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EFFECT OF TEMPERATURE, STORAGE CONDITIONS AND LIGHT

ON THE COLOR OF PREPACKAGED FROZEN MEAT

Freezing as a method for preserving meat has been used since the
early 1900's. During the past few years, frbzen meat products have
become very prominent because of certain conditions produced by World
War II. The development of locker plants, home freezer storage units
and display type freezer cases has helped to accelerate the wide spread
acceptance of frozen meats. In 1947 (1954), only 13 frozen meat pro-
cessors were in the country. By 1953, the number increased to 138, an
increase of more than 950%. Output of frozen meats increased from five
million pounds in 1938 to 250 million pounds in 1956 (1956).

Frozen storage of prepackaged frozen meat will be of economic
value to both the producer and the consumer, Prepackaging frozen meat
will give greater recovery of bones, fat, etc, There will be a differ-
ence in transportation, storage, handling costs in favor of either
packer, producer or processor,

Packaging frozen meat produced problems that have proven to be
difficult to solve, They are concerned with temperature, storage condi-
tions (which include temperature, air movement, humidity), packaging
materials and methods (which include visibility, neatness of cut and
tightness of wrap), and display under light. A major factor affecting
the attractiveness of prepackaged frozen retail meat is the color of
the exposed lean.

Myoglobin, the muscle pigment, is chiefly responsible for the

color of lean meat, which under various conditions changes from oxymyoglobin



(the desirable red color) to metmyoglobin (the brown color so charac-
teristic of meat color degradation). Review of the literature reveals
some information concerning the effect of various conditions on dis=
coloration in prepackaged frozen meat, but little information concerning
the character of this discoloration,

The main purpose of this study was to attempt to characterize the
chemical state of myoglobin as affected by various storage conditions.

The Longissimus dorsi muscle from U,S. Good and Choice grade beef

ribs was used throughout this study. Boneless rib steaks 1 inch thick
were cut from the wholesale rib cut. Steaks were placed in Cry-0-Wrap
plastic bags, vacuumized, closed with a Cry-O-Wrap clip, dipped into
boiling water which reduced the size of the bag approximately one-third,
thus giving thg steaks a tight wrap. Prepackaged frozen steaks used in
the various studies were stored in a self-service case or in a circu-
lating cold air walk-in type freezer.

Steaks stored in the self-service frozen food case under the in-
fluence of light were kept under fluorescent lamps delivering 56 ftc,
of illumination. Various colored filters were used in the study con-
cerning the attribute of light that may be responsible for color degra-
dation. Steaks stored under colored fluorescent lamps deliverying 20 ftc.
of illumination were kept in the O°F walk-in freezer.

Measurements of surface color of meat were made by the use of Munsell
spinning disks as given by Voegeli (1952). Estimation of the percent
metmyoglobin was essentially as applied by Mangel (1951) and Butler

(1953).



Temperature variations in a self-service frozen food case affects
the appearance of prepackaged frozen meat packaged in transparent oxygen
impermeable wrapping materials. Prehandling conditions and rate of
freezing affects initial color degradation of prepackaged frozen meat.
Repeated freezing and thawing in an oxygen impermeable wrapper has a
marked affect on the color of prepackaged meat, With alternate freezing
and thawing cycles, there was an increase or decrease of metmyoglobin
formation. Display of prepackaged frozen meat under incandescent or
fluorescent lighting causes degradation of color. Temperature of dis-
play of prepackaged frozen meat under fluorescent lighting had an
effect on color degradation. Samples stored under fluorescent light at
0°F showed less discoloration and metmyoglobin formation than samples
stored in darkness at the same temperature in the self=-service case in
which there was considerable temperature fluctuation.

Wave lengths of light between 560 and 630 mu (yellow and orange
portion of the spectrum) seem to be responsible for color degradation
of prepackaged frozen meat. Frozen meat stored under green and red
fluorescent lamps has better color stability but these lights give
meat an unfamiliar appearance. It would appear that the light from the
yellow portion (580 mu region) of the spectrum emitted by white fluores-
cent lamps commonly used for frozen food display cases is responsible
for color degradation of prepackaged frozen meat. The formation of
metmyoglobin is the primary cause of discoloration when prepackaged

frozen meat in a transparent wrapper is exposed to light,
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INTRODUCTION

Freezing as a method for preserving meat has been used since the early
1900's. During the past few years frozen meat products have become very
prominent because of certain conditions produced by World War II. The de-
velopment of locker plants, home freezer storage units and display type
freezer cases has helped to accelerate the wide spread acceptance of frozen
meats, In 1947 (Anonymous, 1954), only 13 frozen meat processors were in
the country. By 1953, the number had increased to 138, an increase of more
than 950%. Output of frozen meats increased from five million pounds in
1938 to 125 million pounds in 1952, and to 250 million pounds in 1956 (Anony-
mous, 1956). This indicates that the program for experimental adjustment of
prepackaged frozen meat and the ground work for the "evolution" of frozen
meat is slowly being laid by gradual introduction of frozen steaks, chops,
etc.

Freezer storage offers a means toward equalizing the supply of fresh
meats available at all seascons of.the year., This is of economic value to
both the producer and the consumer. Prepackaging frozen meat will give
greater recovery of bones, fat, and trimmings which can be converted into
more useful and valuable products. There will he a difference in trans-
portation, storage, handling, and pacikaging costs in favor of either the
packer, producer or processor. Centralized cutting, trimming, freezing
and packaging of meat at the packing plant would eliminate shipment of
bulk carcasses and save freight costs in favor of the consumer, producer
Or processor,

However, the method of packaging frozen meat gave rise to many pro-

blems, though they seem to be fewer, but more difficult to solve. These
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problems are concerned with temperature, storage conditions (which include
temperature, air movement, humidity), packaging materials and methods (which
include visibility, neatness of cut and tightness of wrap) and display
under light. A major factor affecting the attractiveness of prepackaged
frozen retail meat cuts is the color of the exposed lean. The color of
meat and meat products is of great importance in our system of meat mar-
keting. Changes in color are largely utilized by the retailer and the
meat trade as an indication of meat quality. Consumers are very critical
of meat color and discriminate against meat cuts that show discoloration,

Myoglobin, the muscle pigment, is chiefly responsible for the color
of lean meat, which under various conditions changes from oxymyoglobin
(the desirable red color) to metmyoglobin (the brown color so character-
istic of meat color degradation,

In reviewing the literature on the color of meat, it becomes apparent
that reports dealing with color degradation of prepackaged frogen meat
per se are limited, and since it has been shown by Allen (1948) that color
is very important factor in prepackaged meat sales, it would seem that any

study of the factors involved would be beneficial to the meat industry.



REVIEW OF LITERATURE

A review of the literature revealed some investigations on discolor-
ation of frozen meat. Much of the research has been done with ground beef.
The investigators believed that if there were going to be color changes,
it would be accelerated by the large surface area exhibited by ground beef,.
Studies concerning the discoloration of prepackaged frozen meat in the
form of sfeaks as displayed under store conditions are rather limited,

In order to understand the effect of various conditions on the color change
of meat, it is essential that one have a thorough knowledge of the chemistry
of the muscle pigment (myoglobin).

The bright red color of fresh, cured, and frozen meat, as well as
color degradation, is due to the chemical state of the pigment called
myoglobin (formefly referred to as muscle hemoglobin)., It was inter-
esting to go through the literature and note the many interesting theories
regarding the true character of a pigment connected with the muscular sub-
stance. As early as the beginning of the eighteenth century, inguiries
were made regarding the origin of the color of the muscle., Boerhave (1739)
was of the opinion that it was derived from blood and could be washed away
with it. Hilderbrandt (1789) maintained that the color of the muscular
tissue was connected with its great quantity of blood vessels, but also
pointed out that the stronger the "body" the redder the muscle and blood.
Bichat (1803) pursued the same line of thought, and stated that the muscle
did not take its color from the circulating blood, but from that which be-

came deposited in the tissue.
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From 1803 to 1886 many theories were developed regarding the nature
of the muscle pigment, During the years 1886 to 1890, a great interest
developed regarding the nature of the pigment in muscle. MacMunn (1886)
demonstrated that a pigment could be extracted from muscles, and that this
pigment gave rise to decomposition products which were related to hemo-
globin, but nevertheless not identical with the decomposition products of
this latter substance, He applied the term "myohematin" to this substance.
He alsc assumed that this new substance had something to do with the storing
of oxygen in fresh muscle,

In 1897, K. A. H. Morner (1897) was able to report that he had proved
that the absorption spectrum of muscle pigment was not identical with that
of hemoglobin, and that these two substances were quite different. Morner
(1897), through his water extracts on muscles of dogs, cattle, and horses,
showed the displacement to the red part of the spectrum of myoglobin as
compared to hemoglobin. Gunther (1921), as a result of his findings, was
convinced that muscle pigment was not identical with hemoglobin, and sug-
gested and used throughout the rest of his work, for the first time, the
term "myoglobin". In 1926, Whipple (1926) did many extraction techniques,
in order to gef an estimate on the myoglobin content of muscles,

