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Abstract of thesis submitted to the Senate ofUniversiti Putra Malaysia in 
fulfilment of the requirement for the Degree of Doctor of Philosophy 

EFFECT OF FUNGAL TREATMENT ON THE NUTRITIVE VALUE OF 
WHEAT STRAW AND ITS USE IN THE DIET OF DAIRY CATTLE 

By 

HASSAN FAZAELI 

September 2001 

Chairman: Associate Professor Zainal Aznam Mohd Jelan Ph. D 

Faculty: Agriculture 

Experiments were conducted to study the growth ability and potential of some 

Pleurotus fungi to biodegrade wheat straw and to determine the effect of fungal 

treatment on the nutritive value of straw and its use in the diet of dairy cow. The 

results showed that there is a potential application of the fungi on wheat straw. 

Among the six cultures of Pleurotus, P-41, P-21, P-60 and P-31 had a significantly 

(P<O.05) higher growth ability on wheat straw. Supplementation of wheat straw 

with 1 or 2% urea nitrogen did not enhance the colonisation and growth rate of the 

fungi. 

Fungal treatment decreased NDF and ADF, increased the CP and nutrient 

digestibility of wheat straw. However, the cultures P-30, P-41 and P-60 showed 

significantly (P<O.05) higher ability to degrade the cell wall components of the 

straw and improved the IVDMD, IVOMD and in sacco degradability. 
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Treatment of wheat straw with Pleurotus (P-41) either before (FTWS) or after 

mushroom production (SPWS) resulted in a significantly (P<O.05) higher amount of 

nutrient intake (DMI, OMI and DOMI) when fed to bulls. The digestibility of DM 

and OM increased by more than 10% unit in the treated straw as compared to the 

untreated wheat straw. In comparison to the untreated straw, feeding fungal treated 

wheat straw resulted in a higher ruminal pH and ammonia nitrogen concentration 

that indicated an improvement in rumen fermentation. Improvement of nutritive 

value was higher in FTWS than the SPWS. 

In a feeding trial, four diets containing 0, 10, 20 and 30% fungal (P-41) treated 

wheat straw was fed to lactating cows. They showed similar intake of DM, OM, 

DOM, CP, TDN and NEL• All diets resulted in similar milk yield and milk 

composition, but the diets that contained 20 and 30% treated straw produced a 

significantly (P<0.05) higher body weight gain. However, the best animal 

performance and feed efficiency were obtained when the treated straw was included 

at 20% of the total diet or 40% of the roughage. 

When two diets containing 30% of untreated or fungal treated wheat straw were fed 

to late lactating cows, higher nutrient digestibility and intake of DM, OM, CP and 

ME were observed in the cows fed treated straw. There was 13% increase in FCM 

yield by cows fed treated straw. Daily body weight gain was 2.7 times in the 

treated straw diet as compared to the untreated straw group. Improvement in the 

animal performance reflects the availability of more digestible organic matter and 

energy from the wheat straw treated with the fungus. 
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sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

KESAN RAWATAN FUNGUS KE ATAS NILAI PEMAKANAN JERAMI 
GANDUM DAN PEGGUNAANNY A DALAM RANG SUM LEMBU TENUSU 

Oleh 

HASSAN FAZAELI 

September 2001 

Pengerusi: Profesor Madya Zainal Aznam Mohd Jelan Ph.D 

Fakulti: Pertanian 

Eksperimen telah dijalankan untuk mengkaji keupayaan pertumbuhan dan potensi 

fungus Pleurotus untuk melerai secara biologi jerami gandum dan untuk 

mengenalpasti kesan rawatan fungus keatas nilai pemakanan jerami dan 

penggunaannya di dalam makanan lembu tenusu. Keputusan menunjukkan terdapat 

potensi menggunakan fungus keatas jerami gandum. Diantara enam kultur 

Pleurotus, P-41, P-21, P-60, dan P-31 mempunyai keupayaan pertumbuhan yang 

tinggi (P<0.05) keatas jerami gandum. Penambahan 1 atau 2% nitrogen urea keatas 

jerami gandum tidak menambahkan kadar kolonisasi dan pertuInbuhan fungus. 

