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Boakye, K. and Mittal, G.S. 1992. Changes in viscoelastic proper
ties of the longissimus dorsi muscle during beef aging. Can. Agric.
Eng. 34:195-201.The effectsof thepackaging type, chillingrate, and
fatcover thickness on the viscoelastic properties of longissimus dorsi
muscle were assessed during beef aging. Longissimus dorsi muscles
were aged on the carcass or in vacuum packaging. Muscle samples
weretakenon days 0 (24 h postmortem), 2,4, 8,12 and 16 to measure
the viscoelastic properties [i.e. elasticity moduli (El, E2), equilib
rium modulus (Eo) and relaxation times (xl, t2)]. The fast chilling of
the longissimusdorsi muscle initially affected its viscous and elastic
properties. However, aging timecompensated for the initialstiffness
effect. After 12 days of aging, the viscoelastic properties of the
muscle were similar for the fast chilled and conventionally chilled
carcasses. A similar effect was obtained during the comparison of
carcasses with low or high fat cover thickness.This was not surpris
ing since fat cover indirectly controls the chilling rate. Equivalent
viscoelastic properties were also obtained when samples were aged
in vacuum packaging after initial chilling instead of aging on the
carcass. Thus, to reduce costs in terms of shrinkage and cooler space,
conditioning of wholesale cuts of beef should be done in vacuum
packagingrather than on the carcass. End results will be similar as
far as the viscoelastic properties of the meat.

Keywords: viscoelasticity, beef aging, stress relaxation, postmor
tem processes, carcass chilling

Les effets des; genre d'emballage, vitesse de refroidissement et
couche de gras sur les propriete viscoelastiquede muscle longissi
mus dorsi ont ete determine pendant le vieillissement de viande de
beouf.Les muscle longissimus dorsi ont ete vieilli sur les carcasse ou
dans une emballage sous vide. Les echantillons de muscle ont ete
prelever les jours; 0 (apre dece),2,4,8,12,et 16. Les propriete
viscoelastique (module delasticite (El, E2), module dequilibre (Eo)
et tempsde relaxation (xl, x2)) ont ete mesurer. Au debut refroidisse
ment accelere des muscle longissimus dorsi ont des effet sur ces
propriete visquex et elastique, mais leffet de rigidite initialle ont ete
compense par le temps de viellissement. Apres douze jours des
vieillissement, les propriete viscoelatique des muscle etaient pareil
pour des carcasse refroidisse par acceleration et conventionnelle-
ment. Un resultat pareil ont ete obtenir pendant les comparison des
carcasse avec couche de gras eleve contre des autre avec couche de
gras peu eleve. Cette resultat est normale par ce que couche de gras
controlle indirectement la vitesse de refroidissement. Les propriete
viscoelastique des echantillons vieilli dans un emballage sous vide
apres refroidissement initialle, au lieu des vieillissement sur les
carcasse, ete equivalent. Done les depense a cose des retrecissement
el l'espace de refroidisseur peu etre reduire en traitement les tranche
de viande de boeuf a vente en gros dans un eballage sous vide au lieu
de traitement sur les carcasse. Les propriete visoelastique de viande
de boeuf sera le meme dans les produite.

INTRODUCTION

The postmortem process of holding meat for various lengths
of time under adequate conditions of temperature and rela
tive humidity to improve meat quality is known as aging or
conditioning. The process of conversion of muscle into meat
involves physical, chemical and structural changes. The mus
cle of an animal at the time of slaughter is plastic and highly
extensible. Immediately after slaughter the thin and thick
filaments are relaxed. Stiffness is caused by a rapid irrevers
ible cross-linking between actin and myosin filaments.
Numerous chemical and energy changing reactions are tak
ing place during this process (Penny 1980; Honikel et al.
1981). The conditions for the onset and developmentof rigor
mortis considerably influence the tenderness, juiciness and
water holding capacity of meat. According to Locker and
Hagyard (1963), pre-rigor, excised and unrestrained beef
muscle shortened rapidly at 0°C; minimum shortening was
observed between 14 and 19°C, while rapid shortening was
again observed above 35°C. The mechanisms of cold short
ening were described by Pearson (1986) who concluded that
it could be avoided by proper aging.

