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Abstract 
 
This work focused a pH readjustment strategy has been applied for the enhancement of 

biohydrogen production form food waste hydrolysate in a semi-pilot scale bioreactor seeded 

with selectively enriched mixed microbial culture. Different initial pH (pH 6, pH 7, and pH 

8) was   selected   for   biohydrogen   production   from   FW.   When   hydrogen   production   

was terminated due to the accumulation of volatile fatty acids in the bioreactor, then the pH 

of the bioreactor was again readjusted to its initial pH. Highest hydrogen production rate of 

1.13 L/h (CHP: 58.48 L) was achieved with pH 8 operation which was almost double than 

pH 6 and pH 7 operation. Volatile fatty acids (VFA) production was also influenced by this 

strategy. Higher acetic and butyric acids (2471.4mg/L and 947.37mg/L) were observed. 

 

Highest buffering capacity (0.1ßmol) significantly contributed towards higher biohydrogen 

production via this pH adjustment strategy. This strategy not only enhanced H 2 production 

but it also increased the waste conversion efficiency towards other biobased products 

production during acidogenesis of FW. 
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Chapter 1. Introduction 

1.1. Background 

At present, we are subject to non-inexhaustible petroleum derivatives for our vitality require 
in everyday life.  Nearly all of the energy needed to meet our demands more than 60-70 
percent of global energy is extracted from fossil fuels. However, the current and future 
energy demand may not be fulfilled by fossil fuels.  On the other side, the emission of harmful 
greenhouse gases and a huge quantity of waste leading to global warming and climate 
change [1].  An increasing environmental pollution, over-consumption of fuels is diverting 
us to search for alternative energy sources which are green and environmentally friendly. 

Recently hydrogen (H2) as fuel has been attracted as an alternative, green and eco-friendly 

fuel over the world [2-4]. Currently, H2 that we have today is being produced mainly from 

fossil fuels and other methods (water splitting process). Renewable hydrogen is a fantasy 

fuel without bounds with numerous social, financial, and ecological advantages [5, 6]. 

Renewable H2 can reduce our dependence on fossil fuel and lower the carbon load on the 
earth. The hydrogen economy is on the boom and started to gain interest because of its many 

advantages over fossil fuel economy [7, 8].  Hydrogen (H2) is potential and sustainable 

energy carrier due to its uniqueness of producing only water on combustion with a high 
energy yield of 142 kJ/g which is 2.75-fold advanced than hydrocarbon fuels and an attempt 
has been made to yield hydrogen from renewable resources i.e.  mainly biomass and 
industrial effluents containing rich organic composition [9-11]. 

 
Microbial hydrogen (H2) production during acidogenic/acetogenesis stages in dark 

fermentation i.e. anaerobic digestion, by mixed microbial culture is a versatile and important 
as this bioprocess can take place in a well suited to non-sterile and complex environment 
for biodegradable waste/wastewater as a substrate along with its remediation [12, 13].  Mixed 
microbial culture produces molecular hydrogen but gets consumed may be by hydrogen- 
consuming bacteria (methanogens) or other homoacetogens. One of the best-known 
methods practiced enhancing the hydrogen yield during mixed microbial fermentation is to 
suppress or terminate the hydrogen consumers by allowing hydrogen to be the end gaseous 
end product along with carbon dioxide [14, 15]. Pretreatment of microbial culture is a 
successful strategy adopted and recommended by many researchers to enhance the yield of 
hydrogen from mixed microbial fermentation [16-20]. Hydrogen accumulation in the 
bioreactor is a positive indication for successful implementation of pretreatment of culture 
during fermentation [21, 22]. 
 
Many pretreatment techniques are available and some of them are heat shock pretreatment, 
acid shock, alkaline shock, chemical pretreatment, ultrasonic pretreatment, etc., are these 
pretreatment strategies have been generally used to upgrade biohydrogen generation from 
squander/wastewater as feedstock [23-25]. The basic fundamental behind pretreatment is it 
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inhibits/suppress   the   growing   of   hydrogen-consuming   bacteria.   Selection   of   suitable 
pretreatment techniques for mixed microbial culture plays an important role towards the 
effective growth of hydrogen producers to enhance the yield. Every pretreatment strategy 
has its own uniqueness with a basic fundamental to suppress the hydrogen consumers and 
these pretreatment methods have been studied by many researchers.  Mixed microbial culture 
for bio hydrogen production is more significant than of pure culture as its make the operation 
very simple   and   easily   controllable   which   gives   a   chance   to   use   an   extensive   

variety   of waste/wastewater as feedstock.  H2   producing bacteria are spore-forming and it 

can protect them-self by forming a spore in an adverse environmental condition like high 
temperature, extreme acidity, and alkalinity, however, this property cannot be seen in 
methanogens as methanogens cannot form a spore and get completely suppressed at the 
adverse condition [26,27].  
  
Biohydrogen   producing   bacteria   have   an   ability   to   survive   at   highly   acidic 
microenvironment and can produce hydrogen gas as a metabolite. For the most part, 
untreated blended microbial culture has a higher bacterial populace with a wide   assortment   
of biochemical capacities encouraging differing metabolic exercises. During pretreatment 
of this mixed microbial culture, the diversity of a microbial culture reduces and leads to a 
selectively enriched bacterial culture which further takes the biochemical functions towards 
enhanced acidogenesis.  Now the bio hydrogen production trend is at scale-up at a different 
scale to produce in large quantities from different feedstocks to realize bio hydrogen 
economy in the coming   days.   However, few factors still need to be   considered to enhance   
hydrogen production mainly form waste as feedstock. The limitations which need to be 
focused on are low substrate conversion efficiencies and pH change in the bioreactor which 
may terminate the whole system [28-30]. Generally, the conversion efficiency seen is about 

1 to 2mol of H2/mol of glucose seen during fermentation which results in 75-85% of 

used/unused substrate in the form of organic acids (acetate, butyrate and propionate) and 
solvents (bioethanol). Formation of weak organic acids drops the bio system pH to acidic 
and also inhibits the whole bioprocess. However, in a certain condition, an acidic condition 
in the reactor also inhibits the activity of methanogens during mixed microbial fermentation 
which indirectly enhances the hydrogen yield. Acidogenic process is hindered by many 
factors and one of them is biosystem acidity [31-34]. In this study, pH readjustment strategy 
has been applied to enhance renewable biohydrogen production from renewable feedstock 
in a green and sustainable approach. During food waste acidogenesis, pH dropped due to the 
accumulation of fatty acids terminates biohydrogen production and also results in lower 
substrate conversion efficiency. To defeat this constraint, pH correction was connected to   
recapture hydrogen generation. When biohydrogen production was stopped due to fatty acids 
accumulations the reactor pH was readjusted to its initial pH 6, pH 7 and pH 8 to resume the 
bioprocess. pH readjustment improved in-situ buffering of the biosystem and enhanced 
hydrogen yield and substrate conversion efficiency. 
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1.1.1. Aim 
Production of green energy in the form of biohydrogen and platform chemicals (volatile fatty 
acids) from renewable feedstock (waste) through the biological process (dark fermentation). 
The negatively valued waste is being converted to biohydrogen, acetic, butyric and propionic 
acids in a controlled reaction with the function of a biocatalyst (mixed microbial culture). To 
enhance the overall yield the waste was initially pre-hydrolyzed to extract more carbon and 
then subjected to microbes as their feed. Mixed microbes under anaerobic condition convert 
this carbon from one form to another form known as H2 and VFAs.   Further to enhance the 
productivity, different strategies were applied to get more H2 and VFAs from waste 
remediation. 

