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Abstract. Rice bran and cassava peel can be used as nutrients for yeast growth to produce mannoproteins. 

Currently, the application of yeast cell wall mannoproteins has only limited use in the food sector such as 

winemaking, stabilizers and emulsifiers in salad dressings. The functional and biological abilities of 

mannoproteins are influenced by their constituent components. Currently, has been found research that 

mannan and protein, which are components of mannoproteins, have potential as antioxidants. Based on a 

literature review, mannoproteins have potential as antioxidants because many hydroxyl groups are found in 

the chain of bonds. All mannan fractions have superior scavenging activity against hydroxyl groups at a 

concentration of 3.2 mg / mL while to produce scavenging activity against oxidative superoxide groups 

requires 3.3 mg / mL. Utilization of rice bran and cassava peels through the production of mannoproteins as 

antioxidants is an environmental friendly action because it can reduce the volume and utilize agro-industrial 

waste, so that environmental pollution can be better controlled.  

1 Introduction 

Yeast plays an important role in the food industry. One 

of the yeast components that have produced many 

benefits is mannoproteins. Mannoprotein is a 

constituent of yeast cell walls with the second largest 

composition after β-glucan [32]. Mannoproteins have 

bonds between mannan (polymer of mannose) and 

proteins which eventually form mannoproteins. 

Mannoprotein represents 30-40% dry weight of the total 

cell wall [25]. 

 Even though it has been widely used, the role of 

mannoproteins from yeast cell walls in the new food 

industry is focused on its function as an emulsifier and 

stabilizer in salad dressings or mayonnaise [7]. The 

functional and biological abilities of mannoproteins are 

influenced by their constituent components. Currently, 

research has been found that states that mannan and 

protein, which are components of mannoproteins, have 

potential as antioxidants [39]. 

 To obtain yeast mannoproteins which have potential 

as antioxidants, one of the things that must be 

considered is the availability of nutrients in the media 

used by yeast to grow. The most important nutrients 

needed are carbohydrates. The substrate that contains 

high carbohydrates but has not been widely used is a 

byproduct of food products. Some examples of 

byproducts of food products that have potential as a 

yeast growth medium are rice bran and cassava peel 

(BKUK). This is supported by the research of Ugah and 

Nwoba (2018) that the results of rice and cassava peels 
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can be used as a growth medium for Saccharomyces 

carlbergensis. 

 Rice bran is used as a yeast growth medium because 

it contains high carbohydrates of around 84.36% [26]. 

Wachid dan Ningrum, (2017) state that cassava peels 

contain carbohydrates of 44-59% so that with this 

carbohydrate content, BKUK has the potential to grow 

yeast. The nutrients contained in the by-products of 

these food products are used as a source of carbon and 

energy for yeast growth. The utilization of food by-

products consisting of BKUK will be related to the yeast 

growth population. This population shows the number 

of cell walls, where the cell wall will represent 

mannoprotein biomass. This is because the cell walls of 

yeast are composed of mannoproteins [32]. 

2 Yeasts Cell Walls Mannoprotein  

The main components of yeast cell walls are 

polysaccharides and glycoproteins (Herrera et al., 2006) 

. The glycoproteins in the yeast cell walls are 

mannoproteins. Mannoprotein is the second most 

important component after β-glucan [32]. Mannoprotein 

represents 30% dry weight of the total cell wall [25]. 

Mannoprotein is a compound consisting of 10 to 20% 

protein and 80 to 90% mannose. 

 According to Li and Karboune (2018) 

mannoproteins can be divided into three groups: (i) not 

covalently bound, (ii) covalently bound to structural 

glucans and (iii) disulfides bound to other proteins 
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covalently bound to cell wall glucans. The molecular 

weight of yeast mannoproteins ranges from 25 kDa to 

more than 250 kDa [15]. Yeast manoproteins are white 

or cream or yellow when forming a translucid colloid 

solution.. Figure 1 is a cross section of the cell wall of 

yeast. 

 

 

Figure 1. Yeast Cell Wall (Source: Grubb et al., 2008). 

 The yeast cell wall in general consists of 2 layers 

by 4 main molecules, namely mannoprotein, β (1,6) 

glucan, β (1,3) glucan and chitin. All of these 

components are connected by covalent bonds. The 

mannoprotein content in the dry weight of the cell wall 

is 35-40%, chitin is 1-2%, 5-10% in β-1.6 glucan and 

more than half of the cell wall (50-55%) is composed of 

β-1, 3 glucans [18]. Figure 2 is the structure of the yeast 

mannoprotein. 

