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Pectin is a high molecular weight polymer which is present in virtually all plants where it contributes to the cell structure. Pectin is
a high valuable food ingredient widely used as a gelling agent and thickening agent with limited use in the pharmaceutical
industry. The objective of this study is to evaluate the suspending properties of pectin from watermelon rind. Tragacanth was
used as a standard suspending agent to which the suspending properties of pectin from watermelon rinds were compared with.
The extracted pectin was subjected to phytochemical and physiochemical characterization for its safety and suitability to use as
a suspending agent. Paracetamol suspensions were formulated using tragacanth concentrations of 0.5% w/v, 1% w/v, and 2%
w/v and compared with paracetamol suspensions containing the same concentrations of watermelon pectin. The suspensions
were all tested for their pH, sedimentation rate, sedimentation volume, flow rate, and ease of redispersibility over a period of 4
weeks. At the end of the 4-week period, all formulated suspensions had no changes in their pH values. Suspensions containing
the extracted pectin had a lower rate of sedimentation and ease of redispersibility compared to that of tragacanth. In addition,
their sedimentation volumes as well as flow rates were comparable to that of the tragacanth formulations. Ultimately, pectin
from watermelon rind can serve as a suitable alternative to tragacanth in formulation of pharmaceutical suspensions.

1. Introduction

Watermelon (Citrullus lanatus) is a tropical fruit which
belongs to the Cucurbitaceae family and is widely cultivated
around the world. The outer part of the fruit which is known
as the rind is greenish in colour and has been reported to
contain complex polysaccharides such as pectin [1–3]. As
watermelon rind represents about one third of the total fruit
mass, researchers have been trying to discover new ways to
utilize it, including harnessing pectin from it [2, 3]. Pectin
is a polysaccharide that contains mainly galacturonic acid
joined by α-(1, 4) linkages. In the food and pharmaceutical
industries, pectin is widely used due to its hydrocolloid

properties. It is widely used as an additive in the food indus-
try [4]. It can function as a stabilizer in confectionery prod-
ucts such as yogurt drinks and milk; a thickener in bread,
frozen dough, and yogurt; an emulsifier for cream, milk,
and ice cream; and a gelling agent for jam and jellies [5].

A significant percentage of the total watermelon crop
grown in Ghana (20-40%) is wasted each year due to the
inability to sell the total yields within the peak growing sea-
son, especially when food quantities are reached [6, 7]. This
waste is as a result of the inadequate knowledge on storage
since many producers harvest their melon crop at most
twice in a growing season. Also, a large number of farmers
have lots of difficulty in selling, processing, and transporting
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these watermelons. All of these factors contribute to the
nearly 30% of the watermelon crop that goes unharvested
each year [6–8]. This wasted crop represents a significant
potential for the development of value-added products such
as pectin from the watermelon rind which would have hith-
erto gone to waste and can lead to further diversification of
the watermelon rind for economic value.

The currently used suspending agents from synthetic
and inorganic sources are fronted with challenges such as
cost, availability, sustainability, and compatibility [9, 10].
There is, therefore, the need to find other alternative sus-
pending agents that are from natural sources and are readily
available. These alternative suspending agents should also be
inexpensive which will in effect lower the total cost incurred
in the production of the suspension. They should also be
nontoxic and moreover not pose any irritations [9–12]. This

study therefore seeks to evaluate the suspending properties
of pectin from watermelon rind. Its suspending properties
if found comparable to standard suspending agents can
serve as a good option in pharmaceutical preparation of sus-
pensions and ultimately reduce the cost of producing liquid
pharmaceutical dosage forms for local manufacturers in
Ghana.

2. Materials and Methods

2.1. Materials. Watermelon rind, benzoic acid (BDH
England), tragacanth (Sigma Aldrich, Darmstadt Germany),
paracetamol powder (purity: 99.5%), chloroform (BDH
England), distilled water, and ethanol (96%). All other
reagents used were of analytical grade.

2.2. Method

2.2.1. Sample Collection and Drying. The watermelon fruit
was purchased from retailers at a local market. The fresh
watermelon was washed and with the aid of a knife, the rind
was removed from the flesh. The peel was then leached with
tap water to remove soluble solid. The watermelon rind was
cut into smaller pieces and dried under the sun for 2 weeks.
The dried watermelon rind was blended using a domestic lab
blender into very fine powder.

