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Formulation Total r » r
Cooking loss 

Water (%) Fat XV,
C 28.6 26.7 1 .6a10 B 27.7 25.3 1 .8ab20 B 28.2 26.1 2 .0at>30 B 27.1 25.2 2.3ab20 L 27.4 24.6 2.7b20 R 28.5 25.9 2.7b

1 - Each value is the average of 20 measurements (four rep
lications made at each of five different times during 
the storage period

a,D - Different letters in the columns indicate significant 
differences (P < 0.05)

Initially, adding more than 10 % MRP caused the amounts of water 
retained and fat released during cooking to increase (Jim6nez- 
Colinenero et al., in press). A similar tendency was observed 
during frozen storage, but no significant differences were found 
in the amount of water released in function of either the per
centage or the type of MRP employed. In contrast, the amount of 
fat released did depend on the source of the MRM; while it also 
increased with the proportion of MRP added, the increase was not 
significant. in any event, the differences observed in this 
parameter cannot be explained exclusively by the different 
amounts of fat in the hamburgers (C = 2.8%; 10 B = 4.4%* 20 B - 
8.8%; 30 B = 10.2%; 20 L « 10.3%; and 20 R - 10.0%). Adding MRP 
increased the fat binding capacity of the ground pork, and it 

constai}t throughout the storage period. Seideman et a l . 
(1977) reported that MRM-containing beef patties retained higher 
percentages of fat than did patties made from hand-boned beef 
only. The fact that the water holding capacity did not show 
variation indicates that protein denaturation and aggregation due 
to freezing and frozen storage did not take place.

The effect of frozen storage on the colour of the hamburgers is 
shown in Table 3. No significant differences were found in the L 
(lightness) and b (yellowness) values at different times during 
storage, and hence Table 3 contains the mean values for the en
tire storage period for each of the formulations.

The addition of MRP to the hamburgers resulted in a significant 
decrease in the L (lightness) value and a significant increase in 
the a (redness) value, which varied with the proportion and type 
of MRM. The b (yellowness) value was found to depend only on the 
type of MRP used (formulation 20 L). The variations in the co
lour of the hamburgers that take place when MRP is added are due 
to differences in the amount of hemo pigments obtained from the 
bone marrow. As a result, MRP from legbones is darker in colour 
(lower lightness and yellowness values and higher redness
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values). The differing fat contents of the hamburgers may also 
affect the colour.

Table 3. Effect of frozen storage on HunterLab colour 
measurements of the hamburgers

L1 a2 (redness)
bl

yel-
Formu- light- Days in storage ow-
lation ness 0 30 60 120 220 X ness

C
10 B 
20 B 
30 B 
20 L 
20 R

34.9t
3 4 -2tw33.1,
« • i w x  29.7 
33.Iy

10.7f 
12.0§ 
12.7| 
12.9§ 
14. if 
11.5j

9.8Î?
H - 3 8
1 2 *3l!12.7f* 
14.2§ 
11.9|

9.7j?
11.38

! 11 -7P> 13.if 
13.9g 
ii.af

9.6| 
1 1 . 2 6  
1 1 .3§d
12.3Çy
12.5§ 
H ‘6$x

9.2b 9.8. 
10.5SX 11 * 3.w 
11.Oj 11.8WX 
10-9S 12-4WX 
11.2S 13.2X 
9 -9lw H - ^ t w

9.1. 
9 • 2. 
9 -lt 
9 • 5t 
8.6W 
9 -2.

1 - No significant differences found with storage time for
parameters L and b; each value is thus the average of 60 
measurements (12 replications at each of 5 storage times)

2 - For each storage time shown, each value is the average of
12 replications

a,b,c,d - The means on the same row for a given parameter 
with different superscripts are significantly 
different (P < 0.05)

t,w,x,y,z - Means in the same column with different subscripts 
are significantly different (P < 0.05)

Frozen storage brought about a significant decrease in the a 
(redness) value in the hamburgers due to oxidation of the myo 
globin and metamyoglobin. Hemo pigment concentration in the 
hamburgers does not seem to be the only factor leading to the 
decrease in redness during storage, since at the end of the stor
age period the decline in the a value was similar in all the 
hamburgers except those made with MRP from legbones, in which it 
was higher.

