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INTRODUCTION

The continuing increase in world population has a
direct and immediate effect uon the consumption of food, par-

ticularly in the developing cauntries.

One fifth of the people in the developing countries
are underncurished and between a quarter to one third are

protein malnourished.

Since the efficiency of converting the raw materials
into cellular constituents is much higher for microorganisms
than for any farm animals, the exploition of the microorgani-
sms, for increasing the guantity and improving the quality of
human food, was tried by several investigators. A great deal
of work has been given to produce single cell protein, i.e.,
crude or refined protein derived fram unicellular ar simple

multicellular organisms.

the possibility of using fungal mycelium as a source
of protein for chronic food shortage areas of the world has

been considered.

The idea of mass cultivation of fungal mycelium as
source of human food and for animal feeding was reported around

1920
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In Germany, several strains of molds were used in

human feeding during World War 11

The present work is a trial to produce fungal protein
using local starchy waste materials. Several fungal isolates
were tested for their efficiency in protein production to exp-
lore the best one. Rice bran, wheat bran and crushed rice

were used as carbon sources, after being hydrolyzed. Nutritio-
”nal and environmental factors affecting the fungal protein pro-
duction were studied. The produced mycelial protein was chemi-
cally analyzed and compared with FAQ reference protein. The
mycelicum yield efficiency ratio, protein efficiency ratio ,
substrate utilization efficiency, economic coefficient, amino

acid score and biological value were calculated.
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REVIEW OF LITERATURE

fFungal Streins Used in Production of Single Cell Protein

(SCP) 1

Fungi might be of considerable interest for their potent
enzymatic capabilities, ease of harvesting from fermentation
media. The protein content ranged between 45-50 % (NPU 70-50)
and the essential amino acids such as methionine and cystine
can be in greater concentration, up to 4 % of the total protein.
Fungi at the right cyclical growth have a filamentous structure
which permits their manufacture as textured foodstuffs, many
Asian fermented food products are produced by mold fermenta-
tion such as wheat tempeh (Wang & Hesseltine, 19663 Spicer ,

1971 and Rusmin & Ko, 1974).

Many investigators studied suitable different fungal
strains to use in the production of SCP. Among these investi-
gators Gray & Karve (1967) and Brook et al. (1969) tested

cultures of Rhizopus oligosporus NRRL 2710 and it gave Lhe

most satisfactory wheat tempeh, Whereas such as R. oryzae NRRL
A. 9847 and R. arrhizus NRRL 1526, known to make a good soy-

bean tempeh. UOther strains were used for SCP production such

#s Trichoderme spp, (I- 23 and I- 193), Gliocladium delignes-

cens sopp. (1- 13), Pullularia pullulans (de Bary) Berkhout

(1- 80), Dactylium dendroides (Bull.) Fr. (I- 108), Mucor

racemgsus, Heterocephalum aurantiacum M 1020, Cladosporium

cladosporiodes, Rhizopus stolonifer, R. echinatus and Cunnin-

ghamella elegans. (Brook et al. 1969).
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Mitrakos et ga]. (197C), Spicer (1971), Nordstrom

(1974), Rusmin and Ko (1974) used Aspergillus niger,

Penicillium notatum, Aspergillus fumigatus and Rhizopus

oligosporus for fungal protein production

Anderson et a], (1975), Christias et al. {(1975), Han
4 Anderson (1975), Hang et al. (1975), Imrie & Vliots (1975),
Reade & Gregory (1975) and Rolz (1975) stated that Fusarium

graminearum, Fusarium oxysporum, F. moniliform » Aspergillus niger .

A. niger mutant 70, Candida tropicalis, Aureobasidium

pullulans, Trichoderms viride, Candida utilis y A. phiger

A. fumigatus and Aspergillus Oryzae were rich in protein

content and contained high amounts of all essential amino

acids,

Orouliscos et al. (1976), Moo- Young et al. (1977)

and (1978) used Fusarium moniliform , Chaetomium cellu-

lolyticum for SCP production

Abou Zeid et al. (1979), Bajracharya & Mudgett (1979},
Blain et al. (1979) and Pamment et al. (1979) reported that
several yeast strains suitable for the production of fodder
yeast i.e, Saccharomyces cerevisiae , S. carlsberegensis ,

