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PHA (polyhydroxyalkanoate) is expected to be an environmentally friendly 

and biodegradable alternative to petroleum-based plastics. However, its 

high production cost remains a major challenge. To address this issue, 

sewage was considered as a low-cost raw material. Previous studies 

demonstrated that PHA can be produced by Bacillus sp. CYR1 using 

sterilized sewage as a dilution medium[1], but sterilizing large volumes of 

sewage is not practical on an industrial scale. Moreover, when only 

unsterilized sewage was used, no bacterial growth was observed due to the 

low concentration of organic matter in the sewage water [2]. Therefore, this 

study aimed to evaluate the potential use of unsterilized sewage as a 

dilution medium by comparing PHA production under sterilized sewage 

and unsterilized sewage conditions.

Increasing the initial inoculum size (OD600 ＝ 0.5). 

Table 1. The values of PHA production yield (%) 

at each culture stage comparing sterilized and 

unsterilized conditions (Increasing the initial 

inoculum size (OD600＝0.5)).

Only Raw Sewage Water condition.

20 g/L glucose was added at the start of all the 

primary to tertiary cultures (Fed-batch culture).

20 g/L glucose was added only 

at the start of the primary culture.

40 ℃ condition (Fed-batch culture).

Table 2. The values of PHA production yield (%) at each culture stage comparing sterilized and unsterilized 

conditions (Culturing under various conditions).

Fig. 3. Comparison of OD600 and pH every 24 hours from primary 

culture to tertiary culture under sterilized and unsterilized 

conditions (Increasing the initial inoculum size (OD600＝0.5)). 

Under unsterilized sewage water (raw sewage water) conditions, a maximum 

PHA production yield of about 56% was achieved using a fed-batch culture 

(Increasing the initial inoculum size (OD600 = 0.5)). The PHA production yield 

when using raw sewage as a dilution medium was lower than that when using 

sterilized sewage (maximum 70%). These findings suggest that non-sterilized 

raw sewage water can serve as a cost-effective and sustainable alternative to 

sterilized water for industrial-scale PHA production, thereby reducing energy 

input and improving process feasibility. 

Fig. 4. Comparison of glucose residuals from primary to tertiary culture every 24 hours under sterilized and 

unsterilized conditions (Increasing the initial inoculum size (OD600＝0.5)).
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PHA production under unsterilized sewage conditions was lower than 

that observed under sterilized sewage conditions, likely because the 

indigenous bacteria in the raw sewage consumed glucose for their 

growth, limiting the substrate available for Bacillus sp. CYR1 to produce 

PHA. In addition, increasing the initial inoculum size led to higher PHA 

production, whereas changing the temperature had no significant effect.

Experiments were conducted in 300 mL Erlenmeyer flasks containing 

100 mL of sewage water (pH 7.0) supplemented with 20 g/L glucose. 

Bacillus sp. CYR1 was inoculated at 8% (v/v) and aerobically cultured at 

30℃ with shaking at 120 rpm for 5 days (primary culture). After 

cultivation, cells were harvested by centrifugation, and the supernatant 

was reused for secondary culture under identical conditions. This reuse 

of supernatant continued through tertiary culture until all glucose was 

completely consumed. To improve PHA yield, we further investigated the 

effects of increasing the initial inoculum size at the start of each culture 

and raising the culture temperature to 40℃. 

Fig. 1. The overall scheme of this study.

Fig. 2. Overall experimental procedure.

Future research will investigate why the PHA production yield is maximized 

at this point by measuring the C/N ratio.
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