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ABSTRACT 
Polyhydroxyalkanoates (PHAs) are microbial bioplastics that are fully biodegradable, biocompati-
ble and can be produced by renewable feedstocks through fermentation. These are all desirable 
attributes for the replacement of current fossil-based plastics. Strong mathematical models de-
scribing bioprocesses are invaluable tools that can be used for enhancing bioprocess understand-
ing as well as optimization. In this study, polyhydroxybutyrate (PHB), by Cupriavidus necator DSM 
545 was produced using glycerol and ammonium sulphate (AS) as the sole carbon and nitrogen 
sources, respectively. In addition, a kinetic bioprocess model was developed. The kinetic param-
eters of the model were calibrated with five fermentation experiments with different initial condi-
tions (e.g. variable glycerol and AS concentrations) in order to properly establish the inhibition 
regions and provide a generalized model as much as possible. The model was successfully vali-
dated by three independent experiments, two with extreme and one with moderate initial condi-
tions. In addition, the analysis of the data provided valuable metabolic insights for this bioprocess. 
It was shown that the PHB storage capacity of cells strongly correlates with the initial nitrogen 
concentration in the medium, meaning that efforts for maximizing biomass production in a two-
stage bioprocess strategy should be carefully designed so that the nitrogen concentration does 
not irreversibly compromise the maximum PHB accumulation potential. Furthermore, a preliminary 
kinetic analysis of the biodegradation of solvent casted PHB films was performed. 
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1. INTRODUCTION 
Some 80% of all plastics globally produced have ac-

cumulated in or leaked to the environment [1]. Over 
99.5% of plastics are currently being derived from petro-
leum-based resources [2]. A promising alternative to 
conventional fossil-based plastics is polyhydroxyalka-
noates (PHA), microbial bioplastics synthesized through 
fermentation of renewable feedstocks, with poly(3-hy-
droxybutyrate) (PHB) being the most extensively studied 
variant [2]. The primary contributors to the high cost of 
PHA production are feedstock costs, which account for 
up to 50% of total production costs [3], alongside low 
PHA  yields [4]. Crude glycerol, the primary byproduct of 
biodiesel production, representing about 10% w/w of the 
produced biodiesel, could be further valorised to PHB as 
the fermentation’s main carbon source [5]. Cupriavidus 

necator DSM 545, is a well-studied microorganism able 
to consume glycerol as sole carbon substrate for the pro-
duction of PHB[6–9], with productivities as high as 1.4 
g/L/h[8]. C. necator DSM 545 along with Zobellella deni-
trificans MW1 are the only two reported microorganisms 
able to produce PHB on glycerol with productivities 
higher than 1 g/L/h[10]. Mathematical models are invalu-
able tools for the optimization and design of bioprocess 
and few studies have attempted to describe and/or opti-
mize the production of PHB on glycerol by C. necator 
DSM 545 using such models[6–8,11]. 

In this work, a detailed macroscopic kinetic model 
was developed based on experimental observations to 
describe the batch fermentation of Cupriavidus necator 
DSM 545 under controlled pH (6.8) and DO (30% of sat-
uration) conditions on a chemically defined mineral me-
dium with glycerol and ammonium sulphate (AS) as the 
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carbon and nitrogen sources, respectively. The model 
was tuned on experimental data from batch fermenta-
tions. Sensitivity analysis was also performed. Batch was 
the preferred mode of operation to identify inhibition re-
gions with respect to carbon and nitrogen sources, and 
to gain insight into the behavior and metabolic state of 
the microorganism for fermentations conducted with dif-
ferent initial conditions. Finally, the model was validated 
using experiments with initial conditions that were not 
used in the parameter tuning process.  

2. MATERIALS AND METHODS 

2.1 Microorganism and culture conditions 
 Cupriavidus necator DSM 545 was used as the mi-
croorganism for all fermentations. The master stock has 
been extensively adapted to glycerol previously in our re-
search group and stored in cryovials at -80℃ during their 
mid-exponential phase [7]. The fermentation medium 
was adapted from Kim et al[12]. The cultivation process 
has been described elsewhere [6,7]. Bioreactor fermen-
tations were carried out in 0.5 L or 3 L Applikon bioreac-
tors (Getinge, NE) under the following controlled condi-
tions: 30℃, pH 6.8, dissolved oxygen at 30% saturation 
(achieved by automatic control of agitation speed and air 
flow rate, max 2vvm), and 10% mid-exponential phase in-
oculum. The pH of the medium was adjusted automati-
cally using a 2M KOH solution. For fermentation follow up, 
5 mL samples were taken in duplicate from each bioreac-
tor at different time points for further analysis. All proce-
dures were carried out aseptically where appropriate.  

