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CHAPTER 1
INTRODUCTION

Meat marketing is dependent upon chilling, freezing, drying or some
other form of preservation to maintain quality and freshness. Lurie (1966)
stated that with the advent of mechanical refrigeration in 1834, meat
preservation techniques were '"established" and meat distribution systems were
expanded. Adequate refrigeration all along the system is important in
maintaining product quality, reducing shrinkage, and controlling equipment
and maintenance costs. Carcass chilling immediately after slaughter is one
of the most important steps in the marketing sequence. The design of the
chill room and control of environmental conditions within the chill cooler
effect the product shrink and bloom. Design factors indirectly affect
initial and maintenance cost of the refrigeration system.

Justification for the refrigeration investment is measured in terms of
profit, For example, high air velocities increase power requirements for
fans and unless additional costs can be off-set by savings in lower product
welght losses or considerable improvements in bloom and general appearance,
the utilization of high air velocities cannot be justified.

Meat shrinkage may be due to water loss, microbial spoilage, contamina-
tion or other product deterioration. Today, the major portion of beef
carcass shrinkage occurs the first twenty-four hours after slaughter, If
rigor mortis effects could be controlled, hot boning of beef after slaughter
and immediate packaging would eliminate most weight loss during cooling.
Such production of boneless packaged beef should require a shorter chilling

time and result in greater marketing efficiencies.



Beef cooler conditions and carcass shrinkage are highly variable. A
275 kg beef carcass chilled 16 to 20 hours, will shrink one to two percent
(2.7-5.4 kg) varying with processing conditions. At this rate of shrinkage,
a loss of $3.50 to $6.75 per carcass will result with beef priced at $56/cwt.
A 0.5% shrinkage reduction can occur by adjusting the chill cooler conditions
(Fleming and Earle, 1968; Ewell, 1935). A reduction of shrinkage the first
24 hours can mean thousands of dollars in savings to the beef processor. 1In
most cases, the savings will justify installation of proper refrigeration,
Limited information is avallable concerning effects of carcass and
cooler factors on shrinkage during the first 24 to 48 hours post mortem,
Optimum conditions for given carcasses must be known to minimize shrinkage.
The objectives of this study were:
1. To determine the effect of carcass weight on
carcass shrinkage,.
2. To determine the effect of adipose covering
on carcass shrinkage.
3. LIdentify some of the optimum cooler conditions
that will minimize shrinkage.
4, To develop cooling curves for beef carcasses of

different welght and fat thicknesses.



CHAPTER II
REVIEW OF LITERATURE

Successful chilling of carcass beef results in low shrink, rapid
chilling, attractive color and a firm non-exudative carcass. The factors
to be considered for efficient chilling are cooler air temperature, rela-
tive humidity and air veloeity.

The two areas to be discussed are the mechanical and the biological
systems, The refrigeration system is the mechanical system while the beef
carcass is the biological system. In the process of converting muscle to
meat, minimal shrinkage should result when both systems are most effectively
combined, A review of meat shrinkage mechanisms and the process of heat
transfer will supply principles for further discussion of carcass character-

istic and optimum cooler conditions,

Mechanisms of Meat Shrinkage

Carcass beef muscle at the time of slaughter, on a total weight bésis,
is approximately 75Z water. The major portion of weight loss is attributed
to water. An investigation by Golovkin, Chizhor, and Alamovsi (1955), states
that meat is devoid of moisture proof membrane. "Free water" on the surface
of the fat and lean is the major contributor to moisture loss according to
studies by Fleming (1970), Hodgson (1970), Fleming and Earle (1968), Retrum
(1958), Heller (1949), Scott and Vickery (1939) and Ewell (1935). That por-
tion of water lost from the fat surface and lean tissue has not been clearly

defined, thus presenting an area for further investigation.



Drip loss and evaporation are the main sources of moisture loss
during the first 24 to 48 hours post mortem, ASHRAE (1971). Hagen (1954)
investigated the "drip time" of carcasses before entering the cooler and
found that a half-hour drip time prior to chilling added 0.4% to the normal
total shrinkage.

In order to eliminate all shrinkage, the water vapor in the air
should equal the saturated vapor pressure of the water solution at the
meat surface. Rate of evaporation or rate of shrinkage was found to be a
linear function of temperature and time, (Heller, 1942). Work by Scott et al.
(1939), found that evaporation of water from sides of beef during chilling
under constant conditions of air flow was not the same as evaporation from
a free water surface, Evaporation of moisture from the carcass surface
varies due to decreasing water activity in muscle, fat and connective tissue
as cooling proceeds. An important driving force on evaporation of moisture
1s vapor pressure differences for the carcass surface and chillroom air as
shown in Fig. 1. Slight contrasting results were produced by Heller (1942),
who reported that meat surfaces of veal and beef and pure water surfaces of
equal area to differ very little in evaporation rate until the meat sample
had shrunk more than 357 of the initial weight. Heller (1942), studied the
effect of surface area on shrinkage. By coating veal with varying amounts of
paraffin, it was determined that loss of weight was proportional to the
uncoated initial surface area. After further study it was concluded that
beef and pork samples of 35,0 to 70.0 gms. shrink faster the smaller the
initial weight., These results were in agreement with work done by Golovkin
et al. (1955) and Fleming (1970).

Evaporation of moisture from the surface is rapid during the beginning

of the chill period because of larger temperature differences between various
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points on the surface and the surrounding air; however, as the surface
temperature and cooler alr temperature converge the rate of evaporation
will decrease. Scott et al. (1939), concluded that rapid cooling at the

beginning of the chill period will significantly reduce shrinkage.

Heat Transfer

Rapid cooling by heat transfer occurs when energy is transmitted from
a biological system to a mechanical system. When a temperature difference
exists between two systems, heat is transferred by conduction, radiation
and convection according to Kreith (1967) and Sellers (1955). Basic laws
of heat transfer depend on surface areas as well as differences between
surface temperatures and cooler air temperatures. Rate of heat transfer can
be measured in BTU per hour from the following equation:

BTU/hr = BTU/hr ft? °F x  sq. ft.  x AT
conductive coefficient area temperature
difference

Hodgson (1966) has indicated that a carcass will lose 257 of its
initial heat content in the first 10Z of chilling time, which is often the
case in quick chilling installatioms.

From the preceding information we can conclude that energy exchanges
between the carcass surface and surrounding air results in heat transfer.
ASHRAE (1970), Fleming (1970), Hodgson (1970), Fleming and Earle (1968),
Hodgson (1966), Golovkin et al. (1955) and Hagen (1954) agree that heat loss
occurs by latent and sensible heat exchanges between the surface of the
carcass and the surrounding air, ASHRAE (1971) reported that chilling of

the shrouded beef carcass occurs during transfer of heat from the warm



carcass to the cool air, thus raising the temperature of the air immediately
surrounding the carcass. The rate of transfer is increased by more rapid
circulation of air and by lower air temperature, but this is limited by the
necessity of avoiding surface freezing. Latent heat exchange involves
continuously vaporizing moisture from the surface, thereby cooling the sur-
face. Hodgson's (1966) investigations showed that latent heat losses account
for 25-50Z of the total heat load. He has suggested that many factors affect
mass transfer of heat from the surface of a carcass.

A principle factor effecting convective and mass transfer coefficients
is air velocity. The thickness of the air film at the carcass surface
determine the rate of diffusion of heat and vapor from the carcass (Hodgson,
1966) . An average coefficient of convective and mass heat transfer is 7.6

and 5.5 BTU/hr ft2 °

F respectively, at an air veloecity of 3.5 m/sec. Hodgson
(1966) has shown that heat transfer coefficients vary as to the square root
of the air velocity, where velocity is expressed in m/sec._

Large quantities of refrigerated air uniformly distributed are required
to absorb heat from the carcass and transfer heat from the product as shown
by Lawrie (1966) and Hodgson (1970). In a study by Hodgson t1970), air
velocity of at least .75 m/sec, was required to reduce internal round tempera-
ture of a 100 kg, beef carcass side to 10°C within 16 hours in a room con-
trolled at 0°C during chilling,

Fleming (1970) showed that weight loss results could be calculated for
lamb carcasses by using a heat balance equation. Once the total heat exchange
is known along with carcass weight, surface area, average surface temperatures
and the thermoconductivity properties of the carcass, moisture loss can be

calculated. High humidity enabled more accurate predications while low

humidity resulted in incorrect estimates.



