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ABSTRACT

AN APPROACH TO THE CENTRALIZED
CUTTING OF FRESH RED MEATS

By

George G. Giddings

This work was undertaken to develop a procedure
which could be applied by the meat packing industry to
enable the complete centralized preparation of consumer
cuts of fresh red meats at production centers remote from
retail outlets, and requiring a two to three week or longer
salable life extension. The proposed procedure is believed
to provide a satisfactory integrated solution to the major
technical hurdles presently obstructing packer level cen-
tralized preparation of consumer cuts essentially unchanged
in appearance and other characteristics from those available
under present marketing practices.

The proposed procedure consists of the following

components :

1. Treatment of the fresh meat with condensed

phosphates (e.g., sodium tripolyphosphate) to reduce
1
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fluid exudation (drip) and to aid in providing normal

fresh red meat color during retail display.

2. Bulk vacuum packing of individual cuts for
wholesale handling and distribution to protect against
pigment and lipid oxidation during the period between

cutting and retail display.

3. Use of either a constant 28°-30°F holding
temperature throughout the cutting-to-retail sale mar-
keting period, or, use of a pasteurizing dose (ca.,
50-150 Krad) of ionizing radiation in combination with
conventional refrigeration (ca., 35-42°F) to suffi-

ciently retard microbial outgrowth and spoilage.

4. Removal of the cuts from the bulk vacuum
containers to allow them to undergo normal red color
(bloom) development in air before placing the cuts in

the display case.

5. Display for sale in refrigerated display

cases for periods up to three days.
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In working out the overall procedure storage studies
were conducted employing total microbial plate counts, pre-
sumptive qualitative assessment of the microflora, meat
pH measurements and appearance and odor observations to
evaluate various treatment and handling parameters. Also,
a number of individual-cut packaging and multi-cut bulk
packing tests were performed to evaluate potentially use-
ful methods and materials, and to develop packaging and
bulk packing guidelines. Finally, a number of sensory
evaluation tests were executed in an attempt to assess the
influence of important treatment and handling parameters
on certain eating quality attributes, and on overall
eating quality.

Major findings were (a) either a constant 28-30°F
holding temperature or the combination of radiation plus
conventional refrigeration can satisfactorily delay micro-
bial spoilage; (b) the outgrowing microflora under the
conditions of the procedure is dominated by harmless acid
producing species which ultimately cause an acid type of
spoilage; (c) beside reducing fluid exudation, phosphate

treatment aids considerably in achieving satisfactory
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color results; (d) entrapped air in contact with the meat
after individually prepackaging and bulk vacuum packing
must be avoided as this can lead to surface pigment oxida-
tion; and (e) untrained taste panels indicated that, in
general, irradiated, stored beefsteaks and freshly cut

beefsteaks are of comparable eating quality.
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INTRODUCTION

Since the advent of the self-service meat depart-
ment in retail food outlets in the United States some
twenty to thirty years ago there has been a desire on the
part of the meat industry to centralize the preparation of
consumer cuts of fresh meats. The goal is to deliver fresh
meat cuts to the retail outlets in individual packages
ready to be placed into the display cases for sale. This
would eliminate the cutting room now in the retail store,
and with it any further participation in the manufacturing
operation. This final evolutionary step in meat product
distribution has already been accomplished completely with
cured and processed meats, and to a large extent with poul-
try (e.g. frozen turkeys; "dry-pack" or "Chill Pak"* broiler
operation) and red meats for the Hotel-Restaurant-Institu-
tional (H-R-I) trade (e.g., portion controlled frozen units).

Among the compelling reasons for a shift to com-
plete centralized preparation of consumer cuts of fresh red

meats are: a) anticipated savings in building, equipment

* Holly Farms - Wilkesboro, N.C.
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and labor costs; b) better control over the entire manufac-
turing operation; c) better distribution of meat cuts
according to market preferences; d) more uniform and effi-
cient cutting; e) better control of overhead costs; f) advan-
tages of quantity purchases; g) a better market for car-
cass by-products; h) savings in shipping costs; and i) more
efficient utilization of skilled meat cutters who are now
in short supply. Although non-technical obstacles such as
labor union resistance, deeply entrenched merchandising
practices and industry inertia have contributed signifi-
cantly to the fact that this goal has not yet been achieved,
the principal reason is that a fully satisfactory solution
to all of the technical problems inherent in the necessary
post-cutting salable life extension has not yet been

worked out. Several possible solutions are under study
and/or development at meat industry, government and insti-
tutional laboratories.

Regardless of which approach is ultimately adopted
by the industry as a technical basis for the centralized
preparation of consumer cuts of fresh red meats, the prin-
cipal technical problems associated with needed salable

life extension must be overcome in a manner acceptable to



packers, wholesalers, retailers and consumers. These
technical problems are microbial outgrowth and spoilage,
fluid exudation (drip), pigment oxidation, and the possi-
bility of an objectionable degree of lipid oxidation. It
is believed that the integrated approach presented in this
thesis adequately solves these problems, and will provide
retail cuts for upwards of three weeks or longer after
cutting having essentially the same form, appearance and
other characteristics as fresh red meat cuts retailed
under present marketing practices.

Work performed by the author in the development
and study of this procedure is reported in this thesis;
and it is suggested that this procedure is an effective
approach to solving the technical problems associated with
the centralized cutting of fresh red meats, particularly
when consumer cuts are to be completely prepared at slaugh-
tering locations remote from retail markets in large metro-

politan areas.



REVIEW OF LITERATURE

The recent upsurge in the movement toward central-
ized cutting of fresh red meats is being manifested in a
number of ways. Vacuum bagged primal and sub-primal whole-
sale cuts have recently been introduced into the marketing
system chiefly by certain innovative smaller packers (Kunst-
ler, 1969; Monfort, 1969; Anon., 1969 a). Iowa Beef Pac-
kers and Wilson & Company presently break about one-third
of their beef carcasses into primal cuts which are whole-
saled in vacuum bags to the H-R-I and retail markets
(Meyers, 1969; Anon., 1968 a). While this system repre-
sents a large step in the direction of the ultimate goal,
some cutting and all of the individual-cut packaging
remain the function of the retail outlet.

Retailers have become increasingly interested in
preparing primal and sub-primal cuts, and possibly even
consumer sized cuts themselves at strategically located
centers from which a number of retail outlets may be sup-
plied. A few regional chains have already taken this step
(Anon., 1968 b; Anderson, 1968; Cannoles, 1968; Davis,

4



1969). Conceivably, packer and retailer centralized cutting
could be combined through a system in which packers ship
vacuum-bagged primals and sub-primals to retail chain dis-
tribution centers for final fabrication into packaged con-
sumer cuts which are delivered to local retail outlets.

Although the primal and sub-primal partial solution
to centralized cutting appears to be gaining in popularity
it has also met with some disfavor. One report cites con-
siderable resistance among retailers with regard to costs
and flexibility, although it concludes that packer primal
operations have resulted in real productivity gains from
a total industry viewpoint (Yankelovich, 1968, p. 56).

The vice chairman of one large regional chain cites cost
and profit disadvantages which have not as yet been solved.
His view is that it is advantageous to break beef carcasses
into vacuum bagged primals at company owned divisional meat
warehouses rather than purchase them from packers (Davis,
1969).

There are some differences of opinion among retailer
and packer executives as to which of the two should carry
out the centralized preparation of consumer cuts of red
meats and which method or methods to use. While central-

ized cutting and prepackaging at the retailer level would



be less complex with respect to technical complications,
labor union resistance and changes in merchandising prac-
tices, it is generally conceded that it would be best to

do it at the packer level if the means were available
(Anon., 1966; Brody, 1968; Cannoles, 1968; Yankelovich,
1968, pp. 48-49, 115-116). Retailers strongly desire

that centrally prepared meat be essentially unchanged from
meat as presently sold, and they are generally quite nega-
tive toward frozen consumer cuts of red meats. Packers, on
the other hand, generally favor freezing, especially cryo-
genic freezing, as the ultimate method for achieving packer
level centralized cutting and prepackaging for the retail
as well as the H-R-I trade (Leach, 1966, p. 30; Howell,
1969; Meyers, 1969, p. 136; Yankelovich, 1968, pp. 21, 24,
59-63, 73, 80-86, 109).

An earlier attempt at marketing frozen red meat
cuts failed chiefly because of consumer resistance to the
form and cost. The view is held by some that consumer
acceptance of frozen cuts still remains questionable (Anon.,
1966; Cheney, 1969; Yankelovich, 1968, pp. 21, 62-63, 80-
86). Those who presently favor freezing feel that pre-
vious failures with frozen consumer cuts of red meats were

due to unfortunate timing and poor planning, and they are



optimistic that this time the marketing of frozen cuts will
be properly approached and carried out. They express the
view that the consumer presently buys fresh meat only to
freeze much of it at home, and therefore they merely need
to convince the consumer that a superior frozen product
will be provided if the packer does the freezing. Swift
and Company and Needham Packing Co. and other packers, and
even a few retailers are presently testing the freezing
approach with caution and guarded optimism (Anon., 1968 a;
Anon., 1969 b, ¢, 4, e, £, g; Meyers, 1969).

Besides freezing, a few other approaches to salable
life extension are in various stages of study and develop-
ment. These are: 1) improved sanitation and refrigera-
tion. This is felt to be capable of providing salable
life extension sufficient only for regional supermarket
chain centralized cutting (Bernholdt, 1967; Yankelovich,
1968, pp. 68, 118-121); 2) controlled atmosphere or con-
trolled environment. This imprecise concept usually refers
to reduced oxygen tension achieved by means of a vacuum or
by substitution of one or more other gases such as nitrogen
and carbon dioxide, the latter having bacteriostatic proper-

ties. This approach is frequently discussed in conjunction



with containerization and total environmental control (tem-
perature, relative humidity and atmosphere). Swift and
Company is conducting perhaps the most thorough explora-
tion of this concept at the Fort Worth, Texas pilot plant
centralized meat cutting facility where cryogenic freezing
investigations are being carried out along with market
testing and economic studies (Bernholdt, 1967; Anon., 1968
b; Little, 1968, p. 39; Yankelovich, 1968, pp. 49, 92-95);
3) radiation pasteurization, a subject of this thesis, and
4) individual vacuum packaging. This approach of vacuum
packaging consumer size units is widely used for processed
meat items and it is used to some extent with ground beef.
While it has its advocates for consumer cuts of fresh meats,
there is essentially no interest in this approach within
the meat industry largely because of packaging costs and
the unfamiliar purple meat color of reduced myoglobin
(Yankelovich, 1968, pp. 87-91).

It is certain that one or more of the foregoing
approaches will be employed if and when the industry moves
to complete centralized preparation of consumer cuts of
fresh red meats. As pointed out in the introduction cen-

tralized preparation of poultry has attained noteworthy



success with the usé of freezing (e.g. turkey), and the
"dry-pack" "Chill Pak" broiler operation. Complete cen-
tralized preparation of fresh red meat cuts is well estab-
lished in Europe; however this is considered a "showcase"
operation in a completely different meat economy from that
of North America where the small amount of centralized
preparation of red meats is almost exclusively for the
H-R-I trade (O0.E.C.D., 1964; Anon., 1968b; Little, 1968).
When discussing centralized cutting one important
consideration that should not be overlooked is the possi-
bility of future large scale air transport of fresh red
meats from remote slaughter-cutting locations to large
metropolitan areas several hundred or more miles distant.
The tremendous volume of fresh meat that is shipped inter-
state and unfavorable economics have been cited in the past
as deterrents to air shipment. Presently air transport
of fresh meat is employed to a very minor extent in special
situations, but future widespread usage in tandem with
packer level centralized cutting and containerization is
forecast. Of great importance is the fact that air-transport
would reduce salable life extension requirements by up to

several days compared with surface transport time when long
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distance shipping is involved (Walrath and Konicek, 1967;
Yaeger, 1968).

The remainder of this literature review is addressed
to technical aspects and complications inherent in approach-
ing centralized cutting with the aim of (a) providing the
consumer with fresh red meat cuts essentially unchanged
in appearance and other characteristics from those avail-
able under present marketing practices, and (b) providing
a two to three week or more salable life extension beyond
the usual three day post-cutting life.

