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ABSTRACT

The avocado peels and seeds are potentially produced into vegetable oil through the
soxhletation method. The soxhlet extracted oil characteristics are influenced by extraction time.
The proper extraction time generated the oil standard characteristics. This research aimed to
determine the effect of extraction time on yield, physicochemical characteristics, and
antioxidant potential of avocado waste oil. The research was conducted through the extraction
and characterization of avocado waste oil. This study used a Completely Randomized Design
with one factor (extraction time: 4, 5, and 6 hours). An increase in extraction time caused an
increase in yield and specific gravity, but the hydrolytic-oxidative stability and antioxidant
potential were decreased. The 4 hours of extraction time was selected as the best treatment. The
characteristics of avocado peel oil extracted for 4 hours were 6.25% of yield, 0.961 g/mL of
specific gravity, 0.27% of free fatty acids (FFA), 0.44 mgKOH/g of acid value (AV), 0.98
mEq/kg of peroxide value (PV), 4.63 mEq/kg of p-Anisidine value (PAV), 8.86 mEq/kg of total
oxidation (TOTOX), 68.786% of radical scavenging activity, and 523.96 mgTr/g of reducing
power. The characteristics of avocado seed oil extracted for 4 hours were 4.59% of yield, 0.973
g/mL of specific gravity, 0.23% of FFA, 0.33 mEq/kg of AV, 0.48 mEq/kg of PV, 3.77 mEq/kg
of PAV, 5.05 mEq/kg of TOTOX, 53.95% of radical scavenging activity, and 438.05 mgTr/g of
reducing power. Altogether, avocado waste oil characteristics in each extraction time met the
vegetable oil requirements and potentially developed in food industries.
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INTRODUCTION problems that arise from avocado waste, for

example, the avocado waste utilization in the

The utilization of avocados mainly textile, biopolymer, bioenergy,

involves the flesh, so the avocado peel and pharmaceutical, and food industries (Tesfaye
seed have the potential to become waste et al., 2022).

(Salazar-Lopez et al., 2020). Avocado fruits Avocado waste is high in unsaturated

consist of pulp (71.89%), seed (21.22%), and fatty acids (UFA) and antioxidant potential.
peel (6.89%) (Krumreich et al., 2018). Every The Hass avocado displayed higher UFA
1000 kg of avocado fruit processing content (2570 mg/100 g in avocado peel and
generates 274 kg of avocado peels and seeds 116.28 mg/100 g in avocado seed) than
as waste (Permal et al., 2020). Food waste has saturated fatty acids content (1061 mg/100 g
8% of total anthropogenic greenhouse gas in avocado peel and 8526 mg/100 g in
emissions (FAO, 2015), which can lead to avocado seed) (Amado et al., 2019). The Total
climate change. Thus, several efforts have Phenolic Content of avocado seed oil was
been carried out to avoid the environmental 1987-2992 mg GAE/100 g, while in avocado
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peel oil was 10730 mg GAE/100 g (Paramos
et al., 2020). The radical scavenging activity
by DPPH assay of avocado peel was 46.49
mMol Trolox eq./100 g, while the avocado
seed was 32.51 mMol Trolox eq./100 g. The
reducing power by FRAP assay of avocado
peel was 379.31 mMol Trolox eq./100 g, and
the avocado seed was 256.34 mMol Trolox
eq./100 g (Velderrain-Rodriguez et al., 2021).
The avocado seed contains 3-4 wt% lipids,
and the avocado peel contains 2-6 wt% lipids
(Patra et al., 2022). These characteristics make
the avocado waste potentially produced into
vegetable oil used as functional food
ingredients and food processing ingredients
(edible oil, stabilizer agent, etc.) (Ogbuagu
and Okoye, 2020; Tesfaye et al., 2022).

The easiest way to take advantage of
UFA content and antioxidant potential in
avocado waste is oil production through the
soxhlet extraction method (Paramos et al.,
2020). Ethanol has been widely used in
natural sources extraction and classified as a
less hazardous solvent. Ethanol has a high
oil yield produced capability and is low-cost
(Tekin et al., 2018). The avocado seed oil
yield using ethanol as a solvent by soxhlet
extraction was higher (9.5-10.3%) than the
supercritical carbon dioxide extraction
method (2.1%). The soxhlet method with
ethanol was also proved to generate a higher
yield in avocado peel oil (10-14%) and
avocado seed oil (9.8-10.3%) than n-hexane
(3.27-3.6% in avocado seed oil) or ethyl
acetate (3.1-4.8% in avocado seed oil)
(Paramos et al., 2020). The soxhletation
method produced a higher avocado oil yield
(55.2%) than the mechanical pressing
method (42.8%) (Krumreich et al., 2018).