Henrickson (1978) described cooler conditioning as natu
ral aging. Initially, the dressed carcasses are rapidly chilled
in a room at 0°C and 85% relative humidity; then the car
casses areheldat 3 to4°C temperature and85 to90%relative
humidity with a gradual flow of air. The greatest effect of
conditioning is achieved in the first 9 days after slaughter.
The mechanism by which 'cooler conditioning' improves
tenderness is unclear and inconclusive despite the extensive
studies undertaken on the subject (Yates et al. 1983; Penny
1980; Robsen and Huiatt 1983). Several processing tech
niques were suggested by Van Laack and Smulders (1988) to
prevent or minimize cold shortening.

The meat quality (colour, tenderness and juiciness) can be
measured objectively or subjectively. A number of instru
mental methods and techniques are available for measuring
meat quality. Using a combination of the Kramer or direct or
Warner-Bratzler shear, compression methods and expressed
juice or cooking loss results, we can account for over 80% of
the variation in subjective tenderness and juiciness over a
wide range of myofibrillar and connective tissue toughness
and cooking losses. The shear method reflects myofibrillar
strength while the compression method supplies the stress
relaxation and texture profile analysis. Both types of method
reflect the strength of the connective tissue. In the present
study, we have limited ourselves to the viscoelasticity param-
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eters by using the stress relaxation method for quality assess
ment. The work on other methods will be reported elsewhere.

No work has been reported on the changes to viscoelastic
parameters of beef during aging. Stress relaxation is the
ability of a material to alleviate an imposed stress under
conditions of constant strain. The Maxwell model has been

successfully used to fit the stress relaxation data for food and
agricultural products. The model is comprised of a finite
number of parallel Maxwell elements (a spring and a dashpot
in series). A residual spring may be included in the model if
the stress does not dissipate completely to a zero value.

Thus, the objective of this paper was to study the changes
in the viscoelastic properties of the logissimus dorsi muscle
of beef during aging. The influence of the type of packaging,
chilling rate, and fat cover thickness on the viscoelastic
properties were also assessed. The ultimate purpose was to
develop criteria for accelerated beef aging by monitoring
various changes taking place in the carcassafter slaughter.

MATERIALS AND METHODS

Carcass chilling, packaging and sampling

Eight steers, which ranged in age from 14 to 24 months, were
obtainedfrom the University of Guelph,Animal and Poultry
Science's beef herd. The animals were maintained on similar
rations prior to slaughter. They wereconventionally slaugh
tered on different days at the University's abattoir. After
slaughtering, the decrease in temperature at the surface and
at a 20 mm depth in the longissimus dorsi muscle of the
carcass (between the 7th and 8th rib) were monitored by 10
T-type thermocouples, five on each half of the carcass. Two
thermocouples were placed on the muscle surface and three
in the muscle. The thermocouples were connected to a data
logger (ECD 3020T, Electronic Controls Design Inc., Mul-
ino, OR) and temperatures were recorded at 10 min intervals.
The carcasses weredivided into two groups: four with4 mm
or lessof subcutaneous fat thickness (lowfat cover) over the
longissimus dorsi muscle at the 12th rib, and four with 6 to 8
mm subcutaneous fat thickness (highfatcover). Tworeplica
tions were used.

Slow and fast chilling processes were employed. For the
fast chilling treatment, the carcass, after slaughter, was
placed in a 2°C cooler. For the slow chilling process, the
carcass was first placed in a 7°C cooler for 4 h, and then
placed in a 2°C cooler for the remainder ofthe 16 day aging
period. The relative humidity was maintained at 86% ± 6%.

After 24 h of fast or slow chilling, the longissimus dorsi
muscle (between the first and fourteenth ribs) of one side of
the carcass was removed. It was then divided into six equal
sections (ofabout 120mmin length)which wereindividually
vacuum-packaged in an ethylene/vinyl acetate copolymer
poly-vinylidene-chloride (PVDC) 400 mm x 800 mm lami
nate bag (Cryovac Division, W.R. Grace Co., Mississauga,
ON). This packaging material has an oxygen transmission
rate of 1.25 to 1.67 mL«m" -h"1 at atmospheric pressure,
25°C, and 75% relative humidity (Gill and Penny 1986). The
packaged meat samples were kept in the cooler at 2°C for 16
days. The longissimus dorsi muscle of the other half of the
carcass was aged on the carcass in the same cooler at 2°C.
Longissimus dorsi muscle samplesof about 120mm in length
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were cut from this second half of the carcass on days 0 (24 h
postmortem), 2, 4, 8, 12 and 16. The samples were taken
between the ribs to avoid disturbing the rest of the muscle.
The left and right sides of the carcass were selectively alter
nated for either the no packaging treatment (carcass aging) or
the vacuum packaging treatment for the 8 carcasses (Table I).

