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ABSTRACT

5 2Beef loin steaks ware inoculated with IQ cells/cm 
of either' S. aureus or S. typhitourium to determine the ef
fects of different packaging treatments upon the organismsx 
growth during 9 days of storage at 10 C. Treatments were:
1) overwrapping in oxygen permeable film; 2) vacuum packag
ing; 3) flushing with 60% CO^ - 40% gas atmosphere fol
lowed by. evacuation and sealing; and 4} packaging in bags 
filled with 6.0% CC^ - 40% 0^ gas atmosphere„

No treatment effects on percent shrinkage were noted 
at 9 days. Mesophilic organism growth was greatest (P<.05) 
for steaks overwrapped in oxygen permeable film. Packaging 
with the gas atmosphere appeared to have a similar effect to 
vacuum packaging in inhibition of mesophile growth.

Numbers of S, aureus remained fairly constant for all 
treatments through the storage period. Results for compari
son of treatments were variable, but it appears that packag
ing using high CO^ does not enhance $y aureus growth,

S/ typhimuriurn numbers were significantly (P<.05) 
greater at Day 9 for film overwrapped treatments, and lowest 
on samples held in the gas atmosphere. Such an atmosphere 
may be beneficial in protecting against the hazard of sal-
moneliae growth during moderate temperature abuse.

viii



INTRODUCTION

It is reported that 24 million pounds of fresh beef 
are produced annually in the United States. Shrinkage, 
microbial spoilage or other deteriorative changes cause 
considerable losses of the product. These losses, coupled 
with increased production, distribution and marketing costs, 
have caused meat prices to spiral upward. Consumers have 
become concerned with these price increases and, in response, 
have decreased their consumption of beef and increased con
sumption of less expensive protein sources such as poultry 
and pork.

These economic considerations have increased the 
need for alternative, less costly means of beef distribu
tion. New, innovative methods of transportation, storage 
and packaging that would increase shelf life and thus de
crease losses due to shrinkage and deterioration are ur
gently needed. Because of this, there has been a great 
deal of interest in recent years in alternative methods 
of meat distribution.

One proposed method, centralized distribution of 
subprimal and consumer-sized cuts, seems to have potential 
in reducing meat production costs. By moving meat



2 .
cutting operations from the retail store to centralized' 
distribution centers, labor, equipment, transportation and 
storage costs may be reduced in the long run.

Before such a plan can be implemented, however, it 
must be possible to preserve the integrity and quality of 
the meat throughout the longer transporation and storage 
periods involved. Current interest in centralized dis
tribution of meat cost, therefore, has also spurred interest 
in methods of increasing shelf life during transportation 
and storage of fresh meat.

Many means of extending fresh meat shelf life have 
been investigated in the past two decades. Among these are 
the use of various wrapping films, vacuum packaging, freez
ing and storage and packaging in controlled gas. atmos
pheres. Of these, the use of gas atmospheres to increase 
shelf life is receiving considerable attention. Numerous 
investigations have been conducted to examine the effects 
of controlled or modified gas atmosphere packaging and 
storage upon the shrinkage, appearance and microbial quality 
of fresh meat products; and it indeed seems that these 
types of systems may have significant beneficial influences 
upon these, parameters.

One aspect, however, that has received little atten
tion to date, is the effect of these gas atmosphere systems 
upon the potential for transmission of foodborne illness by 

improperly handled fresh meats.
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Typically, fresh beef presents^little 'problem in 

regard to. most fdodborne illness because it is usually 
held at low enough temperatures to preclude the growth 
of most pathogenic organisms.

Little is known, however., about the actual effects 
of modified gas atmosphere packaging of meats upon the 
growth or pathogens such as Salmonella and Staphyidcoccus 
likely to be involved with foodborne illness.

It is also possible that the increased time and 
distance of transportation involved in a centralized dis
tribution system using controlled gas atmospheres may 
increase the liklihood of temperature abuses which, could 
allow the growth of these, organisms.

The purpose of this study, therefore, was to investi
gate the effects of gas atmosphere packaging of beef cuts 
upon the growth of two pathogenic organisms commonly found 
on fresh meat. Salmonella tvbhimurium and Staphylococcus 
aureus.



LITERATURE REVIEW

In 1978, 38,576 million pounds of red meat were 
produced in the United States, 63% of which was beef 
(USDA 1979) .

Since 1976, per capita consumption of fresh beef has 
declined steadily (USDA 1979), apparently in response to 
the rapidly increasing prices .of these products (Meat 
Industry 1979a)„ In April 1977, the average retail price 
of choice beef was $1.44 per pound; one year later the price 
was $1.76 per pound. By April 1979, the same product was 
priced at $2.33 per pound, representing a 62% increase 
over the: two-year period (USDA 1979) .

Various factors, including decreased herd sizes 
(National Provisioner 1980), increased production, labor, 
transportation and energy costs have all induced this 
price increase.

Rising beef prices have caused concern in both the 
consumer and producer (Menzie 1975). In an effort to maxi
mize efficiency and minimize production costs, the meat 
industry has begun to investigate and implement alterna
tive methods of meat handling and distribution.

4



Current' Distribution System 
Historically, meat has been shipped from the packer 

to the retailer as hanging carcass halves or quarters, 
which were cut and wrapped in consumer-sized portions by 
retail food store personnel (Brody 1970) „ With the develop 
ment of vacuum packaging, shipment of boxed beef as primal 
and subprimal cuts became popular, and today over half the 
beef shipped for retail sale is vacuum packaged (Ayres 
et al» 1980)„ Most preparation.of cuts for retail sale 
still occurs at the retail level, however (Brody 1970)„

Due to the susceptability of fresh meat to shrinkage 
discoloration and microbial degradation, current distribu
tion systems involve relatively short turnover times. For 
example, most beef sold as fresh meat is purchased within 
3 to 4 days of retail display, and within 1 to 2 weeks of 
slaughter (Menzie et al„ 1974)„

Degredative Losses of Fresh Beef 
The cumulative moisture loss associated with meat 

shrinkage can amount to significant annual losses (Sacharow 
1974) . Studies have shown that during a 6 day period, 
hanging primals shrink an average of 2% on a weight 
basis. About 80% of this loss occurs within the first 
3 days (Menzie et al. 19.74) , In addition to basic weight 
lossy shrinkage is accompanied by surface dehydration and



discoloration, which in turn add to other deteriorative 
losses (Forrest et al. 1975)„ Accurate temperature and 
relative humidity control together with moisture impermeable 
wrappings can minimize shrinkage (Sacharow 1974)„

In addition to shrinkage, fresh meat is highly sus- 
ceptable to discoloration and deterioration caused by 
either microbial activity, or exposure to oxygen or light 
(Forrest et al. 1975). Typical cuts of fresh beef wrapped 
for retail display have a shelf life of only 2 to 4 days, 
due to the development of dark colors and off-odors (Clark 
and Lentz 1973). Products which become discolored or 
deteriorated are generally considered unacceptable, and 
must be removed from retail display. These products are 
then either reprocessed or reduced in price for quick 
sale. These alternatives are costly in terms of time, labor 
and lost revenue (Menzie et al. 1974).

Centrali zed Packaging and Distribution 
One alternative method of meat distribution that 

has recently received considerable attention is centralized 
cutting, packaging and distribution of retail meat cuts 
(Brody 1970). Proponents of centralized packaging feel 
it has advantages, in reduced operational costs and deter
iorative .losses* This includes labor and equipment 
consolidation, labor costs, trim and waste reduction and



better control of inventory, sanitation and cut standardiza
tion (Modern Packaging 1970 and Weatherly, Earle and Brown 
1967).

Although, many other food industries have long relied 
on centralized facilities for processing and distribution, 
the meat industry was reticent to adopt such a system 
(Brody 1970 and Weatherly et al. 1967)„

Movement of the meat cutting operation to centralized 
facilities would necessitate increased product shelf life. 
Because of the lengthened storage times and increased op
portunity for temperature abuse, centralized packaging 
systems may promote deteriorative changes in fresh meats. 
Adequate control is necessary to provide sufficient shelf 
life, maintain appearance and acceptability and minimize 
shrinkage and trim losses (Menzie 1975).

Although proper refrigeration will greatly slow 
microbiological, enzymatic and biological changes in fresh 
meat, various other means of increasing shelf life have 
been investigated, including freezing, irradiation and the 
use of chemical additives (Brody 1970).

Another method, the use of gas atmosphere packag
ing, has received much interest recently as a wa,y of in
creasing shelf life and maintaining acceptability of fresh 
meat over extended periods of time (Meat Industry 1979b).



Microbiology' of Flesh Foods
Contamination

Although a few microorganisms- have been found within 
the lymph nodes, bone marrow and deep flesh of meat ani
mals, the interior tissue of the healthy animal is con
sidered to be essentially free of microorganism contami
nation (Forrest et al. 1975 and Frazier and Westhoff 1978).

The most important sources of meat contamination are 
external. The hair, skin and hooves, and the gastroin
testinal and respiratory tracts may be heavily laden with 
microorganisms, and these may be transferred to the meat 
surface during the slaughter process (Ayres 1960b)„ Other 
sources,, such as equipment, workers’ hands and clothing, 
wash water and air may also contribute microorganisms, 
either during slaughter or subsequent processing of the 
meat (Forrest et all 19.75 and Frazier and Westhoff 1978) .

Meat as a Substrate for Microbial.Growth
When the meat animal is slaughtered and the blood 

removed, its natural defense system provided by the white 
blood cells and antibodies is lost, and the flesh becomes 
susceptible to microbial growth and activity. Meat is 
an excellent medium for microbial growth because it con
tains the required moisture., nitrogenous compounds and 
minerals and other growth factors.. It. is important,
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therefore,, that care be taken during and after slaughter 
to minimize microbial contamination and multiplication 
(Forrest et al- 1975)

Microorganisms Typically Found on Meat
Organisms of the following genera are typically 

found on fresh meat as part of the natural, initial micro
flora; Achromobacter,' Alcaligenes, Clostridium, Escheri
chia/ Flavobacterjum, ■Lactobacillus, Leuconostoc, Micro- 
coccus, Pseudomonas and Sarcina, as well as various yeasts 
and molds (Ayres et al. 1980, Frazier and Westhoff 1978 and 
Jay 1970).

During refrigerated storage, the microbial popula
tion of meat tends to become more homogeneous, as the 
mesophilic organisms, unable to grow well at cold tempera
tures, are overgrown by the more psychrophilie genera such 
as Pseudomonas, Alcaligene s., Flavobac terlum.. Micrococcus, 
Lactobacillus and Leuconostoc (Ayres 1960b and Jay 1970).

Halleck et al. (1958a) found that when prepackaged 
meats were held at 1.1 to 3.3 C for four weeks, organisms 
of the Achromobacter-Pseudomonas group predominated through
out the first two weeks, while Pseudomonas fluorescens pre
dominated during the latter two weeks. Studies by Stringer, 
Bilskie and Naumann (1969) indicated that refrigerated beef, 
upon receipt at a retail food store, contained Pseudomonas 
fragi as its predominant species; with P. geniculata,
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P„ f luore'scfens and Achromobacter species present- in ap
preciable numbers. This predominance' of pseudomonads in 
the microflora of refrigerated fresh beef is probably due 
to its shorter generation time at these temperatures and 
lack of its inhibition by other organisms (.Ayres et al.
1980).

Spoilage of Refrigerated Meat' ' .

Spoilage of beef held at temperatures at or below 
10 C is a surface phenomenon (.Moran 1935) , due primarily 
to aerobic growth of pesudomonads (Ayres 1960b, Brown and 
Weidemann 1958 and Ingram and Dainty 1971)„

Microbial growth and activity on refrigerated meats 
may be responsible for a variety of spoilage characteristics, 
including off-flavors and slime formation. While there are 
differences in opinion regarding the desirable character
istics of meats, efforts have been made to correlate the 
degree of microbial growth during spoilage with a certain 
sequence of physical changes (Jay 1972).

