
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/316869348

Evaluation of a Prototype Biodigester for the Production of Organic Fertilizer from

Cow Dung

Article  in  International Review of Chemical Engineering (IRECHE) · January 2016

DOI: 10.15866/ireche.v8i1.6332

CITATIONS

0
READS

233

2 authors:

Some of the authors of this publication are also working on these related projects:

Adsorption View project

Pyrolysis of biomass View project

Mohammed Alhassan

Federal University of Technology Minna

35 PUBLICATIONS   139 CITATIONS   

SEE PROFILE

Joseph Obofoni Odigure

Federal University of Technology Minna

60 PUBLICATIONS   366 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Mohammed Alhassan on 21 January 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/316869348_Evaluation_of_a_Prototype_Biodigester_for_the_Production_of_Organic_Fertilizer_from_Cow_Dung?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/316869348_Evaluation_of_a_Prototype_Biodigester_for_the_Production_of_Organic_Fertilizer_from_Cow_Dung?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Adsorption-42?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Pyrolysis-of-biomass?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammed-Alhassan-7?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammed-Alhassan-7?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Federal-University-of-Technology-Minna?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammed-Alhassan-7?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joseph-Odigure?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joseph-Odigure?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Federal-University-of-Technology-Minna?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joseph-Odigure?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammed-Alhassan-7?enrichId=rgreq-ff7d9568008bcb13b71d746240f1a8f8-XXX&enrichSource=Y292ZXJQYWdlOzMxNjg2OTM0ODtBUzo1ODUzMzE3NjYyMDIzNjhAMTUxNjU2NTM3NjgxMw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


 
 
 
 
 
 
 

International Review of 
Chemical Engineering 

Rapid Communications 
(IRECHE) 

 
 
 

Contents: 
 

Evaluation of a Prototype Biodigester for the Production 
of Organic Fertilizer from Cow Dung 
by Mohammed Alhassan, J. O. Odigure 

 1 

Full 42 Factorial Experimental Design of Biogas Production 
from Cow Dung 
by Mohammed Alhassan, Noah Abdulmumeen, Mohammed Umar Garba, Abubakar G. Isah 

 4 

The Vigorous Bubbling Step in the Potato Immersion Frying Process: 
Influence of a Previous Water Thermal Treatment 
by Luis T. Villa, Ricardo F. Lozano, María del S. Vilte 

 8 

Coenzyme-Q10 Promotes Lipid Phases of High Molecular Mobility  
when Interacting with 1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphatidylserine: 
a 13C and 31P Solid-State Nuclear Magnetic Resonance Study 
by Carsten A. Wilhelmsen, Magnus Jensen, Willy Nerdal 

13 

 
 

 
 

ISSN 2035-1755
Vol. 8 N. 1

January 2016

REPRIN
T



International Review of Chemical Engineering 
Rapid Communications 

(IRECHE) 
 

     Editor-in-Chief: 
 

Prof. Jordan Hristov 
Department of Chemical Engineering 
University of Chemical Technology and Metallurgy 
“KLIMENT OHRIDSKY”, Blvd. 
1756 Sofia, 8 – BULGARIA 
 

 

Editorial Board: 
 

Abbasov Teymuraz (Turkey) Levec Janez (Slovenia) 
Al Hayk Yousef (U.S.A.) Luo Lingai (France) 
Assael Marc J. (Greece) Marengo Marco (Italy) 
Bennacer Rachid (France) Margulis Raul Bautista (Mexico) 
Coppens Marc-Olivier (U.S.A.) Oron Alexander (Israel) 
Delichatsios Michael (U.K.) Perez Victor Haber (Brazil) 
Denizli Adil (Turkey) Pirozzi Domenico (Italy) 
Di Felice Renzo (Italy) Platt Gustavo Mendes (Brazil) 
Esfahani Javad A. (Iran) Poletto Massimo (Italy) 
Fan Maohong (U.S.A.) Ravi Kumar (India) 
Farid Mohammed (New Zealand) Saghir Ziad (Canada) 
Fernandez –Lahore M. (Germany) Serbezov Atanas (U.S.A.) 
Gonthier Yves (France) Sharma Yogesh Chandra (India) 
Gourich Bouchaib (Morocco) Sharypov Oleg Vladimirovich (Russia) 
Gros Fabrice (France) Shende Rajesh (U.S.A.) 
Guo Qingjie (China) Tosun Ismail (Turkey) 
Hamdy Abdel Salam (Egypt) Valverde Millan Jose-Manuel (Spain) 
Ivanova Viara (Bulgaria) Wu Guocheng (China) 
Kosoy Boris (Ukraine) Xie Gongnan (China) 
Krishnaiah Kamatam  (India) Zhu Qingshan (China) 
Kulish Vladimir (Singapore) Zhu Jesse (Canada) 
Larachi Faical (Canada) Zimparov Ventsislav (Bulgaria) 

