600 nm, were low and non significant., The ratios
boh/s25, 572/525, 685/525 and 685/474 nm falled to show any
relationship with visual score, nor did the percent reflectance
scan areas, blue (450-474 nm), red (630~700 nm) and total
(400-700 nm), and the ratio red/blue area.

The mean of all reflectance values of 630 and 650 nm
decreased whereas the mean value at 582 nm tended to increase
from day O to day 42, Progressive decline of the ratlo 630/525
mm end an increase for the ratios 572/525 nm and 582/525 nm
was observed during the display time. This pattern was found

for the longissimus dorsl as well as for the psoas major muscle.




