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Abstract: Polyhydroxyalkanoates (PHA) emerged as a promising material with similar physical properties as petroleum 

based plastic and it is biodegradable. Several microorganisms synthesize and accumulate this material under specific con-

ditions. A strain of Bacillus megaterium (BM2) was used to produce PHA by using wasted rice, potato, fruit, cheese whey, 

molasses and frying oil. Since molasses, hydrolyzed rice media and frying oil produced higher yield compared to the other 

wasted materials so they were further optimized at various concentrations. The highest PHA yield obtained (57.33% and 

53.92%) by cell mass with hydrolyzed wasted rice media and 2% molasses in Nutrient broth medium respectively 

whereas 56.89% PHA yield was obtained with wasted frying oil supplemented medium and wasted potato medium as well.
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Introduction

Plastic has replaced several metal-based materials in our daily 

life due to its unique physical properties such as light weight, 

durability and low conductivity.1 Several plastic-based utensils, 

containing tons of plastic, are prepared every year around the 

globe. On the other hand, a significant amount of plastic waste 

is produced annually.2-4 Such an enormous amount of plastic 

waste, which is not degradable, has created serious concern for 

our environment.5,6 Additionally, it contaminates our air with 

toxic gases when burnt, and our water resources. Therefore, it 

is the need of the time to find a substitute of environmentally 

friendly plastic.7

Polyhydroxyalkanoates (PHA) a biodegradable microbial 

bio-polyester which is synthesized and accumulated by certain 

microorganisms under low nutrient conditions such as nitrogen,

oxygen and phosphorous.8-10 The polymers host some consid-

erably similar physical properties as that of petroleum-based plas-

tics and it is biodegradable by certain soil bacteria.4,6,9-11 Therefore, 

it has the potential to replace petroleum-derived plastic.4,7,12-15

The most promising feature of PHA is its biocompatibility.14,16

Therefore, several medical devices have been reported based on 

PHA such as bone marrow scaffolds, cardiovascular patches, 

wound dressings and tendon repair devices.9,15,17-21

PHA has been classified into three different classes: small, 

medium and long-chain on the basis of the number of carbon 

atoms in the polymer. Small chain length polymer contains 3 

to 6 carbon atoms and medium-chain includes 6 to 14 carbon atoms 

whereas long polymer host more than 14 carbon atoms.22,23

Studies have highlighted that the physical properties of different 

types of PHA vary with their chain length.15,24-26

Researchers worldwide are trying to reduce cost of PHA 

production by using different strategies as high cost is a limiting 

factor for its commercial level production. Industrial level pro-

duction of PHA range 2.2-3.3€ per kg almost to 2 to 3 fold 

higher than petroleum based plastic.27 For this purpose scientist 
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are trying to use waste carbon sources as a feedstock for the 

microorganisms and using cheap PHA isolation and purifica-

tion methods.28-31

Studies have shown that several different waste materials can 

be used as a carbon sources for the PHA production by using 

PHA accumulating microorganism, such as sludge, industry 

effluent and wasted food materials.15,24-26,32 PHA accumulating 

microorganisms convert waste carbon into PHA and store them 

as a food source. Therefore, using waste carbon sources will 

reduce the cost of production.9,10,15,20,21,24-26,33,34

This study aims to isolate and identify local PHA accumu-

lating microbes from soil, water and dumping sites of food waste 

from different cities in the Punjab province of Pakistan. More-

over, it aims to use these PHA accumulating bacteria to con-

vert the several different food waste materials into PHA. On the 

other hand, in future we will also try to reduce the production cost 

by using alternate methods for PHA isolation and purification.

Experimental

Sample Collection. Several different samples of soil, water,       

fruits, vegetables, used cooking oil, sugarcane bagasse, poultry 

waste and cheese whey were collected from different cities of 

the Punjab. The soil samples were collected 5 to 10 cm deep 

from the surface and preserved for bacterial isolation, whereas 

wasted fruit/vegetable, sugarcane husk, poultry waste and cheese 

whey samples were collected in small amounts and preserved 

in sterile falcon tubes.

