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a b s t r a c t

Background: Ashwagandharishtha is a liquid polyherbal formulation traditionally prepared by

fermentation process using the flowers of Woodfordia fruticosa. It contains roots of Witha-

nia somnifera as a major crude drug. Alcohol generated during the fermentation causes the

extraction of water insoluble phytoconstituents. Yeasts present on the flowers are respon-

sible for this fermentation.

Methods: Total nine formulations of ashwagandharishtha were prepared by fermentation pro-

cess using traditional Woodfordia fruticosa flowers (ASG-WFS) and using yeasts isolated from

the same flowers. During fermentation, kinetic of alcohol generation, sugar consumption,

changes in pH and withanolides extraction were studied. All the formulations were tested

for in vitro antioxidant potential by 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free radical scav-

enging, hydrogen peroxide scavenging and total reducing power assay. The results were

compared with standard ascorbic acid.

Results: Traditional formulation (ASG-WFS) showed the highest activity (p < 0.001) relative

to other formulations and standard ascorbic acid. ASG-WFS showed significant (DPPH) free

radical scavenging (78.75%) and hydrogen peroxide scavenging (69.62%) at the concentration

of 1000 �g/mL and 100 �g/mL, respectively.
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Conclusion: Traditional process is the best process for preparing ashwagandharishtha to obtain

significant antioxidant activity.

© 2013 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access
∗ Corresponding author. Bharati Vidyapeeth University, Poona College o
E-mail address: krmahadik@rediffmail.com (K. Mahadik).

http://dx.doi.org/10.1016/j.imr.2013.04.002
2213-4220/© 2013 Korea Institute of Oriental Medicine. Published by Else
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

f Pharmacy, Erandwane, Pune – 411 038, Maharashtra, India

vier. This is an open access article under the CC BY-NC-ND license

https://core.ac.uk/display/82295341?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
dx.doi.org/10.1016/j.imr.2013.04.002
http://www.sciencedirect.com/science/journal/22134220
http://www.imr-journal.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:krmahadik@rediffmail.com
dx.doi.org/10.1016/j.imr.2013.04.002
http://creativecommons.org/licenses/by-nc-nd/4.0/


J nifera

1

H
a
u
a
f
c
c
c
o
f
a
a
q
l
e
o
w
n
o
i
g

p
a
t
t
a
w
p
o
u
f
t
w
o
o
i
f
m
u
s
h
d
a
a
t
a
a
s
t
J

2

2

P
m

agdish Manwar et al/Comparative antioxidant potential of Withania som

. Introduction

erbal formulations belonging to the category of asavas and
rishthas are prepared by traditional fermentation process
sing the flowers of Woodfordia fruticosa. These flowers are
dded as inoculums for the induction and maintenance of
ermentation process.1 Alcohol generated during the process
auses the extraction of water insoluble active principles of
rude drugs. This process uses the native yeast Saccharomyces
erevisiae present on the flowers.2 Ashwagandharishtha is one
f the herbal formulation which is prepared by traditional
ermentation process containing 8-12%v/v of self generated
lcohol. It contains roots of Withania somnifera (ashwagandha)
s a major crude drug along with 26 other drugs in minor
uantities.1 Roots exhibit various pharmacological effects

ike impotency, antiaging, cardio protective and antioxidant
ffect.3–5 These activities are attributed towards the presence
f withanolides like withaferine A and withanolide A.6,7 These
ithanolides contains steroidal nucleus and are soluble in
on-aqueous solvents like ethanol, methanol and in some
rganic solvents but insoluble in water. Due to their solubil-

ty nature, they get extracted from the roots to formulation by
enerated alcohol.

