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ABSTRACT 

The single cell proteins are regarded the first product of fermentation 

process which found immense significance as an excellent substitute 

for proteins. The growing and continuously expanding world 

population is increasing competition for food. In near future, protein 

deficiency can be make up by single cell proteins as an alternative. 

Various industries are established in US, UK focused on SCP 

production, and the scope of its utilization is increasing with the 

passage of time and awareness. SCPs are not only used for human 

consumption but are produced as feed for animal consumption. A lot of 

literature was available regarding substrates for SCPs, its production and optimization 

strategies. This review article focuses on the various aspects of SCPs from its brief history, 

production using different substrates, player microorganisms and fermentation strategies till 

its economic aspect. 

 

INTRODUCTION 

Industrialization is increasing in order to fulfill human needs and requirements towards a 

healthy life. Population is growing rapidly but the human needs of protein consumption are not 

met that steadfastly. The developed countries have sort out some ways to cater such a growing 

population but unfortunately, the developing countries are not able to pace up their production 

capacity and economy to meet the demand of protein consumption. This shortcoming has 

resulted in malnourishment of a huge population; the sufferers are mostly infants and children. 

Kwashiorkor and Marasmus are leading protein deficiency disorders in population suffering 

from undernutrition. 

 

The food and water demand will be increasing in near future for sustenance of human life due 

to the following two reasons; first one is the population explosion to 9.3 billion people by 2050 
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and the second one is the overall increase in living standard up to middle class of 3 billion 

people by 2050 due to the economic uplift by developing countries (Verstraete et al., 2016). 

Due to this increase in population, there will be an overwhelming increase in demand for 

protein and meat products by 50% and 102% respectively (Boland et al., 2013). 

 

Food and Agriculture Organization of United States defines "proteins as the macromolecules 

which constitutes the structural components of cells, tissues, muscles and organs. They are 

necessary for carrying out the metabolic function and production of enzymes and some 

hormones. Also playing a significant role in growth and development of body along with repair 

and maintenance." Thus, protein is actually the nitrogen source which is assimilated by both 

humans and animals into their structural and functional units needed for their survival. The 

nutritional value of protein is evident from the composition of its building amino acids most 

common are essential amino acids, which are not synthesized by humans and animals. That is 

why meat or a protein source is taken up to meet its requirement (Wu, G. 2009). 

 

The research has been conducted to search for the new sources of protein and to increase the 

dairy and meat protein to meet the increasing demand for it. However, the increase in animal 

and dairy production has been observed but still more to go. The efforts have been made to 

convert plant protein into meat protein but efficiency was not desirable (approximately 6 kg 

plant protein is required to produce approximately 1 kg of meat protein) (Boland et al., 2013). 

The new source of protein was explored to be the single cell protein which was first used in 

World War I and afterwards its production on commercial scale was initiated (Ukaegbu-Obi, 

2016). 

 

Single cell proteins are the dried microbial biomass or the total amount of protein extracted 

from a pure cultures or co-cultures of bacteria, yeasts, fungi and microscopic algae (Spalvins 

et al., 2018). A broad range of SCPs are used as animal feed supplement and a very few are 

approved as food for human consumption. While considering the human consumption of single 

cell protein the substrate used for its production should preferably be of food grade (Ritala et 

al., 2017). The most suitable agro wastes which were used for the production of single cell 

proteins are; protein or lipid rich waste products, structural polysaccharides rich, 

monosaccharide / disaccharide rich and starch rich wastes. All these were compared to evaluate 

the best source to be used as a substrate for the industrial production of SCPs (Spalvins et al., 

2018). 
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The single cell proteins can be produced via both solid and submerged state of fermentation. 

Both have their own pros and cons and both strategies of SCPs production were exploited 

regarding production as well as optimization. This review enlightens various aspects of SCPs 

beginning from its history, applications, production, substrate utilizations etc. until its future 

perspective or challenges. 