Color change is frequently cited as the principal
technical obstacle to packer-level centralized cutting
(Anon., 1966; Lawrie, 1966, p. 279; Yankelovich, 1968, pp.
80-82, 87, 112, 116). Consumer preference studies indi-
cate that the color of the lean is the most important fac-
tor influencing the purchase of consumer cuts of fresh
red meats (Rickansrud and Henrickson, 1967; Bailey, 1968;
Little, 1968, p. 56). Although the sarcoplasmic protein,
myoglobin, is the principal red meat pigment a significant
color role has been attributed to the oxygen carrying blood
pigment hemoglobin as well (Fox, 1966; Solberg, 1968).

Both heme proteins have a similar high proclivity toward

auto-oxidation, particularly at low oxygen partial pressure.
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To the consumer, extensive pigment oxidation is recognized
as brown surface color, and perhaps undesirable appearance.
Naumann (1968) and others have demonstrated that pigment
oxidation can be accelerated by, but will take place in
the absence of bacterial outgrowth, and that a holding
temperature of 30°F markedly delays browning. The latter
effect is attributed to a slowdown of bacterial growth and
oxidation promoting processes at the low temperature. There
is considerable disagreement in the literature as to the
effect of display case lighting and other light upon red
meat color (Solberg, 1969). When an effect is reported,
assuming it is real, it is not always clear whether the
effect is due to the light itself, or to heat generated

by the light source, or to both.

The oxidized or ferric heme form of both pigments
(metmyoglobin and methemoglobin) can undergo an enzyme
mediated reduction in vivo and in situ back to the desir-
able oxygen-binding ferrous state. The rate of metmyo-
globin reduction in vacuum packaged red meat cuts is higher
as the refrigerated holding temperature is increased due to
accelerated enzyme activity in the meat tissue (Solberg,
1968). It is reported that metmyoglobin reduction proceeds

only in absence of oxygen and that the rate and extent of
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reduction varies greatly between meat samples. The varia-
bility is attributed to a wide variation in the supply of
substrates and co-factors for the enzymes which mediate
the transfer of electrons to the oxidized pigment in the
absence of oxygen. A number of factors including the
'freshness' and acidity of the meat cause the variability
in reducing potential (Saleh, 1967; Fox, 1968). Greene
(1966) observed that vacuum packaged beef undergoes metmyo-
globin reduction only when there is sufficient enzymatic
reducing capacity present. Also, pasteurizing doses of
ionizing radiation (below one Mrad) do not diminish
reducing capacity, and antioxidants substantially protect
pigment as well as lipid from oxidation in ground beef.
McLoughlin (1969) points to basic relationships
between the live meat animal and post-mortem glycolysis
and the color, water holding capacity and texture of fresh
meat. His view is that it is feasible to influence and,
to an extent, control these properties by controlling
post-mortem glycolysis through suitable methods of ante-
mortem handling, slaughtering and chilling of the carcass.
He feels that this is likely to assume greater importance
in the future as centralized cutting increases. Essen-

tially the same views were expressed by Scott
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(1968). 1In a similar vein Patton (1969) discusses the
role of ante mortem treatment and methods of slaughtering
and chilling in favorably influencing the quality of fresh
and cured pork. He cites red meat color as being the most
important quality characteristic to the housewife at the
time of purchase. According to Enfield (1968) meat color
is a moderately heritable trait in most populations and
could likely be improved genetically through selective
breeding, and perhaps by working at the gene level.

The great shift to prepackaged red meat cuts during
the 1940's which made possible the self-service meat depart-
ments awaited the development of a meat wrapping material
possessing adequate gas transmissibility and satisfactory
moisture barrier properties. With a shift to complete cen-
tralized preparation involving an in-package salable life
extension of upwards of three weeks or more, packaging takes
on considerable new importance, especially if normal red
meat color is to be provided in the display case. The
details of a large scale centralized prepackaging operation
for fresh red meats will have to be worked out on both the
individual cut level and the multi-cut bulk container level
(Little, 1968, pp. 31-32). 1In view of the accelerated rate

of oxidation of meat pigment at low partial pressure of
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oxygen, Fox (1966) emphasizes the need for highly oxygen-
permeable red meat wrapping films. For a large scale cen-
tralized operation a film should be suitable for use with
high speed automatic packaging equipment, and perhaps may
need to be more rugged and durable than is necessary for
a supermarket back-room meat wrapping operation (Little,
1968, pp. 29-32). This may be in conflict with high gas
transmissibility (e.g., solution diffusion mechanism) which
is inversely related to film thickness. There is always
the possibility of a radical departure from conventional
film-tray fresh meat packaging; for example, opaque pack-
aging such as with "Chub" packaged ground beef, or one of
the spray or dip coatings under development. Edible
coatings still require an outside package, however (Little,
1968, pp. 33-35).

Bulk, multi-cut packing will be a critical part
of a centralized operation, particularly with regard to
the need to avoid mechanical pressure and related stresses
on the individual cuts (Little, 1968, p. 64). Stresses
such as can be caused by improper packaging and bulk packing
and handling could aggravate the fluid exudation problem.
Besides being a factor in declared net weight, excessive

drip accumulation results in unsightly, sometimes unsalable
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packages. Fluid exudation has been a very difficult prob-
lem to cope with, and in some cases so discouraging that
packer centralized prepackaging has been abandoned due to
the cost of a bulk carton which would not induce drip loss
(Leach, 1966, pp. 42-43). Several workers have reported
the "bloom extending" effect of holding red meat cuts under
hyperbaric oxygen. Other workers cite anaerobic packaging
as the best means of promoting metmyoglobin reduction and/
or preventing pigment oxidation (Solberg, 1968). Since
this work is premised on the objective of providing con-
ventionally appearing consumer cuts, any manipulation of
the atmosphere in contact with the meat during holding and
transit must make use of the bulk containers, which may be
rigid, semi-rigid or flexible or a combination of these.
This places an extra demand upon the individual-cut pack-
ages since the contents must be in equilibrium with the
imposed outside-the-package atmosphere, and a rapid and
complete response may be required (e.g., such as with evac-
uating or flushing the bulk container, and subsequently
exposing the packages to the atmosphere to generate bloom).
While holding consumer cuts of red meats under a
high partial pressure of oxygen would extend the bloom life,

eventually the presence of oxygen would likely lead to
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gradual pigment oxidation during a two to three week period.
Further, the oxygen would be expected to give rise to
accelerated lipid oxidation, more so if ionizing radiation
were to be employed (Lea, et.al., 1960; Lawrie, 1966, pp.
186-190; Little, 1968, p. 55). Based upon her results,
Greene (1966) recommends an antioxidant treatment and/or
anaerobic packaging to protect meat lipid from the damaging
effects of aerobically applied irradiation and extended
aerobic holding, in addition to protecting against pigment
oxidation and promoting metmyoglobin reduction. Once re-ex-
posed to oxygen, however, oxidative processes affecting
lipid and pigment would commence (Belo, 1968). It has
been demonstrated by several workers that anaerobically
held red meat cuts become bright red upon re-exposure to
the atmosphere as long as the pigment is in the reduced
(purple) form while in vacuum (Ordal, 1962). Under a
centralized prepackaging system involving oxygen permeable
film for the individual cut packages and anaerobic bulk
packing of the individual packages, it would be essential
to assure that the individual packages are such that the
pigment at the cut surfaces of the meat readily oxygenates
upon removal of the packages from the bulk containers at

the retail outlets.
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Aging and tenderization of fresh meat is an incom-
pletely understood, complex process, partially enzymatic
and partially non-enzymatic, involving connective tissue,
myofibrillar and sarcoplasmic proteins as well as other
muscle tissue constituents. The process extends well
beyond rigor, proceeds faster as temperature is increased,
and has a considerable effect upon the texture, flavor and
general eating quality of meat. It is much more critical
with beef than with pork and lamb, but some aging is desir-
able with all meat including poultry (Briskey, et.al., 1966;
Lawrie, 1966; Motoc and Bann, 1968; Scott, 1968; Kahn, 1969;
Lawrie, 1969; McLoughlin, 1969; Patton, 1969). Beef is
customarily aged or conditioned by hanging the carcass in
a cooler for anywhere from a few days up to two weeks or
longer. Considerable aging is also done 'on the rail' as
sides, etc. move from production to consumption areas.
Accelerated aging (e.g., holding at higher than usual tem-
perature, ante-mortem and post-mortem enzyme injection) is
also widely practiced. Vacuum bagged primals and sub-primals
are usually cut and bagged within 48 hours after slaughter,
and they undergo aging in the vacuum bags during holding
and transit. This has the major added advantage of essen-

tially eliminating shrinkage loss(Davis, 1969; Kunstler, 1969).
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Scott (1968) reports that if rigor is allowed to
proceed to completion before chilling, the meat is more
tender and flavorful than meat from a carcass rapidly
chilled immediately after slaughter. Bouton (1968) and
others express the view that if beef is boned out pre-
rigor the meat is much less tender than if rigor were
first allowed to proceed to completion. Bouton reports
that various muscles of the hindquarter, hold in vacuum
bags for two to three weeks at 35-36°F, show a very sig-
nificant increase in tenderness which varies somewhat
among muscles. He recommends fourteen to sixteen days
at 32-36°F, or seven to nine days at 41-45°F for optimum
aging of small and large cuts of vacuum bagged beef,
starting immediately after normal chilling. Thus it is
rather well established that primal and sub-primal cuts
and intact muscles will undergo a normal aging and ten-
derization under suitable conditions. The need, then, is
to assure that centrally prepackaged consumer cuts will be
satisfactorily aged and tenderized before and/or after cut-
ting. With the trend toward the addition of commercial
tenderizers, flavorings and flavor enhancers, the natural
process could conceivably be relegated to a role of

increasingly minor importance.
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In order to provide good quality conventional
fresh red meat cuts in the retail meat display cases two
to three weeks or more after cutting microbial growth must
be slowed or eliminated, pigment and lipid oxidation must
be kept below objectionable levels and excessive fluid
exudation in the individual cut packages must be avoided
(Urbain, 1965, 1966). The effectiveness of treatment
with a polyphosphate solution in improving water holding
capacity and reducing drip loss from fresh meat cuts has
been demonstrated (Belo, 1968; Urbain, et.al., 1968, 1969).
As previously indicated pigment and lipid oxidation is per-
haps best avoided through anaerobic conditions during the
period between centralized preparation and retail display.
On thé microbial side control or elimination of psychro-
philic fresh meat spoilage bacteria, chiefly the Pseudo-
monas and related genera, is essential to achieving the
above objective.

Holding fresh poultry and red meat cuts at just
above the freezing point can delay the onset of spoilage
two to three weeks or longer (Dawson and Stadelman, 1960;
Elliott and Michener, 1965). Since gram positive fresh
meat bacteria are quite sensitive to tetracycline anti-

biotics and the gram negatives are highly sensitive to
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ionizing radiation, it has been proposed to combine the
two in order to increase the refrigerated storage life of
fresh meats (Niven and Chesbro, 1957). Since regulatory
agencies presently rule out antibiotics as preservatives
for fresh meats this would tend to leave constant holding
just above the freezing point and ionizing radiation
(assuming eventual approval by F.D.A.) plus conventional
refrigeration as the two major contending approaches to
salable life extension. The constant low temperature
approach (combined with good sanitation) is presently
being successfully employed with chicken ("dry-pack” or
"Chill Pak"). 1In addition to greatly slowing microbial
growth, a 28-30°F holding and distribution temperature
would markedly retard fluid exudation and all chemical
processes as well. Possible disadvantages might be costs
and difficulty in maintaining the required low temperature
throughout the red meat distribution and marketing chain.
A pasteurizing dose (ca. 50-500 Krad) of ionizing
radiation has long been recognized as an effective means
of delaying microbial spoilage of fresh red meats through
the virtual elimination of fast growing psychrophilic
aerobes and a marked reduction in the numbers of the more

radiation resistant fresh meat microorganisms such as the
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lactobacilli, and micrococci (Wolin, et.al., 1957; Thorn-
ley, 1962; Niven, 1963; Thornley, 1963). It has been pro-
posed to utilize the microbicidal effect of ionizing radia-
tion in the centralized preparation of consumer cuts of
fresh red meats and poultry (Brownell, et.al., 1954; Urbain,
1965, 1966). Opinions differ somewhat as to the needed
radiation dose. This would depend upon a number of factors
including (a) the types and amounts of the microorganisms
on the meat; (b) the length of the desired salable life
extension; (c) the temperature(s) at which the meat is
held; (d) the nature of the packaging (e.g., aerobic or
anaerobic); and (e) the kind of meat and its state (e.g.,
beef, pork or lamb; organ or muscle meat; ground or intact).
It is of course desirable to employ no higher dose than is
necessary to achieve the objective.

