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ABSTRACT 

Anaerobic digestion (AD) of dairy cow feces (DCF) has low methane production 

per ton of waste. A strategy to overcome this drawback is to co-digest DCF and 

carica seed (CS). Currently, CS is still a waste from the candied carica in the 
syrup industry and is often just thrown away into the environment. This research 

aims to evaluate the optimal level of combination for methane production from 

DCF with co-substrates of germinated (CGM) and non-germinated (CNG) CS 

meal using Respond Surface Methodology (RSM). This research uses a com-

pletely randomized design with a factorial pattern consisting of the first factor 
being CGM and CNG, and the second factor being the combined level of DCF 

and CS (CGM or CNG. The result showed that utilization of CS can increase 

significantly (p<0.05) methane production of the final substrate compared to the 

control (digester treating DCF only). Utilization of CGM as co-substrate with DCF 

can also increase methane production (p<0.05) compared to CNG. All parame-
ters in the liquid phase were in the normal range for AD. Based on the research 

results, the optimum point with a desirability value close to 1 was achieved at a 

ratio of CGM10 and DCF90. CS was proven can be used as a co-substrate with 

DCF to increase methane production of the final substrate and germination can 

be used as a method to increase the methane yield of CS.   
 

Keywords: Biogas, Carica Seeds, Dairy Cow Faeces, Germination, Substrate 

 

ABSTRAK 

Penanganan limbah secara anaerob dari feses sapi perah (FSP) memiliki 
produksi metana yang rendah per ton limbah yang ditangani. Salah satu strategi 

untuk mengatasi kelemahan ini adalah dengan melakukan co-substrate antara 

FSP dan biji carica (BC). Saat ini, BC masih menjadi limbah dari industri mani-

san carica dan sering kali dibuang begitu saja ke lingkungan. Penelitian ini ber-
tujuan untuk mengevaluasi tingkat kombinasi optimal untuk produksi metana 

dari FSP dengan co-substrat tepung BC baik yang dikecambahkan (CGM) dan 

maupun yang tidak dikecambahkan (CNG) menggunakan Respond Surface 

Methodology (RSM). Penelitian ini menggunakan rancangan acak lengkap 

dengan pola faktorial yang terdiri dari faktor pertama yaitu CGM dan CNG, dan 
faktor kedua yaitu gabungan level FSP dan BC (CGM atau CNG. Hasil penelitian 

menunjukkan bahwa pemanfaatan BC dapat meningkatkan produksi metana 
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dari substrat akhir secara signifikan (p<0,05) dibandingkan dengan kontrol (di-

gester yang hanya mengolah FSP). Pemanfaatan CGM sebagai co-substrat 

dengan FSP juga dapat meningkatkan produksi metana (p<0,05) dibandingkan 

dengan CNG. Semua parameter pada fase cair berada pada kisaran normal un-

tuk AD. Berdasarkan hasil penelitian, titik optimum dengan nilai desirability men-
dekati 1 dicapai pada rasio CGM10 dan DCF90. CS terbukti dapat digunakan 

sebagai co-substrat dengan FSP untuk meningkatkan produksi metana substrat 

akhir dan perkecambahan dapat digunakan sebagai metode untuk meningkat-

kan produksi metana dari BC. 

 

Kata kunci: Biji Carica, Biogas, Feses Sapi Perah, Germinasi, Substrat 

 

INTRODUCTION 

 
The rapid growth of the world's popu-

lation has caused serious challenges to the 

global environment. This phenomenon 

causes various problems, especially the re-

duction in non-renewable natural resources 
and the increase in waste production which 

can damage the ecosystem (Abdesalam et 

al. 2017; Harirchi et al. 2022). Therefore, 

various alternative clean energy sources 
have been used as renewable energy to re-

place fossil fuels to overcome environmental 

and economic problems (Ma et al. 2018; 

Suanon et al. 2016; Wandera et al. 2018).  

