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RESUME

Ce travail visait I'établissement et l'optimisation des conditions
de prétraitement de paille de mais avec l'irradiation gamma, pour
leur bioconversion en biomasse mycéliale riche en protéine. Les
paramétres évalués étaient; le contenu en protéines, I'efficacité
de conversion du substrat en protéine ainsi que la productivité en

protéine.

Pleurotus sajor-caju, un basidiomycéte, fut choisi comme micro-
organisme pour la bioconversion, parce qu'il est un champignon
comestible et posséde un systéme enzymatique
lignocellulolytique. Le prétraitement a l'irradiation gamma fut
comparé au prétraitement alcalin et aussi a des combinaisons des
deux. Les pailles de mais prétraitées a la vapeur et des substrats
de glucose furent aussi utilisés afin de donner une meilleure

perspective du réle de l'irradiation comme prétraitement.

Les résultats expérimentaux générés dans cette étude ont fourni
des informations sur la production de biomasse mycéliale de
Pleurotus sajor-caju a partir de substrats de tiges de mais
prétraitées ou non et de glucose, desquelles les conclusions

suivantes ont été formulées:

1. Les prétraitements simples des tiges de mais avec

I'irradiation gamma nécessite des doses d'au mois 1 MGy ou



xvii
plus pour une synthése protéique efficace par Pleurotus

sajor-caju.

Les prétraitements avec NaOH de 0,1 et 0,15 g/g de substrat
sont supérieurs (p < 0,05) a la dose maximale d'irradiation
de 1,7 MGy dans la production de protéines avec Pleurotus

sajor-caju.

Un contenu en azote de 0,4 g L-1 fut la meilleure
concentration pour la production de biomasse mycéliale de
Pleurotus sajor-caju avec 1% de substrat glucose en milieu

Mandel's.

Les prétraitements simples des tiges de mais avec 0,15 g
NaOH/g de substrat fut le meilleur traitement (p < 0,05)
individuel pour la synthése protéique avec Pleurotus sajor-

caju.

Les prétraitments combinés de NaOH et l'irradiation gamma
ont réduit a la fois la quantité de NaOH ainsi que les doses
d'irradiation nécéssaires pour obtenir des rendements

optimaux de protéines.

Les prétraitments combinés de 500 KGy et 0,1 g NaOH/g de
substrat; 500 KGy et 0,05 g NaOH/g de substrat; 1 MGy et
0,05g NaOH/g de substrat; 8% sulfite de soude avec 0,5%
NaOH et vapeur, ont donné des rendements protéiques
comparables ( p <0,05) au meilleur prétraiment simple de

0,15 g NaOH/g de tiges de malis.



10.

Xviu
L'holocellulose de tiges de mais peut étre aussi bonne ou
meilleure que le glucose dans la production de biomasse
mycéliale de Pleurotus sajor-caju riche en protéines lorsque
les meilleurs conditions de prétraitements sélectifs

mentionnés précédemment ont été utilisés.

Les fractions de cellulose et d'hémicellulose des tiges de
mais ont donné des rendements protéiques comparables ou
supérieurs au glucose comme substrat pour la production de
biomasse mycéliale riche en protéine de Pleurotus sajor-

caju

Les rendements protéiques obtenus en flacons agités de 250
mL et en fermentations de 10 L ont été comparables, ce qui
est une bonne indication pour une possibilité de production a

grande échelle.

L'évaluation du colt de prétraitement a indiqué une
préférence pour le traitement combiné de 0,1 g NaOH/g de
substrat et 100 KGy d'irradiation gamma en se basant sur la
productivité économique en protéines (g de protéines
synthétisées h-1 $-1 de prétraitement) qui a donné un
produit final contenant environ 40% de protéines (1,57 g

protéines L-1).
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ABSTRACT

This work establishes a synergistic effect of pretreatment
conditions of gamma irradiation and sodium hydroxide on corn
stalk for the production of mycelial biomass of Pleurotus sajor-
caju rich in protein. Comparisons between protein yields of
substrate pretreated with sodium hydroxide and gamma
irradiation separately and with their combinations; and steam
and glucose have been discussed.

