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Extraction and Characterization of Pectin from Snot Apple (Azanza
garckeana) Fruits with Potential Use in Zimbabwe

Armistice Chawafambira

Department of Food Science and Technology, Chinhoyi University of Technology, Chinhoyi, Mashonaland West,
Zimbabwe

ABSTRACT KEYWORDS
Azanza garckeana (snot apple) is an underutilized indigenous fruit of south- Azanza garckeana; pectin;
ern Africa. The study was aimed at determining the functional characteristics Malvaceae; fruit jam;
and potential use of extracted pectin from A. garckeana (snot apple) fruits Southern Africa
from Zimbabwe. A. garckeana (snot apple) fruits were collected from a semi-

arid communal area of Nhema, Zimbabwe. Pectin properties were deter-

mined using standard methods. Fruit jam was formulated with 53% (w/v)

U. kirkiana fruit pulp, 45% (w/v) sugar, 1.5% (w/v) A. garckeana pectin, 0.5%

(w/v) citric acid. The optimum extraction conditions were 90°C for 90 minutes

at pH 3. Pectin yield was 9.21 + 0.1% to 18.1 + 0.1% and 10.1 = 0.1 to

202 + 0.2% for dried and fresh A. garckeana fruits respectively.

Physicochemical properties of the pectin were (% w/w) degree of esterifica-

tion (DE) 72.1-80.3, methoxyl content 6.1-6.8, anhydrouronic acid (AUA)

content 60.3-67.6, moisture content 3.1-2.2, ash content 0.9-0.7 for dried

and fresh fruits. Equivalent weight range was 816.7-848.2 mg/mol. Jam had

total soluble solids (68.2 + 0.1%), total titratable acid (2.1 + 0.2 g/L), moisture

content (32.6 + 1.3%) and pH (3.4 £ 0.1). Jam's overall acceptance score was

6. There was no significant difference in aroma, spreadability, taste, and

texture of both jams at P < 0 .05. Pectin extracted from A. garckeana (snot

apple) fruits has good functionality properties with potential for applications

in food processing, especially in jam production.

Introduction

Azanza garckeana (snot apple) fruit tree is an underutilized indigenous fruit tree (IFT) that is well
distributed in warm woodlands of Southern Africa (Maroyi, 2017). Thespesia garckeana (commonly
known as A.garckeana) fruit tree belongs to the Malvaceae family and its domestication is important to
support nutrition, health, and income generation to most communities in sub-Saharan Africa (World
Agroforestry Centre, 2020). In Zimbabwe, the snot apple is known in a local vernacular as mutohwe in
Shona and uxakuxaku in Ndebele and it ripens from February to September. The ripe fruit is 35 mm in
diameter, round, and appears reddish when mature with short dense hairs on the outer surface
(Schmidt et al., 2002). The ripe fruit is normally eaten raw and this is done by removing seeds and
chewing of the fruit. The fruits produce a sweet glutinous slime and sometimes they are dried
(Mojeremane and Tshwenyane, 2004).

In tropical Africa, the Azanza garckeana fruit tree is a popular multipurpose fruit tree that is
characterized by edible fruits, plant parts with medicinal uses, and products sold to local markets
(Glew et al.,, 2005). The ripe fruit is used as food additives in Sudan (Suliman et al., 2012). Jellies and
syrups of the fruit are added to soups and/or used to make porridge in Zambia (Storrs, 1979). Azanza
garckeana fruit contain (w/w) carbohydrate 28.4%, crude protein 12.0%, crude fiber 45.30%, fat
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1.04 £ 0.01%, and moisture 6.50% (Nkafamiya et al., 2016). The mineral content (mg/100 g) of the fruit
comprise of iron 12.0 + 0.43, calcium 127.0 £ 0.04, potassium 1360 + 1.3, magnesium 96.25 + 0.67 and
zinc 12.02 + 0.9 (Nkafamiya et al., 2016). In most areas of Zimbabwe ripe wild fruits are often sold by
street vendors on roadsides and in urban and rural markets in Sub-Saharan Africa (Chawafambira
et al., 2020b, 2020a).

