
Page 1/16

Biomethane Potential Test To Access The Feasibility
of Vegetable And Fruit Waste For Methane Yield
Using Different Inoculums To Substrate Ratios
Akanksha Agrawal 

National Institute of Technology Raipur
Parmesh Kumar Chaudhari 

National Institute of Technology Raipur
Prabir Ghosh  (  prabirg.che@nitrr.ac.in )

National Institute of Technology Raipur

Research Article

Keywords: Biomethane potential, Biogas, Inoculum to substrate ratio, Vegetable and fruit waste

Posted Date: September 14th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-773590/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-773590/v1
mailto:prabirg.che@nitrr.ac.in
https://doi.org/10.21203/rs.3.rs-773590/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
To address the world's energy issue and global climate change, a green, e�cient and carbon-neutral
renewable energy sourcesare in great demand to replace fossil fuels. The study was undertaken to
determine optimal inoculum to substrate ratio for increase in biogas generation via co-digestion of fruit
and vegetable waste under mesophilic environmental conditions (25–34oC). Biomethane potential of the
fruit and vegetable waste was accessed in terms of biogas yield. Digestate from gobar gas plant was
taken as inoculum. Biomethane potential (BMP) assay was performed in a 500ml glass bottle with
suitable inlet and outlet arrangement for taking feed and collection of biogas. Inoculum to substrateratio
chosen for the study was 0.2, 0.3,0.5,0.7 and 0.8. Highest daily biogas yield was obtained for inoculum to
substrate ratio of 30: 70 i.e. reactor R2 which is equivalent to 440 ml on day 14 with methane yield of
58%. Cumulative biogas yields for different inoculum to substrate ratio were in the range of 6–11.378
L/day.

Introduction
Sharp increase in the population across the globe is contributing in the rise of municipal solid waste
(MSW) generation. The MSW of around 2 billion tonnes in year 2007 and will reach to 3 billion tonnes by
the end of 2025 (Key Note, 2007).MSW majorly consists of food waste, vegetable waste, garbage, refuse
etc.  Fruit and vegetable waste (FVW) is one of the most common types of residue found in putrescible
solid organic waste.FVWmainly originates from vegetable markets, household waste, weekly hats of
vegetable market, juice centres and also during the production and transportation of the waste to the
markets. Edwiges et al. 2018 reported that approximately 1748 million tonnes of FVW are produced
annually across the globe.Furthermore, according to the Food wastage footprint and climate change
report (Vilariño et al. 2017) roughly 15% of fruits and 25% of vegetables producedare beinglost at the
bottom of the supply chain. Indian markets hold more than 30% share in production of vegetable and
fruit (Ravi et al. 2018; Ji.et al. 2017) and it containing about 50% of putrescible organic waste. FVW
produced in Indian scenario have not been utilized extensively for the energy production due to lack of
proper source sorting, inadequate technical knowledge of processing methods and shortage of funds
giving rise to accumulation of massive amount of waste (Joshi   and Ahmed, 2016). In current scenario
only a part of this massive amount of the waste is being utilized as animal fodder while the ultimate
destination of rest of the waste is sanitary land�ll where it is being dumped in to low lying areas. Due to
presence of high moisture content, and biodegradability of the waste land�lling poses hazard to the
environment via ground water contamination through leachate, emission of toxic gases, rise in
concentration of greenhouse gases, etc.(El-Fadel et al.2002;Cheng and hu, 2010).However, if this
substrate is utilized in resourceful manner, it has potential to generate up to 4000 Mm3biogas per year
and has an energy potential of around 86,000 TJ per year which could be helpful in mitigating the energy
crisis and waste management (Vijay et al. 2015).Anaerobic digestion(AD) is an ancient and well-
established technology with many advantages, including (i) the ability to handle high levels of organic



Page 3/16

waste (ii) small-scale use (iii) resource recovery in terms of renewable energy and digestate. It is a
preferable solution among all the existing techniques for the waste management (Nguyen et al.  2007).

