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Abstract !
Wood apple is an under exploited edible fruit, that contains a myriad
of phytochemicals and is used in ethnomedicine to treat a variety
of diseases. This research uses Response Surface Methodology (RSM) Article History

to optimize phenolic compound extraction as significantly (p<0.01) Received: 19 June
influenced by various solvents and extraction conditions including 2022
solvent concentration (50-100%), temperature (30-60°C) and time Accepted: 14 August
(2-5 hr) as independent variables, and extraction yield, phenolic content and 2022
DPPH activity as dependent variables. The optimal extraction conditions
obtained were: methanol (81.46% concentration, 53°C temperature Kri!iglig;gtsActivity;
for 3.3 hr); ethanol (73.04% concentration, 45°C temperature for 3.58 hr); Extraction Conditions;
acetone (50% concentration, 43.48°C temperature for 3.06 hr) and ethyl Phenolic Content;
acetate (99% concentration, 49.5°C temperature for 2 hr). The maximum &Vﬁsg_ﬁs?lssf:_m’
extraction yield (38.14%) along with DPPH activity (80.85%) were observed
using methanol, and phenolic content (248.84 mg GAE/g) using acetone.
The phenolic compounds (gallic, syringic, vanillic acid etc.) in optimised
solvent extract were quantified using Ultra High Performance Liquid
Chromatography (UHPLC-UV).

Introduction throughout South Asia and is recognized by several

Wood apple (Limonia acidissima L.) is a tropical names such as monkey apple, elephant apple, and
fruit plant native to India, Myanmar, and Sri Lanka  kaitha.' Polyphenolics, phytosterols, flavonoids,
that belongs to the Rutaceae family. It is cultivated  saponin, tannins, coumarins, amino acids, vitamins,
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and minerals are all abundant in its fruit.234° Its fruit
possessed pharmacological properties such as anti-
diabetic, anti-tumour, antibacterial6, antimicrobial,”
antioxidant and antimutagenic properties, that are
used for treating diuretics, liver tonic, cardiotonic,
stomachic, lunges problem, and gastrointestinal
disorders.? Traditionally, its fruit pulp is consumed
as raw, mature fruit pulp blended with cardamom,
pepper, honey or cumin, and commercially
its pulp is used as a major ingredient in jam, fruit
bar, jelly,®'° wine, chutney," and seeds used as flour
for functional food formulation.?

The extraction of phenolic compounds using
various solvents and their antioxidant capabilities
from wood apple fruit pulp is the major focus
of this study. Nowadays, food industries have
preferred natural phytochemicals over synthetic
and chemical ingredients due to the adverse
effects of chemicals on human health. For obtained
phytochemicals, extraction of these compounds from
a complex plant matrix is the main process, thus,
optimization of extraction conditions is important to
provide maximum results of targeted compounds
(total phenolic content and antioxidant activities). 4
Many factors influence extraction processes,
including extraction techniques, solvent type, solvent
concentration, extraction duration, temperature,
and solid-solvent ratio15. Extraction of phenolic
compounds with various solvents is complicated
because of release of bounded phenolic compounds
which are strongly bound to the insoluble cell-
matrix of plants. Various solvents such as ethanol,
methanol, acetone and ethyl acetate are used
for extraction due to different solubility, polarity
and they were responsible for extracting particular
compounds from cell-matrix. Polar phenolic
compounds such as cinnamic or benzoic acid are not
completely extracted with pure organic solvent thus,
organic solvent conjugation with aqueous has been
recommended for effective extraction.'® As a result,
optimizing the extraction conditions was necessary
for optimal recovery of total phenolic content and
antioxidant capacity. For this purpose, Response
surface methodology and desirability analysis were
applied to standardize and optimize extraction
variables and factors. The advantages of RSM
are to provide a low numbers of experimental runs
that than can be easily handle, advance operating
of data interpretation, interaction and correlation
of variables.®'” Therefore, this research aimed to

optimize the effect of extraction parameters such
as solvent concentration, extraction duration and
temperature on the yield, total phenolic content,
and antioxidant activities of wood apple fruit powder
using various solvents (ethanol, methanol, acetone
and ethyl acetate).

