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Abstract This study examined the effect of adding glucose, yeast extract, and inorganic salts to swine wastewater (SWW) in a batch 

culture on the production of a biodegradable plastic, polyhydroxyalkanoate (PHA). A bacterial strain, Azotobacter vinelandii

UWD, was used to produce PHA without limiting the non-carbon nutrients. The addition of glucose (30 g/L) to the SWW 

medium increased the level of cell growth (4.4~7.0 times) and PHA production (3.8~8.5 times) depending upon the dilution 

of SWW. A 50% dilution of SWW was found to be optimal considering the dry cell weight (9.40 g/L), PHA content (58 wt%), 

and hydroxyvalerate (HV) mol fraction in the PHA (4.3 mol%). A 75% SWW medium was more advantageous for producing 

PHA with a higher HV fraction (7.1 mol%) at the expense of losing 22% of PHA production. The undiluted SWW medium 

produced less than one third of the PHA compared with the 50% SWW medium, but the HV fraction was the highest (10.8 

mol%). Regarding the effect of the glucose concentration, at 20 g/L glucose, the dry cell weight and level of PHA production 

increased to 9.34 g/L (0.63 g PHA/g dry cell weight) and 5.90 g/L, respectively. At 50 g/L glucose, there was no significant 

increase in PHA production. For the glucose-supplemented (30 g/L) 50% SWW medium, the addition of a nitrogen source 

(1 g/L of yeast extract) did not increase the level of cell growth or PHA production because the C:N ratio (23:1) was already 

close to the optimal value (22:1). Better aeration increased the productivity of PHA. External nitrogen supplements (1 g/L of 

yeast extract) and other essential mineral salts was not necessary for bacterial growth because they were contained in the 

SWW. These results suggest that SWW is an excellent feedstock for producing larger amounts of the value-added material, 

PHA, if it is combined with carbohydrate-rich organic waste. © KSBB
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INTRODUCTION

Plastics made by the petrochemical industry are essen-

tially nondegradable substances in landfill and cause serious 

air pollution problem if incinerated. Biodegradable plastics, 

such as polyhydroxyalkanoates (PHA), polysaccharides, 

polylactides, and aliphatic polyesters, have been developed 

as an alternative to petrochemical plastics [1-5]. Among  
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them, PHA has attracted increasing attention because their 

properties are similar to conventional plastics [1-5]. 

PHA is a microbial reserve polyester that bacteria accumu-

late intracellularly as both a carbon and energy reserve mate-

rial [1-9]. Among the various PHAs, poly-3-hydroxybutyrate 

(PHB) and poly-3-hydroxybutyrate-co-3-hydroxyvalerate, P 

(3HB-co-3HV), have attracted most attention [1-5]. Several 

studies have examined PHA production using bacteria such as 

Alcaligenes eutrophus [9-11], Ralstonia eutropha [6-12], 

Azotobacter vinelandii [13-16], Methylobacterium sp. [17], 

Pseudomonas sp. [18,19], and recombinant E. coli [3,5,20].  

Despite the environmental advantages and extensive re-
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search activity, PHA is not used widely due to its relatively 

high production cost [21]. The production costs can possibly 

be lowered if an inexpensive fermentation feedstock can be 

found. There are many reports on the production of PHA 

using carbon rich feedstock, such as molasses, malt extract 

and corn syrup [14,22], and organic wastes [11,18,23-26]. 

Swine wastewater (SWW) is a feedstock with quite a differ-

ent composition that is rich in nitrogen, phosphorus, and 

mineral salts. SWW, which normally causes significant envi-

ronmental problems, will provide significant environmental 

and economic advantages if it is used in the production of 

PHA. However, in order to utilize SWW as a feedstock for 

PHA production it is important to determine how to reduce 

the concentration of the non-carbon nutrients (nitrogen, 

phosphorous, etc.) present in SWW because most PHA-

producing bacteria (e.g., A. eutrophus) require limited sup-

plies of non-carbon nutrients for PHA accumulation. This 

problem can be solved by using A. vinelandii UWD because 

this strain produces PHA without the need for nutrient limi-

tation [14,22]. A previous study reported that A. vinelandii

UWD can produce PHA using an alkanoate mixture or 

SWW as a feedstock. However, cell growth and PHA pro-

duction is limited to a very low level [15,16]. This study 

examined the effects of the glucose concentration, aeration 

and the addition of yeast extract and mineral salts on the 

production of PHA by this bacterium in order to optimize the 

production of PHA from SWW. 