Pectin is a structural hetero-polysaccharide that is found in the plant primary cell walls and is used
as a stabilizer and gelling agent in jam and jellies (Braidwood et al., 2014). Research on the under-
utilized but important A. garckeana fruit is limited to nutritional, phytochemicals, potential medicinal
use, cultivation, agronomy, and productivity. The fruit has not been fully exploited including the
existing potential for a wider application in food processing and other technological applications. The
fruit has the potential to be utilized and used in the production of new food products (Van Wyk, 2011).
Thus, this study was aimed at extracting and determining the functional characteristics of pectin
extracts of A. garckeana (snot apple) fruits with potential for use in food processing.

Materials and Methods
Fruit Collection

Ripe A. garckeana (snot apple) fruits were collected from domesticated trees (Figure 1) in Nhema
communal area in Shurugwi district (is a semi-dry communal area located 30°S 19°E in Agro farming
region 3 and has poor sandy soils) as represented in Figure 2. Permission to collect fruit samples in the
study were granted by local ward councillor and participating families in the area. Fruit trees were
chosen randomly using the randomised sampling method. Samples of 100 ripe fruits were collected,
transported in clean polythene bags, and stored at room temperature (25°C) in a laboratory.

Figure 1. Azanza garckeana (snot apple) fruit tree and fruits.
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Figure 2. Map showing Nhema communal area where A. garckeana (snot apple) fruits were collected in Shurugwi district, Zimbabwe.

Sample Preparation

The collected fruits were sorted by selecting ripe fresh fruits and removing defective (rotten) fruits.
The ripe and fresh fruits were cut open and the seeds were removed. The fruits were dried according to
a standard procedure from the Association of Official Analytical Chemistry (AOAC) in an oven (UL
40, Memmert, Schwabach, Germany) at 110°C for 3 hours until a constant weight was achieved. The
dried A. garckeana fruits were milled using a miller (DFT-150, Dickson, China) and sieved through
a 500 pum sieve into a powder. The milled sample was packed in a polyethylene bag and stored at —15°C
in a freezer (ACF15F, Acson, Malaysia).

Pectin Extraction

Extraction of pectin was carried out according to a method described by Tang et al. (2011). Forty
grams of A. garckeana fruit powder was measured using an analytical balance (B204-S, MK II, Mettler
Toledo, Switzerland) and mixed with acid-water (40 g citric acid/200 mL distilled water) in a beaker
until the pH had reached 3. The extraction process was done at 70, 90, and 105°C for 90 minutes in
a shaking water bath (Lab Companion 37 L, Jeio Tech, Korea), and samples were cooled to 55°C then
filtered using a muslin cloth. One volume of each sample extract was added to 95% ethanol (1:1 v/v) to
allow pectin precipitation and pectin was filtered through a Whatman filter paper (No 1). Each pectin
filtrate was further washed with excess 96% ethanol and distilled water to remove any impurities. The
precipitates of each extraction were dried at 65°C in a hot oven (UL 40, Memmert, Schwabach,
Germany) for 10 hours until a constant weight was reached and then cooled in a desiccator. Pectin
obtained from each extraction was ground, sieved, and stored at 25°C. The experiments were
performed in triplicate to ensure accuracy. The percentage yield of extracted pectin was calculated
as follows:
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P
Pectin yield(%) = o) x 100

where P = the amount of extracted pectin in grams (g), Q = the initial amount of A. garckeana fruit
sample (40 g).

Functional and Physicochemical Characteristics of Pectin Extracts

Degree of Esterification

The degree of esterification of pectin was analysed according to a titrimetric method of the Food
Chemical Codex (1996). Dried pectin samples (0.2 g) were moistened with ethanol and dissolved in 20
ml distilled water. The sample was shaken in a water bath (Lab Companion 37L, Jeio Tech, Korea) at
45 °C until the pectin had completely dissolved. Three drops of phenolphthalein were added to the
sample. Titration of the samples with 0.1 N sodium hydroxide was conducted and the initial titration
volumes were noted. The volume of 0.1 N sodium hydroxide solution was used to determine the
number of free carboxyl groups. Ten millilitres of 0.1 N sodium hydroxide was then added to
neutralize poly galacturonic acid and the mixture was shaken vigorously. The mixture was allowed
to stand at room temperature (26 °C) for 2 hours to de-esterify pectin. Ten (10) millilitres of 0.1
N hydrochloric acid was added to neutralize sodium hydroxide. Phenolphthalein drops were added
and the sample was titrated with a known volume of 0.1 N sodium hydroxide until a pink colour
appeared. The esterified carboxyl groups were determined using the final volume of 0.1 N sodium
hydroxide solution. The DE was calculated using the formula:

Final titration volume(ml)