Kraft and Ayres (.1952) found that the first detect
able off-odor in sliced beef occurred when surface counts 
reached approximately 2 x 10^ organisms/cm2, and that by

7 2the time counts reached 10 /cm , definite off-odors were
apparent. Slime was-noted on the beef when populations

2reached or exceeded 10.0 million/cm . Ayres (1959)
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7 2determined populations, of 6 x 10 organisms/cm to be the

critical level for slime production on poultry stored at
25 Co

Off-odor and slime development on fresh beef has 
been attributed primarily to organisms of the Pseudomonas- 
Al'caligenes group, although others such as Leuconostoc, 
Micrococcus and some species of Lactobacillus have also 
been implicated (Ayres, Ogilvy and Stewart 1950 and Frazier 
and Westhoff 1978) „

Foodborne Illness Organisms on Fresh Meat
Various types of microorganisms able to cause food- 

borne illness have been recovered from fresh meats, includ
ing Staphylococcus aureus/ Salmonella spy/ Escherichia 
coli/ Clostridium perfringens and Bacillus cereus (Goepfert 
and Kim 1975 and Frazier and Westhoff 1978) . These or- ' 
ganisms may become associated with meats in several ways.

Inspections for wholesomeness may help reduce 
pathogen contamination by eliminating animals with obvious 
infections„ Healthy animals may carry pathogens into the 
slaughterhouse, however, and subsequently transfer them 
to the meat (Fomin and Simmons 1972)„ Some pathogens are 
able to survive in the processing plant, even after the 
original contaminating source is removed, and contaminate 

other foods subsequently processed in the facility (Bryan 
1972).
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Workers who come in contact with the meat may also 

be sources of pathogens. Studies by Jay (1962) and Fomin 
and Simmons (1972) found that Staphylococci isolated from 
varoius market and ox meats, respectively, appeared to be 
of both human and non-human sources.

Salmonellosis
Salmonellosis has been referred to as the most 

serious foodborne disease problem in the United States in 
recent years (Ayres, Mundt and Sandine 1980). In 1978, 
this illness accounted for nearly forty percent of all 
foodborne disease cases reported to the Center for Disease 
Control Foodborne Disease Surveillance Activity (Center 
for Disease Control 1979).

Bergey1s Manual of Determinative Bacteriology 
(Buchanan and Gibbons 1974) describes the organism re
sponsible for this disease to be of the Family Entero- 
bacteriaceae, Genus Salmonella of a various species or 
serological types of the species. The organism is Gram 
negative, rod-shaped, usually motile and facultatively 
anaerobic. Ubiquitous in nature, it is frequently the 
cause of infection in both man and animals.

The clinical symptoms of the disease are fever, 
septicemia and gastroenteritis (Ayres et al. 1980), typical
ly following a 12 to 36 hour incubation period, and is 
of two to three day duration (Frazier and Westhoff 1978).
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The mode of action by which the salmonellae cause 

illness is not clearly understood. Typically considered a 
food infection, salmonellosis is believed by many to be 
caused by a reaction of the bacterial cell itself (Frazier 
and Westhoff 1978). Some researchers, however, feel the 
disturbance results from joint action of the bacterial cell 
and an endotoxin elaborated by the organism; others believe 
that only an endotoxin produced by the organism within the 
small intestine is responsible (Defigueiredo and 
Splittstoesser 1976).

The infective dose required to effect symptoms varies 
with host susceptibility and organism species and numbers.
It is generally agreed, however, that fairly high numbers 
of salmonellae are necessary to produce symptoms (Frazier 
and Westhoff 1978).

There are numerous, conflicting reports concerning 
the incidence of salmonellae on meats. Investigations by 
Deuitschaever et al. (.1973) and Ladiges and Foster (1974) 
yielded no salmonellae from 129 beef quarters and 213 beef 
samples, respectively. Wilson et al. (1962) reported a 
one percent incidence of salmonellae on 413 beef samples, 
with. S . t'yphimurium being the most frequently recovered 
serotype. Salmonellae were recovered from 18% of 92 ox 
meat samples: studied by Fomin and Simmons (1972) and from
11.1% of beef samples examined by Swaminathan, Link and



Ayres (1978)„ Weissman and Carpenter (1969) reported much
higher recoveries of the organism, with up to 74% positive
identification in beef carcasses sampled. They felt this
discrepancy from previous studies to be due to great
variation of the organism within the. meat processing
facility, depending upon the degree of sanitation observed.
Ayres et al. (1980) concurred with this explanation, but
concluded that salmonellae are generally present in low
numbers on meats, usually ranging from less than 3 up to 

218 per cm surface.

Staphylococcal Food Poisoning
In 1978, Staphylococcus aureus was the second most 

common foodborne illness causing agent in the United States, 
being responsible for 29.3% of the cases reported to the 
Center for Disease Control Foodborne Disease Surveillance 
Activity (Center for Disease Control 1979).

Staphylococcus' aureus is common to both humans and 
animals, being found in nasal passages, boils and infected 
wounds (Frazier and Westhoff 1978). Sergey's Manual of 
Determinative Bacteriology (Buchanan and Gibbons 1974) 
describes the organism as of the Family Mlcrococcaceae, 
having spherical, non-mottle cells:.,; 0.8 to 1.0 microns in 
diameter that occur usually in irregular clusters. The 
organism is a facultative anaerobe., being both: fermenta
tive and respiratory in nature.
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Staphylococcal foodborne illness is characterized by 

a rapid onset, with symptoms of gastrointestinal distur
bance being manifested within several hours of incriminated 
food ingestion. The illness is usually of brief duration, 
lasting only several days (Frazier and Westhoff 1978).

S. aureus poisoning is termed a food intoxication, 
as it derives its pathogenicity as a result of the produc
tion of six distinct enterotoxins in foods before they 
are consumed. Of these, type A is the most common. Because 
they are very heat stable, the enterotoxins are not normally 
inactivated by cooking (Minor and Marth 1976). Most £3. 
aureus cultures that produce enterotoxins are termed 
cqagulase-positive because they- are able to coagulate blood 
plasma, but not all coagulase-positive staphylococci are 
enterotoxigenic (Frazier and Westhoff 1978).

The incidence of staphylococci on meats is well 
documented. Jay (1962) found the incidence of coagulase- 
positive strains of Sy aureus on four market meats to be 
39%; Vanderzant and Nicholson (1969) isolated staphylococ
cus from 37% of eleven beef carcasses evaluated. Fomin 
and Simmons (1972) reported higher incidence of S. aureus, 
detecting coagulase positive strains on 88% of 92 ox meat 
samples,

Storage temperature appears to influence the in
cidence, of' S/ aureus on meats. Rey et al. (1970) was
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able to more frequently isolate ;SL' aureus from steaks and 
ground beef of carcasses held at 16 to 22 C than from those 
held at 2 -C.

Foodborne Illness Hazards from Meats
In 1978, 457 outbreaks of foodborne disease were re

ported to the Center for Disease Control Foodborne Disease 
Surveillance Activity* Of outbreaks of known etiology, 
meat, meat products and poultry were the most common 
vehicles involved (Center for Disease Control 1979). .

Conditions that allow foodborne illness outbreaks 
to occur may happen at any point in food.preparation that 
permits or encourages bacterial contamination and multi
plication, or fails to kill the bacteria (Bryan 1972).

Holding and cooking temperatures greatly influence 
the safety of meats. The Center for Disease Control (1979) 
reported improper holding temperatures or inadequate cook
ing to be responsible for most of the bacteria-caused food
borne illness outbreaks in 1978. Ayres (1979) feels that 
improper handling and cooking by retailers and consumers - 
not contamination - to be the main causes of salmonellosis 
from meat.

Most strains of aureus are able, to grow at 
temperatures between 6,5. and 46 c with an optimum range 
of. 3Q to. 3.7 C :(Buchanan and Gibbons 1974) . By comparison, 
most salmoneliae multiply between 7 and 45 c, with an
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optimum range of 35 to 37 C (Frazier and Westhoff 1978).
The medium .in which these organisms are grown will affect 
their temperature rangesz however (Frazier and Westhoff 
1978). In studies with various .foods,.Angelotti, Foter 
and Lewis (.1961) found that staphylococci grew in custard 
at temperatures ranging from 7.8 to 45.6 C, and from 6.7 
to 44.4 C in chicken a La king. In the same study, sal- 
monellae grown in chicken a la. king exhibited a growth 
range of 7 to 45 C; in custard, growth was noted at 45 C 
but not at 10 C. On the basis of these studies, Angelotti 
et al. (1971) recommended that foods be stored at or below 
7 C to preclude growth of Salmonella and Staphylococcus 
aureus.

Both organisms may be able to survive prolonged 
periods of cold storage. Although staphylococci may be in
jured during freezing of foods, the are able to survive and 
resume growth when the food is thawed. (Minor and Marth 
1972).

Other studies suggest that storage temperatures may 
influence the ability of Salmonella to.compete with the 
normal microflora of meats. Tiwary and Maxcy (1972). found 
that s.' typhimurjum did. not multiply in accordance with 
the total microflora on ground beef held, at 5 C for six 
days, but when held at 25 C for 24 hours, the numbers of 
Sy typhimurium increased proportionately to the rest of
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the microflora. Research conducted by the American Bacter
iological and Chemical Research Corporation found that when 
ground beef was inoculated with S.' newport and held at 1 or 
5 C for 14 days, the Salmonella survived but did not multi
ply. Increasing the temperature to 14 C allowed S. newport 
growth. The authors noted, however, that at all tempera
tures, Salmonella did not appear to compete, well with the 
total microflora, which increased substantially (National 
Provisioner 1977)„

Most investigators have found Staphylococcus aureus 
growth and enterotoxin production in raw meat to be con
siderable influenced by the normal flora of the meat, as 
the staphylococci seem to be very poor competitors out
side the mammalian host (Minor and March 1976).

In studies of 44 species of organisms commonly 
occuring on meats, McCoy and Faber (1966) found frequent 
inhibition of staphylococcal growth and enterotoxin pro
duction in meat slurries. Two major effects were noted:
1) marked inhibition of staphylococcal growth, and 2) 
inhibition of enterotoxin production with no affect on 
growth. Inhibition of S. aureus growth was found to be 
greater, at 25 C than 35 C, Goepfert and Kim (1975) found 
that Jty aureus was not able to compete well with the nor
mal flora of raw ground beef at temperatures ranging from 
1 to 12..5 C,



Because of the influence of mixed, flora types on: SL 
aureus growth, altering the normal flora may increase the 
risk of foodborne illness (Frazier and Westhoff 1978). „ 
innovations in food treatment, such as vacuum packaging, 
that are designed to inhibit microbial growth may act to 
selectively inhibit certain microorganisms and thus allow 
new types to predominate (Bryan 1972). Such alterations 
may increase the risk of foodborne. illness by allowing nor
mally inhibited pathogens to grow.

Packaging to ignieyê ŝ . .-’Meafe -Shelf Life 
Effect of Film Permeability

The effectiveness of wrapping films in prolonging 
meat shelf life is dependent primarily upon their permea
bility to moisture and gases, particularly oxygen and 
carbon dioxide (Halleck, Ball and Stier 1958b). The 
degree and type of bacterial growth, discoloration and 
shrinkage are all influenced by the film type used to 
package meat.

Packaging meat in oxygen permeable films such as 
cellophane or polyvinyl chloride (PVC) film appears to 
have little effect on bacterial growth, as those organisms 
typically present on the product, particularly the pseudo- 
monads, will be able to multiply and grow (Brown and ?
Hoffman 1972), Halleck et a1, [1958b) found that when
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fresh, ground beef was packaged in oxygen permeable wraps, 
growth proceeded at optimal rates, controlled only by the 
storage temperature

When meat is packaged in an.oxygen impermeable wrap, 
such as Saran, carbon dioxide will accumulate within the 
package and acts to retard aerobic bacterial action 
(Sacharow 1974). When such material is used, the lactic 
acid producing bacteria tend to predominate and the meat 
usually develops a sour taste upon prolonged storage, as 
compared to the typical putrid odor development in aero
bically held meats (Jaye, Kittaka and Ordal 1962, and 
Pierson, Collins-Thompson and Ordal 1970). The superiority 
of oxygen impermeable films over oxygen permeable films in 
delaying bacterial growth and thus increasing shelf life 
is well documented (Ayres 1951, Jaye et al. 1962, Halleck 
et al. 1958b and Pierson et al. 1970).

