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ABSTRACT

Canola meal was obtained from each of two oil seed crushing plants in the Prairies. 

One type of meal was derived predominantly from the seeds ofBrassica napus, whereas 

the other was derived predominantly from the seeds ofBrassica rapa. Proximate, amino 

acid, and protein electrophoresis analyses were conducted on each type of canola meal. 

It was found that the two types of canola meal resembled one another with respect to the 

components analyzed. 

The composition of the two canola meals was studied further by examining the 

indigenous microflora of the meals. The microbiological load of the meals was found to 

be relatively low and comparable to vegetable products which are processed. Twenty

one species of filamentous fungi were isolated from the meal samples and identified at 

least to the genus level. Four species were·found in both types ofmeal and were from the 

genera Aspergillus, Eurotian, Moniliella and Mucor. Strains unique to the Brassica 

napus meal occurred among the genera Aspergillus, Cladosporium, Hadrotrichum, 

Mucor and Penicillium. Strains unique to the Brassica rapa meal occurred among the 

genera Cladosporium, Monoascus, Paecilomyces, Penicillium, Phoma, Polyscytalum, 

Rhizopus, and Rhizomucor. Several of the fungal strains isolated from the meal are 

known to be toxigenic and/or pathogenic to humans or livestock. 

The indigenous filamentous fungi of the meals were examined for their capacity to 

produce extracellular enzymes. A number of these species produced the enzymes 

necessary for the biotransformation of canola meal. In particular, Cladosporium sp., 

Mucor sp. MI, Penicilliumfellutanum, and Rhizopus stolonifer showed the capacity to 

degrade lignin or cellulose. 

The growth of the indigenous microflora in the meals resulted in a reduced 

nutritional quality of the meal. Canola meal biotransformed by its indigenous 

microorganisms had an elevated content of ash, total dietary fibre, and non-protein 

nitrogen. It was found that the dominant species resulting from the growth of the 

microbial population could be influenced by the use of differing levels of moisture in the 
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meal. Furthermore, the enzymatic activity residing in the biotransformed meal samples 

was found to be correlated with the dominant species which resulted from the growth of 

the microflora. 

Two species of filamentous fungi know to have the capacity to degrade plant cell 

walls, Chaetomium cellulolyticum and Ganoderma colossus, were grown on the meal in 

a solid substrate fermentation process. It was found that C. cellulolyticum grew rapidly 

on the meal. The meal end product possessed less total dietary fibre and protein, and 

more ash and non-protein nitrogen than the untreated meal. Further examination revealed 

that C. cellulolyticum has a high capacity for rapid proteolysis of canola meal protein. 

The white-rot fungus G. colossus was also found to grow on canola meal and degrade 

meal fibre, but had less capacity to degrade meal protein than C. cellulolyticum. In 

relation to its control, incubation of G. colossus at 37°C resulted in an increase in the 

essential amino acids lysine and valine, whereas incubation at 45°C resulted in less 

proteolysis ofmeal proteins and encouraged ligninase activity. 
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1.0 INTRODUCTION 

Canola oil is a major Canadian export. The residue from canola seed processing, 

canola meal, has been used for several decades as an acceptable livestock protein sup

plement. However, the capacity of the feed industry to accept canola meal as a protein 

supplement is limited and soy bean meal is considered more acceptable for this purpose. 

In comparison to soy bean meal, canola meal has lower digestibility due to its high pro

portion of fibrous hulls and is poorly accepted by some animals due to the high propor

tion of phenolic compounds (Bell, 1993). Even though canola meal has a considerable 

protein content (38% on average), it has less than soy bean meal (48%) and canola meal 

protein is limiting in the essential amino acid lysine, methionine and cysteine (Fenwick, 

1982; Bell 1984, 1993). The inclusion rates of canola meal in feedstuffs would increase if 

the meal was improved with respect to digestibility, palatability and the content of pro

tein and essential amino acids. Examination of the chemical composition of canola meal 

indicates that canola meal has many components which, potentially, may be microbi

ologically altered to render the meal more suitable for animal feed and to generate ex

tractable food grade nutrients or enzymes. Therefore, there are a number of opportuni

ties for both enhancing canola meal as a livestock nutritional supplement, and investi

gating the potential alternative uses of canola meal in the agricultural and food industries. 

Research conducted in the late 1970's and 1980's on the generation of microbial bio

mass protein (MBP) by yeast and filamentous fungi revealed that these organisms could 

grow on any number of industrial or agricultural waste materials. Chaetomium cellu

lolyticum ATCC 32319 was one such organism studied extensively (Moo-Young et aI., 

1977, 1979; Chahal and Moo-Young, 1981). The fungus was found to be a thermotoler

ant organism that possesses rapid rates of growth when propagated on Solka-floc, straw 

and other lignocellulosic wastes. At this time attempts were made to optimize the 

'Waterloo Process' which involved the generation of feed-grade MBP from straw, wood 

chips and even manure. The biomass so created was found to have a considerably high 

crude protein content (~45%) and an amino acid profile which compared favorably to 

that of skim milk (Chavez et al., 1988). However, the MBP also contained a consider
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able quantity of ash and dietary fibre that reduced its acceptability as feed for monogas

tric livestock, namely swine and poultry (Leeson et al., 1984; Chavez et aI., 1988). The 

economics of the process remained questionable, and in spite of claims made by the 

authors as to the safety of this product, research conducted by Barnes et al. (1994) re

vealed that the fungus produces the mycotoxin sterigmatocystin when cultured on a vari

ety of substrates. This drawback terminates any future use of the organism for the pro

duction of 11BP until this problem can be remedied. The pathways to sterigmatocystin 

synthesis have been well characterized (pachter et al., 1985) but metabolic C. cellulolyti

cum mutants devoid of sterigmatocystin production have not yet been developed. 

Regardless, the volume of research conducted on C. cellulolyticum revealed that this 

fungus is unique compared to others studied for 11BP production. It was found to have 

an exceptional capacity for degrading lignocellulosic wastes as this organism does not 

experience inhibition due to the accumulation of degradation products. In most other 

species used for hydrolyzing lignocellulosic materials, the sugars liberated from these 

substances accumulate due to an inability of the organism to metabolize them quickly. 

When occurring in high concentrations, these carbohydrates elicit an inhibitory response 

on the hydrolyzing machinery thereby limiting the capacity of the organism. Chaetomium 

cellulolyticum does not encounter inhibition by high levels of sugars as it utilizes them 

rapidly during growth (Chahal and Moo-Young, 1981). Consequently, the organism 

produces polysaccharide degrading enzymes cellulase and xylanase in high titer (Moo

Young et aI., 1977; Fahnrich and Irrgang, 1981; Dubeau et aI., 1987). For these reasons 

C. cellulolyticum was selected for growth on canola meal to assess its capacity to de

grade canola meal fibre and generate MBP and!or harvestable quantities of enzymes. 

Research on the biotransformation of agricultural wastes to feed-grade protein has 

also been conducted using a variety of white-rot fungi. These organisms are of interest 

because they have a rare capability of utilizing all three components of lignocellulosic 

substances: hemicellulose, cellulose, and lignin. Most other microorganisms used for this 

purpose do not have the capacity to degrade all three components. It is common for or

ganisms to have the capacity to degrade either cellulose or hemicellulose, but not both. 

For some organisms, such as Chaetomium cellulolyticum, the limitation·to the complete 



3 

utilization of these substances results from the lack of appropriate lignin hydrolyzing en

zymes. Lignin occurs in plant cell walls closely associated with cellulose microfibrils and 

acts to draw these microfibrils together as if with an adhesive resin. Therefore, lignin

carbohydrate bonds impose a severe limitation on the accessibility of the polysaccharides 

to cellulase and hemicellulase enzymes (Chahal, 1982). The degradation of lignin by 

white-rot fungi results in the production of various phenolic compounds; however, 

white-rot fungi also produce phenol-oxidizing enzymes which permit degradation ·of 

these products to form quinones which are used by the organisms for the hydrolysis of 

cellulose (Carlile and Watkinson, 1994). Lignin occurs in canola meal at levels between 5 

and 100/0 (w/w) and therefore white-rot fungi would be ideally suited for the biotrans

formation of lignin in the meal. From the family of white-rot fungi, three were selected 

for growth on canola meal. These were Ceriporiopsis subvermispora FP 90031-sp, 

Merulius tremellosus ATCC 48745, and Ganoderma colossus RLG15829. 

Considerable road blocks exist concerning microbiological improvement of the pro

tein content of canola meal for use as a livestock protein supplement. Monogastric live

stock, namely chickens and pigs, require freely available protein for optimum digestion 

and absorption, whereas ruminants, cattle for example, require protein that can not be 

freely utilized. This is because rumen microorganisms quickly hydrolyze available protein 

to ammonia, which is passed into the bovine circulatory system and ultimately excreted 

as urea (Boila and Ingalls, 1992). Several filamentous fungi are capable of degrading fi

brous polysaccharides and can produce a protein-enhanced end product. However, be

cause ofthe fibrous nature of fungal mycelium contained in the product, it is only poorly 

digested by monogastric animals (Ek and Eriksson, 1980; Thomke et aI., 1980). Protein 

generated by yeasts and bacteria is more freely utilizable by monogastric animals 

(Stringer, 1982). This suggests that biotransformation of canola meal should result in 

two distinct products: one useful as protein supplement for ruminants and the other for 

monogastrics. Because of the resistance of the feed industry toward handling separate 

feeds (Bell, 1994, personal communication), an effort must be made to develop a method 

of feed enhancement that will maximize the nutritional value of canola meal for both ru

minants and non-ruminants. In addition, the feed industry would be reluctant to hold 
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canola meal for a long duration or to dry an exceedingly wetted product (Bell, 1994, 

personal communication). Therefore, the technology developed should include the use of 

a microorganism capable of rapid growth on the meal in an environment with a reduced 

water activity. Finally, a process designed to improve the value of canola meal as a feed 

protein supplement can only succeed in a market economy if it is profitable. Microbi

ological biotransformations to produce protein for animal feed are only likely to be viable 

if they use a substrate of high negative value, i. e. one for which disposal costs are high. 

Considering these problems, development of a biotransformation process for canola meal 

with the sole intention of creating a nutritionally improved livestock feed is not feasible. 

Instead the technology developed should be intent on generating extractable food grade 

nutrients, enzymes or other industrially useful products from canola meal. Ideally, the 

meal end product of the biotransformation process should also be an acceptable protein 

supplement. 
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2.0 LITERATURE REVIEW 

The following is an account of how canola meal is created through the oil-seed proc

essing of canola seed, and describes the traditional uses of this product. The nutritional 

merits and drawbacks of using the meal in these roles, and the history behind attempts 

made to improve the meal is discussed. Lastly, the objectives of this study are addressed. 

A treatise on the taxonomy and systematics offilamentous fungi has not been given. 

2.1 Historical Considerations of Canola and Its Meal 

In the last five decades scientists have developed a commercially viable canola·crop 

that today is Canada's third largest grain export after wheat and barley. Annual seeding 

of rapeseed varieties has grown from 6000 acres per year in the 1940s to 10.5 million 

acres projected for 1997. More than half of the 1997 annual production, 5.5 million 

acres, are grown in Saskatchewan. Canola has become the fifth most important crop in 

world trade (College of Agriculture, University of Saskatchewan, 1996). Consequently, 

the scientists who have created this crop are considered pioneers in crop development 

and have set the stage for agricultural biotechnology worldwide. 

The first planting of rapeseed in the Prairies occurred in the 1940s when at that time 

the oil obtained from the seeds was used for industrial purposes as a lubricant. Soon af

ter, in 1954 the first Canadian rapeseed variety, Golden, was developed by research di

rected by William J. White (College of Agriculture, University of Saskatchewan, 1996). 

Since that time a number of improvements were made in the quality of the oil with the 

aim of creating a food-grade product. The end result was the development of rapeseed 

varieties containing less than 2% of its fatty acids as erucic acid, and no more than 

30f.lmoles of alkenyl glucosinolates per gram of dry canola meal (Bell, 1993). This re

search resulted in improvements to the nutritional quality of both canola oil and canola 

meal. 
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2.2 Oil seed processing of canola 

Although a variety of processing methods have been developed, Canadian crushers 

utilize the traditional method known as pre-press solvent extraction. A flow diagram of 

this process is shown in Figure 2.1. The initial steps after the seeds are cleaned, involve 

breaking the seeds by passing them through a flaker. Breakage of the seeds into flakes 

exposes the oil bearing cells of the seeds to facilitate oil extraction. Following this, the 

flakes are heated in the conditioner which is necessary to drive off excess moisture and 

denature myrosinase which can otherwise cause the production of goitrogenic isothiocy

anates by the enzymatic degradation of glucosinolates. Typically, the extraction of oil 

from canola seeds occurs primarily by pressing the meal with the use of a screw press 

expeller. About 70% of the oil is removed at this stage. The remainder is expelled by 

passage of the extruded product, the press cake, through a counter-current solvent ex

tractor. During this process the press cake is continuously exposed to a solvent (hexane) 

such that oil extraction is maximized. Following this, the solvent and press cake mixture 

is fed through an evaporator where the oil, solvent, and remaining canola meal are sepa

rated. Oil removed during the pre-press solvent extraction process is then filtered and 

refined. Residual hexane is recovered by passage of the meal through a desolventizer

toaster where the meal is heated to 105°C or higher temperatures to permit the distilla

tion and collection of the solvent for reuse. No more than 500 ppm residual hexane is 

allowed in the meal (Robbelen et aI., 1989). The meal is then dried, cooled and ground 

before storage or shipping (Unger, 1990). It is common that crude degummed oil is 

added to the meal at a level of approximately 1.5% prior to grinding to improve the nu

tritional quality of the meal for use as livestock feed. Canola seed typically yields about 

60% meal and 40% oil (College of Agriculture, University of Saskatchewan, 1996). 

2.3 Nutritional Properties of Canola Meal 

Canola meal is usually a composite mixture of the remnants of oil-extracted Bras

sica napis and Brassica campestris seeds (Bell, 1994, personal communication). How it 

is utilized is dictated primarily by the geographic location in which it is produced. Can
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ada is among the leading producers ofBrassica species including China, the Indian sub

continent, and Northern Europe. Asian countries use the meal predominantly as a fertil

izer and soil conditioner, whereas in India, Northern Europe, and Canada, the meal is 

used as a high protein supplement for animal feeds. The usefulness of the meal as a feed 

additive is dictated largely by palatability, digestibility, the availability of limiting essential 

amino acids for digestion, and the levels of antinutritional components (Robbelen et al., 

1989). The digestibility of the meal varies according to type of the animal consuming it 

as well as the level of the meal included in the diet, the type of diet, and the method used 

to determine digestibility. As well, digestibility is governed by the type of seeds from 

which the meal was derived, and the way they were processed (Robbelen et al., 1989; 

Bell, 1993). Previous research has found that canola meal provides between 7.5-10.9 

MJ/kg metabolizable energy for poultry, 10.4-16.0 MJ/kg for swine, and 11.7-13.4 

MJ/kg for ruminants (Bell, 1993). The market price of canola meal as a feed supplement 

is governed mainly by protein content, the rate at which it can be included in feedstuffs, 

the price of cereal grains and alternative protein supplements such as soy bean meal, and 

lastly, by the demand dictated by livestock producers. The nutritional quality of canola 

meal has improved much in comparison to rape seed meal, but according to Bell (1993) 

the value of canola meal as a feed supplement could be improved if the meal contained 

less glucosinolates and other antinutritional factors, and more protein and digestible en

ergy. Even though the meal contains a considerable amount of protein, the major nutri

tional drawback of canola is its exceedingly high proportion of fibre compared to other 

supplements. 

2.2.1 Protein quantity and quality 

In last few decades the feed industry has increased its acceptance of canola meal as a 

feed additive. This has been largely due to the development of improved varieties of 

canola and by the adventof feed ration formulations which compensate for the decreased 

digestibility of canola meal (Bell, 1993). As described previously, one of the most im

portant factors governing the acceptability of canola meal is its protein content. As 

shown in Table 2.1, canola meal contains on average ~38% crude protein. The crude 
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Table 2.1 Chemical composition of canola meal 1 

Component (unit ofmeasure) Amount ± Standard deviation 

Crude protein (%) 
Crude fat (%) 
Total dietary fibre 
Soluble sugars2,3 

Polysaccharides (%) 
Pectins3 

Hemicellulose (predominantly xylan)3 
Starch4 

Non-starch polysaccharides4 

Cellulose4 

Lignin and polyphenols (%)4 
Brown-seeded varieties 
Yellow-seeded varieties 

Glucosinolates (J.llTI-oles/g)5 
Sinapine (%) 
Tannins (%) 
Phytic acid (%) 

38.29 
3.59 
33.11 

10.03 to 10.43 

4.0 to 5.0 
3.0 
0.2 
17.7 
4.6 

10.5 
5.4 

15 
0.6 to 1.8 
1.5 to 3.0 

3 to 6 

2.63 
0.69 

1.8 
2.6 

1 All values are expressed on an 8.5% moisture basis and are adapted from Bell (1993) unless otherwise stated.
2 fucludes sucrose, 7.0-7.4%; raffmose, 0.33%; stachyose, 2.5%; galactinol, 0.1%; and digalactosyl glycerol, 0.1%.
3 Naczk and Sharudi, 1990.
4 Slominski and Campbell, 1990.
5 DeClercq et al. (1995)
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protein content of canola meal experiences wide fluctuations according to season and 

location. The protein content in any particular growing season is governed by the inter

action of genetic and environmental factors (Finlayson, 1968; Bell and Jeffers, 1976; 

Robbelen et aI., 1989). In 1995, the crude protein content of canola seed grown in the 

Prairies ranged from 13.9 % to 20.9% (8.5% moisture). Over a span of 10 years the av

erage crude protein content of top grade canola experienced a high of 20.9% and a low 

of 19.1% (DeClercq et aI., 1995). The variability in composition due to environment and 

genetics is inherent in any crop. Improvements in the variability of protein content of 

canola are expected as research by scientists continues. 

In general, the amino acid profile of canola meal compares favorably with proteins of 

acceptable nutritional quality. Table 2.2 compares the amino acid profile of canola meal 

with that of dried skim milk (Chavez et aI., 1988). One concern of livestock producers is 

that the meal is limiting in the essential amino acid lysine. Studies by Bell and Keith 

(1991) revealed that the variability observed in crude protein content translates readily to 

variability in the profile of amino acids in the meal. Although year to year variations were 

not examined, the variability in amino acids associated with canola meal obtained from 

seven different crushing plants throughout the Prairies was observed. This study showed 

that the majority of variability in protein and concentrations of amino acids could be at

tributed to the different blends of canola cultivars accepted by crushers rather than to 

processing technique differences. This research confirmed an earlier observation that a 

7% reduction in lysine occurs from the seed stage to the meal stage. The authors specu

lated that lysine was lost due to the formation of Maillard reaction products during ex

tensive heating in the desolventization process. 

2.2.2 Minerals and vitamins 

Aside from possessing fairly acceptable protein with respect to quantity and quality, 

canola meal has a favorable profile of minerals and vitamins. Compared to soy bean meal 

canola meal is rich in most of the B vitamins and essential minerals (see Table 2.3). In 

particular, canola meal possesses more of the vitamins a.-tocopherol (Vitamin E), niacin, 

choline, riboflavin, biotin, folic acid, and pyroxidine, and more of the essential minerals 
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Table 2.2 Comparison of the amino acid profile of canola meal to dried skim milk 

Amino acid 1 Canola Meal 2 Dried Skim Milk 3 

Alanine 1.84 1.04 
Arginine* 2.60 0.96 
Aspartic acid 3.24 2.28 
Cystine 1.20 n.d. 
Glutamic acid 7.98 5.71 
Glycine 2.18 0.56 
Histidine* 1.54 0.82 
Isoleucine* 1.78 1.34 
Leucine* 3.04 2.64 
Lysine* 2.49 2.11 
Methionine* 0.86 0.66 
Phenylalanine* 1.71 1.14 
Proline 2.51 2.65 
Serine 1.95 1.44 
Threonine* 1.90 1.17 
Tryptophan* 0.53 n.g. 
TYfosine 1.27 1.17 
Valine* 2.29 1.73 

* Essential amino acid; n.d. = not present in a detectable amount; n.g. = not given
1 Values are reported as percent concentrations of oil free dry matter.
2 Adapted from Bell and Keith (1991).
3 Adapted from Chavez et al.(l988).
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Table 2.3 The mineral content and canola meal and soy bean meal. 1 

Component (unit of measure) Canolameal Soy bean meal dehulled 

Minerals 
Phosphorous (%) 1.03 0.65 
Calcium (%) 0.64 0.30 
Potassium (%) 1.24 2.11 
Magnesium (%) 0.52 0.29 
Sulfur (%) 0.86 0.42 
Sodium (%) 0.7 
Boron (%) 2.1 
Copper (j.1g/g) 5.8 23 
Iron (j.1g/g) 144 140 
Manganese (j.1g/g) 50 31 
Molybdenum (j.1g/g) 1.4 
Selenium (j.1g/g) 1.12 0.10 
Zinc (j.1g/g) 69 52 

Vitamins (mg/kg) 
Vitamin E (a-tocopherol) 14.5 2.4 
Pantothenic acid 9.5 16.3 
Niacin 160 28 
Choline 6700 2609 
Riboflavin 5.8 2.9 
Biotin 1.07 0.32 
Folic acid 2.3 0.6 
Pyridoxine 7.2 6.0 
Thiamin 5.2 6.0 

1 Adapted from Bell (1993) 
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calcium, magnesium, phosphorus, manganese, zinc, iron, and selenium. This has some 

bearing on the value of canola meal for supplementation in formulating animal diets 

(Downey and Bell, 1990). 

2.2.3 Carbohydrates and lignin 

Much of the fibre of canola meal is attributed to canola seed hulls which comprise 

30% by weight of the meal. Chemical analysis shows that canola seed hulls contain ap

proximately 45% crude fibre, 4% soluble sugars, 12% crude protein, 12 and 24% lignin, 

and 10% polyphenolic compounds. Within the hulls, cellulose is the dominant polysac

charide and most of the remaining carbohydrate is xylan. A considerable amount of car

bohydrate exists in the remainder of the seed aside from hulls. Hull-free canola meal is 

comprised of about one-third carbohydrates in which soluble sugars account for ap

proximately 3% with the rest being pectin, cellulose, fuco-amylose, and various arabi

nose-based polysaccharides (arabinans) (Bell, 1984). 

As shown in Table 2.1, canola meal on average contains 33% total dietary fibre 

which is comprised of 17.7% non-starch polysaccharides and at least 5% lignin and aSso

ciated polyphenols (Bell, 1993). However, cultivars ofyellow-seeded varieties have been 

found to contain 27% total dietary fibre compared to 30% for brown-seeded varieties 

(Slominski et aI., 1994). The variability observed in the amount of lignin and associated 

polyphenols present in the meal depends on whether the meal was derived from the 

brown-seeded Brassica napis or the yellow-seeded B. campestris. Usually the yellow

seeded varieties contain less of these components (Slominski and Campbell, 1990; Bell, 

1993). According to Siddiqui and Wood (1977), the relative composition of non-starch 

polysaccharides in canola meal is pectin, 50.0%; cellulose, 24.1%; amyloid, 15.5 %; 

arabinan, 6.9%; and arabinogalactan, 3.5%. According to Blair and Reichert (1984) a 

small amount of starch « 1%) is also present in the cotyledons. These structural compo

nents of the seed interfere with digestive processes resulting in a reduced metabolizable 

energy of the meal, and severely restrict the use of canola meal as a feed supplement for 

monogastric livestock, namely poultry and swine (Bell and Shires, 1982; Mitaru et al., 

1983; Bell, 1993). 
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The reduced digestibility of the meal can be attributed primarily to the fibrous poly

saccharides.and lignin of the meal, which for the most part, are localized in the hulls. 

Therefore, removal of the hulls rather than their inclusion in the meal would result in im

proved digestibility with hull-free meal having approximately 50% protein (Bell, 1984; 

1993). Bell described that the market value of canola meal could be increased considera

bly if the crude protein content and digestible energy were improved by the elimination 

of hulls in the meal (Bell, 1993). However, various obstacles to removing canola seed 

hulls exist. Dehulling has proved difficult due to the uneven size of canola seeds, and at

tempts to remove the hulls prior to oil extraction result in oil loss. Attempts to remove 

hulls after oil extraction has been marginally successful since only poor separation of hull 

material from other meal components is possible. Finally, there is no current end use for 

the hulls and their disposal translates into lost marketable tonnage for the crushing in

dustry (Downey and Bell, 1990). Hulls have been used for the production of a sauce 

similar to soy sauce, and the use ofhulls for the production ofvanilla has been proposed; 

however, the economic potential for the industrial use of hulls has not been realized 

(Bell, 1994, personal communication). 

2.2.4 Glucosinolates 

Glucosinolates are a substances commonly encountered in the seeds of Cruciferous 

plants. They are characterized as sulfate esters with an attached f3-thioglucoside moiety 

and a side chain (R-group). The basic structure is shown in Figure 2.2 and several 

structural variations exist due to a variety of possible side chains (Sorensen, 1990). In 

addition, a large number of degradation products known to have goitrogenic properties 

form from the breakdown of glucosinolates. Intact glucosinolates are relatively harmless 

unless hydrolyzed by myrosinase, heat or acidic conditions (Slominski and Campbell, 

1989; Campbell and Slominski, 1990; Bell, 1993) or by the metabolic activity of the gut 

microflora of animals which ingest these substances (Slominski et aI., 1988). Isothiocy

anate degradation products resulting from this hydrolysis have been correlated to a num

ber of ailments of animals· fed high glucosinolate meal including liver enlargement or 
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Figure 2.2 The molecular structure ofglucosinolates. R= side chain; R2 and ~ = H or acyl derivatives; ~ = cation. 
Adapted from Sorensen, 1990. 
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hemorrhaging (Bell et aI., 1972; Busato et aI., 1991; Campbell and Slominski, 1990) and 

impaired thyroid function (Bell et al., 1972; Lo and Bell, 1972). 

Prior to the development of improved rape seed varieties glucosinolates occurred at 

levels as high as 150 jlmoles of aliphatic glucosinolates per gram of dry oil-free meal. 

New varieties commonly have less than 30 jlmoles per gram of oil-free dry meal. Ac

cording to DeClercq et at (1995) in a ten year span from 1985 to 1994 the average level 

of glucosinolates was 21 jlmoles/g, and the yearly average has decreased from 19 

jlmoles/g in 1994 to 15 jlmoles in 1995. 

2.2.5 Phytic Acid 

In the seeds of a number of plants phytic acid serves as reservoir of phosphorus and 

myoinositol. This compound is formed from the condensation of phosphate molecules to 

each of six oxygen atoms of an inositol monosaccharide. Its chemical name is myo

inositol 1,2,3,4,5,6-hexakis-dihydrogen phosphate and its structure as suggested by An

derson (1914) is shown in Figure 2.3. Phytic acid occurs primarily in the cotyledon of the 

seed where it is closely associated with crystalline globules of seed protein. Due to this 

association, attempts to extract canola seed protein results in a concomitant extraction of 

phytic acid (Thompson, 1990). 

