
Effect of controlled atmospheres during
transportation and storage on microbial growth,

color and weight loss of fresh beef retail cuts

Item Type text; Thesis-Reproduction (electronic)

Authors Snider, Roy Duke

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:07:05

Link to Item http://hdl.handle.net/10150/557731

http://hdl.handle.net/10150/557731


EFFECT OF CONTROLLED ATMOSPHERES DURING 
TRANSPORTATION AND STORAGE ON MICROBIAL GROWTH, 

COLOR AND WEIGHT LOSS OF FRESH 
BEEF RETAIL CUTS

by
Roy Duke Snider

A Thesis Submitted to the Faculty of the
DEPARTMENT OF NUTRITION AND FOOD SCIENCE
In Partial Fulfillment of the Requirements 

For.the Degree of
MASTER OF SCIENCE 

WITH A MAJOR IN FOOD SCIENCE
In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  8 1



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of 
Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library.

Brief quotations from this thesis are allowable without 
special permission, provided that accurate acknowledgment of 
source is made. Requests for permission for extended quotation 
from or reproduction of this manuscript in whole or in part may 
be granted by the head of the major department or the Dean of 
the Graduate College when in his judgment the proposed use of 
the material is in the interests of scholarship. In all other 
instances, however, permission must be obtained from the 
author.

SIGNED:

APPROVAL BY THESIS DIRECTOR 
This thesis has been approved on the date shown below:

J. A. '
*d)fessor of

MARCHELLO 
Animal Science
V



ACKNOWLEDGMENTS

I wish to express sincere appreciation to Dr. John 
Marchello for his guidance and support throughout this study. 
Thanks are also extended to Dr. Warren Stull and Dr. Ron Allen 
for their helpful suggestions while serving on my committee. 
Finally, I would like to thank Lynda Luiten, Marianne McDaniel, 
Mario Ochoa and Lorraine Owen for technical assistance rendered 
during this investigation.



TABLE OF CONTENTS

Page
LIST OF TABLES  ................  vi
ABSTRACT . . . . . . . . .     vii
INTRODUCTION  ..............    1
LITERATURE REVIEW . . . . .  ......... >  2

Meat Distribution . . . . . ...... . .   2
Traditional Distribution and Losses . . . . .  2
Centralized Processing ....................  3
Vacuum Packaging  .......... 4
Freeze Packaging .  ............ 5
Controlled Atmospheres ..........    6

Microbiology of Meat  ............  6
Sanitation and Contamination . . . . . . . . 6
Types of Microorganisms  ........  7
Factors Influencing Microbial

Population..........  9
Spoilage.  ............   11

Meat Color  ..........  12
Chemistry of Meat Color  ................... 12
Color Measurement . . . .  . . .  ............. 14
Factors Affecting Meat Color ..............  15

Controlled Atmospheres  ....................16
Carbon D i o x i d e ............................. '17
O x y g e n ..............   21
Carbon Monoxide . . . . . .    22
Nitrogen . . . . . . .    25
Mixed Atmospheres....................  26

Wrapping F i l m s ................ 26
MATERIALS AND M E T H O D S ..........      29

Preparation of Samples .  ................. 29
Transportation of Controlled

Atmosphere Packages ....................  30
Evaluation of Samples............ 30
Trials I, II and I I I .......... 32
Analysis of D a t a ............................33

iv



V

TABLE OF CONTENTS— Continued

Page

RESULTS AND DISCUSSION  ..........................  35
Trials I, II and III . . . . . . . . .  . . .... 35

Comparison of Treatment within
Sample D a y ...... ..... ................ 35

Trials I, II and I I I ........... .. 40
Comparison of Sample Day within

Treatment...... ...  .................  40
Trial III . . . . .   ..........................  43

Comparison of Treatment by
Transportation within Sample Day . . . .  43

Trial I I I ............. .........................  47
Comparison of Sample Day by Treatment

within Transportation   . . . .  47
CONCLUSIONS- . . .  . . . . . .  . . . .  . . . . . .  . . . 50
SUMMARY . . . . .  . .  ........ .. ............. . . . 52
APPENDIX A ..............  ' 54
LITERATURE CITED . . .     . 56



LIST OF TABLES

Table _ Page
1 Experimental Design ............................  34
2 Means of Microbial Populations, Color

Designation and Shrinkage by Treatment
within Day ....................  . . . . . . .  36

3 Means of Microbial Population, Color
Designation and Shrinkage by Day
within Treatment.........................  ̂ . 41

4 Means of Microbial Population,. Color
Designation and Shrinkage for Treatment 
by Transportation within Day .    44

5 Means of Microbial Population, Color Designation
. and Shrinkage for Day by Treatment 
within Transportation  ..........   48

vi



ABSTRACT

Beef round steaks were used to determine the effects of 
modified atmosphere packaging during transportation and subse
quent storage on microbial growth, color deterioration and 
shrinkage. Treatments employed in this study include packaging 
samples with either Broden Resinite “film or Cryovac barrier 
bags filled with one of the following controlled atmospheres: 
1% CO, 24% 02, 75% N2; 1% CO, 14% 00%, 40% 02, 45% 1% CO,
15% C02 , 24% 02, 60% N2 and 15% Cp2 ,. 41% Og and 44% Ng.

Psychrophilic and mesophilic organism growth was in
hibited in atmospheres containing 15% carbon dioxide; whereas 
microbial growth was substantially increased on samples over- 
wrapped with gas-permeable Broden Resinite film.

Fresh beef retail, cuts packaged in atmospheres contain
ing 1% carbon monoxide maintained acceptable color longer 
than the controls.

No significant differences in percent shrinkage were 
noted between treatments during the nine day storage period.

Refrigerated transport appears to have no significant 
effects on microbial growth or color deterioration of samples 
packaged in controlled atmospheres. A significant (P<.05) 
increase in microbial growth and discoloration existed in 
the Resinite overwrap controls initially transported.



INTRODUCTION

Recent economic trends have dictated a need for change 
in the traditional methods of processing and handling of meat. 
Undesirable changes in the color of the product, spoilage due 
to microbial activity and shrinkage due to moisture loss 
constitute substantial economic losses for the industry.

Centralized meat processing and distribution, in which 
carcass meats are reduced to primal, subprimal or consumer
sized cuts before shipment to retail outlets, is a potential 
method that may have distinct economic advantages over current 
methods of distribution.

The use of controlled gas atmospheres during transpor
tation and storage may increase the shelf-life of the product 
by reducing the microbial population associated with, spoilage 
while maintaining other quality indices such as desirable 
color.

The purpose of this study was to examine the effect of 
controlled atmosphere packaging upon the quality of fresh 
beef during transportation and storage conditions similar to 
those employed in centralized distribution.

1



LITERATURE REVIEW

Meat Distribution 
Fresh meat from cattle, swine, sheep and poultry 

constitutes a desirable and important part of the modern 
American diet. The meat industry in the United States is 
the world's largest as approximately 40 billion pounds of 
meat are processed annually (Ayres, Mundt and Sandine,1980).

Traditional Distribution and Losses
The distribution of fresh meat presently involves the 

transportation of hanging carcasses from the packing plant to 
a central distribution center followed by subsequent trans
port to retail outlets (Brody 1970 and Rea, Smith and Carpenter 
1972). This method of individual cutting and handling of 
whole, eviscerated carcasses by retailers introduces many 
inefficiencies and economic losses from a number of sources 
(Anon. 1970 and Menzie 1975). A considerable problem in the 
distribution of carcass meats is the amount of shrinkage in- 
curred during normal transportation and handling. Assuming 
four days for distribution from the packer to the retail 
,outlet and shrinkage of 0.5% per day, the loss due to shrink
age totals 2%, not including shrinkage which takes place 
during storage at the retail store (Weatherly, Earle and

2



Brown 1968). Since meat is sold strictly on a weight basis, 
substantial shrinkage constitutes a substantial.economic ' 
loss.

Additional losses are realized due to microbial activity 
as millions of pounds of meat are condemmed annually as a 
result of taint, souring and putrefaction (Rea et al. 1972).

Other economic losses occur because of the relatively 
short color shelf-life of many fresh meats.. Discoloration 
is apparent in beef within 48 to 72 hours after initial 
display. Cuts not sold within this specified period of time 
must be discarded, reprocessed or reduced in price (Menzie 
et al. 1974).

In addition, each retail outlet must possess equipment 
and trained personnel to break down the carcass and to 
package the fresh meat in consumer-sized portions. A rela
tively large amount of available space in the retail outlet 
is inefficiently utilized as traditional methods of handling 
also require a large refrigerated storage room for the 
hanging carcasses.

