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Abstract

East African highland cooking bananas (EA-AAA) are a staple food and major source of calories for Ugandans.
Cooking bananas are considerably wasted along the postharvest chain majorly due to poor handling and ripening.
Banana waste is a potential source of secondary products such as pectin, wine, beer to mention a few. The aim of
this study was to extract and characterize pectin from selected cooking bananas at various stages of ripening in
order to assess their potential for commercial pectin production. Pectin was extracted from the bananas at five
stages of ripening i.e. stages O (green maturity), 1, 2, 5 and 7. Extracted pectin at stages 2, 5 & 7 was
characterized.

Pectin yield from banana pulp decreased significantly with ripening (P<0.05) from between 18.1 to 22.65% at
green maturity to between 0.65 to 1.28% at stage 7 of ripening. Pectin yield from banana peels was generally
lower decreasing from between 5.34 to 6.61% at green maturity to between 1.01 to 1.38% at stage 7. The
equivalent weight (1774 to 10144) of the pectin at selected stages of ripening was not significantly different
(P>0.05) except individually. Methoxyl content was not significantly different among cultivars (P>0.05),
however, it increased significantly through ripening stages (P<0.05). Anhydrouronic acid (AUA) ranged between
24,51 to 67.38% and increased with stage of ripening. AUA of pectin from pulp and peel did not differ
significantly (P>0.05). The degree of esterification at each of the three stages was generally high (77 to 94%)
implying high gelling power.

These results showed that purity of pectin increases while yield decreases with ripening and that banana pectin
has a high degree of esterification implying rapid set pectin. Thus, banana peel and pulp can be good sources of
industrial pectin.

Keywords: banana pulp and peel, cooking bananas, pectin extraction & characterization, ripening stages
1. Introduction

Bananas are the fourth most important food crop in the world after rice, wheat and corn (Arumugam &
Manikandan, 2011). They are an important staple food particularly in tropical countries where they contribute to
food security (Kabahenda, et al., 2010). The banana fruit is a good source of energy and minerals and is normally
consumed fresh or processed to make products such as crisps, flour/powder, jam and wine.

Uganda is the world’s largest producer and consumer of cooking bananas (Kabahenda et al., 2010) of the East
African Highland (EA-AAA) genotype. Most cooking bananas (Matooke) are harvested and consumed at green
maturity (Gafuma, Byarugaba-Bazirake, & Mugampoza, 2018). The fruits are peeled and steamed in banana
leaves which are then mashed to make a thick paste that is served with sauce. Sometimes, whole fingers are
boiled with beans, ground nuts or meat to make a mixture (Katogo). Thus, large volumes of peel are derived and
either given to animals as feed or discarded on waste bins resulting in environmental pollution particularly in the
urban and peri-urban areas. Moreover, Matooke are normally stored at ambient conditions (~25°C) which
accelerate ripening resulting in rejection on the market and transformed into agricultural waste. The high
physical and economic losses coupled with minimum processing calls for intervention studies that could add
value to waste Matooke. Edible by-products can be generated from banana peel and pulp as part of the waste
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stream recovery (Min, et al., 2011). These materials could also be potential sources of high-quality pectin. Pectin
is the second most important structural component of bananas that affects their mechanical or structural and
functional properties in the living tissue where it causes firmness but also during cooking where it is involved in
softening (Parre & Geitmann, 2005; Gafuma et al, 2018) particulalry in the presence of water as it undergoes
solubilization.

Most of the pectin used in the food industry in Uganda is imported. Commercially, pectin is extracted from raw
materials such as apple pomace or citrus peels by acid hydrolysis at high temperatures. The pH, temperature and
extraction method affect pectin yield and quality (Wang, et al., 2007). Extraction and characterization of pectin
have been studied for many plant materials including pumpkins, soy hull, peach pomace, sugar beet, Krueo Ma
Noy (Cissampelos pareira; a herb traditionally used in warm regions of Asia, East Africa and South America),
apple pomace, mangoes, cocoa husks, citrus peel, jackfruit waste and Saba banana waste (Castillo-Israel,
Diasanta, Lizardo, Dizon, & Mejico, 2015). Therefore, ripe matooke could be used as alternative source of
commercial pectin. Banana peels account for 40% of the total weight of the fresh banana fruit (Naggarajaiah &
Prakash, 2011). Therefore, the need to examine whether or not banana peel could be a better source of
high-quality pectin relative to pulp, cannot be overemphasized.

