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Abstract 

Hared lignocellulosic structure of rice straw is the main hindrance in biogas production process. Thus, 

laboratory scale batch experiment was conducted to study the effect of different pretreatments of rice straw on 

anaerobic digestion. For this reasons, different pretreatments of rice straw prior anaerobic digestion was run using 

chemical activator, cattle dung, Tricoderma viride, phanerochaete chrysosporium and effective microorganisms 

under aerobic and semi aerobic conditions to study the effect of these pretreatments on the speed and production 

of biogas. The results indicated that semi aerobic pretreatment has significantly increased the production of biogas 

more than aerobic pretreatments. The highest yield of biogas and methane production were obtained after 

anaerobic digestion process at three days from pretreatments. Pretreatment T4 (rice straw + cattle dung + effective 

microorganisms + starter) achieved in semi aerobic in biogas and methane higher than aerobic pretreatments 

where, obtained 9.37, 5.94 L biogas and 5.42, 3.22 L methane, respectively. Biogas and methane production rates 

were based on either total solid or volatile solid where, ranged between 46.60- 381.83 L/Kg consumed biogas and 

18.98- 220.86 L/Kg consumed methane. Volatile fatty acids concentration were increased during pretreatments to 

reach the highest concentration after three days, then decreased subsequently, meanwhile the concentration 

decreased after anaerobic fermentation process. Also, the pH values increased at the end of anaerobic digestion 

the values ranged between 7.02-8.28. Ammonical- N concentration was decreased during pretreatments to reach 

its lowest the concentration after seven days, then decreased at the end of fermentation process where, ranged 

between 23-138 mg/Kg in final anaerobic digestion process. Pretreatment T4B3 (rice straw + cattle dung + 

effective microorganisms + starter) after three days from semi aerobic led to the best biogas manure which 

contents much humic substances.          
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Introduction 

 

The amount of agricultural wastes in Egypt 

represents in recent years, about 116.5 million tons / 

year whether they are plant or animal residues (ADP, 

2016). Rice straw is a major agricultural waste and the 

amount rice straw reached approximately 3.12 million 

ton per year in Egypt (MALR, 2015).  Lignocellulosic 

biomass of rice straw was contains about 19–27% 

hemicellulose, 32–47% cellulose, and 5–24% lignin, 

and is difficult to digest (Liu et al., 2018). The most 

traditional utilization of rice by-products incorporate 

straw and hull for energy production of biogas through 

anaerobic digestion, animal feed, building materials 

and paper make. A stand by to reusing such waste is 

the compost production through microbial activity 

(Ali, 2011).  
Anaerobic digestion is a complex biochemical 

process amid which organic materials are breakdown 

by a consortium of microbial, without oxygen, 

bringing about the generation of biogas (Lim et al., 

2018). 

Zhou et al. (2012) revealed that microbial 

pretreatment of corn stalks was done and it was 

discovered that corn straws pretreated with cow dung 

and sludge produced 19.6% and 18.9% higher 

cumulative biogas yield separately when contrasted 

with untreated straws by solid state anaerobic 

digestion performed for 60 days.  

Ariunbaatar et al. (2014) found that the grinding, 

milling just as homogenization forms act to build the 

particular surface territory and uncover the cell 

segments of the natural waste for microbial 

degradation. An intricate surface area increment the 

substrate bacteria contact which accelerate the 

anaerobic digestion of organic solid waste.  

Jönsson and Martin (2016) found that biological 

pretreatment of anaerobic digestion substrates is done 

under both aerobic and anaerobic conditions a 

longside addition of specific enzymes, for example, 

lipases, peptidases, cellulases among others to the 

anaerobic digestion process.  

Awe et al. (2017) reported that biogas is worthy 

renewable energy with secondary energy carrier and 

its make can be achieved from biodegradable organic 

materials and it is essentially consist of gases of 

methane (CH4), carbon dioxide (CO2), less amount of 

hydrogen sulphide (H2S) gas with some amount of 

dampness and siloxanes. Synthesis of biogas with 

percentage of every constituent gas is 45-70% of 

methane (CH4), 30-40% of carbon dioxide gas (CO2) 

and 1-1.5% of nitrogen (N2) gas as major components 

and it is differ in compositions dependent on source of 

biogas production (sewage digester, organic residues 

digester and landfill sources). In production of 

chemicals or biochemical, hydrogen and synthesis 

gas, biogas is utilized as beginning material or fuel 

sources.  
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Yıldırım et al. (2017) found that biological 

pretreatment is for the most part connected with the 

utilization of biological operators or fungal species 

that produce enzymes capable of breakdown the solid 

organic wastes.    

 

Materials and Methods 

 

Rice straw was collected from Moshtohor 

surrounding Farms, Kalubia Governorate, Egypt. It 

was air dried and hacked to little pieces (3-5cm) 

before pretreatment to give a huge surface for liquid 

adhesion and direct contact with microorganisms. 