2.2 Biodegradation experiments 
Compost was sourced from the Firs botanical grounds 
(University of Manchester, UK) as the biological environ-
ment to isolate an efficient PHB degrading microorgan-
ism. This 6-month-old compost was produced from gar-
den waste and local kitchen food waste and sieved on-
site (mesh size < 10 mm). A small amount of compost 
sample was spread on mineral PHB agar plate incubated 
at 37 ℃ for 48 h [13]. The microorganisms capable of 
growing on the plates were further isolated on the same 
plate recipe until a single colony type was achieved. The 
colonies were identified via sequencing of the 16S or 
18S/28S RNA gene (for bacteria or fungi, respectively). 
Amplification was performed via colony PCR using GoTa-
qGreen® master mix (Promega, UK). Thereafter, the am-
plified gene was separated via gel electrophoresis and 
the Monarch® DNA gel extraction kit (New England Bi-
olabs®, UK). The NCBI BLAST tool (NCBI) was used on 
the obtained sequence to annotate the taxonomy of the 
microorganisms. The PHB obtained from one of the fer-
mentation experiments (biodegradation substrate) was 
casted on a petri dish using chloroform or hexafluoroiso-
propanol (HFIP) as solvent in 1𝑔𝑔 𝑃𝑃𝑃𝑃𝑃𝑃

25 𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
 ratio. The 

isolated microorganism was thereafter inoculated (10% 
w/w) in 5 mL of appropriate medium and culture condi-
tions, together with PHB films, in glass test tubes.  

2.3 Analytical procedures 
Cell dry weight (CDW) was measured gravimetri-

cally as described previously[7]. The absorbance of each 
sample was measured at 600 nm using a UV spectropho-
tometer (UV-1280, Shimadzu®) to monitor microbial 
growth, particularly during the initial hours of fermenta-
tion. A correlation between cell dry weight (CDW) and op-
tical density (OD) was established (R2=0.9687) to ac-
count for potential inaccuracies in CDW measurements. 
PHB was quantified via Gas chromatography coupled 
with a Flame Ionization Detector (GC-FID, Agilent) using 
the method optimized by Lanham et al.[14]. Analysis was 
performed in an HP-5 column (Agilent J&W GC columns) 
with helium as the carrier gas and a split ratio of 1:10. 
Oven temperature was initially set to 80℃ for 5 minutes, 
then ramped up to 280℃ at 20℃/min, with a 2-minute 
hold. Calibration was performed using commercial meth-
ylated 3-HB (Sigma-Aldrich) in chloroform. Glycerol in 
sample supernatant was monitored via High-Perfor-
mance Liquid Chromatography (HPLC) [7]. Total nitrogen 
concentration in sample supernatant was quantified via a 
total nitrogen analyser (TOC/TN multi N/C 3100, Analytik 
Jena). For this, 100 μL of the filtered supernatant was in-
jected. After catalytic combustion, nitrogen oxide reacts 
with ozone to form excited states, emitting light upon re-
turning to the ground state. This light, measured by a 
chemiluminescence detector, is proportional to the nitro-
gen content. Ammonium sulphate solutions in distilled 
water served as calibration standards. Scanning Electron 
Microscopy (SEM) of the PHB films were acquired by 
Zeiss Ultra 55 microscope. The samples were sputter 
coated with 80:20 Ad:Pd. Atomic Force Microscopy 
(AFM, Bruker) with probes of 4 N/m force constant was 
used.  