Materials and Methods

Sample Preparation

The matured wood apple fruits were collected from
the local market of Rewa city, Madhya Pradesh,
India. The shell was broken using hummer manually
and scooped the pulp was sieved over mesh
to separate seed and fibrous part, which was freeze-
dried (Lark, M-Penguin classic/ BANCHTOP, India)
for 24 hrs at -65 oC/50 Mpa. Freeze-dried samples
were grounded to obtain 40-mesh fine powder using
analytical mill (IKA-A11 Basic, Germany).

2 gm of freeze powdered wood apple was extracted
using solvent (methanol, ethanol, acetone and ethyl
acetate) concentration (50-100%), temperature
(30-600C), and time (2-5 hrs) according to the
experimental design obtained from response surface
methodology (RSM) (Table 1). The extraction
solution's pH was then brought down to 2 using
diluted HCI, and the process was carried out
at 150 rpm in an orbital shaking incubator (REMI RIS
24 Plus Orbital Shaking Incubator, Maharashtra).
The mixture was centrifuged (1500 rpm, 10 min)
and filtered through whatman filter paper No. 1
and stored at -4°C till further analysis with some
modifications.?

Extraction Yield

The extraction yield of dried extracts was calculated
using the following equation' on their dry weight
basis

W1 x 100

Extraction yield (g/100 g of dry plant material) = w2

Where W1 was the weight of extract after the
evaporation of solvent and W2 was the weight of dry
plant material. All the values were taken in triplicates
with standard deviation (SD).

Determination of Phenolics Content

Total phenolic content (TPC) was determined by
using Foline Ciocalteu method.'® Briefly, 0.1 ml of
the sample extract was mixed with 3 ml of distilled
water. After adding 2 ml of 20 percent sodium
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carbonate, the Foline Ciocalteu reagent (0.5 ml) was
added. After thorough mixing, incubated in boiling
water bath for exactly 1 min and then it was cooled
and absorbance was measured at 650 nm using
UV-spectrophotometer (Thermo Scientific,
GENESYS™ 10S UV-Vis, Germany) against
the reagent blank. The result was expressed as
mg GAE per gram sample dry weight. The data were
presented on average *+ SD for the triplicates.

Determination of Radical Scavenging DPPH
Activity

The radical scavenging 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) activity was determined according to the
method by Brand-Williams.? Briefly, 1 ml of a 1mM
methanolic solution of DPPH was added to 3 ml
of sample extract. The solution was mixed vigorously
and left undisturbed for 30 min at room temperature
in the dark. The data were presented on average +
SD for the triplicates. The absorbance was measured
at 517 nm by UV-spectrophotometry and scavenging
activity was expressed using the equation:

) ) o Absorbance of control — Absorbance of sample
DPPH scavenging radical activity (%) =

Absorhance of control

UHPLC Analysis

The extract of phenolics and separation of compound
was analyzed using ultra high performance liquid
chromatography (UHPLC) with wavelength of 280,
320 and 370 nm. Operating conditions: UPLC
BEH C18 column (2.1 mm x 100 mm, 1.8um,
Waters India Pvt. Ltd., Bengaluru) was utilized
including mobile phase A was a mixture of water
and methanol (in a ratio of 10:90, v/v), and mobile
phase B was made by the mix of methanol and water

635

(in a ratio of 90:10, v/v) with 0.1% formic acid
in both mobile phases, followed by 15 min degassing
at 21°C for both phases. The injection volume of the
sample was to be 5 ul and the flow rate of 10 pl per
minute.?' The identification and peak assignment
of phenolic compounds was based on the retention
time and spectral data with those of standards,
further identification was quantified based
on standard calibration curves.

Experimental Design

Response surface methodology (RSM) with central
composite design (CCD) was adopted in present
study for the finest arrangement of variables
selected for extrication of phenolic compounds from
wood apple. The Design Expert 11.0 software was
applied to minimize the experiment or run in the
best technique. In this study, solvent concentration
% (X,), extraction temperature °C (X,), extraction
time hr (X,) were select as independent factors and
dependent factors were yield of extraction, TPC, and
DPPH activity (Table 1) with various solvent solutions
such as ethanol, methanol, acetone and ethyl
acetate. Following the execution of experiments,
data were fitted using the following second-
order polynomial equation in accordance with
response surface analysis.
Y=BO+B1A+BzB+Bsc+B12AB+B13AC+Bz3BC+B11AA+
BzzBB+B3scC

Where, Y is the predicted responses (yield, TPC,
DPPH), Bo is model constant, B,, B, and 8, are model
linear and quadratic coefficients, B.,, B, B3 Bi112s53
are interaction coefficients and A, B and C are coded
values of independent variables.

