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Biogas Production from Fermenting Pangola Grass (Digitaria eriantha) with
Vinasse from Distillery Plant
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Limitation of fossil fuel is concerned, an alternative energy such as biogas from
renewable resources has been researched. Biogas production from renewable resources such as
grass, rice straw and palm waste have been reported. Pangola grass (Digitaria eriantha) is an
agricultural waste being used as a substrate in this study due to high cellulosic materials. Vinasse
from distillery plant was used as an inoculum. The aim of this research is to optimize conditions
for biogas production from Pangola grass and vinasse. Also, microorganism in vinasse was
preliminary screened. From screening results, thirteen isolates were anaerobically isolated from
vinasse. Eleven isolates could produce catalase enzyme indicating anaerobic microorganisms.
The concentration of inoculum, substrate volume and pH for biogas production were examined.
The results found that optimal conditions for biogas production were 60 % (v/v) of vinasse and
30 g of Pangola grass anaerobically fermenting in 800 ml total volume, cultivation at 35+2 °
with an initial at pH 7.8. From these conditions, highest yield of methane was obtained with
3,720 g/L of medium at day 3 of cultivation. Additionally, hydrogen and carbon dioxide were
produced with 132 and 13,869 g/L of medium, respectively.

Keywords: Biogas, Methane, Pangola grass, Vinasse, Anaerobic fermentation
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Abstract

Limitation of fossil fuel is concerned, an alternative energy such as biogas from renewable resources
has been researched. Biogas production from renewable resources such as grass, rice straw and palm waste
have been reported. Pangola grass (Digitaria eriantha) is an agricultural waste being used as a substrate in this
study due to high cellulosic materials. Vinasse from distillery plant was used as an inoculum. The aim of this
research is to optimize conditions for biogas production from Pangola grass and vinasse. Also, microorganism
in vinasse was preliminary screened. From screening results, thirteen isolates were anaerobically isolated from
vinasse.  Eleven isolates could produce catalase enzyme indicating anaecrobic microorganisms. The
concentration of inoculum, substrate volume and pH for biogas production were examined. The results found
that optimal conditions for biogas production were 60 % (v/v) of vinasse and 30 g of Pangola grass
anaerobically fermenting in 800 mL total volume, cultivation at 352 °C with an initial at pH 7.8. From these
conditions, highest yield of methane was obtained with 3,720 g/L of medium at day 3 of cultivation.
Additionally, hydrogen and carbon dioxide were produced with 132 and 13,869 g/L of medium, respectively.

1. Introduction

Fossil fuel energy resources had decreased 2.2 Isolation and characterization of biogas-
due to over consumption. An alternative energy such producing bacteria
as biogas had been researched. Biogas can be Biogas-producing bacteria was isolated from
produced from agricultural wastes, animal manure Vinasse in Nutrient agar by pour-plate technique and
and organic waste. Vinasse is a stillage from sugar- cultivated at 35 °C for 2 days. Gram stain, catalase
cthanol industry. It is rich in nutrients such as activity and growth in MRS agar of the isolated
potassium, calcium, sulfur and has a high content of strains were characterized.
organic matter [1]. Vinasse have been researched for
biogas production [2-4]. Kinetic model of biogas 2.3 Optimization of biogas production

production from vinasse and rumen fluid had Vinasse as an inoculum with various
researched [5]. concentration: 20 %, 40 %, 60 %, 80 % and
Pangola grass is an animal feed, waste from 100 % were added in the 1000 mL bottle containing

Pangola grass have been used as fertilizer. The ‘grass of grass 10 g, total volume of the medium was 900
waste contains high cellulose and hemicellulose mL. The culture was incubated at 35 °C for 7 days.
which can be used as a feedstock for biogas To examine biogas production (CH,), gas samples
production. Biogas produced from grass such as were collected every day and analyzed by Gas
meadow grass [6], grass silage and rumen fluid was Chromatography (GC).

also studied [7]. The use of vinasse and Pangola grass Different volume of grass 10 g, 20 g and 30
for biogas production have not reported. The aim of g were examined by cultivation in the optimum
this research was to optimize vinasse concentration, vinasse concentration.