The heating treatment also affects the
yield, physicochemical characteristics, and
antioxidant activity of avocado waste oil.
Pratama et al. (2017) presented that the
avocado seed oil extracted for 3 hours
resulted in a higher yield (23.53%) than 1 or
2 hours of extraction. However, the
antioxidant activity of 1-hour extraction was
higher (54.91%) than 2 or 3 hours of heating
treatments. Ginting et al. (2020) explained
that the increase in the amount of heat
through increasing the time and temperature
of extraction increased the FFA value of
avocado oil. The highest FFA value (1.84%)
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was at 85 °C, 240 mins of heating treatment,
and the lowest value (1.18%) was at 75 °C,
120 mins of heating treatment. Thus, the
soxhlet method using ethanol solvent is
widely used to determine the proper
extraction time to optimize the yield,
physicochemical characteristics, and
antioxidant potential of the extracted oil.

Thermal oxidation of oil was proven
to decrease nutritional safety because the
oxidation products react with DNA, protein,
or lipid and lead to cellular function damage.
Cardiovascular disease is a high-mortality
disease, including cell injury, deterioration
of enzymes, and the mutagenicity of nucleic
acid caused by thermal oil oxidation (Ng et
al., 2014). Vegetable oil quality can be
evaluated through FFA, AV, PV, 1V, PAYV,
and TOTOX analysis (Martinez-Yusta et al.,
2014; Owuna, 2020). The antioxidant
potential of vegetable oil can be analyzed
through the radical scavenging activity by
the 2,2-Diphenyl-1picrylhydrazyl (DPPH)
assay and reducing power by the Ferric
Reducing  Antioxidant Power (FRAP)
method (Shahidi and Zhong, 2015). The
acceptance requirements of the oil extracted
from vegetable sources are <5% of FFA, <4
mgKOH/g of AV, <15 mEq/kg of PV, and
<20 mEq/kg of TOTOX (Codex, 2017).

A previous study reported that the
avocado peel and seed oil extracted for 6
hours had the highest oil yield and
antioxidant activity using ethanol as a
solvent (Paramos et al., 2020). Sathish et al.
(2021) reported an increase in oil yield along
with an increasing extraction time of
avocado seed oil. Pratama et al. (2017) stated
that the antioxidant activity decreased along
with increasing extraction time due to the
degradation of tocopherols and other
phenolic compounds in avocado seed oil.
The evaluation of the effect of extraction
time on physicochemical characteristics and
antioxidant potential of avocado peel and
seed oil with extraction time variation of 4, 5,
and 6 hours has not been reported. This
study aimed to evaluate the effect of
extraction time on the yield, physicochemical
characteristics (specific gravity, FFA, AV,
PV, PAV, and TOTOX), and antioxidant
potential (radical scavenging activity and the
reducing power) of avocado waste oil.
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METHOD

A local avocado cultivar (ljo Panjang)
was obtained from a fruit distributor in
Surakarta, Indonesia. The equipment used in
this study was a soxhlet extractor (Pyrex), a
vacuum pump (KnF N820, Germany), a
rotary evaporator (Buchi, Indonesia), a
spectrophotometer UV-Vis (Shimadzu UV-

1240, Japan), oven (Memmert, UND55,
Germany), grinder (Phillips, Japan),
glassware (Pyrex), hotplate (Heidolph,

Germany), magnetic stirrer, vortex (Gemmy,
Taiwan), and hematocrit tube. The chemicals
used in this study were ethanol 96% (Merck),
methanol (Merck), distilled water, acetic acid
(Merck), chloroform (Merck), saturated KI
(Merck), Na-Thiosulfate (Merck), starch
solution (Merck), NaOH (Merck), oxalic acid
(Merck), phenolphthalein indicator (Merck),
KOH (Merck), trimethylpentane (Merck), p-
Anisidine (Merck), DPPH (Sigma Aldrich),
acetic buffer (Sigma Aldrich), 2,4,6-
tripyridyl-s-triazine buffer (Sigma Aldrich),
HCl (Merck), FeCls (Merck), and Trolox
(Sigma Aldrich).
Avocado Waste Oil Extraction
Soxhletation Method

