
Kinetic Study of Biohydrogen Production Improvement via Dark 
Fermentation of Sugarcane Molasses by Escherichia marmotae 
Mostafa A. Tawfik#, Akram A. Aboseidah, Samia Heneidak, Abdel-Hamied M. 
Rasmey
Botany and Microbiology Department, Faculty of Science, Suez University, 43518, 
Suez, Egypt.

   Egypt. J. Bot. Vol. 63, No. 2, pp. 551-561 (2023)

Egyptian Journal of Botany 
http://ejbo.journals.ekb.eg/

35

HYDROGEN (H2) is expected to become the most sustainable and promising clean 
alternative fuel in the future. This study evaluated the potential of a new facultative 

anaerobic bacterium isolated from cow rumen to produce H2 from sugarcane molasses. The 
bacterial isolate RM122 produced  451.67 ±12.14 and 387.67 ±19.23mL/L H2 on 6% glucose 
and 6% molasses sugar, respectively. RM122 was characterized phenotypically, identified 
genotypically by 16S rRNA sequence analysis as Escherichia marmotae, and deposited in 
NCBI GenBank database with the accession number OP345936. H2 production was improved 
to 1670.00 ±40.41mL/L by application of optimization experiments design and kinetic study. 
Sugarcane molasses was used as a fermentation substrate and the optimum sugar concentration 
was 4%, The recorded maximum hydrogen production (Hmax) was 560.00±25.98mL/L with 
Rmax (maximum hydrogen production rate) of 31.43 ±2.14mL/L/h, Rmax (MGM) of 30.73 mL/
L/h and λ (lag phase) of 15.19h for 52.43 fermentation time. Hmax of 646.67 ±23.33mL/L 
with Rmax(Exp) of 35.28 ±2.65mL/L/h, Rmax(MGM) of 31.90mL/L/h, λ of 13.92h and R2 of 
0.9999 were obtained at the optimum pH 8. At the optimum fermentation temperature (35°C), 
λ of 4.12h was achieved to maximize hydrogen production to 828.33 ±21.67mL/L with 
Rmax(MGM) of 27.98mL/L/h, and R2 of 0.9594. At the optimum inoculum size (10%, v/v), 
the recorded Hmax was 1670.00 ±40.41mL/L with Rmax (Exp) of 60.00 ±2.04mL/L/h and λ 
of 13.50h. These findings suggest using E. marmotae RM122 as a prospective biohydrogen 
producer from cheap agro-industrial wastes.

Keywords: Agro-industrial wastes, Biohydrogen generation, Dark fermentation, Modified 
Gompertz model, Ruminant bacteria.

Introduction                                                                                        

Developing of sustainable and promising 
technologies to produce renewable clean fuels is 
a global concern today, this because the increased 
energy demand, gas emissions and climate 
changes (Rasmey et al., 2020). Hydrogen (H2) is 
considered the most attractive alternative energy 
carrier with important features, for instance; its 
highest energy density and complete cleanness 
after burning (Navlani-García et al., 2018; 
Neuwirth et al., 2022). There are numerous 
exciting generation routes for H2 such as natural 
gas thermal cracking & steam reforming, coal 
gasification, and water electrolysis, however, 

all these routes are highly cost, time-consumed, 
energy-intensive, and less environmentally 
friendly (Benemann, 1996; Shown et al., 2014). 
Conversely, H2 generation by biological routes 
has numerous important advantages like a simple 
operation system, availability of sustainable 
feedstocks, carbon neutrality, and cost-
effectiveness (Han et al., 2016; Sun et al., 2019). 

