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Evaluation of substrates for biopolymer processing 
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Abstract 

The substitution by biodegradable plastics through the implementation of lignocellulosic polymers 

based on lignocellulose represents a potential idea to reduce their impact and take advantage of these 

wastes, decreasing their cost for final disposal and the environmental damage they generate. In this 

project, substrates based on banana and mango peels were evaluated for Pseudomona to obtain a 

biopolymer with the objective of determining which substrates generate a greater amount of polymers 

by comparing mango, banana and potato peels with known growth media.  The process is composed of 

a mechanical pretreatment and acid hydrolysis, for the delignification of the peels, compared with the 

basal medium and the LMC for the culture of Pseudomona at 35°C under sterile conditions, neutral PH 

and the addition of some elements of the basal medium, cell extraction by centrifugation and a method 

of extraction of the polymer based on chloroform. Obtaining that the biopolymer produced in gr/L 

25.86, 19.53, 6.63, 4.55, 15, for Mango, Banana, Potato, LMC and Basal medium, having better yields 

than the commercial media. 

Biopolymers, Lignocellulosic residues, Pseudomona 

7 Introduction 

Plastic waste pollution is one of the main environmental problems. Technological development and 

industrialization generate more and more waste. An average of 8 million tons of plastic are dumped 

into the oceans every year, which is equivalent to emptying a garbage truck full of plastics every 

minute. (Plastic pollution. One of the greatest environmental challenges of the 21st century, n/d). 

Biopolymers present a very promising alternative for the replacement of plastics because they 

are completely biodegradable and are produced from renewable carbon sources. (Carlos, 2023) They 

also have an important application as biocompatible materials in the biomedical and pharmaceutical 

area, in addition to the fact that their production does not generate dependence on oil as is the case of 

conventional plastics, a resource that is becoming increasingly expensive and scarce, in addition to 

being highly polluting (García et al., 2013). 

Lignocellulosic biomass has a high potential for obtaining high value-added bioproducts, 

among which bioplastics stand out. Lignocellulosic materials are abundant and generally low priced, 

being the current challenge to produce valuable products with high selectivities and yields at economic 

costs. This type of biomass is considered a low-cost source of carbon. (Bioplastics and high value-

added bioproducts from lignocellulosic biomass - Chemical Industry, n.d.) 

The project consists of the combination of biotechnology and the use of waste rich in carbon 

source for the production of biopolymers, through the synthesis carried out by some bacterial genera 

under nutritional stress, within these bacterial genera are species of Pseudomonas that are capable of 

generating a substitute product for petroleum-derived plastics, by completely biodegradable bioplastics. 

7.0.1 Pseudomonas 

The member species of the genus Pseudomonas spp. belong to the phylum of Proteobacteria, of the 

subclass gamma, group of aerobic Gram-negative bacteria measuring 0.5 to 0.8 μm by 1.5 to 3.0 μm, 

are highly diverse morphologically and physiologically their motility is by a single polar flagellum, 

they have a great capacity for adaptability to different environments, finding from animal and plant 

pathogens, to soil colonizers. 

Their ability to produce and accumulate pha has been highly studied in different conditions, 

mainly the production of medium-chain PHAs,(Carreiro 3-5) these microorganisms grow at near 

neutral pH and mesophilic temperatures, up to 43°C. It has been reported that many species of 

Pseudomonas grow efficiently in chemically defined media containing different aliphatic compounds 

(carbohydrates, fatty acids, dicarboxylic and tricarboxylic acids, alcohols) and aromatics as carbon 

source.(Martínez, 2008).  
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Among the growth media for pseudomonas is King's Agar B in a solid medium that allows 

obtaining bacterial colonies, the presence of magnesium sulfate in its composition provides the 

necessary cations for the activation of pioverdine, which gives the culture medium a fluorescent 

greenish-yellow color.  The presence of phosphate inhibits the production of pyocyanin, a specific 

pigment of Pseudomonas aeruginosa (King B Agar | Pseudomonas | Bioser, n.d.). 

Among the liquid media, the LMC medium is characterized by providing the necessary 

nutrients to achieve maximum growth of Pseudomonas, its composition is shown in Table 7.1. While a 

basa medium constitutes simple media that favor the growth of undemanding bacteria, under stress 

conditions, covering the minimum nutritional requirements shown in Table 7.2. 

Table 7.1 LMC medium 

Formula gr / L 

Mannitol (substituted by glucose) 10.00 

Yeast extract 10.00 

Dipotassium phosphate 00.50 

Magnesium sulfate 00.10 

Sodium chloride 00.20 

Table 7.2 Basal medium 

Formula gr / L 

Yeast extract 1.00 

 Peptone 5.00 

Disodium hydrogen phosphate 1.00 

Magnesium sulfate 0.20 

Glucose 10.00 

7.0.2 Lignocellulosic biomass 

The lignocellulosic material is the agro-industrial product of greater abundance, it is a source of 

renewable raw material, by constituting a structural part in the plant kingdom, are waste a low 

economic valuation, and a great economic and environmental impact for its final disposal, is composed 

mainly of cellulose, hemicelluloses and lignin compounds that stand out for their numerous 

applications. (René Rafael Gallego-Domínguez, 2017) 

