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Abstract 16 

Sustainable industry practices and circular economy concepts encourage the 17 

transformation of production waste into by-products. Saccharomyces cerevisiae is widely 18 

used in fermentation industry worldwide, generating large amounts of spent yeast which 19 

is mainly directed to animal feed or discarded as waste. Instead of becoming and 20 

environmental problem, spent yeast can be directed to the extraction of valuable 21 

compounds such as mannans and mannan oligosaccharides (MOS). This review presents 22 

a compilation of the studies up to date regarding the different chemical, enzymatic, 23 

mechanical or physical processes addressed for mannans extraction and MOS 24 

production. Additionally, the existing studies on the chemical modification of mannans 25 

aimed to improve specific characteristics are also discussed. Finally, the more relevant 26 

bioactivities and potential applications of mannans, MOS and mannose are presented, 27 

together with products on the market containing these compounds.  28 
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 53 

1. Introduction 54 

Annual worldwide production of beer accounted for 193 billion liters in 2017, enough to 55 

fill 77,000 Olympic swimming pools. This production generated 46.26 billion tons of by-56 

products, among which spent yeast corresponds to 12.7%. It is estimated that for every 57 

100 liters of beer produced, 1.5 – 3 kg of spent yeast is disposed (Brewers By-products 58 

Market Outlook, Share, Size, Forecast, Trends, Report, 2020; World beer production | 59 

Statista, 2020; Nanyang Techological University, 2017) Indeed, Brewer’s spent yeast 60 

(Saccharomyces cerevisiae, S. pastorianus and S. carlsbergensis species) is the second 61 

major by-product from the brewing and wine industry (Vieira et al., 2016). 62 

The valorization and reuse of spent yeast to extract functional compounds and develop 63 

innovative products is an excellent circularity of the industry, in the perspective of the 64 

food-health relationship, as well as in the protection of the environment and waste 65 

management. S. cerevisiae (Brewer’s yeast) is described as a Generally Recognized as Safe 66 

(GRAS) microorganism (Rakowska et al., 2017) and, besides its nutritional value, it also 67 

presents some interesting bioactive properties. 68 

Such nutritional and bioactive composition has been increasingly attracting the cosmetic, 69 

pharmaceutical, and food industries. Indeed, yeast residue is currently an important 70 

ingredient for the food (Butylina et al., 2007) and cosmetic industries; in the latter it is 71 

used, for instance, to integrate hydration products formulations (Gaspar et al., 2008).  72 

Mannans are polysaccharides widely present in nature, such as in plants, bacteria, yeasts 73 

and other organisms (Olaniyi et al., 2013). They have several commercial applications, 74 
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derived from their physicochemical properties (water solubility, viscosity, and stability); 75 

typical applications are as a hardener ingredient and as an emulsion stabilizer (Singh et 76 

al., 2018). 77 

Additionally, mannans also exhibit relevant health benefits, such as inhibition of pathogen 78 

adherence, modulation of bacterial growth (Smith et al., 2020) and improvement of the 79 

immune response (Lee & Dugoua, 2011; Onitake et al., 2015). In general, polysaccharides 80 

with immunostimulant properties interact (indi)directly with various parts of the immune 81 

system, subsequently stimulating different immunological mechanisms (Yin et al., 2019). 82 

Due to the abovementioned properties, yeast mannans are commonly used in animal 83 

feed as antibiotic replacers (Smith et al., 2020; Spring et al., 2015). 84 

As above described, mannans have been increasingly reported as presenting very 85 

promising activities, which tailor their use in various fields of application. The present 86 

study intends to overview the current knowledge on yeast mannans, focusing on 87 

extraction processes, mannans hydrolysis to produce MOS, and its chemical modification 88 

to enhance bioactive properties, a field of research still in its infancy. Furthermore, 89 

described bioactivities and potential applications of mannans, MOS and mannose are also 90 

revised, as well as an overview on the main products in the market.  91 

 92 

2. Mannans  93 

2.1. Sources and Composition  94 

Mannans are long-chain carbohydrates mainly composed of mannose residues 95 

(Tester & Al-Ghazzewi, 2013), which can be found in the most diverse sources, such as 96 

vegetables, microorganisms and seeds (Figure 1).  97 

Structurally, mannans and heteromannans (composed of two or more different 98 

monomers) are polysaccharides distributed in nature as part of hemicelluloses in plant 99 

tissue (Capek et al., 2000; Scheller & Ulvskov, 2010) or as a constituent of glycoproteins  100 

in yeast (e.g., Saccharomyces cerevisiae) or bacteria cell walls (e.g., Helicobacter pylori) 101 

(Ballou, 1974, 1976; Singh et al., 2018). 102 

In plants, mannans and heteromannans are an essential component of the hemicellulose 103 

family and can be classified into four subfamilies, according to their monosaccharide 104 

composition: pure mannans (containing only mannose); glucomannans; galactomannans 105 

and galactoglucomannans (Libjaková et al., 2007; Schröder et al., 2009; Singh et al., 106 

2018). Some of the plant-derived mannans are well known and widely used as thickeners 107 

(Millane & Hendrixson, 1994), stabilizers (Mikkonen et al., 2009), and gelling agents 108 

(Maekaji, 1974) in the food industry, e.g., locust bean gum galactomannan or konjac 109 

glucomannan. 110 

 111 
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 112 
Figure 1: Sources of mannans(Olaniyi et al., 2013; Singh et al., 2018).  113 

 114 

Mannans can also be found in the cell wall of various fungi, as summarized in Table 1.  115 

 116 

Table 1 - Sources of mannans from Fungi, main species and monosaccharide composition (type). 117 

Source Species Type Reference 

Fungi 

Aspergillus fumigatus 

Galactomannans 

(Stynen et al., 1992) 

Penicillium oxalicum (Kurakake et al., 2006) 

Trichophyton fermentans 
(Gorin et al., 1969; Ikuta et 

al., 1997) 

Torulopsis gropengiesseri (Gorin et al., 1969) 

Candida albicans 
(Vazquez-Reyna et al., 

1999) 

Candida lipolytica (Ikuta et al., 1997) 

Saccharomyces cerevisiae Mannans* (Orlean, 2012)  

Candida utilis Glucomannans (Miadoková et al., 2006) 

*Mannans from Saccharomyces cerevisiae also contain a residual fraction of glucose which is part of the 118 
linkage between the polysaccharide and the protein.  119 
 120 

The cell wall composition of yeast and filamentous fungi varies between species, although 121 

there are structural similarities (Abbott et al., 2015). The three major components of S. 122 



5 
 

cerevisiae cell wall are mannoproteins (mannans bonded to protein), glucans, and chitin 123 

(Orlean, 2012; Pinto et al., 2015). These three components assign approximately 90% of 124 

the entire cell wall, with proportions varying significantly based on stress, environment, 125 

and growth stage (Orlean, 2012). Mannans are described as being present both in the 126 

yeast cell wall and periplasmic space, always associated with proteins (Kath & Kulicke, 127 

1999; Orlean, 2012).  128 

 129 

2.2. Mannans’ relevance in Saccharomyces cerevisiae cell wall  130 

Mannans are an important structural component of the yeast cell wall (Kath & Kulicke, 131 

1999), with a composition directly related with the chemical and environmental 132 

conditions prevailing during culture growth (Bonaly et al., 1971). The yeast presented a 133 

cell with an oval to round shape, normally having an average diameter of approximately 134 

5-13 µm (Kath & Kulicke, 1999). A schematic representation of the cell is shown in Figure 135 

2, as described in the literature. 136 

 137 

 138 
Figure 2: Yeast cell wall structure consisting of two layers: a mannoproteins complex located on 139 

the outside, and glucans (chains) as a structural polymer on the inside. Adapted from Kath & 140 

