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XV

ORGANIZATION OF THE THESIS

This thesis is presented in a series of chapters.

Chapter I is a general introduction of the thesis. Chap-
ter II contains a review of the literature pertaining to the
topics and subjects included in the following chapters.

Chapters III through VI are individual sub-units of the
total study representing technical papers written, with a few
exceptions, in the style of the Journal of Food Science to
which these will be submitted for publication.

Chapter VII is a summary of the entire thesis.



CHAPTER T
INTRODUCTION

Meat color becomes the consumer's primary means of deter-
mining product freshness and wholesomeness when packaging
prevents use of the other physical senses. Nitrcsohemcchrome,
the cured cooked meat pigment, appears bright pink. As cured
color deviates from the "normal" bright pink, product accept-
ability decreases, although the product may still be unaffected
nutritionally.

Cured meat fading became a problem when retailers employed
highly illuminated self-service merchandizing cases. Nitroso-
hemochrome oxidation to a brown/gray cclor on illuminated pro-
duct surfaces occurred within several hours, prematurely de-
creasing product shelf-life.

Despite approximately 30 years of research, cured meat
fading continues to be a retailing problem evern though mini-
mized by vacuum and gas flush packaging. A wide variation
can be found among retail meat display environments in light-
ing intensity at the product surface, light source, and hold-
ing temperatures. Display conditions can be controlled and
offer a way to prolong product shelf-life other than packag-
ing and preoduction control. Stabilization of cured color can
be enhanced by using specific display conditions in conjunc-
tion with product processing and packaging methods known to

deter color fading.



CHAPTER II
LITERATURE REVIEW
Light and Color

Electromagnetic and radiant energy ars synonomous terms
for repeating wave patterns traveling in straight paths, as
rays, in all directions from a source (General Electric, 1874)
at the speed of 3 % 10% m/sec (186,000 miles / sec). Vis-
ible light is the radiant energy from a light scurce which
becomes chemical energy when it sensitizes the human eye re-
ceptors in sufficient quantity. It can be described by its
wavelength measured as nanometers (nm) where 1 nm is 1/1,000,000
millimeter. Visible light is but a small portion of the elec-
tromagnetic energy spectrum which ranges from cosmic rays
(.00001 nm} at one end of the spectrum to electric power waves
(3100 miles) at the other end. Eye sensitivity limits the
visible spectrum to a band of wavelengths between 380 toc 750
nm (Billmeyer and Saltzman, 1966) with the hue recognized
as violet up to about 410 nm, blue up to 480 nm, green between
480 and 560 nm, yellow between 560 and 590 nm, orange between
590 and 630 nm, and red at wavelengths longer than 630 nm.

"White light is made up of all the coclors of the spec-
trum," Francis and Clydesdale, 1975. Newton's classic exper-
iment in optics showed a narrow beam of light being converted
into a beam of diverging colors by a prism (Duggar, 1936).

"Color is the evaluation of radiant energy (physics)

in terms that correlate with visual perception (psychology),"
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Judd and Wyszecki, 1975. Several factors which influence rad-
iation and the color an individual perceives (Francis and Clydes-
dale, 1975) are: 1) light's spectral energy distribution, 2)

the conditions under which the color is being viewed, 3) the
object's spectral characteristics, ie. absorption, reflection,
and transmission, and 4) the eye's sensitivity.

Light's spectral energy distribution and color rendition

"A graphic presentation of the energy emitted by a light
source at each wavelength in the spectrum ig called a spectral
- energy distribution curve," General Electric, 1974.

According to Clark (1956), fluorescent lamps have replaced
filament lamps in closed refrigérated display case lighting
because of their higher efficiency, lower heat output, and
their long tubular shape. In a fluorescent lamp, the inner
glass tube is lined with a selected mixture of phosphors which
absorb and re-radiate energy, especially that of 253.7 nm wave-
length, which forms part of the mercury discharge spectrum
(General Electric, 1974 and Wright, 1969). Major mercury
resonance radiation lines occur at 253, 296, and 365 nm in
the ultraviolet region and at 405, 436, 546, and 578 nm in
the visible spectrum which are determined by specific shifts
in electron orbits within mercury's atomic structure. Some
flucrescent light originates from the mercury discharge; how-
ever, most of the light results from the fluorescence of the
phosphors. Fluorescent lighting's spectral energy distribution
can be altered by the choice of phosphors used.

When selecting lighting for meat displays, a lamp's color



rendition becomes very important (Clark, 1956). A balance
must be met between emitting sufficient red light to give
meats a red appearance and emitting large amounts of all hues
to differentiate between subtle color differences of the meats.

Deluxe Cool White lamps commonly are used for general
lighting of a retail store and for supplementary lighting of
meat displays (Clark, 1956). They give a red appearance to
lean meat and a white appearance to fat and bones (Clark, 1956
and Ramsbottom et al., 1951). However, according to Kropf
(1980), Deluxe Cool White lighting does not have enough red
emission to bring out the natural red color cf frozen beef
muscles. Wide variations between ultraviolet emissions of
4 commercially produced Deluxe Cool White lamps were reported
by Thoringten and Parascandola (1967) with differences attrib-
uted to the use of calcium silicate‘phosphovs by some manufac-
turers for improved cclor rendition. Near ultraviolet emis-
sions between 320 and 380 nm ranged from 26 to 146 microwatts/
lumen.

Incandescent Flucrescent lighting has been reported to
provide excellent red appearance of frozen beef (Kropf, 1980)
but caused fat color to be slightly yellow. Over 50 % of the
measured spectral energy distribution of 1 commercial Incan-
descent Fluorescent source was emitted in the orange-red wave-
lengths. Similarly a larger portion-of Natural lighting's
spectral energy was emitted in the orange-red wavelengths
than in the green-yellcw wavelengths.

When selecting fluorescent lamps, it is more important



+o maintain the appearance of familiar colors than to maintain
the appearance of unusual colors at the expense of familiar
colors (Barr et al., 1952).

Conditions which influence perceived color

Briefly, the color response of an observer can be influenced
by a wide variety of conditions (Francis and Clydesdale, 1975,
General Electric, 1974, and Wright, 1969) including: 1) the
type of lighting under which an object is viewed, 2) changes
in viewing distance to an object, 3) the position of an object
in relation to its surroundings, 4) daylight variations from
dawn to dusk when viewing an object, 5) adaptation of the eye
to light of a given intensity, 6) viewer memory color, 7) view-
er frame-of-reference, 8) figure-ground relationships, and
9) viewer age.

Spectral characteristics of meat

Meat color depends upon the relative proportions of the
visible spectrum which are reflected or absorbed. Although
meat is generally considered to be a non-metallic opaque ob-
ject, wafer sliced meats may transmit some light (Hunt, 1980).
Particulate meat surfaces scatter light at a 45° angle from
incident light and give rise to diffuse reflectance which is
responsible for meat color. Spectral reflectance cccurs at
an angle 90° from the incident light and is responsible for
meat gloss or shine (Francis and Clydesdale, 1975).

Eye sensitivity

The greatest sensitivity of the cones is to visible light
at 555 nm in the green-~yellow portion of the spectrum (Duggar,

1936, Francis and Clydesdale, 1975, Judd and Wyszecki, 1975,



(o)}

and Sylvania, No Date). The relative luminous efficiency of
the different spectral regions has been determined by a large
number of observers and the standard relative visibility curve
approximated by the International Committee on Illumination

is given in Table 1 (Duggar, 1936).
Photochemical Reactions

"Photochemical reactions are chemical reactions which
are produced directly cr indirectly by the absorption of rad-
iation," Duggar, 1936. The first step in the photobiological
processs is an activation step, the absorption of a quantum of
radiant energy supplied by the visible or ultraviolet region
by a molecule. The act of absorption may be represented as
A + hv—A"' where A is the normal, A' the excited atom or
molecule, and hv the light frequency (Blum, 1941).

This energy of electron or molecular excitement from rad-
iation absorption can be dispersed by several ways. Flucres-
cence is the emission of a quantum of energy by an excited
atcm or molecule. The excited atom or molecule may directly
take part in a chemical reaction. Energy may be transferred
by collision of the excited particle with a nonexcited atom
or melecule. If the energy of atomic displacement becomes
sufficiently large, the molecule may be driven apart with ion-
ization occurring.

Photcchemical principles

Einstein's egquivalence law. The first act in any photo-

chemical reaction is the absorption of a quantum of energy by

an atom or molecule in the reacting system (Blum, 1941 and



Table 1. Standard relative wvisibility curve of
the visible spectrum defined by the International
Commission on Illumination (Duggar, 1936).

Wavelength (nm) Relative Visibility
410 .0012
L70 .091
520 .710
555 .995
580 .870
600 » B 3d

650 .107




Duggar, 1936).

Grotthus-Draper law. Photochemical reactions in a system

are produced by only those wavelengths of light which are ab-
sorbed (Blum, 1941 and Duggar, 1936).

Reciprocity law (Bunsen-Roscoe). The product of the dur-

ation, t, and the intensity, I, of light flux which will pro-
duce a given quantity of a given chemical reaction is a con-
stant: I x t=k (Blum, 1941 and Taylor and Pracejus, 1850).

Lambert's law. Connects the transmission of light with

the thickness of the absorbing material when E=extinction co-
efficient, Io=incident light, I=transmitted light, l=thickness

of absorbing medium, and K=constant: E=1l log (Duggar, 1936).

I
T ¥

Beer's law. Measures the influence of the concentration

of an absorbing material on the intensity of transmitted light

where K'=2.303 log I (Duggar, 1936).

c T

Quantum theory-Planck's law. The energy of one photon

(1 quantum, £ ) is directly proportional to the frequency of
the light (hv) where £=hv. As the frequency of radiation in-
creases, its energy increases (Blum, 1941 and Duggar, 1936).

Factors influencing photochemical reactions

Temperature. As the activation of atoms or molecules by

absorption of quanta is independent of temperature (QlG’ tem-
perature coefficient=1), many photochemical reactions are un-
affected by temperature. When a photochemical reaction has a
high temperature coafficient, the reaction rate is dominated

by a thermal reaction which occurs after the primary reaction.



The photochemical reaction can serve as a stimulus to the se-
cond reaction. The majority of photochemical reactions have
small temperature coefficients. Sometimes a change in temper-
ature changes the absorption of light by a reaction (Blum, 194l
and Duggar, 1936).

Light Wavelength. Photochemically induced reactions de-

crease as the wavelength of the energy absorbed increases from
ultraviclet to blue to green to red, as the intensity of photon
energy i1s more important than the total amount of energy con-
tained in a light beam (Blum, 1941 and Duggar, 1936).

Light Intensity. The amount of photochemical reaction

should be directly proportional to the quanta of light abscrbed
in a simple photochemical process. If there‘is deviation from
proportionality, then the mechanism of photochemical response
could: 1) be energizing the absorbing molecules into atoms,
all which participate in the reaction, 2) involve a secondary
thermal response which cannot keep pace with the primary pro-
cess, especially when light intensity becomes very great, and
3) slow or accelerate the reaction as a result of a high con-
gestion of reaction products from high light intensity (Dug-
gar, 19386).

Length of Exposure. The amount of chemical change should

be directly proporticnal to exposure time in a primary photo-
chemical process when quanity of light absorbed is held con-

stant. Proportionality chaﬁges could be caused by: 1) auto-
catalytic effects, 2) inhibitor destruction, 3) changing light

absorption, and 4) secondary reactions (Duggar, 1936).



Impurities. Photochemical reactions are sensitive to

impurities, such as oxygen, which may act to carry or break
reactions, especially chain reactions (Blum, 1941 and Duggar,

1936).
Cured Meat Pigments

Meat pigment forms which occur in the change of myoglobin
(fresh meat) to nitrosylhemochrome (cured meat) are shown in
Figure 1.

Myoglobin

Myoglobin is the major muscle pigment, comprising part
of the sarcoplasmic protein (Solberg, 1970). In the live an-
imal, myoglobin stores oxygen deposited from bloeod hemoglobin
for cell oxidative reactions (Schweigert, 1956). It has a
molecular weight of 17,000 and it's basic structure is a con-
jugated protein with a protein, globin, complexed to a heme
moiety (an iron containing planar porphyrin ring made up of
4 pyrrole sub-units linked together by methene bridges) (Clydes-
dale and Francis,-197l). Myocglobin is chemically characterized
0 (Fe+2)

as Mb-H ,» appears purplish red in color, and has an

2
absorption peak at 555 nm (Schweigert, 1958).

Nitrosomyoglobin (nitrosylmyoglobin)

Watts and Lehman (1952) proposed a 3 step mechanism for
formation of nitrosomyoglobin. First, metmyoglobin is reduced
to myoglobin, nitrite is reduced to nitriec oxide, and then the

2 compounds complex to form nitrosomyoglobin.
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Figure 1. Heme pigment reactions of meat and meat pro-
ducts (Clydesdale and Francis, 1971).
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Nitrosomyoglobin Formation
1. MMb + Reducing conditions —Mb
B NOZ_ + Reducing conditions —NO
3. Mb + NO— NOMb
Objections to this scheme were raised by Fox (1862), who
stated that in excess nitrite, reduced heme pigments were im-
mediately oxidized back to the met-form and that nitric oxide
in the presence of oxygen is oxidized to nitrogen dioxide.
Ginger and Schweigert (1954) suggested that an increase
of absorbance at 545 and 575 nm and a decrease at 555 nm would
be indicative of nitric oxide myoglobin formation and the dis-
appearance of myoglobin.
Fox and Thompéon (1963) proposed a reaction mechanism
in which nitrous and ascorbic acids formed an intermediate
complex which decomposed slowly to yield nitric oxide. The
nitric oxide complexed immediately with metmyoglobin to form
nitrosometmyoglobin which was reduced to nitrosomyoglobin.
As pH decreased, the over-all reaction rate decreased. Nitro-

2

. . » +
somyoglobin is in the TFe state and has a red appearance.

Nitrosohemochrome (nitrosylhemochrome)

Nitrosohemochrome is the result of 2 reactions (Fox,
1959): 1) the formation of nitric oxide from nitrite with
subsequent heme and nitric oxide combinaticn and 2) the phys-
ical or chemical denaturation of the globin or protein portion.
Tarladgis (1962) proposed the compound responsible for the
color of cured meats was a low-spin ferrous-porphyrin co-ordin-

ation complex, with both the co-ordination positions of the
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iron ion occupied by nitric oxide. This theory was also sug-
gested by Hornsey (1956) when nitrosohemochrome was extracted
from ham with an 80:20 acetone: water mixture without the glo-
bin attached. In the presence of a reducing agent and excess
nitrite, oxidized nitroschemochrome can regenerate its original
pink color (Fox, 1983).

Cooked cured meat's spectral reflectance, as measured by
Tappel (1957) shows: 1) an < band in the 570 nm region, 2)
a B band in the 550 nm region, 3) a ¥ band in the 400 nm re-
gion, and 4) an unusual band for hemochromes in the 480 nm
region. Nitroschemochrome is characterized as appearing bright

g state (Forrest et al., 1975) and can be oxi=-

pink in the re'
dized further to form metmyochromogen or metmyoglobin and
green pigments (Watts, 1954).

"Perrohaem" compound sensitivity to light was suggested as
a general property by Gibson and Ainsworth (1957), When fatty
acids were shaken with cured meat pigment in light, Draudt and
Deatherage (1956) noted a separation of the heme and protein
with a subsequent brown darkening which they related to meat
fading. Walsh and Rose (1956) found the nitric oxide myoglobin
oxidation to be a first-order reaction, affected by light, pH
changes, temperature variations, nitrite concentration and
certain inhibitors. TFading rates of cooked cured pork obtained
by Hornsey (1957) were interpreted as light catalyzed reactions
with air where the primary fading rate was limited by light
intensity and penetraticn until oxygen became the limiting
factor. Siedler and Schweigert (1959) have shown that nitro-

sochemochrome is more stable in the presence of air and light
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than nitrosomyoglobin.

Objective Color Measurements for Cured Meat

Reflectance Spectrophotometry

Reflectance spectroscopy measures the amount of radiant
energy reflected from a sample surface (Surles et al, 1975)
with data reported as percent reflectance where I=vreflected
radiant energy intensity from the sample and Io=reflected rad-
iant energy intensity from a "standard" reflecting surface:
%R=(I/Io) x 100.

According to Surles et al. (1975) and Snyder (1968), the
most generally accepted theory concerning diffuse reflectance
and the transparency of light scattering and light absorbing
layers has been developed by Kubelka and Munk, based upon sur-
face scattering and absorption of light, where Rgy=reflectance
of layer thickness beyond which a further thickness increase
does not change reflectance, absorption coefficient (K), and
scattering coefficient (S): (1-Rg)2/2 R =K/S. This theory
is valid only for weakly absorbing substances in diffuse re-
flecting systems.

Generally, diffuse reflectance measurements are made a-
gainst an accepted standard. When K=0 for a standard, R =1
(usually R =.98 for good standards) and a linear relationship
between (l-Rm)2/2 R and K should still be true. Blocks of
MgCO3 are often used as standards because of their easy hand-
ling characteristics and relatively low cost (Surles et al.,

1975), although diffuse reflectance falls off below 300 nm
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and above 1800 nm and absolute measurements have a built in
sEYEr 6f ¥ 18

Ramsbottom et al. (1951) used the reflectance ratio of
650 nm to 570 nm to objectively measure fading of sliced bologna
illuminated under 20 and 60 fc of Soft White flucrescent light
at 32 to 36°F. A cleose correlation between the reflectance
ratio and visual fading scores was found.

Reproducible standards for subjective color evaluation
of sliced bologna were based upon the reflectance ratio, 650
nm/570 nm (Kraft and Ayres, 1954), standagaized against MgCOS.
Fading of color increased as the reflectance ratio decreased.
When samples became dehydrated and faded, reflectance ratio
increased and didn't correlate well with visual scoring.

