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Abstract

Biogas is a mixture of methane and carbon dioxide produced by anaerobic degradation of
organic matter and used as a fuel. In the current study focusing on the characterization of biogas
slurry from Sadra, Gandhinagar District, Gujarat. The physicochemical parameters like pH, BOD,
COD, inorganic ion like Chlorine, heavy metal; residual sugar and protein concentration have
been studied. Different bacteria and fungi were isolated using medium. The morphological and
biochemical characteristic of isolates was performed. It was further confirmed with 16S rRNA
sequencing & BLAST. Metagenomics of sample was also done.
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INTRODUCTION

Human activities since civilization have resulted in
huge amount of waste generation. In recent decades
this has become hazardous for existence of humans
on earth. Today a lot of emphasis is put on green
technology. Biogas is on such method. Biogas
technology uses cheap two benefits; it provides a
mean for a sustainable waste management and fuel
[1, 2].

By process of anaerobic digestion, both domestic and
agricultural waste can be treated. This is the one of

the oldest process [3]. In the anaerobic digestion
methane and carbon dioxide are produced by
degradation of organic matter [1, 4]. This process can
be divided into four steps: hydrolysis, acidogenesis,
acetogenesis and methanogenesis [5]. Anaerobic
environmental ecosystems like sewage sludge, solid
waste landfills and ruminant’s stomach are natural
habitat for Methanogens [6]. The slurry generated as
end product that can be used as a fertilizer that in
turn reduce the use chemical fertilizer which again
abates pollution [7]. Anaerobic digestions are
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influenced by many chemical and physical
parameters like total contents of solids, the carbon &
nitrogen contents and pH [8]. Also, the sludge
digestion is dependent on microbial activity. Lots of
concentration had more on methanogens but
heterotrophs also play an important role in
production of biogas. This study puts emphasis on
heterotrophs present in slurry.

MATERIALS AND METHODS

Sample collection

Slurry sample was obtained from the Sadra,
Gandhinagar District, Gujarat in the month of
November.

Total Viable count

Total Viable Count was performed to assess no. of
heterotrophs on Nutrient agar medium [9].

The Sugar Estimation

The sugar from slurry sample was estimated by
Nelson-Somogyi procedure [10].

The Protein Estimation

The protein from slurry sample was estimated by
Folin Lowery’s procedure [10].

Isolation of bacterial colonies from biogas slurry
Biogas slurry sample was collected & homogenized.
20ml of sample was inoculated in 100ml of nutrient
broth flask & incubate 24-48 hrs. Then streaking the
Nutrient agar plate was streaking by using overnight
culture flask & incubates at 37°C for 24-48 hrs. After
48 hrs of incubation, colonies seen onto the medium
were selected for microbial identification by using
different mediums [4, 11].

Int J Pharm Biol Sci.

Identification of bacterial isolates

(a) Morphological identification

Attempts were made to identify isolate using
morphological & biochemical characteristics. Isolates
were identified [12, 13].

Morphological characters include colony characters
and Gram staining [4, 11, 14 and 15].

(b) Molecular identification

For the identification of bacterial isolates, 16S rRNA
sequencing was done. 16S rRNA sequences of
bacterial strains were deposited in the GenBank and
analyzed using the BLAST program in GenBank at
National Centre for Biotechnology Information
https://www.ncbi.nlm.nih.gov/ [4].

Metagenomics

Metagenomics of slurry sample was done by
standard methods [16].

RESULTS AND DISCUSSIONS

Total Viable Count

The total viable count for this sample was 85*10*
CFU/ml of sample.

The Estimation of Sugar& Protein

Sugar and Protein concentration was 1.21 mg/ml &
0.072 mg/ml respectively.

Identification of bacterial isolates

Morphological Identification

Total three isolates were isolated from the slurry
sample [13]. Total two Gram negative and Gram-
positive isolates & one Actinomycete were isolated
from the slurry sample.

