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Abstract
Biopolymers are a class of polymers derived from natural sources such as plants, and
two of such biopolymers are extracts from Irvingia gabonensis and Triumfetta pentandra
cultivated in West Africa. Viscosity is an important characteristic of polymers which is
primarily affected by temperature. In this work, the effect of temperature on the viscosity
of the two biopolymers, Irvingia gabonensis and Triumphetta pentandra are investigated
for 4, 6 and 8g/l concentrations at temperatures of 15 - 50oC. The chemical compositions
of the polymers were determined using an X-ray Florescence spectrometer and the
compositions were compared against each other. Laboratory results show that
Triumphetta pentandra is a better polymer than Irvingia gabonensis in terms of viscosity.
For all the concentrations considered, a sudden rise in temperature at 30oC was observed
for Triumphetta pentandra which is speculated to be a critical temperature for the
polymer. The characterization tests show that Triumphetta pentandra and Irvingia
gabonensis contain the same chemical elements but in varying quantities. These
variations could be responsible for the highly viscous nature of Triumphetta pentandra
over Irvingia gabonensis.

1. Introduction

Polymers are important materials with wide applications, ranging from domestic to industrial uses.
They are used in various industries which include food, pharmaceutical, construction, ceramic, plastic
and the petroleum industry. In the upstream sector of the petroleum industry, polymers are especially
required at the tertiary stage of oil recovery when substances other than water and gas are injected into
reservoirs to improve sweep efficiency. Presently in the Niger Delta region, oil recovery is still at its
secondary recovery stage and preparations are underway to locally source for good enhanced oil
recovery (EOR) agents of which polymers are outstanding fluids. Instead of importing EOR agents
from abroad into the region, it is of outmost benefit to formulate local EOR agents that will suite the
Niger Delta formation and crude types. Hence, locally available materials are studied to determine their
suitability as EOR agents for use in future for tertiary oil recovery in the region. This has given rise to
conducting research with various locally sourced surfactants, alkaline and polymers.
Polymers are composed of monomers; they can be derived from natural sources such as plants
or can be man-made. Naturally derived polymers are called biopolymers while man-made polymers
are synthetic polymers. Some biopolymers are edible and at the same time can be used industrially.
Ogolo et al., J. Mater. Environ. Sci., 2022, 13(5), pp. 544-552

