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ABSTRACT
Objective: The present study evaluated the impact of drying and storage conditions on the quality of the avocado oil.

Methods: The fresh avocado was obtained from local farmers of Chiang Mai province, Thailand. The avocado pulp was collected and blended. The
blended samples were dried at different temperatures (60, 80, and 100°C) and the oil was extracted by manual or mechanical pressing. The avocado
oil samples were stored in clear and amber glass bottles at various temperatures (4, 30, and 40°C) for 3 months. The organoleptic, Folin-Ciocalteu
colorimetric, 1,1-diphenyl-2-picrylhydrazyl and 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid assay, and titration methods were used to
measure the physical changes (color, odor, and precipitation), total phenolic content (TPC), antioxidant activity, and acid value (AV) and peroxide
values (PVs) of the samples, respectively.

Results: The manual squeezing and mechanical pressing methods yielded about 1.17 and 24.91% of avocado oil from fresh, undried avocado flesh,
and the pH of both samples was 5. The AV of manually squeezed and mechanically pressed oil samples was 2.91 and 2.88 mg KOH/g of oil, respectively.
The PV of manually squeezed and mechanically pressed oil samples was 7.96 and 8.03 milliequivalent of oxygen per Kg of oil, respectively. The quality
of the avocado oil dried at 60°C was high compared to other samples regarding TPC and antioxidant capacity. The storage of oil samples for 3 months
at various temperatures and in different containers has not affected the quality significantly, except at 40°C.

Conclusion: The study proposed that the drying process at more than 80°C interferes with the quality of the avocado oil, and the storage conditions
have a greater impact on the stability of the avocado oil. The storage at a low temperature in the absence of light may extend the shelf life of the
avocado oil.
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INTRODUCTION Several extraction methods have been reported for the recovery of
avocado pulp oil, such as centrifugation, hot extraction with hexane,
cold pressing, pressing with oven-dried pulp extraction with petroleum
ether, ethanol extraction, sonophysical processes, simultaneous
supercritical, supercritical CO, (SC), and CO,/ethanol mixture
extraction [1,4,15-17]. The extraction methods greatly influence the

yield and quality of oil from any plant materials [18].

Persea americana Mill, generally known as avocado, is commonly
cultivated in several countries. The avocado fruit is rich in nutrients,
and the avocado pulp oil was reported for a high content of phytosterol,
tocopherols, carotenoids, aliphatic alcohols, hydrocarbons, unsaturated
fatty acids, fibers, potassium, Vitamin B3, and Vitamin E [1]. Avocado
showed protective effects against thrombosis, atherosclerosis,
cancer, and cardiovascular diseases and exhibited antioxidant, anti-
inflammatory, antimicrobial, and photoprotective activity [2-5]. The
avocado oil is used in several cosmetic preparations [6].

Due to the high nutritional and pharmacological value, the effect
of extraction methods on high-quality avocado oil yield has been
studied extensively [19]. The present study explained the influence of
extraction methods, and different drying processes on yield and quality,
in terms of antioxidant property, of avocado oil extracted from fruits
that cultivated around northern Thailand.

The fatty acid composition of the avocado oil greatly depends on
cultivar, ripening stage, geographical region, and most importantly on
extraction methods [7,8]. The cultivar and harvesting time play a major
role in lipid content of oil. The cultivar fuetre, and bacon varieties
differs in their lipid content. About 18.7 and 21.8% of lipid content
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were reported in Fuerte and bacon varieties, respectively [9]. The
horticultural maturity of the fruit plays critical role in oil content and
yield, and after harvesting, oil content was not found to be increased at
all [10-12]. The ripe avocado fruit yields oil greater than that of unripe
fruit [13]. The avocado seed contains about 2% of oil, and seed oil has
been reported to have some toxic compounds like hepatotoxic agents
and known to cause abnormalities in lipid biosynthesis, and some liver
problems [14]. The commercially used avocado oil has been extracted
from the avocado flesh.