2.4 Parameter tuning and sensitivity analysis 
The kinetic constants of the model were tuned by 

minimizing the normalized mean squared error between 
experimental and predicted data (equation 1). 

min𝐺𝐺(𝑘𝑘𝑘𝑘) = ∑ ∑ ∑ �
𝑍𝑍ℎ,𝑗𝑗,𝑖𝑖
𝐸𝐸𝐸𝐸𝐸𝐸(𝑘𝑘𝑘𝑘)−𝑍𝑍ℎ,𝑗𝑗,𝑖𝑖

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑘𝑘𝑘𝑘)

max (𝑍𝑍ℎ,𝑗𝑗,𝑖𝑖
𝐸𝐸𝐸𝐸𝐸𝐸(𝑘𝑘𝑘𝑘))

�
2

𝑛𝑛𝑖𝑖
𝑖𝑖

𝑛𝑛𝑗𝑗
𝑗𝑗

𝑛𝑛ℎ
ℎ  (1)  

Here G is the objective function, Z represents experi-
mental and predicted data sets, and kk the parameter 
set. Indices ni, nj, and nh correspond to the number of in-
dependent variables, data points, and training data sets, 
respectively. The minimization problem was solved using 
Matlab genetic algorithm (ga) to avoid local minima, fol-
lowed by the deterministic function fmincon to refine so-
lutions. Thereafter, sensitivity analysis was performed to 
assess the most sensitive parameters. For this purpose, 
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a normalized sensitivity parameter was used [15]: 

𝑆𝑆𝑦𝑦/𝑝𝑝 = 𝑑𝑑𝑦𝑦𝑖𝑖
𝑑𝑑𝑝𝑝𝑖𝑖

. 𝑝𝑝0,𝑖𝑖

𝑦𝑦0,𝑖𝑖
          (2) 

 Here 𝑑𝑑𝑦𝑦𝑖𝑖
𝑑𝑑𝑝𝑝𝑖𝑖

 is the change of the model output 𝑦𝑦𝑖𝑖 in re-
sponse to a change in a model parameter pi (5% pertur-
bation was chosen) and 𝑦𝑦0,𝑖𝑖 is the model output when the 
parameter 𝑝𝑝0,𝑖𝑖 is set to its original value 𝑝𝑝0,𝑖𝑖. A positive 
sensitivity value translates into an increased model re-
sponse when a parameter increases, whereas negative 
sensitivity values signify the opposite behaviour[15]. 

3. RESULTS AND DISCUSSION 

3.1 Model development 
Five state variables were considered for the model: 

residual biomass (xR), total nitrogen (N), Glycerol (S1), 
PHB (P), and citric acid (S2) concentrations. These varia-
bles were correlated by kinetic equations (equations 3-
7) using their corresponding rate terms.  

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑟𝑟𝑥𝑥𝑥𝑥𝑥𝑥      (3) 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= (𝑞𝑞𝑁𝑁,𝑆𝑆1+𝑞𝑞𝑁𝑁,𝑆𝑆2)𝑥𝑥     (4) 
𝑑𝑑𝑆𝑆1
𝑑𝑑𝑑𝑑

= 𝑞𝑞𝑆𝑆1𝑥𝑥      (5) 
𝑑𝑑𝑆𝑆2
𝑑𝑑𝑑𝑑

= 𝑞𝑞𝑆𝑆2𝑥𝑥      (6) 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑞𝑞𝑃𝑃𝑥𝑥      (7) 

3.1.1 Biomass formation  
Literature and experimental observations confirm 

that too high or too low of glycerol or AS negatively af-
fects cell growth [6–9]. It has been reported that 30 g/L 
glycerol (as sole carbon source) and 2 g/L of AS (as sole 
nitrogen source) are the thresholds above which signifi-
cant cell growth inhibition occurs for C. necator DSM 545 
[16,6,7]. Nonetheless, these studies have evaluated the 
nitrogen inhibition ranges in shake flask experiments, 
which might be different than bioreactor fermentations 
where the pH of the media and oxygen levels are strictly 
controlled. To establish the nitrogen inhibition region for 
the model, five fermentations were carried out with 30 
g/L of glycerol and varying initial AS concentrations rang-
ing from 0.8-7.4 g/L. Figure 1 shows that the maximum 
residual biomass (xR) concentrations increase with AS 
across the entire range, although the increase rate grad-
ually diminishes. Hence, 2 g/L of AS was not the growth 
inhibition threshold for the bioprocess in bioreactor fer-
mentations. On the other hand, PHB concentration de-
creases significantly above 3.4 g/L AS. To account for 
glycerol and nitrogen inhibition effects on growth, Monod 
kinetics with Haldane inhibition terms[17] were applied on 
AS and glycerol as the limiting substrates (equation 8). 
Moreover, it was realized that the initial citric acid (CA) 
present in the medium formulation was first consumed as 
the preferred carbon substrate for growth before the 

