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An extract from Emerson's advice to the scholars of 

Dartmouth College. 24th July, 1838.

 .................... bs content vitn a little liant,

30 it De your o>m. Explore and explore, be neither 

chided nor flattered out of your position of 

perpetual inquiry, Eeitner dogmatise nor accept 

anothers dogmatism .....................
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SUMMARY

The chemical estimation of chitin has been successfully applied to 

the quantitative estimation of fungus in a solid suDstrate 

fermentation. The fermentation examined was the protein enrichment 

of cassava starch by Rnizopus oryzae to form a product known as 

Cassava Cheese. After acid hydrolysis and ion-exchange chromatography, 

the fungal chitin was estimated colorimetrically as glucosamine.

The assay conditions were examined to ensure reliable and reproducable 

estimates of glucosamine. The rclationsnip between the 

glucosamine content of tne fungus and its dry weight was found to 

vary wit!i growth conditions ana age of tne culture. Values for the 

glucosamine content of the Rtiizopus oryzac growing in the solid 

substrate were determined by examination of the glucosamine content 

of the fungus grown in liquid media and membrane cultures.

Attempts were made to measure the amount of fungus present in 

mouldy cereals by means of the chitin method but it was found to be 

impossible because of the presence of a variety of fungi with 

differing chitin contents. Examining the amino-sugar composition 

of the fungi isolated from maize and wheat by means of the gas-liquid 

chromatograph, galactosamine was found be present in AspergiHus 

oandidus, Aspergillus flavus, Aspergillus niger and Aspergillus 

versicolor,

To circumvent problems encountered when trying to use cnitin as a 

measure of fungal growth in mixed fungal populations, a method was 

developed based on the quantitative polyacrylamide gel electrophoresis
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of proteins extracted from Aspergillus chevalieri and Aspergillus 

flavus. Specific proteins were found in these fungi which could 

be related to fungal dry weight, thus enabling the amount of fungus 

present in artificially contarained wheat samples to be determined.

It is suggested that a rigorous examination be made of the 

relationship between the specific fungal proteins and such factors 

as age, culture conditions and morphology to check the validity of 

the method. However, the method does appear to offer potential for 

quantitatively measuring the amount of an individual fungus present 

in a mixed fungal population.



SECTION I

INTRODUCTION



1. THE ESTIMATION OF FUNGAL GROWTH

In many investigations of fungal metabolism it is necessary to 

have a reliable estimate of fungal growth. Many methods have 

been used but their exact interpretation is often open to debate, 

particularly when measuring growth on solid substrates. The 

difficulties in the evaluation of the growth of mycelial 

organisms, such as fungi, arise from the nature of the mycelium 

itself. Mycelial growth is by apical extension and the 

proliferation of apices and thus at any given time parts of the 

culture are growing while other parts are ageing, dying and 

sometimes autolysing (Calam,1969). The composition of mycelium 

is not necessarily uniform and is continually changing.

Mycelial growth has been measured by methods such as dry weight 

changes, nitrogen being removed from the medium (Hosier and 

Johnson, 1953), the linear extension of hyphae (Ryan et al^ 1943) 

and increase in nucleic acids (Gottlieb and Van Etten, 1964).

The results obtained from such methods give useful information but 

it is essentially comparative and not absolute. Borrow et al (1961) 

have brought distinctions between "growth" and "proliferation", 

the former implying the true growth of the culture with the synthesis 

of new protein materials, the latter meaning weignt increases due 

to the formation of reserve materials. If a parameter of growth 

such as mycelial dry weight alone had been employed, these 

distinctions could not have been made. The interpretation of 

growth measurements have also been examined by Taber (1964) where



comparisons were dra^vm between mycelial dry weight, residual dry 

weight, total mycelial nitrogen and the various metabolic activities 

of the culture, Wliile the mycelial dry weight was decreasing,

Taber found that nitrogen was still being incorporated into the 

mycelium and the residual weight was increasing, thus demonstrating 

the need for care in evaluating growth measurements.

Mycelial dry weight is probably the most widely used method of 

evaluating growth but its uses in mycology are limited, particularly 

when the medium employed for growth is of a solid or semi-solid 

nature. Day and Hervey (1946) have tried to surmount this problem 

with fungi grown on agar by separating the mycelium from the agar, 

dissolving the latter in hot water, and collecting the mycelium for dry 

weight determinations. A similar approach to removing the solid 

substrate to determine mycelial dry weight has been used by Borzani 

et aï (1972) where solid particles were sieved from the mycelium and 

by Mandels et al (1948) where the substrate was dissolved from the 

mycelium with sodium hydroxide, thus enabling mycelial dry weight 

determinations to be made. Where the mycelium cannot readily be 

separated from the substrate, indirect means of evaluating growth 

have to be employed. Hosier and Johnson (1953) estimated nitrogen 

in a weighed sample of culture and in the filtrate and took the 

difference as mycelial nitrogen, but when insoluble proteins are 

present, e.g. media containing soya-meal, this method would fail.

The growth of fungi in chemically defined liquid media is perhaps 

an artificial situation; there are few if any instances in nature 

where growth of this type would occur. The infection of plants 

by fungal pathogens, the contamination of foods and manufactured



products by moulds and the growth of mushrooms in compost are all 

instances where growth measurements are difficult because of the 

nature of the substrate. Many industrial fermentations involve the 

use of solid substrates, particularly in the production of enzymes. 

Telling et al (1958) have described methods for measuring carbon 

dioxide production and using it as a parameter of growth in 

bacterial cultures, but the relationship between these two factors 

is complex and will almost certainly vary as growth proceeds.

Many methods have been developed for the detection and estimation 

of fungal growth in solid and semi-solid substrates (the word 

substrate being used in its broadest sense to include host tissues 

supporting the growth of pathogens), but most of them are of a 

qualitative or at the best, semi-qualitative nature. The most 

commonly employed method of estimating mycelial growth in solids, 

particularly in cereals has been the dilution plate technique 

(Christensen 1957). The range of fungi isolated during dilution 

plate studies often include a high proportion of heavily sporulating 

species which tend to be over-estimated, while purely mycelial 

species and weakly sporulating species are under-estimated. Another 

experimental approach which has been used by Lacey (1965) is where 

the atmospheric spore count is taken as a reflection of the fungal 

species present within the grains. Again the main disadvantage 

of this technique arises from the over-estimation of heavily 

sporulating species.

Birth and Johnson (1970) have developed a method of determining 

the contamination of corn, using optical methods. The method is 

based on the quenching of the fluorescent seed coat in corn



contaminated with mould. The inherent error of this method is 

the assumption that the amount of mould present in the corn is 

proportional to the amount of quenching because the moulds are 

only located on or immediately below the epidermis. Christensen 

(1955) has shown that mould will invade the endosperm as well as 

the outer layers of the grain.

In the field of plant pathology,the dilution plating technique has 

generally only been applied wnere microscopic observation of the 

fungus or examination of disease symptoms is difficult, (Mussell 

and Ralph 1970 and Tyner 1961). The observations of Pegg and 

Dixon (1969) studying the invasion of tomato plants by pathogens 

have shown that correlations of disease symptoms to fungal growth 

must be treated with caution, as plants vary in their response to 

the invading fungus.

The technique of Pyrolysis-Gas Liquid Chromatography, where samples 

are burnt under controlled conditions and the products analaysed, 

has been shown by Reiner (1967) and Myers and Watson (1969) to be 

a highly specific and sensitive method of detecting and identifying 

fungi. Reiner has detected differences between single gene 

mutants of Esoherichia coli^ whereas Myers and Watson have managed 

to detect the presence of various cereal rusts and mildews in situ. 

It has been suggested by Myers and Watson that the technique of 

Pyrolysis Gas-Liquid Chromatography could be used to measure the 

degree of infection, but as yet the technique is only used 

qualitatively for "finger-printing" organisms.

The technique of fluorescent antibody labelling has been shown by



PreecG and Cooper (1969) to be specific in the identification 

of fungi. The technique was later applied by Warnock (1971) 

to assay the amount of fungal mycelium present in Barley grains.

Assessment was made on a visual basis and estimates of the 

mycelial weight were made by correcting the visual values by 

the density, length and cross-sectional area of mycelium present.

Warnock found that visual assessment of the fluorescence was 

necessary because of the need to be able to distinguish between 

mycelial and background fluorescence. It is obviously difficult 

to provide an accurate assessment of the amount of fungus present 

by a technique which is to a large extent subjective. Strange 

et dl (1971) have applied the fluorescent antibody technique to 

the detection and evaluation of sparse populations of bacteria 

by the use of radioactively labelled antibodies. Quantification 

was by means of a scintillation counter, but the technique was 

only applicable for detecting contamination in liquid media.

The estimation of fungal growth in solid substrate fermentations

appears to be largely avoided and where estimates have been made,

e.g. by Van Veen et al (1968) and Wang & Hesseltine (1966), they were made or

a purely visual basis. Many of the studies involve only the

measurement of the end product of the fermentation. Hesseltine

(1972) comments that during the production of aflatoxins by solid

fermentation, yields were generally higher than by other methods,

but when low yields were obtained, the cause could not be

attributed either to poor growth of the organism, or a metabolic

change, since estimation of growth was not possible.



An approach to the estimation of fungal growth which appears to 

have been largely overlooked is that of measuring a specific 

fungal component and relating it to a conventional parameter of growth, 

such as mycelial dry weight. One such component is chitin and its 

use as a parameter of fungal growth has been reported by Golubchuk 

et al (1960) where it was used as an index of fungal contamination 

in wheat. Arir.ia and Uozumi (1967), have used chitin for measuring 

mycelial weight in Koji fermentations. The measurement of 

Fusaviwn oxysporum in tomato plants has been made by Ride and 

Drysdale (1971) using chitin as the parameter of growth.

Part of this work is concerned with the measurement of fungal 

growth in the cassava starch fermentation of Stanton and 

Wallbridge (1969), by means of chitin and seeing if tne method 

can be extended to measure contamination in mouldy cereals.



2. THE OCCURRENCE OF CHITIN AND AMINO-SUGARS IN FUNGI

Chitin was first isolated by Bracconnot (1811) as an alkali 

insoluble fraction from higher fungi. Its presence has been 

detected in the animal kingdom, mainly in the phyla, Annelida, 

A.rthropoda and llollusca (Rudall, 1955). The occurrence of chitin 

in the plant kingdom is reported by Foster and Weber (1960) to be 

confined to the fungi (Eumycetes) and the green algae (Chlorcvhyaeae), 

In fungi chitin is found in the fraction of the cell walls, which 

is resistant to alkali, dilute acids, and organic solvents. The 

results of structural studies show that it consists predominantly 

of 3-(l-4)-linked 2-acetamido-2-deoxy-D-glucose residues.

The detection of chitin was originally by colour tests and cnemical 

means. The polymer was isolated by virtue of its insolubility in 

hot concentrated alkali. Under these conditions it is partly 

de-N-acetylated to chitosan, which is detected either by the 

formation of a brovm colour with iodine, turning violet with the 

addition of sulphuric acid (Campbell, 1929), or by the crystallisation 

of chitosan sulphate (Tracey, 1955). The value of these methods 

has however been questioned by Foster and Weber (1960), particularly 

when only small amounts of chitin are present.

X-ray diffraction methods have largely replaced these techniques, 

and is now the main method by which chitin and chitosan are 

identified in fungal cell walls. Infra-red spectroscopy is used, 

particularly in conjunction with enzymic studies for distinguishing 

chitinous from non-chitinous cell walls, and for identifying the



types of carbohydrate polymers present, (Mitchell and Scurfield,

1967; Dull, 1970).

Chitin has been detected in all the major classes of fungi (Bartnicki- 

Garcia, 1968 and Aronson, 1965), with the exception of the 

Oomyoeteae and Monohlepliaridales in the Phyoomyoetes and the 

Saocharonycetes and Lahoulbenaales in the Ascotrrycetes (Foster, 1949), 

It is thought that chitin is the main form in which glucosamine 

appears in fungi, and it plays a role analagous to that of cellulose 

in higher plants, usually in association with other polysaccharides 

such as glucans and mannans (Sharon, 1965). It has been suggested 

by Bartnicki-Garcia (1968) that the polysaccharide composition of 

the fungal cell wall can be used as a criterion in taxonomy, and 

he divides fungi into eight groups based on their cell wall 

composition.

The presence of glucosamine in forms other than chitin is rare in 

fungi (Sharon, 1965) but glucosamine has recently been found in an 

alkali soluble fraction of VerticiVlium (Wang and Bartnicki-Garcia 

(1970). Chitosan has been detected in several Zygomycetes, 

including !ducor (Bartnicki-Garcia and Nickerson, 1962), Rnizopus 

(Frey, 1950) and Phycomyces Bldkesleanus (Kreger, 1954). Chitosan 

is normally found in association with chitin (Bartnicki-Garcia,

196 8) and has been shown not to be an artifact caused by the de-N- 

acelytation of chitin during extraction (Kreger, 1954).

The only other amino-sugar to be reported in fungi is galactosamine. 

Distler and Roseman (1960) detected the presence of an extra

cellular galactosaminoglycan produced by Aspergillus parasiticus^



galactosamine was also found in the cell wall fraction. Examining 

eleven fungi Distler and Roseman (1960) found galactosamine in cell 

wall fractions of six of them, including AspergiltuG oryzae and 

Aspergillus niger. Bull (1970) detected the presence of galactosamine 

in the cell walls of Aspergillus nidulans  ̂ whereas its presence was 

not found by Zonneveld (1971), The failure of Zonneveld to detect 

galactosamine in Aspergillus redulans may possibly have been due 

to the analytical techniques employed. Galactosamine may be more 

prevalent than the literature may suggest, because of the analysis 

of the amino-sugars.by non-specific colorimetric methods.

Chitin has not been detected in higher plants (Tracey,1955 and 

Sharon, 1965) but the occurrence of amino-sugars in forms other 

than chitin is quite common. Glucosamine and galactosamine have 

been found in glycoproteins and glycolipids from a wide variety of 

plants. (Boundy et aly 1967; Kalb, 1968 and Pusztai, 1964).

Detailed investigation of the presence of chitin have not been 

conducted in higher plants and its presence cannot be ruled out.

Tracey (1955) has pointed out that the problem in identifying chitin 

in vascular plants is complicated by the possibility of fungal 

contaminants in the tracheids.

It can be seen that for many fungal/solid substrate systems,chitin 

is a compound specific to fungi and, provided it can be related to 

an accepted parameter of fungal growth, the obvious choice being 

dry weight, it would form the basis of a chemical assay of growth.

The presence of chitin has been demonstrated in many fungi, but 

quantitative data is limited, particularly with respect to its



10

changes in the mycelium, Blumenthal and Roseman (1957) have 

examined the chitin content of 25 different species and strains 

of fungi and report that it varies in the dry mycelium between 2,6% 

for Neuvospora crasaa and 26.2% for Aspergillus parasiticus 

after 8 days growth. The chitin content of five strains of 

Aspergillus niger was found to vary in the dry mycelium between

11.7% and 22,4%. It is known that the chitin content is dependent 

upon the conditions of cultivation and the age of the culture.

Behr (1930) noted that fungi produce less chitin at an alkaline pH 

and that the chitin content increases considerably with age, 

particularly in an acid media. This has been noticed by other 

workers, particularly Blumenthal and Roseman (1957), and Schmidt 

(1936). Foster (1949) comments that the large changes in the 

chitin content reported by Behr could easily be caused by the 

autolysis of the culture.

The chitin content of fungi has been shot/n by many workers (Wang 

and Bartnicki-Garcia, 1970 and Chattaway et aly 1968, and 

Bartnicki-Garcia and Nickerson, 1962) to vary particularly when the 

fungus exhibits mycelial and yeast-like dimorphism. It is

difficult to reconcile these and other recent works with the r

earlier work quoted above, as the more recent observations were 

made on cell wall fractions, whereas the earlier work was based on

the whole cell. Unless the ratio of cell wall to whole cell is

known comparisons cannot be made between the two types of data. 

(Bartnicki-Garcia and Nickerson, 1962).

Because of the possibility of variations in the chitin content of 

the fungus, it is essential if chitin is to be related to dry
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freight that an assessment is made of the chitin content of the

fungus. Studies of the chitin content of the fungus growing in 

liquid media must be made, so that its chitin content can be 

accurately extrapolated when it is growing in a solid substrate 

situation, thus enabling chitin to be used as a parameter of 

growth.
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3. THE QUANTITATIVE DETERMINATION OF CHITIN

(a) Direct Determination

Methods available for the detection of chitin have been 

reviewed by Richards (1947). One of the most widely used methods 

involves the isolation of chitin by the action of strong alkali 

v/hich leaves the chitin as a residue. This treatment also de-N- 

acetylates the chitin to chitosan. With iodine the chitin gives 

a brown coloration turning violet on the addition of sulphuric acid. 

(Campbell, 1929). This method has been reported by Kent and 

V.Tiitehouse (1955) not to be suitable for the quantitative estimation 

of chitin, as the strong alkaline conditions employed may cause 

considerable degradation of the chitin, beyond simple de-amination, 

resulting in the breakdown of any quantitative relationship.

Early quantitative measurements of chitin were made gravimetrically, 

relying on the insolubility of the chitin in alkali, dilute acids and 

organic solvents. Behr (1930) and many other early workers have 

employed this method for the estimation of the chitin content of 

fungi.

Reports of chitin being assayed directly are rare, owing to the 

stability and lack of reactivity of the chitin molecule. Most 

methods developed for the estimation of chitin involve the de-poly

merisation of the molecule in some respect and assaying the liberated 

products. The most widely used method being the hydrolysis of 

chitin with acid, and assaying the liberated glucosamine, either as 

glucosamine or as its N-acetylated derivative.
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(b) The Estimation of Chitin as Glucosamine or N-AcetyI glucosamine

(i) The Hydrolysis of Chitin

The optimum conditions for the acid hydrolysis of chitin are stated by 

Johansen et al (1960) as 3-4N hydrochloric acid at 100°C for several 

hours. These conditions are a compromise between those required for 

the hydrolysis of the g-l-4-glycosidic linkages and those causing the 

destruction of the liberated glucosamine. The N-acetyl groups of 

chitin are more acid labile than the 3-1-4-glycosidic linkages.

If de-N-acetylation occurs and chitosan is produced, higher acid 

concentrations are required to produce hydrolysis, due to protonation 

of the amino-group and the steric hindrance of the C-6 carbon atom 

of the glucosamine unit, preventing hydrolysis of tiie adjacent 3-1-4 

linkage. The stronger acid concentration would result in increased 

destruction of the liberated glucosamine. (Neuberger and Marshall, 

1966). Generally hexosamines are more stable in acid conditions 

than hexoses, but Boas (1953) reports that treating glucosamine with 

4N hydrochloric acid at 100°C for 15hrs resulted in a 6% destruction 

of the glucosamine whereas the use of 6N acid caused a 20% loss.