1.1.2. Problem Solving 

In this study, pH readjustment strategy has been applied to enhance renewable biohydrogen 
production from renewable feedstock in a green and sustainable approach. During food waste 
acidogenesis, pH dropped due to the accumulation of fatty acids terminates biohydrogen 
production and also results in lower substrate conversion efficiency. To defeat this constraint, 
pH correction was connected to recapture hydrogen generation. When biohydrogen 
production was stopped due to fatty acids accumulations the reactor pH was readjusted to its 
initial pH6, pH7 and pH8 to resume the bioprocess. pH re-adjustment improved in-situ 
buffering of the bio system and enhanced hydrogen yield and substrate conversion efficiency. 
 
This work has been carried out at CSIR-Indian Institute of Chemical Technology. I worked 
right from collection of food waste, operation of the bioreactor, analysis of the bioreactor 
samples, adding feed into the reactor, observing it by taking the experimental values 
periodically and calculating the performance of the produced biohydrogen. The work has been 
carried out under the guidance of Dr. S. Venkata Mohan, principal scientist, bioengineering 
and environmental lab (BEES), environmental engineering and fossil fuel department 
(EEFF). 

1.1.3. Limitations 
Limitations are very few which can be easily overcome. Along with biohydrogen producer, 
mixed microbial culture may also have hydrogen consumer known as methanogens which 
consume the H2 produced during the process and reduce the yield.  Sludge/biocatalyst 
pretreatment strategies have been implemented to overcome this problem.   
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Chapter 2.  LITERATURE REVIEW 

2.1. Anaerobic digestion-Stages 

 

 
Figure 1Flowchart of anaerobic digestion showing different stages. (Mohan, 2008.) 

2.1.1. Nature of Hydrogen 

H2 is considered as a clean and green renewable energy. It does not produce greenhouse 

gases (release energy and water) on combustion and can be easily converted to power 

(electricity) by connected with H2-fuel cells/electricity generator with its very high energy 

yield (142 kJ/g) which is almost three times higher than that of any hydrocarbon fuel [2, 
35]. However, there are many challenges that obstruct the marketing and commercialization 
of biohydrogen production processes and the major challenges included is lower hydrogen 
yields and rates of hydrogen production. 

2.1.2. Applications 

Huge quantities of gaseous hydrogen are being used in a petroleum refinery and for 
chemicals synthesising industry. The huge demand for hydrogen is fossil fuel processing 
and ammonia (NH4) production at a very high commercial level. In the petrochemical 
business, hydrogen gas is being utilized for some, forms like hydrodealkylation, 
hydrodesulfurization, and hydrocracking. Apart from this hydrogen gas many other 
applications like a hydrogenating agent to enhance saturation level of unsaturated oils and 
fats and also in methanol production as fuel.  Hydrogen gas is also used as a reducing agent 
during metallic ore processing, shielding gas for welding [36, 37]. 

2.1.3. Other uses of hydrogen 

Hydrogen gas is being used for the making of ammonia, solvent (methanol), gasoline, oils, 
and jet fuel. H2 is also extensively used for used to making fertilizers, glasses, metal 

refining, micro/macronutrient, beauty products, semiconductor chips, engine lubricants, etc. 
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Figure 2Different processes for Hydrogen production. 
(Edwards, 2007.) 

 H2 is used to fuel our vehicle engine. Hydrogen has potential to replace today’s fossil-based 
energy and can become a future fuel. 

2.1.4. Production of hydrogen 

Currently, hydrogen is being produced from fossils, steam reforming and coal gasification 
in a chemical process which not a sustainable. 
 
 
 
 
 
 
 
 
 
 

 

 
Few microorganisms have an ability to produce hydrogen gas under specific conditions. In 
a microorganism, hydrogen production is catalyzed by an enzyme (iron/nickel) known as 

hydrogenase. This enzyme catalyzes the reverse redox reaction between protons (H+) and 

electrons (e-). 

2H+  + 2e- → H2 

There were many attempts to genetically modify the microbes for effective hydrogen gas 
evolution. Biohydrogen can be produced from anaerobic/facultative and photosynthetic 
bacteria using varied carbohydrate-rich substrate including biodegradable organic waste.  
Hydrogen gas is released as a product during anaerobic conditions from the conversion of 
organics along with short chain organic acids (also known as volatile fatty acids). Mainly 
there are four phases of the anaerobic digestion process and the step second and third is 
responsible for hydrogen and weak organic acids production form conversion of organics. 
The second and third phase is known as acidogenesis and acetogenesis respectively. The 
fourth phase is methanogenesis where the converted hydrogen and organics from the 
substrate is further converted into methane gas. Bacterial hydrogen process has more 
significant than of chemical process. 

2.2. Biohydrogen manufacture processes 

Principally there are four processes have been seen and they are immediate bio-photolysis, 
Photo-aging, roundabout bio-photolysis and dark-Fermentation. 
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Figure 3Indirect Bio photolysis (Hydrogen production from renewable, ) 

2.2.1. Direct Bio-Photolysis 

Here bio hydrogen is produced by green algae by the action of solar energy by the 
following reaction 

2H2O + light energy → 2H2 + O2  

 

In this process, water is split by sunlight to form hydrogen and oxygen which is also 
known to be zero carbon emission process [38, 39]. 

 
 
 
 
 
 
 
 
 
 
 
 

 

2.2.2.  Indirect bio-photolysis 

Here autotrophic microalgae (cyanobacteria) biosynthesis hydrogen gas by splitting H2O. 

