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The present investigation was aimed at evaluating the feasibility of powder of three varieties of
Musa paradisiaca L. in their unripe state as tablet disintegrant while formulating Orally Disintegrating
Tablet (ODT) and other fast disintegrating dosage forms. The powders obtained were characterized
for flow property, compressibility, swelling capacity, hydration capacity and moisture content. ODTs
(without drug) were prepared by direct compression techniques using three varieties of M.
paradisiaca L. in 10% w/w concentration. The variety showing promising results (in this fixed
concentration) for hardness, friability, in vitro disintegration time, wetting time and water absorption
ratio was selected as potential tablet disintegrant. Dummy tablets were also evaluated for thickness
and diameter. All the three varieties were studied for drug excipient compatibility with Rezatriptan
Benzoate as a model drug. The (SP2) variety showed the most promising results and can be
concluded as potential superdisintegrant from natural origin
Keywords: Musa paradisiaca L., Musa fruits in unripe state, Tablet disintegrant, Orally
disintegrating tablets, Rizatriptan benzoate

play a key role in design and development of
conventional as well as novel dosage form (Loyd
et al., 2005).

INTRODUCTION
Pharmaceutics is the science of dosage form
design. This discipline of pharmacy deals with
all facets of the process of turning a New
Chemical Entity (NCE) into a medication able to
be safely and effectively used by patients in the
community. No dosage form can be made using
just the drug, without any excipients. Excipients

Pharmaceutical excipients and ingredients or
raw materials used to manufacture drugs are
extracted from different types of sources. These
sources could be natural or synthetic. Recently,
many of the raw materials previously derived from
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modification or chemical modification and
coprossesing with other available excipients.
Thus the area of research of excipients is an
interesting and major area of research in the
branch of pharmaceutics (Sumit and Aliasgar,
2009; Gohel et al., 2007).

natural sources are being produced synthetically
in part or even bio-technologically. This is so
because manufacturing them artificially is
economical, safer, and much quicker. But there
is need to tap the untapped excipients from natural
sources which can be either modified or
synthesized later on if needed (Michael, 2011).

Origin of Research: Synthetic excipients
frequently offer advantages over all-natural
compounds. However, manufacturers face
various challenges with respect to their use, the
biggest of which is often obtaining regulatory
approval. This project focused on development
of excipients from natural sources namely
varieties of fruits of species musa and exploring
its use in dosage form development.

In the research area of NDDS there is always
a need of specialty excipients for fast
disintegration, slow disintegration, for gastro
retention muco- adhesion, etc. In spite of having
quite a few excipients for NDDS development ,
there is still a need for many .Such excipients
are from synthetic as well as natural origin.
The world of excipients is broadly divided into
three classes,

MATERIALS AND METHODS
The sodium starch glycolate, croscarmellose
sodium and crospovidone were obtained as gift
samples from DFE Pharma. Different varieties
of M. paradisiaca L. powder were prepared at
the lab where this study was carried out. All other
chemicals and reagents used were of “analytical
reagents” (AR) grade

1. Excipients from natural origin (Prakash et al.,
2011).
2. Synthetic Excipients.
3. Modified natural excipients or semisynthetic
excipients.
Each one has its advantages and
disadvantages. Excipients from natural sources
are safe because of non-toxicity and are
renewable. If the natural source is abundantly
available then the resultant excipients is also
economical. With this view, the research was
undertaken in the area of natural excipients and
unripe fruits having abundant cellulose and fibrous
matter were focused upon, which led this
research in selection of unripe fruits of various
varieties of banana and plantain (Musa
paradiasiaca).

Fruit Profile
Plantain fruit
Botanical Name: Musa paradisiaca L.
Family: Musaceae
Synonyms: Cooking banana (English), Kela
(Hindi), Kadali kanda (Sanskrit)
Figure 1: Different RSP500arieties of
M. paradisiaca L. (A) Red banana,
(B) Plantain 1 and (C) Plantain 2

Once promising excipients is obtained from
any natural source, then further areas of study
opens up.Any limitations found with this natural
excipient can be overcome by physical
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Preformulation Study

Preliminary Phytochemical
(Khandelwal., 2007).

