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Abstract
Background. Mucilage and pectin are both natural polymers with the advantages of availability and bio-
degradability. Microspheres made from biodegradable polymers can break down naturally after performing 
their tasks.

Objectives. The study aimed to use mucilage and pectin from the leaves of Talinum triangulare (Jacq.) Willd. 
as polymer matrices for the formulation of microspheres, with ibuprofen as the model drug.

Materials and methods. Both polymers were examined under a microscope and evaluated using measure-
ments of viscosity, density, flow properties, swelling power, elemental analysis, Fourier-transform infrared 
spectroscopy (FTIR), and the degree of esterification (DE) for pectin. The microspheres were prepared using 
the ionotropic gelation method and alginate:mucilage/pectin at ratios of 1:1 and 1:2. They were assessed for 
swellability, drug entrapment effectiveness and drug release profile.

Results. The mucilage particles were ovoid while pectin particles were irregularly shaped. Pectin had higher 
particle, bulk and tapped densities than mucilage, while mucilage had a higher swelling power and a better 
flow than pectin. Talinum triangulare pectin is a low-methoxyl pectin with a DE of 7.14%. The FTIR spectra 
showed no interaction between the polymers and ibuprofen. The surface morphology of the microspheres 
without ibuprofen was smooth, while those with ibuprofen revealed a spongy-like mesh. The swelling power 
of the microspheres was higher in phosphate buffer with a pH of 7.2 than in distilled water. The entrapment 
efficiency ranged within 39.57–60.43% w/w, with microspheres containing alginate:mucilage/pectin ratio 
of 1:1 having higher entrapment efficiency. Microspheres with polymer at a ratio of 1:1 provided a longer 
release (>2 h), while microspheres with polymer blend of 1:2 provided an immediate release of ibuprofen.

Conclusions. The polymers of T. triangulare could be used as matrices in microsphere formulations.
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Introduction

Mucilage and pectin are natural polymers used in 
the pharmaceutical and food industries, with the advantages 
of chemical inertness and biodegradability.1,2 While muci-
lages are polysaccharides that produce monosaccharides 
upon hydrolysis as well as sugars such as arabinose and 
galactose, they do not readily dissolve in water, but rather 
form slimy masses.3 Pectin, on the other hand, is mostly 
formed from citrus fruit peels, but is also found in potato 
pulp and cocoa husk. Pectin is a ionic polysaccharide (het-
eropolysaccharide chains form esterified D-galacturonic 
acid (1,4-linked-D-galacturonic acid)) naturally occurring 
in terrestrial plant cell walls, that undergoes chain–chain 
association and produces hydrogels when divalent cations 
are introduced.2,4–8 One crucial factor used to categorize 
the various forms of pectin is the degree of esterification 
(DE), or the proportion of carboxyl groups that are esteri-
fied and present in the structure of the pectin.9 Accord-
ing to Giacomazza et al., high-methoxyl pectin (HMP) 
with DE > 50% is primarily used in  the  food industry 
as a thickening and gelling agent.10 Low-methoxyl pectin 
(LMP), which is typically produced by the de-esterification 
of HMP, exhibits DE < 50%.11

Waterleaf, or Talinum triangulare (Jacq) Willd., belongs 
to the Portulacaceae family. Waterleaf is also known as ta-
linum, Ceylon spinach, Philippine spinach, etc., and locally 
in Nigeria, as Efo Gbure (Yoruba), Mgbolodi (Igbo), Alen-
ruwa (Hausa), and Ebe-dondon (Edo).12 Talinum has about 
40 known species and is particularly abundant in tropical 
Africa, USA and Mexico.13 It is used as an ornamental plant 
in southern Asia and to make vegetable soup in the south-
ern parts of Nigeria and other parts of West and Central 
Africa.14,15 The average annual yield of talinum has contin-
ued to increase as more farmers have begun to plant it.13,16 
Talinum, like most vegetables, has a short life cycle and 
is highly perishable; the shoots may start withering within 
a few hours of harvesting. It has, however, been shown that 
the dried leaves retain most of their nutritive value, even 
when sun-dried.13,17 Talinum triangulare has antitumor, 
anti-inflammatory, antioxidant, and tyrosinase-inhibitory 
properties.18–23 The hypoglycemic and antianemic effects 
of T. triangulare are most pronounced in pregnant women 
and small children.24,25 Waterleaf is also known to be a rich 
source of phenolic antioxidants, vitamin C, sugar, magne-
sium, phosphorus, etc.26

Mucilage and pectin from T. triangulare have been ex-
tracted to determine their quality and nutritional and an-
tioxidant properties, as well as the effect of season on its 
production.15,26,27 However, no studies have investigated 
T. triangulare mucilage and pectin in drug formulation. 
In the present study, mucilage and pectin extracted from 
the leaves of T. triangulare have been used as polymer ma-
trices for the formulation of microspheres, with ibuprofen 
as the model drug.

