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Abstract: The use of plastics, replacing materials such as paper and glass, has become a staple of
modern society. A possible alternative is the production of biopolymers, in which case
polyhydroxyalkanoates (PHAs) tend to be the most studied class. Among the PHASs, poly(3-
hydroxybutyrate) (P(3HB)) is one of the most studied. Bacillus megaterium can utilize a wide range of
carbon sources to produce P(3HB) and display high resistance to osmotic pressure and temperature.
There are few studies regarding the viability of confectionery wastewater (CWW) and rice parboiling
water (RPW) in PHA production; however, data suggests they might be successfully used as culture
media for microorganisms. Cultures of B. megaterium were conducted under a 2>-factorial design of
experiments with different agitation and airflow conditions using mineral medium added with CWW
and RPW. Under maximized conditions, it was possible to obtain 7.55 g/L of dry cell biomass, with
50.1% P(3HB) content (3.78 g/L). Kinetic parameters of the maximized culture were also assessed,
with the highest productivity (0.146 g/L-h) being found after 20 h of culture. Results found in the tests
indicate that CWW and RPW can be used as culture media in P(3HB) production; however further
studies are necessary to fully optimize the process, as well as to find alternatives to reduce the amount
of residual total organic carbon (TOC) still present in the cultures.

Keywords: polyhydroxybutyrate; Bacillus megaterium; bioproduction; agroindustry; byproducts;
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1. Introduction

The use of plastics, replacing materials such as paper and glass, has become a staple of
modern society. Plastics tend to offer high durability, good mechanical properties, and low
production cost. However, the plastic’s durability also becomes an issue once it has been
discarded. Conventionally there are two main ways to treat plastic waste, recycling and
incineration, both of which have their disadvantages and issues [1-3].

A possible alternative is biopolymers' production, in which case polyhydroxyalkanoates
(PHAS) tend to be the most studied class. PHAs are polyesters synthesized by microorganisms
as an energy reserve. They are stored as amorphous crystals in the cells and may be consumed
when the microorganism in question is under stress. Due to this, PHAs are completely
biodegradable, being able to be consumed by many species of bacteria found in soil and water;
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on top of that, their mechanical properties tend to be similar to those of conventional non-
biodegradable polymers [4-6].

Among the PHAS, poly(3-hydroxybutyrate) (P(3HB)) is one of the most studied. Many
kinds of bacteria can synthesize it, with bacteria belonging to the genus Bacillus being potential
large-scale products [6, 7]. Among them, Bacillus megaterium was one of the first bacteria to
be studied regarding its P(3HB) production. They can utilize a wide range of carbon sources
and display high resistance to osmotic pressure and temperature [8-13].

In the conventional production of P(3HB), the most used substrates are pure glucose,
molasses (beet, sugar cane), and syrups. However, considering their overall cost, something
that has been questioned is the viability of byproducts from agroindustry processes as a viable
carbon source in order to reduce production costs [14-22].

A process that generates a high volume of byproducts is the rice parboiling process.
Brazil is the largest rice producer among American and European countries, with a reported
harvest of 8.38 million tons in 2016/2017. The parboiling process is widely used in Brazil, and
the water generated in the process is rich in minerals, with low pH and viscosity [23].

Another industry that generates an interesting byproduct is the confectionery industry.
In 2018 more than 25 industries were operating in Brazil [24]. The most common byproducts
come as wastewater from the cleaning of different machinery and equipment. These
wastewaters are rich in sugars and/or fat, which may cause severe environmental damage if not
properly treated [25, 26].

There are very few studies regarding the viability of these byproducts in PHA
production; however, data suggests they might be successfully used as culture media for
microorganisms [27, 28]. As such, this study seeks to evaluate the viability of these byproducts
as a culture media in the production of P(3HB) by Bacillus megaterium ATCC 1451.

2. Materials and Methods
2.1. Agroindustry byproducts.

Two agroindustry byproducts were used in the present study, confectionery wastewater
(CWW) and rice parboiling water (RPW). CWW was obtained from Peccin Ltda (Erechim,
Rio Grande do Sul, Brazil) and RPW was donated by Nelson Wendt Industries (Pelotas, Rio
Grande do Sul, Brazil).

