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Abstract –The objective of this study was to 

evaluate the influence of sodium chloride and 

polyphosphates (STP、SPP、SHMP, 1：1：1), in 

established addition amount of solely with sodium 

chloride (S), solely with polyphosphates (P), joint 

of sodium chloride and polyphosphates (PS) and 

the control without any salt (C) on meat emulsion 

processing properties. The cooking loss, textural 

property, color change and relaxometry were 

determined and correlations between the 

indicators were analyzed. An increase (P < 0.05) of 

water retention was found when a combination of 

sodium chloride and polyphosphates was used 

when compared with samples with only sodium 

chloride or polyphosphates. Elastic and compact 

texture was observed in the two treatment with 

sodium chloride PS and S, but not in the group 

with polyphosphates. And the light value (L*) had 

a significant positive correlation with the cooking 

loss. By estimating of the relaxation data, certain 

correlation of the water mobility and distribution 

with the macro-quality was found. It was revealed 

that sodium chloride had evidently affected the 

processing properties, particularly with the 

polyphosphates, but the polyphosphates could not 

equally substitute the role of sodium chloride. 
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I. INTRODUCTION 

Finely emulsified meat products have a complex 

structure and consist of numerous components that 

are held together by a variety of attractive 

forces[1]. In preparation of meat batters, salt is 

added to lean meat and comminuted mainly to 

extract the salt-soluble protein components. 

Sodium chloride, as the common type of salt, 

contributes to the flavor, texture and improves the 

processability, plays an essential role in meat 

processing[2-4]. But excessively intake of sodium 

chloride may has been related with the major risk 

factors of cardiovascular disease, much work to 

reduce the salt usage in meat products is actively 

being done[5-7]. More basic knowledge 

concerning the reduction of salt on the functional 

and technological properties should be emphasized. 

Food additives, especially polyphosphates, are 

generally added into fresh retail cuts as well as 

further processed products to improve water 

holding capacity (WHC) and tenderness by meat 

industries. Xu et.al[8] reported that 

polyphosphates have tenderizing effects on the 

muscle more or less when used alone. Xiong[9] 

also found phosphate types specially influenced 

the dynamics of brine penetration into muscle 

fibril, the presence of pyrophosphate and 

tripolyphosphate greatly facilitated (P < 0.05) 

brine penetration, throughout the 30min mari-

nation period. In contrast, hexametaphosphate 

promoted water pickup only for the first 5 min. In 

this study, we choose the three components as a 

whole to analysis, aiming to explore their synergy 

effects. 

A thorough understanding of the mechanisms that 

cause the changes in water retention and protein 

solubility that accompany treatment with sodium 

chloride and polyphosphates is necessary. It 

requires a detailed knowledge of the structural 

changes that occur, including the sites of changes 

in water content and of protein solubilisation[10]. 

LF-NMR has been successfully employed to 

assess pork quality, particularly as a tool for fast 

nondestructive analysis of WHC in industry, 

mainly provides specific information about water-

protein interactions within meat[11]. By multi-

exponential fitting analysis, different water 

components may be identified as that tightly 

associated with macromolecules, within highly 

organized protein structures, located outside the 

myofibrillar network[12-13]. The relaxation time 

acts as an indicator for water mobility, while the 
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area under curve can indicate the amount of water 

with the component. It has been proved useful to 

improve the understanding of the interaction 

between the different salt condition and major 

quality characteristic[14]. However, investigations 

just use NaCl and polyphosphate without any 

other additives were not that much. Therefore, 

further studies of the effect of sodium chloride and 

polyphosphates on water distribution caused only 

by salt addition were needed, to establish 

relationship between the micro-structure change 

and the macro-quality characteristics. 

The goal of this work was to use Low- Field NMR 

relaxometry to differentiate water holding capacity 

in the four groups dealt with NaCl and 

polyphosphate in different way, combining the 

results of color determination and textural 

properties to evaluate the overall effects of the two 

additives  

 

II. MATERIALS AND METHODS 

 

Preparation of meat batters 

Four different types of meat batters were 

formulated: control meat batter (C), conducted 

with only 250 g ice water (1:1); meat batter with 

sodium chloride (S), containing 50 g NaCl and 

250 g water; the third meat batter with 

polyphosphates (P), manufactured with 6.25 g 

prepared polyphosphate and 250 g water; and 

finally the dealt with both the same amount of 

sodium chloride, polyphosphates and water (PS). 

The manufacturing process was as described 

below: meat was put into the prepared chilled 

bowl chopper (Stephan UMC-5C, Germany), then 

sodium chloride and complex phosphate were 

directly added into the meat according to 

formulation, and the mixture were chopped at the 

high speed setting (3000 r/min) for 1 min under 

vacuum condition. Finally, release the vacuum 

condition and add the ice water, the whole meat 

batter was again chopped for 4 min under the 

condition stated before. Final temperature of the 

meat batter did not exceed 16 °C in all cases. Parts 

of each batter were vacuum-packed to remove 

trapped air. Approximately 35 g samples were 

stuffed into 50 mL polypropylene tubes, then 

hermetically sealed. The plastic containers were 

centrifuged (Model Allegra 64R, Beckman, 

Coulter, USA) at 500 g (4 °C) setting for 5 min to 

remove any remaining air bubbles. Then the 

centrifuged samples were stored in a chiller at 

4 °C until analyzed.  

