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ABSTRACT: A comparative study of biogas production from water hyacinth (Eichhornia crassipes) and chicken droppings was
undertzken in the laboratory for nine weeks at room temperature of 28°C*1. Sterile chicken droppings (200g) and Eichhornia
crassipes (200g) were individually mixed with 1200mls of sterile distilled water to make a slurry in the ratio 1:6. and fed into the
2000 liters and 10000 liters capacity gallons used as the digesters, while the following organisms Staphylococcus aureus, Proteus
vulgaris, Bacillus subtilis, Shigella dysenteriae, Escherichia coli, Salmonella typhi and Methanobrevibacter ruminatum. isolated
from the rumen of cow were incolulated into the digester using sterile needles. The same procedure was carried out for
Eichhornia crassipes. The mean quantity of biogas increased during the first five weeks reaching a peak (3060.00cm’) on the 5
week, zfier which a decline was observed for the plant waste- Eichhornia crassipes. The total average biogas produced during the
as 1045cm’. In the case of chicken droppings, the highest weekly mean volume of biogas
produced was 4860cm’ which occurred between 1-5th day which gradually decreases reaching the lowest volume of 58.3 em’
within 36407 day. The statistical analysis using Unpaired T- test showed no significant difference (P >0.05) in the amount of gas
yield for both chicken droppings and Eichhornia crassipes. The proximate analysis of chicken droppings and Eichhornia
crassipes carried out revealed that crude fat and protein were not significant (P > 0.05) different from cach other when gomgarcd
1o moisture, ash, crude fibre, crude carbohydrate, nitrogen, sodium, potassium, calcium and magnesium which were significant

: : P < 0.05) when were subjected to independent T- test. The result of this study suggests that both

different from each other ( . ) : e i
¢hicken droppings and Eichhornia crassipes are good substrate source for production of biogas. However, chicken droppings s &
better substrate for the production of biogas when seeded with ruminant microorganisms.
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Introduction

s;i; :
Biomass is any organic material that comes from plants, animals or their waste. Biotreatment _ul w .\.su,.s‘g n h‘ll‘
? into two basic types: Aerobic and Anacrobic, Over the years, acrobic biotreatment has been cm?sulcrcd to be m_(:l_tf
% efficient in BOD/COD reduction, better for nitrogen and phosphorus removal, applicable for wide range of wastes
B PR X

¢ and more stable process (Oyeleke, 2011).
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tural process that converts bimpass to _cncr‘gy.r Al’j’ﬂqﬂ"’:’.bli?igt‘sllnn hfis been Useq
L unicipal sewage and a wide variety of industrial W'-'l:stL:. MOost municipal wyg,,
over 100 years to stabilize ml‘l’ 'In‘tion (o convert waste solids to gas (Burke, 2000). The anaer)
ts use "n‘]m.]blc s s compounds (Willkie, 2000). It also reduces significantly 1he
v of l‘}lsﬁod(w(r)(\“lljr 111c past 25 years, anaerobic digestion processes have been deye
1sk. 31 ).(.:);‘,l andbaaﬁculmml wastes (Oyewole, 2010, Oyeleke, 2011).
u:'clrerd for \;aslc {reatment process since 1t prs)‘duccsi uthu th;u'1 consumes energy g4
ad - a relatively small enclosed tanks. The products of 11115 process h_avc .VJ]“C and can be sold 1
can be carried out 1% 9 4 eleke. 2011). Microorganisms make usc of nutrients as energy source and raw gy,
osts (Oyeleke, , mljitipb’ There are 3 groups of microorganisms involved in biogas prmm};’;f.
an : 3 groups, bacteria ar¢ the most important group whick 4.

stion 1s a na for
Witey
I proy
p“”'"‘-";m

It)])\;d and

Anacrobic dige

treatment plan ¢
removes a vast majorit
present 1n the slurry (Lt k
applied to aw ide array nf in

