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A B S T R A C T  

 

In this study, the potential of four different culture selection methods under short-term enrichment time 

(STE) to accumulate PHA-producing bacteria in mixed activated sludge was compared and the most 
efficient culture selection method was introduced. This means, PHA-producing microbial community 

was firstly enriched in a sequencing batch bioreactor (SBR) with four different selection methods 

including an anaerobic-aerobic process (SBR1), a fully aerobic batch process (SBR2), an uncoupled 
carbon and nitrogen feeding regime (SBR3) and aerobic/anoxic process (SBR4). In the next step, cellular 

PHA content was maximized in a fed-batch accumulator. From the obtained results, PHA could be 
accumulated up to 13.2, 10.8, 22.36, and 6 % (mg-PHA/mg-TSS) in SBR1, SBR2, SBR3, and SBR4, 

respectively. Uncoupled carbon and nitrogen feeding regime (SBR3) showed the best PHA accumulating 

ability when acetate was used as feed. Also, the SBR3 was fed by soft-drink industrial wastewater to 
evaluate the capability of the selected strategy for treating real wastewater, which 13.75% of mg-

PHA/mg-TSS was achieved. 

doi: 10.5829/ije.2019.32.02b.01 

 

NOMENCLATURE 

SBR Sequential batch reactor DO Dissolved oxygen 

PHA Polyhydroxyalkanoate MLSS Mixed liquor suspended solid 

PHB Polyhydroxybutyrate SVI Sludge volume index 

TSS Total suspended solid TP Total phosphorus 

MMC Mixed microbial culture VSS Volatile suspended solids 

ADF Aerobic dynamic feeding TN Total nitrogen 

A/O Anaerobic/aerobic TKN Total Kjeldahl nitrogen 

FF&unCN Uncoupled carbon and nitrogen feeding GC Gas chromatography 

PAOs Phosphorus accumulating organisms qp Specific PHA production rate 

GAOs Glycogen accumulating organisms YX/S Activated biomass yield 

SRT Sludge retention time YPHA/S Yield of PHA production 

COD Chemical oxygen demand -qs Specific substrate uptake rate   
1. INTRODUCTION1 
 
Polyhydroxyalkanoates (PHAs) are biodegradable, 

biocompatible and flexible polyesters which could be 
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synthesized by special bacteria [1]. Nowadays, pure or 

recombinant cultures are mostly used for  PHA industrial 

production, which requires costs between 4 and 9 times 

higher than that of conventional plastics production [2, 
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3]. Therefore, PHA production by mixed microbial 

cultures (MMCs) has been attracted by researchers as this 

technology is easy to operate and more efficient in terms 

of feedstock utilization and economic aspects. To 

increase the efficiency of MMCs for producing PHA, the 

enrichment of PHA accumulating bacteria should be 

applied in a step known as culture selection [2, 4-6]. 

Dionisi et al. [7] and Takabatake et al. [8] proposed the 

use of an activated sludge process fed by raw organic 

waste for PHA production. Three different steps were 

considered in this report including (1) fermentation of 

organic waste stream, (2) selection of PHA-accumulating 

cultures, and (3) batch production of PHA. The proper 

enrichment of PHA-accumulating organisms in MMC is 

a vital matter in this technology.  From the literature, the 

effect of various culture selection methods (oxygen 

supply patterns) on poly-β-hydroxybutyrate (PHB) 

production and the diversity of the bacterial community 

was assessed [9]. The maximum yield for PHB 

production in anaerobic/aerobic and aerobic dynamic 

feeding methods reported 64 and 53 wt%, respectively. 

Low-cost wastewaters containing abundant valuable 

organic matters could be proper resources for the large-

scale and cost-effective production of PHA. In a research 

work done by Satoh et al. [10], the possibility of using 

activated sludge to produce PHA was examined. The 

results verified that the PHA content of activated sludge 

could be reached to 62% by applying a microaerophilic–

aerobic activated sludge process. Over last two decades, 

many researchers have been investigating on culture 

selection of PHA-producing bacteria using feast/famine 

(FF), anaerobic/aerobic (A/O), uncoupled carbon and 

nitrogen feeding (FF&unCN), aerobic/anoxic strategy, 

etc. Each method provides a different operational 

condition for the growth of various PHAs accumulating 

microorganisms. For instance, anaerobic/aerobic strategy 

irritates the accumulation of the polyphosphate 

accumulating organisms (PAO) and the glycogen-

accumulating organisms (GAO). Mino et al. [11] used the 

anaerobic-aerobic process to increase biological 

phosphate removal and PHA production yield. Chua et 

al. [12] studied the effect of acetate concentration, pH and 

sludge retention time (SRT) on the capability of activated 

sludge treating municipal wastewater to produce PHA. 

