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This work aims to study the effect of inoculum dosage on anaerobic digestion of 
food waste using cattle rumen content, CRC, as the bio-stimulant. Four different 

batch runs were carried out which were 0% (control sample), 25% dosage, 50% 

dosage and 75% dosage. The results showed that increasing the inoculum dosage 
up to 25% led to higher biogas and methane yields respectively while the 50% 

dosage was slightly lower in performance; signalling a decline. A further increase 
in the inoculum dosage to 75% inoculation led to a sharp decline in the biogas 

and methane yields indicating that self-inhibition had set in. Therefore, it suffices 
it so say that while CRC was effective in furnishing the reacting media with the 

essential micro-organisms needed for optimal reaction, beyond 25% inoculation, 

CRC becomes counterproductive due to the presence of inhibitory substances. 

      © 2024 The Authors. Published by International Scientific Organization. 

Capsule Summary: This study investigates the impact of inoculum dosage on anaerobic digestion of food waste using cattle 

rumen content (CRC) as a bio-stimulant. Results indicate that up to 25% inoculation enhances biogas and methane yields, but 
higher dosages, particularly 75%, lead to diminishing yields. 
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INTRODUCTION 
 

Inoculum to substrate ratio (I/S), is the ratio of the bio-

stimulant to the substrate used during digestion and 
measured on the same basis (unit). Alternatively, it is the 

percentage (dosage) of the inoculum used to bio-stimulate 
the digestion process. Research has shown that different 

inoculum dosages have resulted in varying performances 
depending on the substrate used as well as the bio-stimulant. 

Even the same dosage used with different substrates does 

not guarantee the same outcome. 
The effects of inoculum to substrate ratio on anaerobic 

digestion were studied by Asante-Sackey et al., (2018). In this 
study, they used cow dung as the bio-stimulant and 

miscanthus fuscus (a plant similar to elephant grass that 

grows as tall as 3m) as the feedstock. The I/S for the different 

batch runs were 1: 0, 0: 1, 1: 1, 1: 3 and 3: 1 for 33 days HRT at 
a controlled pH range of 6.2-7.8 and temperature range of 35°� ± 2. The result of this experiment showed that the I/S 

of 3: 1 gave the highest biogas production while I/S of 0: 1 
had the least biogas production. In all the samples, the biogas, 

methane and carbon dioxide daily production increased 
overall.  

Mohamed et al. (2016) compared the production of 
biogas from MSW using cow dung and sewage sludge as the 

inoculums. The 60-day reaction was carried out at mesophilic 

temperature (not specified) and controlled pH range of 6.8-
7.3 using sodium hydroxide (NaOH) solution. The I/S were 

0%, 10%, 20% and 30% respectively for both the cow dung 
and the sewage sludge. At the end of the digestion period, it 

was observed that an increase in I/S led to a corresponding 
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increase in biogas production both for the samples seeded 
with cow dung and those seeded with sewage sludge. The 

maximum cumulative biogas productions for the 30% bio-
stimulants using cow dung and sewage sludge were 567ml 

and 383.52ml respectively. This indicates that cow dung was 
more effective as an inoculum than sewage sludge. It is 

uncertain how these dosages affect the methane content of 

the gas. 
Ihoeghian et al. (2022) studied the effects of cattle 

rumen content (CRC) on the anaerobic digestion of food 
waste. Seven different samples were prepared with inoculum 

to substrate dosage such as: 0:1, 1: 4, 2: 3, 1:1, 3: 2, 4: 1 and 1: 
0 respectively. They found that the sample with an equal 

blend of CRC and food waste gave the maximum biogas yield 0.32052ý/���. From the outcome of this study, we can assert 

that although cattle rumen content is a good bio-stimulator, 

beyond a certain dosage, it becomes counterproductive. 
Hence, it needs to be used in the right proportion. Bello et al. 

(2015) studied the effects of rumen fluid dosage in co-
digestion with food waste. Their results indicate that there 

was a general antagonistic effect during the digestion as the 
quantity of rumen fluid increased. 

Rumen fluid has also been used as inoculum in the co-

digestion of cattle manure with kitchen waste as studied by 
Argaw et al. (2013). According to them, increasing the dosage 

of the cow manure resulted in poorer performance while 
increasing the dosage of the kitchen waste improved the 

result. It was evident that similar to CRC, cow manure 
exhibits an inhibitory effect beyond a certain dosage. Pathak 

and Srivastava (2020) studied the effects of inoculum dose on methane production from the food industry’s effluent. 
Five different percentage concentrations of inoculums used 

were: 0%, 10%, 20%, 30% and 40% respectively. The 
inoculums were taken from a digested slurry of cow dung 

biogas plant while the substrate or feedstock was wastewater 
from a food industry. The outcome of the studies revealed 

that the biogas yields were respectively: ≈ 0 ml/ml, 0.97 
ml/ml, 1.05 ml/ml, 1.35 ml/ml and 1.23 ml/mL. The 30% 

concentration of bio-stimulant had the best performance in 

terms of both biogas production and methane content. This 
result attests to the inhibitory effect of cow dung above a 

certain percentage concentration. The agreement among the 
results of different researchers using different substrates 

cannot be a mere coincidence and conclude that for the bio-
digestion of any organic feedstock, using the appropriate 

inoculum dosage will ensure maximum productivity as well 

as gas quality, which has been evaluated in this study. 
 