The stage of ripening at which banana peel and pulp contain the highest levels of high-quality pectin needs to be
established in order to maximize pectin extraction from banana waste streams. Therefore, the aim of this study
was to extract and characterize pectin from cooking banana pulp and peel at green maturity and selected stages
of ripening.

2. Materials and Methods
2.1 Materials

Three Ugandan indigenous cooking banana cultivars (EA-AAA genome) were investigated basing on their
abundance on the market. These include Musakala, Mpologoma, and Nakitembe. For each cultivar, green mature
bananas were bought from Kawanda Agricultural Research Institute and directly transported to Kyambogo
University Food laboratory for pectin extraction and characterization. All chemicals and reagents used were of
laboratory grade and purchased from LabX Scientific Uganda Ltd.

2.2 Preparation and Ripening of Bananas

Second and third clusters were used to prepare bulk samples for each cultivar (Dadzie & Orchard, 1997). All
samples were washed with portable water and ripened by covering with a tarpaulin while monitoring relative
humidity (57 - 85%) and temperature (24 - 31°C) every after 8 h. Samples which attained the desired level of
ripeness (stages 1, 2, 5 and 7) based on the scale adopted from SH Prat’s and Company (Luton UK) (Figure 1)
were selected for pectin extraction and characterization. Unripe green mature bananas (stage 0) were used as the
control.
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Figure 1. Colour chart used for grading of ripening bananas. Adopted from SH Pratt’s & co, Luton, UK
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2.3 Extraction of Pectin

Pectin was extracted using hot dilute HCI adopted from Pratik, Sheetal & Teja. (2017) with some
modifications. Bananas samples at stages 0 (green maturity), 1, 2, 5 and 7 of ripening were sectioned into pulp
and peel using a stainless-steel knife. Then, 50 g of each of the pulp and peel was separately weighed and
crushed in a coffee grinder (Geepas, GCG289, Japan) to obtain a homogenous paste. The paste was mixed with
2.5 litres of boiling water acidified with 0.5 ml of 11.91 M HCI to give a pH of 2.2 #0.1, followed by addition of
20 g of washed nylon threads as the filter aid. The same water was used to wash out the banana paste residue on
the sides of the grinder and added to the mixture. The mixture was heated at 95 — 100°C for 30 min with constant
stirring. Then, the mixture was filtered and the residue was washed with 1 litre of boiling water. The filtrate was
cooled before adding 2 litres of 96% ethanol containing 0.2 ml of 11.91 M HCl/litre. The mixture was slowly
stirred and left to stand for 40 min to precipitate the pectin and then filtered through a fine nylon cloth. The
precipitate was collected on a pre- weighed Petri dish, weighed again and dried in the air-drying oven (GenLab
12m064, UK) at 50°C for 16 h. The dried pectin extract was cooled in a desiccator, weighed and pulverized in a
grinder (Geepas) to a fine powder which was stored at room temperature for further use. Pectin yield was
calculated as follows:

EP x 100
Bi
Where Ep = extracted pectin in grams; Bi = Weight of banana pulp/peel in grams.

Pectin yield =

2.4 Characterization of the Extracted Pectin

Characterization was done for pectin extracts at stages 2, 5 and 7 of ripening since at these stages, the pectin is
expected to have reducing degree of contamination from other polysaccharides such as cellulose, hemicellulose,
starch and lignin. Equivalent weight, Methoxyl content, Anhydrouronic acid, and degree of esterification were
determined using methods by (Owens, et al., 1952) adopted from Castillo-1srael et al. (2015).

2.4.1 Equivalent Weight

The equivalent weight (Eg. wt) of pectin extract was determined according to the formula adopted from
Castillo-Israel et al. (2015). Approx. 0.1 g of pectin extract was weighed into a 250 ml conical flask and 1 ml 99%
ethanol (v/v) was added. Approx. 0.5 g of sodium chloride and 60 ml of distilled water were added and heated in

a water bath (Stuart SWB24D, UK) for 30 min at 45°C. Finally, 2 drops of phenol red (Sigma-Aldrich, USA)
were added and the solution titrated against 0.05 N NaOH. The end of the titration was indicated by development
of a purple color and the titre volume recorded. Equivalent weight was calculated according to the following
formula:

