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Abstract
Pectin is a major component of most higher plant cell walls and a heteropolysaccharide consisting of mainly galacturonic acid
and methyl ester units. As a hydrocolloid, pectin is mainly used as gelling agent, emulsifier, thickener, water binder, stabilizer
and fat replacer in food, non-food and medicinal applications. This review highlights work done in Africa on raw material
sourcing, extraction, and applications and considers the social, economic and environmental implications of sourcing and
extraction methods. Online databases such as Google Scholar, Scopus, Web of Science, Science Direct and PUBMED were
used to obtain information on pectin extraction in Africa from 1986 to 2022. The results show that raw materials for pectin have
been sourced from whole fruits or eatable portions, pomace, peels and pod. Organic and inorganic acids, acids with enzyme,
water only and water with ion exchange chromatography are the main extraction methods employed. Extracted pectin have
been utilized in jellies and jams, bread making and as edible coating. Studies on potential applications as functional bioactive
ingredients are however limited. With the use of sustainable extraction and optimized methods Africa can tap into its abundant
fruit resources to produce high-quality pectin that meets international standards. This will support economic growth and
long-term sustainability goals by maximizing resource utilization and minimizing environmental impact.
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Introduction
Numerous fruits and non-fruit plants have cell walls that con-
sist largely of pectin. Biologically, pectins are acclimated
as structural heteropolysaccharides coinciding with cellulose
and hemicellulose and are responsible for maintaining the
structural integrity of most of these fruits (Wang et al., 2018a).
The pectin structure consists of substantially D-galucturonic
(GaIA) units joined together by α-(1,4) glycosidic linkages
(Mukhiddinov et al., 2000). The molecular structure of pectin
is not completely understood as it is susceptible to chemical,
enzymatic and physical changes during isolation from plants,
storage and plant processing.
The polygalacturonic acid chain is incompletely esterified
with methyl groups. Consequently, pectin has varying functio-
nalities related to the different functional groups and changes
in some physicochemical properties such as molecular weight,
degree of esterificati- on and formal charge (Mukhiddinov
et al., 2000; Novoselskaya et al., 2000). The classification
of pectins is grounded on position of methylation and classi-
fied as high degree of esterification (DE > 50) or low degree
of esterification (DE < 50) (Wang et al., 2018b). Moreover,
pectin has various applications in the pharmaceutical and
food industry due to its natural biopolymer characteristics
(Alamineh, 2018). Specifically, low methyl pectins have a
wide pH range (2.0-6.0) at appropriate concentration of cal-
cium ions, whereas high methoxy (HM) pectins require high
concentration of soluble solids and acid medium (pH < 3.5)
to form gels (Freitas et al., 2020; Marenda et al., 2019). Com-

mercially, pectin is derived from citrus (lime, lemon, orange
and grapefruit) peels and apple pomace, primarily because
dried citrus peel and apple pomace are rich sources of pectin
(15-30% and 10-15% respectively). Additionally, according
to Ciriminna et al. (2016) citrus peels and apple pomace are
the highest sources of pectin followed by sugar beet.
Although many authors have contributed to the understanding
of pectin structure, chemistry and functionalities (Badaro et al.,
2020; Bichara et al., 2016; Haas et al., 2020; Ma et al., 2020;
Yang et al., 2018a), there is a lack of specific reviews focusing
solely on the contributions of African researchers. Addition-
ally, there is limited information on the broader impli- cations
of raw material sourcing and extraction methods. Meanwhile,
the forecast suggests that pectin will become a key product in
the bioeconomy (Mario et al., 2016) driven by the growing de-
mand for functional food products. This review explores raw
material sourcing for pectin in Africa, the physicochemical
and functional properties of extracted pectin, its utilization, as
well as its social, economic and environmental implications.
This review is useful because it provides industries venturing
into pectin production in Africa with relevant information that
can increase profit margins and enhance the overall economic
conditions of people.

Materials and Methods
The review focused on pectin sources of African origin. The
authors considered keywords such as “Africa pectin”, “Pectin
by African authors”, “Sources of pectin”, “Pectin yield”,

70



Sustainable Sourcing, Extraction and Application of Pectin In Africa: A Review of... Effah-Manu et al. — 71/84

“Africa pectin functionalities”, “Uses of pectin extracted from
raw materials in Africa” in peer-reviewed online databases
such as Google Scholar, Scopus, Web of Science, Science
Direct and PUBMED from 1986 to 2022. The articles were
screened by two team members to ensure that they were of
African descent and useful for the purpose of the study. In-
formation on the social, economic and environmental sustain-
ability was not limited to research in Africa.

Sources of pectin in Africa
The potential of plant sources such as Palmyra palm fruits,
African star apple, okra, lemon, leaves of Argania spinosa (L)
skeels and clacodes of Opuntia ficus have been studied for
use as commercial alternatives. Other potential sources are
indicated in Table 1

Table 1. African plant sources explored in pectin extraction

Source of pectin Country Reference

Yam Ghana Effah-Manu et al.
(2022)

Borassus
aethiopum Mart Côte d’Ivoire Assoi and Wicker

(2020)

Okra Ghana Kpodo et al.
(2017, 2018)

Cadodes of
Opuntia ficus

Algeria Zouambia et al.
(2017)

Cocoa pod husk Ghana Adi-dako et al.
(2016)

Cashew Apple
Pomace Cote D’Ivoire

Besson et al.
(2014); Yapo et al.
(2014)

Dates Algeria Benchabane et al.
(2013)

Soursop Pomace Cote D’Ivoire Besson et al.
(2013)

Mango and
ambarella
(Spondias
cytherea)

Cameroon Koubala et al.
(2008)

Pineapple peels Nigeria Ukiwe and
Alinnor (2011)

Yellow passion
fruit rind Cote D’Ivoire Yapo and Koffi

(2006)
Okra, (Hibiscus
esculentus), dika
nut (Irvingia
gabonensis) and
khan
(Belschmiedia
sp.)

Nigeria Ndjouenkeu et al.
(1997)

Glinus
oppositifolius (L.) Mali Tvete et al.