Centralized Processing
Some retail food chains have adopted a centralized 

packing system in which additional functions are performed 
at the central distribution center. Hanging carcasses are 
broken into primal or subprimal cuts at the centralized



processing plant and transported to retail outlets according 
to need (Weatherly et al. 1968)> 1

A substantial amount of waste in the form of bone and 
fat is removed at the center, reducing the amount transported 
to the retail outlet and thereby decreasing transportation 
costs (Anon. 1970).

Other advantages associated with a centralized packing 
system are reduced deliveries to retail stores, more uniform 
quality control, greater labor productivity, improved controls 
on inventory and stocking policies and more efficient utiliza
tion of space in the retail outlet (Weatherly et al. 1968 
and Anon. 1970).

However, the use of a central distribution center may 
increase microbial activity on fresh meat due to lengthened 
storage and transit time and increased temperature fluctua
tions (Menzie 1975).

To maintain optimal quality of meats packaged at a 
central location during transportation and subsequent storage 
it is necessary to prevent discoloration, microbial growth 
and shrinkage.

Vacuum Packaging
Numerous studies have shown that vacuum packaging of

meat may inhibit the growth of psychrophilic, aerobic spoilage
1bacteria thereby increasing the storage life of the product



(Baran, Kraft and Walker 1970, Pierson, Collins-Thompson and 
Ordal 1970 and Hodges, Cahill and Ockerman 1974). Roth and 
Clark (1972) indicated that vacuum packaging may prevent the 
spoilage of refrigerated, fresh beef up to 32 days. This 
represents a six-fold increase in the shelf-life of 
hypobaric packaged meat as compared to current methods of 
packaging.

However, the resulting conditions encourage the growth 
of facultatively anaerobic microorganisms such as the lactic 
acid bacteria. Jaye, Kittaka and Ordal (1962) and Hodges, 1et 
al. (1974) have associated off-odor and off-flavor with vacuum 
packaged meat held under prolonged storage due to the growth 
of lactics.

Major disadvantages associated with the use of vacuum 
packaging of retail cuts are purge loss, distortion of cuts 
and leakers (Seideman et al. 1979a and 1979b).

Freeze Packaging
Another alternative to traditional methods of processing 

and distribution of carcass meats is through the marketing of 
consumer-sized portions of frozen meats. Centralized proces
sing and freezing of retail cuts demonstrate similar advantages 
to that of centralized processing of fresh meat. In addition, 
the marketing of frozen meats would permit greater flexibility 
in the control of inventories due to the enhancement of shelf- 
life of the product. Major disadvantages associated with the



distribution and marketing of centrally-processed frozen meat 
include consumer acceptance and an increased investment 
capital to replace current retail display equipment.(Menzie 
1975).

Controlled Atmospheres
The major disadvantage inherent in the centralized 

processing of fresh meat is the need to increase shelf-life 
due to the additional time required between processing into 
consumer-sized portions arid retail sale. It has been shown 
that the case-life of meat may be extended by the intro
duction of a controlled atmosphere into the product package 
(Clark and Lentz 1973 and Christopher et al. 1979a and 
1979b). Modified atmospheres could inhibit microbial growth 
on fresh meat while maintaining acceptable color.

Microbiology of Meat

Sanitation and Contamination
Deteriorative changes in the muscle tissue of an 

animal begins upon death of the animal and may be due to 
microbial, enzymatic, physical and chemical processes. 
Although each of these processes contributes to the level of 
quality of the meat, the major concern during processing of 
the carcass is the contamination and physiological activity 
of microorganisms (Forrest et al. 1975 and Frazier and 
Westhoff 1978).



The living, healthy animal contains few bacteria in 
its internal tissues (Ayers 1955, Price and Schweigert 1971 
and Forrest et al. 1975).although microorganisms have been 
recovered from lymph, nodes, bone marrow and muscle tissue 
(Lepovetsky, Weiser and Beatherage 1953).

Extremely large numbers of microorganisms are asso
ciated with the gastrointestinal tract, hide, hair and hoofs 
of the animal (Price and Schweigert 1971 and Ayres et al.
1980). Jensen and Hess (1941) reported population ranges
from 1.0 x 10^ to 1.5 x 10® aerobes and 1.0 x 10^ to 2.0 x 
910 anaerobes on 12.9 square centimeters of the jowl of 

unwashed hogs. Microorganisms responsible for spoilage of 
meats may either be present at the time of slaughter or may 
be introduced to the meat by contact with equipment or environ
mental surfaces (Voegeli, Bratzler and Mailman 1953 and Ayers 
1960b). Most contamination of meat originates from poor 
sanitation during the slaughter and processing of animals 
(Stringer, Bilskie and Naumann 1969 and Vanderzant and 
Nickelson 1969). Therefore, proper quality control during 
processing of carcass meats is critically important for 
decreasing the rate and extent of deterioration due to micro
bial contamination.

Types of Microorganisms
Typical genera of bacteria found on the surface of 

meat at the beginning of the storage period include



Pseudomonas, Achromo-bacter, Micrococcus, Flavobacterium,
Enterobacter, MicrObacterium, Lactobacillus and Sarcina, 
among others (Frazier and Westhoff 1978 and Ayres et al.
1980), and an assortment of yeasts and molds.

During refrigerated storage this heterogenous popula
tion becomes much more homogenous, consisting predominantly 
of members of the Gram-negative psychrophiles, especially 
Pseudomonas and Achromobacter (Rogers and McCleskey 1957, 
Halleck, Ball and Stier 1958a and Stringer and Nauman 1966). 
Spoilage by these two organisms under aerobic, low-temperature 
conditions, characteristically less than 10 C, usually results 
in off-odors and slime formation on the surface of the meat 
(Ayres 1951 and Ayres 1960a).

Early investigators (Empey and Vickery 1933 and Haines 
1933) reported members of the genus Achromobacter as the 
predominant organisms growing at refrigeration temperatures. 
Only those organisms which formed a water-soluble, green 
fluorescent prigment were classified as pseudomonads.
Colorless colonies which did not produce pigment but that 
had similar properties were considered to be Achromobacter 
(Brown and Weideman 1958 and Ayres 1960b).

Recent investigations (Ingram and Shewan 1960, Nagel 
et al. 1960 and Clark and Lentz 1969) have assigned a greater 
importance to Pseudomonas, especially the nonpigmented 
pseudomonads (Kirsch et al. 1952 and Ayres 1960b), in the role



a spoilage of flesh foods as they may account., for up to 93% 
of the total population. This .discrepancy is probably due to. 
a change in criteria in classification of pseudomonads intro
duced in the 6th edition of Bergey's Manual of Determinative 
Bacteriology (Breed, Murray and Hutchins 1948). ,

Some organisms of the Enterobacteriaceae possess an 
atypical tolerance to low temperatures as many Gram-negative 
fermentative rods have been recovered from refrigerated meats; 
however, the role of these organisms in spoilage has not been 
determined (Eddy and Kitcheli 1959).

Factors Influencing Microbial Population '
Most meats are an excellent culture media for microbial 

growth due to high moisture content, a substantial amount of 
nitrogenous and mineral nutrients and favorable pH (Ayres 
1951, Romans and Ziegler 1974, and Frazier and Westhoff 1978).

The surface area of a cut of meat also influences the 
growth of microorganisms due to the quantity of microbes found 
at the surface and the relationship between surface area and 
avaialble oxygen for aerobic microbes (Frazier and Westhoff 
1978).

Temperature. The temperature at which meat is stored has 
been shown to greatly affect the rate and extent of bacterial 
growth (Ayres 1960a). Most microorganisms that contact the 
surface of the meat are mesophilic and grow poorly at low



10
temperatures; however, when meat is held at refrigeration tem
peratures, psychrotrophs are favored and therefore predominate 
(Elliott and Michener 1965 and Jay 1972).

Ayres (1960a) obtained growth, curves for organisms on 
beef stored at temperatures ranging from 0 C to 25 C. During 
the first week of storage, the growth of microorganisms varied 
proportionately with temperature.

Initial Population. When the initial load of bacteria 
on meat was high Halleek. Ball and Stier (1958c) and Ayres 
(1960a) observed that the temperature of storage was less ef
fective in retarding spoilage than when the initial population 
was low. .

Availability of Oxygen.. The availability of oxygen 
determines the kind of organism that will proliferate.
Spoilage of meat held at low temperatures is usually caused 
by microbial growth at the surface of the meat and consists 
largely of aerobic microorganisms such as yeasts, molds and 
some bacteria (Ingram and Dainty 1971).

