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COLOR AND PIGMENTS OF PACKAGED REFRIGERATED BEEF 

IMTRODUCTKH 

Consumer selection of pre-packaged meat from 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 btown color is generally considered unacceptable 

and gives the impression of spoilage, although this may 

not be true. 

The coloring materials in fresh meat are mainly 

hematin proteins. The metaloprotein pigments in the animal 

muscle 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 

when oxygenated (blooming) to oxymyoglobin (02ffib), a 

bright red color develops which is responsible for keeping 

the desirable appearance of fresh meat* Oxidation ©f myo- 

globin to metmyoglobin (lib) yields an unacceptable brown 

color* The oxidized form of the heme iron is found to be 

en active catalyst promoting rancidity in the tissue (33, 
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p. 728-733). 

Various packaging materials and methods are applied 

to the fresh meat to protect it from physical and chemical 

changes* microbiai contamination and 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 success in increasing the color life of the pack- 

aged fresh meat may move the packaging operation back to 

the slaughtering plant. 

Some investigators used gases such as nitrogen (Ig)# 

carbon dioxide (GOgK oxygen (Og) or combination of them 

under various pressures, in addition to packaging, to 

develop and maintain the color quality of fresh meat dur- 

ing the period of storage. Carbon monoxide (CO) is briefly 

mentioned in the literature as a possible gas iihich might 

be used to stabilise the fresh meat cuts for a fairly long 

period. Other investigators have used chemicals especially 

ascorbic acid, 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 from 

microbiai and enzymatic changes. 

The objectives of this study were to discuss the color 

of fresh meat, to study the influence of some packaging 



materials, methods, and gases on the redness and spectral 

characteristics of beef cuts during cold storage, and to 

determine the myoglobin derivatives on the meat surface. 
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REVIEW OF LITERATURE 

Biochemistry of Myoglobin 

Myoglobin is a heme protein having a mplecular weight 

of about 17,500.  It has one iron porphyrin unit per 

molecule and reaches its isoelectric point at a pH of 6,8 

(45, p. 194-196). Biologically, 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 an 

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 its sharpest absorption band at 580 milli- 

microns (m^x)* 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 mymyoglobin does not affect the 

reduced form of iron. Eliminating the oxygen supply to 

the pigpaent causes myoglobin to be formed again and then 

oxidized to metmyoglobin, in xtiich state the iron is in 

the ferric form (17, p. 707; 21, p. 65-77; 27, p. 595* 

622; 33, p. 418-425; 57, p. 479-492). Brooks (17, p. 707) 

reported that an oxygen pressure of about four milliaieters 
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of mercury was necessary for the raaximua rate of metmyogl©- 

bin fomation at 320p.    H© also found that for each mole 

of metmyoglobin formed,  2.5 moles of oxygen were used.    A 

decrease in the reaction rate of myoglobin t© laetmyoglobin 

occurs at pressures above 30 millimeters of mercury at a 

temperature of SSOf.   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).    Sh© also reported 

that this dissociation was increased by decreasing oxygen 

tension and that m©tmyoglobin foraatlon was favored there- 

after.    In addition, Watts stated that any treatment 

causing denaturation of the globin resulted in a weakening 

of the bonds between the heme and globin.    11/henever this 

weakening of the bonds occurred,  the heme lost its ability 

to be oxygenated,  and instead, was oxidized rapidly to the 

brown ferrie form.    Furthermore,  she found that the metmyo- 

globin formation was accelerated by increasing the acidity, 

salt,  certain metals and freezing.    This acceleration was 

accompanied by greenish or faded pigments resulting from 

breakdown products of the porphyrin ring. 

The attraction of myoglobin or oxymyoglobin to carbon 

monoxide has been reported by many investigators  (32, p. 

165-183;  46, p. 207-335).    The affinity of myoglobin t© 
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carbon monoxide is 28 to 51 times greater than that to 

oxygen.    Consequently,  carbon monoxide displaces oxygen 

from oxymyoglobin to form carboxymyoglobin.    Both carboxy- 

rayoglobin 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 rayoglobin and carbon monoxide. 

Factors Affecting the Changes of Color and Pigments in 

Fresh Meat 

The reactions responsible for the changes in color 

and pigments of fresh meat are very complex.    The diffi- 

culty in controlling the conditions to maintain an accept- 

able color in packaged meat cuts during storage in the 

cold cabinet has been discussed extensively by Ball (8# 

p. IS).    Although many factors influence the color and 

the state of the myoglobin forms of packaged fresh meats, 

each factor has a critical point at sshich, with the other 

factors controlled,  the  color of meat i^ll be preserved. 

The factors influencing the fresh meat color caa be 

divided into:    anti-mortem factors, post-mortem factors 

and storage conditions. 



toti■'Mortem Factors 

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

centration of myoglobin pigments Is different in beef than 

in pork and lamb  (3, p,  88),    Singer et al.   (34, p.  i057«* 

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 jal*   (21* p. 65-77) 

found that the relative myoglobin content of beef*  lamb# 

pork and veal were roughly 62%, 37$, 16$ and 9%t respec- 

tively.    Values of 1-3,  4-10,  16-20 and 1-3 milligrams of 

myoglobin per gram of wet tissue in veale 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 meats from beef, lamb and pork 

varied when stored under the same conditions. 

MS .££ Animals *    It is well recognized that muscles 

from old animals have more redness and myoglobin than 

those of younger animals  (3,  p.  88).    Broumand et al.   (21, 

p. 65-77) reported that the relative myoglobin contents 

of beef and veal were roughly 62$ and 9$, respectively. 

Jacobson and Fenton (40, p. 427-435) noted an appreciable 

increase in redness In the semiaiembranosus muscle when the 

age of the animals Increased from 32 to 80 weeks.   $xch an 
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increase, however, was not so marked in the longlssiaus 

dor si and psoas major muscles. 

Animal Individuality, The degree of variation in the 

color of lean meat iirithin an individual animal has been 

reported by Dean and Ball (31, p. 222-227)  and Plrko 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 satisfactory for comparative purposes* 

Singer ©t al. (34, p. 1037-1040) observed that dark 

colored pork musele had almost twice as much myoglobin as 

the light colored muscles. Wilson et al. (82, p. 1080- 

1085) found that the contrast In pigpen tation between 

muscles within the hem was directly related to the myo- 

globin concentration of the muscles, ©iffee (3, p. 88) 

states that the amount of myoglobin in different muscles 

appears to be a function of the muscular activity, the 

blood supply and oxygen availability. As a result of 

their studies. Dean and Ball (31, p. 222-227) concluded 

that the variation in color patterns of meat during storage 

might be the result of diffenances between animals. 

Feeding of Animal. There are some Indications that 

the diet of the animal may have an effect on the redness 



of the muscles.    Although Shenk et al.   (73, p. 741-760) 

observed that the meat from grass-fed cattle showed more 

redness than that of grain*fed animals,   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,  Jaeobson and Fen ton  (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 

muscles of those fed on grain only.    The increase of red- 

ness v/as particularly noticeable in the semimembranosua 

muscle vfoen the dietary level of total digestible nutrients 

was increased from 60$ to 160$ of the standards required 

for growing dairy heifers. 

Post-Mortem Factors 

From the results of previous mentioned investigations, 

it is  clear 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 of meat and this factor Is 

rarely constant.    However, the most important factors of 

meat influencing the color are pH, fat content,  fat 

covering and the enzyme activity of meat. 
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Hall et al. (S7, 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. 1370- 

1383; 19, p* 35-50) observed an increase in oxidation of 

myoglobin by decreasing pH. 

The pH of the meat is related to the glucose and gly- 

cogen content of the tissues of th© animals prior to 

slaughter (53, p. 40-42). Hall et  al. (37, p. 55-78) des- 

cribed the characteristics of dark-cutting beef. This 

meat failed to brighten when exposed to air, had an 

abnormally high pH, low glucose 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. 

259-266) reported that the type of handling the animals 

received prior to slaughter could materially reduce th© 

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 th© production 
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of lactic acid by glycolysis in carcasses of animals fed 

before slaughtering yielded a value of pH 5.3 in the 

tissue, while the pH of muscles from fatigued animals 

ranged between 6*0 to 6.6. 

Fat and Pat Coyer. Generally, the fat and fat cover 

are concerned with oxidations-reduction of the lean pigment. 

Brooks (15, p. 75*78) noticed that the rate of oxidation 

of asyoglobin present in fat, except in local areas, was 

Slower than in the lean, ^he increase in the rate of re- 

duction of metmyoglobin to myoglobin by fat in the absence 

of molecular ©xygen was reported by Rikert et al. (69, p. 

570-572). They observed that the lean surfaces of the 

samples in contact u&th 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 

then that in contact with the packaging material. 

Watts (79, 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 rancidity 

of the fat. This reaction was faster in meats having a 

pH below normal. 

Efazymes. Muscle tissues retain a certain respiratory 

activity after the death of the animal resulting in a 
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continuous consumption of oxygon (64, p.  461-467).    Grant 

{$5, p»  250-253)  theorizod that the brovming of meat ©as 

due to  the depletion of oxygen from oxjmyoglobin by the 

respiratory enzymes.    Pirko and Ayres  {64, p.  461-467) 

recommended the reduction of the enzyme activity to pre- 

vent spectral changes of the meat pigments.    Grant  (55, 

p. 250-253)  and 2!appel and Martin (75,  p.  280-282) reported 

that the surviving a^celnic oxidase system was responsible 

for the continuous consumption of oxygen by the tissue. 

v   Grant also found that th© addition of malonic acid provided 

a bright red color.    Tappol and Martin reported that the 

addition of sueclnate ¥rould serve as an efficient oxygen 

scavenger if the removal of oxygen from meat was desired. 

Storage Conditions 

There are many factors affecting the color and the 

pipient state of meat after slaughtering 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   to air,  the meat will 

bloom to a brlgjht red color due to the formation of oxy- 

myoglobin.    formally,  this acceptable color will last for 

one  to two days  at refrigerated temperatures as long as 

there is a continuous supply of oxygeaa.    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 IS days. 

Factors affecting the color and iay©globln fractions 

on the surface of meat !after cutting are grouped as foU^s: 

©xygen availability, desiccation, temperature, light, bac- 

teria, gases, additives, packaging methods and materials. 

Oxygen Availabill ty. Although the color of fresh 

meat is a function of several factors* oxygen availability 

is one of special ijaportaaee (45, p. 194-196). The util- 

ization of oxygen by the muscle tissues after the death of 

the animal was reported by Plrko and Ayres (64, p. 461- 

467). Brooks (17, p.. 707) found that the maxianap depth of 

oxygen diffusion into the tissue was one centimeter. He 

concluded that the discoloration of meat was restricted 

to this relatively thin superficial but penetrable zone. 

Coleman (24, p. 222-229) and Pirk© and Ayres (64s p. 461- 

467) observed that tyhen slices of beef had been covered 

by thin glass plates, the middle of the slice showed a 

purpl© color with an adjoining zone of brownish color. 

The purple region was found to contain myoglobin while 

the broOTi aone consisted mostly of metmyoglobin. 

fhe oxygenation of myoglobin or blooming of meat 

occurs within SO to 40 minutes after being cut and exposed 

to air (14, p. 62-72; 51, p. 281-286; 64, p. 461-467). 
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Hikert ©t a^..   (71, p.  17-23) stated that th© best way to 

delay th© initial discoloration of fresh meat was t© 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  (75, p. 280*282) noticed 

that the reduction of the oxygen concentration mad© myo- 

globln more labile to oxidation to metmyoglobln. 

Using a low pressure of oxygen (vacuum)  as a storage 

atmosphere of meat cuts was studied by Ball  (8, p,  12-14), 

Broumand et al.   (21, p.  65-77), and Bikert et al.   (70, p. 