It can be seen that the conditions of hydrolysis selected should 

cause minimal destruction of the liberated glucosamine yet enable 

complete hydrolysis of the chitin.

Concentration of the acid hydrolysates is usually carried out by 

evaporation in vacuo over solid sodium or potassium hydroxide. 

Applegarth (1967) found that evaporation of the samples under 

nitrogen increases the recovery of glucosamine, presumably by
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preventing oxidation of the samples, Hartrce (1964) examining the 

amino-sugars in glycoprotein hydrolysates recommends that the 

samples should be de-acidified with ion-exchange resins and 

concentrated by freeze drying, to prevent the losses which occur 

when samples are taken to dryness by rotary film evaporation above 

40°C.

The glycosidic bonds of chitin can be hydrolysed by enzymes as well 

as by acid, the ultimate product being N-acetyl glucosamine. 

Chitinase has been extensively used in conjunction with other 

enzymes by Potgieter and Alexander, 1965, Hunsley and Burnett, 1970 

and other workers for structural studies of fungal cell walls.

Ride (1971) has employed the enzymic hydrolysis of chitin and the 

estimation of the liberated N-acetyl glucosamine for the measurement 

of fungal chitin. Chitinase activity has been demonstrated in a 

wide variety of micro-organisms and animals, and the mechanism of 

this activity has been shoTvn by Berger and Reynolds (1958) to be 

complex, with more than one enzyme involved.

The enzymic hydrolysis of fungal chitin is complicated by the 

complex nature of the cell wall. Skujins et dl (1965) have shotvn 

that lysis of the cell walls of Fusarium solani and Aspergillus 

oryzae requires a mixture of chitinase and 6(l,3)-glucanase. From 

the inefficiency of the enzymes when employed separately,they 

conclude that the cell wall has a chitin containing core which is 

masked by the glucan. This has also been demonstrated by Hunsley 

and Burnett (1970). The presence of raelanins in fungal cells 

further complicates the use of chitinases to hydrolyse fungal 

cliitin, because melanins have been shown to inhibit chitinases. The
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melanin content of fungi generally increases with age, accompanied 

by an increased resistance to lysis, Kuo and Alexander (1967) 

demonstrated that the melanin acts primarily by direct inactivation 

of the enzymes, although there is a possibility of combination 

between melanin and substrate to form a complex resistant to attack. 

Evidence for an association between chitin and melanin has been put 

forward by Bull (1970, a).

(ii) The Estimation of Gluocsamine and H-acetyl Glucosamine

Acid hydrolysates of fungi and fungal substrates will contain a 

wide range of organic compounds apart from glucosamine, particularly 

amino-acids and neutral carbohydrates. It is essential therefore, 

that any assay technique should be as specific as possible, if the 

use of separation techniques is to be avoided. The colorimetric 

method of Elson and Morgan (1933) and its various modifications 

(Cessi and Piliego, 1960; Good and Bessman, 1964; Johnson, 1971 

and Rondle and Morgan, 1955) was for a long time accepted as the 

standard method. There has been considerable criticism of the 

validity of the results obtained by this method particularly when 

small amounts of glucosamine are present in a large excess of other 

compounds (Neuberger and Marshall, 1966). The Elson-Morgan 

procedure involves the reaction of hexosamine with acetylacetone 

at alkaline pH and subsequent colour formation with acidic 

p-dimethylaminobenzaldehyde (Erlichs reagent). Many compounds 

have been shown to interfere with the Elson-Morgan procedure, 

including neutral sugars (Immers and Vasseur, 1950) and amino-acids 

(Chotiner et al, 1968), but the mechanism of this interference is 

not known.
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An alternative method for the estimation of glucosamine is that of 

Morgan and Elson (1934) as modified by Reissig et dl (1955). This 

method involves the N-acetylation of glucosamine to N-acetylgluco- 

samine and its reaction with borate and acidic p-dimethylamino

benzaldehyde, The chromogens of this reaction appear to be 

different to those of the Elson-Morgan reaction. It is thought 

that the major chromogen is 3-acetamido-5-(1,2-di-hydroxy) furan 

whereas in the Elson-Morgan reaction it is believed to be 2-methyl 

pyrrole (Dische, 1962).

The acétylation of glucosamine can be achieved either by enzymes 

(Luderitz, 1964) or more usually by the use of acetic anhydride in 

acetone as proposed by Levvy and McAllan (1959). The Morgan- 

Elson reaction is specific for glucosamine but some interference 

can be exoected from other amino-sugar derivatives which, with the 

exception of galactosamine,are unlikely to be present in any 

quantity in hydrolysates of fungal origin. Galactosamine has been 

shown by L e w  y and McAllan (1959) to produce only one third of the 

colour of glucosamine, therefore this method should give a relatively 

accurate estimation of glucosamine in the presence of other compounds, 

particularly as amino-acids and other carbohydrates have been shown 

not to interfere (Reissig et al, 1955).

The reaction of the amino-group of glucosamine with ninhydrin has 

been used for its estimation particularly when used in conjunction 

with separation techniques (Partridge and Elsden, 1961). Alternatively 

the amino-sugar can be de-aminated with nitrous acid, and the 

resulting anhydro-sugar being determined with either acidified indole 

(Dische and Borenfreund, 1950); pyrrole (Exley, 1957) or
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3-metîiyl-2-benzothiazolone hydrazone (Tsuji, 1969). The latter 

has been used by Ride and Drysdale (1972) to form the basis of an 

alkaline degradation method of the estimation of chitin. Although 

this method is highly sensitive, there is some interference from 

neutral sugars, amino-acids and aldehydes.

Other techniques have been developed for the estimation of 

glucosamine, including the estimation of ammonia released on 

alkali distillation (Tracey, 1952) or by its reaction with sodium 

hypochlorite (Sandford et aï, 1971). These techniques do not 

have an absolute specificity for glucosamine, neither do any of 

the other techniques previously mentioned, although the Morgan-Elson 

procedure shows greater freedom from interference than many of the 

other available methods. It is essential if glucosamine is to be 

measured in acid hydrolysates of fungal origin that the values 

obtained are examined for interference from other compounds by 

comparing them to those obtained by a separation technique where 

interferences cannot take place. If galactosamine is present in 

the hydrolysate a separation technique must be employed,even though 

modifications of the Morgan-Elson method have been developed 

where glucosamine and galactosamine can be determined in the 

presence of each other (Cessi and Cessi, 1963; Ludowieg and 

Bennaman, 1967 and Luderitz et aï, 1964). These methods would 

still be subject to interference from other compounds in the 

hydrolysate.
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The Estimation of Glucosamine hy the Use of Separation Techniques

The paper chromatography of araino-sugars has been well documented by 

Fischer and Nebel (1955) in general N-acetylated amino-sugars were 

found to be easier to separate, because of their freedom from 'tailing’ 

The quantitative estimation of amino-sugars on paper chromatograms is 

possible either by densitometric methods such as their reaction with 

2,3,5-triphenyl-2H-tetrazolium hydroxide (Fischer and Nebel, 1955) 

or their elution from the paper, and their determination by colour 

reactions (Cabib et al, 1953). The recoveries of amino-sugars 

from chromatograms are however not quantitative and very significant 

losses occur particularly when basic eluting mixtures are used to 

develop the chromatogram (Horton, 1962),

The thin layer partition chromatography of amino-sugars offers 

several advantages over paper techniques, notably in the speed of 

elution and its use has been fully documented by Stahl (1969), More 

recently, however, gas liquid chromatography is being used for the 

determination of amino-sugars, particularly where mixtures of 

glucosamine and galactosamine are involved, Sweeley et al (1963) 

first reported the separation of glucosamine and galactosamine by 

gas liquid chromatography as their trimethysilyl derivatives.

The mixture of sugars was treated with chlorotrimethylsilane and 

hexachlorodisilazane and trie resulting solution was analysed 

directly on the chromatograph. Perry (1964) and Karkkainen et al 

(1965) report the quantitative estimation of glucosamine and 

galactosamine and as little as 0,5yg of sugar in a hydrolysate 

could be quantified accurately.
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The basic nature of amino-sugars allows their ready separation from 

neutral sugars and uronic acids on ion-exchange columns. The prior 

separation of 2-amino-sugars from compounds interfering with the 

Morgan-Elson estimation of glucosamine has been described by Boas 

(1953) and other workers. Glucosamine and galactosamine have 

been resolved from each other by ion-exchange chromatography 

(Partridge and Elsden, 1961) and several other workers, When ion- 

exchange columns in their alkaline form are used prior to 

quantitative analysis, care must be taken as considerable 

decomposition of the 2-amino-sugars may occur (Neubcrger rnd 

Marshall, 1966), In recent years the ion-exchange chromatography 

of amino-sugars has been greatly improved, particularly by 

commercial enterprises and has resulted in the automated estimation 

of glucosamine and galactosamine.
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4. SITUATIONS WHERE ORTHODOX METHODS OF ESTIMATING FUNGAL

GROWTH ARE UNSATISFACTORY

(a) Solid Substrate Fermentations

The concept of fungi being used as human food is not new, in fact 

they have been consumed by man in the form of mushrooms for 

centuries. In the Orient the consumption of fungi is not limited 

to larger basidioraycetes of various kinds, but fungi are often 

eaten in the form of fermented cakes such as Tempeli (Indonesia), 

Sufu (China) and Ang-iCak (China), The Japanese have employed 

fungi for many centuries for the production of enzymes by various 

koji processes or for the production of fermented foods such as 

Miso and Soy-Sauce,

Tempeh is produced by the fermentation of soy-beans with Rhizopus 

sp, to form an edible fermented product. It is this fermentation 

which forms the basis of the Tropical Products Institute process 

for the microbial enrichment of cassava, Tempeh is produced 

principally in Indonesia by the soaking and shelling of soy beans. 

The de-shelled beans are boiled for 30 mins, cooled, drained and 

iinpoculated with the spores of an appropriate Rhizopus strain.

In Indonesia the inoculum is taken from pieces of previously 

fermented cake or from the wrapper in which the cake was made.

The I inoculated soy-beans are wrapped in banana leaves and left to 

ferment for 24 hours when the product is fried and eaten 

(Ilesseltine, 1965), Recent research on tlie preparation of Tempeh
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has been described by Steinkraus et al (1961), Ilesseltine et al

(1963) and Ko Swan Dj ien and liesseltine (1961).

Apart from obvious organoleptic changes which occur during the

production of ïcmpeli from soy beans, the process helps break down 

starches by amylase production and reduces the activity of trypsin 

inhibitors, thus increasing the digestibility of the soy bean 

proteins (Rackis, 1966). Consequently interest has been shown in

Tempeh for use in world food piogrammes (F.A.O., 1957).

Steinkraus et al (1961) followed the changes which occurred during 

the Tempeh fermentation and found that while the total nitrogen 

remained constant, the soluble nitrogen content rose from 0.5% to 

nearly 2.0%. The pll rose from 5.0 to 7.6 and reducing substances 

showed an overall decline. Upon sectioning the Tempeh it was 

found that only slight penetration by the mycelium had occurred, 

leading these workers to conclude that the changes were due 

primarily to the production of extra cellular enzymes by the fungus

Nutritional studies of Tempeh by Gyorgi (1961) and Smith et al

(1964) indicate that the fermentation of soy beans improves their 

digestibility and the protein is modified to a more readily 

assimilated form. Apart from protein changes enhancing its 

nutritional value, considerable production of the B group vitamins 

occurs during the Tempeh fermentation and as much as a 3.5 fold 

increase of riboflavin and niacin being reported by Wang and 

Hesseltine (1966), The finding of a B group vitamin increase 

occurring during fungal fermentations has been supported by Platt 

(1964) during studies on the production of Kaffir beer in Africa,
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As the overall nitrogen content of soy beans does not change 

during the Tempeh fermentation, the fermentation cannot be regarded 

as a process for the de novo synthesis of protein, but rather as a 

process of bio-modification to produce a product in a more 

digestible form.

Stanton and Wallbridge (1969) have attempted to modify the existing 

Tempeh fermentation to produce protein in a low protein food, in 

this case cassava by supplementing the fermentation with an 

additional nitrogen source. As part of the International Biological 

Programme (1967) the Tropical Products Institute has been examining 

the possibility of the nutritional improvement of the root crop 

cassava. As a staple foodstuff and as a source of starch cassava 

has much to recommend it because of its economical production 

(Stanton and Wallbridge, 1969). However, the use of cassava as a 

staple food crop has given rise to widespread malnutrition and ill 

health because of its low protein content, (Gray and Abou El Seoud, 

1966). The process of preparing cassava for its use as food 

involves the removal of the peel, which not only removes the toxic 

cyanogenic glycosides but also removes the bulk of the nitrogenous 

constituents, leaving mainly starch and fibre (Stanton and Wallbridge, 

1969). It is reported that the Tempeh-like (Cassava Cheese) product 

produced by the Stanton and Wallbridge process has a 6-7 fold 

increase in protein content on the original cassava starch (Stanton 

and Wallbridge, 1969). Despite its nutritional benefits, the 

possibility does exist that the fermented cassava may not be 

organleptically acceptable to the people for which it is intended , 

but however, Hiscocks (1965) notes that in Africa certain tribes
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prefer to eat cassava which is covered with a black mould.

The selection of organisms for the Stanton and Wallbridge cassava 

cheese fermentation has been examined by Brooks et al (1969). 

Organisms isolated from Tempeh, including fungi of the genera 

Rhizovus^ Neurospora^ Aspergillus and Muoor were examined,but much 

of the work was concentrated on the various Rhizopus organisms.

The Rhizopus genus has the advantage that it has been consumed in 

the form of Tempeh for many centuries without showing any signs of 

toxicity. No cases of food poisoning have been reported with 

Tempeh using Rhizopus, but cases have been reported (Van Veen and 

Schaefer, 1950) when copra has been fermented to form a Tempeh with 

the subsequent invasion of a Pseudomonas sp.

Part of the work presented in this tliesis involves the development 

of a method whereby the growth of the fungus in the cassava cheese 

fermentation can be measured. It is hoped that the method would 

have general applicability to other fermentations of a solid or 

semi-solid nature.

The use of fungi for solid substrate fermentations is not restricted 

to Tempeh and tempeh-like products. The whole range of these 

products has been reviewed by Hesseltine (1965). In recent years 

considerable interest has been shown in the use of solid substrate 

fermentations for the upgrading of waste products for use as animal 

fodder. The treatment of cellulose with fungi has been examined 

by Barnes et al (1970) who have treated waste paper to produce an 

animal feed. Protein contents of up to 6.5% on a dry weight basis 

were reported with the organism Sporotriahum thermophile by means
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of a modification of the Stanton and Wallbridge solid substrate 

fermentation. It would appear that one of the advantages of using 

fungi for this type of modification of cellulose is one of cost.

The conversion of cellulose to a fermentable form has previously 

involved acid or alkaline hydrolysis which has not been able to 

compete with more conventional carbohydrate sources on a price 

basis (Dunlap and Callihan, 1969).

The principal use of solid substrate fermentations has been for the 

production of fungal enzymes. Takaraine (1914) was the first to 

describe the use of a solid substrate in the culture of fungi 

foi enzyme production. The substrate used was wheat bran. The 

process and its many modifications are still used today,

(Underkofler et aZ, 1947; Forbath, 1957). The advantages and 

disadvantages of solid substrate fermentations are discussed by 

Underkofler et al (1958) and they conclude that their main advantage 

is that of freedom from contamination. If the fermentation becomes 

contaminated, the contaminating organism is localised because of 

lack of mixing. This would not be so in a liquid fermentation.

The main disadvantage of solid substrate fermentations is, however, 

that the extraction and purification of tne resulting enzymes is 

more difficult because of the extraneous proteins present in the 

wheat bran substrate. Attempts have been made to overcome this 

disadvantage by Meyrath (1965) by the use of vermiculite soaked in 

liquid media, thus avoiding the extraneous proteins in the 

substrate, Meyrath trying to rationalise the increase in amylase 

activity produced on the vermiculite states that,"the determination 

of growth in vermiculite cultures has not been carried out because
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of technical difficulties. This would appear to be an important 

point to consider in future experiments, in order to obtain some 

indication of the functions of vermiculite."

Hesseltine (1972) has described the use of solid substrate 

fermentations for the production of aflatoxins. It was found that 

the yields of aflatoxin and various other secondary metabolites 

were greatly increased by the use of rice or bran as a substrate, 

rather than deep liquid fermentations.

(b) The Fungal Contamination of Stored Cereals

Fungi are a major cause of deterioration and spoilage in stored 

agricultural products. They render unfit for human and animal 

consumption perhaps as much as 1% of the world supply of grain 

(Johnson, 1948), but the figure in localised areas may be much 

higher than this. Much of the definitive work on the invasion 

of stored grains by fungi has been conducted by Christensen (1957, 

1965 and 1969).

Storage fungi are the dominant type of mould associated with stored 

cereals during the later periods of storage. They are usually 

absent or only superficially present at harvest, but on storage 

their numbers increase significantly. These fungi which persist 

in the grain stores principally include species of the genera 

Aspergillus and Penioilliwn, They are the micro-organisms primarily 

responsible for post harvest spoilage, and are active in stored 

grain with a moisture content in the region of 13.2 to 18% 

(Christensen, 1965). Most storage fungi preferentially attack the
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germ or the embryo of the seeds causing discoloration, loss of 

viability and finally outright decay. (Golumbic and Laudani, 1966).

Tie Aspergillus glaucus group specifically A. amstelodamiy A. ohevalieri^ 

A. repens and A. ruber, and A. restriotus of the group of the same 

name are active in grain at moisture contents in the range of 13.2 

to 15%. Above 15% moisture, the predominant organisms are 

Aspergillus candidus. A, ochraaeus, A. flavus^ A. versicolor^ and 

A, tamarii (Christensen, 1957). Pénicillium spp. are often found 

in grain, especially when stored at a moisture content above 16% 

and at low temperatures (Christensen and Kaufman, 1965),

Besides the loss of grain through fungi causing discoloration, loss 

of viability and decay, there are also the losses due to the 

production of fungal toxins. The problems of fungal spoilage are 

not confined to the grain losses, but also involve possible dangers 

to livestock and humans.

Although aflatoxins have been found in a wide range of products, only 

a few surveys have reported the incidence and severity of aflatoxin 

contamination in various agricultural commoditities (Dollear, 1969). 