MATERIAL AND METHODS 
 

Instrumentation and samples 
 

The following materials were used during this research 

work: nylon bags, a blender (shredder/crusher), a storage container for cattle rumen’s content, a digital weighing 
balance M411L by M-METLAR, refrigerator and food wastes 
(substrate), which was a blend of several kitchen wastes such 

as rice, beans, bread, carrot, cucumber, banana, plantain, 
baked cassava flakes, meat and fish fragments, spaghetti, etc. 

 
Biogas production and analysis 

 
A known amount (kgVS) of inoculum and crushed substrate 

were measured using a weighing balance and mixed with 

water using a water-to-substrate ratio proportional to the 
percentage MC of the feedstock. Four different samples of 

different inoculum to substrate ratios of 0: 1, 1: 3, 1: 1 and 3: 1 respectively were used. 

Each mixed sample was charged into the reactor and 
covered tightly to prevent both air and light from gaining 

access. All kinetics data such as temperature, pressure, pH, 
concentrations as well as the volume of biogas and volume of 

its constituent gases were measured daily for each digester 

for 20 days. 
Readings of temperature, pressure and pH were done 

using their respective instruments embedded with the reactor. Bacteria’s concentration was determined using the 
cell count technique and the substrates’ concentration was determined by measuring the VS of the reactor’s content 
while the gas composition was determined using gas 

chromatography fitted with a mass spectrophotometer 
(GC/MS). The gas volume was read using the water 

displacement method described by Ojikutu and Osokoya 
(2014). 

 
RESULTS AND DISCUSSION 

 

Inoculum dosage effect on biogas volume and quality 
 

Figure 1 shows the results of the cumulative biogas volume 
and the quality of the gas respectively for the control 

sample (0% biostimulation). A total of 29.7ý biogas was 
produced from 574.6gVS of waste food. This would 
translate to a biogas yield of 0.0517ý/���. The quality of 

biogas was quantified in terms of gas composition. 

Spectrophotometric analysis revealed that the biogas had 

an average methane content of 43.4%. When expressed in 
terms of yield, the biogas had a methane yield of 0.0224ý/���. Due to the high cost associated with gas 

analysis via GC/MS and other contingencies, gas analysis 

was carried out at certain intervals beginning from the day 
each reactor started producing a significant amount of gas. 

In Figure 2, the variation in the percentage of 

selected biogas composition with time is shown. The result 
shows that biogas quality increased with time while the 

impurity decreased over time. This is because microbes 
always try to detoxify the media and attain stability during 

anaerobic digestion. More importantly, very high biogas 
purity was witnessed during this continuous operation due 

to the use of one-time biostimulation instead of continuous 

co-digestion of food waste and the cattle rumen’s content. 
Hence, the inhibitory substances or toxins accompanying 

the inoculum were eventually all washed off through 
gradual digestate removal. 
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Figure 3 reveals that a total of 28.75ý was produced 

from 2kg (511.4gVS) of codigestion of food waste and 
rumen content in ratio 3: 1. This translates to a biogas yield 
of 0.0562ý/���. The average methane content for the 

entire duration was 64.08%. At this percentage, the 
methane yield of the methane gas was 0.036ý/���. based 

on biogas yield, one might think that the control sample had 
a close competition with the 25% dosage. But based on the 

fuel (methane), the 25% inoculum dosage proves to be 

more than 1.5 times better. 

Figure 4 shows the variation in percentages of some 
select biogas compositions with time. For this batch run, 

the quality of gas increased with an increase in HRT while 
the presence of impurities decreased with time. This is an 

indication that the microbes adapted better with time and 
as a result, were able to properly digest the substrates. 

 
Fig. 1: Effect of 0% bio-stimulant on biogas volume. 
 

 
Fig. 2: Effect of 0% bio-stimulant on select biogas 
composition. 

 

 
Fig. 3: Effect of 25% bio-stimulant on cumulative volume. 
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Fig. 4: Effect of 25% bio-stimulant on select biogas 

composition. 
 

 
Fig. 5: Effect of 50% bio-stimulant on cumulative volume. 

