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Abstract 

Introduction: Sweet potato (Ipomoea batatas L. Lam) represents an essential 
underutilised crop globally. The ubiquitous hydrocolloid, pectin, with versatile 
pharmaceutical and cosmetic applications has been reported to be abundant in the 
peels. This study thus examined the impact of acid (citric acid) and alkaline (sodium 
hydroxide) extraction procedures on the suitability of pectin extracted from sweet 
potato peels as a biocompatible and economical alternative pharmaceutical suspending 
agent. Methods: Conventional acid and alkaline extraction procedures were utilised in 
sweet potato pectin extraction followed by characterisation and phytochemical 
evaluation. The proximate composition, FTIR spectra, secondary metabolites and 
degree of esterification were determined. Additionally, different concentrations (1% 
and 2%) of the pectins were utilised in formulating paracetamol suspensions using 
acacia gum as the reference and assessed for pharmaceutical quality. Results: 
Secondary metabolites were present in all pectins while the yield was 9.04±0.07 and 
7.24±0.25 respectively for the acid and alkaline extraction methods. Quality and high 
methoxyl pectins with significant differences (p<0.05) in all characterisation parameters 
(Equivalent weight=1666.67 and 1250mg/mol; methoxyl content=16.43 and 9.57% 
respectively) except for ash content (3.12 and 2.95 % respectively) were obtained. FTIR 
highlighted characteristic functional groups in pectin. Both pectin suspensions 
demonstrated good however, variable significant differences (p<0.05) in flow rates, re-
dispersibility, sedimentation rates, and volumes compared to acacia gum.  The pH 
remained mildly acidic (<7) with no physical instabilities. Conclusion: The alkaline 
pectin exhibited a better-suspending property than the acid pectin extract. 
Nevertheless, they both can be utilised as an alternative to acacia gum as a suspending 
agent.  
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  Introduction 

An essential albeit underused versatile crop is 
sweet potato (Ipomoea batatas L. Lam) (Alam, 
2021). It currently ranks seventh on the global 
essential crops list and behind yam (Dioscorea 
spp.), Taro (Colocasia spp.), and cassava (Manihot 
esculenta Crantz) in Ghana. Its capacity to thrive in 
varied agro-ecologies and water-stress soils 
coupled with its short growth cycle and functional 
properties makes it increasingly attractive for 
commercial and industrial purposes (Ocloo et al., 
2011; Sugri et al., 2017). Significant phytochemical 
and physicochemical attributes of sweet potato 
tubers such as high mineral contents (iron and 
calcium) and antioxidant properties have been 
established in literature highlighting their 
ubiquitous nutritional benefits and potential for 
industrial application (Shaari et al., 2021; 
Shamsudin et al., 2022). Several cultivars of sweet 
potato (CRI-Apomuden, CRI-Bohye, Resisto, 
Ukerewe) are reported in Ghana which is generally 
orange to pale yellow with a maximum maturity 
period of 4 months (Darko et al., 2020; Ofori et al., 
2009; Teye & Abano, 2012). CRI-Apomuden in 
particular has a short maturity period (3 to 3.5 
months) coupled with high beta-carotene contents 
and serves as an excellent input for industries 
making it an ideal alternative to current pectin 
sources (Darko et al., 2020). Commercial and 
industrial applications of sweet potatoes such as 
starch and flour production and biofuel generation 
produce sizable amounts of residues either 
employed as animal feed or disposed of as waste 
(Alam, 2021). Specifically, the peels of sweet 
potatoes account for 15-40% of the initial product 
mass which ends up in landfills and degrades to 
generate greenhouse gases. This contributes 
immensely to environmental pollution and the 
wastage of substantial resources (Oluyori et al., 
2016; Torres & Domínguez, 2020).  

Pectin, an abundant plant polymer in the middle 
lamella of the cell wall of plants, is composed of α-
galacturonic acid (GalA) with varying amounts of 
methyl ester groups, α-L-rhamnopyranosyl 
backbone and neutral sugars (e.g.  Arabinose, 

galactose) (Garna et al., 2004). Pectin has high-value 
applications in the pharmaceutical as well as food 
industries nevertheless, commercial sources are 
currently limited to apple pomace and citrus peels 
which exhibit good gelling properties but are 
disadvantaged by long maturity periods (Boakye-
Gyasi et al., 2021). Therefore, there is a need to 
investigate a new pectin source with ideal 
molecular weight, degree of esterification, and 
methoxyl content (Zhang & Mu, 2011). According 
to Mei et al, sweet potato residues have a dry matter 
pectin content of 15% (Mei et al., 2010). 
Furthermore, rhamnogalacturonan I (the hairy 
section of pectin) is present in significant amounts 
in industrial sweet potato waste suggesting the 
potential of sweet potato as a viable source of pectin 
(Hamidon & Zaidel, 2017).  