Kulicke (1999).  141 

The cell wall is estimated to have ca. 70 nm of thickness with a layered structure, and 142 

represents 15-30% of the cell dry weight (Bacon et al., 1969; Kath & Kulicke, 1999; Klis et 143 

al., 2006; Latgé, 2007). Its chemical composition consists of 3% ash; 13% protein; 8.5% 144 

lipid (mostly neutral fat) and two major polysaccharides, glucans and mannans; the latter 145 

are associated with protein present in the wall, forming mannoproteins complexes 146 

(Northcote & Horne, 1977). More specifically, mannoproteins range 35%, and glucans are 147 

divided into β-(1-3)-D-glucan (25%) - β-(1-3)-D-glucan bound to chitin (35%) – and β-(1-148 

6)-D-glucan (5%) (Figure 2) (Ikuta et al., 1997). It is also possible to observe a small amount 149 

of chitin (1-2%) (Feuillat, 2003; Orlean, 2012).  150 

While mannans are the second major polysaccharides of the yeast cell wall, glucans are 151 

established as the main components responsible for the structural integrity of the cell 152 

wall (Eggensperger, 1997; Kath & Kulicke, 1999), playing a key role in the cross-linking of 153 
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its components (Kollár et al., 1997). Chitin is a linear polymer of 1-4 linked N-acetyl 154 

glucosamine units with relatively minor abundance. Still, it is an important constituent in 155 

the performance of the role maintaining the rigidity and the morphology of the cell 156 

(Matsumoto et al., 1980). The relative quantities and localization of individual wall 157 

components vary according to the cell cycle or developmental stage, growth phase, 158 

nutritional conditions, and wall stresses imposed by hypo-osmolarity, mutational loss of 159 

wall bio- synthetic activities or wall proteins, or drug treatment (Orlean, 2012).  160 

 161 

2.3. Structure 162 

Mannans are generally associated with proteins in the outer and inner membrane. Such 163 

structure (mannoprotein complex) can be represented in three different sections: the 164 

peptide chain; the core region (central region) and in the external chain, in which the 165 

polymeric fraction is located (Figure 3). The polymeric region consists of an α-(1-6)-166 

glycosidic basic chain that carries α-(1-2)- and α-(1-3)-glycosidically linked oligomannans 167 

as side groups. The peptide region contains oligomeric mannans directly linked to amino 168 

acids. 169 

Characteristically, S. cerevisiae’s mannans are composed of long D- mannose chains 170 

linked by α-(1-6) bonds (backbone), with short side chains in the α-(1-2) and α-(1-3) 171 

linkages (Ballou, 1974; Peat et al., 1961); these macromolecules are linked to asparagine 172 

residues (Ballou, 1974; Sentandreu & Northcote, 1968) (Figure 3, a). In addition, mannans 173 

are also present as small oligomannosidic units (mannan oligosaccharides – MOS) with α-174 

(1-2) and α-(1-3) linkages that are linked to serine or threonine residues (Figure 3, b). 175 

 176 
Figure 3: Representation of the mannoproteins complex, adapted from Kath & Kulicke (1999), 177 

and Ballou (1976). Man represent Mannose, P represent Phosphorus and GlcNac represent 178 

glycosidic linked. 179 

 180 
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2.4. Extraction Methods 181 

Mannans extraction usually includes several steps, namely: yeast cell lysis; separation of 182 

the released mannoproteins from the remaining cell components; fractionation of 183 

mannoproteins and purification of the resulting mannans fraction. Depending on the 184 

purity requirements of the final extract, some of the abovementioned steps can be 185 

circumvented or extended. Cell lysis is the most studied step in the process, as it will 186 

dictate the final yield. The yeast cell lysis can be performed through chemical (usually 187 

using alkaline reagents or detergents); enzymatic (taking advantage of the existing 188 

internal enzymes – autolysis – or by addition of external enzymatic cocktails); physical 189 

(relying on temperature and pressure) or mechanical processes (e.g. by grinding cells with 190 

glass beads).  191 

In early studies, mannans were isolated by extracting either whole yeast cells or isolated 192 

cell walls with alkali, followed by precipitation of the solubilized mannans, as copper 193 

complex, with Fehling’s solution (Fritsche, 1971; Haworth et al., 1937; Orlean, 2012; 194 

Phaff, 1963). These processes also employed high temperature and pressure, typically by 195 

autoclaving whole cells or cell walls in a neutral or alkaline solution (Fleet, 1985).  196 

Mannans can also be extracted by cell wall enzymatic hydrolysis with proteases (Cawley 197 

et al., 1972; Kath & Kulicke, 1999; Russell et al., 1973) and glucanases (Fleet & Manners, 198 

1977; Kath & Kulicke, 1999; Shibata et al., 1983; Valentin et al., 1984).  199 

Although the recovery of mannan from solution can be performed by the 200 

abovementioned mannan-copper complex, solvent precipitation (e.g. with ethanol, 201 

methanol or acetone) has become more conventional. Other commonly used purification 202 

methodologies include chromatographic methods (e.g. affinity chromatography, size 203 

exclusion chromatography) and ultrafiltration.  204 

More recently, other technologies, such as ultrasounds (US) and pulsed electric field (PEF) 205 

have shown some encouraging results (Martínez et al., 2016; Snyman et al., 2021). The 206 

use of US for mannoprotein extraction was explored by Snyman et al. (2021); in this study 207 

mannoprotein was extracted by US, enzymatic hydrolysis or a combination of both 208 

procedures and the yields were compared. Authors suggest that the extraction conditions 209 

that result in the best yield would involve subjecting the yeast cells to US, followed by an 210 

enzymatic hydrolysis – exact conditions presented in Table 2.  211 

Other comparison studies have also been published analysing different methodologies 212 

for the extraction of mannoprotein, such as the publication by Li et al. (2020), in which 213 

three approaches under scrutiny were thermal, sodium dodecyl sulfate (SDS) and 214 

enzymatic (Zymolase®) treatments. The methodology which resulted in the highest 215 

mannoprotein yield was the enzymatic treatment (98% and 78% in Baker’s and Brewer’s 216 

yeast, respectively). Both studies used the same enzymatic treatment (Zymolase®) and 217 

both point to better yields resulting from those treatment when compared to other 218 

methodologies. However, the use of different analytical techniques for the quantification 219 

of mannan and the lack of standardized information does not allow for an unambiguously 220 

withdrawal of conclusions.  221 
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In an effort to compare results from a myriad of publications, a compilation of the 222 

different methodologies, the mannan/mannoprotein purity and a calculation of the yield, 223 

whenever possible, is provided in Table 2. 224 

 225 

.226 
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Table 2 – Methods for extraction of yeast mannans 227 

 228 

Yeast Source Solvent 

Ratio 

(yeast 

weight; 

by 

volume of 

solvent) 

Cell lysis 

Process 
Separation Process I 

Separation 

Process II 
Purification Process 

Yield of 

Process (%) 

* 

Extract 

Purity 

(%) 
References 

Baker’s yeast 

Citrate 

buffer 0.19 

mM; pH 

7.0 

 
Autoclave 2 h; 

120 °C 
Ethanol precipitation 

Copper complex 

with Benedict’s 

solution 

Purification resin (to 

eliminate the residues 

of copper complexes 

formed) 

0.77%  
(Stewart et al., 

1968) 

Baker’s yeast 6% NaOH  
Boiling 

temperature, 

8 h 

Acidification (acetic acid). 

Centrifugation and 

neutralization of supernatant.  

Ethanol precipitation 

Complex with 

Fehling’s solution 

Washing with warm 

water and ethanol 

60% 

First step 

2.1%; 

second step 

65% 

 
(Haworth et al., 

1937) 

Baker’s yeast 

Citrate 

buffer 0.19 

mM; pH 

7.0 

 
Autoclave 2 h; 

140 °C 

Centrifugation and washing of 

solid with acetic acid. Ethanol 

precipitation 

Solubilisation of 

pellet in water 

and alkalinisation. 

