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 ABSTRACT 
Oxidative stress caused by the accumulation of free radicals is a key 

factor in the development of degenerative diseases. Jackfruit leaves 
(Artocarpus heterophyllus), which are rich in polyphenolic compounds, 
have the potential as natural antioxidants. This study aims to activate the 
antioxidant activity of jackfruit leaf extracts and fractions. The study was 
conducted by extraction using the maceration method with 70% ethanol 
solvent and fractionated by vacuum liquid chromatography into polar, 
semi-polar and non-polar fractions. Antioxidant activity was measured 
in vitro, using 3 methods including DPPH, ABTS and FRAP which were 
read with an ELISA Reader with vitamin C as the reference standard. The 
results showed that the crude extract had strong antioxidant activity 
with an IC₅₀ value of 31.93 µg/mL (DPPH) and 29.59 µg/mL (ABTS), as 
well as the highest antioxidant equivalent ascorbic acid (AEAC) levels in 
the FRAP test. The polar fraction showed moderate antioxidant activity, 
while the semi-polar and non-polar fractions showed weak activity. 
These findings suggest that polar compounds such as flavonoids and 
phenolics play a role in the antioxidant effects of jackfruit leaves. In 
conclusion, jackfruit leaf extract and its polar fractions have significant 
antioxidant activity and show promise for further development as 
natural antioxidant agents in nutraceutical formulations aimed at 
preventing oxidative stress-related diseases. 

INTRODUCTION 

Free radicals are molecules that have one or 
more unpaired electrons, making them highly 
reactive and unstable. Because of this property, 
they tend to react with other molecules such as 
lipids, proteins, or DNA, which can damage cell 
structures and trigger chain reactions that are 
detrimental to body tissues. (Martemucci et al., 
2022).  The accumulation of free radicals in the 
body can trigger oxidative stress which plays a 
role in the development of various degenerative 
diseases. (Rusmana et al., 2017).  

Antioxidants work by neutralizing free 
radicals, thereby reducing the risk of cell and 
tissue damage (Sreeja et al., 2021). Antioxidants 

can be synthetic or natural substances. Natural 
antioxidants can come from plants or animals. 
Natural antioxidants are considered better for 
long-term use and prevention because of their 
more natural and multifunctional nature 
because they have a complex polyphenolic 
structure, which allows them to affect various 
molecular pathways simultaneously, thus 
providing a more comprehensive therapeutic 
effect (Divya, 2019).  

Jackfruit leaves (Artocarpus heterophyllus) 
are one of the plants that contain phenolics and 
flavonoids that can inhibit lipid peroxidation 
(Ajiboye et al., 2018) The antioxidant activity of 
these compounds plays a role in increasing the 
performance of antioxidant enzymes such as 
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superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and catalase (CAT) which are 
responsible for maintaining the integrity of cell 
membranes and protecting against damage 
caused by free radicals or reactive oxygen 
species (ROS). (Sekhon-Loodu & Rupasinghe, 
2019).  

To identify bioactive compounds with the 
highest antioxidant activity, jackfruit leaf extract 
can be separated into several fractions based on 
differences in solvent polarity. This fractionation 
aims to separate groups of compounds according 
to their chemical properties, thus facilitating the 
identification and evaluation of the biological 
activity of each fraction (Ali et al., 2019). This 
process allows for more specific and accurate 
identification and isolation of bioactive 
compounds, as well as increasing the purity of 
the compounds before further biological activity 
testing (Poojar et al., 2017). This fractionation 
process is important because fractionation also 
reduces the complexity of the crude extract, 
ensuring safety, effectiveness, and consistency of 
pharmacological activity in therapeutic 
applications (Barba-Ostria et al., 2022)  

Antioxidant activity assessment can be done 
through various in vitro methods, such as DPPH 
(1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2'-
Azino-bis(3-ethylbenzothiazoline-6-sulfonic 
acid)), and FRAP (Ferric Reducing Antioxidant 
Power). These three methods have different 
working principles, so that simultaneous testing 
can provide a more comprehensive picture of the 
antioxidant capacity of a sample. (Irawan et al., 
2022). Therefore, this study is important to be 
carried out to determine the antioxidant activity 
of extracts and fractions systematically in order 
to identify which extracts or fractions have the 
most significant activity and to understand the 
contribution of bioactive compounds in them. 

