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ABSTRACT

v- Steaks from grain- and grass-fed steers were used to 
determine the influence of gas atmospheres and vacuum pack
aging on color, shrinkage, and microbial growth during a nine 
day storage period at 7 C. Steaks were stored in one of four 
gas atmospheres : Q0% C O 0^ (Atm. 1); 30% COg/TOS Og
(Atm. 2); 1% C0/40% 02/59% N (Atm. 3) and 100% CO^ (Atm. 4) 
and compared with vacuum-packaged or film-overwrapped steaks.

Steaks from vacuum-packaged, grass-fed beef were darker 
(P<.05) than those from grain-fed animals. The same relation
ship was observed; for steaks packaged in Atm. 4. Color was 
darker in Atm. 3 steaks from grain-fed beef than cuts from 
grass-fed beef (P<.05). Moisture loss was different (P<.05) 
only in the control steaks from grass-fed beef which had more 
purge loss than retail cuts from grain-fed beef.

Mesophile growth was higher (P<.05) on meat cuts from 
grass-fed beef for Atm. 3 than steaks from grain-fed beef. 
Lactic acid producing bacterial growth was higher (P<.05) for 
steaks from grass-fed beef in all treatments except Atm. 1 
than steaks from grain-fed beef, which may have reflected a 
more favorable pH in cuts from grass-fed beef.



INTRODUCTION

Inflation has pressured the beef cattle industry into
' ' . : ' : • : : v  . ■ - ;

producing a meat carcass that merits both economy and palata- 
bility. Throughout the world, a certain portion of the popur- 
1ation feels that grains used to fatten feedlot cattle should 
be diverted for human consumption.

Recently, demands from health-conscious consumers have 
increased retail meat sales of leaner cuts from good grass- 
fed beef similar in quality to choice grain-fed beef cuts.

The average retail display case life for fresh meat is 
2-3 days. Since spoilage is approximately 1% annually, more 
efficient processing methods are being used to offset higher 
energy, labor and material costs. Centralized boxed-beef 
fabrication has become more popular in helping, to eliminate 
overhandling of fresh beef in processing and distribution 
channels. -

To retard color deterioration, which occurs before 
advanced microbial spoilage in the retail meat package, - 
various gas atmospheres have been introduced to extend shelf- 
life in fresh beef cuts.

The purpose of this study was to compare the effects 
of vacuum-packaging and various mixtures of oxygen, carbon

1
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dioxide, carbon monixide and nitrogen on the microbial growth, 
color and shrinkage of fresh round steaks from grain- and 
grass-fed beef.



LITERATURE REVIEW

Current Production 
With projected cattle herd rebuilding in 1980, beef 

production will be down 4% from 1979, totalling 20.5 billion 
pounds of beef. The rebuilding of cattle herds is being 
slowed by inflation, rising production costs, tight money, 
high interest rates, and an increased number of cows being 
kept for breeding (National Provisioner 1980).

Economists with Cattle-Fax, the marketing division of 
the National Cattlemen's Association, expect the average 
retail price for choice beef to range from $2.48 to $2,69 per 
pound in 1980, an increase of 10 to 15 percent over the 
similar 1979 price (Drover's Journal 1980).

Higher prices for cattle will not mean higher profits 
for the producer and feeder, as rising interest rates, in
creased fertilizer and fuel costs, and additional advances 
in rep1acement'"Cattie prices will make it difficult to exceed 
the breakeven point (Drover's Journal 1979).

Costs for packers are also rising due to pressures 
involving increased energy, packaging, labor, and interest 
rates due to a decrease in capacity numbers (National 
Provisioner 1980).

- ' - 3
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According to a Time (1979) magazine article, the meat 

packing industry recieves slightly less than 2.7^ of each 
retail beef sales dollar in return for capital invstement, 
operating expenses and profit. Other "middlemen" in the 
production/distribution chain receive approximately 31£ of 
the retail sales dollar, according to the same article.

Producers and packers alike are concerned about the 
following factors that may affect price decisions at all 
levels: 1) economic conditions (approximately 2.5% of
consumer's disposable income has been spent for beef in 
recent years, the amount dropped to approximately 2.35% 
during the second quarter of 1979); 2) unemployment and price 
levels; 3) weather and transportation factors; 4.) shifts in . 
food habits due to consumer dietary concerns about meat sub
stitutes and 5) gas price effects on eating away from home 
(National Provisioner 1979a).

In response to rising beef prices, meat packers are 
innovating the direct country buying of cattle to reduce 
unnecessary losses and costs associated with central market 
procurement. They are constructing large scale, highly 
automated slaughtering and processing facilities located in 
the major cattle-producing areas; establishing assembly-line 
breakdown of carcasses into prefabricated, vacuum-packed 
boxed primal and subprimal cuts at points of slaughter to 
improve shelf-life and sanitation and to eliminate unnecessary 
labor and transportation associated with selling, shipping



and retailing whole carcasses and direct marketing of carload 
shipments of boxed beef to retail warehouses (National 
Provi.sioner 1979a) .

Current Shipping and Losses
Fresh beef distribution involves shipments from 

packers directly to retail stores or shipments from packers 
to central distribution warehouses and subsequent transport 
to retail stores (Rea et al. 1972).

In between meat packing plant production and retail 
store sale, beef spends an average of 4 days being routed 
through the distribution system and is subjected to 0.5% 
shrinkage per day totaling a 2% loss (Menzie 1975). At cur
rent production levels, this loss would amount to about 410 
million pounds due to shrinkage alone (National Provisioner 
1980). In addition, primal cuts shrink an average of 1.8% 
in a 3 day cooler storage period (Menzie et al. 1974). 
Millions of pounds of beef are also condemned annually as a 
result of being tainted, sour, putrid or contaminated (Rea 
et al. 1972). Additional losses are incurred from bruising, 
coverfat, gouging, and excessive cooler burns (National 
Provisioner 1979a). Studies have shown that if an 85-90% 
relative humidity and a 30 F temperature are maintained, 
storage life can be extended and shrinkage minimized 
(Sacharow 1974) in a meat cooler.

In retail stores, average display life of prepackaged 
fresh meat is approximately 48 hours. The product is seldom



satisfactory in appearance after having been displayed for 
al long as 72 hours, (Jay et al. 1962, Rifeert et al. 1957) 
because of undesirable odor (putrid, rancid) and/or color 
development.

To lengthen the period of marketability, the first 
requirement is to prolong the retention of satisfactory 
appearance; primarily color, and then to retard flavor and 
odor deterioration (Bull et al. 1957). Since 1967, it has 
been apparent that centralization of beef fabrication is a 
practical step to total prepackaging of fresh meats 
(Sacharow 1974).

Centralized Packaging
Centralized prefabricated packing systems enable the 

use of bulk handling and reduced deliveries which result in 
more efficient and flexible merchandising of cuts, better 
controls on inventory, improved stocking policies, reduced 
equipment, labor and building costs, and better use of trim 
waste. However, these systems may enhance bacterial activity 
due to lengthened storage and increased temperature fluctua
tions (Menzie 1975). ,

Packers and central fabricators have structured their 
programs to more fully meet the retailer's needs. They're 
fabricating many subprimals into more convenient sizes, and 
offering a greater assortment of boneless cuts (National 
Provisioner 1979c).
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Receipt of beef at retail in the form of prefabricated 
primal and subprimal cuts was 57% in 1977 and is expected to 
increase to 75% in 1980. Many retail chains, such as Safeway, 
are switching to a "beef depot operation", a program which 
will completely eliminate fresh meat operations (National 
Provisioner 1979b).

Centralized packaging affords "flexibility" in mar
keting the product because packers can now ship over longer 
distances, using slower and less expensive means of trans
portation (Bannar 1977).

Biological requirements which should be met when ship
ping fresh meat are: prevention of microbial spoilage, dis
coloration, and shrinkage; while maintaining palatability 
and obtaining a shelf life of sufficient length for retail 
cuts (Smith and Carpenter 1973).

Vacuum packaging and gas atmospheres have been pro
posed for application with storage and shipment of meat. 
Various mixtures of oxygen, carbon dioxide, carbon monoxide, 
and nitrogen have been suggested for packaging fresh meats 
(Christopher et al. 1979, El Badawi 1964, Taylor and 
MacDougal1 1973, Christopher et al. 1980, Seideman et al. 
1980).

Packaging
With the advent of centralized packaging, a method 

was sought and devised that would extend the shelf life of
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fresh beef (Cutaia and Ordal 1964). The term shelf-life may 
be defined as the time during which a prepackaged cut remains 
salable, safe and nutritious (Daun et al. 1971). Desirable 
objectives for packaging materials in extending fresh meat 
shelf-life are: prevention of microbial contamination and .
spoilage, color degradation, and shrinkage (Sacharow 1974).

Kraft and Ayres (1952) demonstrated that packaging 
fresh beef in an oxygen-impermeable film with the exclusion 
of air suppressed the common spoilage organisms, thereby in
creasing shelf-life. They also reported that oxygen- 
impermeable packaging materials that preserved the desirable 
color of meat in the early phases of storage enhanced rapid 
growth of microorganisms.

Halleck et al. (1958) reported that bacterial growth 
on fresh ground meats was significantly correlated with gas 
and water vapor permeability of the packaging materials, and 
stated that the essentially impermeable films increased the 
lag phase and the final bacterial counts were not as high as 
with the more permeable films.

Landrock and Wallace (1955) showed that the oxygen 
permeability of packaging films affects the color-retention 
abilities of beef. Rikert et al. (1957a) investigated the 
effects of package characteristics, specifically water and 
oxygen permeability, upon the color of various meats. The 
color and color difference meter were based on redness 
values. Further studies by Rikert et al. (1957b) described
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the effects of fat, storage time, storage temperature, 
bacteria and other variables on the color of solid cuts of 
lamb and pork packaged in materials having various oxygen 
permeabilities.

Priko and Ayres (1957) successfully used reflectance 
spectrophotometry to follow pigment changes in fresh beef 
packaged in films of differing oxygen permeabilities.

A wide variety of gas permeable and impermeable films 
are available for packaging fresh cuts of meat to extend 
shelf-life. Coated cellophane was the earliest transparent 
film used for wrapping fresh meat and was developed to be 
permeable to oxygen to maintain the cherry-red color of 
freshly cut meat but be impermeable to water vapor (Sacharow . 
1974, Ball etal. 1957, Pierson et al, 1970). Marriott et a l . 
(1967) reported that steaks packaged in cellophane lost more 
weight during storage than steaks in vinylidene chloride and 
had no appreciable effect on bacterial counts of beef steaks 
stored at -1.1 C over a period of 10 days. Jaye et al.
(1962) demonstrated that ground beef retained acceptability 
for a longer period in Saran than in cellophane.

Pliofilm was the first truly plastic film used by meat 
packagers. Its used has decreased indecent years due to the 
widespread use of stretch polyvinylchloride (PVC), a highly 
plasticized film which permits oxygen permeation, contour 
wrapping or "cling", and excellent clarity (Sacharow 1974).
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PVC film has been used in gas atmosphere packaging of fresh 
meats by Benedict et al. (1975), Bala et al. (1977) and 
Daun et al. (1971).

Until recently, shipping of large cuts of meat entail
ed shrinkage losses of up to 3%. Several methods have been 
developed to reduce both weight loss and possible carcass 
.spoilage due to contamination (Sacharow 1974). Shrink films 
are used on larger and more irregular cuts of fresh red meat 
and include irradiated polyethylene, PVC, pliofilm, polypro
pylene and polyvinylidene copolymer (PVDC) (Ball et al. 1957, 
Jaye et al. 1962, and Halleck et al. 1958).

Primal and subprimal cuts are packaged in PVDC or ir
radiated polyethylene heat shrinkage bags which act as a bar
rier material to pfevent oxygen from penetrating the meat 
(Sacharow 1974). A pioneer supplier of vacuum and gas atmos
phere packaging materials is the Cryovac Division of W. R. 
Grace and Company.. Thic company developed the Cryovac B620 
Barrier Bag specifically for vacuum packaging boxed beef to 
assure a longer cooler life, reduce shrinkage and provide a 
brighter "bloom" to fresh meat due to the oxygen and water 
vapor impermeabilities of the bag (National Provisioner 
1979c). Rea et al. (1972) reported that PVDC bags reduced 
shrinkage in transit and had superior color over unprotected 
cuts.
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Using pure oxygen, MacDouga.il and Taylor (1975) 

extended display life at least 20 hours with beef that had 
been aged in cryovac barrier bags for two weeks prior to the 
oxygen treatment.

The permeability of most films to COg usually paral
lels that of oxygen. In practice this means that most common 
materials, with the exception of PVDC, are appreciably per
meable to CC>2 (Hannan 1962).

Over 4 billion rigid trays consisting mostly of poly
styrene foam are used yearly to hold fresh red meat for pack
aging. Although moisture absorbency is poor, foam trays 
offer an aesthetically appealing white background for red 
meat and have a "quality" feel. An inherent disadvantage 
with polystyrene, however, is its poor resistance to crack
ing and handling (Sacharow 1974).

Current methods of packing beef include: 1) film 
wrapping of quarters and wholesale cuts; 2) vacuum packaging 
of primal and subprimal cuts; and 3) chilling primal and 
subprimals with carbon dioxide as snow or pellets (Smith and 

- Carpenter 1973).

Spoilage
The healthy, inner flesh of meat animals has been 

reported to contain few or no microorganisms, although they 
have been found in lymph nodes, bone marrow, and even flesh 
(Frazier and Westhoff 1978). The microorganisms that
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ultimately bring about spoilage and discoloration of flesh 
foods are either present at the time of slaughter or intro
duced by workers and their cutting tools, or by water and 
air in the dressing, cooling and cutting rooms (Ayres 1955, 
Empey et al. 1934 and Haines 1931), While enormous and varied 
microbial populations are associated with hair, hides, hooves, 
with the gut, and with animal excretions, the species respon
sible for the spoilage of refrigerated meats seem to be quite 
restricted (Ayres 1960a). Several explanations have been 
offered for the homogeneity in the microflora that persists 
on raw flesh foods.

Haines (1933) reported that the layer of fat and con
nective tissue covering the surface of the whole beef carcass 
provided only a poor source of nutrients for many organisms 
while the lean is rich in protein, vitamins, moisture, and 
other nutrients necessary to sustain life. Other criteria 
important for the growth of bacteria are the effects of 
temperature, oxygen tension, pH, water activity and oxygen 
(Price and Schweigert 1971).

Ingram and Dainty (1971) reported that the attack of 
microbes on fats is relatively slow (perhaps because of in
solubility), so in raw meat it is usually inappreciable by 
the time the lean tissue undergoes sensory deterioration. 
According to Jensen and Grettie (1933), the rancidity pro
duced by bacterial action most commonly involves two main 
types of chemical reactions, hydrolytic and oxidative.
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Flavor defects due to free fatty acids production and oxida
tion products can be produced by Pseudomonas sp. capable of 
elaborating both hydrolytic and oxidative enzymes.