During the next few years, a series of publications followed in which
the occumence of myoglobin and its chemical conditions were subjected %o
more comprehensive analysis. Theorell's (1932, 1934) conclusive contri-
butions to the research regarding the nature of myoglobin were presented
in 1932 and 1934. It was in 1932 that Theorell succeeded in crystallizing

myoglobin which gave chemists and physiologists new grounds for continued



research, Schenk, Hall and King (1934) found in their work that the myo-
globin content in ribeye muscle of beef did not disclose any parallelism
with the hemoglobin content. During the years between 1934 to the present
time much research has been going on to better understand the chemical
changes that occur in muscle due to this pigment "myoglobin" and its

various derivatives,

Chemistry of Myoglobin

Myoglobin and hemoglobin belong to the group of hemo-proteins, com=-
prising a prosthetic group, protoporphrin and a protein component, viz,
globin. The former comnsists of four pyrrol rings in the center of which
an iron atom is coupled to the four nitrogen atoms, thus making the por-
phyrin an iron porphyrin. Bound to this iron atom is the function,
essential to the hemo-proteins, of a respiratory pigment. The structure
of the heme part of the molecule is shown in Figure 1 (1956). Only four
of the six valences of the iron atom are comnected with the nitrogen of
the pyrrol rings. The other two seem to be bound to the protein component,
Kendrew (1949), Theorell's works (1932, 1934 and 1947) offered compre-
hensive knowledge of the chemistry of myoglobin. His works showed that
the iron content of myoglobin was identical with that of hemoglobin, viz,
0.345 percent.

Kendrew (1949) proposed the following structure of myoglobin as shown
in Figure 2. He believed that the structure of myoglobin is constituted
by two discs, 578 diameter and 98 thick, parallel to each other and per-
pendicular to their axis, separated by a layer of liquid of crystallization

6.68 thick. FEach of the discs is formed by one polypeptide chain, folded

-5—



Globin
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Heme Structure of Myoglobin
Figure 1
Schweigert, B. S. 1956, Proc. of the Eighth Research Conference, Univ.

of Chicago, Chicago, Illinois. pg 61-64,
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/
Structure of Myoglobin

Figure 2,

on itself in four equal sections. The prosthetic group (protoferroheme)
is perpendicular to the plane of each disc and extends above and below
it, its thickness being about 158 greater than that of the disc itself,
He found in Svedberg's ultracentrifuge a sedimentation constant for myo-
globin of 2.0 X 10'13. The molecular weight of 34,000 reported by Theorell
(1932) was later corrected by Svedberg (1939) to a molecular weight of
about 17,000, which conformed with those of Polson (1937), and Roche (1940).
Bowen (1948) reported a molecular weight of 16,400 and an iron content of
0.323 percent. The isoelectric point of myoglobin was found to be pH
6.99.

The composition of the globin component of the different species of
animals has been analyzed by Rossi-Famelli (1940, 1941, 1942, 1947, 1948,
1954, 1955 and 1956), He noticed that myoglobin had isoleucine but no

cystine in the globin portion, as contrasted with hemoglobin which contains
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cystine but no isoleucine. Rather than to give a further discussion on
the physio-chemical constants of myoglobin and hemoglobin, the author
believes that more information can be derived from observation of the

following Tables I and II,



Table I. Physio-chemical Constants of Myoglobin and Hemoglobin

Physio-chemical Myoglobin Hemoglobin
Constant (Mb) (Hb)
Prosthetic Group Protoferroheme Protoferroheme
Molecular Weight 17,000 68,000
Iron Content 0.34% 0.34%
Form of Dissociation Curve Hyperbolic Sigmoid

Effect of pH on the

Dissociation Curve Little Moderate
Oxidation to "Met" Very Easily Less Easily
Oxygen Affinity Large Moderate
Rapidity of Fixation at pH COeeeee300 130
7.4, 20°C, millimole~1l sec~l 020 04419,000 4,000
Rapidity of Dissociation at COeeeee0s04 0.004
pH 7.4, 20°C sec™t 026eeee37 40
Isoelectric Point 6,99 6.78
Solubility In(NHj),50, Very soluble Less soluble

Resistance to Denaturation
By Alkalii Large Small

Taken from "Les Pigments Musculaires: physiopathologie" by Alessandro
Rossi-Fanelli (1950).
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Table IX, Characteristics of Myoglobin and Some of

Its Derivatives

Distinguishing Absorption

Name Chemical Characters Color Peaks (mu)
Myoglobin MbH,0 (Fe*2) Purplish Red 555
Oxymyoglobin MbO, (Fe*2) Bright Red 544,582
Metmyoglobin MMbOH (Fet3) Brownish Red 510,635
Nitric Oxide MbNO  (Fe*2) Pinkish Red 544,575
Myoglobin
Carboxymyoglobin MbCO (Fet2) Red 540,570
Sulfmyoglobin Mb.S (Fe*?2) Green (540),617,620

Taken from "Chemistry of Meat Pigments" by B, S. Schweigert (1950),

=10m



Physiological Function of Myoglobin

The advances in the nineteen-twenties and thirties, in the field of
respiration physiology, naturally involved a closer study of the role of
myoglobin as a respiratory pigment. Fundamental facts were presented by
Theorell (1934) and HillL (1933, 1938}, and further investigated by Milli-
kan (1936-1939). No really new viewpoint has been added to the discussion
since Millikan's studies. Figure 3 illustrates schematically the inter-
pretation of the role of myoglobin (Biorck, 1949).

Oxygen in Alveolar Air
>  Pulmonary Capillaries

Arterial blood
Venous blood

O5..tension 100mm Hg
Ops.tension  40mm Hg Og.esaturation 95%

0s..saturation 70%

Peripheral Capillary Peripheral Capillary
(venous end) (arterial end)
Os..tension 40 mm Hg €—— Op..tension 100mm Hg

02..saturation 70% [————- 05..saturation  95%

02

I
The Muscle Cell

Respiratory Enzymes: 3 liyoglobin's?

Cytochrome oxidase < &

Cytochrome a

T

H¥ Cytochrome b

L Cellular Metaboliélﬁ <

4
Cytochrome ¢ i

Figure 3



The Color of Fresh Meat

The color of fresh meat and the mechanism of the reactions which cause
various discolorations, mainly metmyoglobin (brown), have been reported by
the following authors, only to mention a few of them: Allen, 1948; Baker,
1954; Brooks, 1929; 1931, 1933, 1935, 1937, 1948, 1955; Butler, 1953;
Coleman, 1951; Heiss, 1933; Hoagland, 1914; Kennedy and Whipple, 1926;
Kraft, 1952; Landrock, 1955; Lavers, 1948; Moran, 1935; Penrod, 1954;
Rikert, 1952; Urbain, 1952; Whipple, 1926 a and b; and Winkler, 1939 a

and b,

The Color of Frozen Meat

Meat when frozen after it has been oxygenated has a desirable red
color that the consumer prefers in a piece of meat. However, this desirable
red color does not last long due to various factors, such as, type of
wrapper, storage conditions (such as light, temperature, rate of freezing,
etc.). Further explanation will be given in the section on factors in-
fluencing the discoloration of prepackaged frozen meat.

Moran and Brooks (1932) pointed out that when muscle is frozen very
rapidly, e.g., in liquid air, it is pale and yellow to pink in color in
the frozen state, whereas if it is frozen slowly, e.g., in air at =3°C,
it is deep red, The difference in color is really an optical effect due
to differences in the size of ice crystals. When the crystals are small
there is less penetration of the incident light due to reflection and re-
fraction at the interfaces between the crystals and the surrounding medium,

They established the following schematic diagram in order to show this

phenomena:
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Moran (1935) further stated that in frozen meat the loss of color is
thought to be due to the scattering of light by the minute air bubbles

in the tissue originally occupied by the ice crystals,

Chemistry of Color Change In Frozen Meat

The oxymyoglobinz==myoglobing=metmyoglobin reaction plays an important
part in the packaging of frozen meats (Bratzler, 1955). Myoglobin combines
reversibly with oxygen to form the bright red oxymyoglobin (Watts, 1954). In
this compound the heme (iron) remains in the ferrous (Fe™) form. Two types
of oxidative changes may be responsible for the abnormal brown discoloration
of meat (Watts, 1954). One involves the oxidation of the ferrous irom in
" the heme compound to the ferric condition, the second is a direct attack

by oxygen on the porphyrin ring. The most commonly encountered type of



discoloration is that of the "met" pigment formed by oxidation of the
iron in the heme to the ferric (Fe***) state, known as metmyoglobin,

Heiss and Hohler (1933) stated that color changes in meat during

storage may originate in three ways:

1. The oxidation of red myoglobin to brown metmyoglobin,

2. The loss of moisture from the meat surface with consequent in-
crease in concentration of the colored constituents at the
surface,

3. The disintegradation of the globin components.

Brooks (1929, 1930, 1931) stated that the pigment of muscular tissue,
myoglobin, is present at the surface as oxymyoglobin, which can change
gradually during cold storage to metmyoglobin, Winter (1952) stated

that meat may darken due to oxidative reactions with the red colored

pigments.