Table 1: Central composite design with independent variables
and their actual values

Std. Run Factor A Factor B Factor C
% °C hr

1 7 -1 -1 -1

2 10 1 -1 -1

3 17 -1 1 -1

4 8 1 1 -1

5 5 -1 -1 1

6 3 1 -1 1

7 14 -1 1 1

8 1 1 1 1
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9 13 -1

10 12 1

11 1 0

12 9 0

13 6 0

14 15 0

15 19 0

16 20 0

17 2 0

18 18 0

19 4 0

20 16 0

Actual values

1 50
0 75
+1 100

636
0 0
0 0
-1 0
1 0
0 -1
0 1
0 0
0 0
0 0
0 0
0 0
0 0
30 2
45 3.5
60 5

Where, Std. = Standard run, A= Solvent Concentration, B = Temperature, C= Time.

Data Analysis and Model Validation

Using Design-expert software (version 11.0),
the data were analyzed and responses
were predicted. All the experiments were
completed in triplicates and statistical analysis
of data was allowed to fitted toward significant
and non-significant were removed to obtain
the reduced model. Model was predicated
on the regression analysis (R?) and ANOVA
analysis (p<0.05). Based on the regression
analysis and response surface plots,
the extraction conditions for yield,
total phenolic content, and antioxidant
activity were numerically optimized for the
maximum. In order to validate the model,
the experimental and predicted values
were furthermore compared.

Results and Discussion

Fitting the Response Surface Model

The experimental values of response variables
were used in response surface analysis to fit the
second-order polynomial equations. It was observed
that there was no significant difference between the
experimental and predicted values of the response
variables, shows a positive model. Through analysis
of the coefficients of regression (R2), adjusted
R2, probability value, and lack-of-fit value (Table
3), which demonstrate the model's suitability and
accuracy in responding to predicted variation,
the fitness of the second-order polynomial model
was evaluated. On this basis, the model was
significantly confirmed at 0.001% level of probability
concerning R% and adjusted R? of >90%.

Table 2: Response surface design for wood apple fruit powder extraction using various solvent

Std. Methanol Ethanol Acetone Ethyl acetate
run
Yield TPC DPPH Yield TPC DPPH Yield TPC DPPH Yield TPC DPPH
1 28.89 111.75 79.26 30.50 148.49 58.67 25.78 208.91 40.36 13.25 291.36 40.70
+0.21 +0.69 +0.18 +0.30 £1.55 +0.25 0.65 +0.34 +0.68 $0.01 0.23  £0.52
2 22.02 8848 84.17 1216 13157 36.38 17.81 100.68 49.34 18.49 19431 60.86
+0.62 +042 090 +0.21 #1.99 028 +1.31 +0.76 +0.74 $0.20 +1.85 +0.99
3 39.56 7459 7395 3271 149.82 55.01 27.65 14588 43.00 16.95 25431 60.77
+045 +0.59 +1.08 +1.02 +0.27 +0.21 0.29 +0.25 +1.83 $0.06 +1.42  +1.09
4 3785 98,96 71.87 14.61 164.01 4144 1571 115.68 23.84 2342 22536 48.65
+0.26 045 +0.61 +0.98 +1.36 +0.29 0.52 +1.03 +0.60 #0.14 +0.35 +0.63
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5 37.45 102.73 83.25 27.05 184.73 43.41 26.83 210.03 20.22 1448 22091 43.84
+0.20 +0.556 +0.53 #1.14 #1135 +0.06 =*1.11 +0.91 +1.41 $0.04 +164  £0.30
6 35.17 8571 80.69 1495 17494 3314 13.83 133.72 3353 1263 70.62 5539
+0.25 031 #1113 #1.17 #030 055 £1.20 *1.68 +1.02 £0.04 #1.31 +1.43
7 37.81 8122 67.71 3581 213.43 3556 2454 183.68 3211 16.31 22463 50.12
+0.29 +0.68 055 +0.05 +0.59 +0.64 £0.99 #1.17 +1.55 $0.10 +1.80 +0.65
8 4192 11093 61.78 23.28 220.25 3257 13.20 18590 18.70 15,52 12411 31.16
+0.17 011 036 +046 #1.55 011 097 +1.59 +0.13 #0.09 +1.52  #0.18
9 3451 10580 77.82 3232 179.91 67.59 26.76 246.49 47.23 13.27 190.35 65.42