Availability of Water. The available water (a^) of 
a substance refers to the amount of water in that substance 
available to microorganisms for growth. The a^ of most flesh 
foods is 0.98 or above which approaches the optima for many 
microorganisms. Most bhcteria have a higher water activity 
requirement than either yeasts or molds. Bacteria associated 
with the spoilage of raw meats generally do not grow below an
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â- of 0.95 (Scott 1957 and Elliott and Michener 1965). If
the storage conditions are such that the a . decreases to aw
point where bacterial growth is inhibited, mold growth is 
then favored (Ingram and Dainty 1971).

pH. The pH of fresh meats ranges from 5.3 to 6.5 and 
is contingent on the amount of glycogen present in the muscle 
at the time of slaughter (Romans and Ziegler 1974). Meat with 
a high pH is more conducive to growth of spoilage organisms 
while low pH values select for the growth of yeasts, molds 
and acidophilic bacteria (Romans and Ziegler 1974 and Forrest 
et al. 1975).

Spoilage
Many investigators have attempted to associate minimum

if

concentrations of microorganisms with subjective signs of
spoilage. Kraft and Ayres (1952) reported that spoilage was
indicated in fresh beef by the onset of an off-odor which
correlated with a microbial count of 2.0 x 10® organisms
per square centimeter. A definite off-odor was realized when

7 2the microbial population approached 10 cells/cm (Kraft and 
Ayres 1952, Ayres 1960a and Ingram and Dainty 1971). The 
development of slime at the surface of the meat is usually

7 oassociated with microbial loads of 5 to 6 x 10 organisms/cm
8 2 (Ayres 1959) to 1.0 x 10 organisms/cm (Ingram and Dainty

1971).
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During the growth of spoilage organisms, the soluble 

nonprotein-nitrogen nutrients such as free amino acids are 
utilized preferentially to structural proteins with the 
production of hydrogen sulfide, ammonia, skatole and other 
by-products. The microorganisms are placed in this position 
due partially to the low carbohydrate content of most flesh 
foods. When the supply of amino acids is exhausted by the 
organisms, other nonprotein-nitrogen substances such as 
nucleotides and low molecular weight proteins are next 
attacked (Jay 1972).

Meat Color
The color of fresh meats is an important property 

which determines consumer acceptance of the retail cut. 
Selection is primarily judged on the basis of physical ap
pearance, which indicates relative freshness and leanness 
(Dunsing 1959a, Dunsing 1959b and Hood and Riordan 1973).
The bright, cherry-red color of meat is associated with 
freshness of the cut (Pirko and Ayres 1975), while a brown
ish color on the surface of the meat is often unacceptable 
as it is associated with prolonged storage and spoilage of 
meat.

Chemistry of Meat Color
The color of muscle tissue is determined primarily by 

the pigment myoglobin, which may constitute 80% to 90% of
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the total pigments present (Forrest et al. 1975). This pigment 
is a complex protein consisting of a heme prosthetic group 
attached to a globular protein. The major function of myo
globin lies in the storage of oxygen involved in muscle physi
ology (Van den Oord and Wesdorp 1971 and Govindarajan 1973).

Reduced myoglobin,.in which the iron is found in the 
ferrous state, is purple in color and is the primary form 
present in the interior of the meat (Landrock and Wallace 
1955) and on cuts stored in oxygen-free environments (Dean and 
Ball 1960). At the meat surface, where there is an adequate 
supply of oxygen, the ferrous iron in the heme porphyrin ring 
binds to oxygen to form the pigment oxymyoglobin which is 
responsible for the bright red color associated with fresh 
meat (Govindaraj an 1973). A few millimeters below the surface 
of the cut, a brownish layer of metmyoglobin forms due to the 
oxidation of oxymyoglobin which eventually produces the un
acceptable brown color at the meat surface. This occurs when 
the heme iron in the ferrous state is oxidized to the ferric 
oxidation state (Walters 1975).

Respiratory enzymes indigenous to the muscle tissue, 
such as succinic dehydrogenase, contribute to the autooxida
tion of oxymyoglobin due to their role in the reduction of 
oxygen tension (Grant 1955 and Drbin and Wilson 1961).
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Color Measurement

Meat color as a property can be evaluated either 
objectively or subjectively. The evaluation of color may be 
determined by the use of disk colorimetry, reflectance spectro
photometry and subjective color scales.

Disk colorimetry involves color identification by 
additive color mixture created by rotating colored disks 
which are visually matched to the color of the sample (Hunter 
1975). Butler, Bratzler and Mallmann (1953), Townsend and 
Bratzler (1958) and Haas and Bratzler (1965) utilized disk 
colorimetry in conjunction with the Munsell Color System in 
which estimates are made in the three color dimensions of 
hue, value and chroma for evaluation.

Reflectance spectrophotometry has been used by many 
observers (Kraft and Ayres 1954, Snyder 1956 and Ordonez and 
Ledward 1977) to determine pigment changes by measuring 
spectral reflectance at a given wavelength. However, 
reflectance values have been found to vary inconsistently with 
increasing amounts of intramuscular fat and the orientation of 
muscle fibers on the surface of the meat (Elliott 1967).

Subjective evaluations have been utilized by several 
investigators. Van den-Oord and Wesdorp (1971) used a ten 
point scale ranging from extremely bad to extremely good 
while Jeremiah, Carpenter and Smith (1972) and MacDougall and 
Rhodes (1972) relied upon more objective evaluations of very
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pale to very dark. El-Badawi, et al. (1964) introduced a 
seven point hedonic scale of like very much to dislike very 
much. Several disadvantages have been associated with 
subjective evaluations including the facts that they are both 
time consuming and prone to subjective errors (Strange et al. 
1974).

Factors Affecting Meat Color
The relative proportions of the three forms of myoglobin, 

hence fresh meat color, have been shown to be related to 
several factors including: growth of microorganisms (Butler
et al. 1953 and Costilow et al. 1955) and animal species, 
maturity, sex, preslaughter nutrition and preslaughter stress 
(Romans and Ziegler 1974 and Forrest et al. 1975).

Microorganisms. The literature contains conflicting 
evidence on the effect of microorganisms on the color of fresh 
meat. Rikert et al. (1957b) found an improvement in color with 
the inoculation of Achromobacter sp. in both fresh ground ham 
and pork fat samples. However, discoloration at the surface 
of beef steaks was found to be enhanced upon inoculation with 
Pseudomonas sp., other psychrophilic spoilage organisms, 
Saccharomyces cerevisceae, and cell-free extracts of 
Pseudomonas geniculata. Low concentrations of the inocula 
produced a relatively rapid increase in a brownish color due 
to the formation of metmyoglobin, while a high cell concentra
tion in the inoculum resulted in the appearance of a purple
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color due to reduced myoglobin formation followed by the 
brown color associated with metmyoglobin (Robach and Costilow 
1961).

Butler et al. (1953) found that microorganisms decreased 
the case life of meat due to the oxidation of myoglobin.

Jensen (1949) noted that both living organisms and cell- 
free extracts may enhance the oxidation of meat pigments due 
to enzymatic processes.

Dehydration. Another type of surface discoloration of 
meat involved dehydration. Fresh meat allowed to dehydrate in 
open air turns dark reddish-brown in a few hours. Moisture 
from the interior of the meat migrates to the surface of the 
cut carrying dissolved pigments. At the surface, the moisture 
evaporates thereby causing pigment concentration. Dehydration 
of fresh meat therefore, is not responsible for discoloration 
but merely color intensification. This phenomenon is also 
associated with an excessive loss of weight (Landrock and 
Wallace 1955).

Controlled Atmospheres
The use of controlled gas atmospheres to delay spoilage 

has been investigated. Modified atmosphere storage, in which 
the composition of the atmosphere surrounding a perishable 
product is different than that of the ambient, has been used 
in the fruit and vegetable industry for many years. Apples 
have long been stored in refrigerated warehouses under
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controlled atmospheric conditions of approximately 3% 0^ 
and 2 to 5% COg. This reduced level of oxygen and elevated con
centration of carbon dioxide increased storage life of fruit by 
delaying ripening, reducing respiration, and inhibiting the 
growth of post-harvest pathogens (Potter 1978 and Kader 1980).

Several investigators (Oglivy and Ayres 1951a, Clark 
and Lentz .1969 and Wolfe 1980) have suggested that elevated 
levels of carbon dioxide in atmospheres similar to those cur
rently utilized by the produce industry may inhibit microbial 
growth on fresh meats thereby increasing the storage-life of 
the meat.

Before introducing controlled atmosphere technology to 
prolong the storage-life of any food commodity, the total 
system dynamics must be considered. In the case of raw meats, 
some of the major areas of concern during storage are microbial 
spoilage, changes in the various oxidation states of the 
myoglobin pigment and fat oxidation (Wolfe 1980).