Combination treatments of NaOH and gamma irradiation reduced
both the quantity of NaOH and doses of irradiation required to get
optimum yields of protein. Combination treatments of 500 KGy
and 0,1 g NaOH/g substrate; 500 KGy and 0,05 g NaOH/g substrate;
1 MGy and 0,05 g NaOH/g substrate gave protein yields
comparable to or better than the best single pretreatment of 0,15
g NaOH/g substrate. The highest protein content of the final
product (mycelial biomass) obtained from these combination
treatments was 45% (2,02 g protein L-1). This represented over
90% utilization of the corn stalk holocellulose for protein
synthesis. It was further revealed that corn stalk holocellulose
and its individual fractions of cellulose and hemicelluloses could
be as good as or better than glucose as substrates for the
production of protein-rich mycelial biomass of Pleurotus sajor-
caju. The cellulose fraction produced a final product containing
about 50% protein (2,73 g protein L-1) which represented over
95% conversion efficiency into protein. Protein yields from both
the 250-mL shake flasks and 10-L fermentor were comparable.
The cost of pretreatment assessment indicated a preference for
the combination treatment of 0,1 g NaOH/g substrate and 100 KGy
gamma irradiation which gave a final product containing about
40% protein (1,57 g protein L-1).



1.0 [INTRODUCTION



The 1990 world population of 5.3 billion people (Piel, 1993) is
projected to double to 10 billion people by the turn of the twenty-

first century with a concomitant decrease in the production of food

and feed.

On the other hand, there is also increasing demand for new foods,
especially protein sources for human consumption in the developing

countries as well as in the developed countries.

There is, therefore, the stimulus to explore further into the
production of unconventional food/feed protein sources from the large

base of agricultural and forestry residues which abound all over the

world.

One of the ways in which unconventional protein sources could be
easily accepted is to present them in familiar forms and to our
advantage, the use of higher fungi (mushrooms) for human
consumption precedes written history (Litchfield, 1983). The other
advantage of fungal biomass of such higher fungi is that it may be

processed to give a textured protein (Forage and Righelato, 1979).

Since the 1920’s, filamentous fungi have been used for protein
production (Thatcher,1954). Humfield and Sugihara (1949) reported
the production of mushrooms mycelia of Agaricus spp. in submerged
culture as a substitute of mushrooms for culinary purposes. During
the 1960’s and 70’s, some researchers have used filamentous fungi

for the production of protein from various substrates (Chahal et
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al.,1977; Gray,1962; Gregory et al.,1976; Moo-Young et al.,1977;
Peitersen, 1975; Bukhalo and Solomko,1978). In the 1980’s, various
researchers (Chahal,1984; Chahal et al.,1987; Friedrich et al.,1986;
Hadar and Cohen-Arazi,1986; Manu-Tawiah and Martin,1987) have
produced the mycelium of Pleurotus spp. in submerged culture on
various substrates (beer wort, sulfite liquor, hemicellulose fraction,
glucose, sugar beet, molasses, apple distillery wastes and peat

extract).

Pleurotus sajor-caju is one of the known white-rot fungi which
utilizes polysaccharides (cellulose and hemicellulose) from
agricultural residues to produce mushrooms for human consumption
(Chahal, 1989). Moreover, it can also degrade lignin to some extent
(Nat. Acad. Sci.,, 1979 ; Bourbonnais and Paice, 1988; Chahal and
Hachey, 1990).

The production of mushroom mycelium in submerged fermentation is
one way to transform lignocelluloses into materials with good
nutritive value (Block et al., 1958 ; Reusser et al., 1958) and has a
potential use as a food, food additive or food supplement (Litchfield,
1968 ; Janardhanan et al., 1970). The submerged fermentation process
has the advantage of being able to produce large amounts of mushroom
mycelium in comparatively short periods of time throughout the year
all over the world (Litchfield and Overbeck, 1965) as compared to the
production of mushrooms in solid state fermentation (e.g straw).
According to Taguchi et al. (1968), the growth rates of fungi on liquid
media are often higher than on solid media. Also, factors such as pH,
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nutrient concentration and aeration can be controlled to obtain a final

product of uniform quality.

Corn stalks, with an estimated production figure of 449 000 metric
tons, is the third most abundant agricultural residue in the world
(Ishaque and Chahal, 1991). It has a structural polysaccharide or
holocellulose (cellulose plus hemicelluloses) composition of about
60% which are sheathed in lignin (Barl et al., 1991).