The obtained results demonstrated that lower values of 

SRT (3 days versus of 10 days) and pH range of 8-9 were 

more favored conditions to produce PHA.  

Moreover, from the literature, around 31-89% (g 

PHA/g dry biomass) was reported for feast/famine 

feeding regime at different studies applying sequencing 

batch reactor (SBR) [13-19]. Khumwanich et al. 

compared the potential of activated sludge of three 

different wastewater treatment plants of the brewery, 

canned pineapple, and fruit juice manufacturing factories 

to produce PHAs through feast/famine feeding regime. 

From the reported data, up to 7.57, 15.10, and 51.82% (g 

PHA/g MLSS) were achieved for the brewery, canned 

pineapple, and fruit juice wastewaters, respectively [20]. 

Also, the influence of ammonium on PHB production at 

accumulation stage was investigated by Johnson et al. 

[19]. It was found that ammonium starvation stimulated 

activated sludge to accumulate PHB, so that, up to 89% 

wt PHB was achieved. In another study, the effect of 

dissolved oxygen concentration (DO) on PHB 

accumulation in activated sludge was assessed by Third 

et al. [20]. In this work, oxygen limitation as a vital factor 

was verified to obtain optimum PHB yields with minimal 

biomass growth.  

Uncoupling carbon and nitrogen supply is another 

strategy to enrich activated sludge. Uncoupling carbon 

and nitrogen feeding strategy were compared with the 

conventional feast and famine strategy in a research 

work. Form the results, the proposed method was more 

efficient to grow different PHA-storing microbial 

communities rather than the conventional ones [21]. 

In the present work, the performance of different 

culture selection strategies for PHA production was 

compared. In this mean, an anaerobic-aerobic, a fully 

aerobic, an uncoupled carbon and nitrogen feeding, and 

aerobic/anoxic process were used in SBR fed by acetate. 

Most of the reports in the literature focused on long-term 

culture selection which requires plenty of energy and 

cost. In order to reduce the production cost of PHA. This 

study was aimed to evaluate how rapidly an activated 

sludge could acclimate PHA producer species under 

short-term biomass enrichment. 

 

 

2. MATERIALS AND METHODS 
 

2. 1. Culture Selection Stage         Four identical lab-

scale SBRs with a working volume of 4.5 L were used in 

this study as shown in Figure 1. All SBRs were 

inoculated with activated sludge harvested from the 

aeration tank of a municipal wastewater treatment plant 

(Kermanshah, Iran) to provide MLSS concentration of 

5000–6000 mg TSS/L. SBR1, SBR2, SBR3, and SBR4 

were operated under alternating anaerobic-aerobic (A/O) 

conditions, the complete aerobic condition under the 

feast-famine regime (ADF), uncoupled carbon and 

nitrogen feeding regime (FF&unCN) and aerobic–anoxic 

regime, respectively. The systems with batch mode were 

operated with a cycle time of 12 h. The operational details 

for all the bioreactors are presented in Figure 2. All the 

SBRs were fed by synthetic acetate wastewater, however, 

the performance of SBR3 was evaluated to treat 

industrial soft-drink wastewater. The characteristics of 

the used wastewaters are presented in Table 1. Air was 

supplied using a compressed air pump through ceramic 

diffusers and had a stable flow rate of about 5 L/min. 
 
2. 2. PHA Accumulation Stage       PHA accumulation 
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Figure 1. The experimental set-up 

 

 

assays were accomplished to evaluate the maximum 

PHA accumulation capacity, storage yield and 

production rate of the selected culture in each SBR. The 

accumulation test was conducted in SBR with an initial 

working volume of 2 L under aerobic conditions at 20–

25 oC. Dissolved oxygen (DO) level was maintained 

around 1–2 mg/L. Air was supplied by an air pump 

through a ceramic diffuser and the proper mixing was 

provided by magnetic stirring. The accumulated SBR 

was operated with the biomass of each stable SBR at the 

end of feast phase to provide 2000 mg TSS/L of MLSS 

concentration. To start the PHB production, a pulse of 

about 5000 mg/L feed solution (acetate) was introduced 

into the bioreactor. The SBR was operated for at least 48 

h. Nitrogen source was not added to the feed to inhibit 

microbial growth. The progress of the experiments was 

monitored online (DO, pH) and offline (COD, TSS, 

PHA, ammonia, and SVI) measurements. 
 