H2 production by fermentation can be 
achieved through three main routes; Photo 
fermentation (PF), dark fermentation (DF) and 
photo-dark fermentation. DF is considered 
the ideal cost-effective way for H2 production 
because of its higher formation rate and the 
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possibility of its production on different organic 
wastes (Kumar et al., 2018; Lee et al., 2021). DF 
of H2 was conducted by various bacterial species 
for instance; anaerobes (Clostridium sp.) and 
facultative anaerobes (Escherichia, Citrobacter, 
Enterobacter, and Bacillus spp). Through 
dark fermentation, sugars are metabolized into 
pyruvates which oxidized into acetyl coenzyme 
A (acetyl-CoA), H2, and CO2 (Elsharnouby et 
al., 2013; Rao & Basak, 2021). Also, formic 
acid fermentation can be occurred by different 
members of Enterobacteriaceae in which formic 
acid is produced from pyruvic acid and is further 
metabolized into H2 and CO2 (Clion et al., 2015). 
Carbohydrates are the most effective feedstock 
for hydrogen production in DF through 
improving acetic acid and butyric acid production 
as intermediates (Barca et al., 2015). H2 
generation from carbohydrate-based substrates 
is twenty times higher than that from protein-
based substrates (Cheng et al., 2015). Since low 
H2  yields are reported using different sugars, 
it is crucial to find cheap feedstocks of high 
commercial value rather than using synthetic 
sugars. The use of sugar molasses (a by-product 
of sugar industry) as a feedstock led to higher 
H2production rate and yield (Tsioptsias et al., 
2016; Mohammadi et al., 2019). 

Different factors particularly substrate type, 
substrate concentration, bioreactor configuration, 
fermentation temperature, initial pH, inoculum 
size, and organic loading rate can affect hydrogen 
production through DF processes (Guellout et 
al., 2018). Some kinetic models have also been 
proposed to explain the effects of these factors on 
H2 yield and its production rate. In addition, these 
models provide kinetic constants which give 
critical information about the analysis, design, 
and operation system of H2 fermentation process 
(Wang & Wan, 2009). The two kinetic models; 
modified Gompertz model (MGM) and modified 
Logistic model (MLM) have been widely used 
to describe dark fermentative H2 production 
(Pasupuleti & Venkata Mohan, 2015; Basak et 
al., 2018 ).

The current study aimed to improve 
biohydrogen production from sugarcane 
molasses by Escherichia marmotae as a ruminant 
facultative anaerobic bacterium. As well as, 
kinetic analysis of optimization experiments 
using modified Gompertz model (MGM) was 
applied.

Materials and Methods                                                               

Microorganism source and inocula preparation
The used H2 producer bacterium was isolated 

from a cow rumen sample on thioglycolate agar 
medium (tryptone 15.0, L-cystine 0.5, glucose 5.5, 
yeast extract 0.5, NaCl 2.5, sodium thioglycolate 
0.5, resazurin 0.001 and agar 18.0g/L). The 
anaerobic condition was adjusted by flashing 
the fermentation bottles with nitrogen gas and 
then sealed with rubber septa. The bacterium 
was preserved under anaerobic conditions at 
4°C. Bacterial inoculum (3 x 106cells/mL) was 
prepared by inoculation of one mL of 48h old 
culture into 99mL sterilized fluid thioglycolate 
broth then incubated for 48h at 37°C (Deabes et 
al., 2020) under anaerobic conditions.

Pretreatment of sugarcane molasses 
The used sugarcane molasses was pretreated 

and prepared as a feedstock for H2 production by 
the tested bacterium according to Rasmey et al. 
(2018). Molasses was diluted to the required sugar 
concentration using distilled water. pH 7 of the 
diluted molasses was adjusted using concentrated 
H2SO4 and 0.1N NaOH. Then, molasses was 
heated at 95°C for 15min in a water bath and was 
left for 2h to cool and precipitate the impurities. 
The cleared molasses was transferred to the 
sterilized fermentation bottles for H2  production.

Fermentation process 
Modified 6% glucose T6 broth medium 

(tryptone 6.0, yeast extract 2.0, MgSO4-7H2O 
0.3, FeSO4-7H2O 0.01, KH2PO4 0.5, ammonium 
acetate 3.0, sodium thioglycolate 2.0, L-cystine 
HCl 0.5, and glucose 60.0g/L) and 6% sugar 
concentration of pretreated molasses were used 
as fermentation media to demonstrates the ability 
of the selected bacterial isolate to produce H2. 
In 600mL glass bottles, 5mL bacterial inoculum 
(1%, v/v) was inoculated to 495 mL of the studied 
fermentation medium. Bottles were sealed with 
rubber plugs and put on a shaking water bath with 
60rpm for 72h at 37°C. 