6H2O + 6CO2 + light energy → C6H12O6 + 6O2 

C6H12O6 + 6H2O → 12H2 + 6CO2 
 
Initially, water and CO2 are being converted to glucose and molecular oxygen by 

cyanobacteria and this process is known as photosynthesis. Then glucose (C6H12O6) is 

converted to hydrogen and carbon dioxide. The merit of this bio-photolysis over direct 
photolysis is that cyanobacteria utilize atmospheric nitrogen for its growth and nutrients. 

2.2.3. Photo fermentation 

This process takes place in the absence of N2 where H2 is produced by bacteria called purple 

non-sulfur. Here hydrogen is being produced from the conversion of glucose and water [40]. 
 

C6H12O6 + 6H2O + light energy → 12H2 + 6CO2 
Photobacteria can utilize a wide range of substrate as a food for the production of hydrogen. 
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2.2.4. Dark Fermentation 

Dark fermentation is known to be a versatile bioprocess for the production of molecular 
biohydrogen from a different biodegradable renewable feedstock [26, 33, 34, 41]. A number 
of anaerobic/facultative bacteria (Clostridium, Enterobacter or Bacillus) can produce 
hydrogen in an oxygen-free atmosphere at different temperature range. Based   on   the 
bioreaction temperature the fermentation was further termed as   mesophilic (25-40° C), 
thermophilic (40-70° C), hyper thermophilic (>80° C). 

 
C6H12O6 + 2H2O → 2CH3COOH + 2CO2 + 4H2 

C6H12O6 → CH3CH2CH2COOH + 2CO2 + 2H2 

Production of biohydrogen by dark fermentation also relies on the type of carbohydrate 
(glucose, hexose, starch, cellulose) and process conditions such as pH, nature of biocatalyst, 
temperature etc. based on the input conditions the end fermentation end products vary with 
a presence of acetate, propionate, butyrate, lactate, bioethanol. Acetic acid derivation and 
butyrate were observed to be more overwhelming amid biohydrogen creation amid blended 
microbial aging. the theoretical yields of hydrogen production from glucose is 4 moles when 
the pathway leads to acetate and two moles when the pathway is towards butyrate. However, 
higher acetate and butyrate always may not be an indicator for higher hydrogen evolution 

as many other microbial cultures also bio-convert H2 and CO2 to fatty acids (acetate) which 

takes a pathway known as hydrogen consuming pathway. 

 
Figure 4 Schematic diagram of bio-hydrogen production via acetate and format (focus.) 

2.2.4. Biohydrogen production and wastewater treatment 

Break-down of complex biodegradable material in zero oxygen by microorganisms is also 
termed as anaerobic digestion (AD). Waste/wastewater has a significant amount of 
biodegradable matter which can be easily degraded via anaerobic digestion. The added 
advantage of anaerobic digestion is value-added products at every stage during the process. 
This value-added product is molecular hydrogen, VFA (volatile fatty acids/weak organic 
acids) and CO2. A controlled/regulated anaerobic digestion may yield higher value- added 
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products compared to uncontrolled anaerobic digestion. Because of higher value-added 
products as out and waste remediation, the AD has been widely applied to rededicate various 
biodegradable waste/wastewater [5,7,10,13,42-44].  This strategy is nowadays very popular 
for production of renewable energy from waste/wastewater. Recently an integration study 
has also been considered to enhance the treatment efficiency and fetches higher value-added 
products. Waste/wastewater like dairy, municipal sludge, vegetable waste, food waste, 
distillery wastewater, have been extensively used for renewable energy generation and on 
the other side to reduce the impact of waste on the environment as waste dumping leads to 
the emission of landfill gases into the atmosphere.  On integration of AD further increase 
the value of microbial metabolism which has much application in industry, food feed and 
Pharma. The microbial metabolites at a specified concentration can act as liquid bio-fertilizer 
by enhancing the soil phosphate concentration. The arrangement of vaporous and fluid 
metabolites starts with bacterial hydrolysis. During hydrolysis, bacteria secrete many 
hydrolyzing enzymes into the media which assist in the breakdown of complex substrates 
to monomers.  In the second step also known as acidogenic, the hydrolyzed products are 
bio- converted to hydrogen gas and short chain fatty acids (weak organic acid-C2-C6) which 
are further converted to acetic acid in acetogenic step. The final step is methanogenesis 

where methane is formed as primary product form acetate and H2. 

2.2.5. Soluble metabolic acid intermediates 

The fluid microbial metabolites (unpredictable unsaturated fats [VFA]) delivered amid 
acidogenic process demonstrates the metabolic pathway. The below-mentioned equations 
show the formation of variable microbial metabolites during dark-fermentation. 

 
C6H12O6 + 2H2O → 4H2 + 2CH3COOH + 2CO2 [Acetic acid] 

C6H12O6 → 2H2 + CH3CH2CH2COOH + 2CO2 [Butyric acid]  

C6H12O6 + 2H2 → 2CH3CH2COOH + 2H2O [Propionic acid]  

C6H12O6 → CH3CH2OH + CO2 [Ethanol] 
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Figure 5Hydrogen production along with production of acetate (a) and butyrate (b) (Bio-H 2 
Production in Protein to Community Level Perspective, , 2017) 

Hydrogen yield is solely dependent on the pathway lead by the bacteria. During the 
anaerobic reaction, pyruvate is converted to hydrogen gas by the reduction of ferredoxin 
(Fd) with the help of hydrogenase enzyme with a yield of 2 mol of hydrogen per mole of 
glucose changed over. Extra two moles can be created from NADH amid glycolysis where 
NADH is oxidized by Fd decrease. Further, H2 can be created from the diminished Fd by 
hydrogenase. The most astounding hypothetical yield of 4 mol H2/mole glucose can be 
acquired when acetic acid derivation is the aging finished result. Two atoms of formate are 
delivered from two pyruvate particles where a hypothetical most extreme yield of 2 mol 
H2/mole of glucose can be gotten. Amid butyrate pathway the greatest hypothetical yield is 
2 mol H2/mole glucose. At the point when alcohols are the finished results, bring down 
yields of H2 are acquired as alcohols contain extra H2 molecules that have not been changed 
over to H2 gas. The nearness of higher convergences of propionic corrosive or 
solventogenesis is by and large not thought to be practical for hydrogen creation. 