Materials and methods

Materials

The materials used include: ibuprofen (a gift from Bond 
Chemicals Nig. Ltd., Awe, Nigeria), sodium alginate (S.D. 
Fine Chem, Mumbai, India), zinc chloride (QFC Fine Chem, 
Mumbai, India), acetone (CDH Fine Chemical, New Delhi, 
India), diethyl ether, phosphate buffer (VWR Chemicals, 
Leuven, Belgium), and waterleaf (T. triangulare locally har-
vested from farmlands around the University of Ibadan, 
Nigeria).

Extraction of mucilage  
from Talinum triangulare

Fresh leaves of  T.  triangulare were separated from 
the  stalk, weighed and cleaned with distilled water. 
The juice was extracted manually with a muslin cloth, and 
the mucilage was precipitated with ethanol (96%). Before 
filtering, the precipitated mucilage was cleaned with di-
ethyl ether. After drying in a hot air oven (Laboratory Oven 
TT-9083; Techmel & Techmel, Venaville, USA) at 50°C, 
the mucilage was milled, sieved with a 250-μm mesh sieve 
and stored in a dry container.28

Extraction of pectin  
from Talinum triangulare

The dried leaves of T. triangulare (150 g) were put in 
a 2-liter beaker holding 500 mL of distilled water, and 
the mixture was allowed to boil for 45 min. The mixture 
was filtered using a muslin cloth, and 200 mL of 95% ac-
etone was added to the filtrate in aliquots with continuous 
stirring to allow the pectin to precipitate.29

Particle size and morphology determination

Using an optical microscope (model 312545; Olympus 
Corp., Tokyo, Japan), the mucilage and pectin particle 
sizes of T. triangulare were determined. Under the mi-
croscope, the diameters of 100 different particles were 
measured to calculate the mean projected diameter in me-
ters. The Motic Software (Motic MC2000 Image Capture 
Module; Motic China Group Co., Ltd., Xiamen, China) 
was used to take photomicrographs.

Density determinations

The bulk and tapped densities of the polymers were cal-
culated as described previously by Ajala et al.28 Particle 
densities of the polymers were determined with the liq-
uid pycnometer method using xylene as the displacement 
fluid.
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Hausner ratio and Carr’s index

Hausner ratio was calculated by dividing the initial bulk 
volume by the tapped volume. The tapped volume was deter-
mined by applying 100 taps at a standardized rate of 38 taps 
per min to 5 g of polymer in a graduated cylinder.30

Equation 1 was used to calculate the Carr’s index31:

	
Carr’s index (%) = × 100

(tapped density –
– bulk density)
tapped density

	 (1)

Angle of repose

The polymer (5 g) was poured through a funnel into 
an open-ended cylinder positioned on a cone with a 2.8-
cm diameter, and the cylinder was gently lifted vertically 
while the powder formed a mound. The angle of repose 
was calculated using the height (h) and radius (r) measure-
ments (Equation 2):

	
tan(θ) =

h
r 	 (2)

Swelling power

The polymer (0.5 g) was put into a measuring cylinder 
with a capacity of 10 mL, and the heights were recorded 
(h1). The polymer was mixed with phosphate buffer or dis-
tilled water to the 10 mL mark, and the resulting slurry 
was stirred for 5 min. The sedimentation height (h2) was 
measured after letting the suspension sit for 24 h. Next, 
the swelling power was determined30 (Equation 3):

	
swelling power = v2

v1 	 (3)

where v1 and v2 are volumes derived from h1 and h2, 
respectively.