Sample Spreading on Agar Plates. Luria-Bertani (LB)      

agar medium was supplemented with 2% glucose (Sigma Aldrich, 

USA) and 0.5 μg/mL Nile Blue A(Applichem, Germany) was 

used for agar plate preparation. This method allowed us to screen 

PHA producing bacteria as they show orange/pink fluorescence

under UV irradiation.35 The samples were suspend in distilled 

autoclaved water in 1 to 10% W/V and 10 μL were spread on Nile 

Blue supplemented agar plates.

Screening of PHA Accumulating Colonies. Colonies obtained      

after incubation were screened under UV light. PHA producing 

colonies showed light orange or light pink fluorescence under 

UV irradiation. Colonies were marked and preserved as glycerol 

(Sigma Aldrich, USA) stock. Moreover, only separate colonies 

were used for genomic DNA isolation, identification and small 

scale PHA production test.

Genomic DNA Isolation. Well separated pink/orange col-      

onies were grown in 5 mL LB broth media and allowed to 

grow for 24 h at 37 ℃ at 100 rpm in an orbital shaker (Biobase,              

China). After 24 h, it was transferred into another flask con-

taining 20 mL LB broth media (1% inoculum) and allowed 

to grow at 37 ℃ at 100 rpm in an orbital shaker. Cells harvested by     

centrifugation at standard conditions. Pellet washed with autoclaved 

water and centrifuged for pellet formation. For genomic DNA 

isolation standard protocol was used as described by Sambrook

and Russell, 2001.36 The quality of DNA was analyzed on 1% 

agarose (Sigma Aldrich, USA) gel.

Molecular Identification of PHA Producing Colonies. Bacte-     

rial 16S rRNA gene was amplified by using universal 27F (5′-

AGAGTTTGATCATGGCTCAG-3′) as forward primer and 

1492R (5′-GGTTACCTTGTTACGACTT-3′) as reverse primer,

and using the isolated DNA sample as template with annealing 

temperature of 55 ℃. The PCR products were fractionated on     

agarose gel and purified from the gel by gel extract kit (Thermo 

Scientific, USA). The purified PCR product was sequenced by 

using automatic DNA sequencer (Apical Scientific, Malaysia).

Small Scale PHA Production and Extraction from Screened     

Colonies. A single colony was grown in 5 mL Minimal salt medium     

media (MSM) supplemented with 2% glucose (Sigma Aldrich, 

USA) at 37 ℃ and kept on shaking at 100 rpm in an orbital     

shaker for 24 h.37,38 It was inoculated (1%) into another flask 

containing 100 mL of same media and grown for 48 h at 37 ℃ and     

100 rpm then cells were harvested. PHA was precipitated 

from the halogenated solvent by using chilled methanol (Rie-

del-de Haen, Germany) and formation of white precipitate 

was observed in PHA accumulating colonies.

Food Waste Supplemented MSM and Nutrient Broth     

Medium. Later, MSM and Nutrient Broth medium (NB) con-     

taining 0.05% (NH4)2SO4 (Sigma Aldrich, USA) and 1% glucose 

(Sigma Aldrich, USA) was used with different pre-digested 

food waste materials for PHA production.39 Three replicates of 

all the experiments were performed to get a reliable mean value.

Pre-treatment of Wasted Food. Wasted rice and potato sam-     

ples were collected from different areas of Punjab, Pakistan. 

The samples were washed and dried. After drying the samples 

were minced and both the samples were treated with α-amylase 

(Sigma Aldrich, USA) (10 units) in 100 mM tris HCl buffer 

(Sigma Aldrich, USA) with pH 7.5 separately. The samples 

were kept for 48 h in orbital shaker (Biobase, China) at 120 

rpm and 37 ℃.

Waste frying oil and juice were collected from different local 

vendors. Molasses was obtained from local market. 1 Kg fruit 

pulp was kept in 500 mL water for 24 h. All these pre-treated 

samples were used as supplement in MSM and NB medium at 

1 to 5% concentration. 
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Results and Discussion

Screening of PHA accumulating colonies from all collected 

sample showed that forty-two samples have different numbers 

of pink/orange colonies under UV in the presence of Nile Blue 

A (NBA) whereas 91 samples showed negative results. The 

detail of the workflow is shown in Figure 1. PHA accumulating 

colonies give orange or pink color under UV.34 Positive colonies 

screened with Sudan Black B (SB) and all of them showed 

positive results. Studies have shown that SB dye may bind to 

the intracellular granules specifically to its lipid part.35 So far 

several PHA accumulating microorganisms have been screened 

by using this method from paper pulp, cheese whey, soil and 

water samples.4,6,9-11

The positive colonies were used for 16S rRNA gene ampli-

fication after genomic DNA isolation by using universal primers 

for 16S rRNA gene. Sequence of the 16S rRNA was obtained. 

