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Abstract 
 

Development of polyhydroxyalkanoates (PHAs) as a potential 

substitute material to some conventional plastics has drawn much attention 

due to their biodegradable and compatible properties. The potential 

applications of PHA in various industries and in the medical field are 

encouraging. Nevertheless, the production cost of PHA has been a major 

drawback. Consequently, scientific effort have been made to overcome the 

high cost of the substrates used in the bio-production. In this study, sugar 

beet industry wastewater without and with beet molasses was used as 

potential low cost substrate for production of the biopolymer PHA by a 

local bacterial strain. This strain was selected after screening of 30 

bacterial isolates for PHA production and was identified according to 16S 

rRNA gene sequencing as Bacillus megaterium AUMC b 272. The 

maximum PHA formed by this strain reached to 4.053 g/L with a recovery 

yield equal to 41.79 % of the bacterial biomass using modified mineral salt 

medium (MSM) medium containing 6 % beet molasses as sole carbon 

source and 0.5 g/L ammonium oxalate as a nitrogen source. The initial pH 

of the medium was adjusted at 8.5. Cultures were incubated at 200 rpm and 

37ᵒ C for 24 hrs. On the other hand, the bacterial strain produced negligible 

levels of PHA when grown on the same medium constituents under the 

same conditions with replaced distilled water and molasses by sugar beet 

wastewater. While the PHA concentration reached to 0.828 g/L with 
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recovery yield 20.58 % of biomass in the same medium under the same 

conditions after replacement of distilled water by sugar beet wastewater. It 

is worthy to mention that the COD in the sugar beet wastewater medium at 

the end of fermentation period was removed by 69 %. Characterization of 

the obtained PHA was achieved using Fourier transform-infra-red 

spectroscopy (FT-IR) and gas chromatograph mass spectrometric (GC-

MS). Accumulation of considerable levels of PHA as well as high levels 

of COD removal from sugar beet wastewater strongly introduced this 

biotechnological process as valuable method for production of PHA as 

biodegradable biopolymer from sugar beet industry wastewater in presence 

of beet molasses as potential low cost substrates and, at the same time, for 

biological treatment of industry wastewater. 

Keywords: Polyhydroxyalkanoates, Production, Sugar Beet Wastewater, 

Sugar Beet Molasses, Bacillus megaterium. 

Introduction 

Organic plastic – usually known as bio-polymer- is an 
environment friendly form of plastics that is produced by renewable 

biomass sources and that isn’t fossil-fuel plastics derived from 

petroleum and natural gas. Such type of plastic can both conserve 

fossil resources and reduces dangerous effect of non-degradable 

plastics. 

 Polyhydroxyalkanoate (PHAs) is a polyester resamples to 

ordinary plastic that can produced by some bacterial strains in order 

to store carbon and energy reserves (1,2). Early discovering of PHA 

was in 1926 by Maurice Lemoigne as inclusions in both Bacillus 

megaterium and Azotobacter chroococcum which is accumulated as 

intracellular granules (3)
 
.  

Khanna and Srivastava (4)  mentioned that the PHAs are 

accumulated as granular inclusions in the cytoplasm of bacterial cell 

with diameter of 0.2: 0.5 µm, molecular weight ranges from 2×10
5
 to 

3×10
5 

Da (Figure 1) and that varies according to microbial species or 

the growth conditions such as type and concentration of the carbon 

source, fermentation conditions and mode of fermentation (batch, 

fed-batch, continuous). PHAs are biodegradable, exhibit 

thermoplastic properties and can be produced from different 

renewable carbon sources (5)
 

. They have a wide range of 

applications, such as in the manufacture of bottles, packaging 
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materials; films for agricultural purposes as in well as in biofuel and 

several medical applications (6,7).  
 

 

 

 

 

 

 

 

 

 
 

 
 

Figure (1): Transmision electron micrograph of accumilation of PHA 

in bacterial cell 
4
. 

 

The major cost in the PHAs production is the cost of carbon 

feedstock for cultivation of PHA producing bacteria. So, selection of 

a suitable, renewable and low cost waste material for the production 

of PHAs has become an important objective for the 

commercialization of bioplastics and can significantly affect the 

PHAs production cost. Therefore, the simplest approach is to choose 

renewable, inexpensive and most readily available carbon substrates 

that could support both microbial growth and PHAs production 

efficiently. 

  Industrial wastewater from all dietary factories contains many 

of dissolved organic matter that need to be removed by wastewater 

treatments, that is undesirable valuable matters especially those 

containing simple carbohydrates. Wastewater treatment plants are 

normally designed to comply with the environment regulations that 

vary according to each country (8)
 
. Because of its contents, this 

wastewater is ideal environment for growth of micro-organisms. 

