We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter

Production of Pectin from Citrus
Residues: Process Alternatives and
Insights on Its Integration under
the Biorefinery Concept

Daniel David Duvrdn-Arvanguren,

Caren Juliana Alméciga Ramirez,

Laura Catalina Villabona Diaz,

Manuela Ayalde Valderrama and Rocio Sierra

Abstract

This chapter describes the pectin production process from citrus residues.
It discusses the importance of essential oils removal before processing through
steam distillation, hydrodistillation, or solvent extraction. Also, it presents differ-
ent extraction methods (acid hydrolysis, microwave-assisted acid hydrolysis, and
hydrodistillation) that have been employed and different solvents that can be used
for its purification. Since all these processing parameters can affect the final pectin
yield and quality, a discussion is made on which processing options and conditions
could be used based on recently reported data. The best operational conditions
based on the percentages of pectin recovery and their relationship with quality
parameters, such as the galacturonic acid content and degree of esterification are
presented. Finally, a discussion is made regarding the opportunities for its integra-
tion under the biorefinery concept that could help to enhance several economic and
environmental aspects of the process.
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1. Introduction

Nowadays, residues are wrongfully disposed of and underutilized, becoming an
increasingly alarming problem for the environment and the population’s well-being.
One of the primary sources of waste is the food industry. It is estimated that about
1600 Mton of food residues are produced annually, and about 500 Mton are entirely
derived from fruits [1]. The consumption of natural fruit juices has been increasing
recently, mainly due to health concerns in the population. A shift toward a healthier
and more natural lifestyle implies a reduction in the intake of soft drinks that could
contain a high concentration of sugars, artificial colorants, and artificial sweeteners
with possible adverse effects on the human body [2]. Orange juice holds most of the
market share due to its vitamin content and general health benefits. As with other
citrus fruits, the majority of the fruit is discarded during the juice-making process.
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The residues include peels, seeds, and remnant pulp, which represent almost 50%
of the total weight of the fruit [3].

Over the years, research has been made to develop ways to use organic waste as
a source of chemical substances and energy. There are many studies regarding the
obtention of multiple products from citrus peels [1, 4-6]. Some of these added-
value products include pectin, essential oils, bioethanol, biogas, and polyphenolic
compounds. These products can serve as feedstocks for other industrial processes
or as final products by themselves, so the possibilities for selling them are very
extensive.

Nonetheless, pectin has been one of the main chemical substances retrieved
from citrus residues with organoleptic characteristics that depend highly on the
processing steps and conditions used for its production. Moreover, due to the
multiple value-added products obtained from citrus residues, it is appealing to
investigate the possibility of integrating all these processes under the biorefinery
concept, which encompasses a series of steps aimed to transform, refine, purify, or
separate different kinds of biological assets into other products [7].

This chapter intends to compile relevant information regarding the production
of pectin from citrus residues and thus, determine the most efficient methods that
result in the best quality and yields of the final product. Using information collected
in the last ten years and reported in relevant scientific databases (Scopus, Springer
Link, Wiley, Taylor & Francis, and ACS), a description of the processing alterna-
tives for pectin production was made. Additionally, the gathered information was
used to propose the most convenient alternatives and process conditions for its
obtention. Finally, the possibility of integrating pectin production into a whole
citrus residues biorefinery was discussed, including novel valorization pathways
that could increase the process’s economic, environmental, and social sustainability.

2. Unit operations and process conditions for pectin extraction from
citrus residues

In the last few years, studies on developing new routes for utilizing organic
citrus residues have mainly focused on pectin production. Pectin is primarily found
as a component of the cell wall of plants that gives them resistance and flexibility
due to its content of galacturonic acid, partially esterified with methyl ester or
acetyl groups [8]. In general, the process begins by collecting citrus residues.

The raw material is then washed, dried, and grinded before bioactive compound
extraction. During the extraction of bio-compounds, essential oils, polyphenols,
and flavonoids are removed to improve pectin’s quality. After this step, pectin is
retrieved from biomass by breaking down the polymer and “dissolving it” into

the liquid phase. The solid phase residue contains other structural carbohydrates
that could be further valorized. The liquid, rich in galacturonic acid units, is then
submitted to a separation step (“precipitation”), where it is washed with alcohols
or organic solvents that cause pectin to agglomerate. These solvents also eliminate
remnant bioactive compounds that can alter the final pectin’s organoleptic proper-
ties. Finally, solvents are evaporated from the jellified pectin to obtain the product
of interest. Figure 1 shows a diagram representing each one of the processing steps
to obtain pectin.

2.1 Preparation of the material

As seen in Figure 1, the process begins by washing the material to eliminate
excess dirt. After that, citrus residues are prepared for further processing by drying,
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Figure 1.
Process block diagram representing the unit operations to produce pectin from ovange residues.

which guarantees their storage for long periods. The material’s drying process is
usually carried out at temperatures around 40-60°C and drying times up to 2 days.
However, the highest drying temperature reported is 95°C [9], which reduces the
drying time but could cause the degradation of bioactive compounds. Also, it is
desired to achieve low humidity (approximately 10%) as a way to extend the storage
time of the raw material and to achieve a small particle size (< 1 mm) that generates
a higher contact surface and a better performance during extraction [9].

