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ABSTRACT 

Beef top round roasts were used to determine the ef

fects of two cooking methods and various packaging treatments 

on microorganisms, sensory characteristics and shrinkage. 

Cooking methods included oven roasting in a 107°C oven and 

water bath cooking in an 80°C water bath with roasts cooked 

to an internal temperature of 60°C. Packaging treatments 

were: (1) vacuum packaging; (2) packaging in 100% COg acmos-

phere; and (3) packaging in 15% COg - 30% 0g - 55% N2. 

Packaged roasts were held at 4°C for up to 21 days. 

Microorganism numbers from water bath cooked roasts 

were lower than those from oven cooked roasts. Total cooking 

losses were variable. No apparent differences of sensory 

characteristics were seen. 

Microorganism counts from roasts stored in 100% COg 

were lower than those found on roasts stored in the other two 

treatments. Vacuum packaged roasts exhibited the least amount 

of quality deterioration. No differences in shrinkage existed 

until 21 days of storage where vacuum packaging exhibited the 

lowest shrinkage. 

vi ii 



INTRODUCTION 

Current changes in society have caused an increased 

demand for convenience foods. Factors such as decreased 

family size, increased numbers of persons residing alone, 

increased numbers of females employed outside the home, 

and substantial disposable incomes encourage the use of 

in-home convenience foods and fast-food service establish

ments (Raskin 1975). In addition, today's consumers are 

price, quality and nutrition conscious about their food 

choices. For these reasons, the development of consumer-

acceptable products is becoming increasingly difficult for 

the meat industry. 

Precooked roast beef has been distributed to insti

tutions and restaurants for years and could become a common 

product for home meals. Usage of such a product can be a 

means of reducing waste, saving time, energy and labor as 

well as providing an element of convenience (Johnston and 

Baldwin 1980). 

Before such a product can be marketed, however, 

cooking procedures and shelf life characteristics need to 

be investigated to attain a desirable product. Grocery 

store display requires an appealing appearance as well as 

extended shelf life to gain consumer acceptance. 

1 
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There has been a considerable amount of interest in 

low temperature cooking of meat because of its association 

with increased tenderness and yield. However, there are 

concerns of seriously increased microbiological risks and 

costs due to low temperatures and increased heating time. 

Using water as the heating medium instead of air may avoid 

these risks since water is a more efficient heating medium. 

Therefore, water bath cooking has recently become a popular 

method for roast beef. Little research has been reported 

that investigates the microbiological and sensory aspects 

of water bath cooking. 

Also, for the past two decades, fresh and cured meat 

products have been subjected to different packaging systems 

in order to extend shelf life. Various packaging films, 

vacuum packaging and storage in modified gas atmospheres 

have received considerable attention. Precooked meats 

with little or no curing agents have not yet been investi

gated . 

The purpose of this study, therefore, was to: (1) 

investigate water bath cooking as compared to conventional 

oven roasting as a cooking method for roast beef and (2) 

determine the effects of different packaging treatments on 

precooked roast beef. Microbiological numbers, sensory 

evaluation and shrinkage percents wei-e determined for both 

parts of the study. 



LITERATURE REVIEW 

For the past six years, the red meat industry has 

not experienced any real growth. In 1983, total production 

is expected to be 1.4% lower than in 1982 (Semling 1983). 

Meat can only stay in competition with other protein foods 

if the meat industry will accept and meet the challenge of 

change. 

The meat industry must consider the development of 

new products that are both convenient and not too expensive. 

Future meat products will have to be processed, cooked, 

packaged conveniently and designed in such a way that the 

user will only have to warm them up (NAMP Report 1980). 

Precooked roast beef has that potential but is easily 

susceptible to spoilage, pathogenic organisms and shrinkage. 

Microbiology 

General Principles 

Meat is an excellent medium for microbial growth 

because it is high in moisture, nitrogenous compounds, 

minerals and other growth factors, and is at a favorable pH 

for most microorganisms (Frazier and Westhoff 1978). Factors 

that influence the growth of microorganisms include kind 

and amount of contamination, physical and chemical properties 
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of the meat, availability of oxygen and temperature (Frazier 

and Westhoff 1978, and Lawrie 1979). 

Contamination 

The healthy, inner flesh of animals is considered to 

be essentially free of microorganisms, although they have 

been found in lymph nodes, bone marrow and even flesh 

(Frazier and Westhoff 1978). The important contamination, 

however, comes from external sources during slaughtering, 

handling and subsequent processing (Bryan 1972, Frazier and 

Westhoff 1978 and Lawrie 1979). 

There exist many chances.for surface contamination 

during the processing of precooked roast beef. Cross con

tamination from employees or raw materials to ready-to-serve 

foods which will receive little or no further heat treatment 

is of considerable importance during the preparation of 

precooked meat products (Bryan and McKinley 1979). 

Internal contamination may occur, however, as a 

result of: (a) infection of interior lymph nodes; (b) 

boning out and rolling roasts; (c) using tenderizing blades 

or needles which inject liquid tenderizers; or (d) use of 

thermometers for internal temperatures (Bryan and McKinley 

1979). 

Microorganisms Typically Found on Meat 

Organisms typically found on fresh meat include 

species of Pseudomonas, Alcaligenes, Achromobacter, 
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Lactobacillus, Leuconostoc, Clostridium, Escherichia, 

Flavobacterium, Micrococcus, and Sarcina, as well as yeasts 

and molds (Frazier and Westhoff 1978 and Ayres 1980). 

Pseudomonas and Achromobacter are the predominating micro

flora at refrigerated temperatures under aerobic conditions 

(Ingram 1962, Ingram and Dainty 1971, and Halleck, Ballard 

and Stier 1958). 

Halleck et al. (1958) determined the kind of meat 

(beef, pork, lamb) does not have an influence on the micro

flora. 

Spoilage 

Spoilage of meat can be due to postmortem enzymatic 

and nonenzymatic biochemical reactions, chemical and 

physical changes caused by external factors, and microbial 

action (Daun et al. 1971, Frazier and Westhoff 1978 and 

Wolfe 1980). 

Metabolic activity by psychrotrophic bacteria is 

an important factor causing quality deterioration and 

subsequent spoilage of fresh meat products (Ingram and 

Dainty 1971 and Jay 1972). Early work established that 

off-odors and slime were evidence of aerobic growth of 

Pseudomonas spp. (Ayres 1960). Bacteria are largely 

responsible for the off-odors, flavors and colors produced 

through breakdown of meat proteins and lipids, and oxida

tion of oxymyoglobin (red pigment) to metmyoglobin (brown 
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pigment) by depleting the dissolved oxygen concentrations 

at the meat surface (Brown and Tappel 1958 and Jay, Kittaka 

and Ordal 1962). Putrid smells are largely amino compounds, 

the result of oxidative breakdown of proteins to amino 

acids (Ingram 1962). 

Ingram and Dainty (1971) reported off-odor develop-

7 2 ment by the time microorganism numbers reached 10 /cm and 

that the first stages of slime formation, tackiness, occurred 

8 2 when numbers reached 10 /cm . 

Spoilage of meat is largely superficial unless the 

meat has been treated by piercing or mincing (Ingram and 

Dainty 1971). There should be no penetration of bacteria 

into organoleptically sound meat. Gill and Penney (1977) 

reported that proteolytic bacteria are confined to the 

surface of meat during the logarithmic phase of growth; 

tissue is broken down for penetration only when numbers of 

bacteria approach their maximum cell density. The general 

agreement is that populations must reach high levels of 

8 2 
10 or more/g or cm (Ingram and Dainty 1971). 

Food Borne Illness Organisms 
on Roast Beef 

Roast beef has been one of the most frequently 

reported vehicles for foodborne disease outbreaks that has 

occurred in the United States in recent years (Bryan 1975 

and Cohen and Blake 1977). 
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Factors contributing to food borne disease can occur 

at any point along the food chain - during production, 

processing, transportation, storage, preparation or service 

(Bryan 1972). Roast beef, implicated as a vehicle in out

breaks, frequently has a history of being held in hot storage 

devices, or of having been refrigerated in large masses for 

several hours (Bryan 1972 and 1975). 

In order for an outbreak of food borne illness to 

occur, four critical conditions must have taken place: 

(1) the food must contain pathogenic bacteria; (2) the food 

must support the rapid growth of pathogenic bacteria; (3) the 

food must be temperature abused; and (4) the food must be 

consumed (Canadian Meat Council 1980). 

The pathogens, Salmonella, Staphylococcus aureus, and 

Clostridium perfringens are commonly found in roast beef 

(Unklesbay et al. 1977). In an examination of eight food 

service establishments, Clostridium perfringens and 

Staphylococcus aureus were isolated from raw beef, equipment 

and cooked beef, with Staphylococcus aureus also being found 

on worker's hands. No Salmonella were isolated (Bryan and 

McKinley 1979). 

However, several confirmations of Salmonel^a isolated 

from beef have been reported. Hobbs (1965) detected 15.2% 

of 2387 samples of raw beef to be contaminated with 

Salmonella. Fomin and Simmons (1972) reported 16 of 92 
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roasts positive for Salmonella and Rey, Kraft and Rust (1971) 

observed a 3% incidence of Salmonella in beef steaks cut from 

loins. 