DE(%) = (

x 100
Initial titration volume(ml) + Final titration Volume(ml)>

Equivalent Weight Analysis
Equivalent weight analysis was determined according to a method by Ania et al. (2012). The following
formula was used:

Weight of pectin sample(g)

= l
Volume of Alkali(cm?) x Molarity of Alkali(M) X 100

. ) mg
Bauivalent weight (™)
quivalent weig, mol

Methoxyl Content Analysis

Methoxyl content analysis was determined using a method adopted by Ania et al. (2012). The
methoxyl content of the pectin extract samples was determined by mixing 25 ml of 0.25 M NaOH
to the neutralized solution used in equivalent weight determination. The mixture was vigorously
shaken and left to stand for 30 minutes at room temperature (26°C). To the mixture, 25 ml of 0.25 M
HCl was added and titrated until a pink color appeared as an endpoint. The volume of the alkali used
for the neutralization reaction was recorded and the methoxyl (MeO) content was calculated using the
following formula:

Volume of Alkali(cm®) x Molarity of NaOH(g) x 31

; ; x 100
Weight of pectin extract(mg) x 1000

Methoxyl content(%) =
Where: 31 is the molecular weight of methoxyl.

Anhydrouronic Acid (AUA) Test

The Anhydrouronic acid (AUA) test was determined using values obtained from the equivalent weight
and the methoxyl content tests according to the method by Ania et al. (2012). The anhydrouronic acid
(AUA) content was calculated using the following formula:
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176 x 0.1z x 100 =~ 176 x 0.1y x 100

%AUA = +
w x 1000 w x 1000

where: z = volume cm® of NaOH from equivalent weight analysis, y = volume cm’ of NaOH from
methoxyl content test, w = weight of pectin extract sample.

Solubility Analysis

The solubility test was determined according to a method by Yang et al. (2009). A 1 g of pectin extract was
mixed with 10 ml distilled water and heated to 90°C. Five milliliters of the pectin-water mixture was then
mixed with 70% rubbing alcohol in a test tube and observed until clots started forming in the mixture.

Gelling Test in Acid-sugar

The citric acid (5 g) was dissolved in 100 ml of distilled water and the pH of the solution was
determined according to AOAC (2000) method using a digital pH meter (BT-675, BOECO,
Hamburg, Germany). Sixty grams of white sugar was then dissolved in the acidified water with
a pH of 3 and stirred. A 1 g of pectin extract sample was added to the solution and heated at 105°C
for 45 minutes. The heated mixture was allowed to cool and the time taken for the solution to start gel
was recorded as the setting time.

Gelling Test in Calcium lons

A weight of 0.1 g calcium carbonate was measured using an analytical balance (B204-S, MK II, Mettler
Toledo, Switzerland) and mixed with acid- sugar solution with a pH of 3. The mixture was heated at 105°C
for 45 minutes then cooled and the time is taken for the solution to start gelling (setting time) was noted.

Ash content

The ash content was determined according to a standard method by AOAC (2000). A 2 g pectin
extract sample was weighed and placed in a crucible and weighed. The crucible was placed in
a desiccator and heated at 550°C for 60 minutes in a muffle furnace. The sample was cooled in
a desiccator and the weight of the ash and crucible was determined. The ash content was determined
using the formula:

Ashcontent(%) = W2z Wo x 100
W; — W,
Where W, = weight of empty crucible (g), W, = weight of crucible + sample (g), W, = weight of
crucible + ash (g)

Moisture Content
The moisture content was determined according to AOAC (2000) standard method, using the
following formula:

W, - W

Moisturecontent(%) = ———— x 100

W, —W;
Where; W, = weight of crucible (g); W, = weight of crucible (g) + fresh sample (g); W5 = weight of
crucible (g) + dried sample (g).

Pectin Extracts in the Jam

Pectin extracted at the optimum temperature of 90°C for 90 minutes was used in the production of
jam. The production process of the jam was carried out using a standard process by FAO (1995). Jam
samples were prepared using U. kirkiana fruit pulp, citric acid, and pectin extracted from A. garckeana
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fruits. The formulation used to prepare the jam was adopted from Chawafambira et al. (2020c) with
few modifications in the quantity of pulp and sugar. In this study, the formulation had 53% pulp, 45%
sugar, 1.5% A. garckeana pectin extract, and 0.5% citric acid. The pulp and sugar were mixed in
a stainless steel pot and cooked at 110°C. Citric acid and pectin extracts (6 g) were added and the
mixture was continuously stirred until the jam had 68 °Brix. A bench Brix refractometer (MA871,
North Carolina, Milwaukee Instruments, USA) was used to check for °Brix. In a control experiment,
commercial pectin (4 g) was used. A sensory evaluation process was conducted on the jam.