(2005)

Orange peels Egypt El-Nawawi and
Shehata (1986)

South African
prickly pear
(Opuntia
ficus-indica) fruit
peel

South Africa Lekhuleni et al.
(2021)

Orange peels Ethiopia Alamineh (2018)
Biophytum
petersianum Mali Inngjerdingen

et al. (2008)
Orange fruits
(Citrus sinensis) Nigeria Usman (2017)

Grapefruit Sudan Mohamed (2016)

Orange peels Nigeria Evbuomwan and
Njoku (2014)

African star apple
and purple star
apple

Nigeria Nwosu et al.
(2014)

Cinnamon Apple Cote D’Ivoire Besson et al.
(2014)

Cocoa Pod Husk Cote D’Ivoire Yapo and Koffi
(2013)

Poncirus
trifoliata fruit
peels

Cote D’Ivoire Koffi et al. (2013)

Peels of lemon
(Citrus limon) Nigeria Aina et al. (2012)

Ambarella Peels
(Spondias
Cytherea)

Cameroon Koubala et al.
(2008).

Vernonia
kotschyana Sch.
Bip. ex Walp.
(Asteraceae)

Mali (Bip et al., 2005)

Pectin extraction
In Africa, pectin extraction is mostly done on fruit plants al-
though attempts have been made on some medicinal plants
and yam (Assoi et al., 2016; Chandel et al., 2022; Chawafam-
bira, 2021; Effah-Manu et al., 2022). Studies have indicated
that pectin can be extracted from either the fruit pulp or the
peels (Castillo-Israel et al., 2019; Khamsucharit et al., 2017;
Mada et al., 2022). The objectives for pectin extraction from
a particular source vary; it may serve as a waste management
strategy, promote underutilized fruits, or produce pectin with
specific macromolecular and functional properties and for
pharmaceutical purposes.
It must, however, be indicated that the choice of source and
the extraction conditions significantly affect the yield, macro-
molecular characteristics and functional properties of pectin.
For example, pectin derived from the peels and pulp of the
same fruit typically exhibits different properties. Typical
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Table 2. Extraction method and yield of some pectin Sources
Source of pectin Extraction method Highest yield (% dry

weight basis)
Country Reference

Yam Citric acid at pH 1,
1.5,2.5,3; Temp. 90°C
for 1 h

pH 2.5-4.47; 11.35% Ghana Effah-Manu et al. (2022)

South African prickly
pear (Opuntia
ficus-indica) fruit peel

pH levels of 1, 2, 3, and
4; Power: 100 - 400 W

pH 1 and medium power
level 1.4 - 10.0%

South Africa Lekhuleni et al. (2021)

Borassus aethiopum
Mart

0.1 mol/L HNO3,
isopropanol and acetone
IPA-ACTN (50/50)

pH 4 Cote D’Ivoire Assoi and Wicker (2020)

Biophytum petersianum 100°C water - Mali Inngjerdingen et al. (2008)
Okra Phosphate buffer

extraction at pH 6.0
14.6% (from the Asha
genotype)

Ghana Kpodo et al. (2017)

Cocoa pod husk Acid Extraction: hot
aqueous citric acid (4%
w/v) extraction at 50°C

10.50 % (dry weight
basis) 23.30%

Ghana Adi-dako et al. (2016)

Cinnamon Apple Acid extraction with 1 N
HNO3 at pH 1.2,1.6, 2.0
Extraction conditions:
S/L 1:25(w/v),
time:90mins, Temp.
75°C

pH 1.2; 10.90% Cote D’Ivoire Besson (2014)

Cashew Apple Pomace Acid extraction with 1 N
HNO3 at pH 1.0,1.5, 2.0
Extraction conditions:
S/L 1:25(w/v),
time:90mins, Temp.
75°C

pH 1.5; 25.30% Cote D’Ivoire Besson et al. (2014)

Orange peels Acid extraction: hot
dilute citric Acid at pH
1.5 Extraction conditions:
S/L 100g:1000ml,
time:20mins, T°C:
100°C

21.30% Nigeria Evbuomwan and Njoku (2014)

Poncirus trifoliata fruit
peels

Acid extraction: water
acidified with 1 N HNO3
to pH 1.0,1.5 and 2.0;
Extraction conditions:
S/L 1:25(w/v),
time:90mins, T°C: 75°C

pH 1.5: 19.80% Cote D’Ivoire Koffi et al. (2013)

Soursop Pomace Acid extraction:
Successive Enzyme
treatment with α-
amylase, protease and
amyloglucosidase water
acidified with 1 N HNO3
to pH 1.2,1.6 and 2.0
Extraction conditions:
S/L 1:25(w/v),
time:90mins, T°C: 75°C

pH 1.6 12.90% Cote D’Ivoire (Benchabane et al., 2013)

sources that have seen extraction in West Africa include cocoa
pod husk (Ivory Coast and Ghana), orange peels, soursop po-
mace, cashew apple pomace guava, pineapple among several
others. Furthermore, attempts have also been made on some
underutilized fruits such as purple star apple, African star

apple, yellow passion fruit etc. The details are indicated in
Table 2.
Generally, the principle involves hydrolyzing protopectin to
pectin at high temperatures, a process central to both con-
ventional and novel extraction methods (Sandarani, 2017).
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Table 2 continues...
Source of pectin Extraction method Highest yield (% dry

weight basis)
Country Reference

Cocoa Pod Husk Acid extraction: water
acidified with 1 N HNO3
to pH 1.0,2.0 and 3.0

pH 2.0; 8.60% Cote D’Ivoire Yapo and Koffi (2013)

African Star-Apple
(Chrysophyllum
delevoyi)

Acid extraction Acetic
Acid + 0.2N NaOH +
CaCl2

Hot water, Hot 90%
ethanol

Nigeria Nwosu et al. (2014)

Peels of Lemon (Citrus
limon)

Acid extraction: water
and HCL to give a pH of
2.2; Extraction
conditions: S/L (1 g/25
mL), time: 45 min, T°C:
boiled

2.76% Nigeria Aina et al. (2012)

Peels of Lemon (Citrus
limon)

Acid extraction: water
and HCL to give a pH of
2.2; Extraction
conditions: S/L (1 g/25
mL), time: 45 min, T°C:
boiled

2.76% Nigeria Aina et al. (2012)

Pineapple peels Acid extraction 0.5M
Acids + 10M NaOH to
pH 4.0; Extraction
conditions: S/L
200g:50ml, time:90mins,
T°C: 100°C