Weight of sample x 1000
mlof NaOH x Normality of NaOH

Equivalent weight =

2.4.2 Methoxyl Content (MeO)

Methoxyl content was determined according to the formula adopted from Castillo-Israel et al. (2015). The
neutral solution containing 0.5 g pectin extract from equivalent weight determination was used. To the neutral
solution, 25 ml of 0.25 N sodium hydroxide was added and mixed thoroughly. The solution was kept in a flask
with a stopper at room temperature for 30 min. Then, 25 ml of 0.25 N HCI was added and titrated with 0.1 N
NaOH until a purple color was observed. Methoxyl content was calculated using the following formula:

ml of alkali x Normality of alkali x 3.1

Methoxyl content (%) = weight of sample ()

2.4.3 Anhydrouronic Acid (AUA)
Estimation of AUA was performed by making use of the titration volumes in equivalent weight and methoxyl

content determinations. Hence, total AUA was determined using the following formula adopted from
Castillo-Israel et al. (2015).

176 * 0.1z « 100 + 176 * 0.1y = 100
w * 1000 w * 1000

Where the molecular weight unit of AUA =176 g; z = ml of NaOH from the equivalent weight determination; y
= ml of NaOH from methoxyl content determination and w = weight of the sample.

Percentage (%)AUA =
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2.4.4 Degree of Esterification (DE)

DE of pectin extract was determined on the basis of methoxyl and AUA content (Castillo-Israel et al., 2015) and
calculated using the following formula:

176 * Meo

31+ 9%au4 " 100

%DE =

2.4.5 Ash Content

The ash content of pectin extract was determined using method No. 923.3 of AOAC (2012) with modifications.
One gram of pectin extract was ground to pass a 75-micron mesh screen and placed into a tared platinum
crucible, then ignited in a muffle furnace (Carbolite AAF1100, Germany) at 550° C for 6 h. The crucible
containing ash was cooled in a desiccator and weighed. The ash content was calculated using the following
formula:

weight of ash x 100

Ash content(%) =
sh content(%) weight of pectin

2.5 Data Analysis

Parametric statistics (means = standard errors of means) and one-way analysis of variance (ANOVA) were
computed using Predictive Analytical Software (PASW), v.23 for three independent replicates. Means were
separated using Turkey test after analysis with GraphPad version 7. The P-values were set at p<0.05.

3. Results
3.1 Pectin Yield at different Stages of Ripening

There was a significant decrease in pectin yield (P<0.05) from the pulp of selected banana cultivars with increase
in ripening (Figure 2). Pectin yield (wet basis) decreased from 22.65, 21.38 & 18.1% at green maturity to 1.19,
1.28 & 0.65% at stage 7 of ripening for Nakitembe (NKT), Musakala (MUS) & Mpologoma (MPO), respectively.
Pectin yield from banana peel was generally low and decreased from 5.83, 6.61 & 5.34% to 1.01, 1.38 & 1.08%
for NKT, MUS and MPO, respectively.

Pectin yield was significantly higher (P<0.05) in pulp than in the peel particularly at stages 0 and 1; while at
stage 2, 5 and 7 the yield from both pulp and peel was not significantly different (P>0.05). However, pectin yield
from banana peel at stage 0 was not significantly different (P>0.05) from that of stages 2, 5 and 7 of ripening.
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Figure 2. Changes in pectin yield from pulp and peel of selected cooking banana cultivars at different stages of
ripening. Stage 0 = Green maturity
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3.2 Characterization of Pectin Extract
3.2.1 Equivalent Weight (eq. wt)

Equivalent weight at each of stages 2, 5 and 7 was generally high (Figure 3). Equivalent weight of pectin from
ripe banana pulp ranged from 1903 to 6421 while that of pectin from ripe banana peel ranged from 1774 to 10
144 g per mol. Pectin from Mpologoma peel and pulp had significantly higher equivalent weight than that from
Musakala and Nakitembe (P<0.05). The eq. wt. of pectin from pulp and peel of Musakala at the three stages of
ripening was not significantly different (P>0.05). On the other hand, equivalent weight of pectin from
Mpologoma was initially very high and decreased significantly (P<0.05) with ripening while that of pectin from
Musakala did not significantly change (P>0.05).