Hydrogen assay
The produced gas was passed through bottles 

containing 2M NaOH solution to absorb and 
precipitate carbon dioxide gas and the cumulative 
hydrogen gas was collected in an inverted 
cylinder by water displacement method (Mishra 
& Das, 2014). Confirmation of produced H2 was 
performed using gas chromatograph (TRACE 
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GC Ultra Thermo Scientific) supplied with a 
thermal conductivity detector and a stainless-
steel column covered with a molecular sieve. 
The column temperature was initially 50°C and 
increased at a rate of 30°C/min to 200°C. All 
gas volumes were reported at 1.0 atm and 25°C 
(Abd-Alla et al., 2019). 

Phenotypic and genotypic identification of 
RM122

Morphological characters (color, shape, 
consistency, margin, and elevation) of colonies 
were observed on thioglycolate agar plates 
incubated at 37˚C for 48h. According to 
Beveridge (2001), Gram staining of the bacterial 
culture was used to examine cell shape and 
other microscopic characteristics. Different 
biochemical tests (catalase, indole, glucose 
fermentation, methyl red, citrate utilization, 
nitrate reduction, H2S production, oxidase, 
urease, and Vogas-Proskauer as described in 
Bergey’s Manual of Systematic Bacteriology 
(Brenner et al., 2005) were used for phenotypic 
characterization of the bacterial isolate RM122. 
The results were recorded for each test as 
positive or negative.

Bacterial DNA was extracted by QIAamp 
DNA Mini Kit (Qiagen). Polymerase chain 
reaction (PCR) of the extracted DNA was 
performed using the bacterial universal 
primers (forward and reverse), 27F                                                                                          
(5′-AGAGTTTGATCCTGGCTCAG-3′) and 
1492R (5′-GGTTACCTTGTTACGACTT-3′). 
PCR was performed in 50μL (25-μL GoTaq 
DNA polymerase master mix (Promega, USA), 
2-μL primer F, 2-μL primer R, template DNA, 
and nuclease-free water). PCR amplification 
reaction was achieved at 95°C for 5 minutes, 
then 40 cycles at 95°C for 1min, 50°C for 
1min, and 72°C for 1.5min followed by 72°C 
for 10min in Veriti Thermal cycler (Applied 
Biosystems). Purified PCR product (1000bp) 
was analyzed by DNA sequencer (ABI Prism 
310 Genetic Analyzer, Applied Biosystems). The 
resulting nucleotide sequence was compared to 
the recorded sequences at NCBI database (http:// 
www.ncbi.nlm.nih.gov/BLAST/) and deposited 
in GenBank database under the accession 
number OP345936. The phylogenetic tree was 
constructed using MEGA 7 software (Kumar et 
al., 2016). 

Improvement of hydrogen production by E. 

marmotae RM122 
Distinct parameters were studied to enhance 

cumulative hydrogen production from sugarcane 
molasses. Effect of different molasses sugar 
concentrations (1-8%, 1% interval), initial 
fermentation pH (3-9), fermentation temperature 
(20-45°C, 5°C interval), and initial inoculum 
size (10 -35%, 5% interval) were studied on the 
produced cumulative hydrogen.

Kinetics study
Modified Gompertz model (MGM) (Eq. 1) 

was applied to the obtained H2 yields to determine 
hydrogen production potential (H), hydrogen 
production rate (r), and lag phase (λ). Hydrogen 
production rate can be calculated from Equation 
no. 2. Equation no. 3. is used to calculate t95.  
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where, H(t) is the produced cumulative hydrogen 
(mL/L) at time t (h), rH2 is the rate of hydrogen 
production (mL/L/h) at time t (h), Hmax is the 
maximum hydrogen production (mL/L), Rmax is 
the maximum hydrogen production rate (mL/
L/h), λ represents lag phase time (h) and e is exp. 
(1) = 2.71828. t95 is the time required to achieve 
95% of the maximum hydrogen yield (h).