HNO3: 0.80% HCL:
0.40%; H2SO4: 0.10%;
Citric acid: 0.10%;
Oxalic acid: 0.20%;
Acetic acid: 0.30%;
AlCl3 :2.40%

Nigeria Ukiwe and Alinnor (2011)

Yellow passion fruit
Rind

Acid extraction: hot
dilute citric Acid at pH
1.8; Extraction
conditions: S/L (1 g/25
mL), time:60mins,; T°C:
75°C; Varying
precipitation procedures:
Alcohol-precipitation
procedure (APP),
Dialysis procedure (DP),
Metal ion-precipitation
procedure (MPP)

7.50% Cote D’Ivoire Yapo (2009)

Vernonia kotschyana Sch.
Bip. ex Walp.
(Asteraceae)

Hot water extraction and
ion exchange
chromatography

- Mali Bip et al. (2005)

Glinus oppositifolius (L.) Hot water extraction and
ion exchange
chromatography

- Mali Tvete et al. (2005)

The conventional methods involve two main steps. The first
requires an acid treatment to cause hydrolysis of the proto
pectin, followed by subsequent precipitation of the pectin with
alcohol (Sandarani, 2017). These conventional methods have
been attributed with certain disadvantages paving the way
for the novel approaches. Some of the disadvantages include
low yield, high energy and time consumption and increase in
environment pollution. Typically, in conventional methods,
there is exposure to hazardous and flammable organic solvents
which can potentially emit toxic substances during extraction.
Additionally, the high purity requirements of some solvents

might add cost to conventional methods (Azwanida, 2015).
Table 3 describes the plant parts and extraction methods that
have been used in Africa using the issue matrix. It further
categorizes their social, economic, and environmental impacts
using red (a very serious issue), orange (a less serious issue),
and green (no issue).
From the issue matrix, it can be deduced that the choice of
starting material—whether whole fruit, edible portions, or
by-products like pomace and peels can have different health
and safety implications. Using whole fruits wastes the edible
portions, as it can bring about scarcity and reduce availability.
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Table 3. Plant Part Used and Extraction Method - Issues Matrix for Pectin Extraction in Africa
Plant part used Extraction method

Whole
fruit/eatable

portion
Pomace Peels/pod

Organic acids
(acetone,

isopropanol,
phosphate buffer,

oxalic, acetic
acid)

Inorganic acids
(HNO3, HCl,

H2SO4)
Acid +enzyme Water

Water and ion
exchange

chromato graphy

Social

Health or safety

Child labour

Land rights

Availability

Economic

Replaceability

Cost

Supply

Supply security
issues

Environmental

Water

Deforestation/
biodiversity

Emissions/
Climate

Key: Red – very serious issue; Orange – less serious issue; Green – no issue

This is due to the fact that whole fruits are important source
of nutrients such as potassium and vitamin C and phytochem-
icals, which synergistically support a wide range of health
benefits (Baker, 1997; Padayachee et al., 2017).
Since pomace and peels are by-products, their use for pectin
extraction does not result in the loss of the fruit’s primary
nutritional value. Using pomace and peels help manage food
waste effectively. These by-products are not only more sustain-
able but also have an environmental impact, as agro-industrial
waste is related to gas pollution, which contributes to the de-
pletion of natural resources (Papargyropoulou et al., 2014;
Yates et al., 2017).
For the extraction acids, both organic and inorganic acids have
safety issues because, after extraction, unsafe and poor dis-
posal may cause acids to end up in water bodies. Using only
water or water with ion exchange chromatography is harmless,
considering the safety of the extract and health of individuals.
When inorganic solvents are used further purifications may
be required as residues of organic or toxic solvents may be
found in extracts (Cvetanovic, 2019).
While the extraction methods have no effect on child labour,
the use of pomace and peels can cause less serious issues com-
pared to using whole fruits. Due to the bulky nature of fruits,
children may be engaged in the harvesting and transportation
of fruits from the farms, which may take them from school
and have negative social implications.
In terms of availability, pomace and peels are easily avail-
able, while whole fruits or eatable portions may not be very
available, especially in lean seasons. Using enzymes in pectin
extraction has issues with availability due to cost. This is
because most of these enzymes are imported into Africa, and
the costs are dependent on escalating exchange rates.
In terms of economic implications, replaceability, cost, and
supply of whole fruits remain key disadvantages in using eat-

able portions for pectin extraction. With high demand for
food, the cost of production increases compared to using po-
mace and peels. Also, low-cost waste agricultural products
such as pomace and peels enhance sustainable utilization and
increases the income of industries. For extraction solvents,
the use of inorganic acids has significant economic impacts,
which can increase the clean-up costs and regulatory fines
of industries (Winterton, 2021). The use of green solvents
like water, supercritical fluids, and ionic liquids is therefore
encouraged in pectin extraction.
Environmentally, the raw material used has no or less serious
effects on water, but the extraction solvents have very seri-
ous effects as they can cause contamination and subsequent
health complications. While organic acids break down in the
environment with time, inorganic acids leave residual activity,
which may harm the environment for longer periods of time.
According to Shi et al. (2024), inorganic fertilizer residues
reduce biodiversity in forests and waters. However, using
water and ion exchange chromatography have no negative
effects on organisms in an ecosystem. Further, poor disposal
of inorganic solvents can result in acid deposition (Driscoll
et al., 2007), which destabilizes ecological systems.
The analysis clearly shows that pectin extraction methods
in Africa are not sustainable. The table reveals that most
traditional extraction methods are fraught with critical sustain-
ability issues, necessitating urgent redress to mitigate their
profound socio-economic and environmental impacts. More-
over, novel methods such as Microwave Assisted Extraction
(MAE), Enzymatic Extraction (EE), Ultrasound Extraction
(UE), Accelerated Solvent Extraction (ASE), and Supercriti-
cal Water Extraction (SWE) have shown to improve recoveries
while reducing both extraction time and energy usage, and
they are safer for the environment (Kratchanova et al., 2004;
Zhongdong et al., 2006). These advanced methods are less
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common in Africa, primarily due to the high costs associated
with the required machinery.
From the articles explored, the conventional method is mostly
used in Africa for pectin extraction with nitric acid being the
most commonly used, followed by citric acid and acetic acid
(Besson, 2014; Effah-Manu et al., 2022; Koffi et al., 2013).
Additionally, there are instances of inorganic acid extraction
with hydrochloric acid and sulphuric acid (Ukiwe and Alinnor,
2011). The only novel approach is that of enzymatic extrac-
tion of pectin from soursop pomace in Ivory Coast (Besson
et al., 2013). Notably, (Koffi and Leonard, 2006) and (Yapo,
2009) in their studies on extraction of pectin from yellow pas-
sion fruit rind, varied the mode of precipitation by employing
dialysis and metal ion precipitation procedures in addition to
alcohol precipitation. Among these methods, alcohol precipi-
tation yielded the best results.