Using a spectrophotometer with reflectance attachment
and MgC03 as a standard, freshly exposed surfaces of 8 kinds
of cured and sliced meat showed a broad absorption peak centered
at 570 nm and very low absorﬁtion above 650 nm (Erdman and
Watts, 1957 b). Samples treated with 0.1% potassium ferricyanide
to .approximate the faded brownish color of denatured ferric
hemochromogen had a lower maximum absorption than freshly cut
cured meat at 540 nm. Light faded samples illuminated under
15 or 200 fc of incandescent light showed intermediate ab-
sorption spectra between freshly cut and ferricyanide treated
samples. As fading increased, the absorption peak at 570 nm
shifted to 540 nm, Erdman and Watts (1957 b) concluded that

"extinction ratios" of 570 nm/650 nm were more meaningful in

characterizing cured pigment changes than the reflection ratios
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of 650 nm/570 nm because the "extinction ratio” would be expected

to remain the same for a pigment form regardless of the amount
present at the reflected surface, whereas reflectance ratios

for the same pigment would vary with the percent of reflected

or absorbed light. Therefore, comparison of "extinction ratics"
between types of cured meat could be made but not comparisons
between reflectance ratios aé surface phenomenon vary in pig-
mentation and fat. A correlation coefficient of .90 for all
tested samples was found between the extinection ratios and
visual scores of the faded meats.

Barton (1967) compared the reflectance ratios of 650 nm/
570 nm and 540 nm/560 nm for measuring the color stability of
cooked cured longissimus dorsi and ham muscles (mainly semi-
membranosus and biceps femoris), each muscle group including
treatments cured with and without added phosphates. Reflectance
ratic 650 nm/570 nm varied with both nitroso-pigment content
and % conversion to metmyochrome for the 3 muscle and curing
groups, with a different relationship in each case whereas
the relationship between R 540 nm/560 nm and % conversion was
found to be the same between all 3 groups. Both reflectance
ratios showed good fading patterns.

A reflectance ratio of K/S for 570 nm/650 nm was used to
determine pigment nitroscsation of“sliced belogna (Lin and
Sebranek, 1979). The higher the ratio, the greater the color
development, with a ratio of 3.5 or more indicating acceptable

color.
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Factors Influencing Cured Meat Fading

Lighting effect on cured and cooked meat

Lighting intensity. Light fading of packaged luncheon

meats became a serious retailing problem when meat markets
began utilizing high intensity display case lighting designed
for maximum sales appeal (Hockman, 1946). Cured meat and

meat products were wrapped in transparent, ailr permeable films.
Lighting intensity was noted as having a greater effect on
fading than light color. Display lighting intensities on meats
varied from 10 to 200 foot-candles (fc) in retail stores in

a survey conducted by Ramsbottom et al. (1951).

Taylor and Pracejus (1950) found that processed meats
such as bologna, meat loaf, and boiled ham were affected by
light during nermal display. Perceptible color change of
bologna was observed within 150 to 200 fe-hr when illuminated
under Scft White fluorescent or tungsten-filament lamps, which
would occur in 2 to 3 hours in a well lighted display case.
Within experimental errors, fading under the 2 sources was
identical under equal fo-hr exposure. Visual appraisal of
sliced bologna by Allen (1949) showed bologna acceptability
declined as lighting intensity increased from 13 to 48 fc when
exposed under fluorescent light for 3 hours at 35 to 45°F.

Archer and Bandfield (1950) stated discoloration of veal
loaf was a function of time, temperature, light level, and
spectral quality of illumination. Their data suggested fe-hr
to least perceptible difference increased as lighting inten-

sity decreased from 150 to 50 fe. Comparing lighting inten-
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sities of 20 versus 60 fc under Soft White fluorescent light
at 32 to 36°F on bacon, ham, and bologna, Ramsbottom et at.
(1951) found disceoloration determined objectively and subjec-
tively occurred most rapidly under the higher lighting inten-
sity for all samples. Lighting intensity to noticeable fading
of sliced cured, smcked, and table ready meats packaged in
transparent air permeable films was 80 fc for 1 hour. Dis-
coloration upon exposure to light was limited to the top layer
of sliced meats and the exposed surfaces of large pieces.
Kraft and Ayres (1954) confirmed the conclusion of Ramsbottom
et al. (1951) that noticeable fading of packaged bologna oc-
curred within 1 hr exposure under Soft White fluorescent light
at 60 fe and 2.5°C by objective and subjective color deter-
minations. Less fading occurred under 30 to 35 fc¢ than under
50 to 60 fc of Soft White fluorescent light throughout a 7

day storage pericd for cellophane packaged bologna. Color
fading was most rapid during the first day of display.

Cured meat fading is a function of fe-hr exposure (Clark,
1956, Ramsbottom, 1950, and Ramsbottom et al., 1951) and gen-
erally follows the reciprocity law, ie. more fc-hr results in
more fading, also equal fading would be produced by 20 fec for
100 hr as would be produced by 200 fec for 10 hr.

Type of Lighting. According to Hockman (1946), all pcrtions

of the visible light spectrum cause cured meat fading to some
extent including ultraviolet light. Using an acceptability
scale of 10=High and U=Low, at a temperature of U5 to 52°F

after 3 hr exposure, bologna acceptability was evaluated as
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5.4 under "near ultraviolet light", 7.2 under white fluores-
cent light, and 8 under yellow light (7=1imit of sales accept-
ability). |

The absorpticn curve of nitric oxide hemoglobin increases
between 500 and 600 nm and then decreases sharply at wavelengths
above 600 nm (Urbain and Ramsbottom, 1948), indicating that
if all absorbed light is photochemically active, all wavelengths
of the visible spectrum but red contribute substantially to
fading. Sliced boiled ham wrapped in red cellophane exhibited
less fading than ham wrapped in uncolored semi-moisture proof
cellophane or amber cellophane after 20 hours of exposure un-
der 40 to 50 fc of fluorescent light at 1.7°cC.

Using dark blue, dark yellow, light blue, light yellow,
andllight green filters over sliced bologna wrapped in cello-
phane under 33 fc of fluorescent light at 35 to MSOF, Allen
(1949) didn't find any visual fading differences between filter
treatments. Ultraviolet light caused greater fading than
visible light but was not considered important in retailing
packaged meats due to small ultraviolet emittance by fluores-
cent lamps.

Archer and Bandfield (1950) found the predominantly yellow
and red wavelength emittance from 100 watt tungsten lamps to
be.visually advantageous over 20 watt fluorescent lamp emit-
tance as determined by fec-hr to least perceptible discoloration
of veal loaf. Using a "Noviol C" 2.05 mm filter which cut off
all wavelengths shorter than 450 nm (blue) under 20 watt fluo-

rescent lamps, fc-hr to least perceptible discoloraticn in-
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creased for all lighting intensity and temperature treatments,
suggesting that wavelengths shorter than 450 nm were more
potent than longer visible wavelengths in producing discolor-
ation.

As only absorbed energy could be effective in the dis-
sociation of nitrosomyoglobin, Kampschmidt (1955 a,b) theorized
the effective distribution curve for nitrosomyoglobin dis-
sociation would closely fit its absorption curve. Using a
reflectance ratio of 650 to 570 nm to determine fading of
purified nitrosomyoglobin in solution, greatest amount of
fading was caused by wavelengths between 350 and 580 nm. Thé
absorption curve of nitrosohemochrome in cured ham was similar
to the absorption curve of nitrosomyoglobin.

Danielson (1969) hypothesized lighting in refrigerated
display counters should be dominant in red wavelengths to
provide the best color for wvacuum packaged boiled ham and
sausages under 900 lux at 2 to 4°C. Blue light was found
to catalyze deteriorative color changes in the meat.

Cured color regeneration

Watts et al. (1955) suggested meat rich in free sulfhy-
dral groups, freed by protein denaturation, would recover from
light fading when stored in the dark if free sulfhydral groups
were capable of reducing ferric hemochromogens and nitrite.
Nitroprusside reaction tested meats were illuminated under
125 and 20 fc to complete oxidation as compared to a ferri-
cvanide-treated control. Meats, such as boiled ham which

showed a strong nitroprusside reaction, after exposure to



21

light and stored in the dark at 7°C, when dipped in nitrite
showed almost full recovery of their original bright pink
color within 1 day. Fading rate was not correlated with nitro-
prusside reaction intensity. For meats giving a strong nitro-
prusside test, the limiting factor in preventing light dis-
sociation and subsequent oxidation was nitrite concentration.

Canned comminuted pork with free sulfhydral groups was
sliced, packaged in polyethylene, wrapped in aluminum foil to
prevent light access, dipped in 2% or .2% nitrite solutions
Versus no dip, and stored at -25, 4, and 26°C (Erdman and
Watts, 1957 a). Sample cclor and sulfhydral loss was evalu-
ated over a 180 day period. TFor all nitrite treatments as
storage'temperature increased, free sulfhydral loss was accel-
erated, especially at room temperature, and it was accompanied
by loss of typical pink cured color.

Cured meat packaging and processing

Urbain and Jensen (1940) found the rate of oxidation of
nitric oxide hemoglobin was influenced by oxygen pressure,.
Although they didn't establish any specific relationship be-
tween the quantity of coxygen present and the degree of pigment
oxidation, their data showed nitric oxide hemoglobin was easily
oxidized by small quantities of oxygen with larger oxygen
quantities causing complete oxidation. They concluded the
oxidation mechanism involved the dissociation of nitric oxide
hemoglobin before oxidation as hemoglobin complexed with ox-

ygen. Carbon monoxide myoglobin appeared incapable of oxidation.
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Referring to oxygen being a principal reactant in the
fading process, Urbain and Ramsbottom (1948) suggested exclud-
ing oxygen from cured meat by vacuum packaging as a solution
to fading. They illuminated sliced boiled ham in a trans-
parent vacuumized wrapper under Soft White fluorescent lights
at 2.2 to S.GOC, and found visual fading within 24 hours
(scored 6 on a 10 point scale where l0=perfection and l=ex-
tremely poor). After 3 days, the ham was visually scored
at 8 and within 5 days was rated at 9. They explained the
regeneration of the ham's cured color as a result of pigment
reduction and combination with excess curing agents when pack-
age conditions became increasingly anaerobic. Anaerobic pack-
age conditions were created by consumption of the small re-
siduum of oxygen by the pigment oxidation reaction and normal
"biological oxygen demand" of the ham. They concluded that
cured meat fading was controlled best by the exclusion of ox-
ygen or light from the product.

Bressler (1954) found ham sealed under 29 in of vacuum dis-
colored at a lower rate than samples sealed under atmospheric
pressure during storage in a refrigerated (32 to 42°F) cabinet
under 115 fc of Cool White fluorescent light. Comparing the
effects of vacuum packaging and lighting intensity, Bressler
(1954) stated light had a greater effect on the rate of dis-
coloration than vacuum packaging. Samples sealed under 29 in
of vacuum and stored under the light maintained and attractive
color for only 2 days whereas contrecl samples sealed under

29 in of wvacuum and stored in the dark maintained an attractive



23

cclor for 12 days.

From spectral reflectance measurements and visual eval-
uation, Kraft and Ayres (1954) found vacuumized bologna (28.5 in
of Hg) in a saran-cellophane laminate illuminated under 45§
to 60 fc of Soft White fluorescent light at 2.5°C did not show
as pronounced discoloration as samples wrapped under atmos-
pheric pressure when stored for 1 and 2 days. Fading upon
exposure to light was attributed to the action of the small
amount of residual package oxygen after the evacuation process.

Rikert et al. (1957) found color retention at the sur-
face of gound cured ham packaged in a cellophane-pliofilm lam-
inate to slightly improve as partial pressure of oxygen in-
creased from 20 to 80 cm. Samples stored in the light in-
dicated a return in redness after an initial decrease in red-
ness over a 3 day period. Samples stored in the dark decreased
slowly in redness.

‘A combination of high initial vacuum (685 to 737 mm Hg)
and package films with low oxygen permeability (7.0 ml/mZ/

24 hr or less) gave maximum color stability and shelf-life
for sliced bologna (Lin and Sebranek, 1979).

According to Winans (1950), vacuum packaging's success
in detering cured color fading depends upon pulling a mini-
mum of 29 in of wacuum initially and retaining at least 24 in.
Films should have a maximum oxygen permeability of .0015 cmsf
in?/24% nr at 40°F and 85% RH.

A cellophane/adhesive/saran/adhesive/polyethylene lam-

inate is commonly used in the food industry (Henriékson,



24

1978) for light sensitive products. The cellophane imparts
rigidity to the package and a printable surface. Polyethylene
acts as an effect heat sealer (Sacharow, 1963). Emulsions

or solutions of saran form cxygen barrier coatings on clear
plastic food packages (Gifford and Seiferth, 1969).

Gas packaging is a relatively new method of preventing
oxidation compared with vacuum packaging (Douglas, 1970 and
Sacharow, 1975). As a continucus motion unit, the meat is
fed into the machine, over-wrapped with film, and prior to
sealing a manifold flushes gaé into the package when product
"snugging" (close adherance) is objectionable. It isn't ab-
sorbed by the food, allowing expression of each food product's
natural "free flowing" properties.

Another means of reducing cured processed product oxida-
tion is by the use of vacuum in conjunction with bowl chopping
to prevent the whipping in of excess air (Schmidt, 1979).
Wirth (1878) stated chopping under vacuum enhanced keeping
qualities of the meat product, retarding oxidative rancidity
and color deterioration. Vacuum chopped sausage has a more
intense, more stable cured color (Starr, 1979). Vacuumized
blenders, emulsion mills, and stuffers used with vacuum pack-
aging can minimize air incorporation into the meat product
and its detrimental effects.

Temperature

Meat temperature in an open top display case is affect-
ed by the following factors (Zahorsky, 1968): 1) the temper-

ature differential introduced_into the meat from its
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surface to its coldest spot when lighting is on versus off,

2) air temperature above the meat compared to air temperature
under the meat, 3) ambient radiation effects from such surfaces
as the room walls and ceiling, 4) entrapment of warm air which
causes a temperature rise between discharge air and the air
over the meat which is affected by ambient air conditions, and
5) the direct effect of defrosting. Display case design can
control these variables to maintain specific meat holding
temperatures.

Temperature influences luncheon meat fading according
to Hockman (1946), with temperatures in the range of 36 to
40°F giving the best color retention. Using a range of 35
to 45°F, Allen (1943) noted higher temperatures under a given
lighting intensity, visual fading of bologna was accelerated.
Under 100 watt incandescent or 20 watt fluorescent lighting
between 50 and 150 fc of intensity, Archer and Bandfield
(1950) found fe-hr to least perceptible discoloration of veal
loaf to decrease as display temperatures increased from 40
to 60°F.

Temperature studies on purified nitrosomyoglobin in sol-
ution by Kampschmidt (1955 a, b) found sample stored at 40°F
in the dark had a ratio of 1.52 and sample stored at T =5
in the dark had a ratio of 0.68, indicating greater pigment
dissociation and oxidation at the higher temperature. Walsh
and Rose (1956) found nitrosomyoglobin oxidation rate constants
at pH 6.3 to increase with increasing temperature, measuring

0.025, 0.113, 0.437, and 1.13 at temperatures of 0.5, 11.05
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20.15, and 26.32°C respectively.

When the reflection ratio of 650 nm/570 nm of cured ham
was measured after 24 hours of dark storage at 40 and 70°F
by Kampschmidt (1955 a) ratio only slightly increased frcm
2.16 to 2.32 respectively. It was concluded that nitrosohemo-
chrome's rate of dissociation was not increased by an increase
in storage temperature for dark storage.

From a microbioclogical viewpoint, the optimum temperature
range for most microorganism growth is from 15 to 40°C (For-
rest et al., 1975). At_refrigerated display conditions, psy-
chrotrophic microorganism growth is favored (optimum growth
temperature below 20°C). Temperatures below 5°¢ greatly retard
spoilage microorganism growth and prevent‘nearly all patho=-
genic bacterial growth. Peacock and Fitzgerald (1971) sug-
gested that food contamination with pathogens and their ability
to multiply to a health risk level must be considered along
with maintaining the food temperature below or above the range
of 10 to 62.7°C when determining holding temperature safety
zones for any food that provided a good medium for microor-
ganism growth.

Cured and cooked meat microbiology

According to Jensen (1954), the major types of nonpatho-

genic bacteria present in sausages include Pseudomonas, Achro-

mobacter, Proteus, Micrococcus, Chromobacterium, Bacillus,

Serratia, Flavobacterium, Lactobacillus, plus in lesser in-

cidence, Xanthomonas, Sarcina, Neisseria, Alcaligenes, coli-

forms, Bacterium, Microbacterium, and yeasts. Microbial sta~-
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bility in cured meats depends upon a number of factors (Demp-
ster, 1976) including: 1) type and quantity of the contamina-
ting microflora, 2) water activity, 3) meat composition and
pH, 4) degree of organism heat induced injury, 5) packaging,
ie. gas permeability, 6) storage conditions, and 7) the amount
and type of curing salt and nitrite the product contains.

Microorganisms, alive and dead, and their end-products
may oxidize nitric oxide myochromogen to the met-form, a dark
brown in color (Jensen, 1954) with discoloration found only
on the product surface, not in the meat. Robach and Costilow
(1961) found the primary role of bacteria in the color changes
of fresh meat is be reduction of oxygen tension at the meat
surface. Reduced oxygen tension increased reduced myoglobin
which became oxidized by H202 produced either by the meat or
the bacteria. Oxygen availability and pH, which can be altered
by bacterial growth, can improve the color chroma and hue with
an elevated pH in fresh bovine tissue (Ockerman and Cahill,
1977). However, it is probable that microorganisms only indir-
ectly cause color fading of sausage (Jensen, 1954).

Monitoring total microorganism numbers is often used as
a means of evaluating meat and meat product quality. Ayres
(1960) obtained growth curves of organisms surviving on beef
stored at 0, 5, 10, 15, 20, and 25°C. The critical value for
slime production was found to be 6 x 107 organisms (log 7.8).
Initial bacterial loads of 50 to 200 organisms/cm2 toock 21
days to reach the slime point at.UoC, whereas an initial bac-

terial load of 50,000 organisms/cm2 became slimy by 11 days.
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After vacuum packaging, sliced cured processed meats in-
itial mean viable log count/g varied between 2.5 and 3.0 (Mol
et al., 1970). Shay et al. (1978) found total microbial counts
for 41 retail purchased samples of sliced vacuum packaged meats
averaged 2.5 x 107/g with 44% of the samples exceeding lDB/g.