Sample collection

The fresh avocado samples were obtained from the avocado formers of
Chiang Mai. The quality of the avocado was certified by the commercial
avocado oil producer (YK group, Thailand). The samples were stored in
the refrigerator (4°C) until use.

Avocado oil extraction
Avocado fruits were cleaned with sterile water and the skin and seed
were removed. Then, the sample was blended using a commercial
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blender, and spread over the aluminum tray, and dried at different
temperatures (60, 80, and 100°C) (Fig. 1). The dried avocado samples
(Fig. 2) were subjected to different extraction processes such as manual
pressing, and mechanical pressing as detailed below.

Manual pressing: The dried avocado samples were packed in a white
filter cloth and squeezed to extract oil.

Mechanical pressing: The dried avocado samples were mechanically
pressed by screw spinning, and the oil was filtered through 0.45 pm
sized sieve.

Determination of physical and chemical properties on avocado oil
The physical properties of avocado oil were analyzed in terms of color,
odor, and precipitation. The acid values (AVs) and peroxide values (PVs)
of avocado oil samples were determined as detailed previously [20,21].
AV and PVs were calculated as follows:

V(mL)x5.61

AV(mgKOH / gofoil)=————————
(mg /8 ) Massof sample(g)

Where, V is the titration amount of 0.1 M potassium hydroxide for
the sample in mL and 5.61 is a constant value (equivalence of mass of
0.1 M KOH).

PV(mEq / kgofoil)= _A(mL)~B(mL)
Massof sample(g)

Where, A and B are the titration amount of 0.002 N sodium thiosulfate

for sample and blank (in mL), respectively. AV and PVs were represented

as mg of potassium hydroxide equivalent/g of oil (mg KOH/g of oil) and

milliequivalent of oxygen per Kg of oil (mEq/Kg of oil), respectively.

Evaluation of stability and shelf-life of avocado oil

The avocado oil was packed in clear and amber glass bottles and stored
at 4, 30, and 40°C for 3 months. The samples were analyzed for AV, PV,
and physical property at 0, 1, 2, and 3 months of storage.

Total phenolic content (TPC) and Antioxidant activity

TPC of samples was determined by Folin-Ciocalteu colorimetric method
as detailed previously [14]. The changes in the antioxidant capacity
of avocado oil samples stored at different temperature in different
containers were assessed by 1,1-diphenyl-2-picrylhydrazyl (DPPH) and
2,2'-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS) assays as
described previously [22,23].

Fig. 1: The different process steps in avocado oil extraction.
Cleaning (a), skin and seed removal (b), blending (c), and spread
over the aluminum tray for drying (d)

b

Fig. 2: The representative picture shows the blended avocado
samples dried at different temperatures such as 60 (a), 80 (b),
and 100°C (c)
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Statistical analysis

All the experiments were done in triplicates, and the results were
represented as mean *standard deviation. Duncan’s new multiple range
tests were performed to determine the significant differences, at the
95% confidential level (p<0.05) using the SPSS software version 17.0
(SPSS Inc., Chicago, USA).

RESULTS AND DISCUSSION

The manual squeezing and mechanical pressing methods yielded about
1.17 and 24.91% of avocado oil from fresh, undried avocado flesh,
and the pH of both samples was 5. The AV of manually squeezed and
mechanically pressed oil samples was 2.91 and 2.88 mg KOH/g of oil,
respectively. The PV of manually squeezed and mechanically pressed
oil samples was 7.96 and 8.03 mEq/kg of oil, respectively (Table 1). The
AV of an oil sample represents the triglyceride content in it, which is a
marker of oil degradation and rancidity. As per the regulation of Thai
Ministry of Public Health Notification (2000), an AV of any oil should be
<4 mg KOH/g of oil, and PV must be <10 mEq/kg of oil [21]. Hence, the
extracted oil can be used for human needs.

