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Abstract 

Cow dung i s  a  valuable  b iomass  and  a natural  source  o f  d i f f erent  

t ypes  o f  use ful  bacter ia .  Among these ,  photosynthet ic  bacter ia  are  mos t  

impor tant  because  i t  p lays  var ious  impor tant  ro les  in  the  nature  l i ke ,  

p lant  growth  promot ion ,  an t imicrobia l  subs t ra tes  secre t ion,  ex t racel lu lar  

carbohydrates  product ion ,  e tc .  Some exper iments  have  been  carr ied  out  

to  s tudy  the  methods  o f  screening  the  presence  o f  d i f f eren t  t ypes  of  

photosynthet ic  bacter ia  l i ke ,  cyanobacter ia ,  green  sulphur-bacter ia ,  

green  non-sulphur bacter ia ,  purple  sulphur-bacter ia ,  purple  non-sulphur 

bacter ia  both  f rom the  f resh cow dung (FCD) and  s tored  cow dung (SCD) 

us ing  the i r  reported  se lec t ive  cu l ture media  in  aerobic and  anaerobic 

condi t ions .  Some biochemical  t es t s  have  been  conducted  to  f ind  the i r  

character i s t i cs  and use ful  ac t iv i t i es  o f  these  bacter ia  in  the nature .  

Photosynthet ic  bacter ia  can  produce  h igh  ca lori f i c  fue l  gas  f rom cowdung 

in  presence  o f  l igh t .  Among al l  photosynthet ic  bacter ia l  group green  

su lphur  bacter ia  are  main  biomethane producer  whi le  purple  non-sulphur  

and  cyanobacteria l  groups  of  bacter ia  inh ib i t  in  b iomethane product ion .   

 

Keywords:  Cowdung,  photosynthet ic  bacter ia,  h igh calor i f ic  fuel  gas,  

b iomethanat ion,  green bacter ia.  
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Introduct ion 

Cat t le  dung- such as cow 

dung,  a waste mater ia l ,  is  not  

on ly a  cheap source of  so l id  and 

gaseous fuels ,  but  i t  is  a lso 

widely used by the common 

people in  sol id  and l iquid  forms 

for  o ther  var ious act iv i t ies  in 

socia l  l i fe .  But  in i ts  f resh form 

and s tored form,  i t  conta ins some 

bacter ia (Teo and Teoh,  2011; 

Swain et  a l . ,  2007)  which have 

usefu l  ro les in  nature such as –  

product ions of b iogas (Mandal  et  

a l . ,  1997;  Yokoyama et  a l . ,  2007) 

increase in  the fer t i l i t y o f  the soi l  

for  p lant  growth (Puni tha et  a l . ,  

2010) ,  germic ide ef fect  

(Sreenivasa et  a l . ,  2009) ,  etc .  

From the l i terature survey 

(Prescot t ,  2008;  Sta iner ,  2007; 

Dubey and Maheshwar i ,  2007)  i t  

has been found that  in  the nature 

there ex is t  var ious types of  

photosynthet ic  bacter ia whose 

c lass i f icat ion is  shown in  f low 

d iagram- 1.  

In  th is  paper,  an at tempt has 

been made,  to  present  the resul ts 

o f  the exper iments  and tests 

conducted for  the samples of  FCD 

and SCD. For  th is ,  work has been 

d iv ided in to  two stages.  In  f i rs t  

s tage,  some exper iments  and tests 

have conducted to  isolate and 

screening of d i f ferent  

photosynthet ic  bacter ia us ing 

some standard methods.  In  second 

s tage,  some tests  have been 

conducted to  f ind the act iv i t ies  of  

the photosynthet ic  bacter ia for  

thei r  usefu l  ro les in  nature l ike,  

gaseous fuel  generat ion,  p lant  

growth promot ing act iv i t ies ,  etc .  

 

Materia l s  and Methods 

 

•  Sample  co l lect ion 

To conduct  exper iments  both 

f resh cow dung (FCD) and s tored 

cow dung (SCD) were co l lected 

f rom local  dai ry o f  Paschim 

Medin ipur ,  West  Bengal ,  Ind ia  

(Lat i tude-  22◦25'00 ' '  to  22◦57'00 ' '  

nor th ,  Longi tude- 87◦11'  east ,  

A l t i tude-  23 meters  f rom mean 

sea level ) .  Some b iochemical  

tests  have been conducted us ing 

above samples for isolat ion and 

ident i f icat ion of  d i f ferent  t ypes  

of  photosynthet ic  bacter ia.  
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F low diagram1.  C lass i f icat ion of  photosynthet ic  bacter ia 

