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INTRODUCTION

Biogas is one of the renewable fuels to reduce 
the consumption and dependence on fossil fuels 
(Shitophyta et al., 2022). Biogas production is car-
ried out through anaerobic digestion. It degrades 
organic matter by microbes into biogas. Anaerobic 
digestion has certain advantages, such as a higher 
output/input ratio, reducing the cause of global 
warming, and being more efficient than other ther-
mochemical or biological processes (Khan et al., 
2022). Biogas can be applied in technology fields 
such as fuel cells, gas/steam turbines, Genset and 
other agricultural applications, for example, bio-
fertilizers (Shitophyta, et al., 2021). 

Raw materials of biogas come from various 
organic materials. Food waste is recommended 
as biogas raw material, because it can produce 
high methane. The content of macromolecules 

and organic elements in food waste is suffi-
cient for the growth of anaerobic microorgan-
isms (Shitophyta, 2020). The generation of food 
waste is predicted to increase by 44% by 2025 
and the methane production from food waste 
will increase from 3 Gkg to 48 Gkg in 2025 (Ar-
iunbaatar, 2014.). 

Pretreatment of organic matter aims to in-
crease the value of soluble chemical oxygen de-
mand (SCOD) which plays a role as the energy 
source for microorganisms during the digestion 
process (Junoh et al., 2016). SCOD denotes the 
available energy for the microorganisms to grow 
and expose the condition of the microorganism 
during the anaerobic digestion process (Sara-
gih et al., 2019). Pretreatment can increase the 
biodegradability of food waste and increase the 
methane content. Pretreatment can also accele-
rate hydrolysis and reduce retention time in the 
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anaerobic digestion process (Shitophyta et al., 
2021b). Previous studies on the pretreatment 
of food waste to produce biogas have been in-
vestigated. A study conducted by (Radmard et 
al., 2018) demonstrated that thermo-chemical 
(autoclave and microwave irradiation-assisted 
NaOH 5N) pretreatment enhances methane pro-
duction by 68.37 L. Another study conducted by 
Gao et al. reported that daily biogas yield incre-
ases by 520 and 550 mL by adding 2% of activa-
ted yeast in biogas production from food waste 
(Gao et al., 2020). Another study showed that 
pretreated food waste results in a higher methane 
yield of 382.82 mL STP CH4/g VS than untreated 
food waste during thermal pretreatment of food 
waste (Gnaoui et al., 2020). However, there is 
no study in the literature on utilizing alkali and 
organic solvent pretreatment in the anaerobic di-
gestion of food waste. Therefore, the objective 
of the study was to determine the effect of alkali 
pretreatment and organic solvent pretreatment 
on biogas yield. The impact of physical pretre-
atment (grinding) on biogas production was also 
investigated. A kinetic study was also carried out 
for biogas production from food waste. 

MATERIAL AND METHODS

Feedstock and inoculum preparation

Food wastes (rice, fruits and vegetables) were 
obtained from Traditional Market, Yogyakarta, 
Indonesia. The food wastes were ground into 
1–2 cm by a crusher food processor. The cow ru-
men fluid used as inoculum was obtained from a 
slaughterhouse in Giwangan, Yogyakarta. 

Alkali and organic solvents pretreatment

NaOH was used as an alkali reagent. C2H5OH 
was used as the organic solvent. Ground food 
waste was mixed with the chemical reagent of 
NaOH and C2H5OH with the concentration of 
0% w/w, 2% w/w, 4% w/w, and 6% w/w, re-
spectively. Pretreatment was carried out at room 
temperature by soaking food waste in chemical 
reagents for 24 hours.

Biogas production

The pretreated substrate was fed into a 1 L di-
gester with a ratio of 1:1 (food waste: water). The 

total volume of the substrate was 600 mL. The 
biogas production was carried out for 30 days. 
The biogas volume was measured every two days 
using the water displacement method.