625-632;  71, p.  17-23).    Rikert et al..(70,  p.  625*632) 

observed that I'shen fresh meat was stored under a vacuum 

of 20 inches or more,   th© initial loss of redness and Its 

return were faster than in meat stored under less  than 20 

inches of vacuum.    They eonclided that vacuum mi^it b® 

necessary, for returning redness, but not for the initial 

discoloration.    This conclusion was also reported by 

Broumand et al.   (21, p.  65-77)* and in addition, they 

noticed a brightening in th© color of the vacuum packaged 

samples when exposed to air after the second red color 

had appeared, 

Mkert et at.  (71, p.  17-23)  studied the color of 

meat when stored under vacuum in the complete absence 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. 

I'hese 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 pignents 

and their concentration on the surface of the meat (15, 

p. 75*78; 43, p. 290-295; 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 increasing 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. 
v 

Landrock end Wallace (45, p. 194*196) reported tiiat meat 

permitted to dehydrate in open air began to turn a dark 

cherry red, and after eight hours sho?;ed distinct 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 when moisture \7as lost rapidly (5-26$ loss of 

weight) and the meat was exposed to an atmosphere of low 

oxygen. Pirko and Ayres (64, p. 461*467) stated that the 

deslceation 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 

simultaneous increase in all reflectance values. 

Temperature. The increase of temperature tends to 

decrease the depth of oxygen penetration in the tisisue as 

well as accelerating the dehydration and consequently 

causes a rapid darkening to occur near the surface of the 

meat (17, p. 707; 41, p. 15S-159J 63, p. 26*40; 69, p. 

567-575). The maximum rate of metmyoglobin formation was 

found to occur at 20 millimeters of oxygen pressure at 

30OC. (57, p. 479-492) while at d0G. the maximum rate was 

at 4 millimeters of oxygen pressure (15, p. 75*78). 

Reducing the temperature apparently causes an increase 

in th© rate of oxygenation of the meat pigment (1, p. 9; 

14, p. 62-72; 51, p. 281*286).  Butler et al. (22, p. 397- 

400) reported that th© desirable color of prepackaged 

meat was maintained better at 32°?. than that at 40oP. 

in the self-service ease. It was stated by Rlkert et al. 

(70, p. 625-632) that both the rate of the initial 
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darkening end time for return of redness in fresh med; 

stored under vaemam, uere accelerated by increasing the 
v 

storage temper&tiare.    However, Ball  (9, p* 194-204) re- 

ported that the intensity of red color throughout the 

storage period was sometirhat better for meat samples 

stored at 41-460F.  then at S2-340F* 

Light*,    Although ligjit causes sever© discoloration of 

cured meats  (3,/p. 270),  visible light has little or no 

effect on th© color of fresh meat  (23, p.  363-373;  43, p. 
v 

290-295; 67, p* 222-223; 60, p. 567-573). The application 

©f ultraviolet to self-service display eases for prevent- 

ing the microlbial spoilage 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 ©n the 

fresh meat color varies with different microorganisms* 

,Hikert ©t al. (69* p. 667-573), observed-the reduction of 

metsayoglobin to myoglobin in the presence of anaerobic or 

facultative anaerobic bacteria* They also reported a 

significant correlation between the color of the lean meat 

and concentration of Aehromobaeter and Lactobacillus or- 

ganisms on the meat* A complete return of color aas 
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noticed at the  time that a maxifflum bacterial concentration 

occurred.    They postulated that the red^-brom color change 

resulted from the removal of oxygen of oxymyoglobin by 

respiratory enzymes of meat and bacterial flora, ^ Hewitt 

(3©, p.  48*50)  also reported'the possibility of bacterial 

cultures depleting the available oxygen supply,  thereby 

developing reducing conditions.    However,  Butler et al. 

(22,  p.  397-400) reported that the rasin effect of bacteria 

(Pseudomonas species)  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 i?as noticed by    Costilow et, 

al.   (28, p.  560-S63)  that the stability of the desirable 

color of meat could be prolonged more successfully by pre* 

venting initial bacterial contamination than by treating 

hi^ily contaminated steaks with ascorbic acid.    Watts  (79, 

p.  12*17)  stated that  the free hydrogen peroxide of bac- 

terial origin and possibly the oatalase 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 atmosphere for keeping the packaged meat color 
r" 

desirable throughout the storage period. >Bayes (11, p. 
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157) and Grass (36, p. 621*623) stated that nitrogen migit 

be useful for retarding or preventing discoloration due to 

the action of oxygen, ©as packaging may accomplish the 

same results as vacuum packaging to prevent oxidative 

spoilage In meat as well as avoiding the unnatural appear- 

ance and structural weakness of a vacuumissed package (3, 

p« 134*136).\ 

LKraft a»d Ayres (44, p. 8*12) observed thatjcarbon 

dioxide improved the keeping time ishen it was part of the 

atmosphere (25$) in the packages, but when it was used at 

higher concentrations the meat became discolored. Rikert 

et al. (71, p. 17-23) noticed that the rate of discolora- 

tion of fresh beef varied directly with partial pressures 

of carbon dioxide (between 0.2*72 centimeters) and nitrogsn 

(59.4 to 74,5 centimeters) while keeping the total pres- 

sure of one atmosphere. In a comparison between one at- 

mospheric pressure of air, carbon dioxide and nitrogen as 

the storage media of the meat samples, the above workers 

found that the air decreased redness for one day, return- 

ing some, but not all, of the original redness by the 

seventh day and then was discolored up to 11 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 slight 

Y 
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return of redness was observed.    The  second return of red* 

ness ©f the  saaples in nitro^n 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 xtf. th either carbon dioxide or 

nitrogen before vacuum storage,  had a beneficial effect on 

stabilising the color of fresh meat  as  compared to those 

stored in vacuum. 

Pearson (62,  p.  37*58) recently mentioned that stor- 

ing fresh meat under a carbon monoxide atmosphere might be 

a beneficial method for prolonging the color stability of 

such meat.    Tappel ©t.-al*   (74, p.  10-16)  showed promising 

results when 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 Tahen stored at 100oP.    Fur- 

therno^©,  they calculated that  the possibility of toxiclty 

of carbon monoxide-treated freeze-dried beef was fairly 

low if all of $iis carbon monoxide reached the blood of 

an average person vtien fed an average serving of this meat. 

Additives.    Seme chemical compounds have been added 

to meat to prevent discoloration.    It has been reported 
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that the  application of ascorMe acid in small concentra- 

tions  (about 0.05$)  to  the  surface of small cuts of fresh 

meat vrlll serve to retain or improve the desired red color 

of refrigerated meat  (25, p.  31788?  26, p.  4374;  28, p. 

360*365}  69, p.   567-573}  80,  p.   100-108}   81,  p.   194*196). 

These investigators also  agreed that using ascorbic  acid 

in high concentrations  (more than  .1 to  .5$) caused dis* 

coloration of  the meat.     Constilow et al.   (28, p.  560-563) 

reported that the direct application of powdered ascorbic 

acid to the meat resulted in an immediate discoloration, 

!Ehe effect of ascorbic acid on the color of fresh 

meat is generally not related to the reduction of pH 1(34, 

p. 1037-1040),| but for its properties an an antioxidant 

(80, p.  100-108).    The darkenfog of meat samples treated 

by a high concentration of ascorbic acid was theorized by 
v. 

Rlctert et al.  (69, p.  567-573).    The great demand of the 

acid for ojsygen causes the removal of oxygen from oxymyo- 

globin on the surface of  the meat, which favors the forma- 

tion of metmyoglobin. 

Coleman (24, p.  222-229)  experimented with the use of 

nicotinic acid and methyl nleotinate 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 vshile methyl 



22 

v 
nicotijaate reacted trith oxymyoglobin*    Maass  (50,  p.  S709) 

found that by adding Q.$ gram of nicotinic acid aid .06 

gram of ascorbic acid to 450 grams of fresh beef,  the meat 

showed good color stability. 

Nordihydrogualaretic acid  (IJDCM) has been used to in- 

hibit the oxidation of the fresh meat pigments and thereby 

retard discoloration.    It appears that this antioxidant is 

more effectiv© in the presence of fat.    Rikert et al.  (69, 

p.  Setf-S?^) foimd that when SMA was add©d at th® rate of 

0.05$ to ground meat containing 35*50^ fat,  there was a 

definite improvement of  color.    In contrast, however, no 

color effect was noted when this  antloxidant  was added at 

the same rate,  as above,  to ground meat having a low fat 

content.     Clauss et al.   (23, p. 363«"373)  did not observed 

any color improvement of grouad lamb  treated with 0.1^ 

HDGA and stored for Swe^lca. 

k fcOHibinatidn. of aseorbie acid,  sodium propionate 

and di*sodium phosphate in low concentrations ims found 

to be effective in maintaining a bright red color of meat 

when stored at SS-S?0?. for 13-16 days  (72, p. 14026)»' 

The Effect of Packaging Materials  and Methods.    The 

most important characteristics of packaging materials 

influencing the color of fresh meat are oxygen permeability* 

moisture proofeess, wet strength, flexibility. 
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greaseproofhess, and durability at refrigeration tempera- 

ture. Factors affecting the package appearance and hand- 

ling, plus costs and legal requirements, are also importsnt 

hut have no effect on the color of fresh meat. Detailed 

properties ©f packaging papers and films are presented in 

the comprehensive tables of The Modem Packaging 

Baoyclopedia (61, p. 108-109} and p. 149-152). 

Allen (2, p. 134-137) reported that for commercial 

packaging of meats, a film having a water absorptive sur- 

face and low water transmission rate should be used. Lan- 

draok and Wallace (45, p. 194-196) 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 when used at ambient conditions. 

Ramsbottom (65, p. 26-29) has reviewed packaging require- 

ments for meat and states that transparency, puncture and 

tear resistance, heat sealability, tensile strength, 

moisture proofness and permeability are the factors to 

consider when choosing packaging materials. Ball (9, p. 

193*204) reported that for maintaining color of meat 

throughout the storage period the packaging films from 

best t© poorest were as follows: 307 x 113 cans, MSAT 

80 cellophane (wrapped with coated side out), cellophane- 

pliofilm laminate, 307 x 306 cans, cellophane-polyethylene 
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laminate, polyethylene MSAT 80 eoated side inside, MSAT 80 

cellophane coated side outside and cellulose acetate- 

pliofilm laminate. 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 

pliofilm and aluminum. Clauss et a^,. (25, p. 363-573) 

also found that hettej? organoleptic quality was noted when 

ground beef t?ag stored in films having a relatively low 

oxygen and low water^ vapor permeability, when compared to 

samples stored in films xA.th relatively high permeability. 

Rikert et jjl. (71, p. 17-23) observed that fresh meat 

packaged either in air at atmospheric pressure or under 

vacuum in a container which was very permeable to gases 

(cellulose 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 

laminate) showed a greater initial loss in redness, but 

remained fairly 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 impermeable containers 
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(cans)  iidth 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 storage at 406P.  redness re- 

turned to a higher degree than that which was present at 

the  time of packaging.    Fresh meat held in the absence of 

oxygen in an impermeable eentainer remained purplish or 

reddish throu^iout the storage period. 

Kraft and Ayres  (44, p.  8-12)  observed that tihen 

fresh beef was m»apped idth films,  highly impermeable to 

gases,  the myoglobln of this meat was held in the reduced 

state throughout a storage period 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 et al.  (68, p.  520-525) have recommended the vacuum 

packaging of fresh beef in a barrier packaging material 

since they found that such packaged meat maintained good 

color stability throughout the storage period.    These in- 

vestigators concluded that this  color stability was due to 

the result of stabilization or perhaps,  increasing 

slightly,  the concentration of the reduced myoglobln pig- 

ment.    On the other hand,  HJrbain  (77, p. 140-144) and 

Bratzler (14, p.  62-72)  are of the opinion that vacuum 

packaging may have a somevshat detrimental effect on the 

color of fresh beef. 
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Ball et al.   (10, p»  277-283) found that the loss of 

weight In packaged raeat was dependent on the type of 

packaging material,    fhe superior packages sA %h. respect 

to prevention of weight loss were cans, cellophane- 

pliofilm laminates (pliofilm Inside),  cellophane- 

polyethylene laminates (polyethylene inside), cellulose 

acetate-pliofiiffi laminates  (pliofito inside). 

