ISSN: 2349-4786

Volume 13, Issue 1, 2026

Emerging Trends in

Chemical Engineering

G

STM JOURNALS

January—April
DOI (Journal): 10.37591/ETCE

https://journals.stmjournals.com/etce

Research ETCE

Effect of Microbial Species and Inoculum Dosage on
Anaerobic Digestion

C.P. Ukpaka'*, J.A.G. Azuatalam®

Abstract

This work aims at studying the effect of microbial species and inoculum dosage on anaerobic
digestion of food waste using cattle rumen content as inoculum. Four different batch runs were
carried out with different percentage inoculations which were (control sample), 25% dosage, 50%
dosage and 75% dosage. To have both logical and scientific explanation why the inoculated samples
had better performance than the control sample, microbial identification was carried out using
standard method during the reaction period. The result of the microbial identification showed that
inoculation was essential for better biogas quality and yield. The better biogas quality from the
inoculated samples was traceable to the presence of Thermoplasma volcanium and Archaeoglobus
fulgidus which are sulfur reducing bacteria as well as Methanosarcina barkeri which forms methane
using different metabolic pathways. However, while the CRC furnishes the reacting media with the
essential microbes, the results of the effects of inoculum dosage showed that inoculation using CRC
should be done within 25% and 50% with the former slightly better. This was because; beyond 50%
dosage, there was sharp decline in the performance of the system which is an indication of self-
inhibition. Therefore, it was concluded that to improve the performance of anaerobic digestion
without the risk of inhibition at high inoculum dosage, biostimulation of the system with isolated
samples of necessary species of microbes was recommended and where isolation is not used,
inoculation should not exceed 25% when using CRC.

Keywords: Anaerobic digestion, cattle rumen content, food waste, inoculum dosage, microbial
species

INTRODUCTION

Biogas is produced by the decomposition of organic matter by microorganisms in the absence of
oxygen in a process called anaerobic digestion, also referred to as methane fermentation, biodigestion,
or biogas fermentation. Biodigestion is a complex process involving various bacterial and microbial
groups. The main groups of microorganisms being acid- and methane-forming bacteria differ with
respect to nutritional needs, growth kinetics,
physiology, and sensitivity to environmental
conditions. As a result, it has been shown that the
yields of volatile fatty acids (VFA) and methane
are the most sensitive to the archaea
microorganisms responsible for methanogenesis
and are more irritable to inhibitory compounds that
may be present in the feed (Delgadillo et al., 2018)
[11]. Identifying these species of microbes with
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subsequent isolation and cultivation can improve
the performance of the digestion process.

The inoculum-to-substrate ratio (I/S) is the ratio
of the biostimulant to the substrate used during
digestion and measured on the same basis (unit).
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Alternatively, the percentage (dosage) of the inoculum was used to biostimulate the digestion
process. Research has shown that different inoculum dosages result in varying performances
depending on the substrate used as well as the biostimulant. Even the same dosage used with different
substrate does not guarantee the same outcome [ 1—4].

The effects of inoculum to substrate ratio on anaerobic digestion were studied by Asante-Sackey et
al. (2018) [5]. In this study, they used cow dung as the biostimulant 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 and 3 for 33 d HRT at a controlled pH range of 6.2—7.8 and a temperature range of. The results
of this experiment showed that I/S gave the highest biogas production, while I/S had the least biogas
production. In all samples, the biogas, methane, and carbon dioxide daily production increased overall
[6-16].

Mohamed et al. (2016) [17] compared the production of biogas from MSW using cow dung and
sewage sludge as inocula. The 60 days reaction was carried out at mesophilic temperature (not
specified) and a controlled pH range of 6.8—7.3 using a sodium hydroxide (NaOH) solution. The I/S
ratios were 0%, 10%, 20%, and 30% for cow dung and sewage sludge, respectively. At the end of the
digestion period, it was observed that an increase in I/S led to a corresponding increase in biogas
production for both samples seeded with cow dung and sewage sludge. The maximum cumulative
biogas production for the 30% biostimulants using cow dung and sewage sludge was 567 ml and
383.52 ml respectively. This indicated that cow dung was more effective as an inoculum than sewage
sludge. It is uncertain how these dosages affect the methane content of gas [18—21].