Normally in beet sugar factories, the main contaminant of the 

effluent is sucrose which is not toxic, soluble carbohydrate and ideal 

substrate for such microbial growth. The microorganisms fed on the 

organic material and water soluble carbohydrates causing the 

consumption of dissolved oxygen in water as well as raising the level 

of Biological Oxygen Demand (BOD). These growing microbes may 
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be pathogenic or toxinogenic sources. Dangers of high levels of BOD 

resulting from the accompanied decrease in the dissolved oxygen in 

water are the consumption by those microbes. This shortage of 

dissolved Oxygen seriously harm aquatic organisms which may not 

survive (9, 10)
 
. A large amount of wastewater are discharged from 

beet sugar factories and these wastewater represent a potential 

renewable feedstock for PHAs production. Utilizing these waste 

materials as carbon source for PHA production not only reduces the 

substrate cost, but also saves the cost of waste disposal in these 

factories. 

So, the sugar beet wastewater was chosen as the feedstock for 

production of PHAs by selected PHA producer Bacillus megaterium 

strain in this study for two reasons. The readily biodegradable, high-

organic-content composition of these wastewater meets criteria for 

PHA production and secondary treatment of sugar beet wastewater 

alleviates many potential environmental concerns associated with 

these waste material. The overall goal of this study was to evaluate 

the feasibility of producing PHA, while simultaneously treating sugar 

beet wastewater. The specific objectives were to: select the highly 

PHAs producer bacterium; optimization of PHAs production 

conditions; evaluate the efficacy of the selected bacterium to use 

sugar beet wastewater for producing PHA; and using sugar beet 

molasses as a supporting nutrient to increase the PHAs production. 

Finally, characterization of the obtained PHAs was also achieved. 
 

Material and methods 
Isolation and collection of bacterial isolates 
  

A total of 35 samples were collected from different regions of 

Bilqass sugar factory of Daqahlya Company for Sugar & Refining in 

Daqahlya, Egypt as follow: 15 soil samples (500 g each), five 

collected from each of region of molasses tanks, soil of beet-roots 

and the waste of melted raw sugar; 20 wastewater samples (500 ml 

each), also five samples of each of sludge of anaerobic water 

treatment station, sludge of aerobic water treatment station, refinery 

wastewater and water basin in addition to 5 samples of dairy 

wastewater. These samples were serially diluted (10
-1

 – 10
-4

) and 

aliquots of 1.0 mL of the 10
-3

 and 10
-4 

dilutions were plated on 
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mineral salt medium (MSM) plates supplemented with 2% sucrose as 

sole carbon source. Plates were incubated at 37°C for 72 hrs. The 

bacterial colonies were purified. Purity was checked-up 

microscopically and morphologically using Gram's stain. Only pure 

isolates were sub-cultured onto slants of nutrient agar (NA) medium 

and kept at 4ᵒ C for further investigations (11) 
 
. 

 

Composition of growth media 

Mineral salt medium (MSM) (12,13). contains (g/L): 

Na2HPO4.12H2O: 9.0; KH2PO4: 1.5; MgSO4.7H2O: 0.2; NH4Cl: 1.0; 

CaCl2.2H2O: 0.02; Fe
+3 

NH4 citrate: 0.0012; in addition to 1ml of 

trace elements solution. (g/L): EDTA: 50; FeCl3: 8.3; ZnCl2: 0.84; 

CuCl2.2H2O: 0.13; CoCL2.6H2O: 0.1; MnCl2.6H2O: 0.016; H3BO4: 

0.1. Sucrose, molasses, or wastewater of Bilqass sugar factory were, 

individually, incorporated as carbon sources at different 

concentrations as mentioned in each experiment. The pH value of the 

medium was initially adjusted to 7.0 and autoclaved at 121°C for 20 

min. 

Nutrient agar medium (NAM) (12,15). was used for bacterial 

purification, that is composed of the following concentrations (g/L): 

beef extract: 3; peptone: 5; sodium chloride: 5; agar: 15. Medium 

was autoclaved at 121°C for 20 min. The pH was adjusted at 7.0. 

The composition of sugar beet molasses is, generally, as follow: 

80 - 81 % dry substances, 20 - 19 % water, 47 - 48 % sucrose, 1 % 

glucose, 0.25 % fructose, 0.25 % raffinose, about 10 % ash, non-

sugars content enfold minerals and trace elements mainly K, Na, Ca, 

Mg, Fe, and Cu, beside compounds like crude proteins, vitamin-B 

complex, non-nitrogen substances, biotin, and their pH range from 

7.5 - 7.8 (8,14). Sugar beet wastewater used in this study was 

collected from Bilqass sugar factory of Daqahlya Company for Sugar 

& Refining in Daqahlya, Egypt. This wastewater contains, as 

recorded in the factory follow up sheet, BOD, COD, NH3, PO4 and 

NO3 at 1800, 3600, 2, 9 and 13 ppm, respectively. 