cells began to metabolise any glycerol, having a boosting 
effect and eliminating the growth lag phase normally ob-
served on glycerol. Therefore, the rate of biomass for-
mation should be composed of two segments: biomass 
production on CA or biomass production on glycerol, 
starting only after CA depletion. The inhibition of CA on 
glycerol consumption was modelled via Hill kinetics [18]. 
Growth on citric acid was inhibited at high nitrogen con-
centrations (data not shown) hence it was necessary to 
consider Haldane inhibition kinetics for nitrogen also.  

𝑟𝑟𝑥𝑥𝑥𝑥 = 𝜇𝜇𝑆𝑆1 + 𝜇𝜇𝑆𝑆2 = 𝜇𝜇1
𝑆𝑆1

𝑆𝑆1
2

𝐾𝐾𝑖𝑖𝑆𝑆1
+𝑆𝑆1+𝐾𝐾𝑆𝑆1

. 𝑁𝑁
𝑁𝑁2

𝐾𝐾𝑖𝑖𝑖𝑖
+𝑁𝑁+𝐾𝐾𝑁𝑁

. 1
1+𝑘𝑘𝑆𝑆2(𝑆𝑆2)𝑛𝑛𝑆𝑆2 +

𝜇𝜇2
𝑆𝑆2

𝑆𝑆2+𝐾𝐾𝑆𝑆2

𝑁𝑁
𝑁𝑁2

𝐾𝐾𝑖𝑖𝑖𝑖,𝑆𝑆2
+𝑁𝑁+𝐾𝐾𝑁𝑁,𝑆𝑆2

          (8) 

Here 𝜇𝜇1 and 𝜇𝜇2 are specific growth rates [h-1]; and 𝐾𝐾𝑆𝑆1, 𝐾𝐾𝑁𝑁 
and 𝐾𝐾𝑆𝑆2, 𝐾𝐾𝑁𝑁,𝑆𝑆2  pairs are the saturation constants for glyc-
erol and CA, respectively [g/L]; 𝐾𝐾𝑖𝑖𝑆𝑆1, 𝐾𝐾𝑖𝑖𝑖𝑖 and 𝐾𝐾𝑖𝑖𝑖𝑖,𝑆𝑆2 are the 
inhibition constants [(g/L)2] for glycerol and CA, respec-
tively; 𝑛𝑛𝑆𝑆2 is a Hill coefficient. 

 
Figure 1. Cell dry weight (CDW), residual biomass (xR), 
PHB end values and glycerol depletion time vs. different  
initial AS concentrations (30 g/L glycerol).  

 Another interesting observation is that the glycerol 
depletion time heavily relied on the initial AS concentra-
tions, e.g. ~2.3-3.4 g/L of AS resulted in lower depletion 
time and higher biomass growth, but was detrimental to 
the PHB concentrations. 

3.1.2 PHB production  
The maximum PHB titer profile against initial AS con-

centrations in Figure 1 matches expectations, as it is well-
known that the presence of nitrogen inhibits PHB produc-
tion, and that PHB production favours high C/N ratios un-
like biomass growth where lower C/N values are pre-
ferred[6,7]. PHB accumulation is predominantly induced 
by nitrogen limitation[7]. However, PHB synthase is a 
constitutive enzyme in C. necator [19], justifying partially 
growth-associated PHB production [9,20]. Hence, the 
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Luedeking-Piret model[21] was chosen to describe PHB 
production (equations 9-11). Throughout the nitrogen 
limited phase, it is expected that the carbon source 
should be mostly directed towards PHB produc-
tion[22,23]. It has been reported however, that PHB pro-
duction could halt prior to carbon source depletion[22]. 
This could be due to the fact that the size and number of 
PHB granules are theoretically capped by a regulatory 
system involving phasin proteins[22,24], or due to the 
fact that prolonged nitrogen starvation impairs the activ-
ity of PHB synthase. In order to account for such an ef-
fect, some studies have introduced powered inhibition 
functions in the PHB production rate equation[8,22]. 
However, it was realized in this study that no matter how 
much of the initial carbon source was allocated to bio-
mass production, no more PHB was produced up to a cer-
tain extent even if glycerol was present after reaching the 
biomass stationary phase. According to Figure 2 the 
maximum PHB accumulation capacity of cells could be 
correlated to the initial total nitrogen concentration 
through the Haldane inhibition model (equation 6).  

