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ABSTRACT

Introduction: There are numerous studies on the therapeutic properties of Artocarpus heterophyllus. However, stud-
ies on the aqueous extraction of A. heterophyllusleaves are limited. This present study was conducted to optimize the
extraction conditions of A. heterophyllus leaves to yield the highest phenolic, flavonoids and antioxidant contents.
Methods: Response surface methodology (RSM) was employed to obtain a higher phenolic extraction parameter(s)
of A. heterophyllus leaves using Central Composite Design (CCD). The antioxidant activity was then determined via
ABTS (2,29-azinobis (3 ethylbenzothiazoline-6-sulfonic acid)) and DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay and
analysis of the individual phenolics was performed by high performance liquid chromatography (HPLC). Results: The
optimum extraction conditions with higher phenolics content and antioxidant activity was achieved at 81°C, 100
min and 40 mL/g sample with a good desirability value of 0.87. Under these optimized parameters, total phenolics
and flavonoids were 174.48 + 4.05 mg GAE/g sample and 21.44 + 0.05 mg RE/g sample, respectively. Meanwhile,
antioxidant activity via ABTS and DPPH assays were 90.88% = 0.09 and 87.22% + 0.62, respectively. Finally, under
optimal extraction conditions revealed 4 compounds identified as chlorogenic acid, quercetin, rutin and kaempferol.
Conclusion: The optimisation are promising to improve phenolic yield and antioxidant activity in A. heterophyllus
leaves. It also proved that A. heterophyllus leaves can be used as an alternative natural antioxidant especially in
medicinal applications since all identified compound possess significant biological activities for human health.
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INTRODUCTION

A great deal of attention has been focused on antioxidant
agents as they are able to protect the cells from excess
free radicals that are produced naturally following
cell metabolism in the human body (1). Butylated
hydroxyanisole (BHA) and butylated hydroxytoluene
(BHT) are synthetic antioxidant agents that are most
commonly used in the food industry as food preservatives
despite its reported side effects on human health (2).
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Notably, according to Taghvaei and Jafari (3) , BHA and
BHT are potential carcinogens due to its cytotoxicity in
the forestomach of rodents and toxicity effect on rat’s
liver, kidney and lung, respectively. Hence, natural
antioxidant agents such as phenolic compounds are
a safer alternative to synthetic antioxidants. Phenolic
compounds found abundantly in various plants, herbs
and fruits have proven to exhibit strong antioxidant
activity /in vitro and in vivo (4).

Artocarpus  heterophyllus (jackfruit) is a tropical
evergreen tree. Different parts of A. heterophyllus such
as leaves, fruits, roots, peel and bark possess various
traditional medicinal properties which depend on
the chemical composition of each part of the plant
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(5). As shown by Baliga et al. (6), certain parts of A.
heterophyllus including leaves and fruits contain useful
compound such as phenolics and flavonoids which are
known for its antioxidant properties. In an /n vivo study
reported by Shahin et al. (7) reveals that the aqueous
extract of A. heterophyllus leaves has antidiabetic
and antihyperlipidemic agents. These parts of A.
heterophyllus (leaves, seeds and bark) do not cause any
cytotoxic effect as shown from several previous in vivo
and in vitro studies (8-12).

Although there are numerous studies on the therapeutic
properties of A. heterophyllus, studies on the leaf’s
aqueous extract are limited. Results from our preliminary
study showed that A. heterophyllus leaves contain
highest phenolics with 50.71 + 3.88 mg GAE/g sample,
as compared to fruit, seed, stem and peel with 8.53 +
1.42,21.81 = 3.44,31.31 £ 2.25 and 19.92 = 1.80 mg
GAE/g sample, respectively. So, A. heterophyllus leaves
were choosen for optimisation of extraction parameter by
using response surface methodology (RSM). Extraction
process is a very crucial step in order to maximise the
extraction of the compounds of interest with therapeutic
properties from any samples (13). Various factors can
affect the extraction process such as extraction time,
extraction temperature and extraction volume.

One of the most effective and widely used technique to
optimize the extraction process is the RSM (14). RSM can
be used to obtain an optimized response by analysing
the combinations of independent factors level. The main
advantage of RSM is that it requires a lower number of
experimental runs as compared with the full factorials
design (15), more economical and user-friendly since
it can minimize the total number of experimental
runs, thus minimizing the cost and time without
compromising the data reliability (16). Hot aqueous
extraction is used instead of other extraction approaches
such as microwave-assisted and ultrasonication
extraction technique due to the relatively low cost
and simple instruments needed. Moreover, aqueous is
more desirable solvent for the food industry due to its
non-toxicity for human consumption, environmentally
friendly and inexpensive compared to organic solvents
(17). To date, there was no study conducted to improve
phenolic extraction from A. heterophyllus leaves by
aqueous. Therefore, this study aimed to optimize the
extraction conditions of A. heterophyllus leaves to yield
the highest phenolic and antioxidant capacity by using
RSM.