MATERIALS AND METHODS

Swine Wastewater (SWW)

SWW was obtained from the Southern Experiment Station 

of the University of Minnesota and stored at −20°C. The 

SWW was centrifuged, and the supernatant was autoclaved 

at 120°C for 30 min prior to use as a medium for the produc-

tion of PHA. The SWW contained alkanoates, such as ace-

tate, propionate, butyrate, iso-butyrate, valerate, iso-valerate, 

and hexanoate [16]. Nitrogen and phosphate mineral salts, 

such as K, Ca, Mg, and Na, were also found in SWW [16]. 

The C:P, C:N, and N:P ratios in the SWW were approxi-

mately 81:1, 11:1, and 8:1, respectively [14]. 

Bacterial Strain and Maintenance Medium

A mutant strain UWD of A. vinelandii (ATCC 53799) was 

cultured and maintained in a glucose medium containing 30 

g/L glucose and mineral salts of the following composition 

(g/L): KH
2
PO

4
 0.3, MgSO

4
 7H

2
O 0.3, CaSO

4
·2H

2
O 0.015, 

CH
3
COONH

4
 1.1562, ferric citrate 0.01029, Fe

2
SO

4
·7H

2
O

0.0075, Na
2
MoO

4
·2H

2
O 0.00036, and yeast extract 1. The 

pH of the glucose medium was adjusted to 7.3 by adding a 

0.5 N NaOH solution.  

Cell Growth and PHA Production in SWW Medium

The inoculum was 4% (v/v) and pregrown for 24 h in a 

glucose-alkanoates medium. The glucose-alkanoate medium 

was a modified glucose medium in which CH
3
COONH

4
 was 

replaced with 1.605 g/L of NH
4
Cl, and three different alka-

noates (3.8 g/L of acetate, 1.0 g/L of propionate, and 1.0 g/L 

of butyrate) were supplemented.  

The level of cell growth and PHA production were ex-

amined using undiluted SWW and SWW diluted with dis-

tilled water (DW). The SWW from four different dilutions 

was used: 100% SWW (undiluted SWW), 75% SWW,  

50% SWW, and 25% SWW. The following inorganic salts 

were added to the undiluted and diluted SWW: (in g/L) 

KH
2
PO

4
, 0.3; MgSO

4
·7H

2
O, 0.3; CaSO

4
·2H

4
O, 0.015; 

NH
4
Cl, 1.605; Fe

2
SO

4
·7H

2
O, 0.0075; Na

2
MoO

4
·2H

2
O,

0.00036. The salt-supplemented SWW is referred to in this 

paper as the SWW medium. Fermentation was carried out 

in duplicate at 30°C for 48 h in 250 mL flasks using a 

working volume of 100 mL. The agitation speed was 200 

rpm.  

The effect of adding an extra carbon source on PHA 

production was examined by supplementing the SWW at 

four different dilutions with 30 g/L of glucose. The effect 

of the glucose concentration on the level of PHA produc-

tion was also studied by adding 10 to 50 g/L glucose to a 

50% SWW medium. The effect of aeration on the level of 

PHA production was examined by comparing the results 

of two different culture volumes (50 and 100 mL working 

volume) using a 50% SWW medium supplemented with 

30 g/L of glucose. The effect of yeast extract supplemen-

tation (1 g/L) on the production of PHA was also exam-

ined using 50% SWW medium supplemented with 30 g/L 

of glucose. As a comparison, the production of PHA was 

also examined in a 30 g/L glucose medium without SWW. 

The effect of inorganic salts on the level of PHA produc-

tion was examined by comparing the results with and 

without mineral salt supplementation to a 50% SWW me-

dium or undiluted SWW medium, both containing 30 g/L 

of glucose. 

