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Abstract:  The increase in protein malnutrition due to low lguaroteins in food supply, especially in develogp
countries, has stimulated the search for new atminaitive sources of protein, both in human foodd a
animal feeds. The production of microbial protemsingle cell protein (SCP) is revolutionizing peit
farming and is, indeed, a key step in reducingsti@rtage of protein supply. These nonconventionatemn
sources are products of biotechnological processiragricultural, industrial and forestry wastemdte cell
proteins or microbial proteins are dehydrated nficbcell culture or purified protein derived from
microbial cell culturesuch as bacteria, yeast, algae or filamentous fumigh potential to be a source of
animal or human protein supplement. This type aftgin has been cultivated by culturing appropriate
microbes on different substrates like starch, coob, whey, wheat, starch hydrolysates, hydrocarbon,
alcohols, molasses and sugarcane bagasse. Theatiaming of SCP as an alternative source of prdtam
considerable benefits over conventional sourcesuser of its decreased production time, lower land
requirement and ability to be produced in all kaictlimates. In spite of the obvious advantageS®©P viz.,
its nutritive value in terms of protein, vitaminadalipid content, it is accepted with some measufre
uneasiness and its chances of substituting comraitprotein are still slim; its major disadvantdogeng its
high nucleic acid content and low digestibility.iFpaper reviews the production of single cell gt its
benefits, safety, acceptability, cost and the htiiins associated with their uses, as it porteneist ggromise
as an alternative source of proteins.
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Microbial protein/single cell protein Production of Single Cell Proteins

Single cell proteins or microbial proteins are dilayed  The photosynthetic and non-photosynthetic microes
microbial cell culture or purified protein derivdtbm a  used in the production of single cell protein grosmraw
microbial cell culture, such as bacteria, yeasga@l or  materials such as hydrocarbon, agricultural or sl
filamentous fungi, with potential to be a sourceaofmal  waste products (Litchfield, 1998).

or human protein supplement. Microbial protein imgke

cell protein comes to market as dehydrated, pdrifie Photosynthetic production of SCP

microbes derived mostly from unmixed cultures taegt Algae are the major photosynthetic organisms Hrat
used as a source of protein for human and aningl fe used in the production of single cell protein. These
because of their high protein concentration, loiacémtent  carbon dioxide as their substrate which is the pbasg
and high vitamin content especially B vitamins most inexpensive and most abundant source of cé&dyon
(Kurbanoglu, 2001; Garcia-Garibayal., 2003., Yaleiret microbial growth. Atmospheric carbon dioxide can be
al., 2008). supplemented by combustion of gases, carbonatéiand
The development of this source of protein producti@s  carbonate to enhance algae growth (Litchfield, 1998
initiated during World War | and World War 1l as a Garcia-Garibayet al., 2003). The sources of nitrogen used
substitute for the shortage of conventional foodtegin for these microbes are nitrates, nitrites, ammamiarea,
using Saccharomyces cerevisiae on molasses andandida even though cyanobacteria are capable of fixing
utilis on sulphite liquor from waste papers (Nasseal., atmospheric nitrogen. They also need phosphorus and
2011). In 1967 SCP was produced industrially oargd  sulphur, which are incorporated in organic formg amall
scale and currently lots of varieties of microorigars and  quantities of micronutrients such as Iron and céhéor
many substrates have been used in the productidhisof (Litchfield, 1980).

type of protein. These microorganisms include; alglach,  Mass culture open systems and photo-bioreactorasae

as Chlorella spp andSpirullina spp that photosynthesise for cultivation of algae for the production of siagcell
carbon dioxide, yeasts such,@andida utilis andCandida protein. Mass culture open systems which are the
lipolytica which grow on ethanol, filamentous fungi like production of algae outdoor use lakes and ponds as
Chaetomium celluloliticum and Fusarium graminearum cultivation site; good environmental sanitation is
which grow on cellulose waste and starch respdgtiaad  maintained to avoid contamination and other factbeg
also bacteria such a@revibacterium and Methylophilus will lower the quality of the products. This methbds
methylitropous that uses hydrocarbon and methanolbeen used to produ@pirulina and Chlorella (Litchfield,
respectively as substrates (Nasstral., 2011). The fast 1980).