The surface tissue (a layer about 1 mm thick) of pre
packed meats has a microflora consisting mainly of psychro- 
philic bacteria; and it has been reported by Haines and 
Smith (1933) that large fluctuations in the wetness of meat 
surfaces do not affect the growth rate of these bacteria. 
According to these authors, bacterial growth on small pieces 
of beef stored at 0 C was slower at 70% relative humidity 
than at 100% even though excessive weight losses occurred 
at the lower humidity.

From osmotic pressure measurements, Walter (1926) 
calculated minimum relative humidities for growth of 95% for 
bacteria and 85% for molds. Scott (1936) pointed out that 
the relative humidity of the storage atmosphere does not 
determine the humidity of the environment surrounding the 
microorganisms at the meat surface unless an equilibrium has 
been established between moisture in the meat and relative 
humidity in the atmosphere. He also indicated that dif
fusion of water from the interior of meat will maintain a 
higher humidity at the surface than will be indicated by 
the moisture content of the surrounding air.

The early investigations of Empey etal. (1934), 
Haines (1933) and Jepsen (1947) reported that a large per
centage of the proleolytic and lipolytic bacteria found



14
on refrigerated fresh meat were of the classifications 
Pseudomonas and Achromabacter. More recent studies indicate 
that the motile, gram-negative rods which they classified 
as Pseudomonas sp. are the principal bacteria found on fresh 
meat (Ayres 1960, Brown et al. 1958 and Ingram and Dainty 
1971).

Stringer et al. (1969) reported that Pseudomonas fragi, 
Pseudomonas geniculata, and Mlcrococus luteus were the pre
dominant microorganisms present on carcasses at packing 
plants. They also reported that Pseudomonas fragi and 
Pseudomonas geniculata were the predominant organisms present 
on carcasses, loins: and steaks at the retail store.

Herbert et al. (1971) showed that the main cause of 
spoilage of fish and fishery products are tissue enzymes and 
certain groups of gram-negative bacteria, in particular mem
bers of genera Pseudomonas and Achromobacter.

Other bacteria which cause spoilage of meats at 
refrigeration temperatures are Alcaligenes, Lactobacillus, 
Streptococcus, Leaconostoc, Pedicoccus, Elavobacterium, 
Aeromonas, Bacillus, and some cold-tolerant Clostridium.
Yeasts and molds can also grow in meats at low temperatures 
(Frazier and Westhoff 1978, Ayres 1960a and Ingram and 
Dainty 1971).

Under anaerobic conditions, the dominant bacteria on 
normal chilled meat are lactobacilli. These organisms
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utilize only glucose and arginine for growth and appear to 
inhibit competing species by production of an antimicrobial 
agent (Newton and Gill 1978).

Spoilage of fresh meat under mesophilic conditions 
(25-40 C) results in the decomposition of carcasses, is 
recognized as putrefaction and is caused predominantly by 
the anaerobic species Clostridum perfringins (Ingram and 
Dainty 1971, Rey et al. 1970). Other pathogenic mesophiles 
capable of growth on fresh meats are Staphylocci, E. coli, 
and in some instances, Salmonella (Rey et al. 1970, Geopfert 
and Kim 1975, and Pivnick 1976). Most mesophilic bacteria 
will die if the meat is quickly chilled and properly refri
gerated (Ingram 1962) . .

Some organisms which find the environment satisfactory 
multiply abundantly. Food scientists refer to certain mini
mal concentrations of bacteria at the time spoilage becomes
apparent. Schmid (1931) associated the spoilage of beef

7 8 2with a bacterial count of from 5 x 10 to 5 x 10 /cm of
surface. Haines and Smith (1933), and Empey and Vickery 
(1933) reported that when bacterial growth is in the advan
ced state, meat is slimy to the touch. Ayres (1960b) des
cribed. off-odor in packaged beef in microbial populations

7 qin excess of 10 cells/cm . These meats did not become
7slimy until microbial loads greater than 5-6 x 10 organisms/ 

2cm were recovered.



Color
Studies have shown that physical appearance of a 

retail cut in the display case is the most important factor 
determining retail selection of meat products (banner 1959,
Dunsing 1959ab, Solberg 1971) . The American housewife has 
become accustomed to selecting steaks and other cuts of meat 
from carefully arranged refrigerated display cabinets 
(Landrock and Wallace 1955).

Consumers select meat cuts primarily for leanness and 
then appearance and freshness, with judgements for the latter 
two attributed based primarily on brightness of color (ASPC 
1964, Rhodes et al. 1955, Seltzer 1955).

Numerous studies, have shown that color has no effect 
on eating or nutritional properties of meat, and it seems 
that too much emphasis is placed on color as a quality factor 
(Goll unpublished data 1980). The importance of attractive 
lean color was further emphasized by Nelson (1964), who 
reported that 36.5% of the meat purchases from self-service 
counters were made primarily because of attractive appearance.

Color may reflect differences in maturity (older 
animals are generally darker in color), feeding regimes 
(grass-fed beef is darker than grain-fed beef), and storage 
times (long storage periods may cause some darkening of 
color); however, most meat that appears in the supermarket 
today comes from animals that are very similar in age (Goll 
unpublished data 1980).
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Derby (1954) reported that, different meat muscles 

discolor at different rates. He pointed out that a porter- 
house steak is composed of three separate muscles, of which 
the tenderloin or filet discolors first, then the loin por
tion, and finally the "tail" part.

Prevention of surface discoloration is very important 
to the retailer because discolored areas must be trimmedj 
resulting in a substantial economic loss (Pirko and Ayres' 
1957).

Two of the most important and bountiful proteins of 
vertebrates are hemoglobin and myoglobin (Dickerson and Geis 
1969). Myoglobin is a heme protein with a molecular weight 
of about 17,500 compared to 68,000 for hemoglobin, and has 
only one iron porphyrin unit per molecule. Hemoglobin trans
ports oxygen from the lungs to the tissues, where it is 
released to myoglobin (Landrock and Wallace 1955). As shown 
by Hill (1933), this latter pigment has an even greater af
finity for oxygen, particularly at the low oxygen pressures 
found in muscle tissue. Hill (1933) also observed that gas 
uptake in the first 15 hours by post-rigor bovine tissue can 
be accounted for by oxygenation of myoglobin and enzymatic 
oxygen uptake.

Gaseous oxygen enters and diffuses through the aqueous 
environment surrounding each myoglobin molecule; becoming 
hydrated, and then into the hydrophobic heme cleft to occupy
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the vacant sixth coordination site of the iron (Giddings 
1977). The resulting oxymyoglobin is favored by high par
tial pressures of oxygen and is the desired cherry-red pig
ment for fresh meat, extending to a depth of a fraction of a 
centimeter below the cut surface (Goll unpublished data 1980).

The oxidation of the red oxygenated meat p i g m e n t o x y 
myoglobin occurs primarily just beneath the meat surface, in 
the region of the lowest oxygen tension (Walters 1975). This 
gives rise to the formation of brown metmyoglobin.which 
eventually produces the commercially unacceptable brown color 
on the meat surface (Owen et al. 1976, Goll unpublished data 
1980). Green et al. (1971) have claimed that consumers will 
reject beef at metmyoglobin concentrations greater than 40%.

Cutaia and Ordal (1964) observed that the myoglobin 
pigment of ground beef, packaged under anaerobic conditions, 
undergoes a conversion from the myoglobin to metmyoglobin 
and finally to myoglobin. They also observed that these 
changes occur within a few hours after packaging. The uni
valent oxidation of oxymyoglobin is commonly referred to as 
"auto-oxidation", implying a nonenzymatic, spontaneous oxida
tion by free oxygen (Giddings 1977).

George and Stratmenn (1952) established that the 
oxidation of myoglobin requires 2.5 M oxygen. Dickerson and 
Geis (1969) observed that, in metmyoglobin, the oxygen site 
is occupied by a molecule of water. They also observed that,
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in deoxymyoglobin, the oxygen-binding site, rather than being 
filled with a water molecule, is simply empty.

Owen et al. (1976) stated that myoglobin and oxymyo- 
globin are both gradually converted to metmyoglobin with 
increasing time of exposure. This is due to the gradual loss 
of reducing substances in meat with increasing time of 
storage or because of a concomittant increase in bacterial 
load (Goll unpublished data 1980).

One of the important factors affecting the color of 
meat is its structure (Fellers et al. 1963). Bate-Smith 
(1948) has described the effect of pH on meat structure.
He noted that a low pH affects meat in three ways: 1) it
increases the ease of juice expression, 2) it increases 
salt penetration (probably oxygen also) and 3) causes a ' 
paler color. He pointed out that the effects are due to 
shrinkage of the fibrils as the isoelectric point of myosin 
(pH 5.3 - 5.5) is approached (point of minimum swelling). At 
the pH of the living muscle (7.4), myosin has the consistency 
of a weak jelly, and as the pH falls (post-mortem) the jelly 
shrinks until, at a point between pH 6.5 and 6.0, the "fibrils 
shrink apart" and scatter light. Thus, at a high pH, the 
light is reflected from deep within the muscle and color 
appears a deep dark red, whereas, at a lower pH, the light 
is scattered by the superficial layers and the color appears 
much paler (Fellers et al. 1963).



Studies on extracted meat pigments by Hine (1969),
Kwoh (1961) and Pan and Solberg (1972) and on intact meat 
samples by Watts et al. (1966) have demonstrated that pH 
exerts, a significant effect upon the oxidation of oxymyo- 
globin to metmyoglobin, and also on the closely interrelated 
oxidation of the muscle lipids. In bovine muscle, a high pH 
results in "dark-cutting" beef which severely impairs the 
consumer acceptability of this commodity (Owen et al. 1976). 
Goll (unpublished data 1980) stated that if both temperature 
and pH remain high, oxidation glycolysis (respiration) is 
stimulated and myoglobin is oxidized to metmyoglobin rather 
than oxygenated to oxymyoglobin.

Gotah and Shikama (1974) estimate the autoxidation 
half-life of bovine oxymyoglobin in solutions buffered at 
pH 5 to be 2.8 hours at 25 C compared with 5 days at 0 C.
At pH 9, the values are 7 days and one year, respectively, 
underscoring the known importance of pH and temperature for 
meat-,,, eel or stability.

Lower temperatures increase the amount of oxygen held 
by meat and the permeability of meat to 0^ and hence increase 
the proportion of oxymyoglobin. Lower temperatures also 
decrease the rate of chemical reactions (such as oxidative 
glycolysis) that use Og and thereby also increase partial 
pressure of Or, in the tissue.
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Rikert et al. (1957b) noted that packaged meat samples 

stored at 27 C lost redness very rapidly while at 11 C they 
lost redness more slowly. Unpackaged meat samples stored at 
10 C increased in redness during the first: day of storage and 
thereafter gradually decreased in redness for 20 days.
Butler et al. (1953) observed that 1. C maintained the desir
able red color of meat longer than 4 0. They also observed 
that the top surfaces of 1" steaks stored in self-service 
display cases were 1 C warmer than the bottom surfaces.

The fact that bacterial activity is a major factor 
in pigment changes in fresh prepackaged meat has been well 
established (Butler et al. 1953, Costilow et al. 1955).
Goll (unpublished data 1980) stated that bacteria on the 
surface of meat consume Og; hence, bacterial growth general
ly favors conversion of myoglobin to oxymyoglobin to metmyo- 
globin. This substantiates a report by Robach and Costilow 
(1961) that the primary role of bacteria in meat discolora
tion is the reduction of the oxygen tension in the surface 
tissue.

Butler et al. (1953) identified a number of Pseudo
monas sp. on fresh beef cuts, and noted a correlation between 
their numbers and a rapid browning during the logarithmic 
growth phase. Sanitation in the packaging operation was 
rated as being of paramount importance in maintaining satis
factory color. Brown et al. (1958) also found that
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psychrophilic, gram-negative bacteria causing the degradation 
of fresh beef were principally Pseudomonas sp. and repre
sented approximately 90% of all organisms found on meat at 
0 C or lower. Bannar (1977) reported that lactobacilli and 
microbacterium organisms, which grow in low oxygen and high 
COg, have little effect on metmyoglobin formation during 
storage.

Another factor which exerts an effect on the rate of 
muscle pigment oxidation is light. This has been shown on 
both intact muscle tissue and extracted muscle pigments, 
stored at temperatures above and below the freezing point 
(Owen et al. 1976).

Visible fluorescent illumination has been shown to 
have a significant effect on the oxidation of intact beef 
muscle at 1 C and at 0 C (Solberg 1971). This was in agree
ment with the findings of Saterlee and Hansmeyer (1974), who 
reported that incandescent and soft white fluorescent illumi
nation enhanced the oxidation of bovine oxymyoglobin at 5 C. 
White fluorescent, light appeared to cause more oxidation than 
incandescent light. Kraft and Ayres (1954), however, were 
unable to demonstrate such an effect.

Both Lentz and Marriott et al. (1967) demonstrated 
that light has a pronounced effect upon the discoloration 
of intact frozen bovine muscle. Zacharia and Satterlee 
(1973) demonstrated the marked effect of soft white
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fluorescent illumination on the oxidation of bovine, ovine 
and porcine myoglobin in vitro at -11 C to -12 C.

According to the work of Townsend and Bratzler (1958), 
soft white fluorescent, or yellow light of soft-candles in
tensity, was more effective in accelerating the,oxidation of 
myoglobin in frozen bovine muscle than red or green fluores
cent light.

Brown et al. (1969), Pastewka et al. (1970) and 
Sloberg and Frankel (1971) agree that the effect of light 
on a meat system may be the result of photochemical activa
tion of flavin mononucleotides (FMN) and riboflavin mole
cules which react with myoglobin and hemoglobin to cause a 
slight increase in the oxidized heme pigment content of meat 
exposed to light.

The color of lean meat is important because it may 
indicate how long a cut of meat has been held. The exposure 
of a cut surface to air, whether it is cold or warm air, 
will cause that surface to lose moisture (Romans and Zeigler 
1974). This resulting dehydration brings the meat fibers 
closer together so that they absorb more light and appear 
darker because of physical reasons, not because of a change 
in the chemical state of myoglobin (Goll unpublished data 
1980).

Solberg (1968) and Urbin (1958) observed that a slight 
dehydration was considered helpful for desirable fresh meat
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color, but was deleterious when it occurred to any great 
extent. Surface dehydration of meat is responsible for an 
intensification of color, rather than a discoloration 
(Landrock and Wallace 1955). However, these authors have the 
opinion that a dehydration loss of up to 4% of the total 
weight is not serious.

The descriptions of beef color included in USDA (1965) 
quality grading standards are subjective and, as such, are 
subject to wide variations in interpretation. The color of 
beef ranges from a reddish-purple through cherry-red to 
brown, depending upon specific and complex chemical reactions 
(El-Badawi 1961). Allen (1968) described the "ideal" beef 
color as "cherry red". However, Billmeyer and Saltzman 
(1966) concluded that since people differ in their individ
ual responses to visual colors, they will also differ in 
their interpretations of subjectively defined terms for 
color.