The use of energy resulting from bio-
mass through biological processes is identi-

fied as a potential solution because biomass 

is a significant renewable energy source. Bi-

omass-based energy can result from vari-

ous organic wastes, including animal waste, 
food waste, industrial waste sludge, and ag-

ricultural waste (Abdesalam et al. 2015; 

Chew et al. 2021; Ganzoury and Allam 

2015; Sekoai et al. 2021). Waste processing 

technology with the anaerobic digestion 
(AD) process is one of the most interesting, 

efficient and promising processing tech-

niques. In the AD process, there is a series 

of complex, multi-stage, interrelated bio-

chemical processes, namely hydrolysis, ac-
idogenesis, acetogenesis, and methano-

genesis. Through these processes, organic 

waste is degraded into biogas, a mixture of 

gases including methane, with the help of 

anaerobic microorganisms (Jin et al. 2018; 
Keskin et al. 2019; Yilmaz and Sahan 2020). 

The environment in the AD process is eco-

logically balanced for the growth of bacterial 

and archaic microorganisms to degrade or-

ganic macromolecules (carbohydrates,  

proteins and lipids) into biogas under condi-

tions without oxygen. 
Research on anaerobic digestion pro-

cesses involving various types of biomass 

as a single substrate has been carried out 

by several researchers (Babaee et al. 2013; 

Khalid et al. 2011; Sutaryo et al. 2012; 
Sutaryo et al. 2014). The research results 

show that there is a main problem in this pro-

cess, namely nutritional imbalance, espe-

cially in the Carbon/Nitrogen (C/N) ratio. 
These findings are in line with previous stud-

ies (Møller et al. 2014; Triolo et al. 2013) re-

porting that the use of a single substrate 

from livestock faeces tends to have low nu-

tritional quality so the biogas production is 
low. Therefore, current research proposes a 

solution by applying co-substrate to in-

crease biogas production.  

Various research methods have been 

tested in the use of co-substrates for biogas 
production, namely corn silage, sunflower, 

and Sudanese grass (Amon et al. 2007), 

tapioca industrial waste (Hasanudin et al. 

2023), tofu industrial waste (Purwanti et al. 

2022), pineapple skin (Arifan et al. 2022), 
and cogon grass (Mustikasari et al. 2023). 

The research results showed that the use of 

co-substrates is effective in overcoming nu-

tritional imbalances, improving substrate 

quality, and ultimately increasing biogas 
productivity. Further research is needed to 

explore other potential biomass as co-sub-

strates of dairy cow faeces (DCF).  

Carica fruit (Carica pubescens (CP)) is 

a typical highland plant in Indonesia, which 
is often found on the Dieng plateau, Central 

Java, Indonesia. Data from BPS (2022) rec-

ords that carica production in 2021 is 3,286 

tons. Solid waste from carica fruit consists of 

20% peel and 50% seeds (Arija et al., 2022), 
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which are often thrown into landfills by the 

candied carica in the syrup industry. In 

2021, therefore the CS production in Dieng 

was 1,643 tons. Utilization of carica seeds 

(CS), is very important in supporting the 
concept of clean production. This approach 

aims to increase the efficiency of natural re-

source use and prevent environmental pol-

lution. The mixture of CS with DJF as a co-

substrate is expected can increase methane 

production of the final substrate since CS is 
a nutritious biomass (Table 1).

 

Table 1. Nutritional content of CP seeds with germination and without germination 

 

Nutritional contents CNG CGM Sig (2-tailed) Significant 

TS (%) 94.24±0.12 91.34±0.00 0.001 Yes 

VS (%) 89.99±0.19 87.12±0.04 0.002 Yes 

Crude Protein (%) 33.09±0.80 33.93±0.01 0.273 No 

Crude Fat (%) 37.50±0.86 33.08±0.22 0.019 Yes 

Crude Fibre (%) 22.24±0.39 24.72±0.40 0.025 Yes 

NDF (%) 30.17±0.03 32.24±0.12 0.002 Yes 

ADF (%) 22.45±1.05 25.33±0.62 0.000 Yes 

Lignin (%) 16.67±0.67 18.74±0.46 0.012 Yes 

Hemicellulose (%) 8.06±0.57 7.51±0.31 0.352 No 

Cellulose (%) 5.12±0.13 6.55±0.00 0.004 Yes 

Lysine (%) 2.67 3.06 Not Test - 

Methionine (%) 0.22 0.26 Not Test - 

TS (%) 94.24±0.12 91.34±0.00 0.001 Yes 

 