Screening of bacterial isolates for PHA production  
 

Primary screening of bacterial isolates was done using Sudan 

black B plate assay (16,17). Secondary screening of the positive PHA 
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producers was done using Nile blue A plate assay(17). The positive 

bacterial isolates for PHA production were cultivated onto mineral 

salt broth medium supplemented with 2% sucrose as a sole carbon 

source. The cultures were incubated for 72 hours at 37
o 

C and 200 

rpm. The bacterial biomass obtained was harvested and then PHA 

polymer was precipitated, washed, extracted and identified (12).  

Characterization and identification of PHA producing bacterial 

isolate  
 

The selected PHA producing bacterial isolate was subjected to 

some morphological and biochemical tests. The morphological 

characteristics of the bacterium colonies were described according to 

Williams and Davies (18). It was examined for KOH test as method 

described by Halebian et.al.(19). Also, this isolate was examined 

for Gram stain reaction as standard procedures given by 

Barthalomew and Mittewer(20). 
 

Molecular identification was performed at Solgent Company, 

South Korea. The genomic DNA was extracted from the isolated 

bacterium using the genomic DNA Prep kit according to the 

manufacturer’s instructions after glass bead beating to disrupt the cell 

walls. The extracted DNA was then used as a template for PCR to 

amplify the 16S rRNA gene. For identification of the isolated 

bacterium, the partial 16S rRNA gene sequence was compared with 

full sequences available in the GenBank database using the BLAST 

search tool (NCBI). 

Optimization of PHA production 

 Several environmental and nutritional factors were tested for 

selecting the optimal conditions for PHA production by the selected 

producer strain of Bacillus megaterium (AUMC b 272). These 

factors included concentration of sugar beet molasses (1.0 – 15.0%) 

as sole carbon source in MSM. At optimum concentration of 

molasses, the effect of incubation temperatures (30 - 45°C) was also 

tested. Taking the last results in consideration, the role of incubation 

periods (24, 48, 72 & 96 h) was studied and at optimum incubation 

period, ammonium chloride in the basal MSM-molasses medium was 

replaced at nitrogen equimolecular weight with organic (ammonium 
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oxalate and yeast extract), or inorganic (ammonium sulfate, sodium 

nitrate and di-ammonium hydrogen orthophosphate) nitrogen 

sources, separately, in order to select the best nitrogen source for 

PHA production. Also, effect of pH values (pH 7- 9) in MSM was 

tested for achievement of optimum pH value. Furthermore, the effect 

of different concentrations of ammonium oxalate (0.25, 0.50, 1.0, 

1.3, 1.5 and 2.0 g/L) on PHA was also investigated. Finally, at the 

optimum conditions of all the previous factors, effect of various 

agitation speeds (0. 150. 200 & 250 rpm) on the growth and PHA 

production of the bacterial strain was investigated. 

Production of PHA using sugar beet wastewater and molasses 
 

Sugar beet wastewater and molasses from Daqahlya Company 

for sugar manufacturing and refining were used for PHA production 

by the selected bacterial strain. The selected bacterial strain was 

cultured on basal MSM in which wastewater was the sole carbon 

source replaces both distilled water and molasses content and still 

using other additives at the optimum conditions. Also, a comparison 

was done with the treatment in which the wastewater replaced only 

distilled water and the molasses still being used. The well-known 

Chemical Oxygen Demand (COD) analysis as a measurement of the 

organic load was estimated using Potassium Di-Chromate (K2Cr2O7) 

method, COD test of closed reflux and Colorimetric method, for the 

raw wastewater and wastewater medium after fermentation.  

Analytical methods 
Detection of dry weight biomass:  
 

        The broth cultures were centrifuged at 10,000 rpm, 4°C for 5 

min and the cell pellets were, individually, washed with distilled 

water. Cell pellets were harvested by centrifugation and dried at 

105°C until constant weight to estimate the dry cell weight. 
 