Barton (1968a) concluded that an objective method for 
measuring color was necessary before comparisons of color 
characteristics and/or preferences would be made between 
laboratories or locations. Inconsistencies were also noted 
in subjective scores for color from one observation period 
to the next; if there was a substantial time lapse between 
successive evaluation (Barton 1968b)
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Dean and Ball (1960), Snyder (1955), and Stewart et 

al. (1965) have successfully measured fresh meat pigments 
spectrophotometrieally while Ockerman and Cahill (1969) 
related machine readings to visual color scores for beef.

Jeremiah et al. (1972) used a standard scale for beef 
muscle color to visually score beef loin muscle pigments 
with 1 = very pale pink, 5 = cherry red and 9 = very dark 
red.which could be utilized at various locations (packer, 
retailer, et.). Krzywicki (1979) described a method of 
calculating relative content of myoglobin, oxymyoglobin 
and metmyoglobin at the surface of fresh beef.

Vacuum Packaging
One of the greatest advances in the meat industry in 

the last decade has been the widespread use of vacuum 
packaging in marketing of primal and subprimal cuts of beef 
(National Provisioner 1979d). In 1978, approximately 50% 
of all choice beef was vacuum-packaged, and the bulk of the 
packaging occurred at the slaughterhouse where the carcasses 
are processed under Federal inspecation (National Provisioner 
1979c). The main advantages of this method appear to be pre
vention of shrinkage, reduction in retail storage and 
handling costs, and inhibition of psychro-tolerant spoilage 
bacteria (Roth and Clark 1972).

Previous studies have indicated that films with low 
moisture vapor transmission rates can be used successfully
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for beef quarters and cuts of extended storage periods are 
not required (Rea et al. 1974), Other studies (Pirko et al. 
1957, Seideman et al. 1976 and Smith et al. 1974) have shown 
the feasibility of vacuum packaging for extended storage 
periods. Johnson (1974) observed that chamber-type vacuum 
machines are generally considered capable of achieving a 
higher degree of vacuum than the nozzle-type vacuum machine. 
He also noted that film characteristics such as oxygen trans
mission rate and resistance to rupture are of paramount
importance during shipment and subesequent storage of vacuum
packaged beef cuts.

Although vacuum-packaging in gas-impermeable film 
appears to prevent microbial spoilage of fresh beef for at 
least 32 days, a shelf-life of only about 3 days remains 
after the package is opened and myoglobin has been oxygenated 
to the red oxymyoglobin state (Roth and Clark 1972). Further 
studies on variety meats (National Provisioner 1979d) show 
that these meats can be held for 2 to 3 weeks in vacuum 
packages if the temperature is maintained at 34 F (1 C), and 
after removal from the package, shelf-life is still 3 to 4
days in air at 39 F (4 C).

Johnson (1974) observed that 1 to 2% of the weight of 
vacuum-packaged meat is lost due to shrinkage and is thought 
to be dependent on such factors as amount of fat present on 
the cut, package vacuum, rigidity of packaging, temperature 
of storage facility, and length of storage interval. Hodges
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et al. (1974) further reported that total weight loss of 
vacuum-packaged cuts represents both evaporation and exudate 
loss. This was substantiated by Johnson (1974) who noted 
that shrinkage increases with increased storage period on 
cuts having a large lean surface area.

Various studies have shown that vacuum-packaging of 
meat can suppress the growth and metabolic activity of com
mon gram-negative, aerobic meat-spoilage bacteria and hence 
extend its shelf-life (Baran et al. 1969, Hodges et al. 1974 
and Ordal 1962). Additional tests by Roth and Clark (1972) 
and Sutherland et al. (1975ab), indicate that the storage 
life of fresh beef is increased in an evacuated, gas- 
impermeable package because odor-producing bacteria such as 
the pseudomonas are inhibited while the non-odor-producing 
lactobacilli flourish. King and Nagel (1967 and 1957) showed 
that COg in the package seems to be the controlling factor 
since a) it is known to accumulate to form 10-30% of the 
trapped gas, b) it markedly inhibits the growth of pseudo
monas and achromobacteria, and c) it has little or no effect 
on the growth of the lactobacilli.

In another study by Seideman et al, (1976), it was 
found that lactobacilli and anaerobic plate counts of whole
sale beef cuts stored under high vacuum for 21-35 days at 
1-3 C were consistently lower than those of comparable cuts 
stored under low or intermediate vacuum. This was also true, 
but less frequently, for the psychrotrophic and mesophilic
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counts. The psychrotrophic microflora of cuts stored for 28 
days at 1-3 C consisted primarily of Lactobacillus sp.

Several reports indicate that under certain conditions 
losses in meat quality occur in vacuum-packaged products.
For example, Curtaia and Ordal (1964), Watts et al. (1966) 
and Pierson et al. (1970), reported a deterioration in color 
associated with vacuum-packaged meat. Rikert et al. (1957ab) 
noted that storing meat under vacuum in the complete absence 
of oxygen is a better method of overcoming discoloration if 
oxygen can be effectively removed prior to sealing under 
vacuum, excluded during storage, and only allowed to oxy
genate the meat after opening the package.

Jay et al. (1962), Jeremiah et al. (1971) and Hodges 
et. al. (1974) reported off-flavor and -odors associated with 
meat after prolonged storage in vacuum packages. Shank and 
Lundquist (1963) suggested that vacuum packaging prevents 
fat oxidation by the exclusion of oxygen and reported mild 
acid taste after 21 days of vacuumized storage.

Although vacuum packaging is the predominant method 
for the distribution of beef cuts, problems including dark 
cuts, leakers, deformation of cuts and purge loss still exist 
(Seideman et al. 1979b). Recently, storage of meat in con
trolled gas atmospheres has been suggested as an alternative 
to conventional vacuum-packaging (Taylor 1973).



Mixed Atmospheres
Numerous studies have been made to determine the 

effectiveness of various modified gas atmospheres for packag
ing fresh meats. Clark and Lentz (1973) and Taylor and 
MacDougall (1973) reported optimum results, relative to meat 
color were obtained when low concentrations of carbon dioxide 
(10-15%) were used in conjunction with high concentrations 
of oxygen. Walters (1975) claimed that in gas mixtures for 
meat packaging, the COg will inhibit spoilage bacteria while 
the oxygen will keep the meat surface pigments oxygenated. 
Partmann et al. (1975) compared meat samples stored in 20% 
and 80% nitrogen and those stored in 20% CO^ and 80% Og with 
samples stored in air. After six weeks of storage, samples 
stored in the two modified atmospheres were relatively fresh 
in appearance, whereas the samples stored in air were spoiled 
as confirmed by bacteriological counts.

Christopher et al. (1979ab) utilized various mixtures 
of Og, COg, CO, Ng to package boneless pork and beef roasts. 
They noted that packages initially injected with modified 
gas atmospheres containing Og increased in relative percent
ages of COg with advancing storage times. Roasts stored in 
modified atmospheres initially containing high levels of Og 
exhibited a greater incidence of off-odor, more surface dis
coloration, lower overall appearance ratings, shorter retail 
case life and lower overall palatibility ratings due to micro
bial spoilage and oxidative rancidity than roasts stored in
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an atmosphere initially containing 20% CO^ and 80% Ng. Jaye 
et al. (1962) noted an increased headspace in packages of 
meat with a modified atmosphere and demonstrated that the 
gas was primarily COg which resulted from the heterofermenta- 
tive metabolism of lactic acid bacteria.

Oxygen
Daun et al. (1971), using gas chromatographic analysis

of a 90% oxygen atmosphere-packaged meat observed three
stages of oxygen uptake in two weeks of storage. The first
stage of high uptake started just after packaging and ended
between the second and third day of storage. Samples stored
in air reached a mean uptake value of approximately 0.15 

2ml Og/ cm meat. After the third day of storage, oxygen up
take again increased rapidly in the third phase from the 
sixth to ninth day of storage. Due to tissue, and microbial 
respiration, more carbon dioxide was produced than oxygen 
utilized over the 14 day storage period.

George and Startmann (1952) and Rikert et al. (1957a), 
working with a model meat system, reported that oxygen concen
trations above that of air had no practical effect on oxida
tion velocity of isolated myoglobin. MacDougall and Taylor 
(1975), however, reported that high oxygen levels above 
ambiant air allow redness to be sustained due to formulation 
of a thicker surface layer of oxymyoglobin. Fellers et al. 
(1963), and Baush (1966), working in muscle tissue, reported



significant improvement of color retention in fresh meat at 
oxygen .concentration higher than those found in air. Dry, 
ambiant air contains, by volume, 70.05% nitrogen, 20.95% 
oxygen, 0.93% argon and 0.07% miscellaneous (Stecher 1968). 
After 3 days of retail display, chops and steaks from roasts 
stored in modified gas atmospheres containing 100, 80, 25 or 
30% oxygen for 21 days had significantly more surface dis
coloration than meat from vacuum-packaged roasts (Seideman 
1979ab). These results appear to partially contradict other 
researchers (Marehello et al. 1974, Rikert et al. 1958 and 
Taylor 1973) who reported that high concentrations of oxygen 
could be used to delay discoloration of fresh meats. In
creased surface discoloration on chops stored in oxygen- 
containing modified atmospheres may have been caused by 
aerobic gram-negative spoilage bacteria, such as Pseudomonas 
sp. (Christopher et al. 1979) and/or prolonged exposure of 
surface myoglobin to oxygen.

Seideman et al. (1979a) reported that pork roasts 
stored in oxygen-containing modified atmospheres usually 
had light green areas of discoloration at early storage 
periods and tan to light brown discoloration at later periods 
of storage. As suggested by Seideman et al. (1976) the 
brown lines of discolored tissue on vacuum-packaged pork 
are due to metmyoglobin formation resulting from low oxygen 
concentrations present in residual air spaces. The green
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discoloration is believed to result from separation of the 
heme ring from the globin portion of myoglobin (Lawrie 1966).

Seideman et al. (1979b) noted that beef steaks stored 
i n .oxygen-containing modified atmospheres tended to decrease 
in flavor desirability ratings due to oxidative rancidity 
and off odors between 7 and 14 days of storage, and that the
packages also tended to collapse or draw more tightly to the
meat surface with increased storage, resembling vacuum- 
packaged meat. Ordonez and Ledward (1977) reported develop
ment of rancidity (as measured by TEA value) within 6 to 19 
days in pork stored in modified atmospheres containing 80 to 
90% oxygen. They claimed that lipid oxidation rather than 
bacterial spoilage or metmyoglobin formation may be the 
limiting factor in the use of oxygen-containing atmospheres 
for storage of pork.

Gardner (1967) reported that levels of Og and COg of 
pork packaged in gas impermeable film have been reported to
change for up to 4 days in packages stored at 2 C. This is
in agreement with Seideman et al. (1979ab) who indicated 
that continuous changes in gas composition occur during 
storage and that these changes are caused by diffusion of 
gases through the package film, activities of microorganisms, 
meat tissue enzymes, and dissolution of gases into tissue 
fluids.

Microorganisms which require molecular oxygen are 
termed aerobic (Frazier and Westhoff 1978). Daun et al.
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(1971) observed that microbial growth and subsequent storage 
is similar when fresh meat is stored in air or in an oxygen- 
enriched atmosphere. Bala et al. (1971) noted an accelera
tion of microbial growth in oxygen-enriched atmospheres. 
Detection of slime-producing Pseudomonas sp. in low oxygen 
atmospheres (N + COg, + COg) and their absence in oxygen- 
free atmospheres (Mg + COg, + COg, Hg + COg plus Og 
absorbants) indicates the significance of oxygen limitation 
is suppressing Pseudomonas sp. on meat during storage 
(Christopher et al. 1979ab).

Johnson (1974) determined that not only meat tissue 
but also bacteria respire and convert Og to COg and thus 
it may be possible for the Og in the initial headspace to be 
converted to COg by respiration of the meat tissue and/or 
bacteria.. The COg thus produced may then become dissolved 
in the purge or meat tissue, thereby reducing the gaseous 
headspace (Seideman et al. 1979ab).

It is known (Ingram 1962) that a partial pressure
’ ■ —2even al low as 10 atm, corresponding to oxygen concentra

tions well below 1% at atmospheric pressure, suffice with
many organisms to saturate the aerobic systems and maintain
- - - . • '

respiration and growth rates at the level in air.

Carbon Dioxide 
Many studies have been reported on the effect of COg 

on the growth of microorganisms. In 1889, Frankel showed
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that microorganisms varied widely in their susceptability 
to COg, proliferation of some being completely suppressed 
while others were less affected.. More recently, spoilage 
by bacteria, molds, and yeasts has been shown to be depressed 
by use of atmospheres containing high concentrations of car
bon dioxide (Haines 1933, King and Nagel 1976, Clark and 
Lentz 1972, Huffman 1974, Silliker et al". 1977). King and 
Nagel (1967) investigated various mechanisms and factors 
regulating the growth of pseudomonads that could be influen
ced by carbon dioxide levels. The inhibition did not appear 
to be produced by alterations in oxygen tension, pH or ionic . 
strength of the substrate solutions. It appeared that speci
fic enzymes involved in the catabolism of the various sub
strates examined were influenced to different degrees by 
carbon dioxide. More recently. King and Nagel (1975), 
concluded that the action of carbon dioxide on Pseudomonas 
aeruginosa was to limit the rate of growth by a mass action 
inhibition on certain decarboxylating enzymes, particularly 
isocitrate and malate dehydrogenases. This inhibition showed 
that COg increased the lag time and lengthened the time 
required to reach maximum population (King and Nagel 1976).
As a result of inhibited pseudomonads growth, the slower- 
growing lactobacilli and microbacterium flora which grow in 
low oxygen and high carbon dioxide are predominant (Ledward 
et al. 1971, Ogilvy and Ayres .1953 and Clark and Lentz 1969).
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Bannar (1977) reported that replacing oxygen in a 

meat packaging system with carbon dioxide forms' carbolic 
acid, which lowers the pH of aqueous solutions and thus 
reduces the growth rate of organisms. Brown et al. (1980) 
reported that storage in 20 and 40% COg concentrations were 
effective in reducing the formation of trimethylamine and 
ammonia off-odors in rockfish and salmon steaks.

The inhibition of psychrotrophic microorganisms by 
COg is more evident when the temperature is reduced (Ordonez 
and Ledward 1977 and Ogilvy and Ayres 1953). For example, 
at 0 C the shelf-life of beef slices is more than doubled 
when stored in 10% COg air compared to air alone, while at 
.5.0 the increased shelf-life is only about 75% greater in 
10% COg air than in air. This temperature dependency has 
been correlated with greater solubility of the gas at lower 
temperatures (Golding 1945).