7.0.3 Banana peel 

The main by-product of the banana industrial process, is the peel which represents approximately 30% 

of the weight of the fruit, Banana peel is rich in dietary fiber, proteins, essential amino acids, 

polyunsaturated fatty acids and potassium; among the efforts to use the peel, proteins, methanol, 

ethanol, pectins and enzymes have been obtained. (Gómez Montaño et al., 2019) 

7.0.4 Mango peel 

Mango is a fruit appreciated and highly consumed around the world, and in Mexico, mango is among 

the 3 most consumed fruits, after banana and apple Mango peel is the residue of multiple products such 

as juices, pickles, sauces, preserves, jams, jellies and dehydrated products, the peel represents about 

32% of the total weight of the fruit which is discarded generating pollution in the environment. (Use of 

mango and its byproducts in animal production, n.d.) 

7.0.5 Potato skin 

Potato production is the main source of income due to the diversity of varieties that can be grown. It is 

estimated that about a quarter of the potato waste generated during industrial processing is discarded. In 

addition, agro-industrial waste has a considerable starch content that can be used industrially and in 

biotechnological processes as a substrate. (Sánchez-Castelblanco & Heredia-Martín, 2020). 
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7.0.6 Pretreatment 

This stage is carried out with the objective of reducing the crystallinity of the cellulose, breaking the 

lignin-cellulose complex, increasing the surface area of the material, minimizing the presence of 

substances that may hinder the subsequent stages and minimizing the loss of the original material. 

(Antonio & Jiménez, n/d). 

7.0.7 Hydrolysis 

Hydrolysis is a process that consists of breaking complex carbohydrates into simple sugars to be used 

as a substrate for subsequent fermentation. Cellulose is hydrolyzed into D-glucose monosaccharides, 

while hemicellulose is hydrolyzed into pentoses and hexoses (mannose, glucose, xylose, etc.) (Oviedo, 

2017).(Oviedo, 2017)  

7.0.8 Cell separation methods 

The various separation techniques are based on the existing differences between different cell types 

based on their differences in size, density, their antibody affinity towards certain cell surface epitopes, 

light scattering, fluorescence emission. Centrifugation is a technique to separate cells based on their 

density. This method is ideal for separating cells whose densities differ by more than 0.02 g/ml and is 

performed by conventional centrifuges (TOPIC 2 Cell Isolation and Purification Techniques - 1st 

Edition This document contains - Studocu, n.d.). 

7.1 Methodology to be developed 

The production of PHA by lignocellulosic matter requires additional processes for the release of the 

carbon source for microorganisms such as Pseudomona, three raw materials were selected: banana 

peel, mango peel and potato peel, in which the same procedure was carried out. 

7.1.1 Biomass preparation 

To facilitate the storage of the raw material to be used, the water particles were eliminated from the 

material by means of a solar dryer, in which the peels were placed with the smallest possible thickness 

and in defined amounts in gr, remaining there until reaching constant weight, and then they were stored 

in separate containers. 

7.1.2 Pretreatment 

A mechanical pretreatment was carried out in order to reduce the size of the particles and improve the 

solubilization of sugars in the hydrolysis, crushing each of the three types of husks in a food processor 

until pulverized and then using a strainer the larger particles were removed to achieve a uniform 

consistency.  

7.1.3 Hydrolysis 

For the delignification of the pulverized husk, an acid pretreatment was carried out using a 2.5% 

solution of sulfuric acid at a ratio of 1:10 with respect to the biomass solution for 40 min at 125°C.  

7.1.4 Preparation of the medium 

After the chemical hydrolysis, a vacuum filtration with coffee filters was performed to remove the solid 

remains and reduce the time of a second filtration with 40 um paper. The solid remains were discarded 

and the filtered solution was kept to continue with the process. 
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Subsequently, the pH was adjusted to 7 of each of the three solutions of the hydrolyzed banana, 

mango and potato peels, by means of a solution of sodium hydroxide at .5 N, and the elements for the 

preparation of the basal medium were added (Table 2), in which glucose was replaced by the sugar 

present in the hydrolyzed solutions, for later comparison, a basal medium with glucose was prepared as 

indicated in Table 7.2. After the addition of the chemical compounds, each of the samples was 

sterilized at boiling point for 15 min. 

 

7.1.5 Pseudomonas culture 

 

King B medium was prepared, these media were stored in Petri dishes and after solidification they were 

seeded using a streaking technique with pseudomonas and allowed to grow at 35 ºC until visible 

growth was observed. 

 

7.1.6 Culture media 

 

For the preinoculum, a medium known for MCL growth (Table 1) was used for 24 hours at 35°C. The 

previously sterilized medium was inoculated with a bacteriological loop of the sample sown in solid 

King B medium, taking an absorbance measurement every hour for the analysis of its growth, 

  

It was inoculated in a ratio of 1:10, pre-inoculated the same pre-inoculum 5 different samples, 

the one prepared with the basal medium, the LMC solution, and the three hydrolyzed solutions with 

banana peel, mango, potato 35°C for 72 HOURS using an Erlenmeyer flask with Bach type bireactor 

and monitoring the growth by measuring absorbance at 450 nm every 2 hours.  