Characterization of pectin

The Ranganna’s method was used to compute the equiv-
alent weight of pectin.32 In a 250-mL conical flask, pectin 
(0.5 g), ethanol (5 mL), sodium chloride (1 g), and distilled 
water (100 mL) were combined. This was titrated against 
0.1 N NaOH using phenol red as an indicator. The endpoint 
was indicated by a change in color to purple. The equiva-
lent weight of pectin was calculated using Equation 4, and 
the methoxyl content was determined using the neutral-
ized solution2:

	

equivalent
 weight = weight of sample × 1000

volume of alkali × normality of alkali 	 (4)

The neutralized solution produced by the titration with 
equivalent weight was mixed with sodium hydroxide 
(25 mL of 0.25 N). After thoroughly stirring the mixture, 

it was allowed to stand at room temperature for 30 min. 
The mixture was then titrated against 0.1 N NaOH using 
25 mL of 0.25-N hydrochloric acid.32 Equation 5 was used 
to determine the methoxyl content of pectin2:

	

methoxyl
 content (%) =

volume of alkali ×
× normality of alkali × 3.1

weight of sample
	 (5)

Equation 6 was used to calculate the total anhydrouronic 
acid (AUA) of pectin2:

	
AUA (%) = +176 × 0.1z × 100

w × 1000
176 × 0.1y × 100

w × 1000
	 (6),

where the molecular weight of 1 unit of AUA is 176 g, z is 
the titer volume (mL) of NaOH is determined by equiv-
alent weight, and y  is the  titer volume (mL) of  NaOH 
is determined by methoxyl content determination, while 
w is the weight of the pectin sample.

The degree of esterification was calculated from the per-
centage of methoxyl content (MeO) (Equation 5) and % 
AUA (Equation 6) using Equation 7:

	
DE (%) = × 100176 × % MeO

31 × % AUA
	 (7)

An atomic absorption spectrophotometer (AAS, Model 
2500; Torontech Inc., Toronto, Canada) was used to evalu-
ate the pectin and mucilage for 10 elements.33

The Fourier-transform infrared spectroscopy (FTIR) 
spectra of dried powders of mucilage, pectin, alginate, and 
ibuprofen, as well as their mixes formed in potassium bro-
mide (KBr) discs, were determined using an FTIR system 
(Spectrum BX 273; PerkinElmer, Waltham, USA), with 
a scanning range of 350–4400 cm−1.

The viscosity of mucilage and pectin blends with sodium 
alginate was evaluated using a viscometer (model RVVDV-II 
+P; Brookfield Engineering Laboratories Inc., Middleboro, 
USA) with a spindle size of 4 at 50 rpm and 100 rpm.

Preparation of microspheres

Ibuprofen-loaded microspheres were created using 
the ionotropic gelation technique. Different batches of so-
dium alginate alone, as well as the polymer blends of differ-
ent concentrations of alginate with mucilage and alginate 
with pectin in ratios 1:1 and 1:2, were prepared. Ibuprofen 
(1 g) was incorporated into various blends at a polymer-to-
drug ratio of 2:1. The microspheres were prepared with 10% 
w/v zinc chloride as the crosslinking agent. The polymer 
mixture was extruded using a 21-G needle and a 5-mL 
syringe at a dropping rate of 2 mL/min and a stirring speed 
of 300 rpm. To begin the curing process, the microspheres 
were immersed in zinc chloride for 10 min. Then, they 
were filtered, rinsed 3 times with distilled water, dried 
at ambient temperature for 24 h, and further dried for 
6 h at 40°C in a hot air oven (laboratory oven TT-9083; 
Techmel & Techmel).
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Evaluation of polymeric microspheres

Scanning electron microscope (SEM) was used to de-
termine the size (diameter) and shape of the polymeric 
microspheres.34 Briefly, microspheres were applied to dou-
ble-sided carbonated adhesive stills affixed to SEM stubs, 
and images were taken at 1 kV with ×5000 magnifica-
tion in a SEM (Zeiss Ultra Plus; Carl Zeiss AG, Jena, Ger-
many). The swelling index of the microspheres was also 
determined.