The physicochemical and functional properties 
such as the degree of esterification, molecular 
weight, and GalA content depend on the pectin 
product structure and are significantly dependent 
on the method of extraction (Wandee et al., 2019). 
High methoxyl pectin has been extracted using 
water, mineral acids, and bases however, due to the 
salt-bridge linkages with polyvalent metal ions, the 
extraction of low methoxyl pectin is difficult using 
similar solvents (Zhang & Mu, 2011). Citric acid is 
reported to be the least pectin-degrading agent and 
yields pectin with the best gelling properties 
(Hamidon et al., 2020; Kliemann et al., 2009). 
Furthermore, alkaline extraction processes have 
yielded low methoxyl, and low-molecular-weight 
pectin via saponification reactions and β-
elimination (Hamidon et al., 2020; Wandee et al., 
2019).  

There are high healthcare expenditures coupled 
with increased out-of-pocket medicine payments in 
Ghana largely due to increased importation (70-
90%) of drugs (Adebisi et al., 2022; Conway et al., 
2019). This impedes the attainment of the World 
Health Organization's (WHO) Universal Health 
Coverage and highlights the need to increase local 
production while utilising indigenous raw 
materials such as sweet potato peels to address this 
problem.  
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  Despite the extensive characterisation of sweet 
potato pectin, there is limited evaluation of the 
effect of different extraction techniques on the 
quality of extracted sweet potato pectin and its 
subsequent utilisation as a pharmaceutical 
suspending agent (Hamidon et al., 2020; Hamidon 
& Zaidel, 2017; Zaidel et al., 2015; Zhang & Mu, 
2011). Furthermore, current sources of suspending 
agents such as acacia are plagued with significant 
disadvantages such as bio-incompatibility, variable 
viscosity and decreased stability in acidic medium 
(Nussinovitch, 2009). The objective of this study is 
therefore to investigate the effect of acid and 
alkaline extraction procedures on the suitability of 
pectin extracted from sweet potato peels as a 
pharmaceutical suspending agent. Suspending 
agents ensure that dispersed drugs are dispersed 
long enough for an accurate dose to be dispersed by 
ensuring slow sedimentation and easy 
redispersibility (Bamigbola et al., 2017). Previous 
studies have highlighted the viscosity-enhancing 
effects of pectin polymers in suspensions and other 
liquid dosage forms (Chandel et al., 2022; H. Chen 
et al., 2016; Owusu et al., 2022, 2024; Pacheco et al., 
2019). The study has the potential to transform 
significant waste of sweet potato (Ipomoea batatas L. 
Lam) peels generated into considerable wealth all 
the while ensuring the diversification of local sweet 
potato use and its commodification by the pharma 
industry. 

Materials and methods 

Materials  

Analytical grades of citric acid, 95% Isopropyl 
alcohol, 95% ethanol, benzoic acid, 0.25N HCl, 0.1N 
NaOH, phenol red, and NaCl were acquired from 
UK Chemicals in Kumasi. Paracetamol powder 
(99%) (Xi’an Henrikang Biotech Co., China), Acacia 
gum powder (Sigma-Aldrich, Darmstadt Germany). 
0.1% Ferric Chloride, Fehling’s Solution A and B, 
and 1% Lead Acetate obtained from the Department 
of Pharmacognosy laboratory, Kwame Nkrumah 
University of Science and Technology (KNUST). 
The Department of Pharmaceutics Laboratory, 
KNUST provided distilled water.  

Method 

Sample Collection and Preparation  

Simple random sampling was utilised in acquiring 
~ 40 kg of fully ripe sweet potato tubers (CRI-
Apomuden) from the Ayigya market in the 
university community which was authenticated at 
the Department of Horticulture. The average linear 
dimensions ± standard deviations were 11.6±2.2, 
5.7±1.3 and 4.9±1.1 cm respectively for the major, 
intermediate, and minor diameters. The tubers were 
thoroughly washed to remove dirt and peeled about 
1 mm from the tubers. The peels were sun-dried till 
crisp and of constant weight for 7 days. For easier 
extraction, the dried peels were then ground into 
fine powder using a compact blender (ARMG 
Aardee, India) and divided into two for the alkaline 
and acid extraction, and stored in an airtight 
container.  

Extraction of pectin 

Pulverised sweet potato peels (150 g) were 
dispersed in 1000 ml of distilled water (adjusted pH 
to 1.5 with citric acid) and heated at 90 °C for 60 
minutes. The mixture was cooled and subsequently 
filtered through a cheesecloth. The precipitation of 
pectin was carried out by adding 1000 mL of 95 % 
ethanol (about three times the volume of the filtrate 
that passed through the cheesecloth). Thorough and 
vigorous stirring of the filtrate was undertaken and 
then allowed to rest for 30 minutes followed by 
skimming off the pectin flocculate with a spatula. 
The excess flocculate was filtered again using a 
cheesecloth to ensure purity. The extracted acid 
pectin gel (ACP) was then left to dry at 40 °C in an 
oven and stored in an airtight zip-lock bag until 
further analysis.  A similar extraction protocol was 
followed for the alkaline procedure with the initial 
pH of distilled water being adjusted to 7.4 with 
NaOH (Owusu et al., 2023). 

