Leguminous forages as sustainable bioresources of industrially relevant galactomannans: The case of red clover (Trifolium pratense L.) seed gum 
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Galactomannans constitute one of the most important groups of industrially relevant biopolymers. Owing to their multifaceted techno-functionality and synergism with other commercial hydrocolloids (e.g., xanthan, carrageenan, starches, etc.), galactomannans are widely exploited by the food, nutraceutical, cosmeceutical, and pharmaceutical industry, as binding, structuring, texturing, and stabilising agents. In a previous study1, we documented that the seeds of alfalfa (Medicago sativa L.) plant, a leguminous perennial forage crop, are rich in galactomannans of a mannose to galactose ratio ~ 1.08-1.24, molecular weight of ~ 2000-2200kDa, intrinsic viscosity of ~ 9.2-9.4 dL/g, and a critical concentration c* ~ 0.31% wt. Red clover (Trifolium pratense L.) is a short-lived perennial crop that is typically utilised for pasture and hay during the cool season in Europe and North America. Red clover seeds are primarily utilised as a food bioresource for sprouting purposes. From a nutritional perspective, red clover seeds are a good source of major minerals (Mg, K, Na and Ca) and trace elements (Zn, Fe, Cu, Ni and Se). Additionally, clover seeds are rich in free fatty acids (stearic, oleic, linoleic and linolenic acids), β-sitosterol, squalene, and free amino acids. However, there are no studies reporting on the structure conformational, physicochemical, and rheological properties of the polysaccharidic matter of the red clover seed (RCG) endosperm. 

In this study, RCG was found to have a mannose to galactose ratio of 1.12 (as confirmed by NMR and ion exchange chromatography), a molecular weight of 1500kDa (according to SEC-MALLS) and an intrinsic viscosity [η] = 13.8 dL g-1. The solvation affinity of RCG into MilliQ water was equivalent to a θ-solvent based on the Kraemer and Higgins coefficients. The critical coil overlap concentration of the RCG solutions in water was estimated at c* = 0.283% wt. The water vapour sorption dynamics of RCG were controlled by a solution like sorption mechanism. RCG exhibited a semi-crystalline structure, with the glass transition observed at Tg,onset = 44°C. The viscoelastic spectra of the RCG solutions (1 to 7% wt.) were compliant with the time concentration superposition (TCS) principle, allowing the determination of the critical concentration where the transition from reptation dynamics i.e., logac ( c3.58 (1<c≤2% wt.) to the concentrated entangled solution regime i.e., logac ( c0.67 (c≥ 2%wt.) occured. By assessing the interplay between RCG concentration and temperature (5-65°C) a time – temperature – concentration  superposition mastercurve was successfully constucted over the concentration range in which RCG solutions conform to the concentrated entangled solution state dynamics. The crossover of the TTC superposed viscoelastic moduli G’ & G” was identified at log(ac·aT·f) = 0.09 Hz with the relaxation time estimated at τ = 11s. In conclusion, RCG is a promising alternative sustainable biopolymer for food thickening and texturing applications. 
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