Pohja (1968) concluded that COg inhibited the pro
liferation and growth of microbes in the interior of the 
meat as well as on the surface, and a COg concentration of 
10-20% prolonged keeping time of meat about threefold. 
According to Bala et al. (1977), aerobic place counts of 
steaks stored up to 20 days at 1 C  in 15% COg/85% air or in 
15% COg/85% 0g were consistently lower than those of steaks 
stored in air. Killefer (1930) observed that, at a tempera
ture of 4.4 to 7.2 C, frankfurters could be stored two to 
three times as long in commercial carbon dioxide as in air.
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A disadvantage of carbon dioxide is its production of 

discolorations or loss of "bloom" in fresh meat when used in 
high concentrations which greatly accelerate the darkening 
of the meat's surface.(Clark et al. 1969, Ledward et al.
1971, Silliker et al. 1977). According to Ogilvy and Ayres 
(1951) a concentration of 25% COg is the maximum at which 
meat can be kept without incurring color difference.

Discoloration was reported by Frankel (1889) to be 
due to the acceleration by COg of the oxidation of myoglobin 
to metmyoglobin. Clark and Lentz (1969) reported that 40% 
COg caused fresh beef round slices to turn grayish brown 
after 24 hours, and 48 hours in air was required for the re
turn of the original red color. Clark et al. (1973) and 
Bala et al. (1977) observed that optimum results with meat 
color were obtained when CO^ at concentrations of 10-15% 
was used in conjunction with high levels of 0^ (85%) for 20 
days. Teasdale (1975) reported that 100% COg resulted in 
darkening of beef steaks after only three days.

Clark and Lentz (1972) noted that color shelf-life was 
extended by 10% COg at 0 C, which was double that of 5 C, 
which was double that of 10 C . At 15% CO^, in the same 
study, shelf-life was 20 days at 0 C, 8 days at 5 C, and 
4 days at 10 C .
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Carbon Monoxide

The addition of CO to meat, products to prevent brown
ing is not a new concept (Wolfe et al. 1976). Tappel et al. 
(1953) explored the use of CO in meat subjected to freeze- 
drying and discussed some of the toxicological implications. 
Pearson (1960) suggested that storing fresh meat under an 
atmosphere of CO might promote color stability in packaged 
fresh beef.

Carbon monoxide reacts with reduced heme pigments to 
form carboxymyoglobin, a cherry-red pigment which is very 
stable to oxidation and has been shown to aid in color 
maintenance of fresh beef (El Badawi et al. 1964, Wolfe et 
al. 1976, Clark et al. 1976). The enhancement of metmyo
globin reduction by carbon monoxide is most likely due to a 
combination of the stabilizing effect Of the carbon monoxide 
ligand on the reduced myoglobin molecule coupled with the 
counteracting effect of carbon monoxide on the inhibitory 
action of oxygen toward metmyoglobin reduction, possibly 
by inhibition of cytochrome oxidase and oxygen utilization.

El Badawi et al. (1964) showed that a mixture of 2% 
carbon monoxide and 90% air significantly preserved the color 
of fresh beef for 15 days.

Wolfe et al. (1976) reported a drop in metmyoglobin 
content of ground beef from 25% initially to zero in one day 
during storage in an aerobic atmosphere containing 1% CO and 
30% Og.
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Clarke et al. (1976), studying atmospheres containing 

carbon monoxide and nitrogen, determined that continuous ex
posure of beef to this atmosphere substantially extended 
both the color and odor shelf-life. They determined that a 
1% CO atmosphere was the minimum concentration required for 
optimum color. Besser and Kramer (1972) also reported on 
the beneficial effect of CO treatment on the color of beef 
patties. Gee and Brown (1978) reported that the half-life 
for the loss of carbon monixide from beef patties exposed to 
a 1% CO atmosphere is about 2 days.

Clark et al. (1976) reported that besides maintaining 
fresh color, CO has been reported to extend odor shelf-life 
and to decrease the growth of psychrotrophic bacteria in 
meats stored under nitrogen. Gee and Brown (1978ab) ob
served that atmospheres containing 1% CO and 50% COg have 
been shown to extend the microbiological shelf-life of fresh 
ground beef at 2 C for approximately 4.5 days. Experiments 
designed to test specifically any possible masking effect of 
the COg-CO-O atmosphere have shown that color deterioration 
accompanies or precedes microbial spoilage (Wolfe et al. 
1976).

In applying CO to stabilize the color of fresh meat, 
consideration must be given to the possible toxic effect 
resulting from ingestion of such a product (El Badawi 1964). 
Tappel et al. (1954) found that rehydration and cooling of
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CO-treated freeze-dried beef was not sufficient to free the 
CO completely from the muscle pigments. When it was assumed 
that CO is released within the intestinal tract and absorbed 
by the blood hemoglobin. The same authors calculated the 
value of hemoglobin saturation by CO to be 0.7% compared to 
10% saturation necessary to show detrimental and only tempo
rary effect. These calculations were based on the following 
assumptions: the average serving of meat is 227 g; the
amount of CO per average serving is 1.5 mg; a man weighing 
132 lbs has 3.6 L of blood; and all the CO in the meat will . 
find its way to the blood stream and will tie up the hemo
globin, mole per mole. Wolfe et al. (1976) reported that the 
HbCO (carboxyhemoglobin) increase from a normal portion of , 
meat would lead to an increase of less than 0 .1% if all the 
CO were transferred to the blood.

Additional calculations by Wolfe et al. (1976) illu
strated that total saturation of all myoglobin sites with CO, 
in a typical ground meat sample, will result in a coneentra^ 
tion of 16 ppm CO by weight. At this level, as reported by 
the same authors, several pounds of meat would have to be 
consumed to result in a carboxyhemoglobin (HbCO) concentration 
increase comparable to that obtained by smoking one cigarette. 
The average smoker has a level of 3.5% and may reach 10% in 
some urban areas (Stewart et al. 1974). Tappel (1953) 
reported that CO is not an accumulative poison since it is
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released in the lungs by the mass action of oxygen. As a 
result of porphyrin catabolism.in the human body, the 
average person excretes 0.4 ml of GO per hour, which leads 
to a background HbCO concentration of about 0.8% (Goldsmith 
and Landlaw 1968).

Studies are currently being done (Wolfe et al. 1976) 
using C-14 labeled carbon monoxide in tracer studies, to 
determine the fate of carbon monoxide in meat systems sub
jected to a variety of processing conditions in order to 
validate the safety of CO packaged fresh meats.

Nitrogen
Meat stored in high nitrogen atmospheres has been 

reported to exhibit a more swollen ultra sturcture, less 
destruction of myofibrils, increased water-holding capacity, 
and less extractability of sarcoplasmic and myofibrillar 
proteins (Belousov et al. 1973). This is in agreement with 
Seideman et al. (1979ab), who suggested that purge losses 
could be minimized by the use of a 20% COg/SOS Ng modified 
atmosphere.

Partmann et al. (1975) reported that meat stored in 
20% 002/80% for 6 weeks was very fresh in appearance as 
compared to meat samples stored in air. Seideman (1979b) 
noted that with beef roasts stored in a modified atmosphere 
initially containing 20% 002/80% Ng, surface discoloration 
generally tended to increase at a slower rate or to decrease
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as storage interval increased. They determined that in this 
study the stability of this atmosphere was equal or superior 
to vacuum packaging.

Because of inconsistencies, the effect of a "filler" 
gas, such as nitrogen, on bacterial development is still not 
certain. According to Huffman (1974), aerobic plate counts 
of pork chops stored in were similar to those stored in 
air. However, Newton et al, (1977) reported that counts of 
lamb chops stored in N^ (Og-free) were much lower than those 
of chops stored in air, 0^ + N^ (80:20) or in air + COg 
(80:20). Lack of agreement may be caused in part by dif
ferences in a) nature of samples, b) composition and condi
tions of plate incubation, c) sampling methods, and d) compo
sition of the gases. Weideman (1965) found that under 
nitrogen storage at 0 C almost all the microorganisms iso
lated from sliced beef were Microbacterium thermosphactvun. 
According to Newton et al. (1977), growth of Pseudomonas sp. 
was slower in Og + Ng (80:20) than in air.

Grain-Fed vs. Grass-Fed Beef
Currently, there is considerable interest.in reducing 

the amount of grain and increasing the amount of forages fed 
to beef cattle due in part to the high costs of energy and 
the world need for grain for human food (Leander et al.
1978). One of the big problems of comparing forage-,and 
grain-finished beef has been the lower net energy of the
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forage and the slower gain of cattle on this type of diet 
(Bidner 1975). Packers discriminate against cattle which 
have had access to pasture because it results in lower dres
sing percentages, higher cooler shrinks and lower quality 
beef (Brown 1954).

The problem with grass-fed animals is that they do 
not develop enough cover to protect their carcasses from 
cold shortening, and current rapid chilling techniques re
quire the animals to have from 0.31 to 0.41 inches of fat 
cover (National Provisioner 1979a).

Leander et al, (1978) compared grass-fed and grain- 
fed beef muscles and found that grass-fed beef have a larger 
fiber diameter, higher moisture content, higher hydroxyproline 
and elastin content, and a higher Warner-Bratzler shear force 
value. They also determined that grass-fed beef has a lower 
ether extract content than grain-fed beef.

Kropf et al. (1975) stated that fat from cattle 
finished partly or wholly on grass is likely to be more un
saturated and consequently more susceptible to oxidative 
rancidity.

Current research dealing with nutritional effects on 
palatibility is inconclusive. Brown (1954), Malphrus et al.
(1972), Wheeling et al. (1975 and Johnston et al (1976), 
found that beef palatability was not affected adversely by 
a lower plane of nutrition. Brown (1954) summarized that:
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1 ) forage-fed beef has lower lean plus fat to bone ratio due 
to additional fat of grain-fed beef; 2) no consistent dif
ferences detected in the cooked product; 3) color of lean is 
not adversely affected, however, the color of the fat is 
slightly yellow.

However, Jacobson and Fenton (1956), Garrigus et al.
(1969), and Bowling et al. (1976), reported that beef palati- 
bility decreased due to a lower plane of nutrition. Shinn 
et al.(1976), and Cross and Dinius (1978) determined that 
grass-fed cattle produced meat that was less tender (panel 
and shear force value), less juicy, and had a moderately 
abundant amount of panel-detectable connective tissue.



MATERIALS AND METHODS

Four trials were conducted from June to August, 1979. 
Trials I and III used rounds from grain-fed beef, while 
Trials II and IV utilized similar cuts from grass-fed beef 
(Table 1). There were six treatments in each trial with 15 
steaks per treatment. Day 0 had an initial sampling of 5 
steaks to establish initial microbial contamination for 
overall treatment differences followed by 5 steaks sampled 
from each treatment on days 3, 6 and 9.

Collection and Handling of Meat Samples
After obtaining whole fresh rounds from a local meat

distributor in Tucson, Arizona, University of Arizona Meat
Lab employees cut 2.5 cm thick steaks with 40-50 sq. cm
surface area using both the top round (Semimembranosus) and
bottom round (Semitendinosus). The steaks were randomly
assigned to treatment groups.

All steaks were weighed and placed on Mobilfoam
size IS styrofoam trays and packaged according to their
specified treatments. Control steaks were overwrapped
with Borden's Resinite RMF-61H4 film (0^ transmission of

o310-387.5 cc/cm /24 hr and COg transmission of 2480-2790 
2cc/cm /24 hr) and heat sealed. Vacuum and gas-atmosphere

. :
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packaged steaks were placed in Cryovac B620 Barrier Bags
(W. R. Grace and Co., multiple bags with two layers of
ethylene vinyl acetate outside and an inner layer of vinyli-

2dene chloride copolymer, 0^ transmission of 0.0035 cc/cm /
24 hr and COg transmission of 0.0250 cc/cm^/24 hr). A 
vacuum was applied to the bag with the Multivac Vacuum-^ 
Packaging Unit (Koch Equipment, Kansas City, Missouri). 
Steaks to be packaged with atmospheres were placed in bar
rier bags which were evacuated, filled with approximately 
900 cc of each gas atmosphere, and heat sealed.

After packaging, the steaks were placed in one of 
three Master-Bilt display cases (Model LMC 1230,1 7 x 56 x
59 cm) on a rack 14 cm above the bottom of the case. Dis
play cases were held at 4+0.5 C throughout the storage 
period. Light intensity at the level of the steaks was
60 ft-c in all trials. The lighting source was Sylvania 
F96T12 cool white fluorescent bulbs alternating 12 hours 
light and 12 hours dark each day.

Four sampling days were used for each experiment: 
initial sampling (Day 0) followed by examination every third 
day after initial display (Days 3, 6 and 9).

Initial color measurements and microbial counts for 
Day 0 were taken on five nontreated fresh steaks for each 
trial. On sample Days 3, 6 or 9, steaks were unwrapped, 
weighed, and color determined. Then the steaks were
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allowed to.bloom at ambient air temperature for the 30 
minute color determination. Color measurement was followed 
by microbial sampling.

, Shrinkage
Shrinkage was the difference in weight between initial

steak weight and its weight on the sampling day. This dif-
■ . ■ ■

ference was expressed as a percent of the initial weight of 
the steak sample.

Color
Muscle color was determined by using the Standards 

for Beef Color subjective scale prepared by the Western 
Regional Research Project WM-62 (Ray et al. 1977). Color 
numbers on the scale ranged from 1 to 8 , with 1-bleached 
red; 2=very light cherry red; 3=moderately light cherry red; 
4=cherry red; 5=slightly dark red; 6=moderately dark red; 
7=dark red; 8=very dark red. Color was determined as the 
difference between the final color and the initial color.
The difference between the color at 30 minutes and the 
initial color was determined by the 30-minute bloom period 
in ambient air after opening each steak package. This was 
referred to as ColSOD.

Microbiological Evaluation 
Sterile, 15.2 cm cotton swabs were used to sample the 

meat surface for microbes. A swab was rolled across a
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circular area (3.8 sq cm) as defined by a sterile aluminum 
template and rinsed in 99 ml of sterile Butterfield's buf
fered phosphate solution (Speck 1976). After repeating 
this process, the cotton tip was broken off into the dilution 
blank. Two separate areas on each steak were swabbed which 
totaled 7.6 sq cm in area.

Samples were diluted in sterile milk dilution bottles 
filled with 99 ml of the buffered phosphate solution. After 
dilution, psychrotrophic and mesophilic organisms were 
enumerated using Difco Plate Count Agar. Determination of 
lactic acid producing bacteria was done by pour plating 
with Difco Lactobacilli MRS broth (plus 1.5% agar). Lactic 
acid producing bacteria will be called "lactics" or "lactic 
bacteria".. Mesophiles and lactics were incubated at 33 C 
for two days, and psychrotrophs were incubated at 5 C for 
10 days.

