
Journal of Sustainable Technology, Vol. 8, No. 2 (November 2017), ISSN: 2251-0680

C
E

N
TR

E FOR RESEA
R

C
H

A
N

D DEVELOPME

N
T 

JoST 2017

      Characterization, Nutritional Evaluation and Potential Utilization
      of Indigenous Livingstone Potato (Plectranthus Esculentus)

ADEYANJU, O.1*;  PLAVEC, J.2;  EGGA, E.S.1  and  EWAOCHE, E.A.3
1Department of  Chemistry, Faculty of Natural Sciences, University of  Jos, Jos, Nigeria.

                                 2National Institute of Chemistry,  NMR Centre, Ljublijana, Slovenia.
3Department of Pharmaceutical Technology, University of Jos, Jos, Nigeria.

ABSTRACT: Plectranthus esculentus (Lamiaceae) tubers was evaluated for its nutritional content
and potential utilization. A white starch produced from the tubers was characterized using Fourier
Transform Infrared (FTIR), Scanning Electron Microscopy (SEM), Energy dispersive X-ray (EDX)
and Nuclear Magnetic Resonance (NMR) spectroscopy and was utilized as an excipient in
pharmaceutical formulations. Elemental analysis of the tubers revealed the content of Calcium
(78.0mg/100g), Magnesium (92.5mg/100g), Sodium (31.4mg/100g), Potassium (129.2mg/100g),
Manganese (5.67mg/100g), Copper (0.4mg/100g), Iron(2.65mg/100g) and Zinc(1.3mg/100g)
respectively. The result also showed that the tubers had moisture (5.25%), ash (4.45%), crude
protein (14.4%), crude fat (1.2%), crude fibre (1.6%) and carbohydrate (81.4%) respectively.
Application of FTIR and ID-NMR spectroscopy to the starch from P.esculentus tubers in combination
with chemical data, led to confirm that the structure of the original polysaccharide contains α-D-
glucose linked at 1 ’! 4. The starch granules possessed better flow properties with hausner ratio of
0.9 to 1.24 and carr’s index of 7.5 to 20%. Tablet prepared with 4-8%w/w starch had hardness

5kg while tablets prepared with 6-8%w/w binders had friability of less than 1% comparable to
that prepared with 4% w/w corn starch and cassava starch. The disinstegration time of the tablets
was less than 15minutes. The tablets had fast dissolution in 45 minutes. This makes the tubers and
starch of P.esculentus potential candidate as additive and excipient in food and pharmaceutical
formulations.
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INTRODUCTION
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 The development and utilization of new
polysaccharides isolated from natural sources
have attracted increasing attention in
biochemistry, pharmaceuticals and food
chemistry due to their sustainability,
biodegradability and biosafety (Dodi et al., 2011;
Cristina Freire et al., 2009). In the year 2000, the
world starch market was estimated to be 48.5
million tons, including native and modified
starches. The value of the output is about €15
billion per year. Worldwide, the main sources of
starch are Maize (82%), Wheat (8%), Potatoes

(5%) and cassava (5%) (Le corre et al., 2010).
Starch consist of two structural components, the
amylose, which is essentially a linear polymer in

which glucose residues are ∝ −𝐷 − (1 − 4)

linked typically constituting 15% to 20% of
starch and amylopectin which is a larger
branched molecule with  and  linkages and is a
major component of starch (Sajilata et al., 2006).
It is obvious that the need for new starches from
local sources will continue to increase especially
as this biopolymer finds application in other
industries including medicine and pharmacy.
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Plectranthus belong to the family Lamiaceae.
It is a perennial crop which is sparsely branched
and grow up to 2m in height. The tubers are
cultivated for food in Africa, particularly in the
Northern parts of Nigeria around Adamawa,
Bauchi, Niger, Kaduna and most importantly Jos,
Plateau State (Kyemsu, 1994; Allemann and
Hammes, 2003). The leaves are used in the
treatment of various ailments such as respiratory
and digestive problems (Kyemsu, 1994). The
pharmaceutical significance of the starch from

P.esculentus, the nutritional content of the tubers
and structural studies of the starch is not yet
ascertained. Therefore the present study was
conducted to evaluate the nutritional value of P.
esculentus, characterize its starch and utilize it
as an excipient in pharmaceutical formulations.
In order to carry out rational product design and
development, it would be desirable to characterize
the structure of this polysaccharide  to improve
the understanding of structure and property
relationships.