While a pasteurizing dose of ionizing radiation is
highly effective against the usual fresh meat spoilage bac-
teria, side effects can become objectionable if precautions
are not taken. Depending upon the dose and temperature of
the meat, fluid exudation can be induced during the radia-
tion treatment (Rhodes, et.al., 1967). 1In his review, Law-
rie refers to reports that a trained taste panel can detect

flavor changes in fresh beef after 50 Krad, and symptoms of



22

accelerated fat oxidation between 25 and 100 Krad. Damage
to proteins and amino acids has been shown to be insignifi-
cant even at sterilizing dose levels (Lawrie, 1968). Hold-
ing fresh meat anaerobically during and after irradiation
essentially eliminates fat oxidation and lessens the effect
of irradiation on flavor (Rhodes and Shepherd, 1966; Rhodes,
et.al., 1967). Anaerobic packaging of refrigerated radia-
tion pasteurized fresh meats would be expected to inhibit
surviving strict aerobes leaving the way open for outgrowth
of the more radioresistant facultatively anaerobic, mainly
gram positive bacteria, notably the acid producing species
(Pierson and Ordal, 1969). At conventional refrigeration
temperatures this would eventually lead to a sour type of
spoilage (Ingram, 1962; Sharpe, 1962; Thornley, 1963;
Lawrie, 1966, p. 262). The combination of refrigerator
temperatures (e.g., 42°F or lower) and sufficient harmless
bacterial radiation survivors to dominate the outgrowing
flora, eventually causing recognizable spoilage would
likely be an adequate safeguard against food poisoning or
pathogenic species should any be present (Ingram and Roberts,
1966) .

From the nutritional viewpoint it is generally

agreed that thiamine is the most important nutritional loss
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from irradiating meat (Lawrie, 1968). Thiamine is rather
easily destroyed by both heat and radiation, and the degree
of destruction is a function of the amount of thermal or
ionizing energy applied. In meat irradiation thiamine
destruction is of concern chiefly with high dose sterili-
zation of pork in the unfrozen state. Only modest thiamine
destruction occurs when fresh meats are irradiated to a
pasteurizing dose, for example 250 Krad or less (Groninger
and Tappel, 1957; Wilson, 1959). Thus it is perhaps safe
to conclude that from the microbiological and nutritional
viewpoints the combination of radiation pasteurization and

conventional refrigeration poses no health hazard.



MATERIALS AND METHODS

The work described herein is divided into the three

following sections: 1) storage studies comparing various

levels of irradiation, phosphate treatment vs. no treatment,
storage in air vs. storage under vacuum vs. storage under
hyperbaric oxygen, and various storage temperatures as to
the effect on the total microbial count, the nature of the
déminant outgrowing flora and the type of spoilage produced,
meat color and overall appearance, and, estimated salable

life extension; 2) packaging tests in which various poten-

tially useful individual-cut packaging and multi-cut bulk
packing materials and methods were evaluated with particu-
lar regard to the color and appearance of the cuts during
simulated retail display at the end of three weeks refrig-

erated holding; 3) sensory evaluation tests designed to

determine the effect of selected treatment and handling
parameters upon specific eating quality attributes as well
as on overall eating quality. In all cases the meat used
was beef from the top, bottom and knuckle of rounds obtained
from the Michigan State University central food store. USDA

24
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Choice Grade was used for sensory testing only, all other
work being done with USDA Commercial Grade beef. Irradia-

tion was accomplished with a 60

Cobalt research gamma
irradiator housed in the Food Science Building.

The storage studies were set up and conducted in the

following manner. Tops, bottoms, or knuckles of beef rounds
were separated into component muscles which were trimmed

of loose fat and either cut into small chunks for grinding
or cut into steaks. Phosphate treated cuts were immersed
in a chilled water solution of 10% food grade sodium tri-
polyphosphate for 45 seconds and then allowed to drain for
several minutes on a wire screen. Samples to be irradiated
and/or stored in vacuum were individually vacuum packaged
in gas-water vapor impermeable flexible transparent pouches.
Samples to be irradiated and stored in air were individually
sealed inside transparent flexible pouches made from fresh
meat wrapping films having high gas and low moisture trans-
missibility. Samples to be stored under hyperbaric oxygen
were packaged in the same manner and, after irradiation,
were loosely packed in modified pressure-canners which were
sealed, evacuated, and backfilled with two atmospheres

(30psia) of pure oxygen. Samples were stored either in a
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conventional 38°F laboratory refrigerator or in special
constant temperature boxes controllable to +t1/2°F.
Periodically samples were withdrawn from storage
and evaluated as follows: Color, odor and general appear-
ance of each sample was observed upon opening each pouch.
Vacuum held samples were additionally observed for rate and
extent of blooming upon re-exposure to the atmosphere. A 30
to 40 gram portion of each sample was then aseptically
removed and placed in a separate tared, sterile stainless
steel blendor jar. After mincing for ten seconds sufficient
sterile distilled water was added to each blendor jar to
give an initial 1:10 dilution. After blending for three
minutes the samples were immediately pour-plated in sterile
plastic petri dishes. Decimal dilutions were made by pipet-
ting 1 ml. of the blended 1:10 dilution into 99 ml. of
sterile half-strength nutrient broth (0.15% beef extract,
0.25% peptone) in milk dilution bottles from which further
dilutions were made in the same manner. Duplicate plates
were prepared by pipetting either 0.1 ml. or 1.0 ml. from
the thoroughly shaken dilution bottles to the dishes, and
pouring over and mixing with sterile plate count agar
(Difco) which was tempered at 112°F. After solidifying,

the plates were inverted and incubated at room temperature
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(70-75°F) . 1Incubating duplicate sets of plates at 86°F
was discontinued after it became obvious that counts on
these were no different than on the plates held at room
temperature. After three days of incubation the number
of colonies on countable plates were counted using a Quebec
dark field colony counter. The counts were recorded as
total aerobic plate counts per gram of sample. Colony
appearance and morphology was noted before picking repre-
sentative colonies for gram staining, and microscopic
observation for cell type and staining reaction under oil
immersion. Occasionally samples were surface scraped, the
scrapings shaken in a dilution blank from which they were
streaked on tripticase soy agar (BBL). Representative
colony types from the streak plates were also picked,
smeared onto micro-slides, gram stained and observed under
oil immersion for cell morphology and staining reaction.
Further, representative isolates from the pour- and streak
plates were tested for acid production in litmus milk when
acid-producing species were suspected.

These presumptive tests plus pH of the blended 1:10
sample dilutions gave considerable insight as to the nature
of the dominant outgrowing flora under each set of conditions

without having to attempt rigorous positive identification
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of the flora to the specie level. The pH of the blended
1:10 dilution of each sample evaluated at each withdrawal
time was taken immediately after pipetting the required
amount for plating and/or further dilution so as not to
allow time for significant outgrowth to occur in the
blended sample. 1In most cases vacuum packaged samples
were evaluated both at the time of their withdrawal from
vacuum storage and after an additional 3 or 4 days of stor-
age in air at the same temperature. The additional storage
in air was intended to simulate a real commercial situation
in which anaerobic holding and distribution would be fol-
lowed by a 1 to 4 day period of retail display (and post-
sale holding) in air prior to consumption.

The packaging tests: Three highly oxygen permeable

fresh meat wrapping films were used, both with and without
polystyrene meat trays, for individual cut packaging. The
films are (1) the widely used nitrocellulose-coated fresh
meat cellophane, (2) one of the new plasticized stretch
polyvinylchloride (PVC) films which are presently dominating
retail fresh meat wrapping and (3) a new ethylene-vinyl
acetate copolymer heat shrinkable fresh meat wrap film.
Large gas impermeable transparent bags made from a saran-

mylar-polyethylene three layer flexible film, and rigid
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multi-quart modified pressure canners were used as bulk
vacuum containers. Both phosphated and nonphosphated,
irradiated and nonirradiated samples were used with each
packaging variable except where indicated otherwise. Eval-
uation was by visual observation for noticeable differences
in color and overall appearance of the samples, and the
degree of drip accumulation in the individual packages and
in the bulk containers as a result of the various packaging
and bulk packing methods. Also, where appropriate, the
odor of the meat samples was noted. The following pack-
aging and bulk packing investigations were conducted:

A. There are two basic approaches to the bulk
vacuum packing of consumer cuts of fresh red meats; loosely
bulk vacuum packing individually prepackaged cuts, and
tightly bulk vacuum packing bare (unwrapped) cuts. The
first can be considered the method of choice since it incor-
porates centralized cutting and prepackaging, while the
second is only a partial solution to complete centralized
preparation since it provides for centralized cutting only,
leaving the individual-cut packaging to the retailer. The
two basic approaches were compared in several tests carried
out as follows: Beefsteaks to be individually prepackaged

were placed in polystyrene trays and overwrapped with one
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of the three oxygen-permeable fresh meat films which were
heat tacked under the trays. These were loosely packed
and vacuum sealed in both rigid modified pressure canners
and large gas impermeable transparent flexible bags. Other
steaks from the same round muscles were tightly packed,
without pre-wrapping, into other rigid and flexible bulk
vacuum containers (the rigid containers hold about 25 1bs.,
and the flexible bags about 15 lbs. of tightly packed meat).
After irradiation (100 Krad) and/or three weeks vacuum
storage at 38°F the bulk vacuum containers were opened and,
after noting initial color and odor, the packaged and non-
packaged cuts were laid out in the air to bloom. Rate and
extent of bloom regeneration was noted. 1Individual-cut
packages, and the bulk containers were observed for drip
accumulation. Upon removal from the bulk vacuum containers
some prepackaged steaks were unpackaged, and some bare,
unpackaged steaks were then packaged as the prepackaged
steaks had been, before being set out in the air to bloom.
Also, some prepackaged steaks were both unwrapped and then
immediately rewrappéd in new film of the same type. This
was done to determine the effect, if any, of the presence
of a packaging film, and the time of individually packaging

upon color and bloom regeneration.
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B. The three gas-permeable fresh meat wrapping
films were compared with one another, and with no film at
all with respect to beef color after three weeks of refrig-
erated bulk holding under vacuum, and during three addi-
tional days refrigerated storage in air. All beef steaks
were from the same top and bottom round, and all were
placed in individual polystyrene trays. The steaks were
randomly divided into four equal groups, three of which
were wrapped, each with one of the three films. The fourth
group remained not wrapped. Four rigid bulk containers
were loosely packed, each with the four packaging variables,
after which they were sealed, evacuated, irradiated and
stored. Evaluation of samples was done as described in (A).

C. The same four individual cut packaging varia-
bles compared in (B) were used in this test. This time two
of the bulk vacuum containers were alternately evacuated
and nitrogen flushed five times before drawing the final
vacuum while the other two containers were merely evacuated.
Irradiation, storage and sample evaluation were conducted
as in (B). Of particular interest in this test was whether
or not the multiple evacuation and flushing improved color
results over simple evacuation which frequently resulted in
some discoloration in individually prepackaged bulk vacuum

packed cuts.
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D. This group of three tests was designed to com-
pare color results yielded by prepackaging conventionally
in a tray with film over-wrap (substantial free air space
within each package), and by packaging individual cuts in
"skin-tight" film pouches (no free air space within each
package), and from merely placing in trays with no film
overwrap. It was felt that this comparison would shed
some light on whether or not trapped air in bulk vacuum
packed conventionally prepackaged cut packages was the
cause of pigment oxidation with cuts so packaged and stored.
Because they can be easily made into pouches, fresh meat
cellophane and the ethylene-vinyl acetate copolymer films
were used for the conventional and the "skin-tight" pack-
aging. Steaks from the same round of beef were used.