Total counts were reported as the log number of 
organisms per square centimeter as determined by the follow
ing equation:

total counts x dilution factor 2
— ------ :---- ---- o------ -------  = counts/cm

7.6 cm
<! ' '

Experimental Design
Experimental design for all treatments is shown in 

Table 1. Each treatment contained 15 steaks with 5 steaks



Table 1. Experimental design of trials I-IV.

Trial 2LTreatment Atmosphere
Composition Film Type

I-IVb I Control Ambient Air Borden Resinite Film
II Vacuum Cryovac Barrier Bags

III Atmosphere 1 60% C02/40% 02 Cryovac Barrier Bags
IV Atmosphere 2 30% C02/70% 02 Cryovac Barrier Bags
VI Atmosphere 3 1% C0/40% 02/59% N Cryovac Barrier Bags

VII Atmosphere 4 100% co2 Cryovac Barrier Bags

aSteaks from top (Semimembranosus) and bottom (Semltendinosus) rounds were 
used for all treatments.
Each treatment contained 15 steaks with 5 steaks being sampled each sample 
day (3, 6 and 9 days).

1Trials I and III were grain-fed beef and Trials II and IV were grass-fed 
beef.
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being sampled on Day 3 , 6 and 9. The control steaks were 
overwrapped with Borden's Resinite Film and heat sealed. 
Vacuum-packaged and gas atmosphere-treated steaks were 
placed in cryovac barrier bags and heat sealed. Gas 
atmospheres involved in this study were: Atmosphere 1=
60% CC>2/40% O g ; Atmosphere 2=30% CC>2/70% O g ; Atmosphere 3= 
1% C0/40% 02/59% N; and Atmosphere 4=100% COg.

Analysis of Data 
Significance testing of the main effects and inter

actions was done by analysis of variance (Nie et al. 1975). 
Duncan's New Multiple Range Test (Duncan 1955) was used to 
isolate treatment differences.

Significance of microbial means was determined by 
differences from initial Day 0 average counts.



RESULTS AND DISCUSSION

Grain-Fed Beef 
Since data from Trials I and III were similar, the 

data were pooled for statistical comparison.

Treatments Compared within Sample Days
Color. On Days 3 -and 6, steaks in Atm. 4 had signi

ficantly (P<.05) more discoloration than all other steaks as 
determined by final color (Table 2). This discoloration was 

/probably due to the low oxygen tension and metmyoglobin for
mation in the steak. Day 9 steak color was darker (P<.05) 
for the 100% COg treatment and the control steaks than for 
the other treated steaks which is in agrement with Ledward
(1970) and Pohja (1967) who determined that high concentra
tions of C02 discolor meat.

A bright, cherry-red color was maintained in the 
steaks through Day 6 by the oxygen-containing Atms. 1, 2 and 
3, which probably kept the muscle pigments in the oxymyo
globin state. However, steaks in the carbon monoxide- 
containing atmosphere were brighter (P<.05) and more desirable 
at Day 9 than the remaining steaks.

The most desirable treatments for final color, at Day 
3 were Atms. 2 and 3. These atmosphere treated steaks had 
no significant (P>.05) change from their original cherry-red

50



Table 2. Means for color attributes, shrink and mean differences in microbial numbers 
by treatments3- within sampling day, grain-fed beef (Trials I and III).

Treat
ment

Initial
Color Color C0L3°b COLORb COL30Db Shrink

Meso-
philesc f r S p -  La0ti0sC

Day 0
Fresh 1.98 1.04 2.17

Day 3
Control 4.0 f4.40 f4.70 o o Ha 0.70g 1.38® COCO1 -.27 -.32
Vacuum 4.0 4.90g 4.00ef 0.90g 0.00® 5.41g -, 72 -.52 — . 66
Atm. 1 4.0 4.30ef 4.60f 0.30* 0.60g 3.11* 0.87 -. 52 1.23
Atm. 2 4.0 4.00® 4.10® 0.00® 0.10® 3.11* — . 20 — . 52 -1.33
Atm. 3 4.0 4.00® 4.30®* 0.00® 0 . 30* 2.47®* -.64 ' 0.07 -.04
Atm. 4 4.0 6.00h 5.50g 2.00h 1.50h 2.73* — . 67 0.03 -.90

Day 6
Control 4.0 5.00* 4.80* f1.00 0.80* 2.49® 2.66* 3. 39 g 1.44
Vacuum 4.0 5.00* 4.00® f1.00 0 . 00® 9.67* 1.20® 2.41*g 1.35
Atm. 1 4.0 4.45® 4.70* 0.45® 0.70* 5.22® 0.94® 2.13®*g 0. 35
Atm. 2 4.0 4. 40® 4.70* 0.40® 0.70* 4.90® 2.59* 0.72® 0.61
Atm. 3 4.0 4.30® 4.40®* 0.30® 0.40®* 4.71® 1.06® 2.76*g 0.33
Atm. 4 4.0 5.80g 5.70g 1.80g 1.70g 4.52® 0.57® 1.21®* - . 02



Table 2 , continued.

Treat
ment

Initial
Color

Final
Color C0L30b COLORb COL30Db shrink* Meso-

philesc Sphs°c" La=tics=

Day 9
Control 4.0 6.40g 6,40gh 2.40g 2.40gh

<DOCO 0.89 f4. 74 -1.49
Vacuum 4.0 4.90ef 4.00® 0.90®f 0.00® 5.53f 1.26 ' 1.90® -.93
Atm. 1 4.0 5.60ef 5.90fg 1.60f 1.90fg 6.63f 2.32 2.33® 0.44
Atm. 2 4.0 5.30f 5.40f 1.30f 1.40f 6.19f 2.76 2.63® -.75
Atm. 3 4.0 4.10® 4.60® 0.10® 0.60® 7.19* 3.22 4.92f -1.02
Atm. 4 4.0 6. 00g 6.90h 2.00g 2.90h 5.52f 0.89 2.45® -1.01

aControl=Film overwrap; vacuum; Atm. 1=60% C0„/40% 09 ; Atm. 2=30% CGu/70% Or,; Atm. 3= 
1%- 00/40% 62/59% N ; 100% C02 .

bCOL30 is the color of sample steaks after bloom period. COLOR is the difference 
between initial color and final color. COL30D is the difference between color at 
30 minutes and initial color.

2Reported as the number (log^) of microorganisms/cm surface area.
d  ' 'Day 0 values were indicators of initial color and contamination but were not in
cluded in the statistical analyses. Microbial growth for Days 3, 6 and 9 expressed 
as mean differences from initial Day 0 average counts.

e>f>S,hMeans within the same day and variable bearing unlike superscripts differ signi
ficantly (P<.05).
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color. Final color at Day 6 was most desirable in the oxygen- 
containing atmosphere steaks (Atms. 1, 2 and 3) which were 
brighter (P<,05) than the other treated steaks.

Final color at Day 9 in the CO atmosphere steaks was 
brighter (P<.05) than steaks in the other treatments. This 
was substantiated by Wolfe et al. (1976) who stated that the 
incorporation of CO in gas mixtures results in the formation 
of carboxymyoglobin (MbCO) in steaks, a pigment that appears 
to be more resistant to oxidation than oxymyoglobin (MbOg) 
in the presence of high concentrations of COg.

Although there was a general progressive darkening of 
muscle pigment in all treated steaks for Day 3 to Day 6 to 
Day 9, the vacuum-packaged steaks were the only treated 
steaks to significantly restore (P<.05) their original 
cherry-red color after the 30 minute ambient air bloom 
period. This was probably due to the.oxygenation of the 
reduced myoglobin pigments in the vacuum-packaged steaks, 
while the other treatments had reached either the metmyoglo- 
bin or carboxymyoglobin stage by Day 9.

Shrinkage. Percent shrinkage at Days 3 and 6 was 
higher (P<.05) in the vacuum-packaged steaks than in any 
other steaks. This was probably due to the continual 
vacuum pressure applied to the steaks causing increased purge. 
Cuts in atmosphere treatments containing carbon dioxide had 
a greater (P<.05) purge than the carbon monoxide-treated
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steaks. These findings are in agreement with Seideman et al. 
(1979c) who suggested that nitrogen may be responsible for 
preventing large losses in weight incurred during prolonged 
storage, whereas carbon dioxide (in atmospheric or vacuum 
packages) may bind to proteins in a manner which alters their 
ability to hold moisture. *

The least amount of shrink over all three sample days 
was observed in the film overwrapped steaks. These data 
probably reflect the higher humidity content of the package 
in ambient air and less packaging stress applied to the 
steaks resulting in less purge during storage.

Shrinkage increased for all treatments as storage time 
progressed. Day 9 shrinkage was lower (P<.05) in the control- 
treated steaks (3.4%) than steaks in all other treatments 
(5.5, 6.6, 6.2, 7.2 and 5.5%). A higher percent water loss 
by the atmosphere-treated steaks was apparently due to the 
moisture-free modified atmospheres drying the steak surfaces.

Microbial growth. There were no differences (P>.05) 
in treatment effects at Days 3 and 9 for mesophilic growth. 
There were significant differences (P<.05) at Day 6.

Psychrotrophic growth in all treatments was not sig
nificant (P>.05) at Day 3 due to low bacterial growth. At 
Day 6, however, psychrotrophic growth on the steaks was sig
nificantly less in Atm. 2, followed by Atms. 4 and 1, vacuum, 
Atm. 3 and highest in the control steaks.
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By Day 9, psychrotrophic growth was most affected 

by the vacuum and COg atmospheres. This is in agreement with 
Seideman et al. (1979c) who reported that psychrotrophic 
counts from vacuum packaged steaks and steaks stored in an 
atmosphere containing COg were significantly lower (P<.05) 
than counts on steaks stored in atmospheres containing 0^ or 
N g . Baltzer (1969), Ingram (1962) and Johnson (1974) sug
gested that the accumulation of C02 in vacuum packages was 
responsible for inhibiting aerobic spoilage bacteria. Coyne 
(1933) suggested that the inhibitory effect of COg may be 
due to the alteration of cell permeability, whereas, King 
and Nagel (1975) reported that COg inhibits decarboxylation 
. react ions in Pseudomonas aeruginos a . Furthermore, Taylor 
(1972) reported that Ng had no inhibitory effect on bacteria.

From this study, carbon monoxide apparently does not 
prevent or inhibit psychrotrophic growth as total counts 
were similar to the film overwrapped steaks (4.92 and 4.74). 
These data are in contrast to the observations of Clark et 
al. (1976) who reported that carbon monoxide extends shelf- 
life and decreases the growth of psychrotrophic bacteria in 
meats stored under nitrogen.

Lactic growth for all three sample days was not sig
nificantly affected (P>.05) by treatment. The slow lactic 
growth may be caused by the presence of more competitive 
psychrophilic and mesophilic bacteria.
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Comparison by Days within Treatments

Color. The most desirable final color for control 
steaks was Day 3 which was brighter (P<.05) than the progres
sively darker pigments of Days 6 and 9 (Table 3). Final 
color value for vacuum-packaged steaks did not differ (P>.05) 
from a dark red throughout the sampling period. Final color 
value observed for steaks in all carbon dioxide atmosphere 
treatments progressively darkened (P<.05) by each sampling 
day, with Day 9 muscle pigments being darker (P<.05) than 
Days 3 or 6. This is in agreement with Ledward (1970) who 
determined that high concentrations of carbon dioxide dis
color meat. Atm. 2 darkened (P<.05) with each sampling day, 
possibly due to metmyoglobin formation from bacterial growth. 
Carbon monoixde-treated steaks slightly discolored as sampling 
days progressed but for the most part kept the desirable red 
carboxymyoglobin pigment,

Color 30 differences for control steaks were less 
(P<.05) for Days 3 and 6 than for Day 9 and did not change 
from final muscle color pigments. Thirty-minute color for 
vacuum steaks on Days 6 and 9 did not differ (P>.05) from the 
initial cherry-red color on Day 0, indicating reoxygenation 
of the reduced myoglobin pigments and differed only slightly 
(P<.05) from day three's darker steaks. Color at 30 minutes 
for Atms. 1 and 4 was brighter on Days 3 and 6 and by Day 9. 
Atm. 2 steaks did not change from final color pigments during



Table 3. Means for color attributes, shrink and mean differences in microbial numbers 
by sampling day within treatments3-, grain-fed beef (Trials I and III).

Day Initial
Color

Final
Color COL30b C0L0Rb COL30Db Percent

Shrink
Meso-
philes®

Psychro-
trophs Lactics®

Control
Day 0 1.98 1.04 2.17
Day 3 4.0 4. 4d 4. 7d 0. 4d 0. 7d 1 37d -.33d -. 27d -. 32d
Day 6 4.0 5.0e 4. 8d 1.0® 0. 8d 2.49® 2.66® 3.39© 1.44®
Day 9 4.0 6. 4f 6.4® 2.4f 2.4® 3.40f 0.89d® 4.74© -1.49d

Vacuum
Day 0 1.98 1.04 2.17d
Day 3 4.0 4.9 4.4® . 0.9 0.4d 5.40 -. 72d -. 52d -.66®
Day 6 4.0 5.0 4. 0d i.o 0.0d 9.67 1.20® 2.4ie 1. 35d
Day 9 4.0 5.0 4. 0d 1.0 0. 0d 5.53 1.26© 1.906 -.93

Atm. 1
Day 0 1.98 1.04 2.17
Day 3 4.0 4.3d 4. 6d 0.3d 0. 6d 3. lld 0.87 -. 52d 1.23
Day 6 4.0 4. 5d 4. 7d 0. 5d 0. 7d 5.23® 0.94 2.13© 0.35
Day 9 4.0 5.6® 5.9® 1.6® 1.9® 6.63® 2.32 2.33© 0.44

Atm. 2
Day 0 1.98 1.04 2.17
Day 3 4.0 4. 0d 4. ld 0. 0d 0.1d 3. lld -. 20d -. 52d -1.33d
Day 6 4.0 4.4® 4.7® 0. 4d 0.7® 4.90® 2.59© 0.72d 0.61©
Day 9 4.0 5. 3f 5.4f 1.3® 1.4f 6.19® 2.76© 2.63© -0.75d©



Table 3, Continued.