It is well established fact that biodegradable wastes should be evaluated for their propensity to generate
biogas prior to AD. The BMP test is a common laboratory method for determining the biogas potential of
biowastes. By this effectiveness of the AD process and biodegradability of waste are evaluated. The ratio
of volatile solids (VS) of inoculum to VS of feedstock at the commencement of the batch digestion is
known as the inoculum to substrate(I/S) ratio and is an important parameter for the performance of the
BMP batch test (Yoon et al.  2014). To provide the adequate quantum of microorganisms for
commencing the process, a quantity of inoculum must be added together with the substrate (Feng et al.
2013). According to Lesteur et al. 2010, quantity of volatile fatty acids (VFA) and the ability to buffer VFA
accumulation during the anaerobic process gives each substrate to an acceptable I/S ratio. Chen and
hashimoto, 1996 claimed that the S/I ratio affects the AD of biomass lag phase. Furthermore, before
initiating the continuous digestions process to produce biogas, it is critical to adjust theI/S ratio for a
certain biodegradable material (Fernandez et al.  2001). In this study, an attempt has been made to
access the feasibility of fruit and vegetable waste as suitable substrate for AD by BMP test.  Inoculum to
substrate ratio has been also optimized in order to maximize the methane generation. 

Material And Methods
Feedstock preparation: 

Biomethane potential tests (BMPTs) were performed using FVW as substrate and digestate from gobar
gas plant as inoculum. Fruit and vegetable waste were procured from local vegetable markets (Shastri
market, Raipur C.G)by adopting standard methodology and prepared by quartering method (Kumar et al.
2010; Korai et al. 2014).In total 20 types of fruits and vegetables which comprised of 53% of vegetable
and 47% of fruitswere chosen for the current study. Substrates were washed repeatedly to get rid of the
dirt and inert material. Substrates were dried in an oven at 110oCtill constant weight was achieved for a
period of 24 hours.FVW were subjected to mechanical pulverisation to obtain a homogeneous particleof
size less than 2 mm(Esposito et al. 2012; Prabhudessai et al. 2013; Gunaseelan 2004).This enhances the
surface area and thus avaibility of more sites for microbial action.Physiochemical properties of the FVW
are as presented in table 1. 

 Inoculum:

The digestate of a working and active household gobar (cattle manure) gas plant of capacity 2 Cumec
was collected as source of microbes from village Gobarsingha, district Raigarh Chhattisgarh, India.  It
was pre incubated at ambient temperature for 5 days to exhaust all the easily biodegradable substance
and decrease the endogenous methane production. Table 2 presents the physiochemical characteristics
of inoculum.

 Analytical methods
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Physiochemical properties of the Inoculum as well as substrate like TS, VS, SS, moisture content, pH were
determined in accordance with Standard methods of water and wastewater examination, APHA 2002.To
determine total solids, the FVW was dried at 105oC for 24 h. The % TS was determined as ratio of dry
mass to FVW taken for dry. To determine VS, the dry mass of FVW was heated in mu�e furnace at 550oC
for 1 h. The amount of mass decreased is known as volatile solids. 

Determination of pH and temperature: 

pH of the sample was determined by hydrogen ion sensitive electrode using pH meter (EI-111,EI Made
India).  Temperature of the reactor was determined using 30 cm long mercury in glass thermometer. 

Alkalinity: Alkalinity was determined using titrimetric method in accordance to APHA (2002).It plays an
important role in judging the stability of the digester.One of the criteria for judging digester stability is the
VFA: Alkalinity ratio. According to Callaghan et al. 2002, there are three critical values for VFA: Alkalinity
ratio, (i) If this ratio is lower than 0.4, the digester could be stable (ii) when the ratio ranged 0.4–0.8, some
instability occurs on the performance of digester (iii) the ratio higher than 0.8, indicates a signi�cantly
instability.

Table 1: Physiochemical properties of substrate (FVW) 

Parameter (Practical  Study ) Bouallagui et al., 2003 Bouallagui et al., 2009

Particle size <2mm Not reported Not reported

TS (%) 8.13 11.2 8.3

VS (% of TS) 90.82% 88.4% 93%

Moisture content (%) 85% 89% 88%

 

pH 3.84 3.7 4.2

Table 2: Physiochemical properties of Inoculum
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Parameters   Inoculum