growth rate bacteria and very high protein values ha Photo-bioreactors are a closed system and eitBer u
distinguished them as a potential source of SCPpeoad  outdoor or indoor systems where a single species is
to other microbes (Anupama, 2000; Tuse, 1984). &hescultivated. Indoor system is preferable becausaldws
microbes ferment large amounts of waste which seage better prevention of contaminants than outdoorucelt
their substrate and produce protein (Nasdtai., 2011). It  system leading to greater yield and high qualityttod

is more advantageous to use fungi and bacterichén t product (Ugwuet al., 2008). This method can be used to
cultivation of SCP when grown on cheap waste malteri  cultivateChlorella, Spirulina andScenedesmus
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Harvesting of the microbes (microbial harvest)xteasive  product in the paper industry and they contain darg
work especially when cultivated in large area sashakes amount of organic carbon compounds (Batt and Sinskey
or when low production of the microalgal biomassws.  1987).
Species likespirulina and Coclastrium can be scooped or
removed from the top of water, but in most situagio st 10
harvest involves filtration using cloths or scredrefore INOCULUM AR
centrifugation. It is then sun-dried, spray-drieddoum-

SPARGED EFFLUENT

ersum WASH WATER
AERATOR
-=7

CARBOHYDRATE

dried and thenpackaged and sold as a nutritional
supplement in the category of functional foods (&ar

AMMONIUM SALTS

Garibayet al., 2003). RGO 0 = - ;bw
M
Non-photosynthetic microorganism for production & CP PRINARY WASHING L.
Non photosynthetic organisms that are used in the comowres R COIRES - gmy
production of single cell protein include bacteaia yeast. FRouct

These microbes have gained wide acceptability ® th gig 2. production of yeast from carbohydrate substrate
production of single protein because of their nietatse in  (Litchfield, 1980)

bread baking, milk fermentation in cheese productiad

in the alcoholic beverage industry (Garcia-Gariletl., Fig. 2 shows the production of yeast from carbohier
2003). All the nutrients used are processed under a igtdil

condition and yeast cell produced in sparged fetaren
Use of bacteria for SCP production The yeast cells produced are centrifuged, filtergatay

Bacteria were found to be more effective in the pobidn dried or drum dried and products packaged.

of SCP because of their short doubling time as coedpa

to those of yeast, but have been largely discoatinu Removal of Nucleic acid content and cell wall of SCP
because of their toxicity and low consumer accdlitgb The production of single cell protein from bactefi
(Anupama, 2000). The carbon source of bacteriaispec human consumption requires, reducing the nucleid ac
used in the production of SCP is mainly hydrocarboncontent of the cell and removal of the cell waheTreason
ethanol, methanol, carbohydrate, cellulose, stamcd  for reducing nucleic acid content is because hightent
simple sugars. Methanol is the preferred substastea  Of the nucleic acid can lead to formation of ureiawvhich
carbon source for the bacteria because it is selibl causes gout whereas the cell wall has very poor
water, non-explosive, free of impurities and easy t digestibility in humans.

remove from the microbial product (Moulet al., 1983; o ]

Ivarson and Morita, 1982). The bacterial organisreed ~ Nucleic acid removal in SCP .

are  Methylomonas  methanolica, Methylophilus Th.IS mvolyes both the use of chemlca[s; §uch ashall,
methylotrophus and Pseudomonas spp (Singh, 1998; acid, alkali, and enzymatic methods whlch incluthesuse _
Anupama, 2000). of nucleases and endogenous ribonucleases which
hydrolyses the ribonucleic acid and reduces nudeid
levels (Kunhi and Rao, 1995).

EXHAUST AIR + CO,

INOCULUM Removal of cell wall
SPRAY Mechanical and non mechanical methods are used in

FLOCCULATION CENTRIFUGATION DRYING

AGGLOMERATION

STERILIZATION
METHANOL removal of the cell wall. The mechanical method®ines

the wet milling, sonification, high  pressure
homogenization, decomposition crushing and grinding
(Middleberg, 1995), while non mechanical methodasthe
use of chemical treatment using acid, base or gkeés.

Enzymatic methods such as autolysis and physical

AMMONIA

PHOSPHORIC ACID
MINERAL SALTS

AR
COMPRESSOR

GRINDING

[==~COOLING WATER
[ (OR REFRIGERATION)

ARLIFTTYPE_—¥ PRoDuCT . .
FERMENIOR | vt treatment such as freeze-thaw, heating and drymgsed
ASTE (Baldwin and Ribinson, 1994; Benaiges al., 1989).
Fig. 1: Production of bacteria from methanol substrate ~ These processes result in production of large atsooh
(Litchfield, 1980) single cell protein from the microbial cell and anglles

(Nasseriet al., 2011).
Fig. 1 shows the production of bacteria cells using ) ) )
methanol substrate. All the nutrients are stedligmd |20l 1 Comparison of SCP production from different
bacterial cell produced in the airlift-type fermentThe microorganisms