Pangola grass and pH for biogas production. The optimum initial pH of the medium was

investigated with pH 6, pH 7 and pH 8.
2. Methodology
2.1 Pangola grass and inoculum 3. Results and Discussion
Pangola grass was harvested and dried at 65 3.1 Isolation and characterization of biogas-
°C for 24 h. The dried grass was chopped into 1 cm, producing bacteria
the chopped grass was dried before use. Biogas-producing bacteria was isolated from
Vinasse (COD 42.26 g/L) obtained from an vinasse. Thirteen isolates were found in Nutrient
ethanol industry (Thanapakdi Co., Ltd. Chiang Mai, agar. Most of the isolated strains were gram positive
Thailand). and could produce catalase as shown in Table 1. The
results could be implied that most of the isolates were
anaerobic bacteria.

*Corresponding Author: Tel.: 6653 873 870-2
E-mail address: chutamas_m@yahoo.com, chutamas@miu.ac.th
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3.2 Optimization of biogas production

Concentration of vinasse was optimized for
biogas production. The highest methane production
with 1,500 g/L of medium obtained from 100 %
vinasse at 2 days. However, the 100 % vinasse had a
high viscosity. The medium containing 60 % and 80
% vinasse could produce methane with 1,080 g/L of
medium and 1,200 g/ of medium, respectively.
From these results, methane production from 60 %
and 80 % vinasse was insignificant (Figure 1A).
Therefore, the medium with 60 % vinasse was
selected for optimizing grass volume. Vinasse had
been researched to use as an inoculum for biogas
production. Sugar beet vinasse and cow manure were
used as inoculum and substrate to produced biogas

[7].

The grass volume with 10 g, 20 g and 30 g
were examined for biogas production. Figure 1B
presented that the medium containing grass 30 g
exhibiting highest methane production (3,240 g/L of
medium) at 3 days. Biogas production from
agricultural wastes had reported, pretreated rice straw
could be enhanced biogas production [8], paddy
straw was used as feedstock for biogas production

[9].

The optimum pH of the medium was also
investigated. From the results, the medium with pH 7
and pH 8 showed the high methane production
(Figure 1C). The medium with pH 6 was clearly
inhibited biogas production. From the experiment, it
could be suggested that the initial pH of the medium
(pH 7.8) was suitable for biogas production.

Table 1: Characteristics of bacteria isolating from vinasse in Nutrient agar and cultivating at 35 °C for 2 days.

Isolates

Gram

Catalase production

KSO01
KS02
KS03
KS04
KS05
KS06
KS07
KS08
KS09
KS10
KSI11
KS12
KS13

“+

+ + + + + 4+

+ + + +

2(CHY)/ L (medium)

edium)

§8%

2(CHY/L (m

- 10y
- 20y

1000 7 —tee g

g

o

Figure 1: Methane production with differrent concentration of vinasse: 20 %, 40 %, 60 %,

80 % and 100 % (A), grass volume: 10 g,

20 g and 30 g (B) and pH: pH 6, pH 7 and pH 8 (C). All conditions

were cultured at 35 °C for 7 days.
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4. Conclusion

Vinasse had high organic matter content,
bacteria with 13 isolates were screened from the
vinasse. Therefore, vinasse was a suitable inoculum
for biogas production. From biogas production,
anaerobic digestion with 60 % (v/v) of vinasse and
30 g of Pangola grass culturing with an initial pH 7.8
could be produced highest yield of methane with
3,720 g/ of medium at day 3 of cultivation.
Hydrogen (132 g/L of medium) and carbon dioxide
(13,869 g/L. of medium) were also produced.

5. Acknowledgement
Funding for this study was provided by
National Research Council of Thailand.

6. References

[1] CEC. Nogueira, SNM. Souza, VC. Micuanski,
and RL, “Azevedo. Exploring possibilities of
energy insertion from vinasse biogas in the
energy matrix of Parand State, Brazil”,
Renewable and Sustainable Energy Reviews,
vol. 48, pp. 300-305, 2015.

L. Janke, AF. Leite, K. Batista, W. Silva, M.
Nikolausz, M. Nelles, and W. Stinner,
“Enhancing biogas production from vinasse in
sugarcane biorefineries: Effects of urea and
trace clements supplementation on process
performance and  stability”, Bioresource
Technology, vol. 217, pp. 10-20, 2016.