The nutritional content of CP seeds 

can be increased through the germination 
process. Previous research by (Medugu et 

al. 2012; Sugiharto et al. 2022) stated that 

the germination process can cause several 

changes in the seed, such as the decompo-
sition of certain components and the 

transport of minerals from one part of the 

seed to another. It is hoped that the use of 

CP seeds with the germination process will 

not only improve the nutritional value of the 
seed waste but also support sustainable bi-

ogas production. 

Optimizing parameters in biogas in-

stallations is the key to increasing biogas 

production from organic waste. Conven-
tional optimization methods are limited be-

cause they require many trials and a long 

time (Safari et al. 2018). To overcome this, 

one of the statistical programs namely Re-

sponse Surface Methodology (RSM) is used 
as an optimization approach. Current re-

search aims to examine the effect of the 

combination of Holstein Friesian cow faeces 

and CP seeds as mixed substrates on bio-

gas production and then find the optimal 
combination for obtaining maximum biogas 

production using the RSM approach.  

 

 

MATERIALS AND METHODS  

 
Materials  

The inoculum was the slurry output 

from the active reactor treating cow faeces 

at the Faculty of Animal Husbandry and Ag-
riculture, Diponegoro University, Indonesia. 

Before use, the slurry was filtered with a fil-

ter cloth. The characteristics of inoculum 

were pH of 7.53, Total Solid (TS) of 0.810 

%, and Volatile Solids (VS) of 0.423 %. Dairy 
cow faeces were obtained from the Faculty 

of Animal Husbandry and Agriculture, 

Diponegoro University, Indonesia. Carica 

(CP) seeds were obtained from processing 

waste from the Carica fruit candy factory in 
Wonosobo, Central Java Province, Indone-

sia. Before use, CP seeds were washed to 

remove their epidermis. To make germi-

nated CP seeds, the cleaned CPD seeds 

were germinated for 21-30 days. Hence, 
there were two types of CP seeds, namely 

germinated CP seeds (CGM) and non-ger-

minated CP seeds (CNG). The two types of 

CP seeds were dried directly under the hot 

sun for 2 days. After drying, they were 
ground with a grinder (Retsch-ZM 200, Ger-

many) for further processing. 
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Methods 

In this research, 114 glass bottles with 

a capacity of 500 mL were prepared as 

batch digesters. The inoculum as much as 

200 g was filled in each digester. Then, sub-
strates were added with various of mixed 

substrates dairy cow faeces (DCF) and 

CGM or CNG flour with percentage combi-

nations of 98:2, 96:4, 94:6, 92:8, 90:10 (w/w) 

with 4 replications. Thus, the substrate com-
bination included CGM2 (98% DCF and 2% 

CGM), CNG2 (96% DCF and 2% CNG), 

CGM4 (96% DCF and 4% CGM), CNG4 

(96% DCF and 4% CNG), CGM6 (94% DCF 

and 6% CGM), CNG6 (94% DCF and 6% 
CNG), CGM8 (92% DCF and 8% CGM), 

CNG8 (92% DCF and 8% CNG), CGM10 

(90% DCF and 10% CGM), CNG10 (90% 

DCF and 10% CNG) and 100% DCF as a 

control. The filled digester was sealed, 
flushed with nitrogen for two minutes, and 

stored for 90 days in an incubator at 37°C. 

