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ABSTRACT 

Precooked beef slices from top round were used to 

determine the effects of modified atmosphere packaging on 

beef color, microbial growth, surface pH, and shrinkage. 

Packaging treatments in Cryovac barrier bags were as follows: 

(1) 100% N2; (2) 15% C02, 85% Ng; (3) 15% COg, 40% 02, 

45% N2; (4) 15% C02, 20% 02, 65% N2; and (5) 15% C02> 10% C>2, 

75% N2. Atmosphere stored slices were compared with vacuum 

packaged (control) slices. 

Psychrotrophic growth was lowest (P<.05) in atmos

pheres containing 15% C02 and 85% N2. In Og-containing 

atmospheres, psychrotroph counts were highest (P<.05) at 

ambient (20%) oxygen levels. Vacuum packaging exhibited a 

greater lag phase of mesophiles and psychrotrophs when stored 

at 2°C. Mold growth was completely inhibited for 18 days of 

storage at temperatures of 4°C and below. 

Vacuum packaged slices maintained a superior cooked 

beef color up to 21 days of storage and had greater chroma 

values, indicating a greater color intensity. 

Gas atmosphere packaging produced a higher incidence 

of off-odors and deterioration in texture and overall 

appearance. Vacuum packages tended to have more purge 

formation than atmosphere packages. 

ix 



INTRODUCTION 

Because of the increasing consumer demand for prepared 

retail meat products, it becomes necessary to develop methods 

of processing and packaging that will maximize storage time 

and maintain product acceptability. Detriments of major 

concern are microbial spoilage and the deterioration of 

desirable colors, which cause considerable losses of these 

retail products. 

Many means of extending the shelf life of fresh meat 

have been investigated during the past several years, 

although little research has been conducted concerning cooked 

meat products. Among these methods are vacuum packaging, 

overwrapping with various films, and packaging in controlled 

gas atmospheres. Of these, controlled or modified gas 

atmosphere packaging has proven to be significantly bene

ficial in inhibiting microbial growth and preserving an 

acceptable appearance of fresh meat. Cooked meat, however, 

demonstrates different physical and chemical properties than 

fresh meat and the effect of controlled or modified gas 

atmospheres is still virtually unknown. 

In commercial processing of cooked meat products, 

attention must be focused on reducing the amount of microbial 

contamination during the handling of the meat after cooking. 

1 
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It should be noted, however, that certain thermophilic 

pathogens may be resistant to temperatures used in the 

preparation of cooked products. Although the employment of 

automated processing and packaging equipment can reduce 

contamination of spoilage organisms, a decrease in product 

shelf life will result, nevertheless, if proper sanitation 

is not maintained. 

The purpose of this study, therefore, was to determine 

the effects of gas atmosphere packaging of precooked beef 

slices upon the growth of microorganisms and the formation 

of color pigments, as well as overall appearance. 



LITERATURE REVIEW 

Cooking 

There are several methods available for the prepar

ation of roast beef, each having certain advantages over the 

others. The microwave oven is quick and energy-efficient 

(Mandigo and Janssen 1982), although this method produces 

significantly greater cooking losses than conventional 

cooking (Riffero and Holmes 1983). Certain microorganisms 

have also been found to be resistant to microwaves (Page and 

Martin 1978 and Fung and Cunningham 1980). 

Conventional oven roasting is simple and reliable, 

but tends to dry out the surface of the meat which may 

contribute to the thermal stability of microorganisms 

(Canadian Meat Council 1980). This method is not as energy-

efficient as other methods because of the required warm-up 

time (Mandigo and Janssen 1982). 

The convection oven is described by Haaland (1977) as 

an evergy-conserver because the circulating air allows more 

closely spaced racks of food to be utilized than for conven

tional ovens. Lower temperatures can be used with convection 

ovens (Mandigo and Janssen 1982), but this may also create 

microbial problems (Dahl and Matthews 1979). 

3 
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The water bath method for cooking beef, in which the 

meat is placed in a sealed bag, has been developed in recent 

years by purveyors to the hotel, restaurant, and institu

tional trade (Buck, Hickey and Rosenau 1979). Giddens, West, 

Oblinger and Peters (1979) found that vacuumization of the 

bag reduced cooking time, although variations in the degree 

of doneness were encountered and were difficult to control. 

The addition of spices to the beef reduced total cooking 

loss by 4.5% (Giddens et al. 1979). This method has several 

potential advantages, such as increased tenderness and cooked 

yield, reduced energy costs, and greater microbiological 

safety, yet no literature is available on its commercial 

application (Buck et al. 1979). 

Irrespective of the method used to cook meat, certain 

physical and chemical changes occur, including a decrease in 

sarcomere length and width (Chambers, Cowan and Harrison 

1982). Giles (1969) observed progressive sarcomere 

shortening up to 20%. 

Cooking causes a reduction in free amino acids, which 

are important precursors of flavor compounds in meats (Macy, 

Naumann and Bailey 1964). Penet, Worthington, Phillips and 

Moon (1983) reported a reduction in the free amino acid 

content of ground beef of 8.2%. Other nutritive losses 

include specific vitamins, such as vitamins B^g > D> an(* 

of which meat is an important source (Bennink and Ono 1982). 
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Furthermore, scanning electron microscopy has shown a 

significant amount of muscle fiber fragmentation to occur, 

as well as a steady increase in protein denaturation and 

coagulation (Jones 1977 and Hutton, Neggers and Love 1981). 

Hostetler and Landmann (1968) and Hung, Davis, Gordon 

and Davis (1978) have reported that denaturation decreases 

the water-holding capacity of the proteins by freeing 

immobile water. Hung et al. (1978) also suggests that 

cooking increases membrane porosity and alters water flow, 

i.e., before cooking, water flow occurs along the fibers but 

after cooking, the water migrates across (and along) the 

fibers to the meat surface. 

Meat Color 

Consumer studies have shown the physical appearance 

is the most important factor for determining selection of 

meat products (Danner 1959 and Dunsing 1959ab), while color 

is probably the single greatest appearance factor (Kropf 

1980). 

The hemoprotein myoglobin is the main pigment of 

concern with respect to the color of beef (Livingston and 

Brown 1981). Fox (1966) pointed out, however, that hemo

globin will often comprise 20 to 30% of the total pigment 

present in meat. 

When fresh meat is exposed to the atmosphere, 

myoglobin becomes oxygenated (oxymyoglobin) and the resulting 
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color is the familiar bright, cherry red (Fox 1966). Gaseous 

oxygen diffuses into the hydrophobic heme cleft of the 

myoglobin molecule to occupy the vacant sixth coordination 

site of the iron (Giddings 1977). 

Oxymyoglobin (and myoglobin still present in the 

interior of the meat) can eventually be oxidized to form 

the undesirable brown pigment, metmyoglobin (DeMan 1976). 

The oxidation of oxymyoglobin occurs primarily just beneath 

the meat surface, in the region of the lowest oxygen"tension 

(Walters 1975). 

The reaction of oxymyoglobin to form metmyoglobin is 

termed "autoxidation", implying that this reaction is 

nonenzymatic and proceeds with oxygen as the sole reducing 

species (Giddings 1977 and Livingston and Brown 1981). 

Autoxidation is a first-order reaction that is greatest when 

myoglobin is half-saturated with oxygen (George and Stratmann 

1952). Metmyoglobin can be reduced back to myoglobin under 

anaerobic and aerobic conditions (O'Keeffe and Hood 1982), 

although anaerobic reduction is most common (Saleh and Watts 

1968). The reduction is an enzymatic reaction by enzymes 

present in meat (Stewart, Hutchins, Zipser and Watts 1965 

and Saleh and Watts 1968). 

When meat is heated to cooking temperatures, the 

globin portion of myoglobin and hemoglobin is denatured, but 

the hematin nucleus remains intact and can form a number of 

pigments (Lawrie 1974). The principle pigments of cooked 
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meat are grey-brown hemichrome and pink hemochrome (DeMan 

1976). The hemichrome iron is oxidized and in the ferric 

state, while the iron of hemochrome is in the reduced ferrous 

state. Lawrie (1974) noted that the amount of each pigment 

present is dependent upon temperature of cooking and the 

degree of conversion: Beef cooked to an internal temperature 

of 60°C has a bright red interior; that cooked to an internal 

temperature of 60 to 70°C has a pink interior; and that 

cooked to an internal temperature of 70 to 80°C is greyish 

brown. Denaturation of most myoglobin occurs at temperatures 

above 80°C or by decreasing the pH below 5 (Appel and Brown 

1971). 

When myoglobin is denatured, several types of amino 

acid side chains can coordinate to the heme iron, including 

histidine or carboxyl groups (Tarladgis 1962). Leward (1971) 

reported that these amino acids may in fact be part of other 

proteins present in cooked meat that are in proximity to 

myoglobin. 

Other factors which may contribute to the grey-brown 

color of cooked meat include the carmelization of carbo

hydrates (Lawrie 1974) and reactions between reducing sugars 

and amino acids (Sharp 1957). 

Color Measurement 

Meat color, as a physical property, can be measured 

subjectively or objectively. Most commonly used methods 
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include disk colorimetry, reflectance spectrophotometry, 

and subjective color scales. Little (1976) pointed out, 

however, that color belongs to the realm of sensory 

perception and that objective (physical) measurements 

should be used only to the extent of establishing psycho

physical scales. 

Disk colorimetry involves color identification by 

additive color mixtures created by rotating color disks 

which are visually matched to the sample (Hunter 1975). 

Several investigators, including Haas and Bratzler (1965), 

Jeremiah, Carpenter and Smith (1972), and Bartkowski, Dryden 

and Marchello (1982), have utilized disk colorimetry in 

conjunction with the Munsell Color System, which estimates 

the three color dimensions of hue, value, and chroma. 

Little (1976) describes the three dimensions of color as 

follows: Hue is the attribute by which a color is identified 

(e.g., red, yellow, blue, etc.); value is the lightness of a 

color on a scale of white (or colorless) to black; and chroma 

is the saturation or intensity of a color. 

Reflectance spectrophotometry has been used by many 

observers (El-Badawi, Cain, Samuels and Anglemeier 1964, 

Snyder 1965, Seideman, Carpenter, Smith, Dill and Vanderzant 

1979, Seideman, Smith, Carpenter, Dutson and Dill 1979 and 

Kropf 1984) to determine pigment changes by measuring 

reflectance spectra of the meat surface at a given wavelength. 

Spectrophotometric data may also be converted to Munsell 
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notation (hue, value, and chroma) by the abridged selected 

ordinate method described by Judd (1959). Inconsistencies 

in reflectance values has been noted because reflectance is 

affected by muscle structure, moisture, intramuscular fat, 

and pigment concentration (Elliott 1967 and Kropf 1984). 

Subjective color scales have been developed and 

reported by several investigators. El-Badawi et al. (1964) 

designed a seven point hedonic scale ranging from "like very 

much" to "dislike very much". Jeremiah et al. (1972) used 

a less subjective nine point scale of "very dark red" to 

"very pale pink", while Seideman et al. (1979ab) utilized a 

seven point range of "no surface discoloration" to "total 

surface discoloration". Strange, Benedict, Gugger, Metzger 

and Swift (1974) stated that subjective evaluations have the 

disadvantages of being time consuming and prone to subjective 

error. 

Measurements of color difference are often employed 

to evaluate the quantitative differences between two samples 

or the change in color of a single sample over time. 

According to Hunter (1975), there are a variety of criteria 

and techniques used in the evaluation of color difference, 

although most are traceable to one of three psychophysical 

units: The NBS Unit; the MacAdam Unit; and the Nickerson 

Index. 

The NBS Unit was originally based on the average 

maximum difference acceptable in a series of dye-house 
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commercial matches (Judd 1939), and was later adapted to the 

Hunter Rectangular-coordinate System (Hunter 1942). The 

MacAdam Unit represents a minimum perceptible (threshold) 

color difference (MacAdam 1942, 1943). The first attempt at 

formulating a color difference equation, however, was made by 

Nickerson (1936) and is defined as the Index of Fading. 

Modification of the Index of Fading have been developed 

(Balinkin 1939, 1941 and Godlove 1951), although all are 

based on the Munsell scales of hue, value, and chroma. 

El-Badawi et al. (1964), Haas and Bratzler (1965), 

and Bartkowski et al. (1982) have reported the use of the 

Index of Fading. El-Badawi et al. (1964) modified the system 

by using actual values of changes in hue, value, and chroma 

and referred to it as the Index of Change, whereas 

Nickerson's (1936) original equation utilized absolute 

values. 

Spoilage 

Maxcy (1981) pointed out that the physical and 

chemical changes which occur in cooked meat present a unique 

environment for invading bacteria; changes such as an 

increase in membrane porosity may increase the opportunity 

for bacterial invasion and foster the growth of specific 

microorganisms. 

Cremer and Chipley (1980) found cooked beef to 

contain Bacillus sp., Clostridium sporogenes, Clostridium 
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perfringens, Staphylococcus epidermidis, and Staphylococcus 

aureus, even though initial roasting significantly reduced 

the total microbial population. They detected unusually 

large numbers of staphylococci in cooked roast beef slices, 

apparently due to contamination introduced during the slicing 

process. Szakal, Gonczy and Rockenbauer (1981) showed that 

the degree of contamination could be substantially lowered 

by employing automated slicing and packaging equipment. 

Pathogenic organisms of major concern commonly found 

in roast beef are Staphylococcus aureus, Clostridium 

perfringens, and Salmonella sp. (Unkelsbay, Maxcy, Knickrehm, 

Stevenson, Cremer and Matthews 1977 and Ingram and Simonsen 

1980). In the United States, roast beef is probably the 

most common vehicle of CI. perfringens food poisoning 

(Bryan and Kilpatrick 1971) and salmonellosis (Cohen and 

Blake 1977). Salmonella are destroyed by cooking and recon-

tamination is necessary for salmonellosis to appear (Ingram 

and Simonsen 1980), whereas CI. perfringens may not be 

destroyed and can grow at relatively higher temperatures 

(Smith, Evans and Buck 1981). 

Luncheon meats present environments which are 

different from both fresh meat and uncured cooked meat 

CBell and Gill 1982). The major microorganisms found in 

vacuum packaged, sliced luncheon meats are Brochothrix 

thermosphacta* and Lactobacilli sp. (Shay, Grau, Ford, 

*formerly known as Microbacterium thermosphactum 
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Egan and Ratcliff 1978). Bell and Gill (1982) identified 

the major bacteria in chub-packed luncheon meat as 

Micrococcus sp., Baci1lus sp., and Streptococcus sp. 

The presence of microorganisms in luncheon meats 

does not always have detrimental effects. Bell and DeLacy 

(1983) reported that slightly undercooked chub-packed 

luncheon meat (68.5°C instead of 70°C for 90 minutes) 

dramatically increased shelf life by the rapid accumulation 

of lactic acid by enterococci. This prevented the growth 

of Bacillus spores and no degradative changes occurred even 

after 42 days of storage. 

Molds occur in all the environments where meat is 

processed and stored (Brown and Baird-Parker 1982). In 

spite of this, they are rarely implicated in fresh meat 

spoilage and their incidence and ecology is largely unknown 

(Leistner and Ayres 1968). However, mold species that have 

been isolated from roast beef include Aspergillus sp., 

Cladosporium sp., and PeniciIlium sp. (Cremer and Chipley 

1980). Tiwari and Kadis (1981) reported that luncheon meats 

are generally low in mold contamination. 