Fresh cattle dung was gathered from the farms of 

Faculty of Agriculture farm, Moshtohor, Kalubia 

Governorate. It was utilized as fresh as possible inside 

1-2 days. Starter was taken from an old working 

biogas digester at Training Center for Recycling of 

Agricultural Residues (TCRAR), Agric, Res. Center 

at Moshtohor, Kalubia Governorate. Effective 

microorganisms (EM) were provided from Ministry of 

State for Environmental Affairs. Trichoderma viride 

strain (NRRL3635) and Phanerochaete 

chrysosporium strain (NRRL3659) were acquired 

from Microbiology Department, Soils, Water and 

Environment Research Inst. (SWRI). Agric. Res. 

Center (ARC), Giza, Egypt. While, Trichoderma 

viride was used as cellulose decomposers (Tom Volk, 

2004) and Phanerochaete chrysosporium was utilized 

as lignin decomposers (Sheldon et al., 2008). All 

chemicals and salts were kindly provided by Sigma-

aldrith Co. 

Preparation of inoculants: 

Flasks containing 150 ml of sterilized Czapeck- 

Dox medium for both Trichoderma viride and 

Phanerochaete chrysosporium (Difco, 1977) then, 

inoculated and incubated at a rotary shaker (180 rpm) 

at 28 ̊C for 5 days. Fresh preparations of cultures were 

centrifuging to get cells and resuspended in a similar 

volume of water to give a concentration of cell 

forming unit (cfu) 108 /ml. The inocula were applied 

at 100 ml/kg pretreatment materials. 

Experimental procedure:  

This experiment was set up to assess the impact of 

the different pretreatments on biogas production and 

speed of production gas from rice straw. This 

experiment was carried out at Biogas Training Center, 

Moshtohour, SWRI, ARC. Four treatments were 

prepared as follows:  

T1: 1650 g rice straw + 15 g (NH4)2SO4 + 15 g 

KH2PO4 + 6 liter water. 

T2: 1650 g rice straw + 3 Kg fresh cattle dung + 6 

liter water. 

T3: T2 + 100 ml T. viride and P. chrysosporium. 

T4: T2 + 100 ml Effective microorganisms (EM). 

The previous treatments were fermentation in 

plastic containers with holes on each side separately 

for aerobic pretreatments and one side for semi 

aerobic pretreatments. Samples were taken after 0, 1, 

3, 5 and 7 days from all these treatments (100 g) and 

mixed with 700 ml starter to produce gas production.  

 The evolved biogas was daily measured, while its 

contents of CH4 were estimated every day throughout 

the experimental periods. The physical and chemical 

properties of rice straw were determined. Also, 

microbiological determinations such as cellulose 

decomposers and acid producing bacteria (aerobic and 

anaerobic) were estimated at initial and at the end of 

the fermentation periods. 

Analytical methods:  

Daily biogas yield was estimated according to 

(Maramba et al., 1978). Methane content was 

determined by gas- liquid chromatography according 

to Wujick and Jewell (1980). Total solids (TS), 

volatile solids (VS), organic carbon (O.C), total 

phosphorus (TP), total potassium (TK) and total 

volatile fatty acids (VFAs) were determined according 

to the standard method recommended by APHA 

(1992). Moisture content (M.C), organic matter 

(O.M), ammoniacal nitrogen NH4-N and nitrate 

nitrogen (NO3-N) were determined according to the 

standard method recommended by Page et al. (1982). 

The pH values were determined according to Jodice 

et al. (1982). Electrical conductivity (EC) was 

estimated according to Richards (1954). Cellulose, 

lignin and hemicellulose percentages were determined 

according to the method described by (Rama, 2013). 

The percentage of loss in the TS as well as biogas and 

methane as (L/Kg) TS (added or consumed) and VS 

(added or consumed) were calculated according to the 

following equation to Abdel- Fatah (2012): 

% TS Losses = ((TS (g) Initial – TS (g) Final) / TS (g) 

Initial) × 100 

TS or VS added (L/Kg) biogas = Total liter biogas / 

TS or VS (Kg) Initial  

TS added or VS (L/Kg) methane = Total liter 

methane / TS or VS (Kg) Initial 

TS or VS consumed (L/Kg) biogas = Total liter biogas 

/ TS or VS Losses (Kg)  

TS consumed or VS (L/Kg) methane = Total liter 

methane / TS or VS Losses (Kg)   

Acid producing bacteria were counted on nutrient 

broth medium according to Cunningham (1954) 

using Most Probable Number (MPN) technique. 

Aerobic and anaerobic cellulose decomposing 

bacteria were determined according to Cochran 

(1950) using most probable number technique (MPN). 

