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COLOR AND PIGMENTS OF PACKAGED REFRIGERATED BEEF

INTRODUCTIQN

Consumer selection of pre-packaged meat frem the
refrigerated show case in today's supermarket is greatly
influenced by the overall appearance of the meat and its
package. The reason a buyer chooses a particular piece
of meat is largely dependent on its color. Bright cherry
red is the color which most consumers desire, while meat
having a brown color is generally considered unacceptable
and gives the impression of spoilage, although this may
not be true,

The coloring meferials in fresh meat are mainly
hematin proteins. The metaloprotein pigments in the animel
mscle are myoglobin, hemoglobin and cytochromes. The
predominant pigment in tissue is myoglobin, and its deriva-
tives, although it is not the most important in a biologi-
cal sense. Myoglobin (Mb) has a purple red color, but
vwhen oxygenated (bloeming) to oxymyoglobin (Oglib), a
bright red color develops which is responsible for keeping
the desirable appearance of fresh meat. Oxidation of myo-
globin to metmyoglobin (MMb) yields an unacceptable brown
color. The oxidized form of the heme iron 1s found to be

en active catalyst promoting remeidity in the tissue (83,



ps 728-733).

Various packaging materials and methods are applied
to the fresh meat to protect it from physical and chemical
changes, microbial contamination end to increase the
shelf-life as well as to present the meat to the buyer in
the most attractive manner. Ball (8, p. 12) indicates
that the suecess in increasing the color life of the pack=-
aged fresh meat may move the packaging operation back to
the slaughtering plent.

Some investigators used gases such as nitrogen (Ns),
carbon dioxide (COp), oxygen (Og) or combination of them
under verious pressures, in addition to packaging, to
develop and maintain the color quality of fresh meat dure
ing the period of staragé. Carbon monoxide (C0) is briefly
mentioned in the literature as a possible gas which might
be used to stebilize the fresh meat cuts for a fairly long
period. Other investigators have used ¢chemicals especially
ascorbic aecid, nicotinic acid or other antioxidants for
the same reason. |

Refrigeration is still the most widely used method,
either In the market or home, to preserve fresh meat frem
microblal and enzymatic changes.

The objectives of this study were to discuss the color
of fresh meat, to study the influence of some packaging



maﬁerials, methods, and gases on the redness and spectral
charscteristics of beef cuts durdng cold storage, and to

determine the myoglobin derivatives on the meat surface.



REVIEW OF LITERATURE

Biochemigtry of Myoglobin
Myoglobin is a heme protein having a molecular weight

H

of about 17,500. It has one iron porphyrin unit per
molecule and reaches its iéoelectrié point at a pH of 6.8
(45, p. 194-196). Biolégically, myoglobin'functions as
an oxygen storage reservoir for the cell. The myoglobin
pigment is actually chemically related to hemoglobin, the
oxygen carrying blood pigment. Hemoglobin has four iron
atoms per molecule, a molecular weight of 68,000 and en
isoelectric point of 6.7-7.1 (32, p. 165-183).

The characteristic properties of myoglobin are due
to globin, the protein portion of the molecule. The myo-
globin has ité sharpest absorption band at 580 milli-
microns (mya). It has its greatest affinity for oxidation
at low oxygen pressures. Although the iron of myoglobin
in nonexposed meat is in the ferrous state, oxygenation

of myoglobin by oxygen to oxymyoglobin does not affect the
reduced form of iron. Eliminating the oxygen supply to

the pigment causes myoglobin to be formed aéain and then
oxidized to metmyoglobin, in which state the iron is in .
the ferric form (17, p. 707; 21, p. 85-77; 27, p. 595=
622; 33, p. 418-425; 57, p. 479-492). Brooks (17, p. 707)

reported that an oxygen préssure of about four millimeters



of mercury was necessary for the maximum rate of metmyoglo-
bin formation at 320F. He also found that for each mole
of metmyoglobin formed, 2.5 moles of oxygen were used. A
decrease in the reaction rate of myoglobin to metmyoglobin
ooccurs at pressures above 30 millimeters of mercury at a
temperature of 860F, and a pH of 5.69, according to George
and Stratmann (33, p. 418~425)., The dissociation of oxy-
myoglobin to myoglobin before oxidation to metmyoglobin
was observed by Watts (79, p. 1-52). She also reported
that this disgsociation was increased by decreasing oxygen
tension and that metmyoglobin formation was favored there
after. In addition, Watts stated ﬁhat any treatment
causing denaturation of the globin resulted in a weakening
of the bonds between the heme and globin. Vhenever this
weakening of the bonds oeccurred, the heme lost its ability
to be oxygenated, end instead, was oxidized rapidly to the
brown ferrie form. PFurthermore, she found that the metmyo-
globin formation was aceelerated by inereasing the acidity,
salt, certain metals and freezing. This acceleration was
accompanied by greenish or faded pigments resulting from
breakdovn products of the porphyrin ring.

The attraction of myoglobin or oxymyoglobin to carbon
monoxide has been reported by meny investigators (32, p.

165-183; 46, p. 207-335). The affinity of myoglobin to



carbon monoxide is 28 to Bl times greater than that to
oxygen. Consequently, carbon monoxide displaces oxygen
from oxymyoglobin to form carboxymyoglobin. Both carboxy-
myoglobin and the oxygenated form of myoglobin have the
iron in the ferrous state and the same kind of bond
(covalent) between the iron and the gas. It has been re-
ported by the same authors that the carboxymyoglobin can
be dissociated by light to myoglobin and earbon monoxide.

FPactors Affecting the Changes of Color and Pigments in

Fresh Meat

The reaetions responsible for the changes in color
and pigments of fresh meat are very complex., The diffi-
culty in controlling the condltions to maintain an accept-
able color in packaged meat cuts during storage in the
cold cabinet has been discussed extensively by Ball (8,
‘pe 12). Although many factors influence the color and
the state of the myoglobin forms of packaged fresh meats,
each factor has a critical point at vhich, with the other
factors controlled, the color of meat will be preserved.
The factors influencing the fresh meat color csn be
divided into: anti-mortem factors, poste-mortem factors

end storage condi tions.



Anti-Mortem Factors

Species of Animals. It is well known that the con-

centration of myoglobin.pigments is different in beef than
in pork end lamb (3, p. 88). Ginger et al. (34, p. 1037~
1040) has reported values of 3.7 and 0.79 milligrams of
myoglobin per gram of fresh tissue for beef and pork
muscles, respectively. Broumand et al. (21, p. 65~77)
fomd that the relative myoglobin content of beef, lamb,
pork and veal were roughly 62%, 37%, 16% and 9%, respece
tively. Values of 1«3, 4-10, 16«20 and l-3 milligrams of
myoglobin per gram of wet tissue in veal, beef, old beef
and pork, respectively, have been reported (3, p. 88). It
was noted by Ball (9, p. 193-204) that the pattern of
changes in the color of nmeats from beef, lamb and pork

varied when stored under the same conditions.

Age of Animals. It is well recognized that muscles
from o0ld animals have more redness and myoglobin than
those of younger animals (3, p. 88). Broumend et al. (21,
p. 65=77) reported that the relative myoglobin contents
of beef and veal were roughly 62% and 9%, respectively.
Jacobson end Fenton (40, p. 427-435) noted en appreciable

increase in redness in the semimembranqsus muscle when the

age of the animals increased from 32 to 80 weeks. Such an



increase, however, was not sc marked in the longissimus

dorgi and psoas ma;ior mascles.

Animal Individuality. The degree of variation in the

color of lesn meat within an individual animal has been
reported by Dean and Ball (31, p. 222-227) and Pirko and
Ayres (64, p. 461+467). The latter investigators, using
meat from one specific muscle of animals of the same age,
stated that due to the large variation in their results,
such data were not satisfastory for comparative purposes.
Ginger ot al. (34, p. 1037-1040) observed that dark
colored pork muscle had almost twice as much myoglobin as
the light colored muscles. Wilson et al. (82, p. 1080~
1085) found that the contrast in pigmentation between
mgscles within the ham was directly related to the myo-
globin concentration of the muscles. Giffee (3, p. 88)
states that the amount of myoglobin in different muscles
appears to be.a function of the muscular activity, the
blood supply end oxygen aveilability. As a result of
their studles, Dean and Ball (31, p. 222~227) concluded
that the variation in color patterns of meat during storage

night be the result of differmnces between animals.

Feeding of Animael. There are gsome indications that

the dist of the enimal may have gn effect on the redness



of the muscles. Although Shenk et sl. (73, p. 741-760)
observed that the meat from grass-fed cattle showed more
redness than that of grainefed enimals, they thought that
the differences might have been due to the greater activity
of the grazing animals rather than to the feed. The re=
sults by Longwell (49, p. 8) tend to support the above
data. However, Jacobson and Fenton (40, p. 427-435) found
that the muscles of beef fed on grass or a combination of
grass and grain had higher myoglobin contents than the
miscles of those fed on grain only. The increase of red-

ness was particularly noticeable in the gsemimembranosgus

muscle vhen the dietary level of total digestible nutrlents
was increased from 60% to 160% of the standards required

for growing dairy heifers.

Post-lMortem Factors

From the results of previous mentioned investigations,
it is c¢lear that the redness or the myoglobin content of |
-meat at slaughtering are not the same. It is reasonable
to assume that the amount of blood staying in the meat
tissue influences the color pf meat and this factor is
rarely cansfant. However, the most important factors of
meat influencing the color are pH, fat content, fat
covering end the enzyme activity of meat.
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pH. Hall et al. (37, p. 55-78) have stated that the
brightness or darkness of beef is pH dependent. They re=-
ported that meat at pH of 5.6 or below had a normal bright
red color. At a pH of 5.7, the meat was shady or dull,
The meat was dark at pH 6.5 or above. Pirko and Ayres
(64, p. 461-467) also noticed that meat started to turn
dark at a pH of 5.7. In contrast, Brooks (18, p. 1379~
1383; 19, p. 35~50) observed an increase in oxidation of
myoglobin by decreasing pH.

The pH of the meat is related to the glucoese and gly-
cogen content of the tissues of the animals prior to
slaughter (53, p. 40-42). Hall et al. (37, p. 55«78) des=
eribed the characteristics of darke-cutting beef. This
meat falled to brighten when exposed to alr, had an
abnormally high pH, low glucese levels, only traces or no
myoglobin, high inorganic¢ phosphate, low oxidation-
reduction potential, sticky and gummy texture.

Ramsbottom et al. (66, p. 84-85) and Wilson (3, p.
250-266) reported that the type of handling the animals
received prior to slaughter could materially reduce the
pH of meat. Any reduction of pH of meat depends on the
presence of lactic acid in the tissue. A more desirable
color was gained by feeding and resting the animals prior
to slaughter. Wilson also reported that the production
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of lactic acid by glycolysis in carcasses of animals fed
before slaughtering ylelded s value of pH 5.3 in the
tissue, while the pH of muscles from fatigued animels
renged between 6.0 to 6.6.

Fat and Fat Cover. Generally, the fat and fat cover

are concerned with oxidation~reduction of the lean pigment.
Brooks -(is, p. 75-78) noticed that the rate of oxidation
of myoglobin present in fat, except in locel areas, was
glower than in the lean. The increase in the rate of re-
duction of metmyogleobin to myoglobin by fat in the absence
of molecular oxygen was reported by Rikert et al. (69, Pe
570-572). They observed that the lean surfaces of the
samples in contact with a layer of fat were lower in red=-
ness than the uncovered surface, but after one week of
storage, the surface covered by fat was higher in redness
thean that in contact with the packaging material.

Watts (vé, p. 1=52), however, stated that the contact
of myoglobin with unsaturated fat in the presence of
oxygen resulted in discoloration of the meat and rancldity
of the fat. This reaction was faster in meats having a

pH below normal.,

Enzymes. Musele tigsues retain a certaln respiratory

activity after the decath of the animal resuliing in a
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continuous consumption of oxygen (64, p. 461-467). Grant
(35, p. 250-253) theorized that the browming of meat was
due to the depletion of oxygen from oxymyoglobin by the
respiratory enzymes. Pirko and Ayres (64, p. 461-467)
recommended the reduction of the enzyme activity to pre-
vent spectral chsnges of the meat pigments. Grant (35,

p. 250-253) and Tappel and HMartin (75, p. 280-282) reported
that the surviving suceinic oxidase system was responsible
for the continuous consumption of oxygen by the tissue.
Grant also found that the addition of malonic acid provided
a bright red color. Tappel and Martin reported that the
addition of succinate would serve as an efficient oxygen

scavenger 1f the removal of oxygen from moeat was desired.

Storage Conditions

There are meny factors affgcting the color and the
pigment state of meat é?%é? ;iggéhéeéiné and cutting. The
color of fresh cut meat is purplish red which is due to a
relatively high concentration of reduced myoglobin,

Within 30-40 minutes after exposure té air, the meat will
bloom to a bright red color due to the formation of oxy~
myecglobin. Normally, this acceptable color will last for
one to two days at refrigerated temperatures as long as

there is a continuous supply of oxygen. Controlling the
. storage conditions helps to prevent the fading after the
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blooming period or to maintain high redness throughout a

storage period of about 15 days. ,

Factors affecting tha color and myeglobin fractzons
on the surface cf meat’after cutting are grouped as followss
oxygen availability, desiccation, temperature, light, bace
teria, gaseﬁ, a@diﬁ}vge, pagkgging4mathodg‘and_maperials.