Vacuum Packaging 

Vacuum packaging of meats can have a distinct effect 

on the number and type of bacteria which develop during 

refrigerated storage and, consequently, on the shelf life 

and quality of meat (Vanderzant 1975). Anaerobic conditions 
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suppress the growth of common spoilage bacteria, such as 

Pseudomonas and Achromobacter species, and allow the develop

ment of facultative anaerobes, such as Lactobacillus and 

Leuconostoc species (Pierson, Collins-Thompson and Ordal 

1970). 

Several studies, including Ingram (1962), Pierson 

et al. (.1970), Roth and Clark (1972), and Seideman, 

Vanderzant, Smith, Hanna and Carpenter (1976) concluded 

that lactobacilli become predominant on anaerobically 

packaged fresh meat. Residual oxygen in the vacuum packages 

is converted to carbon dioxide by respiration of meat tissue 

and bacterial activity (Ingram 1962 and Hanna, Hall, Smith 

and Vanderzant 1980), which consequently inhibits pseudo-

monads but allows lactobacilli to grow (Ingram 1962 and 

Baltzer 1969). Lactobacilli may not be affected by changes 

in either COg or Og concentrations (Shaw and Nicol 1969). 

DeZutter and Van Hoof (1982) found that the exudate formed 

in vacuum packages is more heavily contaminated with 

lactobacilli than the meat surface. 

Other factors may be involved in allowing lactobacilli 

to predominate. They include (a) rate of growth of indi

vidual species, (b) ability of the species to utilize 

substrates available on the meat surface, (c) relative 

affinity of the individual species for available substrates, 

and (d) production of antimicrobial products by lactobacilli 

(Gill 1976 and Newton and Gill 1978). 
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The myoglobin pigments of fresh beef undergo certain 

changes when packaged anaerobically. The oxymyoglobin 

present when the beef is packaged is first oxidized to 

metmyoglobin and subsequently reduced to myoglobin (Jaye, 

Kittaka and Ordal 1962 and Cutaia and Ordal 1964). The 

reduction probably occurs by the transport of.electrons to. 

metmyoglobin from reducing compounds present in the meat 

tissue (Saleh and Watts 1968). When the vacuum packages 

are opened, the reduced myoglobin is oxygenated and the color 

changes to a bright red. Storage up to 32 days does not 

appear to affect this subsequent color change (Roth and 

Clark 1972). Several factors which have been reported to 

affect the rate of metmyoglobin formation and its conversion 

to reduced myoglobin include increased temperature, pH, and 

fat content of the meat (Cutaia and Ordal 1964). 

Pierson et al. (1970) have shown that the odor of 

anaerobically packaged beef is comparable to fresh beef for 

at least 15 days of storage, while Roth and Clark (1972) 

reported a storage time of 32 days without any noticable 

changes in odor. 

Studies show that the flavor qualities of vacuum 

packaged meat can also be compared to fresh meat after 

prolonged storage. Jaye et al. (.1962) and Pierson et al. 

(1970) reported that flavor is maintained for at least 

10 days of storage, although Hodges, Cahill and Ockerman 

(1974) noted a decline in flavor around 14 days. Processed 



15 

meat products have been reported to maintain their accept

ability for over 21 days (Egan, Ford and Shay 1980). 

Although vacuum packaging is the predominate method 

for the distribution and sale of primal and subprimal beef 

cuts, as well as retail cuts (O'Neill 1981), problems 

including defective packages and the growth of anaerobic 

pathogens may still exist (Vanderzant 1975). Storage of 

meat in modified gas atmospheres has been suggested as an 

alternative to conventional vacuum packaging (Taylor 1973). 

Gas Atmosphere Packaging 

During spoilage of meat at chill temperatures, 

microbial growth occurs only at the meat surface (Ingram 

and Dainty 1971). Consequently, much research has been 

conducted to determine the effect of various modified gas 

atmospheres for packaging fresh meat. 

Carbon Dioxide 

It was shown quite early that carbon dioxide is 

beneficial in inhibiting the growth of spoilage bacteria 

(Frankel 1889, Coyne 1932, and Haines 1933). Hays, Burroughs 

and Warner (1959) also concluded the growth of molds to be 

sensitive to a COg atmosphere, whereas Ogilvy and Ayres 

(1953) reported yeasts to be COg tolerant. 

Reports indicate that gram-negative organisms, in 

general, are more susceptible to inhibition by C02 than 

gram-positive organisms (Sutherland, Patterson, Gibbs and 
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Murray 1977). Gill and Tan (1980) caution that this is an 

over-simplification since species from both groups can be 

completely insensitive to COg. However, they also state 

that the most important gram-positive groups are anaerobic 

and apparently not affected by C02, whereas the most 

important gram-negative organisms are strict aerobes and 

are susceptible to C02 inhibition. 

It has been shown that high concentrations of C02 

exhibit the greatest amount of growth inhibition on specific 

bacteria, such as Acinetobacter, Achromobacter, and 

Pseudomonas species (King and Nagel 1967, Clark and Lentz 

1969, and Gill and Tan 1980). Enterobacter sp. and 

Brochothrix thermosphacta are reported to be unaffected 

by C02> irrespective of the concentration, when grown in 

either liquid media or on meat (Gill and Tan 1980). 

Lowering storage temperatures will also increase the 

inhibitory effect of COg on specific bacteria (Clark and 

Lentz 1969, Gill and Tan 1979, and Enfors and Molin 1981). 

. Finne (1982) pointed out that this is due to a greater 

dissolution of COg into the meat, since the solubility of 

gases is much higher at low temperatures. 

One major problem with using high levels of C02 with 

fresh meat is the subsequent discoloration related to the 

conversion of oxymyoglobin to metmyoglobin (Finne 1982). 

The gas becomes dissolved in the meat's moisture phase, 

and the protein takes on the characteristic grey-brown 
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color (Jarmund and Eklund 1982). Ogilvy and Ayres (1951) 

showed that an atmosphere containing 25% COg is the maximum 

concentration which can be used without incurring discolor

ation. Clark and Lentz (1969) suggested 20% COg as the most 

practical concentration, claiming that higher concentrations 

gave little additional inhibition of growth, yet was still 

effective at temperatures as high as 10°C. 

Pohja (1967) and Seideman et al. (1979b) demonstrated 

that high concentrations of COg increases weight loss by 

decreasing the water-holding capacity of the meat. 

Apparently, the C02 binds to the meat proteins in a manner 

which alter their ability to hold water and to bloom 

rapidly (Seideman et al. 1979b). This condition appears 

to weaken progressively during storage (Pohja 1967). 

Oxygen 

The primary function of oxygen, when used in a 

modified gas atmosphere, is to maintain the bright red color 

of fresh meat by keeping myoglobin oxygenated (Holland 1980). 

Clark and Lentz (1973) found that high concentrations of 02 

(70 to 85%) could maintain the color of fresh beef 9 days 

longer than storage in air, whereas Taylor and MacDougall 

(1973) reported concentrations of 40% could maintain the red 

color, although higher percentages were more effective. 

Bartkowski et al. (1982) showed that 02 levels of 10% could 

not maintain the color of fresh beef, but 40 to 75% could 

maintain acceptable color for 9 days of storage. 
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Newton, Harrison and Smith (1977) also reported that 

high concentrations of 02 could initially produce a brighter 

meat color than meat stored in air and C02, but was limited 

by brown discoloration. In addition, Seideman et al. (1979b) 

also stated results contrary to the previous reports when it 

was noted that the percentage of surface discoloration was 

significantly higher on beef roasts stored in Og than vacuum 

packaged roasts or steaks packaged in 100% concentrations of 

C02 or N2. 

The use of high levels of 02 may cause an increase 

of COg and concomitant decrease of C>2 within the package as 

a result of bacterial respiration (Gardner, Carson and 

Patton 1967 and Johnson 1974) or respiration of the meat 

tissue (Taylor and MacDougall 1973 and Seideman, Vanderzant, 

Smith, Dill and Carpenter 19S0). 

In addition to the accumulation of C02, Seideman 

et al. (1979a) observed that initially high 02 concentrations 

also caused the package to collapse or draw more tightly to 

the meat surface. They suggested that the C02 thus produced 

became dissolved in the purge or meat tissue, resulting in a 

vacuum-like package. 

The bacteria which appear to predominate in 02~ 

containing atmospheres are Brochothrix thermosphacta (Newton 

et al. 1977 and Shaw and Roncaroli 1982) and Pseudomonas sp. 

Newton et al. 1977 and Christopher, Seideman, Carpenter, 

Smith and Vanderzant 1979). 



Nitrogen 

Nitrogen is generally used as a "filler" gas to 

dilute the concentrations of COg and Og, although some 

advantages have been recognized. Belousov, Koulikouskaya, 

Piskaryov, Gounar and Yakoulov (1973) and Seideman et al. 

(1979ab) demonstrated that Ng decreases weight loss of the 

meat by increasing protein water-holding capacity. 

Because of inconsistencies in the literature, it is 

uncertain whether or not Ng has an effect on bacterial 

growth. Newton et al. (1977) indicated that Ng may decrease 

bacterial growth, although Huffman (1974) and Taylor (1972) 

found no evidence of inhibition by Ng. 

Mixed Atmospheres 

Since limitations exist when packaging fresh meat 

with gas atmospheres containing strictly carbon dioxide, 

oxygen, or nitrogen, mixtures of these gases are employed 

to combine the benefits of each. Christopher et al. (1979) 

pointed out that 0g should keep the pigments on the surface 

of the meat oxygenated while COg should inhibit aerobic 

spoilage bacteria. The effects of Ng, when considered other 

that a filler gas, are uncertain. 

Clark and Lentz (1973) showed that color retention 

was greater in a mixture of 15% C02 and 50 to 85% Og than 

in either gas alone while also maintaining lower bacterial 
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counts. Bartkowski et al. (.1982) supported these findings 

by suggesting that an atmosphere of 15% COg and 40% or more 

Og could inhibit bacterial growth yet not promote surface 

discoloration. 

In contradiction to these results, it has also been 

shown that an atmosphere containing 1 to 2% Og could decrease 

shelf life compared to an atmosphere of just COg and Ng 

(Spahl, Reineccius and Tatini 1981). Seideman et al. (1979a) 

reported that a mixture of 20% COg and 80% Ng had substan

tially lower metmyoglobin formation than atmospheres 

containing Og, suggesting a decrease in color deterioration. 

Christopher et al. (1979) showed that psychrotrophic counts 

were lower in packages of fresh beef containing 20 to 50% COg 

as compared to vacuum packages, while concentrations of Og 

exceeding 80% demonstrated higher psychrotrophic counts. 

Luiten, Marchello and Dryden (1982) noted that beef packaged 

in 60% COg and 40% Og maintained a significantly lower level 

of growth of Salmonella typhimurium than in vacuum packages. 

In addition to carbon dioxide, oxygen, and nitrogen, 

other gases have been researched for use in modified atmos

pheres because of their beneficial characteristics. Carbon 

monoxide combines with myoglobin to form carboxymyoglobin, 

a pigment with the same bright red color as oxymyoglobin 

(Finne 1982). El-Badawi et al. (1964) showed that 2% CO 

significantly preserved the color of fresh beef for 15 days, 

while Clark, Lentz and Roth (1976) reported that 1% CO 
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extended the color shelf life over 25 days. 

When used in higher concentrations, CO inhibits 

microbial growth (Gee and Brown 1980), although the low 

levels sufficient to maintain color probably have little 

effect on bacterial growth on meat (Gee and Brown 1978). 

Finne (1982) pointed out that despite the beneficial aspects 

of CO, the commercial use in modified atmospheres has not 

yet been approved by the regulatory agencies. 

Hydrogen has also been added to gas atmospheres, 

although safety considerations limit its use. Newton et al. 

(1977) found that 80 to 100% Hg gave the same results as 

80 to 100% Ng (functioning primarily as a filler gas). 

Other studies have indicated, however, that in an atmsophere 

containing 8% H2 and 92% COg or Ng, the hydrogen served as 

an "oxygen scavenger", reducing the amount of meat discolor

ation which occurs by oxidation of myoglobin (O'Keeffe and 

Hood 1980). 

Ozone is also a known bacterial inhibitor, although 

it is relatively ineffective on bacteria when in contact with 

the complex organic materials found on the surface of meat 

(Price and Schweigert 1971). According to Ingram and Haines 

(1949), ozone does cause an acidification of the food surface 

by interaction with organic substances which, in turn, may 

inhibit bacterial growth. Price and Schweigert (1971) state 

that ozone also accelerates fat rancidity and impairs meat 

color development. 
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Mixtures of nitrous oxide have also been reported as 

being effective in inhibiting microbial growth, although 

these results were obtained in pressurized systems and in 

the absence of oxygen (Hays et al. 1959). 



MATERIALS AND METHODS 

Six trials were conducted from January to August, 

1984. Boneless top rounds were obtained from Tucson Meat 

Packers in Tucson, Arizona. One top round was used for each 

trial. 

Each top round was transported in a plastic bag to 

the University of Arizona and held overnight at 2°C. They 

were then cut into approximately 1.5 kg roasts and placed in 

ham netting. The roasts were suspended in a Vortron Model 

TR-2 smoke oven and cooked at 93°C to an internal temperature 

of 60°C, although no smoke was applied. The temperature was 

monitored with a Yellow Springs Instruments Model 42SC meat 

thermometer. 

After cooking, the netting was immediately removed and 

the roasts were held, uncovered, at room temperature for one 

hour. The roasts were sliced on a Globe Slicer (Model 150) 

at a thickness of 3 to 4 mm. Two or three random slices were 

weighed and placed in Cryovac B620 Barrier Bags (W. R. Grace 

and Co., 7.5 inch standard gauge). The bags were subjected 

to vacuum packaging or evacuated and filled with a selected 

gas atmosphere and sealed, using a Multivac AG900 Meat 

Packager (Koch Equipment Co.). 

After the beef slices were packaged, they were stored 

23 
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in Master-Bilt food coolers (Model LMC 1230) at predetermined 

temperatures, depending on the trial procedure. The packages 

were placed on racks approximately 20 cm above the bottom of 

the coolers. 

Trials I and II 

Trials I and II, initiated January 6 and February 8, 

1984, respectively, were conducted as 21 day experiments. 

Four sampling periods were used for each experiment; initial 

sampling at Day 0 followed by three examination periods at 

one week intervals (Day 7, 14, and 21). Packaging treatments 

are listed in Table 1. Three packages for each treatment 

were stored at 2, 6, and 10°C (± 0.5°C) totaling 18 packages 

per trial. Consequently, for each sampling date (Day 7, 14, 

and 21) there was one package for each treatment within each 

storage temperature. Initial (Day 0) samples were taken from 

slices prior to packaging. 

On each sampling day packages were opened and micro

bial samples taken for determination of psychrotrophs, 

mesophiles, thermophiles, and mold. The beef slices were 

then weighed and the amount of moisture loss determined. 