𝑞𝑞𝑃𝑃 = 𝛼𝛼𝑟𝑟𝑥𝑥𝑥𝑥 + 𝛽𝛽 × �1 − � 𝑓𝑓
𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚

�
𝑚𝑚
�     (9) 

𝛽𝛽 = 𝜇𝜇𝑃𝑃𝑆𝑆1
𝑆𝑆1+𝐾𝐾𝑆𝑆,𝑃𝑃+𝑆𝑆12/𝐾𝐾𝑖𝑖𝑖𝑖,𝑃𝑃

. 1
1+𝑘𝑘𝑁𝑁,𝑃𝑃+𝑁𝑁𝑛𝑛𝑃𝑃

     (10) 

  𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑐𝑐(𝑁𝑁0−ℎ)
(𝑁𝑁0−ℎ)2

𝑑𝑑 +(𝑁𝑁0−h)+𝑒𝑒
        (11) 

𝛼𝛼 is the growth-associated constant for PHB, and 𝛽𝛽 the 
non-growth associated parameter; 𝑓𝑓 (𝑃𝑃𝑃𝑃𝑃𝑃

𝐶𝐶𝐶𝐶𝐶𝐶
) and 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 are 

the PHB accumulation extent term, and its maximum, re-
spectively;  N0 is the initial total nitrogen concentration in 
the broth [g/L]; c, d, and e are constants (c=3.3854 h-1, 
d=0.2302 g/L, e=0.2771 g/L, h=0.1323 g/L).  

3.1.3 Substrate and nutrient uptake  
CA, glycerol and nitrogen uptake rates were neces-

sary to compute new kinetic constants for the nitrogen 
uptake rate with nitrogen self-inhibition effect on growth 
utilising Haldane inhibition kinetics (equation 15).  

𝑞𝑞𝑆𝑆2 = 1
𝑌𝑌𝑥𝑥𝑥𝑥
𝑆𝑆2

𝜇𝜇𝑆𝑆2      (12) 

𝑞𝑞𝑆𝑆1 = 1
𝑌𝑌𝑥𝑥𝑥𝑥
𝑆𝑆1

𝜇𝜇𝑆𝑆1      (13) 

𝑞𝑞𝑁𝑁,𝑆𝑆2 = 1
𝑌𝑌𝑥𝑥𝑥𝑥
𝑁𝑁

𝜇𝜇𝑆𝑆2     (14) 

𝑞𝑞𝑁𝑁,𝑆𝑆1 = 𝜇𝜇𝑁𝑁𝑆𝑆1
𝑆𝑆1+𝐾𝐾𝑁𝑁,𝑆𝑆1

. 𝑁𝑁
𝑁𝑁2

𝐾𝐾𝑖𝑖𝑖𝑖,𝑁𝑁
+𝑁𝑁+𝐾𝐾𝑁𝑁,𝑁𝑁

    (15) 

𝑌𝑌xR/𝑆𝑆2, 𝑌𝑌xR/𝑆𝑆1 and 𝑌𝑌xR/N  are CA, glycerol and nitrogen to 
biomass yields, respectively. 𝜇𝜇𝑁𝑁 is the specific nitrogen 
consumption rate (h-1), 𝐾𝐾𝑁𝑁,𝑆𝑆1 , 𝐾𝐾𝑁𝑁,𝑁𝑁 and 𝐾𝐾𝑖𝑖𝑖𝑖,𝑁𝑁 are saturation 
and inhibition constants (g/L), respectively. 

3.1.4 Model performance 
 Based on a 5% perturbation of the 36 kinetic cons- 
tants, a range of average sensitivity values from 
2.5 × 10−8 to 12.5 was produced. It was decided to con- 
sider a sensitivity value threshold of ≥0.1, resulting in 13 
sensitive parameters (final values in Table 1). The calibra-
tion data (figure 3, I-V) cover glycerol and nitrogen con-
centrations 13-43 g/L and 0.29-1.56 g/L, respectively. 
The independent validation data (figure 3, i-iv) was able 
to predict the state variables dynamics at extreme initial 
glycerol and nitrogen concentrations, 55 g/L and 2.53 g/L 
respectively, among milder conditions within the region 
of the values of the calibration data. 