2.3. Dark fermentative biohydrogen production: influencing factors 

2.3.1. Biocatalyst/inoculum 

Selection of microbial culture (biocatalyst/inoculum) and its appropriate pretreatment plays 
a very crucial role to start up the bioreactor for effective biohydrogen production. The 
selected microbial culture and its nature always show an impact on start-up as well as overall 
performance of the hydrogen production process. Generally, an anaerobic culture cannot 
synthesis good biohydrogen from waste/wastewater due to its fast consumption by hydrogen 
consumers present in the mixed microbial culture.  The only way to suppress the activity of 
hydrogen consumers is through pretreatment of inoculum which can effectively enhance 
biohydrogen production from mixed microbial culture. Till date, many pretreatment 
techniques have been studied and adopted by researchers to selectively enrich the hydrogen- 
producing acidogenic bacteria. 
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2.3.2 pH 
pH shows a major role in the overall fermentation during biohydrogen production. pH 
impacts the efficiency of feed/substrate metabolism, synthesis of protein, energy storage, 
and the end microbial metabolites. During hydrogen, production pH plays a major role, as 
the activity of acidogenic bacteria is completely dependent on the fermentation 
microenvironment. An ideal pH recommended for hydrogen production is 4.5-6.5. This pH 
also suppresses the activity of methanogenic bacteria and also known for enhanced microbial 
metabolites. Hydrogenase enzyme which is a key enzyme for biohydrogen synthesis by 
bacteria is also much active in this pH range and when the pH drops below 4, the 
hydrogenase enzyme also gets affected. So, hydrogen producing acidogenic bacteria can 
well perform at acidic condition (4.5-6.5) whereas methanogen can be active above 7. For 
effective hydrogen production, a pH needs to be maintained through the experiment to 
suppress the methanogens as well as for higher activity of dehydrogenase enzyme.  

2.3.3 Hydraulic retention time (HRT) 
Water powered maintenance time (HRT) is a physical parameter which additionally impacts 
the microbial sub-atomic hydrogen generation. from the literature, it has been found that 
most of the hydrogen-producing bacteria were active during 8 to 30th hours where maximum 
hydrogen production was observed. HRT is directly proportional to the substrate 
degradation by bacteria in the reactor.  However different HRTs were a mention for a 
different mode of operation for hydrogen production in varied bioreactors. Many researchers 
also reported that long HRT may divert the hydrogen production pathway towards methane 
producing/ solvent producing pathway, on the contrary, few research articles are also 
showed that solvent production can be higher at acidic redox condition. Regulation of HRT 
can positively modify the product of our interest as long HRT can lead to higher methane 
formation from the consumption of hydrogen and organic acids however short HRT can 
effectively reduce the activity of methanogens.  

2.3.4 Influence of operating temperature on biohydrogen production 
Temperature shows positive influence on biohydrogen production and other metabolites. 
Biohydrogen production has widely been studied at three temperatures i.e. ambient (16-28º 
C), mesophilic/room temperature (28+4-38º C) and thermophilc (55-65ºC).  Some studies 
were also reported with extreme thermopiles (>65ºC). Biohydrogen production at mesophilic 
condition is always been considered by researchers. Based on nature and type of 
culture/biocatalyst, the temperature for fermentation is selected.  For example, good 
hydrogen production was observed from single culture fermentation was at mesophilic 
condition however a varied range of temperatures was reported for mixed microbial 
fermentation. However mixed microbial biohydrogen production is said to be good at 
mesophilic as well as thermophilc conditions. Few reports were exclusively on thermophilc   
biohydrogen and claimed that thermophilc condition are better than mesophilic and as 
thermophilc condition thermodynamically assist the bioprocess resulting in higher reaction 
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rate, enhanced bioprocess and   the   best-added   advantage   is   suppression   of   hydrogen-
consuming   methanogens   at thermophilc.  It was also found that thermophilc condition 
also enhances the microbial metabolites (volatile fatty acids) and a shift in the microbial 
pathway for higher solvent production was also seen during thermophilc conditions. On the 
contrary, the only limitation with the thermophilc condition is a supply of high energy to 
maintain temperature throughout the process. 

2.3.5 Biohydrogen Integration studies 
When waste is considered, a multi-disciplinary approach with conjugation of sciences, 
engineering, and management can fetch more value from fermentation than of conventional 
approach. Waste is a global issue today; its proper dispose and remediation needs 
appropriate approach to get out of this issue. Production of biohydrogen along with multiple 
value-added products via dark fermentation is a viable option to look into. Realizing the 
potential of waste, research has been diverted towards waste utilization as feedstock for the 
production of many byproducts in a biological process. However, every biological process 
has its own advantage and limitation, for example, acidogenic biohydrogen production from 
waste produce volatile fatty acids which can be further utilized for many other byproducts. 
So, the integration of one process with another process can add a value to the waste by 
producing multiple products as well as enhanced remediation. Biohydrogen creation has 
been generally incorporated withnumerous bioprocesses like photograph fermentative   
biohydrogen generation, microbial power devices, electro-aging, methane creation, 
biopolymers, long chain unsaturated fats amalgamation.
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Chapter 3. Methodology and Experiment 

3.1 Anaerobic mixed culture and pretreatment 
Anaerobic sludge was collected from municipal waste wastewater treatment plant and used 
inoculum. The thick dark sludge was filtered by a nylon mesh to remove the grit.  Then the 
filtered sludge was applied for pretreatment in a closed container. the pretreatment technique 
and steps were considered from the investigation reported by Sarkar et al., 2013, Sarkar et 
al.,2016, and Goud et al 2014.  Initially the sludge was applied for with heat-shock 
pretreatment (80º C-2h) followed by acid-shock (sludge pH was adjusted to pH 3 using 0.1N 
HCl and kept in anaerobic condition for 24 h).  After 24 hour of incubation the pretreated 
sludge was used as parent culture for biohydrogen production in a semi-pilot scale 
bioreactor. 

3.2 Food waste 
For this experiment, the food waste (FDW) was collected from (CSIR-IICT) Institute 
canteen, India and stored in the fridge after manual removal of any non-food particles.  
CSIR-IICT canteen caters about 1000-1400 people per day and generates food waste which 
is composite in nature and mainly constitute of food preparation leftovers and uneaten food 
which comprises of cooked vegetables, uncooked vegetables, boiled rice, vegetable peels, 
meat- cooked and uncooked, cooked fish and boiled spices. The water content of waste 
varied between 14 and 25%. The collected food waste was hydrolyzed using untreated mixed 
microbial culture and was analyzed for pH, COD, reducing sugars, volatile fatty acids, fatty 
acids composition as per standard methods at a different time interval. Food waste 
hydrolysate was then fed into the acidogenic bioreactor for the production of renewable 
biohydrogen and platform chemicals (volatile fatty acids) with instantaneous waste 
treatment. 