Results and Discussion
Physicochemical properties of pectin
Over the years, biomolecule identification has been heavily
dependent on its characterization, meaning that biomolecules
with specific defined chemical and macromolecular properties
are often identified. Characterization of pectin is essential
because particular functional properties are influenced by the
chemical and macromolecular properties of the pectin poly-
mer. In this review the extracted pectins were analyzed for
certain macromolecular and chemical properties which have
been considered (Table 4).
The type of polymer chain in pectin is typically character-
ized by its galacturonic acid (GalA) content and presence of
neutral sugars. Structurally, the pectin chain consists of (1-4)
linked a-D-galacturonic acid units interspersed with single (1-
2) linked a-L-rhamnose residues (Silva and Rao, 2006). High
levels of GalA suggest a pectin-like backbone polymer. This
coupled with the type and quantity of neutral sugars present,
describes a particular pectin polymer (Garna et al., 2004; Peng
et al., 2021). The GalA obtained for the various extracts were
high; ranging between 62.4 and 88.4 w/w thus suggesting
pectin-like extracts.
It is important to note that the extraction method can affect
the relationship between the GalA content and the neutral
sugars, sometimes showing an inverse relationship. Studies
have shown that under hot acidic extraction, many of the neu-
tral sugars are hydrolyzed leaving the acid stable galacturonic
acid units. The predominant side chain sugars are usually ara-
binose and galactose (Table 4). This confirms typical pectin
structure where molecules of galactan, arabinan and arabino-
galactan are attached to the rhamnose residues in a specific
configuration.
The degree of methylation and the degree of acetylation are
important chemical characteristics that inform certain func-
tional properties of pectin. According to Gawkowska et al.
(2018), the ratio of the number methyl esterified groups to the
total number galacturonic acid blocks present is the degree of
methylation (DM) whereas the percentage of the secondary

acetylated hydroxyl groups present on the complex polymer
represents the degree of acetylation (Dac). The number and
distribution of these methyl-esterified and acetylated groups
along the polymer chain play critical roles in the solubility,
thickening properties, gelation ability, foaming, and final gel
properties of the pectin (Lara-Espinoza et al., 2018; Yapo and
Koffi, 2006). Table 4 indicates that both low and high methoxy
pectin have been successfully extracted from African sources.
In general, most of the extracts exhibited low degree of acety-
lation (<10%). The presence of acetyl groups of pectin chains
hinders gelation through steric hindrance of chain association
(Silva and Rao, 2006). Okra pectin extracted however showed
high degree of acetylation (Kpodo et al., 2017). This particu-
lar property highlights an emulsifying potential that should be
exploited in food and other applications (Kpodo et al., 2018).
The macromolecular features, such as intrinsic viscosity ([η])
and viscosity average molecular weight (Mv) gives informa-
tion concerning the conformation of the polymer chain in
solution. Generally, low values of [η] (and Mv) suggested an
overall extended conformation of the polymer as dominantly
imposed by its rigid rod-like homogalacturonan (HG) regions,
whereas high values denote a random coil conformation (Yapo
and Koffi, 2013). Extract from soursop pomace recorded the
highest intrinsic viscosity and viscosity average molecular
weight.
The gelling capabilities and the gel strength of gels have also
been indicated. It can be deduced that high-gelling pectin
product could be obtained from almost all sources indicated
on Table 4 with the exception of extract from cocoa pod husk
and okra. The significant gelling capabilities of these extracts
can be attributed to the high GalA content, with a greater num-
ber of non-esterified galacturonate unit sequences (Besson,
2014).
Zouambia et al. (2017) isolated total pectin fraction (TPF),
which constituted water soluble pectin (WSP), chelating solu-
ble pectins (CSP) and acid soluble pectins (ASP), containing
66.6%, 44.3% and 81.1% (w/w) galacturonic acid, respec-
tively. The antioxidant ability of TPF increased with concen-
tration, scavenging hydroxyl radicals by 90% and chelating
90% of ferrous ions at 5 g/L. Fourier-transform infrared spec-
troscopy (FTIR) revealed three well defined peaks identified at
1054, 1085, and 1154 cm−1, characteristic of pectic polysac-
charides. It was shown that TPF are non-gelling pectins,
but crosslinking with carrageenan improved their gelling be-
haviour. The co-crosslinking of TPF with carrageenan was car-
ried out successfully, producing a thermo-sensitive hydrogen
gel with 82% TPF and 18% carrageenan (w/w). Additionally,
altering homogalcturonan (HG) and rhamnogalacturona (RG-
I) in pectin extract from leaves of Argania spinosa (L.) skeels
was determined after fractions were analyzed for monosac-
charide composition and chemical structure (Hachem et al.,
2016).