 

Historical Background of SCP 

The history of the single sell proteins and its use in many life purposes is as old as yeast is 

being used for beverage and bread production back in 2500 BCE. The procedures and protocols 

to produce higher concentrations of yeasts have been discovered and devised since 1781. There 

was not much known about the significance of single cell proteins. The first ever scientist who 

introduced the term single cell protein was Carl L Wilson during the year 1966. Champagnat 

became popular for introducing the paraffin-fed-yeast. This idea became so popular and in 

many parts of the world on being used as animal feed. It was commonly referred by a term 

“food from oil”. This idea got quite famous in 1970‟s and the scientist Campagnat got 

UNESCO Science prize in 1976. 

 

Later on Soviets were interested in opening big plants of “protein vitamin concentrate” near 

the oil refineries already present. These were present near Kstovo and Kirishi. By 1989, the 

Soviet Ministry of Microbiological industries had all together eight such plants. Nevertheless, 

this situation could not last longer and these initiatives faced a constant opposition by the 

environmentalist community. This resulted in an action taken by the government that resulted 

in closing down of these industries and in other case; those industries must be transformed into 

other Microbiological processing industries (Ali et al., 2017). 

 

History keeps the record of the direct use of many microorganisms to be used as food directly. 

In the less privileged regions where there is fear of malnutrition being dominating and harming 

many lives the idea of the single cell proteins can be life saving. Many years back in Lake of 

Chad in Africa, a specie of alga called Spirulina was grown that was then used as food for 

making up for the protein deficiency in the local people. Reportedly, in the World War I, 

Germans used a specific specie of Candida in their meals including in sausages and soups. 

Onwards proteins derived from the bacterial, fungal and algal cultures was widely being used 

in food or as food. Certain species are renowned to be used as food supplements. From this 

practice, the idea of single cell protein flourished and these are center of so much research 

projects until date (Ali et al., 2017). 
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Potential Applications of SCPs 

The remarkable applications of single cell proteins that are the evident of its significance to be 

produced on commercial scale are (Ali et al., 2017). 

i) In animal feed and nutrition: As animal feed, stuffing and fattening of poultry as well as 

livestock animals as laying hens and calves, pigs respectively. 

ii) SCPs as food additives: Used as vitamin carriers, aroma carriers, emulsifying agents, 

enhanced nutritional value of baked food items, ready-made meals, soups etc. and as starter 

cultures (baker's, wine's and brewer's yeast) 

iii) Industrial processes: As foam stabilizing agent and paper and leather processing 

 

Production of Single Cell Proteins 

The production of single cell protein involves series of steps to be done. The aims can be 

achieved by the utilization of waste products from the industries. The wastes to be used in these 

processes include wood scrapings, corn leftovers, food processing waste, hydrocarbons and 

waste including excreta (Ali et al., 2017). Important steps involved in the production of 

single cell proteins are depicted below in Figure 1. 

 

 

Figure 1: Steps of SCP production. 
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Selection of Microorganism 

The list of microorganisms known to humanity is ever growing, but some microorganisms are 

preferred over other microorganisms because of the benefits they offer. Similarly, in the 

production of single cell proteins SCP, some microorganisms are preferred and selected. Such 

microorganisms and their significance as a single cell protein is discussed below. 

 

SCP from Algae 

Algae are known for its massive protein production. Concisely, microalgae that are being 

produced as a food supplement for not only the animals but for humans as well. The index for 

this protein production has reportedly reached at 60-70%. These algae are typically of more 

interest because of being a source of many other very useful products such as omega-3 fatty 

acids and many vital vitamins and are used as food supplements in the form of tablets and 

liquids. The nucleic acid content is also found to be very low in these (Ali et al., 2017). 

Arthropsira maxima and Arthropsira platensis are currently gaining so much importance due 

to the ability of production of commercial products. Other species such as Chlorella, Dunaliella 

salina, Aphanizomenon flos-aquae and Euglena are of great commercial importance. 

 

Generally, Algae consumes carbon dioxide and light for growth and metabolism, but they can 

also be subjected to fermentation rather than photosynthesis. Indoor photo-bioreactors supply 

fresh nutrients and minimize the risk of any contamination. Algae in aquacultures other than 

being used as a rich source of omega-3 fatty acids are also a promising source of proteins for 

animals for their nutrition (Ritala et al., 2017). 