As many as 48 main digesters were used to 

measure methane volume production which 
was measured on days 3, 7, 12, 20, 30, 45, 

60, 75, and 90. For the analysis of pH and 

TAN, as many as 22 digesters were oper-

ated and disassembled for each period of 0, 

30, and 60 days. Meanwhile, for analysis of 
pH and TAN on day 90, samples were taken 

from the main digesters. These were con-

ducted because it was not possible to dis-

mantle the main digesters to take samples 

to observe the pH, TAN and VFA during the 
AD process. The resulting pH and TAN data 

were averaged and then would be dis-

cussed descriptively in the Results and Dis-

cussion. Meanwhile, the VFA analysis was 

carried out for samples on day 60. VS reduc-
tion analysis was carried out by observing 

VS reduction at the beginning and the end 

of the AD process. The VS reduction was 

analysed to obtain information about the 

process performance of the microorganisms 
in the digesters. 

 

Analysis and Observation  

Analysis of the TS content was con-

ducted by heating the samples at 105°C for 

12 hours. Then, the dried samples were 

heated in a furnace at 550°C for 6 hours to 
obtain the ash content data. VS content was 

calculated by subtracting the ash content 

from TS content. Analysis of fibre contents 

(Neutral Detergent Fibre (NDF), Acid Deter-

gent Fibre (ADF) and Acid Detergent Lignin 
(ADL)) was carried out by following the 

standard method by Van Soest et al. (1991). 

According to Møller et al. (2014), ADL was 

assumed to be lignin. Cellulose was the dif-

ference value between ADL and ADF. Hem-
icellulose was the difference value between 

ADF and NDF. Crude Protein analysis was 

determined using the Kjeldahl method. 

Methane production from the main di-

gester was collected using a 500 mL glass 
bottle containing a 4% (w/w) NaOH solution 

(Merck®, cat no: 1064981000) for capturing 

CO2 (Sutaryo et al. 2022a) so that only me-

thane was accommodated in a Tedlar gas-
bag (Hedetech-Dupont, China) with a ca-

pacity of 1 L (Figure 1). Then, the water dis-

placement method was used to measure the 

methane volume (Sutaryo et al. 2020)  fol-

lowing Figure 2. 
The pH level was measured using a 

digital pH meter (OHAUST ® ST 300). The 

total ammonia nitrogen (TAN) concentration 

was analysed through the Photometric 

method using a Spectroquant Nova 60A in-
strument and the Spectroquant® Ammo-

nium Test Method reagent set (paint no: 

1006830001). Meanwhile, the total volatile 

fatty acid (VFA) was measured using the 

Perkin Elmer Clarus® 680 Gas Chromato-
graph instrument. 

The methane production data were 

analyzed statistically using a two-factor 

analysis of variance with a confidence level 

of 95%, followed by the Duncan test. Then, 
an optimization process was conducted us-

ing Response Surface Methodology (RSM). 
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Figure 1. Method for collecting methane from a batch digester (Sutaryo et al. 2022b) 

 

 

 

 
 

 

 

 

 
 

 

Figure 2. Apparatus for measuring methane volume (Sutaryo et al. 2020) 

 
RESULTS AND DISCUSSION  

 

Characteristics of Co-substrates  

The substrate used in this research 

was cow faeces as the main substrate and 
CP seeds (non-germinated and germinated) 

as the co-substrates. Cow faeces have high 

crude fibre but low crude protein, while CP 

seeds have low crude fibre but high crude 

protein. The different forms of CP seeds 

(germinated (CGM) and non-germinated 

(CNG)) can influence biogas production. 

Hence, it is important to carry out character-
ization to determine the nutritional content of 

the CP seeds. The characterization results 

are presented in Table 2.