After packaging, the steaks were loosely bulk vacuum packed
into rigid containers which were handled and stored as usual.
The variables were two films, and air space vs. no air space
within the individual packages. Steaks were evaluated for
color immediately upon removal from refrigerated vacuum
storage, and during post-vacuum bloom regeneration in air.

As was done in (A), some prepackaged steaks were both
unwrapped, and unwrapped and immediately rewrapped with

new film of the same kind at the end of vacuum storage.
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Also, some nonwrapped steaks were wrapped at this time,
before blooming in air could proceed to any noticeable
degree. Again, this was done to determine what, if any,
effect the presence of a film, and the time of wrapping
has upon bloom regeneration.

E. The effect, if any, upon color of two widely
used types of meat wrap film coatings, a common plasti-
cizer and a common anti-fogging agent, were tested under
the proposed storage and handling conditions because such
film additives can potentially migrate into the meat and
interact with meat constituents. It was believed worth-
while to check this possibility although it is unlikely
that there is sufficient leaching, if indeed there is any
significant leaching at all, to cause so gross an effect
as noticeable color change. To check the antifogging
agent two ethylene-vinyl acetate films, identical except
that one does not have an antifogging agent, were made into
pouches in which steaks from the same bottom round of beef
were sealed to give a "skin tight” fit. Some of each were
irradiated to 0 and 100 Krad before storing in air at 38°F,
and the rest were sealed in a bulk vacuum container which

was irradiated and stored for three weeks at 38°F at which
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time the samples were inspected and then allowed to bloom
in air. 1Initial color, and rate and extent of blooming
was noted.

To check the plasticizer beefsteaks were packaged
in the following three ways. All steaks were cut to
exactly fit petri dish bottoms with about one eighth inch
of steak above the top rim of the dishes. One third of
the dishes of steaks was loosely packed, not wrapped,in a
modified pressure canner. Another third was p}aced in the
same bulk container after covering the top of each steak
first with two thicknesses of plasticized PVC film and then
with a plate glass disc, each unit tightly wrapped with
masking tape so that the film and glass disc would press
down on the meat. This insured anaerobic conditions and
a tight, uniform contact between film and meat surface.
The last third of the dishes of steaks was handled in the
same manner except that the PVC film was excluded and the
meat was in direct contact with the dichromate-cleaned

glass discs. The bulk container was sealed, evacuated,

irradiated (100 Krad) and stored for three weeks at 38°F,
after which the container was opened and the contents
inspected visually for color differences, and differences

in the rate and extent of bloom regeneration.
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Sensory evaluation tests employed untrained panel-

ists to judge cooked samples for color, odor, flavor, tex-
ture, juiciness, and overall quality on a 1-9 acceptability
scale. For each test all of the Choice Grade beefsteaks
were cooked simultaneously on the same large rack in a
forced air oven operating at 325°F. Each steak was uni-
formly surrounded by the hot air, and the cookout juices
dripped into a shallow pan below the rack. Each sample
served to the panelists was cut to about 1-1/2 inches
square and the panelists received all samples (three to
four per test) together on one large paper plate. Ail
samples were at approximately the same "medium doneness."
No embellishments of any kind (e.g., salt, etc.) were put
on or served with the samples. The method of conducting
the tests was such that differences between samples were
accentuated and masking of differences was avoided. Thus
the samples served in the tests were being evaluated under
the most revealing conditions. Controls were either freshly
cut steaks or, in one test, untreated steaks cut from the
same piece of meat as the treated steaks. Both top-round
and eye-of-the-round (semitendinosus) steaks were used.
Care was taken to insure that each panelist received a set

of samples all of which were cut from the same muscle
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because a single muscle could not provide enough samples
for all paneliéts in a given test. The "overall quality"
scores of each test were subjected to analysis of variance
and multiple range testing to determine significance of
difference in overall quality between variables at the 95%
confidence level, as is done in preference/acceptance
testing with the "hedonic" 1 to 9 rating scale. The fol-
lowing tests were conducted:

(1) Effect of phosphate and irradiation, separately
and in combination, on eating quality of beefsteak stored
for twenty-one days in vacuum at 29°F followed by an addi-
tional three days in air at 29°F. The low storage temper-
ature made it possible to use phosphated and nonphosphated

nonirradiated steaks taken from the same muscles as were

the phosphated and nonphosphated irradiated (100 Krad)

steaks. Phosphate treatment was carried out as previously
described. Steaks were immersed for 45 seconds in a 10%
tripolyphosphate solution and allowed to drain several
minutes before packaging. All steaks used in the three
tests comprising this set were individually vacuum packaged
in gas impermeable flexible pouches from which they were
transferred to trays with oxygen permeable film overwrap

for the final three days of storage.
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(2) Effect of irradiation (100 Krad) with and with-
out prior phosphate treatment on eating quality of beef-
steaks stored for twenty-one days in vacuum at 40°F plus
an additional two days in an oxygen permeable wrap at 40°F.
This test was identical to (1) except that 40°F storage
temperature was used, and, as a result, the control steaks
were cut from a fresh beef muscle the day before each of
the four replicate tests was conducted.

(3) The effect of treating with salt plus phos-
phate, as compared to treatment with phosphate only and to
no treatment on the eating quality of irradiated (100 Krad)
beefsteaks. Since a tripolyphosphate-salt synergism with
respect to improvement of tissue water holding capacity
has been reported by several investigators it was thought
to be of interest to determine the effect, if any, of this
combination on flavor in particular. Four tests were con-
ducted comparing the foregoing variables. Nonphosphated,
noqirradiated freshly cut controls were employed in two
of the four tests. Salt plus phosphate treated steaks were
immersed in a water solution of 10% sodium tripolyphosphate
and 2-1/2% culinary grade sodium chloride for 45 seconds
and drained for several minutes before packaging. Steaks

treated with 10% tripolyphosphate only were immersed and
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drained as well. Three choice grade beef top rounds were
used and one-third of the steaks from each of the three
rounds was treated in each of the three ways. The steaks
for each variable were tightly bulk vacuum packed, not
wrapped, in separate large impermeable flexible bulk bags.
After irradiation to 100 Krad all bags were stored for
twenty-one days at 38°F in vacuum plus two additional days
in air at 38°F before cooking. Freshly cut control steaks

were used in only two of the four tests.



RESULTS AND DISCUSSION

Storage Studies

In the first study packaged ground beef was sub-
jected to seven radiation doses and three storage atmo-
spheres. The top, bottom and knuckle from a Commercial
Grade round of beef were trimmed of surface fat and cut
into chunks which were first coarsely ground and thor-
oughly mixed, and then put through a fine grind and thor-
oughly mixed again to give a homogeneous batch. The ground
beef was then sealed in fresh meat cellophane pouches, 175
grams per pouch. One-third of the pouches of meat was
vacuum sealed in gas-impermeable film pouches. The two
packaging variables were each divided into seven equal
lots. One lot of each remained nonirradiated and the other
‘ lots were treated with 50, 100, 150, 200, 300 and 500 Kilo-
rads of gamma radiation. All of the vacuum packaged sam-
ples and half of the aerobically (fresh meat cellbphane)
packaged samples were stored in a 38°F refrigerator to
await evaluation. The other half of the aerobically pac-

kaged samples was placed in a large modified pressure
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canner which was sealed, evacuated, and immediately back-
filled with two atmospheres (30 psia) of pure oxygen in
which the samples were stored at 38°F. Evaluation was
carried out as described under "Materials and Methods,"
and the data and observations are summarized in Table 1.

It was observed that vacuum-packaged samples under-
went surface browning immediately upon vacuum sealing in
the impermeable pouches. This was not surprising since
the pigment is more labile to oxidation in ground beef
than it is in the intact tissue. It was also observed
that during irradiation at all of the doses the brown sur-
face color reverted to purplish,which is consistent with
the fact that irradiation of biological material under
vacuum generates reducing conditions which can result in
reduction of oxidized pigment and lipid peroxides, etc.

The initial (one day) platé count data indicate approxi-
mately the same degree of total count reduction during
irradiation in vacuum as occurred during irradiation in
air. Oxygen pressure storage had a temporary protective
effect against discoloration but fell short of providing
the desired two to three week salable life extension color-
wise. Moreover, an intense stale tallowy odor was observed

at 12 days, and at 23 days when the samples under oxygen
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TABLE 1.--Total plate count. pH., color, odor and appcarancc of irradiated

and nonirradiated ground beef, stored in air, under oxygen and
under vacuum at 38 F.

STORAGE T I ME (days)

1 9
Variable Total pH Obscrvations Total PH Obsec ~vations
count count
A0 4x105 5.60 Bright red 4.2x108 6.20 Discolored, spoiled
odor & slime
AS50 leO3 5.72 S1l. dark red 2.6x107 5.51 Discolored, slight
off-odoc
3 6
Al00 3x10 5.60 S1. dark red 1.3x10 5.55 " "
AL50 1x10° 5.63 Ppurplish red 1x104 5052 - "
2 " " 3 "
A209 4x10 5.62 < 10 5.63 "
A300 < 102 5.65 " " < 103 5.67 Discolored, moderate
off-odor
A500 < 10 5.65 " " < lO3 5.68 " "
Days 12
Variable Total PH Observations
count
00 6.3x108 5.50 Brown-red, stale musty odor
7
350 7x10 5.52 " " "
6
0100 2.2x10 5.52 " " "
0150 1.6x10 5.57 " " "
0200 4.6x103 5.55 " " "
2 .
0300 < 10 5.58 " " !
2
0500 <10 5.60 " " "
Note: All 0 samples were scvercly discolored and oxidized at 23 days
and were discarded.
All A samples became severely desiccated during the third weck
of storage and were discarded.
Initial counts for variables stored under oxygen arc identical
to thosc of the corrcsponding variables stored in air.
Cod:: = Stored 1in Air

n

Stored under two atmospheres of pure oxygcn
Stored under vacuum
,» 50, 100, 150, 200, 300, and 500 are doscs in Krad.

A
0
\
0
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TABLE 1 - Continued

S TORAGE T IME (days)

1 9
Variable Total PH Observations Total PH Observations
count count
\Yo) 4x10S 5.60 Brown 4.5xl06 5.70 Brown, good odor
V50 8x103 5.55 Purple, became 4.5x105 5.72 Purple, "
red in air
3 4
V100 3x10 5.80 " " 2x10 5.72 " "
V150 3x103 5.70 " " 3x103 5.68 Purple, trace
off-odor
V200 5xlO2 5.68 " " 5x102 5.70 Purple, sl.off-odor
2 2 " "
V300 < 10 5.62 " " <10 5.70
2 2 , "
V500 < 10 5.62 " " <10 5.69 '
Days 23 28*
vOo 4.2xlO8 5.44 Brown, slight 3x108 5.22 Brown, spoiled odor
spoiled odor
V50 l.7x108 5.60 Brown-purple, l.2x108 5.60 Brown, slight
sl. off-odor stale odor
V100 2.6x107 5.58 " " 4.6x107 5.58 Dark red, slight
stale odor
7 7 " "
V150 1.4x10 5.63 " " 5.5x10 5.57
6 7 " "
V200 3.5x10 5.68 " " 1.8x10 5.62
v300 < lO3 5.64 " " < 103 5.64 " "
3 . 3 " "
V500 < 10 5.68 ' " < 10 5.64
Days 40 %>
Vo - - -
V50 3xlO8 4.90 Brown, spoiled odor
V100 1.8x108 5.20 " "
V150 7.8x107 5.40 Brown, trace spoiled odor
v200 2.5xlO7 5.61 Brown-purple, sl. off-odor
V300 < lO3 5.63 " " "
V500 < 103 5.65 " " "

*28 day V samples were exposed to the air at 23 days and remained so for
the five subsequent days.