Thermal Conductivity of Carcass Beef

Thermal conductivity of meat must be known in order to study the heat
removal processes. Heat removal from the deep of the round is a slow process
because of the low conductivity of bone, lean and fat tissues. Specific heat
within a carcass varies from 0,50 BTU/lb, F° for beef fat up to 0.80 BTU/lb. F°
for muscle with average values of 0.75 BTU/1b. F° as shown by Hodgson (1966)
and Retrum (1958). Price et al. (1971) suggested that the specific heat of
meat depends to a large extent on the ratio of fat to muscle in the carcass
showing values of 0.51 to 0.57 BTU/1lb. F° for pork and .70 to .77 BTU/1b, F°
for veal.

Thermal conductivity of beef aé studied by Hill, Leitman, and Sunderland
(1964), Mill and Sunderland (1963) and Lentz (1961) depends on temperature,
moisture content and direction of heat transfer with respect to the muscle
fiber. Lentz (1961) found that 15-30 percent greater heat conduction occurred
along the muscle fibers rather than across the fiber. Thermoconductivity of
unfrozen beef increases as temperature is lowered. When temperatures are
above freezing the conductivity of meat is approximately equal to the
conductivity value of water, Fat with added moisture showed.increased
thermoconductivity. Beef fat and lean both containing 74% moisture at 0°C,
had a conductivity value of .277 BTU/hr, ft.2 °F. The conductivity of fat
increases slightly with lower temperatures. lodgson (1966) reported thermal
conductivity of ,288 BTU/hr. ft.2 °F for carcass beef,

Bone, an essential component that stretches muscle during rigor mortis,
also holds heat during chilling. Ramsbottom and Strandine (1949) have con-
firmed that chilling of beef in the form of boneless cuts rather than sides

of beef will increase rate of chill. Boneless loins were 10 to 15 degrees



cooler at two to eight hours after slaughter than control bone-in loins.
However, beef chilled as carcass sides was more tender than beef boned
prior to chilling. In a cooking test by Thille, Williamson, and Morgan
(1939), used beef rib roasts and demonstrated that temperatures rose slower
near the bone than through surface fat. They concluded that "bone was a
poor conductor of heat". Funk, Aldrich, and Irmiter (1968), concluded that
bone pleces of predetermined size and shape, within a ground meat cylinder,

had no significant effect on the rate of temperature rise during cooking.

Affects of Carcass Characteristics on Cooling Rates and Shrinkage

Carcass characteristics such as weight, fat cover, and quality were
found to affect cooling rate and shrinkage according to Bouton, Howard, and
Lawrie (1958) and Hagen (1954). Bouton et al. (1958) reported that grade 1
beef (fatter according to British Standards) cooled more slowly than canner
quality when adjusted for carcass weight differences. Carcasses of grade 1
as compared to canner beef carried higher mean temperatures for a period of
two days after slaughter, Carcasses with higher temperatures were heavier
muscled and had thicker fat coverings. Hagen (1954) after randomly selecting
carcasses from a production line, consisting of all grades of beef, concluded
that shrinkage for cutter and canner beef was more than that of high grade
steer beef and suggested that a layer ofvfat resulted in lower shrinkage. An
additional experiment was conducted comparing carcasses with low and high
shrinkage during chilling., The results of this experiment indicated that
shrinkage during shipment was similar for all carcasses no matter what the
shrinkage the first 24 hours post mortem,

Carcass round temperatures varied from 38,5°-40.5° C with an average

of 39°C upon entrance to the chill cooler (Stringer, Bilskie and Naumann,
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1969; and Retrum, 1958). Stringer et al. (1969) found that rounds with
deep temperatures of 40,5°C were 23,9°C on the surface when entering the
cooler, while chucks with an internal temperature of 39.5°C were 15.6°C on
the surface. A study of internal carcass temperatures after 18 hours of
chilling with cooler air fluctuation between 0°-10°C, showed intermal

round temperatures of 15.6°-17,2°C.

Chill Cooler

Considerable differences of opinion exist on the optimum environmental
conditions required within a carcass chilling room to minimize product
shrinkage while preserving the bloom and general appearance of meat. The
functions of the chill cooler are to cool freshly slaughtered carcasses to
storage temperature in a minimum of time, with controlled drying of the
carcass surface. Optimum conditions of air temperature, humidity and air
velocity are necessary to efficiently chill and store meat.

Before reviewing the findings concerning optimum environmental conditions
within a chill room, a few of the general aspects related to components of
a cooling system will be considered. Refrigeration systems for carcass
chilling are commonly comprised of four components; compressor, condensor,
receiver and evaporator (including expansion valve or valves). The refrigerant,
an essential component, must absorb large amounts of heat when it evaporates
from a liquid to a gas and must do so under reasonable and easily (mechanically)
handled pressures and temperatures. Ammonia is the primary refrigerant used
in most carcass chilling installations with sodium chloride brine acting as
a secondary refrigerant., A normal ammonia system generally operates at 20 to
25 p.s.i.g. according to ASHRAE (1971) and Hodgson (1964b). Figure 2 depicts

a typical cooling cycle which occurs by action of the four primary components.
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It is sound practice to base equipment selection on conditions at
peak load, when product loss is the greatest. Hodgson (1964a) recommends
that selection of compressors and condensors should be based on the overall
peak load, taking all chill as well as the freezing and holding room at the
plant into consideration, Peak load may depend on rate of loading, chill
schedule, etc., usually occuring towards the end of the day when all rooms
are fully loaded. Hodgson (1964a) suggests that compressor capacity should
not be beyond 110% of the anticipated peak load. An industrial rule of thumb
for determining compressor capacity is in the range of 1.5 cattle/ton of
refrigeration capacity.

Condensers, Heat exchange equipment such as the condenser and
evaporator are important items because of their decisive influences on
capacity and running costs of the system., Hodgson (1964a) evaluated size
and type of condensers in relationship to given economic conditions. Impor-
tant factors to be considered are: power cost, cost of cooling water, and
capital costs., The two types of condensers commonly used today are the
evaporative condenser and the shell-and-tube condenser according to Lurie
(1966) and Hodgson (1964a). Hodgson (1964a) recommended the-condenser be
calculated for 1207 to 1407 of the normal required cooling capacity. An
evaporative condenser capacity is based on temperature differences corres-
ponding to condenser pressure, on the one hand, and wet bulb temperature of
the surrounding air on the other,

Evaporator. The main objective of the evaporators or blower-coil units
in modern chilling installations is to provide a good circulation of low
temperature air around the carcass. Evaporators are of three general types;

a) chilled brine spray, b) sprayed coil and c) dry coil, ASHRAE (1966),
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Lurie (1966) and Hodgson (1964a). Today the sprayed coil system comprises

the majority of chilling and holding room installations in use (ASHRAE,

1971). An industry trend in the last several years has been installation

of dry coil units for chilling with high levels of air flow and hot gas
defrost. Dry coil units have been used very little in chilling until

recently because of the inadequate coil capacity. Hodgson (1964a) suggests
that in the case of a dry coil installation, the "flooded coil system" is

15 to 25Z more efficient than the "dry expansion systems' because of more
sufficient wetting of the coil surface at the outlet end. In selecting an
evaporator of the dry type, proper attention should be given to fin spacing

as well as defrost arrangements in order to avold excessively high resistances
due to frost build-up. ASHRAE (1971) reports that normally coils are equipped
with 3-4 fins per inch and defrost every 4 to 24 hours. When refrigerant
temperatures are below freezing, close fin spacings will rapidly accumulate
ice and reduce efficiency. Selection of evaporator size can be based on 3 to
4 cattle/ton of evaporator capacity. It is standard practice to provide
enough evaporator:capacity to maintain cooler temperature at 0°-1°C for
sprayed coil systems and as low as -4°C for dry coil installétions (ASHRAE,

1971).