+0.44 +2.01 £1.39 +0.21 +0.39 +0.74 +0.02 +1.26 +1.23 10.07 +0.40 +1.53
10 3247 11147 79.09 18.02 19141 5537 1522 18750 5446 16.01 87.24 69.46
+0.43 +1.40 0.71 +0.88 +1.03 +0.66 +0.23 *2.00 +2.22 +0.47 +1.33 +2.87
11 24.83 126.67 88.38 29.55 157.08 7219 2126 166.55 53.12 9.17 154.77 58.90
+0.41 +1.07 050 +2.23 +047 +0.58 +0.28 +1.58 +0.34 $0.20 +2.27 +2.64
12 33.07 120.34 75.81 3164 19886 70.24 2141 15996 4188 1250 176.41 52.90
+0.42 +1.46 053 +1.56 +1.17 +0.84 +1.06 +0.50 +0.62 +0.20 +0.63 +1.30
13 30.92 13546 81.92 29.91 119.25 81.99 2190 220.57 4443 17.35 21538 69.68
+1.26 +1.82 +0.92 +2.07 277 +0.05 +0.37 *2.39 +1.18 +0.41 +0.32 +1.04
14 3946 138.61 78.36 37.08 163.71 69.13 20.45 249.75 30.64 13.69 101.60 61.41
+0.55 +0.70 +0.91 255 +278 £1.36 +0.69 0.40 +2.08 +0.01 +1.95 +0.30
15 33.2 138.06 82.76 31.86 160.16 83.88 22.34 24560 53.30 11.80 135.72 69.01
+0.20 +1.43 £1.00 +0.57 +0.89 +0.06 1.80 +0.64 +2.21 +0.39 +0.88 +0.28
16 321 140.68 82.55 36.43 16242 8455 2293 23460 56.54 12.83 13550 70.87
+0.59 +0.64 +0.59 +1.18 +0.89 +0.88 +1.08 *1.06 +0.46 $0.34 +2.04 +0.52
17 31.5 139.55 82.34 3217 167.92 84.30 19.27 238.75 56.39 12.83 132.08 68.87
+0.77 +0.82 +0.39 +1.29 +0.18 +0.54 +0.82 0.79 +0.75 +0.40 +0.91 +0.68
18 3286 14274 8285 30.13 161.66 83.39 23.65 24109 61.09 1228 141.36 69.27
+1.14 +0.98 +0.98 +0.19 +1.23 +0.76 +0.43 +0.78 +0.05 +0.63 +0.88 +0.64
19 30.95 140.03 85.39 30.10 170.50 84.65 22.00 239.12 5460 11.81 139.28 66.76
+0.67 +0.23 +095 +1.64 +1.00 £1.03 +0.08 +0.91 +0.89 +0.37 045 +0.89
20 32.9 14222 87.58 31.97 17161 84.78 18.05 23598 58.02 10.76 149.84 68.53
+0.50 +0.43 +1.17 +1.00 +1.68 +1.21 +0.60 +0.88 +1.18 +0.53 +0.76 +0.96
Total 3348 116.80 79.38 28.11 170.58 6291 21.03 197.52 43.64 14.27 168.26 59.13
Mean

Values are represented in mean + standard deviation (SD) for triplicates, Where, Std. = standard run, TPC = Total
Phenolic Content, GAE = Gallic acid equivalent, DPPH = 2,2-diphenyl-1-picrylhydrazyl free radical scavenging activity.

Table 3: Quadratic model in terms of coded variables for wood apple fruit powder extraction

Regression Second order polynomial equation R? R? Lack
coefficient (adjusted) of fit
Methanol Yield 31.917-0.901X1+4.19B+3.27C+1.45AB+1.31  0.9596  0.9233 0.1564

AC-2.47BC+1.90AA-2.54BB+3.64CC
TPC 139.29+1.92A-2.95B+1.05C+11.88AB+1.48 0.9912  0.9833 0.1295
AC+3.66BC-29.96AA-14.39BB-0.944CC

DPPH 83.56-0.54A-6.46B-2.03C-1.28AB-1.38 0.9266  0.8606  0.6391
AC-2.06BC-4.72AA-1.07BB-2.62CC
Ethanol Yield 32.26-7.53A+2.38B+1.81C-0.02AB-1.47 0.9280 0.8633 0.2673