Rheological and emulsifying properties of pectin extracts
Rheology, a branch of physics that studies the flow and de-
formation of materials, is crucial for understanding how in-
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Table 4. Chemical and macromolecular properties of pectin from African sources

Source

Chemical
Composition and
Structural
Features (% w/w)

Degree of
Esterification

Macromolecular
features

Gelling
Capability Reference

Yam 22.54 to 51.37% Effah-Manu et al.
(2022)

South African
prickly pear
(Opuntia
ficus-indica) fruit
peel

49.87-56.39% Lekhuleni et al.
(2021)

Okra pod
(Asontem variety)

GalA 12.0 ± 4.9;
Rhamnose 3.5 ±
1.0; Arabinose 1.1
± 0.1; Glucose:
1.3 ± 0.4

DE 20.4±8;
DA:40.1 ± 5.7

Kpodo et al.
(2017)

Cashew apple
pomace

Galacturonic acid:
84.5 ± 4.2;
Rhamnose: 1.9 ±
0.3; Arabinose:
3.8 ± 0.4;
Galactose: 5.5 ±
0.3; Glucose: ND

DM: 41% (LMP);
DAc: 3 ± 1

Mv (kDa): 142 ±
11; [η] (mL/g):
398 ± 7

Gel strength
(°FCC) 128 ± 1

Besson et al.
(2014); Yapo et al.
(2014)

Cinnamon apple

pH 1.2; GalA:
67.2 ± 4.2; Rha:
4.7 ± 0.9; Total
neutral sugar:
25.1 ± 2.8

DM 68 ± 2
(HMP); Dac 3 ±
1.5

Mv (kDa): 89 ± 7;
[η] (mL/g): 346
± 4

Gel strength
(°sag) 158 ± 4

Besson et al.
(2014)

Palmyra palm
(Borassus
aethiopum Mart.)

GalA 88.4± 3.99
DM: 70.6% ±
0.92 (HMP); Dac:
5.4 ± 0.01

Assoi et al.
(2014)

Cacao pod husk

pH 1; GalA 74.8
± 1.5; Rha: 1.5 ±
0.2; Ara: 1.2 ±
0.1

36.7 %± 3.5
(LMP); Dac: 3.2
± 0.6

Mv (kDa) 43 ± 6;
[η] (mL/g) 162 ±
7

Gel strength
(°sag);
Non-gelling

Yapo and Koffi
(2013)

Poncirus
trifoliate fruit
peel

GalA: 79.2 ± 3.1;
Rha: 1.7 ± 0.2;
Ara: 4.3 ± 0.8;
Gal: 8.2 ± 1.1

DM: 77% ± 3
(HMP); Dac: 4 ±
1

Mv (kDa): 82 ± 5;
[η] (mL/g):327 ±
6

Gelling power
(°sag) 158 ± 3 Koffi et al. (2013)

Soursop pomace

pH 1.2; GalA
72.8 ± 3.1; Rha:
2.2 ± 0.5; Ara:
5.4 ± 0.6; Gal:
3.8 ± 1.4

DM 64% ± 4
(HMP); Dac 5 ± 1

Mv (kDa):163 ±
3; [η](mL/g) 408
± 3

Gel strength
(°sag); 84 ± 8

(Besson et al.,
2013)

Yellow passion
fruit Rind

GalA: 62.4 ± 2.3;
Rhamnose: 3.2 ±
0.1; Galactose:
4.8 ± 0.3;
Arabinose: 5.9 ±
0.5; Mannose: 0.7
± 0.1; Xylose: 2.3
± 0.1

DE 58 ± 3% Mv (kDa) 83.4 ±
3.2

Gel strength
(°sag) 143 ± 0.7;
Gel setting time
(s) 1082 ± 6

Yapo (2009)

gredients like pectin behave in food processing. The shear
rate, pectin concentration and temperature are the factors

affecting the viscosity or flow behavior of pectin solutions.
Notably, temperature is the major factor influencing viscosity;
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as temperature increases, viscosity decreases. Conversely,
increasing pectin concentration exponentially increases vis-
cosity. Therefore, both temperature and concentration play
crucial but opposite riles in determining the viscosity of pectin
solutions.
The functionality of common dominant African food hydrocol-
loids such as okra (Hibiscus esculentus, dika nut (Irvingia
gabonensis) and khan (Belschmiedia sp.) used to thicken and
flavor soups have been studied (Ndjouenkeu et al., 1997). The
compact molecular geometry of dika gum is associated with
its low inherent viscosity. Shear thinning in okra gum was
unusual but selfassociation of the polysaccharide with the ex-
tent of aggregation increasing with increasing concentration
explained the observation (Yuan et al., 2018). The emulsion
potential of khan was approximately 20 and 100 times higher
than dika nut and okra, respectively. Furthermore, the results
showed that in a typical oil/water emulsion such as soups,
khan contribute s both to the thickening and stabilizing of the
emulsion whereas okra and dika nut functioned more as thick-
eners than emulsion stabilizers (Ndjouenkeu et al., 1997).
Kpodo et al. (2018) in their study emphasized important
structure-function relationship particularly in okra pectin emul-
sification. With the protein content (strongly attributed to
emulsification) of the extracts set as control factors, the au-
thors attributed specific emulsifying properties to the unique
structure of the individual pectin extracts six okra genotypes.
It was found that pectin with intermediate length (2 < R < 3),
of RG-1 branching exhibit optimum emulsification capacity.
Molar ratio of (Ara+Gal)/Rha between 2 and 3 favoured emul-
sification whereas molar ratios outside the range did not favour
emulsification. Subsequently, low amounts of RG-1 segments
(HG/RG-1>2) provided stability to emulsions whilst long
term instability of samples was a function of high amounts
of RG-1 segments (HG/RG-1>2). Perhaps, with more stud-
ies, these okra pectin structure-function relationships could
form the basis for modifying pectin extract to satisfy today’s
industrial need for specific polysaccharide emulsifiers.

Utilization of Pectin
As earlier indicated, pectin utilization is widespread and has
gained roots particularly in the food and pharmaceutical indus-
tries worldwide. Even though pectin studies in the subregion
have exclusively focused on finding alternative pectin sources,
few studies demonstrate potential food and pharmaceutical
applications of extracted pectin.
Adi-dako et al. (2016) examined the physicochemical and
antimicrobial properties of cocoa pod husk pectin intended for
use as a versatile pharmaceutical excipient and a nutraceutical,
they concluded that the pectin was a useful health promotion
polymer. They found the wide range of microand macronu-
trients the extract possess and established the extract as a
multifunctional excipient because of its nutraceutical and an-
timicrobial potential. In a follow up study, they evaluated “the
in vitro potential of cocoa pod husk pectin as a carrier for
chronodelivery of hydrocortisone intended for adrenal insuffi-
ciency”. It was concluded that the excipient (from pectin) was