2.2 Extraction of essential oils and bioactive compounds

It is important to remove certain bioactive compounds such as essential oils
and flavonoids, besides some sugars interfering with the pectin’s final quality. The
purpose of removing these compounds is to improve pectin’s esterification degree,
galacturonic acid content and guarantee its physicochemical characteristics. At
this stage, the principal compound of interest is the essential oil coming from the
flavedo of the citrus peel. The essential oils from citrus fruits are conformed mostly
by terpenes, which are organic substances responsible for the vegetal material’s
organoleptic properties. With terpenes removal, unpleasant flavors are avoided,
which improves the quality of the final product [10].

Multiple methods such as vapor explosion, hydrodistillation, steam distillation,
and in some cases solvent extraction can be implemented to perform essential oil
extraction. The most common method used is steam distillation. In this method,
the organic material is placed in a container where steam can pass and reach the
sample uniformly. On the other hand, hydrodistillation works by placing the residue
in direct contact with boiling water. The essential oils are retrieved once the water
vapor rich in terpenes and terpenoids is condensed in both cases. Nonetheless,
hydrodistillation can present agglomerations due to the direct contact of the
submerged material with the liquid, which interferes with steam access to specific
system zones. Another extraction method is Solid-Liquid Extraction, which can be
done with various polar and non-polar solvents to retrieve the bioactive compounds
selectively. However, SLE can also be assisted by heat, agitation, ultrasound, or
microwaves, increasing the yields of the desired compounds.

In Figures 2 and 3, the yields of essential oils and the limonene content reported
using different extraction methods for orange residues are shown in relationship
with the pectin process. In Figure 2, the highest essential oil yields were obtained
using Solid-Liquid Extraction with acetone (~2.2%) [1]. Nonetheless, the Solid-
Liquid Extraction with acetone would require further separation of the polar and
non-polar compounds due to the polarity of the solvent. For steam distillation,
yields of 0.7% [11] and 0.84% [9] were obtained, which are slightly lower than
those obtained by Hilali et al. with hydrodistillation and solar hydrodistillation ~1%
[12]. Differences observed in yields for steam distillation could be attributed to the
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Figure 3.
Content of limonene in the essential oils extracted.

distribution of the sample in the system and how steam interacts with the residue.
It is possible to increase steam distillation yields by increasing the pressure in the
system (steam explosion) or performing double hydrodistillation [10, 13]. In the
case of hydrodistillation, similar yields were obtained independently if the process
is carried out with solar energy or not. As seen in Figure 3, the limonene content in
the essential oils of orange residues is between 90% and 95% [9, 10, 12].

2.3 Extraction of pectin

Once essential oils and other bioactive compounds are removed, the extraction of
pectin can be carried out. The first option is to use the liquid phase from hydrodistil-
lation, rich in pectic substances released during heating in direct contact with water.
Since pectin is heat-sensible and water-soluble, this option is attractive to perform
both essential oils removal and pectin extraction. Hilali et al. reported a yield of
~12% for conventional hydrodistillation and ~ 8.3% for solar hydrodistillation [12].
Even though similar yields were obtained for essential oils using hydrodistillation,
the way the heat is applied to the system may affect how much of the pectin is
dissolved, resulting in lower yields. Similar behavior can be observed when pectin is
retrieved from microwave-assisted hydrodistillation, with yields of around 15% [14].

4
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The most common way to extract pectin from citrus residues is to employ acid
hydrolysis, which consists of breaking down the bonds of pectin to obtain galact-
uronic acid units at high temperatures (from 80-116°C) and low pH values (1-3)
with the help of dilute inorganic or organic acids. These hydrolysis reactions can
also be assisted by agitation, which enhances the rate of depolymerization of pectin.
Figure 4 shows the best yields reported in recent literature for the pectin extraction
process using different acids and processing conditions. From the inorganic acids in
Figure 4, the highest yields were obtained using sulfuric acid (30.5%) [15], phos-
phoric acid (29.4%) [16], and hydrochloric acid with (~25%) [11]. It is important
to note that the hydrolysis performed with sulfuric acid was completed at shorter
times and higher temperatures (10 min and 116°C) [15] than the ones done with
phosphoric acid (120 min, and 95°C) [16].