AC-1.55BC-7.33AA-1.91BB+0.91CC
TPC 165.79-0.02A+14.81B+24.18C+6.09AB-0.09  0.9668  0.9369  0.1891
AC+4.90BC+19.37AA+12.42BB-24.31CC
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DPPH 83.91-6.13A-0.89B-5.97C+2.00AB+2.82 0.9976  0.9854 0.2140
AC-1.22BC-21.94AA-12.21BB-7.86CC
Acetone Yield 21.06-5.67A-0.4B-1.1C 0.8366  0.8060  0.9450
TPC 235.30-26.65A-2.68B+17.38+19.44AB+8.16 0.9908 0.9826 0.1012
AC+9.35BC-12.57AA-67.31BB-4.33CC
DPPH 54.86-0.60A-3.45B-6.58C-6.85AB+1.6 0.9451 0.8958 0.1358
AC+2.49BC-1.37AA-4.96BB-16.18CC
Ethyl acetate Yield 12.07+1.18A+1.67B-1.68C+0.28AB-1.79 0.8723  0.8474 0.8801
AC-0.48BC+2.42AA-1.38BB+3.30CC
TPC 136.34-47A+7.28B-43.58C+15.29AB-15.29 0.9849  0.9713 0.8093
AC+7.58BC+5.78AA+32.32BB+25.22CC
DPPH 69.20+0.46A-1.61B-3.87C-7.84AB-193 0.9739  0.9504 0.0523

AC-3.22BC-2.2AA-13.78BB-4.13CC

Where, TPC = Total Phenolic Content, DPPH = 2, 2-diphenyl-1-picrylhydrazyl free radical scavenging activity,

R? = Coefficients of Regression.

Effect of Extraction Conditions Yield

In this study, the effect of various solvents for
efficient extraction yield of phenolic content and
DPPH activity from wood apple was investigated.
The yield of extract is majorly influenced by various
factors such as type and solvent concentration,
their boiling point, the particle size of sample,
temperature and time of extraction process.'® The
extract yield was optimized using methanol, ethanol,
acetone and ethyl acetate solvent shown in table 2.
The vyield of various solvent extracts from wood
apple ranged from 9.17+0.20 (ethyl acetate
extract) to 41.92+0.17 (methanol extract). The
outcome reveals that adopting a different solvent
significantly altered the extraction yield. Methanol
recorded the maximum yield (33.48%) among the
different solvents, followed by ethanol (28.11%),
acetone (21.03%), and ethyl acetate (14.27%).
Different solvent shows different extraction yield
because of the polarity difference of solvent and also
time-temperature combination during the extraction
process. Methanolic and ethanolic extracts
showed higher extraction yields than acetone and
ethyl acetate extracts, results indicate that the
polarity of the solvent influences yield. Results
depicted that at a higher temperature (<45°C)
for a long-time extraction (above 3 hr) with
methanol solvent resulted in higher extractability,
due to higher polarity of methanolic extract or
ethanolic extract which favour enhancing the
yield with high temperature. The result of ANOVA
indicated that a combination of water and solvent
increases the extraction yield as compared to a

concentrated solvent. The solvent concentration
from 50-75% shows maximum yield and beyond
80% solvent concentration extraction yield trends
found downstream. The Isatis tinctoria extraction
yield was greatly affected by solvent polarity which
is mainly increased by an increase in polarity index.?
Solvents with high polarity form more bonds through
plant matrix and result increase in yield of extraction
therefore for extraction type of solvent and polarity
were important.’®?324 The extraction also depends
on temperature and time parameters. The results
depicted that mass transfer is initially lesser at
alower temperature (near 30-40°C), with acceleration
in temperature increasing the diffusion and extraction
yields. Indeed, it was observed that yield or mass
transfer into the solvent improved by increasing in
temperature from 45-60°C and maximum found
at 60°C. A positive significant effect was shown
in methanol extraction (Fig 1a), in the case
of acetone, linear or negative interaction between
solvent and temperature was found (Fig1ic).
The same behaviour was observed by other
researcher, for efficient yield from pomegranate peel
extract showing that extraction was temperature
dependent, at higher temperature solubility
and diffusion of compounds was increased.?®
Similarly, mass transfer increases with time, and
more solubilization or partition of outer surface
promotes mass transfer diffusibility hence increased
yield. The yield was improved by increasing
extraction time duration from 2 hr to 5 hr, for higher
time of extraction with high temperature shows
a negative quadratic effect.?6:27262° Table 3, indicated
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that the value of R? of methanolic extract has found
higher (0.9596) followed by ethanolic (0.9280), ethyl
acetate (0.8723) and acetone extract (0.8366).