Ibuprofen-loaded microspheres (50 mg) were crushed 
with a mortar and pestle, and then suspended in a 10 mL 
of phosphate buffer with a pH of 7.2 and filtered after 24 h. 
The phosphate buffer was then used to dilute the filtrate 
before it was examined at 221 nm with a spectrophotom-
eter. The following formula was used to compute the drug 
entrapment efficiency (Equation 8):

	
entrapment (%) = × 100actual drug content

theoretical drug content
	 (8)

The paddle method was used in the in vitro dissolution 
tests with rotating at 100 rpm in 900 mL of 7.2 phosphate 
buffer at 37 ±0.5°C; 200 mg of ibuprofen was used as a model. 
Then, at regular intervals, 5-mL samples were removed and 
replaced with an equivalent volume of the new phosphate 
buffer. After the samples were diluted, the amount of ibu-
profen released at 221 nm was measured using a ultravi-
olet-visible (UV/VIS) spectrophotometer (Spectrumlab 
752s UV-VIS spectrophotometer; Wincom Company Ltd., 
Shanghai, China). To determine the mechanism of drug 
release, the dissolution data (i.e., the first 60% of drug re-
lease data) were fitted to the Korsmeyer–Peppas equation 
with DD Solver (Microsoft Excel 2016; Microsoft Corp., 
Redmond, USA).35,36

Results and discussion

Characterization of Talinum triangulare 
mucilage and pectin

The pectin of T. triangulare had a DE of 7.14% w/w, which 
suggests that T. triangulare is a low-methoxyl weight pectin. 
While LMP does not require a lot of sugar or acidity (low 
pH) to gel, it does require the presence of divalent cations.29

The elemental composition of the mucilage and pectin 
of T. triangulare is presented in Table 1. The highest el-
emental content in mucilage was sodium, whereas it was 
potassium in  pectin. Copper, cadmium and lead were 

present in the polymers in minute, permissible quantities. 
According to The World Health Organization/The Food 
and Agriculture Organization of  the  United Nations 
(WHO/FAO), the permissible limits for copper, cadmium 
and lead are 40 mg/kg, 0.2 mg/kg and 0.3 mg/kg, respec-
tively.37 The presence of heavy metals has been previously 
reported in this plant.38

The FTIR spectra shown in Fig. 1 indicate that the spec-
tra for sodium alginate, pectin and mucilage of T. trian-
gulare were distinct from that of  ibuprofen, which had 
characteristic peaks at 1708–1729 cm−1 and 2955 cm−1. 
The polymers showed no interaction with ibuprofen, even 
at the different ratios used, as indicated by the distinct 
fingerprint region (1500–500 cm−1) of ibuprofen showing 
the aromatic ring and isobutyl moiety.39 However, this was 
not the case with sodium alginate − the fingerprint region 
of ibuprofen was not clearly defined.

The mucilage particles were ovoid while pectin par-
ticles were irregularly shaped (Fig. 2) with T. triangulare 
mucilage having a smaller mean particle size than pectin 
(Table 2). Particles with smaller sizes and irregular shapes 
have better cohesiveness compared to oval and spherical 
particles; additionally, large particle sizes reduce cohesive-
ness and prevent particle packing.40

Packing behavior of a powder during various unit opera-
tions is described by its bulk density. The particle, bulk 
and tapped densities of pectin exceeded those of mucilage, 
according to the results shown in Table 2. This indicates 
that greater packing would be achieved with pectin than 
with mucilage, which would be important where shipping 
and packaging or low volume dosage forms are required.

The Hausner ratio and Carr’s index are used to determine 
the flowability and compressibility of powders. A lower 
Carr’s index indicates better flow and less compressibility, 

Table 2. Material properties of Talinum triangulare mucilage and pectin

Polymer 
nature

Particle size
[µm]

Particle density 
[g/cm3]

Bulk density 
[g/cm3]

Tapped density
[g/cm3]

Hausner 
ratio

Carr’s index
[%]

Angle 
of repose (°)

Swelling 
power [%]

Mucilage 85.0 ±33.1 1.288 0.705 0.874 ±0.012 1.239 19.28 49.7 1.16

Pectin 197.0 ±78.3 1.569 0.711 0.882 ±0.014 1.240 19.38 48.0 1.09

Table 1. Elemental properties of Talinum triangulare mucilage and pectin

Elements Mucilage [mg/g] Pectin [mg/g]

Ca 3.5760 7.8800

Fe 0.5332 0.8368

Na 20.3082 50.7970

Mg 17.5200 31.0000

K 10.8234 56.1130

Cd 0.0002 0.0017

Cu 0.0267 0.0823

Cr 0.0097 0.0658

Ni 0.0076 0.0309

Pb 0.0077 0.0623
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Fig. 2. Scanning electron microscope (SEM) 
images of (A) mucilage, (B) pectin polymers and 
(C) ibuprofen
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B

C

Fig. 1. Fourier-transform infrared spectroscopy (FTIR) spectra of polymers, ibuprofen and microspheres
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while a higher Carr’s index indicates less flow but better 
compression, implying a greater cohesiveness.31 The Haus-
ner ratio is related to the  inter-particle friction: values 
greater than 1.25 signify that the material flow is passable, 
those greater than 1.35 indicate poor flow, while those 
greater than 1.5 indicate cohesiveness.41 Our results show 
that T. triangulare mucilage has a better flowability than 
pectin, possibly due to the shape of the mucilage particles 
compared with the irregularly shaped  pectin particles.