**Held in vacuum until plated at 40 days.
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were discarded without further analysis. The oxidative
odor was so strong that it completely masked any indica-
tions of spoilage from the nonirradiated sémples at 12
and at 23 days, and it rendered all oxygen stored samples
indistinguishable with respect to odor and appearance
regardless of the radiation dose. All oxygen stored sam-
ples had unsalable color at 12 days. As expected, all
samples stored in air were very discolored after 9 days
although microbial spoilage was evident only on the non-
irradiated samples.

Vacuum packaged irradiated samples remained reason-
ably satisfactory during 23 days in vacuum plus an addi-
tional few days in air. Upon re-exposure to the air at
23 days the samples bloomed from purple to bright red within
one-half hour. The bright red bloom faded gradually during
the five additional days in air until at 28 days color of
the 100 Krad and higher dose samples was dark red with
traces of brown. The 0 and 50 Krad samples were brown and
exhibited signs of microbial spoilage. A slight stale odor
was noted on the 28th day indicating mild oxidation during
the five days in air. The pH data indicate that, while
aerobically held fresh meats normally undergo an increase

in pH during spoilage, vacuum packaged nonirradiated and
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radiation-pasteurized fresh meats undergo a pH reduction
during a recognizable spoilage process of a different
nature from that in air. The total plate count data, and
odor and color observations support the view that the 50
to 150 Krad dose range in combination with vacuum holding
can yield the two to three week or more needed salable
life extension at conventional refrigeration temperatures.
The flora of nonirradiated samples held in air was
overwhelmingly dominated by a gram-negative rod which pro-
duced large, smooth, pale, creamy, spreading surface colo-
nies on total count plates, no doubt a Pseudomonas specie.
Only a very few of this type were isolated from the 50 and
100 Krad samples, and none at alllfrom the higher dose sam-
ples. Interestingly, none was isolated from nonirradiated
samples held under oxygen. This may be explained by the
fact that strict aerobes in particular can lose viability
and outgrowth potential under hyperbaric oxygen. Two sub-
surface colony types dominated the outgrowing flora on
irradiated and nonirradiated samples held under vacuum.
One was a gram positive rod and the other a gram positive
cocci, and both produced acid in litmus milk. In the dose
range of interest (50-150 Krad) they accounted for a sour

type of spoilage and a drop in pH, all of which points to
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an innocuous spoilage process involving production of
short chain organic acids (e.g. lactic acid). Regarding
the dose requirement, indications from this study on
perishable ground beef are that 150 Krad or less is ade-
quate to provide needed salable life extension and yet
leave sufficient harmless micro-organisms remaining to
produce a detectable spoilage under refrigerated vacuum
holding.

In the following two storage studies the effects
of tripolyphosphate dip, storage temperature and anaerobic
storage followed by aerobic storage on the salable life of
fresh beefsteaks were investigated. 1In each of the studies
three Commercial Grade top-rounds were employed. Half of
the steaks from each of the top-rounds was dipped for 45
seconds in a 10% solution of sodium tripolyphosphate and
drained. All of the steaks were individually vacuum
packaged, and half of each of the phosphate treated lots,
and half of each of the nontreated lots was irradiated to
100 Krads. Each of the treatment variables was divided
into three storage temperature lots which were placed in
constant temperature storage cubicles. The samples from
each of the top-rounds used were labeled so that all of

the samples tested at each withdrawal period were from the
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same top-round (i.e. samples analyzed at the 8 day withdrawal
were all from round no. 1, etc.). After aseptically remov-
ing a 30-40 gram portion, steaks withdrawn from vacuum
storage were placed in trays and overwrapped with gas per-
meable PVC film. They were immediately returned to the
storage cubicles from which they came for the additional

four days aerobic storage after which they were again ana-
lyzed. The data and observations, and the variable codes

are shown in Table 2 and in Table 3.

On the average, dipping in 10% TPP increased meat
pH 0.65 unit in the first study, and about 0.50 unit in the
second. A pronounced pH decrease occurred during 50°F
storage, especially with the irradiated samples. The same
trend occurred at 40° and at 35°, but to a lesser extent
than at 50°. There was also a tendency toward a slight
rise in pH of nonirradiated samples during the four day
post-vacuum storage holding period in air following the pH
decline during vacuum storage. A probable explanation is
that acid producing species dominated during vacuum holding
while aerobic meat spoilage types still present in large
numbers because the samples were not irradiated, grew out
during aerobic holding and exerted their normal pH raising

effect. Only one set of samples of those held at 29°F
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TABLE 2.--Effect of phosphate, radiation, temperature and anaerobic storage
followed by aerobic storage on quality of fresh beefsteaks.

Zexro time evaluation

Variable pPH TPC/gm
Round 1, 0-0 5.53 2.0 x 104
" 0-I 5.57 4.0 % 10°
" P-0 6.25 6.1 x 107
" p-1 6.20 1.4 x 10°
Round 2, 0-0 5.52 8.2 X 10°
" 0-I 5.58 5.0 X 10°
" P-0 6.17 2.0 x 10%
" p-I 6.35 3.8 X 10°
Round 3, 0-0 5.53 3.2 x 10%
" 0-I 5.55 2.2 X 10°
" P-0 6.20 3.3 x 10°
" p-1 5.98 6.0 X 10°

Caode:
0-0
P-0

No dip, no irradiation.

10% TPP dip, no irradiation,

0-I = No dip, 100 Krad.
P-I = 10% TPP dip, 100 Krad.

29, 40 and 50 are constant storage temperatures in °F,
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8 days in vacuum

Variable pH TPC/gm Observations
0-0-29 5.53 4.5 x 104 Phosphate treated samples
P-0-29 6.32 7.2 X 102 :EZeuiiiiaEZZ?lliﬁmﬁﬁiﬁ
0-I-29 5.48 1.5 X 10 stored at 50°F had slight
ez soxi?  ofder samles stord
0-0-40 5.45 1.0 X 10 odor.
P-0-40 6.12 1.3 x 107
0-I-40 5.42 1.5 X 105
P-I-40 6.15 1.7 X 105
0-0-50 5.23 7.0 X 107
P-0-50 5.83 8.2 X 10°
0-1-50 5.45 7.1 x 107
P-I-50 5.95 3.0 X 108

8 days in vacuum plus 4 days in air
0-0-29 5.58 2.5 X 105 Brown red, good odor
P-0-29 6.20 1.4 x 10° Bright red, " "
0-I-29 5.62 1.8 X 104 Brown red, " "
P-I-29 6.13 1.2 X 104 Bright red, " "
0-0-40 5.40 2.2 X 108 Brown red, spoiled odor
P-0-40 7.00 7.9 X lO8 Red + green, " "
0-I-40 5.40 1.7 X 107 Brown red,_good odor
P-1-40 5.73 8.0 x 10’ Bright red, " "
0-0-50 These 50°F samples were extremely spoiled and dis-
P=0=50 colored at this time and were discarded.
0-I-50 " " " "

P-I-50
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16 days in vacuum

Variable PpH TPC/gm Observations

0-0-29 5.42 5.5 x 10 Brown, good odor

P-0-29 6.02 3.5 x 10 Purple, " "

0-I-29 5.50 1.0 X 103 Brown, " "

P-I-29 6.24 1.4 X 103 Purple, " "

0-0-40 5.28 1.5 X 107 Brown-purple, sl. off odor

P-0-40 6.02 1.2 x 10° purple, " "

0-I-40 5.46 1.1 X 106 Brown-purple, good odor

P-I-40 6.08 6,0 X 106 Purple, ' " "

0-0-50 5.10 1.6 X 108 Brown-purple, sour odor

P-0-50 6.07 1.4 X 109 " " " "

0-1-50 5.10 1.0 x 10° " " sl. off-odor

P-I-50 5.78 3.2 x 10° Purple, " "
16 days in vacuum plus 4 days in air

0-0-29 5.60 6.0 X 105 Brown, good odor

P-0-29 6.12 8.0 X lO5 Bright red, good odor

0-I-29 5.50 7.0 X 104 Brown, " "

P-I-29 6.28 4.2 x 104 Bright red, " "

0-0-40 5.41 3.1 X 108 Brown + green, spoiled

P-0-40 6.28 2.2 X 109 " " v

0-I-40 5.43 1.0 X 107 Brown, sl. off-odor

P-I-40 5.98 1.2 X lO8 -Red, " "

0=0-50 Samples stored at 50°F were extremely spoiled and

P=0-50 discolored and were discarded.

0-I-50

P-I-50
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24 days in vacuum
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|

Variable pH TPC/gm Observations
0-0-29 5.42 4.1 X 105 Brown, good odor
pP-0-29 6.14 1.5 X 106 Purple + brown, good odor
0-I-29 5.42 2.0 X 103 Brown, good odor
P-I-29 6.05 6.0 X 103 Purple, " "
0-0-40 5.25 1.8 X 108 Brown, spoiled
P-0-40 5.94 4.3 X 108 Purple + brown, spoiled
0-I-40 5.37 9.0 X 106 Brown, sl. off-odor
P-I-40 6.18 9.5 X 107 Purple, good odor
0-0-50 5.23 5.2 X 108 Poor color and odor
P-0-50 5.83 6.5 X 109 " " "
0-I-50 5.00 1.2 X 108 " " "
P-I-50 5.58 4.5 X 108 " " "

24 days in vacuum plus 4 days in air
0-0-29 5.50 1.8 x 10° Brown, good odor
P-0-29 6.18 3.0 x 10° Bright red, good odor
0-1I-29 5.48 7.5 X 104 Brown, " "
pP-I-29 5.90 5.0 X lO4 Bright red, " "
0-0-40 5.25 2.3 X 108 Brown + green, spoiled
P-0-40 5.72 6.0 x 10° Red + green, "
0-1-40 5.38 1.3 x 10° Brown, sl. off-odor
P-I-40 5.97 4.7 x 10° Bright red, sl. off-odor
0-0-50 Discarded
P-0-50
0-I-50

P-I-50
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TABLE 3.--Effect of phosphate, radiation, temperature and anaerobic storage
followed by aerobic storage on quality of fresh beefsteaks

Zero time evaluation

Variable PH TPC/gm
Round 1, 0-0 5.48 1.2 x 10°
" P-0 6.12 1.0 X 10°
" 0-I 5.49 7.0 x 10°
" p-1 5.92 2.2 x 10*
Round 2, 0-0 5.56 1.3 x 10°
" P-0 6.03 1.5 x 10°
" 0-1 5.51 1.8 X 10°
" p-I 5.82 2.0 x 10*
Round 3, 0-0 5.39 5.0 x 10%
" p-0 5.97 2.3 x 10%
" 0-I 5.41 2.7 x 10°
" p-I 5.97 1.0 x 10°

Code:

0-0 = No dip, no irradiation.

P-0 = 10% TPP dip, no irradiation.
0-I = No dip, 100 Krad.

P-I = 10% TPP dip, 100 Krad.