 

III. RESULTS AND DISCUSSION 

 

Cooking loss 

The ability of protein matrix to bind water by 

heating reflects the meat emulsion stability, which 

is an indicator of functional property of meat in an 

emulsion system[15]. It determines the final 

cooking yield and also the sensory index and other 

features that constitute the products quality. 

Fig.1 Effects of sodium chloride and polyphosphates 

on four treatments cooking loss 
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a-d
Means related to cooking loss(above a bar) with 

different letters differ significantly (P < 0.05). Error 

bars show the standard error. The treatments C-the 

control without any salt; P-the polyphosphate; S-the 

sodium chloride; PS-the polyphosphate and sodium 

chloride. 

 

As expected, sodium chloride and polyphosphate 

had significantly (P < 0.05) affected the stability 

of meat emulsions. The results (Fig.1) showed that 

there were significant differences (P < 0.05) 

among the four formulated meat batters. Contrast 

with the control (17.20%), other three meat batters 

with salt either NaCl or polyphosphates, all 

decreased prominently. Moreover, the type of salt 

also had significant effects on the cooking loss, as 

seen the sodium chloride group (4.70%) was 

significantly lower than the polyphosphates treat 

(8.80%), and the PS in which polyphosphate and 

sodium chloride may play a role of interaction 

exhibited the lowest cooking loss (0.76%). The 

observation in this study were also demonstrated 

by Johnsen et al[16], who showed the addition of 
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salt led to a significant increase in WHC, and the 

combined effect of salt and phosphates was even 

more pronounced. For the polyphosphates which 

were believed to raise the pH slightly and 

selectively bind to the proteins and increase 

solubilization and water holding capacity[17], 

when added as the only salt in our study, could 

reduce the cooking loss to certain degree. But the 

total effect of polyphosphate and sodium chloride 

were 10% more higher than the polyphosphate 

alone effect, providing the evidence that 

polyphosphate can partially but not absolutely 

substitute for NaCl[18]. The results exhibited a 

significant negative correlation (R=-0.919, P 

<0.01) between the cooking loss and salt content, 

this also suggested that with the increasing salt 

content , the cooking loss decreased[19-20], the 

salt addition had great influence on the products 

WHC. 

 

LF-NMR spin–spin relaxation (T2) measurements 

Fig.2 Effects of sodium chloride and polyphosphates 

on four treatments relaxation time 
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a-b
Means related to relaxation time (above a bar) with 

different letters differ significantly (P < 0.05). Error 

bars show the standard error. The treatments C-the 

control without any salt; P-the polyphosphate; S-the 

sodium chloride; PS-the polyphosphate and sodium 

chloride. 

 

As Fig.2 showed, the water that tightly bound to 

macromolecules (T21) was not observed to have 

significant difference in the four treatments. It has 

been suggested, the bound water to 

macromolecules (T2b ,T21)[21] is independent of 

any mechanical stress and micro- or macro-

structural changes in the meat matrix. However, in 

our findings, T2b was significantly higher (P < 

0.05) in the meat emulsion with addition of 

polyphosphate (P) than the other three groups, 

indicating the tightly-bind water under this 

treatment was relatively weaker to be restricted. 

And we inferred that the poor textural properties in 

the treatment adding only polyphosphate might be 

caused by this differ. While T22 of this treatment 

was significantly lower than all others, suggesting 

its immobilized water was the most intensively 

trapped by proteins. For the treatment with only 

polyphosphate, the lower cooking loss obtained 

most probably due to the strong capacity about the 

interaction between meat proteins with the 

immobilized water which account for a large 

proportion of all the water in different form. Li et 

al[12] also found that relaxation time T22 

correlated positively with pressing loss, indicating 

the importance of intra-myofibrillar water for 

water-holding capacity of meat. In case of the 

control sample C, with higher T22, might have less 

intra-myofibrillar space due to shortening and thus 

show higher cooking loss. As to treatment adding 

polyphosphate and NaCl and group with only 

NaCl, both have higher T22 and lower T2b 

compared with polyphosphate group, meaning the 

mobility of immobilized water in the unheated 

meat emulsion were greater and absolutely, they 

are most probably to have poor water-holding 

capacity once undergoing heating or other forces. 

Actually they were proved to present the least 

cooking loss and the best textural structure. 

 

IV. CONCLUSION 

 

The presence of strongly water-holding capacity of 

polyphosphates is embodied by the combination of 

sodium chloride. Moreover, it has been revealed 

that the effect of sodium chloride can be enhanced 

further by the inclusion of polyphosphate. Adding 

phosphate alone will only get the similar or more 

worse texture characteristics, rough and soft, 

comparing the treatment without any addition of 

salt.  
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Jiménez-Colmenero, F. (2008). Raman 

spectroscopic evaluation of meat batter structural 

changes induced by thermal treatment and salt 

addition. Journal of agricultural and food 

chemistry, 56(16), 7119-7124. 

21. Pearce, K. L., Rosenvold, K., Andersen, H. J., & 

Hopkins, D. L. (2011). Water distribution and 

mobility in meat during the conversion of muscle 

to meat and ageing and the impacts on fresh meat 

quality attributes-A review. Meat Science, 89(2), 

111-124. 