The oxygen permeability of wrapping materials also 
plays an important role in determining the color of meat. 
Development of the proper red color of a fresh cut meat 
within a package requires a film with oxygen permeability 
(Ayres 1951) so that the purple-red pigment myoglobin may 
be. converted to brigh red oxymyoglobin (Sacharow 1974) . 
Ayres (1951). found that meat packaged in oxygen-permeable 
cellophane had the best color for. the first few days of 
storage as compared to the use of more impermeable films.



With prolonged storage under aerobic, conditions, however, 
oxymyoglohin is further converted to metmyoglobin, often 
causing color deterioration within 2 to 4 days (Sacharow
1974). - •

Discoloration due to oxygen exposure and metmyo
globin formation may be deterred by wrapping meat in 
oxygen impermeable films (Watts 1954). Placing fresh beef 
cuts in these type of films results in rapid reduction of 
oxymyoglobin to myoglobin, giving a dark purple hue to the 
product. Once removed from the package, however, the cut 
will return to its original red color, at least in the 
early stages of storage (Ayres 1951). In comparisons of 
films of varying oxygen permeabilities under extended 
storage conditions, however, Ayres (1951) noted metmyo
globin formation and discoloration, irrespective of film 
type.

The moisture permeability of a film influences the 
degree of shrinkage that occurs in fresh meat. Kraft and 
Ayres (1952) compared the effects of various packaging 
films on moisture loss and found that wrapping in cello
phane or waxed paper allowed the greatest weight loss of 
fresh, meat, while.wrapping in less permeable films allowed 
no appreciable weight loss. Rea, Smith and Carpenter 
(.1962). studied the effects of different packaging treat
ments on intransit shrinkage of fresh beef and concluded
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that use of polyethylene bags of PVC film significantly 
reduced moisture loss as compared to unprotected cuts or 
quarters. When economic feasibility comparisons were 
conducted on the various systems, a net savings of $1.88 
to $2.15 per side in reduced shrinkage loss was attri
buted to these packaging methods.

Vacuum Packaging
The.use of anaerobic packaging of beef has increased 

greatly inrecent years, as transportation of vacuum 
packaged primal cuts is gradually replacing shipment of 
hanging carcass halves (Ayres et al. 1980). By 1977, over 
half of all Choice beef distributed in the United States 
was vacuum packaged (National Provisioner 1978).

The ability of vacuum packaging to extend the shelf 
life of meats is well documented. Hodges, Cahill and 
Ackerman (1974) found the shelf life of vacuum packaged 
meat to be 14 to 28 days at 3 C; Roth and Clark (1972) 
found vacuum packaging deterred spoilage for at least 32 
days. Upon investigating the effects of various packaging 
treatments during short and long term shipments of beef, 
Marriott et al. (1977ab) found vacuum packaging to pre
vent deterioration for 21 days, and recommended its use 
whenever shipment times exceeded 6 days.
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Vacuum packaging extends the shelf life of meat by 

slowing the growth of spoilage microorganisms and thus 
delays their deleterious effects upon the product (Baltzer 
1969, and Vanderzant 19751. Pierson et al. (1970) noted
anaerobically packaged beef held for 15 days had less than 
one percent of the number of bacteria found on aerobically 
packaged beef held for the same time. When ground beef 
was stored aerobically at 5 C, Baran, Kraft and Walker 
(1970) discovered that bacterial counts increased for 21 
days. When samples were vacuum packaged, however, bac
terial multiplication leveled off after 6 days and re
mained stationary thereafter.

. Pierson et al. (1970) described vacuum packaging 
as creating an "ecosystem" that is selective in relation 
to the levels and types of microorganisms present,. In a 
typical vacuum package, the numbers of aerobic Gram nega
tive organisms decrease, as usual spoilers such as 
Pseudomonas and Achromobacter are inhibited (Jaye et al. 
1962, Ordal 1962 and Pierson et al. 1970). At the same 
time, facultative anerobes, particularly the Gram positive 
lactic acid producers, gain dominance (Kraft et al. 1966 
and Patterson and Gibbs 1977). Typically, these organisms 
have been considered to be Leuconostoc and Lac'tobaci 1 lus 
types (.Ingram 1962, Jaye et al. 1962, Kirsch et al. 1952 
and Seideman et al.. 1976b) , although others feel that
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members of the genera Corynebacterium, Arthrobacter, Micro- 
bacterium (Ayres 1951, Kraft et al. 196 6 and Ogilvy and 
Ayres 1953) , B'revibacterium and.̂ .P'ro'pioh'i'bacteriUm . 
(Sutherland et al. 1976) are included.

In studies on the microflora of vacuum packaged beef, 
Pierson et al. (1970) found lactic acid bacteria to comprise 
over 90% of the total bacterial flora. Various investi
gators - feel the lactobacilli may aid significantly in pro
longing the storage life of vacuum packaged meats by lower
ing the j>H of the product and producing metabolites that 
are inhibitory to other microorganisms (Kafel and Ayres 
1969) .

The depression of microbial growth within vacuum 
packages is largely a function of gas. relationships, par
ticularly carbon dioxide (Baltzer 1969 and Gardner, Carson 
and Patton 1967) which inhibits the growth of pseudomonads 
and achromobacteria (Clark and Lentz 1969) and may 
stimulate the growth of lactobacilli or related organisms. 
(Brown and Hoffman 1972). Any residual oxygen remaining 
in the package after evacuation is converted to carbon 
dioxide, by meat tissue respiration and bacterial activity 
(Ingram 1962 and Vandefzant 19751.

Spoilage of vacuum packaged meat is usually charac
terized by a sour odor, probably due to the fermentative 
activity of the lactobacilli, rather than the sweet-rotten
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odor and slime production typical of pseudomonad growth 
(Sutherland, Patterson and Murray 1975)„ Although vacuum 
packaged meats have a shelf life of several weeks, once 
the product is removed from the package its storage 
stability has about a three day expectancy (Roth and Clark 
1972).

Aging of beef in vacuum packages has been reported 
to decrease shrinkage as compared to more traditional 
methods of aging (Hodges et al. 1974)„ The degree of 
moisture loss, or purge, in vacuum packaged cuts was shown 
by Seideman et al. (1976a) to be greater in cuts with large 
lean surface area., but was not influenced by the degree of 
vacuum or packaging material. Tatum, Smith and Carpenter 
(1977) found that discoloration of fat surfaces due to 
purge fluid accumulation caused vacuum packaged cuts to 
be rated lower than non-vacuum packaged cuts in appearance.

The effectiveness of vacuum packaging is influenced 
by the degree of initial contamination. Vanderzant (1975) 
warns that vacuum packaging is not a cure for poor sanita
tion or temperature control, and that it is necessary to 
keep bacterial numbers low not only initially but also 
during storage through, good plant sanitation and adequate 
refrigerated storage. Studies by Sutherland et al, (1975) 
support this:: beef that had low levels of initial
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contamination were shown to have several days longer shelf 
life after opening and rewrapping for retail display.

Difficulty in preserving package integrity also 
presents problems in vacuum packaging. Seideman et a.i. 
(1976a) felt that film characteristics such, as resistance 
to puncture was of "paramount importance" during shipping 
of vacuum packaged meat cuts, and found that cuts from 
"leakers" often had psychrophiiic and mesophilic bacterial 
counts 2 to 4 log cycles higher than cuts from intact 
packages (Seideman et al. 1976c). . Leakers also usually 
had lower fat appearance ratings, increased surface dis
coloration and lower total desirability scores (Seideman 
et al. 1976a).

When beef is vacuum packaged the pigment myoglobin 
is formed, imparting a purple color that persists through
out the storage period. Once removed from the package and 
exposed to air, however, the myoglobin is converted to 
oxymyoglobin, and the color returns to bright red (Pierson 
et al. 19.70) . Jaye et al. (1962) admits there may be ac~ k 
ceptability problems with the dark purple color of vacuum 
packaged meats, but feels these difficulties will be over
come when consumers realize the cuts will assume their 
normal color when unwrapped, Because of this and other 
problems witb vacuum packaging, gas atmosphere, packaging 
of meats has been proposed (Taylor and MacDougall 1973).
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Effect of Vacuum Packaging 
upon Pathogen Growth

Little work has been done to date on the effects of 
vacuum packaging of meats on pathogen growth (Vandefzant
1975).. Stiles and Ng (1979) inoculated ham and chopped 
ham with Bacillus cereus/ Clostridium perfringens, 
Escherichia coli, Salmonella typhimufi'um and Staphylococcus 
aureus at the time of slicing and vacuum packaging. When 
held at 21 and 30 C for 24 hours all of the organisms but 
C. perfringens grew actively. When cuts were held at 4 and 
10 C, to simulate "ideal" and "poor"retail storage condi
tions, respectively, S. typhimurlum survived well and grew 
in some instances. S. aureus also survived for 30 days at 
these temperatures, but its growth was inhibited at higher 
levels of bacterial competition.

Christiansen and Foster (1965) found vacuum packaging 
to markedly inhibit the growth of Staphylococcus aureus on 
ham, as staphylococci were demonstrated to reach populations 
on non-vacuum packaged samples that were 20 times those 
found on vacuum packaged product.

The inability of £. aureus to flourish in vacuum 
packages is probably due to its poor competitive ability 
CCayett 1962, Eddy and Ingram 1 9 6 2  and Greenberg 1964).
Eddy and Ingram (1962) demonstrated that although the or
ganism grew on anaerobic a1ly packaged bacon at 25 C, it 
grew much, more luxuriantly when the competing flora were
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reduced« They did warn, however, that there is nevertheless 
the possibility of staphylococcal poisoning from vacuum 
packaged bacon if it is subjected to warm storage condi
tions.

Thatcher, Robinson and Erdman CL962) demonstrated
that vacuum packaged bacon could have dangerous levels of
S„ aureus without appearing spoiled. When the product was
inoculated with the. organism and held at 37 C, S. aureus

8 9reached levels of 10 to 10 and produced toxin in vacuum 
packages, even though the bacon had acceptable sensory 
properties. Non-vacuum packaged cuts appeared spoiled at 
this point, however.

Little has been published on the viability of 
Salmonella in vacuum packaged meats;. Studies conducted by 
the American Bacteriological and Chemical Research Corpora
tion revealed that although the organism did not appear to 
compete well with the normal flora, it did appear to sur
vive and grow slightly in anaerobically packaged ground 
beef held at 14 to 15 C (National Provisioner 1977). There 
are no data, however, that demonstrate that salmonellae are 
able to grow any more luxuriantly or at a faster rate on 
vacuum packaged beef than on traditionally wrapped product 
(Ayres: 1979). Ayres postulates that because salmonellae are 
facultatively anaerobic organisms', the removal of oxygen 
from vacuum packages would tend to restrict their growth.
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' Gas' Atmosphere; Packaging 

' to Increase Meat; aneit Life '
Awareness of the inhibitory effects of carbon dioxide 

upon, many microorganisms is not new to the scientific com
munity. Beginning with, early work in the 1800’S, interest 
in the use of CO2  gas to increase food product shelf life 
has grown steadily. As early as the 1930’s, a modified 
atmosphere containing 10% CC^ was used as a preservative 
for large-scale transoceanic shipments of fresh beef; by 
1938, 26% of all beef shipped commercially from Australia 
to Britain, and 60% of that from New Zealand was trans
ported under a modified atmosphere (Lawrie 1974) . Interest 
in the practice gradually subsided, but was revived in the 
19501s with investigation of. the effects of short-term 
exposures of meat to various gases (.Wolfe, Brown and 
Silliker 1976) .

Presently, controlled gas atmospheres are used for 
a variety of food commodities. Recent developments in 
technology include use of palletized shipments using 
modified atmospheres, which involves enveloping individual 
pallet loads with large plastic bags containing the gaseous 
atmosphere (Food Engineering 1979).

The development of smaller packages using modified 
atmospheres is an area in which very rapid growth is 
presently occurring. Shipment of chicken in bag-in-a box 
packages has proved very successful in extending shelf
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life and reducing overall freight costs, and is how also 
being used for pork ("Meat Industry 1279bl. Wolfe (.198 0). 
draws distinctions between the different types of tech
nology involving the use of gas atmospheres, and defines 
"controlled atmosphere" (CAl systems as those in which 
selected concentrations of gases are actively maintained 
throughout the storage and "modified atmosphere" (MA) systems 
as those in which an initial exposure to the gas is made 
in accordance with the expected requirements of the 
product and the length of transportation„ Wolfe (198Q) 
considered the CA system to be technologically superior 
to MA in many instances, but also more expensive, which 
may offset its beneficial aspects.