29, 35 and 40 are constant storage temperatures in °F.
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TABLE 3 - Cont'd

8 days in vacuum

Variable pH TPC/gm Observations
0-0-29 5.43 1.3 X 105 Brown,‘good odor
P-0-29 5.87 5.6 X 105 Purple, " "
0-I-29 5.50 1.5 X 103 Brown, " "
P-I-29 5.98 5.0 X lO3 Purple, " "
0-0-35 5.45 1.2 X lO6 Brown, " "
P-0-35 5.98 6.2 x 10° Purple, " "
0-I-35 5.46 1.5 X% lO3 Brown, " "
P-I-35 5.87 3.5 X 103' Purple, " "
0-0-40 5.56 8.8 X 106 " " "
P-0-40 5.86 3.0 X 107 " " "
0-I-40 5.46 1.4 X 105 " " "
P-I-40 5.92 1.6 x 10° " " "

8 days in vacuum plus 4 days in air

[
o
)]

0-0-29 5.52 1.2
P=0-29 5.78 9.3
0-I-29 5.54 7.0
pP-I-29 6.02 8.5
0-0-35 5.44 2.0
P-0-35 5.88 1.9
0-I-35 5.51 1.1
P-I-35 5.92 2.1
0-0-40 5.65 1.3
P-0-40 5.92 1.6
0-I-40 5.46 2.0
P-I-40 5.75 4.1

Red-brown, good odor
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Bright red, " "
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Red-brown, " "
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=
o

Brown-red, " "
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[
o

Red-brown + green, "

)
o

Red-brown, sl. off-odor
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16 days in vacuum

Variable pH TPC/gm Observations
0-0-29 5.43 6.2 X 105 Brown, good odor
'P-0-29 6.08 5.8 X 106 Purple, " "
0-I-29 5.40 2.0 X 104 Brown, " "
P-I-29 5.90 8.6 X 104 Purple, " "
0-0-35 5.44 l1.0X 107 Brown, " "
P-0-35 5.82 2.6 X 107 Purple, " "
0-I-35 5.42 4.6 X 105 Brown, " "
P-I-35 6.02 5.5 X 106 Purple, " "
0-0-40 5.47 6.6 X 10.7 Purple-brown, trace off-odor
P-0-40 5.82 2.1 x 10° Purple, " "
0-I-40 5.43 9.3 x 10° Brown, " "
P-I-40 5.90 9.0 X 107 Purple, " "

16 days in vacuum plus 4 days in air
0-0-29 5.47 1.8 X 106 Red-brown, good odor
P-0-29 5.97 2.2 X 107 Bright red, " "
0-I-29 5.43 3.9X 105 Brown, " "
pP-I-29 5.88 7.2 X 105 Bright red, " "
0-0-35 5.51 2.3 x 10° Brown-red, sl. spoiled odor
P-0-35 5.79 6.6 X 108 " " " " "
0-I-35 5.45 1.3 X 107 " " , good odor
P-I-35 5.96 5.0 X 10‘7 Bright red, " "
0-0-40 5.62 3.0 X 109 Brown + green, spoiled odor
P-0-40 5.82 4.2 X 109 " " " "
0-I-40 5.38 3.3 X 108 Brown-red, sl. off-odor
P-I-40 5.87 1.0 X 10° wooow "
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TABLE 3 - Cont'd

m—
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24 days in vacuum

0-0-40 5.30 1.3
P-0-40 5.88 1.0
0-I-40 5.52 8.5
P-I-40 5.92 2.5

[
o

Brown, spoiled odor

[
o

Purple, n "

=
o

" sl. off=odor

Variable pH TPC/gm Observations
0-0-29 5.42 2.2 x 10° Brown, good odor
P-0-29 6.03 2.7 x 107 Purple, " "
0-I-29 5.60 2.0 X 10° Brown, " "
P-I-29 5.98 2.1 x 10° pPurple, " "
0-0-35 5.38 4.9 x 107 Brown, " "
P-0-35 5.91 1.5 x 10° Purple, " "
0-1-35 5.46 6.5 x 10° Brown, " "
P-I-35 - 5.98 8.3 X 10” purple, " "

% 10°

% 109

% 107

% 108

=
o

24 days vacuum plus 4 days in air

=
o
~

0-0-29 5.51 1.2
P-0-29 5.90 1.3
0-I-29 5.67 1.4
P-I-29 6.03 1.3
0-0-35 5.40 9.0
P-0-35 6.00 7.0
0-I-35 5.55 2.5
p-I-35 5.80 3.0
0-0-40 5.42 2.7
P-0-40 6.00 1.3
0-I-40 5.52 8.3
P-I-40 5.97 9.8

Brown, good odor

=
o

Bright red, good odor

=
o
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=
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=
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Red=-brown, good odor
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(phosphate-treated and nonirradiated) reached a total count
in excess of 108 per gram, and this wasn't until 24 days

in vacuum plus four days in air. No signs of spoilage were
evident at any time with samples held at a constant 29°F,
nor were there any with 35°samples so long as they remained
under vacuum. At 35°F rapid outgrowth and spoilage took
place within a few days after removing samples from vacuum
and placing them in air; and the data and observations indi-
cate that radiation is necessary to achieve a three week

or more salable life at this temperature under the condi-
tions employed. At 40°F, 100 Krad appeared barely adequate
to provide in excess of three weeks salable life from a
microbial standpoint. A 150 Krad dose would likely have
provided a significant additional margin at this fairly
high temperature. At a constant storage temperature of
50°F all samples became spoiled during a few days storage
in air following eight days in vacuum. In agreement with
published information about enhanced metmyoglobin reduction
at higher temperatures, it was observed that metmyoglobin
reduction of vacuum packaged nonirradiated samples which
had browned was greatest at 50°F. A dose of 100 Krad is

clearly insufficient for a constant 50°F holding temperature
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which, in a commercial situation, would represent temper-
ature abuse and improper handling.

As in the first study, the outgrowing flora on all
samples while under vacuum was dominated by a few gram
positive species which produced acid in litmus milk besides
causing the reductions in meat pH. There were no qualita-
tive differences in the outgrowing flora at the various
temperatures; there were merely more of the same, and
sooner, at the higher temperatures, especially at 50°F.
Gram-negative Pseudomonas types were present in signifi-
cant numbers on nonirradiated samples at all temperatures,
but their outgrowth was greatly depressed under vacuum.
Their numbers did, however, increase sharply during post-
vacuum holding in air. This was most noticeable with non-
irradiated samples held at 29°F at which temperature the
acid producing species increased in numbers relatively
slowly, and with the higher temperature nonirradiated sam-
ples at the earlier withdrawal periods before the acid
producers became overwhelmingly dominant. A small but
noticeable general enhancement of outgrowth due to phos-
phate treatment occurred with both irradiated and non-
irradiated samples at all temperatures. This was probably

largely due to the higher pH which favors the outgrowth of
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the common meat bacteria. This slight, apparently unimpor-
tant negative effect of phosphate treatment is more than
offset by the beneficial effects upon water holding capa-
city and color retention.

Although the phosphate treatment was intended
specifically as a drip controlling measure, color observa-
tions lead one to conclude that phosphate treatment is
probably necessary to attain satisfactory color as well
under the proposed conditions. The striking beneficial
effect of phosphate treatment on color may or may not be
entirely a pH effect as well, but it could be considered at
least as important (if not moreso) as the drip reducing
effect. While untreated samples occasionally became par-
tially or completely brown immediately upon vacuum pack-
aging (probably due to a combination of residual oxygen
and low metmyoglobin reducing capacity meat) this was never
observed to occur with phosphate treated samples, even when
they were from the same muscle as the discolored untreated
samples. Further, untreated samples often became brown (if
they were not already) rather than blooming very soon after
re-exposure to the atmosphere following vacuum storage.
This has not been observed to occur with phosphated samples.

Retention of bloom during post-vacuum holding was enhanced
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by low temperature (29°F) holding, as well as by radiation
pasteurization when the higher holding temperatures were
employed. The radiation effect is probably due to (1)
reducing conditions brought about by irradiation in vacuo,
and (2) the reduction in the number of microéorganisms and
resulting delay in microbial spoilage. Thus it appears
that to achieve the objective, phosphate treatment and
vacuum holding are needed with a temperature just above
freezing, and radiation (or some equivalent treatment) must

be added at conventional refrigeration temperatures.

Packaging Tests

Since the packaging and bulk packing tests were
evaluated by qualitative observations for gross differences
which do not lend themselves to graphic or tabular repre-
sentation, the results are presented here entirely in the
form of a discussion of each of the five tests (A through
E) in the order in which they are described under "Materials
and Methods."

A. The aim of this group of tests was to compare
the two basic approaches to bulk vacuum packing: 1) the

method of choice, that of loosely bulk vacuum packing
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individually prepackaged consumer cuts such that they can
be shipped in bulk containers under anaerobic conditions
without having the individual cut packages undergo any
physical damage (e.g., one layer of packages pressing upon
another) during handling and shipment, and 2) the partial
approach to complete centralized preparation, that of
tightly bulk vacuum packing bare (nonwrapped) consumer
cuts for shipment, and leaving the individual-cut pack-
aging to the retailer. The two approaches were compared
solely from a technological viewpoint although there are
important, perhaps overriding non-technical aspects (e.g.,
merchandising) involved. Upon opening the bulk containers
and before removing the contents a mild "confinement" odor
was noted in all cases. It was stronger and of a slightly
different nature from irradiated containers than from non-
irradiated containers, but it rapidly disappeared in both
cases. Nonwrapped, tightly bulk vacuum packed cuts were
consistently uniformly purple in color, and all cuts so
packed, phosphated and nonphosphated, irradiated and non-
irradiated, bloomed to a desirable red shortly after laying
out in the air whether or not they were first wrapped with
oxygen permeable film before blooming. The nonirradiated

samples had a sour spoilage odor and they did not maintain
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the bloom as well as the irradiated. Phosphate treatment
and/or irradiation resulted in markedly better bloom
retention during aerobic holding. Discoloration usually
did not become objectionable with the irradiated until the
third day at the earliest after three weeks of vacuum
holding.

In rigid bulk containers from which some 25 to 30
lbs. of tightly packed steaks were removed there was never
more than a few ml. of a rather viscous, coagulated fluid
exudate remaining. A probable reason is that the tightly
packed bare steaks acted essentially as a single uncut
large chunk of meat with a low surface to volume ratio,
since the cut surfaces were pressed against one another
under a slight pressure. When large flexible vacuum bags
were used as the bulk containers noticeably more drip loss
remained behind after removing the cuts, but this was still
a relatively small amount (ca.l0 ml.). Most importantly,
cuts so packed never exuded more than insignificant amounts
of drip during a few days holding in air after individually
packaging. It seems that with this approach phosphate
treatment is more important for color retention than it is
for drip reduction. From every technical aspect this basic

approach consistently yields highly satisfactory results.
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Color and drip control successes are particularly notewor-
thy, and the cuts could not be distinguished appearance-
wise from freshly cut steaks before discoloration in air
appears, as happens with freshly cut steaks as well.

With the approach of individually prepackaging
prior to loosely bulk vacuum-packing color and drip results
were variable and frequently unsatisfactory. Upon removal
from the vacuum containers, the cuts in trays with film
overwrap were frequently somewhat discolored, and often
the watery drip in the individual packages, especially
at the bottom layers, was excessive. Phosphate treatment
nearly always markedly improved color. While it caused a
significant drip reduction it did not eliminate drip accu-
mulation, which was sometimes excessive in spite of the
phosphate treatment. Drip would probably be further
reduced by a phosphate application method which does not
incorporate as much added water into the meat as does
dipping in solution. Prepackaged cuts which did undergo
bloom regeneration during post-vacuum holding in air
appeared to do so more rapidly and to a greater extent
when first unwrapped and then allowed to bloom without
any film. Steaks which underwent blooming while still in

the packages generally discolored faster than steaks which



62

were unwrapped prior to blooming. All prepackaged steaks
which did bloom, however, discolored faster than did the
tightly bulk vacuum packed nonprepackaged steaks whether
or not the latter were wrapped before being set out to
bloom.

B. When the gas permeable meat wrapping films
were compared with one another, and with no film at all,
with regard to color and bloom regeneration as described
in (B) under "Materials and Methods," the three films were
found to perform equally well. When discoloration occurred
it did so to about the same degree with each film. Usually
the cuts in trays with no film overwrap yielded best results
colorwise whether or not they were overwrapped immediately
upon removal from the bulk vacuum containers. On the whole,
irradiation appeared to result in somewhat improved color,
and phosphate treatment markedly improved color results.
In general, indications were that when cuts are loosely
bulk vacuum packed in separate trays best results are
obtained when there is no film overwrap, but such results
are not as consistently good as when nonwrapped cuts are
tightly bulk vacuum packed as in (A). When loosely bulk
vacuum packed nonphosphated prewrapped and nonwrapped cuts

showed severe discoloration the meat appeared to be of the
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pale, watery low metmyoglobin reducing capacity type which
derives the greatest benefit from phosphate treatment. Con-
versely, in instances where no discoloration whatever occurred
during loose bulk vacuum holding, the meat appeared to be

of the high metmyoglobin reducing capacity type. The two

extremes can be rather easily recognized by visual examina-

tion of appearance. Also, the former usually becomes brown

upon vacuum packaging in transparent pouches whereas the ﬁ
latter rapidly develops and maintains a deep purple color.