Moreover, the similar yields of pectin obtained from citrus residues using
hydrochloric acid with different processing times [11, 17, 18] allow us to hypothesize
that longer times could only cause a slight increase in the yield of pectin when
temperatures are higher than 95°C at low pH values (1.6-1.8). On the contrary, lower
temperatures (around 80°C) with hydrochloric acid reduce pectin yields. As seen
in Figure 4, pectin yields decreased down to 16-20% [1, 19]. On the other hand,
the hydrolysis of citrus residues using organic acids is mainly done with citric acid.
The highest pectin yield reported using citric acid is 32.6% (160 min, at 90°C, and
pH 2) [11], attributed to the long hydrolysis time. In Figure 4, it is possible to see
that a short time of hydrolysis with citric acid results in lower yields. Once again, the
use of temperatures around 80°C decreases pectin yields considerably, a behavior
that was also observed when using inorganic acids. In the work of Rodsamran et al.,
microwave-assisted acid hydrolysis of lime residues was performed, with yields of
~16% and ~ 10% of pectin, for hydrochloric acid and citric acid, respectively [18];

Sulfuric acid Hydrochloric acid
Phosphoric acid Citric acid
(Patsalou et. al., 2020} 30.562 116°C, 10 min
(Tovar et. al., 2019)— 29.37 + 4.86 ——— 95°C, 120 min, pH 1.8
(Kebaili et. al., 2018} 16.32 81°C, 60min, pH 1.5
{Senit et. al., 2019)— 20.00 80°C, 50 min, pH 1.5
(Sebaoui et. al., 2017)*— 25.18 + 1.84 = 94°C, 50 min, pH 1.8
(Rodsamran et. al., 2019)*—< 23.32 £ 1.10 —— 95°C, 60 min, pH 1.5
{Tsouko et. al., 2020}— 25.00 90°C, 117 min, pH 1.6
(Rodsamran et. al., 2019)**4 19.63 + 0.78 — 95°C, 60 min, pH 1.5
(Ortiz-Sanchez et. al., 2020)— 115 80°C, 60min, pH 2.8
(Ortiz-Sanchez et. al., 2020} 15.85+0.77 +— 75°C, 90 min, pH 2.0
{Tsouko et. al., 2020} 32.60 90°C, 160 min, pH 2.0
(Gizel et. al., 2019)4 1146 +0.14 = 80°C, 60 min, pH 1.0
T T T \

0 10 20 30 40
Recovery (%)
Figure 4.

Yield of pectin obtained from acid hydrolysis of citrus vesidues (Orange peel, *lemon peel, **lime peel) using
sulfuric acid, phosphoric acid, hydrochloric acid, and citric acid.
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once again, the yields obtained with the inorganic acid resulted higher. The imple-
mentation of microwave-assisted hydrolysis has the benefit of implementing shorter
process times (~5 min) but has the disadvantage of altering the final color of pectin,
making it more brownish than the desired one for commercial pectin [18].

The reported data in Figure 4 shows that the use of strong acids results in a
better hydrolysis performance than organic acids due to their affinity for Ca*
ions, which are responsible for stabilizing pectin chains [18]. However, it has been
evidenced that the use of strong acids could be problematic since it causes the loss
of some volatile compounds, environmental impacts such as the acidification of
rain and water sources [20], and the degradation of valuable remnant substances
that could have been further valorized due to their over hydrolysis. Conversely, the
use of citric acid may cause lower environmental impacts than those resulting from
the use of inorganic acids in the process. In addition, citric acid has been reported to
cause less harsh depolymerization of pectin [18]. Also, it is easier to handle its traces
during food formulations in comparison to inorganic acids.

2.4 Purification of pectin

The liquid phase that results from the hydrolysis, rich in galacturonic acid, is
then retrieved and mixed with alcohols such as ethanol, methanol, 1-propanol,
or its isomer isopropanol to separate pectin due to its insolubility in this type of
solvents [21]. Most of the authors highlight the use of ethanol, acidified ethanol, or
acetone to precipitate citrus pectin. Precipitation of pectin with ethanol is mainly
done at 20-25°C, leaving the samples overnight (18 - 24 h) [17, 18, 22]. Depending
on the degree of purification desired, different concentrations of ethanol can be
used. At least one wash with ethanol at 96% (v/v) is made after pectin extraction.
What is more, there are some cases in which the sample is washed three times or
more with ethanol at different concentrations (50%, 70%, and 96%), not only
to separate pectin but also to remove sugars, polyphenols, and essential oils that
remain [1, 8-10, 16, 17, 22, 23]. The removal of these undesired substances helps to
obtain pectin in its whitened form. In addition, ethanol could be ideal since it avoids
the precipitation of other non-desired compounds [24] and can absorb water from
the pectin. Ethanol could also be beneficial for the process since it can be further
recovered and reused.

Moreover, since pectin requires acidic conditions for its precipitation, it is
necessary to use acidified ethanol (0.5% HCI) when pectin is obtained from hot
water extraction [10], as happens when doing hydrodistillation. It is also possible
to remove other remnant substances from pectin and increase the organoleptic
characteristic of the final product by using a final wash with acetone. For example,
Rodsamran et al. used three ethanol washes and a final acetone wash to guarantee
almost a complete removal of bioactive compounds and increase the purity of
pectin [18].