2.2. Microorganism and culture media.

Bacillus megaterium ATCC 14581 was used during this study. The bacterium was
obtained from the André Tosello Foundation in Brazil. B. megaterium cells were cultivated
using mineral medium containing NazHPO4 (3.6 g/L), KH2PO4 (1.5 g/L), FeSO4-7H20
(0.05g/L), citric acid (0.1g/L) CaCl2:2H20 (0.01g/L), MgSO4.7H20 (0.008 g/L).
Furthermore, the mineral medium was added with 1 mL/L of a micronutrient solution, which
contained HsBOs (300 mg/L), CoCl2:6H20 (200 mg/L), ZnSO4-7H20 (30 mg/L),
MnCl2-4H20 (30 mg/L), (NH4)sM07024:4H20 (30 mg/L), NiSO4-7H20 (30 mg/L),
CuS04-5H20 (10 mg/L) [29].

Different concentrations of confectionery wastewater (CWW) and rice parboiling water
(RPW) were added to the medium according to their carbon content. All culture medium
compositions were also added with ammonium sulfate (2 g/L) [29]. The medium was
autoclaved at 121°C for 15 min, with the nitrogen source being autoclaved separately to avoid
https://biointerfaceresearch.com/ 14279
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Maillard browning reaction. Culture media was inoculated with 2% of its volume of B.
megaterium cells standardized to an OD of 1.000 (625 nm). Total organic carbon (TOC) and
total nitrogen (TN) were evaluated through a carbon and nitrogen analyzer (TOC-V CSH,
Shimadzu, Japan) connected to an automatic injector. Data was collected via TOC Control-V
software. All tests were run in triplicate.

2.3. Bioreactor fermentation process.

Bioreactor fermentations followed a 22-factorial design, with different levels of
agitation and airflow (Table 1).

Table 1. Independent variables and levels used in the 22-factorial design for bioreactor production of P(3HB).

Independent variables Code Unit X) Le\éils 1
Airflow X1 vvm 10 | 25| 40
Agitation speed X2 rpm 100 | 300 | 500

*Center point repetitions.

Bioreactor batches were run using a 2.0 L vessel (Biostat B, B. Braun Biotech
International Co., Germany) containing 1.5 L of culture medium; the fermentation vessel is
connected to a control unit that allows the adjustment and monitoring of the system’s agitation
speed. Airflow was also monitored using an air compressor (Inalar Compact, NS, Brazil),
where air would be pumped into the system after passing through a 25 um pore size filter
(Whatman PLC, United Kingdom) [30, 31].

The fermentation lasted for 32 h at 30°C, with the evaluated parameters being total
biomass (g/L), P(3HB) content (g/L), total biomass vs. P(3HB) (%) and pH. Furthermore, a
new set of experiments using a static airflow value of 4 vvm and different agitation speeds
(500, 600, and 700 rpm) was also conducted, based on the data obtained from the 22-factorial
design.

2.4. Kinetic parameters of P(3HB) bioproduction.

Aiming to better understand the bioreactor cultures' kinetic parameters, samples were
taken in regular intervals from the bioreactor batches (at the end of the fermentation process,
for preliminary tests, and every four hours for cultures run under maximized conditions).
Conversion factors for TOC and TN into a product, as well as into cells (Yerssc, Ypssn, Yx/sc, and
Yxssn, respectively) were determined for the bioreactor batches. Furthermore, culture
productivity for cell growth and P(3HB), as well as instantaneous and specific conversion rates
(rx, Ip, Tc, 'n, K, HUp, He, and Wn) were also determined during the study [30].

Conversion factors for COT into P(3HB) (Yerisc), TN into P(3HB) (Yrisn), COT into
cells (Yxisc), TN into cells (Yxisn) and the relationship between cells and P(3HB) (Yr/x) were
expressed as g p@HB)/g ToC, g P@EHB)YY TN, g cells/g Toc, g cells/g TN, and g p3HB)/g cells, respectively,
and calculated according to Egs. (1) — (5) [30, 32].

ey = @
Ve = @)
Yy, =2 3)
Yo = @
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Yp, = i (5)

In these equations, rx refers to the cell growth rate (g/L.h), ra is the NT consumption
rate (g/L.h), rc reflects the consumption rate of COT (g/L.h), and rp represents P(3HB)
production rate (g/L.h).