Carbon Dioxide
A controlled atmosphere containing elevated levels of 

carbon dioxide was used in the shipment of whole, eviscerated 
beef carcasses from Australia and New Zealand to Great Britain 
in the early 1930's. By 1938, 60% of the beef from New 
Zealand and 26% of that from Australia was being shipped under 
a controlled atmosphere consisting of 10% carbon dioxide 
(Lawrie 1979).
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Carbon dioxide selectively inhibits the growth of 

many of the Gram-negative, psychrophilic bacteria responsible 
for the spoilage of fresh meat (Clark and Lentz 1969, Clark 
and Lentz 1972, Huffman 1974 and Silliker.et al. 1977).

Some investigators (Aiekin and Thomas 1975 and Turin
and Warner 1977) report that the effectiveness of carbon
dioxide inhibition of microbial growth in an unbuffered
biological system lies in its ability to penetrate the cell
membrane and hydrate to form carbonic acid, thus causing a
large and rapid decrease in intracellular pH. King and Nagel
(1975) reported that in a buffered ecosystem, carbon dioxide
inhibits metabolism in Pseudomonas aeruginosa by interfering 

x •with isocitrate and malate dehydrogenase activity.
Lactic acid bacteria, such as Streptococcus lactis and 

Lactobacillus sp., have been shown to be insensitive to 
inhibition by carbon dioxide and have been found to proliferate 
when normal spoilage bacteria are supressed either by elevated 
levels of carbon dioxide of decreased oxygen (Gardner, Carson 
and Patton 1964 and Pierson et al. 1970).

It has been suggested that at low concentrations (0% 
to 25%), the storage of index for chicken is directly propor
tional to the percentage of carbon dioxide in the atmosphere 
(Ogilvy apd Ayres 1951a). They reported that an increase in 
concentration of carbon dioxide extended the lag phase of 
growth of the microorganism, thereby increasing the genera
tion time. Clark and Lentz (1972) reported little
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difference.in bacterial growth on beef packaged in atmospheres 
containing 15% and 20% carbon dioxide. However, both atmos
pheres were found to be more inhibitory than either a 10% 
level of carbon dioxide or ambient controls.

The inhibition of bacterial growth by carbon dioxide 
has been shown to be related to the phase of growth of the 
microorganism at the time of application. Once the organism 
had passed through the lag phase of growth, 20% carbon dioxide 
had relatively little or no inhibitory effect on microbial 
growth. Delaying the application of COg 24 to 48 hours - 
resulted in a reduction of inhibitory effectiveness of over 
90% (Clark and Lentz 1969).

The bacteriostatic effect of carbon dioxide has also 
been shown to be inversely porportional to the temperature of 
storage. Carbon dioxide inhibition has been shown to increase 
as the storage temperature decreases (Ogilvy and Ayres 1951a 
and 1951b). Golding (1945) reported that this temperature- 
dependent phenomenon is due to the greater solubility of the 
gas.at lower temperatures.

One of the principle disadvantages associated with the 
application of carbon dioxide to controlled atmosphere storage 
of fresh meat is its deleterious effect on color when used in 
high concentrations (Ogilvy and Ayres, 1951a, Ledward 1970 and 
Watts, Wolfe and Brown 1978). This property has been 
attributed to the role of carbon dioxide in the acceleration



of myoglobin oxidation (Brooks 1933). Teasdale (1975) noted 
that beef steaks stored in 100%.carbon dioxide were found to, 
be discolored in only three days. Clark and Lentz (1969) 
observed that 40% COg caused a darkening in lean beef slices. 
Thirty percent carbon dioxide had an adverse effect on the color 
of whole beef carcasses, while atmospheres containing up to 
20% had a negligible effect (Brooks 1933). Work by Clark and 
Lentz (1969) support the observation that discoloration is not 
a problem with meat packaged under an atmosphere of 20% CO^. 
However, Huffman, et al. (1975) found less discoloration on 
samples held in air than those stored in 20% to 25% COg.
Although reports may vary to some degree, it appears that 
storage of fresh meat in atmospheres containing 20% COg or 
less allows for acceptable color while inhibiting many spoilage 
organisms (Clark and Lentz 1969 and Taylor and MacDougall 
1973).

Other investigations may suggest that the detrimental 
surface color changes associated with storage under elevated 
levels Of carbon dioxide may only be temporary. Clark and 
Lentz (1969) observed that meat slices discolored in 24 hours 
by an atmosphere containing 40% COg required a 48 hour ex
posure to air to return to the original red color. Seideman 
et al. (1979c) reported that steaks held in T00% COg required 
only 4 to 5 hours to revert to normal color.



Oxygen
Recent studies have suggested that the color shelf- 

life of prepackaged fresh beef can.be maintained 14 days at 
5 C (Clark and Lenzt 1973) to 20 days at -1 C (Bala, Stringer 
and Naumann 1977) in an atmosphere containing up to 85% 0^ 
in an oxygen-carbon dioxide gas mixture. Fellers, et al.
(1963) also observed significant color improvement in pre
packaged retail beef cuts held in an atmosphere containing 
elevated levels of oxygen. Taylor and MacDougall (1973) 
suggested that a desirable red color is maintained under high 
concentrations of oxygen due to the formation of a thick 
surface layer of oxymyoglobin. This increased layer of red 
pigment -obscures the development of brown metmyoglobin beneath 
which is formed under reduced oxygen tension, thereby delaying 
the appearance of surface metmyoglobin.

It has been noted that a concentration of at least 5% 
oxygen must be sustained in any controlled atmosphere package 
to maintain myoglobin in the oxygenated ferrous state and to 
delay the conversion of this pigment to the undesirable brown 
metmyoglobin (Ledward 1970).

Daily gas chromatographic analysis for 0^, COg and Ng 
have shown three separate stages of oxygen uptake by beef 
slices packaged in 90% oxygen. The first stage is character
ized by a large oxygen uptake that begins shortly after 
packaging and declines after two to three days of storage.



Samples packaged in oxygen-enriched atmospheres reached a mean 
uptake value of approximately 0.15 ml of oxygen per square 
centimeter of meat while those packaged under ambient condi-

qtions only reached a mean uptake value of about 0.10 ml O^/cm 
of meat. In the second stage, little or no oxygen uptake 
occurred. The third stage began about the sixth day of 
storage and lasted approximately three days during which oxy
gen uptake increased rapidly which correlated with increased 
microbial growth (Daun et al. 1971).

Carbon Monoxide .
Several investigators (Clark, Lentz and Roth 1976, Gee 

and Brown 1978 and Wolfe 1980) have suggested the addition of 
carbon monoxide to controlled atmosphere systems to inhibit 
the undesirable discoloration associated with the autooxidation 
of myoglobin and with atmospheres containing elevated levels 
of carbon dioxide.

El-Badawi et al. (1964) reported that packaged fresh 
beef retained an acceptable color for fifteen days when stored 
in a mixture of 2% carbon monoxide and 98% air. Clark, et al.
(1976) extended the color shelf-life of beef 25 days at 5C 
by the addition of 1% CO to the atmosphere of the package.
It was also reported that a short initial treatment with 
99% CO followed by storage in ambient atmosphere had a 
negligible effect on color shelf-life (Clark et al. 1976).
Gee and Grown (1978) observed an inhibition of microbial
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growth and extension of color shelf-life in ground beef samples
stored in an atmosphere containing 50% COg, 1% CO and 49% air
at 2 C.

Carbon monoxide reacts with the myoglobin pigment to 
form the bright red pigment carboxymyoglobin which is similar 
in spectral characteristics to oxymyoglobin. However, car
boxymyoglobin is much more resistant to oxidation and sub
sequent discoloration due to a stronger association of the 
carbon monoxide molecule to the heme prosthetic group of the 
myoglobin molecule (El-Badawi et al. 1964, Clark et al. 1976, 
Wolfe, Brown and Silliker 1976 and Wolfe 1980).

Wolfe et al; (1976) reported microbiological and color 
shelf-life extension of ground beef samples held in a 1 - 5%
CO, 20 - 30% Og and 50% COg atmosphere for 14 days at 1 C.
Also observed was a rapid decline in metmyoglobin concentra
tion from about 25% to almost zero during the first day of 
storage in 1% CO, 30% Og and 50% COg, even though the 
carboxymyoglobin concentration at that point was only about 
15%. This would suggest that carbon monoxide in some way 
inhibits spme of the enxymatic processes which function in the 
autooxidation of oxymyoglobin to metmyoglobin.

