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Anaerobic co-digestion of  duckweed (DW) with water hyacinth (WH) at five DW: WH ratios (1:0, 7:3, 1:1, 3:7 
and 0:1 w: w dry basis) was carried out with a view to comparing and evaluating the effect on biogas yield. Fixed 
quantity of  cow dung slurry was added to each treatment as inoculum to seed the digesters before digestion for 
seventeen weeks in batch type digesters. Biodegradation and maximum biogas yield models based on first-order 
kinetics were fitted to the experimental biogas yields to describe the cumulative and predict maximum biogas 
yields, respectively from each treatment. The results indicated that DW was viable for biogas production and 

more prolific than WH. Co-digestion did not affect (p > 0.05) temperature and pH but affected (p ≤ 0.05) total 
2bacterial count and biogas yield. The high R  values obtained from the biodegradation model fit showed that the 

2model described the experimental yields satisfactorily. Furthermore, the high R  values and percentages of  
predicted maximum yield/observed maximum yield showed that the maximum biogas yield model predicted the 
maximum yields satisfactorily. The study concluded that co-digestion of  DW and WH was best at ratio 7:3 while 
ratio 1:1 was the best described and predicted by the biodegradation and maximum biogas yield models.
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INTRODUCTION
Duckweed (DW) (Lemna minor) and water hyacinth 
(WH) (Eichhornia crassipes) are free floating aquatic 
plants that can live and reproduce freely on the 
surface of  fresh waters or can be anchored in mud. 
Duckweed is small and fragile while water 
hyacinth is long and spongy with bulbous stalks. 
When conditions are ideal, in terms of  water 
temperature, pH, incident light and nutrient 
concentrations, DW compete in terms of  biomass 
p roduc t i on  w i th  the  mos t  v i g o rous  
photosynthetic terrestrial plants doubling their 
biomass in between 16 h and 2 d, depending on 
conditions. DW and WH are considered some of  
the world's worst aquatic weeds as they infests 
rivers, dams, lakes and irrigation channels on every 
continent.

 However, they have received research attention 
because of  their great potential to remove mineral 
contaminants from waste waters emanating from 
sewage works, intensive animal industries or from 
intensive irrigated crop production (Leng et al., 
1995; Narayana and Parveez, 2000; Singhal and 
Rai, 2003; Zhao et al., 2014) and as a feedstock to 

animals and fish to complement diets and largely 
to provide a protein of  high biological value 
(Polprasert et al., 1994; Leng et al., 1995; Kusina et 
al., 1999). In addition, WH has been very well 
researched and found to be prolific in biogas 
production (Singhal and Rai, 2003; Almoustapha 
et al., 2009; Sullivan et al., 2010; Patil et al., 2012). 

For years, researchers have been trying to 
commercialize DW as a viable source of  
bioenergy for the production of  ethanol, 
biodiesel, natural gas and steam-generated 
electricity. Recently, studies on the use of  DW for 
biogas production (Clark et al., 2007; Triscari et al., 
2009; Strom, 2010; Gaur et al., 2017; Tonon et al., 
2017) have been gaining prominence. However, 
despite these efforts, there is still a dearth of  
literature concerning the effective co-digestion of  
DW for biogas production. This study therefore 
aimed at digesting DW to evaluate the biogas yield 
and co-digesting DW and WH to compare and 
evaluate the effect on biogas yield. Furthermore, 
an organic matter biodegradation model and a 
maximum biogas yield model based on first-order 
kinetics were fitted to the biogas yield data to 
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describe the process response and estimate 
maximum biogas yield attainable, respectively.

MATERIALS AND METHODS
Materials
The anaerobic experiment was conducted at the 
Department of  Agricultural and Environmental 
Engineering of  the Obafemi Awolowo University, 
Ile-Ife, Nigeria. Fresh cow dung was collected 
from the University Teaching and Research Farm 
while duckweed (DW) and water hyacinth (WH) 
were harvested within 24 h from a fish pond and a 
lake, respectively in Ile-Ife town.