MATERIALS  AND METHODS

Extraction of P. esculentus Starch
P. esculentus potatoes tubers were obtained
from Angwa-Rukuba market, Jos, Nigeria.
Washed, peeled, and trimmed to remove
defective parts. The tubers were then sliced,
diced, and blended with distilled water in a food
blender. The mixture was sieved through an 80-
mesh screen, and the retained solid was
exhaustively rinsed on the sieve with distilled
water. The filtrate was allowed to stand overnight
at 150C, the precipitate was collected, and the
supernatant was discarded. Resuspension and
sedimentation operations were repeated until
white starch was obtained. The starch was dried
at 500C for 6hrs. Finally, the dried potatoe flir
was ground and passed through a 100-mesh
sieve. The starch was kept in a tight light-
resistant container for further analysis.

Elemental and Proximate Analysis
Elemental analysis was determined using atomic
absorption spectrophotometer (A. Analyst 400
model) at an appropriate wavelength,
temperature and lamp-current for the elements,
calcium (Ca), magnesium (Mg), manganese
(Mn), Iron (Fe), copper (Cu) and zinc (Zn).
Sodium (Na) and potassium (k) were determined
by flame photometer. Moisture, ash crude
protein, crude fat, crude fiber, carbohydrate
content, were determined respectively using
standard procedures of the Association of
Official analytical Chemists (AOAC, 1999).

Preparation of Granules
Different batch of starch granules comprising of
paracetamol (25.7%w/w), lactose (63.8%w/w),
maize starch (8.2w/w) talc (2.0%w/w) and
magnesium stearate (0.3% w/w) were prepared
using the wet granulation technique. The
powders, excluding talc and magnesium stearate
were dry-mixed for 5 min in a planetary mixer
(Model A120, Hobart Company, UK) and massed
with the appropriate amount of binder solution
(MG: 10% w/v, 20 % w/v,  30% w/v, 40% w/v;
gelatin: 20 % w/v) equivalent to 2% w/w, 4% w/
w, 6% w/w and  4% w/w corn starch granules.
The damp mass was screened through 2.36 mm
sieve and dried 600C for 1 h in a hot air oven. The
dried granules were screened through 1.00mm
sieve and lubricated with talc and magnesium
stearate. The granules were stored in plastic
containers for further evaluation and
compression into tablets. (Kemas et al.,2013)

Evaluation of Granules Properties
The bulk density (pB) was determined by slowly
pouring the granules into a 10ml graduated glass
cylinder and the excess granules leveled off with
a spatula. The bulk density was obtained by
dividing the weight of granules by the volume.
The tapped density (pT) was determined by
tapping a graduated glass cylinder containing a
known weight of granules 50times from a height
of 2.5 cm on a wooden bench top. The tapped
density was obtained by dividing the weight of
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granules by the minimum volume attained after
tapping. The Hausner ratio was calculated as
the ratio of the tapped density to the bulk
density (pT)/pB). Hausner ratio values ~ 1.2
portrays low inter-particle friction and good
granule flowability while values > 1.6 signifies
cohesive properties and poor granule
flowability. The Carr’s index (C) is used to
predict the compressibility and ease of flow of
granules and was calculated as: C = (pT-pB /
pTx 100). For Carr’s index, values < 16%
indicates good flowability while values > 23%
demonstrates poor flowability. (Kemas et
al.,2013)