MATERIALS AND METHODS

Raw material and hot aqueous extraction process

A. heterophyllus leaves were purchased from a local
farmer in Rawang, Selangor, Malaysia. The collected
sample A. heterophyllus leaves were washed using tap
water and oven-dried at 50°C for a maximum of 48
hours. The dried sample was then ground into a powder

form and sifted using a 35 mm sieve. The extraction
procedure was modified from previously reported by
Al-Manhel and Niamah (18). Briefly, powdered samples
(1g) were extracted with deionized water at different
parameters (extraction time 11-448 minutes, extraction
temperature 5-100°C , extraction volume 13-47 ml/g
sample) by using a water bath. The range of extraction
parameters used (Table 1) according to experimental
design generated by Design Expert software version 6.0.4
(Stat Ease Inc., Minneapolis, USA). The extract was then
filtered using Whatman No. 1 filter paper. The filtrate
was considered as a sample extract and then allowed
to dry in the oven (Memmert, Germany) at 50 °C for a
maximum of 72 hours and then dry extract was ready
to be used for analysis. The extraction yield obtained
was calculated as the ratio between the extract mass in
dry basis (x) and the mass of initial dry sample (y). The
percentage of total yield was calculated as following
equation:

Extraction yield % (w/dw) = (x /y) *100 [1]

Experimental design and statistical analysis

Design Expert software version 6.0.4 of RSM was used
in this study to optimize the experimental results. The
selection of CCD was due to its precision for estimating
factors that will affect the response thus provide better
interaction between the factors. The experimental runs
consist of 8 factorial points, 6 axial points and 6 center
points as shown in Table I. Center points runs were

Table I: The experimental data for the five responses based on Cen-
tral Composite Design matrix

Run  Type Time Tem- Vol  Yield TPC TFC ABTS  DPPH

(min) pera- ume
ture (mL)
(°C)
1 Fact 360 81 20 18 14412 36.20 88.59 89.32
2 Center 230 53 30 20 129.87  31.49 89.00 91.32
3 Fact 100 24 20 20 101.07  23.45 89.48 93.40
4 Center 230 53 30 22 154.20 26.74 89.41 9143
5 Fact 100 81 20 26 183.34 43.16  88.53 90.26
6 Fact 360 24 20 20 157.10  31.64 88.05 91.50
7 Fact 360 24 40 20 126.39  29.28 87.58 91.33
8 Fact 360 81 40 20 163.84  35.61 88.39 91.54
9 Fact 100 81 40 19 177.95 38.84 88.39 90.73
10 Center 230 53 30 21 143.41 28.89 88.32  92.17
11 Fact 100 24 40 23 131.28 29.97 89.55 93.06
12 Axial 230 53 13 22 143.91 29.53 89.00 92.47
13 Axial 11 53 30 17 166.18  27.42 89.21 93.49
14 Axial 230 5 30 18 130.57 26.10 87.24 91.06
15 Axial 230 100 30 19 162.06  23.94 91.04 88.43
16 Center 230 53 30 19 137.74 2796 89.14 91.73
17 Axial 448 53 30 21 130.22 2943 88.59 92.16
18 Center 230 53 30 21 130.22  27.86 89.68 91.52
19 Axial 230 53 47 23 131.00 2899 91.65 95.27
20 Center 230 53 30 21 126.89  25.51 91.85 91.73

Yield = % (w/dw), TPC = total phenolic contents (mg GAE/g dw), TFC = total flavonoid con-
tents (mg RE/g dw), ABTS = 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) radical
cation inhibition (%), DPPH = 2,2-diphenyl-1-picrylhydrazylradical scavenging ability assay
(%)
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repeated 6 times to reduce the error. The data were
statistically analyzed to identify the significant main
effects as well as the interaction effects between the
variables and responses. Analysis of variance (ANOVA)
of the experimental results was carried out to determine
individual linear, quadratic and interaction regression
coefficient using Design Expert software.