Quist (1976) tested sliced vacuum packaged meat products
and found total counts of more than 108/g without detectable
organcleptic changes. After § weeks, total counts generally
decreased, although lactic acid producing bacteria increased
into the 6th week, and could be misleading because of the great
number of bacterial deaths occurring. Emphasis was placed
on initial total counts, with the total counts latter in product
shelf-life useful only as a part of an analysis of the quan-
titative and qualitative composition of the bacterial flora.

Microorganism genera and growth in sliced vacuum pack-
aged luncheon meats have been documented by a number of research-
erg and will be briefly discussed.

Allen and Foster (1960) found lactic acid bacteria were
the only organisms capable of rapid proliferation in sliced
vacuum packed processed meats in an environment of air exclu-
sion, 7.2°C or less, and with curing agents present. Extended
storage life of vacuum packaged products appeared to be the
result of a gradual development of a lactic population compared
to a surface overgrowth of yeasts and molds (Shank and Lund-
quist, 1963) where principal metabolic end-products were lactic

acid and carbonyls. At a salt concentraticn of 5%, Micrococcus

initially are predominant, but are succeeded by Lactobacillus
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which are able to multiply under low temperature, low salt
conentration, and low oxygen tension conditions (Richardson,

1973). At salt concentrations of 8 to 12%, the Micrococcuys re-

mained dominant (Ingram and Dainty, 1971).

Both Mol et al. (1970) and Kempton and Bobier (197C)
found that cooking eliminated all lactic acid bacteria pre-
sent in raw meats, but that product recontamination occurred
during slicing and packaging operations. Stringent plant
sanitation was recommended as the most effective means of
reducing initial product bacterial loads.

pH and cured color fading

Beef muscle pH declines rapidly during chilling, from
7.2 to 6 within 48 hours, and after 48 hours, to 5.7 (Jensen,
1954) due to postmortem lactic acid accumulation in the mus-
cle as a metabolic by-product of anaerobic glycolysis. Nor-
mal pH ranges given by Watts (1954) wvaried from 5.2 to B:bs
In meat biochemistry, pH differences can cause quality vari-
ation including pigment oxidation and subsequent color change.
Urbain and Jensen (13940) prepared sclutions of nitric
oxide hemoglobin by the action of nitric oxide on hemoglobin
prepared from hog's blood in the absence of air. The solution
was buffered to pH's of 5.75 and 6.75 with phosphate and 8.25
with borate. At a temperature of lOOC, pigment oxidation
upeon exposure to air proceeded more rapidly at lower pH's and
was appreciably retarded at a pH of 8.25. Rate of nitric ox-
ide hemoglobin oxidation was slowed by high pH and low temper-

ature, as pigment at pH 5.75 and 37°C was 100% oxidized in 1
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day while the pigment at pH 8.25 and 0°C was u4% oxidized in
29 days. Oxidation % was determined by spectrophotometric
analysis as % methémoglobin in solution.

By adding lactic acid to frozen ground pork (Watts and
Peng, 1947) raw meat pH was lowered from 6.5 to 4.8 which
was correlated with increasing rancidity after 4.5 months
storage at ~15 to -18°C as determined by peroxide values.
Meat color faded as rancidity progressed.

Lower meat pH is preferred for use with conventional
curing treatments (Watts, 1954). Color fixation between pH
of 5 and 6 was normal (Duisberg and Miller, 1943) in curing
pork loins. Between a pH of 4.4 and 4.9, color fixation was
inadequate and below pH of 4 a brownish-gray color developed,
indicating no nitrite color fixation. Nitrite destruction
below pH of 4.4 was attributed to the instability of nitrous
acid in acid solution.

Bailey et al., (1964) studied the photooxidation of nitro-
somyoglobin using hams and picnics, cured with brine with pH
adjusted to 6.2 or 6.8 by sodium orthophosﬁhate buffer, dis-
played under 50 fc of fluorescent light at 38°F. The phosphates
at pH 6.8 or 6.2 buffered the meat tissue pH to approximately
6.2 to 6.4 and 5.7 to 6.0 respectively. Samples treated with
orthophosphate buffer at pH 6.8 were more stable to light ir-
radiation than samples treated with orthophosphate buffer at
pH 6.2, indicating pH optimum for nitrosomyocglobin formation
and stability in ham in the range pH 6.2 to 6.4. At low pH,

nitrite is easily reduced to nitric oxide and can be dissi-
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pated as a gas if formed too rapidly, decreasing nitrosomyo-
globin formation. Nitric oxide, especially at pH 5.5 and be-
low, can be depleted because of its association with water and
nitriec acid to produce nitrous acid.

When Bailey et al. (1964) purified light irradiated ex-
tract from beef at 77OF, nitrosomyoglobin formation was great-
est and more stable when buffered at 6.8 than 6.2. Although
pH effects on nitrosomyoglobin cannot be directly applied to
nitrosohemochrome, similiarities are possible. Sacharow (1969)
briefly concurs that raising pH inhibits the tendency of nitro-
somyoglobin to undergo oxidation.

Microbiological growth is frequently associated with meat
pH alteration, although difficulties are encountered in deter-
mining if alteration in muscle quality characteristics is due
to microorganism growth or due to the alteration of pH caused
by these microorgaﬁisms (Ockerman and Cahill, 1977). Micro-
organism optimim growth pH range is generally near neutrality
(pH 7.0). TForrest et al. (1975) reported meat pH ranges of 5.4
to 5.6 to favor the growth of molds, yeasts, and the acidophilic
(acid loving) bacteria.

Ockerman and Cahill (1977) inoculated sterile bovine tis-

sue with Pseudomonas putrefaciens (known to raise meat pH),

Leuconostoc mesentercides (known to lower tissue pH), and Ba-

cillus subtilis (known to maintain neutral to slightly basic

pH). After 21 days storage, correlation coefficients were -0.77

between log of bacteria number and % reflectance at 685 nm and

[s)

~-0.83 between pH and % reflectance at 685 nm, suggesting that
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both pH and bacterial growth play a role in muscle color de-
terioration.

pH of sliced processed meats without added phosphate
usually drops during storage (Luke, 1978 cited by Zeuthen,
1980), Zeuthen (1980) found ham (0.4% tripolyphosphate added)
pH to remain stable over 7 weeks. However, by 7 weeks, log
bacteria/g of hams at pH range 5.5 to 5.7 was approximately
5.0 while log bacteria/g of hams at pH range 6.3 to 6.5 was

greater than 7.0.
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CHAPTER ITII

EFFECT OF LIGHTING INTENSITY, TYPE OF LIGHTING,
AND TEMPERATURE ON WAFER SLICED CURED AND

COOKED BEEF PROCESSED UNDER NONVACUUM
ABSTRACT

Display conditions' influence on cured color fading of
nonvacuum processed wafer sliced cured and coocked beef was
visually estimated and measured by 570 nm/650 nm reflectance
ratios. Microbial standard plate counts, pH, and package ox-
ygen were also determined. Product fading increased with in-
creasing lighting intensities from 1076 to 3228 1m/m® and dis-
play time up to 72 hours. Incandescent Fluorescent and Nat-
ural lighting caused less visual fading than Deluxe Cool White
or Supermarket White. Subjectively and objectively measured
fading was similar at 1.1 and 4.4°C but accelerated at 7.8°C.
Between 24 and 72 hours, microbial standard plate counts in-

creased up to log 5.1/g whereas pH and package oxygen decreased.
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Introduction

Supermarkets utilize refrigerated display cases for the
presentation of individually wrapped packages of meat and meat
products. The cases utilize bright lighting to attract cus-
tomers' attention and elicit favorable purchase responses.
Meat color is a primary factor in determining consumer pre-
ferences.

The pigment responsible for the typical bright pink color
in cured and cooked meats is nitrosohemcchrome. Upon oxidation
this pigment is denatured with the pink color fading to brown/
gray. Sensitivity of nitrosohemochrome to photocoxidation and
subsequent color fading in a short period of time is an eco-
nomic problem in highly illuminated self-service display cases.
Consumers, relying upon the bright pink cured meat color as a
means of determining product freshness and wholesomeness, re-
ject cured meats and meat products with faded appearance.

Packaged cured meats and meat products, fully cocked and
ready to serve, are convenient and popular menu items for to-
day's mobile society. Many new items have been developed for
sale, including cured and fully coocked wafer sliced beef;

Despite approximately 30 years of research concerning
the photooxidation of nitrosohemochrome, the cclor fading of
cured meats continues to be a problem in retail stores. Wide
variation can be found in sources of display illumination,
light intensity at the product surface, and product holding

temperatures.
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Our study had the following objectives: 1) to determine
the effects of various display conditions (type of lighting,
lighting intensity, and temperature) upon color stability of
wafer sliced, cured and cooked beef in an 8% g gas flush pack-
age, 2) toc determine any contributing role of package micro-
bial numbers, pH, and oxygen level to cured color fade during
and after display conditions, and 3) to form the basis for
recommendations to retailers concerning controllable display

conditions.
Experimental

Commercially prepared wafer sliced (.711 mm.thick) cured
and coocked beef in an &4 g nitrogen flushed package was fur-
nished to Kansas State University by Land 0' Frost Corp.,
Lansing, Il. Product composition was approximately 20% pro-
tein, 70% watér, 3.7 to 3.8% salt, 5 to 6% fat, plus sodium
erythorbate, sodium nitrite, and seasonings. The wafer sliced
cured and cooked beef was packaged with a laminated film of
saran-cellophane-saran-polyethylene with oxygen permeability
of .55 cc/24 hours/m2 at 22.2°C and moisture permeability
< 1 ce., The pouches were opaque except for a transparent
product viewing area on the principal display panel, and a
hole was punched ocutside the package seal for pegboard type
display. This product was produced with nonvacuumizing equip-
ment.

All samples were transported to the Kansas State Univer-

sity Meat Science Laboratory by commercial refrigerated truck
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from Land 0' Frost. Packages were checked for seal integrity
and color, then randémly assigned to predetermined display
treatments. Using a random sampling method, packages were
removed at the initiation of the display study for the pur-
pose of determining product microbial standard plate count,
pH of product surface, and package oxygen level.

Display treatments studied included all possible com-
binations of the following variables: U4 types of lighting
(each 40 watt tubes), namely General Electric Deluxe Cool
White, §ylvania Incandescent Fluorescent, General Electric
Natural and Westinghouse Supermarket White; 4 lighting in-
tensities at product surface level, 1076 1m (1umens)/m2 (100
fe, foot-candles), 1614 lm/m2 (130 fe). 2152 lm/m2 (200 fe),
and 3228 lm/m2 (300 fec); and 3 display temperatures, 1.1%
(34°F), 4.4°C (40°F), and 7.8%°C (45°F).

Due to the large number of samples studied and limited
display case space, retail display conditions were simulated
on a large scale in refrigerated chill rooms meeting prescribed
treatment requirements. Surfaces and background under each
source of illumination were covered with white meat wrapping
paper. Light intensity levels at the package surface level
were determined by a General Electric Light Meter, Model No.
201. Distances in cm between the light sources and the sur-
face of the cured and cocked wafer sliced beef to achieve the
desired intensities of light are given in the appendix. Light-
ing under the display conditions was a 12 hour on/1Z hour off

cycle, beginning with the lights on.
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Subjective (visual) and objective (reflectance) color
determinations were taken over a period of 3 days at the fol-
owing times: O hr (before light exposure), 6, 12, 24, 48,
and 72 hr.

Subjective cured color scores were assigned to each pack-
age under every display condition treatment for all designated
time periods by 2 trained visual panelists. The following
visual color scale was used to the nearest 0.5 point: 1=Bright
Pink cured color (all pink, no brown/gray), 2=Slight Fade
(more pink, less brown/gray), 3=Moderate Fade (less pink,
more brown/gray), and 4=Complete Fade (no pink, all brown/
gfay). Color scales were assigned to the product exposed
to the light sources and visible through the transparent win-
dow on the principal display panel.

Reflectance was scanned from 560 nm to 660 nm through
the clear film of the unopened packages on a Bausch and Lomb
600 Spectrophotometer (scan speed 250 nm/min) with reflectance
attachment. Pure magnesium carbonate blocks were used to
standardize 100% reflectance. Reflectance values were read
to the nearest 0.1% at wavelengths of 570 and 650 nm and a
ratio of the % reflectance was calculated as an objective
measure of color fade using wavelengths suggested by Erdman
‘and Watts (1957).

Microbial standard plate counts were determined on ran-
domly delected preassigned packages: 2 packages from each

treatment after display for 24 and 72 hr (arbitrarily consid-

ered as "Complete Fade"). Dilute phosphate buffer was prepared
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from 1.25 ml of stock solution diluted to 1000 ml (phosphate
buffer stock sclution of 3.4 g of KHzPOu in 50 ml distilled
water, pH adjusted to 7.2 with .01 N NaOH, then diluted to
100 ml). Packages were aseptically injected with 100 ml of
sterile dilute phosphate buffer, and product slices thorough-
ly rinsed. Appropriate dilutions were made and plated onto
standard methods tryptone glucose extract agar. Counts were
made after incubation for 96 hr at 25°C.

In determining the pH of the product surface exposed to
the light sources, the top layer of the wafer sliced beef
was removed from the package, placed in a beaker, and minced
with a knife. Distilled water (50 ml) was added to the mince
and thoroughly mixed. pH readings were taken with a surface
electrcde of a Corning Digital 110 pH Meter. Sampling was
limited to randomly preassigned product with 2 packages from
each display treatment after 24 hr and again after 72 hr.

Again a preassigned package sampling method was used
as described for microbial standard plate counts and pH de-
terminations for identical time intervals for measuring pack-
age oxygen level. Readings were made to the nearest 0.1%
with a Beckman C-2 Oxygen Analyzer which evacuated package
gas by using a probe and vacuum pump.

Data were analysis of variance and main effects were de-
termined by the method of least significant differences as

specified by Snedecor and Cochran (1967).

Results and Discussion

Visual color scores indicated increased cured color fading



45

with increases in lighting intensity (Table 1). This was
confirmed by increasing 570 nm/650 nm reflectance ratios and
suggests a shift of the pink colored nitroschemochrome to an
oxidized brown/gray color. Upon opening of packages at the
end of the 72 hr display, fading was found only on product
exposed to light and not on internal non-exposed product. The
effect of greater lighting intensity in producing more fading
in cured meat products has been reported by several workers.
Ramsbottom et al. (1951) found sliced bacon, ham; and bologna
exhibited more discoloration under fluorescent lighting at
80 fc (645.6 lm/mz) than when held under 20 fe (215.2 lm/mz)
for equal periods-of exposure. Less fading was produced by
light intensities in the range of 30 to 35 fc (322.8 to 376.6
lm/mz) for bologna than at 50 to 60 fc (538 to 645.8 1m/m?)
when exposed toc Soft White fluorescent light (Kraft and Ayres,
1954).

Table 1 also shows the lighting intensity by display
hr interaction (P£.05) for visual color scores. At display
initiation (0 hr) 2ll samples were visually estimated to
exhibit typically bright pink cured color. Beginning at 6
hr and continuing through 72 hr, 2 general trends were noted:
1) within each level of lighting intensity visual color scores
indicated progressive fading for each time interval and 2)
for each time interval visual color fade increases with the
level of lighting intensity. However, these increases in vis-
ual fading were not equal. Visual fading increased more for

the 1lelb lm/m2 intensity over that of the 1076 1m/m2 inten~
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sity at 48 and 72 hr than for any other increase in lighting
intensity at any other display time. In addition, less fading
was noted at 6, 12, and 24 hr display for lower light inten-
sities and less was noted between 48 and 72 hr for the highest
light intensity, perhaps because product was already badly
faded at 48 hr. Visual fading did not increase (P4.05).be«
tween the 12 and 24 hr evaluations for the 3 lower light in-
tensities and increased only a small amount for the 3228 lm/m2
intensity level. Lights were on 12 hr, off 12 hr and this
period was a light off period. ‘

Clark (1956) stated the degree of discoloration for a
particular processed meat was a function of exposure in fc-
hr, with the law of reciprocity applicable over a range of
20 to 200 fe. Earlier work by Taylor and Pracejus (1950),
Ramsbottom et al. (1951), and Kraft and Ayres (1954) suggested
this idea. Table 1 compares lm/m2~hr of illumination which
largely accounts for the fading trends.

The pH of wafer sliced cured and cooked beef rose slight-
ly when the level of surface illumination was increased from
1076 lm/m2 to higher intensities for product displayed at
7.8°C (Table 2). Raising product pH, according to Sacharow
(1969) and Urbain and Jensen (1940), tends to stabilize nitro-
sohemcchrome fading as measured by either visual or objective
color measurements.

Visual color scores showed different degrees of fading
by the cured and cooked product when displayed and evaluated

under the different lighting systems (Table 3). Product as
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rated by 2 trained panelists under Incandescent Fluorescent
(IF) and Natural (N) lighting systems displayed less visual
color fade. Product exposed to Supermarket White (SW) showed
the most fading. Deluxe Cool White (DCW) illuminated product
was intermediate in color fading.

Objective color measurements (570 nm/650 nm reflectance
ratio) did not confirm visual observations. This suggests
that visual differences were largely due to color rendition
under the varios light sources and not to actual photochem-
ical effects.

Archer and Bandfield (1950) suggested that wavelengths
shorter than 450 nm (blue) were responsible for increasing
discoloration in veal loaf. Kampschmidt (1955) found pure
nitric oxide myoglobin in solution absorbed energy from wave-
lengths between 300 and 580 nm resulting in more pigment dis-
soclation and oxidation than the longer wavelengths of the
visible spectrum. He inferred nitrosohemochrome reacted tc
wavelength energy in the same manner as the pure nitric oxide
myoglobin in solution.

Eye sensitivity is greatest to wavelengths in the green
and yellow portion of the visible spectrum and decreases in
sensitivity to orange and red wavelengths (Francis and Clydes-
dale, 1975). Lamp systems with greater emissions in the orange
and red wavelengths were perceived as causing the least visual
fade. IF and N lamps emit a larger percentage of thelr energy
in the orange-red wavelengths than in the yellow-green wave-

lengths (Kropf, 1980), bringing out the redness of the cured
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and cooked meat while losing some sharpness of white and a
degree of color distinction exhibited by DCW and SW.