Production of Tablets
The different batch of granules produced were
compressed into tablets using a lubricated
single punch tableting machine (DP30 tablet
press, Pharmao industries Co. Ltd., China) fitted
with a concave  punch  and die set. Tablets of
weight ~ 400 mg and diameter ~ 11mm,
containing ~ 100 mg paracetamol were prepared.
(Kemas et al.,2013)

Determination of Tablet Properties
The mean tablet weight was determined by
weighing twenty (20) randomly sampled tablets
individually on a precision balance (Mettler
Toledo, USA) and the average determined. The
friability of the tablets was determined with a
SOTAX F2 Friabilator USP (SOTAX AG,
Switzerland). Twenty (20) tablets were randomly
selected, dedusted and weighed on a precision
balance. The tablets were placed into the
transparent drums of the fraibilator and set to
rotate at 100 revolutions. The tablets were de-
dusted after the test, weighed and the difference
in weight expressed as a percentage of the initial
weight. Tablet hardness which is the force
required to diametrically cause a tablet to
fracture was determined using a Dr. Schleuniger
Pharmatron tablet hardness tester (Modle 5Y,
Switzerland). The test was repeated twice and

the mean recorded. Disintegration test was
carried out in distilled water with the Electrolab
Disintergrating Tester (USP) ED- 2L (Electrolab,
India), six tablets were placed in the cylindrical
glass and the time taken for the tablets to
disintegrate was recorded as disintegration time.
(Kemas et al., 2013)

In-Vitro Dissolution Tests
Dissolution tests were carried out with an Erweka
Dissolution Apparatus (Type DT6, Ereweka
GmbH, Heusenstamm, Germany). The
dissolution test conditions used were: 900 ml
0.1 M HCL dissolution medium set at 37 ± 0.50C,
and a paddle speed of 100rpm. 5 ml samples were
withdrawn at 5, 10, 15, 45 and 60 min intervals
and replaced with fresh medium pre-warSmed at
37± 0.50C. Samples were filtered (0.45µm HA
membrane filters), diluted and analysed by UV
spectrophotometry (Model Cecil CE 8020, Cecil
instruments UK) at a wavelength of 278nm, using
a 1cm cell and 0.1M HCL as blank solution. The
amount of drug released was determined from
regression data (y=381.07 x + 0.0271, R2= 0.9994)
obtained from a calibration plot of paracetamol
powder in 0.1M HCl. (Kemas et al.,2013)

Microstructure Studies by SEM
Morphological features of the starch were
studied with a JSM - 5600LV scanning electron
microscope of JOEL (Tokyo, Japan). The dried
sample was mounted on a metal stub and
sputtered with gold in order to make the sample
conductive, and the images were taken at an
accelerating voltage of 10KV and at 500x
magnification. (Cheng and Thomas, 2012)

Fourier Transform Infrared (FTIR) and 1D-
NMR Spectroscopy
The FTIR spectrum of the starch sample was
recorded in an FTIR spectrometer (Nicolet
Magna 4R 560. MN USA) using potassium
bromide (KBr) discs prepared from powdered
samples mixed with dry KBr. 1H NMR, 13C-NMR,
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13C-DEPT and Solid State NMR of hydrolysed
P. esculentus starch were recorded in an NMR
(600 MHz) spectrometer (Agilent technologies,
America). The sample (10mg) was dissolved in
700µL at 700C with continuous stirring for 6
hours followed by sonication for 10 minutes.
The sample was centrifuged and transferred to

a 5mm NMR tube. Chemical shifts were reported
in ppm relative to an internal standard TMSP
(Tetramethyl-silanepropoinic acid). Peak integra
were performed using Agilent software, America.
Dried sample was packed carefully inside the
NMR rotor for solid state NMR analysis. (Bubb,
2003)

