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ABSTRACT 

This research evaluated the utilization of winter mushrooms for replacement of phosphates in emulsion-type 
sausages. Winter mushroom powder (WMP) was added to the sausages at 0, 0.5, 1.0, 1.5, and 2.0% (w/w), and 
phosphate was added at 0.3% as a positive control. The WMP addition above 1.0% increased the pH of meat 
batter and efficiently inhibited the exudation of fat from the sausages. Lipid oxidation of sausages was inhibited 
by the addition of WMP. Therefore, this research indicates that WMP can effectively replace phosphate in meat 
products, and that the most effective addition level may be 1.0% WMP. 
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I. INTRODUCTION 
 
Various ingredients and additives are used to improve the quality and shelf life of meat products. Phosphates 
are widely used additive for manufacturing meat products [1]. In meat processing, one of the most beneficial 
functions of phosphates is the improvement of water holding capacity by raising the pH of meat batter. This 
results in improved cooking yield, texture, and eating quality, including improved tenderness and juiciness [1]. 
However, phosphates are a synthetic additive, and consumer’s demand for replacing synthetic additives with 
natural additives have increased. Thus, there is a requirement to find natural ingredients for the replacement 
of phosphates. Winter mushrooms are the most popularly consumed mushrooms in South Korea, China, and 
Japan [2]. Winter mushrooms have high levels of nutrients and several biological benefits, such as antioxidant, 
antitumor, and antiinflammation properties [2]. Moreover, some studies have shown that mushrooms can 
increase the pH of meat [3]. Therefore, the aim of this study was to evaluate the potential use of winter 
mushrooms as an alternative to phosphates in emulsion-type sausages. 
 
II. MATERIALS AND METHODS 
 
Winter mushrooms were lyophilized and pulverized to prepare winter mushroom powder (WMP). Ground pork 
(1.6 kg) was mixed with back fat (0.4 kg), ice (0.4 kg), sodium chloride (1.5%), L-ascorbic acid (0.02%), and 
sodium nitrite (0.01%). Six treatments were made by adding sodium pyrophosphate (0.3%) or different level 
of WMP (0, 0.5, 1.0, 1.5, and 2.0%). The pH of the meat batter, the proportion of jelly and melted fat, and lipid 
oxidation of sausages were measured with three replicates per treatment. The data from this study was 
analyzed using the PROC GLM procedure in a randomized complete block design (batch as a block). Specific 
comparisons were performed by Tukey’s multiple range test when the main effect was significant. Results 
are reported as standard error of the least-square mean. Statistical significance was considered for p < 0.05. 
 
III. RESULTS AND DISCUSSION 
 
The pH of meat batter was the lowest in WMP 0 and the addition of WMP significantly increased its pH (Table 
1, p < 0.05). The meat batters with the addition of more than 1.0% WMP had similar pH values to phosphate 
group. The previous study showed that the addition of winter mushroom extracts to beef and fish meat slightly 
increased the pH of their products [3]. This result might be related to the high levels of basic amino acids 
such as histidine and arginine in the winter mushroom [4]. The amount of exuded jelly and melted fat form 
sausages was the highest in WMP 0 and significantly decreased with the addition of increasing amounts of 



WMP (Table 1, p < 0.05). This result was closely related to the increase in pH of the meat batters containing 
WMP. In addition, the dried winter mushroom contained 50.30% of dietary fibers [5]. The previous study has 
reported improvements in water and fat retention in meat products with the addition of dietary fiber sources 
[6]. 
 

Table 1 pH of the meat batter, separation of jelly and melted fat from sausages, and the malondialdehyde content 
(mg/kg) of sausage added with phosphate or WMP 

 

Treatments pH Exuded jelly and melted fat Malondialdehyde (mg kg-1) 

Phosphate  6.30a 7.37cd 0.35ab 

WMP 0 6.08c 21.37a 0.28bc 

WMP 0.5 6.13b 15.27b 0.45a 

WMP 1.0 6.31a 8.45c 0.19c 

WMP 1.5 6.31a 6.59cd 0.18c 

WMP 2.0 6.33a 5.39d 0.22c 

SEM1 0.012 0.538 0.028 

1Standard error of the mean (n = 18). 
a-dDifferent letters within the same column represent significant differences (p < 0.05). 
 
The malondialdehyde (MDA) content of sausages with added phosphate was not significantly different from 
that of those without WMP (Table 1). Sausages with the addition of more than 1.0% WMP showed lower MDA 
contents than those with the phosphate group (p < 0.05). Winter mushrooms contain phenolic compounds, 
flavonoids, and ergothioneine, which are well-known antioxidants [3]. The previous study has reported the 
practical antioxidant effects of winter mushrooms when winter mushroom extracts were added to beef and 
fish products [3]. 

 

IV. CONCLUSION 
 
The addition of more than 1.0% WMP to sausages inhibited the exudation of fat from sausages and increased 
the pH of meat batter. In addition, lipid oxidation of sausages was inhibited with the addition of more than 1.0% 
WMP. Therefore, this research indicates that WMP could effectively replace phosphate in meat products, and 
that 1.0% WMP addition may be the most effective level. The effect of WMP on the microbiological safety 
and shelf life of sausages should be addressed in future studies. 
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