Visual color scores increased progressively, but not
consistently, from display initiation (0 hr) to completion
(72 hr). The 570 nm/650 nm reflectance ratio also increased
with display time. Lighting systems were turned off between
the 12 and 24 hr observations and 12 of each 24 hr thereafter.
Continued cured color fading demonstrated by both visual and
reflectance measurements between 12 and 24 hr show that once
oxidation of the nitrosochemochrome pigments has been initiated,
oxidation may proceed in the dark on wafer sliced cured and
cooked beef processed under nonvacuum procedures, but not
as rapidly as under light. Watts et al. (1955) have shown
that light faded cured meats in the presence of free sulfhy-
dral groups and free nitrite could regenerate cured color when
held at 7°C within 24 hr under dark storage conditions, but
we did not encounter such regeneration. The type of light-
ing by display hr interaetion (Table 3) is largely explained
by the large increase in visually perceived fading of product
between 0 and 6 hr displayed under SW lighting compared with
other lighting systems. Thereafter, increases in fading were
similar for all lighting types with increases in display time.

Significant interactions of temperature by display hr
were found for both subjective and objective color measure-
ments (Table 4). Mean visual color scores for product at the
3 temperatures wefe estimated as bright pink at 0 hr. A 6

hr illuminated product heid at 1.1°%¢ (34°F) faded less than
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product held at 4.4 and 7.8°C. At 12 hr and each time per-
iod thereafter, visual cured color fade progressed for each
temperature with fading similar for 1.1 and 4.4°C. Product
held at 7.8°C for 48 and 72 hr faded more than at the 2 lower
temperatures.

570 nm/650 nm reflectance ratios confirmed differences
in visual cured color fade values as changes occurring be-
cause of oxidation of the bright pink nitrosohemochrome to
a brown/gray metmyoglobin. Results show little difference
in visual and objective color measurements for nonvacuum pro-
cessed wafer sliced cured and cooked beef held under 1.1 and
H.HOC, with greater product fade occurring when held at 7.8°¢C
for 12 through 72 hr. Archer and Bandfield (1950) showed a
time/temperature relationship for discoloration of veal loaf.
Time expressed as fc-hr to least perceptable discoloration
decreased as temperature treatments increased from 40 to 60°F
(4.4 to 15.6°¢).

Standard plate counts (logl0 bacteria/g, Table 5) increased
between 24 and 72 hr of display. No observations of spot
discoloration or slime production due to microbial presence
were noted, therefore, exerting no influence on visual and
objective color measurements of the product surface.

The temperature by display hr interaction for mean mi-
crobial standard plate count values, expressed as loglD bac-
teria/g, showed no difference between temperature groups in
log standard plate counts at 24 hr (Table 5). The higher

temperature of 7.8°C favored increased microorganism growth
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Table 5. Mean standard plate count values? for
the effect of display hours and its interaction
with temperature on wafer sliced cured and cooked
beef processed under nonvacuum.

Display Hours

TG 77
Temperature (T)
1.1% €&4%) 1.5672 2,596
4. 4°C (40°F) 1.4022 3.1857
7.8°C (46°F) 1.u49% 5.098°
Ay 7 1.478% y,627°

ZLong bacteria/g.

a-c or d-ey.ang with the same superscript letter

are not different (P>.05).
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by about 2 logs at 72 hr.

Mean package oxygen (Table 6), expressed as % 02 of gas
volume, decreased between 24 and 72 hr of display. Initial
package osygen levels varied considerably. In view of the
increasing numbers of microorganisms in the nonvacuum processed
product during this same time period, it is probable that
package oxygen levels were depleted in part by microbial ox-
ygen demand.

Mean pH values also expressed an interaction between
temperature and display hr (Table 7). However, no consistent
trend of pH change with time was observed. pH increased from
24 to 72 hr at 1.10C, decreased from 24 to 72 hr at Q.HOC,
and did not change from 24 to 72 hr at 7.8°C, but changes were
very small and likely without practical meaning.

An interaction of lighting intensity by temperature was
determined for mean pH value (Table 2). pH values decreased
with increasing temperatures for each level of lighting in-
tensity. Within each temperature treatment no consistent
trend of pH decrease or increase for change in lighting in-
tensity was determined. Although the microbial population
of the nitrogen flushed nonvacuum processed product was not
identified, the temperature by display hr interaction for
microbial standard plate counts indicated substantial growth
of microorganisms in the packages with increasing temperature
and time. Ingram and Dainty (1971) stated with time, lactic
acid preoducing bacteria became a predominant bacterial species

on Wiltshire bacon placed in an oxygen impermeable package.
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Table 6. Mean package O values? for the effect of
display hours and its inte%action with type of light~
ing on wafer sliced cured and cooked beef processed
under nonvacuum.

Display Hours

oL 7%
Type of Lighting (TL)
GE Deluxe Cool White (DCW) 2.275%  0.519%
Sylvania Incandescent Bita Be
Fluorescent (IF) 1.488 1,380
GE Natural (N) 1.848%9 1,038%P
Westinghouse Supermarket cd ab
White (SW) 1.869°9 o.g0u
All TL 1.870F  0.950°

g O2 of gas volume.

a-d or e fi.ans with the same superscript letter

are not different (P>.05).
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Table 7. Mean pH values for the interaction of tem-
perature and display hours on wafer sliced cured and
cooked beef processed under nonvacuum.

Display Hours

g 77
Temperature
1.1% (3:°p) 6.2193° 6308
4.4 (40°F) §.260° 65.195%
7.8%c  (45°F) 6.1972 6.199%
a=-<C

Means with the same supefscript letter are not
different (P>.05),
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As bacterial numbers increased in the nonvacuum processed
product, the oxygen impermeable package may have resulted
in an increase in the lactic acid producing bacteria, account-
ing for the decreasing pH for lighting intensity levels as

display temperature increased.
Summary

Light induced photooxidation of wafer sliced cured and
cooked beef processed under nonvacuum production increased
as lighting intensity levels at the product surface are in-
creased from 1076 lm/m2 to 3228 lm/mz. The wvisual cured color
faded as a function of both time and light intensity, with
perceptible discoloration within 6 hr of display. At 3228
lm/m2 the product visually approached "Complete Fade" in 72
hr.

Color stability of the wafer sliced cured and cocked
beef processed under nonvacuum procedures was affected by
the display light source. Product appearance was a brighter
pink when viewed under Incandescent Fluorescent and Natural
lamps for all display times after treatment initiation.
Since reflectance did not confirm visual observations, the
lighting systems had a greater effect on product appearance
due to differences in their spectral energy distribution through
the visible light range rather than a stimulation of a pho-
tooxidative effect on nitrosohemochrome by the absorption
of light energy.

Temperature, as a function of time, induced the oxida-



59

tion and subsegquent changes of nitrosohemochrome from pink
to brown/gray. Display temperatures of 1.1°C and 4.4°C faded
the wafer sliced beef to a similar degree from 12 through
72 hr of display. Beginning at 6 hr and continuing through
72 hr or "Complete Fade", product at 7.8°C treatments exhibited
greater cured color fading both by subjective and objective
color measurements.

Time exerted an influence upon all criteria studied ex-
cept pH, where by upon initiation of product oxidation from
a specific display tre;tment, product oxidation continued
throughout all display hr.

Standard plate counts increased between 24 and 72 hr
and possibly exerted an influence upon product pH and pack-
age oxygen levels. No other noticeable product deterioration
occurred during the 72 hr display. pH dropped slightly in
product as display temperatures increased. Package oxygen
levels as a % of package gas volume were low and variable
in the nonvacuum processed product, dropping from 24 to 72
hr display time. Change in package oxygen levels may have
been a function of an increasing product micrcbial oxygen
demand.

In selection of optimum display conditions of wafer sliced
cured and cooked beef processed under nonvacuum production
all the criteria, subjective and objective, must be considered.
The problem of cured coclor fading was not eliminated; however,

product fading was reduced by display adjustments.



60

REFERENCES

Archer, H. and Bandfield, R.E. 1950. The discoloration of
veal loaf when expesed to high illumination. Illum.
Engr. 45:429,

Clark, C.N. 1856. The basis for appropriate lighting for
meat displays. Proc. 8th Res. Conf., Am. Meat Inst.,
Univ. of Chicago, p.83.

Erdman, A.M. and Watts, B.M. 1957. Spectrophotometric deter-
mination of color change in cured meats. J. Agr. Food
Chem. 5:453.

Francis, F.J. and Clydesdale, F.M. 1975. "Food Colorimetry:
Theory and Applications." AVI Publishing, Co., Inc.,
Westport, Conn.

Ingram, M. and Dainty, R.H. 1971. Changes caused by microbes
in spoilage of meats. J. Appl. Bact. 34(1):21.

Kampschmidt, R.F. 1955. Effect of wavelength of light and
discoloration on cured meats. J. Agr. Food Chem. 3:510.

Kraft, A.A. and Ayres, J.C. 1954. Color changes in packaged
bologna. Food Technol. 8:22.

Kropf, D.H. 1980. Effects of retail display conditions on
meat color. Proc. 33rd Recip. Meat Conf., Natl. Live-
stock and Meat Board, Chicago, (In Press).

Ramsbottom, J.M., Goeser, P.A., and Shultz, H.W. 1951. How
light discolors the meat and what to do about it. TFood

Ind. 23:120.

Sacharow, S. 1969. Cured meat packaging. Food Prod. Dev.
3(8):60.

Snedecor, G.W. and Cochran, W.G. 1967. "Statistical Methods,"

6th ed. Iowa State Univ. Press, Ames, Iowa.

Taylor, A.H. and Pracejus, W.G. 1950. Fading of colored
materials by light and radiant energy. Illum. Engr.
- L5:149,

Urbain, W.M. and Jensen, L.B. 1940. Heme pigments of cured
meats. I. Preparation of nitric oxide hemoglobin and
stability of the compound. Food Res. 5:593.

Watts, B.M., Erdman, A.M., and Wentworth, J. 1855. Relation
of free sulfhydral groups to cured meat color. J. Agr.
Fooed Chem. 3:147.



61

CHAPTER IV

EFFECT OF LIGHTING INTENSITY, TYPE OF LIGHTING,
AND TEMPERATURE ON WAFER SLICED CURED AND

COOKED BEEF PROCESSED UNDER VACUUM
ABSTRACT

Display conditions' influence on cured color fading of
vacuum processed wafer sliced cured and cooked beef was vis=-
ually estimated and measured by 570 nm/650 nm reflectance ra-
tios. Standard plate counts and package oxygen were also de-
termined. Product fading increased with increasing lighting
intensities from 1076 to 3228 1m/m2 and display time up to
72 hours. Incandescent Fluorescent and Natural lighting caused
less visual fading than Deluxe Cocl White or Supermarket White,
probably resulting from different color rendition. Fading,
measured by reflectance, was similar at 1.1 and 4.4°C but ac-
celerated at 7.8°C. Between 24 and 72 hours, standard plate
counts increases up to log 4.2/g, whereas package oxygen de-

creased.
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Introduction

Supermarkets utilize refrigerated display cases for the
presentation of individually wrapped packages of meat and meat
products. The cases utilize bright lighting to attract cus-
tomers' attention and elicit favorable purchase responses.
Meat color is a primary factor in determining consumer pre-
ferences.

The pigment responsible for the typical bright pink color
in cured and cooked meats is nitroschemochreome. Upon oxidation
this pigment is denatured with the pink color fading to brown/
gray. Sensitivity of nitrosohemochrome to photooxidation and
subsequent color fading in a short period of time is an eco-
nomic problem in highly illuminated self-service display cases.
Consumers, relying upon the bright pink cured meat coclor as a
means of determining product freshness and wholesomeness, re-
ject cured meats and meat products with faded appearance.

Packaged cured meats and meat products, fully cooked and
ready to serve, are convenient and popular menu items for to-
day's mobile society. Many ﬁew items have been developed for
sale, including cured and fully cooked wafer sliced beef.

Despite approximately 30 years of research concerning
the photooxidation of nitrosohemochrome, the color fading of
cured meats continues to be a problem in retail stores. Wide
variation can be found in sources of display illumination,
light intensity at the product surface, and product holding

temperatures.



63

Qur study had the following objectives: 1) to determine
the effects of various display conditions (type of lighting,
lighting intensity, and temperature), upon color stability
of wafer sliced, cured and cooked beef in an 84 g gas flush
package, 2) to determine any contributing role of package
microbial numbers, pH, and oxygen level to cured color fade
during and after display conditions, and 3) to form the basis
for recommendations to retailers concerning controllable dis-

play conditions.
Experimental

Commercially prepared wafer sliced (.711 mm thick) cured
and cooked beef in an 84 g nitrogen flushed package was fur-
nished to Kansaé State University by Land O' Frost Corp.,
Lansing, Il. Product composition was approximately 20% pro-
tein, 70% water, 3.7 to 3.8% salt, 5 to 6% fat, plus sodium
erythorbate, sodium nitrite, and seasonings. The wafer sliced
- cured and cocoked beef was packaged with a laminated film of
saran-cellophane-saran-polyethylene with oxygen permeability
of .55 ce/24 hr/m? at 22.2°C and moisture permeability < 1 cc.
The pouches were opaque except for a transparent product view-
ing area of the principal display panel, and a hole was punched
outside the package seal for pegboard type display. This
product was produced with vacuumizing equipment.

All samples were transported to the Kansas State Univer-
sity Meat Science Laboratory by commercial refrigerated truck

from Land O' Frost. Packages were checked for seal integrity
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and color, then randomly assigned.to predetermined display

treatments. Using a random sampling method, packages were

removed at the initiation of the display study for the pur-
pose of determining product microbial standard plate count,
PH of product surface, and package oxygen level.

Display treatments studied included all possible com=-
binations of the following variables: U4 types of lighting
(each 40 watt tubes), namely General Electric Deluxe Ccol
White, Sylvania Incandescent Fluorescent, General Electric
Natural and Westinghouse Supermarket Wﬂite; 4L lighting in-
tensities at product surface level, 1076 1m (lumens)/m2 (100
fo, foot-candles), 1614 lm/m2 (150 fe), 2152 lm/m? (200 fe),
and 3228 lm/m2 (300 fe); and 3 display temperatures, 1.1°C
(34°F), u.4% (40°F), and 7.8°C (48°F).

Due to the large number of samples studied and limited
display case space, retail display conditions were simulated
on a large scale in refrigerated chill rooms meeting prescribed
treatment requirements. Surfaces and background under each
source of illumination were covered with white meat wrapping
paper. Light intensity levels at the package surface level
were determined by a General Electric Light Meter, Model No.
201. Distances in cm between the light sources and-the sur-
face of the cured and cooked wafer sliced beef to achieve the
desired intensities of light are given in the appendix. Light-
ing under the display conditions was a 12 hr on/12 hr off cy-

cle, beginning with the lights on.
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Subjective (visual) and objective (reflectance) color
determinations were taken over a period of 3 days at the fol-
lowing times: 0 hr (before light exposure}, 6, 12, 24, 48,
and 72 hr.

Subjective cured color scores were assigned to each pack-
age under every display condition treatment for all designated
tiﬁe periods by 2 trained visual panelists. The following
visual color scale was used to the nearest 0.5 point: 1=
Bright Pink cured color (all pink, no brown/gray), 2=Slight
Fade (more pink, less brown/gray), 3=Moderate Fade (less pink,
more brown/gray), and 4=Complete Fade (no pink, all brown/
gray). Color scales were assigned to the produét exposed
to the light sources and visible through the transparent win-
dow on the principal display panel.

Reflectance was scanned from 560 nm to 660 nm through
the clear film of the unopened packages on a Bausch and Lomb
800 Spectrophotometer (scan speed 250 nm/min) with reflectance
attachment. Pure magnesium carbonate blocks were used to
standardize 100% reflectance. Reflectance values were read
to the nearest 0.1% at wavelengths of 570 and 650 nm and a
ratic of the % reflectance was calculated as an objective
measure of color fade using wavelengths suggested by Erdman
and Watts (1957).

Microbial standard plate counts were determined on ran-
domly selected preassigned packages: 2 packages from each
treatment after display for 24 and 72 hr (arbitrarily consid-

ered as "Complete Fade'}. Diiute phosphate buffer was pre-
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pared from 1.25 ml of stock solution diluted to 1000 ml (phos-
phate buffer stock solution of 3.4 g of KH,PO, in 50 ml dis-
tilled water, pH adjusted to 7.2 with .01 N NaOH, then diluted
to 100 ml). Packages were aseptically injected with 100 ml

of sterile dilute phosphate buffer, and product slices thorough~
ly rinsed. Appropriate dilutions were made and plated onto
standard methods tryptone glucose extract agar. Counts were
made after incubation for 96 hr at 2596.

In determining the pH of the product surface exposed to
the light sdurces, the top layer of the wafer sliced beef was
removed from the péckage, placed in a beaker, and minced with
a knife. Distilled water (50 ml) was added to the mince and
thoroughly mixed. pH readings were taken with a surface elec-
trode of a Corning Digital 110 pH Meter. Sampling was limited
to randomly preassigned product with 2 packages from each dis-
play treatment after 24 hr and again after 72 hr.

Again a preassigned package sampling method was used as
described for microbial standard plate counts and pH deter-
minations for identical time inter&als for measuring package
oxygen level. Readings were made to the nearest 0.1% with a
Beckman C-2 Oxygen Analyzer which evacuated package gas by
using a probe and vacuum pump.

Data were analyzed by analysis of variance and main ef-
fects were determined by the method of least significant dif-

ferences as specified by Snedecor and Cochran (1967).

Results and Discussion
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Cured color fading estimates by visual color sceres in-
creased as product expcsure and lighting intensity increased
(Table 1). 570 nm/650 nm reflectance ratios using wavelengths
suggested by Erdman and Watts (1957) also increased with in-
creased lighting intensity. Visual differences in product
cured color fading were likely caused by the photochemically
induced oxidation of nitrosochemochrome to oxidized porphyrins.
Studies by Kampschmidt (1955), Walsh and Rose (1956), and
Watts et al. (1955) have proposed cured color fading to be
an oxidative process stimulated light.

Processing the wafer sliced cured and cooked beef under
vacuum reduced, but did not eliminate package oxygen; thus,
oxidized porphyrin formation occurred at all treatment light-
ing intensities. Kraft and Ayres (1954) stated bologna vac-
uum packaged in a saran cellophane laminate faded less when
exposed under lighting intensities of 30 to 35 fe (322.8 to
376.6 1m/m?) than 50 to 60 fc (538 to 645.6 lm/m?) of Soft
White fluorescent light.