 

Table 2.  Volatile solid proportion, pH, concentrations of TAN, VFA Total, and VS Reduction 

 

Treatment 

VS Proportion of 

CNG/CGM to the 

mixed substrate (%) 

Parameters 

TAN (mg/L) 
Total VFA 

(mg/L) 

Volatile Solid 

Reduction (%) 
pH 

DCF 100% 

(Control) 
0  304.63±85.46 15.73 33.86±2.89 7.45±0.02 

CGM2  52.83  282.50±74.28 8.21 33.16±5.79 7.46±0.15 

CGM4  55.35 280.00±114.38 6.82 35.66±9.33 7.45±0.14 

CGM6  57.62  251.62±78.25 6.77 38.72±6.01 7.44±0.12 

CGM8  59.67  264.12±104.87 5.00 40.87±1.13 7.43±0.11 

CGM10  61.52  269.87±114.13 8.01 42.19±1.43 7.39±0.10 

CNG2  52.94  273.37±65.55 13.77 33.24±8.99 7.47±0.14 

CNG4  55.56  251.00±102.53 3.08 32.61±12.34 7.46±0.17 

CNG6  57.90  210.12±68.39 7.11 37.53±10.70 7.44±0.15 

CNG8  60.00 256.37±63.92 2.31 36.07±1.37 7.45±0.16 

CNG10  61.92  249.37±90.38 8.18 37.41±6.76 7.45±0.14 

 

Based on the proximate test (Table 1), 
the germination process decreased TS and 

VS in the CP seeds, indicating an increase 

in plant cellular structure during the germi-
nation process (Nkhata et al. 2015). Crude 

fibre, which consists of cellulose and lignin, 

1. Batch digester 
2. Inoculum and substrate  
3. Rubber stoper 
4. Aluminium crimp  

5. Hypodermic syringe  
6. Teflon tube 
 

 

7. Black rubber stopper  

8. Infusion bottle 
9. NaOH solution  
10. Valve 
11. Tedlar gas bag 

 

1. Tab Water  
2. Water Container  
3. Measuring glass  
4. Measuring glass Holder  
5. Teflon tube  

6. Valve to pump and valve to tedlar gas bag  
7. Water pump  
8. Swictch  
9. Tedlar gas bag 
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increased significantly during the germina-

tion process but not hemicellulose. This in-

crease in crude fibre is in accordance with 

research by Laxmi et al. (2015). Germina-

tion also increased the crude protein but not 
significantly. Then, based on the amino acid 

test, the germination increased lysine and 

methionine, showing a significant increase 

in the biological value of protein.  

The concentration of crude fat in ger-
minated CS in this experiment was de-

creased. This phenomenon can be caused 

by increased lipase enzyme activity and 

changes in cellular metabolism. During the 

germination process, the lipase enzyme 
breaks down fat into fatty acids and glycerol, 

which are used as energy sources and 

structural materials to support the growth 

and development of plant embryos. As a re-

sult, the crude fat content in seeds was de-
creased (Permana et al. 2013). The increas-

ing activity of various enzymes during the 

germination process will break down some 

various complex compounds into their mon-
omers so that these monomers will be eas-

ier to digest while the germinated CS is pro-

cessed anaerobically. Table 1 shows the nu-

tritional contents of CP seeds, which mostly 

increase due to the germination process. 
This finding is similar to research conducted 

by Medugu et al. (2012) reporting that there 

is the breakdown of certain components in 

the grain during germination, causing the 

degradation of complex compounds to be-
come simple compounds. It is hoped that 

the germinated substrate is easily digested 

by anaerobic microorganisms in the biogas 

digesters. 

 
pH  

The level of pH effectively influences 

the digester's performance and biogas pro-

duction. According to (Lahbab et al. 2021; 

Harirchi et al. 2022) the optimum pH range 
in the AD process is 6.5 - 7.5. The optimum 

pH level can induce the growth of methane-

producing microorganisms to increase their 

population (Boone et al. 2011). In this re-

search, the average pH value in digesters 
ranged from 7.39 to 7.47 (Table 2). This 

means that the pH values were in the opti-

mum pH range for the AD process. 

 

 

Total Ammonia Nitrogen (TAN), Total 

Volatile Fatty Acid (VFA), and Volatile 

Solid Reduction  

Ammonia has an important role in the 

AD process because it is an essential nutri-
ent for anaerobic microorganism growth. 