3.3 Experimental design 
A semi-pilot scale bioreactor (Fig 6) was utilized to assess the execution of biohydrogen 
production. The semi-pilot scale hybrid configuration reactor was designed/engineered in 
bioengineering and environmental sciences lab (BEES, IICT) and have fabricated at 
prototype development division (PDPE, IICT) using ‘Perspex’ material (purchased from 
local vendor) to have a designed total volume of 40L, working (substrate) volume of 37L 
and biogas holding a capacity of 3L. The reactor was fabricated using leak-proof sealing 
along with proper inlet and outlet arrangements. The bioreactor was designed to operate in 
up-flow mode (L/D ratio-2) and the bioreactor was filled with polypropylene rings as fixed 
bed packing material to support the growth of biohydrogen producing acidogenic bacteria. 
At the bottom, a layer of equal sized stone chips was layered as fixed bed packing material 
to support biofilm growth. The reactor was provided with four additional ports, 
interconnected with silicon tubing’s for proper mixing of the substrate in the reactor using 
the peristaltic pump. Biogas produced amid the task was gathered by water removal 
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technique through a gas outlet gave at the highest point of the reactor. Each nourished cluster 
was worked for 96 h of maintenance time.  The bioreactor was worked in an up-stream mode 
at room temperature, utilizing sequencing group mode activity comprising of an aggregate 
cycle time of 96 h. Proper care was taken to ensure the operation of the reactors under 
anaerobic conditions. Unadulterated nitrogen gas was sparged to the reactor for 5 min after 
each encouraging and testing occasion to keep up anaerobic conditions. At first, the 

bioreactor was worked with composed synthetic wastewater,  

DSW, (3g/l COD) [DSW; glucose-3 g/l, K2HPO4-0.25 g/l, MnCl2-15 mg/l, ZnCl2-11.5 

mg/l, NiSO4–16 mg/l, FeCl3–25 mg/l, MgCl2-0.3 g/l, CoCl2-25 mg/l, KH2PO4- 
0.25 g/l, NH4Cl-0.5 g/l, CuCl2-10.5 mg/l, CaCl2-5 mg/l,].   

 
Once a stable performance was achieved with DSW, the bioreactor was then operated with 
food waste hydrolysate. Three consecutive cycles were operated with an initial pH of 6, 7 
and 8 respectively. During operation when biohydrogen production was declined in the 
bioreactor at that point the reactor pH was readjusted to its respective initial pH using 
acid/base and monitored for hydrogen, VFA and waste remediation. 
 

 
Figure 6Semi-pilot Scale Biofilm configured hydrogen reactor 
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Figure 7Hydrogen sensor and Gas Chromatography 

3.4 Hydrogen estimation 
Hydrogen gas delivered in the bioreactor was evaluated utilizing a hydrogen sensor, FMK 
satellite 4-20 mA version (ATMI GmBH Inc.,). The hydrogen gas estimation procedure was 
adopted from the study carried out by Sarkar et al 2016.  This hydrogen sensor is equipped 
with a microprocessor-based electronic interface (4 to 20 mA) alarm/control systems 
(Figure 7). The   composition   of   gas   evolved   during   the   bioprocess   was   estimated   
using   gas chromatography (GC), (NUCON 5765). the GC system is equipped with thermal 
conductivity detector (TCD) with 1/8″ × 2 m Heysep Q column and the nitrogen gas was 
used as carrier gas with a flow rate of 2mL/mil. The temperature of injector and detector 
were maintained at 60º C each and the oven temperature was maintained at 40º C during 
operation (Figure 7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.5 High pressure liquid chromatography (HPLC) 
HPLC is used in this study to analyze the microbial metabolites (volatile fatty acids –acetic, 
butyric and propionic acid) formed during fermentation (Figure 8). Unpredictable 
unsaturated fats (VFA’s) creation was dissected utilizing elite fluid chromatography 
(HPLC; Shimadzu LC10A) employing UV-Vis detector (210 nm) and C18 reverse phase 
column (250 × 4.6 mm diameter; 5µm particle size, with a flow rate of 0.5 ml/h; wavelength: 
210 nm). Mobile phase of (40 % acetonitrile in 1 mN H2SO4; pH, 2.5-3.0) and 20 µl sample 

injection was used. 
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Figure 8 HPLC with RID and UV detector 

3.6 PH 

pH of the wastewater, fermented waste was measured using a lab pH meter as shown in 
figure 9.  Every time before using the pH meter the meter was calibrated using pH 
calibration solution at pH 10, pH 7 and pH 4. 

 
Figure 9Digital pH meter  

3.7 Buffering Capacity 
Buffering capacity (β) of the acidogenic effluent was estimated using auto-titrator (Mettler 
Toledo DL50. The auto-titrator is equipped with a 100 mL PP titration vessel connected 
with a propeller. A pH electrode is fitted with the stand fixed with the instrument.  For 
analysis, a 3 mL of sample was taken. Initially, the sample was titrated with acid (0.1N HCl) 
till the endpoint (pH 9 pH) and then titrated with base (0.1 N NaOH) till the pH changed to 
12.  The volume of acid/base consumed during titration was plotted against pH change.  The 
β was calculated using the equation mentioned below where, C is the concentration of acid 
or base (mol), Vs is the volume of sample (ml), m is the slope of a tangent on a curve.  The 
steps followed for performing buffering capacity was taken for the study performed by 
Sarkar et al 2016. 

 
𝛽 =  

𝐶 

𝑉௦  × 𝑚 
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Figure 10 COD Incubator 

3.8 Chemical Oxygen Demand (COD) 

Substance oxygen request (COD) is utilized as a measure the oxygen required by the 
bioreactor test gathered at various time interim under a strong chemical oxidant in a 
dichromate closed reflux method is being used in this work using potassium permanganate 
oxidant. Theoretically, the oxidation is up to 95-100% for most of the organic compounds. 
The COD analysis was carried out in HACH COD apparatus as per the method mentioned in 
APHA 1998. The below mentioned formula have been used to calculate the COD of 
wastewater including fermented wastewater [45]. 

 

𝐶𝑂𝐷 
𝑚𝑔

𝐿
=

(𝐵𝑙𝑎𝑛𝑘 − 𝑆) × 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝐹𝐴𝑆 × 8000 × 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑚𝐿)
 

 

Where in the above equation B = Ferrous ammonium sulfate consumed for blank titration. 
S= Ferrous ammonium sulfate consumed for wastewater. 

N = Normality of Ferrous ammonium sulfate. 