Anaerobic digestion 18 pre

offset treatment €
or synthesis in order to grow
for synthesis 1 order to gre

and these are bacteria, fungt, and protozoans. Of these

art | st degradation process (Baker, 1996). . o
pd!t—l}.; mtfl‘l:t qt;p of anacgobic digestion is the break down of particulate matter to soluble organic constituents
¢ first s

can be processed through the bacteria cel.l wall. ‘Hydrol‘y51s or gquefictlon :rf ;tnsglfutl:;z tl;;l;clr;;;::ux’shat lra‘tc .Il‘f,n”w
step in anaerobic digestion of waste slurries. .Tfns step is carrie outbyav yoft . }% ,’wc. re ng of
extracellular enzymes that live in close proximity to the bacteng. The soluble organic maFcrta s that are produced
through hvdrolysis consist of sugars, fatty acids and amino acids. .These so!ublc constituents are converted 1
carbondioxide and a variety of short chain organic acids by acid t.‘ormmg bacteria. Other groups of bacteria reduce
hydrogen toxicity by scavenging hydrogen to produce ammonia, hydrogcr} sulfide E}nd melhape. ‘A group of
methanogens converts acetic acid to methane gas. A wide variety of physical, chc'mlcal and blolog:cal reaction
takes pla"cc. The bacteria consortia catalyze these reactions. Consequently, the most important faclor‘m converting
waste to gas is the bacterial consortia which are essentially the “bio-enzymes” that accomplish the desired treatment
(Burke, 2000).

The objectives of this research include:

- To isolate bacteria present in the rumen of cow
- To generate biogas from chicken droppings and water hyacinth
- To compare the biogas production potential of chicken droppings and water hyacinth

Materials and Methods

Sample Collection and Preparation

Chicken dropp?ngs were cpllccted from Emir’s poultry farm along Minna road in Bida, while Eichhornia
crassipes was ob.tamed from River Niger in Nupeko area, Niger State. They were sun dried for 7 days, after which.
they were pulverized using mortar and pestle. The two samples were subsequently sterilized and placed in separate

stcrxle.comaingrs. The samples were agceptically transported to microbiology laboratories of Federal University of
Technology Minna and Usman Danfodio University Sokoto for further analysis.

Isolation and Characterization of Microorganisms

Standard microbiolo
Fresh rumen of cow w
(1g) of fresh dung fro
mls of sterile distilled

af;iﬂcggga?ll;zhbizzﬁjl :}?Cdlasvx;::rc u’scd f(_)r cullivation,'charuclcrizalion and idcntiliculi_uﬂ
m the rumen of cow was \}VOI.nh (Zl 01‘9 abattoir and placed inside a sterile container. One :l"“:;
RN oy ¢ighed using SlC‘ﬂlC v\fctghmg balance. This was transferred 0

’ and senially diluted using tenfold dilution. 1m] of each of the dilution was Pl"""d

Out on nutrient agar usj
using pour plate techniqu '
anaczobi fur a1 Sonc B Tou" Plte COIOni]CS s. The nutrient agar plates were incubated anacrobically usiit

nmng:; br,otllt‘dnd incubated anerobically at 37°C 1‘(])[r[’c)l4”11g8 1111l colour and shape were picked and subcultured onto
onies from <= ours.
Stﬁ?mg’ catalase t Cl,Cd to microbiological and biochemical tests which include Gram
utilization test, l‘,llndolc test, methyl red voges proskauer test, oxidase test, citrat¢
, Nl o ¥ N . . ’ sl and
- ;al&cllsQLlLll()ll » gelatin hydrolysis, hydrogen sulphide (TSI and
y Cheesbrough (2004) and Oyeleke and Manga (2008).

the incubated plates were subje
Cst, coagulase test, motility tes
starch hydrolysis, urcase test
on test using the method descri
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physico-chemical Analysis

«f-h.: p},)-gzca-c‘hs*mc?:i analysis of powdered chicken drepping
i analyzed using the methods of Bakare (1985). The ocher
L \ Ve V. ~

s and water hvacinth (Eic hhorn
lipid, fibre, crude protein, crude ca

hysicochemical propeni
Pl el paysicochemical ‘Propertties
- HEke, Sodium, mitrogen, potassium, caleiy

Lcrassipes) was

analysed for were moisture, ash
m and magnesium, -
The Digestion Process

The digesters used for this study were made up of 4000 and 10
made at the side close to the digester lid. A rubber tubing of S m
hole and firmly glued with a strong adhesive. The wholz set :
and 3 for water hyacinth, 2 served as contro] which were u
remaining 2 digesters served the

QOGmls capacity gallons with a lid. A hol
m in diameter and 36 cm long was insert
-up consisted of 10 digesters,
ninoculated (i.e. not se
purpose of gas collection (Oveleke et al .. 2004).