METHODS 

Extraction and Fractionation 

Jackfruit leaf powedered is mashed and then 
macerated for 48 hours with 70% ethanol at a 
ratio of 1:10 (Ajiboye et al., 2018). The 
maceration soak is then filtered and the liquid 
extract or macerate is evaporated with a rotary 
evaporator until thick. Fractionation is carried 
out using the chromatography method for thick 
extracts from jackfruit leaves. Before 
fractionation, TLC analysis is carried out to 

determine the right eluent, using a silica plate 
GF254 stationary phase and a mobile phase of 
methanol, chloroform, ethyl acetate and n-
hexane. After obtaining the optimal eluent ratio, 
the sample in the form of a thick extract is also 
fractionated using vacuum liquid 
chromatography (VLC).  

The optimization results obtained a 
combination of solvent in mobil phase, n-hexane, 
h-hexane: ethyl acetate (9:1), n-hexane: 
chloroform (8:2), ethyl acetate: chloroform 
(1:1), chloroform: methanol (1:1) and methanol. 
Each solvent was then flowed into the sample 
and the fraction results were tested by TLC to 
identify the same RF valueA sample or extract of 
25 grams is impregnated with silica imreg g60 
(30-70 mesh) as much as 2 times the weight of 
the extract and is inserted into the VLC column. 
Elution is carried out with a solvent with an 
increasing polarity level according to the results 
of the previous optimization. Each elution was 
collected as much as 200 mL and spotted on a 
silica plate to see its chromatography profile. 
Fractions that have similar chromatography 
profiles are combined as one fraction. 
Evaporation of the solvent in the fraction is 
carried out with a rotary evaporator to obtain a 
thick fraction Itsna, et al 2014).  

DPPH Method 

A 150 μg/mL DPPH solution was prepared, 
then a standard vitamin C solution was made 
with a concentration of 0.5–10 μg/mL, as well as 
sample solutions (extract, polar fraction, semi-
polar fraction, and non-polar fraction) in various 
concentrations, namely 25–200 μg/mL, 50–300 
μg/mL, and 500–1000 μg/mL. The standard 
solution or sample solution was reacted with 
DPPH solution in a ratio of 1:4 (50 μl:150 μl), 
then homogenized, transferred to a 96-well 
microplate, and incubated for 30 minutes in the 
dark. Furthermore, the solution mixture was 
measured using an ELISA reader at a wavelength 
of 517 nm (Irawan et al., 2022) 

ABTS Method 

 Prepare 10 mL of ABTS solution with a 
concentration of 7 mM and 10 mL of potassium 
persulfate solution with a concentration of 2.45 
mM, using methanol as a solvent. The formation 
of radicals is carried out by mixing the two 
solutions, then incubating for 16 hours in the 
dark at room temperature. Next, prepare a 
standard solution of vitamin C with a 
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concentration range of 0.25–10 μg/mL, as well as 
sample solutions in the form of extracts, polar 
fractions, semi-polar fractions, and non-polar 
fractions with concentration variations of 25–
200 μg/mL, 50–300 μg/mL, and 500–1000 
μg/mL, respectively. The standard solution and 
sample are reacted with the ABTS solution in a 
ratio of 1:4 (50 μl:150 μl), homogenized, 
transferred to a 96-well microplate, then 
incubated for 30 minutes in the dark. The 
solution measurement is carried out using a 
reader ELISA at a wavelength of 734 nm 
(Sukweenadhi et al., 2020) 