Rawatan fungus telah mengurangkan NDF dan ADF, meningkatkan CP dan 

pencernaan nutrien jerami gandum. Walau bagaimanapun, kultur P-30, P-41 dan P-

60 menunjukkan keupayaan yang tinggi (P<0.05) untuk melerai komponen dinding 

sel jerami dan memperbaiki IVDMD, IVOMD dan peleraian secara in sacco. 
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Merawat jerami gandurn dengan Pleurotus (P-41) samaada sebelum (FTWS) atau 

selepas penghasilan cendawan (SPWS) menghasilkan amaun pengambilan nutrien 

(DMI, OMI dan DOMI) yang lebih tinggi (P<0.05) apabila diberi makan kepada 

lembu. Pencemaan DM dan OM telah meningkat lebih daripada 10% dalam jerami 

yang dirawat dibandingkan dengan jerami gandum yang tidak dirawat. Dalam 

perbandingan dengan jerami tanpa rawatan, pemberian makan jerami gandum yang 

dirawat menghasilkan pH ruminal dan kepekutan nitrogen dari amonia yang tinggi 

yang menunjukkan pembaikan dalam fermentasi rumen. Pembaikan dalam nilai 

pemakanan adalah lebih tinggi dalam FTWS daripada SPWS. 

Di dalam kajian pemberian makanan, empat rangsum mengandungi 0, 10, 20 dan 

30% jerami gandum yang telah dirawat dengan fungus (P-41) telah diberi kepada 

lembu-lembu tenusu yang sedang diperah susu. Ia menunjukkan pengambilah DM, 

OM, DOM, CP, TDN dan NEL adalah serupa. Kesemua rangsurn menunjukkan 

penghasilan susu komposisi susu yang serupa, tetapi rangsum yang mengandungi 

20 dan 30% jerami yang dirawat menghasilkan kenaikan berat badan yang tinggi 

(P<0.05). Bagaimanapun, prestasi haiwan yang terbaik dan kecekapan makanan 

telah dicapai apabila jerami yang dirawat dimasukkan pada paras 20% daripada 

jumlah rangsum atau 40% daripada bahan serat. 

Apabila dua rangsum mengandungi 30% jerami yang dirawat atau tanpa rawatan 

fungus diberi makan kepada lembu tenusu perahan peringkat akhir, pencemaan 

nutrien dan pengambilan DM, OM, CP dan ME adalah lebih tinggi pad a lembu 

yang memakan jerami yang dirawat. Sebanyak l3% peningkatan dalam 
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penghasilan FCM oleh lembu yang diberi makan jerami yang dirawat. Pertambahan 

berat badan harian adalah 2.7 kali pada kumpulan jeram i yang dirawat b erbanding 

dengan kumpulan jerami yang tidak dirawat. Pembaikan pre stasi hai wan 

mengambarkan ke sed iaan lebih banyak bahan organik terhadam dan tenaga 

daripada jerami gandum yang dira wat dengan fungus. 

vii 



ACKNOWLEDGMENTS 

All my thanks to God for keeping me healthy and making me able to successfully 

finish this research work. I am extremely grateful to the Chairman of my Supervisory 

Committee, Dr. Zainal Aznam Mohd Jelan, Head, Department of Animal Science, 

Faculty of Agriculture, Universiti Putra Malaysia, for his guidance, advise and 

encouragement during my study. 

I would also like to express my thanks to members of the Supervisory Committee, Dr. 

lB. Liang and Mr. A Osman at Department of Animal Science, UPM; Iranian 

Advisors, Dr. AsIan Azizi, Head Department of Food Science, Agricultural 

Engineering Research Institute of Iran and Dr. H. Mahmoudzadeh, University of 

Tehran for their invaluable academic assistance and comments on my research and 

manuscript of the thesis. 

My appreciation is also extended to the authorities and academic staffs of Animal 

Science Research Institute of Iran, for their scientific discussion and providing the 

facilities to conduct the experiments. My special thanks to Dr. Y. Rouzbehan, Dr. M. 

Zahedifar, Dr. S.A. Mirhadi, Dr. A. Yaghoubfar, Dr. J. Tavakkolian, Dr. M.A. Kamali, 

Dr. AA Gharadagi, Dr. A. Nejati, Dr. H. Nourizian, Dr. F. Sarhaddi and Mr. S. Afraz 

for their help and kindness. Many thanks to the Director of the Agricultural 

Engineering Research Institute of Iran, Dr. E. Pazira who allowed me to use the 

laboratory and provided the fungal cultures. 