Salmonellosis results from the ingestion of viable 

cells that are from the genus Salmonella (Frazier and 

Westhoff 1978). 

Salmonella in roast beef was responsible for large 

numbers of food borne disease outbreaks between 1975 and 

1977 (Blankenship 1978). Because of the outbreaks, the USDA 

enacted overnight emergency measures requiring commercially 

prepared beef to reach internal temperatures of 63°C 

(Blankenship 1978). The meat industry was not pleased with 

these measures since a temperature of 63°C cooks meat past 

the rare stage (Knight 1979). 

Recommendations have been made to allow different 

time-temperature conditions that will eliminate Salmonella 

in roast beef (Canadian Meat Council 1980). Blankenship 

(1978) suggested the level of contamination normally present 

on beef roasts would have an important bearing on establish

ing safe cooking procedures. 

Staphylococcus aureus food poisoning results from 

the ingestion of the enterotoxin formed in food during 

growth of the organism (Ayres 1980 and Frazier and Westhoff 

1978). The normal cooking of foods will not destroy the 

toxin (Ayres 1980 and Frazier and Westhoff 1978). 
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Casman, McCoy and Brandly (1963) reported that 

although good growth of Staphylococus aureus and production 

of the enterotoxin were obtained in both raw and cooked 

meat samples, growth was better in cooked meat but no 

significant difference in enterotoxin production was found. 

Bryan (1972) described the most significant factors 

related to Staphylocccal intoxication include: (1) failure 

to properly refrigerate foods; (2) preparing foods a day 

or more in advance; (3) contamination by an infected person; 

(4) holding foods at warm temperatures; and (5) inadequate 

cleaning. 

Clostridium perfringens is a spore forming organism 

that once inside the intestine, releases a toxin that causes 

gastroenteritis (Ayres 1980 and Frazier and Westhoff 1978). 

The organism can grow at high temperatures ranging from 20 -

50°C while its spores can survive even higher temperatures 

(Sundberg and Carlin 1976). Sundberg and Carlin (1976) 

concluded that surviving organisms during cooking would not 

likely cause an outbreak of Clostridium perfringens illness. 

Bryan (1972) described the most significant factors 

in Clostridium perfringens poisoning are inadequate refri

geration or warm holding of cooked meats. 

Roast Beef Cooking Procedures 

Many researchers have reported that generally, 

roasts are more tender and cooking losses decreased when 

low-temperature with long-time (LTLT) cooking processes 
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are used (Bramblett and Vail 1964, Laakkonen, Wellington and 

Sherbon 1970 and Toumy and Lechnir 1964). Machlik and 

Draudt (1963) demonstrated that the undesirable effects of 

protein hardening could be avoided if meat tissues were not 

exposed to temperatures above 64°C. 

Microbiological Concerns 

LTLT cooking procedures have caused concern over in

creased microbiological risks. Blankenship (1978) recovered 

experimental contaminants of injected Salmonella typhimurium 

from all 17 samples that were injected and heated to internal 

temperatures of 58.3 to 64.1°C, in a 109.4°C (229°F) oven. 

Bryan and McKinley (1979) determined most contamination is 

on surfaces. After examination of either food service 

establishments they concluded surfaces usually reached lethal 

temperatures (73.40C, 165°F or higher) to kill vegetative 

food borne disease bacteria in 250° - 450°F ovens. However, 

it was calculated that vegetative food borne pathogens could 

survive in 76% of the geometric centers and on 5% of 

surfaces of roast beef (Bryan and McKinley 1979). 

Abusive cooking practices of cooked roast beef in 

food service facilities have been reported. Powers and 

Munsey (1980) found that cooked roast beef was held at 

ambient temperatures causing meat surfaces to stay within 

the temperature range for bacterial growth for 5.5 hours. 
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The roasts were in the temperature range for most rapid 

bacterial growth (15.6°C to 48.9°C or 60°F to 120°F) for 

2.5 hrs which is not recommended (Longree ancj Baker 1971). 

Bryan and McKinely (1979) found in eight food service 

establishments, the cooling of roasts permitted potential 

for multiplication of vegetative cells of mesophilic food 

borne pathogens existed in 83% of the geometric centers and 

79% of the surfaces. They also observed that roast beef 

surfaces and internal portions cooled very slowly when 

several roasts were stored in plastic pans covered with lids 

in a walk-in refrigerator. 

Water Bath Cooking 

In recent years, food purveyors for the hotel, restau

rant and institutional trade have developed a water bath 

method of producing rare beef using low temperatures (Buck, 

Hickey and Rosengu 1979). No literature is available 

relative to the commercial processing of roast beef in a 

water bath. 

Since the surface heat transfer coefficient between 

the cooking medium and the meat is approximately 20 times 

greater when roast beef is cooked in water as opposed to 

air, water bath cooking of meat provides the advantage of 

faster rates of heat penetration and offers the potential 

for greater microbiological safety (Smith, Evans and Buck 

1981). Microorganism control during water bath cooking is 
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attributed to two factors; (1) high initial rates of heat 

penetration result in meat temperatures spending a minimal 

time in the zone of rapid bacterial growth and (2) the 

surface remains moist so the high water activity contri

butes to increased heat sensitivity of microorganisms which 

may be present (Buck et al. 1979). 

Smith et al. (1981) cooked beef in a 61.1°C water 

bath to an internal temperature of 60°C with holding for 

12 minutes as required by USDA. Clostridium perfringens was 

reduced by 3 log cycles. Therefore, it was concluded that 

water bath processing is microbiologically as safe as a low 

temperature oven roasting method and does not pose a public 

health hazard due to Salmonella. 

Buck et al. (1979) reported several other advantages 

after searing roasts 1 minute on a 120°C griddle and cooking 

roast beef in a 60 - 61°C water bath to an internal tem

perature of 60°C. Samples were more uniformly rare in 

cross-section, had significantly greater cooking yields and 

were significantly more tender than 94°C oven-cooked samples. 

Buck et al. (1979) also suggested the potential for reduced 

energy requirements. 

At least two researchers have looked at water bath 

cooking of small roast beef samples as compared to oven 

roasting. McDowell et al. (1982) determined muscle strips 

cooked in a 100°C water bath model system had lower values 



13 

for Instron measurements of hardness, chewiness, shear 

cohesiveness and firmness than did roasts cooked in a 177°C 

oven. However, Brady and Pendield (1982) warned that the use 

of shear values from small sample studies to predict ten

derness parameters of meat cooked as intact roasts is a 

questionable practice. Brady and Penfield (1982) further 

reported fewer differences in sensory scores for textural 

parameters due to oven heating as compared to water bath 

heating but found increased moisture loss with oven heating. 

Delayed Cooking 

Delayed cooking involves the preliminary browning 

or searing of roasts in a hot oven to develop the tradi

tional brown crust, then the roast is cooked at low tem

peratures for a long time (Dymit 1961a). The procedure is 

claimed to permit roasts to be held from a minimum of 3 

hours up to 36 - 48 hrs without product deterioration 

(Canadian Meat Council 1980). Dymit (1961a) claimed sear

ing or high temperature surface browning has two important 

functions in microorganism control: (1) the severe heat 

treatment eliminates the surface microbiological load; and 

(2) partial dehydration of browned surfaces is unfavorable 

to bacterial growth. 

Gaines, Perry and Van Duyne (1966) and Funk, Aldrich 

and Irmiter (1966) used higher browning temperatures than 

Dymit (1961b) and reported decreased quality with the 
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delayed cooking method. Although seared meat has an attrac

tive appearance, such roasts are unevenly cooked, exhibit 

increased shrinkage rather than retain meat juices, have a 

tendency to crumble and yield less servable meat (Canadian 

Meat Council 1980). 

Buck et al. (1979) stated that browning of roasts 

is typically not done in the restaurant trade, since roasts 

are frequently delivered frozen. 

Oven Roasting 

In conventional methods of heating, heat is applied 

to the outside of the food and transferred to the center of 

the food, principally by conduction (Rosen 1972). Advan

tages include simplicity, reliability, flexibility, cleaning 

ease and lower operating costs (Canadian Meat Council 1980). 

It has been suggested that the reduced water activity 

on the surface of oven-roasted meat tends to dry the surface 

out and form a crust which may contribute more to the 

thermal stability of microorganisms rather than to their 

destruction (Canadian Meat Council 1980). 

Air Convection Oven 

The air convection oven exposes food to circulating 

air and as a result of the air, moist heat can penetrate 

food faster (Canadian Meat Council 1980). 
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Dahl and Matthews (1979) found that although it is 

claimed forced air eliminates hot and cold spots, forced 

air convection ovens may have up to a 10% variation in 

the food temperature, resulting in microorganism problems. 

Microwave Cooking 

Microwaves penetrate the food surface from all 

directions, to a depth of approximately 1 1/2 inches 

(Canadian Meat Council 1980). The high speed vibration of 

water molecules within the food produces friction which 

in turns creates an intense heat, cooking the food 

(Canadian Meat Council 1980). 