Phytochemical analysis

Total phenolics contents (TPC)

Total phenolic content was determined using the method
described by Yusri et al. (19) with slight modifications.
An aliquot of 100 pL of the extract prepared as mention
earlier was added with 500 pL of Folin-Ciocalteu reagent
and mixed using a vortex for 10 seconds. Then, 400 pL of
7.5 % sodium carbonate (Na2Co3) solution was added,
and the mixture was incubated at 40 °C for 1 hour. After
1 hour, 200 pL of reaction mixture was loaded into a 96
wells microplate. The standard curve was constructed
using gallic acid and TPC was calculated from the
standard curve, y = 0.0047x + 0.0483, R = 0.992.
The absorbance was then measured at 765 nm using
a microplate reader (BioTek Instruments, United States)
and the results were expressed in terms of milligram
(mg) gallic acid equivalent (GAE)/g of sample.

Total flavonoid contents (TFC)

Total flavonoid of all extract was measured by the
colorimetric method as previously reported by Yusri
et al. (19) with modification. One hundred microliter
of each extract mixed with 100 pL of 10% aluminium
chloride (AICI3). The solution then incubated for 10
min at room temperature in the dark. The absorbance
was measured using a microplate reader at 435 nm.
Quantification of TFC was measured based on rutin
standard curve (y = 0.0068x - 0.0008, R = 0.9998).
The concentration of flavonoids was expressed in terms
of mg rutin equivalent (RE)/g of sample.

Antioxidant activity (AA)

DPPH radical scavenging ability assay

Radical scavenging ability was determined according
to Ramadan et al. (20) with some modifications. The
2,2-Diphenyl-1-picrylhydrazyl (DPPH) solution was
prepared by dissolving 4.2 mg of DPPH in powder
form in 50 mL methanol and were shaken vigorously
to let the DPPH dissolved completely. The solution
was incubated for 2 hours at room temperature in the
darkroom before reacted with the extract. A quantity of
50 pL extract mixed with 195 pL of DPPH solution in 96
wells plate and the plate was kept in the dark for 1 hour.
Then, the absorbance of the solution was measured at
540 nm using the microplate reader. The formula for the
percentage of DPPH scavenging activity is as follows:

% DPPH scavenging activity = (AB-AA) / (AB) x 100 [2]

Where AB is the absorbance of control and AA is the
absorbance of the sample.

ABTS radical cation inhibition antioxidant assay

The free radical scavenging activity of extracts was
examined by ABTS radical cation inhibition assay (21)
with slight modifications. The ABTS cation radical was
prepared by the reaction between 76.8 mg of ABTS in
40 mL of deionized water with 13.24 mg of potassium
persulfate (K25208). The solution was stored for not
more than 16 hours in darkness at room temperature
prior to use. The ABTS solution was then diluted with
deionized water and was ready to be mixed with the
extract. The reaction between 0.1 mL of extract in 0.9
mL of diluted ABTS solution and the mixture left for one
hour in dark at room temperature. The absorbance of
the mixture was measured after one-hour incubation
at 735 nm using microplate reader. All the assays were
performed in triplicate in order to obtain an accurate
reading of absorbance. Percentage of inhibition was
calculated by using the same formula as the percentage
of DPPH scavenging activity [2].

Validation of model

This study was aimed to obtain the optimum extraction
parameters that gave the highest yield of phenolics,
flavonoids and antioxidant activity. All the responses
were analyzed under optimized conditions of the
extraction (generated by Design Expert software version
6.0.4). In order to verify the validity of the model,
the experimental data were statistically compared
with predicted values generated by design expert
software based on the coefficient of variation (CV)
and independent t-test. The independent t-test were
performed using IBM SPSS statistics 21 to determine
the validity of the model and to check the significant
difference between predicted and actual experimental
data.

Statistical analysis

Design Expert software version 6.0.4 was used to design
the experiments and to generate the three-dimensional
(3D) graphs for independent and dependent variable.
Additionally, Design Expert software was also used to
study the regression coefficient and analysis of variance
(ANOVA) for experimental data as well as to predict
the optimal values and extraction conditions of three
independent variables. The accuracy of the fitted model
was evaluated based on the coefficient of R? value.
Differences in means were considered statistically
significant at p < 0.05.

High performance liquid chromatography (HPLC)

HPLC analysis were conducted according to Rodriguez-
Pérez et al. (22) with modification using Shimadzu HPLC
system model LC-20AT equipped with two pumps and
Shimadzu SPD-20 AV UV-Vis detector (ultraviolet-
visible (UV-Vis) spectrophotometry detector). The
column used for the chromatographic separation was a
C18 (1.8 m,15 cm x 4.6 cm) (Agilent Technologies, Palo
Alto, CA, USA). The mobile phases were composed of
two, solutions A: 0.5% formic acid in deionized water

Mal | Med Health Sci 16(2): 135-144, May 2020 137



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

(v/v) and solution B: acetonitrile. The gradient was
programmed as follows: 0 min, 5% B; 10 min, 35%
B; 65 min, 95% B; 67 min, 5% B. The detection was
carried out at 280 nm and the flow rate were set at 0.50
mL/min throughout the gradient and injection volume in
the HPLC system was 10 pL.