Phytic acid binds tightly to the proteins in canola meal impairing their digestion and 

reducing the availability of amino acids (Thompson, 1990). A number of studies suggest 

that phytic acid binds to dietary minerals thereby reducing their availability or functional

ity (Likuski and Forbes, 1965; Nwokolo and Bragg, 1977; Davies and Olpin, 1978; At

wal et aI., 1980, Bell, 1984). Phytic acid has also been found to bind digestive enzymes 

(e.g. amylase) thereby preventing the digestion of certain nutrients such as starch 

(Thompson, 1990). 

2.2.6 Sinapine, tannins and other phenolic compounds 

An additional impediment to the acceptance of higher rates of canola meal in live

stock feed formulations is the presence of phenolic compounds in the meal. Compared to 

soy bean meal, there is 30 times as much phenolics in canola meal (Kozlowska et al., 
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1990). The majority of these substances are located in the seed cotyledons where they 

vary in amount from""'1500mg to ""'1800mg per 100g dry oil-free meal. The remainder is 

found in the seed coat. Sinapine, the most abundant phenolic compound in canola seeds, 

occurs in the seed coat at levels of 0.06-0.24%. 

Sinapine which occurs ubiquitously in plants, is formed from the condensation of 

choline and sinapic acid (see Fig. 2.4). Its role in plants is to serve as a reservoir of cho

line and sinapic acid for plant growth. Choline is required in the methylation cycle in 

plants and sinapic acid is an important precursor for the biosynthesis of lignin and fla

vonoids (Goodwin and Mercer, 1990). Sinapic acid is the major phenolic compound in 

canola seed comprising 73% of the free phenolic acids and 99% of the phenolic esters 

where it occurs as sinapine. Other phenolic acids in canola seed include p-hydroxy

benzoic, gentisic, procatechuic, syringic, ferulic, p-coumaric, caffeic and vanillic acids 

(Krygier et aI., 1982; Kozlowska et aI., 1983; Blair and Reichert, 1984). These phenolic 

acids and their corresponding esters have been found to reduce both the nutritional qual

ity and palatability of canola meal. These substances impart a bitter flavor and dark col

our to the meal and protein isolates derived from the meal (Sosulski et aI., 1976). Studies 

have shown that these compounds participate in the formation complexes with proteins, 

amino acids and other substances similar to action ofphytic acid (Thompson, 1990). The 

sequestering of these nutrients by phenolic compounds impairs their digestibility and re

duces the metabolizable energy of the meal. Furthermore, sinapine in canola meal has 

been associated with 'egg taint' when given to brown-egg laying hens. The production of 

this off-flavor is believed to be due to the accumulation of the sinapine degradation 

product, trimethylamine, in the eggs (Goh et al., 1979; Fenwick et al., 1984). 

In addition to phenolic acids and esters, polyphenolic tannins are present in canola 

meal at levels ranging from 1.5 to 3.0%. The majority of these compounds are localized 

in the hull of the canola seed and are more abundant in the brown-seeded varieties than 

in the yellow-seeded varieties (Mitaru et aI., 1982). Tannins also show a binding· affinity 

for proteins and have been found to interfere with digestive proteases rendering dietary 

protein poorly utilized (Mitaru et aI., 1983; Bell 1993). 
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o CH3 
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Figure 2.4 The structural formula of sinapine thiocyanate. Adapted from Tzagoloff (1963). 
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2.3 Strategies to Improve Canola Meal 

Considering that glucosinolates can be hydrolyzed to toxic isothiocyanates, canola 

meal containing as little as 15Jlmoles/g of alkenyl glucosinolates can still not be accepted 

in the rations of humans or livestock without reservations. With the exception of condi

ment mustard, this level of glucosinolates is still 10-fold higher than vegetable products 

used for human consumption (Fenwick et aI., 1986). Reduction of these compounds in 

newly developed cultivars of canola is still a priority among scientists who aim to have 

canola proteins accepted as a food-grade product. However, aside from improving the 

nutritional quality of the meal through genetic improvements to the plant itself: a number 

of strategies to enhance the meal have arisen. In general these can be categorized as be

ing either physical, chemical, enzymatic or microbiological in nature. 

2.3.1 Physical or chemical treatments 

A considerable amount of research has been devoted to improving the feed efficiency 

of canola meal for ruminants. This has involved utilizing a number of physical or chemi

cal treatments to increase the rate at which canola meal proteins by-pass rumen micro

flora. Ruminants have the ability to utilize the polysaccharides in forage because their 

rumen microflora are capable of degrading these substances. However, these microflora 

exact a cost in that they reduce the amount of protein available from the feed. Thus the 

rumen microflora not only hydrolyze lignocellulosic material but also dietary protein. 

Consequently, much of the dietary protein is metabolized by the organisms and con

verted to ammonia which for the most part is excreted by the animal (Orskov, 1992). 

Researchers concerned with ruminant nutrition have treated canola meal in an attempt to 

render meal proteins less susceptible to microbial protease activity. Treatments include 

the application of moist heat (Moshtaghi Nia & Ingalls, 1992), dry heat (McKinnon et 

al., 1991), and formic, propionic, or acetic acid sprays (Khorasani et al, 1989). All 

treatments reduce the rate of disappearance of meal proteins from the rumen to some 

extent but are expensive to implement. 

Chemical methods developed to eliminate antinutritional compounds in the meal are 

primarily concerned with the reduction of glucosinolates or their degradation products. 
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These treatments are conducted during oil seed processing and include: 1) inactivation of 

myrosinase by moist heating, immersion in boiling water, or microwave heating; 2) ac

celeration of myrosinase activity by providing optimum conditions for the hydrolysis of 

glucosinolates followed by the removal of the degradation products; 3) destruction of 

glucosinolates by the application of heat or chemicals to the meal; and 4) extraction of 

glucosinolates (Shahidi and Naczk, 1990). In addition to these techniques, a number of 

strategies have been proposed and/or implemented in some countries which suggest radi

cal changes to the oil-seed extraction process. These techniques include extraction of oil 

from rapeseed by aqueous enzymatic processing. A significant body of literature exists 

describing these alternate methods of oil extraction, however discussion of this technol

ogy was considered to be beyond the scope ofthis thesis. 

There is comparatively little literature devoted to the reduction of phytic acid in 

canola meal by different methods of oil seed processing. This is likely due to the fact that 

phytic acid content in canola meal is not a major concern of the crushing industry, and 

that the value of canola meal in relation to canola oil does not warrant the added expense 

of implementing the necessary processes. The lack of alternate strategies to remove 

phytic acid during processing is also due, at least in part, to the difficulty with which 

phytic acid can be removed from canola meal protein. In fact, attempts to isolate and 

concentrate protein result in concentration of phytic acid as well (Thompson, 1990). 

However, a number of methods have been utilized in an attempt to obtain a low-phytic 

acid protein isolate from the meal. Thompson (1990) reported that protein isolates with 

phytic acid contents as low as 0.04% could be obtained by adjusting the pH of the aque

ous extract such that the proteins are rendered insoluble while the phytic acid remains 

soluble, or vise versa. Because this technique also extracts phenolic compounds along 

with the protein, the author describes the use of sodium hexametaphosphate and a neu

tral pH to obtain a phenolic free protein isolate having 1.26% phytic acid. Separation of 

phytic acid from acylated proteins at pH 9 was also reported to have been successful. 

Protein isolated by this method contained only 0.2-0.3% phytic acid. In addition, tech

niques utilizing dialysis and ultrafiltration have been reasonably successful with reduc

tions ofphytic acid as high as 88% (Thompson, 1990). 
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Removal of sinapine and other phenolic compounds from canola meal by chemical 

means has· been relatively easy in comparison to the removal of phytic acid. Fenwick et 

al. (1979; 1984) showed that extraction of canola meal with an ammonia or lime solution 

reduced the sinapine content of the meal by as much as 90%. This discovery eventually 

led to a pilot-scale methanol-ammonia-water/hexane solvent extraction system which 

was found to remove 80% of the sinapine contained in canola meal samples (Diosady et 

aI., 1987). Using similar extraction techniques, the tannin content of canola meal was 

reduced 85% by a methanol-ammonia-water solvent system (Shahidi and Naczk, 1990). 

Although these methods have had considerable success, this technology has not been 

widely accepted by the crushing industry because of the cost of the solvents and extrac

tion systems and the loss of other nutrients during extraction. 

At this time there are no chemical treatments practiced in industry which can be ap

plied to canola meal that can selectively remove fibrous components. On the contrary, 

reduction ofmeal fibre by enzymatic methods has been attempted. 

2.3.3 Enzymatic treatments 

In general, the application of enzymes to improve canola meal as a livestock feed is 

more efficient than chemical based treatments. Reduction of glucosinolates by the appli

cation of mYfosinase prior to oil extraction has been attempted (Shahidi and Naczk, 

1990), and extraction of canola oil completely by the use of cell-wall degrading enzymes 

from Aspergillus niger has been proposed (Jensen et al., 1990). Reduction ofphytic acid 

content by a combination of dialysis and phytase treatment has been shown to result in 

reductions in phytic acid by 100% (Serraino and Thompson, 1984). Few published stud

ies have been devoted to the reduction of sinapine, tannins and other phenolic com

pounds by enzymatic means. Recently, considerable attention has focused on improve

ment of the nutritional quality of canola meal by reduction of meal fibre through enzy

matic means (Gattinger and Duvnjak, 1990; Slominski et al., 1990). 

Generally, treatments to enzymatically improve canola meal for use as a feed sup

plement involve either of two methods. Enzymes have either been used as a feed additive 

so that their activity occurs in the digestive tract of animals (in vivo), or they are com
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bined with the ·meal in a reaction vessel (in vitro). The premise behind in vivo applica

tions is that enzymes added to feed in a dry form become active upon rehydration in the 

digestive tract of the animal and thereby assist the digestion of certain normally indigesti

ble or poorly digestible components of the feed. It is thought that the added enzymes at 

least serve to augment the digestive enzymes already present in the animal, or at most, 

cause certain components normally recalcitrant to digestive processes to become di

gested (Hotten, 1991). The in vivo technology has been found to be more suitable for 

monogastric animals than ruminants, and for young animals rather than mature animals. 

This is because monogastric animals have less capacity to digest feeds than do ruminants. 

Similarly, immature animals have less capacity than mature animals (Campbell and Bed

ford, 1992). Slominski et al. (1990) described the use of SP249, a multienzyme prepara

tion of cell wall degrading enzymes, as a feed additive for hens. It was found that SP249 

resulted in an increased digestibility of non-starch polysaccharides from approximately 

2% to 37%. Most of the observed increase in digestibility was attributed to the activity 

of the enzyme preparation on the non-cellulosic polysaccharide components of canola 

meal fibre (pectins, amyloids, arabinans, and arabinogalactans). In a study conducted by 

Ward et al. (1991) phytase added to canola meal rations ofbroiler chickens improved the 

utilization of phosphorus in the meal. Slominski et al. (1993) examined the efficacy of a 

number of commercially available polysaccharide degrading enzyme preparations by 

testing them on canola meal in vitro. These researchers found that incubation of these 

preparations with canola meal resulted in an increase in water soluble carbohydrates 

between 1 to 2% of dry matter. According to the authors, this resulted from the hydroly

sis and solubilization of cell wall polysaccharides. They found also that inclusion of a 

crude preparation of porcine pancrease resulted in a 5.7% increase in water soluble car

bohydrate content and that use of the protease alone caused 2.9% increase. The authors 

speculate that the observed release of monosaccharides was due to the mechanism of 

polysaccharidase enzymes. The mechanism involved liberation of short-chain polysaccha

rides from the mass of polysaccharides. However, this process has a limited capacity due 

to the low solubility of these polysaccharides and the high degree of lignification likely to 

be present in the substrate. Gattinger and Duvnjak: (1990) claimed that use of Novo
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zyme, Gamanase or crude enzyme preparations from the fungus Trichoderma reesei 

RUT-C30 resulted in the hydrolysis of70% of the polysaccharides in canola meal. How

ever, the results of this study are questionable. For the most part, in vitro application of 

enzymes results in only limited hydrolysis ofpolysaccharides, and in vivo applications are 

more effective. However, there are drawbacks to using enzymes as feed additives. The 

efficiency of these additives varies according to the species and age of the animar Rumi

nants have a digestive tract that is already well developed to hydrolyze plant fibre. 

Therefore, they do not benefit considerably from the additional enzymes in the feed. Ad

dition of enzymes to the feeds of monogastric livestock, namely chickens and pigs, is 

more beneficial. However, the enzymes are less effective for pigs than poultry due to 

anatomical differences between the animals. In chickens, feed is ingested and stored in 

the crop prior entering the stomach. The crop of chickens provides an ideal environment 

for enzymatic activity, whereas the stomach of the pig is acidic and as a result, substan

tial hydrolysis of these enzymes occurs. The stability of these enzymes during processing 

of the feeds is a major concern for feed manufacturers who wish to add enzymes to feed 

formulations. Enzymes are inherently unstable in a hydrated state or when exposed to 

heat. This is a problem when enzymes are added to particulate feeds which are to be 

made into pellets by extrusion. Formation of feed pellets through extrusion requires the 

application of moisture and heat. Thus pelleting results in the degradation of the added 

enzymes (Campbell and Bedford, 1992). Ultimately, feed treated with enzymes must be 

acceptable to livestock producers before this technology can be implemented. Because 

addition of enzymes to feeds increases the cost of the feeds, enzymes may be poorly ac

cepted by livestock producers who operate on a low margin ofprofit. 

2.3.4 Microbiological treatments-biotransformations 

Microbiological treatments of canola meal offer an advantage over the other treat

ments discussed in that the changes brought about in the meal can occur with much more 

complexity and with a sustained capacity. Biotransformations involve the application of 

organisms which impart a series of consecutive changes in the substrate over the dura

tion of their continued propagation. It is not a treatment which is transient, as is the ap



25 

plication of enzymes, but rather it achieves changes in the substrate through a process 

which evolves along with the microbial population. Since biotransformations require 

growth of the organisms in the material to be treated, there are costs in terms of sub

strate utilization required for their growth, as well the possibility of the production of 

substances by the organisms that are wasteful or undesirable. As early as 1979, rapeseed 

meal was recognized as a potential substrate for microorganisms when it was found that 

acid and protease digests of the meal were suitable for the propagation of Candida utilis 

(phillipchuk and Jackson, 1979). Duvnjak and colleagues have reported effective pro

duction of phytase by Aspergillus ficuum NRRL 3135 and A. carbonarius NRC ~O1121 

on canola meal in a solid substrate fermentation process. Such treatments reduced phytic 

acid to 0% and resulted in an 10% increase in the protein content of the meal (Nair and 

Duvnjak, 1990; Nair et aI., 1991; Al~Asheh and Duvnjak, 1994, 1995). The reduction of 

phytic acid by Rhizopus oligosporus NRRL 2990, A. niger NRC 5765 and a wild strain 

ofSaccharomyces cerevisiae has also been reported by these authors (Nair and Duvnjak, 

1990). The same group has used canola meal as a substrate for the growth of Tricho

derma reesei RUT C30 with the aim of producing xylanase. It was found that when the 

fungus was propagated on canola meal, production of this enzyme exceeded Yields ob

served when the fungus was grown on other substrates. A maximum xylanase activity of 

210 IU/mI obtained in 9-12 days was reported (Gattinger et aI., 1990). These findings 

suggest that canola meal has potential as a microbiological substrate and that industrially 

useful or nutritious products can be developed from it through biotransformations. 

2.4 Objectives of This Study 

As described in the previous sections, there is a limitation to the nutritional value of 

the meal attributed to its constituent fibrous polysaccharides. These substances interfere 

with digestive processes resulting in a reduced metabolizable energy of the meal. Be

cause removal of this material by physical means is not practical, this research is centered 

on a strategy employing microorganisms which are capable of degrading these sub

stances. The carbohydrates resulting from this hydrolysis can then be used by the organ

ism to produce to more nutritionally or industrially attractive products. This strategy was 
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implemented as a series of investigations beginning with an analysis of canola meal in

cluding proximate analysis and the characterization of the indigenous microflora. Fol

lowing this, the need for and effects of sterilization by autoclaving prior to the inocula

tion of test organisms was assessed. The filamentous fungi, Chaetomium cellulolyticum 

and Ganoderma colossus, both known to metabolize complex carbohydrates were in

oculated onto the meal and the changes resultant from their growth were assayed. These 

strains were evaluated for their capacity to generate industrially useful enzymes when 

propagated on the meal and/or improve the nutritional quality of the meal. The objective 

for improving the nutritional quality of canola meal was to increase the protein and es

sential amino acids content of the meal while reducing canola meal fibre (Bell, 1993). 



27 

3.0 MATERIALS AND METHODS 

3.1 Samples, Microorganisms, and Reagents 

Canola meal was obtained in October of 1994 from two different oil seed processors: 

Northern Lites Canola Inc. (Sexsmith, AB) and CanAmera Foods Ltd. (Altona, MB). 

Information provided by the suppliers of the meals indicated that the meal from CanAm

era Foods Ltd. was derived predominantly from the seeds of Brassica napus, whereas 

the canola meal from Northern Lites Canola Inc. was derived mainly from the seeds ofB. 

rapa. 

Fungal cultures of Ganoderma colossus ATCC 76754 (Adaskaveg et al., 1995: G. 

colossum RLG 15829) and Merulius tremellosus ATCC 48745 (Mes-Hartree et aI., 

1987: Phlebia tremellosus PRL 2845) were received as slant cultures from the American 

Type Culture Collection (Rockville, MD). A freeze dried aliquot of spores of the fungus 

Chaetomium cellulolyticum [Chaetomium virescens] ATCC 32319 (Chahal and 

Hawksworth, 1976) was also received from the American Type Culture Collection. A 

slant culture of the fungus Ceriporiopsis subvermispora FP 90031 was kindly provided 

as a gift from Cindy R. Bergman (Center for Forest Mycological Research, Forest Prod

ucts Laboratory, Madison, WI). 

All chemicals used were of reagent grade and were supplied by Sigma Chemical Co. 

(St. Louis, MO) unless stated otherwise. 
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3.2 Proximate Analysis of Canola Meal 

3.2.1 Moisture content 

Moisture content determination of a canola meal sample was conducted according to 

the standard AOAC method (AOAC, 15th edition, 1990) recommended for animal feed 

(AOAC method: 934.01). Briefly, this procedure involved placing aluminum weighing 

dishes (VWR Canlab Scientific Instruments; West Chester, PA) in a Gallenkamp Ov

enBS, Model OV-160, forced-air oven (A. Gallenkamp and Co.; England) preheated to 

110°C and heating to complete dryness (",-,10hr). Pans were then removed and allowed to 

cool in a desiccator (Corning Glass Works; Corning, NY) for 30min before being 

weighed to O.lmg accuracy by the use of a Metler AE2000 analytical balance (Metler; 

Zurich, Switzerland). Approximately 2g of sample was transferred to a pan which had 

been pre-weighed to O.lmg accuracy. The pan was then placed in a forced-air oven at 

110°C for 10hr. The pan containing dried canola meal was cooled in a desiccator before 

being weighed to four decimal places. The loss in weight resulting from the drying pro

cedure was calculated as the percent moisture (w/w) ofthe sample as shown below: 

% Moisture = [weight of sampIeO - (weight of sample' and pan - weight of pan)] + weight of sampIeO x 100 (3.1) 

where sampleo and sample' refer to sample before and after drying, respectively. Mois

ture content determinations were conducted in quadruplicate. 

3.2.2 pH 

To determine the pH of a canola meal sample, 10mL of distilled deionized water 

(ddH20) (Millipore, Milli-Q1M Water System, Milford, MA) was combined to 109 of 

sample. The resulting mixture was stirred using a glass rod and allowed to settle. A 

measurement was conducted by immersing the bulb of the pH electrode in the mixture. 

Sample pH was determined in duplicate at room temperature using a Fisher Accumet, 

Model 915, pH Meter (Fisher Scientific, Edmonton, AB). Calibration was accomplished 

by the two-point calibration method employing pH 7.0 and 4.0 buffers from BDH 

(Edmonton, AB). 
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3.2.3 Water activity 

The water activity (Aw), which is an expression of the relative availability of water in 

a substance (pure water has an Aw of 1.000), was determined by placing canola meal into 

a water activity measuring dish (Decagon Devices; Pullman, Washington). Enough sam

ple was transferred so that once the sample was lightly pressed down to create an even 

surface, the dish was half full. A fine steel mesh screen cut to the dimensions of the dish 

was placed over the sample. The dish was then placed in a Aqualab, Model CX-2, water 

activity meter (Decagon Devices; Pullman, Washington) calibrated using a solution of 

deionized water saturated with KCI (BDH; Edmonton, AB) and having a water activity 

of 0.83. The instrument provided water activity readings accurate to three decimal 

places. For a meal sample which was allowed to equilibrate with room conditions prior 

to measurement of its water activity, 5g of meal were first placed in a 9mm diameter 

polystyrene Petri dish, and left on a bench top for approximately IOhr. Where it was nec

essary to adjust the water activity of a canola meal sample to a desired level, distilled 

water (dH20) was added stepwise to the meal and mixed with a glass rod until the ap

propriate water activity was achieved. All water activity determinations were conducted 

in duplicate. 

3.2.4 Ash 

The content of ash in canola meal samples was determined by standard AOAC meth

ods for animal feed (AOAC method: 943.05). Briefly, this procedure involved distribut

ing approximately 2g of dried canola meal to a porcelain crucible (VWR Canlab Scien

tific Instruments; West Chester, PA) which was previously heated to dryness at 110°C 

for a minimum of 10hr in a Gallenkamp OvenES, Model OV-I60, forced-air oven (A. 

Gallenkamp and Co.; England), cooled in a desiccator (Corning Glass Works; Corning, 

NY) for 1hr, and weighed to 0.1 mg accuracy using a Metler AE2000 analytical balance 

(Metler; Zurich, Switzerland). The crucible was then placed in a Fisher Isotemp, Model 

!86, temperature controlled muflle furnace (Fisher Scientific; Edmonton, AB) preheated 

to 600°C and held at this temperature for 2hr. Once the furnace had cooled to 10QoC or 

slightly less, the crucible was immediately transferred to a desiccator and allowed to cool 
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for 1hr. After cooling·the crucible was weighed to O.lmg accuracy and the percent con

tent of ash (%Ash), reported on an 8.5% moisture basis, was calculated as shown below: 

%Ash =(weight of crucible and ash - weight ofcrucible) + weight of sample x 100 + 1.085 (3.2) 

Ash determinations were conducted in quadruplicate. 

3.2.5 Crude fat 

The crude fat content in canola meal samples was determined by standard AOAC 

methods recommended for animal feeds (AOAC method: 920.39). This procedure in

volved drying fat extraction beakers (Labconco; Kansas City, MO) at 110°C for a mini

mum of 10hr in a Gallenkamp OvenBS, Model OV-160, forced-air oven (A. Gallenkamp 

and Co.; England), cooling them in a desiccator (Corning Glass Works; Corning, NY) 

for 30min. and weighing them to 0.1 mg accuracy with a Metler AE2000 analytical bal

ance (Metler; Zurich, Switzerland). Approximately 2g of meal sample was transferred to 

an alundum thimble (VWR Canlab Scientific Instruments; West Chester, PA) which was 

stoppered with a small amount of glass wool (Glencourt Distributors; Vancouver, BC). 

The exact quantity of meal added to the thimble was measured and recorded to four 

decimal places. The thimble was placed in a glass sample holder (Labconco; Kansas City, 

MO) and inserted into a extraction station on a Labconco Goldfish fat extraction appa

ratus (Labconco; Kansas City, MO). To a fat extraction beaker approximately 50mL of 

petroleum spirit ether, b.p. 35° to 60°C, (BDH; Edmonton, AB) was added prior to at

taching the beaker to the fat extraction station. Contents of the thimble were then re

fluxed with petroleum spirit ether for a period of 6hr at rate of 5-6 drops of solvent 

passing through the thimble/second. After refluxing, the solvent was reclaimed and the 

remainder of the solvent in the fat extraction beaker was evaporated by heating on a hot 

plate (Sybron Corporation; Dubuque, Iowa) at ----65°C for 3-4min. The fat extraction 

beaker was then placed in a forced air oven at 105°C for 30min to evaporate remaining 

solvent. The beaker was cooled in a desiccator (Corning Glass Works; Corning, NY) for 

30min prior to weighing toO.lmg accuracy using an analytical balance. The percent 
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content of crude fat (%CF), reported on an 8.5% moisture basis, was calculated as 

shown below: 

%CF = (weight ofFAB and extracted fat - weight ofFAB) + weight of sample x 100 + 1.085 (3.3) 

where FAB refers to the fat extraction beaker. Crude fat determinations were conducted 

in either triplicate or quadruplicate. 

3.2.6 Crude Protein 

Crude protein in canola· meal was determined by standard AOAC methods recom

mended for animal feeds (AOAC method: 981.10). The method is described briefly as 

follows. Approximately 0.2g of dried canola meal was placed on a Whatman #4 filter 

paper (Whatman International, Ltd.; Maidstone, England), which was folded and placed 

into a Buchi Kjeldahl digestion flask (Brinkman Instruments; Mississauga, ON). The ex

act quantity of sample used was weighed to 0.1mg accuracy using a Metler AE2000 

analytical balance (Metler; Zurich, Switzerland). To the digestion flask one Kjel-pak 

(lOg K2S04, O.3g CuS0405H20) (VWR Canlab Scientific Instruments; West Chester, 

PA) and 25mL of concentrated H2S04 (BDH; Edmonton, AB) was added. The digestion 

flask was placed in a station of a Buchi digestion block (Brinkman Instruments; Missis

sauga, ON) and the Buchi digestion apparatus (Brinkman Instruments; Mississauga, ON) 

was assembled in a fume hood. The sample was digested at maximum temperature for 

lhr after which the flask was allowed to cool for 20min. After cooling, 75mL of distilled 

water was added to the digestion flask and the contents were mixed by gentle agitation. 

The flask was placed in a Buchi 320 distillation unit (Brinkman Instruments; Missis

sauga, ON) and 100mL of30% NaOH (BDH; Edmonton, AB) was added prior to steam 

distillation. Approximately 100mL of distillate was collected in a beaker containing ap

proximately 25mL of boric acid indicator solution (2mL of bromocresol green [BDH; 

Edmonton, AB] solution [0.1% in ethanol] and 2mL of methyl red [Difco Laboratories; 

Detroit, MI] solution [0.1% in ethanol] in 4% boric acid [BDH; Edmonton, AB]). The 

distillate was then titrated against 0.1 N HCI (BDH; Edmonton, AB). The percent of 
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crude protein (%CP) in the sample, reported on an 8.5% moisture basis, was calculated 

by the equation below: 

%CP = (mL 0.1 N HCI used[sample] - mL 0.1 N HCI used[blank]) x N HCI x 1.4/sampIe weight x 6.25 + 1.085 (3.4) 

All crude protein determinations were conducted in triplicate. For each set of samples 

one blank consisting of filter paper only, and one standard (- 0.2g wheat flour [Robin 

Hood Multifoods; Saskatoon, SK]) were analyzed. Hydrochloric acid was standardized 

by the use of potassium hydrogen phthalate (BDH; Edmonton, AB) and standardized 

NaOH solutions. 