The angle of repose is used to measure the inter-particle 
force as well as the cohesiveness of materials. The rougher 
and more irregular the surface of the particles, the higher 
the angle of repose will be.42 The angle of repose obtained 
for mucilage was higher than that of pectin, although pec-
tin showed lower flow than mucilage.

Swelling power indicates the  ability of  a  substance 
to hold fluid and its absorption behavior. It has generally 
been used to demonstrate differences between various 
types of materials.43 The swelling power of mucilage was 
higher than that of pectin (Table 2).

Viscosity is the measure of fluid resistance to flow and 
a measure of the gradual deformation to shear or tensile 
stress.44 The polymer blends exhibited non-Newtonian 
behavior in that their viscosity decreased with increasing 
shear rate for 1:1 blends and increased with increasing 
shear rate for 1:2 blends (Table 3). An increase in the con-
centration of either mucilage or pectin, with or without 
drugs, led to a decrease in  the viscosity of  the blends. 
Polymer blends with drug-containing pectin had higher 
viscosity than those containing mucilage at both ratios. 
There was no difference in the viscosity of the polymer 
blends at a ratio of 1:2 without the drug. Microspheres 
containing sodium alginate alone with or without drugs 
had the highest viscosity.

Properties of ibuprofen microspheres

The photomicrographs of the microspheres showed spher-
ical to ovoid shapes at different ratios, with the microspheres 
with the ratio of 1:1 being more spherical (Fig. 3). This could 

be due to the decreased viscosity displayed at increased poly-
mer concentrations, as compared to the viscosity of algi-
nate. Therefore, increasing the concentration of the mucilage 
or pectin decreased the capacity of the polymer blend to form 
spheres. The surface morphology of the microspheres shown 

Table 3. Viscosity analysis of polymeric blends

Polymer ratio [%] Ibuprofen 
[%]

Viscosity [cP]

Sodium alginate mucilage pectin 50 rpm

100 – – – 19.28 ±7.30

50 50 – – 1.98 ±2.30

50 – 50 – 1.96 ±4.00

34 66 – – 0.62 ±2.30

34 – 66 – 0.62 ±2.30

33 33 – 34 1.70 ±2.80

33 – 33 34 2.40 ±0.00

22 44 – 34 0.42 ±2.80

22 – 44 34 0.74 ±2.80

66 – – 34 24.85 ±8.30

Fig. 3. Photomicrograph of all microspheres (×40 magnification)

Sodium alginate Sodium alginate 
with ibuprofen

Alginate:mucilage 1:1 Alginate:mucilage 1:1 
with ibuprofen

Alginate:pec�n 1:1 Alginate:pec�n 1:1 
with ibuprofen

Alginate:mucilage 1:2 Algiate:mucilage 1:2
with ibuprofen 

Alginate:pec�n 1:2 Alginate:pec�n 1:2
with ibuprofen 
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in Fig. 4 indicates that the microspheres generally had rough 
surfaces, which is in agreement with previous studies.33,45 
Microspheres with polymer ratio of 1:1 showed smoother 
surface morphology. However, upon closer inspection with 
SEM, the surface revealed a spongy-like mesh for micro-
spheres containing ibuprofen, while those without ibuprofen 
remained largely smooth. The microsphere sizes ranged 
within 929.4–1479.9 µm for mucilage and within 952.4–
1652.6 µm for pectin (Table 4). In summary, the pectin-
containing microspheres were generally larger.