Factors affecting microwave heating include: (1) 

initial temperature; (2) density and homogeneity; (3) shape; 

(4) quantity of food; (5) post-oven temperature rise; 

(6) utensils; and (7) distribution of energy (uneven) 

(Harrison 1980). 

Microwave cooking has several advantages: (1) it 

is faster than conventional heating - no waiting for 

equipment to warm up or cool down; (2) it is more energy 

efficient - no energy loss; (3) foods can be kept refri

gerated or frozen until heated; and (4) rapid heating 

minimizes the transit period of meat in the initial tempera

ture range which permits bacterial growth (Canadian Meat 

Council 1980). 

Because microwave cooking is much quicker than 

conventional cooking, it can be questioned whether microwave 
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cooking effectively reduces the numbers of food borne 

organisms. Madson et al. (1971) studied the survival of 

E. coli and S. faecalis in roast beef and concluded that 

microwave heating satisfactorily killed or reduced micro

organisms to a safe level, providing the microwave exposure 

time was correlated with the size and type of food being 

treated. 

Dreyfuss (1978), Page and Martin (1978) and Roberts 

(1972) concluded that in the presence of water, microwaves 

effectively destroy microorganisms, whereas in .the absence 

of water very little or no destruction of microorganisms 

occurs. 

Fung and Cunningham (1980) reported that there is a 

difference in survival ability of bacterial species after 

microwave treatments. After subjecting test cultures to 

2 minutes of microwaves, Streptococcus faecalis was found 

to be notably resistant to microwaves with a survival rate 

of 7.9% as compared to less than 0.19% survival of all other 

species tested. 

The mechanism for destruction of microorganisms by 

microwaves is not clear. The heat generated by microwaves 

is generally thought to exert most of the killing effect 

(Fung and Cunningham 1980). 
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Cross and Fung (1982a and 1982b) reviewed the 

effects of microwave cooking on nutrient values and con

cluded that no significant differences exist between foods 

prepared by conventional vs. microwave methods. Johnston 

and Baldwin (1980) and Voris and Van Duyne (1979) also 

reported no significant differences in thiamin or riboflavin 

content from beef cooked by microwaves or conventional 

heating. 

Conflicting reports exist on quality of meat prepared 

by microwave cooking. Early research indicated that beef, 

pork and lamb cooked in a microwave had higher cooking 

losses, and were less tender, juicy and flavorful than were 

comparable cuts cooked by conventional dry heat methods 

(Carpenter 1965, Causey et al. 1950 and Kylen et al. 1964). 

Bordrero, Pearson and Magee (1980) reported microwave 

cooked beef roasts received lower sensory scores for accepta

bility and flavor than roasts cooked by conventional oven 

roasting. 

Several researchers (Berger 1958, Marshall 1960, and 

Bowers and Heier 19 70) observed uneven heating during 

cooking of meat by microwaves. Attempts to overcome effects 

of uneven distributing of energy include directions to 

rotate the food during cooking, using medium or low powers 

for cooking meat and development of ovens with carousels 

(Harrison 1980). 
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More recent work has shown that microwave cooking of 

meat can compare favorably with conventionally cooked meat. 

Baldwin, Korschgen and Krause (1979) indicated that micro

wave heating is as suitable as conventional heating for 

tender cuts of meat. Johnston and Baldwin (1980) found that 

roast beef slices, when reheated, compared favorably with 

conventionally heated samples. Cooking losses, tenderness, 

juiciness and interior color were similar for beef roasts 

prepared in a microwave as compared to roasts prepared in a 

conventional oven (Voris and Van Duyne 1979). But the same 

researchers reported microwave-cooked roasts scored lower 

for aroma, flavor and exterior color and had lower cooking 

times and energy consumption than conventionally-cooked 

roasts. 

Packaging of Meat 

Shelf-life may be defined as the time during which 

a prepackaged cut remains salable, safe and nutritious 

(Daun et al. 1971). In commercial practice, consumer cuts 

of fresh beef individually packaged in gas-permeable plastic 

film such as polyvinyl chloride, polyethylene and cellophane 

frequently have a shelf life of only 2 to 4 days (Forrest 

et al. 1975 and Jaye et al. 1962). 

Meats have a better keeping quality when stored in 

films that are less permeable to oxygen (Kraft and Ayres 

1952). The principle involved in using oxygen impermeable 
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films is to prevent re-entry of oxygen into the package 

after residual oxygen is converted to carbon dioxide 

(Seideman et al. 1976). 

In retail practice, meat color is used as the main 

quality of criteria and must be kept at a desirable level 

to achieve marketing objectives (Daun et al. 1971). 

Consumers assume that an acceptable color of lean indicates 

freshness (Adams and Huffman 1972). 

The major pigment in meat, myoglobin (purplish-red), 

is converted to oxymyoglobin (cherry-red) due to oxygenation 

of the myoglobin molecule (Daun et al. 1971 and Lawrie 1979). 

Exposure of fresh meat surfaces to air is needed to allow 

the reduced pigments to react with molecular oxygen (Forrest 

et al. 1975). 

Meat discoloration by oxidation of myoglobin or 

oxymyoglobin to metmyoglobin (brown) occurs when the oxygen 

supply drops to low levels (Forrest et al. 1975 and Lawrie 

1979). 

Upon cooking of meat, the end color is a function 

of cooking times and temperatures (Forrest et al. 1975). 

Myoglobin is denatured to form the brown pigment, denatured 

globin ferriporphyrin; internal colors may vary from red to 

gray since rare temperatures are not sufficient to denature 

the myoglobin (Forrest et al. 1975 and Lawrie 1979). 



Reactions of amine groups with reducing sugars occur at high 

temperatures causing surface browning during roasting or 

browning (Forrest et al. 1975). 

Packaging, therefore, has a strong influence on 

fresh meat acceptability due to oxygen availibility but 

little is known about packaging effects of products such 

as precooked roast beef. No literature was found regarding 

packaging effects on precooked roast beef. 

Vacuum 

Vacuum packaging is characterized by anaerobic con

ditions which, according to Pierson, Collins-Thompson and 

Ordal (1970) create an "ecosystem" that is selective to the 

level and type of microbial flora. Anaerobic conditions 

cause a shift in microbial populations from normal spoilage 

organisms to lactic acid bacteria, particularly Lactobacillus 

species (Aim, Ericksen and Molin 1961, Ingram 1962 and 

Seideman et al. 1976). 

The main reason lactobacilli dominate under these 

conditions is because residual Og is converted to COg by 

microbial and tissue enzyme activities (Hanna et al. 1980, 

Ingram 1962, and Johnson 1974). The accumulation of COg 

inside the package inhibits pseudomonads but allows lactic 

acid bacteria to grow (Baltzer 1969 and Johnson 1974). 
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Johnson (1974) reported that lactic acid bacteria are resis

tant to C02 and grow slowly at refrigeration temperatures. 

Insufficient oxygen is not a major cause of the 

failure of pseudomonads to grow because they are able to 

grow in atmospheres containing as little as 2% 0^ (Clark and 

Burki 1972). Oxygen concentrations of gas in vacuum packages 

has never been found to be less than 1.5% (Atteck, Kidney 

and Locke 1963 and Gardner, Carson and Patton 1967). 

Possible additional factors resulting in the dominance 

of lactobacilli include: (a) rate of growth of individual 

species; (b) ability of species to utilize substrates 

available in the meat surface; (c) relative affinity of the 

individual species for available substrates; and (d) produc

tion of antimicrobial products by lactic acid bacteria 

(Gill 1976 and Newton and Gill 1978). 

Advantages of vacuum packaging, according to Baltzer 

(1969) and Vanderzant (1975) include: (a) total bacterial 

counts increase more slowly; (b) putrefaction and slime 

formation are reduced; and (c) the final bacterial counts 

after storage usually are lower than in comparable samples 

packaged in oxygen-permeable film. 

Roth and Clark (1972) reported vacuum-packaged fresh 

beef contained no noticeable color or odor changes after 

32 days, whereas polyvinyl chloride-packaged meat exhibited 

off-odor and color after 5 days. No residual effects were 
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noticed since exposure of vacuum-packaged samples to air 

changed the microflora to one resembling that of samples 

initially packaged in polyvinyl chloride film. 

Spoilage of meat held in vacuum packages has been 

described by a sensory panel as being "sour", "buttermilk", 

"HgS" and "sulfur-like" (Hanna et al. 1983). Reinoculation 

experiments revealed that Hafnia alvei was the likely cause 

of hydrogen sulfide odor and Lactobacillus and Hafnia alvei 

caused gas formation (Hanna et al. 1979). 

Roth and Clark (1972) reported shrinkage of vacuum-

packaged beef to be less than film-wrapped beef. Seideman 

et al. (1979) reported, however, vacuum packages exhibited 

significantly greater weight loss than steaks packaged in 

100% C02 or 100% 02. 

Studies on vacuum-packaged cooked meat held under 

refrigeration are limited. Different views have been 

presented as to which organisms make up the predominant 

microflora of the meats that have been injected with low 

salt solutions. Allen and Foster (I960) and Aim et al. 