Determination of Color and Pigsaents 

Color of Meat 

Meat color can be measured either by objective or 

subjective methods.    Little et j&.   (48, p.  403-409) 

statistically analyzed data obtained ■with a series of 

colored papers on a Beelcmm BU (non-recording) spectro- 

photometer with reflectance attachment,  three different 

General BleetrlG recording speetrophotometers, Beetoaan 

DI-2 recordijsig spectrophotometer,  a Gardner Automatic 

Color and Color Difference Meter, a Fhotovolt Trlsteamlus 

Photoeleotric Colorimster, and a Color Master Differential 

Colorimeter.    They obtained significant linear relation- 

ships between all of the instruments.    In addition, 

Pearson  (62, p.  37-38) reported that the Hunter Color and 

Color Difference Meter ©r the Munsell Spinning Bisks 

could also be used in measuring the color of fresh meat. 
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The subjective evaluation of meat color by a panel 

consisting of several members may produce diversified 

results due t© Inherent differences between individual 

judges and variations in experimental conditions (S, p. 

233). This method is used only in very special cases in 

wMch the experimenb al conditions can be rigidly con* 

trolled and defined. 

Pigments 

Th© only available chemical method for determining 

the concentration of meat pigments is based on the deter- 

mination of the total amount of myoglobin, rather than 

measuring the amount of each derivative of the meat pig- 

ments (29, p, 271-273). Hence, this method has very littSL© 

value in analysing the color of meat. On the other hand, 

physical methods are more oftenly used. Both reflectance 

and absorbeney procedures have been suggested (29, p. 271- 

273) for determining the percentages of myoglobin frac- 

tions of the meat. 

Chemical Methods. In reviewing the literature, no 

chemical method was found for determining the percentages 

of reduced, oxy-, or metmyoglobin. 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 tiatBTg  determining th© iron content by a ehemieal 

method and dividing the weight of iron by 0.00323 (th© 

fraction of myoglobin which is iron). This method is 

not effective for meastiring color differences of meat. 

Physic al Methods. 

Absorption methods. Austin and Drabkin (4* p. 

67-68) extracted the pigments of meat with water and as- 

sumed that these solutions contained methemoglohin and 

oxyhemoglobin only? and measured the absorbency at dif- 

ferent iimvelengtha. By subtracting t&e extinction coef- 

ficient of one of the two pi©aents from the absorbency 

of th© solution at the same wavelengths, the difference 

was assumed to be attributed by the other pigpent under 

the conditions of their experiment. Mangel (52, p. 20-21) 

used th© above method to determine the pigments of frozen 

beef. Due to the large variation in the results, she con- 

cluded 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- 

globin derivatives by measuring the transmittancy of a 

water extract of the meat at wavelengths of 473, 507, 593 

and 597 millimicrons (the absorbency ratio method). 
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Reflectaaee methods. Plrlco and Ayres (64, p. 

461-467) indicated the change ia the amount ©f reduced, 

oxy- and metmyoglobia by measuring the reflectance of the 

meat surface at the absorption maxima of the three pig- 

ments (565, 580 aad 635 my., respectively) as given by 

Bowen (13, p, 235*245) sand Theorell (76, p* 55-63); hot?* 

ever, this method does not give the percentages of myo- 

globin derivatives. Maughton et al. (55, p. 121) used the 

reflectmee method to study myoglobin 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 fee 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 at al. (21, p. 65-77) to deter- 

mine the myoglobin fractions on the surface of meat, but 

the results showed higgler values for oxymyoglobin. Hence* 

they listed the disadvantages of the absorbency method as 

follows: 

1* The possibility of conversion of the reduced 

myoglobin to oxymyoglobln by atmospheric oxygen during 

extraction* 

2. Raughton et ^1. (56, p. 933-938) maintained that 



30 

methemoglobin and oxyhemoglobin were different in solubil- 

ity,  at least in the case in tuna fish. 

S.    The slices of neat to be extracted contained some 

meat pigitents tifaich were beneath the surface of the meat. 

Purthermoret Broumand ©t al.  (21, p.  65-77) reported 

that the extraction of the intact pigments from meat for 

the absorbency ratio determination was not easy and 

presented many difficulties. 

Bean and Ball (29, p. 273-274) pjoposed a reflectance 

ratio method using the same basic principles as  the ab- 

sorbency ratio method but depending upon reflectance 

measurements. 



31 

MATERIALS MD ISTHODS 

Meat Samples 

Meat used in this experiment was obtained from a 

local coMaercial packing plant.    The animals producing 

the meat were Shorthorn steers 30 months  of age at the 

time of slaughter and had been fattened solely cgi ladino 

clover for six weeks.    After slaughter, the carcasses 

were aged for seven days in a 360P. meat cooler.    A 

longissimus dorsi muscle was   taken from each of three car- 

casses of the li^bi Standard grade at the end of the seventh 

day of aging.    These muscles were  taken Immediately to the 

laboratory and were placed in a cooler  and held at 40oF. 

Cn th© following day,  the external fat was removed from 

the lean portion before samples,  dimmslons of 3 inches 

by 21- 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 these materials for protecting the color of the 

meat during storage.    Each of  these packaging materials 

possessed varying degrees of permeability in regard to 
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water vapor and oxygen transmission rates. The barrier 

saran-mylsr coated polyethylene <S-M-P) pouches^- were con- 

sidered Imperiaeable to both water vapor aid osygen trans- 

mission. The other two types of pouches were made from 

polyethylene2, 2.5 (2.5 polyethylere) and 1.5 mils (1.5 

polyethylene). Properties of the polyethylene films, as 

specified by the supplier, were as followsi    the water 

vapor transmission rate for 100 square inches of film per 

24 hours 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°?. ^ras 225 cubic centimeters for the 2.5 mils 

polyethylene and 300 cubic centimeters for the 1.5 mils 

polyethylene. 

Preparation of Packages 

A piece of tygon tubing* two inches in length, was 

adhered inside one 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 hig^i vacuum. A 

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

1 Manufactured by Minnesota EUlnlng and Ifg. Co. (Scotehpak). 
2 All polyethylene pouches were supplied through the 

courtesy of Bobeekman Company* Portland, Oregon. 



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 drawi through the tygon 

tubing.    A seret!? compressor clamp was then inserted over 

the  tygon tubing and clamped into place to give a gas 

ti^it closare. 

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 as at during storage:    a gas 

mixture of 2 per cent carbon monoxide and 98 per cent air 

(2% carbon monoxide); carbon monoxide, chemically pure 

grade  (100$ carbon monoxide); and water pumped nitrogen 

(%). 

Packaging and Storage Procedures 

ita apparatus designed by Ogilvy et al.  (60, p.  343* 

346) was employed to coittrol the gases and/or vacuum inside 

the packages.    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 md pigment measurements were determined on the 

surface of the ssat samples imiaadiately after treatment 

and on each day for six days.    After the  sixth day, meas- 

urements were made only on the ninth*  twelfth and fifteenth 

days.     Color panel  scores were not taken at zero time or 

at the fifth day of storage. 

All samples were held in the refrigerated cabinet for 

thirty days,  after which time they were removed from the 

pouches for subjective evaluation.    Such factors as  appear- 

ance and odor were observed in this evaluation.    In addi- 

tion, characteristics of the cooked samples of carbon 

monoxide treated meat were  also noted. 

Color Measurements 

Munsell Motatlons.    A Beckman PK-1 recording spectre- 

photometer,   equipped xiith reflectance attachment, 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 chang- 

ing the storage atmosphere of  the various treated samples. 

This was  accomplished by inserting the samples in their 

respective packages at the open end of the reflectance 

attachment.    The spectrophotometer was standardized with 
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th© standard referenee material, magnesium ©side,  at 100 

per cent reflectance.    In. standardising the instrumsnt, 

magaesitua oxide was always covered I'dth the particular 

packaging material that  also was used to   store th© meat 

samples* 

The wavelengths of the abridged selected ordinates 

method for standard source C  (near daylight) were taken 

from the samples reflectance curves sad were used to 

determine th© tristimulus values X, Y and Z*    These values 

were  then used t© compute the  chromaticity coordinates, 

x and y, while the. values of Y's were obtained from the 

tables of Judd (SO, p.  354-355).    After determining the 

value of Y's and the ehromatieity coordinates, x m& y, 

Munsell notations for the samples were obtained from the 

ehromatieity charts of ideal Munsell colors3. 

Index of Change.    The index of change is a measure- 

ment for evaluating the degree of color difference between 

two different colors.    This method was derived frem the 

index of fading introduced by Hickerson (59, p.  509-511). 

She developed an equation to weight the  differences in 

Munsell color spacings.    Her equation is 

3    Obtained from Munsell Color Company. 
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1 =  (C/5)(SAH)  * 6A¥ ♦ 3 AC 

©here I s index of fading* c - chroma,   A   s difference, 

H s hue,  and V s value. 

Mickerson used the absolute values of the differences 

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 #ien the  color of 

the fresh cut was used as the baseline.    Gin this basis, 

the actual values of differences between the lunsell nota- 

tions of the stored samples and the average values of the 

fresh cut meat, with the exception of that treated by 

carbon monoxide, were used to measure the color change. 

Also,  this method serves to show the degree and direction 

of color change, v/hether improving or fading*  of packaged 

beef during storage.    Hence,  this Hieasurement is called 

the index of change   (1 I), whereby a positive slgja is  an 

indication ©f fading and a negative siga indicates color 

improvement. 

Color Panel.    A panel of seven people, having previous 

experience in evaluating foods, scored the meat samples 

for color appearance on a desirability basis.    They rated 
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meat on a 7.point hedonic ballot which also contained 

a descriptive word scale:    7, like very much (L.V.M.); 

6, like moderately (L.i,);  5, like slightly (L.S.){ 

4, neutral (H);  3, dislike sli^itly (D*S,); 2t dislike 

moderately (D.l. )j  and 1, dislike very much (D.V.M.). 

Also*  the average per cent panel scores  (S) were calcu- 

lated.    Throughout the storage period,  the panel judged 

the meat as it appeared In the refrigerated showcase where 

the coded samples were distributed at random.    The panel 

members were asked to evaluate the color desirability of 

the samples ©n personal preference as to what they con- 

sidered to be a desirable color for fresh beef. 

Determination of Pigments 

The reflectance ratio method developed by Dean and 

Ball (2©, p. 273*274) was used to measure the myoglobin 

derivatives on the surface of the meat that was net stored 

under carbon monoxide.    Briefly,  their procedure is as 

follows: 

1. Measure the per cent reflectance of the meat sur- 

face at wavelengths of 473,  507,  573 and 597 millimicrons. 

2. Obtain me ratio absorption coefficlenfc   (K) 
scattering coefficient   (S) 

for each value of per cent reflectance from the data of 

Judd  (42,  p.  358-362). 

3. Calculate the following two ratios 
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and 

Vs at 507 wyu 

K/g at 573 m/^ 

Vs at 473 WyU 

Vg at 597 m/* 

4. The value of the first ratio, above, is located 

on the plot of ratio of absorbency §P?.i..lk£ versus per- 

centage of metmyogiobin and oaymyoglobin plus myoglobin 

as given by Broumand et ajL. (21, p. 67) and is shown in 

Figure 1. The value of the second ratio is located on the 

plot of myoglobin and oxysjyoglobin plus metmyogiobin as 

also given by Broumani et al. (21, p. 67) and showi in 

Figure 2. These two absorbency ratios were then located 

on the ordinates of the respective plots and the percent- 

ages of metmyogiobin and myoglobin were d>tained, 

respectively. 