Physiochemical Analysis of Jam

pH Measurement
The pH of the pulp and jam was determined according to AOAC (2000) standard method using
a digital pH meter (BT-675, BOECO, Hamburg, Germany).

Total Soluble Solids

The total soluble solids content of the fruit pulp and jam was determined according to AOAC (2000)
standard method using a bench Brix refractometer (MA871, North Carolina, Milwaukee Instruments,
USA) and distilled water was used to calibrate and rinse-oft residual sample after each reading.

Total Titratable Acid
Jam acidity (expressed as total titratable acidity) was determined according to AOAC (2000) standard
method.

Sensory Evaluation

In the sensory evaluation process, 50 untrained panelists were selected from the Nhema communal area
(n = 30) and Chinhoyi University of Technology students (n = 20). The panelists used in the study were
aged between 15-35 years and consent was obtained from each panelist. The sensory evaluation process
was conducted in individual temporary booths made of cardboard boxes in the Nhema area. A 9-point
hedonic scale was designed using the following key: 1 = Dislike extremely, 2 = Dislike very much,
3 = Dislike moderately, 4 = Dislike slightly, 5 = Neither like or dislike, 6 = Like slightly, 7 = Like
moderately, 8 = Like strongly, 9 = Like extremely and all instructions for the panelists was translated into
Shona, a local language for easy understanding of the sensory process. Panelists were presented with a test
sample weighing 20 g each and rinsing water. The panelists were asked to evaluate taste, aroma, texture,
spreadability, and overall acceptance and rated their answers on the provided 9-point hedonic scale
scorecard. Panelists were not allowed to discuss their responses during the sensory evaluation process.

Statistical Analysis

The results of functional, physicochemical characteristics of pectin and sensory properties of jam were
expressed as mean * standard deviation (SD). All experiments were conducted in triplicates analysis were
carried out using SPSS package version 18.0 (Coakes and Ong, John Wiley & Sons, Queensland, Australia).
The least significant difference (LSD) test was conducted to determine any significant differences at
(P < 0.05). Customer acceptability and sensorial results were analyzed using one-way Analysis of
Variance (ANOVA).
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Figure 3. Effect of extraction temperature and time on pectin yield at pH 3.

Results and Discussion
Pectin Extracts

The pectin yield from A. garckeana fruits both dried and fresh ranged from 9.21 £ 0.1% to 18.1 £ 0.1%
and 10.1 = 0.1 to 20.2 £ 0.2% respectively (Figure 3). The pectin yield was significantly different at
P <0.05. The results of acid extraction showed an increase in pectin yield with an increase in extraction
temperature up to 90°C and thereafter it began to decrease. In this study citric acid was used in acid
extraction. Cho et al. (2019) reported the positive effects of using food-grade organic acids such as
citric, malic, and tartaric acids on the extraction of pectin in apple peel. This is also supported by Picot-
Allain et al. (2020) who reported no significant difference in the pectin yield obtained by extraction
using citric acid as compared to treatment with 0.1 M hydrochloric acid. The pectin yield results from
this study were higher as compared to ambarella (Spondias cytherea Sonn.) peel (10 to 13%) and
mango (Anacardiaceae) peel (4.6 to 18.5%) extracted using deionized water (Koubala et al., 2008a,
2008b). Ndabikunze et al. (2010) reported a pectin content of 0.28 + 0.05% in U. kirkiana
(Euphorbiaceae) fruits from Iringa forests in Tanzania. Conversely, Patra and Basak (2020) reported
a high pectin yield of 25.34 + 0.77% dry wt, 14.86 + 0.40% dry wt, and 11.94 + 0.60% dry wt in citrus
medica, phyllanthus emblica, and carissa carandas fruits respectively. More so, the increase in
temperature and reaction of the acid solution and the fruit structure would increase the solubility of
the extracted pectin hence giving a higher rate of pectin extraction (Ania et al., 2012). Also, Picot-
Allain et al. (2020) reported that heating of the fruit would cause a disruptive effect to the cell wall,
thereby enabling the diffusion of the solvent and pectin extraction from the fruit matrix. Furthermore,
the extraction at a higher temperature (105°C) indicated a decrease in pectin extraction because high
temperatures cause the breakdown of a-1.4 linked units of galacturonic acid or methyl ester yielding
low pectin of lower molecular weight which is unstable (Ania et al., 2012). This is supported by Rha
et al. (2011), who reported that extraction temperature conditions and the source of pectin determine
the pectin yield. High extraction temperatures have been reported to promote energy loss through
vaporization and this increases the cost of extracting the pectin (Rha et al., 2011).