 

SCP from Fungi 

Fungi are well known for their exceptional behaviors in different environments, they are grown 

wide all around the world. Due to many characteristics fungi have gained importance over other 

microorganisms. Discussing SCP sources, fungi are considered very important (Ali et al., 

2017). The protein content as SCP that is derived from fungi is about 30-50%. A favorable 

composition of amino acid having lysine and threonine and typically high. Methionine content 

is relatively low but still the requirements meet to the international FAQ recommendations 

(Ritala et al., 2017). 

 

These SCP come with very important vitamins that are related to B-complex group such as 

niacin, biotin, folic acid, choline, pyridoxine and pantothenic acid etc. Fusarium venenatum 

are a source of providing low-density lipoprotein (Ritala et al., 2017). As a result of using 
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fungal SCP the blood glucose and insulin levels may be effected, these require proper 

monitoring. Fungi usually contains 7-10% of the nucleic acid content that is assumed to be a 

moderate level, but when it comes to human consumption this range is too high and further 

processing is required for maintaining the optimal values (Spalvins et al., 2018). Some fungi 

as a source of SCPs are shown in Table 1. 

 

Table 1: Fungal SCP production. 

Organism Substrate 
Protein content 

(%) 
References 

Aspergillus oryzae Rice bran (deoiled) 24 (Ravinder et al., 2003) 

Trichoderma 

virideae 

Citrus pulp 

Stickwater 

32 

49 

(De Gregorio et al., 

2002) 

Aspergillus niger 

Potato starch 

processing waste 

Waste liquor 

38 

 

50 

(Spalvins et al., 2018) 

Fusarium 

venenatum 
Glucose 44 (Wiebe, 2002) 

Kluyveromyces 

marxianus 

Cheese whey 

Pulp, molasses, whey 

43 

59 

(Yadav et al., 2014; 

Aggelopoulos et al., 2014) 

Marine yeast Prawn shell waste 61-70 (Spalvins et al., 2018) 

Yarrowia lipolytica 
Crude oil, glycerol, 

inulin 
48-54 (Cui et al., 2011) 

Pleurotus florida Wheat straw 63 (Spalvins et al., 2018) 

 

SCP from Bacteria 

Along with other known microorganisms, bacteria are well known as SCP and have been used 

as food by many animals. The dry bacterial cell mass comprises of 50-80% of proteins in it 

(Spalvins et al., 2018).This thus cannot be consumed directly and needs to be modified and 

refined to be used as SCP (Kornochalert et al., 2014). Not only are this, the bacterial SCP also 

a source of vitamins of B group and some important lipids. 

 

A SCP from bacteria named as (Pruteen) was manufactured by a renowned company named as 

Imperial Chemical Industries. This SCP was of significant value because of higher protein 

content that is 70% to be used as food for pigs (Ritala et al., 2017). Later on it was discontinued 

due to not being able to compete with regular animal feed. The use of methane as a substrate 

proved very beneficial. The bacterial SCP production focusses on the treatment of wastewater. 

It aids in the control of pollution problem. The bacteria as SCPs are depicted in Table 2. 
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Table 2: Bacterial SCP production on various substrates. 

Organism Substrate 
Protein 

content (%) 
References 

Bacillus subtilis Ram horn 71 (Spalvins et al., 2018) 

Methylomonas sp. Methane salt broth 69 (Ritala et al., 2017) 

Bacillus 

licheniformis 
Potato starch 

processing waste 

38-50 
(Liu et al., 2013) 

Bacillus pumilis 46 

Bacillus cereus 
Ram horn 

68 
(Spalvins et al., 2018) 

Escherichia coli 66 

Rhodopseudomonas 

palustris 
Latex, rubber 55-65 

(Kornochalert et al., 

2014) 

 

Substrate selection 

Mainly plant-based products are used to serve as purpose of a substrate for SCP production. 

Plant based waste is preferably used as a substrate. We come across a variety of such waste 

and by utilization of that waste in such processed; the problem of waste management can be 

resolved. A large amount of biodegradable waste is burnt leading to the production of many 

other pollutants in atmosphere. This includes many categories underlying such as industrial 

waste and agriculture waste (Ritala et al., 2017). The best suitable waste for SCP production is 

agricultural waste, because when industrial waste is categorized it includes some of the 

agricultural waste that is by the food to be processed in industries (Spalvins et al., 2018). 