 
 

The International Review on Chemical Engineering (IRECHE) is a publication of the Praise Worthy Prize S.r.l.. 
The Review is published bimonthly, appearing on the last day of January, March, May, July, September, November. 
 

Published and Printed in Italy by Praise Worthy Prize S.r.l., Naples, January 31, 2016. 
Copyright © 2016 Praise Worthy Prize S.r.l. - All rights reserved. 
 

This journal and the individual contributions contained in it are protected under copyright by Praise Worthy Prize 
S.r.l. and the following terms and conditions apply to their use: 
Single photocopies of single articles may be made for personal use as allowed by national copyright laws. 
Permission of the Publisher and payment of a fee is required for all other photocopying, including multiple or 
systematic copying, copying for advertising or promotional purposes, resale and all forms of document delivery. 
Permission may be sought directly from Praise Worthy Prize S.r.l. at the e-mail address:  
administration@praiseworthyprize.com 
 

Permission of the Publisher is required to store or use electronically any material contained in this journal, including any 
article or part of an article. Except as outlined above, no part of this publication may be reproduced, stored in a retrieval 
system or transmitted in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, 
without prior written permission of the Publisher. E-mail address permission request: 
administration@praiseworthyprize.com 
 

Responsibility for the contents rests upon the authors and not upon the Praise Worthy Prize S.r.l.. 
Statement and opinions expressed in the articles and communications are those of the individual contributors and not the 
statements and opinions of Praise Worthy Prize S.r.l.. Praise Worthy Prize S.r.l. assumes no responsibility or 
liability for any damage or injury to persons or property arising out of the use of any materials, instructions, methods or 
ideas contained herein. 
Praise Worthy Prize S.r.l. expressly disclaims any implied warranties of merchantability or fitness for a particular 
purpose. If expert assistance is required, the service of a competent professional person should be sought. 

REPRIN
T

mailto:administration@praiseworthyprize.com
mailto:administration@praiseworthyprize.com


  
International Review of Chemical Engineering (I.RE.CH.E.), Vol. 8, N. 1 
ISSN 2035-1755 January 2016 

Copyright © 2016 Praise Worthy Prize S.r.l. - All rights reserved 

1 

Evaluation of a Prototype Biodigester for the Production 
of Organic Fertilizer from Cow Dung 

 
 

Mohammed Alhassan, J. O. Odigure 
 
 
Abstract – The main objective of this research work was to evaluate the technological 
characteristics of a prototype biodigester for the production of organic fertilizer using cow dung. 
The result of the analysis conducted shows that the rate of production of both the gas and organic 
fertilizer depends on technological characteristics of the equipment. At an environmental 
temperature of between 35°C and 37°C, the optimum operating condition observed were: PH 
between 7.0-7.3, feed moisture content of 13.5% and 22.7%, and extent of biodegradation was 
32.7% for cow dung. The digested slurry was deodorized and disinfected for safe handling and 
can be applied to agricultural plants as organic fertilizer. Copyright © 2016 Praise Worthy Prize 
S.r.l. - All rights reserved. 
 