BLAST analysis showed the sequence identity of the strains 

with already known strains. Data analysis highlighted that most 

of the strains are of Bacillus comprising B. cereus, B. pumulis, 

B. BA-126 and B. megaterium at the identity 92, 83, 84, and 

95% respectively against 16S rRNA gene from already known 

strains. Moreover, we have also identified few strains of Entero-

bacter, Citrobacter, Halomonas and Klebsiella. Several previous 

studies have shown that the identified microbes can accumulate 

PHA at different conditions.40,41

Four strains of Bacillus megaterium were used for PHA pro-

duction in 2% glucose supplemented in MSM. PHA was iso-

lated after 48 h of growth from the four strains. 32, 41, 25, and 

28% PHA yield was observed from strain 1, 2, 3 and 4 respec-

tively. Therefore, strain 2; designated BM2 was used for further 

studies. A time course study was conducted by using, BM2 in 

2% glucose supplemented in MSM. Analysis showed that 

PHA yield has increased with the increase in OD 600 nm but 

it decreases after 48 h while the growth enters in stationary 

phase. The effect of pH on the growth and PHA production 

revealed optimal pH 7 with highest yield (33%). On the other 

hand, PHA production reduced with the rise in pH and dropped 

to less than 5% at pH 10. 

BM2 grown in MSM supplemented with several carbon 

sources like molasses, glucose, dextrose, potato flour, rice 

flour, fruit waste and cheese whey and 27.45, 17.91, 13.33, 11.12, 

10.63, 10.25, and 7.14% PHA yields were obtained respec-

tively by chloroform extraction method after 48 h at pH 7.0. 

On the other hand, 36.66, 30.95, 15, 16.25, 17.85, 14.28, and 

11.53% PHA yields were observed in NB supplement with

2% of molasses, glucose, dextrose, potato flour, rice flour, fruit 

waste and cheese whey respectively (Table 1, 2).

Comparison of the two medium showed that NB supple-

mented with different supplements have produced higher yields 

Figure 1. Workflow diagram of current study. Diagram shows screen-

ing of PHA accumulating colonies to PHA isolation.

Table 2. PHA Yield in NB Medium Supplemented with 2% of 

Different Substrates

No Supplement CDW (g) Yield (g/100 mL) % Yield

1 Molasses 0.75 0.28 36.66

2 Glucose 0.84 0.26 30.95

3 Dextrose 0.60 0.09 15.00

4 Potato flour 0.40 0.06 16.25

5 Rice flour 0.56 0.10 17.85

6 Fruit waste 0.49 0.07 14.28

7 Cheese whey 0.52 0.06 11.53

Table 1. PHA Yield in MSM Supplemented with 2% of Different 

Substrates

No Supplement CDW (g) Yield (g/100 mL)  % Yield

1 Molasses 0.51 0.14 27.45

2 Glucose 0.67 0.12 17.91

3 Dextrose 0.45 0.06 13.33

4 Potato flour 0.54 0.06 11.12

5 Rice flour 0.47 0.05 10.63

6 Fruit waste 0.39 0.04 10.25

7 Cheese whey 0.42 0.03 7.14
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compared to those in MSM. 

NB was supplemented with various concentrations of molasses 

(1-5%) at pH 7. The BM2 produced 44, 53.92, 39.34, 34.54, 

and 22.22% PHA at 1 to 5% supplemented molasses in NB, 

suggesting that 2% molasses as a supplement can produce more 

PHA compared to the higher concentrations (Table 3). Table 4 

summarizes the PHA yield when NB was supplemented with 

wasted frying oil. Analysis of the data showed that 3% fatty 

acid can produce highest yield (39.65%) and higher concen-

trations decreased the PHA accumulation.

PHA extraction was also carried out for different time inter-

vals such as 24, 48, 72, and 120 h using NB supplemented with 

food waste oil (100 µL). It gave 33.33%, 36.00%, 41.46%, and 

60.71% yield at 24, 48, 72, and 120 h respectively (Table 5).