- oo d .
e e

Oxygen Availlabili ty. Althoﬁéh the color of fresh

meat is a function of sgeveral factors, oxygen availability
is one of special importance (45, P. 194-196), The util-
ization of.oxyg@n.by the muscle tissues after the death of
the enimal was reported by Pirkeo and Ayres (64, p. 461~
467). Brooks (1:7, Pe 707) found that the meximum depth of
oxjgen diffusion into the tissue was one centimeter. He
concluded that the discoloration of meat was restricted
to this relatively thin superficial but penetrable zons.
Coleman (24, p. 222-229) and Pirko and Ayres (éé, Pe 461w
467) observed that when slices of beef hed been covered
by thin glass plates, the middle of the glice showed a
purple color with an adjoining zone of brownish color.
The purple region was found to contain myoglobin while
the brown zome congigted mogtly of metmyoglobin.

The oxygenation of myoglobin or blooming of meat
occurs within 30 to 40 minutes after being cut and exposed
o air (14, p. 62-72; 51, p. 281-286; 64, p. 461-467).
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Rikert et ale. (71, p. 17-23) stated that the best way to
delay the initial discoloration of fresh meat was to keep
the meat exposed to a high partial pressure of oxygen.
They also observed that oxygen tension higher than that
normally found in the‘air had no significant effect on
meat color. Tappel and Martin (?5, De 280-282) noticed
that the roeduction of the oxygen concentration made myo-
globin more labile to oxidation to metmyoglobin.

Using a low pressure of oxygen {(vacuum) as a storage
atmosphere of meat”cuts was studied by Ball (8, p. 12-14),
Broumend ot al. (21, p. 65-77), and Rikert et sal. (0, p.
625-652; 71, p. 17-23). Rikert et al.. (70, p. 625-632)
observed that when fresh meat was stored under a vacuum
" of 20 inches or more, the initial loss of redness and its
return were faster than in meat stored under less than 20
inches of vacuum. They conclided that vacuum might be
necessgary. for returning redness, but not for the initial
discoloration. This conclusion was also reported by
Broumend et al. (21, p. 65-77), and in addition, they
noticed a brightening in the color of the vacuum packaged
samples when exposed Vo alr after the second red color
had asppeared. R

Rikert et al. (;;; p. 17-23) studied the color of

meat vhen stored under vacuum in the complete ebsence of
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oxygen. They stated that this might be the best method
to overcome the loss of redness, especially during the
first two or three days of storage.

These investigations involving the use of vacuum or
the complete absence of oxygen to maintain the red color
of meat were based on regenerating or keeping the pigment
of the meat in the reduced state, myoglobin.

Desiccation. Darkening of meat due to desiccation

is believed to be the result of changes of the pigments
and thelyr concentration on the surface of the meat (15,
Pe 75—78, 43, p. 2900-295; 77, p. 140-144). Baker and
Penrod (6, p. 511-514) observed that an increase in tem=
perature and in air velocity accelerated dehydration and
discoloration of beef samples but these changes were re=-
duced by inereasing the relative humidity. They also
noticed that the discoloration of the meat surface exposed
to air was more rapid than total dehydration during the
first few hours, after which parallel rates took place.
Lendrock end Wallace (4%, Pe. 194-196) reported that meat
permitted to dehydrate in open air began to turn a derk
cherry red, end after eight hours showed distinet rings
of blackening which they identified as an intensification
of color rather than discoloration. They also found that

the meat turned an objectionable reddish brown color after
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four hours vhen moisture was lost rapidly (5-26% loss of
weight) and the meat was exposed to an atmosphere of low
oxygen. Pirko and Ayres (é;, Pe 461-467) stated that the
desicecation of packaged meat was inversely proportional to
the sample thickness and that excessive loss of water re-
sulted in a hardening of the surface of the meat and a

simml taneous inecresse in all reflectance values.

Temperature. The inecrease of témperature tends to
decrease the depth of oxygen penetration in the tissue as
well as accelerating the dehydration and conseguently
causes a rapid darkenzng to occur near the surface of the
meat (17, p. 707; 41, p. 155=159; 63, p. 26+40; 69, Do
567-573)., The maximum rate of metmyoglobin formation was
found to éceur at 20 millimetors of oxygen pressure at
300C, (57, p. 479-492) while at 69C. the maximum rate was
at 4 millimeters of oxygen pressure (15, p. 75+78).

Reducing the temperature apparently causes an increase
in the rate of‘qugenation of the meat pigment (1, p. é;
14, p. 62-72; 5&, p. 281-286). Butler et al. (2&, pe 397~
400)'reported that the desirable color of prepackaged
meat was mainteined better at 32CF., than that at 400F.
in the self-service case. It was stated by Rikert et al.
(70, p. 625-632) that both the rate of the initial
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darkening and time for return of redness in fresh mest
stored under vacuum, were acecelerated by increasing the
storage temperature. Howsver, Ball (;, P+ 194-204) re-
ported that the intensity of fed_color throughout the
storage period was somevhat better for meat samples

gstored at 41-460F, then at 32+4340F,

Light. Although light causes severe discoloration of
cured meats (3,251 270), visible light has little or no
effect on the color of fresh meat (23, p. 363«373; 43, p.
£90-295; 67, p. 222-223; éQ, p. 567-573). The.application
of ultraviclet to self«service display cases for prevent-
ing the microbial spollage of packaged beef, was not ef-
fective to prevent microbial growth and resulted in dis-
coloration.of the meat because of the oxidation of the

myoglobin as well as desiccation of the meat.

Effect of Bacteria. The effect of bacteria on the
frosh meat color.ﬁaries with different microorgeanisms,
_Rikert ot al. (6V9, ps 567-573). observed 'the reduction of
me tmyoglobin to myoglobin in the presence of anaerobic or
facultative anaerobic bacteria. They also reported a
significant correlation between the color of the lsan meat

and concentration of Achromobacter and Lactobaeillus opa

ganisms on the meat: A complete return of color wuas
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noticed at the time that a maximum bacterial concentration
occurred. They postulated that the red~brown color change
resulted from the removal of oxygen of oxymyoglobin by
respiratory enzymes of meat and bacterial flora.j/Hewitt
(32, p. 48«80) aléé,reporteéYthe possibility of bacterial
cul tures depleting the availéble oxXygen supply, thereby
developing reducing conditions. However, Butler et al.
(éé,'p. 397-400) reported that the msin effect of bacteria

(Pseudomonas speeies) on the color of prepackaged retail

beef cuts was an increase in the rate of metmyoglobin
formation, and this effect was greatest during the
logarithmic growth phase. It was notliced by Costilow ot
al. (éé, p. 560-563) that the stabllity of the desirable
color of meat could be prolonged more successfully by pre-
venting initial bacterial contamination than by treating.
highly contaminated steaks with ascorbic acid. Watts (%§,
pe 12=17) stated that the free hydrogen peroxide of bace
terial origin and possibly the catalase activity of the
fresh meat might be very effective for promoting discolora-

tion of meat.

Gases. Various gases have been suggested or used as
the storage atmogphere for kesping the packaged meat color

desirable throughout the storage period. Tﬁayes {11, p.
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157) and Grass (36, p. 621»623)'staied that nitrogen might
be uwseful for retarding or preventing discoloration due to -
the action of oxygen. Gas packaging may accomplish the

gsame results as vacuum packaging to prevent oxidative

gpoilage in meat as well as avoiding the wnatural eppear-
ance snd structural weakness of a vacuumized package (3,

pe 134-1356

e ——

B > i

l;kraft and Ayres (44, p. 8«12) observed thatgcarbon
dioxide improved the keeping time vhen it was part of the
atmosphere (25%) in the packages, but when 1t was used at
higher concentrations the meat became discolored. Rikert
et al. (%1, p.v17-23) noticed that the rate of discolora-
tion of fresh peef varied directly with partial pressures
of carbon dioxide (between 0.2~72 centimeters) and nitrogm
(59.4 to 74.5 centimeters) while keeping the total pres-
sure of one atmosphere. In & comparison between cne at=-
mospheric pressure of air, carbon dioxidé and nitrogen as
the storage media of the meat samples, the above workers
found that the air decreased redness for ore day, return-
ing some, but not all, of the original redness by the
seventh day and then was diseolored up to 1l days. Fur-
thermore, they found that samples held under carbon

dioxide or nitrogen rapidly lost redness in one day, the
faded color was stable at the 7th day, after which a glight
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return of redness was observed. The second return of rede
ness of the samples in nitrogn was slightly more notice=
able than those in carbon dioxide.

The same investigators (71, p. 17«23) reported that
meats stored under a complete absence of oxygen, by flush-
ing the storage atmospheres with either carbon dicxide or
nitrogen before vacuum storage, had a beneficial effect on
stabiliﬁing the color of fresh meat as compared to those
stored in vasuum.

Pearson (62, p. 37«38) recently mentioned that stor-
ing fresgh meat under a carbon monoxide atmosphere might be
a beneficial method for prolonging the color stability of
such meat. Tappel ot al. (74, p. 10-16) showed promising
results vhen they flushed samples of freeze-dried beef
with carbon monoxide and stored it under an atmosphere of
nitrogen. They reported that the color of these samples
was acceptable for one year vhen stored at 100°F., Fur~
thermore, they calculated that the possibllity of toxicity
of carbon monoxide-treated freeze-dried beef was feirly
low if all of this carbon monoxide reached the blood of

en average person vhen fed an average serving of this meat.

Additives. Some chemical compounds have been added

to meat to prevent diseoloration. It has been reported
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that the application of ascorbie acid in small concentra-
tions (about 0.05%) to the surface of small cuts of fresh
meat will serve to retain or improve the desired red color
of refrigerated meat (25, p. 31788; 28, p. 4374; 28, p.
360«365; 69, P. 567=5733 80, pe 100-108; 81, p. 194«196).
These investigators also agreed that using ascorbic acid
in high concentrations (more than .1 to .5%) caused dise
coloration of the meat. Constilow et al. (ée, p. 560-563)
reported that the direct application of powdered ascorbiec
acld to the meat resulted in en immediate discoloration.

The effect of ascorbie acid on the color of fresh
meat is generally not related to the reduction of pﬂﬁfééf
De 1037~1040)§ but for 1ts properties sn an antioxidant
(80, ps 100-108). The darkening of meat samples treated
by & high concent?ation of ascorbic acid was theorized by
Rickert et al. (69, p. 567-573). The great demand of the
acld for oxygen causes the removal of oxygen from oxymyo-
globin on the surface of the meat, wvhich favors the forma-
tion of metmyoglobin.

Coleman (54, pe. 222-229) experimented with the use of
nicotinic acid and methyl nicotinate to maintain desirable
fresh meat color. He concluded that both of these com-
pounds appeared to improve the color of fresh meat, since

nicotinic acid increased the acidity while methyl
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nicotinate reacted with oxymyoglobin., Maass (50, p. 5709)
found that by adding 0.3 gram of nicotinic acid snd .08
gram of agecorbic acid to 450 grams of fresh beef, the meat
showed good color stability.

Nordihydroguaiaretic acid (NDGA) has been used to ine
hibit the oxidation of the fresh meat pigments and %hereby
retard discoloration. It appears that this antioxidani is
more effective in the presence of fat. Rikert et al. (69,
ﬁ. 567-573) found that when NDGA was added at the rate of
0.05% to ground meat containing 35«50% fat, there was a
definite improvement of coler. In contrast, however, no
color effect was noted when this antioxidant was added at
the same rate, as above, to ground meat having a low fat
content. félauss et al. (23, p. 363«373) d1d not observe
any color improvement of ground lemb treated with 0.1%
NDGA and stored for 2 weeks,

A combination of ascorbie acld, sodium propionate
and dlesodiuwm phosphate in low concentrations was found
to be effective in meinteining a bright red color of meat
when stored at 33-370F, for 13-16 days (72, p. 14025).'

The Effect of Packaging Materials snd Methods. The

most imporitant characteristics of packaging materials

influencing the color of fresh meat are oxygen permeability,
meisture proofness, wet strength, flexibility,
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greaseproofness, and durability at refrigeration tempera-
ture. Factors affecting the package appearance and hande-
ling, plus costs and legal requirements, are also importat
but have no effeet on the eolor of fresh meat. Detalled
properties of packaging papers and films are presented in

the comprehensive tables of The Modern Packeging

Encyelopedia (61, p. 108-109; and p. 149-152).

