Cairo University

Studies on Microbial Degradation of Some
Agricultural Wastes

Presented by

Akram Hassan Mohamed
B.Sc. (2008)

A Thesis Submitted to Faculty of Science
In Partial Fulfillment of
The Requirements for the degree of
MASTER OF SCIENCE
(Microbiology)
Botany and Microbiology Department
Faculty of Science

Cairo University

(2016)



Approval sheet

TITLE OF THE M.S.C THESIS :

Studies on Microbial Degradation of Some Agricultural
Wastes

Name of the candidate

Akram Hassan Mohamed

This thesis has been approved for submission by the
supervisors:

Prof. Dr. Nahed Z. M. Haikal

Professor of Microbiology ;Botany Department , Faculty of Science ,Cairo
University

/

Signature ... /\/ s /4(247 ..................................................

Prof .Dr. Saleh Ahmed Saleh

Profeséor of soil Microbiology, Head of Microbial Genetic Resources
Department, National Gene Bank (NGB), Agricultural Research Center
(ARC)

Prof .Dr. Wafaa.M.Amer
e YR LS
Head of the Bofany ickobiology Department

Faculty of Science
Cairo University



Besides the work carried out in this thesis the candidate Akram
Hassan Mohamed has attended postgraduate courses during the
academic year 2008-2009 in the following topics:

Biostatistics .

Instrumental Microanalysis .

Tissue culture & Biotechnology .

Radiobiology .

Seed Microbiology .

Soil Microbiology .

Host parasite interaction.

Advanced virology.

Foreign language (German language).

He has also passed successfully an examination on the

above mentioned topics.

Prof .Dr. Wafaa.M.Amer

( )

Head of the Botany and Microbiology Department
Faculty of Science
Cairo University



Cairo University
Faculty of Science

Post Graduate Studies and Research

Student code: 8604012

~

Degree M. Sc. Degree Percent General Grade
. . 85.1% Very Good
Specialization Microbiology
Date code Subject Name Mark Points Grade

January 2009 MS676 |Biostatistics 99 4.9 | Distinguished
[ ——
January 2009( CA626 [Instrumental Microanalysis 97 4.7 Distinguished
January 2009 BPP657 [Tissue Culture &Biotechnlogy 94 4.4 Distinguished
[
January 2009 B601 Radiobiology 72 2:2 Good
| June 2009 BM629 |Seed Microbiology 76 2.6 Good

June 2009 BMG627  |Soil Microbiology 62 1:2 Passed

June 2009 BMG626 [Host Parasite Interaction 140 4.33 | Distinguished
%

June 2009 BM625  |Advanced Virology 126 3.4 Very Good
i |

The Dean

= =

el & lreeld

=St

2_ éAZoié

N whed

ehol




Abstract
Student Name: Akram Hassan Mohamed
Title: Studies on microbial degradation of some Agricultural wastes
Degree: The master of science (Microbiology)

Biodegradation of agricultural wastes by microorganisms is an acceptable method which
results in useful end product andreduces environmental pollution. Two agricultural wastes
(sugar cane bagasse and rice straw) weresubjected to biodegradation. One hundred and forty
microbial isolates (fungi, actinomycetes and bacteria) were isolated from different sources,
were screened for cellulase production on carboxymethylcellulose(CMC) agar. The most
active (67)selected isolates were secondary screenedfor their ability for production of
cellulolytic enzymes using alkali pretreated sugar cane bagasse and rice straw as sole carbon
sources. Three enzymatic activities namely, (FPase, CMCase and Xxylanase) were
determined.Microbial isolates exhibited high variation in their cellulolytic activity. Based on
the results of secondary screening experiment, the highly active seven microbial strains (3
fungi, 2 actinomycetes and 2bacteria) were further investigated for their ability to degrade the
untreated as well as alkali pretreated sugar cane bagasse and rice straw through solid state
fermentation (SSF) experiment. After 15-30 days of fermentation, cellulolytic activity and
Physicochemical parameters (EC, pH, weight loss %, N% and C/N ratio) of fermented
substrates were evaluated. The 7 microbial strains showed variation in their ability for
degradation of agricultural wastes depending on the type of agricultural wastes and the
duration of fermentation. F14 (Aspergillus terreus) gave the highest FPase activity on both
agricultural wastes. While, the highest CMCase activities were obtained by F53
(penecilliumchrysogenum) to be 4.99 and 5.97U/g on alkali pretreated sugar cane bagasse and
rice straw, respectively. On the other hand, A15 (streptomyces sp.)exhibited high xylanase
activities by 44.65 and 46.56 U/g on untreated and alkali pretreated sugar cane bagasse,
respectively. While, the highest xylanase activity 62.66U/g was recorded by B8 (Bacillus
subtilis) on untreated rice straw after 30 days. Regarding to the C/N ratio, which is considered as a
determining factor for degradation and maturity of agricultural wastes. The C/N ratio of alkali
pretreated sugar cane bagasse, were reduced to 44:1 by F53(penecillium chrysogenum),while the
untreated rice straw was reduced to 36:1.0n the other hand, C/N ratio of alkali pretreated rice straw
reduced to (18:1),(25:1),(26:1) and (22:1) by local strainsF14(Aspergillus terreus), F53(penecillium
chrysogenum) , F61 (Scopulariopsis halophilica) and A15(streptomyces sp.) respectively, after 30 days