2.2.2. Extraction of Pectin from Dried Watermelon Peels
Using the Water-Based Extraction Method. A mass (200 g)
of the powder was weighed into a beaker. It was then treated
with 12 L of acidified water of pH2 and placed in a water
bath set at temperature of 70°C. The assembly was run for
a 3-hour duration. The sample was cooled and filtered with
a muslin cloth. 10 L of 96% ethanol was added to the filtrate
to facilitate precipitation of pectin. The solution was centri-
fuged at 400 rmp for 15 minutes to separate the pectin and
was dried under vacuum at 50°C. Pectic substances were
ground using mortar and pestle and weighed [11].

2.3. Characterization of Pectin

2.3.1. Pectin Yield. The pectin yield was determined as
described by Kamm B and Kamm M [13]. An analytical bal-
ance was used to determine the weight of extracted water-
melon rind pectin (W1) and powdered rind (W2). The
percentage yield was then calculated using the formula:

%Yield = weight of pectin extracted W1ð Þ
weight of powdered rind W2ð Þ × 100: ð1Þ

2.3.2. Proximate Composition Analysis. The watermelon pec-
tin was analysed for moisture content, ash content, crude
protein, crude fat, crude fibre, and total carbohydrate follow-
ing standard techniques [14, 15].

2.4. Elemental Content. The elemental contents were deter-
mined in the watermelon pectin with an atomic absorption
spectrophotometer (Buck Scientific Model 210V GP) as pre-
viously reported in [16, 17].

Table 1: Formula for preparation of paracetamol suspension.

Ingredient Quantities

Paracetamol powder 2.4 g

Benzoic acid (0.1% w/v) 0.1 g

Chloroform water (D/S) 50mL

Suspending agent (1% w/v) 10mL

Water to 100mL

Table 2: Yield and proximate compositions of extracted pectin.

Parameter Value

Pectin yield 14.1% w/w

Moisture content 11.5% w/w

Ash content 2.3% w/w

Crude protein 12.26% w/w

Crude fat 2.49% w/w

Crude fiber 0.10% w/w

Total carbohydrate 45.83% w/w

Table 3: Elemental content of extracted pectin.

Parameter Value (mg/kg)

Mineral content

P 5750.000

K 3630.000

Ca 1010.000

Mg 3790.000

Na 820.000

Heavy metals

Fe 828.660

Cu 160.770

Pb 0.024

Cd 1.747

Hg 0.012
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2.4.1. Fourier Transformed Infrared (FTIR) Spectroscopy.
FTIR analysis of watermelon pectin was performed with an
FTIR spectrometer (PerkinElmer, UATR Spectrum 2,
941333, UK). The esterification degree (DE) of the sample
was calculated by determining the peak area values of the
free carboxyl groups (1709.55 cm-1) and the esterified groups
(1585.84 cm-1) by the following equations [18].

DE = 124:7 × R + 2:2013,

R = A1709:55
A1709:55 + A1585:84

× 100,
ð2Þ

where DE is the degree of esterification and A1709:55 and
A1585:84 are the absorbance densities at 1709.55 cm-1 and
1585.84 cm-1, respectively [19].

2.5. Phytochemical Tests. The extracted pectin was tested for
the presence of some phytochemicals such as saponins, fla-
vonoids, tannins, and glycosides [20].

2.5.1. Test for Saponins. On a water bath, the powdered pec-
tin was boiled with distilled water. It was filtered while it was
still hot; then, the filtrate was diluted with distilled water and
rapidly agitated for 2 minutes. Saponins were detected by the
formation of a persistent foam [20].

2.5.2. Test for Flavonoids. The aqueous pectin extract was
placed into a test tube along with a piece of filter paper,
which was then allowed to dry. The paper was then
immersed into concentrated ammonia. The presence of fla-
vonoids is confirmed by the appearance of a bright yellow
colour [20].

2.5.3. Test for Tannins. In a test tube, 1% lead acetate drops
were added to an aqueous extract of watermelon pectin, and
the development of a precipitate was observed. The presence
of tannins was revealed by the development of precipi-
tate [20].

2.5.4. Test for Glycosides. The pectin sample’s filtered water
extract was heated with weak sulphuric acid (10%) before
being filtered a second time. To make the filtrate alkaline,
two drops of sodium hydroxide were added. The Fehling’s
solutions A and B were then combined and heated in a water
bath. The resulting mixture was examined for a red precipi-
tate [20].

2.6. Identification Tests. Identification tests were performed
on the extracted pectin as previously described [21, 22].

Table 4: Identification of watermelon rind pectin.

Test Observation Inference

Pectin solution + heating and cooling A stiff gel was formed on cooling Pectin present

Pectin solution + ethanol A colourless gelatinous precipitate was formed Pectin present

Pectin solution +NaOH (2M) A translucent gel was formed Pectin present

Pectin gel +HCl (3M) + boiling White cotton-like precipitates is formed while boiling Pectin present

Table 5: Phytochemical constituents in extracted pectin.