& Was
ed into the
3 for chicken droppings
eded with test organisms). The

Slurry Preparation and Installation

The digesters were aseptically cleaned with clorex and sterilized using 75%

I8¢ 1 g o ethanol. Two hundred grams (200g)
of the chicken droppings and water hyacinth (200g) were autoclave sterilized and mixed with 1200 mis of sterile

‘ digti]!&?d water to make s}urry in the ratio 1:6. Each of the slurry was fed into the digesters respectively after
i adjusting the pH to 7.0 with 0.1M sodium hydroxide, or hydrochloric acid. The digesters were sealed tightly using
| adhesive to seal any hole that exists creating anaerobic condition. cT -
A 2000ml - capacity cylinders were filled with tap water and closed tightly to avoid air bubbles and placed in an
inverted position in the bowl containing tap water. The rubber tubes from the digesters were carefully inserted into
' the cylinders ensuring no formation of air bubbles. The displacement of the water in the inverted cylinders serves as
: the volume of gas produced (downward displacement of water). Readings of biogas production was taken daily for
i a period of 45days .In order to collect the gas, two of the digesters (10 liter’s gallon) were connected to a plastic
bottle containing 1% caustic soda through a rubber tubing to (absorb CO,), this was further connected to a buchner
flask with the aid of another rubber tubing that is provided with an inlet and an outlet. Concentrated sulphunc acid
was poured into the flask (to absorb H,S and other gases). Both the plastic bottle and flask were sealed at the inlet
and out let to exclude air getting into them. With the aid of another rubber tubing, the flask was connected through
i the outlet to a collapsible rubber gas collector with an on/off control tap, switched to “on™ position to receive the gas
the tap was switched off when the collapsible gas receiver was turgidly inflated and connected to a Bunsen burner
through yet another rubber tubing, and tested for its inflammability using a lighter (Oyeleke er.al.. 2004).

e ——

Results

i

‘3 v

| Microorganisms Isolated from Rumen of Cow

g |
l: : wlgaris, Shigella
% The microorganisms isolated from cow rumen Were Staphylococcus aureus, Proteus vulgaris, Shige
& 1 phi ] i ruminatum.

g dysenteriae, Bacillus subtilis, Escherichia coli, Salmonella typhi and Methanobrevibacter

[

g

Physico-chemical Analysis

ppings and Eichhornia crassweipes There \:'_;15 a
ude fiber, crude carbohydrate, nitrogen, sodium,
; re were no significant

Table 1 shows the physicochemical properties of chickcnhdré)r
significant difference (P<0.05) between the mean moisture, 5% hhornia crassipes but the
potassium, calcium, magnesium of chicken droppings and Eich

: P drate .
differences (P>.05) between their mean crude protein and crude carbohy

4
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At 1e hhoynid cracs 1154
1 drop nngs un { / /|
[able 1 Physicoc hermin al ln.;pulllw. of chicken Pi
able
W ater hyacinth level of s

— (hicken droppings e YR g —

Parameter N— Fo] -~
"‘"'”\1‘.'”” ¥ o 63.4% P~ "\

. ()6H/" e 17.3% Pty % -

Monsture 50.83% 5 . ;

Ash 19 g0, 3 5% P

( rude {ibhre > 2 1% Pty (14

(rude fat ) ;W:: 10.40% P £,

Crude protein ( ‘-7:: %4 8% P03 (5

Crude carbohydiate IHI o 86.80% P00

7%

TP . ’ R o
:;l;lsli‘_:‘ll 171.7mg/ 100g 7.5mg :()()g EP ", '7 5
S f g -
Potassium 3]()().7”1}._',/“)08 7-2”"8/15())& P/(). (J}-
(":h'ﬂun 0.065mg/100g (I'(ng"'lf)(}g p/rj {):

: : 9.0mg/1002 ).0S
Magnesium 0.19mg/100g g .

Biogas production from chicken droppings and Eichhornia crassipes

Table 2 shows the weekly biogas production from chicken droppings.3 The hi_ghest weekly mean ol -
and C was 4860cm” occurnng between 1-5th day wiih .

biogas produced from chicken droppings samples A, B . ; vV with 1>+
Jowest volume of 58.3¢m’ occurring within 36-40™ day. The highest room tcrpperaturc of 30.2°C occurred ip 1.2~
day while the lowest was recorded between 11-15™ day. There was no significant difference (P > 0.03, .7~_<:__‘__’ .