RESULTS  AND  DISCUSSION

Results for the proximate and elemental analysis
of P. esculentus  tubers is presented in Table 1.
The result shows that the starch has moderate
elemental and proximate contents and compared
favourably with WHO/FAO standard.
Potassium (129.9±5.4mg/100g) was found to be
the most abundant mineral element followed by
magnesium (92.60± 2.10mg/100g) calcium (78.31±
0.10 mg/100g), sodium (32.63±5.40mg/100g) and
the least is copper (0.4±0.01mg/100g). The high
value obtained for potassium agreed with the
observation that potassium was the most
predominant mineral in Nigeria agricultural
products (Olaofe et al., 1994). Generally, humans
and other vertebrates require relatively large
quantities of calcium for construction and
maintenance of bone, blood clothing and nerve

transmission. Magnesium is required in large
quantities by the body for the activation of
enzymes involved in protein synthesis. The
body requires sodium in a large quantity in other
to maintain acid-base balance, osmotic balance
between cells and interstitial fluid and nerve
function. (Eneabong, 2001).The starch contained
5.64mg/100g of manganese. It has a low level
content of the mineral. The body requires in a
minute quantity for the activation of various
enzymes. This finding was similar to that of
Allemann and Coertze (2003), evaluation of
composition of south Africa P. esculentus tubers.
P. esculentus tubers shows moisture content of
5.5%. The sample contained 4.50% dry matter of
ash. Ash is the nonvolatile inorganic residue that
remains after burning off the organic material.

Parameter   
Crude protein (%) 14.4±0.40 
Crude fat (%) 1.2±0.02 
Crude fibre (%) 1.6±0.01 
Ash (%) 4.50±0.32 
Moisture (%) 5.25±0.50 
Carbohydrate (%) 81.4±2.64 
Calcium (mg/100g) 78.0±0.10 
Magnesium (mg/100g) 92.5±2.10 
Sodium (mg/100g) 31.4±5.40 
Potassium (mg/100g) 129.2±0.12 
Manganese (mg/100g) 5.6±0.31 
Copper (mg/100g) 0.4±0.01 
Iron (mg/100g) 2.65±0.20 
Zinc (mg/100g) 1.3±0.04 

 Data are mean ± SEM of triplicate results

Table 1: Nutritional composition of P. esculentus
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The level of ash in the sample is appreciable
and is an indication of the potential usefulness
of starch in ceramic production. The crude
protein content of the sample was 14.40% of
dry matter. This indicate  a possibility of its
usage as a supplement to other protein sources
in the food. (Philip and Williams, 2001). The crude
protein content is considerably higher than the
values reported for Irish potato and sweet
potato (Temple et al., 991; kruger et al., 1998).
The availability of a crop such as P. esculentus
which can contribute a substantial amount of
protein to  diet  and in addition is well adapted
to growing in this areas, can contribute
significantly to the alleviation of kwashiorkor, a
disease of protein deficiency that is prevalent
in the arid and semi-arid regions of Africa. The
crude fat content of the exudates was found to
be 1.2% of dry matter (Table 1). Generally, fat
intake should be minimal; therefore the
percentage is sufficient for the requirement of
the essential fatty acid (Linoleic acid) and fat-
soluble vitamins (Eneabong, 2001).The
carbohydrate content of the sample was 81.40%
dry matter (Table 1). The starch was very rich in
carbohydrate and this makes it recommendable
for use in the food industries. Carbohydrates
are the most abundant class of organic
compounds found in living matter. They
constitute three fourths of the dry weight of the

plant world and are widely distributed in other
life forms. In plants and animals it is one of the
most consumed foodstuffs, when metabolized,
provides about 4kcal of energy (Eneobong,
2001).