The pH affects the extraction of pectin because the presence of hydrogen ions at a high concentra-
tion in the solvent will stimulate the hydrolysis of protopectin by combining cellulose and pectin
molecules (Liew et al., 2014; Redgwell et al., 1997). Liew et al. (2014) reported that the increase in
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hydrogen ion concentration of the solution will promote the ionization of the carboxylate groups, that
is, there is the conversion of highly hydrated carboxylate group into hydrated carboxylic acid groups
(BeMiller, 1986). Furthermore, the ionization process will reduce the repulsion of polysaccharide
molecules which support the gelling action of pectin and precipitates the pectin at lower pH (BeMiller,
1986). In the study, a pH of 3 was used in the extraction process because low pH was found to produce
high pectin yield regardless of the plant material (Udonne et al., 2016).

Barclay et al. (2014) noted that the maturity index affects the amount of pectin in the fruit because
as the fruit becomes overripe, the pectin is broken down by pectinase and pectin esterase into simple
sugars that are become water-soluble. Low temperature (< 60°C) reduces the viscosity of pectin and
promotes poor diffusion of the pectin between the extraction phases and leads to low pectin yield (Xue
et al., 2011). Our results were in agreement with those obtained by Drusch (2007) and Ania et al.
(2012). The process of oven drying of fruits might have affected the pectin structure. This is supported
by Liew et al. (2014) who reported the destructive and swelling effects of oven drying on the pectin
structure of yellow passion fruits as mound-shaped pellets were formed on smooth surfaces of pectin.
Also, a possible explanation by Xue et al. (2011) reported that acid interactions might have destroyed
the glycosidic bond and ester bond of pectin and results in low yields.

Degree of Esterification

There was a significant difference in the degree of esterification between the pectin extracted from
dried and fresh A. garckeana fruits at P < 0.05. The degree of esterification (also known as the degree of
methylation) is used as an expression of the molar ratio of methyl-ester to galacturonic acid (Picot-
Allain et al., 2020). The DE indicated the gelling property of pectin, hence its analysis in this study was
important to understand the application of pectin. The degree of esterification from Azanza garckeana
fruits both dried and fresh ranged from 60.5 + 0.1% to 70.3 + 0.1% and 69.4 £ 0.2 to 77.4 + 0.2%
respectively (Figure 4). Pectin is classified as low methoxyl pectin with < a 50% degree of esterification
and high methoxyl pectin with > 50% degree of esterification (Grant et al., 2007). This suggests that
our study indicated that snot apple (A. garckeana) pectin is classified as high methoxyl pectin because
the degree of esterification was 72.1 + 0.3% and 80.3 + 0.1 at optimum extraction temperature of 90°C.

= bc
,, b 2 b
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garckeana fruits
:10 ® Fresh Azanza
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20
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Figure 4. Effect of extraction temperature and time on degree of esterification at pH 3.
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This is supported by Mota et al. (2020) who reported a high methoxyl index in fruit peel of Opuntia
robusta. Canteri-Schemin et al. (2005) noted that a 50% DE in pectin indicates high-methoxyl (HM)
pectin which is essential when making high sugar products. Fishman et al. (1984) reported the
importance of DE in determining the gel-setting time. The DE noted in this study can explain rapid-
set pectin that is useful in the manufacture of jams (Rolin, 2002). According to Sundar Raj et al. (2012),
DE depends on fruit species and stages of maturity.