V = Volume of wastewater taken for analysis (after dilution if diluted) D.F = Dilution 
Factor 
8000 = equivalent weight of oxygen per liter. 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.9 Volatile Fatty Acids 
Volatile fatty acids (VFA) are also can be called as weak organic acid which has six for less 
than six carbons mostly said C2 to C6. Volatile fatty acids are the measurement of weak 
organic produced by bacterial metabolism in the fermented wastewater. Mostly acetate, 
butyrate, and propionate are found in the fermented wastewater. In this study, a titrimetic 
method has been used to estimate the presence of total VFA in the wastewater. The 
procedure for VFA analysis starts with acid and base titration (0.1N HCl and 0.1N NaOH) 
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in two separate burettes. 5mL of bioreactor VFA sample was take in a glass beaker and 95 
mL of tap/distilled water is added to make up to 100 mL. The 100 mL sample was then 
titrated with 0.1N HCl till the pH of the sample changed ot 3.0. Then the same sample was 
titrated against 0.1N HCl. the volume of acid and base consumed for pH was recorded and 
substituted in the below-mentioned formula to calculate the total VFA production in the 
bioreactor. 
 
 

 

𝑉𝐹𝐴  ቀ 
𝑚𝑔 

ቁ = 

𝐿 

(𝐵 × 101) − 𝐴 + 100)  × 20  × 60 

99.23
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Chapter 4. Results and Discussion 

4.1 Mixed microbial hydrolysis of food waste 
The composite food waste collected from canteen has been allowed for hydrolysis in 
anaerobic condition using mixed microbial culture under anaerobic condition. To evaluate 
the concentration of food waste hydrolysate formed by bacteria in the waste, the liquid 
samples were collected and analyzed for reducing sugars, COD and volatile fatty acids 

(VFA) at every 6th h till 42nd h.  Figure 11 depicts the concentration of reducing sugars in 
the food waste hydrolysate.  
 
Concentration of reducing sugar in the hydrolysate was 0.29mg/g (6h), 0.32 mg/g (12h), 
0.39 mg/g (18h), 0.41mg/g (24h), 0.41mg/g (30h), 0.4 mg/g (36h), 0.39 mg/g (42h). The 

highest reducing sugar was obtained of 0.41 mg/g at 24th and 30th h. At the same time, COD 
of the food waste was decreased gradually with time of 50000 mg/l (6h), 48000 mg/l (12h), 
47100 mg/l (18h), 46554 mg/l (24h), 46010 mg/l (30h), 44300 mg/l (36h), 44200 mg/l (42h). 
During hydrolysis, good amount of VFAs were also formed by microbial activity with 
different concentration. VFAs was gradually increased with the highest concentration of 624 
mg/l (36h) followed by 620 mg/l (42h), 590 mg/l (30h), 533 mg/l (24h), 430 mg/l (18h), 344 
mg/l (12h), 233 mg/l (6h).  The VFAs was also characterized for its composition using liquid 
chromatography and found a distinct variation in its concentration. Higher acetic acid 
concentration was about 60% was observed in food waste hydrolysate. The highest acetic 
acid concentration of 374.4 mg/l was seen at 36h, followed by 354 (30h), 341 (42h), 319.8 
(24h). The butyric acid concentration was in the range of 30 to 100mg/l whereas the 

propionic acid was higher at 42nd h (167.4 mg/l), followed by 118.56 mg/l (36h), 112.1 mg/l 
(30h). The hydrolysate formed from food waste decomposition was supplemented into the 
acidogenic bioreactor to enhance the biohydrogen and volatile fatty acids production. 
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Figure 11 Concentration of reducing sugars, volatile fatty acids and its composition and COD in the 
food waste during its hydrolysis by mixed microbial culture 
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4.2 Biohydrogen production 
In the present study food waste hydrolysate was evaluated by mixed cultures for the 
production of biohydrogen, volatile fatty acids by dark fermentation at different redox 
conditions with simultaneous wastewater remediation. Trials were performed with 
specifically enhanced blended microbial culture to give new experiences about utilizing dull 
maturation. A series of fed batch experiments was carried out with hydrolysate at initial pH 
6, 7 and 8. Figure 12 depicts the hydrogen production rate (HPR) cumulative hydrogen 
production (CHP) at different cycles operated with food waste hydrolysate at different initial 
pH 6, 7 and 8. When the hydrogen production was declined then the pH of the system was 
again readjusted to initial pH using acid/base. This strategy not only enhanced the recovery 
of renewable fuels and chemicals from waste but also increased the treatment efficiency.  

During pH 6 and 7 operation, the higher HPR was 1.135 l/h and 1.19 l/h at 24th and 30th h 

respectively. When the biohydrogen production was declined to 0.27 l/h and 0.24 l/h at 42nd   

h, then the pH was readjusted to 6 and 7 respectively. From 54th h the hydrogen production 
was again observed with HPR of 0.64 l/h (54 h), 0.75 l/h (60 h), 0.86 l/h (66 h), 0.91 l/h (72 
h), 0.91 l/h (78 h) ,0.59 l/h (84 h), 0.21 l/h (90 h) and 0.10 l/h (96 h) with pH 6. Whereas in 
case of pH 7, the hydrogen production rate was 0.702 l/h (54 h), 0.81 l/h (60 h), 0.91 l/h (66 
h), 0.97 l/h (72 h), 0.97 l/h (78 h), 0.64 l/h (84 h), 0.27 l/h (90 h) and 0.16 l/h (96 h). 
 

 
Figure 12 Biohydrogen generation amid acidogenic aging of food waste hydrolysate at pH 
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On contrary, hydrogen production with pH 8 was observed till 60th with good HPR of 1.08 
l/h (12h), 1.24 l/h (18h), 1.30 l/h (24h), 1.35 l/h (30h) compared to pH 6 and pH 8 operations. 

After readjusting pH 8, good HPR was seen till 96th h.  from 66th   h the HPR with pH 8 
operation was 0.4158 l/h, 1.134 l/h (72h), 1.08 l/h (78h), 0.864 l/h (84h), 0.351 l/h (90h) and 
0.17 l/h (96h). pH adjustment when biohydrogen production was declined assisted to 

achieve enhanced biohydrogen production. At 48th h the CHP recorded at different redox 
condition was 28.18 l (pH 6), 29.58l (pH 7) and 46.39l (pH 8) which further increased to 
58.32l (pH 6), 62.3l (pH 7) and 73.2l (pH 8) respectively. The produced total gas was 
analyzed for its composition and found good biohydrogen percentage at different time 
interval. Figure 13 depicts the hydrogen evolution along with carbon dioxide in the 

headspace of the bioreactor. At 12th h hydrogen percentage was 23 % (pH 6), 22% (pH 7), 
26% (pH 8). The concentration of hydrogen content in the total gas was further increased at 

48th h to 34% (pH 6), 31% (pH 7) and 36% (pH 8). At the end of the rotation the attention 
of hydrogen in the headspace of the semi pilot scale bioreactor was 35% (pH 6), 32% (pH 
7) and 38% (pH 8). 