3.2.7 Non-protein nitrogen 

A procedure was developed for the determination of non-protein nitrogen in canola 

meal. The procedure used was a modification of the method of Becker et al. (1940) and 

is described here briefly. Approximately 109 of canola meal ground with a Sunbeam 

osterizer (Sunbeam; Paragould, AR) was combined with 50mL of petroleum spirit ether, 

b.p. 35° to 60°C, (BDH; Edmonton, AB) and blended for 1Osee. The mixture was al

lowed to settle and the insoluble material was collected by gravity filtration using a 

Whatman #4 filter paper (Whatman International; Maidstone, England). This was re

peated twice more. The insoluble material was then left overnight in a fume hood and 

dried at 105°C for 3hr in a Gallenkamp OvenBS, Model OV-160, forced-air oven (A. 

Gallenkamp and Co.; England). Approximately 19 of dried, defatted sample was trans

ferred to a 50mL capacity Nalgene clinical centrifuge tubes (Nalge Co.; Rochester, NY) 

and combined with lOmL of 0.8 N trichloroacetic acid (BDH; Edmonton, AB). The re

action mixture was shaken (3.3 rps) at room temperature using a New Brunswick Gyro

tary, Model G76, Water Bath Shaker (New Brunswick Scientific; New Brunswick, NJ) 

for 30min. The contents of the tube were then centrifuged at 1950g for 7min using an 

IEC Model CL clinical centrifuge (IEC; Needham Heights, MA) and 5.0mL of super

natant was removed with a volumetric pipette (Corning Glass Works; Corning, NY) for 

Kjeldahl nitrogen analysis. The nitrogen content of the aliquot was determined by the 

Kjeldahl crude protein method as described in section 3.2.6 except that the blank con
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sisted of 5.OmL of 0.8 N trichloroacetic acid. The non-protein nitrogen content, reported 

on an 8.5% moisture basis, was calculated as percent crude protein equivalents (%CPE) 

as shown below: 

%CPE = (mL 0.1 N HCI used[sample] - mL 0.1 N HCI used[blank]) x N HCI x 2.8/sample wt. x 6.25 + 1.085 (3.5) 

This equation is the same as equation 3.1 except that a dilution factor of two has been 

included to account for the fact that the nitrogen contained in a 5mL aliquot is represen

tative of only one-half the nitrogen contained in the sample. The procedure was con

ducted for each sample in triplicate. 

3.2.6 Total dietary fibre 

The total dietary fibre content of canola meal was determined by standard AOAC 

methods (AOAC method: 985.29). The total dietary fibre assay kit was obtained from 

Sigma Chemical Co.( St. Louis, MO). 

3.3 Amino Acid Profile of Canola Meal 

All amino acid analyses were conducted according to the method of Andrews and 

Baldar (1985) at the Department of Animal Science, University of Manitoba (Winnipeg, 

l\1B). This method required hydrolysis of sample with 6 N RCI and Img/mL phenol, 

followed by separation of amino acids using high performance liquid chromatography. 

3.4 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) 

SDS-PAGE of canola meal proteins was conducted utilizing a MiniProtein II Elec

trophoresis cell (Bio-Rad Laboratories; Richmond, CA). Canola meal proteins were ex

tracted by combining O.5g of canola meal with l.OmL of SDS extraction buffer (O.05M 

tris(hydroxymethyl)-aminomethane [ICN Biomedicals; Aurora, OR], IOOf..lg/mL phenyl

methylsulfonyl fluoride [Sigma Chemical Co.; S1. Louis, MO], ImM ethylenediamine

tetraacetic acid [BDR; Edmonton, AB], 1% SDS [BDR; Edmonton, ABD, mixed vigor

ously by vortexing (Fisher Scientific; Edmonton, AB) maximum setting, and heated at 
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95°C for 5min using a Fisher Scientific dry bath incubator (Fisher Scientific; Edmonton, 

AB). Tube contents were then centrifuged at 12,000g for 5min using an mc Micromax 

Microcentrifuge (IEC; Needham Heights, MA). Supernatants were collected for SDS

PAGE using 12% and 15% acrylamide (Bio-Rad Laboratories; Richmond, CA) gels as 

described by Laemmli (1970). Broad range molecular mass standards (6,500 to 200,000 

Daltons) (Bio-Rad Laboratories; Richmond, CA) were run in parallel. Gels were run at 

200V constant voltage for ~45min using a Fisher Biotech FB135 power pack (Fisher 

Scientific, Edmonton, AB). For Coomassie staining, gels were flooded with Coomassie 

blue R-250 stain (0.1 % Coomassie blue R-250 [Bio-Rad Laboratories; Richmond, CAl 

combined with 5 parts distilled, deionized water (ddH20) [Millipore, Milli_Q1M Water 

System, Milford, MA], 5 parts methanol [BDH; Edmonton, AB], and 2 parts glacial 

acetic acid [BDH; Edmonton, AB). Gels were immersed in the following solution for 

destaining: 12.5% isopropanol (BDH; Edmonton, AB), 10.0% glacial acetic acid in 

ddH20. Silver staining of gels was conducted by the method of Nielson and Brown 

(1984) as modified by Xavier(1996, personal communication). The procedure is as fol

lows: 1) gels were placed in fixing solution (50% ethanol [Commercial Alcohols; Winni

peg, :ME), 10% glacial acetic acid) for a minimum of2hr; 2) gels were incubated in incu

bation solution (75mL ethanol, 17.0g sodium acetate trihydrate [BDH; Edmonton, AB], 

l.3mL glutaraldehyde [BDH; Edmonton, AB], and 0.50g sodium thiosulfate [BDH; Ed

monton, AB]; made up to 250mL with ddH20) for Ihr minimum; 3) gels were washed 

three times with ddH20, 10min each time; 4) gels were flooded for 45min with silver 

solution (0.25% silver nitrate [BDH; Edmonton, AB], 50JlI formaldehyde [BDH; Ed

monton, AB]; made up to 250mL with ddH20); 5) gels were rinsed of silver solution by 

washing them for 3min using ddH20; 6) gels were developed until protein bands became 

visible by immersing in developing solution (6.25g sodium carbonate [BDH; Edmonton, 

AB], 25JlI formaldehyde; made up to 250mL with ddH20); 7) the developing reaction 

was stopped immediately by flooding the gel with 5% acetic acid in ddH20. The gels 

were documented by scanning them at 1/30th second exposure time using an IS1000 

Digital Imaging System (Alpha Innotech Corp.; San Leandro, CA). 
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3.5 Characterization of Indigenous Microflora of Canola Meal 

3.5.1 Enumeration of fungi and bacteria 

Enumeration of the indigenous microorganisms of canola meal was performed as 

follows. Eleven grams of meal was transferred to a sterile pummeling bag (VWR Canlab 

Scientific Instruments; West Chester, PA) along with 99mL of sterile diluent A (0.1% 

peptone [Difco Laboratories; Detroit, MI], 0.05% Tween 80 [Fisher Scientific, Edmon

ton, ABl). The contents were allowed to resuscitate for 30min at 25°C prior to pummel

ing by a Colworth Lab-Blender 400 stomacher (Colworth; Bury St. Edmunds, England) 

for 2min. Contents of the bags were allowed to settle for 30sec before 10mL was re

moved and used with sterile 0.1% peptone to prepare serial dilutions. From each dilu

tion, O.lmL was spread plated onto each of four types of media (pitt and Hocking, 

1985): peptone-yeast-glucose (pYG), dichloran-rose-bengal-chloramphemicol (DRBC), 

dichloran-glycerol(18%)-chloramphenicol (DG18C). and malt extract-chloramphenicol 

(MEAC). (The formulations for these media are provided in Appendix B.) Plates were 

incubated at 25°C and observed daily. Colonies of bacteria and fungi colonies were 

counted after 120hr of incubation. 

Experts in the field of food microbiology recommend that a suitable plating regimen 

be developed for any particular food (King et al., 1986). Therefore, an experiment was 

conducted to determine which method of sample dispersion, type of diluent, and kind of 

media served to optimize enumeration results. The procedure used was identical to that 

described above with the following exceptions: 1) in addition to diluent A, a hypertonic 

diluent was tested (diluent B: 0.1% peptone, 20.0% sucrose [Difco Laboratories; De

troit, MI], 0.05% Tween 80); 2) following resuscitation for 30min, sample and diluent 

mixtures were dispersed·by stomaching for 5min using a Colworth stomacher, blended 

for 30sec using a Waring Commercial Blender 700 (Waring; New Hartford, CT), or 

shaken for 20min in a 250mL capacity Wheaton bottle (VWR Canlab Scientific Instru

ments; West Chester, PA) along with twenty 3mm diameter glass beads (VWR Canlab 

Scientific Instruments; West Chester, PA); 3) from the serial dilutions prepared from a 

10mL aliquot of the mixtures, 0.3mL was spread plated onto three of each type of medi
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um: DRBC, i\1EAC, DGI8 and malt extract-yeast-glucose(50%)-chioramphenicol 

(MYG50C). 

3.5.2 Taxonomic identification of indigenous filamentous fungi 

Strains of filamentous fungi were isolated from the meal by two methods: 1) Fol

lowing enumeration trials (as described in section 3.5.1) mycelia and/or spores of fungal 

isolates were used to inoculate MEA (2.0% malt extract [Difco Laboratories; Detroit, 

MI], 0.1% peptone, 2.0% glucose, 2.0% agar). The criterion for their selection was 

based entirely on macroscopic characteristics where colony colour (both obverse and 

reverse), size, and presence of fructifications (spore bearing structures) were considered. 

Fructifications were observed with the aid of a 35x magnification stereomicroscope 

(Vickers Instruments; England). 2) Fungal strains were also collected by a direct plating 

procedure. This involved aseptically distributing 500mg of canola meal as ten, well sepa

rated 50mg portions onto three layers of Whatman #4 filter paper (Whatman Interna

tional Ltd.; Maidstone, England) cut to the dimensions of a Petri dish lid. Before use, 

filter papers were sterilized by soaking in 95% ethanol (Commercial Alcohols; Winnipeg, 

ME), air dried, and moistened with 5mL of sterile water (autoclaved at 121°C for 

20min). The bottom of the Petri dish was then used as a lid to maintain a humid envi

ronment. The assembly was incubated at 25°C and viewed daily for signs ofgrowth. Ad

ditional sterile water was added drop wise to the filter· papers as needed to maintain a 

humid atmosphere. After 3 days of incubation, mycelia and/or spores were used to in

oculate MEA plates. The criterion by which the organisms were chosen was based on 

colony characteristics under 35 x magnification. 

Strains subcultured onto i\1EA plates were incubated at 25°C for 5 to 10 days until 

mature sporing structures could be observed. The characteristics of isolates were com

pared using 35x magnification as needed to ensure that the cultures were pure and 

unique from each other and not duplicates. Isolates which appeared identical but had 

originated from different types of meal were retained, otherwise they were discarded 

unless there was a reason to believe they were different species, as evidenced by subtle 

differences in morphology. These cultures were subcultured again by inoculating MEA 
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slants and incubating at 25°C until mature fructifications had developed. These slants 

were stored at 4°C and served as a source of fungal strains for further study. The slant 

cultures were subcultured to fresh MEA media routinely every three months. 

To identify the strains, cultures from the MEA slants were subcultured to standard 

identification media as recommended by Pitt and Hocking (1985). This involved cultur

ing the organisms at three different incubation temperatures: 5°, 25°, and 37°C on 

Czapek-yeast-agar (CYA). CYA medium is commonly used for observation of colony 

characteristics of molds because the medium induces the production of pigments which 

have diagnostic value. However, some species of molds grow poorly in CYA medium 

and fail to produce sporing structures. Therefore, the organisms were cultured at 25°C 

on MEA and glycerol(25%)-nitrogen (G25N) media. (See Appendix B for medium for

mulations.) MEA is a rich medium on which most molds readily sporulate. In general, 

G25N medium is neither effective in inducing pigmentation or sporulation, but was in

cluded to determine if the organisms could tolerate a reduced water activity environ

ment, which is a quality of xerophillic molds. The plating regimen, as shown in Figure 

3.1, involved culturing two strains per plate of media except for the CYA plates incu

bated at 37°C. To protect against desiccation, a thin layer of Parafilm M (American Na

tional Canada; Neehah, WI) was used to seal the union between the Petri dish bottom 

and lid. All plates were incubated for a standard incubation time of seven days. 

Following the seven days incubation, the morphology of the cultures was observed 

and documented. The appearance of colonies on CYA and MEA plates incubated at 

25°C were scanned by the use of an ISI000 Digital Imaging System (Alpha Innotech 

Corp.; San Leandro, CA) at 1/30th second exposure time. Wet mounts were prepared 

using lactofuchsin stain (0.1% fucshin [BDH; Edmonton, AB] in lactic acid [BDH; Ed

monton, AB]) and photomicrographs of fructifications were taken using a Jenaval pho

tomicroscope equipped with a 40x magnification Nomarski prism objective lens (Carl 

Zeiss; Germany). Strains which had sporing structures so delicate that they disarticulated 

during the preparation of wet mounts, had to be observed by the use of slide cultures. 

For these strains, fructifications were observed with 100x and 400x magnification using 

a Leitz-Biomed microscope (Leitz; Wetzlar, Germany) and were hand drawn. A detailed 
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CYA@5°C 

Figure 3.1 Schematic of plating regimen used for culturing fungal isolates for identification. Adapted from Pitt and Hocking (1985). 
Abbrevaitions: CYA, Czapek-yeast-agar; MEA, malt-extract-agar; G25N, glycerol(25%)-nitrate. 
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description of the taxonomic criteria used to identify the fungal isolates can be found 

elsewhere (Pitt 1979; Onions et al., 1981; Pitt and Hocking, 1985). A sample of the data 

recording sheet used in the identification procedure is provided in Figure 3.2. 

3.5.3 Detection of enzymes produced by indigenous filamentous fungi 

To further characterize the filamentous fungi isolated from the meal, two methods 

were used to detect enzymes produced by fungal strains. The first method, recommended 

by Paterson and Bridge (1994), involved inoculating the organism onto biochemical test 

media for which the presence of enzymatic activity was indicated by a zone of clearing or 

a zone of colouration. The second method involved detecting 19 different enzymatic act

ivities by the use of a API-ZYM Enzyme Substrate System (API Analytab Products; 

Plainview, NY). Table 3.1 shows the substrates included in the biochemical test media 

used as well as the principles behind the assays. The formulations for the media used are 

provided in Appendix B. A list of the enzymes detectable by the API-ZYM test kit are 

also included in this table. 

Inoculation of fungal strains into the biochemical test media was performed with the 

assistance of a steel pin replicator using suspensions of~106 spores/mL. For some strains 

where spores could not be obtained, plates were inoculated directly with plugs of myce

lium transferred with a 5mm diameter tube used as a well borer. In addition to inocula

tion of the plates in this manner, 50JlI of culture fluids were added to 5mm wells made in 

the test plates. To obtain culture fluids, strains were grown in broth culture medium for 

10 days at 25°C with shaking (3.3 rps). Two types of broth medium were used. Czapek

Dox broth was composed as follows (Bridge and Hawksworth, 1984): KH2P04 (BDH; 

Edmonton, AB), 10.0mL Czapek's concentrate (30% NaN03 [Anachemia; Montreal, 

QU], 5%KCI [BDH; Edmonton, AB], 5% MgS04e7H20 [BDH; Edmonton, AB], 0.1% 

FeS04-7H20 [BDH; Edmonton, AB]), 30% sucrose (filter sterilized using a 0.45Jlm fil

ter [Gelman Sciences; Ann Arbor, MI]). The second broth medium was prepared from 

canola meal. This was prepared by adding 25g of canola meal to lL of water and bring

ing the mixture to a boil on a Sybron, Nuova-7, Stir Plate (Sybron Corporation; Du

buque, Iowa) set to maximum setting. The contents were then steeped for 30min before 
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Fungal Isolate Profile 

Isolate #: Source: Genus: Species: _ 

Macrosopic characters: 
CYA: 0 G 4 8 12 15 20 25 28 30 35 40 50 70 mm; low medium deep; 

sparse medium dense; plane sulcate convolute; mycelium: _ 
velutinous floccose funiculose fasciculate coremiform synnematous; odour: : 
synnemata formed in: dark light; at 7 14 21 days; height 3 5 10+ mm; 
margins: subswface low deep entire itregular; exudate:__; reverse:, _ 
soluble pigment__; conidiogenisis: sparse medium dense; day__colour _ 
conidiophores: subswface surface aerial funicles fascicles coremia synnemata
other: _ 

MEA: 0 G 4 8 12 IS 20 25 28 30 35 40 50 70 mm; low medium deep; 
sparse medium dense; plane sulcate convolute; mycelium: _ 
velutinous floccose funiculose fasciculate coremiform synnematous; odour: : 
synnemataformedin: dark light; at 7 14 21 days; height 3 5 10+ mm; 
margins: subsurface low deep entire irregular; exudate:__; reverse: : 
soluble pigment__; conidiogenisis: sparse medium dense; day__colour _ 
conidiophores: subsurface surface aerial funicles fascicles coremia synnemata
other:, ---

G25N: 0 G 4 8 12 15 20 2S 28 30 35 40 50 70 mm; low medium deep; 
sparse medium dense; plane sulcate convolute; mycelium: _ 
velutinous floccose funiculose fasciculate coremiform synnematous; odour: -' 
synnemata formed in: dark light; at 7 14 21days; height 3 5 10+ mm; 
margins: subswface low deep entire irregular; exudate:__; reverse:, _ 
soluble pigment__; conidiogenisis: sparse medium dense; day__colour _ 
conidiophores: subswface surface aerial funicles fascicles coremia synnemata
other: _ 

5°C: 0 G 4 8 12 IS 20 25 28 30 35 40 50 70 mm; low medium deep; 
sparse medium dense; plane sulcate convolute; mycelium: _ 
velutinous floccose funiculose fasciculate coremiform synnematous; odour: _
synnemata formed in: dark light; at 7 14 21 days; height 3 5 10+ mm;
margins: subswface low deep entire itregular; exudate:__; reverse: _
soluble pigment__; conidiogenisis: sparse medium dense; day__ colour, _
conidiophores: subsurface surface aerial funicles fascicles coremia synnemata
other: _ 

37°C: 0 G 4 8 12 15 20 25 28 30 35 40 50 70mm; low medium deep; 
sparse medium dense; plane sulcate convolute; mycelium: _ 
velutinous floccose funiculose fasciculate coremiform synnematous; odour:, _ 
synnemataformedin: dark light; at 7 14 2ldays; height 3 5 10+mm; 
margins: subsurface low deep entire irregular; exudate:__; reverse: _ 
soluble pigment:__; conidiogenisis: sparse medium dense; day__colour _
conidiophores: subsurface surface aerial funicles fascicles coremia synnemata
othcr:, _ 

Microscopic: 
Hyphae: compaction: loose compact; colour sepatation: none few frequent; diam.__; 

branching: lateral opposite dichotomous cyrnose sympodial verticillate monopodial 
special features: anastomosis clamp connections other: _ 

Conidia: shape: #__ desription, ;: size: 2 2.5 3 3.5 4 4.5 5 6 7+ by 

1 1.5 2 2.5 3 3.5 4 4.5 5~; omamentaion: none appendages reticulate venucose 
punctate striate echinate alvoelate; other _ 

Figure 3.2 Data recording sheet used to document colony characteristics offungal 
isolates for identification. Adapted from Pitt (1979). 
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Table 3.1 Criteria for assessment of enzymatic activity of fungal strains using solid biochemical test media 

Medium and/or Substrate Enzymatic Activity Tested 
Stron!! Positive 

Reaction* 
Weak Positive 

MM2 layered with I% chitin azure 

MM2 with 1% gelatin & 1.5% skim milk 

Difco's DNAse medium with 0.2% DNA 

Ligninase medium with 0.2% Poly R-478 

Lipase medium with 0.1 % tributyrin 

Starch agar with 1% starch 

Tween 80 medium with 1% Tween 80 

Cellulose medium with 1% cellulose 

API-ZVM kit** 

chitinase 

protease 

DNAse 

ligninase 

lipase 

amylase 

fatty acid esterase 

cellulase 

19 enzymes 

wrinkled and/or pink zone light pink zone 

zone to colony ratio at 24 hrs > I zone to colony ratio at 24 hrs <I 

yellow zone nJa 

zone ofclearing nJa 

clearing in <24hrs clearing in >24hrs 

zone to colony ratio at 48hrs >1 zone to colony ratio at 48 hrs <1 

zone in <24hrs 

zone of clearing zone in >24hrs 

> 30 nmoles < 30 nmoles 
* For culture fluids where colonies were not produced in addition to zones of clearing, the enzymatic activities were considered to be a 'strong 

positive' reaction if the zone of clearing was 10mm or more in diameter while zones of less than 10mm diameter were considered 'weak 
positives' . 

** API-ZVM kit consists of reagents affording the detection of 19 different enzyme activities that are determined semi-quantitatively by indicator 
dye intensity. The enzyme activities detected by the kit include alkaline phosphatase, C4 esterase, C8 esterase lipase, C14 lipase, leucine 
arylamidase, valine arylamidase, cystine arylamidase, trypsin, chymotrypsin, acid phosphatase, a-glucosidase, f3-glucosidase, a-fucosidase, a
mannosidase, a-galactosidase, f3-galactosidase, N-acetyl-f3-glucosaminidase, naphthol-phosphohydrolase and f3-glucuronidase. 
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fore passing the mixture through 8 layers of cheese cloth (Glencourt Distributing; Van

couver, BC). The filtrate collected was autoclaved for 15min at 121°C prior to use. For 

liquid cultures, ~106 spores or three 5mm diameter plugs of mycelium were added to 

25mL of broth. To prevent bacterial contamination, 6Jlg/mL tetracycline and 40Jlg/mL 

ampicillin were added to the medium prior to inoculation. After incubation, culture fluids 

were collected by passing the culture through sterile glass wool (Glencourt Distributing; 

Vancouver, BC), aliquotted, and stored at 4°C if they were to be used immediately or 

frozen at -20°C for storage. Culture fluids from fungal strains grown in Czapek-Dox 

broth were used for API-ZYM analysis according to the instructions included with the 

kit. 

3.5.4 Propagation of the indigenous microflora 

Approximately 50g of meal was dispensed to sterile 500mL capacity Falcon tissue 

culture flasks (Becton Dickinson Europe; Meylan Cedex, France). For the Brassica 

napus meal, IOOmL of sterile distilled water (autoclaved at 121°C for 20min) was added 

and mixed thoroughly with a flame sterilized spatula. For the Brassica rapa meal, 

I25mL of sterile distilled water was used. The wetted meal was spread across the bot

tom of the flask to create a uniform bed approximately 5mm deep. The quantities of 

sterile distilled water used were found from previous studies to provide a water activity 

between 0.992 and 0.996 using a Aqualab, Model CX-2, water activity meter (Decagon 

Devices; Pullman, Washington) calibrated using a using a solution of deionized water 

saturated with KCI (BDH; Edmonton, AB) and having a water activity of 0.83. Meals 

samples were incubated in the dark for 7 days at 25°C. Following this, growth of micro

organisms was observed and the dominant species were noted. The contents of the flasks 

were mixed with a sterile spatula, aliquotted, and frozen at -60°C. Aliquots of the meal 

end product were used for proximate analysis and SDS-PAGE as described in sections 

3.2 and 3.4, respectively. 

An additional· investigation was conducted to determine if, during the growth of the 

microflora, different microorganisms could be made to dominate the population by alter

ing the water activity of the meal and the temperature of incubation. This study was con
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ducted as described above except that only 12.5 grams of meal were transferred to 

250mL capacity Falcon tissue culture flasks (Becton Dickinson Europe; Meylan Cedex, 

France). For the Brassica napus meal, 25mL or 4mL aliquots of sterile distilled water 

were combined with the meals to generate water activities of 0.997 and 0.957, respec

tively. For the Brassica rapameal, 34.25mL or 5.0mL of sterile distilled water was com

bined to generate water activities of 0.996 and 0.958, respectively. For each water activ

ity, two incubation temperatures were used: 25°C and 35°C. In total eight trials were 

conducted: two different incubation temperatures for and two different water activities 

for each of two types of meal. Wetted meal samples were incubated in the dark for 7 

days. Following this, growth of microorganisms was observed and the dominant species 

were noted. Contents of the flasks were then mixed with a flame sterilized spatula, ali

quotted, and frozen at -60°C. These aliquots were then used for the determination of en

zymatic activity residing in the meal end product. Approximately 5g of sample were 

combined with 25mL of phosphate buffered saline (8g NaCI [BDH; Edmonton, AB], 

O.2g KCI [BDH; Edmonton, AB], 1.44g Na2HP04 [BDH; Edmonton, AB], O.24g 

KH2P04 [BDH; Edmonton; AB] dissolved in 1L of deionized water; pH adjusted to 7.4 

using HCI [BDH; Edmonton, AB]; dispensed to aliquots and autoclaved at 15psi for 

20min.) , vortexed (Fisher Scientific; Edmonton, AB) briefly, and centrifuged at 2000g 

for 25min using a IEC, Model CL, clinical centrifuge (IEC; Needham Heights, MA). 

Supernatants were collected and filter sterilized by passage through 0.45Jlm filters 

(Gelman Sciences; Ann Arbor, MI). Filtrates were aliquotted to Nalgene microcentrifuge 

tubes (Nalge Company; Rochester, NY) and stored at -20°C. The enzymatic activities of 

these filtrates were determined as described in section 3.5.3 using the biochemical test 

media. 

3.6 Propagation of Exogenous Filamentous Fungi in Canola Meal 

These studies were centered on the growth ofC. cellulolyticum ATCC 32319 and G. 

colossus ATCC 76754 on canola meal in an SSF process. The fungal strains, Merulius 

tremellosus ATCC 48745 and Ceriporiopsis subvermispora FP 90031-sp were not util

ized beyond preliminary trials because they failed to grow on canola meal in an SSF 
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process. To generate inoculum, C. cellulolyticum and G. colossus were grown initially as 

seed cultures in canoia meal derived broth. This is described briefly. Stocks of C. cell

ulolyticum ascospores and G. colossus chlamydospores stored at -60°C were thawed on 

ice, centrifuged at 12,000g for lmin using an mc Micromax Microcentrifuge (mC; 

Needham Heights, MA). Spore pellets were resuspended in phosphate buffered saline 

and the spore densities of the solutions were determined using a Neubauer hemocy

tometer (VWR Canlab Scientific Instruments; West Chester, PA). From these solutions 

106 spores (or chlamydospores) were transferred to a 500mL Erlenmeyer flask (Corning 

Glass Works, Corning, NY) to which was added 75mL of canola meal broth. A descrip

tion of how this broth was prepared is provided in section 3.5.3 of this thesis. Flasks 

were incubated at 37°C for 5 days with shaking (3.3 rps) in a New Brunswick Gyrotary 

Water Bath Shaker (New Brunswick Scientific; Princeton, NJ). Beginning on day 1 and 

continuing through to day 4, glucose (BDH; Edmonton, AB) was added daily to the seed 

culture at 0.5% (v/v). A 25% (w/v) glucose solution sterilized by passage through a 

0.45Jlm filter (Gelman Scientific; Ann Arbor, l\.1I) was used for this purpose. As a check 

for purity and viability of these seed cultures, a loop-full of broth was streaked onto 

MEA and CMA (canola meal broth plus 1.5% agar) media and incubated at 37°C con

currently with the seed cultures. This was done as a precaution in the instance where 

contamination or poor viability was suspected. Often contamination was not readily ap

parent and these plates served to confirm or refute any suspicions. If a seed culture was 

not satisfactory, a new aliquot of spores was thawed and the procedure was repeated. 