Traditional method has certain drawbacks like longer
eriod (30-45 day) for the completion of fermentation process,
nd production of toxic non-ethanol volatile compounds due
o presence of other microorganisms on the flowers.8 Thus,
here is a definite need of suitable process for preparing of
shwagandharishtha that overcomes above problems. In this
ork, various formulations of ashwagandharishtha were pre-
ared by traditional fermentation process using the flowers
f W. fruticosa and by non-traditional fermentation process
sing the yeasts isolated from the same flowers. During the

ermentation process, kinetic of alcohol generation, consump-
ion of sugar, changes in pH and withanolides extraction
ere studied. Antioxidant molecules are capable of reducing
xidative stress of free radicals by inhibiting the oxidation of
ther molecules.9 Antioxidant activity of ashwagandharishtha

s well documented.10 Assessment of antioxidant activity of
ormulations will explain at least in part how preparation

ethod affects antioxidant activity. Its results will also be
seful to correlate potency with method of preparation. This
tudy will provide a means to standardize and optimize the
erbal formulations like ashwagandharishtha. Data of stan-
ardization formulation in terms of active phytoconstituents
nd non-ethanol impurities will provide useful information
bout the quality of formulations prepared by both fermen-
ation processes. Minor ingredients of the formulations like
rjuna, musali and manjistha also contribute the antioxidant
ctivity.11–13 Therefore, to avoid there interference in the
tudy, all minor ingredients of formulation were omitted. All
he formulations were tested for in vitro antioxidant potential.
aggery sugar was used as a substrate for fermentation.

. Methods
.1. Material

lant material of W. Somnifera was collected from Green Phar-
acy, Pune, and dried flowers of the W. fruticosa were collected
based 57

from the different regions of Solapur district (Maharashtra).
Both the plant materials were authenticated from Agharkar
Research Institute, Pune. Standard culture of alcohol produc-
ing yeast Saccharomyces cerevisiae SC1011 was collected from
Vasantdada Sugar Institute, Pune. Pure drug sample of with-
aferine A and withanolide A were procured from Natural
Remedies Pvt Ltd., Bangalore, India. Standards of l- ascorbic
acid (catalogue no. 605999), stable free radical 1,1-diphenyl-
2-picryl-hydrazyl (catalogue no. D9132), and trichloroacetic
acid (catalogue no. T6399) were obtained from Sigma Aldrich,
St. Louis, USA. All other chemicals used were analytical
grade and obtained from Merck, US. The instruments used in
work were autoclave (Lab Hosp, India), BOD Incubator (REMI
instruments, Mumbai, India), Shaker incubator (model-HRIS,
Steelmet Novatech, India), Centrifuge machine (REMI labo-
ratories, Mumbai, India), Rotary vacuum evaporator (Model
Laborota 4000, Heidolph, Washington, USA) and UV-Vis spec-
trophotometer (Shimadzu UV-1601, Hong Kong, China).

2.2. Source of strains

Four yeasts strains i.e. S. cerevisiae Jm.20, Saccharomycopsis fibu-
ligera Jm.8, S. fibuligera Jm.10 and S. fibuligera Jm.16 were isolated
from the flowers of W. fruticosa in our previous work. All the
strains were maintained on MGYP agar (3 g malt extract, 10 g
glucose, 3 g yeast extract, 5 g peptone and 20 g agar per liter of
water, pH 4.5) slants and preserved for routine use at 4 ◦C.

2.3. Preparation of inoculums

The inoculums for all the strains including standard strain
were prepared separately by transferring one loopful of yeast
culture into 100 mL of sterile 12◦brix jaggery medium contain-
ing 0.01%w/v of diamino phosphate and 0.01%w/v of urea. For
mixed inoculums, 1 loopful of each of four isolated strains
was used. The inoculums of S. cerevisiae Jm.20 and S. cerevisiae
SC1011 were incubated at 32.5 ◦C for 24 h, whereas those of
three strains of S. fibuligera were incubated at 32.5 ◦C for 48 h
in shaker incubator at 180 rpm. After incubation, cell contents
(cell/ml) of S. cerevisae jm.20 and S. cerevisae SC1011 were mea-
sured using neubauer counting chamber as these cells were
free and countable.