Allen (2, p. 134-137) reported that for commerecial
packaging of meats, a film having a water absorptive sur-
face and low water transmisgsion rate should be used. Lan-
drack and Wallace (45, p. 194~198) further added that the
film for red meat should have oxygen permeability of at
least 5000 milliliters of oxygen per square meter per 24
hours at one atmosphere uwhen used at ambient conditions.
Ramsbottom (65, p. 26~29) has reviewed packaging require-
ments for meat and states that trangsparency, puncture and
tear resistance, heat sealability, tensile strength,
moisture proofness and permeability are the factors to
congsider when choosing packaging materials. Ball (9, p.
193-204) reported that for maintaining color of meat
throughout the storage perliod the peckaging films from
best to poorest were as follows: 307 x 113 cans, MSAT
80 cellophane (wrepped with coated side out), cellophane-
pliofilm leminate, 307 x 306 cans, cellophane-polyethylene
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laminate, polyethylene MSAT 80 coated side inside, MSAT 80
cellophane costed side outside end ¢ellulose acetate-
pliofilm leminate. Ayres (5, p. 39-51), however, reported
that meat packaged with MSAT 80 cellophane developed off=-
odors more quickly than those stored in a laminate of
pliefilm and aluminum. Clauss et al. (23, p. 363-373)
also found that better organoleptic quality was noted when
ground beef wss stored in films having a relatively low
oxygen and low water vapor permeability, when compared to
samples stored in films vith relatively high permeability.
Rikert ot al. (71, p. 17-23) observed that fresh meat
packaged either in air at atmospheric pressure or under
vacuun in a container which was very permeable to gases
(ecellulose acetate or wet cellophane) kept redness for
one to two days then lost redness rapidly and remained
discolored. Fresh meat packaged under vacuum in a con=-
tainer slightly permeable to gases (cellophane pliofilm
laninate) showed a greater initial loss in redness, but
remained falrly constant thereafter. Even though there
was some color loss, the residual redness was not con-
sidered undesirable at any time. Samples packaged in
films slightly permeable to air at atmospheric pressure
showed objectionable discoloration within a day of storage,

although some samples later showed an increase in redness.

Fresh beef stored under vacuum in impermesble containers
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(cans) with a large head space showed a rapid loss in red-
ness. These samples became undesirable in color within a
day, but from 7 to 14 days of storags at 400F. redness re-
turned to a higher degree than that which was present at
the time of packaging. Fresh meat held in the absence of
oxyzen in an impermeable container remained purplish or
reddish throughout the storage period.

Kraft and Ayres (44, p. 8-12) observed that when
fresh beef was wrapped vith films, highly impermeable to
gases, the myoglobin of this meat was held in the reduced
state throughout a storage periocd ef 12 days and blooming
of the meat took place upon its subsequent exposure to
air.

Dean and Ball (30, p. 468«471; 31, p. 222-227) and
Rikert ot al. (68, p. 520-525) have recommended the vacuum
packaging of fresh beef in a barrier packaging material
since they found that sueh packsged meat maintained good
color stability throughout the storage period. These ine
vestigators concluded that this color stability was due to
the result of stabilization or perhaps, increasing
slightly, the concentration of the reduced myoglobin pig-
ment. On the other hand, Urbain (77, p. 140-144) end
Bratzler (14, p. 62-72) ars of the opinion that vacuum

packaging may have a somevhat detrimental effect on the
color of fresh beef.



Ball et al. (10, p. 277-283) found that the loss of
welght in packaged meat was dependent on the type of
packaging materiael. The superior packages vi th respect
to prevention of weight loss were cans, cellophane=-
pliofilm laminates (pliofilm inside), eellophane-
polyethylene laminates (polyethylene inside), cellulose
acetate-pliofilm laminates (pliofilm inside).

Determination gg Color and Pigments

Meat color cen be measured either by ob jective or
subjective methods. Little ot al. (48, p. 403-409)
statisticslly analyzed data obtained with a series of
colored papers on a Beckman DU (non-recording) spectro-
photometer with reflectance attachment, three different
General Eleetric recording spectrophotometers, Beckman
DK-2 recording spectropheotometer, a Gardner Automatvic

Color end Color Difference Meter, a FPhotovolt Tristemulu
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Pnotoelectric Colorimeter, and a Color Master Differential

Colorimeter. They cbtained significsnt linear relatione
ships between all of the instruments. In addition,
Pearson (62, p. 37-38) reported that the Hunter Color and
Color Difference lMeter or the llunsell Spinning Disks

could also be used in measuring the color of fresh meat.



e7

The subjeetive evaluation of meat color by a panel
consisting of several members may produce diversified
results due to inherent differences between individual
judges and variations in experiment al conditions (3, p.
233). This method is used only in very special cases in
which the experimert al conditions can be rigidly con-
trolled and defined,

Pigments

The only available chemical method for determining
the concentration of meat pigments is based cn the deter=-
mination of the total amount of myoglobin, rather than
measuring the amount of each derivative of the meat pige
ments (29, pe. 271-273). Hence, this method has very little
value in analyzing the color of meat. On the other hand,
physical methods are more oftenly used. Both reoflectance
and absorbency procedurss have been suggested (29, p. 271~
273) for determining the percentages of myoglobin frac~

tionz of the meat.

Chemical Methods. In reviewing the literature, no
chemical method was found for determining the percentages
of reduced, oxy-, or mstmyoglobih. However, Bowen (12, p.
747-751) proposed a method for the determination of the
total amount of myoglobin in fresh meat. Briefly, his

procedure involves the extraction of pigments from meat
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by water, determining the iron content by a chomical
method and dividing the weight of iron by 0.00323 (the
fraction of myoglobin which is iron). This method is

not effective for measuring color differences of meat.

Physical HMethods.

Absorption methods. Austin and Drabkin (4, p.
67-88) extracted the pigments of meat with water and age
sumed that these solutions contained me themoglobin and
oxyhemoglobin cnly, and measured the absorbency at dif-
ferent wavelengths. By subtracting the extinction coef=-
fieient of one of the two pigments from the absorbency
of the solution at the same wavelengths, the difference
was assumed to be attributed by the other pigment under
the conditions of their experiment. Mangel (52, p. 20-21)
used the above method to determine the pigments of frozen
beef. Due to the large variation in the results, she con-
e¢luded that a third form of the pigment might be present.
Broumand et al. (21, p. 65-74) designed a procedure to
determine the relative percentages of all the three myo-
gloﬁin derivatives by measuring the transmi ttancy of a
water extract of the meat at wavelengths of 473, 507, 593
and 597 millimicrons (the absorbency ratio method).



Reflectance methods. Pirkeo and Ayres (64, p.
461-467) indicated the change in the amount of reduced,
oxy~ and metmyoglobin by measuring the reflectance of the
meat surface at the absorption mexima of the three pige
ments (565, 580 and 635 Mk respectively) as given by
Bowen (13, p. 235+245) and Theorsell (76, p. 55-63); how=
over, this method does not give the percentages of myo-
globin derivatives. WNaughton et al. (55, p. 121) used the
reflectance method to study myoglebin in fish. They
plotted the log of the reciprocal of reflectance (absorb-
ency) and found that the wavelengths of the absorption
maxima calculated from reflection data were the same as
found in transmission. However, Dean and Ball (29, p.
271-286) reported that the absorbency was not proportional
to the pigment concentration. They tried to use the pro-
cedure suggested by Brown gt al. (21, p. 656-77) to deter-
mine the myoglobin fractions on the surface of meat, but
the results showed higher values for oxymyoglobin. Hence,
they listed the disadventeges of the absorbency method as
follows:

1. The possibllity of cmversion of the redueced

myoglobin to oxymyoglobin by atmogpheric oxygen during
extraction.

2. Naughton et gl. (56, p. 933-938) maintained that
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methemoglobin eand oxyhemoglobin were different in solubile-
ity, at least in the case in tuna fish.

3. The slices of meat to be extracted contained some .
meat pigments which were benecath the surface of the meat.

Furthermore, Broumand et al. (21, p. 65-77) reported
that the extraction of the intact pigments from meat for
the absorbency ratj.o Adeterminatioh was nbt; easy and
presented mahy difficulties.

Deen and Ball (29, p. 273-274) proposed a reflectance
ratio method using the same basic principles as the abe
sorbenecy ratio method but .depending upon reflectance

measurements.
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MATERIALS AND METHODS

Meat Samples

Meat used in this ekperimeht waé obtained from a
local commercial packing plant. The animals producing
the meat were Shorthorm steers 30 months of age at the
time of slaughter and had been fattened sélely‘cn ladino
clover for gsix weeka. After slaughter, the carcasses
were aged for seven days in a 360F, meat cooler. A

longissimus dorsl musecle was taken from each of three car-

casses of the High Standard grade at the end of the seventh
day of aging. These muscles were taken immediately to the
laboratory and were placed in a coocler and held at 40°F.

On the following day, the external fat was removed from
the lean portion before samples, dimensions of 3 inches

by 2% inches by % inch, were cut and packed via the
various treatments. All equipment coming in contact with

the meat was washed with a 0.2% Roccal solution.

Packaging Materials
Beef was packaged in pouches made of three different

packaging materials in order to determine the suitability
of each of theose materiasls for protecting the coler of the
meat during storage. Each of these packaging materials
possessed varying degreeé of permeability in regard to
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water vapor and oxygen transmission rates. The barrier
saran-mylar coated polyethylene (S=M«P) pouchesl were con-
sidered impermeable to both water vapor and oxygen transe-
mission. The other two types of pouches were made from
polyethylene2, 2.5 (2.5 polyethylere) and 1.5 mils (1.5
polyethylens). Propertiss of the polyethylene films, as
speclified by the supplier, werse as follows: the water
vapor trangmigsion rate for 100 square inches of film per
24 hourg at 100°F. and 95 per cent relative humidity was
0.35 gram and 0.55 gram for the 2.5 and 1.5 mils poly-
ethylene, respectively; while the oxygen transmission rate
for 100 square inches of film per 24 hours at 1 atmosphere
and at 75°F. was 225 cubic centimsters for the 2.5 mils
polyethylene and 300 cubic centimeters for the 1.5 mils

polyethylene.

Preparation of Packages
A pliece of tygon tubing, two inches in length, was

adhered inside ane corner of the opening of the pouches
in which beef was to be stored under a gaseous atmosphere
of carbon monoxide or nitrogen or under high vacuum. A

synthetic rubber cement, "Fuller's 911", was used to bond

1 Menufactured by Minnesota Mining and Mfg. Co. (Scotehpak).

2 m polyethylene pouches were supplied through the
courtesy of Dobeckman Compeny, Portland, Oregon.
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the tubing to the pouches.

After a meat sample was placed in the bag, the bag
was sealed by a hand heat sealer and then flushed by the
particular gas or a vacuum was drawn through the tygon
tubing. A screw compressor clamp was then inserted over
the tygon tubing and clamped into place to give a gas
tignht closurs.

Gases
The following gases were flushed into various pouches
containing beef samples to provide specific storage at-
mospheres in which to determine the effects of these gases
in protecting the color of the nnét during storage: a gas
mizxture of 2 per ecent carbon monoxide and 98 per cent air
(2% carbon monoxide); carbon monoxide, chemically pure
grade (100% carbon monoxide); and water pumped nitrogen

(NZ).

Packaging and Storage Procedures

in apparatus designed by Ogilvy et al. (60, p. 343~
346) was employed to control the gases and/or vacuum ingide
the packeages. All samples were stored in an open-top
refrigerated cabinet at 36«380F. The cabinet was lighted
by two 40 watt, cool white, deluxe fluorescence lamps.

The intensity of light on the meat was 125 foot candles.
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Tests on the Meat Samples

~ Color end pigment measurements were determined on the
surface of the me at samples immediately after treatment
end on each day for six days. After the sixth dey, meas-
urements were made only on the ninth, twelfth and fifteenth
days. Color panel scores were not taken at zero time or
at the £ifth day of storage.

All samples were held in the refrigerated cabinet for
thirty days, after which time they were removed from the
pouches for gsubjoetive evaluation. Such factors as appear-
ance and odor were observed in this evaluation. In addi-
tion, characteristics of the cooked samples of carﬁon

monoxide treated meat were also notad,
Color NMeasurements

Munsell Notations. A Beckman DK-1 recording spectro-

photometer, equipped with reflectance attachinerm » Was used
to determine the reflectance spectrum of the meat surface
between wavelengths of 400 and 650 millimicrons. The re-
flectance measurement s were taken regularly without change
ing the storage atmosphere of the vari ous treated samples.
This was accomplished by inserting the samples in their

respective packages at the open end of the reflectance

attachment. The speectrophotomster waas standardized with
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the standard reference material, megnesium oxide, at 100
per cent reflsctance. In standardizing the instrument,
magnesium oxide was always covered with the particular
packaging matorial that galso wag used to store the meat
samples.

The wavelengths of the abridged selected ordinates
method for standard source C (near daylight) were taken
from the samples reflectance eurves end were used to
determine the tristimulus velues X, ¥ and Z. These values
were then used to compute the chromaticlty coordinates,
¥ and y, while the values of Y's were obtained from the
tables of Judd (50, p. 354-355). After determining the
value of Y's end the chromaticity coordinates, x snd y,
Munsell notations for the seamples were obtained from the

ehromaticity charts of ideal Mumsell colorsS.

Index of Chenge. The index of change is a measure-
ment for evaluating the degrée of color difference betueen
two different colors. This methodeas derived framn the
index of fading introduced by Niekerson (59, p. 509~511).
She developed an equation to weight the differences in

Munsell coler spacings. Her equation is

® Obtained from Munsell Color Company.
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I=(¢/5)(20H) + 64V » 31C
where I ¥ index of fading, ¢ = chroma, 8 = gifference,
H * hue, and V = value.