Statistical analysis
The statistical analysis of data was performed 

using SPSS (v.25; IBM Corp, Armonk, NY, 
USA) software. All experiments were done in 
three replicates. Means and standard errors were 
calculated by Duncan’s multiple range tests. 
Determination Coefficient factor (R2) was used 
to demonstrate the fitness degree of the obtained 
data with the studied kinetic model. Statistical 
significance was determined at 5% level (Aung 
& Eun, 2022). 

Results and Discussion                                                   

Identification of the bacterial isolate RM122
The bacterial isolate RM122 was isolated on 

thioglycolate agar medium from a cow rumen 
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sample and was selected as a highly H2  producer. 
This isolate produced 451.67 ±12.14mL/L and 
387.67 ±19.23mL/L on 6% glucose T6 medium 
and pretreated sugarcane molasses (6% sugar 
concentration), respectively. RM122 appeared 
as light pink colonies on thioglycolate agar 
plates after 48h of anaerobic incubation. The 
colonies were slimy surface, circular shape, 
slightly convex elevation, entire margin, and 
semi-transparent. The isolate was Gram negative 
with non-spore forming short rod cells (Fig. 
1). RM122 was negative for citrate utilization, 
lactose fermentation, H2S production, indole 
production, oxidase production, urease 
production, and Vogas-Proskauer tests. Whereas, 
the isolate was positive for catalase production, 
glycerol fermentation, methyl red, and nitrate 
reduction tests (Table 1). Based on the obtained 
morphological and physiological characteristics, 
the isolate RM122 belongs to Escherichia 
sp. (Julian et al., 2015). The bacterial isolate 
RM122 was identified as Escherichia marmotae 
based on 16S rRNA gene sequence analysis. 
E. marmotae was first reported by Liu et al. 
(2015) where isolated from feces of Marmota 
himalayana. A phylogenetic tree of E. marmotae 
RM122 was constructed by MEGA 7 software 
using the Minimum Evolution method (Rzhetsky 
& Nei, 1992). The evolutionary relationship 
were presented in a phylogenetic tree (Fig. 2) 
between E. marmotae RM122 (OP345936) and 
the other related species from NCBI GenBank 
database. The sum of branch length of tree was 
0.0377 and the scale of branch lengths was in the 
same units as those of the evolutionary distances 
used to assume the phylogenetic tree. Initial tree 
was generated using Neighbor-joining algorithm 
(Saitou & Nei, 1987). Maximum Composite 
Likelihood method was used to compute the 
evolutionary distances (Tamura et al., 2004). 

Improvement of hydrogen production by E. 

marmotae RM122 
Sugarcane molasses is considered as one of 

the most critical renewable agro-industarial wastes 
for biohydrogen production which may result in 
low-cost viability. Different studies demonstrated 
the use of sugar molasses as a substrate for high 
cumulative hydrogen production levels compared 
to other different substrates (Mohammadi et al., 
2019). Sugarcane molasses is characterized 
by containing high sugars (mainly sucrose, 
glucose, and fructose) concentration of 40-60% 
(w/w), vitamins (biotin, choline, pantothenic 
acid, riboflavin, and thiamine), amino acids, 
and inorganic salts (Ca+2, Na+, SO4

-2) which 
works as essential supplements for microbial 
fermentation media (Lee et al., 2021; Zhang et al., 
2021; Gao et al., 2022). Culture conditions such 
as sugar concentration, initial fermentation pH, 
fermentation temperature, and inoculum size had 
significant effects on hydrogen production. The 
calculated kinetic parameters (Hmax, Rmax, and λ) 
of modified Gompertz model and t95 were studied 
to maximize the produced hydrogen yield by E. 
marmotae RM122 using sugarcane molasses. 