The avocado oil was extracted after drying the crushed flesh at a different
temperature. The physical properties of oil samples stored at different
conditions, in the different container, have been recorded (Table 2). The
oil samples were stored in a clear glass bottle and amber glass bottles
for 90 days at 4, 30, and 40°C. All the oil samples exhibited good color
and odor property without any precipitation up to 90 days (Table 2). The
results indicated that the extracted oil samples were stable in terms of
color, odor, and precipitation for 90 days even in a clear glass bottle.

The changes in pH, acid, and PV of stored avocado oil have been listed
in Table 3. No changes were observed in the pH of the oil sample, and
the pH of the samples remained 5. The AV of samples dried at 100, 80,
and 60°C was 2.95+0.21, 2.89+0.16, and 2.87+0.09 mg KOH/g of oil
at 0 day, respectively. After 90 days of storage, slight, non-significant
increase was observed in the AVs of the sample. Notably, samples stored
in clear glass bottle exhibited increased AVs compared to the samples
that stored in amber glass bottles.

PV of samples dried at 100, 80, and 60°C was 7.69+0.36, 7.93+0.61,
and 7.25+0.53 mEq/kg of oil at 0 day, respectively. As like AVs, PVs
also increased slightly after 90 days of storage and an increase in PV
was accelerated in oil samples stored in clear glass bottles (Table 3).
The changes in AVs and PVs are statistically non-significant. Thus, the
stability study proved that the extracted avocado oil samples were
stable in the tested conditions.

The initial TPC content of avocado oil samples dried at 60, 80, and 100°C
was 1.29+0.12,1.2740.4,and 1.17+0.2 mg gallicacid equivalents /g of oil.
Even after 3 months of storage at different temperatures in containers,
the TPC of the samples was not altered significantly (Table 4).

The antioxidant capacity of the avocado oil samples was assessed
by DPPH and ABTS methods. The initial antioxidant value of all the
samples was 0.11-0.16+0.01-0.04, and 0.28-0.42+0.02-0.03 mg
Trolox equivalent/g of oil in DPPH and ABTS assays, respectively. After
3 months of storage at different temperatures in various containers, the
antioxidant capacity of all the samples was found to be slightly altered.
Notably, samples stored at 40°C showed a significant reduction in the
antioxidant capacity after 2 months in both DPPH and ABTS assays. The
samples stored in clear glass bottles showed more reduction in their
antioxidant capacity when compared to the samples stored in amber
bottles (Tables 5 and 6). The results suggested that the storage of
avocado oil in dry cool places and amber bottles (protect from the light)
preserves the quality up to 3 months.

The impact of heat on quality of avocado oil was studied, and
results suggested that the phytosterol content was reduced after
9 h of heating at 180°C while Vitamin E was disappeared after 4 h of
heat treatment [24]. The oil yield was decreased if the avocado pulp
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Table 1: The percentage of yield, pH, AVs, and PVs of avocado oil extracted from the fresh avocado flesh by manual and mechanical

methods
Extraction method Yield (%) pH AV (mg KOH/g of oil) PV (mEq/Kg of oil)
Manual squeezing 1.17 5 291 7.96
Mechanical pressing 2491 5 2.88 8.03

AVs: Acid values, PVs: Peroxide values

Table 2: The physical characteristics (color, odor, and precipitation) of avocado oil samples stored in different storage containers and

conditions

Drying temperature (°C) Packaging Storage temperature (°C) Color Odor Precipitation

0-90 days 0-90 days 0-90 days

100 CGB 4
30
40
AGB 4
30
40
80 CGB 4
30
40
AGB 4
30
40
60 CGB 4
30
40
AGB 4
30
40

WWWWWLWWWWWWWWWWWWWw
w
|

WWLWWLWWWWWWWWWWWwWw

w
w
|

CGB: Clear glass bottle; AGB: Amber glass bottle. Score of color: 3=Good; 2=Fair; 1=Poor. Score of odors: 3=Good, 2=Fair, 1=Poor. Precipitation: -/+ means
presence/absence of precipitation