G. Buitrén, G. Kumar, A. Martinez-Arce, and G.
Moreno, “Hydrogen and methane production via
a two-stage processes (H,-SBR + CH,-UASB)
using tequila vinasses”, International Journal of
Hydrogen Energy, vol. 39, pp. 19249-19255,
2014.

2]

(3]

64

[4] MIJ. Dirbeba, A. Brink, N. DeMartini, D.
Lindberg, and M. Hupa, “Sugarcane vinasse
CO, gasification and release of ash-forming
matters in CO, and N, atmospheres”,
Bioresource Technology, vol. 218, pp. 606-614,
2016.

L. Syaichurrozi, Budiyono, and S, Sumardiono,
“Predicting kinetic model of biogas production
and biodegradability organic materials: Biogas
production from vinasse at variation of COD/N
ratio”, Bioresource Technology, vol. 149, pp.
390-397, 2013.

P. Tsapekos, PG. Kougias, and I. Angelidaki,
“Biogas production from ensiled meadow grass;
effect of mechanical pretreatments and rapid
determination of substrate biodegradability via
physicochemical methods, Bioresource
Technology, vol. 182, pp. 329-335, 2015.

DM. Wall, E. Allen, R. O'Shea, P. O'Kiely, and
JD. Murphy, “Investigating two-phase digestion
of grass silage for demand-driven biogas
applications: Effect of particle size and rumen
fluid addition”, Renewable Energy, vol. 86, pp.
1215-1223, 2016.

(5]

(6]

(7]

[8] P. Amnuaycheewa, R. Hengaroonprasan, K.
Rattanaporn, S. Kirdponpattara, K.
Cheenkachorn, M. Sriariyanun, “Enhancing

enzymatic hydrolysis and biogas production
from rice straw by pretreatment with organic
acids”, Industrial Crops and Products,
vol. 87, pp. 247-254, 2016.

K. Kaur, and UG. Phutela, “Enhancement of
paddy straw digestibility and biogas production
by sodium hydroxide-microwave pretreatment”,
Renewable Energy, vol. 92, pp. 178-184, 2016.

(%]



¢
=h
Re

WYNAaAITN

dausnanns wangasinemaaniofin aedrwaluladiinm acAnetmand e.mcao-

<3

o o
7t A3 oo« o0 Wi © gAIAN wed

a9 ma@um’rmmswm‘m's YANTYINITUIUNEIF WRSIAUBNAINUATY

e ANUAAEANENANae S

pufinnzRunndenuamminensmans sninenduaina AMuUAdANITUIYN
AYNITUMIBIF The W™ Environment and Natural Resources International Conference (ENRIC woa') :
Interdisciplinary Approaches to Save Future Earth Environment Tﬂﬂﬁ’i’mﬂﬂ‘izmﬁtﬁ.@uﬂﬂL‘Llﬁyﬁu
Uaraun1sain1sudnisann1suazn 19 ided A nd ans s wdnsinAganag WU IUNATTURY
LBNAY Lmufmﬂﬂim’luﬁ\m’maﬂumm mﬂﬂm’«m’mLN‘%Nm’m‘iwuﬂm’mm‘m%i”ﬂUﬂﬁmﬂL@L%ﬂ

s

Ple uﬂ@ﬂt%ﬁld?ﬁ] 33 R (o b Muﬂmﬂﬂiy'ﬂ"@\iu')ﬂﬂﬂﬂLL@”VI?WH’]ﬂiﬁi?N’H’]W?M‘ivﬂuﬂﬁﬁﬁ‘imu TENIN

3
o ci <3 &
W 6% -~ oo/ WIAAINIEN wade B 1UTHNTIAATINES FTanTTUATFAaYsEN T

Tunaail frwddsesaygmidtiannisdsrgndeinisuiug Afendng waziaus
nasmddeTusuuuuTumnead Eag “Biogas -Production from Fermenting Pangola Grass (Digitaria

eriantha) with Vinasse from Distillery Plant”  ®89% wazan 1uAGINan

FaBsunialUsafiarsaneyyn

(WNFNWIA N9

WHANUNAIANEIRE ALY 81915¢]

(fgrwmansrarad e Desyy Huandng)
Uszemnersdusedmangaeaineman oo
aeAzunaluladianm



