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ABSTRACT
Biohydrogen production plays a vital role in the development of hydrogen economy. One of the
promising approaches is conversion from biomass, which is abundant, clean and renewable. In the
current work, laboratory scale production of hydrogen using phototrophic purple non-sulphur
bacteria Rhodobacter sphaeroides with different substrates and mixed cultures was investigated.
The study mainly emphasized on assessing the potential of biological conversion of different
substrates to hydrogen by studying various parameters like temperature, pH and cell density to
achieve maximum hydrogen production. The optimum temperature for Rhodobacter sphaeroides
was found to be 32°C and pH 7.0 - 7.5 for maximum production of hydrogen. Results of the batch
tests depicted that Rhodobacter sphaeroides produced maximum amount of hydrogen 35% to
43% with a process efficiency hydrogen yield of 0.7-0.3 mol. H2 per kg of the substrate. However,
the percentage yield of H2 was more with sucrose  
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INTRODUCTION
Hydrogen production is getting importance as an
alternative pollution-free gaseous fuel for the
future. Photobiological hydrogen generation is
receiving considerable attention in solar
energy-based biotechnological research as a
potential source of renewable and pollution-free
fuel. There are numerous advantages of the
photobiological approach to hydrogen production
as opposed to chemical and physical methods.
Among the various organisms capable of
hydrogen production, photosynthetic bacteria are
more promising due to their relatively higher
conversion yields of organic substrates into
hydrogen, ability to trap energy at a wide range of
the light spectrum and versatility in sources of
metabolic substrates that increases their potential
to be used in association with waste treatment1,2.
In photofermentation phototrophic bacteria are
grown heterotrophically and used to convert
organic substrates like organic acids or alcohols
(from biomass) into hydrogen and carbon dioxide
according to the reaction. The photosynthetic
bacteria are aquatic gram-negative organisms.

They utilize solar energy for the fixation of CO2
and nitrogen. 

2CH3COOH + 4H2O + light 8H2 + 4CO2
Photosynthetic bacteria have the capacity to
produce hydrogen through the action of their
nitrogenase using solar energy and organic acids
or biomass. This process is known as
photo- fermentation as shown in Fig. 1. In recent
years, attempts have been made to produce
hydrogen from industrial and agricultural wastes
to effect waste management3 (Table 1).

*Author for correspondence Fig. 1 : Photofermentation schematic
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Table 1: Example studies on hydrogen production by photo-fermentation3

Some photo-heterotrophic bacteria are capable of
converting organic acids (acetic, lactic and
butyric) to hydrogen (H2) and carbon dioxide
(CO2) under anaerobic conditions in the presence
of light. Therefore, the organic acids produced
during the acidogenic phase of anaerobic
digestion of organic wastes can be converted to
H2 and CO2 by some photosynthetic anaerobic
bacteria. Hydrogen gas production capabilities of
some purple photosynthetic bacteria such as
Rhodobacter sphaeroides8-10, Rhodobacter
capsulatus11, Rhodovulum sulfidophilum W-1S12

and Rhodopseudomonas palustris13 have been
investigated to some extent. Photo-production of

hydrogen from CO or other organic acids
by carbon-monoxide dependent dehydrogenase
(CODH) enzyme containing cultures
such as Rhodospirillum rubrum14 and Rhodop
seudomonos palsutris P4 has also been
reported15.
The hydrogen production takes place under
anaerobic conditions with light illumination at pH

opt=7.0 and T=30-35°C16,10. The organisms prefer
organic acids as carbon source such as acetic11

butyric11 propionic, lactic and malic acid10 .
Table 2 summarizes the yields and rates of
hydrogen production from different organic acids
by photo-fermentative organisms.