Effect of subatrate concentrationFig. 1. Cells shape of E. marmotae RM122

TABLE 1. Phenotypic characteristics of bacterial 
isolate RM122

Characters Results

Colony morphology Slimy surface, circular, 
slightly convex, entire 
margin, semi-transparent, 
light pink

Cell shape Non-spore forming short 
rod cells

Gram Staining Negative

Catalase Positive

Citrate utilization Negative

Lactose fermentation Negative

Glycerol fermentation Positive

H2S Negative

Indole Negative

Methyl Red Positive

Nitrate Reduction Positive

Oxidase Negative

Urease Negative

Voges-Proskauer Negative

Fig. 1: Cells shape of E. marmotae RM122. 
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Fig. 2. Evolutionary relationship of taxa deposited in GenBank with E. marmotae RM122

hydrogen yield was 646.67±23.33mL/L when 
Rmax(Exp) was 35.28±2.65mL/L/h. Resulted data 
demnostrated a significant decrease in cumulative 
hydrogen production when the fermentation pH was 
below 7.0. Decreasing of produced hydrogen yield 
from pH 7.0 to 3.0 could be attributed to the effect 
of the lower pH values on biomass growth and the 
activity of hydrogenase enzymes which are involved 
in anaerobic hydrogen production pathways of the 
hydrogen producing bacteria (Hawary et al., 2019; 
Sivagurunathan & Lin, 2020). Also, these data were 
in agreement with Stavropoulos et al. (2016) who 
stated that efficient pH ranges for biohydrogen 
production were from 4.5 to 9.0. Kinetics analysis 
of the obtained data at the optimum pH revealed that 
Rmax (MGM) was 31.90mL/L/h when λ was 13.92h 
and t95 was 53.90h. R2 was 0.9999 indicating the 
produced hydrogen yield at pH 8 was well fitted to 
MGM. Valdez-Vazquez et al. (2006) stated that the 
time of lag phase for hydrogen production depends 
on the value of the initial fermentation pH value. 

Effect of fermentation temperature 
Effect of various fermentation temperatures 

(20, 25, 30, 35, 40, and 45°C) on hydrogen 
production was studied and the resulted data 
was shown in Fig. 4. Maximum hydrogen level 

Biohydrogen production using different 
molasses sugar concentrations (1.0, 2.0, 3.0, 4.0, 
5.0, 6.0, 7.0, and 8.0%) of the pre-treated sugarcane 
molasses and the assessed kinetic parameters were 
investigated (Table 2). Highest levels of cumlative 
hydrogen (Hmax 560.00 ±25.98mL/L and Rmax 
(Exp) 31.43 ±2.14 mL/L/h) were produced at 4% 
molasses sugar concentration. These results were 
in agreement with Wang & Jin (2009) who stated 
that 4% molasses sugar concentration was the 
optimal for hydrogen production by Clostridium 
butyricum W5 from molasses. kinetic studies 
by MGM revealed that λ and Rmax (MGM) were 
15.19h and 30.73mL/L/h respectively at 4% 
for 52.43h fermentation time to achieve 95% 
production. Decreasing in the obtained hydrogen 
yield by increasing molasses concentration may 
result from the decrease of free electrons collected 
from NADH by high lactic acid concentrations 
(Lee et al., 2021).

Effect of initial fermentation pH
Cumulative H2 production and H2 production 

rate was studied at different initial fermentation 
pH from 3 to 9. Figure 3 shows the effect of initial 
fermentation pH on the produced H2 yields and the 
calculated kinetic parameters. At pH 8, maximum 

Fig. 2: Evolutionary relationship of taxa deposited in GenBank with E. marmotae RM122. 
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(Hmax 828.33 ±21.67mL/L) was obtained at 
35°C. The produced hydrogen yield was reduced 
when fermentation temperatures were below or 
above 35°C. The resulted data were harmony 
with Usman et al. (2019) who revealed that 
mesophilic temperature range from 30°C to 49°C 
was the optimal for hydrogen production. Similar 
findings were achieved by Sivaramakrishnan 
(2021) who revealed that 35°C and 37°C were the 
optimal fermentation temperatures for hydrogen 
production by Clostridium sp. and Enterobacter 
sp., respectively. kinetic studies of the obtained 
data revealed that the lowest λ (4.12h) was 
achieved at the optimal temperature (35 °C) with 
Rmax (MGM) 27.98mL/L/h, t95 53.62h and R2 of 
0.9594. In contrast, lag phase time was increased 
by increasing or decreasing of fermentation 
temperature than the optimum levels resulting 
in decreasing of produced hydrogen yield, this is 
due to the denaturation of hydrogen production 
enzymes (Hernandez-Mendoza et al., 2014). 