2. 3. Analytical Methods        The concentrations of 

chemical oxygen demand (COD), total nitrogen (TN), 

nitrate and nitrite, NH4-N, total phosphorus (TP), and 

mixed liquor suspended solids (MLSS) were determined 

by using standard methods [22]. For COD, A 

colorimetric method with closed reflux method was 

developed. Spectrophotometer (DR 5000, Hach, Jenway, 

USA) at 600  nm was used to measure the  absorbance of 
 

 

 
Figure 2. Reaction scheme for four SBRs 

 

 

TABLE 1. The composition of feed used in this study 

Selection reactor Type of feed COD Conc.(mg/L) NH4Cl (mg/L) KH2PO4 (mg/L) COD/N/P pH 

SBR1 Acetate 3000 1146.5 131.6 100/10/1 7–8 

SBR2 Acetate 3000 1146.5 131.6 100/10/1 7–8 

SBR3 
Acetate 3000 344 65.8 100/3/0.5 7–8 

Soft-drink industrial wastewater 3000 344 65.8 100/3/0.5 7–8 

SBR4 Acetate 3000 1146.5 131.6 100/10/1 7–8 
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COD samples. N-NH4 were determined by total Kjeldahl 

nitrogen (TKN) meter, Gerhardt model (Vapodest 10, 

Germany). The DO concentration was determined using 

a DO probe supplied by WTW DO Cell OX 330, electro 

DO probe, Germany. Turbidity was measured by a 

turbidity meter model 2100 P (Hach Co., USA). The air 

flow rate was measured by an air flow meter model 

101325Pa. A digital pH meter (Metrohm, Switzerland) 

model 827, equipped with a glass electrode (Metrohm) 

was utilized for pH measurements. UV–Vis 

spectrophotometer model JENWAY 6320D was 

employed. 

The PHA production percent in the biomass was 

measured using a gas chromatography (GC) method 

proposed by Braunegg et al. [23]. In this method, 15 mL 

of biomass samples were collected which centrifuged 

firstly at 3600 rpm for 20 minutes and the thickened 

biomass was transferred to 5 mL vials. A mixture of 2 ml 

methanol acidified with H2SO4 (3% v/v) and 2 mL 

chloroform was added to the thickened biomass. The 

mixed solution was heated in a screw-capped glass tube 

at 100 oC for 3.5 h and then cooled to room temperature. 

1 mL deionized water was then added and the whole 

sample was shaken well for 10 min. After separation of 

the three phases, 1 mL of the dense chloroform phase 

containing the PHA was transferred to a GC vial and add 

3 µL methyl benzoate as internal standard and determined 

by gas chromatography (Agilent Technologies model 

7890B). 

 
2. 4. Process Parameters Studied        The PHA 

content of the sludge (% PHA, mg PHA/mg TSS), 

specific substrate uptake rate (-qs, mg COD S/mg COD 

X.h), specific PHA production rate (qp, mg COD 

PHA/mg COD X.h), activated biomass yield (YX/S, mg 

VSS/mg COD S.h), and yields of PHA (YPHA/S, mg COD 

PHA/mg COD-S) were the process responses studied in 

this work. The following relationships are the parameters 

which were determined. 

%PHA =
PHA𝑒−PHA0

MLSS
× 100  (1) 

𝑞𝑝 =
PHA𝑒−PHA0

X𝑎 .𝑡
  (2) 

−𝑞𝑠 =
S0−S𝑒

X𝑎 .𝑡
  (3) 

𝑌𝑥/𝑠 =
(MLSS𝑒−MLSS0)

S0−S𝑒
  (4) 