Characterization of Different Varieties of
Musa Paradisiaca L.

Analysis

Three specimens were evaluated for presence

Collection of specimen: Three different varieties
of Musa Paradisiaca L. fruit were procured from
local market (Nerul, Navi Mumbai).

of carbohydrate, proteins, fixed oils, tannins,
saponin, flavonoids and alkaloids. Following tests
were performed.

Authentication: Specimens were authenticated
from Botanical Survey of India, Pune (Table 1).

1) Molisch’s test (General test for carbohydrates):
Powder (0.1 g) was taken in test tube, to it

All the specimens belonged to family
Musaceae and biological source Musa
paradisiaca L. and were identified and coded as
Red banana MUPRED3, Plantain 1 (PMUP1),
Plantain 2 (SP2)

added few drops of alpha-naphthol solution in
alcohol, shaken and conc. H2SO4 was added
from sides of the test tube. Violet ring at the
junction of two liquids indicate the presence
of carbohydrates.

Preparation of Dry Powder:

2) Biuret test (General test for proteins) Powder
was added to 4% NaOH and few drops of 1%

·

Peels were removed and fruits were sliced.

·

Sliced pulp was washed with Distilled water
to remove water soluble contents.

CuSO4 solution was added, violet or pink color
indicate presence of proteins.

·

0.2% w/w Methyl paraben was added as
preservative.

3) Millions test (For proteins): Powder was added

·

Sliced pulp was ground in domestic mixer.

·

Dried in oven at 45oC for 24 h to get constant
weight.

·

Sieved through mesh size 80.

·

Stored in polythene bags

to the 5 mL Millions reagent, if white precipitate
on warming turns brick red or precipitate
dissolves giving red colored solution indicate
presence of proteins.
4) Test for oils: The powder was press between
two filter papers, oily stain persisting for a long
time indicates the presence of fixed oils.

Table 1: Authentication of Specimens

1

Name

V. No.

Biological Source

Family

Red banana

MUPRED3

Musa paradisiacaL.

Musaceae

Musa paradisiacaL.

Musaceae

Musa paradisiacaL.

Musaceae

(MPRED3)
2

Plantain 1

PLMUP1
(PMUP1)

3

Plantain 2

SAKKMUP2
(SP2)
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5) Test for tannins: Aqueous extract was treated
with FeCl 3 reagent. Dark coloration/ppt.
indicates presence of tannins.

respectively. Two main steps were: Dry mixing

6) Test for saponins: Powder was added to the
test tube containing water and then test tube
was shaken, frothing indicate the presence of
saponin.

1. All the ingredients were sieved separately

and lubrication. The process was divided into
following steps:

through mesh no. 60.
2. Mannitol and Avicel PH 102 were mixed in
mortar (Blend 1)

7) Test for alkaloids: Powder was treated with
Wagner’s, Mayer’s, Hager’s and Dragandroff’s
reagent. Reddish brown ppt., creamy ppt.,
yellow ppt., and reddish brown ppt.,
respectively indicate the presence of alkaloids.

3. In another mortar aspartame were mixed
(aspartame was used only in optimization
batches). To this disintegrant was added.
(Blend 2)
4. Blend 1 was geometrically mixed with blend 2

Evaluation of powder for flow and
compressibility property (Barker, 1990; Banker
et al., 1990).

for 15 min. (Blend 3)
5. Blend 3 was lubricated using magnesium

Three powders were evaluated for Angle of
repose, bulk density, tapped density,
compressibility index, hausner ratio,swelling
capacity (Olayemi et al., 2008) hydration capacity
(Olayemi et al., 2008) moisture content
determination (Olayemi et al., 2008).

stearate and talc for 3 min. (Blend 4)
6. Blend 4 was compressed into 7.25 mm flat
punch using multistation rotary tablet
compression machine (Labpress, Mumbai).
The powder blends were evaluated for angle
of repose, bulk density, tapped density, and Carr’s

Drug Excipients Compatibility Study

index. The tablets were then evaluated for

Following techniques were used

thickness,

diameter,

weight

variation,

a) FTIR spectroscopy

disintegration time, wetting time, water absorption

b) Differential scanning calorimetry studies

ratio (Collet, 2002).

