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NUTRACEUTICAL FORMULATION OF GROUNDNUT OIL CAKE AND STUDY OF DRUG
RELEASE AT VARIOUS pH
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ABSTRACT: The drug discovery and computational advances have helped chemists to develop drugs having utility for specific
functional applications along with nutritional aspects. This enables researchers to design formulations and synthesized proper
medicines as nutrients. Preparation of nutraceutical formulation that to a veterinary formulation is one of the challenging tasks. Various
types of formulations have been devised for sustainable release, easier dissolution with no side effects, and target specific delivery of
the chosen drug. The oral administration of veterinary drugs is one of the difficult task, particularly the formulation with the
disagreeable smell, taste as well as low nutritional value. Considering these, it was planned to develop easy and likable preparation of
nutraceutical formulation of the veterinary drug for easy oral delivery, comprising sustain release of the drug. In the present report,
discussion of the formulation of ketoprofen in which veterinary drug is incorporated along with the groundnut or cottonseed oil cake
through adsorption method of formulation preparation. Such a formulation can be assimilated effectively by ruminants as the oil cakes
are liked by animals, as well contains a very good amount of fat-producing nutrients. The prepared formulation was characterized by
FTIR, FESEM, TGA techniques, and the studies related to the release rate of the drug were made using the spectrophotometric
technique. The detail about the formulation and other related studies are presented and discussed.
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INTRODUCTION: The fields of drug discovery
and simulations have emerged as sciences of
applications. In the 20th century, a large part of the
research had been focused on drug development
and its formulation designing using nutrients, as far
as human consumption is concerned 1. It is felt that
in developing countries, similar awareness about
the animal nutritional sources along with active
pharmaceutical
ingredient
(API)
that
is
nutraceuticals for a live veterinary stock is lacking.
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Similarly, there is a need for the development of
such formulation which has not been attended
seriously for the drugs used for veterinary and
preventions of diseases for veterinary animals.
Development of nutraceuticals, along with drug
delivery property is essential. Wide variety of drug
delivery formulations have been reported2 using
different methods like as adsorptions to solid
carriers, spray drying 3, spray cooling, melt
extrusion, nanoparticles technology, supercritical
fluid-based methods, etc. 4 solid dispersion 5, 6
encapsulation 7-10, etc. Amongst these methods, the
adsorption technique is easy and involves the
simple addition of liquid formulation onto carriers.
Bermudez et al. reviewed many different drug
delivery systems for veterinary used 11.
Formulation of different drugs such as celecoxib 12,
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tarazepide 13, aspirin 14, paracetamol 15, ibuprofen16,
etc. are reported, some of which are veterinary
drugs.
Moreover, there are some nutraceutical been
reported for humans 17-19, but veterinary
nutraceutical formulation for ruminant has not been
attended till the date. Therefore, for every living
species in this world, formulation with a good
nutritive value should be available to overcome the
nutrition in the formulation. Further formulation of
veterinary drugs becomes necessary as farmers face
lot many difficulties, particularly in oral drug
administration for their pet animals. Also, animals
hesitate to swallow the drug, especially with big
size and bitter taste. The literature survey revealed
that such a subject is not attended in details or has
not been given due attention. Therefore, focusing
on such kind of formulations of drugs particularly
for animals, having usability for milk, fertilizer and
nutritional assets as food (e.g., chickens, cows,
pigs, etc.) are necessary to overcome above-said
difficulties.
In the present work, an attempt is made to provide
nutritional value to the veterinary drug using
groundnut oil cake or cottonseed oil cake, which is
the loving animal feed especially of ruminants like
cow, buffaloes, Bullock, etc. Particularly in India
groundnut oil cake is most widely preferred by
cattle and constitutes as animal feed due to its
exceptional quality and nutritional values. The
natural groundnut oil cake offers wholesome
nutrition to cattle‟s and other animals as a source of
proteins, fats, and oils, moisture, fibers, etc.
Therefore formulation preparation using such a
cake can serve two purposes, nutritive value and
easy assimilation by animals. Moreover, it will be
preferred for oral drug administration by farmers
and doctors for the animals as the formulation is
prepared by likable animal food, i.e. incorporation
of the drug in oil cake using adsorption method.
Antibacterials, nonsteroidal anti-inflammatory
drugs, β-blockers, lipid regulators, hormones,
antiepileptics, and antiseptics are the most widely
used medical and veterinary drugs in present
scenario 20, 21. Oral drug ketoprofen a nonsteroidal
anti-inflammatory drug 22, 23 is used in the present
formulation as it is commonly used the veterinary
drug.
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Ketoprofen is (RS)2-(3-benzoylphenyl)-propionic
acid with chemical formula C16H14O3 and is one of
the propionic acid class of nonsteroidal antiinflammatory drug (NSAID) with analgesic and
antipyretic effects 24. It acts by inhibiting
prostaglandin production in the body. It is used as a
mild painkiller in smaller animals, generally
following surgical procedures. It is most commonly
used for musculoskeletal pain, joint problems, soft
tissue injury, in laminitis, control fevers and
prevents endotoxemia. The protein binding
efficiency of ketoprofen is 99%, its half-life period
is 2-2.5 h while its log P value is 3.12 and log S
value is -3.7 (log P and log S indicates partition
coefficient and aqueous solubility respectively).
Ketoprofen
consists
of
such
important
characteristic features, thus it was used for the
preparation of formulation and related studies.
Also, the health benefits of foods to consumers
(farmer), as nutraceuticals are one of the important
applications of present work which supplies
nutrition as well as a drug to ruminant animals.
After successful preparation of veterinary
formulation for ruminants using oil cake, it was
characterized by FTIR, FESEM, TGA, etc. The
drug release study and its kinetics have been made
using UV-Vis Spectrophotometry.
EXPERIMENTAL:
MATERIAL AND METHOD:
Material: Ketoprofen (API) was obtained as a gift
sample from Enaltec Labs Private Ltd., (purity
>99%). Fresh groundnut oil cake was purchased
from the market. Absolute ethanol was purchased
from S D Fine-Chem Limited, Mumbai, India.
Methods:
Preparation of Formulation: Groundnut oil cake
was crushed into a fine powder using Mortar and
Pestle. 5g of powder of oil cake was taken in a Petri
plate. To crushed powder, solution of the drug (1g
in 10ml ethanol) was mixed. The drug was found to
get adsorbed on an oil cake. The obtained
precipitate in a Petri plate was dried at room
temperature (~30 ºC) up to till the solvent gets
completely
evaporated
from
oil
cake.
Subsequently, oil cake powder containing drug was
pressed using a pressing/molding machine (30-35
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ºC) to obtain oil cake again. This pressed oil cake
was used for further studies.

