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Abstract 

The Gram-negative soil bacterium Cupriavidus necator is capable of producing poly-3-hydroxybutyrate (PHB), a poly-
mer contained within intracellular granules. The bacterium utilizes these polymers as an energy source during periods 
of environmental stress. When extracted, the polymer may also be exploited by humans for industrial plastic manufac-
turing as an eco-friendly alternative to petrochemical plastic production. However, this is an expensive process as it 
harbors little production over cost. By using recycled materials e.g. media supplemented with waste oil (oil already 
used in the food industry), as an energy source for PHB producing bacteria, a cheaper approach to this form of plastic 
production could be provided. The aim of this study is to investigate PHB production in C. necator when supplemented 
with a range of widely used cooking oils, and further to investigate whether the use of ‘used’ oil resulted in a higher 
yield of PHB. Absorbance readings were used to calculate the amount of PHB produced. On comparing maximum PHB 
content, our observations suggest peanut oil produces the greatest yield (16.657 % weight). With waste oil at large 
within the food industry, and peanut oil a popular cooking oil used worldwide, exploiting  waste peanut oil  would be a 
cheap and eco-friendly alternative approach to polymer production.  

Waste frying oil: The perfect growth requirements for the pro-

duction of biodegradable plastic by the bacterium Cupriavidus 

necator 

Plastic is increasingly becoming a global challenge, with millions of tons of non-degradable plastic produced a day, 
filling up natural habitats and polluting the earth. Here we show how the bacterium Cupriavidus necator can not 
only produce a biodegradable plastic (PHB) but further produces the highest PHB yield when grown on a waste oil 
substrate. Investigating different oils including rapeseed, soy and peanut oil under three different conditions, new, 
heated and ‘used’ showed that used peanut oil, a common waste product of many food industries, produced the 
highest PHB yield in Cupriavidus necator. This could give new innovative solutions to decreasing non-degradable 
plastic pollution whilst also profiting from a waste product. 

Emily McGinn1*, Hermione Webster 2, Jagjit Binning1 

Introduction 

Cupriavidus necator is a Gram-negative soil bacterium 
capable of producing a bio-degradable polymer; poly-3-
hydroxybutyrate (PHB) which when extracted, may be 
exploited for industrial purposes (1). C. necator produces 
the fatty acid compound PHB which is stored within in-
tracellular granules called granzymes when nutrients are 
in excess. The PHB storage compound can then be uti-
lised by the host bacterium as a carbon source during 
periods of environmental stress (2). The metabolic pro-
duction of PHB is by the enzymatic pathway conversion 
from acetyl-CoA to poly-3-hydroxybutyrate via the utili-
sation of glucose (3). 

Upon extraction, PHB can be used as a resource for plas-
tic production in replacing the more commonly used pet-
ro-chemically produced plastics, presenting an environ-
mentally friendly alternative (1). Microbes can utilize the 
plastic as an energy source by secreting enzymes to de-
grade the PHB, hence the plastics have biodegradable 
properties (4). With the pollution of our oceans dominat-
ed by plastic waste - over 250,000 tons of plastic afloat 
our seas (5) - it is more important than ever to explore 
resources which have less environmental consequences.  

Investigation into possible applications of PHB and other 
polyhydroxyalkanoates (PHAs) have been ongoing since 
the late fifties (6) when they were initially commercial-
ized, however the economic complexities involved were 
also identified and so interest in the idea declined rapid-
ly. Hence, a cheaper alternative to the existing methods 
of PHB extraction and processing may overcome some of 
these economic boundaries.  

Previous research by Verlinden et al. (1)  showed that the 
use of waste frying oil as a source of nutrient intake by C. 
necator resulted in an improved yield of PHB production 
than that of pure, unused oil. However, only one type of 
oil; rapeseed oil, was under investigation in this previous 
study. Our investigation sought out to investigate a varie-
ty of well-known industrial frying oils, including  rape-
seed, soy bean, and peanut oils as substrates for PHB 
production. 

