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Abstract

Background: Avocado seeds contain phenol, flavonoid and anthocyanidin
compounds that have antioxidant activity. The stability of phenolic compounds
depends on the pH of the solution. A decrease in total phenolic levels causes a
decrease in antioxidant activity. The chemical stability and DPPH free radical
scavenging activity of avocado seed extract against pH are not yet known.
Objective: This study aimed to determine the effect of pH on the chemical stability
and DPPH free radical scavenging activity of avocado seed extract.

Methods: Chemical stability was observed from changes in total phenolic levels
and stability of DPPH free radical scavenging activity was observed from the
difference in the percentage of DPPH reduction of the extract solution in
phosphate-citrate buffer pH 3.24, 5.52 and 7.44 before and after being heated at
60°C for 2 hours.

Results: The average decrease in total phenolic levels of the extract in buffer pH

3.24, 5.52 and 7.44 before and after being heated was 5.76%, 3.89% and 22.08%,
respectively. The decrease in DPPH free radical scavenging activity of the extractin
buffer pH 3.24, 5.52 and 7.44 before and after heating was 24.78%, 1.96% and
56.09% respectively. There is a significant difference in the total phenolic content
and DPPH free radical scavenging activity of the acetone extract solution in
phosphate—citrate buffer at pH 3.24 and 7.44 before and after heating, but there is
no significant difference at pH 5.52.

Conclusion: Therefore, in the development of formulations containing acetone
extract of avocado seeds, buffering at a pH close to 5.22 is required.
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INTRODUCTION

Avocado is a dicotyledonous plant belonging to the Lauraceae family, originating from south-central Mexico.
Avocado (Persea americana) is widely cultivated in Indonesia due to its high economic value. The fruit is rich in nutrients
such as folic acid, unsaturated fats, and potassium, and it contains essential secondary metabolites that can help prevent
cancer. The processing and consumption of avocados leave behind solid waste, accounting for approximately 21-30%
of the fruit's total weight.’

One of the byproducts of avocado processing waste is the avocado seed. Avocado seeds contain secondary
metabolites, including phenolic compounds, tannins, flavonoids, and alkaloids.>3 The phenolic compounds identified in
avocado seeds include catechin, caffeic acid, chlorogenic acid, (epi)catechin, ferulic acid, kaempferol, kaempferide,
procyanidins, rutin, trans-5-O-caffeoyl-D-quinic acid, and vanillic acid.* The flavonoid compounds identified include
apigenin, kaempferol, catechin, quercetin, phloridzin, cinchonain, quercetin glucuronide, procyanidin dimer A,
procyanidin dimer B, and procyanidin trimer A.° The phenolic, flavonoid, and anthocyanidin compounds present in
avocado seeds exhibit antioxidant activity, where higher levels of these compounds correspond to greater antioxidant
activity.®

In general, flavonoid compounds are unstable when exposed to heat.”? A decrease in total flavonoid content
positively correlates with a reduction in antioxidant activity.® Phenolic compounds such as catechin are highly unstable,

whereas gallic acid and quercetin are relatively stable under heat exposure.'® The total phenolic content, total flavonoid
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content, and antioxidant activity of avocado leaf extract solutions at pH 4, 6, and 8 decrease after 15 minutes of storage
at 70°C, 80°C, and 90°C, with the greatest reduction observed at 90°C.?

Currently, no studies have investigated the chemical stability and DPPH free radical scavenging activity of
avocado seed extract. Since avocado seed extract has the potential for development into antioxidant-containing
formulations, it is essential to first determine its stability under different pH conditions before formulation. Therefore,
this study aims to examine the effect of pH on the chemical stability and DPPH free radical scavenging activity of
acetone-extracted avocado seed extract.

METHODS

Tools and Materials

Tool. Oven (Memmert, Germany), blender, sieve No. 60, ultrasonic bath (Elma, Germany), Blichner funnel with vacuum
filtration, rotary evaporator (Buchi, Switzerland), centrifuge (Ohaus, USA), pH meter (Ohaus, USA), water bath
(Memmert, Germany), freezer (Biobase, China), magnetic stirrer (Thermo, USA), micropipette (Eppendorf, Germany),
UV-Vis spectrophotometer (Shimadzu, Japan), a set of laboratory glassware, and 5 mL vials.