Table I: Experimental variables

Carcass Fat thickness Vacuumed Chilling Animal

(mm) packed side

of the carcass

rate age

(months)

1 8 right slow 18

2 4 left slow 24

3 8 left fast 14

4 3 right fast 14

5 7 right fast 16

6 3 right slow 16

7 7 left fast 16

8 4 left slow 14

Stress relaxation

A 30 mmthick meat sampleof about 30 g from the middleof
the muscle was placed in an aluminum container and cooked
ina 170°C oven until the temperature at itsgeometric centre
reached 70°C. During cooking, the heat transfer was perpen
dicular to themeatfibreorientation. Cooked meatsamples of
17 mm diameter and 15 mm height were used for the stress
relaxation tests. Stressrelaxation testswereperformed using
an universal testing machine (Model 4204, Instron Canada
Ltd., Burlington, ON) with 1 kN load cell following the
procedure described by Mohsenin (1986). The chart speed
wasset at 3.3 mm/sfor the first60 s and thenchangedto0.33
mm/s for the remaining 480 s. The sample was compressed
to 50% of its original height and the force-time curve was
recorded. Five measurements were taken for each of the 16
muscle samples evaluated at every time period.

A nonlinear regression analysis (NLIN) procedure of SAS
(1988) was used to fit a regression curve to the stress relax
ation data. Based on the plots of the successful fit, and
predicted andresidual values data,thefollowing fiveelement
Maxwell model was chosen:

E = E\ exp (-//xl) + E2 exp (-r/x2) + Eo (1)
where:

E = modulus of elasticity at time t (Pa),
£1= the elastic modulus of spring 1 (Pa),
E2= the elastic modulus of spring 2 (Pa),
Eo- equilibrium modulus after infinite time (Pa),
xl= |il/£l, relaxation time of first Maxwell element (s),
t2= \i2/E2t relaxation time of secondMaxwellelement(s),
|ii= coefficient of viscosity of dashpot 1 (Pa-s), and
|I2= coefficient of viscosity of dashpot 2 (Pa-s).

Lin et al. (1990) reported a similar model for a restructured
ham and Correia and Mittal (1990) reported a four element
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Maxwell model for a meat emulsion product.

Data analysis

There were two restrictions on randomization in this experi
ment: first the packaging was chosen, then the aging time was
selected, and finally the chilling rate and fat cover thickness
were randomized. The whole experiment was replicated
twice. Therefore, the experimental design was a split-split
plot (Hicks 1973).

Statistical Analysis System's (SAS 1988) general linear
model (GLM) procedure was used to perform a covariate
split-plotanalysiswithage as a covariate.Responsevariables
wereanalyzedby the analysis of variance for a split-split-plot
designed experiment. The various effects evaluated in the
analysis of variance are presented in Table II. Whole-plot
effects included replication (R), fat cover thickness (F), chill
ing rate (C) and FxC interaction, because interaction of
replication with the other factors was assumed non-existent.
The split-plot effects included packaging (P) and its interac
tions with F and C as well as aging time (T) and its
interactions with F and C. Split-split plot effects included the
interactions between C, F, T and P. Detailed analyses of
split-split plot experimentsare given in experimental design

books such as Hicks (1973).
Duncan's test was used for the means separation. Since the

split-split-plotANOVA model was completely specified, the
residual mean sum of squares used for analysis were actually
specified interactions. Hence, the residual term FxCxR was
used in Duncan's mean test analysis for the effect of replica
tion, fat cover thickness and chilling rate; residual term
FxCxPxR was used for the analysis of the effect ofpackaging
type; and residual term FxCxTxR was used for the analysis
of the effect of aging time. The Correlation procedure CORR
of SAS (1988) was used to correlate the response variables.
Mean values of each dependent variable of two replicates
were used in the analysis.

RESULTS AND DISCUSSION

Figure 1 shows the temperature histories of the carcasses
during fast and slow chilling. For this, the average chilling
rates were0.02°C/minand 0.016°C/min,respectively.

The split-split-plot ANOVA and Duncan's mean test re
sults are shown in Tables II and III. Replication effect on the
stress relaxation parameters was insignificant. Since replica
tion was based on different animals, the variation among
animals was not influential.

