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ABSTRACT

Aim/Background: The safe and complete extraction of flavonoids from plant material
influenced by various factors has been ever challenging for the researchers. The study
was planned to optimize the extraction of flavonoids from nucifera seeds and their
antioxidant activity. Materials and Methods: The flavonoids were extracted at various
combination of four extraction factors including particle size of the flour in terms of
sieve number (SN), microwave treatment time (MTT), concentration of methanol as
extracting solvent (CM) and soaking time (ST) each at five levels using a response
surface central composite design. The extracts were analyzed for total flavonoid content
(TFC), B-carotene bleaching capacity (BCBC) and linoleic acid reduction capacity (LARC).
Results: A statistically significant (p<0.05) effect of the extraction factors was observed
on TFC, BCBC and LARC. A linear positive effect of MTT and CM and a quadratic
positive effect of SN and CM was observed on TFC. The BCBC and LARC were also
found to be increased linearly by increasing the SN, MTT and CM. The levels of SN,
MTT, CM and ST to obtain optimal value of TFC (1.468 g/100g dry weight) were found
to be 132.94 meshes/inch, 1.85 min, 99.87% and 3.06 h respectively. Conclusion: The
increase in TFC by increasing the MTT and CM may be attributed to the microwave-
assisted release of bound flavonoids and their amphiphilic structure. The data would be
a valuable guideline for the researchers regarding the extraction of plant flavonoids and
their antioxidant potential. Submission Date: 06-06-2020;
Revision Date: 02-12-2020;
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The physical techniques including ultra-sonication,
microwave and other thermal treatments have been
proposed to increase the extraction yield of the bound
phytochemicals from plant material even at relatively

6 'The microwave treatment has

larger particle sizes.
been proved to be effective in releasing the bound
phytochemicals and increasing the extract yield. However,
the prolonged microwave heating may result in thermal
degradation of the phytochemicals.>>"*

Flavonoids are a class of the antioxidant phytochemicals
present in various parts of higher plants. Flavonoids
possess strong antioxidant activity in terms of metal and
lipid reducing, beta-carotene bleaching and free radical
scavenging capacities and are also effective in protection
against cardiovascular damage.”!' These compounds
usually have a molecular structure consisting of an
aromatic, hydrocarbon skeleton with hydrophilic as
well as hydrophobic substituents. The amphiphilic
nature of flavonoids makes them unable to be extracted
completely in either the polar or the nonpolar solvents.
It is, therefore, necessary to find out a suitable solvent
system with intermediate polarity to ensure the complete
or desirable extraction of these compounds from plant
material.'*!*

Nelumbo  nucifera, locally known as lotus, is a rich
source of nutritional components that possesses a
good medicinal value due to the presence of non-
nutritional phytochemical compounds particulatly
the flavonoids. The N. nucifera seeds are a rich source
of bioactive flavonoids and show various biological
activities including anti-hepatotoxic, anti-proliferative,
anti-cancer, anti-inflammatory, anti-obesity and strong
antioxidant activities."””* Previously, the studies have
been performed on the extraction optimization and
antioxidant activities of phytochemicals from various
plant materials but limited data has been found
regarding the influence of various extraction factors on
the extraction of flavonoids from N. mucifera seed. In
the present study, the cumulative effect of four factors
including the particle size of the flour, microwave
treatment time, the concentration of methanol as
extracting solvent and soaking time on total flavonoid
content and antioxidant activity of N. nucifera seed
kernel was optimized by response surface methodology
(RSM), a statistical tool used for the multivariate
optimization.

MATERIALS AND METHODS

The seed kernels from N. nucifera seeds, purchased from
the local market, were separated manually by removing the
seed coat. The seed kernels were ground in an electric
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grinder and the temperature was maintained at 30£3°C
to minimize the chances of thermal degradation of
flavonoids. The seed kernel flour (SKF) thus obtained was
sealed in airtight glass jars and stored in datk at sterilized
laboratory conditions.

