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ABSTRACT
As per the mixed solvency concept (proposed by Dr. R.K. Maheshwari), each and every substance present on the earth has got solubilizing
property i.e. all the liquids, gases and solids possess solubilizing power. In the mixed solvency concept, each substance is a solubilizer. We know
that all the liquids (matter in liquid state at room temperature) are known as solvents. No solvent is universal solvent. We can say that all the
solvents are good solvents for some solutes and bad solvents for other solutes. Similarly, all gases and solids have good solubilizing power for
some solutes and bad solubilizing power for other solutes. Organic solvents have innumerous adverse effects. Such organic solvents should be
replaced by other eco-friendly alternative sources. The main objective of this research work is to provide a novel idea to the researchers that
solids can also be employed for extraction of active constituents from powders of roots, leaves, seeds, fruits, bark of plants etc. In the present
investigation, sesame oil has been extracted from powdered seeds of sesame using solubilizing powers of two solids, thymol and menthol using
different methods. Melted thymol (temperature about 50°C), melted menthol (temperature about 45°C) were observed to have very good
solubility for sesame oil. Therefore, they were used for extraction of sesame oil. Ethanol was found to be bad solvent for sesame oil. Thymol and
menthol improved the solubility of sesame oil in ethanol and helped in extraction. Thymol and menthol are easily removed at about 80°C.
Organic solvents are removed from extracts by suitable methods like heating, vacuum distillation etc. These solids (menthol and thymol) are also
removable. Also, they can be recollected using suitable methods for recycling purposes.
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INTRODUCTION
Some of the common techniques of solubility enhancement
include
micellar
solubilization,
complexation,
pH
modification, salt formation, hydrotropy and cosolvency. A
novel technique of solubility enhancement by use of mixed
solvency concept has been proposed by Maheshwari1-5. All
the substances (whether liquids, gases or solids) have
solubilizing power. Innumerable solvent systems may be
developed using mixed solvency concept. By application of
mixed solvency concept6-19, the drug loading in various
pharmaceutical formulations, including NDDS, may be
improved and by combining the excipients in appropriate
amounts, synergistic solvent actions and additive solvent
actions can be obtained and also the problem of toxicity
issue due to high concentration of a solvent for desired
solubility can be solved. Chandan and Maheshwari14 utilized
mixed solvency concept to improve the drug loading and to
reduce the surfactant concentration in SEDDS of candesartan
cilexetil. The solubilities of a large number of poorly soluble
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drugs have been nicely improved utilizing the mixed
solvency concept.1-41
The pollution and toxicity caused by most of the organic
solvents is a big challenge. The researchers are doing much
work to give eco-friendly solutions for this challenge.
Organic solvents have innumerous adverse effects caused by
single exposure like dermatitis, headache, drowsiness,
nausea, eye irritation and long term exposure causes serious
effects such as neurological disorders, chronic renal failure,
liver damage, necrosis, mutagenesis disorder. They should
be replaced by other eco-friendly alternative sources.
The present investigation is an attempt to show that solids
can also be wisely used to act as solvent precluding the use
of organic solvents. In a separate study, author has
attempted soxhelation using phenol as solvent. The vapours
of boiling phenol got condensed in extraction chamber to
effect the extraction of active constituents from powder of
crude drugs. The main objective of the present study is to
demonstrate the solvent action of solids.
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Maheshwari20 utilized mixed solvency concept to potentiate
the solvent character of a weaker solvent. It has been shown
that a weaker solvent can be made a strong solvent by
incorporation of a solid solubilizer. The solubility of
frusemide in ethanol was enhanced about three fold in the
presence of 15% w/v niacinamide (a solid solubilizer).
Frusemide is sparingly soluble in ethanol and
pharmacopoeial method requires dimethyl formamide (a
class II organic solvent) for titrimetric analysis of frusemide
bulk drug. A solution of niacinamide (15% w/v) in ethanol
was successfully employed to carry out titrimetric analysis of
frusemide bulk drug, giving an ecofriendly method of
analysis because ethanol is a class III organic solvent
(relatively safe in comparison to dimethyl formamide.
Various researchers studied the impact of different solvents
on sesame oil extraction. They used n-hexane, cyclohexane,
benzene, mixture of n-hexane/chloroform, acetic ether,
butanol and acetone. Majority of researchers found that nhexane yields higher extraction percentages making it the
optimum solvent.
In the present investigation, sesame oil has been extracted
from powdered seeds of sesame using solubilizing powers of
two solids, thymol and menthol using different methods.
Melted thymol (temperature about 50°C), melted menthol
(temperature about 45°C) were observed to have very good
solubility for sesame oil. Therefore, they were used for
extraction of sesame oil. Ethanol was found to be bad solvent
for sesame oil. Thymol and menthol improved the solubility
of sesame oil in ethanol and helped in extraction. Thymol
and menthol are easily removed at about 80°C. Organic
solvents are removed from extracts by suitable methods like
heating, vacuum distillation etc. These solids (menthol and
thymol) are also removable. Also, they can be recollected
using suitable methods for recycling purposes.