Analytical Procedure

Ten mL of the culture broth was withdrawn periodically 

from each shake flask for analysis. The cells were obtained 

by centrifugation at 10,000 rpm for 10 min and used to de-

termine the cell dry mass and PHA content. The supernatant 

obtained by centrifugation was analyzed for alkanoates and 

glucose. After washing with distilled water, the harvested 

cells were dried at 110°C for 24 h to determine the dry cell 

mass. PHA was extracted from the dry cells by acid-

propanolysis, and the PHA concentration was measured by 

gas chromatography (GC, HP 5890, USA) [16]. The residual 

non-PHA cell mass was calculated by subtracting the PHA 

dry mass from the total dry cell mass [16].

To analyze the alkanoates, 0.5 mL of the supernatant 

prepared by centrifugation was placed into a GC vial con-

taining 0.5 mL of 0.5 N HCl, and the concentration of al-

kanoates was measured by GC [16]. The glucose concen-

tration was measured using a glucose analyzer (YSI model 

27, USA).  
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Fig. 1. Cell growth and production of PHA by Azotobacter vine-

landii UWD in 100% SWW medium. Open symbol, no 

addition of glucose; closed symbol, addition of 30 g/L glu-

cose. Symbols: ��, alkanoates concentration; �, glu-

cose; ��, dry cell weight; ��, PHA content; ��, HV 

content.

RESULTS AND DISCUSSION

Effect of Glucose and SWW Dilution

Adding glucose to the undiluted SWW medium (100% 

SWW medium) increased the growth of A. vinelandii UWD 

and the level of PHA production. After adding 30 g/L glu-

cose to the undiluted SWW medium, the dry cell mass, PHA 

mass, and PHA content reached 5.18 g/L, 1.62 g/L, and 31 

wt%, respectively, after 48 h incubation (Fig. 1). The level of 

cell growth and PHA production were 4.4 and 3.8 times 

higher, respectively, than that reported in previous work 

without the addition of glucose to the undiluted SWW me-

dium [16]. In previous work, cell growth was limited to 1.17 

g/L with 0.43 g/L PHA [18]. With glucose supplementation 

(30 g/L), the HV fraction in PHA (10.7 mol%) was also 3.1 

times higher than in previous studies (3.4 mol%) [16]. HV 

repeating units in the polymer chains reduce the hardness, 

crystallinity and melting point of the polymer, thereby in-

creasing its impact strength and processability [8]. 

In addition to the increase in PHA production, the cell 

growth pattern changed significantly when  glucose was 

added to the undiluted SWW medium. With 30 g/L glucose 

supplementation, A. vinelandii UWD exhibited a diauxic 

growth pattern by switching between carbon sources. First 

this bacteria utilized alkanoates originally present in the 

A

B

C

Fig. 2. Effect of glucose addition on the level of cell growth and 

PHA production in 100, 75, 50, and 25% SWW media. �,

no addition of glucose (the results were cited from Ref. 

18); �, addition of 30 g/L glucose.

SWW, and then consumed the supplemented glucose when 

the alkanoates were depleted (Fig. 1). When alkanoates were 

used, the PHA content (wt%) in the cell was relatively con-

stant at approximately 20 wt% and cell growth was rather 

slow. However, the PHA content almost doubled to 39 wt% 

and the cell growth rate increased when the cells began to 

consume glucose preferentially. The HV fraction in PHA 

reached a maximum of 14.8 mol% after 24 h fermentation 

when using alkanoates but decreased to 10.7 mol% at the 

end of the glucose consumption phase (Fig. 1). 

The dilution of SWW influenced the effect of glucose ad-

dition on cell growth and PHA production. For all the three 

diluted SWW media (75%, 50%, and 25% SWW medium), 

30 g/L glucose addition increased the level of cell growth 

and PHA production compared with the undiluted SWW 

medium. For the diluted SWW medium, the level of cell 

growth and PHA production increased 4.7~7.0 and 7.9~8.5 

times, respectively, depending on the dilution ratio (Fig. 2). 

This remarkable increase in cell growth and PHA production 

with glucose supplementation suggests that the production of 
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PHA from SWW might be cost-effective if the SWW feed-

stock can contain or be supplemented with other carbon-rich 

agricultural or food processing waste [27,28].  