(1961) pointed to Lactobacillus. Shank and Lundquist (1963) 

point to Lactobacillus and Streptococcus, Mol et al. (1971) 

to Streptococcus, and Miller (1960) to Microbacterium. 

Carbon Dioxide 

The inhibitory effects of COg upon microorganisms 

have been well established (Clark and Lentz 1969, Huffman 

et al. 1975, and King and Nagel 1967). The growth of normal 
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spoilage organisms such as Pseudomonas and Achromobacter 

is severely inhibited due to an increase in the lag 

phase (Haines 1933). Molds are sensitive to COg (Hays, 

Burroughs and Warner 1959), however, yeasts and Lactobacillus 

are notably resistant (Ingram 1958, Ogilvy and Ayres 1953 

and Aim et al. 1961). Banks, Nickelson and Finne (1980) and 

Newton et al. (1977) reported high levels of gram positive 

organisms, mainly Lactobacillus, in meat held in COg atmos

pheres . 

High concentrations of C02 exhibit the most signi

ficant effect on psychotolerant, slime-producing bacteria 

(Clark and Lentz 1969). King and Nagel (1967) found a 

linear correlation between COg concentration and the amount 

of inhibition of growth rate. At 70% COg, the generation 

time of bacteria was nearly doubled. 

A principle disadvantage in the use of high COg 

atmospheres in fresh storage is the surface discoloration 

related to the conversion of oxymyoglobin to metmyoglobin 

(Brown and Mebine 1969 and Finne 1982). For that reason, 

researchers have examined the use of lower COg levels for 

storage of fresh meat. 

COg levels of 15 - 20% were found to partially inhi

bit the growth of bacterial populations and maintain 

desirable bright-red color of fresh meats (Clark and Lentz 

1969, Taylor and McDougall 1973, and Sutherland et al. 1977). 

Dainty (1971) determined concentrations of C02 need to be at 
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least 5 - 10% of the atmosphere to inhibit bacterial growth 

at refrigeration temperature. In agreement, Enfors and 

Molin (1980) and King and Nagel (1975) determined inhibition 

of Pseudomonas spp. occurred at levels as low as 10% COg. 

The mechanism for the inhibition or delay of growth 

of microorganisms in COg-enriched atmospheres is not fully 

understood. Haines (1933) suggested that COg could inter

fere with dehydrogenating enzymes of the microbial cells. 

King and Nagel (1975) suggested that COg inhibits metabolic 

activity by entering the mass-action equilibrium for 

enzymatic decarboxylation. Other theories include changes 

in pH (Sander and Soo 1978), membrane fluidity interference 

(Sears and Eisenberg 1961, Enfors and Molin 1978), and 

toxicity of carbonic acid in its undissociated form (Finne 

1982). 

Gill and Tan (1979) studied inhibitory efficiencies 

of COg at different temperatures in liquid media. They 

determined since the solubility of gases is much higher at 

low temperatures, there is an increased inhibitory effi

ciency of C02 at lower temperatures. 

Conflicting reports have been presented on the 

residual effects of C02 in meat. The storage of pork loins 

in COg dramatically inhibited the outgrowth of microorga

nisms as compared to aerobic or anaerobic environments, but 

upon removal of the meat from COg into air, the rate of 

growth paralleled the growth of loins stored in air (Enfors 
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et al. 1979). Banks et al. (1980) showed the same to be 

true for fish and concluded that the inhibition caused by 

CC>2 is terminated upon breaking the atmosphere. Clark and 

Lentz (1972) placed meat for up to 20 minutes in pure C02 

and found no noticeable effect on microbial growth in 

subsequent air storage. 

In contrast, other researchers have observed residual 

effects of C02. Si Hiker et al. (1977) packaged pork in COg 

for 4 days and observed a pronounced residual effect by 

continued inhibition of microbial growth after placement in 

air. Baran, Kraft and Walker (1970) also noticed a residual 

effect of COg on bacon. 

The mechanism of residual effects by COg has not been 

determined. It may be caused by retention in microbial 

tissues and fluid or may be the result of a new lag phase 

induced by the changed environment (Wolfe 1980). 

The use of COg-enriched atmospheres has not been 

found to increase the risk of food poisoning by Staphylo

coccus aureus, Salmonella, Clostridium botulinum (Silliker 

and Wolfe 1980; Luiten, Marchello and Dryden 1981a and 

1981b) or Clostridium perfringens (Parekh and Solberg 1970). 

Oxygen 

Fresh meat color is the primary benefit for including 

oxygen in packaging atmospheres. Fellers et al. (1963) and 

Bausch (1966) working in muscle tissue found significant 
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improvement in color retention at Og concentrations higher 

than those found in air. Bartkowski, Dryden and Marchello 

(1982) reported beef steaks packaged in 10% Og did not 

maintain a bright red color but those with 40 - 75% 02 

maintained acceptable color for 9 days of storage. Simi

larly, Newton, Harrison and Smith (1977) revealed high 

Og atmospheres initially causing brighter meat color than 

lamb chops stored in air and CC>2. 

However, Newton et al. (1977) also reported limited 

storage life of the chops due to brown discoloration and 

development of rancid flavors. Roasts stored in high levels 

of 02 exhibited greater incidence of off-odor, more surface 

discoloration, lower overall appearance ratings, shorter 

retail caselife and lower overall palatability ratings than 

vacuum-packaged or 20% COg-packaged roasts (Seideman et al. 

1979a). 

The low quality factors of meat stored in high 02 

atmospheres has been attributed to greater persistence of 

Pseudomonas spp. in the high oxygen-containing atmospheres 

(Seideman et al. 1979a). Christopher et al. (1979) and 

Newton et al. (1977) discovered higher psychrotrophic 

counts, especially Pseudomonas spp., of meat in high 

oxygen-containing atmospheres. 
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Nitrogen 

Nitrogen gas is primarily used as a f iller in 

atmospheres for meat to dilute the concentration of COg 

and Og (Seideman et al. 1979a). It has been reported as 

being useful for its ability to minimize weight loss 

(Seideman et al. 1979a). 

Huffman (1974) and Taylor (1972) have reported 

no inhibitory effects of Ng gas on bacteria. However, 

Newton et al. (1977) found that total aerobic plate 

counts of lamb chops stored in N2 were much lower than 

those of chops stored in air, 80% Og + 20% N2 or in 

80% 02 + 10% C02. 

Although Simard et al. (1983) found no advantages 

of Ng gas inhibiting lactobacilli, psychrotrophic or 

aerobic bacteria on frankfurters, nitrogen gas was 

effective against yeasts and molds. 

Carbon Monoxide 

Carbon monoxide has been used in modified atmos

pheres to avoid undesirable color changes (Clark, Lentz and 

Roth 1976, and Woodruff 1976. Carbon monoxide combines with 

myoglobin to form a bright red pigment, carboxymyoglobin 

(Wolfe 1980). Watts et al. (1978) found less than 0.09 

ppm of CO residue left on cooked ground beef that had been 

exposed to CO storage. 
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Mixed Atmospheres 

Mixed atmospheres have been used in the packaging 

of fresh meat to combine the benefits of each of the gases. 

COg should inhibit spoilage bacteria while Og should keep 

meat surfaces oxygenated allowing bright red color of 

fresh meat (Walter 1975 and Christopher et al. 1979). 

Packaging treatments containing low levels of 

C02 with high levels of 02, high levels of COg with lower 

levels of Og and levels of 50% COg and 50% Og have been 

investigated. 

Some researchers have reported desirable meat 

color and inhibitory effects using low concentrations of 

COg with high concentrations of Og. Clark and Lentz 

(1973) and Taylor and MacDougall (1972) have reported 

optimum meat color when 10 - 15% COg concentrations were 

used in conjunction with high concentrations of Og. 

Bartkowski et al. (1982) also suggested the use of 15% 

C02 with levels of 02 higher than 40% to obtain desirable 

results. 

Silliker et al. (1977) demonstrated good quality 

of pork loins stored in 60% COg + 20% 0g. Aroma, 

appearance, wholesomeness and bacterial inhibition were 

good after 14 days of storage, although some discoloration 

developed after 21 days. 

Gas treatments of beef and pork containing 50% 

C02 + 50% Og were low in bacterial counts yet exhibited 



increased ividence of off-odor after 14 days of storage 

(Christopher et al. 1979 and Seideman et al. 1979b). 



MATERIALS AND METHODS 

Four separate trials were conducted in this study. 

Cooking methods were investigated in two trials conducted 

between January and March, 1983, whereas packaging 

effects were investigated in two trials between March and 

May, 1982. Boneless top rounds were obtained from the 

Swift Distribution Center in Tucson, Arizona. Three top 

rounds were used in Trial I, four in Trial II, and eight 

in both Trials III and IV. 

The top rounds were cut into approximately 1.5 kg 

roasts and vacuum packaged by Swift employees for Trials I, 

II, and IV. For Trial III, the rounds were cut into 3 kg 

roasts and vacuum packaged. The roasts were transported 

to the University of Arizona Food Processing Lab and held 

overnight in a walk-in refrigerator at 1°C. 