Various substrates reported to be used for the production of SCPs are evident from Table 3. 

 

Table 3: Variety of substrates for SCP production. 

Organism Substrate 
Protein 

content (%) 
References 

Fusarium venedatum Sulfite waste liquor 55 (Alriksson et al., 2014) 

Scytalidium 

acidophilum 
Waste paper 47 (Ivarson et al., 1982) 

Chrysonilia sitophila Lignin residues 39.2 (Rodriguez et al., 1997) 

Rhodopseudomonas 

palustris 
Latex, rubber sheet 65 

(Kornochalert et al., 

2014) 

Methylomonas sp. Methane 69.3 (Ritala et al., 2017) 

Pichia pastoris Methanol 35 (Wegner, 1990) 

Soil bacteria Acetic acid 71 
(Bewersdorff et al., 

1971) 

BP Yeast Gas oil 63 (Spalvins et al.,2018) 

Rhodopseudomonas sp. 
Effluents of biogas 

plants 
69.4 (Ali et al., 2017) 

Oocystis Waste water effluent 40-60 (Suman et al., 2009) 
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Fermentation strategy 

The whole process of SCP production is based on the use of fermentation techniques. The use 

of fermentation allows the command of user over many aspects of SCP production. The 

outcomes can be manipulated according to the needs by manipulating the parameters of 

fermentation. Initially a suitable strain of microorganism is selected, and grown over a suitable 

raw material for proper cultivation. The overall rate of biomass production depends on the raw 

material, preparations, production and meeting the energy requirements. The raw material used 

must be economic, supports optimum growth of microorganism. The process must be 

ecofriendly and every technical harm must be avoided (Ali et al., 2017). 

 

Fermenters vary in size and are selected according to the volume of the contents and the 

desired biomass production. In industries large fermenters and bioreactors are used and they 

are equipped with aeration facilities, temperature regulators and pH optimizers. The sterilized 

conditions are maintained. A sample from culture is drawn from production fermenter for the 

evaluation, cell separation and purification (Ravindra et al., 2013). 

 

All the essential nutrients are necessarily maintained. Proper carbon, nitrogen and phosphorus 

sources play a very important role in the optimal growth of microorganisms. So the medium 

for growth must be supplemented with such components to provide microorganisms vital 

substances to flourish (Zhao et al., 2010). 

 

Downstream process and processing of SCP 

The product obtained may have many other undesired components along with the useful SCP 

that are produced during the process of fermentation. Therefore, the main aim after the product 

formation in the fermentation media is to purify the only desired product of interest as in the 

end product of an upstreaming process not all the substances are desirable to be used as SCP. 

The must be to purify the SCP from other by-products. This can be achieved by collecting the 

end product in production fermentation and subjecting it to methods for cell separation such as 

centrifugation. The supernatant is collected and purified by many purification methods. The 

desired protein can be purified based on its affinity with other substances or it molecular 

weight. SCP processing involves lowering the nucleic acid content and the cell wall 

degradation (Ali et al., 2017). 
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Optimization of Production Parameters for SCPs 

Nutritional parameters 

The production of single cell protein via fermentation simply means to produce the microbial 

biomass, which is considered as the initial product of fermentation to be utilized / harvested. 

For the production of SCPs, nutritional parameters are of prime significance, it includes carbon, 

nitrogen sources, minerals and salts, substrate etc. provided in medium to be utilized by the 

microorganism. The most reported substrates for the fermentative production of single cell 

proteins are the inexpensive agricultural waste / raw material. The common substrates are 

tabulated below in Table 4. 

 

Table 4: Substrates for SCPs Fermentative Production. 