Thoeghian et al. (2022) [12] studied the effects of cattle rumen content (CRC) on anaerobic
digestion of food waste. Seven different samples were prepared with inoculum-to-substrate dosages of
0:1, 1:4, 2:3, 1:1, 3:2, 4:1, and 1:0. They found that the sample with an equal blend of CRC and food
waste produced a maximum biogas yield of. From the results of this study, we can assert that although
cattle rumen content is a good biostimulator, it becomes counterproductive beyond a certain dosage.
Hence, it must be used in the right proportion [22].

Bello et al. (2015) [8] studied the effects of rumen fluid dosage during co-digestion with food
waste. Their results indicated that there was a general antagonistic effect during co-digestion as the
quantity of rumen fluid increased.

Rumen fluid has also been used as an inoculum in the co-digestion of cattle manure with kitchen
waste, as studied by Argaw et al. (2013) [4]. According to them, increasing the dosage of cow manure
resulted in poorer performance, while increasing the dosage of kitchen waste improved the result.
Similar to CRC, cow manure exhibits an inhibitory effect beyond a certain dosage [23].

Pathak and Srivastava (2020) [26] studied the effects of inoculum dose on methane production from
food industry effluent. Five different percentages of inocula were used: 0%, 10%, 20%, 30%, and
40%. The inoculums were obtained from the digested slurry of a cow dung biogas plant, while the
substrate or feedstock was wastewater from the food industry. The outcome of the studies revealed
that the biogas yields were respectively: ml/ml, 0.97 ml/ml, 1.05 ml/ml, 1.35 ml/ml and 1.23 ml/ml.
The 30% concentration of biostimulant exhibited 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 concentration [24].

The agreement between the results of different researchers using different substrates cannot be a
mere coincidence. It can be concluded that for the biodigestion of any organic feedstock, using an
appropriate inoculum dosage will ensure maximum productivity as well as gas quality [25].
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MATERIALS AND METHOD
Materials

The following materials were used in this research: nylon bags, blender (shredder/crusher), storage
container for cattle rumen content, digital weighing balance M411L by M-METLAR, refrigerator, and
food waste (substrate), which is a blend of several kitchen wastes such as rice, beans, bread, carrot,
cucumber, banana, plantain, baked cassava flakes, meat, fish fragments, and spaghetti.

Methods

A known amount (kg VS) 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 with different inoculum-to-substrate ratios of, and were used.

Each mixed sample was charged into the reactor and covered tightly to prevent air and light from
gaining access. All kinetic data, such as temperature, pressure, pH, concentrations, volume of biogas,
and volume of its constituent gases, were measured daily for each digester for a period of 20 days.

Readings of temperature, pressure, and pH were performed using instruments embedded in the
reactor. The bacterial concentration was determined using the cell count technique and substrate
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). Gas volume was measured using the water displacement method described by Ojikutu and
Osokoya (2014).

RESULTS AND DISCUSSION
Bacterial Species and Identification.

Table 1 shows the outcome of bacterial species identification for the digestion of FW inoculated
with CRC, while Table 2 shows the digestion of FW without inoculation (control).