Experimental Design

The simultaneous effect of four extraction factors
including the particle size of the flour taken inversely
proportional to sieve number (SN), microwave treatment
time (MTT), the concentration of methanol (CM) as
extracting solvent and soaking time (ST) on total flavonoid
content (TFC), B-carotene bleaching capacity (BCBC)
and linoleic acid reduction capacity (LARC) of IN. nucifera
seed kernel was optimized by RSM using a 4-factorial
five-level central composite design (CCD). A second-
order polynomial quadratic model was proposed to
optimize the levels of extraction factors to achieve the
optimal response. The five levels of SN, MTT, CM and
ST were selected in the range of 60-140 meshes/inch,
0.5-2.5 min, 20-100% and 1-5 h with the interval of 20
meshes/inch, 0.5 min, 20% and 1 h respectively. A total
of 30 experimental runs were proposed by the suggested
model including 8 axial, 6 center and 16 factorial points
(Table 1).

Sieving

The N. nucifera SKI was subjected to successive sieving
through a series of micro sieves having mesh number 60,
80, 100, 120 and 140 meshes/inch. A gradual increase
in sieve number resulted in a proportional decrease in
particle size (178-250, 150-177, 126-149, 106-125 and

<106 um respectively) and an increase in surface area
(Sigma Aldrich 2014).

Microwave treatment of flour

The SKF (50 g) obtained from various sieves, was
heated (sample mass of 10 g per load) in a microwave
oven (LG: MS-1944WP, LG Electronics Inc.) at low
power radiation intensity (200 W) and treatment time as
suggested by CCD. The burning of the flour was prevented
by discontinuing the treatment after each min and
mixing of the flour.

Preparation of extracts

The native SKF (1 g) of particle size <250 pm (SN:
60 meshes/inch) was extracted in 80% methanol (1:10
w/v) for 5 h while the microwave irradiated flour (1 g) at
selected levels of SN and MT'T was extracted at various
combinations of CM and ST as per chosen by CCD. The
volume of each of the crude methanolic extracts was

made up to 10 ml and used for the spectrophotometric
determination of TFC, BCBC and LARC.
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Table 1: Experimental values of total flavonoid content (TFC), 3-carotene bleaching capacity (BCBC) and

linoleic acid reduction capacity (LARC) of N. nucifera seed flour extracted at various combinations of extraction

factors as selected by the central composite design.

X, Micr::'(\zlvave 5 X, TFC
Std. Runs Sieve nur_nber treatment Conc. of S_oaking (g/100 g dw) BCBC (%) | LARC (%)
(meshesl/inch) time (min) methanol. (%) time (h)

Native flour 60 0 80 5 0.23+0.06 50.65 62.87
28 1 100 1.5 60 3 0.35 49.31 58.35
27 2 100 1.5 60 3 0.35 49.31 58.35
16 3 120 2 80 4 0.58 77.09 51.01
17 4 60 1.5 60 3 0.43 61.71 50.11
9 5 80 1 40 4 0.21 57.1 55.28
1 6 80 2 40 4 0.29 60.57 56.34
15 7 80 2 80 4 1.07 70.31 60.13
20 8 100 25 60 3 1.12 75.3 56.02
6 9 120 1 80 2 1.23 69.6 67
22 10 100 1.5 100 3 1.40 66.77 55.06
8 11 120 2 80 2 0.66 74.97 47.01
7 12 80 2 80 2 1.02 78.64 65.03
29 13 100 1.5 60 3 0.35 49.31 58.35
21 14 100 1.5 20 3 0.15 45.06 70.1
26 15 100 1.5 60 3 0.35 49.31 58.35
25 16 100 1.5 60 3 0.35 49.31 58.35
12 17 120 2 40 4 0.52 45.61 49.25

1 18 80 1 40 2 0.27 54.05 72.01
10 19 120 1 40 4 0.28 60 77.03
19 20 100 0.5 60 3 0.29 59.96 66.1
18 21 140 1.5 60 3 0.96 64.16 60.02
5 22 80 1 80 2 0.85 50.04 59
13 23 80 1 80 4 0.93 55.89 66.04
14 24 120 1 80 4 1.06 78.41 74.09
24 25 100 1.5 60 5 0.35 61.26 65.03
23 26 100 1.5 60 1 0.51 61.48 69.03
2 27 120 1 40 2 0.17 57.95 76.07
30 28 100 1.5 60 3 0.35 49.31 58.35
4 29 120 2 40 2 0.25 59.95 56.34
3 30 80 2 40 2 0.25 58.57 75

