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Abstract: Lignocellulosic biomass is a renewable and abundant material that can be used as raw material to
obtain biopolymers. In this paper, the production of carbohydrates from lignocellulosic biomass was
investigated in order to obtain raw materials for biopolymer production. A technological methodology for
polylactic acid (PLA) and polyhydroxyalkanoate (PHA) production from lignocellulosic biomass was
proposed. The autohydrolysis pretreatment of peach orchards leads to carbohydrates separation at high
temperatures (160, 180, and 200°C) and pressure (80 bar). The effect of pretreatment methods for
carbohydrate production was evaluated. The structural characterization of lignocellulosic biomass, before
and after pretreatment, was carried out by reflected light microscopy.
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1. Introduction

Considering the availability of fossil fuels and their impact on the atmosphere, i.e., the greenhouse
effect, developing alternative renewable energy becomes imperative for sustainable development.
Therefore, biomass becomes the major source of “green energy”. Lignocellulosic biomass is an
abundant source, affordable, renewable, and available in large quantities, which received
considerable attention as a promising alternative to fossil fuels [1]. Lignocellulosic biomass comes
from the following sources: crop residues, wood, herbaceous biomass, agro-industrial residues,
and vegetable waste. In recent years, biofuels and bioenergy production from lignocellulosic raw
materials was considerably developed. In contrast, the production of chemicals and biomaterials
from renewable raw materials remains limited [2,3]. The major components of lignocellulosic
biomass, namely cellulose and hemicellulose, can be converted into bioethanol and bioplastics,
whereas lignin can be converted into polymers. Cellulose is a complex consisting of 3000 or more
glucose units, whereas hemicellulose is formed from pentoses (xylose and arabinose), hexoses
(mannose, glucose, and galactose) and uronic acids. Lignin is a complex polymer consisting of
three types of precursor alcohols: p-coumaric, coniferyl and p-synapic alcohols [4].

White biotechnology is an industrial biotechnology for durability, in which microorganisms or
enzymes are used to produce fuels and chemicals from renewable resources. Biopolymers are
biodegradable and non-biodegradable (fossil fuel). Biodegradable polymers are cellulose,
hemicelluloses, polylactic acid, poly succinic acid, polyhydroxyalkanoates, gluten, and algal
biopolymers [5].

The main components of lignocellulosic biomass (cellulose and hemicelluloses) need to be
extracted and subjected to pretreatment and hydrolysis to obtain biopolymers.

Over the last few years, many pretreatment, hydrolysis, and fermentation methods have been
developed, but each presents advantages and disadvantages. Most plastics start out as
hydrocarbons derived from crude oil, the global plastic production extending every year. The
growing production of petroleum-based plastics has a negative impact on the environment.
Therefore, bioplastic innovation and research activities, which provide alternatives to conventional
plastics are needed. In recent years, global innovative biopolymers such as polyhydroxyalkanoates
(PHA), polyhydroxy butyrate (PHB) and polylactic acid (PLA) have been the most used
alternatives. The production of biopolymers from lignocellulosic waste consists of four steps:
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(1) pretreatment for cellulose and hemicellulose separation, (2) hydrolysis to break down the
molecules of cellulose and hemicellulose in sugars, (3) fermentation of sugars into biopolymers
(PLA and PHA) by using specific bacteria and (4) a polymerization/polycondensation process [6,7].
Lactic acid has two enantiomeric forms: lactic acid L (+) and lactic acid D (-) (Figure 1).

OH OH
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Fig. 1. Lactic acid isomers

The strains used for PLA production by microbial fermentation are Bacillus strains, such as
Lactobacillus, Bavaricus, Casei, Caltaromicus, Salivarius, Carno-bacterium, Enterococcus,
Lactococcus, Leuconostoc, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus, and
Weissella [8].