Cured color fading was limited to the top layer or wa-
fer slice of beef exposed to the light source through the
package principal display panel. This is in agreement with
the findings of Ramsbottom et al. (1851).

Visual color fading increased as reflectance ratios in-
creased with product display time (Table 1). Less fading oc-
curred between 12 and 24 display hr when lights were off, al-
though still significant (P4.05). Nitrosohemochrome oxida-

tion once initiated continued through the 72 hr display of
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12 hr on and 12 hr off lighting. Lighting intensity inter-
acted with time for visual color scores (Table 1). 2 trends
were observed after display initiation: 1) visual color scores
increased as display hr increased for each lighting intensity
and 2) within each display time visual color scores increased
with increasing light intensity. For scores at 6, 12, and
48 hr the effects of increasing intensity and time were addi-
tive. Converting lighting intensity and time into lm/mz-hr,
the reciprocity law of Taylor and Pracejus (1950), Clark (1956),
and Ramsbottom et al. (1951) appeared to apply. Some examples
of vacuum processed product fade that were statistically com-
parable for the following lighting intensity/hr combinations
were: 2152 1m/m® at 6 hr and 1076 lm/m’ at 12 hr; 2152 lm/
m2 at 12 and 24% hr and 1076 lm/m2 at 48 hrj; 3228 1m/m2 at
12 hr and 1076 lm/m> at 72 hrj; 3228 1lm/m’ at 2% hr and 1614
lm/m2 at 48 hr; - and 3228 lm/m2 at 48 hr and 2152 lm/m2 at
72 hr. The interaction of lighting intensity and time for
reflectance ratio was not significant (P<.05).

AT treatment initiation, product visual color sgores
under all fluorescent lighting types were estimated as "Bright
Pink" (Table 2). After 6 hr of display, product fading was
similar under all the lighting types. At 12 hr, product viewed
under Incandescent Fluorescent (IF) was evaluated as less faded
than product viewed under the other lighting systems. From
24 through 72 hr, product fading differed under different
lighting treatments: product under IF faded less than product

under Supermarket White (SW). Available information for spec-
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tral energy distribution of the light scurces used is given
in Table 3. Eye sensitivity is greatest to green-yellow wave-
lengths, decreasing in sensitivity to orange-red wavelengths
(Sylvania, No Date). Lamps emitting less energy in the orange-
red wavelengths maximize apparentlvisual cured meat color fad-
ing. IF, N, and DCW lamps respectively decreased in orange-
red and increased in green-yellow energy output. SW's spec-
tral energy distribution was not available; however, from
treatment results, it would be expected to emit a larger por-
tion of its energy in the green-yellow wavelengths and less
in the orange-red wavelengths than the other 3 light sources.

ﬁarly work by Archer and Bandfield (1950) with various
filters on Soft White fluorescent lamps indicated wavelengths
below 450 nm induced color fading in veal loaf. Kampschmidt
(1955) found pure nitrosomycglobin in solution to absorb more
energy between 350 and 580 nm resulting in more dissociation
than for energy absorbed from the upper range of the visible
light spectrum. Product ratio for type of lighting and dis-
play hr interaction did not confirm differences in visual color
score fading as oxidative changes in nitrosohemochrome struc-
ture. Therefore, visual differences in product fading were
caused by differences in lamp spectral energy balance or color
rendition.

Mean 570 nm/650 nm reflectance ratios indicate diffevrences
in nitrosohemochrome oxidation and resulting product cured
color fade due to display temperature and its interaction

with time (Table 4). Over-all display hr, mean 570 nm/650
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Table 3. Measured spectral energy distribution of three
light sources (Kropf, 1980).

Deluxe Incandescent
Cool White Natural Fluorescent
nm Watts % Watts % Watts %
uv 380 0.15 2.1 0.26 3.6 0.12 1.9

Violet 380-430 0.56 7.8 0.5 7.1 0.13 2.0
Blue 430-490 1.36 18.8 1;12 15.5 o.45 7.0
1

Green 430-560 .73 24.0 Lso8 213 1.04 16.2

o

Yellow 560-590 .86 I1.8 0.79 10.9 0.76 11.8
Orange 590-630 1.20 16.6 I:18 1B.3 1:23 1392
Red 630-700 1.36 18.8 1.83 25.3 2.21 34.4
Total _ 722 7:23 B.42

Far Red c.u48 7.2
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nm ratios indicate best cured color stability for vacuum pro-
cessed wafer sliced cured and cooked beef displayed under low
(1.1 or u4.4°¢C) refrigeration temperatures. Visually estimating
veal lcaf color fade, Archer and Bandfield (1950} found fc-hr
to the point of least perceptible color fade to decrease as
display temperature rose from 35 to 65°F (1.7°C to 18.3°C).

From 0 through 24 hr, little difference in nitroschemo-
chrome oxidation was measured between the 3 temperature treat-
ments. During the light off period between 12 and 24 hr, a
slight regeneration in cured color was detected in the y.4°¢
treatment but not at 1.1 and 7.8°C. Watts et al. (1955) found
cured meat with free sulfhydral groups and an excess of nitrite
could regenerate cured color within 24 hr when stored at 7°¢
in the dark. Accelerated cured color fading was noted for
7.8°¢C product at 48 and 72 hr over the lower temperature treat-
ments. Chill room temperature fluctuation could have been
a possible explanation why cured color fade was greater at
48 and 72 hr for product displayed at 1.1 than 4.4%,

Mean standard plate counts, log,, bacteria/g increased
from 24 to 72 hr of display (Table 5). At Z4 hr microbial
growth was not different for product displayed under the 3
temperature treatments. By 72 display hr, the 7.8°C display
resulted in higher standard plate counts, about 1 log higher
than the 2 lower temperatures.

Vacuum processed product mean pH values exhibited small
differences without any consistent trend for the 3 tempera-

ture treatments between 24 and 72 display hr (Table 6). Pro-
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Table 5. Mean standard plate count values?
rhw effect of display hours and its interaction
with temperature on wafer sliced cured and cocked

beef processed under vacuum.

75

Display Hours

n 77

Temperature (T)
1.1°%c (34°F) 1.400% 3.050P
4.4°c (40°F) 1,938% 3.104°
7.8°C (45°F) 1.719% 4.215°
A1l T 1.736% 3.797°

ZLong bacteria/g.
a-c or d-e
are not different (P>».05).

Means with the same superscript letter
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duct pH displayed at 1:1°¢ increased, b B decreased, and
7.8°C did not change. As package microbial populations were
not identified, the small changes in product pH means couldn't
be positively attributed to temperature selection of specific
bacterial genera.

A slightly lower (P .05) pH was noted for product dis-
played under 1076 lm/m2 than at the higher lighting intensities,
but differences were very small and not useful in predicting
changes in product cured color fading.

Mean package oxygen values, expressed as % 02 of gas
volume (Table 7), showed packages displayed under SW light-
ing to contain less oxygen (P<£.05) than packages displayed
under the other fluorescent lighting treatments. Due to ex-
perimental error and packaging material problems, type of light=-
ing's effect on package oxygen means was not reliable.

For all treatment combinations, package oxygen means
decreased from 24 to 72 display hr. As standard microbial
plate count means rose from 24 to 72 hr, the decrease in pack-
age oxygen level may be the result of an increasing microbial
oxygen demand by surviving aerobic of facultative organisms

from the initial beef microflora.
Summary

Product cured color faded with increasing lighting inten-
sity from 1076 to 3228 lm/m2 as determined by both subjective
and objective color measurements. The increasing reflectance

ratios suggest that light induced nitroschemochrome oxidation
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Table 6. Mean pH values for the effect of lighting intensity
and the interaction of temperature and display hours on wafer
sliced cooked and cured beef processed under vacuum.

Lighting Intensity

1076 1m/m? (100 fe) 5.210%
1614 1m/m® (150 fc) 5.224°
2152 1m/m® (200 fc) §.220°
3228 1m/m? (300 fc) §.226°

Display Hours
72

25
Temperature
1.1°%  (34°m 6.1972 6.317°
5.4%  (u0°F) 6.247° 6.186%
7.8°C  (48°F) 6.1842 6.188%

a-C Or d=€yoang with the same superscript letter are not
different (P>.05).
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Table 7. Mean package O values® for the effects of type of
lighting and display hours®on wafer sliced cured and cooked
beef processed under vacuum

Type of Lighting

General Electric Deluxe Cool White (DCW) ; 1.uosb

Sylvania Incandescent Fluorescent (IF) 1.2u9b

General Electric Natural (N) 1.479b

Westinghouse Supermarket White (SW) 0.9162
Display Hours

2y 1.5479

72 0.978°¢

Zg 020f gas volume.

a-b or c=dy..ns with the same superscript letter are not
different (P>.05).
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was the major display effect on cured color fading of vacuum
processed wafer sliced cured and cooked beef.

Oxidative changes in the cured meat pigment, once init-
iated, continued as a function of time. Cured color fading
increased visually as a function of lighting intensity and
display time under a lighting source, substantiating the
reciprocity law of equal product fading when illuminated
under equal 1m/m2—hr.

Different visual product fading under 4 fluorescent
lighting systems, which was not confirmed by reflectance
ratio, was largely caused by differences in lamp spectral
energy distribution and respective color rendition rather
than an effect of stimulation of cured pigment dissociation
and resulting oxidatioﬁ by absorbing energy from specific
wavelengths_emitted from the lamps. Lamps emitting a larger
percent of their energy in the orange and red wavelengths
than in the shorter visible wavelengths reduced visual pro-
duct cured color fade.

Displaying vacuum processed product at 7.8°C accelerated
cured pigment fading from pink to brownish gray in 72 hr.
Lower display temperatures of 1.1 and 4.4°C both reduced
nitrosohemochrome oxidation as determined by 570 nm/650 nm
reflectance ratios. =

Total package microorganism numbers increased from 2u
to 72 display hr and also as display temperature increased
from 1.1 to 7.8°C. Package oxygen levels decreased from 24

to 72 hr. This change could have been the result of an in-
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creasing oxygen demand from surviving aerobic and facultative
bacteria from the initial beef microflora in the vacuum pro-

cessed nitrogen flushed package.
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CHAPTER V

EFFECT OF LIGHTING INTENSITY, TYPE OF LIGHTING,
AND TEMPERATURE ON WAFER SLICED CURED
AND COOKED BEEF

ABSTRACT

Display conditions' influence on cured color fading of
wafer sliced cured and cooked beef was visually estimatad and
measured by 570 nm/650 nm reflectance ratios. Standard plate
counts and package oxygen were also determined. Product fading
increased with increasing lighting intensities from 1076 to
3228 lm/m2 and display time up to 72 hours. Vacuum processed
pfoduct visually faded less at all times than nonvacuum. In-
candescent Fluorescent and Natural lighting caused less visual
fading than Deluxe Cool White or Supermarket White. Prcduct
fading was similar at 1.1 and 4,4°C but accelerated at 7.8°C.

Between 24 and 72 hours, standard plate counts increased to

log 4.9/g, whereas package oxygen decreased.
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Introduction

Supermarkets utilize refrigerated display cases for the
presentation of individually wrapped packages of meat and meat
products. The cases utilize bright lighting to attract cus-
tomers' attention and elicit favorable purchase responses.
Meat color is a primary factor in determining consumer pre-
ferences.

The pigment responsible for the typical bright pink color
in cured and cooked meats is nitrosohemochrome. Upon oxidation
this pigment is denatured with the pink color fading to brown/
gray. Sensitivity of nitrosohemochrome to photooxidation and
subsequent color fading in a short period of time is an eco-
nomic problem in highly illuminated self-service display cases.
Consumers, relying upon the bright pink cured meat color as a
means of determining product freshness and wholesomeness, re-
ject cured meats and meat products with faded appearance.

Packaged cured meats and meat products, fully cooked and
ready to serve, are convenient and popular menu items for to-.
day's mobile society. Many new items have been developed for
sale, including cured and fully cooked wafer sliced beef.

Despite approximately 30 years of research concerning
the photooxidation of nitrosohemochrome, the color fading of
cured meats continues toc be a problem in retail stores. Wide
variation can be found in sources of display illumination,
light intensity at the product surface, and product holding

temperatures.
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Our study had the following objectives: 1) to determine
the effects of various display conditions, (type of lighting,
lighting intensity, and temperature), upon color stability
of wafer sliced, cured and cooked beef in an 84 g gas flush
package, 2) to determine any contributing role of package mi-
crobial numbers, pH, and oxygen level to cured color fade
during and after display conditions, 3) to determine the im-
portance of processing method (vacuum versus nonvacuum) in
maintaining cured color, and 4) to form the basis for recom-
‘mendations to retailers concerning controllable display con-

ditions.
Experimental

Commercially prepared wafer sliced (.711 mm thick) cured
and cooked beef in an 84 g nitrogen flushed package was fur-
nished to Kansas State University by Land O' Frost Corp.,
Lansing, Il. Product composition was approximately 20% pro-
tein, 70% water, 3.7 to 3.8% salt, 5 to 6% fat, plus sodium
erythorbate, sodium nitrite, and seasonings. The wafer sliced
cured and cooked beef was packaged with a laminated film of
saran-cellophane-saran-polyethylene with oxygen permeability
of .55 cec/24 hr/m2 at 22.2°C and moisture permeability < 1
cc. The pouches were opaque except for a transparent product
viewing area on the principal display panel, and a hole was
punched outside the package seal for pegboard type display.
Product from 2 methods of processing was evaluated; 1 method

" being product produced in nonvacuum equipment and in the other
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method product produced with vacuumizing equipment,

All samples were transported to the Kansas State Univer-
sity Meat Science Laboratory Dy commercial refrigerated truck
from Land O' Frost. Packages were checked for seal integrity
and color, then randomly assigned to predetermined display
treatments. Using a random sampling method, packages were
removed at the initiation of the display study for the pur-
pose of determining product microbial standard plate counts,
pH of product surface, and package oxygen level.

Display treatments studied included all possible combin=-
ations of the following variables: U4 types of lighting (each
40 watt tubes), namely General Electric Deluxe Cool White,
Sylvania Incandescent Fluorescent, General Electric Natural,
and Westinghouse Supermarket White; 4 lighting intensities
at product surface level, 1076 1lm (lumens)/m2 (100 fc, foot-
candles), 1614 lm/m2 (1508 £ol),. 2157 lm/m2 (200 fc), and 3228
1m/m? (300 fe); 3 display temperatures, 1.1°C (34°F), u.4°C
(HOOF), and 7.8°C CHBOF); and 2 processing systems, namely
vacuumized and nonvacuumized.

Due to the large number of samples studied and limited
display case space, retail display conditions were simulated
on a large scale in refrigerated chill rooms meeting prescribed
treatment requirements. Surfaces and background under each
source of illumination were covered with white meat wrapping
paper. Light intensity levels at the package surface level
were determined by a General Electric Light Meter, Model No.

201. Distances in cm between the light sources and the sur-
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face of the cured and cooked wafer sliced beef to achieve the
desired intensities of light are given in the appendix. Light-
ing under the display conditions was a 12 hr on/l12 hr off cy-
cle, beginning with the lights on.

Subjective (visual) and objective (reflectance) cclor
determinations were taken over a period of 3 days, at the fol-
lowing times: 0 hr (before light exposure), 6, 12, 24, 48,
and 72 hr.

Subjective cured color scores were assigned to each pack-
age under every display conditicn treatment for all designated
time periods by 2 trained visual panelists. The following
visual color scale was used to the nearest 0.5 point: 1l=Bright
Pink cured color (all pink, no brown/gray), 2=Slight Fade
(more pink, less brown/gray), 3=Moderate Fade (less pink,
more brown/gray), and 4=Complete Fade (no pink, all brown/
gray). Color scales were assigned to the product exposed to
the light sources and visible through the transparent window
on the principal display panel.

Reflectance was scanned from 580 nm to 660 nm thrcugh
the clear film of the unopened packages on a Bausch and Lomb
600 Spectrophotometer (scan speed 250 nm/min) with reflectance
attachment. Pure magnesium carbonate blocks were used to
standardize 100% reflectance. Reflectance values were read
to the nearest 0.1% at wavelengths of 570 and 650 nm and a
ratio of the % reflectance was calculated as an objective
measure of color fade using wavelengths suggested by Erdman

and Watts (1957).
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Microbial standard plate counts were determined on ran-
domly selected preassigned packages in the following manner:
2 packages each from vacuum and nonvacuum treatments after
display for 24 and 72 hr (arbitrarily considered as "Complete
Fade"). Dilute phosphate buffer was prepared from 1.25 ml
of stock solution diluted to 1000 ml (phosphate buffer stock
solution of 3.4 g of 1<H21”Ol\L in 50 ml distilled water, pH ad-
justed to 7.2 with .01 N NaOH, then diluted to 100 ml). Pack-
ages were aseptically injected with 100 ml of sterile dilute
phosphate buffer, and product slices thoroughly rinsed. Ap-
propriate dilutions were made and plated onto standard methods
tryptone glucose extract agar. Counts were made after incu-
bation for 96 hr at 25°C.

In determining the pH of the product surface exposed
to the light sources, the top layer of the wafer sliced beef
was removed from the package, placed in a beaker, and minced
with a knife. Distilled water (50 ml) was added to the mince
and thoroughly mixed. pH readings were taken with a surface
electrode of a Corning Digital 110 pH Meter. Sampling was
limited to randomly preassigned product with 2 packages from
each display treatment after 24 hr and again after 72 hr.

Again a preassigned package sampling method was used
as described for microbial standard plate counts and pH de-
terminations for identical time intervals for measuring pack-
age oxygen level. Readings were made to the nearest 0.1%
with a Beckman C-2 Oxygen Analyzer which evacuated package

gas by using a probe and vacuum pump.
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Data were analyzed by analysis of variance and main ef-
fects were determined by the method of least significant dif-

ferences as specified by Snedecor and Cochran (1967).
Results and Discussion

Visual color scores indicated increased fading with in-
creasing light intensity from 1076 to 3228 lm/m2 (Table 1).
Although the relectance ratics for 1614 and 2152 lm/m2 were
not different, 570 nm/650 nm reflectance ratios also increased
(P«.05) with increasing light intensity. Product color faded
from pink to brown/gray as light accelerated the likely oxi-
dation of nitrosohemochrome of oxidized porphyrins by either
the light catalyzed dissociation mechanism cited by Kampschmidt
(1955) or the active molecule mechanism of Walsh and Rose
(1956). Only the top layer or slice (.711 mm thick) of the
packaged product was faded after 72 hr exposure under the
4 fluorescent lighting systems. A similar observation was
made by Ramsbottom et al. (1951) with cured meat and meat
products illuminated under incandescent and fluorescent lamps
and by Urbain and Jensen (1940) with cured meat surfaces ex-
posed to air. 1In living systems, radiation absorption is lim-
ited to with a fraction of the exposed surface obeying the
quantitative absorption laws of Bougier-Lambert and Beer (Blum,
1941).