 

7.1.7 Extraction of the solute 

 

Each sample was centrifuged at 2000 rpm for 20 min and the supernatant and solute were removed, the 

latter was extracted by washing with distilled water. 

 

7.1.8 Extraction of PHA 

 

The extracted solute was dried at 60 degrees for 24 hours for the determination of the total bacterial 

weight, sodium hypochlorite was added at 37 degrees for 2 hours. 

Subsequently, the dried samples were placed in a water bath with chloroform and the resultant after 

evaporation was weighed. 

 

7.2 Results 

 

7.2.1 Preparation of the pre-treatment biomass  

 

Three values of non-dried husk (wet weight) and their respective dry weight were recorded, and based 

on the following equation, the percentage of moisture was calculated. These values were averaged by 

type of husk to obtain a concrete value of moisture, which was compared with the theoretical values 

cited in other projects. 

 

% 𝑯𝒖𝒎𝒊𝒅𝒊𝒕𝒚 =
𝑾𝒆𝒊𝒈𝒉𝒕𝒊𝒏𝒊𝒕𝒊𝒂𝒍−𝑾𝒆𝒊𝒈𝒉𝒕𝒇𝒊𝒏𝒂𝒍

𝑾𝒆𝒊𝒈𝒉𝒕𝒊𝒏𝒊𝒕𝒊𝒂𝒍
× 𝟏𝟎𝟎            (1) 

 

Equation 1 Percentage of moisture (Gestión de RSU Propiedades 16, n.d.). 
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Table 7.3 Records of initial and final weights of different shells 

Cascara Wet weight (gr) Dry weight (gr) % Moisture % Average 

humidity 

Mango 1 290.043 41.906 86% 88% 

Mango 2 213.000 25.780 88% 

Mango 3 183.010 18.055 90% 

Plantain 1 146.582 31.848 78% 81% 

Plantain 2 74.564 11.158 85% 

Plantain 3 228.610 44.540 81% 

Papaya 1 98.818 6.918 93% 93% 

Papaya 2 56.030 3.330 94% 

Pope 3 74.080 6.600 91% 

7.2.2 Pretreatment 

A nutribullet was used for this process, grinding each type of peel separately (mango, potato and 

banana) and storing them in plastic containers.  

After grinding, the larger particles were eliminated with a strainer and then regrinded until the 

desired size was reached.  

7.2.3 Hydrolysis 

For hydrolysis, the brix degrees were recorded to identify the percentage of sugars released at the end 

of the process; this was done only for the media in which the sugars were not free.  

7.2.4 Preparation of the medium 

It was recorded that for a hydrolyzed solution of 500 ml after filtration, a variable final volume was 

obtained for each of the substrates, the results are shown in the following table.  

7.2.5 Growth media 

For the preinoculum, a known medium was used for its MCL growth for 24 hours at 35°, taking 

absorbance measurements every hour in order to identify which pseudomonads were still in the growth 

phase and shorten the latency phase. At the end of the process the Brix degrees of each solution were 

recorded. 

7.2.6 Extraction of the solute 

Each sample was centrifuged at 2000 rpm for 20 min and the supernatant and solute were removed, the 

latter was extracted by washing with distilled water. 

Table 7.4 Records of supernatant obtained after centrifugation 

SUSTRATE SUPERNATANT PER LITER 

Mango 100 ml 

Banana 83 ml 

Potato 30 ml 

MCL 22 ml 

Basal 55 ml 

7.2.7 Extraction of PHA 

The extracted solute was dried at 60 degrees for 24 hours for the determination of the total bacterial 

weight, sodium hypochlorite was added at 37 degrees for 2 hours.  

Subsequently, the dried samples were placed in a water bath with chloroform and the resultant 

was weighed after evaporation. 
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Table 7.5 Grams of pha per liter as a function of substrate type 

 
SUBSTRATE PHA (gr) liter 

Mango 25.86 gr 

Banana 19.53 gr 

Potato 6.63 gr 

CML 4.55 

Basal 15.53 

 

7.3 Discussions 

 

It is concluded that higher amounts of PHA were obtained from mango peel because its sugar content is 

higher, exceeding the amount of production of the original basal medium with glucose, it was 

determined that providing the minimum requirements to the microorganism allows the production of 

PHA, while a medium rich in nutrients (LMC), generates a lower production. 

The amount of PHA produced was 25.86 gr, 19.53 gr, 6.63 gr, 4.55, 15.53 for the Mango, Banana, 

Potato, LMC and Basal media. 

 

7.4 Conclusions 

 

It is concluded that greater amounts of PHA were obtained from mango peel because its sugar content 

is higher, exceeding the amount of production of the original basal medium with glucose, it was 

determined that providing the minimum requirements to the microorganism allows the production of 

PHA, while a medium rich in nutrients (LMC), generates a lower production. 

 

The amount of PHA produced was 25.86 gr, 19.53 gr, 6.63 gr, 4.55, 15.53 for the Mango, 

Banana, Potato, LMC and Basal media. 
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