At stage 2 of ripening, the eqg. wt. of pectin from Nakitembe pulp was 1970.9, which was the lowest followed by
Musakala with 2041.0 and Mpologoma the highest with 12 657.5 g/mol. At stage 5, the equivalent weight of
pectin from Nakitembe was 1903.8, Musakala was 2051.9, and Mpologoma was 6421.4 g/mol. At stage 7,
equivalent weight of pectin from Musakala was 1986.4, that of pectin from Nakitembe was 3657.5 and that of
pectin from Mpologoma was 4500.0 g/mol. The equivalent weight of pectin from banana peel at stage 2 was 10
144.0 g/mol (Mpologoma), 4878.1 (Nakitembe) and 1783.0 g/mol (Musakala). At stage 5 and 7 the equivalent
weights of pectin from ripe banana peel was 1780.0 and 2556.3 for Nakitembe; 2085.0 and 1774.5 for Musakala
and 5804.3 and 6384.4 g/mol for Mpologoma respectively.

mNAK MUS mMPO

16000

12000

3000

4000
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Figure 3. Equivalent weight of pectin from peel and pulp of selected cooking banana cultivars at different stages
of ripening. Bars with different superscript letters are significantly different (P<0.05). NKT, Nakitembe; MUS,
Musakala; MPO, Mpologoma

3.2.2 Methoxyl Content

The methoxyl content of pectin from ripening banana pulp and peel was not significantly different (P>0.05) and
generally increased through the ripening stages (Figure 4). Methoxyl content of pectin from banana peel ranged
from 4.07 to 11.02% while that from banana pulp ranged from 3.67 to 8.21% across the ripening stages.
Methoxyl content of pectin from banana pulp at stage 2 of ripening for all the three cultivars did not differ
significantly (P>0.05) i.e. Nakitembe (5.37%), Musakala (5.12%) and Mpologoma (4.07%). At stage 5, MeO
was 4.73% for Nakitembe, 7.27% for Musakala and 5.73% for Mpologoma and was not significantly different
(P>0.05). At stage 7 of ripening, MeO of the pectin from Nakitembe was 11.02%, from Musakala was 8.76 %
and Mpologoma 7.88%. The pectin from banana peel at stage 2 of ripening had low methoxyl content of 4.02%
for Nakitembe, 5.86% for Musakala and 4.03% for Mpologoma. At stages 5 and 7, the respective MeO contents
of the pectin extracts were 5.87 & 3.67% for Mpologoma; 4.02 & 8.21% for Nakitembe and 7.13 & 7.75% for
Musakala.
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Figure 4. Methoxyl content of pectin extracted from pulp and peel of selected cooking banana cultivars at
different stages of ripening

Different letters above each bar show significant difference at (p < 0.05).

3.2.3 Anhydrouronic Acid (AUA) Content

The AUA content of pectin from ripening bananas ranged from 24.51 to 67.38% generally increasing with the
stage of ripening depending on the banana cultivar (Figure 5). There was no significant difference in the AUA
(P>0.05) of pectin extracted from banana pulp and peel across the ripening stages. AUA of pectin from banana
pulp generally increased with increase in ripening. For instance, Nakitembe increased from 39.41 to 67.38 %,
Musakala increased from 37.67 to 58.57 % and Mpologoma increased from 24.51 to 48.64 %. AUA of pectin
from the peel increased from 26.48 to 53.49% for Nakitembe, 43.15 to 53.94 % for Musakala while that for
pectin from Mpologoma remained almost the same (24.64 to 23.60%). Generally, pectin from pulp had a higher
AUA content than that from the peel.
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Figure 5. Anhydrouronic acid (AUA) content of pectin extracted from pulp and peel of selected cooking banana
cultivars at different stages of ripening

Different letters above each bar show significant difference at (P<0.05).

3.2.4 Degree of Esterification (DE)

The DE of pectin extract from ripening banana pulp and peel was generally very high and ranged between 77 to
94% (Figure 6) implying high methoxyl pectin. There was no significant difference (P>0.05) in the DE of pectin
from the peel and pulp across all the stages of ripening.
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Figure 6. Degree of Esterification (DE) of pectin extracted from the pulp and peel of selected cooking banana
cultivars at different stages of ripening

Different letters above each bar show significant difference at (P<0.05).

3.2.5 Ash Content

The ash content of banana pectin extracted from peel and pulp ranged between 0.3 and 5.4%. There was no
significant difference (P>0.05) between the ash content of pectin extracted from the peel and pulp across the
ripening stages (Figure 7).
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Figure 7. Ash content of pectin extracted from the pulp and peel of selected cooking banana cultivars at different
stages of ripening.