Gram staining, motility, methyl red, indole, citrate utilization, sugar fermentation, and Voges-
Proskauer were the seven indicators used to determine the presence of different microbial species. The
results indicated that the control sample lacked the presence of some microorganisms, such as
Thermoplasma volcanium, which is responsible for the degradation of sulfur. On the other hand, the
results on the effects of the inoculum-to-substrate ratio revealed that the control sample had a higher
percentage of hydrogen sulfide and indicated that there was Thermoplasma volcanium feeding on the
elemental sulfur, thereby reducing the amount of hydrogen sulfide formed. Therefore, the sulfur
content in the control experiment was much higher than that in other experimental runs. In addition,
Halobacteri salinarum, a salt-degrading aerobic microbe capable of survival in a very low oxygen
environment, was present in the inoculated food wastes. It might have been able to survive by using
traces of oxygen produced during anaerobic degradation. Other microbes found in the inoculated
samples that were not in the control experiment included Archaeoglobus fulgidus, which is usually
found in high-temperature oil fields and grows anaerobically at a high temperature range of with
optimal at. They are sulfate-reducing archaea, coupled with the reduction of sulfate to sulfide with the
oxidation of many different organic carbons, as well as complex polymers. Methanosarcina barkeri
can anaerobically produce methane through different metabolic pathways. This might have
contributed to the quality of biogas produced from the inoculated samples compared to the control
experiment. Methanobrevibacter smithii was not detected in control experiments. This microbe plays
an important role in the efficient digestion of polysaccharides by consuming the products of bacterial
fermentation. It is both a methanogen and hydrogenotroph that recycles hydrogen in a reaction by
combining it with carbon dioxide to form methane. This could be another reason for the higher
methane content yield at the 25%, 50%, and 75% inoculum dosages. Generally, from the effects of
inoculum dosage, while inoculation with cattle rumen content favors the percentage of methane
content, there is a limit beyond which the inoculum becomes inhibitory.
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Table 1. Microorganism result identification for inoculated food waste.

Micro organism Gram | Motility | Methyl |Indol| Citerate Sugar Voguesproskauer
staining red utilization | fermentation

Methanosphaera stadtmaniae + + + - + +

Methanopyrus Kandleri + + - - - +

Methanococcus Maripaludis - + - + - + -

Methanobacterium - - + + + - +

Thermoautotrophicum

Methanosracina Mazei - + - + + +

Methanospirilum Hungatei - - + + - +

Methanocella Paludicola + + - - + + -

Halobacterium Salinarum + - + - + +

Thermoplasma Volcanium + + - + - + -

Archaeoglobus Fulgidus + + - - + - +

Methanosarcina Barkeri + + + - + + -

Methanobrevibacter Smithii + + - + + + +

Table 2. Micro-organism identification for non-inoculated food waste.

Micro organism Gram |Motility| Methyl |Indol| Citerate Sugar Voguesproskauer
staining red utilization | fermentation

Methanosphaera - - + + + - +

stadtmaniae

Methanopyrus Kandleri + + - - - +

Methanococcus Maripaludis + + - + + -

Methanobacterium - + + - - +

Thermoautotrophicum

Methanosracina Mazei + + + + + - -

Methanospirilum Hungatei + - - + +

Methanocella Paludicola + + + - + + -

Halobacterium Salinarum - + - - + -

Thermoplasma Volcanium - - - + - + +

Effects of Inoculum Dosage on Biogas Volume and Quality

Figure 1 shows the results of the cumulative biogas volume and gas quality for the control sample
(0% biostimulation). A total of 29.71 of biogas was produced from 574.6gVS of food waste. This
translates to a biogas yield of 0.05171/gVs.

The quality of the 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 0.02241/gVS. Because of the high cost associated with gas analysis
via GC/MS and other contingencies, gas analysis was carried out at certain intervals beginning on the
day each reactor started producing a significant amount of gas.

Figure 2 shows the variation in the percentage of the selected biogas composition with time. The
results showed that the biogas quality increased with time, while the impurity decreased over time.
This is because microbes always try to detoxify media and attain stability during anaerobic digestion.
More importantly, very high biogas purity was observed during this continuous operation because of
the use of one-time biostimulation instead of continuous codigestion of food waste and cattle rumen
content. Hence, the inhibitory substances or toxins accompanying the inoculum were eventually
washed off by gradual digestate removal.