Statistical analysis: 

All data collected were subjected to analysis of 

variance to test treatment effects for significance using 

Analytical software (2013). The means were 

compared using F-LSD according to Snedecor and 

Cochran (1991).  The models used for statistical 

analyses were three ways factorial of variance was 

used to test the effect of different treatments, 

pretreatments (aerobic and semi aerobic), period of 

day and the interaction between both. 
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Results and Discussion 

Chemical and physical characteristics of rice straw, 

cattle dung and starter 

The chemical and physical analysis of the used rice 

straw, cattle dung and starter for biogas production 

were illustrated in Table (1). The obtained resulted 

showed that the percentages of moisture content, total 

solids, organic matter, organic carbon, total nitrogen, 

total phosphorus and total nitrogen were found to be 

(7.84, 78.04, 90.00%), (92.16, 21.96, 10.00%), (75.89, 

58.41, 50.87%), (44.02, 33.88, 29.50%), (0.64, 1.13, 

1.64%), (0.06, 0.60, 0.52%) and (1.03, 0.46, 0.73%), 

respectively for rice straw, cattle dung and starter. On 

the other hand, the percentage of cellulose, lignin and 

hemicellulose were 40.54, 8.92 and 27.11% for rice 

straw and 24.17, 18.16 and 16.08% for cattle dung, 

respectively. But, the ash contents were found to be 

24.11, 41.59 and 49.13% for rice straw, cattle dung 

and starter, respectively. Also, these results showed 

that the percentage of ammonical in starter (521 

mg/kg) was more than cattle dung (444.46 mg/kg) and 

lower than rice straw (35.90 mg/kg). However, the 

values of volatile fatty acids in rice straw, cattle dug 

and starter were 1.84, 11.36 and 5.00 meq/Kg, 

respectively. The acquired results are in agreement 

with those reported by Liu et al, (2018), Estefanous 

et al. (2010) and El-Akshar et al. (2012). 

 

Table 1. Chemical and physical characteristics of rice straw, cattle dung and starter. 

Components Rice straw Cattle dung Starter  

Moisture content % 7.84 78.04 90.00 

Total solids % 92.16 21.96 10.00 

pH (1:10) 6.80 7.32 7.22 

EC (1:10) dS/m  4.59 4.18 4.03 

Ammoniacal –N (mg/Kg) 35.90 444.46 521 

Nitrate –N (mg/Kg) 7.00 24.70 5.00 

Organic matter (O.M) % 75.89 58.41 50.87 

Ash % 24.11 41.59 49.13 

Organic carbon % 44.02 33.88 29.50 

Total nitrogen % 0.64 1.13 1.64 

C/N ratio 68.78 : 1 29.98 : 1 17.98 : 1 

Total phosphorus (%) 0.06 0.60 0.52 

Total potassium (%) 1.03 0.46 0.73 

Volatile fatty acid (meq/kg) 1.84 11.36 5.00 

Cellulose % 40.54 24.17 - 

Lignin % 8.92 18.16 - 

Hemicellulose % 27.11 16.08 - 

 

Changes of total solids during pretreatments of rice 

straw and anaerobic digestion at 50 days 

The changes of total solids (TS) during both 

pretreatments of rice straw and anaerobic digestion at 

50 days are shown in Table (2). The results showed 

that during anaerobic digestion the amount of TS were 

reduced in all treatments. It was ranged between 97.85 

-140.43 g after anaerobic digestion. The loss 

percentage of TS after anaerobic digestion ranged 

between 6.38 -34.95 % of TS. These decrements may 

be due to the total solids occurred in the form of gases 

and water. The accomplished results are in agreement 

with those reported by EL- Akshar (2000), found that 

the concentration of TS decreased through anaerobic 

digestion and such loss in TS occurred in the form 

gases and water and the losses in case of Jews mallow 

processing higher than cattle dung. The decrement is 

a normal response to microbial oxidation of a part of 

the organic carbon. Also, Estefanous et al. (2010) 

reported that during anaerobic digestion TS was 

reduced may be due to a high substrate conversion 

rated to CO2 and CH4 in the anaerobic digestion. 

Ugwuoke et al. (2015) mentioned that total solid of 

any given biogas feedstock specifically contributes to 

the execution of the system and accummulative of 

biogas amid anaerobic digestion. There is a reverse 

connection between the total solid content and 

accumulative of biogas 

Changes of volatile fatty acids as (total &acetic acid), 

amonical nitrogen and pH values during pretreatments 

of rice straw and anaerobic digestion at 50 days 

Data in Table (3) show the change of volatile fatty 

acid as (total &acetic acid), NH4 – N and pH values 

during the different pretreatment processes of rice 

straw and anaerobic digestion at 50 days. Volatile 

fatty acids either total or acetic acid obtained the best 

value after three days from semi aerobic pretreatment 

which recorded values greater than aerobic 

pretreatment (60.40 meq/L and 5177.14 mg/Kg), 

respectively with T4. On the other hand, T1 achieved 

the worst values where recorded 19.20 meq/L and 

1645.71 mg/Kg after seven days, respectively. Then 

VFAs decreased after anaerobic digestion this 

decrement may be due to its consumption by methane 

bacteria during anaerobic digestion. The obtained 

results were similar to those results obtained by El-

Akshar (2000), Estefanous (1993) and Zhange et al. 