 

 

Figure 2. Structure of the Yeast Mannoprotein (Source: 

Shepherd, 1985) 

 The structures of the yeast mannoproteins studied 

so far are molecules with a main chain consisting of D-

mannose residues linked by bonds (1-6), to which a 

varying number of side chains of D-mannose residues 

are linked to each other by ( 1- 2), a (1-3), a (1-4). The 

main chain is covalently linked to the protein portion via 

a tunicamycin sensitive bridge involving asparagine and 

two N-acetyl-D-glucosamine residues. Short-chain 

secondary mannosil located on the protein group is 

attached by O-glycosidic linkages with the hydroxy 

threonine or serine amino acids, forming alkaline and 

ether bonds, glycosyl serine, or glycosyl threonine [42]. 

Mannoproteins have molecular and structural 

properties, cell wall mannoproteins show a lot of 

functional-technology so that they have been widely 

used in the industrial field, one of which is in the food 

sector. According to  Caridi (2006) mannoproteins from 

yeast cell walls are known to have high emulsification 

and stabilization power so that mannoproteins are 

widely used as emulsifiers in salad dressings or 

mayonnaise without affecting the sensory attributes of 

these products. Mannoprotein is also widely used in the 

enology industry because of its ability in the adsorption 

process of ochratoxin A, complexation with phenolic 

compounds, increased growth of malolactic bacteria, 

inhibition of crystallization of tartrate salts, preventing 

fog formation and strengthening of aromatic 

components. 

3 Nutritional Modification in Yeasts 
Growth 

Nutrients are used for growth, cell synthesis, energy 

needs in metabolism and movement. Nutrients will 

support each other with an appropriate growth 

environment for yeast to grow optimally. The 

enrichment of media with the addition of carbohydrates 

will provide an opportunity for yeast that does not thrive 

in the media to grow better. According to Basu et al., 

(2015)  yeast will grow optimally in media with a high 

carbohydrate source. 

 Media that can be used in the growth of yeast are 

food by-products, such as rice bran and cassava peels. 

Figures 3 and 4 are pictures of rice bran and cassava 

peel. 

Figure 3. Rice  Bran (Source: Auliana, 2011) 

Figure 4. Cassava Peel (Source: Asriani, 2016) 
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 Rice bran contains about 84.36% carbohydrates and 

8.77% protein [26]), and contains quite high fat up to 

11-23% [13]. The limitation of using rice bran is due to 

the ease of rancidity caused by the hydrolysis of fat 

(triglycerides) to produce glycerol and free fatty acids 

due to the activity of the lipase enzyme. Free fatty acids 

are oxidized by the enzyme lipoxygenase to form 

peroxides, ketones and aldehydes resulting in rice bran 

rancidity. The treatment was given to suppress the 

activity of the lipase and lipoxygenase enzymes, namely 

by stabilizing it. Stabilization itself is the process of 

maintaining the condition of foodstuffs so that they do 

not change, both physically, chemically and 

organoleptically[8]. 

 The process of stabilization or inhibition of lipase 

enzyme activity that has been widely used is physical 

means, by heating (by roasting, autoclaving or 

microwave) [34]. According to Yuniarrahmani, (2001)  

wet heating of rice bran for 3-5 minutes was able to 

inactivate the lipase enzyme. The principle of the 

inactivation of the lipase enzyme is denaturing the 

protein so that protein conformation occurs which 

causes the enzyme to become inactive [5] . Damayanti, 

(2002) states that the stabilization of rice bran using 

autoclave at 121 ° C for 3 minutes can produce low free 

fatty acid levels, namely 0.89% with minimal 

tocopherol damage with minimal amounts. 

 Other byproducts of food products such as cassava 

peels can be used as a yeast growth medium, this is 

because according to Wachid and Ningrum (2017) 

cassava peels contain 44-59% carbohydrates and 1.5-

3.7% protein. where these nutrients can support the 

yeast growth. The cassava peel used in this study is the 

manggu variety of cassava which is generally used by 

chip producers, this variety comes from Sukabumi, 

West Java (Alif et al., 2018). In general, anti-nutritional 

factors are found in cassava skin, namely HCN ranging 

from 150-360 mg / kg [17].  

 According to Sari and Astili, (2018) there are 

several processes that can be carried out to reduce HCN 

levels, including washing, soaking, cooking and drying. 

According to Purawisastra (2001) soaking without using 

NaHCO3 for 6 hours can remove up to 50% HCN levels. 

The results of Fitriani's research (2018) stated that the 

fermentation activity of cassava peels using 

Saccharomyces cereviceae for 2 days was able to reduce 

HCN levels by up to 99.5%, where at the beginning 

before fermentation contained 231 mg/kg of HCN and 

after fermentation the HCN levels became 0.47 mg/kg. 

In addition, fermentation of cassava peels using the 

bacteria Tricoderma resii was able to drastically reduce 

HCN levels from 459.56 ppm to 0.77 ppm [19]. 