RESULTS

Model fitting

The regression coefficients of dependent variables
(extraction time, temperature and volume) are as shown
in Table Il. The extraction time showed a significant
negative linear effect on yield and DPPH activity.
Meanwhile, the extraction temperature was found to
be significant for all the response variables. However,
extraction volume only showed a significant effect on
DPPH activity. Additionally, the quadratic effect of
extraction time (A?) was found to be significant only on
yield and TPC. Likewise, the quadratic effect of extraction
temperature (B?) produced a significant effect on yield,
TPC and DPPH activity whereas extraction volume (C?)
only give a significant effect on DPPH activity.

On the other hand, the interaction between extraction
time and temperature (AB) was highly significant with
p < 0.001T on TPC and significant p < 0.05 on DPPH
activity. Both interactions between extraction time

Table II: Fitting of the model based on the regression coefficient (p),
. . s 2 .

coefficient of determination (R') and F-test value for yield, total phe-

nolic and flavonoid contents and antioxidant activities

Yield TPC TFC ABTS DPPH
A-Time -2.55%%* 5.42 0.05 -0.66 -0.44**
B-Tempera- 0.62%** 24, 54%** 7.98** -0.92* -0.87%**
ture
C-Volume -0.43 4.77 -0.12 -0.70 0.50**
A? -0.52* 4.77* 1.45 -0.35 0.24
B? -0.47* 4.12% 0.25 -0.25 -0.85%**
C? 0.77 0.99 1.75 0.26 0.61**
AB 0.030 -13.06*** -2.21 0.52 0.44*
AC 0.65* -4.48 -0.64 -0.093 0.24
BC -0.71* 1.85 ND 0.010 0.40
A3 1.32%** -5.70** ND 0.16 ND
B’ -0.13 -5.37* -3.05** 0.81** ND
C’ 0.19 -3.04 ND 0.58* ND
ABC 1.52%* 0.54 ND ND ND
R? 0.98 0.99 0.81 0.93 0.95
F value 13.95%* 20.99** 3.78* 5.95* 15.93***
(model)
F value 0.84 0.87 0.38 0.58 0.21
(lack of fit)

A = Extraction time (min), B = Extraction temperature (C°), C = volume (mL), Yield = % (w/dw),
TPC = total phenolic contents (mg GAE/g dw), TFC = total flavonoid contents (mg RE/g dw),
ABTS = 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) radical catiop inhibition (%),
DPPH = 2,2-diphenyl-1-picrylhydrazylradical scavenging ability assay (%), R = Coefficient of
determination. ND = not determined, Significance level *p < 0.05, **p < 0.01, ***p < 0.001.

and volume (AC) and between extraction temperature
and volume (BC) significantly affected the vyield of
the extract. In contrast, the cubic effect for extraction
time (A% only showed a significant effect on yield and
TPC, whereas cubic effect for extraction temperature
(B%) showed a significant effect on TPC, TFC and ABTS
activity respectively. Meanwhile, the cubic effect for
extraction volume (C?) produced no significant effect on
all responses.

Overall, the lack of fit (F value) for all model term
was found statistically non-significant with p > 0.05,
indicating that the model fits the response variables
well in which the variables have significant effects on
responses. The software generates the response surface
3D graph for each response to show the interaction
between independent variables on responses (Fig. 1 and
Fig. 2).

Effect of extraction variables on the yield of extract
The model for the yield of extract showed high
significance with the experimental data (p < 0.01) as
shown in Table Il. In this case A, B, A%, B2, AC, BC, A’
and ABC were significant model terms. Using ANOVA,
both time and temperature of the extraction fit the linear
model, whereas, the extraction time of the first cubic
model fits the yield of the extraction with p < 0.001.
Meanwhile, the quadratic effects of extraction time and
temperature (A* and B?) were found to be significant yield
with p < 0.05. Additionally, the interaction between all
variables (ABC) was also statistically significant on the
yield of extraction.
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Figure 1. Interaction effect of extraction variables on yield
(%) of the aqueous extract
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Figure 2: Interaction effect of extraction variables on Total
Phenolic Contents (TPC)(a), Total Flavonoid Content (TFC)(b)
and on antioxidant activity (DPPH)(c) of the aqueous extract.
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Based on the regression coefficient (f) values, the
interaction between all extraction variables (ABC)
produced the highest effect on yield, followed by the
cubic effect (A%). Interactive effect between extraction
time and volume (AC), extraction temperature (B),
quadratic effect of time (A% and temperature (B?), the
non-significant variables were eliminated and the
equation for coded values in the cubic model fitting the
experimental data of yield shown as follows:

