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Abstract
Single cell proteins (SCP) are the edible dead, dry cells of micro-organisms that can be used as protein
source in human food and animal feed, either as whole living cell or in dried form. Microbial species
of yeast, fungi and bacteria that are Generally Recognized As Safe (GRAS), can be used as a source
of single cell protein. Inexpensive microbial growth culture components can be utilized as source of
carbon and energy to grow these microorganisms as biomass, amino acids or protein source. Besides
being used as food or feed supplement, single cell protein strains have diverse range of properties, as
it can eradicate pathogenic microorganism from human or animal gut either by competition with
available nutrient sources or by producing enzymes or metabolites with antimicrobial activities. Due
to increase in population around the globe, the global demand for high-quality protein rich foods have
increased. Novel approaches for alternative sources are needed to meet the global challenges. SCP
strains with capacity to produce cell wall degrading enzymes and metabolites with antimicrobial
activity can play a major role to meet the global food demand. Poultry farming of broiler and layer is
already playing an important role to meet the need of protein in the developing world. However, high
nucleic acid content, un-digestible cell wall, unacceptable flavors and colors and high contamination
rate are the certain limitations that need further attention.
Keywords: Conventional and unconventional substrate; Fermentation; Food production;
Malnutrition; Single cell protein

Introduction source deficiency has become a serious
The rapid increase in the world population problem for human beings [1]. Efforts have
has increased the demand of necessary food been made for production of unconventional
items at a rapid pace. Particularly, protein and alternate sources of protein. Since 1996,
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new sources from microorganisms (yeast,
bacteria, algae and fungi) were used as
protein  biomass [2, 3]. In 1968,
Massachusetts Institute of Technology (MIT)
professor Carol Wilson coined the term
‘Single Cell Protein (SCP)’ instead of petro-
protein and microbial protein. In those days,
some people disliked the use of
microorganisms in food additives, despite
that SCP idea was innovative to meet global
food problems [4].

World suffers from malnutrition particularly
under developed and developing countries
where rapid increase in population has
increased the demand for protein and
nutrients. Malnutrition is a serious problem
for these resource poor countries and if not
tackled in a proper way, may lead to major
crises. Therefore, the production of single
cell proteins are promising way to tackle
protein deficiency problem worldwide [5].
Single cell proteins (SCPs) or microbial
proteins are the dead dried cells of
microorganisms or purified protein isolated
from microorganism’s cell culture and used
as a food supplement to humans’ food as
vitamin carriers, aroma carriers, emulsifying
aids and in animals feed as fattening poultry,
calves, pigs, and fish [6]. It also has
applications in leather and paper industry [7].
SCPs have high protein content (60-80% as
dry cell weight), also contains carbohydrates,
lipids, vitamins, nucleic acids and minerals.
It has high quantity of essential amino acid
like methionine and lysine. Conventional
substrate (starch, fruit, molasses and fruit
waste) and unconventional  substrate
(petroleum by products, ethanol, natural gas,
lignocellulosic biomass and methanol) have
been used for SCPs production [2]. Interest in
the production of proteins from microbes for
animal fodder depends on production cost in
comparison to the market price competitors,
like fishmeal and soya protein. These
microbes have capability to utilize waste and
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cheap feedstock to produce biomass, rich in
protein and amino acids.

There are some interesting characteristics for
the production of single cell proteins. It
utilizes waste or raw materials and
microorganisms on large scale, convert
substrate with high efficiency, increasing
microbial growth that results in good
productivity. Also, seasonal factors have no
effect on effectiveness of process [5]. SCP
products contain high quantity of nucleic acid
(6-10%) that increase uric acid level in
serum. This access in quantity results
precipitation of uric acid which can cause
health problems i.e. formation of gout and
Kidney stone. The recommended dose of
SCP supplemented to human diet should
have nucleic acid contents below 2% [8].
SCPs are used in animal diet and fattening
calves, pigs, broilers, as laying hens feed, fish
breeding and feeding of pet. It is also used in
foodstuffs as emulsifying agent, carrier of
vitamins and scent, in soups, baked items as
nutritional supplement, readymade meals and
food recipes and have also applications in
leather and paper processing and in foam
stabilizing agent industry [5]. Medicinal uses
of Spirulina enhances antiviral and anticancer
activity, improve and strengthen immune
system. Studies indicated that use of
Spirulina up to 4 weeks decrease serum
cholesterol level due to high quantity of
gamma  linolenic acid  present in
cyanobacteria. SCP production is a good way
to overcome environmental pollution by
utilizing waste materials. It is an efficient tool
to transform agricultural waste such as rice
hulls, rice straw, starchy residues and manure
as a substrate into useful products [9].
Naturally, microorganisms live symbiotically
with each other and some species are more
efficient when they have interaction with
other microbes. Same is in case of co-culture,
where mix culture fermentation contains
more than one microorganism mostly used
for production of enzymes, antibiotics,
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various types of fermented foods, dairy
fermentation,  composting and  SCP
production. Co-culture production is more
efficient than mono-culture production as it
improves substrate utilization, increase their
productivity, adaptability to conditions and
decrease risk of contamination. Co-culture
results through synergic interaction may
overcome nutritional limitations. In synergic
interaction the enzyme product of one
microbe is used as substrate for other
microorganisms [10, 11].