Factors Influencing the Color Changes of Frozen Meat

1. Oxygen Pressure and Penetration

Neill (1925) has shown that there was no evidence that methemoglobin
was formed in the complete absence of oxygen since in this condition there
were no oxidizing agents formed to oxidize hemoglobin to methemoglobin.
Brooks (1929) also showed that when hemoglobin was stored in pure nitrogen
storage there was no formation of methemoglobin. From this work it was
apparent that oxygen was necessary for the formation of methemoglobin,
the dark colored pigment of meat. Robertson (1950) stated that since
discoloration is actually an oxidative reaction, the elimination of air
controls discoloration., He stated that low oxygen transmission rate film

is very essential to increase frozen meat qualities. He also stated that
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one of the limiting factors in meat freezer storage life is to be found
in the degree of oxygen protection offered by the packaging material,

The relation between oxygen pressure and the rate of methemoglobin
formation was responsible for the rapid discoloration of tissue stored at
32°F in gases containing a small amount of oxygen according to Brooks
(1929). He found that tissue had a small oxygen uptake so that, given
sufficient time, a "“steady state" was reached where the depth of oxygen
penetration was determined by the rate of diffusion of oxygen into the
tissues and the oxygen consumption of the tissue. He showed that the
depth of oxygen penetration was determined by the oxygen pressure in at-
mospheres at the surface of the tissue, the diffusion coefficient of oxygen
through the tissue, and the oxygen uptake of the tissue. Brooks (1935)
found that the depth of oxygen penetration showed a slow increase with time,
and a rise in temperature decreased the depth. He found that the depth
of oxygen penetration varied from 2 to 5 mm and that the depth of pene-
tration was proportional to the square root of the oxygen pressure in at-
mospheres.

Brooks (1929) gave the following formula for finding the depth of

oxygen penetration:

where d = depth of oxygen penetration; ¢, the pressure of oxygen at the
surface of the tissue and D and A are respectively the coefficients of its
diffusion through the tissue and consumption. Therefore, the dissolved
oxygen was present only in a superficial layer a few mm thick, Discolora-

tion was confined to the superficial layer. Freezing and thawing the tissue



had no significant effect on oxygen penetration, but did accelerate met=-
hemoglobin formation in the region of oxygen penetration.

2, Packaging Methods and Materials

Robertson (1950) stated that visibility and tightness of wrap are a
necessary requirement for frozen meat. He gave the essential features of
a package matérial as follows: 1low oxygen transmission rate and low
moisture vapor transmission to prevent dehydration. He stated that a
packaging material with low moisture vapor transmission rate is essential
because meat bloom is an effect of surface moisture over red meat color,
He further mentioned that various color effects can be observed as surface
dehydration proceeds on the packaged product in storage. A gray or dark
color can be noticed in the later stages of dehydration. Ordinarily,
this late stage of dehydration is known as "freezer burn", Robertson
(1950) stated that the wrapping of the product should be so well done
that it is free of air pockets, which cause the loss of visibility when
moisture condenses in the cavity forming a show or frost.

Weisman (1947) stated that by wrapping the product tightly in a
material possessing a low moisture vapor transmission rate, the tendency
for moisture to travel outward is minimized. Air pockets must be avoided
as much as 7cccible because where air is presert vithin a package, there
is a certain amount of moisture loss resulting in frost formation on the
inner surface of the package. Close acherence of the product also pre-
vents harmful oxidative changes. He further stated that proper packaging
of frozen meats is also of material aid in reducing "cavity ice" formation
within a package. "Cavity ice" is a term coined by Sayles (1946) to desig-

nate 4he formation of ice in the air spaces inside a package., Therefore,
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by use of certain packaging materials which provide insulation and thus
reduce temperature gradients between the product and the packaging sur-
face, the tendency for cavity ice to form is lessened,

Moran (1935) stated that simple desiccation, particularly of frozen
meats, leads to apparent discoloration. Lavers (1948) stated that in
using an oxygen impermeable wrap, the supply of oxygen is cut off and the
rate of oxidation to methemoglobin, i.e., the rate of discoloration, is
greatly increased. Methemoglobin is formed rapidly when the pressure of
oxygen around the meat is reduced by the packaging material. Robertson
(1950) stated that fresh meat color and color stability will sometimes
change at different rates in different materials and that color may b;
readily lost in the wrapped package if the package is not sent directly
to the freezer,

3. Methods of Freezing

There are several methods of freezing meat. Among these are:

1., Freezing in low temperature rooms in still air,

2, TFreezing in low temperature rooms in an air blast,
3. Freezing on coils,

4, Plate freezing.

5. Freezing in liquid air, brine, etc,

Robertson (1950) has discussed each one of these methods. He stated
that still air freezing resulted in a very dark colored meat surface. This
was a situation in which the surface did not fracture, but the rate of
freezing was so slow that all of the original red meat color was lost,

Once the product is satisfactorily frozen and held at sub-zero temperatures,



the color changes are slow., He also stated that plate freezing at =50°F
although very rapid, resulted in almost complete loss of the surface color
and appearance. The surface was described as having been freezer burned,
but that this characteristic was due~to the fracture of the frozen surface
layer. He stated that blast freezing gave similar results. He noted that
when still air was used for freezing at 0OF, the meat was dark in color,.
He concluded that the dark color in meat frozen by still air was due to
the fact that the rate of freezing was so slow that all of the original
meat color was lost.

Jensen (1949), on the other hand, reported that a temperature of -10°F
or lower resulted in a satisfactory color when freezing by the blast method.
Brooks (1929, 1930, 1931) reported that because of the unsightly appearance
of the thawed surface due to the effect of freezing in concentrated salt
solution, this type of freezing has not been adopted commercially, Col-
lier's (1956) stated that freezing meats in liquid nitrogen at temperatures
as low as ~3200F showed better color than those frozem at -200F,

4, Effect of Time, Temperature and Relative Humidity

At 149F Brooks (1937) found no visible discoloration of lean meat
stored for sixteen weeks. At 29.5CF there was no discoloration owing to
the formation of methemoglobin until 40-50 days from killing. Mangel (1951)
stored samples at temperatures ranging from 10.,4°F to =11.,20°F, She found
that methemoglobin formation was slower in samples stared at the higher
temperature than in samples stored at the lower temperature. Ramsbottom's
work (1947) would indicate the opposite. He stored fresh beef at six dif=-
ferent temperatures ranging from -20°F to 26°F packaged in DuPont 300 M.S.A.T.

#87 cellophane., The product stored at 26°F was discolored in less than



thirty days, whereas the product stored at -200F was still scored good in
color and appearance after one year's storage. He concluded that the
lower the temperature of storage, the longer the storage life. Tressler
and Evers (1947) stated that frozen meat changes in color from the red

to brown color at a higher temperature of storage. At 299F, discolora-
tion of beef was noticeable after eight weeks, whereas at 14°F there was
no noticeable change in color until after 12 weeks.

Ramsbottom and Koonz (1941) determined the relative concentration of
oxyhemoglobin and methemoglobin in the surface of tissue stored for one
year at 10°F and -300F, They plotted spectra curves from extracts of the
surface tissue from spectrophotometric readings. The curves for the steaks
stored at 109 for one year were quite similar to the curve for methemo-
globin. The curves for steaks stored at -300F indicated a mixture of oxy-
hemoglobin and methemoglobin. This indicated that a greater oxidation,
and consequently, darker beef, occurred in the tissue at 100F than at -30°F,
Jensen (1949) stated that freezing should be done at a rate which gave
meat a bright color. A temperature of -10°F or lower resulted in a satis=-
factory color when freezing by the blast freezing method. He agreed with
Robertson in that slowly frozen meats were dark in color,

Brooks (1929) noted that the formation of methemoglobin in frozen meat
was less important (unless the time of storage was long) than the loss of
color due to excessive drying. He said that crystals of ice in the super-
ficial layer evaporate, and the small bulbs of air left behind scatter

the incident light.