Agricultural Waste As Substrate for SCPs References 

Grain / whole grains 
Rice bran Corn cobs 

Wheat straw 

(Suman et al., 

2009; Spalvins et 

al., 2018) 

Vegetable 
Cassava waste 

Sugar beet pulp 

Miscellaneous 
Wood shaving 

Paper mill waste 

Fruits 

Mango waste Orange 

peel residues Grape waste 

Sugar cane 

Coconut waste Sweet 

orange 

 

The above mentioned substrates provide the microorganism with carbon source which is 

utilized by the colonizing microflora to build up their biomasses. These substrates are subjected 

to the pretreatment in order to reduce the complexity of the substrate, to promote the SCP 

production and an easier assimilation of carbon source. The strategies are adopted prior to use 

the agricultural waste as substrates include physical hydrolysis, chemical hydrolysis and 

enzymatic hydrolysis (Saritha et al., 2011). The different substrates (waste products) as carbon 

sources were evaluated for the production of single cell proteins. Among these various fungal 

and bacterial species were considered as shown below in Table 5. 
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Table 5: Carbon source utilization for SCP production. 

Utilization of Carbon Sources For SCP Production 

Fungal flora 

Aspergillus niger 
Lemon pulp (Hosseini et al., 2011) 

Fusarium venenatum 

Fusarium graminearum 

Aspergillus oryzae 

Trichoderma reesei 

Thermomyces lanuginosus 

Date waste (Prakash et al., 2014; Haddish 

et al., 2015) 

Saccharomyces cerevisiae 

Candida utilis 

Candida tropicalis 

Fruit waste as of pineapple, virgin grape 

marc, pomegranate rind, orange plantain, 

cactus pear etc. (Akanni et al., 2014) 

Yeast 
Fruit waste and cheese whey (Prakash et 

al., 2014) 

Fusarium moniliform 

 

Fusarium oxysporum 

Fruit waste and mono- / disaccharides in 

addition as fructose, glucose, 

lactose, maltose etc. (Prakash et al., 2014) 

Bacterial flora  

Bacillus cereus  

Bacillus subtilis Ram horn hydrolysate, beet pulp 

Bacillus coagulans hydrolysate, molasses, liquid whey and 

Bacillus licheniformis glucose (Kurbanoglu et al., 2002; Zhao et 

Bacillus stearothermophilus al., 2010; Reihani et al., 2019) 

Escherichia coli  

Brevibacterium 

lactofermentum 
 

 

The above mentioned carbon sources are regarded as the conventional substrates used as a 

carbon source in the production of single cell proteins. The unconventional substrates are the 

by-products of petroleum as ethanol, methanol, natural gas etc. as Methylobacterium uses 

substrate methanol for the production of SCP (Suman et al., 2009; Uckun Kiran et al., 2015). 

The production of single cell protein is determined by the type of substrate, media composition, 

type of fermentation technique, microorganism selected and rate of substrate utilization 

(Spalvins et al., 2018). 

 

The role of nitrogen in protein synthesis is the key determiner of concentrating biomass. 

Nitrogen is involved in the synthesis of biomolecules which are involved in biomass 

production. The nitrogen sources, which were found efficient in promoting the growth of 

microorganisms, are shown in Table 6. 
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Table 6: Nitrogen sources for SCPs production. 

Nitrogen Sources 

Organic nitrogen 

sources 
Inorganic nitrogen sources 

Yeast extract Ammonia 

Peptone Urea 

Tryptone Nitrates 

Corn steep liquor 

(CSL) 

Ammonium salts as; Ammonium 

chloride (NH4Cl) 

Ammonium sulfate 

(NH4)2SO4 

Soybean meal 

Waste substrates 

 

The nitrogen and carbon sources are optimized in case of submerged state of fermentation for 

the production of microbial biomass. The mineral nutrients are supplemented in the growth 

medium / fermentation medium to restore the shortcoming of nutrients which are significant 

for the growth of player organism (Reihani et al., 2019). The various concentrations of nitrogen 

sources which were found significant for production of single cell protein are tabulated below 

in Table 7. 

 

Table 7: Various nitrogen sources utilized by various microorganisms for optimal SCP 

production. 