After 5 days incubation seed cultures were transferred to a sterile blender jar (Waring; 

New Hartford, CT). Seed culture flasks were rinsed with 25mL of phosphate buffered 

saline to transfer any remaining mycelia to the blender jar. Contents of the jars were 

blended for approximately 30sec using a Warring Commercial Blender-700 (Waring; 

New Hartford, CT). It was found that blending for this duration generated approximately 

107 fungal propagules/mL. Fifty grams of previously autoc1aved (121°C for 45min) 

canola meal was added to the homogenates and mixed with a flame sterilized spatula. 

The mixtures were distributed to 500mL capacity Falcon tissue culture flasks (Becton 

Dickinson Europe; Meylan Cedex, France). Contents ofthe flasks were spread across the 
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bottom of the flask to create a uniform bed approximately 5-7mm in depth. Approxi

mately 25g of each mixture were aliquotted to sealable polyethylene bottles (VWR Can

lab Scientific Instruments; West Chester, PA) and frozen immediately at -60°C. In addi

tion, to check the viability of the inoculum and to determine if contamination had oc

curred during these manipulations, a small amount «0.1g) of the mixtures were used to 

inoculate onto MEA and CMA plates. These plates were incubated under the same con

ditions as the solid substrate fermentations (SSF). A flow diagram of this process for in

oculation of the Brassica napus meal is shown in Figure 3.3. For the SSF of Brassica 

rapa canola meal, the same procedure was used except that an additional 25mL of phos

phate buffered saline was used to rinse the blender jar. The additional amount of buffer 

was required for the Brassica rapa meal in order to attain a water activity of 0.995 in the 

mixture. For the inoculation of Brassica rapa canola meal which had been autoclaved 

after the addition of phosphate buffered saline, the same procedure was used except that 

50mL of phosphate buffered saline was added to 50g of canola meal prior to autoclav

ing. SSF cultures were incubated at 37°C for 7 days except for one study where G. 

colossus was incubated initially at 45°C for 7 days followed by 7 days a week at 37°C. 

Following incubation the contents of the flasks were mixed with a sterile spatula, ali

quotted to polyethylene bottles, and stored at -60°C. The meal end products were ex

amined by proximate and amino acid analyses, and protein electrophoresis as described 

in sections 3.2, 3.3; and 3.4. Aqueous extracts of the meal end-products were prepared 

and analyzed for enzymatic activity as described in section 3.5.3. 
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106 spores 

4--75 ml canola meal broth 

5 day incubation at 37°C with 
shaking (3.3 rps) and daily 
addition of glucose (0.5% v/v) 50g canola meal 

previously autoclaved J, r..............2i1iia... for 45min at 121°C

25ml of J .... 
phosphate 
buffered saline 

.....1Jii< 

•• . •• 

Homogenize to _107 fungal 
propagules/mL, mix with meal, 
and distribute to flasks 

J-l-·-J,
Trial #1 (incubate) Trial #2 (incubate) 

COJiltrol (freeze at -60·C) 

Figure 3.3 Flow diagram illustrating the procedure used to inoculate Brassica napus canola 
meal with C. cellulolyticum and G. colossus in an solid substrate fermentation. 
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4.0 RESULTS AND DISCUSSIONS 

4.1 Proximate Analysis of Canola Meal 

Central to the microbiological biotransformation of canola meal components to mi

crobial products, is the ability to detect any changes in the meal brought about by such 

treatments. Therefore, it was necessary to establish the chemical or proximate composi

tion of canola meal by conventional means, and furthermore, to evaluate the reliability of 

these techniques where there was little literature describing these methods for use with 

canola meal. This section is devoted to the results and discussions ofthese analyses. 

4.1.1 Proximate composition of canola meal 

The proximate analysis of the two types ofmeals obtained involved the determination 

of percent content of moisture, ash, crude fat, crude protein, non-protein nitrogen, and 

total dietary fibre. The results of these analyses, as shown in Figure 4.1 and Appendix A, 

indicated that the two types of meal are comparable to each other and to the canoia meal 

samples examined by Bell (1993). However, significant differences (p < 0.01) between 

the B. napus and B. rapa meals occurred with regards to ash, crude fat, crude protein 

and non-protein nitrogen. Differences between Bell's values (1993) and the results of 

this study were greatest for the content of crude protein and total dietary fibre in the 

meal samples. Bell's value for crude protein is based on a large population of canola 

meal samples obtained during one season from a number of crushing plants, and was re

ported as 38.29% with a standard deviation of 2.33%. This variability has been shown 

previously to be attributed to the type of canola cultivar and environmental differences in 

any given locale or growing season (Bell and Jeffers, 1976). The observed differences 

between the mean literature values and the values for the two types of meal analyzed in 

this study, as well as the differences observed between meals, are likely to be attributed 

to such ecological factors. Similarly, the total dietary fibre values observed for the B. 

napus and B. rapa samples were lower compared to the literature value (Bell, 1993) 

which may be the result of seasonal or regional variation, and!or the result of improve

ments made in processing technology aimed at reducing meal fibre (Bell, 1993). 
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Regardless of the deviations from literature values, these results show that the B. napus 

and B. rapa types of canoia meal used in this work had comparable proximate analysis 

profiles. 

An examination of the hygroscopic properties of the meal was conducted in order to 

assess whether storage of the meal would result in microbial spoilage. After the canola 

meal samples were received from crushing plants they were subdivided and refrigerated 

at -40°C. Brassica napus and B. rapa meal samples taken from refrigeration and warmed 

to room temperature were found to possess similar water activity values: 0.66 ± 0.01 and 

0.64 ± 0.02, respectively. With the exception oftwo rarely encountered species offungi, 

Saccharomyces rouxii and Xeromyces bisporus which can withstand water activities as 

low as 0.63, the growth of microorganisms does not occur at this level of moisture. 

Therefore, there was little risk of changes to the meal during storage due to the growth 

of microorganisms. Even when stored without refrigeration, there would be little risk of 

spoilage due to microbial growth unless the meal became wet. It was found that when 

meal samples were left to equilibrate with room conditions (--24°C, --34% relative hu

midity) the B. napus and B. rapa meals possessed differing water activities: 0.47 ± 0.003 

and 0.36 ± 0.001, respectively. These findings suggest that the B. napus meal possessed 

a greater capacity to sequester moisture than the B. rapa meal. This became a relevant 

observation for the inoculation of meals with microorganisms, where it was important to 

provide a particular water activity in the meal by the addition of sterile water . In line 

with this observation, it was found that less liquid needed to be added to the B. napus 

meal than to the B. rapa meal in order to elevate the water activity of the meal to that of 

typical mycological media (0.995 Aw). 

The pH of the meals was approximated by taking pH readings ofmeal combined with 

ten volumes ofwater. From this analysis, the pH values of meals were found to be 6.7 ± 

0.2 for the B. napus and 6.8 ± 0.2 for the B. rapa. 

4.1.2 Desiccator associated error in moisture content determination 

Aside from crude protein and non-protein nitrogen determinations, the protocols 

used for proximate analyses rely on sensitive gravimetric techniques which demand that 
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samples be cooled in a desiccator prior to being weighed on an analytical balance. Con

sidering the sensitive nature of these procedures, experiments were conducted to deter

mine the effect of storage of dried samples on moisture content. After heating canola 

meal samples placed in aluminum weighing dishes at 110°C for 10hr in a forced air oven, 

the samples were stored either at room conditions (--24°C, ,....34% relative humidity) or in 

a desiccator for 8hr. During this time the change in the weights of the samples were re

corded. As shown in Figure 4.2a and b, in relation to the sampleswhich were stored in a 

desiccator, the storage of meal samples at room conditions for 8hr did not result in an 

appreciable difference in moisture content. For each type of meal sample, storage at 

room conditions for 8hr resulted in the absorption of moisture from the environment 

sufficient in amount to cause an increase in weight of approximately 1.010%. Samples 

stored in a desiccator for the same duration experienced a 1.004% increase in weight. 

Therefore, regardless of the whether or not a desiccator was used, meal samples gained 

approximately. 1% weight. As shown in Figs 4.2a and b, this increase occurred during the 

first hour of storage subsequent to their removal from the drying oven. Much of this gain 

in weight is likely to occur during the transfer of samples from the drying oven to the 

storage vessel. According to Jayas et al. (1988) who studied moisture content-relative 

humidity equilibrium relationships for canola meal, temperature has litdebearing on the 

loss ofmoisture (desorption) in canola meal when the meal possesses a moisture content 

below 15%. Furthermore, absorption and desorption of moisture in canola meal can be 

characterized by a hysteresis effect. The results of this analysis supports their hypothesis 

as the absorption ofmoisture has been shown to have occurred rapidly as the meal cools, 

but more slowly when the meal has reached an equilibrium temperature. 

4.1.3 Ash recovery 

Preliminary investigations revealed that canola meal subjected to microbial treat

ments possessed an enhanced ash content (up to 8.7%) as a result of microbial metabo

lism of meal components. Experiments were conducted to assess if the AOAC ashing 

procedure for animal feed (AOAC method: 942.05) could reliably determine an ash 

content as high as 20%. Ash was added to B. rapa canola meal samples at levels of 0, 5, 
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Figure 4.2 The increase in sample weight of Brassica napus (a) and B. rapa (b) canola meal due to the absorption of 
humidity from the environment when oven dried and subsequently stored in a desiccator (red diamonds) or at 
room conditions: ",25 C and relative humidity ",34% (green dots). The values are expressed as the gilin in 
weight relative to the oven dried weight of the samp Ie. 



52 

10 and 15% (w/w) and ashed at 600°C for 2hr. The results of this analysis are shown in 

Figure 4.3. The true ash content of the samples was their ash content prior to being 

'spiked' plus the ash which was added to the sample. These values were 7.6, 12.6, 17.6, 

and 22.6%, respectively, for each of the four samples. The mean percent ash values of 

the spiked samples determined using the AOAC procedure were found to be significantly 

less (p < 0.005) than those above. They were 12.30 ± 0.09, 17.0 ± 0.03, and 21.6 ± 

0.02% for the samples spiked at 5, 10, and 15% (w/w), respectively. The ash used to 

'spike' the meal samples was collected from previously ashed canola meal. A number of 

salts and metals decompose or volatilize at temperatures of 450°C or greater (AOAC, 

1990). Therefore, the failure of the procedure to account for all of the ash may be attrib

uted to the loss of some volatile components due to an extended period of heating. 

These findings suggest that samples with an ash content as great as 20% can be analyzed 

accurately with a margin of error no greater than 1%. Therefore, the AOAC protocol 

recommended for animal feed was considered satisfactory for the determination of ash 

content of samples treated with microorganisms. 

4.1.4 The influence of trichloroacetic acid normality on non-protein nitrogen de

termination in canola meal. 

Non-protein nitrogen is considered a composite mixture including peptides too small 

to be precipitated by trichloroacetic acid treatment, free amino acids, amides, nucleic 

acids, and other non-polYmeric nitrogen constituents (Imafidon and Sosulski, 1990). 

Evidence has shown that non-protein nitrogen components are important nutritionally as 

they can spare essential amino acids for use in biosynthesis of protein and nucleic acids 

(Irwin and Hegsted, 1971; Kies 1972). Food processors and nutritionists who are inter

ested in the role of these compounds in the diet require accurate means to quantify non

protein nitrogen in foods and feeds. However, researchers in this area have failed to 

agree on a uniform procedure for routine analysis as a number of approaches taken to 

extract and quantify non-protein nitrogen have resulted in quite variable results (Bhatty 

et aI., 1973; Holt and Sosulski, 1981; Imafidon and Sosulski, 1990). One of the most 

common procedures is one developed by Becker et aI., (1940) which involves protein 
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Figure 4.3 The percent recovery of ash from Brassica rapa canola meal. Observed 
values (red diamonds) are shown relative to the true values (green dots). 
The % ash values are the mean of quadruplicate trials. 
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precipitation by trichloroacetic acid in order to separate protein nitrogen from non-pro

tein nitrogen. 

According to Becker et al. (1940) the most common concerns for the accurate de

termination of non-protein nitrogen in soy bean meal are the influence of acid concentra

tion, particle size, and oil content of the sample. Because no references were available 

for the use of this procedure on canola meal, experiments were conducted to examine the 

influence of these variables. Initially. it was found that reproducible values for non-pro

tein nitrogen could only be obtained for canola meal for samples which had been thor

oughly homogenized and defatted. The effect of trichloroacetic acid concentration on 

non-protein nitrogen is shown in Figure 4.4. Non-protein nitrogen values were expressed 

as percent crude protein equivalents (%CPE) which by convention required the Kjeldahl 

% nitrogen content to be multiplied by a factor of 6.25 (Finlayson, 1974; Imafidon and 

Sosulski, 1990). As can be seen in Figure 4.4, a minimum non-protein nitrogen value 

was obtained using 0.8 N trichloroacetic acid. These findings agreed with the results of 

Becker et al. (1940) who explain that use of less concentrated trichloroacetic acid causes 

an elevation in non-protein nitrogen values due to insufficient precipitation of protein 

nitrogen, whereas higher concentrations of acid, 0.9 N to 1.2 N, show a reversed trend. 

The latter effect as observed for the non-protein nitrogen analysis of canola meal (see Fig 

4.4) is likely due to the release of nitrogenous compounds from the fibrous components 

of the meal. Finlayson (1974) reported that rapeseed hulls, which comprise on average 

30% of the meal, possess approximately 2% nitrogen which could not be appreciably 

liberated in 0.1 N H2S04 or 0.1 N NaOH solutions. This suggests that these compounds 

are bound in some way to the hull fibre rendering them inaccessible to extraction by 

these solvents. Finlayson (1974) concluded that the complexes between fibre and the ni

trogenous material would also be recalcitrant to digestive processes. Consequently, the 

non-protein nitrogen which is liberated from the fibrous components of the meal at 

higher concentrations of trichloroacetic acid is not relevant to the nutritional qualities of 

the meal. Hence, the use of 0.8 N trichloroacetic acid which results in a minimum value 

for non-protein nitrogen of canola meal was considered to be the optimal concentration 

of trichloroacetic acid for this analysis when used on ground, defatted meal samples. 
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Figure 4.4 The influence of the normality of trichloroacetic acid on the determination of non-protein nitrogen in 
canola meal. Non-protein nitrogen values with their corresponding standard deviations are expressed as 
percent crude protein equivalents (%CPE) or % Kjeldahl nitrogen x 6.25. 
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4.2 The Amino Acid Profile of Canola Meal 

As a necessary prerequisite for the detection of changes in canola meal brought about 

by a microbiological treatment, the amino acid profile of the meals prior to any treat

ments was established. As shown in Figure 4.5 the B. napus and B. rapa types of canola 

meal closely resembled each other, and with the exception of the amino acid glutamate, 

they also compared favorably with amino acid values reported in literature (Boila and In

galls, 1992). The amino acid values are expressed as grams of amino acid per 100 grams 

oftotal amino nitrogen, i.e. amino acids plus ammonia. Ammonia may have originated by 

the release of functional amino groups from lysine, asparagine and glutamine, and/or by 

the release of ~-amino groups belonging to any free amino acid. The level of ammonia in 

a sample can be used to indicate the degree of degradation of amino acids due to a par

ticular treatment. No literature value for the ammonia content of canola meal was avail

able; however the ammonia content of the B. napus and B. rapa canola meal samples 

were found to be 2.4%. Asparagine and glutamine lose their amide groups during acid 

digestion of the sample and consequently, are accounted for in the aspartate and gluta

mate pools, respectively. Therefore, the inclusion ofammonia gives some evidence of the 

quantity ofthese amides in the sample. The discrepancy between literature values and the 

experimental values obtained for glutamate can be attributed to variability in canola seed 

protein according to the type or variety of canola from which the meal was derived, or to 

the particular growing season, or it may be correlated to different methods of processing 

or analysis of the meals (Mosse and Baudet, 1983; Sarwar et al., 1983; Tipples, 1988; 

Bell and Keith, 1991, DeClercq et al., 1995). 
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4.3 Electrophoretic Characterization of Canola Meal Proteins 

Figure 4.6 shows the proteins of B. napus and B. rapa canola meal resolved 

by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) us

ing a 12% acrylamide supporting gel. The gel shows that both meals possessed a 

similar profile of peptides. The density of the lower molecular mass bands sug

gests that the majority of the peptides were between 10 and 30 kDa in size. 

These results agree with the literature on canola seed proteins which suggest that 

the seed storage proteins of Brassica and other crucifers are composed of two 

major storage proteins. These were originally identified as 12S and 1.7S based on 

their rate of sedimentation during ultracentrifugation. These proteins were first 

isolated in B. napus and were subsequently named "cruciferin" and IInapin" 

(Robbelen et aI., 1989). The 12S cruciferin accounts for approximately 60% of 

the total seed proteins of B. napus canola, whereas the 1.7S napin accounts for 

approximately 20% of the total seed proteins. Cruciferin is a globular protein 

having a molecular mass between 300 and 350 kDa and is comprised of two 

polypeptides of 21-23kDa and ~30kDa that unite via disulfide bridges. Six such 

composites in tum unite to form a hexamer of subunits arranged as a trigonal an

tiprism. Napin, which has a molecular mass between 12 and 14 kDa, is also a 

globular storage protein that dissociates into two polypeptides of 9 kDa and 4 

kDa on denaturation. Separation of the component polypeptides of cruciferin by 

denaturing SDS-PAGE therefore results in two protein bands migrating accord

ing to 30kDa and 21kDa molecular mass. The component polypeptide bands of 

napin migrate according to 9kDa and 4kDa molecular mass. This migration was 

observed for 15% acrylamide SDS-PAGE capable of resolving the lower mo

lecular mass peptides and is shown in Figure 4.7. Lanes 1 and 2 of Figure 4.7 

show the presence of the four major bands for both the B. napus and B. rapa 

canola meals. The density of these four bands suggests that together they account 

for greater than 80% of the total seed proteins. The doublet occurring at approxi

mately 30 kDa, vaguely for the B. napus but more pronounced for the B. rapa, 

suggests that considerable heterogeneity in size of the 30kDa polypeptide exits, 
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Figure 4.6 The electrophoretic profile of Brassica napus and B. rapa canola 
meal proteins resolved with a 12% acrylamide SDS-PAGE and 
silver staining. Lanes: 1, B. napus; 2, B. rapa; M, molecular weight 
standards with their corresponding molecular masses (in kilo 
Daltons). 
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Figure 4.7 The electrophoretic profile of Brassica napus and B. rapa canola meal proteins resolved using a 15% acrylamide SDS-PAGE 
and Coomassie brilliant blue staining. Lanes: 1, B. napus; 2, B. rapa; M, molecular weight standards with their corresponding 
molecular masses (in kilo Daltons) on the right. Shown on the left above are the four major polypeptides of canola meal 
proteins: (a) --.-30 kDa cruciferin polypeptide; (b) --.-22kDa cruciferin polypeptide; (c) ~9 kDa napin polypeptide; (d) --.-4 kDa 
napin polypeptide. 
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which was observed previously (Robbelen et aI., 1989). The low molecular mass 

peptides of napin were less well resolved. The large dense bands corresponding 

to 12-14 kDa shown in Figures 4.6 and 4.7 suggest that the napin polypeptides 

failed to be resolved. This lack of resolution remains a limitation of the procedure 

of Laemmli for peptides under 10 kDa molecular mass. This problem occurs be

cause of the formation of inefficient protein-SDS complexes due to the tendency 

of small peptides to form complexes of protein and detergent that are similar to 

an SDS micelle. Therefore proteins below 10 kDa are partly or not at all sepa

rated from the bulk of SDS rendering them incapable of being resolved into dis

crete bands (Schagger and von Jagow, 1987). 

4.4 The Indigenous Microflora of Canola Meal 

The strategy developed to biotransform canola meal to more nutritionally or industri

ally attractive products was centered on the use of filamentous fungi capable of utilizing 

fibrous polysaccharides in canola meal. Each type of canola meal was expected to pos

sess a unique microflora that would be likely to either interfere with, or contribute to, 

this biotransformation process. The presence of competing or antagonistic organisms 

would necessitate sterilization of the meal prior to the inoculation of the meal with a se

lected microorganism. Characterization of the indigenous microflora of the two types of 

meal was done in order to assess their microbiological load and to determine if steriliza

tion of the meal prior to treatment with microorganisms was necessary. Furthermore, it 

provided information about what indigenous organisms, if any, could be advantageous or 

conversely, disadvantageous, to the biotransformation process. Because filamentous 

fungi possess attributes amenable to solid state fermentation (SSF), and an SSF process 

was to be used, the characterization of the microflora was centered on the indigenous 

filamentous fungi of the meals. This section is devoted to the findings of these studies. 
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4.4.1 Enumeration of indigenous microflora in canola meal samples 

Enumeration of microorganisms in a food sample is most often accomplished by the 

use ofthe membrane filter technique; however, the particulate nature ofcanola meal ren

dered this method unsuitable. Instead, the enumeration of microorganisms in particulate 

foods must rely on the use of a plate count regimen. The manner in which plate count 

enumeration is to be performed is a matter of debate among specialists who generally 

agree that for each food, the most appropriate course of action is to determine which 

method of sample preparation, type of dispersion agent, and type of medium serve to 

optimize the enumeration results (King et al., 1986). Hence, each type of food/feed re

quires unique conditions with which to optimize enumeration ofbacterial or yeast colony 

forming units (CFU) and total fungal propagules (TFP). In this study three methods of 

sample dispersion including stomaching, blending, and shaking; three types of. plating 

media including dichloran-rose bengal-chloramphenicol (DRBC), dichloran-glyc

erol(18%)-chloramphenicol (DGI8C), and malt-extract-agar-chloramphenicol (MEAC); 

and two types of diluents, one isotonic, the other hypertonic, were compared. The results 

of these enumeration trials appear somewhat ambiguous; however, some conclusions can 

be drawn. 

For yeasts (see Table 4. 1a), the lowest plate counts occurred, regardless of disper

sion method or choice of diluent, with DG18C medium. DG18 medium was developed 

by Hocking and Pitt (1980) for the enumeration of xerophillic fungi from low moisture 

foods such as stored grain, nuts, flour and spices. Canola meal having a water activity 

between 0.64 and 0.66 can be included in this grouping. DG18C supports the growth of 

a range of non-fastidious xerophilic fungi and yeasts (pitt and Hocking, 1985), such as 

the yeasts Wallemia sebi, Saccharomyces rouxii and Debaromyces hansenii. The enu

meration results suggest that xerophillic yeasts were present in the B. rapa canola meal 

but did not exist in the B. napus meal. Yeast colonies were more frequent on the DRBC 

medium and the MEA medium. The results suggest that either of these media would be 

acceptable for the enumeration of yeasts in canola meal. However, this is surprising be

cause rose bengal has been reported to be inhibitory to yeasts and is considered more 

suitable for the enumeration ofmolds (Williams, 1986a). Stomaching appears to facilitate 
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Table 4.1a The relationship between type of dispersion method, diluent and plating media on the enumeration of indigenous yeasts and filamentous 
fungi in Argentine and Polish canola meal. 

Meal Organism Media 
CFU or TFP/ gram of canola meal 

Stomaching Blending Shaking 
Isotonic Hypertonic Isotonic Hypertonic Isotonic Hypertonic 

DRBC 6700 600 1000 3100 1100 500 
Yeasts DG18C 0 0 0 0 0 0 

B. napus MEAC 100 0 200 3700 3900 400 

DRBC 200 900 400 200 400 400 
Fil. Fungi DG18C 100 1400 800 1300 300 600 

MEAC 200 1100 400 400 100 200 

DRBC 200 800 100 100 0 0 
Yeasts DG18C 0 200 100 0 0 0 

B. rapa MEAC 0 1000 200 800 0 100 

Fi!. Fungi 
DRBC 100 400 200 500 200 100 
DG18C 0 800 0 500 100 100 
MEAC 300 1000 0 200 100 100 

1. Isotonic diluent was comprised of 0.1% peptone and 0.05% Tween 80; hypertonic diluent was comprised of 0.1% peptone, 0.05% Tween 80, and 20% sucrose. 
2. Filamentous fungi are emunerated as total fungal propagules (IFP) per gram of sample.

Table 4.1b. Summary of enumeration results for bacteria, yeasts, and filamentous fungi in canola meal

Type of meal Bacteria (CFU/g) Yeasts (CFU/g) Filamentous Fungi (TFP/g) 

B. napus 3.5 x 104 4.0 x 103 6.8 x 102 

B. rapa 2.0 x 104 5.6 x 102 3.6 x 102 
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the enumeration of yeasts more effectively than the other means of sample dispersion. 

Blending which subjects the organisms to much more destructive shearing forces than 

either stomaching or shaking appears less effective unless coupled with the hypertonic 

diluent. King et al. (1986) suggests the use of hypertonic diluent containing as much as 

40% sucrose for samples possessing a low water activity and where organisms sensitive 

to this dryness are likely to be present. It is also recommended that it be used along with 

a surface active agent such as Tween 80 when the organisms have had to endure a cycle 

of freezing and thawing. The higher plate counts suggest that the hypertonic diluent res

cues cells or spores injured from storage. 

For the enumeration of total fungal propagules (see Fig. 4.1a) addition of the hyper

tonic diluent by stomaching resulted in higher counts for every combinations ofmeal and 

media. Similar results were found for the B. rapa canola meal samples dispersed by 

blending. These results support the use of a diluent that may cause less osmotic shock to 

cells which may already have suffered injury from storage temperatures. The DG18C 

medium was found to be superior to the others for the enumeration of fungi. This was 

due primarily because yeasts on this medium were rare which allowed for a much easier 

interpretation ofthe plates. Colonies of filamentous fungi were discrete and far removed 

from each other and were not obscured by yeast colonies. The results suggest that 

blending the sample is no less effective than the other methods of sample dispersion. Ex

perts in the field do not· recommend blending samples when enumerating filamentous 

fungi. Although blending results in thorough dispersion of the sample, the shearing ac

tion of the blender is likely to fragment fungal mycelium resulting in an artificially in

creased count. According to these results shaking is least effective for the enumeration of 

total fungal propagules. This is probably because shaking does not provide the shearing 

action necessary to liberate fungal hyphae imbedded in meal particles. Considering the 

ease of use, and the likelihood of less mycelial fragmentation, stomaching was found to 

be the preferred method of sample dispersion. 