Table -1 depicts results of Gram staining & colony characters of isolates obtained on different media.

Sr. No. Isolates Colony Characteristics Gram staining Figure
1 Isolate 1 Large, circular, moist, flat, Gram negative short
transculent, bluish-green rods.
pigment
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2 Isolate 2 Small, smooth, moist, regular, Gram positive coccii
low convex
3 Isolate 3 Dry, powdery, chalky white Gram positive
colonies small in size and flat filamentous growth
opaque. without spores but
fragments
Two bacterial isolates giving prominent growth & one Actinomycete were selected for further study.
Table - 2 Sugar utilization
Sr. Isolates Sugar fermentation
No. Glucose Maltose Mannitol Sucrose Lactose Xylose
1 Isolate 1 + + + + + -
2 Isolate 2 + + - - - +

Isolates 1 shows Xylose negative and remaining all sugar should be positive while isolates 2 shows the Glucose,
Maltose and Xylose should be positive & Mannitol, Sucrose and Lactose should be negative.

Table - 3 Biochemical test

Sr. Isolates Indole MR VP Citrate Urea Nitrate Gelatin H2S TSI
No.

1 Isolate 1 + - - - - + - - +
2 Isolate 2 + + - - + + - - -

Isolate 1 shows Indole, Nitrate and TSI should be positive while other test should be negative whereas in
Isolate 2, it shows the Indole, MR, Urea & Nitrate should be positive while other test should be negative.

Molecular Identification
16s rRNA gene sequencing analysis revealed that bacterial isolates were Pseudomonas aeruginosa,
Staphylococcus succinus & Nocardiopsis terrae obtained. Shown in Table - 4

Srno Accession no Identified Organism

1 MH333221 Pseudomonas aeruginosa
2 MKO045726 Staphylococcus succinus
3 MK045733 Nocardiopsis terrae
International Journal of Pharmacy and Biological Sciences Noopur R. Goyal* etal | 149

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

N

€

/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Int J Pharm Biol Sci.

Metagenomics

Sample 1

Figure — 1 QC on Agarose gel
Table-5 Qualification using NanoDrop

Srno NanoDrop Readings (ng/pl) NanoDrop OD Azeo/20 NanoDrop OD Azeo/230
1 12.3 1.98 0.97

Qualification of isolated metagenomic DNA sample on NanoDrop.
Nanodrop reading of DNA sample, Nanodrop OD Azso/280and Nanodrop OD Azeo/230 should be 12.3 ng/ ul, 1.98
and 0.97 respectively.

Al: GA18497_Sample-1
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(5]
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Sample Intensity [Normalized FU]

I W S

From [bp] To [bp) Average Size [bp]  Conc. [ng/ul] Region Molarity [nmol/l] % of Total

606 135 345 6314

3

Figure: 2 Tape Station Profile Libraries
Library profile of sample on Agilent Tape Station using D1000 Screen Tape
The mean of library fragment size distribution was found to be 600bp
Bioinformatics
Results with different charts, figures at different taxonomical levels. These graphs are shows below.
1. High Quality FASTQ read statistics

Table- 6
#Reads Total Bases Data in MB
165,878 79,763,420 ~80
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2. Pie Chart

Pie Charts for the samples have been plotted at six taxonomic levels. These pie charts depict distribution of
relative abundance profiles of Operational Taxonomic Units in sample with taxonomic assignments. In the pie
charts, the top 19 categories at each of taxonomical levels have been plotted. The category “others” include
the rests of the classification.

a. Taxonomic distribution of Sample at Phylum level

Samplel Phylum

Figure — 3 Pie chart showing the absolute abundance of the sample at phylum level within each microbial
community. From the figure it can be inferred that the most abundant phylum is Firmicutes