Analytical Procedure
The feedstocks' samples were analysed for total 

o
solids content (oven dried at 105 C for 24 h); 

ovolatile solids (VS) content (ashing of  TS at 550 C 
for 5 h); total nitrogen (regular-Kjeldahl method; 
Bremner, 1996); pH (1:10 w/v sample: water 
extract, using a digital pH meter). The total carbon 
(TC) content was estimated from the ash content 
according to the formula by Mercer and Rose 
(1968):

(1)

Total bacterial count of  the substrates was 
analysed using the pour plate technique according 
to Hunter-Cerena et al. (1986).

Experimental Set up
The experimental set up comprised of  digesters, 
water tanks and water collectors. The digesters 

3were adapted using cube-shaped 25 dm  plastic 
kegs. The kegs were positioned to give surface area 

2(dm ) and height (dm) dimensions of  2.50 × 4.65 
and 2.15, respectively. A drain plug was fitted at 
the base of  each digester for collection of  samples 
for pH and bacterial count analysis. Each digester 
had a digital thermometer probe fitted to it for 
temperature measurement. Similarly, the water 
tanks and water collectors were adapted using 10 

3 3
dm  and 5 dm  rectangular plastic kegs, 
respectively. Rubber hose was used to connect 
each digester to the water tank and the water tank 
to the water collector.

Feedstocks Preparation
The roots, stems and leaves of  the plants were all 
digested. Duckweed had its original size < 6 mm 
of  sieve size while WH was cut into < 6 mm sieve 

size for effective digestion. The plants were mixed 
at DW: WH (w:w dry basis) ratios of  1:0 (DW 
alone), 7:3, 1:1, 3:7 and 0:1 (WH alone) to give a 
total weight of  0.12 kg for each mixture. Each 
mixture was adjusted to 8% total solids as 
recommended by Zennaki et al. (1996), with 
portable water. The cow dung was also diluted to 
8% total solids and screened using a 6 mm plastic 
mesh to remove gross solids. Each digester was 

3
filled to 60% (15 dm ) capacity with cow dung 
slurry (to give sufficient liquid medium for 
biodegradation and to serve as inoculum to seed 
the digesters) after which the plant mixtures were 
loaded. A treatment of  cow dung without plant 
addition was set up to assess the contribution of  
cow dung to the biogas yield from each treatment. 
Each treatment was replicated thrice. The daily 
biogas production was measured by water 
displacement method. The digesters were 
manually agitated twice daily at twelve hours 
interval to ensure intimate contact between the 
microbes and the substrates, and to release gas 
bubbles that may have been trapped in the 
medium. The substrates were digested for 119 
days during which ambient and substrates 
temperatures and biogas yield were measured 
daily, pH was measured weekly and total bacterial 
count was measured every four weeks. 

Model Concept
First-order kinetic equation can provide an 
emp i r i c a l  app roach  to  s t udy ing  the  
biodegradability of  organic materials by 
observing changes in volatile solids (VS) during 
decomposition. Hence, the VS biodegradation 
and maximum biogas yield models used to 
describe the process and estimate biogas yield, 
respectively from co-digestion of  DW and WH in 
batch reactors were based on first-order kinetics. 
It was assumed in this study that: i) there was a 
correlation between VS degradation and biogas 
yield at any time; ii) a certain quantity of  VS in the 
substrates was assumed to be recalcitrant to 

 
degradation within the retention time allowed 
(although this was at variance to the assumption 
by previous researchers (Linke, 2006; Mahnert 
and Linke, 2009; Yusuf  and Ify, 2011). Hence the 
model was modified to reflect remnant VS; and iii) 
there was no lag time before the beginning of  VS 
degradation (since biogas production started 
within 24 h of  digestion).