of fermentation.
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1- Prof. Dr. Nahed Z. M. Haikal ( )
2- Prof.Dr. Saleh Ahmed Saleh ( )
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Head of the Botany and Microbiology Department
Faculty of Science
Cairo University



List of contents

Title Page
INErOdUCTION L. oo 1
1. LITERATURE REVIEW 4
1.1 Overview on the agricultural wastes ...............ccccooviiiiiiiiininnn. 4
1.2 Types of Agricultural wastes ...........................cco 8
121 RICESIAW ....ooooiiiiiii 8
1.2.2 CorncCrop reSidUBS ................oouiuiiiiiee e 9
1.2.3 WREAL SIrAW ..o, 10
1.2.4  SuQar CaNe DAGASSE. ... ..eutt ettt 10
1.3 The main Components of plant residues .................................... 11
1.3 L CellUlOSe ... 11
1.3.2Hemicellulose ... 12
L33 LUGNIN Lo, 13
1.4 Enzyme sets for Biodegradation of plant polysaccharides............ 14
1AL ClUIASES ... 14
LA2 XYIANASES ... 17
1.4.3 Lignin degrading ENZYMEeS ............cooiuiniiieiiiiiiiiiiaiainannnn, 18
1.5 Cellulolytic microorganisms and its role in degradation of
AQIICUITUIal WaSTeS. .ueuiiniiniieiniiiieieeearensansessssnsensessesonssnsssnnes 19
LD L FUNGE e 20
152 BACEITA ...ooooiiiiiiiiiiiie e 25
1.5.3 ACHINOMYCELES ... 26
1.6 Biodegradtion of Agricultural wastes as a key role in many
important application...................ccoooiiiiiiii 28
1.6.1 Agricultural Applications ... 28
1.6.2 Industrial Applications .....................ccoooviiiiiiiiii 31
1.6.3 Microbial Pigments .......................ccco 38
2 Materials & MethodsS ..........ccccoiiiiiiiiiiiiiiiii i 39
2 MALEITANS ... 39
2L LIMEAIA ...t 39
2.1.2 Salt solutions ,Reagents , Buffers, standards and substrate ............... 45
2.2 MEENOAS ... 48
2.2.1 Isolation of MiCroorganisSms. ..............c.oveiiiniiniiiaiiiin ... 48
2.2.2 Screening of cellulolytic microorganisms......c.eeeeeeeeeeereenennnns 49
2.2.3 Enzyme production of cellulolytic microorganisms 50
2.2.4 Enzyme Assays of cellulolytic Microorganisms ............................ 51
2.2.5 Protein determination ...................ccccoivviiiiiiiiii 55
2.2.6 Solid State Fermentation of agricultural wastes using cellulolytic
MICIOONQANISIMNS. ...\ttt e 55
2.2.7 Analysis of fermented WaSteS....eeeeereereeeeereeenrenransescesensansanes 57
2.2.8 Statistical analysis ......................ccooiiii 60
2.2.9 ldentification of microorganisms .......................cccociiiiiiiiiiiiil 60




B RESUITS. ... 63
3.1 Isolation of microorganisms from different sources ...................... 63
3.2 Primary screening of different microbial isolates for their cellulolytic
activity 63
3.3 Identification of the most active cellulolytic microbial isolates 67
3.4 Secondary screening for cellulolytic activity of microbial isolates: 70
3.5 Effect of using different agricultural wastes on the cellulolytic
enzymes production by microbial isolates 70
3.5.1 Quantitative determination of FPase activity (Exoglucanase) 71
3.5. Quantitative determination of CMCase activity (Endoglucanase) 76
3.5.3 Quantitative determination of Xylanase activity (Hemicellulase).... 81
3.6 Genotypic characterization of the most efficient

cellulolytic actinomycete and bacterial isolates 86
3.6.1  DNASOIALION ...t 86
3.6.2 PCR amplification of 16 S TRNA geNE ...........cccooommrreormmmmrrrrrreccrrrssrrrrinn, 87
3.6.3 DNA sequencing of 16 ST RNA QENE ........oovvvvvvveceirrrrririsrsrserericernenns 88
3.7 Solid state fermentation (SSF) of some agricultural

wastes using the most efficient cellulolytic microorganisms 89
3.7.1 Production of Fpase (exoglucanase) during solid state fermentation
(SSF) . e 90
3.7.2 Production of CMCase (Endoglucanase) during solid state
fermentation (SSF) 94
3.7.3 Production of xylanase (Hemicellulase ) during solid state
fermentation (SSF) ..................cccooiiiiiiiiiiiiii 98
3.8  Physiochemical changes during solid state fermentation ......... 102
3.8.1 Weight loss as a parameter of biodegradability of agricultural wastes | 102
3.8.2 pH changes during solid state fermentation of different agricultural | 105
wastes.