The advantages of MA includes increases in transport 
time and quality, inhibition of microorganisms, and reduced 
economic losses (Wolfe 1980). Disadvantages include the 
visible added cost, color changes in red meats, require
ments for additional equipment and training, problems with 
atmosphere maintenance, and continued need for adequate 
temperature control.

Carbon Dioxide
Much research has been devoted to the influence of 

carbou dioxide upon microorganism growth on meats (Baran 
et :al, 1970., King and Nagel 1976, Kraft and Ayres 1953 and 
Wolfe et al. 19.67). Carbon dioxide has been shown to
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exert significant inhibition upon aerobic bacteria on 
meats, particularly the psychrotolerant, slime producing 
bacteria (Clark and Lentz 19691„ By extending the lag 
phase of such microorganisms/ the growth rate is reduced 
and shelf life thus extended (Sutherland et al. 1977)„ 

Early studies by Haines (1933) and Scott (1938) 
demonstrated that even low (less than 20%) concentrations 
of CO2  inhibit the growth of common meat spoilage orga
nisms such as Pseudomonas and Achromobacter. Sutherland 
et al. (1977) found that high C02 atmospheres appeared to 
have a bacteriocidal or bacteriostatic effect on many of 
the organisms on fresh beef, as their rate of growth was 
greatly reduced in its presence. Huffman (1974) noted 
similar effects on pork chops held in the presence of high 
levels of CO2 -

Because of the reduced degree of organism competi
tion, bacteria such as the streptococci and lactobacilli, 
which are not adversely affected by CO2  may grow.to domi
nate the flora of meats packaged in CC^ enriched environ
ments (Gill and Newton 1977 and Silliker and Wolfe 1980). 
These organisms tend to grow more slowly at refrigeration 
temperatures than the normal spoilers such as the pseudo- 
monads, and impart less noticeable changes in the produce 
(Silliker a,nd Wolfe 1980). .
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The microbial inhibition effectiveness of carbon 

dioxide appears to be influenced by several factors.
Studies by King and Nagel (1967) demonstrated that 

the degree of microbial inhibition was linearly correlated 
with, CO2  concentration, as an increase from Q% to 70% was 
shown to nearly double the generation time of Pseudomonas 

aeruginosa.
Further work by other investigators has demonstrated 

CO2  effectiveness to be influenced by the storage tempera
ture (Clark and Lentz 1969 and Ogilvy and Ayres 1951).
Clark and Lentz (1969) reported a 20% CO2  plus air atmos
phere to give a shelf life of 4 days for fresh beef held
at 10 C; reduction of the temperature to 5 C extended the 
shelf life to 11 days. .

Clark and Lentz (1969) further reported that the
organism's population age on the meat influenced the ef
fectiveness of CO2 . A delay of 48 hours in application was. 
shown to reduce its inhibitory ability by 90%.

Silliker et al. (1977) found- that pork stored in 
CC> 2 enriched atmospheres exhibited extended shelf life, 
even when removed from the package and subsequently held in 
air, indicating that application of CO2  may have a re
sidual effect on microbial inhibition. These authors 
postulated that this residual inhibitory ability may be 
due to CO 2  retention in muscle tissue and fluids or the
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result of a new lag phase induced by the altered environ
ment . Clark and Lentz (1969)., however, reported short
term applications (up to 20 minutes) of C02 followed by 
storage in air had no apparent effect upon meat shelf 
life.

The exact mechanism of CC^ inhibition of certain 
microorganisms is yet unclear. King and Nagel (1975) 
felt that CC> 2 exerted mass action inhibition of certain 
decarboxylating enzymes, specifically the malate and 
isocitrate dehydrogenases, resulting in an increased lag 
time and decreased population growth.

One of the main disadvantages of the use of high 
levels of carbon dioxide for fresh meat storage is the 
development of discoloration and loss of the bright red 
color (Ogilvy and Ayres 1951 and Watts, Wolfe and Brown 
1978) , due to the formation of metmyoglobin. When fresh 
beef was held in a 100% CO2  atmosphere, Teasdale (1975) 
noted darkening within 3 days.

Other investigators report no detrimental effects 
of high CO2  on color shelf life (.Seideman et al. 1979b) . 
When steaks were packaged in 100% C02 for 2 to 3 weeks, 
then repackaged in gas permeable film and held for 3 days 
of retail display, Seideman found significantly less 
discoloration than for steaks that were vacuum packaged 
initially. Seideman concluded that descrepancies in re
ports on color may be due to differences in times
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elapsed between unwrapping- and color evaluation, as he 
noted the CO^ stored steaks, which, were brown while in the 
gas, required 4 to 5 hours to bloom to a bright red color. 
Despite the extended bloom time, which was longer than that 
of vacuum packaged steaks, Seideman concluded that a 100%
CO2  atmosphere was a viable alternative to vacuum packaging«,

Decreasing the CO^ concentration appears to induce the 
degree of discoloration, in the package. Sutherland et al. 
(1977) noted discoloration of meat held in 100% CO^, but 
not in 20% carbon dioxide. Silliker et al. (1977) found 
storage of pork In COg enriched atmospheres to be beneficial, 
in extending both odor and color shelf life, but felt the 
method to be unsatisfactory for beef due to rapid and 
severe color depredation, Huffman et al. (1975) reported 
storage of meat in 20 and 25% CO2  resulted in less desirable 
color than those stored in air, while Clark and Lentz (1969, 
1972, 1973) reported that concentrations of less than 20% 
gave no problem with discoloration.

It appears, therefore, that the optimum concentra
tion of CC> 2 to be used in modified atmosphere storage of 
meat is critical, particularly with beef, in order to maxi
mize shelf life and minimize discoloration„ On the basis 
of their studies, Clark and Lentz ' Cl9.72) concluded that 
15% CO2  was, the preferable concentration for use because
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it was nearly as effective: as 20%., without producing dis
coloration, and almost twice as effective as 10% in exten
sion of shelf life.

Oxygen
The significant advantage of storage of fresh meat 

in oxygen enriched atmospheres seems to. be extension of the _ 
color shelf life. Ambient air normally contains about 20% 
oxygen by volume (Chen 1968),. Various workers have demon
strated. that the use of atmospheres containing levels of 
oxygen higher than that in ambient air significantly in
crease the color shelf life of red meat (Clark and Lentz 
1973, Daun et al. 1971 and Fellers et al. 1963).

Taylor and MacDougall (1973) observed that meat 
packaged in oxygen enriched atmospheres remained bright 
red for 8 days at 1 C, while those packaged in air turned 
dark within 5 days. They concluded that 60% or more 
maintained the color of fresh meat for at least one week 
when held at 1 C. Marchello et al. (.1974) reported similar 
results in that use of a gas mixture containing 75% or 
more © 2  maintained acceptable color in beef steaks held 
at retail display for 7 days* The tendency for increased 
redness retention is due to the formation of thicker sur
face myoglobin in the oxygen enriched atmospheres (Taylor 
and MacDougall 19731.



36
. Other investigators report that oxygen enrichment 

may have detrimental effects on color under prolonged 
storage. Newton, Harrison and Smith (.1977) observed that 
80% oxygen imparted a brighter initial color to meat than 
did air, but that browning appeared after two weeks of 
storage. Seideman et al« (.1979a) found beef steaks and 
roasts stored in atmospheres of 80 and 100% oxygen to have 
significantly more surface discoloration, lower overall 
appearance ratings and reduced palatability than those 
packaged in vauuum, and concluded that high levels of oxy
gen were not acceptable for long-term storage of beef.

Microorganism growth is influenced, by oxygen con
centration. Daun et al. (1971) observed microbial growth 
in air enriched with 90% O2  to be similar to that in 
ambient air, while lamb chops stored in 90% oxygen were 
shown to have a considerably shorter shelf life than those 
held in low O 2  or C^-free atmospheres (Newton et al. 1977) . 
Christopher et al. (1979) found higher Pseudomonas counts 
on roasts held in 100% oxygen as compared to vacuum
packaging, and concluded this was due to the ability of
these psychrotrophic spoilage organisms to grow well in 
oxygen-rich, atmospheres and their inhibition by carbon 
dioxide. Seideman et alv Cl979a) observed similar trends 
in beef stored in 90 and 100% 0^ and believed the growth
of Pes'Udomona,a to be the cause of the lowered flavor
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deairability and overall appearance: and increased discolor
ation as compared to vacuum packaged cuts.

Increased oxygen in atmospheric storage of meats 
has also been implicated in increasing the oxidation rate 
of the meat lipid, causing noticeable flavor changes in. the 
product (.Watts 1954) „ Newton et al. (1977) observed in
creased levels of oxygen to be linked to increased develop
ment of rancid flavors in lamb. Similarly, Seideman 
(,1979a) noted higher incidence of off odor and flavors due 
to oxidative rancidity of beef roasts stored in high levels 
of oxygen.

Nitrogen
The applications of nitrogen gas in atmospheric 

storage are usually limited to its use as a "filler" to 
dilute carbon dioxide and oxygen concentration.

It is generally believed that nitrogen has little 
effect upon bacterial growth (Huffman et al. 1975). Newton 
et al. (1977), however, did report lower bacterial counts 
on lamb chops stored in oxygen free nitrogen than in air,
Og plus N2 or air plus C02 mixtures. Storage in nitrogen 
gas appears to have deleterious effects on meat color. 
Marchello et al, (1974) observed that the bright red meat 
color is lost within 12 hours of packaging in 100% N2. 
Seideman et al* (1979b1 found steaks stored in a similar



38
atmosphere to be brown during storage and required 4 to 
5 hours after removal to bloom.

Heat stored in elevated. Levels of nitrogen have been 
reported to exhibit increased water holding capacity, and 
exhibit decreased weight loss due to purge (Seideman et al. 
1979b).

Carbon Monoxide
The effect of carbon monoxide upon microbial growth, 

appears negligible (Gee and Brown 1978, and Silliker and 
Wolfe 1980). In spite of this, interest in its use in the 
storage of fresh meats has increased, as several investi
gators have promoted its ability to avoid undesirable color 
changes caused by atmospheres containing high levels of 
carbon dioxide (Clark, Lentz and Roth 1976, El Badawi et 
al. 1964 and Wolfe 1980). CO combines with myoglobin in 
muscle tissue to form carboxymyoglobin, a bright red pig
ment spectrally similar to oxymyoglobin (Wolfe 1980).

In spite of its ability to retard metmyoglobin 
formation and possibly fat oxidation, its potential toxi
city has prevented its approval by regulatory agencies for 
commercial use (Wolfe 1980)_.

Mixed Atmospheres
Due to the undesirable aspects of the use of pure 

carbon dioxide or oxygen on meat, mixtures of these gases



are being investigated in the hope that the detrimental ef
fects: of one will be offset by the. beneficial effects of 
the other. In these mixtures,. CO ■ is included to inhibit 
aerobic spoilage organisms and O 2  functions to retain oxy
genation of surface pigments {Christopher 1979a). Although 
work has been done on applications of gas atmosphere mix
tures to prolong the shelf life of meat, investigation has 
not been extensive and reports are often contradictory 
(Seideman et al. 1979a).«

Some researchers have observed best results in ex
tension of meat shelf life with mixtures containing low 
concentrations {10 to 15%). of CO2  and high concentrations 
of O2 . When fresh beef slices were inoculated with strains 
of Pseudomonas and the Moraxella—Aceintobacter group and 
held at 5 C, Clark and Lentz {1973) found a mixture of 15% 
CC>2 plus 85% C> 2 to yield the best results in regard to in
creased odor and color shelf life as compared to air. They 
reported a product shelf life of 9 to 10 days when this 
atmosphere was used. . Bala, Stringer and Naumann (1977) 
felt this, mixture to be preferable to air for storage of 
prepackaged beef steaks, as he observed it to give an 18 
day shelf life and be very effective in maintenance of the 
bright red color.