(2014) who reported that the concentration of VFAs 

decreased by increasing the fermentation may be due 
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to the VFAs which were converted into CO2 and CH4 

by methane bacteria.  

pH values were low after pretreatments; it ranged 

between 6.44 – 7.73 in all treatments, this may be due 

to the high activity of the acid producing bacteria. 

Then, pH values increased after anaerobic digestion, 

it ranged between 7.02 – 8.28 in all treatments. This 

may be due to CaCO3 buffer in the initial wastes 

mixture and the natural decomposition of this 

material. These results were similar to those reported 

by Budiyono et al. (2010), Estefanous et al. (2010) 

and Maria et al. (2019).  
The result in Table (3) presented that NH4–N 

concentration was high at the initial pretreatment 

processes. It ranged between 188- 369 mg/Kg in all 

treatments. Then decreased in all treatments to reach 

the lowest concentration after 7 days from aerobic or 

semi aerobic pretreatment. It ranged between 108- 326 

mg/Kg. The concentration of NH4–N was decreased 

after anaerobic digestion. It ranged between 23- 138 

mg/Kg. These decrements may be due to either 

volatilization or trans formation to organic nitrogen as 

bacteria cells. These results are in agreement with 

those reported by. Estefanous et al. (2010) found that 

the concentration of NH4–N increased along with 

increased anaerobic digestion to reach it’s the highest 

values after four weeks, being 1200 mg/Kg and then 

decreased to reach 325 mg/Kg after 8 weeks of 

digestion. 

 

Table 2. Changes of total solids during pretreatments of rice straw and anaerobic digestion at 50 days 

Treatments 

 

Conditions 
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(Days) 

Total solids (TS) 
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L.S.D (0.05) 

Treatment  0.2316 0.2683 0.2496 

Pretreatment  0.1638 0.1897 0.1765 

Period of day  0.7323 0.8483 0.7893 
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Table 3. Changes of volatile fatty acids (as total &acetic acid), ammonical nitrogen and pH during pretreatments 

of rice straw and anaerobic digestion at 50 days 
T

re
at

m
en

ts
 

 

C
o

n
d

it
io

n
s

 

 

Periods 

(Days) 

(Days) 

 

Volatile fatty acid 

pH 
N-4NH 

(mg/Kg) 
Total 

 (meq/L) 

Acetic acid 

(mg/Kg) 

Initial Final Initial Final 
Initia

l 
Final Initial Final 

T
1

 :
 R

ic
e 

st
ra

w
 +

 c
h

em
ic

al
 a

ct
iv

at
o

r 
( 

(N
H

4
) 2

S
O

4
 +

 K
H

2
P

O
4
 )

 

(A
) 

 

A
er

o
b

ic
  

   

0 

1 

3 

5 

7 

20.80 

22.40 

24.80 

23.60 

19.20 

15.20 

14.40 

10.80 

11.60 

17.20 

1782.86 

1920.00 

2125.71 

2022.86 

1645.71 

1302.86 

1234.29 

925.71 

994.29 

1474.29 

6.44 

7.18 

7.10 

7.00 

7.28 

7.02 

7.39 

7.55 

7.41 

7.83 

222.0

0 

180.0

0 

176.0

0 

148.0

0 

121.0

0 

95.00 

67.00 

60.00 

63.00 

97.00 

(B
) 

S
em

i
   

  
 a

er
o
b

ic
 

 

1 

3 

5 

7 

30.00 

36.00 

33.20 

26.80 

16.00 

13.20 

14.80 

16.80 

2571.43 

3085.71 

2845.71 

2297.14 

1371.43 

1131.43 

1268.57 

1440.00 

7.50 

7.50 

7.43 

7.72 

8.01 

8.19 

8.05 

8.00 

369.0

0 

345.0

0 

336.0

0 

326.0

0 

59.00 

47.00 

53.00 

67.00 

T
2

 :
 R

ic
e 

st
ra

w
 +

 c
at

tl
e 

d
u

n
g

 

(A
) 

 

A
er

o
b

ic
  

   

0 

1 

3 

5 

7 

22.40 

24.00 

26.40 

25.60 

20.40 

14.80 

14.00 

9.20 

10.80 

16.40 

1920.00 

2057.14 

2262.86 

2194.29 

1748.57 

1268.57 

1200.00 

788.57 

925.71 

1405.71 

6.70 

7.46 

7.20 

7.17 

7.24 

7.19 

7.75 

7.63 

7.53 

7.87 

188.0

0 

185.0

0 

153.0

0 

153.0

0 

109.0

0 

107.00 

74.00 

50.00 

57.00 

83.00 

(B
) 