Functional and Physicochemical Properties

The results of functional and physicochemical properties of the extracted pectin from Azanza
garckeana fruits under optimum conditions of 90°C for 90 minutes at pH 3 are given in Table 1.
The values of methoxyl contents obtained were 6.1 £ 0. 2 and 6.8 + 0.2% for dried and fresh pectin
extracts of Azanza garckeana fruits respectively. The methoxyl content is important in determining
the setting time and the gelling ability of the pectin (Ania et al., 2012; Constenla and Lozano, 2003).
The results from this study were lower than those for the peel of mango (Anacardiaceae) (7.33%),
banana (Musaceae) (7.03%), pomelo peel (Rutaceae) (8.57%), Lime (Rutaceae) (9.92%), (Madhav and
Pushpalatha, 2002), and passion (8.81% - 9.61%) but were much higher than dragon fruit pectin
(2.98% to 4.34%) (Ismail et al., 2012). More so, the methoxyl content of A. garckeana fruits might have
been reduced due to the increase in sugars during ripening of the fruits (Sirisakulwat et al., 2008). The
spreading quality and sugar-binding capacity of pectin are increased with increase methoxyl content
(Madhav and Pushpalatha, 2002). The methoxyl indicated that the pectin was of low ester content (<
7.5%) and this suggests a good quality pectin (Braddock, 2004).

The AUA was determined to show the purity of the extracted pectin from A. garckeana fruits. The
AUA value must be > 65% (Food Chemical Codex, 1996). The AUA results from this study (60.3-
67.6%) were high as compared to apple pomace pectin (Rosaceae) (59.52 to 70.50%), (Kumar and
Chauhan, 2010), commercial apple (Rosaceae) pectin (61.72%), and dragon (Cactaceae) fruit pectin
which was 45.25 to 52.45% (Ismail et al., 2012) respectively. The AUA results were relatively high (>
65%). This suggests that our extracted pectin contained was relatively pure and did not contain some
protein groups (Ismail et al., 2012). The moisture content of the pectin indicated that the pectin had
good storage and utilization properties. The pectin extracts can be considered to be of good keeping
quality.

The equivalent weight was low and this could be attributed to a higher partial degradation of pectin.
Ramli and Asmawati (2011), reported that the degradation of the pectin is dependent on the amount
of free acid used in the extraction process.

Solubility and Gelation Property

Qualitative analysis of the solubility and gelation properties of the pectin extracts showed a positive
test result for solubility in water at 90°C and gelation in acidified sugar with calcium ions at pH 3

Table 1. Functional and physiochemical properties extracted pectin at optimum conditions of 90°C, 90 minutes and pH 3.

Pectin source

Functional and Physiochemical characteristics Dried A. garckeana fruits Fresh A. garckeana fruits p-value
Pectin yield (% w/w) 21.1 +0.2° 23.1+0.1° 0.042
Moisture content (% w/w) 3.1+0.1° 22+01° 0.021
Ash content (% w/w) 0.9 +0.11° 0.7 +£0.12° 0.040
Methoxyl content (%) 6.1+0.2° 6.8 +0.2° 0.014
Anhydrouronic Acid (% AUA) 60.2 + 0.2° 67.6 +0.1° 0.012
pH 412 4.0° 0.048
Equivalent weight (mg/mol) 816.7 + 1.17 8482 + 1.2° 0.011

Means + standard deviations are reported. Means within the same row with different superscript (* °) are significantly different at
P < 0.05.
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Table 2. Qualitative analysis for pectin extracts.

Pectin source

Quality characteristic Dried A. garckeana fruits Fresh A. garckeana fruits

Solubility in water at 90°C ++ ++
Solubility in alcohol (70%) - -
Gelation in acidified sugar solution - -
Gelation in acidified sugar with calcium ions solution +++ +++

Key: +++ (High), ++ (Moderate) + (low) and — (Nil).

(Table 2). The poor solubility and gelation properties in alcohol can be explained by the effect of dipole
interaction, van der Waals and hydrophobic interactions which are induced by the alcohol in water
rather than hydrogen bonds (McMurry, 2012).

Chemical Properties of the Jam

The total soluble solids (TSS) were 68.2 + 0.1 and 69.0 + 0.2 in jam with A. garckeana pectin and
control jam respectively. The chemical properties of the jam are shown in Table 3. The TSS values
observed in this study are in agreement with a study by Ndabikunze et al. (2010) who reported a TSS of
68.53 in U. kirkiana jam produced using commercial pectin. FAO (1995) reported that a good jam
must be produced with a final TSS range of 65-68%. The high TSS could be attributed to the presence
of pectinase and the heat treatment used in processing, which causes the breakdown of the insoluble
pectin from complex polysaccharides into simpler sugars (Kumar, 2015).