FRAP Method 

Prepare FRAP reagent by dissolving 187 mg 
of sodium acetate trihydrate in 250 mL of acetate 
buffer solution at pH 3.6, 270 mg of iron(III) 
chloride hexahydrate (FeCl3 6H2O) in 100 mL of 
distilled water, and 150 mg of TPTZ (2,4,6-
tripyridyl-s-triazine) dissolved in 50 mL of 40 
mM HCl solution. Mix 25 mL of sodium acetate 
solution, 2.5 mL of FeCl3 solution, and 2.5 mL of 
TPTZ solution, then add distilled water until the 
total volume reaches 100 mL to obtain ready-to-
use FRAP reagent. Make a vitamin C solution 
with a concentration variation of 25–80 μg/mL, 
and samples in the form of extracts, polar, semi-
polar, and non-polar fractions with a 
concentration range of 100–600 μg/mL each. 
Standard solution or sample is reacted with 
FRAP reagent with a ratio of 1:3 (50 μl:100 μl) at 
room temperature for approximately 15 
minutes. Measurement of reaction results is 
carried out using an ELISA reader at a 
wavelength of 593 nm (Firuzi et al., 2005) 

RESULT AND DISCUSSION 

  
Figure 1. TLC Separation of fraction leaf extract 

(Artocarpus heterophyllus), mobile phase 
chloroform methanol (8 :2), stationary phase 
silica gel GF254, a. visualitation under UV 366 

nm, b. visualitation under UV 254 

This study began with the extraction process 
where the extraction results of jackfruit leaves 
Artocarpus heterophyllus obtained a yield of 
15.9%. The fractionation process began with 

mobile phase optimization to determine the best 
compotition of solvent system that provided the 
best solvent characteristics on TLC (Paprika, et 
al 2025) (Figure 1). The fractionation process 
yielded nine collections, which were grouped 
based on Rf values into polar, semi-polar, and 
non-polar fractions  
 

The polarity classification of the fractionation 
results was carried out based on the Rf value 
obtained by the thin layer chromatography 
(TLC) method. The RF value of each container 
was 0.86 for the first container, 0.75 for 
containers 2 and 3, 0.64 for containers 4,5 and 6 
and 0.11 for containers 7, 8 and 9. Compounds 
with low Rf values showed strong interactions 
with the polar stationary phase, indicating that 
the compound was polar. Conversely, 
compounds with high Rf values showed weak 
interactions with the stationary phase, 
indicating that the compound was non-polar 
(Pratama et al., 2018). The polar, semi-polar and 
non-polar fractions received yields of 5.3%, 
7.7% and 32% respectively. 

Determination of antioxidant activity in this 
study was carried out using three different 
methods, namely DPPH, ABTS, and FRAP.  
Absorbtion of test solution measured using 
ELISA reader instrument following previous 
study (Irawan et al., 2022; Sembiring et al., 2016; 
Sukweenadhi et al., 2020). ELISA reader offer 
several advantages compared to the uv-vis 
spectrophotometer, such as time efficiency, 
fewer sample and reagent requirements, and a 
good level of precision (Suhendi et al., 2018). The 
antioxidant activity test used in this study used 3 
types, because they all have different principles.  

The DPPH method assesses antioxidant 
activity through electron transfer that reduces 
DPPH radicals, indicated by a change in color 
from dark purple to paler as measured 
spectrophotometrically. This mechanism is 
dominated by electron transfer, and involves a 
small amount of hydrogen atom transfer 
(Shahidi & Zhong, 2015).  

The ABTS method measures antioxidant 
activity based on the ability of the compound to 
reduce the blue-green ABTS⁺ cation radical with 
an absorption peak at 734 nm. This radical is 
formed from the oxidation of ABTS by agents 
such as peroxide or persulfate. Reaction with 
antioxidants decreases the color intensity, which 
is observed spectroscopically and the decrease 
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in color indicates the antioxidant potential of the 
sample (Munteanu & Apetrei, 2021).  