S
em

i
   

  
 a

er
o
b

ic
 

 

1 

3 

5 

7 

39.60 

45.20 

40.80 

33.60 

15.60 

12.00 

12.40 

16.40 

3394.29 

3874.29 

3497.14 

2880.00 

1337.14 

1028.57 

1062.86 

1405.71 

7.44 

7.46 

7.55 

7.53 

8.11 

8.23 

8.15 

8.04 

352.0

0 

359.0

0 

314.0

0 

321.0

0 

49.00 

33.00 

44.00 

53.00 

T
3

 :
 R

ic
e 

st
ra

w
 +

 c
at

tl
e 

d
u

n
g

 +
 T

. 
vi

ri
d

e 

an
d

 P
. 

ch
ry

so
sp

o
ri

u
m

. 

(A
) 

 

A
er

o
b

ic
  

   

0 

1 

3 

5 

7 

23.20 

25.60 

27.60 

26.80 

22.00 

14.00 

13.60 

8.40 

10.40 

15.60 

1988.57 

2194.29 

2365.71 

2297.14 

1885.71 

1200.00 

1165.71 

720.00 

891.43 

1337.14 

6.61 

7.50 

7.19 

7.36 

7.16 

7.18 

7.81 

7.57 

7.71 

7.77 

203.0

0 

183.0

0 

148.0

0 

150.0

0 

108.0

0 

116.00 

55.00 

45.00 

51.00 

67.00 

(B
) 

S
em

i
   

  
 a

er
o
b

ic
 

 

1 

3 

5 

7 

42.00 

54.80 

49.60 

38.40 

15.20 

10.80 

11.60 

16.00 

3600.00 

4697.14 

4251.43 

3291.43 

1302.86 

925.71 

994.29 

1371.43 

7.48 

7.53 

7.50 

7.44 

8.09 

8.25 

8.17 

8.06 

338.0

0 

347.0

0 

314.0

0 

41.00 

29.00 

37.00 

49.00 
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651.43 
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7.59 

7.73 

7.54 
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8.11 
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0 

331.0

0 

331.0

0 

290.0

0 

37.00 

23.00 

31.00 

40.00 

L.S.D 

(0.05) 

Treatment 0.525

0 

0.4709       

Pretreatment 0.371

2 

0.3330       

Period of day 1.660

1 

1.4891       

Changes of cellulose decomposers bacteria (aerobic and anaerobic) during pretreatments of rice straw and anaerobic digestion 

at 50 days  

 

The numbers of aerobic and anaerobic cellulose 

decomposing bacteria during different pretreatment 

processes of rice straw with additional supplements 

and anaerobic digestion at 50 days are presented in 

Table(4). Data showed that the numbers of aerobic 

and anaerobic cellulose decomposing bacteria were 

increased in all treatments to reach its highest values 

after 7 days from aerobic and semi anaerobic 

pretreatments. The numbers of aerobic cellulose 

decomposing bacteria was decreased after anaerobic 

digestion in all treatments. On the other hand, the 

numbers of anaerobic cellulose decomposing bacteria 

were increased after anaerobic digestion in all 

treatments. The obtained results were recorded by El-

Akshar (2000) reported that the early proliferation of 

anaerobic cellulose decomposers was accompanied by 

the depletion of oxygen and presence of ample supply 

of cellulosic materials. 

  

Changes of acid producing bacteria during 

pretreatments of rice straw and anaerobic digestion at 

50 days 

Behavior of aerobic and anaerobic acid producing 

bacteria during the different pretreatment processes of 

rice straw with additional supplements and anaerobic 

digestion at 50 days are presented in Table (4). The 

initial counts of aerobic and anaerobic acid producing 

bacteria ranged between 0.01×106 and 506×106 

MPN/g.D.W for aerobic producing bacteria and 

0.03×106 and 1003×106 for anaerobic acid producing 

bacteria from zero time to one day. The numbers of 

aerobic and anaerobic acid producing bacteria were 

increased in all treatments to reach the highest values 

after 7 days from aerobic and semi anaerobic 

pretreatments. The numbers of aerobic and anaerobic 

acid producing bacteria were decreased with all 

treatments after anaerobic digestion. The acquired 

results are in agreements with those reported by 

Estefanous (1993) who found the accumulation of 

acids and explained the decrease of their 

concentrations by the decrease of acids producer’s 

numbers. This was expected as a logic consequence of 

the non -consuming of the products and accumulation 

of it which usually leads to the inhibition of their 

growth. Also, El-Akshar (2000) reported that 

anaerobic acid producing bacteria were gradually 

increased with the increasing of fermentation and 

reached their maximum records at the 21st day and 

gradually decreased there after till the end of the 

anaerobic digestion. 
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Table 4. Changes of cellulose decomposers and acid producing bacteria (aerobic and anaerobic) (MPN/g.D.W) 

during different pretreatment processes of rice straw and anaerobic digestion at 50 days  
T
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0.01 
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123.00 