Vl11 



Many thanks to the members of the Feed and Dairy Analytical Sections, In Vivo 

Ruminant laboratory apd Dairy Farm at The Animal Science Research Institute of 

Iran, especially Mr. A.R. Safayi, Mr A. Alavi, Mr. A. Abbasi, Mr. H. Doulat-Abadi, 

Mr. M.H. Kohan-Khaki, Mr. S.F. Mousavi, Mr. Baghjeri, Miss Sigaroodi, Miss 

Rostami and Mr. M. Fiyroozbakht, who assisted me in the chemical analyses and in 

vivo measurements. 

I am grateful to the authorities and my colleagues whose names are not mentioned 

here, both from UPM as well as Iranian organizations who have supported me to 

complete this thesis. My great appreciation to the Ministry of Jahad Sazandegi of the 

Islamic Republic of Iran for their financial supports throughout this study. 

Finally, I pray to Allah to bless my parents who guided and supported me to achive the 

highest level of education. I wish to express my sincere gratitude to my wife Taherah 

and my children Raziah, Asyeh, Salman and Fataemeh for their constant 

encouragement and love. 

IX 



I certify that an Examination Committee met on 16th November 2001 to conduct the 
final examination of Hassan Fazaeli on his Doctor of Philosophy thesis entitled "Effect 
of fungal treatment on the nutritive value of wheat straw and its use in the diet of 
dairy. cattle" in accordance with Universiti Pertanian Malaysia (Higher Degree) Act 
1980 and Universiti Pertanian Malaysia (Higher Degree Regulations 1981). The 
Committee recommends that the candidate be awarded the relevant degree. Members 
of the Examination Committee are as follows: 

Mohd Ridzwan Abd. Halim Ph.D 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Chairman) 

Zainal Aznam Mohd Jelan Ph.D 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 

Liang Juan Boo Ph.D 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 

Homayoun Mahmoudzadeh Ph.D 
Assistant Professor 
Faculty of Veterinary Medicine 
University of Tehran 
(Member) 

AsIan Azizi Ph.D 
Agricultural Engineering Research Institute 
Ministry of Agriculture, Iran 
(Member) 

M�'ZAt�OHAYIDIN Ph.D 
ProfessorlDeputy Dean of Graduate School 
Universiti Putra Malaysia 

Date: 2 3 NOV 2001 

x 



This thesis submitted to the Senate of Universiti Putra Malaysia has been accepted as 
fulfilment of the requirement of the degree of Doctor of Philosophy. 

AINI IDRIS Ph.D 
Professor 
Dean of Graduate School 
Universiti Putra Malaysia 

Date: i1 0 JAN 2002 

Xl 



DECLARATION 

I hereby declare that this thesis is on my original work except for quotations and 

citations which have been duly acknowledged. I also declare that it has not been 

previously or concurrently submitted for any other degree at UPM or other institutions. 

~ 
Hassan Fazaeli 

Date: 4th September 2001 

xii 



TABLE OF CONTENTS 

Page 

DEDICATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . .  ii 
ABSTRACT . . .  . . . . . . . . . .  . . .  . . . . . . .  . . .  . . . .  . . . . . . . .  . .  . . . . .  . . . . . . . . . . .  . . .  . . . . . . .  . .  . . . . .  . . . . iii 
ABSTRAK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 
AC KNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  v iii 
APPROVAL SHEETS . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  x 
DEC LARA TION FORM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  xii 
LIST OF TAB LES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . .. . . . . . . . . . .  xv ii 
LIST OF FIG URES . .. . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . .  xx 
LIST OF ABBRE VIATIONS . .. . . . . .. . .. . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  xxi 

CHAPTER 

1 GENERAL INTROD UCTION 

1 . 1  Statement vf the Problem .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . 1 
1 .2 I mp ortance of the Wheat Straw Treatment by Fung i . .. . . . . 3 
1.3 General A im of the Pro ject . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . 4 
1.4 S p ecific Ob ject ives of the Pro ject . . . . . . .. ... . . . . . . . . . . . . . . .. .. 4 

2 LITERAT URE RE VIEW 

2. 1 Introduct ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 5 
2.2 Structural Characterist ics of Straw . ,  . . . ... " ... ... .. .. . .. ... 7 
2.3 Nutrit ive Value of Straw .. . . .  . .  . .  . . . . . .  . .  . .  . . .  . .  . .  . .. . .. . . . . . .  9 
2.4 Straw Treatments 