Kinetic modelling

The kinetic model can be used to determine 
the anaerobic digestion parameters and constant 
kinetic values (Bakraoui et al., 2020). In this 
study, the kinetic model was evaluated using 
modified Gompertz and transference. The modi-
fied Gompertz model assumes that biogas produc-
tion is proportional to the microbial growth rate 
(Moharir et al., 2020). The modified Gompertz 
model is written in Eq. (1) (Khadka et al., 2022).

𝑀𝑀𝑀𝑀(𝑡𝑡𝑡𝑡)  =  𝑃𝑃𝑃𝑃. 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 �−𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 �
𝑅𝑅𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑒𝑒
𝑃𝑃𝑃𝑃 � (𝜆𝜆𝜆𝜆 − 𝑡𝑡𝑡𝑡) + 1� 

 

Bd(%) = 
cumulative biogas yield (mL/gVS)
theoretical biogas yield (mL/gVS) 

(1)

where: M(t) – represents cumulative biogas yield 
at digestion time of t(d) (mL/gVS),   
P – biogas production potential (mL/gVS),  
Rmax – maximum biogas production 
rate (mL/gVS/d),    
λ – a lag phase (day),   
t – time (day),   
e – a constant value. 

RESULTS AND DISCUSSION

Effect of physical pretreatment 
on biogas production

The influence of physical pretreatment on bio-
gas yield is presented as daily and cumulative bio-
gas yields in Figure 1 and Figure 2, respectively.

Both untreated and pretreated substrates bio-
gas production started on day 2 with biogas yields 
of 1.4 mL/gVS and 5.7 mL/gVS, respectively. 
Furthermore, biogas production achieved peak 
yields of 8.6 mL/gVS and 14.3 mL/gV on day 8 at 
untreated and pretreated substrates, respectively. 
Biogas production slowly decreased and reached 
a constant value.

As shown in Figure 2, pretreated food waste 
produced a higher biogas yield (58.2 mL/gVS) 
than untreated food waste (33.9 mL/gVS). The re-
sult of the statistical analysis showed that physi-
cal pretreatment had a significant effect on biogas 
production (p<0.05). A similar result was reported 
by Wadchasit et al., 2020 who found that physical 
pretreatment (size reduction) increased methane 
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Figure 1. Daily biogas yield during 30 days

Figure 2. Cumulative biogas yield during 30 days

Figure 3. Daily biogas yield on alkali pretreatment during 30 days



182

Journal of Ecological Engineering 2022, 23(12), 179–188

yield beyond 90%. Bernat et al., 2020 also stated 
that mechanical pretreatment increased the rate of 
biogas production and the kinetic coefficient of 
biogas production. 

Grinding pretreatment can increase pore size 
and accessible surface area. The reduction of par-
ticle size resists the acidification of the system 
(Poddar et al., 2022). A larger available surface 
area facilitates the degradation process and im-
proves biogas production. The size reduction of 
food waste has the main benefit of equalizing the 
required retention time (Mirmohamadsadeghi et 
al., 2019). 

Effect of alkali pretreatment 
on biogas production

Figure 3 shows that biogas production be-
gan on day 2 with daily biogas yields of 2.9 mL/
gVS, 2 mL/gVS, 5.7 mL/gVS and 1.4 mL/gVS 
for NaOH concentrations of 0%, 2%, 4% and 6%, 
respectively. Biogas production then increased 
slowly until reaching peak values of 8.6 mL/gVS, 
7.9 mL/ gVS, and 7.2 mL/gVS on day 8 at NaOH 
concentrations of 0%, 2%, and 6%, respectively. 
However, NaOH of 4% reached a peak yield of 
10 mL/gVS on day 6. Biogas production then 
dropped drastically with the constant yields ob-
tained from day 24 to day 30. 

As presented in Figure 4, the highest cumula-
tive biogas yield of 46.1 mL/gVS was obtained 
at a NaOH concentration of 0% followed by cu-
mulative yields of 41.9 mL/gVS, 34.4 mL/gVS, 
and 25.2 mL/gVS at NaOH concentrations of 

4%, 6%, and 2% respectively. NaOH of 4% had a 
positive impact on biogas production. However, 
the highest concentration of NaOH (6%) could 
not improve the biogas yield. A previous study 
conducted by (Lahboubi et al., 2020) also report-
ed that the high concentration of NaOH (30%) 
generated lower biogas than NaOH at a concen-
tration of 18%. 