Cooler Air Temperature

Low air temperature is desirable and necessary in order to rapidly
chill carcass beef. It is generally agreed that air temperatures should be
kept as low as possible. Hodgson (1964b) states that low temperatures are
preferred in view of the fact that alr at higher temperatures can take up
larger absolute quantities of moisture and excessive shrinkage occurs because

of the forced air circulation. Studies by Hodgson (1964b), Howard and Lawrie
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(1956) , Heller (1942) and Scott (1939) showed that low air temperatures
(-2.0°-0.0°C) with high air velocities increase the rate of chilling and
shorten the required chill time, thus decreasing total shrinkage. Hodgson
(1964b) studied the effect of air temperature on cooling by assuming a
carcass was similar to a plate 20,3cm in thickness having a heat transfer
coefficient of 12 BTU/hr, ft,2 °F, Conclusions showed that an air temperature
of -1.1°C instead of 1.6°C will give a surface temperature of 7°C instead of
9°C after two hours chilling, a reduction of 2°C. Theoretically, if a 7°C
surface temperature was to be produced with an air temperature of 1.6°C,

the air velocity would have to be doubled since heat transfer coefficients
vary approximately with the square root oﬁ the air velocity. Hodgson (1964b)
referred to work by Burke (1956), showing that air temperatures and velocity
of 2°C and 4.1 m/sec respectively, resulted in longer time for carcass temp-
erature to be reduced to 5°C than with air temperature and velocity of -1.1°C
and 1.0 m/sec.

Cooler alr temperature fluctuations have been shown to be an indicator
of cooler overload. Retrum (1958) found that temperature fluctuation from
0° to 10°C at flank height was due to inadequate evaporator éapacity. The
limited coil surface and decreased air circulation prevented rapid surface-
to-air heat transfer.

According to Heller (1942), air temperatures affect the rate of
shrinkage rather than total shrinkage. When exposing pieces of meat to 3°C
and 145°C, 94% to 95% of the weight lost at 145°C was also lost at 3°C. 1In
this study, temperature variation caused 5%-6% of the loss with final weight
primarily dependent on the moisture content of the air. Since they used pieces
of meat rather than total carcasses, it may not be possible to draw any con-

clusions regarding temperature effect on carcass shrinkage.
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Cooler alr temperatures affect blochemical reactions within beef
carcass as well as the weight loss and microbial growth. Howard and Lawrie
(1956) studied ATP breakdown in muscle in relation to fluid release from
muscle protein. By increasing the rate of heat removal in beef quarters
before the onset of rigor mortis, there was a reduction in the rate of ATP
breakdown and a decrease in the fluid released. Shrinkage results for hot
beef quarters chilled by blast freezing at -35°C versus those cooled at
2°C were 0,.60% and 2,.83%Z, respectively., Tenderness differences were found
to be highly significantly (P<.0l) in favor of beef that was chilled. Frozen
quarters were significantly darker in color and less tender.

Marsh (1954) found that pH drop after death was reduced by lower cooler
temperatures. Exposing pre-rigor beef to 43°C or 7°C for one hour or 9.5
hours, respectively, resulted in a pH of 6.5, Allowing for a more efficient
cooling rate, it would take nearly 36 hours for all glycolytic changes to
occur, Presently with the use of rapid chilling systems, problems asscciated
with "thaw-rigor" due to freezing before the completion of the on set of

rigor can present possible tenderness problems.

Cold Shortening

The consumer generally regards tenderness as the most important quality
factor of meat., The significance of the effect of cold shortening on
tenderness must be considered in assessing the merits of a cooling process,
The cold shortening effect was investigated by Marsh, Woodhams, and Leet (1968),
Herring, Cassens and Briskey (1965), Partmann (1963) and Locker and Haryard
(1963) who found that when excised pre-rigoer muscled was placed in cold
environments, greater shortening occurred at 1°C than at 5°C. Marsh and

Leet (1966) have shown that intact skeletal attachments of post-mortem muscle
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do not necessarily overcome the development of shortening - induced toughness.
When pre-rigor muscle was absolutely fixed in over-all length it still was
capable of appreciable shortening in one zone, with compensating lengthing
elsevhere if the application of cold is uneven along its surface. Locker
(1960) suggested that certain muscles are under more tension than others in
the suspended carcass and thus shortening is greater for muscles under less
tension. Locker and Hagyard (1963) using neck muscle, sternomandibularis
and longissimus dorsi (LD) exposed to 2°C found neck muscle to shorten
immediately on cooling (1.5 hours), while rapid shortening for LD occurred

3 to 5 hours post-mortem., The LD muscle was almost identical to sternomandi-
bularis muscle in degree of shortening at 2°C and 37°C. Marsh and Leet
(1966) point out that sternomandibularis muscle is severed during dressing
and could shorten appreciably when chilled; this may be partly responsible
for the general belief that neck muscle is excessively less tender. Even
the LD muscle is able to shorten in spite of, its skelatal attachments when
cold application does not reach the entire span of muscle simultaneously.

In practice it would require only a slight covering of fat, the proximity of
a bone or protective shielding of part of a muscle from the éold, moving air
to result in unequal cooling and activate this shortening mechanism,

Buchter (1970) using various cooling temperatures, 10°, 8°, 6°, 4°, 2°,
0°C and a chilling tunnel at 1°C, investigated the effect of chilling
conditons on meat quality for young calves and bulls, The right and left
side of each carcass was chilled at different temperatures for 24 hours post-
mortem. Carcass weights for calves and bulls were 140 kg and 295 kg, respec-
tively. From the results, a decreasing temperature in the chilling room

increased the number of animals having less tender meat. The results
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suggested that heavier carcasses, which have larger muscle mass than calves,
could be chilled at lower temperatures without increasing the number of

carcasses with less tender meat, except for surface muscle effects,

Relative Humidity

Shrinkage and product color are related to cooler humidity, Relative
humidity, as used here, is the percent to saturation water vapor in the air
(Platt and Griffiths, 1966)., Humidity is dependent on air temperature as
well as vapor pressure. Hodgson's (1970) findings show that humidity in a
conventional carcass chilling room is determined to some extent by tempera-
ture differences between the refrigerant passing through the evaporator or
cooling coil and the air passing over the coil, Results show that the larger
the temperature differences the lower the relative humidity.

The relationship of higher shrinkage to low humidity has been long
accepted by the industry., Fleming et al. (1968) and Ewell (1935) have
reported that 0,507 more shrinkage occurred with 70% humidity than with
95%Z. Humidity has been found to be most critical during the last 12 hours
of chill, since moisture is readily available during the beginning of the
chill cycle from the wash water and beef shroud, (Golovkin, et al., 1955).
Hodgson (1964b) reported that Burke found that within the limits of air
temperature of -8°C to 0°C and velocities of 3.0-4,1 m/sec., humidities dowm

to 85% had no significant effect on weight losses.

Alr Velocity

According to Hodgson (1966) the principle effect of air velocity is omn
the heat transfer coefficient (BTU/hr. fr.2 F®) and mass transfer coefficient,

By increasing air velocity, heat transfer is increased, thus resulting in a
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decrease in carcass temperature. Lurie (1966) reported that uniform
refrigerated air distribution with a sufficient amount of air movement is
required in order for adequate heat transfer to occur from the product to
the air. Hodgson (1966) states that air velocity of at least .75m/sec is
required to reduce bone temperatures of a beef carcass side (100 kg) to

10°C within 16 hours in a room controlled to 0°C during chilling. Authori-
ties consider carcasses not chilled to bone temperature (at least 10°C) as
being susceptible to spoilage due to bone taint during subsequent storage.
Scott (1939) investigated cooling rates in beef carcasses using air speeds
of ,30, .50 and .77 m/sec., with the air surrounding the sides at -0.8°C
after a temperature rise of not more than 7,5°C in 7, 11, and 15 hours,
respectively. After 24 hours of cooling, internal round temperatures of

11°, 12° and 13°C were found using sides weighing 147,3 kg, A mean air
speed over carcass beef in excess of .80 m/sec produced the most desirable
results during the cooling phase, Ideally, end results of the chilling
process should be a uniform carcass temperature not over 1.7°C including

the deep of the round. U,S.,D.A. (1971) guidelines insist that internal

round temperatures of 4,4°C be reached before shipping. Litérature findings
concerning the effect of alr velocity on weight loss are not clearly defined,
A proper combination of air velocity, air temperature and humidity varies
with the plant, In Fig. 3 Hodgson (1970) summarizes the effect of air velocity
and humidity on carcass weight loss during chilling. 1In this study a carcass

side weighed 100 kg.