Robertson (1950) discussed the influence of temperature on the con=-
densation of moisture in the cavities of meat. He stated that air at 60°F
contains 77,29 grains of moisture per pound of air, whereas at -10°F the
air contains 3.206 grains of moisture per pound of air. He also noted
that the moisture content of the entrapped air can fluctuate with changes
in the storage temperature. Wiesman (1947) gave further explanation on
the subject of "cavity ice" which interfered with visibility of the pro-
duct. When a product is stored under fluctuating temperatures, there is
a certain increment of the total water in meat which is being continually
thawed and frozen. The presence of "“cavity ice"™ is an indication that a
certain amount of dehydration of the product has taken place since mois-
ture is necessary for the formation of ice. According to him, water moves
from the contents of the product to the side walls of the package either
by convection currents established because of a difference in the tempera-
ture between the air and the colder side wall, or because of an alternate
rise and fall in temperature. During a fall in temperature and the sub=-
sequent loss of water holding capacity of the ice, ice will be deposited
on the coldest surface existing at the time. If the coldest surface is
the package contents, ice will be deposited on the contents, which in
effect means no cavity ice formation. When the temperature inside the
package rises, it will absorb water from the food content and any previ-
ously existing "cavity ice". If there is no temperature change within
the package, no frost will form. This may be regarded as a "pumping action".
A reduction in temperature reduces the moisture-vapor in the air and causes

a precipitation in the form of ice. An increase in temperature increases
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the moisture-vapor capacity of the atmosphere, thus causing a flow of the

moisture-vapor from the product into surrounding atmosphere resulting in

deterioration and freezer burn,.

5. Effect of Biological Agents

Voegeli (1952) and Butler (1953) have summarized the studies of the
workers who studied the effect of biological agents on the color of fresh
meatf Voegeli (1952) mentioned that these workers found that Pneumococci
reduced methemoglobin to hemoglobin in complete absence of oxygen and
that anaerobic bacilli have the ability to oxidize hemoglobin. Butler
(1953) in his work, found that bacteria commonly found on meat cuts caused
discoloration. The main effect, an increase in the rate of metmyoglobin
formation, was the greatest during the logarithmic growth phase.

According to Tanner (1944), microbial development was markedly re=-
tarded but not entirely eliminated by freezing. Sulzbacher (1950) stated
that the popularity of frozen food during the past two decades has occa-
sioned considerable interest in the growth and survival of microorganisms
during freezing and frozen storage., Haines (1931) recognized that the

growth of Pseudomonas sp at sub-freezing temperatures was likely to play

a part in meat spoilages

6. Effect of Storage In Different Atmospheres

Mangel (1951) stored samples under atmospheres of nitrogen, oxygen,
and carbon dioxide, with air as the control. 8$he found no significant
difference, but the methemoglobin formation tended to be slower when the

tissue was stored under oxygen, than under nitrogen, carbon dioxide or air,
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Robertson (1950) stated that nitrogen may be used to displace the air in

a package and thereby prevent discoloration. Brooks (1935) noted that the
rate of oxidation of hemoglobin in muscle was not affected to a significant
extent by concentrations of carbon dioxide below 20%. Hence, if other
conditions of storage are the same, the color change of meat in air and

in air containing 20% carbon dioxide should be the same.

Rikert (1952) flushed packaged samples with carbon dioxide and nitro-
gen before evacuating. This resulted in less initial darkening than that
which occurred in samples evacuated without flushing. He also storéd
samples at atmospheric pressure in carbon dioxide and nitrogen. This had
a detrimental effect on the top surface color but improved the bottom color
when compared with samples stored in air,

Experiments conducted by the author (1955) indicated that relatively
short exposure of meat to an atmosphere of 40% or less carbon monoxide
gave excellent color stability in frozen storage for periods of six months

or longer,

T. Effect of Light

Discolorations caused by exposure to light become a particularly
serious problem because of modern merchandizing methods which require
exposure of retail cuts in lighted display cases.

A review of the literature revealed very limited information con-
cerning the effect of light on prepackaged frozen meat packaged in a

transparent wrapper.
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Nauman (1957) stated that stability of color of frozen beef vacuum
packed in flexible transparent film under 20-50 foot=candles of illumina=-
tion was related to length of dark storage, foot-candle hours of illumin-
ation and temperature. He stored samples in the dark at 0°F for O, 1, 2
and 4 weeks prior to illuminated display.

Cured, smoked and table ready meats when exposed to light become
"faded" or discolored. There have been several studies conducted to study
the causes of this type of discoloration (Pracejus, 1949; Archer, 1950;
Taylor, 1950; Ramsbottom, 1951; Kampschmidt, 1955 and Hockman, 1956),
These studies were conducted in order to better uﬁderstand its relation-
ship to radiant flux density (or illumination) spectral distribution, and
time of exposure. In some cases other variables not directly related to
radiant energy, such as temperature, humidity, wrapping materials, etc.,
were alsc considered. It may be worthwhile to summarize the results of
the various tests that were conducted by the above investigators.

1. When temperature and other factors are held constant, rate of
fading will be the same under either incandescent or any of
several white fluorescent lamps, providing illumination is the
same for both.

2. The degree of discoloration of a particular processed meat sample
is a function of exposure in foot-candle hours. The reciprocity
law was found to apply over a range of 20-200 foot-candles, for
bacon, bologna, and sliced ham., Illumination levels outside this

range were not reported.



3. The maintained temperature of the meats may have a significant
effect on their susceptibility to fading., In a series of tests
by Archer (1950), raising the temperature of the meat from 34°F
to 40°F resulted in an approximate 50% reduction in the exposure
for minimum perceptible fading.

Fresh meats, on the other hand, appear to be relatively unaffected
under normal display conditions of light. Kraft (1954) reported that the
intensity of soft white fluorescent light was unimportant in influencing
the course of discoloration of packaged fresh beef. Measurements of spec-
tral reflectance and visible color changes indicated that ultra-violet
light caused rapid oxidation of myoglobin to produce marked discoloration
of fresh beef early in storage. Ramsbottom (1951) reported that display
case lighting does not significantly discolor fresh meat within the usual
display periods up to 3 days. Longer display periods may bring about
discoloration that is a factor of microbial development. Voegeli (1952)
noted that the intensities of light employed, 20-215 foot-candles, did
not affect the rate of color change of unwrapped samples under comparable
storage temperatures. Sources of light that increased the storage tem-
perature reduced the saleable storage time of both wrapped and unwrapped

samplese.



PURPOSE OF STUDY

A review of the literature reveals some information concerning the
effect of various conditions on discoloration in prepackaged frozen meat,
but there is little information concerning the character of this dis-
coloration,

The main purpose of this investigation was to attempt to characterize
the chemical state of myoglobin as affected by various storage conditions,

One major cause of discoloration in prepackaged frozen meats packaged
in a transparent package is that of light. This effect has been suspected
by several investigators, but supporting evidence as to what property of
light causes the discoloration has been incompletely presented or entirely
absent. Accordingly, experiments were designed and conducted to study
what property of light causes this discoloration and to characterize the

chemical state of myoglobin as affected by light,
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EXPERIMENTAL PROCEDURE

I. Sampling Procedure and Methods of Freezing

The Longissimus dorsi muscle from U,S, Cood and Choice grade beef

ribs were used throughout this study.

Boneless rib steaks approximately ome inch thick were cut from the
wholesale rib cut. All steaks were allowed to bloom for 30 minutes and
then a 3mm slice was removed for spectrophotometric estimation of metmyo=-
globin, The steaks were then placed in a -20°F freezer to harden for
approximately ome hour, This was done to facilitate packaging,

After removal from the freezer, the steaks were placed in Cry-O-Wrap
plastic bags. The bags were vacuumized, closed with a Cry-O-Wrap clip,
dipped into boiling water which reduced the size of the bag approximately
one-third, thus giving the steaks a tight wrap. The steaks were then
returned to a ~20°F freezer for 24 hours., After freezing, measurement of
surface color was made by use of Munsell spinning disks in the freezer,
This method will be discussed under color measurements,

After surface color measurements were made, the steaks were removed
from the freezer and subjectéd to the various storage conditions of this
investigation. These storage conditions will be discussed in more detail

under results and discussion,

II. Storage
A. Temperature
The prepackaged frozen steaks used in the various studies were stored

in a self-service case or in a circulating cold air walk-in type freezer



except in the study concerning the effect of repeated freezing and thawing
on metmyoglobin formation., The steaks used in this study were stored in
a -200F freezer,

A Sherer self-service frozen food case was used to store those steaks
observed under self-service conditions. The temperature of the case and
freezer were measured by the use of a Foxboro filled system recording
thermometer. Records obtained were as shown in Figures 8 and 6. A Honey-
well recording twelve point potentiometer was used to measure temperature

variations in various points of the self-service case,

B. Repeated Freezing and Thawing

Twelve steaks were packaged in Cry-0-Wrap plastic bags and twelve
steaks were packaged in aluminum foil., These steaks were frozen twenty-
four hours. Steak #1 from each type of wrap was taken from the freezer
and allowed to thaw for two hours to facilitate 8licing for extraction
purposes. After the wrappers were removed, surface color measurements
were made by the use of Munsell spinning disks and estimation of metmyo-
globin by the use of the spectrophotometer. Steaks #2 through #11 were
allowed to thaw for twenty-four hou?s and then refrozen for twenty-four
hours, Steaks #2 were removed after thawing and refrozen once., Steaks
#3 removed after thawing and refrozen twice, and so forth until Steaks #11
were thawed and refrozen ten times. pH and absorption spectra determina-

tions were made on all steaks,
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C. Effect of Light

Steaks stored in the self-service frozen food case under the influ-
ence of light were kept under fluorescent lamps delivering 56 foot-candles
of illumination., Various colored filters were used in the study con-
cerning the attribute of light that may be responsible for color degrada-
tion, Steaks stored in the OOF freezer under the influence of light were
kept under fluorescent and incandescent lamps delivering 56 foot-candles
of illumination, except in one study where the steaks were kept under
various colored fluorescent lamps delivering 20 foot-candles of illumin-

atione.