1003.00 

1020.00 

1070.00 

1093.00 

290.00 

345.00 

400.00 

407.00 

 

Biogas and methane production rates 

Data in Table (5&6) show the production rates of 

biogas and methane during different pretreatment 

processes of rice straw and anaerobic digestion at 50 

days. The result in Table (5) presented that biogas 

production obtained the highest yields of biogas after 

anaerobic digestion of three days from pretreatment 

process; semi aerobic pretreatment recorded that 

yields of biogas greater than aerobic pretreatment 9.37 

& 5.94 L, respectively with T4. On the other hand, T1 

recorded the least yields of biogas after anaerobic 

digestion. 

Methane production during the different 

pretreatment processes of rice straw and anaerobic 

digestion at 50 days are recorded in Table (6). It was 

clear that the methane production yield at the 

maximum total methane under anaerobic digestion 

after three days from pretreatment processes. Semi 

aerobic pretreatment achieved the total methane 

greater than aerobic pretreatment 5.42 -3.22 L, 

respectively with T4. On the other hand, T1 achieved 

the least total methane after anaerobic digestion. The 

accomplished results were similar to those obtained 

Abdel- Fatah (2012). She found that biogas and 

methane production were increased strongly with 

treated rice straw with cattle dung, followed by 

untreated rice straw mixed with cattle dung. From the 

obtained results, its has been shown that biogas and 

methane production rates greatly different according 

to the type of the different treatments. The biogas and 

methane production rates based on either TS or VS 

added or consumed gave the best value with treatment 

T4. T4 under semi aerobic condition achieved the best 

values treatment after three days from pretreatments 
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and after anaerobic digestion. This observation may 

be due to attributed to the high activity of lytic 

microorganism. On the other hand, T1 was the least 

values in comparison with other treatments. The 

obtained results are in agreement with those reported 

by Hanafy et al. (2000) and Estefanous et al. (2010). 

 

Table 5. Biogas production during different pretreatment processes of rice straw and anaerobic digestion at 50 

days 

Treatments 

 

Conditions 
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Biogas production 
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Pretreatment 0.1627 0.1797 0.1785 0.1797 0.0421 

Period of day 0.7274 0.8038 0.7985 0.8038 0.1884 
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Table 6. Methane production during different pretreatment processes of rice straw and anaerobic digestion at 50 

days  

Treatments 

 

Conditions 

 P
er

io
d

s 
 

(D
ay

s)
 Methane production 

% of 

biogas 

produced 

Total 

Liter 

TS 

added 

(L/Kg) 

TS 

consumed 

(L/Kg) 

VS 

added 

(L/Kg) 

VS 

consumed 

(L/Kg) 

T
1

 :
 R

ic
e 

st
ra

w
 +

 

ch
em

ic
al

 a
ct

iv
at

o
r 

( 

(N
H

4
) 2

S
O

4
 +

 K
H

2
P

O
4
 

) 

(A
) 

 

A
er

o
b

ic
  

   

0 

1 

3 

5 

7 

36.42 

43.21 

47.47 

44.99 

36.19 

0.99 

1.28 

2.14 

1.62 

0.95 

6.60 

8.53 

14.27 

10.80 

6.33 

18.98 

24.42 

70.95 

59.45 

40.55 

9.16 

11.98 

22.33 

17.20 

10.65 

18.98 

24.42 

70.95 

59.45 

40.55 

(B
) 

S
em

i
   

  
 a

er
o
b

ic
 

 

1 

3 

5 

7 

45.42 

53.52 

50.45 

41.91 

2.05 

2.95 

2.70 

1.52 

13.67 

19.67 

18.00 

10.13 

55.81 

78.52 

81.47 

59.77 

20.97 

30.90 

28.41 

16.78 

55.81 

78.52 

81.47 

59.77 

T
2

 :
 R

ic
e 

st
ra

w
 +

 

ca
tt

le
 d

u
n

g
 

(A
) 

 

A
er

o
b

ic
  

   

0 

1 

3 

5 

7 

37.06 

43.70 

47.88 

45.74 

36.89 

1.07 

1.53 

2.58 

1.88 

1.03 

7.13 

10.20 

17.20 

12.53 

6.87 

46.48 

64.04 

123.39 

89.31 

56.47 

11.67 

16.75 

28.94 

21.26 

11.94 

46.48 

64.04 

123.39 

89.31 

56.47 

(B
) 

S
em

i
   

  
 a

er
o
b

ic
 

 

1 

3 

5 

7 

46.30 

52.24 

51.26 

42.68 

2.60 

 3.23 

2.92 

2.31 

17.33 

21.53 

19.47 

15.40 

58.15 

92.13 

96.50 

90.41 

26.63 

35.71 

33.17 

26.31 

58.15 

92.13 

96.50 

90.41 

T
3

 :
 R

ic
e 

st
ra

w
 +

 

ca
tt

le
 d

u
n

g
 +

 T
. 

vi
ri

d
e 

an
d

 P
. 

ch
ry

so
sp

o
ri

u
m

. 