The FRAP method assesses antioxidant 
activity based on the compound's ability to 
reduce Fe³⁺ ions to Fe²⁺. The Fe²⁺ ions formed 
will form a colored complex with TPTZ (2,4,6-
Tris(2-pyridyl)-s-triazine), which has a 
maximum absorption at 595 nm and can be 
measured spectrophotometrically. The higher 
the reduction ability of a compound, the greater 
its antioxidant activity (Firuzi et al., 2005) 

One of the parameters often used to assess 
antioxidant potential is the IC₅₀ value, which is 
the concentration of a sample that is able to 
inhibit 50% of free radicals. The lower the IC₅₀ 
value, the higher the antioxidant activity.(Irawan 
et al., 2022), Antioxidant activity based on DPPH 
and ABTS methods is classified into five 
categories: very strong (IC₅₀ < 50 µg/mL), strong 
(50–100 µg/mL), moderate (100–150 µg/mL), 
weak (150–200 µg/mL), and very weak (>200 
µg/mL). In addition to the IC₅₀ value, the FRAP 
method uses the AEAC (Ascorbic Acid Equivalent 
Antioxidant Capacity) unit to indicate the 
reduction capacity of the sample which is stated 
as equivalent to vitamin C (Sukweenadhi et al., 
2020) 

Table 1. Results of antioxidant activity tests using 
the DPPH method 

Sampel 
Linear regression 

equation 
IC50 value 
(μg/mL) 

Vitamin C y = 4.2879 ± 0.17 x + 
47.058 ± 1.96 
R² = 0.9754 

0.68 ± 0.428 

Extract 
y = 0.2139 ± 0.01 X + 
42.697 ± 1.59 
R² = 0.9234 

31.93 ± 5.011 

Fraksi 
Polar 

y = 0.2328 ± 0.005 x + 
17.894 ± 1.254 
R² = 0.9902 

137.95 ± 7.189 

Fraksi 
Semi 
Polar 

y = 0.102 ± 0.001 x + 
17.771 ± 0.89 
R² = 0.975 

664.52 ± 14.195 

Fraksi 
Non Polar 

y = 0.1142 ±0.006 x - 
42.417 ± 6.65 
R² = 0.9674 

809.01 ±13.240 

Note : Results are presented as mean ± SD of IC50 (50 
inhibitory concentration, n = 3) 

The method used is valid because the results 
of the positive control show the same activity as 
previous research or are compounds with very 
strong antioxidant activity (Irawan et al., 2022). 
Vitamin C has very strong antioxidant activity 
with the working principle of acting as an 
antioxidant by donating protons or electrons to 

neutralize free radicals. In the DPPH and ABTS 
methods, this reaction is characterized by a 
decrease in color intensity due to radical 
reduction by vitamin C. While in the FRAP 
method, vitamin C reduces the Fe³⁺-TPTZ 
complex to Fe²⁺-TPTZ, which is indicated by an 
increase in absorbance due to the formation of a 
blue complex. These three methods reflect the 
ability of vitamin C as an antioxidant through the 
electron donation mechanism (Sukweenadhi et 
al., 2020) Besides that, the results of the 
consistency test are indicated by the R value for 
all samples above 0.9.  

In the DPPH method, vitamin C as a positive 
control showed very strong antioxidant activity 
with an IC₅₀ value of 0.68 ± 0.428 µg/mL. Crude 
jackfruit leaf extract showed strong activity with 
an IC₅₀ value of 31.93 ± 5.011 µg/mL. The polar 
fraction had an IC₅₀ value of 137.95 ± 7.189 
µg/mL, which was included in the moderate 
category. However, the semi-polar and non-
polar fractions showed very high IC₅₀ values, 
664.52 ± 14.195 µg/mL and 809.01 ± 13.240 
µg/mL, respectively, indicating very weak 
antioxidant activity (Table 1). This is in line with 
research (Insanu et al., 2022) s that the 
antioxidant activity of jackfruit leaf samples 
extracted using polar solvents produces the 
highest antioxidant activity compared to semi-
polar and non-polar solvents. 