Y =+20.72 - 2.55A + 0.62B - 0.52A% - 0.47B* + 0.65AC
-0.71BC+ 1.32A% + 1.52ABC

The non-significant value of lack of fit (F = 0.84) indicates
that the model is fitted well with a good prediction (R* =
0.98) as shown in Table II.

Effect of extraction variables on total phenolic contents
(TPC)

The model of TPC showed a high significance (p < 0.01)
as shown in Table 1. Generally, the extraction time and
extraction temperature showed a significant effect on
total phenolic content (TPC) of the extract. Thus, the non-
significant factors associated with the extraction volume
for TPC were eliminated, and the coded equation for
TPC is as follows:

Y =+137.06 + 24.54B + 4.79A% + 4.12B?- 13.06AB -
5.70A%- 5.37B*

The lack of fit (F = 0.87) showed that the model fitted
the experimental data well with a good prediction of R?
= 0.99 (Table II). Not only the extraction temperature
showed a significant linear positive effect on TPC with
p < 0.001, it also showed significance on quadratic and
cubic effects on the TPC.

Effect of extraction variables on total flavonoid contents
(TFC)

The model is significant with p < 0.05. Putting aside the
linear and cubic effects of the extraction temperature
which were statistically significant, other factors which
were statistically non-significant were removed, and the
coded equation for TFC is as shown:

Y =+28.02 + 7.98B - 3.05B°

The lack of fit (F = 0.38) confirmed that the model was
well-fitted with a good prediction (R?= 0.81) as shown
in Table Il. The range of TFC in various extraction
conditions was 23.45 - 43.16 RE/g of extract (Table I).
As mentioned earlier, only the extraction temperature
affected the amount of TFC. Specifically, there was a
positive significant linear effect and a negative significant
cubic effect between the temperature of extraction
and TFC, respectively. In this study, the extraction
temperature of 81°C yielded the highest value of TFC
(Table I). However, at 100°C, the yield of TFC decreased
ultimately compared to extraction at 81°C.

Effect of extraction variables on antioxidant activity
(AA)

ABTS radical cation inhibition antioxidant assay

The antioxidant activity via ABTS assay was expressed
as the percentage (%) of inhibition. Overall, the
negative linear effect of extraction temperature (B),
positive cubic effects of extraction temperature (B*) and
extraction volume (C°) on ABTS assay were statistically
significant. On the other hand, there was no significant
effect observed for interactive and quadratic effects on
the ABTS assay. After elimination of the non-significant
factors, the coded equation is as shown:

Y =+104.30-0.92B + 0.8B%* + 0.58 C*

The lack of fit (F = 0.58) showed that the model was
well-fitted with a good prediction (R*= 0.93, Table II).
As mentioned earlier, the ABTS scavenging activity
increased along with the increasing temperature.
On the other hand, the extraction time did not show
any significant effect on the ABTS assay. Extraction
time exhibited a weaker effect whereas the extraction
temperature showed a relatively significant effect
on ABTS assay. Therefore, we can conclude that the
antioxidant activity via ABTS assay increased with
increasing temperature.

DPPH radical scavenging ability assay

In this response, A, B, C, B?, C?, and AB were the
significant model terms (Table II). Therefore, the coded
equation was derived as shown below after removal of
the non-significant factors:

Y =+91.66 — 0.44A - 0.87B + 0.50C — 0.85B% + 0.61C?
+ 0.44AB

The model fitted well with good prediction (R?=0.95) and
non-significant lack of fit (F = 0.58). The negative linear
effects of extraction temperature were both statistically
significant on the antioxidant activity via DPPH assay.
Vice versa, there were significantly positive linear and
quadratic effects of the extraction volume on the AA. In
addition, the extraction temperature gave a significant
negative quadratic effect on DPPH with p < 0.001,
followed by a significant interactive effect between the
extraction time and temperature with p < 0.05.