(A
) 

 

A
er

o
b

ic
  

   

0 

1 

3 

5 

7 

42.21 

44.03 

48.61 

46.50 

37.49 

1.31 

1.54 

2.71 

1.97 

1.06 

8.73 

10.27 

18.07 

13.13 

7.07 

42.73 

48.98 

94.89 

88.22 

45.77 

13.71 

16.28 

29.21 

22.07 

12.22 

42.73 

48.98 

94.89 

88.22 

45.77 

(B
) 

S
em

i
   

  
 a

er
o
b

ic
 

 

1 

3 

5 

7 

46.99 

54.87 

52.10 

43.71 

2.79 

3.61 

3.16 

2.51 

18.60 

24.07 

21.07 

16.73 

72.13 

114.20 

116.86 

111.65 

29.33 

40.26 

36.59 

29.07 

72.13 

114.20 

116.86 

111.65 

T
4

 :
 R

ic
e 

st
ra

w
 +

 

ca
tt

le
 d

u
n

g
 +

 E
ff

ec
ti

v
e 

m
ic

ro
o

rg
an

is
m

s 
(E

M
).

 

(A
) 

 

A
er

o
b

ic
  

   

0 

1 

3 

5 

7 

43.17 

44.63 

49.10 

47.10 

38.28 

1.38 

2.18 

3.22 

2.39 

1.09 

9.20 

14.53 

21.47 

15.93 

7.27 

30.69 

68.19 

119.39 

96.22 

113.90 

13.50 

23.02 

34.88 

26.28 

13.15 

30.69 

68.19 

119.39 

96.22 

113.90 

(B
) 

S
em

i
   

  
 a

er
o
b

ic
 

 

1 

3 

5 

7 

47.51 

55.43 

52.81 

44.49 

3.98 

5.42 

4.42 

3.18 

26.53 

36.13 

29.47 

21.20 

168.36 

220.86 

183.10 

142.41 

46.44 

65.15 

53.27 

38.59 

168.36 

220.86 

183.10 

142.41 

L.S.D 

(0.05) 
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Period of day 0.7904 0.1184 0.6732 0.7002 1.3045 0.7002 

 

Evaluation of biogas manure production  

Data presented in Table (7) show the evolution of 

biogas manure production by extraction of humic 

substances and their content of humic and fulvic acids 

as percentage of the equal total organic matter. Data 

indicated that humic acids concentrations were higher 

than fulvic acids in all treatments. The percentages of 

humic substances and humic acid obtained the best 

values with the treatment T4B3 where recorded 41.87 

and 29.67%, respectively. On the contrary, the 

treatment T1A7 achieved the worst values where 

recorded 19.89 and 11.21%, respectively. The 

percentages of fulvic acid content of different biogas 

manure types and compost ranged from 8.66 to 

15.30%. The acquired results are in agreement with 

those reported by Barje et al.(2012), found that 

through composting, low molecular weight 

compounds are polymerized to form HS which 

primarily contains two fractions of fulvic and humic 

acids. Junqiu et al. (2019) reported that humic 

substances and humic acids concentration were 

increased, even though fulvic acids concentration 

were decreased during composting. Zhou et al. (2014) 

has pointed that fulvic acids is mostly transformed to 

humic acids, resulting in the aromatization of humic 

substances, promoting the compost maturity, leading 

to the increase of humic substances and humic acids 

concentration and decrease of fulvic acids 
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concentration. Clapp et al. (1993) reported that humic 

substances are natural organic compounds comprising 

from 50 to 90% of the organic matter of peat, lignites 

saproples and composts.  

 

Table 7. Percentage of humic substances, humic and fulvic acid isolated from biogas manure  

Treatments 

 

Conditions 

 

Periods 

(Days) 

 

Humic substances (%) Humic acid (%) 
Fulvic acid 

(%) 
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24.86 

26.11 

28.35 

28.01 

19.89 

13.17 

14.66 

15.16 

15.01 

11.21 

11.69 

11.45 

13.19 

13.00 

8.68 

(B
) 

S
em

i 

  
  

 a
er

o
b

ic
  

1 

3 

5 

7 

28.91 
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0 
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5 

7 

29.21 

31.03 

35.55 

32.91 

26.31 

18.96 

20.55 

26.11 

23.01 

16.41 

10.25 

10.48 

9.44 

9.90 

9.90 

(B
) 

S
em
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 a
er
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ic
  

1 

3 

5 

7 

38.69 

41.87 

40.05 

35.41 

23.41 

29.67 

27.31 

20.11 

15.28 

12.20 

12.74 

15.30 

 

Conclusions 

 

From the abovementioned results, it has been 

concluded that the rice straw was promising for biogas 

production after semi aerobic pretreatment with 

effective microorganism, cattle dung where, this 

treatment gave the highest yield of biogas. Also, the 

best biogas manure contains much humic substances. 

