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ABSTRACT 

 The aim of this study was to produce and characterize the Polyhydroxyalkanoates which 

includes different pineapple peel waste fermentation conditions. The produced biopolymer 

was characterized using FTIR.. The use of bioplastics has gained the momentum as it is 

biodegradable to environment. Use of cost effective and easily available substrates in the 

production of polyhydroxyalkanoate (PHA) enhances its application and hence PHA can be 

successfully used as a substitute for plastics. The present work was performed to study the 

optimum production of polyhydroxyalkanoate (PHA) by bacteria isolated from soil and 

effluent samples using pineapple peels as carbon source and its efficiency was checked by 

PHA production at different time intervals. The maximum PHA production was observed 

with pineapple peel as carbon source. Thus, waste food as peels could be utilized as alternate 

sources of substrates for PHA production. Further investigations are undertaken. 
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1. INTRODUCTION: 

Pineapple agro-industrial waste has been 

studied regarding glucose syrup production 

and preparation of high surface area 

activated carbon with pineapple peel. 

Regarding food industry applications, 

determined pineapple peel physicochemical 

properties, yogurt and vinegar [1]. Another 

alternative to the pineapple peel agro-

industrial waste is its use in biopolymer 

production, such as polyhydroxyalkanoates 

(PHA), by the fermentation. 
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PHAs are biopolymers that are synthesized 

by many gram-positive and gram-negative 

bacteria that are stored in an intracellular 

inclusion bodies as an energy reserve, in 

the response to carbon source excess and 

under the nutrient-limited conditions [2-4].  

Food waste management has now 

become a great challenge globally. 

Statistics report that 33-50% of all food 

produced is not consumed and when food 

waste is used as landfill, methane is 

generated, which is more deadly than 

carbon dioxide [5]. Thus, food wastage 

increases the carbon pollution of the 

environment. 

The aim of this study is to research the 

polyhydroxyalkanoate production by 

fermentation using the pineapple agro-

industrial waste as substrate, particularly 

focusing on the fermentation condition 

effect on biopolymer structural properties.  

Hence the food waste management 

has gained significance and food waste has 

valuable biomass which could be used as 

efficient carbon sources to create eco-

friendly industrial products. Thus, 

biotransformation of vegetable and fruit 

wastes could aid in production of useful 

industrial products [6]. The conversion of 

food waste to biodegradable eco-friendly 

plastics could be a good alternative to 

replace synthetic plastics. Synthetic plastics 

were favoured for their good mechanical 

and thermal properties. But its persistence 

in the environment has raised several 

problems in the ecosystem. Hence, 

replacement of non-biodegradable plastics 

by polyhydroxyalkanoate (PHA), a 

biodegradable polymer has gained 

momentum. The increased cost in 

production of PHA has discouraged the use 

of the polymer. 

 However, the use of inexpensive 

and renewable carbon substrates as an agro 

wastes and by products can contribute 

towards the reduction of cost by 50%.  

Hence the production of vegetable and fruit 

peels can provide cost effective and 

environment friendly biodegradable 

polymer. 

 There are very few reports on the 

utilization of starch by bacteria to produce 

PHA.  Hence, the aim of the current study 

was to explore and evaluate the potential of 

the isolate to produce PHA from pineapple 

peels [9]. 

2. MATERIALS AND METHODS 

2.1 Sample Collection 

 The bacteria used in this study were 

collected from Soil samples and effluent for 

screening of best PHA producing bacteria.  

2.2 Serial Dilution 

Soil and effluent samples were collected in 

clean bags. One gram of the soil sample is 

dispensed in 10ml of sterile distilled water. 

This is then mixed vigorously and 1ml 

from this is taken out and added to another 

tube with 9ml sterile distilled water to get a 
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dilution of 10-1 [13]. This serial dilution is 

then repeated to get the dilutions of 10-2, 

10-3, 10-4, 10-5, 10-6and 10-7. For the 

isolation of the organisms. 0.1ml of each 

dilution was plated onto a nutrient rich 

medium by spread plate method for the 

propagation of the microbial growth. The 

plates are incubated at 300 C for 48 hours. 

Colonies with different characteristic 

features were maintained as the pure 

cultures [14]. 