At this point, some authors report the use of centrifugation to facilitate the
separation of pectin from the solvents once they had made effect. Centrifugation
has been carried out at low temperatures (4-10°C) using speeds from 4000 rpm
to 9000 rpm in a time range of 10 to 20 min [9, 11-13, 22, 23]. After pectin is
fully separated, it can be dried at low temperatures that guarantee the thermal
stability of the polymer. It is possible to used use vacuum drying at 40°C for
short periods of time (1-2 h) [1, 11, 16, 19] or convection drying at 50-55°C for
16 to24 h [8, 9, 12, 15, 17, 18, 22, 23, 25]. It is important to highlight that pectin
yields are primarily affected by other process stages, not by the drying step.
However, to guarantee pectin’s quality, it is recommended to avoid the exposure
of the material to high temperatures for long periods.
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2.5 Quality parameters of the final product

To evaluate the final quality of the obtained pectin after purification, the galact-
uronic acid content and the degree of esterification are the two main characteristics
that should always be considered. The galacturonic acid content reveals how much
of the retrieved sample contains the primary units to form the polymer. The degree
of esterification describes how many carboxyl groups of the galacturonic acid in
pectin are esterified with methanol which influences the gelling capacity of pectin.
Consequently, both properties help to define the most suitable applications for the
extracted pectin.

As can be seen in Figures 5 and 6, the highest content of galacturonic acid
(~90%) and esterification degree (71-85.6%) was reported by Rodsamran et al.
using hydrochloric acid and citric acid in the hydrolysis of lime peels [18]. The
standalone result for the esterification degree of orange pectin obtained with
phosphoric acid is also high (83.6%) [16] and suggests the necessity of further
investigation of the use of this acid in the process. In orange peels, even though
broad ranges of galacturonic acid content (50-75%) were reported for hydrochloric
acid and citric acid, the esterification degree reported maintained a value around
65-70%. The low galacturonic acid content reported in some cases could be attrib-
uted to how the sample was washed to remove remnant phytochemicals and sugars
and to the prolonged effect of temperature at low pH values. The decrease in the pH
at high temperatures over long periods causes an increment in the degree of disso-
ciation of the carboxylic acid groups [24], leading to the degradation of pectin into
substances of lower molecular weight, which ethanol cannot precipitate [26].

It is possible to infer that orange pectin would have similar gelling properties
no matter if it were obtained using either citric acid or hydrochloric acid at differ-
ent process conditions. Since the galacturonic acid content reported in Figure 5 is
always higher than 50% and the esterification degree higher than 65%, it is possible
to say that the obtained citrus pectin can be considered as high-methoxyl pectin
[27, 28]. This kind of pectin forms its structure based on hydrogen bonds between
hydroxyl groups, where sugars, thanks to their highly hydrophilic effect, allow the
bonding between polymer chains. High-methoxyl pectin can achieve jellification in
few minutes at temperatures around 95°C, suggesting the possibility of using citrus
pectin in various food products. On the contrary, low-methoxyl pectin requires

Hydrochloric acid Citric acid

(Tsouko et. al., 2020)-{ 7450 90°C, 117 min, pH 1.6

(Rodsamran et. al., 2019y - 91 £6.35 95°C, 60 min, pH 1.5

(Senit et. al., 2019)— &0 80°C, 50 min, pH 1.5
(Kdse et. al., 2018)- 50.90 90°C, 117 min, pH 1.6
(Tsouko et. al., 2020) 54 80°C, 160 min, pH 2

(Rodsamran et. al., 2019Y* | 91.14 + 6.35 95°C, 60 min, pH 1.5

(Ortiz-Sanchez et. al., 2020)- 8558 + 2.09 — 75°C, 90 min, pH 2

(Guzel et. al., 2019) 76.32 1 1.88 = 80°C, 60 min, pH 1
T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Galacturonic acid (%)

Figure 5.
Galacturonic acid content of pectin obtained from acid hydrolysis of citrus vesidues (Orange peel and *lime
peel) using hydrochloric acid and citric acid.
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Phosphoric acid Citric acid Hydrochloric acid
(Tovar et. al., 2019)- 83.66 + 2.77 — 95°C,120 min, pH 1.6
(Kebaili et al., 2018)- 65.21 80°C, 60 min, pH 1.5
{Rodsamran et. al., 2019)* 70.81+ 0.77 r 85°C, 80 min, pH 1.5
(Tsouko et. al.,, 2020)+ 75 90°C, 117 min, pH 1.6
(Rodsamran et. al., 2019)" 85.62 + 0.53 = 95°C, 60 min, pH 1.5
(Ortiz-Sanchez et. al., 2020)— 66.79 + 4.67 — 75°C, 90 min, pH 2
(Tsouko et. al., 2020) 70 90°C, 160 min, pH 2
(Glzel et. al., 2019)— 69.67 £ 3.35 —— 80°C, 60 min, pH 1
0 2|0 4|0 6|0 8|[] 1(|)0

Degree of esterification (%)

Figure 6.
Degree of esterification of pectin obtained from acid hydrolysis of citrus residues (Orange peel and *lime peel)
using phosphoric acid, hydrochloric acid, and citric acid.

metallic cations (Ca," or Mg2+) that bond between themselves and the anionic
structure of pectin to form gels due to its low degree of esterification [14].