Precipitation with 

Fehling’s solution 

Washing with warm 

water, acidification 

and precipitation with 

ethanol 

First step 

0.99%; 

second step 

0.54% 

 
(Peat et al., 

1961)  

Candida 

atmospherica 

C. diddensii 

C. parapsilosis 

Debaryomyces 

globosus 

Hansenula 

angusta 

Pichia bispora 

Saccharomyces 

lactis (NRRL 

Citrate 

buffer 0.02 

M; pH 7.0 

50% 

Two cycles of 

autoclave for 

90 min; 125 

°C 

Centrifugation. Alkalinisation 

of supernatant. 

Complex with 

Fehling’s solution 

Purification in cationic 

resin 

After two 

precipitions 

(Fehling’s 

solution) 

1.7 – 0.42%  

 
(Kocourek & 

Ballou, 1969) 
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Y1140 and NRRL 

Y1250) 

Saccharomycodes 

ludwigii 

Lodderomyces 

elongasporus 

Saccharomyces 

cerevisiae 
1% NaOH 10% 2 h; 100 °C 

Centrifugation and filtration of 

the supernatant 

Ethanol 

precipitation 

Isoelectric point (to 

eliminate protein) 
18% 96 % 

(Liu & Huang, 

2018) 

Baker’s yeast 

50 mM 

phosphate 

buffer (pH 

5,7,9) 

5%  
Autoclave 4 h; 

120 °C  

Centrifugation and collection 

of the supernatant  
 

Enzymatic isolation 

using Zymolase 
12%  

(Li & Karboune, 

2018) 

Baker’s yeast water  1-20% 
90 °C-100 °C; 

1-3 h  

Centrifugation and collection 

of supernatant 
 

α-mannanase at 3 -4% 

for 8-12 h at 50-70 °C, 

pH 4.0-6.0; 

Proteases at 0.5-3% 

for 6-10 h at 50-70 °C, 

pH 7.0-8.0 

 40-44% (Yu et al., 2008) 

Baker’s yeast  

0.1M 

potassium 

buffer 

solution 

20% 
Autoclave for 

3 h; 120-121 

°C 

Centrifugation and collection 

of supernatant 

Precipitation with 

3 volumes of 95% 

ethanol 

containing 1% 

(v/v) acetic acid 

Ultrafiltration  18%  
(Cameron et al., 

1988) 

Baker’s yeast  
Tris buffer; 

pH 7.5 
4% 

Mechanical 

disruption 

with glass 

beads 

diameter 

(0.25-1.5 mm) 

for 12 min  

Enzyme cocktails (mixture of 

proteases and glucanases) 

EC1- an enzyme cocktail from 

Helix pomatia 

Conditions: pH=5.0, 37 °C 

EC2- an enzyme cocktail from 

Cytophaga sp. 

Conditions: pH=7.5, 37 °C 

EC3- lyticase 

 

Insoluble glucan was 

separated by 

centrifugation and 

mannans were 

purified by dialysis 

  
(Kath & Kulicke, 

1999) 
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Brewer’s yeast   
Autolysis 16 

h; 55 °C 

Protease (Protex 6L) at pH=9.5, 

55°C during 16 h 
 

Ultrafiltration (10 

kDa) 
  

(Sedmark, 

2014)a 

Brewer’s yeast   
Autolysis 14 

h; 55 °C 

Protease, Amylase and/or 

Lipase (Protex 6L and 

Glucoamylase); pH=9.5, 55°C, 

14 h + 4 h with Glucoamylase 

 
Ultrafiltration (10 

kDa) 
  

(Sedmark, 

2014)a 

Baker’s yeast and 

brewer’s yeast 

Sodium 

phosphate 

buffer (50 

mM, pH 

7.5) 

5%  
Enzymatic hydrolysis (167U/g 

DC;35ºC;4h) 
 

Affinity 

chromatography 

27%-31% 

(Mannan 

Recovery 

Yield: 98%-

75%) 

37%- 

38% 
(Li et al., 2020) 

Saccharomyces 

boulardii SB62 

0.1 M 
phosphate 
buffer, pH 

6.5 

 

Ultrasounds 

(4min; 80% 

amplitude; 

50% duty 

cycle) 

Enzymatic hydrolysis with a 

glucanase (4000U lyticase/g 

DC;37ºC;20h) 

Precipitation with 

3 volumes of 

100% Acetone 

   
(Snyman et al., 

2021) 

* The yield was obtained from the weight of extract divided by the weight of original yeast (wet or dried) and multiplied by 100 229 
a Patent US8753668B2 230 

 231 

 232 
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From the analysis of Table 2 it can be observed that, from the several methods available 233 

for extracting/isolating yeast mannans, final. Yields are usually inversely related with 234 

purity, i.e. the higher the purity of the final extract, the lower yield will be obtained, as a 235 

consequence of the increased number of steps required for purification. Nevertheless, 236 

there is no “perfect” extraction method since the targeted application of the extract will 237 

drive the choice of the method. The highest yields are usually obtained when using 238 

enzymes, but this may also increase costs, depending on its specificity and enzymatic 239 

hydrolysis conditions, such as temperature or time, when compared to other extraction 240 

methods. The high temperature procedures may present the additional advantage of 241 

decontamination from a possible microbial presence. 242 

One important issue noticed from literature search is that many studies prefer to focus 243 

on glucans extraction from yeast cell wall, or the simultaneous recovery of mannans and 244 

glucans, which makes sense from a commercial point of view, since both molecules have 245 

shown biological activity. Patents that describe extraction methods to simultaneously 246 

obtain mannans and glucans (e.g. Patent US8753668B2 (Sedmark, 2014), Patent 247 

US9320291B2 (Juhani Saarinen et al., 2016), Patent EP0950716B1 (Lazzari, 1999), Patent 248 

US20110045545A1 (Yu et al., 2011)) involve the methodologies above described, such as 249 

autolysis, enzymatic hydrolysis, alkaline and acid hydrolysis. The fractionation and 250 

purification of these extracts involves a myriad of methodologies such as solvent 251 

precipitation, chromatographic methods, and ultrafiltration, depending on the 252 

characteristics and purity expectations of the final extract.  253 

 254 

2.5. Chemical Modification  255 

The biological functionalities of different polysaccharides could be tuned and improved 256 

by the introduction of specific chemical moieties in the polysaccharide native structure 257 

through derivatization (Li et al., 2016; Xie et al., 2020; Xu et al., 2019). Regarding the 258 

chemical modifications of mannans isolated from yeast strains, it is clear that this field is 259 

only in its infancy, with the majority of studies being focused on the carboxymethylation 260 

of pathogenic yeasts of Candida genus (Korcová et al., 2015; Machová, Bystrický, et al., 261 

2014; Machová, Čížová, et al., 2014; Oka et al., 1972). 262 

The carboxymethylated yeast mannans have already demonstrated their higher 263 

performance over the underivatized mannans, namely in the antitumor activity, where 264 

the carboxymethylation demonstrated to be an effective pathway to remove the toxicity 265 

of the original mannans without loss of antitumor activity (Oka et al., 1972), but also in 266 

the antioxidant (Korcová et al., 2015; Machová, Čížová, et al., 2014) and thrombolytic 267 

activities (Korcová et al., 2015). Furthermore, it is also possible to find reports focused on 268 

the preparation of different oxidized forms of mannans from Candida genus used for the 269 

preparation of glycoconjugates vaccine precursors (Ďurana et al., 2006), and in the 270 

preparation of cationic and amphoteric mannans from Candida albicans (Čížová et al., 271 

2016, 2019). 272 
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Regarding the chemical modification of S. cerevisiae, the first report (dated from 2014) 273 

described the efforts in the optimization of the synthetic pathway in order to obtain 274 

carboxymethyl derivatives of yeast mannans, and the elucidation of their structure and 275 

properties through a myriad of characterization techniques (FTIR-ATR, UV 276 

measurements, optical rotation, and potentiometric titration) (Machová, Bystrický, et al., 277 