Carcass Bloom

During rapid chilling, the maintaining of carcass bloom or a bright

red meat color, may be as important as preventing weight loss. Generally,
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loss of bloom is negligible during chilling 18-20 hours post-mortem. Scott
et al. (1939) reported that when higher shrinkage occurred, there was a
lowering in the rate of loss of bloom. One factor that controlled loss of
bloom was surface drying. Most of the exposed surface of a beef carcass
consists of fat and connective tissue., Hodgson (1964b) concluded that
during chilling the dry layer, which is found on the surface of the carcass,
is so thin that the permeability of the skin is retained. The thin trans-
parent layer of dry skin enables oXygen to permeate through the skin and

be taken up by the muscle, thus forming oxymyoglobin, the bright red meat
color. Contrasting results reported by Fleming (1968) and Ewell (1935)
indicated that by increasing humidity from 70%Z to 1007, the storage time,
as determined by color, was increased by two days while a drying effect
decreased storage time, The literature findings report both dry and humid
conditions as desirable to maintain carcass bloom.

Ledward (1972) and Baker and Penrod {1954) studied the effect of storage
conditions on beef discoloration and concluded that dehydration on the meat
surface would lead to discoloration due to pigment concentrations. In their
studies, lean beef samples were used rather than a carcass, fhus exposing
more meat surface than normal, By decreasing the relative humidity from
997 to 97%, the metmyoglobin concentration of semitendinosus muscle
increased 2.0%.

The removal of water from the carcass, by drying the surface, is
desirable for controlling microbilal growth and preventing loss of blocom
during storage (Hodgson, 1964b; Scott et al, 1939; and Ewell 1935). Robach
and Costilow (1961) concluded that the primary role of bacteria in meat

discoloration is in the reduction of oxygen tension in the surface tissue.
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Microbiology of Carcass Beef

Meat shrinkage in terms of moisture loss is the primary concern during
the first 24 hours after slaughter. Meat spoilage can become a major source
of loss unless rapid chilling methods are used to reduce the carcass tempera-
ture. Ayres (1955) points out four principle types of spoilage that can
occur in refrigerated fresh red meats: 1) off-odor and slime due to
Achromobacter and Pseudomonas; 2) bone-stink or taint due to Baceilus growth
on joint fluid and bone morrow; 3) black spots or whiskers due to molds and
4) fat rancidity.

Carcass contamination ﬁith bacteria occurs throughout the slaughter
and storage process. Stringer et al. (1969) studied beef carcass contamina-
tion following slaughter and found the neck and lean surface area above the
aitch bone to be highly contaminated. Microbial counts on shrouds and
shroud water revealed large numbers of bacteria per square inch. It was
suggested that shrouds could be an important source of bacterial contamina-
tion to the carcass., Stringer et al. (1969), Ayres (1955) and Empey and
Scott (1939) agreed that the predominant organisms present after slaughter
were Pseudomonas, Micrococcus, Achromobacter, and Bacillus, |

Bacterial growth has been shown to be affected by cooler conditions,
Empey et al. (1939) conducted research supporting the fact that cooler
temperature is a major factor in preventing meat spoilage. Research by
Fleming et al. (1968) and Ewell (1935) indicated a decrease in bacterial
growth at lower cooler temperatures and lower humidity. Bacterial numbers
on meat surfaces decreased when humidity was less than 85%. Humidity of
87% or greater resulted in an increased number of bacteria., Optimum

conditions limiting microbial growth tend to result in serious weight loss.
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Sleeth, Henrickson and Brady (1956) support the contention that proper
sanitary procedures on the slaughter floor and in the chill room assist

in minimizing deep spoilage after aging ribs at 20°C and 30°C although finding
no difference in the microbial flora present,

The etiology of deep spoilage or bone taint in beef carcasses is not
well understood. Bone taint being unusual In that its incidence is less
than one in every thousand animals killed, but in some cases over half of
the animals in one group may be affected (Callow and Ingram, 1955). The
cause of bone taint may vary from improper cooling to coﬁtamination during
slaughter or to treatment of live animals. Callow et al. (1955} concludes
that if internal round and chuck temperatures are cooled rapidly to 20°C
or below, the growth of anaerobic bacteria is reduced. Lepovetsky, Weiser
and Deatherage (1952) investigated bone taint by studying the microbiol
level of lymph nodes, bone marrow and muscle from 23 beef rounds and chucks.
A majority of the lymph nodes contained anaerobes with only a few samples
of bone marrow and muscle containing bacteria, Due to the large number of
organisms in the lymph nodes, it is suggested that they could be the point

from which deep spoilage arises,
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CHAPTER III

EXPERIMENTAL PROCEDURES

Survey questionaires, concerning carcass shrinkage and cooler condi-
tions, were sent to nine major beef packers in Kansas. Evaluation of the
questionaires resulted in selection of three companies (designated: A, B,
and C) as participants in the study.

Sample Selection. Seventy-three carcasses were selected from produc-

tion line for specific weight and adipose coverings, prior to washing and
shrouding. Carcasses for each trial were selected within a two hour period.
Carcass weight groups of 250, 295, and 340 kg. (& 11.3 kg.) were selected
with adipose coverings of 0.64, 1.27 and 1.91 cm, (* 0.13 cm.) measured be-
tween the 12th and 13th rib, Adipose covering was determined by probing the
hot carcass four inches from the midline at the 12th and 13th rib with a
needle fat probe commonly used in probing fat on lamb carcasses (Field and
Riley (1968)).

Measurement of Carcass Temperature, The right side of each carcass was

monitored for rate of cooling during the chill period (24 hours) in the deep

of the round (8 inches depth), and in the deep of the chuck (under the scapula)
by a Honeywell Electronik - 16 potentiometer. Twenty-four thermocouple probes
were constructed of 1/8 inch ceramocouples with a stainless steel sheath,

Each probe had a polarized quick-coupling plug and jack with approximately

25 feet of insulated extension wire,

Measurement of Cooler Atmosphere. Cooler air temperatures were measured

with the Electronik - 16 potentiometer continously duriné the chill period.

Cooler relative humidity recordings were made of each chill cyele with a
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Hygrothermograph calibrated to * 5Z, The humidity recordings and air
temperatures were taken approximately four feet from the selected carcasses
at flank height.

Air velocity was measured with a Hastings RB-1 air meter, equipped
with an omniodirectional probe. Four locations in each cooler were used with
readings taken above, below, and in-between carcasses at each location.

Design of the chill coolers are presented in Figures A, B, and C. Varia-
tion in refrigeration systems was noted in each plant with air flow and air
distribution diagrammed for each cooler.

Carcass Information. The percent shrinkage for each carcass was

determined by subtracting chilled carcass weight from hot weight (24 and 48
hours) dividing by hot carcass weight and multiplying by 100. Carcass yield
grade and quality scores were collected for each carcass.

Statistical Analysis. A three-way analysis of variance was employed to

determine 24 and 48 hour shrinkage differences as affected by fat covering,
carcass weight, and coolers. Regression coefficients were computed for the
round and chuck by a multiple regression stepwise deletion program. A

simple quality and yield grade as related to shrinkage. A régressien equation
was determined by cooler for each weight by fat combination. An analysis of
covariance was used to determine 24 hour shrinkage differences due to fat
covering, carcass weight and coolers.