2.6 Process conditions that enhance pectin quality and recovery

Figure 7 shows a process diagram that suggests the most appropriate process
conditions to obtain citrus pectin. In the first place, the raw material must be
adequately dried to assure its preservation and milled to increase the contact surface
which yields during essential oils extraction and hydrolysis. Secondly, steam distil-
lation is preferable for essential oils extraction since it would selectively retrieve
these valuable substances without affecting the material. Contrary to this, during
hydrodistillation, the material is in direct contact with hot water, which causes
its partial hydrolysis and the degradation of pectic substances, resulting in lower
pectin yields; additionally, the use of hydrodistillation would require the acidifica-
tion of ethanol during precipitation. Thirdly, the acid hydrolysis of pectin can be
carried out either with hydrochloric acid or citric acid since the final pectin would
always have high-methoxyl properties. Nonetheless, process conditions that tend to
increase yields and galacturonic acid percentage should be employed. It is necessary

, Dryin T
Washing 4()%()”% Milling Steam
(water) [  2deyy [—q <!m@ distillation _ .
Acid hydrolysis
—*| HCl or Citric acid
= I>90°C
Ethanol Procipitation 1|  60-120 min
¥ - - . g . 5-2
res “I"Bhe-“ Ethanol 96% (v/v) [~ Filtration ~ =—— Centrifugation W3 -20
§ FEthanol 24h. 20 - 25°C
' 50 - 96% (v/v) o i ‘ '
i
i Whitening Cenatrifggation Vacuum
| ‘ - 10°C 8
: Acetone  |— O To0 - — Drying
I vashi i 40°C, 1-21
' s o 4000 - 9000 RPM i V=dh
' J
i
i

Figure 7.
The production process of citrus pectin and suggested operational conditions.
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to perform a careful separation and purification during the final steps to assure high
yields and purity of pectin. The last stage of pectin production will always require
ethanol at 96% (v/v) for its precipitation and several washes with ethanol and
acetone that remove sugars and bioactive compounds. After that, centrifugation

is used to assure proper separation from the solvent (that can be later evaporated
and reused) and vacuum drying to avoid the degradation of the final product. It

is important to highlight that it is possible to obtain additional valuable products
from the bioactive compounds extracted through steam distillation and the solids
retrieved after hydrolysis rich in lignocellulose.

3. Integration of the process for pectin extraction under the biorefinery
concept

It is useful to study how different processes can be integrated with the existent
pectin production process under the biorefinery concept to improve the integral
sustainability of the valorization of citrus residues. This means that the sustainable
use of citrus residues implies the maximization of possible products and energy
obtained from this feedstock. For that, it is crucial to consider a logical order in
which the different compounds are extracted or produced, as the presence of some
of them can impact the quality of other compounds later in the process, which
relates to the concept of biomass cascading applied to the biorefinery design process
[29, 30]. Additionally, other reagents used along the steps should be carefully
selected and studied as they may impact the desired product itself, cause environ-
mental issues, or affect the economic viability of the whole process. Finally, the
technical aspects of each step should always be considered to guarantee the quality
and yield of the different products.

In this context, citrus residues constitute the primary raw material derived
from biomass, and the different processes discussed earlier help to separate it and
transform said reagents into chemical substances that can be used as final bioprod-
ucts. Nonetheless, there are opportunities to produce more value-added products by
integrating the pectin production process with several configurations of other tech-
nologies, which are summarized in Figure 8. For example, Hilali et al. proposed an
orange peel biorefinery that obtains essential oils and pectin but extracts additional
value from the solar hydrodistillation process by retrieving partially solubilized
polyphenols (flavanones) such as Narirutin and Hesperidin [12]. In another work,
Budarin et al. proposed the use of microwave-assisted steam distillation (using only
the water present in the peel) and microwave-assisted hydrothermal treatment to
obtain essential oils, pectin but also hydroxymethylfurfural and 5-chloromethyl
furfural (CMF) which can be used as platform chemicals to produce herbicides,
insecticides, pharmaceuticals, monomers, solvents and fuels [31]. Ortiz-Sanchez
et al. proposed the anaerobic digestion of the solid residue obtained after acid
hydrolysis to produce biogas with a high methane content [9], and also the use of
hydrolyzed pectin in a fermentation process with fungi (T reesei) to produce mucic
acid [23]. Hydrolysates from orange peel have also been evaluated for their potential
to produce other organic acids, such as succinic acid, with the help of fermenting
bacteria [15, 32]. Kyriakou et al. extracted more value from orange residues by
including an enzymatic hydrolysis step to the solid residue left after pectin extrac-
tion to obtain sugars that can be fermented into ethanol and produce biogas from
the solid residue from the enzymatic hydrolysis [33]. The fermentation of enzy-
matic citrus hydrolysates using cellulose-producing bacteria has also been reported
[11]. Lohrasbi et al. proposed a variation of the process by first implementing the
hydrolysis and then retrieving the essential oils using a flash separator; the solid
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Figure 8.
Alternatives for the integration of the pectin production process under the biovefinery concept.