In view of the obtained results, it could be 

recommended that use the application of effective 

microorganism, Tricoderma viride and 

Phanerochaete chrysosprium pretreatment (aerobic or 

semi aerobic) could be carried out before biogas 

production process. 
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 إنتاج البيوجاز بإستخدام المعاملات الأولية المختلفة لمخلفات قش الأرز تحت الظروف الهوائية و النصف هوائية.
عزمى أ.د/ ،  2حامد السيد أبو على أ.د/    ، 2صلاح مصطفى محمود سعد ، أ.د/  2أ.د/ فرحات فوده على فوده ، 1 الخياط خضرى رامى مسعد

 1نصحى إسطفانوس 
 معهد بحوث الأراضى و المياه و البيئة ، مركز البحوث الزراعية ، الجيزة ، مصر -1

 ، مصر ، جامعة بنها ، مشتهر كلية الزراعه -2
 

ك  هيعتبر قش الأرز من المخلفات التى تسبببم مكببايئ بيويذ ك لإلت ارتكببار ا تلى مسببتكر الومتكريذ ك تلويرب يملكل بيوى للتكالإ رتيوذ ا تراق
يكواز ك بلقلذ إسبتلالله ك تسبببه  ى البهعه السبك الإ للإا تت ذ  لإب ال راسبذ إلى إمياريذ إسبتلالئ مخلفات قش الأرز يمل ر للما ض العلإكيذ ارتا  ا

مركببببببببببب  ييمياوى ك ركل الماكبببببببببببيذ ك السبببببببببببما  ك لإلت بع  إورالإ المعاملت الأكليذ قبئ تمليذ التخمر الل كوى والتلإببببببببببب  الل كاوى  ب سبببببببببببتخ ا   
يذ تلى لت ت ظركذ  كاويذ ك رلبذ  كاويذ ك  راسذ تلوير تلت المعاملت الأك  المخلبم ال يكرالترييك يرما  ير ر ك الفاريركييتا يريزكاسببكري  ك 
،  يل أن  ى  لإا الب ل ت   راسببببببببببذ إرتا  البيكواز ك الميوان بع  إورالإ تمليذ التخمر الل كاوى  إرتا  البيكواز ك تلى م ر ااسببببببببببراج  ى اارتا 

يا الم للذ أت ا  البيتير ترييز الأس التي ركويرى ك الريتركوين الأمكريكمى ك الأ ماض ال  ريذ المت ايرض ك الما ض الوا ذ ك بالألإبببببببببببا ذ إلى  راسبببببببببببذ 
يكواز تراكح ما بين إرتا  الب للسببببيلكلكز والتكاويذ ك الل كاويذ  ك أت ا  البيتيريا المرتوذ لض ماض والتكاويذ ك الل كاويذ  ، ك أكببببارت الرتاو  إلى أن

للما ب العلإبببكيه الملإبببا ه ك اللبببلبه المسبببتتليه  مع ئ إرتا  البيكواز بالرسببببه،  لتر 5٫22-3٫99إرتا  الميوان تراكح ما بين ك   لتر 2٫03-9٫03
-38٫98لتر/يو  ، مع ئ إرتا  الميوان بالرسببببببببببببه للما ب اللبببببببببببلبه ك العلإبببببببببببكيه المسبببببببببببتتليه تراكح ما بين  083٫80-24٫43يان يتراكح ما بين 

+  المخلببم ال يكرأرز + ركل ماكبيذ +  قشو الرلببذ  كاويذ لم ض ولوذ أيا   الرتاو  إلى أن المعاملذ الأكليذ كلإب تلتر/يو  ، يما أ 223٫84
  أت ت   من تمليذ التخمر تسبببببببرج بيتيريه مكا  التى ت تكر تلى الخميرض السبببببببابهه بالمخمر رفسبببببببه أك مكا  متخمرض مسببببببببها ك  و  ك وزلإ من با ئ

لإ تمليذ ك لإلت بع  إرتتا أتلى إرتا  من البيكواز ك الميوان بالألإببببببا ذ إلى أرتا أت ت أ لإببببببئ سببببببما  بيكواز من  يل إ تكاوه تلى المكا  التيكميذ
كليذ الأمعاملذ الرالإ  ى إو المخلببببببم ال يكرالترييك يرما  ير ر ك الفاريركييتا يريزكاسبببببببكري  ك للإلت يمين التكلببببببيذ ب سببببببتخ ا   .التخمر الل كاوى

         قبئ تمليذ إرتا  البيكواز والتخمر الل كاوى . لهش الأرزرلذ  كاويذ ال