Microorganisms for single cell protein
(SCP) production

Single cell protein (SCP)-Yeast

Yeast is a good source of SCP, used from
long time. In Germany during First World
War, Torula yeast (candida utilis) were used
in sausages and soups. Nowadays, it is
frequently used in animal feed as food
supplements (dog and fish feed) and used as
seasoning food in vegetarian diet. Yeast cell
is larger than bacterial cell, can easily
harvest, have high lysine and malic acid
contents and low nucleic acid contents. Yeast
cells have capability to grow on acidic pH.
Yeast have low growth rate, low methionine
and protein content (45-65%) as compared to
bacteria. Yeast is also a good source for SCP
production due to its superior nutritional
quality. A variety of substrate and microbes
are used for SCP production but necessary
factor to consider before use of SCP is to
check the toxic and carcinogenic compounds,
produced by microbe or by substrate and
synthesized during production process. Two
main limiting factors of yeast are high nucleic
acid contents and low cell wall digestibility
[4, 12].

Single cell protein (SCP)-Bacteria

Many bacterial species have been under
investigation for production of SCPs.
Methylotrophic bacterium Methylophilus
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methylotrophus have about 2 hours
generation time and used in animal feed,
produce good protein composition than other
microbes. The characteristics of bacteria that
make it suitable for SCP production include
their short generation time and rapid growth
with high protein content (50-80%) (Table 1).
Photosynthetic Purple Non-Sulphur Bacteria
(PNSB) contains 70-72% protein, highly
resistant to toxicants and their protein
compositions of necessary amino acids are
similar to soybean protein. Its biomass is very
useful in fish feed and rich in protein [13].
Ammonia, urea, ammonium salts, organic
nitrogen and nitrates in wastes are good
source of nitrogen for bacteria and have
capability to grow on different raw materials.
Bacteria have high nucleic acid contents
while less quantity of sulphur containing
amino acids. The culture of bacteria has high
risk of contamination and cell recovery is
difficult. Bacterial culture medium requires
mineral nutrient supplement to furnish
nutrients [7, 14]. The selection of microbial
strain for production of SCPs are based on the
following criteria:

- Heat generation, oxygen requirements
during fermentation process and foam
character,

- Performance like growth rate, yield, heat
and pH tolerance,

- Genetic stability during fermentation
process and growth morphology,

- Their end product composition and
structure in term of protein,

- Have easy recovery and purification of their
yield [9].

Bacteria have small cell size and low density,
difficult to harvest in fermented medium,
have high nucleic acid contents, and general
perception of  public that bacteria are
harmful, awareness required to remove
misconception about bacterial protein [14].
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Table 1. Bacterial protein content as single cell protein (SCP) on specific substrates

. Protein
Bacteria Substrate content (%) References
Haloarcula sp. IRU1 Petrochemical wastewater 76 [15]
Methylococcus capsulatus,
Ralstonia sp., Brevibacillus agri, Methane (Natural gas) 67-73 [16]
Aneurinibacillus sp.
Bacillus subtilis Ram horn 71 [17]
Methylomonas sp. Methane salt broth 69 [18]
Bacillus cereus Ram horn 68 [17]
Escherichia coli Ram horn 66
Rhodopseudomonas palustris Latex rubber sheet wastewater 55-65 [19]
Corynebacterium ammoniagenes Glucose + Fructose 61 [20]
Rhizospheric_ diazotroph_s (whole Brewery wastewater SEE [21]
microbial community)
Bacillus pumilis Potato starch processing waste 46 [22]
Cupriavidus necator Synthetic growth medium 40-46 [23]
Bacillus licheniformis Potato starch processing waste 38 [24]
Bacillus subtilis Soybean hull 12 [25]
Single cell protein (SCP)-Algae Single cell protein (SCP)-Filamentous
In East Asia and Central Africa, algae have Fungi
been used as part of their diet. Algae In 1973, during second international