Day Initial
Color Color C0L3°b C0L0Rb COL30Db Shrink

Meso-
philesc S p h s S -  Lacti=sc

Atm. 3
Day 0 1.98 1.04 2.17
Day 3 4.1 4.1 4.0 0.0 -0.1 2.46d 0.07d -0.64d -0.04d®
Day 6 4.0 4.3 4.4 0.3 0.4 4.71® 2.76® 1.06® 0.33®
Day 9 4.0 4.4 4.6 0,4 0.6 7.19f 4.92f 3.22d -1.02d

Atm. 4
Day 0 1.98 1.04 2.17
Day 3 4.0 6. 0d 5. 5d 2. 0d 1. 5d 2.73d -.67 0.03d -.90
Day 6 4.0 5, 8d 5.7d 1.8d 1.7d 4.52® 0.57 1.21d® -.02
Day 9 4.0 6. 9e 6.9® 2.9® 2.9® 5.52® -. 89 2. 45® -1.01

aControl=film overwrap; vacuum; Atm. 1=60% C09/40% 09 ; Atm. 2=30% C09/ 70% 09 ; Atm. 3= 
1% CO/40% 02/59% N; Atm. 4=100% COg. . ^

bCOL30 is the color of sample steaks observed after 30 minute bloom period. COLOR is 
the difference between initial color and final color. COL30D is the difference 
between color at 30 minutes and initial color.
^Reported as the number (log.q ) of microorganisms/cm surface area. Microbial growth 
for Days 3 , 6  and 9 are expressed as mean differences from initial Day 0 average 
counts.

d>eV%eans within the same treatment and variable bearing unlike superscripts differ 
significantly (P<.05)
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the 30 minute bloom period. Color at 30 minutes was slightly 
brighter at Day 3 but did not change on sample Days 6 and 
9 for the carbon monoxide treated steaks. These results 
are substantiated by El Badawi et al. (1964) who observed 
that carboxymyoglobin is very stable to oxidation and aids 
in color maintenance of fresh beef.

Shrinkage. Percent shrink for the control steaks was 
less (P<.05) at Day 3 than Days 6 and 9 and had a trend of 
increased moisture loss as sampling days progressed. Shrink
age for vacuum-packaged steaks was not different (P>.05) for 
the three sampling days; however, by Day 9, shrinkage was 
greater than for Days 3 and 6. Carbon dioxide-treated steaks 
had less (P<.05) moisture loss on Day 3 than Days 6 and 9. 
Atm. 3 steaks also had an increased (P<.05) purge loss with 
each successive sampling day.

Microbial Growth. Mesophilic, psychrotrophic, and 
lactic bacterial counts for grain-fed beef at Day 3 in con
trol steaks were lower than initial counts and less than 
(P<.05) Day 6 counts. This was probably caused by the bac
teria adjusting to a new environment. Day 9 mesophilic 
counts on control steaks were less (P<.05) than Day 6 but 
not significantly different (P>.05) from Day 0 steak counts. 
Day 9 psychrotrophs were slightly higher than Day .6 counts 
on film overwrapped steaks but were not significant (P>.05).
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Lactic growth by Day 9 was less than Days 3 and 6 on control 
steaks, possibly indicating inhibition by more competitive 
bacteria.

Mesophilic, psychrotrophic and lactic bacterial counts 
for Day 3 vacuum packaged steaks were similar to the control 
steaks and were significantly (P<.05) lower than Days 6 and 
9; however, Day 9 lactics were less than Day 3 and signifi
cantly lower (P<.05) than Day 6 lactic counts. These results 
are in contrast to the results of Roth et al. (1972), who noted 
that lactic bacteria flourished in vacuum-packaged meat 
because of the inhibition of more competitive bacteria in 
the anaerobic package.

Atms. 1 and 4 did not significantly differ (P>.05) 
for mesophilic and lactic growth on each sampling day, al
though counts were fewer in the 100% COg treated steaks. 
Psychrotrophic counts were less (P<.05) at Day 3 for steaks 
in Atm. 1 than on Days 6 and 9. Psychrotrophic counts for 
Atm. 4 were lower (P<.05) at Day 3 but were not different 
(P>.05) from Day 6; however, counts were higher (P<.05) as 
sample days progressed. Day 3 mesophilic counts for Atm. 2 
steaks were lower (P<.05) than Day 0 counts and were fewer 
(P<.05) on sampling Days 3 and 6 than Day 9.

Mesophilic and psychrotrophic counts were similar 
(P<.05) in Atm. 3 steaks and increased during the storage 
period. Lactic bacterial counts on Atm. 3 steaks were
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lower (P<.05) at Day 9, possibly attributable to carbon 
monoxide and nitrogen inhibition and slightly less (P<.05) 
than Day 3 counts.

Comparison by Treatments within 
Sampling Days

Color. Final color values for sampling Day 3 were 
darkest (P<.05) in the steaks from Atm. 4 (Table 4). 
Vacuum-packaged steaks were lighter (P<.05) than the control 
arid atmosphere-treated steaks due to myoglobin formation 
in the vacuum-packaged steaks.

The vacuum-packaged steaks were the only steaks to 
oxygenate to a bright red color (P<.05) during the 30 minute 
bloom period on Day 3.

Day 6 color was most desirable (P<.05) in Atm. 3 
steaks which had stabilized the carboxymyoglobin color 
similar to oxymyoglobin characterized by Lanier et al. (1978) 
and prevented denaturation of myoglobin. Final color was 
significantly darker (P<.05) in the 100% COg treated steaks 
at Day 6 followed by smaller (P<.05) discolorations in the 
control, vacuum, and oxygen-carbon dioxide treated steaks. 
Color at 30 minutes for Day 6 steaks was only brighter 
(P<.05) in the vacuum-packaged steaks. A slight discolora
tion of steaks in Atm. 2 was possibly attributable to metmyo- 
globin formation in oxidizable substrates.



Table 4. Means for color attributes, shrink and mean differences in microbial numbers 
by treatments8- within sampling day, grass-fed beef (Trials II and IV).

Treat
ment

Initial
Color

Final
Color COL30b C0L0Rb COL30Db Percent

Shrink
Meso- 
philes '

Psychro-
trophs Lactics®

Day 0d
Fresh 2.70 2.37 2.78

Day 3
Control 4.0 4.0® 4.0® 0.0® 0.0® 1.94® 0.53®f 0.22f 0.49
Vacuum 4 .0 5.0f 4.0® 1. 0f 0.0® 6.81g 0.91f -.83® 0.40
Atm. 1 4.0 4.0® 4.0® 0.0® 0.0® 3.33®f -.15® -.87® 0.09
Atm. 2 4.0 4.0® 4.0® 0.0® 0.0® 3.22®f -.12® -1.42® 0.30
Atm. 3 4.0 4.0® 4.0® 0.0® 0.0® 4.34f 0.46®f -.41®f 0.11
Atm. 4 4.0 7. 0g 7.0f 3. 0g 3. 0f 3.47®f 0.18®f -1.40® 0.48

Day 6
Control 4.0 5.4f 5.2f 1.4f 1. 2f 3.43® 3.24f 3.83f 2.49?
Vacuum 4.0 5.4f 4.0® 1. 4f 1.0® 7.28g 1.16® 1.84® 0.07®
Atm. 1 4.0 4.9f 4. 9f 0. 9f 0.9f 4.48®f 1.50® 1.79® 0.26®
Atm. 2 4.0 4.3f 5.1f 0. 8f l.lf 5.20f 1.42® 1.52® 0.52®
Atm. 3 4.0 4.0® 4.0® 0.0® 0.0® 5.48f 3.03f 3.86? 0.77®
Atm. 4 4.0 7.7g 7. 7g 3. 7g 3. 7g 5.20f 0.30® 1.16® 0.07®



Table 4 , Continued.

Treat
ment

Initial
Color Color C0L3°ti C0L0Hb COL30Db Meso-

philes trophs^~ LactlcsC

Day 9
Control 4.0 6.0g 3̂OCD 2.0h 2 . 0® 4.91 3.70f 5.30g 2.67g
Vacuum 4.0 5.2f 4.0® 1.2f 0.0® 6.76 1.75® 3.17f 2.47^g
Atm. 1 4.0 5.8g 5.6f 1. 8 gh 1.6f 6.99 1.01® 2.18® 1.82f
Atm. 2 4.0 5. 6g 5. 6f 1. 6g 1.6- 8.11 0.90® 1.86® f1.76
Atm. 3 4.0 4. 3e 4.2® 0.3® 0.2® 7.46 3. llf 5.05g 2.34fg
Atm. 4 4.0 7. 8h 6. 0h 3.81 3. Sh 8.04 1.06® 1.36® 0.35®

aControl=film overwrap; vacuum; Atm. 1=60% C09/40% 09 ; Atm. 2=30% C09/70% 09 ; Atm. 3= 
1% C0/40% 02/59% N; Atm. 4=100% COg.

bCOL30 is the color of sample steaks after the bloom period. COLOR is the difference 
between initial color and final color. C0L30D is the difference between color at 30 
minutes and initial color.

^Reported as the number (log^) of microorganisms/cm^ surface area.
d ■ "Day 0 values were indicators of initial color and contamination but were not included 
in the statistical analyses. Microbial growth for Days 3, 6 and 9 are expressed as 
mean differences from initial Day 0 averages counts.

6* if £T tl i' ' ’ Means within the same treatment and variable bearing unlike superscripts 
differ significantly (P<,05)  '
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Desirable treatment effects for final color were most 

notable in the carbon monoxide atmosphere steaks which main
tained (P<.05) a bright, cherry-red pigment throughout the 
9 day storage period. The greatest amount of discoloration 
(P<.05) was observed in the grayish-brown, 100% CO^ treated 
steaks, with intermediate dark red discolored steaks in 
vacuum which were slightly brighter (P<.05) than steaks in 
Atms. 1 and 2.

Thirty-minute color for treatments at Day 9 changed 
significantly (P<.05) by a brighter red color in the vacuum 
and carbon monoxide-treated steaks as compared to negligible 
color changes in all other treated steaks.

Shrinkage. Percent shrinkage at Day 3 was lowest 
(P<.05) in the control steaks and highest (P<.05) in vacuum- 
packaged steaks. The carbon monoxide-treated steaks showed 
a greater (P<.05) weight loss than the carbon dioxide atmos
phere treated steaks. These data disagree with Seideman 
et al. C1979c) who noted that nitrogen in an atmosphere 
prevents large losses of weight incurred during prolonged 
storage, but do agree that vacuum-packaged steaks lose more 
weight than those packaged in oxygen. Apparently, dry 
atmosphere conditions promote weight loss in vacuum and gas- 
atmosphere treated steaks.

Shrinkage at Day 6 was lowest (P<.05) in film- 
overwrapped steaks and highest in vacuum-packaged steaks.
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Intermediate weight losses (P<.05) were observed in Atm. 1 
steaks, which were less discolored than steaks in Atms. 2,
3 and 4.

Weight loss at Day 9 for steaks in Atm. 3 was not 
Significant (P>.05) due to variability of treatment means.

Microbial Growth. Mesophiles from steaks on Day 3 
were significantly lower (P<.05) in Atms. 1 and 2 than 
steaks in all other treatments. These results contrast . 
those of Pierson et al. (1970), who reported that total 
bacterial counts increased much more rapidly and were always 
higher in aerobic packages when compared to anaerobically- 
packaged meat.

Psychrotrophic counts at Day 3 were lower than ini
tial counts in all treatments except for the control steaks. 
The lowest (P<.05) psychrotrophic counts on steaks at Day 
3 were found in vacuum, and in Atms. 1, 2 and 4. The carbon 
monoxide-treated steaks had slightly higher (P<.05) psychro
trophic counts than those containing carbon dioxide. These 
data indicate considerable inhibition by the gas-atmosphere 
and vacuum treatments compared to the gas-permeable, film- 
overwrapped steaks. Lactic bacterial counts were not sig
nificantly different (P>.05) among treated steaks.

Day 6 mesophiles and psychrotrophs were similar in 
growth with the control and carbon-monoxide treated steaks 
having significantly (P<.05) more growth than steaks in all
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other treatments. These data suggest that a 1% carbon- 
monoxide concentration is not sufficient to effectively 
inhibit these bacteria as is evident by carbon dioxide.
Lactic baterial growth at Day 6 was distinguished by an 
increase (P<.05) in growth in the film-overwrapped steaks^ 
Lactic bacteria in vacuum and gas-atmosphere treated steaks 
were not the dominant species in anaerobic packages as re
ported by Christopher et al. (1979c) and apparently were 
inhibited by all treatments except control.

Mesophile growth on steaks at Day 9 was inhibited 
(P<.05) by all treatments except control and carbon monoxide, 
which were similar (3.7 and 3.1). Psychrotrophs on steaks 
at Day 9 were inhibited most (P<.05) by atmosphere treat
ments containing carbon dioxide and least inhibited by con
trol and carbon monoxide. Lactic bacterial counts on steaks 
at Day 9 were least affected (P<.05) by control, vacuum, and 
carbon monoxide. Atm. 4 steaks had the lowest (P<.05) overall 
lactic bacterial growth.

Comparison by Days within Treatments
Color. Final color for film-overwrapped steaks was 

most desirable (P<.05) on Day 3 and did not change from the 
initial oxymyoglobin red color (Table 5). Days 6 and 9, 
however, revealed a progressive darkening (P<.05) during 
storage. Vacuum-packaged steaks had no significant final 
color differences (P<.05) and were a dark purplish red



Table 5. Means for color attributes, shrink and mean differences in microbial numbers 
by sampling day within treatments3-, grass-fed beef (Trials II and IV).

Day Initial
Color

Final
Color COL30b COLORb COL30Db Shrink

Meso-
philesc t ^ h s = '  Lacticsc

Control
Day 0 "d,OO 2.70 2.37 2.78
Day 3 4.0 4.0d 4. 0d o.od 1.94d 0.53d 0.22d 0.49d
Day 6 4.0 5.4® • 5.2® 1.4® 1.2® 3.43® 3.24® 3.83® 2.49®
Day 9 4.0 6. 0f B.0f f2 .01 2.0f 4.91f 3.70® 5.30f 2.67®

Vacuum
Day 0 2.70 2.37 2.78
Day 3 4.0 5.0 4.0 1.0 0.0 6.81 0.91 -.83d 0.40
Day 6 4.0 5.4 5,0 1.4 1.0 7.28 1.16 1. 84® 0.88
Day 9 4.0 5.2 4.0 1.2 0.0 6.76 1.75 3.17f 2.47

Atm. 1
Day 0

4. 0d 4. 0d o.od
"doo 2.70 2.37 2.78

Day 3 4.0 3.33d -. 15d -. 87d 0.09d
Day 6 4.0 4.9® 4.9® 0.9® 0.9® 4.48d 1.50® 1.79® 0.26d
Day 9 4.0 5.8f 5.6f 1. 8f 1. 6f 6.99® 1.01® 2.18® 1.82®

Atm. 2
Day 0

o.od

T5OO

2.70 2.37 2.78
Day 3 4.0 4. 0d 4. 0d 3.22d -. 12d -1.42d 0.30d
Day 6 4.0 4.8® 5.1® 0.8® i.i® 5.20® 1.42® 1,52® 0.52d
Day 9 4.0 5 . 6f 5. 6f 1 . 6f f 8.11f 0.90d® 1,86® 1.76® <1



Table 5, Continued.