PHA extraction and detection:  
 

       After incubation time, bacterial cells were harvested by 

centrifugation at 10,000 rpm for 10 minutes. The pellet was then 

treated with 5% NaOCl solution and incubated at 37 °C for one hour, 

and then centrifuged at 5000 rpm for 15 minutes. Residual bacterial 

cells were washed with distilled water and acetone, respectively. The 
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pellet was dissolved in 5 ml of boiling CHCl3 and allowed to 

evaporate after filtration 
21

. The residual biomass was dissolved in 10 

mL of concentrated H2SO4 and heated for 10 minutes at 100 °C in a 

water bath to convert the polyhydroxyalkanoate into crotonic acid, 

which was brown colored. The solution was cooled and measured at 

235 nm against a sulfuric acid blank using UV Spectrophotometer 

(SHMADZO UV-1800 Spectrophotometer). Standard curve was 

established with PHB (Sigma, Aldrich) concentrations ranging from 

1.0: 8.0 mg/ml PHB 
22

. The quantity of PHA produced was 

determined by comparison with the standard. 

COD estimation: The COD test of closed reflux, colorimetric 

method 
23

 was done using the Chekit Direct COD tintometer and 

photometer COD vario, according to the standard methods of water 

analysis, the absorbance at 430 nm, result was monitored as mg 

Oxygen /l. 
 

Characterization of PHA: 

         The extracted PHA bio-polymer was purified, air dried and kept 

for further characterization according to their physico–chemical 

properties using the following techniques: Fourier Transform 

Infrared Spectroscopy (FTIR) and Gas Chromatography-Mass 

Spectroscopy (GC-MS). 

FTIR analysis: 

        The extracted PHA was dissolved in chloroform and added to 

KBr and then evaporated. This prepared sample was subjected to 

FTIR spectroscopy at Faculty of Science, Mansoura University, 

Egypt, to analyze the PHA structure and purity. The peaks were 

observed from 4000-400 cm
-1 

(24,25).
 

 

Monomer identification using GC-MS (26) :  

The purified PHA polymer was subjected to Thermo-Scientific GC-

MS DIP (ISQ7000) at Faculty of Science, Assiut University, Assiut, 

Egypt, to identify the composition and chemical structure of the basic 

monomer, using direct inlet prop (DIP), electron ionization mode, 

full scan (30:800 m/z), 50 °C initial temp, 400 °C final temp and 

heating rate 30 °C/min. 

Results 
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A total of pure 30 bacterial isolates collected from the different 

sources were screened for PHA production using Sudan black-B stain 

technique. Bacterial isolate SNS5 isolated from sludge of an-aerobic 

water treatment station in Bilqass Beet-Sugar factory, Egypt showed 

a remarkable positive stain on agar plates upon exposing to visible 

light. This isolate was considered as a positive for PHA production 

and was selected for characterization and identification. Capability of 

this bacterial strain for PHA production was confirmed according to 

method described by  (17). using Nile blue-A dye, and examination 

under UV light (254 nm). The result confirmed that this strain 

produced PHA. 
 

Bacterial isolate SNS5 was identified based on some 

morphological, biochemical and genetical criteria. It is Gram-positive 

and rod shape. The sequence similarity of the 16S rRNA gene was 

compared with other data obtained from the National Center for 

Biotechnology Information (NCBI) website. The results revealed that 

the isolate showed similarity of 100% with Bacillus megaterium 

ATCC 14581 (NR_117473.1) and Bacillus megaterium NBRC 

15308 (NR_112636.1). So, it was identified as Bacillus megaterium 

SNS5. This strain was deposited in Assiut University Mycological 

Center, Assiut, Egypt under number AUMC b 272 and their 

nucleotide sequences have been deposited in the GenBank database 

under accession number MK494946. The phylogenetic tree of this 

strain was shown in Figure (2). 
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Figure (2): Phylogenetic analysis of 16S rRNA sequences of the 

bacterial isolates (SNS5) with the sequences from NCBI.  
 

An MSM molasses medium was used basically in a series of 

experiments to optimize the PHAs production by the selected 

bacterial strain. To investigate the influence of molasses 

concentration on PHA production by this strain, it was cultivated in 

MSM medium with the initial concentrations of beet sugar molasses 

at 1.0, 3.0, 6.0, 9.0, 12.0 and 15.0 % as sole carbon source at 37
o 

C 

and pH 7.0 in incubator checker at 200 rpm for 48 hrs. Results in 

Table 1) showed that the maximum dry biomass and PHA produced 

by B. megaterium AUMC b 272 were 3.683 and 1.213 g/L, 

respectively, obtained in MSM with 6 % molasses. The recovery 

yield of PHA under these conditions was 32.92% (w/w). So, MSM 

with 6 % molasses was chosen for further experiments. 
 

Table 1. Effect of molasses concentrations on biomass (DW) and 

Polyhydroxyalkanoate (PHA) produced by the tested bacterial strain 

cultured in MSM. 
 