When introduced into a controlled atmosphere system, 
carbon monoxide may also inhibit oxidative rancidity by re
ducing the concentration of free myoblogin derivatives which 
are good lipid oxidation catalysts (Wolfe et al. 1976).
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In the application of carbon monoxide to retard color 

deterioration of packaged fresh meat, consideration must be 
given to possible masking effects of normal primary spoilage 
indices such as color and odor changes. Experiments designed 
to detect masking effects of modified atmospheres have 
demonstrated that discoloration either accompanies or.precedes 
microbial spoilage, and thus CO treatment does not mask 
spoilage (Wolfe et al. 1976).

Possible toxic effects are another concern regarding
the utilization of carbon monoxide in controlled atmosphere
systems (Clark.et al. 1976). Watts et al. (1978) utilizing 
14C labelled carbon monoxide in a modified atmosphere deter-

14mined that less than 0.09 ppm C as CO remained in ground 
beef samples following cooking. Wolfe et al. (1976) sug
gested that total saturation of all myoglobin sites in ground 
meat with carbon monoxide would result in a carbon monoxide 
concentration of 16 ppm. At this level, several pounds of 
carbon monoxide-packaged meat would need to be consumed to 
produce a CO blood level comparable to that resulting from 
smoking one cigarette.

The increased surface area of ground meat would 
probably allow for maximum absorption of carbon monoxide and 
total saturation of myoglobin sites. However, it has been 
reported that only 30% (Watts et al. 1978) to 40% (Wolfe 
et al. 1976) of the total myoglobin present reacts with carbon 
monoxide to produce carboxymyoglobin.
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As a result of normal heme catabolism, approximately
\0.4 ml/hr of CO is excreted by the average person, thus 

accounting for a normal carboxyhemoglobin level of about 0.8% 
(Goldsmith and Landaw 1968). The increase of carboxyhemoglobin 
from consumption of a normal portion of carbon monoxide- 
greated meat would probably be less than 0.1% if all of the 
CO present were /transported into the blood (Wolfe et al. 1976).

Because of the concern by regulatory agencies regarding 
possible masking effects of spoilage and possible toxicity, 
carbon monoxide has not been approved for use in controlled 
atmospheres.

Nitrogen
Nitrogen has been used as a filler gas in modified 

atmospheres to control purge loss in meat associated with 
vacuum packaging techniques. This phenomenon is probably 
due to the development of a more swollen ultrastructure and 
an increased water holding capacity of the muscle when stored 
under a nitrogen atmosphere (Belousov, et al. 1973). Smith, 
Simmons and Carpenter (1977) observed that the use of a 
nitrogen controlled atmosphere decreased shrinkage but was 
associated with an increased incidence of off-odor and a less 
acceptable overall physical appearance. Atmospheres contain^ 
ing 100% nitrogen surprisingly did not inhibit aerobic micro
bial growth on the surface of pork (Huffman 1974) or cottage 
cheese (Scott and Smith 1971).
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Mixed Atmospheres

Several investigations have reported the effectiveness 
of carbon dioxide-carbon monoxide-oxygen atmospheres in re
tarding microbial spoilage while maintaining color shelf-life 
of prepackaged fresh meat under refrigerated conditions (Wolfe 
1975, Christopher et al. 1979a and 1979b, Seideman et al. 1979a 
and 1979b). Woodruff (1975) has shown that refrigerated meat 
may be stored for extended periods of time without undesirable 
discoloration, slime formation or off-odors. This may be ac
complished by the packaging of fresh meat in a modified atmos
phere consisting of 10-75% carbon dioxide, 2.5-30% oxygen,
1-10% carbon monoxide and the remainder nitrogen.

Wrapping Films 1
Various types of packaging materials have been sug

gested to extend the storage-life of prepackaged fresh meat. 
Microbial growth, discoloration and loss of moisture are 
parameters involved in spoilage of meats which are directly 
related to the intrinsic nature of the wrap (Sacharow 1974).

Jaye et al. (1962) demonstrated that a gas-permeable 
film such as cellophane allowed the rapid growth of micro
organisms in ground beef while samples stored in oxygen- 
impermeable Saran film did not exhibit such an increase.

Halleck et al. (1958b) observed that films with high 
oxygen transmission rates (cellophane, polyethylene or 
cellulose acetate) allowed microbial growth to the extent of



unpackaged meat. Bacteriostatic effects .were noted on meat 
samples packaged in the non-permeable films vinylidene copoly
mer, cellulose acetate-pliofilm laminate and cellophane-pliofilm 
laminate. Microbial growth on the samples enclosed by im
permeable films was generally characterized by an increased lag 
phase when compared to those stored in gas-permeable packaging 
materials. Kraft and Ayres (1952) and Sacharow (1974) have 
suggested that impervious packaging materials serve to retain 
carbon dioxide generated by respiration thereby retarding the 
growth of spoilage organisms.

The oxygen-permeability of packaging materials may also 
demonstrate a significant influence on the color stability of 
prepackaged fresh meat. Permeable films such as the cello
phanes allow for sufficient oxygen transmission to maintain 
myoglobin in its oxygenated state, thus maintaining the de
sirable red color. However, this system also allows a suf
ficient amount of metmyoglobin to be formed to cause dis
coloration in two to four days (Landrock and Wallace 1955 and 
Sacharow 1974). Rikert, Ball and Stier (1957a) observed that 
permeable films supported superior color maintenance in fresh 
meat samples for the first two days of storage, after which 
they discolored very rapidly. However, meat packaged in a 
film with a low oxygen transmission rate remained more stable 
in color throughout the twelve day storage period after an 
initial moderate decrease in redness.
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The water vapor permeability of the packaging film 

will have a significant influence on both color and shrinkage 
of packaged fresh meat. Halleek et al. (1958b) associated 
moderate dehydration upon storage of meat packaged in the 
permeable films cellophane and cellulose acetate. When 
impermeable films were used for packaging meat, surface dehy
dration was minimized due /to a high relative humidity in the 
entrapped atmosphere.



MATERIALS AND METHODS

Three trials were conducted in this study utilizing a 
total of six top rounds provided by Jones' Meatpackers of 
Tucson, Arizona.

Preparation of Samples
Top round were cut into steaks approximately 2 cm thick

for each of three trials. The steaks were trimmed of excess
fat and further divided into 150 steak samples of approximately
100 gm each. One hundred and twenty of the samples were then
randomly assigned to one of six treatments and storage periods
of 0, 3, 6 or 9 days. Microbial counts were obtained on 30
samples and used as initial counts for all treatments.

Samples were weighed and placed on styrofoam trays
(Mobilfoam, size 15) and individually packaged according to
treatment. In each trial, forty samples which served as
controls were overwrapped with gas-permeable Borden resinite

2film (transmission rate for 0^ of 310 - 387.5 cc/cm /24 hr and
2COg transmission rate of 2480 - 2790 cc/cm /24 hr) and sub

sequently heat sealed. Eighty samples were assigned to four 
gas treatments (1% CO, 24% 0^, 75% N2; 1% CO,. 14% COg, 40% 0^, 
45% N2; 1% CO, 15% COg 24% Og, 60% Ng; and 15% COg, 41% Og,
44% N0) and placed in gas-impermeable Cryovac barrier bags

2(Og transmission rate of 0.0035 cc/cm /24 hr and COg
29



2transmission rate of 0.0250 cc/cm /24 hr). The sample, bag 
was evacuated of ambient atmosphere and filled with approxi
mately 500 cc of the gas mixture by a Multivac unit (Model
AG5000) and heat sealed.

Transportation of Controlled Atmosphere Packages
Packages were randomly assigned to wire baskets with 

dimensions of 71 cm x 42 cm x 9 cm and placed on wooden pallet
13 cm from the bottom of a refrigerated truck. The samples
were transported approximately 800 Km maintianed. in an environ 
ment 1 C to 7 C as measured by a potentiometer (YSI, Model 
425C). The steaks were then randomly divided among three 
open-display cases (MasterBilt, Model LMC 1230) maintained at 
4 C + 1 C and placed on a wire platform 15 cm from the bottom 
of the case for the storage period.