2.4. Preparation of formulations by traditional process

About 50 g of powder of dried roots of W. somnifera was taken
in 2L distilled water in a 5L capacity stainless steel pot. The
material was allowed to soak overnight. The decoction was
concentrated to 250 mL by boiling the contents for 1-2 h. While
hot, about 250 g of jaggery (sugar) was added slowly with stir-
ring. After the dissolution of jaggery, the contents were taken
to 500 mL measuring cylinder. Final volume of media was
made up to the mark with distilled water. The contents were
then transferred to 1L conical flask, plugged with cotton and
sterilized by autoclaving at 121 ◦C for 20 min at 15 lbs pressure.
After sterilization, flask was cooled to room temperature and

then inoculated aseptically with the 16 g of W. fruticosa flowers.
The flask was then incubated for fermentation in BOD incu-
bator at 32.5 ◦C till the fermentation process is stopped. This
traditional formulation was named as ASG-WFS.
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2.5. Preparation of blank formulations by traditional
process

Traditional blank formulation was prepared by dissolving 250 g
of jaggery in hot water. After dissolution, the media was trans-
ferred to 500 mL measuring cylinder and final volume was
made up to the mark with distilled water. The contents were
then transferred to 1 L conical flask, plugged with cotton and
then sterilized by autoclaving at 121 ◦C for 20 min at 15 lbs
pressure. After sterilization, flask was cooled to room temper-
ature and inoculated aseptically with the flowers of W. fruticosa
(16 g). The flask was incubated for fermentation at 32.5 ◦C in
BOD incubator till the fermentation process is stopped. The
formulation was named as ASG-WFB.

2.6. Preparation of formulations by non-traditional
process

The decoctions of roots of W. sonifera were prepared in the sim-
ilar manner as described above. After dissolution of jaggery,
the contents were then taken to 500 mL measuring cylinder,
and final volume of media was made up to 450 mL with dis-
tilled water. The contents were transferred to 1 L conical flask,
plugged, and then sterilized by autoclaving at 121 ◦C for 20 min
at 15 lbs pressure. After sterilization, flask was cooled to room
temperature and then inoculated with 50 mL of yeasts inocu-
lums. Total six formulations were prepared in the similar
manner in different 1L conical flasks with different inoculums.
These formulations were made using the inoculums of (i) S.
cerevisiae Jm.20 {cell content- 4.2 x 108cells/mL}, (ii) S. fibulig-
era Jm.8, (iii) S. fibuligera Jm.10, (iv) S. fibuligera Jm.16,(v) mixture
of isolated strains ‘i’ to ‘iv’, and (vi) standard strain S. cerevisiae
SC1011{cell content- 5.1 x 108 cells/mL}.

Formulations made using the strain S. cerevisiae Jm.20, S.
fibuligera Jm.8, S. fibuligera Jm.10, S. fibuligera Jm.16 and mixture
of isolated were named as ASG-20, ASG-8, ASG-10, ASG-16 and
ASG-Mix, respectively; whereas, formulations made using the
standard strain S. cerevisiae SC1011 was named as ASG-SC1011.
All the formulations except ASG-SC1011 were incubated for
fermentation in BOD incubator at 32.5 ◦C till the fermentation
process is stopped. To study the effect of time period on the
extraction of withanolides, formulation ASG-SC1011 was kept
for 720 h (1 month).

2.7. Preparation of formulations by non-traditional
process at optimum conditions

One formulation was prepared using S. cerevisiae Jm.20 at
optimum fermentation conditions. The conditions selected
were jaggery (40%w/v), and inoculums 8%v/v and temperature
30 ◦C.14 The formulation was named as ASG-20z.