Spectrophotometer (Chemito, Spectrascan UV
2700).

Preparation of Sample for Drug Release Study:
Drug release in-vitro study was carried out as per
available literature 27 (Saravanan et al., 2011) at
different pH using aqueous buffer solutions at
ambient temperature. The acidic buffer solutions
containing ~0.1N and 0.01N HCl having pH=1.2
and 2 which resembles the physiological
environment of empty stomach fluid and buffer
solutions are having pH=6.8 similar to the pH of
the intestine and filled stomach fluid. These
solutions were used to carry out drug release study.
Prepared formulation (5g oil cake + 1g drug) was
poured into 500 ml of each pH solutions. Nearly 510 ml of solution was collected with suitable time
intervals, and the same volume was replaced by the
buffer solutions. Collected samples were suitably
diluted using respective buffer solutions. After
successive sample collections and dilutions, UV
Spectra were recorded for each collected samples
and using the maximum absorbance values at a
different time interval from the recorded spectra,
the kinetics of release study was studied and
analyzed.

Chemical Analysis: Iodine Value of the prepared
formulation was calculated by Wij‟s method
(ASTM D5768-02).
RESULTS AND DISCUSSION:
FTIR Spectroscopy: The spectral trace of FTIR
analysis of the prepared formulation incorporated
with drug and oil cake are depicted in Fig. 1. FTIR
spectra of drug and formulation both show
absorption bands at 3447 cm−1 and 1694 cm-1
corresponding to OH and C=O stretching
frequencies of the acidic group as well as 1654 cm1
(stretching) of the ketonic group present in the
drug molecule. The presence of these specific
functional groups of ketoprofen in the formulation
exhibits the formation of the targeted formulation.
Further the bands at 1285 cm−1 and 1377 cm−1
assign to C-O bond of the acid and CH3 bending
vibrations respectively.