 

•  Iso lat ion  of  Pseudomonas ,  

Azotobacter  and purple  non-

su lphur sp .s  

1gm of  both FCD and SCD 

samples were dumped separate ly 

in  100ml  King ’s  B (KB),  Ashby’s  

manni to l  (AM) and Acetate-Yeast  

ext ract  (AYE) broth 

(Jayaprakashvel  e t  a l . ,  2010; 

Ramamoorthy et  a l . ,  2002;  King 

et  a l . ,  1954;  Torres-Rabio et  a l . ,  

2004;  Hoogewerf  et  a l . ,  2003; 

Madigan et  a l . ,  1983)  for  

screening the presence of  

Pseudomonas ,  Azotobacter  and 

purp le non-sulphur  sp.  

respect ive ly both in  aerobic as 

wel l  as  anaerobic condi t ions and 

incubated at  room temperature.  

Af ter  3  days,  1ml  o f  those 

screening l iqu id media were 

ser ia l l y d i lu ted up to 10- 9 t imes 

us ing s ter i le  d ist i l led water .  Each 

100µ l  ser ia l l y d i lu ted f ract ions 

were pour-p lated w i th  respect ive-

agar  medium and al l  p lates were 

incubated at  270C for  48hrs for  

Pseudomonas  sp. ,  7  days for  

Azotobacter  sp.  and 2 weeks for 

purp le non-su lphur sp.  Dis t inct  

s ing le colonies were p icked up, 

sub-cu l tured for  pur i fy on same 

medium. The cu l tures were 

ident i f ied by fo l lowing the tests 

g iven in  Bergey’s  Manual  o f  

Determinat ive Bacter io logy (Hol t  

e t  a l . ,  1994) .  

 

•  I so lat ion  and  ident i f i ca t ion  

of   Cyanobacter ia  

1gm of  both FCD and SCD 

samples were dumped separate ly 
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in  100ml  Pr ingsheim’s  broth (PB) 

(Huang et  a l . ,  2010;  Dubey and 

Maheshwar i ,  2007)  and incubated 

at  270C. Af ter  two weeks,  1ml o f  

those screened medium were 

ser ia l l y d i lu ted up to 10- 9 t imes 

us ing s ter i le  d ist i l led water .  Each 

100µ l  ser ia l l y d i luted inoculums 

were pour-p lated wi th  PB-agar 

(1 .5%) medium and incubated at  

270C for  2  weeks. Dis t inct  s ing le 

co lon ies were picked up,  sub-

cu l tured for  pur i fy on same 

medium. The cu l tures were 

ident i f ied by fo l lowing the tests 

g iven in  Bergey’s  Manual  o f  

Determinat ive Bacter io logy (Hol t  

e t  a l . ,  1994) .  

 

•  Screening of  the  presence  

of  Green  bacteria  and purple 

su lphur bacteria 

1gm of  both FCD and SCD 

samples were dumped separate ly 

in  100ml  Sul fan i late broth (SB) 

for  green bacter ia and Sodium-

sulph ide broth for  purp le su lphur 

bacter ia (Ani l  Kumar et  a l . ,  2007;  

B iebel  and Pfenning,  1978) and 

incubated both anaerobical l y 

us ing capped measur ing cyl inder  

and aerobical l y at  350C under a 

60W tungsten-bulb.  A s imi lar 

separate set  was a lso prepared 

and kept  in dark.  

 

•  Methane gas  generat ion 

abi l i ty  tes t  

This  test  was conducted for 

each of  the photosynthet ic 

bacter ia dur ing 1.5 month to  f ind 

the b iomethane product ion abi l i t y 

by burn ing the produced gas.  A 

gas product ion uni t  was 

developed by tak ing seven 

d i f ferent  500ml  conical  f lasks 

ins ide the d igester .  Di f ferent  

conical  f lask (wri t ten as set )  

conta in  fo l lowing bacter ia:  

Set1:  350ml  FCD s lurry (Cow 

dung:  ster i le  dis t i l led water  = 

1:1;  w/v) 

Set2:  300ml  Autoclaved FCD 

s lurry + 50ml  aerobical l y 

screened KB 

  Set3:  300ml  Autoclaved FCD 

s lurry + 50ml  aerobical l y 

screened AM 

     Set  4 :  300ml  Autoclaved FCD 

s lurry + 50ml  anaerobical l y 

screened SB 

  Set  5:  300ml  Autoclaved FCD 

s lurry + 50ml  aerobical l y 

screened PB 
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  Set  6:  300ml  Autoclaved FCD 

s lurry + 50ml  aerobical l y 

screened AYE 

  Set  7:  300ml  Autoclaved FCD 

s lurry + 50ml  anaerobical l y 

screened AYE 

The vo lume of  produced gas 

was measured by one week 

in terval .  The produced gases in 

d i f ferent  sets were burned to 

ver i fy the presence of  methane 

content  (Mandal  et  a l . ,  1999) .  