In order to achieve successful bioconversion of polysaccharides from
lignocelluloses, pretreatment becomes a pre-requisite for altering
significantly the structural characteristics of the lignocellulosic
matrix in order to increase the subsequent rate and extent of
hydrolysis of their polysaccharides. The pretreatment should be
capable of enhancing close contact between microbe and
polysaccharides to provide an efficient enzyme action since
enzymatic hydrolysis of native lignocellulosic material s
prohibitively slow due to the compositional heterogeneity and
structural complexity of the lignocellulose. Moreover, cellulose
crystallinity, lignin content, associations between cellulose,
hemicelluloses and lignin in the cell walls, and accessibility of
surface area to enzymes are generally recognized as indicators of the
extent of cell wall polysaccharide degradation by enzymes or rumen
microorganisms (Cowling and Kirk,1976; Chesson,1981; Gharpuray et
al.,1983).
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Many physical and chemical pretreatments and biological processes,
either singly or in combination have been reported to modify
lignocelluloses for their use as animal feed or to be used as feedstock
for production of single-cell protein, fuel ethanol and chemicals Fan
et al. (1982) have listed 10 physical, 18 chemical and one biological
treatments for lignocelluloses. However, the use of irradiation, a
physical agent, as a tool for pretreatment remained largely

unexplored for a long time.

Then, in 1962, Pritchard et al. indicated that gamma irradiation
effectively disrupts lignocellulosic polymers in forages thereby
making them more susceptible to microbial attack. Some research
along these lines has also been reported by Han et al. (1981) which
involved chemical pretreatment of lignocellulosics followed by high
energy gamma irradiation using either a cobalt or caesium source.
Dosages up to 500 KGy were required to effect solubilization of the
substrate. According to Beardmore et al. (1980), the total absorbed
dosage is important while the dose rate is not. Other researchers
(Ibrahim and Pearce, 1980) have reported alterations in the physical
properties of cellulose following irradiation; these include loss of
mechanical strength and decreases in crystallinity. Irradiation of
cellulose and hemicelluloses results in random cleavage of
biopolymers giving a variety of products including xylose, arabinose,
glucuronic acid, formic acid, malondialdehyde and low molecular
weight products such as H20, CO, CO2, and H2 (Bludovsky and
Duchacek, 1979).
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Generally, radiolytic processes initiate oxidations or radical
formations at regions within the internal structure of the irradiated
material which cause bond scissions that can alter the structure
sufficiently to aid hydrolysis. Such oxidations also directly
depolymerize the lignocelluloses (Ehrlich and Han, 1991). The
enhancement of enzymatic hydrolysis of cellulose by radiation
pretreatment may result from increase in the number of chain termini
available for digestion by exo-cellulase (1,4-B-glucan
cellobiohydrolase) which is the predominant component of the mixture
of cellulase enzymes (Gritzali and Brown, 1979). Radiation could also
increase the surface area available to the enzymes by oxidatively

rendering the lignin more hydrophilic.

At present, the application of irradiation for food preservation (WHO
1988), for reducing the quantity of contaminating microorganisms in
lignocellulosic materials (Kume et al.,, 1990), and for pretreatment of
lignocelluloses for their hydrolysis into simple sugars to increase
their digestibility for ruminant animals, and for their bioconversion
into protein-rich animal feed (IAEA, 1983; Kumakura and Kaetsu,

1978) is gaining importance.

This study presents the effect of pretreatment of corn stalks singly
with gamma irradiation and its comparison with other pretreatments
(NaOH, steam), and finally with combination pretreatments of sodium
hydroxide followed by gamma irradiation for their bioconversion into

protein-rich mycelial biomass of Pleurotus sajor-caju.



2.0 LITERATURE REVIEW



2.1. PRODUCTION OF MYCELIAL BIOMASS PROTEIN FROM
LIGNOCELLULOSES - A perspective.

Estimates on the production of cereal straws (approximately 1-2x
grain yield), indicate that about 2246 - 3644 million tons of cereal
crops are being produced annuailly in the world (Bano and
Rajarathnam,1988 ; Ishaque and Chahal,1991). The production of these
straws is relatively higher in the developing countries where there is
less industrialization with a concomitant increase in the agricultural
population. According to Penn (1976), 36% of the straw is burnt in
England and Wales while in the Far Eastern countries and in most of

the developing countries, the proportion is as high as 60%.

In Africa, straw is burnt either by hunters for game or in preparation
of the land for the next crop. Bioconversion of lignocellulosic wastes
into edible food and feed or chemicals will not only solve the
pollution problem but will also help alleviate some of the food/feed
shortages which have become a normal part of the daily realities of

the developing countries.