Trials III and IV 

Trials III and IV, initiated May 15 and June 8, 1984, 

respectively, were conducted as 21 day experiments. Four 

sampling periods were used for each experiment; initial 

sampling at Day 0 followed by three examination periods at 



Table 1. Packaging treatments used in Trials I-VI. 
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Trial Treatment3, Composition 

I and II Atmosphere 1 (Atm 1) 15% C02, 40% Og, 45% N2 

Vacuum 

III and IV Atmosphere 1 (Atm 1) 15% C02, 40% 02, 45% N2 

Atmosphere 2 (Atm 2) 15% C02, 85% N"2 

Atmosphere 3 (Atm 3) 100% N2 

Vacuum 

V and VI Atmosphere 1 (Atm 1) 15% C02, 40% C>2, 45% N2 

Atmosphere 4 (Atm 4) 15% C02, 20% 02, 65% N2 

Atmosphere 5 (Atm 5) 15% C02, 10% 02, 75% N2 

Vacuum 

Vacuum packages served as controls. 
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one week intervals (Day 7, 14, and 21). Packaging treatments 

are listed in Table 1. Three packages for each treatment 

were stored at 4 ± 0.5°C, totaling 12 packages per trial. 

Consequently, for each sampling date (Day 7, 14, and 21) 

there was one package for each treatment. Initial (Day 0) 

samples were taken from slices prior to packaging. 

On each sampling day packages were opened and micro

bial samples taken for determination of psychrotrophs and 

mold. The beef slices were then evaluated for color 

attributes and then weighed for moisture loss determination. 

Trials V and VI 

Trials V and VI, initiated July 7 and August 11, 1984, 

respectively, were conducted as 18 day experiments. Seven 

sampling periods were used for each experiment; initial 

sampling at Day 0 followed by six examination periods at 

three day intervals (Day 3, 6, 9, 12, 15, and 18). Six 

packages for each treatment were stored at 4 ± 0.5°C, 

totaling 24 packages per trial. Consequently, for each 

sampling date (Day 3, 6, 9, 12, 15, and 18) there was one 

package "for each treatment. Initial (Day 0) samples were 

taken from slices prior to packaging. 

On each sampling day packages were opened and micro

bial samples taken for determination of psychrotrophs and 

mold. The beef slices were then evaluated for color 

attributes and surface pH. The slices were weighed for 

moisture loss determination. 
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Microbiological Evaluation 

A sterile cotton swab was rolled across the meat 

surface within a circular area of 3.8 sq cm as defined by a 

sterile aluminum template. The swab was rinsed in 99 ml of 

a sterile phosphate buffer solution and the process repeated 

using the same swab and surface area. The cotton tip was 

then broken off into the dilution bottle. The aluminum 

template was relocated on the meat surface and the procedure 

was repeated with a second cotton swab and the same dilution 

blank. Consequently, the total surface area sampled amounted 

to 7.6 sq cm. 

Serial dilutions were made of the samples using 

sterile milk dilution bottles containing 99 ml of the 

phosphate buffer solution. Microbial numbers were then 

determined by the pour plate technique. Bacterial species 

were enumerated using Difco Plate Count Agar and mold species 

were enumerated using Difco Potato Dextrose Agar. Incubation 

of psychrotrophic plates was at 4°C for 12 days and meso-

philic plates at 37°C for three days. Thermophilic plates 

were placed in a BBL Microbiology Systems GasPak 150 and 

incubated anaerobically at 45°C for seven days. Mold plates 

were kept at 20°C for three days. 

Results were reported as the log^O number of organisms 

per square centimeter as determined by the following: 

total plate count x dilution factor _ A , c = count/sq cm 
7.6 sq cm 
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Shrinkage 

Shrink (moisture loss) was considered as the 

difference in weight between initial weight of the meat 

slices in each package and the weight on the day of sampling. 

This difference was expressed as a percent of the initial 

weight of the beef slices. 

Color 

Beef color was determined using a Macbeth-Munsell 

Disk Colorimeter (Macbeth Corporation, Model BBX 320DC) with 

meat slices and disks viewed from a 45 degree angle and 

illumination from above. CIE color measurements were 

obtained and converted to Munsell color notation (hue, value, 

and chroma) using Munsell-CIE diagrams. Index of Fading was 

calculated as suggested by Nickerson (1936) to describe 

overall color changes using the following equation: 

Index of Fading = (C/5)(2AH) + 6AV + 3AC 

The changes in hue, value, and chroma were calculated as the 

absolute difference from initial (Day 0) samples in each 

trial. The "C" term was the chroma of the initial sample in 

each trial. 

Surface pH 

The pH of the meat surface was determined immediately 

after microbial samples were taken using pH paper in the 

ranges of 2.0 to 10.0 CAlkacid Test Ribbon, Fisher Scientific 

Co.) and 5.5 to 8.0 (pHydrion Vivid, Micro Essential 

Laboratory). 
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Analysis of Data 

Significance testing of the main effects and inter

actions was done by analysis of variance as prescribed by 

Nie, Hull, Jenkins, Steinbrenner and Bent (1975). Duncan's 

New Multiple Range Test (Duncan 1955) was used to isolate 

differences in treatment, storage temperature, and time of 

storage for microbial populations, color attributes, and pH. 



RESULTS AND DISCUSSION 

Trial I 

A comparison of packaging treatments within storage 

temperatures and sampling days is presented in Table 2. At 

10°C storage, the vacuum packaged beef slices had signi

ficantly lower pjpychrotrophic and mesophilic counts than 

samples stored in Atm 1 (15% C02> 40% 02> and 45% Ng). 

Vacuum packaged slices stored at 2°C, however, had higher 

(P<.05) psychrotrophic and mesophilic counts at sampling 

day 21. This increased inhibitory effect of CO^ at lower 

temperatures is related to an increased dissolution on the 

meat surface (Finne 1982). Since the solubility of gases is 

much higher at low temperature, the C02 concentration on the 

meat surface will increase as the temperature is lowered 

(Enfors and Molin 1981). In addition, Baran, Kraft and 

Walker (1970) reported that aerobic bacteria reach a 

stationary phase after 6 days in a vacuum package, which 

may help explain the lower (P<.05) bacterial counts on the 

vacuum packaged meat stored at 10"C. 

Mold counts on beef slices stored at 10°C were lower 

in the vacuum packages (although not significantly) on Day 7. 

Since molds are strict aerobes, their growth was apparently 

limited by the anaerobic conditions of the vacuum packages. 

30 
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Table 2. Means of microbial numbers3" 
ments within a sampling day 
temperature, Trial I. 

for packaging 
and storage 

treat-

Treatment b Psychro-
trophsc 

Meso-
philes 

Thermo-
philesa 

Mo ldd 

Day 0 
Initial 1.90 2.22 

2°C Storage 

1.60 1.12 

Day 7 
Vacuum 
Atm 1 

1.51 
2.03 

2.58 
2.78 

NG 
NG 

NG 
1.12 

Day 14 
Vacuum 
Atm 1 

3.14 
2.98 

2.80 
2.81 

NG 
NG 

NG 
NG 

Day 21 
Vacuum 
Atm 1 

5.13® 
3.21 

5.03J 
2.59 

6°C Storage 

NG 
NG 

NG 
NG 

Day 7 
Vacuum 
Atm 1 

4.74J 
3.29 

2.73 
2.53 

NG 
NG 

1.81 
0.56 

Day 14 
Vacuum 
Atm 1 

5.70 
5.45 

3.445 
3.18 

NG 
NG 

2.055 
3.73 

Day 21 
Vacuum 
Atm 1 

5.64® 
6.56 

5.535 
4.98 

10°C Storage 

NG 
1.66 

3.16 
3.73 

Day 7 
Vacuum 
Atm 1 

5.185 
5.72 

3.745 
5.72 

0.56 
2.14 

2.84 
3.06 

Day 14 
Vacuum 
Atm 1 

4 .84? 
6.55 

4.075 
5.77 

1.60 
0.71 

3.165 
4.61 

Day 21 
Vacuum 
Atm 1 

4.97^ 
9.99 

4.905 
6.08 

NG 
NG 

3.125 
4.82 
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Table 2, Continued. 

a 2 Logio numbers of microorganisms per cm surface area. 

bAtm 1=15% C02, 40% 02, 45% Ng. 

c 3 Mean value of 9.99 represents growth >10 . 

j 
NG=no growth. 

0 HP 
' Means within the same column for each sampling day, 

storage temperature, or variable which bear unlike 
superscripts differ significantly (P<.05). 
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Virtually no mold grew on samples at 2°C storage, irrespec

tive of packaging treatment. The mold may have been 

dominated by bacteria at this low temperature, as noted by 

Brown and Baird-Parker (1982). Packaging treatment had no 

effect (P>.05) on thermophilic growth, regardless of the 

temperature at which the meat was stored. 

The growth of microorganisms within each packaging 

treatment and storage temperature is presented in Table 3 and 

depicted in Figures 1 through 4. At 6 and 10°C storage, 

psychrotrophic organisms on the beef slices in vacuum 

packages did not increase (P>.05) between sampling days 

14 and 21. Psychrotrophs did increase (P<.05), however, 

at this same time and temperature on samples in Atm 1, 

which again suggests that the psychrotrophic aerobes have 

reached a stationary phase in the vacuum packages (Baran et 

al. 1970). Meat slices in Atm 1 did not show an increase 

(P>.05) in mesophilic growth between Days 7 and 14, but 

mesophiles did increase (P<.05) on the vacuum packaged slices. 

The rate of growth of psychrotrophs and mesophiles on 

samples stored at 10°C decreased between 7 and 14 days in 

both packaging treatments (Figures 1 and 2), which coincides 

with reports by Bartkowski et al. (1982) and Luiten et al. 

(19S2). The rate then increased between Days 14 and 21, 

suggesting a transition period during which certain bacteria 

predominate and overgrow species which dominated growth 

during.the first 7 days of storage. 
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Table 3. Means of microbial numbers for sampling days within a packaging treatment 

and storage temperature, Trial I. 

Day 
Psychrotrophsc Mesophiles Thermophiles Moldd 

Day Vac Atm 1 Vac Atm 1 Vac Atm 1 Vac Atm 1 

Day 0 1.90 1.90 2.22 2.22 1.60 1.60 1.12 1.12 

2°C Storage 
Day 7 1.511 2.03® 2.58e 2.78 NG NG NG 1.12 
Day 14 2.98* 2.80® 2.81 NG NG NG NG 
Day 21 5.13g 3.211 5.03 2.59 NG NG NG NG 

6°C Storage 
Day 7 4.74® 3.29J 2.73® 2.53e NG NG. 1.81® 0.56® 
Day 14 5.70* 5.451 3.441 3.18® NG NG 2.05® 3.73* 
Day 21 5.641 6.56g 5.53g 4.981 1,66 3.161 3.731 

10°C Storage 
Day 7 5.18® 5.72? 3.74® 5.72e 0.56 2.14 2.84 3.06® 
Day 14 4.84;: 6.551 4.071 5.77® 1.60 0.71 3.16 4.611 
Day 21 4.97* 9.99g 4.90g 6.081 NG NG 3.12 4.831 

SL 2 
Log^Q numbers of microorganisms per cm surface area. 

bVac=vacuum; Atm 1=15% COg, 40% Ogt 45% N2-

c 8 
Mean value of 9.99 represents growth >10 . 

NG=no growth. 

S f £ ' ,6Means within the same column for each storage temperature, packaging treatment, 
or variable which bear unlike superscripts differ significantly (P<.05). 

03 
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10°C 

VACUUM ATM 1 
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i 
14 21 

DAYS OF STORAGE 

Figure 1. Psychrotrophic growth in vacuum and Atm 1 
(15% COz, 40% O2, 45% N2) at different storage 
temperatures, Trial I. 
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Figure 2. Mesophilic growth in vacuum and Atm 1 (15% CO2, 
40% O2, 45% N2) at different storage temperatures, 
Trial I. 
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Figure 3. Thermophilic growth in vacuum and Atm 1 (15% C02, 
40% O2, 45% N2) at different storage temperatures, 
Trial I. 
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•—• 2°C 

a—0 €°C 

•—• 10°C 

ATM 1 VACUUM 

21 0 7 

DAYS OF STORAGE 

Figure 4. Mold growth in vacuum and Atm 1 (15% CO2, 40% O2, 
45% N2) at different storage temperatures, 
Trial I. 
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Thermophiles did not grow on slices stored at 2°C 

throughout the trial period, nor did they grow at 10°C when 

sampled at Day 21 (Figure 3). Low temperature storage of 

the beef slices may inhibit thermophilic growth, although 

this unpredictable growth pattern could be due to low 

levels of contamination, resulting in a sparse or uneven 

distribution of organisms on the meat surface. 

It was determined by subjective observations that beef 

slices stored in Atm 1 (15% COg, 40% C>2, and 45% Ng) 

exhibited a bright pink color up to 4 days (5 days at 2°C 

storage), but quickly oxidized to a brown-grey color for the 

remainder of storage period. The vacuum packaged samples, 

however, retained the initial purple-pink color of rare 

cooked beef up to 12 days before a slight amount of fading 

occurred. These observations are similar to those reported 

by Seideman et al. (1979a), who noted a greater amount of 

surface discoloration of fresh beef in high oxygen atmos

pheres than in vacuum packages. 

A rancid odor developed in the beef slices stored in 

Atm 1 (10°C) after 7 days of storage, while the 10°C, vacuum 

packaged meat had only a slightly rancid odor after 21 days 

of storage. This supports observations by Lannelongue-Favre 

(1980) that the development of randicity, expressed as 

malonaldehyde content, was directly related to oxygen 

tension and storage time. Seideman et al. (1979a) also 
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noted a greater incidence of off-odor with meat stored in an 

atmosphere containing high levels of oxygen as compared to 

vacuum packaged meat. 

The percent shrink or moisture loss of the beef 

slices within the vacuum packages recorded during the 21 day 

storage period averaged 3.8% for all storage temperatures. 

The samples stored in Atm 1 averaged 3.0% shrink and 

exhibited much less purge loss than the vacuum packaged meat. 

These results contradict those of McDaniel, Marchello and 

Tinsley (1984) who reported that precooked beef roasts had 

less moisture loss and purge formation when vacuum packaged 

as compared to COg-containing atmospheres. In studies with 

fresh beef, Bartkowski et al. (1982) and Luiten et al. 

(1982) also found vacuum packaging to be slightly better than 

COg-containing atmospheres in decreasing moisture loss. 

Taylor (1972), however, indicated that vacuum packaging may 

increase purge formation. Apparently, Atm 1 used in this 

experiment contained high enough levels of nitrogen and 

oxygen to prevent large losses, as suggested by Seideman et 

al. (1979a). Protein denaturation, which occurs during 

cooking, may also decrease the ability of C02 to bind to 

proteins, which normally lowers their water-holding capacity. 

Trial II 

A comparison of packaging treatments within storage 

temperatures and sampling days is presented in Table 4. 
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Table 4. Means of microbial numbers3" for packaging treat
ments within a sampling day and storage 
temperature, Trial II. 