compatible with hydrocortisone and hence can be contained
in all hydrocortisone formulations without any drug-excipient
interactions Adi-dako et al. (2017). They further pointed out
that the method of pectin extraction had an effect on the re-
lease modifying capabilities of pectin.
In the food industry, application of pectin is diverse and sev-
eral studies have shown particular applications that exploit the
gelling ability of most pectins. Pectins are extensively used
in making fruit jams and jellies and yogurt where their ability
to stabilize protein, dispersions are exploited. Pectin is again
being exploited in the making of edible coatings in fruits and
vegetables (Giancone et al., 2011; Karimi et al., 2009) and has
potential applications in bread making (Correa et al., 2012).
While Mohamed (2016) demonstrated the potential of grape-
fruit peel pectin as a functional food ingredient in Sudan,
researchers in Mali have focused on exploring the nutraceuti-
cal properties of pectin extracts from various medicinal plants.
These studies have primarily investigated the immunomodula-
tory effects of pectin and pectic polysaccharides. For instance,
Bip et al. (2005) conducted immunological studies on pectin
extracts from Vernonia kotschyana Sch. Bip. ex Walp. (Aster-
aceae), Similarly, Inngjerdingen et al. (2008) examined the
ability of pectic polysaccharide from Biophytum petersianum
Klotzsch to activate macrophages and dendritic cells. Addi-
tionally, Tvete et al. (2005) investigated bioactive compounds
of Glinus oppositifolius, focusing on their activity towards
the complement system and different leukocyte subsets, with
potential implication immune system conditions.
Pectin from mango (Magnifera indica) and ambarella or golden
apple (Spondias cytherea) has successfully been used in jam
preparation in Cameroon. The physicochemical characteris-
tics indicated the possibility of obtaining excellent gelling
properties from both mango and ambarella peel pectins. How-
ever, amberella pulp was more suitable than mango pulp for
jam processing (Koubala et al., 2008).

Implications of African Pectin Production and Extraction
African pectin production and extraction have multiple so-
cial implications that can positively impact communities and
the environment. The economic benefits of African pectin
production and extraction are significant, as they empower
local communities by providing additional income generation
opportunities (Dalal et al., 2020). Employment prospects can
be created by utilizing waste products, such as apple pomace
and cocoa pod husks (Lyu et al., 2020). Moreover, extracting
pectin from these sources helps to reduce the environmental
impact by repurposing fruit waste materials (Chandel et al.,
2022).

The Social Impact of Pectin Production in Africa
Pectin production in Africa has a profound social impact on
local communities (Şen et al., 2022). By using waste prod-
ucts from fruits, such as apple pomace and cocoa pod husks,
African communities can generate additional income and cre-
ate employment opportunities (Nelson et al., 2021). This
approach can address socioeconomic issues and improve the
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welfare of individuals in an area.
Moreover, leveraging pectin production and extraction op-
erations in Africa has significant advantages for the food-
processing industry (Şen et al., 2022). By utilizing local
resources such as cocoa husks or other fruit leftovers, it is
feasible to generate valuable components such as pectin that
can be employed in different food applications (Nguyen et al.,
2020). This not only brings economic value but also supports
sustainable practices by effectively using waste materials. Fur-
thermore, African pectin production and extraction not only
offer economic advantages, but also have the potential to drive
advancements in the pharmaceutical industry (Dalal et al.,
2020). Pectin derived from African sources has gained atten-
tion because of their diverse applications as gelling agents and
stabilizers in food and pharmaceutical products (Lekhuleni
et al., 2021).
With optimized extraction methods and strict quality control
measures, Africa can tap into its abundant fruit resources
to produce high-quality pectin that meets the international
standards. This not only benefits local economies, but also
supports the long-term sustainability goals of these commu-
nities by maximizing resource utilization and minimizing
environmental impact.

Economic Implications of Pectin Industry in Africa
Africa’s pectin industry has the potential to bring about signif-
icant economic benefits for the continent Dalal et al. (2020).
Africa’s pectin industry has immense potential to contribute
to the continent’s economic development. Pectin, which are
derived from various sources, such as fruit and vegetable
residues, have a wide range of applications in the food pro-
cessing and pharmaceutical industries (Chaouch and Ben-
venuti, 2020). The utilization of low-grade fruits for pectin
production can result in high-quality products, such as jam,
jelly, marmalade, and candies (Chaouch and Benvenuti, 2020).
Moreover, exploring non-conventional sources of pectin could
not only provide innovative products, but also promote sus-
tainable practices by reducing waste and utilizing otherwise
unused materials (Alexandri et al., 2022).
According to Chemat et al. (2015), by investing in the ex-
pansion of the sustainable pectin industry through research
on new extraction methods and promoting collaboration be-
tween the agricultural sector and food processors, there is an
opportunity to tap into this burgeoning market, potentially
leading to increased export opportunities that elevate its po-
sition among global players. This is imperative for African
pectin production, and the development and promotion of
agricultural economies in the African context.
One economic approach can be adopted from Yadav et al.
(2022), which suggests the establishment of partnerships with
local farmers across different regions who cultivate fruit crops
rich in pectin, particularly citrus fruits known for their abun-
dant source of 20-30% dry matter weight. This would ensure a
consistent supply chain, while empowering small-scale farm-
ers. In addition to research and development efforts, investing
in the infrastructure and technology for pectin extraction can

significantly enhance the efficiency and productivity of the
industry. By improving the methods used for pectin extrac-
tion, such as optimizing pH levels and extraction times, higher
pectin yields can be achieved. This not only increases the
overall production output but also ensures improved quality
standards for food-grade pectin.
Furthermore, advancements in infrastructure will allow for
more efficient processing facilities that can handle large quan-
tities of raw materials. This will contribute to increased ac-
cessibility to commonly available sources, such as fruit waste
from juice and cider production industries, or agricultural
residues. By combining technological advancements with
upgraded infrastructure, the industry will be better equipped
to meet growing demand while maintaining high-quality prod-
ucts.