III, Color Measurement

Detailed instructions were given by Voegeli (1952) on the application
of disk colorimetry for the measurement of the surface color of meats by
use of Munsell spinning disks.

The standard color employed for calculation of the index of fading
(I) by the formula of Nickerson (1946), as applied by Voegeli (1952) was
7.0 Red in Hue, 4.0 in Value, and 8.0 in Chroma, The selected standard
for the plotting of color readings of frozen meat was the color of some
very bright steaks obtained by Butler (1953) following treatment with
oxygen under pressure. By using the Nickerson (1946) formula, it was
possible to find the position of subsequent sample readings in relation
to the standard. These positions were plotted against time to show the
discoloration of prepackaged frozen meat during storage.

Estimation of the percent metmyoglobin was essentially as applied by

Mangel (1951) and Butler (1953). A slice three mm in thickness was removed



with a Hobart Model 300 slicing machine. The slice was weighed on a balance
to the nearest 1/10 gram., After weighing, the slice was transferred to a
chilled Waring Blendor jar and distilled water at 34°F was added to give

a dilution of 1 to 8, which gave a solution of approximately 0.02 to 0.03
millimolar concentration. Solutions of such concentrations had optical
densities falling on a desirable area of the optical density scale.

Extracted myoglobin is somewhat unstable, and metmyoglobin may increase
or decrease depending on the conditions under which it is handled before
the optical densities are taken. Mangel (1951) stated that the percent
of metmyoglobin increases with time, At any rate, it is very necessary
to standardize the extraction procedure. In these studies, optical den-
sity readings were taken within approximately one hour from the time of
extraction of the pigment.

Optical density was measured in a Beckman Model DU spectrophotometer
at wave lengths of 544 and 582 millimicrons. The total pigment concen=-
tration was obtained by conversion of the pigments to the CN derivative
by adding a drop of 2% solution of potassium ferricyanide and a drop of
0.5% potassium cyanide to each cubit after readings were obtained., The
resultant metmyoglobin cyanide derivative was measured at 540 millimicrons
and the millimolar extinction coefficient of 11.3 given by Bowan (1949)
for metmyoglobin cyanide was used to calculate the concentration.

The calculation of concentration of the solution whose optical den-
sity was measured was based on the Lambert-Beer law as given by Bowen

(1949).
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Where I, = intensity of incident light

I intensity of emergent light

d = density from spectrophotometer
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¢ = molar concentration

molar extinction coefficient

1 = length of light path through the solution in
cn(= 1.0 for the cell used).
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=

and for this study

c = d )
11.3 x 108

To estimate the percent metmyoglobin, the difference between the
extinction coefficients of oxymyoglobin and metmyoglobin at 544 and 582
millimicrons were taken as maximum possible change at these wavelengths,
These figures were 9.6 at 544 mu and 12,1 at 582 mu as given by Bowen
(1949). At each wavelength, the change due to metmyoglobin was equal to
the 2_ of oxymyoglobin minus that of the sample. By dividing the figure
obtained by the total change in 2 from oxymyoglobin and metmyoglobin
and multiplying by 100, an estimation of the percent metmyoglobin was
obtained. The estimations of the percent metmyoglobin at 544 mu and 582

mu were averaged to obtain the final estimate of the percent metmyoglobin,



RESULTS AND DISCUSSION

A. Temperature

Temperature has been found in many studies to have a marked effect on
color degradation in frozen meats. (Brooks, 1937; Mangel, 1951; Ramsbottom,
1947; Tressler and Evers, 1947; and Jensen, 1949), Therefore, it is essen=-
tial that one have some information concerning the effect of temperature on
color degradation of prepackaged frozen meat., In order to derive some in-
formation on color degradation as related to temperature, it was decided
to do this phase of the study in three parts, namely, 1l.) temperature var-
iation in the self-service case; 2.) temperature variation in the self-
service case when loaded to capacity and 3.) the effect of prehandling
conditions and the rate of freezing on initial color degradation.

1. Temperature Variation in Self-Service Case

Thermocouples were placed in several steaks in three locations as
follows: 1.) bottom of steak next to the bottom of the case; 2,) center
of the steak and 3.) top of the steak. Results of this phase of the study
may be represented in Figure 7 on page 34, which shows the arrangement of
the steaks in the self~-service case., The diagram represente an aerial
view of the self-service case.

Temperature fluctuations within the self-service case itself varied
from ~-4,0°F to +#5.0°F depending on the stage of the cycling of the compressor
furnishing the refrigerant. The temperature varied mine degrees from one
side of the case to the other side of the case. It was noticed that the
surface of the steaks occasionally reached a temperature equal to that of

the bottom of the steak. This may be explained by the fact that there was
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condensation of moisture from the atmosphere on the surface of the steak
causing further cooling of the product and thus lowering the surface
temperature of the steak, Table III summarizes temperature variations
in the self=-service case,
2., Temperature Variations in Packaged Frozen Steaks when Stored in a
Self-Service Case Loaded to Capacity
Eight steaks were used in this study and arranged as represented
in the end view of the self-service case as shown in Figures 8 and 9,
Thermocouples were placed in each steak. Temperature measurements
were made by the use of a twelve point Honeywell recording potentiometer,
These steaks were stored for a period of ten days after which surface
color measurements were made by the use of Munsell spinning disks and
estimation of the per cent metmyoglobin by the use of the spectrophoto-

meteres
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Steak No, Temperature Steak No, Temperature
7 11.3% to 24%F 8 7.0°0F to 10.00F
5 7.0% to 9.,5% 6 11,0°F to 17.0°F
3 2.0% to 8.0% 4 -3.0°F to -1.0%F
1 10.0%F to 2.0°% 2 -4,09F to -1.,0°F
Figure 9

Results of this study are summarized in Table IV on page 38, They
showed variation in temperature from one side of the case to the other side
as well as variation in temperature of the steaks stored at various levels
in the self-service case. It was thought that those steaks stored at the
higher levels in the case would have a higher percentage of metmyoglobin
than those steaks stored on the bottom of the self-service case. This was
not borne out in this study. The results of this study showed that there
was not too much difference in the percent metmyoglobin formation in steaks
stored at various levels in the self-service case except at the top level
where the steaks were exposed to light and higher temperatures. Perhaps a
study should have been made to see if there would be an increase in metmyo-
globin formation without the influence of light or whether it was due to
the effect of light. The surface color of the steaks was relatively good
where they were not exposed to light, but the steaks on the top level be-

came discolored in about 2-3 dayse.
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Table II1, Summarized Temperature Variations In Self-Service Case
Steak T
Top of steak o« o« ¢ ¢ ¢« ¢« ¢« o « o =1°F to -2.8%Fo
Center of steak « o« + o« o o« o o =3.5°F to =~5.0°F
Bottom of steak . . + « . . + o =1,09F to =-3,00F

During Defrosting Cycle o « ¢« o o o« o #3,5°F to +200F

Top of steak 4 o« ¢« « o « o o « o =1.59F to =3,0°F
Center of steak o o« « « « « ¢« o« O0°F to -2,00F
Bottom of 8teak o o« o o o o o o =0,5°F to +2,5°F
During Defrosting Cycle o« o« « « « o o #4,00F to +19,5°F
Steak III
Top 1/4 inch of steak . . . . o 0°F to +20F
Bottom 1/4 inch of steak « . . o O°F to +5°F
During Defrosting Cycle « « « « « « o #5,0°F to +14,5°F
Steak IV
Top Of Steak o o « o « o o o o o 0.20F to +8°F
Center of steak o+ o« o o o o o o +1,0°F to +#13°F
Bottom of steak o« o« ¢ o ¢ o ¢ o #4,00F to +5,59F

During Defrosting Cycle +300F to +26°F

-
L ]
L]
L]
L]
L]
[ ]
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Table IV

Percent Metmyoglobin Index of Fading

Temperature Before and After Before and After
Steak No, Variation Storage Storage
Before After Before After
1 «10°F to =20F 0.79 8.98 14.0 14.5
2 - 4°F to ~1°F 0,79 9.68 20.8 19.0
3 +2,00F to +8OF 0.79 6.65 20.0 15.7
4 -3,09F to ~1°F 0,79 9.83 18.9 11,7
5 +7.00F to +9,50F 0.79 9.95 17.0 12,7
6 +11,00F to #17,00F 0.79 10.10 22,8 17.0
7 +11,59F to +240F 0.79 35,10 16.5 22.6
8 +7.,0°F to +10°F 0.79 47,80 14,7 28.4

Figure 10 shows the index of fading of these eight stealks, The steaks
which were not exposed to light did not discolor te any extent. There were
some steaks that even showed better color than when placed in storage as
indicated by index of fading. Steaks #7 and #8 changed from 16,5 to 22,5;
and from 14.7 to 28,4 units from Standard, respectively.

