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Effects of Transglutaminase on the Quality Characteristics of Meat-Reduced Sausages Substituted with Germinated Mung Bean Flour
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Abstract
This study investigated the effect of transglutaminase (TGase) treatment (0–0.6%) on the quality of meat-reduced sausages, in which 36% of the meat content was replaced with germinated mung bean flour (GMF). Evaluations included chemical composition, physicochemical properties (pH, cooking quality, emulsion stability, instrumental texture, and color), microstructure (SEM), protein profile (SDS-PAGE), protein secondary structure and intermolecular interactions (FT-IR), sensory characteristics using the CATA method with 31 attributes, overall acceptability, and in vitro protein digestibility (IVPD). The results showed that increasing TGase levels significantly improved emulsion stability, increased cooking yield by 1.03-fold, and reduced cooking loss by 2.99-fold compared with the untreated control (E0), while causing minimal changes in chemical composition. Meat-reduced sausages treated with 0.3–0.5% TGase exhibited markedly improved textural properties compared with E0 and showed values comparable to the full-meat control (C100). However, E06 (0.6% TGase) exhibited excessively high hardness, cohesiveness, springiness, and gumminess, which were 1.11, 1.30, 1.45, and 1.51-fold higher than those of C100, respectively. SDS-PAGE and FT-IR analyses suggested enhanced protein cross-linking and intermolecular interactions in TGase-treated samples. Sensory evaluation involving 133 consumers revealed that E0 was associated with undesirable attributes such as beany odor, bitter/astringent aftertaste, and gritty texture, whereas higher TGase levels (0.4–0.6%) resulted in less favorable characteristics, including dry texture, darker color, and rough surface. In contrast, E03 (0.3% TGase) was the most preferred sample and closely resembled C100, being characterized by sweet aftertaste, characteristic aroma, crispness, smoothness, and savory flavor. Moreover, E03 showed no significant difference in IVPD compared with E0 and only slightly lower IVPD than C100, indicating that TGase treatment effectively improved the physicochemical and sensory quality of meat-reduced sausages without adversely affecting protein digestibility.
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