2014). Moreover, it is important to emphasize that while the carboxymethylation is well 278 

studied in the functionalization of insoluble (cellulose, starch) and soluble (dextran, 279 

hyaluronan) polysaccharides, in the specific case of mannans functionalization it is 280 

evident the demand for more information. The abovementioned study constituted one 281 

of the few studies of mannans functionalization by carboxymethylation using three 282 

different procedures/media (water/alcohol system; non-aqueous dimethyl sulfoxide 283 

system and only in water). The derivatization of mannans in pure water under alkaline 284 

medium was described as the most promising procedure after the optimization of the 285 

following set of reaction parameters: mannans and sodium monochloroacetate 286 

concentrations, reaction temperature and time, which led to the establishment of the 287 

best conditions to obtain the carboxymethylated product - 100 mg of mannan in 1 mL of 288 

6 M sodium hydroxide at room temperature for 30 min, followed by addition of 300 mg 289 

of sodium monochloroacetate at 70 °C for 5 h, and neutralization by acetic acid to pH 7 290 

followed by dialysis. Under these conditions, the carboxymethyl derivative of S. cerevisiae 291 

mannans was obtained with a good yield, with a degree of substitution of 0.43 292 

(determined by potentiometric titration) and the strong alkaline conditions revealed to 293 

have a negligible effect in mannans’ degradation. The successful carboxymethyl 294 

derivation of the original mannans was undoubtedly confirmed by FTIR-ATR with the 295 

assignment of a new vibration in the spectrum at 1587 cm−1 and 1408 cm−1, indicating 296 

the substitution of COO−Na+ group on mannans chain. The UV measurements also 297 

corroborated the successful chemical modification by the UV absorbing carboxylate in 298 

the carboxymethyl mannans product. The 1H NMR data showed to be complex due to the 299 

non-uniform carboxymethylation, which led to the impossibility in the assignment of all 300 

NMR resonance signals, while optical rotation reflected the structural pattern of the 301 

different compounds with α-glycosides exhibiting positive rotation (Machová, Bystrický, 302 

et al., 2014).  303 

In the same year, the carboxymethyl derivatives from mannans S. cerevisiae obtained by 304 

the optimized conditions above described (Machová, Bystrický, et al., 2014) were studied 305 

as potential antioxidants, along with the carboxymethyl derivatives from β-glucan and 306 

dextran (Machová, Čížová, et al., 2014). The antioxidant potential was ascribed by the 307 

analysis of hydroxyl radical capture, the DPPH radical-scavenging and by the Fe(II) 308 

chelating activity. All carboxymethyl derivatives proved to be stronger antioxidants 309 

against the hydroxyl radical and presented a higher Fe(II) chelating activity against the 310 

original mannans. Regarding the scavenging activity against DPPH, the carboxymethyl 311 

products exhibited a lower performance when compared with the underivatized ones. 312 
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The properties and antioxidant performances for the carboxymethyl mannans extracted 313 

from S. cerevisiae are depicted in Table 3.  314 

 315 

Table 3 – Compilation of properties and antioxidant activities of S. cerevisiae mannans and 316 

functionalized mannans (Machová, Bystrický, et al., 2014; Machová, Čížová, et al., 2014). 317 

 318 

Properties Mannans Carboxymethyl mannans References 

Molecular Weight (Mpeak 

(kDa)) 
67 183 

(Machová, 

Bystrický, et al., 

2014) 

UV spectrophotometric 

(A210nm) 
0.06 0.39 

Optical rotation [α]D
20 +77.97◦ +55.49◦ 

HO• (%) 11.8 ± 1.1 45.1 ± 1.4 (Machová, 

Čížová, et al., 

2014) 

DPPH• (%) 5.0 ± 0.6 4.1 ± 0.4 

Fe(II) chelating activity 10.9 ± 1.7 14.5 ± 1.5 

 319 

In the field of chemical modification of polysaccharides that are demanded to improve a 320 

variety of properties, such as solubility, robustness, and a myriad of biological activities, 321 

there is a clear contrast between what happens with mannans, where the information is 322 

very scarce, and other polysaccharides present in the yeast cell wall, namely glucans. In 323 

the last case, it is possible to find in the literature several studies reporting different 324 

chemical modifications (carboxymethylation, sulfonylation, phosphorylation and 325 

acetylation) and their impact in the solubility and in the biological properties, namely the 326 

antioxidant, anticoagulant and antitumor activities (Kagimura et al., 2014; Theis et al., 327 

2019). 328 

The clear potential of the chemical modification of mannans in order to improve their 329 

properties demands deep studies in this niche that certainly will prompt new and exciting 330 

discoveries that may contribute to the prevention and treatment of countless diseases or 331 

even interesting properties to be used in nutraceutical and food industries.  332 

 333 

3. Mannan Oligosaccharides (MOS) 334 

Mannan oligosaccharides (MOS) are non-digestible oligosaccharides derived via partial 335 

hydrolysis of the mannans polysaccharide (Tester & Al-Ghazzewi, 2013), which can be 336 

generally divided into two main groups: α- and β-MOS. While α-MOS are obtained by 337 

cleavage of α-(1-6) bonds from yeast cell wall mannans, β-MOS are commonly obtained 338 

from mannans-rich plants through cleavage of β-(1-4)-glycosidic bonds (Jana et al., 2020; 339 

Yamabhai et al., 2016). 340 

MOS have gained significant interest as a prebiotic (Gibson et al., 2004). According to 341 

Gibson et al., (2017) the prebiotic concept has expanded, because of advances in tools 342 

for microbiome research, leading to the proposal of a new definition where a prebiotic is 343 
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“a substrate that is selectively utilized by host microorganisms conferring a health 344 

benefit”. According to this new definition fructooligosaccharides (FOS), 345 

galactooligosaccharides (GOS) (Gibson et al., 2017), MOS (Al-Khalaifa et al., 2019; Gibson 346 

et al., 2017), xylo-oligosaccharides (XOS) (Charalampopoulos & Rastall, 2012; Gibson et 347 

al., 2017) and inulin (Gibson et al., 2017; Van Loo, 2004) are classified as prebiotics, apart 348 

from other non-carbohydrate matrices.  349 

MOS are widely used as prebiotics in the animal industry with the aim of selectively 350 

stimulate the growth or metabolic activity of a limited number of internal 351 

microorganisms, suppressing enteric pathogens and improving the integrity of the 352 

intestinal mucosa (Baurhoo et al., 2007; Ghasemian & Jahanian, 2016; Jana et al., 2020; 353 

Spring et al., 2000, 2015). 354 

 355 

3.1. Production Methods  356 

The different methods for obtaining MOS may be roughly divided into those using 357 

chemicals and those that apply enzymes. Among the former, selective acetolysis (Lee & 358 

Ballou, 1965; Stewart et al., 1968; Young et al., 1998), acid or alkaline hydrolysis, 359 

combined or not with high temperatures, can be cited (Nakajima & Ballou, 1974; Ogawa 360 

et al., 1994; Peat et al., 1961). 361 

 362 

3.1.1. Chemical Methods 363 

3.1.1.1. Selective Acetolysis 364 

The bibliographic search conducted revealed a notable scarcity of information on large-365 

scale processes to obtain MOS from S. cerevisiae’s mannans with chemical methods. One 366 

of the few exceptions is perhaps selective acetolysis, although this is a reaction only used 367 

in yeast mannans structural elucidation, due to the toxicity of some chemicals involved 368 

(Kocourek & Ballou, 1969). Nevertheless, this procedure has the ability to selectively 369 

cleave the backbone α-(1-6) linkages between mannose units, yielding the relatively 370 

stable α-(1-2) and α-(1-3) linked oligosaccharides (Figure 4) (Lee & Ballou, 1965).  371 

 372 

 373 
Figure 4: Acetolysis process of cleavage in the extracted mannan (red lines indicate the cleavage 374 

locations). 375 
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Acetolysis reaction was applied for the first time to yeast mannans by Gorin & Perlin 376 

(1956), and the mechanism has been studied in more detail ever since (Ballou, 1976; 377 