3. Prehandling Conditions and Rate of Freezing

In this study, two steaks each were used and subjected to the following
three cold storage conditions: 1.) cooler at 34°F; 2,) freezer at 0°F and
3.) freezer at -209F, Thermocouples were placed in each steak. Rate of
freezing was recorded by use of a recording potentiometer. Measurements
of surface color were made every two or three hours for twelve hours and
then left overnight, with a final reading made at 24 or 28 hours by the use
of Munsell spinning disks. Estimations of metmyoglobin were made before and
after treatment.
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a.) Cooler Temperature of 349F - The purpose of this study was to see
how long it would take for the color of oxymyoglobin to be reduced back to
the color of reduced myoglobin when packaged in a transparent oxygen imper-
meable wrapper. After "blooming", the steaks had a very desirable red color
characteristic of that of oxymyoglobin., During the first hour that the
steaks were in the Cry-0-Wrap, there was not too much change in color. At
the end of two hours the steaks started to discolor. At the end of 3, 4, 5
and 6 hours there was considerable discoloration of the steaks. At the end
of seven hours, the steaks were comparable in color to the steaks when first
cut. At the end of nine hours the steaks showed greater discoloration than
when first cut. The control steak which was not wrapped, but left exposed
to air discolored at about the same rate, but did not discolor to the same
extent as those steaks wrapped in Cry-0O-Wrap. Surface color changes are
shown in Figure 11l. This index of fading graph shows very well the change
of reduced myoglobin to the red color of oxymyoglobin and then the change
back to the color of reduced myoglobin when stored in an oxygen impermeable
wrapping material, After twenty-eight hours, the wrapper was removed from
one steak to see if it would "bloom" (return to the red color of oxymyoglo-
bin) again. It was found that when the wrapper was removed the steak changed
from 25 units from standard to 19 units from standard., This indicated that
the steak did brighten, Percent metmyoglobin formation increased from 0%
before the steaks were packaged to 19.86% and 16,85% after twenty-eight hours
of storage. The steak which was not packaged and served as a control changed
from 0% metmyoglobin to 5.63% metmyoglobin. The larger percent of metmyo-
globin in the first two steaks seems to be related to Brook's (1935) obser~
vation that as the surface tension of oxygen is lowered to about 4-20mm Hg,

that there is faster change of reduced myoglobin to metmyoglobin,
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be) Rate of Freezing - Robertson (1950) stated that still air freesing
resulted in a very dark color surface. This was a condition in which the
surface did not fracture, but the rate of freezing was so slow that all
of the original red meat color was lost. Jensen (1949), on the other hand,
reported that a temperature of -10°F or lower resulted in a satisfactory
color when freezing was done by the blast freezing method,

The results of this study showed that steaks frozen at OOF and at
-20°F discolored at about the same rate as indicated by the index of fading
graph in Figure 12, The initial discoloration of the steak in the O°F
freezer was more gradual than those frozen in the -20°F freezer, This sud-
den discoloration in the =20°F freezer might be due to surface fracture
such as was reported by Robertson (1950),

Figure 13 shows the‘rate of freezing of one and one-fourth inch steaks
in the 0°F freezer and the -20°F freezer. It should be noted that the
steaks frozen at OOF required about three to four hours to reach the "zone
of crystallization™, It took only one hour for the steaks in the -20°F to
reach the “"zone of crystallization" of meat. As a matter of interest, it
took about eleven hours for those steaks frozen in the OCF freezer to come
at equilibrium with the temperature of the freezer., It took only seven
hours for the temperature of the steaks frozen in the =-20°F to come to
equilibrium with the temperature of the freezer. It was usually observed

that the following muscles: Spinalis dorsi, Longissimus costarum and Trapezius

discolored very quickly during the freezing process, whereas the color of the

Longissimus dorsi muscle was very slow to show any discoloration., The author

believes that prehandling conditions (such as length of “blooming" period,
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soiate of Freezing Curves of Steaks Frozen at 0°F and -20°F Freezer

l | I i I ! 1 | | I

Legend:

Rate of Freezing in ~20°F Freezer

40
—— —— Temperature of =20°F Freezer

—@—Rate of Freezing in O0°F Freezer

—&@— Tennerature of 0°F Freezer
30

20

Temperature 0°F

10|

=10

=20

Figure 13. Time In Hours
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time interval before the package is placed into the freezer, and the rate
of freezing) has a marked effect on the initial discoloration of prepackaged
frozen meats, The initial color degradation may be due to the effect of
temperature on enzymatic activity in meat. Gortner (1949) has shown that
enzymatic activity is related to temperature. With a fall in temperature,
enzymatic activity is slowed down; Fairley (1957) stated that the cytochrome-
oxidase system represents about 90% of the oxygen uptake by the tissue.
Cytochrome-oxidase takes up oxygen from myoglobin which acts as an oxygen
reservoir in the tissue. In this reaction, oxygen may be picked up from
myoglobin by the cytochrome-oxidase system to carry on the rest of the
metabolic functions of muscle metabolism. The discoloration of the steaks
kept in the cooler in an oxygen impermeable wrap was believed to be due to
the enzymes in the meat picking up the residual oxygen in the package and
reducing oxymyoglobin to reduced myoglobin; whereas in those steaks that
were frozen, the enzymatic activity was slowed down due to the fall in tem-
perature., If steaks are quick frozen as was suggested by Jensen (1949),
the enzymatic activity is slowed down faster than the oxygen uptake by the
enzymes and oxymyoglobin is not reduced to myoglobin,

The important fact to be derived from these studies in order to observe
what effect they have on initial discoloration of prepackaged frozen meat
is the manner in which the meat product is handled before being sent to
the freezer and the rate of freezing of the product. These studies pointed
out the necessity of sending meat products to the freezer as soon as possible
after it is packaged, especially in an oxygen impermeable wrap. These stu-
dies also point out the necessity of quick freezing at -20°F or lover in

order to maintain the original color of oxymyoglobin,
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B, Effect of Repeated Freezing and Thawing on Myoglobin of Prepackaged
Frozen Meat,

A review of the literature revealed no information concerning the effect
of repeated freezing and thawing on the pigment myoglobin when packaged in
an oxygen impermeable transparent plastic wrapper and aluminum foil. Mangel
(1951) found that when samples were allowed to thaw from one to five times
the methemoglobin formation did not increase with repeated thawing. Samples
thawed three and four times showed the lowest percent metmyoglobin formation,
She did mention that all samples thawed more than once showed surface dar-
kening. Brooks (1929) reported that freezing and thawing had no significant
effect on oxygen penetration, but did accelerate methemoglobin formation in
the region of oxygen penetration.

Results of this study showed considerable variation in the percent of
metmyoglobin formation as shown in Figure 14, Steaks after having been
frozen for twenty-four hours exhibited a color characteristic of oxymyoglo-
bin, with a percent metmyoglobin formation of 0,36 and 2,02 percent metmy-
oglobin from steaks packaged in Cry-O-Wrap and aluminum foil, respectively.
The perdent metmyoglobin formation changed very little after the steaks
were frozen for twenty-four hours., After the first thawing cycle, those
steaks packaged in Cry-O-Wrap exhibited red and purplish blotches charac-
teristic of oxy- and reduced myoglobin. After the second thawing cycle,
the steaks packaged in Cry-O-Wrap plastic bags showed much discoloration,

The side of the steaks next to the non-fold side of the aluminum foil package
showed a color much the same as that exhibited by those steaks packaged in
Cry=0O-Wrap., This seems to indicate that aluminum foil is somewhat oxygen

impermeable, The side of the steak next to the fold side of the package

=4 6=
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exhibited a red color characteristic of oxymyoglobin up to the fourth thawing
and refreezing cycle, after which it started to discolor. Figure 14 shows
an alternate increase and decrease of percent metmyoglobin formation with
alternate thawing and freezing cycles. Those steaks packaged in aluminum
foil showed about the same percent metmyoglobin formation as those steaks
packaged in Cry-O-Wrap. The side of the steaks packaged in aluminum foil
next to the package fold in which there was some air showed a progressive
increase in percent metmyoglobin formation.