Treatment^3 Psychro-
trophsC(* 

Meso-
philes 

Thermo-
philes^ Mold' 

Day 0 
Initial 0.80 

Day 7 
Vacuum NG 
Atm 1 1.66 

Day 14 
Vacuum NG 
Atm 1 NG 

Day 21 
Vacuum 3.09 
Atm 1 NG 

Day 7 
Vacuum 1.94 
Atm 1 2.22 

Day 14 
Vacuum NG 
Atm 1 2.49 

Day 21 
Vacuum 3.42 
Atm 1 6.12 

Day 7 
Vacuum 2.25, 
Atm 1 4.87 

Day 14 
Vacuum 3.10 
Atm 1 6.59 

Day 21 
Vacuum 3.51* 
Atm 1 9.99 

2.34 

2°C Storage 

1.605 
2.78 

1.51® 
2.07 

2.59 
2.50 

6°C Storage 

2.32 
2 . 2 6  

1.81* 
2.68 

2.94 
2.34 

10°C Storage 

2.55' 
3.69 

3.66 
4.57 

4.73" 
7.04 

1.84 

NG 
NG 

NG 
1.47 

NG 
NG 

1.12 
0.72 

NG 
0.56 

NG 
1.12 

1.81 
1.71 

0.56 
1.66 

1.42! 
2 .05" 

1 . 1 2  

NG 
NG 

NG 
NG 

NG 
NG 

NG 
NG 

NG 
0.56 

2.68* 
3.68 

1.12 
1.42 

3.07 
3 .20 

3.17* 
4.88 
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Table 4, Continued. 

a 2 Log^Q numbers of microorganisms per cm surface area. 

bAtm 1=15% C02, 40% 02, 45% Ng. 

c 8 
Mean value of 9.99 represents growth >10 . 

. j 
NG=no growth. 

© f ' Means within the same column for each sampling day, 
storage temperature, or variable which bear unlike 
superscripts differ significantly (P<.05). 
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Vacuum packaged, beef slices stored at 10°C had significantly 

lower psychrotrophic and raesophilic counts at each sampling 

period (Day 7, 14, and 21) than the atmosphere stored slices. 

At 2°C storage, however, there were fewer psychrotrophs and 

mesophiles on slices stored in Atm 1 (15% C02> 40% 02, and 

45% Ng) when sampled on Day 21, although not significantly 

lower. Several studies, including Clark and Lentz (1969), 

Gill and Tan (1979),. and Enfors and Molin (1981), have 

demonstrated this increased inhibitory effect of COg at 

lower temperatures. Vacuum packaged meat slices stored at 

10°C and sampled on Day 21 had lower (P<.05) thermophilic 

counts than slices packaged in Atm 1. Packaging treatment 

had no effect (P>.05) on thermophilic growth at any other 

storage temperature or sampling period. When sampled at 

21 days, mold counts were significantly lower on vacuum 

packaged slices stored at 6 and 10°C. Increasing storage 

temperature did not affect mold growth on anaerobically 

stored meat as much as on meat packaged in Atm 1. 

The growth of microorganisms within each packaging 

treatment and storage temperature is presented in Table 5 

and depicted in Figures 5 through 8. At sampling day 14, 

no increase (P>.05) in psychrotrophs or mesophiles was noted 

on beef slices stored at 2 or 6°C within either packaging 

treatment. At the 10°C storage temperature, however, 

psychrotrophs and mesophiles did increase (P<.05) on samples 
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Table 5. Means of microbial numbers for sampling days within a packaging treatment 

and storage temperature, Trial II. 

Day 
Psychrotrophsc Mesophiles Thermophiles^ Moldd Day 
Vac Atm 1 Vac Atm 1 Vac Atm 1 Vac Atm 1 

Day 0 0.80 0.80 2.34 2.34 1.84 1.84 1.12 1.12 

2°C Storage 
Day 7 
Day 14 
Day 21 

NG 
NG 

3.09 

1.66 
NG 
NG 

1.60e 

1.51J 
2.59 

2.78® 
2.07 
2.50® 

NG 
NG 
NG 

NG 
NG 
NG 

NG 
NG 
NG 

NG 
NG 
NG 

6°C Storage 
Day 7 
Day 14 
Day 21 

1.94e 

NG . 
3 .42 

2.22e 
2.49® 
6.12 

2.32® 
1.81* 
2.94g 

2.26 
2.68 
2.34 

1.12 
NG 
NG 

0.71 
NG 

1.12 

NG 
NG 

2.68 

NG 
0.56® 
3.68 

10°C Storage 
Day 7 
Day 14 
Day 21 

2.25® 
3.10 
3.51® 

4.87® 
6.59 
9.99g 

2.55® 
3.66 
4.73g 

3.69® 
4.57 
7.04g 

1.81 
0.56 
1.42 

1.71 
1.66 
2.05 

1.12® 
3.07?; 
3.17 

1.42® 
3 .20 
4.88g 

a 2 
Log^Q numbers of microorganisms per cm surface area. 

^Vac=vacuum; Atm 1=15% COg, 40% Og, 45% Ng. 

cMean value of 9.99 represents growth >10**. 

NG=no growth. 

0 f ff 
' '&Means within the same column for each storage temperature, packaging treatment, 

or variable which bear unlike superscripts differ significantly (P<.05), 



45 

10" C 

ATM 1 VACUUM 

DAYS OF STORAGE 

Figure 5. Psychrotrophic growth in vacutun and Atm 1 
(15% CO2, 40% O2, 45% N2) at different storage 
temperatures, Trial II. 
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10°C 

9 -i 
ATM 1 VACUUM 

DAYS OF STORAGE 

Figure 6. Mesophilic growth in vacuum and Atm 1 (15% CO2, 
40% O2, 45% N2) at different storage temperatures, 
Trial II. 
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Figure 7. Thermophilic growth in vacuum and Atm 1 (15% C02, 
40% 02, 45% N2) at different storage temperatures, 
Trial II. 
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10° C 

ATM 1 VACUUM 

21 0 7 

DAYS OF STORAGE 

Figure 8. Mold growth in vacuum and Atm 1 (15% CO2, 40% O2, 
45% N2) at different storage temperatures, 
Trial II. 
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throughout the storage time. It has previously been reported 

that microbial growth increases concomitantly with tempera

ture in both C02-containing atmospheres (Enfors and Molin 

1981) and vacuum packages (Aim, Erichsen and Molin 1961). 

No significant increase in thermophilic growth was noted on 

meat slices during the entire trial period. As in Trial I, 

an inconsistant growth pattern was observed and may suggest 

low level contamination, resulting in a sparse or uneven 

distribution of organisms. Mold did not grow on slices 

stored at 2°C. Brown and Baird-Parker (1982) noted that 

bacteria may dominate at low storage temperature. 

It was determined by subjective observations that the 

pink color of the beef slices in Atm 1 was maintained up to 

5 days but quickly deteriorated thereafter. Tomioka, 

Yasuda, Tsuchiya and Yokoyama (1983) also reported that 

high Og-containing atmospheres promoted a red color, which 

then encouraged surface discoloration with storage time. 

Vacuum packaged beef maintained a purple-pink color for 15 

days of storage, as reported by Roth and Clark (1972) who 

found no noticable change in color (or odor) even after 

32 days. 

Rancidity development was noted in the 10°C, Atm 1 

packages of beef at Day 7, while the 10 °C, vacuum packaged 

meat had only a slightly rancid odor after 21 days of 

storage. Pierson et al. (1970), through sensory evaluation, 
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noted that aerobically packaged beef was unacceptable after 

5 days while anaerobically stored beef was similar to fresh 

beef. 

Percent shrink of the meat slices in the vacuum 

packages during the entire storage period was 7.7%. Moisture 

loss from slices in Atm 1 averaged 4.7% and exhibited much 

less purge formation as compared to the vacuum packaged 

slices, as reported by Taylor (1972). In addition to the 

detrimental effect of weight loss, DeZutter and Van Hoof 

(1982) found purge to be more heavily contaminated than the 

meat surface, lactobacilli being the most common. This 

condition could, consequently, shorten the shelf-life of 

vacuum packaged beef slices. 

Trial III 

A comparison of packaging treatments within sampling 

days is presented in Table 6. The vacuum packaged beef 

slices exhibited lower hue means at each sampling day, 

although not significantly, which represents a more purple-

red color than slices packaged in the atmospheres containing 

the gas mixtures. The reduction of metmyoglobin and oxy-

myoglobin to purple myoglobin under anaerobic conditions is 

well documented (Stewart et al. 1965, Pierson et al. 1970, 

Lanier, Carpenter, Toledo and Reagan 1978, and Seideman et 

al. 1980). Vacuum packaged beef also had higher chroma 

readings (significantly higher on sampling day 21), 
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Table 6. Means of color attributes and microbial numbers3, 
for packaging treatments within a sampling day, 
Trial III. 

Treatment*3 Hue Value Chroma 
Index 

of 
Fading 

Psychro-
trophsc Moldc 

Day 0 
Initial 8,25 5.50 2.65 _ 1.51 NG 

Day 7 
Vacuum 
Atm 3 
Atm 2 
Atm 1 

7.90 
8 .80 
8.20 
8.70 

4 - 9 5 H o  
5.05^ 
5.10® 
5.40 

2.25 
1.90 
1.90 
1.65 

4.90 
5.60 
5.05 
4 .75 

1.27 
0.56 
0.56 
1.27 

NG 
NG 
NG 
NG 

Day 14 
Vacuum 
Atm 3 
Atm 2 
Atm 1 

7.15 
9.10 
8.30 
8.60 

5.35 
5.25 
5.10 
5.45 

1.75 
1.65 
1.55 
1.35 

6.45 
5.55 
6.25 
8.15 

2.18? 
1.27 
NG 
2.33 

NG 
NG 
NG 
NG 

Day 21 
Vacuum 
Atm 3 
Atm 2 
Atm 1 

9.15 
9.30 
9.20 
9.40 

5.20 
5.10 
4.95 
5.55 

1.60^ 
1-25® 
1.20® 
0 .75 

5.95 
7.80 
8.70 
7.90 

3.17^ 
2.16® 
1.36* 
3.61 

NG 
NG 
NG 
NG 

aLog^Q numbers of microorganisms per cm^ surface area. 

bAtm 1=15% C0o, 40% 0 o, 45% Nc; Atm 2=15% C0o, 85% NQ; 
Atm 3=100% N%. 

cNG=no growth 

j  j j  

' ' Means within the same column for each sampling day 
or variable which bear unlike superscripts differ 
significantly (P<.05). 
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representing a greater intensity or saturation of color, as 

reported by Bartkowski (1978). Conversely, slices packaged 

in Atm 1 (15% C02, 40% O^, and 45% Ng) exhibited lower 

chroma means (significanlty lower on Day 21), indicating a 

less intense color. The index of fading for the vacuum 

packaged meat was lower, although not significantly, than the 

slices in the other packaging treatments sampled on Day 21, 

indicating that the oxidation of myoglobin was limited for 

21 days of storage. The value of the meat color appeared to 

be relatively unaffected by packaging treatment, even after 

21 days. 

On sampling days 14 and 21, psychrotrophic organisms 

had higher (P<.05) counts on beef slices stored in vacuum 

packages and in Atm 1. These results concur with Christopher 

et al. (1980) who reported that total counts tend to be higher 

on vacuum packaged meat than in atmospheres containing Ng 

and COg since lactobacilli dominate the microflora under 

anaerobic conditions (Pierson et al. 1970 and Hanna et al. 

1980). The amounts of Og in Atm 1 were apparently high 

enough to mask the inhibitory effect of the COg and allowed 

aerobic organisms to grow. Seideman et al. (1979b) also 

reported higher psychrotrophic counts on beef packaged in 02 

atmospheres compared to N2 and COg. Mold growth did not 

occur on beef slices stored 21 days, irrespective of packaging 

treatment. 
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A comparison of sampling days within packaging treat

ments is presented in Table 7. Beef slices in the vacuum 

packages decreased in hue between Days 0 and 14, indicating 

a color change from red to purple. On Day 21, meat color 

exhibited higher hue means (although not significantly) 

within each packaging treatment, which represents a change 

from red to brown. Bartkowski (1978) also found hue to 

increase oh beef with prolonged storage. Chroma readings 

decreased for meat slices within each packaging treatment 

throughout the storage period, indicating a loss of color 

intensity. The value attribute of the meat was unaffected 

by storage up to 21 days, irrespective•of packaging treatment. 

On sampling Days 14 and 21, an increase (P<.05) in 

psychrotrophs was detected on vacuum packaged meat slices 

and those packaged in Atm 1. No significant increases were 

found on slices packaged in Atm 2 (15% COg and 85% Ng) or 

Atm 3 (100% Ng). The anaerobic conditions of these two 

atmospheres apparently limited psychrotrophic growth for 21 

days of storage. 

The highest percent shrink of the beef slices occurred 

in the vacuum packages (averaging 6.1%), whereas the least 

amount of moisture loss occurred in Atm 2 with 3.7%, Slices 

in Atm 3 and Atm 1 had average shrink percentages of 5.2 and 

4.8, respectively. Taylor (1972) and Seideman et al. (1979b) 

also noted that vacuum packaging may increase moisture loss, 
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Table 7. Means of color attributes and microbial numbers' 
for sampling days within a packaging treatment , 
Trial III. 

Treatment Hue Value Chroma 
Index 

of 
Fading 

Psychro-
trophs MoldC 

Vacuum 
Day 0 8.25 5.50 2.65 j-1 1-51d NG 
Day 7 7.90 4.95 2.25 4.90 1.27 NG 
Day 14 7.15 5.35 1,75 6.45® 2.18J NG 
Day 21 9.15 5.20 1.60 5.95 3.17 NG 

Atm 3 
Day 0 8.25 5.50 2.65 — 1.51 NG 
Day 7 8.80 5.05 1.90 5.60 0.56 NG 
Day 14 9.10 5.25 1.65 5 .55 1.27 NG 
Day 21 9.30 5.10 1.25 7.80 2.16 NG 

Atm 2 
Day 0 8.25 5.50 2.65 — 1.51 NG 
Day 7 8.20 5.10 1.90 5.05 0.56 NG 
Day 14 8.30 5.10 1.55 6.25 NG 
Day 21 9.20 4.95 1.20 8 .70 1.36 NG 

Atm 1 J J 
Day 0 8.25 5.50 2 .65 — 1*51d NG 
Day 7 8.70 5.40 1.65e 4.75 1.27 NG 
Day 14 8.60 5.45 1.35e 8.15 2.33® NG 
Day 21 9.40 5.55 0.75e 7.90 3.61 NG 

a 2 Log^Q numbers of microorganisms per cm surface area. 

bAtm 1=15% CO,,, 40% 0o, 45% N0; Atm 2=15% C0o, 85% N„; 
Atm 3=100% Ng. 

°NG=no growth. 

d e f ' ' Means within the same column for each packaging 
treatment or variable which bear unlike superscripts 
differ significantly (P<.05). 
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although findings by McDaniel et al. (1984) indicated- vacuum 

packaging to reduce moisture loss. However, the latter study 

involved beef roasts which exhibit a minimum of surface area 

from which to lose moisture. In addition, it was determined 

by subjective observation that beef slices packaged in Atm 1 

developed a slightly rancid odor at Day 21. Seideman et al. 

(1979a) reported, through sensory evaluation, that atmos

pheres containing high levels of 02 exhibited a greater 

incidence of off-odor. 

Trial IV 

A comparison of packaging treatments within sampling 

days is presented in Table 8. On sampling day 7, the beef 

slices packaged in Atm 3 (100% N2) had- the lowest (P<.05) 

hue readings, whereas the vacuum packaged meat had the 

highest (P<.05), which was different from the observations 

made in Trial III. At Days 14 and 21, however, no signifi

cant differences in hue due to packaging treatment were 

detected. Inconsistencies between trials could be due to 

subjectivity in determining color attributes, since Little 

(1976) points out that color can only be measured directly 

in psychological terms and that subjectivity is unavoidable. 