Day Initial
Color Fina! COL30b COLORb Color < ~ b

Meso-
phllesc t % p h s 8' L- t i = s c

Atm. 3
Day 0 2.70 2.37 2.78
Day 3 4.0 4. 0d 4.0 o.od 0.0 4. 34d 0.46 -. 41d o . n d
Day 6 4.0 4.0d 4.0 o . od 0.0 5.48d ® 3.03 3.86® 0.77d
Day 9 4.0 4.3® 4.2 0.3® 0.2 7.46® 3.11 5.05f 2.34®

Atm. 4
Day 0 < 2.70 2,37 2.78
Day 3 4.0 7. 0d 7. Q d 3. 0d 3. 0d 3.4 7 d 0.18 . -1.40d 0.48
Day 6 4.0 7.7® 7.7® 3.7® 3.7® 5.20d 0.30 1.16® 0.07
Day 9 4.0 7.8® 7.8® 3.8® 3.8® 8.04® 1.06 1.36® 0.35

aControl=Fllm overwrap; vacuum; Atm. 1=60% C09/40% 09 ; Atm. 2=30% C09/70% 09 ; Atm. 3= 
1% CO/40% 02/59% N2; Atm. 4=100% COg.

bCOL30 is the color of sample steaks observed after 30 minute bloom period. COLOR is 
the difference between initial color and final color. COL30D is the difference 
between color at 30 minutes and initial color.

c 2Reported as the number (log-, q ) of microorgan isms/cm surface area. Microbial growth
for Days 3, 6 and 9 are expressed as mean differences from initial Day 0 averages.

^’e’%eans within the same treatment and variable bearing unlike superscripts differ 
significantly (P<.05).



during storage. Final color for Atm. 1 treated steaks dar
kened (P<.05) with time and was similar in color to steaks in 
Atm. 2. However, final color in Atm. 3 steaks on Days 3 and 
6 did not differ (P>.05) from the initial cherry red, but by 
Day 9 steaks were slightly darker, possibly due to the high 
bacterial counts found in this atmosphere. Final color for 
the Atm. 4 steaks was considerably darker on all 3 sample 
days than the initial color; however, Day 3 color was slight
ly brighter (P<.05) than the grayish-brown pigment of steaks 
on Days 6 and 9.

Color at 30 minutes for control steaks did not change 
(P>.05) from the final color pigments, however, a slightly 
brighter color was evident in the Day 6 control steaks. Days 
3 and 9 vacuum—packed steaks bloomed to a bright red oxymyo- 
globin color and were significantly (P<.05) brighter than 
Day 6 steaks, which had only a slightly more desirable pig
ment change. These results may indicate a greater weight- 
lesness in vacuum steaks at Day 6 than Days 3 and 9. Atm. 1 
packaged steaks differed from other treated steaks only by a 
slightly brighter 30-minute steak color on sample Day 9.
Color at 30 minutes for Atm. 2 treated steaks differed (P < .05) 
only by a slightly darker pigment at sample day 6. Carbon 
monoxide-treated steaks did not change (P>.05) from the ini
tial color after 30 minutes of exposure to air. Color of 
steaks from the 100% COg treatment did not change (P>.05)
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from final color pigments after 30 minutes. These results 
agree with Seideman et al. (1979c) who observed that 100%
COg treated steaks were brown during storage and required 4-5 
hours to fully bloom. These authors suggested that this 
could be due to a competitive binding of carbon dioxide to 
myoglobin which can be reversed upon subsequent exposure to 
oxygen. Ledward (1970) reported that the decreased pH during 
the storage of meat in high concentrations of COg may explain 
why auto-oxidat ion of myoglobin is accelerated at lower pH 
value's while enzymatic reduction is retarded.

Shrinkage.. Percent shrink increased as storage time 
progressed for control, Atms. 1 and 2 steaks, while vacuum- 
packaged steaks lost more weight at Day 6 than at Days 3 or 
9. Shrinkage was lowest (P<.05) at Day 3 for Atm. 3 steaks. 
Percent shrink for steaks stored in 100% COg significantly 
(P<.05) differed between Days 6 and 9 and was lowest for Day 
3.(Table 5). Seideman et al. (1979c) noted an increased 
weight loss with steaks when stored in 100% COg compared to 
oxygen, nitrogen, and vacuum-packaged steaks. This may be 
due to the binding of proteins by carbon dioxide which alters 
their ability to hold moisture. .

Microbial Growth. Mesophiles, psychrotrophs and lac- 
tics significantly increased (P<.05) from Day 3 to Day 6 in 
the control-treated steaks (Table 5), However, differences 
between Day 6 and 9 were not significant (P>.05) for
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mesophiles and lactics; while counts increased (P<.05) nearly 
2 logs for psychrotrophs during this period. Control steaks 
were slimy to the touch at Day 9, an indication of consider
able microbial proliferation.

Mesophilic counts for vacuum-packaged steaks on all 
sampling days were not different (P>.05). However, mesophile 
counts progressively increased with time. Psychrotrophic 
counts for Day 3 were less (P<.05) than Days 6 and 9. Lactic 
growth on vacuum-packed beef steaks was lower (P<.05) for 
Day 3 and 6 than for Day 9. In general, microbial growth 
seemed to follow typical patterns; as Day 3 and 6 were part 
of the lag and log phases, respectively, with Day 9 continuing 
the log phase followed by a stationary and death phase.

Day 3 mesophiles and psychrotrophs were lower (P<.05) 
than for Day 6 and 9 for steaks held in 60% COg 40% Og 
atmosphere. These results coincide with Wooten et al. (1974) 
who found a high correlation between mesophiles and psycho- 
trophs (r=.84) on stored rib steaks and indicate that little 
contamination of the meat (Ayres 1956) occurred after cut
ting. Inhibition of lactic bacteria growth on steaks by Atm.
1 was greater for Day 3 and 6 than Day 0. Mesophile and 
psychrotroph counts on steaks held in 30% COg 70% Og were 
less (P<.05) on Day 3 than on Day 6 or 9. These data agree 
with Bartkowski (1978) who found a high correlation (r=.89) 
between mesOphilic and psychrotrophic bacterial counts.
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Lactic bacterial counts on steaks in Atm. 2 differed by a 
small increase (P<.05) between Day 6 and 9.

Mesophilic counts were less (P<.05) on Day 3 than 
Days 6 and 9 in Atm. 3 steaks and did not increase (P>.05) 
beyond Day 6. Psychrophiles progressively increased (P<.05) 
on all sample days for carbon-monoxide treated steaks and 
differed by nearly 3 log values from initial counts (2.37 vs. 
5.05). These data directly contrast those of Lanier et al. 
(1978) and Wolfe et al. (1976) who noted significant (P<.05) 
bacterial inhibition with the use of carbon monoxide- 
containing atmospheres. Lactic counts were considerably less 
than mesophiles and psychrotrophs, and these counts increased 
significantly (P<;05) only between Days 6 and 9.

Due to the wide variability of means within sampling 
days, mesophilic and lactic counts were not significantly 
different (P>.05) for the 100% CO^ treated steaks. Psychro
trophs were significantly lower (P<.05) on Day 3 than on 
Day 6 and 9 in Atm. 4 and followed a trend of inhibition on 
all three sampling days.

Grain-Fed vs. Grass-Fed Beef 
Quality Characteristics by Feed Type

Final color (Table 6) was lighter (P<.05) for the 
steaks from grain-fed beef (Trials T and III) which may have 
been caused by a higher pH in the grass-fed beef muscles 
(Trials II and IV), although overall color differences were



Table 6. Means for color attributes, shrinkage and mean differences in microbial 
numbers comparing steaks from grain-fed (Trials I and III) and grass-fed 
(Trials II and IV) beef.

Feed Type Initial
Color

Final
Color COL30a COLOR8- COL30Da Percent

Shrink
Meso- , 
philes

Psychro-
trophsk

r 4. • ' b Lactics

Grain-Fed
Beef

Grass-Fed
Beef

4.0

4.0

5.01°

5.27d

4.93

5.11

1.0C 

1. 3d

0.92 

1.11

4,68e 

5.36d

1.03 

1.33

1.66

1.56

-.15° 

1.02d

rjCOL30 is the color of sample steaks after 30 minutes in air. COLOR is the difference 
between initial color and final color. COL30D is the difference between color at 
30 minutes and the initial color.

b 2Reported as the number (log-j~) of microorganisms/cm surface area. Microbial means
are expressed as overall treatment differences between Day 0 initial contamination
and sampling days 3, 6 and 9.

c,c*Means between feed types bearing unlike superscripts differ significantly (P<. 05)

oCO
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negligible. This difference may also be due to a higher 
(P<.05) moisture loss in the steaks from grass-fed beef which 
could have brought the muscle fibers closer together and thus 
would have reflected less light, making the muscles appear 
darker. Color differences at 30 minutes were not significant 
(P>.05) due to variability of the means within each feed type. 
A higher (P<.05) weight loss in the cuts from grass-fed beef 
man possibly be due to a greater initial water content than 
the fatter steaks from grain-fed beef.

Mesophilic and psychrotrophic counts were not differ
ent (P>.05) between retail cuts from grain-fed and grass-fed 
beef; however, lactic bacterial counts were lower (P<.05) for 
the steaks from grain-fed beef, possibly due to a more favor
able pH and water content of cuts from grass-fed beef.

Feed Type within Day by Treatment
Color. Final color pigments for steaks from grain- 

fed beef were darker (P<.05) than for steaks from grass-fed 
beef on Day 3 and 9 for the control treatment. The reverse 
was seen at Day 6, however, when control steaks from grass- 
fed beef were darker (P<.05) than those from grain-fed beef.

Vacuum-packaged retail cuts from grain-fed beef were 
brighter (P<.05) than vacuum-packaged steaks from grass-fed 
beef on Day 6 but not different (P>.05) by feed type for 
final color on any of the sample days. However, steaks from 
grain-fed beef were brighter (Pc.OS) than meat cuts from
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grass-fed beef on Day 6 and 9 in 100% carbon dioxide. This 
may have been due to a higher moisture loss (P<.05) in the 
steaks from grass-fed beef as sample days progressed.

Color differences at 30 minutes were only significant
ly different (P<.05) at Day 3 with control cuts from grass- 
fed beef being brighter than grain-fed beef steaks. Color-30 
differences between feed types for vacuum-packaged steaks and 
steaks stored in 60% CC^/dOS were brighter (P<.05) for 
grass-fed beef than steaks from grain-fed beef at Day 3 but 
did not differ (P>.05) on sample day 6 and 9.

Retail cuts from grain-fed beef were slightly darker 
(P<.05) than steaks from grass-fed beef in Atm, 1 on Day 3 
(Table 7). There were no differences (P>.05) for color at 
30 minutes between feed types on sample days 3, 6 and 9 for 
steaks stored in 30% C02/70% Og.

Color 30 differences in carbon monoxide-treated steaks 
were not significant (P>.05) by feed type for Day 3 or 9, but 
steaks from grain-fed beef were darker (P<.05) on Day 6 than 
those from grass-fed beef, although there were no pigment 
changes from final color values.

Steaks treated with 100% COg did not brighten during 
the 30 minute exposure to air for both feed types for all 
sample days.

Shrinkage. Shrinkage for control steaks from grain- 
fed beef was less than cuts from grass-fed beef on all three



Table 7. Means for color attributes for feed type within sample day by treatments, 
grain- vs. grass-fed cattle.

Treat Initial Color Final Color C0L30b COLORb COL30Dd
ment Grain Grass Grain Grass Grain Grass . Grain Grass Grain Grass

Control 
Day 3 4.0 4.0 4. 4d 4. 0e 4, 7d 4. 0d 0. 4d 0.0® 0. 7d 0.0
Day 6 4.0 4.0 5.0d 5.4® 4.8 5.2 1.0d 1.4® 0.8 1.2
Day 9 4.0 4.0 6.4d 6.0® 6.4 6.0 2.4d 2.0® 2.4 2.0

Vacuum 
Day 3 4.0 4.0 4.9 5.0 4. 4d 4.0® 0,9 1.0 0.4d 0.0
Day 6 4.0 ' 4.0 5. 0d 5.4® 4.0 0.0 1.0d 1.4® 0.0 0.0
Day 9 4.0 4.0 5.0 5.2 4.0 4.0 1.0 1.2 0.0 0.0

Atm.
Day

1
3 4.0 4.0 4.3 4.0 4. 6d 4.0® 0.3 0.0 0.6d 0.0'

Day 6 4.0 4.0 4.4 4.9 4.7 4.9 0.5 0.9 0.7 0.9
Day 9 4.0 4.0 5.6 5.8 5.9 5.6 0.6 1.8 1.6 1.9

Atm.
Day

2
3 4.0 4.0 4.0 4.0 4.1 4.0 0.0 0.0 0.1 0.0

Day 6 4.0 4.0 4.4 4.8 4.7 5.1 0.4 0.8 0.7 1.1
Day 9 4.0 4.0 5.3 5.6 5.4 5.6 1.3 1.6 1.4 1.6

Atm.
Day

3
3 4.0 4.0 4.0 4.0 4.0 4.0 0.0 0.0 0.0 0.0

Day 6 4.0 4.0 4.3 4.0 4.4 4.0 0.3 0.0 0. 4d o.o'
Day 9 4.0 4.0 4.4 4.3 4.6 4.2 0.4 0.3 0.6 0.2 <10)



Table 7, Continued.

Treat Initial Color Final Color COL30b C0L0Rb COL30Dd
ment Grain Grass Grain Grass Grain Grass Grain Grass Grain Grass

Atm. 4
5.5dDay 3 4.0 4.0 6.0 7.0 7.0® 2.0 3.0 1. 5d 3.0®

Day 6 4.0 4. 0 5. 8d 7.7® 5. 7d 7.7® 1. 8d 3:7® r.7d 3.7®
Day 9 4.0 4.0 6 . 9d 7.8® 6.9d 7.8® 2. 9d 3.8® 2. 9d 3.8®

^Control; vacuum; Atm. 1=60% C09/40% 09 ; Atm. 2=30% C09/70% 09 ; Atm. 3=1% C0/40% 09/ 
59% N2; Atm. 4=100% COg.

^COLSO is the color of sample steaks observed after 30 minutes in air, COLOR is the 
difference between initial color and final color. COL30D is the difference between 
color at 30 minutes and initial color.

^Reported as the number (log10) of microorganisms/cm^ surface area.
\ Differences in bacterial means:

Grain-fed beef averages: mesophiles=l.98; psychrotrophs=l.04; lactics=2.17.
Grass-fed beef averages: mesophiles=2.70; psychrotrophs=2.37; lactics=2.78.

Ĉ ,e Means between feed types bearing unlike superscripts differ significantly (P< .05).

<io
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sample days tint only significant (P<.05) for Day 3 and 6, 
which probably reflects the higher initial moisture content 
of the meat cuts from grass-fed beef.

Shrinkage for vacuum-packaged steaks was not signifi
cant (P>. 05) by feed type during the sampling period although 
losses were higher on Day 6 for steaks from both grain- and 
grass— fed beef (Table 8).

Steaks stored in Atms. 1, 2 and 3 did not differ 
(P>.05) by feed type, but shrinkage losses increased as 
storage time progressed in both feed types, which was possibly 
due to the dry atmospheres.