got dissolved in melted menthol. Again, 0.1 ml sesame oil
was transferred and test tube was shaken. Again, sesame oil
was dissolved by melted menthol. Same method was
repeated. One ml of sesame oil was easily dissolved by 1 gm
melted menthol (at about 45°C). Further addition of sesame
oil was stopped. This indicates that even more quantity of
sesame oil may be dissolved in 1 gm of melted menthol.
NOTE: During this study, hot water bath was used to keep
the menthol in melted condition.
C)

1 ml of above mentioned solution was kept in a test tube.
Sesame oil (0.1 ml) was transferred in it and the test tube
was shaken. Oil got dissolved in solution. Further, 0.1 ml
sesame oil was transferred and the test tube was shaken.
Again, oil got dissolved. Same procedure was repeated. It
was found that 1ml solution was able to dissolve 1.4 ml of
sesame oil (1.5 ml sesame oil caused turbidity). This study
indicated that sesame oil has very good solubility in the
mentioned solution.
D)

I - Procedure to determine approximate solubility of
sesame oil
A)

Approximate solubility of sesame oil in melted
thymol (temperature about 50°C)

Melting point of thymol is 48°C. One gram of thymol was
taken in a test tube and the test tube was dipped in a hot
water bath to melt thymol, when a clear, colourless liquid
(melted thymol) was obtained, 0.1ml of sesame oil was
transferred in test tube and test tube was shaken. Sesame oil
got dissolved in melted thymol. Again, 0.1 ml sesame oil was
transferred and test tube was shaken. Again, sesame oil was
dissolved by melted thymol. Same method was repeated. One
ml of sesame oil was easily dissolved by 1 gm melted thymol
(at about 50°C). Further addition of sesame oil was stopped.
This indicates that even more quantity of sesame oil may be
dissolved in 1 gm of melted thymol.
NOTE: During this study, hot water bath was used to keep
the thymol in melted condition.
B)

Approximate solubility of sesame oil in melted
menthol ( at about 45°C)

Melting point of menthol is 44°C. One gram of menthol was
taken in a test tube and the test tube was dipped in a hot
water bath to melt menthol, when a clear, colourless liquid
(melted menthol) was obtained, 0.1ml of sesame oil was
transferred in test tube and test tube was shaken. Sesame oil
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Approximate solubility of sesame oil in a solution
containing 50% w/v menthol in ethanol-

1 ml of above mentioned solution was kept in a test tube.
Sesame oil (0.1 ml) was transferred in it and the test tube
was shaken. Oil got dissolved in solution. Further, 0.1 ml
sesame oil was transferred and the test tube was shaken.
Again, oil got dissolved. Same procedure was repeated. It
was found that 1ml solution was able to dissolve 0.8 ml of
sesame oil (0.9 ml sesame oil caused turbidity). This study
indicated that sesame oil has quite good solubility in the
mentioned solution.
E)

MATERIALS AND METHODS
Sesame oil and sesame seeds were purchased from local
market. Sesame seeds were powdered by means of home
mixer. All other chemicals and solvents used were of
laboratory grade.