2.8. Analysis of formulations

At the regular intervals, 15 mL of fermentation broths was
withdrawn from each formulation, centrifuged and the super-

natant liquid was used for the analysis. Analysis of ASG-WFS,
ASG-WFB, ASG-8, ASG-10 and ASG-16 were carried out at the
interval of 72 h whereas, analysis of remaining formulations
were carried out at the interval 24 h. Kinetics of fermentation
Integr Med Res ( 2 0 1 3 ) 56–61

was studied by determining the relationship between alcohol
generated, residual sugar consumed and amount of with-
anolides (withaferine A, withanolide A) extracted. Amount of
withanolides were determined by HPLC method.15 Amount
of alcohol generated was determined by dichromate oxida-
tion method and that of residual sugar was determined by
titration method.15–17 pH was measured by digital pH meter.
Non-ethanol volatile (NEV) compounds in preparations were
determined by Gas chromatography method.18 Amount of
NEV compounds in finished were compared with those of mar-
keted formulation.

2.9. Evaluation of in vitro antioxidant potential

After the completion of fermentation process, all the for-
mulations were centrifuged at 3000 rpm for 20 min. Upper
supernatant layers were used for evaluation of in vitro antiox-
idant potential by following assay methods. 1-ascorbic acid
(100 �g/ml) was used as standard antioxidant for the compar-
ing the results.

(i) 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) scavenging assay
DPPH scavenging ability of formulations (samples) were
determined by the slightly modifying the procedure given
by Chidambara.19 1 mL of different concentration of sam-
ple (100, 200, 400, 600 and 1000 �L/mL) were taken in
different test tubes. To each tube, 5 mL of DPPH solution
was added. Tubes were shaken for 2 min and immedi-
ately kept in dark at 27 ◦C for 20 min. After incubation,
the tubes were centrifuged at 6000 rpm for 5 minutes and
changes in absorbance were measured using supernatant
liquid at 517 nm. Control solution was prepared and zero
was set using methanol. % DPPH scavenging effects of
samples were calculated from following formula:

%DPPH scavenging effect = Ac − As

Ac
× 100

Where, Ac is the absorbance of control solution, and As
is the absorbance of sample solution.

(ii) Hydrogen peroxide scavenging assay
Ability of sample to scavenge hydrogen peroxide was
determined using the procedure given by Ruch.20 A
solution of hydrogen peroxide (60 mM) was prepared in
phosphate buffer (pH 7.4). In test tubes, different con-
centrations of sample (10, 20, 30, 40, 60 and 100 �L/mL)
in water were added to a hydrogen peroxide solution
(60 mM). The tubes were incubated at room tempera-
ture for 10 min. Absorbance of hydrogen peroxide was
measured at 230 nm against blank solution containing
phosphate buffer solution without hydrogen peroxide.
The percent hydrogen peroxide scavenging activity was
calculated from the following formula:

%Hydrogen peroxide scavenging activity = Ac − As

Ac
× 100

Where, Ac is the absorbance of control solution, and As
is the absorbance of sample solution.
(iii) Total reducing power assay
The reducing capability of various samples were mea-
sured by the transformation of Fe3+ to Fe2+ as per
the procedure reported by Oyaizu.21 The different

dx.doi.org/10.1016/j.imr.2013.04.002
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Table 1 – Results of kinetic study with respect to hours.

Preparation Alcohol production (g/L) Substrate consumption
(%w/v)

Withaferine A (ng/�L) Withanolide A (ng/�L)

Str. Line equation R2 Str. Line equation R2 Str. Line equation R2 Str. Line equation R2