within and between the sample treatments (ABC). -

Table 2: Weekly Biogas Production from Chicken Droppings

Period Average Volume of gas  Volume of gas produced with seeding (cm’)  Average volume
(Days) Room produced of oa; o AH;
Temperature  without seeding (cm::’) produced
("C) (Control) (cm3)
A B C
1-5 30.2 :
- ¢ 5440 4260 4880 4860=590.23
- 28.8 0
s " 3050 3090 3100 3046.67=83.86
) : 0 620 ,
1620 1490 1490 1200.00=302.29
30 0 390 630 5
21-25 29.4 0 2 s 590.00=183.30
: 50 9
2%6.30 420 420 363.33+98.15
28.8 0 210 270
31-35 29.0 0 i1 265 248333329
' 0 136 . _
36-40 294 " 0 ) 145 130331818
5 3
4145 28.6 0 ] 0 73 $8.3:14.43
Total 0
262.2 0 10160 v 0.00+0
Mean 29.18+ 10205 11125 116640
0.62 1128.80+ 1133 804 o
1881.82 l*i); o 1236.89+
R 1685 .55
B NAY.Y
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. Table 3 shows the \f\fcckly biogas production from Eichhornia crassipes. The h
biogas produced from Eichhornia crassipes samples D, E and F was zf)(( oy e ighest weekly mean volume of
while the lowest volume of 5.0cm® occurred within 41’-4€‘h day T};c‘hi);m: which occurred between 21-25th da .'
e s aihile - 4 Zhest toom temperature of 20 A0 ..
between 1-5th day while the lowest was recorded between 11-15% davé There wal ?)}km!u:} of 30.2°C occurred S
“twee 2 G2 B . ., J: / O significant difference
0.05) buw"fn the sample treatments (ABC dﬂd” DEF). There was no effect of temperature in t;v* (l| 'dmu prl i
generated as mean temperature varied with = 2 “C while the control experiment showed no rcxuhb juantity of biogas

Table 3: Weekly Biogas production from Water hyacinth (Eichhornia crassipes)
Period Average Room Volume of gas Volume of gas produced with seedi vers . Y\
(Days) Temperature °C  produced without (cm?®) =P T Bestng A e ol iy 5
. gas produced (cm’) !
seeding (Control) :
(em?)
D E F
1-5 30.2 0 350 470 420 413.33+60.2%
6-10 28.8 0 860 1020 1060 980+105.83
11-15 28.4 0 1310 1690 1730 1576.67+231.80 4
16-20 30 0 2070 2210 2180 2153.33£73.71
21-25 29.4 0 2720 3420 3040 3060.00+£350.42 x
26-30 28.8 0 610 980 960 850.00+208.09
31-35 29.0 0 210 270 305 261.67+48.05
36-40 294 0 75 115 115 101.67+£23.09
41-45 28.6 0 0 5 10 5.00£5.00
Total 262.2 0 8205 10180 9820 1045
Mean 29.18+ 0 911.67+ 1131.1141  1091.11+1
0.62 948.89 130.80 036.83
Discussion

The organisms isolated and seeded into the digesters were S. aureus, P. vulgaris, B. subtilis, S. dysenteriae, E.
coli, S. typhi (hydrolytic bacteria, involved in the hydrolytic, fermentative and acetogenic break down of the
chicken droppings and Eichhornia crassipes to carbondioxide, alcohols, and higher fatty acids) and M. ruminatum
(methanogenic bacteria, responsible for the production of methane(CH,) gas from methanogenesis of carbondioxide,
alcohol and higher fatty acids).

The proximate analysis of chicken droppings indicated that it contained moisture (0.67%), Ash (50.83%), Crude
fibre (19.5%), Lipid (2.67%), Nitrogen (1.17%), Sodium (171.67mg/100g), Potassium (3166.7mg/100g), Calcium
(0.065mg/100g) and Magnesium (0.19mg/100g) while Eichhornia crassipes had moisture (63.4%), Ash (17.3%),
crude fibre (3.5%), crude fat (2.1%), crude protein (10.4%), crude carbohydrate (84.08%), Nitrogen (86.8%),
sodium (7.5mg/100g), potasiums (7.3mg/100g), calcium (1.5mg/100g) and magnesium (9.0mg/100g). All other
nutrients are significantly different from each other (P<0.05) except crude fat and crude protein which were not
significantly different from each other (P>0/05) when subjected to statistical analysis . The high ﬁbre a{ld
carbohydrate content provide substrate for microbial activity while N, K, Na, Ca, Mg, may be essential nutrient for
the growth of the microorganisms. N