The enumeration results for the bacteria, yeasts, and filamentous fungi in the meals is 

presented in Table 4.1 b. According to these results canola meal contains a relatively low 

microbial load (~104/g) in relation to many other foods. For example, the microbial load 
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of raw vegetable products varies from 103 to 107 microorganisms per gram and dried 

vegetable products consistently contain less microorganisms, generally between 102 and 

106/g. Processed vegetable products such as peas contain between 104 and 106/g and 

vegetable products which are baked such as toasted almonds contain between 104 and 

106/g. To put these numbers in perspective, the suggested limit of microorganisms in 

vegetable products intended for human consumption is between 50,000 and 500,000 

CFU/g (Banwart, 1989). The relatively low numbers of microorganisms in canola meal is 

likely because canola meal is toasted at 105°C or greater temperatures during the last 

stage of its processing. In addition to killing microbes, this treatment leaves the meal 

quite dry which does not permit further colonization by many organisms. It is likely that 

the organisms present in the meal originated from processing machinery such as con

veyor belts, hoppers, filling machines, etc. that contacted the meal after the desolventiza

tion-toasting step (see Fig. 2.1). 

4.4.2 Taxonomic identification of indigenous filamentous fungi 

The microorganisms isolated from the meal were the subjects of an investigation con

ducted to further characterize the microflora of the two meals. This work was conducted 

with the intention of providing valuable insight as to how the microorganisms typically 

found in canola meal, might affect storage or create potential antinutritional problems. 

Furthermore, characterization of the strains would indicate which organisms would be 

capable of contributing positively to the biotransformation process and which would ne

cessitate sterilization of the meal prior to solid substrate fermentation. This investigation 

was centered on defining which species of filamentous fungi reside in the two experimental 

meals. 

Characterization of the strains obtained indicated that the indigenous microflora ofB. 

rapa canola meal was comprised of at least eight predominant bacterial strains, and nine 

strains of yeast, whereas seven strains of bacteria and five strains of yeast predominated in 

the B. napus meal. As shown in Table 4.2 a total of 21 strains of filamentous fungi were 

isolated from the canola meal samples. A more thorough characterization of filamentous 

fungi residing in the meals revealed that amongst these strains, four were. found in both 
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Table 4.2. Filamentous fungi isolated from Argentine and Polish canola meal grouped according to class 

Zygomycetes Ascomycetes Hyphomycetes Coelomycetes 

B. napus Mucor racemosus Eurotian chevalieri Aspergillus flavus 
Mucor sp. (Ml) A. versicolor 
Mucor sp. (M2) A. wentii 

Cladosporium sp. 
C. macrocarpum 
Hadrotrichum virescens 
Moniliella acetoabutans 
Penicillium corylophilum 

B. rapa Mucor racemosus Eurotian chevalieri Aspergillus versicolor Phoma herbarum 
Rhizopus stolonifer Monoascus ruber Cladosporium herbarum 
Rhizomucor pusillus C. cladosporioides 

Cladosporium sp. 
Moniliella acetoabutans 
Paecilomyces variotii 
Penicillium fellutanum 
Polyscytalum sp. 
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types of meal and were from the genera Aspergillus, Eurotian, Moniliella and Mucor. 

Strains unique to the B. napus meal occurred among the genera Aspergillus, Cladospo

rium, Hadrotrichum, Mucor and Penicillium. Strains unique to the B. rapa meal occurred 

among the genera Cladosporium, Monoascus, Paecilomyces, Penicillium, Phoma, Poly

scytalum, Rhizopus, and Rhizomucor. The differences in microflora between the meals may 

be explained by different processing environments where the strains unique to each type of 

meal may be correlated with the particular crushing plant or may be attributed to ecologi

cal factors according to the locale in which the canola was produced. 

In general, most fungal strains were identified to the species level. For each strain 

colony diameters and appearances on standard identification media were obtained and 

documented as described in section 3.5.2. A scanned image of the organisms on the CYA 

and MEA plates and photomicrographs of sporing structures are provided to assist in the 

description of each strain. For most strains, the appearance of colonies on G25N medium 

was not as diagnostic as colonies on MEA or CYA media, and therefore images of these 

plates have not been included. When available from literature, a brief discussion of the 

physiology of the fungal strains follows a description of their morphological profiles used 

to identify them. 

4.4.2.1 Mucor racemosus 

This strain was obtained from both the B. napus and B. rapa canola meals and was 

easily isolated by virtue of its conspicuous rapid growth. As indicated in Table 4.3 and 

Figures 4.8a and b, the growth of this organism is characteristically loose and floccose. On 

CYA and MEA media at 25°C, colorless mycelia extended to the edges and lid of the Petri 

dish after two days incubation. After seven days, the mycelia became darker and sporing 

structures were evident. The organism grew less well on G25N medium or on CYA at 5°C 

or 37°C. Sparse growth at 5°C and no growth at 37°C on CYA is typical for this species 

(Pitt and Hocking, 1985). At 35x magnification, abundant light brown sporangia borne on 

stipes extending from the surface of the medium on aerial hyphae were clearly discernible. 

The members of this genus derive their name by virtue of their liberal secretion of mucoid 

exudate. Copious amounts of this substance was observed. At greater magnifications it 





69 

was discovered that the organism was clearly a Zygomycete as evidenced by lack of hyphal 

septation. In seven day old cultures intact sporangia are rare. Usually, only the structures 

formed within the sporangia, termed the columellae, remain intact. The manner in which 

these columellae collapse with age is taxonomically diagnostic (O'Donnel, 1979; Pitt and 

Hocking, 1985). The columellae of this strain were without apical projections and retained 

an ellipsoidal to pyriform shape. Fragments of the sporangial wall were still attached at the 

junction between the columellae and the stipe (Fig. 4.8c). This is a diagnostic character of 

Mucor racemosus. As shown in Figure 4.8d, sporangiospores were hyaline and broadly 

ellipsoidal or subspheroidal in shape commonly having diameters of 5-8 Ilm. The frequent 

production of chlamydoconidia having diameters as great as 20 Ilm was noted (Fig. 4.8e). 

These thick walled spores permit the organism to resist more light, heat and desiccation in 

comparison to normal sporangiospores (Pitt and Hocking, 1985). The fungus Mucor ra

cemosus produces these structures abundantly and their presence serves to confirm the 

identity assigned to this strain. 

Mucor species occur primarily in soils, but also commonly found in decaying vegetable 

matter and many other moist habitats where their rapid growth rate offers an advantage 

over other species. By virtue of its widespread occurrence, Mucor racemosus has been 

named the most common member of this genus (Domsch et al., 1980). Growth can occur 

at a temperature range from _4° to 35°C with an optimum between 22° and 25°C. No 

growth is possible at 37°C and growth is devoid of sporing structures below 5°C 

(Schipper, 1969; Schipper, 1973). The organism's minimum water activity for growth has 

been found to be 0.92 and is occasionally found to be the cause of spoilage of meat, nuts, 

and cereals (Pitt and Hocking, 1985). The fungus has a fairly diverse metabolism and is 

ideally suited for its role as a saprophyte. Utilization of plant structural polysaccharides 

such as pectin, cellulose, and hemicellulose has been confirmed. However, there exists 

inconclusive evidence for the capacity of the fungus to degrade lignin. Protease, lipase, and 

polyphenol oxidase enzyme activities have been detected. Mycelial extracts have been 

shown to be toxic to rats and inhibitory to oats and barley seedlings. As well, it has been 

associated with mycosis of lung tissue in rabbits and mastitis in cattle (Domsch et al., 

1980). In spite of these findings, there is relatively little evidence for this organisms to be 
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the causal agent of infections or mycotoxicosis of livestock or man. Its occurrence in 

canola meal is understandable considering its ubiquitous nature. 

4.4.2.2 Mucor spp. 

Two strains obtained from the B. napus meal are treated together due to their similar

ity. For the sake of convenience the strains are referred to in this thesis as Mucor strains 

M1 and M2, respectively. As shown in Table 4.4, each of these strains produced colonies 

on CYA and MEA media at 25°C, and failed to grow on G25N medium or CYA medium 

incubated at 5° or 37°C. However, the appearance of the colonies on these media sug

gested that they each be considered a distinct species. Figures 4.9a-d show that subtle 

differences in colonial morphology exist between these strains. On CYA medium, colonies 

of strain M1 possessed an abundance of submerged mycelia. This mycelia was most easily 

visualized at the colony margin but which is poorly represented in Figure 4. 9a. Colonies of 

strain M2 on CYA possessed comparatively less submerged hyphae, but tended to produce 

a more dense mat of mycelia on both the CYA and the MEA media. Furthermore, the 

mycelia of strain M2 took on a darker hue with age than the mycelia strain M1 which did 

not darkened appreciably. Examination of the colonies with 35x magnification revealed 

that neither strain was capable ofproducing sporing structures. With greater magnification, 

both of these fungi were seen to possess coenocytic hyphae. This feature permitted place

ment of the strains in the subkingdom Zygomycotina. Inoculation of the strains on a vari

ety of media did not permit examination of sporing structures as it resulted in either lack of 

growth or growth of similarly sterile mycelia. Because it was not possible to examine the 

sporing structures of these strains, identification to the genus or species level was not 

possible. The strains have been placed in the genus Mucor as their colonial morphology 

most closely resembles members of this genus. 

4.4.2.3 Rhizopus stolonifer 

One of the most obvious filamentous fungi that can be encountered, this Zygomycete is 

easily distinguished by coarse rampant growth and large black sporangia (pitt and 

Hocking, 1985). The organism's colonial morphology on standard identification media is 
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Table 4.4 Colonial morphology of Mucor isolates M1 and M2 cultured on standard identification media. 

Medium Incubation Colony Coloration Other descriptive characters (texture, sporing structures, etc.) 
temperature ~C) diameter (mm) 

Obverse Reverse 

CYA 37 no growth 
CYA 25 65 white white high floccose growth; abundant submerged mycelia for AO1 
CYA 5 no growth 
MEA 25 100 white white high floccose growth 
G25N 25 no growth 

Figure 4.9 Mucor isolates M1 and M2: (a) and (b) colonies of isolate Ml incubated for 7 days at 25°C on CYA medium and MEA medium, 
respectively; (c) and (d) colonies of isolate on isolate M2 incubated for 7 days at 25°C on CYA and MEA media, respectively. 
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given in Table 4.5, and the appearance of the colonies on CYA and MEA media is shown 

in Figures 4.10a and b. At 25°C, on any of the three media used in this study, the organism 

was found to be capable of quickly filling a Petri dish within two days with loose floccose 

mycelia. However, the fungus was incapable of growth on CYA at either 5° or 37°C. The 

mycelia was largely colorless initially, then darkened slightly with age as abundant large 

white sporangia turned a black color. Examination of the colonies using 35 x magnification 

revealed that sporangiophores occur as groups of3-5 stipes which extend from clusters of 

rhizoids. In wet mounts the sporangia disintegrated leaving columellae which collapsed 

characteristically to form an umbrella shape (Fig. 4.10c). As seen in Figure 4.10d, sporan

giospores liberated from these structures were diverse in size and shape. Spore shape 

varied from globose to pyriform with diameters in the range of 8-20 Jlm. 

This species is likely to be the most ubiquitous Zygomycete of the Mucorales order. It 

is commonly found associated with the spoilage of several varieties of foods including 

fruits, cereals, nuts, vegetables and meats (O'Donnel, 1979; Pitt and Hocking, 1985). The 

optimum temperature for growth of the organism has been found to be 25-26°C, the mini

mum 5°C, and the maximum 32-33°C. No growth occurs at 37°C. At 5°C, germination is 

barely noticeable. The organism can tolerate reduced moisture environments with growth 

being possible at 0.89 Aw• There is evidence of the ability of the fungus to degrade the 

polysaccharides pectin, hemicellulose, cellulose, and chitin. The organism can slowly de

grade aflatoxins and is inhibitory to the growth of some bacteria and fungi. The fungus has 

been reported to synthesize the ergot alkaloids agroclavine, ergosine, and ergosinine as 

well as the mycotoxin rhizonin. The organism has been found to be the causal agent of 

opportunistic mycosis (Domsch et aI., 1980; Frisvad and Samson, 1991). 

4.4.2.4 Rhizomucor pusillus 

This strain obtained from the B. rapa canola meal was the only one among the three 

Zygomycetes isolated that is thermophillic. The organism's colonial morphology on CYA, 

MEA and G25N medium is shown in Table 4.6, and Figures 4.11a and b illustrate the 

colonies on CYA and MEA media, respectively. The organism exhibited rapid growth on 

CYA and MEA media at 25°C, less rapid growth on G25N and CYA media at 37°C, and 
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no growth at 5°C. Observation of colonies with 35x magnification revealed that sporing 

structures were produced on all three media. These structures consisted of irregularly and 

frequently branched stipes which extend to tan colored sporangia. At greater magnifica

tion, most of the columellae were seen to have retained an approximately spherical shape 

with some collapsing irregularly (Figs. 4.11c and d). Also evident were the presence of 

numerous droplets of mucoid exudate (Fig. 4.11e). Sporangiospores, spherical to broadly 

ellipsoidal in shape and 3-4 f.!m in diameter, were produced liberally. These features are 

reminiscent of the genus Mucor but its tolerance of 37°C dictates that the fungus belongs 

to the genus Rhizomucor. 

This genus is closely related to the genus Mucor and was at one time thought to be 

indistinguishable from this relative. It is now considered a distinct genus due to its toler

ance of temperatures as great as 60°C (Schipper, 1978). Rhizomucor pusillus is the most 

common member of this genus and is reported as a thermophile found mainly in compost

ing and fermenting substrates including a variety of cereals and other agricultural products 

(O'Donnel, 1979; Domsch et aI., 1980; Pitt and Hocking, 1985). The optimum tempera-" 

ture for growth of the organism is in a range from 37° to 42°C with a minimum of 20°C. 

The fungus is capable of utilizing a wide variety of carbon sources including the polysac

charides dextrin, pectin, starch, arabinoxylan, and glycogen. Protease, lipase and phos

phatase enzymes are produced by this fungus. There is evidence that mycelial extracts 

contain mycotoxins which exhibit some toxicity against chicken embryos and brine 

shrimps. The organism was also found to be the causal agent of lung mycosis and internal 

infections in a number of domesticated animals (Domsch et aI., 1980). 

4.4.2.5 Eurotium chevalieri 

This organism, which belongs to the subkingdom Ascomycotina, was isolated from 

both types of meal. The organism's colonial morphology and the appearance of these 

colonies on CYA and MEA media is shown in Table 4.7 and Figures 4.12a and b, respec

tively. These strains were easily distinguished by the presence of small yellow cleistothecia 

when cultured on CYA and MEA" at 25°C. These structures which house ascospores are 

characteristic of many Ascomycetes. The organism failed to grow on CYA at 5°C and 
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37°C, and for colonies grown on G25N cleistothecia were not observed. However, this 

medium promoted the production of larger colonies .having abundant globose conidial 

heads. This suggests that the organism is xerophillic, and in such environments the organ

ism forfeits sexual reproduction of ascospores in favor of asexual production of conidia. 

That is to say, in low water activity environments, the organism adopts the anamorphic 

state as opposed to the telomorphic state which is characterized by the production of 

ascospores enclosed within cleistothecia. Coloration of the colonies, both obverse and 

reverse, are typical of members of this genus. Figures 4.12c-fare sketches of the organism 

observed in slide culture which depict the developmental stages of the maturation of con

idiophores and conidia. Figure 4.12g shows that stipes extended to an enlarged vesicle 

bearing uniseriate sterigmata, i. e. phialides only and not metulae and phialides. Conidia 

which were borne in long chains, were ellipsoidal or barrel-shaped and 4.5-5.5 J.lm long. 

The colonial morphology and examination of conidiophores and conidia permitted the 

strain to be identified as Eurotian chevalieri. 

Eurotium is a well defined genus of Ascomycetes which is characterized by the small 

yellow cleistothecia noted above. The Aspergillus anamorphic state of the genus is charac

terized by uniseriate sterigmata and green or graYish colors (Raper and Fennel, 1965). Eu

rotium chevalieri is a fairly common species and has been isolated from a number of 

sources including soils, vegetative material and several foodstuffs (pitt and Hocking, 

1985). Like other members of this genus, the organism is xerophilic and prefers low water 

activity environments. A minimum water activity for growth of 0.74 and an optimum of 

0.94 to 0.95 has been reported. The optimum temperature for growth lies in the range 30

35°C with a maximum at 37-49°C. The fungus has a metabolism well developed for the 

degradation of hydrocarbons. It produces a number of substances with known toxic effects 

against domesticated animals (Domsch et aI., 1980). These include emodin, physicon, 

gliotoxin, and xanthocillin X (Frisvad and Samson, 1991). The fungus has been shown to 

cause haemorrhagic syndrome in some domesticated animals. Its capacity to survive low 

water activity environments and its affinity for hydrocarbons suggests that it may be fre

quently encountered in canola seed crushing plants. However, in canola meal the organism 

can be considered an undesirable contaminant. 
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4.4.2.6 Monoascus ruber 

This organism, isolated from B. rapa canola meal, is the telomorphic state of the Hy

phomycete Basipetospora ruber (Barnett and Hunter, 1987). The telomorphic state of the 

organism is characterized by the production of colorless to slightly brown cleistothecia. 

The organism's colonial morphology and appearance on the standard identification media 

is shown in Table 4.8 and Figures 4.13a and b, respectively. The fungus produced similarly 

sized colonies on CYA and G25N media incubated at 25°C that were low growing, floc

cose, and yellowish-white in colour. The organism failed to grow on CYA medium incu

bated at 5° or 37°C. On MEA colony size was restricted as compared to colonies on the 

other two media, and were notably velutinous (felt-like) and brownish orange in color due 

to the development of numerous cleistothecia. Microscopic examination revealed the 

presence of conidia formed either as chains up to ten cells, or borne singly at the tip of the 

conidiophores (Figures 4.13c and d, respectively). Conidia, as shown in Figure 4.13e, were 

found to be fairly large with 10-14 Jlm diameters, spheroidal or pyriform in shape, and 

brown in color. 

This spoilage fungus possesses a widespread distribution and is frequently isolated 

from foodstuffs, particularly ones containing starch such as potatoes, as a spoilage organ

ism. Several other sources exist including silage and various animal feeds (pitt and 

Hocking, 1985). The organism is capable of growth in the temperature range 18-40°C 

with an optimum temperature between 30° and 37°C depending on the strain of the fungus 

(Domsch et aI., 1980). Most evidence indicates that the organism is xerophilic. Relatives of 

this organism, M purpureus and M pi!osus, have been used industrially for the fermenta

tion of foods in the Orient and for the production of pigments. There is little evidence for 

the organism being toxigenic except that a metabolite produced by the organism has been 

reported to be toxic to chicken embryos (Domsch et aI., 1980). 

4.4.2.7 Aspergillusflavus 

This strain, isolated only from the B. napus meal, was easily recognizable by its pattern 

of coloration on CYA and MEA media. Aspergillusflavus is distinguished by rapid growth 

at both 25° and 37°C, and bright yellow green or yellow conidial color (Raper and Fennel, 
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1965; Pitt and Hocking, 1985). The organism's colonial morphology and appearance on 

the standard identification media is shown in Table 4.9 and Figures 4.14a and b, respec

tively. On CYA medium at 25°C colonies were low growing, compact, and colored white 

and bright yellow. At 37°C on CYA medium colonies were similarly compact, but smaller, 

and colored exclusively yellow. Examination of these colonies at 35x magnification re

vealed an abundance of short radiate conidial heads having a yellowish hue for both 25° 

and 37°C incubated cultures. Incubation at 5°C on CYA medium produced no growth. 

Colonies on G25N medium produced colonies similar in appearance to those on CYA with 

the exception of their size and the absence of sporing structures. On MEA, however, colo

nies were loosely floccose and possessed a rich green color arranged in concentric rings. 

This feature, which is called staling is commonly observed in rapidly growing· cultures of 

filamentous fungi and results due to the exhaustion of nutrients and accumulation of meta

bolic waste products which are self-inhibitory (Onions et aI., 1981). Examination of colo

nies at 35 x magnification revealed the presence of dense clusters of compact columnar 

conidial heads possessing a rich green hue. Examination at greater magnifications revealed 

conidia having an average diameter between 3.5 and 5.0 j..1m which were distinctly green in 

mass (Fig. 4.14c). Conidiophores were enlarged toward the apical end forming a vesicle 

that was fertile on the upper half A single series of sterigmata (phialides) extended from 

the vesicle which in turn gave rise to conidia borne in chains (Fig 4. 14d). 

Aspergillus flavus is ubiquitous in nature and is known for its production of aflatoxins. 

The organism tends to be found more often in warm climates but because of the large 

range of temperatures tolerated by the organism, it is has been isolated from numerous 

sources. It has a particular affinity for nuts and oilseeds, the reason for which is not under

stood (Pitt and Hocking, 1985). Since the discovery of aflatoxins, the fungus has become 

economically important. Because of the economic importance of this fungus, its physiology 

has been studied in detail. Optimal growth occurs within a broad temperature range of 25° 

to 42°C, and has a minimum and maximum temperature for growth of 17°C and 48°C, 

respectively (Domsch et al., 1980). The organism is well adapted to desiccation having a 

minimum water activity of 0.78 for growth. The fungus produces a wide array of extracel

lular enzymes including amylases, xylanases, pectinases, proteases and cellulases. A 
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number of metabolic products are known, the most notable being riboflavin, free D-amino 

acids, and kojic acid. It synthesizes a sizable number of different toxins which affect a num

ber of insects, plants and animals. These include aflatoxin Bland B2, aflatrem, aflavinins, 

aspergillic acids, cyclopiazonic acid, kojic acid, 3-nitropropionic acid, and paspalinins 

(Frisvad and Samson, 1991). It also has been shown to be an infectious agent in pulmonary 

mycosis. Canola meal containing sufficient numbers of this organism poses a serious risk to 

the heath of animals which consume it. 

4.4.2.8 Aspergillus versicolor 

This species of the genus Aspergillus was the only one isolated from both B. napus and 

B. rapa canola meal. A description of the organism's growth characteristics on standard 

identification media are given in Table 4.10, and Figures 4.1Sa and b show their colonial 

morphology on CYA and MEA media, respectively. These strains failed to grow on CYA 

medium incubated at either SO or 37°C but grew on all three media at 2SoC. Evidence exists 

for the organism to be xerophilic as colony diameters on G2SN medium exceeded those on 

both CYA and MEA media. Yellow coloration dominated both CYA and G2SN colonies, 

except that colonies on the CYA medium had a green, as opposed to a gray margin for 

those on the G2SN medium. In contrast, colonies on the MEA medium were green in color 

which was due to the abundance of green radiate conidial heads visible with 3Sx magnifi

cation. Incubation for 7 days failed to produce sporing structures on CYA medium and 

sparse production ofyellowish sporing structures were noted on G2SN medium. A photo

micrographs of these structures shows a conidiophore devoid of chains of conidia (see Fig. 

lSc). The conidiophores consisted of a stipe extended to a slightly enlarged vesicle upon 

which metulae and in tum phialides, were attached. This pattern of development is termed 

biseriate and it is a taxonomically diagnostic character. Conidia, as shown in Figure 4.1Sd, 

were predominantly spheroidal shaped with a diameter of2.0-2.S Jlm. 

This fungus is found world-wide in soils and stored food products including cereals, 

nuts, spices, and cured meats. The organism is a mesophile with a growth temperature 

range of 9°C to 39°C, although growth at 37°C or greater is possible but is rare. The opti

mum temperature for growth is between 21° and 30°C depending on the geographic locale 
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from which the fungus was isolated. The organism has a minimum water activity necessary 

for growth of 0.74 and is classified as very xerophilic. Aspergillus versicolor has the ca

pacity to utilize several types of complex substrates such as starch, pectin, xylan, cellulose, 

lipids, and protein. The fungus produces a number of pigments and other metabolic by

products which have been shown to have bacteriocidal, fungicidal, and insecticidal proper

ties (Domsch et aI., 1980). Metabolites such as sterigmatocystin and nidulotoxin have been 

shown to have toxic or carcinogenic properties (Frisvad and Samson, 1991). Aspergillus 

versicolor has frequently been found to be the causal agent of infectious mycosis in do

mesticated animals. Therefore, this organism's presence in canola meal poses a serious risk 

to the health of animals fed meal containing significant numbers ofthis organism. 

4.4.2.9 Aspergillus wentii 

This organism also belongs to the genus Aspergillus and was found only in the B. 

napus canola meal. The most notable feature of this organism was that colony diameters 

on G25N medium exceeded those on either CYA or MEA. This suggests that the organism 

is xerophilic. The organism produced compact colonies on all three media and sparse 

production of sporing structures were observed after 7 days incubation only for colonies 

grown on G25N medium. Globose radiate conidial heads were produced on the other 

media as well but only after a longer period of incubation than 7 days. No growth at either 

5° or 37°C on CYA medium occurred. At greater magnifications, stipes were seen to ex

tend to vesicles bearing closely packed ampulliform phialides (Fig 4.16d). Conidia were 

borne in chains extended from the phialides and were spheroidal to ellipsoidal in shape with 

diameters of3.5 to 4.0 /.lm (see Fig 4. 16c). 

Aspergillus wentii is a fairly common member of its genus which occurs mainly in soils 

and is only rarely associated with agricultural produce (Pitt and Hocking, 1985). The 

fungus is a strong xerophile with a minimum water activity for germination of 0.74 and 

0.94 for optimum growth. The inability of the organism to grow at 37°C is characteristic of 

the species. Little published information regarding extreme and optimum temperatures for 

growth and sporulation of this fungus is available. A. wentii has been shown to possess a 

number of enzymatic activities, namely amylase, cellulase, pectinase, dextrinase, and B
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glucosidase. The capacity of the fungus to degrade pectin and dextrins is particularly pro

nounced. The organism produces a number of metabolites shown to be toxic to the seed

lings of barley, wheat and other plants, and which can inhibit the growth of Escherichia 

coli and Staphylococcus aureus. Some strains ofA. wentii (about 20%) produce aflatoxin 

B1. Occasionally trace amounts of aflatoxin B2 is also produced. In addition, a toxin not 

found to be an aflatoxin is sometimes developed which is dangerous to chickens and mice 

(Domsch, et aI., 1980). Other mycotoxins, namely emodin, kojic acid, 3-nitroproprionic 

acid, wentilacton and physicon, have been reported (Frisvad and Samson, 1991). There is 

no evidence that the organism is infectious. Because of the potential for mycotoxicosis, 

presence of the fungus in canola meal in significant numbers poses a risk to the health of 

domestic animals fed the meal. 