The pectin yields of the acid (ACP) and alkaline 
(ALP) pectins were subsequently determined using 
Equation 1: 

 
 

% 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 =
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑔𝑔)

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑔𝑔)
×  100     𝐸𝐸𝐸𝐸. 1 
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Determination of moisture content, crude protein and ash content 

The method described by Ismail and colleagues was 
used to determine the ash and moisture content. 
Briefly, an amount of 1 g pectin was ignited at 550 o 
C for 4 hours to assess the ash content. For the 
moisture content, 1 g pectin was oven-dried (105 o 
C) (Ismail et al., 2012).  The Kjeldahl method was 
used for the crude protein analysis (Sáez-Plaza et al., 
2013). Measurements were obtained on a constant 
dry weight basis and in triplicates. 

Test for Secondary Metabolites 

The presence of phenols, tannins, saponins, and 
glycosides was established using the standard 
protocols described by (Evans, 2009). 

Phenols 

An amount of 2 mL 2% pectin solution was treated 
with five drops of 0.1% ferric chloride solution and 
observed for a colour change. 
Tannins 

An amount of 0.2 g pectin was boiled in 20 mL of 
distilled water and allowed to cool for 2 minutes. 
Five drops of 1% lead acetate were added and the 
precipitate was observed. 

Saponins 

Distilled water (10 mL) was added to 0.2 g pectin 
and the mixture was filtered. The filtrate was 
vigorously shaken, and the persistence of the foam 
for more than 5 minutes indicated the presence of 
saponins. 

Glycoside 

Five (5) mL dilute HCl was added to pectin (0.2 g), 
boiled in a water bath for 5 min, and allowed to cool. 
20 % NaOH (20 drops) was added to alkalise the 
mixture. Additionally, 1 mL of Fehling A and B 
solutions were added and boiled for 5 minutes. The 
formation of brick-red precipitates was observed. 

Test for Pectin 

Before being heated and cooled, a quantity of pectin 
(1 g) was quickly combined with 9 ml of water to 
form a gel. NaOH was subsequently added to 5 ml 
of the pectin solution and allowed to rest for 15 
minutes before 1 ml HCl was added and boiled 
(Owusu et al., 2023). 

Characterization of Ipomoea batatas Peels Pectin 

Determination of Equivalent Weight 

The method described by Rangana was used with 
minor modifications. To 500 mg pectin in a 250 mL 
conical flask, 5 mL of ethanol (to moisten pectin) 
before it was dissolved in 100 mL distilled water. 1g 
NaCl and 6 drops of phenol red (indicator) were 
added to the mixture which was then thoroughly 
mixed to ensure homogeneity and then titrated 
against 0.1 N NaOH (Ranganna, 1986). Equivalent 
weight was determined using Equation 2: 

 
Determination of Methoxyl Content (MeO) 

In a stoppered flask, 25 mL of 0.25 N NaOH was 
added to the neutralized solution from the 
equivalent weight setup, thoroughly mixed and 
allowed to rest on the bench for 30 minutes. 
Subsequently, 25 mL of 0.25 N HCl was introduced 
into the solution which was titrated to the same 
endpoint as before after the addition of phenol red 
and NaCl (Ranganna, 1986). 

Equation 3 was used in calculating MeO. 

 
The molecular weight (MW) of the methoxyl group 
is 31. 

The Determination of Anhydrouronic Acid Analysis (AUA) 

The method proposed by (Twinomuhwezi et al., 
2023) was used: 

 
Where 176 indicated the 1 unit of AUA, z and y are 
the volumes of NaOH used in the determination of 
equivalent weight and MeO respectively and w is 
the sample weight.   

Determination of Degree of Esterification (DE) 

The values of AUA and MeO obtained were 
substituted into Equation 5 to determine the DE 
(Twinomuhwezi et al., 2020): 

 
Fourier Transformed Infrared (FTIR) Spectroscopy 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 =
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑔𝑔)  × 1000𝑚𝑚𝑚𝑚

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑚𝑚𝑚𝑚) × 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 
   𝐸𝐸𝐸𝐸. 2 

𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (%)

=
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑚𝑚𝑚𝑚)  ×  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 ×  31 ×  100

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑚𝑚𝑚𝑚)
  𝐸𝐸𝐸𝐸. 3 

% 𝐴𝐴𝐴𝐴𝐴𝐴 =
176 × 0.1y × 100

w × 1000
+

176 × 0.1z × 100
w × 1000

 𝐸𝐸𝐸𝐸. 4 

% 𝐷𝐷𝐷𝐷 =  
%𝑀𝑀𝑀𝑀𝑀𝑀 × 176 × 100

% 𝐴𝐴𝐴𝐴𝐴𝐴 ×  31
  𝐸𝐸𝐸𝐸. 5 
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  The spectroscopic analysis of ALP and ACP was 
determined using an FTIR spectrometer (UATR 
Spectrum 2, 941333, PerkinElmer, UK). 
Transmission mode scanning was done on the 
spectrum between 400 and 4000 cm-1. 