FORMULATION AND EVALUATION

Batches with Different Varieties of M.
paradisiaca L.

Manufacturing
Process
Disintegrating Tablets (ODTs)

of

Orally

The preliminary batches were prepared in order
to select the one variety of Musa paradisiaca L.
which is giving promising result as a tablet
disintegrant and for in vitro dissolution study.
Tablets were prepared using 10% w/w (10 % of
total weight of tablet) of dry powder of
three varieties. Composition of tablets is given in
Table 2.

The powders obtained from musa varieties
showed a promise to act as tablet disintegrant
from the results of the preformulation study and
so ODTs were prepared by direct compression
using different concentration of these powders.
The weight and hardness of each tablet was kept
constant for 150 mg and 2.5-3 kg/cm 2
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Table 2: Composition of Tablets Prepared Using Different Varieties of M. paradisiaca L.
Ingredients

F1

F2

F3

%

Avicel PH 102

55

55

55

36.7

Musa paradisiacaL. (MPRED3)

15

–

–

10

Musa paradisiacaL.( PMUP1)

–

15

–

10

Musa paradisiacaL. (SP2)

–

–

15

10

Talc

4

4

4

2.6

Magnesium stearate

3

3

3

2

Mannitol

q.s.

q.s.

q.s.

q.s.

Total wt. (mg)

150

150

150

100

Quantitative Analysis of Powder

Optical Microscopy:
Microscope)

From the preliminary study Musa paradisiaca L.

(Under

Motic

Fourier Transform Infra-Red Spectroscopy
(FTIR)

(SP2) was selected for further study because it
showed superior results for disintegration time
and in vitro dissolution study. Selected variety was

FTIR spectrum of Musa paradisiaca L. (SP2) was
recorded on Shimadzu FTIR Spectroscope.
Potassium bromide pellet method was employed
and background spectrum was collected under
identical situation.

further studied for quantitative analysis, optical
microscopic study, FTIR study and Scanning
Electron Spectroscopy. Quantitative analysis of
Musa paradisiaca L. (SP2) dry powder for
carbohydrates, proteins, fats, soluble dietary and

Surface Morphology

insoluble dietary fibers was performed at National

The surface topography of the powder was
examined using a scanning electron microscope
(Jeol, JSM-6360, Japan, 15 KV). Samples were

Agriculture and Food Analysis Research Institutes
(NAFARI), Pune, Maharashtra.

Table 3: Composition of Tablets Prepared Using Different Concentration
of M. paradisiaca L. (SP2)
Ingredients

F4

F5

F6

F7

F8

F9

F10

F11

F12

Avicel PH 102

55

55

55

55

55

55

55

55

55

M. paradisiaca(SP2)L. (%)

2

3

4

5

6

8

10

12

15

Talc

4

4

4

4

4

4

4

4

4

Magn. stearate

3

3

3

3

3

3

3

3

3

Mannitol

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

Total wt. (mg)

150

150

150

150

150

150

150

150

150
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coated with platinum film under vacuum
using a sputter coater (SPI SputterTM Coating
Unit, SPI Supplies, Division of Structure Probe,
Inc., PA, USA) and then investigated at 200 nm to
300 µm.

(SP2) powder. Composition of tablets is given in
Table 3.

RESULTS AND DISCUSSION
FTIR Spectroscopy (Atinoz et al., 2007)

Batches with Different Concentration of
Musa paradisiaca L.

The FTIR spectrum of pure Rizatriptan benzoate

To study the effect of different concentration of
Musa paradisiaca L. (SP2), tablets were prepared
using different concentration (2, 3, 4, 5, 6, 8, 10,
12, and 15 % w/w) of Musa paradisiaca L.

spectra is given in Table 4. FTIR spectrum of

is shown in Figure 2 and interpretation of FTIR
Rizatriptan benzoate showed all the peaks
corresponding to the functional groups present in
the structure of Rizatriptan benzoate (Figure 2).