The pH of the jams was noted to be in the range of 3.0-3.5 which is the recommended limit by the
Food and Agriculture Organization. Citric acid was used to set the pH which affects the viscosity
(Nwosu et al., 2014) and improves gel formation in the jam (Featherstone, 2016). At low pH, hydrogen
ions are high in solution, which tends to suppress the ionization of the galacturonate carboxyl group,
and the repelling effect of the negatively charged carboxyl group to each other. Citric acid addition will
lower the pH, reduce the negative charge of the pectin molecules, and then facilitates the hydrogen
bonding of pectin molecules (Featherstone, 2016) resulting in the precipitation of pectin molecules.
The high methoxyl index of pectin extracts from A. garckeana pectin was able to cause nonionic
mechanisms in the presence of sugars and citric acid. This is supported by Picot-Allain et al. (2020)
who reported that the addition of sucrose (table sugar) as an ingredient in jam making at low pH
favors gel formation of high methoxyl pectin. Furthermore, the high methoxyl pectin gels become
stable due to the hydrophobic interactions and intermolecular hydrogen bonding of methyl esters in
two pectin chains (Picot-Allain et al., 2020). The low pH in the jam inhibits the growth and survival of
many food pathogens and microbes thereby ensuring its microbiological safety (International
Commission on Microbiological Specifications for Foods, 2002).

Table 3. Chemical properties of the jam.

Chemical properties Jam with A. garckeana pectin extract Control jam sample p-value
pH 34+0.1° 3.5 +0.1° 0.047
Total Soluble Solids (%) 68.2 + 0.1° 69.0 + 0.2° 0.10
Total Titratable Acidity (g/L) 2.1+0.2° 22 +0.2° 0.1
Moisture content (%) 326 +1.3° 342 +0.2° 0.081

Means + standard deviations are reported. Means within the same row with different superscript (* b) are significantly different
at P < 0.05.
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—a—Jam with A. garckeana pectin extract ——Jam with commercial pectin

Figure 5. Spider chart for sensory attributes of jam with A. garckeana pectin extract.

Ndabikunze et al. (2010) noted a total titratable acidity (TTA) content of 0.05 + 0.02% in
U. kirkiana pulp. The TTA observed in jams could be attributed to the presence of natural acids in
the fruits. Vertuani et al. (2002) reported the presence of citric, ascorbic, tartaric, succinic, and malic
acids in fruit pulps. The acidity of the fruit pulp plays an important technological role in gel formation
at low pH in jam production.

Organoleptic Characteristics of the Jam

The overall acceptance of the jam produced with A. garckeana pectin extract was 5.5. This was
significantly different from the control jam sample at P < 0.05 (Figure 5). There was no significant
difference in spreadability, aroma, taste, appearance, and mouthfeel of both jams at P < 0.05. This
suggests a jam can be produced using A. garckeana pectin with similar sensorial properties to jam with
commercial pectin although its acceptability was low.

Conclusion

This study revealed that an underutilized fruit, A. garckeana (snot apple) can be used as a source of pectin
with technological functional properties. A novelty jam was produced by adding pectin extracts from
A. garckeana (snot apple) fruits as one of the ingredients. The optimum conditions for pectin extraction
from A. garckeana fruits was 90°C for 90 minutes at pH 3. Dried and fresh A. garckeana (snot apple) fruits
produced a high pectin yield of 21.1 + 0.2% w/w and 23.1 + 0.1% w/w. The pectin for A. garckeana (snot
apple) fruits can be classified as high methoxyl pectin with a DE of > 70%. A. garckeana (snot apple) fruits
possess pectin with relative good functional and physiological properties such as moisture (2.2-3.1% w/w),
ash (0.7-1.36% w/w), methoxyl (6.1-6.8%), and AUA (52.3-58.3%) and pH (4-4.1). Qualitatively, the
pectin is soluble in warm water and gelatinizes in acidified solution in the presence of calcium ions. The
prepared jam had a TSS (68.2%), TTA (2.1), moisture content (32.6%), and pH (3.4). The low pH of the jam
makes it microbiological safe. The functional properties of the jam were significant in enhancing the
sensorial qualities and overall acceptance of the jam. There was no significant difference in the preference of
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the jam prepared with commercial and extracted pectin. This study has provided more insights on the need
to utilize pectin extracted from A. garckeana (snot apple) fruits in food processing. Research on the use of
other indigenous fruits as sources of pectin is therefore recommended to increase access to pectin in most
processing industries in Africa.
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