The results showed that alkaline pretreatment 
was not effective on food waste. This phenom-
enon may occur due to the inhibition of sodium 
ions which causes bacteria toxicity and impedes 
biogas production (Ariunbaatar, 2014). Statisti-
cal analysis also proved that NaOH pretreatment 
had no significant effect on biogas production 
(p>0.05). A similar result revealed that alkali 
pretreatment had no significant effect on yields 
during the anaerobic digestion of needle leaves 
(Salehian & Karimi, 2013). 

Effect of organic solvent pretreatment 
on biogas production

The effect of organic solvent pretreatment 
on biogas production was investigated using 
C2H5OH (ethanol) concentrations of 0%, 2%, 4% 
and 6%. Figure 5 presents daily biogas yields for 
30 days. 

Biogas production started on day 2 with daily 
biogas yields of 2.9 mL/gVS, 1.7 mL/gVS; 2.2 
mL/gVS, and 2.1 mL/gVS for ethanol concentra-
tions of 0%, 2%, 4% and 6%, respectively. Biogas 
production increased continuously from day 4 un-
til reaching peak yields on day 8 with peak biogas 

Figure 4. Cumulative biogas yield on alkali pretreatment during 30 days
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yields of 8.6 mL/gVS (0% ethanol), 7.2 mL/gVS 
(2%), 4 mL/gVS (4% ethanol) and 5.4 mL/gVS 
(6% ethanol). Then, biogas production decreased 
gradually with the lowest biogas yield obtained 
on day 30.

Cumulative biogas yields were illustrated in 
Figure 6. The greatest cumulative yield of 41.5 
mL/gVS was obtained at an ethanol concentration 
of 0% followed by cumulative yields of 39.1 mL/
gVS, 21 mL/gVS, and 17 mL/gVS for ethanol 
concentrations of 2%, 4% and 6%, respectively. 
However, ethanol concentration of 2% generated 
a higher biogas yield than ethanol concentrations 
of 4 and 6%. Increasing ethanol concentration has 
no impact to increase biogas production. 

The results showed that the pretreatment 
of organic solvents had no significant effect on 
biogas yield. Statistical analysis also shows that 
organic solvent pretreatment (ethanol) does not 
have a significant effect on biogas production 
(p>0.05). A prior study reported by (Mirmoham-
adsadeghi et al., 2014) also found that pretreated 
rice straw generated a smaller biogas yield than 
untreated rice straw during ethanol pretreatment 
at 180 °C for 0.5 hours. 

Biodegradability

Biodegradability was calculated by dividing 
cumulative biogas yield by theoretical biogas yield. 
The theoretical value was calculated using Buswell 

Figure 5. Daily biogas yield on organic solvent pretreatment during 30 days

Figure 6. Cumulative biogas yield on organic solvent pretreatment during 30 days
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Equation. The equation to calculate biodegradabil-
ity is written below (Lahboubi et al., 2022). 

𝑀𝑀𝑀𝑀(𝑡𝑡𝑡𝑡)  =  𝑃𝑃𝑃𝑃. 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 �−𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 �
𝑅𝑅𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒𝑒𝑒
𝑃𝑃𝑃𝑃 � (𝜆𝜆𝜆𝜆 − 𝑡𝑡𝑡𝑡) + 1� 

 

Bd(%) = 
cumulative biogas yield (mL/gVS)
theoretical biogas yield (mL/gVS) (2)

The results of biodegradability on alkali pre-
treatment are presented in Figure 7. The highest 
biodegradability of 37.5% was obtained at 0% 
NaOH, while, 4% NaOH has higher biodegrad-
ability (34.1%) than 2% NaOH and 6% NaOH 
(20.5% and 28%, respectively). These results 
show that the higher the cumulative biogas yield, 

the greater the biodegradability obtained. The 
pretreatment with the highest NaOH concentra-
tion (6%) obtained low biodegradability. This 
phenomenon might happen due to the high NaOH 
concentration leading to system inhibition (Lah-
boubi et al., 2022). Inhibition causes low biogas 
conversion and a high pH value, thus stopping 
biogas production (Shitophyta et al., 2020).