Nickerson used the absolute values of the difforences
between the original color and the faded color in her work
on textiles and other colored materials.

In the present study, it was assumed that an increase
in shade (hue--within the ten shades of red), brightness
(value), or in saturation {chroma) of the red, would be
desirable to improve the color of meat when the color of
the fresh cut was used as the baseline. On this basis,
the actual values of differences between the Munsell nota=-
tions of the stored samples and the average values of the
fresh cut meat, with the eXception of that treated by
c¢arbon menoxide, were used to measure the color change.
Also, this method serves to show the degree and direction
of color change, whether improving or fading, of packaged
beef during storage. Hence, this measurement is called
the index of shange (2 I), vhereby a positive sign is an
indication of fading and a negative sign indicates color

improvement.

Color Panel. A panel of seven people, having previous

experience in evaluating foods, scored the meat samplés

for color appearance on a desirability basis. They rated
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the meat on a 7 poimt hedonic bellot which also contained
a deseriptive word scale: 7, like very much (L.V.M.);

6, 1ike moderately (L.W.); 5, like slightly (L.S.);

4, neutral (N); 3, dislike slightly (D.S.); 2, dislike
moderately (D.M;); end 1, dislike very mueh (D.V.M.).
Also, the average per cent panel scores (S) were calcu-
lated. Throughout the storage period, the panel Jjudged
the meat as it appearcd in the refrigerated showcase where
the coded semples were distributed at random. The panel
menmbers were asked to eveluate the color desirability of
the samples on personal preference as to what they con-

sidered to be & desirable color for fresh beef.

Determination of Pigments

The reflectance ratio method developed by Dean and
Ball (29, p. 273«274) was used to measure the myoglobin
derivatives on the surface of the meat that was not stored
under carbon monoxide. Briefly, theilr procedure is as
follows:

l. leasure the per cent reflectsnce of the meat sur-
face at wavelengths of 473, 507, 573 and 597 millimicrons.

2., Obtain the ratio g?:%gg:igg ggg%%%%%gg%.{g}

for each value of per cent reflectence from the data of

3. Calculate the following two ratios
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K/g at 507 m u
"K/g at 573 m M

end
K/g at 473 m u

K/o at 597 m #
4, The value of the first ratio, above, is located
the plot ratio of absord 507 m « -
on plot of ratio absorbency 3#5155% versus per

centage of metmyoglobin and oxymyoglobin plus myoglobin

as given by Broumend et al. (21, p. 67) end is shown in
Figure 1. The value of the second ratio 1s located on the
plet of myoglobin and ozxymyoglobin plus metmyoglobin as
also given by Broumard et al. (21, p. 67) and shown in
Figure 2. These two absorbency ratios were then located
on the ordinates of the respective plots and the percent-
ages of metmyoglobin and myoglobin were obteined,
regpectively.
5. By using the following equatiocn, the percentage
of oxymyoglobin is then calculatved:
Per cent oxymyoglobin = 100 - per cent metmyoglobin
- per cent myoglobin
The per cent reflectance of the meat surface, at the
previous wavelengths, was taken from the recorded reflec~
tance curve of surface of the meat and this procedure was
follewed to determine the relative percentages of myoglobin

derivatives on the untreated carbon moncxide samples.
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Figure |. CURVE FOR DETERMINATION OF THE
RELATIVE CONCENTRATIONS OF MMb AND (O,Mbs+
Mb) AFTER MEASURING THE ABSORBANCIES AT
507 mu AND 573 mp (21: p.67)

RATIO OF ABSORBANCIES AT WAVELENGTHS 507/573 mu

0.5 1 1 L 1
o 20 % (OZMb + Mb) 80 100

100 80 % (MMb) 20 0



Frgure 2. CURVE FOR DETERMINATION OF THE
RELATIVE CONCENTRATIONS OF Mb AND (Osz+
"MMb) AFTER MEASURING THE ABSORBANCIES AT

473 mu AND 597 mu (21: p. 67)

3.0,

0.6 1 1 L I J
0 20 % ( Mb) 60 80 100

RATIO OF ABSORBANCIES AT WAVELENGTHS 473/597 mu

100 80 °/o(02Mb+ MMb ) 20 0
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Procedure for the Carbon Monoxide-Treateod Meat. A&

procedure simllar to that deseribed above, was developed
to measure thse pigments of the meat treated by carbon
monoxide. Curves for determining the relative concentra-
tions of myogleobin and metmyoglobin plus carboxymyoglobin
(Pigure 4), and carboxymyoglobin and metmyoglobin plus myo-
globin "(:Fi.gure 5) were developed by using the absorbency
ratios at ggs z and at gg_%_gé/ﬁ“., respectively. The
relative percent of metmyoglobin was obtained by the
equation: |

Per cent of metmyoglobin = 100 « per cent of myoglobin

- per cent of carboxymyoglobin

In this method, the oxymyoglobin was replaced by the
carvoxymyoglobin and the wavelengths--at which the per
cent reflectance was determined-~were replaced by thosec
needéd to measure the myoglobin forms when carboxymyoglobin
was present. These wavelengths were taken from curves of
Bowen (13, p. 235-245), which are shown in Figure 3.

The replacement of oxymyoglobin by carboxymyoglobin
was due to the following reasons: (1) No method was found
in the literature pertaining to the determination of the
four myoglobin derivatives when all are present at the
same time. (2) Since myoglobin has an affinity of 28 to

51 times greater for carbon monoxide than for oxygen, ths
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Figure 3, ABSORPTION SPECTRA OF Mb, 0,Mb, MMb and MbCO
1.6} (13:p.235-245)
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carbon monoxide can displace oxygen from oxymyoglobin (32,
p. 177). (3) Lembergvand Legge (46, p. 287-289) stated
that the affinity constent (K) for the reasction
D # CO cems MBCO is equal to 9800 as compared to 495 for
the reaction lb ¢ 0p ey Oslb whon both reactions were
carried out at 20°C. and pH 7.4. (4) In the preliminary
work of this sfudy. a procedure similar to that by Dean
and Ball (29, p. 273-274) was used to analyze the myoglobin
derivatives of carbon monoxide~treated samples by assuming
that one of the myogleobin fractions was absent each time.
The results showed that it was reasonsbie to assume that
in the présence of carbon monoxide, the oxymyoglobin would
be absent. The literature also supports this assumption.
The absorbency ratics used in the preliminary work
were as follows:
When Ooilb was absent:

K/s at}523 m
K/ at 606 m
K/s at 466 m .

X/g at 594 m A

When Mb was absent:

/e at 473 m ‘
K/S £~ o determine % MbCO and % Wb + Oglib
/s at 597 m 4

K/y at 466 m «
K5 at 520 m A

to determine % MbCO and % Mib « LMb

to determine % Mb and % MMb « MbCO

to determine % Oglib and % IMMb « MbCO
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Vhen MMb was absent:

K/g at 566 m
K/S at 583 m

to determine % Oolib and % Mb < MbCO

__{Zs at 527 m

to determine MbCO and Mb = 0sMb
K/g at 593 m % % 2t

The curves for the determination of myoglobin frace
tions on the meat surface when treated by carbon monoxide
with the assumption that oxymyoglobin was shsent are
presented in Figures 4 and 5, respectively.

Statlistical Methods
This study was designed as a rendomized block experi-
méent. Nine treatments, three replications in each treate

ment, were studied. These treatments are shown in Table 1.

_ TABLE 1
_ pescription of the Treatments
Storage Atmosphers _ Packa@ng Material
Air S=li-P, 2.5 polyethylene
or 1.5 polysethylene

2% CO S-ll~P, 2.5 polyethylene

; or 1.5 polyethylene
Ngo Self=P
28 inches of Vaeuum S=}~P

100% CO + 28 inches of Vacuum S=l=-P

Date of the index of change, after adding twenty to
each value to remove the negative sign, if any, for con-

venience in calculation, were sub jected to analysis of



Figure 4. CURVE FOR DETERMINATION OF THE
RELATIVE CONCENTRATIONS OF MbCO AND (Mb.
MMb) AFTER MEASURING THE ABSORBANCIES AT
523 my AND 606 my.

RATIO OF ABSORBANCIES AT WAVELENGTHS 523/606 mu

2 1 1 il | { |

0 20 % ( MbCO) 80 100

100 80 % ( Mb +MMb) 20 0
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Figure 5. CURVE FOR DETERMINATION OF THE
RELATIVE CONCENTRATIONS OF Mb AND (MMb+

MbCO) AFTER MEASURING THE ABSORBANCIES AT
466 muy AND 606 mp

RATIO OF ABSORBANCIES AT WAVELENGTHS 466/594 muy

i | [} 1 | | )
0 20 % (Mb) 60 80 100

100 80 % (MMb +MbCO) 20 0o
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variance. The various hypotheses were then tested by the
individual degree of freedom method (47, p. 226-233).

Tests of linear regression (L.R.) and deviation from
linearity (D.F.L.) were spplied to each treatment to test
the variation of the index of change as a funetion of
storage, Li (47, p. 296-298).



48
RESULTS AND DISCUSSION

The results of various treatments are presented in
tables and figures in this section. The tables contain
the Munsell notations, index of change, relative percent-
ages of myoglobin derivatives and per cent panel score.
Munsell notations are included in the tables only to indi-
cate the actusl coelors of ’the meat samples. Graphically,
the index of change is used to show color change since it
is practically impossible to discuss changes in color by

the three lMunsell notations of hue, value/chroma,

Alr Treatments

Data of the color measurements and pigment determina-
tions of meat samples packaged and stored in pouches of
gsaran<mylar-polyethylene, 2.5 mils polyethylens and 1.5
mils polyethylene under an air atmosphere are given in
Tables 2, 3 and 4 end are plotted in Figures 6, 7 and 8,

respectively.

Index of Change

Although the general shape of the curves indicate
changes in the index of change as a function of storage,
they do not exactly look alike. The statistical analysis,
Table 5, of the data does not show a significant differ-

ence between index of change of the samples in the three
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TABLE 2
Munsell Notations, Index of Change, Relative Percentage of
b, Oolib and MMb and Average Per Cent Panel Score of Trip-
licate Samples of Beef Packaged in Saren-liylar Coated Poly-
ethylene Under sn Atmosphere of Air end Stored for 15 Days

Index % Myoglobin %
Days in lMunsgell Notations of __ Derivatives Panel
Storsage Ave. V&iue? Croma Change 1 o] Score
0 3,98 R 4,16/3.61 « .55 10.0 52,0 38.0 ==
4,21 R 4.10/3.10 + .81 21.0 55.8 23.2 ==
4,50 R 3.73/4.28 « .96 0.0 52,0 48.0 ==
Mem - 023 10.3 5303 36.4 - -
1 4,09 R 4.18/5.25 « 6.07 7.0 3.3 89.7 75.5
5,08 R 3.,91/3.86 « .71 18.5 23.5 58,0 53,1
4,41 R 4.68/4.27 « 6.63 13.3 15.4 71.3 85.7
Mean = 4.47 12.9 14.1 73.0 71.4
2 6.67 R 3.95/5.50 = 11.13 3.0 0.0 97.0 69.6
6.60 R 2.81/4.82 « 1,38 13,5 0.0 86.5 55.3
5.78 R 4.10/4.45 - 6.16 6.3 9,3 84.,4 69.6
Mean- - 6-22 206 301 8903 64.8
3 4,47 R 4.32/5.36 - B8.06 12,0 0.0 88.0 50.0
5.86 R 4.31/1,74 + 2.62 32.0 53.2 14.8 26.8
4,99 R 4.04/4.48 « 4.50 7.5 6.0 86,5 35.7
Mean - 3031 1702 1907 65.1 5705
4 8.37 R 4.08/2.21 « 0,01 42,0 45.3 12.7 42.8
9.79 R 4.17/1.07 + 2.55 44.2 55.8 0.0 17.8
8.38 R 3.88/2,91 - 2,13 25,5 26,2 48,3 28,6
Mean < 0.14 37,3 42,4 20.3 29.7
5 5.00 R 4.15/3.39 « 1.46 26,0 21,0 53,0 ==
2.65 YR 3.71/1.87 & .65 53.7 46.3 0.0 «-
833 R 4.12/2.08 + .42 48,1 51.89 0.0 ==
Mean « o138 42,6 39.7 17.7 ==
6 2,33 YR 4.20/1.58 - .21 51.8 48.2 0.0 20.4
5.00 R 4.,08/1.40 + 5,76 37.2 62.8 0.0 20.4
7.20 R 4.24/2.29 - .34 40,2 5%.8 0.0 28.6
Mean ¢ 1l.74 43.1 56.9 0.0 23.1
9 2.50 R 3,94/2.87 + 4.45 26,7 73.3 0.0 33.9
5.58 R 4.06/1.72 & 4,38 26,8 73.2 0.0 23.2
2.16 R 4.15/1.72 & 6.19 24.1 75.9 0.0 28.6
Mean o 5.00 25.9 74.1 0.0 28,6