Molasses 
% in MSM 

DW±SD* (g/L) PHA ±SD (g/L) Recovery yield 
% 

1.0 0.423± 0.013 0.115± 0.003 27.20 

3.0 0.473± 0.005 0.126± 0.009 26.73 

6.0 3.683± 0.036 1.213± 0.038 32.92 

9.0 2.306± 0.035 0.989± 0.076 42.87 

12.0 2.174± 0.032 0.742± 0.04 34.12 

15.0 2.124± 0.015 0.746± 0.04 35.14 
 

* SD = Standard Division 
 

The effect of different incubation temperatures (30, 37, 40 & 

45°C) on PHA production by this bacterial strain was tested taking 

into our consideration the later proper value of molasses 

concentration. The best PHA value by B. megaterium AUMC b 272 

was 1.869 g/L obtained from molasses MSM at 37°C with recovery 

yield equal to 40.94 % of dry biomass (Table, 2). 
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Table 2.  Effect of incubation temperature on DW and PHA produced 

by the tested bacterial strain cultured in MSM. 
 

Temp of 
MSM 

DW±SD* (g/L) PHA ±SD (g/L) Recovery 
yield % 

30.0 5.11± 0.055 1.81± 0.04 35.42 

37.0 4.565± 0.04 1.869± 0.044 40.94 

40.0 3.6± 0.071 1.686± 0.065 46.82 

45.0 5.334± 0.062 0.696± 0.038 13.05 

              * SD = Standard Division 

At optimum molasses concentration and temperature, the effect 

of different incubation periods (12, 24, 48, 72 and 96 hrs) on PHA 

production by this strain was tested and the result showed that the 

best PHA value was 1.898 g/L after 24 h of incubation with recovery 

yield reaching to 43.60 % of dry biomass (Table, 3). 
 

Table 3. Effect of incubation period on DW and PHA produced by 

the tested bacterial strain culutred on MSM. 
 

Incubation 
(hrs.) 

DW±SD* (g/L) PHA ±SD (g/L) Recovery yield % 

12.0 0.614± 0.025 0.242± 0.026 39.40 

24.0 4.354± 0.129 1.898± 0.021 43.60 

48.0 3.629± 0.01 1.217± 0.036 33.54 

72.0 1.609± 0.012 0.498± 0.025 30.97 

96.0 2.074± 0.029 0.279± 0.012 13.43 

 

* SD = Standard Division 
 

To evaluate the influence of pH on growth and PHA 

production by bacterial strain under study, the initial pH of the 

sterilized MSM medium with 6 % beet molasses was adjusted at 

different pH values as 6.0, 7.0, 7.5, 8.0, 8.5 and 9.0 using NaOH 5N 

and HCl 5N and inoculated with the bacterial inoculum. Cultures 

were incubated at 37
o
C and 200 rpm for 24 h. Results in Table (4) 

showed that B. megaterium AUMC b 272 formed the best PHA value 

(1.982 g/L) from molasses MSM at pH 8.5 with recovery yield 

attaining to 41.09 % of dry biomass (w/w). 
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Table 4. Effect of initial pH value of MSM on DW and PHA produced 

by the tested bacterial strain 

pH of MSM DW±SD* (g/L) PHA ±SD (g/L) Recovery yield % 

6.0 3.235± 0.017 0.83± 0.012 25.66 

7.0 4.354± 0.129 1.898± 0.021 43.60 

7.5 4.733± 0.017 1.903± 0.04 40.21 

8.0 4.766± 0.032 1.933± 0.021 40.56 

8.5 4.824± 0.01 1.982± 0.05 41.09 

9.0 5.165± 0.038 1.404± 0.09 27.18 

* SD = Standard Division 
 

The effect of some organic and inorganic nitrogen sources 

was investigated for the PHA production by this bacterial strain in 

MSM medium with the optima molasses percentage, incubation 

temperature, incubation time and initial pH. Ammonium oxalate was 

recorded as the best nitrogen source. The highest PHA value was 

2.697 g/L with recovery yield reaching 35.84 % of the dry biomass 

(Table, 5).  
 

Table 5. Effect of nitrogen source used in MSM on DW and PHA 

produced by the tested bacterial strain 
 

Amm. source in 
MSM 

DW±SD* 
(g/L) 

PHA ±SD 
(g/L) 