Analysis of Covariance., In order to compare coolers A, B, and C, carcass

shrinkage was adjusted to the same cooling rate. It was not possible to
select carcasses that would cool at the same rate, thus adjustment of carcass
shrinkage data to the same rate of cooling was used, the hypothesis being, that

as shrinkage decreased, the rate of cooling increased. Since the covariant
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is the rate of cooling, any differences in shrinkage means were due to factors

other than cooler temperature, humidity or time.



30

0,1 =2/ FAINIS
Y LNYId

*MOTY ITe pue uldysap IIT00D TITY? ‘V Jueld °% °*314

ZLINN AN 447204

NONILA ‘N2 22 TTE4024
SLINA
J4LNN0H N7 ano4d

T INa 1S4L 052

L00%

Nl

N /=09 oY
/ P X W@ﬂdﬂkj&




31

sunn MO

O/ =2 P ATNDS ‘
2z LNY 14

*MOTF ATe pue ulysap I9[002 TTITY2 ‘g Jueld

HAROTR A ENA
AR NOUNsAQZLS A AN

2271007 TTY

*G "31a1

TOO"A HALNYTIVS
X TR | s
n ‘_ " '
@ ,\lv TANNML DRI AL =l
= =
IR EEL ALV “Zam NG
/
gl
T Ssa -
,$\r FE\. :ﬂﬂ.ﬂ‘
o
% n| [ In |
| N bdRntez
c e é HHY ./v«.zo.r \E\vﬁ&ﬁﬂ

3,01



*moT3 ate pue udysep 197002 TITY2 ‘D Iueld '9 *S1d

L QATHOA NYg  ATY7 AFEnos

2N @a7Ho4
N4 2ATIA-024
SN daAnNEASE  UNCE

LA, =2 A0S

2 ANYd

22770072 11N>

A0074  AALHTNOS
HOZ2L AN

| jtl 3

KNAANTEAd

FASAANAR
LINM d2LNMNOH 200714

L.

BNV AR

+ T

g ﬂf_ R

=
= B L = jmrlq = = |
i . . ) R
Y H._LJ_,_mu jien
% T e Alal| T
x MG N e A
k 3
=L Fm m = | —_—

Qs



33

z {pe3unow 100T73)

0L 1r0o £eadg
0SLS 6"y 862 004 S6¢ 0SS
(peayiaao)
L 91 1702 £L1q 0

(po3uncu I00T3)
Leads autaq

LTL9 SL*Yy 00¢ 76¢ SZ6 60¢ 006 b/ PRTTTUD q
(peayasao)
008T 1€ 8 $62 oy S62 0ST Y 1102 Lag v
(*33*bs) *81azey 3o (suol) (3) " an Leq ) In Le(q
B31Y 10014 uo], *deg *3ragey sgBdIR) JITIIB)  SSEIIB) [fITIIB) sITun IFuntdrayey 1a700)
131009 /21338) Te30L peoq 18700) Ten3ldy °"de) udysa( IST00) JFO ‘O 30 ad{y

e =—

SYATO0D TTIIHO ¥YOd ALIOVAVD NOILVIIOTIH4dEd T dT14VL



34

_ 000°96

0°€E- 076 ¢8 L€ 00°T oe’ g’ 6" gL’ )
000°%9
S°0- 0% <9 9°T 01T o%°* 09° 000°Z€T 19° 19° q
0°0 0°6 08 8'T SE'T 0S* SL: 00Z ‘€L z6° ze” v
no 7 y3fy () 1e) cae) *ae)
(.J) A3 TpTUNnyg (.D) MAOTRg  u@amlayg  2a0qVY Hio andano (si9jsw) SPFsS/u
uorienionyd SAFIETIY *duaj, ITV (99s/u) 3sa], *aH %g uej perirToeds 3uyowdg SJuyoeds aetoon
*dwag, a1V uean ueap *TaA ATV 19T00) TB3I0L Tred *1e)

TINLVEIAAAL YIV ANV XLIQIWAH FAIIVIME ALIDOTIA MIV WOOYTIIHD T TI4VL



35

CHAPTER IV

RESULTS AND DISCUSSION

Surface Moisture

It is generally accepted that the major portion of beef carcass
shrinkage occurs due to moisture loss from the surface of the carcass. The
proportion of moisture loss from fat and subsurface lean are not clearly
defined.

An adjunct study dealing with moisture loss from surface fat and
subsurface lean was conducted for a 24 hour chill peried with the results
presented in Table 3, The average lean tissue in this study had 61%Z more
moisture than the adipose tissue., The initial post-mortem moisture content
of the adipose tissue of the round was 17,077 as compared to 14.69% for
the chuck. The adipose tissue moisture losses from the round were 2,0%
greater than for equivalent tissues over the chuck after a 24 hour shrink,
Findings by Stringer, Bilskie, and Naumann (1969) showed that surface temp-
eratures from the round were 23,9°C, while the chuck was 15.6°C just prior
to entering the cooler. Higher surface temperatures of the round have been
thought to accelerate moisture loss from the carcass. Average moisture
losses for subsurface lean were 3,127 for the round versus neglipible amounts
from the chuck. The effect of thicker adipose tissue over the lean of the
chuck as compared to the round may have decreased the moisture loss from the
lean. Although not substantiated by research studies, its a commonly accepted
industry belief that retail cuts from the round have greater juice loss then
retail cuts from the chuck, Muscles of the round might apparently give up

water more readily than muscles of the chuck,
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The average 24 hour shrink for carcasses used in this pilot study was
1,86%Z. Rea, Smith and Carpenter (1970), concluded that increased external
fat decreased lamb carcass shrinkage since fat has insulating capacity,
thereby reducing the effective moisture vapor transmission rate from the
exterior of the muscle to the surrounding air currents. Work by Lurie (1965),
indicates that during cooling the consistency of the fat surface on a carcass
changes so that further loss of water by evaporation is restricted. Exposed
muscle surfaces are unlike that of fat due to a continual loss of water from

the muscle surface.

TABLE 3. MOISTURE LOSS FROM THE FAT SURFACE
AND INTERNAL LEAN OF THE ROUND AND CHUCK DURIKG

A 24 HOUR CHILL PERIOD

Percent Moisture

Immediately Post Mortem 24 Hours Post Mortem
Carcass Round Round Chuck Chuck Round Round Chuck Chuck
No. Lean Fat Lean Fat Lean Fat Lean Fat
1 75.70 15,77 74,68 11.84 70,27 10.58 75.83 10,92
2 86.11 14,50 70.89 13.05 70,36 10.87 71.36 9.62
3 86,52 22,51 73.23 14.26 73.57 17.87 75,15 15,83
4 68,34 15,51 74,10 19.61- 75.32 12,98 72.95 14,71
X 79.17 17.07 73.23 14.69 76 .05 13.08 73.82 12,77

Percent Moisture Loss During 24 liours

3.12 3.99 0.00 1.92

X = 3.01 Moisture Loss
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Adipose Covering

The influence of external fat thickness on beef carcass shrinkage was
significant at the (P < 0,13) level 24 hours post_mortem, The shrinkage
values in Table 4 show that carcasses with 0.64 cm.of fat shrunk 0.14 to

0.18% more than carcasses with 1.27 and 1.91 em. of fat.

TABLE 4. EFFECT OF FAT THICKNESS ON SHRINKAGE

24 AND 48 HOUR POST-MORTEM

- e e, o

Fat Thickness 24 Hr, Post-Mortem1 48 Hr, Post--Mortem2 Difference
(em) n Mean (%) s.D. Mean (%) s.D. 24 - 48 hrs. (%)
0.64 24 1.73 0,06 2.16 0.07 - 0.43
1.27 30 1.59 0.06 1.96 0,06 0.37
1.91 19 1,55 0,07 1.88 0.08 0.33

lrac groups had a significant effect on 24 hour shrinkage (P<0.13)

2Fat groups had a significant effect on 48 hour shrinkage (P<0.05)

Carcass shrinkage 48 hours post-mortem was also significantly affected
by fat (P<0.05). Carcasses with fat thickness of 0.64 cm. lost 0.20 and
0.28% more weight than did carcasses with 1.27 and 1,91 cm. of fat. Shrinkage
24 hours post-mortem accounted for 81% of the total shrinkage while 19%
occurred the second 24 hours post-mortem, This data suggests that environ-
mental conditions the first 24 hours post-mortem are the most critical for
reducing carcass weight loss. Hagen (1954), showed that cholce beef would
shrink less than canner and cutter beef due to barrier properties of the

increased fat covering, However, increased fat content alsc decreased avail-

able moisture that could be evaporated. The economics of increasing fat
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thickness above 1.27 em, would not compensate for the loss of dollars in
carcass value., Rea (1970) and Field and Riley (1968) found that lamb

carcass shrinkage was decreased as fat thickness at the twelfth rib increased,
Field and Riley (1968) reported 0.174% decrease in shrink for each 1 mm.

increase in fat depth when carcass weight is constant.