Materials. avocado seeds, acetone (Sekawan Bali Sejahtera, Indonesia), citric acid p.a. (Merck, Germany), disodium
hydrogen phosphate p.a. (Merck, Germany), methanol p.a. (Merck, Germany), Folin-Ciocalteu reagent (7.5% solution in
water), NaOH (Merck, Germany), ethanol p.a. (Merck, Germany), DPPH (1,1-diphenyl-2-picrylhydrazyl) (Sigma, USA),
gallic acid (Merck, Germany), and filter paper.

Research Procedure
Preparation of Avocado Seed Simplisia

Avocado seeds were separated from the seed coats, sliced into thin sections, and dried in a drying oven at 50°C
until a constant weight was achieved. The dried seeds were then pulverized using a blender and sieved through a No.
60 mesh sieve to obtain a uniform particle size. The resulting powder (simplisia) was stored in sealed plastic bags at
room temperature until further use.

Preparation of Acetone Extract from Avocado Seeds

A total of 370 g of avocado seed powder was placed into a maceration vessel, and 3,700 mL of 100% acetone
was added. The mixture was intermittently stirred during the initial 6 hours of maceration and subsequently allowed to
stand for an additional 18 hours at room temperature. The extract was then filtered using Whatman No. 4 filter paper,
and the resulting filtrate was collected in a glass container protected from light with aluminum foil.

The residual plant material was subjected to remaceration twice, each time using 1,850 mL of 100% acetone
for 24 hours, followed by filtration through Whatman No. 4 filter paper. The filtrates obtained from the second and
third maceration steps were combined with the first filtrate. The combined filtrates were concentrated under reduced
pressure using a rotary evaporator at 40°C until a viscous extract was obtained. If necessary, further solvent removal
was performed in an oven at 50°C.

This extraction procedure was repeated until a total of 740 g of avocado seed powder had been extracted. The
mass of the concentrated extract was recorded, and the extraction yield was calculated.”

Preparation of Citrate-Phosphate Buffer Solutions at pH 3.24, 5.52, and 7.44

Citric acid monohydrate (5.2525 g) was accurately weighed and dissolved in CO,-free distilled water in a 250
mL volumetric flask, then adjusted to volume to obtain a 0.1 M citric acid solution. Separately, disodium phosphate
dihydrate (8.9025 g) was accurately weighed and dissolved in CO,-free distilled water in a 250 mL volumetric flask and
made up to volume to obtain a 0.2 M disodium phosphate solution.

Appropriate volumes of the 0.1 M citric acid solution and the 0.2 M disodium phosphate solution, as specified
in Table 1, were mixed in a 250 mL beaker to prepare buffer solutions at pH 3.24, 5.52, and 7.44. The pH of each buffer
solution was measured using a calibrated pH meter, and adjustments were made as necessary by the addition of small
volumes of 0.1 M citric acid or 0.2 M disodium phosphate solution until the desired pH was achieved.

Table 1. Composition of Phosphate-Citrate Buffer Solution

pH Value Volume of Citric Acid 0,1 M (ml) Volume of Na,HPO, 0,2 M (ml)
3.24 67.8 32.2
5.52 42.0 58.0
7.44 6.35 93.65
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Chemical Stability Test of Acetone Extract from Avocado Seeds
Preparation for a Test Solution

An acetone extract of avocado seeds (100 mg) was accurately weighed and dissolved in a 10 mL volumetric
flask using 96% ethanol to obtain a stock solution with a concentration of 10,000 pg/mL. An aliquot of 2 mL of this
solution was transferred into a 50 mL volumetric flask and diluted to volume with citrate—phosphate buffer at pH 3.24,
followed by homogenization to yield a final concentration of 400 ug/mL. The resulting solution was divided into ten
vials, which were subsequently sealed and wrapped in aluminum foil to prevent light exposure. The same procedure
was repeated using citrate—phosphate buffer solutions at pH 5.52 and 7.44.

Storage Temperature Orientation

One vial from each buffer system (pH 3.24, 5.52, and 7.44) was incubated in a water bath at temperatures of
40°C, 60°C, and 80°C for 2 hours. Visual observations of color changes were conducted following incubation. The
appearance of a brown coloration was considered indicative of extract degradation, as excessive darkening may
interfere with subsequent colorimetric determination of phenolic content. Based on these observations, an appropriate
temperature for the stability test was selected.