Recovery yield 
% 

Amm.SO4 2.851± 0.054 1.522± 0.007 53.40 

diAm.PO4 3.368± 0.068 1.352± 0.018 40.13 

NaNO3 4.181± 0.046 1.583± 0.02 37.86 

Amm. Oxalate 7.525± 0.054 2.697± 0.038 35.84 

Yeast extract 3.318± 0.031 1.825± 0.01 55.00 

Amm. Cl 4.854± 0.129 1.988± 0.021 40.96 

* SD = Standard Division 
 

Furthermore, the effect of different concentrations of 

ammonium oxalate (0.25, 0.50, 1.0, 1.3, 1.5 and 2.0 g/L) on PHA 

formation by the tested strain was investigated and the results 

showed that concentration of 0.5 g/L was the best concentration and 

formed very high level of PHA reaching to 4.053 g/L with recovery 

rate achieving 41.79 % of the biomass (Table 6)  
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Table 6. Effect of ammonium oxalate concentration in MSM on DW 

and PHA produced by the tested bacterial strain 
 

Amm. oxalate 
concn. in MSM 

DW±SD* (g/L) PHA ±SD (g/L) Recovery yield % 

0.25 g/l 7.405± 0.021 2.257± 0.006 30.49 

0.50 g/l 9.699± 0.056 4.053± 0.015 41.79 

1.0 g/l 7.520± 0.14 2.704± 0.049 35.96 

1.3 g/l 7.157± 0.054 2.697± 0.038 37.68 

1.5 g/l 6.802± 0.012 2.569± 0.042 37.77 

2.0 g/l 7.065± 0.023 2.349± 0.025 33.25 

* SD = Standard Division 
 

 

Agitation rates at static, 150, 200 and 250 rpm were 

investigated to determine which rate is preferred for the tested strain 

under the optima nutritional and environmental conditions which 

recorded in the previous experiments in this study. The results 

showed that the agitation rate of 200 rpm was the best one. The 

highest PHA value by B. megaterium AUMC b 272 was 4.053 g/L 

with recovery yield equal to 41.79 % of dry biomass at this agitation 

rate (Table 7). 
 
 

Table 7 . Effect of agitation rate on DW and PHA produced by the 

tested bacterial strain 
Rpm. DW±SD* (g/L) PHA ±SD (g/L) Recovery yield % 

Static 1.344± 0.01 0.293± 0.015 21.81 

150 rpm 6.4± 0.1 2.426± 0.04 37.91 

200 rpm 9.699± 0.056 4.053± 0.015 41.79 

250 rpm 6.869± 0.021 3.152± 0.006 45.88 
 

* SD = Standard Division 
 

 Production of PHA by B. megaterium (AUMC b 272) using 

wastewater with and without molasses of sugar beet from Bilqass, 

beet sugar factory, Egypt at optimized conditions was studied. MSM 

with sugar beet wastewater replaced both distilled water and 

molasses with still using other additives under the optima conditions 

recorded in this study. The results showed that the bacterial strain 

grow well under these conditions but produced a negligible level of 

PHA (Table, 8). It is worthy to mention that the chemical oxygen 

demand (COD) as g/L was determined for sugar beet wastewater 



58     Zohri A. A. et al (2019) Egyptian Sugar Journal, .Vol.13  

  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

 
 

before and after fermentation by the bacterial strain and the results 

revealed that the COD level declined from 10 g/L in sugar beet 

wastewater before fermentation to 3.1 g/L after fermentation by B. 

megaterium AUMC b 272. 

On the other hand, when the sugar beet wastewater replaces 

only distilled water in the MSM - 6% beet molasses, a remarkable 

PHA was produced. PHA value reached 0.828 g/L with a recovery 

yield of 20.58 % of dry biomass. Although this yield of PHA was 

less than those recorded when using basal MSM-6% molasses with 

distilled water (Table, 8), but it is a considerable result for production 

of PHA from sugar beet wastewater as potential low cost substrate in 

addition to their effect as biological treatment method for industrial 

wastewater. The relative decrease in PHA yield by the tested 

bacterial strain may be due to the interference of the wastewater 

components that alternates the other applied concentrations. 
 

Table 8.  Biomass (DW) and PHA produced by the tested bacterial 

strain using wastewater with and without molasses of sugar beet 

from Bilqass Beet-Sugar factory, Egypt at optimized conditions 
 

Medium DW±SD* (g/L) PHA ±SD (g/L) Recovery yield 
% 

MSM in wastewater 
without molasses 

2.149± 0.033 0.036± 0.003 1.68 

MSM in wastewater  
with 6%molasses 

4.024± 0.01 0.828± 0.049 20.58 

MSM in distilled water 
with 6% molasses 

7.936± 0.056 4.053± 0.015 51.07 

* SD = Standard Division 
 

Characterization of produced PHA 
Characterization of the obtained PHA was achieved using 

Fourier transform-infra-red spectroscopy (FT-IR) and gas 

chromatograph mass spectrometric (GC-MS). 
  