ASG-WFS y = 0.118x + 8.288 0.976 y = -0.031x + 36.19 0.974 y = 0.038x + 5.518 0.987 y = 0.027x + 4.742 0.978
ASG-8 y = 0.074x + 3.136 0.913 y = -0.019x + 33.08 0.941 y = 0.024x + 5.474 0.968 y = 0.022x + 5.134 0.982
ASG-10 y = 0.076x + 0.645 0.924 y = -0.021x + 26.28 0.782 y = 0.015x + 6.459 0.964 y = 0.015x + 6.320 0.968
ASG-16 y = 0.098x + 0.088 0.992 y = -0.031x + 2.67 0.997 y = 0.016x + 6.582 0.966 y = 0.017x + 5.467 0.947
ASG-20 y = 0.764x + 6.32 0.955 y = -0.267x + 26.80 0.956 y = 0.079x + 5.924 0.983 y = 0.091x + 5.037 0.973
ASG-Mix y = 0.803x + 8.174 0.945 y = -0.484x + 24.90 0.925 y = 0.048x + 7.004 0.981 y = 0.060x + 5.606 0.990
ASG-SC1011 y = 1.810x + 3.583 0.980 y = -0.469x + 25.74 0.972 y = 0.080x + 5.643 0.979 y = 0.083x + 5.261 0.981
ASG-20z y = 0.942x + 2.341 0.992 y = -0.281x + 27.73 0.960 y = 0.074x + 6.545 0.981 y = 0.089x + 5.757 0.973
ASG-WFB* y = 0.129x + 4.164 0.992 y = -0.034x + 33.00 0.990 - - - -

*
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Formulation without roots of W. somnifera

concentration of sample (10, 20, 30, 40, 60 and 100 �L/mL)
were mixed with phosphate buffer (2.5 mL, 0.2 M, pH
6.6) and potassium ferricyanide (2.5 mL, 1%). The mix-
ture was incubated at 50 ◦C for 20 min by adding 10%
trichloroacetic acid (2.5 mL). The mixture was then cen-
trifuged and upper supernatant layer of solution (2.5 mL)
was mixed with distilled water (2.5 mL) and FeCl3 (0.5 mL,
0.1%), and absorbance was measured at 700 nm. The
increased absorbance of the reaction mixture indicated
increased reducing power.

. Results

.1. Statistical analysis of data

he data of results are expressed as mean ± standard error
f the mean (SEM). The statistical analysis of results was car-
ied out using software Graph pad (Instat and Prism 5.0 Demo
ersion). One way ANOVA followed by Dunnett’s multiple com-
arison tests was done for in vitro antioxidant tests. p < 0.05
as considered to be significant.

.2. Preparation of formulations

otal nine formulations of ashwagandharishtha were prepared
y traditional and non-traditional fermentation process. Tra-
itional process involved the use of W. fruticosa flowers
hereas, non-traditional formulation involved the use of

easts isolated from the same flowers. One formulation was
repared by using inoculums of standard strain yeast S. cere-
isiae SC1011.

.3. Kinetic of fermentation process

ll the formulations were yellowish in colour and turbid
hroughout the fermentation process. Kinetic study of fer-

entation showed that alcohol generation in all formulations
as proportionally increased with the consumption of resid-

al sugar (substrate). Stopping of fermentation was indicated
topping of alcohol generation and no further consumption of
esidual sugar. Formulations i.e. ASG-20, ASG-Mix, ASG-20z,
SG-SC1011, ASG-WFS and ASG-WFB which were prepared
using the strain of S. cerevisiae, mixture of yeasts, and using
flowers of W. fruticosa have produced the alcohol in the recom-
mended range 8-12%v/v (63-95 g/L) (Table 1). Thus, the strain S.
cerevisiae is essential for the alcohol production in the required
range. Whereas, all those formulations which were prepared
using the strains of S. fibuligera did not produced alcohol in the
recommended range.

3.4. Withanolides extraction kinetic

From the results, it was observed that there no changes in
extraction of withanolides were observed after increased in
the alcohol concentration. In all, extraction of withanolides
was continued even after the stopping of alcohol generation.
Withanolides contents and extraction rate was low in those
formulations which were prepared using strains of S. fibuligera.
But, in other formulations including traditional, withanolides
contents and extraction rate was higher (Table 1). Results
of formulation ASG-SC1011 which was kept for a month
clearly indicated that for the complete extraction of withano-
lides at least one month of period is required. Contents of
withanolides after 0 h indicate that about 20-25% withano-
lides gets extracted during the decoction. This result tells
the need of decoction of roots before the fermentation pro-
cess.