Sellschop et al (1965) have reported on the distribution and degree 

of occurrence of aflatoxin in peanuts and peanut products, Martin 

et al (1970) have examined the incidence of fungi and toxins in 

foodstuffs in the Eastern Transvaal and Swaziland, They found 

Aspergillus flavus was present in 53,5% of the 256 samples of maize 

examined with aflatoxins present in 16% of the 256 samples. When 

groundnuts were examined 49.4% of the samples had Aspergillus flavus 

present with 11.1% of the samples containing aflatoxin. They
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comment that the formation of aflatoxin is not always inevitable, 

even though a toxogenic strain of Aspergillus flavus is present and 

growing luxuriantly. Poor storage conditions and infestation with 

other fungi also appear to play a role.

The toxic properties of aflatoxin are well documented (Kraybill and 

Shapiro, 1969) and its ability to produce cancer and diseases of 

the liver in mammals have been adequately demonstrated. There is 

no direct evidence that aflatoxin causes disease in man (Allcroft 

and Carnaghan, 1963), but however, there is a high incidence of 

liver cancer among Bantu tribesmen who ingest large quantities of 

maize contaminated with Aspergillus flavus (Kraybill and Shapiro, 

1969). If man is similar to other mammals including primates in 

his response to aflatoxin, the effect of ingesting the toxin 

could be increased by malnutrition (Newberne et al^ 1966).

The latter part of the work described in this thesis is concerned 

with applying the chitin method of estimating fungal growth of 

mouldy maize to obtain an index of contamination. The method was 

however unsuccessful owing to the variety of fungi present with 

differing chitin contents. In view of this problem the poly

acrylamide electrophoresis of the proteins was examined as a 

possible alternative method for the estimation of fungi, with 

particular reference to Aspergillus flavus.
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5. POLYACRYLAMIDE GEL ELECTROPHORESIS

(a) Methods of Polyacrylamide Electrophoresis

Proteins possess an overall charge by virtue of their amino-acid 

composition, primarily as a result of the ionisation of tlie 

carboxyl and amino-groups. The overall charge of the protein 

molecule is pH dependent but for any individual protein, there 

exists a pH value known as ir.s isoelectric point where the protein 

possesses no net overall charge and migration will not take place 

in an electric field. This property is made use of in iso-electric 

focusing, whereas the ability of tne protein to migrate in an 

electric field is made use of in electrophoresis.

Electrophoresis has been sub-divided into two main classes,namely 

free-boundary electrophoresis (Tiselius, 1937) and zone electrophoresis 

(Tiselius, 1953). The boundary method allows the charged species 

to migrate in free moving solutions and the position of the 

separating molecules is observed by complex Schlieren optics. In 

zone electrophoresis, the charged molecules also migrate under the 

influence of an electric field but in a stabilised support material 

in which the molecules are fixed when the current is switched off, 

thus enabling them to be detected as on a chromatogram.

Cellulose (Kohn, 1957); Agar (Graber and Williams, 1955); and 

Starch (Smithies, 1955), have all been used as support material in 

electrophoresis, each having its own advantages and disadvantages.
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Agar, due to the presence of charged groups, has a phenomenon known 

as electroendosmosis where slowly migrating ions can be carried in a 

direction opposite to the one the charge would indicate (Gordon), 

1969), With starch gels, difficulty is often experienced in 

eluting the separated proteins and methods sucu as alternate 

freezing and thawing have to be employed.

The use of acrylamide as a gelled support in electrophoresis was 

first reported by Raymond and Weintraub (1959). One of the 

advantages of acrylamide is that it is a simple organic molecule 

freely available in a purified form and, because of the absence of 

charged groups, it is free from problems of electroendosmosis.

Since the acrylamide polymer is formed by covalent bonding, many 

compounds which interfere with the gelation of starch and agar (e.g. 

high concentrations of urea), have no effect on the gelation of 

acrylamide (Maizel, 1969).

Acrylamide in the presence of free radicals forms a linear polymer 

which may be stabilised by the addition of a comonomer N,N* methylene- 

bis acrylamide (Bis) which cross-links the polymer chain at 

intervals with a methylene bridging group.

White (I960) reports that in a gel of 95% acrylamide and 5% bis, 

a methylene bridging group occurs on average every 40 monomer units.

The polymerisation of acrylamide is a chain reaction initiated 

by free radicals, Oster, Oster & Prati (1957) have used free

oxygen radicals produced by the photodecomposition of riboflavin 

in the presence of traces of oxygen for the polymerisation of
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acrylamide. Once the reaction has been initiated, a chain reaction 

is established deriving free radicals from the acrylamide. Because 

of its rapidity, a more generally used system of free radical 

production is the base catalysed free oxygen radical generation 

from ammonium persulphate. The base usually employed is N, N, N* li’ 

tetramethylethylenediaraine (TEMED). Brewer (1967) and Mitchell 

(1967) have noted that persulphate is a powerful oxidising agent 

and residual traces in the gel could lead to artifacts. Brewer 

recommends the use of thioglycolatc, a low molecular weight 

reducing agent, which will run with the electrophoretic front, 

removing the persulphate before it comes into contact with the 

sample. However, King (197Ü) has commented that the mobility of 

persulphate in alkaline gels is greater than the bromophenol marker 

dye, and should not come in contact with the protein sample,

Jordan and Raymond (1969) have recommended the use of ascorbic acid, 

ferrous sulphate and hydrogen peroxide for the polymerisation of 

acrylamide particularly at low pH where riboflavin and ammonium 

persulphate are inefficient.

The separation obtained in polyacrylamide gel electrophoresis is 

not just dependent upon the charge of the protein molecule but also 

upon a sieving effect, which is caused by physical retardation to 

the movement of the protein by the gel pores. Unlike starch gels 

the composition of acrylamide gels can be varied to obtain optimum 

separation. Increasing acrylamide and/or bis concentrations leads 

to a decrease in the mobility of individual proteins (Raymond and 

Nakamichi, 1964; Brakenbridge and Bachelard, 1969). In practice 

bis concentrations of around 5% (of the total acrylamide concentration)
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and acrylamide concentrations of 7.5% W/V are generally employed for 

native proteins, whereas the acrylamide concentration may be raised 

to 10-15% where separating denatured proteins.

The choice of buffer has a marked effect on the resolution obtained 

in acrylamide electrophoresis. The buffer should be selected so as 

to give a maximum difference in mobility between the proteins under 

examination. Ferris et dl (1964) have examined the effect of 

buffer composition on the acrylamide separation of serum proteins 

and report that even buffers of the same pll but different composition 

will affect the resolution.

A system of discontinuous buffers introduced by Davis (1964) and 

Ornstein (1964) known as disc electrophoresis, enabled the 

concentration of relatively large sample volumes into thin starting 

zones, with improved resolution. Davis and Ornstein employed three 

gels; the upper gel was the sample gelled to counter convection, 

the second a large pore gel, and the lower, a small pore running 

gel. By the use of chloride and glycine ions the sample is 

concentrated onto the small pore gel by means of the Kolraush 

regulating function.

Iljerten et at (1965) have questioned the value of the disc electro

phoresis system, when equal resolution can be obtained on a single 

gel with a continuous buffer system, provided the starting zone 

is sharp enough. This can usually be achieved by the addition of 

the sample in sucrose at a conductivity lower than that of the 

buffer. The advantage of this system is its simplicity and the 

fact that there is no restriction on the choice of buffer, with



32

little or no loss of resolution. The sample size in disc electro

phoresis or similar systems is normally about 250pg in the smallest 

possible volume, but Ilyden et di (1966) report the use of a 

capillary system resolving O.lpg of protein. At the other end 

of the scale, preparative systems have been described (e.g. Gordon 

and Louis, 1967),

The methods used to prepare the protein sample for electrophoresis 

will do much to determine the electrophoretic system employed.

If enzymes are to be separated, the extraction and method of 

electrophoresis must be such that dénaturation does not occur. 

Insoluble proteins must be solubilised prior to analysis and 

dissociating agents may have to be included in the electrophoresis 

system. These could affect the gel, particularly if agar or 

starch gels are employed. Acrylamide gels have the advantage that 

they are unaffected by the inclusion of such chemicals.

Normally the material to be investigated must be disrupted in order 

to extract the protein. Clare et dl (1968) have compared the 

disruption of fungal cells by the use of a ball mill, glass beads, 

maceration of the frozen cells with rotating abrasive discs, and 

the Eaton and Hughes process. They conclude that the latter gave 

the best results. Morgan (1969) made similar comparisons when 

disrupting Cephalosporia and found that the Braun homogeniser gave 

the best results.

If adequate extraction cannot be obtained with the use of dilute 

buffers or saline,solubilising agents such as urea (Berkman et at^ 

1969); sodium dodecyl sulphate (Maizel, 1969); Triton X-100
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(Lira and Tadayyon, 1970) and acid-phenol (Bagdasarianet at, 1964) 

must be employed even though they will cause varying degrees of 

dénaturation of the native protein. Bagdasarian et al (1964) 

report that acid-phenol is extremely efficient at extracting 

protein and will dissolve up to 95% of the total protein of plant 

tissue. Rotten and Razin (1967) compared the efficiency of acid- 

phenol and sodium dodecyl sulphate for the solubilisation of 

proteins from Mycoplasma, Protein solubilised in sodium dodecyl 

sulphate migrated as a single heavy band in polyacrylamide gels, 

whereas in the acid phenol system more than ten bands were resolved.

Detection of the resolved proteins in the acrylamide gels is 

normally by the use of general protein stains or by histochemical 

staining for specific enzyme activity. However, scintillation and 

autoradiographic techniques (Maizel, 1969) have been described 

for the detection of labelled samples. Ultra violet scanning is 

also employed but has to be performed with the aid of a 

compensating gel because of ultra violet adsorption by the acrylamide,

Amido Black (Napthalene Black lOB) is perhaps the most widely used 

protein stain. Cooraassie Blue is reported to be a more sensitive 

stain than Amido Black (Reisfield et a7, 1967) but suffers from the 

disadvantage that at high concentrations it shows marked deviations 

from Beers Law (Fazekas et al y 1965 and Chraraback et al y 1967),

Amido Black has been shown by Johns (1967) to stain proteins 

metachroraatically, resulting in gels which contain bands of many 

different shades of blue, black and brown. Quantitative studies 

with Amido black must be made with extreme care, as they often
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require independent determination of the colour yield of each band, 

Gorovsky et al (1970) report the use of Fast Green for the 

quantitative staining of gels and claim that its response is linear 

in amounts of 150-200yg of protein, even in urea containing gels, 

and that its sensitivity is comparable to that of Araido-Black,

Gels may be destained by repeatedly washing them in 7% W/V acetic 

acid, or by electrophoretic destaining, Ahlroth and Mutt (1970) 

report the staining of disc gels with Amido-Black by the electro

phoretic migration of the dye counter to tne direction of protein 

migration, the excess dye being removed electrophoretically by 

replacing the stain with 0,0IM acetic acid.

(b) The Application of Polyacrylamide Electrophoresis

The polyacrylamide gel electrophoresis of proteins is well 

established as a taxonomic aid particularly at the species level.

One of the earliest reports of the application of electrophoresis 

to fungi was that of Chang et al (1962) in an examination of the 

soluble proteins of mutant and wild types of Neurospora orassa.

Since then many fungi have been examined, including Fusariwn (Clare, 

1963), Phytophthora (Gill and Powell, 1967), Aspergillus (Nealson 

and Garber, 1967) and Vertioilliun (Hall, 1967),

In an electrophoretic separation of the soluble proteins of five 

species of the Aspergillus flavus group Kulik and Brooks (1970) 

found that out of 29-48 protein bands the Aspergillus flaVus group
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had four bands common to the five species. Sorenson et al (1971) ex

amining strains of five Aspergillus species, could not distinguish 

between Aspergillus carneus and Aspergillus terreus, and conclude 

that, because of the variation between strains of the same species, 

soluble protein patterns obtained by disc electrophoresis are of 

dubious value in the identification of species but may be of value 

in demonstrating similarities between species of the same or closely 

related genera.

Soluble proteins, which have been used in the majority of electro

phoretic examinations, would be expected to vary with the 

physiological state of the cell rather than reflect its morphological 

structure. Factors sucli as age, growth medium, and temperature 

would all be expected to cause variations in the protein patterns 

obtained, however there is some confusion in the literature 

as to whether this does occur, Gottlieb and Hepden

(1966) report that the growth medium does not alter the protein 

patterns of Streptomyaes, Clare (1963) examining Phythium found 

that the age of the culture made little difference to the protein 

patterns obtained. These findings are substantiated by Clare et 

al (1968) and Fregerslev (1969) working with Candida, Glyn and 

Reid (1969) report that the growth temperature, age of culture and 

the inoculation method made no quantitative difference to the 

protein patterns, Razin and Rottem (1967) and Sacks et al (1969) 

have shown that acid-phenol solubilised protein patterns from 

Mycoplasmas are independent of growth conditions and age.

It would appear from the reports that the protein patterns obtained 

are relatively free from variations caused by the growth conditions
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but however, l^iitney et at (1968) report that the age of the 

culture causes variations in the patterns obtained for Verticittium 

and Milton et at (1971) similarly found changes in species of 

Fenioillium,

The position may be further confused in fungi as changes in the age 

of the culture generally mean changes in the morphology of the 

culture and variations in protein patterns may simply reflect a 

variation in the relative proportions of mycelium and conidiospores, 

Shipton and McDonald (1970) examined spore and mycelium of Dreohstera 

and found that almost all the bands present in the spore extract 

were present in the mycelial extract. Similar results have been 

reported by Pelletier and liall (1971) in a similar investigation 

with Verticillium,

It would appear that the technique of polyacrylamide gel electro

phoresis is well established as a technique for obtaining protein 

patterns which can be specific for the organism extracted and that 

protein patterns tend not to show major variations with growth 

conditions or phases of growth. The electrophoretic examination of 

extracts of A.svergillus flavus and Aspergillus chevalieri showed 

that the extracts contained proteins specific for these organisms, 

which enabled these fungi to be detected in the presence of wheat 

proteins. By quantitatively measuring these proteins it was 

possible to relate them to fungal dry weight, thus enabling the 

amount of fungus present in the wheat to be determined.



SECTION II

MATERIALS AND METHODS
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The experimental methods described in this section were 

used as routine procedures for the work described in this thesis. 

The experimental work involved in arriving at these methods are 

described in the results section of this thesis.

All chemicals used in this investigation were supplied 

by British Drug Houses Ltd. (B.D.H.) unless otherwise stated. 

Analytical grade reagents were used when possible.
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1. PREPARATION OF MEDIA

The following media were used for the isolation, growth and 

maintenance of cultures during the course of this work. Details 

of any specialised media are given in the appropriate sections.

Malt Extract Broth

Malt extract (Oxoid L39) 

Mycological peptone (Oxoid L40) 

pH 5.4 approx, Autoclaved

17 gm/litre 

3 gm/litre 

10 lb, per in^ for 10 min.

Malt extract Agar

Malt extract (Oxoid L39) 

Mycological peptone (Oxoid L40) 

Agar

pH 5.4 approx. Autoclaved

30 gm/litre 

5 gm/litre 

15 gm/litre 

10 lb. per in^ for 10 min.

Czapek Dox Liquid Medium (As modified by Oxoid)

Sodium nitrate 

Potassium chloride 

Magnesium glycerophosphate 

Ferrous sulphate 

Potassium sulphate 

Sucrose

pH 6,8 approx. Autoclaved

gm/litre

2.0
0.5

0.5

0.01
0.35

30.0

10 lb. per in^ for 20 min.
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Czapek Dox Agar

Sodium nitrate 

Potassium chloride 

Magnesium glycerophosphate 

Ferrous sulphate 

Potassium sulphate 

Sucrose

Oxoid agar No,3

pH 6,8 approx. Autoclaved

gm/litre

2.0
0.5

0.5

0.01
0.35

30.0

12.0
10 lb. per in^ for 20 min.

Czapek Dox Liquid and Agar Media + 20% Sucrose

As above but containing 200 gm/litre sucrose.
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2. MAINTENANCE CULTURE AND ISOLATION OF FUNGI

A culture of Rhizopus oryzae was obtained from the Tropical Products 

Institute, London (culture collection number M180), This fungus 

will be referred to as M180 in this thesis. The culture was sub

cultured onto malt agar slopes, incubated at 27° for three days and 

stored at 4°C. The stock culture was sub-cultured at two 

monthly intervals.

The following fungi contaminating the maize,were provided by 

Dr. G.A. Gilman of the South African Institute for Medical Research 

Cancer Unit, and were maintained in a similar manner to the M18Q 

on the stated media.

Alternaria ahartanan 

Aspergillus candidus 

Apergillus flavus 

Aspergillus niger 

Cladosporiwn cladosporiodes 

Fusariwn moniliforme 

Pénicillium variable

Malt agar

Czapek Dox agar + 20% Sucrose

Malt agar

Czapek Dox agar

Malt agar

Malt agar

Malt agar

The fungi isolated from the wheat were maintained on the following 

media:

Absidia sp,

Aspergillus chevalieri 

Aspergillus repens, 

Aspergillus versicolor 

Chaetomium sp, isolate 2

Malt agar

Czapek Dox agar + 20% sucrose 

Czapek Dox agar + 20% sucrose 

Malt agar 

Malt agar
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Chaetomium sp, isolate 2 Malt agar

Synoephalastnm sp. Malt agar

Fungi were isolated from the wheat by surface sterilising the 

grains in 1,5% W/V solution of sodium hypochlorite for two minutes. 

The grains of wheat were washed in tnree changes of sterile 

distilled water and five grains of wheat per plate were placed 

aseptically on the surface of each of twenty plates of the 

following media:

Malt agar

Malt agar + 10% Sodium chloride

Czapek Dox agar

Czapek Dox agar + 20% Sucrose

The plates were incubated at 27°C and colonies isolated at 

frequent intervals for a period of up to ten days. The isolated 

colonies were sub-cultured by streaking onto plates or by mycelial 

transfer until pure cultures were obtained. The isolated cultures 

were then identified by their morphology growth characteristics 

and microscopic examination.

The cultivar of wheat from which the fungi were isolated was 

Cappelle Desprey, which was harvested in September, 1971, and 

stored in a silo until these isolations were made in early 1972. 

The moisture content of the wheat was 16%, The same sample of 

wheat was used throughout the course of this work.
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3. PREPARATION AND GROWTH OF CASSAVA CHEESE

The protein enrichment of cassava starch by a solid substrate 

fermentation to produce 'cassava cheese* is basically a low 

technology process which it was hoped could be reproduced in 

small isolated African communities with the minimum of equipment. 

The fermentation is of a dominant type where, although 

contamination is kept to a minimum, absolute sterility is not 

essential as the innoculura of M180 is so heavy and growth so 

rapid that minor contaminants are not significant. The basic 

process is described by Stanton and Wallbridge (1969).