The results of the shear strength analysis are presented in Table 
4. Initially, adding MRP caused a drop in the shear strength of 
the hamburgers, depending on the proportion rather than on the 
source of the MRP. Consequently, it was possible to establish a 
linear relationship between shear strength and the proportion of 
MRP (r2 = 0,85 P < 0.001). It would therefore appear that the 
primary factor affecting hardness was the physical structure of 
the MRP, though the varying fat contents of the hamburgers were 
also a factor. No significant differences were found in the 
shear strength of the hamburgers with storage time except in 
formula tion C (control), in which slightly lower values were 
observed at 60 and 120 days. This lack of variation in the shear 
strength values over storage was in line with the results ob
tained for cooking loss, and reflect little alteration in the
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proteins.

Table 4. Effect of frozen storage on tne shear strength of the 
hamburgers (kg/g)1

Days in storage
Formulation 0 30 60 120 220

C 4.4a 4.0»b 3.7b 3.7$ 4*2$
10 B 3.7X 3.7W 3-3„x 3.6x
20 B 3 *ly 3.2xy 3-0x 3.0xy 3.2xy
30 B 2.8y 2 • 8 y 2.5X 2.8y

l'lY20 L 3.0j 3-lxy 2.7X 2.8y • y
20 R 3 ‘«y *-»y 2 '9x y 2.8y

1 - Each value is the average of six replications
a,b - Means on the same row with different superscripts are 

significantly different (P < 0.05)

w,x,y - Means in the same column with different subscripts 
are significantly different (P < 0.05)

Table 5. Changes in the 2-thiobarbituric acid (TBA) index for
the hamburgers during frozen storage ^ M  malonaldehyde/ 
100 g of formulation)1

Pays in storage
Formulation 0 60 220

C 0.32$ 0.43$b 0.66$x
10 B 0.60, 0.44WX 0.56w
20 B 0.60x o •59wxy 0.73wx
30 B 0.46| 0.65|ft 0.85|y
20 L 0.51xy 0.73§* 0.94ft
20 R °-53$y 0.60$xy 0.93*

1 - Each value is the average of three replications

a,b - Means in the same row with different superscripts are 
significantly different (P < 0.05)

w,x,y - Means in the same column with different subscripts 
are significantly different (P < 0.05)

The results of the 2-thiobarbituric acid index are shown in Table 
5. The addition of MRP brought about an initial rise in the 
rancidity index in the hamburgers. Oxidation increased over the 
storage period except in the case of formulations 10 B and 20 B. 
While there are in fact significant differences between the TBA

Under the conditions of the present experiment, freezing ,, 
frozen storage of MRP-containing pork hamburgers did not * t»‘
any distinct alterations in their properties. Consequent o 
stability of such hamburgers is not a factor limiting tn mechanically recovered pork. Moreover, both the propo ^  tti 
the type of MRP selected can enhance the acceptability 
hamburgers to which it is added.
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index values for the different types and proportions (30*) of 
MRP, these were very slight and were of no practical importance. 
As a result, rancidity was not detected by the taste panel. 
These results were obtained despite the fact that, as expected, 
the hamburgers contained different proportions of fat and hemo 
pigments depending on the amount and source bones of the MRP.

No significant differences were found in the sensory parameters 
rated during the storage period, hence Table 6 shows the mean 
values only. In contrast to the results of the Present experi 
ment Cross et al. (1978) observed that the length of tame 
frozen s'torage— did have a significant effect on the flavour 
juiciness, and hardness and desirability of ground beef patties 
containing mechanically deboned beef.
Table 6. Mean results of the s e n s o r y hambur9ers

performed over the frozen storage per

Formulation flavour Juiciness Hardness acceptability

1 - No significant differences were found among the parameters 
tested over the storage period, so each value is the mean 
of 30 tastings (five tests times six tasters)

Throughout the storage period the MRP gave the hamburgers a •• liv
er” flavour that increased with the proportion of MRP added, 
except in the case of formulation 20 L; this may be due to the 
presence of bone marrow. The taste panel did not perceive any 
rancid taste in any of the formulations over the storage period.

Adding MRM resulted in an increase in the juiciness and a de
crease in the hardness of tne hamburgers. The increased juici
ness was not reflected in the total cooking loss or in the amount 
of water released, and it is therefore thought likely that it was 
caused by the higher amounts of fat released during cooking. 
There was a positive correlation between shear strength and hard
ness as evaluated by the taste panel (r « 0.59; ? <  0.01).
Except for the hamburgers containing MRP from legbones, which had 
a more readily distinguishable "liver" flavour, the highest juic
iness value, and the lowest hardness value, o v e r a l l  acceptability 
for the different formulations during storage was similar to that 
for the control formulation (0% MRP).