Environmental Implication and Aspects of Pectin Produc-
tion and Extraction
The exploration of alternative sources for pectin extraction
has significant environmental implications (Grassino et al.,
2018). The traditional method of extracting pectin from waste
materials in the agricultural sector is not always sustainable
and may contribute to additional waste production. Adetunji
et al. (2017) and Grassino et al. (2018) discuss that by seeking
non-conventional sources for pectin extraction, we can reduce
our reliance on agricultural by-products and instead utilize
more commonly available plant resources like leaves. This
approach aligns with a circular economy model in which food-
grade pectin can be obtained from plants that are typically
overlooked or discarded as waste (Grassino et al., 2018).
Furthermore, finding new sources of pectin opens up opportu-
nities for creating innovative food products and functional in-
gredients with potential health benefits (Adetunji et al., 2017).
Various vegetable and fruit residues have been explored as
potential sources of this versatile ingredient, including co-
coa husks, watermelon rinds, pumpkin waste, tomato waste,
mango peels,and banana peels (Adetunji et al., 2017).
Considering the global demand for pectin and the potential
depletion of traditional raw materials, exploring alternative
sources for pectin production and extraction is crucial to en-
sure sustainability and mitigate environmental impacts (Marić
et al., 2018). Based on Voragen et al. (2009), pectin pro-
duction in Africa can be inferred to play an essential role in
promoting environmental sustainability through waste reduc-
tion, utilization of readily available plant resources, and the
possibility of developing innovative products with potential
health benefits. By harnessing pectin from various sources,
we can effectively minimize waste while simultaneously ex-
ploring the immense potential offered by commonly found
plants (Spinei and Oroian, 2021). This endeavor not only
helps protect our environment but also opens up opportuni-
ties for creating novel food products that offer substantial
nutritional advantages (Spinei and Oroian, 2021). Through
these efforts, we are paving the way towards a more sustain-
able future, while maximizing the value derived from natural
resources.
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Benefits and Challenges of Sustainable Pectin Production
in Africa
The exploration of sustainable pectin production in Africa
presents numerous benefits and challenges (Pedrolli et al.,
2009). Specific challenges include technological limitations,
investment needs, and market barriers that must be overcome
to fully realize these benefits.
The benefits of sustainable pectin production in Africa are
multifaceted and far reaching (Pedrolli et al., 2009). First, they
contribute to waste reduction by utilizing plant materials that
are typically considered waste or discarded (Alexandri et al.,
2019). This not only helps reduce agricultural and food waste
but also promotes a more sustainable approach to resource
utilization (Alexandri et al., 2019).
Second, the abundance of various plant materials provides an
opportunity to utilize these resources for pectin production
(Chandel et al., 2022). According to Roy et al. (2017), mango
peels and water can be harnessed as valuable sources of pectin.
Moreover, sustainable pectin production provides economic
advantages by creating new income streams for farmers, pro-
cessors, and communities involved in the value chain (Nadar
et al., 2022). This enhances opportunities for local businesses
and stimulates economic growth within the region.
As discussed by Dranca et al. (2020), utilizing non-conventional
sources for extracting pectin reduces the dependency on tra-
ditional raw materials such as citrus peels and apple pomace.
In doing so, it contributes to preserving these finite natural re-
sources while still fulfilling the need for high-quality products
(Dranca et al., 2020).
Finally, sustainable pectin production has the potential to
drive innovation and unlock new product possibilities (Barrios-
Rodríguez et al., 2022). Currently, high-quality pectin can be
extracted from several underutilized plant materials (Dranca
et al., 2020). In addition, a thorough understanding of the
waste materials available in Africa that can be utilized for
pectin production is essential (Dranca et al., 2020). These ma-
terials include cocoa husks, watermelon rinds, pumpkin waste,
tomato waste, mango peel, banana peel, and other fruit and
vegetable residues. Barrios-Rodríguez et al. (2022) suggest
that conducting further research to optimize extraction meth-
ods and develop innovative processes specifically tailored to
African agricultural surpluses, these untapped raw material
sources have the potential to make substantial contributions to-
wards achieving sustainability goals while creating economic
opportunities within local communities.

Recommendations for sustainable pectin extraction in
Africa
Spinei and Oroian (2021) and Mao et al. (2019) extensively ex-
plored sustainable methodologies for pectin extraction. These
valuable studies present a range of strategies that hold po-
tential for integration into the African context. Considering
the sustainable utilization of African pectin, these approaches
warrant further consideration and exploration.

1. Efficient waste management: Proper collection, segregation,

and disposal of fruit and vegetable residues is crucial to
ensure that the raw materials for pectin production are
obtained sustainably (Yang et al., 2018b).

2. Optimizing extraction processes: Research and develop-
ment efforts should focus on finding innovative methods
to efficiently extract pectin from non-conventional sources
(Mao et al., 2019).

3. Promoting a circular economy: Encouraging the use of
waste materials from other industries, such as cocoa husks
or sisal waste, can help create an order to promote circu-
lar economy principles, and it is crucial to implement a
holistic approach that focuses on maximizing the value
and utility of resources. This involves adopting sustainable
practices and strategies that aim to reduce waste and en-
hance resource efficiency throughout the product lifecycle
(Castro et al., 2022). By doing so, we can minimize the en-
vironmental impact, conserve natural resources, and create
economic opportunities.

4. Developing local value chains: African countries can create
employment opportunities and generate economic growth
within their communities by establishing local processing
facilities for pectin extraction and production (Goyal et al.,
2016).

5. Collaboration and knowledge sharing: It is important to fos-
ter collaboration between researchers, farmers, processors,
and other stakeholders to share knowledge and expertise on
sustainable pectin production and extraction methods.

These will help to enhance efficiency, promote innovation,
and ensure the adoption of best practices throughout the in-
dustry. By implementing sustainable approaches in pectin
production and extraction, African countries have the poten-
tial to contribute to achieving sustainability goals. These
practices not only help protect the environment, but also cre-
ate economic opportunities within local communities. One
example of a sustainable approach is the utilization of fruit
processing waste as a valuable resource for pectin extraction.
Studies have shown that using organic acids such as citric acid
instead of mineral acids can provide a higher yield quality
while being more environmentally friendly (Konrade et al.,
2023). Furthermore, other innovative green technologies, such
as microwave-assisted extraction and ultrasound-assisted ex-
traction, are being investigated as sustainable alternatives for
obtaining pectin from various by-products. These technologi-
cal advancements aim to maximize the efficient use of natural
resources and promote sustainable agricultural production.

