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Abstract

Large amounts of organic wastes generated in agricul-
tural environments such as crop residues and livestock
manure adversely affect the environment. Anaerobic di-
gestion can reduce the amount of organic wastes and con-
vert them into energy at the same time. Efforts are being
made to further increase the energy conversion efficiency
by using co-anaerobic digestion using two or more sub-
strates. Tomatoes, rice straw, cattle manure, and cattle fe-
ces (CF) were used as substrates for anaerobic digestion.
Each substrate was subjected to anaerobic digestion and
the cumulative biochemical methane production potential
was measured, and the biodegradability was calculated.
Based on the methane production, CF and tomato were
further used for co-anaerobic digestion at different mixing
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ratios. Among the CF:tomato ratios of 1:1, 1:2, and 2:1,
1:2 produced the most methane and the synergy index was
greater 1 indicating that the co-digestion of CF and tomato
improved the methane production. Overall, the results
showed that the methane production from cattle manure
can be improved using tomato residues.

Key words: Cattle manure, Co-digestion, Methane pro-
duction, Tomato, Rice straw
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Table 1. Elemental composition of substrates used in this study

Moisture Volatile solid C H (@] N S Ash C/N
Samples - - - -

weight % (wet basis) weight % (dry basis) -

Inoculum 97.85+0.01 1.50+0.02 - - - - - - -
Tomato 28.15+0.78 62.38+0.45 39.30 5.41 30.22 1.88 0.24 22.94 20.87
Rice straw 19.03£1.89 69.69+1.15 31.50 5.19 35.96 0.85 0.00 26.48 37.06
Cattle manure 68.31+0.57 27.50+0.57 39.40 5.16 27.56 2.72 0.78 24.38 14.48
Cattle feces 66.92+0.34 28.00+0.29 38.61 5.01 26.77 1.83 0.22 27.56 21.13

The moisture and volatile solid values indicate the average of triplicate samples and standard deviation. The elemental
weights are single values. Inoculum: anaerobic sludge, Tomato: tomato waste, Rice straw: rice straw, Cow manure: cattle

manure, Cow feces: cattle feces.
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Table 2. Chemical composition of the medium for the
anaerobic microorganisms

Component Concentration (mg/L)
KHoPO, 270
KoHPO, 350
NH,CI 530

CaCly-H,O 75

MgCl,-6H,0 100

FeCl,-4H,0O 20

MnCl,-4H,0O 0.50

H;BO; 0.05
ZnCl, 0.05
CuCl, 0.03
NaMoy - 2H,O 0.01

CoCl, 6H,O 0.50
NiSeOs 0.05
Na,SeOs 0.05
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Fig. 1. Cumulative methane production during the bioche-
mical methane potential (BMP) test using single substrate.
The lines indicate the data fitted to the modified Gom-
pertz model. The error bars indicate the average of tripli-
cate samples and standard deviation. Control: anaerobic
digestion without any substrate, Tomato: anaerobic diges-
tion with tomato waste as a substrate, Rice Straw: anaero-
bic digestion with rice straw as a substrate, Cattle Manure:
anaerobic digestion with cattle manure as a substrate,
Cattle Feces: anaerobic digestion with cattle feces as a sub-
strate.
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Table 3. Observed and predicted methane potential, biodegradability, and estimated kinetic parameters of each substrate

used in this study

Observed Theoretical . - Modified Gompertz model

Samples CH, potential CH, potential Biodegradability Ronax A M )
(mL/g-VS) (mL/g-VS) G, v 1) (mL/g-VS/day) (day) (mL/g-VS) R
Control 24.04+3.15a - - 1.79+0.16a 0.54+0.16ab 23.66+2.80a  0.99
Tomato 259.06+29.94b 401.31 64.55 78.39+55.11b 1.3740.72bc ~ 248.49+29.07b 0.99
Rice straw 193.43+38.45¢ 308.39 62.72 14.12+4.89a 0.71£1.12ab 188.09+£39.10c  0.99
Cattle manure 51.92+4.55ad 399.48 13.00 2.12+0.62a 3.40+4.28x10%a 54.61+6.53ad  0.97
Cattle feces 71.50+5.60d 396.05 18.05 4.15+0.42a 2.2740.72¢ 71.97+8.64d  0.99

The values indicate the average of triplicate samples and standard deviation. For the theoretical CH, potential and the
biodegradability, only single value is available since the elemental analysis was done with single samples. Control: anae-
robic digestion without any substrate, Tomato: anaerobic digestion with tomato waste as a substrate, Rice straw: anaero-
bic digestion with rice straw as a substrate, Cattle manure: anaerobic digestion with cattle manure as a substrate, Cattle
feces: anaerobic digestion with cattle feces as a substrate. The one way analysis of variance (ANOVA) with the Duncan
test as a post-hoc test was used to compare the samples. The different alphabets indicate that differences are statistically

significant at the confidence level of 95% (p<0.05).
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Fig. 2. Cumulative methane production during the bioche-
mical methane potential (BMP) test using mixed substra-
tes at different ratios based on the volatile solid (VS). The
lines indicate the data fitted to the modified Gompertz
model. The error bars indicate the average of triplicate
samples and standard deviation. Control: anaerobic diges-
tion without any substrate, CF: anaerobic digestion with
cattle feces as a substrate, T: anaerobic digestion with to-
mato waste as a substrate, CF:T=1:1, 1:2, and 2:1: anaero-
bic co-digestion of cattle feces and tomato waste at the
ratios of 1:1, 1:2, and 2:1 on the VS basis.

A A (synergy index)E AXFSIGILE Al|A] QlE|lAe Awt
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U AOFE Wy, 79X ko AR gt glka & ¢
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Table 4. Observed and predicted methane potential, biodegradability, and estimated kinetic parameters of each anaerobic

digestion case

Observed Theoretical Biodecradability S Modified Gompertz model
Samples CHj; potential CH, potential 10 (;,Og,ri /av)l ity ﬁﬁ;iy Rinax A M R?
(mL/g-VS)  (mL/g-VS) (mL/g-VS/day) (day) (mL/g-VS)
Control 9.0940.91a - - - 1.14+0.23a 0.01+0.02a 9.15+0.85a 0.98
CF 28.73£1.24b 396.05 7.25 - 2.75+0.66a 0.61+0.26b  28.37+1.72b 0.99
T 102.82+1.94c 401.31 25.62 - 17.70+1.86b 0.0840.10a  102.48+1.30c 0.99
CET=1:1 60.54+7.18d 398.68 15.19 0.92 9.64+0.29c 0.0240.03a  60.80+7.45d 0.99
CET=1:2  86.24+8.23e 399.56 21.58 1.11 11.75+1.01d 0.4440.62ab  87.03+8.05e 0.98
CF:T=2:1  48.59+1.54f 397.8 12.21 0.91 7.58+0.74e  1.52+1.22x10"'a 48.86+2.57f 0.98

The values indicate the average of triplicate samples and standard deviation. For the theoretical CH, potential and the
biodegradability, only single value is available since the elemental analysis was done with single samples. Control: anae-
robic digestion without any substrate, CF: anaerobic digestion with cattle feces as a substrate, T: anaerobic digestion
with tomato waste as a substrate, CF:T=1:1, 1:2, and 2:1: anaerobic co-digestion of cattle feces and tomato waste at the
ratios of 1:1, 1:2, and 2:1 on the VS basis. The one way analysis of variance (ANOVA) with the Duncan test as a post-hoc
test was used to compare the samples. The different alphabets indicate that differences are statistically significant at the

confidence level of 95% (p<0.05).
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