However, it should be noted that TAN con-

centrations > 1,700 mg/L can inhibit me-

thane formation (Cristou et al. 2021). The 

analysis results in Table 2 show that the 
TAN concentration value was in the range of 

210.10 to 282.50 mg/L. A previous study 

(Czatzowska et al. 2020) stated that a TAN 

concentration of around 200 mg/L is benefi-

cial for the anaerobic digestion process be-
cause the methanogenic microorganisms 

can grow well in this condition. 

In anaerobic systems, VFAs are gen-

erated during the AD process, but too high 

concentrations of VFAs can disrupt the bal-
ance of the system (Alavi-Borazjani et al. 

2020). Accumulation of VFAs can lower pH 

levels, increase acid production, and ulti-

mately lead to AD process failure. VFA con-
centrations can vary based on feedstocks, 

inoculums, operational conditions, and di-

gester configurations. 

The final total VFA after the AD pro-

cess for substrates of cow manure and 
kitchen waste was <1,000 mg/L (Li et al. 

2014),  cow manure and Barley was 

<20,000 mg acetic acid /L (Akyol et al. 

2016), and fish waste and cow dung was 

816 mg/L (Solli et al. 2014). In this study, the 
total VFA was in the range of 2.31 to 13.77 

mg/L (Table 2) indicating that the difference 

in substrate combination did not affect the 

pH level significantly.  

The VS reduction in this study was in 
the range 33.16 to 42.19% (Table 4). The 

VS reduction was increased with the in-

creasing proportion of CS in the final sub-

strate, which caused an increase in me-

thane production. This indicates that the an-
aerobic microorganism's can digest organic 

matter in the CS properly. Utilization of CS 

as co-substrate with FSP, can increase an-

aerobic microorganism activity at least by 

improving nutrient quality and C/N ratio of 
the final substrate (Sutaryo et al. 2023). 
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Production of Methane  

The analysis results showed that the 

use of mixed substrates significantly in-

creased cumulative methane production 

(mL/g VS) (p<0.05) up to day 90 (Table 3, 4, 
and 5). Treatment of CGM10 resulted in the 

highest methane production (514.01 mL/g 

VS) and treatment of CNG2 resulted in the 

lowest methane production (425.12 mL/g 

VS). Compared to the control variable, the 

AD of cow feces with co-substrates of CP 

seeds (either in the form of CGM or CNG) at 

various compositions resulted in higher bio-

gas production with a significant difference 
(p<0.05). Furthermore, there was no signifi-

cant difference (p>0.05) between CNG2 and 

CNG4.

 
Table 3.  Cumulative Methane Production on day 30 

 

abc : values in each row in the same parameter followed by the same letters not significantly  

       different (p>0.05) 
x,y : values in each column in the same parameter followed by the same letters not significantly  

       different (p>0.05) 

 

Table 4.  Cumulative Methane Production on day 60 

 

abc : values in each row in the same parameter followed by the same letters not significantly  different 

(p>0.05) 
x,y : values in each column in the same parameter followed by the same letters not significantly different 

(p>0.05) 

 

Table 5.  Cumulative Methane Production on day 90 

 

abc : values in each row in the same parameter followed by the same letters not significantly different 

(p>0.05) 
x,y : values in each column in the same parameter followed by the same letters not significantly different 

(p>0.05) 
 

Comparison between CGM (A1) and 

CNG (A2) factors shows that the CGM factor 

generated a higher methane production. It 

indicates that the germination pretreatment 

had a positive impact on the AD process. 

The germination process significantly 

changed the grain composition and im-

proved the nutritional quality of grains.  