Keywords: Biogas Production, Anaerobic and Aerobic Digestion, Organic Fertilizer 
 
 

I. Introduction 
Processing of organic waste presents an alternative 

solution to present environmental pollution, fuel energy 
problems and could serve as an alternative to related 
problems associated with farming and Animal husbandry 
[1]-[3]. Development in biogas technology lead to 
different types of bioreactors design in many countries, 
these include: the Chinese, Indian, Cameroonian and 
Upper Volta design, of all these designs; non can 
effectively performed outside the environment in which 
they were designed due to heavy reliance of digestive 
bacteria on the technological characteristics of the plants 
which vary from place to place [4], [5]. 

However in our design, effort was geared towards 
designing a digester to effect a given desired product 
specification in any given environment using the most 
economical and efficient way and the easy to be adapted 
in any part of the world. 

The system is powered by electric motor which eases 
mixing and breaking of scurms formed, allow room for 
external heating and can easily be moved from one 
location to another because it has rollers. 

The acceptability of final product depends on its 
aesthetic conditions, most especially the odour arising 
from the final product. 

According to literatures [6], deodorization 
/disinfecting of the digested slurry could be achieved via 
chemical treatment with H2O2 or 1zAL (a commercial 
disinfectant) and other disinfectant or controlled 
biodegradation process. 

In the later, a guided control of the biodegradation 
technological parameters such as temperature, moisture 
content, and concentration /composition of the 
composites does significantly reduced the odor arising 
from the product. 

II. Methodology 
Samples of Cow dung were procured from Federal 

University of Technology Minna Agric farm in Nigeria. 
The chemical analyses of the samples were carried out 
according to standard test methods (ASTM D1103-80 
and ASTM D1104-56). 

The standard test methods adopted for proximate 
analysis included moisture content determination (ASTM 
E871) ash (ASTM D1102), volatile matter (ASTM E 
872) [7]. A prototype bio digester was used during the 
aerobic and anaerobic digestion of cow dung. The 
digester is a combination of both fixed dome shape and 
bag digester (see Fig. 1). The digester was design to treat 
1m3 of cowdung with density rages between 950kg/m3 
and 960kg/m3. The digester was loaded until 2/3 of it was 
filled with cow dung having a moisture content of 
between 12% and 13.5%. The digestion was allowed to 
proceed to completion with minimum retention time of 
22 days, digester temperature was maintained between 
350C and 370C, Nitrogen/carbon ratio of between 15:1 
and 30:1, intent mixing, PH of between 7 and 7.3, 
pressure of between 1.05kN/m2 and 1.10kN/m2. 

The gas was collected in a plastic bag gas collector 
and their volume measured. The slurry left after digestion 
was collected weighed. Biochemical and microbial 
analysis of the slurry collected after digestion was carried 
out to identify the strains of bacterial present according 
to standard test method. The tests include; bacterial 
Identification and coliform count, bacterial 
morphological test and biochemical reactions 
(characteristics test) which are covered by ASTM 
D5465-93(2012) [7] and the results are presented in 
Table II and Table III. 

After the identification of the strains of bacterial 
present in the digested slurry, about 25mls of the 
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digested slurry was measured into a volumetric flask 
H2O2 was titrated against the digested slurry until no 
odour was smell from the slurry and the volume of H2O2 
used was measured and recorded. 

III. Results and Discussion 
A detail investigation of organic waste degradation in 

a prototype plant had been performed under natural 
environmental condition. The results obtained are as 
discussed below. All results are presented on percentage 
wet basis. 

 

 
 

Fig. 1. Prototype digester 
 

TABLE I 
PERCENTAGE COMPOSITION OF VARIOUS PARAMETERS 

IN COW-DUNG DIGESTIONS 
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0 13.50 38.53 61.47 86.50 0.00 0.000 
5 17.13 34.05 65.45 82.87 4.48 0.011 

10 18.20 31.00 69.00 81.80 3.05 0.006 
15 21.68 28.24 73.76 78.32 2.76 0.101 
20 22.70 25.93 74.07 77.30 2.31 0.101 

 
From Table I it can be deduced that about 12.6% 

volatile solid from cow-dung had been converted to gas 
within 20th days of retention time, with highest mass 
being converted within the 5th day which is in agreement 
with what was reported in [8], [9]. The increase in 
moisture content from 13.5% to 22.7% was as a result of 
water formation during digestion of the biomass material. 