Chroma means were higher for vacuum packaged meat sampled 

on Days 14 and 21 (although not significantly), indicating 

a more intense color, which concurs with findings by 

Bartkowski (1978). Vacuum packaged beef slices had the 
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Table 8. Means of color attributes and microbial numbers' 
for packaging treatments within a sampling day, 
Trial IV. 

Treatment Hue Value Chroma 
Index 
of 

Fading 

Psychro-
trophs Mold 

Day 0 
Initial 

Day 7 
Vacuum 
Atm 3 
Atm 2 
Atm 1 

Day 14 
Vacuum 
Atm 3 
Atm 2 
Atm 1 

Day 21 
Vacuum 
Atm 3 
Atm 2 
Atm 1 

7.60 5.30 

8.70' 
7.00, 
7.50 
7.70 

7 .40 
7.30 
7.25 
7.80 

7.85 
7.45 
8 . 1 0  
8.55 

5.15 
4.85 
5.00 
4.75 

5 .55 
5.40 
5.45 
5.65 

5.30 
5 .00' 
5 . 1 0 c  

5.55{ 

de 

2.00 — — — NG NG 

1.40 3.60 NG NG 
1.15 6.30 NG NG 
1.60 3.40 NG NG 
1.35 5.65 NG NG 

1.45 3.55 1.51 NG 
1.15 3 .40 NG NG 
1.30 3 .60 NG NG 
1.10 5.20 NG NG 

1.20 2.60d 2.07d NG 
1.10 4 - 9 5 !  NG NG 
1.05 4.45® NG NG 
0.85 5.70 3 .81 2.09 

n 2 
Log^o numbers of microorganisms per cm surface area. 

bAtm 1=15% C0o, 40% 0o, 45% N„; Afm 2-15% CO,,, 85% NQ; 
Atm 3=100% Ng. 

cNG=no growth. 

d e f ' ' Means within the same column for each sampling day or 
variable which bear unlike superscripts differ 
significantly (P<.05). 
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lowest (P<.05) index of fading with prolonged storage. 

Vacuum packaging appeared to limit the oxygenation and 

subsequent oxidation of myoglobin, which helped maintain an 

acceptable appearance of the meat. The value attribute was 

relatively unaffected by storage time and packaging treatment. 

On sampling day 21, psychrotrophic growth was detected 

on vacuum packaged beef slices and those in Atm 1 (15% C02, 

40% Og, and 45% N^), whereas no growth was found on meat 

packaged in Atm 2 (15% CC>2 and 85% Ng) and Atm 3. Christopher 

et al. (1980) also reported higher counts on vacuum packaged 

meat compared to ant* c®2' ^ ̂as a]-so ^een shown that 

beef packaged in high 02 atmospheres yield higher psychro

trophic numbers than cuts packaged in atmospheres containing 

N2 or COg (Seideman et al. 1979b). Mold growth was detected 

on slices packaged in Atm 1 and Atm 3 at Day 21, while no 

growth was found on slices in any other packaging treatment 

during the storage period. Storage at 4°C was apparently 

effective in limiting mold growth for 21 days, irrespective 

of packaging treatment. 

A comparison of sampling days within packaging treat

ments is presented in Table 9. The chroma attribute of the 

beef slices decreased each sampling period within each 

packaging treatment, decreasing significantly in Atm 1. 

This represents a loss of color intensity with prolonged 
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Table 9. Means of color attributes and microbial numbers3" 
for sampling days within a packaging treatment , 
Trial IV. 

Treatment Hue Value Chroma 
Index 

of 
Fading 

Psychro-
trophs Mold' 

Vacuum 
• 

Day 0 7.60 5.30 2.00 — NG NG 
Day 7 8.70 5.15 1.40 3.60 NG 

H NG 
Day 14 7.40 5.55 1.45 3 .55 1.51 NG 
Day 21 7.85 5.30 1.20 2.60 2 .07 NG 

Atm 3 
Day 0 7.60 5.30 2.00 NG NG 
Day 7 7.00 4.85 1.15 6 .30 NG NG 
Day. 14 7.30 5.40 1.15 3-40L NG NG 
Day 21 7.45 5.00 1.10 4.95 NG NG 

Atm 2 
Day 0 7.60 5.30 2-00dP NG NG 
Day 7 7.50 5.00 1.60 3 .40 NG NG 
Day 14 7.25 5.45 1.30® 3.60 NG NG 
Day 21 8 .10 5.10 1.05 4.45 NG NG 

Atm 1 J 
Day 0 7.60 5 .30 2.00 — NG NG 
Day 7 7.70 4.75® 1.35® 5.65 NG NG 
Day 14 7.80 5-65H i.ioi 5.20 NG NG 
Day 21 8.55 5.55 0 . 8 5 s  5.70 3.81 2.09 

. 2 Log^Q numbers of microorganisms per cm surface area. 

bAtm 1=15% C0Q, 40% 0 o, 45% NQ; Atm 2=15% C 0 0 ,  85% N0; 
Atm 3=100% N2-

cNG=no growth. 

' ' 'gMeans within the same column for each packaging 
treatment or variable which bear unlike super
scripts differ significantly (P<.05). 
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storage. The value and index of fading of the meat appeared 

to be relatively unaffected by storage time, regardless of 

packaging treatment. 

Psychrotrophic growth increased (P<.05) with storage 

time on vacuum packaged beef slices, probably due to the 

dominance of lactobacilli under anaerobic conditions (Pierson 

et al. 1970 and Hanna et al. 1980). The lowest moisture 

loss from the slices occurred in Atm 2 (4.8%). The vacuum 

packaged meat had the highest percent shrink (7.5%), which 

supports the findings of Taylor (1972) and Seideman et al. 

(1979b). Meat packaged in Atm 3 and Atm 1 had average shrink 

percentages of 6.9 and 5.4, respectively. In addition, it 

was determined by subjective observation that slices stored 

21 days in Atm 1 (15% c®2' ^2' an(* 45^ N2^ developed 

dry, dark edges, while vacuum packaged meat exhibited a 

uniform color and texture. Beef packaged in Atm 1 also 

developed a rancid odor after 21 days of storage. Pierson 

et al. (1970), through sensory evaluation, noted that 

aerobically stored beef was unacceptable after 5 days 

while anaerobically packaged beef was similar to fresh 

beef. 

Trial V 

A comparison of packaging treatments within sampling 

days is presented in Table 10. No significant differences 

in hue were recorded among the beef slices within the various 
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Table 10. Means of color attributes, microbial numbers , and 
pH for packaging treatments within a sampling day, 
Trial V. 

Treatment Hue Value Chroma 
Index 

of 
Fading 

Psychro-
trophs°d pH 

Day 0 
Initial 7.15 5.35 2.15 NG 6.30 

Day 3 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

6.35 
6.45 
7.30 
6.70 

5.05 
4.60 
5.25 
5.40 

1.95 
3.15 
2.65 
2 .45 

3.40 
1.60 
2.25 
1.55 

NG 
NG 
NG 
NG 

6.20 
6.20 
6.10 
6 . 2 0  

Day 6 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

7.90 
7.05 
7 .30 
7.15 

5.25 
5.40 
5.10 
5 .25 

1.20 
1.60 
2.10 
2 .05 

4'10ef 2.85®* 
1.85fg 
1.10 

NG 
NG 
NG 
NG 

6.10 
6 . 2 0  
6.10 
6 . 2 0  

Day 9 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

8  . 20  
8.25 
8 .00 
7.40 

5.20 
5.15 
5.40 
5.30 

1.60 
1.65 
1.15! 
1.85J 

3.45 
3.60 
4.65 
1.50 

NG 
2.53® 
4-47J 
1.60g 

6.00 
6.10 
6.10 
6.10 

Day 12 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

8.20®* 4.90® 
8.25? 5.35 
9.40 5.25 
7.00e 5.00 

2.05* 
1.25 
0.70® 
1.20 

3.95 
3.60 
7.70 
5.10 

4.00.X 
3.00* 
5.40® 
3.29 

5.65 
5 .90 
5.80 
5.80 

Day 15 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

8.30 
9.05 
8.80 
8.50 

5.20 
4.85 
5.45 
5.60 

1.90 
1.25 
0.95 
0.60 

2 .60  
7.35 
6.20 
7.30 

4 .54 
4.42* 
6 .86 
4.65{ 

5.50 
5.80 
5.80 
5.65 

Day 18 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

8.40 
9.00 
8.80 
9.25 

5.15 
5.40 
5.35 
4.95 

,70 
10 
,80 
,75 

3.50 
5 .65 
5.50 
8.40 

5.22^ 
5-69* 
9.99g 
5.19e 

5 .50 
5 .80' 
5.70 
5.50" 

ef 
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Table 10, Continued. 

aLog^0 numbers of microorganisms per cm^ surface area. 

bAtra 1=15% C02, 40% CU, 45% N9; Atm 4=15% C09, 20% 0 o ,  
65% N2; Atm 5=15% COg, 10% O*, 75% Ng. 

c 8 Mean value of 9.99 represents growth >10 . 

j 
NG=no growth. 

© f £ h ' ,e" Means within the same column for each sampling day 
or variable which bear unlike superscripts differ 
significantly (P<.05). 
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packaging treatments, except on sampling day 12, where slices 

had higher (P<.05) hue reading in Atra 4 (15% COg, 20% Og, and 

65% Ng) than in Atm 1 (15% COg, 40% Og, and 45% Ng). The 

value of the meat color also tended to have no differences 

(P>.05) within packaging treatment, although differences 

(P<,05) were found on beef sampled on Days 3 and 12. As 

Elliott (1967) and Kropf (1984) pointed out, reflectance 

values may be affected by factors such as moisture, intra

muscular fat, and pigment concentration, which may help 

explain the apparent inconsistencies in hue and value read

ings. At 3 and 6 days of storage, vacuum packaged beef 

slices had lower chroma readings (significantly lower on 

Day 3) than the meat packaged in the Og-containing atmospheres, 

demonstrating that the 02 was sufficient to maintain a more 

intense red color. On sampling days 9 and 12, however, 

slices in Atm 4 (which contains ambient oxygen levels) had 

less intense (P<,05) chroma readings. By sampling days 12, 

15 and 18, vacuum packaged beef maintained chroma readings 

of significantly greater intensity. It appeared that the 

results of chroma determinations were more consistent than 

hue and value and, therefore, least influenced by the factors 

mentioned by Elliott (1967) and Kropf (1984). Although 

significant differences in index of fading were found on 

Day 6 of storage, prolonged storage (i.e., Days 15 and 18) 

of meat in the vacuum packages demonstrated the lowest index 
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of fading, being significantly lower on Day 15. This suggests 

that the anaerobic conditions of the vacuum packages limited 

the oxidation of myoglobin and maintained an acceptable 

appearance of the meat for 18 days of storage. These results 

concur with Seideman et al. (1979a) that the percentage of 

surface discoloration is significantly higher on beef stored 

in Og-containing atmospheres than vacuum packages. Other 

researchers (Rickert, Ball and Stier 1958 and Taylor 1972), 

however, have reported that higher concentrations of Og could 

be used to delay discoloration. 

Psychrotrophic growth on beef slices is depicted in 

Figure 9. On sampling days 3 and 6, growth was not found on 

any of the slices. By Day 9, psychrotrophs were detected 

within each packaging treatment except vacuum, indicating a 

greater lag phase when packaged anaerobically. These data 

concur with Pierson et al. (1970) who reported that bacterial 

counts increased more rapidly and were always higher with 

aerobic packaging. Growth was found on slices packaged within 

each treatment on sampling Days 12, 15, and 18, the greatest 

(P<.05) amount of growth occurring on meat in Atm 4. This 

demonstrated that beef packaged in an atmosphere containing 

ambient levels of oxygen (20%) had significantly higher 

psychrotrophic counts for 18 days of storage than slices 

packaged in one-half ambient (10%) and twice ambient (40%) 

oxygen atmospheres. This suggests that the growth of aerobic 
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Figure 9. Psychrotrophic growth during storage under 
different packaging treatments, Trial V. 
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psychrotrophs is retarded when oxygen tensions deviate from 

normal atmospheric levels in which they are best adapted. 

Mold growth did not occur on beef slices within the 

18 day storage period, irrespective of packaging treatment. 

The surface pH of the slices differed significantly only on 

sampling day 18, with the highest (P<.05) occurring on meat 

in Atm 5 (15% C02> 10% Og, and 75% Ng) and the lowest (P<.05) 

in vacuum packages and Atm 1. 

A comparison of sampling days within packaging treat

ments is presented in Table 11. Vacuum packaged beef slices 

demonstrated a decrease (P<.05) in hue between initial 

(Day 0) packaging and Day 3, which indicated a reduction of 

oxymyoglobin (red) to myoglobin (purple). This reduction 

under anaerobic conditions has been reported by several 

investigators (Stewart et al. 1965, Pierson et al. 1970, 

Lanier et al. 1978, and Seideman et al. 1980). Subsequent 

sampling of meat on Day 6 showed an increase (P<.05) in 

hue, which was maintained through sampling day 18. Hue 

readings of slices packaged in Atm 5, Atm 4, and Atm 1 had 

a tendency to increase throughout the 18 day trial period, 

although not always significantly. The chroma of vacuum 

packaged beef decreased (P<.05) through Day 6, reached a 

maximum (P<.05) on Day 12, and then decreased (P<.05) through 

Day 18, indicating that the maximum color intensity was 

achieved at Day 12. Slices in the Og-containing atmospheres 
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Table 11. Means of color attributes, microbial numbers , 
and pH for sampling days within a packaging 
treatment , Trial V. 

Day Hue Value Chroma Psychro-
Fading . trophsct* 

PH 

Vacuum 
Day 0 
Day 
Day 
Day 
Day 12 
Day 15 
Day 18 

3 
6 
9 

7.15;: 5.35 
6.35 5.05 
7.90®g 5.25 
8.20g 5.20 
8.20g 4.90 
8.30g 5.20 
8.40g 5.15 

2.15 
1.95* 
1.20 
1.60 
2.05' 
1.90' 
1.70 

ef 

ef 

3.40 
4.10 
3.45 
3.95 
2 . 6 0  
3.50 

NG 
NG 
NG 
NG „ 

4.00? 
4 .54 
5 .22 g  

6.30J 
6*20ef 6.10®1 

6.00 
5.65? 
5.50g 
5 .50g 

Atm 5 
Day 
Day 
Day 
Day 

0 7 •15® 5 .35? 2 .15 
3 6 .45® 4 . 60 3 .15 
6 7 .05? 

.25 J 
5 .40® 1 .60 

9 • 8 
.05? 
.25 J 5 • 15®g 1 .65 

12 8 • 25i 5 .35? 
. 85 g 

1 .25 
15 9 .05 J 4 

.35? 

. 85 g 1 .25 
18 9 .OO1 5 .40® 1 .10 

1.60 
2.85' 
3.60 
3.60 
7.35g 

ef 
ef 

5.65 fg 

NG 
N(j 
NG „ 

2.53? 
3 .00 
4.42g 

5.69 

6  .30  
6.20® 
6 .2  0® 
6-10fe 5.90 g 
5 .80 g  

5.80s 

Atm 4 
Day 
Day 
Day 
Day 

0 7 •15L 5 .35 
3 7 . 30 5 .25 
6 7 • 30ef .00®1 

5 .10 
9 8 • 

30ef .00®1 5 .40 
12 9 .40? 

•80fl . 80 g 

5 .25 
15 8 

.40? 

•80fl . 80 g 
5 .45 

18 8 

.40? 