Characterization:
Fourier
Transform
Infrared
(FTIR)
spectroscopy: The FTIR spectral measurements
were made at ambient temperature on Perkin Elmer
(spectrum one) spectrophotometer using nujol mull
technique.
Field Emission Scanning Electron Microscope
(FESEM): The prepared formulation was observed
for their morphological study under scanning
electron microscopy using a thin layer of samples
coated with gold on a FESEM (FESEM, HITACHI
High Technologies Corporation, Japan, Model No.
S-4800-II) with an applied voltage of 15 kV.
Thermogravimetric Analysis (TGA): Thermal
respond for the prepared formulation was studied
by the thermogravimetric analysis (Model - TGA
4000, PerkinElmer, USA) in the range of 90–the
690 ºC temperature at a heating rate of 20 ºC/min in
the presence of N2 as an inert atmosphere.
UV-VIS Spectrophotometer: Drug release study
was carried out using double beam UV-VIS
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FIG. 1: FTIR SPECTRAL ANALYSIS OF DRUG AND
OIL CAKE. a- drug (ketoprofen), b- groundnut oil cake, cformulation

ESEM Images of Formulation: The FESEM
study revealed that the surface of the cake is
somewhat smooth. The cake with drug shows
surface on which rod-shaped particles are present
Fig. 2b. The rod-shaped particles are of ketoprofen.
The shape of drug particles has been confirmed by
a literature SEM image 25. Thus, SEM images
confirm adsorption of the drug on groundnut oil
cake, the i.e. drug gets settled on oil cake surface
due to adsorption involving van der-Waals forces
of attraction.
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FIG. 2: FESEM IMAGES OF UNLOADED, DRUG, AND LOADED SAMPLES

Thermogravimetric
Analysis
(TGA):
Thermogram of the masked drug sample is shown
in Fig. 3. TGA curves of the sample showed the
involvement of three degradation steps. The first
step of the degradation occurs in the temperature
range of 94 - 210 °C and degradation resulted into
7.246 % weight loss, which may be attributed to
the loss of moistures and volatile impurities present
in the formulation. The second step of degradation
occurred between 210 and 530 °C temperature
where degradation is found up to 60% weight loss.
At this time, degradations would have taken place
due to the decomposition of other materials present
in the composition of oil cake. The last, third step
of degradation is seen in the temperature range of
540 - 720 °C with a decomposition of 26 weight %.
The third step of degradation may be the result of
decomposition of the hydrocarbon chains of the oil
and fats present in oil cake. Thus thermal stability
of a present formulation is found to be very good,
below about 100 °C.

FIG. 3: TGA THERMOGRAPHS

Determination of Iodine Value: Iodine value was
determined by Wij‟s Method, to evaluate whether
there is a reaction taking place between adsorbed
drug and groundnut oil cake. The calculated iodine
values are collected in Table 1. It was observed
that the values of unloaded and loaded drug
International Journal of Life Sciences and Review

samples of oil cake were nearly the same,
indicating that there is no chemical reaction
between groundnut oil cake and drug. This
concluded the assimilation of drug molecules with
groundnut oil cake takes place with the help of
adsorption phenomena at the surface while this
adsorption may be due to Vander-Waals forces.
TABLE 1: IODINE VALUES
Unloaded Drug Sample
(groundnut oil cake)
7.1