Evaluation of Samples
Sampling for microbial enumeration was carried out by 

oswabbing two 3.8 cm circular areas of the surface of each 
sample. A dry, sterile cotton swab was rolled repeatedly 
across the given area as defined by a sterile aluminum 
template. The tip of the swab was. immersed in 99 ml of 
sterile, phosphate buffered water (Speck 1976) and shaken 
vigorously. . The swab was subsequently removed, rolled across 
the same area, placed in the dilution blank and broken off 
below the point of handling. The above process was repeated
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on a second area on the surface of the same sample. The 
sample dilution was shaken approximately fifteen times and 
appropriate dilutions were made. Microbial counts were made 
by the Standard Aerobic Plate Count technique utilizing Plate 
Count Agar (Difco). Psychrotrophic determinations were carried 
out in a walk-in incubator maintained at 4 C + 1 C for ten 
days. The mesophilic population was enumerated after 48 hours 
at 30 C + 1 C in a NAPCO incubator (Model 330). Viable 
counts were calculated as follows:

2 Number of colonies x dilution factor counts/cm = --------- ----------------------------
7.6 cm2

Evaluation of color was determined subjectively on a 
scale of 1 to 16 upon preparation of sample before packaging, 
upon unpackaging and after a 20 minute adjustment period upon 
exposure to ambient atmosphere. A value of one represented a 
light cherry red color, seven indicated a slightly dark red, 
thirteen reflected a dark red while a value of sixteen was 
assigned to those samples that were very dark red. The speci
fic color scoring system utilized is a modification of the 
Standards for Beef Color (Ray et al. 1977) and is listed in 
Appendix A.

. Moisture loss was defined as the percent difference 
between initial weight and weight at time of analysis. All data 
were obtained by weighing samples aseptically on a Mettler 
balance (Model P1000).



Trials I, II and III
Trials I, II and III were conducted on October 17,

1979, February 7, 1980 and February 28, 1980, respectively.
All conditions during preparation, handling, transportation 
and evaluation of samples were identical unless otherwise 
stated.

Trial I. In Trial I, twenty of the steaks overwrapped 
with Borden resinite film served as transportation controls 
and were placed in the refrigerated display cases. The twenty 
samples that were assigned to each of the four controlled 
atmospheres and twenty packages overwrapped with resinite were 
transported approximately 800 Km via refrigerated truck. The 
psychrophilic population was not determined due to equipment 
failure and evaluation for changes in color were not performed 
after the thirty minute adjustment period.

Trial II. The conditions stated in Trial I were re
peated in Trial II, however, samples were appraised for changes 
in color after allowing to stand thirty minutes in normal 
atmosphere and upon unpackaging. In addition, psychrotrophic 
counts were obtained for all sampling periods.

Trial III. In Trial III, the controlled atmosphere 
treatment consisting of 1% CO, 15% COg, 40% Og and 44% Ng 
was eliminated and forty samples were packaged in gas 
impermeable Cryovac barrier bags with ah atmosphere of 1% CO, 
15% COg, 24% Og and 60% Ng introduced. One-half of those
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overwrapped with resinite were randomly placed in display 
cases while all others were transported. All other conditions 
were as stated in Trial II.

Analysis of Data
Data was evaluated by analysis of variance as indicated 

in the SPSS Statistical Package (Nie et al. 1975). Duncan's 
New Multiple Range Test (Duncan 1955) was used to isolate 
differences in treatment, transportation and day of storage 
for microbial population, color designation and shrinkage.



34
Table 1. Experimental Design.

Trial Treatment Film Type

I - II 1-1% 00, 24% 02 , 75% N2 Cryovac barrier bags
II - 1% 00, 14% C02 , 40% 02, 45% N2 Gryovac barrier bags
III - 1% 00, 15% 002, 24% 02, 60% N2 Cryovac barrier bags
IV - 15% C02, 41% 02 44% N2 Cryovac barrier bags
V - Ambient atmosphere Borden Resinite film

III I - 1% 00, 24% 02, 75% N2 Cryovac barrier bags
III - 1% 00, 15% 002, 24% 02, 60% N2 Gryovac barrier bags
IV - 15% 002, 41% 02, 44% N2 Cryovac barrier bags
V - Ambient atmosphere Borden Resinite film

I



RESULTS AND DISCUSSION

Trials I, II and III 
Comparison of Treatments within Sample Day

Means of microbial numbers, color designation and per
cent shrinkage by treatment within sample day are presented in 
Table 2. The data reported in the table reflect pooled values 
obtained for all three trials. Results for those samples ini
tially transported and those initially displayed are pooled by 
treatment.

Microbial Growth. No significant differences in treat
ment effects on mesophilic organism growth at Day 0 were ob
served. Psychrophilic counts were similar for all treatments 
but were lowest in Treatment III (2.9).

After three days of display, microbial growth of meso- 
philes in Treatments III and IV was significantly (P<.05) less 
than for the Resinite overwrap treatment (log 4.2 and 4.5 vs 
5.4, respectively). The growth of psychrophiles was inhibited 
by Treatment III (3.7) and Treatment IV (3.5) by Day 3 with • 
significant (P<.05) growth occurring in the Treatment V 
control (4.7).

Rather marked differences (P<.05) in microbial numbers 
were demonstrated at Day 6 of display between those controlled 
atmospheres containing 15% carbon dioxide and the other 
treatments.

35



Table 2. Means of Microbial Populations, Color Designation and Shrinkage by Treatment 
within Day.

DAY 0
Treatmient la . Treatment IIa Treatment illa Treatment IVa Treatment va

M e s ° 3.9 3.9 3.9 3,8 4.0
Psyb 3.0 3.6 2,9 3.1 3.3
Clac 4.2f 4.9f 4,if 4.5f 6. 4g
Clbd 3.6 4.2 3.6 4.1 4.8
Shke 1.9 2.4 2.4 2.1 2.1

DAY 3
Mesb 4. 9fS 5.1fg 4.2f 4.5f 5. 4g
Psyb 4.2fg 4.3fg 3.7f 3. 5f 4. 7g
Clac 6.5f 8. 2*g 5.4f 6.1f 9. 3g
Clbd 5.4 8.6 4.5 4.5 6.6
Shke 3.9 4.0 3.5 3.6 3.5

DAY 6
Mesb 7.9g 5.7f 5,4'f 5. 6f 7. 8g
Psyb ' 7. 2g 5.3f 5.3f 5.2f 7. 4g
Clac 7.9fg 9.6fg 7.4f 10.1 g 14.0 h
Clbd 7.7f 10.8 fg 7.3f 9.8f 12.9 g w
Shke 4.6 5.1 5.1 5.8 4.8

V ‘



Table 2, Continued.

DAY 9
Treatment. I9'. . . Treatment .11a. Tr eat me nt. 111a'. . . Treatment XVa. . Treatment, .V.a

Mes
Psy
Clac
C X b c
Shk€

b
8.5
7.9
9.3j
9.31
7.8

gh.
gh

7.7 
7 . V  

13.1 
15.0 g 
6.3

gh

6.3 
6.0j 
12.9 
13.3 
6.6

6 . 5 
5.8f 

14.5 h 
14.2 g 
7.3

8.6h 
8 . 2 h 
14.8 h 
14.2 g 
5.8

^Treatment 1=1% CO, 24% 09, 75% N9; Treatment 11=1% CO, 14% C09, 40% 09, 45% N- 
Treatment 111=1% CO, 15%ZC09, 24% 09, 60% N9; Treatment  ̂ I V = 1 5 %  C09, z 41% 09,
44% Ngj Treatment V“Resinite film overwrap.

^Indicated as the number (log^y) of microorganisms per cm2 surface area.
C »Reported as: the color assigned to samples upon unpackaging.
clReported as the color assigned to samples after 20 minute bloom period.

Defined as the percent difference between initial weight and weight at time of analysis.
f»g,h]̂ eans within the same row bearing unlike superscripts differ significantly (P<,05). coo
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By Day 9, the growth of psychrophiles remained inhi

bited in the packages containing carbon dioxide. Values 
ranged from a log value of 5.8 for Treatment IV to 7.1 for 
Treatment II. Similar, results were demonstrated for meso- 
philic organism growth for Day 9. Signs of spoilage (off- 
odors and surface slime) were noted on most samples in 
Treatments I, II and V. A definite off-odor;is often detected
when the microbial load of a meat sample approximates a log-̂ Q

2value of 7 bacteria/cm . Slime formation is usually associated
2with populations of log^Q 8 cells/cm or more (Kraft and Ayres 

1952, Ayres 1960a and Ingram and Dainty 1971).
The results presented suggest a significant decline in 

the microbial population for samples treated and stored in 
an atmosphere of 15% carbon dioxide. The incorporation of 
carbon dioxide into packaging atmospheres had been shown to 
selectively inhibit the growth of many Gram-negative psychro- 
philic bacteria responsible for the spoilage of fresh meat 
(Clark and Lentz 1969, Clark and Lentz 1972 and Silliker et 
al. 1977).

Color. At Day 0, significant (P<.05) discoloration 
appeared at initial determination upon packaging of the treat
ment controls (6.4). This appeared to be a reversible phe^ 
nomenon as this difference became significant after twenty 
minutes (4.8).
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After six days of storage, all samples packaged in 

controlled atmospheres I, III and IV had significantly (P<.05) 
less discoloration than the film overwrap controls.