Stability Test at 60°C

Three vials from each buffer system were incubated in a water bath maintained at 60°C for 2 hours. After
incubation, all vials were removed and stored in a freezer until further analysis. In parallel, three additional vials from
each buffer system were analyzed immediately to determine their total phenolic content.

Determination of Total Phenolic Content
i) Preparation of Gallic Acid Standard Solution

Gallic acid (10 mg) was accurately weighed and dissolved in methanol in a 100 mL volumetric flask, then
adjusted to volume to obtain a stock solution. A series of standard solutions with concentrations of 10, 20, 40, 50, and
60 pug/mL were subsequently prepared by appropriate dilution.

ii) Preparation of Calibration Curve

An aliquot of 1 mL from each gallic acid standard solution was transferred into separate test tubes. To each
tube, 5.0 mL of 7.5% (v/v) Folin—Ciocalteu reagent diluted with distilled water was added, and the mixture was allowed
to stand for 8 minutes. Subsequently, 4.0 mL of 1% (w/v) NaOH solution was added, and the reaction mixture was
incubated for 1 hour. Absorbance was measured at the maximum wavelength of 745 nm using a UV-Vis
spectrophotometer. A blank solution was prepared following the same procedure, with methanol substituted for the
standard solution. A calibration curve was constructed by plotting absorbance against gallic acid concentration, and the
corresponding regression equation was obtained.™
iii) Total Phenolic Content Analysis (0 Hours)

An aliquot of 2.5 mL of the unheated test solution was transferred into a 5 mL volumetric flask and diluted to
volume with citrate—phosphate buffer at pH 3.24, followed by homogenization. This procedure was performed in
triplicate and repeated for test solutions prepared in citrate—phosphate buffers at pH 5.52 and 7.44. A 1 mL aliquot of
each diluted test solution was transferred into separate test tubes, followed by the addition of 5.0 mL of 7.5% Folin—
Ciocalteu reagent. After standing for 8 minutes, 4.0 mL of 1% NaOH solution was added, and the mixture was incubated
for 1 hour. Absorbance was measured at 745 nm against a blank prepared using methanol.’ Total phenolic content was
calculated using the gallic acid calibration curve equation.

iv) Total Phenolic Content Analysis (After 2 Hours)

The three vials containing samples in citrate—phosphate buffer at pH 3.24 were removed from the freezer and
allowed to equilibrate to room temperature. A 2.5 mL aliquot from each vial was transferred into a 5 mL volumetric
flask, diluted to volume with the corresponding buffer, and homogenized. This procedure was repeated for samples
prepared in citrate—phosphate buffers at pH 5.52 and 7.44. Each test solution (1 mL) was then treated with 5.0 mL of
7.5% Folin—Ciocalteu reagent and allowed to stand for 8 minutes, followed by the addition of 4.0 mL of 1% NaOH
solution. After incubation for 1 hour, absorbance was measured at 745 nm using methanol as the blank." Total phenolic
content was calculated based on the gallic acid calibration curve.
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Stability Test of the DPPH Free Radical Scavenging Activity of Acetone Extract of Avocado Seeds
Preparation for a Test Solution

An acetone extract of avocado seeds (50 mg) was accurately weighed and dissolved in 96% ethanol in a 50 mL
volumetric flask to obtain a stock solution with a concentration of 1,000 ug/mL. An aliquot of 2 mL of this solution was
transferred into a 50 mL volumetric flask and diluted to volume with citrate—phosphate buffer at pH 3.24, yielding a
final concentration of 40 pug/mL. The solution was divided into six vials, which were sealed and wrapped in aluminum
foil. The same procedure was carried out using citrate—phosphate buffers at pH 5.52 and 7.44.

Stability Test at 60°C

Three vials from each buffer system were incubated in a water bath at 60°C for 2 hours. Following incubation,
all vials were stored in a freezer until analysis. Simultaneously, the remaining three vials were analyzed immediately to
determine their DPPH free radical scavenging activity.