After display initiation, product fade progressively
increased with increasing time and lighting intensity. Be-

ginning at display initiation, lighting was scheduled on a
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12 hr on, 12 hr off cycle. For all light intensities product
visually faded at a slower rate in the dark period between

12 and 24 hr under light. The fade for this dark period was
higher for product displayed at the higher lighting intensity.
The rate of product fading increased for all lighting inten-
sities from 6 through 48 hr, except 12 through 24 hr, but de-
creased between 48 and 72 hr. Slowing of the cured color fa-
ding after 48 hr may be due to the product approaching "Com-
plete Fade" or a total loss of pink color when viewed. A
greater proportion of fading produced by higher lighting in-
tensity was noted early in display, ie. by 12 hr.

The law of reciprocity of equivalence (Bunsen-Roscoe
law) states the time required to absorb the same number of
gquanta must vary inversely as the intensity of the light flux
is changed (Blum, 1941). Comparing the energy under which
the product was exposed in lm/mz-hr, visual color fading gen-
erally was similar for product exposed to equal accumulative
illuminant energy. Clark (1956), using data from Archer and
Bandfield (1950) .and Ramsbottom et al. (1951), stated that
cured meat fading was a function of expcsure in fe-hr over
a range of 20 to 200 fe (215.2 to 2152 lm/m?).

There wasn't a significant interaction for visual scores,
but 570 nm/650 nm reflectance ratios indicate the rate of
photochemically induced nitrosohemcchrome oxidation was scome-
what sensitive to changes in temperature (Table 2}. Trends
weren't consistent for all light intensities and temperatures;

2
however, for product held at 7.800, except under 1614 1lm/m~,



81

nitrosohemochrome oxidation was accelerated over product held
at 1.1°C or u.1°¢ with increasing light intensity. Archer

and Bandfield's (1950) visual appraisal of veal loaf indicated
time to least perceptible discoloration decreased with increas-
ing temperature from 35 to 65°F (1.7°C to 18.3°C). Walsh

and Rose (1956) showed increasing temperature from 0.5 to
26.3°C increased the oxidation rate of nitric oxide myoglo-

bin in solution.

pH of product held under 1076 lm/m2 was slightly lower
than pH of product held at higher lighting intensities (Table
3). As the pH range between the light intensities and the
chance of causing product fading differences were very small,
little importance was attfibuted to the pH change.

Product viewed under Incandescent Fluorescent (IF) and
Natural (N) lighting appeared less faded than product held
under Deluxe Cool White (DCW) or Supermarket White (SW), which
exhibited the most visual fade (Table 4). 570 nm/650 nm re-
flectance ratios did not confirm visual fading differences
as differences in product nitrosohemochrome oxidation from
pink to brown/gray in color, indicating visual fading differ-
ences were due tc the lamps' color rendition or spectral en-
ergy distribution.

Early workers had suggested that product fading might
be accelerated by absorption of selected wavelengths of visible
light. Urbain and Ramsbottom (1948} found sliced boiled ham
wrapped in red cellophane exhibited less fading than ham wrap-

ped in colorless semi-moisture proof or amber cellophane after
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Table 3. Mean pH values for the effect of lighting
intensity on wafer sliced cured and cooked beef.

Lighting Intensity

1076 1m/m® (100 foot-candles) 5.2202
1614 1m/m? (150 foot-candles) 5.232P
2152 1m/m° (200 foot-candles) 6.228°
3228 1m/m> (300 foot-candles) 6.231°

a-bMeans with the same superscript letter are not
different (P>.05).
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20 hr of exposure under 4C to 50 fc (430.4 to 538 1m/m® of
fluorescent lighting. Archer and Bandfield (1950), using
filters to absorb wavelsngths up to 450 nm (blue) on veal
loaf illuminated under 50 to 150 fc (538 to 1614 lm/m?) of
fluorescent light between 35 and 65°F (1.7 to 18.3°C), found
a signifibant increase in time required for least perceptible
discoloration over veal loaf illuminated without filters.
Kampschmidt (1955) found nitrosomyogleobin in solution absorbed
visible light energy between 380 to 580 nm increasing its
dissociation.

Photopic vision's maximum sensitivity to light is at
555 nm or green-yellow wavelengths (Sylvania, No Date) and
decreasing in sensitivity through the orange-red wavelengths.
"As the color of a body depends on that part of the spectrum
not absorbed, but reflected, it follows that the more red in
the light source the more red will be reflected to the eye,"
(Francis and Clydesdale, 1975). IF and N lamps emitted a
larger percent of their energy in the orange-red wavelengths
than in the green-yellow wavelengths' (Kropf, 1980) and their
exposed product appeared less visually faded than product ex-
posed under DCW, which emitted a larger proportion of its spec-
tral energy in the green-yellow wavelengths than orange-red
wavelengths. Spectral energy distribution curves were not
aQailable for SW; however, it also would be expected to emit
a larger proportion of its spectral energy in the green-yel-
low wavelengths than in the red-orange wavelengths.

Type of lighting interacted (P4.05) with time for visual
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color scores (Table 4). Under all lighting systems, product
fading increased as display time Increased for all treatments.
Product visual fading continued slowly in the dark between

12 and 24 hr. Visual fading progressed for product illumin-
ated under all treatments at 48 through 72 hr, but rate of
fade after 48 hr declined. The slowing in produét visual fade
may have been due to increasing difficulty in evaluating fad-
ing differences as the product approached "Complete Fade" or
a totally brown/gray color. Visual fading differences were
not confirmed by 570 nm/650 nm reflectance ratios. The in-.
teraction was largely due to the higher mean visual scores

at 6, 12, 24, 48, and 72 hr for product displayed under SW.
This consistently higher score (more visual fade) may have
been largely due to the effects of unfaveorable rendition of
product appearance under this lighting system.

Method of processing the wafer sliced beef also affected
visual color scores (Table 5). For all treatments, product
processed in vacuumized equipment had a slight appearance
advantage over product processed with nonvacuumized equipment.
Urbain and Ramsbottom (1948) suggested elimination of oxygen,
a principal fading reactant, by vacuum packaging as a solu-
tion to the fading problem in cured meats. Kraft and Ayres
(1954) found vacuum packaged bologna showed less discoloration
by subjective and objective color determination than samples
wrapped under atmospheric pressure when exposed under 45 to
60 fc (484.2 to 6L5.6 1m/m2) of Soft White fluorescent light.

Recently, Schmidt (1979) stated the use of vacuum in conjunc-
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tion with bowl chopping prevented the whipping of excess air
into meat products. As our product's laminate wrap had low
oxygen permeability, visual fading differences for the nitro-
gen flushed packages suggest less oxygen incorporation into
the vacuum processed beef. Compared with nonvacuum processed
product, vacuum processed product exhibited less visual fade
when illuminated under SW lamps. The vacuum processing tended
to protect product from effects of an adverse type of light-
ing. This suggests vacuum processed beef can partially com-
pensate for visual fading when viewed under lamps that emit

a lower percentage of their spectral energy in the orange-red
wavelengths or the apparent visual effect is ﬁartly due to
product oxidation.

Mean package oxygen, expressed as % 02 of package gas
volume, decreased between 24 and 72 hr of display (Table 6).
Package oxygen decrease with increasing display time may have
resulted from an oxygen demand by aerobic or facultative or-
ganisms in an increasing microbial population between 24 and
72 hr (Table 8) or from oxygen consuming oxidative reactions.

Package oxygen means decreased between 24 and 72 hr for
product exposed under DCW, N, and SW lamps (Table 6). Due
to experimental error and packaging problems, a large vari-
ability was found in % package oxygen, indicating little re-
liability for package % oxygen differences of product exposed
under the fluorescent lighting treatments.

Mean 570 nm/650 nm reflectance ratios indicated the ox-

idation of nitrosohemochrome was temperature sensitive (Table
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2). More nitrosohemochrome oxidized in product stored under
7.8°C than under 1.1 or 4.4°C. Product stored under 1.1°C
showad greater cured pigment oxidation than . uoc which may
have been caused by undocumented display refrigeration fluc-
tuations. Kampschmidt (1955) and Walsh and Rose (1956) bot
found nitroscmyoglobin to be temperature sensitive, increasing
in oxidation rate between a range of 0.5 to 26.300; however,
Kampschmidt stated the rate of dissociation for the cured
meat pigment was not increased by an increase in storage tem-
perature.

Visual and objective color determinations both showed
product fading, once initiated, was a function of time (Table
7), increasing more so with illuminated display than in the
dark.

Temperature interacted with display time for product
visual fade estimation and 570 nm/650 nm reflectance ratio
measurements (Table 7). Visual fading rate increased for
all 3 temperature treatments between 6 and 48 hr, except be-
tween 12 and 24 hr when the display lights were off, but rate
of fading decreased from 48 to 72 hr, especially at 7.89C.
Reflectance ratio measurements did not always parallel visual
fading rates as the pigment oxidation rate decreased between
6 and 12 hr for product displayed at 1.1 and ~7.8°C and rose
slightly for product displayed at 4.4°C. The rate of nitro—
sohemochrome oxidation increased for all 3 temperature treat-
ments between 12 and 48 hr, excepting the 12 through 24 hr

dark display period, and decreased between 48 and 72 hr. The
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decrease in fading rate between 48 and 72 hr by visual and
reflectance color measurements indicated less fading as pro-
duct approached "Complete Fade". At 72 hr visual and reflect-
ance color measurements were not different (P»>.05) for product
displayed at 1.1 and 4.4°C while product displayed at 7.8°C
exhibited greater nitrosohemochrome oxidation and visual fading.

Mean standard plate counts, expressed as loglo bacteria/
g2, increased by approximately 1 log between 24 and 72 hr of
display (Table 8). Between 24 and 72 hr, microbial growth
increased as display temperature increased from 1.1 to 7.8°C,
The microbial population increased by approximately .75 of
a log for product displayed at 1.1 and 4.4°C and by 1.9 log
for product displayed at 7.8%¢C.

Mean product pH increased slightly between 24 and 72 hr
of display (Table 9). Temperature interacted with display
time for product pH values without establishing any consis-
tent trend: at 1.1°C pH increased slightly, at 4.4°C pH de-
creased slightly, and at 7,8°¢ product pH did not cﬁange.

The influence of processing method on product pH (Table
10) showed lower pH means for vacuum processed than nonvacuum
processed product. Product pH was lower for vacuum processed
product at each temperature treatment. Product pH also de-
clined for both vacuum and nonvacuum processed product as
temperature increased from 1.1 to 4.4 and from 4.4 to 7.8°C.
Ingram and Dainty (1971) found the bacterial population on
Wiltshire bacon placed in an air impermeable package changed

from predominantly micrococeci to lactic acid producing bac-
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Table 8. Mean standard plate count values?® for
the effect of display hours and its interaction
with temperature on wafer sliced cured and cooked
beef.

Display Hours

75 Tz
Temperature (T)
1,1%6 (85°F) 1.4912 2.880P
4.4 (40°F) 1,7u42 3.147°
7.8°C (46°F) 1.605% 4.850°
A1l T 1.6269 y.386°

Zlogl0 bacteria/g.

a-c or d'eMeans with the same superscript letter

are not different (P>.05).
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Table 9. Mean pH values for the effect of display
hours and its interaction with temperature on wafer
sliced cured and cooked beef.

Display Hours

75 T
Temperature (T)
1.1°% (31°F) 6.208% 6.330°
4.4%c  (40°F) 6.254° 5.190%
7.8°C  (46°F) 6.190% 6.1942
A1l T 5.2179 6.238°

a-c or d-e

- Means with the same superscript letter
are not different (P>.05).
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Table 10. Mean pH values for the effect of type of
processing and its interaction with temperature on wa-
fer sliced cured and cocked beef.

Type of Processing

Vacuum Nonvacuum
Temperature (T)
1.1°% (34°F) §.257° 5.281F
4.4°c  (40°F) 5.216¢ 5.228¢%
7.8°C  (46°F) 6.186% ~ g.198°
All T 5.2208 65.2367

a-f or g-Nyoans with the same superscript are not
different (P>.05).
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teria as microorganism numbers increased. Although the wa-
fer sliced beef microflora was not identified, the changes

in product pH could have been the result of an increasing se-
lection for lactic acid producing bacteria by the internal
package atmosphere differences of vacuum versus nonvacuum pro-
cessed product and stimulated microbial growth in product with
rising display temperature.

Processing method interacted (P4.05) with display time
for visual color scores (Table 11) with fade progressing for
both processing methods as display time increased. At each
time interval after display initiation, vacuum processed pro-
duct appeared less faded than nonvacuum processed product.

The rate of visual fading for both processing methods increased
between 6 and 48 hr, except when display lights were off be-
tween 12 and 2% hr, and then decreased between U8 and 72 hr.
Reflectance ratios (570 nm/650 nm) did not show a significant

processing by hr interaction.
Summary

Lighting intensity was a major factor responsible for
inducing fading of cured and cooked wafer sliced beef. Pro-
duct fade, determined by objective and subjective color mea-
surements, increased as lighting intensity at the product sur-
face level increased from 1076 to 3228 lm/mz. Product fade
was exhibited by only the top layer or wafer slice exposed
to the light source.

Visual fading progressed as a function of time for all
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lighting intensity treatmentsl The reciprocity law was gen-
erally substantiated for product visual fading with equivalent
fading estimated for product held under equal 1m/m2-hr within
the lighting ihtensity treatments. Reflectance ratios (570
nm/650 nm) were not significant (P>.05) for the lighting in-
tensity by display hr interaction.

Type of lighting affected product visual fade but not
reflectance ratios, with fading differences caused by lamp
spectral energy distribution differences. Product appeared
less faded when viewed under light sources which emit a lar-
ger portion of their spectral energy in the orange-red wave-
lengths than in the green-yellow wavelengths. After display
initiation, product viewed under IF and N lamps appeared less
faded than product viewed under DCW and SW lamps throughout
the 72 hr display study.

Vacuum processing of product reduced Qisual fading under
the 4 fluorescent lighting systems compared with nonvacuum
processed product. Vacuum processing of the wafer sliced cured
and coocked beef appeared to compensate for visual fade under
lighting systems emitting a lower percentage of their spectral
energy in the orange-red wavelengths. After display initia-
tion, vacuum processed product appeared less visually faded
than nonvacuum processed product throughout all display times.

Both by objective and subjective color measurements,
cured color fading for wafer sliced beef was found to be sen-
sitive to increasing display temperatures. After display

initiation, fading was accelerated for product held at 7.8°¢C
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over product held at 1.1 or 4.4°C from & through 72 hr. Visual
fading rates, as a function of time for the 3 temperatures,
were generally substantiated as changes in nitrosohemochrome
oxidation to oxidized porphyrins;

Microbial standard plate counts, expressed as log10 bac-
teria/g, increased between 24 and 72 hr of display and with
increasing display temperature from 1.1 to 7.8°C. |
2

% O2 of package

gas volume, were found to decrease between 24 and 72 hr of

Mean package oxygen values, expressed as

display, which may have resulted from an increasing oxygen
demand by surviving aerobic or facultative organisms from the
original beef microflora as the product microbial population

increased or from oxygen consuming oxidative reactions.
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CHAPTER VI

REGRESSION PREDICTED DISPLAY TEMPERATURE TO COMPENSATE
FOR LIGHTING INTENSITY IN CONTROLLING CURED COLOR FADING

OF WAFER SLICED CURED AND COOKED BEEF
ABSTRACT

Display conditions' influence on cured color fading of
wafer sliced cured and cooked beef was visually estimated.
Data were tested by analysis of variance, fit into a second
order linear regression with fixed intercept, and maximum al-
lowable display temperatures predicted from lighting inten-
sities (P4£.05) to achieve indicated product fading. Temper-
atures to achieve specified fading decreased with increasing
lighting intensities from 1076 to 3228 lm/m2 at each time,
decreased with increasing time from 12 to 48 hours at each
lighting intensity, and increased with allowable fading from
1.5 to 3.0 at fixed times and intensities. Incandescent Fluo-
rescent and Natural allowable temperatures were higher than

Deluxe Cocl White's or Supermarket White's.



Introduction

Supermarkets utilize refrigerated display cases for the
presentation of individually wrapped packages of meat and meat
products. The cases utilize bright lighting to attract cus-
tomers' attention and elicit favorable purchase responses.
Meat color is a primary factor in determining consumer pre-
ferences.

The pigment responsible for the typical bright pink color
in cured and cooked meats is nitrosohemochrome. Upon oxidation
this pigment is denatured with the pink color fading to brown/
gray. Sensitivity of nitrosohemochrome to photooxidation and
subsequent color fading in a short period of time is an eco-
nomic problem in highly illuminated self-service display cases.
Consumers, relying upon the bright pink cured meat color as a
means of determining product freshness and wholesomeness, re-
ject cured meats and meat products with faded appearance.

Packaged cured meats and meat products, fully cooked and
ready to serve, are convenient and popular menu items for to-
day's mobile society. Many new items have been developed for
sale, including cured and fully cocked wafer sliced beef.