© STM Journals 2026. All Rights Reserved 15
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Figure 3 shows that a total of 28.75] was produced from 2 kg (511.4gVS) of codigestion of food
waste and rumen content in a ratio 3:1. This translates to a biogas yield of 0.05621/gVS. The
average methane content for the entire duration was 64.08%.
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Figure 1. Effect of 0% biostimulant on biogas volume.
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Figure 2. Effects of 0% biostimulant on select biogas composition.
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Figure 3. Effects of 25% biostimulant on cumulative volume.
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At this percentage, the methane yield of methane gas was 0.0361/gV'S. Because of the biogas yield,
one might think that the control sample had close competition with the 25% dosage. However, based
on the fuel (methane), the 25% inoculum dosage was more than 1.5 times better.

Figure 4 shows the variation in the percentages of selected biogas compositions over time. For this
batch run, the quality of the gas increased with an increase in HRT, whereas the presence of
impurities decreased with time. This indicated that the microbes adapted better with time and, as a
result, were able to properly digest the substrates.

The outcomes for the digestion of food waste with cattle rumen content in equal ratios are shown in
Figure 5. A total of 23.81 of biogas was produced from 2 kg (448.2gVS) of waste food, translating to
a biogas yield of 0.05311/gVS.

The average methane content calculated from Figure 6 was 58.950%. The methane yield was
0.03131/gVS. Given this value of biogas and methane yields, the 50% dosage was close to the 25%

biostimulant. In addition, biogas quality improved over time during the course of digestion, as shown
in Figure 6.

80
70

|

W
(==}
1

—*— CHs

—&— (O

'\-\_\1_’. —— COs

W
(==}
1

Biogas composition (%)
B
S
1

20 A —=— H5S
10 -
0 : =
0 2 4 6 8 10 12 14
Time (d)

Figure 4. Effects of 25% biostimulant on select biogas composition.
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Figure 5. Effects of 50% biostimulant on cumulative volume.
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Figure 6. Effects of 50% biostimulant on select biogas composition.

As shown in Figure 7, a cumulative of 15.4[ of biogas was produced from the codigestion of 2 kg
(385 gVS) of food waste and CRC in a ratio 1: 3. Based on this, the gas yield was calculated to be
0.041/gVS. This quantity of gas is less than the 28.48l produced by Bagudo ef al., (2011) from an
equivalent of 2 kg of cow dung. This may be attributed to CRC, which might have contained some
toxic compounds alongside the requisite microbes required for anaerobic digestion.

Figure 8 reveals that the percentage of methane increased with time, whereas the other components
of the biogas that constituted impurities decreased with time. The average percentage of methane was
53.96%, which was used to calculate the methane yield of the sample as 0.02161/gV'S.

For all samples, the cumulative biogas curve initially steeply flattened out from the 18th day of
digestion, indicating that the reaction ended.

Generally, the volume of biogas improves with a decrease in the inoculum (cattle rumen 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 occurs. This was
confirmed by the pH of the samples. The pH of the control fluctuated between 6.8 and 7.2, which is
within the acceptable optimal pH range for anaerobic digestion, while the pH of the other samples
decreased with increasing percentage dosage.

From this perspective, comparative analyses of different samples are presented in Figure 9—11. It
was observed that gas production commenced much earlier with the control sample on 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 the time required for the commencement of gas production with a 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 from the food
waste; as such, there was rapid acclimatization.

The amount of biogas that can be extracted from organic waste depends on the waste itself and
process conditions. The results of all the different dosages samples fall within the range of 0.02m3 to
0.8m3 per kilogram of waste reported by Biogas World (2022).
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Figure 11. Effects of inoculums to substrate ratio on methane content.