2.4. 1 Phys ical Treatments . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . .  1 0  
2.4.2 Chem ical Treatments . . . . . . . . . . . . .. . .. . . . . .... .. . .. . . 11 
2.4.3 Us ing of Treated Straw in Rum inant Nutrition. 15 

2.5 Appli cab ili ty of the Treatment Methods .. . . . . .. . . . . . . . ... . . .  17 
2.6 B iological Treatment of Straw 

2.6.1 B iolog ical Degradat ion of Lign in . . . .. . . . . . . . .. . . 1 9  
2.6.2 Lignolyt ic Enzymes . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 20 

2.7 Fungal Treat ment . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  24 
2.8 Treatment Straw with Pleurotus Fungi 

2.8. 1 Growing of Pleurotus s pp .  on Sstraw . . . . .. . . . .  3 1  
2.8.2 En zy matic Act iv ity of Pleurotus s pp .  . . . . . . . . . . .  3 1  
2.8.3 Effect of Pleurotus spp. on the Nutrit ive 

Value of Straw . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  32 
2.9 Su mmary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . 34 

xiii 



3 GROWTH CHARACTERISTICS OF PLEUROTUS FUNGI 
ON WHEAT STRAW AND BASALMEDIA 

3.1 Introduction ............ ......... ..................................... 35  
3.2 Materials and Methods 

3.2.1 Experiment I .. .. . .... . .. ..... .... ... . ... . . ...... ..... 3 7 

3.2.2 Experiment II ................................. ... 4 1  
3.3 Results 

3.3. 1 Experiment I .............. . . ......................... 42 
3.3.2 Experiment II .................................... 49 

3.4 Discussion 
3.4.1 Experiment I .. ................................. ..... 59 
3.4.2 Experiment II ..... . .................. .. ............ 6 1 

3.5 Conclusion ... ... . ... ..... .... . . .... ... .. . ..... ... ....... .. ...... 65 

4 EFFECT OF FUNGAL TREATMENT ON THE CHEMICAL 
COMPOSITION, IN VITRO DIGESTIBILITY AND IN SACCO 
DEGRADABILITY OF WHEAT STRAW 

4.1 Introduction........................................................ 67 
4.2 Materials and Methods 

4.2 . 1  Treatments ............... . .. . . . ................. ..... 70 
4.2.2 Cultures . .. ....... ..... .. . ..... ...... ..... ..... .... 70 
4.2 .3 Treating of Wheat Straw .... . ..................... 70 
4.2.4 Preparation of Spawn ......... ..................... 72 
4.2.5 Spawning ............................................. 74 
4.2.6 Fermentation ........................................ 74 
4.2.7 Preparation of Biomass ...... .. ............... 76 
4.2.8 Chemical Composition of Biomass .......... . .... 76 
4.2.9 Digestibility Studies ........... . ................ 77 
4.2 .l0 In sacco Degradability . ..... .. . .. .. ...... . ... . .. ... 77 
4.2.1 1 Experimental Design ............................... 79 

4.3 Results 
4.3.1 Effect of Treatments on Chemical 

ComposItIon ........... , . ........... " ........ " . . ... 80 
4.3.2 Effect of Pre-treatment . . .......................... 83 
4.3.3 In Vitro Digestibility ........ . ... ...... ......... . ... 85 
4.3.4 In sacco Degradability ......................... ... 86 

4.4 Discussion 
4.4.1 Effect of Fungi .. ............ . ....................... 94 
4.4.2 Effect of Pre-treatment ... ....... . ... ............... 100 

4.5 Conclusion . ...... .. .. . .. . .. . . . . ......... .. .. .. ......... .. . .. ... . 102 

5 EFFECT OF FUNGAL TREATMENT ON THE DIGESTION 
AND FERMENTATION OF WHEAT STRAW 

5.1 Introduction ..................... ...... ....................... .... 1 04 
5.2 Materials and Methods ................................... . ..... 1 06 

xiv 



5.3 

5.2.1 Treating Wheat Straw ... ... . . . . . . . ..... ... ........ 106 
5.2.2 Animals and Treatments ...... . ..... ....... .... ... 110 
5.2.3 Digestibility Determination .... . ... . . ... . . . . ..... 112 
5.2.4 Rumen Liquor Parameters .. .... .. ... ... . . . . ..... .  112 
5.2.5 Statistical Methods .. . .. . . ... . .. . . . . .. . . . ... . . . .... 113 

Results 
5.3.1 
5.3.2 
5.3.3 

Digestibility ....................................... . 