pH   6.77

Moisture content   94%

Total solids    17.5%

Volatile solids    90.82% 

Carbon (C)   20.45%

Nitrogen (N)   2.93%

C/N   6.98

Experimental Process: BMP Assay 

In this study, �ve different inoculum to substrate ratios were selected on the basis of VS contents of
substrates and inoculum. The BMPTs were conducted at laboratory scale under controlled and
favourable conditions to access the feasibility of the waste as suitable substrate. The BMP reactor with
total volume of 500 mL of each was locally fabricated and each reactor bottle consists of controlled
opening inlet and outlet valves for biogas. The working volume of the reactor was kept as 300 ml, while
200 mL was left for gas phase. To avoid inhibition of the biogas production due to rapid acidi�cation.
The rapid biodegradation occurs due to high biodegradability of the waste. About 0.5 g of sodium
bicarbonate was added as buffering agent to each reactor for adjusting pH and alkalinity ( Sahito et
al.2013; Cabbai et al. 2013) Biogas production was daily registered until it represented less than 1% of
accumulated biogas. Biogas yield was measured using water displacement method. The experimental
set-up is presented in Fig. 2. Inoculum to substrate ratio adopted for the test was 0.2, 0.3, 0.5, 0.7 and 0.8
respectively.

Ratio of inoculum to substrate was calculated as per equation (i).

following I/S ratio were selected for performing batch assay.

Table 3: Initial Characteristics of FVW at different Inoculum to substrate ratio 
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Parameters Controlled R1 R2 R3 R4 R5

pH 3.84 5.6 5.5 5.0 5.1 5.0

TS 8.13 7.73 7.63 8.0 11.10 12.07

VS( as %TS) 7.31 6.61 6.9 7.8 10.85 11.41

( VS/TS) 0.89 0.855 0.90 0.97 0.977 0.945

Table 4: Fraction of the substrate and inoculum used in each reactor 

Reactor Reactor working Volume (ml) Substrate (FVW )   ml Inoculum  ( ml)

Controlled 300 300 0ml

R1 300 240 60

R2 300 210 90

R3 300 150 150

R4 300 90 210

R5 300 60 240

Result And Discussion
Various parameters like temperature, pH, TS, VS and inoculum to substrate ratio affect the biodigestion
of the solid matter. These values were recorded and corresponding biogas was measured for different I/S
ratio. 

Temperature of the Digester 

Anaerobic digestion of the organic matter is largely affected by the temperature. There are three main
temperature regime namely psychrophilic (0oC to 15 oC), mesophilic(20oCto 45oC) and therrmophilic
(45oC to 60oC).Higher the temperature more will be the microbial activity and thus results in higher
production of biogas but serves to be uneconomical as it has to be aided with the heating jacket. The
temperature of each reactor was measured twice a day at 11 am and at 6 pm IST using thermometer. In
present case, this study was carried out at mesophilic regime and the variation in the maximum and
minimum temperature recorded for the day is as shown in Fig 2. Optimal temperature during the period of
study was found to be 38oC.

pH of the reactor

pH control of the reactor is most crucial parameter for biotransformation of organic matter, thereby
maximizing the biogas yield (Mata-Alvarez et al.1992). Moreover, according to previous studies FVWs
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typically have a pH of 5.5 to 6.5, which is perfect for putrefaction to start early and continue
unhindered(Ravi et al. 2018; Pavi et al. 2017; Chakraborty and Mohan,2019).Many anaerobes perform
best in the pH range of 5.5 to 8.5(Fang et al., 2010)but optimally in the range of 6.8 to 7.6 (Rittmann and
McCarty, 2001), and the rate of methane production can be reduced if the pH is lower than 6.3 or higher
than 7.8 (Gerardi, 2003). The initial pH of the reactors R1, R2, R3, R4 and R5 were 5.6, 5.5, 4.8, 5.1, 5.0
respectively.A sharp drop in pH of the treatment systems were observed during initial two weeks of
fermentation which may be attributed to high volatile fatty acid (VFA) formation (Haider et al. 2015; Mata-
Alvarez et al.1992; Bouallagui et al. 2003, 2009). Moreover the inconsistencies in the pH drop may be
attributable to the presence of slowbiodegradable and hydrolyzable chemicals, such as polyphenols or
�avonoids present in hard skin/covering /peel of the fruits. These which are extensively prevalent in
many fruits and vegetableslike onions, peas, eggplants, spinaches, radishes etc.Polyphenols are mostly
degraded by the acids, alkalis and enzymes present in the system, therefore the degradation of such
compounds typically begins when the surrounding pH has dropped signi�cantly. This also promotes the
hydrolysis of the organic matter present which is essential for the elimination of orthophosphate, TKN,
and SO4

-2 over time (Sanchez et al. 2000).The pH increased to its normal operating value after VFAs
metabolised. pH of the reactor was measured regularly at an interval of three days. The average pattern
of pH demonstrated by all experimental mixing ratios for the digester operating under stable condition is
shown in Fig.3.