𝑌PHA/𝑠 =
(PHA𝑒−PHA0)×1.67

S0−S𝑒
  (5) 

where PHAe and PHA0 denote PHA content at the time 

substrate is consumed and right after feeding, 

respectively; S0, MLSS0 is the substrate and biomass 

concentration after feeding, respectively, Se and MLSSe 

are the residual substrate and biomass concentration 

when the substrate is consumed in one operating cycle, 

activated biomass (Xa) is average activated biomass 

concentration (it is shown the difference between volatile 

suspended solids (VSS) and PHAs storage); t represents 

the length of the feast phase in one SBR operating cycle 

as well as the duration of one batch assay. Substrate 

consumption and PHA formation data were achieved due 

to calculating COD units based on the analytical results 

using oxidation stoichiometry: 1.067 mg COD/mg 

acetate, 1.067 mg COD/mg glucose, 1.42 mg COD/mg X 

(active biomass), 1.67 mg COD/mg (3-hydroxybutyric 

acid) and 1.92 mg COD/mg (3-hydroxyvaleric acid). 
 

 

3. RESULTS AND DISCUSSION 
 
3. 1. Anaerobic/Aerobic Strategy         One of the 

selection method used in this study was an 

anaerobic/aerobic strategy. From the literature, the 

important factor affecting the selection process is 

anaerobic to the aerobic ratio (min/min). In this stage, this 

ratio was determined to be 0.68. Figure 3 shows the COD, 

PHB, and phosphate concentration profiles in a typical 

cycle of the SBR at 16th cycle. Overall, COD and 

nitrogen removal efficiencies were about 93.6 and 71.3% 

after the 16th cycle, respectively. As observed in the 

figure, at 16th cycle, ~77% phosphorous removal was 

obtained. The continuous increase of phosphorous release 

and uptake rates was an indicator of an increase in the 

PAO population. It should be mentioned that a quick 

COD removal occurred over the first 275 minutes which 

led to fast releasing phosphate from PAOs. The 

phosphate release and uptake rates were 1.23 and 1.65 

mg-P/g-VSS.h, respectively. From the figure, over 

anaerobic phase, along with a sharp decrease in the COD 

content (from 1350 to 155 mg COD/L), the PHB 

accumulation was increased in the biomass from 90 to 

144 mg-PHB/L. In the duration of the aerobic phase, 

where COD concentration remained at its minimum level 

(95 mg COD/L), the PHB consumption, as well as 

phosphorus uptake, corroborate the growth of PHA 

producing bacteria.  
At the end of the 16th cycle, the biomass was used to 

operate the accumulation bioreactor. In the accumulation 

phase, the PHA content after 0, 24 and 48 hours were 

obtained 7.2, 9.5 and 13.2% (mg-PHA/mg-TSS), 

respectively. Table 2 exhibits a summary of some 

researches conducted under various operation conditions 

using anaerobic/aerobic strategy. Based on the table, the 

anaerobic to the aerobic ratio in the selection phase has a 

direct relationship with the PHB content. The reason why 

the PHB content of this study is relatively low could be 

related to short-term operation of the bioreactor over 

selection step and also the usage of high carbon to 

nitrogen ratio (10). 
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Figure 3. COD, PHB, and phosphate concentration profiles in 

the SBR over 16th cycles 

 

 
3. 2. Aerobic Dynamic Feeding (ADF) Strategy       
ADF as a culture selection strategy for PHA production 

was studied in an SBR using acetate. The selector system 

was unstable in the first two cycles of the operation 

resulted from microbial accumulation with the new 

conditions applied. The system was operated under a 

growth phase for approximately 16 cycles (8 days). 

Pseudo-steady state was recognized as a circumstance 

which MLSS and PHA concentration were relatively 

constant at the whole of cycle time for at least 16 

consecutive cycles. Biomass, substrate, PHB, DO and 

ammonical nitrogen concentration was reported 

throughout the SBR cycles in Figure 4. The profile of DO 

during the cycles was monitored to determine the time of 

substrate   exhaustion   which  it’s  a  sign  of   beginning 

famine phase. The microbial activity is significant high 

over feast phase which led to a decrease in DO 

concentration, however, it was increased over famine 

phase resulted from a limitation in microbial activity 

(Figure 4). From the results, the feast phase lasted about 

90 min with the feast to famine ratio of 0.15. Generally, 

COD removal efficiency of the reactor was about 94% 

after 16 cycles and then remained nearly constant, so that 

the effluent COD concentrations were achieved in the 

range of 80-90 mg/L. Table 3 shows the average data of 

the measured parameters under the pseudo-steady states. 
The batch test is usually preferred to increase the 

productivity through intermittent feeding which provides 

favored condition storing more biopolymer with a higher 

rate. Figure 5 illustrates the profile of COD,  MLSS  and  

 