Utilization of Nitrogen Souces For SCP Production 

Microorganisms 
Nitrogen sources Microbial 

biomass (IA)* 
References 

Candida utilis 

Corn steep liquor 

(CSL) 

Yeast extract 

Soybean meal 

Peptone Ammonium 

nitrate 

20.7 g/L 

 

18.4 g/L 

14.3 g/L 

16.3 g/L 

(Zhao et al., 2010; 

Adoka, 2008) 

Haloarcula sp. 
Peptone NH4Cl 

Tryptone (0.8%) 

(Taran & Bakhtiyari, 

2012) 

Mucor hiemalis 

Saccharomyces cerevisiae 

Torula cremoris 

Kluyveromyces marxianus 

Ammonium nitrate (NH4NO3) 

Ammonium sulfate (NH4)2SO4 
(Adoka, 2008) 

Fusarium moniliforme Peptone 11.6 g/L (Pardeep et al., 2013) 

Fusarium venenatum 
Dihydrogen ammonium 

phosphate (NH4H2PO4) 

(Hosseini et al., 2009; 

Hosseini & 

Khosravi, 2011) 

Aspergillus niger Lemon pulp 
(Ardestani & 

Alishahi, 2015) 

Saccharomyces cerevisiae Beles fruit (Haddish, 2015) 

IA* refers to if applicable per data available in literature. 
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It was reported that C: N ratio should be as high as 6:1 / 8:1, starting from 25: 1 for Candida 

and Rhodotorula species for producing single cell protein from the (Reihani et al., 2019). Thus, 

the above mentioned tabulated data exhibits that the production of SCPs are affected by change 

in substrate, C: N ratio, sources etc. per fermenting organism which is to be used as a protein 

source or alternative. 

 

Physical parameters 

The physical parameters are applied after the optimization of nutritional parameters to further 

enhance the production of biomass that is the metabolite of our interest. Various parameters 

were optimized by various researchers, some of their work is tabulated below to understand 

their significance in scale up process in Table 8. 

 

Table 8: Effect of various physical parameters on biomass production for SCPs. 

Physical 

parameters 
Aim/Objective 

Biomass yield (g/l) per parameter 

optimized 
References 

Inoculum 

age/size (v/v) 

Attainment of 

optimum growth at 

production stage 

Fusarium 

venenatum 
4.84 

10% 

13% 

(Hosseini et al., 2009; 

Hosseini & Khosravi, 2011) 

Bacillus cereus 7.3 5% (Reihani et al., 2019) 

Bacillus stearother- 

mophilus 
2.41 

0.5% 

(12 hrs old) 
(Ugwuanyi et al., 2008) 

Candida utilis & 

Rhizopus 

oligosporus 

4.10 
10% 

(48 hrs old) 
(Yunus et al., 2015) 

Candida utilis 14 5% (Zhao et al., 2010) 

Temperature 

& pH 

Influential on growth 

of microorganism and 

SCP production 

Kluyveromyces 37* 33℃ (Ghaly et al., 2005) 

fragilis    

    

Bacillus subtilis 0.32 37℃ (Gomashe et al., 2014) 

Saccharomyces ---- 30℃ (Curto & Tripodo, 2001) 

cerevisiae    

Candida utilis 6.8 35℃ (Zhao et al., 2010) 

Kluyveromyces 

Marxianus & 

Torula  sp. (mixed 

culture) 

50-65 pH 4.8 

(Schultz et al., 2006) 

 

Candida sp. ---- pH (Adoki, 2008) 

Aeration 

Required oxygen for 

growth aerobic 

organisms. More 

reduced the substrate, 

higher will be the 

biomass yield  and 

oxidation of substrate 

required 

Candida utilis ---- 1 vvm (Rajoka et al., 2006) 

Bacillus sp. ---- 1 vvm (Ugwuanyi, 2008) 

Saccharomyces 

cerevisiae 
---- 3 vvm (Curto & Tripodo, 2001) 



Junaid et al.                                                          World Journal of Pharmaceutical Research 

www.wjpr.net                                 Vol 9, Issue 2, 2020. 

 

153 

V
ita

m
in

s 

*continuous submerged fermentation 

 

Commercial scale production of SCP 

On large scale production of biomass, bioreactors are used. Bioreactors are very much similar 

to a fermenter. They have a capacity of thousands of liters. The cell wall degradation of 

microorganism is also important step in the processing of SCP. Many known companies 

established worldwide are concerned about SCP production and producing it on a large scale. 

At commercial level many aspects are considered in SCP production. The process must be cost 

effective, efficient and must save time to enhance the process of product formation. Continuous 

processes have proven to be the most cost effective ones (Ritala et al., 2017). 