Kocourek & Ballou, 1969; Lee & Ballou, 1965; Marzaioli et al., 2014; Matsumoto et al., 378 

1982; Stewart et al., 1968; Tanimoto et al., 2002; Vinogradov et al., 1998). The process of 379 

acetolysis consists of dissolving yeast mannans in a mixture of acetic anhydride, glacial 380 

acetic acid and concentrated sulfuric acid. The reaction has been reported to proceed in 381 

a wide range of conditions, from room temperature to 40 °C and with a duration that 382 

may extend from 2 h to 5 days. It is referred that the reaction is better controlled if 383 

mannans are firstly acetylated. 384 

After acetolysis, the reaction must be stopped with a base, such as pyridine, and the 385 

solvents evaporated. The residue is dissolved by adding a chloroform:water solution. The 386 

organic solvent is evaporated and the residue is treated with sodium methoxide, usually 387 

for 20 min at room temperature. The precipitate formed from the previous reaction may 388 

be washed with methanol and dissolved in water. Neutralization and separation may then 389 

proceed by a number of methods (Ballou, 1976; Kocourek & Ballou, 1969; Lee & Ballou, 390 

1965; Rosenfeld & Ballou, 1974, 1975; Stewart et al., 1968; Tanimoto et al., 2002). 391 

 392 

3.1.1.2. Acid  393 

According to Peat et al. (1961), acid hydrolysis may cleave mannans preferentially in the 394 

side chains, since the α-(1 -6) -glycosidic bonds has been reported to be much more stable 395 

to acid hydrolysis than the α-(1- 2) -glycosidic bonds. 396 

In the study of Ogawa et al. (1994), mannans extracts were treated with 0.33 N sulfuric 397 

acid in a boiling water-bath for 12 h, followed by neutralization with barium carbonate 398 

and left overnight at 4 °C. The resultant products were mannans oligomers with 1-4 399 

degree of polymerization (DP). Since these acid hydrolysates from mannans of S. 400 

cerevisiae and Trichosporon aceleatum were still branched, this suggests that acid 401 

hydrolysis does not cause preferential cleavage of side chains. 402 

Young et al.(1998), proposed a methodology that encompasses an acetolysis and a partial 403 

acid hydrolysis to break down the backbone and side chains. For the partial hydrolysis 404 

mannans were incubated in 0.4 M sulphuric acid at 100 °C for 60 min, followed by 405 

neutralization with barium carbonate. The precipitate and the supernatant were filtered 406 

using a Microcon (10 kDa) membrane in order to eliminate the salt created by 407 

neutralization. The results showed a predominance of the disaccharide (mannobiose) 408 

with bonds Manα1-3Man and smaller amounts of the trisaccharides (mannotriose), 409 

Manα1-3Manα2/6Man, Manα1-2[Manα1- 6] Man with these bonds. In conclusion, the 410 

resultant products from the acidic method were mostly mannan oligomers with 1-4 411 

degree of polymerization, i.e. monosaccharides, disaccharides, trisaccharides and 412 

tetrasaccharides. 413 

 414 
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3.1.1.3. Alkaline 415 

Another chemical procedure used to obtain mannans and MOS is alkaline hydrolysis 416 

under specific conditions: the β-elimination effects occurs in the replaced serine and 417 

threonine residues, releasing mannose, mannobiose, mannotriose, and mannotetraose 418 

(Nakajima & Ballou, 1974). This alkaline extraction was described by the breakdown of 419 

the phosphodiester bonds or glycosyl-serine linkages (Ballou, 1974; Nakajima & Ballou, 420 

1974). According to several studies (Nakajima & Ballou, 1974; Sentandreu & Northcote, 421 

1968; Yen & Ballou, 1974; Young et al., 1998) the selective alkaline hydrolysis consists of 422 

mannans treatment with 0.05 - 0.1 M of sodium hydroxide or sodium hydroxide 423 

containing sodium borohydride (Yen & Ballou, 1974) at 25 °C-100 °C for 2-24 h. The 424 

reaction must be stopped by neutralization with acetic acid. By following this procedure, 425 

the authors (Nakajima & Ballou, 1974; Sentandreu & Northcote, 1968; Yen & Ballou, 426 

1974; Young et al., 1998) claim to obtain di to tetra saccharides. 427 

3.1.2. Enzymatic Methods 428 

As mannans are structurally complex, a sequential action of various enzymes may be 429 

required to hydrolyze them into MOS (Singh et al., 2018). Table 4 summarizes different 430 

types of specific α-mannanases (to cleave the backbone of mannans into oligomers) and 431 

α-mannosidases (to hydrolyze mannans oligomers to mannose) (Dhawan & Kaur, 2007; 432 

Kommineni et al., 2019; Maruyama et al., 1994; Zordan et al., 2015; Zouchova et al., 433 

1977). 434 

According to Singh et al. (2018), enzymatic degradation is generally preferred in the food 435 

industry for partial degradation of commonly used food hydrocolloids (derived from 436 

plants and thus containing -mannans). Since mannans derived from the yeast cell wall 437 

of S. cerevisiae are mainly composed of mannose structurally organized in α(1-6) linked 438 

backbone and α(1-2) and α(1-3) linked branches, enzymes available for plant mannans 439 

cleavage are not predicted to be applicable to yeast mannan. Indeed, the industrial use 440 

of - mannanase enzymes, cleaving alpha bonds, is practically inexistent, which leads to 441 

its very high price, and turning their use almost exclusively for research.  442 

As an example, an endo-1,4 β-mannanase (from Cellvibrio japonicus) containing 10,000 443 

units costs 173€ (Megazyme) (endo-1-4-beta-mannanase  Cellvibrio japonicus Enzyme | 444 

Megazyme, n.d.) whereas an α-D-Mannosidase (from Bacteroides thetaiotaomicron) 445 

containing 10 units costs 152€ (Megazyme) (alpha-D-Mannosidase Bacteroides 446 

thetaiotaomicron Enzyme | Megazyme, n.d.). Thus, considering the units present, the 447 

cost is roughly 1000 times higher. As such, the use of specific enzymes to catalyze the 448 

production of MOS is not an economically viable solution. Nevertheless, a potential 449 

solution could be the use of immobilized enzymes, which would allow their easier 450 

recovery and concomitant decrease in operational costs. 451 

Table 4 – Different types of enzymes and their action mechanism in the mannan structure. 452 



 

18 
 

Enzyme Action Mechanism 
Optimal 

Conditions 
Reference 

Endo α-1,6 mannanase 

Random hydrolysis of (1-6)-α-D-

mannosidic linkages in 

unbranched (1-6)-mannans 

Temperature 37 

°C 

pH= 7.0 

(Zordan et al., 

2015) 

α-1,2,3,6- mannosidase 

Hydrolysis of the terminal (1-2)-

linked α-D-mannose residues in 

the oligo-mannose 

oligosaccharide Man9 

(GlcNAc)2 

Temperature 37 

°C 

pH= 4.5 

(Kommineni et al., 

2019) 

α-1,2,3 - mannosidase 

Exoglycosidase that catalyzes 

the hydrolysis of α-(1-2) and α-

(1-3) linked mannose residues 

from oligosaccharides 

Temperature 37 

°C 

pH= 5.5 

(Wong-Madden & 

Landry, 1995) 

α- 1,6 mannosidase 

isolated from 

Xanthomonas manihotis 

removes unbranched α-(1-6) 

linked D-mannopyranosyl 

residues from oligosaccharides 

Temperature 37 

°C 

pH= 5.5 

(Wong-Madden & 

Landry, 1995) 

 453 

Summarizing, acetolysis of yeast mannan preferentially cleaves α-(1-6) linkages, and has 454 

been reported to originate mannose, mannobiose, mannotriose and mannotretraose, 455 

containing α-(1-2) and α-(1-3) linkages (Stewart & Ballou, 1968). This procedure is applied 456 

to help determine the polysaccharide structures, although its application for MOS 457 

production is hampered by the chemical employed (e.g. pyridine and sodium methoxide). 458 