Validation of optimal extraction conditions

Comparison between the predicted and experimental
values closely agreed with the CV ranged from 0.01 to
0.41 % as shown in Table Ill. The optimal extraction
parameters were performed by maximizing the
desirability of the responses. The optimal extraction
conditions were then used for the extraction process,
and the responses were later validated based on the
procedure mentioned above for all the responses
including TPC, TFC, ABTS and DPPH. The results of
the validation suggested that the optimized extraction
conditions to obtain the maximum value of the extract
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Table 11I: Experimental data of the validation of predicted values at
optimal extraction conditions: 80°C, 100 min and 40 mL/g sample

Dependent Predicted value  Experimental value % Difference
variables (Cv)
Yield 19.11 22.78 £1.48 0.12
TPC 186.44 174.48 + 4.05 0.05
TFC 39.06 21.44 = 0.05 0.41
ABTS 89.10 87.22 +0.62 0.02
DPPH 91.50 90.88 + 0.09 0.01

Yield = % (w/dw), TPC = total phenolic contents (mg GAE/g dw), TFC = total flavonoid con-
tents (mg RE/g dw), ABTS = 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) radical
cation inhibition (%), DPPH = 2,2-diphenyl-1-picrylhydrazylradical scavenging ability assay
(%), CV = coefficient of variation, + standard deviation (n=3)

yield, TPC, TFC and antioxidant activity were at
extraction time of 100 min, extraction temperature of
81°C, and extraction volume of 40 mL/g sample with
desirability value was at 0.87. Desirability close to one
indicates that optimized parameter for extraction seems
to achieve favourable results for all responses.

HPLC analysis of phenolic compounds

Four compounds were quantified and identified as
chlorogenic acid, quercetin, rutin and kaempferol
from optimized extract of jackfruit leaves (Fig. 3). Peak
compound identification in extracts was achieved by
comparing HPLC retention time of standards with those
found in the chromatograms of prepared extract and
quantification was achieved through calibration curve
with phenolic standards as shown in Table IV. Among
the analyzed compounds, jackfruit leaves extract had
the highest content of quercetin (151.04 mg/g), followed
by rutin (35.48 mg/g), kaempferol (22.64 mg/g) and
chlorogenic acid (11.95 mg/g). Compound at retention
time 4.763 and 5.471 (Fig. 3) was not identified even
though that compound had a higher peak compared to
four identified compounds as the retention time did not
match with any of our standard compound.

mv

2000.] Det.A Chf|

5.471

1500

1000~

500+
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T T N O ]
T
0.0 25 5.0

T T
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Figure 3: HPLC chromatograms of phenolics from jackfruit
leaves. (1) chlorogenic acid; (2) quercetin; (3) rutin and (4)
kaempferol at 280 nm.

DISCUSSION

Phenolics have wide range of complex structures which
widely distributed group of plants bioactive molecules.
Bioactive compounds are the phytochemicals involved
in protection of human health against the chronic
degenerative ailments (23). The main classes of phenolic
can be classified into phenolic acids, flavonoids,
stiblins, phenolic alcohols, and lignans. A plant extract

is an active substance with desirable properties that
is removed from plant tissues and made up of various
bioactive compounds to the which plants and plant part
from which they were extracted (24). The optimization
of the extraction condition for A. heterophyllus leaves
was generated using RSM. Central composite design
(CCD) was utilized to analyse the relationship between
the response and the independent variables. The matrix
of CCD for variables and responses is shown in Table
I. The variables including extraction time, temperature
and volume adopted in this work were designed
based on a preliminary study. The analysis regression
coefficient was performed to evaluate the relationship
between response and independent variables and the
data as shown in Table Il. All models showed significant
p-value and fit well with the experimental data with R?
values ranges between 0.81 to 0.99. The non-significant
of lack of fit with p > 0.05 for all models indicate that the
model can be used to analyse the response. Equations
were obtained using a 20-batch run from Design-Expert
6.0.4 software version 6.0.4. It was found that the
reduced cubic and quadratic model is the best fit for this
study. To generate the models, non-significant terms of
p > 0.05 were removed, and p < 0.05 is selected as the
variables (25).