8.1/(%)]100[(%)  Ash TC
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The substrate removal rate is given by:

   (2)

   (3)

where:

C : VS concentration in the substrates at any t

moment (%, db); : lag time before VS begins to 
degrade (d); k: VS degradation rate constant based 

-1on the quantity of  VS in substrate (d ) and; C : e

remnant VS concentration after retention time (%, 
db).
By integrating Eq. 3, the VS degradation model is 
given by:

   (4)

Where: Co is VS concentration in the substrates at 
the beginning of  the experiment (%, db).
However, since lag time was assumed to be zero, 
Eq. 4 becomes:

   (5)

Eq. 5 was then log-transformed to linearize it as:

   (6)

The original biogas yield data was then 
transformed using the left side of  Eq. 6 to 
generate a new data set on Y:

   (7)

Eq. 7 was calibrated with the experimental 
cumulative biogas yield data of  each treatment to 
obtain the kinetic constant (k). 
Maximum biogas yield for each treatment was 
estimated using the relationship (Yusuf  and Ify, 
2011):

   (8)

Where: Y and Y  are biogas yield at any time and t m

maximum biogas yield, respectively.
The half  life of  first-order kinetic model is given 
by:

   (9)

Lt

The goodness of  fit of  the models was evaluated 
2

using the R-squared (R ) statistic and standard 
2deviation (s). R  was calculated from the variance 

statistics that are reported for the regression, using 
the equation:

(10)

2
A value of  R  close to unity indicates a good fit 
whereas a value close to zero indicates a poor fit. 
Standard deviation is the average deviation of  the 
residuals (observed minus estimated values for a 
given data point) from zero. Student's t-test was 
used to evaluate the observed and estimated data 
based on the deviation, with the null hypothesis 
that the overall mean of  the residuals did not differ 

significantly from zero at p ≤ 0.05. If  the resulting 
p-value of  the test is greater than 0.05, it implies 
that the estimated values closely approximate the 
observed values. 

 Statistical Analysis
Experimental data collected was subjected to one-
way analysis of  variance (ANOVA) using SAS 
(2002) to compare variations in the parameters 

measured. Where significance was indicated at p ≤ 
0.05, Duncan's Multiple Range Test was used to 
separate the means. The curve fitting and 
goodness of  fit analysis was performed using 
MATLAB 7.8 software (Release 2009a). The 
experimental biogas yield of  each treatment was 
used to calibrate and validate the model results.

RESULTS AND DISCUSSION
The initial C: N ratios (Table 1) of  the individual 
plant materials were below the optimal range of  
16:1-20:1 reported for anaerobic digestion 
(Alvarez et al., 2010), while that of  the cow dung 
was above. This was due to the high total nitrogen 
content in the plants compared to the cow dung. 
However, after mixing the feedstocks, the 
resulting C: N ratios were higher (35.2:1-36.1:1) 
than the optimal range. The ash content of  the 

-1DW (147.8 mg kg ) was within values (130-150 mg 
-1kg ) obtained in literature (Leng et al., 1995; Noor 

et al., 2000). The initial moisture content before 
-1

mixing was 927.9, 898.7 and 572.1 mg kg  for DW, 
WH and cow dung, respectively.
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Substrate Temperature
Co-digestion did not have significant (p > 0.05) 
effect on substrate temperature (Table 2). The 
range of  the ambient and substrate temperatures 

o
during digestion (25.5 to 33.5 C and 26.3 to 34.7 
o
C, respectively) indicated that the anaerobes that 

caused the decomposition operated within the 
o

mesophilic temperature range (25-35 C). This was 
considered optimal for the support of  biological-
reaction rates (Tchobanoglous et al., 2003). The 
daily substrate temperatures fluctuated repeatedly 
during digestion. 