Other investigators report beneficial results from 
use of gas mixtures containing somewhat higher levels of
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C02 and lower levels of 02„ Silliker et al. 11977) judged 
the aroma, wholesomeness and appearance of pork loins to 
be very good after 14 days at 1 C , when stored in an atmos
phere of 60% CO2 + 25% 02 + 15% N2 „• Luiten, Dryden and 
Marchello (1979) observed mesophilic organism counts to 
be significantly lower on beef ribs transported and stored 
at 4 to 6 C in bags filled with, a 60% CC>2 + 40% 02 atmos
phere as compared to vacuum packaged ribs or ones unwrapped 
and transported in boxes. Color shelf life of these ribs 
was also notably extended by the use of the atmosphere.

Still other investigators have studied atmospheres 
including CO as a means of extending fresh beef shelf life. 
Gee and Brown (1978) found exposure of ground beef patties 
to 1% CO + 50% C02 + 49% air at 2 C improved color and 
increased shelf life by 4 to 5 days as compared to those 
in air. Wolfe et al.. (1976) studied the effects of a 1% CO 
+ 50% C02 + 30% 02 + atmosphere on ground beef held up to 
14 days at 1 to 4 C, and found that although Gram negative 
organisms such as the lactobacilli were not affected, mas
sive inhibition of the Gram positives, particularly the 
pseudomonads and achromobacteria did occur. They noted 
meat held in this atmosphere for 2 weeks to be in excellent 
condition visually, oIfactorally and microbiologically, 
while that packaged in air exhibited a thick layer of 
slime and foul odors.
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Effects of Gas Atmospheres on Pathogens

In spite of the long interest in gas atmosphere 
packaging of meats, very little research has been con
ducted on the safety of their use: with regard to their 
effect on pathogenic organism growth.

Silliker and Wolfe (1980). have recently conducted 
investigations on the effects of packaging in atmospheres 
of 60% C02 + 25% 02 + 15% N2 and 60% C02 + 25% 02 +14% N2 
+ 1% CO on pathogens inoculated into ground beef. When 
the packages were stored at 10 C for 7 days. Salmonella 
increased steadily in samples stored in air; those packaged 
in the atmospheres, however, displayed slight but steady 
decreases in the organism. By ten days of storage, a 
thousand-fold difference between the air control and the gas 
packaged samples was observed. When samples were held at 
20 C, Salmonella grew in all packages, with no apparent 
differences due to treatment.

The authors of this study concluded that there was 
no evidence that use of carbon dioxide enriched atmospheres 
would increase the hazard of salmonellosis from meats, and 
further noted that since salmonellae have a minimum growth 
temperature of approximately 7 c, C02 enrichment might be 
expected to produce a protective effect in meats subjected 
to moderate temperature abuse (Silliker and Wolfe 1980)„
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In studies of StaphYlococdus aureus growth in a 

culture medium contained within pressurized vessels, Haysv . 
Burroughs and Warner (1959) found a marked reduction in 
the organism's growth in the presence of virtually pure 
CC> 2 in the gaseous phase. Because the gas was held at 90 
psi, however, the pertinence of these results in regard to 
gas atmosphere storage of meats is questionable (.Silliker 
and Wolfe 1980).

In the same study in which: Saimoneiia was investi
gated, Silliker and Wolfe found growth of S. aureus in all 
treatments when samples were held at 20 C. When incubated 
at 10 C, however, no growth of the organism was detected in 
samples held in air, 60% CC> 2 + 25% +15% ^  or 60% CC^ +
25% O 2  +14% 1 ^ 2 + 1% CO, even though it is able to grow at 
even lower temperatures in foods. A gradual, but slight 
decline in Sv aureus numbers in the CO2  enriched treatments 
was observed, however, so that by 10 days a ten-fold dif
ference between these samples and those stored in air 
existed. Silliker and Wolfe concluded on the basis of 
these observations that COg enriched atmospheres should 
not increase the hazard of staphylococcal food poisoning 
from meats, especially since the primary hazard from this 
organism arises from mishandling of cooked products, rather 
than initial contamination (Silliker and Wolfe 198Q).



MATERIALS AND METHODS

Four separate trials were conducted between February 
and November, 1979, to gather the data for this study.
Meat for the experimental samples was obtained from the 
Swift Distribution Center in Tucson, Arizona, in the form 
of intact fresh beef loin shellsThree short loins were 
obtained for each of Trials I, III and IV, and two for Trial 
II.

The loins were boxed by Swift employees and immedi
ately transported to The University of Arizona Meats
Laboratory where they were boned, trimmed of exterior fat

2and cut into steaks 2.5 cm thick with 40 to 50 cm surface 
area. All cutting trimming was done with a knife, which 
was frequently dipped in alcohol and flamed. Throughout 
the entire cutting and packaging procedure, care was taken 
to avoid hand contact with the steak surfaces and to keep 
the same side facing upward, in an effort to minimize ex
ternal microbiological contamination. The steaks were 
weighed, placed on styrofoam trays (mohilfoam, size is) 
and assigned to treatment groups.

In each trial, .72 steak samples were utilized. 
Eighteen samples were randomly assigned to each of four 
treatments, twelve of these were inoculated with a

43
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standarized suspension of .Sfaphyi.dcobcus: aureus (Trials I 
and II:)' or" 'Salmonella' -fyphilmu'r.l'um (Trials III and IV) .
The six remaining samples from each treatment group were 
left uninoculated to act as: controls.

Four treatments were utilized in each trial. Steaks 
assigned to the first treatment, which acted as controls, 
were ovefwrapped with Resinite film and heat sealed. 
Treatment Two steaks were placed in barrier bags and 
evacuated and sealed using a Multivac vacuum packager 
(Koch, model AG900), Samples assigned to the Third Treat
ment were also placed in barrier bags and flushed with ap
proximately 100 cc of a .60% carbon dioxide - 40% oxygen gas 
atmosphere, followed by evacuation and sealing. Treatment 
Four samples were placed in barrier bags which were then 
filled with approximately 500 cc of the 60% carbon dioxide - 
40% oxygen gas atmosphere and sealed.

The latter three treatments were packaged in Cryovac 
B62Q Barrier Bags (W. R. Grace and Co., multiply bags with 
two layers of ethylene vinyl acetate outside and inner
layers of vinylidene chloride-vinyl chloride copolymer)

2having oxygen transmission of 0.00,35 cc/cm /24 hr and car-
2bon dioxide, transmission of 0,0250 cc/cm /24 hr. Treatment 

One samples were overwrapped in Borden's Resinite Film
2RMF-61E4, having oxygen transmission of 310 - 387.5cc/cm /24
2hr and carbon dioxide, transmission of 2480 - 2790 cc/cm /

24 hr.
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After packaging, the samples' were placed in one of 

three Master Bilt open top meat display cases (Model BMC 
1230, 107 x 56 x 59 cm) on a rack. 14 cm above the bottom„ 
Throughout the storage period, temperatures were maintained 
at 10 + .5 C, with 12 hr of 100 ft candles of light and 12 
hr of darkness per day.

Sampling occurred four times for each trial: initial
sampling on Day 0, followed by examination on days 3, 6 
and 9 of storage. On these days, the prescribed steaks 
(two uninoculated and four inoculated) from each treatment 
group were removed from the cases, unwrapped, weighed to 
determine percent shrinkage and evaluated.for mesophile 
and Sy aureus (Trials I and II) or Sv typhlmurium (Trials 
III and IV) numbers,

Inoculum Preparation 
The inocula used in Trials I and II were prepared 

from 24 hr growth suspensions of Staphylococcus aureus 
strain S-6B in Brain Heart Infusion Broth (Difco), On 
the morning of the initial day of each trial, the suspen
sions were centrifuged and washed with sterile physiologic 
saline three times, A standardized suspension of the cells 
was then prepared using the Nepholometer technique 
(Kolmer, Spaulding and Robinson 19521, From this, a 
diluted suspension of approximately 7,000,000 celIs/ml was
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prepared, using sterile saline,' and 0.5 ml of this spread
over the designated steak's surfaces to yield approximately

2100,000 cells/cm . To verify the number of viable S. aureus 
in the suspension, serial dilutions of the inoculum were 
prepared and spread on plates of Baird Parker Agar (Difcol 
using sterile bent glass rods„ The plates were incubated 
at 35 C for 48 + 2 hr and the typical (.black, with zones of 
clearing) colonies counted.

A 24 hr growth, suspension of Saimcnelia typhimurium 
in Brain Heart Infusion Broth (.Difco) was. used to prepare 
the inoculum used in Trials III and IV. The method used to 
prepare the standardized suspension was similar to that 
used in Trials I and IT. Verification of inoculum numbers 
was. done by spreading serial dilutions of the suspension on 
plates of XLD Agar (Difco), which were incubated for 48 +
2 hr at 35 C and the typical (shiny black) colonies counted.

Shrinkage
Shrinkage was considered to be the difference be

tween the initial weight of each steak prior to packaging 
and its weight on the sampling day. The difference, ex
pressed as. a percentage of the initial weight, was recorded 
as the percent shrinkage of the. sample.
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Enumeration of Mesophilic Organ! sins

The swab technique was used to sample the steak
surfaces for mesophilic organisms. For each sample, a

2sterile cotton swab was rolled across a 3.8 cm area as 
defined by a sterile aluminum template and rinsed in a 99 ml 
dilution blank of sterile Butterfield's buffered phosphate 
solution (Speck 1976). The excess liquid was removed by - 
pressing the swab against the interior of the dilution blank 
bottle, the dampened swab then rolled again over the same 
area, and the cotton tip broken off into the dilution

2bottle. This process was repeated with another 3.8 cm area,
2so that the total surface sampled equaled 7.6 cm .

The dilution blanks containing the cotton swab tips
were then vigorously shaken and serial dilutions prepared
using sterile 1 ml pipets and additional 99 ml dilution
blanks.. Pour plates were made in duplicate using Plate
Count Agar (Difco) and incubated for 3 days at 28 C and

2then counted. Total counts per cm of steak surface were
calculated, and the final results expressed as the log

2number of organisms per cm .

Enumeration of Staphylococcus aureus 
Enumeration of S. aureus for Trials I and II was 

performed using the three-tube Most Probable Number (MPN) 
prodecure recommended by the Food and Drug Administration Bac
teriological Analytical Manual (Bennett 1978). Swab sampling



was done in the same manner as that for mesophflic organisms
2on two additional 3.8 cm areas, except that the swabs were

rinsed and broken off into tubes' containing 9 ml Tryptic
Soy Broth (Difco) with 10% salt added. Tenfold dilutions
of the sample suspension were prepared using additional
tubes of Tryptic Soy Broth and incubated for 4 8 + 2  hr at
35 C. Tubes showing positive growth (turbidity] at this
time were then streaked onto plates of Baird Parker Agar
using a sterile 3 mm inoculating loop. The plates were
incubated at 35 C for 48 + 2 hr; those showing typical
colonies at this time were recorded as presumptive posi-

2tives for Sy aureus. Numbers of S. aureus per cm of steak
surface were then calculated using MPN tables (Food and
Drug Administration 1978) and the final results expressed

2at log numbers of S. aureus/cm „

Enumeration of Salmonella typhixffurium 
Enumeration of S. typhimurium for Trials III and 

IV was performed using a selective enrichment three-tube 
Most Probable Number method. Swab sampling and dilution 
preparation was done in the same manner as for S. aureus 
except that Lactose Broth (Difco) was used to make the 
initial .suspension and dilutions. The tubes were incu
bated at 35 C for 24 + 2  hr; at this time 1 ml was trans
ferred from each lactose broth tube showing turbidity to 
10.ml of Tetrationate Broth (Difco) with .001% Brilliant



Green added. These tubes were .incubated at. 35 C for 24 +
2 hr? At the end of this time, one 3 mm loopful from each 
tetrationate tube was streaked on a plate of XLD Agar. The 
plates were incubated at 35 C for 24 + 2 hr and then exam
ined. Those plates with typical, black shiny colonies 
were recorded as presumptive positives for Salmonella, the 
remaining plates were returned to the incubator and re
examined after an additional 24 hr. Those displaying 
typical growth at this time were also recorded as pre-

2sumptive for Saimoheifa. Numbers of S. typhimurium/cm
were then calculated using MPN tables (Food and Drug
Administration 1978) and the final results expressed as

2log numbers of S. typhimurium/cm .