Table II: Split-split-plot ANOVA - Meansumsof squares (MS) for stress relaxation properties

Source DF1 £1 Tl

Test of Hypothesis using the ANOVA MS for FxCxR as the error term

Replication (R)

Fat thickness (F)

Chilling rate (C)

FxC

30.2

225.1

36.6

972.0

0.0002

0.0551

0.1785

0.0610

Test of Hypotheses using the ANOVA MS for FxCxPxR as the error term

El

31.3

286.2

51.3

352.6

x2

1.4

364.6

53.7

10.4

Eo

1.2

232.3

19.4

282.6

Packaging (P) 1 173.7 0.0057 25.3 24.1* 10.6

FxP 1 71.2 0.0009 27.0 37.9** 0.2

CxP 1 104.7 0.0005 53.3 2.6 11.7

FxCxP 1 47.4 0.0590 19.7 2.3 5.2

Test of hypotheses using the ANOVA MS for FxCxTxR as the error term

Aging time (T) 5 198.0** 0.0232 87.1** 26.0 22.0

FxT 5 253.9** 0.1435 92.7** 7.1 30.8**

CxT 5 109.4 0.0317 78.0* 32.9 29.0*

FxCxT 5 23.9 0.0092 7.4 12.4 2.9

Test of the hypotheses using the ANOVA MS for FxCxTxPxR as the error term

TxP 5 31.9 0.0213 19.1 2.6 5.2

CxTxP 5 34.3 0.0112 14.7 3.2 4.4

FxTxP 5 7.3 0.0163 5.1 3.9 1.3

Cx FxTxP 5 16.6 0.0414 6.8 9.2 3.1

DF = degree of freedom
***P<0.01 **P<0.05 *P<0.10
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-A— Fastchilling->4mmfat
-a— Slow chilling - < 4 mm tat

800

Fig. 1. Temperature history of longissimus dorsi muscle
between 7th and 8th rib of a beef carcass at

20 mm depth during aging

Elasticity moduli

The elasticity moduli represent the elastic components in the
Maxwell elements. Indirectly these are the measures of the
elasticity in the material. The aging time and interaction term
time x fat had a considerable effect (P < 0.05) on elasticity
modulus-1 and 2 (El and E2) (Table II). Duncan's mean test
(Table III) showed that El on days 0, 2,4 and 8, days 0,4,8

and 16, and days 0, 8, 12 and 16 were not significandy
different. Fat cover thickness, chilling rate and packaging
type did not affect El and E2 (Table III). Correia and Mittal
(1990) reported El of 12kPaat 30°Cto 55 kPaat 70°C fora
meat emulsion product. Lin et al. (1990) observed values of
56 to 154 kPa for the El of restructured ham. The El from

this study ranged from 91.6 to 136.6 kPa, which compared
well with the results of Correia and Mittal (1990) and Lin et
al. (1990), and may be attributed to the elastic nature of the
aged meat as compared to the restructured ham and the meat
emulsion product.

El negatively correlated (P < 0.05) with aging time and
positively correlated with fat cover thickness (P < 0.10)
(Table IV).

The aging time plot of El for the various independent
variables is shown in Fig. 2. With the exception of samples
with a high fat cover thickness, all samples showed a signif
icant increase in El (at the 5% level) during the first two days
of aging, a significant decrease from day 4 to day 12, and a
final increase between day 12 and day 16.

The plot of E2 with respect to aging time is shown in Fig.
3. The trend is similar to that for El. The aging time also
strongly influenced E2 (Table II). The two-factor interaction
effects of fat x time and chilling x time implied that the
synergetic effect of time aided by the fat cover thickness and
chilling rate influenced E2 during aging. However, Table III
demonstrates that the E2 of meat aged on days 0, 8, 12 and

Table III: Duncan's multiple range test for mean valuesof stress relaxation properties for longissimus dorsi muscle

El E2 xl x2 Eo

(kPa) (kPa) (s) (s) (kPa)

Time (dstvs)