Table 3: pH, AVs, and PVs of avocado oil samples stored at different conditions

DT (°C) Packaging ST (°C) pH AV (mg KOH/g of oil) PV (mEq/kg of oil)
0-90 days Day 0 Day 30 Day 60 Day 90 Day 0 Day 30 Day 60 Day 90
100 CGB 4 5 2.95+0.16 3.10+0.17 3.12%0.24 3.02+0.27 7.69+0.36 7.38+0.67 7.49+0.53 7.54+0.67
30 2.94+0.18 2.98+0.25 2.99+0.18 7.24+0.52 7.30£0.66 7.50+0.72
40 3.08+0.06 3.09+0.21 3.16x0.09 7.33x0.37 7.57£0.52 7.76x0.34
AGB 4 2.99+0.18 3.01+0.17 3.08+0.12 7.29+0.40 7.30+£0.49 7.42+0.62
30 2.61+0.24 2.91%0.11 2.98%0.17 7.25+0.28 7.31£0.62 7.60£0.44
40 3.02+0.26 3.11+0.23 2.98+0.26 7.11+0.69 7.40£0.60 7.33+0.64
80 CGB 4 5 2.89+0.21 2.91+0.21 2.98+0.23 3.01+0.20 7.93+0.61 8.12+0.38 8.10+0.55 8.18+0.47
30 2.97+0.20 2.98+0.29 3.00£0.17 7.97+0.45 8.02+0.49 8.15+0.39
40 3.00+0.27 3.02+0.26 3.11+0.11 8.00+0.51 8.01+#0.36 8.17+0.25
AGB 4 3.00£0.25 3.00+0.21 3.01%0.29 7.96+0.61 8.14+0.71 8.15%0.61
30 2.99+0.23 3.01£0.20 3.04+0.25 8.03+x0.75 8.19+0.24 8.11+0.73
40 2.99+0.21 3.00£0.18 3.05%0.23 8.03+x0.29 8.05+0.57 8.14+0.80
60 CGB 4 5 2.87+0.09 2.90%0.16 2.96+0.27 3.00+0.26 7.25%x0.53 7.90+0.63 7.95+0.42 8.02+0.55
30 2.98+0.13 2.86+0.12 2.99+0.15 8.01+0.38 8.17+0.57 8.20+0.61
40 2.86x0.21 2.97+0.17 3.03%0.21 8.01+0.39 8.14£0.28 8.24+0.28
AGB 4 2.99+0.19 3.0+0.10  2.97+0.24 8.14+0.71 8.15+#0.55 8.19+0.47
30 2.80+0.16 2.86x0.17 2.99%0.15 8.05+x0.29 8.16+0.49 8.19+0.39
40 2.92+0.24 2.94+0.12 3.01%0.13 8.11+0.80 8.15+0.36 8.21+0.25

DT: Drying temperature, ST: Storage temperature, CGB: Clear glass bottle, AGB: Amber glass bottle, AVs: Acid values, PVs: Peroxide values

was pre-treated more than 100°C, possibly due to the thickening of the
cell wall due to the heat-mediated denaturation of proteins [7]. It has
been known that the dry heat cause damages to bioactive compounds
compared to microwave and sonication [22]. The avocado was
determined after drying in the oven with ventilation (40 and 60°C), and
vacuum oven (60°C), followed by the oil extracted by Soxhlet method
or mechanical pressing. The high yield was observed in avocado dried
under vacuum at 60°C and extracted by Soxhlet method, the high-
quality oil was recovered from the samples dried under ventilation at
60°C and extracted by mechanical pressing [4].