Vield (%)
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Yield (%)
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This result depicted that methanolic extraction
supports maximum yield as compared to other
solvents used for extraction.
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Fig. 1: The interaction effect of different solvent concentration and temperature on yield from
(a) methanol extract, (b) ethanol extract, (c) acetone extract and (d) ethyl acetate extract
of wood apple fruit powder.

Effect of Extraction Conditions on TPC

Phenolic compounds found in broad-spectrum and
extraction are critical due to complex chemical
structures or functional groups. Thus, the selection
of solvents, their polarity and concentration of solvent
is quite crucial for efficient extraction and, they have
a significant effect on the rate of extraction of
phenolic compounds.''":3 The ANOVA data shows
in table 2, that various solvents had a significant
impact on the phenolic extract from wood apple
fruit pulp. The TPC of the various solvent extracts
varied significantly, with acetone extract having
the highest TPC (197.52 mg GAE/g), followed
by ethanolic (170.58 mg GAE/g), ethyl acetate
(168.26 mg GAE/g), and methanolic extract (116.80
mg GAE/g) in terms of total mean. Table 2 indicated
that concentrated solvent extract exhibited a lower

value of TPC than aqua-solvent extract, due to polarity
of extracting solvent being responsible for phenolic
extraction. The range of TPC value for methanolic
extract (74.59+0.59 - 142.74+0.98 mg GAE/g),
ethanolic extract (119.25+2.77 - 220.25+1.55 mg
GAE/g), acetone extract (100.68+0.76 - 249.75+0.40
mg GAE/g) and ethyl acetate extract (70.62+1.31
- 291.36+0.23 mg GAE/g). Based on the results
of multiple regression analysis, we selected the
most suitable mathematical model for experimental
data obtained. The second-order polynomial
equation (p < 0.05) for total phenolic content and
DPPH activity in dry matter extract is represented
in Table 3. From Table 3 it was confirmed that
the values of the regression coefficient, adjusted
coefficient of determination (adj.-R?), and results
of lack of fit were the adapted range for TPC
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of wood apple fruit pulp extract. The effect of solvent
concentration and temperature have a significant
impact on TPC, an increase in temperature during
extraction exhibits more effect on the extractability
of phenolic compounds. High temperature enhanced
cell wall solubility and release of bounded phenolic
compounds during extraction.’®3° 3D response
surface plot at intermediate level of solvent
concentration, temperature and time, and interaction
between different variables as depicted in Figs
1,2,3 a-d. Additionally, higher temperature leads to
expansion of the pores of the fruit powder matrix thus
solvent could easily diffuse into pores which helps
in easy wrenching out of the phenolic compounds.™
For all solvents, higher TPC values were reported
at a temperature of 54 °C, and as the temperature
was increased further, TPC subsequently declined.
This happened due to the induced thermal effect that
decreases thermal sensitive compounds of phenols.

TRE (g GAE/100g)

(a)

TPC i GAE/100g}

A Salvert Cone. (%) 20

()

640

In relative aspects to other solvents, the mean
value of acetone extract has a greater solvation
energy, which may be because more hydrogen
bonds are being formed between the polar groups
of polyphenolic molecules.?" The results stated
that extraction

duration has no significant effect on the phenolic
content extraction. It was observed that an increase
in time led to slight increase in phenolic content.
During the extraction practices, the cumulative effect
of temperature and time has a negative influence
on the phenolic extract; in particular, at the
temperatures above 60 °C for 5 hrs extraction process
attributes degradation of phenolic compounds.3?
This happens due to higher temperatures for a
long-time frail the cell walls and greatly disintegrate
or oxidize the phenols.®

(b)

TRC img GAE 100}

(d)

Fig. 2: The interaction effect of different solvent concentration and temperature on total phenolic
content from (a) methanol extract, (b) ethanol extract, (c) acetone extract and (d) ethyl acetate
extract of wood apple fruit powder.