 

Figure 2. Emperical relationship between maximum PHB 
accumulation and initial nitrogen concnentration in the 
medium (R2=0.9347). 

Table 1: Values of the most sensitive model parameters. 

Parameter Value Unit 
𝑘𝑘𝑁𝑁,𝑃𝑃  g/L 
𝑌𝑌𝑥𝑥𝑥𝑥
𝑁𝑁

  g/g 
𝜇𝜇2  h- 
𝐾𝐾𝑖𝑖𝑖𝑖,𝑃𝑃  g/L 
𝐾𝐾𝑁𝑁  g/L 
𝑌𝑌𝑥𝑥𝑥𝑥
𝑆𝑆2

  g/g 
𝑛𝑛𝑃𝑃  - 
𝐾𝐾𝑆𝑆2  g/L 
𝑘𝑘𝑆𝑆2  g/L 
m  - 
𝐾𝐾𝑁𝑁,𝑁𝑁   g/L 
𝑌𝑌𝑥𝑥𝑥𝑥
𝑆𝑆1

  g/g 
𝜇𝜇𝑃𝑃   h- 

3.2 Biodegradation experiments 
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A fungus able to grow on PHB mineral agar plate at 
37℃ was successfully isolated from compost, its 28S 
RNA gene was amplified and sequenced. Based on NCBI 
BLAST, Aspergillus fumigatus produced significant align-
ment with the sequence, with a 99.11% identity score. 
The optimal culture conditions were extracted from the 
the literature[25]; The isolated fungi was cultured in liquid 
Busshnell-Haas medium (BHM) supplemented with 0.1%   
w/w PHB, at 45℃, and pH 7 for the biodegradation ex-
periments to be ready for accelerated biodegradation of 
PHB films. It was desired to assess the biodegradation 
kinetics of PHB films with different casting solvents. The 
average initial inoculum was 26 ± 9 (× 104 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑚𝑚𝑚𝑚
). It can be 

seen from Figure 4 that the casting solvent altered the 
biodegradation kinetics of the films. The biodegradation 
behaviour could be modelled through first order kinetics 
(−𝑟𝑟𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑘𝑘𝑚𝑚𝑃𝑃𝑃𝑃𝑃𝑃) giving rise to kinetic constants of 
0.3453 and 0.3363 h-1 for CHCl3 and HFIP casted films, 
respectively. HFIP films had a lag phase of ~1 day unlike 
the CHCl3 casted films. This could be explained through 
the different morphologies that the solvents produce af-
fecting biodegradation kinetics as it is well-known that 
the biodegradation of PHB commences through microbial 
surface erosion. HFIP produced a film with much less sur-
face features and fewer pore sizes but with pores orders 
of magnitude larger than the CHCl3 casted films (Figure 
5). Based on the AFM images, the spherulites of the HFIP 
casted films were very smooth, separated with rather 
deep depletion zones, whereas the CHCl3 casted films 
exhibit many inhomogeneous surface features in the en-
tire imaged area.  

CONCLUSIONS 
The proposed generalized and improved kinetic model 
for the production of PHB by C. necator DSM 545 on 
glycerol and AS as carbon and nitrogen sources, respec-
tively, provides valuable metabolic insights regarding 
PHB accumulation capacity of this microorganism. More-
over, it was found that biodegradation kinetics of sol-
vent-casted PHB films depend on the type of solvent  
probably because it directly affected film morphology. 

    

Figure 4. Mass loss of PHB films casted with CHCl3 or 
HFIP. Dotted lines: first order kinetic model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Kinetic model calibration (I-V) and validation (i-iv) runs. Dotted lines represent model  predictions; data 
points are from fermentation experimetns. The state variables are: residual biomass (xR), total nitrogen (TN), 
glycerol (Gly), PHB and citric acid (CA).  
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Figure 5. SEM and AFM images for PHB casted with 
CHCl3 (top) and HFIP (bottom). 
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