Polyhydroxyalkanoates are bioplastics and have a great interest due to their potential to replace
the fossil plastic. PHAs are biodegradable aliphatic polyesters that have a structure based on 3-
hydroxyalkanoate acid. Due to its composition and polymer nature, PHAs are biocompatible,
biodegradable, water-insoluble, non-toxic and thermoplastic, which makes them competitive with
synthetic plastics. The bacterial species used to generate PHAs are: Ralstonia eutropha,
Aspergillus eutrophus, Cupriavidus necator, Rhodobacter sphaeroides, Wautersia eutropha,
Pseudomonas sp., Thermus thermophiles, Hydrogenophaga pseudoflava, Haloferax mediterranei,
Saccharophagus degradans, Bacillus sp., Halomonas sp., Azohydromonas lata, Chromobacterium
sp., Methylobacterium sp., Azotobacter sp., Burkholderia sp., Zobellella denitrificans,
Dechloromonas sp., Comamonas sp., Aeromonas sp., Erwinia sp. and E. Coli [9].

The problem with the use of lignocellulosic biomass in the production of biopolymers is the
extraction of carbohydrates. Thermochemical or biochemical processes are required to transform
polymers (cellulose and hemicellulose) from the lignocellulosic biomass structure into monomers.
The pretreatment method is the most critical step, there are different methods presented in the
literature [10]. Currently, green techniques are used for the extraction of carbohydrates from
biomass, such as supercritical fluid extraction, autohydrolysis, and steam-explosion that do not use
chemicals.

Therefore, enzymatic hydrolysis and fermentation are the most promising alternative for converting
lignocellulosic waste into sugars, being also green technologies. Separate hydrolysis and
fermentation (SHF) and simultaneous saccharification and fermentation (SSF) are two processes
that can be used for bioplastic production with high yield and low production cost [11].

The paper aims to demonstrate the valorisation of lignocellulosic biomass by developing value-
added biobased products through green methods and chemicals, as much as possible. Separation
of cellulose from lignocellulosic biomass will be performed in order to use it as raw material for
bioplastics obtainment.

2. Materials and Methods
2.1. Chemicals and reagents
All chemicals used were of analytical reagent grade and were purchased from Merck (Darmstadt,

Germany). All solutions were prepared by using ultrapure water (18.2 MQcm-1 at 20 °C) obtained
from a Direct-Q3 UV Water Purification System (Millipore, Molsheim, France).
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2.2. Sample description

The lignocellulosic biomass samples were purchased from the Research Station of the University
of Agricultural Sciences “lon lonescu de la Brad” from lasi, farm no. 3 ,Vasile Adamachi”
(Romania). The samples were collected immediately after the cutting operations of peach trees,
dried and shredded to a diameter of 0.2 mm.

Pretreatment
Water

Lignocellulosic

biomass PHA

Parr reactor

Lambda Minifor Bioeactor

Fig. 2. Schematic representation of the technological approach of this paper
2.3 Pretreatment of lignocellulosic biomass

The pretreatment method was carried out according to our recent publication [4]. Carbohydrates
were extracted at three different temperatures (160, 180, and 300°C) for 15, 30, and 45 min. At the
end of the experiments, the solids and liquid samples were collected and separated by filtration.
Cellulose, lignin, and hemicellulose content was determined according to the reference [12].

2.4 Structural characterization of lignocellulosic biomass by using reflected light
microscopy

The lignocellulosic biomass, before and after pretreatment, was characterized by a reflected light
microscope (Kern OKN-1, Germany). The microscope is an infinity optical system and has a 50 W
halogen incident illumination unit. The samples were analyzed by a light microscope at up to 40 x
magnification.

3. Results and discussion

The chemical composition of lignocellulosic biomass (peach orchards) used in this study is
presented in Table 1. Cellulose is the most abundant component of lignocellulosic biomass (30.8 +
0.8%). The moisture content was 10%. The high content of holocellulose (57.1%) recommends the
peach orchard biomass as raw material for bioplastic production.

Table 1: Chemical composition of lignocellulosic biomass (peach orchards)

Component Amount (%, w/w)
Cellulose 30.8+0.8
Hemicelluloses 26.3+0.4
Lignin 295+0.3
Ash 25+0.01
Extractables 1.3+0.01
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When synthesizing biopolymers such as PHA and PLA from lignocellulosic biomass, the first step
is to obtain carbohydrates. The use of autohydrolysis pretreatment for the separation of cellulose
from lignocellulosic biomass led to hemicellulose solubilized in liquid fraction and cellulose and
lignin separated in the solid fraction. The separation of biomass components depends on the
pretreatment method used.