Moisture and ash content increased with increase in 
residence time. The increase in ash content could be 
attributed to the accumulation of inorganic matters or 
grits in the digester. Joseph, [10], [9], reported a similar 
observation. It can also be observed from Table I that the 
overall gas production between the first day and the 24th 
day was 0.028. Since the digestion was carried out under 
environmental condition (winter), the temperature range 
in the digester was maintained between 35°C and 37°C. 

This may account for the low gas generated as 
compared to that reported in [11], where the temperature 
range was between 40°C and 47°C. 

The physical and biochemical test result conducted on 
the digested slurry to acertain the safe discharge of the 
slurry to the envinronment after digestion shows from 
Table II that among the species of bacteria identified 
from the digested slurry were staphylococcus, Aureous, 
Bacillus spp and Excheriche colli ). 

However pathogenic gram positive cocci of the 
general staphylococcus and streptococcus identified are 
commonly pyogenic and are resistance to dryness and 
certain antibiotic which favor their transformation from 
organic fertilizer (if not properly treated) to plants and 
animals while gram negative rod like E colli causes 
traveler’s diarrhea, meningitis, urine and other infectious 
diseases and are also resistance to dryness and other 
penicillin treatment [12]-[15]. 

 
TABLE II 

PHYSIOLOGICAL & BIOCHEMICAL TEST RESULTS 
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rod + - - - + + Bacillu
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C + Cocci + + - + + + Staph 
aureus 

D + Long 
rod + - - - + + Bacillu

s spp 

E. - Short 
rod - - - + + - E- coli 

 
Table III 

% BACTERIA CHANGE FOR ANAEROBIC AND AEROBIC 
DIGESTION OF COW-DUNG 
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 Aerobic Anaerobic Aerobic Anaerobic 
1 1.19 1.19 0 0 
2 5.36 2.17 417 98 
3 8.10 1.274 274 1057 
4 4.76 5.69 -334 -705 
5 6.51 4.02 -175 -167 
6 5.03 7.75 -143 373 

12 3.55 3.75 10 11 
18 3.65 3.86 10 11 

 
From Table III, it can be observed that bacteria had 

their maximum multiplication on the 3rd day (1.274×107 
and 8.10×106) and a subsequent decrease on the 4th day 
(5.69×106 and 4.7×106) per gramme of the sample for 
anaerobic and aerobic digestion of cow dung 
respectively. However between 12th and 18th day there 
was sluggish increase in bacteria population (3.75×106 to 
3.86×106 for anaerobic and 3.55×106 to 3.65×106 for 
aerobic. The low bacterial population observed between 
the 4th and 18th days in the case of aerobic digested slurry 

REPRIN
T



 
Mohammed Alhassan, J. O. Odigure 

Copyright © 2016 Praise Worthy Prize S.r.l. - All rights reserved                                        International Review of Chemical Engineering, Vol. 8, N. 1 

3 

could be attributed to the presence of molecular oxygen 
in the digester which inhibits the growth of 
methanogenes [16]-[18]. 

Comparison between Table I and Table III shows that 
the rate of production of gas and slurry depends on the 
bacterial population. For example, when the bacterial 
population was 4.02×106, the gas produced was 
0.011×10-3m3 and  when bacterial population dropped to 
3.75×106, the gas produced was 0.006×10-3m3 
respectively. 

The digested slurry was subjected to deodourisation 
and disinfection test and the result shows that for every 
20cm3 of digested slurry an average volume of 6.28cm3 
of H2O2 and 0.02cm3 of IZAL is needed to deodorize and 
completely disinfect it, which means that the slurry from 
the digester is safe to handle after the treatment. 

IV. Conclusion 
Analysis conducted on the digested slurry from the 

prototype plant shows that the mount of gas generated is 
almost as expected, and the organic fertilizer produced in 
this way is safe to handle and can be applied to plants as 
organic fertilizer, hence the use of the Prototype plant for 
the production of organic fertilizer will improve the 
quality and quantity of food produced, enhance 
environmental pollution control strategies and reduced 
reliance on synthetic fertilizers. 
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