5. By using the folloulng equation, the percentage 

of oxymyoglobln is then calculatedt 

Per cent oxymyoglobin « 100 - per cent metmyogiobin 

- 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 

followed to determine the relative percentages of myoglobin 

derivatives on the untreated carbon monoxide samples. 
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Figure I. CURVE FOR DETERMINATION OF THE 

RELATIVE CONCENTRATIONS OF MMb AND (OgMb* 

Mb) AFTER MEASURING THE ABSORBANCIES AT 

507   mp   AND    573   m/j    (21 :   p.67) 
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Figure 2. CURVE FOR DETERMINATION OF THE 

RELATIVE CONCENTRATIONS OF Mb AND (02Mb + 

MMb) AFTER MEASURING THE ABSORBANCIES AT 

473  m/i   AND    597  myu    (21 :  p. 67) 
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Procedure for the Carbon Monoxld©-1?rested Meat.    A 

procedure similar  to that described above9 was developed 

t© measure the pl@»©nts of the meat treated by carbon 

monoxide.    Curves for detenaining the relative concentra- 

tions of myoglobin and metmyoglobin plus carboxymyoglobin 

(Figure 4), sj*d carboxymyoglobin and metmyoglobin plus ray©- 

globin ^Figure 5) were developed by using fete absorbency 

ratios  at ff| ^  and at |g| m^ , respectively*    The 

relative percent of metmyoglobin was obtained by the 

equation: 

Per cent of metmyoglobin s 100 * per cent of myoglobin 

- per cent of carboxymyoglobin 

In this method,  the oxymyoglobin was replaced by the 

carboxymyoglobin and the ivavelengths—at which the per 

eent reflectance was determined—-were replaced by those 

needed 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) lo 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,  the 
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ABSORPTION    SPECTRA   OF   Mb,   02Mb,   MMb and  MbCO 
(l3:p.235-245) 

450 500 550 
Wavelength   in   mju 

600 

Mb 
 02Mb 
 MMb 
   MbCO 

650 
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carbon monoxide can displace oxygen from oxymyoglobin (32, 

p. 177),*     (3) Lemberg and Legge  (46, p.  287-289)  stated 

that  the affinity constant  (K)  for the reaction 

Sb ♦ CO       > MbCO ia equal to 9500 as compared to 495 for 

the reaction lb ♦ Og  > OgMfo when both reactions were 

carried out at 20°C.  and pH 7,4.     (4) In the preliminary 

work of this study,  a procedure  simiiar to that by Dean 

and Ball (29, p.  273-274) was used to analyze the myoglofcdn 

derivatives of carbon monoxide-treated samples by assuming 

that ©ne of th© myoglobin fractions was absent each time. 

The results showed that it was reasonable to aspume that 

in th© presence of carbon monoxide, th© oxymyoglobin would 

he absent.    The literature also supports this assumption. 

Th© absorbeney ratios used in the preliminary work 

were as follows s 

When OgSib was absent? 

v; ' '■■ v;i~„—^:-~ to determine JS MbCO and % Mb * Mb 

K/g at 466 m;« 

Vs at 594 ms" 

Ilhen Mb was absent: 

to determine % Jib and % Mb ♦ MbCO 

y, ' ^ to determine % MbCO and % MSb ♦ Oolb 
Vs at 597 m/" ** 

/Q at 466 m /A- 
Ki      t -    '   '  ^ to determine % Oglb and ^ Mb ♦ MbCO 



When BMb was absent? 

Vs at 566 m . 
-w-T2—r-r^  to determine % Oolb and % lb ♦ MbCO 
Vg at 583 m a 

, 0 at 527 m ^ . 
v>" ■'      '     to deteraine % MbCO and % Mb - O^lb 

Th© curves for the det©i?Bilnatien of myoglobin frac* 

tlons on the meat surface when treated by carbon momxide 

with the assumption that oxymyoglobin was absent are 

presented in Figures 4 and 5, respectively. 

Statistical Methods 

This study was designed as a randomized block experi- 

ment.    Hine treatments, three replications in each treat- 

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

TABLE 1 
Description of the Treatments  

Storage Atmosphere Packaging Material i 

Air S-M-P,  2.5 polyethylene 
or 1.5 polyethylene 

2% CO S-M-P,  2.5 polyethylene 
or 1.5 polyethylene 

Ng S-M-P 

28 inches of Vacuum S-M-P 
100^ CO T 28 inches of Vacuum S-M-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 subjected to analysis of 
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Figure 4.   CURVE    FOR    DETERMINATION   OF   THE 

RELATIVE   CONCENTRATIONS   OF   MbCO   AND   (Mb* 

MMb)   AFTER    MEASURING   THE   ABSORBANCIES   AT 

523   m/i    AND    606 m^. 
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Figure 5. CURVE FOR DETERMINATION OF THE 

RELATIVE CONCENTRATIONS OF Mb AND (MMb* 

MbCO) AFTER MEASURING THE ABSORBANCIES AT 

466  m/j   AND   606 m^J 
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v@r!anee* fh© various hypotheses wer© 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.) ^er© applied to each treatment t© test 

the variation of the index of change as a function of 

storage, Li (47, p. 295-298). 
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RESULTS AW DISGUSSIOM 

The results ©f 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 actual colors 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 Munsell notations of hue, value/chroma. 

Air Treatments 

Data of the color measurements and pigpnent determina- 

tions of meat samples packaged and stored in pouches of 

sarsn-mylar-polyethylene, 2.5 mils polyethylene and 1.5 

mils polyethylene under an air atmosphere are given in 

Tables 2, 3 and 4 and 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 si@aifleant differ- 

ence between index of change of the samples in the three 
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TABLE 2 
lunsell Hotations, Index of Change, Relative Percentage of 
lb,  02Mb and Mb and Average Per Cent Panel Score of Trip^ 
lieate Samples of Beef Packaged in Saran^Mylar Coated Poly- 
ethylene tftider an Ataaosphere of Air and Stored for 15 Bays 

at 36-38©P. 
Index % lyoglobin ~T 

Days in Muns 
Ive. 

sell notations of 
Change 

Derivatives 
Mb     ' Ub     6M> 

P^n* 
Scox 

mm 

a 
Storage Value/Croma 1® 

0 3.98 R 4.16/3. 61 m .55 10.0 52.0 38, ,0 » 
4.21 R 4.10/3. ,10 + ♦ 81 21.0 55,8 23. ,2 M»«a 

4.50 R 3.73/4. ,23 <* .96 0.0 52.0 48. ,0 .. •- 

Mean <.» .23 10.3 53.3 36. .4 tmm » 

1 4*0® R 4.18/5. ,25 «» 6.07 7.0 3.3 89, ► 7 75, ,5 
5.08 R 3.91/3. ,56 - .71 18.5 23.5 58, ,0 53, a 
4.41 R 4.68/4. ,27 •* 6.63 13i3 15.4 71, ,3 85, ,7 

lean - 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 2.6 3.1 89, ,3 64. ,8 

3 4.47 R 4.32/5. ,36 M» 8.06 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 «k 4.50 7.5 6.0 86, ,5 35, ,7 

Mean - 3.31 17.2 19.7 63, ,1 37, ,5 

4 8.37 R 4.08/2. ,21 ♦ 0.01 42.0 45.3 12, ,7 42, ,3 
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 XR 3.71/1. 87 ♦ .65 53.7 46,3 0. ,0 #»'« * 
8.33 R 4.12/2. ,08 ♦ .42 48.1 51.9 0. ,0 mmm » 

Mean «»' .13 42.6 39.7 17. ,7 «■<■» 

6 2.33 IR 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 
7.29 R 4.24/2. 29 - .34 40.2 59.8 0. ,0 28, ,6 

Mean * 1.74 43.1 56.9 0, ,0 23, ,1 

9 2.50 R 3.94/2. 87 T 4.45 2©. 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 ♦ 5.00 25.9 74.1 0. ,0 28, ,6 
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TABLE continued 

Bays in    MuneeH.Notations 
Storage Ive. 

12 

Index 
of 

% Mjoglol 
Derivatives Panel 

QgMb Seore 

15 

2.63 E 4.11/2.88 * 3.25 27.6 72.4 0.0 30.6 
0.70 a 3.82/2.33 * 8,15 20.6 79.4 0.0 26.5 
1.88 R 4.12/2.80 * 4.23 18.1 81.9 0.0 26.5 
, ESean _* 5,21 22.1 77.9 0.0 27.9 

1.89 R 4.23/^.08 * 2.95 18.6 81.4 0.0 3S.7 
.92 R 3.46/2.41 ♦ 9.96 18.0 82.0 0,0 23.2 

9.44 RP 4.22/2.67 ♦ 6.52 20.3 79.7 0.0 21.4 
Mean ♦ 6.48 19.0 81.0 0.0 26.8 
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Figure 6. MEAN OF INDEX OF CHANGE AND OF PERCENT 
PANEL SCORE ( PART I ) AND MEAN PERCENTAGES OF 

MMb, Mb AND OgMb (PARTH) OF TRIPLICATE SAMPLES 
PACKAGED   IN    SARAN -MYLAR- POLYETHYLENE   IN   AIR 

PART 1 
-10 r L.V.M-,100 

PARTS 

3 6 ti 12 
Days  in the Refrigerated   Cabinet, 36-38° F. 
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tABLE 5 
Mwisell lotations* Index of Cfoange, Relative Percentage of 
lb, Oglb and MMb and Average Per Cent Panel Score of frip* 
licate Samples of Beef Packaged in 2,5 Mils Polyethylene 
tfeder an Atmosphere of Air and Stored for 15 Days at 

36-38°F. 

Days in 
Storage 

ffiimsell Hot&tims 
Av-e,        talne/Crojaia 

liidOiC 
of 

Change 

% MyoglbbSn 
Derivatives 

mm        Mb      QgMb 
Psnel 
Score 

0 4.16 
4.79 
S.00 

R 
R 
R 

3.63/4.57 
3.92/3.64 
4.23/3,94 

lean 

.83 

.62 
3.75 
1,73 

0*0 
16.0 
8.5 
8.2 

44*0 
47.2 
46.6 
45.9 

56.0 
36,8 
44,9 
45.9 

■mm* 

mm 

1 4,80 
5.19 
5.95 

R 
R 
R 

4.05/5.32 
3,70/3.51 
3.98/5,60 

Mean 

* 
+ 
m 

•> 

7.01 
,57 

10.10 
5.51 

3.0 
17.0 
0.0 
6.7 

0.5 
19.4 
0.0 
6.6 

96,5 
63,6 

100.0 
86.7 

79.6 
30.6 
85.7 
65.5 

2 5.77 
7*50 
S.83 

R 
R 
R 

3,48/5,77 
3.44/2.70 
4.13/4.14 

Mean 

7.33 
2.46 
1.96 

0.0 
31.0 
11,0 
14.0 

0.0 
29.8 
20.0 
16.6 

100.0 
39,2 
69.0 
69.4 

75.0 
19.6 
75.0 

( 56. 5 

S 4.78 B 
5.36 m 
5.08 1 

4.02/4.80 
3.60/1.45 
4.08/5.26 

Lie an 

5.06 
2.45 
7,58 
5.40 

3.5 
56.6 
0.0 

20.0 

0.0 
43.4 
0.0 

14.5 

96.5 
0.0 

100.0 
66.5 

67.8 
14.3 
60,7 
47.6 

4 5.SO R 
2,11 m 
1.68 R 

3.95/3.67 
3.78/1.91 
3.94/2,99 

lean 

♦ 
1.65 

.28 
5.14 
1.26 

15.4 
56,7 
15,0 
29,1 

17.3 
43.3 
50.5 
37.0 

67.3 
0,0 

34.5 
35.9 

51.8 
16.1 
39.3 
35.7 

S .37 
6.72 
2.79 

R 
YR 

3.84/2.31 
3.57/2.12 
4.53/1*98 

lean 

' * 
.87 

6.10 
5,09 
,05 

40,0 
41.4 
55,3 
45.6 

34.2 
59.6 
44,7 
46.2 

25.8 
0,0 
0,0 
8.6 

6 3.35 IB 
5.93 R 
9.84 R 

4.32/1.28 
4,26/1*54 
4.42/1.06 

Mean 

4 
+ 

* 

.45 
3,62 
2.82 
2.B0 

50*8 
35.7 
38.2 
41.6 

49.2 
64*3 
61.8 
58.4 

0.0 
0,0 
0,0 
0.0 

22.4 
16.3 
26.5 
21.7 

9 5.07 
5.56 
1.94 

R 
R 
R 

3,89/2.64 
4.09/3.29 
4.45/2.42 

lean 

0* 

2*59 
1.49 
3.01 
1.37 

36.1 
33.1 
31.7 
33.6 

63,9 
66,9 
68.3 
66.4 

0.0 
0.0 
0,0 
0.0 

26.8 
19,6 
26.8 
24.4 
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ttABLS 3,  continued 
IMex 