Trials I and II 

Roasts were weighed and allotted to one of two 

cooking treatments. In Trial I, a total of six roasts were 

utilized. Three roasts were dry roasted, uncovered, on 

aluminum racks in a 107°C convection oven to an internal 

temperature of 60°C measured with a YSI Model 425c meat 

thermometer. The other three roasts were packaged in 

30 
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Nalophan bags (Brechteen and Company, Mount Clements, 

Michigan) and tied with a clipped metal tie (Tipper Clipper 

Model C487L) before being submerged into the water bath. 

They were cooked in an 83°C water bath to an internal 

temperature of 60°C. 

In Trial II, six roasts were used for each cooking 

treatment instead of three. The six water bath cooked 

roasts were seared at 260°C for 10 minutes in a convection 

oven before being placed in Reynold's "Brown-in-Bag" cooking 

bags and then in the water bath. 

After cooking, roasts were cooled, uncovered, at 

room temperature for one hour. They were weighed and 

sampled for enumeration of mesophiles and psychrotrophs. 

Roasts were then sliced into .3 cm slices, refrigerated 

overnight in laminated meat wrapping paper and evaluated 

the following day for sensory characteristics. 

Trials III and IV 

Roasts from Trials III and IV were dry roasted 

and allotted to one of three packaging treatments. In 

Trial III, 15 three kg roasts were cut from eight top 

rounds obtained from Swift and Co. and roasted, uncovered, 

in aluminum racks in a 107°C convection oven to an internal 

temperature of 60°C using the same thermometers. After 

cooking, roasts were cooled, uncovered, at room temperature 

for one hour and then cut in half to yield thirty 1.5 kg 
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roasts. The roasts were weighed, placed on styrofoam trays 

and randomly assigned to one of three packaging treatments. 

Trial IV differed from Trial III only in that 

thirty 1.5 kg roasts were obtained and weights were 

recorded before cooking and after the one hour cooling 

period to calculate cooking losses. 

The packaging treatments used were: (a) vacuum 

packaging; (b) packaging in 100% C02 gas atmosphere and 

sealed; and (c) packaging in 15% C02, 30% 02, 55% N2 gas 

atmosphere and sealed. Cryovac type B620SP barrier bags 

were used for all treatments. Of the thirty roasts in 

each trial, nine were assigned to each treatment, and three 

served as controls. The roasts were placed in open top 

meat display cases and held at 4°C up to 21 days. 

The roasts were sampled on Days 0, 7, 14 and 21. 

Control roasts on Day 0 were sampled for microbial numbers, 

both before cooking and after a one hour cooling period. 

On the other sampling days, pre-selected roasts were 

removed from the meat cases, unwrapped, weighed, and 

sampled for enumeration of mesophiles and psychrotrophs. 

Roasts were then sliced into ,3 cm sliced, refrigerated 

overnight in laminated meat wrapping paper and examined the 

following day for sensory characteristics. 
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Enumeration of Mesophilic and 
Psychrotrophic Organisms 

Each roast was sampled by taking ten core samples, 

2.2 cm in diameter and .5 cm thick. This was accomplished 

using an alcohol-sterilized coring tool and then slicing 

the desired thickness with an alcohol-sterilized knife. 

The ten core samples were weighed and homogenized with 

sterile phosphate buffered water for two minutes. Serial 

dilutions were made and aerobic pour plates prepared in 

duplicate using Plate Count Agar (Difco). Mesophilic plates 

were incubated at 35°C for 2 days. Psychrotrophic plates 

were incubated at 6°C for 9 days. Results are reported as 

log numbers of mesophiles or psychrotrophs per gram of 

roast. 

Sensory Evaluation 

Selection and training of the descriptive panel 

was conducted according to the procedures obtained by 

Cross et al. (1978). Panelists received either three or 

six samples at each sitting. In Trial I, a sample was 

taken from each of the six roasts, whereas in Trial II, 

six samples were taken from the twelve roasts. In Trials 

III and IV, panelists received three control samples on 

Day 0. On Days 7, 14 and 21, they were served a total 

of six samples representing each of the packaging treat

ments . 



Rectangular pieces approximately 4 cm x 6 cm were 

cut from each slice and served cold in Trials I and II. 

Samples were heated in Trials III and IV by placing the 

samples in a glass bowl in a Litton microwave oven (Model 

418) for one minute on reheat setting, then kept warm under 

a heat lamp until served. 

Panelists received one sample at a time. Each 

sample was coded with a three digit number and presented 

on a disposable plate. Testing was done in partitioned, 

white testing booths under combined fluorescent lighting 

and sunlight. Booths were set with disposable plastic ware, 

evaluation sheet, pencil and a glass of ambient water. 

The same panelists were used throughout each trial 

with a minimum of ten judges for each testing day. The 

panel members consisted of college students and university 

employees, approximately 50% male and 50% female. Judges 

were asked to evaluate samples for appearance, color, 

aroma, juiciness, tenderness, flavor and overall accepta

bility. Samples were scored on a sliding hedonic scale 

(Peryan and Pilgrim 1957) with endpoints labeled "dislike 

very much" or "highly desirable". Analysis was done by 

breaking the scale into nine increments on the basis that 

0="dislike very much" or "extremely undesirable" and 8= 

"like very much" or "highly desirable". In addition, 

panelists were asked to complete a Food Action Rating 

Scale (Schutz 1965) by checking one of nine statements that 
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would most closely represent their action. For analysis, 

statements were given numerical values of 1=MI would eat 

this if I were forced to" to 9="I would eat this every 

opportunity I had". 

Shrinkage 

Total cooking losses were determined in Trials I, 

II and IV. Calculations were made by the difference of raw 

roast weight and cooked, cooled roast weight. This dif

ference, expressed as a percent of the raw roast weight, 

was reported as cooking loss. 

Shrinkage due to packaging treatment was determined 

in Trials III and IV. Calculations were made using the 

initial weight of the cooked, cooled roast and its weight 

on sampling day. Percentages were then calculated. 

Statistical Analysis 

Data in Trials I and II were analyzed by univariant 

analysis of variance according to Nie et al. (1975). 

Duncan's multiple range test was performed to compare 

treatment means. 

Data in Trials III and IV were also analyzed by 

analysis of variance according to Nie et al. (1975). 

Because numerous significant (P<.05) interactions were 

observed between the main effects tested (days and treat

ments), a hierarchial statistical design was used by 

nesting the experimental units. A one-way Duncan's multiple 
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range test was performed to compare days within treatments 

and treatments within days. 

Correlation coefficients were used to determine 

relationships among sensory parameters and numbers of 

microorganisms. 



RESULTS AND DISCUSSION 

Trials I and II 

Means of log numbers of mesophilic and psychro-

trophic organisms per gram and shrinkage percentages for 

roasts cooked by different methods are presented in Table 1. 

Microorganism numbers from raw roasts before cooking are 

log 5.2 per gram in Trial I and log 6.0 per gram in 

Trial II for both mesophiles and psychrotrophs and are 

listed in Table 1. Although presented in the same table, 

Trials I and II were designed differently and must be 

discussed separately. 

In Trial I, no significant (P>.05) differences 

existed for mesophilic or psychrotrophic numbers due to 

cooking treatment. Mesophilic organisms were present at 

1,5 log per gram after the one hour cooling period at room 

temperature. Preliminary trials conducted on top round 

roasts at the same oven roasting temperatures showed that 

99.9% of all organisms were killed during the cooking pro

cess. Therefore, mesophilic organisms were probably reintro 

duced onto the roasts during the cooling period. Post-

cooking contamination could occur from handling and the 

surrounding environment such as air and tables. 

37 
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Table 1. Means of Mesophilic and Psychrotrophic Counts 
and Total Cooking Losses of Top Round Roasts 
Cooked by Different Methods for Trial I and 
Trial II. 

Trial Microorganism Raw 
Cooking Method 

Roasts 
Oven Water Bath 

I Mesophile 5.21 . 1.58 1.49 

Psychrotroph 5.22 0 0 

Total Cooking 
Losses 20.87 22.73 

II Mesophile 5.95 1.77c 0.68d 

Psychrotroph 6.03 1.29 0.34 

Total Cooking 
Losses 18.47 18.79 

aMeans of log number per gram 

b o Oven=Roasts cooked in 107 C, convection oven 
Water Bath=Roasts cooked in 83°C water bath. 

c d ' Means in the same row bearing unlike superscripts differ 
significantly (P<.05). 
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All psychrotrophic organisms were killed during 

both cooking processes and not reintroduced during the 

cooling period. The absence of psychrotrophs was expected 

since the optimum range for their growth is 5 - 15°C (Ayres 

et al. 1980) and the room temperature was much warmer than 

that. In addition, the roasts' surfaces remained warm 

during the cooling period, probably inhibiting the growth 

of psychrotrophs. Bryan and McKinley (1979) reported surface 

temperatures of cooked roasts immediately taken from the 

oven and held at room temperature frequently remained for 

over 4 to over 8 hours at 7 - 60°C. 

Total cooking losses were 20.87% and 22.73% for 

oven roasts and water bath roasts, respectively. Water 

bath cooked roasts lost 2% more moisture than the oven cooked 

roasts but the difference was not significant (P>.05). 