Figure 2: FTIR Spectra of Rizatriptan Benzoate

Drug Excipients Compatibility Study

Table 4: Interpretation of FTIR Spectrum
of Rizatriptan Benzoate
Peak observed (cm-1)

Interpretation

3446

-NH stretching

2947

-CH3 stretching

2893

-CH 2 stretching

1608

-C=C stretching

1506

-C=N stretching

1570

-NH bending

1458

-CH2 bending

1375

-CH3 bending

FTIR Spectroscopy
The FTIR spectrum of Rizatriptan benzoate with
Musa paradisiaca L. (SP2) powder and FTIR
spectrum of Rizatriptan benzoate with other
excipients is shown in Figure 3 and 4, respectively.
FTIR spectrum of Rizatriptan benzoate with Musa
paradisiaca L. (SP2) powder and FTIR spectrum
of Rizatriptan benzoate with other excipients did
not show any difference in wavelength from those
obtained with pure drug. From this it is concluded
that there was no interaction between
Rizatriptan benzoate and the other excipients

1296
1140

-C-N stretching

(Figures 3 and 4).

1016
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Figure 3: FTIR Spectra of Rizatriptan Benzoate with Musa paradisiaca L. (SP2) Powder

Figure 4: FTIR Spectra of Rizatriptan Benzoate with Musa paradisiaca L. (SP2) Powder
and Other Excipients Needed for ODT

(Figure 7). So it can be concluded that the
excipients and drug do not interact with each
other.

Differential Scanning Calorimetry Study
Differential Scanning Calorimetry (DSC) studies
indicated a sharp endothermic peak at 180.54°C
corresponding to melting of pure Rizatriptan
benzoate (Figure 5). DSC thermograph of
Rizatriptan benzoate with Musa paradisiaca L.
(SP2) powder did not show any difference in
melting point of Rizatriptan benzoate (Figure 5).
DSC thermograph of Rizatriptan benzoate with
other excipients showed slight difference in the
melting point which could be due to melting of
other excipients and which is not significant

Characterization of Different Varieties of
Musa paradisiaca L.
Preliminary physicochemical analysis: Three
variety of Musa paradisiaca L. were evaluated
for presence of carbohydrates, proteins, fixed
oils, tannins, saponins, flavonoids and alkaloids.
The results are presented in Table 5. Results
showed that carbohydrates, proteins, tannins,
saponins and flavonoids were present.
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Figure 5: DSC Thermogram of Rizatriptan Benzoate

Figure 6: DSC Thermogram of Rizatriptan Benzoate with Musa paradisiaca L. (SP2) L.

Figure 7: DSC Thermogram of Rizatriptan Benzoate with Other Excipients
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increase in weight followed by Musa paradisiaca
L. (PMUP1) and Musa paradisiaca L. (SP2). The
swelling capacity which reflects increase in
volume of powder showed Musa paradisiaca L.
(SP2) to have the highest increase in volume
followed by Musa paradisiaca L. (MPRED3) and
Musa paradisiaca L. (PMUP1). These results
showed that Musa paradisiaca L. SP2 showed
highest swelling capacity as compare to other
powders and can be better disintegrant (Table 6).

Table 5: Preliminary Physicochemical
Analysis of Musa paradisiaca L.Powder
Constituents

Musa Paradisiaca L.
(MPRED3)

(PMUP1)

(SP2)

Carbohydrates

+

+

+

Proteins

+

+

+

Fats

-

-

-

Tannins

+

+

+

Saponins

-

-

-

Flavonoids

+

+

+

Table 6: Evaluation of Powder for Flow
Property, Compressibility, Swelling Capacity,
Hydration Capacity and Moisture Contents

Note: (+) Indicate present; (-) Indicate absent.

Parameters

Evaluation of powder for flow property,
compressibility, swelling capacity, hydration
capacity and moisture contents.
Three varieties of Musa paradisiaca L. powder
were evaluated for angle of repose, bulk density,
tapped density, Carr’s index, Hausner ratio,
swelling capacity and hydration capacity and
moisture content. Angle of repose ranged from
28.2o to 32.5o, which indicate good flow property.
Bulk density ranged from 0.38 to 0.45 g /cm2.
Tapped density ranged from 0.5 to 0.68 g /cm2.
Carr’s index ranged from 24 to 33.82% which
indicated poor compressibility of the powder.
Hausner ratio showed good flow property of the
powder. The moisture content for all the powders
was within 0.53 to 0.72% (Table 6).