Days in ^Munaell dotations        of 
Storag© Ave.        ¥alue/Croma Ghang© 

12      1.56 E      3*72/3.16 *  6.26 
1.00 R      3.39/3.05 4  9.14 
1.82 E      3*90/3.16 ♦ 4.85 

lean ♦ 6.75 

15      1.75 R      3.57/3.74 * 5.69 
4*29 R      3.61/3.30 * 3.03 
1.56 E      3.74/3.43 * 5.59 

lean * 4.77 

^ Myoglotom 
Derivatives 

m 
17.3 82.7 
19.3 80.7 
19.3 80.7 
18.7 81.3 

12.7 87.3 
16.6 83.4 
16.6 83*4 
15.3 84.7 

 Pan©! 
'gUb Score 

0.0 
0.0 22 
0.0 30 
0.0 27 

30.6 
4 
6 

0*0 25 
0*0 19 
0,0 25 
0.0 25 
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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 02Mb (PARTJI) OF TRIPLICATE SAMPLES 

PACKAGED   IN   2.5   MILS   POLYETHYLENE   IN   AIR 
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TABLE 4 
lunsell lotatlons. Index of Change, Relative Percentage of 
Mb, 02lb and Mlb and Average Per Cent Panel Score of Trip- 
licate Samples of Beef Packaged in 1.5 Mils Polyethylene 
Under an Atmosphere of Air and Stored for 15 Bays at 

56*380F. 
Index 

Days in   Munsell dotations        of 
Storage Ave.        Value/Croma Change   1Mb lb Ogffl) Score 

0 2.63 R 3.47/4.54 * 3.00 0.0 62.2 37.8 
4.50 R 3.74/3.49 ♦ .55 8.5 47.4 44.1 
5.00 B      4.00/4*26    -    3.52    4.5 46.6 48.9       *- 

Mean    *      .01    4.3 52.1 43.6 

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 

-    3.37 13.0 21.0 66.0    76.2 

4 

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 

lean - 7.26    3.3 0.0 96.7 70.8 

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 

Mean - .50 17.7 20.0 61.9 52.4 

4.92 R 
6.07 R 
6.41 R 

3.79/4.35 
3.32/4.10 
3.39/3.55 

Mean 

mm 

♦ . 

2.43 15.5 
.65 23.5 
.56 22*0 
*84 19.7 

3.3 
0.0 

14.5 
5.9 

83.2 
76.5 
63.5 
74.4 

54.1 
26.8 
30.3 
38.1 

5.32 R 
9.27 I 
3.44 IR 

3.40/3.65 
3.37/2.58 
4.06/2.04 

Mean 

2.23 18.6 
1.58 47.0 
3.20 64.5 

.20 43.3 

13.0 
23.0 
35.5 
23.8 

68.7 
30.0 
0.0 

32.9 «B«ft 

0.86 ¥R 
3.14 YR 
1.75 YR 

3,65/2.23 
3*97/0.78 
3.53/2.22 

lean 

♦  ■ 

* 

.27 42.5 
5.99 43.9 
,26 58.8 

2.17 48.4 

54.9 
56.1 
41.2 
44.1 

22.6 
0.0 
0.0 
7.5 

40.0 
18*4 
22.4 
26.9 
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TABIM 4i  coatinued 
Jsi&ex  ii Mf&gtohin 

Bays in   EJuasell Hbtatlons        of           Derivatives Panel 
Storage Av©*        falue/CPoma Chang©    Mb        Mb Oglb Sco3?e 

9        7.04 R      3.55/2*22 ♦    4.32 44.4 55.6 0.0 26.8 
2.24 IB    3.85/1.76 ♦       .81 45.7 54*3 0.0 19.6 
2.58 1      3.75/4.21 ♦    2.22 30.5 69*5 0.0 33.9 

W®m ♦    2.45 40.2 59.8 0*0 26*8 

12         2.03 R      3.58/3.44 ♦:   5.88 16.3 83.7 0.0 34*7 
6.23 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 

Mean ♦    2.82 20*2 7©*8 0.0 30.6 

15        2.58 R      5.57/3.29 *    5.55  19.7 81.3 0.0 25.0 
2.95 R      3.60/2.63 ♦    6.59 24.5 75.5 0.0 25.0 
1.89 R      3.33/3.57 ♦    7.29 10.7 89.3 0*0 35.7 

lean ♦    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 I ) AND MEAN PERCENTAGES OF 

MMb, Mb AND 02 Mb (PART II) OF TRIPLICATE SAMPLES 

PACKAGED   IN    1.5   MILS   POLYETHYLENE   IN  AIR 

-lOr 
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L.V.M.T 100 

«0 
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3 6 9 

Days   In   the   Refrigerated   Cabinet, 36-38° F. 
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Tmm 5 
     Analysis of Variance on the Index of Changa^ 

Degrees of      lean Si©aifi- 
Source of Variation     Freedom       Square F cance 

at &i 
Replications 2 485.22 40.83 S 

Treatments 8 616.74 51.95 S 

2$ CO vs. Air 1 1,541.65 129.85 S 

28 inch Vacuum vs. Hg 1 50.78 4.28 S 

28 inch Vacuum Vs. 
28 inch Vacuum plus 
100$ CO 1 1,717.05 144.62 s 
2% CO va. Mg 1 1,759.44 148.19 s 
2% GO vs.  28 inch Vacuum 1 1,408.06 202.83 s 
2% CO in S-M-P vs. 
2% CO in 2.5 and 1.5 
Polyethylene 1 42.85        3.61 US 

2% CO in 2.5 Polyethylene 
vs.  2% CO in 1.5 
Polyethylene 1 122.24     10.30 S 

Air in S-BMP vs.. Mr 
in 2.5 and 1.5 
Polyethylene 1 .36 .03 IS 

Air in 2.5 Polyethylene 
vs. Air in 1.5 
Polyethylene 1 .30 .02 MS 

Storage 9 71*98        6.06 S 

Treatments x Storage 72 21.08        1.78 S 

Air in S-ffl-P: L.R.* ._ 1 374,47      31.54 S 
D.P.I,.^ 8 15.12        1.27 HS 

2% CO in S-M-P: 
L.R,* 1 41.34        3.48 IS 
D.P.L.** 8 12.74        1.07 HS 
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gABIiB S, continued 

Source ©f ?ariati„Qn    Degrees of     lean 
'. ..  i     ,,        .     Freedom i, .  Squga?e F_ 

Si^aifi- 
cime© ■ 
at Si 

Mr in 2^6 
Polyethylene: L 

2%  00 in 2.5 
Polyethylene:  I* 

D.F 

Air In 1.5 
Polyethylene: t 

P.P 

2% CO in 1.5 
Polyethylene:      ti 

D.F 

Ng in S-M-P* 

28 inch Vacuum 

L 
D*P 

in S-M*-P| L 
B.F 

100^ CO IMder 28 
inch Vaeuuia In 

D;P 

Error 

Total 

177 

268 

1 
8 

1 
8 

1 
8 

1 
3 

1 
8 

1 

1 
8 

285.13 
11.57 

7.72 
18.45 

242.02 
16*72 

29.10 
10.15 

• So 
9.75 

29.59 
15.40 

11.66 
35.44 

11.87 

37.95 

.65 
1.55 

20.38 
1.41 

2.45 
.85 

.02 

.82 

2.49 
1.30 

,98 
2.98 

:S 24.02 
.97 HS 

IS 
IS 

s 
HS 

NS 
HS 

IS 
IS 

MS 
IS 

MS 
S 

35    Calculations were carried out to four decimal places 
but were rounded off to two decimal places. 

*   L.H. * Mnear Hegression 
**   B.F.Ii. a Deviation From linearity. 
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packaging materials. Each of these curves can be con- 

sidered as a straight line with a negative slope when 

tested for linear regression and deviation from linearity 

at the 5 per cent sigaifleance level. In  other words, the 

rate of fading was constant for the storage period and was 

the same for each packaging material used. 

Golor Panel 

Tha  average panel score indicates that the color of 

all samples, regardless of packaging 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 samples as moderately undesirable. 

Pigments 

The mean of the index of change followed the per cent 

of oxymyoglobin for the three packaging materials. 

The peak level of ©xymyoglobin was reached on the 

second day on the samples packaged in saran^mylar- 

polyeMiylene and 1.5 polyethylene films*    The relative 

percentage of this pigment was higher for the beef cuts 

stored in the 1*5 polyethylene than those held in the 

saran-mylar-polyethylene pouches*    The  samples stored in 

2*5 polyethylene had the highest concentration of oxymyo- 

globin after one day of storage. 
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The pattern of ehanges of tbs   three meat pigments 

during storage was fairly similar in each of the three' 

packages.    After sis days -of .storage,,  oxymyoglobi-n was not 

detected in the samples paelsaged in saran-mylar-polyethylene 

or 2.5 mils polyethylene pouches whereas the pignient dis- 

appearanee was delayed to  the ninth day of storage in 

those samples packaged in 1.5 alls polyethylene.    After 

the ninth day, no improvement in the  color was shoim by 

index of change, but a very slight increase was indicated 

by the eolor panel score. 

M ffaybon Moroxide Treatment s 

Results for the samples packaged in saran-mylar- 

polyethylene, S.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 11. 

Index of Change 

The analysis of variance calculations. Table 5,  of 

the index of change indicate no significant difference 

between the color of the samples packaged in saran-mylar- 

polyethylene and those packaged in 2.5 polyethylene and 

1.5 polyethylene! however,  there was sigiifleant difference 

in the color between samples packaged In 2.5 polyethylene 
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lunsell lotations, Indox'of Change, Helativ© P©s?c©ntag@ of 
Mb, MbGO and 1Mb and Average F©r Cexfc   Panel Score of Trip- 
licats Saaiples of Beef Packaged in Saraa-Mylar-Po&yetfojlen© 
tJnder an Atmosphere of 2% Carbon Monoxide and 98% Air and 

Stored for IS Pays at 56-S80F. 
Index 

Days in    liimsell lot at ions        of 
Storage Aye.        Value/Groma Chi 

% MyoglobSn 
Derivatives        Panel 

Hir    Mb      MbCO Score 

4 

6 

3.04 B 
5.02  R 
5.05 R 

S.25 H 
S.45 H 
3.24 ft 

3.29 R 
4.60 R 
3.85 R 

3.15 R 
2.49 R 
2.95 E 

3.23 R 
2.43 R 
2.96 R 

3,52 R 
3.33 R 
2.87 R 

3.69 R 
2.63 R 
3.01 R 

4.02/4.21 * .17 12,5 
3.97/4.32 • 3.58 36.1 
4.01/4.01 ♦ .40    7.0 

lean - 1.12 18.5 

4.23/6.55 
3.88/4.76 
4.30/5.27 

Mean 

4.34/7.71 
3.63/5#01 
4.13/6.21 

Mean 

4.36/6.91 
4.52/4.51 
4.28/5.93 

Mean 

4.36/6.53 
3.60/6.72 
4.26/6*48 

Mean 

4*07/5.76 
4.00/6.70 
4.40/6.31 

Mean 

4.28/6.33 
4.00/6.70 
4.36/7.09 

Mean 

8.13 27.0 
1.56 41.6 
5.06 33.0 
4.92 33.9 

12.22 10.5 
3.06 35.2 
8.10 31.2 
7.79 25.6 

9.61 36.0 
2.97 20.3 
6.04 29.0 
6.21 23.4 

8.81 22*5 
2;61 23.0 
7.53 17*2 
6*32 20.9 

8*25 49*0 
7.38 26.8 
7.54 36*8 
7.72 37.6 

8.95 29.2 
7*82 27.5 
9*70 16.0 
8.82 24.3 

69*0 18.5 
41.3 22*6 
80.0 13.0 
63.4 18.1 

7*8 65.2 81.6 
28.1 30.3 85.7 
19.5 47.5 79.6 
18.5 47.6 82.3 

0.0 89.5 85.7 
12.8 52.0 78.6 
1.0 67.8 82.1 
4*6 69*8 82.1 

0.0 64.0 83.9 
60.5 19.2 78.6 
12,5 58.5 80.3 
24.3 47*3 80.9 

8.2 69.3 83.9 
19*5 57*5 76.8 
7.8 75.0 83.9 

11.8 67*3 81*5 

0.0 51.0 
10.0 63.2 
,0*0 63.2 
3.3 59.1 

5.8 65*0 57.1 
19.3 53.2 73.5 
9.2 74.8 73.5 

11.4 64*3 68.0 
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TABLE 6»  continued 
Index 

Days' in Mtttigell lotatJong of . 
Storage, Air@..        Valm/Sroma Qhapge. 