Formulation of Paracetamol suspensions using Ipomoea batatas peels 
pectin as a suspending agent 

The method used by (Owusu et al., 2023) was 
replicated in the formulation of 100 mL paracetamol 
(5 g) suspensions. The test-suspending agents were 
ACP and ALP while the reference was acacia gum. 
Evaluations were done on two concentration levels 
1% w/v and 2% w/v with distilled water as the vehicle 
and benzoic acid (0.1% w/V) as the preservative 
(Table 1). 

Table 1: Master Formula for Preparation of Paracetamol 
Suspension 

 
Quality Control Tests on Suspensions 

Sedimentation volume (F) 

Separate portions (50 mL) of formulations were 
quantitatively transferred into 100 ml measuring 
cylinders. The sedimentation volume was measured 
on the first day and then every week for the 
following three weeks in triplicates (Owusu et al., 
2023). Equation 6 was used to determine the 
sedimentation volume: 

 
Flow rate (f) 

Equation 7 was used to determine the flow rate. The 
flow time was established by measuring the time 
required for 10 mL suspension to move through the 
entire length of a 10 ml pipette (Owusu et al., 2023). 

 
pH of Suspension 

An amount of 20 ml of the suspensions was 
quantitatively transferred into beakers (100 mL) and 

stirred thoroughly. The pH readings were obtained 
in triplicates by submerging the electrodes of the pH 
meter in the suspension (Mettler Toledo, USA) 
(Owusu et al., 2023). 
Ease of Re-dispersibility 

A qualitative assessment of the suspension's re-
dispersibility was made as described by (Owusu et 
al., 2023). 
Sedimentation rate and volume 

The method described by Owusu colleagues was 
followed to calculate the sedimentation rates of the 
formulations as described in Equation 8 (Owusu et 
al., 2023). 

 
Where V1 and V2 represent the initial volume of 
sediment and the final volume of sediment 
respectively. T1 and T2 also represent the time it 
took for V1 to settle to V2. 

Statistical Analysis 

All the analyses were carried out using GraphPad 
Prism version 8.0.1. Standard deviations and mean 
were used to present data while the unpaired 
student t-test and two-way analysis of variance 
(ANOVA) were used to determine the p-values 
where appropriate. Significance was denoted as p ≤ 
0.05. 

Results and discussion 

The pectin yield and phytochemical 
constituents of sweet potato peels 
pectin 

Percentage yield of pectin 

The pectin yields obtained were 9.04±0.07 and 
7.24±0.25 for the acid and alkaline extraction 
methods respectively as shown in Figure 1. The 
ACP yield has a significantly higher yield 
(p<0.05) than the ALP which could be accounted 
for by β-elimination reactions as well as 
saponification reactions resulting in the 
galacturonic acid backbone degradation 
(Wandee et al., 2019). Acid extraction conversely 
loosens the cell wall matrix resulting in increased 

Ingredient Quantities 

Paracetamol powder 5 g 

Benzoic acid (0.1% w/v) 0.1 g 

Purified water to 100 mL 

 

𝐹𝐹 =
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

 ×  100%         𝐸𝐸𝐸𝐸. 6 

 

𝑓𝑓 =
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑚𝑚𝑚𝑚)

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 (s)
         𝐸𝐸𝐸𝐸. 7 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑉𝑉1 − 𝑉𝑉2) 

𝑇𝑇1 − 𝑇𝑇2
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  pectin extraction and high levels of galacturonic 
acid (Zaidel et al., 2015). The yield of sweet potato 
pectin from cell wall materials under varied 
conditions has been reported to range from 7.2 
and 29.3% indicating the results obtained were 
comparable (Zaidel et al., 2015). Compared to 
other pectin sources extracted using similar 
procedures such as watermelon (yield = 14.1%) 
and plantain (10.01%-46.55%), the yields were 
however lower which could be accounted for the 
variation in plant sources (Otu et al., 2024; 
Owusu et al., 2022). 