The incubator, in which the cassava cheese was fermented, was 

designed to reproduce tropical conditions with respect to 

temperature and relative humidity.

(a) Substrate Preparation

480 gm cassava starch of 200 mesh (Starch Products Ltd., Slough) 

was autoclaved at 15 lb. per in^ for 20 min. then blended in a 

mechanical mixer,fitted with a dough hook, with 18 gm of gelatinised 

cassava starch (18 gms of cassava starch was boiled with 180 ml 

of distilled water for 10 rain, and made up to 200 m l ) . To this 

mixture was added 6.25 gm of urea dissolved in 100 ml of mineral 

salt solution of the following composition (IlcCleod, 1969).
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Stock Mineral Salt Solutions

Wt. per 100 mis

Solution A

Solution B 

Solution C 

Solution D

K2HP04 60 gra

NaHzPO^ 40 gm

MgSOt . 7H2O 50 gra

CaCl2 10 gra

E.D.T.A., Sodium Salt 200 rag

FeSO^ . 7H2O 150 rag

MnCl2 • AH2O 50 rag

H3BO3 15 rag

Na2MoOi+ . 2H2O 20 rag

CUSO4 . 5H2O 25 rag

ZnSO^ , 7H2O 5 rag

C0SO4 , 7H2O 1 rag

The following volumes of stock solutions were used per litre of 

mineral salt solution:

Solution A 

Solution B 

Solution C 

Solution D

2.0 ml 

0.2 ml 

0.2 ml 

10.0 ml

All stock solutions were stored at A C.
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The paste-like substrate was innoculated with 100 ml of a suspension 

containing 1 - 2 x 10^ spore of Ml80 per ml. The total water 

content of the substrate was made up to 500 ml, and the initial 

pH was found to be approximately pH 6.3. After thorough mixing, 

the substrate was extruded through a mincer to give spaghetti-like 

extrusions 3-5 ram in diameter which were cut into short pieces 

approximately 1 cm long. The spaghetti-like rods were then 

placed in shallow fermentation trays of small mesh expanded 

aluminium (10 cm x 10 cm x 2.5 cm deep) to the depth of the tray.

The tray of cassava cheese was then placed in the incubator for 

periods of up to seven days, the norm being three days.

(b) Growth Conditions

An incubator for the growth of the fungi during the fermentation 

of cassava starch, was constructed by W.H. Pathfinder Ltd. (Hants.), 

which enabled the temperature and relative humidity inside the 

fermentation chamber to be controlled. The normal growth 

conditions used inside the chamber were 95-97% relative humidity 

and 27°C. The stainless steel incubator, housed inside a caravan, 

had the dimensions of approximately 8 ft. long x 6 ft. wide x 

6.5 ft. high. At one end of the caravan, outside the incubation 

chamber, was housed the water softener, humidifier, heating coils, 

cooling coils (for working at temperatures below ambient) and fans.

At the other end of the caravan, which had access to the 

fermentation chamber, were housed the temperature and humidity 

controllers. A diagram of the incubator is shown in Figure 1.
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4. DRY WEIGHT DETERMINATIONS

Fungal mycelium from shaken flask cultures was filtered through 

a Whatman No, 54 filter paper using a Buchner flask and a 

vacuum water pump. The mycelium was washed with three culture 

volumes of distilled water. The filter paper and mycelium were 

placed in a plastic petri dish, frozen to -20°C and freeze dried, 

usually for 48 hours, to constant weight. The dry matter 

content of the cassava cheese was also determined by freeze 

drying. The sample of cassava cheese was weighed into a pre

weighed plastic petri dish, then frozen to -20° and freeze dried.
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5. DETERMINATION OF THE CHITIN CONTENT OF FUNGI AND

FUNGAL SUBSTRATES AS GLUCOSAMINE

(a) Sample Preparation

Freeze dried samples of fungal mycelium, cassava cheese and 

contaminated maize or wheat, were homogenised into a fine powder 

in either a pestle and mortar or a small bottom drive blender.

For all the work concerning the optimisation of conditions for 

the assay of glucosamine in fungal mycelium, the same batch of 

freeze dried M130 mycelium was used throughout, 50 gra dry weight 

of M130 mycelium was grown in shake flask cultures containing 

75 ml of malt broth for three days on a Gallenkamp orbital 

incubator rotating at 230 rpm and 27°C, Tne M180 was collected 

by filtration through a Whatman No.54 filter paper and washed 

with distilled water. The HI80 was freeze dried, homogenised 

and stored at -20°C, for use throughout the course of this work.

(b) Acid Hydrolysis

Samples were hydrolysed with 6N hydrochloric acid at 103°C for 

6 hrs.2.0 ml of hydrocnloric acid per 100 mg of sample was used. 

The hydrolysis was conducted in ground-glass stoppered test tubes, 

with the stoppers held in position by springs. After hydrolysis, 

the samples were quantitatively filtered through a Whatman No.l
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film paper and excess hydrochloric acid was removed by rotary 

film evaporation in vacuo below 40°C. The hydrolysate was then 

applied to an ion exchange column, as described below, to remove

neutral sugars and other non-ionic materials,

(c) Ion Exchange Chromatography of Hydro lysates

The acid hydrolysates were applied to a chromatography column 

(20 X 1,2 cm), containing Amberlite CG120 (200 mesh) ion exchange 

resin in the Na^ form. After the sample was loaded onto the 

column, it was washed with three bed volumes of distilled water 

to remove any neutral compounds. The sample was then eluted 

from the column with 50 ml of 0.2M sodium chloride, at a flow 

rate of 30 ml/hr. Using a multichannel peristaltic pump, up to 

six columns could be eluted at one time. After elution the 

samples were assayed colorimetrically by the method described 

below.

The treatment of samples assayed by the gas liquid chromatograph 

or autoanalyser are described in the appropriate section.

All results of the glucosamine content of fungi are expressed in

terms of % glucosamine on a dry weight basis.
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6. -ASSAY OF GLUCOSAMINE

(a) Colorimetric Assay of Glucosamine

The glucosamine content of hydrolysates was determined by the 

method of Morgan and Elson (1934) as modified by Levvy and McAllan 

(1959),

Reagents

(a) 0.7 M K2B4O7

(b) This solution,prepared immediately before use, contained 1.5% 

V/V acetic anhydride in acetone.

(c) 1.6 gra Dimethyl aminobenzaldehyde (D.M.A.B.) dissolved in 50 ml 

glacial acetic acid containing 1% V/V concentrated hydrochloric 

acid,

Procedure

To a 0,5 ml sample of glucosamine (0,1 - 1.0 p mols/ml), was 

added 0.1 ml of acetic anhydride/acetone reagent and 0.5 ml of 0.7M 

borate pH 9.2 solution. The mixture was heated in a boiling water 

bath for 20 min and the optical densities of the solutions were 

read at 580 nm in 1 cm glass cuvettes with a Pye Unicam SP500 

spectrophotometer. Standards ranging from 0.1 to 1.0 y mois of 

glucosamine/ml, containing sodium chloride corresponding to the 

amount of sodium chloride in the sample, were included in each 

batch of assays. All solutions were read against a reagent blank.
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(b) Gas Liquid Chromatographic Assay of Amino Sugars

Glucosamine and other amino-sugars were assayed on the gas 

chromatograph by the method of Perry (1964). The arainosugars 

were separated as their 0-trimethylsilyl (T.M.S.) derivatives 

using a Pye 104 gas chromatograph fitted with flame ionisation 

detectors. The glass columns used were 6* x i" CD and packed with 

3% W/W S.E.30 silicone rubber gum (Pye Unicam) on 80-100 mesh 

non-acid wash Chromosorb W (Phase Separations Ltd.). The column 

was conditioned by periodic injections of hexamethyldisilazane 

(H.M.D.S.). The operating temperature was 196°C with a nitrogen 

carrier gas flow rate of 25 ml/min. Samples of between 2 and 

10 pi were injected onto the column. The sample peak area was 

determined by triangulation and compared with the peak area of 

2-amino-2-deoxy-D-glucitol which was used as an internal standard.

(i) Preparation of internal standards

The internal standard 2-acetamido-2-deoxy-D-glucitol was prepared, 

by the method of Crimmin (1957), where N-acetyl glucosamine was 

reduced using sodium borohydride to the corresponding glucitol.

CH2 .oh
CH2 . OH

H - C - OH
Na BH^ I

HOH -------------►  HO - C - H

H - C - OH 1
H - C - N-HAC 1

CH2 OH

FIGURE 2 The reduction of 2-acetanido-2-deoxy-D-glucose to 
2-acetamido-2-deoxy“D-glucitol.

OH
OH

NHAC
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5,0 gm of sodium borohydride in 200 ml of water was slowly 

added to 8 gm of N-acetyl glucosamine in 150 ml of water at 0°C.

The mixture was kept at O^C for 30 min and at room temperature 

for 2 hrs. Excess sodium borohydride was destroyed by titrating 

the reaction mixture with 4M acetic acid to pH 7.0 using a pH 

meter. The solution was concentrated in vacuo and the borate 

removed as the methyl ester by distillation from methanol, by the 

method of Khym et at (1953). The residue was dissolved in water 

and deionised with Biodeminrolit mixed bed ion exchange resin.

The solution was again concentrated, decolorised with activated 

charcoal and recrystalised from acetone and water (50% V/V) by 

the additon of 60-80% Petroleum ether to incipient crystallisation.

The product was further twice recrystallised using methanol.

Melting point 152-153°C. The yield of 2-acetamido-2-deoxy-D- 

glucitol was 85% of the theoretical.

2-Araino-2-doexy-D-glucitol hydrochloride was prepared from the 

2-acetamido-2-deoxy-D-glucitol by removing the N-acetyl group with 5N 

hydrochloric acid at 95°C for 6 hours. The product was recrystallised 

from aqueous ethanol. The melting point of the 2-amino-2-deoxy-D- 

glucitol hydrochloric had a melting point of 161°C. The yield was 

90% of the theoretical.

(ii) Sample Preparation

After acid hydrolysis, the samples were quantitatively filtered 

through a Ifhatman No.l filter paper and excess hydrochloric acid 

was removed by rotary film evaporation in vacuo below 40°C.
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The hydrolysate was then passed down an Amberlite CG 120 (200 mesh) 

ion exchange column (10 cm x 1 cm) which was in the form. The 

column was washed with 25 ml of distilled water to remove neutral 

sugars and the aminosugars were deluted with 15 ml of 0.2N 

hydrochloric acid. The hydrochloric acid was removed by rotary 

film evaporation in vacuo below 40°C. Final traces of water were 

removed by adding three small volumes of toluene (approximately

2,0 mis each) to the sample in the final stages of rotary film 

evaporation. The samples were 0-trimethyl silylated as described 

below.

(iii) Silylation

The sample of arainosugars (2-10 mg) was mixed with a weighed amount 

(2-5 mg) of internal standard (2-amino-2-deoxy-D-glucitol) in a 

2 ml stoppered flask. This was dissolved in 1.0 ml of anhydrous 

pyridine (dried by redistillation and storing over nOH pellets), and 

to this solution,0.1 ml of triraethylchlorosilane and 0.1 ml of 

hexamethyl disilizane were added. The reaction mixture in the 

2 ml flask was shaken on a wrist action shaker for 20 mins at room 

temperature to ensure complete 0-trimethysilylation.

The reaction is thought by Sweeley (1967) to be as shoim in 

Figure 3,
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FIGURE 3

+ (CH3)3SiCl

Si(CH3)3

R0Si(CH3)3+
N'+ Cl

ROH+

Si(CU3)3

+ (CH3)3SiMHSi(CH3)

N + Cl

Si(CH3)3

The 0-trimethylsilylation reaction mixture was centrifuged at 

2000xg for 5 mins, to remove the precipitated ammonium chloride. 

The clear supernatant was treated as follows to remove the 

pyridine.

(iv) Extraction of 0-Trimethylsilylated carbohydrate esters

It was found that the quantitative analysis of the 0-TMS derivatives 

of the aminosugars was hampered by the tailing of the pyridine 

solvent peak. The samples were extracted by the method of 

Partridge and Weiss (1970) to remove the pyridine before injection 

onto the gas chromatograph.



5*4

1,0 ml of chlorofom was added to the 0-triraethylsilylated sample. 

This was cooled in an ice bath and 3,0 ml of 3N hydrochloric acid 

was added and shaken. The upper aqueous layer was pipetted off, 

and the lower chloroform layer was washed and shaken with 1,0 ml 

of distilled water. The aqueous layer was pipetted off each time. 

The sample was then ready for injection onto the gas chromatograph, 

which was normally within three hours,

(iv) Quantification

The efficiency of the separation by the S,E,30 columns was 

relatively high and the amount of peak tailing was minimal, 

permitting peak quantification by triangulation, Anomeric forms 

of the sugars were separated in certain cases and the total sugar 

content of the sample was found by the summation of the peak areas 

of the anomers. The peak areas obtained were related to the 

peak areas of the internal standard (2-amino-2-deoxy-U-glucitol) 

with allowances being made for differences in response of the flame 

ionisation detectors with the different sugars. The peak areas of 

galactosamine and glucosamine were found to be 82% and 84% 

respectively, the area of the same amount of internal standard.
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(c) Technîcon Autoanalyser Assay of Ami no-Sugars

The system employed for these analyses was the Technicon INC 

system for the hour analysis of hydrolysates and it was fitted 

with an automatic shut down programmer. The metnods of operation 

of this analyser are lengthy and complex and are fully described 

in the Technicon literature. Only the basic procedures will be 

described here together with any deviations from the standard 

methods. The system used enabled the assay of all ninhydrin 

positive compounds present in the hydrolysates with the exception 

of hydroxyproline.

(i) Sarrple Prcyaration

After hydrolysis under standard conditions, the sample was 

quantitatively filtered through a Whatman No.l filter paper and 

made up to a volume of 23 mis with distilled water, A sample 

containing 0.1 - 0.3 y mois of glucosamine was applied to the 

column. The hydrochloric acid used for hydrolysis was not 

removed, as it was found that the acid improved the resolution of 

the first five amino acids (aspartic acid, threonine, serine, 

glutamic acid and proline).

(ii) Colwrin Elution

The column was eluted using a pH and salt gradient. The autograd 

(gradient elution device) was fitted with the following buffers, 

the composition of which is given in the Technicon literature.
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Compartment
Number Buffer

9 35 ml pH 6.10

8 35 ml pH 6.10

7 35 ml pH 6.10

6 35 ml pH 6.10

5 35 ml pH 3.80

4 35 ml pH 2.875

3 35 ml pH 2.875

2 24.5 ml pH 2.875 + 10.5 ml pH 2.75

1 33.25 ml pH 2.73 + 1,75 ml Methanol

Brij 35 (0,03%) W/V) was used throughout as a wetting agent. The 

elution of the hydrolysate from the ion exchange column started 

with compartment No.l and the methanol was added to the buffer to 

improve the separation of the first three amino acids (aspartic 

acid, threonine, serine). The column was finally eluted with 

pH 6.10 buffer (compartment 9). The elution pattern used contains 

some modifications from the standard Technicon procedures, which 

were designed for the analysis of physiological fluids.

The elution flow rate was 0.3 ml/min instead of the recommended

1.0 ml/min as it was found that this improved the resolution of 

glucosamine from the amino acid valine. The flow rate was 

measured at the beginning and the end of each elution, and the 

mean was taken for amino-acid identification on the basis of 

elution time. The elution pressure of the column was normally 

300-400 Ib/in^.
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(iii) Quantification

Identification of the amino-sugars and amino-acids was by comparison 

of the elution times and 570/440 nm, ratio of the eluted compounds 

with known standards, Both parameters are characteristic of the 

particular ninhydrin positive compounds.

Prior to each analysis, known standards (0.125 p mois of each 

amino-acid or amino-sugar) were run and quantification was based 

on the comparison of peak areas of the sample against the peak 

areas of the known standards.
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7, CULTURE OF FUNGI ON MEMBRANE FILTERS

During the course of this work it. became necessary to culture 

fungal mycelium in an aerial form as distinct from submerged 

culture. At the same time it was necessary to be able to separate 

the mycelium from its substrate, to determine its dry weiglit yield 

and composition. It was decided to culture the fungal mycelium 

on a cellulose nitrace membrane of such a pore size that the 

mycelium was not able to penetrate the pores. The cellulose 

nitrate membranes were placed on agar plates allowing tlie nutrients 

to diffuse througn the membrane, but not allowing the fungal 

mycelium to penetrate into tlic agar. A diagram of tiie apparatus 

used is shown in Figure 4.

glass ring

membrane

; agar ;

FIGURE 4 Cross Section Through Membrane Filter Agar Plate
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The membrane filter (Sartorius pore size < 0 , 2  my) was 

sealed to a glass ring (60 mm dia x 40 ram deep) using silicone 

rubber cement. Other cements were tried, particularly rubber 

based ones,such as Evo-Stick, but it was found that they could 

not withstand autoclaving. The membrane units were pre-weighed 

and sterilised by autoclaving at 10 lb per in^ for 10 rains in a 

crystallising dish. The sterilised membrane units were 

asceptically transferred to another crystallising dish containing 

20 ml of sterile agar solidified medium. The membrane unit was 

innoculated by sub-culturing a small piece of fungus with an 

inoculating loop. The inoculated) dishes were incubated at 27°C 

as would be normal petri dishes. The growth yields of mycelium 

were determined by removing the membrane units from the agar, 

freezing them to -20^C and freeze drying them to constant weight. 

As the membrane units were pre-weighed, it was possible to 

determine the dry weight yields of mycelium by difference.

Samples of the fungal mycelium for analysis,were obtained by 

scraping the mycelium from the filter.
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8. ESTIMATION OF THE ADSORPTION OF AMMONIUM IONS AND 

UREA ON CASSAVA STARCH

The adsorption of ammonium ions and urea by cassava starch was 

measured by equilibrating a known solution of di-ammonium 

hydrogen phosphate or urea with cassava starch, centrifuging 

the slurry, and measuring the decrease in concentration of the 

solution.

A slurry of 25 gms of cassava starch and 50 ml of di-ammonium 

hydrogen phosphate (5-25 gra/litre) was made in a 250 ml conical 

flask. The slurry was equilibrated at 27°C for 6 hrs on a 

Gallenkamp orbital incubator rotating at 150 rpm. The slurry was 

centrifuged at 5000 x g for 15 rains, and then the supernatant 

assayed for a change in ammonium ion concentration. The same 

procedure was used for the measurement of urea adsorption.

(a) Assay of Urea

1.9 ml of sample (10 - 100 yg urea) was incubated with 0.1 ml of 

urease solution (3 mg/ml B.D.H. urease) at 30°C for 30 minutes. 