Figure 15 shows that those steaks packaged in Cry-O-Wrap and the side
of the steaks in aluminum foil not next to the package fold discolored at
about the same rate, whereas those steaks next to fold side of the aluminum
foil package did not discolor until about the fourth thawing and refreezing
cycle. No attempt was made to study further the relationship of enzymatic

activity as related to thawing and refreezing of meat,

C. The Effect of Light on Color Degradation of Prepackaged Frozen Meat.

In order to properly analyze the results of the effect of light on
color degradation of prepackaged frozen meat, it is necessary to become
acquainted with the subject of photochemistry. Blum (1941) stated that
photobiological processes are essentially photochemical processes. Photo~
chemistry is the study of chemical reactions produced directly or indirectly
by means of radiation. It is possible to activate molecules with an external
source of energy, as for example, by introducing a beam of light having the
proper frequency to be absorbed and sufficient energy in each photon to affect
the reaction. A photon of radiation is a unit of radiation which possesses
one quantum of energy., Frequently, the term quantum is used interchangeably

with the term photon. In the primary photochemical process each molecule
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is activated by the absorption of one photon.

Daniels (1948) stated that if there is no possible electronic, atomic,
or molecular change that can use the exact amount of energy contained in
the photon of radiation, there will be no interaction and no chemical or
physical changes will result. However, if there is within the molecule
some change which is not in conflict with the quantum restrictions and
which corresponds to the energy of the photon, there may be a transfer of
energy, and the photon is "absorbed". The only difference between the
ultraviolet and visible spectra is that greater energies and larger dis-
placements are involved in ultraviolet absorption, 35,000 to 71,000 calories
per mole being required for absorption in the visible region and 71,000 to
several hundred thousand calories for absorption in the ultraviolet. Dan-
iels (1948) further stated that energies required for most chemical reactions
range from about 10,000 to 100,000 calories. He stated that only that
radiation which is absorbed can produce chemical change. He also mentioned
that Grotthus pointed out in 1818 that there cannot be a photochemical re=-
action unless radiation is absorbed.

Light is ordinarily made up of many wave lengths. When composed of
virtually only one wave length, it is called monochromatic. We distinquish
the kinds of radiant energy according to wave length. Wave length can be
defined adequately only by a technical description of how it is measured,
The wave lengths of light preceived by the human eye are called visibie,
Visible radiant energy is confined to wave lengths between about 380 mu and
760 mu or 380 to 760 millionths of a millimeter. The following ranges of

wave lengths correspond to the indicated colors:



Violet . .

Blue [ ] ® ®

Green . .

Yellow . .

Orange . .

Red

* o o

The energy of quantum may

ized as follows:

L] L L]

e o o o

be transformed in

380 mu
450 mu
490 mu
560 mu

590 mu

to

to

to

to

to

450 mu

490 mu

560 mu

590 mu

630 mu

630 mu to 760 mu

several different ways summar-

1. Heat- the temperature of the absorbing system is raised.

2. Dissociation- the molecule undergoes a chemical breakdown.

3. Ionization

4, Fluorescence

A molecule may be excited in several different ways, depending on the

frequency of radiation absorbed.

These different methods of absorbing

radiation in the different parts of the spectrum and the energies involved

are summariged in Figure 16,

Wave Length A°, 2,000 4,000 8,000 200,000
X-~Rays Ultra [Violet Visible Near Infraréd
il
Calories per Mole 142,000 71,000 35,000 1,400
-—?f—
A > ‘<
o OF O Ve O:o

Taken from "Qutlines of Physical Chemistry" by Farrington Daniels,
(1948), p. 595.

Figure 16
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In the upper half of the figure are given the general types of spectra
together with the wave length regions and energy of the radiation in calories
per mole. In the lower part is given a crude representation of what happens
when the radiation is absorbed. The black dots represent electrons, and
the large circles represent atoms in the molecule. In the visible and ultra-
violet region of the spectrum, the absorption consists in displacing an outer
electron in the molecule. Absorption spectra for extracts from prepackaged
frozen meat stored under light were determined to see if light caused any
deviation from that of the normal absorption spectra curves of mixed pigment
extracts containing myoglobin, oxymyoglobin and metmyoglobin,.

1. The Effect of Incandescent Light on Color Degradation of Prepackaged
Frozen Meat,

Three samples were used in this study. One steak was placed under opaque
paper to provide darkness. The other two steaks were stored under 56 foot-
candles of incandescent tungsten filament illumination., Surface color mea-
surements were made at various intervals of time for a period of five weeks.
Estimations of metmyoglobin were made before and after storage. pi and ab-
sorption spectra determinations were made. This part of the study was done
to see if this type of light had any effect on color degradation of prepackaged
frozen meat. Results of this study showed that this type of light caused
considerable darkening as compared to the control sample. The index of
fading changed from 15 to as high as 24.8 units from standard. The change
from 24.8 units to 18.9 units from standard for the last reading was due to
the fact that the last reading was taken with the wrapper removed for spectro-

photometric analysis. Steaks two and three which were kept under 56 foot=
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candles of light changed from 12.2 to 26.9 units from standard for steak
No. 2, and 11,7 to 31.4 units from standard for steak No, 3, The greatest
change in Munsell renotations seem to be in hue and chroma. The graph
showing the index of fading is shown in Figure 17 on page 54, The percent
metmyoglobin changed from 0,91% to 31.33% for the steak stored in darkness.
Steaks two and three changed from 0,91% to 57.02% and 52.48% metmyoglobin,
respectively. A review of the absorption spectra curves in Figure 18 on
page 55 shows typical absorption spectra curves for extracts containing
mixed pigments. This agrees with the work reported by Mangel (1951), One
should note the absorption spectra curves for the samples stored under light.
At about 502-505 mu, there is an increase in the slope of the absorption
curve which is typical for extracts which contain a considerable amount of
metmyoglobin as shown by Mangel (1951).
2. Color Degradation of Prepackaged Frozen Meat Displayed Under Fluorescent
Light, - A Preliminary Study.

Twenty-four steaks packaged in Cry-O-Wrap were used in this study.
Twelve steaks were kept in darkness and twelve steaks were kept under 56
foot-~candles of standard white fluorescent illumination. These steaks were
stored in a Sherer self-service frozen food case, with steaks being removed
from the case at various intervals of storage up to thirty-five days. As
each steak was removed from the case, it was allowed to thaw for two hours,
after which the wrapper was removed and surface color measurements were made
by use of Munsell spinning disks. A three mm thick slice was sliced off with

a Hobart Model 300 slicer for spectrophotometric estimation of metmyoglobin,
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Absorption Spectra For Extracts From Prepackaged Frozen Steaks Stored
In Darkness and Under 56 Foot-Candles of Incandescent Illunination.
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' | J [ v | T | ;
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Figure 18. Wave Length In Millimicrons
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Fach steak was turned over and surface color measurements again made.
The steak was then placed in a Cry-0-Wrap plastic bag for four hours to see
if there was an increase of oxymyoglobin formation. After the four hour
blooming period, surface color measurements were again made and a three mm
thick slice removed for spectrophotometric estimation of metmyoglobin, De-
terminations for pH were also made.

Results of this study showed that fluorescent lighting caused color
degradation of prepackaged frozen meat when displayed in a self-service
frozen food case. Figure 19 shows that those steaks stored in darkmess
were only 15.6 units from standard at the beginning of the study and increased
to 28,0 units from standard at the end of the storage period. Those steaks
stored under light changed from 15.2 units from standard to 26.0 units from
standard, Figure 19 also shows that those steaks stored in darkness "bright-
ened" wvhen allowed to "bloom" for four hours, however, those steaks stored
under light did not brighten when allowed to "bloom" for four hours.

The change in percent metmyoglobin formation showed considerable varia-
tion. This probably was due to the fact that a strict schedule was not
followed in exposing each side of the steak to the same period of illumina-
tion. Figure 20 shows in general that those steaks stored in darkness
contained less metmyoglobin than those steaks stored under light. Figuré "
21 shows the absorption spectra curves for extracts from frozen steaks
stored in darkness and under 56 foot-candles of fluorescent illumination
for one day and thirty-five days of storage. Steaks stored in darkness
and under light for one day follow about the same absorption curve, however,

after thirty-five days storage, the presence of metmyoglobin can readily be

distinguished as affected by darkness and light,
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Absorption Spectra For Extracts From Frozen Steaks Stored In Darkness And
Under 56 Foot-candles of Fluorescent
16 ) T1lumination
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Legend:
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Figure 21, Wave Length In Millimicrons
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3. Color‘Degfadation of Prepackaged Frozen Meat Under the Same Level of
I1lumination at Two Different Temperatures

This study was conducted to see what effect 56 foot-candles of illum-
ination at two different temperatures would have on degradation of color in
prepackaged frozen meat,

A total of thirty-six steaks were used in this study. These were
divided into four groups of nine steaks each. These groups were as follows:
Group I. Stored in the Sherer self-service case in darkness,

Group II, Stored in the self-service case under 56 foot-candles of illum-

ination. It was necessary to turn these steaks over each day at a specific
time in order that both sides of the steak receive equal exposure to light,.
Group IXI. Stored in a OOF freezer under 56 foot-candles of illumination.