Loaded Drug Sample
(groundnut oil cake + ketoprofen)
7.5

Drug Release Study: Drug release study was
carried out using solvents of (~0.1N HCl) pH=1.2,
(0.01N HCl) pH=2, and buffer solution of pH=6.8,
as these are similar to the pH of different parts of
the digestive tract of the ruminants. After solution
preparation and sample collection, UV spectra were
recorded for each sample and are presented in Fig.
4a, 4b, and 4c, respectively. The wavelength of
maximum absorption for ketoprofen is found to be
at ~258nm which is in agreement with the literature
data proposed by Chawla, et al. 26 It was observed
that absorbance increases as a function of time Fig.
4a, 4b, and 4c. The trend of curves suggests that
the concentration of drug slowly increases with
increase in time duration at a given pH. These
observations signify that sustained release of drug
has been achieved by cake formulation.
Also from the release pattern, it was observed that
in lower pH solution (pH=1.2) release was up to 6
hours but as pH gets changed from 1.2 to 2, release
time interval increases up till 8 h. Further, as pH is
increased to 6.8, the release time also gets
increased till 9 h. All these mean that as pH value
increases, i.e. it changes from acidic pH to neutral
pH. The release time interval of the drug from the
oil cake formulation gets prolonged.
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FIG. 4 A: REPRESENTATIVE UV CURVE OF DRUG RELEASE STUDY AT pH=1.2

FIG. 4B: REPRESENTATIVE UV CURVE OF DRUG
RELEASE STUDY AT pH=2

Kinetics of Drug Release Study: By studying the
plot of the recorded UV-visible absorption profile
for release of drug molecules/ions at different pH
(varying the acidity/basicity ratio) solutions, one
can analyze the kinetics of the drug release. Its
related calculations are depicted in Table 2. It was
assumed that the drug release follows the firstorder kinetics and this was confirmed by making a
graph of log (
) verses time Fig.
5. Where
refers to absorption values
(optical density / extinction coefficient) at infinite
time, at tia me „t‟ and initially respectively. The
Fig. 5a, 5b and 5c incorporate these and reveals, a
good least square analysis fit having a correlation
International Journal of Life Sciences and Review

FIG. 4C: REPRESENTATIVE UV CURVE OF DRUG
RELEASE STUDY AT pH=6.8

factor of 0.94 ±0.02 for all the variations made
using different pH solutions. Thus it was satisfying
from the Figures to confirm the first order drug
release kinetic phenomenon. The equation used for
the calculation of first-order velocity constant K is
given below.

Where “t” is the time in hours.
It is to be noted from Fig. (5a, 5b, and 5c) that
velocity constant for the release of drug is highest
at pH=2
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TABLE 2: MATHEMATICAL VALUES FOR KINETIC STUDY
pH=1.2
pH=2
Time
(hrs)
Abs.
Time(hrs)
Abs.
0
0.256=Ao
-0
0.094=Ao
1
0.37
0.0573
1
0.475
2
0.443
0.0983
2
0.684
3
0.522
0.148
3
0.686
4
0.588
0.194
4
0.856
5
0.726
0.3096
5
0.905
6
1.178=A∞
-6
0.95
7
1.006
8
1.053=A∞
Velocity
constant
K (0.0549)

pH=6.8

-0.2191
0.4103
0.415
0.682
0.804
0.9578
1.2842
--

Time(hrs)
0
1
2
3
4
5
6
7
8
9

Velocity
constant K
(0.0549)

Abs.
0.11=Ao
0.166
0.249
0.533
0.637
0.714
0.725
0.839
0.841
1.256=A∞
Velocity
constant K
(0.0549)

-0.0217
0.0561
0.2001
0.2675
0.3252
0.3341
0.439
0.4411
--

FIG. 5A: KINETICS OF RELEASE STUDY AT pH=1.2.

FIG. 5B: KINETICS OF RELEASE STUDY AT pH=2
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FIG. 5C: KINETICS OF RELEASE STUDY AT pH=6.8
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CONCLUSION:
In
the
present
report,
nutraceuticals formulation is prepared using animal
liking food for ruminants by the adsorption method.
The formulation has pharmaceutical value because
it can accomplish many different requirements and
satisfy various clinical needs, to deliver the drug at
the right moment, at the right place, and an
adequate concentration in terms of therapeutic
efficacy and compliance.
The study is promising for animal nutrition as well
as for easy assimilation of the drug. Moreover, drug
release study revealed that formulation could be
used for sustained drug delivery as it shows first
order kinetics.
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