Phylum Legend

Taxonomy IAbundancse

k__Bacteria;p__Firmicutes 32.09%
k__Bacteria;p__Bacteroidetes 15.38%
k__Bacteria;p__Synergistetes 14.28%
k__Archaea;p__Euryarchaeota 11.01%
k_ Bacteria;p__OP9 5.87%
k__Bacteria;p__Verrucomicrobia 5.59%
k__Bacteria;p__Chloroflexi 4.43%
k__Bacteria;p__Thermotogae 2.75%
k__Bacteria;p__Proteobacteria 2.09%
k__Bacteria;p__Actinobacteria 1.39%
k__Bacteria;p__Tenericutes 1.12%
k__Bacteria;p__WS6 1.06%
k__Bacteria;p_ WWEL 0.44%
k__Bacteria;p__Planctomycetes 0.43%
k__Bacteria;p__SAR406 0.41%
k__Bacteria;p__0OD1 0.35%

k__Bacteria;p__Lentisphaerae 0.3%
k__Bacteria;p__Spirochaetes 0.29%
k__Bacteria;p_ WPS-2 0.23%
Others 0.49%

Firmicutes, Bacteriods, Synergistetes and Euryarchaeota were the most abundant bacterial populations found
at phylum level, accounting for 32.09%, 15.38%, 14.28% and 11.01% of all the bacteria reads, respectively
[16, 17 and 18].

Various volatile fatty acids can be degraded by these syntrophic bacteria which belonged to the Firmicutes
phylum [16].
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b. Taxonomic distribution of Sample at class level

Samplel Class

Figure - 4 Pie chart showing the absolute abundance of each class within each microbial community. From
the figure, it can be inferred that the most abundant class is Clostridia

Class legend

Legends

Taxonomy Abundance
k_Bacteria;p_Firmicutes;c_ Clostridia 30.44%
k_Bacteria;p_Bacteroidetes;c_ Bacteroidia 15.04%
k_Bacteria;p_Synergistetes;c_ Synergistia 14.28%
k_Archaea;p_ Euryarchaeota;c_ Methanomicrobia 9.58%
k_Bacteria;p_ Verrucomicrobia;c_[Pedosphaerae] 5.42%
k_Bacteria;p_0P9;c_JS1 5.36%
k_Bacteria;p_ Chloroflexi;c_ Anaerolineae 4.41%
k_Bacteria;p_Thermotogae;c_ Thermotogae 2.75%
k_Bacteria;p_Firmicutes;c_ Bacilli 1.49%
k_Archaea;p_Euryarchaeota;c_ Methanobacteria 1.36%
k_Bacteria;p_Actinobacteria;c_ Actinobacteria 1.21%
k_Bacteria;p_WS6;c_SC72 1.06%
k_Bacteria;p_Proteobacteria;c_Epsilonproteobacteria 1.05%
k_Bacteria;p_Tenericutes;c_Mollicutes 1.03%
k_Bacteria;p_OP9;c_OPB46 0.51%
k_Bacteria;p_WWEL;c_[Cloacamonae] 0.44%
k_Bacteria;p_SAR406;c_AB16 0.41%
k_Bacteria;p__Planctomycetes;c_Planctomycetia 0.41%
k Bacteria;p_0D1;c_ABY1 0.32%
Others 3.4%

Clostridia were associated with a high rate of hydrolysis in the anaerobic digestion sludge [16]. During the
anaerobic digestion process, Bacteriodetes class was similar to the class Clostridia that play an important role
in hydrolyzing and fermenting organic materials and producing low carbon organic acids, CO2 and Ha. It is also
well-known fermentative bacteria [16].
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c. Taxonomic distribution of Sample at order level

Samplel Order

Figure - 5 Pie chart showing the absolute abundance of each order within each microbial community. From
the figure, it can be inferred that the most abundant order is Clostridia