Nutrient Intake ..................................... . 
Ruminal Measurements .......................... . 

114 
114 
116 

5.4 Discussion 
5.4.1 Digestibility .... . ... ... . . . ... .  ......... .............. 119 
5.4.2 Nutrient Intake ....... . .  ..................... ....... 120 

5.4.3 Ruminal Measurements .. . . ..... ................... 121 
5.5 Conclusion ....... .... .  ...... ............ ......... ................ 122 

6 UTILISATION OF FUNGAL TREATED WHEAT STRAW 
BY DAIRY COWS 

6.1 Introduction . . . . . . . . . . ......... . . .. . ... . . . . . . . . . .. . ... . ... . .. 124 
6.2 Materials and Methods 

6.3 

6.2.1 Treatment of Wheat Straw ....................... 126 
6.2.2 Animal and Management . . . .. ..... . . .. ... . ... . . . .  126 
6.2.3 Diets ... . .. . . . . . .. ........... ......................... 126 
6.2.4 Feeding . ...... .... . . . ... ... . . . ... . . . .... . ........... 13 1 
6.2.5 Experimental Design .. . . ....... . . ... . ... . ...... . . .  13 1 
6.2.6 Measurements .. ....... ... ..... ...... . ... . .... ...... 133 
Results 
6.3.1 
6.3.2 
6.3.3 
6.3.4 

Diet Composition ................................ . 

D· 'b'l' 1gesti 1 lty ...................................... . 
Nutrient Intake ................................... . 

Animal Performance ............................. . 
Discussion 

13 4 
13 5 
13 5 
139 

6.4.1 Diets Composition and Digestibility . . . .. . . ..... 143 
6.4.2 Nutrient Intake .. . ....... ... ..... .... ... ..... ....... 144 
6.4.3 Animal Perforemance .. ........................... 145 
6.4.4 Efficiency of the Diets . .. . . . .. . . . . ... ............. 147 

6.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 

7 COMPARING THE FUNGAL TREATED WITH UNTREATED 
WHEA T STRAW IN THE DIET OF DAIRY COWS 

7.1 Introduction .... .. . .. . . . . ...... .. . . . . . ... . . ... .. . . . . . . . .. . . . ...... 149 
7.2 Materials and Methods 

7.2.1 Animals .. . ... . .... . ... .. . . ..... .. . . . . ...... . . ... . . . . . 150 
7.2.2 Diets...... ... . . . . . . ... ......................... ....... . 150 
7.2.3 Measurements........................................ 151 
7.2.4 Statistical Analyses .. ... . .... . . ........ .... . . . . .... 151 

xv 



7.3 Results 
7.3.1 
7.3.2 
7.3.3 
7.3.4 

Diet Composition ........ ........ .. ... ... ..... .. ... . 154 
Digestibility of the Diets .......................... 154 
Nutrient Intake ...................................... 157 
Animal Performance .. .... ....... ......... .. ...... . 158 

7.4 Discussion 
7.4. l Diets Composition and Digestibility ........... .. 16: 
7.4.2 Nutrient Intake . . . .. .. .... .. . . ... ............ . ..... .. 16 3 
7.4.3 Animal Performance . . .. . .. . .. . . . .. .. . . . . .. .. . . . .... 16 4 
7. 4.4 Feed Efficiency . ... ... ... .. ... ... ... .. ............... 165 

7.5 Conclusion. . .... ... . .. ....... .............. ...... .... ........ .... 166 

8 GENERAL DISCUSSION AND CONCLUSIONS .. ... . . .. . .. ..... 167 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 177 

APPENDICES ....... .... ... ... ...... ........... ......... .  . 196 

BIODATA OF THE AUTHOR .. .. .. .... . . .. ..... ... . .... . ... .... .... .. 253 

xvi 



LIST OF TABLES 

Page 

2.1 Enzyme profiles of some fungi and their activities....................... 23  

2.2 High capacity fungi to increase digestibility (in vitro) of wheat straw. 26 

3.1.1 The average surface area (cm2) covered by mycelium of different 
species in all substrates...................................................... 4 4  