Effects of Inoculum Dosage on Biogas and Methane Yield

As mentioned earlier, the inoculum to substrate ratio I/S affects both gas and methane yields. It is
evident that at certain concentrations of rumen content, the rumen content becomes counterproductive
to bioprocesses. These effects were more pronounced when the methane yields were plotted against
the /S ratio, as shown in Figure 12 and 13 for the biogas and methane yields, respectively. Although
the 50% biostimulant had close competition with the 25% biostimulant, there was a gradual decline
beyond the I/S ratio of 0.25. Severity increased as the I/S ratio increased. This observation is
consistent with that reported by Thoeghian et al. (2022) [12]. However, in their investigation, the 50%
equal blend gave a maximum cumulative biogas yield of 0.320521/gVS. Similarly, Bello et al. (2015)
[8] 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) [26]
observed a decline beyond a certain optimum inoculum dosage. It suffices to say from the current
study that at a certain concentration of cattle rumen content, the biostimulant becomes inhibitory.
Hence, biodigestion must be performed within an acceptable dosage range to obtain optimal results.
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CONCLUSION

The effects of microbial species and inoculum dosage on anaerobic digestion of food waste were
investigated. The microbial cell species present in the digester played a significant role in the quality
of biogas produced. As expected, these microbes underwent adaptation as a result of alteration in their
natural home for approximately five days, a period known as the lag phase. It was observed that the
control sample started production within two days compared to 5—7 days for biostimulated samples,
confirming that the latter’s environment did not change as much. In addition, all the biostimulated
samples had similar microbial species, which made them have better methane content than the control
(no biostimulation), which lacked the presence of some essential microbes, such as Archaeoglobus
Fulgidus, Archaeoglobus Fulgidus and Methanobrevibacter Smithii, which are needed for proper
methane fermentation. Hence, it is sufficient to state that inoculation was essential for optimal
production of biogas from food waste.

In addition to knowing the necessity of inoculation, the problem of dosage is equally important.
Regarding the effect of the I/S dosage, it was found that the 25% biostimulant gave the best result in
terms of both biogas and methane yields, followed by 50% and then 75%. The poorer performance at
higher concentrations of the other inoculums was attributed to inhibition. We can conclude that while
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inoculation is necessary for digestion of food waste, it must be done in the right proportion to avoid
inhibition, and better performance could be achieved by using isolated microbial species to avoid
inhibitory substances present in CRC.

REFERENCES

1. Aboelwafa AM, Awasify RS. Biodegradation of crude oil using local isolates. Australian Journal
of Basic and Applied Sciences. 2009;3(4):4742-4751.

2. Adebusoye SA, Ilori MO, Amund OO, Teniola OD, Olatope SO. Microbial Degradation of
Petroleum Hydrocarbons in A polluted Tropical Stream. World Journal of Microbiology and
Biotechnology. 2007;23:1149-1159.

3. Adelekan AB, Bamgboye Al. Effect of Mixing Ratio of Slurry on Biogas Productivity of major

Farm Animal Waste Types. Journal of Applied Biosciences. 2009;22:1333-1343.

Argaw T, Andargie M, Gessesse A. Co-digestion of Cattle Manure with Organic Kitchen Waste

to Increase Biogas Production using Rumen Fluid as Inoculum. International Journal of Physical.

Science. 2013;8(11):443-450.

5. Asante-Sackey D, Tetteh EK, Nkosi N, Boakye GO, Amano KA, Boamah BB, Armah EK.
Effects of inoculum to feedstock ratio on anaerobic digestion for biogas production. International
Journal of Hydrology. 2018;2(5):567-71.

6. Atlas RM. Microbial Degradation of Petroleum Hydrocarbons: an Environmental Perspective.
Microbiology Review. 1981;45(1):180-209.

7. Bagudo BU, Garba B, Dangoggo SM, Hassan LG. The Qualitative evaluation of Biogas Samples

Generated from Selected Organic Wastes. Arch. Applied Science Resources. 2011;3(5):549-555.

>

0.

Bento FM, Camargo FAO, Okeke BC, Frankenberger JWT. Diversity of Biosurfactant Producing

Microorganisms Isolated from Soils Contaminated with Diesel Oil. Microbiology Resources.

2005;160:249-255.

10. Biogas World. Biogas FAQ.; 2022. Retrieved from: https://www.biogasworld.com/biogas-faq/
[Accessed May 28, 2022].

11. Delgadillo L, Hernandez M, Machado-Higuera M. Mathematical Modelling and Simulation for

Biogas Production from Organic Wastes. International Journal of Engineering System Modelling

andSimulation.2018;1 Oi 2 i:97- 102.