Table 2. Antioxidant Activity Test Results with 
the ABTS method 

Sampel 
Linear regression 

equation 
IC50 value 
(μg/mL) 

Vitamin C y = 4,228 ± 0.19 x + 
44,053 ± 0.371 
R² = 0.9297 

1.402 ± 
0.401 

Extract 
y = 0.3719 ± 0.009 x + 
44.731 ± 0.2009 
R² = 0.9621 

29.592 ± 
4.920 

Fraksi Polar 
y = 0.155 ± 0.009 x + 
36.344 ± 1.909 
R² = 0.9951 

87.507 ± 
6.891 

Fraksi Semi 
Polar 

y = 0.090 ± 0.0098 x + 
13.526 ± 4.507 
R² = 0.9763 

404.634 ± 
11.287 

Fraksi Non 
Polar 

y = 0.0702 ±0.004 x + 
15.138 ± 2.845 
R² = 0.997 

586.901 ± 
14.878 

Note : Results are presented as mean ± SD of IC50 (50 
inhibitory concentration, n = 3) 

Antioxidant activity testing using the ABTS 
method was carried out to evaluate the ability of 
samples to neutralize ABTS⁺ radicals. The test 
results are shown through the IC₅₀ value of each 
sample listed in Table 2. Vitamin C showed the 
highest antioxidant activity, followed by the 
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crude extract which was classified as having 
strong activity. The polar fraction showed 
moderate activity, while the semi-polar and non-
polar fractions had relatively weak activity. 
These findings reflect the differences in the 
ability of each fraction to neutralize ABTS⁺ 
radicals. Previous research has conducted 
antioxidant activity tests using the ABTS method 
but with a sample of protein concentrate from 
jackfruit leaves which showed that the protein 
hydrolysate produced using the pancreatin 
enzyme for 120 minutes had an ABTS radical 
scavenging activity of 98.20% (Calderón-Chiu et 
al., 2021). 

Table 3. Results of Antioxidant Activity Test 
using the FRAP method 

Sampel 
Concentration 

(µg/mL) 
AEAC 

Extract 

600 167.18±9.31 

500 173.42±2.16 

400 169.93±3.98 

300 158.30±13.94 

200 125.95±9.98 

100 64.24±3.48 

Polar 
Fraction 

600 128.51±5.52 

500 113.80±1.76 

400 96.23±0.76 

300 78.28±2.17 

200 53.95±3.32 

100 32.64±1.02 

Semi Polar 
Fraction 

600 61.72±3.07 

500 57.88±1.93 

400 44.77±2.00 

300 36.35±0.98 

200 28.91±0.80 

100 16.88±0.54 

Non Polar 
Fraction 

600 19.04±1.32 

500 16.88±0.80 

400 15.00±0.23 

300 14.07±0.83 

200 12.09±0.76 

100 9.64±0.56 
Note : Results are presented as mean ± SD of the linear 
regression of Vitamin C (50 inhibitory concentration, n = 3) 
 

Antioxidant activity with the FRAP method is 
expressed by the equivalent value to the 
comparator or in research is vitamin C which is 
expressed as AEAC or (Ascorbic Acid Equivalent 
Antioxidant Capacity). The determination of the 
AEAC value is based on the standard linear 

regression value with the results of the linear 
regression calculation of vitamin C in the FRAP 
method test being y = 134.88x + 0.4299 with a 
coefficient of determination value of 0.9804. 