Determination of DPPH free radical scavenging Activity
i) Preparation of 0.4 mM DPPH Solution

DPPH powder (4 mg; molecular weight 394.32 g/mol) was accurately weighed and dissolved in analytical-grade
methanol (p.a.) in a 25 mL volumetric flask. The solution was adjusted to volume with methanol p.a. and homogenized.
ii) Determination of Maximum Wavelength of DPPH Solution

A 2 ml aliquot of 0.4 mM DPPH solution was pipetted into a 10 ml volumetric flask, diluted to the volume mark
with methanol p.a., homogenized, and left for 30 minutes at room temperature in a dark place. The absorbance was
measured in the wavelength range of 400—-800 nm using a UV-Vis spectrophotometer. The maximum wavelength was
determined from the obtained spectrum.

A 2 mL aliquot of the 0.4 mM DPPH solution was transferred into a 10 mL volumetric flask, diluted to volume
with methanol p.a., and homogenized. The solution was incubated for 30 minutes at room temperature in the dark.
Absorbance was measured over a wavelength range of 400-800 nm using a UV-Vis spectrophotometer, the maximum
wavelength was identified from the resulting absorption spectrum, and the absorbance measured at this wavelength
was designated as the control absorbance.

iii) DPPH free radical scavenging Activity Test of 0-Hour Test Solution

An aliquot of 0.1 mL of the unheated test solution was transferred into a 10 mL volumetric flask, mixed with 2
mL of 0.4 mM DPPH solution, diluted to volume with methanol p.a., and homogenized. The mixture was incubated for
30 minutes at room temperature in the dark, after which absorbance was measured at the maximum wavelength (517
nm) using methanol p.a. as the blank. The procedure was conducted in triplicate. A control solution was prepared
following the same procedure, with methanol p.a. substituted for the sample solution.

iv) DPPH free radical scavenging Activity Test of 2-Hour Test Solution

The three frozen vials were thawed at room temperature. A 0.1 mL aliquot from each vial was transferred into
a 10 mL volumetric flask, mixed with 2 mL of 0.4 mM DPPH solution, diluted to volume with methanol p.a., and
homogenized. The mixture was incubated for 30 minutes in the dark at room temperature, and absorbance was
measured at 517 nm using methanol p.a. as the blank.

v) Calculation of DPPH free radical scavenging Activity
The DPPH free radical scavenging activity of the extract was expressed as the percentage of DPPH inhibition and
calculated using the following equation (1).”®

Control Absorbance-Sample Absorbance

% DPPH inhibition =

0,
ool Abeorbamcs X 100% wovvreivereiriere st s (1)
Data Analysis
The obtained data were presented descriptively in the form of tables and graphical representations.
Differences in total phenolic content and DPPH free radical scavenging activity before and after thermal treatment were
statistically analyzed using a paired t-test at a 95% confidence level.
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RESULT AND DISCUSSION
Preparation of Acetone Extract of Avocado Seeds

Phenolic compounds are secondary metabolites that degrade easily when exposed to heat. Therefore,
maceration is the preferred method for extracting these compounds, as heat exposure can reduce their antioxidant
activity.1>131% Acetone is the optimal solvent for extraction, yielding an extract with the highest antioxidant capacity
compared to other solvents such as water, ethanol, and ethyl acetate.'® The extraction process involved 740 g of dried
avocado seed powder with acetone at a 1:10 ratio (w/v). The resulting extract weighed 41.103 g, yielding an extraction
efficiency of 5.55%. The extract appeared as a thick, brown-colored substance with a characteristic odor.

Storage Temperature Orientation
After storage at 40°C, 60°C, and 80°C for 2 hours, a color change was observed, particularly in the solution

stored at 80°C, indicating compound degradation (Figure 1). Excessive color intensity can interfere with the
6

quantification of active compounds using colorimetric methods due to wavelength interference.®

Figure 1. Extract Solution in Phosphate-Citrate Buffer After Storage: (a) 0 Hours at Room Temperature, (b) 2 Hours at
40°C, (c) 2 Hours at 60°C, (d) 2 Hours at 80°C.
Based on these findings, a storage temperature of 60°C was selected for the stability test. At this temperature,
sufficient degradation occurred after 2 hours without excessive color intensity, minimizing interference in quantification
using the colorimetric method.