Furthermore, the specific rates of cellular growth (ux), product formation (pp), and
substrate consumption (pc and pn) may be obtained by dividing the instantaneous conversion
rates by the cell concentration, as shown in Eq. (6) [30, 32].

he = (6)

2.5. Analytical determinations.
2.5.1. Total biomass.

Total biomass was determined by centrifuging (MPW 351R Centrifuge, Rotor 11457,
MPW Medical Instruments, Poland) 10 mL of culture at a speed of 3000 x g at 4°C for 15 min.
After the centrifugation process, the supernatant was removed and stored at -20°C for further
analysis. The precipitate was thoroughly washed with 10 mL of distilled water, resuspended,
and centrifuged again under the same conditions. After the second centrifugation, the
supernatant was discarded, and the precipitate was once again washed, resuspended, and
centrifuged. After the third centrifugation cycle, the supernatant was once again discarded, and
the precipitate was stored in an oven (NV-1.3, Nevo, Brazil) at 50°C until constant mass [33].

2.5.2. P(3HB) quantification.

P(3HB) content was quantified via gas chromatography (CG-2010, Shimadzu, Japan)
equipped with an automatic injector (AOC-20i and AOC-20s) and a flame ionization detector
(FID). Nitrogen was used as a carrier gas, with a flow rate of 2 mL/L. An Rtx-Wax
(30 mx0.25 mm) capillary column was also used, with an initial temperature of 120°C in a
heating ramp of 10°C pre-minute up to 190°C. Injector and FID temperatures were kept at
250°C [22, 34]. Before each run, a calibration curve was constructed using standard (R)-3-
Hydroxybutyric acid (Sigma-Aldrich, Missouri, USA).

2.6. Statistical Evaluation.

During this study, the data were treated by analysis of variance (ANOVA) followed by
Tukey’s test. Pareto charts were also constructed to observe positive and negative effects on
the studied variables. The software Statistic 5.0 (Statsoft, Oklahoma, USA) was used to treat
all statistical data.

3. Results and Discussion

Table 2 presents the 22-factorial design matrix, with real and codified values, and the
results for dry biomass and P(3HB).

The highest P(3HB) concentration found was 3.57 g/L, with 7.10 g/L of total biomass,
when using 4 vvm of Oz and 500 rpm agitation speed (Assay 4). Assay 1, using both variables
at their lowest levels, had the lowest amounts of dry biomass and P(3HB) concentration (0.095
and 0.03 g/L, respectively). This behavior might be related to insufficient agitation speed,
which does not allow for adequate O2 mixing, creating dead zones on the fermentation vessel
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[8, 35]. Faccin et al. [22] used B. megaterium DSM 32T to produce P(3HB) using sucrose
(18 g/L) as the carbon source under similar conditions (500 rpm, 4 vwvm of O2z) and have
obtained 4 g/L of dry biomass, containing 0.4 g/L of P(3HB), considerably lower to what was
found during this study. Omar et al. [36] evaluated large-scale P(3HB) production using a strain
of B. megaterium isolated from a water treatment plant in Saudi Arabia and 2% date syrup as
a carbon source. They were able to obtain 3.4 g/L of dry biomass, with a P(3HB) content of
25% (0.85 g/L), once again, significantly below what was found in the present study.

Table 2. 22-factorial design matrix and results for dry biomass and P(3HB) after 32 h culture.

Independent variables* Response
Assay X, X, Dry biomass P(3HB) P(3HB)
(9/L) (9/L) (%)
1 -1 (1) -1 (100) 0.95 + 0.150 0.03 +0.011 3.92 +0.179
2 1(4) -1 (100) 2.97 £ 0.047 1.29 + 0.080 43.46 + 2.44
3 -1(1) 1 (500) 6.20 + 0.141 2.87 £ 0.025 47.03 + 0.414
4 1(4) 1 (500) 7.10 + 0.200 3.57 £ 0.031 50.43 + 0.804
5 0 (2.5) 0 (300) 4.97 £ 0.125 3.01 + 0.051 57.87 £ 2.830
6 0 (2.5) 0 (300) 5.03 +0.125 2.85 + 0.147 57.59 + 3.540
7 0(2.5) 0 (300) 5.07 £0.170 2.85 + 0.153 55.35 + 1.350
*X; = Airflow (vwm); X, = Agitation speed (rpm)

Statistical evaluation of the data found that both agitation speed and airflow had positive
impacts (p<0.05) on P(3HB) and overall biomass content. Codified first-order models were
constructed and validated via analysis of variance — ANOVA, with correlation coefficients of
0.932 and 0.844 for dry biomass and P(3HB) content, respectively, as seen on Egs. (10) — (11).