3.1.2 The average surface area (cm2) covered by mycelium on differen 
substrates........ .... ..................... ...... ..... ....... ...... ...... ......... 45 

3.1.3 Mean (± se) cumulative growth of various cultures (cm2� different 
media during three weeks of incubation..................... .. ......... 47 

3.1.4 Mean (± se) growth rate of various cultures on different media 
during each period of incubation, based on the surface (cm2) area 
covered by mycelium ...................................................... '" 48 

3.2.1 Mean (± se) growth rate of the mycelium on the different substrate 
based on the surface area (cm2) covering of the substrate......... .. .... 49 

3.2.2 Average (± sd) growth rate of the mycelium of different cultures 
based on the surface area covering (cm2) of the substrate...... . .. . . . . . . 52 

3.2.3 Average (± se) cumulative growth of cultures on the various 
substrate based on the surface area covering (cm2) by mycelium.. . . . . 54 

3.2.4 Average (± sd) specific growth rate of mycelium (cm2) on different 
substrates ....................................................................... 55 

3.2.5 Average (± sd) DM and OM losses of untreated or urea treated 
wheat straw after fermentation by fungi (based on the % of initial 
weight).......................................................................... 57 

3.2.6 Effect of different cultures on average (± se) DM and OM loss of 
untreated or urea treated wheat straw (based on the % of initial 
weight) ........................................................................ 58 

4.1 Average (± sd) chemical composition of untreated and fungal treated 
wheat straw. . . .. . . . . . . . . . . . . . .. . . . . . .. .. . .. . .. . . .. . . . . .. . . . .. . .. . . .. . .. . . . . . .. 81 

4.2 Average (± sd) cell wall component of untreated and fungal treated 
wheat straw (% ofDM basis)................................................ 82 

xvii 



4.3 Effect of the pre-treatment (pasteurisation) on the average (± sd) 
chemical composition (% DM) of fungal treated wheat straw.......... 84 

4.4 In vitro digestibility (mean ± sd) of untreated and fungal treated 
wheat straw (based on the % of DM)....................................... 86 

4.5 Average (± sd) degradability (%) of DM at different incubation 
times and ADF degradation at 48h incubation.. . . .. ..... . ... . . . . . . . .. . . .. 88 

4.6 Average (± sd) degradability (%) of OM at different incubation 
times............................................................................. 89 

4.7 Effect of treatment on the DM degradability parameters (mean ± sd) 
of wheat straw...... .. . . . .. .. ... ... .. .... ... . .. ... ......... . .. .. . .. . ... ......... 90 

4.8 Effect of fungal treatment on the OM degradability paramel :; (mean 
± sd) of wheat straw............................................................ 91 

5.1 Effect of fungal treatment on the average (± sd) nutrient intake and 
in vivo digestibility of wheat straw ........................................ 115 

5.2 Effect of the treatments on the average (± sd) pH of the rumen 
liquor........... ....... .............. ............................................ 117 

5.3 Effect of treatments on the average (± sd) ammonia concentration in 
rumen liquors (mg/100ml)....... ..... ........................... .... ........ 118 

6.1 Chemical composition (%) of feedstuffs used in the experimental 
diets.............................................................................. 128 

6.2 Formulation of the experimental diets (DM basis)....................... 129 

6.3 Composition of the formulated diets based on the estimation........... 130 

6.4 Mean (± sd) of chemical compositions and the energy content of the 
diets.............................................................................. 136 

6.5 Mean (± sd) of in vivo digestibility of the nutrients and gross energy 
of the diets (%)......... ... ... ...... .................................... ........ 137 

6.6 Average (± sd) nutrient intake by the cows fed different diets.......... 138 

6.7 Effects of diets on the average (± sd) milk yield and composition and 
body weight gains...... ... ...................................... .............. 140 

6.8 Efficiency of the diets and animal performance........................... 142 

xviii 



7.1 Formulation of the experimental diets (DM basis).................. ...... 152 

7.2 Estimated composition of the diets (DM basis)........................... 153 

7.3 Average (± sd) nutrient components (% DM basis) of the actual 
diets.............................................................................. 155 

7.4 Average (± sd) nutrient digestibilities (%) of the diets fed to the 
experimental cattle............................................................ 156 