"{there was a gradual decrease in the mean volume of biogas produced by chicken droppings from 4860cm’ y\'lthm
15 day to Ocm® on 41-45" day. This may either be attributable to exhaustion of essential nutrients, antagonism or
utilization of gas by other organisms in close association. The mean volume of biogas produced from Eichhornia
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ed penerally with 3
- peak and declined generaii

je D, E and F increases graduaﬂ)"fo ‘!he.h{,) c&wmvd out 2 p.rchméﬁar}-' study on bio

s e ti) ek a2 o o S \’-1 h) . ;LT&CI‘Z”"J increased from SOcn
L o antity of biogas g¢ ted 1nCres
days. This support * 4 reported that the guant y « iy
i crassipies an rep 20cm’ in the 5" week, after which v
FEichhornia ¢rds sches a peak at 170cm : which the Ic2 ©
, e e the tion occurred 1M the 9% week. The

g2em’ inthe 2 ! kW eadctio : ' e
oo S K. e ‘hc_ s - !ch (9!1,67cm1’ j was lower than that pr .4
duced from Eichhornta crassipes samp This may also be due to similar trend reng
pro ’ |

3y respectively.
crassipes Samples E (1 131.11)and F (1091.11cm’) respectively

Hoeje (1997)- " . crassipes which W . . :
;,Fhe degradation of Eichharnia crassipes ™ § micro-organism taking time to adjust 1 growth by sy
period can be attributed to 118 Complbcx].natu}rlc o bstrate. This agrees with the work of Audu et al. (2
ze the su . b agite . :
‘ / s needed to metabolize ) - ation Der 24 hours. The total we
ncccssacjr)x/hc??i”z;crs charged with slurry required at least an adaptation pf.r;_od mgf} [:/—J,;] ET ?U o week]
.d tha , , P . and F are 67cm’, 10,180cm’ 9 %2
rc[]mr:c; of biog%xs produced from Eichhornia. crassipes sampl’: Py 5 e . dl:h' oduction of bilogas 1
/ .} However, the production of biogas terming
Y vely. The total mean biogas produced was therefore 1045cm’. However, the production JEas ennin
i .. This also is duc 10 accumulation of toxic materials of microbial metabolism. This 24
from 41 to 45 days. 11us ais etention period for blogas pr

1 4
e level O

i 4 . e
oauced Irom Fioks
§ 5 ‘.!frﬁn;y,lyal

nd gradual throughout the experimen .

-as much slower &I th

.

the findings of Oyewole, (2010) who pepudes il thc>dctct’nllor_1 'plf-‘flod d,m.! ézwdu“ 1o the accumulation of

using chicken droppings of cighth days and ten days respectivelys md)‘ e :, ,.;*;_.,:f P
exhaustion of nutrient or production of auto toxic substances by the mlcrobes.,Th‘crLa.'.;s n ) 1(,;: :a‘ :

> 0.05) observed in the level of gas yield in the 3 samples. Thf: control experiment : i nr;t( p’rd;.a.;:- :;r;

not seeded with methanogenesis organisms confirming that microbes are the agents of degra a.u,;z that ‘

to the production of methane gas. The average ambient temperaturc observed 1‘hr0u‘g‘hout Ih‘c C’J'f‘pﬁ.fm*’;r. tal per ‘
between 28+2°C, this also agrees with the work of Audu et al,. (2003) who investigated conversion of municipal
solid wastc for biogas through anacrobic digestion method at mesophilic temperature. ’ _

The sludge remaining in the digester could be used as manure. Oyewole (2010) reported an increase in maize
plant growth in sludge fortified soil compared to maize plant without sludge. A]S?,‘BUI"(.C, (2000 stated that the
primary advantage of an anacrobic digester is its ability to nearly completely stabilize raw manure and compl
retention of fertilizer nutrients (NPK) that werc in the raw manure.

The study revealed the capability of both chicken droppings and Eichhornia crassipes 1o produce biogas when
seeded with methanogenic organisms. But generally, the degradation of chicken droppings was more repid mitizlly
compared to Eichhornia crassipes that was a slow process. Chicken droppings produce more biogas {1166cm’)
compared to Eichhornia crassipes ( 1045¢m’). This implies that the rate of conversion of organic waste to their end
products at appropriate temperature depends on the nature of the waste. This agree with the work of Aliyy, er of
(1996) who reported that pigeon droppings, mixed with several substrates, together stabilized the fermentation
process and promoted gas yield. He also reported an increased biogas production when the ratio of pigeon droppings
with water was increased from 1:3 to 1:4 (w/v). Statistically, there was no significant difference (, PA).0S) in the
level of gas yield between the chicken droppings and Eichhornia crassipes. ‘

This study therefore, implied that the waste materials can be used successfully for the production of zltzematne

fuel instezd of

P

?nergy sources, especially now when demand for power is constantly increasing and the use of bio-fu
ossil fuel has been on the agenda of national and international development strategies for sustzinzble enerz;

prodction.
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