C. This test was a repeat of (B) except that two
of the four rigid bulk vacuum containers employed were
alternately evacuated and nitrogen flushed five times prior
to drawing the final vacuum. In this test all samples,
prewrapped and nonwrapped, nitrogen flushed and not flushed
showed the same desirable purple color upon removal from
vacuum. Subsequent bloom regeneration in air proceeded
highly satisfactorily with all samples as well. There were
varying amounts of drip up to several ml. in the individual
trays. As usual, the drip was greatest in the trays toward
the bottom of each container. Trays are stacked six layers
deep in the containers, and despite efforts to avoid pres-
sure on the cuts from packages above a small amount of

this stress was unavoidable. It appears to be the only
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possible reason for the greater amounts of drip in the
bottom layers of packages. Drip was noticeably more abun-
dant in packages from the nitrogen flushed containers.

This may have been due to the suction-compression effect

of the multiple evacuations and flushings. A nitrogen
flushing advantage was not evident; however this test did
demonstrate that very fresh meat of obviously high metmyo-
globin-reducing capacity can yield good color results

under the conditions employed which have often resulted

in partially or completely discolored meat. Rate and
extent of post-vacuum bloom regeneration appeared to be
enhanced somewhat by removing the wrapping film from pre-
packaged cuts and either allowing them to bloom unwrapped
or rewrapping them in fresh new film of the same kind

prior to blooming. It may be that when film is in intimate
contact with the cuts for an extended period of holding,
the film may lose some of its gas transmissibility, thus
possibly enhancing pigment oxidation. The meat itself does
not appear to be affected, whereas cuts from the same
muscle which were unwrapped upon removal from vacuum and
which had not been prewrapped at all, underwent bloom
regeneration in air at the same rate and to the same extent.

Both bloomed more rapidly than prepackaged cuts that remain
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packaged and nonwrapped cuts that are wrapped before
blooming in air. The differences usually were not great,
however.

D. This series was intended to compare the con-
ventional (tray plus overwrap) and ‘'skin-tight' methods
of individual cut packaging with the aim of determining
whether or not trapped air in the packages is contributing
to the discoloration due to pigment oxidation which fre-
quently has occurred during bulk vacuum holding of con-
ventionally prepackaged cuts. It is reasoned that, during
the evacuation of the bulk containers, some air probably
remains within the trayed and overwrapped packages giving
rise to pigment oxidation. The observation that discolora-
tion occurs particularly with meat of apparent low metmyo-
globin reducing capacity supports this view. The results
of these tests also point to entrapped air as the major
cause of discoloration. Steaks packaged in 'skin-tight'
pouches prior to bulk vacuum packing did not discolor to
any noticeable degree whereas some of the conventionally
prepackaged steaks emerged from vacuum holding showing
various amounts of surface browning. In general, steaks
so packaged did not bloom as well, and did not hold the

bloom as long as did the 'skin-tight' packaged steaks.
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In both cases phosphate treatment improved color results
over those of nonphosphated steaks. Cuts packaged in the
'skin-tight' fitting pouches bloomed more rapidly and
extensively when the film was removed at the end of bulk
vacuum holding than when the cuts remained in their pouches.
As noted in other tests, rewrapping the cuts in fresh new
film of the same type also improved bloom regeneration
somewhat compared with leaving the cuts in their original
pouches. Equally good color results were obtained with
nonwrapped cuts and with ‘'skin-tight' packaged cuts which
were unwrapped upon removal from vacuum. Not as good, but
satisfactory results were obtained when 'skin-tight' pack-
aged cuts were allowed to undergo post-vacuum bloom regen-
eration in the original pouches. Variable, sometimes
unsatisfactory color results occurred with conventionally
prepackaged cuts. Again, discoloration was apparently due
to a combination of residual in-package oxygen and low met-
myoglobin reducing capacity meat.

E. Tests designed to check the effect, if any, of
a common film plasticizer and anti-fogging agent on surface
color yielded negative results. No observable effects attri-
butable to either film additive occurred. Samples in direct

contact with plasticized film and samples in direct contact
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with dichromate cleaned glass were identically purple

upon removal from vacuum holding, and both sets bloomed

in air at the same rate and to the same extent. Similarly,
samples wrapped in ethylene-vinyl acetate film with and
without an anti-fog additive performed identically color-
wise. If, as indicated by these results, the film itself
does not contribute to discoloration when it occurs, then
residual low partial pressure oxygen, and the freshness
and biological activity of the meat (e.g. its oxygen utili-
zation - and metmyoglobin reducing potential) would appear
to be the principal, and perhaps the only significant fac-

tors governing color results under the conditions used.

Sensory Evaluation Tests

The results of the three series of sensory evalua-
tion tests are presented and discussed in the order in which
they appear under "Materials and Methods."

(1) This series of three tests was designed to
study the effect of phosphate and irradiation, separately
and in combination, on eating quality of beefsteak stored
for twenty-one days in vacuum at 29°F followed by an addi-

tional three days in air at 29°F. The next page is a
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copy of the scoresheet used for all sensory evaluation tests,
and the results of the three tests comprising this series
are summarized in Table 4. The variable codes are as follows:

0-0 no phosphate, no irradiation

P-0 phosphate treated, no irradiation

P-1I " " , 100 Krad

0 -1I no phosphate, " "
Just prior to cooking it was noted that the phosphate
treated samples were generally bright red and appealing
in appearance whereas those not treated with phosphate
were generally dull red to brown. Upon removal from the
vacuum pouches a trace of off odor could be detected from
the irradiated samples, although all samples had essen-
tially fresh beef odor with no indications of spoilage.
In PANEL 1 the relatively low texture and juiciness scores
for "0-I", and the relatively low flavor score and high
texture and juiciness scores for "P-I" are noteworthy.
Differences in overall quality scores are not great, and
all four variables can be considered definitely acceptable.
In PANEL 2, however, the two irradiated variables were mar-
ginally acceptable, both having rather low flavor scores.
The "0-I" variable again received low texture and juiciness
scores, as did the "p=-I* variable in this test. In contrast,

"O0-I" was the most preferred variable in PANEL 3, and "P-I"
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SENSORY EVALUATION OF QUALITY FACTORS:

For each sample, please evaluate each quality factor. Score each factor
with the number corresponding to the most descriptive comment. For example,
a color score of 5 would indicate that you consider the sample to have an
overall color of marginal gquality (i.e., "on the fence" between slightly
acceptable or fairly good and slightly unacceptable or fairly bad).

Moistness

Sample Flavor or Overall
code Color | Odor (Taste) Texture | juiciness quality | Comments

SCORING CODE:

Acceptable Range: " Unacceptable Range:
9 =  Excellent 4 = Fairly bad
8 = Very good 3 = Bad

7 = Good 2 = Very bad

6 = Fairly good 1 =  Poor

5 = Marginal



TABLE 4. Effect of phosphate, irradiation, and phosphate plus
irradiation on eating quality of beefsteaks.

Texture juiciness

Overall
quality

Significantly
different @
95% level*

Cooked
Treatment color Odor
PANEL 1 (24 panelists):

Ave 6.5 6.4
0-1

Range 4-9 4-9

Ave 6.2 6.1
P-0

Range 4-8 2-8

Ave 6.3 6.3
P-1

Range 4-8 2-8

Ave 6.4 6.3
0-0

Range 38-9 4-8

6.1

PANEL 2 (20 panelists);

Ave 5.7 5.9

0-1
Range 3-8 4-8
Ave 6.4 6.2

P-0
Range 4-8 3-9
Ave 5.6 5.6

P-1
Range 3-8 1-8
Ave 6.8 6.5

0-0
Range 5-9 2-9

PANEL 3 (31 panelists):

Ave 6.9 5.9

0-1
Range §-9 3-9
Ave 6.2 6.2

P-0
Range 3-8 4-8
Ave 6.2 5.6

P-1
Range 3-9 2-8
Ave 5.8 6.0

0-0
Range 2-8 4-8

* PRefers to "overall quality" scores only.

3-8

Variables appearing in this column

had significantly higher "overall quality" scores than the variables for that

row,
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and the control the least preferred. The control was judged
to be inferior in the texture and juiciness categories,

and "P-I" in the flavor and odor categories. Surprisingly,
"0-1I" received the highest ratings for texture and juiciness
in the third panel. There appears to be an unfavorable
interaction between phosphate treatment and irradiation with
respect to flavor. If so, this might be attributable to
increased water content due to dipping which would tend to
favor increased radiation induced flavor changes (reducing
the water content of foods is commonly recognized as a

means of reducing radiation induced off flavors and damage
due to products of water radiolysis). In most instances

the range of scores among the panelists was rather broad
indicating considerable disagreement among the panelists as
to their responses. Comparing "P-0" and "0-0" in PANEL 3,
phosphate treatment appeared to improve texture and juici-
ness whereas in the other two panels phosphate treatment
appeared to have no effect, or possibly a slight overall
negative effect. Comparing "0-I" and "0-0", and "P-I" and
"P-O", there appears to be a slight negative effect of a

100 Krad dose of radiation upon flavor and odor. With a
familiar, standard food item like beefsteak a detectable

atypical flavor note would be expected to be graded
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critically by a taste panel, but unless very pronounced,
might go unnoticed in the home, especially if normal
culinary practices and embellishments were used.

(2) This series of four tests was designed to study
the effect of irradiation with and without prior phos-
phate treatment on the eating quality of beefsteaks stored
for twenty-one days in vacuum at 40°F plus an additional
two days in air at 40°F. Variable codes are the same as
for (1) and the data from the four tests are summarized
in Table 5. 1In three of the four panels the control was
judged to have significantly higher "overall quality" than
the treated samples. PANEL 1 data suggest that the dif-
ference in overall quality between the treated-stored sam-
ples and the freshly cut control is largely if not entirely
due to superior flavor of the latter. The especially low
flavor score for "P-I" might possibly be due to an interac-
tion between irradiation and added water due to the phos-
phate dip and/or an undesirable flavor note originating
from the phosphate salt. 1In PANEL 2, objectionable flavor
and odor appear to be the reasons for the low overall
quality score given to "P-I". "0-I" and the fresh control
wererated slightly lower in texture and juiciness and

slightly higher in flavor and odor. In PANEL 3, "O0-I" and
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TABLE 5.--Effect of phosphate dip and/or irradiation and storage at 40°F on eating
quality of beefateaks.

Moistness S8ignificantly
Cooked or Overall different at

Treatment color Odor Flavor _Te: uiciness uali 9 *
PANEL 1 (20 panelists):

Ave 6.4 5.2 4.9 6.8 7.2 5.8 (T4
P-1 0-0

Range 4-8 1-7 3-7 5-8 6-8 3-8

Ave 6.8 6.2 6.0 6.5 6.6 6.3
0-1 0-0

Range $-8 3-8 4-8 5-8 5-8 4-8

Ave 7.1 6.6 6.8 6.6 6.6 6.8

Range 5-8 5-8 5-8 5-8 4-8 -8
PANEL 2 (25 panelists):

Ave 6.6 5.7 5.1 6.7 6.6 5.4 0-1
P-1 0-0

Range 4-9 3-7 3-8 39 4-9 3-8

Ave 7.0 6.2 6.1 6.8 6.6 6.3
0-1

Range 69 3-9 3-8 59 5-8 5-8.5

Ave 6.8 6.5 6.3 6.2 6.2 6.3

Range 5-9 4-8 4-9 3-8 3-8 4-8

Panel 3 (32 panelists):
e 6.3 6.0 5.8 6.4 6.2 5.9

P-1 . 0-0
Range 4-9 3-9 3-8 48 4-8 3-8
Ave 6.2 6.1 5.6 6.3 6.2 5.9
0-1 0-0
Range 3-9 4-9 3-8 2-9 4-8 4-8
Ave 6.9 7.1 7.0 6.8 7.0 7.0
0-0
Pange 59 59 3-9 48 59 4-9

Ave 6.7 6.3 5.6 6.4 6.1 6.0
p-1 o-1
Pange 3-9 39 1-8 49 3-9 3-8 0-0
Ave 6.9 5.8 5.8 6.8 7.0 6.2
0-I 0-0
Range 49 3-8 2-8 5-9 5-9 1-8
Ave 7.0 6.6 6.8 6.5 7.0 6.7
0-0
Range  5-9 3-9 4-9 4-8 5-8 5-8.5

* .
Refers to “"overall quality" scores only. Variables appearing in this column had
significantly higher "overall quality” scores than the variable for that row.