Approximate solubility of sesame oil in a solution
containing 50% w/v thymol in ethanol-

Approximate solubility of sesame oil in a solution
containing 25% w/v thymol and 25% menthol in
ethanol ( 25 T 25M E ) –

1 ml of above mentioned solution was kept in a test tube.
Sesame oil (0.1 ml) was transferred in it and the test tube
was shaken. Oil got dissolved in solution. Further, 0.1 ml
sesame oil was transferred and the test tube was shaken.
Again, oil got dissolved. Same procedure was repeated. It
was found that 1ml solution was able to dissolve 0.9 ml of
sesame oil (1.0 ml sesame oil caused turbidity). This study
indicated that sesame oil has quite good solubility in the
mentioned solution.
F)

Approximate solubility of sesame oil in a eutectic
liquid of menthol and thymol in 1:1 ratio ( M:T-1:1 )

Thymol (25 gm) and 25 gm menthol were triturated with the
help of pestle and mortar to get clear colorless liquid
(eutectic liquid). This eutectic liquid (M:T-1:1) was kept in a
bottle for further study. One ml of M:T-1:1 was kept in a test
tube. Sesame oil (0.1 ml) was transferred in it and the test
tube was shaken. Oil got dissolved in it. Further, 0.1 ml
sesame oil was transferred and the test tube was shaken.
Again, oil got dissolved. Same procedure was repeated. It
was found that 1ml of this eutectic liquid was able to
dissolve 1 ml of sesame oil. This study indicated that sesame
oil has very good solubility in M:T-1:1.
II - Studies to see the removability of solids by heating
(a) Thymol – One gm of thymol was kept on a weighed s.s.
plate (stainless steel plate) and exposed to about 80°C in
oven. It was found that all thymol was removed within
45 minutes.
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(b) Menthol – One gm of menthol was kept on a weighed s.s.
plate and exposed to about 80°C in oven. It was found
that all menthol was removed within 30 minutes.
(c) Removability of thymol from an oily solution containing
thymol in sesame oil - Weight of a small s.s. plate was
noted. On this plate, an oily solution containing 1 gm
thymol and 1 gm sesame oil is transferred and again the
gross weight is noted. Plate is exposed to about 80°C in
an oven. All menthol is removed in about 30 minutes.
NOTE : Sesame oil remains on the plate. It does not
vaporize at this temperature (about 80°C). Thus, we can
employ melted thymol (temperature about 50°C) for
extraction of sesame oil from powdered sesame seeds.
(d) Removability of menthol from an oily solution
containing menthol in sesame oil - Weight of a small
s.s. plate was noted. On this plate, an oily solution
containing 1 gm menthol and 1 gm sesame oil is
transferred and again the gross weight is noted. Plate is
exposed to about 80°C in an oven. All menthol is
removed in about 30 minutes. NOTE : Sesame oil
remains on the plate. It does not vaporize at this
temperature (about 80°C). Thus, we can employ melted
menthol (temperature about 45°C) for extraction of
sesame oil from powdered sesame seeds.
(e) Removability of thymol &/or menthol from other oily
solutions (using s.s. plate method)
Same procedure (like method c) was used to observe
the removability of thymol &/or menthol from following
oily solutions.
(i) Oily solution containing 1 ml of 50% w/v thymol in
ethanol solution and one gram sesame oil.
(ii) Oily solution containing 1 ml of 50% w/v menthol in
ethanol solution and 0.8 gm sesame oil .
(iii) Oily solution containing 1ml of eutectic
(menthol:Thymol,1:1) and 1 gram of sesame oil.