4.3 Volatile fatty acids/ Short chain carboxylic acids production from food 
waste hydrolysate. 
Increment in VFA fixation amid H2 generation exhibited the successful working of the 
acidogenic metabolic process and was practically equivalent to with the relating H2 
creation. VFA focus and framework pH conditions are indispensable articulations of 
anaerobic microenvironments.  Creation of acids bit by bit lessens the buffering limit of 
framework, which, thus, brings about a decrease in the framework pH condition because of 
collection of natural acids at last prompting process hindrance.  Fermentative H2 generation 
is constantly connected with substrate metabolic change of natural division to corrosive 
intermediates (auxiliary metabolites) in the anaerobic microenvironment. Production of 
short chain organic acids in the bioreactor reflects the changes happening in the metabolic 
process and gives information to alter or modify the conditions for enhanced and improved 
H2 production. The difference in VFA production with time was observed at different redox 
conditions operation. 
 
Fig 13 depicts the trend of total VFAs production and its consumption with respect to time. 
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Figure 13 VFA production and its composition with respect to time interval at varied pH 

VFA production was gradually increased with time during all the pH operation. During pH 
6 operation, the initial VFA was 230 mg/l which increased to 1750 mg/l (48h). After pH 
adjustment, the total VFA was further inclined to 2188 mg/l (72h) and 2344 mg/l (96h). 
During pH 7 operation, an increase in VFA was observed with time. At 48th h VFA 
production was 2213 mg/l which further increased to 2701mg/l (72h) and 3100 mg/l (96h). 
However, enhanced VFA production was seen with pH 8 operation compared to pH 7 and 
pH 6. VFA production at 48h was 2623mg/l, 3434mg/l (72h) and 4119mg/l (96h) which was 
almost 1.32 times higher than pH 7 and 1.75 times higher than pH 6. A little amount of VFA 
consumption was seen in pH 7 operations at the end of the cycle which is attributed to the 
dominance of methanogenic activity which converts simpler acetic acid to propionic acid 
resulting in a drop on total VFA. The relatively higher concentration of VFA production 
observed in all the redox conditions with good substrate removal can be explained based on 
the composition of VFA/soluble metabolites. Anaerobic fermented samples during the 
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course of biohydrogen reactor operation were also analyzed for the composition of VFA in 
terms of acetate acid, butyric acid and propionic acid by HPLC to have understanding of the 

soluble metabolic distribution. The distribution of soluble metabolites formed during H2 

production was often crucial in assessing the efficiency of H2-producing cultures. It was 

watched that high H2 yields were related with a blend of acetic acid derivation and butyrate 
aging items, and low H2 yields were with propionate and lessened finished results. HPLC 
information demonstrated the nearness of acidic corrosive, butyric corrosive, formic 
corrosive and propionic corrosive in the outlet tests. Figure 14 depicts the dominance of 
acetic acid at all the redox condition operated. During pH 6 operation higher acetic acid 
1120 mg/l (48h) and 1500 mg/l (96h) production was seen followed by butyric acid 385 mg/l 
(48h) and 515.68 mg/l (96h) and 245 mg/l (48h) 328.16 mg/l (96h). Whereas in pH 7 
operation, more of acetic acid 1195.02 mg/l (48h) and 1674 mg/l (96h) than butyric acid 
464.73 mg/l (48h), 651 mg/l (96h) and propionic acid 553.25 mg/l (48h) 775 mg/l (96h).  
On contrary pH 8 operations showed higher acetic acid 1573.8 mg/l (48h) 2471.4 mg/l (96h) 
than pH 7 and pH 6. Comparatively the mixture composes of higher concentration of acetic 
than butyric and propionic acid. The microbial metabolites/ (volatile fatty acids) 
composition suggests the presence and dominance of acid-forming bacteria during the 

acidogenic process, which is good and favorable micro-environment for an effective H2 

production.  The presence of acetic acid during dark- fermentation indicates that mixed acid 
fermentation by a mixed microbial culture where pyruvate and CoA in the acidogenic 

fermentative pathway are bio-synthesized to acetyl-CoA. This fermentative pathway 

typically is seen in H2   producing bacteria like firmicutes and related bacteria. 

4.4 Dehydrogenase activity 
DH is one of the very important enzymes which catalyze redox reactions.  DH catalyzes the 

inter-conversion of metabolites and also transfer protons (H+) using many redox mediators 

like NAD+, FAD+ etc for metabolic intermediates. During dark-fermentation, the substrate 

is inter-converted for the release of H+ in the cell. The generated H+ attached to redox 
mediators which are regarded as a source for dark-fermentative H2 production. The 

transferred H+ to redox mediators by substrate conversion do not proceed for the reduction 
process for the oxidation of redox mediator at acidic microenvironment which assists to   

equilibrate H+ concentration. The H+ from the redox mediators gets separated by the action 

of NADH- dehydrogenase and further converted to molecular hydrogen (H2) which was 

mediated by hydrogenase with the help of e- donated by oxidized ferredoxin. The 
dehydrogenase bioactivity showed good synchronization with the biohydrogen production 

with the function of pH changing strategies. The DH was good when H2 production was also 

higher and DH activity was lowered during the H2 production was dropped in the reactor 

indicating the positive role of DH in the H2 production process.
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Figure 14 Dehydrogenase activities recorded at 24, 48 and 72nd  h at pH 6, 7 and 8 operation 

Dehydrogenase activity has been recorded at 24, 48 and 72nd  h during acidogenic operation 
when maximum H2  production was on the peak. Figure 14 shows the variations observed 

in DH activity with respect to experimental conditions. Higher dehydrogenase activity was 
found in pH8 followed by pH6 and pH7 operations. During pH 8 operations the maximum 
DH activity was 2.99 µg/ml of Toluene (24h), 3.69 µg/ml of Toluene (48h) and 3.79 µg/ml 
of Toluene (72h). Significantly good DH activity was also noticed with pH 6 and 7 
operations. At pH 7 the DH activity seen was 2.4 µg/ml of Toluene (24h), 3.2 µg/ml of 
Toluene (48h), 3 µg/ml of Toluene (72h) whereas in pH 6 the DH activity was 2.1 µg/ml of 
Toluene (24h), 3.1 µg/ml of Toluene (48h), 2.9 µg/ml of Toluene (72h). 