Parameter Algae Bacteria Fungi (Yeast)  Fungi (Filamentous)

cells are concentrated by flocculation to removeewa : :
. . . Growth rate Low Highest Quite high Lower than bacteria
The cells are then centrifuged; spray dried, gand the and yeast
Substrate Light, carbon Wide range Wide range Mostly
prOdUCt paCkaged' mlox:dcor ! exlcepl carbon  lignocellulosics
inorganic samples dioxide
u f t f SCP ducti pH range Upto 11 57 5-7 3-8
Se or yeast 1or proauction ) . . Cultivation Ponds, Bioreactors  Bioreactors Bioreactors Bioreactors
The most frequent and COmmOn'y used microorganrsm | Contamination risks Highandserious  Precautions needed  Low Ll;easr_lfp}hsless
. L than §
Slngle cell prOteIn IS yeaSIS, such SBCCharomyceS S-containing amino acids  Low Deficient Deficient Low
cerevisiae, Kluyveromyces maxianus and Candida utilis Nucleicacidremoval - Required Required  Required
. ™ Toxin - Endotoxins from - Mycotoxins in many
because of their good acceptability by the consant&r gram negative species
utilis grows on sulphite liquor substrate, while. bacteria
maxianus grows on milk whey substrate. These substrates Sour ces: Singh (1998)

are cheap carbon and energy source, produced fiastew
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Tablel shows how SCP can be produced from differenSafety and acceptability of single cell protein

microorganisms using the same parameters.
indicates the risk of contamination, in algae aadtéria;
deficient of sulphur containing amino acids in leaiet and
yeast, and requirement of removal of nucleic acidtent
from bacteria, yeast and fungi.

Nutritional value of single cell protein
It has been observed that single cell protein dosta very

It als&ingle cell protein for human consumption or anirfesid

must be free from all kinds of pathogens, toxins,
contaminants from heavy metals or other metal
compounds, hydrocarbons and free from the risk of
causing food allergies or cancer. It has beenrobdehat

most foreign proteins are not suitable for human
consumption because of their ability to cause gdles,

gastro-enteric  disturbance, diarrhoea and vomiting

high protein content that compared favourably with (Anupama, 2000). The high content of nucleic aaid i

conventional protein sources, like soybean and rigal.
Bacteria single cell protein contents range fronl80%,

bacterial cells can also cause urinary disease ssch
kidney stone formation or gout and should be reduce

yeast from 45-70% and algae from 45-75%, theseeprot the minimal level before consumption. Thereforarfrihis
sources are higher in protein content as compaiigid w viewpoint it is very essential to use toxicologisaidies to
soybean 40%. They are also very acceptable wheevaluate the safety of any produced single celtgimo
compared with vegetable protein contents (Garciab@a  before marketing the products (Litchfield, 1988)irulina
et al.,, 2003). Generally single cell proteins from all andChlorella however, are widely acceptable and sold for
sources are very limited in sulphur-containing amécids  human consumption and are produced in countries lik
such as methionine and cysteine but when supplegient Japan, Israel, Thailand and United States (Treh883).

with these amino acids their protein quality acekes and
get close to that of casein. The vitamin conteffitsirgle
cell protein such as thiamine, riboflavin, pyridogj folic
acid, niacin and carotenes are higher in some ini@ko
proteins compared to some vegetable foodstuffszigra
and Westhoff, 1990).

Table 2: Comparison of composition of SCP from
algae, fungi and bacteria

Component

Percentage composition of weight

Algae Bacteria

40-60°
45-65°
4.6-7.0°
14-2.6*

Fungi

50-83*
60-80*

True proteins
Total nitrogen (Protein + nucleic acids)
Lysine

Methionine

35-50°
6.5-7.8
1.5-1.8

Fats/Lipids 5-10° 5-13 8
Carbohydrate 9 NA NA
Bile pigment and Chlorophyll 6 NA NA
Nucleic acids 46 9.70 15-16°
Mineral salts 7 6.6 8.6
Amino acids NA 54 65
Ash 3 NA NA
Moisture 6.0 4.5-6.0° 2.8
Fiber 3 NA NA

*The yield varies with the type of substrate used. the specific organism used and the culture conditions main-
tained

NA- Not available;Source: Anupama (2000)

The acceptability is very low especially the baete3CP
because of a generally thinking of the masseshheteria
are harmful and can cause diseases.

Economics and market of single cell proteins

Microbial proteins or single cell proteins are deped
and produced with the sole aim of reducing worldidar
and protein malnutrition (Khan and Dahot, 2010): #ds
reason it must compete with conventional proteinrces
with the factors such as cost of production inabagli
energy used in production, investment, operatiamnat
cost safety of using waste materials as the soofdes
substrate, acceptability by the populace and itsketa
price (Garcia-Garibayet al., 2003). The major market for
single cell protein is its use for animal feedsthalugh it
competes poorly with soya protein as soya is 504&tan
price as compared with the price for SCP. It iscipdited
that with efficient, improved fermentation and dewn
stream processes there will be reduction in theastel
price of SCP to minimal level (Litchfield, 1991).

