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The incidence of DFD meat is a serious problem in Finland (see Puolanne and Aalto in this 
publication), and it is therefore important to know the possible effects of the use of DFD 
meat on the properties of cooked sausage. Most of the studies on the effect of pH value on 
the water-binding of meat has been carried out with meat without salt. These studies show 
that water-binding capacity increased when the pH value was raised from 5.0 to 7.0 (revie" 
HAMM 1972). When adding salt to meat HAMM (1962a) found that the water-binding capacity 
meat increased to a maximum when the pH value rose to 6.0.
The average human daily intake of common salt in Finland is 12-15 g, which is very much 
higher than the maximum value recommended by WHO. The average consumption of sausage is ve 
high in Finland, about 80 g per person per day. Consumption varies, of course, and theref°r 
the salt intake from sausages can be considerably higher for some individuals (HANNUKAINEN 
1980). For this reason it is necessary to lower salt content of sausages, at the same tiwe  ̂
monitoring the technological effects this produces. HAMM (1957) and RANKEN (1973) showed 
the water-binding capacity of meat increases with increasing salt content up to 4-5 % NaCl> 
depending on the fat content. SCHULTS and WIERBICKI (1973) achieved maximal binding in 
with a slightly lower salt content. In this study a laboratory sausage method (PUOLANNE 311 
RUUSUNEN 1979) was used to study the effect of pH value, salt and phosphate content on 
water-binding capacity and firmness of cooked sausage.
MATERIAL AND METHODS
The laboratory sausage method used in this study is described in detail elsewhere ( P U O L A N N  

and RUUSUNEN 1978, 1979). The method is based on the addition of excess water to the 
sausage mass, resulting in the separation of water on the surface under the casing. T^e 
water-binding capacity is calculated on the basis of the amount water remaining in the 
cooked and cooled sausage.

<

To study the effect of pH meat samples with different pH values were taken from the inSl 
rounds of young bulls. Mixtures were prepared containing meat from 2-3 animals. In thlS 
way, effects of differences due to other than pH values (HAMM 1962b) were to some extent 
avoided. Sausage masses from the mixtures were prepared with or without added phosph3te 
using the recipe presented in Table 1.

Table 1. Recipes for the laboratory sausages.

Water-binding capacity Firmness
Without P-iO. 

(g) b
With P«0- 

(g) 2 5
Without

(g) P2°5 With P,0,. 
(g) 2 5

Beef 50 50 70 60
Pork 40 40 50 40
Water 130 160 80 100
NaCl 4.4 5.0 4.0 4.0
Added phosphate - 0.75 - 0.6
Pork/beef 0.80 0.80 0.71 0.67
g water/100 g meat 178 144 67 100
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1] study the effect of the salt and phosphate content the meat was taken from the shoulders 
young beef animals. The redipe was: 50 g beef (fat content c. 10 3), 40 g pork (fat

*ith h '’h'0 ^  3nd 120 8 WatCr* Wh6n ^  S3lt C°ntent W3S kGpt c°nstan*. it was 2 », and 
a Co ph°Sphate xt was correspondingly 0.3 I (0.17 » P ^ ) .  The phosphate used was Sitonal 
Th mmercial sausa2e Phosphate preparation (Research Center of Meat Industry, Finland).

™ . ! . a_îageS WaS determined with an Instron TM-100 (Instron Ltd., England)
U m
(6s

; --- i m 3  l i on Lia., tngiandj
g a lateral pressure or cutting piston. The temperature of the sausages was + 8°C at the
o measurement. The sausages for measuring firmness were prepared with low water content 

g beef, 45 g pork and 90 g water) to avoid water release during cooking.

^SU L T S and discussion
The
PHm  *ater-blndlnS capacity increased sharply in sausages without added phosphate when the 

alue rose in the range 5.4-5.9 (Fig. 1). Above pH 5.9 the increase was slower, and 
mum water-binding was reached at pH 6.15-6.25. In sausages with phosphate the lowest pH

c*“  W 3 C  N 8 r l n o  ♦> an V, ~  JT___^  1 .  .  .  ‘
vai

P

*Par•WaS.S* 8 due t0 the fact that add^d phosphate raises the pH value. The water-binding 
city increased to a maximum when the pH rose to 6.25.