The resulting solution was then assayed for ammonia as follows.

(b) Assay of Ammonia

The method used for the assay of ammonia was that developed by 

Searcy, Reardon and Foreman (1967) as modified by Fraser and Russell

(1969) for the determination of urea in serum in the form of ammonia.
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2.0 ml sample (0-3*5 y mois ammonia)

2.0 ml sodium dichloroisocyanurate solution 

(0,25% W/V in 0.3M sodium hydroxide)

2.0 ml sodium salicylate/nitroprusside reagent

(85% W/V sodium salicylate and 0,06% W/V sodium nitroprusside)

The assay mixture was incubated at 37°C for 10 minutes and its 

optical density was read at 665 nm against reagent blanks and 

standards on a Unicom SP 500 spectrophotometer.
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9. POLYACRYLAMIDE GEL ELECTROPHORESIS

The methods described for the polyacrylamide gel electrophoresis 

of the wheat and fungi are essentially those developed by Chesson 

(1972) for a taxonomic study of the proteins of the form-genus 

Cephalosporiuriy except that attempts were made to quantify the 

protein patterns obtained. The major modification which was made 

was the use of square cross section gels to facilitate the 

quantification of the split-gel system electrophoretograms,

(a) Sample Preparation

Cultures of Aspergillus anevalieri and Aspergillus flavus were 

obtained by inoculating 75 mis of oxoid malt broth with a spore 

suspension, and incubating the culture at 27°C for six days in a 

Gallenkamp orbital incubator rotating at 230 rpm. The culture 

was harvested by centrifugation at 23000 x g at 4°G for 60 rains, 

and was washed with 3 x 75 mis of distilled water to remove any 

extra cellular proteins. The washed mycelium was collected, 

frozen at -20°C, freeze dried, and stored at -20°C in an air tight 

container until required.

Contaminated wneat samples were obtained by moistening 50 gm of 

wheat, (moisture content 14%), which had previously been surface 

sterilised (1,5% W/V sodium hypochlorite for 10 mins), with 15 mis 

of spore suspension, obtained by shaking a 16 oz medical flat 

culture with 25 ml of sterile distilled water and a few 7-8 ram 

diameter glass heads.
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The wheat was not heat sterilised prior to inoculation, as it was 

the wheat proteins which were being electrophoretically separated 

together with the fungal proteins, and it was thought that heat 

sterilisation could denature the wheat protein. The innoculated 

wheat was incubated at 27°C for six days, frozen at -20°C, freeze 

dried, and stored at -20°C in an air tight container until used.

(b) Extraction of Protein

(i) Salt soluble extract

2 gm of freeze dried material was homogenised with 50 g of ballotini 

glass beads (0.3 mm diameter) and 25 ml of 5,0% W/V sodium chlorid? 

for 3 minutes in a Braun homogeniser (B. Braun, Melsungen, West 

Germany) at 4000 rpm. The horaogenate was cooled with a continuous 

stream of solid carbon dioxide during homogenisation. The 

ballotini beads were removed by filtration through a Whatman No,54 

filter paper using a Buchner funnel. The filtrate was 

centrifuged at 108,000 x g for 120 mins to remove cell debri and 

large protein aggregates, which Ritchie et al (1966) found distort 

the protein patterns. It was found that the fungal protein content 

of contamined wheat was small. In order to concentrate the 

protein extract without increasing the sodium chloride concentration 

to unacceptable levels, the extract was dialysed and then freeze 

dried. The supernatant was dialysed in Visking tubing overnight 

against running tap water in a cold room at 4°C, to remove the 

sodium chloride. The dialysate was frozen at -20°C and freeze 

dried. The freeze dried extract was made up to a suitable volume.
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normally 5ml, thus giving a five fold concentration,

1 ml of this solution was added to 2 ml of phenol, acetic acid, 

and water (2 : 1 : 0,5 W/V/V) referred to as acid phenol. The 

acid phenol solution was stored at 4°C until used, Chesson 

(1972) has found that this solution was stable for several months,

(ii) Acid Phenol Extract

Following the method described by Rottem and Razin (1967), 1 gm 

of freeze dried material was ground in a pestle and mortar to a 

fine powder, 3 ml of 1% W/V sodium chloride and 6 ml of acid 

phenol were added, thoroughly mixed,and allowed to stand overnight 

at 30°C, Cell debris was removed by centrifugation at 108,000 

X g for 120 minutes. The supernatant was stored at 4°C.

(c) Electrophoresis

The methods employed for the electrophoresis of the acid phenol 

extracts were basically those of Rottem and Razin (1967) and Razin 

and Rottem (1967). Gels with a final concentration of 15% 

acrylanide and 5% bis were formed in square section glass tubes 

(13 cm x 0,65 cm internal sides). The glass tubes were manufactured 

by the University glassblower, by stretching glass tubing over a 

0,65 cm square cross section stainless steel mandrel coated with 

graphite lubricant. Prior to gel formation the tubes were coated 

with dichlorodimethylsilane, a release agent, to prevent the gels 

tearing as they were extruded from the gel tubes. It was found
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that one coating was sufficient for several electrophoretic 

runs,

The stock solution of acrylamide monomer had the following 

composition:

15 g Acrylamide

0,75 g H, N ’ methylenebisacrylamide (bis)

30 g Urea (final concentration 5 M)

This was dissolved in 35% V/V acetic acid to 100 ml,

30 ml of this solution, together with 0,1 g of ammonium persulphate

was degassed at a water pump for five minutes, 0,5 ml of Temed

were added to the degassed solution and gently mixed. 4.25 ml of

this solution was pipetted into each gel tube, giving a gel 10 cm

in length. The monomer solution in the tube was overlayered with 

0,05 ml of 75% V/V acetic acid from a syringe. The overlayered 

gels were polymerised in a 37°C incubator for 10 minutes,

A sample of the acid phenol extract (50-200 y 1) was added to the 

top of each gel and the remaining space in the gel was overlayered 

with 0,006% W/V methyl green in 35% V/V acetic acid. The upper 

and lower electrode chambers of the electrophoresis apparatus were 

filled with 500 ml of 10% V/V acetic acid. The lower chamber was 

the cathode, and the electrophoresis was conducted at a constant 

current of 1,5 mA/gel for a minimum of 15 hours and a maximum of 

15,5 hours.
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(d) Split Gel System

When direct comparisons of acid-phenol extracts, under identical 

electrophoretic conditions, were required, a split gel system was 

employed, Clark (1964) and Leboy et at (1964) have described a 

split gel system for running two samples on a single gel.

Card (e,g, postcard) was cut into 3 x 0,65 cm strips and dipped 

into molten paraffin wax. When cool, a strip of card was inserted 

2-3 mm into the top of the gel in a gel tube. Holding the gel 

tube and card downwards at an angle of 45°, the end of the tube 

was flamed to seal the card against the glass. Equal volumes of 

sample (100 yl) were pipetted onto the gel either side of tne card. 

Only gels with equal heights of sample eitner side of the card 

were used. If the two menisci were not equal, it was found that 

band staggering occurred on electrophoresis. The samples were 

overlayered with methyl green and electrophoresis conducted as 

previously described.

(e) Staining and Recording

The gels were removed from the square cross section tubes by 

extrusion with a stainless steel rod (0,6 cm square) fitted with a 

rubber cap (0,65 cm square). It was found that if the tubes had 

not been adequately treated with dichlorodimethylsilane, the gels 

would tend to tear. The extruded gels were stained in either 

napthalene blue-black (0,3% W/V) or. Fast Green 1% W/V in 7% V/V 

acetic acid for 120 minutes. In both cases, the gels were
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destained in repeated changes of 7% V/V acetic acid for six days. 

During destaining it was found that the methyl green marker dye 

was lost. To overcome this a small piece of copper wire, shorter 

than the width of the gel, was inserted into the gel, at the 

position of the marker dye prior to staining and destaining.

The destained gels were scanned by a Chromoscan densitometer 

(Joyce Loebl Ltd, Gateshead, England) using a 620 nra filter.

The scanning tube was of a 10 mm square cross section, and was 

made in the same manner as the 0,65 cm gel tubes except that two 

opposite sides were ground planar and parallel to give two optical 

surfaces. The gels were scanned by filling the scanning tubes 

with 7% V/V acetic acid, using a ratio of 1 : 3 scanning speed to 

recording speed, A high resolution scanning system was used, 

based on a x 10 microscope objective as described by the 

manufacturers,

(f) Quantification

The band positions were measured on the scans and were converted 

to a %Ef (Ef being the position travelled by the marker dye), The 

% EF was regarded as characteristic of the band.

The method of quantification was essentially that of Gorovsky et al

(1970) except that it was found necessary to use square gels and 

scanning tubes to satisfactorily scan the gels, when the split gel 

system had been employed. The baseline from a protein free region

of the scan was extended to the part of the scan containing 

protein peaks (see Figure 5),



SECTION III

RESULTS
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1. THE ESTIMATION OF FUNGAL GROWTH IN CASSAVA CHEESE

(a) The Colorimetric Estimation of Glucosamine in M180 and 

Cassava Cheese

A detailed investigation was made to determine the optimum 

conditions for the hydrolysis of Ml30, 100 rag samples of the

standard M180 mycelium and cnitin were hydrolysed at 105°C,with 

various concentrations of hydrochloric acid,for periods of up to 

48 hours. The hydrolysates were then passed down an Amberlite 

ion-exchange column and their glucosamine contents were 

determined coloriraetrically. The results obtained for the 

hydrolysis of M130 mycelium are shown in Figure 6 , It can be 

seen that both 6N hydrochloric acid for 6 hours and 4N hydrochloric 

acid for 20 hours, give a maximum yield of 12.5% glucosamine 

on a dry weight basis. It was decided to use 6N acid for 6 hours 

rather than 4N acid for 20 hours for the hydrolysis because of 

the convenience of this time period in a routine assay, even 

though the timing of the hydrolysis is more critical with the 6N 

acid than the 4N acid. The use of IN and 2N hydrochloric acid 

did not give as high yields of glucosamine as did 6N or 4W acid 

even when time periods as long as 43 hours were used, by which 

time the amount of glucosamine had started to decrease due to the 

destruction of the glucosamine. The use of 9N hydrochloric acid 

gave an extremely rapid hydrolysis, but the rate of destruction 

of the liberated glucosamine was too high, and gave yields lower 

than that of the 6IÎ or 4N acid.
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The same experiment was repeated hydrolysing chitin instead of 

the standard M180 mycelium. It was found that the optimum 

hydrolysis conditions for chitin were different to those of M180, 

4N hydrochloric acid for 14 hours gave the optimum yield, whereas 

6N acid gave only 90% of the 4N value (Figure 7), This contrasts 

with the previous experiment where both 4N acid for 20 liours and 

6N acid for 6 hours gave the same yields of glucosamine. This 

difference is further demonstrated in Figure 8, where both chitin 

and M180 were both hydrolysed with 6N acid. Maximum yields of 

glucosamine were obtained from chitin after 4  ̂ hours, whereas 

maximum yields of glucosamine were obtained from M l80 after 6 

hours,

The difference in optimum hydrolysis conditions between chitin 

and Ml80 could either be due to the possibility that the 

glucosamine polymer of the M13Q mycelium being hydrolysed was of 

a more acid resistant nature than chitin, or, if the polymer was 

chitin, that the structure of the mycelium was in some way 

affecting the hydrolysis.

Hunsley and Burnett (1970) and other workers have shown that the 

structure and composition of fungal cell walls vary with the 

age of the culture. It was therefore decided to investigate the 

possibility of the age of the culture affecting the optimum 

conditions for hydrolysis. Ml80 mycelium was grown in malt 

extract broth shake flask cultures and the fungus was harvested 

at 23 hours and 96 hours. The cultures were freeze dried, 

hydrolysed with 6N hydrocnloric acid and the liberated
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glucosamine was measured at various time intervals. Tne 

glucosamine content of the mycelium was higher in the 96 hour culture

than in the 23 hour culture but the optimum hydrolysis times were

identical (Figure 9), enabling the same hydrolysis conditions to 

be employed despite the age of the culture.

Similar experiments were performed hydrolysing cassava cheese

with 6N hydrochloric acid, and the optimum hydrolysis conditions 

were found to be identical to those of Ml80 mycelium.

Hydrolysis of the standard M180 mycelium with 6N hydrochloric 

acid at 105^0 for 6 hours gives a glucosamine content of 12.5% 

on a dry weight basis, but during hydrolysis a proportion of tne 

liberated glucosamine is destroyed by virtue of the hydrolysis 

conditions employed. An estimate of tne amount of the 

destruction of the glucosamine was obtained by subjecting samples 

of glucosamine to tne same hydrolysis conditions as the M130 

mycelium and cassava cheese, and measuring tne losses incurred.

After 6 hours heating at 105°C approximately 10% of the glucosamine 

was destroyed (FigurelO). The amount of glucosamine destroyed 

during the hydrolysis is unlikely to be in excess of 10%, but 

could be less than this value if it is assumed that the polymer 

is stable to acid and destruction is not significant until the 

monomer is liberated.

The destruction of glucosamine is not due entirely to the effect 

of acid alone, because if oxygen is excluded from the hydrolysis, 

the amount of destruction is greatly reduced. This has been 

demonstrated by Walborg and Ward (1963) and other workers. If
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the nature of this work had been concerned with absolute values 

of the glucosamine content of fungi, as in the structural 

investigations of fungal cell walls, precautions of this nature 

would have been taken, together with the inclusion of internal 

standards. The uncorrected value of glucosamines has been 

used for reasons of expedience, as a parameter of growth and 

co-related with fungal dry weight.

The routine estimation of the glucosamine in the hydrolysis of 

the M180 mycelium and cassava cheese was by the colorimetric 

method of Morgan and Elson (1934) as modified by Levvy and 

McAllan (1959). By using this method, it was hoped to avoid 

much of the interference inherent in the Klson-Morgan estimation 

of glucosamine. To check if the glucosamine values obtained 

by the colorimetric assay were accurate, and if other compounds 

in the hydrolysate were interfering in the assay, when samples 

of M180 and cassava cheese were hydrolysed, one half of the 

sample was passed through an Amberlite CG120 ion-exchange 

column and assayed by the Levvy and McAllen method, the other 

half was assayed for glucosamine by a Technicon autoanalyser.

The autoanalyser separates the hydrolysis mixture into individual 

ninhydrin positive components and continuously assays the column 

eluent by reaction with ninhydrin. A value for glucosamine 

is given by the autoanalyser from a completely unrelated analytical 

method. The glucosamine values obtained can be compared with those 

obtained by the D.H.A.3. based method of Levvy and McAllan. A typical 

analyser trace is sho^m in Figure 11, No galactosamine was found
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in either the M180 mycelium or the cassava cneese hydrolysates, 

and the amino-svigar present was identified as glucosamine by the 

ratio of its 570nm/440nm peak heights and its elution position.

The results of comparing the amount of glucosamine at different 

hydrolysis times are shown in Figure 12, Using the optimum 

hydrolysis conditions of 6N acid for 6 hours, it was found that 

the values of glucosamine obtained by the two assay methods were 

the same, indicating that there was no interference or the 

colorimetric assay and that the values obtained were accurate. 

Similar results to those obtained in Figure 12 were obtained with 

cassava cheese. The difference in glucosamine values measured 

by the two assay methods at hydrolysis times of less than 6 hours 

can be explained in terms of the mechanisms of the two assays 

and the reactions of the functional group involved.

It was noticed during the course of this work that the results 

obtained by the autoanalyser tended to be 5-10% lower than those 

obtained by colorimetric method. If the hydrolysates were put 

through the ion-exchange column it was found that the two results 

agreed. This was particularly noticeable with the cassava 

cheese which contained much lower levels of glucosamine. When 

cassava starch, without any fungus present, was hydrolysed and 

assayed for glucosamine, without ion exchange chromatography 

values of approximately 60-80yg glucosamine/gram of cassava starch 

were obtained. Ion exchange chromatography reduced this to a 

negligible value. Much of the intereference was obviously due 

to the dark brown colouration of the hydrolysate.
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Initially üowex 30 with a 20-50 mesh size was used as the column 

packing material for the ion-exchange chromatography of the acid 

hydrolysates, but when column recoveries were measured it was 

found that they were sometimes as low as 80% and were extremely 

variable, probably because of the large mesh size of the resin. 

When the packing material was changed to Amberlite CG120 20 mesh 

resin quantitative recoveries were obtained, provided the flow 

rate did not exceed 30 mls/hr for a column size of 20 x 1.2 cm.

The elution pattern of glucosamine from the chromatography 

columns is shown in Figure 13, A multi channel perstaltic pump 

was used for the elution of the ion-exchange columns permitting 

six hydrolysates to be chromatographed at one time.

Table 1 shows the statistical limits of the estimation of the 

glucosamine content of the standard M180 mycelium and cassava 

cheese. The greatest variation in the estimation occurred when 

twelve different samples of M130 were hydrolysed and assayed 

for glucosamine. It was found that the glucose content of the 

M180 was 12,4%, and could be measured to - 0,68% (or - 5,5% 

expressed as a percentage of the mean) at the 95% level of 

confidence, whereas the limits of a single sample of Ml80 mycelium 

when assayed twelve times were - 1,4% of the mean at the 95% 

level of confidence. It was thought that this difference is due 

to the variability of the hydrolysis.
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(b) Factors Affecting the Glucosamine Cortent of M180

Factors such as age, nutrients, morphology and growth condition 

have all been shown to cause variation in the glucosamine content 

of fungi.

In this work, attempts were made to estimate the glucosamine content 

of M180 in cassava cheese by indirect methods.

It was found that the glucosamine content of the standard 11180 

preparation which was grown in malt extract broth was 12,5%,

When M180 was grown in shake flask culture with a medium similar 

to that used in cassava cheese but where 2,0% W/V glucose was 

replacing the starch as a carbon source, the glucosamine content 

of the Ml80 rose to 18%, An experiment was performed where H18Q 

was grovm in shake flask culture with varying concentrations of 

di-ammonium hydrogen phosphate, 2% glucose, and mineral salts 

solution of the same concentration as in cassava cheese. The di

ammonium hydrogen phosphate concentrations varied between 0,2 gm/ 

litre and 40 gms/litre. At three day time intervals, samples were 

taken and the dry weight yield of mycelium was determined, together 

with the mycelial glucosamine content. The results obtained were 

plotted as three dimensional graphs, the axes of Figure 14 being

incubation time, log the di-ammonium hydrogen phosphate

concentration, and mgra dry weight yield of Ml80 mycelium. The 

axes of Figure 15 being incubation time, log of the di-ammonium 

hydrogen phosphate concentration, and the percentage glucosamine 

content of the Ml80 mycelium. The areas of the graph which

correspond to the parameters used in cassava cheese are
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shaded, together with the regions of the graphs where autolysis 

of the cultures is shown. Figure 14 shows that at time periods 

in excess of nine days and at di-aramouiuin hydrogen phosphate 

concentrations greater than 10 gn/litre, the dry weight yields of 

mycelium were starting to decrease indicating autolysis of the 

cultures. Figure 15 shows that although the glucosamine content 

of the Ml80 mycelium varies with the concentration of di-ammonium 

hydrogen phosphate, it remains relatively constant with time, 

except under those conditions where autolysis is indicated in 

Figure 14, and the glucosamine content of the mycelium increases 

up to values of 25%,

In all experiments which were performed involving the measurement 

of the glucosamine content of the mycelium, it was found that the 

glucosamine content became constant after approximately 50 hours, 

and remained so up to 28 days, unless the dry weight growth curves 

indicated that autolysis was taking place.