3.5. Analysis of non-ethanol volatile (NEV) compounds

Total 11 different NEV compounds i.e. acetaldehyde, ethyl
acetate, methanol, diacetyl, 1-propanol, 2,3-pentadione,
isobutanol, 1-butanol, isoamyl acetate, isoamyl alcohol and
furfural were produced in different formulations. The amount
of NEV compounds in prepared formlations was closer to
the amount present in marketed formulation. The quan-
tity of all the compounds was within the ICH limit.22 This
indicates the safety of formulations for the human being
or patient. Compounds acetaldehyde, methanol and isoamyl
alcohol were common in all formulations. Among them,

isoamyl alcohol was present in higher amount. Traditional
formulation (ASG-WFS) showed highest amount of methanol.
This may be due to the contamination of flowers with other
microorganisms.8
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Fig. 1 – DPPH scavenging potential of various formulations.
ASG-8, Ashwagandharishtha prepared using strain S.
fibuligera Jm.8; ASG-Mix, Ashwagandharishtha prepared
using mixture of strains S. fibuligera Jm.8, S. fibuligera Jm.10,
S. fibuligera Jm.16 and S. cerevisiae Jm.20; ASG-SC1011,
Ashwagandharishtha prepared using standard strain of S.
cerevisiae SC1011; ASG-16, Ashwagandharishtha prepared
using strain S. fibuligera Jm.16; ASG-10,
Ashwagandharishtha prepared using strain S. fibuligera
Jm.10; ASG-20, Ashwagandharishtha prepared using strain
S. cerevisiae Jm.20; ASG-20z, Ashwagandharishtha prepared
using strain S. cerevisiae Jm.20 at optimum fermentation
conditions; ASG-WFS, Ashwagandharishtha prepared

Fig. 2 – Hydrogen peroxide scavenging potential of various
formulations.
ASG-8, Ashwagandharishtha prepared using strain S.
fibuligera Jm.8; ASG-Mix, Ashwagandharishtha prepared
using mixture of strains S. fibuligera Jm.8, S. fibuligera Jm.10,
S. fibuligera Jm.16 and S. cerevisiae Jm.20; ASG-SC1011,
Ashwagandharishtha prepared using standard strain of S.
cerevisiae SC1011; ASG-16, Ashwagandharishtha prepared
using strain S. fibuligera Jm.16; ASG-10,
Ashwagandharishtha prepared using strain S. fibuligera
Jm.10; ASG-20, Ashwagandharishtha prepared using strain
S. cerevisiae Jm.20; ASG-20z, Ashwagandharishtha prepared
using strain S. cerevisiae Jm.20 at optimum fermentation

be due to the presence of higher amount of jaggery which
using W. fruticosa flowers.

4. Discussion

4.1. Evaluation of antioxidant potential

4.1.1. DPPH scavenging assay
All the formulations and ascorbic acid were found to
decreases the concentration of DPPH significantly (p < 0.05)
from the concentration of 100 �L/mL to 1000 �L/mL. The
DPPH scavenging potential was observed in order of
ASG-WFS > ASG-WFB > ASG-8 > ASG-10 > ASG-16 > ascorbic
acid > ASG-20 > ASG-Mix > ASG-SC1011. The IC50 values of the
preparations ASG-WFS, ASG-WFB, ASG-8, ASG-10, ASG-16,
ascorbic acid, ASG-20, ASG-Mix, ASG-SC1011 and ASG-20z
were 13.11, 13.94, 14.69, 18.44, 18.57, 19.82, 21.57, 22.38, 22.90
and 31.65, respectively. The free radical scavenging potential
was decreased with decrease in concentration. The results
obtained were statistically significant (p < 0.05) compared to
control (Fig. 1).