On the other hand, partial acid hydrolysis presents a lower specificity towards the 459 

linkages but remains an important technique to determine and elucidate the structure of 460 

the polysaccharides (Chiura et al., 1982). Despite not having a high selectivity as 461 

acetolysis, this procedure proves to be a simpler process. The alkaline hydrolysis was 462 

shown to cleave the linkages to serine and threonine residues in the oligomers (Nakajima 463 

& Ballou, 1974), resulting in the production of mannobiose, mannotriose and 464 

mannotretaose. This also proves to be a simple process without the use of highly toxic or 465 

environmentally harmful reagents. Finally, enzymatic methods for cleaving yeast mannan 466 

linkages, although very selective, depending on the chosen enzyme, and environmentally 467 

friendly, are at the present time particularly expensive.  468 

In conclusion, although acetolysis and enzymatic hydrolysis both seem to be the most 469 

selective processes to obtain MOS from mannans hydrolysis, neither of them appears to 470 

be applicable at industrial scale, due to the abovementioned reasons. Therefore, acid or 471 

alkaline hydrolysis processes remain the possible, despite less effective choices. This may 472 

explain why in many commercial products claimed to be MOS, their compositional 473 

analysis shows a mixture of mannans and MOS (unpublished data from authors). 474 
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4. Bioactivities and potential applications of mannans, MOS and mannose residues 475 

Mannans, MOS and mannose residues from yeast present specific bioactivities which 476 

tailor their potential use in pharmaceutical and animal feed industries (Singh et al., 2018). 477 

This section will cover some of the bioactivities present in these three compounds. 478 

 479 

4.1. Mannans  480 

In the literature, yeast mannans have been mainly shown to present prebiotic activity, 481 

when incorporated into animal diet, limiting gastrointestinal infections (Browne et al., 482 

2019). Indeed, it has been reported (Oba et al., 2020) that mannans extracted from 483 

baker’s yeast selectively increased the abundance of Bacteroides thetaiotaomicron and 484 

B. ovatus in the fermentation of rat feces in vitro, thus increasing the production of 485 

acetate, propionate and other beneficial short chain fatty acids, and improving intestinal 486 

environment. In the same context, mannans have been shown to limit gastrointestinal 487 

infection in susceptible animals, including pigs, broilers and cows, by blocking the 488 

mechanism by which pathogenic gram-negative bacteria adhere and invade intestine, an 489 

effect measured by a reduction in animal pro-inflammatory responses (Browne et al., 490 

2019). 491 

Concerning pathogenic control, S. cerevisiae mannans were also reported to enhance 492 

collateral sensitivity of Escherichia coli to antibiotics, both in susceptible and antibiotic 493 

resistant strains, through modulation of bacterial metabolism (Smith et al., 2020). 494 

According to Korcová et al. (2015) mannans could present immunomodulatory activity 495 

through the stimulation of macrophages (via interaction with their mannose receptors), 496 

which eliminate circulating atherogenic lipoproteins such as low density lipoproteins 497 

(LDLs). Additionally, mannans, as well as β-glucans, have shown antitumor and anti-498 

metastatic effects (Joseph et al., 2013; Kogan et al., 2008).  499 

Another activity reported was the ability to scavenge radicals, where mannans exhibited 500 

a good scavenging ability to superoxide anions and hydroxyl radicals, suggesting a 501 

potential antioxidant effect (Liu et al., 2018); these properties enhance mannans possible 502 

applications in food, feed and cosmetic areas. 503 

Despite its beneficial effects, there are also some reports on the undesirable responses 504 

recorded after mannans ingestion. Khmaladze et al. (2014) found that intraperitoneal S. 505 

cerevisiae mannans injection resulted in the induction and exacerbation of psoriasis and 506 

psoriasis arthritis (production of IL-17, a pathway regulated by ROS in macrophages). 507 

Another study from Cuskin et al. (2015), in a group of patients with Crohn’s disease, 508 

described a disturbed humoral and cellular immune response to yeast mannans. In older 509 

studies (Young et al., 1998) it has been shown that a fraction (Sc500) of mannans 510 

stimulates the production of T and B cells in patients with Crohn’s disease.  511 

 512 

4.2. MOS  513 

MOS are reported to serve as prebiotics for beneficial bacteria in the gut, also showing 514 

certain biological effects such as enhancement of protection in intestinal mucosal layer, 515 
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and boost of the immunity, antimutagenic and antioxidant defenses (Teng & Kim, 2018). 516 

According to Spring et al. (2015) and Spring et al. (2000), MOS are known for their ability 517 

to bind and limit the colonization of enteric pathogens such as Salmonella, Escherichia 518 

coli, Campylobacter, and others (Koc et al., 2010).The α-(1-3) and α-(1-6) branched of 519 

MOS present in the cell wall of S. cerevisiae are particularly effective at binding pathogens 520 

Firon et al. (1987). According to Spring et al. (2015), when the attachment and 521 

colonization of the intestine by gram-negative pathogenic bacteria is blocked with MOS, 522 

the autogenous population can flourish, making the gut more efficient, and liberating 523 

more nutrients for lean tissue growth and improve immunity in the host animal. However, 524 

as reported on the studies of Baurhoo et al. (2007), Sims et al. (2004), and Spring et al. 525 

(2000) MOS effects on promoting beneficial bacteria, such as Lactobacilli and 526 

Bifidobacteria are more variable. The overall known different action modes of MOS are 527 

exemplified in Figure 5. 528 

 529 

 530 
Figure 5: Potential mechanisms of action of MOS in pathogen colonization inhibition. 531 

 532 

Apart from effects on caecal microbiota, MOS also improved microbial community in 533 

other intestine sections of broilers  – jejunum, ileum, jejunal mucosa, ileal mucosa and 534 

ileocecal junction (Chee et al., 2010; Geier et al., 2009; Kim et al., 2011; Wang et al., 2016; 535 

Yang et al., 2008). Studies by Corrigan et al. (2015) and Lee et al. (2016) report that MOS 536 

increased caecal Bacteroidetes population in broilers, known for their strong metabolic 537 

activity in ferment indigestible saccharides (as MOS) to short-chain fatty acids and, 538 

consequently, improve nutrient absorption and protect the host from pathogen infection 539 

(Wexler, 2007). 540 



 

21 
 

Although not so clear in many studies, as previously mentioned, the effect of MOS on the 541 

promotion of increased prevalence of beneficial bacteria has also been reported by 542 

several authors. Indeed,  ileal Lactobacillus acetotolerans, L. delbrueckii subsp. lactis, L. 543 

sakei subsp. Sakei, and caecal L. ingluviei, L. mucosae, L. salivarius, and L. crispatus 544 

populations in broilers were reported to increase with the inclusion of MOS in the diet 545 

(Corrigan et al., 2011, 2015). Among these species, L. crispatus was reported in Chen et 546 

al. (2007) and Zhang et al. (2007) to have anti-E. coli and anti-Salmonella activities. In the 547 

same way, L. salivarius was mentioned by Chen et al. (2007) and Zhang et al. (2007) as 548 

limiting Salmonella colonization. The anti-pathogenic characteristics of Lactobacillus may 549 

be the reason why MOS indirectly reduced the numbers of E. coli or Salmonella in the 550 

intestine, ameliorating bacterial infection in pathogen-challenged broilers (Baurhoo et al., 551 

2007, 2009; Spring et al., 2000). It has also been reported that MOS are considered 552 

prebiotics that increase the efficiency of microbial elimination by phagocytosis through 553 

the agglutination process in various strains of E. coli, Salmonella typhimarium and S. 554 

enteritidis in vitro (Spring et al., 2000). 555 

MOS can also be used as substitutes for antibiotic growth promoters (AGP) (antibiotics in 556 

sub-therapeutical doses), widely used in animal feed due to their growth-promoting 557 

effects, but banned in European Union since 2006, due to concerns regarding the link 558 

between usage of antibiotics in animal feed and an increase of bacterial antibiotic 559 

resistance (Al-Khalaifah, 2018). Furthermore, consumers prefer to reduce the use of 560 

antibiotics and other therapeutic chemicals in animal feed. In this perspective, MOS can 561 

be a greener approach to simultaneously prevent disease outbreaks and enhance animal 562 

health. When supplemented in animal feed, MOS contribute to mortality decrease and 563 

to the improvement of the levels of bactericidal (destroys bacteria) and lysozyme 564 