- By the ninth day of display, discoloration of samples 
in Treatments I and III was significantly (P<.05) less than 
the treatment controls or samples packaged in an atmosphere 
without carbon monoxide. The most desirable final color 
for all treatments occurred in the atmosphere without carbon 
dioxide (9.3).

The data from this study indicate that detrimental 
surface discoloration associated with prolonged storage of 
retail beef cuts may be inhibited by the addition of 1% 
carbon monoxide to controlled atmospheres. El-Badawi et al.
(1964) and Clark et al. (1976) have reported that the color 
preservation of fresh meat by carbon monoxide is attributed 
to its ability to transform the pigment myoglobin to the 
bright red pigment carboxymyoglobin which is more resistant to 
oxidation.

Shrinkage. The degree of shrinkage due to moisture 
loss remained fairly constant within treatments over the nine 
day display period.

Samples packaged in Resinite film exhibited signifi
cant (P<.05) increases in microbial growth and discoloration.
This may be attributed to the" relatively high gas-permeability

2of the film (transmission rate for 0^ of 310 -387.5 cc/cm /24 hr
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oand COg transmission rate of 2480 - 2790 cc/cm /24 hr as in

creased levels of oxygen and a decrease in the amount of carbon 
dioxide retained in the environment allows for enhanced micro
bial growth.

Trials I, II and III 
Comparison of Sample Day within Treatment

Means of the log-number of microorganisms per square 
centimeter, color designation and percent shrinkage by day within 
treatment are listed (Table 3). Results for those samples trans
ported before retail display and the transportation controls are 
pooled by treatment for statistical comparison.

Microbial Growth. All retail cuts exhibited a signi
ficantly (P<.05) increased microbial growth with time of dis
play for all treatments. This was evident for the data ob
tained under both mesophilic and psychrophilic incubation 
conditions, independent of treatment.

Color. Discoloration increased for all treatments as 
display time progressed. In the early stages of the storage 
period, rather marked differences in the color of samples were 
noted upon unpackaging and after a twenty minute adjustment 
period. This reversible phenomenon became less pronounced 
by the 6th and 9th day of display. ■

Shrinkage. The percent shrinkage of the samples due 
to moisture loss increased substantially (P<.05) as display 
time progressed.
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Table 3. Means of Microbial Population, Color Designation 

and Shrinkage by Day within Treatment.

TREATMENT Ia
: Day 0 : Day 3 Day 6 Day 9

Mes^ 3.9f 4.9g 7.9h 8. 5h
Psyb 3.0f 4„2g 7.2h 7.9h
Clac 4.2f 6. 5g 7.9gh 9.3h
Clbd 3.6f 5 o4gh 7. 7gh 9.3h
Shke 1.9f 3.9g 4.6gh 7. 8h

TREATMENT IIa
Mesb 3.9f 5 o Is 5.7h 7.71
Psyb 3.6f 4.3fg 5. 3g 7. lb
Clac 4.9f 8. 2g 9. 6g 13. lh
Clbd 4.2f 8. 6g 10.8g 15. 0h
Shke 2.4f 4.0fg 5.1gh 6.3h

TREATMENT IIIa
Mesb 3.9f . 4.2f - 5. 4g 6.3h
Psyb 2.9f 3. 7g 5. 3h 6.0h
Clac 4.1f 5„4f 7. 4g 12. 9b
Clbd 3.6f 4.5f 7. 3g 13. 3b
Shke 2.4f 3. 5s 5. lb ' e.'e1

TREATMENT IVa
Mesb 3.8f 4 .5* 5. 6g 6.5h
Psyb 3.1f 3.5f 5 . 2g ' • 5. 8s
Clac 4.5f 6.1f 10.lg 14. 5h
Clbd 4„lf 4. 5f 9. 8g 14. 2h
Shke 2.1f 3.6g 5.8h 7.31
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Table 3, Oontinued.

TREATMENT Va
Day 0 Day 3 Day 6 Day 9

M.es° 4.0f 5.4s 00 8..61
Psyb 3.3f 4.7s 7. 4h 8.21
Clac 6.4f 9.3s 14. 0h 14. 8h
Clbd 4.8f 6.6s 12.9b 14. 2h
Shke 2.1f 3.5s 4. 8h 5.81

treatment 1=1% CO, 24% 09, 75% N9; Treatment 11=1% CO, 14% 
C09, 40% 09, 45% N9* Treatment ZIII=1% CO, 15% C09, 24% 09, 

60% N2; Treatment IV=15% C09, 41% Og, 44% N9;  ̂Treat
ment V= Resinite film overwrap.
b 2Indicated as the number (log^y) of microorganisms per cm
surface area.

^Reported as the color assigned to samples upon unpackaging, 
dReported as the color assigned to samples after 20 minute 
bloom period.

^Defined as the percent difference between initial weight and 
weight at time of analysis.
f i ^ eang within the same row bearing unlike superscripts 

differ significantly (P<.05).



Trial III
Comparison of Treatment by Transportation within Sample Day 

Measurements of microbial population, color designa
tion and percent shrinkage for treatment by transportation 
within the display period are presented (Table 4).

Microbial Growth. No significant difference in the 
mesophile population of retail cuts packaged in the controlled 
atmosphere and those overwrapped with Resinite film exists at 
Day 0. The samples maintained in the carbon dioxide environ
ment indicated significantly (P<.05) less growth of psychro- 
philic organisms (2.7) than the treatment controls (3.3) 
initially displayed. For those samples transported before 
display, no significant differences were noted between treat
ments at Day 0.

By the third day of storage, psychrophilic and meso- 
philic organism growth for Treatment III steaks were substan
tially (P<.05) lower than the Treatment V Resinite controls, 
independent of the transportation factor.

Results from Day 6 indicate that samples from Treat
ment V are increasing in microbial population faster than 
those packed in an atmosphere containing carbon dioxide. This 
was observed in those cuts initially displayed and those 
initially transported. After six days of retail display, 
psychrophilic growth in the samples packaged in the carbon 
dioxide-modified atmosphere and transported (5.5) was less than
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Table 4. Means of Microbial Population, Color Designation 

and Shrinkage for Treatment by Transportation 
within Day.

DAY 0
Display11 Transport11

Treatment IIIa Treatment Va Treatment IIIa Treatment Va

Mesb 3.5 4.0 4.1 4.0
Psyb 2.7f 3.3g 3.1 3.3
Clac 2.6f 6. lg f4.6 6. 7g
Clbd 2. 8f 4. 7g 4.0 4. 9
Shke 3.5f 1. 8s 2.0 2.3

DAY 3
Mesb 3.6f 4. 8g 4.4f 6. 0g
Psyb 3.4f 4. 5g 3.7f 5. Is
Clac 2.6f 7. 8g 6.3f 10. 7g
Clbd 2.4 4.8 5.6f 8. 4g
Shke 4.3 3.3 3.2 3.7

DAY 6
Mesb 4.9f 7. 5g 5.5f 8. 0g
Psyb 4.8f 7. 2g 5.5f 7. 7g
Clac 3.6f 13. 5g 8.7f 14. 5g
Clbd 3.6f 12. 2g 9.2f 13 . 6g
Shke 5.3 5.2 5.0 4.5

DAY 9
Mesb 5.7f 8. 6g 6.6f 8.6s
Psyb 5.6f 8. 2g 6.3f 8.2s
Clac 12. 0f 14. 9g 13.2 14.7
Clbd 12. 0f 14. 3g 13.9 14.0
Shke 5 ,9 5.5 6.9 6.1



4.5
Table 4, Continued.

^Treatment 111=1% CO, 15% CCu, 24% 0^, 60% N2; Treatment V= 
Resinite film overwrap.

b 2Indicated as the number (log-Q) of microorganisms per cm
surface area.

cReported as the color assigned to samples upon unpackaging.

^Reported as the color assigned to samples after 20 minute 
bloom period.

^Defined as the percent difference between initial weight and 
weight at time of analysis.

^,gMeans within the same row of the transportation factor 
bearing unlike superscripts differ significantly (P .05).

hData for those samples transported and for Treatment V dis
played are pooled values for Trials I, IT and III. Values 
for Treatment III displayed were obtained in Trial III.
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in the Resinite overwrap controls.initially displayed (7.2). 
Similar results were observed in the mesophilic population.
Overt signs of spoilage were noted on Day 6 for many of the 
treatment controls. Most of the retail cuts packaged in the 
controlled atmosphere (Treatment III) had not yet reached the 
spoilage threshold as defined by microbial population.