Dry biomass (g/L) = 4.61 + 2.34.X, (10)
P(3HB)(g/L) = 2.35+ 1.28.X, (11)

Using these models, response surface and contour plots were constructed for both total
dry biomass and P(3HB) (Fig 1 and 2).

Based on the behavior found in the surface response and contour plots, it was noted that
the maximum amount of dry biomass (7.10 g/L) and P(3HB) content (3.57 g/L) were found in
a range of 500 rpm agitation speed, regardless of the airflow rate being used. Based on this
assumption, a new set of experiments was run, using increased agitation speeds of 600 and
700 rpm. Airflow was kept at 4 vvm, as statistical analysis pointed out that it did not
significantly influence (p>0.05) the cultures. The results found during these experiments are
presented in Table 3.
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Figure 1. Response surface (A) and contour plot (B) of dry biomass production based on different agitation

speeds and airflow rates.
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Figure 2. Response surface (A) and contour plot (B) of P(3HB) production based on different agitation speeds
and airflow rates.

The data found in these runs show that, by increasing agitation speed to 600 rpm, a
reduction of approximately 24.6% of dry biomass was observed when compared to the run
using 500 rpm. This reduction in dry biomass is even more prominent (57.7%) when in the
runs using 700 rpm as the agitation speed.

Table 3. Concentration of dry biomass and P(3HB) in bioreactor batches using agitation speeds ranging from
500 to 700 rpm.

Agitation speed Result_s*
Run* (rpm) Dry biomass | P(3HB) P(3HB)
(/L) (g/L) (%)
1 500 7.10% (0.200) [3.572(0.031) | 50.432(0.804)
2 600 5.35° (0.050) | 1.56° (0.050) | 30.04° (0.882)
3 700 4.10° (0.100) | 0.318¢(0.030) |9.76° (0.504)

*Means (standard deviation) followed by identical letters are not statistically different (p<0,05 - Tukey’s test);
*Airflow = 4 vwm

Similarly, P(3HB) content was extremely impacted by the increase in agitation speed
compared to the runs that used an agitation speed of 500 rpm. Its concentration was reduced
by 56.3% when using 600 rpm and even further, by 91.1%, when using 700 rpm. Kumar et al.
[8], Grumezescu & Holban [37], and Thomas, Balakrishnan & Sreekala [21] all theorize that
the main cause for such a substantial decrease in both dry biomass and P(3HB) content is
related to an increase in shear stress due to excessive agitation. Shear stress would damage the
cells’ membrane and, as a result, reduces cellular reproduction. Furthermore, since P(3HB) is
stored by B. megaterium as an energy reserve, such injuries would cause the cells to consume
their energy reserves in order to repair the damage caused by shear stress, which would also
explain the significant decrease in P(3HB) production when using high agitation speeds. Based
on the data found in this set of experiments, a kinetic profile of the condition that displayed the
best results was constructed (Run 1: 500 rpm), as seen in Figure 3.

The data found using these culture conditions show that the culture had a short lag
phase, with exponential growth starting at 4 h and going up to 8 h. The highest dry biomass
value found, however, was at 32 h, with 7.55 g/L. For P(3HB) production, the first quantifiable
amount was found in samples taken at 8 h, with approximately 0.68 g/L of polymer (12.2% of
total dry biomass), while the highest yield being found at 32 h, with 3.78 g/L (50.1% of total
dry biomass). Saratale et al. [38] have cultivated Lysinibacillus sp in minimal salts medium for
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48 h and, when using sucrose as the carbon source, have obtained 1.44 g/L, their highest yield
(2.65 g/L) was found using glucose as the carbon source; however, both values are significantly
lower to what was found during the present study. Kumar et al. [39] produced P(3HB) from a
mixed culture using deoiled algae biomass as the carbon source and, while their cell dry weight
was not reported, the polymer amount they obtained was close to 43% of their dry biomass
after 48 h of culture, similar to what was found in this study during the tests using 500 rpm.
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Figure 3. Kinetic profile for pH, dry biomass, P(3HB), and substrate consumption (TOC and TN) using
500 rpm agitation speed and 4 vvm O airflow.