Different letters above each bar show significant difference at (P<0.05).

4. Discussion
4.1 Pectin Yield

The high pectin yield at green maturity (stage 0) and at stages 1 and 2 of ripening could be due to presence of
protopectin (pectin combined with hemicellulose, cellulose, lignin and starch) (Castillo-lIsrael et al., 2015;
Conrad, 1930). According to these authors, the maturity stage of bananas affects pectin yield as the amounts of
pectin, hemicellulose, cellulose and lignin vary as the fruit matures. These authors found higher pectin yield of
about 16.5% from Saba banana peels at the unripe stage compared to 11.87% from the same bananas at the ripe
stage. The high ionic strength of HCI (pH 2.2) also maximizes extraction and precipitation of pectin and
impurities including other negatively charged ionic molecules such as cellulose and hemi-cellulose. High
extraction temperatures have also been reported to increase extraction yield (Gama, De Farias Silva, Oliveira Da
Silva, & Abud, 2015). Uzma, Genitha, & Farheena (2015) obtained the highest percentage of pectin (16%) from
papaya peels on extraction with hydrochloric acid at pH 2.0, temperature of 80<C for 60 min of extraction,
similar to the conditions used in this study. Yadav, Khan, Kunjwani, & Mular (2015) obtained pectin yield of up
to 36% from orange peels using HCI at pH 2 and 85°C extraction conditions. However, the yield of pectin
decreased with ripening which could be explained by the increasing hydrolysis of protopectin releasing cellulose,
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hemicellulose and lignins as bananas ripen. Pectin content of fully ripe bananas has been reported to range
between 0.5 to 1.28% (Baker, 2006), which is in agreement with pectin yield at ripening stages 5 and 7 of this
study. Pectin yield generally increases at the expense of protopectin as fruits ripen due to increasingly weaker
connections between pectin and other cellular compounds thus making pectin more available for extraction.
However, over ripening of bananas like at stage 7 results into a decrease in pectin yield due to degradation of
pectin by native pectolytic enzymes i.e. polygalacturonase, pectin methyl esterase and pectin lyase (Emaga,
Adrianaivo, Wathelet, Tchangco, & Paquot, 2007). These results imply that the stage of ripening has a significant
influence on pectin yield and therefore, extraction could be optimized at stage 5 of ripening.

4.2 Characterization of the Pectin
4.2.1 Equivalent Weight

The equivalent weight (Eq. wt.) of pectin in the current study was generally high compared to literature values.
Pectin produced at lower pH normally has a higher equivalent weight due to possible polymerization of the
pectin molecules into longer chains (Uzma et al., 2015; Rouse, 1977). Equivalent weight represents the quantity
of pectin that is reactive which can undergo cross-linking reactions through polyol functional groups and is
indicative of a high degree of esterification which is in turn associated with a higher gelling power (Vaclavik &
Christian, 2008; Yadav et al., 2015; Ragab, Osman, Khalil, & Gouda, 2016). The high eq. wt obtained in this
study could imply strong associations between the pectin and cellulose/hemicellulose including other molecules.
The high equivalent weights obtained in this study were in agreement with those reported by Castillo-Israel et al.
(2015) in pectin from unripe banana peels. Therefore, the relatively high equivalent weight could be justified by
the stage of maturity and ripening.

4.2.2 Methoxyl Content

Methoxyl content of banana pectin in this study increased with ripening. This means methoxyl content of pectin
could be affected by the level of maturity of bananas. Castillo-Israel et al. (2015) while studying characteristics
of pectin from Saba banana peels obtained methoxyl content of 6.4% and 5.25% in ripe and unripe bananas,
respectively. According to Aina, et al. (2012), the methoxyl content of extracted pectins varies between 0.2 and
12% depending on the source and mode of extraction implying that the methoxyl content obatined in this study
was within range at all stages of ripening. Methoxyl content of commercial pectins varies from 8-11%
(Castillo-Israel et al., 2015). The methoxyl content of most pectin extracts in this study was above 6.4%
meaning that they were high methoxyl pectins (Beda & Kouassi, 2014; Castillo-Israel et al., 2015) and therefore,
could form strong gels with sugar especially pectins with methoxyl content above 7% (Genovese, Ye, & Singh,
2010). Pectins with methoxyl content less than 7% can form gels with lower concentrations of sugar. High
methoxyl content may also imply strong adhesive and cohesive forces which could imply increased firmness of
the gels. Methoxyl content is important in controlling setting time of pectin, sensitivity to polyvalent metal
cations and also determines the functional properties of the pectin-gel texture (Constenla & Lozano, 2003). It
also affects the dispersability of pectin in water where pectin with high methoxyl content (>7%) is readily
dispersible in water (Rouse et al., 1962). Therefore, these pectins are suitable for industrial use particularly in
jam and jelly production. Our results imply that banana pectin particularly that from the pulp at stage 7 could be
suitable for industrial use such as in production of jam and jellies while the low methoxyl pectin at stages 2 and 5
(pulp) and that from peel could be used in production activities where weaker gels are required such as yogurt.