Chemical Stability Test of Acetone Extract of Avocado Seeds

The total phenolic content was determined using a calibration curve of gallic acid, which serves as the reference
standard for expressing total phenolic content as gallic acid equivalents (GAE).'”8 The calibration curve (Figure 2) was
expressed as the equation y = 0.01x + 0.0204, with a coefficient of determination (R?) of 0.9984 and a correlation
coefficient (R) of 0.9992, indicating excellent linearity (R > 0.99).1%2°
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Figure 2. Standard Calibration Curve of Gallic Acid

Following 2 hours of storage in a water bath at 60°C, the total phenolic content of the acetone extract dissolved
in phosphate-citrate buffer at pH 3.24, 5.52, and 7.44 decreased (Table 2). The reductions were as follows: pH 3.24:
5.76% (from 101.853 + 1.361 to 95.987 * 1.286 ug GAE/mL); pH 5.52: 3.89% (from 111.520 + 1.587 to 107.187 + 0.987
ug GAE/mL); pH 7.44: 22.08% (from 130.120 + 3.020 to 101.387 + 4.909 pug GAE/mL) (Figure 3).

Jurnal limiah Medicamento ¢ Vol.12 No.1 ¢ 2026 33
https://medicamento.unmas.ac.id



https://medicamento.unmas.ac.id/

| Suradnyana, et al.

Table 2. Chemical Stability and DPPH Free Radical Scavenging Stability of Acetone Extract of Avocado Seeds

Parameter pH Normality test pH Normality test pH Normality test
3.24 (p-value) 5.52 (p-value) 7.44 (p-value)
100.32 110.92 130.52
Total Ohour 102.32 0.424 110.32 0.363 132.92 0.780
Phenolic 102.92 113.32 126.92
Content 96.52 106.72 106.12
(Mg GAE/g) 2 hours 94.52 0.298 108.32 0.194 101.72 0.888
96.92 106.52 96.32
DPPH Free 13.5 13.6 13.0
Radical 0 hour 11.1 0.637 13.1 0.688 12.8 0.103
Scavenging 11.9 12.2 16.1
Activity 10.6 13.3 5.3
(% DPPH 2 hours 8.1 0.443 12.7 0.900 6.6 0.132
Inhibition) 8.7 12.2 6.5

The stability of polyphenols in sweet potato leaves is highest at pH 5-7, with extreme acidic or alkaline
conditions significantly affecting stability.?* The total phenolic content of Terminalia nigrovenulosa extract at pH 4
showed no significant change after heating at 100°C for 20 minutes but decreased significantly at pH 7.2 Solvent pH is
a key factor affecting polyphenol stability, along with light, temperature, oxygen, metal ions, enzymes, and proteins.?3
Under strongly acidic or alkaline conditions, phenolic compounds undergo hydroxylation, leading to a decrease in total

phenolic content.?* In alkaline solutions, polyphenols tend to undergo degradation, isomerization/dimerization, and

oxidation.>>2®
130.12
101.85 — 107.19 101.39
’ 95.99 '
12.15 13.00 12.74 13.96
0 hours 2 hours 0 hours 2 hours 0 hours 2 hours
pH 3,24 pH 3,24 pH 5,52 pH 5,52 pH 7,44 pH 7,44
H Average Phenolic Content (ug GAE/mL) B DPPH Free Radical Scavenging (%)

Figure 3. Mean Total Phenolic Content and DPPH Free Radical Scavenging Activity of Acetone Extract Solution of
Avocado Seeds

The total phenolic content data before and after 2 hours of heating followed a normal distribution (p > 0.05,
Table 2). A paired t-test was performed to assess the significance of changes in total phenolic content before and after
heating. The results (Table 3) showed no significant difference at pH 5.52 (p > 0.05), whereas significant differences
were observed at pH 3.24 and pH 7.44 (p < 0.05). These findings indicate that the acetone extract of avocado seeds in
phosphate-citrate buffer at pH 5.52 exhibited the highest stability compared to pH 3.24 and pH 7.44. Higher total
phenolic content corresponds to greater phenolic compound stability.*
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Table 3. Paired t-Test Results for Total Phenolic Content and DPPH Free Radical Scavenging Activity

Data Mean Difference (SD) Cl 95% p-value
TPCpH 3.24 5.87 (2.00) 0.89 10.84 0.037
TPC pH 5.52 4.33 (2.40) -1.64 10.30 0.089
TPCpH 7.44 28.73 (3.76) 19.38 38.09 0.006

DPPH FRS pH 3.24 3.03 (0.15) 2.65 3.41 0.001
DPPH FRS pH 5.52 0.23(0.21) -0.28 0.75 0.192
DPPH FRS pH 7.44 7.83(1.70) 3.60 12.07 0.015

Note:
TPC: Total phenolic content of the solution in buffer with a specific pH; DPPH FRS: DPPH free radical scavenging activity of the solution in buffer with
a specific pH.