Carcass Weight

Carcass weight affected carcass shrinkage (P<0,28) the first 24 hours
after slaughter. The general trend showed lighter weight carcasses shrinking
more than heavy carcasses as presented in Table 5,

An interaction between carcass weight and coolers is presented in
Table 7. Beef carcass shrinkage was not significantly effected by carcass
weight in Coolers A and B. 1In Cooler C, 234 kg. carcasses shrank 14 and
25.9% more than 278 and 323 kg. carcasses. It should be noted that percent
carcass shrinkage was approximately equal in Cooler B for different weight
carcasses, Further explanation of shrinkage as related to cooler differences

will be discussed in later results.

TABLE 5. EFFECT OF CARCASS WEIGHT ON SHRINKAGE 24 TO 48

HOURS POST-MORTEM

Weight Carcass wt. No. of 24 Hour' 48 Hour2
groups Actual samples Mean S.D. Mean 3D (24-48)
(kg) % 7 Diff.
1 236 27 1.71 0.065 2,11 0,070 .40
2 282 24 1.60 0.060 2.00 0.062 .40
3 324 22 1.56 0.065 1.89 0.070 .33

1Shrinkage means 24 hours post-mortem for weight froups differed
at the (P<0,28).

2Shrinkage means 48 hours post-mortem for weight groups differed
at the (P<0.11).
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To explain the independent effect of carcasé weight on shrinkage, weight
loss is expressed as kilograms loss per unit of surface area (m2) in Table 6.
These data were not analyzed for statical significance. The surface area of
the carcass was predicted by the formula; Surface Area (mz) = Weight (kg)0'625,
(Kleiber, 1961). Carcass shrinkage expressed as weight loss per unit of sur-
face area in Table 6 revealed that carcasses form weight groups 1 and 2
differed in weight by 46 kg, but lost the same amount of weight when expressed
as weight lost per unit of surface area. Carcasses from weight group 3 lost
0.03 kg. more weight per unlt of surface area, An increase in carcass weight
decreased percent of carcass shrinkage due to less exposed surface area per
unit of weight. In Table 6 carcasses of approximately equal surface area
showed a trend towards increased shrinkage when fat coverings were less than
1.27 cm, The affect of fat thickness and surface area on shrinkage tend to
be interrelated.

The cooler by weight interaction in Table 7 shows variation in shrinkage
by cooler, thus suggesting that cooler design can reduce the effect of adipose
covering and carcass weight on shrinkage. For example the heavier carcasses
in cooler A tended to shrink the most while those in coolers B and C shrank
the least. Field and Riley (1968) found that only 8% of the variation in

lamb carcass shrinkage between 24 and 72 hours could be explained by carcass

weight and fat thickness,

Effect of Fat and Weight On Adjusted Shrinkage

In order to evaluate more closely the effect of fat thickness and carcass
weight on carcass shrinkage in Coolers A, B, and C cooling rates of the round

were used as a covariant to adjust 24 hour shrinkage. The hypothesis was
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TABLE 6. WEIGHT LOSS FOR SELECTED WEIGHT AMND FAT GROUPS

EXPRESSED AS WEIGHT LOSS PER UNIT OF SURFACE AREA

Average Surface Car. Wt. ,Surface
Weight Carcass Shrinkage Weight Loss  Area Wt. /A Loss Area
Group Wt. (Kg) (%) (Kg) (mz) (ratio) (Kg)
1 236 1.71 4,04 2.95 80.0 1.37
2 282 1.60 4,51 3.30 85.5 1,37
3 324 1.56 5.05 3.60 90,0 1.40
Fat Group
(cm)
0.64 276 1.73 4,77 3.26 84.6 1.46
1,27 282 1459 4,48 3.30 85.5 1.37
1.91 285 1.55 4,42 3,32 85.8 1,33

that increased cooling rates decreased weight loss. It was not possible to
select carcasses that would coecl at the same rate, thus adjustment of carcass
shrinkage to the same rate of cooling was used. Adjusted shrinkage values
are presented in Table 8.

Adjust carcass shrinkage was significantly affected by carcass weight
(P<0.05). Light weight carcasses shrank 0.18 to 0.23% more as compared to
medium and heavy weight carcasses. The affect of fat on adjusted carcass
shrinkage was significant as the .16 level with the 1.27 and 1,91 cm, fat
levels the same, but less than the 0.64 level.

Carcass shrinkage adjusted for cooling rate of the chuck produced

similar results as presented for the round in Table 8. Adjusted carcass
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shrinkage appears to be affected more by weight than by fat thickness.
However, both variables tend to be inter-related and difficult to separate

as shown by Rea (1970) and Field and Riley (1968).

TABLE 8. ACTUAL AND ADJUSTED SHRINKAGE MEANS AND STANDARD DEVIATIONS

FOR FAT AND WEIGHT GROUPS 24 HOURS POST-MORTEM

Actual Means 2 S.D.
Weight Groups Carcass Wt. n  Actual Adjusted Actual Adjusted
(Kg) (%) (%)

1 238 27 1.718 1.77b 0.07 0.06

2 283 24 1.602 1.592 0.06 0.05

3 325 22 1,562 1.548 0.07 0.06
Fat Thickness

(cm.)

0.64 24 1.732 1.728 0.06 0.06

1,27 30 1,594 1,598 0.06 0.05

1.91 19 1.552 1.59% 0.07 0.07

i

Means within columns having different superscript letters are
significantly different (P<.05)/

2Carcass shrinkage adjusted for rate of cooling.
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Coolers

Twenty-four and forty-eight hour shrinkage means for coolers A and B
differed significantly (P<0.0l1) from cooler C as showp in Table 9, Coolers
A and B had 0.69 and 0.77Z less carcass shrinkage as compared to cooler C
the first 24 hours post-mortem, Shrinkage means 24 to 48 hours post-mortem
were twice as high for coolers A and B as compared with cooler C. The 48
hour totals for these two coolers were still significantly less than for
cooler C. Since the major portion of shrinkage cccurs 24 hours post-mortem,
total carcass shrinkage for 48 hours was decreased when 24 hour shrinkage was
minimized. ASHRAE (1971) has shown that 90Z of the total carcass weight loss
occurs within 48 hours after slaughted. Hagen (1954) has shown that carcass
shrinkage during shipment was similar for all cattle no matter what the
shrinkage the first 24 hours post-mortem,

In Table 7 shrinkage means for cooler by weight interaction are presented.
In coolers A and B the 24 hour shrinkage means for weight groups 1, 2, and
3 did not differ significantly (P<.05).

‘In Tables 1 and 2, refrigeration capacity and cooler environments are
presented. Actual cooler load for plant A and B in Table 1 were within
design capacity. Plant C exceeded the design capacity of the cooler by 150
cattle, which may explain part of the increase in carcass shrink.

Cooler air temperature for plant C was 1.7°C warmer than plant B, Over-
load conditions in plant C caused a 12° variation in alr temperature as
compared to 3.5° variation under the more optimum conditions in plant B.
Retrum (1958) found that temperature fluctuation of 0° to 10°C at flank
helght was due to inadequate evaporator capacity. The limited coil surface

and decreased air circulation in plant C decreased the surface-to-air heat
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transfer. Possible reasons are warmer alr temperatures and inadequate air
flow. Shrinkage was higher in plant C the first 24 hours. Heller (1942)
has shown that alr temperature affects the initial rate of shrinkage rather
than total shrinkage. An industry recommendation of 3 to 4 cattle per ton
of refrigeration is commonly used to gauge cooler requirements.