Effect of inoculum size
Hydrogen production was significantly 

affected by different concentrations of bacterial 
inoculum size. Table 3 represents the obtained 
H2 yield and the resulted kinetic parameters by 
inoculating the fermentation medium with different 
inoculum concentrations (10, 15, 20, 25, 30, and 
35%, v/v) of E. marmotae RM122. Maximum 
cumulative hydrogen (1670.00 ±40.41mL/L) with 

Rmax (Exp) (60.00 ±2.04mL/L/h) was achieved by 
inoculating the fermentation medium with 10% 
(v/v). Kinetic studies of hydrogen production 
indicated that Rmax  (MGM) (59.98mL/L/h) was 
achieved at the optimum inoculum size when λ 
and t95 were 13.50h and 64.56h, respectively, with 
R2 of 0.9720. These results were in agreement 
with Wang & Jin (2009) who stated that initial 
cell concentration of the inoculum directly affects 
the growth lag phase and hydrogen productivity. 
Biohydrogen production was negatively affected 
by increasing the fermentation inoculum 
concentration than the optimum inoculum size. 
Zhao et al. (2011) mentioned that the overgrowth 
of bacterial cells and overconsumption of used 
substrate was increased by increasing the inoculum 
size more than the optimum levels resulting in a 
rapid decrease in hydrogen production.

Data in Table 4 represent the effect of the studied 
hydrogen production optimization experiments 
on the produced hydrogen yield. Improvement 
of hydrogen production by E. marmotae RM122 
from sugarcane molasses reached to 1282.33mL/L 
(330.78%) compared to the initially produced 
hydrogen yield (387.67 ±17.33mL/L) at the optimal 
levels of molasses sugar concentration, fermentation 
pH, temperature, and inoculum size. Alavi-Borazjani 
(2021) stated that optimization of nutritional and 
environmental factors is highly important for 
improvement of hydrogen production by bacteria.

TABLE 2. Kinetic parameters of hydrogen production at different levels of molasses sugar concentration using the 
modified Gompertz model (MGM)

Sugar 
concentration (%)

Experimental MGM
t95 (h) R2

Hmax (mL/L) Rmax (mL/L/h) λ (h) Rmax (mL/L/h)

1 513.33 ±20.28 24.29 ±3.57 5.34 24.18 47.89 0.9118

2 520.00 ±23.09 35.71 ±3.71 15.55 35.66 56.19 0.9954

3 516.67 ±18.56 32.86 ±3.09 15.48 32.46 51.91 0.9145

4 560.00 ±25.98 31.43 ±2.14 15.19 30.73 52.43 0.9872

5 460.00 ±23.09 31.43 ±1.81 24.84 31.41 66.62 0.9376

6 398.33 ±21.67 31.43 ±1.39 20.37 31.08 59.03 0.9832

7 375.00 ±18.93 31.43 ±1.81 21.99 30.48 56.98 0.9355

8 385.00 ±25.74 31.43 ±2.50 22.51 30.79 60.57 0.9723
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Fig. 3. Effects of different pH levels on Hmax, Rmax (Exp), Rmax (MGM), λ, and t95
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Conclusion                                                                                  

Biohydrogen is an eco-friendly renewable energy 
carrier that will help in the reduction of the global 
demand for petroleum-derived fuels, greenhouse 
gas emissions, and climate changes. Hydrogen 
production by anaerobic digestion of agro-industrial 
wastes using fermentative bacteria is considered 
the favorable cheapest solution. Kinetic study of 
biohydrogen production improvement through 
dark fermentation of sugarcane molasses using 
Escherichia marmotae RM122 was investigated 
here. The maximum hydrogen production (1670.00 
±40.41 mL/L) was achieved by optimization of the 
fermentation conditions. A future research can be 
conducted on hydrogen production from molasses 
on semi-industrial scale.
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TABLE 3. Kinetic parameters of hydrogen production using the modified Gompertz model (MGM) at different 
concentrations of initial inoculum size