(Chloralla, Coelastrum, Soenedesmus and
Spirulina) have been found good for mass
cultivation and utilization. Algae are easy in
cultivation, have fast growth, have high
nutrient and protein contents and good
utilization of solar energy [4]. Microalgae are
unicellular, photosynthetic found in sea, good
choice for SCPs production due to their rapid
growth rate, simple and inexpensive
procedures to utilize microalgae. Nutritional
and comprehensive analysis demonstrated
that microalgae have capability to produce
high quality protein through SCP procedures
[26]. Spirulina cultivation is easier than algal
because no aeration required for this specie
and it utilize maximum amount of carbon. In
tropical countries, Spirulina is cultured under
heterotrophic, autotrophic and mixotrophic
conditions. But algae concentrate with heavy
metals have cellulosic cell wall which are un-
digestible by humans [14].
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conference at MIT, it was reported that some
filamentous fungi and actinomycetes can
produce proteins from different substrates.
Attempts were made during World War 11 to
culture Rhizopus and Fusarium grown and
used as protein food. The inoculum of
Rhizopus arrhizus were chosen because of its
nontoxic nature. The complex compound
saprophytic fungi were grown to convert into
simple form for the production of high
amount of fungi biomass. The yield of
mycelia depends on substrate and organism.
The optimum condition for SCP production
using Aspergillus niger, glucose
concentration are the most effective factor as
compared to pH of medium and potassium
hydrogen phosphate concentration [27].
Some strain of molds (A. fumigatus Fusarium
graminearum,  Aspergillus  niger) are
hazardous to animals and humans therefore,
toxicological evaluations must be done
before for the selection of the strains for
production of SCPs. While fungus that have
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been wused are Fusarium graminearum,
Chaetomium  celluloliticum,  Aspergillus
fumigates, Penicillium cyclopium,
Rhizopuschinensis, Cephalosporium
cichorniae, Scytalidum aciduphlium, A.
niger, A.oryzae, Tricoderma viridae, and

Tricoderma alba Paecilomyces varioti [2].
Some important species are included in
(Table 2). Filamentous fungi are easy to
harvest while have low growth rate, protein
content and accessibility [4].

Table 2. Fungal protein content as single cell protein (SCP) produced from specific

substrates
. Protein
Organism Substrate content (%) References
Unspecified, marine yeast Prawn shell wastes 61-70 [28]
Pleurotus florida Wheat straw 63 [29]
. Orange pulp, molasses, brewer’s
Kluyveromyces marxianus spent grain, whey, potato pulp 59 [30]
Candida tropicalis Molasses 56 [31]
Kefir sp. Cheese whey 54 [32]
- . Inulin, crude oil, glycerol waste
Yarrowia lipolytica hydrocarbons 48-54 [33, 34]
Aspergillus niger Waste liquor 50 [35]
Aspergillus niger Stick water 49 [36]
Hanseniaspora uvarum Spoiled date palm fruits 49 [37]
Candida crusei Cheese whey 48 [38]
. - Poultry litter; waste capsicum 29
Candida utilis powder 48 [39]
Candida utilis Potato starch industry waste 46 [22]
Fusarium venenatum Glucose (Product: Quorn™) 44 [40]
Kluyveromyces marxianus Cheese whey 43 [41]
Chrysonilia sitophilia Lignin 39 [42]
Aspergillus niger Potato starch processing waste 38 [24]
Trichoderma harzianum Cheese whey filtrate 34 [43]
Trichoderma virideae Citrus pulp 32 [44]
.. Brewery’s spent grains
Debaryomyces hansenii hemicellulosic hydrolysate 32 [44]
Candida tropicalis Bagasse 31 [45]
Aspergillus ochraceus Rice bran 10 [46]
Aspergillus oryzae Rice bran (de oiled) 24 [47]
. Orange pulp, molasses, brewer’s
Saccharomyces cerevisiae spent grain 24 [30]
Aspergillus niger Banana wastes 18 [48]
Aspergillus niger Apple pomace 17-20 [49]
Aspergillus niger Rice bran 11
Aspergillus flavus (461
Fusarium semitectum and sp1 Rice bran 10
and sp2
Cladosporium cladosporioides
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Production of single cell protein (SCP)
Single cell protein can be grown on industrial
waste  materials  (agricultural  waste,
beverages waste, hydrocarbons, food
processing waste and animal and human
excreta) as substrate. Production process of
SCPs from any microbe and substrate are the
carbon source provision that may require
chemical or physical pre-treatments.
Addition of carbon, phosphorus, nitrogen and
other nutrients are required for optimum
growth of selected microbe. Maintaining
hygienic or sterile condition to prevent the
medium  from  contamination  require
complete setup. The inoculation of selected
microbe onto the medium require adequate
aeration for SCP process except if Algae are
the desired microbes. Microorganisms
biomass recover from medium and their
processing is good for its storability [4].
Single cell protein (SCP) production
process