Test Inference

Test for glycosides Absent

Test for tannins Present

Test for saponins Present

Test for flavonoids Absent
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Figure 1: FTIR spectra of watermelon pectin.
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2.7. Preparation of Paracetamol Suspension. The paraceta-
mol suspensions (2.4 0% w/v) were prepared using pectin
concentrations of 0.5% w/v, 1.0% w/v, and 2.0% w/v each
using chloroform water (D/S) and benzoic acid (0.10%) as
preservatives. The formula for formulating the suspensions
is given in Table 1. Only the tragacanth and pectin (suspend-
ing agent) concentrations were varied in the formula [23].
The suspensions were prepared using the method of dou-
bling the bulk for powders in a mortar. A slurry was subse-
quently formed with the aid of water, and the preservatives
were added. The required volume of water was then added,
and the resultant mix was homogenised at 20000 rpm with
an electronic homogeniser (Drawell D-160) for 5 minutes
to obtain a homogenous mixture. The formulated suspen-
sion was then transferred into an amber bottle. This proce-
dure was used in preparing all suspensions.

2.8. Quality Control Tests on Formulated Suspensions

2.8.1. pH. The pH of each of the formulated suspensions was
measured when freshly prepared and at weekly intervals.
The determinations were done in triplicates, and their
means and standard deviations were recorded [23–25].

2.8.2. Sedimentation Rate and Volume. The sedimentation
rates were determined by measuring the level of sediment
in the measuring cylinder at intervals of ten (10) minutes
for sixty (60) minutes. The sedimentation volume of the sus-
pension was determined by measuring the volume of the
sediments in 50mL of the formulated suspension, on weekly
basis for 4 weeks. The sedimentation volume (F) was calcu-
lated using the formula F = Vu/Vo ð1Þ where Vu is the ulti-
mate volume of sediment and Vo is the original volume of
sediment before settling occurred. Triplicate determinations
were done, and the mean was calculated [23–25].

2.8.3. Viscosity and Flow Rate. The viscosity of all suspen-
sions was determined using a Drawell digital viscometer
(HBDV-I) fitted with an RV spindle No. 2. Using a stop-
watch, the time required for the formulated suspensions to
flow through a 20mL pipette was determined. The process
was repeated three times, and their means and the standard
deviations were recorded [23–25].

2.8.4. Redispersibility. The 50mL formulated suspensions
with different concentrations of both tragacanth and pectin
were evaluated for redispersibility at weekly intervals for 4

1 2 3 4
Week

0

2

4

6

pH

Tragacanth 0.5%

Tragacanth 1%
PWM 0.5%

PWM 1%
Tragacanth 2%
PWM 2%

Figure 2: pH of tragacanth and pectin suspensions. PWM-pectin from watermelon rind.
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Figure 3: Redispersibility of tragacanth and pectin suspensions. PWM-pectin from watermelon rind.
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weeks, by turning it through a 180° cycle. Redispersibility
was recorded as the number of inversions (strokes) required
to completely resuspend the formulations [23–25].

3. Results and Discussions

3.1. Characterization of Extracted Pectin. The amount of
pectin obtained (Table 2) from the watermelon rind was
similar to the yields reported by centrifugation (14.3%) and
higher than that reported from cheesecloth methods
(10.6%) indicating that an efficient extractive procedure

was used [26]. The proximate composition obtained
(Table 2), which are essential factors in the utilization and
storage of pectin, showed low values when compared to
standards [27, 28]. The low moisture content indicates that
the extracted pectin can be safely stored for a longer dura-
tion with lower susceptibility to microbial growth while the
low ash content indicates lower levels of inorganic impuri-
ties, an indication that the watermelon pectin was of satisfac-
tory quality [28, 29]. The high total carbohydrates compared
to the crude protein and fat indicate that carbohydrates are
the highest calorie contributor [30].
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Figure 4: Viscosity of formulated suspensions. PWM-pectin from watermelon rind.
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Figure 5: Statistical analysis on the flow rate of tragacanth and watermelon rind pectin suspensions using two-way ANOVA. P ≥ 0:05 not
significant (ns). PWM-pectin from watermelon rind.
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The elemental analysis (Table 3) shows the presence of
essential minerals needed for biochemical processes (P, K,
Ca, Mg, Na, Fe, and Cu). The toxic metals (Pb, Cd, and
Hg) were present in very low amounts suggesting the possi-
ble nontoxicity of the watermelon pectin and thus could be
employed as a pharmaceutical excipient [31, 32].