Statistioai Analysis of Data 
All data were analyzed by oneway analysis of variance 

according to Nie et al. (1975). Duncan's New Multiple 
Range Test (Duncan 1955) was used to isolate treatment and 
day of storage differences for shrinkage, mesophilic orga
nism numbers and numbers of Salmonella typhimurium and 
.•Staphylococcus aureus



RESULTS AND DISCUSSTON

Shrinkage
Since shrinkage dart a for uninoculated and inoculated

samples were similar for all four trials, they were pooled.
Results for percent shrinkage were similar for uninoculated
and inoculated steak samples (Tables 1 and 2). Moisture
loss was consistently greater for the inoculated samples,
even though extra moisture was added to them with the inoc
ulum.

The treatments exhibited varying degrees of increased 
shrinkage during the nine day storage period (Table 1). 
Samples that were vacuum or flushed packaged gave the 
greatest percent shrinkage on Day 3, but the degree of 
moisture loss, in these remained fairly constant and did 
not increase significantly (P >.05) over the storage period. 
However, when steaks were overwrapped with Borden's 
Resinite film or packaged in the presence of the gas atmos- 
phere, shrinkage increased significantly (P<.05) with 
time.

The trend to sustained moisture loss with, time in film 
overwrapped samples is probably due to the continuous trans
mission of moisture from the steak surface through.the
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Table 1. Shrinkage percent by day of retail display within treatments,
Trials I, II, III* and IV combined.

Treatment3
Uninoculated Inoculated

>ay . . Film . .Vacuum Flush ... Gas.... ...Film . . Vacuum ... Flush.... Gas

3 2.22° 4.74 4.55 CT>00CM 2.44 4.89 5.28 3.25C
6 U) O 3.51 4.73 4.55

13oo 4.46 5.19 5.22d
9 5.76d 5.00 4.97 4.44 5.52e 5.30 5.31 6.17d

aFilm = steaks overwrapped with Resininte film; vacuum = vacuum packaged 
steaks; flush = steaks flushed with 60% COg - 40% (X gas atmosphere then 
vacuum packaged; gas = steaks packaged in 60% C02 - 40% 02 gas atmosphere.

^Uninoculated = steaks not inoculated with S. aureus or S& typhimuriuttt; 
inoculated = steaks inoculated with S. aureus or S. typhimurium.

C'd'e'Means in same colum bearing different superscripts differ signi
ficantly (P<.05) .



Table 2. Shrinkage percent by treatment within days of retail display. Trials
I> II, III, and IV combined. *

........ Uninoculated Inoculated........
Treatment3 . . . . . Day. 3....Day .6.... . . Day. 9 . . . .. Day .3....Day 6... . . Day. 9 .

Film 2.22° 3.44 5.76 2.44° 4.00 5.52
Vacuum 4,74d 3.51 ' 5.00 4.8 9d 4.46 5.30
Flush 4.55d,e 4.73 4.97 5.28d 5.19 5.31
Gas 2.89C,e 4.55 4.44 3.25° 5.22 6.17

Film = steaks overwrapped with Resinite film; vacuum = vacuum packaged 
steaks; flush = steaks flushed with 60% C02 - 40% 02 gas atmosphere then 
vacuum packaged; gas = steaks packaged in 60% CC>2 - 40% 02 gas atmosphere.

bUninoculated = steaks not inoculated with Salmonella or Staphylococcus; 
inoculated with S. typhimuriurn or Sy aureus.

c d e '' ' Means in same column bearing different superscripts differ signifi
cantly (P<.05) •
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■JResinite film, to the. exterior .atmosplxere-.’ In the gas 
packaged samples, the continued moisture loss may have been 
due to transmission of surface moisture to the low humidity 
atmosphere contained within the package. Such transmission 
would be prohibited in the vacuum and flush packaged samples 
by close.contact of the steak surface with the moisture 
impermeable Cryovac bags.

Comparison of percent shrinkage in the four treatments 
within each sampling day is made in Table 2.

At Day 3 of retail display, samples overwrapped with 
Resinite film or held within the gas atmosphere had signi
ficantly (P<.05) less moisture loss than those that were 
vacuum packaged or flushed and then vacuum packaged. In the 
latter two treatments, this is probably due to the active 
removal of moisture from the steaks by vacuum packaging, 
resulting in greater purge.

By Days 6 and 9 of retail display, shrinkage in film 
and gas packaged samples had increased to such a degree that 
no significant (P>.05) differences were observed between the 
four packaging treatments.

Results for this study would indicate, that although 
systems employing vacuum packaging may sustain greater 
shrinkage initially, none of the treatments studied were 
preferable to any other in reducing moisture loss over ex^ 
tended periods of time.
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MesophlliG’ Organisms ■

Means of the log numbers of mesoph!lie organisms per
square centimeter of steak surface for uninoculated samples
are presented in Tables 3 and 4. Mesophilic numbers for
inoculated samples are hot presented > as the addition of
the pathogenic organisms would alter the normal microflora
of the meat and thus the total plate count.

Mesophile growth for each treatment and trial over the
nine days of retail display are presented, as well as the
pooled data from all four trials (Table. 3) . Mesophilic
organism numbers increased rapidly during the trials due to
the retail display condition of 10 C, which was employed to
permit the growth of Salmonella typhimurium and Staphyio^
coccus aureus«,

Those samples overwrapped in Resinite film, which
acted as controls , exhibited signif icant (P <. 05) increases
in mesophiles over the nine day storage period. Numbers

2increased from a log value of 2 per cm , initially, to log 
29 per cm by Day 9, with significant growth usually oc-*- 

curring between Days 3 and 6. This large increase was ex
pected, as the film used was. largely oxygen permeable. and 
should therefore allow unrestrained microorganisms multi
plication..

2A log value of 7 per cm is generally considered to 
be the critical point where meat becomes oganileptically



Table 3 v Means of mesophilic organism counts for uninoculated steaks by
treatment Within days of retail display,a

Treatment*3 Trial Day 0 Day 3 Day 6 Day 9

Film I 1.4^ 2.6" 7.3= 9.0'

S:?« 1:P
|;g;

d o -id c 0e . c'-,eVacuum I 1^4^ 3.3_ 5.8^ 5.7

Gas

I 1.4
II 2.5
III li 9
IV 2.2

I-IV 2.0
I 1*.4'
II 2.0
III 2.2
IV 2.4

I-IV 2.0
I 1.4

II 1.8
III 2.0
IV 2.4

I-IV 1.9
I 1.4

II 1.4
III 2.2
IV 2 s 2

I-IV 1.8

d t?d i-jSe !:»e
d

Flush I 1 . 4 j  3.0® 4 »0® 6 .4*:
3.7^ 6.3d!f 6.9?

d 2.8j 4.5e 6.2?d o nd c oS /- «£
d

2.6d 

_h

7.3®

2 : %__h
2.9d 7.3®
3.3d 5.8®
4.0® 
2. 2d 
2.1

5.9
4 : o*e
5.0^2.9®

3.0®

2.0* 5.2®
2.9® 5.0
1.6d® 4.3®f
2.1 6.4®
2.2 4.2
3.1d 4.3®
2.2 4.8®,

1?
6.0 
6.29

6.4 
6. 5g

^ 1.6*2 4.3ef 5.9fU 0 -,U £ yt G 67^

d 3.14 4.3® 7.5^
Q  o  o C l  yi o e  g  2

a 2Log numbers of organisms per cm 0



Table 3, continuedi

Film = steaks ,overwrapped with Resinite film; vacuum = vacuum packaged 
steaks; flush = steaks flushed with 60% CO^ - 40% gas atmosphere then
vacuum packaged; gas = steaks packaged in 60% CO2  - 40% Og gas 
atmosphere 0

cTrials I, II, III and IV combinedb

d,e,fMeans in the same row bearing different superscripts differ significantly 
(P<.05)o

^Laboratory error; no data obtained for these samples.



Table 4. Means of mesophilic organism counts for uninoculated steaks by
day of retail display within treatments .a'

Treatment. .

Day Trial . Film . .. .. Vacuum Flush . Gas. .

3 I 2.6 3.3 3.0 1.6-
II 2.8 4.0 3.7® 2 . 1

III 4.1 2.2 2.8 2.2
IV __9 2.1 2.0 3.1

I-IV . 2 . 9 2.9 2.9 2.2
6 I 7 .3 d 5. 8de 4 . 0f 4. 3ef

II 9 . 0 5.9 6.3 6.4
III 6 . 7 4.4 4.5 4.2
IV — * 4.0 5.2 4.3

I-IV 7 .3 d 5.0® 5.0® 4.8®
9 I 9.0d 5.7® 6. 4d® 5.9®

II 8.6d 7.1® 6.9® 6.7®
III 9.2d 6.0 6.2® 4.5®
IV 9.0d 6.0® 6.4® 7.5®

I-IV 9.0 6.2® 6.5® 6.2®

ci 2Means of log numbers of organisms per cm „

Film = steaks overwrapped with Resinite film; vacuum - vacuum packaged
steaks; flush = steaks flushed with 60% CO- - 40% 0- gas atmosphere
then vacuum packaged; gas = steaks packaged in 60% - 40% O 2  gas atmosphere.



Table 4> continuedi

cTrials I, II, III, arid IV combined.

^'e,^Means in the same row bearing different superscripts differ significantly 
(P<<>05) .

^Laboratory error, no data obtained for these samples.
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unacceptable (Ayres 1960 and Ingram and Dainty 1971). With 
their high bacterial numbers, film overwrapped steaks re
flected this, as samples were somewhat slimy and malodored 
on Day 6, and extremely so by Day 9.

Mesophilic organism numbers also increased signi
ficantly (P< = 05) with time in vacuum packaged samples,
although not to the degree of those, that were film over-

2wrapped. Here, numbers increased from log 2 per cm-, ini-
2tially, to approximately log 6 per cm by Day 9» No slime 

was apparent on the samples throughout the study, although 
off-odors did appear by Day 9 in some instances. Typical
ly, vacuum packaging will preserve shelf life of refri
gerated meat for long periods (Hodges et al. 1974 and Roth 
and Clark 1972); the higher storage temperature used in 
this investigation probably allowed more extensive micro
organism growth.

The growth pattern of mesophiles in samples flushed 
with the 60% CC^ — 40% gas atmosphere was similar to 
those for vacuum packaged steaks. Again, microorganism
numbers increased significantly (P<.05) with time, from an

2 2 initial value of log 2 per cm to an average of 6.5 per cm
on Day 9. No slime or odors were noted on Day 6, but as
with vacuum, some samples were off-odored by Day 9.
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Those samples packaged in the 6.0% 40% © 2  gas atmos

phere also exhibited significantly increased (P<„05) mesophile
numbers over the storage period. From an approximate initial

2value of log 2 per cm , numbers increased to an average of 
26 per cm by Day 9, with significant .05) growth generally

occurring between Days 3 and 9. Trial ITI was an exception in
that mesophiles did not multiply significantly (P<.05), and

2reached a log of only 4.5 per cm by nine days. Conversely,
-2Trial IV samples reached a log of 7.5 mesophiles per cm .

Since, this trend was not observed for the other treatments in 
these trials, the discrepancies were probably not due to ab
normal initial contamination of the steak samples. Samples 
from the gas packaging treatment were acceptable at Day 6, but 
those with the higher total plate counts on Day 9 did exhibit 
some slime and off-odor production..

Although few significant (P<.05) differences in treat
ment effects were noted at the early stages of each trial, 
differences in their effectiveness upon inhibition of meso— 
philie growth became more apparent with time (Table 4).