13. Kong JD. Modeling Microbial Dynamics: Effects on Environmental and Human Health.

[ University of Alberta, Canada; 2017. Retrieved from
https://doi.org/10.7939/R3FT8DZ73 [Accessed March 14, 2022].

14. Krishna KM, Verma AK, Srivdya A, Papic L. Integration of Black-Box and White-Box Modeling
Approaches for Software Reliability Estimation. International Journal of Reliability, Quality and
Safety Engineering. 2010;17(3):100-110.

15. Li R, Chen S, Li X, Lar JS, He Y, Zhu B. Anaerobic codigestion of kitchen waste with cattle
manure for biogas production. Energy & Fuels. 2009;23(4):2225-2228. Available from:
https://pubs.acs.org/doi/abs/10.1021/ef8008772 [ Accessed August 26, 2019].

-Li X, Li L, Zheng M, Fu G, Lar JS. Anaerobic co-digestion of cattle manure with corn stover
pretreated by sodium hydroxide for efficient biogas production. Energy & Fuels.
2009;23(9):4635-4639.  Available  from:  https://pubs.acs.org/doi/abs/10.1021/ef900384p
[Accessed August 26, 2018].

© STM Journals 2026. All Rights Reserved 22



Effect of Microbial Species and Inoculum Dosage Ukpaka and Azuatalam

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mohamed Ashak Ali J, Mohan S, Velayutham T, Sankaran S. Comparative Study of Biogas
Production from Municipal Solid Waste using Different Innoculum Concentration on Batch
Anaerobic Digestion. Asian Journal of Engineering and Technology (ISSN-2462). 2016:;4(4):
185-189.

Momoh OLY, Nwagozie IL. Effect of Waste Paper on Biogas Production from Co-digestion of
Cow Dung and Water Hyacinth in a Batch Reactor. Journal of Applied Science and
Environmental Biology. 2008;12(4):95-98.

Nwankwo JI. Production of Biogas from Waste Paper Blended with Cow Dung. IOSR Journal of
Environmental Science, Toxicology and Food Technology. 2014;8(10):58-68.

Obara N, Ishida M, Hamada-Sato N, Urano N. Efficient bioethanol production from paper
shredder scrap by a marine derived Saccharomyces cerevisiac C-19. Studies in Science and
Technology. 2012;1(2): 127-132.

Ofoefule AU, Nwankwo JI, Ibeto CN. Biogas Production from Paper Waste and its Blend with
Cow Dung. Advances in Applied Science Research. 2010;1(2):1-8.

Ogur EO, Mbatia S. Conversion of kitchen wastes into Biogas. The Of Engineering and Science
(JES). 2013;2(11):70- International Journal 76. 70-76.

Ojikutu AO, Osokoya OO. Evaluation of biogas production from food waste. International
Journal of Engineering and Sciences. 2014;3(1):1-7.

Olawole A. FCTA: Satellite towns waste removal costs N8bn annually. THISDAY. Lagos,
Nigeria; 2021 Aug 3. Available from: https://www.thisdaylive.com/index.php/2021/08/03/fcta-
satellite-towns-waste-removal-costs-n8bn-annually/ [Accessed July 25, 2022].

Onwuliri FC, Onyemba IA, Nwaukwu IA. Generation of biogas from cow dung. Journal of
Bioremediation and Biodegradation. 2013;4(S18):002. doi:10.4172/2155-6199.S18-002.

Pathak J, Srivastava RK. Determination of inoculum dose for methane production from food
industry effluent. Journal of Industrial Pollution Control. 2007;23(1):49-54. Available from:
https://www.icontrolpollution.com/articles/determination-of-inoculum-dose-for-methane-
production-from-food-industry-effluent-.php?aid=45635&view=mobile [ Accessed Nov 7, 2021].

© STM Journals 2026. All Rights Reserved 23



