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SUMMARY 

A study has been made of the variation in the total population 

of fungi within sheep fleece in vivo with time, and also of the types 

of moulds and yeasts present within this environment. Fungi wer0 

isolated by dilution plating and by the brush technique at the two 

temperatures of 25C and 37C. Considerably larger numbers of fungi 

were isolated at the lower temperature. There was no apparent 

correlation between fungal numbers within fleece wools and the 

environmental rainfall, either at the time of sampling or on a 

monthly average basis. The total population of moulds able to 

grow at 25C did, however, vary with the average monthly environmental 

temperature. No such correlation existed for moulds growing at 37C 

nor yeasts at either temperature. 

Fungal numbers were unaffected by pretreatment of the sheep with 

commonly used insecticides variously applied, and seemed more related 

to general environmental conditions than to mode of pretreatment. 

Possible factors contributing to variations in the total fungal 

populations of fleece wools are discussed. 

The types of fungi isolated from wools could be grouped into 
/ 

very frequently isolated species, e.g. Alternaria alternata, 
/ 

Phoma ~.,1Torulopsis candida, frequent species, e.g. Mucor racemosus, 

Aspergillus fumigatus, occasional species, e.g. Cladosporium herbarum, 

Epicoccum purpurascens, Fusarium o3Yspor~ and very occasional 

species, e.g. Aspergillus niger, Geotrichum candidum, feyronellaea 

glomerata. 

A study of the spatial distribution of the fungi within the 

fleece was made by an impression technique involving both microscopic 

and cultural examinations. Most fungi were present in the median parts 

of the staple and numbers decreased towards the tips and basal parts of 

the fleece. Again, the most frequent types included Alternaria alternata, 

Fusarium culmorum and Phoma ~· 

Of the 68 isolated species, 19 were tested for their ability to 

degrade autoclaved and propylene oxide sterilised wool in vitro. 

While Aspergillus niger and Penicillium canescens were consistently 

unable to degrade either of the wools, most of the tested species 

degraded both autoclaved and propylene oxide sterilised wool. The 

degradation of wool by these fungi resulted in the release into the 

culture medium of cortical cells from the wool fibres. It is postulated 
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that degradation occurred as a result of the breaking down of 

cementing materials holding the cortical cells together and did not 

involve true keratin digestion. Wool degraded by fungi was densely 

stained by lactophenol cotton blue. It is suggested that this activity 

could be useful in estimating the ability of fungi to degrade wool, 

even though undegraded wool was lightly and irregularly staim.d. 

As several fungi were shown to be capable of breaking down wool 

in vitro, further tests were made to determine which of these species 

are potentially able to grow within fleece in vivo. Of those able 

to grow at skin temperature and which were unaffected by the fatty 

materials present in wool, Sordaria fimicola . and Aureobasidi11IT1 

pullulans were the two species most likely to grow in the natural_ 

fleece environment. 

The significance of the work reported here is discussed. !1any 

of the fungi commonly isolated from fleece wools have been reported 

to cause opportunistic fungal infections in man and animals and are 

also capable of spoiling refrigerated meats. Thus knowledge o:~ the 

presence of these fungi in wools is necessary to help avoid problems 

in public health. 



ACKNO\AJLEDGEMENTS 

l am indebted to the Department of Microbiology and Genetics, 

Massey University for providing the opportunity and facilities for 

this investigation. 

I would also like to thank : 

The New Zealand Leather and Shoe Research Association for 

providing samples for this investigation and Mr R. Hughes and 

Mr G. Peters for assistance in obtaining samples. 

Mr M.C. Thompson for providing the weather information. 

Mr H.S. Ng for help in compiling results and typing. 

Mrs F.S. Wicherts for the typing. 

All the academic and technical staff of the DepJrtment of 

Microbiology and Genetics for their general help. 

In particular, my grateful thanks to my supervisor, 

Dr M. Baxter, who patiently read and criticised the manuscript. 