residue is also used here to produce purified methane, and the digestate obtained
from anaerobic digestion is further valorized into compost [34]. As a final option,
it has been mentioned that residues from an orange waste biorefinery can be used
directly as fertilizers [15].

The biorefinery concept can be associated with several relevant terms such as
bioeconomy, circular economy, and industrial symbiosis. Many countries have
started promoting policies and programs regarding the bioeconomy as a sustainable
development strategy [7]. Circular economy and industrial symbiosis have also
gained popularity among the policymakers and stakeholders of different compa-
nies. Generally speaking, these three concepts can be summarized as approaches
that include the use of biomass-derived feedstocks obtained from various processes
from different industries and that contribute to closing down the cycle of indus-
trial processes by using one industry’s residues as the feedstocks for another. Not
only the value-added products are being produced, but a significant quantity of
residues could be used as raw material, a material that would typically end up ina
landfill with no further treatment. With this in mind, it is clear why incorporating
the processes described above under the biorefinery concept results in a relevant
field of study for the valorization of citrus residues and the sustainability of pectin
production.

More studies must be performed to determine the feasibility of integrating the
possible biorefinery configurations shown in Figure 8, the most convenient pro-
cessing scale [4], and their sustainability. It would be interesting to include not only
technical but also environmental, economic, and social aspects into the evaluation
of the sustainability of biorefineries from citrus residues by performing an Early-
Stage assessment, a methodology that allows the evaluation of multiple biorefin-
ery pathways without the need for vast amounts of data [35-38]. However, the
integrated biorefinery’s isolated technical, economic, and environmental viability
analysis is not enough. It is also essential to demonstrate the sustainability of those
bio-based products to promote the deployment of a circular bio-based economy
[39] because using residues as feedstocks does not necessarily mean that a process is
sustainable. Additionally, in terms of industrial symbiosis, several strategic alli-
ances could be built by selling some of the obtained added-value products to com-
panies that use them as feedstocks. For example, essential oils and polyphenols are
mainly used in cosmetics, toiletries, and fragrances due to their essence and benefits
for the skin. Also, the market has seen a shift toward organic and natural products,
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increasing the popularity of essential oils both in pure form and as additives in skin
care and hair products. Other products formulated using biorefinery products are
jellies, jams, and frozen foods using pectin. In addition, pectin is widely used in the
pharmaceutical industry to reduce blood cholesterol levels and treat gastrointestinal
disorders [40]. Other applications include paper substitutes, foams, and plasticiz-
ers. Knowing this, the potential benefits of the biorefinery increase, as it would not
only align with the current strategies for developing a greener industry, but other
companies would also benefit from the possible sustainable-produced chemical
substances, materials, and energy derived from the pectin production process.

4. Conclusions

After studying the different options available for pectin extraction, some key
findings were made. First, it is crucial to remove essential oils and bioactive com-
pounds beforehand, as they can interfere with the yield and quality of pectin. Citrus
essential oil is most commonly removed by steam distillation. However, hydrodistil-
lation and Solid-Liquid Extraction have been shown as an alternative. One advan-
tage of hydrodistillation is that it can also partially extract pectin while the essential
oil is retrieved, thus reducing time and resources. Pectin is mainly obtained through
acid hydrolysis using different solvents. Hydrochloric acid and citric acid have
shown better yields than other solvents, and both result in the obtention of high-
methoxyl pectin with rapid jellification. However, when considering an industrial
approach, the environmental and safety hazards should be revised; because of this,
citric acid represents a better option. It is essential to perform a careful separation
and purification of pectin with ethanol and acetone to achieve the appropriate
organoleptic properties of citrus pectin. Finally, when considering a biorefinery
approach, other valorization alternatives such as the recuperation of flavonoids, the
use of sugar-rich hydrolysates to produce ethanol, organic acids, and cellulose, the
anaerobic digestion to produce biogas and liquid digestate, and the possibility to use
citrus residues directly as fertilizers, are presented as novel possibilities to improve
the pectin production process under the biorefinery concept.

Acknowledgements

Part of this research was financed by The Sustainable Development Goals (SDG)
Center for Latin America and the Caribbean, based at Universidad de Los Andes
(Bogotd, Colombia), in relationship with the call for the financing of teaching and
research projects related to the scope of the sustainable development goals. Also,
this research was also financed by the Product and Processs Design Group (PPDG)
and the Research Vice-Chancellor Office of Universidad de Los Andes.