As shown in Figure 8, untreated substrate (0% 
ethanol) obtained the highest biodegradability of 
33.84%. Unlike in alkali pretreatment, the low-
est ethanol concentration (2% ethanol) generated 

Figure 7. Cumulative biogas yield and biodegradability as a function of pretreated NaOH (%w/w)

Figure 8. Cumulative biogas yield and biodegradability as a function of pretreated ethanol (%w/w)
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a higher biodegradability of 31.88% than 4% and 
6% ethanol concentration (13.89% and 17.08%, 
respectively). Thus, low ethanol concentration 
improves biodegradability. 

Kinetic results

The cumulative biogas yields obtained 
from the experiment were fitted using Modified 

Figure 9. Experimental and model cumulative yields using Modified Gompertz for (a) untreated 
0% NaOH, (b) pretreated 2% NaOH, (c) pretreated 4% NaOH and (d) pretreated 6% NaOH

Figure 10. Experimental and model cumulative yields using Modified Gompertz for (a) untreated 0% 
C2H5OH, (b) pretreated 2% C2H5OH, (c) pretreated 4% C2H5OH and (d) pretreated 6% C2H5OH
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Gompertz. The comparison between fitting re-
sults from experiment results and the modified 
Gompertz model is presented in Figures 9 and 10. 

Figures 9 and 10 show the curves of experi-
mental cumulative biogas production and kinetic 
model curves. The curves of cumulative biogas 
production for pretreated NaOH and pretreat-
ed C2H5OH have the S-shape (sigmoidal) and 
stepped curves. It represents a slow degradation 
of complex substrates (Dolci et al., 2021). Modi-
fied Gompertz model on pretreated NaOH on bio-
gas production from food waste determined R2

, 
lag phase, biogas production potential and maxi-
mum biogas production rate. The kinetic parame-
ters obtained from the modified Gompertz model 
were summarized in Table 1. 

As seen in Table 1, the R2 values were greater 
than 0.9 for all substrates, which showed that the 
modified Gompertz model is good fitting in ex-
pressing the kinetic model of biogas production 
from food waste. The highest R2 values were ob-
tained in 2% w/w C2H5OH and 6% w/w C2H5OH. 
The highest lag phase time was obtained in 2% 
w/w C2H5OH. The highest lag phase time repre-
sents that the substrate has a longer biodegradation 
time. Similar studies conducted by Parra-Orobio 
et al., 2017; Pramanik et al., 2019; Marañón et al., 
2021 also considered a modified Gompertz model 
as an appropriate model to estimate the kinetics of 
anaerobic digestion of food waste with R2 > 0.9. 

CONCLUSIONS

In this study, it was found that NaOH of 4% 
generated a higher biogas yield than NaOH of 2% 
and NaOH of 6%; however, NaOH of 0% gener-
ated the highest cumulative biogas yield of 46.1 
mL/gVS. The highest biodegradability of 37.5% 
was obtained at NaOH of 0%. Statistical analysis 
showed that alkali pretreatment had no significant 

effect on biogas production (p>0.05). In organic 
solvent pretreatment, ethanol concentration of 
2% produced higher cumulative biogas than etha-
nol concentration of 4% and 6%, but the highest 
cumulative yield was obtained at ethanol concen-
tration of 0%, thus, organic solvent pretreatment 
had no significant effect on biogas production 
(p>0.05). Physical pretreatment had a significant 
effect (p<0.05) with the highest cumulative yield 
of 58.2 mL/gVS. The result of kinetic showed that 
the modified Gompertz model is a suitable fitting 
model for biogas production from food waste by 
coefficients of determination (R2) > 0.9. 
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