Figure 17 is the dry weight growth of the Ml80 mycelium analysed 

in Figure 16, Comparing the two graphs, it can be seen that 

when the culture starts to enter the stationary phase of growth 

the glucosamine content of the Ml80 mycelium becomes constant.

The fermentation of cassava cheese is essentially the growth of 

fungus on cassava starch, together with a nitrogen source to give 

enrichment of the starch. It was found that the concentration 

of the nitrogen source in liquid cultures caused variations in 

the glucosamine content of the fungus, therefore it was decided 

to investigate whether the energy source, as well as the
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FIGURE 16 The Variation of the Glucosawinc Content of MI80 
Mycelium Grown on Oxoid Malt Extract Broth in
Shake Flask Cultures at 27°C,
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nitrogen source, had any effect on the glucosamine content of 

M180. Because of the difficulty of separating starch from the 

mycelium, glucose was used as the energy source. The results 

obtained are shown in Figure 18. It can be seen that although 

the glucosamine content of the M180 differs in the early stages 

of growth, the final glucosamine content of the 0,5% glucose and 

the 2,0% glucose cultures reach the same levels. It is thought 

that the 0,5% culture was glucose limiting because lower 

dry weight yields were obtained than with the 2,0% glucose 

culture. The differences in glucosamine content during the 

early stages of growth can be explained in terms of the rate of 

growth of the mycelium. When both cultures entered the 

stationary phase of growth the glucosamine content of the 

mycelium grown under the two different conditions became the same.

By virtue of the nature of the problem being investigated and the 

difficulty in separating the fungal mycelium from its substrate 

when solid growth conditions are used, much of the work in 

estimating the glucosamine content of the Ml80 must be conducted 

in liquid cultures. The bulk of the mycelium growing in the 

cassava cheese is of an aerial form, similar to the type of growth 

which would be found on an agar plate. The technique of culturing 

Ml80 on membrane filters was developed to give a form of growth 

similar to that found in cassava cheese, yet allowing the analysis 

of the cultures for comparison with those grown in shake flasks. 

The comparison would determine the validity of extrapolating 

results obtained from liquid cultures to the cassava cheese 

situation.
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FIGURE 19 The Effect of the Ui-Ammonium Hydrogen Phosphate
Concentration (o - 12,5 gin/litre 5,0 gm/litre)
of the Growth ! tedium on the Glucosamine Content of 
Ml80 Grown on Membrane Filters at 27^C.
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Cultures were %rown in two different media, one containing 

12,5 gm/litre of di-ammonium hydrogen phosphate and the other 

containing 5.0 gm/litre of di-ammonium hydrogen phosphate.

Both media contained 2% W/V glucose and mineral salts at the 

same concentration as in cassava cheese. Shake flask cultures 

containing both media were set up, at the same time portions 

of the media were solidified with agar, and plates poured in 

crystalising dishes for the membrane culture of the Ml8 0 .

When the M180 grown in both types of culture were analysed for 

their glucosamine content, it (/as found that they were the 

same, the only differences which occurred were by virtue of the 

differences in concentration of the di-ammonium hydrogen 

phosphate used, (Figures 19 and 20).
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(c) The Estimation of Fungal Growth in Cassava Cheese

During the course of this work, growth studies of HI80 were being 

made by other workers in the laboratory and it was found that at 

concentrations of urea and di-ammonium hydrogen phosphate in 

excess of 15 gms/litre, the initial growth rate of the fungus was 

slower in shake flask cultures when glucose was used as the 

carbon source. h’lien a cassava starch slurry replaced the 

glucose,growth on a visual basis appeared to be more rapid at 

the higher levels of di-ammonium phosphate and urea. This effect 

was particularly noticeable with urea. One possible explanation 

for this observation was that the lag phase was more pronounced 

in the glucose medium because of the high levels of nitrogen 

source,but in the starch slurry medium the effective concentration 

of the nitrogen source was being reduced by adsorption onto the 

starch with a consequential reduction in the time of the lag 

phase.

To measure if adsorption of the nitrogen source was taking place, 

a slurry was made of cassava starch, a urea solution (12.5 gm/ 

litre) and mineral salts at the same concentration as in cassava 

cheese. After the slurry was equilibrated on an orbital 

shaker, the concentration of urea in the supernatant was measured. 

The concentration of urea was found to have decreased significantly 

The experiment was repeated omitting the mineral salt solution 

and it was found that the mineral salts did not affect the 

adsorption of the urea. So, for simplicity, the mineral salts 

were not included in further experiments on starch adsorption.
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When solutions of urea and di-ammonium hydrogen phosphate were 

equilibrated with cassava starch and the concentration of these 

measured in the solution supernatant, it was found that, at 

concentrations of up to 25 gm/litre, 20% of the di-ammonium 

hydrogen phosphate and 50% of the urea was adsorbed onto the 

starch.

Figure 21 shows that the adsorption of the di-ammonium hydrogen 

phosphate and urea by the starch is proportional to concentration 

up to concentrations of 25 gm/litre. The equilibration between 

the nitrogen source and the starch was found to be complete in 

six hours. Periods of three hours and twelve hours were tried, 

but after three it was found that equilibration was not complete 

and at twelve hours no more adsorption took place than at six 

hours .

During the fermentation of cassava starch with 11180 to produce 

cassava cheese, the pil of the cheese decreases as the fermentation 

proceeds. The pH changes are shown in Figure 22, The initial 

pH, where urea is used as a nitrogen source, is pH 6,5 decreasing 

to approximately pH 4,8, whereas when di-ammonium hydrogen 

phosphate is used as the nitrogen source, the initial pH is 

pH 6,3 decreasing to approximately pH 3,8, Because of this 

change in pH during the fermentation, the adsorption of urea and 

di-ammonium hydrogen phosphate was measured in the pH range from 

pH 3,5 to pH 6,5 (Figure 23), The pH of the solutions was 

adjusted by the addition of 12N hydrochloric acid until the 

required pH was obtained. Acetate and phosphate buffers were
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originally employed, but were abandoned because other ions were 

being introduced to the solutions whose concentration was not 

constant with pH, making interpretation of the results difficult. 

It was found in particular that at below pH 3.5 the adsorption 

appeared to increase significantly, but this was attributed to 

the low pH of the solutions lowering the activity of the urease 

employed in the urea assay. Less urea was converted to ammonia, 

thus lowering the amount of ammonia detected, and making the urea 

concentration in the supernatant appear less than its true value. 

By the addition of hydrochloric acid to adjust the pH, it was 

thought that although the solutions would be weakly buffered, 

the change in ionic concentration of the solutions with pH would 

be small, and would not affect adsorption onto the starch.

Figure 27 is a growth curve of Ml30 grown on cassava starch and 

the information by which it was obtained is shown in Figures,

24, 25 and 26.

The growth curve was arrrived at by converting the glucosamine 

values in the cheese,with the glucosamine content of Ml80 grown 

under similar conditions in shake flask cultures, to give a 

value of mycelial dry weight. The mycelial dry weight values 

per gram dry weight of cassava cheese were corrected for dry 

weight losses in the cheese during fermentation.

The cassava cheese was made using di-ammonium hydrogen phosphate 

at a concentration of 15,0 gm/litre (7.5 gra/500 gm starch).

The glucosamine content of the cheese was measured at different
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FIGURE 24 The Glucosaiiiine Content of Cassava Cheese During 
Fermentation Using Ui«Ammonium Hydrogen Phosphate 
(15.0 gm/litre) As the Nitrogen Source.
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FIGURE ?6 The Dry Weight Losses of Cassava Cheese During
Fermentation Usina Di-Ammonium Hydrogen Phosphate 
As the Nitrogen Source.
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time intervals and the results obtained are shown in Figure 24,

The changes in the glucosamine content of M180 during growth in 

a shake flask with a di-ammonium hydrogen phosphate concentration 

of 12,5 gm/litre culture are shown in Figure 25,

The values of the glucosamine content of Ml80 at 12,3 gm/litre 

and not 15 gm/litre were used to measure the glucosamine content of 

the Ml80 in the cassava cheese calibrate because of the 20% 

adsorption of di-ammonium hydrogen phosphate onto the cassava 

starch, which effectively lowers the concentration in solution.

During the course of this work it was noticed that the Ml80 

appeared, on the basis of glucosamine,to continue growing at 

incubation times in excess of 72 hours, even when the available 

nitrogen in the cheese had been exhausted after 60 hours 

(Figure 28), It was noticed that considerable dry weight losses 

occurred in the cassava cheese during fermentation (Figure 26),

\Vhen the growth curve of M180 in cassava cheese was corrected for 

the dry weight losses, it was found that growth ceased at 60 

hours when the di-ammonium hydrogen phosphate was exhausted.

Where cassava cheese was grown at high concentrations of 

di-ammonium hydrogen phosphate, it was found that the protein 

content of the cheese did not increase significantly after 80 

hours. Figure 30 shows the protein content of the cheese when 

it was grown at a di-ammonium hydrogen phosphate concentration 

of 37.5 gm/litre, (These values were kindly supplied by 

Or, B,V, Young; the protein measurements being made by the Lowry 

method). It would appear that after 80 hours incubation there
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FIGURE 29 The Glucosamine Changes in Cassava Cheese During 
Fermentation Using i)1-Aniinonium Hydrogen Phosphate 
(37,5 gm/litre) As the Nitrogen Source,
Actual Changes (o). Corrected for Dry Weight Losses (a )
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was no increase in protein in the cheese, indicating that growth 

had stopped. IVlien the glucosamine changes in the same batch 

of cassava cheese were measured, the glucosamine levels continued 

to increase after 80 hours of incubation, even when the values 

were corrected for the dry weight losses in the cheese (Figure 29),

It was decided to compare the growth curves obtained for Ml80 

in cassava cheese (Figures 2 7 and 29 ) with an accepted parameter 

of fungal growth in solid substrates and in this case the method of 

colony plate counts was selected, 1 gm samples of cassava

cheese were homogenised in 100 ml of sterile distilled water in 

a sterile Waring blender. Serial dilutions of the homogenate 

were prepared and 0,5 ml of appropriate dilutions were spread 

onto Malt Extract agar plates. The colonies were counted after 

18 and 24 hours incubation at 27°C, The plates were counted 

twice at 18 and 24 hours after plating out as the growth of the 

Ml80 was so rapid that the colonies tended to coalesce before all 

the viable propagules had become visible. The count was based on 

an average of the two readings. The samples of cassava cheese 

for the plate counts were homogenised for 45 secs. When samples 

of cheese were homogenised for different lengths of time, the number 

of viable propagules increased with homogenisation time until 

the optimum time of 45 seconds was reached, when the number of 

viable propagules started to decrease (Figure 31).

The growth curve obtained when colony counts were made of cassava 

cheese were made at different incubation times is shown in 

Figure 32, The number of colonies produced increased steadily
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until sporulation of the Ml30 occurred in the cheese, when the 

number of colonies showed a marked increase. The shape of the 

growth curve is completely different to those based on 

glucosamine measurements (c.f. Figure 27).
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2. GAS LIQUID CHROMATOGRAPHIC ANALYSIS OF THE AMINO SUGAR

CONTENT OF THE FUNGI ISOLATED FROM MAIZE AND WHEAT

(a) The Gas Liquid Chromatography of Ami no-Sugars

Early attempts to detect mould contamination by the colorimetric 

estimation of glucosamine in grain samples were unsuccessful 

because of low levels of glucosamine present. The gas 

chromatographic estimation of glucosamine was developed because 

of its greater sensitivity over the available colorimetric 

methods. It was found that the lower limit of the colorimetric 

assay was in the region of 1 mg of glucosamine per gm of sample. 

Preliminary investigations of the glucosamine content of 

heavily contaminated mouldy maize was on the lower limit of the 

colorimetric assay. The lower limit of detection of the gas 

chromatograph was found to be in the region of 0.05 yg,and 10 yg 

of glucosamine could be assayed in a sample by evaporating the 

chloroform extract of the silylation mixture to a small (50- 

100 yl) volume before injection. Evaporation of the chloroform 

extracts was possible because of the inclusion of the internal 

standard into the sample.

When the araino-sugars were silylated and chromotographed, more 

than one peak per sugar was found because amino-sugar TMS 

derivatives had been split into their individual anomeric forms. 

The ratio of these anomeric forms was found to be variable;
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sometimes one peak was obtained; sometimes two or three. When 

the carbohydrate samples were fully dissolved in the pyridine 

before addition of the silylating reagent, the ratios of the 

anomeric forms became constant.

The chloroform extraction of the T.M.S. derivations was found to 

be necessary. The pyridine solvent peak without extraction 

would completely mask the separation of the galactosamine anoiners 

because the pyridine would still be bleeding off the column 

when these peaks appeared. Increasing the column temperature 

to reduce the tailing of the pyridine would adversely affect 

the amino-sugar separation, thus necessitating the chloroform 

extraction.

The optimum conditions for the 3% S.E.30 column were found to be 

an operating temperature of 196°C, with a nitrogen carrier gas 

flow rate of 25 mls/min. The araino-sugars relevant to this 

work were separated successfully isothermally and temperature 

programming was not necessary. The values used to determine 

the column operating conditions are shown in Figure 33 and 34 

where the column efficiency (E) is plotted against flow rate and 

column temperature. Glucosamine was the amino-sugar used for

these measurements. The values of column efficiency were

derived from the following equation:

, 2
Retention Volume

E" = 16 '
Peak Width(
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This equation is a measure of peak sharpness in relation to retention 

volume and is an approximation to the number of theoretical plates 

derived by Ambrose (1960),

The retention times of various sugars are shown in Figure 35.

In practice the neutral sugars were separated from the amino- 

sugars by ion exchange chromatography and were not analysed 

simultaneously on the gas chromatograph. It was found that 

three peaks were obtained for glucosamine and galactosamine, 

whereas glucose gave two peaks. It is assumed that these 

correspond to the anomeric forms of the carbohydrates and are 

not due to impurities because,when the silylation conditions 

were standardised,the ratio of the peaks for each carbohydrate 

became constant and did not vary when different batches of 

sugar standards were used. A single peak was obtained for the 

internal standard 2-amino-2-deoxy-glucitoi as tnis carbohydrate 

is in the open chain form and does not exhibit anoraers.

Prior to the adoption of a 3% S,E.30 silicon rubber gum column 

for the chromatography of the amino-sugars, columns of 10% S.E.30 

and 10% neopentyl glycol sebacate polyester were tried. With 

the 10% S.E.30, the retention times, particularly of the 

N-acetylated amino-sugars, were too great to effect a useful 

separation. When elevated operating temperatures were employed 

to decrease the retention times, resolution of the amino-sugars 

was lost. The 10% neopcntyl glycol sebacate polyester column 

only gave adequate separation of N-acetylated araino-sugars.

The routine use of this column would have entailed the
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N-acetylation of the hydrolysates before silylation whereas the 

use of S.E.30 columns enabled the direct silylation of the 

hydrolysates.

It was found during the course of this work that the response of 

the flame ionisation detectors was not the same for galactosamine 

and glucosamine as it was for the internal standard. It was found 

by chromatographing known amounts of the three sugars, that the 

detector response for galactosamine and glucosamine was 

respectively 82% and 84% of the internal standard. When different 

ratios of the three amino-sugars were chromatographed, little 

variation in those values was observed.

(b) The Gas Liquid Chromatographic Analysis of the Arni no-Sugars 

In The Fungi, Isolated from flaize and Wheat

For the purposes of comparison, all the fungi isolated from maize 

and wheat were grown on oxoid malt extract broth, even though it 

may not have been the most suitable growth medium for some of the 

fungi.

It was found that the growth of A.spevgittus repeno and Aspergïltus 

candidus in particular was slow. The fungi were grown in shake 

flasks at 27°C in an orbital incubator at 230 r.p.m. for 9 days, 

with the exception of Aspevgillus repens and Aspergillus aandidus 

which required 14 days growth to obtain sufficient mycelium for 

analysis. The cultures were collected, harvested by filtration.
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freeze-dried, and stored at -20^C until used.

The freeze-dried mycelium was powdered in a pestle and mortar.

100 mg samples were hydrolysed under standard conditions and 

analysed for amino-sugarsby gas liquid chromatography. The 

results obtained are shown in Tables 2 and 3. Included in the 

tables are the amino-sugar contents of the fungi determined as 

glucosamine by the colorimetric method. Any large discrepancies 

between the values obtained by the two methods of analysis can be 

explained by the presence of galactosamine in the hydrolysates. 

Galactosamine was found to be present only in Aspergillus flaOuSy 

Aspergillus versicolor, Aspergillus cœididus and Aspergillus niger.

An amino-sugar, wnich was not identified was found in Aspergillus 

nigert by comparison with the retention times found by other 

workers it is thought that this sugar could be mannosamine.

An amino-sugar which again was not identified was found to be 

present in the Suncephalastrwn isolate. This amino-sugar was 

different to the one found in Aspergillus nigery and had a 

retention time of approximately 3^ mins. No tentative identification 

is offered for this compound.

The values shown, in Figure 2 for the unidentified sugars are 

only approximate, as no accurate correction could be made for the 

difference in detector response which they may have, compared to 

the internal standard. It was assumed that their response was 

the same as glucosamine.

Table 4 was compiled from Tables 2 and 3 and shows the variations 

in amino-sugar content of the Asper'gilli analysed.