 

•  Gas composi t ion  analysi s  

       Hydrogen,  methane and 

carbon d iox ide gases percentage 

was determined by Gas 

chromatography (GC Agi lent  

Technology 7890A U.S.A) 

equipped wi th a thermal  

conduct iv i t y detector  (TCD) and 

a s ta in less steel  packed wi th 

Porapak Q (80/100) .  The 

operat ional  temperatures of  the 

in ject ion por t ,  the oven and the 

detector  were 80oC, 150oC and 

200oC, respect ive ly.  Ni t rogen was 

used as the carr ier  gas for  b iogas 

at  a f low rate of  20 ml .min− 1.  

 

Resul ts  and Discuss ions 

The data obta ined for  the 

exper iments  and tests  conducted, 

for  the samples of  FCD and SCD, 

as descr ibed in the previous 

sect ion,  can be used to  s tudy to  

conf i rm the presence of  d i f ferent  

t ypes of  photosynthet ic  bacter ia 

and thei r  phenotyp ic and 

b iochemical  character is t ics .  

Table1 shows, the resul ts  o f  the 

exper iments  conducted for  FCD 

and SCD in  aerobic and anaerobic  

condi t ions wi th  presence of  l ight  

and a lso the absence of  l ight  i .e . ;  

in  dark condi t ion.  From th is 

Table1,  i t  can be seen that  

Pseudomonas  sp .  (see Table3)  and 

Azotobacter  sp .  are present  in  

both types of  cow dungs.  Under 

aerobic condi t ion they are  

ident i f ied both in dark as wel l  as 

in  l ight .  For  SCD in  anaerobic 

condi t ion,  the growth of  purp le 

su lphur  bacter ia (communi ty 

ident i f icat ion was done by 

metagenome analys is)  takes p lace 

in  two weeks in  presence of  l ight  

but  i t  takes p lace in  one month in 

absence of  l ight  i .e . ;  in  dark 

condi t ion and in  l i t t le  amount .  

For  FCD in aerobic condi t ion,  the 

growth of  cynobacter ia takes 

p lace in  2 months in  absence of 

l ight ,  whereas i t  takes in  3  weeks  

in  the presence of  l ight  (as shown  
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Table1 .  Screening of  bac te r ia   

Sample   

No .  

Type*  

of   

cow  

dung 

S i tuat ion   

Dark/Light  

Condi t i on   

Aerobic  /  

Anaerobic  

Retent ion   

t ime 

Type   of   bacter ia   

i so la ted/ screen 

1.  FCD Dark Aerob ic  
3   days  

Pseudomonas ,   

Azotobact er  

2  months Cynobacter ia  

2 .  FCD Dark Anaerob ic  1   week 

Green,  Purp le  

Pseudomonas  sp .   

and   Purp le   non-

s -bac te r ia  

3 .  FCD L igh t  Aerob ic  
1   day 

Pseudomonas ,   

Azotobact er  

3  weeks Cynobacter ia  

4 .  FCD L igh t  Anaerob ic  1   week 

Green,   Purp le   

Pseudomonas   sp .  

and   Purp le   non-

s -bac te r ia  

5 .  SCD Dark Aerob ic  3   days  
Azotobact er   and   

Pseudomonas   sp .  

6.  SCD Dark Anaerob ic  1   month 
Purp le   non-s -

bacter ia  

7 .  SCD L igh t  Aerob ic  
1  day 

Pseudomonas ,   

Azotobact er  

3  weeks Cynobacter ia  

8 .  SCD L igh t  Anaerob ic  2   weeks 
Purp le   non-s -

bacter ia  

 

*FCD = Fresh Cow Dung;  SCD = Stored Cow Dung 
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Table2 .  Character ist ics  of  d i f ferent  photosynthet ic  bacter ia 

Type   

of   

cow -

dung 

Type   of   

bacter ia  
Co lour  Populat ion 

Gas   

product ion   

ra te  

Act ive   ro l e   

in  nature  

 

 

 

 