4.5 System Redox condition 
Due to the accumulation of acid, pH in the reactor gets drops sharply which may terminate 
the acidogenesis process. These conditions shatter the whole process and also results in very 

poor substrate conversion efficiency during H2 production. This limitation has to be 

overcome to make this biohydrogen technology commercially success and viable. A very 
few and limited studies were reported on the feedback inhibition mechanism due to 

accumulation of acids during H2 production but few or no strategy could have defined to 

overcome this problem. Internal change in pH and VFA concentration provides information 

about metabolic processes involved in H2 production. Understanding these conditions also 

helps to improve the process efficiency by modifying/changing system operating conditions.  
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Figure 15 change in pH during acidogenic fermentation of food waste hydrolysate at initial pH of 6, 
7 and 8 

Before feeding into the reactor the pH of substrate (food waste hydrolysate) was adjusted to 
6, 

7 and 8 at different cycle’s operation. Due to formation of fatty acids along with 
biohydrogen the pH in the bioreactor was dropped and biohydrogen production was ceased.  
The pH was readjusted when the biohydrogen production was ceased to the initial pH.  

During pH 6 operation, pH was dropped to 4.4 from 6 at 42nd h where the hydrogen 
production was CHP 28.18l. After readjusting the pH to 6 the hydrogen production from the 
reactor was increased CHP 47.3l (72 h) and CHP 58.32l (96h). The maximum pH drop 
during pH 6 operation was 4.4 with higher VFA accumulation of 2344 mg/L (96 h). pH 

change during pH 7 in the range of 7 to 5.5. From 6th to 48th h the pH change was 6.88 (6 

h), 6.8 (12 h), 6.73 (18 h), 6.5 (24 h), 6 (30 h), 5.6 (36 h), 5.4 (42 h), 5.3 (48 h). At 54
th h, 

the pH was adjusted to 7 and the drop of pH was as follows 6.7(60 h), 6.4(66 h), 6(72 h), 
5.8(78h), 5.7(84 h),5.4(90h), 5.3(96 h). Highest hydrogen production was well synchronized 

with pH change during pH 8 operations. Till 60th h the pH change was 7.45 (6h), 7.21(12h), 
7.03(18h), 6.7(24h), 6.34(30h), 6(36h), 5.87(42h), 5.8 (48h), 5.76 (54h), 5.67 (60h). The 
condition was different with pH 6 and 7 where the biohydrogen production was ceased 

within 48th h whereas with pH 8 operation the biohydrogen production was seen till 60th h 
which additionally assisted higher cumulative hydrogen production 49.1 liters which was 
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almost two times higher than pH 6 and 7 operation. After 60th h the pH change was 7.56 
(72h), 7.1(78h), 6.87(84h), 6.5(90h), 6.1(96h) with highest CHP of 73.2 liters. 

4.6 System buffering capacity (BC): 
Unsaturated fats generation in the bioreactor essentially impacts the framework's buffering 
limit.  Cradles are watery frameworks which tend to oppose changes in pH when little 
measures of corrosive (H+) or base (OH-) is included. Bioreactors inward buffering limit 
was estimated for all the pH conditions at various time interims. Change in system’s BC 
was well correlated with the VFA production. More the fatty acids production, higher was 

the system BC. Along with fatty acids and H2 production during acidogenic fermentation 

CO2     also gets generated during acidogenesis and acetogenesis steps. 

 
Figure 16 Change in buffering capacity recorded at different time interval at different pH 

Buffering capacity was analyzed at different time interval and found that food waste 
acidogenesis operated at initial pH 8 had higher BC  0.1βmol than other pH conditions 
operated. Figure 16 depicts the change in buffering capacity at different time interval at all 

the pH conditions applied. Initially till 12
th h the BC in pH 6 operation was 0.05 βmol which 

further changed to 0.09 βmol (24h), 0.05 βmol (48h), 0.08 βmol  (72h),  0.04  βmol  (96h). 

However, during pH 7 operation the buffering capacity was little higher at 12th (0.05 βmol) 

and 24th h (0.09 βmol) than pH 6, but declined after 72nd h of 0.06 βmol, 0.03 βmol (96h). 
Highest buffering capacity was observed with pH 8 operation of 0.09 βmol (12h), 0.17    
βmol (24h), 0.1 βmol (48h), 0.09 βmol (72h), 0.07 βmol (96h). 
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4.7 Substrate degradation 
Substrate degradation in terms of COD was evaluated to understand the microbial efficiency 
towards the utilization of substrate. Substrate removal varied with all the redox condition 
(pH 6, 7 and 8) operated during acidogenic fermentation of food waste hydrolysate. 
Improvement in wastewater remediation was observed with all redox conditions operated 
with time. At 24h the COD removal was 26% (pH 6), 28% (pH 7), 32% (pH 8). pH 7 
facilitate diverse bacterial population which takes a diverse range of biochemical routes 
facilitating various metabolic behavior while pH 8 facilitates a selective acidogenic bacterial 
population leading to specific diversity specifying towards acidogenesis. a consolidated 
result is shown in table 1.

 
Figure 17 Pattern of substrate degradation at pH 6, 7 and 8 at different time interval 

Figure 17 represents the pattern of substrate degradation at three different redox conditions 
operated for acidogenic fermentation of food waste hydrolysate for biobased products 

synthesis. At 48th h the pattern of substrate degradation was 52% (pH 6), 58% (pH 7) and 
61% (pH 8). With operation time substrate degradation was improved.  Increasing 

fermentation time enhanced waste degradation in the system. At 72nd h the COD removal 
of 64 % (pH 6), 
66% (pH 7) and 71% (pH 8) was achieved. By the end of the cycle the highest substrate 
degradation was achieved were 73% (pH 6), 75.66% (pH 7) and 77% (pH 8).



 

Table 1: Enhanced biohydrogen production achieved from food waste hydrolysate at different pH with pH readjustment strategy. 
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Chapter 5. Summary and Conclusions 
 
Many forms of renewable energy are available however hydrogen is an ideal, clean and 
green energy carrier for coming years.  Many studies have been conducted on different 
hydrogen generation methods over the past several decades. However low energy input and 
high energy output along with multiple bio based products, acidogenic fermentation (dark 
fermentation) for biohydrogen production by facultative/obligate anaerobic bacteria is a 
versatile and promising way. In this study it has been shown that the acidogenic 
fermentation of composite food waste is feasible for renewable energy generation in the 
form of biohydrogen, and platform chemicals (volatile fatty acids) with simultaneous waste 
remediation. pH adjustment strategy after 48h has proven to be one of the good strategies to 
overcome feedback as well as low substrate conversion efficiency.  This strategy might be 
helpful during scale-up studies to enhance hydrogen conversion efficiency. Consequently, 
the optimal hydrolysis of food waste is required to enhance the acidogenic products. 
However, it has been proved from the results that hydrolysate (reducing sugars) formed by 
the action of mixed microbial culture enhanced biohydrogen and VFA production.   
Therefore, acidogenic fermentation is feasible for renewable energy generations in the form 
of biohydrogen and the treatment of waste.
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