liquid

(iv) Oily solution containing 1 ml of an ethanolic solution
containing 25% w/v thymol and 25% w/v menthol and
0.9 gram of sesame oil.
In all above studies it was found that thymol &/or menthol
are completely removed within 30-60 minutes at about 80°C
in oven. Nearly 100% recovery of sesame oil was found on
the s.s. plates. The smell of thymol and/or menthol was
absent in the oil present on the s.s. plates. These studies
indicate that there is complete removal of thymol and
menthol. Tests to detect the presence of menthol and thymol
traces in the extracted sesame oil were not performed in the
present research work.
III – Extraction Methods
E 1) Extraction of sesame oil from powdered sesame
seeds with melted thymol (temperature about 50°C) Powdered sesame seeds (5gm) were transferred in a 250 ml
capacity beaker. Then, 15 gm thymol was added. Beaker was
kept on hot water bath to melt the thymol (M.P. 48°C).When
thymol got melted, the beaker was shaken for 30 minutes.
During this time, the thymol was kept in melted condition
with the help of hot water bath. During these 30 minutes
shaking, melted thymol acted as solvent and dissolved the
sesame oil of powdered sesame seeds. After 30 minutes
shaking, the contents were strained through a muslin cloth.
Strained liquid was transferred on a weighed s.s. plate. This
plate was kept in oven for removal of thymol at about 80°C.
About one hour was required to get a constant weight of
plate together with extracted oil.
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Yield of sesame oil was found to be 1.88 gm.
(Obtained oil contained some pulp material also, in addition
to sesame oil).
E 2) Extraction of sesame oil from powdered sesame
seeds with a solution containing 50% w/v thymol in
ethanol (50 T E)
Powdered sesame seeds (3 gm) were transferred in a beaker
of 250 ml capacity. Then, 9 ml of 50 T E was transferred. The
beaker was shaken for 30 minutes for extraction of sesame
oil from powdered sesame seeds. After 30 minutes shaking,
the contents were transferred in centrifuge tubes and
centrifugation was carried out for 3 minutes at 12000 rpm
using Eppendorf Centrifuge 5415. Then, decanted clear
liquid was kept on weighed s.s. plate and kept in an oven at
about 80°C for removal of thymol and ethanol. Constant
weight of s.s. plate together with extracted oil was obtained
in about 1 hour.
0.66 gm sesame oil was left on this s.s. plate. Pulp was nearly
absent in this case.
E 3) Extraction of sesame oil from powdered sesame
seeds with melted menthol (temperature about 45 °C) Powdered sesame seeds (3gm) were transferred in a 250 ml
capacity beaker. Then, 12 gm menthol was added. Beaker
was kept on hot water bath to melt the menthol (M.P.
44°C).When menthol got melted, the beaker was shaken for
30 minutes. During this time, the menthol was kept in melted
condition with the help of hot water bath. During these 30
minutes shaking, melted menthol acted as solvent and
dissolved the sesame oil of powdered sesame seeds. After 30
minutes shaking, the contents were strained through a
muslin cloth. Strained liquid was transferred on a weighed
s.s. plate. This plate was kept in oven for removal of menthol
at about 80°C. About one hour was required to get a constant
weight of s.s. plate together with extracted oil.
Yield of sesame oil was found to be 1.40 gm.
(Obtained oil contained some pulp material also, in addition
to sesame oil).
E 4) Extraction of sesame oil from powdered sesame
seeds with a solution containing 50% w/v menthol in
ethanol (50 M E)
Powdered sesame seeds (3 gm) were transferred in a beaker
of 250 ml capacity. Then, 9 ml of 50 M E was transferred. The
beaker was shaken for 30 minutes for extraction of sesame
oil from powdered sesame seeds. After 30 minutes shaking,
the contents were transferred in centrifuge tubes and
centrifugation was carried out for 3 minutes at 12000 rpm
using Eppendorf Centrifuge 5415. Then, decanted clear
liquid was kept on weighed s.s. plate and kept in an oven at
about 80°C for removal of menthol and ethanol. Constant
weight of s.s. plate together with extracted oil was obtained
in about 1 hour.
0.81 gm sesame oil was left on this s.s. plate. Pulp was nearly
absent in this case.
E 5) Extraction of sesame oil from powdered sesame
seeds with a solution containing 25% w/v thymol and
25% w/v menthol in ethanol (25 T 25 M E)
Powdered sesame seeds (3 gm) were transferred in a beaker
of 250 ml capacity. Then, 9 ml of 25 T 25 M E was
transferred. The beaker was shaken for 30 minutes for
extraction of sesame oil from powdered sesame seeds. After
30 minutes shaking, the contents were transferred in
centrifuge tubes and centrifugation was carried out for 3
CODEN (USA): JDDTAO