 

 
Fig. 6: Effect of 50% bio-stimulant on select biogas 
composition. 
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In Figure 5 the outcome for the digestion of food wastes 
with cattle rumen content in equal ratio are shown. A total 

of 23.8ý biogas was produced from 2kg (448.2gVS) of waste 
food; translating to a biogas yield of 0.0531ý/���. 

The average methane content calculated from Figure 
6 was 58.950%. It was found that the methane yield was 0.0313ý/���. Given this value of biogas and methane yields 

respectively, the 50% dosage had a close competition with 
the 25% bio-stimulant. Also, the biogas quality improved 

over time in the course of digestion as shown in Figure 6. 
In Figure 7, a cumulative of 15.4ý  biogas was 

produced from the digestion of 2kg (385gVS) of food waste 
and CRC in ratio 1: 3. Based on this, the gas yield was 
calculated and found to be 0.04ý/���. This quantity of gas 

is way less than the  28.48ý produced by Bagudo et al., 

(2011) from an equivalent of 2kg cow dung. This may be 

attributed to the CRC which might have contained some 
toxic compounds alongside possessing the requisite 

microbes required for anaerobic digestion.  
Figure 8 reveals that the percentage of methane gas 

was increased with time while other components of the 
biogas that constitute impurities decreased with time. The 

average percentage of methane was 53.96% and this was 

used to calculate the methane yield of the sample as 0.0216l/gVS. For all the samples, the cumulative biogas 

curve was steeply initially and nearly flattened out from the 
18th day of digestion indicating that the reaction was 

coming to an end. 
Generally, the volume of biogas improved with a decrease in the inoculum (cattle rumen’s content) dosage. 

That is, while CRC supplies the necessary species of 
microbes to the substrate, it has an inhibitory effect such 

that beyond a certain dosage a decline in performance sets 
in. This was confirmed by the pH content of the samples. 

The pH of the control fluctuated between 6.8 and 7.2 which 
are within the acceptable optimal pH range of anaerobic 

digestion while the pH of the other samples where less than 
this with increasing percentage dosage. 

Putting this in perspective, comparative analyses of 

the different samples are presented in Figure 9 to Figure 
11. It observed that gas production commenced much 

earlier with the control sample at day 2 while the other 
dosages commenced at approximately on the 5th day with 

the 25% dosage starting around the 4th day. This increase 
in time required for the commencement of gas production 

with higher inoculum could be attributed to the adaptation 

period required by these microbes in their new 
environment. For this reason, the control sample 

commenced earlier because the microbes came naturally 
with the food wastes, as such, there was rapid 

acclimatization. 
The amount of biogas one can extract from an 

organic waste will depend on the waste itself and the 

process condition. The results of all the different dosages 
samples fall within the range of 0.02þ3  to 0.8þ3  per 

kilogram of waste (Biogas world, 2022). 
 

 
Fig. 7: Effect of 75% bios-stimulant on cumulative volume 

 

 
Fig. 8: Effect of 75% bio-stimulant on biogas composition. 
 

 
Fig. 9: Effects of I/S ratio on biogas volume for 20 days 
HRT. 

 

 
Fig. 10: Effects of I/S ratio on biogas volume. 
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Effects of inoculum dosage on biogas and methane yield 
 

As mentioned earlier, the inoculum-to-substrate ratio I/S 

affects both the gas and methane yields. It is evident that at a certain concentration of the rumen’s content, the rumen’s 
content becomes counterproductive to the bioprocess. 
These effects are more pronounced when the methane 

yields are plotted against the I/S ratio as seen in Figure 12 
and Figure 13 for the biogas and methane yields 

respectively. Although the 50% biostimulant had close 

competition with the 25% biostimulant, we can see a 
gradual decline beyond the I/S ratio of 0.25. The severity 

increases as the I/S ratio increases. This observation is 
consistent and agrees with that obtained by Ihoeghian et al. 

(2022). However, in their investigation, the 50% equal 
blend gave the maximum cumulative biogas yield of 0.32052ý/���. Similarly, others such as Bello et al., (2015) 

also observed a general decline in biogas production as the 
inoculum dosage increased. In previous studies where cow 

dung was used as inoculum, Pathak and Srivastava (2020) 
witnessed a decline beyond the certain optimum inoculum 

dosage. It suffices to say that from the current study, at a 
certain concentration of the cattle rumen content, the bio-

stimulant becomes inhibitory. Hence, digestion must be 
done within an acceptable dosage to have optimal results. 

  

CONCLUSIONS 
 

Apart from knowing the necessity for inoculation, the 
problem of percentage dosage is equally important. In the 

effect of I/S dosage, it was found that the 25% bio-
stimulation gave the best result in terms of both biogas and 

methane yield, followed by 50% and then 75%. The poorer 

performances of higher concentrations of the other 
inoculums were attributed to inhibition. We can conclude 

that while inoculation is necessary for the digestion of food 
waste, it must be done in the right proportion to avoid 

inhibition. 
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