Production of crude protein by fungi was studied both in submerged
agitated cultures and in solid-state fermentations on various
lignocellulosic materials (Hatakka and Pirhonen,1985). Crude protein
concentrations as high as 29% could be obtained with certain waste

materials in submerged agitated cultures. Recently, Chahal (1989)
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reported a crude protein content of 45% in the production of mycelial
biomass with Pleurotus sajor-caju in a submerged agitated culture

with corn stover as carbon substrate.

2.2. FILAMENTOUS FUNGI IN SUBMERGED CULTURE FOR
PROTEIN PRODUCTION - an overview.

Submerged or liquid state fermentation may be defined as the process
in which fine particles of the substrate are fermented either
solubilized or suspended in a large volume of water medium (Chahal,
1983, 1986).

In 1976, Balagopal and Maini found Aspergillus niger NRRL 330 and
Rhizopus sp. superior in terms of mycelial weight and protein
production in a 25 g L-1 cassava starch waste liquid medium. Muindi
and Hanssen (1981) grew Trichoderma harzianum in a slurry of
cassava root meal. The crude protein content of the final product
increased from 2.4% to 37.6% on dry basis with a resultant decrease
in the final product weight from 100 g to an enriched 30 g product.
Fermentation time was 60 h, 230C, pH 4.0-4.2 on a 4% slurry. Eklund
et al., 1976 reported a yield of 0.63 for Paecilomyces varioti in the
pentosan fraction of sunflower seed husk sulphuric acid hydrolysate
and a yield of 0.94 from the hexose fraction. Worgan (1976)
summarized data of the final biomass concentration obtained by
Fusarium semitectum, 28.7, 22.8, 22.9 and 14.6 g L1 in palm waste,

citrus molasses, lucerne leaf liquor and maize leaf liquor
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respectively, and by Aspergillus oryzae, 19.5 and 16.6 g L-! in olive
waste and lucerne leaf liquor respectively. Imrie and Righelato (1976)
have reported that for Fusarium sp. MR, the growth rate decreased at
acid pH values (around 3) and growth almost stopped at 400C on a
sucrose medium. The oxygen demand for growing cultures at 10-20 g
L-1 biomass concentration was in the range of 0.1-0.2 mol L-1h-1 and
if this was not met the batch time to reach maximum biomass
increased greatly but the biomass yield was not
affected.Aureobasidium pullulans grew well in acid treated wheat
straw increasing two fold the amount of protein (Israilides et
al.;1982). Abraham and Srinivasan (1979) studied the growth of
Penicillium frequentans, Aspergillus nidulans and Fusarium sp. in
deproteinized whey in shake flasks at 280C for 4 days and found that

the first two produced more protein and the third one more fat.

The rotating disc fermentor was suitable for growing filamentous
fungi including representatives of the genera Aspergillus, Rhizopus,
Mucor and Penicillium. The fermentor exploits their surface adherent
properties and data have been presented which indicate the continued
viability of the fungal cells in the innermost layers of the disc.
Anderson et al. (1981) reported the growth of A. niger in a medium
containing 2 g L-1 glucose with a resultant glucose uptake of 1 g L-1h-
1 and complete glucose removal. Gibriel et al. (1981) grew Aspergillus
terreus and A. niger in a medium containing 15 to 20 g L' of milled
wheat bran and inorganic nitrogen supplementation in shake flasks for

up to 15 days, obtaining a residual biomass with about 40% crude
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protein. Garg and Neelakantan (1981) isolated A. terreus GN 1 and
grew it on 1% alkali-treated bagasse slurry in shake flasks for seven
days. The highest protein content obtained of the biomass (mycelium
plus unfermented bagasse) was around 20% at 300C and pH 4. In 1982,
Garg and Neelakantan further reported that when A. terreus GN 1 is
grown on 1% alkali-treated bagasse slurry in a 10 L reactor for four
days, a product with 10 times more protein was produced, utilising
73% of the initial cellulose present. Untreated bagasse was less
degraded although a product with 7 times more protein was obtained
after three days. Kim et al. (1981) studied the growth of Aspergillus
japonicus OM-4 both on the liquors obtained from hot water and steam
treated wheat straw and in 5 g L slurries of treated straw. Free
reducing sugars in the liquor were depleted within a day, however
phenolics and phenolic-carbohydrate complexes were more resistant.

The fungus rapidly degraded lignin and cellulose from the slurries.
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