 

Nutritional Value and Functional Properties of SCPs 

The basic purpose of the production of SCPs as mentioned earlier was to use it as a protein 

(meat) substitute to overcome the shortage of food and the issue of malnutrition in near future. 

To consume single cell protein as a food for humans and feed for animals, it should fulfill the 

nutritional demand i.e. the required protein content, amino acid composition of the protein 

being synthesized, digestibility of that protein. All these are the concerns which were 

considered by the researchers to produce SCP upto the mark to be safely and beneficially 

consumed as food and feed (Linder, 2019). The SCPs provides following nutrients to humans 

and animals along with protein. Some of the macro and micronutrients which are obtained by 

SCPs are given below in Table 9. 

 

Table 9: Nutrients from Microbial Biomass. 

Nutrients from Microbial Biomass References 

Proteins, Lipids & Carbohydrates (Finnigan et al., 2017) 

Β-carotene, Vitamin A precursor (Vachali et al., 2012) 

Biotin 

Folic acid 

Niacin 

Pantothenic acid 

Pyridoxine 

Riboflavin 

Thiamine 

Vitamin B12 (Cyanocoalamin) 

Vitamin C, E 

(Ritala et al., 2017; Watanabe 

& Bito, 2018) 

 

The protein content of microbial biomass was found to be high, estimated by researchers i.e. 

30-70% of dry weight (Matassa et al., 2016; Ritala et al., 2017). The protein quality is estimated 

in terms of amino acid content and the digestibility of the protein. These two parameters 
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determines the protein quality score via PDCAAS – Protein Digestibility-Corrected Amino 

Acid Score, it quantifies the protein quality for human consumption via 0-100% scale 

(Schaafsma, 2000). Some of the examples are given below in Table 10. 

 

Table 10: Quantification of Protein quality based on PDCAAS score. 

Refernece 

protein 

Pdcaas Score 

(0-100%) 

Single cell 

proteins 

Pdcaas Score 

(0-100%) 
References 

Egg 100% Mycoprotein 

(Quorn
TM

) 
96-97% (Yamada & Sgarbieri, 

2005; Edward & 

Cummings, 2010) 

Cow's milk 100% 

Beef 92% 
Brewer's yeast 60-90% 

Soy 91% 

The single cell protein products commercialized by some industries to be used as food and feed 

utilizing different feedstock are mentioned below in Table 11 (Ritala et al., 2017). 

 

Table 11: SCPs as food and Feed Sources. 

SCPs as food & 

feed 
Microbial class Feedstock 

Product 

name 
Company 

Methylococcus 

capsulatus 
Bacterium Methane 

UniProtein Calysta Inc. 

FeedKind Unibio A/S 

Methylophilus 

methylotrophus 
Bacterium Methanol Pruteen* ICI 

Methylobacterium 

extorquens 
Bacterium Methanol 

KnipBio 

Meal 
KnipBio 

Pichia pastoris Yeast Methanol Provesta 
Philips 

Petroleum Co. 

Fusarium 

venenatum 
Fungi Glucose Quorn

TM
 

Marlow Foods 

Ltd. 

Arthrospira sp. Cyanobacterium CO2 Spirulina Various
+
 

*the production is discontinued means the company is not producing it yet. 

+the world leading company is Cyanotech Corporations with sales in United States and 30 

other companies (Linder, 2019). 

 

PROS AND CONS OF SCP 

The very prominent advantages of the production of SCP include (Srividya et al., 2013); 

i) The raw material to be used in the process of SCP production are very cheap or usually free 

as they include waste substances. This is yet another milestone that it is helping in the 

control of environmental pollution. 

ii) The products are high in protein content and lesser fat. The scientists are able to add more 

valuable amino acids to the proteins by the aims of genetic engineering and obtain desirable 

SCP as their product. 

iii) The SCP are used in many countries as diet supplements. 
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iv) Strains can be selected on the basis of nature of product to be obtained after the production 

process for desired results. 

v) No climatic alteration can affect the growth of microorganisms and the product formation. 

vi) The process requires less space to take place. 