Stability of DPPH free radical scavenging Activity of Acetone Extract of Avocado Seeds

The percentage of DPPH free radical scavenging indicates the antioxidant activity of the acetone extract solution.
After heating at 60°C for 2 hours, a reduction in DPPH free radical scavenging activity was observed in phosphate-citrate
buffer at pH 3.24, 5.52, and 7.44 (Table 2). The percentage decrease in DPPH free radical scavenging activity was as
follows: pH 3.24: 24.78% (from 12.17 + 1.22% t0 9.13 + 1.31%); pH 5.52: 1.96% (from 12.97 + 0.71% to 12.73 + 0.55%);
pH 7.44:56.09% (from 13.97 + 1.85% to 6.13 + 0.72%) (Figure 3). The greatest reduction in DPPH free radical scavenging
activity was observed in the pH 7.44 buffer, likely due to the decrease in total phenolic content. Organoleptically, the
solution at pH 7.44 displayed the darkest color intensity after 2 hours of heating, compared to other pH conditions.

The DPPH free radical scavenging activity of polyphenols in sweet potato leaves is optimal at pH 5-7.2” The DPPH
scavenging ability of Terminalia nigrovenulosa extract at pH 4 showed no significant change after heating at 100°C for
20 minutes, while a significant reduction was observed at pH 7. Extracts with higher total phenolic content generally
exhibit stronger antioxidant activity.?® The antioxidant mechanism of phenolic compounds includes hydrogen atom
transfer, single-electron transfer, proton loss followed by electron transfer, and transition metal chelation. Phenolic
compounds donate hydrogen atoms to radicals, forming stable molecules and antioxidant-free radicals. The antioxidant
potential of phenolic compounds is influenced by their structure, particularly the benzene ring and the number and
position of hydroxyl groups. Proton loss followed by electron transfer is considered the most relevant antioxidant
mechanism, as phenolic compounds donate protons to free radicals, forming anions, which then donate electrons to
generate stable molecules.?’

The DPPH free radical scavenging activity data before and after 2 hours of heating followed a normal
distribution (p > 0.05, Table 2). A paired t-test was conducted to determine the significance of changes in DPPH free
radical scavenging activity. The results (Table 3) indicated a significant difference in the DPPH free radical scavenging
activity of the extract solution at pH 3.24 and pH 7.44 before and after heating at 60°C for 2 hours (p < 0.05). However,
no significant difference was observed at pH 5.52 (p > 0.05). These findings suggest that the acetone extract of avocado
seeds in phosphate-citrate buffer at pH 5.52 exhibited the highest stability compared to solutions at pH 3.24 and 7.44.

The main limitations of this study were the wide buffer pH interval and the absence of analysis of extract
degradation products that may interfere with the determination of total phenolic content and DPPH free radical
scavenging activity. Therefore, further studies employing narrower buffer pH intervals and appropriate analytical
methods are required to obtain a more accurate pH stability value and to ensure that extract degradation products do
not interfere with the determination of total phenolic content and DPPH free radical scavenging activity.

CONCLUSION

After the avocado seed acetone extract solution was stored at 60°C for 2 hours, the total phenolic content in
solutions with pH 3.24, 5.52, and 7.44 decreased by 5.76%, 3.89%, and 22.08%, respectively. Meanwhile, the DPPH free
radical scavenging activity of solutions with pH 3.24, 5.52, and 7.44 decreased by 24.78%, 1.96%, and 56.09%,
respectively. Solutions with pH 3.24 and 7.44 significantly affected the chemical stability and DPPH free radical
scavenging stability of the avocado seed acetone extract solution. However, no significant effect was observed at pH
5.52. Therefore, in the development of formulations containing acetone extract of avocado seeds, buffering at a pH
close to 5.22 is required.
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