1 ^"l yyogioT&'in" 

9 

12 

IS 

4.9© R 
2.67 R 
2.83 R 

3.19 R 
3.19 R 
3.91 1 

2.28 S 
2.58 1 
2.80 R 

4.17/5.30 * 8.01 46*0 
4.37/6.17 - 6.51 18.1 
4.35/7.19 - 9.38 18.3 

He an * 7^97 27.5 

4.4S/4.92 
4.22/7.06 
3.85/7.91 

* 4.92    3.7 
- 9,29 22.S 
* 11.63    3o0 
- 8«6l    9*8 

4.30/5.37 - 3.27    0.0 
4.52/6.98 * 6.75    0.0 
4.12/6.64 » 6.52 12.3 

Me^n «• 5.51    4.1 

1.0 
33.9 
3.7 

12.8 

55.0 55.3 
48.0 76.8 
78.0 80.3 
59«7 70*8 

65*3 31.0 55.1 
7*2 70.0 7705 
0.0 97.0 7966 

24.2 66.0 70*7 

66.3 33.7 53.6 
73.8 26.2 76.8 
21.6 66.1 78.6 
53.9 42.0 69.7 
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Figure   9.    MEAN  OF INDEX  OF CHANGE   AND  OF PERCENT 

PANEL   SCORE    ( PART I)      AND   MEAN    PERCENTAGES   OF 
MMb, Mb  AND  MbCO (PART II)  OF TRIPLICATE    SAMPLES 
PACKAGED    IN    SARAN - MYLAR - POLYETHYLENE   IN   A 
MIXTURE   OF   2 %   CO   AND   AIR 

PART I 
,100 

<o 

<b 
50 £ 

PART Jl 

0 3 6 9 12 IS 
Days   in   the   Refrigerated   Cabinet,  36-38° F. 



7.2 75.5 85.7 
65.0 0.0 79.6 
0.0 66.6 77.5 

24.1 46.7 80.9 
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f&WM 7 
Munsell Hoiations, Index of Ohange* Relative Pereentage of 
Mb# MbGO. and lib and Average Per, Cenfc  Panel Score of Trip- 
licate Samples of Beef Packaged in 2.5 Mils Polyethylene 
trader an Atmosphere of 2$ Garbon Monoxide and 9S$ Air and 

Stored for 15 Days  at g6*380p. 
——»_     « -       index fi Myoglofein % 

Days in   Munsell lotatjona       of derivatives       Panel 
Storage Ave.        Value/Croma Change     BMb     Mb     IbCO Seo.re 

0 3.91 R 3.88/4.88 * 2.85 8.0 49.0 43.0 
5.11 R      3.85/3.95 - 1.74 27.5 60.2 12.3 
6.66 1      4.29/4.68 - 9.81 24.0 40.8 35.3 

Mean - 4.80 19.8 50.0 30.2 

1 3.64 R 4.00/7.00 - 9.15 19.3 
1.29 R 3.92/3.84 ♦ 4.09 35.0 
5.19 R      4.39/6.15    - 12.78 33.4 

Sean    -    5.95 29.2 

2 4.39 H 3.29/8.77 * 17.43 0.0 0.0 100.0 92.8 
4.4L R 4.58/4.41 - 6.48 31.4 35.1 53.5 75.0 
5.©0 R      4.03/6.25    - 12.74 21.2      0.0    78.8    67.8 

Mean * 12.22 17.5 11.2 70.8 78.5 

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 78.6 
5.07 R  3.88/4.78 - 4.71 45.2  7.8 47.0 39.3 

lean • 6.06 27.6 14.7 57.7 67.9 

4 3.85 R 4.10/7.94 - 13.03 5.5 0.0 94.5 85.7 
3.35 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 

lean - 6.42 25.9 26.3 47.8 69.6 

5 3.36 R 4.22/8.44 - 13.57 0.0 0.0 100.0 
0.47 R 4.18/4.32 4 3*02 34.0 65.0 3.0 
7.02 E  3.77/2.89 ♦  .19 36.0 64.0  0,0 

Mean # 3.45 23.5 42*3 34.4 

6 4.10 R 4.58/8.00 - 15.69 5.2 0.0 94r8 81.6 
1.91 R 4.13/5.90 * 2.61 21.7 29.8 48.5 73.5 
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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TABLE 7j  eontlnued 
—- Index ft Ujoglohln ~W~* 
Days in   luaasoll .notations i     of Deritrativeg        Panel 
Storage Ave.        Value/Oroma Change .MMto Mb MbCQ Soere 

9         S.23 H      4.00/8.00 - 10.62 8.7 5.3 86.0 83.9 
3.00 R      4.20/7.69 - 10.28 14.0 8.5 77.5 75.0 
3.89 R-     4.00/4.00 -       .86 0.0 87.3 12.7 51.8 

lean *.    7.25 7.6 33.7 58.7 70.2 

12         3.35 R      4.35/8.03 - 13.10 7.0 0.0 93.0 81.6 
2.93 R      3.72/7.47 *    6.61 3.7 20.0 76.3 75.5 
2.27 R      3.84/4.21 ♦    2.20 0.0 87.3 12.7 42*8 

lean -    5.87 3.5 35.8 60.7 66.6 

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 
2.31 R      3.75/4.54 ♦    1.90 0.0 82.6 17.4 51.8 

Mean -    4.66 4.3 40.2 55.5 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 

PART I 
100 

<0 

50 Jj 

10 

BOr- 

PART n 
MbCO 

0 3 6 9 12 15 
Days   in   the   Refrigerated   Cabinet, 36-38° F 
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Tmm a 
Efomsell lotations. Index of Chang©, Helative feroentag© of 
lb, MbGO snd fiSMb and Average Per Gent Panel 3003?© of Trip- 
licate Samples of Beef Packaged in 1*5 Mils Polyethylene 
Under an Atmosphere of 2$ aapbon Monoxide and 98% Air and 

Days In Munsell notations 
Aire»        Vaiue/drbiaa 

Index 
of 

Change 

% Myoglobin 
Derivatives 

iSL 

* 
Panel 

Storage WOt Mh MbC Seor© 

0 4.11 
3.31 
4*08 

R 
R 
R 

S.72/4.23 
4,19/5.17 
4.03/4.49 

Mean 

- .24 
* .48 
• 2.84 
- 1.18 

15.3 
21.0 
8,0 

14.8 

58.5 
73.0 
54.0 
63.8 

26. 
0, 

38, 
21, 

,2 
,0 
,0 
.4 ■mm 

1 4.11 
3,78 
4.70 

R 
R 
R 

3.88/7.06 
3.73/4.45 
3.95/6.59 

Bllenn 

* 9.84 
-     ,38 
*10.38 
* 6.87 

24.6 
33,7 
19.6 
26,0 

0.0 
41.3 
0,0 

13.4 

75, 
25, 
80, 
60, 

,4 
,0 
,4 
► 3 

79.6 
79.6 
79.6 
79.6 

2 4.34 
5.03 
4,36 

R 
R 
R 

3,36/7,68 
2,99/5.34 
3.57/7.66 

EJesn 

- 9.32 
- 1,21 
-10.58 
- 7.04 

4.5 
57.0 
2.8 

14.8 

0.0 
0.0 
0.0 
0*0 

95, 
63, 
97, 
85, 

,5 
,0 
,2 
.2 

80.3 
69.6 
80,3 
76.7 

3 4.i9 n 
4.33 R 
3.27 H 

3.85/5.92 
2.70/3.50 
4.06/6.54 

Mean 

- 6.37 
♦ 1.81 
- 7.14 
- 3.90 

24.5 
49.8 
26.5 
33.6 

11.0 
37.2 
2.5 

16.9 

84, 
13, 
71, 
49, 

,5 
,0 
,0 
,5 

80.3 
42.8 
83.9 
69.0 

4 4.02 
3.67 
3.68 

R 
R 
R 

3.97/6.65 
3.65/3.87 
4.11/5.56 

Mean 

•* 8.89 
4 2.08 
* 5.11 
- 5.97 

16.5 
35.8 
27.1 
26.5 

1.5 
40.7 
21.7 
21^3 

82, 
23, 
51, 
52, 

,0 
,5 
,2 
,2 

83.9 
39.3 
80.3 
67.8 

5 3.71 
1.98 
3.27 

R 
R 
R 

3.53/7*16 
3*71/3*80 
4*00/5.92 

le^n 

- 6.91 
♦ 4.37 
- 5.09 
* 2.54 

12.6 
38.5 
26.5 
05.8 

0.0 
55.0 
14.2 
25.1 

87, 
6, 

59, 
51, 

.4 
► 5 

.3 
,1 

6 3.81 
2.70 
3.33 

R 
R 
R 

3.75/6.30 
4.17/4.30 
4.00/5*67 

Mean 

- 5*99 
*     .73 
- 4*55 
- 3.76 

17.0 
22.4 
23*0 
20.8 

14.0 
52.6 
27.0 
©1.2 

69, 
25, 
50< 
48, 

,0 
,0 
,0 
,0 

71.4 
57.1 
69.4 
66.0 
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eontizmed 

Days in ^.M^asell^Wotatipxia of 
Storage '^mT^^^'kluB/'QVQ^ Change 

9         3.68 R      3.71/6.99 - 7*13 
2.78 R      S.45/4.47 ♦ 3*03 
3.60 R      4.07/5.6S - 5«5g 

Msaa ■ <- 3* 81 

IS        3.32 R      4.12/6.52 - 7.S8 
1.89 R      3.59/4.44 ♦ 3.84 
3.14 R      3.83/5.64 * 3.02 

lean - 2,25 

15        2,90 R      3.81/6.$7 * 4.23 
2,89 R      3,51/4.27 ♦ 2.98 
3.14 R      3.82/5.57 « 2,77 

Mean - 1*54 

ayoglobin 
.Derivatives        Pansl 
Mb  .''Kb     IbCO Score 

804 14.3 
tP.o * & . S; 
8.3 39.9 
6.9 42,1 

J.X. 2 S&.o 
0,0 82.3 
0.0 66*8 
3.7 58., 3 

6,3 27.5 
0,0 85.5 
0.0 61.6 
2.1 58.2 

77.3 82.1 
24.0 62,5 
51.8 78.6 
51.0 74.4 

63.0 81.6 
17.7 51.0 
33,2 55.1 
38.0 62.6 

66.2 76.8 
14.5 48.2 
38.4 57.1 
39.7 60.7 
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Figure II.   MEAN  OF INDEX OF CHANGE  AND OF PERCENT 
PANEL  SCORE   (PART I )      AND   MEAN   PERCENTAGES OF 
MMb, Mb AND  MbCO (PARTII) OF TRIPLICATE   SAMPLES 

PACKAGED  IN   1.5 MILS   POLYETHYLENE  IN  A  MIXTURE 

OF 2%   CO   AND    AIR 

-IOr ,100 

PART n 

0 3 6 9 12 15 
Days  in   the   Refrigerated   Cabinet, 36-38° F. 
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and 1.5 polyethylene at the 5%  significant level. Th© 

curves in the graphs representing the index of change for 

the samples packaged in the three different films were 

considered, statistically, as horizontal lines to the 

storage axis when tested at the 5$ significance level. 