Inoculum size (%)
Experimental MGM

t95 (h) R2

Hmax (mL/L) Rmax (mL/L/h) λ (h) Rmax (mL/L/h)
10 1670.00 ±40.41 60.00 ±2.04 13.50 59.98 64.65 0.9720
15 950.00 ±23.09 27.14 ±0.82 2.44 27.14 53.87 0.9815
20 910.00 ±28.87 34.00 ±0.72 12.28 33.90 53.10 0.9424
25 860.00 ±11.55 36.92 ±0.89 4.50 36.42 44.79 0.9428
30 800.00 ±23.09 36.15 ±1.33 8.28 35.05 50.99 0.9766
35 771.67 ±21.67 20.00 ±0.89 5.06 19.97 67.73 0.9999

TABLE 4. Hydrogen production improvement at optimum levels of molasses sugar concentration, fermentation pH, 
fermentation temperature, and inoculum size from the initially produced hydrogen yield (387.67 ±17.33mL/L)

Variable Optimum
Optimized Hmax Hydrogen improvement

(mL/L) (mL/L) (%)
Molasses sugar conc. (%) 4 560.00 ±25.98 172.33 44.45
pH 8 646.67 ±23.33 248.34 66.81
Temperature (°C) 35 828.33 ±21.67 440.66 113.67
Inoculum size (%) 10 1670.00 ±40.41 1282.33 330.78
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السكر  قصب  مولاس  لتخمر  حركية  دراسة  بواسطة  الحيوي  الهيدروجين  إنتاج  تحسين 
 Escherichia marmotae بواسطة

مصطفى على توفيق، اكرم عبدالرحمن ابوسعده، سامية حنيدق، عبدالحميد محمد رسمى
قسم النبات والميكروبيولوجى – كلية العلوم – جامعة السويس – السويس – مصر.

اهم  من  البترولى  للوقود  المتزايد  الاستخدام  من  الناتجة  الحرارى  والاحتباس  المناخية  التغيرات  تعتبر ظاهرة 
التى  البديلة  الطاقة  اهم مصادر  من  الحيوى  الوقود  يعتبر  ولذلك  الحالى.  وقتنا  فى  منها  نعانى  التى  المشكلات 
تساهم فى حل هذة المشكلات والتى سوف تقلل الطلب المتزايد للوقود البترولى. ويعتبر الهيدروجين الحيوى هو 
أحد هذة المصادر الصديقة للبيئة التى يمكن استخدامها فى المستقبل على نطاق واسع. تهدف هذه الدراسة إلى 
تقييم مقدرة البكتيريا اللاهوائية الاختيارية المعزولة من معدة الابقار على انتاج الهيدروجين الحيوى من مولاس 
الهيدروجين  كمية  وكانت   ،RM122 البكتيرية  العزله  بواسطة  الهيدروجين  انتاج  دراسة  تمت  السكر.  قصب 
الناتجة من استخدام وسط غذئى يحتوى على %6 جلوكوز هى 451.67 ± 12.12 مل / لتر واستخدام المولاس  
الصفات  العزلة من خلال  التعرف على هذه  تم  لتر.   / 387.67 ± 19.23 مل  سكر%6 هى  بتركيز  المعامل 
المظهرية والوراثية على انها  Escherichia marmotae. ومن خلال تطبيق تصميم تجارب تحسين انتاج 
 / مل   40.41  ±  1670.00 الى  الناتج  الهيدروجين  زيادة  تم  التجارب،  لهذه  الحركية  والدراسة  الهيدروجين 
التخمر  8 وتلقيح وسط  الهيدروجينى  4% سكر عند درجة الاس  السكر بتركيز  لتر عند تخمر مولاس قصب 
استخدام                                 امكانية  إلى  النتائج  هذه  تشير  مئوية.   º  35 حرارة  درجة  عند  والتحضين  (حجم/حجم)   10% بنسبة 

Escherichia marmotae RM122 كمنتج جيد للهيدروجين من المخلفات الصناعية الزراعية الرخيصة.