Effect of Extraction on DPPH Activity

Antioxidant activity has numerous health benefits
by scavenging the free radicals and restricting
oxidative chain reactions that may otherwise cause
cell proliferation, ageing of cells, production of cancer

cells and other chronic diseases.** DPPH activities
of extracts were found to be significantly correlated
to the type and concentration of solvent and
temperature of extraction.?>3 Results of the current
study depicted that DPPH activity for methanolic
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extract has been found to have higher values than
other solvent extracts. Range of DPPH activity
for methanolic extract (61.78+0.36 - 88.38+0.50),
ethanolic extract (32.57+0.11 - 84.78+1.21), acetone
extract (18.7040.13 - 61.0940.05) and ethyl acetate
(31.16+0.18 - 70.87+0.52). Table 3, depicted that all
solvents were positively correlated with each other.
DPPH activity is mostly associated with the ability
of the targeted compounds to donate hydrogen
and scavenge proton radicals. The current study
showed that a solvent concentration above 75%
leads lower value of DPPH activity. Similarly, a study
shows that the antioxidant activity increased to 80%
methanolic concentration and a further increase in
solvent concentration resulted in declined activity
due to low solubility and weak polarity behavior

i
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of pure solvent.?® Another major influencing
factor on DPPH activity was temperature, it was
observed in table 2 that, with the rise in temperature
particularly above the 50 °C, there was a decrease
in radical scavenging activity. The interactive effect
of solvent and temperature demonstrated by the
response surface plot has a synergetic action,
it depicting the increasing of antioxidant activity
initially and declining thereafter.’? The quadratic
model has shown that antioxidant activity was
positively correlated with solvent concentration and
extraction temperature (Table 2). Higher temperature
(above 50°C) exposure for an extended time (more
than 3.5 hr) will increase the extraction speed but
degrade and oxidase the extracted cell tissues.3%%

DPPH (%)
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Fig. 3: The interaction effect of different solvent concentration and temperature on DPPH activity
from (a) methanol extract, (b) ethanol extract, (c) acetone extract and (d) ethyl acetate extract
of wood apple fruit powder.

Optimization of Responses

The solvent extraction conditions were optimized
using the Design-Expert version 11, for wood
apple fruit powder for higher yield, TPC and DPPH

activity. The optimized conditions obtained for
methanolic solvent extraction were 72.99 % solvent
concentration, 39.56°C temperature and 4.9 hr
time giving predicated values of yield 37.90%,
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TPC 137.14 mg GAE/g and 81.94% of DPPH
activity; corresponds to these value experimental
values were 38.14% yield, 135.78 mg GAE/g TPC
and 80.85% DPPH activity (Fig 1). For ethanolic
solvent extraction, 67.72% solvent concentration,
55.810C temperature and 3.9 hr time with 35.46%
yield, 189.63 mg GAE/g TPC and 73.21% DPPH
activity of predicted value; and its experimental
values were 36.01% yield, 188. 58 mg GAE/g
TPC and 72.93% DPPH activity (Fig 2). Optimized
conditions of acetone were 50.00% solvent
concentration, 43.480C temperature and 3.06 hr
time; showing 27.10% yield, 248.89 mg GAE/g TPC
and 54.68% DPPH activity of predicated values and
its experimental values were 27.98% yield, 250.74
mg GAE/g TPC and 59.34% DPPH activity (Fig 3).
For ethyl acetate extract optimized conditions were
99.99% solvent concentration, 49.50°C temperature
and 2.00 hr time, its predicted values were
23.06% vyield, 185.70 mg GAE/g TPC and 65.99%
DPPH activity; and its experimental values were

250
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50 ]
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24.97% yield, 183.57 mg GAE/g TPC and 65.04%
DPPH activity.

The value of desirability for methanolic extract was
0.814, ethanolic extract 0.775, acetone extract
0.929 and ethyl acetate was 0.760. The range
value of desirability lies between 0 to 1, where
a value toward 0 indicated undesirable responses
while toward 1 reflected those responses
were completely favourable.®® At the higher
temperature for longer time extraction, values for
phenol and antioxidant gradually increase in the
beginning, thereafter declines along with higher
temperature above the 55°C and longer time
of more than 3.5 hr, because this will result in oxidation
and degradation of phenolic and antioxidant content.

UHPLC Quantification of Individual Phenolic
Compounds Present in Optimized Wood Apple
Fruit Extract

-4 - p-Coumaric Acid - 4117

o'o 1’0 2o

Fig. 4: UHPLC chromatogram at 280 nm for different phenolic compounds of wood
apple fruit extract.