Among the three diluted media, 50% SWW medium ap-

peared the best for cell growth (9.4 g/L), PHA content (58 

wt%), and HV mole fraction in the PHA (4.3 mol%). The 

level of cell growth (10.3 g/L) and PHA content (60 wt%) 

were slightly better in the 25% SWW medium than in 50% 

SWW medium. However, the HV content in the PHA was 

marginal (1.0 mol%) (Fig. 2). Therefore, 25% SWW me-

dium is not recommended in cases where the material 

properties of PHA are considered important. It was re-

ported that the physical properties of PHA, such as impact 

strength and flexibility, improve with increasing HV frac-

tion [1-3]. In the case of the 75% SWW medium, the PHA 

content (46 wt%) was lower than that obtained in the 50% 

SWW medium (58 wt%) with the same level of cell growth 

(9.4 g/L). On the other hand, the 75% SWW medium was 

more advantageous for producing a PHA polymer with a 

higher HV fraction (7.1 mol% vs. 4.3 mol% for the 50% 

SWW medium) (Fig. 2). 

A previous study using SWW medium without glucose 

supplementation also showed that the level of PHA produc-

tion was best in the 50% SWW medium, and further dilu-

tions decreased the cell mass and PHA production [16]. 

However, those previous results are not practical because of 

the limited cell growth (dry cell weight was 2.02 g/L with 

0.69 g/L of PHA). 

This study shows that glucose supplementation (30 g/L) is 

the least beneficial for increasing the level of cell growth and 

PHA production (4.4 and 3.8 times, respectively) when the 

SWW was undiluted (Fig. 2). This appears to be because the 

high concentration of alkanoates in undiluted SWW inhibits 

cell growth. Previous work showed that the dilution of SWW 

decreased the alkanoate concentration below the inhibitory 

level [16]. Similar results were also reported by Page et al.

[13]. On the other hand, the HV fraction in the produced 

copolymer, P(HB-co-HV), was best (10.8 mol%) in the undi-

luted SWW medium, as evidenced by the decrease in HV 

fraction from 7.1, to 1.0 mol% at 75% to 25% dilution, re-

spectively (Fig. 2). This suggests that undiluted SWW me-

dium is the best choice when the aim is to produce PHA 

polymers with higher impact strength and flexibility but at 

the expense of lower cell growth and PHA production. 

Not only did the dilution of SWW modify the effect of 

glucose addition on cell growth and PHA production, it also 

affected the yield of PHA per residual non-PHA biomass 

(Y
PHA/RM

, g/g). The residual non-PHA biomass is the bio-

mass not including PHA. The values of Y
PHA/RM

 (g/g) for the 

undiluted, 75%, 50%, and 25% SWW medium were 0.45, 

0.84, 1.40, and 1.48, respectively. The Y
PHA/RM

 (g/g) value of 

the 25% SWW medium (1.48) was 3.3 times higher than that 

of the undiluted SWW medium (0.45), whereas the dry cell 

weight (10.26 g/L) of the 25% SWW medium was only dou-

ble that of the undiluted SWW medium (5.18 g/L). This sug-

gests that PHA production is more preferential than non-

PHA biomass formation when the A. vinelandii UWD cells 

are grown in a more diluted SWW medium. It was presumed 

A�

B

Fig. 3. Effect of glucose concentration on the level of cell growth 

and PHA by Azotobacter vinelandii UWD in 50% SWW 

medium. Symbols: (A) �, dry cell mass; �, PHA mass. 

(B) �, PHA content (wt%); �, HV mol%.

that the carbon flux in the PHA biosynthesis pathway is 

greater than the carbon flow for the formation of residual 

non-PHA biomass when the cells encounter a relatively high 

glucose to alkanoate ratio. 

Effect of Glucose Concentration

The effect of the glucose concentration on cell growth and 

PHA production was examined by supplementing the 50% 

SWW medium with up to 50 g/L of glucose (Fig. 3). The dry 

cell weight, PHA production, and PHA content increased to 

9.34 g/L, 5.90 g/L, and 63 mol%, respectively, when the 

glucose concentration was increased to 20 g/L. Further in-

creases in glucose concentrations up to 50 g/L did not pro-

duce a noticeable increase in the dry cell weight and PHA 

production (g/L).  