4.4.2.10 Cladosporium macrocarpum 

In culture, Cladosporium are generally easily recognized due to their low and dense 

growth, deeply felted surface texture and greenish gray or olive coloration. The growth 

habits of this strain on standard identification media are given in Table 4.12. On MEA 

medium at 25°C the characteristic grayish-green colors of colonies were noted. Colonies 

on CYA medium did not appear olivaceous within a seven day incubation but became 

darker with age. There was no growth of the organism on CYA incubated at 37°C and the 

same medium incubated at 5°C Yielded very sparse growth. Growth of the fungus on G25N 

medium was restricted yielding only small white-colored colonies. No sporing structures 

were visible at 35x magnification. Examination at 1600x magnification revealed dark 

olivaceous brown geniculate (bent like a knee) conidiophores. Bud scars occurred at ir

regular intervals that rendered the hyphae with a nodose (nodular) morphology (Fig. 

4.17a). Conidia were mid to dark olivaceous brown but varied in size, shape, and septa

tion. Most conidia were globose to subglobose in shape with diameters of 3-4.5 Ilm (Fig. 

4.17b). Larger and broader ellipsoidal conidia averaging 9x20 Ilm in dimension with trans

verse septation were also present (Fig, 4. 17c). Numerous large multi-celled conidia is a 

feature typified by Cladosporium macrocarpum. 
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Cladosporium macrocarpum is ubiquitous in nature occurring both as a plant pathogen 

and saprophyte. It has been isolated frequently from dead herbaceous and woody plants, 

and is infrequently found as a contaminant of grain. It is less frequently encountered than 

C. herbarum or C. cladosporioides and possesses a metabolism ideally suited for the de

composition of plant remains. In particular, the fungus can degrade pectin and starch ef

fectively. Humic, Gaelic and tannic acids are moderately degraded and some capacity to 

assimilate a number of phenolic acids has been noted (Ellis, 1971; Domsch et aI., 1980; Pitt 

and Hocking, 1985). There is little toxicological data on this organism but since it is 

closely related to C. herbarum it is possible that it has similar toxic effects (see section 

4.4.2.15). 

4.4.2.11 Cladosporium sp. 

Identification of this fungus isolated from B. napus canola meal, was possible only to 

the genus level. This was due to an inability to observe sporing structures microscopically. 

The colonial morphology of the organism cultured on the identification media is shown in 

Table 4.13. The fungus produced low growing, compact green colonies on each of the 

three media incubated at 25°C. On the CYA medium, globose conidial heads were seen 

with 35 x magnification. No growth occurred at 37°C on the CYA medium but germination 

at 5°C was noted. According to these characteristics the fungus was keyed to the genus 

Cladosporium. Further characterization was not possible because the delicate nature of the 

sporing structures did not permit a detailed microscopic examination as they disarticulated 

during wet mount preparation. Furthermore, the sporing structures could not be clearly 

visualized by observing the organism in slide culture. A photomicrograph of the organism's 

conidia is shown in Figure 4.18. Most of the conidia were ellipsoidal averaging 5-7J..1m in 

length but a large variety of shapes and sizes existed; therefore, morphology of the conidia 

were not diagnostic. 

4.4.2.12 Hadrotrichum virescens 

Characterization of this fungus proved difficult as growth on any of the standard iden

tification media produced very compact small brown colonies (see Table 4.14 and Figs. 
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4.19a and b). Similar colonies resulted on all three of the media incubated at 25°C except 

that a small amount of clear yellowish exudate was formed on the surface of colonies 

grown on G25N medium. No sporing structures were visible at 35x magnification and at 

greater magnifications (up to 1000x magnification) these structures were still difficult to 

observe due to the compact nature of the mycelia. Figure 4.19c shows a typical conidio

phore arising from a compact mass of mycelia known as a sporodochia. An enlarged view 

of a this structure and some free conidia are shown in Figure 4.19d. The conidia were dark 

colored, one celled, and were approximately 10-15 Ilm in diameter. Without exception, 

each were borne singly on conidiophores. It can be seen from this photomicrograph that 

the sporodochia is comprised of a compact network of hyphae. Conidiophores and neigh

boring hyphae were arranged in palisade fashion, i.e., hyphae·stand upright and are packed 

closely side by side. This pattern of growth extended throughout the colony. Hence, a very 

compact mass of mycelia resulted. There are relatively few examples of fungi which pos

sess these features. Therefore, the strain was identified to be Hadrotrichum virescens 

according to the taxonomic keys and monographs of Ellis (1976), and Barnett and Hunter 

(1987). 

The fungus is relatively rare and is most commonly observed as small brownish rust 

pustules on the leaves of certain plants on which it is parasitic. It has been classified as a 

Hyphomycete and because of its dark coloration, it has been often placed in the Dema

tiaceae (Ellis, 1976; Barnett and Hunter, 1987). There has been little work done on the 

physiology or toxicology of this organism. 

4.4.2.13 Moniliella acetoabutans 

This yeast-like fungus was isolated from both B. napus and B. rapa canola meal. Its 

colonial morphology and appearance on the identification media used are shown in Table 

4.15 and Figures 4.20a and b. Inoculation of both MEA and CYA media followed by 

incubation at 25°C resulted in white powdery colonies. Incubation at 5° or 37°C on CYA 

medium yielded no colonies; however, germination on the 5°C plate was noted. On G25N 

medium, colony diameters were restricted in relation to those on the other media used. 

Furthermore, on this medium the fungus adopted a mucoid yeast-like state in the colony 
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centers where growth was most dense. It appeared that once a threshold cell density was 

achieved, the fungus forfeited growth by extension of hyphal filaments in favor of the 

generation of single cells, much the same as a true yeast. Examination of sporing structures 

at 2000x magnification indicated the presence of conidia produced through intercalary 

budding (Fig. 4.20c). Conidia were hyaline (colorless) and had diameters of8-12 Jlm. 

Moniliella acetoabutans is a yeast-like filamentous fungus classified as a Hyphomycete 

belonging to the family Moniliaceae. It has been isolated from a number of sources includ

ing fruit products in which it causes fermentative spoilage. It is capable of tolerating acetic 

acid and other weakly acidic solutions and has been known to be a contaminant of vinegar 

(Pitt and Hocking, 1985). There is no evidence that this organism is toxigenic. 

4.4.2.14 Penicillium corylophilum 

This organism was isolated from the B. napus meal and is one of only two species 

belonging to the genus Penicillium isolated from either meal. The organism's growth 

characteristics and appearance on standard identification media are shown in Table 4.16 

and Figures 4.21a and b, respectively. Although there was no growth on the CYA medium 

at 5° or 37°C, incubation at 25°C produced fairly compact white colonies with a felt-like 

and sulcate surface texture. Similar colonies were formed on the G25N medium at 25°C. 

Colonies on MEA medium had a looser, more powdery texture and were predominantly 

green except for a gray margin. Sporing structures were not evident using 35x magnifica

tion. Figures 4.21 c and d show the sporing structures at 1600x magnification. The conidio

phore of a Penicillium is termed a 'penicillus' and the type of penicillus possessed by the 

organism is taxonomically diagnostic. Penicillium corylophilum is typified by relatively 

long divergent metulae often of unequal length which usually occur 2-3 in number (Pitt, 

1979). Figure 4.21c shows biverticilliate penicillia possessing these features, i.e. two-fold 

branching of a stipe forming two long metulae of unequal length each terminated by a 

cluster of phialides. Conidia were borne in chains extended from whorls of 6-10 phialides 

attached to a metula. The conidia ranged from 2.5-3.0 Jlm in diameter and possessed a 

spheroidal to subspheroidal shape. 
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Penicillium corylophilum is a widely distributed species and has been isolated from a 

number of substrates including soil, cereals and other foodstuffs (pitt, 1979; Pitt and 

Hocking, 1985). The fungus has an optimum temperature for growth of35cC but does not 

grow at 37°C or greater. There is little physiological data on the organism, however, P. 

corylophilum has been shown to have the capacity to utilize starch, tannins (up to 5%), 

and a number of low molecular weight alkanes. Although there is little toxicological data, 

the organism has been shown to possess some antibacterial activity and toxicity toward 

brine shrimp and chicken embryo (Domsch et al., 1980). 

4.4.2.15 Cladosporium cladosporioides 

This fungus is one of two Cladosporium which were isolated from the B. rapa canola 

meal. This strain was typified by low growing, velutinous olive or green colonies. The 

colonial morphology of the strain on standard identification media is described in Table 

4.17. Figures 4.22a and b show the appearance of the fungus on CYA and :MEA media 

incubated at 25°C, respectively. No growth was observed at 25°C on the lower water 

activity medium, G25N. Incubation of the fungus on CYA medium at 5° or 37°C yielded 

no growth. Examination of colonies with 35x magnification revealed that growth was 

accompanied by the production of globose conidial heads. Figure 4.22c shows a photo

micrograph of these sporing structures. Frequent hyphal septation as well as the brown 

coloration ofthe conidiophores and hyphae were immediately evident. The arrow in Figure 

4.22c points to closely packed, dendritic (tree-like), oblong conidia attached to the apex of 

a conidiophore. Conidiophores devoid of geniculate and nodose morphology but which 

give rise to conidia in dendritic fashion is typical of Cladosporium cladosporioides. The 

conidia which were devoid of septation, averaged 5 Jlm in length, and light brown in color, 

validate this identification (Ellis, 1971). 

Like most members of this genus, Cladosporium cladosporioides is a ubiquitous to 

soils, vegetative materials, and foods (Ellis, 1971; Pitt and Hocking, 1985). The optimum 

temperature for growth is 20-28°C with a maximum temperature of 32°C, and vegetative 

growth has been reported at temperatures as low as -1 DoC. The strain under study failed to 

grow at 5°C likely due to the inability of the fungus to establish colonies at this tempera
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ture. The organism favors moist conditions for growth and sporulation. C. cladosporioides 

has diverse metabolic capabilities and is able to utilize a large number of polysaccharides, 

including starch, pectin, arabinoxylan, lignin and cellulose. Gallic and tannic acids are 

moderately utilized and a number of phenolic acids can also be assimilated. Metabolites 

produced by the fungus include unidentified substances which are mycostatic and which 

stimulates the growth of corn seedlings. There is little evidence for the fungus being 

toxigenic, although it has been associated with fungal infections of lung and corneal tissue 

(Domsch et aI., 1980). 

4.4.2.16 Cladosporium herbarum 

This fungus was isolated from B. rapa canola meal. Table 4.18 and Figures 4.23a and 

b show that the organism was equally capable of growth on either CYA or MEA medium 

at 25°C. By comparison, growth of the fungus on the G25N medium was restricted. 

Culturing the fungus on CYA plates at 5° or 37°C yielded no growth. For all media where 

growth was observed, colonies were velutinous and possessed green or grayish green 

shades. As previously mentioned, colonies with greenish hues, slightly darker on the re

verse, are characteristic for this species. At 35x magnification, sporing structures could not 

be seen clearly. Preparation of wet mounts was hindered due to the fragile nature of these 

structures which readily disarticulated with handling. At greater magnifications, as shown 

in Figure 4.23c, conidiophores were often geniculate, possessed numerous intercalary 

swellings, and were olivaceous brown in color. Conidia were generally fairly long, brown 

in color, and were 8-15 Ilm in length and 4-6 Ilm in diameter (Fig. 4.23d). Close examina

tion also revealed the presence of bud scars at one or both ends of the conidia, and occa

sionally the conidia possessed single transverse septa. 

Cladosporium herbarum is ubiquitous in nature and is especially abundant in temperate 

regions on dead vegetative matter. It is also frequently encountered colonizing soil, food

stuffs, textiles etc. (Ellis, 1971). The physiology of C. herbarum has been studied exten

sively. The organism grows optimally at temperatures between 18° and 28°C and has been 

reported to tolerate temperatures as low as -10°C, or as high as 32°C. The minimum water 

activity for growth is 0.88. The organism has an extremely diverse metabolism and is capa





99 

ble of utilizing a large variety of substances, namely pectin, starch, cellulose, lignin and 

tannic acid. Its capacity to degrade pectin is pronounced and is one of the organisms in

volved in flax retting. Some toxic effects against domesticated animals have been shown 

where the fungus exists as a contaminant of feedstuffs, and mycelial extracts have been 

shown to be toxic to chick embryos (Domsch, et al., 1980). The mycotoxins 

epicladosporic acid and fagi-cladosporic acid have also been isolated from this fungus 

(Frisvad and Samson, 1991). 

4.4.2.17 Cladosporium sp. 

Identification ofthis fungus isolated from B. rapa canola meal, was possible only to the 

genus level. On l\1EA and CYA media cultured at 25°C this fungus closely resembles a 

member of the genus Cladosporium (see Table 4.19 and Figs. 4.24a and b). However, the 

absence of green coloration on G25N incubated at 25°C and the growth observed on CYA 

medium at 5°C does not suggest this classification. Because of these differences, the strain 

was treated as distinct from the other members of this genus found in canola meal. As with 

many Cladosporium species, the conidiophores of this fungus possessed numerous inter

calary swellings (Fig. 4.24c). Furthermore, ramo-conidia as seen in Figure 4.24d were 

present. These are extraordinarily large conidia borne solitarily from terminal or intercalary 

swellings that are the first conidia formed in a long chain and which most often possess a 

single transverse septum (Ellis, 1971). As shown in 4.24e, the conidia were brown, 

spheroidal, and approximately 8-10 !..lm in diameter. In addition, sporing structures readily 

disarticulated upon handling which is another characteristic of members of the genus 

Cladosporium (pitt and Hocking, 1985). These features permitted identification to the 

genus level. Identification of the fungus to species level was hindered by an inability to 

view intact sporing structures microscopically. 

4.4.2.18 Paecilomyces variotii 

This fungus was isolated from B. rapa canola meal. The colonial morphology of this 

fungus on standard identification media and the appearance of colonies on CYA and MEA 

media are given in Table 4.20 and Figures 4.25a and b, respectively. Colonies on MEA 
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medium at 25°C as well as those on CYA medium at any of the three incubation tempera

tures were broadly spreading, low growing and beige in color. Colonies on CYA medium 

possessed a loose floccose texture, while those on MEA medium were noticeably pow

dery. Sporing structures could not be clearly visualized with 35x magnification, but with 

greater magnification conidiophores were seen to consist of whorls of irregularly branched 

flask shaped phialides (Figs. 4.25c). Conidia were subglobose to ellipsoidal in shape, yel

low colored, and as seen by the observation of slide cultures were borne in long chains 

extended from the phialides. The dimensions of the conidia varied from 3.5-5.0 x 2.0-4.0 

J.lm. The shape and arrangement of the phialides is particularly diagnostic for identification 

of Paecilomyces and related hyphomycetes. Within this group, Paecilomyces variotii is 

typified by repeatedly branched conidiophores and conidia of varied shape and size as was 

seen for this strain (Samson, 1974). 

Paecilomyces variotii is a ubiquitous fungus that is commonly found in air, soil, and 

compost. It is occasionally found as a contaminant of food but has not been shown to 

cause food spoilage (Samson, 1974; Pitt and Hocking, 1985). The organism is moderately 

thermophillic with an optimum temperature for growth at approximately 35°C, a minimum 

at 5°C, and a maximum at 50°C. The maximum temperature where growth can occur 

depends on the strain but growth at temperatures as high as 60°C has been demonstrated 

(Domsch, et al., 1980). Paecilomyces. variotii has also been reported to be weakly xero

philic with growth possible at a water activity of 0.84 (Pitt and Hocking, 1985). The or

ganisms can degrade jute fiber, paper and timber. Metabolites produced by the organism 

include the antifungal antibiotic variotin, fusigen, and indole-3-acetic acid. The organism is 

the causal agent in paecilomycosis and has therefore been associated with infections in a 

number of animals. Feed contaminated with the organism proved to be toxic to domesti

cated animals causing death in some instances (Samson, 1974; Domsch et al., 1980). 

4.4.2.19 Penicillium fellutanum 

This strain, obtained from the B. rapa meal, was typified by growth on all three types 

of media incubated at 25°C. As shown in Table 4.21 and Figures 4.26a and b, the fungus 

produced low growing, velutinous colonies having beige pigmentation on CYA and G25N 
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medium. Colonies on CYA medium were more compact, had slight pink coloration on the 

reverse, and possessed small amounts of clear exudate. On NlEA medium, the colonies 

appeared velutinous, somewhat powdery looking, and were greenish gray in color. Exami

nation with 35 x magnification revealed moderate production of white capitate conidio

phores on CYA medium. On MEA medium conidiogenisis was more abundant and con

idiophores were grayish green in color. The use of slide culturing permitted a more de

tailed examination of intact sporing structures. A sketch is shown in Figure 4.26c depicting 

a typical conidiophore. Shown is a penicillus consisting of a stipe which gives rise to two 

long metulae of unequal length each bearing a whorl of phialides. As shown in Figure 

4.26d the conidia of this organism were spheroidal to ellipsoidal in shape and approxi

mately 2.5 J.lm in diameter. The biverticillate arrangement of the penicillus and the length 

of metulae is characteristic of fungi belonging to the subgenus Furcatum. Within this sub

genus, the fungus was keyed to Penicillium fellutanum. According to Pitt (1979), the 

description of this organism contradicts the features of this strain only in regard to growth 

diameters. Colony size is typically 17-24 mm diameter on CYA, 14-18mm on NlEA, and 

12-16mm on G25N. The strain under study appeared to have grown better on all three 

media types than what is usual for this organism. However, the features of this strain 

matches the description of P. fellutanum much more closely than it fits the others of the 

Penicillium genus. A close relative, P. waksmanii, which grows much faster on MEA 

medium could be considered except that it typically germinates at SoC, a characteristic not 

observed for this strain. Therefore, the disparity in colony diameters likely indicates that 

this strain may be a particular variety within the P. fellutanum species. 

Penicillium fellutanum is widely distributed and is most commonly associated with 

soils. It is also frequently encountered in a wide variety of dried foods, cereals and other 

low moisture foods. The fungus is a slow growing xerophile which requires a minimum of 

water activity for germination of 0.80 (Pitt and Hocking, 1985). The organism is a strict 

mesophile with a temperature growth range between 5° and 37°C and an optimum of ap

proximately 27°C. It is known to possess the capacity to degrade straw which suggests the 

presence of polysaccharide-degrading eIlZYtnes. Metabolites known to be produced by P. 

fellutanum include citrinin, spinulosin, y-methyltetronic acid, dehydrocarolic and carlosic 
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acids. Mycelial extracts have been shown to possess some antifungal properties (Domscll, 

et aI., 1980). There is no evidence to suggest that the fungus is an infectious agent. 

4.4.2.20 Polyscytalum sp. 

As shown in Table 4.22, this fungus isolated from B. rapa canola meal, was capable of 

growth on all three culture media and all three CYA medium incubation temperatures. The 

growth exhibited at 37°C, as well as colony formation at 5°C, suggest the fungus is a ther

mophile capable of tolerating a broad range of temperatures. Further support for the or

ganism being thermophillic comes from the observation that capitate conidiophores were 

produced at 37°C. The capacity to grow on G25N medium indicates that the organism is 

tolerant of reduced water activity environments. The fungus produced very dense colonies 

on all media tested which made separation of the organism from other contaminating cul

tures difficult (see Figs. 4.27a and b). Examination of the fungus in slide culture revealed 

that the organism produced hyphal filaments that were seen to coalesce forming fasciculate 

(rope-like) strands which resembled synnemata but which were much smaller and which 

occurred in a random fashion (Fig. 4.27c). More commonly, a very dense network of 

hyphal filaments existed. As shown in Figure 4.27d, long stretches ofhyphal strands cross

bridged at irregular intervals via frequent anastomosis (fusion oftwo fungal cells). Many of 

the hyphal cells comprising this network became reduced in length until they were sphe

roidal cells attached to the distal ends of larger cylindrical cells. Eventually these shrinking 

cells were seen to disintegrate. At this point cylindrical arthroconidia (conidia produced 

from the disintegration of surrounding hyphal cells) were passively liberated. Taxonomic 

keys according to Ellis (1971; 1976) identify the organism to the genus Polyscytalum. This 

organism is typified by greenish colonies and branched conidiogenous cells which give rise 

to chains of conidia. Conidia are produced successively to form chains which are usually 

branched. Comparison of the descriptions of species belonging to this genus with the fea

tures of the strain under study suggest that the strain obtained is P. berkeleyi (Ellis, 1976). 

Unfortunately, P. berkeleyi is poorly studied and as yet, there are few accounts of this 

fungus occurring other than on leaves, especially those of Urtica dioica in Great Britain. 
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Table 4.22 Colonial morphology of Polyscytalum sp. cultured on standard identification media. 

Medium Incubation 
temperature COe) 

Colony 
diameter (rom) 

Coloration* Other descriptive characters (texture, sporing structures, etc.) 

Obverse Reverse 
CYA 37 55 green, gray white, gray compact fuzzy growth; capitate conidiophores 
CYA 25 45 beige, white, brown, compact fuzzy growth; capitate conidiophores 
CYA 5 4 white white floccose growth; no sporing structures 
MEA 25 45 gray, green brown low woolly growth; no sporing structures 
G25N 25 14 brown, yellow brown, yellow compact fuzzy growth; no sporin~ structures 

* Where two or more colours are given, the dominant colour is given first and those which are less dominant are given in succession. 

Figure 4.27 Polyscytalum sp.: (a) colonies on CYA medium, 7 days at 25°C; (b) colonies on MEA medium, 7 days at 25°C; (c) fasciculate union 
of hyphaI strands; (d) web-like network of hyphae via frequent anastomosis, which fragment to release arthroconidia (arrow). 
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Considering the lack of concrete evidence for naming this strain to the genus Polyscyta

lum, the identity ofthe fungus should be considered tentative. 

4.4.2.21 Phoma herbarum 

This strain from B. rapa canola meal is unique as it was the only Coelomycete fungus 

obtained from the meals in this study. Coelomycetes are fungi typified by the production of 

conidia within pycnidia. A pycnidia is an enclosed fruiting body occurring on or beneath 

the agar surface which exude conidia through an ostiole (pitt and Hocking, 1985). The 

colonial morphology of the fungus on the identification media is given in Table 4.23 and 

the appearance of colonies on CYA and MEA media is shown in Figures 4.28a and b, 

respectively. The fungus possessed relatively large colony diameters on CYA and MEA 

media incubated at 25°C. The organism failed to grow at 37°C but germination at 5°C was 

noted. Growth of the fungus on these media predominantly occurred by the establishment 

of submerged brown colored hyphae and pycnidia. Relatively little hyphae or pycnidia 

developed above the agar surface. On CYA medium pycnidia occurring above the agar 

surface were pink colored initially, later brown and finally black with age. A photomicro

graph ofpycnidia is shown in Figure 4.28c. The pycnidia were seen to extend laterally and 

terminally from septate hyphae and varied largely in diameter from 200-400 Ilm. From 

these structures conidia are expelled into a surrounding slime. As shown in Figure 4.28d, 

conidia were hyaline, cylindrical or ellipsoidal, non-septate, and had dimensions of4-5 x 2 

J.!m. 

Phoma herbarum occurs ubiquitously in nature and is known to have been isolated 

from a variety of sources, mainly herbaceous and woody plant matter, soil and water 

(Sutton, 1980). The organism grows optimally in the temperature range 22-25°C and 

produces pycnidia rapidly at 18-21°C. The maximum temperature for growth of the or

ganism has been reported to be 35°C. Phoma herbarum is noted for its production of red 

pigment which if cultured in the presence of light is more evident. The fungus utilizes 

cellulose, xylan, starch, and pectin and is known to be a causal agent in the soft rot of 

woods. Metabolites known to be produced by P. herbarum include two anthraquinones 

called helminthosporin and cynodontin, three chromanone compounds, and one other 
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unidentified substance which is produced subsequent to exposure to light. Aside from 

inhibiting the growth of a particular species of algae, Chlorella pyrenoidosa, there is no 

evidence that this fungus may be potentially toxigenic to animals or man (Domsch et al., 

1980). 

4.4.3 Enzymatic activity profiles of indigenous filamentous fungi 

Together with desired improvements to the nutritional properties of the meal, a mi

crobiological transformation should ideally result in the generation of harvestable quanti

ties of industrially useful enzymes. To this end, the species of filamentous fungi indige

nous to the meals were the subject of an investigation designed to examine the enzymatic 

profiles of these organisms. The strategy for this investigation was centered on the 

premise that these organisms, by virtue of their habitation in the meal, may have a high 

capacity to metabolize the various complex components of the meal. Therefore, they 

may be ideally suited to contribute advantageously in a biotransformation process. As 

described in section 3.5.3 detection of enzyme activities was conducted in two ways. 

Eight enzymatic activities were tested for by the method of Paterson and Bridge· (1994) 

which involved inoculating the organisms onto biochemical test media. The presence of 

enzymatic activity on this media was indicated by a zone of clearing or a zone of colora

tion. To ensure that a negative reaction for an enzyme was not due to lack of spore ger

mination or lack of growth of the mycelial inoculum, fungal strains were also grown in 

broth culture at 25°C for 10 days and 50JlL of culture fluid was added to 5mm wells 

made in the test plates. Czapek-Dox broth was used because it contains entirely inor

ganic nitrogen compounds and therefore is suitable for examining enzymatic activities of 

organisms which are expressed consititutively. Such information is more consistent than 

enzymes produced on a variety of media and is therefore a suitable diagnostic character 

(Bridge and Hawksworth, 1984). In addition, a broth prepared from canola meal was 

used to determine if the fungal strains examined could be induced to produce particular 

enzymes by the presence of certain components of the meal contained in this broth. Cul

ture fluids were also used for the detection of nineteen different enzymatic activities by 

the use of an API-ZYM enzyme detection kit. Use of the kit was not possible for six 
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strains whose culture fluid reacted with the test kit reagents resulting in the formation of 

a red pigment. 

The results of these analyses are shown in Table 4.24. The most commonly detected 

enzymes produced by the strains analyzed included amylase, protease, DNAse, acid 

phosphatase, chitinase, and the various lipid hydrolyzing enzymes (lipase, fatty acid 

esterase, C4 esterase, and C8 esterase lipase). Included in Table 4.24, for some species, 

is a list of the enzymes known to have been produced by these organisms. In this study, a 

number of strains were found to produce enzymes that were not previously known to be 

produced by such species. In addition, a number of enzymes were not detected when 

previous reports suggest they should have occurred. In many cases, information on the 

production of enzymes by fungal species was not available or there were conflicting re

ports for particular enzymes. Much of the enzyme data available from literature has been 

obtained and/or reported with poor attention being paid to aspects of the growth 

medium used. The composition of the growth medium influences to large extent which 

enzymes are produced by an organism. Consequently, one can assume only that these 

enzymes may be produced by a particular organism. Bridge and Hawksworth (1984) 

suggest that mycologists should consistently use Czapek-Dox or another non-inducing 

media for the detection of enzymatic activity so that such data can reliably serve as an aid 

in the identification offungal strains. 