It was observed from the optimization condition that
acetone extract contains higher values for phenolics,
therefore acetone optimized extract was submitted
to UHPLC for quantification of individual phenolic
compounds present in wood apple Fig 4, present
the UHPLC chromatogram of the optimized extract
for different phenolic compounds. Gallic acid, caffeic
acid, syringic acid, vanillic acid, p-coumaric acid,
and chlorogenic acid were the phenolic naturally

occurring substances presented in the extract.
The retention time and concentrations of particular
phenolic compounds in fruit extract was presented
in table 4. According to obtained results, the
highest level of the phenolic compound was caffeic
acid (12.81 mg/g fruit extract), followed by syringic
acid (4.56 mg/g fruit extract), gallic acid (2.21 mg/g
fruit extract), vanillic acid (1.78 mg/g fruit extract),
and p-coumaric acid (1.31 mg/g fruit extract).?"
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Table 4: Phenolic profile of optimized wood apple fruit extract using UHPLC method

Compound name Wavelength  Retention time  Area (mAU*min) Concentration
(nm) (min) (mg/g)

Gallic acid 280 2.367 1.04 2.21
Caffeic acid 280 3.137 5.32 12.81
Syringic Acid 280 3.387 2.70 4.56
Vanillic acid 280 4.027 6.70 1.78
p-Coumaric Acid 280 4117 4.36 1.31
Chlorogenic acid 280 4.263 8.50 n.a

n.a — not available.

Correlation Between Solvent and Other Variables
The result was calculated by summarizing the effect
of solvent on yield, TPC and DPPH. Table 5, depicted
the correlation between solvents (methanol. ethanol,
acetone and ethyl acetate) of yield, TPC and DPPH
were performed with a Person’s correlation test.
A positive correlation between methanol, ethanol
and acetone was observed with a correlation
coefficient. In terms of yield, ethanol and acetone
were shown to have a highly significant positive

correlation (r=0.663, p<0.01) Methanol and acetone
have a substantial correlation in the TPC (r=0.748,
p<0.01), whereas acetone and ethyl acetate have
a considerable positive correlation in the DPPH
(r=0.832, p<0.01). There was a negative significant
correlation among methanol, ethanol and acetone
in yield, methanol, ethyl acetate and acetone in
TPC. Solvents have a significant effect on the yield,
TPC and DPPH during extraction.

Table 5: Correlation values of Yield, total phenol content (TPC) and DPPH activity

Yield Methanol Ethanol Acetone Ethyl acetate
Methanol 1

Ethanol 0.184655 1

Acetone -0.01439 0.663697** 1

Ethyl acetate 0.257056* -0.51708 -0.20596 1

TPC Methanol Ethanol Acetone Ethyl acetate
Methanol 1

Ethanol -0.1863 1

Acetone 0.748794** 0.30106 1

Ethyl acetate -0.40372 -0.27743 -0.22038 1

DPPH activity Methanol Ethanol Acetone Ethyl acetate
Methanol 1

Ethanol 0.600875* 1

Acetone 0.671773** 0.749653** 1

Ethyl acetate 0.637189* 0.72562** 0.832871** 1

** Significant correlation with p<0.01, * Significant correlation with p<0.05.

Conclusion

The study concludes that surface response
is an effective method to optimize the extraction
condition for wood apple fruit powder. The solvent

extraction results demonstrate that all independent
variables had a significant (p<0.05) effect on
all responses. The value of R? for yield, TPC,
and DPPH activity were 0.9596, 0.9912 and
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0.9266 for methanolic extract; 0.9280, 0.9668 and
0.9976 for ethanolic extract; 0.8366, 0.9908 and
0.9451 for acetone extract; 0.8723, 0.9849 and
0.9739 for ethyl acetate extraction respectively.
The quadratic polynomial model was accurate for
analyzing the interaction between all the parameters.
The chromatography shows the presence of
magnificent phenolic compounds in wood apple
fruit which are responsible for antioxidant activity.
The overall study suggested that the wood apple fruit
extract can be used in food processing industries
like beverages or bakery industry and utilize
for fortification or supplement in loss nutritional
food products as well as in therapeutic treatment,
and pharma industries. These bioactive compounds
impart various health benefits and help in curing
multiple diseases.
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