According to Stephanie and Purwadaria, (2013) 

decreasing the HCN content through fermentation 

shows a higher effectiveness compared to the washing 

and drying process, this is because Saccharomyces 

sereviceae is able to excrete linamarase and β-

glucosidase enzymes so that the degraded cyanide 

compounds become more free cyanide acid compounds.  

The difference in the ratio of BKUK composition will 

affect the availability of nutrients in the media. 

According to Rezagama and Samudro (2015), media 

modification with variations in the addition of rice bran 

will cause an increase in the C / N ratio. Purnomo et al., 

(2017) stated that the C / N ratio will affect the activity 

of yeast to obtain energy sources and cell formation. 

Yeast will be breaks down compound C as an energy 

source and uses N for protein synthesis. At a C / N ratio 

between 30 to 40 yeast gets enough C for energy and N 

for protein synthesis. If the C / N ratio is too high, yeast 

will lack N for protein synthesis so that decomposition 

is slow[47]. 

 In addition to sufficient nutrients, yeast growth and 

development also require appropriate environmental 

factors, such as pH and temperature. . (Cappucino and 

Sherman (2014) said that yeast growth media requires 

low acidity (pH 4.5-5.6). Some enzymes, electron 

transport systems and nutrient transport systems in cell 

membranes are very sensitive (sensitive) to ion 

concentration. hydrogen (H+). This can affect the three-

dimensional structure of proteins in general, including 

growth enzymes 

4 The Potential of Yeasts Cell Walls 
Mannoproteins as Antioxidant 

Free radicals are atoms or molecules that have unpaired 

electrons in orbitals. Free radicals will attack the nearest 

stable molecule and take electrons, substances that are 

taken up electrons will also become free radicals so that 

it will start a chain reaction, which ultimately results in 

cell damage [14]. 

 Free radicals are highly reactive and easily lead to 

uncontrolled reactions, resulting in crosslinking of 

DNA, proteins, lipids, or oxidative damage to important 

functional groups on their biomulecules. Lipid 

peroxidation in cell membranes can create damage to 

cell membranes by disrupting fluidity and permeability. 

Lipid peroxidation can also affect the function of 

membrane bound proteins such as enzymes and 

receptors. Direct damage to proteins can be caused by 

free radicals which can affect various types of protein, 

interfering with enzyme activity and structural protein 

function. 

 Figure 5. DPPH reduction reaction (Source: Prakash, 

2001) 

 To be able to ward off and suppress the number of 

radicals, compounds known as antioxidants are needed. 

Antioxidants are compounds that can inhibit cell 

damage due to oxidation activity [22]. Antioxidants can 

stabilize free radicals and complement the deficiency of 

electrons that have free radicals, and inhibit the chain 

reaction of free radical formation which can cause 

oxidative stress [48]. Purwaningsih (2012) states that 

generally compounds that have antioxidant activity are 
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phenolic compounds because they have a hydroxy 

group. Figure 5 shows a reduction reaction caused by 

the presence of a compound that can provide a hydrogen 

atom to the DPPH radical so that it is reduced to DPPH-

H (1,2-defenyl-2-picrylhydrazine), causing a change in 

the color of DPPH. 

 Antioxidants bring benefits to the health of the 

human body because they can reduce the effect of 

oxidation stress [11]. Many components extracted from 

plants have potential as antioxidants, such as pigments 

(fukosantin, anthocyanins, carotenoids, etc.) and 

polyphenols (phenolics, flavonoids, tannins, etc.) [20]. 

Recently, research has found that mannoproteins 

derived from yeast cell walls have various biological 

activities [24].  

 Mannoprotein has the potential to be an antioxidant 

because of its constituent compounds, namely mannan 

and protein, which each produce antioxidant activity. 

Currently, research has been found which states that 

carbohydrates can be potential as a new source of 

antioxidants [33]. Where there is research which states 

that most of the antioxidant activity of polysaccharides 

will arise when polysaccharides are combined with 

several small components [10, 46]. For example, Siu et 

al., (2014) suggested crude polysaccharides derived 

from yeast are combined with phenolic and protein 

components in order to have antioxidant activity. 

 According to Power et al., (2013) protein is shown 

to have antioxidant activity. This is because protein is 

composed of peptides consisting of a series of amino 

acids, where amino acids act as antioxidants because 

there are phenol groups in amino acids. Protein and 

peptide activity depends on the amino acid composition, 

sequence or structure and hydrophobic. The 

mechanisms of antioxidant activity can be categorized 

based on the physicochemical properties of amino acids. 

For example, residues from aromatic ring structures 

(Tyrosine, Tryptophan and Phenylalanine) can donate 

protons to electron-deficient groups [9]. Hydrophobic 

residues (valine (Val), leucine (Leu) and Tyr) can 

increase the solubility of peptides in the lipid matrix 

which increases accessibility to hydrophobic radical 

species or polyunsaturated fatty acids [31]. 
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