Effect of Aeration on PHA Production in 50% SWW 

Medium

Aeration affected cell growth and PHA production in a 250 

mL flask culture using 50% SWW medium. The aeration rate 

was varied by using a different culture volume (50 and 100 

mL) in the same sized (250 mL) flask. When 50 mL of  

the culture volume was used, the dry cell mass, PHA  

production and rate of PHA production were 12.8 g/L, 7.39  

g/L and 0.11 g⋅L
−1

⋅h
−1

, respectively (Table 1). The level of cell  

growth and PHA production and PHA productivity were 1.4,
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Table 1. Effect of aeration (medium volume) on the production of PHA in 50% SWW medium supplemented with 30 g/L of glucose

Initial volume (mL) DCW (g/L) PHA (g/L) % PHA (dry wt) HV (mol%) Y
PHA/RM

a

 PHA (g L
−

1

 h
−

1

)

100  9.40 ± 0.96 5.48 ± 0.56 58 ± 6 4.3 ± 0.8 1.40 ± 0.14 0.11 ± 0.01 

 50 12.84 ± 1.80 7.39 ± 1.04 58 ± 8 4.1 ± 0.4 1.36 ± 0.19 0.15 ± 0.02 

a

Yield in grams of PHA per gram of residual non-PHA biomass.

Table 2. Effect of the yeast extract on the production of PHA

SWW (%) Glucose (g/L) Yeast extract (g/L) DCW (g/L) PHA (g/L) % PHA (dry wt) HV (mol%) Y
PHA/RM

a

 PHA (g L
−

1

 h
−

1

)

50 30 1  9.40 ± 0.96 5.48 ± 0.56 58 ± 6 4.3 ± 0.8 1.40 ± 0.14 0.11 ± 0.01 

50 30 0  9.73 ± 0.84 5.46 ± 0.47 57 ± 5 5.3 ± 0.3 1.28 ± 0.11 0.11 ± 0.01 

 0 

 0 

30

30

1

0

10.90 ± 0.62

 7.66 ± 0.54

8.00 ± 0.46

4.85 ± 0.34

73 ± 4 

63 ± 4 

Nil

Nil

2.76 ± 0.16 

1.72 ± 0.12 

0.17 ± 0.01 

0.10 ± 0.01 

a

Yield in grams of PHA per gram of residual non-PHA biomass.

1.3, and 1.4 times higher, respectively, than that of the 100 

mL of culture volume. The consumption of glucose and or-

ganic acids was much faster in the better-aerated 50 mL cul-

ture conditions (data not shown). The PHA % in the cell 

mass and HV mol% were similar regardless of the culture 

volume (Table 1). These results coincide with the literature, 

which reported a 1.7 times higher amount of polymer (PHB) 

from beet molasses medium when a lesser medium volume 

was used in the shake flask culture of A. vinelandii [14]. 

Effect of Yeast Extract on PHA Production

The addition of 1 g/L of yeast extract to the 50% SWW 

medium containing 30 g/L glucose did not improve the level 

of cell growth (9.40 g/L with the yeast extract vs. 9.73 g/L 

without the yeast extract) and PHA production (5.48 g/L 

with the yeast extract vs. 5.46 g/L without the yeast extract) 

(Table 2). The rate of PHA production was also similar (0.11 

g⋅L
−1

⋅h
−1

) regardless of yeast extract supplementation (Table 

2). This result is different from that reported for beet molas-

ses, in that yeast extract supplementation stimulated the for-

mation of PHA as well as cell growth [16]. However, there 

was an increase in cell growth and PHA production when a 

30 g/L glucose medium without SWW was used as the ex-

periment. Yeast extract supplementation to the glucose me-

dium increased the level of cell growth (from 7.66 to 10.9 

g/L), PHA production (from 4.85 to 8.00 g/L), and rate of 

PHA production (from 0.10 to 0.17 g⋅L
−1

⋅h
−1

) (Table 2).  

The difference between the two media on the effect of 

yeast extract supplementation appears to be due to the influ-

ence of the yeast extract on the C:N ratio in the medium. The 

C:N ratios of glucose-supplemented 50% SWW medium and 

glucose medium without SWW were calculated. In the glu-

cose-supplemented 50% SWW medium, the amount of car-

bon and nitrogen were 1,240 and 53 mM, respectively, re-

sulting in a C:N ratio of 23:1. This C:N ratio is similar to the 

optimal value (22:1) reported in the literature [16], and ex-

plains why the additional yeast extract did not promote cell 

growth or PHA production in the glucose-supplemented 50% 

SWW medium. 

