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I. INTRODUCTION 
 

Hybrid meat products are a great option for flexitarians that intend to reduce meat consumption in their 

diets [1]. These products can carry dietary fibres and a lot of other bioactive compounds, improving 

the nutritional profile of traditional meat products. On the other hand, the partial substitution of the 

meat by plant proteins caused a significant decrease in texture attributes  [2] and, consequently, 

sensory acceptance may be affected. Thus, this work aimed to assess the effects of transglutaminase 

(TG) at two levels (0.25% and 0.5%) on the physicochemical, texture, and sensory properties of hybrid 

sausages elaborated with soy or rice-concentrated proteins. In hybrid meat emulsions, few studies 

have been evaluating the effects of TG, which justified the present work.  

 

II. MATERIALS AND METHODS 
 

In this work, seven treatments (Table 1) were elaborated, as follows: red meat sausage (FC), blend 

sausages with soy (FS) and rice (FR) proteins, and blended sausages with transglutaminase at levels 

of 0.25% (FST1 and FRT1) and 0.50% (FST2 and FRT2).  We evaluated the cooking yield, pressed 

juice, pH, texture profile, microstructure, and sensory preference by ordination test. Treatments were 

elaborated in three independent batches and evaluated, at least, in duplicate per batch/treatment. 

Data were evaluated using the General Linear Model (P ≤ 0.05) and Tukey's post-hoc test (P ≤ 0.05). 

The projective mapping was evaluated using the XLSTAT 2022.3.2 software by the STATIS method.   

Table 1. Formulations (g/100g) of soy-based hybrid meat emulsions elaborated with dietary fibres 

All treatments had 1.3% sodium chloride, 1.0% sausage condiment (70% NaCl), 20% of the vegetal fat blend, 0.015% 

sodium nitrite, and 0.05% sodium erythorbate. 

 
III. RESULTS AND DISCUSSION 
 

Cooking yield varied from 71.7% to 96.20%. TG caused a decrease in cooking yield for both rice and 

soy-based hybrid sausages, however, it was more expressive in rice treatments. On the other side, it 

is interesting that TG caused less pressed juice loss. The increase in protein network strengthening 

possibly allowed greater water trapping. TG also caused a slight increase in pH values of the 

treatments that could be related to the phosphates aggregated as vehicle and stabilisers agents in the 

formulation of TG.  All texture parameters were raised with TG addition in both soy and rice hybrid 

sausages (Fig. 1A). Interestingly, the effect of TG was superior in the sausage containing soy protein 

compared to the rice treatments. Soy globulins possibly presented higher solubility than rice glutelin 

considering the salt concentration and pH of the hybrid sausages. More soluble proteins have also 

Ingredients  
Treatments 

FC FS FST1 FST2 FR FRT1 FRT2 

Lean red meat  65.0 32.5 32.5 32.5 32.5 32.5 32.5 

Hydrated soy protein - 32.5 32.5 32.5 - - - 

Hydrated rice protein - - - - 32.5 32.5 32.5 

Transglutaminase TG-N-SF - - 0.25 0.50 - 0.25 0.50 

Water 12.94 12.94 12.69 12.44 12.94 12.94 12.69 
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more exposure active sites to crosslinking which could explain the higher texture parameters in the 

FST treatments compared to the FRT ones. FST1 and FC were the most preferred treatments in 

sensory analysis (Fig. 1B-C). By increasing the textural parameters, the use of TG increased sensory 

preference, however, only for soy-based hybrid sausage. Rice treatment showed other negative 

aspects that could not be overcome by TG incorporation. Regarding this, for instance, it was observed 

a greater water release in the cooking process resulting in a dry texture that could affect sensory 

preference.  

 

 
 

Figure 1. Mean values for hardness, chewiness, springiness, and cohesiveness (a-d), and consumer 

preference score and internal preference mapping distribution (e-f) for hybrid sausages elaborated with soy or 

rice proteins and transglutaminase. Mean values with different letters on the columns of each parameter differ 

from each other (P ≤ 0.05) according to the post hoc Tukey's test. 

  

IV. CONCLUSION 
 

As demonstrated in this work, the use of transglutaminase is an effective strategy to increase both the 

texture parameters and the sensory acceptability of hybrid sausages made with plant proteins. 

However, the success of TG will depend on the initial compatibility of the protein with the meat matrix, 

since for the rice-based hybrid sausages, although a significant increase in textural properties was 

achieved, the sensory acceptability was not improved.  
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