544

Two such biopolymers are extracts obtained from Irvingia gabonensis seeds and Triumfetta pentandra
stems, and they are cultivated in West Africa. Irvingia gabonensis is sometimes referred to as bush
mango, wild mango, African mango, ogbonno and dika nut, and its light brown mucilage is used locally
in preparing nutritious dishes. Triumfetta pentandra is an erect annual plant that grows up to two meters
in height with a woody stem and is locally called “kui” in Cameroon. The bark of the stem is a source
of a very good polymer that is colorless like water; a mucilage that is edible and medicinal [1]. The
polymer is often used for preparing sticky soups and sauces; it is used as food for infants and due to its
medicinal and high energy value, it is also used in preparing dishes for nursing mothers. However,
information and research studies on this biopolymer are very scanty.
On the other hand, there have been several published literatures on the polymer derived from
Irvingia gabonensis. Effects of various conditions on the physiochemical properties of this biopolymer
have been investigated [2, 3]. The effect of moisture content on some physical properties of Irvingia
gabonensis has been reported [4, 5] and methods of extracting the polymer have been reviewed [6].
Some properties of Irvingia gabonensis have been determined [7] and the effect of microbial
fermentation on the polymer has been studied [8]. The nutritious values of Irvingia gabonensis have
been discussed [9, 10] and the medicinal values have been studied [11, 12]. There are two classes of
Irvingia gabonensis; the sweet and bitter species. Studies on the difference between these two species
have been conducted [13]. The effect of storage on the quality of the polymer [14], improvement of
its shelf life [15] and modeling of its drying characteristics [16] have been investigated. Studies on the
physical, chemical and biochemical properties of Irvingia gabonensis have been reported [17, 18, 19,
20]. All of these show that Irvingia gabonensis polymer has been extensively studied in isolation and
there is vast knowledge about its applications, properties, synthesis and nutritional value. But not much
is known about it properties in comparison with other biopolymers. This work is however focused on
studying the viscosity behavior of polymers derived from Irvingia gabonensis and Triumfetta pentandra
within a range of temperatures under different concentrations as well as their compositions.
One important property of polymers that is exploited in various fields of discipline is viscosity.
Dynamic viscosity is simply defined as a measure of the internal fluid friction which causes resistance
to flow. One major factor that affects viscosity is temperature; generally, the viscosity of a fluid
decreases as temperature increases but the extent to which this occurs in polymers varies. In this work,
the effect of temperature on the viscosity of Irvingia gabonensis and Triumfetta Pentandra is
investigated at different concentrations and the chemical composition of the two biopolymers are
determined and compared against each other. It is speculated that the composition of the polymers
could have a bearing on the viscosity of the polymers.
2. Methodology
2.1 Preparation of the polymer extracts
The Irvingia gabonensis seeds used for this study were grinded into powder and the required
masses were weighed and poured into calibrated cylinders. Hot water was poured into the cylinders
containing Irvingia gabonensis powders to attain a volume of 1000ml. The mixture was continuously
stirred to obtain a homogeneous mixture after which the polymer was allowed to cool down to room
temperature. The mixture was then filtered to remove the chaff and the viscosity values of the filtrates
at the specified temperatures were determined using an Ostwald U-tube viscometer.
The mature stems of Triumfetta pentandra were obtained and peeled, and the required masses were
weighed and dropped in calibrated cylinders. Hot water was poured into the cylinders containing the
Triumfetta pentandra until a volume of 1000ml is attained. The hot water helps to extract the mucilage
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or sap by softening the bark of the plant. The bark of the plant was manually squeezed continuously
after which the polymer was allowed to cool down to room temperature. The mixture was then filtered
to remove the chaff and the viscosity values of the filtrates at the specified temperatures were also
determined using an Ostwald U-tube viscometer.
2.2 Experiments
The different concentrations of Irvingia gabonensis and Triumfetta pentandra used in this study
are 4g/l, 6g/l and 8g/l under a temperature range of 15oC to 50oC at 5oC intervals. The Ostwald U-tube
viscometer was used to determine the viscosity of the polymers at each concentration and temperature.
To characterize the biopolymers, samples of the powder forms of the polymers were used. For Irvingia
gabonensis, the same powder used in the experiment were also used for the characterization. For
Triumfetta pentandra, the stems of the plant were dried and grinded into powder which was used for
the characterization.
2.3 Compositional Analysis of the polymers

Composition of the polymers was determined using an X-ray fluorescence spectrometer. Energy
dispersive X-ray fluorescence technology provides one of the simplest, most accurate and economic
analytical methods for determining the chemical composition of various materials. In using the
spectrometers, all the elements in the sample were excited simultaneously and an energy dispersive
detector in combination with a multi-channel analyzer were used simultaneously to collect the
fluorescence radiation emitted from the samples. This excitation ejects electrons from the atomic shells
of the elements in the sample. When a given atom replaces the ejected electron by taking another
electron from an outer atomic shell, x-ray energies are emitted. Each element generates a specific
energy level known as characteristic x-rays [21].
3. Results and Discussion
3.1 Viscosity results with temperature
The viscosity results of Irvingia gabonensis (IG) and Triumfetta pentandra (TP) are presented in
Figures 1 to 5. The viscosity results of the different concentrations of the polymers at 4g/l, 6g/l and
8g/l are presented in Figures 1, 2 and 3 respectively. These three sets of results generally show that the
viscosity values of Triumfetta pentandra is far higher than the viscosity of Irvingia gabonensis at all
levels of same temperature and concentration. This means that Triumfetta pentandra is a better polymer
in terms of viscosity than Irvingia gabonensis. An unusual rise in viscosity can be observed at 30oC for
Triumfetta pentandra at all the concentrations considered and the reason for this sudden spike is not
clear, constituting an area for further work. Nevertheless, 30oC is speculated to be a critical temperature
for the biopolymer.
The collective viscosity results of Irvingia gabonensis and Triumfetta pentandra are presented in
Figures 4 and 5 respectively. Figure 4 shows that the viscosity of Irvingia gabonensis at 4g/l and 6g/l
are quite close, ranging between 4cp and 10cp while the viscosity results of 8g/l is very wide apart
from the results of 6g/l, ranging between 11cp to 16cp for a temperature range of 15 to 50oC. There is
no significant observation at any temperature. Figure 5 shows that the viscosity of Triumfetta pentandra
at 6g/l and 8g/l are close, ranging between 30cp and 60cp while the viscosity values of 4g/l is far from
the results of 6g/l and the values range between 15cp to 32cp for a temperature range of 15 to 50oC.
The observed increase at a temperature of 30oC for all the concentrations is glaring; in fact 6g/l and
8g/l concentrations have approximately the same viscosity value of about 58cp at 30oC.
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Figure 1. Viscosity of TP and IG at varying temperatures for 4g/l