Table 3. Effect of mineral salts on the production of PHA in 

SWW medium supplemented with 30 g/L of glucose

SWW

(%) 

Mineral

salts 

DCW

(g/L) 

% PHA 

(dry wt) 

PHA

(g/L) 

 50 w/o 8.11 ± 0.71 60 ± 5 4.87 ± 0.43

 50 w/ 9.40 ± 0.96 58 ± 6 5.48 ± 0.56

100 w/o 5.70 ± 0.52 50 ± 5 2.85 ± 0.26

100 w/ 5.18 ± 0.75 31 ± 4 1.62 ± 0.23

On the other hand, the C:N ratio of the glucose medium 

without SWW was only 69:1 [16]. Under this highly nitro-

gen-limited condition, the supply of nitrogen from 1 g/L of 

yeast might promote significant cell growth and PHA pro-

duction. The typical nitrogen content in yeast extract is 4.8 

wt%, and 1 g/L of yeast extract supplies 3.4 mmol nitrogen. 

Therefore, supplementation of the yeast extract increased the 

C:N ratio in the glucose medium without SWW to 56:1. 

These results suggest that the load of nitrogen compounds 

in waste water treatment facilities can be reduced signifi-

cantly by A. vinelandii UWD. Considering that yeast extract 

also contains other important micronutrients, the experimen-

tal results of yeast supplementation indicate that SWW is a 

well balanced feedstock that can be combined with other 

carbon-rich waste materials for microbial fermentation. 

Effect of Inorganic Salts Supplementation on PHA 

Production

The effect of supplementing inorganic salts was examined 

by comparing the level of microbial growth and PHA pro-

duction with and without the supplementation of inorganic 

salts to glucose-supplemented (30 g/L of glucose) SWW 

(Table 3). Among the inorganic salts tested, ammonium chlo-

ride (NH
4
Cl) was included as a nitrogen source, as described 

in Materials and Methods. The supplementation of inor 

ganic salts affected the production of PHA depending upon  

the dilution of the glucose-supplemented SWW (Table 3). 

For 50% SWW, salt supplementation increased the level 1.4, 
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Table 4. Comparison of the level of PHA production using various organic wastes as feedstocks

Feedstock Microorganism Culture Additive 

DCW

(g/L) 

PHA

(g/L) 

% PHA 

(dry wt) 

HV content

(mol%) 

Reference

None 7.46 4.70 63 Nil Beet molasses 
Azotobacter vinelandii 

Batch 

Valerate 7.54 4.90 65 16 

14

Acidogenic fermentated starchy  

wastewater 

Alcaligenes eutrophus Batch None 3.50 1.20 34 − 11 

None − − 20 −Municipal wastewater Activated sludge Batch 

Acetate − − 30 −

24

Anaerobically fermentated  

olive oil mill effluent 

Activated sludge Batch None 0.65 0.35 54    4.0 26

None 10.6 1.27 12 Nil Hydrolyzed whey permeate Pseudomonas  

hydrogenovora

Batch 

Valerate 12.0 1.44 12 19 

18

Acidogenic fermentated paper  

mill wastewater 

Enriched PHA- 

accumulating organisms

Batch None 2.00 0.96 48 53-69 25

None 2.02 0.69 34    7.9 Swine wastewater
a Azotobacter vinelandii 

Batch 

Glucose
b

 9.40 5.48 58    4.3 

This study

ND, not determined. 

a

Two-fold diluted swine wastewater (50% SWW). 

b

30 g/L of glucose.�

of cell growth by 16% from 8.11 to 9.40 g/L, and PHA  

production by 13% from 4.87 to 5.46 g/L. On the other hand, 

for the undiluted SWW, the supplementation decreased the 

level of cell growth from 5.70 to 5.18 g/L and PHA produc-

tion from 2.85 to 1.62 g/L. 