Meanzstandard deviation 0.55+0.17 60.01+3.19 | 61.61+3.47
Selected levels of extraction factors
X,: Sieve number (meshes/inch) 60 80 100 120 140
X,: Microwave treatment time (min) 0.5 1 1.5 2 2.5
X,: Conc. of methanol. (%) 20 40 60 80 100
X,: Soaking time (h) 1 2 & 4 5
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Total flavonoid content

TFC of N. nucifera SKF extracts obtained at selected
combinations of extraction factors was determined
by the previously described method.” The catechin
equivalent TFC (g/100 g dw) was calculated using the
regression equation (TFC (%) = Absorbance of the
sample/0.898) obtained from the calibration curve of
catechin (R?= 0.986).

p-Carotene bleaching capacity

BCBC of extracts was determined by the previously
described method.?* The BCBC was calculated as:

BCB (%) = (ABS,,, / Abs) x 100
Where Abs,, . is the absorbance of reaction mixture
120 min after addition of sample and Abs is the
absorbance of the reaction mixture before the addition

of the sample.

Linoleic acid reduction capacity

LARC of the extracts was determined by the method
desctibed eatlier.”” The reaction mixture without sample
was taken as control and the LARC was calculated as
percent inhibition of lipid peroxidation in the linoleic
acid system as:

LARC (0/0) = [1 - (Abssz\mplc / AbSControl )] x 100

Statistical analysis

The TFC of the native flour was presented as the mean
t standard deviation of three parallel replicates. The
data on the TFC of extracts obtained from microwave
treated flour at various combinations of extraction factors
were statistically analyzed by a polynomial quadratic
model using response surface CCD. The influence of
extraction factors on TFC was determined by one-
way analysis of variance (ANOVA), the significance of
variation in data was measured in terms of the lake of fit
(F-value) and probability (p-value). The prediction of the
optimum level of TFC, BCBC and LARC as a function
of SN, MTT, CM and ST was done by the following
generalized  second-order

polynomial  regression

equation:

4 4
Y. = Bo +ZﬁrXr +2ﬁrrxrg +z
r=1 r=1

Where Y is the predicted value of a particular response,

4
z IBT'SXT'S

r<s=1

B, B, B and B are the regression coefficients for the
main, linear, interaction and quadratic effect of input
variables X and X
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The linearity of the response, and the validity, precision
and reliability of the proposed model were tested by
determining the value of the coefficient of determination
(R?), obtaining the predicted values of the responses and
plotting against those obtained by experimental runs, and
determining the adequate precision and coefficient of
variation respectively. The optimum levels of extraction
variables to achieve the maximal response were found
by numerical optimization of the experimental data.
The development of the response surface model, analysis
of variance and optimization of variables were carried out
in statistical software, Design Expert 10.0 (Stat-Ease, Inc.).

RESULTS

A multivariate effect of extraction factors including
SN, MTT, CM and ST on TFC, BCBC and LARC of
N. nucifera SKF extracts was optimized by RSM. The
experimental results of TFC of the native N. nucifera SKIF
and that treated with microwave radiation and extracted
at selected combinations of SN, MTT, CM and ST are
presented in Table 1. The TFC, BCBC and LARC of
the native flour were found to be 0.23£0.06 g/100 g dw
and 50.65 and 62.87 % respectively. The TFC, BCBC
and LARC of the microwave treated flour, extracted at
selected levels of extraction factors, ranged from 0.15 to
1.4 ¢/100 g dw and 45.06 to 78.64 and 47.01 to 77.03%
with mean * standard deviations of 0.55+0.17 g/100 g
dw and 60.01£3.19 and 61.61£3.47% respectively. A
statistically significant difference (p<<0.05) was observed
in the TFC, BCBC and LLARC of the extracts obtained
at various combinations of extraction factors. The
results for TFC were found to be comparatively lower
than those reported in various extracts of IN. nucifera

seeds pod."”