Biomass Type Bacteria System H2 conversion 
Efficiency

Lactic acid4
Rhodobacter 
sphaeroides 86%
(immobilized)

Lactate feedstock5 Rhodobacter 
capsulatus 30%

Wastewater6 Rhodobacter 
sphaeroides 53%
(immobilized)

Sugar refinery Rhodobacter 0.0051H2/h/l culturewaste water7 sphaeroides O.U.
001

Organism Conv eff. LCE* SHPR VHPR

Rhodopseudomonos13 72.80% 0.90% 25.2mlH2/Lh
R.palsutris13 14.80% 0.10% 2.2mlH2/Lh
R.capsulatus11 76.50% 22ml/g VSS h 0.88 ml/h
R.palsutris13 12.60% 9.1 mlH2/Lh
R.sphaeriodes RV1 80% 0.50% 75ml/gDW h 1.5l/L d
R.sphaeriodes GL-14 86% 0.2ml/mlPUmatrix h
Rhodopseudomonos13 8.40% 0.30% 7.6mlH2/Lh
R.capsulatus11 67.60% 32ml/g VSS h 1.28ml/h
R.palsutris13 36% 0.30% 5.8ml/H2/Lh
R.sphaeriodes10 2.4ml/g DW h 12ml/Lh

18ml/g DW h
R.sphaeriodes8 35-45% 5ml H2/Lh

Table 2 : Rates and yield of biohydrogen production from organic acids by photo-fermentation

*Light conversion efficiency
SHPR : Specific Hydrogen Production Rate
VHPR : Volumetric Hydrogen Production Rate
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MATERIAL  AND  METHODS
Microorganism and culture conditions 
Rhodobacter sphaeroides is recognized as the
bacterium having the highest hydrogen-
producing rate (260ml mg-1 h-1), with a
photo-energy conversion efficiency of 7% [ratio
of energy yielded (by combustion of produced
hydrogen) to incident solar energy],
determined using a solar simulator17. Therefore,
Rhodobacter sphaeroides strain ATCC 17023,
procured from American Type Culture Collection
was used in the  photo-fermentation study. This is
a phototrophic bacterium. The cells are ovoid,
0.5-0.7µm wide and 2-2.5µm long, gram-negative
and motile. The organism was grown photo-
heterotrophically with malate (0.4%) and sodium
glutamate (0.15%) as carbon and  nitrogen
source, respectively (using ATCC
standardized media) at  32± 2°C and about 3.75
W m-2 = light intensity in an anoxic environment.
The initial pH of the growth medium was
maintained at pH 6.8±0.2.

Substrate
Waste biomass containing high percentage of
cellulose content - corn fibre waste (Riddi Siddhi
Gluco Biols, Belgaum, India) and sugarcane
waste (bagasse) were selected as substrates. The
substrate was pretreated by washing with
deionized water and dried (at 120°C) to remove
moisture. The dried substrate was macerated into
small pieces of approximately 1-2 mm in particle
diameter.
Media
Minimal media was prepared as a nutrient source
for the inoculum. Table 3 provides the composition

of various chemicals used for preparation of 1
litre of the solvent. The minimal media consisted
of a mixture of ammonium chloride, di-sodium
hydrogen phosphate and potassium di-hydrogen
phosphate, along with salts of magnesium and
sodium. The minimal media thus  prepared had a
pH of 7 and was known as natural pH. This
minimal media was used for all the experiments.