Materials and Methods  

Chemicals 

All chemicals used were derived from the School of Life 
Sciences Teaching Labs, University of Liverpool.  
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Oils 

The oils used were 1) rapeseed (Crisp ‘n Dry), 2) soy-
bean, and 3) peanut. Each oil condition was exposed to 3 
treatments as follows; unused ‘new’ oil, oil heated for 
one hour at 180 °C (50 mL), and ‘used’ oil (fried with 100 
g of raw potato and 50 g of raw chicken for one hour at 
180 °C), plus a negative control (no oil added). Oils were 
sterilized separately in a steam autoclave before use. 

Growth media 

Liquid growth medium tryptone broth consisted of 17 g/L 
tryptone, 3 g/L peptone, 5 g/L NaCl, 2.5 g/L K2HPO4, 2.5 
g/L D-glucose, and distilled water. Tryptone agar consist-
ed of 15 g/L tryptone, 5 g/L peptone, 5 g/L NaCl, 12 g/L 
agar powder, and distilled water. These measurements 
were followed as stated by Verlinden et al. (1). 

Culture conditions  

A single colony of C. necator was inoculated with 25 mL 
tryptone broth and grown at 28 °C for approximately 24 
hours producing a starter culture. Following growth, 2 mL 
starter culture inoculated with 400 mL tryptone broth  
was incubated at 30 °C for approximately 24 hours. The 
following standard protocol was followed as suggested 
by Verlinden et al. (1). Small scale batch fermentations 
were performed in 500 mL flasks, containing  225 mL 
tryptone medium and 20 g/L oil. Succeeding this, the 
sterile medium was sonicated for 10 minutes to ensure a 
homologous mixture. Of the starter culture inoculum, 25 
mL was added to each of the flasks containing the differ-
ent oils and treatments, giving a final volume of 250 mL 
(10% (v/v)). All flasks were incubated in a rotary incuba-
tor (150 rpm) at 30 °C for 60 hours. All experiments were 
conducted in triplicate giving a total of 12 samples, in-
cluding the negative control (broth without oil).  

PHB extraction  

All centrifugation steps were carried out at room temper-
ature and set to 4565 x g unless stated otherwise. PHB 
dry cell weight was assayed in 250 ml of tryptone broth 

bacterial culture with the differential oils and treatments. 
Recovery of bacterial cells by centrifugation was at 4 °C 
for 25 minutes. These were re-suspended in sodium hy-
pochlorite (250 ml, 5%), and incubated at 37 °C for 1 
hour, followed by further centrifugation for 25 minutes, 
and resulted in PHB granules (further suspended in dis-
tilled water (250 ml)). Repeated centrifugation took 
place, with suspension in acetone (5 ml), vortexed and 
centrifuged for a further 20 minutes. The process was 
repeated with ethanol (5 ml). Pellets were incubated 
with chloroform (3 ml) in a boiling water bath for 2 
minutes.  This was repeated to achieve a final volume of 
9 ml, followed by centrifugation for 15 minutes. PHB 
chloroform solutions were placed into a boiling water 
bath to dissolve solvent, leaving only PHB. Concentrated 
5% sulphuric acid (10 ml) was added and placed in a wa-
ter bath for a further 10 minutes. The concentration of 
PHB was measured at 235 nm and correlated to a stand-
ard curve giving the dry net weight of PHB per ml of colo-
ny. 

Statistical analysis  

Statistical analyses of the different oils and treatments 
were achieved by a One-Way ANOVA, followed by a post-
hoc Bonferroni’s Multiple Comparisons test to analyse 
differences within oil treatments. The statistical software 
used was GraphPad.  

