Isolation and characterization of rhamnogalacturonan I polysaccharides from industrial by-products
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Pectins are commonly used hydrocolloids in many food formulations. Due to their high structural complexity, pectins are usually divided into certain structural subgroups with homogalacturonans and type I rhamnogalacturonans being quantitatively dominant. While homogalacturonans are mainly made up of α-(1→4)-linked galacturonic acid residues, rhamnogalacturonan I polysaccharides are composed of a backbone of alternating galacturonic acid and rhamnose units. The backbone can be ramified with long neutral side chains, the arabinans and galactans. These complex polymers are often a quantitatively important part of the pectic polysaccharides and can be branched at various positions. When pectins are extracted from plant material to be used as hydrocolloids, the structure of the extracted polysaccharides is highly dependent on the extraction procedure and the plant source. Usually, pectins are acid-extracted from apple or citrus pomaces, leading to significant modifications in the structure of the acid-sensitive rhamnogalacturonan I. 
Therefore, a combination of autoclave extraction and enzymatic treatment was used to liberate rhamnogalacturonan I polysaccharides from different industrial by-products. The polysaccharides were precipitated, redissolved, and fractionated by gel filtration chromatography, allowing for the structural analysis of polysaccharides of varying molecular weight. The resulting fractions were characterized by conventional methods of carbohydrate chemistry, such as monosaccharide analysis after acid hydrolysis and methylation analysis. Also, newly developed profiling methods, based on the analysis of enzymatically released oligosaccharides1 and on NMR spectroscopy2 were applied. By using these techniques, rhamnogalacturonan I polysaccharides with varying sizes and structures were isolated from various sources and characterized in detail. In general, the polysaccharides isolated from sugar beet pulp showed high portions of branched arabinans. They also contained large amounts of ester-bound ferulic acid, which makes them a potential starting material for gel formation by oxidative cross-linking. The rhamnogalacturonan I polysaccharides from apple pomace yielded a comparable arabinan and galactan composition, but contained higher portions of galacturonic acid. In contrast, the polysaccharides obtained from the extraction of potato pulp were mainly composed of linear galactans and short, linear arabinans. A comparable composition was obtained for the polysaccharides from soy bean extraction meal, but the arabinan polysaccharides from this material showed some ramifications. For all materials, it was also possible to isolate low molecular weight polysaccharides from the supernatants of the precipitated enzymatic hydrolysates. These fractions showed a high solubility and varying structural compositions. By using the oligosaccharide profiling and the NMR spectroscopic approach it was possible to gain detailed insights into the polysaccharide structures and to demonstrate the presence of rare structural elements such as β‑arabinofuranose units. Thus, due to their large structural diversity, rhamnogalacturonan I polysaccharides are suitable hydrocolloids for various purposes. 
References:

1
Wefers, D, Bunzel, M. (2016). Arabinan and galactan oligosaccharide profiling by high-performance anion-exchange chromatography with pulsed amperometric detection (HPAEC-PAD). Journal of Agricultural and Food Chemistry, 64, 4656-4664.

2
Wefers, D, Bunzel, M. (2016). NMR spectroscopic profiling of arabinan and galactan structural elements. Journal of Agricultural and Food Chemistry, 64, 9559-9568.