4.2.3 Anhydrouronic Acid (AUA)

The AUA values of pectin from green mature and ripe bananas examined in this study were in agreement with
values obtained by Castillo-Israel et al. (2015) of 57.3% and 39.68% for ripe and unripe banana peels,
respectively. The results were also similar to those reported by Khamsucharit, Laohaphatanalert, Gavinlertvatana,
Sriroth, & Sangseethong (2018) for pectin from peels of Kluai Hin (34.56 %) and Kluai Nam Wa (66.67 %)
banana cultivars from Thailand. AUA is an indicator of the purity and degree of esterification of pectin (Rangana,
1986). Pectin normally contains about 10% or more organic materials (Assifaoui, et al., 2015). Pectin with AUA
of less than 65% may indicate impurities due to presence of proteins, starch and sugars (Norazelina &
Nazarrudin, 2011). The recommended AUA (%) for extracted pectin for use in pharmaceuticals and as a food
additive should not be less than 65% (May, 1990). The generally low AUA content in this study implies low
purity of extracted pectin hence requiring further purification if the pectin is to be used commercially. According
to Castillo-Israel et al. (2015), longer extraction times could be adopted for higher values of AUA. Pectin
extracted at stages 2 and 5 had relatively lower AUA compared to that extracted at stage 7. Results in Figure 5
generally indicated that pectin extracted at stage 7 of ripening had a higher AUA implying increasing purity with
ripening. Values of AUA for pectin from green mature bananas were also comparable with values from ripe
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bananas. Pectin from the pulp seemed to be much purer relative to that from the peel.
4.2.4 Degree of Esterification

DE is important in determining the gelling and adhesive power of pectin and in case of plant tissue pectin, it has
been given in the range of 60 — 90% (Shaha, Nayagi, Punichelvana, & Afandi, 2013). High DE was observed in
pectin from ripe bananas and there was no significant difference in DE with respect to the stage of ripening.
However, the degree of esterification differs depending on the level of maturity or ripeness, part of the fruit,
botanical source and method of isolation (Bonrood, Kamonrad, & Niamsupn, 2005). During ripening, solubility
of pectic substances increases mainly due to activity of pectic enzymes i.e. polygalacturonase (PG) and pectin
methylesterase (PME) (Maduwanthi & Marapana, 2017). The banana pectin in this study can be categorized as
rapid set pectin since it had DE greater than 72% (Shaha et al., 2013). Our DE values were within the DE range
of 60 to 90% generally found in pectin from plant tissues (Shaha et al., 2013). The high DE implies high gelling
power of the extracted pectin which is a good indicator for commercial application such as use in the
manufacture of jams and jellies.

4.2.5 Ash Content

The ash content of all pectin extracts from the three banana cultivars from peel and pulp was less than 5.5%.
This means that their purity was acceptable for commercial application (Khamsucharit et al., 2016; Shaha et al.,
2013). To form gels of good quality, the maximum limit for ash content in pectin should not exceed 10%
(Norazelina et al., 2011). Overall, pectin from Mpologoma peel at stage 7 contained the highest amount of ash
indicating that it could produce the least quality pectin among the banana cultivars.

5. Conclusion

The high methoxyl content and degree of esterification of the pectin extracted from Ugandan cooking bananas
implies high gelling power which makes it suitable for commercial application in industry particularly in the
production of jams and jellies. If extracted at stages 2 and 5, the pectin could be used in products such as yogurt
that do not require high levels of setting. Both peel and pulp could be good sources of high quality pectin due to
its relatively high degree of esterification. Moreover, purity of the pectin appeared to increase with stage of
ripening as observed with AUA implying higher quality pectin could be extracted from bananas at stage 5 and
above.
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