The temperatures were averaged weekly and 
presented in figure 1. The temperature profile 

oexhibited sinusoidal pattern; starting with ≈26 C, 
dropping slightly during week 2 and rising 
gradually to peak during week 12 in most 
treatments. There was a sharp increase in 
temperature values from week 15 to week 16 in all 
the treatments before decreasing to final values 

o
(30.5 to 31 C). Significant (p ≤ 0.05) relationship 
was established between the substrate and 

2ambient temperatures. The high R  values (0.878-
0.926) obtained between the substrate and the 

Table 1. Initial Properties of  the Feedstocks Mixtures

Treatment  Properties (proportion of  dry matter)  

 pHa

 VS (g kg-1)  TC (g kg-1)  TN (g kg-1)  C:N ratio

Individual feedstock
 

DW
 

nd
 
852.2

 
473.4

 
46.2

 
10.3

WH
 

nd
 
981.0

 
545.0

 
42.7

 
12.8

CD

 
7.50

 
781.0

 
433.9

 
26.1

 
16.6

Mixture (CD+plants)

 DW:WH (1 :0)

 

6.90

 

775.1

 

430.6

 

26.09

 

16.5

DW:WH (7:3)

 

6.97

 

773.5

 

429.7

 

26.13

 

16.4

DW:WH (1:1 )

 

6.53

 

773.9

 

430.0

 

26.12

 

16.5

DW:WH (3:7 ) 6.73 774.4 430.2 26.10 16.5

DW:WH (0:1) 6.60 772.7 429.3 26.15 16.4

a
1:10 w/v sample: water
VS, volatile solids; TC, total carbon; TN, total nitrogen; C:N, carbon to nitrogen; DW, duck weed; 
WH, water hyacinth; CD, cow dung; nd, not determined

Table 2. ANOVA Results Showing the Effect of  Co-digestion on the Parameters

Parameter  Source  DF  SS  MS  F-value  Pr>F

Temperature  Treatment  4  0.3509  0.0877  1.4700  0.2814

 Error  10  0.5953  0.0595    

 Corrected total  14  0.9462     
pH  Treatment  4  0.0939  0.0235  2.4200  0.1172

 
Error

 
10

 
0.0970

 
0.0097

   

 
Corrected total

 
14

 
0.0191

    
Total bacterial 
count

 

Treatment
 

4
 
868347047

 
217086762

 
7.130

 
0.0055

Error
 

10
 

304280469
 

30428047
   

 
Corrected total

 
14

 
1172627516

    
Biogas

 
Treatment

 
4

 
0.1145

 
0.0286

 
6.628

 
0.0214

 
Error

 
10

 
0.0431

 
0.0043

   Corrected total 14 0.1598

DF, degrees of  freedom; SS, sum of  squares; MS, mean of  squares; Pr, probability value
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ambient temperatures indicated that heat was 
exchanged through the digester walls. The 
relationship was also reflected in the same pattern 
of  ambient and substrate temperatures observed 

(Figure 1). A significant (p ≤ 0.05) relationship was 
also established between the substrate 

2
temperatures and the pH. Although the R  values 
(0 .295-0 .455)  were  low compared to  

substrate/ambient temperatures relationship, 
there was an indication of  a dependence of  
substrate temperature on pH. Substrate 

temperature varied (p ≤ 0.05) with total bacterial 
count in DW: WH (3:7 and 0:1) as indicated by 

2
high R  values obtained (0.993 and 0.943, 
respectively). 
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Figure 1. Profile of  Substrate Temperature during Digestion
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Figure 2. Profile of  Substrate pH during Digestion
DW, duck weed; WH, water hyacinth

Substrate pH
Co-digestion had no significant (p > 0.05) effect 
on substrate pH (Table 2). The initial pH of  the 
treatments (Table 1) fell within the range of  6-8 
considered suitable for bacteria involved in 
anaerobic digestion. The pH during digestion 
ranged between 6.60 and 8.15. pH profile in all the 
treatments followed the same pattern (Figure 2). 

Initial values rose gradually to peak (7.40-8.15) 
between weeks 9 and 11 and dropped gradually 
thereafter to final values (7.23-7.37). The 
sinusoidal pattern observed indicated occasional 
decrease and increase in pH during digestion. The 
decrease in pH implied the production of  volatile 
fatty acids (Cuzin et al., 1992), while the increase 
could be attributed to subsequent transfer and 
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consumption of  volatile fatty acids by 
methanogenesis. The sustenance of  pH values 
above 5.0 throughout digestion indicated efficient 
methane production (Jain and Maattiasson, 1998) 
and operation of  the digesters. The pH final 
values (>7.20) showed that the effluents were 
suitable for improvement of  agricultural soils 
(Rynk et al., 1992) and for optimum plant growth 
(Campbell et al., 1997).