Maheshwari et al

Journal of Drug Delivery & Therapeutics. 2019; 9(2):244-249

minutes at 12000 rpm using Eppendorf Centrifuge 5415.
Then, decanted clear liquid was kept on weighed s.s. plate
and kept in an oven at about 80°C for removal of thymol,
menthol and ethanol. Constant weight of s.s. plate together
with extracted oil was obtained in about 1 hour.
1.10 gm sesame oil was left on this s.s. plate. Very little traces
of pulp were present.
E 6) Extraction of sesame oil from powdered sesame
seeds with a eutectic liquid of menthol and thymol in 1:1
ratio ( M:T – 1:1)
Powdered sesame seeds (3 gm) were transferred in a beaker
of 250 ml capacity. Then, 9 ml of M:T – 1:1 was transferred.
The beaker was shaken for 30 minutes for extraction of
sesame oil from powdered sesame seeds. After 30 minutes
shaking, the contents were transferred in centrifuge tubes
and centrifugation was carried out for 3 minutes at 12000
rpm using Eppendorf Centrifuge 5415. Then, decanted clear
liquid was kept on weighed s.s. plate and kept in an oven at
about 80°C for removal of thymol and menthol. Constant
weight of s.s. plate together with extracted oil was obtained
in about 1 hour.
0.80 gm sesame oil was left on this s.s. plate. Pulp was nearly
absent.
E 7) Extraction of sesame oil from powdered sesame
seeds with hexane
Powdered sesame seeds (5gm) were transferred in a bottle
of 100 ml capacity. Then, 15 ml of hexane was transferred.
The bottle was shaken for 30 minutes for extraction of
sesame oil from powdered sesame seeds. After 30 minutes
shaking, the contents were filtered to get extract of sesame
oil. Then, extract was kept on weighed s s plate and kept in
an oven at about 80°C for removal of hexane. Constant
weight of s.s. plate together with extracted oil was obtained
in about 30 minutes.
0.97 gm sesame oil was left on this s.s. plate. Very minute
traces of pulp were present.

RESULT AND DISCUSSION
Table I gives approximate solubility of sesame oil in different
solvents. Melted thymol (temperature about 50°C) shows
very good solubility of sesame oil. More than 1 ml of sesame
oil gets dissolved in 1gm melted thymol i.e. more than 50%
solubility. Similarly, more than 1 ml of sesame oil gets
dissolved in 1 gm melted menthol (temperature 45°C), hence
more than 50% solubility. One ml of 50% w/v thymol
solution in ethanol dissolved 1.4 ml of sesame oil (about
58% w/v solubility). One ml of 50% w/v menthol solution in
ethanol dissolved 0.8 ml of sesame oil (about 44%
solubility). One ml of an ethanolic solution containing 25%
thymol and 25% menthol dissolved 0.9 ml of sesame oil
(about 47% solubility). One ml of eutectic liquid
menthol:thymol - 1:1 dissolves more than 1 ml of sesame oil
i.e. more than 50% solubility. All solvent systems show
significant solubilities for sesame oil. Removability studies
show that thymol, menthol and ethanol can easily be
removed at about 80°C within 1 hour. Based on all above
considerations, it was thought worthwhile to employ these
solvent systems for extraction of sesame oil from powdered
sesame seeds.
Table II shows the results of percent yield of extracted
sesame oil from powdered sesame seeds employing different
extraction methods. The observed values of percent yield of
sesame oil are approximate values because some oil is left
with marc, some oil adheres to vessels, some oil adheres to
cloth during straining and some oil adheres to the filter
paper. Certain improvements in such extraction methods
require (1) To see the effect of time of extraction.
(2) To see the effect of multiple extraction (two times or
three times etc.).
(3) To see the effect of different ratios of amounts of solvent
and powdered sesame seeds.
(4) To see the effect of different particle sizes of powdered
sesame seeds.