TABLE 2, continued
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Index 7 liyoglobin aq

Days in _lunsell Notations of Derivatives  Panel
Storage Ave. Value/Croma Change VD Oolib Score
2.63 R 4.11/2.88 + 3.25 27.6 0.0 30.6

0.70 R 3,82/2.33 & 8,15 20.6 0.0 26.5

1.88 R 4,12/2.80 & 4,23 18,1 0.0 26.5

, | Mean + 5,21 22,1 0.0 27.9

1.80 R 4.23/8.08 » 2,95 18.6 0.0 35.7

92 R 3.46/2.41 + 9.96 18.0 0,0 23.2

.44 RP 4.22/2.67 + 6.52 20.3 0.0 21.4

_ Mean & 6.48 19,0 0.0 26.8




Figure 6. MEAN OF INDEX OF CHANGE AND OF PERCENT
PANEL SCORE (PART 1) AND MEAN PERCENTAGES OF

MMb, Mb AND O,Mb (PART II) OF TRIPLICATE SAMPLES
PACKAGED IN SARAN -MYLAR-POLYETHYLENE IN AIR
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TABLE 3
Munsell Notations, Index of Change, Relative Percentage of
b, Ooib end Mib and Average Per Cent Panel Score of Trip=~
licate Samples of Beef Packaged in 2,8 Mils Polyethylene

Under an Atmosphere of Air end Stored for 15 Days at

52

: : index % lyoglob in %z
Days in _MunseR Notations of . _Derivatives _ Panel
Storage Ave. alue/Croma Changs iiifb b Ogllb Score
0 4,16 R B,63/4.57 = .83 0.0 44,0 56.0 =~
4.79 R 3098/5064 - 062 16.0 4‘7.2 3608 - i
S00 R 4.,23/3,84 ~ 3.75 Be5 46.6 44,9 =«
Moen = 1.753 8.2 45,9 45,9 =
1 4,80 R 4,05/5.32 « 7.01 3.0 0.5 98,5 79.6
5.8 R 3,70/3.51 & .57 17.0 19.4 63.6 30.6
5,95 R 3.98/5.60 = 10.10 0.0 0.0 100.0 85.7
M@an - 5051 607 6.6 8607 65.3
2 5,77 R 3.48/5.77 « 7T.33 0.0 0,0 100.0 75.0
7¢50 R 3.44/2.70 » 2.46 31.0 20.8 39.2 19.6
3.85 R 4.13/4.14 « 1.96 11.0 20.0 69.0 75.0
M@an - 2028 1400 1606 6904 ,56.5
3 4,78 R 4.02/4.80 =~ 5.06 3.5 0,0 06.5 67.8
5,36 YR 3.60/1.45 o 2.45 56.6 43.4 0.0 14.3
5.08 R 4,08/5,26 - 7,58 0.0 0.0 100.0 60.7
Mean « 3.40 20.0 14.5 65.56 47.6
4 5.30 R 3.95/3.67 « .1.65 15.4 17.3 67.3 51.8
2,11 YR 8.,78/1.91 & .28 56,7 43.3 0.0 16.1
1.68 R 3.94/2.99 & 5.14 15.0 50,5 34.5 39.3
Mean & 1.26 29.1 37.0 33.9 3507
5 . o37 YR B3.84/2.81 = .87 40,0 B4.2 25.8 =
6,72 R 3,57/2.12 & 6.10 41.4 59,6 0.0 ==
2.79 YR 4.53/1.98 = 5,00 55,3 44.7 0.0 o=
Mean L 005 45.6 4602 8.6 hedod
6 3.35 YR 4.32/1.28 + .45 50.8 49.2 0.0 22.4
5,93 R 4426/1.54 ¢ 3,62 35.7 64.3 0.0 165
9.84 R 4.42/1.,06 + 2,82 38, 2 61.8 0.0 26.5
9 5,07 R 3.89/2.64 ¢ 2.59 36.1 63,9 0.0 26.8
B5.56 R 4,09/3.290 « 1,49 33.1 66,2 0.0 19.6
1,94 R 4.45/2.42 ¢ 3.0l 31.7 68.3 0.0 26.8
Mean ¢ 1.37 33.6 6644 0.0 24.4



TABLE 3, continued
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Tl 6%

% Hyoglobin

g

Days in _IMungell Notations of __Derivatives Panel
Storage Ave. Value/Croma Change Mb Score
12 1056 R 3.72/5016 L4 6.26 820’7 000 3006
1.00 R 3.39/5.06 ¢ 9.14 80.7 0.0 22.4

1.82 R 3.90/3.16 + 4.85 80.7 0.0 30.6

‘ Mean o 6.75 8l.3 0.0 27.9

15 175 R B.857/3.74 4 5.69 87.3 0.0 25.0
4,29 R 3.61/3.30 4 3,03 83.4 040 19.6

1.56 B 3.74/3.43 & 5,59 83.4 0,0 25.0

Mean + 4.77 84.7 0.0 23.2
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Figure 7. MEAN OF INDEX OF CHANGE AND OF PERCENT
PANEL SCORE (PART I) AND MEAN PERCENTAGES OF

MMb, Mb AND O,Mb (PART ) OF TRIPLICATE SAMPLES
PACKAGED IN 2.5 MILS POLYETHYLENE IN AIR

PART 1
-10 L-V.M.TIOO
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TABLE 4

Munsell Notations, Index of Change, Relative Percentage of
b, OoMb and Milb and Average Per Cent Panel Score of Tripe-
licate Samples of Beof Packaged in 1.5 Mils Polyelthylene
Under an Atmosgphere of Air aend Stored for 15 Days at

36-38CF,
index & Hyoglobin a
Days in _Mungell Notations of Derivatives Panel

Storage Ave.  Value/Croma Chenge IIib Wb  Oglb Score

0 2,63 B 3.47/4.54¢ 4 3,00 0.0 62,2 37,8 =
4,50 R B3.74/3.40 + (56 8.6 47.4 44,1 ==
B,OO R 4.00/4.26 « 3.52 4.5 46,6 48.9 -
Mean * 001 403 52. 1 430 6 - -
1 4,95 R 4.,14/4,00 - 3.40 15.0 23.0 62.0 83.7
4,23 R 3.93/2.89 +» 2.46 24.0 40.0 36.0 65.7
5.64 R 3.91/5.64 - 9,17 0.0 0.0 100.0 79.6
Mean - 305" 1300 2109 66.0 7602
2 5.36 R 3.45/5.42 - 4,96 2.5 0.0 97.5 75.0
5,85 R 3.24/5.98 = 6,87 7.5 0.0 92.5 66.1
6.23 R 3.58/6.,03 - 9,96 0.0 0.0 100,0 71.4
Mean « 7.26 3.3 0.0 96,7 70.8
3 4,56 R 4.07/3.71 =~ 1.41 19.5 19.0 61.5 71.4
3,94 R 3.75/2.62 ¢ 4.68 26,0 42,0 31.8 32.1
5.27 R 3.88/4.,69 =~ 4.78 7.5 0.0 92.5 53.6
B;Iean - 050 1707 %00 6109 5204
4 4,92 R 3.79/4.35 = 2,43 13.5 3.3 83.2 54.1
6,07 R 3.32/4.10 ~ .65 23.5 0.0 76.5 26,8
6.41 R 3.39/3.55 . .56 22,0 14.5 63.5 30.3
Meen « .84 19.7 5.9 74.4 38.1
5 5.32 R B3.40/3.65 ¢ 2,23 18.5 13.0 68,7 ==
9.27 R B3.37/2.58 ¢ 1.58 47.0 23,0 30,0 ==
3.44 YR 4.06/2,04 « 3.20 64.5 35.5 0,0 ==
Mem L 020 4303 2508 52.9 bkl
6 0.86 YR 3.65/2.23 ¢ .27 42.5 34.9 22.6 40.0
3.14 YR 3.,97/0.78 ¢ 5.99 43.9 56.1 0.0 18,
1.75 YR 3.53/2.22 + .26 58.8 41.2 0.0 22.4
Mean * 201‘7 4804 4401 705 2699
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TABLE 4, continued

Index % Myoglobin a

Days in _lMunsell Notations of Derivatives _ Panel
Storage Ave. Velue/Croma Change Mib Mo Oplib Score
9 7.04 R 3.55/2.22 + 4,32 44,4 55.6 0.0 26.8
2,24 YR 3.85/1.76 + .8l 45.7 54.3 0.0 19.6

2,58 R 3.75/4.21 & 2.22 30.5 69,5 0.0 33,9

Mean & 2.45 40.2 59.8 0.0 26.8

12 2,08 R 3.58/3.44 ¢ 5,88 16.3 B83.7 0.0 34,7
6,283 R 4.03/3.10 = 1,27 29.8 70.2 0.0 22.4

4,32 R 3.56/3.,12 ¢ 3,85 14.5 85,5 0.0 34.7

lean ¢ 2.82 20.2 7.8 0.0 30.6

15 2,58 R 3.57/3.,20 & 5.55 19.7 81.3 0.0 25,0
2,96 R 5.60/2.63 + 6.50 24.5 75.5 0.0 25,0

1.80 B 3.33/3.57 & 7.29 10,7 89,3 0.0 35,7

Moan o 6.48 18,0 82,0 0.0 £28.6
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Figure 8. MEAN OF INDEX OF CHANGE AND OF PERCENT

PANEL SCORE

(PART 1) AND MEAN PERCENTAGES

OF

MMb, Mb AND O, Mb (PART II) OF TRIPLICATE SAMPLES

PACKAGED IN (.5 MILS POLYETHYLENE IN AIR
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TABLE 5
Analysis of Varisnce on the Index of ChangeZX
Degrees of lean Signifi-

Source of Variation Freedom Square F canc%

. o _ at &
Replications 2 485.22 40.88 S
Treatments 8 616.74 51.95 S
2% €0 vs. Air 1 1,541.65 129.85 S
28 inch Vacuum vs. Ng 1 50.78 4,28 ]
28 inch Vacuum vs.
28 inch Vacuum plus :
100% €O 1 1,717.03 144.62 S
2% €O va. Ngp 1 1,759.44 148,19 S
2% CO vs. 28 inch Vacuum 1 1,408.06 202.83 8
2% €0 in S-M-P vs.
24 €0 in 2.5 and 1.5
Polyethylene 1l 42,886 3.61 NS

2% CO in 2.5 Polyethylene
vse 2% €O in 1.5
Polyethylene 1 122.24 10.30 S

Aly in S-ll-P vs. Air
Polyethylene 1 e 36 .03 NS

Alr in 2.5 Polyethylene
vs. Alr in 1.5
Polyethylene 1 « 30 .02 NS

Storage 9 71.98 6.06

S
Ireatments x Storage 72 21.08 1.78 )
e 374.47 31l.54 %

Ai 1 Seli=-P2 L.RQ%
ran P: 5B 15:12  “1.87

el e Lde

@

24 CO in S-M=P:
L.R.* 1 41,34 3.48 NS
D.F. L% 8 12.74 1.07 NS
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. Signifi-
Source of Variation Degrees of liean cance -
| — Freedom _ Square F ay 5%
Alr in 2,5 ‘ |
Polyethylene:  L.R. - 1 285.13 24.02 8
. D,F.L. 8 11,87 «97 NS
2% €0 in 2.8 _
Polyothylens: L.R. 1 7.72 «65 NS
: D.P.L. 8 i8.45 1.55 NS
Polyethylens:  L.R. 1l 242,02 20.38 S
Polyethylene: L.R. 1 29.10 2.45 NS
: D.F.L. 8 10,15 « 85 N8
N'a 1n S"M“P: L.R. 1 .28 002 NS
) D.F.L. 8 9075 082 NS
28 inch Vacuum
in S«=M«P: L.R. 1 20.589 2.49 NS
D.F,L. 8 15.40 1.30 NS
100% €O Under 28
inch Vacuum in
DF.Le. 8 35.44 2.98 S
Error 177 11.87
Total 268 37.96

X Calculations were ecarried out to four
but were rounded off to two decimal places.
¥ L.R. 2 Linear Regression

¥ D.F.L. 3 Deviation From Linearity

decimal places
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packaging materials. Each of these curves can be cone
'sidered as a straight line with a negative slope when
tested for linear regression and deviation from linearity
at the 5'pér eent significance leovel. In other words, the
rate of Tadimg was constant for the storage period and was

the same for esach packaging material used.

The average panel score indicateg that the color of
all samples, regardless of paékaging material, was slightly
undesirable at the end of the first three days of storage.
After the fifth day and up to the fifteenth day, the color

panel noted the ssmples as moderately undesirable.

Pigments

The meen of the index of change followsd the per cent
of oxymyoglobin for the three packaging materials.

The peak level of oxymyoglobin was reached on the
second day on the samples packaged in saranhmylér-
polyethylene and l.5 polyethylene films; The relative
percentage of this pigment was higher for the beef cuts
stored in the 1.5 polyethylene then those held in the
saran-mylar-polyethylene pouches. The samples stored in
245 polyethylene had the highest concentration of oxymyo~

globin after one day of storage.
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The pattern of changes of ths three meat pigments
during storage was fairly similer in each of the three
packages. After six days of storage, oxymyoglcbin was not
deteeted in the samples packagod in saran-mylar-polyethylens
or 2.5 mils polyethylene pouches whereas the pigment dis-
appearsnce was delayed to the ninth day of storage in
those semples packaged in 1.5 mils poiyethylene. After
the ninth day, no improvement in the color was shown by
index of change, but a very slight inecrease was indicated

by the color pansl score.