FCD 

Azotobact er   

sp .  
Co lor less/Brown Lowest  N i l  

F ix ing  

a tmospher ic   

n i t rogen 

Pseudomonas   

sp.  
Ye l lowish /Brown Lower  Medium 

Increas ing  

fer t i l i t y   o f   

so i l  

Purp le   non-

s -  bac te r ia  
Brown Medium High  

Inc reas ing  

fer t i l i t y   o f   

so i l  

Cynobacter ia  Green Higher  N i l  
A i r -

pur i f icat ion 

Green  

bacter ia  
Green Highest  H ighest  

Fuel -gas   

p roduct ion 

 

 

 

 

SCD 

Azotobact er   

sp.  
Co lor less/Brown Higher  H ighest  

Fuel -gas   

Product ion 

Pseudomonas   

sp .  
Ye l lowish Highest  Medium 

Increas ing  

fer t i l i t y   o f   

So i l  

Purp le   non-

s -bac te r ia  
Brown Medium Low 

Increas ing  

fer t i l i t y   o f   

So i l  

Cynobacter ia  Green Low Medium 

Gas  

p roduct ion,  

a i r  

pur i f icat ion 
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Table3 .  16s rDNA character izat ion of  Pseudomonas sp. isolated f rom 

both FCD and SCD 

 

Iso lates   I so lates  name GenBank 
Access ion  
Number  

E5 7 Pseudomonas  sp  S t ra in  GRTM KC169988 

B 1 1 Pseudomonas  sp  S t ra in  GATS KC169987 

P6 4 Pseudomonas  sp  S t ra in  GNST KC169994 

P7 6 Pseudomonas  sp  S t ra in  TMGR JX094352 

PS
4 6 Pseudomonas  sp  S t ra in  GTRS KC169990 

PS
7 1 Pseudomonas  sp  S t ra in  TSSG KC169991 

PS
1 1 1 Pseudomonas  sp  S t ra in  GTNS KC169989 

ZS
1 6 Pseudomonas  sp  S t ra in  TSGR KC169995 

 

 

 

 

Fig .1 .  Cynobacter ia  iso lates (Nostoc  sp. )  iso lated f rom cow dung 
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Table4 .  Biomethane generat ion by d i f fe rent  photosynthet ic bacter ia 

 

 

 

Se t  

 

 

Se t  descr ipt ion 

 

Vo lume 

of  gas  

produced 

( in  ml)  

Gas  

s tarted  

to  burn  

af t er  

days  

Durat ion  

of  gas  

burned 

( in  

month)  

Gas  

compos i t i on 

( in  mL)  

[H 2 /CH 4 /CO 2 ]  

 

1  

 

Non au toc laved s lur ry  

 

 

3060 

 

15 

 

1 .25 

 

143.21  /  

1600.69  /  

1268.37 

2  Autoc laved s lu r ry  and 

Pseudomonas  sp .  

 

1680 

 

20 

 

0 .75 

 

0 .00  /  

1015.06  /  

582.79 

3  Autoc laved s lu r ry  and 

Azotobact er  sp .  

 

3020 

 

10 

 

1 .00 

146.13  /  

1772.74  /  

854.06 

4  Autoc laved s lu r ry  and 

Green bacte r ia  

 

3210 

 

3  

 

1 .5 

609.79  /  

2119.98  /  

248.53 

5  Autoc laved s lu r ry  and 

Cyanobac ter ia  

 

1100 

 

-  

 

-  

 

-  

6  Autoc laved s lu r ry  and 

Purp le  non-su lphur  

bacter ia  (aerobica l l y  

i so la ted)  

 

 

2800 

 

 

-  

 

 

-  

 

 

-  

7  Autoc laved s lu r ry  and 

Purp le  non-su lphur  

bacter ia  (anaerobica l l y  

i so la ted)  

 

 

2900 

 

-  

 

 

-  

 

 

-  
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in  F ig .  1) .  I t  can a lso be observed 

that  there is  no presence of  green 

bacter ia in  SCD whether  i t  is  in 

dark or  l ight  and aerobic or 

anaerobic condi t ions.  It  ind icates 

that  green bacter ia (community 

ident i f icat ion was done by 

metagenome analys is)  are present  

on ly in  FCD whi le i t  d ies in  SCD 

wi th in  a few days  af ter  growth  

due to  the presence of  oxygen.  

Table2 d isplays the resul ts  o f  

some b iochemical  tests  conducted 

wi th  regards to  f ind the co lour ,  

populat ion and b io fuel  gas 

product ion rate and act ive ro les 

in  nature of  d i f ferent  t ypes of  

photosynthet ic  bacter ia.  Every 

t ime the produced gases were 

burned f rom the Set1 to  Set4. 