7.5 Effect of diet on the average (± sd) nutrient intake........ ............... 157 

7.6 Effect of the diet on the average (± sd) milk production and 
composition . . . . . . . . . . . . . . . . .. ... ... . . . ... .. . . .. . . . . . . .. . . . . .. . . . . .. . . . . . .. .. ... 159 

7.7 Effect of diets on the average (± sd) efficiency and body w ';ht...... 161 

xix 



LIST OF FIGURES 

Page 

2.1 Various processing methods of straw........................................ 14 

2.2 Lignolytic enzymes and their activity............ ...... ...................... 2 1  

2.3 Mechanism of the oxidative activation of enzymes ............ ,........... 2 2  

3.1 Prepared fungi mother cultures............................................ .... 39 

3.2 Fungi cultures prepared in plates and used for inoculation. . . . . . . . . . . . . . . 39 

3.3 Comparison of growth of fungi cultures on wheat straw. . . . . . . . . . . . . . . . . . 51 

3.4 Mycellial running of the fungi on wheat straw.............................. 51  

4.1 Prepared spawn in milk bottles...... ...... ........................... ......... 73 

4.2 Packed straw after spawning ...... ......... ... ........................... .... 75 

4.3 Fermentation chamber...... ............ .... ....................... ......... ... 75  

4.4 Fistulated bulls used for in sacco experiment. .............................. 78 

4.5 The DM degradability curves of untreated and fungal treated straw 
with four cultures, calculated from the equation . . . . .. .. . . .. . . . . . . .. . . . ... 92  

4.6 The OM degradability curves of untreated and fungal treated straw 
with four cultures, calculated from the equation... . .. . ... . . .. . ... . . . . . . .. . 93 

5.1 Barrel used for pasteurisation ...................................... :.......... 107 

5.2 Growth of mushroom (P-41) on wheat straw............................... 109 

5.3 Treated straw after mushroom was harvested .............................. 109 

5.4 Fistulated bulls used in in vivo experiment ............ ..................... 111 

xx 



AOAC 

ADF 

Ad lib 

AERI 

AHP-WS 

ASH 

BW 

BWG 

C 

Ca 

CaO 

Ca (OHh 

CF 

CL 

CIN 

CP 

CPI 

d 

DE 

LIST OF ABBREVIATIONS 

Association of official analytical chemist 

Acid detergent fibre 

Ad libitum 

Agricultural engineering research institute ofIran 

Alkaline hydrogen peroxide treated wheat straw 

Non-organic compounds 

Body weight 

Body weight gain 

Carbon 

Degree Celsius 

Calcium 

Calcium oxide 

Calcium dihydroxide 

Crude fibre 

Cellulose 

Square centimeter 

Carbon nitrogen ratio 

Crude protein 

Crude protein intake 

Day 

Digestible energy 

xxi 



DM Dry matter 

DMD Dry matter digestibility 

DMI Dry matter intake 

DOM! Digestible organic matter intake 

EE Ether extract 

FCM 4 percent fat corrected milk 

FTWS Fungal treated wheat straw 

g Gram 

GE Gross energy 

GLM General linear model 

h hour 

H hydrogen 

HCL Hemi cellulose 

H202 Dihydrogen dioxide 

IBW Initial body wieght 

IVDMD In vitro dry matter digestibility 

IVOMD In vitro organic matter digestibility 

Kg Kilogram 

Meal Mega calorie 

Mn Manganez 

N Nitrogen 

NaOH Sodium hydroxide 

NDF Neutral detergent fibre 

NEE Net energy efficiency 

xxii 



NH3 

NFE 

NH3-N 

N�(HC03) 

�CL 

NEL 

NEd 

NRC 

NS 

NVI 

OM 

OMD 

OMI 

P 

Pasteurisation 

PDA 

pH 

SAS 

SEM 

SD 

SNF 

SOL 

S02 

Ammonia 

Nitrogen free extract 

Ammonia nitrogen 

Ammonium hydrogen carbonate 

Ammonium cloride 

Net energy lactation 

Net energy lactation Intake 

National Research Council 

Non-significant 

Nutritive value index 

Organic matter 

Organic matter digestibility 

Organic matter intake 

Phosphorous 

Heating of wet substare to provide favorate conditions for 

mycellial running 

Potato dextrose agar 

Hydrogen ion concentration 

Statistical analytical system 

Standard error of mean 

Standard deviation 

Solid non fat 

Significant observed level 

Sulfur dioxide 

xxiii 