Total Bacterial Count

Co-digestion had significant (p ≤ 0.05) effect on 
total bacterial count (Table 2). The mean values 
showed that DW: WH (7:3 and 0:1) had higher 

total bacterial count (Table 3). The significant (p ≤ 
0.05) correlation between substrate temperature 
and total bacterial count in DW: WH (3:7 and 0:1) 
indicated higher microbial activities which may 
have resulted in the slightly higher temperatures 

observed (Table 3). The low and non-significant (p 
2

> 0.05) R  values (0.003-0.346) between pH and 
total bacterial count implied that the latter did not 
vary with the former as the pH range during 
digestion (6.60-8.15) was ideal. 

Mosey and Fernandes (1989) reported that the 
growth of  methanogens is greatly reduced below 
pH 6.6, while Sandberg and Ahring (1992) claimed 
that an excessive alkaline pH can lead to 
disintegration of  microbial granules and 
subsequent failure of  digestion process. The total 
bacterial count profile showed steep drops 
between week 4 and 6 in all the treatments (51225-

-1 -1113600 cfu ml  to 12100-33950 cfu ml ) (Figure 
3). A slight increase in week 12 was observed in 
DW: WH (1:0 and 1:1) before decreasing to 7850 

-1and 19025 cfu ml , respectively by week 16. 

Table 3. Significant Means Separation using the Duncan's Multiple Range Tests

Treatment  Temperature  
(oC)  

pH  Total bacterial  
count (cfu)  

Biogas  
(dm3

 kg-1

 VS fed day-1)

DW:WH (1 :0)
 

 

30.56a

 
7.57a

 
33116b

 
0.171b

 

DW:WH (7:3)
 

 

31.16a

 
7.63a

 
28131b

 
0.176b

 
DW:WH (1:1 )

 
 

31.07a

 

7.69a

 

29600b

 

0.153a

 
DW:WH (3:7 )

 
 

30.86a

 

7.54a

 

43763a

 

0.217c

 
DW:WH (0:1) 31.10a 7.45a 45919a 0.238c

Superscripts with the same letter are not statistically different at p ≤ 0.05
DW, duck weed; WH, water hyacinth; VS, volatile solids
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Figure 3. Profile of  Total Bacterial Count during Digestion
DW, duck weed; WH, water hyacinth
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Biogas Yield
The biogas yield from cow dung treatment was 
subtracted from the yields of  every treatment. Co-

digestion was observed to have significant (p ≤  
0.05) effect on biogas yield (Table 2). DW: WH 
(1:0) produced the highest while DW: WH (1:1) 
produced the least. The higher yield in DW: WH 
(1:0) than DW: WH (0:1) could be attributed to 
some of  the physico-chemical properties (particle 
size, crude protein, fat, crude fibre and ash) of  
DW. Duckweed has smaller particle size compared 
to WH. Furthermore, DW has high crude protein 
(25-35%) and low fat (1.3%), crude fibre (8-10%) 
and ash (12-15%) than WH which has crude 
protein (7.1-8.3%), fat (4.4%) crude fibre (16.9-
21.9%), ash (19.1-24.7%) (Okoye et al., 2002; 
Hlophe and Moyo, 2011; Zhao et al., 2014). 