From th is  Table2, i t  can be 

seen that  for FCD, the 

Azotobacter  sp .  has low 

populat ion wi th respect  to SCD. 

Populat ion of  purp le non-su lphur 

bacter ia (as shown in  F ig .2)  is  

more than Pseudomonas  sp .  but  

both can help in  increas ing the 

fer t i l i ty o f  the so i l .  Cynobacter ia 

in  FCD has h igher  populat ion 

than other  bacter ia and i t  can 

help in  pur i f icat ion of  a i r  wi th  

thei r  oxygenic photosynthes is 

process.  Green bacter ia,  in  FCD, 

have h ighest  populat ion and i t  

can help in  generat ion of 

b iomethane gas.  For  SCD, the 

Azotobacter  has h igher  populat ion 

than cynobacter ia.  In  SCD, purple 

non-su lphur  bacter ia and 

Pseudomonas  sp .  can help in  

increas ing the fer t i l i t y o f  the so i l  

wi th  thei r  ant imicrobia l  

substances (HCN, s iderophore) ,  

indole-3-acet ic  ac id ,  var ious 

ext racel lu lar  enzymes,  exo-

polysaccher ides product ion and 

phosphate solub i l izat ion.  Aerobic 

and anaerobic s tudy reveals  that  

Pseudomonas ,  Azotobacter  and 

Cyanobacter ia are aerobic,  purp le 

non-su lphur  are facu l tat ive whi le 

green bacter ia  are s t r ic t l y 

anaerobic in  nature.  

B iomethane product ion abi l i t y 

s tudy in  d i f ferent  sets revealed 

that  Pseudomonas  (Set2) ,  

Azotobacter  (Set3)  and green 

(Set4)  bacter ia can produce more 

methane enr iched fuel  gas than 

cyanobacter ia (Set5)  and purp le 

non-su lphur  (Set6 and 7)  bacter ia.   

Quant i ta t ive analys is  o f  gas 

product  samples (See Table4) ,  

was obta ined f rom Set1 to  Set4,  

conf i rmed the presence of  



     

 

 

International Journal of Research (IJR)   Vol-1, Issue-8, September 2014   ISSN 2348-6848 

   GENERATION OF HIGH CALORIFIC FUEL GAS BY PHOTOSYNTHETIC BACTERIA ISOLATED FROM COWDUNG

 Gopinath Rana; Tanusri Mandal; Niranjan Kumar Mandal  P a g e  | 125 

biomethane a long wi th 

b iohydrogen.  The amount  o f  

carbon d iox ide in the produced 

gas sample f rom Set4 is 

remarkable less than the product  

gas obta ined f rom normal 

cowdung s lurry (Set1) .  The 

product  gas f rom Set4 (green 

bacter ia l  set )  burns wi th  a high 

f lame temperature than other  gas 

samples.   

 

 

 

F ig .2 .  (a)  Purple non-su lphur 

bacter ia iso lat ion,  screening 

media turned into deep purp le 

co lourand,   (b)  Green bacter ia  

screening media turned in to  green 

co lour .  

 

 

 

F ig .3 .  Week wise gas product ion 

record of  d i f ferent  sets .  

 

Conclus ion 

Above s tudy conc luded that ,  

cow dung is  a huge source of 

d i f ferent  t ypes of  eco- f r iendly 

photosynthet ic  bacter ia.  Thei r  

growth rates are  d i f ferent  in  

d i f ferent  s i tuat ions i .e . ;  aerobic/  

anaerobic and l ight /dark 

condi t ions wi th d i f ferent  

retent ion t ime.  These bacter ia 

have usefu l  ro les in nature l ike in  

generat ion of  b iomethane gas, 

increas ing the fer t i l i t y o f  so i l  and 

pur i f icat ion of  atmosphere,  etc .   

Green bacter ia are both 

autot rophy and methanogens in 

nature.  I t  can a lone produce 

methane gas wi th  higher  methane 

percentage than other  

methanogens present  in  cow dung. 

a b 
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Each green bacter ium behaves 

l ike a powerfu l  solar  cel l .  I t  t raps 

photon under d i f fused l ight  where 

as so lar  cel l  cannot do so.  Us ing 

these bacter ia we can conver t  

waste po l lu ted carbonaceous 

mater ia ls  into  valuable fuel  gas to 

cont ro l  the env i ronmental  

po l lut ion.  So,  in fu ture green 

bacter ia can be used as a 

potent ial  b iocata lys t  in  

upgradat ion technology of  b iogas 

product ion.  
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