Table 2 shows percentage weight composition of SCP

proteins produced from algae, fungi and bacteriztdBam
have the highest true protein content followedunygf and
algae. There is reasonable percentage content
Chlorophyll, fiber and ash in algae but these corepts
are not present both fungi and bacteria

Advantages of Single Cdll Protein
Single cell proteins are used in food industrieshsas

Disadvantages of Single Cell Protein/Limitations
Bacteria, Algae, Fungi and Yeast

Qacteria

It has been observed experimentally that bact@G® has
elevated nucleic acid content (Anupama, 2000). figa
content of the nucleic acid can lead to formatidruigc
acid when metabolised which can accumulate in toy b
due to a lack of Uricase in humans, the enzyme tsed

product and baby meal as a protein supplem@ascia-

gout.

Garibayet al., 2003).For the following advantages Listed There are also very high risks of contaminationttus

below;

product during production with heavy metals, or maebl

) It has very high protein contents, vitamins esplcia Which can lead to disorders in body function ang miso
B-complex vitamins (yeast), amino acids and low fatCause cancer.

content.

Bacterial toxins can be hazardous to humans when

i) They can be modified genetically to produce amino€onsumed, causing fever, lesions, vomiting and aiag

acid of specific interest.
iii) There are no constraints in the production as tagy

lead to paralysis.
Bacterial proteins are also very poor in sulphurtaiming

be produce throughout the year since growth is@Mino acids, methionine and cysteine which arendisde

independent of climatic and seasonal changes.

amino acids in human body.

They use waste materials (EI-Nanwwi and El-Kder, Bacte_rial s_izes are very small and they e_llso hawve lo
1996), as their substrate in producing this proteindensity, this makes there harvest expensive (Anapam
thereby helping to reduce pollution by recycling 2000

waste materials.

v) They grow faster producing large amounts of SCP in

small portions of land within short period of time

(Anupama, 2000; Litchfield, 1980).
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Algae

It has very low density.

It contains cell wall which has very poor digedithiin
humans.

There is high risk of contamination during prodanti
(Garcia-Garibay, 2003).

Fungi and Yeast

They have the potential of containing mycotoxingd an
neurotoxin which are capable of causing allergyd an

adverse nervous reactions.
They have very low content of methionine and cystei
There is tendency of having high contaminants.

Ivarson KC & Morita H 1982. Single cell protein

acidophylum from acid hydrolysates of waste paper.
Appl. Environ. Microbio., 43(3): 643-647.

Khan MY & Dahot MU 2010. Effect of various agricutte

wastes and pure sugars on the production of single
cell protein byPenicillium expansum. World Appl.
Sci. J., 8: 80-84.

Kunhi AAM & Rao MRR 1995. The utility of a fungal

ribonuclease for reducing the nucleic acid contgnt
permeabilised yeast celBood Biotech., 9: 13-28.

Kurbanoglu EB 2001. Production of single cell phote

from Ram horn hydrolysat&urk. J. Biol., 25: 371-
377.

They also have high nucleic acid content (Anupamalitchfield HJ 1980. Microbial protein production.

2000).

Conclusion

Single cell protein, or microbial protein, is a @afial

source of protein for human food as it gives pramgidate

as an alternative source of protein. The use
microorganisms in the cultivation of this proteimvie

many advantages over the conventional protein dicg)

their short doubling time, easy cultivation, utiiion of

many cheap/widely available substrates as enengrcss,

small land mass for propagation as well as beirlg &b
adapt to climatic changes. Although SCP can be aseal
source of protein, it is not without challenges ethi
currently prevent it from competing with conventibn
proteins. These challenges include its high nucteic

content when produced with bacteria, possibility of

causing diseases, poor digestibility, and high ocoft
production due to substrate cost, utilities, capitads and

Litchfield CDh

BioScience, 30: 387-396.

Litchfield HJ 1991. Food supplements from micrdbia

protein. In: Goldberg | and Wiliams R (eds)
Biotechnology and Food Ingredients, pp. 65-109.
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processes, using genetically engineered microosgani

prospectsCrit. Rev. Food Sci., 19: 273-325.

with improved substrate utilization. Also the usé o Ugwu CU, Aoyagi H & Uchiyama H 2008. Photo-

efficient toxicological tests will enhance and irope its
acceptability, making its price affordable by tresumer
when compared with conventional proteins.

bioreactors for mass cultivation of algaBiores.
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