Factor 
Treatment Average 

B1 B2 B3 B4 B5  

--------------------(ml/g VS)----------------- 

A1 395.19±8.05 402.67±12.99 424.62±9.81 431.14±12.19 453.78±14.58 421.48±29.89y 

A2 367.28±3.50 382.57±15.61 392.71±13.52 408.10±7.81 430.72±16.17 396.27±24.87x 

Average 381.23±15.98a 392.62±17.09a 408.66±20.26b 419.62±15.54b 442.25±18.85c  

Factor 
Treatment Average 

B1 B2 B3 B4 B5  

--------------------(ml/g VS)----------------- 

A1 425.98±6.68 447.81±10.76 458.61±11.00 466.34±7.47 488.78±10.83 457.50±22.88y 

A2 408.35±13.29 412.76±21.86 423.46±12.59 442.79±9.85 459.14±15.87 429.29±23.80x 

Average 417.17±13.53a 430.28±24.61b 441.03±21.74b 454.56±14.96c 473.95±20.23d  

Factor 
Treatment Average 

B1 B2 B3 B4 B5  

--------------------(ml/g VS)----------------- 

A1 463.76±12.08 470.91±11.93 488.29±4.69 492.29±7.92 514.01±4.68 485.85±19.72y 

A2 425.12±18.25 427.85±23.09 451.38±9.83 455.36±10.83 469.55±15.87 445.85±22.64x 

Average 444.44±25.14a 449.38±28.62a 469.83±20.98b 473.83±21.61b 491.78±26.12c  



J Bioteknol Biosains Indones – Vol 11 No 1 Thn 2024 

    

68 

Research conducted by Diaz-Batalia (2023) 

showed that germination can reduce anti-

nutrient content and increase amino acids. 

Winarti et al. (2024) reported that CS con-

tains anti-nutrient compounds such as flavo-
noids and polyphenols. These anti-nutrient 

compounds will be degraded during the ger-

mination process, resulting in a decrease in 

anti-nutrient levels. These anti-nutrient com-

pounds have the potential to inhibit the ac-
tivity of methane-forming bacteria (Hütter et 

al. 2023). 

Previous studies (Medugu et al. 2012; 

Sugiharto et al. 2022) showed that there is a 

breakdown of certain components in the 
seeds and the transport of minerals from 

one part of the seed to another during the 

germination process. In addition, previous 

studies (Fouad dan Rehab 2015; Lien et al. 

2017; Sugiharto 2021; Betran-Orocho et al. 

2020) also stated an increase in the nutri-

tional quality of grain after the germination 

process. Current research also found the 

same findings that the germination process 

increased the nutritional quality of the CP 
seeds as shown in Table 1. Research con-

ducted by Purwasih et al. (2024) demon-

strates that germination can increase signif-

icantly (p<0.05) methane production of pa-

paya seeds. 
The use of a pretreatment process 

with a grinder to reduce the substrate size 

has been proven to be effective in aiding di-

gestion by microorganisms. These findings 

provided valuable information in the context 
of this research, indicating that the combina-

tion of germination and grinding pretreat-

ments can positively improve the nutritional 

quality of the seeds and then influence me-

thane production.
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

Figure 3. Profile of methane production using CGM as a co-substrate until 90 days 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

Figure 4. Profile of methane production using CNM as a co-substrate until 90 days
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Figures 3 and 4 show the methane 

production rate. The increase in the addition 

of CP seeds either with or without germina-

tion pretreatment significantly increased me-

thane production (p>0.05). The increase in 
CP seed composition was directly propor-

tional to the increase in methane production. 

Hence, the higher the composition of CP 

seeds was in mixed substrates, the higher 

the methane production was generated. 
These results indicated the potential for in-

creasing methane production through the 

addition of CP seeds. Based on Figures 3 

and 4, the methane production rate on day 

3 reached its highest value until day 12 day, 
and then it decreased until day 90. This in-

dicates that the optimal methane production 

began on day 3. This shows that the co- 

substrate that has been ground with a 

grinder (physical pretreatment) can be hy-

drolyzed quickly by microorganisms to pro-

duce methane. 

Studies on the effects of germination 
on methane production are still minimal. 

One of them is a study by Purwasih et al. 