(destroys the protective layer of bacteria) activities (Chacher et al., 2017; Torrecillas et 565 

al., 2007; Torrecillas et al., 2014). In summary, there are countless advantages in using 566 

MOS in animal feed: they have the ability to modify microbiota composition, prevent 567 

pathogenic bacteria adhesion (as described above), can be associated with the 568 

proliferation of beneficial microorganisms such as lactic bacteria, and show positive 569 

effects in decreasing diarrhea incidence (Agazzi et al., 2020; Al-Khalaifa et al., 2019; 570 

Leblebicier & Aydoğan, 2018; Valpotić et al., 2016; Zhao et al., 2012). 571 

Nevertheless, despite the several benefits of MOS consumption and utilization reported, 572 

a more systematic research on the mechanisms behind these beneficial effects on the 573 

human body, as well as the safety of its use, still needs to be carried out in depth. 574 

However, there is still a large ambiguity on the definition of MOS, mannans or yeast cell 575 

wall extracts, especially within market products, usually presented as MOS, although 576 

being composed of cell wall extracts or mannans, most of the times. The clear 577 

characterization and labelling of these components is essential to better understand the 578 

relation between composition and activity. 579 

 580 
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4.3. Mannose  581 

D-mannose is found in nature as a component of mannans from vegetable and microbial 582 

origin, hemicellulose and cellulose in dietary fiber (Hu et al., 2016). Its structure is very 583 

similar to that of other sugars such as D-glucose and D-fructose; in fact, D-mannose is an 584 

epimer of D-glucose in the C-2 position and is an aldose isomer of D-fructose (Hu et al., 585 

2016; Wu et al., 2019). 586 

D-mannose is widely used in food, medicine, cosmetics, and food additives industries. 587 

Among its physiological health benefits, those more referred concern the immune 588 

system, diabetes mellitus, intestinal diseases and urinary tract infections (Wei et al., 2020; 589 

Wu et al., 2019). 590 

Mannose residues act in lock-and-key interactions with carbohydrate-binding proteins 591 

found on the surface of certain bacteria (Zopf & Roth, 1996). For example, D-mannose 592 

inhibits the adhesion of enteric pathogenic bacteria related to urinary tract infections 593 

(UTI) to uroepithelial cells, thus reducing bacteriuria levels (Kranjčec et al., 2014). More 594 

specifically, the inhibition mechanism refers to the binding of free mannose in the 595 

bladder to the type 1 fimbriae (FimH) of pathogens such as uropathogenic Escherichia 596 

coli (UPEC) (Flores-Mireles et al., 2015; Pigrau & Escolà-Vergé, 2020; Ruggieri et al., 1985; 597 

Schilling et al., 2001; Scribano et al., 2020). Fimbriae structure presents lectins, 598 

glycoproteins which allow the bacteria to bind to the cellular receptors present on the 599 

surface of uroepithelial cells (Flores-Mireles et al., 2015; Pigrau and Escolà-Vergé, 2020; 600 

Scribano et al., 2020). By binding to free mannose molecules instead of the uroepithelial 601 

cells, pathogens are eliminated from the urinary tract by the flow of urine, resulting in a 602 

reduction in the number of UTI, without the need to resort to antibiotics; this approach 603 

may even be applied to prevent UTI thus paving the way for commercialization as a health 604 

supplement. Indeed, it has been described that after ingesting therapeutic amounts of D-605 

mannose, only a fraction was metabolized by the body (Kyriakides et al., 2020; Lenger et 606 

al., 2020), and the remaining was excreted through the kidneys and bladder ureters, to 607 

eventually be eliminated from the system in urine. Such amounts of mannose in the 608 

bladder may promote the desired effect of preventing UTI. In a study by Kranjcec et al. 609 

(2014), D-mannose powder was shown effective in preventing UTI during 6-month 610 

prophylaxis. The rate of recurrence of infection did not differ between patients taking 611 

standard medication (Nitrofurantion) and those taking D-mannose powder.  612 

D-mannose is also reported to inhibit the binding of S. typhimurium to intestinal cells in 613 

chickens (Oyofo, DeLoach, et al., 1989; Oyofo, Droleskey, et al., 1989). This sugar, for 614 

now, is the most effective in blocking colonization to inhibit the growth of intestinal 615 

pathogens (Berge & Wierup, 2012; Galiş et al., 2013). 616 

 617 

5. Commercial Products 618 

A wide range of yeast mannans and MOS have been commercially available since the 619 

1990s and some of them, such as the Bio-MOS (Alltech), with a substantial repertoire of 620 
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scientific articles and practical examples of its effectiveness (Baurhoo et al., 2007; Spring 621 

et al., 2015). Nowadays, the use of MOS (or yeast cell wall extract or mannans, depending 622 

on the effective composition of the commercial product) in animal feed has become more 623 

prominent, mainly due to the European ban on antibiotics as prophylactic growth 624 

promoters in animal feed. 625 

There are still very few commercial products of MOS and mannans obtained by S. 626 

cerevisiae targeted for humans. In some of the products already commercialized, 627 

mannans are extracted from plants (Konjac), such as GLUCOMANNAN from brands such 628 

as PROZIS, NOW and Nutricost. Still in the line of supplements with mannans, prebiotics 629 

and probiotics have been recently incorporated into whey proteins. The Gold Nutrition 630 

brand incorporated fenomannans (which are galactomannans from fenugreek seeds) in 631 

one of its whey proteins available on the market. Another product for human health is a 632 

probiotic supplement from the brand Jarrow Formulas that contains S. boulardii and 633 

MOS. Table 5 lists some of these products currently on the market with MOS and 634 

mannans obtain from S. cerevisiae. The majority of these products are used for animal 635 

feed and supplements. 636 

 637 
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Table 5 – Mannans and MOS from yeast S. cerevisiae commercially available.  638 

Company Product General 
Composition 

Claims 
Extraction Process 

Website 

Ohly - GO 

MOS 

Yeast cell walls 
derived from 

autolyzed 
cultivated 

baker’s yeast (S. 
cerevisiae) 

 Benefits of 
application of yeast 
cell walls in animal 
and used by the 
animal feed 
industry as 
antibiotic replacers. 

Autolysis 
https://www.ohly.com/en/feed-health/health-promoting-

polysaccharides/ohly-go-mos/ 

SoluMannan 

Purified soluble 
mannoproteins 

product 
containing ca. 
65% mannans 

 Higher solubility 

 Effective at a 
dosage that is some 
10 times lower (50–
250 g/tonne feed) 
than that of 
conventional yeast 
cell wall/MOS 
products 

 
https://www.ohly.com/en/feed-health/health-promoting-

polysaccharides/ 

Wall 

Mixture of beta-
glucans and 

MOS from the 
outside of the 
yeast cell walls 

 Immune 
modulators of both 
the innate and 
adaptive immune 
systems.  

 MOS are able to 
bind and limit the 
colonization, of gut 
pathogens like 
Salmonella, E. coli 
and Clostridia spp. 

Hydrolysis 
https://www.ohly.com/en/feed-health/health-promoting-

polysaccharides/ohly-go-wall/ 

YES BioWall 
Contains a high 

concentration of 

 Glucans: Stimulate 
the immune 
system, making the 

 https://www.yes.ind.br/en/biosolutions/ 
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β-glucans and 
mannans 

animal more 
resistant to 
infections.  