 
Fig. 1: Statistical analysis on % Yield of pectin extracted 
by Acid (ACP) and Alkaline (ALP) extraction methods 

***P < 0.001 significant difference between ACP and ALP 
using unpaired student’s two-tailed t-test. 

Phytochemical constituents of pectin 

The phytochemical analysis indicated that the 
secondary metabolites; tannins, glycosides, 
saponins, and phenols were present in both ACP 
and ALP (Table 2). These metabolites particularly 
phenols and tannins have been implicated in the 
antioxidant, antineoplastic, and antimicrobial 
activity of plants. Saponins also exhibit 
emulsifying properties (Edeoga et al., 2006; 
Schieber et al., 2003). The pectin identification test 
concluded the presence of pectin as per the 
requirements prescribed in the USP (The United 
States Pharmacopeial Convention, 2021). 

 

 

Table 2: Phytochemical components in extracted Ipomea 
batatas peel pectin 

 
Proximate content and characterisation of Ipomoea 
batatas peels pectin 

Moisture content 

In the pharmaceutical sector, moisture content is 
crucial since it affects powders' flow characteristics 
and susceptibility to microbial degradation (Ismail 
et al., 2012; Joel et al., 2018). For ACP and ALP, 
respectively, the moisture contents were 
significantly different (p<0.05); 16.05%±0.05 and 
14.23±0.25 (Table 3). Nevertheless, when stored for 
an extended duration, ACP shows a higher 
propensity for microbial growth and poor flow 
characteristics since it is above the recommended 
British Pharmacopoeia acceptable moisture content 
(<15%w/w) (British Pharmacopoeia, 2018). Storage in 
air-tight containers is consequently recommended 
to prevent early-onset degradation. 

Ash content 

The ash content is a measure of pectin purity. 
Decreased ash values translate into higher pectin 
purity (Ismail et al., 2012). The ash contents of ACP 
(3.12%±0.1) and ALP (2.95±0.05%) (Table 3), were 
below recommended standards in literature (<10%), 
pointing to high-quality pectin in the extracted 
materials. The values were also non-significant 
further highlighting that both the alkaline and acid 
extraction techniques yield high-quality pectin 

Phytochemical Parameters Observation Inference 

Glycosides The appearance of a brick-red 

precipitate was observed for 

both ACP and ALP 

 

Presence of glycosides 

Saponins The persistence of a froth for 

5 minutes for both ACP and 

ALP 

 

Presence of saponins 

Tannins A greenish-coloured 

precipitate and a light brown 

precipitate were formed for 

both ACP and ALP 

respectively which remained 

after the introduction of 5 

drops of a solution of 1% 

ferric chloride  

 

Presence of tannins 

Phenols The appearance of bluish-

black colouration for both 

ACP and ALP 

Presence of Phenols 
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  (British Pharmacopoeia, 2018). 

Crude protein content 

The crude protein content in Table 3 was 
significantly different (p < 0.05) for ACP and ALP; 
5.78%±0.03 and 8.26%±0.05 respectively. Pectin’s 
activating and stabilising qualities, notably in 
dispersed systems, are directly influenced by the 
proteinaceous components connected to the pectin 
polymer chains (Funami et al., 2007; Mada et al., 
2022). The high protein content in ALP may be 
secondary to the increased covalent bonds between 
the proteins and pectin that caused co-precipitation 
by the ethanol (Li et al., 2015; Yapo et al., 2007). This 
supports the AUA content results indicating ACP 
was significantly purer. The lower crude protein 
concentrations in ACP can be attributed to protein 
hydrolysis by the acidic medium (Yapo et al., 2007). 

Equivalent weight 

The equivalent weight determines the quantity of 
free galacturonic acid in the pectin. In addition to 
affecting the gelling properties, the equivalent 
weight is also a measure of the purity of the pectin.  
It is reported to be dependent on the plant source, 
the quality of raw material, and the extraction 
technique (Ismail et al., 2012; Twinomuhwezi et al., 
2020). The equivalent weights were 16667.67±0.00 
and 1250.00±0.00 mg/mol for ACP and ALP 
respectively and as shown in Table 3, were 
significantly different (p<0.05). This confirms the 
impact of alkaline conditions on the amount of 
galacturonic acid as discussed earlier. Moreover, 
because the gel-forming properties of pectin 
correlate positively with the equivalent weight, the 
greater values obtained by ACP may translate to 
enhanced gelling capabilities (Ismail et al., 2012; 
Twinomuhwezi et al., 2020). 

Methoxyl content 

The methoxyl content of pectin affects their ability 
to gel and their set times (Azad et al., 2014). 
According to Aina et al., values ≥7% are high 
methoxyl pectins, and this classification depends on 
the source of the pectin and the extraction method 
used (Aina et al., 2012). The methoxyl contents of 
ACP and ALP were 16.43%±0.31 and 9.57%±0.25, 
respectively, suggesting that both pectins can easily 

disperse in aqueous conditions and generate high-
sugar gels despite the significant difference between 
them (p < 0.05) as shown in Table 3. They may 
accordingly be utilised as binders, suspending 
agents, or gelling agents in pharmaceutical 
formulations (Ismail et al., 2012; Twinomuhwezi et 
al., 2020). 