The effect of  particle size on biogas production 
has shown that finer particles resulted in greater 
biogas production (Moorhead and Nordstedt, 
1993; Mshandete et al., 2006; Nalinga and 
Legonda, 2016). High protein content has been 
reported to favour biogas production (Eze and 
Ojike, 2012) as crude protein degrades to 
cellulotic materials during fermentation to yield 
biogas by micro-organisms secreting some extra 
cellular enzymes (proteins). Fibre materials are not 
susceptible to easy degradation due to the high 
percentage of  lignin content which makes it 
resistant to attack by anaerobic micro-organisms, 
hence they result in low biogas yield. The 
significantly higher yield could also be attributed 
to a greater synergy between cow dung and DW in 
the resulting low C: N ratio mixture. Biogas yield 

2
had non-significantly (p > 0.05) low R  values 
when it was correlated with substrate temperature 
(0.004-0.067), total bacterial count (0.004-0.816) 
and pH (0.003-0.187) in all the treatments. 
Regardless of  the high initial C: N ratios of  the 
treatments, biogas production started within 24 h 

of  digestion (Figure 4a). The early production 
could be due to the high VS content in the starting 
mixtures (Table 1) or possibly a synergetic effect 
due to the complementary characteristics of  the 
feedstock materials mixed (Comino et al., 2010) or 
the high water content in the aquatic weeds. Also, 
all the treatments had varying days of  non-
production. The zero productions showed that 
none of  cow dung and plant(s) produced biogas. 
This can be attributed to methanogens 
undergoing a methamorphic growth process by 
consuming methane precursors produced from 
the initial activity (Lalitha et al., 1994) or temporary 
inhibition of  the digestion process due to volatile 
fatty acid accumulation (Bouallagui et al., 2001). 
The total non-production days were 11, 23, 35, 26 
and 35, amounting to 9.24, 19.32, 29.41, 21.85 and 
29.41% of  digestion time in DW: WH (1:0, 7:3, 
1:1, 3:7 and 0:1), respectively. The longest 
consistent non-production days (11 days) were 
observed in DW: WH (0:1) from day 109 to the 
end of  the experiment which, signaled the 
completion of  the digestion process. DW: WH 
(1:1) had 8 days, DW: WH (7:3 and 3:7) had 7 days 
each while DW: WH (1:0) had the least (3 days). 
The weekly yield showed repeated fluctuations 
during digestion (Figure 4b). DW: WH (1:0, 7:3, 
1:1 and 3:7) attained peak productions during 
week 5, of  which 42.7, 40.5, 42.9 and 38.1%, 
respectively of  the total biogas yield had been 
produced. DW: WH (0:1) attained its peak 
production during week 8, of  which 62.4% of  the 
total biogas yield had been produced. The 
differences in peak periods were attributed to the 
differences in the degree of  biodigestibility of  the 
plants (Odeyemi and Adewumi, 1982). It was 
observed from the cumulative yields (Figure 4c) 
that from day 18, DW: WH (1:0) had consistently 
higher yield followed by DW: WH (7:3) from day 
24. DW: WH (3:7) maintained the least yield from 
day 67 thereafter. 
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Modelling Results
The summary of  modeling results on the yields 
from the water weeds are presented in table 4. The 
biodegradation model (Eq. 5): The rate constants 
(k) for the treatments varied between 0.0326 and 

-10.0481 d , with DW: WH (1:1) having the least. 
The k values were similar to what Adanikin et al. 
(2017) obtained. The lower the k, the lower the 
biodegradation rate. No significant correlation 
was established between k and biogas yield. The 
same was observed by Mahnert and Linke (2009). 

2The goodness of  fit test showed high R  values 
(>0.7369) for the treatments, indicating that the 
biogas yield obtained can be explained 
satisfactorily by the biodegradation model. The 
estimated yields followed a first-order kinetic 
reaction (Figure 5a-e). However, the t-test analysis 
showed that the estimated yield did not closely 
approximate the observed yields in all the 
treatments. This was largely attributed to the high 

residual values in the early days of  digestion 
(Figure 5a-e). However, towards the end of  
digestion, the estimated values tend towards the 
observed values, resulting in residual values closer 
to zero. Particularly, DW: WH (1:1 and 3:7) had no 
significant (p > 0.05) difference between the 
observed and estimated yields from day 100 to the 
end of  digestion. Other treatments observed the 
same from about day 110 to the end of  digestion. 
The observation suggests that the biodegradation 
model may not be suitable for short retention 
time. Both residual mean and residual standard 
deviation was least and highest in DW: WH (1:1) 
and DW: WH (7:3), respectively. The time at which 