The extraction of avocado waste oil
through the soxhletation method is based on
Paramos et al. (2020) with modifications.
Both avocado peels and seeds were cleaned
and heated using an oven at 60 °C for 6
hours. Each peel and seed was crushed using
a grinder and sieved with a size of 40 mesh.
Each avocado peels and seeds powder (@100
g) was prepared for soxhlet extraction.
Ethanol 96% was used as a solvent with the
ratio of material: solvent = 1:3. The extraction
was conducted at 78-80 °C. The extraction
time treatments were 4, 5, and 6 hours in
each avocado peel and seed and continued
with the solvent evaporation at 40 °C, 30
rpm. Avocado waste oil was stored in dark
storage at 10 °C until further analysis.

by

Yield Percentage (Kamini ef al., 2016)
Analysis was done by calculating the
oil to the sample weight ratio.

. duced oil weight
% Yield= roducedoil weight (g) 1 yyo,
sample weight (g)
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Specific Gravity (AOCS Cc 10c-95, 2017)
The oil was added to a pycnometer, and
then the pycnometer was closed and
weighed. The oil was discarded and changed
with the water, and re-weighed. The water

was discarded, and then the empty
pycnometer was re-weighed.
Specific Gravity(£-)= BHQ 2

mL’" (B)-(O)
Description:

A = Pycnometer + oil sample weight
B = Pycnometer + water weight

C = Empty pycnometer weight

Free Fatty Acid (AOAC Cd 8-53, 1996)

The 0.1 N NaOH was standardized by
oxalic acid dissolved in 25 mL of distilled
water. An indicator of PP (3 drops) was
added to the solution and titrated with
NaOH until the color changed (pink
constant). The oil was weighed (1 gram).
Then 25 mL of 96% ethanol was added to the
oil sample at 40°C. An indicator of PP (2
drops) was added to the mixture and titrated
with 0.1 N NaOH until the color changed
(pink constant).

V. NaOH x N.NaOH x MW of oleic acid

% FEA= Sample weight (g)

x100% ..(3)

Acid Value (AOCS Cd 3d-63, 2009)

The sample (10-50 mg) was dissolved
with 96% ethanol (50 ml). The mixture was
added with an indicator of PP (2 drops) and
titrated with 0.1 N KOH until the color
changed into pink constant.

mgKOH) _ V. KOH (mL)x KOH concentration (ﬁ)x MWof KOH (
g .

AV ( 4)

Sample weight (g)
Peroxide Value (AOAC 965.33-1969)

1 ml oil was put into a closed
erlenmeyer. In the mixture of acetic acid:
chloroform (3:2), as much as 5 ml was added
to the oil and stirred until homogeneous.
Saturated KI (0.1 ml) and distilled water (6
ml) were added to the mixture and titrated
with 0.01 N Na-Thiosulfate until the yellow
color almost disappeared. The titration was
paused, and 1% starch solution (0.4 ml) was
added to the mixture. The titration was
continued until the blue-black color
disappeared.
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PV (mEq) _ V. NaThiosulfate x N.NaThiosulfate x 1000
kg

Sample weight (g) )
P-Anisidine Value (AOCS Cd 18-90, 2011)

The 1st test solution was prepared by
mixing the oil sample (1 §g) into
trimethylpentane (25 ml). The 2"d test solution
was prepared by mixing 1 mL of p-Anisidine
into 5 ml of 1st test solution and stored in the
dark. The standard solution was prepared by
mixing p-Anisidine solution (1 ml) into
trimethylpentane (5 ml) and kept in the dark.
The absorbance value of the 1st test solution
was measured at A 350 nm, while the 2nd test
solution was at the same wavelength but 10
mins later. The reference solution was used as
compensation.