2% Carbon Moroxide Treatments

Results for the semples packaged in saran-mylar-
polyethylene, 2.5 and 1.5 mils polyethylene pounches under
an atmosphere containing a mixture of 2% carbon monoxide
and 98% air are tabulated in Tables 6, 7 and 8 and illus-
trated in Figure 9, 10 and 11l.

Index of Change

The enalysis of variance calculations, Table 5, of
the index of change indicate no significant difference
between the color of the saﬁplesﬂpackaged in saran-mylar~
polyethylene and those packaged in 2.5 polyethylene and
1.5 polyethylene; however, there was significant difference
in the color between sémples packaged in 2.5 polyethylene



TABLE 6

Munsell Fotations, Index of Change, Reletive Porcentage of
b, MbCO and b and Average Per Cemt Panel Score of Tripe
licate Samples of Beef Packaged in Saran-Mylar-Polyethylene
Under an Atmosphere of 2% Carbon Monoxide and 98% Air and

Stored for 15 Days at 36-389F.
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Tndex T yoglobin 7
Days in _INunsell Notstions of Derivatives Panel
Storage Ave, Vaiue/Crome Change LD WhCO Score
0 3.06 R 4,02/4.21 <« 417 12,5 69.0 18,5 ==
.02 R 3.97/4.32 = 3.58 36,1 41,3 22,6 ==
8,06 R 4,01/4.01 & .40 7.0 80.0 13,0 ==
Mean = 1.12 18,5 63.4 18.1 =
1 B3.25 R 4.25/6.55 = 8,13 27.0 7.8 65.2 8l.6
B445 R B3.88/4.76 « 1.56 41.6 28.1 30.3 85.7
3424 R 4.30/5.27 =~ 5,06 35.0 18.5 47.5 79.6
Mean « 4.92 33.9 18,5 47.6 82.3
2 3.20 R 4.,34/7.71 = 12.22 10.5 0.0 89%.5 85.7
4,60 R 3.63/5,01 « 3,06 35.2 12.8 52.0 78.6
3.85 R  4,13/6.21 « 8.10 31.2 1,0 67.8 82.1
M@aﬂ - 7.79 2506 406 69.8 8201
3 3.15 R 4.36/6.91 « 9.6l 36.0 0.0 64,0 83,9
2,49 R 4.52/4.,51 « 2.97 20.3 60.5 19.2 78.6
2,95 R 4.28/5.,93 = 6.08 20,0 12.5 58.5 80.3
4 B.28 R 4.36/6.55 - 8.81 22,5 8.2 60.3 83,9
2.43 R 3.60/6.,72 - 2.61 23.0 19.5 57.5 76.8
2.96 R 4.26/6:48 <« 7,53 17.2 7.8 75,0 83.9
Mean « 6.32 20.9 11.8 67.3 81.5
5 Bs52 R 4.07/5.75 = 8.23 49.0 0,0 51,0 =~
B33 R 4.00/6.70 = 7.38 26,8 10,0 GB3.2 =
2,87 R 4.40/8.31 ~ 7.5¢ 36.8 .0.,0 632 ==
Mean « 7.72 376 3.3 59.1 =
6 B.6O R 4.28/6.33 « B8.95 29.2 5.8 65.0 57.1
2.68 R 4.00/6.70 =~ 7.82 27.5 19.3 53,2 73.5
8.01 R 4.36/7.09 =~ 9,70 16,0 9.2 74.8 73.5
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, Tndex 7 Tyoglopin
Doys in _Munsell Notations of Derivatives _ Panel
Storage Ave. Valus/Croma Chancs b  Mb ¥bCO Score
) 4,96 R 4.,17/5.30 =« 8.01 46.0 1,0 53.0 55.3
‘ 2.67 R 4057/6017 - 6051 18.1 53.9 4800 7608
2.83 R 4.35/7.19 ~ 9.38 18,3 3.7 78.0 80,3
Mean « 7,97 27.5 12.8 59,7 70,8
12 3.19 R 4,45/4.92 « 4,92 3.7 65.3 81.0 B55.1
3.19 R 4,22/7.08 =~ 9,29 22,8 7.2 70.0 77.5
3.91 B 3.85/7.91 - 11.63 3.0 0,0 97.0 79.6
Mean =~ B8.61 9.8 24,2 66,0 70,7
15 2.28 B 4.80/5.37 = 3,27 0.0 66.3 33,7 53.6
2,58 R 4.52/5.98 < 6.75 0.0 73.8 26,2 76.8
2.80 R 4.12/6.64 =« 6.52 12,5 21.8 66,1 78.6
Mean = 5.51L 4.1 53,9 42,0 69,7
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Figure 9. MEAN OF INDEX OF CHANGE AND OF PERCENT
PANEL SCORE (PART 1) AND MEAN PERCENTAGES OF
MMb, Mb AND MbCO (PARTII) OF TRIPLICATE SAMPLES
PACKAGED IN SARAN - MYLAR-POLYETHYLENE IN A
MIXTURE OF 2% CO AND AIR
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TABLE 7
lMuigell Notations, Index of Change, Relative Perc¢entage of
by, MbCO and Mifb and Average Per.Cent Panel Score of Trip-
licate Samples of Beef Packaged in 2.5 Mils Polyethylene
Under an Atmosphere of 2% Carbon lMonoxide and 98% Air and
Stored for 15 Days at 36-389F.

rdex % lyoglobin z
Days in lMunsell Notationg of Derivatives Panel
Storage Ave. Value/Croma Change Thib Wb _ 1bCO Seore

0 3.9 R 3.88/4.88 2,85 8,0 49.0 43,0 =

5.1l R 3.85/3.95 - 1.74 27.5 60.2 12,3 ==
6eB6 R 4.29/4.68 = 9,81 24,0 40.8 35.3 =
Mean « 4480 19.8 50,0 B80.23 ==
1 3.64 R 4.00/7.00 = 9.15 19.3 7.2 73.5 85.7
1.20 R 3.92/3.84 + 4,09 35.0 65.0 0,0 79.6
5,19 R 4.39/6.15 = 12,78 38.4 0.0 66,6 775
llean <« 5,95 29,2 2401 46.7 80.9
4ol R 4.58/4.4)1 <« 6,48 31.4 35,1 33.5 75.0
5.00 R 4.03/6.25 =~ 12.74 21.2 0.0 78,8 67.
3 3.66 R 3.91/8.02 =« 11.52 4.5 0.0 95,5 85,7
2,92 R 4.16/4.67 « 1.94 33.2 36.3 30,5 178.6
5,07 R 3.88/4.78 « 4,71 45.2 7.8 47.0 39.3
Mean = 6.06 27.6 14.7 57.7 67.9
4 3.85 R 4.10/7.94 = 13,03 5.6 0.0 94.5 85,7
B3.35 R 3.57/5.44 -~ 1.38 27.0 24.0 49.0 82,1
1.25 YR 4.25/2.43 - 4.86 45,0 55.0 0.0 41.1
Mean = 6442 25,9 26.3 47.8 69.6
5 3.36 R 4.22/8.44 = 13.87 0,0 0.0 100.0 =
0e87 R 4.18/4.32 4 3,02 32,0 63,0 3,0 ==
702 R 3.77/2.89 + 19 86,0 64.0 0,0 <=
Mem - 3045 2503 4203 5404 -
6 4010 R 4058/8.00 - 15069 5.2 0.0 94"8 8106
1.91 R 4.13/5.90 = 2,61 21.7 29.8 48,5 78,5
8.69 R 4.31/3.00 =~ 5,51 30,0 70,0 0.0 46.9
Mean « 7.94 18.9 33.3 47.8 67.3
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. Tndex % liyoglobin %
Days in Junsell Hotations of Derivatives Panel
Storage Ave. alue/Croma Chanpe  Wilb = Mb  1MbCO Score

9 328 R 4.00/8.,00 =« 10.82 8.7 5.3 86.0 83.9

3,00 R 2420/7.69 = 10.28 14,0 8.5 77.5 95.0

3.80 R*  4.00/4.00 - .86 0.0 87.3 12.7 51.8

Mean =~ 7.25 7.6 83,7 58,7 170.2

12 3,35 R 4.35/8.03 =~ 18,19 7.0 0,0 ©93.0 8l.6
2,95 R 3.72/7.47 « 6,61 3.7 20.0 76,3 75,5

2.27 R 3.84/4.21 +» 2.20 o o 87.3 12.7 42.8

15  3.35 R 3,96/7.93 = 10.57 2.5 8.5 89.0 80.4
2,46 R 4,06/6.66 =~ 5,31 10,2 29.5 60.2 76.8

2.3l R 3.75/4.54 & 1,90 0.0 82.6 17.4 51.8

Mean - 4.66 403 4002 5505 69'7
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Figure 10. MEAN OF INDEX OF CHANGE AND OF PERCENT
PANEL SCORE (PARTI) AND MEAN PERCENTAGES OF
MMb, Mb AND MbCO (PART II) OF TRIPLICATE SAMPLES
PACKAGED IN 2.5 MILS POLYETHYLENE IN A MIXTURE
OF 2% CO AND AIR
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TABLE 8

Munsell Notations, Index of Change, Relative Perxrcentage of

Mb, MbCO znd Mib end Average Per Cent Panel Score of Tripe

licate Samples of Beof Packaged in 1.5 Mills Polyethylene

Under en Atmosphere of 2% Garbon lonoxide and 98% Air eand
Stored for 15 Days at 36«380F,

Index ~ % lyogiobin z
Days in _lfiungell Notationg of Dorivatives = Psnel
Storame Ave. Value/Croma Change MMb Wb MHCO Score
0 4,11 R B3.72/4.23 = .24 15,3 58,5 26.2 ==
B3B8l R 4418/8.17 - .48 21.0 7¢.0 0.0 -
4,08 R £€,03/4.49 = 2,84 8.0 54,0 38,0 =
Mean o 1.18 14.8 63.8 21.4 - -
1 4,11 R 3.98/7.06 « 9.84 24,86 0.0 75,4 179.6
3,78 R 3.73/4.45 « 438 33,7 41.3 25.0 79.6
4,70 R 3,95/6.59 <10.38 18.6 0,0 80.4 76.6
Mean = 6.8’? 2600 1504 80.3 7906
2 4,34 R B.36/7.68 = 9.32 4.5 0.0 98.5 80,3
5,03 R 2,99/5.34 « 1.21 87.0 0.0 63,0 69.6
4,36 R B3.57/7.66 «10.58 2.8 0,0 97.2 80.3
M@an - 7.04 14.8 0.0 85.2 76.7
3 4.9 B 3.85/5.92 = 6.37 24.5 11.0 64.5 80.3
4,33 R 3,70/3.50 ¢ 1.81 49.8 37.2 13.0 42.8
3.21 R 4.06/6.54 = 7,14 26,5 2.5 71.0 83.9
Mean = 3,80 33.6 168.9 49.5 69.0
4 4,02 R 3.97/6.65 = 8.89 16.5 1.5 82.0 83.9
3,67 R 3.63/3.87 ¢ 2.08 35.8 40.7 23.5 390.3
3,68 R 4.11/5.36 « 5,11 27.1 21.7 51.2 80.3
5 B7TL R 3.53/7.16 = 6.81 12,6 0.0 87.4 «=
1.98 R 3.71/3.80 4 4,37 38,5 55,0 6.5 =
327 R 4.00/5.,92 = 5,00 26.5 14,2 59.8 «=
Moan - 2,54 2508 2841 5101 -
6 B8l R 3.75/6.30 = 5,99 17.0 14,0 69.0 71.4
2,70 R 4.17/4.30 « .73 22.4 52.6 25,0 57.1
333 R 4.,00/5.67 = 4,55 23.0 27.0 50.0 69.4
Mean = 3,76 20.8 B31.2 48,0 66,0
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TABLE 8, continued

Index % lyoglobin a

Days in _Nunsell Notations of Derivetives  Pancl
Storage Ave. Value/Croma Chenge b Kb MbCO Score
9 3.58 R 3.71/6,99 = 7.13 B.4 14.3 77.3 82.1
2.78 R 3.45/4.47 + 5,05 5.8 72.8 24,0 62,5

BeB0 R 4.07/5.656 = 5,52 8,3 39,9 51l.8 78.6

HMeen = 8,21 6.9 42.1 51.0 74.4

ig 3.32 R 4.,12/8.,52 =« 7.58 11.2 25.8 63.0 81.6
1,89 R 3.59/4.44 ¢ 3.84 0.0 82,3 17.7 51.0

5014 R 3083 5.64 - 3»02 0.0 66.8 53.2 5501

V Mean - 2.25 35.’7 58.3 5800 62.6

15 2,90 R B3.81/6.37 = 4.23 6.8 27.5 66.2 76.8
2,80 R 3.51/4.27 + 2,98 0.0 85,5 1l4.5 48,2

B.14 R 3.82/5.57 = 2,77 0.0 61.6 38.4 57.1

Moz « 1,34 2.1 58,2 39,7 60.7




70

Figure 11, MEAN OF INDEX OF CHANGE AND OF PERCENT
PANEL SCORE (PART1) AND MEAN PERCENTAGES OF
MMb, Mb AND MbCO ( PARTI) OF TRIPLICATE SAMPLES
PACKAGED IN 1.5 MILS POLYETHYLENE IN A MIXTURE
OF 2% CO AND AIR
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and 1.5 polyethylene at the 5% significant level. The
curves in the graphs representing the index of change for
the samples packaged in the three different fllms wers
congidered, statistically, as horizontal lines to the
storage axis whon tested at the 5% significance level.
These resul ts indicate that the index of change for the
samples packaged with each of the three materials and the
subsecquent color of the beef treated by 2% carbon monoxide

were stable for the 15 days of storage.