 

 
Figure 1: Serial Dilution of Soil Bacterium 

 

2.3 Microscopic Observation-Gram 

Staining & Motility 

The unknown bacteria were subject to 

Gram staining technique and motility test 

by hanging drop technique. 

The unknown bacteria were subject to 

Gram staining technique and motility test 

by hanging drop technique [10]. 

RESULTS AND DISCUSSION: 

Extraction of PHA from Bacterial cells 

The PHA produced by the bacterial cells 

were extracted by mass culturing. Fresh 

culture of the selected bacterial strain (16 

h) of the selected potential bacterial isolate 

was inoculated (3-5% inoculum) in 

different media, such as 1 litre of nutrient 

broth with pineapple  peel extract, water 

with pineapple peel extract and incubated at 

370C for 96 h in a rotary shaker. Pineapple 

peels were used in the study. After growth, 

the biomass obtained in the culture flask 

was subjected to PHA extraction using 

boiling chloroform as solvent since it is 

considered to be efficient for extracting 

polymer [11, 12] (Figure 2). 

Disruption of cells by Chemical Methods 

and PHA Estimation 

Nutrient broth was prepared in test tubes 

and inoculated with cultures. The medium 

was incubated at room temperature for 24-

96 hours.PHA was estimated at every 24 

hours interval [7] (Figure 3).  

About 5 ml of culture was taken and 

centrifuged at 10,000rpm for 10 minutes. 
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The Supernatant was discarded and the 

pellet was suspended in 2.5 ml of sodium 

hypochlorite and 2.5 ml of chloroform and 

it was incubated at 30ºC for 1 hour. The 

above content was centrifuged at 1500 rpm 

for 10 minutes at the room temperature 

(Figure 4). 

The upper hypochlorite phase, the middle 

chloroform containing undisturbed cells 

and the bottom chloroform phase with PHA 

were obtained. The upper and middle 

phases were separated the contents were 

again centrifuged at 1500 rpm for 10 

minutes at room temperature and the phase 

other than chloroform with PHA was 

removed carefully [15]. 

Concentrated sulphuric acid was added to 

the chloroform phase containing PHA 

(Figure 5).  

Biopolymer extraction 

The supernatant was removed and the 

decanted fraction was freeze-dried. The 

biopolymer was extracted from the dried 

biomass using chloroform in a ¼ 

biomass/chloroform ratio, under vigorous 

agi-tation, for 12 h at 30◦C. Subsequently, 

dispersion was filtered on no. 1 Whatman 

paper. After filtration, the material was 

added to a Chloroform/Ethanol (1/4) 

solution and maintained under stirring for 5 

min. Finally, the dispersion was filtered 

under vacuum using a 25m paper, while the 

solid material, constituted by the 

biopolymer, was dried overnight . Once the 

polymer was dry, this was stored in glass 

contain-ers at room temperature in a dark 

place, until further use [7] (Figure 6). 

Biopolymer characterizations  

Fourier transform infrared (FTIR) 

FTIR spectra were obtained through a 

Perkin Elmer equipment, Spectrum One 

model, using a DTGS detector with 16 

scans, resolution of 4 cm−1 and wave range 

of () 3500–500 cm−1 at 22 ◦C. 3320.2 

confirmed the presence of unbounded 

hydroxyl group C=c.1645 ,c-o-c. 1078.33.-

C-H.880.56.c=N (Figure 7). 

 

 
Figure 2: Pineapple Peel 
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Figure 3: Nutrient Broth Culture after Feeding Bacteria 

       
Figure 4: separation of supernatant              Figure 5: pellet formation 

                                                                           and Pellet after centrifugation 
 

 

 
Figure 6: Sample Film of Bioplastic 
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Figure 7 

Acknowledgement: 

This study was financially supported by the 

Intramural research project grant from 

centre of research for development 

(CR4D), Parul University. The authors 

have declared no conflict of interest. 

REFERENCES: 

[1] Barbosa, M., Espinosa, A., Malagón, 

D., Moreno, N., 2005. Producción de 

poli- _-hidroxibutirato (PHB) por 

Ralstonia eutropha ATCC 17697. 