Results 

The results of PHB production weight percentage (% 
weight) from small scale fermentations with C. necator, 
and 20 g/L oils in tryptone broth are shown in Figure 1. 
Figure 1a-c shows the PHB production of all three oil con-
ditions tested within their different treatments. ‘Control’ 
refers to the negative control (all treatments were tested 
against this control). A significant difference in PHB pro-
duction was shown within the ‘none’ vs. ‘used’ oil condi-
tions for all oils investigated, hence all ‘used’ oils i.e. fried 
with 100 g of raw potato and 50 g of raw chicken for one 
hour at 180 °C, represented an increased PHB production 
(rapeseed, P<0.01; soybean, P<0.01; peanut, P<0.0001).  

Figure 1. PHB content (% weight) extracted from C. necator and inoculated with three separate oil conditions in tryptone broth 
within four treatments; no oil (control), uncooked ‘new’ oil, heated oil, and used oil (a-c).  (* = P<0.05; ** = P<0.01; *** = P<0.0001) 
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Within the ‘used’ oil treatment, peanut oil is the most 
significantly different (P<0.05) from rapeseed oil with 
respect to PHB production (% weight), and so presented 
the highest yield when compared to the other oils. With 
a mean PHB content of 16.657 % weight, compared with 
rapeseed at 11.517 % weight. Furthermore, peanut oil 
produced the lowest PHB when subjected to the un-
cooked oil treatment compared to that of rapeseed and 
soybean, and so represented the highest difference be-
tween uncooked oil and ‘used’ oil. However, within the 
uncooked oil treatment, this was not significant when 
tested between the three separate oil conditions. Only 
soybean oil showed no significant difference between 
none vs. uncooked oil treatments, with rapeseed show-
ing significance; P<0.05, as well as peanut oil; P<0.01 
showing an increase in PHB production from the bacte-
rium when subjected to oil compared to the control. Fur-
thermore, this was consistent when comparing none vs. 
heated (rapeseed; P<0.01, peanut; P<0.05).  

When looking at the heated oil treatment results are 
similar, although no significant difference for any of the 
oils were found between the treatment; uncooked vs. 
heated, showing little relevance of heating oil upon PHB 
production. Significant differences were found between 
heated vs. used treatments for oils, soybean (P<0.05) and 
peanut (P<0.0001), but not rapeseed oil (P>0.05). 

Discussion  

The results of PHB production (% weight) from small 
scale fermentations with C. necator, with 20 g/L oils in 
tryptone broth showed the PHB production of all three 
oils tested was highest in the ‘used’ oil treatment. Hence, 
the addition of oils which contained additional nutrients 
i.e. fried with 100 g of raw potato and 50 g of raw chick-
en for one hour at 180 °C enabled an increased utilization 
of energy sources for C. necator to produce intracellular 
granules containing PHB. As these findings of used oil 
producing the most PHB in C. necator is consistent across 
the oils investigated, we can assume that waste oil use is 
a clear opposition to petrochemical derivatives.  

These results reiterated the findings of Verlinden et al. 
(1), in that utilization of waste oil allows an increase in 
PHB production due to 1) increased metabolism of C. 
necator from excess nutrients in food residue, and 2) the 
change in chemical composition of PHB due to prolonged 
heating and frying, in that it decreases the relative 
amount of unsaturated fatty acids. Through fatty acid 
analysis, they found that saturated fatty acids tend to 
lead to an increase in PHB within bacteria. The natural 
chemical pathway of PHB production within bacteria in-
volves the β-oxidation of fatty acids to acetyl-CoA and so 
forth (3), and so it may be that saturation increases the 
conversion rate within this cycle. More research should 
be conducted into the significance of the by-products of 
waste oil i.e. food residues and the additional chemical 
pathway alterations introduced during frying, with rele-
vance to PHA production.  