NB was supplemented by using different concentrations of 

wasted food oil from 100 µL to 500 µL. Among them, the high-

est yield of PHA was at 300 µL of waste edible oil, which was 

56.89% (Table 6). It was observed that after increasing the 

concentration of waste food oil, the percentage yield also 

increased. After increasing 300 µL to 400 µL of oil, the per-

centage yield decreased.

Pre hydrolyzed wasted potato was synthesized and used 

with NB (40, 60, 80, and 100%) supplemented with 300 µL of 

wasted edible oil. 40, 35.71, 34.78, and 33.33% PHA produc-

tion were calculated at 40, 60, 80, and 100% of pre hydrolyzed 

media respectively. Calculations revealed minimal variation in 

percentage yields across various hydrolyzed medium and NB 

concentrations (Table 7).

By using hydrolyzed cooked rice waste media in addition 

to hydrolyzed cooked potato waste media several experi-

ments were performed. Additionally, hydrolyzed cooked rice 

waste medium at various percentage concentrations with 

NB (40%–100%) to obtain various PHA yields. Similar to 

hydrolyzed cooked potato waste media, computations using 

various hydrolyzed media and NB concentrations revealed 

minimal differences in percentage yields, as the table illustrates. 

40% hydrolyzed cooked rice waste yielded 57.33% PHA 

(Table 8).

Table 3. PHA Yield in NB Medium Supplemented with 1-5% 

of Molasses

Molasses (%) CDW (g) Yield (g/100 mL) % Yield

1 0.67 0.30 44.02

2 0.51 0.28 53.92

3 0.61 0.24 39.34

4 0.55 0.19 34.54

5 0.54 0.12 22.22

Table 5. Time Course Studies of PHA Production

Time (h) CDW (g) Yield (g/100 mL) Yield %

1 24 0.60 0.20 33.33%

2 48 0.75 0.27 36.00%

3 72 0.82 0.34 41.46%

4 120 0.84 0.51 60.71%

Table 4. PHA Yield in NB Medium Supplemented with 1-5% 

of Wasted Frying Oil

Wasted frying oil
(%) 

CDW (g)
Yield 

(g/100 mL)
% Yield

1 0.65 0.15 23.07

2 0.54 0.19 35.18

3 0.58 0.23 39.65

4 0.51 0.13 25.49

5 0.67 0.12 17.91

Table 6. PHA Yield from NB at Different Concentrations of 

Wasted Edible Oil Supplement

Oil (µL) CDW (g) Yield (g/100 mL) % Yield 

1 100 0.49 0.18 36.73%

2 200 0.54 0.22 40.74%

3 300 0.58 0.33 56.89%

4 400 0.55 0.24 43.63%

5 500 0.55 0.22 40.00%

Table 7. PHA Production from Pre Hydrolyzed Wasted Potato 

Media

Media CDW (g) Yield (g/100 mL) % Yield

1 40% 1.50 0.60 40.00%

2 60% 1.40 0.50 35.71%

3 80% 1.15 0.40 34.78%

4 100% 1.05 0.35 33.33%

Table 8. Extracted PHA from Pre Hydrolysed Wasted Rice Media

Media CDW (g) Yield (g/100 mL) % Yield

1 40% 1.50 0.86 57.33%

2 60% 1.50 0.80 53.33%

3 80% 1.40 0.70 50.00%

4 100% 1.40 0.60 42.85%
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The FTIR analysis showed an intense peak at 1722 cm-1, 

which indicates the vibration of carbonyl (C═O) group of ester 

of PHA. Some stretches in range of 1330-1200 are due to 

-CH3, -CH2, -CH (Figure 2). Similar peaks have been reported 

in the previous several studies for PHA isolated from Bacillus 

species.42

Degradation experiments were performed under natural con-

ditions in garden soil. Garden soil was poured into a clean glass 

jar. PHA specimens were weighed and buried along with the 

same-sized petro plastic (polyethylene) deep in the soil (Figure 

3(a) and 3(b)). Specimens were observed at time intervals. Ini-

tially, the degradation of PHA was a slow process due to an 

environment with low microbial activity. Considerable degra-

dation was observed in 2 weeks (Figure 3(c)) while major part 

was degraded after 30 days (Figure 3(d)).