Revista de laFacultad de Ciencias 

Pontificia Universidad Javeriana 10, 

45–54. 

[2]  Bosco, F., Chiampo, F., 2010. 

Production of polyhydroxyalcanoates 

(PHAs) usingmilk whey and dairy 

wastewater activated sludge 

production of bioplasticsusing dairy 

residues. J. Biosci. Bioeng. 109, 418–

421. 

[3] Castilho, L., Mitchell, D., Freire, D., 

2009. Production of 

polyhydroxyalkanoates(PHAs) from 

waste materials and by-products by 

submerged and solid-

statefermentation. Bioresour. Technol. 

100, 5996–6009. 

[4] Choi, C., Lee, E., 1997. Structural 

identification of polyhydroxyalkanoic 

acid (PHA)containing 4-

hydroxyalkanoic acids by gas 

chromatography-massspectrometry 

(GC–MS) and its application to 

bacteria screening. Biotechnol.Tech. 

11, 167–171. 

[5] Dhanasekaran, D., Lawanya, S., Saha, 

S., Thajuddin, N., Panneerselvam, A., 

2011.Production of single cell protein 



Pawar P et al                                                                                                                          Research Article 
 

 
6090 

IJBPAS, December, 2022, 11(12) 

from pineapple waste using yeast. 

Innov. Rom.Food Biotechnol. 8, 26–

32. 

[6] Doi, Y., Kunioka, M., Nakamura, Y., 

Soga, K., 1986. Nuclear magnetic 

resonancestudies on 

poly(&hydroxybutyrate) and a 

copolyester of P-hydroxybutyrateand 

P-hydroxyvalerate isolated from 

Alcaligenes eutrophus 

H16.Macromolecules 19, 2860–2864. 

[7] Koller, M., Bona, R., Braunegg, G., 

Hermann, C., Horvat, P., Kroutil, M., 

Martinz, J.,Neto, J., Pereira, L., Varila, 

P., 2005. Production of 

polyhydroxyalkanoates 

fromagricultural waste and surplus 

materials. Biomacromolecules 6, 561–

565. 

[8] Lopez-Cuellar, M., Flores, J., 

Graciada, J., Perez, F., 2011. 

Production ofpolyhydroxyalkanoates 

(PHAs) with canola oil as carbón 

source. Int. J. Biol.Macromol. 48, 74–

80. 

[9] Misra, A., Thakur, M., Srinivas, P., 

Karanth, N., 2000. Screening ofpoly-

hydroxybutyrate-producing 

microorganisms using Fourier 

transforminfrared spectroscopy. 

Biotechnol. Lett. 22, 1217–1219. 

[10] Simon-Colin, C., Ragénes, G., 

Crassous, P., 2008. A novel mcl-PHA 

produces oncoprah oil by 

Pseudomonas guezennei biovar. 

tikehau, isolated from a “kopara”mat 

of French Polynesia. Int. J. Biol. 

Macromol. 43, 176–181. 

[11] Thakor, N., Ujjval, T., Patel, K., 

2005. Biosynthesis of medium chain 

lengthpoly(3-hydroxyalkanoates) 

(mcl-PHAs) by Comamonas 

testosterone duringcultivation on 

vegetable oils. Bioresour. Technol. 

96, 1843–1850. 

[12] Wang, J., Tan, G., Chen, C., Ge, L., 

Li, L., Wang, L., Zhao, L., Mo Yu 

Tan, S., 2014.Enhanced gas 

chromatography-mass spectrometry 

method for 

bacterialpolyhydroxyalkanoates 

(PHAs) analysis. J. Biosci. Bioeng. 

117, 379–382. 

[13] Yezza, A., Halasz, A., Levadoux, W., 

Hawari, J., 2007. Production ofpoly- 

_-hydroxybutyrate (PHB) by 

Alcaligenes latus from maple sap. 

Appl.Microbiol. Biotechnol. 77, 269–

274. 

[14] Zinn, M., Witholt, B., Egli, T., 2001. 

Occurrence: synthesis and medical 

applicationof bacterial 

polyhydroxyalkanoate. Adv. Drug 

Deliv. Rev. 53, 5–21. 

 

 