Table - I Results of approximate solubility studies of sesame oil
S. N.
1
2
3
4
5

Solvent
Melted thymol ( at about 50°C)
Melted menthol ( at about 45°C)
50 % w/v Thymol in ethanol
50 % w/v Menthol in ethanol
25%w/v thymol 25 %w/v menthol in ethanol

6

Eutectic liquid M:T - 1:1

Approximate solubility
More than 1 ml sesame oil in 1 gm melted thymol
More than 1 ml sesame oil in 1 gm melted menthol
1.4 ml sesame oil in 1 ml of 50 %w/v thymol in ethanol
0.8 ml of sesame oil in 1 ml of 50 % w/v menthol in ethanol
0.9 ml of sesame oil in 1 ml of 25%w/v thymol 25%w/v menthol
in ethanol
More than 1 ml of sesame oil in 1 ml of M:T - 1:1

Table - II Results of extraction studies using different techniques
S. No.
1
2
3
4
5
6
7

Solvent
Melted thymol
50%w/v Thymol in ethanol
Melted menthol
50%w/v Menthol in ethanol
25%w/v Menthol 25%w/v Thymol in ethanol
Eutectic liquid M : T - 1:1
Hexane
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Yield of sesame oil
37.6 %w/w ( with little pulp )
22.0%w/w ( pulp was nearly absent )
33.3 %w/w ( with little pulp )
27.0 %w/w ( pulp was nearly absent )
36.6 %w/w ( with traces of pulp )
26.6%w/w ( pulp was nearly absent )
32.3 %w/w ( with traces of pulp )
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CONCLUSION
Present research work nicely explains that the solubilizing
properties of solids can be employed for extraction of active
constituents from various powders of plant materials giving
ecofriendly methods. The use of toxic, pollution causing
organic solvents can be minimized /avoided. In the present
study the solvent power of ethanol was improved using
solids (menthol and thymol), so that ethanol (a safer class III
solvent) could be used to extract sesame oil. Literature
survey revealed that hexane (a harmful solvent) is used with
ethanol to extract sesame oil (ethanol is a weaker solvent for
sesame oil). Ethanol is a class III organic solvent. Class III
organic solvents are better than class II organic solvents (like
chloroform, methanol etc.) from the point of view of safety,
pollution etc.
Sometimes because of poor solubility of active constituents
in ethanol, we are unable to use ethanol for extraction
purpose and we use harmful organic solvents. Ethanol can be
made a strong solvent using menthol, thymol etc. as reported
in this research work. Thus, there is bright future of
solubilizing properties of solids for extraction purposes.
Such work should be promoted by the researchers for
ecofriendly extractions of active constituents.
Extraction with hexane was performed for comparison
purpose only. Hexane is largely employed for extraction of
various oils. Also, in some of the extraction methods, little
amount of pulp was found together with extracted oil.
Keeping in mind, all these facts, it can be said that there is
requirement of further refinement in the procedures of
extraction. However, this study is model study to show that
solids can nicely be employed for extraction of active
constitutent from herbal sources. Solids also possess
solubilizing properties. So, many solids can be employed for
extraction of active constittuents. Literature survey shows
that various harmful solvents (hexane, cyclohexane,
chloroform, acetic ether) have been employed for extraction
of seasame oil. Beauty of this research work is that traces of
thymol or menthol left in the extracted oil may not be
harmful. During removal of thymol and/or menthol from
extracted portion, thymol and menthol can be collected
employing vaccum distillation, so that they can be recycled.
However, distillation shall require exposure to a much
higher temperature.
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