Order Legend

Legends Taxonomy Abundance
k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales 30.38%
k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales 15.04%
k__Bacteria;p__Synergistetes;c__Synergistia;o__Synergistales 14.28%
k__Archaea;p__Euryarchaeota;c__Methanomicrobia;o__Methanosarcinales B.7%
k__Bacteria;p__Verrucomicrobia;c__[Pedosphaerae];o__[Pedosphaerales] 5.42%
k__Bacteria;p_OP9;c_JS1;0_BAD21 5.36%
k__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Anaerolineales 4.38%
k__Bacteria;p__Thermotogae;c__Thermotogae;o__Thermotogales 2.75%
k__Archaea;p__Euryarchaeota;c__Methanobacteria;o__Methanobacteriales 1.36%
k__Bacteria;p_WS6;c_ SC72;0_ WCHB1-15 1.06%
k__Bacteria;p__Proteobacteria;c__Epsilonproteobacteria;o__Campylobacterales 1.05%
k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales 1.04%
k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Actinomycetales 0.98%
k__Bacteria;p__Tenericutes;c__Mollicutes;o__Acholeplasmatales 0.92%
k__Archaea;p__Euryarchaeota;c__Methanomicrobia;o__Methanomicrobiales 0.85%
k__Bacteria;p__OP9;c__ OPB46;0_ SHA-1 0.51%
k__Bacteria;p__WWEL;c__[Cloacamonae];o__[Cloacamonales] 0.44%
k__Bacteria;p__Planctomycetes;c__Planctomycetia;o__Pirellulales 0.41%
k_ Bacteria;p_ SAR406;c_ AB16;0_ Unclassified 0.41%
Others 4.64%

Order level Clostridiales was followed by Bacteriodales and Synergistales [18].

d. Taxonomic distribution of Sample at Family level

Samplel Family

Figure - 6 Pie chart showing the absolute abundance of each family within each microbial community. From
the figure, it can be inferred that the most abundant family is Clostridiaceae.
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Family Legend

Taxonomy Abundance
k_Bacteria;p_Firmicutes;c_Clostridia;o_Clostridiales;f_Clostridiaceae 23.38%
k_Bacteria;p_ Bacteroidetes;c_ Bacteroidia;o_ Bacteroidales;f _Unclassified 10.38%
k_Archaea;p_Euryarchaeota;c_ Methanomicrobia;o_Methanosarcinales;f_ Methanosaetaceae 8.69%
k_Bacteria;p_ Synergistetes;c_ Synergistia;o_ Synergistales;f Thermovirgaceae 1.36%
k_Bacteria;p_Verrucomicrobia;c_[Pedosphaerael;o_[Pedosphaerales),f_R4-418 542%
k_Bacteria;p_OP9;c_JS1;0_BA021:f_Unclassified 5.36%
k_Bacteria;p_Chloroflexi;c_ Anaerolineae;o_Anaerolineales;f_Anaerolinaceae 4.38%
k_Bacteria;p_ Firmicutes;c_ Clostridia;o_ Clostridiales:f_[Mogibacteriaceae] 4.14%
k_Bacteria;p_Bacteroidetes;c_ Bacteroidia;o_Bacteroidales;f_Porphyromonadaceae 3.64%
k_Bacteria;p_ Synergi C_Synergistia;o_ Synergi .f_Dethiosulfovi eae 3.01%
k_Bacteria;p_] gae;c_] gae;0_Thermotogales;f_Thermotogaceae 2.15%
k_Bacteria;p_ Synergi ¢_Synergistia;o_ Synergi .f_Synergistaceae 241%
k_Bacteria;p_ Synergistetes;c_ Synergistia;o_ Synergistales;f_ Aminiphilaceae 15%
k_Archaea;p_Euryarchaeota;c_ Methanobacteria;o_Methanobacteriales;f Methanobacteriaceae 136%
k_Bacteria;p_WS6:c_SC72;0_WCHB1-15:f_Unclassified 1.06%
k_Bacteria;p_Proteobacteria;c_ Epsilonproteobacteria;o_Ci lobacterales;f_C lobacteraceae 1.03%
k_Bacteria;p_ Tenericutes;c_ Mollicutes;o_ Act f_Ac eae 0.92%
k_Bacteria;p_Actinobacteria;c_ Actinobacteria;o_ Actinomycetales;f Actinomycetaceae 0.89%
k_Archaea;p_Euryarchaeota;c_ Methanomicrobia;o_ Methanomicrobiales;f Methanospirillaceae 0.73%
Others 11.58%

Sample belongs to the Clostridiaceae family having 23.38% reads

e. Taxonomic distribution of Sample at Genus level

Samplel Genus

Figure - 7 Pie chart showing the absolute abundance of each genus within each microbial community. From
the figure, it can be inferred that the most abundant genus is Clostridium.