Pretreatment with water at high temperatures and pressure is an ecological pretreatment that uses
as solvent only water. The efficiency of the pretreatment depends on temperature, time, and
pressure. The mechanism involves the formation of hydrogen ions that act as Lewis acids.
Humidity can generate carbonic acid, which improves the hydrolysis of hemicelluloses in the liquid
phase [8]. The experiments were carried out at different temperatures (160, 180, and 200°C),
reaction times (15, 30 and 45 min), and the same pressure (80 bar). The chemical composition of
the solid fractions resulted after the pretreatment are presented in Figure 3 (a-c).

Cellulose (%)

Temperature (°C)
Temperature (°C)

(@)

Temperature (°C) 160 15 Time(in)

(©)

Fig. 3. (a) Content of cellulose, (b) hemicelluloses and (c) lignin in solid fraction separated after
pretreatment, at different conditions

The solid yield of the fraction recovered after pretreatment varied between 55.2 -70.1%. It
decreased with the temperature increase and reaction time. This is caused by the solubilization of
the hemicellulose in the liquid fraction. The solid fraction composition was analyzed after each
experiment to determine the cellulose, hemicellulose, and lignin content. The cellulose content
ranged from 32.0 to 45.1/100 g of pretreated biomass, while the lignin content ranged from 35.0 to
48.1/100 g of pretreated biomass. The hemicellulose content decreases with the temperature
increase and reaction time from 15 min to 45 min. Autohydrolysis pretreatment can separate
cellulose from lignocellulosic waste, which can be used as a raw material in the production of
bioplastics. For a maximum efficiency of cellulose, the separation is recommended as a
pretreatment of lignocellulosic biomass, at a temperature of 180°C for 30 minutes.
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Structural characterization of lignocellulosic biomass by using reflected light micrographs

Autohydrolysed biomass has a different texture than untreated biomass. The structure of the
untreated biomass shows resistance, while the autohydrolysed structure indicates degraded
biomass after the pretreatment. Untreated biomass structure is rigid and has longitudinal sections
and a fibrous structure, whereas the treated biomass shows crystalline form. Reflected light
microscopy confirms the efficiency of the autohydrolysis pretreatment.

Fig. 4. Reflected light micrographs of the: (a) untreated (b) pretreated biomass (180°C, 30 min)

Technological approach proposed

The obtained cellulose could be further used for PLA and PHA production. The technology of
obtaining PLA from cellulose will contain the following main steps: (i) enzymatic hydrolysis of
cellulose and simultaneous fermentation with specific bacteria for the production of lactic acid;
(ii) purification and separation of lactic acid from the fermentation medium; (iii) lactic acid
polycondensation with the PLA obtainment and (iv) separation and characterization of the obtained
PLA bioplastic (Figure 5).

Pretreatment
Hydrolysis Fermentation
Lignocellulosic biomass Glucose —> Lactic acid
l Polycondensation
Polymerization Depolymerization
: Low molecular weight
o oH | — Lactide PLA
HO o}
o] n o}

PLA

Fig. 5. Schematic representation of the biosynthetic partway for the production of PLA from lignocellulosic
biomass
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The technology of PHA production from lignocellulosic biomass contains the following main stages:
(i) fermentation with specific bacteria for direct production of PHA, (ii) purification and separation of
PHA from the fermentation medium and (iii) characterization of the obtained PHA bioplastic.

Pretreatment
i Fermentation
Hydrolysis ermentatio T o
Lignocellulosic biomass |—> Glucose > O—CH—(CHZ)n—L| oH
l :

PHA

Fig. 6. Schematic representation of the biosynthetic partway for the production of PHA from lignocellulosic
biomass

4. Conclusions

Extraction of carbohydrates from lignocellulosic biomass was performed using an autohydrolysis
pretreatment. The lignocellulosic biomass used in this study has a high content of cellulose and
hemicelluloses, recommended as raw material for bioplastics production. Two new technologies for
bioplastics (PLA and PHA) were proposed.
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