The analysis of the FTIR spectra of the extracted water-
melon pectin depicted a high degree of similarity when peak
positions were compared with commercial rapid-set pectin
and reported analogous works on pectin from watermelon
rind [28, 33–35] (Figure 1). The presence of intra- and inter-
molecular hydrogen bonding, C-H and C =O stretching
vibrations of esterified carboxyl groups, and free carboxyl

groups was observed at spectra frequencies 1600-1300,
2926.91 cm-1, and 1709.55 cm-1, respectively [28, 33, 34].
Moreover, the weak peaks (889.67-504.55 cm-1) are linked
possibly to the α- and β- configurations of pyranose cycles.
These functional groups revealed that the extract obtained
was pectin [28, 34, 35]. The identity of the extract was fur-
ther corroborated as pectin due to their conformance to
standard identification tests for pectin (Table 4) [21]. The
watermelon pectin had a high degree of esterification
(DE > 50) which was found comparable with reported values
[19]. Phytochemical characterization of watermelon rind
pectin powder revealed the presence of tannins and saponins
and the absence of glycosides and flavonoids (Table 5).
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3.2. Evaluation of Formulated Suspensions

3.2.1. pH and Redispersibility. pH of the suspension is one of
the most important factors to be considered in the stability of
products. From the study, the pH of the various suspensions
was all weakly acidic (Figure 2). Since over the 4-week period,
the pH of all formulations remained fairly constant and within
specifications [36, 37]. It can be inferred that upon storage,
there would not be pH instabilities which in effect can prevent
degradation of the suspension and enhance stability of the
product. With respect to their ease of redispersibility, the con-
centration of tragacanth suspension between 0.5%w/v and 1%
w/v was easily redispersed when rotated at an angle of 180°,
but the higher concentration (2% w/v) was redispersed with
little difficulty as it had 4 cycles for week 3 and 4. This can
be attributed to tighter packing of the particles; therefore,
addition of deflocculating agents such as potassium chloride
or sodium chloride and aluminium sulfate may reduce the
tight packing nature of the tragacanth suspension [38, 39].
With the pectin suspensions, all concentrations were easily
redispersed without difficulty at 180° such that all concentra-
tions had 3 cycles except for 0.5% w/v in the first and fourth
weeks (2 cycles, respectively). Thus, the suspensions produced
from pectin redisperse easily in comparison with suspensions
produced from tragacanth (Figure 3).

3.2.2. Rheology of Suspensions. All formulated suspensions
exhibited pseudoplastic flow which is required of an ideal
suspension (Figure 4) [38, 39]. However, the viscosity of
the watermelon rind pectin suspension was higher than that
of the tragacanth suspensions at all concentrations used.
Suspensions with higher viscosities are known to be rela-
tively stable in comparison with less viscous suspensions
[38–41]. Therefore, the higher viscosity of pectin from
watermelon rind indicates its potential suitability as a sus-
pending agent. It has been reported by Bamigbola et al. that
as the concentration of a suspending agent is increased in a
suspension, there is a resultant decrease in flow rate. This
property is ideal in maintaining the pseudoplastic behaviour
of the suspension and also ensuring that the suspension is
easily pourable [42, 43]. The flow rate of the paracetamol
suspension made with both tragacanth and pectin was found
to be inversely proportional to their concentration with no
statistical variations between the flow rate of suspensions
prepared from tragacanth and watermelon rind pectin
(Figure 5). This further corroborates the fact that pectin
from watermelon rind has potential as a suspending agent
with properties similar to that of tragacanth.

3.2.3. Sedimentation Rate and Sedimentation Volume. After
the formulation of pectin suspensions from watermelon
rind, the rate of sedimentation decreased significantly
(P < 0:05) with an increase in concentration as compared
to that of the tragacanth suspension (P ≥ 0:05) (Figure 6).
This goes to show that the suspending ability of pectin
increases significantly (P ≥ 0:05) with an increase in concen-
tration which produces a lower sedimentation rate. This
lower sedimentation rate of suspensions formulated from
watermelon rind pectin is a desirable attribute of an ideal

suspension [38–41]. Sedimentation volume can have values
ranging from less than 1 to 1. The larger the value, the better
the suspendability property of the suspending agent [38, 40,
41]. The sedimentation volumes for suspensions prepared
from watermelon rind pectin were significantly higher
(P < 0:05) than that of tragacanth at all concentrations used
(Figure 7). This clearly indicates the suitability of water-
melon rind as a suspending agent.

4. Conclusion

Pectin obtained from watermelon rind was found to be com-
parable to tragacanth as a suspending agent and can there-
fore be utilized as such in pharmaceutical liquid dosage
forms.
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