After three days of retail display, there were no 
significant (P<.05) differences between the four packaging 
systems: on mesophilic organism growth, except in Trial II.
In Trial II, those samples packaged in the presence of the
6.0% CO2 ~ 40% © 2  gas atmosphere had significantly (P< „ 05)

2fewer mesophiles per cm than those that were film
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overwrappedvacuum packaged or flushed with the gas, while
the vacuum and flush packaged samples had significantly

2(P<.05) greater numbers of mesophlles per cm than the gas
or film overwrapped steaks. When the data from all trials
were pooled, gas packaged samples had fewer mesophlles 

2(log 2„23/cm ) than the film,, vacuum or flush packaged
2samples (log 2.87, 2^90 and 2,89/cm , respectively), although

this difference was not significant (P >, 05)
By Day 6 of retail display, mesophlles had increased

at a more rapid rate in the film overwrapped samples than in
2the other three treatments, yielding greater log numbers/cm

in all trials. No significant (P<„05.) differences between
treatments were noted for each trial, except for Trial I,
in which the film overwrapped and vacuum packaged steaks had

2significantly (P<„05) greater numbers of mesophlles per cm
than the. steaks packaged using the gas atmosphere systems.
When data from all trials were pooled, the gas filled,
flushed and vacuum packages samples had significantly (P<,05)

2fewer numbers of mesophlles (log 4.80, 5.00, 5,01/cm ,
respectively) than the film overwrapped samples (log 7.31/

2. cm ) .
By Day 9, the. increased rate of growth, of mesophilic 

organisms in the film wrapped samples became more apparent, 
as their total plate counts: were significantly (P<. 05) higher 
in all cases than those from vacuum, flushed or gas packaged
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steaks. When results from the four trials were combined, film
overwrapped samples had signif icantly (B <.05). greater numbers

2of mesophiles per cm than samples’ from the other three treat
ments, Of these, steaks packaged and stored within the 60%

CO2 - 40% Og gas atmosphere had fewest mesophilic numbers 
overall,

The effectiveness of vacuum packaging in inhibition of 
spoilage organism growth, is well documented (Baltzer 1969 and 
Vandefzant 1975), as is the ability of these organisms to pro
liferate freely on meats wrapped in oxygen permeable films 
(Brown and Hoffman 1972 and.Halleek et al. 1958b). Various 
workers have also demonstrated high levels of carbon dioxide 
gas to be inhibitory to aerobic spoilage organisms when used 
in meat packaging (Clark and Lentz,1969 and Sutherland et al, 
1977), On the basis of the comparisons made in the present 
study, it appears that under extended storage conditions, 
systems using a 60% carbon dioxide - 40% oxygen gas atmos
phere may be at least as beneficial as vacuum packaging, and 
certainly perferable to overwrapping in oxygen permeable films 
in inhibition of mesophilic organism growth,

S taphyloc occus aureus 
Means: of Staphylococcus aureus enumerated from uninocu— 

lated samples in Trials I and II are presented (Table 5)„
The .three-.tube Most Probable Number method of enumeration 
used was limited, in that a log value of 0,6 per square
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Table 5. Means of 

ted beef
S taphylococcus 
steaks, Trials

aureUs counts on: uninocula- 
I and II combined.

ITreatment 3 Day 3 Day 6 Day 9

Film <0.6C <0.6 <0.6
Vacuum <0.6 0.8 <0.6
Flush <0.6 1.1 0.7
Gas <0.6 0.6 1.1

aLog numbers of organisms per cm^.

^Film = steaks overwrapped with Resinite film; vacuum = vacuum 
packaged steaks; flush = steaks flushed with 60% CO2 - 40%
Cu gas atmosphere then vacuum packaged; gas = steaks packaged 
in 60% CO2  — 40% © 2  gas atmosphere.

cLowest number of organisms detectible with enumeration method 
used. Does not necessarily indicate positive enumeration of 
S. aureus.

centimeter of steak surface was the lowest number of S. aureus 
detectible. Therefore, when this number appears in the table, 
it does not necessarily indicate a positive enumeration of 
staphylococcus.

No staphylococci were enumerated on Days 0 or 3 of 
either Trial I or II. The presence of S, aureus on Days 6 
and 9, however, indicates that it was present originally 
but at such, low levels as to be undetectible. Staphylococcus 
aureus is a normal contaminant of fresh meat C Jay 1961 and



64
Fomin and Simmons 1972), and. its.presence on the uninoculated 
samples of this study was not unexpected„

The growth of SV aureus on steaks inoculated with ap~
2proximately 100,000 cells of the organism: per cm of steak 

surface over the nine days of simulated retail display is 
given (Table 6). For all treatments studied, the numbers of 
So aureus generally decreased slightly during storage = This 
reduction was significant (P<.05) for the film overwrapped and 
gas flushed samples of Trial I, and for the samples packaged 
in the 60% CO2  - 40% C> 2 gas atmosphere of Trial II. When the 
results from the trials were pooled, therefore the sample 
size doubled, none of the treatments exhibited significant.
(P<.05) decreases in S. aureus with time.

The failure of the organism to proliferate with time 
was expected in the film overwrapped samples, due to its 
poor competitive ability with the normal microflora of fresh 
meat and the 10 C storage temperature employed, which was 
somewhat below the optimal temperature for growth. Various 
investigators have documented the inability of SV aureus to 
flourish, in vacuum packages (Cavett 1962, Christiansen and 
.Foster 1965 and Eddy and Ingram 196.2) , Results from the 
present study agree with, these findings in that Staphylococcus 
failed to grow in either treatment employing removal of oxy~ 
gen from the package by vacuum,



Table 6» • Staphylococcus aureus counts bn beef steaks inoculated with 10 
organisms per crn̂ bypackaging treatment within days of retail 
display.

. - ■ ---- - - ■

Treatment^ Trial Day 3 Day 6 Day 9

Film I 4.6d 4.1® 4.4de
II 3,9 3.7 3.1

I and II 4,3 3.9 3.8
Vacuum I 3.8 3.7 3.6

II 3.7 4.0 4,0
I and II 3.7 3.8 3.8

Flush I 4.2d 3.6® 3.5®
II 4.8 4.8 4.1

I and II 4,5 4.2 3.8
Gas I 3.8. 3.3, 3.2

II 4.8 3 . 7 3.9®
I and II 4.3 3.5 3.5

aMeans of log numbers of organisms per crn̂ .

kpilm = steaks overwrapped with Resinite film; vacuum = vacuum packaged 
steaks; flush = steaks flushed with 60% CO* - 40% CU gas atmosphere then 
vacuum packaged; gas = steaks packaged in 60% C02 - 40% 02 gas atmos
phere.

cTrials I and II combined.
(3. 0 •' Means in the same row bearing different superscripts differ significantly 

(P<.05)
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Of the four treatments,: the gas packaged samples demon

strated greatest reduction in' S, aureus, as numbers did de
crease nearly one log cycle: from Day 3 to 6 and remained at 
this level through Day 9. SiHiker and Wolfe (1980) found a 
similar decline in S. aureus numbers on meat held in carbon 
dioxide enriched atmospheres. It thus seems that packaging 
in the 60% CO2  - 40% Og gas atmosphere may have been the 
only packaging treatment studied with the potential of 
decreasing viable numbers of S_. aureus with time.

The relative effects of the four packaging systems on 
S= aureus growth on inoculated steaks are presented (Table 7). 
For all three sampling days of Trial I, greater number’s of 
S. aureus were obtained from the film overwrapped samples as 
compared to the other treatments. At three days of simula
ted retail display, numbers were significantly (P<.05) greater 
in the film and flushed samples than in the vacuum an^ gas 
packaged samples. By Day 6, S_. aureus had decreased in the 
film overwrapped and flushed steaks, so that no significant 
(P>. 05) treatment effects were noted. Upon conclusion of
Trial I, there were significantly (P<.05) fewer staphylo- 

2cocci per cm for the vacuum, flushed and gas packaged steaks 
(log. 3.55, 3.52 and 3.16, respectively) than for those over- 
wrapped in Resinite film (log 4..35). The accumulation of 
carbon dioxide in the gas filled packages may be responsible



5Table 7„ Staphylococcus aureus counts on beef steaks inoculated with 10 
Organisms per cm% by day of retail display within treatments.

. . Treatment?3

Day. . . . Trial . . Film . Vacuum . . Flush . . . . Gas. . .

3
I and

I
II
II yi 4 .if 3.8®

!:!«
6

9

I

I

and

and

I
II
II
I

II
II

3 a*
3.8

yi
3 ° 6e4.or 
3.8

3.6.

3.8
3 • 2q3.9®
3.5

aMeans of log numbers of organisms per 2cm .
Film = steaks overwrapped with Resinite film; vacuum = vacuum packaged steaks 
flush = steaks flushed with 60% CO^ - 40% 0^ gas atmosphere then vacuum 
packaged; gas = Steaks packaged in 60% - 40% Og gas atmosphere.
cTrials I and II combined *
d'eMeatis in same row bearing different superscripts differ significantly 

(P<.05) .
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for this inhibition, as such a condition would probably favor
the growth of other facultative anerobes over the staphylo-r
cocci (Eddy and Ingram 1962I.

Data from inoculated steaks of Trial II conflict with
the results of Trial I. After three days of storage, fewer
(P<„05) S. aureus were recovered from the film overwrapped
samples than from the flushed or gas packaged steaks» By
Day 6, the organism numbers had declined on samples held
within the gas ̂ atmosphere, to become nearly equal to those
on steaks overwrapped in film. When displayed for nine days,

2log numbers of S. aureus per cm for the Resinite packaged
2steaks Clog 3,05/cm ] had decreased, and were lower (P<„05)

than those for the vacuum, flushed or gas packaged steaks
2(log 3,96, 4,13 and 3,93/cm , respectively}.

When data from Trials I and II were pooled, no sig^ 
nificant treatments effects (P<,05) were noted for samples 
held nine days, probably due to the variability within the 
two trials. Such discrepancy .between Trials I and IT 
could be due to inherent variability in the Most Probable 
Number procedure of S/ aureus enumeration as noted by Mayou 
(1976), or to the small number of samples (four) used for 
evaluation of each treatment in each trial.

Because of this-, further investigation is needed be
fore definite conclusions may be made with regard to the 
relative effects of the four packaging treatments studied
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on the survival and growth of £.; au'rteus on fresh meats:. In 
light of these data, however., it does appear that packaging 
systems using a 60% carbon dioxide V  4.0% oxygen gas atmos
phere for extended storage do not increase the risk of food- 
borne illness; from fresh meats by sufficiently altering the 
normal microflora to allow enhanced growth of Staphylococcus 
aureus.

' salmoneila typhimurium
Means of Salmonella typhimurium enumerated from un- 

inoculated steaks of Trials III and IV are presented in 
Table 8. As with SL aureus enumeration., the lowest number 
of S.' typhimurium detectible with the three-tube Most Probable 
Number method used was log 0.6 per square centimeter of 
steak surface.

No salmonellae were, enumerated from the samples on 
Days. 0, 3, 6 or 9 of either trial. Although often found in 
nature, salmonellae are generally present in very low num
bers on meat from healthy animals slaughtered under sani
tary conditions (Ayres et al. 1980). The inability to 
enumerate the organism from the samples was not surprising, 
and indicated the product used to be of good microbiological 
quality.

The growth of S. 'typhimurium on steaks inoculated with 
approximately 100,00.0 cells of the organism per square centi
meter of surface over the nine day storage period is shown 
(Table 9) .
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Table 8. Means, of' Salmonella typhlmun.lum counts on uninocu

lated beef steaks. Trials III and IV combined.a

Treatment^ Day 3 Day 6 Day 9

Film A O G\ O <0.6 <0.6
Vacuum <0.6 <0.6 <0.6
Flush <0.6 <0.6 A O

Gas <0.6 <0.6 <0.6

aLog numbers of organisms per cm^,

Film = steaks overwrapped with. Resinite film; vacuum = ' 
vacuum packaged steaks; flush. = steaks flushed with 60%
CC> 2 - 40% C> 2 gas atmosphere then vacuum packaged,; gas = 
steaks packaged in 60% CO^ - 40% gas atmosphere.

cLowest number of organisms detectible with enumeration 
method used. Does not necessarily indicate positive 
enumeration of S. typhimurium.

For both Trials III and IV, steaks overwrapped with 
Resinite film exhibited significantly (P<„05) increased num
bers of S. typhimurium during simulated retail display, with 
values that were 2 to 3 logs higher at Day 9 than Day 3.
S. typhimurium increased significantly (P<,05) by 1.2 log 
cycles on vacuum packaged samples of Trial IV, but not on 
those, of Trial Hi. Steaks flushed with the 60% carbon 
dioxide - 4.0%. oxygen atmosphere exhibited increased CP<. 05) 
numbers of S. typhimurium in Trial ill, but not Trial IV.