The oven roasting method allowed moisture to escape 

into the air whereas water bath roasts were actually cooked 

in the moisture that was lost. Cooking losses are generally 

higher in moist heat cooking methods as compared to oven 

roasting. Perhaps the outside crust formation helps to 

keep moisture inside the roasts during oven roasting. 

These values generally concur with those reported 

by McDowell et al. (1982) and Brady and Penfield (1982) 

who cooked roasts in a conventional oven and muscle strips 

in a water bath. However, McDowell et al. (1982) reported 



40 

slightly smaller cooking losses from msucle strips in a 

water bath than roasts cooked in an oven. 

Mesophilic organisms from roasts in Trial II 

were significantly (P<.05) different due to the two cooking 

treatments. Water bath roasts had log .7 mesophiles per 

gram as compared to log 1.8 mesophiles per gram from the 

oven roasts. Since post contamination probably accounts 

for the difference in mesophilic numbers, one explanation 

for the difference could be that water bath roast surfaces 

could have remained hotter than the oven roast surfaces 

thus not allowing mesophiles to grow at the higher tem

peratures . 

Psychrotrophs were unexpectedly present in four of 

the oven cooked roasts and one of the water bath cooled 

roasts. Conditions during the cooling process must have 

changed which allowed the growth of psychrotrophs. Or, 

random contamination of the agar plates could have occurred, 

although not likely. 

Total cooking losses due to treatment were not 

significantly (P>. 05) different. Oven roasts lost 18.5% 

moisture and water bath roasts lost 18.8% moisture. These 

values were higher than those reported by Buck et al. (1979) 

who also reported significantly lower cooking losses for 

water bath roasts. Buck et al. (1979) used lower oven and 

water bath temperatures which could account for the lower 

cooking losses. 



41 

Means of sensory panel characteristics from Trials 

I and II are presented in Table 2. No significant (P>,05) 

differences existed between treatments in Trials I and II 

for any of the sensory characteristics. These results do 

not concur with findings reported by Buck et al. (1979) who 

reported that a sensory panel found water bath samples to 

be significantly more tender and preferred them overall to 

oven-cooked samples. The different cooking methods used 

could account for this discrepancy. Brady and Penfield 

(1982) however reported few differences in sensory scores 

between oven roasted samples and strips heated in a water 

bath. McDowell et al. (1982) reported water bath strips had 

lower values for Instron measurements of hardness, chewiness, 

shear cohesiveness, and firmness than did oven roasts. 

One important difference between the cooking treat

ments was the outside appearance of the roasts, which was 

not rated by the sensory panel. In Trial I, water bath 

cooked roasts appeared light gray-brown and looked like they 

had been boiled in water, a common characteristic of meat 

cooked in moist heat. They were not as appealing as the 

darker, caramelized surfaces of the oven cooked roasts. 

In Trial II, searing of the water bath cooked 

roasts was done for the purpose of developing a more attrac

tive surface appearance. With this procedure, the water 

bath cooked roasts did develop a more appealing color 
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Table 2. Means of Sensory Panel Ratings of Roasts Cooked 
by Different Treatments for Trial I and Trial II. 

Trial Sensory Treatment0 
Trial 

Characteristics 
Oven Water Bath 

I -Appearance3" 4.44 4.23 

Color3 4.62 4.11 

Aromaa 4. 39 3.98 

Juiciness3- 3 .95 3.93 

Tenderness3" 4 .70 4. 15 

Flavor3 4.71 4.24 

Overall Acceptability3, 4.86 4.64 

Food Attitude Rating13 5.93 6 .00 

II Appearance3" 5.71 5.39 

Color3 5.57 5.40 

Aroma3 5.44 5.36 
rj 

Juiciness 5.52 5.54 

Tenderness3, 6.01 5.50 

Flavor3, 5.56 5.21 

Overall Acceptability3 5.58 5.26 

Food Attitude Rating*3 6.67 6.58 

Higher numbers indicate more desirable appearance, color, 
aroma, acceptability; higher juiciness or tenderness, or 
more intense flavor. 

9="I would eat this every opportunity I had" and 
1="I would eat this if I were forced to". 

c o Oven=Roasts cooked in 107 C convection oven. 
Water Bath=Roasts cooked in 83°C water bath. 
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although they were still lighter in color than the oven 

cooked roasts. 

Results from these trials indicate that the water 

bath cooking method may be advantageous in lowering micro

organism numbers but neither treatment was preferable in 

reducing total cooking losses or more advantageous from a 

sensory point of view. 

Trials III and IV 

Mesophiles and Psychrotrophs 

Packaging treatment effects upon mesophilic and 

psychrotrophic organisms for the 21 day storage period 

at 4 C are presented in Tables 3 and 4. Data for Trials 

III and IV were similar, therefore data were pooled. All 

data are reported as pooled data. 

Mesophilic and psychrotrophic numbers increased 

with time (Table 3), as expected, but after 21 days of 

storage numbers only approached levels considered to make 

meat organileptically unacceptable. 

Vacuum packaged roasts exhibited significant 

(P<.05) increases in mesophiles and psychrotrophs over the 

21 day storage period. Numbers increased from log 3 per 

gram to approximately log 7.5 per gram for both mesophiles 

and psychrotrophs with significant growth occurring between 

Days 7 and 14. 



44 

Table 3. Means of Mesophilic and Psychrotrophic Counts' 
of Precooked Top Round Roasts by Packaging 
Treatment within Days, Trials III and IV 
Combined. 

Treatment^ Microorganism0 
Day 

Treatment^ Microorganism0 

7 14 21 

Vacuum Mesophile 

Psychrotroph 

3.42 

3.07 

6 .87 

6.78 

7.65 

7 .52 

C0r Mesophile 

Psychrotroph 

4.18 

3.63 

4. 78 

4 .45 

5.57 

5.27 

Mixture Mesophile 

Psychrotroph 

3. 70 

1.97 

5.17 

5,13 

de 6 .48 

6.49 

Day 0 cooked roasts after cooling mesophiles=4.98 log 
organisms/gram. 
Day 0 cooked roasts after cooling psychrotrophs=0 log 
organisms/gram. 

Vacuum=vacuum packaged roasts; C0o=roasts packaged in 
100% C0Q; Mixture=roasts packaged in 15% C0o, 30% 09, 
55% N2. ^ -a 

°Means of log number per gram. 

d 0 ' Means in the same row bearing unlike superscripts differ 
significantly (P<.05). 
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Table 4. Means of Mesophilic and Psychrotrophic Counts 
of Precooked Top Round Roasts by Day within 
Treatment, Trial III and Trial IV Combined. 

a 

Day' Microorganism 
Packaging Treatment 

Vacuum C0f Mixture 

Mesophile 

Psychrotroph 

3.42 

3.07 

4.18 

3.63 

3. 70 

1.97 

14 Mesophile 

Psychrotroph 

6.87 

6 . 78 

4.78 

4.45 

5.12 

5.13 

de 

de 

21 Mesophile 

Psychrotroph 

6.76 

7.52 

5. 57 

5.23 

6.48 de 

6.40 de 

aDay 0 cooked roasts after cooling mesophiles=4.98 log 
organsisms/gram. 

Day 0 cooked roasts after cooling psychrotrophs=0 log 
organisms/gram. 

Means of log number per gram. 

cVacuum=vacuum packaged roasts; C02=roasts packaged in 
100% CO,-,; Mixture=roasts packaged in 15% C0o, 30% 09, 
55% N2. 

d 0 ' Means in the same row bearing unlike superscripts differ 
significantly (P<.05). 
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Vacuum packaged meat is generally considered to 

be organoleptically unacceptable by the time organism 

2 numbers reach log 8 per gram or cm (Haines 1937 and Ayres 

1959, 1960). Microorganism numbers of vacuum packaged 

roasts in this study never exceeded log values over 7.5 

per gram. This was expected since lactic acid bacteria 

develop on meat in vacuum packages and don't cause the 

serious defects that common aerobic spoilage bacteria do 

(Vanderzant 1975). 

Roasts stored in 100% COg did not exhibit signifi

cant (P>.05) increases in mesophiles or psychrotrophs over 

the 21 storage days. Numbers did increase slowly from log 

4 per gram to approximately log 5.5 per gram. This inhibi

tory effect by COg has been shown by many other researchers 

(Clark and Lentz 1969, Silliker et al. 1977 and Seideman et 

al. 1979). 

The growth pattern of mesophiles and psychrotrophs 

in roasts packaged in the 15% COg, 30% Og, 55% Ng gas atmos

phere was similar to that of vacuum packaged roasts but not 

as extreme. Again, microorganism numbers increased signifi

cantly (P<.05) with time. Mesophiles increased by a log 

value of 3.7 per gram to log 6.5 per gram by Day 21, with 

significant (P <. 05) growth occurring between Day 7 and Day 21. 

Psychrotrophs increased by a log value of 2 per gram to 

approximately 6.5 per gram, with significant (P<.05) growth 
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occurring between Day 7 and Day 14. The lower C02 concen

tration in the atmosphere did allow for numbers of organisms 

to be higher than organism numbers in 100% COg but lower than 

organism numbers in vacuum packages. 