Cooler air velocities in plants A and B were adequate, while air
circulatien in plant C was inadequate based on recommendations by Hodgson,
Hodgson (1970) reported decreased shrinkage and low round temperatures with
an air speed of at least ,75 m/sec,

Air flow diagrams are presented in Figures 1, 2, and 3. Cooler air
flow in plant C was extremely low above and in-between the carcasses. This
could be partially attributed to the placement of refrigeration units and
the reverse flow of air from the floor mounted units. A common practice is
to distribute heavy cold air above the carcass and to allow warmed air to
return below the carcass as shown in figures 1 and 2. Cooler humidity
apparently did not significantly effect carcass shrinkage 24 and 48 hours
after slaughter. Cooler B having a relative humidity of 65%Z, produced 24
hour weight loss of 1.34Z as compared to cooler A humidity of 85% and 1.,42%
shrink. In plant B, low humidity can be partially due to the chill brine
spray and lower air temperatures. Hodgson's 1970 findings show that the
larger the temperature difference of the refrigerant passing through the
evaporator and air passing over the coil, the lower the relative humidity.

Findings by Golovkin, Chizhov and Alamovs1(1955) have shown that humid-
ity is more critical during the last 12 hours of chill, since moisture is

readily available during the beginning of the chill cycle from wash water,
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TABLE 9. EFFECT OF COOLER A, B, AND C ON 24 AND 48
HOUR CARCASS SHRINKAGE
Total Shrinkage
Cooler n 24 Hours 24-48 Hours 48 Hours

Mean S.D. Mean S5.D. Mean

(%) (%) (%)

A 20 1.428 0.07 0.548 0.04 1.96

B 21 1.348 0.06 0.438 0.05 L. 07

c 32 2.11P 0.06 0.24b 0.05 2,35

1Means within the same column bearing similar superscript letters

are not significantly different (P<01).
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Carcass Temperature

Internal round temperatures at 24 hours post-mortem were not
significantly different (P<,05) for coolers or fat groups. Round tempera-
tures (Table 10) did differ significantly (P<,05) between weight groups.
Internal temperatures for 250 Kg. carcasses were 3.1°C lower than the
heavier weight groups studied. Loln temperatures taken at the twelfth
rib, 24 hours post-mortem averaged 4.7°C and ranged from 2,.2°C for lighter
carcasses to 6.7°C for heavy carcasses, Internal chuck temperatures at
24 hours averaged 6.7°C.

Round and chuck temperatures after 21 hours chill were not highly
correlated (0.15 and -0.03) with 24 hour shriﬁkage. It is important to note
that shrinkage was significantly different among coolers even though 24 hour
round temperatures were the same for beef in different coolers. Carcass
cooling rates for coolers A, B, and C are presented in the Appendix Fig.
B-J, L-T and V-DD. In the present study all carcasses selected were high
good to high choice in quality which could explain the similarity in 24 hour
carcass temperatures. Bouton (1958) reported differences in carcass
temperatures between choice and canner grade beef. |

It appears that chillrooms have more influence on minimizing shrinkage
than does fat or weight. An adequate chillroom can cool carcasses of
different weights with similar shrinkages. Carcasses with fat thickness of

approximately 1.27 cm, appears to be sufficient to reduce shrinkage.



TABLE 10, CARCASS ROUND TEMPERATURE MEANS AND STANDARD DEVIATIONS

FOR COOLERS, WEIGHT GROUPS AND FAT GROUPS
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f— s ——
Temp.
Coolers n Mean (C°) S. D.
A 25 11,52 0.98
B 26 11,52 1.03
c 21 11.72 1.16
Fat Groups
(cm)
0.64 25 11,62 1.08
1.27 26 11,52 0.88
1.591 21 11.62 1.19
Weight Groups
(Kg)
250 25 9,52 1.11
295 26 12.6P 0.97
340 21 12.6° 1.10

lMeans within the same column with different superscript letters

differ significantly (P<.05).
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SUMMARY

The effect of beef carcass weight and fat thickness on shrinkage
differences at 24 and 48 hours when chilled by the three different
refrigeration systems was studied. Carcass cooling rates were determined
for each carcass by recording temperatures in the round interier and in
the chuck for 24 hours post-mortem. Chillroom atmospheres were studied
to determine relationships to carcass shrinkage.

Moisture losses from the surface fat and subsurface lean were higher
for the round than the chuck and less impedement of moisture evaporation
due to less fat covering.

Fat thickness affected 48 hour weight loss more than that at 24 hours.
Carcass weight at 24 and 48 hours showed that lighter carcass (251 kg.)
shrank 0,10 to 0.20% more than those averaging 295 and 340 kg. A significant
(P<.05) cooler by weight interaction suggests that cooler design can reduce
the effect of carcass weight and fat cover on shrinkage.

Results show that 817 of the 48 hour carcass shrinkage occurred 24
hours post-mortem, while 19% occurred the second 24 hours, A chillroom air
temperature of 1.6°C resulted in lower shrinkage. Chillroom air velocity
of 0.75 m/sec at the surface of the carcass was sufficient to decrease
carcass temperature and minimize shrinkage compared to velocity of 0.35 m/sec.
Cooler humidity the first 24 and 48 hours did not significantly affect
shrinkage, Mean round and chuck temperatures at 24 hours were 11,7° and

&.7°C.
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APPENDIX A

Analysis of Variance
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Mean Square

Source d.f. Beginning Shrinkage
carcass wt. (24 hr.)
Cooler 2 102,60161 3.96635%#
Fat 2 360.57813 0.16892
Weight 2 35904 ,68750%% 0.10509
Cooler x fat 4 140,52708 0,06467
Cooler x weight 4 69.25516 0.31697%*
Fat x weight 4 270.17603 0.03647
Cooler x fat x weight 8 96.01414 0.03772
Error 46 212.52079 0.08027
*P<.05.

*%P<, 01,



APPENDIX B

Analysis of Covariance
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Source d.f. Mean Squares

Shrinkage Shrinkage

(round temp.) (chuck temp.)
Cooler 2 3.81218%** 4,00333%*
Fat 2 0.12468 0.14097
Weight 2 0.21503% 0.16135
Cooler x fat 4 0.04438 0.07409
Cooler x weight 4 0.38970% 0.36731%
Fat x weight 4 0.04734 0.03881
Cooler x fat x weight 8 0.06567 0.04672
Time 1 0.56160#% 0.49162%
Cocler temperature 1 0.12125 0.14834
Humidity 1 0.22048 0.02653
Error 43 0.06448 0.06889

*P<.05,

**P<.01.
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APPENDIX C

CARCASS SHRINKAGE FOR 24 AND 48 HOURS BY WEIGHT AND FAT GROUPS FOR COOLER A

Fat Thickness (cm) Carcass Weight (Kg)
249.5 294 .8 340.2
33ample No. 5 2 2
bpeg. wt. 224,89 278.05 314.79
CEnd Wt. 221.80 273.74 309.34
0.64 (cm) 9Shrink 24 hrs. 1.39 1.55 1.72
©shrink 48 hrs. 0.73 0.55 0.51
fRd. Temp. 24 hrs. (C°) 8.8 11.4 14.2
3 2 2
243,42 279.41 330.66
240.40 276.01 325.45
1.27 (cm) 1.24 1,21 1.58
0.70 0,38 0.44
10.3 13.7 15.8
2 2 2
251,39 289,61 325.67
247.66 285.99 321.14
1.91 (cm) 1.44 1.25 1.39
0.54 0.52 0.49
10.0 12,2 15.8

aSample number per cell
bBeg. Wt. or hot carcass weight
€Chilled carcass weight at 24 hours
Shrinkage at 24 hrs. = Hot carcass weight - Chilled carcass wt. 24 hrs.
Hot carcass weight
Chilled carcass wt. 24 hrs. - Chilled wt. 48 hrs.