0 HS.Obac1 64.8ba 1.22a 36.1ba 48.9a

2 136.6a 84.1a 1.19a 36.0b 58.6a

4 125.6ba 76.7a 1.24a 36.1ba 51.8ba

8 112.8bac 66.5ba 1.23a 36.2ba 49.0ba

12 91.6c 54.2b 1.15a 36.4ba 42.9b

16 106.2bc 67.8ba 1.24a 39.3a 53.1ba

Chilling rate
slow 111.9a 65.6a 1.17a 35.9a 52.9a

fast 117.2a 72.3a 1.26a 37.4a 48.9a

Packaging tvpe

none 120.7a 71.4a 1.22a 36.2a 52.0a

vacuum 108.8a 66.5a 1.20a 37.2a 49.3a

Fat cover thickness

<4mm 107.9a 61.3a 1.19a 34.1a 43.8a

7 or 8 mm 121.4a 76.6a 1.24a 39.3a 57.7a

Replication

1 112.3a 66.5a 1.21a 36.8a 50.2a

2 117.2a 71.4a 1.21a 36.6a 51.2a

Means in the same column with identical letters arenot significantly different at the 5% level.
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16, and on days 0, 2, 4, 8 and 16 were not significantly
different (P < 0.05). Also the packaging type, chilling rate or
fat cover thickness did not show any significant difference
(Table III). E2 varied from 54.2 to 84.1 kPa (Table III) as
compared to 7 at 30°C and 81 kPa at 70°C for a meat
emulsion product (Correia and Mittal 1990) and 73 to 170
kPa for a restructured ham (Lin et al. 1990).

E2 negatively correlated with aging time (P < 0.10) and
hadpositive correlation with fat cover thickness (P < 0.001)
(Table IV).

TheequilibriummodulusEo,which reflects the solidityof

food materials, was only influenced by the fat x time (P <
0.05) and chilling x time interactions (P < 0.10) (Table II).
Duncan's mean test showed no effect of packaging type,
chilling rate, nor fat cover thickness, but a significant effect
of aging time. Eoon days0,2, '4,8 and 16,andon days 0,4,
8,12 and 16 were not significantly different (P < 0.05). Thus,
the influence of aging time affected Eo when concomitant
factors such as fat and chilling were changed.

The plot of Eo with respect to time is shown in Fig. 4. All
the dependentvariables show a significant rise (at 5% level)
in Eo on aging day 2 and again from days 12 to 16. The

Table IV: Correlations between stress relaxation properties and experimental variables

Stress

relaxation

parameters

Correlation coefficient

Chilling

rate

Aging

time

Fat cover

thickness

Packaging

type

El 0.07

(0.50)1
-0.26

(**)

0.17

(*)

-0.15

(0.14)

El 0.12

(0.25)

-0.17

(*)

0.28

(***)

-0.08

(0.42)

xl 0.21

(**)

-0.02

(0.82)

0.12

(0.26)

-0.04

(0.72)

xl 0.16

(0.12)

0.19

(*)

0.54 0.11

(0.30)

Eo 0.11

(0.28)

-0.08

(0.43)

0.39 -0.08

(0.42)

1Values inbrackets are the probability of the hypothesis that there isnocorrelation.
*P<0.10; **P<0.05; *** P < 0.001

180-, -&- Slow chilling
--£>- Fast chilling

o < 4 mm fat

- * - > 4 mm fat

-••— No packaging
-#.- vacuum packaging

Time (days)

Fig. 2. Effect of aging of longissimus dorsi muscle on
elasticity modulus-1 with respect to fat cover
thickness, chilling rate and packaging type
(day '0' was 24 h postmortem).

-b- Slow chilling
--A,- Fast chilling

o < 4 mm fat

- * - > 4 mm fat

-••- No packaging
-#-- vacuum packaging

Time (days)

Fig. 3. Effect of aging of longissimus dorsi muscle on
elasticity modulus-2 with respect to fat cover
thickness, chilling rate and packaging type
(day '0' was 24 h postmortem).
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equilibrium modulus positively correlated (P < 0.001) with
fat cover thickness (Table IV). Table III indicates an increase
in Eo from 43.8 to 57.7 kPa with the increase in fat cover

thickness from low to high. However, Duncan's test indi
cated an insignificant increase.

70 -

e- Slow chilling
•&- Fast chilling
o < 4 mm fat

+ - > 4 mm fat

•— No packaging
#•- vacuum packagingIe* 60-

30

200

0 4 8 12 16

Time (days)

Fig. 4. Effect of aging of longissimus dorsi muscle on
equilibrium modulus with respect to fat cover
thickness, chilling rate and packaging type
(day '0' was 24 h postmortem).

Relaxation time

Relaxation time indicates the time at which the stress in a
material resembling a simple Maxwell model decays to 1/e
of the initial stress (Mohsenin 1986). The plot of the first
relaxation time (xl) with respect to aging time is shown in
Fig. 5. While for samples with a low fat cover thickness, xl
sharply increased on aging day 2, xl for samples with high
fat cover thicknessdecreased.The xl for all the independent
variables converged on aging day 8, then most xl decreased
from days 8 to 12, and increased again from days 12 to 16.