PAV (mEq) _ 25 X (1,2 abs. of 1st test solution-abs of 2nd test solution)"(6)

kg Sample weight (g)

Total Oxidation (Suseno et al., 2016)

TOTOX (mk—?) =(2XPV)+PAV ....coooovrr 7)

Radical Scavenging Activity by DPPH Assay
(da Silva et al., 2022)

The standard solution of DPPH was
prepared by dissolving 2.7 mg of DPPH into
50 ml methanol and stored in the dark. The
antioxidant activity was measured by
dissolving 0.1 mg of the sample into 5 ml
methanol and vortexed for 5 mins. The
mixture was closed and incubated in dark
conditions for 24 hours. The mixture was
taken at about 0.1 ml, and then 1 ml of DPPH
standard solution and 4.9 ml of methanol
were added. The mixture was incubated at
room temperature for 30 mins (A=517 nm).

L A Control absorbance-sample absorbance
Antioxidant activity (%)= P <100%.(8)

control absorbance

Reducing Power by FRAP
(Velderrain-Rodriguez et al., 2021)

The oil sample (150 pL) and FRAP
solution were mixed and incubated at room
temperature in dark conditions for 30 mins.
Absorbance was measured at A=593 nm. The
standard solution was made using a Trolox
solution. FRAP solution was prepared by
mixing 25 ml of 300 mM acetate buffer pH 3.6;
2.5 ml 2,4,6-tripyridyl-s-triazine 10 mM in 40
mM HCL; 2.5 mL FeCl 320 mM.

Assay
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i mgTr
Reducing power .
Sample concentration x vol. of used extract x dilution factorx0.001 (9)
Sample weight o
Statistics Analysis
The data were presented as mean +
standard deviations (three sample

replication). The statistical analysis used a
completely randomized design with one
factor (extraction time variation: 4, 5, and 6
hours) in each avocado peel and seed. The
data were analyzed using a one-way analysis
of variance and continued with Duncan's
Multiple Range Test (p<0.05).

RESULTS AND DISCUSSION

The yield and specific gravity of
avocado peel and seed oil were presented in
Table 1. The extraction time variations
affected the yield and specific gravity of
avocado waste oil. The avocado peel and seed
oil yield with 6 hours of extraction had a
higher result than 4 or 5 hours of extraction.
The oil yield of avocado peel showed a higher
result than avocado seeds in each extraction
time treatment. These results were in line
with the study of Bullo (2021) that displayed
an increase in oil yield along with the length
of extraction time (5 hours had the highest oil
yield than 3 or 4 hours at the same
temperature). The proper solvent and
extraction time would result in a high oil
yield (Pratama et al., 2017).

An increase in extraction time triggers
an increase in oil yield. That happened
because the contact between material and
solvent was longer, facilitating solvent
penetration into a target matrix cell. As a
result, the more the oil yield would be. The
increase of oil yield became slower and
constant at a particular time because less and
less the oil compounds in the target cell
(Megawati et al., 2019; Mgoma et al., 2019).

The study results showed that the
avocado peel has a higher oil yield than the
avocado seed. That was probably due to the
crop peels containing a lower cellulosic
material percentage than the part of the seed.
Consequently, the oil component was easily
extracted from the cell, and the extraction
process became more efficient (Paramos et al.,
2020; Qu et al., 2010).
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Table 1. The yield and specific gravity of avocado waste oil

Sample Extraction time (hours) Yield (%) Specific gravity (g/mL)
4 6.25a+0.22 0.961a + 0.0000
Avocado peel oil 5 9.14> +0.14 0.982v + 0.0001
6 13.14¢+0.20 0.989¢ + 0.0001
4 4.592+0.38 0.973a + 0.0001
Avocado seed oil 5 8.05> +£0.12 0.986 + 0.0001
6 12.29¢+0.26 0.993¢ + 0.0001

*Values with the same superscripts are not significantly different (p>0.05)

Table 2. The chemical characteristics of avocado waste oil

Sample tf;‘zrz’;f)‘z;"s) FFA (%) (mgllz(‘)]H/g) PV (mEq/kg) PAV (mEq/kg) (Tn%"g/?é)
4 02724000 0442+0.04  0982+0.01  4.632£0.01  8.862+0.58

’:‘)‘é‘;ﬁ)‘}l" 5 036b+0.04 0.66°+0.04 15464015  519+001  10.22v+027
6 0426+£0.04  0.82:£0.04  213¢2024 689001  12.26c+0.27
4 02324004  0332+£0.04  0482£0.00 3.772£0.01 50524055