These results indicate that the index of change for the 

samples packaged with each of the three materials and the 

subsequent color of the beef treated by 2% carbon monoxide 

were stable for the 15 days of storage. 

Color Panel 

The mem color panel score for all samples, regardless 

of packaging material, ranged from like slightly to like 

moderately during the 15 day storage period.    "She panel 

score 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 decline 

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, respectively. 

As  shown in Figures 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-mylar*polyethylene mid 

1.5 polyethylene, while such a decrease v/as not noted in 

the samples sealed in 2.5 rails polyethylene tan til after 

the fifth day of storage. 

The percentage of carboxymyoglobin of the samples 

packaged in saran-mylar-polyethylene fito 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 storage, 

the per  cent ©f IbCO of the samples sealed in 2.5 poly* 

ethylene increased from 35 to 60% by the ninth day, re- 

maining somewhat stable 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 gradually 

declined until  the end of the storage period.    The rela- 

tive percentages of metmyoglobin and reduced myoglobin 

appeared to have little or no effect on either the index 

of change or the color panel score tvhen carboxymyoglobin 

was present. 
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Nitrogen gas,  an inert gas, was not used in the 

permeable-to-gas films*    Tb& barrier saran-mylar- 

polyethylene was used to pack the meat samples stored 

under an atmosphere of nitrogen.    The color measiarements 

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 

Th© 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 

stabilized by the nitrogen treatment,   the  color was very 

faded. 

Color Panel 

Hesults 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 level throughout the storage period. 
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9ABXS 9 
lunsell dotations, Index of Change, Helative ?ere@ntage of 
Mb, 02Mb and Mb and Average Per Cent Panel Seore of Trip- 
licate Samples ©f Beef Packaged in Saran-Mylar^Polyethylme 
Under an Atmosphere of Bitrogen and Stored for 15 days at 
 g6-geoFfc 
  1 ■ ■. jildex -^ iWyogiobin $> "" 

Days in    lunsell lotations        of Derivatives        Pen el 
Storage Ave«        ¥alue/er©ma Chsange Mb     Mb      OgMb Score 

0 3.41 E      4.10/3.65    +     .28 15.5    61.0    23.5 
2.7g R      3.78/3.30    *  4.08 19.5    73.0      7.5      *• 
3.38 R      4.06/3.52    ♦     *92 13.0    69*0    18.5 

Mean    ♦ 1.76 16.0    67.7    16,3 

1 1.69 S 3.88/2*98 ♦ 5.51 21.3 78.7 0.0 24.5 
4.57 R      3.23/3.04    ♦ 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 

lean    ♦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 
3.44 R      4.09/2.17    ♦4.42 24.8    75.2      0.0    23.2 

Mean    ♦ 6.23 28.5    71.5      0.0    23.2 

3 1.37 S 3.97/3.19 ♦ 4.94 21.6 78.3 0.0 23.2 
3.42 R 2.87/3.63 ♦ 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 

4 1.80 R 3.96/3.14 ♦ 4.55 23.7 66.0 10.3 26.8 
1.29 R 3.55/3.00 ♦ 7.93 31.3 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 26.3    70.3      3.4    29.8 

5 2.65 R      3.76/3.69    ♦ 3.33 22.5    66.6    10.9 
1.83 B      3.56/2.76    ♦ 7.73 28.5    71.5      0.0      — 
1.62 1      3.48/3.11    ♦ 7.72 15.3    84.7      0.0 

Mean    ♦ 6*26 22.1    74.3      3.6 

6 2.90 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 76.5 0.0 26.5 
3.76 R      3.99/3.68    ♦     .34 18.2    81.8      0.0 28.6 

Mean    ♦ 2.51 21.2    75.3      3.5 28.6 
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TABLE 9 f contiir 

Munael 

ued 

Days in 
Storage 

1 dotations 
Valme/Cx^ma 

Ind©x 
of 

Change 

% Myoglobin 
Derlfafcl^es 

mm    wo    ogjE&b 

i ■ 
Panel 
Score 

9 4.64 H 
1.10 R 
3.40 R 

3.91/3.60 
3.60/3.62 
4.10/3.79 

lean 

-    .21 
♦ 6*71 
♦ .10 
♦ 2.13 

26.5 
19.0 
22.0 
22*5 

73.6 
81.0 
78.0 
77.5 

0.0 
0.0 
0.0 
0.0 

28.6 
28.6 
28.6 
28.6 

12 1.17 R 
2.15 R 
3.71 1 

3.80/3.16 
3.96/3.30 
3.78/3.78 

leaii 

♦ 6.27 
♦ 3.75 
♦ 1.38 
♦ 3.80 

21.4 
21*6 
13.3 
18.8 

78.6 
78.4 
86.7 
81.2 

0.0 
0.0 
o.o 
0.0 

26.5 
26.5 
28.6 
27.2 

15 1.21 R 
2.47 R 
0.45 R 

4.05/3.17 
4.06/2.75 
4.06/2.71 

Mean 

♦ 4.70 
♦ 4.05 
♦ 6.34 
♦ 5.03 

19.8 
18.3 
17.4 
18.5 

80.2 
81.7 
82.6 
81.5 

0.0 
0.0 
0.0 
0.0 

25.0 
25.0 
26.8 
25.6 
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Figure 12. MEAN OF INDEX OF CHANGE AND OF PERCENT 
PANEL SCORE (PARTI) AND MEAN PERCENTAGES OF 

MMb, Mb AND 02Mb (PART 11) OF TRIPLICATE SAMPLES 
PACKAGED IN SARAN - MYLAR - POLYETHYLENE IN 

NITROGEN    GAS 

L.V.M.TIOO 

90 

80 

*60 

§ 50 

| 40 

,o- 

XN»' 

PART n 

Mb 0. 

0 3 6 9 12 15 
Days   in   the   Refrigerated   Cabinet, 36-380F. 
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Piipaent eonemtrations of the nitrogen treated 

samples showed vory little fluctuation after the first day 

of storage* During the entire storage period, the oxymyo- 

globln content was betoeen 0 and S per cent and the amount 

of metmyoglobin ranged between 20 and 50 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 23 inches of vacuum and the 

other in which the sapples were first flushed with an 

atmosphere of 100 per cent carbon monoxide then sealed 

under vacuum of 28 inches, are tabulated in Tables 10 and 

11. Also, the plottings of thes'e data are illustrated in 

Figures 13 and 14. 

Index of Change 

As shown In Table 5, th® 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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Tmm 10 
Mmsell dotations. Index of Change, Relatiire Percentage of 
Mb* Oglb arfi 1Mb and Avera@3 Per Cent Panel Score of 3?rip» 
lieate Samples of Beef Packaged in Saran-lylar-Polyeth^lme 
Under 28 Inches of Vacuum and Stored for 15 Days at 

36-380F. 
Index % Myoglob ET * 

Days in Btaisell lotations of Derivatives Panel 
Storage Ave. Value/Groma Change lib lb 02i 

,0 

SCOJ ?© 

0 3.06 R 4.00/3.41 ♦ 2, ,02 12.0 66.0 22, ■ 

3.27 H 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 «•«» 

lean " i ,08 8,8 47.6 45, .6 4»« to 

1 2.07 R 3.47/3.38 
2,74/3.21 

♦ 6. ► 62 16*4 83,6 0, ,0 24, ,5 
1.28 R +, 12, ,39 17.3 82.7 0, ,0 28, ,6 
2.33 R 3,55/4.10 ♦ 4, ,10 19.4 80.6 0, ,0 34. ,7 

lean * 7, ,70 17.7 82.3 0, ,0 29, ► 3 

2 2.14 R 3.51/3.4® ♦ 6, ,03 13.2 86.8 0, .0 25, ,0 
3.99 R 2.49/2.98 4 10, ,89 33*2 66.8 Q< ,0 19, ,6 
3.62 R 2.73/4.81 ♦ 4, ,87 17.4 82.6 0, .0 26, ,8 

lean 4 7, ,26 21.2 78.7 0, ,0 23. ,8 

3 2.51 1 3.98/3.48 ♦ 2, ,72 20.7 79,3 0, ,0 23, ,2 
■■»• — ♦ 7, ,47* ~ «»«» 0.-.X 17, ,8 

2.01 R 3.94/3.44 
lean 

♦ 3< ,76 21.6 78.4 0, ► 0 33, 
25, 

,9 
,0 

4 1.90 R 3.58/3.27 ♦ 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 

Sean ♦ 7, ,05 26.2 73,8 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 «*«■»« ■ 

4*38 R 3.75/2.46 ♦ 4. ,73 23.0 77,0 0, ,0 mm • 

Mean ♦ :- 6, ,27 23.1 76.9 o, ,0 «** p 

6 2.18 R 3*77/2.98 ♦ 5, ,58 20.8 70.2 0, .0 30, ,6 
2.06 R 3*13/5.16 ♦ ^ 9, ,16 22.4 77,6 0. ► 0 28, ,6 
2.75 R 3.66/2.96 ♦ 5, ,61 21.5 78.5 0, ► 0 34. 7 

rieari t 6, ,78 21.6 78.4 0, ,0 31, ,3 
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TABLE 10,  continued 
Index % Myoglobln % 

Days to .   films ell notations Of Derivatives Panel 
Storage Av©. Value/Croma Change Mb Mb 

81.8 0.0 

Score 

9 2.20 R 3.14/3.66 + 7.78 18.2 28.6 
1.53 R 3.24/2.97 ♦ 9.56 24.7 75.3 0.0 23.2 
2.88 R 3.43/3.0© ♦ 6.51 29.6 70.4 0.0 33.9 

Mean. ♦ 7*95 24.2 75.8 0.0 28.6 

10 0.83 R 3.70/3.20 4> 7.23 18.3 81*7 0.0 26.5 
0.96 R 3.63/2.86 4 : 7.91 22.0 78.0 OsO 24.5 
1.37 R 3.75/2*92 >♦ 6.79 21.9 78.1 0.0 26.5 

Me aft ♦ 7.31 20.7 79.3 0.0 25.8 

IS 2.83 R 4.04/S.29 ♦ 2.40 21.6 78.4 0.0 25.0 
9.77 RP 3.47/2.52 ♦ .'• 11.86 20.6 79.4 0.0 23.2 
1.54 R 3.67/3.35 4>] 6.20 16.9 83.1 0.0 32.1 

lean ♦ 6*82 20.0 80.0 0.0 26.8 

* not measured 
x a dumny 
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Figure 13. MEAN OF INDEX OF CHANGE AND OF PERCENT 

PANEL SCORE (PART I) AND MEAN PERCENTAGES OF 
MMb, Mb AND 02Mb (PART II) OF TRIPLICATE SAMPLES 

PACKAGED IN SARAN - MYLAR - POLYETHYLENE UNDER 

28     INCHES    OF   VACUUM 

-IOr 

+1 

PART   I 

% S 

L.V.M.TIOO 

L.M. 