The xl was not affected by any of the following factors:
chilling rate, packaging type, fat cover thickness or aging
time(Table II). Correia and Mittal (1990) reported that thexl
of a meat emulsion product varied from 1080 to 1260 s.
However, the xl of 1.05 to 1.45 s of this study was close to
the 2 to 5 s obtained by Lin et al. (1990) for restructured ham.
xl was positively correlated (P < 0.05) with chilling rate
(Table IV).

The plot of the second relaxation time (x2) with respect to
aging time is shown in Fig. 6. While the x2 for fast chilled
samples sharply decreased on day 2, the one for slow chilled
samples increased. The x2 for the samples with high fat and
low fat cover behaved similarly after day 2, however their
values were quite different. For all treatments, x2 increased
after aging day 12.

As shown in Table II, the packaging type and the fat x
packaging interaction have significant effect (P < 0.10 and P
< 0.05, respectively) on x2. Duncan's mean test indicates that
x2 on days 0, 4, 8, 12 and 16 and on days 0, 2, 4, 8 and 12
were not significantly different (P < 0.05). The x2 varied
from 36 to 39.3 s in this study as compared to the 75 to 141 s
of Lin et al. (1990) obtained for restructured ham and the 780
to 1680 s reported by Correia and Mittal (1990) for a meat

1.5 -i -e- Slow chilling
"£•- Fast chilling

o < 4 mm fat

- +• - > 4 mm fat

-•»- Nopackaging A
-#•— Vacuum packaging

SO, 1.4 -

1.0

0 4 8 12 16

Time (days)

Fig. 5. Effect of aging of longissimus dorsi muscle on
stress relaxation time-1 with respect to fat cover
thickness, chilling rate and packaging type
(day '0' was 24h postmortem).

emulsion product. The differences may be attributed to the
stiffness of the samples.

The strong positive correlations of x2 with fat cover thick
ness (P < 0.001) and aging time (P < 0.10) are exhibited in
Table IV. None of the stress relaxation parameters followed
any kinetics order.

Knowing how the structure of muscle proteins changes
during the aging process due to various factors, one can
regulate the aging of different raw meats in such a way as to
ensure the manufacturing of a consistently high quality prod
uct. This study demonstrates the effects of slow versus fast
chilling rates, low versus high fat cover thicknesses, and
muscle aging on carcass versus in vacuum packaging, on the
viscoelasticity of the longissimus dorsi muscle. The fast
chilling affected viscous as well as elastic properties up to
aging day 8. However, aging time compensated for this ef
fect. After aging time of 12 days, no significant difference
was noted in these properties for fast or slow chilled car-

46-1

d, 42
E

-e- Slow chilling
-^- Fastchilling

o < 4 mm fat

- *>- > 4 mm fat

-•••- No packaging
-♦— Vacuum packaging

0 4 8 12 16

Time (days)

Fig. 6. Effect of aging of longissimus dorsi muscle on
stress relaxation time-2 with respect to fat cover
thickness, chilling rate and packaging type
(day (0' was 24 h postmortem).
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casses. However, elastic properties improved slightly in fast
chilled carcasses from aging days 12 to 16. A similar effect
was noted for fat cover thickness, which indirectly controls
thechilling rate. From the viscoelastic pointof view, beef can
be aged on carcass or in vacuum packaging. Thus, to reduce
costs in termsof shrinkage and cooler space,conditioningof
wholesale cuts in vacuum packaging can be practiced. This
will result in a reduction in labour, material and equipment
costs, reduced cooler and storage costs and increased product
turnover. The reduction in the shrinkage during aging in
vacuum packaging will directly increase the producer's
profit. However, more confirmatory work is required in this
direction by taking more replications.

CONCLUSIONS

The aging time and fat cover thickness x time interaction
influenced the elasticity moduli (El and E2). The variation
of E2 as a function of aging time for all viscoelastic proper-
lies was similar to that of £1. The equilibrium modulus (Eo)
was also affected by the fat cover thickness x time interac
tion. Eo increased with an increase in fat cover thickness. The
relaxation time of the first element (xl) was insensitive to all
the experimental variables. However, the fat cover thickness
x packaging type interaction influenced the relaxation time
of the second element (x2). Aging time was able to compen
sate for the effect of fast chilling and fat cover thickness.
Therefore, equivalent viscoelastic properties can be achieved
if meat, in the form of commercial cuts, is aged in vacuum
packaging after initial chilling. This will result in the reduc
tion of costs and shrinkage losses.
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