The difference in the effect of inorganic salts supplemen-

tation between the 50% SWW and undiluted SWW can be 

explained by the toxicity of the mineral salts rather than by 

the C:N ratio of the medium. Originally, 50% SWW had a 

C:N ratio of 48:1, and the supplementation of inorganic salts 

increased the ratio to 21:1, which is close to the optimal ratio 

of 22:1 [16]. This improved C:N ratio explains the better cell 

growth and PHA production after supplementing the 50% 

SWW medium with inorganic salts. For the undiluted SWW, 

the original C:N ratio of 31:1 was increased to 19:1 with 

inorganic salt supplementation. This new ratio (19:1) was 

closer to the optimum level (22:1) than the original C:N ratio 

(31:1). However, the level of cell growth and PHA produc-

tion decreased. Therefore, it is believed that the decrease in 

cell growth and PHA production in the undiluted SWW 

was due to the toxicity from the excess mineral salts. For 

the undiluted SWW medium, the initial salinity increased 

to 6,500 ppm after supplementation with the inorganic salts. 

This high level of salinity possibly inhibited cell growth 

and PHA production. On the other hand, for the 50% SWW 

medium, there was no inhibition by the inorganic salts even 

though the supplementation increased the initial salinity 

from 2,700 to 3,800 ppm. This suggests that 3,800 ppm is 

the inhibitory salinity level for A. vinelandii. In the undi-

luted SWW medium supplemented with 30 g/L of glucose, 

the salinity decreased from 6,500 to 3,000 ppm after 72 h 

incubation [29]. The salinity of the 50% SWW medium 

supplemented with 30 g/L of glucose also decreased by 

55% during fermentation [29]. This shows that mineral 

salts can be removed from the SWW while producing 

value-added materials, such as biodegradable plastics. 

Therefore, the load of inorganic salts can be reduced sig-

nificantly if the process can be applied as a pretreatment in 

waste water treatment processes. 

Comparison of PHA Production Using Various  

Organic Wastes

The level of PHA production by A. vinelandii using SWW 

was compared with that using other organic wastes, such as 

beet molasses, wastewaters, and whey (Table 4). It was re-

ported that beet molasses is a promising feedstock for the pro-

duction of PHA by A. vinelandii (dry cell weight and PHA 

content was 7.46 g/L and 63 wt%, respectively) because the 

substrate cost for PHA production was only one-third that 

using glucose [14]. However, valerate needed to be added in 

order to produce the polymer with a HV fraction [14]. Hydro-

lyzed whey was also reported to be a good feedstock for the 

growth of Pseudomonas hydrogenovora (dry cell weight 10.6 

g/L) but the PHA content was limited to 12 wt%, and valerate 

was needed to obtain PHA with a HV content [18]. Compared 

to the above two feedstocks, the present results show that glu-

cose-supplemented (30 g/L) SWW is a promising feedstock 

for A. vinelandii UWD to produce a comparable amount of 

biomass (9.40 g/L) with a high PHA content (58 wt%), and 

reasonable HV fraction (4.3 mol%). These results showed that 

SWW is an excellent waste material containing an almost self-

sufficient level of nutrients for PHA production except for the 

carbon source. In this study, glucose was used as the carbohy-

drate source. However, for a large scale applications, the car-

bohydrate cost can be reduced by supplementing carbohy-

drate-rich-waste materials. Other reports using different types 

of waste water [11,24-26] produced relatively smaller dry cell 

weights (0.65~3.5 g/L) with a lower PHA content (34~48 

wt%) (Table 4). 
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CONCLUSION

The production of PHA using organic wastes can be an 

environmentally-friendly and economical alternative to using 

commercial feedstock. Swine wastewater (SWW) is a prom-

ising feedstock for PHA production because it contains a 

variety of nutrients for microbial growth including nitrogen 

and minerals. In particular, SWW contains alkanoates with 

an odd number of carbon atoms, which are essential for co-

polymer production. This study examined the effect of sup-

plementing glucose, yeast extracts and inorganic salts on the 

production of PHA using A. vinelandii UWD. With glucose 

(30 g/L) supplementation, the level of cell growth, PHA pro-

duction, and copolymer (HV) fraction were increased up to 

8.5 times, 7.0 times, and 10.8 mol%, respectively, depending 

upon the dilution ratio of SWW. However, yeast extract sup-

plementation did not improve the level of cell growth and 

PHA production, and inorganic salts supplementation pro-

vided only marginal improvement. Overall, SWW contains a 

self-sufficient level of nutrients for the production of PHA 

with some carbon limitation. This process is expected to re-

duce the load of inorganic salts and nitrogen compounds in 

waste water treatment facilities significantly.  
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