L.S, 

D.S.- 

 o .__:_ D.M.- 
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^60 
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/ 

§   50k 
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40 
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20 

10 

•0—o^ 

PART n 
Mb 

.0 o 

h / 
/ 

I 

\ 

A MMb 

1 —^. o   ■   o   ■ 
9 12 

Days   in   the   Refrigerated   Cabinet, 36-38° F. 
15 
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TABSE 11 
riunsell notations, Index of CJiange, Relative Percentage of 
Uh, Mb GO aad fflUb said Average Per Cent Panel Score of Trip* 
lieate Samples of Beef Packaged in Saran*Mylar-P©ly©t^l0i© 
Pluaafoed by 100% Carbon Monoxide* Sealed Ttoder 28 Xaehea of 

¥acum and Stored for IS Bap, at g8*38QP» 
""index ' ' "' P J.lybgl'obin' ' "  ^" 

Bays in   Munsell lotationa        of derivatives        Panel 
Storage Av©.        Value/Croaa Change   "Mb     'lb   " lihCQ-Score 

0 

3 

3,1Q E 
5.65 R 
3*08 S 

3*15 1 
5.2? R 
3*76 R 

3.81 1 
4*08 R 
4*21 1 

3.61 1 
3.16 R 
2.57 R 

3*77 R 
3.64 1 
2.68 R 

3.67 R 
2.21 R 
2.74 R 

4.02 R 
2.29 R 
4.23 R 

3*78/4*14 + 
2.38/3.04 T 
3*97/4*96 - 

Mean * 

4.23/6.37 
3.28/4*57 
3.71/7.47 

Mean 

4.02/7.96 
3.40/6.83 
3.43/8.09 

Mean 

4.16/7.08 
3.64/4.09 
3.67/6.02 

Mean 

3.90/7.64 
3.81/4.64 
3.57/5.73 

Mean 

3.96/6.81 
3.58/4.51 
3.16/5.64 

Mean 

3.82/5.84 
3*75/4.12 
4.57/6.21 

lean 

1.35    6.7 
3.41    8»5 
1*92 13.5 

.95    9.6 

* 7.39 11*7 
* 2*84    0.0 
- 8.97    0.0 
* 4.51    3.9 

- 12.48    9.7 
- 6.21    0.0 
* 10.62    0.0 
* 9.77    3.2 

* 10.17 10.4 
* 2.22 2.0 
*_ 1.70 0.0 
«•    3.22    4.2 

* 10.70 13.0 
- 2.24    4.9 
* .64    0*0 
- 4.53    5.9 

* 8.36 18.0 
* 3.17    5.0 
* 1.90    0.0 
- 1.10    7.7 

- 5.55    5*2 
* 2*92    4.5 
* 11.69    6.6 
- 4.77    5.4 

72*3 21.0 
73.5 18.0 
46.0 40.5 
63.9 26.5 

16.8 
66.2 
8.0 

30.5 

0.0 
23.3 
7,4 

10.2 

12.3 
85.5 
52.9 
5Q.2 

0.0 
61.1 
45.6 
35.6 

15.0 
77.0 
49*0 
47.0 

40.8 
86.5 
21.1 
49.5 

71.5 
33.8 
92.0 
65.8 

90.3 
76.7 
92.6 
86,6 

77.3 
12.5 
47.1 
45.6 

87.0 
34.0 
54.4 
58.5 

67.0 
18.0 
51.0 
45.3 

54.0 36.7 
9.0 36.7 

72.3 63.3 
45.1 45.6 

34*7 
61.2 
53,1 
49.7 

44.6 
51.8 
66.1 
54.2 

37.5 
48*2 
67.8 
51. 2 

otd .1 
57.1 
67*8 
52.3 
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TABXE ll^ mtifcinued 

12 

15 

4.04 R 3*92/6.46 
S.92 R 3.81/6.25 
0.42 YB    4,55/3.81 

Mean 

3*33 R 
2.72 R 
2,08 1 

5.49  E 
3.33 R 
2.51 R 

4,15/5.42 
3.94/8*97 
4.17/4.95 

lean 

3.79/6.11 
3.88/5.82 
3,94/4,91 

Mean 

$ Myoglobln 7s 
Degivativeg        Panel 

SSMb      lb      MbCO Score 

8.37 19.5 
6.48 16.4 

13,55    0.0 
9*47 12.0 

4.76 11,5 
11.06    9.5 
1*12    0.0 
5.65    7.0 

4*89 13.0 
4*24 15.0 
0,49    0.0 
o»SI     9,3 

7.3 73.2 32.1 
23.6 60.0 51.8 
47.5 52.5 64.3 
26.1 61.9 49.4 

46*0 42*5 36.7 
0.0 90.5 59.2 

73.6 26.4 61.2 
39,9 55*1 52.4 

25.8 61*2 53.9 
40*0 45*0 53.6 
79*7 20.3 64.3 
48.5 42.2 50.6 
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Figure 14. MEAN OF INDEX OF CHANGE AND OF PERCENT 

PANEL SCORE (PARTI) AND MEAN PERCENTAGES OF 
MMb, Mb AND MbCO {PART H) OF TRIPLICATE SAMPLES 
PACKAGED IN SARAN - MYLAR - POLYETHYLENE IN 
100% CO   UNDER   28   INCHES   OF  VACUUM 

PARTI 
-IOf- L.V.M.f-lOO 

PART n 

/       *        / N 

-.^Co 

^'' 

MMb 

**>' 

Days   in  the  Refrigerated    Cabinet,   36-38°  F. 
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vacuum sealing did not show a linear relationship, nor was 

linear regression significant.    The index of change for 

thin treatment was always represented by a negativ© sign, 

although a large variation existed from one day to another. 

Color Panel 

Panel scores for the samples subjected 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 

under high vacuum, while those treated by carbon monoxide 

flushing and then sealed under high vacuum fluctuated be- 

tween dislike slijatly to neither like nor dislike. The 

panel members objected to the samples of the later treat- 

ment because of the dots of dark red surrounded 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, 

while no change was noted in the metmyoglobin coneentra- 

tion.    Oxpiyoglobin decreased during the first 2 days, 

after which it disappeared completely. 
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Percentage of carboxymyoglobin fluctuated considerably 

during the storage period in the samples undergoing the 

carbon monoxide and high vacuum treatment* Again, the 

index of fading followed the variations of the carbosy- 

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 each sample* 

Effects of Packaging Methods 

Packaging of the fresh beef in air was shorn to im- 

prove the color for about 5 days, after which the color 

faded to undesirable shades* The blooming of the fresh 

beef vma  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), Brataler (14, p. 62-65), 

Mackintosh and Hall (51, p. 281-286), Meyer (54, p. 191- 

193), Neil said Hastings (57, p. 479-492) and Rikert et al. 

(71, p. 17-2S). 

The increase in the amount of reduced myoglobin and 

the decrease of metmyoglobin concentration after blooming 

in a gas impermeable film were observed by Dean and Ball 



86 

(29, p. 273-286), Sraft 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 pigmmts 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 migjht be caused by their us© of the 

Hunter ai, value to describe color or the inherent differ- 

ences existing between humans in their ability to agree 

in evaluating, subjectively, the color of packaged fresh 

beef. 

The storage study results of the 2% carbon monoxide 

treated samples, regardless of packaging material used, 

showed that the color was significantly higher than those, 

stored in air* nitrogen or under high vacuum. Moreover, 

the color for 2$ carbon monoxide treatments was found to 

be stable, statistically, throughout the 15 day storage 

period at 360-S80P» These results agree with the recom- 

mendations advocated by Pearson (62, p. 37-38). The 

amount of earboxymyoglobin pigment was likely to be stable 

or slightly decreasing, when myoglobin was increasing 

slowly and metmyoglobin was decreasing as the storage 

period proceeded. Th© 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 imperme- 

able film caused quick fading, followed hj  stabilization 

of the color at an undesirable shade, These results were 

also shotm bj  Hikert et al, (71, p. 17*2S). In the present 

study, the myoglobin fractions were stabilized after the 

first day at th© following Isvelss oxymyoglobin at 0$} 

metmyoglobln at 20 t© 25 %;  and myoglobin around 80$. 

Packaging of beef under 28 inches of vacuum in an 

impermeable to air film in order to preserve the color cf 

meat for 12 to 14 days has been recommended by several 

investigators, Broumand et a^. (21, p. 65*77), Dean and 

Ball (SO, p. 468-471), (51, p. 222-227), Rikert et al. 

(70, p. 625-652; and 71, p. 17-25); however, the success 

of such treatment depends upen the return in redness 

caused by an increase in the amount of reduced myoglobin. 

Although the results of the present study indi 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 th© panel score and the positive value of the 

index of change. Furthermore, results 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  above 

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**Hiylar- 

polyethylen© under 28 inches of vacuum*  the increase was 

not statistically significant as tested by linear regres- 

sion* 

In preliminary experiments where glass  jars were used 

as the storage means,  a coiabination of flushing the  stor- 

age atenosphere with 100 per cent carbon monosdd© prior to 

drawing vacuum of 28 inches appeared to offer beneficial 

treatment for maintaining the color of stored fresh beef. 

Ihen saran-mylar-pdlyethylene 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 were mrde to obtain spectrophotometrie 

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 their opinion,  either they liked or 

disliked the meat according to the following factors: 

1.    The heterogeneity in the color pattern. 
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2. The abnormally bright red color of these samples 

gave the meat a somewhat artificial color. 

Although there was considerable variation in the 

color9 analysis of variance of the data (Table 5) indicated 

that samples treated by a combination of carbon monoxide 

and high vacuum had a significemt effect in improving th© 

color when compared to those stored under high vacuum. 

Effect of Packaging Materials 

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 low water vapor transmission rates. Apparently, 

differences in gas permeability were not enough to show 

significant differences in the air treatments. In the 2% 

carbon monoxide treatments, the difference between the 

permeability of the two polyethylene films may have been 

great enough to allow more carbon monoxide 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 myoglotein 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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th© conditions of this experiment. 

Observations On the Samples After 50 Days 

After 30 da^3   storage at 36-380P.,  samples sealed 

under an atmosphere of air exhibited a dark broiunish red 

color.     The meat stored in  saran-mylar-polyethylene for 

30 days gave off an odor characteristic of putxlfaction. 

Also,  considerable swelling of the package was observed* 

A faint HJE'lty odor was noted in the meat stored in 2*5 and 

1*5 polyethylene. 

The 2% carbon monoxide treated samples sfomired fairly 

good color but had a malty odor.    The samples held in 

saran-mylar-polyethylene also had a putrifactive odor* 

Samples stored under 28 inches of vacuum ©r nitrogen 

had a dark red color* 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 were of good appearance* but having 

a malty odor and red fluid was observed* 

Pour of the carbon monoxide treated samples were 

broiled for 15 minutes and  the color of the samples* both 

external and internal*  was observed*    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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SmiAKST AM) GQMChVSJOm 

1. Index of change,  a modification of the index of fading, 

was used to measure  the degree and direction of meat 

color change. 

2. A methad for deteradning 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* 

3. The index of change followed the amount of oxymyoglobJn 

or carbox^myoglobin,  depending on ishieh was present. 

4. Saran-mylar-polyethylene, 2.5 mils polyethylene or 1.5 

mils polyethylene had no significant effect on the 

color or  the pigments on the surface of packaged 

refrigerated beef ^hen air was used as the storage 

atmosphere• 

5. 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   stabilizing the color 

for 15 days at 36*380F. 

6. SargKi-myiar-polyethylene and 2.5 mils polyethylene were 

found to be the better packaging films tested to main- 

tain the color when 2% carbon monoxide gas was used. 

7. Storing under a nitrogen atmosphere or under 28 inches 

vacuum were not effective methods in preserving 
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desirable color of fresh beef during a 15 day storage 

period, 

8» Using a eombinatlon of 100$ carbon monoxide and high 

vacuum to store the fresh meat was effective to 

improve the color but not in a uniform manner. 

9. When beef vma treated by carbon monoxide and cooked 

after 30 days storage at 36-38°?,, 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 ttien exposed to air. 
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