Experimental procedure
Photo-fermentation was carried out in a glass
column photo-bioreactor (Sartorius, Germany)
with an active volume of 500ml. The reactor was
a two-layered cylindrical reactor with a water
jacket as the outer layer. The reaction
temperature was maintained at 32°C by
circulating water bath through the water
jacket. At the top of the column, there was an
inlet for the medium and outlets for the
product gases (hydrogen and carbon dioxide).
Illumination was provided externally by a
tungsten lamp (40W) from a distance of 15 cm.
The complete experimental setup that was carried
out has been shown in the Fig. 2. The photo-
bioreactor was externally illuminated and
therefore the incident light intensities were
considered as the light  intensities on the outer
surface of the  illuminated side. A predetermined
quantity of substrate and minimal media was
taken in 500ml serum bottles and was autoclaved
(120°C and 15lb/in2) separately. After
autoclaving the minimal media and inoculum was
transferred to the substrate in the laminar flow
chamber and transferred to the reactor in sterile
condition.
Methods of analysis
Biogas production was measured by water
displacement technique using airtight water
displacement jar of 5 litre capacity. Each
experimental condition studied was duplicated or
triplicated and average gas productions were
analyzed and reported. The biogas
composition was measured using gas
chromatographs (Chemito 8610, India)
equipped with Thermal Conductivity Detector
(TCD), poropaq Q column. Argon was used as
carrier gas at a flow rate of 30 ml/min. The
hydrogen gas percentage was calculated by
comparing the sample biogas under
investigation with a standard pure gas
(hydrogen, methane, carbon di-oxide). The
temperatures of the injection port, oven and
detector were maintained at 80°C, 60°C and
100°C respectively. 

Table 3 : Chemical composition of   
minimal media

Chemical Quantity 
(g/l)

Potassium di-hydrogen 3.0
phosphate
Di-sodium hydrogen 6.0
phosphate
Sodium chloride 5.0
Ammonium chloride 2.0
Magnesium sulphate 0.1
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Calculation of the percentage of the
component on interest
External standard method
1. Inject standard of known concentration in

the Gas Chromatography (GC). Note down
the retention time and area.

2. Inject the sample of unknown concentration
3. Identify the component of interest by matching

the retention times. Note down the area of the
component of interest in the sample.

RESULTS  AND  DISCUSSION
Effect of various parameters like pH,
temperature and optical density on
microorganism (Rhodobacter sphaeroides) and
different  substrates was investigated and
reported in the following sections. Each of the
experiments were duplicated and triplicated to
obtain a  highly  reliable,  reproducible and
repeatable data. Fig. 3 shows the calibration

Fig. 2 : Photofermentation carried out in Bioreactor (Sartorius, Germany)

Area of component in the standard

Concentration of component in the standard x Area of component in the sample Concentration of 
component in sample 

graph for determination of hydrogen gas
production percentage. The calibration graph was
prepared by plotting pure hydrogen injection
volume v/s area. The pure hydrogen was injected
into Gas Chromatograph at varying concentration
(0.1ml, 0.2ml, 0.3ml, 0.4ml and 0.5ml). The area
obtained for each and every ml of gas injected was

noted and the calibration graph was plotted. The
area so obtained was considered to be 100% area
for corresponding ml of pure hydrogen injected.
The area obtained by injecting the biogas
sample of different substrates was  compared with
this 100% pure hydrogen area and percentage
production of hydrogen gas was  calculated.
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y = 2442.x + 24.06
R² = 0.993
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The percentage yield of hydrogen for different
substrates on Rhodobacter sphaeroides is as
shown in Fig 4. It can be seen from the figure
that the sucrose yields relatively high (40%)

percentage when compared to cornfiber (30%)
and bagasse (35%). Since sucrose consists only
carbohydrates and also it is in the pure form the
yield of hydrogen will normally be high. For all
future experiments bagasse was used as substrate
since it is abundant and easily available.

Table  4 : Percentage of hydrogen yield on different substrates

Fig. 3 : Calibration graph for the determination of hydrogen gas production percentage

Substrate %Yield
Sucrose 40
Cornfibre 30
Bagasse 35
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Fig. 4 : Percentage of hydrogen yield from different substrate using Rhodobacter sphaeroides at
room temperature and natural pH
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Effect of pH on microorganisms
The effect of pH on hydrogen production
Rhodobacter sphaeroides is as shown in Fig. 5.
The results depicts that the number of colonies of
the microorganism. The optimum pH was found
to be in the range photofermentaive bacteria it
was found to be in the state of neutrality (%).
Clearly, during hydrogen production, the
solution’s pH decreased from 7 with time until
the pH became 4.2, after which the pH did not
decrease further. This phenomenon can be
attributed due to the production of secondary

metabolites, butyrate and acetate which
increases the pH of the broth. The acidic
environment created as a result of this will
inhibit the  production of hydrogen.