Fourier Transform-Infrared Spectroscopy  
FTIR was performed to identify the functional groups, for the 

produced polymer and % transmittance was measured for the 

wavenumbers between 4000- 400 cm
−1

 in order to analyze the 

functional groups in the monomeric unit for this polymer. The 

polymer showed absorption bands as in Figure (3). The absorption 
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bands at 3436 cm
-1

 is related to OH stretching, at 2975, 2933 cm
-1

 

related to C-H stretching, at 1725 cm
-1

 referring to C=O stretching, at 

1276 cm
-1

 related to C-O stretching at 1379 cm
-1

 related to CH3 

stretching, and at 1453 cm
-1

 due to CH2 stretching as recorded in 

several studies (27,29). 

 

 
 
Figure (3): FTIR analysis of PHA produced by Bacillus megaterium AUMC b 272 

Mass spectrometric analysis for monomer units of PHA: 

Upon applying mass spectro-metric analysis Using G-C. DIP, for a 

purified micro-sample from the polymer produced by Bacillus 

megaterium AUMC b 272, we get simple peak corresponding to the 

molecular weight of PHB monomer (Figure, 5). As illustrated in 

Figure (5) in which the peak appeared at time of 11.87 min. The 

composition and chemical structure for the monomer was identified 

using the standard libraries and mass spectrum. Mass spectrum of 

PHB showed the following peaks: at m/e= 103.1 that corresponding 

to hydroxybutyric ion, at m/e= 86.1 that correspond to crotonic acid 

without hydroxyl group which give the base peak at m/e= 69.1 

(Figure, 5). The above facts prompted us to assign the structure of the 

produced polymer as poly (-(D)-β-hydroxybutrate (PHB) (Figure, 6). 

This structure was confirmed by formation of (D)-β-hydroxybutrate 

(PHB) as a result of thermal degradation (30,31). 
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Figure (4): GC-Mass Spectrum for polymer produced by produced by 

Bacillus megaterium AUMC b 272 

 

 
 

Figure (5): Mass spectrum for analysis of polymer. Produced 

by Bacillus megaterium AUMC b 272 
 

 

 

 

 
 

 

 

Figure (6): Molecular structure of poly (-(D)-β-hydroxybutyrate 

(PHB) produced by Bacillus megaterium AUMC b 272 
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Discussion 
 
 

Recently, biodegradable and biocompatible green 

thermoplastics has continuously received much attention, since they 

are an alternative to petroleum nonrenewable plastics. 

Polyhydroxyalkanoates (PHAs) are polyesters that can be obtained 

from some bacterial strains under conditions of limited nitrogen and 

excess of carbon and oxygen. In this study, the optimum production 

conditions and the active bacterial strain were investigated for 

maximization of PHA accumulation in bacterial cells grown on 

Egyptian sugar beet wastewater without and with beet molasses as 

cheap and available carbon sources.  

From 30 different bacterial isolates collected from different 

samples of Bilqass sugar factory, Egypt and screened for PHA 

production using Sudan black-B stain technique, the bacterial isolate 

SNS5 (from sludge of an-aerobic water treatment station in Bilqass 

beet-sugar factory, Egypt) showed a remarkable positive stain on 

agar plates upon exposing to visible light. This isolate was 

considered as positive for PHA production. Also their ability to PHA 

production was confirmed using Nile blue-A dye. Sudano-philic 

nature of the PHA granules was previously observed
32

. Ostle and 

Holt 
2
 reported that Nile blue A appears to be a more specific stain 

for poly-, B-hydroxybutyrate than Sudan black B. 

Characterization and identification of the selected bacterial 

strain (SNS5) was performed. Morphologically, the colonies of this 

bacterial isolate was white, raised, circular, entire margin and 

opaque. Microscopically, this isolate was negative for KOH test and 

positive for Gram staining with rod shaped cells. The 16S rRNA 

gene sequencing revealed that this isolate was 100 % identical to 

Bacillus megaterium ATCC 14581 (NR_117473.1) available in Gen-

bank database. The nucleotide sequence of Bacillus megaterium 

SNS5 was deposited in the Gen-Bank database with accession 

number MK494946. 

Nutritional and environmental factors affecting PHA 

production by the selected bacterial strain were tested for 

maximization of PHA production. The results showed that the 

maximum PHA formed by this strain reached to 4.053 g/L with 
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recovery yield equal to 41.79 % of the bacterial biomass using 

modified MSM medium supplemented with 6 % sugar beet molasses 

as sole carbon source and 0.5 g/L ammonium oxalate as nitrogen 

source at 37°C and initial pH 8.5 incubated at 200 rpm for 24 hrs. 

Production of PHA from medium with 3:5 % molasses was 

recommended by several studies (33,35). Wang et al 
36

 reported that 

the maxima dry weight and PHB produced by Alcaligenes latus 

ATCC 29714 grown on sugar beet juice medium reached 10.30 ± 

1.01 and 4.01 ± 0.95 g/L, respectively, with recovery yield of PHB 

equal to 38.66 ± 7.28 % of dry cell weight.  

