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2. Die spezifische Wirkung von Pyrophosphat auf die Löslichkeit von Fleischproteinen
A.H.A. VAN DEN 00RD und J.J. WESDORP

Unilever Research Duiven, Zevenaar, Niederlande

Proben von magerem Schweinefleisch (Biceps femoris) wurden mit einer fünffachen Volumen
menge an Lake, die 1 -6% Natriumchlorid in Gegenwart von 0,01-1% Pyrophosphat enthielt, im 
pH-Bereich 5,50 bis 7,00 extrahiert. Die beachtliche positive Wirkung des Pyrophosphats auf 
die Extrahierbarkeit von Fleischproteinen nahm ständig zu mit wachsender Ionenstärke und 
steigendem pH-Wert. Pyrophosphat beeinflusst die Ionenstärke an sich, obwohl geringfügig, 
während dieser Einfluss nicht mit dem Effekt auf die Proteinextrahierbarkeit korreliert ist. 
Letzterer Effekt ist als eine spezifische Wirkung zu betrachten, welche vermutlich durch 
das P2O7 Ion verursacht wird. Darüber hinaus gibt es Andeutungen dafür, dass das 
Triphosphat seinen spezifischen Effekt erst nach der Hydrolyse zu Pyrophosphat aufweist.

2, The specific effect of pyrophosphate on protein solubility of meat

A.H.A. VAN DEN OORD and J.J. WESDORP
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Lean pork (Biceps femoris) was extracted with 5 volumes of brine, containing 1-6% sodium 
chloride in combination with 0.01-1% pyrophosphate, over the pH range 5.50-7.00. The marked 
Positive effect of pyrophosphate on the extractability of meat proteins generally became 
stronger with increasing ionic strength and increasing pH. Pyrophosphate does influence 
ionic strength itself, but only to a limited extent, while this influence is not correlated 
with its effect on protein extractability. This effect is concluded to be a specific one and 
is suggested to be caused by the P207 " ion. It is further suggested that triphosphate exerts 
a specific effect only after hydrolysis into pyrophosphate.
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2. L'effet spécifique du pyrophosphate sur la solubilité des protéines de viande
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Unilever Research Duiven, Zevenaar, Pays-Bas

On a extrait du porc maigre (Biceps femoris) en utilisant 5 volumes de l'eau salée 
(contenant 1-6% de chlorure de sodium et 0,01-1% de pyrophosphate) près duquel le pH final 
se situait entre 5,50 et 7,00. L'effet positif très clair du pyrophosphate sur 1'extractabi' 
lité de protéines de viande s'augmentait généralement à une force ionique et un pH 
croissants. Le pyrophosphate influe, sans doute, sur la force ionique même, mais seulement 
à un degré limité; en outre, il n'y a pas de corrélation entre cette influence et son effet 
sur 1'extractabilité des protéines. Cet effet est considéré comme spécifique et les 
résultats obtenus font suggérer qu'il est dû à l'action de l'ion P2C>74-. Il est aussi suggéré 
que le triphosphate a seulement un effet spécifique après hydrolyse en pyrophosphate. 2

2. CnemijimiecKMM aqfKfceKT rmpojiociiaTa Ha pacTBOPHMOCTB mhchhx npOTenHOB

A.X.A. BAH AEH OOPfl M H.fl. BECflOPn 
WHH/ieBep PwcepM fleiiBeH, 3eeeHaap, fo^jiaH/i

n o c T H a n  C B H H H H a  (Biceps femoris) n p o s K C T p a r n p o B a H a  5 o C t e M a M H  p a c T B o p a ,  c o « e p * a m e r o  1-6% 
noBapeHHoii c o ji w m  0,01-1%  nvrpo$oc$aTa, b  n p e n e n a x  pH o t  5,5 n o  7,0. B H p a x e H H u K  nonoxii- 
TejibHwii 3(J><i)eKT nnpo$oc<|>aTa H a  S K C T p a r w p y e M O C T b  m h c h s i x  n p o T e w H O B  ycnnn.ncH n p h  B03p a c T a -  
romeK h o h h o m  c HJie h  n o B u m e H H H  pH. n n p o $ o c $ a T  O K a3UB a e T  B j m H H u e  Ha caiiy noHHyio cuny, h o  
TOJibKO no onpeneneHHoii C T e n e H H ,  b  t o  Bp e M H  k b k  B a a M M O O B H C t  b j i h h h h h  H a  KOHHyro c u n y  c 3$- 
$ e K T O M  flaHHoro B e m e c T B a  Ha S K C T p a r n p y e M O C T b  n p o T e w H O B  O T c y T C T B y e T .  CjienaH b m b o h  o  c n e -  
UH$HIJHOCTH 3T O T O  3$ $ e K T a .