Mesophilic and psychrotrophic counts of cooked 

roasts after the one hour cooling period are shown as a 

footnote to Table 3. Mesophiles were higher in number on 

Day 0 than mesophiles from any of the treatments after 7 

days of storage. Gardner (1965) and Halleck, Ballard 

and Stier (1958) have also noticed an initial lag in bac

terial growth. Ayres (1960) also reported this lag and con

sidered two possible reasons: 1) nutrients on the meat 

surface may be inadequate for growth; and 2) bacteria may 

be unable to survive the low temperature. Whatever the exact 

reason, it definitely appears to be an adaptation problem 

to the environment. 

Treatment effects were not apparent by Day 7 but 

differences in their effectiveness upon inhibition of 

microorganisms became more apparent after 14 or 21 days of 

storage (Table 4). 

By Day 14, both mesophiles and psychrotrophs in

creased more rapidly in the vacuum packages than in the 

other two treatments. Vacuum packaged organism numbers 

(log 6.8 per gram) however, were not significantly (P>.05) 

higher than the organism numbers (log 5 per gram) in the 
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mixed atmospheres. Mesophiles and psychrotrophs in 100% 

COg were lower in number than organisms, in the other two 

treatments, but they were only significantly (P <. 05) lower 

than vacuum packaged numbers. 

By Day 21, the same trends existed. Vacuum 

treated roasts had the highest organism numbers (log 7.5 

per gram) and the 100% C02 treated roasts had the lowest 

organism numbers (log 5.5 per gram). These two treatments 

were significantly (P<.05) different from each other. 

Roasts in the mixed atmospheres exhibited organism numbers 

in between and not significantly (P>,05) different from 

the other two treatments. 

On the basis of these comparisons, it appears that 

under extended storage conditions, 100% C02 packaging has 

the greatest inhibitory effects of the three packaging treat

ments. The gas mixture exhibited some inhibitory effects 

and the vacuum packaging least of all. 

Sensory Characteristics 

Packaging treatment effects upon sensory charac-

teristics for the roasts held at 4°C are presented in 

Tables 5 and 6. All data were pooled for Trials III and IV. 

Deterioration of roast quality occurred as storage 

time increased as shown by decreased sensory scores in 

Table 5. No significant (P>.05) differences existed for 

vacuum packaged roasts over time. There was a slight 



Table 5. Means of Sensory Panel Ratings of Precooked Roasts Given Different 
Packaging Treatments Presented as Days within Treatments from Trials 
III and IV Combined. 

Packaging Treatment 
Sensory 

Characteristics 
Vacuum C0r Mixture 

Day 7 Day 14 Day 21 Day 7 Day 14 Day 21 Day 7 Day 14 Day 21 

Appearancea 3. 90 4. 39 3 .76 4 .88d 3 . 72e 3 .72® 4 . 26d 4 .iod 3 .33® 

Colora 3. 81 4. 23 3 .85 4 .91d 3 . 850 3 .59® 4 .lld 3 . 75d® 3 .27® 

Aromaa 4. 15 4. 34 3 .93 4 . 61d 3 .94® 3 .68® 4 .42 4 .21 3 .82 

Juiciness3- 3. 62 3. 49 3 .43 4 .65d 3 . 30e 2 .89® 3 . 64d 3 . 45d 2 .52e 

Tenderness3, 4. 17 4. 03 4 .22 4 . 82d 4 . 57de 3 .95® 4 . 31d 4 . 90d 3 .62e 

Flavora 4. 01 4. 05 3 .98 4 . 62d 3 .73® 3 . 38e 4 . 18d 3 . 87 d® 3 .24® 

Overall 
Q 

Acceptability 3. 76 4. 00 3 .94 4 . 61d 3 .76e 3 .45® 3 .83 3 .81 3 .29 

Food Attitude 
Rating 5. 64 5. 82 5 .20 6 . 57d 5 . 16e 5 .10® 5 . 65d 5 . 55d 4 .78® 

aHigher numbers indicate more desirable appearance, color, aroma, acceptability; 
higher juiciness or tenderness; or more intense flavor. 

r_ 

9="I would eat this every opportunity I had", and 1="I would eat this if I were 
iorced to". 

cVacuum=vacuum packaged roasts; CO„=roasts packaged in 100% C02; Mixture=roasts 
packaged in 15% COgiSOX Og:55% Ng• 

d,eMeans in same row with packaging treatment bearing unlike superscripts differ 
significantly (P<.05). 

to 



Table 6. Means of Sensory Panel Ratings of Precooked Roasts Given Different Packaging 
Treatments Presented as Treatments within Days from Trials III and IV 
Combined. 

Sensory 

Characteristics 

Packaging Treatment' 

Day 7 Day 14 Day 21 

Vacuum0 C02c Mixture0 Vacuum0 C02C 
Q 

Mixture Vacuum0 C02c 
Q 

Mixture 

Appearance3" 3.90d 4.88e 4.26d 4.39d 3.72e 4.10de 3.76 3.72 3.33 

Colora 3.81d 4.91e 4. lld 4.23 3.85 3.75 3.85 3.59 3.27 

Aroma 4.15 4.61 4.42 4.34 3.94 4.21 3.93 3.68 3.82 

Juiciness3" 3.62d 4.65e 3.64d 3.49 3.30 3.45 3.43d „ „„de 2.89 2.52e 

Tenderness3, 4.17 4.82 4.31 4.03d 4.57de 4.90e 4.22 3.95 3.62 

Flavor3" 4.01 4.62 4.18 4.05 3.73 3.87 3.98 3.38 3.24 

Overall 
Acceptability 3.76 4.61 3.83 4.00 3.76 3.81 3.94 3.45 3.29 

Food Attitude 
Rating 5.64d 6.570 5,65d. 5.82 5.16 5.55 5.20 5.10 4.78 

aHigher numbers indicate more desirable appearance, color, aroma, acceptability; higher 
juiciness or tenderness; or more intense flavor. 

i. 

9="I would eat this every opportunity I had" and 1="I would eat this if I were forced 
to". 

cVacuum=vacuum packaged roasts; COp=roasts packaged in 100% C0„; Mixture-roasts 
packaged in 15% C02:30% 02:55% Ng. 

d e 1 
' Means in same row for each day bearing unlike superscripts differ significantly 
(P<.05). 
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increase in all quality factors except juiciness and 

tenderness on Day 14 which was probably due to experimental 

error more than anything else. The food attitude rating 

consistently maintained a value of approximately 5.5 

throughtout the 21 day storage period. 

Roasts packaged in 100% C02 exhibited significant 

(P<.05) quality deterioration for all sensory character

istics, including the food attitude rating, throughout the 

storage period. Significant (P<.05) quality deterioration 

occurred between Day 7 and Day 14 for all characteristics 

except tenderness which was significantly (P<.05) lower 

by Day 21. Scores at Day 21 were lower than Day 14 scores, 

although not significantly (P>.05), for all characteristics 

except tenderness. 

Roasts packaged in the gas mixture exhibited signi

ficant (P<.05) deterioration for all qualities except 

aroma and overall acceptability. Color and flavor decreased 

significantly (P<.05) by Day 14, whereas appearance, 

juiciness, tenderness and the food attitude rating 

deteriorated (P<.05) by Day 21. 

Treatment effects within days are presented in 

Table 6. No clear trends existed except that vacuum 

packaged roasts were rated slightly higher in quality 

characteristics after 14 and 21 days of storage. 
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After 7 days of storage the 100% C02 packaged roasts 

appeared most desirable. Appearance, color, juiciness and 

the food attitude rating were all rated significantly 

(P<.05) higher for roasts packaged in 100% C02 as compared 

to roasts in the other two treatments. The other sensory 

characteristics were not rated (P>,05) different. 

By Day 14, vacuum packaged roasts were more pre

ferable, although significant (P<.05) differences existed 

only for appearance and tenderness. 

By Day 21, vacuum packaged roasts were rated slightly 

higher in all characteristics but were only significantly 

(P<.05) different for juiciness. 

The use of the microwave oven to reheat the roast 

samples for the taste panel evaluations may have masked 

some treatments effects. After heating in the microwave, 

samples appeared unevenly cooked, as evidenced by drier, 

turned up edges on some slices. This observation concurs 

with Voris and Van Duyne (1979) who noted uneven microwave 

cooking of top round beef roasts. 

Correlations 

Correlation coefficients between microorganism 

numbers and sensory parameters are presented in Table 7. 

As microorganism numbers increased, all sensory qualities 

decreased except for mesophilic numbers as related to 

tenderness, overall acceptability and the food attitude 
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Table 7. Correlations of Numbers of Mesophiles and 
Psychrotrophs and the Sum of the Two with Sensory 
Panel Traits for Trials III and IV Combined. 