 

 
Figure 4. DO, COD, NH4-N, MLSS and PHA concentration 

profiles in the SBR over the 16th cycle 

 

TABLE 2. The operational conditions and results obtained from different studies in the culture selection stage, by using 

anaerobic/aerobic strategy 

Type of 

substrate 

Cycle 

length (h) 

Operation time 

(day) 
COD/N/P 

Anaerobic/ 

aerobic ratio 

F/M ratio in the 

batch test 

The content of 

PHB (%) 
Reference 

Acetate 

8 20 100/5/1 0.5 0.66 59 [24] 

8 100 100/4.76/1.17 0.44 0.5 51 [25] 

8 450 100/2.89/0.92 0.72 0.4 60 [26] 

12 8 100/10/1 0.68 2.5 13.2 This study 

 
TABLE 3. Average values of the measured parameters during the cycle of SBR with ADF strategy 

Parameter Unit End of feast phase End of famine phase 

Substrate concentration mg COD/L 340 82 

Polymer concentration mg COD/L 295 115 

Substrate consumption rate mg COD/L.h 150 5.7 

Biomass yield (YX/S ) mg-VSS/mgCOD-S 0.4 — 

PHA yield (YPHA/S) mg COD-PHA/mg COD-S 0.15 — 

Max. PHA content, % mg-PHA/mg-TSS 8.8 3.4 

Specific PHA production rate (qp) mg COD-PHA/mg COD-X.h 0.011 — 

Specific substrate uptake rate (-qS) mg COD-S/mg COD-X.h 0.075 0.018 

0

20

40

60

80

100

120

140

160

180

0

200

400

600

800

1000

1200

1400

30 130 230 330 430 530 630

P
-P

O
4

 c
o

n
c.

 (
m

g/
L

),
 P

H
A

 c
o

n
c.

 (
m

g 
P

H
A

/L
)

C
O

D
 c

o
n

c.
 (

m
g 

C
O

D
/L

)

Time, min

COD conc. P-PO4 conc. PHA conc.

Anaerobic Aerobic

0

5

10

15

20

25

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

30 130 230 330 430 530 630

D
O

 c
o

n
c.

 (
m

g/
L

),
 P

H
B

 c
o

n
c.

 (
m

g 
P

H
B

/L
×

1
0

)

C
O

D
 c

o
n

c.
 (

m
g 

C
O

D
/L

),
 M

L
SS

 c
o

n
c.

 (
m

g 
T

SS
/L

),
 N

-N
H

4
 c

o
n

c.
 (

m
g/

L
)

Time, min

COD conc. N-NH4 cocn.

MLSS conc. DO conc.

PHB conc.

Feast Famine



189                                      F. Ahmadi et al. / IJE TRANSACTIONS B: Applications Vol. 32, No. 2, (February 2019)   184-192 
 

 

 
Figure 5. PHA, MLSS, COD concentration profiles in the 

accumulation reactor 

 

 

PHB concentrations during a batch experiment for 

accumulation. From the figure, the PHA content at the 

end of the experiment obtained 10.8% (mg-PHA/mg-

TSS). The initial concentration of COD and PHB were 

varied over 48 h so that COD concentration was 

decreased from 5000 to 3465 mg/L and PHB 

concentration was increased from 176.4 to 217.6 mg/L. 

Besides, the biomass concentration significantly 

increased as sufficient nutrient was available for growing 

microorganisms. In this situation, PHA storage rate 

(0.004-0.005 mg COD-PHA/mg COD-X.h) and 

productivity (0.6-0.7 mg COD-PHA/L.h) were less than 

that of nutrient limitation [18, 27, 28]. Average results 

obtained during the accumulation stage are reported in 

Table 4. 

In order to increase the PHA production, the 

enrichment and accumulation processes require further 

optimization. Obviously, the previous cultivation 

condition is the main factor on the performance of the 

biomass. Table 5 compares the literature with the results 

obtained in this study. As indicated in Table 5, the amount 

of PHA storage at the end of feast phase is increased by 

decreasing F/F ratio. Results obtained from some 

researches have revealed that the shortage of nitrogen 

content could improve the capability of biomass to 

storage polymer.  