FTIR, SEM and EDX Spectroscopy
In the FTIR spectrum of the native starch (Figure
1), there are several discernible absorbencies at
1159 and 1082 cm-1, which are attributed to C-O
bond stretching (Gohen and Wool, 1991).
Additional characteristics absorption bond at
992, 929, 861, 765 and 575cm-1 are due to the
entire anhydroglucose ring stretching variations.
The extreme broad band between 3000-3500cm1

and the peak at 2,950cm-1 correspond to OH and

Plate 1: P. esculentus Tubers

Plate 2: EDX  of   P.esculentus Starch

Plate 3: SEM Image of native P. esculentus Starch
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Figure 1: FTIR of P. esculentus starch Figure 3: 13C NMR Spectrum of P. esculentus
starch

Figure 2: 1H NMR Spectra of P. esculentus starch Figure 4: 13C-DEPT Spectrum of P. esculentus
starch

CH stretchings respectively, while the peaks at
1647cm-1 correspond to (OH) bending (Mano et
al., 2003). The SEM images of P. esculentus starch
represented in Plate 3. The starch granules are
observed to be predominantly elliptical with a
smooth surface). The elemental composition of
P.esculentus as determined by  EDX indicated
the presence, calcium, oxygen, carbon,
potassium, aluminum, silicon and manganese.
The very high oxygen to carbon ratio of the
starch indicate the presence of sugar polymer
(Sajialaja et al., 2006).

NMR Spectroscopy
One-dimensional NMR techniques that are
based on highly predictable chemical shifts for
specific molecular environment have been used
extensively for the determination of
carbohydrate structure (Duus et al., 2000; Bock
and Thogersen, 1982). Despite the fact that most
resonances on 1H spectra are clustered between
3.4ppm and 4.0ppm, 1H spectra of
polysaccharides do contain some well-resolved

signals including those of anomeric proton (4.4-
5.5ppm), acetyl (2.0-2.1ppm) and methyl (1.2ppm)
(Bock and Thogerson, 1982). The 1H and 13C
NMR spectra of P. esculentus starch are shown
in Figures 2 and 3 respectively. The 1H NMR
spectrum (Figure 2) crowded in a narrow region
between 3 to 5ppm is typical of polysaccharides
(Cheng and Thomas, 2012; Bubb, 2003; Mirau,
2004). The signals between 3.5 and 4.2ppm can
be assigned to non anomeric protons (H-2 to H-
6) while the signal around 5.3ppm arise from
anomeric proton (H-1). Which is compatible with

the expected conformation of ∝ −𝑎𝑛𝑜𝑚𝑒𝑟 

since ∝ −𝑎𝑛𝑜𝑚𝑒𝑟𝑖𝑐   proton of polysaccharides
are in the range of 5 to 6ppm. (Cheng and Thomas,
2012; Mirau, 2004).1H NMR spectra tend to have
overlapping signals in the 3.2 to 4.2ppm region
and coupling information is difficult to assign.
However, the anomeric proton signal 5.3ppm

correspond to ∝ −𝐷 − 𝑔𝑙𝑢𝑐𝑜𝑠𝑒  residue.
(Bubb, 2003; Mirau, 2004; Cheng et al., 2001).
The resonances of the hydrogen atoms H-2 to
H-6 were well resolved as 3.63, 3.94, 3.62, 3.82
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and 3.88 ppm respectively (Table 2).Although
13C NMR spectra has  much weaker signal, it
has significant advantages over 1H NMR
spectra in the analysis of polysaccharides
because the chemical shift are spread out over a
broader range (0 – 200ppm) (Mano et al., 2003).
In 13C spectra, signals from anomeric carbons
appear in the 90-105ppm region while the non-
anomeric carbons are between 60 and 85ppm
(Cheng et al., 2001). The anomeric C-1 carbon
are the most diagnostic; thus from C-1 alone,
one can often determine the different types of
sequence present and their relative proportions.
The resonance of C-2 to C-5 can be found at 65-
78 ppm. The primary OH (C-6 for pyranose)
resonate at 60-70 ppm (Cheng and Thomas,
2012).The carbon anomeric region of 13C NMR
of P. esculentus srtarch (Figure 3) showed one
major signal which may be attributed to one
neutral sugar component of the polysaccharide