•80fl . 80 g 5 .35 

2.15® 
2.65 
2 .10e 
!.15g 

°-702h 
0.95g£ 
0 ,80g 

2.25 

4 .65® g 

7.70g 
6.20? 
5.50 g 

NG 
NG 
NG a 

4.47® 
5.40* 
6.86g  

9.99 

6.30J 
6-10Sf 6-10Jf 6.i0®„ 
5.80jg 

5 .80 g 
5.70g 

Atm 1 
Day 0 
Day 3 
Day 6 
Day 9 
Day 12 
Day 15 
Day 18 

7.15' 

7.40 
7.00* 

5.35 ef 

6.70^ 5.40 
7.15® 5.25 efg 

5.30®fg 

5 . 0 0  g  

8 .50t 5.601; 
9 .25 4.95g 

2.15? 
2 .45 
2.05e 
1.85® 
1 .20 g  

0.60" 
0 .75 

1. 
1. 
1. 
5, 
7, 

5 5 °  

10 
50® 
10L 30 g 

NG 
NG 
NG £ 

1.60* 
3 .29 
4.65 

8.40g 5.19 

6.30 
6 .20 {  

6 .20' 
6.10 
5.80 
5.65g 
5.50g 

ef 
fg 
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n 2 
Log j^q numbers of microorganisms per cm surface area. 

bAtm 1=15% C02, 40% 0„, 45% N9; Atm 4=15% C09, 20% 09, 
65% N2; Atm 5=15% CO*, 10% 0*, 75% N2. a 

c 8 
Mean value of 9.99 represents growth >10 . 

j 
NG=no growth. 

g f g h 
' Means within the same column for each packaging 

treatment or variable which bear unlike super
scripts differ significantly (IX.05). 
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had increased (P<.05) hue readings on sampling day 3, but 

decreased (P<.05) by Day 6 and continued to decrease there

after, although not always significantly. The index of 

fading of the meat demonstrated a tendency to increase with 

storage time in the Og-containing atmospheres, while vacuum 

packaged slices did not fade significantly. These data 

represent the oxidation of oxymyoglobin in Atm 5, Atm 4, and 

Atm 1 during the 18 day trial period, whereas the predominant 

pigment of the vacuum packaged beef (myoglobin) remained 

relatively unchanged. 

The greatest amount of shrink that occurred during 

18 days of storage was of beef packaged in Atm 1, with an 

average of 12.6%, followed by vacuum packaged slices (7.3%). 

The least amount of moisture loss occurred in Atm 5 (4.2%), 

which contained the highest level of nitrogen, concurring 

with findings by Belousov et al. (1973) and Seideman et al. 

(1979ab) that Ng decreases weight loss. These results also 

agree with McDaniel et al. (1984) who reported that pre

cooked beef roasts had greater moisture loss when packaged 

in Og- and CO^-containing atmospheres compared to vacuum 

packaging. In addition, it was determined by subjective 

observations that slices packaged in the Og-containing 

atmospheres had a rancid odor at Days 15 and 18, and also 

developed extremely dark, dry edges. The vacuum packaged 

slices, however, did not develop a rancid odor and retained 

a moist, uniform appearance through storage day 18. 
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Trial VI 

A comparison of packaging treatments within sampling 

days is presented in Table 12. Hue readings of beef slices 

did not differ significantly within the various packaging 

treatments except on sampling day 18, where vacuum packaged 

beef had the lowest (P<.05) reading. Similarly, the value 

attribute of the slices was not significantly different 

between packaging treatments. The fat content of the meat 

may have had an effect on the hue readings, as noted by 

Elliott (1967) and Kropf (1984). Rickert, Bressler, Ball 

and Stier (1957) demonstrated that as the fat content in

creased, the rate of metmyoglobin formation increased. At 

Days 3 and 6, chroma readings were higher among the beef 

slices in the atmospheres which contained 0g than vacuum 

packaged beef, although not significantly different. With 

extended storage (i.e., Days 12, 15, and 18), vacuum 

packaged meat had the highest (P<.05) chroma readings, 

representing a more intense color. Bartkowski (1978) also 

reported that vacuum packaged meat produced higher chroma 

readings than meat stored in Og-containing atmospheres. No 

differences (P>.05) were found in the index of fading of beef 

within the various packaging treatments up to 9 days of 

storage. On sampling days 12, 15, and 18, however, vacuum 

packaged slices demonstrated significantly lower index of 

fading values. As in Trials III, IV, and V, the lower index 
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g 
Table 12. Means of color attributes, microbial numbers , 

and pH for packaging treatments within a 
sampling day, Trial VI. -

Treatment*3 Hue Value Chroma of ?fy~urc~ PH 
Fading trophs 

Day 0 
Initial 

Day 3 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

Day 6 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

Day 9 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

Day 12 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

Day 15 
Vacuum 
Atm 5 
Atm 4 
Atm 1 

Day 18 
Vacuum 
Atm 5 
Atm 4 
Atra 1 

7.25 5.15 2.35 NG 6.35 

7.15 
6.85 
7.05 
7.35 

5.65 
5.55 
5.40 
5.40 

1.40 
2.05 
2.05. 
2.25 

5.95 
3.70 
2 .60 
2 .70 

NG 
NG 
NG 
NG 

6.20 
6.30 
6 .20 
6.30 

6.95 
6.80 
7.25 
7.05 

5.35 
5.10 
5.20 
5.30 

1.25 
1.95 
1.70 
1.90 

4.80 
2 .25 
2.85 
2.45 

NG 
NG 
NG 
NG 

6.10 
6.30 
6.20 
6.20 

7.10 
7.80 
6.85 
6.85 

5.40 
5 .35 
5.25 
5.45 

1.85 
1.40 
1.85 
1.70 

3.50 
4.60 
2.50 
4.15 

NG 
NG 

2 .34 
NG 

6.10 
6.20 
6.10 
6 .20 

7.15 
7.55 
7.60 
7.30 

5.15d 
5.60® 
5.25 
5.60e 

2,05d 
1.20e 
1.15e 
1.25e 

1.90d 
6.45e 
4.65e 
6.15e 

1.71d 
3.50? 
5.33 
2.73s 

6.00 
6.00 
6.00 
6.00 

7.70 
8 .70 
7.70 
9.10 

5.20 
4.95 
5.25 
5 .55 

2 .00d 
1.15® 
1. 35e 
0.75e 

1.80d 
6.80® 
5.05 
8.90e 

5.36d 
5.77e 

5.685 
4.34 

5.80 
5.90 
5.90 
5.80 

7.25d 

7 ' 0 5 e f  8 . 3 0 ®  
8.90 

5.25 
5.30 
5.35 
5.15 

1.70d 
0.70e 
0.70e 
1.05e 

2.65d 
6.55e 
7.10e 
6.05e 

6.16d 
5.34® 
7.36 
2.43g 

5.65 
5.80 
5 .80 
5.80 
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Table 12, Continued. 

a 2 
Logic numbers of microorganisms per cm surface area. 

bAtm 1=15% C09, 40% 09, 45% N9; Atm 4=15% C09, 20% 09, 65% N, 
Atm 5=15% COg, 10% 075% Ng. ^ z 

cNG=no growth. 

j _ j p, 
' ' ,sMeans within the same column for each sampling day or 

variable which bear unlike superscripts differ 
significantly (P<,05). 
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of fading values indicate a delay of myoglobin oxidation to 

metmyoglobin, which is the undesirable brown pigment. 

Pierson et al. (1970) reported that 100% myoglobin remained 

at the surface of the meat in anaerobically stored beef 

slices for 15 days, whereas the oxymyoglobin of aerobically 

stored beef was completely oxidized in less than 5 days. 

Psychrotrophic growth on beef slices is depicted in 

Figure 10. Slices packaged in Atm 4 (15% C02, 20% 02, 

and 65% Ng) had the greatest (P<.05) amount of growth on 

sampling days 9, 12, 15, and 18. As in Trial V, these 

data suggest that the optimum growth of aerobic psychrotrophs 

appeared to occur within the atmosphere containing ambient 

levels of oxygen. It has also been noted that bacteria, in 

general, increase more slowly on meat packaged anaerobically 

(Pierson et al. 1970). 

Mold growth did not occur on beef slices within any 

of the packaging treatments during the entire trial period. 

The pH of the meat surface did not differ significantly, 

irrespective of packaging treatment, although vacuum packaged 

slices had the lowest pH on sampling day 18. 

A comparison of sampling days within packaging 

treatments is presented in Table 13. Beef slices packaged 

in Atm 1 (15% C02, 40% Og, and 45% Ng) had significantly 

higher hue reading on Day 15, while no differences (P>.05) 

were found among the slices packaged in Atm 5 (15% C0o, 



73 

10-, 
VACUUM 
ATM 5 (19% CO2, 10% 02 , 75% N2) 
ATM 4 (13% C02, 20% Oz , 65% N2 ) 
ATM I (15% C02, 40% 02. 45% Nz) 

CM 

M 

3 9 12 0 6 15 IS 

DAYS OF STORAGE 

Figure 10. Psychrotrophic growth during storage under 
different packaging treatments, Trial VI. 
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Table 13. Means of color attributes, microbial numbers , ang 
pH for sampling days within a packaging treatment , 
Trial VI. 

Index p , 
Day Hue Value Chroma of trophs^" 

Fading 

Vacuum 
Day 0 7.25 5.15 
Day 3 7.15 5.65 
Day 6 6.95 5.35 
Day 9 7.10 5.40 
Day 12 7.15 5.15 
Day 15 7.70 5.20 
Day 18 7.25 5.25 

Atm 5 
Day 0 7.25 5.15 
Day 3 6.85 5.55 
Day 6 6,80 5.10' 
Day 9 7.80 5.35 
Day 12 7.55 5.60 
Day 15 8.70 4.95 
Day 18 7.95 5.30 

Atm 4 
Day 0 7.25 5.15 
Day 3 7.05 5,40 
Day 6 7.25 5.20 
Day 9 6.85 5.25 
Day 12 7.60 5.25 
Day 15 7.70 5.25 
Day 18 8.30 5.35 

® 2.35d —, NG 6.35d 
° 1.40 5 . 95 NG 6 . 20° „ 
®f 1.25®. 4.80® NG 6.10d®* 
f 1.85*= 3.50? NG . 6.10 ® 
®. 2.05 . 1.90fg 1,71 6.00® 
ef 2;00f[j 1.80g 5.36? 5.80fg 

1.70 2.65g 6.16 5.65g 

2,35d NG 6.35d 
J 2.05 3.70^ NG 6.30°® 
°® 1.95® 2.25° NG 6.30°e_ 
df 1.40* 4.60d® NG 6>20lfl 
1 1.20* 6.45 3.50 6.00^ 
® . 1.15 6.80® 5.77® 5.90 g 
def 0.70g 6.55e 5,34 5.80g 

2.35d NG 6-35? 
2.05° 2.60° NG 6.20°e 
1.70°® 2.85j NG . 6.20°® 
1.852® 2.50*} 2.34 6.10d(?f 
1.15 g 4.65°e 5.33® 6.00frg 

1.35 g 5.05 5.68 5.90fg 
0.70g 7.10e 7.36g 5.80s 

d 
Atm 1 

Day 0 7.25" 5.15 2.35" . NG 6.35 
Day 3 7.35" 5.40 2.25" 2.70" NG 6-30h 
Day 6 7.05° 5.30 1.90°e 2.45° NG 6.20ae 

0 7. 25d 5.15 2  • 3 5  J  NG 
3 7. 35d 5.40 2.25° 

1.70 ® 
1.25® 

2.70° NG 
6 7. 0 5  j  5.30 

2.25° 

1.70 ® 
1.25® 

2.45° NG 
9 6. 85H 5.45 

2.25° 

1.70 ® 
1.25® 

4.15d 
6.15 

NG 
12 7. 30 5.60 

2.25° 

1.70 ® 
1.25® 

4.15d 
6.15 2.73° 

15 9. 10e 5.55 ° - 7 5 e t  
1. 05 

8.90? 
6.05 

4.34® 
18 8. 90e 5,15 

° - 7 5 e t  
1. 05 

8.90? 
6.05 2.43 

d 
d€ 

Day 9 6.85^ 5.45 1.70"^ 4.15^ NG ^ 6.20d5 
6.00® 
5.80* 
5.80 
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Table 13, Continued. 

a 2 
Log^Q numbers of microorganisms per cm surface area. 

bAtm 1=15% C0„, 40% 09, 45% N„; Atm 4=15% C0Q, 20% 0 o ,  65% N„; 
Atm 5=15% COg, 10% Og, 75% Ng. 

NG=no growth. 

d e f ff h * ' Means within the same column for each packaging 
treatment or variable which bear unlike super
scripts differ significantly (P<.05). 
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10% Og, and 75% N2), Atm 4, and vacuum through 18 days of 

storage. Significant differences in the value attribute of 

the meat were recorded, although these differences may have 

been caused by inconsistencies in reflectance due to such 

factors as moisture, intramuscular fat, and pigment concen

tration (Elliott 1967 and Kropf 1984). A tendency of chroma 

to decrease (P<.05) was noted through Day 18 with slices 

stored in the Og-containing atmospheres, while vacuum packaged 

meat showed an increase (P<.05) in chroma on Days 9 and 12. 

This increase demonstrates a greater intensity in color with 

storage time up to 12 days. The index of fading decreased 

(P<.05) for beef in vacuum packages through 15 days of 

storage, while slices in the (^-containing atmospheres 

increased (P<.05), indicating oxidation of oxymyoglobin to 

metmyoglobin. Seideman et al, (1979a) reported that surface 

discoloration was significantly higher on beef roasts stored 

in atmospheres containing Og than vacuum packaged roasts. 

In addition, Ledward (1970) noted that CC>2 also contributes 

to the discoloration of meat. 

Psychrotrophic organisms demonstrated a significant 

increase in numbers for each day the beef slices were 

sampled, except for slices sampled on Day 18 packaged in 

Atm 1. The psychrotrophs appeared to have reached a 

stationary phase in growth by Day 15 on those slices in Atm 1. 
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The highest average percent shrink of beef slices 

occurred in Atm 1 with 9.6%, followed by vacuum packaged 

beef (6.5%). The least amount of moisture loss occurred in 

Atm 5, which contained the highest percentage of nitrogen. 

Belousov et al. (1973) and Seideman et al. (1979ab) have 

also reported that high levels of Ng may reduce moisture 

loss. These results also concur with findings by 

Bartkowski et al. (1982), Luiten et al. (1982), and McDaniel 

et al. (1984), who reported that meat stored in high oxygen 

level atmospheres had a greater amount of shrink than vacuum 

packaged meat. It was also determined by subjective obser

vations that a rancid odor developed on the beef slices stored 

in the Og-containing atmospheres at Day 15, whereas vacuum 

packaged slices did not become rancid. Vacuum packaged beef 

also retained a desirable, moist appearance throughout 18 

days of storage. The beef stored in the atmospheres con

taining 02 developed extremely dark, dry edges by sampling 

day 15, resulting in a very undesirable product. 



CONCLUSION 

Gas atmosphere packaging of fresh beef has proven to 

be a viable alternative to vacuum packaging in maximizing 

storage time and maintaining product acceptability. Yet, 

the effects of gas atmospheres on precooked beef still 

remain uncertain. Results of this investigation would 

indicate that packaging in gaseous mixtures of carbon 

dioxide, oxygen, and nitrogen to be an unacceptable alter

native to vacuum packaging due to increased discoloration, 

racidity, and deterioration in texture and overall 

appearance. 