117

oCi:

a
LU

oI/)

ï
rDo
o :c

o

oo
o :S=)(/)Io

LU

Qz:<

rvi
<

I

LU_Jcû

Lü W

sis
<  C  H  
co E-h <5 
O  U  M

3^
O  O

1—4

cri

m
1

1-4

\ 0

m

r—4

en

(N
1

1-4

m

CN
CM

w
%
w5
C/î
o m co en <T
H 1 1
U en 1—4 en O
<

<
O

w
%
K-;

<
(/) un CN o <N O
O
u m < r O <r en
:o f—( r—< f-4 r-l
kJ
o

C'-S

Q
to ta

co 5̂ • o (3
5 t - i to to (3
o V i « ;s K •<-i
z TO ta ta to
Z) S ta t j (33 (3. is

« •rO ta ta
o g ?s TO

to to to to to to
3 3 a 3 3

T~J r - i r-O t-̂ O
tCl r-^

VO •rO '^0 •r-'
(3) (30 (33 (33 (33 (30

Ty SL S3
Q) ta ta ta ta tiO

(3, PL PL S3. PL
to to to to to to



118

3. THE POLYACRYLAMIDE ELECTROPHORESIS OF WHEAT AND 

CONTAMINATING FUNGI AS A MEASURE OF GROWTH

Analysis of the chitin content of the fungi isolated from the maize 

and wheat,indicates that chitin would not be applicable as a 

parameter for estimating contamination in mouldy cereals. The 

variation in chitin content of the fungi and the large variety of 

organisms involved, mean that accurate interpretation of any 

values obtained would be virtually impossible. It was hoped that 

by extracting the proteins from the contaminating fungi and wheat 

and subjecting them to polyacrylamide gel electrophoresis, it 

would be possible, to find a protein which would have a greater 

specificity for a particular fungus than would chitin.

Contaminated maize was obtained from South Africa, the original 

intention being to obtain an accurate measure of its contamination 

by Aspergillus flavus. It was necessary to use an artificial 

system of Aspergillus flavus and Aspergillus chevalieri growing 

on wheat, as an uncontaminated sample of the South African maize 

was not available to act as a control. Aspergillus flavus was 

selected because of its relevance to the maize situation, and 

Aspergillus chevalieri because it was found to be the major fungus 

present in the wheat sample.

Initially polyacrylamide electrophoresis was used to obtain traces 

from separate samples of fungus and wheat, in order to determine 

the optimum experimental conditions. Later work involved the
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electrophoretic separation of samples of artificial fungus 

wheat mixtures and artificially contaminated wheat.

The methods employed are essentially those of Chesson (1972), but 

the following experimental conditions were examined in relation 

to this work:

(a) The effect of bis concentration on optimum gel composition

(b) Protein staining

(c) Protein extraction

(d) The quantification of wheat/fungal mixtures

(a) The Effecf of Gel Composition on Protein Separation

Gels of varying bis concentration were examined to obtain optimum 

resolution of the fungal and wheat proteins. The effect of 

increasing the bis concentration is showm in Figure 36 where gels 

of 15% acrylamide with bis concentrations of 2j%, 5% and 7^% were 

employed, (Bis concentrations are expressed as a percentage of the 

total acrylamide concentration in the gel). As would be expected 

from the results of Fawcett and Morris (1966), the increase in bis 

concentration caused a decrease in the protein mobility. 5% bis 

was eventually selected as the optimum concentration because, 

although 2^% bis gave the greatest resolution and the largest 

number of peaks, the wheat protein bands near the electrophoretic 

front tended to coincide with protein bands derived from the 

fungus. 5% bis enabled specific fungal protein bands to be 

differentiated from the wheat bands.
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FIGURE 3b The Effect of Bis Concentration on the 
Separation of an Acid-Rnenol Extract of 
Uheat Proteins, Stained witn Napnthalene 
blue-black.
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(b) Select ion of Prof el n Stai n

Figure 37 shows a comparison of Naphthalene Blue-Black and Fast 

Green as a protein stain,using gels run with an acid-phenol 

extract of Asipevgillus Cheval'ievi» In this work three stains 

were compared;

1. Naphthalene Blue-Black 0,3% VJ/V in 7% V/V acetic acid

2. Fast Green 1% W/V in 7% V/V acetic acid

3. Amido Black 1% W/V in 7% V/V acetic acid
(Naphthalene Black)

Naphthalene Blue-Black and Amido Black produced essentially the 

same patterns. Amido-Black stained fainter bauds more clearly 

but was discarded as a stain because difficulty was experienced 

with destaining and high background interference was found on 

scanning the gels on the densitometer.

In general Fast-Green was a more sensitive stain producing larger 

peaks than Naphthalene Blue-Black. Further, Gorovsky et al (1970) 

has shown that Fast Green does not deviate appreciably from Beer’s 

Law with amounts of protein up to 150-200 ygras on urea containing 

gels. Although destaining with Fast-Green was found to be more 

difficult than with Naphthalene Blue-Black, this did not outweigh 

the advantages of Fast-Green with regard to increased sensitivity.
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8 Stained Fast Green

b Stained Napthalene Blue-Black

FIGURE 37 A Comparison Between Fast Green and
Napthalene Blue-Black on the Staining 
of Protein from an Acid-Phenol Extract 
of A3\:>ergi Itus Cuevalievit
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(c) Extraction of Proteins

The patterns obtained on the electrophoresis of protein extracts 

are very dependent upon the method of extraction employed, Rottcm 

and Razin (1970) have shown that protein solubilised from 

Hyaoplasna in a sodium dodecyl sulphate solution migrated as a 

single band, whereas solubilisation of the protein with acid-phenol 

enabled the resolution of ten bands.

A variety of extractions of wheat and fungi were tried to find a 

method where fungal protein could be solubilised in preference to 

wheat protein, thus reducing interference from wheat proteins when 

separating wheat/fungus mixtures by electrophoresis.

Samples of Aapei^gillus flavus, Aspergillus chevalieri and wheat 

were extracted with the following:

(a) Acid-Phenol

(b) 5% W/V Sodium Chloride

(c) 2% W/V Sodium Dodecyl Sulphate

Samples of Aspergillus flavus, Aspergillus chevalieri and wheat 

were extracted with acid-phenol and the samples applied to 

polyacrylamide gels. Further samples of these materials were 

fractionated by initial extraction with 2% sodium dodecyl sulphate. 

This extract was dialysed, freeze dried and dissolved in acid 

phenol. The residues from the sodium dodecyl sulphate extractions 

were then extracted with acid-phenol. These samples were then 

subjected to electrophoresis on acrylamide gels. Similarly 

samples of the two fungi and wheat were extracted with 5% sodium
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the Elec'/ropl’.orutic Protein Pattern Obtained 
with Aspergillus flavus. Stained witii Fast Green.
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chloride solution after which the residues were extracted with 

acid-phenol,

Figure 33 shows the traces obtained when Aspergillus flavus was 

extracted with the acid-phenol, sodium chloride and sodium dodecyl 

sulphate. In general it was found that the 5% sodium chloride 

extraction of the fungus gave characteristic bands near the 

electrophoretic front. However when wheat was extracted with 5% 

sodium chloride no major bands were found in this region. When 

the residues from the 5% sodium chloride extractions were 

extracted with acid-phenol, appreciable amounts of protein were 

still extractable from the wheat, whereas hardly any were 

extractable from the two fungi (Figure 39). Sodium dodecyl was 

found to be extremely efficient at extracting the proteins but 

when the extracted residues were re-dissolved in acid phenol, no 

detectable protein bands were found in either the fungi or the 

wheat samples indicating that there was no fractionation.

Figure 40 shows the traces obtained from 5% sodium chloride 

extracts of Aspergillus flavus^ Aspergillus ahevalieri. snà wheat. 

The peaks which are shaded were used for quantification and were 

also characteristic for each fungus.
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FIGURE 40

The shaded area 
indicates the 
specific protein 
used for 
quantification.

The shaded areas 
correspond to 
the areas of 
trace of the 
same %Ef as the 
specific peaks 
of Aup,chevalieri 
and Asp,flavus, 
These areas were 
integrated and 
subtracted f.om 
the tot.il Integra 
when quant i ̂ y in;’ 
Wheat/fungus 
mixtures.

The Quantification of the Protein Patterns or Aspergillun 
chevalieri and Aspergillus flavus. Proteins extracted 
with 5% Sodium Chloride and Dissolved in Acid-Phenol 
for Electrophoresis. Stained Fast Green,
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(d) The Quantification of Wheat/Fungal Mixtures

Samples (50-250 mg) of each fungus were extracted with 5% sodium 

chloride, dialysed, freeze dried and concentrated. The extracted 

samples were dissolved in acid-phenol and 100 pi aliquots were 

applied to the gels. The characteristic peaks of the fungi were 

integrated by the method of Gorovsky et at (1970) and the graph 

obtained of the peak area plotted against mgms dry weight of fungus, 

as shown in Figure 41,

2,0 gra samples of either an Aspergillus chevalieri and wheat or 

Aspergillus flavus and wheat mixture containing from 50 to 250 mg 

of fungus were extracted with 5% sodium chloride, dialysed, freeze 

dried and concentrated. The extracted samples were dissolved in 

acid-phenol and 100 pi samples applied to one side of a split gel. 

To the other side was applied a 100 pi sample of 2,0 gra of wheat 

which had been extracted in the same manner as the fungus/wheat 

mixture. The gels were run, stained, scanned and the 

characteristic fungal peaks were quantified. The value for wheat, 

integrated at the same position as the characteristic peaks for 

the fungi, was subtracted from the integrals of the fungal/wheat 

mixture over the same band width. The results obtained are shown 

in Figure 42, It was found that the graphs were not linear over 

the whole range, probably because at the higher concentrations of 

fungus there was only 1,75 gras of wheat present in the sample; 

whereas a control value of 2,0 gras of wheat was subtracted from the 

fungus integral, (Figure 42),
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Artificially contaminated samples of wheat were extracted and 

their fungal content after six days growth was measured using the 

split gel system. The growth of the fungus on the wheat caused 

some of the minor proteins peaks to disappear,and minor ones 

appear,but at the %Ef where the characteristic fungal peaks were 

situated, no noticeable changes occurred. By this method of 

quantification, it was found that after six days growth samples 

contained 65 mgm dry weight of Aspergillus chevalieri and 50 mgm 

dry weight of Aspergillus flavus per 2.0 gra sample of wheat. 

Glucosamine measurements were made of the artificially contaminated 

wheat samples,and interpolating glucosamine contents of 14.3% for 

Aspergillus chevalieri and 11% for Aspergillus flavus found in 

malt grofn cultures, tiie fungal content of the samples was found 

to be 80 mgm dry weight / 2.0 gm sample of Aspergillus chevalieri 

and 70 mg dry weight / 2.0 gra samples of Aspergillus flavus.



SECTION IV

DISCUSSION
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1. THE ESTIMATION OF FUNGAL GROWTH IN CASSAVA CHEESE

ïlie conditions for the maximum yield of glucosamine from tiie Ml80 

mycelium were found to be either 6N HCl at 103°C for 6 hours or 

4N HCl at 103°C for 20 hours. Both values gave the same yield of

glucosamine from the mycelium. The same conditions were found to

be optimum for the release of glucosamine from cassava cheese, 

showing that the presence of large quantities of relatively easily 

hydrolysed starch did not alter the optimum conditions from those 

of M18Q. The use of 6N HCl for 6 hours rather than 4N HCl for 

20 hours was eventually employed for the routine estimation of 

glucosamine on the grounds of convenience.

A difference was found between the optimum hydrolysis conditions 

for Ml80 mycelium and those of chitin. Tne maximum yield of 

glucosamine was obtained from chitin when it was hydrolysed with 

4N HCl for 14 hours at 105°C (Figure 7). These conditions are 

in agreement with those quoted by Neuberger and Marshall (1966) 

for the hydrolysis of chitin. The differences in the conditions 

of hydrolysis between chitin and Ml80 are further shown in Figure 8," 

and it can be seen that M180 mycelium is considerably more resistant 

to acid hydrolysis than chitin. There are two possible reasons 

for this difference:

(i) The glucosamine being liberated from the M180 mycelium does not 

originate only from chitin, but also from a more acid resistant 

polymer such as chitosan.
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(ii) The structure of the Ml80 cell wall is such that other cell 

wall components are shielding the chitin from the acid, and must 

be removed by hydrolysis before glucosamine can be liberated from 

the chitinous fraction.

Enzymic studies have sho'-m that chitin is normally present in the 

cell wall in conjunction with other compounds such as glucans 

(Hunsley and Burnett, 1970) and these compounds may act as a barrier 

to the enzymic release of N-acetyl glucosamine from the chitin by 

a chitinase. It is not known whether the glucans form a barrier 

to prevent the hydrogen ions necessary for hydrolysis from coming 

into contact with the chitin, but the presence of chitosan in

conjunction with chitin has been demonstrated in the cell walls of

Rkvzopus (Frey, 1950), Chitosan is known to be more résiliant to 

acid hydrolysis than chitin (Neuberger and Marshall, 1966), A 

possible means of resolving this difference would be to incubate 

the M180 mycelium with a purified glucanase to remove any material 

masking the chitin and seeing if this will alter the optimum 

conditions for the subsequent hydrolysis of the residue.

An investigation of the destruction of glucosamine was made under 

the same conditions that were employed for the hydrolysis of the 

M180 mycelium and the cassava cheese. It was found that approximately 

10% of the glucosamine was destroyed (Figure 10), This value is 

in agreement with those of other workers such as Boas \(1953) and

Neuberger and Marshall (1966). If chitin is regarded as being

considerably more stable than glucosamine, the actual losses during 

the hydrolysis of the Ml80 may be considerably less than this value
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as destruction of the glucosamine will not occur until it has been 

liberated from the chitin and thus not all of the glucosamine will 

be free to undergo destruction during the whole of the hydrolysis.

Internal standards were not employed in the course of this work as 

it was possible to obtain a reliable and reproducable value for the 

glucosamine content of the Ml80 without them and it was this value 

uncorrected for any losses, which was correlated to fungal dry weight 

For similar reasons, precautions such as -conducting the acid hydro

lysis in an inert atmosphere were thought to be necessary.

The Levvy and McAllan modification of the Morgan-Elson estimation 

for glucosamine, although it is superior to many of the available 

methods, does not possess an absolute specificity for glucosamine, 

or have complete freedom from interference from other compounds 

which are likely to be present in the acid hydrolysates.

The ion-exchange separation of the acid hydrolysates was introduced 

to eliminate many of the interfering compounds such as the neutral 

sugars and some of the amino-acids. The ion-exchange separation 

was found to be necessary particularly when low levels of 

glucosamine were involved. To determine whether the glucosamine 

value obtained by the colorimetric assay was valid, glucosamine 

was determined in M180 and cassava cheese, by means of an auto

analyser. It was found that when the optimum hydrolysis conditions 

were employed the values obtained by the two methods were the same, 

(Figure 12). No galactosamine or other amino-sugars were detected 

in the M180 or cassava cheese. This was also validated when 

samples of Ml80 were analysed by the gas liquid chromatograph.
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The discrepancies obtained at sub-optimum hydrolysis times between 

the colorimetric estimation of glucosamine and the autoanalyser 

may be explained in terms of the mechanisms of the acid hydrolysis 

and the analytical techniques. The autoanalyser separates the 

glucosamine monomer from the acid hydrolysate and estimates it 

by its reaction with ninhydrin. The Morgan-Elson reaction involves 

the formation of a chromagen between the N-acetyl group and the 

free C-4 hydroxyl of glucosamine by reaction in a borate buffer, 

oligomers of glucosamine are capable of producing a 

colour of reduced intensity with the Morgan-Elson reaction 

(Dische, 1962). The cleavage of the 3-(1-4)-linkages of chitin 

during acid hydrolysis is non specific and produces a series of 

oligo-saccliarichs of decreasing chain Icngtli until hydrolysis is 

complete when only the glucosamine monomer is present. The 

autoanalyser will only measure the free glucosamine in the 

hydrolysates, whereas the Morgan-Elson estimation effectively 

measures the cleavage of the 3-(1-4)-linkages. Thus when there is 

complete hydrolysis, and only glucosamine is present, the two 

values should be the same if no interference is taking place.

Ride (1971) has dismissed the use of acid hydrolysis as a means of 

hydrolysing chitin for its determination as glucosamine on the grounds 

that there was too much interference of the colorimetric assay from 

other compounds present in the hydrolysate. The inference was 

attributed mainly to the dark brown colour of the hydrolysate.

The presence of glucosamine in the uninfected material being 

investigated also presented problems in Ride’s work. In this 

study interference by other compounds present in the untreated
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hydrolysates was observed,but when the ion exchange chromatography 

stage was introduced it was found that it removed the dark brown 

coloration from the hydrolysates and eliminated interfering 

substances, enabling reliable and reproducable estimates of the 

glucosamine present to be obtained. Glucosamine was found to be 

absent from the cassava starch therefore any glucosamine detected 

could be attributed directly to the fungus. Ride, when estimating 

fungal growth in tomato plants,was working with much lower levels 

of glucosamine than were encountered in this work, so the 

glucosamine present in uninfected tomato plants presented a serious 

problem. If large quantities of glucosamine had been detected in 

the cassava starch,the alkaline degradation method (Tsuji et ezZ,

1969) of estimating chitin would have had to be employed in order 

to differentiate between the substrate glucosamine and the fungal 

chitin.

Table 1 shows a statistical analysis of the determination of the 

glucosamine content of Ml80 mycelium and cassava cheese. It was 

possible to determine the glucosamine content on a single hydrolysate 

of the standard Ml80 mycelium to within - 1,4% at the 95% level of 

confidence, whereas it was only possible to determine the 

glucosamine content to - 5,5% when samples from different hydrolyses 

were assayed. This would indicate the greatest variation in the 

glucosamine assay arose from the acid hydrolysis step. If 4N HCl 

at 105°C for 20 hours had been employed this error may have been 

reduced as it would appear tliat the timing of the hydrolysis is less 

critical than when 6K acid for 6 hours is used (Figure 6). However 

it was thought that an accuracy of - 5,5% was sufficient for this
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work and the advantages gained by the reduced hydrolysis time

outweighed the possible slight loss in precision.