and was assigned as C-1 of ∝ −𝐷 − 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 
at 102.6ppm. The spectrum region of the
anomeric carbon and the methylene carbon
around 62.5ppm are well depicted (Figure 3). The
resonances of the carbon atoms were well
resolved and identified as the resonances of C-
2, C-3, C-4, C-5, and C-6 as 74.2, 75.8, 81.3, 74.2
and 62.5ppm respectively (Table 1). These facts
are almost identical with polysaccharides of
other sources (Pollard et al., 2001, Prashanth et
al., 2006, Ramesh et al., 2001, Souza et al.,
2010).13C-DEPT (Distortionless enhancement by
Polarization Transfer) NMR experiment (Figure
4) was used to identify the methylene groups
signals which have opposite amplitude to CH
and CH

3
 carbon. The spectrum showed at a high

field one inverted signals (62.5 ppm) which can

be attributed to methylene Carbon (C-6) of sugar

residue (∝ −𝐷 − 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 ). Inverted signals in
DEPT-1350 correspond to the free or linked
hydroxyl primary groups of the sugar residue

(∝ −𝐷 − 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 ) present in the structure.
Resonances were assigned with the aid of
literature (Chaubey and Kapour, 2001; Tamesh
et al., 2001; Vierra et al., 2007; Cunha et al., 2009;
Dafauye and  Wong, 1986, Tisher et al., 2002).

Solid State 13C-NMR
The solid state NMR spectrum of the native
starch is shown in fig 5. The spectrum gave line
widths which are typical of natural
polysaccharides with broad band signal between
64 and 90 ppm arising from the bulk of the ring,
C-OH. The low intensity at about 62.5ppm is
attributable to the –CH

2
OH belonging to  (Cheng

et al., 2001). The resonances of the carbon atoms
were resolved (fig 5) and identified as the
resonances of C-1 (102.66), C-2 (74.17), C-3 (75.75),
C-4 (81.32), C-5 (74.21) and C-6 (62.5) of

∝ −𝐷 − 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 .

Flow Characteristics of Granules
The flow characteristics of granules produced
with different concentration of starch is shown
in (Table 3). The different batch of the granules
exhibited mode redo flow properties with
Hausner ratio and Carr’s index values of 1.10-
1.30 and 9.0-23% respectively. There was
however, no direct correlation between the flow
properties of granules and the starch
concentration used. Table 4 provides details on
the physical properties of the paracetamol tablets
prepared using  P. escullentus starch as binder
compared to corn and cassava starch. All the

α – D -
glucose 

 

C-1 
H-1 

C-2 
H-2 

C-3 
H-3 

C-4 
H-4 

C-5 
H-5 

C-6 
H-6 

102.60 74.20 75.80 81.30 74.21 62.5 
5.35 3.63 3.94 3.62 3.82 3.88 

 

Table 2: 1H and 13C-NMR data of the Sugar residues of P. esculentus
starch in D

2
O at 700C  reference to TMSP  in ppm
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Concentration of Starch (% w/w) 

Parameter 
 

Corn 
Starch 

Cassava 
Starch 

2 4 6 8 4 4 

Bulk density 
(g/cm3) 

0.581±0.01 0.581±0.03 0.598±0.02 0.590±0.01 0.575±0.09 0.567±0.01 

Tapped density 
(g/cm3) 

0.755±0.02 0.692±0.09 0.657±0.01 0.654±0.09 0.657±0.06 0.705±0.08 

Hausner ratio 1.299±0.03 1.191±0.01 1.099±0.08 1.108±0.06 1.143±0.01 1.243±0.029 

Carr’s index (%) 21.654±0.02 16.821±0.09 9.534±0.00 9.646±0.01 12.281±0.03 18.574±0.02 

 

Table 3: Flow properties of paracetamol granules prepared with P. esculentus  starch as binder

Data are mean ± SEM of triplicate results

Concentration of Starch (% w/w) 