With prolonged storage, microbial growth appeared 

to be greatest in mixed atmospheres containing ambient 

levels of oxygen, which suggests that their aerobic growth 

is retarded when oxygen tensions deviate from normal 

atmospheric levels in which they are best adapted. Even 

though growth was inhibited the greatest in mixed atmospheres 

which contained no oxygen, but rather 15% carbon dioxide and 

85% nitrogen, the deterioration of color and overall 

appearance was such as to render the product unacceptable 

to the consumer. In comparison, this carbon dioxide/nitrogen 

ratio is one of the most effective gas atmospheres for 

maintaining fresh meat quality. Vacuum packaging 
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demonstrated that anaerobic psychrotrophs possessed a longer 

lag phase and would certainly be preferred for storage up to 

two weeks. 

Storage temperatures of at least 6°C proved to be 

detrimental to precooked beef quality in terms of microbial 

growth, particularly molds. Although molds are usually not 

a concern with fresh beef storage, the moisture loss caused 

by cooking tends to reduce water activity. In conjunction 

with elavated storage temperatures, these conditions are 

quite conducive to mold growth. 

The anaerobic conditions of the vacuum packages 

maintained a highly desirable cooked beef color by delaying 

or even reversing the oxidation of myoglobin. Contrary to 

fresh beef storage where color is negatively affected by the 

absense of oxygen, cooked beef appeared to be most desirable 

when myoglobin was in the reduced state. Even in gas 

mixtures that contained no oxygen, oxidation appeared to 

occur after only one week of storage. Vacuum packaging may 

have also been beneficial in limiting oxidative rancidity 

and the occurrance of off-odors. 

It should be noted that utilization of Macbeth-Munsell 

Disk Colorimetry and CIE diagrams for color determination is 

a cumbersome and time consuming method, involving many 

calculations. Although Munsell notation is an objective 

approach to characterizing the various aspects of color, 

it is, nevertheless, a subjective comparison between the 
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sample and the disks. .The use of subjective color scales 

could provide a meaningful alternative to color deter

mination, while eliminating calculations and inherent error 

in the disk method. 

In view of the results obtained in this study, it 

would appear that gas atmosphere packaging of precooked 

beef slices may not be a feasible method for the meat and 

foodservice industries. Certainly further research is 

necessary to determine the incidence and ecology of specific 

microorganisms under the given procedures and conditions as 

well as the effects of gas flushing, followed by vacuum 

packaging. Investigations are also needed to determine the 

effects of factors such as cooking time, degree of cooking, 

type of cut, and variations in post-cooking handling on the 

storage quality of precooked beef products. 



SUMMARY 

The purpose of this study was to determine the effects 

of selected gas atmospheres upon several quality attributes 

during the storage of precooked beef slices. 

Six trials were conducted to collect data for this 

investigation. Top rounds were cut into approximately 1.5 kg 

roasts and cooked at 93°C to an internal temperature of 60°C. 

After the roasts were sliced, two or three randomly selected 

slices were placed in barrier bags for treatment packaging. 

In Trials I and II, beef slices were assigned one of two 

p a c k a g i n g  t r e a t m e n t s  a n d  h e l d  a t  2 ,  6 ,  o r  1 0 ° C .  A t  D a y s  7 ,  

14, and 21 of storage, selected slices from each treatment 

group were evaluated for microbial populations and shrinkage. 

In Trials III and IV, slices were assigned one of four 

packaging treatments and held at 4°C. At Days 7, 14, and 21, 

slices from each treatment group were evaluated for psychro-

troph and mold populations, color, and shrinkage. In Trials 

V and VI, slices were assigned one of four packaging treat

ments and held at 4°C. At Days 3, 6, 9, 12, 15, and 18 of 

storage, slices from each treatment group were evaluated for 

psychrotroph and mold populations, color, surface pH, and 

shrinkage. 
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Of the Og-containing atmospheres, psychrotrophic 

growth was greatest (P<.05) at ambient (20%) oxygen levels 

as compared to one-half ambient (10%) and twice ambient (40%) 

at 9 to 18 days of storage. In the 15% C02/85% and the 

100% N2 atmospheres, lower (P<.05) psychrotroph counts were 

recorded at Days 14' and 21 compared to the 40% Og atmosphere. 

Vacuum packaging exhibited a greater lag phase of psychro-

trophs and mesophiles at 2°C than when stored at 6 or 10°C. 

Mold growth did not occur within any of the packaging 

treatments for 18 days of storage when held at 4°C or less. 

At temperatures above this, however, mold growth did occur 

and tended to be higher (P<.05) in the 40% 02 atmosphere than 

in vacuum. 

Hue and value were relatively unaffected (P>.05) by 

packaging treatment and storage up to 21 days. Chroma, 

however, was always greater (although not always signifi

cantly) in vacuum packages with prolonged storage between 

12 and 21 days. This increased chroma indicated a greater 

color intensity. The index of fading of vacuum packaged 

samples was generally less when stored 12 to 21 days. 

The effect of gas atmospheres on the amount of shrink 

is still uncertain, although vacuum packages tended to have 

more purge formation than gas atmosphere packages. 

The degree of contamination incurred during the 

cooking, slicing, and packaging procedures is uncertain. 

It is of utmost importance to maximize sanitation during 
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this stage of processing to insure the greatest shelf life 

and product acceptability. 



LITERATURE CITED 

Aim, F., I. Erichsen and N. Molin. 1961. The effect of 
vacuum packaging on some sliced processed meat 
products as judged by organoleptic and bacteriologic 
analysis. Food Technol. 15(4):199. 

Appel, P. and W. D. Brown. 1971. Stability characteristics 
of deuterated myoglobin. Biopolymers 10:2309. 

Balinkin, I. A. 1939. Industrial color tolerances. Am. J. 
Psychol. 52:428. 

Balinkin, I. A. 1941. Measurement and designation of small 
color differences. Am. Ceram. Soc. Bull. 20:392. 

Baltzer. J. 1969. The relation between bacterial contami
nation and growth on meats and the quality of meat 
products. Proc. Recip. Meat Conf. 22:294. 

Baran, W. L., A. A. Kraft and H. W. Walker. 1970. Effects 
of carbon dioxide and vacuum packaging on color and 
bacterial count of meat. J. Milk Food Technol. 33:77. 

Bartkowski, L. B. 1978. Quality changes of two beef 
muscles stored in various gas atmospheres and package 
types. M. S. Thesis, Univ. of Arizona, Tucson, 
Arizona. 

Bartkowski, L. B., F. D. Dryden and J. A. Marchello. 1982. 
Quality changes of beef steaks stored in controlled 
gas atmospheres containing high or low levels of 
oxygen. J. Food Prot. 45:41. 

Bell, R. G. and C. 0. Gill. 1982. Microbial spoilage of 
luncheon meat prepared in an impermeable plastic 
casing. J. Appl. Bacterid. 53:97. 

Bell, R. G. and K. M. DeLacy. 1983. A note on the microbial 
spoilage of undercooked chub-packed luncheon meat. 
J. Appl. Bacteriol. 54:131. 

84 



85 

Belousov, A. A., L. V. Koulikouskaya, A. I. Piskaryov, 
E. V. Gounar and G. C. Yakoulov. 1973. Ultra-
structure and biochemical changes in the muscular 
tissue of chilled beef as related to storage proce
dures. Proc. Europ. Meeting Meat Res. Workers 19:221 

Bennink, M. R. and K. Ono. 1982. Vitamin B12, E, and D 
content of raw and cooked beef. J. Food Sci. 47:1786 

M. H. and A. C. Baird-Parker. 1982. The microbio
logical examination of meat. In "Meat Microbiology", 
M. H. Brown, ed. Applied Science Publishers Ltd., 
London. 

F. L. and E. G. Kilpatrick. 1971. Clostridium 
perfrlngens related to roast beef cooking, storage, 
and contamination in a fast food service restaurant. 
Amer. J. Public Health 61:1869. 

Buck, E. M., A. M. Hickey and J. Rosenau. 1979. Low-
temperature air oven vs. a water bath for the 
preparation of rare beef. J. Food Sci. 44:1602. 

Canadian Meat Council. The Research Bulletin. 1980. 
Preparation of roast beef in food service establish
m e n t s .  5 2 3 3  D u n d a s  S t .  W .  I s l i n g t o n ,  O n t .  V o l .  7 ,  
No. 9-12. 

Chambers, E. IV, 0. A. Cowan and D. L. Harrison. 1982. 
Histological characteristics of beef and pork cooked 
by dry or moist heat in a conventional or microwave 
oven. J. Food Sci. 47:1936. 

Christopher, F. M., S. C. Seideman, Z. L. Carpenter, 
G. C. Smith and C. Vanderzant. 1979. Microbiology 
of beef packaged in various gas atmospheres. J. 
Food Prot. 42:240. 

Christopher, F. M., Z. L. Carpenter, C. W. Dill, G. C. Smith 
and C. Vanderzant. 1980. Microbiology of beef, pork 
and lamb stored in vacuum or modified gas atmospheres 
J. Food Prot. 43:259. 

Clark, D. S. and C. P. Lentz. 1969. The effect of carbon 
dioxide on the growth of slime producing bacteria on 
fresh beef. Can. Inst. Food Sci. Technol. J. 2:72. 

Clark, D. S. and C. P. Lentz. 1972. Use of carbon dioxide 
for extending shelf-life of prepackaged beef. Can. 
Inst. Food Sci. Technol. J. 5:175. 

Brown, 

Bryan, 



86 

Clark, D. S. and C.' P. Lentz. 1973. Use of mixtures of 
carbon dioxide and oxygen for extending shelf-life 
of prepackaged fresh, beef. Can. Inst. Food Sci. 
Technol. J. 6:194. 

Clark, D. S., C. P. Lentz and L. A. Roth. 1976. Use of 
carbon monoxide for extending shelf-life of pre
packaged fresh beef. Can. Inst. Pood Sci. Technol. 
J. 9:114. 

Cohen, M. L. and P. A. Blake. 1977-. Trends in foodborne 
salmonellosis outbreaks: 1963-1975. J. Food Prot. 
40:798. 

Coyne, F. P. 1932. The effect o t  carbon dioxide on 
bacterial growth with special reference to the 
preservation of fish. Part I. J. Soc. Chem. Ind. 
51:119T. 

Cremer, M. L. and J. R. Chipley. 1980. Time and temperature, 
microbiological, and sensory assessment of roast beef 
in a hospital foodservice system. J. Food Sci. 45: 
1472 . 

Cutaia, A. J. and Z. J. Ordal. 1964. Pigment changes in 
anaerobically packaged ground beef. Food Technol. 
18(5):757. 

Dahl, C. A. and M. E. Matthews. 1979. Forced-air convection 
ovens: Temperature range in oven and beef loaf during 
heating. School Foodservice Research Review 3(1):11. 

Danner, M, J. 1959. Beef preferences and purchasing 
practices. Ala. Agr. Exp. Sta. Circ. 131. 

DeMan, J. M. 1976. Principles of food chemistry. AVI 
Publishing Co., Westpbrt, Conn. 

DeZutter, L. and J. van Hoof. 1982. Bacterial growth in 
exudate of vacuum packed beef. Proc. Europ. Meeting 
Meat Res. Workers 28:355. 

Duncan, D. B. 1955. Multiple range and multiple F tests. 
Biometrics 11:1. 

Dunsing, M. 1959a. Visual and eating preferences of 
consumer household panel for beef from Brahman-
Hereford crossbreds and from Herefords. Food 
Technol. 13(9):451. 



87 

Dunsing, M. 1959b. Consumer preferences for beef of 
different breeds related to carcass and quality 
grades. Food Technol. 13(9):516. . 

Egan, A. F., A. L. Ford and B. J. Shay. 1980. A comparison 
of M i cr ob ac t er i um t her mo s ph ac t um and L a c tob ac i 11 i as 
spoilage organisms of vacuum-packaged sliced luncheon 
meats. J. Food Sci. 45:1745. 

El-Badawi, A. A., R. F. Cain, C. E. Samuels and A. F. 
Anglemeier. 1964. Color and pigment stability of 
packaged refrigerated beef. Food Technol. 18(5):753. 

Elliott, R. J. 1967. Effect of optical systems and sample 
preparation on the visible reflection spectra of pork 
muscle. J. Sci. Food Agric. 18:332. 

Enfors, S. 0. and G. Molin. 1981. The influence of temper
ature on the growth inhibitory effect of carbon 
dioxide on Pseudomonas f ragi and Bacillus cereus. 
Can. J. Microbiol. 27:15. 

Finne, G. 1982. Modified- and controlled-atmosphere 
storage of muscle foods. Food Technol. 36(2):128. 

Fox, J. B. Jr. 1966. The chemistry of meat pigments. J. 
Agr. Food Chem. 14:207. 

Frankel, C. 1889. Die Einwirkung der Kohlensaure auf die 
Lebensthatigkeit der Microorganismen. Z. f. Hyg. 
5:332. 

Fung, D. Y. C. and F. E. Cunningham. 1980. Effect of 
microwaves on microorganisms in foods. J. Food Prot. 
43:641. 

Gardner, G. A., A. W. Carson and J. Patton. 1967. Bacteri
ology of prepackaged pork with reference to the gas 
composition within the pack. J. Appl. Bacteriol. 
30:321. 

Gee, D. L. and W. D. Brown. 1978. Extension of shelf life 
in refrigerated ground beef stored under an atmosphere 
containing carbon dioxide and carbon monoxide. J. 
Agric. Food Chem. 26:274. 

Gee, D. L. and W. D. Brown. 1980. The effect of carbon 
monoxide on bacterial growth. Meat Sci. 5:215. 



88 

George, P. and C. J. Stratmann. 1952. The oxidation of 
myoglobin to metmyoglobin by oxygen. 2. The relation 
between the first order rate constant and the partial 
pressure of oxygen. Biochem. J. 51:418. 

Giddens, M. L. Jr., R. L. West, J. L. Oblinger and B. W. 
Peters. 1979. Cooking systems for precooked rare 
roast beef. J. Anim. Sci. 49(suppl. No. 1):19. 

Giddings, G. G. 1977. Symposium: The basis of quality 
in muscle foods. J. Food Sci. 42:288. 

Giles, B. C. 1969. Changes in meat produced by cooking. 
Proc. Europ. Meeting Meat Res. Workers 15:289. 

Gill, C. 0. 1976. Substrate limitation of bacterial growth 
at meat surfaces. J. Appl. Bacteriol. 41:401. 

Gill, C. 0. and K. H. Tan. 1979. Effect of carbon dioxide 
on growth of Pseudomonas fluorescens. Appl. Environ. 
Microbiol. 38:237. 

Gill, C. 0. and K. H. Tan. 1980. Effect of carbon dioxide 
on growth of meat spoilage bacteria. Appl. Environ. 
Microbiol. 39:317. 

Godlove, I. H. 1951. Improved color difference formula and 
application to the perceptibility and acceptability 
of fadings. J. Opt. Soc. Am. 41:760. 

Haaland, J. E. 1977. Guide to energy conservation for food 
service. FEA Food Industry Advisory Committee. 
U. S. Gov't. Print. Office, Washington, D. C. 

Haas, M. C. and L. J. Bratzler. 1965. Determination of 
myoglobin oxygenation rates in pork, beef, and lamb 
by Munsell and reflectance colorimetry. J. Food 
Sci. 30:64. 