Code: P-1 phosphate treated, 100 Krad
O-1 no phosphate, 100 Krad
0-0 no phosphate, no irradiation
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"P-I" have equivalent overall quality scores, both being
considerably lower than that of the freshly cut control
which was preferred in every respect. Flavor appears to
have been the chief influencing factor. As with panels

1 and 2, PANEL 4 scores indicate that "P-I" is signifi-
cantly lower in overall quality than both "I-0" and "0-0."
Surprisingly, "P-I" was judged lowest in juiciness by a
fairly wide margin. 1In general, the overall data demon-
strate that beefsteaks irradiated and held for an extended
period at 40°F can be judged to be of equivalent or nearly
equivalent quality as freshly cut untreated steaks. As in
the first series of tests, the data suggest an objection-
able phosphate treatment-irradiation interaction that
probably would be reduced or eliminated by a phosphate
application method that incorporates a minimum of added
water into the meat.

(3) This series was designed to compare the effect
of treating with salt plus phosphate, phosphate only, and
no phosphate on the eating quality of irradiated beef-
steaks. Results of the first two panels are summarized in

Table 6. The variable codes are as follows:
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TABLE 6.--Effect of phosphate dip, and salt plus phosphate dip on
eating quality of irradiated beefsteaks.

|
|

———
———— —

Moistness Significantly
Cooked or Overall different at
Treatment color Odor Flavor Texture juiciness quality 95% level *

Panel 1 (27 paneligts [:

Ave 6.5 6.2 6.3 6.8 6.8 6.3
0-0-1 8-P-1
Range 4-8 5-9 4-8 5-9 3-9 5-8
Ave 6.6 6.1 6.2 6.6 6.7 6.3
0-P-I S-P-1
Range 4-8 3-9 4-8 3-9 3-8 4-9
Ave 7.0 6.2 6.5 6.6 6.2 6.5
S-P-1
Range 4-9 2-9 5-8 3-9 3-9 4-9

Panel 2 (21 paneligts !:

Ave 6.1 5.7 6.0 6.6 6.7 6.1
0-0-1
Range 4-8 3-7 4-8 5-8 5-9 5-8
Ave 6.7 6.0 5.9 6.8 6.9 6.2
0-P-1
Range 4-8 3-8 4-7.5 4-8 4-8 4-8
Ave 6.2 5.8 5.8 6.2 6.3 5.9
8-~P~1 0-0-I
Range 4-8 4-7 3-8 s-8 5-9 4-7.5 0-P-1

*  Refers to "overall quality” scores only. Variables appearing in this column
had significantly higher "overall quality" scores than the variable for
that row.
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0-0-1I no salt, no phosphate,
100 Krad

0O-P-1I no salt, phosphate
treated, 100 Krad

S-P -1 treated with salt plus
phosphate, 100 Krad

No control was included in the first two tests in order to
observe how the panelists, who had become accustomed to a
control sample, would react to tests without a control.

The panelists were not aware of the absence of a control.
The results indicate that there is little if any difference
in eating quality as a result of treatment with salt plus
phosphate. The interaction between phosphate treatment and
irradiation noted before did not appear to be a factor in
this set of tests. The closeness of the scores from
variable to variable may be in part a result of there being
no freshly-cut control. The absence of a freshly cut con-
trol may have resulted in a slight general increase in
scores for the irradiated-stored variables. All were decid-
edly acceptable after more than three weeks at 40°F. Under
these conditions nonirradiated steaks exhibit a sour spoiled
odor and flavor (they were tasted by the author but were

not served to panelists). The combination of salt plus

phosphate which is reported to have a synergistic effect in
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improving water holding capacity did not exhibit this
effect in this series of tests. There was noticeably more
drip loss in the flexible bulk vacuum bag holding the
tightly packed nonwrapped "S-P-I" steaks than in the bag
holding the "0-P-I" steaks. Both, however, exuded much
less drip than the "0-0-I" steaks. Further, dipping in
salt plus phosphate solution did not have any beneficial
effect upon texture and juiciness in this set of tests.

The second pair of taste panels did include a
freshly cut control, frém the same muscle for both tests,
which was judged to be inferior in overall quality compared
to the treated-stored variables. The data for this set are
summarized in Table 7. The data and verbal comments indi-
cate that the control had poor texture and was lacking in
flavor, indications of insufficient ageing. The salt plus
phosphate combination appears to have had a beneficial
effect in the first panel study, particularly with respect
to texture and juiciness scores, but no apparent effect
in the second.

Looking at all of the taste panel data together,
one can observe some apparent trends. Because comparable
data are sometimes contradictory, however, caution must be

exercised in interpretation. Written and verbal comments
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TABLE 7.--Comparison of eating quality of nondipped, phosphate
dipped irradiated beefsteaks and freshly cut untreated
control beefsteaks.

Moistmess Significantly
Cooked or Overall Different at
Treatment color Odor Flavor Texture juiciness quality 95% level*
Panel 1 (24 panelists):
Ave 5.9 6.5 6.0 5.4 5.3 5.8
0-1 S-P-1
Range 4-8 5-9 3-9 2-8 4-8 3-8
Ave 6.2 5.7 5.5 6.0 5.8 5.6
k-1 S-P-1
Range 3-8 3-7 3-8 3-8 2-8 3-8
Ave 6.4 6.1 6.0 6.6 6.3 6.3
S-pP-1
Pange 3-9 3-9 1-9 4-8 4-8 4-8
Ave 6.4 6.0 §5.6 5.2 5.7 5.4 0-1
Control P-1
Range 4-8 2-8 1-8 3-8 2-8 2-8 S-P-1
Panel 2 (25 panelists):
Ave 5.8 5.4 5.4 6.4 6.3 5.8
0-1
Range 3-9 2-8 1-8 4-9 4-9 1-8
Ave 6.2 6.0 5.8 6.1 6.3 5.8
P-I
Range 4-9 4-8 2-8 3-9 4-8 3-8
Ave 6.5 5.6 6.0 6.1 5.9 5.7
S-P-1
Range 2-9 39 3-8 3-8 3-8 2-8
Ave 6.1 6.0 5.8 4.8 5.8 S.5
Control 0-1
Range 39 4-9 3-8 2-7 2-9 3-8 P-I

* PRefers to "overall quality" scores only. Variables appearing in this column
had significantly higher "overall quality" scores than the variable for that row.
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by several panelists together with some of the data indi-
cate that phosphate treatment improves juiciness (and
apparently texture) by increasing water content and/or

by reducing cookout fluid. This logical conclusion is
somewhat tempered by the fact that other of the data indi-
cate equivalent juiciness for phosphated and nonphosphated
steaks, and still other data indicate higher juiciness for
the latter. One might expect phosphated steaks to be
superior in juiciness than their untreated counterparts;
however, a conclusion to that effect is not unequivocally
supported by the data.

The flavor data generally indicate a tendency
toward scoring nonphosphated-nonirradiated steaks (both
freshly cut, and stored at 29°F) superior in flavor to
nonphosphated-irradiated stored steaks which in turn are
judged to be superior iﬁ flavor to phosphated-irradiated
stored steaks. Here again, however, the data do not
allow an unqualified conclusion. At best, the data indi-
cate overall trends. This suggests that 100 Krad alone,
under the conditions employed, can cause a detectable
negative effect upon flavor which is enhanced somewhat by
the combination of phosphate dip plus irradiation. The

slight off-flavor can perhaps best be described as "aged"
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or merely different, but it is not the classical irradia-
tion flavor associated with meat processed with greater
than pasteurizing doses. The panel rating differences,
while real, are not large differences. The differences
very likely would be greatly diminished and possibly
rendered undetectable by some culinary practices.

That phosphate treatment plus irradiation plus
anaerobic holding followed by aerobic holding might
effect taste and odor to some degree is not an unreason-
able expectation.

Some form of change associated with the period
of holding the meat and not specifically related to the
treatment given the meat might be expected to occur.
Evaluation of the meaning of such a change in terms of
consumer acceptance probably will require a large-scale
consumer-type panel, possibly best employed under true

marketing conditions.



SUMMARY AND CONCLUSIONS

The combination of (1) treatment with condensed
phosphate solution (e.g., tripolyphosphate); (2) bulk vacuum
packing followed by subsequent reoxygenation of the meat
surface pigment in air; and (3) either irradiation (50-150
Krad) plus conventional refrigeration (i.e., 35-42°F), or,

a constant 28-30°F holding temperature can extend the sal-
able life of consumer cuts of fresh red meats three to four
weeks, and yet provide cuts having essentially the same
appearance, form and other features as freshly prepared
consumer cuts. The eating quality of the treated-storéd
cuts is comparable to that of freshly cut meat. Irradia-
tion to the above dose range is necessary with conven-
tional refrigeration to sufficiently reduce the number of
micro-organisms present on the cut meat so as to adequately
delay microbial spoilage. With constant holding at 28-30°F,
the low temperature alone is sufficient to adequately delay
microbial spoilage. While the low temperature practically
eliminates fluid exudation, phosphate treatment neverthe-
less appears necessary to guarantee satisfactory bloom

8l
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regeneration in air following lengthy anaerobic holding.
At the higher anaerobic holding temperatures at which meat-
borne pathogens and food poisoning micro-organisms could
present at least a hypothetical risk, indications are that
both irradiated (50-150 Krad) and nonirradiated fresh meat
undergo the same innocuous spoilage process. The dominant
outgrowing flora under such conditions appears to consist
of harmless acid producing species, which ultimately cause
a recognizable sour (i.e. lactic acid) type spoilage, and
which would be expected to inhibit the outgrowth of orga-
nisms of public health significance should any be present.
In addition to reducing the microbial load, irradiation
in-vacuo was observed to have a pronounced reducing effect
on oxidized meat pigment, which is most desirable.
Treatment with a 10% solution of sodium tripoly-
phosphate results in a meat pH increase of from 0.5 to 1
unit. This treatment has the effect of reducing fluid
exudation and generally improving pigment stability by
(1) aiding in the prevention of pigment oxidation, and (2)
enhancing oxidized pigment reduction, and post-vacuum
holding bloom generation in air. Phosphate treatment also
results in a slight overall enhancement of microbial out-

growth on irradiated and nonirradiated cuts but this effect
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appears to be minor and is greatly overshadowed by the
beneficial effects of phosphate treatment upon drip and
color. A method of phosphate application (e.g. gas entrain-
ment) which does not involve as much water incorporation
into the cuts as does immersion into solution may likely
further reduce fluid exudation.

The approach of tightly bulk vacuum packing a
large quantity of bare (unwrapped) consumer cuts in a rigid
or a flexible multi-cut container invariably resulted in
excellent color and drip control results. This approach
allows more efficient utilization of container and ship-
ping space (maximum amount of meat per volume of space)
than does the approach of loosely bulk vacuum packing indi-
vidually prepackaged cuts. The latter approach often
yielded unsatisfactory color and drip results, discolora-
tion apparently being due to a combination of entrapped
air within the individual packages and meat of low biochem-
ical activity and low metmyoglobin reducing capacity. While
the method of tightly bulk vacuum packing nonwrapped cuts
is technically less complicated and more reliable than the
prewrapping approach, the packaging remains the function of
the retailer. If individual cut centralized prepackaging

is a firm requirement as it well may prove to be, the package



84

will have to provide for rapid and complete equilibration
of the contents with the atmosphere in contact with the
package. Purther packaging development appears neces-
sary in order to provide a package that will meet all of
the technical needs of a centralized prepackaging system,
and be acceptable costwise.

Finally, the combined effects of vacuum packaging,
irradiation and refrigerated holding for three weeks in
vacuum followed by holding in air for a few additional
days can result in a flavor and odor which is slightly
but detectably different from that of untreated cuts when
the cuts are cooked and rated by a sensory panel under the
most revealing conditions. The differences are small, but
to determine if the treated, stored meat is acceptable to
the consuming public will require additional studies,

probably of a test-market nature.
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