Total Solid of the reactor:

The variation of total solids (TS) and volatile solids (VS) of the substrate in the reactors are depicted in
Fig.  4 and 5. Presence of higher VS indicates the biodegradability of the waste which is a�rmed from the
VS content of the substrate. The initial total solids of the reactors R1, R2, R3, R4, and R5 were 7.73, 7.63,
8.0, 11.10 and 12.07 respectively, whereas initial VS content (as % TS) were 6.61, 6.9, 7.8, 10.85, 11.41
respectively.  Performance e�ciency of the different reactors were accessed in terms of solids reduction
result which shows that highest TS reduction was obtained for Reactor R1 followed by R2,  R5 , R3 and
R4 respectively. Percentage removal in TS were 49.02,47.05, 46.06 ,42  and 39   respectively  for reactors
R1, R2, R3, R4 and R5 however VS reductions were evaluated to  56.12 ,54.20 ,67.05 ,65.06 and 70
respectively. For the reactors the reduction in TS is in agreement with (Vats et al.  2019), moreover this
alone cannot guarantee about the stability of the reactor. 

Daily biogas production at different inoculum to substrate ratio 

The daily biogas yield and cumulative biogas yield for different inoculum to substrate ratio, over a period
of digestion is as presented in Fig. 6 and 7.Results shows for almost all reactors the biogas production
started from day 1 except for rector R5 which is due to presence of least % of substrate. Early biogas
production may be attributed to putrescible nature of substrates and showed similarity with the study of
Browne and Murphy, 2013. They analyzed the effect of various inoculums on methane production from
food waste. Sharp drop in the daily biogas production was noticed in the reactors after �rst week of
operation which may be due to inhibition of the microbial activity (Vavilin et al. 2008).Moreover high
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biodegradability of the substrate results in rapid hydrolysis of the Intermediate compounds such as
Glycerol and LCFAs, which may results in accumulation of LCFAs and thus causing inhibition of biogas
production (Angelidaki and Ahring, 1992).Highest daily biogas yield was obtained for inoculum to
substrate ratio (30:70) i.e. reactor R2 which is equivalent to 440 ml  on day14, after which it begins to
decline and this may be due to lack of trace elements required for the performance of the microbial
community (Thamsiriroj et al. 2012).Moreover, the lowest biogas yield was registered for the inoculum to
substrate ratio (80:20) i.e. reactor R5 this may be due to low % of substrate  present thus lack of the
essential nutrients present in the reactor which in turn results in inhibition of the biogas production
(Angelidaki and  Sanders, 2004).

Cumulative biogas Production at different Inoculum to substrate ratio 

Cumulative biogas yield for different inoculum to substrate ratios (I/S) are presented in Fig.   7.  Highest
cumulative biogas was registered for reactor R2 followed by R3 as 11.378 L/day and 9.66 L/day
respectively, however lowest yield was registered for R5 equivalent to 6L/day. Presence of the substrate
plays a vital role here higher S/I results in lower biogas production which may be due to presence of the
lower % of inoculum and thus low microbial activity and more risk of inhibition (Angelidaki and   Sanders,
2004).

Conclusion
From the present study following conclusion can be drawn:

FVW can be a potent substrate for AD to generate bioenergy which will not only mitigate the energy
crisis but also helps in environmental waste management.  

Highest daily biogas yield was obtained for inoculum to substrate ratio of 30: 70 i.e. reactor R2
which is equivalent to 440 ml on day 14 with methane yield of 58%.

Process e�cacy in terms on solid reduction was analaysed and it was found that highest TS
reduction was obtained for Reactor R1 followed by R2, R5, R3 and R4 respectively. 

VS reductions were evaluated to 56.12 ,54.20 ,67.05 ,65.06 and 70 respectively for reactors R1, R2,
R3, R4 and R5 . 
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Figure 1

Different inoculum to substrate ratio chosen for the Study

Figure 2

Variation of maximum and minimum temperature of digester
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Figure 3

pH variation in the digester for different Inoculum to substrate ratio

Figure 4
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Variation of TS in various reactor at different mixture ratio

Figure 5

Variation of VS in various reactor at different mixture ratio
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Figure 6

Daily biogas production rates from FVW with different inoculum to substrate ratio
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Figure 7

Cumulative biogas yield at different inoculum to substrate ratio