3. 3. Uncoupled Carbon and Nitrogen Feeding 
Strategy            In the FF&unCN reactor, the carbon 

source is fed at the beginning of the feast phase which is 

consumed at the initiation of the famine phase. 

Consequently, in the feast phase, the microbial growth is 

prevented since an essential nutrient for growth 

(nitrogen) was not available and thus only storing 

organisms can grow in the absence of carbon source in 

the famine phase. Similar to the literature [21, 29-31], 

imposing nitrogen limitation favored the metabolism of 

PHA-storing organisms from the first cycle. It should be 

noted that using only conventional feast and famine 

regime requires a number of cycles for accumulating 

storing-organisms in the biomass [21]. Conceivably, the 

FF&unCN reactor could reach the culture with PHA-

storing species quicker than the FF reactor [32]. Figure 6 

reports COD, PHA, ammonical nitrogen and MLSS 

concentration profiles obtained over a 16th cycle of the 

selection stage using acetate. As expected, PHA content 

was degraded as an internal source of carbon and energy 

for microbial growth throughout the famine phase. In 

fact, some residual substrate (380 mg COD/L) was 

present at the end of feast phase, which used over the 

famine period, thus hindering a real famine. To provide a 

real famine, the elimination of the supernatant after a 

settling period is strongly recommended which is not 

done in this work. From the Figure 6, a slight increase in 

biomass concentration was observed during the famine 

phase by adding a gradual increase in the nitrogen source. 

The decrease in the accumulated PHB concentration was 

due to the biomass growth. The microbial growth yield 

(YX/S) and PHA production yield (YPHA/S) were obtained 

0.16 mg-VSS/mg COD-S, 0.149 mg COD-PHA/mg 

COD-S, respectively, at the end of feast phase. Specific 

PHA production rate (qp) was also calculated to be 0.01 

mg COD-PHA/mg COD-X. 

In the accumulation stage, the PHA content after 0, 24 

and 48 hours were 5.3, 11.9 and 22.36% (mg-PHA/mg-

TSS), respectively. As a result, the FF&unCN strategy 

showed to be a more efficient PHA-production process 

rather than the FF strategy. The rewarding data  obtained 

 

 

TABLE 4. The overall performance of selected biomass during accumulation stage 

Parameter Unit Initial value Final value 

Substrate concentration mg COD/L 5000 3465 

Polymer concentration mg COD/L 295 363 

Substrate consumption rate mg COD/L.h 149.5 16 

Overall biomass yield (YX/S ) mg-VSS/mg COD-S — 0.24 

Overall PHA yield (YPHA/S) mg COD-PHA/mg COD-S — 0.02 

Max. PHA content, % mg-PHA/mg-VSS 8.8 10.8 

Specific PHA production rate (qp) mg COD-PHA/mg COD-X.h — 4.56×10-4 

Specific substrate uptake rate (-qs) mg COD-S/mg COD-X.h — 0.01 
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TABLE 5. The operational conditions and results obtained from different studies using ADF strategy 

Type of 

substrate 

Cycle 

length (h) 

Operation 

time (day) 
COD/N/P 

Feast/famine  

ratio (F/F) 

F/M ratio in 

batch test 

Content of 

PHB (%) 
Reference 

Acetate 

12 60 100/5.5/4.48 0.09 4.04 52 [20] 

12 30 100/2.1/2.8 0.07 1.26 66.4 [32] 

12 100 100/2.82/1.68 0.22 0.6 51 [9] 

12 8 100/10/1 0.15 2.5 10.8 This study 

 
from acetate substrate were a motivation to the extend 

experiments with soft-drink industrial wastewater. Figure 

7 reports COD, PHA, ammonical nitrogen and MLSS 

concentration profiles obtained over a 16th cycle of the 

selection stage using soft-drink industrial wastewater. 

Overall, COD and nitrogen removal efficiencies were 

about 89.2 and 74.6%, respectively. During feast phase in 

the FF&uCN reactor, storage was clearly more than 

growth but with less rate (YX/S 0.15 mg-VSS/mg COD-S, 

qPHA 0.007 mg COD-PHA /mg COD-X.h, and YPHA/S 0.16 

mg COD-PHA/mg COD-S). 

