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dif}«l:MMW: The effects of various test parameters on stress relaxation data for beef products, and the suitability of
take, ®0t models to describe the test data were investigated. One beef product from each of the three broad classes were
Doy, ﬁ"ely comminuted (frankfurter), ground beef (hamburger), and whole muscle (corned beef). Cylindrical
o ens of meat products, 10, 15 or 20 mm in diameter and 10 mm in length were prepared. These were compressed
o> 20% or 30% of their original height for 9 min. The data was fitted in three models - Maxwell model with two
diVidms’ and Peleg (1979) and Nussinovitch et al. (1989) models. The stress relaxation test data was normalized by
Patio ag the force by cross sectional sample area and strain to get modulus values. Both sample size and compression
yg,  ccted model parameters. A diameter to length ratio (D/L) of 1.5 and any compression ratio were suitable for
"lnel ¢ foods; D/L = 1.5 and 10% or 20% compression for ground beef; and D/L = 2 and 10% or 20% compression for

“Mmminuted (emulsified) foods were optimum test conditions.

r(‘-la,(aR.ODUCTI()N: The objectives of this study were: (i) To evaluate the effects of various test conditions on stress

SUitab"'_o" data for three beef products - whole muscle, ground and finely comminuted (emulsified). (ii) To evaluate the
b@ef :,tg of various models to describe the test results. (iii) To standardize stress relaxation test parameters for various
ucts,

MAT
?\e r\ER[ALS and METHODS: Particular lots of frankfurter and corned beef were supplied by a local manufacturer.

0 A s - i - : ; .
he r(,:;nd meat was filled in a casing in the form of a salami. This provided uniform samples, without air bubbles.
Ucts’ compositions were:

(‘Pan B Water Protein fat ash
oy T 559 12.6  28.5 2.9
Umeg De€f 545 154 268 3.2

beef 790 138 25 45

ingy:
N e]etd:,'ca‘ Specimens of the products 10 mm, 15 mm and 20 mm in diameter and 10 mm in length were prepared by
f‘“hin '€ slicer and suitable cork borers. Stress relaxation tests were performed on an Instron universal testing
“;:ght‘ * Cross head speed was 5 cm/min. The specimen were compressed to 10%, 20% and 30% of their original
da/mi'l ore fO!‘ce-time‘curv?s were‘rec.orded on a chart recorder at a speed of 50 cm/min for the first 1 mi.n and 2
vata Wag anOtl}er 8 min. Five replications were taken for each treatment. The whole experiment was run twice. The
lues‘ Normalized by dividing the force by cross sectional sample area and strain (compression ratio) to get modulus

Qp
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M“hseniﬁLiN(x: The stress relaxation data has traditionally been described in terms of a discrete linear-Maxwell model
’ 986):

n 7_t
Flt) =B +3 e ' (1)
i=1

W
hepg R 2

o and E, are the decaying parameters (modulus = stress/strain), T, relaxation times and t is time.
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e‘lllationnzlwas reported by Nussinovitch ez al. (1989) for describing the stress relaxation data. This is a simplification

oft (-t
F}(Tt) -A1+Aze(1°)+A38(w°) (2)
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d 19 0 'S the Initial force, F(t) the decaying force, A,, A,, and A, the dimensionless constants. The unit for t is second,

and
00 are the fixed relaxation times in second.

R
9
) used egs. 3 and 4 for describing stress relaxation data:

F-FGE)

Y(t) = A
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where ’a’ and ’b’ are the constants. In the following discussion, model 1 consists of eq. 1, model 2 represents €d* ﬁh i
model 3 composed of eqs. 3 and 4. The ‘a’ in model 3 denotes the amount of stress decay during relaxatiof' v it
represents the ‘rate’ at which the stress relaxes. A higher ‘b’ value expresses a steeper descent of the relaxation
toward the residual value (Peleg, 1979).

oL at
In model 1, functions Fo = E0 + E1 + E3 and ¢ = E1l/t1 + E2/12, the derivative of the stress relaxation curve

0, was chosen for further statistical analysis.
fhe

0
The normalized experimental data was fitted in models 2 and 3 using General Linear model (GLM) prOCedurae d e
Statistical Analysis System (SAS, 1989). Model 1 was fitted using the method given by Mohsenin (1986)
computer program of Rudra (1987).