5. fragilis , Candida lypolytica , C. tropicalis and C.
utilis. In addition, Aspergillus sp. QM 994, A. niger QM877,

Rhizopus nigricans QM 387, R. arrhizuswere used for fungal

protein production but a new cellulolytic fungus Chaetomium
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cellulolyticum gave 50- 100 % faster growth rates and over

80 % more final biomass protein formation than Irichoderma

viride,

El- Ashwah et al. (1980), Langar et al. (1980),
Lemmel et al. (1980), E1- Ashwah et al. (1981) and Flias

et al. (1981) wused Spicaria elegans (I- 134), Cladosporium

Sp. de vries (1- 175), Cladosporium cladosporicides (NRRL-

3182), Dactylium denderoides (NRRL- 2574), Linderins penni -

spora (NRRL- 2237), Heterocephalum aurantiacum (NRRL- 2238),

Agaricus bispours, Volvariella diplasia (edible mushrooms),

Saccharomycopsis fibuligera, Spicaria elegans 1- 134, Clados-

porium sp. devries l- 75, Cladosporium cladosporioides

NRRL 3182, Saccharomyces cerevisiae and Candida tropicalis

6~ 31 for SCP production

Ivarson & Morita (1982), Karapinar & Okuyan (1982),
Wheatley et al. (1982) studied the growth and protein syn-

thesis of Scytalidium acidophilum , Sporotrichum pulveru-

lentum , Fusarium sp. and Geotrichum sp,. They found that

the crude protein ranged from 31.9 - 46 %

£El- Masry et al. {1983}, Gomez & Castillo (1983) ,
Hecht et al. (1983), Karapinar & Worgan (1983), Miller &
Srinivasan (1983), Osman et al. (1983) wutilized Candida

tropicalis IF 0006, C. pseudotropicalis NCYC 744, Chaetomium

cellulolyticum (ATCC 3219), Aspergillus oryzae, A. niger ,
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Sporotrichum pulverulentum, Trichoderma viride, Aspergi-

ilus terreus, Candida humicola 6 Ffor microbial protein

production

Bahar & Azuaje (1984), Monib et al. (1984), Towersey
et al. (1984) studied and selected strains from non toxic

fungal mycellium such as Fusarium Qraminearum, F., solanij

and fusarium oxysporium for fungal protein production.

Martin & Balley (1985) studied the production of

pellets of Agaricus campestris NRRL 2334 using fermenteor

as a batch culture technique

— Starchy wastes ;

Szuecs ( 1958 ) used cereal particles and corn
syrups for the production of biomass by Morchells esculenta,
He added that the cereal particles served as a suppeort of

the mycelial muclei in colony formation

Gray (1966) used potatoes and ground corn as sub-
strate for fungal protein production. He found that it was
possible to increase the total quantity of protein by a

factor of 2.019 and 2.07 for the two Crops, respectively.

Gray and Abou- El- Seoud (1966 b) used the fleshy
roots of manioctropical starch - producing tuber cultivated

extensively in parts of Africa, Asia, and South America as
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a8 staple foodstuff- as a source of carbohydrates in growth

medium of fungus namely Cladosporium No. 83. This fungus

was grown well experimentally on manioc which contains 32%
total carbohydrates and 0.7 % protein and was able to syn-
thesis one pound of protein from 8 pounds of carbohydrates.
It was possible to increase the protein content to 5.7 folds

of the amount initially present in the manioc.

According to Gray & Abou- El- Seogud (1966 b ), Spicer
(1971), Anderson et al. (1975), Mareton (1978), Shipman &
Fan (1978), Lemmel et al. (1980) and Ueda et al. (1981)
the cheap abundant carbohydrate sources were sweet potatoes,
hydrolyzed potato waste, corn, rice, cassava root, cassava
flour, citrus molasses, cane molasses, beet molasses,whole
sugar beets, beet shreds, wood flour, paper pulp and husks.
These materials were investigated for producing fungal protein,
the best results were obtained with sweet potatoes and beet

molasses

Gray and Karve (1967) used rice containing 70 %

carbohydrate and 7.5 % prolein as & substrate in growth media

of some fungi for the synthesis of fungal protein .

Brook et al. (1969) used raw cassava starch as s
substrate fopy fungal biomass production under solid -sub-

strate and liquid fermentatian methods .
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