(2024) which examined the effects of gemi-

nation of papaya seeds (PS) on methane 

production as a single substrate, where the 
treatment was able to increase methane 

production (p<0.05) by 180%, 57%, and 

81% for fresh PS, fresh PS meal, and dry 

PS, respectively. In this study, when germi-

nated CS was used as a co-substrate with 
FSP, it significantly increased methane pro-

duction by 6.31% compared to non-germi-

nation.
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Figure 5. Response of variations of combination level of DCF and CP seeds (CGM) on methane pro-

duction (A).  Response of variations of combination level of DCF and CP seeds (CNG) on 

methane production (B). Comparison between experimental data and predicted data (C).  

 

This experiment used 44 combina-

tions of factors to find the optimum condition 

using the RSM method with central compo-

site design (CCD). The CCD is conducted to 

explore and optimize the response of a sys-
tem that is influenced by several input varia-

bles. This design involves a combination of 

centre points, factorial points, and axial 

points to create a surface response model 

that approaches the optimal condition. The 
RSM analysis (Figures 5A and 5B) was con-

ducted in this research to show the relation-

ship between CP seed combination level 

(%), DCF combination level (%), and type of 

CP seeds (CNG and CGM). The validity of 
the model was evaluated through the coeffi-

cient of determination (R2). The R2 shows 

the extent to which the experimental  

variables and their interactions can explain 

variations in the observed response values. 

The use of R2 aims to assess the quality of 

the model, with a high correlation between 

the predicted value and the observed value. 

The R2 value of 0.8273 indicates that the 

model can explain 82.73 of the observed re-
sponse variability. 

The predicted data obtained from the 

model are close to the experimental data ob-

tained from the experiment (Figure 5(c)). 

The graphic plot depicts a satisfactory cor-
relation between the experimental data and 

the predicted data. It shows the closeness of 

both values to a linear line. According to Ta-

ble 6, the recommended value for the opti-

mum desirability condition is close to 1. 
Therefore the use of CGM as a co-substrate 

at a combination level of 10% (DCF combi-

nation level 90%) is recommended. This  

optimization uses a model to find the best 

factors to increase methane production  
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byconsidering other factors. In RSM, the  

desirability value describes the range of re-

sponses, reflecting the desired range in 

each response (Myers and Montgomery 

2002). In simultaneous optimization, each 

response must have a maximum value ac-

cording to the target to be achieved. Thus, 

the goal of optimization is to find an optimal 

solution that meets ideal conditions. 

 

Table 6.  Recommended Optimization Value at Maximum Desirability 

 

No 
DCF Combi-

nation Level 

Carica Seed 

Combination Level 

Type of 

Carica Seed 

Methane 

Production 
Desirability No 

1 90.00 10.00 CGM 511.60 0.948 Selected 

2 90.00 9.93 CGM 511.55 0.948  

3 90.00 9.87 CGM 511.51 0.948  

4 90.04 10.00 CGM 511.31 0.946  

5 90.00 9.40 CGM 511.19 0.945  

6 90.15 10.00 CGM 510.58 0.94  

7 90.00 7.72 CGM 510.04 0.935  

8 90.00 7.31 CGM 509.76 0.933  

9 90.00 6.38 CGM 509.12 0.927  

10 90.00 2.80 CGM 506.68 0.907  

 
CONCLUSION 

 

The results showed that the addition of 

CS (CGM and CNG), as a co-substrate of 

DCF up to a percentage of 10% co-sub-
strate addition can increase methane pro-

duction compared to the control. The high-

est methane production was 514 mL/g VS in 

the CGM10 treatment and the lowest me-
thane production was 425 mL/g VS (CNG2). 

However, for commercial applications, addi-

tional costs required for the increase in bio-

gas production obtained caused the germi-

nation process have to be recalculated. The 
results of optimization using RSM, the opti-

mum point with a desirability value ap-

proaching 1 was achieved in the CGM10 

treatment (90% DCF and 10% CGM). The 

concentration of VFA and TAN was suffi-
cient to meet the needs of microorganisms, 

and the pH value was at the optimum level 

for anaerobic digestion. The use of RSM in 

this study not only found the optimum condi-

tions for the use of CS, but also showed a 
methodological approach that could be 

adopted in similar studies in the future. 
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