Haines, R. B. 1933. The influence of carbon dioxide on the 
rate of multiplication of certain bacteria as judged 
by viable counts. J. Soc. Chem. Ind. 52:13T. 

Hanna, M. 0., L. C. Hall, G. C. Smith and C. Vanderzant. 
1980. Inoculation of beef steaks with Lactobacillus 
species before vacuum packaging. I. Microbiological 
considerations. J. Food Prot. 43:837. 

Hays, G. L., J. D. Burroughs and R. C. Warner. 1959. Micro
biological aspects of pressure packaged foods. II. 
The effect of various gases. Food Technol. 5(10):567. 



89 

Hodges, J. H., V. R. Cahill and H. W. Ockerman. 1974. 
Effect of vacuum packaging on weight loss, microbial 
growth and palatability of fresh beef wholesale cuts. 
J. Food Sci. 39:143. 

Holland, G. C. 1980. Modified atmospheres for fresh meat 
distribution. Proc. Meat Ind. Res. Conf., Amer. Meat 
Inst. Pound. Chicago, Illinois, pp. 21-39. 

Hostetler, R. L. and W. A. Landmann. 1968. Photomicro-
graphic studies of dynamic changes in muscle fiber 
fragments. 1. Effect of various heat treatments on 
length, width and birefringence. J. Food Sci. 33:468. 

Huffman, D. L. 1974. Effect of gas atmospheres on microbial 
quality of pork. J. Food Sci. 39:723. 

Hung, C. C., E. A. Davis, J. Gordon and H. T. Davis. 1978. 
Mechanisms of water loss of bovine semitendinosus 
muscle dry cooked from the frozen state. J. Food 
Sci. 43:1191. 

Hunter, R. S. 1942. Photoelectric tristimulus colorimetry 
with three filters. National Bureau of Standards 
Circ. C429. 

Hunter, R. S. 1975. The measurement of appearance. John 
Wiley and Sons, New York. pp. 133-140. 

Hutton, C. W. , Y. H. Neggers and T. 0. Love. 1981. Scanning 
electron microscopy, proteolytic enzyme activity, and 
acceptability of beef semitendinosus cooked by micro
waves and conventional heat. J. Food Sci. 46:1309. 

Ingram, M. and R. B, Haines. 1949. Inhibition of bacterial 
growth by pure ozone in the presence of nutrients. 
J. Hyg. 47:146. 

Ingram, M. 1962. Microbiological principles in prepacking 
meats. J. Appl. Bacterid. 25:259. 

Ingram, M. and R. H. Dainty. 1971. Changes caused by 
microbes in spoilage of meat. J. Appl. Bacterol. 
34:21. 

Ingram, M. and B. Simonsen. 1980. Meats and meat products. 
In "Microbial Ecology of Foods11, Vol. 2. Academic 
Press, New York. pp. 396-397. 

Jarmund, T. and T. Eklund. 1982. CO2 storage of meat and 
meat products. NINF Informasjon No. 4:297. 



90 

Jaye, M. , R. S. Kittaka and Z. J. Ordal. 1962. The effect 
of temperature and packaging material on the storage 
life and bacterial flora of ground beef. Food 
Technol. 16(4):95. 

Jeremiah, L. E., Z. L. Carpenter and G. C. Smith. 1972. 
Beef color as related to consumer acceptance and 
palatability. J. Food Sci. 37:476. 

Johnson, B. Y. 1974. Chilled vacuum-packed beef. CSIRO 
Food Res. Rept. 34:14. 

Jones, S. B. 1977. Ultrastructural characteristics of 
beef muscle. Food Technol. 31(4):82. 

Judd, D. B. 1939. Specification of color tolerances at the 
National Bureau of Standards. Am. J. Psychol. 52:418. 

Judd, D. B. 1959. Color in business, science and industry, 
2nd ed. John Wiley and Sons, New York. p. 384. 

King, A. D. Jr. and C. W. Nagel. 1967. Growth inhibition 
of a Pseudomonas by carbon dioxide. J. Food Sci. 
32:575. 

Kropf, D. H. 1980. Effects of retail display conditions 
on meat color. Proc. Recip. Meat Conf. .33:15. 

Kropf, D. H. 1984. Objective measures of meat color. 
Proc. Recip. Meat Conf. In Press. 

Lanier, T. C., J. A. Carpenter, R. T. Toledo and J. 0. 
Reagan. 1978. Metmyoglobin reduction on beef systems 
as affected by aerobic, anaerobic and carbon monoxide-
containing environments. J. Food Sci. 43:1788. 

Lannelongue-Favre, M. 1980. Storage characteristics of 
fresh fish packed in modified gas atmospheres 
containing carbon dioxide. M. S. Thesis, Texas A & M 
Univ., College Station, Texas. 

Lawrie, R. A. 1974. Meat science, 2nd ed. Pergamon Press 
Ltd., Oxford. pp. 288-293. 

Ledward, D. A. 1970. Metmyoglobin formation in beef stored 
in carbon dioxide enriched and oxygen depleted 
atmospheres. J. Food Sci. 35:33. 

Leistner, L. and J. C. Ayres. 1968. Moulds and meats. 
Fleischwirtschaft 48:62. 



91 

Little, A. C. 1976. Physical measurements as predictors 
of visual appearance. Food Technol. 30(10):74. • 

Livingston, D. J. and W. D. Brown. 1981. The chemistry of 
myoglobin and its reactions. Food Technol. 35(5):244. 

Luiten, L. S., J. A. Marchello and F. D. Dryden. 1982. 
Growth of Salmonella typhimurium and mesophilic 
organisms on beef steaks as influenced by type of 
packaging. J. Food Prot. 45:263. 

MacAdam, D. L. 1942. Visual sensitivities to color 
differences in daylight. J. Opt. Soc. Am. 32:247. 

MacAdam, D. L. 1943. Specification of small chromaticity 
differences. J. Opt. Soc. Am. 33:18. 

Macy, R. L. Jr., H. D. Naumann and M. E. Bailey. 1964. 
Water-soluble flavor and odor precursors of meat. 
II. Effects of heating on amino nitrogen constituents 
and carbohydrates in lyophilized diffusates from 
aqueous extracts of beef, pork, and lamb. J. Food 
Sci. 29:142. 

Mandigo, R. W. and T. J. Janssen. 1982. Energy-efficient 
cooking systems for muscle foods. Food Technol. 
36(4):128. 

Maxcy, R. B. 1981. Surface microenvironment and penetration 
of bacteria into meat. J. Food Prot. 44:550. 

McDaniel, M. C., J. A. Marchello and A. M. Tinsley. 1984. 
Effect of different packaging treatments on micro
biological and sensory evaluation of precooked beef 
roasts. J. Food Prot. 47:23. 

Newton, K. G., J. C. L. Harrison and K. M. Smith. 1977. 
The effect of storage in various gaseous atmospheres 
on the microflora of lamb chops held at -1°C. J. 
Appl. Bacterid. 43:53. 

Newton, K. G. and C. 0. Gill. 1978. The development of the 
anaerobic spoilage flora of meat stored at chill 
temperatures. J. Appl. Bacteriol. 44:91. 

Nickerson, D. 1936. The specification of color tolerances. 
Textile Res. 6:505. 

Nie, N. H., C. H. Hull, J. G. Jenkins, K. Steinbrenner and 
D. H. Bent. 1975. Statistical Package for the 
Social Sciences (SPSS), 2nd ed. McGraw-Hill Book 
Co., Inc., New York. 



92 

Ogilvy, W. S. and J. C. Ayres. 1951. Post-mortem changes 
in stored meat. II. The effect of atmospheres 
containing carbon dioxide in prolonging the storage 
life of cut-up chicken. Food Technol. 5(3):97. 

Ogilvy, W. S. and J. C. Ayres. 1953. Post-mortem changes 
in stored meat. V. Effect of carbon dioxide on 
microbial growth on stored frankfurters and charac
teristics of some microorganisms isolated from them. 
Food Res. 18:121. 

O'Keeffe, M. and D. E. Hood. 1980. Anoxic storage of fresh 
beef. 1: Nitrogen and carbon dioxide storage atmos
pheres. Meat Sci. 5:27. 

O'Keeffe, M. and D. E. Hood. 1982. Biochemical factors 
influencing metmyoglobin formation on beef from 
muscles of differing colour stability. Meat Sci. 
7:209. 

O'Neill, R. E. 1981. A first-time look at vacuum-packaged 
retail cuts. Progressive Grocer 60(10):89. 

Page, W. J. and W. G. Martin. 1978. Survival of microbial 
films in the microwave oven. Can. J. Microbiol. 
24:1431. 

Penet, G. S., R. E. Worthington, R. D. Phillips and N. J. 
Moon. 1983. Free amino acids of raw and cooked 
ground beef and pork. J. Food Sci. 48:298. 

Pierson, M. D., D. L. Collins-Thompson and Z. L. Ordal. 
1970. Microbiological, sensory and pigment changes 
of aerobically and anaerobically packaged beef. 
Food Technol. 24(10):1171. 

Pohja, M. S. 1967. The effect of atmospheres with various 
concentrations of added carbon dioxide or nitrogen 
upon the properties of refrigerated meat. Annual 
Report No. 4. Research Centre of the Meat Industry. 
Hameenlinna, Finland. 

Price, J. F. and B. S. Schweigert. 1971. The science of 
meat and meat products. W. H. Freeman and Co., 
San Francisco. 

Riffero, L. M. and Z, A. Holmes. 1983. Characteristics of 
pre-rigor pressurized versus conventionally processed 
beef cooked by microwaves and by broiling. J. Food 
Sci. 48:346. 



93 

Rickert, J. A., L. Bressler, C. 0. Ball and E. F. Stier. 
1957. Factors affecting quality of prepackaged meat. 
II. Color studies. B. Effects of storage time, 
storage temperature, antioxidants, bacteria, light, 
freezing and fat upon color of product. Food Technol. 
11(11):567. 

Rickert, J. A., C. 0. Ball and E. F. Stier. 1958. Factors 
affecting quality of prepackaged meat. II. Color 
studies. D. Effects of nitrogen and carbon dioxide 
under different pressures upon color of product. 
Food Technol. 12(1):17. 

Roth, L. A. and D. S. Clark. 1972. Studies on the bacterial 
flora of vacuum-packaged fresh beef. Can. J. 
Microbiol. 18:1761. 

Saleh, B. and B. M. Watts. 1968. Substrates and inter
mediates in the enzymatic reduction of metmyoglobin 
in ground beef. J. Food Sci. 33:353. 

Seideman, S. C., C. Vanderzant, G. C. Smith, M. 0. Hanna and 
Z. L. Carpenter. 1976. Effect of.degree of vacuum 
and length of storage on the microflora of vacuum 
packaged beef wholesale cuts. J. Food Sci. 41:738. 

Seideman, S. C., Z. L. Carpenter, G. C. Smith, C. W. Dill 
and C. Vanderzant. 1979a. Physical and sensory 
characteristics of beef packaged in modified gas 
atmospheres. .T. Food Prot. 42:233. 

Seideman, S. C., G. C. Smith, Z. L. Carpenter, T. R. Dutson 
and C. W. Dill. 1979b. Modified gas atmospheres and 
changes in beef during storage, J. Food Sci. 44:1036. 

Seideman, S. C . ,  C. Vanderzant, G. C. Smith, C. W. Dill and 
Z. L. Carpenter, 1980. Appearance of beef, pork 
and lamb stored in vacuum or modified gas atmospheres. 
J. Food Prot. 43:252. 

Sharp, J. G. 1957. Deterioration of dehydrated meat during 
storage. I. Non-enzymic deterioration in absence of 
oxygen at tropical temperatures. J. Sci. Food Agric. 
8:14. 

Shaw, M. K. and D. J. Nicol. 1969. Effect of the gaseous 
environment on the growth on meat of some food 
poisoning and food spoilage organisms. Proc. Europ. 
Meeting Meat Res. Workers 16:226. 



94 

Shaw, B. G. and J. Roncaroli. 1982. Growth of bacteria 
at 1°C on beef stored in controlled atmospheres of 
mixtures of 02, C02, and N2 and its relevance to 
vacuum packaging. Proc. Europ. Meeting Meat Res. 
Workers 28:360. 

Shay, B. J. , F. H. Grau, A. L. Ford, A. F. Egan and D. 
Ratcliff. 1978. Microbiological quality and storage 
life of sliced vacuum-packed sraallgoods. Food 
Technol. in Australia 30:48. 

Smith, A. M., D. A. Evans and E. M. Buck. 1981. Growth and 
survival of Clostridium perfringehs in rare beef 
prepared in a water bath. J. Food Prot. 44:9. 

Snyder, H. E. 1965. Analysis of pigments at the surface of 
fresh beef with reflectance spectrophotometry. J. 
Food Sci. 30:457. 

Spahl, A., G. Reineccius and S. Tatini. 1981. Storage life 
of pork chops in C02-containing atmospheres. J. Food 
Prot. 44:670. 

Stewart, M. R. , B. K..Hutchins, M. W. Zipser and B. M. Watts. 
.1965. Enzymic reduction of metmyoglobin of ground 
beef. J. Food Sci. 30:487. 

Strange, E. D., R. C. Benedict, R. E. Gugger, V. G. Metzger 
and C. E. Swift. 1974. Simplified methodology for 
measuring meat color. J. Food Sci. 39:988. 

Sutherland, J. P., J. T, Patterson, P. A. Gibbs and J. G. 
Murray. 1977. The effect of several gaseous 
environments on the multiplication of organisms 
isolated from vacuum-packaged beef. J. Food Technol. 
12:249. 

Szakal, S., Z. Gonczy and A. Rockenbauer. 1981. Microbio
logical studies of slices meat products packaged by 
the retail trade. Magyar Allatorvosok Lapja 36:703. 

Tarladgis, B. G. 1962. Interpretation of the spectra of 
meat pigments. I. Cooked Meats. J. Sci. Food 
Agric. 13:481. 

Taylor, A. A. 1972. Gases in fresh meat packaging. Meat 
World 5:3. 

Taylor, A. A. 1973. Gases in fresh meat packaging. Inst, 
of Meat Bulletin 79:26. 



95 

Taylor, A. A. and D. B. MacDougall. 1973. Fresh beef packed 
in mixtures of oxygen and carbon dioxide. J. Food 
Technol. 8:453. 

Tiwari, N. P. and V. W. Kadis. 1981. Microbiological 
quality of some delicatessen meat products. J. Food 
Prot. 44:821. 

Tomioka, Y. , M. Yasuda, E. Tsuchiya and M. Yokoyama. 1983. 
Keeping quality of beef in modified gas atmospheres. 
I. Shelf-life of beef steaks gas-packaged in consumer 
packs. J. Jap. Soc. Food Sci. Technol. 30:25. 

Unkelsbay, N. F., R. B. Maxcy, M. E. Knickrehm, K. E. 
Stevenson, M. L. Cremer and M. E. Matthews. 1977. 
Foodservice-systems: Product flow and microbial 
quality and safety of foods. Univ. of Missouri, 
College of Agric., Agr. Exp. Stat. Research Bull. 1018. 

Vanderzant, C. 1975. Microbiology of vacuum packaged meats 
and sausages. National Provisioner 173(26):17. 

Walters, C. L. 1975. Meat. AVI Publishing Co., Westport, 
Conn. p. 385. 