Comparing Figure 7 with the data presented in the Figure 

6 shows that the changing trends of the parameters were 

almost similar but the use of acetate as substrate resulted 
 

 

 
Figure 6. Profile of the COD, PHA, ammonical nitrogen and 

MLSS concentration in the SBR using acetate as a substrate 

over 16th cycles 
 

 

 
Figure 7. Profile of the COD, PHA, ammonical nitrogen and 

MLSS concentrations over 16th cycles using soft-drink 

industrial wastewater 

in a higher PHB production and substrate consumption 

rates with lower feast and famine ratio. In order to 

determine the maximum PHA storage capacity of 

selected MMC, PHA accumulation assay was done when 

the performance of the bioreactor was somehow stable. In 

the accumulation stage, the PHA content after 0, 24 and 

48 hours were obtained 5.3, 11 and 13.75% (mg-PHA/ 

mg-TSS), respectively. The maximum PHA contents for 

acetate and soft-drink industrial wastewaters after 48 h 

were in a good agreement with the performance of the 

selector bioreactors. 

 

3. 4. Aerobic/Anoxic Strategy      The current section 

was aimed to evaluate the integration of nitrogen removal 

driven by the stored PHA inside the PHA storing 

biomass. Acetate was used as the carbon source in the 

experiment. Acetate was rapidly consumed at the 

beginning of the SBR cycle (67 min) and stored as PHA 

and some other compounds such as carbohydrate, etc.  

Figure 8 reports COD, NO2
-, NO3

-, ammonical nitrogen 

and DO concentration profiles obtained over a 16th cycle 

of the selection stage. At the end of the feast phase, the 

PHA content was 4.8% (mg-PHA/mg-TSS) that was 

consumed subsequently in the anoxic phase. In general, 

COD and nitrogen removal efficiencies of the bioreactor 

were about 94 and 88%, respectively. The achieved data 

verify a development in anoxic zones despite the external 

COD source shortage. In the accumulation stage, the 

PHA content after 48 hours was obtained 6% (mg-

PHA/mg-TSS). 
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Figure 8. Profile of the COD, NO2 

-, NO3 
-, ammonical nitrogen 

and DO concentration over the 16th cycle 
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4. CONCLUSION 
 

The performance of four different strategies for the 

enrichment of biomass with PHA-producing bacteria was 

assessed in this research work. The following results 

could be concluded from this research: 

 Uncoupled carbon and nitrogen feeding regime was 

recognized as the best strategy to increase PHA content 

so that, 22.36 and 13.75 % of mg- PHA/mg-TSS were 

obtained with acetate and soft-drink industrial wastewater 

as a feed, respectively. 

 Increasing operational time is an effective factor to 

enhance PHA content of activated sludge during the 

selection stage. 

 Nitrogen deficiency over the selection stage was also 

found to be a crucial factor to store more PHA content. 
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 چکیده

 

های تولیدکننده جهت انتخاب میکروارگانیسم کوتاه سازیزمان غنی مدت، پتانسیل چهار روش مختلف در پژوهشدر این 

در این میان جامعه کارآیی مناسب معرفی شد.  با مقایسه شد و روش در جمعیت میکروبی( PHA)بیوپالستیک زیستی 

با چهار روش مختلف گزینش شامل: یک فرآیند  (SBR) ای متوالیابتدا در یک بیوراکتور دسته PHA کنندهمیکروبی تولید

و فرآیند  (SBR3) ، یک کربن نیتروژن رژیم تغذیه(SBR2)هوازی  ای کامالًدسته، یک فرآیند (SBR1) هوازیهوازی بی

بیشینه شد. از نتایج  ،PHAدر یک راکتور تجمع  PHA. در مرحله بعد، محتوای سلولی شدانتخاب  (SBR4) آنوکسیهوازی/

-mg) %6و  36/22، 8/10، 2/13به ترتیب SBR4  و SBR1 ،SBR2، SBR3 انباشته شده در PHAمقدار  به دست آمده،

PHA / mg-TSS)  رژیم تغذیه کربن و نیتروژن مجزا باشد.می (SBR3)  بهترین تجمع PHA  را )زمانی که استات به عنوان

سازی تغذیه شد تا توانایی نوشابهصنعتی کارخانه با استفاده از فاضالب  SBR3  خوراک استفاده شد( نشان داد. همچنین

 به دست آمد.  mg-PHA / mg-TSS %75/13شده برای تصفیه فاضالب واقعی ارزیابی شود که انتخاباستراتژی 

doi: 10.5829/ije.2019.32.02b.01 

 