DISCUSSION

The antioxidant potential and biological activity of
any plant material mainly depend on its flavonoid
composition. Some factors including the particle size
of the material, extraction method, the nature of the
extracting solvent, extraction temperature and soaking
time may significantly affect the extraction yield of
flavonoids from plant material which may further affect
the evaluation of its biological activity. The plant matetial
with relatively larger particle size gives low extract yield
due to the limited interaction between the solvent
molecules and the phytochemicals. Very small particle
size ensures anincrease in the surface area, intermolecular
interaction and the extract yield. However, there are
chances of degradation of phytochemicals during the
fine grinding of plant material which may reduce the
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yield of the phytochemicals of interest. The increasing
trends of microwave cooking of food and microwave
assisted-extraction of phytochemicals in the research
field have urged the reseatchers to investigate its
advantages and drawbacks. Depending on the intensity
of microwave radiation and duration of treatment,
microwave-cooking and microwave-assisted extraction
may significantly affect the extraction and biological
activity of phytochemical compounds present in plant
materials. The nature and concentration of the solvent and
total soaking time may also affect the yield and quality of
phytochemical compounds.

Response surface analysis and optimization of
results

The experimental data were statistically analyzed using
response surface models to find the levels of selected
extraction variables in the optimal region of the TFC,
BCBC and LARC of N. nucifera seeds extracts. The
statistical terms showing the main, interaction and
quadratic effects of SN, MTT, CM and ST on TFC,
BCBC and LARC of extracts as obtained by one way
analysis of variance (ANOVA) are presented in Table 2.
The following polynomial regression equations were
obtained to show the relationship between the extraction
factors and the response:

The values of coefficient determination (R*=0.8797-
0.9488) indicate that 87-94% wvariability of the TFC,
BCBC and LARC could be explained by the proposed
statistical model with high significance and good
prediction. The relatively higher F-values and lower
p-values obtained by one-way analysis of wvariance
(ANOVA) of experimental data indicated a significant
(p<0.05) positive main effect of the selected input
variable on each of the studied response. The statistically
significant linear and quadratic positive effects of CM
and quadratic positive effect of SN were observed on
TFC. However, no significant interaction effect of
the selected factors was observed on TFC. The linear,
interaction and quadratic effects of SN, MTT and
CM were found to be significant on BCBC. The linear
effect of each of the selected factors, the interaction
effect of SN, MTT and ST and quadratic effect of
CM and ST were found to be significant on LARC.
The calculated value of adjusted R* (0.7675-9011) also
favors the significance of the proposed model. The
values of coefficient of variation (CV=5.32-31.10%)
and adequate precision (AP=11.394-14.782) suggests
a better precision of the experimental model claiming
better reproducibility of the experiment at optimum
levels of input variables as suggested by the model. The
main, interaction and quadratic effects of SN, MTT, CM

TFC(g/100 g dw)=0.666—0.027X, +0.52X, + 6.420E™" X, —=0.105X, —6.25 "X, X,
—6.875E" X X, - 250" X, X, =7.625E"" X, X, +0.053X, X,
—1.188E™ X, X, +2.135""™ X7 +0.16 X} +2.64 E™ X2 +0.019X7

BCBC (%) =196.35—1.597X, —18.858 X, —1.690X, —13.673X, —0.3709X, X,
+8.120E™ X, X, —0.0123X, X, +0.3217X, X, —4.7888 X, X,
+0.049X,X, +8.968E"" X7 +19.043X +4.579" X7 +3.196 X

LARC (%) =62.639+ 0.940 X, +48.434 X, —0.856X, —33.529X,
—0.592X,X, —1.74219E™ " X, X, + 0.119X, X, +3.18750E™"" X, X,
—3.126X,X, +0.171X, X, —1.436E™ "X} +3.697X7 + 3.260E™"" X7 + 2.417X;

and ST on TFC, BCBC and LLARC of the extracts were
also explained graphically by drawing their contour and
three dimensional (3D) response surface plots (Figure 1
A-F, Figure 2A-F and Figure 3A-F). The predicted values
of TFC, BCBC and LARC at each combination of input
factors selected by experimental design were calculated
from the polynomial regression equations and plotted
against the experimental values of the respective responses
to test the applicability of the suggested model (Figure
4A-C). A significant correlation was observed between