Color. At Day 0, significant (P<.05) discoloration of 
the transportation was observed in the Treatment V samples 
upon unpackaging (6.1) and after the twenty minute adjustment 
period (4.7). For the samples transported. Treatment III 
samples exhibited a more desirable color (4.6) than those 
from Treatment V (6.7) upon packaging of the steaks.

After three days of retail display, the Resinite over
wrap controls exhibited significantly (P<,05) more initial 
discoloration than those maintained in a carbon monoxide- 
modified environment.

By the sixth day of storage, the signficant difference 
in the color or the retail cuts is maintained between the two 
treatments in both those transported and in the transportation 
controls.

A high degree of discoloration is observed by Day 9 for 
all samples. Treatment V demonstrated morp discoloration 
(14.3 after adjustment period) than the carbon monoxide atmos
phere (12.0) for those samples initially displayed. No other 
significant color differences exist, probably due to the in
creased color deterioration exhibited by the 9th day of display.
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Shrinkage. The degree of shrinkage due to moisture 

loss remained somewhat insignificant within treatments,• ex
cept for those samples that served as transportation controls 
and evaluated at Day 0.

Transportation of fresh beef retail cuts enhances micro
bial growth and discoloration regardless of treatment. The 
data presented reflect the negligible effects of controlled 
atmosphere refrigerated transport, as values obtained for 
microbial population and color were less than the film overwrap 
controls initially displayed.

Trial III
Comparison of Sample Day by Treatments within Transportation

Means of microbial load, color designation and percent 
shrinkage for sample day by treatment within transportation are 
given in Table 5.

Microbial Growth. Mesophilic and psychrophilic organism 
numbers increased with length of display period for both treat
ments and both conditions of transport.

Color. Deterioration of color due to myoglobin oxida
tion increased with time of storage for Treatment III and 
Treatment V. Those samples transported before retail display 
exhibited more discoloration than the transportation controls 
within the respective treatment.

Shrinkage. Shrinkage due to moisture loss from the 
surface of the retail cut increased significantly (P<.05)
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Table 5. Means of Microbial Population, Color Designation

and Shrinkage for Day by Treatment within Transpor
tation.

DISPLAY^
Treatment IIIa Treatment.Va

Day 0 Day 3 Day 6 Day 9 Day 0 Day 3 Day 6 Day 9

Mesb 3.5f 3.6f 4, 9fg 5. 7g 4.0f 4.8s 7.5h s.e1
Psyb 2.7f 3.4fh 00 5.6h 3. 3f 4. 5g 7.2h 8.21
Clac 2. 6f 2.6f 3.6f 12. 0g 6.6f 7.8f 13. 5g 14.9g
Clbd 2.8f 2.4f 3.6f 12. Qg 4.7f 4 . 8f 12. 2g 14. 3h
Shke 3.5 4.3 5.3 5.9 1.8f 3. 3g 5.2h 5. 5h

TRANSPORT
Mesb 4..1f 4.4f 5. 5g 6;6h 4.0f 6. 0g

&o00 8.61
Psyb 3.1f 3.7f . 5. 5g 6. 3g 3.3f 5.1g 7.7h 8.2h
Clac 4.6f 6.3f ■ 8 . 7 s - 13. 2h 6.7f 10.7g 14. 5h 14. 7h
Clbd 4.0^ 5.6f 9.2g 13. 9h 4.9f 8.4 g 13. 6h 14. 0h
Shk® 2. 0f 3.2f 5. 0s 6. 9h 2.3f 3. 7g 4. 5g 6. lb

treatment 111=1% CO, 15% C02, 24% 0%, 60% N^; Treatment V= 
Resinite film overwrap.

^Indicated as the number (log1Q) of microorganisms per cm2 
surface area.

^Reported as the color assigned to samples upon unpackaging.

^Reported as the color assigned to samples after 20 minute 
bloom period.

^Defined as the percent difference between initial weight and 
weight at time of analysis.
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Table 5, Continued.

f>g>h,^Means within the same row of treatment factor bearing 
unlike superscripts differ significantly -(P<.05).

‘■’Data for those samples transported and for Treatment V displayed 
are pooled values for Trials I, II and III. Values for 
Treatment III displayed were obtained in Trial III.

with time by treatment within transportation. This phenomenon 
was not observed for those samples initially displayed for 
Treatment III. The lack of significance was. probably due to 
increased variability between samples.



CONCLUSIONS

The efficacy of a centralized processing system for 
the meat industry lies in the ability of such a system to 
deliver an acceptable product to the consumer. Meat packaged 
at a central location must demonstrate prolonged shelf-life 
due to increased degradative changes caused by lengthened 
storage time and increased temperature fluctuations.

Methods to extend the shelf-life of meat include vacuum 
packaging, freezing and controlled atmosphere,packaging. 
Results from this study indicate that the refrigerated trans
portation of retail beef cuts overwrapped in Borden Resinite 
appears to be an unacceptable alternative due to increased dis 
coloration and microbial growth on samples. '

Mixed atmospheres consisting of carbon dioxide, carbon 
monoxide, oxygen and nitrogen were shown to retard deteriora
tive changes in meat which render the product unacceptable 
to the consumer.

Low levels of carbon monoxide (1%) enhanced color reten 
tion of fresh beef during storage and transportation. High 
levels of oxygen (40%) however, appeared to inhibit carbon 
monoxide-induced color preservation. This phenomenon may be 
due to competition for binding sites on the myoglobin molecule
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Atmospheres which contained 1.5% carbon dioxide were 

shown to inhibit both mesophilic and psychrophilic organism 
growth. Samples maintained in a COg-Og-Ng environment demon-

' . I _ 'strated more discoloration than those packaged in a CO-COg 
combination atmosphere. Carbon dioxide generated during
respiration had negligible effects on microbial growth in a

(carbon dioxide-deficient atmosphere.
Results obtained in this study suggest a need for further 

study in order to determine optimal concentrations of carbon 
dioxide, carbon monoxide and oxygen to the growth of micro
organisms while maintaining acceptable color of the produce. 
Investigations are also needed to determine what, if any, 
interaction effects exist between gases utilized in controlled 
atmosphere packaging.



SUMMARY

This study was undertaken to observe the effect of 
selected modified atmospheres upon, several quality indices 
during transportation and storage of fresh beef retail cuts.

Top rounds were cut into steaks approximately 2 cm 
thick and further divided into samples of about 100 gm for 
each of three trials. Steaks were randomly assigned to one 
of six packaging treatments and held under simulated retail or 
transporation conditions. Samples were evaluated for meso- 
philic population^ psychrophilic population, color and shrink
age after 0, 3, 6 and 9 days of storage. Regardless of treat
ment, all samples exhibited increased microbial growth, 
discoloration and shrinkage as display time progressed.

The growth of psychrophilic and mesophilic bacteria 
was significantly inhibited in atmospheres containing 15%
COg. By the 6th day of storage, overt signs of spoilage were 
detected in many of the Resinite overwrap controls and carbon 
dioxide controls. No spoilage was observed throughout the 
storage period in most of those samples maintained in a carbon 
dioxide-modified atmosphere.

The low levels of carbon monoxide employed in this 
study maintained a desirable color in steaks over the display

52
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period. By Day 3, the Resinite controls exhibited more dis-

\

coloration than any other treatment.
Refrigerated transport appears to have a negligible 

effect on microbial population and color of retail beef cuts 
packaged in controlled atmospheres. After three days of 
storage, the modified-atmosphere samples initially trans
ported showed similar microbial growth and discoloration as 
the Resinite controls initially displayed.

Although economic advantages are realized with a 
centralized distribution system, the use of such processing 
may increase product deterioration due to lengthened storage 
and transit time and increased temperature fluctuations. The 
extended shelf-life of fresh meat packaged under such a system 
is of utmost importance. The use,of controlled gas atmos
pheres in centralized processing may inhibit microbial growth 
while maintaining acceptable color of the product.
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Table Al. Color Scoring.

Score Color Shade Acceptability

1 Light Cherry Red — Acceptable
2 Light Cherry Red Dark Acceptable
3 Cherry Red Light Acceptable
4 Cherry Red — Accetpable
5 Cherry Red Dark Acceptable
6 Slightly Dark Red Light Acceptable
7 Slightly Dark Red - Acceptable
8 Slightly Dark Red Dark Acceptable
9 Moderately Dark Red Light Acceptable

10 Moderately Dark Red - Acceptable
11 Moderately Dark Red Dark Acceptable
12 Dark Red Light Unacceptable
13 Dark Red - Unacceptable
14 Dark Red Dark Unacceptable
15 Very Dark Red Light Unacceptable
16 Very Dark Red — Unacceptable
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