Anhydrouronic acid content 

Anhydrouronic acid (AUA) content affects the 
pectin structure and the texture of the gel produced. 
The quality of pectin is also influenced by the AUA 
(Chan and Choo, 2013). Levels of < 65% are 
indicative of high concentrations of proteins, starch, 
and sugars (Ismail et al., 2012; Twinomuhwezi et al., 
2020). Despite the AUA values of ACP and ALP 
being significantly different (p<0.05); 103.80%±1.76 
and 68.41%±1.42 respectively (as shown in Table 3), 
they were all > 65%. This suggests that both 
extracted pectin may have low contents of proteins 
and other cell wall constituents, however, ACP may 
be purer than ALP in comparison corroborating the 
findings in the ash and moisture contents. 

Degree of esterification 

The extracted pectins had a high degree of 
esterification (DE) 89.83%±0.17 and 79.41%±0.43 for 
ACP and ALP respectively as shown in Table 3.  The 
results were comparable to the results of the work 
by Hamidon and colleagues (58.5%) (Hamidon et 
al., 2020). The high DE demonstrates that pectin 
from sweet potato peels can convert into gel at a pH 
range between 2.9 and 3.5 when sugar is present in 
concentrations of more than 55%. Additionally, as 
the ester content rises to 75%, the gel strength of 
high methoxyl pectin increases (Chen et al., 2014). 
The pectins' strong gelation and emulsification 
characteristics are further established by the high 
degree of esterification. This supports their 
prospective use as emulsifying agents, gelling 
agents, and suspending agents in pharmaceutical 
formulations (Willats et al., 2006).  

FTIR Spectra 

FTIR was used to characterise ACP and ALP. The 
peaks corresponding to various functional groups 
were assigned. Compared to those reported, similar 
pectin pecks were obtained (Arachchige et al., 2020; 
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  Ogutu & Mu, 2017; Sato et al., 2011). 

The FTIR profiles for ACP and ALP are presented in 
Figures 2a and 2b respectively. The principal bands 
observed for ACP were 3295.72, 2929.69, 1717.82, 
and 1626.36 cm-1. These corresponded to O–H 
stretching vibrations, C–H stretching of the CH2 
group, esters (COOR), and free carboxylic acid 
moieties (COO-) respectively. The bands at 1145.33 
and 1022.11 cm-1 represented rhamnogalacturonan, 
while the bands at 935.11 cm-1 corresponded to the 
monopyranose component. The CH deformation 
vibration associated with the primary amide groups 
(CO–NH2), the carboxylic acid (COO-), and the 
methyl ester (COOCH3) were highlighted by the 
higher peak between 1210.66 and 1398.12 cm-1. The 
C–C, C–O–C, and C–OH vibration modes of the 
carbohydrate ring coupled to the glycosidic linkage 
vibrations of the fingerprint region were identified 
below the 1500 cm-1 range. In similitude, ALP 
showed corresponding principal bands at 3287.60, 
2902.65, 1789.87, and 1618.76, 1307.37 with similar 
fingerprint regions.  The intense peaks in 1000-115 
cm-1 can be assigned to the rich homogalacturonan 
content in pectin. The C–O–C vibrations 
of glycosidic bonds were assigned to the less intense 
peak around 1146 cm−1. The bands below 1000 cm-1 

are associated with the neutral sugars, xylose, 
galactose, and arabinose. The number of ester 
groups in ALP was relatively higher compared to 
ACP which could be attributed to the hydrolysis of 
the ester groups by the acid employed in its 
extraction (Arachchige et al., 2020; Ogutu & Mu, 
2017). 

For both ALP and ACP, higher absorbance at 
1717.82 cm-1 (COOR) was observed compared to 
1626.36 cm-1 (COO-). This suggests that the pectins 
were high methoxyl pectins (DE > 50%) as indicated 
by the titration method. 

 

 

 

 

 

 

Table 3: Proximate content and characterization of 
Ipomoea batatas peels pectin 

 
Evaluation of quality control parameters of extracted 
pectin 

pH of suspensions 

To assess the stability of suspension dosage forms, 
pH analysis is crucial (Owusu et al., 2022). 
Throughout the evaluation period, a reasonably 
constant weakly acidic pH was observed for all 
formulations (Table 4). This suggests that pH 
stability issues may not be a problem during 
extended storage periods. The lack of any 
undesirable physical modifications, such as crystal 
growth development and caking, was further 
evidence. Moreover, the growth of microbes which 
can culminate in degradation and stability issues is 
circumvented by the acidic pH and, therefore, can 
increase stability throughout the shelf-life (Ayesu et 
al., 2022; Oppong et al., 2016). At all the 
concentrations and weeks, the pH of ACP was 
significantly lower than the standard which could 
be accounted for by the acid utilised in the 
extraction.  