Despite approximately 30 years of research concerning
the photooxidation of nitrosohemochrome, the color fading of
cured meats continues to be a problem in retail stores. Wide
variation can be found in sources of display illumination,
light intensity at the product surface, and product holding

temperatures.
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Our study had the following objectives: 1) to determine
the effects of various display conditions (type of lighting,
lighting intensity, and temperature) upon color stability
of wafer sliced, cured and cooked beef in an 84 g gas flush
package, 2) to determine to what extent type of lighting,
lighting intensity, and temperature of display conditions
could compensate for each other in detering cured color fade,
and 3) to form the basis for recommendations to retailers

concerning controllable display conditions.
Experimental

Commercially prepared wafer sliced (.711 mm thick) cured
and cooked beef in an 84 g nitrogen flushed package was fur-
nished to Kansas State University by Land 0' Frost Corp.,
Lansing, Il. Product composition was approximately 20% pro-
tein, 70% water, 3.7 to 3.8% salt, 5 to 6% fat, plus sodium
erythorbate, sodium nitrite, and seasonings. The wafer sliced
cured and cooked beef was packaged with a laminated film of
saran-cellophane-saran-polyethylene with oxygen permeability
of .55 ce/24 hr/m2 at 22.2°C and moisture permeability < 1
cc. The pouches were opaque except for a transparent product
viewing area on the principal display panel, and a hole was
punched outside the package seal for pegboard type display.
Product from 2 methods of processing was evaluated; 1 method
being product produced in nonvacuum equipment and in the other
method product produced with vacuumizing equipment.

All samples were transported to the Kansas State Univer-
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sity Meat Science Laboratory by commercial refrigerated truck
from Land O' Frost. Packages were checked for seal integrity
and color, then randomly assigned to predetermined display
treatments.

Display treatments studied included all possible combin=-
ations of the following variables: U types of lighting (each
40 watt tubes), namely General Electric Deluxe Cool White,
Sylvania Incandescent Fluorescent, General Electric Natural,
and Westinghouse Supermarket White; U4 lighting intensities
at product surface level, 1076 1lm (lumens)/m2 (100 fc, foot-
candles), 1614 1m/m® (150 fe), 2152 1m/m2 (200 fc), and 3228
lm/m2 (300 fe); 3 display temperatures, 1.1°C (31°F), u4.4°¢C
(40°F), and 7.8°C (46°F); and 2 processing systems, namely
vacuumized and nonvacuumized.

Due to the large number of samples studied and limited
display case space, retail display conditions were simulated
on a large scale in refrigerated chill rooms meeting prescribed
treatment requirements. Surfaces and background under each
source of illumination were covered with white meat wrapping
paper. Light intensity levels at the package surface level
were determined by a General Electric Light Meter, Model No.
201. Distances in cm between the light sources and the sur-
face of the cured and cooked wafer sliced beef to achieve the
desired intensities of light are given in the appendix. Light-
ing under the display conditions was a 12 hr on/12 hr off
cycle, beginning with the lights on.

Subjective (visual) and objective (reflectance) cclor
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determinations were taken over a pericd of 3 days, at the fol-
lowing times: 0 hr (before light exposure), 6, 12, 24, 48,
and 72 hr.

Subjective cured color scores were assigned to each pack-
age under every display condition treatment for all designated
time periods by 2 trained visual panelists. The following
visual color scale was used to the nearest 0.5 point: 1=Bright
Pink cured color (all pink, no brown/gray), 2=Slight Fade
(more pink, less brown/gray), 3=Moderate Fade (less pink,
more brown/gray), and 4=Complete Fade (no pink, all brown/
gray). Color scales were assigned to the product exposed to
the light sources and visible through the transparent window
on the principal display panel.

Reflectance was scanned from 560 nm to 660 nm through
the clear film of the unopened packages on an Bausch and Lomb
600 Spectrophotometer (scan speed 250 nm/min) with reflectance
attachment. Pure magnesium carbonate blocks were used to
standardize 100% reflectance. Reflectance values were read
to the nearest 0.1% at wavelengths of 570 and 650 nm and a

[s)

ratio of the % reflectance was calculated as an objective
measure of color fade using wavelengths suggested by Erdman
and Watts (1957).

Data were analyzed by analysis of variance and main ef-
fects or interaction effects were determined by the method
of least significant differences as specified by Snedecor

and Cochran (1967). The data were then fit into a 2nd order

linear regression model with a fixed intercept (Draper and
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Smith, 1966). The model intercept was fixed at -2.8°C (27°F)
based on the observation that at this temperature wafer sliced
cured and cooked beef's visual color score was estimated as
1=Bright Pink. Predictions were made only on lighting inten-
sity data which were significant (P4.05) when analyzed by

analysis of variance.
Results and Discussion

Retail display lighting source, lighting intensity, nad
temperature can be altered and offer management possibilities
for controlling fading of wafer sliced cured and cooked beef.
Knowing product display turnover rates, prediction of its
visual color score under defined display conditions and time
could determine adjustments for one display condition to com-
pensate for changes in another which could benefit product
marketing.

Within the limits of the data, product visual scores
were predicted for temperature at lighting intensity levels
of 1076, 1614, 2152, and 3228 lm/m2 where display illumination
source (Deluxe Cool White=DCW, Incandescent Fluorescent=IF,
Natural=N, or Supermarket White=SW fluorescent lamps), pro-
duct processing method (nonvacuum versus vacuum), and time
(12, 24, or 48 hr) were specified. Product visual scores of
1.5, 2.0, 2.5, and 3.0 were selected as various stages of pro-
duct fading which would occur within marketing periods of 12
through 48 hr. Visual scores for times less than 12 hr were

not predicted as product fading was generally within accept-
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able levels. After 48 hr, product fading approcached an es-
timated "Moderate Fade"; which was considered unacceptable
and more difficult to score.

Predicted display temperatures for desired visual color
scores are presented in Tables 1 through 8. Discussion of
results cover only the data most useful from a retail merchan-
dizing viewpoint.,

At each visual score for nonvacuum processed product
held under DCW lighting, predicted display temperatures de-
creased as lighting intensities increased at each display
time (Table 1). For example, to achieve a visual color score
of 1.5 for product held at 12 hr under display conditions,
predicted temperature decreased from 2.3 to -0 47C a8 lighting
intensity increased from 1076 to 3228 lm/mz. Lower display
temperature was required to overcome the fading acceleration
of product under higher light intensities. Archer and Band-
field (1950) found fc-hr to least visual perceptible discolor-
ation in veal loaf increased with decreasing lighting inten-
sity (150 to 50 fc or 1614 to 538'1m/m2) as temperature de-
creased from 60 to 40°F (15.6 to u.noc), suggesting that as
display lighting intensity increased display temperature could
be lowered to achieve equivalent processed product fading.
This trend of decreasing display temperatures as lighting
intensity increased to maintain equal product fading was re-
peated for nonvacuum processed product held under IF, N, and
SW lighting (Tables 2,3, and 4), but display temperatures

to achieve a specific product visual score at a display time
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were different for each lighting source.

Achievement of the same product visual score at 12, 24,
or 48 hr required a progressively lower display temperature
for the longer times. For instance; to achieve a visual score
of 1.5 under DCW light (1614 lm/m2 intensity) at display
times of 12, 24, or 48 hr, temperatures of 1.0, 0.7, and
-0.7°C were predicted as necessary. This suggests that not
only does processed cured product respond to the reciprocity
law of lighting intensity and time described by several re-
searchers (Clark, 19563 Ramsbottom et al., 1951; and Taylor
and Pracejus, 1950), but that fading can also be altered by
changing temperature in relation to lighting intensity and
display time under a defined lighting source to attain a
specific visual score. This decreasing trend for predicted
display temperature for fixed visual scores with increasing
display time was also noted for product held under IF, N,
and SW lighting (Tables 2, 3, and 4). Predicted temperatures
to achieve the score and time specifications differed between
the lighting systems.

Predicted display temperatures for each lighting inten-
sity at a specific hr increased as visual score increased
for nonvacuum procedded product held under DCW lighting (Ta-
ble 1). Again using 1614 lm/m2 as an example, if visual scores
were to be 1,5, 2.0, 2.5, or 3.0 after 12 hr of display, pro-
gressively warmer temperatures could be utilized with temper-

atures of 1.0, 4.7, 8.5, or 12.2% respectively resulting
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in these scores. Although predicted temperature varied with
the different lighting systems, this trend was noted for non-
vacuum processed product held under IF, N, and SW lighting
(Tables 2, 3, and U4).

Comparison of predicted temperatures between the light-
ing systems for nonvacuum precessed product showed them to
influence rendition of faded product. Predicted temperatures
were generally slightly higher for product held under IF and
N lighting than for product held under DCW and SW lighting
for equal score and display time and lighting specifications.
Product could tolerate higher temperatures under IF and N
than under DCW and SW lighting. IF and N lamps emit a larger
portion of their spectral energy in the orange-red wavelengths
than in the green-yellow wavelengths (Kropf, 1980). This
would improve product color rendition over lamps that emit
a greater portion of their spectral energy in the green-yel-
low wavelengths, the region of greatest eye sensitivity (Fran-
cis and Clydesdale, 1975). This suggests type of display
‘lighting can partially compensate for product fading when
all other display conditions are held constant.

For product processed under vacuum, for each visual score
and display time, predicted temperature decreased as lighting
intensity increased from 1076 to 3228 lm/m2 with DCW illumin-
ation (Table 5), This trend was noted for all predicted tem-
peratures of vacuum processed product held under IF, N, and

SW lighting (Tables 6, 7, and 8) with temperatures to achieve
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a specific score varying under the different lighting treat-
ments when all other display specifications were the same.
This trend was similar to that observed for the neonvacuum
processed product.

As display time increased for each visual score, predict=-
ed display temperature decreased for each lighting Intensity
level of the vacuum processed product under DCW lighting.
Although Kraft and Ayres (1954) did not vary display tempera-
ture from 2.50C, they found vacuum packaged bologna fading
increased as Scoft White fluorescent lighting increased from
30 to 35 fc (222.8 to 376.6 lm/m’) to 50 to 60 fc (538 to
BLUS.6 lm/mz), indicéting adherance to the reciprocity law.
This decreasing trend of predicted display temperature with
increasing display time at fixed lighting source and inten-
sity and score was also noted for vacuum processed product
illuminated under IF, N, and SW lamps (Tables 6, 7, and 8)
with the exceptions of 1076 and 2152 1m/m? under N lighting.
Predicted temperatures to achieve a specific set of display
conditions‘Varied among the lignhting sources.

For vacuum processed DCW illuminated product a trend
of increasing allowable display temperature was exhibited
as visual scores increased at fixed times and lighting inten-
sities (Table 5). This pattern was repeated for vacuum pro-
cessed product illuminated under IF, N, and SW lamps. Again
temperatures to achieve a desired visual score under similar

fixed conditions varied with the lighting source. This same
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pattern of increasing predicted display temperatures with
increasing visual scores at specific time and lightiﬁg in-
tensities was noted for nonvacuum processed product held un-
der DCW, IF, N, and SW lamps.

When comparing predicted display temperatures between
the 4 illumination sources for vacuum processed product un-
der similar displaj specifications, lamp spectral energy dis-
tribution again gives a slight advantage to product exposed
under IF and N lighting over DCW and SW exposed product.
Product under IF and N lighting could tolerate a higher tem-
perature at each intensity than product under DCW and SW
lighting.

These data do not lend themselves to a direct comparison
between nonvacuum and vacuum processed product at any speci-

fic lighting type and intensity.
Summary

Predictions of display temperatures necessary to achieve
visual color scores ranging from 1.5 to 3.0 were made for
wafer sliced cured and cooked beef for various display times,
lighting sources and intensities.

Three general trends noted for nonvacuum and vacuum pro-
cessed prcduct illuminated under DCW, IF, N, and SW lamps
were: 1) predicted display temperatures decreased as light-
ing intensity increased from 1076 to 3228 1m/m? at each dis-
play time for each visual score, 2) at each visual score pre-

dicted allowable display temperatures decreased for all light-
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ing intensities as time increased frem 12 to 48 hours, and
3) for each lighting intensity at a fixed hour, predicted
allowable display temperatures increased as visual score in-
creased from 1.5 to 3.0, |
Predicted display temperatures suggested that type of
display lighting influences the fading of wafer sliced beef
processed under vacuum or nonvacuum conditions. Product re-
quired lower display temperatures when exposed under lighting
systems which emitted a larger portion of their spectral en-
ergy in the green-yellow wavelengths than product illuminated
under lamps which emitted a larger portion of their spectral

energy in the orange-red wavelengths.
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CHAPTER VII
SUMMARY

Display conditions' influence on cured color fading of
wafer sliced cured and cooked beef in a nitrogen flushed ox-
ygen impermeable package was determined by visual evaluations
of 2 trained panelists and by the % reflectance ration of 570
nm/650 nm. Microbial standatd plate counts, surface pH, and
% oxygen of package gas volume were also determined. Treat-
ment design included all possible combinations of: 1) 1076,
1614, 2152, or 3228 lm/m2 lighting intensities, 2) Deluxe Cool
White, Incandescent Fluorescent, Natural, or Supermarket White
lighting sources, 3) 1.1, 4.4, or 7.8°C temperatures, and 4)
vacuum versus nonvacuum processing. Subjective and objective
criteria were determined at 0, 6, 12, 24, 48, and 72 hr of
display. Data were tested by analysis of variance. Maximum
allowable display temperatures were predicted from lighting
intensities (P<¢.05) to achieve specific product fading by a
second-order linear regression model with a fixed intercept.

For nonvacuum processed product, light induced nitroso-
hemochrome oxidation increased as lighting intensity increased
from 1076 to 3228 lm/mz. Product perceptibly faded within &
hr of display and approached "Complete Fade" at 72 hr. Vis-
ual color did not regenerate during dark display between 12
and 24 hr. Similar visual fading was observed between product
illuminated under equivalent lm/mz-hr. Product appeared less

faded under Incandescent Fluorescent and Natural than under
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Deluxe Cool White or Supermarket White lighting, due to dif-
ferences in lamp spectral energy distribution. Nitrosohemo-
chrome oxidation was slightly influenced by display tempera-
ture, with product at 1.1 and 4.u°C exhibiting similar fade
while fading accelerated at 7.8°C beginning at 48 hr. Between
24 and 72 hr, standard plate counts increased to log 2.6/g
for product at 1.1OC, to log 3.2/g for product at H.MOC, and
to log 5.1/g for product at 7.8°C; package oxygen decreased
below 1% of gas volume; and product pH dropped slightly as
display temperatures increased from 1.1 to 7.8°C.

For vacuum processed wafer sliced cured and cooked beef,
nitrosohemochrome oxidation increased as lighting intensity
increased from 1076 to 3228 lm/mz. Cured color regeneration
wasn't observed between 12 and 24 hr display in the dark.
Visual fading was equal for product illuminated under equal
lm/mz—hr. Incandescent Fluorescent and Natural lamps, which
emit a large portion of their spectral energy in the orange-
red wavelengths, caused less visual fading than Deluxe Cool
White or Supermarket White, which emit a larger portion of
their spectrél energy in the green-yellow wavelengths. Fading,
measured by reflectance, was similar at 1.1 and H.MOC, but
beginning at 48 hr accelerated at 7.8°C. Between 2u4 and 72
hr, standard plate counts increased to log 3.1/g at 1.1 and
4.4°C and to log 4.2/g at 7.80C; and package oxygen decreased
below 1% of gas volume.

Evaluating combined vacuum and nonvacuum processed beef,

again light induced nitrosohemochrome oxidation increased with
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increasing lighting intensity from 1076 to 3228 lm/mz. Wafer
sliced beef did not visually regenerate cured color after
light exposure during dark storage between 12 and 24 hr.
Product exposed to equivalent lm/mz-hr appeared similarly
faded. Incandescent Fluorescent and Natural lighting caused
less visual fading than Deluxe Cool White or Supermarket White
lighting, probably due to differences in color rendition.
Vacuum processed product was estimated as less visually faded
under all lighting types and at all display hr than nonvacuum
processed product. Vacuumizing during production helped to
reduce product visual fading under lighting sources which
emitted a greater portion of their spectral energy in the
green-yellow wavelengths than in the orange-red wavelengths.
Nitrosohemochrome oxidation was slightly influenced by tem=-
perature. Fading at 1.1 and 4.4°C was similar, but was slightly
accelerated at 7.8°C. Between 24 and 72 hr, as temperature
increased from 1.1 to 7.800, standard plate counts increased
from log 2.9/g to 4.9/g;” package oxygen decreased below 1%

of gas volume; and product pH change was small and without
any detectable pattern.

Regression predicted maximum allowable display temper-
atures to achieve specified product fading decreased with in-
creasing lighting intensities from 1076 to 3228 1m/m? at 12,
24, or 48 hr for vacuum and nonvacuum processed product under
each lighting source. For both vacuum and nonvacuum processed
product, at each lighting intensity, predicted display temper-

atures decreased with increasing time from 12 to 48 hr for
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product fading at score 1.5, 2.0, 2.5, or 3.0 under each light-
ing source. Temperature predictions increased at fixed times
and lighting intensities as tolerated fading increased from
score 1.5 to 3.0 for specified processing method and light
source. Incandescent Fluorescent and Natural lighting's al-
lowable temperatures were higher than Deluxe Cool White's

or Supermarket White's for both processing methods, indicating
partial product fading compensation by lamps emitting a large
portion of their spectral energy in the orange-red wavelengths.
The regression data did not lend itself to comparisons between
processing methods. Selection of data points for temperature
predictions were based upon conditions that could be controlled

at the retail level.
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Appendix Table A. Distance in cm between light sources and
wafer sliced cured and cooked beef product surfaces to achieve
designated lighting intensities.

Type of LightingX
IF

DCW N SW
Lighting
Tem ture {nfeQS}ty
peratur m/m
7.8% (u8°F) 1076 90,17 91.u4  88.90 93.98
1614 80.01 69.85 81.28  77.47
2152 © 57.15  LL.45  68.58  68.58
3228 22.86 20.32  38.10  34.29
4.4% (40°F) 1076 113.03  81.28  99.06  96.52
1614 93,98 71.12 80.01  88.90
2152 72.39  54.61 63.50 65.04
3228 33.02 29.21 38.10 43.18
1.1°C (34°F) 1076 92,71  74.93 67.31  86.36
1614 76.20 66.04 57.15  76.20
2152 66.04 54,61 41.91  66.04
3228 38,10 31.75 21.59  48.26 .

xType of Lighting: DCW=GE Deluxe Cool White, IF=Sylvania
Incandescent Fluorescent, N=GE Natural, SW=Westinghouse Super-
market White.

YLighting Intensity: 107§ lm/m°=100 fo, 161% lm/m’=150 fc,
2152 1m/m"=200 fe, 3228 1m/m =300 fc.
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Appendix Table D5. Mean pH values for the interaction of
type of lighting by lighting intensity by temperature on wa-
fer sliced cured and cooked beef.