, Differences in shrinkage were higher (P<.05) for re
tail cuts from grass-fed beef than steaks from grain-fed 
beef held in 100% CO^ on Day 3 and 9.

Microbial Growth. Mesophile and lactic counts were 
higher (P<.05) for film-overwrapped cuts from grass-fed beef 
than steaks from grain-fed beef on Day 9 which may have been 
due to a higher pH in the steaks from grass-fed beef. Psycho- 
trophic counts were not significant (P>.05) for the control 
steaks by feed type.

Growth for mesophiles on vacuum-packaged meat cuts 
from grain-fed beef. Psychrotrophic and lactic counts were 
higher (P<.05) for cuts from grass-fed vacuum-packaged beef 
steaks by Day 9, probably from a higher pH in the steaks 
from grass-fed beef. Lactic counts on retail cuts from



Table 8. Means for shrinkage and mean differences in microbial numbers for feed
type within sample day by treatments, grain- vs. grass-fed cattle.

Treatment Percent Shrink Mesophi les*3 hPsychrotrophs Lactics*3
Grain Grass Grain Grass Grain Grass Grain Grass

Control 
Day 0 l,98b 2.70b 1.04 2.37 2.17 2.78
Day 3 1, 4C 1. 9d -.33 0.53 -,27 0.22 -.32 0.49
Day 6 2. 5C 3.4d 2.66 3.24 3.39 3.83 1.44 2.49
Day 9 3.4 4.9 0.89C 3.70d 4.74 5.30 -1.49° 2.67d

Vacuum 
Day 0

0.91d 0.40dDay 3 5.4 6.8 -. 72C -.52 -.83 -.66°
Day 6 9.6 7.2 1.20 1.16 2.41 1.84 1.35 0.88
Day 9 5.5 6.7 1.26 1.75 1.90 3.17 -.93° 2.47d

Atm. 1 
Day 0
Day 3 3.1 3.3 0.87 -.15 0.52 -. 87 1.23 0.10
Day 6 5.2 4.5 0.94 1.50 2.13 1.79 0.35 0.25
Day 9 6.6 7.0 2.32 1.01 2.33 2.18 0.44 1.82
Atm. 2 
Day 0
Day 3 3.1 3.2 -.20 -.12 -. 52c -1.40d -1.33° 0.30d
Day 6 4.9 5.2 2.59 1.42 0,72 1.52 0.61 0.52
Day 9 6.2 8.1 2.76 0.90 2.63 1.86 -.75 1.76



Table 8, Continued.

Treatment Percent Shrink Mesophiles^ Psychrotrophs^ Lactics^
Grain Grass Grain Grass Grain . Grass Grain Grass

Atm.
Day

3
0

Day 3 2.5 4.3 -.64 0.46 0.07 -.41 -,04 0.11
Day 6 4.7 5.5 1. Q6C 3.03d 2.76 3.86 0.33 0.77
Day 9 7.2 7.5 3.22 3.11 4.92 5.05 -1.02° 2.34d

Atm.
Day

4
0

3.5d -1.40d 0.48dDay 3 2.7° -.67 0,18 0.03° -.90°
Day 6 4.5 5,2 0.57 0.30 1.21 1.16 — , 02 0.07
Day 9 5. 5C 8, ld 0.89 1.06 2.45 1.36 -1.01 0.35

^Control; vacuum; Atm. 1=60% COo/40% 09 ; Atm. 2=30% C0o/70% 0o ; Atm. 3=1% C0/40% 0o/ 
59% Nn; Atm. 4=100% C0o . ^ A

b 2Reported as the number (log^y) of microorganisms/cm surface area.
Differences in bacterial means:

• Grain-fed beef averages: mesophiles=l.98; psychrotrophs=l.04; lactics=2.17.
Grass-fed beef averages: mesophiles=2.70; psychrotrophs=2.34; lactics=2.78.
c ’̂ :vleans between feed types bearing unlike superscripts differ significantly (P<. 05),

00o
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grass-fed beef were also lower (P<.05) than vacuum-packaged 
steaks from grain-fed beef on Day 3.(Table 8).

Bacterial counts in Atm. 1 were not significantly dif
ferent (P> .05) by feed type during the storage period. Al
though mesophilie counts were not significant (P>.05) by feed 
type in Atm. 2, psychrotrophic and lactic counts were signi
ficant with cuts from grass-fed beef having fewer (P<.05) 
psychrotrophic counts on Day 3 than steaks from grain-fed 
beef. Meat cuts from grain-fed beef had less (P<.05) growth 
on Day 3 than steaks from, grass-fed beef for psychrotrophs in 
30% CO2 /70% Og atmospheres.

Atm. 3 treated steaks from grain—fed beef had fewer 
(P<.05) mesophilic counts than steaks from grass-fed beef 
on Day 6. Although psychrotrophic counts were not different 
(P>.05) by feed type for Day 3, 6 or 9, (Table 8) lactic 
counts were lower (P<.05) for retail cuts from grain-fed 
beef held in carbon monoxide on Day 9 than steaks from 
grass-fed beef.

Mesophiles were not different (P>.05) by feed type 
on sample Day 3,-6 and 9 for the 100% CO^ treated steaks. 
Psychrotrophs and lactics, however, differed (Pc.05) only 
on sample Day 3 with cuts from grass-fed beef showing more 
inhibition (P<.05) from the 100% COg gas atmosphere treat
ment than those from grain-fed beef. Lactic counts were 
lower (P<.05) on steaks from grain-fed beef than on cuts
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from grass-fed beef at Day 3 in Atm. 4, probably due to more 
complete anaerobic glycolysis in the steaks from grain-fed 
beef which reduced the pH and caused more inhibition of the 
bacterial media.

Feedtype by Treatment
Color. Final color and color at 30 minutes were not 

significantly different (P>.05) by feedtype for the control- 
treated steaks (Table 9). Final color was significant, how
ever, for vacuum-packaged steaks with grass—fed beef having a 
slightly darker (P<;05) muscle pigment which was possibly due 
to a higher moisture content of the steaks which reflected 
less light. Differences after exposure to air were not sig
nificant (P>.05) by feed type for vacuum-packaged steaks.

Steaks held in 60% COg/40% Og and 30% COg/70% Og did 
not differ (P>.05) by feed type for final color and color at 
30 minutes during the nine day storage period. Carbon 
monoxide-treated cuts also did not differ (P>.05) by feed 
type; however, steaks from grain-fed beef were darker (P<.05) 
than those from grass-fed beef after 30 minutes in air.

Steaks from grass-fed beef stored in 100% COg were 
darker (P<.05) than cuts from grain-fed beef for both final 
color and color at 30 minutes (Table 9). This probably was 
caused by a higher moisture loss in the steaks from grass- 
fed beef.



Table 9. Means for color attributes, shrinkage and mean differences in microbial
numbers for feed types by treatments^, grain-fed vs, grass-fed beef.

Treat
ment

Initial
Color

Final
Color C0L30b C0L0Rb COL30Db Percent

Shrink
Mesti-
philes

Psychro-
trophsc Lactics®

Control
Grain 4.0 5.26 5 . 30 1.26 1.30 2.42d 1.07 2.62 -. 12a
Grass 4.0 5.13 5.06 1.13 1.06 3.43® 2.49 3.11 1.88®

Vacuum
Grain 4.0 4.96d 4.13 0.96d 0.13 6.87 0.57 1.26 -.08d
Grass 4.0 5.20° 4.33 1.20® 0.33 6.95 1.27 1.39 1.25®

Atm. 1 1

Grain 4.0 4.78 5.06 0.78 1.06 4.99 1.37 1.31 0.68
Grass 4.0 4.90 4.83 0.90 0.83 4.93 0.78 1.03 0.72

Atm. 2
Grain 4.0 4.56 4.73 0.56 0.73 4.73 1.17 0.94 -,49d
Grass 4.0 4.80 4.90 0.80 0.90 5.51 0.73 0,65 0.86®

Atm. 3
Grain 4.0 4.23 4.33d 0.23 0.30d 4.79 1.21® 2.58 -. 24d
Grass 4.0 4.10 4.06e 0,10 0,06® 5,76 2,20® 2,83 1 ,07®

0003



Table 9, Continued.

Treat
ment

Initial
Color

Fina! C0L30b 
Color COLOR*1 C0L30Db ^rcenl: Meso-

philes

Atm 4. 
Grain 4.0 6.23d 6.03d 2,23d 2,03 4.25 0.26 1,23 -. 64d
Grass 4.0 7.50® 7.50® 3.50® 3.50 5.57 0.52 0.37 0.30®

^Control; vacuum; Atm. 1=60% C0r,/40% 09; Atm. 2=30% C0o/70% 0o; Atm. 3=1% C0/40% 0o/ 
59% N 2;Atm. 4=100% COg. Z Z Z z

bCOL30 is the color of sample steaks observed after 30 minutes in air. COLOR is the 
the difference between initial color and final color. COL30D is the difference 
between color at 30 minutes and initial color.

c 2Reported as the number (log-,0 ) of microorgan isms/cm surface area.
Differences in bacterial means:
Grain-fed beef averages: mesophiles=l.98; psychrotrophs=l.04; lactics=2.17 
Grass-fed beef averages: mesophiles=2.70; psychrotrophs=2.37; lactics=2,78

c’Cleans between feedtypes bearing unlike superscripts differ significantly (P<:.05)

00
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Shrinkage. Percent shrinkage was only significant 

(P<.05) in control steaks with the meat cuts from grass-fed 
beef losing more moisture than the steaks from grain-fed 
beef. Also, moisture losses were higher for retail cuts 
from grass-fed beef in all other treatments but were not 
significant (P>.05) due to variability of treatment means.

Microbial Growth. Mesophile counts were lower (P<.05) 
in steaks from grain-fed beef held in carbon monoxide than 
those from grass-fed steaks. Evidently, a lower pH in the 
cuts from grain-fed beef inhibited mesophilic growth, and a 
higher pH in the steaks from grass-fed beef encouraged 
their growth.

Psychrotrophs were not significantly different (P>.05) 
by treatment for grain-fed and grass-fed beef. Lactic counts 
were lower (P<.05) for cuts from grain-fed beef than those 
from grass-fed beef in all treatments except Atm. 1. Probab
ly a higher pH in steaks from grass-fed beef accounted for 
more lactic growth in all treatments. Lower lactic counts 
on retail cuts in Atms. 1, 2 and 4 indicate possible enzyme 
inhibition of lactic-acid producing bacteria by carbon 
dioxide.



CONCLUSIONS

The following conclusions are based upon observations 
and results obtained during this study:

1. A 1% concentration of carbon monoxide used in 
combination with 40% oxygen was capable Of maintaining a 
bright, cherry-red color during the nine day storage period 
on steaks from both grain- and grass-fed beef. Levels of 40 
to 70% oxygen and 30 to 60% carbon dioxide did not maintain 
a desirable color but discolored as time progressed for cuts 
from both grain- and grass-fed beef. Steaks held in a 100% 
carbon dioxide atmosphere darkened to a grayish-brown pig- 
ment throughout the nine day period for both grain- and grass- 
fed beef. Favorable color changes during the 30 minute bloom 
period occurred in vacuum-packaged retail cuts for both feed 
types. ' .

2. Weight loss was higher in vacuum-packaged steaks; 
followed by smaller shrinkage rates in gas atmosphere-treated 
cuts due to low relative humidity and possible packaging

' • v •pressures on meat cuts from both grain- and grass-fed beef. 
Overall shrink losses between steaks from grain- and grass- 
fed beef were greater for grass-fed beef due to leaner cuts 
and probably accounted for the slightly darker steaks from 
grass-fed beef during the nine day storage period.
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3. Vacuum and gas-atmosphere treatments containing 

30 to 100% carbon dioxide were capable of inhibiting meso- 
philic and psychrotrophic bacteria on steaks from both grain- 
and grass-fed beef. Treatment effects on lactic bacteria 
were not significant in this study; however, steaks from 
grass-fed beef had higher overall lactic bacterial counts 
than those from grain-fed beef during the nine day storage 
period. *

4. Utilization of the Standards for Beef Color sub- 
jective scale for color determination is not an accurate 
method because of day to day variation of personal opinion. 
Also, the darker range of colors on the chart did not coin
cide with the grayish-brown 100% carbon-dioxide treated 
steaks and thus made color measurements difficult.

5. Cuts from grain-fed and grass-fed beef will react 
similarly to vacuum- and gas-atmosphere packaging although 
there is a higher weight loss and darker pigment due to 
less marbling in steaks from grass-fed beef and a higher
pH in these cuts encourages bacterial growth.



SUMMARY

This study was conducted to determine the effects of 
vacuum-packaging and gas atmospheres on microbial growth, 
color and shrinkage characteristics of steaks from grain- 
and grass-fed beef semimembranosus (SM) and semitendinosus 
(ST).

SM and ST muscles were cut into 2.5 cm thick steaks 
with an atmosphere-exposed surface area of about 50-60 sq 
cm.. Two trials for each grain- and grass-fed beef were con
ducted during this study. Sample steaks were stored at 4±
0.5 C in open top refrigerated display cases. Lighting was 
provided with a 12 hour on and 12 hour off cycle at an inten
sity of 60 ft-c in all trials. Data were collected at Day 
3, 6 and 9 with final color, shrinkage and microbial deter
minations performed after opening sample packages and 30 
minute color determined after samples were exposed to ambient 
air for 30 minutes.

Control and 100% carbon dioxide-treated steaks were 
darker (P<.05) than steaks in atmsopheres containing oxygen. 
The carbon monoxide-treated steaks were bright red throughout 
all the display times. Cuts from grass-fed beef were slight
ly (P<.05) darker than those from grain-fed beef for final
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color measurements. There were no significant differences 
(P>.05) between feed types for 30 minute color determinations.

Weight loss was highest (P<.05) in vacuum-packaged 
steaks for all trials. Gas-atmosphere treated meat cuts 
shrank more (Pc.OS) than control steaks, possibly due to low 
relative humidities- in atmosphere packages. Steaks from 
grass-fed beef lost more (P<.05) moisture than those from 
grain-fed beef which may reflect leaner cuts from the grass- 
fed beef.

Microbial growth was inhibited (P<.05) most by 100% 
carbon dioxide and vacuum packaging in all trials. Carbon 
monoxide and control packaged steaks had the highest (P<.05) 
microbial numbers in this study, indicating that 30 to 100% 
carbon dioxide is useful in controlling microbial growth. 
Steaks from grass-fed beef had higher microbial counts than 
those from grain-fed beef, but only lactic acid-producing 
bacteria were significant (Pc.OS) in most treatments.

Overall, high levels of oxygen combined with carbon 
dioxide resulted in the best maintenance of acceptable 
shelf-life characteristics for cuts from grain-fed and grass- 
fed beef. An atmosphere containing carbon monoxide, oxygen 
and carbon dioxide would probably be more beneficial in 
maintaining color and inhibiting microbial growth.
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