Figure 2. FTIR spectrum showing an intense peak at 1722 cm-1 and some stretches in range of 1330-1200: (a) FTIR spectra of 

standard PHA (Sigma Aldrich); (b) FTIR spectra of PHA produced by BM2.

Figure 3. Degradation of PHA in soil: (a) PHA film produced by 

BM2; (b) PHA film immersed in the dry soil; (c) PHA film degraded 

partially in wet soil after 15 days; (d) PHA film mostly degraded in 

wet soil after 30 days.
폴리머, 제50권 제1호, 2026년
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Throughout the research season, the temperatures and humidity 

of the air, soil, and both study locations were comparable for both 

specimens. At the end of the incubation period, the degradation 

of the buried film reached 90%, and the film placed above the 

soil was 60% degraded. But there was no effect observed on 

petroleum derived plastic. The degradation rate of buried film 

was higher due to the availability of microbes and microbial 

activity that was higher deep in the soil from all directions. Because 

deep soil specimens had greater surface areas and bigger soil 

interface areas, which promoted better microbial adhesion and 

faster microbial degradation, it deteriorated more quickly than 

PHA film specimens above soil.

An organization of United Nation’s (Food and Agriculture 

Organization) showed that in 2019, a total of 14% of food was 

lost from harvest to consumptions due to poor transportation 

and lack of storage facilities. Food waste is a rich organic material 

containing lipids, cellulose, sugars and organic acids.43,44 Studies 

have shown that this valuable waste material can be converted 

into PHA with pure/mixed microbial culture.10,43,44 In case of 

mixed microbial culture simple sugars are not recommended 

and complex food wastes have been suggested.44

Pakistan is an agriculture-based country where almost 70% 

of people are directly or indirectly linked with agriculture.43

However, due to poor transport and storage facilities, consid-

erable food is wasted every year in the country. On the other 

hand, almost 30 to 40% of cooked food is also wasted. Cooked 

and uncooked food can be used for PHA synthesis by using cer-

tain microorganisms.43,44 This will definitely reduce environment 

pollution by wasted plastic, which is getting worse day by day 

in Pakistan. In Pakistan, people use land to dispose this material. 

Even, most of the canals and rivers accumulate waste plastic 

bags, bottles and it is affecting the marine life. In order to reduce 

the cost of waste management, an alternate for plastic which 

can be degraded by microbial activity.

In this study wasted food specifically wasted rice, potato, fruit 

pulp, cheese whey, molasses and frying oil was used for PHA 

production by using the identified BM2. Rice and potato starch 

were hydrolyzed by using -amylase and cheese whey was 

treated with protease prior to their use as carbon supplement. 

On the other hand, waste frying oil was used after lipase treat-

ment. Studies have used these medium for PHA production with 

other B. megaterium strains.39,45 therefore it was used these as 

growth medium supplemented with predigested food waste.

The highest PHA yield was observed (around 53.92%) by 

using NB medium supplemented with 2% molasses and around 

30% by using glucose. Tajima et al., 2003 has also reported a 

very close yield of PHA by using other B. megaterium strain 

in glucose supplement medium. Analysis of the data showed 

that NB is more suitable medium compare to the MSM medium 

if supplemented with the above mentioned waste food supple-

ment (Tables 1-2). Studies have shown that the production of 

PHA by Alcaligenes eutrophus in a synthetic medium has pro-

duced highest yield at 3% glucose supplemented medium.

Highest yield of PHA was observed by using 3% fatty acid 

supplement in NB medium whereas molasses provided highest 

yield (53.90%) at 2% supplement in NB.46
 Studies have reported 

PHA production by using different wasted frying oil as carbon 

source for C. nector.47-49

The study has shown that time of incubation has a relation 

with yield. As by increased cell harvesting time the count of 

cell dry weight and yield also increased. PHA yielded best at 

120 h that was 60.71% (Table 5). Studies have shown that neu-

tral to alkaline pH also improves the yield of PHA as it is opti-

mal pH for enzymes involves in its biosynthesis.50 

Different percentages of PHA production were observed 

using different concentrations of food oil as supplement. PHA 

yield was increased with increased the concentration of food 

oil in growth media but at a 300 µL of food oil PHA yield was 

maximum after that PHA synthesis decreased (Table 6). It was 

observed that a specific concentration of oil is facilitating the 

growth media but in over saturation bacteria cannot grow. The 

highest yield of PHA was at 300 µL of waste food oil (56.89%).