Conclusion
Pectin studies across Africa has over the years explored wide
range of alternative sources for extraction, yielding pectin
with properties comparable to commercially extracted vari-
ants. Efficient protocols for both conventional and novel
extraction methods have been used, though the latter is under-
utilized. The exploration and adoption of sustainable meth-
ods for pectin production in Africa have significant social
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implications, contributing to environmental stewardship and
socioeconomic development. Expanding studies to include
the bioactive nature and safety of extracted pectin, as well as
its potential applications is recommended. Future directions
should focus on expanding studies to include bioactive and
safety of pectin and the implementation of sustainable prac-
tices to maximize both economic and environmental benefits.
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and Seymour, G. B. (2018a). Fruit softening: re-
visiting the role of pectin. Trends in Plant Science,
23(4):302–310. doi:https://doi.org/10.1016/
j.tplants.2018.01.006.

Wang, W., Chen, W., Zou, M., Lv, R., Wang, D., Hou, F.,
Feng, H., Ma, X., Zhong, J., Ding, T., et al. (2018b). Appli-
cations of power ultrasound in oriented modification and
degradation of pectin: A review. Journal of Food Engineer-
ing, 234:98–107. doi:https://doi.org/10.1016/
j.jfoodeng.2018.04.016.

Winterton, N. (2021). The green solvent: a critical perspective.
Clean Technologies and Environmental Policy, 23:2499–
2522. doi:https://doi.org/10.1007/s10098-
021-02188-8.

Yadav, V., Sarker, A., Yadav, A., Miftah, A. O., Bilal, M.,
and Iqbal, H. M. N. (2022). Integrated biorefinery ap-
proach to valorize citrus waste: A sustainable solution
for resource recovery and environmental management.

Chemosphere, 293:133459. doi:https://doi.org/
10.1016/j.chemosphere.2021.133459.

Yang, J. S., Mu, T. H., and Ma, M. M. (2018a). Extrac-
tion, structure, and emulsifying properties of pectin from
potato pulp. Food Chemistry, 244:197–205. doi:https:
//doi.org/10.1016/j.foodchem.2017.10.059.

Yang, Y., Wang, Z., Hu, D., Xiao, K., and Wu, J. Y. (2018b).
Efficient extraction of pectin from sisal waste by com-
bined enzymatic and ultrasonic process. Food Hydrocol-
loids, 79:189–196. doi:https://doi.org/10.1016/
j.foodhyd.2017.11.051.

Yapo, B. M. (2009). Pectin quantity, composition
and physicochemical behaviour as influenced by the
purification process. Food Research International,
42(8):1197–1202. doi:https://doi.org/10.1016/
j.foodres.2009.06.002.

Yapo, B. M., Avit, G., Beugré, M., and Gnakri, D. (2014).
Biological and physical sciences evaluation of the pectin
content and degree of esterification of various tropical
fruit byproducts with the aim of utilizing them as possi-
ble sources of marketable pectins. Journal of Chemical,
Biological and Physical Sciences, 4(4):3309–3317.

Yapo, B. M. and Koffi, K. L. (2006). Yellow passion fruit
rind—a potential source of low-methoxyl pectin. Jour-
nal of Agriculture and Food Chemistry, 54:2738–2744.
doi:https://doi.org/10.1021/jf052605q.

Yapo, B. M. and Koffi, K. L. (2013). Extraction and
characterization of gelling and emulsifying pectin frac-
tions from cacao pod husk. Journal of Food and Nutri-
tion Research, 1(4):46–51. doi:https://doi.org/
10.12691/jfnr-1-4-3.

Yates, M., Gomez, M. R., Martin-Luengo, M. A., Ibañez,
V. Z., and Serrano, A. M. M. (2017). Multivaloriza-
tion of apple pomace towards materials and chemi-
cals. waste to wealth. Journal of Cleaner Produc-
tion, 143:847–853. doi:https://doi.org/10.1016/
j.jclepro.2016.12.036.

Yuan, B., Ritzoulis, C., and Chen, J. (2018). Extensional and
shear rheology of okra polysaccharides in the presence of
artificial saliva. NPJ Science of Food, 2:20. doi:https:
//doi.org/10.1038/s41538-018-0029-1.

Zhongdong, L., Guohua, W., Yunchang, G., and Kennedy, J. F.
(2006). Image study of pectin extraction from orange skin
assisted by microwave. Carbohydrate Polymers, 64:548–
552.

Zouambia, Y., Youcef, K., Mohamed, E., Nadki, K., and
Moulai-Mostefa (2017). A new approach for pectin extrac-
tion: Electromagnetic induction heating. Arabian Journal
of Chemistry, 10(4):480–487.

Journal of Ghana Science Association, Volume 22(1) Date of Publication: 15th October 2024

https://doi.org/10.1038/s41467-024-47829-w
https://doi.org/10.1038/s41467-024-47829-w
https://doi.org/10.3390/foods10040867
https://doi.org/10.3390/foods10040867
https://doi.org/10.1016/j.jep.2005.04.021
https://doi.org/10.1016/j.jep.2005.04.021
https://doi.org/10.1007/s11224-009-9442-z
https://doi.org/10.1007/s11224-009-9442-z
https://doi.org/10.1016/j.tplants.2018.01.006
https://doi.org/10.1016/j.tplants.2018.01.006
https://doi.org/10.1016/j.jfoodeng.2018.04.016
https://doi.org/10.1016/j.jfoodeng.2018.04.016
https://doi.org/10.1007/s10098-021-02188-8
https://doi.org/10.1007/s10098-021-02188-8
https://doi.org/10.1016/j.chemosphere.2021.133459
https://doi.org/10.1016/j.chemosphere.2021.133459
https://doi.org/10.1016/j.foodchem.2017.10.059
https://doi.org/10.1016/j.foodchem.2017.10.059
https://doi.org/10.1016/j.foodhyd.2017.11.051
https://doi.org/10.1016/j.foodhyd.2017.11.051
https://doi.org/10.1016/j.foodres.2009.06.002
https://doi.org/10.1016/j.foodres.2009.06.002
https://doi.org/10.1021/jf052605q
https://doi.org/10.12691/jfnr-1-4-3
https://doi.org/10.12691/jfnr-1-4-3
https://doi.org/10.1016/j.jclepro.2016.12.036
https://doi.org/10.1016/j.jclepro.2016.12.036
https://doi.org/10.1038/s41538-018-0029-1
https://doi.org/10.1038/s41538-018-0029-1