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 [Suppl] | Jan-Mar, 2021

the experimental and predicted values of responses
with high values of correlation coefficients (R*=0.88173-
0.9489). The higher values of R* prove the applicability
of the proposed model with good accuracy to study the
effect of selected extraction factors on TFC, BCBC and
LARC of N. nucifera seed kernel extracts.

The levels of the extraction factors to achieve the
optimal value of TFC, BCBC and LARC with maximum
desirability were numerically optimized within the
selected range and maximum desirability (Figure 5 A-D).
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Table 2: Statistical parameters calculated from one-way analysis of variation (ANOVA) for optimization at vari-

ous levels of selected variables.

TFC (g/100 g dw) BCBC (%) LARC (%)

Source CE’ SE F-value | p-value CE SE F-value | p-value CE SE | F-value | p-value
Model 0.35 0.070 7.84 0.0001 49.31 1 1.30 < 0.0001 58.35 1 1.42 < 0.0001
A-SN

(meshes/ 0.034 0.035 0.96 0.3420 1.80 1 0.65 0.0143 0.37 1 0.71 0.6124
inch).

B-MTT (min) | 0.025 0.035 0.52 0.0483 | 3.06 1 0.65 0.0003 -4.44 1 0.71 < 0.0001
C-CM (%) 0.32 0.035 86.25 | <0.001 | 6.02 1 0.65 <0.0001 | -2.42 1 0.71 0.0038
D-ST (h) -7'§gOE- 0.035 0.046 0.8323 | 0.032 1 0.65 0.9614 -1.51 1 0.71 0.0495
AB -0.062 0.043 2.15 0.1634 | -3.71 1 0.80 0.0003 -5.92 1 0.87 < 0.0001
AC -0.027 0.043 0.42 0.5287 3.25 1 0.80 0.0010 -0.70 1 0.87 0.4340
AD _5'00(?305 0.043 0.014 0.9082 | -0.25 1 0.80 0.7625 2.39 1 0.87 0.0147
BC -0.076 0.043 3.20 0.0393 | 3.22 1 0.80 0.0011 0.032 1 0.87 0.9712
BD 0.026 0.043 0.38 0.5474 | -2.39 1 0.80 0.0090 -1.56 1 0.87 0.0915
ch -0.024 0.043 0.31 0.5857 | 0.98 1 0.80 0.2380 342 1 0.87 0.0013
A? 0.085 0.033 6.88 0.0192 | 3.59 1 0.61 <0.0001 | -0.57 1 0.66 0.3992
B2 0.038 0.033 1.36 0.2625 | 4.76 1 0.61 < 0.0001 0.92 1 0.66 0.1830
c? 0.11 0.033 10.48 0.0055 | 1.83 1 0.61 0.0089 1.30 1 0.66 0.0676
D? 0.019 0.033 0.35 0.5649 | 3.20 1 0.61 < 0.0001 242 1 0.66 0.0024

R? 0.8797 0.9488 0.9082

Adj. R? 0.7675 0.9011 0.8226

Pred. R? 0.3072 0.7053 0.4714

CV (%) 31.10 5.32 5.63

AP 11.394 14.782 12.512

“CE: Coefficient of estimate, SE: Standard error, SN: Sieve number, MTT: Microwave treatment time, CM: Concentration of methanol, ST: Soaking time, CV: Coefficient of

variation, R* Regression coefficient, AP: Adequate precision

The optimum level of SN, MTT, CM and ST to achieve
maximum values of TFC (1.47 g/100 g dw), BCBC
81.09 (%) and LARC 77.03 (%) were found to be 132.94,
110.668 and 139.995 meshes/inch, 1.85, 2.45 and 1.69
min, 99.87, 75.27 and 99.99% and 3.06, 3.30 and 5 h,
respectively.