Two types of cooked food waste hydrolyzed media that were 

from cooked potato waste and cooked rice waste were studied 

for PHA production. Different studies have shown that utiliz-

ing food waste as a culture medium would not only reduce the 

cost of the substrate needed to produce PHA but also ease the 

burden of waste management. 40% hydrolyzed wasted potato 

and wasted rice media yielded 0.6 g/100 mL (40%) and 0.86 g

yield/100 mL (57.33%) PHA respectively.

Studies have shown that different carbon sources have been 

used for the PHA production by using different microbes such 

as Bacillius megaterium, Cupriavidus necator, Bacillus cereus, 

Pseudomonas resinovorans and other microbes as mentioned 

in Table 9.51-56 However, this study developed a medium based 

on the wasted potatoes and rice to prepare PHA in large amount. 

It has reduced the cost of PHA production remarkably and both 

the products are major crops of the Punjab, Pakistan.

The produced PHA with standard PHA from Sigma Aldrich. 

PHA was subjected to FTIR analysis to validate its composi-

tion. A prominent peak at 1722 cm-1 was identified by FTIR 

study as a distinctive property of PHA. Additionally, stretches 
 Polym. Korea, Vol. 50, No. 1, 2026
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between 1330-1200 cm-1 were found, corresponding to vibra-

tions linked to the -CH3, -CH2, -CH groups (Figure 2). Notably, 

a great deal of prior research on PHA isolated from various 

species has consistently shown identical spectral peaks.57 Fur-

ther studies are in progress to determine its physical and chem-

ical features for specific applications.

The degradation pattern of PHA films can be influenced by 

an extensive range of environmental conditions, including tem-

perature, microbial activity, pH, soil type, moisture content, and 

nutrient availability. In addition, the characteristics of the PHA, 

such as its surface area, crystallinity, composition, and additive 

presence, may also have an impact on how quickly it degrades.58

In this study garden soil was chosen to evaluate biodegradability 

of PHA films produced previously as explained in results.

This study was conducted for three months. The average mass 

reduction of the PHA films was used to gauge how well they were 

degrading. The degradation of the PHA film above the surface 

of the soil nearly finished after being buried in the ground for 

eight weeks and degraded faster. In comparison the PHA film 

buried deep in soil degraded faster in less than 8 weeks as it 

was easier for microbes to attack on PHA buried deep in soil. 

Based on studies, it was observed that PHA film buried in 

soil had more consistent degradation rate, observed from week 

1 to week 7. This may be because deep in soil is level, which 

likely leads to a more uniform distribution of bacteria.

The PHA films' surface appearance amply demonstrated how 

quickly buried PHA film was degraded. It was clear that holes 

and edges were forming by week three. The degradation of PHA 

films occurred by surface erosion mechanisms, wherein micro-

organisms adhered to the porous portion of the film and then 

secreted depolymerase enzymes, which catalyzed the poly-

mer’s breakdown. It is necessary to do additional research to 

ascertain whether the alterations in the soil microbial community 

brought about by PHA degradation are advantageous to the 

soil’s fertility.

Conclusions

The collected samples of food waste from Rawalpindi, Lahore, 

Gujranwala, Multan, Okara and Sahiwal and 42 samples showed 

pink/orange colonies in the Nile blue under UV irradiations. 

We have identified Bacillus megaterium, Bacillus cereus, Bacillus

pumulisBacillus BA-126, Enterobacter, Citrobacter, Halomonas 

and Klebsiella from the different food waste materials. Several 

wasted food source like wasted rice, potato, fruit, cheese whey 

molasses and frying oil were used as supplement in NB and 

MSM. Molasses and waste frying oil has provided highest 

yield of 56.89% and 53.9% PHA to cell mass at 3 and 2% sup-

plement in NB medium. The yield of PHA using 40% hydro-

lyzed wasted potato media and wasted rice media supplemented 

with 60% nutritional broth media were 0.6 g/100 ml and 0.86 

g/100 mL (40% and 57.33%) respectively. FTIR analysis showed 

similar spectra and intense peaks at 1722 cm-1 and some stretches 

in the range of 1330-1200 cm-1 which is similar to PHA iso-

lated from other Bacillus species.
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