Parameter 
 

Corn 
Starch 

Cassava 
Starch 

2 4 6 8 4 4 

Tablet Weight (mg) 360±1.1 400±2.9 412±8.00 415±3.8 418±3.1 416±5.0 

Hardness (kg) 2.4±0.8 4.0±0.3 4.3±0.08 6.5±0.01 5.0±0.3 4.7±0.2 

Friability (%) 3.0±0.9 2.35±0.1 2.1±0.02 2.1±0.06 2.03±0.02 2.2±0.1 

Disintegration time (Min) 1.5±0.2 1.3±0.01 3.2±0.06 9.2±0.02 9.7±0.3 8.8±0.5 

Dissolution time, d45 (Min) 113±3.8 85.6±6.8 87±6.98 85±1.76 81.7±2.6 90.0±3.2 

 

Table 4: Physical properties of paracetamol tablets formulated with P. esculentus  starch as binder

Data are mean ± SEM of triplicate results

tablets prepared has uniform tablet weight.
Tablet hardness increases with increase starch
concentration. (Table 4). The hardness of tablets
containing 2% w/w starch were <4kg while that
containing 4-8% w/w were  e”4kg.The friability
of the tablets decrease with increase in starch
concentration. Tablets prepared with 2-4% w/w
the starch had friability values >1% while that
of 6-8% w/w had friability <1%. Thus tablets
prepared with 4-8% w/w starch narrowly passed
the BP tablet hardness test narrowly (British
pharmacopoeia, 2007). The disintegration time
of the tablets were <15 min and increase with
increase in starch concentrations. All the tablets
exhibited fast dissolution in aqueous media
with>64% of the drug released in 45 min. The
dissolution rate of the tablets decrease with
increase in starch concentration. The fair

disintegration and dissolution rate exhibited by
the tablets have shown this starch may be
suitable for use as a disintegrant in conventional
tablets intended for fast disintegration and
release in the gastrointestinal tract. The increase
in binder concentration increased the hardness
and disintegration time and decrease friability
values of the tablets. These findings may be
attributed to gell forming properties of the starch
in the tablet matrix and this is in line with the
study of Kemas et al., 2013; Ochekpe, et al.,
2013).The higher friability values observed for
paracetamol tablets compressed at lower
compression forces could be due to moisture
content of the granules. Report indicate that
granules having optimum moisture content
would result in tablets of less friable less capping
tendency and good hardness and tensile
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strength (Ochekpi, et al., 2013).The lower
hardness value observed for paracetamol tablets
could also be attributed to the same problem
mentioned for tablet friability. Tablet hardness
may also affect the friability due to moisture
content of the starch granules. Tablets
formulation with the standard starch displayed

gradual increase in disintegration with increase
in binder concentration, unlike those formulated
with starch. Tables 4 show the percentage of
paracetamol released by all tablets formulations
over 30 min intervals. Tablet formulated with the
starch generally released the highest amount of
drug from 5 to 25 min interval.

CONCLUSION

The tubers of P.esculentus could be of
nutritional value, contributing  not  only
carbohydrate to the diet but also appreciable
amount of protein and mineral elements. The
result obtained by FTIR and1D-NMR analysis
indicated that the polysaccharide starch from P.

esculentus contain mainly ∝ −𝐷 − 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 
linked at 1 4. This paper provides substantial
ID-NMR structural information for the main
polysaccharide from P.esulentus tubers. The
results from the pharmaceutical formulation
suggest that P. esculentus starch at 6%w/w use

level produce tablets with friability of less than
1% which is indicative of  moderate efficiency of
dosage in formulation. Despite the fact that corn
starch may not be preferred to P. esculentus starch
when binding action in solid dosage form is
desired, it is however not better than cassava
starch as a binder. Therefore P. esculentus starch
may require chemical modification to improve
its binding capacity. Similarly, P. esculentus
starch may be perfectly applied as disintegrant
in tablet compared to cassava starch.
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