 Mannans modulate 
the intestinal 
microbiota, 
because in addition 
to being used as a 
substrate by 
beneficial bacteria, 
they agglutinate 
pathogenic bacteria 
such as Salmonella 
and E.coli, ensuring 
the animal a better 
health status 

GUTBIO MOS  

 Promotes intestinal 
microbiota balance; 
95% Salmonella and 
100% E. coli (in 
vitro) agglutination. 
Better intestinal 
integrity 
(villi/crypts) 

 https://www.yes.ind.br/en/gutbio/ 

Alltech BIO-MOS 

A unique 
product derived 
from a selected 

strain of 
Saccharomyces 
cerevisiae yeast 

 Enhances feed 
efficiency 

 Contributes to 
immune system 
development 

 Participates in 
normalizing gut 
microflora 

 https://www.alltech.com/bio-mos 
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 Stimulates the 
natural defenses of 
the organism 

 Reinforces the 
function of the 
digestive system 

 Contributes to 
meat, egg and milk 
marketability 

Actigen 

Second-
generation, 

unique bioactive 
product derived 

from 
Saccharomyces 

cerevisiae 
(Mannan Rich 

Fraction)  

 Participates in 
normalizing gut 
microflora and 
promoting 
microbiome 
diversity 

 Maintains 
gastrointestinal 
integrity and 
stability 

 Aids nutrient 
utilization 

 https://www.alltech.com/actigen 

Leiber BIOLEX MB40 

Characterized by 
its high levels of 
1.3 -1.6 beta-D-
glucan and MOS 

 Active support and 
relief of the 
immune system 

 High bonding 
power and 
inactivation of 
pathogens/toxins in 
the intestinal lumen 

 Prebiotic effects on 
the intestinal and 
ruminal microflora 

Obtained during the 
production of soluble 

brewers´ yeast extracts 
https://www.leibergmbh.de/int/feed/products/biolexmb40/ 

Super 
Mannan 

Supermannan 
MOS from S. 
cerevisae and 

 Take SuperMannan 
at the first 

 
https://www.amazon.com/Belvedere-Environmentals-

SuperMannan/dp/B00FAWEUTA 



 

27 
 

Candida 
guillermondii. 

indication of a UTI 
attack 

Nutritech EquiMOS 

Nutritional 
supplement by 

horses with 
modified MOS 

 Reduction of 
pathogenic 
bacteria, viruses 
and mycotoxins. 

 Gastrointestinal 
health and 
performance by 
stimulating the 
growth of beneficial 
intestinal bacteria  

 Supporting the 
immune system 

 https://www.nutritech.co.nz/product/equimos/ 

Lallemand 
Animal 

Nutrition 

AGRIMOS 

Feed ingredient 
produced from a 

high-quality 
Saccharomyces 
cerevisiae yeast 

cell wall. 
Combination of 
MOS and β-(1,3 
and 1,6)-poly-D-

glucose 

 Maintain favorable 
intestinal 
microflora balance 
in farm animals 

 
https://lallemandanimalnutrition.com/en/europe/our-

products/product-details/agrimos/ 

ALKOSEL MOS 

Source of 
organic selenium 

with higher 
bioavailability 
than inorganic 

forms of 
selenium. 

Also part of its 
composition is 
MOS extracted 

 Prebiotic that 
favors the 
beneficial natural 
microbiota of the 
rumen and 
intestine 

 Increases the 
Selenium content 

 
https://lallemandanimalnutrition.com/pt-br/brazil/our-

products/product-details/alkosel-mos/ 
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from the yeast 
cell wall 

Angel 
Yeast 

Fubon MOS 
A functional 

oligosaccharide 
rich in MOS 

 Prebiotic additive, 
derived from a 
selected yeast cell 
wall 

 Promote beneficial 
bacteria to grow 
and reproduce  

 Adjust microflora 
balance in intestine 
and stomach, 
absorb pathogens 
and control 
diseases 

 

https://en.angelyeast.com/products/animal-
nutrition/fubon-mos.html 

ORFFA ActiveMOS 

Prebiotic rich in 
MOS extracted 
from specially 
selected strain 

of the yeast 
Saccharomyces 

cerevisiae 

 Highly efficient in 
the agglutination 
(binding) of 
pathogens, thereby 
reducing the risk of 
pathogen 
colonization to the 
gut wall 

 

https://orffa.com/products/activemos/ 

Vet Spirit SymbioIMMUNE 

Contains inulin, 
1,3-1,6 beta-D-

glucan and MOS. 
These two are 

obtain from 
brewer’s yeast 

 Support the 
immune and 
gastrointestinal 
functions 

 Complementary 
prebiotic and 
probiotic feed for 
dogs and cats of all 
ages 

 

https://vetspirit.com/product/symbioimmune-supplement-
80-tablets/ 
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6. Conclusions 640 

Yeast mannans are cell wall structural carbohydrates mainly composed of large numbers 641 

of mannose residues, assembled in a fairly complex structure.  642 

Mannans extraction can be performed through several different processes (physical, 643 

chemical, mechanical or enzymatic), each one presenting advantages and disadvantages. 644 

They reveal a high potential for use in several applications due to their bioactive 645 

properties, such as immunomodulation and prebiotic activity, as well as antioxidant 646 

potential. This latter property can be improved by functionalization processes, which can 647 

also provide new interesting bioactivities.  648 

MOS can be fractionated from mannans using different chemical (acetolysis, acidic or 649 

alkaline), or enzymatic processes. Since acetolysis and enzymatic processes, despite their 650 

selectivity, are not adequate for industrial scale production because of the toxic 651 

chemicals employed and high cost, respectively, the best options with likely be to use 652 

acid or alkaline hydrolysis; even if they do not present the same level of selectivity, they 653 

are more straightforward and less toxic processes.  654 

Most of the commercial products with mannans and/or MOS claim beneficial effects in 655 

modulating the intestinal microbiota and are targeted for animal feed, with a 656 

concomitant relatively low price, which strongly limits their production costs. To increase 657 

the added value of the products and expand their market area to alternative targets, such 658 

as those of human functional foods, cosmeceuticals or even pharmaceuticals, the 659 

commercialized extracts must present clear and scientifically validated claims for 660 

additional beneficial effects. This endeavor has been complicated in several studies by 661 

the heterogenicity of the extracts, both in terms of composition (apart from mannose 662 

they also present other sugars, proteins, and lipids) and size dispersion of the molecules 663 

(mannans or MOS). This translates into distinct bioactive effects, thus misleading the 664 

analysis of effective relationships between composition and mode of action. In fact, 665 

systematic research on the mechanisms of these beneficial effects on the human body 666 

remains to be performed. Thus, to deepen those studies, it is extremely important to use 667 

selective extraction/fractionation processes, so that purer extracts can be used in studies, 668 

and strong evidence can be build relating the ingestion of extracts and corresponding 669 

beneficial effects.  670 

The technologies currently available to extract mannans from yeast cell wall and to obtain 671 

MOS by mannans cleavage are not very selective, except for the ones using enzymes, 672 

which present a prohibitive cost. This gap may however be surpassed by using 673 

immobilized enzymes, which would allow their easier recovery and concomitant decrease 674 

in operational costs. Nevertheless, additional studies are necessary, eventually exploiting 675 

green extraction processes based on waves (e.g. ultrasounds and pulsed electric fields) 676 

or pressure (e.g. supercritical and subcritical extraction technologies). 677 

Apart from the beneficial properties of mannans already stated, other positive impacts 678 

of these molecules on health are on the horizon, helped by the (still incipient) knowledge 679 
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about their functionalization, a growing area of research. Indeed, the field of chemical 680 

modification in mannans has not yet been deeply studied, but it reveals to be a very 681 

promising process to improve their inherent bioactive properties or even provide new 682 

ones. 683 

By enlarging the range of potential applications of yeast mannans and MOS, not only their 684 

generation during fermentative processes no longer presents an environmental issue (in 685 

a circular economy concept), but also those different applications may promote the 686 

emergence of new market players, specialized in their exploitation. 687 
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