Table 4: pH determination of ACP, ALP, and 
Acacia as suspending agents 

 
Ease of Re-dispersibility of Suspensions 

The number of cycles necessary to rotate the 
sediment through 180o and achieve homogenous 

Parameter ACP ALP 

Equivalent Weight (mg/mol) 1666.67±0.00a 1250.00±0.00b 

Methoxyl Content (%) 16.43±0.31c 9.57±0.25d 

Anhydrouronic Acid Content, 

AUA (%) 

103.80±1.76e 68.41±1.42f 

Degree of Esterification, DE 

(%) 

89.83±0.17g 79.41±0.43h 

Moisture Content (%) 16.05±0.05i 14.23±0.25j 

Ash Content (%) 3.12±0.1 2.95±0.05 

Crude Protein (%) 5.78±0.03k 8.26±0.05l 

The results are presented as a mean ± SD (n=3). Different superscript letters denote statistical 

significance (p < 0.05) using students' two-tailed t-test. 

WEEK 1% ACACIA  1% ACP  1% ALP  2% ACACIA  2% ACP  2% AL   

Week 1 3.58±0.03 3.05±0.02a 3.54±0.04 3.70±0.03 2.86±0.02a 3.56±0.  

week 2 2.67±0.04 2.27±0.03a 2.89±0.02b 2.91±0.03 2.33±0.03a 3.02±0.  

week 3 3.06±0.01 2.61±0.02a 3.46±0.03a 3.22±0.02 2.46±0.01a 3.21±0.  

week 4 3.14±0.01 2.83±0.01a 3.42±0.01a 3.39±0.02 2.75±0.03a 3.14±0.  

The results are presented as a mean ± SD (n=3). ****P <0.0001 (a), **P ≤ 0.01 (b), and *p < 0.05 

(c), statistical difference between pH of acacia and pectin suspensions using two-way Analysis of 

variance (ANOVA) followed by Turkey’s multiple comparisons. 
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Fig. 2: FTIR spectra of ACP (a) and ALP (b). 
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suspension determines how easily it can be 
redispersed. The quality of suspension and ease of 
redispersion are improved with fewer cycles (Allen 
& Ansel, 2013; Owusu et al., 2021). During the 4 
week evaluation period, both ACP and ALP 
demonstrated significant differences (p<0.05) 
compared to acacia at all concentrations except for 
ALP 2% during the 3rd week (figure 3). This implies 
that the pectin requires less agitation to re-disperse 
and ensure that uniform doses are obtained. 

A comparison of the re-dispersibility of ALP and the 
ACP suspensions alone demonstrated non-
significant differences generally except for the 2% 
concentrations during the second week. It may be 
concluded that the extraction technique has no 
impact on the transformation of sediments into a 
homogeneous suspension (Figure 4).  

 
Fig. 3: Redispersibility of acacia and pectin 

suspensions; ****p <0.0001, **p ≤ 0.01, statistical difference 
between redispersibility of acacia (standard) and pectin 
suspensions using two-way ANOVA followed by 
Turkey’s multiple comparisons.  

 

 

Fig. 4: Redispersibility of ALP and ACP suspensions; 
****P <0.0001 statistical difference between 

redispersibility pectin suspensions using two-way 
ANOVA followed by Turkey’s multiple comparisons. 

 

Flow rate of suspensions 

Apparent viscosity is an essential property of 
suspensions as it impacts stability and ensures that 
the dispersed phase in suspensions settles slowly for 

a sufficient time to guarantee correct dosing. This 
occurs as a result of the breakdown of the 
flocculated structure, which must be restored to 
create a good suspension (thixotropic suspensions) 
and avoid the product's long-term caking 
(Asantewaa et al., 2011; Ayesu et al., 2022). The 
apparent viscosity relates directly to the 
concentration and inversely to the flow rate which 
was observed for all suspending agents when the 
concentration increased from 1% to 2% as shown in 
Figures 5 and 6 (Bamigbola et al., 2017).  

According to Ngwuluka et al., autocatalytic 
hydrolysis accounts for the natural tendency of 
natural polymers such as gums and pectin to decline 
in flow rates with time as was observed during the 
4-week evaluation period (Figure 5) (Ngwuluka et 
al., 2012). Nevertheless, the phenomenon had no 
detrimental effect on the formulation stability.  

Furthermore, the flow rates of both ALP and ACP 
were significantly higher (P ≤ 0.01) than the acacia 
during the 2nd week at 1% concentration; however, 
only 1% ACP demonstrated significantly higher 
flow rates compared to 1% acacia during the 1st and 
3rd weeks (Figure 5). This supposes that both ALP 
and ACP were comparable to acacia gum, 
particularly at higher concentrations and extended 
storage periods. Similar observations were made 
when ALP and ACP were compared suggesting a 
non-significant impact of extraction methodology 
on flow rates of pectin suspensions (Figure 6). 