Theincrease in TFC by decreasing the particle size may be
attributed to the increase in the surface area and physical
interaction between the flavonoids and the extracting
solvent. The increase in TFC in response to an increase
in microwave treatment time and solvent concentration
may be correlated with the microwave-assisted release of
bound flavonoids and amphiphilic nature of flavonoids
present in N. nucifera seeds. However, an increase in
the levels of MTT and ST beyond the optimum limits
suggested by the proposed model results in a decrease
in TFC of the extracts which may be attributed to the
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possible oxidation and decomposition of the flavonoids.
The increase in BCBC and LARC in response to an
increase in SN, MTT and CM may also be attributed to
the increase in the extraction of flavonoids and other
phytochemical antioxidant compounds.

CONCLUSION

In conclusion, the extraction of flavonoids from N.
nucifera SKF  was  significantly increased linearly in
response to an increase in SN (decrease in particle size),
MTT and CM but up to a certain limit. The BCBC and
LARC were also found to be increased in linear and
quadratic fashion in response to an increase in the SN,
MTT and CM. The LARC was also increased as a linear
function of ST. Relatively smaller particle size, prolonged
microwave treatment and high methanol concentration
favored the extraction of flavonoids. The present study
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Figure 3: 3D response surface plots of the linoleic acid
reduction capacity of N. nucifera seed kernel extracts
obtained at various levels of selected extraction factors.
SN Sieve number, M'TT: Microwave treatment time, CM: Concentration of methanol,

ST: Soaking time, LARC: Linoleic acid reduction capacity.

Figure 1: 3D response surface plots of the total flavonoid
content of N. nucifera seed kernel extracts obtained at
various levels of selected extraction factors.

SN: Sieve number, MTT: Microwave treatment time, CM: Concentration of methanol,

ST: Soaking time, TFC: Total flavonoid content.
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Figure 2: 3D response surface plots of the 3-carotene 0 20 20 6o g0 100
blez.ichlng cap_a\clty of N. nucifera seed kerm.el extracts Experimental
obtained at various levels of selected extraction factors.

SN: Sieve number, MTT: Microwave treatment time, CM: Concentration of methanol,

Figure 4: Correlation between the experimental and predicted

ST: Soaking time, BCBA: §-carotene bleaching activity.SN: Sieve number, MTT: values of A: Total flavonoid content, B: B'carOtene bleaching
Microwave treatment time, CM: Concentration of methanol, ST: Soaking time, TFC: activity and C: Linoleic acid reduction capacity of N. nucifera
Total flavonoid content. seed kernel extracts.
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Figure 5: The criteria for optimization and the optimum levels
of extraction factors to achieve the maximum value of the
responses.

A: Optimization criteria, B: Total flavonoid content,

C: p-carotene bleaching activity, D: Linoleic acid reduction
capacity
Prediction: Optimum response, X,: Sieve number,

X,: Microwave treatment time, X,: Concentration of methanol,
X,: Soaking time

provides the optimum conditions for the extraction of
flavonoids present in N. nucifera seeds. The data would
be a valuable contribution to the literature based on
the extraction of plant flavonoids and their antioxidant
potential for medicinal and pharmaceutical applications.
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of estimate; CM: Concentration of methanol; CV:
Coefficient of variation; LARC: Linoleic acid reduction
capacity; MTT: Microwave treatment; R% Regression
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coefficient; SE: Standard error; SKF: Seed kernel flout;
SN: Sieve number, time, ST: Soaking time; TFC: Total
flavonoid content.
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SUMMARY

In present study, four extraction factors were optimized for flavonoid extraction from Nelumbo nucifera seed kernel
flour. The extraction factors were also optimized for optimal Beta-carotene bleaching and lipid reducing capacity of
extracts. A statistically significant positive main effect of the extraction factors was observed on total flavonoid
content. Relatively smaller particle size, prolonged microwave treatment and high methanol concentration
increased the extraction of flavonoids. The extraction factors also showed a positive effect on optimal beta-
carotene bleaching and lipid reducing capacity of extracts.
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