^ ure 2 shows the results of a test in which the pH of meat of originally different pH values
(Wit. JUSted a c t i o n  of acid or base to various values. The curve taken from Figure 1 
j out added phosphate) acts as a control.

C n Seen th3t adjusting the pH value the pH-WHC curves assume almost the same shape
f!CtlVe °f thC °rlginal PH' The main difference when compared with the control curve is 

Wu adjusted curves have no maxima. The meat with a lower original pH (5.5) reached a
maximum level at pH 6.0, but the 
other two also showed a slight 
increase after pH 6.0. Figure 3 
shows the corresponding results for 
sausages with added phosphate. In 
this case, too, the curves are 
quite similar in shape. The curve 
for the meat with the lowest origi­
nal pH reached a maximum at pH 5.8.

‘0..

’o..

0.3 t P205 
without P205

dH

P 6.4 e.s5.7 5.8 5.9 6.0 8,1
gUfe 1. Effect of pH of raw mexture on the water­

binding capacity (WHC) of frankfurter-type 
sausages (WHC, g water/100 g meat).

diff

The effect of pH on the firmness 
value by lateral pressure was small 
(Fig. 4). Use of a cutting piston 
shows that the firmness increases 
as the pH rises to 5.9, after which 
the firmness values decreases 
slightly.

In Figures 2 and 3 the water-binding 
capacity has been measured using 
only 5 different pH values for each 
meat sample. With so few points it» , „ , "itn so tew points

>  or h determine the maximum. It should also be noted that in extreme cases the
5tePara aSC addltl0ns may have been large enough to cause some denaturation during the
H e  I0" 3nd inflU6nce the shaPe of the PH-WHC curve. In practice, the pH of cooked

masses seldom varies to this extent. The pH may lie, depending on whether phosphate
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Effect of adjusting the pH of the raw 
mixture to the water binding capacity 
(WHC) (WHC, g water/100 g meat) of 
frankfurter-type sausages when 
processing beef items with different 
pH values; no added phosphate.

is used between 5.8 and 6.1 (PUOLANNE 
et al. 1978). Thus it can be concluded 
that the use on DFD meat as one of the 
ingredients is unlikely to cause 
marked technological changes in cooked 
sausage.

As the salt content increases there is 
a marked increase in water binding 
after 1 % NaCl. The increase continue5 
rapidly up to 3 % NaCl and thereafter 
slightly more slowly, reaching a 
maximum at 4 I NaCl (Fig. 5). The cor 
responding curve for phosphate shows 
an even sharper initial increase, but 
the increase slows down earlier. "Ph 
maximum is reached at 4 % NaCl in thi 
case, too. Figure 5 also shows that 
added phosphate has its maximum effeCt 
at 2 % NaCl.

As the phosphate content increases the water-binding capacity increases to c. 0.2 % P2°5'
after which the increase is negligible (Fig. 6). , - ,
In studies currently in progress (PUOLANNE and RUUSUNEN 1980) it has been found that an
increase in fat content moved the curves in Figures 4-6 to the left. It can be concluded
that the ionic strength in the aqueous phase is the decisive factor, and merely the salt or

or phosphate content of the prod
t 8 0- • 
150” WHC

9 0-

8 0 -

f A Cont ro1
7 0- ¥ pH 5.5
6 0 0 pH 5.9
5 0 - * pH 6.8
4 0 -

5.5 5.8 5.7 5.9 0.1 6.2 6.3 6.« 6.5 Figure 3

\

(see also HAMM 1958 and RANKEN 
1973).

c vieVFrom the technological point oi 
it can be concluded that lowering

, , -7 o. c  ^the salt content to below l « 
a marked decrease in water binding 
and lowers the quality of the 
sausages.

An alternative to lowering the ^
content might be to use a mixtur
NaCl, KC1 and MgCl7. That kind 0 

9 Lsalt mixture is now as a commer 
product available in Finland.
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Figure 4. Effect of pH of raw mixtb*e
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Fi
®ure 5. Effect of NaCl content on the

water-binding capacity of cooked 
sausage mass.

Figure 6. Effect of added phosphate content
on the water-binding capacity of cooked 
sausage mass.
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