RESULTS and DISCUSSION: at
I Frankfurter (i) Model 1: Table 1 shows the influence of different treatments on the model parameters- 4
compression, no variability was noted in E1 due to sample size variations. Similarly, sample size had no ¢ eCr gsi0"
and Fo at 20% compression. No difference was noticed in E0 for different sample sizes at 10% and 20% comp 3red
Sample size has not affected 71 at 10% and 30% compression. However, it was higher for 30% compression cO_n re¥
to 10%. At 10% compression, sample size had no effect on 6. At other compression ratios, ¢ decreased with the! 15 o
in sample diameter. (ii) Model 2: The sample size and compression ratio did not affect the parameters of mo affef'ed
this model may not be sensitive enough to provide the difference in the treatments. (iii) Model 3: Only ‘b’ was
significantly by treatments.

ot
es™

Fig.1 shows the different stress relaxation curves of different sample sizes and compression ratios. Modulus" y-
e

higher at 30% compression than at 10% and 20%. The difference between different sample sizes was sma

. pati®
compression. The recommended test conditions are: diameter/length ratio of 2 and 10% or 20% compl‘ess“’n :
jo

res¥
II Ground-beef (i) Model 1: Table 2 indicates that in general E1 increased with the increase in D/L and Compith ‘h:
ratio. Statistically, there was no effect of sample size for 10% and 30% compression. E2, Fo and 11 increasé Tnef

increase in sample diameter for 10% and 20% compression. E2 decreased with the increase in sample dnameteratio z"g
¢

was no effect of sample diameter on 1 for 30% compression. 12 increased with the increase in compressiog mcrezi ) |
sample diameter, except for treatment 2. The effect was more significant at 20% and 30% compression.' E (i Odd
and o decreased with the increase in compression ratio and sample diameter for 20% and 30% compression- = a

2: Al, A2 and Fo were influenced by treatments. Fo increased, generally, with the increase in sample diarm

TABLE 1
DUNCAN’S RANKING OF MEAN VALUES OF TEST PARAMETERS FOR
FRANKFURTER, THE E,, E,, E, AND F, ARE MODULUS IN kPa.

TREATMENT E, E, E, Ty S Ty S F, o,
kPa/
S
CO 1| D/L=1 |40.5 54.0 48.5 561.6 8.68 143.0 | 6.53
MP ab b c bc d c bcd b
=10 2 | D/L= 323 44.2 41.6 500.6 7.04 118.1 | 6.45
% 1.5 abe |d cd d c e b
3(D/L=2 | 224 56.2 48.4 758.3 943 127.0 | 5.98
e b bc d C cde b
CO 4 | D/L=1 | 40.0 48.4 38.2 575.4 7.36 126.6 | 6.86
MP ab bed d d c cde b
=20 5| D/L= 26.2 54.4 43.6 1575 14.8 127.2 | 3.89
% 1.5 de bc bcd |[bec c de c
6 | D/L=2 | 30.9 45.0 36.9 1883 24.3 112.9 | 2.52
cd cd d a b e cd
CO 7 | D/L=1 | 38.7 88.2 50.9 873.7 10.7 177.8 | 8.46
MP abc a b cd c a a
=30 8 | D/L= 42.8 ST 48.1 1306 26.2 148.2 | 2.81
% 1.5 a b bc bc b bc cd
9| D/L=2 |[42.8 45.7 64.7 1211 36.5 153.2 | 1.73
a cd a bc a b d
ata with the same letter in a column are not significantly

different at 95% level. D/L = sample diameter to length ratio,
COMP = compression ratio.
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b TABLE 2
g DUNCAN’S RANKING OF MEAN VALUES OF TEST PARAMETERS OF GROUND-BEEF.
THE E,, E,, E, AND F, ARE MODULUS IN kPa.
, TREATMENT E, E, E, Ty S T2y S F, c,
| kPa/s
CO 1| D/L=1 |24.1 30.1 46.2 214.9 6.74 100.3 -5.24
fe MP C ef bc c d bc cde
e =10 2 | D/L= 30.0 35.9 44.7 274.6 | 5.71 110.5 -6.56
% 1.5 bc e bc c d b e
3|D/L=2 |274 69.1 50.3 1190 12.0 146.8 -6.17
bc b b ab cd a de
o CO 4 | D/L=1 |24.2 278 28.6 3839 (7.1 80.6 -4.15
) MP ¢ e e ¢ d ¢ bc
i =20 5| D/L= 32.8 47.8 34.5 927 11.6 115.1 -5.07
o % 15 [be |d |de |b cd |b cd
"; 6 | D/L=2 [ 46.6 50.3 58.9 1364 45 155.8 -1.29
od a d a a b a a
t CO 7 | D/L=1 | 40.0 84.0 38.2 1213 17.4 162.2 -6.08
MP ab a cd ab cd a de
" =30 8 [ D/L= 50.0 59.5 424 1191 24.7 152.0 -3.11
§ % 15 a c bcd |ab c a b
9 | D/L=2 | 503 49.1 64.2 1442 66.4 164.6 -1.10
a d a a a a a
f ata with the same letter in a column are not significantly
it different at 95% level. D/L = sample diameter to length ratio.
i COMP: compression ratio.
0
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Figure 2. Stress relaxation data for various
treatments for ground beef, E(t) is kPa.
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compression ratio. (iii) Model 3: Treatment affected ‘a’ and ‘Fo’. Fo increased with the increase in compress'o