Based on the regression analysis of extraction variables
on vyield, extraction time significantly influenced
the yield of extract. In particular, the extraction time
produced a statistically significant negative effect (p <
0.001) on the yield. Prolonged extraction time at high
temperature causes a significant decrease in vyields
due to the oxidation and degradation of the desired
compound (26). On the other hand, the extraction
temperature showed a significantly positive effect
(p < 0.001) on vyield, but this is highly dependent on
the chemical properties of compounds present in the
extract. However, the amount of yield and antioxidant
activity of the extract reduced significantly at a higher
temperature of 100-140°C. This may be due to thermal
degradation as a result of overheating. As for volume,
there was a significant negative effect in the interaction
between the temperature and volume of extraction (AC,
Fig. 1(a)), as well as a significant positive effect in the
interaction between extraction time and volume (BC)
as shown in Fig. 1(b). The mass transfer principle can
explain the latter interaction (BC) during extraction in
which the increasing solid-to-solvent ratio resulted
in a higher diffusion rate (27). However, at a selected
range of solvent-to-solid ratio, the solid and solvent will
reach an equilibrium state. At this point, the extraction
process stopped and thus will not give any significant
effect on the yield (28). As for the temperature and
volume of extraction (AC), the yield increased rapidly
at a higher temperature with decreasing extraction
volume. To conclude, the yield of A. heterophyllus
leaves extract in this study was significantly affected by
the extraction time and temperature. Thapa et al. (29)
reported the highest extraction yield was obtained by
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using the aqueous methanol of A. heterophyllus leaves
compared to methanol and ethyl acetate extract with
10.98%, 0.22% and 4.68% respectively. However,
our percentage yield range between 17-23 % and this
indicate that the used of aqueous as solvent yielded
more dry extract. Omar et al. (30) also reported the same
pattern of A. heterophyllus leaves aqueous fraction that
yield 22.8%. The higher amount of extraction yield may
attributable by compound other than phenolics such as
protein and carbohydrates, that may have been extracted
during the extraction process (31).

In this study, the highest temperature of 81°C yielded the
highest amount of TPC. This factor showed significant
effect as temperature increase a greater contact of plant
cell wall with extraction solution as the integrity of
plant cell wall is altered, thus releasing more cellular
componentincluding phenoliccompound (32). Likewise,
the time of extraction also showed significant quadratic
and cubic effects on the TPC. The interaction between
the extraction time and temperature (AB) showed highly
significant (p < 0.001) effect on TPC (Fig. 2(a), Table II).
Hence, in this study, when the extraction temperature
was elevated and the time was reduced, this results in a
gradual increase in TPC. Azahar et al. reported the same
pattern as highest phenolic content obtained in Curcuma
Zedoaria leaves with high extraction temperature with
short periods of extraction time (33). Concerning the
time of extraction, conflicting duration of time was
found in different reported studies (4,34,35). However,
such conflicting time of extraction may depend on
the extraction temperature. Indeed, Cheng at el. (34)
reported that, at a given set of extraction temperatures,
longer extraction time caused high degradation of
the phenolics due to thermal destruction. Among all
the significant factors discussed, the main factors that
affected the TPC in A. heterophyllus leaves extract were
extraction temperature and time. The extraction volume
showed no significant effect on TPC. The experimental
data of TPC range from 101.07 - 183.34 GAE mg/g
(Table 1) in aqueous extract of A. heterophyllus leaves.
In comparison with our data, Awuor Ojwang et al. (36)
found the total phenolic content in methanolic extract
of A. heterophyllus leaves to be 35.18 mg/g. Thus, our
aqueous extraction of A. heterophyllus leaves is more
efficient to yield more phenolic compound as compared
to methanol extraction. This result is with agreement
with Loizzo et al. (37) which also reported the high TPC
obtained from total aqueous extract of A. heterophyllus
leaves than ethyl acetate fraction.

The interaction effect between extraction temperature
and extraction time on total flavonoid contents (TFC) is
shown in Fig. 2(b). As extraction temperature and time
increased at a constant volume of 30 mL/g, TFC of the
extractgradually increased. The same pattern for aqueous
extract of Coreopsis tinctoria Nutt. was also reported by
Liu et al. (38). However, for the cubic effect, extraction
temperature gives negative effects on TFC as extraction

temperature causing the TFC to decrease. In contrast,
Azahar et al. (39) discovered a different pattern where
in their study, the extraction temperature gives a weaker
effect whereas extraction time show a significant effect
on flavonoids yield. Thus, we can conclude that higher
yield of TFC can be obtained at certain temperature and
when higher temperature is applied, this compound
will be degraded. Previous study by Awuor Ojwang et
al. (36) reported 5.74 + 0.68 mg/g of total flavonoids
in A. heterophyllus leaves in methanolic extract. This
TFC value was much lower than TFC determined in
our aqueous extract of A. heterophyllus leaves (23.45 -
43.16 RE mg/g) (Table I).