 
Fig. 5: Flow rate of Acacia and pectin suspensions; ****P 
<0.0001, ***P < 0.001, and **P ≤ 0.01, statistical difference 

between the flow rate of acacia (standard) and pectin 
suspensions using two-way ANOVA followed by 

Turkey’s multiple comparisons. 
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Fig. 6: Flow rate of ALP and ACP suspensions; ****P 

<0.0001, and *P ≤ 0.05, statistical difference between the 
flow rate of pectin suspensions using two-way ANOVA 

followed by Turkey’s multiple comparisons. 

 

Sedimentation Volume (SV) and Sedimentation Rate of Suspensions 

The SV values typically range between 0 and 1 with 
values closer to 1 being associated with superior 
suspending qualities (Larsson et al., 2011; Owusu et 
al., 2021). Generally, except for the 2nd week, the ALP 
and ACP demonstrated a variable significance 
difference (p<0.05) between the pectin and Acacia 
(Figure 7). It can be inferred that pectin 
demonstrates better suspending properties when 
compared to acacia at 1% and 2% concentrations. 
This has been reported by Owusu et al. (2024) to be 
accounted for by the branching, monosaccharide 
compositions and molecular weights of the 
polymers which impacts the gelling properties. 

A further comparison of the SV of ALP and ACP 
highlights variations in significant differences 
across the weeks. For instance, during the 1st week, 
there was a non-significance difference at 2% and a 
significant difference was observed at 1%. The 
opposite was observed during the 2nd week (Figure 
8).  The sedimentation volume only provides a 
qualitative appreciation of how the suspension 
sediments, however, lacks any practical reference 
point, therefore, the sedimentation rate is a more 
significant parameter to analyse (Ayesu et al., 2022).  

The quality of suspension formulation is inversely 
related to the rate of sedimentation; as such, a 
decreased rate of sedimentation implies a better-
suspending quality (Ayesu et al., 2022). A general 
decrease in sedimentation rate was observed when 
the concentration increased from 1% to 2% for all the 
suspensions. This supports the hypothesis that 
sedimentation is concentration-dependent (Owusu 
et al., 2022). ALP and ACP at all concentrations 
significantly had slower sedimentation rates when 
compared to acacia (P < 0.05) except for the 4th week 

where only ALP 2% showed a significant difference 
(P < 0.0001). This confirms the earlier results that the 
pectin exhibited better-suspending activity than the 
acacia.  

When ACP and ALP were compared, at all 
concentration levels, significant differences were 
observed between ALP except for the 1% 
concentrations in the 4th week (Figure 10). This 
unambiguously suggests that though ALP and ACP 
are better than Acacia, the alkaline extraction 
technique yields pectin with superior suspending 
properties. This may be accounted for by the 
significant variations observed in the equivalent 
weight, degree of esterification and anhydrouronic 
acid contents. These parameters have been reported 
to impact the rheological behaviour and gelling 
properties of pectins (Chan et al., 2017; Nascimento 
et al., 2016). 

 
Fig. 7: Sedimentation volume of Acacia and pectin 

suspensions; ****P <0.0001, ***P < 0.001 and *P ≤ 0.05, 
statistical difference between sedimentation volume of 

acacia (standard) and pectin suspensions using two-way 
ANOVA followed by Turkey’s multiple comparisons. 

 

 
Fig. 8: Sedimentation volume of ALP and ACP 

suspensions; ****P <0.0001, and *P ≤ 0.05, statistical 
difference between sedimentation volume of pectin 
suspensions using two-way ANOVA followed by 

Turkey’s multiple comparisons. 
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Fig. 9: Sedimentation rate of Acacia and pectin 
suspensions; ****P <0.0001, and ***P ≤ 0.001, statistical 

difference between sedimentation rate of acacia 
(standard) and pectin suspensions using two-way 

ANOVA followed by Turkey’s multiple comparisons 
using two-way ANOVA followed by Turkey’s multiple 

comparisons.  

 

 
Fig. 10: Sedimentation rate of ALP and ACP suspensions; 

****P <0.0001, and **P < 0.01, statistical difference 
between sedimentation rate of pectin suspensions using 

two-way ANOVA followed by Turkey’s multiple 
comparisons. two-way ANOVA followed by Turkey’s 

multiple comparisons. 

 

Conclusion  

This study highlights that both alkaline and acid 
extraction techniques yield high-quality pectins. 
Furthermore, at concentrations of 1% and 2%, 
Ipomoea batatas pectin extracted via alkaline or 
acid extraction possesses suspending properties 
that were comparable to Acacia gum which was 
evidenced by the significant differences for all 
quality control parameters during the evaluation 
period. Moreover, alkaline-extracted pectins 
produce suspensions with better sedimentation 
rates when compared to acid-extracted pectins. 
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