As expected, there was similarity among the enzyme profiles of strains belonging to 

the same genus. All four species ofAspergillus possessed lipase activity and 3 of 4 pos

sessed DNase and chitinase activities. The Cladosporium strains each possessed strong 

protease activity and fatty acid esterase, chitinase, and amylase activities. Both Penicil

lium strains shared a number of enzymatic activities, namely chitinase, protease, lipase, 

acid phosphatase, and f3-glucosidase. Among the two Eurotian chevalieri strains 

chitinase, lipase, acid phosphatase, C4 esterase, C8 esterase lipase and naphthol-phos

phohydrolase activities were detected. These finding assisted in the confirmation that 

these strains were the same species. The Moniliella acetoabutans strains obtained from 

either B. napus and B. rapa meal shared identical enzymatic activity profiles and are re

ported together. For similar reasons, the enzymatic activity profiles ofMucor racemosus 
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Table 4.24 The enzymatic activity of the indigenous filamentous fungi. 

Fungus Source* 
Strong Positives 

Enzymatic Activity 
Weak Positives 

Literature** 

Aspergillus jlavus B.n. amylase, chitinase, DNAse, 
lipase, protease 

cellulase, fatty acid esterase amylase, cellulase, a-glucosidase, 
lipase, pectinase, phosphatase, 
protease, tryptic enzymes, 
xylanase 

Aspergillus versicolor B.n. acid phosphatase, lipase N-acetyl-f3-glucosaminidase, 
C4 esterase, C8 esterase lipase, 
leucine arylamidase 

amylase, cellulase, a-glucosidase, 
lipase, pectinase, protease, 
xylanase 

Aspergillus versicolor B.r. DNAse, lipase fatty acid esterase, protease amylase, cellulase, a-glucosidase, 
lipase, pectinase, protease, 
xylanase 

Aspergillus wentii B.n. chitinase, DNAse, C4 esterase, 
a-galactosidase 

N-acetyl-J3-glucosaminidase, acid 
phosphatase, C8 esterase lipase, 
lipase 

amylase, cellulase, a-glucosidase, 
f3-glucosidase 

Cladosporium 
cladosporioides 

B.r. fatty acid esterase, lipase 
protease 

amylase, DNAse amylase, cellulase, J3-glucosidase, 
ligninase, pectinase 
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Table 4.24 Contd. 

Fungus Source* 
Strong Positives 

Enzymatic Activity 
Weak Positives 

Literature** 

Cladosporium herbarum B.r. acid phosphatase, chitinase, 
protease 

N-acetyl-f3-glucosaminidase, 
alkaline phosphatase, cystine 
arylamidase, C4 esterase, 
C8 esterase lipase, fatty acid 
esterase, a-galactosidase, 
f3-galactosidase, a-glucosidase, 
f3-glucosidase, leucine arylamidase, 
lipase, naphthol-phosphohydrolase 

amylase, cellulase, ligninase, 
pectinase, 

Cladosporium 
macrocarpum 

B.n. acid phosphatase, alkaline 
phosphatase, chitinase, DNAse, 
leucine arylamidase, ligninase, 
naphthol-phosphohydrolase, 
protease 

C4 esterase, C8 esterase lipase, 
fatty acid esterase, 
valine arylamidase 

amylase, pectinase, protease 

Cladosporium sp. B.n. amylase, acid phosphatase, 
alkaline phosphatase, DNAse, 
fatty acid esterase, protease 

N-acetyl-J3-glucosaminidase, 
cellulase, f3-galactosidase, 
a.-galactosidase, a-glucosidase, 
leucine arylamidase, lipase, 
naphthol phosphohydrolase, 
valine arylamidase 

n1a 
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Table 4.24 Contd. 

Fungus Source* Enzymatic Activity 
Strong Positives Weak Positive 

Literature** 

Cladosporium sp. 

Eurotian chevalieri 

Eurotian chevalieri 

Hadrotrichum virescens 

Moniliella acetoabutans 

B.r. 

B.n. 

B.r. 

B.n. 

B.n./B.r. 

acid phosphatase, chitinase, N-acetyl-(3-glucosaminidase, 
ligninase, leucine arylamidase, alkaline phosphatase, amylase, 
protease cellulase, C4 esterase, C8 esterase 

lipase, fatty acid esterase, lipase 

N-acetyl-p-glucosaminidase, cellulase, C4 esterase, C8 esterase 
acid phosphatase, alkaline lipase, p-galactosidase, 
phosphatase, amylase, chitinase, naphthol phosphohydrolase, 
lipase protease 

acid phosphatase, chitinase, C8 esterase lipase, P-glucosidase, 
C4 esterase, a-galactosidase, lipase 
naphthol-phosphohydrolase 

lipase 

amylase, DNAse, fatty acid cellulase, protease 
esterase, lipase 

n/a 

a-glucosidase, lipase 

a-glucosidase, lipase 
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Table 4.24 Contd. 

Fungus Source* 
Strong Positives 

Enzymatic Activity 
Weak Positive 

Literature** 

Monoascus ruber B.r. amylase, chitinase, protease N-acetyl-f3-glucosaminidase, 
acid phosphatase, C4 esterase, 
C8 esterase lipase, fatty acid 
esterase, leucine ary1amidase, 
lipase, naphthol phosphohydrolase, 
valine arylamidase 

Mucor racemosus B.n./B.r. chitinase, DNAse, lipase, 
protease 

amylase, cellulase cellulase, ligninase, lipase, 
pectinase, protease 

Mucor sp. (M1) B.n. N-acetyl-f3-glucosaminidase, 
acid phosphatase, amylase, 
cellulase, C8 esterase lipase, 
a-galactosidase, f3-galactosidase, 
f3-g1ucosidase, a-glucosidase, 
lipase, protease 

naphthol phosphohydrolase n/a 

Mucor sp. (M2) B.n. chitinase, lipase acid phosphatase, cellulase, DNAse, 
C4 esterase, C8 esterase lipase, 
a-glucosidase 

n/a 
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Table 4.24 Contd. 

Fungus Source* 
Strong Positives 

Enzymatic Activity 
Weak Positive 

Literature* * 

Paecilomyces variotii B.r. acid phosphatase, a-glucosidase, 
a-galactosidase, naphthol 
phosphohydrolase, protease 

N-acetyl-p-glucosaminidase, 
alkaline phosphatase, chitinase, 
C4 esterase, C8 esterase lipase, 
P-galactosidase, lipase 

amylase, a-glucosidase, 
a-mannosidase 

Penicillium corylophilum B.n. acid phosphatase, amylase, 
chitinase, DNAse, lipase, 
protease 

N-acetyl-p-glucosaminidase, 
cellulase, C4 esterase, fatty acid 
esterase, a-galactosidase, 
P-glucosidase, naphthol phospho-
hydrolase 

amylase 

Penicillium fellutanum. B.r. N-acetyl-p-glucosaminidase, 
acid phosphatase, amylase, 
chitinase, p-glucosidase, lipase 

alkaline phosphatase, C4 esterase, 
C8 esterase lipase, fatty acid 
esterase, cystine arylamidase, 
leucine arylamidase, naphthol 
phosphohydrolase, protease 

cellulase 

Phoma herbarum B.r. N-acetyl-p-glucosaminidase, 
chitinase, DNAse, fatty acid 
esterase, lipase 

acid phosphatase, amylase, 
C8 esterase lipase, a-galactosidase, 
a-glucosidase, P-glucosidase, 
valine arylamidase, naphthol 

phosphohydrolase, protease 

cellulase, pectinase, xylanase 
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Table 4.24 Contd. 

Fungus Source* 
Strong Positives 

Enzymatic Activity 
Weak Positive 

Literature** 

Polyscytalum sp. B.r. chitinase, lipase N-acetyl-f3-glucosaminidase, acid 
phosphatase, alkaline phosphatase, 
amylase, C4 esterase, C8 esterase 
lipase, f3-glucosidase, leucine 
arylamidase, naphthol phospho-
hydrolase, protease, 
valine arylamidase 

Rhizomucor pusillus B.r. amylase, chitinase, DNAse lipase a-mannosidase, f3-glucosidase, 
f3 -galactosidase, pectinase, 
amylase, xylanase, lipase, 
phosphatase 

Rhizopus stolonifer B.r. cellulase, DNAse, lipase protease pectinase, cellulase, chitinase, 
protease, lipase 

The strains are designated as having been isolated from samples of either Brassica napus (B. n.) or B. rapa (E. r.) canola meal. * 
** Domsch et al., 1980. 
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strains obtained from B. napus and B. rapa meal are reported together. Furthermore, 

these profiles were quite similar to those observed for the two strains tentatively desig

nated as Mucor sp., M1 and M2. For all four Mucor strains, lipase and cellulase activities 

were found, while chitinase and protease activity were present in all but one of these 

strains. 

Several fungal strains indicated potential for the degradation of various complex 

components of canola meal, specifically fibre. The polysaccharide cellulose is a large 

contributor to fibre in canola meal. Lignin, a phenolic polymer, also contributes signifi

cantly. Therefore strains able to produce cellulase, P-glucosidase, or Iigninase may be 

capable of utilizing these fibre components. Three fungi isolated from B. rapa canola 

meal, namely Cladosporium sp., Penicillium fellutanum, and Rhizopus stolonifer, and 

one from the B. napus meal, Mucor sp. M1, possessed strong positive reactions for one 

or more of these enzymes. Cladosporium sp. produced a zone of clearing on ligninase 

medium indicating the production of ligninase and also indicated a weak positive reaction 

for cellulase. Only two strains exhibited a strong cellulase reaction as evidenced by a 

zone of clearing on cellulose medium and both of these were Zygomycetes. Mucor strain 

M1 showed strong cellulase activity as evidenced by a zone of clearing on cellulose 

medium and a strong positive reaction for p-glucosidase; the enzyme responsible for 

cleaving P1~4 glycosidic bonds (Wood, 1989). The other, Rhizopus stolonifer pos

sessed the same cellulase activity on cellulose medium, but p-glucosidase could not be 

detected because a red pigment was formed when the culture fluid and the test reagents 

were combined which interfered with the API-ZYM test. Penicillium fellutanum was the 

only other strain which possessed a strong P-glucosidase activity. Other strains showing 

some cellulolytic activity included A. flavus, C. herbarum, the Cladosporium sp. isolated 

from the B. napus meal, both E. chevalieri strains, both Moniliella acetoabutans strains, 

both Mucor racemosus strains, Mucor sp. M2, and P. corylophilum. Overall, as a group, 

strains belonging to the genera Cladosporium and Mucor showed the most promise for 

contributing positively in a biotransformation process where degradation of plant cell 

walls is desired. 
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4.4.4 Propagation of the indigenous microflora 

As a logical adjunct to characterizing the indigenous filamentous fungi of canola 

meal, experiments were conducted to determine how growth of the microflora of the 

meal would change the composition of the meal. The strategy used to investigate the 

changes to canola meal that may be imparted by the indigenous microflora of the meals 

relied simply on providing conditions in the meal that were amenable to growth. In the 

case of canola meal which is nutrient rich, this merely involved addition of an appropri

ate amount of sterile water. As described in section 3.2.1, the amount of water required 

to raise the water activity to a certain level was found by trial and error for each type of 

meal. Meal samples taken from refrigeration possessed a low water activity (- 0.64), 

therefore, sterile water was mixed with the meal to elevate the water activity of the 

meals to 0.995. Typical mycological media has a water activity of 0.995 (Carlile & 

Watkinson, ·1994) and therefore, the meals contained sufficient moisture for growth. 

This level of moisture in the meal samples was also used for the propagation of 

Chaetomium cellulolyticum and Ganoderma colossus. In the course of a seven day in

cubation at 25°C certain indigenous species dominated and created the most change in 

the canola meal. The proximate analysis of the meals subsequent to the growth of their 

microflora are shown in Figures 4.29a and b and in Appendix A. For each type of the 

meal, the proportion of ash and non-protein nitrogen increased significantly (p < 0.025). 

The proportion of crude protein in the meal also increased significantly: p < 0.025 and p 

< 0.005 for the B. napus and B. rapa meals, respectively. The changes in the crude fat 

content of the samples were not significant. 

The enzymes used in the total dietary fibre assay eliminate starch and protein from 

the sample and leave lignin and non-starch polysaccharides to be collected as residue. 

The proportion of ash and protein in this residue is determined and remainder is quan

tified and reported as the total dietary fibre of the sample (Sigma Chemical Company, 

1991). As shown in Tables 29a and b, growth of the indigenous microflora resulted in an 

observed increase in total dietary fibre in the meal samples. This increase can be attrib

uted to polysaccharides of microbial origin, the most significant ofwhich was chitin pro

duced by the growing indigenous fungi. 
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Following incubation, a pungent odor in the samples was immediately evident sug

gesting that accumulation of protein degradation products, such as trimethylamine and 

ammonia, had occurred. Growth ofmicroorganisms is accompanied by rapid synthesis of 

nucleic acids. These substances together with the protein degradation products contrib

uted to the non-protein nitrogen of the meal resulting in a three-fold increase. One 

drawback of using microorganisms as food- or feed-grade sources of protein is that the 

generation of non-protein nitrogen occurs primarily at the expense of true protein, and 

the high levels of nucleic acids are poorly metabolized by monogastric organisms 

(Stringer, 1982; Giesecke and Tiemeyer, 1992). 

The true protein content of the meal can be calculated as the difference between %CP 

and %NPN. Although %CP increased for each of the treated samples, the true protein 

content of the samples were reduced by '""-'4% compared to the untreated meal, '""-'33% vs. 

'""-'29%CP. This reduction is attributed to the increase in non-protein nitrogen. Evidence 

for the microbial decomposition of the treated canola meal protein was found by electro

phoretic characterization of the proteins from these samples. As shown in Figure 4.30, 

the 30 kDa cruciferin polypeptides (arrows 'a' and 'b') have been lost in samples which 

served as a substrate for the indigenous microorganisms (lanes 3 and 4). Similarly the 22 

kDa cruciferin polypeptide (arrow 'c') and the napin polypeptides (arrow 'd') have expe

rienced a reduction in concentration following growth of the microflora. It is important to 

note the protein content in each lane is consistent, 25 Jlg per lane. Microbial proteases 

invariably show affinity for particular peptides; however, a range of proteolytic enzymes 

was likely to have been produced by the entire microflora of each meal. In these experi

ments, each of the major peptides of canola meal experienced proteolytic degradation by 

these organisms therefore preferential degradation had not occurred. 

In both types of meal the Zygomycete Mucor racemosus was the predominant species 

of filamentous fungi by the end a 7 day incubation at 25°C. This result was not unex

pected as the growth rates of Zygomycetes exceed that of higher fungi by several fold. 

Few other filamentous fungi grew in the meal samples except species from the genus 

Aspergillus in the B. napus sample. A number of colonies of bacteria and yeasts were 

observed equally in each type ofmeal. These were cataloged but not studied further. 
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Figure 4.30 The electrophoretic profile of Brassica napus and B. rapa canola meal proteins following the propagation of their indigenous 
microflora. Proteins were resolved using a 12% acrylamide SDS-PAGE gel and silver staining. Lanes: 1 & 2, B. napus and B. 
rapa canola meals, respectively prior to the growth of their indigenous microflora; 3 & 4, B. napus and B. rapa canola meals 
subsequent to the growth of their microflora; M, molecular weight standards with their corresponding molecular masses (in 
kilo Daltons) on the right. On the left are the four major polypeptides of canola meal protein: (a) and (b) -30kDa cruciferin 
polypeptides; (c) -22kDa cruciferin polypeptide; (d) unresolved -9kDa and ~4kDa napin polypeptides. 
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To address more clearly how water activity influenced the dYnamics of the indige

nous microflora, the meals were again combined with appropriate amounts of sterile 

water. Sterile water was added step-wise to the meal samples and aseptically until water 

activities of either 0.997 or 0.957 were reached. These samples were then incubated at 

either 25°C or 37°C. Thus four combinations of water activity and incubation tempera

ture were used for each type of meal. In this way, an attempt was made to manipulate 

species dominance during the growth of the indigenous microflora. It was hypothesized 

that the resulting subtle changes in the dynamics of the population of microorganisms 

could be most easily recognized by examining the residual enzymatic activity in the meal 

following a 7 day incubation. The results of this analysis are provided in Table 4.25. 

Observation of the meal samples cultured at either 25° or 37°C and a water activity of 

0.997 resulted in a predominantly bacterial and yeast population with very little coloni

zation by filamentous fungi. In these samples, a water activity of 0.997 favored the 

growth of bacteria and yeasts presumably because of they have less stringent require

ments for oxygen in the growth medium. Strong positive reactions for protease, esterase, 

and ligninase activities were observed in these cultures. Alternately, samples incubated at 

either 25° or 37°C and a water activity of 0.957 were colonized entirely by filamentous 

fungi which created a sponge-like mass of mycelia. The predominant species in these 

samples was the ZygomyceteMucor racemosus and there was no evidence ofbacteria or 

yeast colonization. The predominant enzymatic activities in these samples included pro

tease, lipase, and amylase. 

4.5 Effects of Sterilizing Canola Meal by Autoclave Pretreatment 

As described in section 4.4.1, the canola meal samples obtained possessed a low mi

crobialload in relation to other foods or feeds. This is probably due to the killing of mi

croorganisms during the desolventizing/toasting step of canola meal processing. Fur

thermore, the indigenous mycoflora of the two types of meal samples were found to be 

similar. Each type of meal contains fungal species that could be either beneficial or det

rimental to the nutritional quality of the meal if they were allowed to proliferate. In order 

to assess the changes imparted by the growth of an exogenous organism, it was neces
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Table 4.25 The enzymatic activity in Brassica napus and B. rapa canola meal following growth of the indigenous microflora incubated with water 
activities of 0.997 and 0.957 and temperatures of 25° and 37°C. 

Type of 
Canola Meal 

B. napus 

B. rapa 

Incubation Water Activity EnZYmatic activity * 
Temperature (aw) 

eC) Protease DNAse Lipase Amylase Esterase Ligninase 

25 0.997 ++ + - - ++ ++ 

0.957 ++ - + ++ + 

37 0.997 ++ - + - ++ + 

0.957 ++ - + ++ - 

25 0.997 ++ - + - ++ ++ 

0.957 ++ - + ++ ++ 

37 0.997 ++ - - - ++ ++ 

0.957 ++ - + ++ - 

* The enzymatic activity is given as a strong positive (++), weak positive (+), or negative (-). For meal extracts the enzymatic activity was 
considered to be a 'strong positive' reaction if the zone of clearing was 10mm or more in diameter while a zone of less than 10mm diameter was 
considered 'weak positive'. 
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sary to sterilize the meal prior to inoculation. The meal samples were autoclaved at 

121°C for 45 minutes and to assure that the meal was sterilized by this treatment por

tions of the samples were direct plated on NlEA and PYG media as was done in the di

rect plating procedure described in section 3.5.2. To ascertain the effects of autoclaving 

on the composition of canola meal, portions of the sample were used for proximate, 

protein and amino acid analyses. Thorough analysis of the autoclaved meal was neces

sary as it permitted a distinction to be made subsequent to fungal biotransformations 

between which changes in canola meal could be attributed to the autoclave pretreatment 

and which resulted from the growth of the test organism. 

As shown in Figures 4.31 a and b, autoclaving meal samples resulted in significant (p 

< 0.005) increases of ~1% in ash, crude fat, and non-protein nitrogen. The changes to 

crude protein and total dietary fibre were not significant; however the results suggest 

that autoc1aving the meal may result in slight reductions in crude protein and slight in

creases in the total dietary fibre content ofthe meal. The observed increases in ash, crude 

fat and non-protein nitrogen may be due to the loss of some other component. An in

crease in the total dietary fibre of the meal are likely attributed to participation of ni

trogenous components with free sugars in the formation of Maillard reaction products. 

Furthermore, a reduction in crude protein may be attributed to the degradation of protein 

nitrogen to peptides, free amino acids or ammonia that is accounted for as non-protein 

nitrogen. 

Examination of the meal proteins by SDS-PAGE supports the hypothesis that protein 

degradation had occurred. As shown in Figure 4.32 all of the protein bands of canola 

meal are present for the autoc1aved meal protein sample but have much less intensity. It 

should be mentioned that each of the samples used to load the lanes of this gel contained 

equivalent amounts of protein, 1Jlg/Jll. Thus all canola meal proteins have experienced 

degradation resulting in protein fragments. 

Analysis of the amino acid profiles of the meals subsequent to autoclaving was also 

conducted. In addition to autoclaving the meal samples as described above, a second set 

of samples were autoc1aved following the addition of an equal volume of phosphate 

buffered saline. Figures 4.33 and 4.34, for the B. napus and B. rapa canola meals, re
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Figure 4.32 The electrophoretic profile of Brassica napus and B. rapa canola meal proteins subsequent to autoclave treatment for 45min 
at 121°C. Proteins were resolved using a 12% acrylamide SDS-PAGE gel and silver staining. Lanes: 1, B. napus prior to 
autoclave treatment; 2, B. napus subsequent to autoclave treatment; 3, B. rapa subsequent to autoclave treatment; 4, B. rapa 
prior to autoclave treatment; M, molecular weight standards with their corresponding molecular masses (in kilo Daltons). 
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spectively, show the concentration of amino acids ofmeal samples following autoclaving 

with the addition of buffer (green bars) as well without the addition ofbuffer (blue bars). 

Meal samples were autoclaved with the addition of buffer to assess whether the addition 

of fluids had any affect on the outcome of the treatment. As shown in Figures 4.33 and 

4.34, most of the amino acids in the samples were degraded by autoclaving as evidenced 

by their reduction in concentration; however, serine, alanine, glycine, and glutamate ap

pear tolerant to this treatment as they experienced an increase in concentration. It is 

likely that serine, alanine and glycine increased in concentration as a result of the frag

mentation of larger amino acids. This fragmentation resulted in the production of am

monia which increased by 6 to 7%. The degradation of proline was more severe in com

parison to the other amino acids. The ring structure of this amino acid is likely to be a 

less stable molecular conformation that is readily fragmented at high temperatures. The 

only amino acid that appeared to be unaffected by autoclaving was methionine. It is 

possible that this amino acid is less susceptible to autoclaving. With the exception of 

lysine, the changes in concentration of the amino acid was not dependent on whether or 

not buffer was added to the meal prior to autoclaving. However, for both the B. napus 

and the B. rapa canola meal, degradation of lysine was more severe when buffer was not 

included. Autoclaving the meal without the addition of buffer resulted in a 2.6% reduc

tion of lysine content, whereas autoclaving the meal subsequent to the addition of buffer 

resulted in a 0.52% reduction in lysine. The e-amino group of lysine is known to react 

with free sugars during the formation of Maillard reaction products which are generated 

more quickly with hot and dry conditions (Wong, 1989). Therefore, autoclaving the meal 

in 'dry' state may favor this reaction. Participation of lysine in the formation of Maillard 

reaction products resulted in a loss of lysine. 
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4.6 Biotransformations of Canola Meal 

In North America, canola meal is most commonly used as a protein supplement in the 

rations of livestock. It is an attractive alternative to other supplements in that the meal 

contains a considerable amount of protein, and it is relatively less expensive. However, 

canola meal contains constituents that result in reduced nutritional value. For example, 

the poor digestibility of canola meal for monogastric livestock is attributed to the fibrous 

components of the meal (Bell, 1993). These structural components of the seed interfere 

with digestive processes resulting in reduced metabolizable energy of the meal. How

ever, the complex polysaccharides and lignin comprising this fraction can also be thought 

of as a store of metabolizable energy for microorganisms capable of utilizing such sub

strates. Such is the case for ruminant livestock for which canola meal fibre does not 

severely impair digestibility. Ruminants possess an advantage because their rumen 

microflora offer them the capacity to degrade these substances. This section is devoted 

to the central theme of this thesis: to assess the capacity of certain industrially useful mi

croorganisms to degrade meal fibre and/or generate enzymes of industrial use when 

grown on the meal. The first organism selected was Chaetomium cellulolyticum which is 

a thermotolerant filamentous fungus that has exhibited rapid rates of growth when 

propagated on Solka-floc, straw and other lignocellulosic wastes for the generation of 

single cell protein (Chahal and Moo-Young, 1981). The second organism selected was 

the white-rot fungus, Ganoderma colossus. This organism is a chlamydosporic 

thermotolerant filamentous fungus that has been shown to be one of the most active 

white-rot fungi in degrading the major structural components of wood, including 

cellulose, hemicellulose and lignin (Adaskaveg et aI., 1990; 1995). 

In order to define the changes occurring in canola meal imparted by the micro

biological treatments, it was necessary to examine the end products of the biotransfor

mations with respect to three important considerations. The first objective was to deter

mine changes in the proximate composition of canola meal. Secondly, because the 

growth of the test organisms on the meal was expected to create alterations in the pro

tein and amino acid profiles of the meal detection of these changes was important. 
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Lastly, the enzymatic activity contained within the meal subsequent to the propagation of 

the test organisms was assessed. 

4.6.1 Solid substrate fermentation by Chaetomium cellulolyticum 

A number of studies have been conducted to compare the efficiency of lignocellu

lolytic enzymatic activity produced by microorganisms when cultured in either liquid or 

solid state. In the liquid state, also called submerged fermentation (SF), cellulosic sub

strate is added at levels of 0.5 to 5% in water. In the solid state or solid substrate fer

mentation (SSF), the substrate is moistened to permit growth but liquids are not added in 

quantities which would permit excessive free water. In SSF, concentrations of substrate 

are much higher (20% or more) and this has been found to elevate the capacity of cellu

lose-degrading enzymes to liberate soluble sugars. Therefore, an attempt was made to 

propagate C. cellulolyticum in canola meal in SSF. 

The strategy of this research was centered on the utilization of meal components 

during the growth of an organism so that a bioconversion of sustained capacity could be 

obtained. As described in section 3.6 the fungal inoculum was grown-up as a seed cul

ture in canola meal broth for 5days, homogenized and combined with canola meal. The 

canola meal broth was used as a seed culture medium in the hopes that it might condition 

the organisms for growth on the meal. For this reason antibiotics were not added to the 

broth so as to avoid any possible metabolic responses by the fungus that might occur in 

the presence of antibiotics. The results of proximate analyses conducted on B. rapa 

canola meal subsequent to the growth of the organism is shown in Figure 4.35. Included 

in this figure are the proximate composition ofuntreated meal, meal which has only been 

autoclaved, and meal which has been autoclaved and inoculated with'"107 fungal propa

gules/mL of C. cellulolyticum but which was immediately frozen at -60°C. 

Addition of C. cellulolyticum inoculum to the meal resulted in significant increases in 

the proportion of ash (p < 0.005), crude fat (p < 0.01) and non-protein nitrogen (p < 

0.025) in the sample and a trend for an increased total dietary fibre was observed. Ash, 

crude fat, and non-protein nitrogen increased by 1.5%, 0.54%, and 0.26%, respectively. 

The observed increase in total dietary fibre of 2.4% relative to the autoclaved meal sug
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gests that the inoculum contained a considerable amount of fibre. Leeson et ai. (1984) 

reported that C. cellulolyticum grown on glucose in SF contained 4.7% ash and 21.1% 

crude fibre. The same organism grown on cellulose fibres contained 4.3% ash and 26.9% 

crude fibre. For these studies C. cellulolyticum was propagated in SF on a canola meal 

broth with daily additions of glucose (0.5% v/v). Therefore similar proportions of ash 

and fibre were expected in the inoculum and a marginal increase in these components as 

result of the addition of the inoculum to the meal was observed. 