Color Panel

The mesn color panel score for all samples, regardless
of packaging material, ranged from 1ike slightly to like
moderately during the 15 day storage period. The panel
gecore was highest during the first 2 to 4 days of storage,
declining somewhat thereafter. Color score for the samples
packaged in saran-mylar-polyethylene film did not deeline
until the fourth day of storage, whereas samples stored in
2.5 polyethylene and 1.5 polyethylene showed a color loss
after 3 and 2 days of storage, réspectively.

Pigments
As showvm in PFigures 9, 10 and 11, curves for the

index of change followed those shown for the per cent of

carboxymyoglobin concentration. This pigment increased
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in all samples during the first 2 days of storage, after
which there was a sharp decrease in the concentration of
the samples packaged in both saran-mylarapolyethylene and
1.5 polyethylene, while such a decrease was not noted in
the semples sealed in 2,5 mils polyethylere until after
the fifth day of storage.

The percentage of carboxymyoglobin of the semples
packaged in saran-mylar-polyethylene film increased about
20 points between the third and the fourth day of storage
and maintained this level fairly well for the remainder
of the storage period. After the fifth day of storags,
the per cent of MbCO of the samples sealed in 2.5 poly~
ethylene inereased from 35 to 60% by the ninth day, re=
maining somewhat staeble for the rest of the storage
period. The decrease of carboxymyoglobin in the 1.5 poly-
ethylene stored samples stopped after the third day of
storage and the percentage of the pigment remained fairly
constant up to the ninth day at which time it gradueally
declined until the end of the storage period. The relaw
tive percentages of metmyoglobin and reduced myoglobin
appeared to have little or no effect on el ther the index
of change or the color panel score when carboxymyoglobin

was present.
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Nitrogen Treatment

Nitrogen gas, an inert gas, was not used in the
permeable-to-gas films. The barrier saran-mylar-
polyethylene was used to pack the meat samples stored
under an atmosphere of nitrogen. The color meaéurpments
and per cent myoglobin fractions on the surface of this
treated beef are presented in Table 9 and plotted in
Figure 12,

Index of Change

The data of the index of change were tested for
linearity at the 5% significant level. The statistical
results, presented in Table 5, show that no significant
changes occurred in the color of the beef during the
storage period. Although the color of the meat was
stebilized by the nitrogen traatmént, ﬁhe color was very
faded.

Color Panel

Results of the color panel scores indicate that the
color of the beef sealed in the saran-mylar-polyethylene
pouches under a nitrogen atmosphere was rated at the

dislike moderately levsl throughout the storage period.
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TABIE 9
Munsell Notations, Index of Change, Relative Percentage of
b, Oolib and Milb and Average Per Cent Panel Score of Trip-
licate Samples of Beef Packaged in Saran-lylar-Polyethylene
Under an Atmosphere of Hitrogen and Stored for 16 days at

36-380F,
' Index %7 Wyoglobin 7
Days in _Nunsell Notations of N Derivatives ~ Penel
Storage Ave. Value/Cr@ma Change [ Oolib Score
0 341 R 4,10/3.65 + .28 15.5 61,0 23,5 -
2,72 R 3.78/3.30 4 4,08 19,5 73,0 7ueb o=
3.38 R 4.06/3.52 ¢ .92 13.0 69.0 18.5 ==
Moan ¢ 1,76 16.0 67.7 16.3 ==
1 1,69 R 3.88/2.98 4 5.51 21,3 78,7 0.0 24.5
4.57T R 3.25/3.04 & 5.78 19.4 41,0 39.6 38.8
3.61 R 3.88/3.25 & 2.45 31.8 68,2 0,0 26.5
Mean ¢ 4.58 24,2 62.6 13.2 29.9
2 2,15 R 3.46/3.48 + 6.34 23.6 76.4 0.0 25,0
6,05 R 2.45/3.17 + 8,20 37.0 63.0 0.0 21.4
B.44 R 4.09/2.17 + 4,42 24,8 75.2 0.0 23,2
Mean ¢ 6.823 28.5 71.5 0,0 23,2
3 137 B 3.97/3.19 ¢ 4,94 21.6 78.3 0.0 23.2
3.42 R 2.87/3.63 o 7,70 26.2 73.8 0.0 16.1
2.46 R 4.06/2.17 & 2,72 25,0 75.0 0.0 35.7
Mean ¢ 5.12 24.3 75,7 0.0 25.0
1,20 B 3.55/3.00 ¢ 7.93 51,3 68.7 0.0 23.2
0.37 R 3.89/3.88 & 4,96 23,8 76,2 0.0 39,3
]Mean\ * 5.81 2603 70.3 304 2908
5 2,65 R 3,76/3.62 ¢ 3.33 22,5 666 10,9 =
183 R 3.56/2.76 & 7.73 28.5 716 0.0 wa
1062 R 3.48/3011 * 7072 1503 8407 0.0 -
lean ¢ 6.26 22,1 T74.3 3.6 we
6 290 R 3.91/3.44 + 2,71 22,0 67.6 10.4 30.6
2.50 R 3.91/2.93 ¢ 4.48 23,5 78.5 0.0 26.5
3.76 R 5.,99/3.68 ¢+ .34 18,2 8l.8 0.0 28.6
Mean o 2.51 21.2 75.3 3.5 28.6
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TABLE 9, continued

, Iindex 5 lyeglobin q

Days in Munsell Notations of - Derivatives  Panel
Storage Ave. Value/Croma Change ] W Ozlib Score
9 4,64 R 3,91/3.60 - .21 26.5 73.5 0.0 28.6
1.J0 R 3.60/3.62 ¢ 6.71 19.0 81.0 0.0 28,6

3.40 R 4.,10/3.7¢ - ,10 22,0 78,0 0.0 28.8

llcan « 2.13 22.5 77.5 0.0 28.6

12 1.17 R 3.80/3.,16 + 6.27 21.4 78.6 0.0 26.5
2,15 R 3.96/3.30 + 3,75 21.6 78,4 0.0 26.5

3,72 R 3.,78/3.78 & 1.38 13.3 86.7 0.0 28.6

Meen ¢ $.80 18,8 8l.2 0.0 27,2

16 1.21 R 4.05/3.17 +.4.70 19.8 80.2 0.0 25.0
2,47 R 4.06/2.75 + 4,05 18,3 81.7 0.0 25.0

0.45 R 4.06/2,71 & 8.3¢ 17.4 82.6 0,0 26.8
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Figure 12. MEAN OF INDEX OF CHANGE AND OF PERCENT

PANEL SCORE (PARTI)

AND MEAN PERCENTAGES OF

MMb, Mb AND O, Mb (PART II) OF TRIPLICATE SAMPLES

PACKAGED IN SARAN - MYLAR - POLYETHYLENE IN
NITROGEN GAS
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Plgments
Pilgment concentrations of the nitrogen treatsd

samples showed vory little fluctuation after the first day
of storage. During the entire storage period, the oxymyo-
globin content was between 0 and 3 per cent and.the amount
of metmyoglobin ranged between 20 and 30 per cent while
the myoglobin concentration stayed around 75%.

High Vacuum Treatments

Results of two experiments, one in which beef was
packaged and stored under 28 inches of veacuum and the
other in which the semples were first flushed with an
atmosphere of 100 per cent carbon monoxide then sealed
under vacuum of 28 inches, are tabulated in Tables 10 snd
11. Also, the plottings of these data are illustrated in
Figwes 13 and 14.

Index of Change

As shown in Table 5, the relationship between the
color and the storage of the high vacuum treated meat can
be considered, statistically, as a straight line function
with a slope equal to zero. The index of change was posi-
tive, indicating that the color was faded.

The relationship between color and storage of samples

undergoing the 100% carbon monoxide flushing followed by
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TABLE 10
Munsell Wotations, Index of Change, Relative Percentage of
b, Oolb ard Mib and Average Per Cent Panel Score of Trip-
licate Samples of Beef Packaged in Saran-lylar-Polyethylsne
Under 28 Inches of Vacuum and Stored for 15 Days at

36-380P,
—index 7 Myoglobin q
Days in _Munsell Notations of Derivatives  Panel
Storage Ave. Value/Croma Chenge DT - Oglib Score
0 3,06 R 4.00/3.41 + 2,02 12,0 66,0 22,0 ==
3,27 R 3.54/4.41 ¢ 1,77 10,0 41,5 48,5 =
5,00 R 4,14/4,16 » 4,02 4,5 35,3 60,2 e
Yean ~ +08 8,8 47.6 43,6 =
1 2,07 R 3.47/3.38 + 6.62 16,4 83,6 0.0 24.5
1.28 R 2.74/3.21 « 12.39 17.3 82,7 0.0 28.6
2.833 R 3.55/4.10 + 4,10 19.4 80.6 0,0 34.7
Mean o 7.70 17,7 82,3 0.0 29,3
2 2,14 R 3,51/3.,49 + 6,03 13.2 86,8 0,0 25,0
3.62 R 2.73/4.81 ¢ 4.87 17.4 82,6 0,0 26.8
Mean L 3 7026 2102 7807 0.0 23.8
3 2,61 R  3,98/3.48 « 2,72 20.7 79.3 0.0 23,2
-— - * 7.47% - .- --X 17,8
2,01 R 3.94/3.44 + 3.76 21.6 78.4 0.0 33,9
Mean 25,0
4 1,90 R 8,58/3.27 + 6.43 23,1 76,9 0,0 26,8
1,43 R 3.42/2,58 « 9.37 30,2 69,8 0.0 23,2
3.26 R 3.19/3.87 & 5.36 25,4 74,6 0,0 33,9
llean & 7.05 26,2 73, 0,0 28,0
5 1,49 R 3.77/3.78 & 4.80 20,0 80,0 0,0 ==
1,21 R 3.52/2.43 & 9,28 26,5 73,6 0.0 ww=
4.38 R 3.75/2.46 + 4,73 23,0 77,0 0.0 =~
Mean ¢ - 6.27 2301 76o9 000 hadad
6 2,18 R B.77/2.98 ¢ 5.58 20.8 79.2 0.0 30.6
2.06 R 3,13/3.16 ¢ 9.16 22.4 77.6 0.0 28.6
2,75 R 3.66/2.96 ¢ 5.6l 21.5 78,5 0,0 34.7
Mean ¢ 6,78 21.6 78,4 0,0 31.3
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TABLE 10, continued

Index %7 Myoglobin g

Days in Hunsell Notations of Derivatives Panel
Storage Ave. Vaiue/Croma Change Mo Oolib Score
9 2,20 R 3.14/3.66 « 7,78 18.2 81.8 0.0 28.6
1.53 R 3.24/2.97 + 9.56 24.7 75.3 0.0 23.2

2.88 R 3.43/3.09 + 6.51 20.6 70.4 0.0 33.9

lean o 7.95 24.2 75.8 0.0 28.6

12 0.83 R 3.,70/3.20 + 7.23 18,3 81.7 0.0 26.5
0,96 R 3,68/2.86 o 7,91 22,0 78.0 0:;0 24,5

137 R 8.75/2.92 ¢ 6.79 21.9 78.1 0.0 26,5

Mean « 7.31 20.7 79.3 0.0 25.8

is 2.83 R 4.04/3.29 + 2,40 21.6 78,4 0.0 25.0

_ 977 RP 3.47/2.52 °11.86 20.6 79.4 0.0 23.2
1.54 R 3.67/3.35 ¢ 6.20 16.9 83.1 0.0 32.1

Mean o 0.0 26.8

6.82 20.0 80,0

* not measured
X g dummy
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Figure 13. MEAN OF INDEX OF CHANGE AND OF PERCENT
PANEL SCORE (PART 1) AND MEAN PERCENTAGES OF
MMb, Mb AND O, Mb (PART II) OF TRIPLICATE SAMPLES
PACKAGED IN SARAN -~ MYLAR - POLYETHYLENE UNDER

28 INCHES OF VACUUM
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TABLE 11
Munsell Notations, Index of Change, Relative Percentage of
Mo, MbCO and Mib and Average Per Cent Panel Score of Trip-
licate Samples of Beef Packaged in Saran«liylar-Polyethylene
Flushed by 100% Carbon MNonoxide, Sealed Under 28 Inches of
Vacuum and Stored for 15 Days at 36-389F.