The pre-treatment of avocado puree with high frequency (2 MHz)
ultrasound increased the oil yield and the quality of the oil, regarding
PV and AV, was not compromised with an increase in total phenolic
compounds. The efficiency of ultrasound treatment was greatly
influenced by fruit maturity [17].

Avocado samples dried in microwave and oil was extracted by expeller
pressing exhibited low PVs and AVs, and high antioxidant property
compared to the oil extracted by ethanol extraction while the fatty acid
content was not affected by the extraction methods [15].
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Table 4: TPC of avocado oil samples stored at different conditions

DT (°C) Packaging ST (°C) TPC (mg GAE/g of oil)
Month 0 Month 1 Month 2 Month 3
60°C CGB 4 1.29+0.12 1.27+0.10 1.27+0.01 1.26%0.03
30 1.29+0.06 1.25+0.03 1.24+0.10
40 1.27+0.08 1.23+0.04 1.21+0.11
AGB 4 1.28+0.02 1.25+0.08 1.25+0.01
30 1.28+0.07 1.27+0.05 1.23+0.05
40 1.26+0.05 1.26+0.11 1.24+0.09
80°C CGB 4 1.27+0.4 1.27+0.04 1.26+0.06 1.23+0.03
30 1.26+0.08 1.20+0.09 1.19+0.06
40 1.21+0.07 1.19+0.04 1.19+0.01
AGB 4 1.25+0.01 1.25+0.02 1.24+0.06
30 1.26+0.11 1.25+0.02 1.23+0.07
40 1.23+0.05 1.20+0.06 1.19+0.03
100°C CGB 4 1.17+0.2 1.15+0.04 1.10+0.02 1.09+0.01
30 1.14+0.08 1.13+0.11 1.10+0.04
40 1.12+0.03 1.11+0.03 1.03+0.06
AGB 4 1.16+0.02 1.13+0.03 1.11+0.07
30 1.16+0.08 1.16+0.02 1.09+0.01
40 1.15+0.09 1.08+0.01 1.05+0.04

DT: Drying temperature, ST: Storage temperature, CGB: Clear glass bottle, AGB: Amber glass bottle, TPC: Total phenolic content

Table 5: The antioxidant capacity of avocado oil samples stored at different conditions assessed by the DPPH method

DT (°C) Packaging ST (°C) DPPH (mg Trolox equivalent/g of oil)
Month 0 Month 1 Month 2 Month 3
60°C CGB 4 0.16+0.04 0.16+0.01 0.16+0.02 0.14+0.01
30 0.14+0.02 0.12+0.02 0.11+0.01
40 0.15+0.01 0.10+0.01 0.08+0.01*
AGB 4 0.15+0.01 0.13+0.01 0.13+0.02
30 0.12+0.01 0.12+0.01 0.09+0.01*
40 0.13+0.02 0.10£0.01* 0.10+0.01*
80°C CGB 4 0.16+0.01 0.15+0.01 0.13+0.01 0.12+0.01
30 0.15+0.01 0.12+0.01 0.11+0.01
40 0.14+0.01 0.12+0.01 0.07+0.01*
AGB 4 0.16+0.01 0.14+0.01 0.14+0.02
30 0.14+0.01 0.10£0.01 0.11+0.01
40 0.14+0.02 0.09+0.01* 0.09+0.01*
100°C CGB 4 0.11+0.01 0.10+0.01 0.08+0.01 0.08+0.01
30 0.09+0.01 0.07+0.01 0.06+0.01*
40 0.05+0.01* 0.05+0.01* 0.04+0.01*
AGB 4 0.11+0.01 0.09+0.01 0.07+0.01
30 0.10+0.01 0.10+0.01 0.07+0.01
40 0.07+0.01 0.07+0.01 0.05+0.01*

DT: Drying temperature, ST: Storage temperature, CGB: Clear glass bottle, AGB: Amber glass bottle. *p<0.05. DPPH: 1,1-diphenyl-2-picrylhydrazyl