Following the seven day incubation at 37°C, a dense mat of white mycelia between 5 

and 7 mm in thickness, extended over the entire surface of the meal bed. In places where 

meal-inoculum mixture adhered to the walls of the tissue culture flask, dark perithecium 

were produced but otherwise sporing structures were not observed. According to Chahal 

and Moo-Young (1981) C. cellulolyticum, like most other fungi, is sensitive to the avail

ability of substrate carbon. Liberal quantities of substrate carbon promote vegetative 

growth. The lack of sporing structures was expected as canola meal can be considered a 

rich medium for this organism. 

Evidence for the utilization of meal components by C. cellulolyticum can be seen in 

Figure 4.35. In relation to its control, growth of the fungus in the meal resulted in sig

nificant changes in the ash (p < 0.005), crude protein (p < 0.025), and non-protein nitro

gen (p < 0.005). Furthermore, a trend for the reduction of total dietary fibre of the meal 

by growth of the fungus was observed. The change to the crude fat content of the meal 

was not significant. Crude protein content was seen to drop 2.3% and non-protein nitro

gen experienced a 5.2% elevation. As described previously crude protein measurements 

account for both true protein nitrogen and also non-protein nitrogen. In comparison to 

the untreated meal, true protein content of the end product experienced a 7.4% reduc

tion to 25.0%. The crude protein content of C. cellulolyticum grown on com stover has 

been reported to be as high as 24% (Chahal and Moo-Young, 1981); however, the pro

portion of crude protein attributed to non-protein nitrogen was not characterized except 

that the contribution of nucleic acids to the non-protein nitrogen pool is reported to be 

small (Moo-Young, 1979; Chavez et aI., 1988). In this study, the growth of C. cellu

!olyticum in canola meal resulted in the conversion of 7.4% true protein to a similar 
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amount of non-protein nitrogen. The affinity of the fungus for the degradation of meal 

protein was observed when the organism was cultured in SF on canola meal broth con

taining an initial protein concentration of ,-4.5%. The results from this study are shown 

in Figure 4.36. The time course for the catabolism of canola meal proteins was rapid 

with approximately 65% of the protein being hydrolyzed in a 24hr period. 

In these experiments, C. cellulolyticum appeared to degrade meal fibre. In relation to 

the control (blue bars), growth of the organism on the meal resulted in a 4.5% reduction 

in total dietary fibre. Because fibre content of C. cellulolyticum biomass is about 20% 

(Leeson et aI., 1984), much of the total dietary fibre of the meal end-product can be at

tributed to the chitinous cell walls of the fungus. Although the proportion of total dietary 

fibre in the meal end-product associated with fungal cell walls was not studied, it is inter

esting to note that chitinous cell walls of filamentous fungi frequently autolyze subse

quent to the death of a fungus. Examining the proportion of fungal cell walls in the total 

dietary fibre of the meal end-product is an avenue for further investigation. 

Electrophoretic characterization of proteins from the meal end-product revealed that 

proteolysis occurred for each of the major canola meal peptides (see Fig. 4.37). Subse

quent to the growth of C. cellulolyticum, the 22kDa cmciferin polypeptide (lane 4; band 

'b') was the only polypeptide that was not completely degraded. In addition to this pep

tide, numerous other fungal proteins of various molecular masses were present as evi

denced by a dark smear down the gel. This is commonly observed for the electrophore

sis of fungal proteins because a multitude of intracellular and extracellular proteins of 

various molecular masses occur (Patterson and Bridge, 1994). In relation to the other 

polypeptides the 22kDa cmciferin polypeptide may be recalcitrant to the proteases of 

this fungus. 

Amino acid analysis of the meal samples revealed that addition of the fungal inocu

lum to the meal did not result in appreciable changes to the amino acid profile (see Fig. 

4.38). In addition, growth of C. cellulolyticum on the meal resulted in only marginal in

creases in isoleucine, lysine, tyrosine, valine, aspartate, and alanine. A more significant 

increase in ammonia was observed. In order to further examine the biotransformation of 

amino acids by C. cellulolyticum, the fungus was grown on meal which was autoclaved 





136 

Molecular mass 
(kDa) 

-t- 66.2 
-t- 45.0 

-t- 31.0 

-t- 21.5 

~ 14.4 

«- 6.5 

1 2 3 4 M 

Figure 4.37 The electrophoretic profile of Brassica rapa canola meal proteins subsequent to biotransformation by C. cellulolyticum. Pro
teins were resolved using a 15% acrylamide SDS-PAGE and Coomassie brilliant blue staining. Lanes: 1, untreated meal; 2, 
meal autoc1aved at 121°C for 45min; 3, meal autoc1aved and inoculated with C. cellulolyticum (Control); 4, as Lane 3 except 
the organism was allowed to grow in the meal for 7 days at 37°C; M, molecular weight standards with their corresponding 
molecular masses (in kilo Daltons) on the right. Labeled above on the left are the predominant polypeptides in canola meal: 
(a) ,...,30kDa cruciferin polypeptide; (b) ,...,22kDa cruciferin polypeptide; (c) unresolved napin polypeptides. 
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with the addition ofphosphate buffered saline. As shown in Figure 4.39, autoclaving the 

meal with the addition of buffer allowed a more complete metabolism of the amino acids 

in the meal. Reductions in the concentration of all the amino acids except glutamate was 

observed. Furthermore, the changes in the amino acid profile were accompanied by a 

large increase in the ammonia content of the meal. These results indicate that the inclu

sion of buffer to the meal prior to autoclaving renders meal proteins more accessible to 

proteases of the fungus. Gattinger and Duvnjak (1990) proposed that autoclaving canola 

meal causes cleavage of carbohydrate bonds thereby facilitating enzymatic saccharifica

tion of meal fibre. According to the findings of this study, it is reasonable to conclude 

that autoclaving the meal when combined with buffer also facilitates the action of prote

ase enzymes. 

The alterations to the proximate analysis profile of the meals is indicative of the pres

ence of enzymatic activity required for the metabolism of meal components. However, an 

attempt was made to determine the residual enzymatic activity in the end-product. Tests 

for protease, DNAse and amylase activity in aqueous extracts of the biotransformed meal 

were positive. Yet, there was no cellulase activity detected. This is likely due to the assay 

utilized which involved use of cellulose medium that requires a sustained cellulase reac

tion as long as 28 days to permit a zone of clearing. An aqueous extract of the meal end

product may have contained cellulase enzymes but their viability could not be expected 

to last more than a few days. A more sensitive cellulase assay would permit detection of 

the enzyme. 

4.6.2 Solid substrate fermentation by Ganoderma colossus 

A drawback of using white-rot fungi for biodegradation of lignocellulosic substrates 

is that their growth rates are often exceedingly slow (Kahlon, 1991). Three species of 

white-rot fungi were selected for growth on canola meal in SSF. These were Ceriporiop

sis subvermispora FP 90031-sp, Merulius tremellosus ATCC 48745, and Ganoderma 

colossus RLG15829. After preliminary trials use of C. subvermispora and M tremello

sus was abandoned because their growth rates on canola meal were not acceptable. Nei

ther Ceriporiopsis subvermispora or Merulius tremellosus were capable of colonizing 





140 

canola meal in an SSF. Only Ganoderma colossus was capable of growing in canola 

meal in an SSF. 

Ganoderma colossus is a chlamydosporic thermotolerant fungus that has been shown 

to be one of the most active white-rot fungi in degrading cellulose, hemicellulose and 

lignin (Adaskaveg et aI., 1990; Adaskaveg et aI., 1995). Following incubation at 37°C for 

seven days a dense layer of off-white mycelia developed over the canola meal substrate. 

The results of the proximate analysis of the end product are shown in Figure 4.40. Addi

tion of the fungus to the autoclaved meal (blue bars) resulted in significant changes to 

the proportion of ash (p < 0.005), crude fat (p < 0.05), crude protein (p < 0.1) and non

protein nitrogen (p < 0.005) of the meal. The content of ash and non-protein nitrogen 

increased by 0.58% and 0.41%, respectively; whereas the content of crude fat and crude 

protein decreased by 1.31% and 1.47%, respectively. An increase in total dietary fibre of 

2.2% was also observed which suggests, similar to C. cellulolyticum that G. colossus 

biomass contains a considerable amount of fibrous fungal cell walls. In relation to the 

control, growth of G. colossus (yellow bars) resulted in significant changes to the con

tent of ash (p < 0.005), crude fat (p < 0.005), crude protein (p < 0.01), and non-protein 

nitrogen (p < 0.005). There was a 0.5% reduction in ash, whereas the content of crude 

fat, crude protein, and non-protein nitrogen increased 2.37%, 3.09, and 4.44%, respec

tively. Furthermore, a 4.0% reduction in total dietary fibre was observed. These changes 

are similar to those seen for meal biotransformed by C. cellulolyticum (see Fig. 4.35) 

except that biotransformation by G. colossus resulted in an increase in crude protein 

rather than a decrease. As a result, biotransformation of canola meal by G. colossus re

sulted in a 4.3% reduction in the true protein content. These findings suggest that G. 

colossus obtained some of the nitrogen required for its growth from non-protein nitrogen 

components rather than from protein. As discussed previously in section 4.1.1, canola 

meal contains approximately 2% non-protein nitrogen with the majority being comprised 

of the phenolic compound sinapine which occurs at levels of '"1500 to '"1800mg per 

100g dry oil-free meal (Kozlowska et al., 1990). White-rot fungi are capable of hydro

lyzing lignin to phenolic compounds that can then be utilized by the fungus. The pre

dominant product of lignin hydrolysis in many plants is sinapic acid. Therefore, it is rea
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sonable to assume that G. colossus obtained nitrogen from the reservoir of sinapine in 

the meal. 

Electrophoretic characterization of proteins from the meal end-product revealed that 

G. colossus caused less proteolysis of meal proteins than C. cellulolyticum. As shown in 

Figure 4.41, biotransformation by G. colossus resulted in the degradation of only the 

--30kDa cruciferin polypeptide (lane 4; band 'a'). The other cruciferin polypeptide (band 

'b') and the napin polypeptides (band 'c') did not appear to have degraded appreciably in 

relation to the effects of autoclaving (lane 2). The smear down the length of the sup

porting gel indicated the existence of a multitude of proteins of fungal origin in the meal 

end product. 

As shown in Figure 4.42, addition of the G. colossus to the meal resulted in an in

crease in glutamate concentration by 1.7%. The concentrations of the other amino acids 

were not changed appreciably. However, growth of the organism at 37°C resulted in in

creased concentrations of lysine, tyrosine, and valine by 1.7%, 0.5% and 0.9%, respec

tively. The largest reduction in concentration occurred for glutamate which dropped by 

5.3%. Arginine and glycine were also reduced by 0.6% and 2.0%, respectively. Relative 

to the control, the concentration of ammonia in this sample increased by 4.0% which 

provides further evidence that proteolysis of meal proteins had occurred. Also shown in 

Figure 4.42 are the concentrations of amino acids following incubation of G. colossus for 

7 days at 45°C followed by 7 days at 35°C (yellow bars). Like C. cellulolyticum, G. co

lossus is a thermotolerant filamentous fungus, but it also is capable of withstanding tem

peratures as high as 50°C (Adaskaveg, 1990). To examine whether the biotransformation 

of canola meal amino acids by G. colossus could be influenced by higher incubation tem

peratures, the fungus was cultured initially at 45°C. After 7 days at 45°C, it was found 

that only limited growth of the fungus occurred with only a thin layer of mycelia devel

oping over the surface of the substrate. After an additional week at 37°C a thick layer of 

off-white mycelia developed. As shown in Figure 4.42 (yellow bars), relative to the con

trol (dark blue bars), incubation ofG. colossus at 45°C followed by 37°C resulted in little 

change to the amino acid profile. These findings suggest that culturing the organism at 

45°C, at least initially, impairs its ability to metabolize meal proteins. 
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Figure 4.41 The electrophoretic profile of Brassica rapa canola meal proteins subsequent to biotransformation by Ganoderma colossus. 
Proteins were resolved using a 15% acrylamide SDS-PAGE and Coomassie brilliant blue staining. Lanes: 1, untreated meal; 
2, meal autoc1aved at 121°C for 45min; 3, meal autoclaved and inoculated with G. colossus (Control); 4, as Lane 3 except the 
organism was allowed to grow in the meal for 7 days at 37°C; M, molecular weight standards with their corresponding mo
lecular masses (in kilo Daltons) on the right. Labeled above on the left are the predominant polypeptides in canola meal: (a) 
--30kDa cruciferin polypeptides; (b) --22kDa cruciferin polypeptide; (c) unresolved napin polypeptides. 
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When grown in submerged culture in a broth derived from canola meal, G. colossus 

produced a strong ligninase reaction and a weekly positive reaction for cellulase, lipase 

and protease. Similar activities were expected for G. colossus cultured on canola meal in 

a SSF. Examination of aqueous extracts prepared from the meal end products revealed 

that when the fungus was cultured entirely at 37° C lipase, protease and amylase activi

ties were found. In comparison, when the fungus was cultured initially at 45°C, the only 

enzymatic activity produced by the fungus was ligninase. These findings suggest that in

cubating G. colossus at 45°C, at least initially, results in less proteolysis of meal proteins. 

Whether or not the fungus forfeits the proteolysis of meal proteins in favor of hydrolysis 

of lignin at 45°C is an interesting aspect for further study. 
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5.0 GENERAL DISCUSSION AND CONCLUSIONS 

According to information provided by the suppliers of the meals, one meal was de

rived predominantly from the seeds of Brassica napus, whereas the other was derived 

mainly from the seeds ofB. rapa. At the outset, it was necessary to define the composi

tion of the two types of canola meal obtained to be used as a substrate by selected mi

croorganisms. To this end, analysis of the proximate composition, amino acid profile and 

characterization of proteins through electrophoresis was performed. It was found that 

the two types of meal represented a homogenous mixtures of canola seed varieties. 

Compared to each other and to literature values some differences in composition were 

noted which are likely attributed to seasonal or varietal factors, or due to differences in 

processing technology (Finlayson et al., 1969; Bell and Jeffers, 1976; Bell and Keith, 

1991; Bell, 1993). As well a protocol for the determination of non-protein nitrogen of 

canola meal was established. 

1. The proximate composition, amino acid profile, and the characteristics of canola 

meal proteins as determined by sodium dodecyl polyacrylamide gel electrophoresis, 

were determined. The results indicate that both the B. rapa and B. rapa types of 

meal closely resemble each other, and canola meal analyzed by other researchers. 

A protocol for the quantification of non-protein nitrogen in canola meal by the 

trichloroacetic acid precipitation method of Becker et aI. (1940) was developed. It 

was found that O.8N trichloroacetic acid was the optimum acid concentration for 

determination of non-protein nitrogen in canola meal. 

As a necessary adjunct to defining the chemical composition of the two types of 

canola meal, the microbiological composition of the meals was examined. Both were 

found to have comparatively low microbiological loads in relation to many other foods 

or feeds. This can be attributed to the desolventizing/toasting step of canoia meal proc

essing which is likely to reduce the numbers of microorganisms and renders the meal 



147 

sufficiently dry to prevent spoilage by most microorganisms. Identification of the micro

organisms isolated from the meals was centered on the indigenous filamentous fungi. 

Twenty-one species were isolated from the meal and identified at least to the genus level. 

The physiology or toxicology ofmany of these species are little known but some of these 

isolates have been shown previously to be toxigenic and/or pathogenic to humans or 

animals. 

2. Enumeration studies of microorganisms residing in each type of canola meal 

revealed that the numbers of these organisms is not sufficient to warrant concern 

for livestock which consume the meal. A total of 21 filamentous fungi were isolated 

and identified to at least the genus level. Several of these fungal isolates are known 

to be toxigenic or pathogenic to humans and/or domesticated animals. 

The indigenous filamentous fungi were characterized further by examining the enzy

matic activity produced by these isolates. The profile of enzymatic activity obtained for 

the isolates was used as a taxonomic aid in the confirmation of their identities. The find

ings of this work show that a number of these species possess the capacity to degrade 

canola meal fibre, protein or fat. Three fungi isolated from B. rapa canola meal, namely 

Cladosporium sp., Penicillium jellutanum, and Rhizopus stolonifer, and one from the B. 

rapa meal, Mucor sp. Ml, possessed the enzymes necessary for the degradation of lignin 

or cellulose. 

3. Further characterization of the filamentous fungi isolated from the meals re

vealed that a variety of enzymes are produced by them. The profiles of enzymatic 

activities obtained were found to compare favorably with physiological data, and 

in the case where there was little physiological data available, this work can be 

considered as a taxonomic aid to researchers identifying such species. Examination 

of these profiles indicated that a few of these isolates may be useful for the bio

transformation of canola meal, which may by virtue of their habitation in the meal, 

have an enhanced capacity to utilize the complex components of canola meal. 
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A series of experiments were conducted to examine the effects of growth of the mi

croflora on the composition of the meal. In general, growth of the indigenous microor

ganisms resulted in increases in ash, non-protein nitrogen, and total dietary fibre. By us

ing different culturing temperatures and water activities, it was found that the dominant 

species in the meal could be altered. A water activity of 0.957 favored the growth of 

filamentous fungi, whereas 0.997 favored a mixed population of bacteria and yeasts. 

Ligninase, esterase and protease activities were found consistently in meal samples with 

populations dominated by bacteria and yeasts; whereas amylase, lipase and protease ac

tivities were found in meal samples with populations dominated by filamentous fungi. 

4. Growth of the indigenous microflora of the meals resulted in less nutritional 

quality due to an increased content of ash, non-protein nitrogen, and total dietary 

fibre. It was found that the dominant species resulting from the growth of the mi

crobial population could be influenced by manipulating the water activity of the 

meal samples. The enzymatic activities found in the meal samples subsequent to 

the growth of their microflora were found to be correlated with the resulting 

dominant species. These findings suggest that if the indigenous microflora are in

volved in the biotransformation of canola meal, their participation in this process 

can be controlled. 

Because growth of the microflora of the meals was found to be detrimental to the 

nutritional quality of the meal, it was necessary to sterilize the meal by autoc1aving prior 

to the inoculation of either C. cellulolyticum or G. colossus. Autoc1aving canola meal for 

45min at 121°C resulted in degradation of proteins and amino acids as evidenced by an 

increased concentration of ammonia in the meal. In particular, lysine concentrations in 

the meal samples were reduced by 2.6%; however, it was found that addition of an equal 

volume of phosphate buffered saline to the meal prior to autoc1aving reduced the reduc

tion in lysine to 0.5%. Overall, the changes observed in the composition were considered 

to be unlikely to affect the suitability of canola meal as a microbiological substrate. 

5. Autoclaving canola meal for the purpose of meal sterilization resulted in mar

ginal changes to the chemical composition of the meal except that degradation of 
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proteins and amino acids, particularly lysine, occurred which resulted in the ac

cumulation of ammonia in the meal. Addition of phosphate buffered saline to the 

meal prior to autoclaving reduces the loss of lysine caused by this treatment. 

The thermotolerant fungus, Chaetomium cellulolyticum, was grown on canolameal 

in an SSF process. The organism grew rapidly with no outward signs of growth (such as 

spoilage odors). Examination of the end products revealed that the fungus has a well de

veloped capacity for degradation of meal proteins from which it creates ammonia and 

other non-protein nitrogen compounds. Biotransformation by C. cellulolyticum resulted 

in a 7.4% reduction in true protein content of the meal. In relation to the control, growth 

of C. cellulolyticum resulted in a 4.5% reduction in total dietary fibre. Because the chiti

nous cell walls of the fungus contribute to total dietary fibre, biotransformation of the 

meal by C. cellulolyticum generated an end product having a total dietary fibre content 

1.6% lower than the untreated meal. Protease, DNAse, and amylase activities were de

tected in the end product, but cellulase activity was not. Although the organism is well 

known for its capacity to degrade lignocellulosic wastes, these findings suggest that the 

fungus does not degrade canola meal fibre readily if canola meal proteins are readily 

available. Instead the organism may be more suitable for growth on strictly lignocellu

losic substrates such as canola hulls, where fibre degradation rather than protein hydroly

sis is the predominant activity of the fungus. 

6. Growth of C cellulolyticum on canola meal in an SSF is rapid and results in the 

partial reduction of meal fibre and protein, but an increase in ash and non-protein 

nitrogen. Biotransformation of canola meal by C cellulolyticum is unlikely to cause 

substantial reductions in the meal total dietary fibre without substantial proteoly

sis of meal proteins. Such changes would not improve the nutritional quality of the 

meal. Use of the fungus is recommended for the biotransformation of lignocellu

losic residues of low protein content which would encourage the organisms to pro

duce lignocellulolytic enzymes. 
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The white-rot fungus, Ganoderma colossus, was grown on canola meal in an SSF 

process. By a comparison to the control, growth of this fungus on the meal resulted in a 

4.0% reduction in total dietary fibre. However, the chitinous cell walls of the fungus 

contributed towards total dietary fibre content. As a result biotransformation of the meal 

by G. colossus generated an end product having a total dietary fibre content 1.3% lower 

than the untreated meal. Biotransformation of the meal by G. colossus resulted in 4.3% 

reduction in true protein content which indicates that growth of G. colossus occurred 

with less proteolysis of meal proteins than what was observed with C. cellulolyticum. 

These findings suggest that the fungus was able to utilize other nitrogenous compounds 

to satisfy its requirement for nitrogen.. When G. colossus was incubated at 37°C, the ly

sine content of end product was 1.6% greater than the control sample, however the in

crease was insufficient to offset the loss of lysine caused by autoc1aving the meal. As de

scribed in section 4.5, addition of an equal volume of phosphate buffered saline to the 

meal prior autoc1aving results in less loss of lysine (see Figs 4.33 and 4.34). Therefore, 

biotransformation by G. colossus of meal autoc1aved after the addition of buffer may re

sult in an increase in lysine content relative to the untreated meal. When the G. colossus 

was cultured for 7 days at 45°C, no increase in lysine concentration was observed but 

ligninase enzyme activity was found in the end product. In comparison, when G. colos

sus was cultured at 37°C, protease, lipase and amylase activities were detected, but not 

ligninase. These findings suggest that culturing G. colossus at higher temperatures favors 

the hydrolysis of lignin rather than protein. 

7. Biotransformation of canola meal by Ganoderma colossus resulted in a small 

reduction in the total dietary fibre and protein content of the meal. Incubation of 

the fungus at 37°C encourages the synthesis of the essential amino acids lysine and 

valine, and incubation at 45°C results in less proteolysis of meal proteins and en

courages the production of ligninase. 
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7.1 Appendix A: Proximate Analysis Data for Canola Meal Samples 

Proximate Analyses (8.5% moisture basis) 
Sample Treatment 

Ash CF CP NPN TDF 

B. napus None 6.68 ± 0.03 3.03 ± 0.05 35.37 ± 0.16 1.95 ± 0.06 27.5 
B. rapa None 6.44 ± 0.02 2.45 ± 0.11 34.45 ± 0.38 2.04 ± 0.04 27.9 
Bell, 1994 None 7.13 2.45 ± 0.69 38.29 ± 2.33 2.5 29.5 
B. napus Growth ofmicroflora 8.74 ± 0.03 3.21 ± 0.08 37.17 ± 0.56 7.31 ± 0.06 32.4 
B. rapa Growth ofmicroflora 8.17±0.01 2.52 ± 0.22 36.94 ± 0.43 7.50 ± 0.04 32.3 
B. napus Autoc1aved 7.50 ± 0.01 3.70 ± 0.02 34.50 ± 1.41 2.53 ± 0.02 28.1 
B. rapa Autoc1aved 6.92 ± 0.03 3.35 ± 0.07 34.00 ± 1.14 2.62 ± 0.04 28.4 
B. rapa Inoculated with C. cell. 7.94 ± 0.06 2.99 ± 0.04 34.82 ± 0.26 2.30 ± 0.08 30.8 
B. rapa Growth of C. cell. 7.82 ± 0.02 3.10 ± 0.12 32.51 ± 0.59 7.46±0.11 26.2 
B. rapa Inoculated with G. col. 7.50 ± 0.01 2.04 ± 0.17 32.53 ± 0.28 3.03 ± 0.05 30.5 
B. rapa Growth ofG. col. 7.00 ± 0.01 4.41 ± 0.41 35.62 ± 0.67 7.47 ± 0.06 26.5 

Abbreviations: CF, crude fat; CP, crude protein; NPN, non-protein nitrogen; TDF, total dietary fibre; 
C. cell., Chaetomium. cellulolyticum; G. col., Ganoderma. colossus 
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7.2 Appendix B: Compositions of Microbiological Media 

Czapek concentrate 
NaN03 30 g 
KCI 5g 
MgS04"7H20 5g 
FeS04"7H20 0.1 g 
Water 100mL 

Czapek yeast agar (CYA) 
K 2HP04 1.0 g 
Czapek concentrate 10mL 
Yeast extract, powdered 5g 
Sucrose 30 g 
Agar 15 g 
Water, distilled 1 litre 

Dichloran 18% glycerol chloramphenicol agar (DG18C) 
Glucose 10 g 
Peptone 5 g 
KH2P04 1.0 g 
MgS04"7H20 0.5 g 
Glycerol, anhydrous reagent 220 g 
Agar 15g 
Water, distilled 1 litre 
Dichloran 2 mg (0.2% w/v in ethanol, 1.0 mL) 
Chloramphenicol 100 mg 

Dichloran rose bengal chloramphenicol agar (DRBC) 
Glucose 10 g 
Peptone, bacteriological 5 g 
KH2P04 1.0 g 
MgS04"7H20 0.5 g 
Agar 15 g 
Water, distilled 1 litre 
Rose bengal 25 mg (5% w/v in water, 0.5 mL) 
Dichloran 2 mg (0.2% w/v in ethanol, 1.0 mL) 
Chloramphenicol 100 mg 

25% Glycerol nitrate agar (G25N) 
K 2HP04 0.75 g 
Czapek concentrate 7.5mL 
Yeast extract 3.7 g 
Glycerol, analytical grade 250 g 
Agar 12 g 
Water, distilled 750mL 
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Malt extract agar chloramphenicol (MEAC) 
Malt extract, powdered 20 g 
Peptone 1.0 g 
Glucose 20 g 
Ag~ 20g 
Water, distilled 1 litre 
Chloramphenicol 100 mg 

Malt extract yeast extract 50% glucose chloramphenicol (MY50GC) 
Malt extract 109 
Yeast extract 2.5 g 
Ag~ 109 
Water, distilled 500 g 
Glucose, anhydrous reagent 500 g 
Chloramphenicol 100 mg 

Peptone yeast extract glucose agar (PYG) 
Peptone 5.0 g 
Yeast extract 3.0 g 
Glucose 5.0 g 
Agar 20.0 g 
Water, distilled 1 litre 
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