Similarly, Amini et al. [40] have also found results similar to these. When the authors
grew Cupriavidus necator in a culture media containing beer production wastewater added
with maltose, after 120 h, they obtained 7.9 g/L of dry biomass and 3 g/L of P(3HB).
Furthermore, Faccin et al. [22] have grown cultures of B. megaterium DSM 32T in mineral
medium, using sucrose as the carbon source, under different volumetric oxygen mass transfer
coefficients (kLa). After 32 h, they obtained approximately 6 g/L of dry biomass and 3 g/L of
P(3HB). Jayakrishnan et al. [41] evaluated the influence of inoculum variation on P(3HB)
production from activated sludge and obtained approximately 7.8 to 14.4% of P(3HB) by using
different nutrients compositions, nearly 3.5 less than what has been found during this study.

Based on the data found in similar studies using different carbon sources, it becomes
evident that CWW and RPW have a strong potential to be used as culture media in P(3HB)
production. In order to better understand that, kinetic parameters were calculated and are
presented in Table 4.
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Table 4. Kinetic parameters for P(3HB) production in bioreactor batches using 500 rpm agitation speed and
4 vwm O airflow.

. Cell P(3HB) . . . .
T('t?;e Productivity* | Productivity* \EP’/SC YP’/S” YX//SC YX;S” ﬁxf

(g/L-h) (g/L-h) 9/9) (9/9) (9/9) (9/9) (h)

0 - - - - - -

A 0.251° ] ] ] 0.2279 250°
(0.035) (0.021) (0.045)

8 0.6572 0.0844 0.058¢ 1.044 0.4522 8.05° 0.612
(0.027) (0.005) (0.003) (0.124) (0.015) (0.219) (0.050)

12 0.500° 0.129° 0.092¢ 2.17° 0.358P 8.412 0.39°
(0.023) (0.003) (0.006) (0.113) (0.020) (0.166) (0.020)

16 0.403¢ 0.137% 0.118° 2.49bc 0.347° 7.34¢ 0.033¢
(0.030) (0.001) (0.010) (0.131) (0.019) (0.229) (0.001)

20 0.337¢ 0.1462 0.1362 3.05° 0.326° 7.09¢ 0.027¢
(0.004) (0.001) (0.011) (0.109) (0.021) (0.261) (0.002)

24 0.294¢de 0.124b 0.1382 2.85° 0.328¢ 6.78¢ 0.023¢
(0.008) (0.001) (0.011) (0.056) (0.017) (0.063) (0.002)

28 0.259¢ 0.124bc 0.115° 3.16% 0.2414 6.60d 0.0144
(0.007) (0.002) (0.005) (0.153) (0.020) (0.259) (0.003)

30 0.232¢ 0.118¢ 0.120° 3.40? 0.236¢ 6.70¢ 0.010¢
(0.002) (0.001) (0.006) (0.196) (0.011) (0.248) (0.003)

*Means (standard deviation) followed by identical letters are not statistically different (p<0,05 - Tukey’s test); ‘-
> data not available; Yp/sc — conversion factor of TOC into P(3HB); Yp/sn — conversion factor of TN into P(3HB);
Yxssc — conversion factor of TOC into cells; Yxssn — conversion factor of TN into cells; px — specific cell growth
rate.

Observing the kinetic parameters, it is possible to determine that the highest P(3HB)
productivity occurred at 20 h (0.146 g/L-h). However, it does not differ statistically (p <0.05)
from the productivity obtained in 16 h (0.137 g/L-h). After the 20 h mark, polymer productivity
fell to 0.124 g/L-h at 24 h, reaching a final value of (0.118 g/L-h) at 32 h of culture. Faccin et
al. [22] have also evaluated kinetic parameters for P(3HB) production by B. megaterium using
sucrose with different kLa profiles and obtained maximum productivity of 0.140 g/L-h after
48 h when using an agitation speed of 500 rpm.