M. paradisiaca L.
(MPRED3)

(PMUP1)

(SP2)

Angle of repose (θ)

29.7

30.25

32.5

Bulk density(gm/cm 3)

0.38

0.42

0.45

Tapped density(gm/cm 3)

0.62

0.5

0.68

Carr’s Index %

32

24

33.82

Hausner ratio

1.4

1.3

1.5

Swelling capacity

1.9

1.12

3.14

Hydration capacity

1.12

1.101

1.08

Moisture content (%)

0.58

0.72

0.53

Formulation and Evaluation
Batches with different varieties of Musa
paradisiaca L.
Evaluation of Powder Blend
All these results indicated that, the powder
mixture had satisfactory flow of powder blend into
the die cavity and compressibility properties.

The common feature of all theories of
disintegration is that penetration of water must
precede disintegration and this can be assessed
by the determination of hydration capacity and
swelling capacity. The hydration capacity reflects
the increase in weight of powder after absorption
of water. The hydration capacity showed Musa
paradisiaca L. (MPRED3) to have highest

Evaluation of Tablets
The batch F3, containing Musa paradisiaca L.
(SP2) powder shows the lowest disintegration
time of 90s followed by Musa paradisiaca L.
(MPRED3) andMusa paradisiaca L. (PMUP1).
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Table 7: Data for Powder Blend Evaluation of Batch F1-F3
Angle of Repose (θ)

Bulk Density(gm/cm3)

Tapped Density(gm/cm3)

Carr’s Index (%)

F1

24.32

0.39

0.46

15.2

F2

24.32

0.39

0.45

15.33

F3

26.47

0.36

0.44

15.9

Formulation

Table 8: Data for Evaluation of Tablets of Batch F1-F3
Parameters

F1

F2

F3

Thickness(mm)

2.79±0.014

2.80±0.02

2.78±0.02

Diameter (mm)

7.25±0.03

7.25±0.08

7.24±0.05

Friability (%)

0.73±0.04

0.74±0.046

0.75±0.058

Weight variation(mg)

150.33±2.16

150±1

151.66±1.47

DT(sec.)

205.3±1.33

270.3±1.68

90.3±1.20

Wetting time (Min.)

1.15±0.08

1.19±0.10

0.58±0.08

Water absorption ratio

23.80±0.04

23.80±0.09

28.57±0.06

Uniformity of content

99.34±1.13

101.72±0.63

99.21±0.74

Quantitative Analysis of Musa paradisiaca
L. (SP2) Powder

Figure 8: FTIR Spectrum of
Musa Paradisiaca L. (SP2) Powder

Quantitative analysis of Musa paradisiaca L. was
performed from National Agriculture and Food
Analysis Research Institute (NAFARI), Pune and
results are presented in Table 9.
Table 9: Quantitative analysis of Musa
paradisiaca L. (SP2) powder
S. No

Parameters

Results (g/100g)

1

Protein

2

Carbohydrate

88.32

3

Fat

0.77

6

Insoluble Dietary Fiber

6.9

7

Soluble Dietary Fiber

15.6

2.1

Table 10: Interpretation of FTIR spectrum of
Musa Paradisiaca L. (SP2)
Peak observed (cm-1)

FTIR Spectroscopy
Figure 8 shows the FTIR spectra of Musa
paradisiaca L. (SP2) powder and interpretation
is given in Table 10.

Interpretation

3400

-OH

2950

-CH (Aromatic)

2400

-CN

1650

-C=C (Aromatic)
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Optical Microscopy

Figure 11: SEM of Sodium Starch Glycolates
(Primojel®) (Indian Pharmacopoeia, 1996)

Figure 9 shows the photograph of powder SP2
variety at 40X magnification using Motic optical
microscope. The particle size range was from
30 to 60 µm. The particles were capsular and
oval in shape.
Figure 9: Optical Microscopic Image
of Musa paradisiaca L. (SP2) Powder

Batches with Different Concentration of
Musa paradisiaca L. (SP2)
Evaluation of powder blend
After satisfactory evaluation of powder blend for
powder blends containing different concentrations
of SP2 powder batches F4 to F12 were
compressed.
Surface Morphology (SEM Study)

Evaluation of tablets

The particles were capsular and oval in shape.
The SEM images were compared with the SEM
images of sodium starch glycolate (Explotab,
Primojel, and Tablo).