3.8.3 Electrical conductivity (E.C.) of fermented agricultural wastes 110
3.8.4 Changes of Nitrogen percent during fermentation. 115
3.8.5 Changes of C/N ratio during solid statement fermentation of wastes. 120
DISSCUSION 123
CONCLUSION 139
SUMMARY 140
REFERENCES ... ...t 143

ARABIC SUMMARY e




List of Tables

Table

Title

Page

Primary screening of fungal isolates for their cellulolytic
activity

64

Primary screening of actinomycetes and bacterial isolates for
their cellulolytic activity

65

Location of isolation , sources and identification to species level
of cellulolytic fungal isolates

68

FPase (exoglucanase ) production by cellulolytic fungal isolates
using alkali pretreated sugar cane bagasse and rice straw as a
sole carbon source

73

FPase (exoglucanase ) production by cellulolytic actinomycete
isolates using alkali pretreated sugar cane bagasse and rice
straw as a sole carbon source

75

FPase (exoglucanase ) production by cellulolytic bacterial
isolates using alkali pretreated sugar cane bagasse and rice
straw as a sole carbon source.

75

CMCase (endoglucanase ) production by cellulolytic fungal
isolates using alkali pretreated sugar cane bagasse and rice
straw as a sole carbon source.

78

CMCase (endoglucanase ) production by cellulolytic
actinomycete  isolates using alkali pretreated sugar cane
bagasse and rice straw as a sole carbon.

80

CMCase (endoglucanase ) production by cellulolytic Bacterial
isolates using alkali pretreated sugar cane bagasse and rice
straw as a sole carbon source.

80

10

xylanase (Hemicellulase ) production by cellulolytic fungal
isolates using alkali pretreated sugar cane bagasse and rice
straw as a sole carbon source

83

11

xylanase  (Hemicellulase)  production by cellulolytic
actinomycete  isolates using alkali pretreated sugar cane
bagasse and rice straw as a sole carbon source.

85




Table

Title

Page

12

xylanase (Hemicellulase) production by cellulolytic bacterial
isolates using alkali pretreated sugar cane bagasse and rice
straw as a sole carbon source

85

13

location, source of isolation and 16 srRNA accession numbers
for the most efficient cellulolytic actinomycete and bacterial
local strains used in solid state fermentation experiment.

88

14

FPase ( exoglucanase ) activity of tested fungal isolates at two
time intervals (15 & 30 days) during solid state fermentation of
untreated and pretreated sugar cane bagasse (SCB) as well as
rice straw (R.S)

92

15

FPase ( exoglucanase ) activity of tested actinomycete strains at
two time intervals (15 & 30 days) during solid state
fermentation of untreated and pretreated sugar cane bagasse
(SCB) as well as rice straw (R.S).

92

16

FPase( exoglucanase ) activity of tested bacterial strains at two
time intervals (15 & 30 days) during solid state fermentation of
untreated and pretreated sugar cane bagasse (SCB) as well as
rice straw (R.S)

93

17

CMCase (endoglucanase ) activity of tested fungal isolates at
two time intervals (15 & 30 days) during solid state
fermentation of untreated and pretreated sugar cane bagasse
(SCB) as well as rice straw (R.S).

96

18

CMCase (endoglucanase ) activity of tested actinomycete
strains at two time intervals (15 & 30 days) during solid state
fermentation of untreated and pretreated sugar cane bagasse
(SCB) as well as rice straw (R.S).

96

19

CMCase (endoglucanase ) activity of tested bacterial strains at
two time intervals (15 & 30 days) during solid state
fermentation of untreated and pretreated sugar cane bagasse
(SCB) as well as rice straw (R.S)

97

20

xylanase (hemicellulase) activity of tested fungal isolates at two
time intervals (15 & 30 days) during solid state fermentation of
untreated and pretreated sugar cane bagasse (SCB) as well as
rice straw (R.S).