 

With all the obvious advantages, scientists and industrialists are facing some considerable 

issues to resolve: 

i) As SCP are also consumed by humans, the raised levels of nucleic acids can be problematic 

as it can cause increased levels of uric acid in the serum and may lead to serious problems 

such as kidney stones (Ritala et al., 2017). 

ii) The process of converting SCP to a consumable food for humans needs a further step of 

processing added for the aroma and taste development that is certainly not cost effective 

and makes the process less effective (Spalvins et al., 2018). 

iii) Some microbes produce toxins as a metabolite that is again very harmful and can give fatal 

results on consumption. So these must also be removed for safe consumption (Spalvins et 

al., 2018). 

iv) The raw materials that are used in the SCP production are usually waste and may have 

hydrocarbons and some other unknown substances that can be carcinogenic to humans and 

may cause other health issues. 

 

Cost effective strategies for SCP production 

The production of SCPs can a profitable business if certain strategies are adopted for its 

economic production. The costs for its production includes the following areas / steps (Ritala 

et al., 2017; Tesfaw & Fassil, 2014); The raw material cost, media formulations (SmF), 

chemicals / Enzymes required for the pretreatment of substrates especially lignocellulosic 

waste, reducing agents for strict anaerobes, scale of fermentation process. The economic 

viability of SCP production was estimated on the basis of product cost, capital investment 

and the profit availed from the product. The estimated raw material cost and the production 

process cost was 62% and 19% respectively for fungal single cell protein production 

(Spalvins et al., 2018). The reported literature states that from SCP production manufacturing 

cost, the raw material cost was estimated to vary from 35%-55% and the process cost (labour, 

energy and consumables) costs 45%-55% (Aggelopoulos et al., 2014). 

 

To reduce the cost of raw material pretreatment and the overall product cost due to it via 

biological treatment of complex agricultural waste which is not easily assimilated for biomass 
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production. As, the bio-treatment of lignin protecting decomposition of celluloses and 

hemicelluloses is less expensive as compared to the chemical or other means of pre-treatment. 

Similarly, the bioconversion of un-hydrolyzed cassava starch into into ethanol a cost effective 

strategy for utilizing it to fuel the biomass production (Tesfaw & Fassil, 2014). As in past it 

was a trend to produce single cell protein using hydrocarbons as a substrate, still some 

industrial SCP production are focused on it. 

 

The co-culturing has also been proved beneficial and an economically feasible strategy for SCP 

production, although for animal and human consumption protein quality is of prior significance 

and this aspect cannot be compromised for the mere sake of cost. A balance between both is 

prime objective. Co-culturing was helpful in biological treatments of complex agricultural 

waste or nutrient enrichment of other industrial wastes and minimizing the cost of culturing 

anaerobic organisms as culturing of Bacillus subtilis prior to the culturing of Clostridium 

botylicum. The former strain removes the oxygen (reduced environment) for anaerobes to 

flourish (Tesfaw & Fassil, 2014). 

 

The scale of fermentation process is directly linked to the cost of the product. The industrial 

production of SCPs is preferably a continuous fermentation process in terms of economic 

viability as it is the most profitable strategy (Spalvins et al., 2018). Here were mentioned some 

ways reported by the researchers to making the SCP production an industrially feasible and 

economically viable process. 

 

CONCLUSION 

The SCP is the domain of interest for the researchers and industrialists all around the world. 

Due to the very promising advantages that these proteins offer many industries are established 

all around the world that claim to introduce SCP on a commercial scale. Yeasts are known to 

be used from the earliest times as a source of SCP. Fungal SCP are proved to be useful in 

animal feed and certain by-products are being used in beverage industry. Algal SCP provide 

us with healthy lipids. The use of bacterial SCP is mainly to the domain of feed. A lot of work 

is yet to be done in this field to acquire as much benefits as we can. The countries that are 

unable to produce good quality food to meet the protein requirements may need SCP to 

overcome that shortcoming. Some proteins such as pruteen has up to 80% of the good quality 

protein with important vitamins. A lot of research in many overlapping disciplines is being 

conducted for the advancements in production of SCP both in quality and quantity. Present day 

concern is to make this process more cost effective and economical. To achieve this goal work 
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is being done to improve the strains of microorganisms, better fermentation methods, advanced 

down-streaming methods. This will help in the acceptance and practice of this idea worldwide 

with better forthcoming era. 
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