]

©Shrinkage at 48 hrs.

Hot carcass weight
fRound Temperature 8" depth at the end of 24 hrs. in Centigrade.
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APPENDIX D

CARCASS SHRINKAGE FOR 24 AND 48 HOURS BY WEIGHT AND FAT GROUPS FOR COOLER B.

Fat Thickness (cm) Carcass Weight (Kg)
249.5 294.8 340.2
aSample No. az 2 2
bpeg. Wt. b226,34 290,07 335.20
CEnd Wt. €222,94 285.99 331.34
0.64 ecm. 9Shrink 24 Hr. d1,50 1.40 1.15
eshrink 48 Hr. €p,50 0.48 0.54
fRd. Temp. 24 hrs. (C%) f11.1 11.9 12.8
2 4 2
246.30 281.68 318.19
243,12 277.93 314.11
1.27 cm. 1.29 1.33 1.29
0.46 0.48 0.33
12,2 13.3 12,2
2 2 3
230,42 292,11 325.37
227,70 288.03 320.53
1,91 cm. 1.18 1.40 1.49
: 0.30 0.31 0.51
10.8 13.3 15.5

d8gample number per cell

bBeg. Wt. or hot carcass weight

CChilled carcass weight at 24 hours

dShrinkage at 24 hrs. = Hot carcass weight — Chilled carcass wt. 24 hrs.
Hot carcass weight

©Shrinkage at 48 hrs., = Chilled carcass wt. 24 hrs. - Chilled wt. 48 hrs,

Hot carcass weight
fRound temperature (8" depth) at the end of 24 hrs. in Centigrade,
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APPENDIX E

CARCASS SHRINKAGE FOR 24 AND 48 HOURS BY WEIGHT AND FAT GROUPS FOR COOLER C

Fat Thickness (cm) Carcass Weight (Kg)
249,5 294.8 340.2
285ample No. a4 3 3
bReg. Wt. b226.68 270.64 321,82
CEnd Wt. €220.56 264 .44 315,92
0.64 cm, 9Shrink 24 Hr, d2,71 2.29 1.83
€Shrink 48 Hr. eQ,27 0.34 0.28
frd. Temp. 24 hrs. (C°) f10.7 11,1 11.7
7 4 4
235,93 274,19 326.81
229.97 268,52 320.91
1.27 cm. 2,52 2.07 1.81
0.25 0.33 0.28
11.5 11,9 12.8
1 3 4
241,31 290.75 320.80
236.32 285.15 315.13
1.91 cm, 2.07 1.92 1.77
. 0,00 " 0,23 0.14
8.9 13.9 12.8

85ample nurber per cell

Beg. wt. or hot carcass weight

€Chilled carcass weight at 24 hours

dShrinkage at 24 hrs. = Hot carcass weight - Chilled carcass wt., 24 hrs,
Hot carcass weight

€shrinkage at 48 hrs. = Chilled carcass wt. 24 hrs. - Chilled wt, 48 hrs,
Hot carcass weight

fInternal round temp, (8" depth) at the end of 24 hrs. in Centigrade.
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Chillroom humidity and temperatures (24 hours).
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Appendix Fig. B.
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Appendix Fig. C.Internal round temperatures (24 hours).
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Appendix Fig. E. Interanl round temperatures (24 hours),
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Appendix Fig. F. Internal round temperatures (24 hours).

PLANT A

FAT 1.27 WEIGHT 285,

¥ TEMPERSTURE=UZ2. 9U8E8-0.6332 (TIME)

.ugd

3
[
1
Pt
N

¥
,
<

LR TAY
P
yINL
#E

*

h r}
b
IO
WO
K AR
I
2
A4
b

#

2!1 .00
¥
Ed

%

*
*
3
#

15.00
S
¥

3. 00
L
*
b1
*

3.00

3.00

T

22.00  30.00  35.00  u6.00
TIME HALF HOUR

6.00 14.00



REDE

5
2?.00

I

NT

o

18
|

TEMFERATURE

69

Appendix Fig, G, Internal round temperatures (24 hours).
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Appendix Fig. 1, Internal round temperatures (24 hours).
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Appendix Fig. I. Internal round temperatures (24 hours).
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Appendix Fig., J. Internal round temperatures (24 hours)
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Chillroom humidity and temperatures (24 hours).
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Appendix Fig. M. Internal round temperatures (24 hours).
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Internal round temperatures (24 hours).
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Internal round temperatures (24 hours).
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Appendix Fig. P. Internal round temperatures (24 hours)
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Internal round temperatures (24 hours).

PLANT B
FAT 1.91 WEICHT 285.

GTURE=UTL, 18976-0.6372 (TiME]

6.COC

14.00

e
Oy
(=)
<

22.00 30. 00 35. 00
TIME HELF HOUR



.00

4

3E¥¥EEE§¥
#*

NTIGRADE

c7.00

CE
21.00

TEMPERATURE

15.00

9.00

3.00

-

3.00

80

Appendix Fig. R. Internal round temperatures (24 hours).
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Internal round temperatures (24 hours).
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Appendix Fig. U.

Chillroom humidity and temperatures (24 hours).
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PLANT C

Internal round temperatures (24 hours).
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Internal round temperatures (24 hours).
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Appendix Fig. X. Internal round temperatures (24 hours).
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Internal round temperatures {24 hours).

Appendix Fig. Y.
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Internal round temperatures (24 hours).

Appendix Fig. Z.
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Appendix Fig. AA. Internal round temperatures (24 hours).
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Appendix Fig. BB. Internal round temperatures (24 hours).
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Internal round temperatures (24 hours).

Appendix Fig. CC.
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The effect of fat thickness, carcass weight and cooler conditions
on carcass shrinkage after 24 and 48 hours chill was studied by selecting
73 carcasses of three fat thickness groups (0.64, 1.27, 1.91 cm) within
three weight groups (250, 295, 340 Kg) and at each of three different
processing plants. Carcass cooling rates were determined for each carcass
by recording teﬁperatures in the deep of the round and in the chuck for
24 hours post-mortem. Chillroom alr temperature, relative humidity, and
alr velocity were studied for each plant to determine their relatiomship
to carcass shrinkage.

Moisture losses from the surface fat and subsurface lean were 2.07 and
3.12% greater for the round than for the chuck, likely due to less fat
covering, thus decreasing the moisture loss from the carcass.

Weight losses for beef carcasses as affected by external fat thickness
at the 12th rib were more signifi;ant at 48 hours (P<.05) than at 24 hours
(P<0.13) post-mortem, Carcasses with fat thickness of 0.64 cm. lost 0.20%
more weight than did carcasses with 1.27 and 1.91 cm. of fat.

Carcass weight effects at 24 and 48 hours showed 251 kg. carcasses
shrinking 0,10 to 0.20% more tham 295 and 340 kg. carcasses. A significant
(P<.05) cooler by weight interaction suggests that cooler design can reduce
the effect of carcass weight and fat cover on shrinkage,

Cooler B chilled carcasses of different weights to approximately the
same percent shrinkage. Decreased shrinkage likely resulted from less
temperature fluctuation during cooler loading and more uniform refrigerated
air distribution. Mean air temperature for cooler B was 1.6°C with tempera-
ture fluctuation of 3,5°C, Cooler air velocity of 0.75 and 0.60m/sec. for

coolers A and B may be related to in lower shrinkage. The effect of relative



humidity on 24 and 48 hour shrinkage may not affect carcass shrinkage.
Cooler B with 65% humidity had lower shrinkage than coolers with 80 to 85%
humidity.

Results show that 817 of the 48 hour carcass shrinkage occurred 24
hours post-mortem, while 19% occurred the second 24 hours. Mean shrinkage
for coolers at-24 and 48 hours were: A=1,427%, 0.547; B=1.347%, 0.43% and
c=2,11%, 0.24%.

Carcass temperatures of the round and chuck at 24 hours post-mortem
were not significantly different (P<.05) for coolers or fat groups, with
overall means of 11.7° and 6.7°C. Internal round temperatures were 3.1°C

lower for 250 kg. carcasses than for the other weight groups studied.