":::;e:ﬂf 5 0326+0.04  0.61°+0.04  1.29°+014  428°+0.01  8.46+0.28
6 0386+£005  0.73£0.04  2.04e£014 59502001  10.84c+0.49

*Values with the same superscripts are not significantly different (p>0.05)

The data in Table 1 indicated that the
longer the extraction time, the higher the
specific gravity. That was likely due to a
lack of clarity in the avocado peel or seed
oil because there was no purification stage.
Rina et al. (2021) reported that the increase

significant difference in FFA results from
other extraction times. Meanwhile, the AV,
PV, PAV, and TOTOX values at 4, 5, and 6
hours of extraction were significantly
different in each avocado peel and seed oil.
The chemicals characteristics of all avocado

in  extraction time causes gum peel and seed oil met the standard of
accumulation, which consists of vegetable oil with <5% of FFA, <4
phosphatides,  protein,  carbohydrates, mgKOH/g of AV, <15 mEq/kg of PV, and

water, or other residues in the extracted oil.
Hence, the refining process is widely used
to purify the extracted oil and is proven to
decrease the residue content in the final
product (Kurniati and Susanto, 2015).

The free fatty acid is an analysis to
measure the content of free fatty acids that
formed after lipid molecules' hydrolytic
degradation. Acid value analysis indicates
the rancidity degree in oil hydrolysis
(Prescha et al., 2014). P-Anisidine is an
analysis that evaluates secondary lipid

<20 mEq/kg of TOTOX (Codex, 2017). The
extraction for 4 hours generated the
avocado peel oil with the lowest value of
FFA (0.27%), AV (0.44 mgKOH/g), PV (0.98
mEq/kg), PAV (4.63 mEq/kg), and TOTOX
(8.86 mEq/kg). The 4 hours of extraction
also produced the avocado seed oil with the
lowest value of FFA (0.23%), AV (0.33
mgKOH/g), PV (0.48 mEq/kg), PAV (3.77
mEq/kg), and TOTOX (5.05 mEq/kg).

The results of chemical analysis in
avocado peel and seed oil increased along

oxidation (Guo et al., 2016). Peroxide with the increasing extraction time. It was
indicates an oxidative index for lipid proved that the heating treatment
oxidation in the early stages (Igbal and accelerated the hydrolytic-oxidative

Bhanger, 2007). Total oxidation is the
overall oxidation state analyzed through
primary and secondary oxidation product
information (Abeyrathne ef al., 2021).

The chemical characteristics of
avocado waste oil were presented in Table
2. The 4 hours of extraction displayed a
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reaction. Heat, air, and moisture were the
factors that caused the breaking of the ester
bond and releasing free fatty acid
molecules. The heating treatment triggers
the breaking of the unsaturated fatty acids'
double bonds and forms peroxide radicals.
These radicals will bind to hydrogen from
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other fatty acid double bonds, producing
hydroperoxides or forming new radicals
(Mamuaja, 2017). The avocado peel oil had
a higher value of FFA, AV, PV, PAV, and
TOTOX in each extraction time variation
than avocado seed oil. That was
presumably caused by the higher UFA
content in avocado peel oil than in avocado
seed oil. Amado et al. (2019) proved that

avocado peels contain higher UFA (2570
mg/100 g) than avocado seeds (166.28
mg/100 g). The UFA is very susceptible to
oxidation, so the greater the amount, the
lower the oxidative stability (Dominguez et
al., 2019). Hence, the possibility of
oxidative-hydrolytic reaction in avocado
peel oil was higher than in avocado seed
oil.

Table 3. Radical scavenging activity and reducing the power of avocado waste oil

Sample Extraction time (hours)  Radical scavenging activity (%) Reducing power (mgTr/g)
4 68.79¢+0.19 523.96¢ + 4.38
Avocado 5 62.685 +0.19 450320 +4.38
peel oil
6 55.692 £ 0.19 398.50a + 4.38
4 53.95¢+£0.19 438.05¢ + 4.38
Avocado 5 44.85°+0.19 346,680 + 4.38
seed oil
6 38.492+0.19 309.86a + 4.38

*Values with the same superscripts are not significantly different (p>0.05)

The extraction time significantly
affected the antioxidant potential of avocado
waste oil, and the data was presented in
Table 3. Both radical scavenging activity and
reducing power results were decreased
along with the increasing extraction time. As
expected, the lowest extraction time (4
hours) generated the highest value of radical
scavenging activity and reducing power in
avocado waste oil. The highest percentage of
inhibition and reducing power in avocado
peel oil, respectively, were 68.79% and
52396 mgTr/g. Likewise, the highest
percentage of inhibition and reducing power
in avocado seed oil, respectively, were
53.95% and 438.05 mgTr/g. On the contrary,
the extraction time of 6 hours showed the
lowest radical scavenging activity and
reducing power in avocado waste oil.