His guidance and encouragement are most apnreciated and witbo1t 

these this project would not have been possible. 

iv 



TABLE OF CONTENTS 

SUMMARY 

ACKNOWLEDGEMENTS 

LIST OF FIGURES 

LIST OF TABLES 

LIST OF PlATES 

INTRODUCTION 

1. General 

2. WooJ. and Sheep Skin as a Substrate for Fungal Growth 

2.1 Morphology of sheep skin 

2.2 Morphology of wool 

2.3 Structure of keratins 

3. Morphology of Sheep Skin and Wool 

3.1 The association of microorganisms with wools 
and woollenfabrics 

3.2 Degradation of wool by fungi 

4. Aims of Investigation 

MATERIALS AND METHODS 

1. Source of Specimens 

2. Frequency of Sampling 

J. Sampling procedure 

3.1 Fleece samples 

3.2 Brush sampling 

3.3 Air sampling 

3.4 Weather information 

4. General Methods 

4.1 Media used 

4.2 Sterilization of materials 

4.2.1 Sterilization of general 

4.2.2 Sterilization of wool by 

4o2e3 Sterilization of wool by 

4.2.4 Sterilization of plastic 

4.2.5 Test for sterility of the 

5. Isolation and Counting Techniques 

5.1 Dilution plate samples, 

5.2 Brush samples 

5.3 Air samples 

equipment 

autoclaving 

propylene oxide 

brushes 

wools 

Page 

ii 

iv 

ix 

X 

xi 

-, 
-'-

2 

3 
6 

6 

'7 
12 

13 

13 

1.3 

13 

1~. 