Conflict of interest

The authors declare no conflict of interest.

11



Pectins - The New-Old Polysaccharides

Author details
Daniel David Duran-Aranguren®, Caren Juliana Alméciga Ramirez,
Laura Catalina Villabona Diaz, Manuela Ayalde Valderrama and Rocio Sierra

Universidad de Los Andes, Bogotd, Colombia

*Address all correspondence to: dd.duranl0 @uniandes.edu.co

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

12



Production of Pectin from Citrus Residues: Process Alternatives and Insights on Its Integration...

DOI: http://dx.doi.org/10.5772/intechopen.100153

References

[1] Senit J], Velasco D, Gomez
Manrique A, et al. Orange peel waste
upstream integrated processing to
terpenes, phenolics, pectin and
monosaccharides: Optimization
approaches. Ind Crops Prod 2019; 134:
370-381.

[2] Zupani¢ N, Mis NF, Pravst I. Soft
Drinks: Public Health Perspective. In:
Trends in Non-alcoholic Beverages.
Elsevier, pp. 325-369.

[3] Gomez-Mejia E, Rosales-Conrado N,
Ledn-Gonzdlez ME, et al. Citrus peels
waste as a source of value-added
compounds: Extraction and

quantification of bioactive polyphenols.
Food Chem 2019; 295: 289-299.

[4] Ortiz-Sanchez M, Solarte-Toro JC,
Cardona-Alzate CA. A comprehensive
approach for biorefineries design based
on experimental data, conceptual and
optimization methodologies: The orange

peel waste case. Bioresour Technol 2021;
325:124682.

[5] Calabro PS, Panzera MF. Anaerobic
digestion of ensiled orange peel waste:
Preliminary batch results. Therm Sci

Eng Prog 2018; 6: 355-360.

[6] Martin MA, Siles JA, Chica AF, et al.
Biomethanization of orange peel waste.
Bioresour Technol 2010; 101: 8993-8999.

[7]1 Conteratto C, Artuzo FD, Benedetti
Santos OI, et al. Biorefinery: A
comprehensive concept for the
sociotechnical transition toward

bioeconomy. Renew Sustain Energy Rev
2021; 151: 111527

[8] Glizel M, Akpinar O. Valorisation of
fruit by-products: Production
characterization of pectins from fruit
peels. Food Bioprod Process 2019; 115:
126-133.

[9] Ortiz-Sanchez M, Solarte-Toro JC,
Orrego-Alzate CE, et al. Integral use of

13

orange peel waste through the
biorefinery concept: an experimental,
technical, energy, and economic
assessment. Biomass Convers
Biorefinery 2021; 11: 645-659.

[10] K6se MD, Bayraktar O. Valorization
of citrus peel waste. Nat Volatiles Essent
Oils 2018; 5: 10-18.

[11] Tsouko E, Maina S, Ladakis D, et al.
Integrated biorefinery development for
the extraction of value-added
components and bacterial cellulose
production from orange peel waste
streams. Renew Energy 2020; 160:
944-954.,

[12] Hilali S, Fabiano-Tixier A-S, Ruiz K,
et al. Green Extraction of Essential Oils,
Polyphenols, and Pectins from Orange
Peel Employing Solar Energy: Toward a
Zero-Waste Biorefinery. ACS Sustain
Chem Eng 2019; 7: 11815-11822.

[13] Cameron RG, Chau HK,

Manthey JA. Continuous process for
enhanced release and recovery of pectic
hydrocolloids and phenolics from citrus

biomass. ] Chem Technol Biotechnol
2016; 91: 2597-2606.

[14] Fidalgo A, Ciriminna R,
Carnaroglio D, et al. Eco-Friendly
Extraction of Pectin and Essential Oils
from Orange and Lemon Peels. ACS
Sustain Chem Eng 2016; 4: 2243-2251.

[15] Patsalou M, Chrysargyris A,
Tzortzakis N, et al. A biorefinery for
conversion of citrus peel waste into
essential oils, pectin, fertilizer and
succinic acid via different fermentation
strategies. Waste Manag 2020; 113:
469-477.

[16] Tovar AK, Godinez LA, Espejel F,
et al. Optimization of the integral
valorization process for orange peel
waste using a design of experiments
approach: Production of high-quality



Pectins - The New-Old Polysaccharides

pectin and activated carbon. Waste
Manag 2019; 85: 202-213.

[17] Sebaoui O, Moussaoui R, Kadi H,
et al. Kinetic Modeling of Pectin
Extraction from Wasted Citrus

Lemon L. Waste and Biomass
Valorization 2017; 8: 2329-2337.

[18] Rodsamran P, Sothornvit R.
Microwave heating extraction of pectin
from lime peel: Characterization and
properties compared with the

conventional heating method. Food
Chem 2019; 278: 364-372.