Genus Legend

egend: Taxonomy Abundance|
k_Bacteria;p_ Firmicutes;c_ Clostridia;o_ Clostridiales;f_Clostridiaceae;g_Clostridium 2.25%
k_Bacteria;p_Bacteroidetes;c_Bacteroidia;o_Bacteroidales;f_Unclassified;g_Unclassified 10.38%
k_Archaea;p_Euryarchaeota;c_| robia;o_| inales;f_| e3e;g_| 8.69%
k_Bacteria;p_S; C_ Synergistia;o_ Synerg: :f_Th gaceae;g_Unclassified 7.36%
k_Bacteria;p_ Verrucomicrobia;c_[Pedosphaerae]:o_[Pedosphaerales):f_R4-418;g_Unclassified 5.42%
k_Bacteria;p_0P9;c_JS1;0_BA021;f_Unclassified:g_Unclassified 5.36%
k_Bacteria;p_ Chioroflexic_A :0_) f_A eae;g_T78 437%
k_Bacteria;p_Firmicutes;c_ Clostridia;o_ Clostridiales:f_[Mogibacteriaceae];g_Anaerovorax 3.64%
k_Bacteria;p_Bac ¢_Bacteroidia;o_Bac f_Porphy eae;q_Unclassified 359%
k_Bacteria;p_Synerg ,C_Synergistia;o_ Synerg: f_D If eae,g_HAT3 29%
k_Bacteria;p_Synerg :C_Synergistia;o_ Synergistales:f_Synergistaceae;g_vadinCA02 241%
k_Bacteria;p_] C_ 0_] f_Th e3e;g_| 23%
k_Bacteria;p_Synerg _Synergistia;o_ Synergistales;f | eae;Other 142%
k_Bacteria;p_ WS6:c_SC72;0_WCHB1-15;f_Unclassified;g_Unclassified 1.06%
k_Bacteria;p_Proteobacteria;c_ Epsilonp: teria;0_Campy terales;f_Ci teraceae;q_Unclassified 1.02%
k_Bacteria;p_Actinobacteria;c_Actinobacteria;o_ Actinomycetales;f_Actinomycetaceae;q_N09 0.89%
k_Bacteria;p_Firmicutes;c_ Clostridia;o_Clostridiales;f _Clostridiaceae;g_Unclassified 0.8%
k_Archaea;p_Euryarchaeota;c_| robia;o_| robiales:f_| eae;q_| 0.73%
k_Archaea;p_Euryarchaeota;c_| teria;o_| teriales_| teriaceae;qg_| 0.72%
Others 14.69%
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Clostridium was the major genome while Methano
brevibacter was the minor genome in sample [18].
Clostridium fermented a wide variety of carbon
source and produced VFAs and alcohols that serve as
a substrate for methanogenesis [18].

CONCLUSION

e Total count of bacteria by standard plate count
method gives the 85*10% cfu/ml.

e The concentration of sugar & protein was 1.21
mg/ml & 0.072 mg/ml respectively.

e The heterotrophic organism like Pseudomonas
aeruginosa, Staphylococcus  succinus &
Nocardiopsis terrae were identified in biogas
plant slurry by 16S rRNA homology. The

accession numbers were MH333221,
MK045726 & MK045733 respectively.
e 32.09% Firmicutes were identified with

metagenomics.
e Among heterotrophs most prominent organism
found was Clostridium.
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