Due to the chemical composition of PHB, extremely high 
melting temperatures result in a physically stiff structure 

(7) making it particularly limited in its applications. Vari-
ous further investigations conducted, have involved the 
enhancement of performance and efficiency of PHB ex-
traction and use, for example, the practice of physical 
blending with co-polymers such as hydroxyvalerate (HV) 
(8). By altering, or adding to the chemical properties in 
this way (e.g. creating lower melting temperatures), PHB 
can also be useful within industrial food packaging, which 
is the most widely produced execution of plastic manu-
facturing (9). Following from this, co-polymers containing 
PHB can also be produced with the use of waste oil as 
well as pure oil, and glucose as carbon sources by C. ne-
cator (10). As this is noted, the use of waste oil can con-
tribute to a wide spectrum of industrial plastic produc-
tions.  

Within the ‘used’ oil treatment, peanut oil is found to be 
significant compared with rapeseed oil with respect to 
PHB production (% weight), with a mean PHB content of 
16.657 % weight. Peanut oil is one of the most widely 
used oils in the food industry worldwide, with over half 
of this production market dominated by China and India 
according to Transparency Market Research (11) due to 
its extensive use in Asian cuisine. China is also responsi-
ble for 24.8% of the world’s plastic production (9) and so 
has a strong audience for an alternative plastic source 
considering ocean pollution in the North Pacific. This pre-
sents possibilities of introducing plastic innovations such 
as those in this study to combat two problems; a) plastic 
waste, and b) the route of the problem, by using more 
environmentally friendly sources.  

In the peanut industry there are many different by-
products or waste products, including peanut meal, with 
an average of 5.78 million metric tones produced be-
tween 2000 and 2010 (12). Although this is a significant 
amount of a by-product produced to achieve the high 
value edible peanut oil, peanut butter and more, it has 
been shown that fermented peanut meal may also be an 
efficient substrate for biodegradable plastic production, 
in particular poly lactic acid (PLA) biodegradable plastics. 
The limitations to PLA include a high melting point, how-
ever modifications such increasing the relative amount of 
D-lactic acid can resolve this problem, yet current meth-
ods to increase D-lactic acid production are high cost low 
productivity. Recent research has shown that peanut 
meal fermentation by Sporolactobacillus sp. results in the 
highest yield of D-lactic acid from peanut meal (13), and 
therefore further showing how peanut by-products can 
be utilised in the production of biodegradable plastics.  

Peanut oil in its natural state contains 79% unsaturated 
fatty acids, and 16% saturated (14). This saturation is 
shown to be higher than that of our lowest contributor of 
PHB production in this study, rapeseed at 6% saturated 
fatty acids. Additionally, the most prominent unsaturated 
fatty acid in peanut oil is linoleic acid (15); it may be that 
this is more easily converted to saturation during 
heating. However, research by Verlinden et al. (1) found 
an excess of unsaturated fatty acids, regardless of oil 
treatments, and so it was expected that other major fac-
tors are involved in PHB production, and that unsaturat-
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ed fatty acid composition may play more of a role in the 
general bacterial cell metabolism. However, the satura-
tion figures do seem to contribute to the notion that sat-
uration may have increased acetyl-CoA conversion in this 
study and previous. If this correlation stands, it may be 
beneficial in future experimentation to test bacterial uti-
lization of waste oils with a higher level of saturated fatty 
acids, such as coconut oil at 80% saturated fatty acids 
(14), which is also frequently used within the cooking 
industry.  

Considering experimental results and previous research, 
it is clear that the use of waste oil has the capabilities of 
producing a high yield of PHB from C. necator, and po-
tentially other PHB producing bacteria. As waste oil is an 
abundant resource, wide-scale applications of its use as a 
practical replacement of contemporary approaches to 
PHB production and extraction, has the potential to re-
place the current market of petro-chemical plastic pro-
duction as a cheaper, eco-friendly alternative. Peanut oil 
is a potential candidate in this approach, as is shown in 
this study to produce the highest PHB yield from those 
tested in this experiment, as well as being widely used in 
the food industry world-wide. The PHB production from 
waste oils of several other widely used cooking oils 
should be investigated, including that of coconut oil. 
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You might also be interested in Megan 
Johnson's article on her experience of 

plastic pollution at the Great Barrier Reef: 
see Reflections, page 14 