Characteristics Mesophiles Psychrotrophs Mesophiles 

Psychrotrophs 

Appearance -.08 -.24 -.19 

Color -.11 -.23 -.20 

Aroma -.24 -.48* -.42* 

Juiciness -.14 -.29 -.25 

Tenderness .09 -.12 -.04 

Flavor -.09 -.31* -.24 

Overall 
Acceptability .05 -.21 -.12 

Food Attitude 
Rating .01 -.13 -.08 

*P<.05 
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rating. These values are so low, however, that they cannot 

be considered important. Significant (P<.05) correlations 

did exist between psychrotrophic numbers and aroma, total 

organisms numbers and aroma and psychrotrophic numbers 

and flavor. 

Therefore, in this study numbers of microorganisms, 

especially psychrotrophs appear to have an influence on 

aroma and flavor of precooked roast beef, even when those 

numbers remained lower than log 8 per gram. 

Shrinkage 

Shrinkage of roasts within treatments are presented 

as pooled data in Tables 8 and 9. Shrinkage was similar 

for roasts after 7 and 14 days of storage, regardless of 

treatment. By 21 days of storage, vacuum packaged roasts 

were significantly (P<.05) lower in moisture loss compared 

to roasts packaged in the gas mixture. And, vacuum packaged 

roasts exhibited considerably lower shrinkage than CC^-

treated roasts, although not significant (P>.05). Roasts 

from both gas treatments exhibited large amounts of brown 

purge, whereas the vacuum packaged roasts did not. 

The greater loss of shrinkage from the roasts in 

the gas packaged samples may have been due to transmission 

of surface moisture to the atmosphere within the package. 

Vacuum packaged samples have close contact between the 



Table 8. Shrinkage Percents of Precooked Roasts by Day 
within Treatment, Trials III and IV Combined. 

Day Vacuum co2 Mixture 

7 3.50 3.90 

.Q 
00 o
 

14 4.42 5.40 5.22bc 

21 3.72 6.26 6 .82c 

Vacuum=vacuum packaged roasts; CC^roasts packaged in 
100% C09; Mixture=roasts packaged in 15% C0„, 30% 0o, 
55% N2. 2 

b c ' Means in same column bearing unlike superscripts differ 
significantly (P<.05). 

Table 9. Shrinkage Percents of Precooked Roasts by 
Different Packaging Treatments within Days, 
Trials III and IV Combined. 

Treatment3, 
Day 

Treatment3, 

7 14 21 

Vacuum 3.50 4.42 3.72b 

o
 

O
 

to
 3.90 5.40 

be 
6.26 

Mixture 4.08 5.22 6 .82C 

£L Vacuum=vacuum packaged roasts; C02=roasts packaged in 
100% C0Q; Mixture=roasts packaged in 15% C0o, 30% 0o, 
55% N2. * Z 

b c ' Means in same column bearing unlike superscripts differ 
significantly (P<,05). 
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meat surface and the Cryovac bag and would not be able to 

lose moisture to an atmosphere. 

Shrinkage of roast by day within treatment are 

presented in Table 9. All treatments exhibited increased 

mositure loss with time. 

Vacuum packaged roasts exhibited more moisture loss 

on Day 14 than on Days 7 or Day 21, although not signifi

cant (P>. 05). No explanation can be offered for this 

except experimental error. 

Roasts packaged in 100% COg progressively lost 

increased amounts of moisture throughout the storage 

period, although not significant (P>.05). 

Roasts packaged in the gas mixture were similar 

to the 100% COg packaged roasts except that there was a 

significant (P<.05) increase in moisture loss between Day 7 

and Day 14. 

Total cooking losses from oven roasting ranged 

from 15.8% to 25.2% with an average cooking loss of 20.4%. 

This value is close to the 20.9% and 18.5% cooking loss 

from oven roasting exhibited in Trials I and II. 

Results from this study indicate that vacuum 

packaging may be preferable to the other treatments in 

reducing moisture loss over extended periods of time, 

although none of the treatments were preferable in reducing 

shrinkage during short term storage. 



SUMMARY 

The purpose of this study was to investigate water 

bath cooking of roast beef and to determine the effect of 

gas atmosphere packaging on precooked roast beef. Micro

biological growth, sensory characteristics and shrinkage 

were the factors used to evaluate treatment effects. 

Two trials each were conducted to collect data for 

water bath cooking and gas atmosphere packaging. Top round 

roasts were cooked in an 83°C water bath or a 107°C 

convection oven to an internal temperature of 60°C (Trials X 

and II). Roasts were seared at 260°C for 10 minutes before 

water bath cooking in Trial II. After a one hour-cooling 

period, roasts were evaluated for mesophilic and psychro-

trophic organisms, sensory characteristics and total cooking 

losses. 

Oven cooked roasts in Trials III and IV were 

randomly assigned to one of three packaging treatments 

and held for up to 21 days at 4°C. At Days 7, 14 and 21 

selected roasts from each treatment group were evaluated 

for mesophilic and psychrotrophic numbers, sensory 

characteristics and shrinkage. 

57 
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Mesophilic microorganism numbers were slightly 

lower for roasts cooked in the water bath. However, 

after searing and subsequent water bath cooking, meso

philic numbers were significantly (P<.05) lower from water 

bath cooked roasts than those from oven cooked roasts. 

Psychrotrophic numbers from each treatment were either the 

same or slightly lower from water bath cooked roasts. 

Total cooking losses were variable although water bath 

cooked roasts in Trial I exhibited higher cooking losses 

than oven cooked roasts. Sensory panel ratings of roasts 

cooked by different methods were not different. 

Mesophilic and psychrotrophic microorganism growth 

was most greatly inhibited by packaging in 100% C02 and 

least inhibited by vacuum packaging. After 14 and 21 days 

of storage, microorganism numbers from the 100% COg treat

ment were lower (P<.05) than vacuum packaged numbers but not 

significantly (P>.05) lower than those from the gas mixture 

treatment. 

Quality of roasts decreased over time in all 

treatments, with vacuum packaging exhibiting the least 

amount of quality deterioration. Sensory panel ratings 

of 100% COg treated roasts and gas mixture treated roasts 

were significantly (P<.05) lower by Day 14 and Day 21, 

respectively. Sensory characteristics of vacuum packaged 

roasts did not significantly (P>.05) decrease after 21 days 
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of storage. Vacuum packaged roasts displayed the most 

appealing outside appearance throughout the storage period. 

Shrinkage due to packaging treatment was not 

different (P>.05) until 21 days of storage, with vacuum 

packaging exhibiting the least amount of shrinkage. 

Overall, water bath cooking may be more effective 

in lowering microorganism numbers but more extensive 

research is needed. An atmosphere of 100% C02 is clearly 

most advantageous in controlling microorganism numbers 

on precooked roast beef but vacuum packaging is apparently 

more effective in maintaining meat quality and decreasing 

shrinkage in precooked roast beef. 



CONCLUSIONS 

Results from the cooking method trials indicated 

water bath cooking to be slightly advantageous in lowering 

mesophilic numbers, although the searing step could have 

accounted for the lower mesophilic numbers. Total cooking 

losses and sensory characteristics were not different due 

to cooking method. In theory, the potential for increased 

microbiological safety due to faster rates of heat pene

tration of water bath cooking is possible because generally 

the water bath roasts took less time to reach the desired 

internal temperature. 

The searing procedure made the outside appearance 

more desirable, although taste panelists could not detect 

a difference in the interior of the roasts. 

The Reynold's Brown-In-Bags maintained tensile 

strength in the water bath, whereas the Cryovac bags did 

not. 

It would be more advantageous to use a larger 

sample size since it is difficult to see treatment effects 

using small numbers. The tissue removal method for 

microbiological sample was the limitation resulting in a 

small sample size. The tissue removal technique is time 

60 
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consuming and tedious. Although the swab method is not 

considered quite as accurate, perhaps the increased 

sample size would make up for the decreased accuracy. 

More research is needed in this area. Evaluation 

of cooking time, energy consumption, effect on pathogens 

and outside appearance by a sensory panel are all aspects 

of water bath cooking that need to be studied. 

Packaging effects on precooked roast beef indicated 

that higher concentrations of COg have increased inhibitory 

effects on microorganisms. And, roasts packaged in 100% 

C02 were rated slightly higher in sensory characteristics 

after 7 days of storage. Otherwise, vacuum packaging was 

more preferable for quality characteristics and shrinkage 

in long term storage. Also, the outside appearances of 

the vacuum packaged roasts were much more acceptable than 

the other two treatments. The bloom that was maintained 

by vacuum packaging is difficult to define, but it was 

definitely present in vacuum packaged roasts and not in 

the other two treatments. A sensory panel used to evaluate 

the outside appearance of roasts is suggested. 

Cooked roast beef should not be subjected to the 

abuse of being held at refrigerated temperatures for 21 

days. But, if it should occur, with minimum initial 

contamination, roasts can maintain acceptability for at 

least 21 days. 



The microwave oven was not a desirable method for 

heating the roast samples. Uneven cooking of the samples 

probably concealed treatment effects. Samples could be 

served cold or heated using another method. 

More research is needed in this area to evaluate 

all possible atmospheres for prolonging shelf life of 

roast beef. Flushing with 100% C02 and vacuum packaging 

may prove to have desirable results. Pathogenic growth 

needs to be investigated as well as using low salt and 

seasoning solutions in the roasts. 
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