Figure 2. Viscosity of TP and IG at varying temperatures for 6g/l

Figure 3. Viscosity of TP and IG at varying temperatures for 8g/l
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3.2 Results of polymer composition
The results of the compositional analysis of the two biopolymers are presented in Figures 6 to
10. Presented in Figures 6 and 7 are the percentage composition of elements in the polymers while the
percentage composition of oxides in the polymers are presented in Figures 8 and 9. The elements and
oxides in very minute quantities are presented in Figure 10. It can be observed from the characterization
results of the biopolymers that Triumfetta pentandra and Irvingia gabonensis have the same chemical
compositions but with variations in percentage content. Probably the variations in the compositional
analysis might be responsible for the wide range of viscosity between the two biopolymers. Figures 6
and 7 show that the percentage composition of sulphur, silicon and phosphorus in Irvingia gabonensis
is very high compared to the percentage composition in Triumfetta Pentandra. It is uncertain if the low
compositions of these elements in Triumfetta pentandra can account for the very high viscosity of this
polymer compared to the viscosity of Irvingia gabonensis. Similarly as expected, the percentage
compositions of sulphur oxide, silicon oxide and diphosphorus pentoxide are higher in Irvingia
gabonensis than in Triumphetta pentandra as observed in Figures 8 and 9.
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Figure 4. Viscosity of Irvingia gabonensis at varying temperatures and concentrations
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Figure 5. Viscosity of Triumfetta pentandra at varying temperatures and concentrations
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Figure 9. Percentage composition of potassium, calcium and diphosphorus oxides in IG and TP
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Figure 10. Composition of trace elements and oxides in IG and TP
Another observation worthy of note is the high content of sodium, calcium, sodium oxide and
calcium oxide in Triumfetta pentandra than in Irvingia gabonensis. It is also not certain if these higher
compositions in any way have bearing on the high viscosity of Triumfetta pentandra over the viscosity
of Irvingia gabonensis. But it must be pointed out that sodium and calcium are quite close on the
periodic table and they are chemical reactive elements while copper and zinc are also close on the
periodic table but are transition elements. It should also be noted that the elements and oxides in very
minute quantities are more abundant in Irvingia gabonensis than in Triumphetta pentandra as shown in
Figure 10.
Conclusion
Triumfetta pentandra is a better polymer than Irvingia gabonensis in terms of viscosity. There is a
sudden significant rise in the viscosity of Triumfetta pentandra at 30oC for all the concentrations
considered which is speculated to be a critical temperature for the polymer. For Irvingia Gabonensis,
the viscosity values between the concentrations of 4g/l and 6g/l are very close while the viscosity values
between 6g/l and 8g/l is very wide. On the contrary for Triumfetta pentandra, the viscosity values
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between the concentrations of 6g/l and 8g/l are close while the viscosity values between 4g/l and 6g/l
is wide. Triumfetta pentandra and Irvingia gabonensis have the same chemical composition but with
variations in the percentage content. It is speculated that these variations might be responsible for the
very high viscosity of Triumphetta pentandra over the viscosity of Irvingia gabonensis at all the
temperatures and concentrations considered.
Recommendation : Triumphetta pentandra is a better biopolymer than Irvingia gabonensis in term of
viscosity at same concentrations and temperatures.
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