The antioxidant compounds
decomposed because phenolic content was
super heat-sensitive and easy to oxidize. The
damage of phenolic content due to heat is
responsible for decreased antioxidant
activity (Che Sulaiman et al., 2017). The
reducing power was influenced by hydroxyl
groups linked with a benzene ring in the

chemical structure of the antioxidant.
Mostly, reducing power correlated with total
phenolic compounds and antioxidant
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activity. The damage to phenolic compounds
resulted in losses of the electron donor
component, which will react with free
radicals to stop the free radical chain
reaction. As a result, the decrease in
antioxidant activity and the reducing power
(Irshad et al., 2012; Zhang et al., 2015).

Table 3 showed that the radical
scavenging activity and the reducing power
in avocado peel oil were higher than in
avocado seed oil. This result was supported
by da Silva et al. (2022) study that explained
the radical scavenging activity in avocado
peel was higher than in avocado seed
because the total phenolic content in
avocado peel was higher than in avocado
seed (Kumar et al, 2014). The amount of
phenolic content in the avocado seed was
lower than in the avocado peel, caused by
distinct exposures to environmental stress.
The avocado seed was less exposed to
environmental stress (e.g., UV rays of
sunlight), while the avocado peel was
intensely  exposed.  Hence,  phenolic
compounds synthesis was higher in the
avocado peel to prevent oxidative damage in
the plant's cellular structure (Oboh et al.,
2016; Rojas-Garcia et al., 2022).
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Figure 1. The Effect of Extraction Time on Avocado Peel Oil (Left) and
Avocado Seed Oil (Right) Characteristics

Figure 1 indicates that the increase in
extraction time definitely increases the
yield and physicochemical analysis results
but also decreases the antioxidant potential
analysis results in avocado peel and seed
oil. These results suggest that the highest
extraction time (6 hours) leads to extensive
decreases in oil quality as indicated by the
highest values in FFA, AV, PV, PAV, and
TOTOX as products of hydrolysis-oxidative
reaction which indicate the level of oil
damage. Based on the analysis by DeGarmo
et al. (1984), the best extraction time
treatment was 4 hours in avocado peel and
seed oil. The 4 hours of extraction resulted
in the avocado peel oil characteristics with
6.25% of yield, 0961 g/ml of specific
gravity, 0.27% of FFA, 0.44 mgKOH/g of
AV, 098 mEq/kg of PV, 4.63 mEq/kg of
PAV, 8.86 mEq/kg of TOTOX, 68.79% of
radical scavenging activity, and 523.96
mgTr/g of reducing power. The avocado
seed oil characteristics in the 4 hours of
extraction were 4.59% of yield, 0.973 g/ml
of specific gravity, 0.23% of FFA, 0.33
mEq/kg of AV, 0.48 mEq/kg of PV, 3.77
mEq/kg of PAV, 5.05 mEq/kg of TOTOX,

47

53.95% of radical scavenging activity, and
438.05 mgTr/ g of reducing power.

CONCLUSION

The increase in extraction time was
proved to significantly increase the yield
and specific gravity of avocado peel and
seed oil. Still, it decreased the hydrolytic-
oxidative stability and antioxidant potential
in avocado peel and seed oil. The extraction
time of 4 hours was selected as the best
extraction time treatment for avocado peel
and seed oil with the lowest value of FFA,
AV, PV, PAV, and TOTOX, and the highest
radical scavenging activity and reducing
power. However, all of the extraction time
treatments produced the avocado waste oil
characteristics which were in line with the
vegetable oil requirements by the Codex

Alimentarius. These studies’ results
provided information related to the
optimization of avocado waste oil

production as an effort to process plant
waste into high-value products for further
use in various fields.
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