The FRAP method was used to measure the 
ability of compounds to convert iron ions from 
the form of Fe³⁺ to Fe²⁺. Data on the antioxidant 
activity of each sample based on this method are 
presented in Table 3. The crude extract showed 
the highest antioxidant activity with the largest 
AEAC value at all concentrations, especially at a 
concentration of 500–600 µg/mL. The activity of 
the polar fraction was moderate, followed by the 
semi-polar fraction which had lower activity, 
while the non-polar fraction had the lowest 
AEAC value at all concentrations, indicating the 
smallest reduction ability.  

Overall, antioxidant activity decreased with 
increasing polarity of the fraction, meaning that 
compounds with higher polarity contributed 
more to the reduction process of Fe³⁺ ions to 
Fe²⁺Previous studies using the FRAP method on 
Artocarpus heterophyllus plants focused on the 
skin and fruit stalks, with variations in extraction 
techniques such as maxeration, percolation, and 
soxhletation using 70% ethanol polar solvents. 
The results showed that the extract obtained 
through the maxeration method had the highest 
antioxidant activity compared to percolation and 
soxhletation. This finding indicates that cold 
extraction techniques, such as maxeration, are 
more effective in maintaining and extracting 
bioactive compounds that play a role in 
antioxidant activity. This is reinforced by the 
highest total phenolic and flavonoid content in 
the maxeration sample, which confirms the 
important role of both compounds in antioxidant 
activity. (Daud et al., 2017)  

The third test method showed a consistent 
pattern, where jackfruit leaf extract showed the 
highest antioxidant activity, followed by the 
polar fraction. While the semi-polar and non-
polar fractions showed the lowest activity. The 
IC₅₀ values in the DPPH and ABTS methods and 
the AEAC values from the FRAP method showed 
that the intact extract had an effectiveness close 
to vitamin C as a positive control. The higher 
antioxidant activity in the intact extract was 
likely due to the synergistic effect between 
bioactive compounds that were reduced after 
the fractionation process. This consistent 
pattern confirms that polar antioxidant 
compounds, such as flavonoids and phenols, are 
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more soluble in polar solvents such as ethanol, in 
accordance with their chemical properties. 
(Calderón-Chiu et al., 2021).  

The difference in results between the DPPH 
and ABTS methods is likely due to differences in 
antioxidant reaction mechanisms and the types 
of solvents used. The DPPH method is more 
suitable for compounds that are soluble in 
methanol, while ABTS can be applied to 
compounds with various levels of polarity. 
Meanwhile, the FRAP method measures the total 
reduction capacity of a compound through its 
ability to reduce Fe³⁺ ions under acidic 
conditions. (Munteanu & Apetrei, 2021). In 
general, the results of the study showed that The 
highest antioxidant activity was detected in the 
intact extract and polar fraction, which is most 
likely due to the content of bioactive compounds 
such as phenolic compounds, flavonoids, and 
other antioxidants that interact synergistically. 
These results are consistent with previous 
studies that reported that ethanol extract of 
jackfruit leaves has the highest flavonoid 
concentration and shows the lowest IC₅₀ value 
when compared to semi-polar and non-polar 
fractions (Adnyani et al., 2017). 

CONCLUSIONS  

This study proves that jackfruit leaf extract 
(Artocarpus heterophyllus) has high antioxidant 
activity, with the highest effectiveness in the 
intact extract, followed by the polar fraction. 
Semi-polar and non-polar fractions showed low 
activity. This indicates that active compounds 
such as phenolics and flavonoids are more 
abundant in the polar fraction and work 
synergistically in the intact extract. Differences 
between test methods (DPPH, ABTS, and FRAP) 
reflect differences in reaction mechanisms and 
compound solubility. In conclusion, jackfruit 
leaves exhibit promising antioxidant properties, 

especially within their extract and polar fraction 
components. This suggests their potential for 
further exploration in in vivo studies and 
supports their prospective use in the 
formulation of nutraceutical products aimed at 
preventing oxidative stress-related diseases 
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