4.1.2. Hydrogen peroxide scavenging assay
Traditional formulation (ASG-WFS) up to the concentration
100 �L/mL showed higher hydrogen peroxide scavenging
potential than that of ascorbic acid and other preparations
Preparation ASG-8, ASG-10 and ASG-16 showed lesser and

almost equal activity. Formulation ASG-20, ASG-Mix and ASG-
SC1011 have also exhibited intermediate and almost equal
activity. Hydrogen peroxide scavenging effect was observed
conditions; ASG-WFS, Ashwagandharishtha prepared
using W. fruticosa flowers.

in order of ASG-WFS > ASG-8 > ASG-10 > ASG-16 > ASG-
WFB > ascorbic acid > ASG-20 > ASG-20z > ASG-Mix > ASG-
SC1011. IC50 values of the preparations ASG-WFS, ASG-8, ASG-
10, ASG-16, ASG-WFB, ascorbic acid, ASG-20, ASG-Mix and
ASG-SC1011 were 30.06, 30.60, 30.85, 31.51, 33.35, 39.72, 44.50,
44.62, 44.96 and 45.14, respectively. The results obtained were
statistically significant (p < 0.05) compared to control (Fig. 2).

4.1.3. Total reduction capability assay
Total reducing power of all the formulations was increased
with increasing concentration. Order of reducing power
was ASG-WFS > ASG-WFB > (ASG-8 = ASG-10) > ASG-16 > (ASG-
20 = ASG-20z = ascorbicacid)>ASG-Mix>ASG-SC1011. All the
formulation and ascorbic acid showed almost same IC50 val-
ues. The IC50 values of the preparations ASG-WFS, ASG-8,
ASG-10, ASG-16, ascorbic acid, ASG-20, ASG-Mix and ASG-
SC1011 were 49.72, 49.74, 49.74, 49.76, 49.77, 49.77, 49.79 and
49.80, respectively. The reducing power exhibited by the prepa-
rations were statistically significant (p < 0.05) (Fig. 3).

Despite the variation in withanolides concentration, all the
formulations showed significant in vitro antioxidant activity
by all methods relative to standard ascorbic acid. This might
itself also act as strong antioxidant substance.23 Among all
formulations, traditional ASG-WFS showed slightly more
activity by all the model systems. This increased in activity

dx.doi.org/10.1016/j.imr.2013.04.002
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Fig. 3 – Total reducing potential of various formulations.
ASG-8, Ashwagandharishtha prepared using strain S.
fibuligera Jm.8; ASG-Mix, Ashwagandharishtha prepared
using mixture of strains S. fibuligera Jm.8, S. fibuligera Jm.10,
S. fibuligera Jm.16 and S. cerevisiae Jm.20; ASG-SC1011,
Ashwagandharishtha prepared using standard strain of S.
cerevisiae SC1011; ASG-16, Ashwagandharishtha prepared
using strain S. fibuligera Jm.16; ASG-10,
Ashwagandharishtha prepared using strain S. fibuligera
Jm.10; ASG-20, Ashwagandharishtha prepared using strain
S. cerevisiae Jm.20; ASG-20z, Ashwagandharishtha prepared
using strain S. cerevisiae Jm.20 at optimum fermentation
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onditions; ASG-WFS, Ashwagandharishtha prepared
sing W. fruticosa flowers.

ay be due to the presence of phenolic compounds in the
owers.24,25 Traditional blank formulation (ASG-WFB) con-
rms that flowers are responsible for this increased in activity.
ata of antioxidant study also explains at least in a part how
reparation process affects the biological activity. This study
lso act as supporting evidence to the traditional process
eported in Ayurvedic Pharmacopoeia of India which recom-

end the need of at least 1 month of period for completing
ermentation process for preparing Ashwagandharishtha.

From the results, it can be concluded that the traditional
ethod is the best method for preparing ashwagandharishtha

or a significant antioxidant activity. The results also supports
hat the W. fruticosa flowers are not only important for the
egulation of fermentation processes for preparation of formu-
ation but are also essential for significant antioxidant activity.
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