1{ 

1t 

16 
18 

18 

18 

18 

18 

18 

18 

18 

19 

19 
19 
19 

v 



6. Identification Methods 

6.1 Microscopic examination 

6.2 Species identification 

7. The Distribution of Fungi Along the Length of the 
Fleece 

7.1 Impression technique 

7.1.1. Microscopic examination 

7.1.2. Cultural examination 

Page 

19 

19 

21 

21 

21 

22 

22 

7.2 Potassium hydroxide examination of skin material 22 

8. Estimation of Ability of Fungi to Grow on Wool 

8.1 Selection of isolates 

8.2 Degradation of Wool 

8.3 Assessment of degradation 

9. Additional Studies 

9.1 Colonisation of human hair 

9.2 Ability of fungi to grow at skin temperature 

9.3 The effect of wool fats on fungal growth 

9.4 Proteolytic activity of the selected fungi 

RESULTS 

1. The Fungal Population of Fleece Wool 

1.1 Variations in total population of fleece wool 
with time of sampling 

1.1.1 Incubation temperature 25C 

1.1 .. 2 Incubation temperature 37C 

1.1.3 Average fleece count 

22 

2
,.., 
"-· 

23 

2;. 
2; 
23 

23 

25 

26 

26 

26 

26 

26 

26 

1.2 Variation of fleece count with macroenvironmental 28 
conditions 

1.2.1 At sampling time 

1.2.2 Monthly averages 

1.3 Variation in total population of wools with 
different pretreatments of fleece 

1.3.3 

1..3.4 

1 .. 3.5a 

1 .. 3.5b 

1.3.6 

Untreated sheep 

Shorn sheep 

Benlate plunge pretreated sheep 

Diazospray plunge pretreated sheep 

Diazotas shower pretreated sheep 

Diazotas spray pretreated sheep 

Average overall populations of individual 
treatments 

28 

28 

33 

3.3 

33 

3:3 

3:3 

34 

3L 
40 

vi 



Page 

2. Frequency of FQngal Species in Total Samples 42 

2.1 Comparison of the dilution plate and brush technique 
at 25C 42 

2.2 Comparison of the dilution plate and brush technique 
at 37C 42 

3. Variation in the Mycoflora of Wool Fibres Along Their 
Length 48 

3.1 Microscopical examination using the impression 
technique 48 

3.1.1 Morphological forms distinguished by impression 
technique 55 

Overall frequency of fungal types in 48 
samples examined 55 

Distribution of spore types along the length 
of the fibres 55 

3.,1.4 Fungal types in relation to time of sampling 55 

3.1.5 Presence of species in relation to 
pretreatment of fleece 63 

3.2 Cultural studies of impressed agar 

3.2.1 Overall frequency of fungi in the 48 
samples examined 6:3 

3.2.2 Overall frequency of fungi in relation to 
distance along the fibre 63 

3.2.3. Frequency of cultured fungi in relation to 
time of sampling 69 

3.2.4 Presence of species in relation to 
pretreatment of fleece 69 

3.,3 Comparison of microscopical and cultural results 69 

3.4 Microscopic examination of sheep skin with 69 
Potassium hydroxide 

4. Mycoflora of the Air 

4 .. 1 Monthly incidence of fungal spores in the air 

4.2 Incidence of individual fungi in the air 

5. Degradation of Wool by Selected Fungi 

5.1 Assessment of degree of degradation 

5.2 Degradation in wool-agar medium 

5.2 .. 1 2 weeks culture 

5.2.2 4 weeks culture 

5.3 Degradation in wool-water medium 

5.3.1 2 weeks culture 

5.3.2 4 weeks culture 

7'7 

79 

19 
79 

84 

vii 



5.4 Degradation in \'i'Ool-yeast extract medium 

5.4.1 2 vweks culture 

5.4.2 4 weeks culture 

5.5 The uptake of ~ctophenol cotton blue by wool 

Page 

84 
84 
84 

fibres during colonisation 84 
6. Additional Studies 

6.1 Colonisation of human hair by the selected fungi 
in yeast-extract medium 89 

6.2 Ability of fungi to grow at skin temperature 

6.3 The effect of wool fat on selected fungi 89 

6.4 Proteolytic activity of the selected fungi 

DISCUSSION 

REFERENCES 

89 

95 

107 

viii 



1. 

2-1,2-2 

IIS'l' OF FIGUHE~. 

Structure of a ~,!ool follicle 

Variation in average 1:tould ar.d year;L populations of 

wool samplc:::3 v.rith macroenvironmentc:cl conditions at 

time of :::;&mpling 

3-1 1 3-2. Vad_ation of monthly average 1'opulations of moulds 

and yeasts \'Jith the macroenvironrnental c;onditions 

LJ.-7. Variation of mould and yeast popu1ations in treated 

8. 

and untrea-ced fleece in relation to time 1 at incubation 

temper·atures 25C and 37C 

Fungal spore types recognised on wool by tr.te impression 

technique 

9·-1 Distribution of the :nore common spore types along 

the lengLh of the fihres 

9-2 Distribution of less frequent t>pore typec3 along the 

length of the fibres 

lOa-lOc. Distribution of fungal spore t;y--pes along the length 

4 

29 

31 

35 

49 

57 

of the fibres in relation 1~u time 59 

11-1,11-2.Frequenc;y of fungi in relation to distance along fibre 67 

12a-12d. Frequency of fungi (cultured) along the lengtl1 of the 

fibres in relatiun to time of sa:npling 70 

ix 



LIST OF TABLES 

1. Initial treatment of the 68 experimental sheep 

from vJhich samples were obtained 

Frequency of sampling from treatment groups 

Fungi selected for experimental purposes and their 

taxonomy 

4. Variation in average mould and yeast populations of 

X 

14 

15 

20 

vmol samples ~;v-ith time 27 

5. Overall average population, individual treatments 41 

6 - 7. Relative frequency of fungal species isolated by 

dilution plating and brush technique at 25C and 37C 43 

8. Overall presence of spores and hyphae in 48 wool samples 56 

9. The frequency of demonstration of fungal spores and 

hyphae in samples from 24 sheep, in relation to 

pretreatment 

10. Overall frequency of cultured species from 48 samples 

11. The frequency of demonstration of species in samples 

from 24 sheep in relation to pretreatment 

6L, 

65 

75 

12. Comparison of microscopical and cultural results 76 

13. Monthly incidence of fungal species in the air 78 

14,~16. Degradation of teJool by various fungi in 3 media 83 

17. The uptake of stain by 1rmol fibres after the growth 

18. 

19. 
20. 

21. 

of fungi 

Colonisation of human hair in yeast-extract medium 

Growth of fungi at 37C 

Inhibition of fungal growth by wool fat 

Proteolytic activity of the selected fungi 

22. Grouping of fungi according to their ability to degrade 

wool in wool-agar medium 

88 

90 

9' 

92 
9~5 

101 



LIST OF PIA TES 

1. Cassella Slit Sampler 

2. Liberation of cortical cells from a wool fibre following 

the in vitro growth of a fungus on the wool 

3 - 7 

8 - 9 

Some spore and hyphal types demonstrated on wool 

impressed D~'·ar 

Variation in the mycoflora along the length of wool 

fibres as demonstrated by the impression technique 

17 

24 

51 

66 

10 - 12 Degradation of wool as demonstrated by various fungi 80 

13. Negative degradation as demonstrated by Aspergillus niger 82 

14. Negative degradation as demonstrated in control cultures 82 

15. The proteolytic activities of various fungi 94-