Swelling power is described as the ability of the poly-
mer matrix to absorb fluid and form a protective matrix. 
The swelling power (Table 4) of the microspheres was sig-
nificantly higher (p < 0.001) in phosphate buffer at pH of 7.2 

than in distilled water (pH 5.8). This indicated a greater 
absorption of fluid into the microspheres in the alkaline 
medium than in acidic medium, which suggests a greater 
effectiveness of the microspheres in the duodenum than 
in the stomach.46

Entrapment efficiency

Entrapment efficiency is the amount of drug entrapped 
or encapsulated within a matrix; it  is an  important pa-
rameter that describes the ability of  the polymer blend 
or matrix to trap or hold drugs within it. Microspheres 
containing alginate:mucilage/pectin at a ratio of 1:1 had 
a greater entrapment of  ibuprofen compared to a  ratio 

Fig. 4. Scanning electron microscope 
(SEM) images of microsphere surfaces 
of polymer ratios 1:1 without and with drug 
(×5000 magnification)

Alginate:mucilage 1:1 Alginate:mucilage 1:1 with ibuprofen

Alginate:pec
n 1:1 Alginat:pec
n 1:1 with ibuprofen

Table 4. Sizes and swelling index of all microspheres

Polymer ratio [%]
Microsphere size [µm]

Swelling [%]

Sodium alginate mucilage pectin phosphate buffer distilled water

100 – – 1311.9 ±120.3 349.5 ±91.2 2.0 ±0.0

50 50 – 1136.7 ±161.1 396.0 ±73.5 20.0 ±1.4

50 – 50 1276.4 ±269.2 71.0 ±65.0 27.0 ±5.65

34 66 – 1246.5 ±228.4 323.5 ±61.5 35.5 ±3.5

34 – 66 1083.8 ±131.4 51.0 ±0.0 2.5 ±0.7

33 33 – 1208.8 ±161.7 316.0 ±2.8 50.5 ±0.7

33 – 33 1090.4 ±115.4 284.5 ±43.1 24.0 ±2.8

22 44 – 1153.7 ±224.3 263.5 ±21.9 70.5 ±0.7

22 – 44 1400.9 ±251.7 142.0 ±26.8 22.0 ±1.4

66 – – 1518.5 ±122.7 207.6 ±42.6 6.5 ±2.5
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of 1:2 (Table 5), thus indicating that an increase in the con-
centration of either mucilage or pectin did not enhance 
the entrapment of  the drug. The entrapment efficiency 
of the alginate:mucilage/pectin ratio 1:1 was also higher 
than the alginate microspheres alone. Overall, the micro-
spheres had an entrapment efficiency that ranged from 
39.57% to 60.43%.

Release studies

The  dissolution profiles of  ibuprofen microspheres 
shown in  Fig. 5 indicated different release properties 
based on  the  concentration of  the  pectin and muci-
lage present. The  microspheres with a  polymer blend 
of 1:1 had a  longer release, whereas microspheres with 
a polymer blend of 1:2 had an immediate release, with 
the alginate:pectin blend of 1:2 having a  faster release 
than the  alginate:mucilage blend of  1:2. Microspheres 
containing a ratio of 1:1 of alginate:pectin had the slow-
est release rate, probably due to its higher viscosity, and 
a sustained release of over 2 h. All of the ibuprofen-loaded 
microspheres had t50 within the range of 31–68 min and 
t80 within the range of 37–100 min (Table 5), except for 
microspheres containing alginate:pectin at a ratio of 1:1, 
which failed to attain 80% drug release at 120 min. Fitting 
the microsphere dissolution data to the Korsmeyer–Peppas 

equation yielded correlation coefficients R2 ≥ 0.977 and 
n > 0.89. The drug release mechanism for all of the mi-
crospheres, irrespective of polymer or ratio, was the super 
case II transport (relaxation) mechanism.47,48

Conclusions

The  T.  triangulare pectin particles displayed larger 
particle size and greater packing behavior than the mu-
cilage, and were found to  be low in  methoxyl pectin. 
Interestingly, the mucilage particles showed better flow 
and swellability. The FTIR spectra showed no interaction 
of  ibuprofen with the test polymers. Ibuprofen-loaded 
microspheres had significantly greater swelling in an al-
kaline medium. Polymer blends of pectin with ibuprofen 
had higher viscosity, and at a ratio of 1:1 had the slowest 
release of ibuprofen. Ibuprofen-loaded microspheres with 
polymer blends of 1:1 had a longer release of ibuprofen, 
whereas microspheres with polymer blends of 1:2 had im-
mediate release of ibuprofen, even though they were all 
transported by the super case II transport mechanism. 
Therefore, the polymers of T. triangulare have use as ma-
trices in microspheres depending on the type of drug re-
lease required.
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