Index % liyoglonin A
Days in _lMunsell Notations of Derivativeg Panel
Storage Ave. rome Chenge Wb 1ib _ WbCO -Score
0 3.J0 R B.78/4.14 ¢ 135 6.7 72.3 21,0 =
B3.656 R 2.38/3.94 » 3.41 8.5 73.5 18.0 -
3.08 R 3,97/4.96 « 1.92 18.5 46.0 40,5 ==
Mean ¢ 95 0.6 68.9 26.5 =~
1 315 R 4.23/6.37 = 7.39 11.7 16.8 71.5 34.7
3.27 R 3,28/4.57 ¢ 2,84 0.0 66,2 33.8 61.2
.76 R 3.71/7.47 = 8.97 0.0 8.0 92.0 53.1
Mean - 4, 81 3.9 5003 6508 49,7
2 B.81 R 4.02/7.96 = 12,48 9.7 0.0 90.3 44,6
4,08 R 3.40/6.85 = 6.21 0.0 23.3 76.7 51.8
4,21 R 3.43/8.09 = 10.62 0.0 7.4 92.6 66,1
Mean = 9477 3.2 10.2 86.6 54,2
3 B3.61 R 4.16/7.08 « 10.17 10.4 12.3 77.3 37.5
3.6 R 3.64/4.09 + 2.22 2.0 85,5 12.5 48.2
2,57 R 3.67/6.02 « 1.70 0.0 52,9 47.1 6&7.8
4 3.77 B 3.90/7.64 < 10,70 13.0 0.0 87.0 32.1
3,64 R 3.81/4.64 « 2.24 4.9 6l.1 34,0 57.1
2,68 R 3.57/5.718 « .64 0.0 45.6 54.4 67.8
5 3.67 R 3.96/6,81 = 8,36 18,0 15.0 67,0 ==
2.2 B 3.58/4.51 + 3.17 5.0 77.0 18,0 -
2,74 R 3.18/5.64 ¢ 1.90 0.0 49,0 51.0 ==
Mean = 1.10 7.7 47.0 45,3 «a
6 4,02 R 3.82/5.84 =~ 5,55 5.8 40.8 54,0 36.7
2.20 R 3.75/4.12 ¢+ 2.92 4.5 B86.5 9.0 36,7
Mem - 4.7‘7 5.4 4905 4501 45.6
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TABIE 11, continued

Index % Myoglobin A
Days in lMunsell Notations of Dorivatives Panel

Storage Ave, Vaine/Groma Change I0ib Wb MDbCO Score

e 4,04 R 3.92/6.46
3.92 R 3.81/6.85
0.42 YR 4,55/3.81

8,37 19.5 7.3 73.2 32.1
6.48 1l6.4 25.6 ©60.0 &l.8
13.55 0.0 47.5 52,5 64.3

L I T A )

Wean 9.47 12,0 26.1 61.9 49.4
12 3.33 R 4,15/5.42 =~ 4,76 11,5 46.0 42,5 36.7
2.72 R 3.94/8.97 =~ 11.06 9.5 0.0 90.5 59.2

2,08 R 4.17/4.95 = 1.12 0.0 73.6 26.4 61.2

Mean = 5.65 7.0 39.9 83.1 52.4

15 B.49 R 3.79/6,11 -~ 4,89 13.0 25.8 61.2 33.9
3.85 R 3.88/5.82 « 4,24 15,0 40.0 45.0 53.6

2,51 R 3.94/4.91 « 0,49 0.0 79.7 20.3 64.3

Mean = 3.21 9.3 48.5 42,2 50.6




Figure 14. MEAN OF INDEX OF CHANGE AND OF PERCENT
PANEL SCORE (PARTI) AND MEAN PERCENTAGES OF
MMb, Mb AND MbCO ( PART L) OF TRIPLICATE SAMPLES
PACKAGED IN SARAN - MYLAR - POLYETHYLENE IN
100 % CO UNDER 28 INCHES OF VACUUM
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vacuum sealing did not show a linear relationship, nor was
linear regression significant. The index of changs for
this treatment was always represented by a negative sign,

although e large variation existed from one day to another.

Color Panel

Panel seores for the samples sub jected to the high
vacuum treatments were stable throughout the storage time.
These scores, on the average, ranged between dislike
slightly to dislike moderately for the samples stored
wder high vacuun, while those treated by carbon monoxide
flushing and then sealed under high vacuum fluctuated be-
tween dislike slightly to neithor like nor dislike. The
panel members objected to the samples of the later treate
ment because of the dots of dark red éurrounded by areas
of bright red color which gave the meat an unnatural ap-
pearance., This might be the reason for the deviation in

the index of change and also the low panel scores.

Pigments
Beef held under high vacuum showed only a slight

increase in myoglobin content during the storage period,
vhile no change was noted in the metmyoglobin concenﬁra-
tion. Oxymyoglobin decreased during the first 2 days,
after which it disappeared completely.
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Percentage of carboxymyoglobin fluctuated considerally
during the storage period in the samples undergoing the
carbon monoxide and high vacuum treatments Again, the
index of fading followed the variations of the carboxy-
myoglobin concentrations. Metmyoglobin contents were
stable, but the myoglobin levels varied inversely with the
color improvement in these samples. These variations
could well be the result of the lack of uniformity of the

surface color on ea¢h sample.

Effects of Packagling Methods

Packaging of the fresh beef in alr was shown to im-
prove the color for about & days} after which the color
faded to undesirable shades. The blooming of the fresh
beef was caused by an increase in the amount of oxymyoglo=-
bin during the early period of storage. This is well
known as indicated in the literature by numerous investi-
gators, Allen (1, p. 9), Bratzler (14, p. 62-65),
Mackintosh and Hall (51, p. 281-286), Meyer (54, p. 191~
193), Neil and Hastings (57, p. 479-492) and Rikert et sal.
(71, p. 17-23).

The increase in the amount of reduced myoglobin and
the decrease of metmyoglobin concent ration after blooming

in a gas impermeable film were observed by Dean and Ball
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(29, p. 273-286), Kraft and Ayres (44, p. 8-12), and Pirko
and Ayres (64, p. 461-467). As a result of this increase
in myoglobin and a decrease in metmyoglobin, they stated
that their samples returned to a color which they considered
as not undesirable. Tn the present study, the pattern of
changes in the pigments was similar to those mentioned
above, but the color was not considered desirable either
by the panel scores or by the index of change. This con-
tradiction in results might be caused by their use of the
Hunter ay, value to describe color or the inherent differ-
ences existing between humans in their abllity to agree

in evaluating, subjéetively, the color of packazed fresh
beef,

The storage study results of the 2% carbon monoxide
treated samples, regardless of packaging material used,
shoved that the color wés significantly higher than thése,
stored in air, nitrogen or under high vacuum. Horeover,
the color for 2% carbon monoxide treatments was found to
be stable, statistically, throughout the 15 day storage
period at 36°-38CF, These results agree with the recom-
mendations advocated by Pearson (62, p. 37-38). The
amount of carboxymyoglobin pigment was likely to be stable
or slightly decreasing, when myoglobin was increasing
gslowly and metmyoglobin was decreasing as the storage
period proceeded. The change in the amount of each pigment
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in these directions was dependent on the nature of the
package material.,

Packaging of beef in 100% nitrogen gas in an impermee
able film caused quick fading, followed by stabilization
of the color at an undesirable shade. These results were
also shown by Rikert et al. (71, p. 17-23). 1In the present
study, the myoglobin fractions were stabilized after the
first day at the following levels: oxymyoglobin at 0%;
metmyoglobin at 20 to 26 %; and myoglobin around 80%.

Packaging of beef under 28 inches of vacuum in an
impermeable to air £film in order to preserve the color o
meat for 12 to 14 days bas been recommended by several
investigators, Broumand et al. (21, p. 65-77), Dean and
Ball (30, p. 468-471), (31, p. 222-227), Rikert ot al.
(70, p. 625«6323 and 71, p. 17-28); however, the success
of such treatment depends upon the return in redness
caused by an increase in the amount of reduced myoglobin,
Although the results of the present study indl cate an in-
crease in percentage of myoglobin and some return of red-
ness, the color of the samples was undesirable as indicated
by both the panel score and the positive value of the
index of change. Furthermore, resulis concerning the
myoglobin formation and return of some color are in

agreement with the results of the investigations listed
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above. In terms of color desirability, however, the
present findings do not agree with those of the sbove
workers but do agree with those of Bratzler (14, p. 62-72)
and Urbain (77, p. 140-144). Although there was some
return of color in the_beef packaged in saran~mylapr-
polyethylene under 28 inches of vacuum, the increase was
not statistically significant as tested by linear regres~
sion,

In preliminery experiment s where glass jars were used
as the storage means, s combination of flushing the stor-
age atmosphere with 100 per cent carbon monoxide prior to
drawing vacuum of 28 inches appeared to offer benefieial
treatment for maintaining the color of stored fresh beef.
When saran-mylar~polyethylene was used to preserve meat,
the color of the meat samples was not homogenous. Areas
of dark red color were surrounded by a bright red color.
Although attempts wers mrde to obtain spectrophotometric
data on the same part of the sample, this was not always
possible due to the fluctuations in the color and pigment
patterns. Hence, these results were probably influenced
by the variability of these two factors. Members of the
panel were divided in thelr opinion, either they liked or
dlsliked the meat according to the following factors:

1. The heterogeneity in the color pattern.



89

2. The abnormally bright red color of these samples
gave the meat a somewhat artifieial color.

Although there was considerable variation in the
color, analysis of variance of the data (Table 5) indicated
that samples treated by a2 combination of carbon monoxide
and high vacuum had a significant effect in improving the

color when compared to those stored under high vacuum.

Effect of Packaging llaterials

There was no significant effect between different
packaging materials in either the air or the 2% carbon
monoxide treatments except that in the later treatment,
the 2.5 polyethylene was more effective in improving the
color than 1.5 polyethylene. The packaging materials used
had no or iow water vapor trensmission rates. Apparently,
differences in gas permeability were not enough to ghow
significent differences in the air treatments. In the 2%
carbon monoxide treatments, the difference between the
permeabllity of the two pelyethylene films may have been
great enough to allow more carbon monecxide to diffuse out
of the 1.5 mil polyethylene packages than out of those
made of the 2.5 mils polyethylene. Since carboxymyoglobin
can be dissociated by light to form myoglobin and free
carbon monoxide (32, p. 177; 46, p. 335), it appears quite

probable that the carboxymyoglobin pigment was maintained
in a dynamic status, rather than in a steady state, under
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the eonditions of this experiment.

Observations On the Samples After 30 Days

After 30 days storage at 36-380F,, samples sealed
under an atmosphere of air exhibited a dark brownish red
color. The meat stored in saran-mylar-polyethylene for
30 days gave off an odor characteristic of putrifaction.
Also, considerable swelling of the package was observed.

A faint malty odor was noted in the meat stored in 2.5 and
1.5 polyethylene.

The 2% carbon monoxide treated samples showed fairly
good coler but had a melty odor. The samples held in
saran-mylar-polyethylene also had a putrifactive odor.

Samples stored under 28 inches of vacuum or nitrogen
had a dark red coler, malty odor and were slimy. A green=-
ish fluid was observed in the packages.

The beef treated by 100% carbon monoxide and stored
under 28 inches vacuum we?e of good appearance, but having
a malty odor and red fluid was observed.

Four of the carbon monoxide treated samples were
broiled for 185 minutes and the color of the samples, both
external and internal, was observed:s Two of the samples
showed the ordinary cooked meat color: The internal color
of the other two samples was a faint pinkish color which

faded very quickly upon exposure to air while the meat
was hot.
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SUNMIIARY AND CONCLUSIONS

Index of change, a modification of the index of fa&#mh
was used to measure the degree and dlrection of meaﬁ
color chango.

A method for determining the myoglobin fractions on
the surface of meat treated by carbon monoxide was
presented. This method was based upon the principles
of the reflectivity ratio method.

The index of change followed the amount of oxymyoglobin
or.carboxymyoglobin, depending on vhich was present.
Seran~-mylar-polysthylene, 2.5 mils polyethylene or 1.5
mils polyethylene had no significant effect on the
color or the pigments om the surface of packaged
refrigerated beef when alr was used as the gtorage
atmosphere. |

Using a mixture of 2% carbon monoxide and 98% air to
flush the packaged beef before sealing the package was
very effective in preserving and atebilizing the color
for 15 days at 36-38°F.

Saran-mylar-polyethylene and 2.5 mils polyethylene were
found to be the better packaging films tested to main-
tain the color vhen 2% carbon monoxide gas was used.

Storing under a nitrogen atmosphere or undsr 28 inches

vacuun were not effective methods in preserving
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degirable color of fresh beef during a 15 day storage
periecd.

Using a combination of 100% carbon monoxide and high
vacuum to store the fresh meat was effective to
improve the color but not in e uniform manner,

When beef was treated by carbon monoxide ard cooked
after 30 days storage at 36-380F,, it had an ordinary
cooked meat color on the surface but, sometimes, a
slightly pink color inside which would fade quickly

to a brown color when exposed to air.
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