4-rio peaynbTaTaM uccnenoBaHHH npennonaraeTCH, h t o  aKTHBHaH $opMa nnpo$oc$aTa -  h o h  P2O7

Hajiee BHCKaauBaeTCH MHeHwe, hto Tpn$oc$aT HMeeT mini cneuniJiHtiecKHii 3$$eKT nocne ero 

rHflpojiH3a b  nnpo$oc$aT.
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Pyrophosphate has a marked positive effect on the solubilization of proteins from lean beef and pork; this 

effect can not be explained by its effect on ionic strength or pH (1). The specific effect of pyrophosphate 

was exerted only when a sufficiently high ionic strength had been attained with sodium chloride and when pH 

was 6 or higher (1). At low ionic strengths of sodium chloride or at pH-values below 6.00, hardly any effect 

of pyrophosphate is observed, as is shown in Figures 1 and 2. For the extraction of the proteins from lean 

pork (silverside) the meat was dispersed in five volumes of brine. Details of the method have been described 

elsewhere (l).

Ionic strength and pH, which both promote the effect of pyrophosphate, also have an effect on the dissociation 

of this phosphate. The dissociation of pyrophosphate in dependence of ionic strength is given by the 

relation (2):

pK' pK +
(2za-l)A/p

1+1 . 6/p

in which zg is the charge of the acid under consideration, p is the ionic strength and A is a constant, 

being 0.50 at 20°C. In fact this formula holds only for ionic strengths p<0.1. As we are dealing with ionic

strengths u=0-2 to 0.7, application of the formula will yield only approximate values. Moreover, the effects 
of dispersed meat and a possible absorption of ions to proteins on the ionic strength have not been

accounted for.

The effect of high salt concentrations, or high ionic strengths, on the dissociation of polyphosphate is an 

increase of dissociation (pk1 values become lower than pK values). The four pK values for pyrophosphate (3) 

together with their corrected pK' values at some ionic strengths, are:

HAP2°7 —  H+ + H3P2°7 pK'l

H3P207 ^  H+ + H2P2072 PK' 2

H2P2072' ^  H+ + HP20?3' PK1 j

HP2073" ^  H+ + P207'4 PK\

u=0 /' w=0.1

P

u=0.5 U=1 .0

0.85 0.75 0.69 0.66

1 .49 1.17 1.00 0.91

5.77 5.24 it.95 4.32

8.22 7 - ̂ 9 7.07 6.89

Although these values are only valid by approximation in the meat-brine mixtures studied, the practical 

result of this is that under influence of sodium chloride polyphosphates will yield a fair amount of ^ ^ 7  ̂

ions in meat at pH values as low as 5-75 to 6.0. In solutions of pyrophosphate this only occurs at pH 7 or 

h i gher.

2*-
With increasing pH, the availability of ^2^7 'ons 's 'ncreased too. With sodium chloride present, the 

effect of pyrophosphate already has a maximum at around pH 6.00. At higher pH values the solubility decreases, 

presumably because of increased diphosphatase activity (^).
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Fig.1. Protein extractabiiity 
from pork silverside (% of 
total protein) at pH 6.00 in 
dependence of % NaCl with 1%
pyrophosphate (-- ) and as
such (---). Concentrations
of the salts are given on 
total water in the meat-brine 
mixtures. The figures at the 
measuring points indicate 
ionic strengths (1). For 
details of the extraction 
procedure see (1).

Fig.2. Protein solubility at low concen
trations of NaCl (• 1%, o 1.5%, A 2%) over 
the pH range 5-50 to 7.00.
The left figure is for NaCl as such, the 
right figure is for NaCl + 0.5% pyrophos
phate.
The extractabi1ity is expressed as percent 
of total protein.
Salt and pyrophosphate concentrations are 
given on total water.

Fig.3. Relation of solubi
lity of protein from pork 
si1 verside in a brine 
containing 2% NaCl and 
various low concentrations 
of pyrophosphate. 
Solubility is expressed 
as percent of total 
protei n.
For detai1s of the 
extraction method see (l).

Pyrophosphate resembles ATP in its effect on muscle, as was shown by Weber (5). Comparing the formulas of 

ATP and pyrophosphate, it is obvious that the electronic structure of the two phosphates poly-ion moieties 

are very much the same:

NH,

f V \tr o- V V
'O— P— O— P— O—  P--0— C H, ̂  O Il II II o o o

OH OH
adenosine triphosphate (ATP)

O - orI I . *o—P—O—P—O-II II 
o o

pyrophosphate

Using triphosphate instead of pyrophosphate gave similar results of protein extractabi1ity as obtained with the 

latter phosphate. This is also reported in literature (6,7,8). However, it has been well established that 

meat is capable of hydrolysing triphosphate into pyrophosphate fairly quickly (9,10). Furthermore, Yasier et 

al.(11) have established that triphosphate can cause changes in size and shape of myosin B only after being 

hydrolysed by B-tri-polyphosphatase.

The observed effect of pyrophosphate resembles that of ATP in one more respect. ATP exerts its biological 

function at a concentration of 5.10 ^M, or 0.25% (3). We found that pyrophosphate affects protein extract- 

ability of meat proteins already at a level as low as 0.02% (Figure 3).

From the evidence described, we suggest that pyrophosphate is the only polyphosphate effective in solubili'
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