Table 9. Salmonella typhimurium counts on beef steaks inoculated with IQ5 
organising; per cm^ by packaging treatment within days of retail

«• • • • ZL S ©.*. ■>..

Treatment13 . Trial Day . 3 Day 6 Day 9

Film III 3.3* 5.5® 6.4®
IV . S.!* 4 . 0de 5.3®

Ill and IV 3.2 . 4.7® 5.9®
Vacuum III 4.8 5.1. 4.9

IV 3. ld 3.3d 4.3®
III and IV 3.9 4.2 4.6

Flush III

CD00<3* 4 „ ld 6.0®
IV 4.7 4.1 3.4

III and IV 4.8 4.1 4.7
Gas III 4.0 3.7 3.9

IV 3.4 3.1 3.4
. Ill and IV 3.7 3,4 3.6

3. OMeans of log numbers of organisms per cm „
bFilm = steaks overwrapped with Resinite film; vacuum = vacuum packaged 
steaks; flush = steaks flushed with 60% C02 - 40% 02 gas atmosphere then 
vacuum packaged; gas = steaks packaged in 60% C02 - 40% 02 atmosphere.
^Trials I and II combined. ,
— ,eMeans in the same row bearing different superscripts differ signifi

cantly (P<.05) .
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Packaging in the presence of the .6.0%. COg - 4.0%. 0^ gas was the 
only system evaluated in which Saimoneila did not increase 
in either trial, as values remained consistent throughout the 
entire nine days of storage,

When data from both, trials: were pooled, no significant 
(P <„05) increases in S„ typhlmurium over time on the inocu
lated steaks were noted, except on those overwrapped in film, 
which increased 2„7 log cycles overall. The inability of the 
organism to multiply in the evacuated packages was not sur
prising, as there are ho previous studies that indicate sal- 
monellae are able to grow under such conditions (Ayres 1979). 
In these systems, the removal of oxygen would probably tend 
to restrict the organism's growth, as would the increased 
level of carbon dioxide in the gas filled packages. Such con
ditions would probably favor the growth of more anaerobic 
organisms over the salmonellae.

The relative effects of the four packaging treatments on 
Salmonella typhimurium growth on Days 3, 6 and 9 of each trial 
are given (Table 10).

On Day Three of retail display, no significant CP>.05) 
differences were noted between any of the treatments for 
either Trial ITT or TV. When the results were pooled, film
overwrapped samples had the lowest, and flushed samples the

2highest numbers of S. typhimurium per cm , with significant 
(P <. 05.) differences between the two.



Table 10. Salmonella typhirnurium counts on beef steaks inoculated with 10^
organisms per cm^ by lay of retail display within treatments.9.

Treatment^

Day Trial Film Vacuum Flush Gas
3 H I

IV
III and IV

6 III
IV

III and IV
9 III

IV
III and IV

ct 2Means of log numbers of organisms per cm .
kpilm = steaks overwrapped with Resinite film; vacuum = vacuum packaged 
steaks? flush = steaks flushed with 60% COg - 40% gas atmosphere then
vacuum packaged; gas = steaks packaged in 60% CC^ - 40% Og gas 
atmosphere.
cTrials III and IV combined.

fjyjeans in the same row bearing different superscripts differ signifi
cantly (P<.05) &

-j00

3.3 4.8 4.8 4.0
& 3 : ^ 3:7de
5.5d 5.1de 4. lde 3. 7e

4 a de
3.1
3.4

:::: i : $ 6. 0de 
3.4®

3. 9f 
3. 4e

5,9d 4.6 4.7 3. 6e
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By six days of storage/ S_„: typhiiriurium had increased

on the film overwrapped steaks' relative to the other samples.
When data were pooled, the Resinite covered samples had

2highest numbers of S_, typhimnrium per cm which were greater
(P<. 05) than those on the gas: packaged samples.

Numbers of S/ typhimurium continued to increase on
the film overwrapped steaks during storage/ so that by Day
Hlne these steaks contained greater (PC.05) numbers than
steaks of the other treatments-. Pooling the data from both
trials resulted in significant differences between the film

2overwrapped samples (log 5-89/cm ) and the vacuum, flushed
2and gas packaged samples [log 4-59, 4,68 and 3-64/cm ,

respectively). In all cases, the gas packaged samples had
2fewest numbers of Salmonella typhimurium per cm , with close 

to a ten-fold difference between them and the vacuum packaged 
samples-

This work concurs, with Silliker and Wolfe (1980) , who 
found salmonellae increased steadily on meat samples stored 
in air at 10 C, but not on product held in mixed atmos
pheres containing 60% carbon dioxide.

It may be concluded, therefore, that on the basis of 
these studies there is no evidence to indicate that packag
ing and storage in a 60% carbon dioxide - 40% oxygen gas 
atmosphere would increase the hazard of salmonellosis from 
fresh meats, In fact, since Sa'lmonelia has a minimum growth



temperature of approximately 7 Cr such an atmosphere may 
produce a protective effect against such a hazard in meats 
subjected to moderate temperature abuse.



CONCLUSION AND •■DISCUSSION

Because of its ability to retard microbial spoilage, 
gas atmosphere packaging may be a feasible means, of extend
ing shelflife, and therefore decreasing production costs of 
fresh beef, The results of this study would indicate that 
systems utilizing a 60% carbon dioxide - 40% oxygen gas 
atmosphere may be at least as beneficial as vacuum packag
ing, and certainly preferable to overwrapping in oxygen 
permeable films in inhibition of mesophiiic organism growth. 

However, before a packaging method using gas atmos
pheres may be implemented,' it is critical that any potential 
hazards, including that of foodbbrne illness, be. thoroughly 
investigated. Normally, refrigerated fresh beef is not a 
problem in this respect, because the low temperature of 
storage sufficiently inhibits the growth of pathogenic 
microorganisms. Because gas atmosphere packaging would 
allow increased shelflife and therefore extend handling, 
shipping and storage times, the opportunity for mishandling 
and temperature abuse would also increase. Such abuse 
might allow the growth of hazardous organisms.

It. is also possible that gas atmosphere packaging 
might alter the normal microflora of beef; by. inhibiting the
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normal spoilage organisms,' others, such as pathogens f may be 
able to grow to hazardous numbers..

This study was initiated to investigate these poesi^ 
bilities. Although a variety of foodborne illness causing 
organisms may be found on meat, the two used in this study. 
Salmonella typhimurium and Staphylococcus aureus, were 
selected because of their relatively frequent occurrence on 
fresh beef and their importance as major causes of foodborne 
illness.

From the results of this study, it appears that use 
of a 60%. carbon dioxide - 40% oxygen gas atmosphere in meat 
packaging does not promote the growth of S. aureus or S. 
typhimurium, Whether this is due to an actual inhibitory 
effect of the gas upon the organisms themselves, or because 
the normal background microflora was not sufficiently al
tered to allow their growth was not determined. Further 
study is needed to understand the actual reason for the in
ability of these organisms to. proliferate under the gas 
atmosphere conditions.

In the studies with SalmoneTla, it was noted that the 
organism increased in all treatments, except on those samples 
exposed to the gas atmosphere. This increase was signifi
cant CP<,051 for those steaks that were packaged in the tra
ditional method of film overwrapping, It thus appears that 
for Sy typhimurium, packaging in a 60% C02 - 40% 02 gas may
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even, be beneficial in reducing the hazard of salmonellosis 
on meats that have been mishandled and subjected to a degree 
of temperature abuse.

This inhibitory effect wee not as clear for" SY aureus»- 
This organism decreased during storage for all treatments, 
which would indicate that although the gas atmosphere treat
ment may not actually be preferable to the more traditional 
wrapping methods, in inhibition of Sy aureus, it certainly 
does not increase the hazard of the organism's growth under 
conditions of temperature abuse.

It should be noted, however/ that throughout the ex
periment , there was great variation in enumeration of the 
pathogens. This variation could have been due to a variety 
of causes/ such as uneven inoculation of the individual 
steak, samples or inadequate swab sampling. The Three-Tube 
Most Probable Number CMPNl method also presented problems 
because enumeration of the organisms required selective en
richment and a series of three different media for each . \
sample, involving a great deal of time, glassware and lab 
space., For this reason, the number of replications per 
treatment were limited to four, A more simple, less cum
bersome method would indeed be desirable, to allow' greater 
numbers: of samples to be examined at one. time.

The ;MPN procedure provides- only an estimation of the 
numbers of organisms present, As the calculation of the MPN
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is based on th,e assumption of homogeneity of the sample, it 
is possible that fat or meat particles that adhered to the 
swab during sampling could have affected its accuracy in 
this study. Lack of homogeneity could be responsible for 
the variation noted in the results.

The MPN procedure was also -limited in that an absolute 
negative, endpoint for numbers of organisms per square centi
meter could not be obtained. Even when no organisms were 
detected at the lowest possible dilution, when calculations 
were made based on the Standard MPN Table, a value of 0.6 per 
square centimeter was the lowest estimate obtainable. There
fore, on samples where no pathogens were enumerated, results

2were reported as less than 0,6/cm
In view of the results obtained in this investigation, 

it would appear that gas atmosphere packaging may have use
ful application in the meat industry in extending fresh beef 
shelf life, and that its use., would not increase the hazard 
of foodborne illness from Salmonella typhimurium or 
Staphylococcus aureus. Certainly further research is needed 
in this area to determine the actual effects of this type of 
package upon the organism, as well as its influence upon 
other types of pathogens. The development of a more feasible 
means of enumeration of these organisms is needed, also, 
that will provide accurate, rapid results'.



summRT
The purpose of this study was to determine the ef

fects of packaging systems employing a 60% carbon dioxide - 
40% oxygen gas atmosphere upon the shrinkage, mesophilic 
organism growth and growth of two selected pathogens *

Four trials were conducted to collect data for this
investigation, Longissimus dorsi steaks with approximately

2 5 2 40 - 50 cm surface area were inoculated with 10 cells/cm
of either Staphylococcus aureus (Trials I and 11) or 
Salmonella typhimurium (Trials 111 and IVI, randomly assigned 
to one of four packaging treatments and held under simulated 
retail display conditions at 10 C, Uninoculated samples 
were packaged and held in a similar manner to act as con
trols, At Days 3, 6 and 9 of storage, selected steaks from 
each treatment group were, evaluated for shrinkage, mesophilic 
organisms and the appropriate pathogen.

Shrinkage was greatest (P<,05) at Day 3 for systems 
utilizing vacuum packaging * By nine days of storage, no 
significant (P >,05) differences in weight loss were noted 
between these samples and those held in the gas atmosphere 
or held in oxygen permeable film, probably due to continuous 
transmission of moisture to the atmosphere in the latter two

treatments,
80



Mesoptillic organism growth, was inhibited CP< ,051 by 
vacuum packaging and packaging utilizing the gas atmosphere 
as compared to. film overwrap. Systems using the gas atmos
phere were, at least as beneficial as vacuum in discouraging 
mesophila multiplication.

S.' aureus decreased slightly CP <«05) over time in 
all treatments, with reduction of the organism greatest on 
steaks held within the high CO^ atmosphere. Results for 
comparison of treatment effects within days were variable, 
but it appears that packaging using the high CO2 gas does 
not encourage the growth of S. aureus or increase the food- 
borne. illness hazard from this organism.

3, typhimurium increased on all treatments studied 
except on those held within the gas atmosphere. By 9 days 
of storage, the organism was significantly ("P< .05) more 
prevalent on film overwrapped steaks that on those of other 
treatments, while, steaks held in the gas had fewer numbers 
of the pathogen by Day Mine than any other treatment. Such 
an atmosphere may have a protective effect against the 
hazard of salmonellosis, particularly for meats subjected 
to moderate temperature abuse.

Although more research is needed in the. area of the 
effects of high carbon dioxide atmosphere packaging on 
pathogens commonly found on fresb: meat, it appears that such 

a system does not enhance the iiklihood of staphylococcal or



or salmonella© growth., nor Increase the hazard of foodborne 
illness from these organisms«
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