100




Table

Title

Page

21

xylanase (hemicellulase) activity of tested actinomycete strains
at two time intervals (15 & 30 days) during solid state
fermentation of untreated and pretreated sugar cane bagasse
(SCB) as well as rice straw (R.S

100

22

xylanase (hemicellulase) activity of tested bacterial strains at two
time intervals (15 & 30 days) during solid state fermentation of
untreated and pretreated sugar cane bagasse (SCB) as well as rice
straw (R.S

101

23

weight loss percentage by tested Fungal isolates at two time
intervals (15 & 30 days) during solid state fermentation of
untreated and pretreated sugar cane bagasse (SCB) as well as rice
straw (R.S).

103

24

weight loss percentage by tested actinomycete strains at two time
intervals (15 & 30 days) during solid state fermentation of
untreated and pretreated sugar cane bagasse (SCB) as well as rice
straw (R.S).

104

25

weight loss percentage by tested bacterial strains at two time
intervals (15 & 30 days) during solid state fermentation of
untreated and pretreated sugar cane bagasse (SCB) as well as rice
straw (R.S).

104

26

Changes in C:N ratio by fungal isolates for fermented untreated
and alkali pretreated sugar cane bagasse as well as rice straw
after 15 and 30 days of fermentation.

121

27

Changes in C:N ratio by actinomycete strains for fermented
untreated and alkali pretreated sugar cane bagasse as well as rice
straw after 15 and 30 days of fermentation.

122

28

Changes in C:N ratio by bacterial strains for fermented untreated
and alkali pretreated sugar cane bagasse as well as rice straw
after 15 and 30 days of fermentation.

122




List of figures

Figure Title Page

1 Diagrammatic illustration of the framework of lignocellulose; | 13
cellulose; hemicellulose and lignin.

2 Fermentation process for ethanol production 33

3 Cellulolytic activity of some tested microbial isolates using | 66
carboxymethylcellulolse —congo red media.

4 purified genomic DNA of actinomycete and bacterial isolates. 86

5 16 S rRNA PCR products (1500 bP) of actinomycete and | 87
bacterial isolates

6.a pH change of fermented alkali pretreated (TR) and untreated | 107
rice straw (UTR) by bacterial strains after 15 & 30 days .

6.b pH changes of fermented alkali pretreated (TR) and untreated | 107
rice straw (UTR) by fungal isolates after 15 & 30 days .

7.a pH changes of fermented alkali pretreated (TB) and untreated | 108
sugar cane bagasse (UTB) by actinomycete strains after 15 &

30 days.

7.b pH changes of fermented alkali pretreated (TR) and untreated | 108
rice straw (UTR) by actinomycete strains after 15 & 30 days of
fermentation .

8.a pH changes of fermented alkali pretreated (TB) and untreated | 109
sugar cane bagasse (UTB) by bacterial strains after 15 & 30
days .

8.b pH change of fermented alkali pretreated (TR) and untreated | 109
rice straw (UTR) by bacterial strains after 15 & 30 days .

9.a Electrical conductivity (E.C.)changes of fermented alkali | 112

pretreated (TB) and untreated sugar cane bagasse (UTB) by
fungal isolates after 15 & 30 days.




Figure Title Page

9.b Electrical conductivity (E.C.) changes of fermented alkali | 112
pretreated (TR) and untreated rice straw (UTR) by fungal
isolates after 15 & 30 days.

10.a Electrical conductivity (E.C.) changes of fermented alkali | 113
pretreated (TB) and untreated sugar cane bagasse (UTB) by
actinomycete isolates after 15 & 30 days .

10.b Electrical conductivity (E.C.) changes of fermented alkali | 113
pretreated (TR) and untreated rice straw (UTR) by
actinomyecete isolates after 15 & 30 days .

1la Electrical conductivity (E.C.) changes of fermented alkali 114
pretreated (TB) and untreated sugar cane bagasse (UTB) by
bacterial strains after 15 & 30 days

11.b Electrical conductivity (E.C.) changes of fermented alkali | 114
pretreated (TR) and untreated rice straw (UTR) by bacterial
isolates after 15 & 30 days .

12.a Changes of N % in fermented alkali pretreated (TB) and | 117
untreated sugar cane bagasse (UTB) by fungal isolates after 15
& 30 days.

12.b Changes of N % in fermented alkali pretreated (TR) and | 117
untreated rice straw (UTR) by Fungal isolates after 15 & 30
days.

13.a Changes of N % in fermented alkali pretreated (TB) and | 118
untreated sugar cane bagasse (UTB) by actinomycete strains
after 15 & 30 days.

13.b Changes of N % in fermented alkali pretreated (TR) and 118
untreated rice straw (UTR) by actinomycete strains after 15 &

30 days.

14.a Changes of N % in fermented alkali pretreated (TB) and 119
untreated sugar cane bagasse (UTB) by bacterial strains after 15
& 30 days.

14.b Changes of N % in fermented alkali pretreated (TR) and 119

untreated rice straw (UTR) by bacterial strains after 15 & 30
days of fermentation.