Thickness of tablets was found to be 2.71 to 2.85
mm for all the formulations. Diameter of tablets
was found to be 7.24 to 7.26 mm. Hardness of
tablets of each formulation was measured and
was found in the range of 2.5-3 kg/cm2. Percentage
weight loss (friability) of the tablets of each
formulation was measured and was found to be
less than 1% for all the formulations. Tablets from
each batch showed uniformity of weight as per I.
P. limits. The disintegration time was found 160 to
85 s. It was observed that increasing the
concentration of Musa paradisiaca L. (SP2)
powder results in decreasing the disintegration
time of tablets. The wetting time was found 1.32 to
0.35 min. Drug contents of tablets from each batch
showed uniformity of content as the concentration
of drug in tablet was found in between 98.23% to
99.78%, as indicated in Table 11.

Figure 10: SEM Images
of Musa paradisiaca L. (SP2) Powder
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Table 12: Data for Evaluation of Tablet of Batch F4-F12
Parameters

F4

F5

F6

F7

F8

F9

Thickness (mm)

2.74±0.02

2.76±0.032

2.77±0.02

2.72±0.024

2.72±0.02

2.71±0.02

2.74±0.02 2.78±0.028 2.85±0.04

Diameter (mm)

7.25±0.05

7.24±0.08

7.27±0.04

7.26±0.02

7.25±0.02

7.24±0.05

7.25±0.01

7.26±0.05

7.24±0.03

Friability (%)

0.65±0.086

0.67±0.047

0.70±0.019

0.74±0.023

0.71±0.24

0.69±0.14

0.71±0.09

0.71±0.21

0.73±0.2

Wt. variation
(mg)

150.3±1.63

151.6±2.11

150.6±1.68

150.6±1.61

150.3±1.47

151±1.20

151.3±2.1 150.33±1.4

151±1.32

DT(sec.)

160.6±2.14

122..6±1.13

103.6±2.88

101.3±1.97

95.3±1.54

95±1.33

94±1.60

91±1.17

85±1.16

Wetting time
(Min.)

1.32±0.06

1.19±0.10

0.52±0.07

0.50±0.06

0.44±0.03

1.15±0.05

0.58±0.04

0.40±0.03

0.35±0.04

Water absorption 42.30±0.06
ratio

42.30±0.04

34.78±0.12

28.57±0.07

31.81±0.05

42.3±0.11 28.57±0.09 30.43±0.05 26.08±0.05

Uniformity of
content

98.23±1.07

101.72±1.13

98.53±1.02

98.23±0.42

100.1±1.0

99.78±0.5

CONCLUSION

F10

F11

F12

98.69±2.2 99.54±0.48 99.48±1.07

In preliminary studies tablets were prepared
by direct compression techniques using 10% w/
w of different varieties of Musa paradisiaca L.
powder and evaluated for disintegration time. The
Musa paradisiaca L. (SP2) gave promising
results for disintegration time compared to other
varieties. From the results of the disintegration
time, and swelling capacity, Musa paradisiaca L.
(SP2) was selected for further study as a potential
tablet disintegrant.

Three varieties of Musa paradisiaca L. were
evaluated for tablet disintegrant property. These
varieties of Musa paradisiaca L. in their unripe
state were authenticated and dry powder was
prepared from their pulp. Powders were evaluated
for presence of proteins, carbohydrates, fats,
tannins, saponins and alkaloids. Powders were
evaluated for flow and compressibility property,
indicating that powders were free flowing but not
very compressible. Powders were evaluated for
swelling capacity and hydration capacity. Musa
paradisiaca L. (SP2) showed highest swelling
capacity and low hydration capacity, indicating
swelling as major mechanism of action for tablet
disintegration than weaking action.
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