Meanwhile, for the effect of extraction variables on
antioxidant activity (AA), as shown in Fig. 2(c), with
decreasing time and temperature of extraction, the
AA via DPPH assay increased at a fixed extraction
volume (30 mL/g), but no significant interaction effect
between extraction variables observed in ABTS assay.
Thus, no 3D graph can be generated for ABTS assay.
The extraction volume also has significant (p < 0.01)
effect on the AA via DPPH assay. This was supported
by a study of Belwal et al. (13) which found that AA
was highly influenced by solid to liquid ration. The high
antioxidant activity of A. heterophyllus leaves extract
in both ABTS and DPPH assays may be attributed to
the high phenolic content, as evident from the results
obtained from the TPC and TFC analysis. As previously
reported by Loizzo et al. (31), for antioxidant activity of
A. heterophyllus leaves, total aqueous extract possess
highest free radical scavenging activity with lowest
values of half maximal inhibitory concentration (IC50)
73.5 ug/mL, as compared with aqueous fraction and
ethyl acetate fraction which showed IC50 values 219.9
and 235.8 ug/mL, respectively.

The independent t-test was performed to check
the significant differences between predicted and
experimental values. The first test performed was
the Levene’s test to find the homogeneity of variance
assumption, and there was a significant difference
between two variances for extraction yield, TFC and AA
via ABTS assay. This suggested that the variances can
be assumed to be not homogenized; thus, the unequal
variances t-test value would be used. However, for
TPC and AA via DPPH assay, there was no significant
difference between two variances, meaning that the
variances can be assumed homogenized and hence the
equal variances t-test value would be used for these two
responses. The second test was the actual t-test which
tests for equality of means. In the test, the null hypothesis
is that the mean of the predicted value is equal to the
mean of experimental data. The t-test for all responses
was all significant with p < 0.05 which means that the
difference between means was statistically significant.
Therefore, it is concluded that all the responses
showed significant differences between the predicted
experimental results.

Mal ] Med Health Sci 16(2): 135-144, May 2020 141



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Previously, Riyanti et al. (40) reported that A.
heterophyllus leaves contained secondary metabolites
that were identified as flavonoids, polyphenols,
tannins, saponins, quinones, steroids, triterpenoids,
monoterpenoid and sesquiterpenoid. Meanwhile,
Bhattacharjee and Dutta (9) reported the presences of
flavonoids, tannins, saponins and carbohydrates in
methanolic and aqueous extracts of A. heterophyllus
leaves. To date Wang et al. (41) isolated two new
phenolic compounds which are artocarstilbene B and
(E)-3,5-dihydroxy-4-(3-methylbut-1-enyl)benzaldehyde
from A. heterophyllus leaves. Among all four
identified compounds, kaempferol, quercetin, rutin
and chlorogenic acid can be naturally found in many
types of plants, including A. heterophyllus leaves. In
general, pharmacological studies have proven that these
compounds possessed various biological activities such
as antioxidant, anticancer, wound healing and so on.
Specifically, the therapeutic potential of kaempferol was
well explained against cancer and autoimmune diseases
like diabetes, arthritis, and asthma (42). Meanwhile,
quercetin has been categorized as a flavonol and is
well known for its excellent free radical scavenging
activity. This property of quercetin has been associated
with its potential in reducing oxidative-stress related
chronic diseases such as cancer, heart disease, diabetes,
and stroke. In the other hand, rutin is a flavonol
and also known as quercetin-3-rutinoside. It has
demonstrated a number of pharmacological activities,
such as antioxidant, anticancer, neuroprotective and
cardioprotective activities (43). Meanwhile, chlorogenic
acid (CGA) classed under phenolic acid is an important
and biologically active dietary polyphenol. CGA playing
several important and therapeutic roles including
antioxidant  activity, anti-inflammatory properties,
antibacterial, hepatoprotective, cardioprotective, anti-
inflammatory, neuroprotective and anti-hypertension
(44). These health benefits of CGA have been the focus
of many epidemiologic studies involving CGA (45). It
is possible that the observed antioxidant activity in the
present study was due to the presence of these four
active compounds. The high antioxidant activity may
also be due to the synergism effects between these
compounds and other compounds that might present in
the extract. The other compounds from other classes of
polyphenols such as alkaloids, saponins, glucosides that
might present in our extracts but did not detected for this
study. Thus, it can be concluded that jackfruit leaves
extract has the potential to be utilized therapeutically
and pharmacologically due to its high bioactive
compounds with high antioxidant activity.

CONCLUSION

Response surface methodology (RSM) was successfully
developed to determine the optimum extraction
parameters of A. heterophyllus leaves. The best
combinations of extraction time, temperature and
volume were 100 min with the temperature at 81°C and

extraction volume at 40 mL/g sample. This optimised
parameter was promising to improve yield, antioxidant
content and antioxidant activity in A. heterophyllus
leaves, hence maximizing the health benefit of this plant.
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