These steaks were treated in the same manner as those in Group II,

Group IV, These steaks were stored in a freezer in darkness at O°F,

Steaks were removed at various intervals of time, with the last steak
being removed at the end of five weeks. Surface color measurements and
spectrophotometric estimations of metmyoglobin formation were made in the
same manner as described in the preliminary study.

Figures 22, 23 and 24 show the results of the effect of the same level
of illumination at two different temperatures on color degradation of pre-
packaged frozen meat, Immediate Munsell readings as shown in Figure 22
show that those steaks stored in darkness in the O°F freezer did not dis-
color to the same extent as those steaks stored in the self-service case
under light and darkness as well as the steaks stored in the freezer under
light, After a four-hour "bloom" period, Figure 23 showed that those steaks

stored in darkness in the freezer, and steaks stored under light in the
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freezer brightened after a four hour "blooming period". Those steaks stored
in the self-service case did not brighten to any extent after a four hour
"blooming period", Figures 24 and 24a show the effect of the same level of
illumination at two different temperatures on the formation of metmyoglobin,
Steaks stored in darkness in the freezer showed the least increase in the
formation of metmyoglobin when both immediate and four hour readings were
made, however, there was an increase of metmyoglobin from those steaks after
a four hour "blooming period", Steaks stored under light in the freezer
showed less metmyoglobin formation than those steaks stored in the self-
service case in darkness. There was relatively little change in metmyoglobin
formation as a result of the "“blooming period",

Steaks stored under light in the self-service case showed the greatest
amount of metmyoglobin formation, however, when allowed to "bloom" for four
hours there was a decrease in metmyoglobin formation. In general the re-
sults may be summarized as follows:

1. Meat stored in the freezer in darkness showed the least formation
of metmyoglobin, but an increase of metmyoglobin after the four
hour "blooming period®,

2, Meat stored under light in the freezer showed less metmyoglobin
formation than steaks stored in darkness in the self-service case.
There was no significant change in the percent‘metmyoglobin after
a four hour “"blooming period" for those steaks stored in the freezer
under light, but there was a decrease in metmyoglobin formation for

those steaks kept in the self-service case in the dark,
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3. Steaks stored under light in the self-service case showed the
greatest formation of metmyoglobin, however, there was a decrease
after a four hour "blooming period",

4. Color Degradation of Prepackaged Frozen Meat Stored Under Various Colored
Filters

Results of the two preceding. studies indicated that light was detrimental
to the color of prepackaged frozen meat. Therefore, it was decided to further
exploit the attribute of light which is responsible for this degradation of
color,

It has been shown by Kampschmidt (1955) and Taylor (1950) that wave-
length is one of the most important factors causing fading or discoloration
of colored materials, such as colored textiles and processed meats (such as
bologna, veal loaf and boiled ham, etc.). Kampschmidt (1955) reported that
for cured meats there are specific wave-lengths of light which are absorbed
to a greater extent by cured meats and bring about its discoloration., He
stated that the effective spectra distribution curve is higher in the region
between 460 mu and 550 mu than wave-lengths above 550 mu., With these thoughts
in mind, a study was planned using various colored filters which would allow
certain wave-lengths of light to pass through them., This first study was
more or less a preliminary study. No attempt was made in this study to main-
tain the same level of illumination on the steaks.

Eight steaks packaged in Cry-O-Wrap were used in this study. One sample
was placed under each of the following light filters: purple, blue, green,
yellow, orange and red. One steak was held in darkness and one steak stored

4

under Standard Cool fluorescent lighting. External illumination of 56 foot=-



candles was used with the following light intensities falling on the steak
after passing through the filter. These were as follows:
Purple « o o« « ¢ ¢ o o ¢« s o o o o &« o« 5 footcandles
Blue ¢« o o ¢« ¢« s ¢ ¢ ¢ ¢ o o o o o« o« 2 footcandles
Green o+ o o « o o ¢« ¢ ¢ o o o o o o« o 4 footcandles
YelloW o « o o o o« ¢« ¢ o ¢ o« o o » o o 44 footcandles
Orange « o« o« o ¢« « « o ¢ « o« s« o o« o o 14 footcandles
No filter o+ o« o ¢« ¢ o ¢ o« o o « ¢ « o 56 footcandles
Darkness « « « o« « ¢ o« ¢« ¢« « ¢« o s o« » 0 footcandles

Storage was for a period of five weeks. Surface color measurements
were taken at various intervals of storage time by the use of Munsell spinning
disks. Spectrophotometric estimations of metmyoglobin formation were taken
before and after storage. pH determinations were made,

Results of this study seemed to show that the wave-lengths of light
between 560 mu and 630 mu (yellow and orange portion of the spectrum) are
responsible for the degradation of the color of prepackaged frozen meat,
Table V shows the effect of light that has passed through various colored
filters on the formation of metmyoglobin,

It should be noted that those steaks stored under the orange and yellow
filters showed the largest increase in metmyoglobin formation, whereas those
steaks stored under the green and purple filter showed the least amount of
metmyoglobin formation of those steaks stored under various filters. Figure
25 shows &bout the same type of relationship. A review of the absorption
spectra curves in Figure 26 shows that those steaks stored under no filter
and under the orange and yellow filter gave a small absorption peak in the
absorption spectra curves at about 505 mu which is characteristic of metmyo~

globine
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Table V

Color of Filter Percent Metmyoglobin
Purple 38,49
Blue 46,56
Green 38,04
Yellow 53,71
Orange 60426
Red 45459
Under light (no filter) 59,40
Under no light 32,52

Under normal extraction procedures, a three mm slice removes the majority
of the pigment in the superficial layer. This did not happen when slices
were removed from those steaks stored under the orange and yellow filters,
After the first three mm slice was removed, it was noticed that there were
some brownish areas underneath the first slice. Several three mm slices
were removed before there were no more brownish areas, Depth of discolora-

tion was estimated to be at a depth of one-half inch,

5. Color Degradation of Prepackaged Frozen Meat Stored Under Various Colored
Filters at.the Same Level of Illumination,
After analyzing the data in the preceding study, it was decided to use
the green, orange and red light filters in this study. Results of the pre-
vious study showed no large differences in the formation of metmyoglobin

between the purple, blue and green filters.
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Absorption Spectra for Ixtracts From Prepackaged Frozen Steaks Held Under
~Various Colored Filters

16 [ 1

14—

12—

T

Millimolar Extinction Coefficient
| T
]

Legend:

2]

— = — Stored

Stored

Y. N Stored

=== Stored

Stored In Darkness

Undér
Under
Under

Under

Light
Purple Filter
Blue Filter

Green Filter

— Stored Under Yellow Filter
s 3tored Under Orange Filter
2t— Stored Under Red Filter
1 ] ] | ] | ] ] 1o 1
280 505 530 000 osU o05— 530
Figure 26. Wave Length In Millicrons
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Five steaks packaged in Cry-0-Wrap were used in this study. One steak
was placed under each filter, one steak was placed in darkness and one steak
was placed under Standard Cool fluorescent lighting. The filters were so
adjusted to give the same level of illumination on each steak., Storage was
for a period of five weeks. Surface color measurements were taken at various
intervals of time by use of Munsell spinning disks, Spectrophotometric
estimations of metmyoglobin formation were made before and after storage.
pH determinations were also made,

Results of this study showed that those steaks stored under no filter
and under the orange and red filter showed the largest amount of metmyoglobin

formation. Table VI shows the percent metmyoglobin formed under the various

treatmentse.
Table VI
Treatment Percent Metmyoglobin
Orange filter 21,86
Green filter 14,56
Red filter 25,17
Stored in darkness 14,21
Stored under light (no filter) 25,33

The steaks stored under the green filter and in darkness showed the
least amount of metmyoglobin formation. Figure 27 shows the color change
of steaks stored under various light filters. Figure 28 shows the change
in metmyoglobin formation of steaks stored under various filters. Figure
29 shows the absorption spectra for extracts from steaks stored under var-

jous filters. In general, this study agreed with the results of the prelim-
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Absorption Spectra.For Extracts From Prepackaged Frozen Steaks Held Under
Various Colored Filters At Same Illumination
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