Table 6: The antioxidant capacity of avocado oil samples stored at different conditions assessed by the ABTS method

DT (°C) Packaging ST (°C) ABTS (mg Trolox equivalent/g of oil)
Month 0 Month 1 Month 2 Month 3
60°C CGB 4 0.42+0.03 0.40+0.02 0.40+0.01 0.37+0.01
30 0.41+0.01 0.39+0.03 0.35+0.01
40 0.37+0.01 0.35+0.01* 0.34+0.01*
AGB 4 0.41+0.01 0.40+0.01 0.38+0.01
30 0.39+0.01 0.37+0.01 0.35+0.03
40 0.36+0.01 0.35+0.01* 0.35+0.03*
80°C CGB 4 0.31+0.03 0.31+0.03 0.29+0.02 0.28+0.01
30 0.31+0.01 0.27+0.01 0.26+0.01
40 0.27+0.01 0.25+0.01* 0.24+0.02*
AGB 4 0.31+0.01 0.29+0.01 0.29+0.01
30 0.28+0.01 0.26+0.02 0.26+0.02
40 0.27+0.01 0.27+0.02 0.26+0.01*
100°C CGB 4 0.28+0.02 0.27+0.01 0.23+0.01 0.21+0.01
30 0.26+0.02 0.25+0.01 0.22+0.02
40 0.22+0.01 0.19+0.01* 0.18+0.01*
AGB 4 0.26+0.01 0.23+0.01 0.21+0.02
30 0.27+0.02 0.25+0.02 0.18+0.01*
40 0.24+0.02 0.23+0.01 0.19+0.01*

DT: Drying temperature, ST: Storage temperature, CGB: Clear glass bottle, AGB: Amber glass bottle. *p<0.05. ABTS: 2,2-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid
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The compressed liquefied petroleum gas (LPG) and SC-mediated
extraction process yielded about 60 and 40% of avocado oil,
respectively. The oil recovered by LPG-mediated method was found
with a high concentration of palmitic, oleic, linoleic acids, lycopersene,
and stigmasterol. In terms of antioxidant capacity, oil extracted by
supercritical method was superior to compressed LPG-assisted oil
sample [25]. The quality of avocado oil extracted by solvent extraction
was compared with the oil extracted by SC and ultrasound-assisted
aqueous extraction (UAAE) methods. The results proved that oil
extracted by SC, and UAAE was superior in terms of fatty acid content,
iodine, and saponification values. Although the fatty composition
did not differ significantly, the author claimed that the SC and UAAE
methods are a solvent-free safe method for avocado oil extraction for
human consumption [26].

The hexane extraction yielded 59% of oil [27], and Fuerte variety
of avocado yielded 74-75% in petroleum ether extraction [11].
The pre-treatment of avocado by 1-methylcyclopropane followed
by low O, atmospheric treatment and low-temperature storage for
3 weeks protects the avocado from lipid peroxidation and improved
the antioxidant capacity [28]. Prescha et al. reported about the free
radical scavenging activity of avocado oil. The lipophilic fractions of
avocado oil account for more than 90% of the antiradical activity of
the oil [29].

The results of the present study revealed that the preprocessing
conditions and the temperature of drying process greatly influence the
quality of the avocado oil. The stability study proved that the avocado
oil samples were relatively stable, under low temperature without
light, for 3 months without any significant changes in AV, PV, TPC, and
antioxidant capacity.

CONCLUSION

The avocado oil was extracted by different drying conditions. The
quality of the oil samples was assessed by measuring AV, PV, TPC,
and antioxidant capacity. The stability of the avocado oil samples
stored in different conditions has been measured. The results of the
current study suggested that the drying process at more than 80°C
interferes with the quality of the oil, and the storage conditions have
a greater impact on the stability of the avocado oil. The storage at a
low temperature in the absence of light may extend the shelf life of the
avocado oil.
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