[19] Kebaili M, Djellali S, Radjai M, et al.
Valorization of orange industry residues
to form a natural coagulant and
adsorbent. ] Ind Eng Chem 2018; 64:
292-299.

[20] Schiermeier Q. Environment:
Earth’s acid test. Nature 2011; 471:
154-156.

[21] Guo X, Zhang T, Meng H, et al.
Ethanol precipitation of sugar beet
pectins as affected by electrostatic
interactions between counter ions and
pectin chains. Food Hydrocoll 2017; 65:
187-197.

[22] Masmoudi M, Besbes S,
Chaabouni M, et al. Optimization of
pectin extraction from lemon
by-product with acidified date juice
using response surface methodology.
Carbohydr Polym 2008; 74: 185-192.

[23] Ortiz-Sanchez M, Solarte-Toro JC,
Gonzalez-Aguirre JA, et al. Pre-
feasibility analysis of the production of
mucic acid from orange peel waste

under the biorefinery concept. Biochem
Eng ] 2020; 161: 107680.

[24] de la Hoz Vega S, Jaraba BV,
Mendoza JP, et al. Effect of precipitating
solvents on the extraction of pectin
from the pomelo albedo by acid
hydrolysis. Contemp Eng Sci 2018; 11:
3849-3855.

14

[25] Casas-Orozco D, Villa AL,
Bustamante F, et al. Process
development and simulation of pectin

extraction from orange peels. Food
Bioprod Process 2015; 96: 86-98.

[26] Garna H, Mabon N, Robert C, et al.
Effect of Extraction Conditions on the
Yield and Purity of Apple Pomace
Pectin Precipitated but Not Washed by
Alcohol. ] Food Sci 2007; 72:
C001-C0009.

[27] Abboud KY, Iacomini M, Simas FF,
et al. High methoxyl pectin from the
soluble dietary fiber of passion fruit peel
forms weak gel without the requirement
of sugar addition. Carbohydr Polym
2020; 246: 116616.

[28] Willats WG, Knox JP, Mikkelsen JD.
Pectin: new insights into an old polymer
are starting to gel. Trends Food Sci
Technol 2006; 17: 97-104.

[29] Fehrenbach H, Képpen S, Kauertz B,
et al. Biomass Cascades: Increasing
Resource Efficiency by Cascading Use of
Biomass — From Theory to Practice.
Heidelberg, Germany, 2017.

[30] Keegan D, Kretschmer B,

Elbersen B, et al. Cascading use: a
systematic approach to biomass beyond
the energy sector. Biofuels, Bioprod
Biorefining 2013; 7: 193-206.

[31] Budarin VL, Shuttleworth PS, De
Bruyn M, et al. The potential of
microwave technology for the recovery,
synthesis and manufacturing of

chemicals from bio-wastes. Catal Today
2015; 239: 80-89.

[32] Patsalou M, Menikea KK, Makri E,
et al. Development of a citrus peel-based
biorefinery strategy for the production
of succinic acid. ] Clean Prod 2017; 166:
706-716.

(33] Kyriakou M, Patsalou M, Xiaris N,
et al. Enhancing bioproduction and
thermotolerance in Saccharomyces



Production of Pectin from Citrus Residues: Process Alternatives and Insights on Its Integration...
DOI: http://dx.doi.org/10.5772/intechopen.100153

cerevisiae via cell immobilization on
biochar: Application in a citrus peel
waste biorefinery. Renew Energy 2020;
155: 53-64.

[34] Lohrasbi M, Pourbafrani M,
Niklasson C, et al. Process design and
economic analysis of a citrus waste
biorefinery with biofuels and limonene

as products. Bioresour Technol 2010;
101: 7382-7388.

[35] Moncada ], Posada JA, Ramirez A.
Comparative early stage assessment of
multiproduct biorefinery systems: An

application to the isobutanol platform.
Bioresour Technol 2017; 241: 44-53.

[36] Parada MP, Asveld L, Osseweijer P,
et al. Setting the design space of
biorefineries through sustainability

values, a practical approach. Biofuels,
Bioprod Biorefining 2018; 12: 29-44.

[37] Moncada J, Posada JA, Ramirez A.
Early sustainability assessment for
potential configurations of integrated
biorefineries. Screening of bio-based
derivatives from platform chemicals.
Biofuels, Bioprod Biorefining 2015; 9:
722-748.

[38] Posada JA, Patel AD, Roes A, et al.
Potential of bioethanol as a chemical
building block for biorefineries:
Preliminary sustainability assessment of

12 bioethanol-based products. Bioresour
Technol 2013; 135: 490-499.

[39] Ladu L, Morone PP. Holistic
approach in the evaluation of the
sustainability of bio-based products: An
Integrated Assessment Tool. Sustain
Prod Consum 2021; 28: 911-924.

[40] Thakur BR, Singh RK, Handa AK,
et al. Chemistry and uses of pectin — A
review. Crit Rev Food Sci Nutr 1997;
37:47-73.

15