Temperature
1:4°C C34FF) 4.4¥C (40°F)

7.8°C (46~F

Lighting
Type gf v Integs%ty
Lighting” 1lm/m
DCW 1076 6.298T 6,2 (58FER 6.1ggPcd
161U 6.3245 6.211f8hi 6.19gcdef
2152 6.276P4 6.22413k 5. 19gcdef
3228  6.2899% 5.2190% 5.2019¢f8
IF 1076  6.219M §.211fehi 5 gl
1614 6.2uyt™ 6.21680% 8 5 IR
2152 6.249MO 6.209fghi 5. 1gy3bC
3228 8. B 5.2231] 5.18gPcd
N 1076 6.2ugMn 6.2293K1 5.191Pcde
1614  6.265°P § s pypi-LE 6 . poydefgh
2152 6.246M" 6.23y3klm 5.200¢defg
3228 6.2u5imn 5.246™" 6.190°°de
SW 1076 5.281P9 5.9, fehi e
1614 6.289%T 6.22313 6.1950def
2152 5.29097 6.2263K §.201%%E
3228 6.2889" 6.2263K 5. 2gpcdefs

yType of Lighting:

DCW=GE Deluxe Cool White, IF=Sylvania

Incandescent Fluorescent, N=GE Natural, SW=Westinghouse Super-
market White.

zLighting Intensity: 1079 lm/m2=100 fo, 1614 lm/m2=150 s i< I
2152 1m/m“=200 fc, 3228 1lm/m“=300 fc.

@~SMeans with the same superscript letter are not different

(P>.05).
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Appendix Table E9. Simple linear regression’ predicted
display lighting intensities (foot-candles) to compensate for

temperatures of wafer sliced cured ahd cooked beef.

Deluxe Cool White Lighting, Nonvacuum Processed
N Temperature n
1.1°C (34~F) 4.4%C (407F) 7.8°C (46°F)

Visua
Score”™ Hour

1.5 42 86.7 §3.3 76.9
2y 76.3 75.1 8.4
48 49.0 53.7 45.5
2.0 12 173.4 166.7 153.9
A 152.6 150.3 136.8
48 98.1 107.4 91.0
2.5 12 260.0 250.0 230.8
24 228.9 225.4 205.3
48 147.2 161.2 136.5
3.0 12 346.7 433.3 307.7
A 305.2 300.6 307.7
i 196.2 214.9 182.0

YScore=1 + ﬁ(Light Intensity).

Z1=Bpight Pink, 2=Slight Fade, 3=Moderate Fade, 4=Com-
plete Fade.
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Appendix Table E10. Simple linear regressicny predicted
display lighting intensities (foot-candles) to compensate for
temperatures of wafer sliced cured and ccoked beef.

Incandescent Fluorescent Lighting, Nonvacuum Processed
A Temperature . N
1.1°C (34~ F) 4.47C (407F) 7.8°C (467T)

Visua
Score” Hour

1.6 12 97.7 L2 L 96.3
24 82.3 115.0 79.8
48 4g9.4 56.5 50.8
2.0 12 195.5 224.1 182.8
24 164.6 230.1 159.5
48 98.9 313.0 101.8
2.5 12 293.2 336.2 288.9
24 246.8 336.2 288.9
48 148.3 189.6 152.7
3.0 1.2 391.0 448, 3 385.2
24 329:1 480.2 319.0
48 197,42 228,10 203.6

YScore=1 + ﬁ(Light‘Intensity).

zl=Bright Pink, 2=Slight Fade, 3=Moderate Fade, 4=Com-
plete Fade.
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Appendix Table E1l. Simple linear regressiony predicted
display lighting intensities (foot-candles) to compensate for
temperatures of wafer sliiced cured and cooked beef.

Natural Lighting, Nonvacuum Processed
Temperature R
1.1°C (347F) 4.47C (4C°F) 7.87C (467F)

Visua%
Score Hour

f ol 12 ATl 104.0 91.6
24 82.8 a4 .6 104, 8
48 58,3 65.0 52 .3
2.0 12 194.0 208.0 183.1
24 165.6 188.4 209.7
48 116.6 130.0 104.6
2.5 12 251.0 3% 274 .7
o 248 .4 282.6 314.5
48 174 .9 195.0 156.9
3.0 a 388.1 416.0 366.2
2y 331.2 376.8 419,4
48 233.2 260.0 209.2

YScores1 + ﬁ(Light Intensity).

21=Bpright Pink, 2=Slight Fade, 3=Moderate Fade, 4=Com-
plete TFade.



Appendix Table E12. Simple linear regression” predicted
display lighting intensities (foot-candles) to compensate for
temperatures of wafer sliced cured and cooked beef.

Supermarket White Lighting, Nonvacuum Processed.
Temperature
L. 190 L3482 4.49C (40YF) 7.8°C (46CF)

Visua
Score Hour

1o 5 12 87.8 70 .4 60.5
24 69.9 67.2 52.6
48 45.0 45.5 40.1
2.0 12 175.7 140.8 120.9
21 139.8 134.3 105.3
48 90.0 90.9 | 80. 2
2.5 12 263.5 211.3 181.4
24 209.7 201.5 157.9
48 135.0 136.4 120.3
3.0 12 351.4 281.7 241..9
24 279.6 268.6 210.5
48 179.9 181.8 160.4

YScore=1 + B(Light Intensity).

?1=Bright Pink, 2=Slight Fade, 3=Moderate Fade, 4=Com-
plete Fade.
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Appendix Table E13. Simple linear regression? predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and cooked beef.

Deluxe Cool White Lighting, Vacuum Processed
, ~ Temperature _ _ o
1.1°C (347F) 4.47C (LO0~F) 7.8°C (467F)

Visua
Score Hour

1.5 12 87.3 114.0 78.3

24 78.0 11lu4.6 68.2
48 47.5 78.2 50.4
2.0 12 174.5 228.1 156.6
24 156.1 229.3 l36.4
48 gy, 9 156.4 100.8
2.5 12 261.7 342.1 234.9
24 234.1 343.9 204.6
48 142.3 234.7 151:2
3.0 12 349.0 456.1 313.3
24 31lz,1 458.6 272.8
48 189.8 312.9 201.6

Y3core=1 +‘ﬁ(Light Intensity).

21=Bright Pink, 2=Slight Fade, 3=Moderate Fade, 4=Com-
plete Fade.
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Appendix Table El4. Simple linear regressiony predicted
display lighting intensities (foot-candles) to compensate
fcr temperatures of wafer sliced cured and cooked beef.

Incandescent Fluorescent Lighting, Vacuum Processed
Temperature '
1.1~%C (34%F) 4.4~¥C (4O0~F) 7.8YC (46>F)

Visua
Score Hour

1.5 1 9L.2 168.8 130.5
24 78.8 118.2 98.5
48 51.8 69.9 56.1
2.0 12 188.4 337.7 261.0
24 157.6 236.4 187.0
48 103.6 139.8 112+38
2.5 12 282.6 506.5 391.6
24 236.4 354.6 295,5
48 155.4 209.7 168.4
3.0 12 376.8 675.3 522.1
24 315.2 472.7 383.9
48 207.2 219.. 8 224.5

YScore=1 + ﬁ(Light Intensity).

Zl=Bright Pink, 2=S1ight Fade, 3=Moderate Fade, 4=Com=-
plete Fade.
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Appendix Table E15. Simple linear regressiony predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and coocked beef.

Natural Lighting, Vacuum Processed
Temperature
1.1YC (34¥F) L.4~¥C (LOYE) 7.8°C (46-F)

Visua
Score Hour

1.5 12 117.1 81.8 111.1
24 86.7 21: 8. 107.4
L8 70.3 50.0 52.4
2.0 12 234.2 163.5 222.2
24 173.3 183.1 220.3
L8 140.5 100.0 104.8
2.5 12 351.4 245.3 333.3
2L 260.0 274.7 322.3
48 210.8 150.0 167.3
3.0 12 L68.5 327.0 bhl,. b
24 346.7 366.2 429.8
48 281.1 200.0 209.7

YScore=1 + E(Light Intensityl.

zl=Bright Pink, 2=Slight Fade, 3=Moderate Fade, 4=Com-
plete Fade.
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Appendix Table E16. Simple linear regressiony predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and cooked beef.

Supermarket White Lighting, Vacuum Processed

Temperature
1.155 Z345F5 M.MEE (405F5 7.855 Eusffi

Visua
Score Hour

1.5 12 111.1 84.1 90.3
24 96.3 73.9 75.6
L3 56.3 50.6 50.0
2.0 12 222.2 168.2 180.6
24 - 192.5 147.7 152.8
48 113.5 101.2 100.0
2.5 B ‘ 333.3 252.3 270.8
24 288.9 221.6 229.4
48 170.3 151.8 150.0
3.0 12 Lhh.y 336.4 361.1
24 385.2 295.5 305.9
48 227,11 202.3 200.0

YScore=1 + g(Light Intensity).

Zl=Bright Pink, 2=Slight Fade, 3=Moderate Fade, 4=Com-
plete Fade.
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Appendix Table E17. Simple linear regressionz predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and cooked beef.

Deluxe Cool White Lighting, Nonvacuum Processed
~ Temperature R R
Led"C LBLTF) 4.4°C (L4OTF) 7.8°C (467F)

570 nm/
650 nm
Ratic Hour
5L 12 197.4 233.0 130.0
24 176.6 . 161.0 154.2
48 125,18 128.9 106.9
.52 12 216.8 256.1 152 .0
24 194.1 177.0 - 169.4
48 138.0 213s2 1L7:5
w58 12 334.1 394, 4 234.1
24 _ 298.9 272.6 261.0
48 211.6 213.2 181,0

ZRatio=.408915 + g(Light Intensity).
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Appendix Table E18. Simple linear regressionz predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and cookad beef.

Incandescent Fluorescent Lighting, Nonvacuum Processed

Temperature
T.1°C [34°F) T.T°C (4o~ T 5°C (GE°T)

570 nm/
650 nm
Ratio Hqur
.51 12 228.9 220.8 227.8
24 205.0 246.L 133.4
ug 120.2 156.5 91.9
.52 12 251.5 242,7 250.3
2 225.3 270.8 146.6
48 132.1 172.0 101.0
.58 12 387.3 373.8 385.5
24 347.0 %17.1 225.7
48 203.5  264.8 155.6

“Ratio=.408915 + B(Light Intensity).



178

Appendix Table E19. Simple linear regressionz predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and cooked beef.

Natural Lighting, Nonvacuum Processed
. R Temperature - N
1.1°C (34°F) 4.4°C (407F) 7.8°C (46°F)

570 nm/
650 nm
Ratio Hour
.51 12 193.4 381.6 159.5
24 160.6 197. 6 167.3
48 118.1 lu2.86 120.2
.52 12 212.5 419.3 175.3
24 L7540 2172 183.8
L8 129.8 156.7 132.1
«58 12 327 3 645.8 269.9
24 271.9 334.4 283.1
48 200.0 241.3 203.5

N
“Ratio=.408915 + B(Light Intensity).
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Appendix Table E20. Simple linear regressionz Predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and coocked beef.

Supermarket White Lighting, Nonvacuum Processed
R _Temperatyre N . .
1.17°C (347F) 4.u47C (407F) 46°C (467F)

S7C nm/
650 nm
Ratio Hour
« Bl 12 | 183 2 164.3 170.3
2y 240.3 187.1 133.3
48 1511 133.9 95.1
«52 12 168.4 180+ 5 187.1
24 264.1 205.6 l46.5
48 166.1 147.1° lo4.5
.58 12 259.3 278.0 288,42
24 406.7 316.6 225.6
48 255.8 226.6 161.0

A . .
“Ratio=.408915 + B(Light Intensity).
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Appendix Table E21. Simple linear regressionz predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and cooked beef.

Deluxe Cool White Lighting, Vacuum Prccessed

Temperature

T.1°C (3L°F) GU.4°C (4O-F)  7.8°C (4B L)

570 nm/
650 nm
Ratio Hour
<51 12 217.9 221.3 202.0
24 ' 149.5 258.2- 179.2
48 101.2 161.8 96.5
+52 12 239.4 243.2 22240
24 l64.2 283.8 196.9
48 111.3 177.8 : 106.1
.58 12 368.7 | 374.6 3u2.0
24 253.0 437.0 303.2
48 171.3 273.9 163.4

ZRatio=.418915 + P(Light Intensity).



Appendix Table E22.

1.7 8

Simple linear regressionz predicted
display lighting intensities (fcot-candles) to compensate
for temperatures of wafer sliced cured and cooked beef.

Incandescent Fluorescent L

lghting, Vacuum Processed

Temperature

1.1YC (34~F)

4.4¥C (4OTF)

7.8°C _(4B°F)

570 nm/
850 nm
Ratio Hour
.51 12
24
ug
.52 12
24
Lg
.54 12
S
I8

198
1“5 .

126.

218.
159,

138.

245,

213.

n

-

3

9

8

288.4
232.%

143.9

316.9
255.9

158.1

4gg.1l
394.2

243.5

253.2
178.1
94.3

278.3
195.7

103.7

ZRatio=.418915 + B(Light Intensity).
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Appendix Table E23. Simple linear rggressionz predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and cooked Lteef.

Natural Lighting, Vacuum Processed
) ~_ Temperature _ N .
1.1 C(34~F) L.4°C (407F) 7.8°C (46°F)

570 nm/
650 nm
Ratio Hour
« D 12 148.1 185,0 2170
24 183.5 2u5,8 189.7
L8 1317 116.2 8§9.1
« 52 12 162.8 214.,3 2338.4
24 20l . 7 2 Pl 175.58
48 44,7 127.7 97.9
« 58 12 250.7 330.0 367.2
24 318.6 416.0 270.3
L8 222.9 196.6 150.7

2Ratio=.408915 + B(Light Intensity).
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Simple linear regressionz predicted
display lighting intensities (foot-candles) to compensate
for temperatures of wafer sliced cured and cooked beef.

Supermarket White Lighting, Vacuum Processed

=

Temperature

.1 (35°F) L.G4°C (G0°5)

7.8°C (467F)

570 nm/
650 nm
Ratio Hour
« B 12
24
438
.52 L2
24
48
.58 12
24
48

210.
246,

162.

231.
271.

178.

356.

417.

275

L
9

<3

1792
237.4

156.7

187.0
260.9

172.2

303.3
401.8

265.2

178.7
164.2

113.2

196.4
180.5

124.4

302.4
278.0

191 .6

ZRatio=,408915 + B(Light Intensity).
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ABSTRACT

Display conditions' influence on cured color fading of
wafer sliced cured and cocked beef was visually estimated and
measured by 570 nm/650 nm reflectance ratios. Microbial stan-
dard plate counts, -pH, and percent.package oxygen were also
determined. Experimental design included all possible com-
binations of the following: 1) lighting intensities of 1076,
114, 2152, or 3228 lm/mz, 2) lighting types of Deluxe Cool
White, Incandescent Fluorescent, Natural, or Supermarket White
40 watt fluorescent lamps, 3) temperatures of 1.1, W.4, or

7.8°

C, and 4) processing method of vacuumized versus nonvac-
uumized. Data were tested by analysis of variance. Maximum
allowable display temperatures were predicted from lighting
intensities (P{.05) to achieve indicated product fading by
a second-order linear regression model with fixed intercept.
For nonvacuum processed wafer sliced cured and coocked
beef, light induced nitrosohemochrome oxidation increased with
increasing lighting intensities from 1076 to 3228 lm/m2 up
to 72 ‘hr. Product perceptibly faded within 6 display hr ap-
precaching "Complete Fade" after 72 display hr. Visual cured
color did not regenerate during dark display between 12 and
24 hr. Color rendition of Incandescent Fluorescent and Na-
tural lamps caused less visual fading than Deluxe Cool White
or Supermarket White lamps. Subjectively and objectively

measured fading was similar at 1.1 and M.MDC, but accelerated

between 6 and 72 display hr at 7.8°C. Between 24 and 72 x4



standard plate counts increased from log 2.6/g up to log 5.1/g,
pH decreased slightly, and package oxygen decreased below
1% of gas volume.

For vacuum processed wafer sliced cured and cooked beef,
light induced nitrosohemochrome oxidation also increased with
increasing lighting intensities from 1076 to 3228 1m/m2 up
to 72 hr. Visually, product color did not regenerate during
dark display between 12 and 24 hr. Visual fading was simi-
lar for equal 1m/m2-hr exposure. Incandescent Fluorescent
and Natural lighting caused less visual fading than Deluxe
Cool White or Supermarket White, probably resulting from greater
red wavelength emissions. Fading, measured by reflectance,
was similar at 1.1 and H.MOC, but beginning at 48 hr accel-
erated at 7.8°C. Between 24 and 72 hr, standard plate counts
increased up to log 4.2/g. Package oxygen decreased telow
1% of gas volume.

When considering vacuum and ncnvacuum processed beef to-
gether, light induced nitrosohemochrome oxidation increased
with increasing lighting intensities from 1076 to 3228 lm/m2
up to 72 hr. Visually estimated product fading was similar
for equal 1m/m2-hr exposure. Produect color did not regenerate
during dark display between 12 and 24 hr. Incandescent Fluo-
rescent and Natural lighting caused less wvisual fading than
Deluxe Cool White or Supermarket White, probably due to color
rendition differences. Vacuum processed product appeared
less visually faded under all lighting types and at all dis-
play nhr than nonvacuum processed product. Visual and reflec-

tance measured fading was similar at 1.1 and 4.4°C, but be-



ginning at 48 hr accelerated at 7.8°C. Between 24 and 72 hr,
standard plate counts increased to log 4.89/g. Package oxy-
gen decreased.

Predicted maximum allowable display temperatures to a-
chieve particular product fading decreased with increasing
lighting infensities from 1076 to 3228 1m/m2 at 12, 24, or
48 hr for vacuum and nonvacuum processed product under each
lighting source. At each lighting intensity, predicted tem-
peratures decreased with increasing time from 12 to 48 hr for
specified product fading under fixed display conditions.

At fixed times and intensities, temperature predictions in-
creased as allowable fading increased from visual score 1.5
to 3.0 at controlled display conditions. Incandescent Fluo-
rescent and Natural lightings' allowable temperatures were
higher than Deluxe Cool White's or Supermarket White's for

both processing methods.