half  of  the yield was produced, , which was a 
function of  k, varied linearly with k, with DW:WH 
(1:1) having the longest half  time. The maximum 
biogas yield (Ym) model (Eq. 8): The R2 values 
(>0.583) (Table 4) obtained from the regression 
analysis showed that the model can satisfactorily 
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Figure 4. Profile of  Biogas Yield (a) Daily and (b) Weekly
DW, duck weed; WH, water hyacinth: VS, volatile solids

Ogunwande et al.: Comparative Evaluation and Kinetics of  Biogas Yield from Duckweed



657

be used to estimate Ym from anaerobic digestion. 
This fact was further proven by the high values of  
estimated Ym/observed Ym (75-85%) and the 
high correlation (R = 0.979) between the two 
yields. The estimated maximum yields showed 
that DW: WH (1:0) had higher yield than DW: WH 
(0:1) (Table 4), the same trend as obtained in the 
original yield (Table 3). The estimated yields also 
showed that co-digestion improved biogas yield 
from WH, with DW: WH (7:3) having the highest 

Ym. With the high correlation reported between 
the observed and estimated yields, it could be said 

that a significant (p ≤ 0.05) difference would also 
exist among the estimated yields. The modeling 
results showed that for both biodegradation and 
maximum biogas yield models, DW: WH (1:1) and 
DW: WH (0:1) had the best and least model fit, 

2
respectively as indicated by their corresponding R  
values.
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Figure 5. Profile of  Observed and Estimated Cumulative Biogas Yield: 
a) DW:WH (1:0), b) DW:WH (7:3), c) DW:WH (1:1), d) DW:WH (3:7) and e) DW:WH (0:1)
 Residual = Observed  Estimated.
DW, duck weed; WH, water hyacinth; VS, volatile solids
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Table 4. Summary of  Modeling Results

Treatment  Biodegradation model   Maximum  biogas yield (Ym) model

 k  (d-1)  R
2

 Rμ  Rs  
t-test    Estimated 

Ym

 
(d 3

 
-1

 
m kg VS fed)

 

2R  Estimated/Observed 
(%)

 

DW:WH (1 :0)

 
 

0.0481

 
0.7369

 
-4.759

 

4.048

 
<0.001

 
14.40

 
14.86 (19.68)

 

0.5838

 
75.51

 
DW:WH (7:3)

 
 

0.0326

 

0.8671

 

-4.088

 

2.711

 

<0.001

 

21.26

  

16.15 (20.55)

 

0.7487

 

78.59

 DW:WH (1 :1)

 
 

0.0351

 

0.9219

 

-2.601

 

2.005

 

<0.001

 

19.75

  

15.26 (17.86)

 

0.8192

 

85.47

 DW:WH (3:7)

 

0.0460

 

0.8149

 

-5.041 4.386

 

<0.001

 

15.08

  

20.40 (25.39) 0.6730

 

80.35

 
DW:WH (0:1) 0.0404 0.8878 -4.950 3.752 <0.001 17.13 22.93 (27.85) 0.7598 82.34

)(dt
2

1

Values in parenthesis are the real Y ; k, volatile solids degradation rate constant; R , residual mean; m μ

R, residual standard deviation
DW, duck weed; WH, water hyacinth; VS, volatile solids
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CONCLUSIONS
The results showed that co-digestion had 
significant effect on total bacterial count and 
biogas yield. Duckweed produced more biogas 
than water hyacinth while DW: WH (7:3) 
produced the highest among the plant mixtures. 

2
The high R  values obtained from the models fit 
showed that biodegradation model fitted and 
described the experimental biogas yields 
satisfactorily while the maximum biogas yield 
model also predicted the maximum yields 
satisfactorily. Biogas yield from DW: WH (1:1) was 
the best described by the two models, as indicated 

2by the highest R  values.
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