Comparing the results obtained by Faccin et al. [22] with this study, it is possible to
observe that while their highest productivity value was similar to the value found during this
study, the time necessary to reach peak productivity was considerably longer. A possible cause
could be due to aeration conditions, as Faccin et al. [22] kept the culture medium’s O2
saturation at 100% during the whole culture phase, as Oz availability can greatly influence
P(3HB) production, with data suggesting that higher Oz concentrations cause B. megaterium
cells metabolism to prioritize tricarboxylic acid cycle pathways, instead of deploying acetyl-
CoA into P(3HB) related metabolic routes, as the environmental stress necessary to incentivize
polymer accumulation is reduced [42-45]. Still, on the topic of P(3HB) productivity, Garcia-
Cabrera et al. [46] cultivated Rhizobium phaseoli in modified Rhizobium sp medium with
glucose and obtained a productivity rate of 12.0 mg/L-h after 28 h when using an agitation
speed of 450 rpm; furthermore, the maximum P(3HB) accumulation rate found under these
culture conditions was of 0.34 g/L-h. Jayakrishnan et al. [41] have also obtained productivity
levels of 4.3 to 13.4 mg/L-h. Both cases being significantly lower than what has been found
using B. megaterium in this study.

As for the other kinetic parameters, a peculiar behavior is found in substrate
consumption. For both polymer production and cell growth, TN has a much greater conversion
rate than TOC. In the case of polymer formation, the maximum obtained conversion rate for
TOC was approximately 0.13 g/g from 20 h to 24 h. TN, however, had a maximum conversion
rate of 3.4 g/g at 32 h. For cellular production, a similar behavior was observed, with the
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maximum TOC conversion rate being 0.452 g/g at 8 h, while the highest TN conversion rate
into cells was found to be 8.41 g/g at 12 h. Egli [47] points out that this behavior is common in
P(3HB) producing cultures in which the culture medium contains carbon in excess, with the
conversion rates of nitrogen to product or nitrogen to cells being able to reach up to 20 g/g.
Oliveira-Filho et al. [48], for example, also report similar conversion factors to the ones found
here, with nitrogen to the cell conversion rate of 7.5 g/g when producing P(3HB) by growing
Burkholderia sacchari LMG 19450 and using xylose as the carbon source. Similarly, Khanna
and Srivastava [49] cultivated Ralstonia eutropha NRRL B14690 in an optimized medium with
fructose and obtained nitrogen to the biomass conversion rate 10.01 g/g. Likewise, Faccin [50]
estimated B. megaterium DSM 327 kinetics and obtained maximum nitrogen to a cell
conversion factor of 8.48 g/g, a value almost identical to the one found here with B. megaterium
ATCC 14581.

Lastly, regarding the specific cell growth rates, the highest value found was 0.61 h*?, at
8 h, with the growth rate slowing down to 0.01 h* after 32 h of culture. This behavior matches
the growth curve presented in Figure 3, as most of the exponential phases occurred in the period
between 4 h to 12 h. Shahid et al. [51] obtained similar px values when cultivating B.
megaterium DSM 327 (0.47 ht), B. megaterium DSM 90 (0.51 ht), and B. megaterium DSM
509 (0.44 h') for 24 h to produce P(3HB) in mineral medium with glucose. Likewise, Dalsasso
et al. [52] have also calculated P's kinetic parameters (3HB) production by Cupriavidus necator
using sugarcane vinasse and molasses as the carbon source. They have obtained maximum pix
ranging from 0.19 h'* to 0.37 ht in different culture medium compositions. In contrast, Garcia-
Cabrera [46] also evaluated P(3HB) production kinetics by Rhizobium phazeoli and obtained
specific growth rates ranging from 0.09 h'* to 0.16 h. This corroborates that B. megaterium
has good potential as a P(3HB) producer due to its high growth rate, reducing total culture time.

Considering the data obtained from the culture of B. megaterium using agroindustry
byproducts, it is evident that they can be used as culture media in P(3HB) production, however,
further studies should be conducted since, as seen in Figure 3, the amount of TOC present at
the final point of culture is close to 80 g/L-h. As such, experiments using medium recycling,
with the removal of B. megaterium cells, possibly via filtration, could also be explored.

4. Conclusions

The results obtained in this work successfully demonstrate that confectionery
wastewater (CWW) alongside rice parboiling water (RPW) can successfully be used as culture
medium components for P(3HB) production. Both byproducts are still seen as a waste by most
industries that produce them, and their use as culture media components might offer an
alternative income to the industries that produce them while at the same time reducing overall
P(3HB) production costs. CWW and RPW in bioreactor cultures at 500 rpm were able to yield
7.55 g/L-h of dry biomass, with 50.06% of that being accumulated P(3HB) (3.78 g/L-h). Still,
further studies are necessary to fully optimize the process and find alternatives to reduce
residual COT amount still present in the cultures.
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