Examination of the variation in glucosamine content of the Ml30 

mycelium was made under various growth conditions. The variability 

of the glucosamine content of fungal mycelium has been confirmed 

(Behr, 1930; Arima and Uozum, 1967; Ride and Urysdale, 1971),

It was found (Figures 15 and 19) that the glucosamine content of 

the mycelium varied considerably with the nitrogen content 

of the medium but not with changes in the carbon content (Figure 18), 

or between liquid culture and growth on membrane filters (Figures 

19 and 20), With the concentrations of di-ammonium hydrogen 

phosphate employed in cassava cheese the glucosamine content of the 

Ml80 mycelium in liquid culture varied between 12.5% and 18% and 

remained relatively constant with time, but at higher concentrations 

of di-ammonium hydrogen phosphate the cultures started to autolyse 

(Figure 14 - cf shaded portions of the figure) and the glucosamine 

content increased to 25% (Figures 14 and 15). Behr (1930) found 

that in media with a low pH (approximately pHl) the chitin content 

of the mycelium increased from 9,2% to 21,7% when the mycelium started

to autolyse. It would appear that some fungi have the ability to

re-metabolise mycelial autolysis products, except chitin which 

tends to accumulate in the medium. The breakdown of chitin 

during autolysis is probably dependent upon the presence of a 

chitinase, but if the chitinase is produced extra-cellularly the 

low pH of the medium may inactivate it. However there are instances 

where chitin is broken down during autolysis and re-metabolised 

(Burnett, 1968),



138

The chitin content of fungi has been shown to vary with their 

morphology (Bartnicki-Garcia and Nickerson, 1962) and this 

finding has been confirmed by Ride and Urysdale (1971) working 

with Fusariuin oxysporwn. They found that the fungal chitin 

content was generally lower in shaken than in stationary 

cultures, and this was attributed to the difference in morphology 

of the fungus in the two types of culture. The shake flask 

cultures consisted essentially of bud cells and conidia whereas 

stationary cultures produced mycelium. They used a glucosamine 

value of 8.0% for the fungus which was its value in the stationary 

culture because in the tomato plants it was argued that the fungus 

would be present in the mycelial form. In this work to determine 

whether the culture conditions caused variations in the 

glucosamine content of M180 comparisons were made between mycelium 

gro^m on membrane filters and in shake flask cultures. The 

results are shô 'ni in Figures 19 and 20 and it can be seen that 

no difference occurred. It was therefore felt that it was valid 

to extrapolate the results obtained from liquid cultures to the 

cassava cheese situation. The possibility does exist that in 

cassava cheese the mycelium penetrates between the starch grains 

with a resulting change in morphology. It was observed however in 

the course of this work that very little mycelial penetration of the 

substrate occurs, confirming the findings of Steinkraus et at (1961) 

working with the tempeh fermentation. The only way of being 

certain of the glucosamine content of the mycelium in the solid 

substrate is to obtain a sample of the mycelium for analysis. In 

hindsight this may have been possible by incubating the cassava cheesi
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with amylase to dissolve the starch, in order to obtain a mycelial 

sample. However there are many instances where the glucosamine 

growth assay would be applicable and it would not be possible to 

obtain mycelium free from the substrate.

Day and Hervey (1946) and Mandels et al (1948) have dissolved away

the substrate from the mycelium but the extraction mixtures employed 

would almost certainly alter the composition of the mycelium.

Other environmental factors, which have not been examined in this 

present study, such as temperature, oxygen tension, carbon dioxide 

tension and trace elements, could affect the glucosamine content 

of the mycelium. Little has been reported on the effects of

such factors, altliough it has been noteo that a change in

temperature does not affect the chitin content of Cœidida albiaans 

(Chattaway et a l  ̂ 1968).

The main investigation of the variation of glucosamine content of 

the M180 was concerned with the effects of the nitrogen source.

This was because it was the major variable in the fermentation. 

There is obviously some degree of uncertainty about the estimates 

of the glucosamine contents of the M18Q in the solid substrate 

fermentation, but reasonable approximations can be made to simulate 

the conditions in the cassava cheese.

When estimating the growth of Ml80 in cassava cheese containing 

15gm/litre of di-ammonium hydrogen phosphate, allowance was made 

for the di-ammonium hydrogen phosphate adsorbed onto the starch by 

using the glucosamine content of the Ml80 grown at 12.5gm/litre
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di-ammonium hydrogen phosphate and not the value for growth at 

15gras/litre.

Comparisons were made between the glucosamine method of determining 

fungal growth and the dilution plating technique (c.f Figures 27 

and 32), The dilution plating method of measuring growth was only 

suitable until sporulation took place, when it became a measure of 

the number of spores present, rather than a measure of the amount 

of mycelium. The glucosamine method was unaffected by sporulation. 

Evidence for this comes from the investigations conducted with 

membrane filters. The glucosamine content of the Ml80 spores was 

found to be 6.7% compared with the 12-18% for tne mycelium. Vfnen 

sporulation occurred there was no appreciable decrease in the 

glucosamine content of tlie culture, indicating that the mass of 

spores is small in relation to the mass of mycelium, therefore 

sporulation will not seriously affect the glucosamine assay. This 

is not the case with the dilution plating technique.

It is recognised that the interpretation of growth measurements 

must be made with caution, particularly when only one parameter is 

used (see Introduction), and this is illustrated by Figures 29 and 

30. The glucosamine changes in cassava cheese were compared with 

the protein changes, and it was found in most instances that when 

growth based on glucosamine ceased, protein synthesis also ceased. 

However it was found that under some circumstances, namely at very 

high concentrations of nitrogen source (30-40 gra/litre) that the 

glucosamine content of the cassava cheese was still increasing with 

age while the protein content showed no further increase. It is
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possible that the protein in the cassava cheese was decreasing in 

relation to the amount of fungus but it is more probable that the 

mycelium was autolysing, thus accounting for the increase in 

glucosamine content of the cheese, particularly as it was found 

that MISO tends to autolyse at high di-ammonium hydrogen phosphate 

concentration in shake flask cultures (Figures 14 and 15).

Despite the above limitation, glucosamine still offers a method 

of estimating fungal growth, as reliable as many of the accepted 

parameters such as dry weight, yet offers the advantage that it 

can be applied to situations where other methods would be invalid.
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2. . THE APPLICATION OF THE GLUCOSAMINE GROWTH ASSAY TO

CEREALS AND THE GAS-LIQUID CHROMATOGRAPHIC ASSAY OF

FUNGAL AMINO-SUGARS

The glucosamine content of the fungi isolated from the samples of 

mouldy maize and wheat investigated are shown in Tables 2 and 3.

It was found that the glucosamine content of the fungi, as 

measured by the colorimetric assay,varied between 1,5/» for 

Chaetomium sp, isolate 1 and 24,7 for Synoephalastrwn s p . , while 

among the Aspergilli examined the glucosamine contents varied 

between 6,8% for Aapergill'un nigev and 14.7% for Aspergillus repens, 

Blumenthal and Roseman (I960) examining tnc chit in content of 

various fungi report variations between 2,6% for Neurospora crossa 

to 26,2/0 for Asvergillus parasitiaus. Since many different fungi 

were isolated from the wheat and the maize, and the numbers and 

types of organisms isolated were by no means atypical when compared 

with the reports of Christensen and Kaufman (1969) it becomes 

apparent that in order to relate the chitin content of mouldy 

cereals to the mass of fungi present in the cereal, it is necessary 

to know the proportions of the individual fungi present. These 

proportions could only be determined by dilution plating or similar 

techniques, which have the inherent error of over-estimating heavily 

sporulating species. Therefore if the glucosamine method were to 

be based on these techniques for its quantification, it will be no 

more accurate than the technique upon which it is based.
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However, assuming that tlie ratios of the species present in the cereal 

could be determined accurately, the issue is further complicated by 

the possibility of variation of the chitin content within strains 

of the same species. Blumenthal and Roseman (1960) report that the 

chitin content of five different strains of Aspergittus nigev varies 

between 11,7% and 22,4% thus demonstrating the difficulty of 

applying the measurement of glucosamine for determining the mould 

content of cereals,

Golubchuk et at (1960) examing the possibility of using chitin as 

an index of mould contamination in wheats related the glucosamine 

content of wheat to orthodox parameters of mould invasion, namely 

fat acidity,dilution plate counts and seed viability. These 

workers report that chitin did not correlate with any of these 

parameters, however the orthodox parameters did not correlate 

within themselves.

Examination of the amino-sugar content of the isolated fungi by 

gas-liquid chromatography demonstrated that there was good 

agreement between colorimetric assay results and those obtained 

from gas-liquid chromatographic assay for glucosamine. Where 

large discrepancies did occur, they can be accounted for by the 

presence of galactosamine in the fungal mycelium (Tables 2 and 3),

The presence of galactosamine in fungi has been reported by 

several workers (Distler and Roseman, 1960; Crook and Johnston,

1961; Mahadavan and Tatum, 1965; and Bull, 1970), and it appears 

to be relatively common among the AspevgiZti, The presence of 

galactosamine has been previously demonstrated in Aspevgitlus
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parasiticus^ Aspergillus oryzae^ Aspergillus nidulans, Aspergillus 

niner^ this work confirms its presence in Aspergillus niger^ and 

reports its presence in Aspergillus flatus^ Aspergillus candidus 

and Aspergillus versicolor, Galactosamine may be more prevalent 

in fungal cell walls than the literature may indicate, because 

the analytical techniques used would not differentiate between 

glucosamine and galactosamine. Estimation of the amino-sugars 

was by either the Elson-Morgan or Horgan-Elson methods, and 

separation technqiues were not employed.

The function of galactosamine in the fungal cell wall is not known, 

Distler and Roseman (1960) report that Aspergillus parasiticus 

produces an extracellular galactosaminoglycan, but also has 

galactosamine present in the cell wall. Bull (1970) examining 

the cell walls of wild-type and mutant Aspergillus nidulans 

managed to differentiate between chitin and a galactosamine polymer 

on the basis of their relative solubilities in 2N sodium hydroxide.

The ratios of glucosamine to galactosamine of the Aspergilli 

examined are shô sTi in Table 4 . The value obtained for Aspergillus 

niger is in agreement with that obtained by Distler and Roseman 

(1966), however,rigorous comparisons between the two sets of data 

would be rather tenuous as different growth conditions were 

employed in each case. It is interesting to note that no 

galactosamine was detected in Aspergillus repens or Aspergillus 

chevalieri^ both of which are members of the Aspergillus repens, 

group (Raper and Fennell, 1965), If a more detailed examination 

of the glucosamine and galactosamine contents of the genus
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Aspergillus is made, the possibility exists that the ratio of these 

two amino-sugars could be employed as an aid in taxonomy.

Besides glucosamine and galactosamine, two unidentified sugars 

were detected, one being found in Aspergillus niger and the other 

in the Syjicephalastrum sp, isolate. It is assumed that these 

compounds are amino-sugars but this is by no means certain. The acid 

hydrolysates were subjected to ion exchange chromatography prior to 

analysis on the gas-liquid chromatograph. This was to separate 

the neutral from the amino-sugars. It can therefore be concluded 

that the unidentified compound must possess an overall positive 

charge. It is most probaole that the unidentified compounds in 

Aspergillus niger and Synoephalastrum sp, were amino-sugars.

No tentative indentification is offered for the compound detected 

in Synoephalastrumj but comparing the retention times of the 

compound detected in the Aspergillus niger (Figure 35) with those 

obtained by other workers (Sweeley et al^ 1963) it may possibly 

be identified as mannosamine.
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3. THE ESTIMATION OF ASFERGILLVS F L A W S  AND ASFERGILLVS 

CHEVALIERI IN CEREALS BY MEANS OF QUANTITATIVE 

POLYACRYLAMIDE GEL ELECTROPHORESIS.

In this investigation it was found that it was possible after the 

quantitative extraction and electrophoresis of proteins from 

Aspergillus flavus and Aspergillus oaevalieri to find protein bands 

which could be correlated to the dry weight of these fungi (Figures 

AO and 41). This was possible even in the presence of wheat 

protein (Figure 42). The correlation enabled the amount of fungus 

present in artificially contaminated wheat samples to be determined. 

When the same samples were subjected to an assessment of fungal 

growth by means of the glucosamine estimation, reasonable agreement 

was found between the two methods. The electrophoretic method 

however was capable of distinguishing between the two fungi, 

whereas this was beyond the capabilities of the glucosamine method. 

Although measurements of fungal contamination were made in wheat 

samples by means of quantitative electrophoresis many possible 

variables which were not examined in this work would have to be 

investigated in order to obtain a growth assay which would be valid 

beyond the limited conditions of this investigation,

A direct relationship was obtained between fungal dry weight and 

peak area, except when large quantities of fungus were present.

This deviation can be expected as a control integral of 2,0 gms of 

wheat was subtracted from the fungal integral when as little as
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1,75 gms of wheat was present in the 2,0 gm samples of artificial 

wheat/fungus mixture used in calibration. The possibility exists 

that the Fast Green/protein complex which was being measured was 

not following Beer’s Law at the higher levels of protein. It is

unlikely that in what is regarded as a heavily contaminated sample

of cereal; the fungus will be present in such amounts as to cause this 

deviation from linearity. The work of Golubchuck et at (1960), 

investigating the chitin content of contaminated wheat,found values 

of between 0.5 and 1,0 mg of chitin/gm of wheat. These values are 

of the same order of magnitude as those obtained during the course 

of this investigation. Assuming a chitin content for the fungi 

involved of approximately 10% and a chitin value of heavily 

contaminited cereal of between 0.5 - 1.0 mgm/gm then it can be 

expected that the amount of fungus present in the cereal will be

in the region of 5 - 10 mg/gra. It is likely that the fungal

contamination will not yield sufficient protein to be accurately 

determined without increasing further the sensitivity of the 

polyacrylamide gel electrophoresis growth assay.

One approach of increasing the sensitivity of the electrophoretic 

assay which was briefly examined was that of differentially 

extracting fungal protein in preference to wheat protein, therefore 

enabling larger samples to be extracted, thus increasing the amount 

of fungal protein available for electrophoresis. It was found 

that 5% sodium chloride appeared to extract preferentially the 

fungal protein. This method was chosen on the basis of the 

examination of protein bands extracted by the 5% sodium chloride 

and by examination of the proteins in the residues by dissolving
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the proteins in acid-phenol and examining the electrophoretic 

patterns. It was found that the 5% sodium chloride extract gave 

the highest residual wheat protein among the raetliods examined.

The reasons why direct protein measurements were not made is 

because of the difficulty of measuring protein in the presence of 

large quantities of acid-phenol. After the completion of this 

work a method of protein estimation was noted, based on dye 

adsorption (Bramhall et at, 1969) which is capable of measuring 

protein under these conditions (Chesson, 1972), This would have 

enabled a direct quantitative investigation of the selective protein 

extraction to be made.

Polyacrylamide gel electrophoresis appears to be a relatively 

specific means of identifying fungus, although in this work only 

two fungi were examined, specific proteins were found which enabled 

then to be distinguished from each other. The work of Nealson 

and Garber (1969) and Sorenson et al (1971) indicated that 

polyacrylamide electrophoresis of the proteins of Aspergilli may 

provide further criteria which could be used in the quantification 

of species kno^-m to be present in mixed cultures,

A rigorous examination of the variation in the fungal protein was 

not made, with respect to growth conditions, age and morphology. 

Although these factors need thorough investigation and only 

quantitative investigations have been made by other workers, the 

variation of fungal proteins, with varying growth conditions might 

be less than is expected. Thus Razin and Rottem (1967) and 

Sachs et al (1969) report tnat acid solubilized protein patterns
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from lUjcoptasrna appear to be virtually independent of growth 

conditions and the age of the culture. Of particular relevance 

to this investigation, when sporulation of the fungi in the cereals 

can be expected are the reports of Shipton and McDonald (1970) 

working with Drecksleva^ and Pelletier and Hall (1971) working 

with VertioiZlium found that only minor differences in protein 

patterns were obtained between mycelium and spores. Thus it 

would appear that the growth conditions and morphology of the 

fungus would not cause major problems with the application of the 

polyacrylamide gel electrophoresis of fungal proteins to che 

quantitative determination of fungal growth.

It is obvious that further investigations must be made before 

electrophoresis can be claimed as a specific means of detecting 

the growth of a particular fungus in a mixed fungal population, 

but the problems which exist with this approach do not seem to 

be insurmountable.
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4. A GENERAL ASSESSMENT

Provided the relationship between the fungal dry weight and 

glucosamine is kno^m, glucosamine will form the basis of a growth 

assay. Although tiiere are difficulties in obtaining information 

about this relationship when growth of the fungus is in a solid 

substrate the growth conditions can be simulated in liquid and in 

membrane filter culture so that reasonable estimates can be made. 

Glucosamine is a cell wall constituent, and as such an increase in 

glucosamine will relate to an increase in cell wall and hence 

fungal growth. To this extent glucosamine is a parameter of 

fungal growth in its own right, and is as valid as sucli 

conventional parameters as mycelial nitrogen, protein and oxygen 

uptake. Glucosamine is similar to dry weight in that it measures 

both living and dead fungus, and is not a measure of viaole cells. It 

has been demonstrated that difficulty in interpreting, the glucosamine 

values may be encountered when the culture is autolysing.

Glucosamine as a parameter of growth offers considerable advantages 

over conventional parameters when growth is to be measured in 

situations where the mycelium cannot be readily separated from the 

substrate;

(i) The glucosamine method is not subjective —  a distinct 

advantage over histological and visual techniques,

(ii) Chitin is specific to fungi, enabling the method to be 

employed when the nature of the substrate would invalidate the
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use of protein or insoluble carbohydrate as parameters of growth.

If glucosamine is present in the substrate, chitin can be assayed 

by methods such as alkaline degradation thus avoiding interference 

by glucosamine (Ride, 1971),

(iii) The glucosamine assay of growth in this work was found to be 

reliable and not subject to interference from the substrate.

The use of glucosamine as a parameter of growth is however limited 

to fungi containing a reasonable chitin or chitosan content in their 

cell walls and to pure culture situations. In the light of this 

work and other information that is available it appears that 

glucosamine is not suitable as a quantitative measure of fungal 

growth in mixed population situations, as found in mouldy cereals.

It was because of this that investigations were made into the 

possibility of using polyacrylamide gel electrophoresis to find 

a specific fungal protein which could be related to fungal mass.

Two techniques have been developed which are relatively specific 

for identifying fungus in solid substrates, namely the use of 

fluorescent antibodies (Warnock, 1971) and pyrolysis gas-liquid 

chromatography (Myers and Watson, 1969), neither of which have yet 

been developed into reliable quantitative techniques. Although 

the use of the polyacrylamide gel electrophoresis is well 

established as a technique in fungal identification and taxonomy, 

this work is the first report of its application to measuring 

fungal growth in solids with the aim of working with mixed 

populations. It is obvious that a more rigorous examination has 

to be made of the relationship between the specific fungal proteins
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and other parameters of fungal growth before firm conclusions can 

be drawn as to the value of the method, but it does appear to 

offer potential for measuring individual fungi in cereals.

From this work it can be seen that the gas-liquid chromatograph 

offers promise for studying the sugar composition of fungal cell 

walls, Galactosamine is reported for the first time in Aspergillus 

flaVus^ Aspergillus candidus and Aspergillus versicolor. It would 

appear that galactosamine is more prevalent tlian the literature 

would suggest, therefore examinations of the galactosamine content 

of Aspergilli could profitably be made in efforts to either 

understand the role of galactosamine in the fungal cell wall, or to 

throw light on the taxonomic relationship between members of this 

group.
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