Microbial screening for SCPs production
based on the current literature include
mutagenesis and other genetic techniques.
Efficient microorganism strains obtained
from various habitats i.e. water, soil, air and
others have capability to produce good
amount of protein. Monosaccharides and
disaccharides containing carbon source are
most preferable substrates for production of
SCPs that contain carbon, phosphorus,
nitrogen supplements, have high production
yield in short time period. There are three
categories of substrates used for production
of SCPs including renewable plant resources
such as starch, sugar, cellulose; High energy
resources such as gas-oil, natural gas,
ethanol, methanol n-alkanes and acetic acid;
and various wastes such as sulfite waste
liquor, molasses, whey, milk and fruit wastes.
Before cultivation, technical conditions for
the desired strain and their cell structure with
all metabolic pathways will be determined
for technology development, adoption of
technical performance of the reaction process
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in order to make the production ready for
large technical scale utilization [9].
Economic factors involved for the production
on large scale include energy consumption
and cost production which need to be
analyzed thoroughly. In case of SCPs
produced for human consumption and used in
animal feed; safety of product is necessary to
be tested as some microbes produce toxins
during process and need proper monitoring
[9, 50].
Fermentation strategies
For production of SCPs the desired strain
undergoes through fermentation process,
divide through utilizing substrate as carbon
source and culture mass is isolated through
separation process. Cultivation process starts
from microbial screening, in which microbial
strains are obtained from soil, air, water; and
all pathways and cultivation conditions are
determined. Environmental protection and
safety demands are considered related to
process and vyield. Fermentation different
types are as follows:

I.  Submerged fermentation
In submerged fermentation process, substrate
always remains in liquid form that contains
necessary nutrients required for microbial
growth during fermentation process. The
fermenter operates substrate continuously
and the product harvested regularly from
fermenter through different techniques, the
product is centrifuges or filtered and stored in
dry form. Cultivation process require
aeration due to generation of heat during
process which is remove through cooling
device. Microbial biomass separated through
different methods, as single cell protein such
as filamentous fungi separated through
filtration and yeast and bacteria separated
through centrifugation.

Il.  Semisolid fermentation
In semisolid fermentation process, the
substrate is mostly used in solid state.
Cultivation process consist of many
operations such as stirring and mixing of



Pure Appl. Biol., 9(3): 1743-1754, September, 2020
http://dx.doi.orqg/10.19045/bspab.2020.90185

multiphase system, transport of oxygen and
removal of heat to surroundings. U-loop
fermenter is a bioreactor specially designed
for identifying mass and heat transportation.
A suitable medium and carbon source,
prevention of medium from contamination
and isolation of end product are key steps of
preparation of medium for SCP production.
Carbon source may be Methanol, ethanol,
gaseous hydrocarbons, n-alkanes, carbon
oxide, polysaccharides or molasses.

I1l.  Solid state fermentation

Solid state fermentation process consists of
deposition of a solid substrate such as wheat
bran or rice on flatheds after seedling with
microbes and left the substrate in temperature
control room for few days. Liquid state
fermentation process is done in tanks at
industrial scale [2].

Potential substrates for single cell protein
(SCP) production

The substrate used for production of single
cell proteins should be nontoxic, non-exotic,
renewable, cheap and non-seasonal [9].
There is various type of substrates for
production of SCP. The researchers urge to
form very high quality protein from low
grade waste material with the help of
microbes  [51].  Carbohydrates  most
commonly used substrate for single cell
production, due to its renewable character
[52]. There are many other substrates for
production of SCP, conventional substrates
include fruit, molasses, starch and vegetable
waste while unconventional substrates are
natural gas, methanol, ethanol, petroleum by
products, and lignocellulosic biomass [53].
Major factors determined for SCP production
are substrate availability and proximity to the
production plant. Other substrates include
leaf juice, lignocellulosic agricultural waste,
soybean hull, starch and sugar processing
waste, fruit waste (fiber rich), poultry waste,
spent grains, pawn shell waste, protein or
lipid rich sources, wastewaters (protein rich),
waste capsicum powder, slaughterhouse
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waste, soybean meal and combined
agricultural wastes [54].
Molasses

Molasses are the by-product of concentrated
sugar solution sugar cane and sugar beet left
after crystallization of sugar. It is rich source
of sugars 45-55% such as melibiose,
raffinose, fructose, glucose and sucrose,
nitrogen compounds 10%, minerals and fat
10% [31]. It is easy for cultivation of
microbes [55]. Its usage for production of
SCP depends upon their price, availability,
and composition of molasses [56].