Recently, Hassan et al.(37) reported that Clostridium 

beijerinckii ASU10 (KF372577) produced PHA at 37.93% of their 

dry biomass using 6 % molasses medium. Also, many studies 

reported a pH range from neutral to slightly acidic or slightly alkaline 

(pH 6.5–8.0) as the optimum for PHAs accumulation by various 

bacterial strains (34,38-40). 

According to this study, agitation rate was a critical factor for 

PHA accumulation by the tested strain. The lowest growth was at 

static condition, while a maximum growth rate with higher 

accumulation of PHA was gradually increased with increasing 

agitation rate (up to 200 rpm) perhaps due to the increase in oxygen 

availability and transferring mass as a requirement of aerobic 

condition for bacterial growth (41). 

Results of the present study showed also that the bacterial 

strain produced negligible levels of PHA when grown on the same 

medium constituents under the same optima conditions replacing 

distilled water and molasses by sugar beet wastewater. 

While the PHA concentration reached to 0.828 g/L with 

recovery yield 20.58% of biomass in the same medium (MSM-6% 

molasses) under the same optimum conditions with only replacement 

of distilled water by sugar beet wastewater. It was found that, 

accumulation of PHA was significantly dependent on how richness 

of carbon source required for PHA storage in bacterial cells (40,42). 

It is worthy to mention that the COD in the sugar beet 

wastewater medium at the end of fermentation period was reduced by 

69 %. This result is better than that recorded by Khardenavis et al. 

(41). Who used molasses based distillery spent wash for production 
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of PHB by waste activated sludge and reported that the added 

advantage of PHB production was the 60% COD removal.  

The produced polymer was characterized by Fourier 

transform infrared (FTIR) spectroscopy  (12,17) and mass 

spectroscopy  (30,31,44) .by studying molecular structure and 

monomer molecular weight and confirmed as polyester. In this 

polymer the monomeric unit is hydroxybutyric acid and the produced 

polymer is polyhydroxybutrate (27,29-40). 
 

 

Conclusion 
 
 

PHA accumulation was greatly affected by environmental and 

nutritional conditions during bacterial growth. The highest level of 

PHAs accumulation by the selected bacterial strain was achieved by 

using modified MSM medium with 6 % beet molasses as sole carbon 

source and 0.5 g/L ammonium oxalate as nitrogen source, initial pH 

8.5, agitation at 200 rpm and incubation at 37°C for 24 hrs. The 

carbon level in sugar beet wastewater is insufficient for accumulation 

of considerable level of PHAs in bacterial cell during fermentation. 

So, the addition of other carbon source such as molasses with 6 % 

concentration into the fermentation medium in order to increase the 

level of PHA accumulation is very important. It is worthy to mention 

that the COD in the sugar beet wastewater medium was removed by 

69 % at the end of fermentation period. Accumulation of 

considerable level of PHA as well as high levels of COD reduction 

from sugar beet wastewater strongly introduced this biotechnological 

process as valuable and economic method for production of PHA as 

biodegradable biopolymer from sugar beet industry wastewater in 

presence of beet molasses as potential low cost substrates and, at the 

same time, for biological treatment of industrial wastewater. 
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 المهخص انعربً
 

 

 Bacillus megateriumانتاج أنكانواث عذٌذ الهٍذروكسٍم بسلانت بكترٌا محهٍت ىً  

AUMC b272   باستخذاو مٍاه انصرف انصناعً و مولاس بنجر انسكر
 

 

(1)عبذ انناصر أحمذ انزىري
(3) محمذ إسماعٍم أبو دبارة - (2) عادل محمذ كمال انذٌن-

 محمود -
(4)إسماعٍم انسٍذ عهى

 (5) رامً عبذ انفتاح عبذ انقادر خشبو– (5) محمود  محمذ نور انذٌن بكر–

 
 

ىمصر–جامعةىأدووطى-كلوةىالعلومى-قدمىالنباتىوالموكروبوولوجي  1 

ىمصر–جامعةىأدووطى-ىىكلوةىالعلومى–قدمىالكومواءى  2 
ىمصر–جامعةىدمواطى-ىىكلوةىالعلومى-قدمىالنباتىوالموكروبوولوجي  3  

مصر-ىمركزىالازهرىللبووىتكنولوجواىالتخمراتىوالموكروىبوولوجواىالتطبوقوةى  4 
مصر-ىذركةىالدقهلوةىىلصنارةىوتكرورىالدكر-ىىىالرقابةىوالبحوثىوالتطوورىى5ىى   

 

 

PHA

PHA

16S rRNA

Bacillus megaterium AUMC b272.PHA
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