and sample diameter. :
Pl
Fig.2 shows the stress relaxation curves for different treatments. The recommended test conditions are: D/L = %fg ht
10% or 20% compression ratio. It is important to provide the sample size and compression ratio when pro"‘,dl SteS'
information on stress relaxation test parameters. It is difficult to compare these parameters collected at varl
conditions. p
0%
III Whole muscle (corned beef) (i) Model 1: Table 3 indicates that sample size has not influenced E1 for 10% ?nfeaged
compression. However, E1 and E2 increased with the increase in sample diameter for 30 % compression. 1l 'nditianﬁ'
with the increase in sample diameter for 10% compression. In general, 72 increased with the increase in test co” gil?
except for treatment 8. E0 increased with the increase in sample diameter for 10% compression. E0 also iﬂcr_eas‘i3 "L
the increase in compression ratio from 20% to 30%. For larger sample (D/L = 2), F0 increased with the incf Iy y
compression ratio. o decreased with the increase in sample diameter for all compression ratios. (ii) Model 2¢ Créﬂseq
and Fo were affected by treatments. Increase in sample size increased A1 for 20% and 30% compression. Fon ced b)
with the increase in sample diameter from 15 mm to 20 mm. (iii) Model 3: Only ‘a’ and Fo were influe”

treatments.

_y59

Fig. 3 shows the stress relaxation curves for various treatments. The recommended test conditions are: D/L

compression ratio from 10% to 30%.
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TABLE 3
DUNCAN’S RANKING OF MEAN VALUES OF TEST PARAMETERS OF A
BEEF MUSCLE. THE E,, E,, E, AND F, ARE MODULUS IN kPa.

TREATMENT E, E, E, TinS Ty S F, G,
kPa/s
1| D/L=1 |935 89.9 | 80.2 261 7.9 272.6 | -14.1
b d a e d chb d
. 2 | D/L=1. | 75.9 107 41.9 1216 | 25.8 225.2 -7.40
(I\I'I(I)’ 5 bc cd cd becd |cd cd c
=10 |3 |D/L=2 |994 94.4 | 46.5 1591 | 59.1 240.2 | -2.35
% b d becd (ab a becd a
4 | D/L=1 | 103.7 156 30.6 1123717322 290.6 -6.53
b a d becd |bc ab bc
C 5 | D/L=1.|76.3 101 33.1 1833 | 62.5 210.3 -2.26
M(; 5 bc cd d a a d a ‘
-20 |6([D/L=2 |107.8 |933 |573 1288 | 67.7 258.4 -1.71 ‘
% b d bec abc |a bed a \
7 | D/L=1 | 62.1 148 37.8 1466 | 59.1 247.7 -3.24 \
c ab d ab a becd ab
Co 8 [ D/L=1. | 96.3 109 37.0 658 48.1 242.3 -2.83
MP S b cd d de ab bcd a
=30 |9 |D/L=2 |1385 129 61.0 808 714 328.5 -2.14
% a bec b cde |a a a
ata with the same letter in a column are not significantly }

different at 95% level. D/L = sample diameter to length ratio.
COMP: compression ratio.

1078




| 7:10

i0
1i [ 300
250
ol . 350
d ’u} ....... - 10% compression nnl\ 0 = 4 4
i % " . 200 S 10% compression 300 10% compression
VAR 0l ---- 20% compression 3 —~ = o
A E . 2 ---- 20% compression 0 250]\ \ 20% compression
e | & 159 4 30% compression B 150 3 = 8 297
. = \ 30% compression a0 \t\ 30% compression
el =7 S
@ 100 =100 E 1501 s o
) i,
Y w =
50 L7 100 =
;J 50 £
&) 0 50
iff O 4p0 200 300 400 500 Oo T T T T e 0
: ; 100 200 300 40 i ' !
if Time (s) v G 0 100 200 300 400 500
,:»\1 10 mm diameter Time (s) Time (s)
‘ 15 mm diamet S
,t’d ter 20 mm diameter
) :
Flafre 3. Stress relaxation data for various
reatments for beef muscle, E(t) is kPa.
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