This indicates that the production of a

by- product which is acidic in nature. It was also
observed that with decrease in pH of the broth
media the relative yield of hydrogen decreased,

due to the inhibitory effect of the secondary
metabolites. Suitable experiments have to be
conducted to ascertain the decrease in the pH of
the broth18.

Effect of temperature
Fig. 6 represents the effect of temperature on
yield of hydrogen for Rhodobacter sphaeroides
bacteria. After repetitive experiments it was
found that the gas yield was high at 32°C.The
two curves in the figure represents the maximum
hydrogen percentage and yield of hydrogen as
35% and 350 ml respectively Similar results are
reported by various researchers19,20.

pH % Yield of H2

4 ---
5 30
6 30
7 43
8 34
9 30
10 35

Table 5 : Hydrogen percentage yield for
different pH Fig. 5 : Effect of pH on the number of colonies

of microorganism for bagasse, 30 ± 2°C for
Rhodobacter sphaeroides
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Fig. 6 : Quantity of gas yield as a function of temperature for substrate bagasse, pH = 7 for
Rhodobacter sphaeroides
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Table 6 : Represents the percentage yield of hydrogen studied on different temperature

Temperature % of H2 Yield of H2 (ml)
20 -- --
25 30 250
30 32 300
32 35 350
34 31 280
40 -- --

Table 7 : H2 yield for various substrates for Rhodobacter sphaeroides

Comparative study : Results for the experiments carried out with different substrates using Rhodobacter
sphaeroides has been depicted below. (Fig. 7 to Fig. 9)

Substarte (gm) Gas yield(ml) H2 (%) H2 Gas(ml) Yield (mol/kg of substrate)

Bagasse 5250 50 35 1837 0.7

Sucrose 5540 40 40 2216 0.9

Cornfibre 3150 50 35 950 0.4

Fig. 7 : H2 yield for substrate bagasse with      
Rhodobacter sphaeroides

H
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Bagasse-B

Fig.  8 : H2 yield for substrate sucrose with
Rhodobacter sphaeroides
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Fig. 9 : H2 yield for substrate cornfibre with
Rhodobacter sphaeroides
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CONCLUSION

Biohydrogen production by photofermentation
using Rhodobacter sphaeroides is a challenging
area of R&D in hydrogen biotechnology. The
results of the present investigation revealed that
maximum rate of hydrogen was generated after
48 hrs of incubation and the optimum conditions
maintained at pH 7, temperature 32°C. In the
present work we observed that the percentage
yield of hydrogen using Rhodobacter
sphaeroides produced maximum amount of
hydrogen 35% to 43% with a process efficiency
hydrogen yield of 0.7-0.3 mol. H2 per kg of the
substrate. However the percentage yield of H2was more with sucrose. Hence more
experimental trials varying detail operating
parameters needs to be investigated in
selecting economically feasible method for
production of hydrogen. The lab trials
depicted drop in pH resulting in decreased
hydrogen production rate mainly because of
poor metabolic activity of the organisms in
the acidic environment and also might be due
to the inhibition of the microorganisms by the
production of secondary metabolites. In
practice, during the fermentation process
both butyrate and acetate is formed, but the
ratio may vary with growth conditions within
thermodynamically determined limits, pH,
and intermediate products (byproducts)
especially volatile fatty acids drive the
hydrogenase reaction during the hydrogen
fermentation. Future optimization should
address, besides increased performance of
microorganisms, removal or conversion of
by-products, and system   efficiency, research
and development of process  parameters such as
bioreactor design capable of handling of larger
biomass resources.
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