Dairy waste

Whey and other dairy wastes contains high
levels of biological oxygen demand (BOD)
and chemical oxygen demand (COD), have
high quantity of fate, oils, phosphorus and
nitrogen compounds [57], without prior
treatment such compounds can cause
ecological issues if not tackle properly. Dairy
waste can have high quantity of either protein
or lactose, that depends upon milk processing
technology [56].

Fruit waste (simple sugar rich)

Fruit waste main mass depends upon fruit
type and part of fruit. Whole fruit waste has
high quantity of carbohydrates and is rich in
nutrition required for microbial growth.
While parts of fruit such as lady finger and
banana only 5-30% are harvested. If fruit
wastes consists of inner and outer shells,
seeds and peels remains during juice
processing have  high  fiber and
polysaccharides [56].

Starch rich sources and bran

Tuber and grains residues have high quantity
of starch, but it is required to be hydrolyzed
to monosaccharides before use [58]. Bran is
a by-product obtained after grains
processing, for oil extraction used as food
additive and animal feed. Bran contain high
quantity of starch, protein, fiber and also
good source of iron, lipids, vitamin B,
phytosterol, antioxidants and phenolic acid
[56].
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Soybean meal

Soybean meal remains after oil extraction
from soybean, have high quantity of protein,
carbohydrates, fat and minerals are most
widely used in animal feed [59].

Starch is the most abundant carbohydrate
obtained from maize, cereals and rice. For
SCP production starch is preferable substrate
due to its low cost. Whey is the remaining
liquid left after extraction of fat and protein
from milk. Whey can be obtained from
curdling process or after ultrafiltration
process for production of cheese. Whey is a
good source for SCP production but due to
seasonal supply and high-water content the
transport may be costly.

Methanol

Methanol (natural gas) is good substrate for
SCP production due to its volatility,
selectivity and non-toxic nature despite of
having low solubility, non-high purity and
low flammability as Imperial Chemical (ICI)
used methanol as substrate for single cell
protein production and ammonia gas in place
of nitrogen source. Cellulose considered as
potential substrate for SCP production but it
need pre-treatment before use [60].

Dates waste

Dates are produced in high quantity in
southwest and western Asia. Dates have 60-
70% sugar and frequently wused in
fermentation. Dates by-product is date syrup
which look like dark dense fluid, contain
important nutrients required for microbial
growth. Date syrup is used as carbon source
for SCP production [61].

SCP production using agricultural wastes
For production of high-quality protein,
agricultural waste is the most useful, cheap
material which is easily obtained. SCP
produced from agricultural waste have high
nutritional quality, used as supplement in
food and feed agricultural waste include rice
bran, pineapple peels, brewers waste, saw
dust and other waste. Microorganisms grows
easily on agricultural wastes [62].
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SCP Production-using kefir yeast from
whey

Kefir is alcoholic beverage, prepared from
raw milk and kefir grains, contains
polysaccharide matrix in which bacteria and
yeast symbiotically live. The origin, mood of
handling and storage conditions affect
microbes of beverages and kefir grain which
are lactic bacteria, genera (Streptococcus and
Lactobacillus) and yeast, genera (Candida,
Saccharomyces, Torula).

SCP production-using yeast biomass in
maize and millet

In complex media maize and millet bran were
used to enhance the growth rate of
microorganisms.  Yeast biomass  has
maximum yield obtained with the help of
maize, therefore it is encouraged to use maize
for production of cheaper biomass. Yeast
biomass are more used in culture media,
drugs and feed processing [54].

SCP production using from corn cob
Microbes have ability to use organic matter
as source for their growth and energy
production while carbon compounds required
for cell biomass synthesis, to become capable
to convert inorganic nitrogen in to protein.
Corn cob is a hard-lignocellulosic compound
that require pre-treatment before use [63].

In  conclusion, SCPs have interesting
characteristics as nutrient supplement for
human diet. It contains not only protein but
are also rich in fats, carbohydrates, water,
phosphorus and potassium. SCP can be
produced all around the year, comprises high
protein and low-fat contents, has capability to
grow on waste material and possesses
environmental friendly properties. Therefore,
the production of SCP is promising way to
tackle protein deficiency problem worldwide
particularly in  developing  countries.
However, high nucleic acid content, un-
digestible cell wall, unacceptable flavors and
colors and high contamination rate make it
less important and demand further
improvements.
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